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TEMEL KAVRAMLAR

Enerjinin korunumu prensibi: Bir etkilesim esnasinda, enerji, bir formdan baska bir forma
donisebilir, ama enerjinin toplam miktari, sabit kalir.

Termodinamigin birinci yasasi: enerjinin korunumu ilkesini ifade eder. Birinci yasa enerjinin
termodinamikle ilgili bir dzellik oldugunu 6ne sirer.

Termodinamigin ikinci yasasi: Enerjinin niceliginin (miktarinin) yanin da niteliginin (kalitesinin)
de dikkate alinmasi gerektigi Uzerinde durur ve dogadaki degisimlerin enerjinin niteliginin azaldig
yonde gerceklestigini belirtir. Sistem: Belirli bir kitleyi veya uzayin incelenmek uzere ayrilan bir
bolgesini belirtir. Cevre: Sistemin disinda kalan kitle veya bolgedir. Sinir: Sistemi ¢evresinden
aylran gercek veya hayali yuzeydir. Sistemin sinirlari sabit veya hareketli olabilir. Sistemler kapal
veya aclk diye nitelendirilirler. Acik sistem(kontrol hacmi): Problemin ¢éziimiine uygun bir sekilde
secilmis uzayda bir bolgedir. Genellikle kompresor, tirbin, lile gibi icinden kiitle akisinin oldugu
bir makineyi icine alir. Hem kiitle hem de enerji kontrol hacmi sinirlarini gegebilir. Kontrol yiizeyi:
Kontrol hacminin sinirlarina kontrol yiizeyi adi verilir ve gercek ya da hayali olabilirler. Ozellik:
Herhangi bir sistemin karakteristigidir. Bazi 6zellikler basing P, sicaklik T, hacim V ve kitle m'dir.
Ozelikler ya yegin ya da yaygin olarak dikkate alinirlar. Yegin 6zellikler: Sicaklik, basing, yogunluk
gibi sistemin kutlesinden bagimsizdirlar. Yaygin oOzellikler: Sistemin kutlesiyle (bUyuklugi)
orantihdirlar. Ozgiil 6zellikler: Birim kitle icin yaygin ézelikler 6zgiil 6n eki ile ifade edilir.
Termodinamik denge halleri ile ilgilenir. Denge: Bir uzlasi halini tanimlar. Denge halinde bulunan
bir sistem iginde, degisimi zorlayan esitlenmemis bir potansiyel (ya da itici kuvvet) yoktur. Isil
denge: Sistemin her noktasinda sicaklik ayni ise, Mekanik denge: Sistemin herhangi bir noktasinda
basincin zamana gore degismedigi anlamina gelir. Faz dengesi: Eger bir sistemde iki faz bulunup,
her fazin kitlesi bir denge dlizeyine eristiginde orada kaliyorsa , Kimyasal denge: sistemin kimyasal
bilesiminin zamanla degismemesi, baska bir deyisle sistemde kimyasal reaksiyon olmamasi anlamina
gelir. Bazi hal degisimlerinde 6zeliklerden biri sabit kalabilir ve izo- éneki hal degisimi ile birlikte
kullanilir. izotermal hal degisimi: Bir hal degisimi sirasinda T sicakhi sabit kalir. izobarik hal
degisimi: Bir hal degisimi sirasinda P basinci sabit kalir. izokorik (veya izometrik) hal degisimi :
Bir hal degisimi sirasinda 6zgul hacminin sabit kalir. Cevrim: Bir sistem gecirdigi bir dizi hal
degisimi sonunda yeniden ilk haline dénmesine denir.

Termodinamigin sifirinct yasasi: iki ayri cismin bir Gglnct cisimle isil dengede olmasi
durumunda, birbirleri ile de 1sil dengede olduklarini belirtir. Ugiincii cisim bir termometre ile yer
degistirirse, sifirinci yasa su sekilde yazilabilir: her ikisi de ayni sicaklik dederine sahip iki cisim
birbirleriyle temas etmeseler bile 1sil dengededirler.

Celcius 6lcegi: SI birim sisteminde

Fahrenheit élcegi: ingiliz birim sisteminde
Termodinamik sicaklik 6lcegi: herhangi bir madde veya maddelerin 6zeliklerinden bagimsiz
bir sicaklik dlcegine denir. Kelvin 6l¢egi (SI) Rankine 6lcegi (E).
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Kelvin 6lgegi ile hemen hemen ayni olacak sekilde olusturulan bir sicaklik élgegi de ideal
gaz sicaklik dlgegidir. Bu 6lgekte sicakliklar sabit hacimli gaz termometresi ile dlgulir

T(K) = T(°C) + 273.15

T(R) = T(°F) + 459.67

Basing: bir akiskanin birim alana uyguladigi kuvvet.

| Pa= I N/m

Mutlak basing: Verilen bir konumdaki gergek basinca mutlak basing denir ve mutlak
vakuma (yani mutlak sifir basinca) gore 6l¢tlir.

Etkin basing: Mutlak basingla yerel atmosferik basing arasindaki farktir. Bununla birlikte
cogu basing 6lgme cihazlari ile atmosferde sifira kalibre edilir. Dolayisiyla bu cihazlar
mutlak basing ile yerel atmosferik basing arasindaki farki gosterir. Bu farka etkin basingtir.

Vakum basinci: Atmosferik basincin altindaki basinglar

ngu - Puhs o Pulm

£

] — ) I
[\';lc o [allm Pnl‘-ﬁ

AP =P, — P, = pg Az = v, Az

P,

ulm

+ prghy + paghs + paghs = P

Sikca kullanilan bir baska basing birimi de, standart yercekimi ivmesi (g = 9.807 m/s2)
altinda, 0°C'deki 760 mm civa sltununun =13,595kg/m3) tabanina yaptigi basin¢ olan

standart atmosferik basingtir.

P;Illl] = FJ({"/!
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Sekilde goraldiugl gibi pistonlu bir silindirde bir gaz bulunmaktadir. Pistonun
kiitlesi 4 kg ve kesit alani 35 ¢cm? dir. Pistona yay tarafindan 60 N kuvvet
uygulanmaktadir. Atmosfer basinci 95 kPa ise silindir icindeki gazin basincini
bulunuz.

S-1)
b
C-1)
Pam=95 kPa  Fyay=60 N
m=4kg A
Wp=m*g
s-2)

@ P =80 kPa

Gaz

B

Fray+ Wyt Paem* A= Bz x4

=35%10"*m?

1 denklemine gore verilen yerine konulursa

*35%x107*m? = 60N +39.24N +3325N

P... = 123354.28 Pa = 123.354 kPa

Sekilde goruldigu gibi bir tanka hem ibreli hem de tipli
manometre takilmistir. Eger ibreli manometre basinci 80 kPa
p  olarak manometredeki

gosteriyorsa  tlplu

ylksekligini

akiskan

a) Su igin,

b) Civa icin hesaplayiniz

C-2) ibreli manometre basing, efektif basinci gésterir.

P=Pg_f=;0"-9-"-h

P = 80 kPa = 80.000 Pa

2)80.000 = 1000 + 9.81 * h,, = hy, = 815m

b)80.000 = 13600 + 9.81 * A ipe = hewa = 0.5996 m

S-3)

N
1

|@|

Patm = 0.1Mpa
7

__:‘Su_ _

P=110kPa
Gaz

Sekilde goriilen, kesit alani 200 cm? olan bir silindirin icinde 10 kg
kiitlesinde sizdirmaz ve sirtiinmesiz pistonun alt tarafinda 110 kPa
basingta bir gaz bulunmaktadir. Yercekimi ivmesi 9.8 m/s?, atmosfer
basinci 0.1 MPa ve suyun yogunlugu 965 kg/m? olduguna gére suyun
ylksekligini ve kitlesini bulunuz.
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C-3)
Patm = 0.1Mpa Faern = Poem * A

v I N

P

s P=110kPa /]\
P

F=F,+Fpm+W
PxA =pmmg-zZtA+PG:mxA+-rnp-zg

Z=054m , m=pxV=pxZxA, m =965 % 0.54 « 200 = 10™% = 10.42 kg

S-4) ici hava dolu bir kab icerisindeki basing, yogunlugu 850 kg/m? olan yagla dolu bir manometre
baglanarak 6l¢lilmektedir. Manometrede situnlar arasindaki yiikseklik farki 45 cm ve atmosfer basinci
98 kPa olduguna gore kaptaki havanin mutlak hesaplayiniz.

C-4)

pm:.': = Ps,‘+pa:m

kg m
3%9.81—=%x045m
m 5=

[dh = 0.45m P,s = px g+ Ah =850

=Ap=ss0-g  Pes = 3752325 Pa = 3752325 kPa

Py =98 + 3.752 = 101.752 kPa

S-5) Barometre, ugaklarda yerden yiksekligi 6lcmek icin de kullanilir. Yer kontroliiniin, barometre
basincini 753 mmHgS olarak bildirdigi bir anda havada bulunan ugakta pilotun barometresi 690 mmHgS
degerini gostermektedir. Ucagin yerden yiiksekligini hesaplayiniz. Havanin yogunlugu ortalama 1.2
kg/m3, yercekim ivmesini 9.8 m/s? ve civanin yogunlugunu 13600 kg/m?3 aliniz.

C-5)

Picck arm = 0.690 mHgS
o g O ™~

%A

-

h =1
Paem yer = 0.753 mHgS
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P)‘s?' il Pu;t:k = Phava * 9 * h

k m
Pior = Peiva * 9 * Rciva = 13600;9:; % 9.81 327 0.753 m = 100460 Pa

k m
Pycak = Peiva * 9 * Reiwa = 1360(}'m—g3 * 9.81; * 0.690 m = 92060 Pa
kg m
(100460 — 92060) Pa = 1.2_m3 * 9.8? rh=h=714m

S-6) 100 litre hacmindeki bir otomobil lastigi kisin sicaklik 0 °C iken igerisindeki basing manometreden
210 kPa oluncaya kadar azot gazi ile sisirilmektedir. Buna gére a) Lastige basilan azot miktarini
belirleyiniz. b) Yazin sicakligin 37 °C oldugu zamanda ayni lastigin basinci manometreden ne okunur?
Not: Atmosfer basincini 100 kPa ve lastikten azot ka¢agl olmadigini ve lastik hacminin degismedigini
kabul ediniz. Ra;0t=0.2968 kJ/kgK

C-6)V; =01m3 =1001t , T, = 0+273 = 273K , Pygeey = 210kPa , Ppye = 310 kPa

(pmu: * V].) . 310 * 0.1
R«T;  0.2968 = 273

my =m,= = 0.3826 kg

.. my«RxT, (03826 * 0.2968 * 310K)
=% - 0.1

P, = 352 kPa = Py = Puue — Paem = 352 — 100

P,

6sc = 252 kPa

S-7) Siirtinmesiz dikey bir piston-silindir diizeneginde 500 kPa basingta gaz bulunmaktadir. Atmosfer
basinci 100 kPa, piston kesit alani 30 cm? olduguna gore pistonun kiitlesini hesaplayiniz. Yercekimi
ivmesi 9.81 m/s¥dir.

¢-7) P =100kPa s 2 Myiston *
gaz = *atm A
=30 - _ 'mpis:on *g
%cz Poemmn = A
Myiston * 981
400000 Pa = —————— = Mpigron = 122.32 kg

30 « 10™4m?

S-8) 10 m yuiksekligindeki silindirik bir kabin alt yarisi su ile (psy =1000 kg/m?), Ust yarisi ise 6zgiil agirhigi
0.85 olan bir yagla doludur. Silindirin tabaniyla tavani arasindaki basing farkini hesaplayiniz. Yercekimi
ivmesi 9.81 m/s¥dir.
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C-8) Patm A
-]

Py =Pgerm
Yag ISm

h !Yaé PC=p;.'ag:“9”hyag+psu*9*‘ hou + Paern
Suc IS m Pc—Py=gx (py::'gi h)’a‘g+psu ¥ hs‘u)
0

h
PC_PAzg“E"(pycg"'psu)

10
Pc— Py = 9.81 «— « (850 +1000) = 90.7425 kPa

S$-9) icerisinden su akan bir boruya bagli manometre 200 kPa gdstermektedir. a- Boru delindiginde ve
delige ucu acik seffaf bir tip baglandiginda su ne kadar ylksege cikabilir? b- Atmosfer basinci 100 kPa
ise su borusundaki mutlak basing ne kadardir. c- Metre Civa siitiinii (mHgS) cinsinden gosterge
basincini hesaplayiniz. Not: Civa yogunlugu 13600 kg/m?3, su yogunlugu 1000 kg/m?3, yercekimi ivmesi
9.81 m/s? alinabilir.

(5%

c-9) P = 200 kPa
» k
[

a) Prutiax = Pgosrergs +Poen = Psu*g *h + Pgepy

kg
m?2

200000 Pa = 1000 *x98lxh=h = 20387 m
b) Prutiak = Pga:rsrgs + Pgem = 200 + 100 = 300 kPa

c) 200000 = 13600 x9.81 *h = h = 1.5 mHgs

=293-0.0067xZ

denklemi ile ifade edilmektedir. Denklemdeki Z metre cinsinden deniz seviyesinden olan yliksekliktir.

S-10) Atmosfer sicakhgi yiiksekligin fonksiyonu olarak Kelvin cinsinden Thava

10 000 m yikseklikte seyahat eden bir ugagin etrafindaki sicakhgl Santigrad Derece (°C) , Fahrenheit
(F) ve Rankine cinsinden hesaplayiniz.
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C-10) Thave = 293 —0.0067 «Z , [K], Z = 10000m
Thavae = 226 K , T[°C] + 273.15 = T[K]

Thave [°C] = 226K — 273.15 = —47.15°C

T[F] = 1.8 % [T(°C)] + 32 = —52.87F

T[R] = 1.8 « T[K] = 406.8 R

S-11) Bir LPG tankinin gaz basinci bir basing gostergesi ile ol¢lildigiinde gostergeden okunan deger
0.75 bar’dir. Ayni tankin basinci U-manometre ile dlgiliirse akiskaninin sttunlari arasindaki yikseklik
farkini bulunuz. Not: Manometrede kullanilan akiskan civa (p=13600kg/m?3)’dir. g=9.81 m/s?

C-11) Pes = Bygz = 0.75bar = 75kPa,  peye = 13600§ , g=981%

P,  75kPas 12{00
p.,f=p*9’=h="h= = T m=0.56m
P*g 13600;%:.( 9815

S-12)Kapali bir tankin 20 m’lik alt Patm=100kPa
kisminda su (yogunluk 1000 kg/m3), ist 1 W 4

kisminda ise 150 kPa basincinda hava Hava, P=150 -1 havwa=?
bulunmaktadir. Yerel atmosferik basing
100 kPa ve g=9.81 m/s.ise, 4
a) Tankin dibindeki basinci hesaplayiniz. sy
b) Eger tankin hava tarafina basinci he,=20
olgmek icin civalh (yogunluk 13600
kg/m3) bir U-manometresi Paip=
birakildiginda  manometredeki  sivi

ylksekligi ne olur?

C-12) a) Pd:'p = Ppava + Py :Pd:'p = Prava * Psu*9 *hsy

kg

m
Psip = 150000 Pa + 1000 —; * 9.81— * 20m
m 5=

P4, = 150000 Pa + 196200 Pa = 346200 Pa = 346.2 kPa

b) Prava = Pciva * 9 * hcwc ' 3 P:::m = Phr:::a - Pa:m =Peiva®*g * hc:vc

P ava — Paemn 150000 — 100000 Pa
hCi}'G = = f’l

- T =0.3747m = 3747 cm
Peiva* 9 13600-% +9.817;
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S-13) a) Sanliurfa’da 24 Kasim 2008 tarihinde tahmin edilen en yiiksek dis hava sicakligi 18 °C’dir. Bu
sicaklik degerini Kelvin ve Fahrenheit 6lcegindeki birimler cinsinden ifade ediniz.

b) Otogaz sistemlerinde kullanilan silindirik tip LPG yakit tankinin isletme basinci 25 bar olarak
Olgllmustlr. Tank igindeki mutlak basinci metre su sitiini (mSS) ve milimetre civa sttunu
(mmHgS) cinsinden ifade ediniz.

Not: Yercekimi ivmesi 9.8 m/s2, suyun yogunlugu 1000 kg/m3 ve civanin yogunlugu 13600 kg/m?3
alinabilir. Atmosferik basing 100 kPa olarak dlgUlmustir

C-13) a)Tyasum = 18°C = T(Kelvin) = T(°C) + 273.15 = 291.15°C
T(°F) = 1.8« [T(°C)] + 32 = 644 °F

25 Bar

b) P,; = 25 Bar = 2500 kPa (1 Bar = 100 kPa)
Pzem = 100 kPa

Prutiak = Peg + Paem = 2500 + 100 = 2600 kPa
Priciar = 2600000 Pa = pype * G * Ry

k
su icin= 2600000 = 1000% «9.8 % hy = hg, = 265.31 mSS

k
civaicin = 2600000 = '13600% % 9.81 x h ipq = Reive = 19.5 mHgS

S-14) Bir buhar kazanindaki basing manometreden 7 bar olarak okunmustur. Atmosfer basinci 100
kPa ise kazan icindeki mutlak basinci ve doymus buhar halindeki suyun sicakligini tespit ediniz.

C-14) 1 Bar = 100 kPa

gp P,ss = 7 bar = 700 kPa

Perm = 100 kPa
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Ppue = Pyos + Paern = 700 + 100 = 800 kPa = 0.8 MPa
Buhar tablosundan P = 0.8 MPa = Tg,,,,, = 170.4°C

S-15) Bir buhar kazani izerindeki manometreden basing 8 bar olarak okunmustur. Atmosfer basinci
720 mmHg (mm Civa Siitunu) ise kazandaki mutlak basinci kPa cinsinden hesaplayiniz.

C-15) Pgern = 720 mmHg
Poom = pgh= 13600 m—g 9.81% 720mm
P,., = 96059 Pa = 96 kPa

P,

Pgosrergs = 8 bar

im
1000mm

osterge — 8 bar

100 kPa

= 800 kPa

ar
Ppe = chs + Paem
P,... =800 kPa + 96kPa = 896 kPa

S-16) Bir sivi madde isitilarak sicakliginda 18 Fahrenheit (°F) artis olmustur. Bu sicaklik artisini (AT),

°C ve K sicaklik 6lcekleri cinsinden ifade ediniz.

C-16) AT(°F) = 1.8« AT(°C)
18

AT(°C) = 18

=10°C = AT (K)

S-17) Bir kalorifer kazani Gizerindeki manometreden basing 100 kPa olarak okunmustur. Atmosfer
basinci 90 kPa ise kazandaki mutlak basinci, kPa ve mSS ( metre su siitunu ) birimleri cinsinden
hesaplayiniz.

C-17) Pysseergs = 100 kPa, Poery = 90 kPa
Ppmus = Paos + Paemn = 100 kPa + 90 kPa
Ppue = 190kPa

P 150000 Pa
h= = %3 = = 19.368 mSS
Psuxg 1000 mr 9-815—:

S-18) Bir evin 1s1 kaybi i¢ ve dis ortam arasindaki 10°C sicaklik farki icin 4000 kJ/h'tir. Bu evin i¢ ve dis
sicaklik farki 32°F (Fahrenheit) ise isi kaybini kW olarak hesaplayiniz?
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C-18) AT(°C) = =7 = AT(°F) = 1.8AT(°C)

% == AT(°C) = AT(°C) = 17.7778

2000k 1k
e B

10°C >< - 3600 s

=]
177778 ¢ x

X = Isi Kaybi = 1.9753 kW

S-19) Atmosfer basincinin 750mmHg oldugu bir yerde Azot tankinin igerisindeki mutlak basing 0.8

MPa ise tank lizerindeki manometrenin gosterecegi basing kac bar olur?

im

- L. o i
C-32) Pa:m §E pgh = 13600 ms 9.81 52 ysommHngOmm

Pgem = 100062 Pa = 100.062kPa
Prutiak = Parm + Pgosrsrge
Pruciax = 0.8MPa = 800kPa
800kPa = 100.062 + Pysscerge

= 699.908kPa * —=— = 6,999bar
100kPa

pgus:erge

pgustergs = 7bar

10
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Saf Madde ve Gazlar

SAF MADDE VE GAZLAR

Saf madde: Her noktasinda aym1 ve degismeyen bir kimyasal bilesime sahip olan maddeye
denir. Hava degisik gazlardan olusan bir karigimdir, kimyasal bilesiminin her noktada ayn1 ve
degismez olmasindan dolay saf maddedir.

Sikistirilms sivi (sogutulmus sivi): Hentiz buharlagma asamasina gelmedigi bir durumdur.

Doymus s1vi: Buharlagsma baglangici olan hale denir.

Doymus buhar: Yogusmanin sinirinda olan buhara.

Doymus sivi-buhar karisimi: Bu durumda sivi ve buhar fazlari bir arada ve dengede bulunur.

Kizgin buhar: Yogusma smrinda olmayan (yani doymus buhar gibi degil) buhara denir.
Doyma sicakhigr T doyma: Verilen bir basingta saf maddenin faz degisimlerine basladigi

sicakliktir.

Doyma basmc1 P doyma: Verilen bir sicaklikta, saf maddenin faz degisimlerine basladigi

basingtir.

Kuruluk derecesi, x: Karigimdaki sivi ve buhar fazlarinin oranidir. Degeri her zaman 0 ile 1
arasindadir. Doymus s1vi halinde 0. Doymus buhar halinde 1’ dir. Doymus sivinin 6zeliklerinin, tek
basina da olsa, doymus buharla bir karisim i¢inde de olsa degismedigi vurgulanmalidir. Saf
maddelere ait P-v ve T-v diyagramlar1 asagida gésterilmistir.

”]\.\pil]‘

Mol

Uavg = Up T Xlig,

= hs + xhg,

SIKISTIRILMIS /5

BOLGESI

DOYMUS
SIVI-BUHAR
BOLGESI

D “-‘""“5

Kritik
nokta

KIZGIN
BUHAR
BOLGESI

DOYMUS
SIVI-BUHAR
BOLGESI

KIZGIN
BUHAR
BOLGESI

11
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Doymus buhar egrisinin sagindaki bolgede ve kritik noktasal sicakligin lizerindeki sicaklikta madde
kizgin buhardir. Kizgin buhar bolgesi tek fazli (sadece buhar faz1) bir bolge oldugundan, sicaklik ve
basing artik birbirlerine bagli degildir. Sikistirilmis stviya iligkin bilgilerin yoklugunda, sikistirilmis
sivi 6zeliklerini doymus s1v1 6zeliklerine esit almak, genellikle benimsenen bir uygulamadir.

YEYVrar

Sikistirilmis s1vi bolgesinde Ozelikler:

Yiiksek basinglar (verilen bir sicaklik 7°de P > Py,,,)

Diisiik sicakliklar (verilen bir basing P’de T < Ty,p,)

Diisiik 6zgiil hacimler (verilen bir sicaklik 7" veya basing P’de v < v; )
Diisii i¢ enerjiler (verilen bir sicaklik 7 veya basing P’de u < u; )
Diisiik entalpiler (verilen bir sicaklik 7" veya basing P°de h < hy)

Kizgin buhar bolgesinde 0zelikler:

Diisiik basinglar (verilen bir sicaklik 7°de P < Py,....)
Yiiksek sicakliklar (verilen bir basin¢ P’de T > T,
Yiiksek ozgiil hacimler (verilen bir sicaklik T veya basing P’dev > v,)

loyma )

Yiiksek i¢ enerjiler (verilen bir sicakhik T veya Basing P'de u > u,)

Yiiksek entalpiler (verilen bir sicaklik T veya basing P’de i > h,)

Hal denklemi: Bir maddenin basinci, sicakligi ve 6zgiil hacmi arasindaki iligkiyi veren herhangi
bir bagintiya denir. Bu denklemlerin en basit ve en ¢ok bilineni mikemmel gaz hal denklemidir.
Bu denklem belirli sinirlar iginde gazlarin P-v-T iliskisini oldukga hassas bir bigimde verir.

Mikemmel gaz hal denklemi;

Pv = RT

Diisiik basing ve ylksek sicakliklarda bir gazin yogunlugu azalir ve mikemmel gaz gibi
davranir. Mikemmel gaz bagintisi ¢ogu zaman gergek gazlar igin uygulanabilir degildir, bu
nedenle bagintinin kullanilacagi durum iyi etiit edilmelidir. Sikistirllabilme ¢arpam Z: Verilen bir
sicaklik ve basingta milkemmel gaz davranigindan sapma sikistirilabilme ¢arpani Z adi verilen bir
parametre kullanilarak giderilebilir.

i

7 =
RT

12
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$-1) 0.4 m? hacminde 6 bar basingta 2 kg sivi-buhar karisimi dengeli olarak bir kapta bulunmaktadir.
a) Karisimdaki sivinin hacim ve kitlesini,

b) Karisimdaki buharin hacim ve kitlesini hesaplayiniz.

C-1) P =6 bar=0.6MPa vb = 0.3157 m3/kg

Doymus sivi — buhar karigimi vs = 0.001101m3/kg

_ 3 — ) , =0 _pgo™
V=04m*m=2kg W=ms+v; =0 _:_G'Ekg

0.2—0.001101
Ul =T + Xy *¥Vg 5 Xy = W = 0.6322

aym, =m, —m; = 0.7355 kg s1v miktar:
V. = m,* v, = 0.7355 » 0.001101 = 8.09 » 10~ *m?

b)x = % =my = 06322 «2 = 12644 kg buhar miktar
t

Vyuhar = Mp * ¥ = 1.2644 « 0.3157 = 0.3991 m®

S-2) 80 litrelik bir kap 4 kg sogutucu akiskan olan ve basinci 160 kPa olan Freon-12 icermektedir.
Sogutucu akiskanin;

a) Kuruluk derecesini, b) entalpisini, c) Buhar ve sivi fazlarinin kapladiklari hacimleri hesaplayiniz.

(P = 160 kPa icin Freon-12 tablosundan v, = 0.0006876 m3/kg, v, = 1031 m3/kg, hs = 19.18 kj/kg,
heg = 160.23 kj/kg)

C-2) V=801t =80+10"3m3, - m=4kg
_V_ 80%80x107°m® mz:m3
Y m 4 kg T kg
a)x _ F—L‘f: 002—000EBTE _ IL'],‘]_BB'}"
vfg 01031 — 00006876
b)h=hs+ x*hy, | h = (19.18 + 0.1887 « 150.23}:—; = 49.42:—;

cmy, =x+m, = 0.7548 kg 1, =0.7548 « 0.1031 = 0.07781cm?

7

Ve =V —1, =218 » 107*m?

13
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S-3) Su i¢in asagidaki tabloyu tamamlayiniz.

T,°C P, kPa h, ki/kg X Faz Durumu
a 325 0.4
b 160 1682
c 950 0.0
d 800 500
e 800 3161.7
C-3)
T,°C P, kPa h, kj/kg X Faz Durumu
a 136.3 325 1435.55 0.4 Doymus sivi — buhar
karigimi
b 160 617.8 1682 0.4832 Doymus sivi — buhar
karigimi
c 177.69 950 753.02 0.0 Doymus sivi
d 800 500 4156.9 - Kizgin buhar
e 350 800 3161.7 - Kizgin buhar

a) x = 0.4 oldugundan doymus sivi — buhar karsimi.

P =325kPa =T =136.3°C

h=h.+x+hg =573.25+ 0.4+ (2729 — 573.25) = 1435.55 kj /kg
b)T = 160°C sicaklik tablosundan, h, = 67555, h, = 2758.1 kj /kg
hs< h <hy, oldugundan doymus sivi — buhar karisimi

c) x = 0.0 oldugundan doymus stndir.P =950 kPa =T = 177.69°C, h=h_= ?53.02?
g

d)P =500 kPa =05 MPa = T4, = 151.86 = T = T4, olduundan kizgin buhar bolgesi
T = 800°C, P=05MPa icin h=41569 kj/kg

e)P =800 kPa = 0.B MPa = hy = 2769.1 , h > h, oldugundan kizgin buhar , T = 350°C

14
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S-4) a) Su icin asagidaki tabloyu tamamlayiniz.

T,°C P, kPa u, kj/kg Faz durumu
130 2300
600 Doymus sivi
400 500
90 700

b) 1 MPa ve 300°C deki kizgin buhar sabit hacimde sicaklik 150°C ye diisiinceye kadar sogutulmasina
izin verilmektedir. Son durumdaki suyun

a- Basincini  b-Kuruluk derecesini c- Entalpisini bulunuz.

d- Bu soguma islemini T — v diyagraminda gosteriniz.

C-4) a)
T, °C P, kPa u, kj/kg Faz durumu
130 0.2701 2300 x =0.879
158.85 600 669.9 Doymus sivi
400 500 2963.2 Kizgin buhar
90 700 376.85 Asiri sogutulmus sivi
b)1.Durum

P, =1MPa v, = 0.2579m? kg
T, = 300°C hy =3051.2 kj/kg  Kizgin Buhar

uy = 2793.2 kj/kg

2.Durum
P, =04758 MPan = 4758 kPa
T, = 150°C
m® mE
Vg =14 = 0.2579 mar;kg Uy = 0.3928?5, v, = 0.001091 k_g
Doymus sivi — buhar karigimi hy,= 27465 kj/kg, h.=632.2kj/kg, ha = 21143 %
g

15
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a-P; = 475.8 kPa

vg—¥f 0256809

= = 0.6556
vrg  0.391709

b_'g_-:2 = T_-:lf + Xqgk t’f = X3 =

g

c-hy = hy + x5 % ke, = hy = 201833 kj /kg

P =475.8kPa

S-5) a- 200 litre hacimli bir kapta 150 kPa basingta 5 kg su bulunmaktadir. Suyun sicakhgi, toplam
entalpisini, sivi ve buhar fazinin kitle miktarlarini hesaplayiniz.

b- 0.5 m? hacimli bir kapta -20 °C sicaklikta 10 kg sogutucu akiskan Freon-12 bulunmaktadir. Freon-
12’nin basincini, i¢ enerjisini ve sivi fazinin kapladigi hacmi hesaplayiniz.

C-5) a)V =2001t=02m?* , P=150kPa, m=5kg

P =150 kPa igin Tapy, = T = 11137 °C

m? kj

vp=0001053, v, =11593.— , hy=467.11,  hy,=22265.
_V02m® {]{]4m3
T mT skg kg

v—v,  0.04-0.001053
v, —v; 11593 — 0.001053

'E-":T-"f+x*f-"fg:;'x= =}'_'X.'=ﬂ.0335

.
h=h;+x%hs, =467.11 + 0.0336 + 2226.5 = 541.98 2
kg

My
x=—=m,=0.168kg

m,

Moy, = My — My = m, = 4.832 kg

b) V=05m?, T=-20°, m=10kg R— 12

16
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_v_os_ . .m
TmT10 T kg

3

iy

T = —20°C igin v; = 0.0006855, v, = 0.10885—
kg

Pioyme = P = 015093 MPa vy < v <1, olduundan karisim bilgesi

v—vy  0.05—0.0006855

= = 0.4559
v; — vy 010885 — 0.0006855

X =

i}
x= f = my, = 4.5592 kg = m,,, = 544 kg
4

Verwr = Mgy * Vp = 3.73 % 1073 = 0.00373 m?
U=us+x*us; =17.72 + 04559 « (162.31—17.72) = 8363 kj

S-6) Su icin asagidaki tabloyu tamamlayiniz.

T[°C] P [kPa] u [kJ/kg] X Faz Durumu
a- 325 2452
b- 170 Doymus Buhar
c- 190 2000
d- 4000 3040

C-6) a) P = 325 kPa basinc tablosundan
kj ki .

up = 527.9 —, u, = 25464 — T; = 136.3°C
kg kg

Ur < U < Uy oldugundan karisim bolgesindedir.
u—uy 2452 — 5729

= = 0.952
u, —u; 25464 —572.9

X =

b) T = 170°C sicaklik tablosundan P; = 0.7917 MPa

x = 1{Doymus buhar) u = u, = 25765 kj/kg

c) P = 2000 kPa = 2MPa basing tablosunda T; = 212.42°C
T =190°C < T; = 212.42°C oldugundan stkistirilmis siv

ki
T = 190%C sicaklik tablosundanu = Up = 606.19 é

17
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d) P = 4000 kPa = 4 MPa basing tablosundanu, = 2602.3 F
£
u > ug oldugundan karisim kizgin buhar

Kizgin buhar tablosundan

T u
450 3010.2 u=30402 =T = 466.68°C
g

500 3099.5

T, °C P, kPa U, kj/kg X Faz durumu
a 136.3 325 2452 0.952 Doymus sivi-buhar
b 170 791.7 2576.5 x=1 Doymus buhar
C 190 2000 806.19 - Sikistirilmis sivi
d 466.68 4000 3040 - Kizgin buhar

S-7) Sabit hacimli bir kapta 20 °C sicaklik ve 150 kPa basingta 10 kg hava bulunmaktadir. Kaba hava
basilmakta ve sonucgta basing 250 kPa ve sicaklik 30 °C cikmaktadir. Kaba basilan havanin
kitlesini hesaplayiniz. Not: Hava icin R=0.287 kl/kgK.

c-7)
P1=15ﬂkPL1 Pl*l[;l:ml*R*Tl
T, = 20 + 273.15 = 293.15 v = 2T = 10+ 0.287 + 293.15
m =10 kg 1, = 5.509 m3

R = 0.287 kj/kgK

PysV 25045609
RsTy  0.287:303.15

P, = 250 kPa my =

T, = 30 + 273.15 = 303.15 K m, = 16.117 kg
V, =V, = 5.609 m?

Basilan hava Am = m; —my = 6117 kg

18
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$-8) Hacmi 2 m® olan bir buhar kazaninda 200 kPa basin¢ta doymus sivi-buhar karisimi su
bulunmaktadir. Kazan hacminin %20’si sivi ve %80’i buhar olduguna gore karisimin a- Sicakligini
b- Toplam kiitlesini c- Kuruluk derecesini d- Ozgiil hacmini e- Entalpisini hesaplayiniz.

C-8) P = 200 kPa = 0.2 MPqa basinctablosundan

3 3

T, = 120.23°C v, = 0.001061 — v, = 0.8857 —
i — : L F— Y kg.l g — Y kg
h —5:]4?kj h —22019kj h —2?05?kj
5= 'kg’ fg — 'kg’ g~ 'kg
V = 2m3
,=08+V=16m?, V,=02«V=04m3

Gy _ 04 =377k b _ 16 = 1.80648
"=y, Toootoer 9 s Me T, Tosesy

a)T =T, =120.23°C

b) Toplam kitle, m, = mg + my, = 378.806 kg

o) x = =2 = 22% _ 00477
mr 378806

-
&

d)‘i.”=i

mS-
= = 0.00528 —
my  378.806 kg

V= v+ XV, = 0.001061 + 00477 = (0.8857 — 0.001061)

3

T
v = 0.00528 —
kg

e)h=hg+ xxhe, =504.7 +0.00477 + 2201.9 = 515.2031kj [ kg

19
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S-9) Sabit hacimli bir kapta 900 kPa basing ve 80 °C sicaklikta 2 kg sogutucu akiskan-12
bulunmaktadir. Kabin hacmini ve sogutucu akiskan-12"nin toplam i¢ enerjisini hesaplayiniz.

C-9)
P =900 kPa
T=80%
m =12 kg
R-12
Vv=?,U0=1°

P = 0.9 MPa iginTy,y = 37.37°C

T = 80°C = Ty,, = 37.37°C Kizgin buhar
m#? kj

v= 002407 — , u=21237—
kg kg

3
m
V=mx+v=2kgx 0.0240?5 = 0.04814 m?

ki
UD=m=xu=2kg=* 212.3?é= 42474 kj

$-10) 20 m3 hacmindeki bir rijit tankta 25 °C ve 800 kPa basingta Azot gazi bulunmaktadir. Tankta
basincin 600 kPa ve sicakligin 20 °C olabilmesi igin tanktan disari atilmasi gereken Azot miktarini
hesaplayiniz. Not: Azot icin R=0.2968 kJ/kgK.

C-10)
V, = 20m3
T, = 25+ 273 = 298K my =22 = 1809 kg
®ly
P, = 800 kPa
R = 0.2968 kj/kgk
_ Pysly  600s20

Vo =13 =20m? my =137.99

27 R«Ty  0.2968:293
T=20+273 =293 K
P, = 600 kPa

Afilan azot = Adm=m,; —my = 4291 kg

S-11) 60 litre hacminde bir kap icerisinde 40 °C sicaklikta sogutucu akiskan—12 bulunmaktadir.
Baslangicta kap icindeki sivi hacmi, buhar hacmine esittir. Kaba, sicaklik 40 2C’de tutularak
sogutucu akiskan—12 ilave edilmekte ve toplam sogutucu akiskan—12 kitlesi 50 kg olmaktadir. Bu
durumda kaba eklenen sogutucu akiskan—12 kiitlesini ve son halde kap igerisindeki kuruluk
derecesini hesaplayiniz.

20
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107 Fm®

1i

C-11) V =60 It * =0.06m?* , x =05, T=40C

m3 m?3
T = 40% icinsicaklik tablosundan vy = CI.EIIDEI?‘BSE , v, = 0.0181?5
Vo oo
My = Mgy + Mpypar = My = == + ~buhar
Vr Vg
_ 008 + 0.03 =3759 +1.65=394k%k
™ = 5000798 " 0.01817 02 = R
my,=50kg =Am =50 -394 =1076 kg
V 0.06 m?3
¥y = — = ﬁ = ﬂﬂiza = Vf +ag* Veg =X, = 0.0231

S-12) Bir buhar kazanindaki manometreden kazan basinci 5 MPa okunmaktadir. Ayni anda atmosfer
basinci, yogunlugu 13600 kg/m? olan civali bir barometrede 75 cmHgS olarak okunduguna gore kazan
icindeki doymus buharin sicakligini tespit ediniz.

C-12) Kazan icindeki mutlak basinc hesaplanip , su tablosundan doyma sicaklifn bulunur,

Prys = Pgl’:isr +Pciva*g *h

kg m 1m
Py = 5000000 Pa + 13600 - #*9.81 = *7Theom = 1000
Pye = 5100062 Pa = 5100.062 kPa
Basinctablosundan
P, kPa T,°C
5000 263.94 AP = 1000 kPa AT, = 11.65°C
— 5100 AP =100 kPa X
6000 275.59 x=1165 =T =263.94 + 1.165

T = 265°

S-13) Bir piston-silindir dizeneginde baslangigta 25 °C sicaklik ve 300 kPa basingta 50 litre su
bulunmaktadir. Daha sonra su sabit basingta tiimuyle buharlasana da isitilmaktadir. Buna gore, a)
Suyun Kitlesini, b) Son haldeki sicakligini, ¢) Suyun buharlasmasi isleminde suya verilen isiyi, d) Son
haldeki hacmi, e) Bu islemi T-v (Sicaklik-Ozgiil hacim) diyagraminda gosteriniz.
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C-13)
1.Durum

T P, = 300 kPa| P, = 300 kPa = T, = 133.55°C

P, =300 kP

Tl N “ T, =25°C Ty < Tgpy oldugundan siastiriimig sun
1= g, D oga — 3

V=501t v 2 vy = 0.001003 m* /kg

U hy 2 hy =104.89 kj /kg

2.Durum

P, =P, =300 kPa | P,=300kPa = T4,, = 133.55°C
Doymus buhar vy 21, = 0.6058m? kg
hy 2 hs = 27253 kj/kg

a)Ty = Taoy = 133.55°C

T 50+10"%
bym ===

ve  0.001003

= 49.85 kg
€)Q =m = (hy — hy) = Q = 49.85 « (2725.3 — 104.89) = 130627.44 kj = 130.627 MW
d)V, = m, * v, = 49.85 kg * 0.6058 = 30.2 m?

T°C
e)

133.55

25

&
0.001003 0.6058 v.m* kg

22
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S-14) Sogutucu akiskan-12 (R-12) i¢cin asagidaki tabloyu cevap kagidinda doldurunuz.

No T, °C P, kPa v, m3/kg Faz Durumu
1 -10 600
2 20 0,022
3 320 Doymus buhar
4 100 600
C-14)
No T,C P, kPa v, m3/kg Faz durumu
1 -10 600 v=v¢=0.007 Asiri sogutulmus sivi
2 20 567.29 0.022 Doymus sivi-buhar
3 1.1 320 0.05351 Doymus buhar
4 100 600 0.04032 Kizgin buhar

1) P = 600 = Ty, = 22°C > T = 10°C oldugundan Asirt sogutulmus sivt v = vy = 0.0007

2)T=20= Vg = 0.0007525 Vg = 0.03078 , karisim bolgesi
a m®
3) P=032MPa=T=T4,=11C,v=1, = ﬂ.ﬂSBSiE
4) P=06MPa=T =T, = 22°C < T oldugundan kizgin buhar

S-15) 800 kPa basingta doymus sivi-buhar karisimi su bir piston-silindir diizeneginde bulunmaktadir.
Sivi fazinin hacmi 0.1 m3, buhar fazinin hacmi ise 0.9 m¥tiir. Daha sonra sisteme sabit basincta

Is1 gecisi olmakta ve sicaklik 350 °C’ye yiikselmektedir. Buna gére suyun;

a- ilk haldeki sicaklhigini, b- Toplam kiitlesini, c- Son Haldeki hacmini hesaplayiniz. d- Hal degisimini P-v

diyagraminda gosteriniz.
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C-15)

Doymus st buhar =1m

P, = 800 kPa

a)P; = 800 kPa = Ty = Typyma = 170.43°C = vy = 0.001115, 1, = 0.2404

bym, = f—){ =89.686 kg , m, = —— = 3.7437

Meon = My +my, = 93.4297

€) P,=0.8MPa=PF, _ Kzgn buhar
T, = 350°C }v = 0.3544

d)

T,=350°C

S-16) 1MPa ve 300 °C'deki kizgin buhar sabit hacimde sicaklik 150 °C’'ye dislinceye kadar
sogumasina izin verilmektedir Son durumdaki suyun, a- Basincini b- Kuruluk derecesini c-
Entalpisini bulunuz. d- Bu islemi T-v (Sicaklik-Ozgiil hacim) diyagraminda gésteriniz.

C-16) 1.Durum

3 i
P, = lMPu} v, = 0.25?9% , by = 305120, u; = 2793.2kj/kg

T, = 300°C

2.Durum

T, = 130°C P, = 047 MPa, = 0.3928 , vy = 0.001091 m? Jkg
v, =1 = 0.2379 hg = 2746.3 , h;, = 6322 kj/kg

Doymus sivi buhar 24
Karisimi tablosundan
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a) P, = 475.8 kPa
b) x = =L — 0.6556
vg—vf

c) h=hs+xx(h;— hs)=2018.33 kj/kg

d)

P = 1MPa 2 0
Yapilanis = Wi, = j PxdlV =10
1

= 04738 MFPa

=7 v

S-17) iki bélmesi ince bir membran ile ayrilmis olan bir kapta, ilk bolmede 0.4 m? ve 0.45 kg hava,
ikinci bélmede 1.2 m? ve 1.6 kg hava bulunmaktadir. Membranin yirtilmasindan sonra icerideki hava
uniform bir yapiya geldiginde, son durumdaki havanin yogunlugunu ve 6zgll hacmini hesaplayiniz

C-17) 1. Durum 2. Durum
W=04m [ =12m V=W +W =16m
m, = 0.045 kg [m, = 1.6 kg m =, +my, = 2.05 kg
Mpava 2053‘:3 kﬂ
a = = =1.28125—
Phava Fhayu ']..5?‘1‘13 ma

1 m?
Vhgva — m = 0?30435
e

S-18) Asagida bazi 6zellikleri verilen maddelerin faz durumlarini belirleyip entalpi ve yogunluklarini
tespit ediniz ve Sicaklik-Ozgiil hacim (T-v) diyagraminda yerini gdsteriniz.

a) 10 kPa basing ve i¢ enerji 1000 kl/kg'de su (H20)
b) 0.18 MPa basing ve 50 oC sicaklikta R-134a sogutucu akiskan
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c-18)a),
P
su =P =10 kPa = u; = 191.79 } up < u < uy doymus kanisim
10 &Pg ug = 2437.2
u— 1000—-191.79
/ x=—" =036
ug—uf 2437.2-19179
T o
u= 1DDD"~'§‘ v kj

h=hs+x+hs; =191.81 +0.36 « (2392.1) = 105297 —
kg

3
T
v =1 +x * (1, — 1) = 0.001010 + 0.36 + (14.670 — 0.001010) = 528

1
p=_= 0.189 kg/m?

b
) 0.18 MPa ,50°C R — 134a, Kizgin bilge

m? 1 kg
v=01423 — = p =— =7.027
kg i v

e

h = 296.98 kj kg

S-19) Bir otomobil lastigi icindeki havanin gosterge basinci 210 kPa ve sicakhgi 25 °C‘dir. Lastigin
hacmi 0.025 m3 olduguna gore, hava sicakhigl 50 °C’ye yiikseldiginde lastik icindeki basing ne olur? Bu
sicakhikta basinci ilk haline getirmek icin ne kadar hava disari atilmalidir, hesaplayiniz. Not: Atmosfer
basinci 100 kPa’dir. Rhava=0.287 kJ/kgK, Lastigin hacmi tim islem boyunca sabit kabul edilecektir.

C-19) P, = 210 kPa , T, = 25°C = 298 K ,V;, = I, = 0.025 m?
a)T, = 50°C = 323K , P_.. = 100kPa , P, =7
b)P:ZP:L:B-lﬂ kPﬂ-, ﬁlm=m2—m1 =7

P,_T_ , _PixTy 310kPax323K

_1_p — 336 kP

P, T, ' T 298K “
_PxV 310kPax0025m®

™ T R.T, T 0287+298K g
_PxV; 310kPax0025m®

M= pLT, T 0287+323K g

Adm =my —m, = 0.007 kg
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S-20) Sekilde gosterildigi gibi icinde 20 °C sicaklikta ve
500 kPa basin¢ta hava bulunan 2 m3 hacminde kapali
bir kapla, icinde 30 °C sicaklikta ve 200 kPa basingta 5
kg hava bulunan baska bir kapal kap, lzerinde vana

HAVA
V=2 m3

bulunan bir boruyla birlestirilmistir. Vana baslangicta T=20°C

HAVA

m=5 kg

kapalidir. Daha sonra vana acgilmakta ve sistem hem
kendi
sicakliktaki cevreyle 1sil dengeye gelmektedir. ikinci

icinde mekanik dengeye hem de 17 °C

kabin hacmini ve son haldeki havanin basincini
hesaplayin. Rhava=0.287 kJ/kgK
_ BgsVg 500 kPasZm®

C-20) my = = T
) ma ReTa n.zs?%azaax

=11.89 kg

kj
Skg *0.287 1

Pg - 200kPa

# 303K

mg+ R =T,
Vg = B 5 _

=2.174m?

Vioptam = Va + Vg = 2+2.174m? = 4174 m?

Mropiam = Mg + My = 1189 +5=168% kg

kj
16.89 kg * 0.287 T 290 K

__anophnn* R:*T;on

Ppp = = = 336.79 kPa

VTIS"?J:E?‘J‘I 4’.1?4"}713

T=30°C

S-21) Bir saf madde icin T-v (Sicaklik-Ozgiil hacim) ve P-T ( Basing-Sicaklik) diyagramlarini ¢izip

diyagramlardaki nokta, egri ve bolgeleri belirtiniz.

C-21) KN

Doymus buhar egrisi
ADoymus st egrisi

T , B, =zabit= P
B, = zabit
sristirl
KIZGIN BUHAR BOLGESI
Sivi-buhar Doymus buhar
bolgesi noktasi
Doymus s
\
A Bizllen
P Erime/ Mmadde
Erime \
/ SIVI Kritik Nokta (KN)
KATI Buharlasma
27
BUHAR
Sublimasyon
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$-22) Hacimleri 0.5’er m? olan, sabit hacimli iki kapali kap bir boru ile birlestirilmis ve araya bir vana
konmustur. Vana kapali iken kaplardan birinde 600 kPa basing ve 20 °C sicaklikta, digerinde ise
150 kPa basing ve 30 °C sicaklikta hidrojen gazi bulunmaktadir. Vana acildiktan sonra sistem
kendi icinde mekanik dengeye ve 15 °C sicakliktaki cevreyle isil dengeye gelmektedir. Son
haldeki sistemin basincini hesaplayiniz. Not: Hidrojenin gaz sabiti 4.124 kJ/kgK alinabilir.

C-22)
7, = 0.5 m* 7, = 0.5 m*
P, = 600 kPa b, = 150 kPa
r, = 29315 K I, = 303.15 K
—_

600 = 0.5
4,124 « 293,15K

150+ 0.5

Poxla=max Rl =M = oy v 30315

= 0.06 kg
Menn =My +mo = 03082 kg
Vien =V + 7, =1m?, Toom = 15°C + 273.15 = 288.15 K

Fron #*Vign =Myon+* R T, = B, = 366.2kPa

S-23) Sekilde gosterilen bir hava kompresoriin tank hacmi 500
litredir. Tank tam dolu iken tank Gzerindeki manometre 7 bar'i
gostermektedir. Tank icindeki hava sicakligi 20°C'dir. Buna gore
a- Tank icindeki havanin kitlesini hesaplayiniz.

b- Basingli hava kullanilip manometre 4 bar basinca distigiinde
kullanilan hava miktarini hesaplayiniz.

V=500 litre , T=20°C
Not: Hava icin R=0.287 kj/kgK, Atmosfer basinci 100 kPa

Po:,=7har,.F.. =100 kFa

C-23) Pyss = 7 bar = 700 kPa

8
V = 5000t x —~ = 0.5m3
10

[44

T=20°C+273 = 293K

a) PV = mRT
Pous = Pgss + Paern = 700 + 100 = 800kPa
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_ PmueVy 800 kPas05m®

RT, 0.287—L c293K
gk

My =4.757 kg

100kPa

b) Fys: = 4 bar =

Vj_ = Vg JTl = TE
Prutiz = Pgos1z + Poen = 400 + 100 = 500kFPa

= 400 kPa

Kullanilan hava miktari=m, — my = 4.757kg — 2.973kg = 1.784kg

S-24) Asagida bazi 6zellikleri verilen maddelerin faz durumlarini belirleyip i¢ enerji ve yogunluklarini
tespit ediniz ve Sicaklik-Ozgiil hacim (T-v) diyagraminda yerini gdsteriniz.
a) 1.2 Mpa basin¢ ve 300°C'de su(H;0)

b) -20°C sicaklik ve x=0.5 kuruluk derecesinde R-134a sogutucu akiskan

C-24)
a) Su icin basing tablosundan P = 1.2Mpa igin Tzyme = 168°C < T = 300°C oldugundan KIZGIN

BUHAR
Kizgin buhar tablosundan ic enerjiu = 2789.2 kJ/kg ve 6zgil hacim v = 0.2138 m®/kg
v=1/p,p =1/0.2138 = 4.677 kg/m?

b) x=0.5 oldugundan DOYMUS SIVI-BUHAR KARISIMI, R-134a icin sicaklk tablosundan
up = 2417 kf /kg ,u, = 215.844 k] [kg , ury = up —u, = 19167 kJ /kg

ve = 0.0007361 m3/kg,v, = 0.1464 m3/kg

uU=1us+x *us; = 2417 + 0.5 « 191.67 = 120/ /kg

v=1vp+x #vp, = 0.0007361 + 0.5 = (0.1464 — 0.0007361) = 0.07356 m?/kg
p=1/v =1359kg/m?

T[C]
A
Kritik Nokta

Sikistirilmig Kizgin Buhar
Sivi B('jlgesi/ Bolgesi

Islak Buhar

Bolgesi - su

v [m*/kg]
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§-25) 70°C sicaklik ve i¢ enerji 1500kJ/kg'de suyun (Hz Q) faz durumunu belirleyerek entalpi ve

yogunluklarini tespit ediniz ve Sicaklik-Ozgiil hacim (T-v) diyagraminda yerini gdsteriniz.

C-25)
CENGEL TABLOSU KULLANILMISTIR
3
up = 293042 ve = 0.001023 =
kg . kg
T =70°C U, = 2468.9 % U = 5.0396
kﬂj kg
u=1500k]/kg Upg = 21?5.SE
— K — L)
hg = 293.07 ia hgg, = 2333 o
Up < U < Uy oldugu icin,
= u—uF  1500-2%3.04 =~ (.55

ug—up  2468.5-253.4
v = vp+x(v, —vs) = 0.001023 + 0.55 ( 5.0396 — 0.001023)
v=2T2% p=1=—1_=—0361%

kg v 772 me -
h=hs+ x(hs,) = 293.07 +0.55(2333) = 1576.22 P

T[C]

A

Py =31.202kPa -'-'- memmeme 4

4

v [m?/kg]

0.001023 5.0396

2.772
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E

CELTE 1 bar, T;EL‘?"E =20°C

S-26) Sekilde sematik olarak gosterilen sizdirmaz 200
kg kutlesinde bir tankin igerisi hava ile doludur. Tankin
uzunlugu 8 m, yliksekligi 6 m ve genisligi 6 m olup; @
tanka bagli manometreden okunan basing degeri ise

0.5 bar'dir. ideal gaz kosullarina sahip havanin

yogunluk degeri 1.16 kg/m? gaz sabiti degeri 0.287
kJ/kgK olarak verilmektedir. Mevcut verileri kullanarak;

F

piatzrgs

= 0.5 bar

a) Tank icindeki havanin kitlesini (ton birimi cinsinden) ve 6zgtil hacmini (It/gr birimi cinsinden),
b) Tankin hava ile birlikte toplam agirligini (kN birimi cinsinden ),
c) Tank icindeki havanin sicakligini °C, °F ve K birimleri cinsinden hesaplayiniz,

d) Tank icindeki hava sicakligi ile cevre sicakligi arasindaki farki °C, °F ve K birimleri cinsinden

hesaplayiniz.
C-26)
a) Teawre =20°C |, Bope=1bar ,Posiergs = 0.5m bar
k
Vione = 8% 6% 6 =288m3 ,p = 1.15m—ijp=%
Mpgpe = 288m3 « 1.15% = 334.08 kg
Mpgpg = 334.08 kg * 1000ig — 0.33408 ton
g T
p=2= 1 _pge2 kg 000K _ 5562
o 11e kg 1000gr 1mé gr

b) Meopiam = Meank + Muava = 200 kg +334.08 kg = 534.08kg
W =mx g = 534.08 x 9.81 = 5239.32 N = 5.23932 kN

¢) Pranic = Pyssterge + Poovrs = 0.5+ 1 = 1.5bar = 150kPa

Miave = 334.08kg , Vignx = 288m3

Py 150 kPa+288 m*
T'=—=————=45L055K
msR 334.08 kg=0.287

T(°C) = 450.55 — 273.15 = 177.4°C

T(°F) = 1.8=T(°C) + 32 = 351.32°F

d) AT = Tigme — Teowrs = 177.4— 20 = 157.4°C
AT(°C) = AT(K) = 1574K

AT(°F) = 1.8 AT(°C) = 283.32 °F
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S-27) Toplam hacmi 2 m? ve basinci 200 kPa olan bir buhar kazaninda, hacmin %220'si sivi ve%%80'

buhar oldugune gore kazandaki su buharinin;
a- Sicakhgini, b- Toplam kiitlesini, c- Kuruluk derecesini, d- Ozgiil hacmini, e- Entalpisini hesaplayiniz.

c-27)

V=2m?3
P=200 kPa

8520 5111
8580 Buhar

] ]
Ve =02%V=04m3J, =08=V=16m% v, = 0001061 —, v, = 0.8857 —
kg kg
_ k] _ K] _ k]
hy=5047-=, hy = 27066 , hey=2201.9.=

a)T = 120.2°C
_ Yy oe _
b) my = vf 0001061 377kg m =y +my
_ Vg _ _1& _
mg == = 1.8065 kg m = 378.8 kg
A B B
v="=—0_ _0005279
m 3788 kg kg
d) x = —L = 0.004769
L‘g—lf-"f

e)h= hs+xx ey = 504.7 + 0.004769 « 2201.9 = 514.2%
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I. Kanun-Kapali Sistem

KAPALI SISTEMLERIN ENERJi ANALIiZi

Hareketli simir isi (P dV isi): Bir gazin piston-silindir diizeneginde genislemesi veya

sikistirilmasi sirasinda gergeklesir.

P

P-V diyagraminda hal degisimi egrisi altinda kalan alan isi gosterir.

Politropik, izotermal ve izobarik hal degisimi

P=cv™
2

W, = J
1

2 . UQ
Pdy = CV™ dV = PVIn v
1 1

Mikemmel gaz igin;

mR(T, — T,
w;,=—(]2 ; ) n# 1

Sabit basing durumunda;

2 2
W, = f Pdt/:Pof dV = Py(Vy — V)
1 1
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KAPALI SISTEMLER iCiN ENERJi DENGESI

Egircn_ E\'ukam - —\‘E.\'i-:lun 'I\‘] }
Is1, ig ve kiitle ile I¢ enerji, kinetik ve potansivel
net enerji transferi enerjilerdeki degigim
. — F E o A
‘Ej:'n'cn El;lk;ln ) I’Exlxl-.‘m jat (kW )
Is1, ig ve kiitle ile I¢ enerji, kinetik ve potansivel
net enerji transgri orani enerjilerdeld degisim oram

Kapal sistemler i¢in birinci yasanin degisik yazihs bicimleri;

— & 3
i - |

1
|
Genel Q—-W=AE | }
) Sabit sistemler Q—-W=AU ‘

' Birim kiitle bagina g —w = Ae

Diferansiyel form 8g —dw = de } [

i A

Sabit Basinch bir genisleme ve sikistirma islemi icin Enerji denkligi;

AU +Wg = AH

Sabit hacimde 6zgiil 151, cv: Maddenin birim kiitlesinin sicakligini sabit hacimde bir derece
yukseltmek igin gerekli enerji.

Sabit basingta 6zgiil 1s1, cp: Maddenin birim kiitlesinin sicakligin1 sabit basingta bir derece
yukseltmek igin gerekli enerji.

(o
v=\or),

= sabit hacimde, i¢ enerjinin
sicaklikla degisimi

7 a7 .

= sabit basingta entalpinin
sicaklikla degisimi
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I. Kanun-Kapali Sistem

Miikemmel gazlarin i¢ enerji, entalpi ve 6zgiil 1s1lari;

Mukemmel gazlar icin u, h, c,, ve cp sadece sicaklikla degisir.

h=u+ Pv
Pv = RT

~

} h=u-+ RT

Au=u, —u = J c(T) dT
|

Ah=hy, — h = J c,(T) dT
I

Distik basinglarda, tim gercek gazlar miikemmel gaz davranisina yaklasirlar, bu nedenle 6zgul isilari

sadece sicakhgin fonksiyonu olur.

Gercek gazlarin diisiik basinglarda 6zgil i1silari milkemmel-gaz veya sifir basing 6zgiil isisi diye

adlandirilir ve cpo, cvo ile gosterilir.

Au ve Ah ‘1 hesaplamak i¢in kullanilan ii¢ yol

e Tablolarla verilmis u ve h degerleri kullanilabilir. Tablolar bulunabiliyorsa en hassas ve en

kolay yol budur.

e cv ve cp degerlerini sicakligin fonksiyonu olarak veren bagntilart kullanarak integral

alinabilir. El hesaplari igin bu yol zaman alicidir, ancak bilgisayarda yapilan hesaplar igin

cok elverislidir. Elde edilen sonuglar ¢ok hassastir.

e Ortalama 6zgil 1s1 degerleri kullanilabilir. Bu yol kolayca uygulanabilir ve 0zelik

tablolar1 bulunamadigi zaman ¢ok uygundur. Sicaklik araligi ¢ok biiyiilk olmadigi

strece sonuclar oldukga hassastir.
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S-1) Bir piston silindir cifti 0.085 m? hacminde 1.032 bar basincta ve 38°C sicakhginda gaz
icermektedir. Gaz P * V12 = zabit olarak basing 5.5 bar oluncaya kadar sikistirilmaktadir. Bu islem

boyunca yapilan veya verilen isi hesaplayiniz.

C-1) P;=1.032-10°Pa

T1=38+273=311K
— Py * '[;11.3 =P, = '[;21.3
V1=0.085m?

P, =5.5:10°Pa

A A
o1 (_2) =0.1876 = V. 1% « 24,6465
Pz Vi

V, = 0.02346 m?

Wy, = =—13770f

1—n

S-2) Bir pistonlu silindir icerisinde 0.2 m*® hacminde 0.5 MPa basingta ve 0.8 kg buhar bulunmaktadir.
Sabit basingta buharin sicakligi 400°C oluncaya kadar silindire isi transfer edilmektedir. Potansiyel ve
kinetik enerjideki degisimleri ihmal ederek

a) Yapilan isi b) Silindire transfer edilen isiyi bulunuz.

wW=?
C-2) 1.Durum

P1 = 0.5MPa doymus sivi — buhar karisimi

NN

vs =0.001093 m3/kg, v, =0.3749 m3/kg

us = 639.68 kj/kg us= 1921.6 kj/kg, up = 2561.2 kj/kg

0.2
V, =mx1y =>7v 08" 0.25m? /kg
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W — 0.25 —0.001093 0.248907

= = = 0.6658
Vap 0.3749 — 0.001093 0.3738

_‘x.'1=

Uy = U, +xqxuy = 1919 ki kg

2.Durum
P1=0.5MPa v, = 0.6173 m? kg
T, =400°C u, = 2963.2 kj /kg
Kizgin buhar

a)Wy; =m P« (vs —1y) = 0.8kg * 500kPa « (0.6173 — 0.25) = 146.92 kj

b)Qyz = Wiy + AU = 146,92 + 0.8kg = (2963.2 — 1919) = 982.28 kj

S-3)
Bir piston silindir ¢ifti icerisindeki 15 kg hava, 25°C den 77°C ye

300 kPa basingta icerisindeki bir elektrik rezistansi vasitasiyla

e isitilmaktadir. Bu islem boyunca silindirden 1si kaybi 60 kj

Weﬂz P=sabit E:>Q=? olarak tespit edilmistir. Buna gore elektrik rezistansinin ¢ektigi
enerjiyi hesaplayiniz. R=0.287 kj/kgK, Cv=0.718 kj/kgK

Hava

C-3) T,=25% kj
P, = 300 kPa 15kg «0.287 - « 298 K

300 kPa

m =15 kg PisVi=m=x+R+T) =1, =
T,=77°C
P, = 300 kPa U, = 42793 m?

PV =m=+R=*T;

v, = w =50225m3, Wy, =P+ (V,—V;) = 223.86 kj

Quot — Wioe = AU = m « C, * AT = 560.04 kj

—60 kj — (223.8 — Wopore) = 560.04 kj = W.pop, = 843.84k)
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S-4) 0.2 m® hacminde kapal bir kap icerisinde 300 kPa basincta 0.5 kg sivi — buhar karisimi su
bulunmaktadir. Kap doymus buhar ile doluncaya kadar sabit hacimde isitilmaktadir. Buna gore kaba
verilen i1si miktarini bulunuz.

C-4)1.Durum

P1 = 300 kPa P =300 kPa doymus sivi — buhar karisimi tablosundan
Vi=0.2m3 3 3
Im Im
m = 0.5 kg v, = 0.001073 — , v, = 0.6058 —
5A1.15 K 1982.4 Ll
T —— . —_— 1L = S
5 kg sh kg
v, 0.2 =
vp=_—== ﬂ.%f—g , vy =1, +xy ok vy = xq = 0.6097
kj
Uy = U, +Xq % Uy, = Uy = 18689 —
kg
2.Durum
B
W =1 = 0.4 Doymus sivi — buhar tablosundan interpolasyon uygulanirsa

kg
uz = 2558.89kj/kg

Q12 = m* (uy —uy) = 0.5 « (2558.89 — 1868.9) = 345 kj

S-5) Bir rijit tank, bir pervane tarafindan sogutulan sicak bir akiskan icermektedir. Baslangicta
akiskanin i¢c enerjisi 800 kj dir. Sogutma islemi boyunca akiskan 167.22 kcal 1si kaybetmistir.
Pervaneye verilen is 100 kj oldugunda gére son durumdaki akiskanin i¢ enerjisini hesaplayiniz.

c-5)

¢

u, = 8005k
up =7 :

= 16722 kcal = —T00 kj

QW =—100%

Q-W=U, —U =—700+ 100 = U, — 800 = U, = 200 kj
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$-6) 5m3 hacminde rijit bir tank 0.1MPa basingta 0.05 m® doymus sivi ve 4.95 m* doymus buhar

icermektedir. Tank doymus buhar ile doluncaya kadar isi transfer edilmektedir. Bu islem boyunca

tanka transfer edilen isiy1 hesaplayiniz.

C-6) 1.Durum

0.1 MPa m? m?
Doymus swibuhar | U = 0001043 1 % = 16940 1
tablosundan kjf
up = 417.36, g = 2506.1
mo= o005 793, m,=2 %95 _ oo
STy 0001043 9 MeTL Tieea” TN

78— 2% 0.057

mE-
my  S0.85 ’ V=Vt X R Vg = 0.39?54E

Xy =
Uy = up + X * up, = 5364159 /kg

2.Durum
2 kj
Yy =71 = 0,975 m_,-'rkﬂ Uy = 2501??@
Doymus buhar - sivi tablosundan

Q =m* (uy —uy) = 50.85(2601.77 — 536.4159) = 105.02 MJ

S-7) Asagidaki islemler icin sinir isini hesaplayan ifadeleri ¢cikariniz.
a) izobar islemde b)izometrik islemde

c) izotermal islemde  d)Politropik islemde (P * V™ = sabit)

C-7) a) izobar islemde P = sabit b)izometrik islemde V = sabit, V; =1}

Wip = [[,"PxdV =P x(Vy —1}) Wip = [, PxdV =Px(V—1}) =0

c) izotermal islemde T = sabit

. Py« V)
P*V=P1*F1 =P2*V2 =Sﬂblt=}P=T
Wiy =[P xaV = [[722 0 dV = P« 1y «InV, Wy, = Py« Vj * 1n%

d)Politropik islemde P # V™ = Py « V" = Py « )" = Sabit =C
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(5] e U vy
L-F12=j P*dV:Eﬂblt*J“ FZC*J‘ V" xdV
vy ol v

Sabit €
P= '[g'n =ﬁ
V—?'!‘l'l v C
I'.Fﬂ = C }: I._Fﬂi—?‘! _-[.';rj_—n
1z *1_T1|LL 'l—n*(‘ )

n 1-n n -n
Pow W =17 =P =W = I

C=PF«x"=Px" =W, =
1 1 £ o 1z 1—n

_PE*VE_PI*VI

W,
1& 1_n

S-8) Kire seklinde 6zel bir balonun icinde 5 kg hava, 200 kPa basin¢cta ve 500 K sicakliginda
bulunmaktadir. Balondaki basing P=K.D? olarak degismektedir. D kiire ¢api ve K bir katsayidir.
Balonun hacmi iki katina cikarildiginda K sayisini ve yapilan isi hesaplayiniz. Not: Hava igin
R=0.287 kJ/kgK.

m=D* msR:T.  5#0.287.500
C'S)I;: p , Pl*Vj_:m*R*Tl:)VJ_: P. = o0

= 3.5875m?

V; =35875m2, V,=2x1; =7.175m3, D, =18993m

. . kPa
P=K=+D* = P =K=+Dj =}K=55.44m2
VZ VZ
Wuzj P*dej K+ D%wdl
W W
1
e E 6+ V\3
LR A
[+ T
2 5
[ :J‘ h’*( ) *dV:85.34J‘ Va*dV:SE.Bﬂr*TI;
W 3.5875 2 =
3
Veya
W J‘UEH D? m+ D7 mhmlﬂ“ 937 kj
Vi~ = * = o = =
2= 2 0 o /
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$-9) 0.1 m® hacminde pistonlu bir silindir 0.4 MPa basin¢ta 0.5 kg su icermektedir. Sabit basincta
buharin sicakhg 300 °C oluncaya kadar silindire 1s1 transfer edilmektedir. Kinetik ve potansiyel
enerjideki degismeyi ihmal edip bu islem icin a- Yapilan isi  b- Transfer edilen isiy1 hesaplayiniz.
c- islemi T-v (Sicakhk-Ozgiil hacim) diyagraminda gésteriniz.

W
C-9)
ﬁ 1.Durum
P, =04MPa Basing tablosundan
¥ = 0.1m? w01 E mE .
Q m = 0.5kg V=== 0.2 P vy = 0.001084 Pl v, = 04625 m*® kg

Vr < U < 1y olduundan karisim bdlgesinde

vy = v + g% (1, —vp) = x; = 04311

i
Uy = Up + %y kU, = 60431 +0.4311 +1949.3 = 1444.5é

2.Durum
P, = 0.4 MPa } P, = 0.4 MPa, Ty, = 143.63°C
T, = 300°C Ty > Tapy Kizginbuhar

- 3
u, = 280485 | », = 0.6548
kg kg

- ]
a) Wi, =m P (v, —vy) = 0.5 kg * 400 :1—”“* (0.6548 — n.z}f—g = 90.96 kj
b) Qyz — Wia = m * (us — 1) = Qq2 = 90.96 + 0.5 « (2804.8 — 1444 .6) = 921.06 kj

<)
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S-10) Bir piston-silindir icerisinde 200 kPa’da 12 kg R-134a akiskani doymus buhar olarak
bulunmaktadir. Sabit basincta akiskana 250 kJ 1si transfer edilmekte, bu arada 110 V’luk bir
Isitici 6 dakika galismaktadir. Sayet son sicaklik 70 °C ise elektrik isiticisindan gegen akimi
hesaplayiniz.

C-10)

R O —Wipop = m* (ha— hy)
Q=250 kj|
- 134a g

V=110V
=7

P = zabit
m=12 kg

1.Durum
P, = 0.2 MPa } Tablodan

Doymus buhar hg=hy =241.30 kj /kg

2.Durum
P, =0.2MPa Kizgin buhar T2 = Tgoyme
T, =70°C h, = 314.02 kj/kg

250 — W, = 12 * (314.02 — 241.30)

60 sn
1dk

Wiy = 62264 kj = Woyop =Vl s« At =110 I % 6 dk »

622640 j =110+ I+ 360 =1 =157 4

S-11) Bir piston-silindir diizeneginde baslangigta 25 °C sicaklik ve 300 kPa basingta 50 litre su
bulunmaktadir. Daha sonra su sabit basincta timiyle buharlasana da isitilmaktadir. Buna gore,
a) Suyun Kitlesini, b) Son haldeki sicakhgini, c) Suyun buharlasmasi isleminde suya verilen
isty1, d) Son haldeki hacmi, e) Bu islemi T-v (Sicaklik-Ozgiil hacim) diyagraminda gosteriniz.
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c-11)
1.Durum
R ,
P, =300 kPa Pj_ = 3{]{] kpﬂ-} Pl =300 kPA = TED}' = 133.55°C
i’ - ;;nc T, = 25°C T < Ty oldugundan sukagtirimis sun
L, =501t
T = 25°C = v = v = 0.001003 m?/kg
hy 2 hy = 104.89 kj /kg
2.Durum

P, = P, = 300 kPA} P, = 300 kPA = Ty, = 133.55°C
hy = h, = 2725.3 kj kg
vy = v, = 0.6058 m? /kg

Doymus buhar

a) Ty = Ty = 133.55°C

Vs 50=10"F
b)m =—==
vy, 0001003

= 49.85

c)@=mx(hy—hy) = Q =49.85 kg » (2725.3 — 104.89) ::—;
7 =130627.44 kj = 130.627 MW
d)V, = m, + v; = 49.85 kg = 0.6058 = 30.2 m?

e)

T.tC
/—\?
133.55 —

—

25
1

0.001003 0.6058 wv.m® kg
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$-12) 0.6 m3 sabit hacimli kapali bir kapta baslangicta 0.8 Mpa basin¢ta doymus sogutucu akiskan-12
buhari bulunmaktadir. Daha sonra sogutucu akiskandan gevreye isi transferi olmakta ve basing 200
kPa’a dlismektedir. Hal degisimini doyma egrilerini de gostererek P-v diyagraminda cizdikten sonra;
a- son haldeki sicakligi b- yogusan sogutucu akiskanin kiitlesini c- bu islem sirasinda disari transfer
edilen 1siy1 hesaplayiniz.

¢-12) 1.Durum
v, = 0.6m° P, = 0.8 MPa Taoy = 32.74°C
1 =7
A =0.8MPa Doymus buhar vy =1, = 0.02188 m?/kg
B, =200 kPa
R-12 uy = u, = 183.13 kj/kg
1.Durum
P, = 200 kPa P, = 200 kPa = 0.2 MPaigin v; = 0.0006862 m® kg
m* m*
v, =1 = 0.02188 — v, = 0.08354 =
kg kg

Vp < vy < 1, oldugundan karisim.

up =24435 4y = 165362
kg kg
0.02188 — 0.0006862

I e 3 = X, = = x, = 0.2558
V2 =V T X2 Ve = Y27 08354 — 0.0006862 2
+ 60.48°7
s = U Xa®x L = . —
2 f 2 fa .f::g

a) P, =02MPa=T,,, =T, = —12.53°C

v 0.6
b)m.=—-=
)me v 0.02188

— _ Mg —
=2742kg , x5 = e =m, =7.014 kg
my =m,—m, = 204 kg yofusan R —12

c) Kapali sistemler i¢in termodinamigin 1. Kanunu

kj
Q=m=(us—uy) = 27.42 kg = (60.48 — 183.13) PPl Q=—3363kj

S-13) Bir piston-silindir dizeneginde baslangicta 25 °C sicaklik ve 100 kPa basingta 2 kg su
bulunmaktadir. Daha sonra suya hacmi 0.4 m? olana kadar 1si verilmektedir. Bu noktada silindirdeki
piston bir durdurucu ile sabitlenmekte, fakat silindirdeki suya sicakligi 300 °C oluncaya kadar isi
verilmeye devam edilmektedir. Bu gére a) Suyun son haldeki basincini b) Suya verilen 1si miktarini, c)
Pistonun yaptig isi hesaplayiniz. d) Bu islemleri T-v (Sicaklik-Ozgiil hacim) diyagraminda gésteriniz.
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C-13)
2 F 3 9
E Pt
= Tp = Tupyme =(39.61°¢C T. = 300°C
ST P, =100 kPa !
T, = 25°%C Q |y’ . Q
O‘/"P, =100 kPa A Va=iam ol
v, Xy —uuumuam: ”=:£ v = —UZm:
vy =y = kg my 1 vz = v =02
v, = 0.002006 m® v, :I:I.Ei:i v, = 0.001404 m? fkg
h —22;'!;5 kifk v, = 0021659 m* (kg
fa — . y
Kizgin buhar tablosundan v: > 1
P MPa h. ki ,k v m? ,k ol dugundan kizgm buhar
1.2 3046.3 0.21386
—>
1.2879 0.2
1.4 3040.9 0.18233

interpolasyon yapilarak P = 1.2879 MPa bulunur.

b) Q = Ql! + QEE = Mgy * Csu* (TE - Tl} +msu ® hfg+msu* {hﬂ - hg}

kj kj
Q=2 kg*418.—(99.61 —25)°C + 2kg » 2257.5, + 2 kg + (3043.9 - 2675)
g g

Q = 5877.5 kj
3

™
Wiiston = P # (V3 —4) = 100 kPa * (0.2 — 0.002006) o

Wyiston = 19.7944 kj

—
N

S-14) Bir piston-silindir diizeneginde 10 kg sogutucu akiskan-12 bulunmaktadir. Baslangicta sogutucu
akiskanin 8 kg'i sivi fazinda olup sicakligi -10 °C’dir. Daha sonra silindire is1 verilmekte ve piston hacim
400 It olana kadar ylikselmektedir. Bu duruma goére; a- son durumdaki sicakhgi bulunuz. b- Bu islem
boyunca yapilan isi hesaplayiniz. c- islemi basing-hacim (P-V) diyagraminda gésteriniz.
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1 .Durum
C-14)
= =l

G
m, = 10 kg
m, =3 kg

T, = —10°C

T, = —10°C icin

Py = Pypyma = 219.12 kPa

ve = 0.007 m3/kg

v, = 0.07665m? kg

vy = Vp +X %V, = 001589 m? kg
i =m#1y =10+ 0.01589

¥, = 0.1589 m3

2 .Durum

V, = 0.4 m?

P, — P, = 219.2 kPa

a)Ty = —10°C = Typyma
b)Wy, = [, P «dV

I"Fj_: = 2192 kPa = {U: - Ul}

Wi, = 219.2 kPa * (0.4 — 0.1589)m?® = 52.6 kj

S-15) Hacmi 20 litre olan ve igerinde 300 kPa ve 250 °C sicaklikta kizgin su buhari bulunan ve giris ve
¢ikis vanalari kapal olan bir radyator odaya konulmaktadir. Radyator odaya isi vererek basinci
100 kPa’a dismektedir. Buna gore, odaya transfer edilen isiy1 ve bu islemi P-v diyagraminda

Giziniz.
C-15)
X Kapali Sistem
V= 20%107%m*
P, =0.3MPa
T, = 250°¢C
(X
1.Durum Kizgin buhar
P, =03MP kj
: ”} uy = 2728.7
T, = 250°C kg
m!
vy = u.?gma
T_'Jz _— T_'Jf
Xo = = 0.4638
vy — Vf

kj
2 =Us + X = 1398.63 —
Ug = Up + Xg * Upg kg

0
Q—)’PET”*(“:—H}

2.Durum Kizgin buhar

m- . a a
v, =v, = 07964 — | V2=

kg me
P, = 0.1 MPa vy = 0.001043

2

1.6940 =
1 = 1. kg
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V_20-107 02511k _ 417362 _ 208874
v 07964 g Up =205 Urg = V00

Li
Q = 0.02511 kg »(1398.63 — 2?28.?}é =—3339kf

$-16) Bir piston silindir diizeneginde kullanilan CO, gazi 0.3 m*ten 0.1 m3 hacme sikistiriimaktadir.
Hal degisimi sirasinda basingla hacim arasindaki iliski, P= a V2 bagintisiyla verilmektedir.
Burada a= 8 kPa.m® olmaktadir. CO; lizerinde yapilan isi (sikistirma isini) hesaplayiniz.

C16) W= [ PxdV= [ arV2xdV=a[ V-2xdV

W V_112 112 ( 1+1) 8 (1 1) 53.33kj
v =  — = —— —=—ax| —— — | = ¥l— —— | = — .
T e T T U A 301 )

S-17) Yalitilmis bir piston-silindir diizeneginde baslangicta P=150 kPa’da V=5 It doymus sivi su
bulunmaktadir. Silindir iginde bir elektrikli isiticiyla bir karistirici bulunmaktadir. Daha sonra su
45 dakika sureyle 8 Amper akim gecen isiticiyla isitilmakta ve karistirici ise 300 kJ is
harcamaktadir. Sabit basin¢ta gerceklesen ve sivinin yarisinin buharlastigi bu islemde, elektrikli
Isiticinin potansiyel farkini Volt olarak hesaplayiniz.

C-17)
1.Durum 2.Durum
Q=0 P =150 kPa x =03
\f:lED K Fo ulzuf = 446,04 Usg =uf+x*”,r'g
r 1 W, =—300% _
I=84 V=5h : H vy = 1;:}_- = 0.001053 Uz = 1493
r | » _E m!
V= % Ram e 2210 v, = 0.5801 —
= v 0.001053 g
m = 47483 kg

Q-W=mx(w—-—w)=>—-(W, +m=+Ps{v; —v) —300 kj) = m » (up —uy)

W, = —409385.837 &/ | W, =V =I=At

&

6lsn
=V =84 = 454k =

4085 .837 kj ,
AT 1dk

V= 23082 Volt
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S-18) Rijit bir kap icerisinde 3 kg doymus sivi buhar karisimi su bulunmaktadir. Kapta sicaklik 150 °C
ve kuruluk derecesi %50’dir. Kabin st tarafinda bulunan vana agilarak 0.3 kg buharin ¢itkmasina izin
verilmektedir. Bu islem boyunca sicaklik sabit 150 °C’de kalmaktadir. Buna gore a- Kabin hacmini, b-
son durumdaki suyun kuruluk derecesini, c- Bu islem boyunca yapilan isi hesaplayiniz.

C-18)
{ T =150°¢C vy = 0.001091
m = 3kg Doymus sivi-buhar i, =0.3928
T =130°C karisimi
X =05

V=1vr+xxvy, = 0001091+ 05« (0.3928 — 0.001091) = v = 0.196946 m? /kg
]
a) V=m=v=3kg=« IEI.1‘:—1‘#5‘}.14‘5:':’l—é_Ir = 0.590838 m?

b) Myunar: = Mpunara — 03 =13kg —03 =12kg
my;=my —03=3—03 =27 kg

. Mbuharz _ iz = (0.4444

2= g 7
) 0
) Wia = [[P+dV =0kj

(=]

S-19) Helyum gazi bir piston silindir ¢iftinde hacmi ilk hacmin yarisi oluncaya kadar izotermal bir
islem ile sikistirlimaktadir. islem sirasinda silindir hacmi 0.2 m? iken basing 600 kPa olarak
dlcilmustir. Buna gore a — Sikistirma isini hesaplayiniz. b- islemi P-V diyagraminda gésteriniz.

C-19) P #V = sabit (izotermal islem)

2 1, 5
Wy, = j PxdV=PxV=«In (—‘) = 600 kPa +0.2m33 = ln(—‘)
1 " et

2-05 =W, =—83.177 kj
4
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$-20) 2 m3 hacminde, 100 kPa basing ve 10 °C sicakliginda olan tamamen yalitimli bir odanin igerisine
kapali rijit bir kap icerinde 50 litre kizgin su buhari koyulmaktadir. Baslangicta suyun basinci 500 kPa
ve sicakhgl 200 °C’dir. Kapali kap igerisindeki kizgin su isisini odaya vererek basinci oda basincina
dismektedir. Buna gore; a- Odadaki havanin kitlesini, b- Kaptaki suyun kitlesini, c- Kizgin suyun
odaya verdigi 1sty1, d- Odanin son durumdaki sicakligini hesaplayiniz.

C-20)
T, = 10°C a) Pyx Vi =Mpgpe xR+ Ty
V= 2?’?’!!
oo 100 kPa * 2 m3
P =100 kPa Mg = 5 = 24624 kg
0.287 kgk * 283K

B -
b) P, = 0.5 MPa,T, = 200°C = v, = 0.4249% Uy = 2542.9::—;

V.. (50%1073m?3
Moy = — = (—3} = 0.11767 kg

V1 0.4249?—3

)Q —W=m_, *(u; —uy) = Q0 =myy, *(u;, — 1)
2.Durum

m® m®
vy = 0.4249 — V= 0.001043 g = 1.6949 —
kg kg

P, =100 kPa U, > Uy > Up Karigim bﬁiggsi
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0.4249 — 0.001043
1.6040 — 0.001043

X

-
&

i
Uy = Uy + ¥ % Up, = 417.36 + 0.25  2088.7 = 939.535é

Q = —200.44 kj
0Oda icin

200.44 = 2.4624 :1?13%* (T, —10), T,=123.37°C
g

S-21) Yahtilmis bir tank, 100 kPa basingta doymus sivi-buhar karisimi fazinda 5 kg su icermekte olup
kitlesinin %75’i sividir. 110 V gerilim ve 8 A akim geken bir elektrik isiticisi vasitasiyla tanktaki su
tiimuyle buhar fazina gegene kadar isitilmaktadir. Uygulanan isitma isleminin siresini hesaplayiniz.

C-21)
100 kPa 1- Karisim bélgesi 2.Durum
5 kg su x =B =025 Doymus sivi (100kPa)
0§ 75 g1t Mg
(M us = 417.4 kj [kg uy = ug =2505.6 kj/kg
‘ uy = 2505.6 kj/kg
Welek _
110V us; = 2088.6 kh/kg
84 kj
=2 Uy = up X Uy =939.4-5E

Kapali sistem icin T.D 1.K

Q—W =A4E = AU = Wy = AU = m = (uy — uy)
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I:FEI:EI?{ = I";r * jl' ¥ L
AU = Wy, = 7830.75 kj

_mx(u; —u;)  Skg * (2505.6 —939.45)

Vsl - 1k
110V = 84 « —mm)

= t = 8898.6 saniye

S-22) Bir piston-silindir icerisinde 200 kPa’da 12 kg Sogutucu akiskan-134a doymus buhar olarak
bulunmaktadir. Sabit basin¢ta akiskana 250 kJ 1si transfer edilmekte, bu arada 110 V’luk bir
Isitici 6 dakika calismaktadir. Sayet son sicaklik 70 °C ise elektrik isiticisindan gecen akimi
hesaplayiniz. ipucu: Piston icin sinir isi de hesaba katilarak kapali sistemler igin Termodinamigin
I. Kanunu analiz edilecektir. Yani is olarak elektrik ve pistonun isi vardir.

c-22) W 1.Durum

P, = 0.2 MPa | Sogutucu akiskan R-134a tablosundan
R

2
Doymus buhar | uy = ug = 221.43 :‘—;' vy =1 =0.0993 %

Q:Zg%mzlzkg L kj B .
hy =hg = 243.35 » Tgop = —10.09 °C
M ;"Djr;m— 0.2 MP B
:"L‘ y = F = 0.2 MPo T; = T; oldugundan kizgm buhar
V=110V T, = 70°C v, = 0,13639 E . Uy = 286.74 kj (kg
Kizgin buhar hy, = 314.02 kj /kg

W, =mx*Px (v;—1y)
m3
W, =12 kg + 200 kPa * (0.13639 — 0.0993};‘:— = 89.016 kj
g
W =W, + W,

) kj
Q—W=mux(up—uy) = 250 kj — W = 12 » (286.74 — 221.43) .~
g

250 kj + W,, — 89.016 kj = 783.72 = W,, = 622.72 kj

60sn
W, =VelsxdAt = 062272 kj = 110V = [ = 6dk % = 622720 =110 = 360 =1

I = 15.72 Amper
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S-23) 150 kPa basing ve 12 °C sicaklikta ve 1.2 kg hava, sizdirmaz ve siirtiinmesiz bir piston-silindir
diizeneginde bulunmaktadir. Hava, basing 600 kPa olana kadar sikistirlmaktadir. Bu islem
sirasinda cevreye 1IsiI gecisi olmakta ve silindir icindeki sicaklik sabit kalmaktadir. Bu islem
boyunca yapilan isi hesaplayiniz.

C-23) 1.Durum 2.Durum
\\\S‘g; Pl*vj_:ml*R*Tl E P:*I"E:mz*R*Tz
P, = 150 kPa 1.2 x 0.287 » 285.15 R [ _ 1:2x 0287 285.15
r: =129 = 150 P, = 600 kPa 1= 600
T,=T, _
m=12kg | 1] = 0.6547 m? g 1, = 0.163676 m?

Sabit sicaklik icin (izotermal islem icin)

W, = Py 1V, #In(o2) = 150 kPa » 0.6547  In(omaac! O
V=P =1} =ln(—) = + 0. % In(————
e e “ 06547

W, = —136.140 kj

S-24) Bir kompresorde CO, gazi 140 kPa ,10 °C ve 100 litre hacminde emilip, Politropik bir islemle
basinci 700 kPa, sicakligi 280 °C oluncaya kadar sikistirilmaktadir. Buna gore a) Bu islem i¢in CO;
gazinin politropik katsayisini, n b) Bu islemi gerceklestirmek igin gerekli isi hesaplayiniz. Rco,=0.1889
kJ/kgK

C-24)a) P, =140 kPa,T, = 283K , V, = 0.1m3

_ Py xVp 140 kPa+ 0.1m?

my = - : = 0.2618 kg
RxTy 01889 L . 283K
kgK
myxR+«T; 02618 «0.1889 =553
Pl*'[;i?lzpz*vz?! ' sz = =ﬂ.ﬂ39ﬂ?m5

P, 700

&

my = ms , sz?ﬂﬂ kPa
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AN
P = (F) = 0.2 = 0.3907" = log(0.2) = n= log(0.3907)
2 1
n=17125
Poelp—PueV, _ 1345 i
b) Wao === = = oo — T8 74K

S-25) Bir piston-silindir diizeneginde baslangicta 26 °C sicaklk ve 300 kPa basingta 20 litre su
bulunmaktadir. Daha sonra su sabit basingta timiyle buharlasana da isitiimaktadir. Bu islem
sirasinda g¢evreye silindirden 1500 kj is1 kaybi olmaktadir. Buna gore; a) Suyun kitlesini, b) Son
haldeki suyun sicakligini, ¢) Suyun buharlasmasi isleminde suya verilen isiyi, d) Pistondan alinacak isi
hesaplayiniz. ) Bu islemi T-v (Sicaklik-Ozgiil hacim) diyagraminda gdsteriniz

C-25)
W
A 1.Durum
m Su sicaklik tablosundan
T, = 26°C Py =0.00336 MPa = 3.36 kPa
SRS ol o ]
P =300K Fy = Fypy olduundan siligtirilmig sun
Q=100 e su N o=002m® |y >y =0.0010033 m?/kg
TTT a) my == =1993 kg
=7
1 he 2 hy = 109.010 i ™~y = 109.010 K
b) 2.Durum F="M= : E, U 22Uy = . E
Basing tablosundan
P,=P=300K Tioy = T» = 133.52°C
vy =1 (doymug buhar) kj
Uy = 25432% e =27249 kj kg

v, = 0.60576 m3 /kg

¢)T.D. 1. Kanunu Kapali Sistem = Q —W =m=* (u; — 1)

d) (@ — Q) —W =m=*(u; —uy)

(52134.7 — 1500) kj — W = 19.93 kg = (2543.2 — 109.01)
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W =21213 kj

e)
ToC 4

A

133.5

26

e v

S-26) Su, kapali bir kapta bir taraftan isitiirken diger taraftan da karistirlmaktadir. Hal degisimi
sirasinda ocaktan suya 30 kJ, sudan g¢evreye ise 5 kJ 1si gegmektedir. Karistirma yoluyla yapilan is
500 N.m’dir. Sistemin baslangictaki enerjisi 10 kJ olduguna goére, son haldeki enerjisini
hesaplayiniz.

C-26)

E, =10 &
%_M_ W = —500 Nm= 0.5k

Q. =30K
—-W=F,—E, =(30—5)—(—-05) =E,—10
- 1 -

A

E, =355kj

$-27) 100 litre hacminde bir piston silindir diizenegi 140 kPa basingta, 10 oC sicaklikta Argon gazi
icermektedir. Gaz politropik islem olarak 700 kPa basinca sikistiriimakta ve sicakhgi 280 eC
olmaktadir. Bu islemin politropik katsayisini ve bu islem sirasinda yapilan isi hesaplayiniz.

C-27) Politropikislem Py = V" = Py« V' = P« V™ = sabit

PxVy=ms+R+T, =mR =
i s mEE T, =me T, 283

= 0.0495 kj /K
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m*R*Tp 0.0495% 553

Pﬂ Va = R Tﬂ = Vﬂ = = 0.0391 3
- * -~ m * * - - P: ?ﬂﬂ m
Py U = Py w U = 11 (sz)” 1% (5,0391)n —n=1714
* = . _ = — _— = .
- {71 700 0.1 n

P:*V:—Pl*pi_{m*R*(Tz—Tl}}__ia?ij

H;-'!:
12 1—n 1—n

$-28) Toplam 5 m? sabit hacminde bulunan
kapali bir deponun yarisi 25 °C sicaklikta su Hava
bulunmaktadir. Deponun Ust kisminda ise 100
kPa ve 25 °C’'de hava bulunmaktadir. Depoya 25
°C sicakliktal500 kg su deponun altindaki

25°C, 100 kPa

musluktan doldurulursa, a) Deponun (st
kismindaki hava basinci ne olur? b) Bu islem igin
harcanan isi hesaplayiniz. Rnava=0.287 ki/kgK 25°C Sy

Vana

——

— A0 — o — m* —1_ kg — ki
C-28) T = 25°C, v = vy = 0.001033 oy p= 963 — R = 0287 -

v, V.,
fop % — 2420135 kg
'E_'J

3
4
I
|

3
m
1500 kg suyun kapladu hacim = 1500kg = 0.001033 E

Ukrrp!rzmrz,su = 1.5495m?

Pyl 100+ 2.5
Mrave = o r" = 0287 « 298

= Mp e = 2.923 kg

th:ﬂ,son = Vi — Vkﬂ'plﬂmﬂ,su = 2.5'”"13 —1.5495 ma = (0.9505 ma

_ {mhﬂrﬂ xR+ TZ}

th:rz_.son -

= 263 kPa

Vhrzz:rz,.son
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Il';rﬂ
Wiz =P 1] *1n (F‘) (sabit sicakhkta is)
1

{].95{]5)

Wy, =100 kPa + 25 =] (
1z a ® 1 2.5

= —241.76 kj

S-29) Hava politropik bir islemle 50 °C ve 120 kPa’dan, 275 °C ve 300 kPa basinca kadar
sikistirllmaktadir. Bu politropik islemin “n” politropik katsayisini ve birim kitle igin sikistirma isini
hesaplayiniz.

C-29) P, = 120 kPa,T; = 50°C + 273.15 =323.15K
P, =300 kPa,T, = 275°C+273.15 = 548.15 K
Politropik islem

P« V" = sabit = Py « VP = Py« VI, (ﬁ)n=(ﬁ}

|2 By

Py =R«+«T; , Poxv; =R=T;, B LB

Vg T By
Een)y =23 -3)"
—_— N — = — = — = | —
TZ Pl Pl TZ 1
32315 _ (EGG)H = (.58953" = 251 " = 25" = 25
54815  \120 ' - 7 0.58958

25" =424 =2nxlog2h=log424 = n =15765

Politropik is
W _P:*Vz_Piﬁvi_m*R*(Tz_Tij
2= 1—n B 1—n
kj
Rpowg = [].28?;@—}{, m=1kg
Wy, = (0287 s—2 20 _ 4159
i~ = . > — — — —_—
12 1—1.5765 kg
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S$-30) Bir silindir icerisindeki hava, izotermal bir islem olarak hacmi 100m*ten 100m? olacak sekilde
sikistirilmaktadir. Baslangicta basing 300 kPa ve sicakhk 37 “C ‘ dir. Bu izotermal sikistirma isini

hesaplayiniz.
C-30)
Py = 300 kPa, 1, =100m?, V, = 10 m?, T =T, =37°C

izotermal icin is

T Pywll =l v 300 kPa + 100 m3 « | 10

5. = * *® — = * # P
12 1%k Tlvl i m Tlmﬂ

W, = —69.08 MJ (Sikistirma isi)

S-31) Sekilde gosterildigi gibi bir piston silindir deney

dizenegi icerisinde 5 kg buhar bulunmaktadir. Buharin me T T T 1

i
baslangictaki i enerjisi 1y = 2709.9 kJ /kg  ikinci R i__f\ I St i

durumda ise u; = 2659.6 kf /kg ‘dir. Bu islem boyunca l \ o I\'W : E:T;
buhara 80 kJ isi transfer edilmektedir. Bununla birlikte = Wew=-185K :L_I}_’J__t _____ i o
buhara bir pervane yardimiyla 18.5 kJ is yaptiriimaktadir.

Kinetik ve potansiyel enerjiyi ihmal ederek bu islem O=+80K i, = 2709.9 k/kg

sonucunda pistonun yaptig isi hesaptayiniz.

c-31)

AKE+APE+AU=0Q - W

W =0Q—AU

W = Wp + Wp,,

Wp + Wpop = Q — AU

Wp — 185 = 80 — 5(2659.6 — 2709.9)

W, = 350 k]

57
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S-32) Bir piston silindir diizeneginde havanin basinci 6 bar, sicakhg 50°C'dir. izobar islemde silindire

1s1 verilerek silindir hacmi ilk hacmin iki katina ¢ikartiliyor. a) Bu islem sonundaki sicakhgi, b) Silindir
icinde 500 gr hava varsa pistonun yaptigi isi, c) islem boyunca silindire verilen i1siy1 hesaplayiniz?

C-32)

Pj_:P:_. V2=2*V1

BV, P,V Ty P,Vs
S =T, = = 2T} = 2+ 323.15 = 646.3K(373.15°C)
n T Py
ATy

b) i = o = 0.0773m? , V, = 2+ I} = 0.154m?

Wi, = P(Vy —V4) = 600 kPa * (0.1546 — 0.0773)m® = 46.38 kJ (Genisleme isi)

T.D.l. Kanunu Kapali sistemler igin

Q =W =miu = mC,(T,—Ty) = @ = W +mC,(T,—T;)

k
/ +(646.3 — 323.15)K

= 46.38k] + 0.5kg + 0,718
Q ] g kgK

@ =46.38 +116.01 = 162.39]

S-33) Kat yiiksekligi 2.7m ve taban alani 20m? olan tamamen yalitimli bir odanin i¢ hava sicakhgi 10
"C ‘dir. Oda havasi 15 dakikada 20 °C ‘ye getirmek icin kullanilacak isiticinin gliciinii hesaplayiniz.

C-33) Oda havasi ideal gaz kabul edilebilir.
Vigwa = 2.7m * 20m? = 54 m?3
P.in = Pog, = 100 kPa

] k]
Riawa = Cp— C, = 1005 —718 = 287 £ = 0.287

Thave = 10°C + 273 = 283K

ideal gaz denkleminden odadaki havanin kiitlesi

BV 10054

RT  0287:283 66.5 kg

Mhare =

Havayi 10°C den 20°C’ye ¢ikarmak icin gerekli enerji;

0 = Mngwa * Co(Tiax — Toon) = 66.5 *0.718 + (20 — 10) = 477.5 k]
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Isiticinin Giici;

Q 4775k .
0= =" gos = 0530 kW =530 Watt = Wayoxerirs

S-34) Capi 48 cm ve yuksekligi 220 cm olan bir silindirik celik tlp icerisindeki oksijen gazi
bulunmaktadir. Tipun Uzerindeki manometre 200 kPa ve termometre 17°C’yi gbstermektedir. a)
Tlpln iceindeki oksijen miktarini hesaplayiniz. b) Bu tlipin emniyet sinirlari icerisinde kalmasi igin
gosterge basincini 150 kPa indirmek igin izotermal bir islemle tiipten bosaltiimasi gereken oksijen
miktarini belirleyiniz. Rz = 0.25981{:—; yPoem = 100 kPa

C-34)
d =48 cm =043 m Pmur!ﬂk = Pgl’:israr,ga + Pﬂrm
N P, . ioxe = 200 + 100 = 300kPa
n =17°C @— P, siaxz = 150 + 100 = 250kPa
h=220cm=2.2m
% 2
Pl = 200 kPa Vl = Vg = +h=0.3981m?
Z v T, =T, = 17°C + 273 = 290K
P.... =100 kPa
a)

_ Py xV; 300 kPa +0.3981m?
:EY

my = 1.585 kg

K
02598 ¢ & * 290K

b)

Pl*V1=m1*R*T11 P:*U:Zmz*R*Tg

_ Pi * Vl . P: k4 Vz
ml_R*le mz_R*Tg
W, « (P, —P;) 0.3981m3 « 50kPa
Am = T - 7 = 0.2642 kg
4 G.ZSQBkQH*EQ{JH
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S-35) 100 kPa ve 25°C sicakhkta bulunan 5 kg su kapali bir kapta 200 kPa basingta kuruluk derecesi
x=0.8 olan islak buhar haline getirilmek isteniyor. Buna gore; a) Son halde kabin igerisindeki sivi-buhar
karisiminin sicakligini, b) Bu islem icin verilmesi gerekli olan isi miktarini belirleyiniz. c¢) Bu islemi
Sicakhk-6zgil hacim (T-v) diyagraminda gosteriniz.

C-35)
P, = 100 kPa
T, = 25°C
Su
P, = 200 kPa
m=>5kg T
Q|
1.Durum: -
P, =100 kPa Sitkistinlmigsivi T3 < Tppme = 99.6°C
T, = 25°C v, 2 v = 0.001003 m*/kg
uy 2 up = 104.9 kf kg
2.Durum:
P, = 200 kPa ve = 0,001061 m*/kg , v, = 0.8857 m*/kg
x=108 up = 504.5 K/ /kg , ug = 2529.5 kj /kg

v, = vy + xvp, = 0.7087 m*/kg
Uy = up + x #up, = 2124.5 K] /kg

Ty = Tioyma = 102.2°C

Q _/fﬁ': miug —uy )

Q = 5kg =(2124.5 — 104.9) ]

k
kg
Q = 10098 k]
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120.2°C 1

P, = 100 kPa

25°C7T

0.001003

0.7087

S-36) 25°C sicaklik ve 500 kPa basincta hava bulunan 1 m® hacminde kapali bir tank ile 35°C sicaklik ve

200 kPa basingta 5 kg hava bulunan diger kapali tank tizerinde vana bulunan boru ile birlestirilmistir.

Vana baslangicta kapali durumdadir. Daha sonra vana agilarak tank 20°C cevre ile termal dengeye

gelmektedir. a) ikinci kabin hacmini, b) kabin son basincini bulunuz.

C-36)

@

R=0.287 kJ/kgK

@

25°C
500 kPa >
-lmﬂ (\X)

35°C

200 kPa

Skg

a) PpxVi=m«R*Ty
500 kPa * 1m?®

0.287 Kok

my =5.85kg

« (273 + 25)K

P:*V:ng*R*Tz

K
5 kg *0.287 &

200 kPa

« (273 + 33)K

v = =2.21m?3
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b) Tion =20+ 273 = 293K
Mepn = My+m,;=5.85+5= 1085 kg
Vg = i+, =1+ 221 = 3.21m?3

P _ Maggn*R+*Tep 10.85kg=0.287k]/kgK+293K

san = = 28423 kPa

Veon 3.21m3

S-37) Hacmi 20 litre olan ve igerisinde 120 kPa basingta doymus su buhari bulunan ve giris ve cikis
vanalari kapali olan bir radyatér odaya konulmaktadir. Radyatér isi vererek sicakhgl 40°C ‘ye
dismektedir. Buna gore buharin, a) ilk durumdaki sicaklik ve kuruluk derecesini ve son durumdaki

basing ve kuruluk derecesini tespit ediniz. b) Odaya transfer edilen isiyi belirleyiniz. c) Bu islemi T-v
diyagraminda ciziniz.

C-37)
1.Durum:
P, =120 kPa v, 21 =1.428 m*/kg
Doymus buhar uy & ug = 2512.1 kj /kg

1, 0.02m?

szz—mgzﬂ.ﬂir%kg
11428 —
kg

2.Durum:
T, =40°C vp = 0.001008 m*/kg , y, =19.52 m*/kg
v, =1y up = 167.5 K /kg , ug =2430.1 kj kg

_ wy—wp _ 1.425-0.001008
vg—vy  19.52-0.001008

=0.0731

uy = up +x = up, = 332.896 k[ /kg

P, = 0.007383 MPa = 7.383 kPa

Q _)l: m(uz — Uy
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J

k
Q = 0.14 kg » (332.896 — 2512.1) —
g

Q=-305k = Qg =305k

T A
P, =120 kPa
104.8°C
P, =7.383 kPa
40°C—

v

'E_'J

S-38) Yalitilmis bir piston silindir diizeneginde baslangicta 175 kPa sabit basingta 5 litre doymus sivi
bulunmaktadir. Silindir icinde bir elektrikli i1siticiyla, 40 dakika siiresince 10 A akim ile isitilmaktadir.
Sabit basingta gerceklesen bu hal degisimi sirasinda sivinin yarisi buharlasmaktadir. Buna gore; a) Hal
degisimini T-v diyagraminda gosteriniz, b) Suyun kitlesini ve sicakligini bulunuz, c) Elektrik kaynaginin
gerilimi kag volt'tur, hesaplayiniz.

C-38)
V==5It
Py =175 kPa
+
I=10A / é
) / > Q= 0(Yalitimh)
——
1.Durum:
P, =175 kPa hy = he = 486.75 k[ /kg , heg = 2213.6 k] /kg
Doymus svi v, = vy = 0.001057 m®/kg

T, = Tapyma = 116°C
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2.Durum:
P, =175 kPa hy = by + X2 % hyy =486.75+ 0.5+ 2213.6
%, =05 h, = 1593.3625 kJ/kg

V  5%1073m3
m=—=———=473 kg

Y p.001057 2
kg

A Wyger = m(hy —hy)
K
~Wasger = 473 kg + (1593.56.25 — 486.75) -

Wiizer = —5235.22 k]

Wetekeriw = V = I = At = Wager
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5235.22 k] = V7 * 104 » 40dk + s
T332 K =V # 104 ¢ “1dk

¥V =218.13 Volt

P, = P, = 0.175 MPa

40°C- 1777

v

'E_'J

S39) Kapali tank icerisinde bulunan havanin sicakligini, 30 dakikada 20"C’den 55°C’ye yiikseltmek icin
bir elektrikli 1sitici kullanilmaktadir. Tankin hacmi 25 litre ve igcerisinde 110 kPa basin¢ta hava

bulunmaktadir. Tanktan cevreye kaybedilen i1si 16 kJ olduguna goére a) Tankta bulunan havanin
kitlesini b) Elektrikli isiticinin gliciinii hesaplayiniz.

C39)
a) PxV=mxR=T

=V _ 110 kPa # 25 = 107 3m3

= - — 0.032 kg
R+T 02879 . 208K
kgkK
b) Q —W=AU=m=C,«AT
k
ﬁU=m*Cv*ﬁT=ﬂ.032kg*ﬂ.?i?k;*mﬁ{:n.ﬁgkj
]

Qrayp — W = AU
W = AU + Quayyp = 0.69 k] + 16 k] = 16.69 k]

Elektrik Guci:
W 16.69 kJ
Wotskerie = A m = 0.0093 kW =9.3W
1dk

S-40) Bir piston-silindir sistemi icerisinde bulunan 100°C ve 4 MPa kosullarindaki hava izotermal

olarak genislemekte ve son basinci 0.1 MPa degerine dismektedir. Buna gore a) Havanin son/ilk
hacim oranini, b) Genisleme islemi sirasinda gerceklesen is ve isi transferi miktarlarini hesaplayiniz.
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C-40)

W, B, _ 0.4MPa _

vV, P, 0.1MPa

a)

_ _ r2msR=T _ . - - V_z
o)Wy, = [[ PV = [[ 7T dv=m=R=T=In(3)

W5 V5 k k

Wig = ——==RxTxn (—) =0.278 /, (100 + 273)K « In(4) = 1+a.+—f

%] kgK kg
k]
Gner = Wnee = 148'4?
g

S-41) Bir piston silindir ¢iftinin icerisinde 2 kg, 27°C ve 100 kPa basin¢ta hava bulunmaktadir. Hava,
PV14=Sabit seklinde politropik islemle sikistirilarak basinci 500 kPa olmaktadir. Buna gore; a) Havanin
ilk hacmini ve son hacmini, b) Bu islem icin harcanan is miktarini c) Havanin i¢ enerjisinin degisimini,
d) islem sirasindaki isi transfer miktarini hesaplayiniz.

C-41)

m=2kg,T, =27°C = 300K ,P, = 100 kPa , P, = 300 kPa , P « V' = Sabit

mRT, 2:0.287=300

_ mRT, _ _ 3
a) W=——=—1 " =1722m
Py« M = Py« 1'* = 1, = 0.545m?
b) Wi, = BB 2513 k] (Sikistirma isi negatif)

c) AU=mlu;—u) =mC,(T2—T1)
_ PyxV, 500 %0545

N = = =474 74K
m+ R 20287

k
AU = 2kg = 0.733 ﬁ(*l’?*l‘.?‘l’ — 300)K = 256.16 k]
g

d Q—W =AU
Q — (—251.3) = 256.16
Q =4.86k]

S-42) Rijit bir hava tankinin icerisinde 100 litre hacminde ve 100 kPa basingta bulunan havanin
sicakhgini, 20 dakikada 25°C ‘den 65°C’ye yiikseltmek icin bir elektrikli isitic kullanilmaktadir. Tanktan

cevreye kaybedilen i1si 20 k) olduguna gore a) Tankta bulunan havanin kitlesini, b) Tankin son
basincini, c) Elektrikli isiticinin gliciinii Watt olarak hesaplayiniz.
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C-42)
Q=-20k

Rijit

Tank

V, =V, = 100It = 0.1m3
P, = 100 kPa
T, = 25+ 273 = 298K

T, =65+ 273 = 336K

_ Busly 100 kPaslim®

a) m= ReTy ﬁ.zs;rk’gxa:@ax = 0.1169kg
b) Py = meRTy _ 0116940287¢338 _ 413 400 ppo

73 0.1
Q) Q—-W=m=C,(T, —T,) = —20— W = 0.1169 « 0.717(65 — 25)

W = 23.353 k]
. W 23353k
W=—="2"""" _ 00194 kW = 19.4 Watt
At g, 808
1dk

S-43) 2kW glcindeki bir elektrik rezistansi igerisinde 10 litre su bulunan bir kaba 20 dakika boyunca
daldiriimaktadir. Bu arada kaptan cevreye 300 kJ 1si kaybi olmustur. Kaptaki suyun ilk sicaklig 20°C
olduguna gore son sicakhgini tespit ediniz.

C-43)
Wy = =2 kW
T, = 20°C Q =—300 kJ
Y . A

67



Prof. Dr. Hiisamettin BULUT Coziimlii Termodinamik Problemleri I. Kanun-Kapali Sistem

Wi = W ¥ At = —2 % 20 x 60 = —2400 kJ
V =101t = 0.01m3
Q-—-W=m+C+(T:—T1)

k]

—300 — (—2400 kJ) = 10kg + 4.186
( 1) g * P

T, =70.167°C
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KONTROL HACIMLERI iCIN KUTLE VE ENERJI COZUMLEMESI

Kutlenin korunumu: Kiitle de enerji gibi korunum yasalarina uyar; baska bir deyisle, var veya
yok edilemez.

Kapal sistemlerde: Sistemin kiitlesi hal degisimi sirasinda sabit kalir.

Kontrol hacmi: Sinirlarindan kiitle gegisi oldugu i¢in, kontrol hacmine giren ve ¢ikan kitlenin
hesabin1 yapmak gerekir.

2 kg 16 kg 18 kg
+ —

H, 0O, H,O

Ktle kimyasal reaksiyonlarda bile korunur.

Ktle debisi;
. LV
m= pV =—
P v
Hacimsel debi;
V= | V,dA, =V, A, = VA, (m’/s)
A,
T :
AC__J' Vort :
1 1
L -l
1 1
1 ] 1!
: V= Vud, :
R |

Kesit alan

Hacimsel debi, kesitten birim zamanda gegen akiskan hacmidir.

Bir kontrol hacmi igin kutlenin korunumu ilkesi: Bir kontrol hacmine veya kontrol hacminden
At zaman araliginda olan kiitle gegisi, ayn1 zaman araliginda kontrol hacmindeki toplam Kkutledeki
degisime (azalma veya artma) esittir.
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"~ KH’ne giren KH’ den ¢ikan B KH icinde toplam
toplam kiitle - toplam kiitle - kiitle degisimi

my, — m, = Amgy (kg)
m, — m, = dmygy/dt (kg/s)
Siirekli Akish Sistemlerde Kiitle Dengesi;

Siirekli akish agik sistemde, kontrol hacmi i¢indeki toplam kiitle zamanla degismez (MKH = sabit).

Bu durumda, kiitlenin korunumu ilkesi uyarinca kontrol hacmine giren toplam kiitlenin, kontrol
hacminden ¢ikan toplam kiitleye esit olmasi gerekir.

my =2kg/s my =3 kgfs
B

| |
| |
' |
| KH |
i |
| |

My =m; + = S Kgfs

Z. m Z m (kg/s)
g § Cok girisli ve ¢ikish
mp=m, — p VA = p,VA, e akigh

Ozel Durum: Sikistirllamaz AKislar;

m, =2 kgfs
V,= 0.8 m'/s

Hava

kompreséiri

my=2kgls
V=14 m'ls
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Hacmin korunumu ilkesi” gibi bir sey olamaz. Bununla birlikte, sivilarin strekli akislari icin, hacimsel
debi, kitle debisi gibi sabit kalabilir ¢linki sivilar genelde sikistirlamaz maddelerdir. Surekli akigl
acik bir sistemde giren ve gikan hacimsel debilerin esit olmasi gerekmez.

AKis isi veya akis enerjisi;

is veya Enerji kitlenin kontrol hacmine girebilmesi veya kontrol hacminden cikabilmesi icin
gereklidir. Bu is kontrol hacminde akis olmasi igin gereklidir.

Woas — PV (kI/kg)
A
IT____I
I |
Vo :
= | |
m | KH |
/ | : |
/ ~—L——I | [
/ | I
Sanal L i
piston

Akiskanin Toplam Enerjisi;
\,/ 2
5

6 =Pv+e=Pv+ (u+ ke + pe)

e=u+ke+pe=u+ 5 (kJ/kg)

-

s

\%
0=h+ke+pe=h+-—+g (kJ/kg)

Akis enerjisi otomatik olarak entalpi tarafindan kapsanir. Aslinda, bu entalpinin 6zelliklerini
tanimlamak i¢in baslica nedendir.

Kutle ile Enerji Aktarima;

Aktartlan Enerji Mikrari: E e = m = Hi( h +

-

Aktarilan Enerji Oram Evie = m# r.ii( h+—+ gz ] (kW)

Akiskan kontrol hacminden gegerken kinetik ve potansiyel enerjilerindeki degisim goz ard1
edilebilir.

71



Prof. Dr. Hiisamettin BULUT Coziimlii Termodinamik Problemleri l. Kanun-Acik Sistem

T

- KH
m,.kg/ls .
3
6
6, k/kg b m8,

|
|
|
|
I (kW)
\|
|
|

mg g terimi kontrol hacmine birim zamanda kiitle ile aktarilan enerjiyi gosterir.

[ F_-_: B ,
| IIII.L: I T T -I"“..f,' ””'I.'-:

m, “m,

E

e kiitle - | ”_.r;”ﬁ'l;.f_

SUREKLI AKISLI ACIK SISTEMLERIN ENERJi ANALIiZLERI

Surekli akisl acik sistemde 6zellikler kontrol hacmi icinde degisebilir, fakat zamanla degismezler.

Ktle dengesi;
D= > (kg/s)
2 €

piViA = p,VhA,

Enerji dengesi;

0 (surekli)

. . - . 2 / =
B,—E; — dE ggom /dt =0
—_— v
Birim zamanda; 1s1, 1§ ve Birim zamanda; sistemin i¢, kinetik,
kiitle ile olan enerji gegisgi potansiyel vb. enerjilerindek degigim
2 7
. . | V2 . - v?
Q, + W, + > m ht—+ez]=0; +W +E ht =+ g
E
e -
her ging igin her gikig igin
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BAZI SUREKLI AKISLI ACIK SISTEMLER

Luleler ve Yayicilar

Ldle, akisin hizin1 onun basincini diigtirerek artiran mekanik bir sistemdir. Yayici, akisin
basimcint onun hizini azaltarak artiran mekanik bir sistemdir. Bir lilenin kesit alani ses alti
hizlar igin akis yoniinde kiigiiliir, ses siistii hizlar igin akis yoniinde biiyiir. Yayicilar igin bunun
tersi s6z konusudur.

Turbinler ve Kompresoérler

q. =16 kl/kg
v — 600 kP:
e , P2=600kPa
=] [| T2=400K
7
HAVA N

m=0.02 kg/s

g [ TP, =100KkPa

T,=280K
Buhar, gaz veya hidroelektrik gli¢ santrallerinde, elektrik jeneratorinii donddren makine
tdrbindir. Akigkan tiirbinden gegerken mil iizerine yerlestirilmis kanatgiklara karsi is yapar. Bunun
sonucu olarak mil doner ve tiirbin isi gergeklesir.

Kompresorler, pompalar ve fanlar, akiskanin basincini yiikseltme islevini gergeklestirir. Bu
makinelere, donen bir mil araciligiyla disaridan gug¢ aktarilir. Bir fan, genelde gaz akisini
saglamak amaciyla kullanilir ve gazin basinct Onemli Olglde artirir. Bir kompresor, gazlari
yuksek basinglara sikistirmada yeteneklidir. Pompalar, kompresorlere benzerler ancak gazlar
yerine sivilart sikigtirmak ve sivi akigini saglamak i¢in kullanilirlar.
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Kisilma Vanalan

-
&)

(a) Ayarlanabilir vana

T

(b) Gozenekli tapa

(¢) Kilcal boru h, = h, Uy + P, = u, + Py,

Kisilma vanalari, akis kesitini herhangi bir sekilde azaltarak akigkanin basincini 6nemli Olgiide
diistiren elemanlardir.

Bir tiirbin ve bir kistlma vanast arasindaki fark nedir?

Akigkanin basinct diiserken genellikle sicakliginda da biyUk bir diisme gozlenir. Bu nedenle
kisilma vanalar1 sogutma ve iklimlendirme uygulamalarinda yaygin olarak kullanilirlar.

Kisilma islemi sirasinda akiskanin entalpisi sabit kalir. Fakat akis ve i¢ enerji birbirlerine
doniisebilirler.

Karisma Odalar:

Ty =60°C : .
m, E, = E
|
\\ ST 1} mihy + mahy = msha

| Karigma 1

: odasi :

| SN

I P=150kPa | \
P 1N
[l |
|

r,=10"°C T;=45"C

iy My

Is1 Degistiricileri
Isi degistiricileri, iki akisin karismadan isi alisverisinde bulunduklari mekanik diizenlerdir. Isi
degistiricileri endistride yaygin olarak kullanilirlar ve degisik tasarimlarda olabilirler.
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Akiskan B
70°C

\L__

Is1
g b Akiskan A
0°C — = wc ) ) )
Is \ my, = m, = m,
| }

ﬁ’l_@ — fh4 — ﬁ”lR

SA-134a J
[©)
w2/
70°C

IMPa ’ )
®
35°C
I

‘h“)__ ﬁ/llhl + f}/l:;hg — fi’lg/’lz + f?.l4/’l4

Boru ve Kanallarda Akis
Sivilarin veya gazlarin borularda veya kanallarda akisinin degisik miihendislik uygulamalarinda

biiyiik 6nemi vardir. Bir boru veya kanalda akis genellikle siirekli akig kosullarini saglar.

E, = E,
W,, + mhy = Q. + rith,

Wa’-g - Q'; = mey(B — Th)

ZAMANLA DEGISEN ACIK SiSTEMLERIN ENERJi ANALIZi
Diizgiin akish sistem: Herhangi bir giris yada ¢ikistaki akigskan akisi diizgiin ve siireklidir
ve boylece akiskan Ozellikleri yada bir giris yada kesitin Gzerindeki durumu zamanla

degismez. Eger tersine bir durum s6z konusu ise, ortalamalar1 alinir ve tlim sistem i¢in sabit
gibi davranilir.
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. Dagitim hathh —
[ |

|

Kontrol :

hacmi |

/

|

KH sinin
Kutle dengesi;

m, —m. = ﬂmﬁismm

Enerji dengesi;

Eg - Eq - AE sem
R N—
Is1, i ve kiitle Sistemin; ig, kinetik, potansiyel
ile olan enerji gegisi vb.enerjilerindeki degigim

(Qg FW, A Emﬁ') - (Ql; W, A Emh") = (mye; — M€} gistem
z

¢

0 =h+ke+pe  e=u-+ke+ pe
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S-1) Bir termik santralin ¢ikis glicii 150 MW ve harcadigi kémur miktari 60 ton/h dir. Eger kémurin isil
degeri 30.000 kj/kg yani 1 kg komur 30000 kj 1si veriyorsa bu termik santrali 1sil verimini hesaplayiniz.

ton

C-1) W, = 150MW Que = 5“? . 30000:_;* 1000kg 1

h
—— = L00MW
lton 3&00sn
_ Whge  150MW

0
T Que  S0OMW 0.3 (%30)

S-2) Calisma akiskani buhar olan bir tirbine giren kitlenin debisi 15 kg/s dir. Turbin girisinde basing 2
MPa, sicaklik 350°C, hiz 50 m/s ve referans diizleminden yiikseklik ise 6 m dir. Trbin ¢ikisinda basing
0.1 MPa, kuruluk derecesi 1 ve hiz 200 m/s ve referans diizleminden yukseklik ise 3 m dir. Tlirbinden
cevreye olan isi kaybi 8.5 kW dir. Bu ¢alisma sartlarinda tiirbinin gliciini tespit ediniz.

T1=350°C

P1=2 MPa , hi=3137 kj/kg
C'Z) V1=50m/s

Zi=6m

Q=8.5kW

P1=0.1 MPa , h2=2675.5 kj/kg
x2=1

V2 =200m/s

Z;=3m

VE-VE | gelZ-Z.)
2000 1000

Q—W=wm=[h,—hy + 1

—g5¥ _w =15 [—461.5 + 18.75 — 0.02943] = W = 655.67 kW
= =

S-3) Buhar adyabatik bir tiirbine 10 MPa, 450°C ve 80 m/s ile girmekte, 10 kPa, kuruluk derecesi 0.92
ve 50 m/s ile ctkmaktadir. Kutlesel debi 12 kg/s ise,

a) Kinetik enerjideki degismeyi b) Cikis gliclinii
c) Giris ve ¢ikis kesit alanlarini hesaplayiniz.
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C-3)1.Durum
P1=10 MPa Kizgin buhar tablosundan
T1=450°C .
V1=80m/s vy, = 0.02975 :l— Jhy = 32409 K fkg
g
2.Durum
P=10kPa

Doymus sivi — buhar karisimi tablosundan

V, =50m/s, x2=0.92
vy = vy + X; ¥ Vg = 13.4964m3 kg

vs = 0.001010 m3/kg }
vb = 14.67 m3/kg

hs = 191.83kj/kg hy = h.+ xy % hy, = 2393.2 kj kg
hss = 2392.8kj/kg

iKj

Z__pr2 =
A)AKE = 2%« 2L — _195kj/kg
= 1D|}Ds_5

0 0
b)77\—w=ﬂh +£|HE'+£|7?

—w =h, —hy + AKE = —844.7 — 1.95 = 849.65 kj /kg
kj : .
W= 849657 = W =i +w = 101958 kW = 102 MW

o)y = Li* Ay xV, = A, = 0.00446m?, m, = Li* A xV, = A, = 3239 m?
1 z

S-4) Hava 0.1 m/s lik uniform bir hizla 0.2 m capindaki bir borudan ge¢cmektedir. Havanin sicakligi
25°C ve basinci 150 kPa oldugunda gére borudan gecen hava miktarini yani kitlesel debisini
hesaplayiniz. (Cp = 1.005 kj/kgK, Cv =0.718 kj/kgK)

C-4)R = C,— C,, = 0.287 kj /kgK

1 med? w022 .
Mm=—xAxT = 4 = = = 0.0314 m-
H 4 4

0.287=25%2 1

Prxv=R+T —=v=

=0.5705m?/kg , h = ¥ 0.0314 « 0.1 = 0.0055 22
&

0.57 T
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S-5) Hava daralan bir lileye 300 kPa basincinda, 77°C sicakhiginda ve 50 m/s lik bir hizla girmektedir.
Lileden 100 kPa basincinda ve 320 m/s lik bir hizla ¢cikmaktadir. Liilelin ¢ikis kesiti 100 cm? oldugunda
ve lule 3.2 kj/kg 1s1 kaybettigine gore

a) Cikistaki havanin sicakligini
b) Lilenin gikis kesit alanini hesaplayiniz.

(Not: Hava icin entalpi degeri yaklasik olarak havanin Kelvin cinsinden sicaklik degerine esittir.)

1
B, =300 kPa | g = —3.2—9 2P= =100 kPa
T, =77 \

—
L =7
V, =50 m/s \ V, =320 m/s

A, =100 cm™

c-5)
0 0

a)lg —wk hy— by + 2% 4 APE T, =77 +273 = 350K, hy = 350.5 kj/kg

-
r

] - 0% —cn2 1—_ -
_30k _ h, _350I5E+MQ_~.‘L;12 — 29735 X
kg kg kg

k T, =297.3 K = 24.3°C
2 1000

’

. . . 1 1
b)mj_:m::m :*Al*Vj_::*A:*VE
1 I

R +T, 0L287=350 T 0287 =257
v =t =0 03348, vy = 2= = (8533
Py 300 By 100

1 L 100%10™% %50 = —

xA, %320 A, =398 +107*m? = A, = 39.8 cm?
03348 0.8533

Sekilde gosterilen kazan 15 bar sabit basincta saatte 1000kg buhar

5-5) Buhar, V,

tretmektedir. Kazan girisindeki entalpi 200 kj/kg, cikistaki 2000
kj/kg dir. Kazanin giris ve ¢ikis borulari arasindaki yukseklik farki 15

15m m dir. Giris hizi V1 = 15m/s, cikis hizi 35 m/s dir. Kazana verilen
Su, Vi, Isinin %30 u kaybolmaktadir. Verilen sartlarda saatte 1000 kg
—> buhar elde etmek icin gerekli olan yakit miktarini bulunuz. Not: 1

kg’ lik yakit 30000 kj i1s1 enerjisi vermektedir.

Q T _grd
C-6)Q —W =rivx (hy—hy +25 +2, -7,
100072 . 2000 — 200) + 215 15
= — % —
¢ h *3600sn 21000 ' 1000
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kj kj
Q =0.2778 « [1800 + 0.5 + 0.015] = 500.183 B 1800515 H
30 kj
Quererti =@+ Q = 100 = 234ﬂ355.?54€
1 kg icin 30000 kj
L ) 2340856.754
x kg igin 2340856 kj, Mygiar = oo = 78.028 kg
5-7) P2 = 400 kPa
T, = 400°C Sekilde gosterilen adyabatik sistemin c¢ikisindaki
Va=1m/s o
b1 = 400 kPa | | i = 2 ke havanin sicakligini hesaplayiniz.
T.=200°C P3 =100 kPa ]
Viz1m/s @ V= 300 m/s C, = 1.052 kj/kgK
iy = 10 kg/s :® : @ T3=?
0 0 0 0

= T

7) Q_W=Emg*(hF+%+ZF)_Em§*(h9+VT§+z§)
, v : 5

ng*(hg_'_?):ZmF*(h;-l_ 2)
; Ve, AT Vs
g x| by + o0 [y x| Ryt S [ =iy x| A

2 - 2 -
s r s r

-
I

=m1*h3+m1*%+ﬁlz*ha+ﬁlz*%

Thl*(hl_ha}'l'ﬁ‘l:*(h.z_ha}:fhl*

Thi*c.p*(Tl—T3}+Th2*(TE_T3}=ﬁ11*E—+Tﬁ2*

T; =197.8927 °C
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S-8) B =4MPa.T, = 450°C

10 kj / kg 1s1 kaybina sahip ve icerisinden saatte 20000 kg

Vi = 6022, =2m buhar gecen bir tlirbinin giris ve ¢ikis durumlari sekilde
verildigine gore tirbinin gliciini hesaplayiniz.

W="?

B, =10 kPa x; = 0.9
m
=170—,Z;=0m

C-8) P, =4 MPa,T} =450°C = kizgin buhar = h, = 33303 kj kg
hy=hs+x+he,=191.83 + 09+ 2392.8 = h, = 2340.35kj kg

-

V2 — 12
Q—W=h2—h1+‘Tl+Q*(Zz—Zl}

109 _ = (234535 — 3330.3) + 170° —60° , 9.81«(0 —2)
kg T ' ' 2 1000
ki
—10 é— w = (—984.95 + 12.65 — 0.01962) = w = 962.3196 kj/kg
. kg 1n kg . .
= 20000 — % —— = 5.5556 — , W =9+ w="5346.22 kIWV
R 3800 s
Hava
V. =800 m* /di
P; =100 kFa Yandaki sekilde goriildigi gibi havali konderserde, 1 MPa ve
5-9) T,=27°%¢

80°C deki Freon — 12 sogutucu akiskani 1 MPa ve 30°C ‘ ye

kadar sogutulmaktadir. Hava 800 m3/dak hacimsel debi, 100
R-12
Q kPa ve 27°C i

P, =1MPx ile kondensere girmekte ve 60°C ile

T, =807 terkedilmektedir. Buna goére sogutucu akiskanin kiitlesel
5. =1mpg Oebisini bulunuz.
P, =95kPa
: T, =30%C . _
=Ty Cp = 1.005 kj/kg , R=0.297 kj/kgK.
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C-9)

1.Durum

Freon - 12 i¢in P = 1MPa igin Tgoy= 41.64°C
T1>Tgoy0ldugundan kizgin buhar durumundadir.
Py =1MPa,T} = 80°C,hy = 23291 kj /kg
2.Durum

Freon - 12 igin T2 < Tgoy 0ldugundan asiri sogutulmus sivi

ki
T, =30°C icin h, 2 h,= 54.59—’?
kg
3.Durum
B =0.287 ki C—iﬂﬂEkj —R*Ta—ﬂﬁﬁima
T pT g BT TR T
kj
To=27+273=300K = hy= 3{]:].19@
4.Durum
T.=060+273 =333 K = h,=333364— , F,=95kPa, vs= = 1.006 —
kg Py kg
3
. m
vy 800gE kg
Mpgpa=— =— 5 =929.152— =1548 kg/s
Vi 0861 - dk
. kg
T.D. 1.Kanunu
0 0
0 0 '[{:1 0 '[,:;'
] —W=Zmp* h;+-2—+g /2 —ng*(hg+-:?—+g*ﬂ'g
Zm;* h; = ng* hg
T’f‘lR_j_: *h2+?‘f‘14*h4=ﬁ‘13_12 *h1+ﬁ13* h.a :)ThR_j_: *(hi_hzj: _ma *h3+m4*h4
. . . 30823.68 kg
thg_12 * (hy — ha) = thpgpe ¥ (he—h3) = thg_1p = Teg3; = 183125~

ThR—iﬂ = 3.052 kgfs
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2. Yol

Mp_q2 * ":hl - hz} = Mpgpa * (h,; - ha} = Mpgyq * C‘;:I #(Ty —T3)

. kg
Mg_q12 = 133 ;

S-10) Argon gazi adyabatik bir tirbine 900 kPa, 450°C ve 80 m/s hizla girmekte, 150 kPa ve 150 m/s
hizla cikmaktadir. Tiirbinin giris kesit alani 60 cm?dir. Eger tiirbinden alinan giic 250 kW ise, tiirbin
cikisindaki argon gazinin sicakligini bulunuz.B = 0.2081 kj/kgK , C, = 0.5203 kj /kgK

L

C-10) h=—=x A, x I, = v, =R » E = 0.16717
vy sy

m = 28712 kg/s
0 0

J—W=1hx[h,—h +v§'—v._"=+ ¥ (Z9-Z4)

4 =m 2T M T 0 T Y 7 M
kj

~250—~ = 2.8712 [C, # (T, — T;) + 8.05] = —95.1216 = C,,* (T, — 450°C)
5

T, —450 =-182-82 =T, = 267°C

S-11) Buhar 10 MPa, 550 °C ve 60 m/s’lik bir hizla bir tirbine girmekte ve 25 kPa basin¢ ve 0.95
kuruluk derecesinde ¢ikmaktadir. Bu islem boyunca 30 klJ/kg 1si kaybi olmustur. Tlrbinin giris kesit
alani 150 cm? ve cikis kesit alani 1400 cm? ise a- Buharin kitlesel debisini b- Buharin ¢ikis hizini ¢-
Tirbinden elde edilecek glict hesaplayiniz.

c-11)
AL — 150 cm: 1.Durum
1
l P, =10 MP&} Kizgin Buhar
. _
T, =550°C J v, = 0.035647 , h, = 3500.93L
kg kg

W
@ 2.Durum

B 4
P,=25kPa vy =001027~ , v, = 6203~

x2=095  “hy=271932, hy,=23463.7

zlh 1400 cm®

m? kj
T ha= hetxgrhey=2500915

F e + P ks =5.8g29
V2 i‘f x‘*f-fg kg g
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S -t —42 —
a)m = — = =4 = YT 60+ 150 = 107"m~ = 25.25 kg /s

by = —u Vy x Ay = Vy = T2 = 1062.827
Vg =

z

Vi Ve

)g-—w=hy—h+22=_30—w= —999.935:—;+

2 21000
w = 407 kj kg

W =rh+«w=10276.54 kW = 10.276 MW

(1082822 —507)

S-12) Hava sirekli akisli bir kompresére 100 kPa ve 22 °C’'de girmekte ve 1 MPa basinca

stkistirlmaktadir. Bu arada kompresor govdesinden 16 ki/kg’lik 1si ¢ekilmektedir.. Havanin

kompresdre giristeki hacimsel debisi 150 m3/dakika ve kompresor giicii 500 kW’tir. Bu duruma goére,

a- Kompresorden gecen havanin kitlesel debisini, b- Havanin kompresor cikisindaki sicakligini

hesaplayiniz.

P, =100 kPa
T, = 22°C

C12)_ o8
g l

W=—500kW, V=150" = 2.5™
di =

HgH

b

B =1MFa

. i v R+T  (0.287:(22+273)
a)mizmzz—ifj:—:—
w pe] 100

v = 0.84665 m? kg

0 0
q—w=hg—h1+ﬂe+ﬂ,ﬁn‘e

-
T, = 295K = h, = 295.17-L
kg
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w kj
w=—=—-1695—

m kg

kj kj kj
—16 ——1695— = h, — 295.17 = h, = 448.66 —

kg kg kg

T, =175.66 °C

S-13) Bir gida isletmesinde saatte 200 kg ve 90 °C sicak suya ihtiyag vardir. Bu su, 15 °C sicaklikta
akan sebeke suyunu adyabatik bir elektrikli su isiticisindan gegirilerek elde edilmesi diistinilmektedir.
Buna gore elektrikli su isiticisinin glicinl hesaplayiniz. Suyun giriste ve gikistaki basincinin 100 kPa
oldugunu kabul ediniz.

C-13)
I, = 15°C — L=9%0° Sikistiriimig sivi
P,=100kPa  § N
o ke H  P,=100 kPa hy = hy = 376.92 kj/k
S Y S
21y = 299 sk + b
ha ke = 6299 1 —W =1 (hy— hy) + AKE + APE
—>
k 1h 37692 —62.99)kj
—L'V=2I:][]—g* *( )
H.-"E =7 h 3600sn kg

W =—-17.44 kW

S-14) Bir klima kompresori R-134a sogutucu akiskanini, -10 °C doymus buhar olarak evaporatérden
emip, 1.2 MPa ve 50 °C sartlarinda kondensere basmaktadir. Emme ve basma noktalari arasindaki
yukseklik farki 5 m ve kompresorden gevreye 2 kW enerji kaybi olmaktadir. Kompresériin harcadig
toplam glic 6 kW ise, a) Kompresorin giris ve cikisindaki R-134a gazinin yogunluklarini, b) R-134a
gazinin kitlesel debisini hesaplayiniz.

C-14 e
) Q=—2 kW 1.Durum

2 _
. 1 hy = h, = 244.51 kj kg

:v:' v, = 0.099516 m3/kg

//:6 kW
L 1
l py=— = 10.04 kg /m?®

1 v
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2.Durum

P,=1.2MPa | h, = 278.27 kj/kg
mE-
T, = 500C vy = 0.017201
& kg

1 kg
p2=—=58136—

g

T.D. 1. Kanunu Acik Sistem
0

Q—W =rh+[(hy—hy) + 7i['v§.2 2 +g* (22— Z4)]

. 9.81+5m
—2kW — (—6kW) = 1h = [(2?8.2? —244.51) + —]

1000

m=01183 kg/s

S-15) Bir Adyabatik daralan lileye, hava 300 kPa basing, 200 °C sicaklik ve 30 m/s’lik hizla girmekte,
100 kPa basin¢g ve 180 m/s hizla ¢ikmaktadir. Lilenin giris kesit alani 80 cm? olduguna gore, a)
Lileden akan havanin kitlesel debisini, b) Havanin lileden gikis sicakligini, ) Lilenin gikis kesit alanini
hesaplayiniz.

C-15) a)
0.237+473.15 K mE
; Pixwy=R+T) =1y =———— = 0452646 —
b — 300kPd 300kPa kg
1= K A
4,=80 c"m:i T Fp=100 kPuo
v, = 30mjs V; = 180 m/s
T, =2 . Vied;  30+B0:10"%m?
T = 2007 ! M= T oaszese 0.5302 kg /s
0 0 . VE—p2 Vi-pd
b)QV—yﬂzm*(hg—h1+ i ] = hy=hy + 2%

T, = 473.15 = hy = 475.46 kj [kg

307 — 1807 kj
h, =47546 + ——— = h, = 459.71 —
2 kg
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T h
450 451.80
—> 45971 T, = 457.74 K = 184.6°C

460 462.02
)Py xVa =R*xTy = v = —LMBZ:;;?'N} = 1.3137m?%/kg
- . . VE k4 A: A m * 'E_':lz

= = a4 = — A=
m 4 M3 75 2 '[fz

A;

_ 0.5302 = 1.3137

= 3.8696 * 1073m? = 0.038696 m* = 38.69 cm?

180

S-16) Bir helyum kompresoruniin girisinde helyumun basinci 100 kPa, sicakligi 300 K, hizi 70 m/s olup

¢ikisinda sicakhigi 670 K ve c¢ikis hizi 170 m/s’dir. Bu islem boyunca kompresorden 15 ki/kg 1si

kaybi olmustur. Kompresoriin giris kesitinin ¢capi 15 cm olduguna gore kompresoriin gektigi

glicii hesaplayiniz.

Not: Helyum icin R=2.07703 kJ/kgK, C,=5.1926 kJ/kgK.

T.=670K

V, =170 mjs 2

V-2
2/ G‘—W=hz—h1+‘Ti+.E?*(§:'7’Zﬁv
T V=V

C-16)
g
g =—15 o
P, = 100 KPa
T, =300k
V¥, =70m/s
M =—= Vj_ Ai =
(=8

2

—15—w=192126+12

kj

w = —1948.262 —
i z
7 R«=Ty 2.07703 =300
7 = =
1= p 100
% 0.152

c53109 * 10*—3 = 019852 kg/s

87

0

q—ufzfﬂ*(Tg—T1]+2—

1599 — 51926 + (670 — 300) + L 1%
kg 2000

= 6.23109 m? kg
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kj

k
W =rh+w = 019852 ?g # (—1948.252 E) = —386.77 kW

S-17) Bir evin 1sitma sistemi, bir kanal icine yerlestirilmis elektrikli 1sitict ve 300 W gliclinde fandan
olusmaktadir. Hava kanalin icinden surekli olarak 0.6 kg/s debiyle akmakta ve kanaldan
gecerken sicakligl 5 °C artmaktadir. Kanaldan gevreye 400 W 1sI kaybi olduguna gore elektrikli
isiticinin gliclinii hesaplayiniz.

Not: Hava i¢in R=0.287 kJ/kgK, Cp=1.005 kJ/kgK

c-17) 0 =400 W
1t Q=W =1hsCys AT
— — .
% — = 0.6-2 —0.4 kW — (0.3 kW + W,) = 0.6 = 1.005 =5
e \1 3
| Jres W= —3115 kW

Wy = 3000 W, 11-'; =

$-18) 100 kPa ve 27 °C sicakhktaki hava split tip bir klimanin buharlastiricisina 12 m3/dakika’lik bir
debi ile girmektedir. Buharlastiriciya, 140 kPa ve 0.3 kuruluk derecesi ile 2 kg/dakika’lik bir debi ile
giren sogutucu akiskan-12 ayni basingta doymus buhar olarak ¢ikmaktadir. Buna gore, a) Split
klimanin buharlastiricisinin iceri tfledigi havanin sicakhgini, b) Havadan sogutucu akiskana gecen isi
miktarini hesaplayiniz.

C-18) P, =100 kPa.T, =27°C
R-12 kg
P, =140kFa [ > Qr-12 —m*{hﬂ—hﬂ—z —x(hy— hy)
e | —
ke - — 16008 h. - LI ki
Mgpe = 27 ) — P=014= hy=16.09 o +hgy = 16178 o yhy =177.87 o
oymus bunar

hy =y xy % hyy = 6462477, hy=hy = 177877

Qr-12 = Qrava = Mpawa * c’p x AT

R+T, 0.287+ 300 0.861 m?3
7 = = = . R
17 p 100 kg
m?  1dk
v 12—k
T dk 60sn _ 5322 kg/s

v, 0.861m3 /kg
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ki k k
J — 0232259 4 1.005 2
5 i

—3.775—
5

(-]

-+(T; —27) = T, = 1083°C

Qhave = Qro12 = 3.775 kW = 226.5 kj /dk

S-19) Hava stirekli akisli bir adyabatik tiirbine 1 MPa, 500 °C ve 120 m/s hizla girmekte 150 kPa, 150
°C ve 250 m/s hizla cikmaktadir. Tirbinin giris kesit alani 80 cm? olduguna gore;

a) Turbinden gecen havanin debisini,

b) Tlrbinin Grettigi glici hesaplayiniz.
Not: Hava icin R=0.287 kJ/kgK, Cp=1.005 kJ/kgK.

P, =1MPa
C-19) T. = 500°C
V, =120m/=
A, =80ecm?
P, = 150 kPa l
T, = 150°C l\
V, =250 m/=s

; k
W = 4.343 ?g # (424.45 —793.13 +

kj
= 1.496 kW

W = 1496.66 —
sn

a)fxv =Rx*xT=w =% 287+ =
P, 1000

v, = 0.221m3/kg
; Vore* A1 120% 80+ 107*

_—:I ﬁ‘]_:;: G?"t*A:'m: =

" 0.221
= 4343 kg /s

P 0
. VE—E
b}Q/!W:rh*(hg—hl+”,,‘+g*(3 1)

250% — 1202
2% 1000

S-20)

Sekilde gosterilen adyabatik buhar tirbinine iki farkh
kaynaktan buhar girisi vardir. 1 noktasindaki basing ve sicaklk
degerleri sirasiyla 5 MPa, 800 °C ve kiitlesel debisi 10 kg/s’dir.
2 noktasinda sicaklik ve basing degerleri 1 MPa, 500 °C ve
kitlesel debi 5 kg/s’dir. Cikis basinci 30 kPa ve kuruluk
derecesi 0.9'dur. Potansiyel ve kinetik enerji degisimlerini

ihmal ederek;
a)Cikis kesitindeki hacimsel debiyi,

b)Turbin tarafindan yapilan isi bulunuz.
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C-20)
1 g/ 1.Durum
P, = 3MPa
l T, =800 °% hy =4137.1 &j/ kg
my =10 kg /s
L Q 2.Durum
P, = 1MPa
T, =500 °% hy, = 3478.5 & kg
3 m, =2 kg/s
—

3.Durum
B =30 Fs:Pm} vy = vp + Xz # vy = 0.001022 + 0.9 = 5.227978
x = 0.9 vy = 4.7062 m? [kg

hy = he + x5 % hey, =289.23 4 0.9 = 2336.1

Mg =mysm, = 15kg /s

g g
1549 L 470627 = 70593 ™%
= kg =

a)?3=?h3*r-'3=
0
b) § —W =Xt *h, — Ty, «h,

—Tr'{-'r=’.I“J"‘13*h3—(‘J“f‘ll*h1+?‘f‘12*h:};"'L‘?=m1*h1+m2*h2—ﬁ13*h3
W =10+ 4137.1 + 5% 3478.5 — 15 » 2391.72 = 22887.7 kW

W =22.887 MW

S-21) Sogutucu akiskan olarak R-134a kullanan bir sogutma makinasinda, kompresoére sogutucu
akiskan -12 °C’'de doymus buhar olarak girmekte ve 1 MPa ve 60 °C’'de ¢ikmaktadir. Kompresor 50 kW
1s1 kaybetmektedir. Kompresor 150 kW glic tiikettigine gore sistemde dolasan sogutucu akiskanin
kitlesel debisini hesaplayiniz. Kinetik ve potansiyel enerjideki degisimi ihmal ediniz.
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C-21)

— _q20 h, = h, = 24015
T, 1_.6'}1_ i

Doymus buhar

<+
T

Q — W = mp_q3as * (291.36 — 240.15)
W =150 kW

(% l':| 100&kW
©1gq  TR-134a = 19527 kg/s

N

B, =1MPa Y h,=29136kj/kg
T, = 60°C

S-22) Helyum sirekli akish bir kompresérde, 120 kPa basing ve 310 K sicakliktan, 700 kPa basing ve
430 K sicakliga kadar sikistiriimaktadir. Sikistirilma islemi sirasinda cevreye 20 kl/kg 1si gegisi
olmaktadir. Helyumun debisi 90 kg/dak ise gerekli glicii bulunuz. C,=5.1926 kl/kgK

C22)P, =120 kPa , T, = 310K, q = 20 kj/kg
P, =700 kPa , T, = 430K, 1 = 90 kg/dk
g —w = AE = AH + MRE + AFE

q—'.-'r':h:—hj_:f?,*(i":—i"l}

kj kj
20 ——w =51926 * (430 — 310)K
kg kgK
kj
w=—643.11—
kg

ki
P=w=xth =64311+90 = S?S?Q'Qd_i = 965 kW

S-23) Adyabatik bir buhar tirbinine su buhari, 1MPa ve 350 °C, 20 m/s hizla girmekte 100 kPa
basincta doymus buhar olarak ¢ok dusik bir hizda ¢cikmaktadir. Buharin kitlesel debisi 4 kg/s’ ise a)
Buhar Tirbinin giris kesit alanini, b) Buhar tiirbininden alinacak glicii hesaplayiniz.
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c-23) P, =1MPa hy =3158.2 %/ kg
T, = 330°C vy, = 0.2825 mgl.lrkg
¥, =20m/s
Wes a)rh = LL:A_ =4, = ??'1;31,‘-_ = 0.0565 m*?

m b) T.D. 1. Kanunu Agik Sistem
v;: 2
ﬁ—ﬂ’zm*(hz—hl}+;4
P, = 100kPa N 2
1

Doymug buhar h; = hy = 2674kj /kg W =1 (hy —hy)+ 5
v, =0 v, = 1.6939 m?/kg

vy =1y = 4 kg /s W = 1933.4i—j= 1.9334 kW
S-24) Hava surekii akisii bir kompresére 100 kPa ve 23°C’de girmekte ve 1 MPa basinca
stkistirlmaktadir. Bu arada kompresor govdesinden 15 kl/kg’lik 1si g¢ekilmektedir. Havanin
kompresdre giristeki hacimsel debisini 150 m3/dakika ve kompresor giici 450 kW’tir. Bu duruma

gore, a) Kompresorden gecen havanin kitlesel debisini, b) Havanin kompresor gikisindaki sicakligini

hesaplayiniz.
C-24)
P,=1MPa
L/
||
qg=—15k//kg
P, =100 kPa

T, =23°C = 296K

m? 1dk

=25 m3/s
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., ¥V . Vi
a) mM=—-—=my =—
v e

k]
ReT, 0.287 pf * 296K

P, 100 kPa

Fixwy =R} =1y =

v, = 0.84952 m3/kg
h = 2.943 kg/s = 176 kg/dk
b) Q@ —W =11 (hy— hy)

? *
hy—hy = Cp* (T3 — Ty) Cp=1kJ/kgK

kg

kj
— 44 14EW = —(—450 kW) = 2943 — 1 # (T, —296)K
5 kgK

2 kg k]
Q =mhxq=2.943 (—15 E) = —44.14 kW

T, =433.9K = 160.9°C

S-25) Hava, 1500 W giictindeki bir sa¢ kurutma makinesine 100 kPa ve 20°C sicaklikta girmekte, 47°C
sicaklikta ¢ikmaktadir. Sa¢ kurutma makinesinin ¢ikisindaki kesit alani 60 cm?dir. Fanin ¢ektigi giicu,
kurutma makinesinin cidarlarindan gevreye kaybolan isi kaybini, kinetik etik ve potansiyel enerijiyi
ihmal ederek a) Havanin girisindeki hacimsel debisini, b) Havanin ¢ikisindaki hizini hesaplayiniz.

c-25)

P, = 100 kPa v = = 2 = 0.84m kg
T, = 293.15K

Ese = E;— E,

H"FSE; + mhl :%'F mh:
L.L;E; = m(h: - hl} = Thcg(TZ - Tl}

1.5kW = i * 1.005(47 — 20) — rh = 0.055 kg/s

Voo
m=——V=0.055-0.84=0.046m3/s
'E_'J

V=A,;, — 0046 =60+ 107 %=V, — V, = 7.74m/s
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S-26) 100 kPa ve 27°C sicakliktaki hava, split tip bir klimanin buharlastiricisi (izerinden 15 m3/dakika
‘lik bir debi ile gegirerek sogutulmakta ve iceriye verilmektedir. Buharlastiriciya, 140 kPa ve 0.3
kuruluk derecesi ile 2kg/dakika ’lik bir debi ile giren sogutucu akiskan R134a ayni basingta doymus
buhar olarak ¢ikmaktadir. Buna gore, a) Split klimanin buharlastiricisinin iceriye Ufledigi havanin
sicakligini, b) Havadan sogutucu akiskana gegen isi miktarini hesaplayiniz.

C-26)

3.Durum

Py = 140 kPa hy = 27.08 k] /kg hy = hy +xhs, = 27.08 + 0.3« 212.08
x5 =03 hey = 212.08 k] /kg hy = 90.704 kJ/kg

4.Durum

Doymus Buhar he=h,=239.16 k] /kg

Py =P, = 140 kPa

2
Qr-134a = M * (hy— h3) = 55 (23916 —90.704)

Qr-1340 = 495 kW

1. ve 2.Durum icin

Qrava = mc‘p(TZ - Tl}

_RT;  0.287 +300.15

B = 0.861m3/k

) 100 m*/kg
. 15

LA 6™/ = 0299

M= T " T 086l mikg s

QR—134E = QhEL‘E = T.F‘lf,p(Tg - T:Lj = —4.95 =0.29 % 1.005 = (Tz - 2?:}

T, = 10°C

%94



Prof. Dr. Hiisamettin BULUT Coziimlii Termodinamik Problemleri l. Kanun-Acik Sistem

S-27) Hava surekli akish bir kompresére 100 kPa ve 23°C'de girmekte ve 1 MPa basinca
stkistirlmaktadir. Bu arada kompresor govdesinden 15 kl/kg’'hk 1si gekilmektedir. Havanin
kompresdre giristeki hacimsel debisi 150 m3/dakika ve kompresor giicii 450 kW’tir. Bu duruma gore,
a) Kompresorden gecen havanin kitlesel debisini b) Havanin kompresor cikisindaki sicakhgini
bulunuz.

C-27)

T P, =1 MPa

\

-

—="100 kPa

g=—-15k]/kg
T, = 23°C = 296K
. m® 1dk
I

I, = 150 = 25m?
t dk~ 60s m/s

. v
a) My :“_1

K
RxT, 0287 g * 296K

Ppxwy =RxT;, = = =
Chils h="="p 100 kPa

v, = 0.84952 m® /kg
th=2943kg/s

b) @ —W =71 (hy—hy)
y - ko (_qg ¥y _ .
Q=rhxq=2843"2 15kg)_ 44.14 kW

ha—hy =Cp* (T, —Th) Co=1kl/kgK
k k

—44.14 kW — (—450 kW) = 2.943 i * 1 / # (Ty — 296)
5 kgK

T, =433.9K = 160.9°C
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S-28) Hava bir kompresére 2 m/s, 20 °C ve 100 kPa sartlarinda girmekte ve 50 m/s, 900 kPa ve 200 “C
sartlarinda terk etmektedir. Kompresorin harcadigi glic 500 kW ise cevreye verdigi 1si miktarini

hesaplayiniz. Kompresoérin gikis kesit capi 10 cm’dir. Potansiyel enerjideki degisimi ihmal ediniz.

C-28)

d, = 10cm = 0.1m

T
V, = 50—
T, = 200°C

P, = 900 kPa

P, = 100 kPa

T, = 20°C
v, =22
1 5

VoxA, Vx4,

My =1, =1 =

U 4
k]
P,xv, =R#T, = R=0.287 —
kgk

k]

0287 —=2T3K 3

v, = —4K ____ _ 0150834 =

S00 kPa =

m -
S0—smrsl 0.05m) 2 kg
m = —s—m]— =2.6—
0.150834— s

T.D.l. Kanunu Agik Sistem

-
&

.. VE -1
Q—W=rx {(hg—h1}+¥+g*(22—zl}

2

K
kgK

. k
O — (~500 kW) = 2.5?3* [1.005

Q + 500 = 2.6(180.9 + 1.248)

0 = —26.4152 k] (disariya 151 veriyor)

1
4—

|

50
« (200 — 200K +

W, = —500 kW

z*mn}
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S-29) Buhar 10 MPa ve 500°C sicakhgindaki bir adyabatik turbine girmekte ve 20 kPa basing ve x=0.9
kuruluk derecesinde ¢ikmaktadir. Buharin debisi 10 kg/s ve tirbin c¢ikis capi 600 mm ise; a) Tlrbin
¢ikis giiclin, b) Tdrbin ¢ikis hizini, c) Tirbinden elde edilebilecek maksimum giici d) Tiirbinin
adyabatik verimini hesaplayiniz. Kinetik ve potansiyel enerjideki degisimi ihmal edebilirsiniz.

C-29)

1.Durum

Py =10 MPa hy =3373.7 k] /kg

T, = 500°C 5y = 6.5966 k] /kgK

2.Durum

P, =20 kPa hag= he+xy% hey = 2514+ 0.9 « 23583 = 2373.87 K/ /kg
x, =09 Spg= Sptxy*5,, =0.8319+09+7.0774 =7.2k]/kg K

-E_-:lzg = 'E_'i'f + Xa*® T'ﬂfg = 5.884’2 kj;"lkg
a) Q—W,=rh«(hy —hy)

. kg Koo
W, = 10— = (237387 — 33?3.?}E = Wyopeor = 9998.3 kW

b)
kg m3
__V:*A: V_m*tﬂz_iﬂ?*ﬁ‘.SS‘*ZE_quas EII.-'I
m= -E_-:l2 = E A: - ﬂ.'*[].ﬁz o 2 MES
4

C) I"Fmrzx = I-FS :}51 5y = 6,598 —= 5; = Sf +x2 * ng
Q _L'%zm*{th_hl}

_65966-08319
277909308319

ho, = hf + xg % hfg = 2172.23 k_f,.-"'kg
Whae = W, =m = (hzg_ hl} =12014.7 kW

d)
W, 9998.3

Yy = — = = o
T}Ed_}'ﬂbﬂhk H-; 120147 ﬂSSEi(:’ESEZi}
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S-30) 4.5 MPa basing ve 450°C sicaklikta su buhari bir lileye 120 m/s hizla girmekte, 1.2 MPa basing
ve 300°C sicaklikta ¢ikmaktadir. Lilenin giris kesiti 60 cm? olup, cevreye 180 ki/s i1si kaybi vardir.

Surekli akis hali igin a) Su buharinin kitlesel debisini (kg/s) b) Cikis hizini (m/s) c) Lilenin ¢ikis kesit
alanini (m?) hesaplayiniz.

C-30)
a) hy =33242 kJ/kg h, = 3046.3 kJ /kg
v, = 0.07076 m3/kg v, = 0.21386 m¥/kg
; i W o*A 1 kg 1202 + 60cm? m 101?5“"
= = — % * = % — = - = . I
M= I M T 5 07076 m? s O 0% em? s
Q —W = AH + AKE + APE
b)
k] kg k] v: 1202 kg
—180) — = 10.175—(3324.2 — 3046.3) — + | =—=—+ 10.175—
( ) 5 5 ( }kg (20{]{] 20{]{]) 5
m
V, = 711.35—
5
c)

k
m 10.1?5?3

A, = 0.03m? = 0.3cm?

B P2V, B kg m
4.5?553 *711.35 3
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TERMODINAMIGIN iKiNCi YASASI

IKINCI YASANIN ESAS KULLANIMI
1. Ikinci yasa hal degisimlerinin ydniinii agiklayabilir.

2. Ikinci yasa ayn1 zamanda enerjinin niceligi kadar niteliginin de oldugunu 6ne siirer. Birinci
yasa, niteligiyle ilgilenmeksizin, enerjinin niceligiyle ve bir bi¢imden digerine doniisiimiiyle
ilgilidir. Ikinci yasa, enerjinin niteliginin ve bir hal degisimi sirasinda bu niteligin nasil
azaldigimin belirlenmesinin gerekli vasitalarini saglar.

3. Termodinamigin ikinci yasasi, yaygin olarak kullanilan 1s1 makineleri ve sogutma makineleri
gibi mithendislik sistemlerinin verimlerinin kuramsal sinirlarinin ve kimyasal reaksiyonlarin
hangi oranda tamamlanacaklarinin belirlenmesinde de kullanilir.

Sicakliginda bir degisim olmaksizin, sonlu miktarda 1s1y1 verebilecek ya da alabilecek biyiklkte
1s1l enerji sigasia (kitle x 6zgll zs1) sahip cisimler 1sil enerji deposu veya yalnizca depo olarak
adlandirilir.

Uygulamada atmosferik hava kadar, okyanuslar, goller ve akarsular gibi buyik su kutleleri de
biiyiik enerji depolama yetenekleri veya 1sil kiitleleri nedeniyle, birer 1sil enerji deposu olarak
disiiniilebilirler.

Is1l enerji

KAYNAGI
P 1st

ISI

=
Isil enerji

KUYUSU

ISI MAKINELERI
Makineler 1s1y1 ise donlistiiriirler.
1. Yiksek sicakliktaki bir kaynaktan (giines enerjisi, kazanlar, niikleer reaktorler vb.) 1s1 alirlar

2. Geri kalan atik 1s1y1 diistik sicakliktaki bir kuyuya (atmosfer, akarsular, vb.) verirler.
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3. Bir ¢evrim gergeklestirerek caligirlar.

Isi makineleri ve bir cevrime gore calisan diger makineler, cevrimi gergeklestirirken 1s1 aligverisini
yapabilecekleri ortam olarak genellikle bir akiskan icerirler. Bu akiskana is akiskam denir. isin timi
her zaman isil enerjiye donistirilebilir, fakat bunun tersi dogru degildir. Isi makinesi aldigi 1sinin bir
bolimiind ise donlstirir, geri kalanini dlistik sicakliktaki bir 1sil kuyuya verir.

enerji kaynagi
(6rnegin bir kazan)

Ogiren Sistem sinuri

Kazan

- W,

— — ¢ikan

Weien”
- l‘omy [ Tiirbin -

Yogusturucu

v Qcikan

Enerji kuyusu
(ornegin atmosfer)

Qgiren= Yiiksek sicakliktaki isi kaynagindan (kazandan) suya gegen i1si miktari.
Qcikan= Yogusturucuda buhardan dustik sicakliktaki kuyuya (atmosfer, akarsular vb.) gecen 1s1 miktari.
Wcikan= Turbinde genislerken buhar tarafindan uretilen ig miktari.

Woairen= Suyu kazan basincina sikistirmak icin gereken is miktari.

Isil verim
_ . W
_ Elde edilen net is _ net gikan
[s1l verim = : Thh =
Toplam giren 151 <" giren
f .I'.- fr— —
W netgikan — Q giren Q cikan
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Kazan
Q=100 MJ i"vnci.mkm = QH o QL
4 v . -55M W et ik
/ 7,{: \net,gikan = Ny = net, gikan
( ST th —
|QHEL] Oy
\ . -'/",
=1 — Or
Q;=45MlJ Hth — -
Ou
Atmosfer

4.

SOGUTMA MAKINELERI VE 1SI POMPALARI

*  Diisiik sicaklikli bir ortamdan yiiksek sicaklikli bir ortama 1s1 gegisi kendiliginden olusmaz

ve sogutma makineleri ad1 verilen 6zel makinelerin kullanimini gerektirir.

. Is1 makineleri gibi sogutma makineleri de bir ¢evrim gergeklestirerek ¢aligan makinelerdir.

Sogutma ¢evriminde kullanilan is akiskani sogutucu akiskan olarak adlandirilir.

. En yaygin kullanilan sogutma ¢evrimi, buhar- sikistirmali sogutma gevrimidir.

Ty>T, sicakhginda
tlik ortam

T
Giren /
S
l'/\i/_/
¥

W,

net, giren

On

T e
( Istenen |

: soyind
/A sonug
O x/—/

T; sicakhiginda
sogutulan ortam

Bir sogutma makinesinin verimi, etkinlik
katsayisi ile ifade edilir ve COPsy ile g0Osterilir.

Sogutma makinesinin amaci, sogutulan ortamdan
11 (QL ) cekmektir.

L Elde edilmek istenen deger 0,
(‘{'}P“iM = - S —
Harcanmasi gereken deger W et giren
O |
COPgy = — = —
' Op—0r OQ/0r—1
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Is1 Pompalan

Ty > T; sicakhiginda

ssitilan ihik ortam Bir 1si pompasinin amaci, ilik ortama Q#sisini vermektir.
(Toeien™ _
QH%"\TUQ_// COP,, = Elde edilmek istenen deger Oy
= -Ep = - = -
AN ' Harcanmasi gereken deger W et giren
i “Jncl‘g\mn
| X ;
4 F YA Oy |
2 L‘}/ Giren \\' (_"('_)P]]) = — i = —
(s On—0, 1-0./0y4
or
T; sicakhigindaki (T_‘(:}P]E:, = (T_)PL‘M + 1
soguk gevre

Termodinamigin Ikinci Yasasi: Clausius ifadesi
Termodinamik bir ¢evrim gerceklestirerek calisan ve diisiik sicakliktaki bir cisimden aldig1 1s1y1
yiiksek sicakliktaki bir cisme aktarmak disinda higbir enerji etkilesiminde bulunmayan bir makine
tasarlamak olanaksizdir.
TERSINIR VE TERSINMEZ HAL DEGISIMLERI
Tersinir hal degisimi: Cevrede herhangi bir iz birakmadan tersi yonde gergeklestirilebilen bir hal
degisimi olarak tanimlanir.
Tersinmez hal degisimi: Tersinir olmayan hal degisimlerine denir.
Tersinmezlikler

* Bir hal degisiminin tersinmez olmasina neden olan etkenlere tersinmezlikler adi verilir.

* Siirtiinme, dengesiz genisleme, iki stvinin karismasi, sonlu bir sicaklik farkinda 1s1
gecisi, elektrik direnci, katilarin elastik olmayan sekil degisimleri ve kimyasal tepkimeler
bu etkenler arasindadir.

* Bu etkenlerden herhangi birinin varligi, hal degisimini tersinmez yapar.

Icten tersinir hal degisimi : Hal degisimi sirasinda sistemin sinirlart iginde tersinmezlikler
meydana gelmiyorsa.

Distan tersinir hal degisimi : Sistemin sinirlari disinda tersinmezlikler meydana gelmiyorsa

Tiimden tersinir hal degisimi : Sistemin sinirlar i¢inde ve iliskide oldugu ¢evrede
tersinmezlikler meydana gelmiyorsa
Tiimden tersinir bir hal degisiminde sonlu sicaklik farkinda 1si1 gegisi, sanki-dengeli olmayan

degisimler, sirtinme ve benzer olgular yoktur.
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CARNOT CEVRIMI
A [ :
™ (1)—=(2) T, (4)w—(3)
sicakli- _ sicakli-
gindaki -l; #indaki =
enerji 1 7 enerji "
kaynagi = kuyusudt | o
Oy QL
(a) 1-2 hal degisimi () 34 hal degisimi
(2)—=(3) (1)=—i(4)
T Ty
E " E
= N |/
= I SR
() 2-3 hal degigimi (d) 4-1 hal degigimi

Tersinir sabit sicaklikta genisleme (1-2 hal degisimi, TH=sabit)
Tersinir adyabatik genisleme (2-3 hal degisimi, sicaklik TH’den TL ye diismektedir)
Tersinir sabit sicakhikta sikistirma (3-4 hal degisimi, TL=sabit)
Tersinir adyabatik sikistirma (4-1 hal degisimi, sicaklik Tvden THye yikselmektedir.)

CARNOT iLKELERI
Typsicakhginda yiiksek
sicaklikl: 1s11 depo
| Tersinmez | | Tersinir | | Tersinir ]
IV GRS SN
M1 < Thh2 b2 = M3
T; sicakhinda diisiik

sicaklikli 1s1] depo

1. Ayni iki 1s1l depo arasinda ¢alisan iki 1s1 makinesinden, tersinmez olanin verimi her zaman
tersinir olanin veriminden kuguktur.

2. Ayni iki 1s1l depo arasinda calisan biitiin tersinir 1s1 makinelerinin verimleri esittir.
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CARNOT ISI MAKINESI

CARNOT SOGUTMA MAKINESI VE ISI POMPASI

o 1
(_‘{_)P q = (:‘I:T}P y f = ——
SM., tr Tj-; T_L — IP | — T‘r_ Tj.‘-
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S-1) Bir ev kis aylarinda ayda 1200 kW elektrik ¢eken bir elektrik isiticisiyla isitiimaktadir. Bu evi isitmak
icin elektrik 1siticisi yerine isitma tesir katsayisi 2.4 olan bir 1si pompasi kullanilirsa bu ev aylik ne kadar
para tasarruf eder?

Not: 1 kW elektrik 4500 TL dir.

_ Qsic 1200 kW

C-1) ,8’ = Wror = Wnet = NEYEE =500 kW

Isi pompasinin ayda harcadigi elektrik enerjisi 500 kW
Aylik fatura = 500 4500 = 2.250.000 TL

Elektrikli 1siticinin ayda harcadigi elektrik enerjisi 1200 kW
Aylik fatura = 1200 « 4500 = 5.400.000 TL

Aylik tasarruf = 5.400.000 — 2.250.000 = 3.150.000 TL

S-2) Bir binanin isitilmasi icin 1s1 pompasi kullanilmasi diistindliyor. Binanin igerisi 22°C de tutulurken
dis ortam -6°C oldugu zaman binadan 50 Mj/h 1si kaybi olduguna gére 1si pompasinin gictinii bulunuz.

C-2) Eger i1si pompasi tersinir ise min. enerji ¢cekecektir.

, Tsic 22 +273 295
B’ = = = =10.53
Tac—Tsog  (22+273)—(—6+273) 28
Q Q Sk Mj
' sic sic h ]
= = Whee = =—"N _—47483— = 1.3189 kW
A Wpee ™57 B’ 10.53 h

S-3) Bir ev tipi buzdolabinin sogutma tesir katsayisi 1.8 dir. Buzdolabi evaporatori 90 kj/dk hk bir isi
cektigine gore yani 90 kj/dk sogutma yaptigina gére;

a) Buzdolabinin harcadigi elektrik emerjisini bulunuz.

b) Buzdolabinin mutfaga verdigi isiy1 bulunuz.

ki, dk

9oL . .
c-3)8 = Mf,fTV:p —18=Tdea Wiomp = 0833, Quyap = 90 = 1.5 kW
Wkomp =0.833kj/s , Wkomp = Qkona — Qevap ’ Qkond = Wkomp + Qevap = 2.333 kW
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S-4) Bir sogutma makinasinin evaporatéri (buharlastiricisi) 720 kj/dk bir 1si cekmekte ve kompresor 4
kW enerji harcadigina gore

a) Sogutma makinasinin tesir katsayisini,

b) Sogutma makinasinin konderserden gevreye verdigi isiyl bulunuz.

c-4)
kj 1dk
a)COP — Qevap _ (72011_]](*60511) _ 3
Wikomp 4 kW

b)Whet = Qron — Qevap = Qkon = Whet + Qevap

Quon =4+ 12 = 16 kW

S-5) Bir 1si pompasi bir mahalin sicakligini 21°C ‘de tutmak i¢in kullanilmaktadir. Dis ortam sicakligi -
5°C oldugunda mahalin i1s1 kaybi 135000 kj/h ve 1si pompasinin isitma tesir katsayisi 11.3 olduguna goére
Isl pompasinin tiikettigi enerjiyi ve dis ortamdan gekilen isiy1 hesaplayiniz.

C-5)
kj
Miahal Quayip = Quicak = 135000~ » == = 37.5 kW
21°C
cop = %seak yy =375 _ 33185 kW = 11946.90 kj/h
Waet 113
QSICak
w Whet = Qsic — Qsog = Qsog = Qsic — Whnet = 37.5 kW —3.3185 kW
kj
Qe Qsop = 123053.09~~ = 34.1814 kW
-5°C

$-6) Bir kasif, 127°C deki bir kaynaktan 800 kj 1si alan ve 27°C deki kaynaga isi atarak 250 kj net is tGreten
bir 1s1 makinasi icat ettigini iddia etmektedir. Bu iddia mantiklimidir? Neden? Agiklayiniz.

C-6)
rhsz,makina < Ntersinir carnot
Tsc = 400K
Qsic= 800 kj Wnet < Tsw - Tsog
st TSlC
W 250k 250 _ 400 — 300
800 400
Toog = 300 K 0.3125 > 0.25 oldugundan mantikli degildir.
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S-7) Bir gida reyonundaki sogutucunun, sogutma tesir katsayisi 1.8’dir. Yiyeceklerden cekilen s
95kJ/dk ise sogutucunun harcadigi elektrik enerjisini ve ¢evreye verdigi isi miktarini hesaplayiniz.

_ Qsog _ 9 _ kj 1dk _
C7) COP = (2% = Wy = 22 = 52770 x 28 — 0.8796 kW
kj
Qsic = Whet + Q503 = 14—7.77& = 2.46 kW

S-8) a) Bir isi pompasi kisin bir evi i1sitmak ve i¢ sicakhgini 20 °C’de sicakhkta tutmak igin
kullanilmaktadir. Dis sicakhgin 0 °C oldugu bir glinde evin 1si kayiplar yaklasik 80000 kl/h olarak
belirlenmistir. Eger 1si pompasinin kompresor giici 8 kW ise I1si pompasinin COP’sini ve eger elektrik
fiyatinin kWh’nin 0.27 TL oldugu kabul edilerek dogrudan elektrikli isiticilar kullanilsaydi saatlik isitma

giderinin ne olacagini ve 1si pompasi ile ne kadar tasarruf saglandigini hesaplayiniz.

b) Isil verimi 0.50 olan bir Carnot 1si makinasi 15 °C’deki bir géle dakikada 800 kJ i1si vermektedir. Bu
duruma gore 1si makinesinden alinan glicii ve 1si alinan kaynagin sicakligini hesaplayiniz.

Cc-8)a) COP = £ = 22220

=2.7775
w 8kw

Elektrikli isitict saatte = 22.22 % 0.27 = 5.9994 TL

Istpompast saatte = 8 x 0.27 = 2.16 TL

TL
1 saatlik tasarruf = (22.22 —8) * 0.27 — = 3.834 TL

kW
1 kWh = 3600 kj' diir.
Qsog 800%L
b) neu=1- (a) = Q¢ = s 26.667 kW
kj
Waet = Qsic = Qsop = 800 - = 13.33 kW
Toie — Tsos T..— 288

Nt = M =05=—"_" T, =576K =303°C

TSlC TSlC
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$-9) Bir sogutma makinasi, sogutulan ortami -8 °C sicaklikta tutabilmek icin ortamdan 300 kJ/dakika is
cekmektedir. Sogutma makinasinin isi verdigi ortam 25 °C olduguna gore, sogutma makinasinin
cahstirmak icin gerekli en diistk glicli hesaplayiniz.

C-9) T, =7
Tsog 288
—9 Nsu =1 - = 055=1- = T = 640K
cak —:* sic sic
Qsog 13.333
=1- = =———=29.6288 kW
=) = ot Qe % = 05
Whet = Qsic — Qsog =16.3 kW
800 kj |, ldak 13.333 kW
& = —_ = .
Qsoguk dak 60sn
COP __Tsw  _TBHZT3 5020
Sogutma = Tsic — Tsog - 25— (_8) o
Qsog 5kW
COPsogutma = % = Wher = 520 = 0.623 kW
net .

S-10) 25 °C sicakhktaki bir odada yapilan bitirme 6devine ait bir deneyde bir 6grenci, 2 kW giiclinde
elektrik ¢ceken bir sogutma makinasinin -30 °C sicaklikta tutulan bir ortamdan 30000 kJ 1sI
cektigini olgcmustiir. Deney sirasinda sogutma makinasi 20 dakika calismistir. Bu degerlerin
dogrulugunu irdeleyiniz.

C-10)
<>
Csic 1 1dk
Qsog = 30000 kj T 25 kW
— Qso' 25
Wiomp = 2 kW COPgps = —2—=— =125
’ ™ Wieomp 12
Tsog —30+ 273 243
COPtersinir = = = 4.418

Toc — Toog 25— (—30) 55

COPiersinir < COPso5 oldugundan 6grenci 6lgumleri yanls almustur..
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S-11) Gig Uretiminin ilging yolarlindan biri de yeraltinda dogal olarak bulunan sicak sudan, diger adiyla
jeotermal enerjiden yararlanmaktir. Cevre sicakhginin 20 °C oldugu bir bolgede, 140 °C
sicakliginda bir jeotermal kaynak bulunmustur. Bu bdlgede kurulacak jeotermal bir giic
santralinin sahip olabilecegi en yiiksek isil verimi hesaplayiniz.

c-11)
T, = 140°C
Misit = Misul tersinir
TSLC - Tsog
Misil tersinir = T—
Sic
|:> W 140 — 20
net Miswtersinir = 770 7273 — 0.29055
JL maksimum 1sil verim %29.1
Tsog

S-12) Bir otomobil motoru saate 20 litre yakit tiketmekte ve tekerleklere 60 kW gii¢ iletmektedir.
Yakitin 1sil degeri 44 000 kl/kg ve yogunlugu 0.8 gr/cm? olduguna gére bu motorun isil verimini
hesaplayiniz.

Whet th (1073)m3

: It
CA2Misu = Qgiren /T =205 * S500m uc - Pyakit
08 1kg 10°cm3 800 kg
= 0.8 % * * = -
P cm3 100gr 1m3 m3
. 3 kg kj
Quiren =T = 444 107 =2+ 440007 = 195.56 kW
60kW

Misu = m = 0.3068 = %30.68

S-13) Bir ofisin kisin isitilmasi ve yazin sogutulmasi bir split klima ile yapilmaktadir. Bu amag igin
ofiste sogutma giicti 12 000 BTU/h ( 3.5 kW) olan bir split klima kullanilmaktatir. Split klimanin gektigi
gl¢ 1.2 kW’tir. Buna gore; a- Bu split klimanin COP degerini hesaplayiniz. b- Klima yaz ve kis ofis
sicakligini 22 °C’de tutuyorsa, yaz dis ortam sicakhigi 42 °C ve Kis dis ortam sicakhgi -6 °C ise, 1sitma ve
sogutma COP degerlerinin alacagi sinir degerleri hesaplayiniz.

C-13) Qo5 =35 kW , Wiomp = L2 kW
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Qsog E

— = 29167
Wkomp 12

a) COPsogutma =

Tsog _ 295
Toc—Tsogy  42—22

b) COPsogutma siur = COPearnot sinur = =14.75

Tac _ 22+273 295

= =10.536
Toe —Tsog  22—6 28

COPigitma =

S-14) Bir Carnot ist makinesi 900 °C sicakliktaki bir 1sil depodan 800 kJ/dak 1si almakta ve 27 °C
sicakliktaki ortama is1 vermektedir. Isi makinesinin Grettigi glicin tamami bir sogutma makinesini
cahstirmakta, bu makinede -5 °C sicakliktaki bir ortamdan isi alarak 27 °C sicakliktaki cevre ortama isi
vermektedir. Sogutulan ortamdan birim zamanda en ¢ok ne kadar isi ¢ekilebilir hesaplayiniz.

C-14)
QH,lm =800 kj/dk
e (o)
Ty —T, 1173 -300 o )

Mm = T = 1173 = 0.744 max.Carnot gevrimine gore olur.

H

kj
Whet = Num * Qnm = 5954% =9.92 kw
kj
QL,lm = QH,lm — T * QH,lm = 2046&
cop,, =t 208 _ga5g
S Ty —T, 300—268 '

QL,sm k]
COPyyy = —— = Qpsm = 8.375 % 594.5 = 4986.475—- = 83.11 kW

Whet dk

S-15) a- Bir evin kis sezonunda, aylk isi kaybi ortalama 720 kW olup, ev bir elektrik isiticisiyla
isitiimaktadir. Bu evi isitmak icin elektrik isiticisi yerine, aylik ortalama isitma tesir katsayisi (COP),
3 olan bir 1st pompasi kullanilirsa, 4 aylik bir kis sezonu i¢in ne kadar para tasarruf edilir? Not:1
kW elektrik 0.27 TL'dir.
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b- Bir termik santralin net ¢ikis glici 250 MW ve Toplam kazan giicii 0.6 GW olduguna gore bu termik
santralin 1sil verimini hesaplayiniz.

C-15) a) COP = % =>W = 720kTW = 240 kW (Ist pompast glcii)

Elektrikli isitict : 720 kW

Fark = 720 — 240 = 480 kW , Para tasarrufu = 480 * 0.27 TL = 129.6 TL

W 250MW
b) Mg = 2 = soomw 0.4166 (%41.66)
S-16) Bir mucid koyinde bulunan 150 °C'deki
jeotermal kuyudan i1si cekerek 27 °C'deki cevre
havasina isi atan ve isil verimi %65 olan bir isi
IM p W.,n=065 . o i . ..
makinasi yaptigini iddia etmektedir. Buna gore
iddiasi dogru mudur? Neden?
C-16)
T, = 27°C
carnot > ngergek
1-2 5065 51-320=0.2901
Ty 423
=0291<n = 0.65
carnot gercek

oldugundan iddiast dogru degildir.

S-17) Bir split klima almak isteyen arkadasiniz A firmasinda 12000 BTU/h (3.5kW) sogutma glicinde ve
1.2 kW glic harcayan bir klima oldugunu, B firmasinda ise 13000 BTU/h (3.8kW) gliciinde ve 1.4 kW gl¢
harcayan bir klima oldugunu sdylemektedir. Yaptiginiz hesaplamalara gére A ve B firmasinin split
klimalarinin arkadasinizin ofisi icin yeterli sogutma giiciinde oldugunu tespit ettiniz. Fiyatlari ayni
olduguna gore hangi firmanin klimasini arkadasinizin almasini tavsiye edersiniz? Neden?

Qsog _ 3.5kW
Wi  12kW

Qsoz _ 3.8 kW

C-17) COP, = = aw

=2.714

=2917 COPy=

COP, > COPg oldugundan A firmasini tavsiye ederiz.

111



Prof. Dr. Hiisamettin BULUT Coziimlii Termodinamik Problemleri Il. Kanun-Isi ve Sogutma Makinesi

$-18) Bir 50 MW giiclindeki termik santralinin isil verimi %25’tir. Santrale verilen isi gliclinii ve
santralin ¢evre havasina verdigi i1s1 gliciini hesaplayiniz.

C-18)

w w s50Mw

no = o = Qy = 7 = o2 = 200MW ( santrale verilen)

sul

Qu—Q, =W = Q.= Qy—W =200—-50 =150 MW ( santralin attigt)

S-19) 12000 BTU/h (3.5kW) sogutma glciindeki
bir A sinifi duvar tipi split klimanin COPgo5,tma =
2.5'tir. Ty = 450°C Bu klima giinde ortalama 10 saat calisirsa
Qy elektrik faturasi ayda ne kadar gelir?
Not: 1kWh=0.35 TL'dir.
IM - » W =30MW
C-19) Q505 = 3.5 kW, COPsp5 = 2.5
_ Qsog _ Qsog _ E _
Q, = 45MW COPsoy =~ = W = COPsog 25
W= @ 14 kW
Gimlik = 10— « 1.4 kw = 14 <%
gun gin

Aylik = 30 giin* 14 kWh = 420 kWh

Aylik fatura = 0.35 -+ 420 kWh = 147TL

$-20) Bir 450°C’deki bir kaynaktan isi alan 30 MW giiciindeki bir termik santral yanindaki 15°C'deki
nehre 45 MW isi terk etmektedir. Buna gore; a) Santrale verilen isi miktarini hesaplayiniz. b) Termik
santralin gercek ve Carnot isil verimini hesaplayiniz. ¢) Santralden elde edilebilecek en yiksek glicl

hesaplayiniz.
C-20)
3)77 =QH_QL=K=1_&

is1l Qx Qn Qn

Qp= Q. +W =30+45=75MW

30
= — = 0,
b) 7 sil gergek 75 0.4 (/040)
_q1_ T _ 4 _ 15+273 0
T st carnot 1 Ty 1 2501273 0.60 (%60)
C) Wmax = ncarnot + QH = 06 * 75 MW — 45 MW
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S-21) Bir klima cihazi dis ortama 2.5 kW isi atarken, i¢c ortama 2kW'lik sogutma etkisi olusturmaktadir.

Bu klimanin performans katsayisi (COP) degerini bulunuz.

c-21)

Qu=2.5 kW

W=0Qy— Q,=25-2=05kW

b) 150 MW gliciinde bir buharli gli¢ santrali saatte 60 ton komir tiiketmektedir. Kdmrtn 1sil degeri

30000kJ/kg olduguna gore santralin i1sil verimini hesaplayiniz.

b)m = 60 ton = 60000°2, H, = 30000,’:—;

Qp =m*Hy
kJ
y = 60ton * 300006

600002 + 300007
= — % -
0 = 1800.000.000 "—hf

_ 6 H 1h
Qu = 18002106 2y 1L

Qy = 500.000kW = 500 MW

_ Whet __ 150 _
n = o —500—0.3
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$-22) 20°C’'deki bir mutfakta bulunan ve sogutma performansi (COP) katsayisi 4 olan bir buzdolabinin
kompersori 0.5 kW giic tiketmektedir. Buna gore buzdolabinin mutfaga atilan birim zamandaki 1s
miktarini hesaplayiniz?

b) 30 MW giliclindeki bir termik santralin isil verimi %30 ise bu santralin kurulu kazan glici nedir?

QL QH
COPSOg:Wk QQL:‘}*OS:ZICW ,

C-22) a)

SM |e—0 W=0.5kW

QH:QL+Wk:25kW

QL
T, =?

O #

by =Ynet 5330

sl Qn QH

On = = = 100 MW

S-23) Bir sogutma makinesinin elektrik tiketimi 5kW ve gcevreye attigi i1si miktari 20 kW ise bu sogutma
makinasinin COP degeri kagtir?

c-23)

Qu = QL+Wkomp rQLzQH_Wkomp=20_5=15kW

COP=—2_ =
Wkomp

15
<= 3

$-24) 5250 kW giclindeki bir kazandan enerji alan bir termik santralin 1sil verimi %27 olarak
belirlenmistir. Bu kazanda 1sil degeri (H) 22150 kl/kg olan kok kémuri kullanilmaktadir. Buna gore;
Kazanda saatlik yakilan yakitin miktarini (kg/h) , Termik Santralden alinan net glici ve Termik
santralden birim zamanda c¢evreye verilen enerji miktarini bulunuz.
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C-24)
Qy = 5250 kW, 1 =027, H= 221501‘:—;

Qkazan = Qu =m=H

5250 0.237k k
m=2 = 9 —g53.2 %
H 22150 h

Woer = 17 * Qy = 0.27 * 5250 kw = 1417.5 kW

QL = Qy — Wyer = 5250kW — 1417.5kW = 3832.5 kW

S-25) Bir A sinifi split klimanin sogutma glicti 6 kW ve sogutma i¢in COP degeri 4 verilmektedir. Bu klima
yaz doneminde Haziran( 30glin) , Temmuz (31 gilin) glinde 12 saat c¢alisirsa; a) Kompresori harcadig
giict b) Yaz déneminde sadece klimadan dolayi kag TL elektrik faturasi gelecegini hesaplayiniz. (Not:
1kWh elektrik enerjisi 0.4117 TL'dir).

C-25) Q, = 6kW,COP = 4

a) COP=2L = w,=2=15kWw
Wi 4
b) Enerji = Gig* Zaman = 1.5 kW * (30 + 31 + 31)giin * ;'ZTZ = 1656 kWh

TL
1 4117 ———=681.7752TL
656 kWh x 0 XWh 68 5

S-26) Isil degeri 25116 kj/kg (6000kcal/kg) olan ithal kémuri kullanilan 5250 kW glcindeki bir
kazandan enerji alan bir termik santralin isil verimi %27 olarak belirlenmistir. Buna gore; a) Kazandan
saatlik yakilan yakitin miktarini (kg/h) b) Termik Santralden alinan net giict, c) Termik santralden birim
zamanda gevreye verilen enerji miktarini bulunuz.

C-26)

a)Qy = 52502 o

1h

_ 25116kj

. . kj
P m,, =>my—0.209 - *

. kj
my, = 752.4-

b) ), = TR = Wee = 0.27 * 5250 = 1417.5 kW
H

c)Qr = Qg — Wper = @ = 5250 —1417.5 = 3832.5 kW
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ENTROPI
1-2 hal degisimi > 4 00 _ 0 | 50 | ‘J(nQ) 2
(tersinir veya~__ ==~ B T h T 2 N\ T Jigteno
tersinmez) ’ .
P 2 50 C_[*80
R ‘ g = B i S-S
7 1 T

A
2-1 hal degisimi
(igten tersinir)

Bir ¢cevrim tersinir
yada tersinmez bir hal
degisiminden ibarettir.

S0 Esitlik icten tersinir hal degisimleri,

ds = ? esitsizlik ise tersinmez hal
degisimleri icin gecerlidir.
AS - J.: 50
“oly 2 == T ~ firetim
e
AS = A8, + A4S =0

retim “toplam pevre

Tersinmez bir hal deg@isimi sirasinda bir miktar entropi Uretilir veya var
edilir, entropi Uretimi tumdayle tersinmezlikler ile ilgilidir.

Entropi Uretimi S,

retim

ifadesi her zaman sifir veya pozitif bir degerdir.

= 0 Tersinmez hal degisimi

g

“iretim

O Tersinir hal degisimi

< 0 Gergeklesmesi olanaksiz hal degisimi

Cevre

AS,==2kIK |

5

SISTEM

S A ‘\.'.u;lium =

ASg +AS

tretim —

Bir sistemin entropi degisimi
negatif olabilir ama entropi

Uretimi negatif olamaz.

» 0

=1kIK 3.

Sdcevre =

1. Hal degisimleri herhangi bir yénde degil,
sadece belirli bir yonde gerceklesebilir. Hal
degisimi, entropinin artisi ilkesi ile uyumlu
yonde ilerlemek zorundadir. Yani hal
degisimi sirasinda S. _. = 0 olmahdir. Bu

Uretim
ilkeyi saglamayan bir hal degisimi
gerceklesemez.

2. Entropi korunumu s6z konusu degildir, bu

nedenle entropinin korunumu ilkesi diye bir

kavram yoktur. Entropi, sadece ideal bir
durum olan tersinir hal degisimleri
sirasinda korunur ve gercek bitin hal
degisimleri sirasinda artar.

Tersinmezliklerin varligi mihendislik

sistemlerinin verimlerini azaltir ve entropi

uretimi hal degisimi sirasinda gorulen
tersinmezliklerin bir 6lgusudir. Ayni
zamanda, muhendislik sistemlerinin
verimlerini saptamak icin bir kriter olarak da
kullanilir.
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ENTROPi DENGESiI

Giren Cikan Uretilen Sistemdeki
toplam | — | toplam | + | toplam | = [toplam entropi
enerji entropi entropi degisimi
Se — 8+ Suetin= ASsisten
Bir sistemin entropi degisimi, AS |

sistem

i-’-c'.'\-\.i\'ll.'"l'l'l = -5.\'-41 - Silk - (f‘l - (q

Sistemin 6zelikleri kararli olmadiginda

.S'aislcm —_— I A f;\}HI —_— | .5|H {!V
of .'U!
Bir sistem i¢in enerji ve entropi dengeleri
Kapal Sistem
.'rﬁ.ii'.,l'?ii'."-" SIS, 2 ? * 'Siumim: AS sistem 'S: o 'SI 'LJ K,-l

Bir hal degisimi sirasinda kapali bir sistemin entropi degisimi, 1sI gegisi ile
sistem sinirindan gecgen net entropi ile sistem siniri iginde Uretilen entropinin
toplamina egittir.

Advabatik kapalr sistem: Suretin= A adyabatik sistem
Sistem + (..(:l-"“(r'. Surr:llm: z AS = A'\Iw:r(m ¥ A\u

AS = m(s, — ‘\l) ﬁ'sgewe - Qgewe/Tgewe

< sistem
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Kontrol Hacimleri

]

-

E }* + E ms, — S ms, + Spuin= (52 — §))kn (kJ/K)
O - s v v e
S? + 2”’;‘5 i S””v S, + Sirin= dScv/dt (kW/K) Cevre
. 0,
Suirekdi Akum: Siveim= 2;5.{. 5, E 1,5, 2"7" e |
. 0, 8
Siirekdi akim ; ek akis: Sicio= (s, — 5,) — S = Kontrol
3 i T; hacmi
Siirekli akim, tek akis, advabatik: Siretin= M8, — &)
Bir hal degisimi sirasinda kontrol hacmi icindeki entropi degisimi miktari; isi £
gecisi ile kontrol hacmi sinirninda gerceklesen entropi gecisinin miktar ve
kontrol hacmi icine kiitle akisi ile entropi gecisinin net miktari ile 0
tersinmezliklerin bir sonucu olarak kontrol hacmi icindeki entropi Gretimi ASgy= 5 +mgSe—McSc+ Siretim
miktarinin toplamina esittir. - ——
ins Isiile  Kiitle ile

= =8 entropi  entropi
\J T L gegisi  gegisi
J Bir maddenin entropisi

Emz==  tek-akish, adyabatik, Bir kontrol hacminin

% surekli akigli dizeneklerin e
o . entropi degisimi Isi
B icinden akarker! Qalr_na transferi kadar kitle
| | artar (yada tersinir bir hal akisinin da bir
5y degdisimi durumunda sabit 3

sonucudur.
kalir).
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S-1) Bir silindir-piston ¢iftinde 250 kPa ve 130 °C’de su, doymus sivi olarak bulunmaktadir. 600 °C’deki
ortamdan silindire 500 kJ isi verilerek bir kismi buharlastiriimaktadir. Buna goére, a- Suyun
entropisindeki degismeyi, b- Ortamin entropisindeki degismeyi, c- Bu islemin tersinir, tersinmez
veya mimkiin olup olmadigini belirleyiniz.

C-1)
250kPa (" Q=500
T.=130°C T, = 600 °C
_ 50 _ 500kj _ kj
a) A4S, = = S 1.24 %
50  —500kj kj
b) AScevre = f_f_, = s —5727?’-

¢) AStop = ASgy + ASeepre = 1.24 — 05727 = 0.6672’%

AStop > 0 oldugundan tersinmez islem

S-2)  a- Entropinin artma prensibini kisaca agiklayiniz.

b- Bir buhar gli¢c cevriminde gercek ¢cevrimi ideal cevrimden ayiran sebepleriyazip, T-s (Sicaklik-
Entropi) diyagraminda farkliliklari gésteriniz.

c- izentropik islem ve adyabatik verim ifadelerini kisaca agiklayiniz.

d- Entropi nedir? Entropiyi kisaca anlatiniz.
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Entropi

C-2)

a) Bir sistem ve ¢evresi beraber dustnuldigiinde toplam entropi artar.

=0 Tersinir
ASTO,?J = ASsistem + ASCev?‘e =20 — >0Tersinmez

< 0 imkansiz

b) 1- i¢ siirtiinmeler (basing kaybi)

2- Isi transferi (1s1 kayiplan)

c) Tersinir adyabatik isleme izentropik islem denir.

Adyabatik verim, gercek islemlerin ideal islemlerden sapmanin bir 6l¢limtdir veya gergek

makinanin ideal makinaya sayisal olarak ne kadar yaklastigini gosterir.

d) iki izentropik ve iki izotermal olmak {izere dért islemden meydana gelmekterdir.

T A
Qsic

2 3

A S=sbt Y

1 bsoé 4
S

1-2 : izentropik sikistirma
2-3 : izotermal islemde 1si transferi
3-4 : izentropik genisleme

4-1 : izotermal islemde 1si transferi
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e) Entropi bir oOzelliktir. Mikroskopik diizeyde molekillerin diizensizligi ve intizamsizliginin bir
olgiistidiir. Entropi, tersinmezliklerin sayisal olarak belirleyen bir 6zelliktir. islem yolunun foksiyonu
degildir.

S-3) 0.5 m® hacminde rijit bir tank icerisinde 200 kPa basingta ve x=0.4 kuruluk derecesinde Freon-12
sogutucu akiskani bulunmaktadir. 35 °C sicakliktaki bir ortamdan sogutucu akiskana basinci 400
kPa oluncaya kadar 1si transfer edilmistir. Buna gbre, a- Sogutucu akiskanin entropisindeki
degismeyi, b- Ortamin entropisindeki degismeyi, c- Bu islem boyunca meydana gelen toplam
entropideki degismeyi hesaplayiniz.

C-3
V1 =0.5m3
P, = 200 kPa Q
AStop=7?
x1 = 0.4 (———— Top
P, = 400 kPa
I.Durum

P, =0.2MP Doymius sivi-buhar karisim tablosundan

x; =04 vr = 0.0006862 , v, = 0.08354 m3/kg
ur = 2443 , uy =16535kj/kg
sf=0.0992 , s, = 0.70135 kj /kgK

vy =V + 2, * vy = 0.0006862 + 0.4 + (0.08354 — 0.0006862) = 0.03382772 m?/kg

Uy =ur+x *(u —u )=80802£
1 i 1 f g : kg
s1 =S5 +x1 % (55 — 5¢) = 0.34092
Vl 05m3
m=—= 5 = 14.7807 kg
"1 0033827727
g
[I.Durum
v, = v, = 0.03382772 m3/kg P, =0.4 MP igin
P, =04 MP [ vy =0.0007299 '_ vy < v, <y oldugundan karisim bol.

J vy = 0.04321
up = 4335, uy = 173.69

sp = 0.1691 , s, = 0.6929
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vy — vy 0.03382772 — 0.0007299
Vg — VU "~ 0.04321 —0.0007299

Uy =vrt+ X *(vg—vf)=>x2 =

x, =0.7791

kj
Uy = Up + X * (ug - uf) = 144.8986

Sy =S¢+ Xy % (s, — §;) = 0.5771 kj /kgK
a) ASg_15 =m * (s, — 5;) = 14.7807 kg * 0.23618!(—};% = 34909~

b)Q —-W =m=+4; = Q =m=* (u, —u,) = 14.7807kg * 64.096 kj/kg
Q = 947.384 kj

Q _ 947.38

AS =~ = - ;
i - 35+ 273

= —3.07592

) AStop = ASp-12 + AScevre = 0.41498 > 0 oldugundan Tersinmez islem.

S-4) lyi izole edilmis bir rijit tank icerisinde 100 kpa basingta 2 kg su-buhar karisimi bulunmaktadir.
Baslangicta tanktaki karisimin 1/3’tndn sivi oldugu bilinmektedir. Daha sonra tanka bir elektrik
rezistansi yerlestirilerek tanktaki sivinin tim{ buharlastiriimaktadir. Son durumdaki basing
degerini bulup, bu islem boyunca meydana gelen entropi degisimini hesaplayiniz.

c-4
R-134 a
200 kPa
a)
P, =200 kPa up = +x; + 1y = 38.28 + 0.4 % 186.21 = 112.76 kj/kg
x; = 0.4 J_ 51= 5 +x; * Sy = 0.15457 + 0.4 » 078316 = 0.4678 kj /kgK
V) = vy + Xy * v, = 0.0004533 + 0.4 « (0.099867 — 0.0007533)
v; = 0.4040 m3/kg
. - _ V2=V _ 0.04040-0.0007907 _
P, =400 kPa X2 = T 0051201-00007907 0.7857
v, =1, J Uy = Us + X, * Upg = 63.62 + 0.7857 x 171.45 = 198.34 kj /kg

Sy =Sp+x, *¥Spg = 024761 + 0.7857 % 0.67929 = 0.7813 kj/kgK
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vV 0.5m3
m=—=——3=1238kg

¥ 0.04040 7~

ki
ASgistem = M * (5, — §1) = 12.38kg * (0.7813 — 0.4678) kg_jK =3.880kj/K
b) AEsistem = Egiren - Eczkcm

Qgimn =mx* (u, —uy) = 12.38kg * (198.34 — 112.76) = 1059 kj

Qgiren = _Qkaynak,t;tk.r.s = 1059 kj

Q 1059 kj
kaynak,cikis s ] — 3439 kj/K
Tkaynak 308K

Askaynak = -

¢) AS¢opiam = ASsistem — ASkaynak = 3-880 + (—3.439) = 0.442 kj/K

S-5) Bir bina kis sartlarinda 21°C sabit sicaklikta tutulmak istenmektedir. Bu amacla merkezi 1sitma
sistemi kullanilmaktadir. Bina icindeki radyatorlere, dakikada 5 kg debi ile giren su, baslangicta
90 °C’de (doymus sivi) iken gikista 70 °C’'ye diismektedir. Buna gore; a) Sudaki entropi degisimini
b), Binanin entropi degisimini c) Bu islem igin toplam entropi degisimini hesaplayiniz. Bu islemin
entropinin artma prensibine uyup uymadigini belirleyiniz.

C-5
21°C
oda |‘ < 90°C
Rt — 70°C
m=45 kg/dk
I.Durum
kj

T, =90°C = hy = hf = 377.04—
1 1= Ny kg

s; = sy = 1.1929 kj/kgK
Il.Durum

o kj
T, =90°C = hy = hy = 293.07-@

s, = s; = 09551 kj/kgK
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Radyat6r icin T.D.I kanunu

kg

Q_W:Th*(hz_hl):Sdk

¥ (293.07 — 377.04) = 6.91 kW

AS=i( g = 5kg, 1dk (0.9551 — 1.1929 4
= —_ * = L — % * . — 1. T
su= (2= 51) * i dk 60sn )kgK
48, = ~0.01987
su = . KS
6.91
AS e = evre _ = 0.0235 kj/Ks

Teerre (21 +273)K
AStopiam = ASsy + ASgepre = —0.0198 + 0.0235 = 0.0037

AStopiam > 0 Artma prensibine uyar.

S-6) 0.6 m® hacminde rijit bir tank icerisinde 320 kPa basingta ve x=0.5 kuruluk derecesinde Freon-12

sogutucu akiskani bulunmaktadir. 40 °C sicakliktaki bir ortamdan sogutucu akiskana basinci 500
kPa oluncaya kadar 1si transfer edilmistir. Buna gbre, a- Sogutucu akiskanin entropisindeki
degismeyi, b- Ortamin entropisindeki degismeyi, c- Bu islem boyunca meydana gelen toplam
entropideki degismeyi hesaplayiniz.

C-6 V=0.6 m?
x1=0.5 <::| chvre
P, =320 kPa Teevre = 40°C
P, =500 kPa

I. Durum

P, =032MP. vy = vp 4 x; % Vpg = 0.02711385 m* /kg
X1 = 0.5

|4
m=—=m= 2213 kg

Uy

Uy = up +x9 *upy = 103.865 kj/kg

Sy = Sf + x1 *5p5 = 042085 kj /kgK

P,

Il. Durum
0.027114-0.0007438
=05 M — = 0.
0.5 MP X2 0.03482-0.0007438 0.7739
=U2

51

124



Prof. Dr. Hlisamettin BULUT Coziimlli Termodinamik Problemleri

Entropi

kj kj
U, = uf + x5 *Hfg = 148055 ) §; = 05777;(‘9—}(

Q=m=x*u; —uy) =977.84 kj = Qcevre
a) ASR—IZ =m= (Sz — 51) = 3.47 k}fK

Qeevre 977.84kj
) AScevre Tosine 40+273K

—~3.124 kj/K

¢) AStop = ASg-12 + ASgevre = 0.3459 Tersinmez islem

S-7) Bir arastirmaci bir test odasinin sicakligini 50 °C tutmak icin icerisinden saate 10 kg su buhari gegen

bir serpantin (plakali 1si degistiricisi) kullanmaktadir. Su buhari, serpantine 200 kPa doymus

buhar olarak girmekte ve serpantinden doymus sivi olarak g¢ikmaktadir. Buna gore; a) Test

odasina olan 1si transferini, b) Su buharinin entropisindeki degisimi, ¢) Test odasinin

entropisindeki degisimi d) Bu islem icin toplam entropideki degisimi hesaplayiniz.

C-7)
Toda = 50°C
P; = 200 kPa Doymus buhar
‘41 j 10kg Lh = m=2778x10"
C = —_— % — *
pa== R = 360050 "
Q <= ,
A p) . P, =200 kPa Doymus st
a) T.D.l. Kanunu Serpantine uygulanirsa
0 =W = 1iv % (hy = hy)
[.Durum
P, =200 kPa hy = hy = 27063 kj/kg
Doymus buhar sy =53 =7.1270 kj/kgK
[I.Durum
P, =200 kPa h, = hy = 50471 kj/kg
Doymussvi | s, =s; = 1.5302 kj/kgK

— kg kji 4
Q =1 x (hy = hy) = 2.778==+ (27063 — 504.71)@ £ 10

. kj
0 =6116—=6.12kW

b) ASqy = S, — 5y =1+ (5, — 51) = 2778 x 1073 <L 4 (7.1270 — 1.5302) kj/kgK

ASs, = —0.015623 kj/sK
125
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. kj
_ Qeevre=C __ 6.116— .
) ASeure = 7o = e = 0.018935
kj
AStoptam = ASeu + AS;epre = —0.015623 + 0.018935 = 0.003312 — > 0

Oldugundan Entropinin artma prensibine uyuyor.

S-8) Sabit hacimli kapali bir kap bir perdeyle iki esit bélmeye ayrilmistir. Baslangicta bolmelerin birinde
300 kPa ve 60 °C’'de 1.5 kg su, digerinde ise vakum bulunmaktadir. Perde kaldirildiginda kabin
timi su ile dolmakta ve basing 15 kPa olmaktadir. Buna gbre suyun entropisindeki degisimi
hesaplayiniz.

P, =300 kPa
T1=60°C Vakum
m =1.5 kg

o m3 kj
v = Uf = 0001017@ y 81 = Sf = 08312@7

Vi = v, *m =0.001525 m®
Veon = V> = 0.003051 m?

P2=15kPa

v, m?
vy =12 = 0002034 -

P, = 15 kPa = v, = 0.001014 v, = 10.02
Sf = (0.7549 , ng = 7.2536

~0.002034 — 0.001014
X2 = 710,02 - 0001014

= x, = 0.0001018

Sy =Sp+ X3 *5pg = 55 = 0.7556

S, =8 =m+* (s, —s5;) = —0.04556 x 1.5 = —0.1134

S-9)Bir 1sI degistiricisine 1 MPa basingta doymus buhar olarak saate 10 kg su buhari girmekte ve ¢evre
havasina isi vererek tamami doymus sivi olarak ¢ikmaktadir. Buna gore; a) Birim zamanda suyun
entropisindeki degismeyi b) Cevre sicakhigi 23 °C ise ¢evre havasinda meydana gelen entropi degisimini,
c) Toplam entropideki degisimi hesaplayip yorumlayiniz?
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Cc-9
| Durum

P, =1MP
Doymus buhar |
m =10 kg ‘
Teev=23C

Il Durum

P, =1MP L
Doymus sivi

hy = hy = 27771 kj/kg

sy = 51 = 6,5850 kj/kgK

hy = hy = 762,51 kj/kg
s; = s, = 2,1381 kj/kgK

a) As =m(s, — s1) = —0.01235 kj/K

b) Eg - Eg = AEgistem

Q, = m(h, — hy) = 2014.6 kJ /h = 5.596 k] /s

Ascevre =

—— = 68,06k]/hK = 0.0189 k]/sK

Tormm

c) As=ASsrtam t BSsistem — As = 23,59% = +0.00655 kJ/sK > 0 oldugundan
tersinmez iglem, miimkin. Entropinin artma prensibine uygundur.

S-10) 140 kPa ve -10 °C sicakligindaki R-134a, 0.5 kW glicindeki adyabatik bir kompresérde 700 kPa

ve 60 °C'ye sikistirilmaktadir. Kinetik ve potansiyel enerji degisimlerini ihmal edip ¢evre sicakhginin 27

°C oldugunu kabul ederek, kompresériin; a-) izentropik (adyabatik) verimini b-) ikinci yasa verimini

hesaplayiniz.

C-10)
| Durum

P, = 140MP
T, = —10°C

Il Durum

P, = 700 kPa
T, = 60°C |

hy = 246,36 kj /kg g

sy = 0,97236 kj/kgK “erce )
3 T
v, = 0,14606"’;—9

B-134a |2
o DSEW
[y
140 kPa
-C

- ki
hy = 29842

— Ll
S, = 1,0256 kgK
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. k]
S2¢ = 81 == hZS = 281,165

hos—h, _ 281,16-216,36
a) nr= =
fag—h1  298,42-246,36

b) Eg = E(; = AEgistem

= 0,668 (%66.8)

Wy = m(hyy — hy) = 11 = 0,009603 kg /s

Wtr =m(p; — @) o= W = m((hz —hy) = To(sz —s1) — 9}% - 9}5@)

. kg kj kj
e 10096 - ’ - ) T [ - Y, el Ml /Y 47
Wy = 0,009603 ((298 42~ 24636) - — 300K (1,0256 = 0,97236) kgK) 0,3

W, 0,347
M = 2 = 22 = 0,693 (%69.3)

S-11) Yalitilmis bir tankta 100 kPa basingta ve kitlesinin %75’i sivi fazda olan 2 kg su bulunmaktadir.
Daha sonra kabin icinde bulunan bir elektrikli isitici ile suyun tamami buharlastiriimaktadir. Hal
degisimi sirasindaki entropi degisimini hesaplayiniz.

Cc-11) x = 0.25 S; =S¢+ x %S, = 1.3028 + (0.25) * (6.0562) = 2.8168 R_%
V; =V, (D buhar) — S, = 6.8649 —2
f > (Doymus buhar 5 kg K
Kj
AS = m(S;—S;) = 2(6:8649 — 2.8168) = 8.1 —

S-12) Baslangigta 6 MPa ve 350°C’ de bulunan 2.5 kg hava bir silindir igerisinde tersinir izotermal
olarak 0.15 MPa basincina kadar genisletilmektedir.

a) islem boyunca yapilan isi

b) Havanin entropisindeki degismeyi hesaplayiniz.

C12)a) Wy, =m* R+ Ty «In(2)
2

kj 6
Wy, = 2.5 kg * 0.287 —— % 623 K % In—— = 1649.34 k;j
12 g kgK NG J
_8Q _ (W1p=0Qi5) _ 164934 _ Kj
b) 45 = 32 = M) 2B 5 64682
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$-13) 0.5 m? hacmindeki bir rijit tankta 200 kPa ve %40 kuruluk derecesinde Freon-12 bulunmaktadir.
Basing 400 kPa oluncaya kadar 35°C deki bir 1si kaynagindan tanka isi transfer edilmektedir. Buna
gore;

a) Freon-12 nin entropisindeki degismeyi
b) Isi kaynaginin entropisindeki degismeyi
c) Toplam entropideki degismeyi hesaplayiniz.

C-13) [.Durum

vs = 0.0006862 ,v;, = 0.08354
sg = 0.0992 , sp = 0.7035

ug = 24.43 , u, = 165.36

P; =200 kPa| doymus sivi buhar tablosundan
X1 = 0.4

m3 V
vy =vs+xq % (Vp —Vs) =0.033827— , my =—=14.781 kg
kg 2]
kj
Uy = ug +xq * (U —ug) = 80'802k_g
kj
Sy =Sg+x; *(sp —S5) = 0.34092kg—K
[I.Durum
ve = 0.0007299 ,v, = 0.04321
v =1 doymus sivi-buhar tablosundan u, = 43.34 u, = 173.69
P, = 600 kPa s = 01691, s, =0.6928

0.033827 = vs + x3 * (v, — V) = x5 = 0.77912

Uy = Ug + X3 * Ug, = 144.88

Sy = Ss + X3 * (S — S5) = 0.57912

a) ASp-12 = S, — §; = m * (5, — 5,) = 14.781 % 0.23614 = 3.49044 -
b) Q =m * Au = 14.781 * 64.078 = 947.1428 kj

Ao Q -—947.1428 307513kj
sy T T~ 354273 0 K

¢) ASpop = ASg_15 + ASee, = 04153 > 0

S-14) Carnot ¢evrimine gore ¢alisan bir 1si makinasinda, izotermal i1si atilmasi islemi boyunca, ¢alisma
akiskanin entropi degisimi -0.6 kj/K dir. Eger cevre sicakligi 30°C ise;

a) Cevreye transfer edilen isi miktarini,
b) Cevrenin entrtopisindeki degisimi,
c) Bu islem icin toplam entropideki degismeyi hesaplayiniz.
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C-14)
a} ‘dS - 6@;‘9]}?’8 : _0,65‘ — SQQBT)T‘B
T K~ 304273

Qpevre = 181.8kj

181.8kj kj
b) AS¢epre = 303 0-6?

ki
C) Astoplam — AS(;evre e Assog.aktskan =0.6-0.6= 0}{

Tersinir islemdir.

$-15) Hava pencere tipi bir 1St pompasinin evaporatér bélmesine 100 kPa, 27 °C ve 6 m3/dk lik debiyle

girmektedir. Freon-12 ise 120 kPa, x=0.3 ve 2 kg/dk ‘ lik debiyle evaporatori doymus buhar olarak

terketmektedir. Isi pompasinin cidarlarini adyabatik kabul ederek havanin evaporatori bélmesinden

¢ikis sicakligini ve islem boyunca toplam entropi degisimini hesaplayiniz.

Rhava = 0.287 kj/kgK , Cp, hava — 1.005 kj/kgK

_ Hava, 100 kPa, 27 °C_

Vyov

R-12 7

120 kPa
x=0.3 — R-12

Doymus buhar

izoleli

<+
<+
<+
<+

T=?

C-15)

v=6m =01%

Pxv=R=*T

P*}=R*T=>p=—m=1.1614ﬁg—’
o 0.287 * 300 m3

. v
m=-=
v

0 — Wi, = aH + axE + 4Pk

(o Cy*AT), 4 (i*(hy—hy)), ,=0

R—12

V% p = Tty = 0.11614°2

0.11614 * 1.0035% « (Ty —27) = 1 * (hy — hy)p_12 (1)
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P, =120 kPa }hs =12.66

x=0.3 hy, = 163.48
s; = 0.0526
sp = 0.7133
kj kj
hl = hs +x *hsb = 617045 f hz = hb = 17614@
kj
Sl = 0.25081@ y 32 = Sb - 0.7133
kg kg
1, =2-2=0.0333—>
Mp-12 dk 0.0333 sn

(1) nolu denklemde yerine yazilirsa

kj
kgK

0.11614 * 1.0035 # (T, = 27) = m* (hy — hy)p-12

T, =27 =-32679=T, =—-57°

AS b 45 = 0.0333 <9 4 04620 = 0.015414 Y
= * = 0. — % (). ——=0. i
R-12 =™ sn kgK snk

58Q | T, kW
AShave = §? =m*Cy, * lnT— = 0.01347?
1

kw
Astoplam = ASp-12 + AShapve = 0-001944?

$-16) 1 m? sabit hacimli kapall kapta baslangicta -10 °C sicaklik ve %50 kuruluk derecesinde R-134a
sogutucu akiskani bulunmaktadir. Bu kapa 50 °C’teki bir kaynaktan isi verilmekte ve basing 0.6 MPa

olmaktadir. Buna gore; a) R-134a’nin entropisindeki degisimi, b) Kaynagin entropisindeki degisimi, c)

Toplam entropideki degisimi, d) Bu isleminin entropinin artma prensibine uyup uymadigini belirleyiniz.

C-16)
V1 =1 m3
T, =-10°C
=% 50R-134
X=7% @ =50 C
Qgiren

Cozlimlerde Yunus CENGEL termodinamik kitabi tablolari kullanilmistir.

l.Durum

Tablo A-11 den
P, = 200 kPa
vy =0,75%107°m’ /kg ]___ Vi = Vp + X *Vpy

J
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vy = 0,99 x 107 'm3/kg v; = 0,5051 « 107 m3/kg
Veg = 0,98 %107 m3/kg
s =0155k]/(kg=K) | s1= S + x*5pg

sg =0937k]/(kg*K) [ s;=0546k//(kg*K)
Spg =0,782k]/(kg *K) —

ur =384k//kg U = U + X*upy

u, =224,54k]/kg — w, =131,4k//kg

usy, = 186,14 kJ /kg

1. Durum
v; = v, = 0,5051 % 10"t m3/kg
V2 > Vg@oempa (0,5051 % 1071 m3/kg > 0,35+ 10 — 1 m?/kg) (Tablo A — 13)
Kizgin Buhar Tablo A-13'den

T v s u
110 °C 0,4945 x 10~ m3/kg 1,18 kJ /(kg * K) 319,91 k] /kg
——> V2 0,5051%10°! m3/kg s, =?(Interpolasyon) u, =? (interpolasyon)
120 °C 0,5099 « 10~ 'm?3/kg 1,20 kJ /(kg * K) 329,23 kJ /kg

s, = 1,18+ (1,20 — 1,18) * (0,5051 — 0,4945)/(0,5099 — 0,4945)

s, =1,19kJ/(kg * K)

u, = 328,32 kf/kg

$-17) Termodinamigin I. Kanunu ve entropi tanimindan yararlanarak; ideal gazlarda sistemin entropi
degisiminin hesaplanmasinda kullanilan asagidaki denklemleri tiretiniz?

c-17)
T, v,
ASgis =S — 851 = Cv*lnﬁ+R*an—1
v P
Assis =53 — 51 = Cp * lnFl+ Cp * lnp—1
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T, P,
Asgis =S, =51 =Cp lnT—l—H’*lnP—1

dqg =du+dw

Tds = C, *»dT + PdV
P*xV=R«T=Px+xdV+VxdP =R =+dT

P«dV +V*dP
dT =
R
s = P*dv+V*dP+R . dv
= Lk * * —
$= v R %
d "« (P*dV +V *dP)+R av
= * * * * —
STReT %
d Gy (PxdV +V +dP)+R av
= * * * % ——
s PV V
d C +dV+C dP+R av
= —_— * —  —
ST Ty T %

d C,+R dV+C dP= Zd ZC dV+ “ap
= * — H — = i —_— B —
S= G+ R+ 54 Gn fls fl 7t

P,

ASc = 8 -5 =0y x ln—
SLs 2 1 Pl

7 +CV*ln

Tds = C, *dT + P dV

ar av
dS:Cv*?-FR*—V-

dT z dV
fds—f Cy *—+J‘ R*?

v,
ASgis = 55— 51 = ( *ln +R=kln—
Vi

P+«V =R«*«T = Pdv*VdP = RdT
Tds = C,dT + (dT — VdP)
Tds = (C, + R)dT — VdP

as=c, LV, ap
— *—— — — %
S=Eb* T 7T

[as=] 6T~ [n5F
= *—— * —
§= p
P,

T,
Assis =5 =51 = Cyp *lnT—l—R*lnp—l
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S-18)0.125 m? sabit hacimli kapali kapta -12°C sicaklik ve 0.84 kuruluk derecesinde R-134a sojutucu

akiskan bulunmaktadir. Bu kapa 40°C°deki bir kaynaktan isi verilmekte ve basing 240 kPa olmaktadir.
Buna gore; a) R-134a’nin entropisindeki degisimi, b) Kaynagin entropisindeki degisimi, ¢) Toplam
entropideki degisimi, d) Bu islemin entropinin artma prensibine uyup uymadigini belirleyiniz.

C-18)

vy = 0.0007498 m?/kg

v, =0.1068 m* /kg

-
43

e I = 40°C

R-134a sy = 0.1388 kj/kgK

sg = 0.9267 k] /kgK

us = 34.25 k] /kg

w =220 R LT/ Ia

vy =V + X1 % Vg, = 0.0007498 + 0.84 « (0.1068 — 0.0007498) = 0.0893 m®/kg

§1 = Sp + X4 %57, = 0.1388 + 0.84 x (0.9267 — 0.1388) = 0.8 k]/kgK

Uy = U + Xy *Us, = 34.25 + 0.84 = (220.36 — 34.25) = 190.58 kj /k
1 f T X1 *¥Usg ]/ kg

2.Durum:
2 =0.24MPa Kizgin Buhar
Vi =1 = 0.8983 ?\"Ialr"lk‘g T: = 10°C

u; = 236.26 k] /kg  s; = 97.21 k] /kgK

a) ASsiseem =m(s; —s1) = 1.3(0.9721 — 0.8) = 0.22373 kj/kgK
b) Q@ —W =mu, —uy) = 1.3(236.26 — 190.58) = 59.384 kJ

chprg _59.384
e = = = —0.18973kJ/K
e M W21 &

¢) ASeop=ASsistem + AS ape = 0.22373 — 0.18973 = 0.034 k] /K
d) AS..p =0.034k//K > 0 oldugundan tersinmez ve gercek.

AS

S-19) 121 m? hacmindeki 10 kg doymus su buhari, 1 Mpa ve 300 “C sicakligina getirmek icin 120 °C
"deki bir gevreden 1si alindigi iddia edilmektedir. Buna gore; a) Buharin entropisindeki degisimi, b)
Cevrenin entropisindeki degisimi, c) Bu iddianin dogrulugunu entropinin artma (toplam entropi)
prensibine gore irdeleyininz.
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Teevre = 120°C
C-19)
G e
cEvre
1.Durum:
» =121 m3 o= 3/k
2 My = = e 121.1m?3/kg
m=10kg Sicaklik Tablosundan
I1350°C = 1 =vy =12.03m3/kg
sy = 5, = 8.0771 k] /kgK
ug = ug = 2443.5k] /kg
2.Durum:
P, =1 Mpa Kizgin Buhar
T, = 300°C s, = 7.1229 k] /kgK

u, = 2793.2k] /kg

ﬂSs:-,,m = ?}’1(53 = 51) = 10(71229 = 80771) = —9.542 kj',.";f{

Q = m(u; —uy) = 10(2793.2 — 2443.5) = +3497 kJ (Cevreye veriyor)

_ Q;svrﬁ k: —3497

AS s = =
S s 12029

= —8.8982 kJ /K

ASsop = ASeiseem + AScars = —9.542 — 8.8982 = —18.44 k) /K

AS,

top = 0.034k]/K < 0 oldugundan imkansiz bir islem

S-20) Bir piston silindir diizeneginde baslangi¢ta 3 Mpa basingta bulunan 5 kg doymus su buhari izobar
hal degisimine ugrayarak tamamen sivilasmakta ve 27°C sicaklikta bulunan gevreye Isi kaybetmektedir.
Buna gore; a) Sinir isi ve gevreye atilan i1si miktarini bulunuz, b) Sistemin entropisindeki degisimi, c)
Cevrenin entropisindeki degisimi hesaplayiniz, d) Bu iddianin dogrulugunu enpropinin artma prensibine
gore irdeleyiniz.
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C-20)
Teewre = 27°C = 300K
\ .
1.Durum:
Py = 3Mpa uy, = ug = 2603.2kJ /kg

m = 5 kg (doymus buhar)

vy =1, = 0.066667 m3/kg

sy = 5, = 6.1856 k] /kgK

2.Durum:
Py =3 Mpa uy = uy = 1004.6k /kg
m = 5 kg (doymus su) sz = sp = 2.6454 k] /kgK
vy = vy = 0.001217 m3/kg
a) Wi =[PdVv=mPWV,—-W)

b)

d)

Wy, = 5+3000(0.001217 — 0.066667) = —981.75 kJ
Q-W=AU = Q=AU+W =m(v,—v,)+ W,
Q = 5(1004.6 — 2603.2) + (—981.75) = —8974.7 k]
AS iseem = M(S2 — 51) = 5(2.6454 — 6.1856) = —17.7 kJ/K

Qeevre i 8974.7
Teeore 300

AS erre = = 2991 kJ/K
ASeop = ASgistem + AScqre = 29.91 — (—17.7) = -12.21kJ/K

AS¢op = 12.21k]/K > 0 oldugundan iddia dogrudur.
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S-21)Bir 1sI degistiricisinin borularina, sogutucu akiskan (R-134a) 1 kg/s debiyle ve 160 kPa sabit
basingta doymus buhar fazindan girdigi ve doymus sivi olarak IsiI degistiricisini terk ettigi ve izobar
islemle gerceklesen bu islemde, -5 “C sabit sicakliktaki cevre havasina isi transfer edildigi iddia
edilmektedir. Verilen sartlar altinda; bu islemin gerceklesip gerceklesmeyecegini, entropinin artma
prensibini dikkate alarak belirleyiniz.

C-21)
Teevre = —5°C Q
r—-—-————————"—"—="—="—"—"—- //— 1
| /o
@ || m=1kg/s : @
] ]
P=160kpa L—— ! Py = 160 kpa
Doymus sivi
Doymus buhar
1.Durum:
P; = 160 kpa hy = hy = 237.97k] /kg
Doymus buhar s, = s, = 0.9295 kJ/kgK
2.Durum:
P, =3 Mpa hy = hy = 29.78 k] /kg
Doymus Sivi s; = sp = 01211 kj /kgK

Q -wW =m(h; = h,) = 1(29.78 — 237.97) = —208.19 kW
Qcevre = 208.19 kW

ASgiceem = mls; = s,) = 1(0.1211 - 0.9295) = —-0.8084 kW /K

Sistem

_ Qcevre _ 208.19kW

ASpre = =
ST T Toevre (=5 +273)K

= 0.7768 kW /K
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ASeop = ASgistem + AScenre = —0.8084 + 0.7768 = —0.316 kW /K
AS;op = —0.0316 kW /K < 0 oldugundan bdye bir islem miimkin degildir.
NOT:

P = 160 kPa i¢in Taoymg = —15.62 °C'dir.

Taoyma = —15.62 °C < Topye = —5 °C oldugundan gevreye isi transferi mimkindegildir.

S-22)Bir 1s1 degistiricisine 1 Mpa basing, 200 “C sicaklik ve 10 kg/h kiitlescl debide su buhari girmekte
ve izobar islemde 23 °C sicakliktaki ¢evre havasma 1s1 vererek tamam doymus sivi1 olarak ¢ikmaktadir.
Buna gore; a) Birim zamanda suyun cntropisindeki degismeyi b) Cevre havasinda meydana gelen
entropi degisimini, ¢) Toplam entropideki degisimihesaplayimz?

C-22)

L Durum:

P, = 1Mpa h, =2827.9k]/kg

T, = 200°C s, = 6.6740 k] /kgK

2. Durum:

P, = 1 Mpa hy = hy = 762.81 k] /kg
Doymus Sun s; = sp = 21389 kJ/kgK
. 10kg

m=—-

h
0 = ri(hy — hy) = 22(2827.9 — 762.81) kj/kg = 20650.9 kj/h

2)  ASsstem =m(s3—51) = “’hﬁ(z.ﬁo;’ - 6.6940) = —45.63 kj /K

Qeevre  20650.5kJ/h
AS . = == —
b) FUTE T Teevre  (23+273)K

= 68.84 k] /K

) AS.op = ASgiseem + AScqure = —45.63 + 68.84 = 23.21k]/hK

AS.op = 23.21k]/RK > 0 oldugundan tersinmez ve gergek islem.
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EKSERJi: ENERJININ i$ POTANSIYELI

Belirli bir halde ve miktardaki enerjinin yararli is potansiyeli 6zeligine kullanilabilirlik veya
kullanilabilir enerji diye de bilinen ekserji denir.

Bir sistemin 6l0 halde olmasi, ¢evresi ile termodinamik dengede bulunmasi anlamina
gelir.

%ﬁ Cevresiyle dengede bulunan bir
sistem 0lU haldedir.
HAVA
25°C o
101 kPa Ty=25C . .
V=0 Py =101 kPa Olui haldeyken sistemden elde
¢=0 edilebilecek yararli is potansiyel

(kullanilabilirlik) sifirdir.

Bir sistem, belirli bir baglangi¢ halinden, ¢evresinin haline, yani 6lii hale gectigi bir
tersinir hal degisimi gecirdiginde, o sistemden en fazla is elde edilecegi sonucuna
variriz.

Bu, belirli bir haldeki sistemin yararli is potansiyelini temsil etmektedir ve ekserji olarak
adlandirilir.

Ekserji herhangi bir termodinamik yasasina karsi gelmeden, bir diizenegin
verebilecegi isin miktarindaki ust siniri temsil etmektedir.

TERSINIR i$ VE TERSINMEZLIK

W = PyVy— V) Kapall bir sistemin Tersinir ig W, : Bir sistem belirli bir

) ) genislemesi sirasinda baslangi¢ hali ve son hal arasinda
Wy=W=We.=W=F (= V)  cevre havayi itmek igin bir hal degisimi gegirdiginde,

- bir miktar is (Wgewe) uretilebilen yararli isin en fazla
e yapilir miktari (veya sadlanmasi gereken
\eteenciter | en az i) olarak tanimlanir.
N4

I ,_,/,./»‘7('?7- e

= &7 Siirekli a Almox&-rr . 7 Atmosfer - ]
L\ ~ _dh::‘lf:lzllilcr k:)§u|]ar;ndaki ! ‘ kosuuzil:dakl ‘," I=Wn e " ¥, ¢
Te=al \ ] S hava . A Fy )
WA L o
———— Ny I=Wee ™ We
i hj:ibrri:li * ' n SISTEM
: ek SISTEM vy Ik
I ,,,,,,,,,, Y hal - _Gergek hal
a7 degigimi W, < W,
Sabit hacimli Tersllnllr I§|e ge(rjgekk , ‘
sistemlerde gercek ve ~ YarallIg arasinaaki el Son hal

yararli isler aynidir fark tersinmezliktir.
(Wy - W) I=W,—-W,
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iKiNCi YASA VERIMI

7}|\|| . . . .
M e (1s1 makinalan) ikinci yasa verimi, bir makinenin
=11 . . ..
. e 1si1l veriminin tersinir kosullarda
N = —H.I (is lireten makinalar) sahip olabilecegi i1sil verime
oranidir.
H.ll'
nn = . (is tiiketen makinalar)
W, ’ Kaynak
1000 K
COP
o = T)P“ (sogutma makinasi ve 151 pompasi)
Elde edilen ekserji Ekserji yok olusu [ na=%10Y
M = =1 — i M T %100
Saglanan ekserji Saglanan ekserji < )
Bir akiskanin ekserji degisimi B
) R uyu
Vi— Vi 300K

A =, —

gy = (hy = hy) + To(sy — sy) +———

+8(m— )

TUm tersinir makinelerin ikinci
yasa verimi % 100°ddr.

EKSERJININ AZALMASI iLKESi VE EKSERJi YOK OLUSU

0 0 Is1, is veya kiitle
Enerji dengesi: Eren = Egion = AEjjqem — 0 = E; — E, gegisi yok.
_ _ 0 0
Entropi dengesi: Sgien = Seikan T Syreiim ASsistem —* Sy 52 — 1
Aynk sistem
—T0S;0i= E2 — E1 — To(S: — Sy) AX 4y <0
_ /0 v (chaX\luk uhmzo)
X, =X, =(E;,—E))+ P(V, = V) =TS —5) ’
= (Eg - E[) - Tg(Sg - S[)
—ToSyy= X2 — X1 =0 Ayrik sistem,
uretmm T
ekserjinin azalmasi
. . - i ilkesinin gelisiminde
—\i-‘iu}nk = (X, — X, Jaynk = U gelis
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Bir hal degisimi boyunca ayrik bir sistemin ekserjisi her zaman azalir olarak
veya sinirl bir durum olan tersinir bir hal degisiminde sabit kalir. Bagka bir
deyisle, ekserji asla artmaz ve gergek bir hal degisimi sirasinda yok olur. Bu
ekserjinin azalmasi ilkesi olarak bilinir.

X yokolan — ?E:' 'Supgrim:_: 0
= 0 Tersinir hal degisimi

> 0 Tersinmez hal degisimi
X}’ok olan
<< 0 Olanaksiz hal degisimi

Bir sistemin ekserji degisimi
negatif olabilir, fakat ekserji yok
olusu negatif olamaz.

Tersinir is, W

Yukarida verilen ekserji dengesi bagintilari, ekserji yok olusu sifira esitlenerek,
tersinir isi (W, ) belirlemek igin kullanilabilir. Bu durumda W igi, tersinir is haline gelir.

Genel: Xeokotan = 0 oldugunda W =W,
T ' ?:'l .

Tekakim: W, =y — i) + 2 (' - ?)Q;- (kW)

Advabatik, tek akim: u“ = (i — 1)

Ekserji yok olusunun, sadece tersinir bir hal degisimi i¢in sifir olduguna ve tersinir
isin, tarbinler gibi is Ureten dizenekler igin en fazla is ¢iktisini ve kompresorler gibi is
tiketen duzenekler igin en az is ¢iktisini temsil ettigine dikkat edilmelidir.
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S-1) Bir 1si makinesi 1500 K sicakligindaki bir kaynaktan isi almakta, 320 K sicakligindaki bir ortama da
1si vermektedir. Sicak kaynaktan makineye gecen i1s1 700 kJ/s' dir. Isi makinesinin glicti 320 kW
olarak ol¢llmustir. En distik dogal cevre sicakligi 25 °C olduguna gobre; a) Birim zamanda elde
edilebilecek tersinir isi, b) Birim zamanda olusan tersinmezligi, ¢) Bu 1si makinasinin ikinci yasa
verimini hesaplayin.

¢l T1=1500 K
ﬂ Qn =700 Kj
Isi
makinasi :>Wnet= 320 kW
T.=320K
T 320K
Nenmax = Nentersinir = 1 ~7. =1 500k - 0.787

kj

I"{‘Inﬂmrarsinir = Nintersinir ® Q.Qir'a-n = 0.787 =700 ? = 550.7 kW

b) I = Wit rarsinir — Wiee = 550.7 — 320 = 230.7 kW

Whet _ d20kW
Wiet, tersinir T GSO.TRW

) My = = %58.1

S-2) Su buhari, 6 MW’lik adyabatik bir tiirbine 7 MPa basing, 600 °C sicaklik ve 80 m/s hizla girmekte,
50 kPa basing, 150 °C sicaklik ve 140 m/s hizla gikmaktadir. Buna gére; a) Turbinden gegen
buharin kiitlesel debisini, b) Tlrbinin izentropik verimini hesaplayiniz.

P, =7MPa | h, =3650.6kj/kg
T, = 600°C | s, = 7.0910 kj/kgK

P, = 30 kPa
S, = 5, hys = 2780.2 kj/kg
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Egirsrz = E;zkﬂn

. vy : . vy
Fi1 * h1+? = Wy +1h % h2+2

V- Vf)

Wiye = —1h % (hg —hy +

2
1k
kKoo 1402 — 802 kg
6000 — = —ri  (2780.2 — 3650.6 + * 2
: 1000 =
5
m=695kg/s
b) Py, = 50 kPa xp, = 2=f TR _ 99228
fg 6.501%
P hoe = hy + xgq % hey = 340.54 = 09228 « 2304.7 = 2467.3 kj /kg
i : sz _ Vf
H‘;nar,s =—mh| hys — Iy +T
15
. kg 140% — 802 kg
Wier rersinir = — (5.95 —) «| 2467.3 — 36506 + . - | =8174 kW
»! S m&
1000 7=

S-3) Bir 1si makinesi 1500 K sicakliktaki bir kaynaktan 750 KJ/s akiminda isi almakta ve 450 K
sicakliktaki bir ortama vermektedir. Isi makinesinin gikis glicii 300 kW degerindedir. Buna gore,
a) Gerekli tersinir gicd, b) Birim zamanda olusan tersinmezligi, c¢) Isi makinesinin ikinci yasa
verimini hesaplayiniz.

Qg = 750 Kj/s

(—

Isi
makinasi :>Wnet =300 kW

i
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T 450
a) Nesiter = 1_$: 1_ﬁ: 0.7
W,
Nesiter = = H‘:tr' = Mmter ® Qg
Qs
kj
W,, = 0.7 %« 750 — = 525 kW
5

b) =W, —W,.,=525—300 =225 kW

_ Wper _ 300

c)ﬂzsz! = g — =04
Mozl 0.4

N = =— =057
. Meseter 0.7

S-4) Buhar 3 kg/s ‘ lik bir debi ile adyabatik bir tiirbine 8 MPa ve 500°C ‘ de girmekte ve 30 kPa ‘ da
tlirbini terketmektedir. Tirbinin adyabatik verimi 0.9 olduguna gore ; a) Turbinin ¢ikisindaki sicakligi,

b) Tirbinden elde edilen gercek giicii hesaplayiniz.

c-4
|.Durum
P, =8MPa hy = 33983 kj/kg
T, =500°C 51 = 6.7240 kj/kgK

II.Durum
P, =30 kPa} 5, = 7.7686 , 5, = 6.8247

h,=289.23 , hy, = 2336.1

5. = 0.9439

7’

5 = C
5y = 59 oldugundan karisim bolgesi

x, = 25 — (.8469

-
Szh

Ra. = h, +xo% hy, = 2267.673

hy — Ry, 33983 — hy,
= ¥ _09=
hy — has 33983 — 2267.673

Hr =

hy; = 2360.7358

.H;tg =1 = (h’l - h-zg:}
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kg
W, = 3? +(3398.3 — 2380.7358) = 3688.926
W, = 3052.69 kI

S-5) Bir split klimanin, 10 °C’deki dis ortamdan saatte 4000 kJ i1si cekmekte ve saatte 4500 kJ isi
vererek i¢c ortami 20 °C'de tuttugu soylenmektedir. Bu split klimanin Termodinamigin Il.
Kanununu ihlal edip etmedigini;

a- Clasius esitsizligini, b- Carnot prensibini kullanarak kontrol ediniz.

C-5
4000 kj/h ﬂﬁ 4500 ki/h
Tg=10°C Ti=20°C

a) Clasiius esitsizligi

5£@£ﬂ=)~—@3ﬂg+%'=ﬂﬂ

T Tsog Tszc

kj
4500 7 4500 -

— =0
10+ 273K 30+273 K

—1.22 = 0 oldugundan T.D. Il kanununa wyuyor.
b) Carnot Prensibi
Split klima, 1sitma modunda

CGstzrmrz,crzmpr = CGP:szrma,gar;ak

Ts:c ~ Qs:c
Tszc - Tsoé Qszc - Qsoé

293K - 4500
10K 4500 — 4000

= 29.3 > 9olduundan T.D. Il kanununa uyuyor.

145



Prof. Dr. Hiisamettin BULUT Coziimlii Termodinamik Problemleri Ekseriji

S-6) Bir 1si makinesi 1100 K sicakligindaki bir isil enerji deposundan 700 kJ isi almakta, 310 K
sicakligindaki bir 1sil enerji deposuna ise 500 kJ isi vermektedir. Bu 1si makinesinin
Termodinamigin ikinci yasasina aykiri olup olmadigini, a) Clausius esitsizligi ve Carnot ilkeleri

Isiginda belirleyin. b) Bu i1si makinesinin toplam entropi Gretimini de hesaplayiniz.

T1=1100 K

ﬂ Q+ =700 Kj
Isi

makinasi :>W"et

ﬂ Q. =500 Kj

T.=310K

d
a) Clausius esitsizligine gore §?Q < 0 olmaldir.

§d—Q = Q—H —& = 7—00 - 5—00 =—0.977 < 0 oldugundan Clausius esitsizligini saglar.

T T, T, 1100 310
Carnot ilkesine uygunluk igin 77¢rcec < 7camor OlIMalidir.

Qu-Q _T,-T, _ 700-500 _1100-310
Q, T, 700 1100

0.286<0.718 oldugundan Carnot ilkesini saglamaktadir.

b)

AS, =S, -8, =2 - 190 _ 46363 /kg
T, 1100

AS,;=S,-S,=0

AS,, =S,-S, = Q=500 g13ky/ kg
T, 310

AS, =S,-S,=0

AS,,, =0.636—1.613 = —0.977kJ / kg
__$%Q_ _Qu_ Q_ -
AS g orim = 55 T =T, t7, = %777 ki/kgK
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S-7) Atik isisini 310 K sicakliginda bir isil enerji deposuna veren bir i1si makinasinin isil verimi %36,

ikinci yasa verimi de %60’tir. Bu 1st makinasinin is1 aldigi kaynagin sicakhgini hesaplayiniz.

CNn, = T =2 = 036 =06
tr 0.6
My =1—T—L:> 0.6 =1—@ =T, =775K
H T,

S-8) -10 °C sicakhkta tutulmak istenen bir derin dondurucudan dakikada 120 kJ isi ¢ekilmektedir.
Cevre ortami 24 °C sicakhkta olup, sogutma icin harcanan giic 800 W'tir. Buna gore, a) Gerekli
tersinir glicli, b) Birim zamanda olusan tersinmezligi, ¢) Derin dondurucunun ikinci yasa
verimini hesaplayiniz.

Th=297K

1T
L

Kondenser [—
3 W
Evaporator _J

4 1

|_| Q.= 2 kW
T.=263K

Y —

a) Tersinir glic icin tersinir Carnot ¢cevriminden

T

ﬁ = Qr/Wgrsinir

CGPraminirﬁog =
263K 2kW

7.7353 = =
(297 — 263) K Weppeinir

2KW
Wearsinir = 77353 = 0.2586 kW

b) [ =W — W, einir = 0.8 kW — 0.2586 kW = 0.5414 kI
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-

] &
C) CGPQ’E?"FEJ{ = ﬁ = ﬁ =25
COPporemc 25

Ny = = 0.3232 (9£32.32)

CGPrar'sinirﬁag B 7.7353
S-9) Gl liretiminin ilging yollarindan biri de yeraltinda dogal olarak bulunan sicak sudan, diger adiyla
jeotermal enerjiden yararlanmaktir. Cevre sicakhginin 20 °C oldugu bir bolgede, 140 °C

sicakliginda bir jeotermal kaynak bulunmustur. Bu bdlgede kurulacak jeotermal bir giic
santralinin sahip olabilecegi en yliksek isil verimi hesaplayiniz.

Th=413K

l

makinasi :>W"et

J

TL=293K

Nmax = Mzl tersinir

L/ T
tarsinir TH TH

1 293 0.2905
T} : —_— _——— = .
ra:";iinir 413

Nmazx = Nisil tersinier = %% 29.05

S-10) 0.5 m3 hacminde rijit bir tank icerisinde 200 kPa basin¢ta ve x=0.4 kuruluk derecesinde R-134a
sogutucu akiskani bulunmaktadir. 35 °C sicakliktaki bir ortamdan sogutucu akiskana basinci
400 kPa oluncaya kadar isiI transfer edilmistir. Buna gore, a- Sogutucu akiskanin entropisindeki
degismeyi, b- Ortamin entropisindeki degismeyi, c- Bu islem boyunca meydana gelen toplam
entropideki degismeyi hesaplayiniz. d- Meydana gelen hal degisiminin nasil bir islem (tersinir,
tersinmez, mimkiin olup olmadigi) oldugunu belirtiniz.

C-10)
r=05m Tyeure = 35 °C
P, = 200kPa '
xy,= 0.4
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|.Durum
P, = 200kPa Tdﬂ}.mﬂ =—10°C

?‘J"I.E ?‘J‘ls
xy =04 vy = 0.0075351 — , 1, = 0.09959 —
kg kg

mE
vi = vp e vpg = 0040288 -

Uy = up + %y ¥Up, = 186.55 + 0.4 » (372.6 — 186.55) = 261 kj/kg

5y = S5 + %y * 57, = 0.95065 + 0.4 * (1.7334 — 0.95065) = 1.26141 kj /kgk

11.Durum

P; = 400kPa interpolasyon yapilarak

?‘J‘ls ?'J‘ls
1 = v, = 0.040288 m3/kg | vy = 0.00791 ' U = EI.EISE
Vp < Vg <1, oldugundan karigim bolgesi

vy — vy (0.040288 — 0.000791)
v, — vy 005-0000791

Uy = Up + Xg * Upy , Up & 212, u, & 382 kjfkg
u; =212 + 0.8 (382 — 212) = 348 kj /kg
S;=5pt xy%S5p, Sp¥ 104 |, 5, ¥ L72kj[kgK
5, =104 +0.8 % (1.72 — 1.04) = 1.584 kj /kgK

5 0.5
m=—

>~ 0020283 o41kg

kj

8) A5g 1300 = M * (55— 5,) = 12.41 kg » (1584 — 1.26141) = = 4~
g

(348—-261)kj

b) @ =mx (uy— ;) = 12.41 kg * = 1079.67 kj
AS e = —— = =1 — 35052
Toepre  35+173 E

0) AS coptam = ASg-134a + AS cepre = 4 — 3.505 = 0.505 = 0

Oldugundan tersinmez islem mimkin

149



Prof. Dr. Hiisamettin BULUT Coziimlii Termodinamik Problemleri

Ekseriji

S-11) Yanma sonu gazlar, bir gaz tirbinine 3.4 kg/s kutlesel debide, 750 °C sicaklik ve 1.2 MPa
basincta girmekte ve 630 °C sicaklik ve 500 kPa basincta ¢ikmaktadir. Bu arada tiirbinden olan
Isi kaybr 30 kW oldugu tespit edilmistir. Yanma gazi i¢cin hava 06zelliklerini kullanarak ve
cevrenin 25 °C ve 100 kPa basingta oldugunu varsayarak a) Tirbinin gercek ve tersinir giic
¢iktilarini b) Turbinden yok olan ekserjiyi ¢) Tarbinin ikinci yasa verimini hesaplayiniz. d) Tirbin
cikisindaki gazlarin ekserji degerini hesaplayiniz. Not: Ortalama sicakhk ((750+630)/2 = 6902C)

icin Cp= 1.134 ki/kg.oC .

C-12)
P, =12MPa m=34kg/s
T, = 750°C
/ﬁﬂ = 500 kPa
T, = 630°C
0 =30 kW

To = Toewrs = 298K , Py = Ppye = 100 kPa
T.D.l Kanunu
Q—W=rhx(hy—hy) =th*(T,—T)
—30kW — W = 3458+ 1132 5L 4 (630 — 750)
= kgl
W = 432,672 kW

VE A

&

Wep = (hy —ha) =Ty # (52— 500 +

=C 1T1 R 1P1—11341 (1023) 0.287
.5'1 52— ‘F'* HT * I].P = 1. n 903 .

P P
& &

.
5, — 5, = 0.14149 — 0.25125 = —n.mwagﬁﬁ
kj
Wep = Cp# (Ty — Ty) — 298K * (—0.109?5}@7
kj
w,, = 1.134 % (750 — 630) + 32.71 = 16879 7%

) ] kg kj
Wer = 1 Wep = 34— % 16879 e 573.886 kW
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b)I = W,, — W = 573.886 — 433.672 = 141.214 kW

w 432672

c) Ny = —

= 0
er 573.886 0.7539 (%75.39)

d)¥; = (hz - hu}— Ty * (32 _SI}}

C, x1 I Rxl i 1.134 %1 903 0.287 *1 >00
a—Sg=Cp*In——R=+In—= 1. #In— — 0. *ln——
S2TSe= e T "2, "398 "100

kj
52— 50 = 079519 &

ki
¥, = 1.134 » (630 — 25) — 298 » 0.79519 = 449.1 é

Y, =th ¥, = 1526.94 kW

S-13) Sogutucu akiskan R-12, adyabatik bir kompresdre 0.8 m3/dakika hacimsel debiyle 120 kPa
basincta doymus buhar olarak girmekte ve 1 MPa basinca sikistiriimaktadir. Kompresorin
adayabatik verimi 0.80 olduguna gore; a- Kompresorii calistirmak icin gerekli gicl, b-
Kompresoriin ikinci yasa verimini hesaplayiniz. Cevre sicakligini 25 °C olarak kabul ediniz.

Ah =3.513, hy, = 213.83 kj/kg

h, = 223.256 kj /kg

C-13)
1 MPa
5 =483
— R-12
[.Durum
Py =120 kPa 1y =1, = 0.1349 m?/kg
Doymus buhﬂr} hy =h,=176.14kj /kg
51 =5, =0.7153 kj/kgK (interpolasyon yapilarak)
Il.Durum
P;=1MPa Kizgin Buhar
5y =59 = 0.7153 kj fkgK h s
210.32 0.7026
0.7153
217.97 0.7259
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7.65 0.0233

Ah 7.65+1073

Ah = 3.513
; osm. ik
= —=—0k 60 _ 0988 ig/s
Vo 01349 T;—
g

a) Wyepcor = i % (hy — hy) = 4.66 kW

b) Wigrsinir = mh * [(hz - hl} — Ty * (Sg - 31:}]

[I.Durum Tersinir h s

Py=1MPa 217.97 0.7259

h, = 223.256 223.256 5, = 0.7413
232.91 0.7695

k
W, ciniy = 0.0988~2 & (223.256 — 176.14) — 298K * (0.7413 — 0.7133) = 3.83 kW
5

I"Vrarsinir — 3.83
Wyarcere  4.66

M= =% 82.2

S-14) Bir sogutma makinasi 2 °C’'deki sogutulacak mahalden 300 kJ/dak isi cekmekte ve 26 °C’deki
ortama 345 kJ/dak isi terk etmektedir. Bu sogutma makinasinin Termodinamigin Il. Kanununu

ihlal edip etmedigini; Clasius esitsizligini ve Carnot prensibini kullanarak kontrol ediniz.

c

ﬁ Q. = 345 kj/dk
L

2

Kondenser -

Wi, = 2 kW

X =

Evaporator :

4 1

|_| Q. = 300 kj/dk
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Clasius esitsizligi

300 245

————= —0. = g uyor.
275 299_{]:‘« 0.0629 = 0 oldugundan uyuyor

Carnot prensibi

Qo Teo 300 275
= = | =
Qszc - Qsog Tszc - Tsoﬁ 345 — 300 299 — 275

6.667 < 11.48 oldugundan uyuyor.

S-15) Su buhari adyabatik bir tiirbine 6 MPa, 600 °C ve 80 m/s hizla girmekte, 50 kPa, 100 °C ve 140
m/s hizla ¢ikmaktadir. Tlrbinin glici 5 MW’tir. Buna gore, a- Tlrbinde akan buharin kitlesel

debisini, b- Tlrbinin adyabatik verimini hesaplayiniz.

C-15) P, = 6MPa,T, = 600°C,V, = 80 m/s
1
hy = 3658.4% . 5, = 7.1677 kj/kgK

J/

W W, =5 MW

Q=0

-

]

k
682.5—
kg

: 2 W
Q —W, = rivx |hy— hy + V2 —

2

—

~5000 % = 11 (=962.7) :—; =1 =516~

b) P, =50 kPa , 5y = 55 = 7.1677

s, =1.0910 , s, =7.5939 , s, = 6.5029 kj/kgK
hy = 34049 , h, = 26459 , hy, = 2305.4 kj /kg

_ 7.1677 —1.0910
© 7.5939 —1.0910

X = 0.9345

kj
hae = hy +x  hyg = 249487 -

kg

I"Vrsrsinir- =th* (hi - h:} =519 ? * (35584' - 24’849}
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i
W, ersinir = 5:]9:].455: 6.09 MW
Woercerw _ SMW

& 0583

Nadyabatik = I’ﬂggnl‘.‘“ﬂ'ﬂik T 609 MW

Veya

hy —h, 36584 —2682.5

s - 2 9 83
Nadyabasic =3 5 =3gcg 4 22948

$-16) 1100 °C sicakliktaki bir kazandan 1si alan bir 1si makinesi atik isisini 20 °C sicakhigindaki bir
akarsuya vermektedir. Bu makinenin isil verimi %35 olduguna gore, ikinci yasa verimi ne olur?

C-16)
Tu=1373 K
Isi
makinasi ‘:>W"et
T.=293K
Ty—T, 1 T,
] i = = _—
ra:";!inir TH TH

1 293 0.7866
';I']I 1 = — — = I},
ra:;:inir 1373

ngar;sk _ 0.35
N wa  0.7866

tarsinir

Ngergek = 0.35 , Ny = = 0.445 (%44.5)

S-17) Bir piston-silindir dizeneginde baslangicta 0.7 MPa basing ve 60 °C sicaklikta 5 kg R-134a
bulunmaktadir. Sogutucu akiskan sabit basincta, sicaklik 24 °C oluncaya kadar sogutulmaktadir.
Cevre basing ve sicakhginin sirasiyla 100 kPa ve 24 °C oldugunu kabul ederek, (a) ilk ve son
hallerde R134a’nin kullanilabilirligini (ekserjisini), (b) Tersinir isi, W (c) Yararh isi, Wy d) Bu
islem boyunca olan tersinmezligi, I, hesaplayiniz.

Not: Kapali sistemlerde ekserji ve tersinmezlik; ¢=(u-uo)-To(S-So)+(Po(V-Vo), I=W-W,
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C-17)
I.Durum

P;=0.7 MPa | v;=0.03482 m3/kg
T, = 60°C ur = 272.31 kj/kg
Kizgin Buhar | s; =1.0182 kj/kgK

Il.Durum

P, =P,=0.7 MPa v, = v¢ = 0.0008257 m3/kg
T, =24°C uz = ur = 82.37 kj/kg

Asiri sogutulmus s> =s¢=0.3113 kj/kg

Sivi

Cevre Sartlari
P,=0.1 MPa Kizgin buhar , interpolasyonla

To = 24°C Vo = 0.2369 m3/kg , uo = 249.82 kj/kg , So = 1.09462 kj/kgK

W =me[(u—up)—Ty*(s—5,)+ Py*(v—1y)
Yy =5kg *[¢1] = ¢y = (ug —ug) —Ty* (51 —5,) + Pyx (vy — vp)

Yy =mx ] = ¢y = (uy —up) — Ty * (53 — 5,) + Py » (v3 — vp)

[

¢, = (272.31 — 249.82) — 297K « (1.0182 — 1.09462) + 100kPa = (0.03482 — 0.2369)

kj kj
By = 24.9?8?k—” = Y, = mx ¢, =5kg * 24.9?8??’ = 124.8935 kj
g g

y
W, = mx [Po] = ¢o = —167.47 + 232.646 — 23.6 = 41.5?é

i
W, = Skg * 41.5?é = 207.84kj

b) Wg. =¥, — ¥, = 207.84 — 1248935 = 8295 &j

)Wy =W —Wegppe =m* P (g —v3) — Py emx (1y —v3)
W,=5kg* (700 — 100) * (0.03482 — 0.0008257) = 101.9829 kj
d) I = W,,, — W, |=1 82.95 — 101.9829 |= 19 kj

Sikistirma isi oldugundan, tersinmezliklerden dolayi harcanan enerji daha fazladir.
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S-18) Adyabatik bir tirbine su buhari, 1200 kPa ve 500°C’de girmekte 200 kPa ve 275°C'de
¢citkmaktadir. Bu tlrbinin izentropik verimini hesaplayiniz.

P, =1200kPa T, = 500°C
i
hy = 34??% . 5, = T.67797 kjjkgk

C-18)

B, = 200 kPa T, = 275°C
kj kj
hag=302LE5, .5 =T.B0205

Adyabatik 54 = s, oldugundan interpolayonla P; = 200 kPaigin h,, = 2955,22 :—;

_ hy—hy, 3477—3021,65
W —h, 3477— 295522

0,87

S-19) Atik 1sisini 33 °C sicakliginda bir isil enerji deposuna (kuyuya) veren bir 1si makinesinin isil
verimi % 40, ikinci yasa verimi ise %60’tir. Bu i1si makinesinin isi aldig1 kaynagin sicakligini hesaplayiniz.

C-19)

_ Ngergek _ 0.4

0.4
= 0.6 2 Numpeinr = — = 0.6667

MNtarsinir Neerzinir 0.6

M

T, 306
Neersinie = 1 — — = 0.6667 =1 — —— — T, = 918.09 K
Ty Ty

S-20) 500 °C sicakhkta bir kaynaktan dakikada 120 kJ isi cekerek 24 °C sicakliktaki ortama
vermektedir. Isi makinesinin giici 1.1 kW'tir. Buna gore, a) Gerekli tersinir giicli, b) Birim zamanda
olusan tersinmezligi, c)isi makinesinin ikinci yasa verimini hesaplayiniz.
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C-20) a)
ey BT 0
( 500+273=773 K ) Meamoe = 2 7 "= 17573 = ¢
Qzc =120 ﬁ =2kW Weer

Nearmor = T = Wegr = Ncamor * @

W,., = 0.62 « 2kW = 1.24 kW
W, = L1kW
b)

[ = Weep— W, = 1.24 — 1.1 = 0.14 kW

Wi, 1.10
—_ ¥ _
) M = W

Vier  1.24
( 24+273=297 K )

S-21) Bir Carnot 1si makinasi sicakliklari 727°C ve 27°C olan isi kaynaklari arasinda ¢alismaktadir. Eger
1si makinasina ¢evrim basina 800 kj/dk isi verilirse;

= 0.89 = %89

a) Ist makinasinin verimini,
b) Isi makinasindan elde edilecek giici hesaplayiniz.

C21) T, =727+ 273 =1000K, T, =27+ 273 =300 K

Tsc-g 300
;=1 — = ——— = 8470
LPE T.. 1000 i
ki 1dk
Qs = 800 a # EFH =13.33 kW
W,
Nz = met = W,z = 0.7 +13.33
Qsic

W,.. = 9.333 kW

§-22) Bir piston — silindir ciftinde baslangicta 25°C sicaklik, 200 kPa basing ve 0.4 m3 hacminde hava
bulunmaktadir. Hava daha sonraP * V¥ = sabit bagintisina gore tersinir olarak sikistiriimaktadir.

Sistemde son sicaklik 150°C ve basing 800 kPa olduguna gore;
a) izentropik sikistirma katsayisini (k),

b) Havanin son durumdaki hacmini,

c) Sikistirma esnasinda harcanan isi,

d) Sikistirma
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C-22) m = =% = 0.935kg
#ly

K—1 R-1

a2=(2)F =22 (2% L p 213

K 1338

Pa_ (¥s _ (o4 o ;

b)P-__(;-:z) 2}4_(,;1) = 1, =01419m
c) l"'f’12=w=—‘51‘51.2.'5 kej

1—k
d) @1z —wip =m#Cpx (T, —T1)

Q42 = 99.25 + 0.935 « 0.7165 « (T, — Ty ) = 15.5 ki

§-23) Isil verimi % 55 ve Carnot ¢evrimine gore ¢alisan bir 1si makinasi sicakligi 640 K olan yiksek

sicaklik i1s1 kaynagindan 29.62 kW isi cektigine gore;
a) Ist makinasindan elde edilecek glic(,

b) Isi makinasinin ¢evreye verdigi islyi,

c) Alcak sicaklik kaynaginin sicakhigini hesaplayiniz.
C-23)

a)f. = % = 0.55 «29.62 = 16291 = W, .,

SLE

b) 7. =1 —% = Qopp = 13329 kW
5

I

C)ﬁzﬁ:‘*nﬂﬁzzaaf{:-lsnc

u u
Teog QPzog

$-24) Bir sogutma makinasi 2°C deki sogutulacak mahalden 300 kj/dk lik 1si gekmekte ve 26°C deki
ortama 345 kj/dk i1si atmaktadir. Bu sogutma makinasinin Termodinamigin ikinci kanununu ihlal edip

etmedigini;
a) Clasuius esitsizligini,

b) Carnot prensibini kullanarak kontrol ediniz.

158



Prof. Dr. Hiisamettin BULUT Coziimlii Termodinamik Problemleri Ekseriji

C-24) a) Clasius Esitsizligi,
26°C 5
. L=o
] Que=345kj/dk T
[ — 50_ Qi Gue_ MOy g
T Tepz Tme 2+273K  264273K
- - ] ]
%2 = —0.0629 ﬁf < 0 esitsizlik saglandifindan TDI uyar
—

] Quog= 300kj/dk

2°C

b) CGPcrzrnot < CGPrs'rsinir'i ideal

Qsoz Teok 300 275
= =
Qs:c - Qsog Ts:c - Tsoﬁ 345 — 300 26—2

6.667 = 11.45 safladifindan T DI uyar.

S-25) Su buhari adyabatik bir tlirbine 8 MPa, 500 °C ve 5 kg/s debiyle girmekte, 30 kPa basinca kadar
genislemektedir. Tlrbinin adyabatik (izentropik) verimi %90’dir. Buharin kinetik ve potansiyel eneriji
degisimini ihmal ederek, a) Tirbin cikisindaki buharin sicakhgini, b) Turbinin gercek glcini c)
Turbinin izentropik gliciint hesaplayiniz.

n

B, = & MPa 5, = 6,726 kjfkgK

500°C } hy = 33995 kj/kg
€-25) M =5kgfs

%

%g — 30 kPa

5, =5y = 6.726 kj /kgK

Tablo A — S'ten a sikkimincevan T, = 69,09 °C

ki ki
S’f = [],944'1J{9—K, ng = 5,3234' kgm
he = 289,27 il h,= 2624 Ekj h —23353kj
F — L kg.l g L kg.l fg — l kg
X, =2 g = 0,847
Sfg
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_ Wgereek iz
b) ny = ————
Wizentropik i
w, =t * (hy — ha)

wy =1 *(hy — hy)
kj
has = hy + %2 % hyg = hay = (289,27 +0,847 £ 2335,3) = 2267,26 1
nr = (33995 — h;)/(3399,5 — 2267,27) = 0,9
hy = 2380,5 kj fkg
) _ ki - ’
wy =5 (72) « (3399,5 — 2380,5) ([2) = wj, = 5095k

c)w; =mx(hy — hy,)

k
w,=5 (_g) #(3399,5 — 2267,26)kj kg = w; = 5661,2 kW

5
S-26) Buhar adyabatik bir tiirbine 25 MPa, 550 °C girmekte ve 5 MPa, 325 °C’de cikmaktadir. Kitlesel
debi 70 kg/s ve cevre sicakhigi 25 °C olduguna gore; a) Turbin giictinl, b) Turbinin izentropik verimini

(adyabatik verimini), ¢) Turbinin 2. kanun verimini, d) Buharin tirbin giris ve cikisindaki ekserjisini,
e) Bu islemdeki tersinmezligi hesaplayiniz.

P, = 25 MPa | h, =3339.2 kj/kg

C-26) T, = 350°C 5, = 6,18616 &j/kgK
Kizgin buhar
m=70kg/ =

P, =3 MPa h, = 3010,3 &f kg
T, = 325°%C 5, = 6,3313 kj /kgK
Kizgin buhar

a) W == (h‘l - h:}

kj kj
hy =33392— , h,=30105—
kg kg
kg kJ
W =70—==x (33392 — 3010,5) - = W = 23009 kW
= g
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Woerpekis _ ha—hs

b)nr =

Wizentropik is N ha—hos
izentropik durum icins, = 5, olmasi gerekir
kf A )
5 = 5, = 6,1816 ff.fcg. i degerini Tablo A — 6&'dan
5 MPa icin hangi h{h,.) degerine denk geldigini bulunur.

S(1-23— S@a7sc

hz: = hgarsc + (h@auuﬁt - h@!'.'-’E:E:} * 3 S
@300°C @275

K
has= 2909,4E
= _ 3339230105 o0
T = . == J3352-25092 0,76 (%76)
_ Wger;e?{
C) o= Wiersinir

I"Vrsrsinir' =1h* [(hi - h:j - TI} x (51 - 32} — Ake — ﬂl.pe]

kg kf k]
Wiarsinir = 70— | (3339,2 — 3010,5) P (27 + 273)K = (6,1816 — 63313) M]

W, opeiner = 26152,7 kW

M = 23009 /26152,7 = 0,87 = 1y = %7

d) ¥y = [(hy —hg) —Tp + (51 — Sp) — Ake — Apel = Uy = 1484,72 kj (kg

ki
Yz = [(hy — hg) — Ty X (57 —S5g) — Ake — Ape]l = ;= 1111J1k—j
g

e) I = Wrarsinir — Wyarcex = 1 = (26152,7 — 23009)kW

I =3143,7 kW

$-27) 13 °C sicaklikta tutulmak istenen bir sogutucudan saate 5400 kJ degerinde 1si ¢ekilmektedir.
Cevre hava sicakligi 35 °C olup sogutucu kompresorinin gektigi giic 0.5 kW olduguna gore; a)
Sogutucunun cekebilecegi en disik giic miktarini, b) Tersinmezligi, ¢) Bu sogutucunun 2. yasa
verimini hesaplayiniz.
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C-27)
Tu=35°C

e,

Kondenser
3
W, = 0.5 kW
Evaporator J

4 1
Q. = 5400 kj
T.=13°C
a) I"Vmin = H"Jtarsinir
cop=—L—ve cop=-2_
TH-TL Winin

COP = 286 /(35— 13) = COP =13

3 1,5kW
Wonin

= H";mz'n = I:Frﬂrginfr = 0,1154kW

b) I = Wyercex — Wearsimr = I = (0,5 — 0,1154)kW

I = 0,3846kW
_ EOPgergsi
¢) M= COPtersinir
 1,5kW
COP o -

geresk = L T 0 CEW

My = % = 1 = 0,23 (%23)

S-28)Bir ideal buhar tiirbinine buhar, 12 MPa basing ve 700 °C sicaklhkta girmekte ve 0.6 MPa basingta
cikmaktadir. Buna gore; a) ideal durum icin tersinir isi ve tersinmezligi hesaplayiniz. b) Tiirbin 0.88
adyabatik verime sahip olduguna gore, tersinir isi, tersinmezligi ve ikinci yasa verimini hesaplayiniz.
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C-28)

P, =12MPa | h, =3858.4kj/kg

a)

T, =700°C | s, = 7.0757 kj/kgK

4& = 600 kPa

S, = 5, h, = 2904.1 kj /kg

w, = hy — hy = 3858.4 — 2904.1 = 054 32
kg
W, = hy — hy — Ty(5, — 5,) = 3858.4 — 2904.1 = 054.3 kj/kg

i
[ =w,.—w, =954,3— 09543 = 02
kg

W, = g% Wigeq = (0.88)(954.3) = aag.a%

.
hy = hy —w, = 3858.4 — 830.8 = 3018.6—

kg
Buhar tablolarindan P; = 0.6Mpa basincta cikis durumu kizgin buhardur,

i
DolayisiyvlaT, = 2974 ve 5, = 7.2946 k—j olarak belirlenir.
g
Wep = By — hy — Tylsy — 5,) = 3858.4 — 3018.6 — (298) (7.0757 — 7.2046) = 905 kj /kg
_Ya 0% _ 0.928

N = w07

kj
I =w,.—w, =005.0— 830.8 = 63.2—

kg

S-29) Cevre havasi, bir kompresore 100 kPa basing ve 295 K sicaklikta girmekte, 700 kPa basing ve 530 K
sicakhkta cikmaktadir. Bu islem sirasinda kompresorden cevreye 40 kl/kg 1si transferi olmaktadir.

Kompresér icin; a) Gergek isi, b) Tersinir isi, ¢) Tersinmezligi, d) ikinci yasa verimini hesaplayiniz.
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C-29)
g=—40k/kg @

T, = 510K
M P, = 710 kPa

Hava —

Kompresori

T, = 295K
@

P, = 100 kPa

a) T.D.l. Kanunu

Gergek is: 0 0
q_ur:hz_h1+ﬁ%+ﬁ%

1'1‘_W=fp*":T:_T1}

309 _y — 1,005 2
kg T T kgk

# (530 — 295)K

w, = —276,175 kj kg

IL.yol (Ozgiil isilarin sicaklikla degisimi kabulii ile) Hava tablolari kullanilarak

i
hy = 295,1?5% ,  hy=0533,99 kj/kg

w, = —278,815 kj kg
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b) Tersinir is

Wer = Y2 =y = [y — hy + Ty(sz — 51)]
Wep = Ry —ho + Ty(s; —51)

Wep = C-p(Tl —Ty) +Tylsy—54)

C, %1 I R1 i 1,005 1 >30 0,287 + 1 700
- = * _— —_—= _ * [
S2T s = Rpt i T Rl =S Mogs T B 100

.
= 0,5888 — 0,5585 = 0,03033 ——
kgK

W, = 1,005 = (295 — 530) + 295K = 0,03033

W = —236,175 + 895 = 227,23 kj kg

o | = Wy — W = 279,175 — 227,23 = 51,945 kj/kg

we | 227.23

d _= — =
)i wg  279.175

= 0.814 (%814)

Ozgil 1sinin sicaklikla degisimi icin hesap yapilirsa;

W,, 228,12

T _ """ _ o
TARETERTE 817 (%81,7)

Hir

S-30) Buhar, adyabatik bir tiirbine 6 MPa ve 500 °C girmekte, 100 kPa ve 150 °C ¢ikmaktadir. Buna gore;
(a) Tersinir isi, (b) islemin tersinmezligini, (c) Turbinin 2. yasa verimi %80 ise gercek isi, (d) Cikis sartlari igin
buharin ekserjisini hesaplayiniz. Su i¢in 6lii hal basing 100 kPa ve sicaklik 25 oC alinabilir.
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C30)
hy = 3422.2 i
P, = 6 MPa e kg
1| =s00°c e — 688039  T,=25+273=298K ho = hy = 3422.2 ik
L= O gk kg
(Kizgin Buhar)
) Py = 100 kPa 03672 k]
Buhar So =357 =0 koK
Turbini — “ok
P, =100 kPa h, = 2776.4 ;:—j
T, =150°C i
(Kizgin Buhar) 5, = ?‘,E.j[,‘ia}—JF
“ kgk

a) T.D.l. Kanunu:

-
s

V2, -V
I?_I"V:hz_h1+T+g{zg_Zl}:}H"T:hg_hl

W =34222 - 27764 = 645.8 F
g

Tersinir is :
Wee =9y —%p = hy —hy —To(s5,—5;)

W, = 342224 _ 2776.4L _ 208K (6.8803 — 7.6134) —L = 864.2638 L
kg kg kgK kg

b) Tersinmezlik :

k
I = Wep — Wyapeor = 864.2638 — 645.8 = 218.4538é

¢) 2.Yasa Verimi:

 Werce 6458

- - 0.7472
M=y T T 864.2638

d) s, = hy — hg — Tyls; — 50) (Cikis ekserjisi)
k]

W, = 2776.4 —104.9 — 298 « (7.6134 — 0.3672) = 512.43245

S-31)Su buhari adyabatik bir tirbine 6 MPa basing, 600 °C sicaklik ve 80 m/s hizla girmekte, 50 kPa
basing, 100 °C sicakhk ve 140 m/s hizla ¢ikmaktadir. Akis strekli olup, tiirbinin giicii 5 MW!'dir. Tirbin
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icin, (a) birim zamanda tersinir isi, (b) ikinci yasa verimini hesaplayin. Cevre sicakliginin 25 °C
oldugunu kabul edin.

C-31)

7

[.Durum hq = 36584 , h, = 2682.5
I.Durum 5y = 7.1677 , 5, = 7.6947

Ah=hy—hy = -975.62 oW 1407 -80° kg
o “kg 2 2000 kg

As =5, — 5y = 0527 kjfkgK

T _ sl
Q—W =1hx[hy—hy +2%

+g+*(Z;—Z;)

-
s

5000 il % [—975.6 + 6.6] i = 1 2000 51599 k
s kg T 969 9/s
. -V

W, = = hg_h;_Tl}*{Sg_S;}"'T"'Q*(Eg_zp}

W,, = 5.1599 % [975.6 — 298  (—0.527) — 6.6]

.
W,, = 5810 ?” = 5.81MW
W SMW

=— =— = 0.8606 (%86.06
W, 5.81MW (%86.06)

N

S-32)Buhar, 8 kg/s’lik bir kitlesel debi ile strekli akish bir tirbine 3 Mpa ve 450°C girmekte, 0.2Mpa
ve 150°C cikmaktadir. Turbinden 25°C ve 100kPa’daki cevreye 300 kW isi kaybi olmaktadir. Kinetik ve
potansiyel enerjideki degisimi ihmal edip, a)Tirbinden elde edilen gergek gii¢ ciktisini, b) Tlirbinden
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elde edilebilecek en biiyiik gii¢ ¢iktisini, c)ikinci yasa verimini, d)Ekserji yok olusunu (tersinmezlikleri),
e)Buharin giris kosullarindaki ekserjisini hesaplayiniz.

C-32)

P, = 3MPa T, = 450°C
.
hy = 3344% . 5, = 7.0834 kj/kgk

x

hp = L0497~ . 50 = 0.3672 kjjkgk

@ = —300kIW
B, = 0.2 MPa,T, = 150°C
kj .
L, = 2 B . 5, =7.2 kil
h, 768 Br'-cg . = T.2795 kjfkgk
T.D.I Kanunu

Q0 —W =1+ (hy—hy)
—300 kW — W = 3’;—9 «(2768.8 — 3344)
W = 4301.6kW = W,,pes

L'{"Trar-sz'm'r =1+ [(hz - hl} — Ty * ":5'1 - 52]]

k
W, ciniy = B2 % (3344 — 2768.8) — 298K + (7.0834 — 7.2795) = 5069.1 kW
5

Hfrger;ek __ 43ddle

. = = 05 84.85
Weersinir 5085.1

N =
I = Wep — Wyapeer = 5069.1 — 4301.6 = 767.5 kW
e) ¥, =(hy —hg)—Ty =5 — SD}=3239.1—298(7.0834—0.3672)=1237.6724:—;

W, =1« ¥, =8+ 1237.6724 = 9901.3792 kW

S-33) Bir sogutma makinesinin 5 kW glcindeki bir adyabatik bir kompresére R-134a sogutucu
akiskani 200 kPa basincinda doymus buhar olarak girmekte ve 60°C sicaklik ve 1.2 MPa basinca kadar
sikistirarak ¢cikarmaktadir. Bu kompresoriin ikinci yasa verimini hesaplayiniz.
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C-33)
P,=12MPa h,= 28964 kj/kg
T, = 60°C 5, = 0.9614 kj /kgK
Wiomp =5kW R-134a

Py =200 kPa hy = 24446 kjfkg
Doymusg buhar 51 = 093773 kj /kgK

Il durum igin ideal

P;=12MPa hys=h, = 281884 kj/kg interpolasyon
5y = 53¢ S350 = 0.93773 k_}fkgﬁ

Weer m(has— hy) _ 281.884 — 244.46

- Wyer mi(hgs—hy)  289.64 — 24446

N =04 82.83

S-34)Isi kaynagi olarak 1200°C sicakliktaki bir kazandan isi alan ve 1si kuyusu olarak 20°C sicakliktaki
bir nehire 1s1 veren bir 1si makinesisin i1sil verimi %40’tir. Buna gore bu 1si makinesinin ikinci yasa
verimini hesaplayiniz.

C-34)

Tw
ﬂ Qs
| n T 20+ 273
Sl carnot — + — T+ o
makinasi :>Wnet T, 1200 + 273
py = 0% _ g5 o450
@ ncarnotza 0.8

S-35) Sy TL “ig/s kitlesel bir debi ile bir tirbine 4 MPa basing ve 400 °C sicaklikta girmekte,
200 kPa bawws—~<200 °C sicaklikta ¢citkmaktadir. Tiirbinden olan is1 kaybi 343 kW ve c¢evre sartlari 25
°C sicaklik ve 100 kPa basing ise; (a) Turbinin Grettigi glict, (b)Turbinden elde edilebilecek en biyik
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gicl, (c)ikinci yasa verimini, (d)Tersinmezligi (e)Su buharinin ¢ikis kosullarindaki ekserijisini

hesaplayiniz.

C-35)

@ =343 kW

P, = 4MPa,T, = 400°C
kj  5=6.7690 kj/kgK
hy =3213.6—kj t i/ke

Aow,

h, = 2870.5 5, = 7.5066 =L
kg kgH

Tepers = 298 K. Py = B, = 100 kPa

kj

104,929
Tk kgK

,5p = 0.3672
g

a). T.D.I Kanunu

Q - W =ml(h, —h,) +KE + PE

k kf
—-343 -W =10 —E{EE?D .3 — 3213.6) h
5 kg

—W

= Wyercer = 3088 kI

b) En yviksek gig Wy, 'dir.

Wer =

mlhy — hy + Tpls; — 5]

P, = 200 kPa, T, = 200°C

k
W, = 10 = [3213.6 — 2870.5 + 298(7.5066 — 6.769) ]
g

Wer =

€} Mg

4=

e) ¥,

&
I

&
I

2629 kW

_ Wpoorcek _ 3088 RW
Wer 5628 kW

= 0.5486 = %54.86
Wer — Wyercer = 2541 kW

=hy —hy —Ty(sz — 5p)

2870.5 — 104.9 — 203 (7.5066 — 0.3672)
kj

638.06 —
kg
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kg kf
W, = 10—+ 838.06 — = 6380.6 kW
5 kg
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GAZ AKISKANLI GUC GEVRIMLERI

GUC CEVRIMLERININ COZUMLEMESINE iLiISKiN TEMEL KAVRAMLAR

Gug¢ Ureten makinelerin baylk cogunlugu bir termodinamik ¢gevrime gore calisir.

Ideal Cevrim: Gergek gevrimin igten tersinmezliklerden ve diger karmasikliklardan
arindiriimasi halinde, gercek ¢evrime benzeyen fakat timduyle igten tersinir hal
degisimlerinden olusan bir cevrim elde edilir.

Tersinir Cevrim: Carnot ¢cevrimi gibi timden tersinir bir gevrime gore galisan isi
makineleri, ayni sicaklik sinirlari arasinda galisan tim 1s1 makineleri icinde en yuksek
Isil verime sahip makinelerdir.

P

Gergek cevrim Is1 Makinelerinin Isil Verimi

ideal gevrim Wit Wet
O, 4y

PiSTONLU MOTORLARA GENEL BiR BAKIS

(kPa)

S|k|§t|rma _ IV’rm;.L-. _ I"’:\c N W ., = OEB X Piston tablast alan1 X Strok uzunlugu = OEB X Strok hacmi
orani Vinin I"j.r ON Wt Wet
Ortalama OEB = — =
Efektif BaS|ng Ymaks ~ Ymin Vinaks — Ymin
Buji-ateslemeli (SI) motorlar Sikigtirmali
ateslemeli (Cl) motorlar d
Wier = OEB(V s = Viin)
Emme Egroz lUJL l\-IlL II"-,
subapt  subapt UON I"n,
[ w \
) ﬂ . Jl u \
G UON DEB T
ap \
AON "
Strok
Il"irnin Umnkx v
% UON AON
L AON
(a) Strok (k) Olii ‘ !
hacmi hacim =
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OTTO GEVRIiMi: BUJI-ATESLEMELI MOTORLARIN iDEAL CEVRIMI

!

Egzoz subap:
agilmasi

Sy
I[Emme d«‘ﬁ.f,,
g
subapi agilmasi
Egiu_z
")-llm ___(-
Emme
— g
UON AON v

AON

W

Hava-yakit I j
kangim ||
rw | @@ ]
Ll i
1.
Sikigtirma Giig (genigleme)
stroku stroku

(@) Gergek dort zamanli kivileim ateglemeli motor

e
. —
HAVA HAVA
@ L] Ul 2)-3)
1 L_ll (n
fzantropik v = sabit
stkighrma 151 girigi

(k) ideal otto gevrimi

Egzoz
gazlart
1

Hava-yakit
karigimi
|

3+ &

L] Jl =1
| |
L
Egzoz Emme
stroku stroku
q %
HAVA
[ ] : L] 3)
J l HAVA
] ()] 1 Ll] @1
!
izantropik v = sabit
genisleme 151 g1kigt

Buji-ateslemeli motorlarin ideal ve gergek gevrimleriyle P-v diyagramlari

o &1

5

0.7+
0.6+
Benzin
0.5 ,—/ motorlari
B igin tipik
=] 0.4 B sikistirma
= oranlart

2 4 6 & 10 12 14
Sikigtirma orani,

1-2
2-3
34
4-1
w
§ — net —
Moo = —— = 1
i o qg
—! L
UON AON v
0.8
- 0.6
g
S 041
02k
| s | s | s | s | s |
2 4 6 8 10 12

is akigkaninin ézgll isilarinin
orani k buytdukce ideal Otto

cevriminin 1sil verimi artar.

Sikigtirma orani, r

ideal Otto gevriminin isil

[zantropik sikistirma

Sabit hacimde ¢evrime 1s1 girisi
[zantropik genisleme

Sabit hacimde ¢evrimden 1st ¢ikist

(g, — c,!;) + (w, — n‘{) = Au

_Q;_=]_T4_T|= _Tt(TJTl_
9 T - T L(T/T, — 1)
G = s — uy = cy(Ty — T)
q, =y = c,(I. = 1)
T, (Vz)k—l (V})kfl
T, B v B Vy B
= \/I'I'ICD( — ﬁ — ﬁ
Vmin VZ VZ
1
Tih.Otto — I = ]4A7|

veriminin sikigtirma oraniyla

degisimi (k = 1.4).
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DIESEL GEVRiMi: SIKISTIRMA-ATESLEMELI MOTORLARIN iDEAL GEVRIMi

Diesel motorlarinda , sikigtirma stroku suresince yalnizca hava sikistirildigindan,
kendiliginden tutusma olasiligi yoktur. Bu yuzden diesel motorlari, cok daha

yuksek sikistirma oranlarinda (tipik olarak 12 ile 24 arahidinda) galisacak sekilde
tasarlanirlar.

Diesel motorlarinda bujinin yerini yakit enjektoru almis

T
5
(b} T-5 diyagrami
Oue)
0.7k =t
2
0.6
- 0.5
&
E
2 04r-
= Diesel
0.3F motorlart igin
0.2k tipik sikigtirma

0.1

oranlari

2 4 6 8 10121416 18202224
Sikigtirma orani, r

olup, sikistirma stroku suresince yalnizca hava sikistirilir.

Yakit
enjektiri

" HAVA

Yakit spreyi

Buji l.”] Kivileim
1-2 izantropik sikistirma —'i'/-
2-3 Sabit basingta Isi gegisi HvdEn
3-4 lzantropik genisleme Karigimi
4-1 Sabit hacimde isi ]

|

atilmasi

Benzin motoru

Whet _

T,-T,

|
|

Dizel motoru

T(Ty/T, — 1)

The 1o - 1 — e =1 =
Tih Diesel (fg r’((T_q _ Tz)

g

Tth.Diesel —

k-l

KTy(Ty/T, — 1)

qy — Wpg = U3 —iy—>q, = Py(vs — va) + (43 — ua)

=hy—hy=0c,(T, = T))

_G’; =Wy Ty —>q¢ =y — U = Cv(?:l — Tl)
Vi
Kesme p=—=——
Va v

orani

ayni sikistirma orani igin

Mth,0tto > 7lth,Diesel

ideal Diesel ¢evriminin isil veriminin,
sikistirma oranina ve kesme oranina

gore degisimi (k = 1.4).
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BRAYTON CEVRIMi: GAZ TURBINLERI iCiN IDEAL CEVRIM

Yanma igleminin yerini sabit basingta bir dig kaynaktan 1si1 girisi, egzoz igleminin
yerini de sabit basingta gevre havaya isi atilmasi iglemi alir. Is akigkaninin
kapali bir cevrimde dolastigi bu ideal gcevrime Brayton gevrimi denir ve asagida
siralanan dort igten tersinir hal degisiminden olusur:
1-2 izantropik sikistirma (bir kompresdrde)

2-3 Sabit basingta Isi girisi %
3-4 |zantropik genigleme (bir tirbinde) v
4-1 Sabit basincta isi cikisi dcgi;;‘ricim

Yaki Yanma - C3j
odasi — 1@ -
_ o R - Kompresér ] Tiirbin
._h__‘_x_x '\Zj __F_,J____ s I'\f L

] |r,\ Whet _/—"/ T -
Kompresor Tiirbin -
I'. 4 I/'l‘\ I/i.\l
— W *—q.___‘x p Isi WIS
/T e - degistiricisi
Py a7e E70Z -
) hava gazlan (4)
<
9

Acik cevrime gore galigan bir gaz turbini.Kapali gevrime gore ¢alisan bir gaz tirbini.

& 4, = hy — hy = c‘p(T3 —-T,)
#° g.—qg)+w, —w)=h —h
. ? (gg {¢ g 5 ¢ g o =hy—hy = c(T,—T)
4
9 - < lwﬂ.et ] q; 1 (P(n - Tl) ] T](T-‘lrf;r] - ])
2 7 —_mwt_ =1 - -1 — :
- 4, Tth Brayton qs g Cp (}3 - T) }3(}3{;1‘2 — ])
1 pET
i Bas|ng - P2 E _ (i)(k*l)ﬂ{ B (E)(k—l)ﬂc 3 E
(@) T-s diyagrami —_ - - -
o ! orani P 1 Ty P P, T,
1
P —
ntILBmymn =1~ r(;\;l‘)“/\
q, P
0.7

ideal Brayton ¢evriminin

oer Isil veriminin basing
. 05T oranina gore degigimi.
Zo4f
:‘—:I Gagz tiirbinlerinin
03r tipik basing
(b) P-v divagram v oal oranlari

Ideal Brayton cevriminin N
T-s ve P-v diyagramlari. s 10 15 20 25

Basing oram, T,

175



Prof. Dr. Hiisamettin BULUT Coziimlii Termodinamik Problemleri Hava Giic Cevrimleri

S-1) ideal Brayton cevrimine gore calisan bir gaz tiirbininde basing orani 9, kompresor girisinde
sicaklik 280 K ve tirbin girisinde ise sicaklik 1200 K olduguna gore;

a) Gaz tlrbini ¢cevrimini sematik olarak ¢iziniz, b) T-s ve P-V diyagramlarini giziniz. c) Sistem bu
sartlarda rejeneratoér kullanmaya uygun mu ? neden?, d) Isil verimini hesaplayiniz.

Not: To/T:1=(P2/P1)* VX, k=1.4

Jq
C-1 2 Yanma 3
odasi
Kompresan Tirbin
1 4
Isi
degistir
(]
b 3
N2 3 T
2
s = sabit 4
1 4 1
Vv S
P,
T'?,=P—1=91 I =280K, T;=1200K
k=1
Pk
T, =T = (—‘) = T, =52489 K
Py
k-1
Tz—(_iz) R R B RRED
T, \P T, *T 90286

T, = T oldugundan rejenarator kullanilabilir,

"'"'rnat _

_ 1_&_ _C‘p*(Tq-_Tl}
st Qg Qg E?: * (TE - TZ}
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_ 64013 — 280 _ 166 (9446.66)
Wzt = 1200 — 524,89 - ° '
_q —1 =1 L o666
Mz = [ gﬂfﬁ - 1.87344 T
re 14

S-2) Havayla calisan ideal bir Otto ¢evriminin sikistirma orani 8'dir. Cevrimin en yiksek ve en disik
sicakliklari sirasiyla 1600 K ve 310 K’dir. Ozgiil isilarin sicaklikla degismedigini varsayarak, a- Cevrimin
T-s ve P-V diyagramini giziniz. b- Cevrime verilen istyi, ¢- Cevrimin isil verimini, d- Ayni sicakhk sinirlari
arasinda calisan bir Carnot ¢evriminin verimini hesaplayin.

C2) =8, Tpur.=1600K = T3 , T =310K =T

a)
T/ P
3 3
Qgiren
2 4
4
2 QA;lkan
1 1
7
S \Y
kj kj
k=14, C,= ﬂ.?iﬂm Lp= 1.[][]5@7 alindi.

b)T, =T, »r*1=310K 8% =712.19K

kj
QQiran = CL‘* (TE - Tg} = ﬂ?iak‘gf{

* (1600 — 712.19)K

kj
giren = 637.45 E

€) Noreo = 1—1r17% =0.5647 (256.47)

R _ 120 05063 (%80.63)

d =
) Neamor Ty Ty 1600

S-3) Hava bir gaz tiirbini santralinin kompresoriine 300 K sicaklik ve 100 kPa basingta girmekte, 580 K
sicaklik ve 700 kPa basinca sikistirilmaktadir. Tlrbine girmeden 6nce havaya 950 kl/kg isi gegisi
olmakladir. Tirbinin adyabatik verimi ylizde 86 olduguna goére, a- Kompresori calistirmak icin gerekli
isin tirbinde elde edilen ise oranini, b- ¢evrimin isil verimini hesaplayin. Cevrimin ideal Brayton
cevrimine gore calistigini ve 6zgil 1silarin sicaklikla degismedigini kabul edin.
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@CIq

c-3 2 Yanma 3
ﬁ —
odasi
Kompresor Tarbin
! 1 4
Isi
degistirici
@ ¢
p 3
P 3 T
2
s = sabit 4
1 4 1
v S
P,=100kPa , T, =300K, P,=700kPa, T,=0580K
kj kj
wy = Cp* (T, — Ty) = 1.005 e (580 — 300)K = wy, = 231.4E

i
Qgiren = Cp* (Ts = Tp) = QSGé = 1.005 * (T; — 580 K)

T; =152527K
T "
wt=£',p*(TE—T4}:‘rT—a=rp K
B, T00kPa 7 T 152527 847 79 K
T‘.’J - — = = ’ s = 8z = .
P,  100kPa %
kj

we, = 1.005 % (1525.27 — 874.79) = 553.?3E

Wgr kj
bin = — = w,, = 562.21 —
HTirbin W,. """gt .E:ZQ
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a) Geri is orant = :—; = :;21.':1 = 0.5 (% 50)

1-K

b) Nsrayton = 1 —1,* =1— 7702857 = 0.4264 (% 42.64)

kj
Gsikan = Cp* (Ts = T,) = 1.005 « (874.79 —300) = 577.66
g

Wpae Wge — W, 56221 —281.4
NErayton = = =

= % 29.56
"-EI'gz'rsn ng’rﬂn 950

S-4) Bir Otto ¢evriminde sikistirma orani 8'dir. Sikistirma stroku baslangicinda sicaklik 20 °C ve basing
0.1 MPa’dir. Cevrim basina verilen 1s1 2000 kl/kg ise; a- Cevrimin her noktasindaki sicaklik ve
basing degerlerini, b- Cevrimin 1sil verimini hesaplayiniz.( k=1.4 , ¢,=0.718 kJ/kgK)

c-4
T P 3
3
Qgiren
2 4
4
2 lekan
1 1

T, = 20 + 273 = 293K
T, =T, «8%4 = 67313 K

FE =r*¥ =P, =018 =183 MPa
1

— Cox (T, ) . 2000
a3 = Ly # Uiy 2l = 3= 07165

+67313 =T; =346447TK

P; T;
p, =, = Pa=941MPa

Py vy Py
— = (—) =P, = == 0.5119 MPa
Pq_ V3 T

Pyxvg =RxT; }

P,xvs=R*T, oG B T, = 1507.72K
B, T, ws *
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1
Notte = 1 —F =056

y
gy = 0.7165 » (1507.72 — 2.93) = 8?{].34ﬂé , Wpos = Qa3 — Qag = 1129.65

Wietr

= U 56.48

Notte =
23

S-5) Bir ideal Otto ¢evriminde sikistirma orani 9.5'tir. Sikistirma baslangicinda havanin sicakligi 35 °C
ve basinci 100 kPa ve hacmi 600 cm®tiir. izentropik genisleme isleminin sonunda havanin
sicakhgl 800 K olduguna gore; a) Cevrimin P-V ve T-s diyagramlarini giziniz. b) Cevrimin en
yluksek sicaklik ve basincini, ¢) Cevrime verilen isiyi, d) Cevrimin isil verimini, e) Ortalama efektif
basinci hesaplayiniz.

C-5
T P 3
3
Qgiren
2 4
4
2 QA;lkan
1 1
S \'
a)

1-2 izentropik sikistirma

AT
T, =T = (—1) = 308K +95% = 757 9K

V2
752.9K
308K

P: * g Pl * Ty P 51 Tz P 9.5 (
= = =% — =% = F.a=®
T, T, T,

) #* 100 kPa = 2338 kPa

3-4 izentropik genisleme
kL
3
Ty =Ty (1—) = 800K +9.5%* = 1969 K
'3
2-3 sabit hacimde 1sI girisi

P: * g _ PE ¥ g Tﬂ 1969K

=P =—x 0, = 2338kPa = 6072 kP
T, Ts 3T, 2T 7579k " “ “
Py s, 100 kPa=0.0006 m®
bym=——= - = 6.788 + 107 %k
) R«Ty  goav %ﬁ «308K g

Qgirﬂn =m= (1{3 —’H:} =m=x(,=* {TE - TZ}
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kj
kgk

Qgiren = 6.788 % 107%kg) * (0.718——) * (1969 — 757.9)K = 0.590 kj

c) 4-1 sabit hacimde 1si ¢ikisi

Quiran =M * Uy —uy) =m* Cpx (T, — T1)

_ kj
Quitan = —(6.788 = 10 *kg) ({].?18 e

)* (800 — 308)K = 0.240 kj

Wiee = Qgiren — Qeiiean = 0.590 — 0.240 = 0.350 kj

W,.. 0350k

_ - = 94594
Tt =0 v 0590k
d) I'fmin = UZ = Vn’;u::
W, W, 350k;j 3
OFB = ”“; _ L ] ; *(kPa*T;—j): 652 kPa
— ¥z - = 3 _ =
1 v * (1 T) 0.0006m *(1 95]

$-6) ideal bir Diesel ¢cevriminin sikistirma orani 16, kesme orani (6n genisleme orani) 2 dir. Sikistirma

isleminin basinda havanin basinci 95 kPa, sicakhgl 27°C’dir. Cevrimi P-V ve T-s diyagraminda
gostererek, a) 1si giris islemi sonundaki sicakligini, b) i1sil verimini, c) ortalama efektif basinci
bulunuz. Ozgiil 1silarin sicaklikla degismedigini kabul ediniz.

Cc-6
P Q23 T 3
2 3
2
4 i
4
Qa1 1
1
v s
k-1
a)T, =T, (%) = 300K * 16°% = 909.4 K

2-3 prosesinde P = sabit

PE*VH_PZ*UZ
T, T

v
=:«5'"3=(U—E')>«Tg=2:«?2

T, =1818,8K
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kj kj
b) @ giren = hy — ha = Cp + (Ty — Ty) = 1.005 P (1818.8 — 909.4)K = 913.9.%
T, =T (Va)k_l T. (2 FZ)H (1818.8 — 909.4) (2 )M 791.7K
T : A 16
kj
kgK

.
«(791.7 — 300)K = 3532
kg

Qoikan = U — Uy = Oy * (T4 — Tj_:} =0.718

353
n=1—%ﬂ=1—m=%51.4

"-?I'gz'ran

.
) Wnet = Qgiren ~ Gikan = 913.9 — 353 = 560.9:>

BR+=T, 0.2687 =300 ﬂg[]ﬁma
7 = = = . — =1
1 Pl 95 kg Max
v 0.906 m?3
Vmin = V2 = T;x = __15 = G.GS?k—

Wes 560.9

= = = 660.4KP
v — v,  0.906— 0.057 “

§-7) izentropik sikistirma orani 16 olan ideal Diesel cevriminde sikistirma baslangicinda hava 100 kPa
ve 300 K sicakliktadir. Cevrime 1 kg hava i¢in verilen 1s1 1800 kj olduguna gore, ¢evrimi P-v ve T-s
diyagramlarinda gosterip maksimum sicakhgi, yapilan isi ve ¢evrimin isil verimini bulunuz.

C, = 1.0035 kj/kgK , C, = 0.7165 kj/kgK

C-7
Qs T 3

Qa1 1

Tﬂ
F‘ =r¥1=T, =300+16%* = 90943 K
1

Py
— =¥ = P, = 4850 kPa = P,
Py
23

G2z = Cp# (-T)=T;= c
el

+ T, =2703.15 K
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2o(2) =(2+2) =r=1(2) =T,=137885
T, \Vs A7 R :

ga1 = Cp*(Ty —T1) =773 kj/kg

Waer = 23 — 41 = 1026.99 kj /kg

Wpee 102699
g,s 1800

Mzt = = %57

S-8) Bir ideal Otto ¢evriminde sikistirma baslangicinda havanin sicakligi 27 °C ve basinci 100 kPa’dir.
Cevrimin maksimum sicakligi 2500 K ve sikistirma orani 8 olduguna gore, a- Cevrimin P-V ve T-s
diyagramlarini ¢iziniz. b- Cevrimin her noktasindaki sicaklik ve basinci bulunuz. ¢c- Cevrimden
elde edilebilecek net glicli belirleyiniz. d- Cevriminin verimini hesaplayiniz.

c-8
T P 3
3
Qgiren
2 4
4
2 QA;lkan
1 1
N
S Vv
1=P, =01MPa, T} =300K
2= P, =P xr* =1.8379 MPa
T, =T, #rk~1 = 689.219 K
3 P;=P 5 01=8 2500K 6.6567 MP
= = trex—=U1%0o=* = b,
3= hrrEy 300K meae

Ty = Tppy = 2500 K
. 13

4= P, =Py xriT6 2 = 03627 MPa
1

Ty =Ty »r'™% = 108818 K

€) Ggiren = Cy* (T3 — T,) = 0.7165 + (2500 — 539.219}129?.42:—;
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Qeikan = Cp* (Tq - Tj_} =564.73 kj kg

kj
Wper = 732.68 —

kg

d) flir = T2 = 0.5647 (%56.47)

giren

N = 1 —r17% = 0.5647

§-9) ideal bir Otto gevriminin sikistirma orani 9.5'dir. Sikistirma isleminin baslangicinda havanin
basinci 100 kPa, sicakligi 17 °C, hacmi 600 cm?® 'tiir. izentropik genislemenin sonunda havanin sicakhgi
800 K'dir. Oda sicakhginda sabit 6zgil isilar kullanarak, (a) cevrimin en yiksek sicaklik ve basincini, (b)
kJ olarak g¢evrime verilen isiy1, (c) ¢evrimin 1sil verimini, (d) cevrimin ortalama efektif basincini
hesaplayiniz.

Not: C, = 1.005 ki/kg-K, C,= 0.718 ki/kg-K, R = 0.287 ki/kg-K, k = 1.4

c-9
T P 3
3
Qgiren
2 4
4 2 lekan
1 1
S \Y
P, =100 kPa 1 T, =T #r*1=290%95% =713.65K
N =17+273 = 290K P, =P, *r* = 2338 kPa = 23.38 MPa
V; =600 cm? = 600 * 107 *m? o om=2Eo mf*ﬁ'ime =72+ 107%g
Rsl"-_ 0.287=290
T, = 800 K
r=95 .

Ta T—’JE k-1 —
_:(_) =T, =T,+r*1=1969 K
Tq_ Vs

T3
Py == P = 6450.67 kPa

"
rs

b) Qug = mx Cpx (Ty — Ty) = 7.2 % 10 kg * ﬂ.?ia;—;* (1969 — 713.65)K = 0.649 kj
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€)Quy=mxCpx(Ty —T) = 02636 kj
H‘;nar = Q:a - Qr;j_ = (.3854 k_}

W, 03854

Mt =7~ =629 = 0.5938 (%459.4), fu=1—-r"*=19%59.4
d)OEB = —net . Whee D3 _ 748 kPa
Vmax—Vmin  Vee(1-2)  0.0006+(1-2)

&

$-10) Benzin ve dizel yakith icten yanmali motorlarin termodinamik ¢evrimlerinin adini yaziniz, bu
cevrimlerin P-V diyagramlarini giziniz. iki cevrim arasindaki farklari yaziniz.

C-10)

Benzin Cevrim Dizel Cevrim

Otto Dizel

Buji Ateslemeli Sikistirmalr ateslemeli
Sikistirma orani diigiik | Sikistirma orani yiliksek

Diesel ¢evrim

P

Qa3 T 3
2 3
2
4
Qa1 1
Vv
Otto ¢evrim
T P /
3 3
Qgiren
2 4
4
2 Qt;lkan
1 1
S \"
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S-11)Asagida gergek gaz tiirbinine ait sematik resim verilmistir. Buna gore; a) Cevrimin adini yazip, P-
V ve T-s diyagramini giziniz. b) Kompresoriin adyabatik verimini (7]imp. ), €) Cevrimin net isini (Wet )

d) Cevrimin isil verimini, e) Geri is oranini hesaplayiniz.

C-11)
P,=0.5 MPa Qgiren
T2:22?EC —ri
Yanma odasi ¢ T.=871°C
Kompresor WNET
Qiayp =20 KJ/Kg
P+=0.1 MF’aT
T.=28°C T4=482°C
a)
T
Tsic |
Tsogi

Brayton ¢evriminin T-S ve P-V diyagramlari.
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k1 14-1
k .
b) T, = T{&j = 301(Ej a7k
P 0.1

Wiomp,s _ hz,s - hl CP(TZ,S _Tl) _ 477-301

= = = =0.883 < %88.3
Wkomp,a h2 - h1 Cp (T2 _Tl) 500-301

nkomp. =

c) WTur. = (h3 - h4)_qul. = CP(T3 _T4)_qul.

W, =1.005(1144 —755)-30 = 361E—J
g
Wign, = (N, =) = C, (T, =T,) = 1.005(500 — 301) = zoo';_J
g
kJ
WNet = WTur. - Wkomp. =361-200 = 161@
W
d) nBrayton = =
giren
kJ
Ogiren = Ny —h, =C, (T, —T,)=1.005(1144 - 500) = 647k—
g
NMerayton = % = 0.249 < %24.9
W, ﬂ
e)ny; =—— =22 _ 0554
“‘:I'M 361

$-12) Bir silindirde baslangicta 100 kPa ve 27 °C ‘ de 0.8 kg Nitrojen bulunmaktadir. Nitrojen
politropik islem P « V1? = sabit olarak hacmi ilk hacminin yarisi oluncaya kadar sikistiriimaktadir.

Buna gore yapilan isi ve silindirin gevreye transfer ettigi isiyr hesaplayiniz. R=0.287 kj/kgK , C,= 0.7448

€12) 4 100 kpa

T1=300 K 13 13 w13

m = 0.8 kg Py« V™ =Py =V :’\*PE—(E) ® Py
C,=0.7448 P, =212 %100 kPa = 246.2 kPa

Vz = V1/2

Pys¥y _ Ppelhy =T, =3693K
T Ty

P:*Vz_Piﬂ':Vi_m*R*(T:_Tij

I"Fﬂ =
12 1—n 1—n

= 548k
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T.D.l. Kanununa gore

mxC,+ (T, —Tq)

s — Wy =AU =
Ql& 1& 41.29kj

= le = .ﬂU + I"Vlz

0y, = 41.29 — 54.8 = —13.5 kj /kg

§-13) Sikistirma orani 7 olan ideal Otto ¢evriminde sikistirma baslangicinda sicaklik 25°C, basing 0.1
MPa dir. Cevrimdeki maksimum sicaklik 2000°C oldugunda gore birim hava kitlesi icin;

a) Cevrimin tim noktalarindaki basing ve sicaklik degerlerini,
b) Cevrime verilen isi miktarini, cevrimden alinan isi miktarini, cevrimden alinan net isi,
c) Cevrimin isil verimini hesaplayiniz.

C-13) p 4

A 3

—»
w
—

Q23 2

ds

v
v

r=2_-7 2-P,=1524MPa, T, =64891K

r

3= Py =1524 MPa, T =2273K
4= P, =0350MPa , T,=104284 K

Qgir = Q23 = 1165.66 kj [kg
kj ki
Qe = Qsq = 8822 é W = 251.35?;

152 PF«Vf =P+« =P, =P, +r¥=0.1+7" = 15245 MPa

23 PE*I&:R*T:} 5 _Eh o p=5sp,=5339 MPa
B T T,

PE * VH =R=* Tg
kj
425 = Ggiren = Co (T3 = Ty) = 0718 + (2273 - 649) = 1166.032:
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.lk
34 BV =P4k*V4k=}P4=P3*(;) = 5.339% r~* = 0.350 MPa

Te=Ty#ri™® =T, = 2273 « 7°%% = 1043.66 K

kj
451 qu = Guian=Cyp*(Ty—T) = 0.718 * (1043 — 298) = 535'385

kj
Waer = qé‘,riran - q;zkﬂn = 530545@

= et _ 630.646

= = = 9, 54.08
Qgiren  1166.032 %

n=1—-rt*=p=1-7""=19;54.08

§-14) izentropik sikistirma orani 16 olan bir ideal Diesel ¢evriminde sikistirma baslangicinda hava 27
°C ve basing 0.1 MPa’dir. Cevrim basina verilen 1s1 1800 kl/kg ise; a) Cevrimin P-V ve T-s diyagramini
giziniz. b) Cevrimin her noktasindaki sicaklik ve basing degerlerini, c) Yapilan isi, d) Cevrimin isil
verimini hesaplayiniz. ( Hava i¢in k=1.4 , Cy,=0.7165 kJ/kgK)

C-14) a)P

Qa1 1

Tﬂ
F‘ =r¥1=T, =300+16%* = 90943 K
1

-

— =r% = P, = 4850 kPa = P,

1
P33 =Cp*(T3—Tg}:‘*T3 = q§3+Tg =270315 K
z
T v k-1 I A k-1 T, k-1
M (_1) = (—1*;) =T‘k_1*(—‘) =}T4 = 1378.85
T4 VE VE Uﬂ Tg

gy = Cp# (Ty — Ty ) =773 kj/kg
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Wher = Ga3 — Gs1 = 1026.99 kj fkg

Wpee 102699
gss 1800

Nemi = = %57

S-15) Hava, bir gaz tiirbini sisteminin kompresériine 100 kPa basing ve 25°C sicaklikta girmektedir.
Basing orani 5 ve maksimum sicaklik 850°C olduguna gore; a) Bu ¢evrimin termodinamik adini yazip
cevriminin T-s ve P-V diyagramlarini sistemin sematik sekliyle ciziniz. b) Geri is oranini, c) Isil verimi

hesaplayiniz.
C-15)
a) 2 Yanma 3
P I T
odasi
Kompresér Tiirbin
1 4
b 3
N2 3 T
2
s = sabit 4
1 4 1
v S

b)T, =298 K, T; = 1123 K

=1+ (2)

T4=T3*(i—::]

(k—1)/k )
= (298)(5)%?%57=472.0K

(k=1)/% 0.2857

= (298) Gj =709K

wiomp _ CpelT—Tu)  472.0-298
Weirbin | Cps(Te—Ty) 1123705

= 0420 = %42
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C) Nooy = 1 — 7 1-1/k=1_(5) 02857 — 0,369 = %36.90

S-16) Bir otto ¢evriminde maksimum kabul edilebilir basing 8 Mpa’dir. Sikistirma baslangicindaki

basing ve sicaklik degerleri sirasiyla, 85 kPa ve 30°C’dir. Sikistirma orani 8 olduguna gore; (a) Cevrimin

P-v ve T-s diyagraminda gosteriniz, (b) Cevrime girmesi gerekli isi enerjisini, (c) Cevrimin verimini, (d)
Ortalama efektif basinci hesaplayiniz.

C-16)

a)

b)

d)

T P
3 3
Qgiren
2 4
4
2 QA;lkan
1 1
N
7
S Vv

Pp=85kPa,T; =30+273 =303 K
P; =8 MPa = 8000 kPa,r=28

P, = P, xr* = 85  81* = 1562.23 kPa
T, =T, «r*1=303 +«8%* = 696.11 K

T =ag, = 9999 oe i1 — 35647k
#Tp, % 156223 '
qg=Cy(T3 — T) = 0.718(3564.7 — 696.11) = 2059.65 kj /kg

T, 303
Iy = T, 696.11
qe=Cy(Ty — Ty) = 0.718(1551.63 — 303) = 896.52 kj/kg
Wiee=0g — Gc= = 1163.13 kj/ kg

3564.7 = 1551.63K

_ wpe _ 118313
Tt = Qgiren  2059.65

Nen=1—r1" =29 =1-80%=05647

= 0.5647 = %56.47

_ R+T,_D.287+303
v = —_—

ExTy O2B7=696.11
=1.023, 1y = —2=— T2
=N 85 Py 1562.23

Wer 1163.13

v —v, 1.023—0.1278

=0.1278

OFEB = = 12993 kPa
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S-17) Hava bir Brayton g¢evriminin kompresériine 85 kPa basing ve 0°C sartlarinda girmektedir. Basing
orani 6 ve maksimum sicaklik 1000°C olduguna gore; (a) Cevrimi sematik olarak ¢iziniz. (b) Cevrimi P-v
ve T-s diyagramlarinda gosteriniz, (c) Isil verimi, (d) Geri is oranini bulunuz.

C-17)
a)
2 Yanma 3
odasi
Kompresor Tarbin
1 4
p 3
b) "/ 3 L
2
s = sabit 4
1 4 1
v S
c) P, =85kPa, T} =04+273=273K
T =1000+ 273 =1273 K

Ty = P—j)=5

-1

=T (2) *=273(6)"27 =4555K

P\ lk 1,
Ty =Ta (Fl) = 1273(7) 27 = 762.96 K

qg=Cp(Ty — Ty) = 1.005(1273 — 455.5) = 821.59 kj fkg
qe=C,(Ty — Ty) = 1.005(762.96 — 273) = 492.41 kj /kg

Wist=0y — Gc= = 329.18 kj/kg

Wi=Cy(T; —T1) = 1.005(455.5 — 273) = 183.41 kj/kg
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W,=C, (T; — T,) = 1.005(1273 — 762.96) = 512.59 kj /kg
Woge=W, — W= = 329168 kj fkg

Wpee  329.18
4 giren §21.59

Nzt = = 0.4 = %40

1
T}Eﬂ;:'l—?ﬂ:}ﬂ:'l—w:ﬂ.q':q@@ﬂ

Wy 18341

e) GIO= W,  512.59

= 0.3578 = %35.78

§-18) ideal Brayton gevrimine gore calisan bir gaz tiirbininde basing orani 8, kompresér girisinde
sicaklik 300 K ve tiirbin girisinde ise sicaklik 1300 K olduguna gore; a) Gaz tirbini ¢evrimini sematik
olarak ciziniz, b) T-s ve P-V diyagramlarini ¢iziniz. ¢) Kompresor ve tirbin cikisinda gazin sicakhigini
hesaplayiniz d) Cevrimin isil verimini hesaplayiniz. e) Sistem bu sartlarda rejenerator kullanmaya
uygun mu? Neden?

C-18)
a) 2 Yanma 3
odasl
Kompresor Turbin
1 1 4
p 3
b) [\ 2 3 T [\
2
s = sabit "
1 4 1
v S
c) T, =300K
T, = 1300 K
L,
Tp = —i) =8
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1
T, =1 (2) ¥ = 300(8)°2857 = 54342 K

0.2857

P 'k 1
T,=T; (.F) = 1300 (ﬁ) =717.68K
4 T T 41768 _ _
d) Nz =1 e ———— 0.4479 = %344.79
e) Ty = T; oldugundan rejeneratdr kullanilabilir,

S-19) ideal brayton gevrimine gére calisan bir gaz tiirbininin sikistirma orani 10’dur. Cevrimdeki en
disik ve en yiksek sicakliklar sirasiyla 310K ve 1210K’dir. Kompresoriin izentropik verimi %80 ve
tlrbinin izentropik verimi %85 oldugu kabul edilirse, a) Cevrimi P-v ve T-s diagramlarinda gosteriniz,
b) Tirbin cikis sicakhgini c) Cevrimin verimini d) Isil verimi bulunuz.

C-19)
b 3
a) "N, 3 T
2
s = sabit 4
1 4 1
1% S
b) T, =310 K,T; = 1210 K, 5, = 0.8 77 = 0.8
B, B,
Ty = —“) = (P—:) =10
P\ ,
Toe =T, (;) = 310(10)%2857 = 59852 K
i by e 0.2857
Tes = T (Fl) = 1210 (ﬁ) =626.72K
T, =Ty + 2= 310+ = 670.65K
-

. .
Ty = Ty — 07 (T3 — Tag) = 1210-0.85(1210-626.72)=714.21K

qg=C, (T — Ty) = 1.005(1210 — 670.65) = 542.05 kj fkg
qe=C,(Ty — Ty) = 1.005(714.21 — 310) = 406.23 kj /kg

C) .H'J?:EEZQQ' - q;: = 135.82 kj,’rkg
T g - 22 0.25 = 925

Ta-Ta 539.35

d) N =1-—
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S-20) Havayla calisan ideal bir Diesel cevriminin sikistirma orani 20’dir. Sikistirma isleminin
baslangicinda havanin basinci 95 kPa, sicakhgl 20°C olup, ¢evrimin en yilksek sicakhg 2200K’i
gecmemesi istenmektedir. Cevrimin, (a) Isil verimini hesaplayiniz, (b) Ortalama efektif basincini
hesaplayiniz, (c) Bu ¢evrimin hangi tiir yakit ve motorlarda kullaniimakta oldugunu belirtiniz.

C-20)
a) ; =20+273 =293K,T, =2200K, r =20
T, =T (r)¥1=293(20)% = 9711 K
Vo _Ts Vo _ 2200

2= == =2265

W, T, ¥, 9711

T, =T (VE)H =T (2'255V2)k_1 = 2200 (2'255)“ = 920.6K
A AR B 20 -

q=Cy(Ty — T2) = 1.005(2200 — 971.1) = 1235 kj /kg
qe=C,(Ty — T) = 0.717(920.6 — 293) = 450.6 kj /kg
Wiet=0g — G= = 1235 — 450.6 = 784.4 kj [kg

Ndigzel = H"J?!Et = E = 0.635 = %63.5
g9, 1235 5
RsTy _ 0.287+293 _ m®
b) vy = = 2 0885
W, 784.4
0 =933 kPa

= v —(1 —%) "~ 0.885 (1 —%)

c) Dizel motorin, mazot yakiti kullanan dizel motorlarda bu ¢evrim gegerlidir.

S-21) Isil verimi %58.1 olan bir ideal Otto ¢evriminde havanin baslangi¢ kosullari 27°C ve 100 kPa’dir.
Cevrim baisina giren 1s1 1800 kj/kg olduguna gore; (a) Cevrimin P-v ve T-s diyagramlarini ¢iziniz. (b)
Cevrimin sikistirma oranini tespit ediniz. (c) Cevrimin her noktasindaki sicaklik ve basinci bulunuz. (d)
Cevrimden elde edilebilecek net glicu belirleyiniz.

c-21)

a) T 3 P 3
Qgiren

2 4

4
2 lekan
1 1
S \"

b) Mocso =1— 5 =0581 =7 =838
¢) P, =100kPa,T; = 300K
T,=T *r*1=300+88% =716 K
P, = Py «r* =100 » 8.8 = 2100.27 kPa
84=Co(T3 — T;) = 0.717(T; — 716) = 1800 kj /kg
T; = 3223.66K
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P; Ty 3223.66

P, T, 716
P3

Py = =450 kPa

P, T, 100 300

=t= =" =7T,=1350K
P, T, 450 T, :

= P3 = 9456.09 kPa

d) g=Cy(Ty— Ty) = 0.717(1350 — 300) = 753.9 kj /kg
Wist=05 — G= = 1800 — 753.9 = 1046.1 kj /kg

S-22) Benzin ile galisan bir motorda sikistirma oarani 10 ve sicaklik sinirlari 30°C ve 1000°C dir.
Motorun drettigi glic 500 kW olduguna gore (a) Cevrimin. P-v ve T-s diyagramlarini ¢iziniz. (b) Isil
verimi, (c) kitlesel hava debisini (d) Cevrime verilen ve cevrimden atilan i1si miktarini hesaplayiniz.

C-22)
a) T 3 P 3
Qgiren
2 4
4
2 QA;lkan
1 1
7

(%]
<

b) Ty =30+4273 =303k, Ty = 1000 + 273 = 1273 K r=10, W=500 kW
T, =T »r*1=303%10% =761L1K
Ty = Ty#r¥1=1273 =T, » 10°* = T, = 506.79 K
qy=Cu(Ts — T2) = 0.717(1273 — 761.1) = 367.03 kj/kg
qe=Cy(Te— Ty) = 0.717(506.79 — 303) = 146.117 kj/kg
Gy —q; 367.03—146.117
g, 367.03

= 0.60 = %60

) W =r(g,— g,.)= 500 =1(367.03 — 146.117)
th =226kg/s
d) Qu=th*q, =226+ 367.03 =830.71 k¥
Q.=th+ q. = 2.26 + 146.117 = 330.224 kW
S-23) ideal bir Otto geviriminin sikistirma orani 9.2’dir. Cevrimin baslangicinda havanin basinci 98 kPa
ve sicakhgr 27 °C’'dir. Yanma sonunda basing, izentropik sikistirma sonundaki basincin iki katina
¢ikmaktadir. Buna gore; (a) Bu ¢evrimin P-V ve T-s diyagramini ¢iziniz. (b) Cevrimde kullanilan yakit

cinsini yaziniz. (c) Cevrimin her noktasindaki basing ve sicakliklari, (d) Cevrimin isil verimini
hesaplayiniz.
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a) 3 3
Q.giren

2 4

4
2 Q(;lkan
1 1
S Vv
= Vmax _ 92P =98 kPa P;=2P k=14 n, =27°C= 300K

TN

b) Benzin kullanilir.

c) Po= Py#r¥=98%921%=219043 kPa
P, =2P,=2%219043 = 4380.86 kPa
Vg k 1 0
P, = Py« (—) = 438086 x — = 196 kPa
Ty 9.2
T, =T, +r¥"1 =300+ 9.2%% = 72885 K

P _Ts T. TP3 728.85% 2 = 1457.7 K

_— = — = ja— = . * = .

P, T, ° P

Ts Vi, Va 1404

2o (21 T, = Ty (=2 )k 1= 14577 (—) =600 K
T, (I{; ) 4 E(Vq} * %

d) Moo =1— S 0.59=%59

rh—1

S-23) 15 MW gicindeki bir dogal gaz santralinde en disik ve en yiiksek sicaklik degerleri 310 K ve
900 K’dir. Santralde kompresoriin basing orani 9 olduguna gore; (a) Santrali sematik olarak ¢iziniz.
(b) Santralin hangi termodinamik ¢evrime gore calistigini yazip ¢cevrimin P-V ve T-s diyagramini giziniz.
(c) Cevrimde dolasan havanin kitlesel debisini, (d) Cevrimin 1sil verimini, (e) Geri is oranini

hesaplayiniz.

C-23)a)
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@qq

Yanma 3
odasi
Kompresd Tarbin Wnet = 15 MW
Is1 4
degistirici
Q¢
P
\ 2 3 T ! 3
2
s = sahit l
310K 4
1 4 T
v =
€, =1.005-L T, =310K T,=900K -m&_g
P kgk 1 3 Pmin

b) Brayton Cevrimi
c)
H"Fnar:QH - QL- = mfp [":Ta - sz - ":T4 - le']

1-k 0.4

P\ & 1\ 14
=T (F) =310 (E) = 581.6K

&

1-k -4

Py & 1y 1.2
T3=T, (174) 900 =T, (5) =5816K T,=480K
3

Wiee=mCy (T3 — Ty) — (Ty — )]

kj

ki
15000 — = m = 1.005 g [(900 —581.86) — (480 — 310)]
5 kgK

m = 100.575 kg/s
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k kj
Wieomp=mCyp [(T; — T, )] = 100.575 %9 4 1.005—2- [(581.86 — 310)]K = 27452.75 kW
d). 5 kgK
kg kj
Wetrsm=mCp [(T3 — Te)] = 100.5?5? + 1.005 Yok [(900 — 480)]K = 42452.71 kW

Weomp _ 2745275 _, .,

GIO = - -
Wearpin  42452.71
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BUHARLI VE BIRLESIK GUGC CEVRIMLERI
CARNOT BUHAR CEVRIMi

Belirli iki sicaklik siniri arasinda calisan en yuksek verimli ¢gevrim Carnot ¢evrimidir
buharl gu¢ santralleri icin ideal bir cevrim degildir. Clunki; 1-2 hal degisimi: Cevrimde
kullanilabilecek en yuiksek sicakhgi 6nemli él¢ctide kisitlar (bu deger su igin 374 C’dir).
Cevrimin en yUksek sicakliginin bu sekilde sinirlanmasi, isil verimin de sinirlanmasi
anlamina gelir. 2-3 hal degisimi. Genisleme islemi sirasinda buharin kuruluk derecesi
azalir. Sivi zerreciklerinin tarbin kanatlarina carpmasi, tirbin kanatlarinda asinmaya
ve yipranmaya yol acar. 4-lhal degisimi: izantropik sikistirma islemi sivi-buhar
karisiminin doymus sivi haline sikistiriimasini gerektirmektedir. Bu islemle ilgili iki
zorluk vardir. Birincisi, yogusmanin 4 halinde istenen kuruluk derecesine sahip olarak
son bulacak sekilde hassas olarak kontrol edilmesi kolay degildir. ikincisi, iki fazli
akiskani sikistiracak sekilde bir kompresorun tasarlanmasi uygulamada zordur

1-2 Kazanda izotermal IsI gegisi
2-3 Turbinde izantropik
sikistirma

— 2 4 = 3 3-4 Kondenserde izotermal 1si

) : cikisi

4 - 3 4-1 Kompresorde izantropik
sikistirma

(a) (b)

iki Carnot buhar ¢evriminin T-s diyagramlar

RANKINE CEVRIMi: BUHARLI GUC CEVRIMLERI iGiN iDEAL CEVRIM

Carnot cevriminin uygulanmasinda karsilasilan sorunlarin bir cogu, kazanda
suyun kizgin buhar haline isitilmasi ve yogusturucuda doymus sivi haline
sogutulmasiyla giderilebilir.

Olusan bu cevrim, buharli gic¢ santrallerinin ideal cevrimi olan Rankine
cevrimidir. ideal Rankine cevrimi, icten tersinmezliklerin olmadigi dort hal
degisiminden olusur:
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Basit ideal Rankine (;evrimi 1-2 Pompada izantropik sikigtirma
7 2-3  Kazanda sabit basingta 1st girigi
- 3-4  Tiirbinde izantropik genisleme
Kuzuﬂ' 4-1 Yogusturucuda sabit basingta 151 atilmasi
3y .
©)
- I:";:u.-b,c,-
” Tirbin ||
pemp,g N
f(\', Y — v Wiirb g
=] Pompa - g
\f 19 A
il P & 2/
(D Yoiusturucu l: ’:'I, / l T .
\ e 4 |4
| Whomp,g
Surekli akisli enerji denklemi
Pompa (g = 0): Woompg = M2 — Iy
veya,
4 “Ipomp_g = U(PI - PI)
'y burada
h=hap ve V=V =Vap
W‘lﬁl’b.@ L'lll‘
of Kazan (w = 0): g, = hs — hy
Tiirbin (g = 0): Warbe = N3 — hy
Yosusturucu (w = 0): qg. = hy — h
. Rankine ¢evriminin isi/ verimi
Wpomp,g W et 4,
v ’J'lh:—_l_T_

seklinde ifade edilebilir. Burada

Woet =g — 4 = Wiihe — W,
g . net g ¢ tiirtb.g pomp.g
olmaktadir.

Isil verim ayni zamanda, ¢evrime IsI girisini gosteren egrinin altinda kalan
alana orani seklindede yorumlanabilir.
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GERCEK BUHARLI GUC CEVRIMININ iDEAL BUHARLI GUG CEVRIMINDEN FARKI

Cesitli tersinmezliklerden dolayi gercek buharli gti¢c santrallerinin ¢evrimi, ideal
Rankine ¢evriminden farklidir. Strtinme ve cevreye olan 1si kayiplari tersinmezliklerin
baslica iki kaynagidir.

b
iDEAL (::F.\"RiM

Pompadaki 'I i i

tlersiume?.lik | Razandak

izantropik verimler
basing diistisii

3
\ 1 Tiirbindeki
| tersinmezlik
\

H‘_\ h:_\ = h|
Mp =

W, 15, — Ky

Yogusturucudaki
basing diigiigii

- H‘“, /}“ e h-l-d
Ny =

]'1.\- hﬁ == h—h
5

(a) Gercek buharl gic¢ ¢evriminin ideal Rankine ¢evriminden farkliligi. (b) Pompa ve
turbindeki tersinmezliklerin ideal Rankine ¢evrimi tUzerindeki etkileri.

iDEAL ARA ISITMALI RANKINE CEVRiMi

Turbinin son kademesindeki kuruluk derecesini azaltmadan, yliksek kazan basinci nedeniyle saglanan
verim artinindan nasil yararlanabiliririz?

1. Turbine girmeden 6nce buhar ¢ok ylksek sicaklklara kizdirilabilir. Tlirbin malzemesi tarafindan
sinirhdir.

2. Buhar tirbinde iki kademede genisletilebilir ve kademeler arasinda ara isitma uygulanabilir.

— PR § R - ey ¢ ST
e Dhirinci + ara sima AU 3) Vis f

.'_1!
r
Wiabe = Wiarpd + Gt = (B3 — hy) + (hs — he) Ara 1sitma
Yiiksek basing \
tiirbini 3 15
3
/ Diigiik basing
tiirbini
yiiksek Algak |’ﬁ".
Kazan basing basing T3
Ara isitma,, | tiirbini tiirbini ',‘ A
|
é P4 = PS = Pural.\llmn
+ -

[~

. ' 1 6 \
Yogusturucu| )
Pompa K /
— %=
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ideal ara 1sitmali Rankine ¢evrimi.

T

ort,ara 1sitma

/

Ara 1sitma kademe sayisi
artirildik¢a, cevrime 1si verilen
ortalama sicaklik yukselir.

iDEAL ARA BUHAR ALMALI RANKINE GEVRIMI

T} Steam exiting

boiler\

Low-temperature
heart addition
\

L)

Steam entering
boiler

Kazandaki is1 gegisinin ilk bolimu
goreceli olarak disuk sicakliklarda
gercgeklesir.

Gunumuz gug santrallerinde bir kademe ara
Isitmanin uygulanmasi, buhara 1si1 verilen
ortalama sicakhgi yukselttigi icin cevrimin isil
verimini yizde 4 ila 5 dizeyinde artirmaktadir.

Genisleme ve ara i1sitma kademe sayisi
artirilarak, ara i1sitma sirasindaki ortalama
sicaklik yikseltilebilir. Kademe sayisi arttikca,
genisleme ve ara 1sitma islemleri en yuksek
sicaklikta izotermal 1sI gecisine
yaklasmaktadir. Fakat iki kademeden daha
fazla ara 1sitmanin yapilmasi ekonomik
degildir. ikinci ara 1sitma kademesiyle
saglanan kuramsal verim artisi, tek ara 1sitma
kademesiyle saglananin yaklasik yarisi kadar
olmaktadir

Ara 1sitma sicakliklari, tirbin giris
sicakliklarina esit veya ¢ok yakindir

En uygun ara isitma basinci, en yiksek
cevrim basincinin yaklasik dortte biri kadardir.

Hal degisimi sirasinda is akiskanina 1si gegisinin
saglandigi sicakhgin goreceli olarak disik oldugu
gozlenebilir. Bu durum, ¢evrime IsI girisinin saglandigi
ortalama sicakhgin diismesine ve boylece ¢evrim
veriminin azalmasina neden olmaktadir.

Kazan besleme suyunun isitiimasinin daha
uygulanabilir bir yolu, tirbinde genisleyen buharin bir
bolumunun belirli noktalarda tirbinden disari alinarak
kazan besleme suyunun isitiimasinda kullaniimasidir.
Bdylece, tlrbinde genislemeye devam etmesi
durumunda daha ¢ok is Uretebilecek olan buhar,
kazan besleme suyunun isitiimasinda kullanilimis olur.
Bu isleme ara buhar alma veya rejenerasyon;
rejenerasyon yoluyla kazan besleme suyunun
Isitilmasinda kullanilan 1si degistiricisine de besleme
suyu Isiticisi veya rejenerator adi verilir.

Besleme suyu isiticisi esas olarak, iki akisin
dogrudan karisarak (acik besleme suyu isiticisi)
veya birbirine karismadan (kapali besleme suyu
Isiticisi) 1s1 aligverisinde bulunduklar bir 1si
dedgistiricisidir.
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Acik Besleme Suyu Isiticilari

Acik (veya dogrudan temasli) besleme suyu isiticisi, temelde tirbinden ¢ikan buharla
pompadan ¢ikan besleme suyunun karistigi bir karisim odasidir. Ideal durumda karigim
Isiticidan, isitici basincinda doymus sivi olarak cikar.

g, = hs — hy ¥ = Mg/ (fraction of steam extracted )
W = U Py — )
Gour = (] - _\.)(h? o h]) pump |in I(, 1/
W = Py — P5)
y - - e AR pinp T in RACEES 3)
Winrbowt — (hS h(ﬁ) + (I _‘l'](ht‘n h?)
"rpllmp,m = (l - ."‘)h'rpmnp Lin 7 1r'l‘]mmp ILin
-]
| f Ta
Boiler [Tmhine :‘3
——
¥ 1 -y
6 7
Open
FWH
4. | S
C_/ N
Pump 11 i Condenser
@ | :
Pump 1 5

Tek besleme suyu isiticisi olan ideal ara buhar almali (rejenerasyonlu) Rankine ¢evrimi

Kapali Besleme Suyu Isiticilari

Buharl gi¢ santrallerinde yaygin olarak kullanilan bir baska ttr besleme suyu isiticisi,
kapali besleme suyu isiticisidir. Burada tirbinden ayrilan buhardan kazan besleme
suyuna olan isi gegcisi, akislar birbirine karismadan gergeklesir. Karisma
olmadigindan, iki akis farkli basinclarda olabilir.

T

lﬁ
Baoiler { Turbine
i 8
Mixing
chamber Closed
1y I-'\\' H T

3 I Y
| |
'-‘ \ /
I_|7- }
\ ¥
| ( ‘ondensar
Tump 11 Tump I

Kapali besleme suyu isiticisina sahip ideal ara buhar almali Rankine ¢evrimi.
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Bir acik ve u¢ kapali besleme suyu isiticili buharli gti¢ santrali

Kapali besleme suyu isiticilari, iclerindeki boru dizenedi nedeniyle daha karmasik ve daha
pahalidir. Akislar dogrudan temas etmediklerinden, kapali besleme suyu isiticilarindaki 1sI gegisi
daha az etkindir. Buna karsin, tarbinden ayrilan buhar ve besleme suyu farkli basinclarda
olabildiginden, her bir isitici icin ayri bir pompa gerekmez.

Hfm';,:}%

DBoiler ’\l '
Condensar
—
i
Creacrating (
Ny W
Closec Closed | Open Closad B
FWw] HA FWH FWH FWH
YW i —
\_/
\J Pump
oy
Pump
e

_—’-

Aclk besleme suyu isiticilari basit ve ucuz olup, iyi 1sI gecis 6zelliklerine sahiptir. Fakat, her
Isitic icin ayri bir besleme suyu pompasi gerekir.

Buharl gl¢ santrallerinin cogunda, acgik ve kapall besleme suyu isiticilari birlikte
kullaniimaktadir.

KOJENERASYON

Muhendislik sistemlerinin blyuk bir bolimd, enerji girdisi olarak, enerjinin 1sil enerji
bicimine gereksinim duyar. Bu isiya proses Isisi denir. Bu endustrilerdeki proses
Isis1 genellikle 5 ile 7 atm basing ve 150 ile 200 oC sicakliklar arasindaki buharla
saglanir. Buhari olusturmak icin gerekli 1s1 genellikle kémdur, petrol, dogal gaz veya
baska bir yakitin bir kazanda yakilmasiyla elde edilir.

Isil islemlerin yogun oldugu endustriler ayni
zamanda buyuk miktarlarda elektrik giict de

Siolier tuketirler.
Pm‘;‘ Varolan is potansiyelini atik i1s1 olarak atmak
L yerine, gii¢ Uretimi icin kullanmak yerinde
- g% olur.
it Belirli endustriyel islemler icin proses-isi
t gereksinimlerini karsilarken, ayni zamanda
Oin Ow elektrik de uUreten santraller gelistirilmigtir.

gelistirilmistir. Bu santrallere bilesik isi-gti¢
(kojenerasyon) santralleri denir.

Basit bir proses 1sI santrali.

Kojenerasyon: enerjinin birden fazla yararl biciminin (proses isisi ve elektrik
glcu gibi) ayni enerji kaynagindan Uretilmesidir.
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Enerjiden Net work output + Process heat delivered Woer + U
yararlanma orani e Total heat input B 0.,
(")-Illl
g, =1—=
— Qin
3)
l/_,,— A Buhar turbinli ideal bilesik 1si1-
5 e ’\Turbim :L: guc santralinin enerj!_den
e yararlanma orani, yuzde 100
T 20kW olmaktadir.
i Gergek pilesik IS1-guc¢
N santrallerinde bu oran yiizde
// Brosess 80 duizeylerindedir.
120 KW | beater . .
| Pump \ / Bazi yeni bilesik 1s1-glc¢
® _m 100 kW santrallerinde enerjiden
«—+ @ yararlanma orani daha yuksek
‘\ W =0 degerlere de cikabilmektedir.

pump T

ideal bilesik 1si-gii¢ (kojenerasyon) santrali.

@ e <

: Proses Is1 yukunun fazla oldugu zamanlarda
Bxpansipe l buharin tima proses-isi birimine yonlendirilir.
valve

& Bu durumda yogusturucuya buhar gitmez
Boiler y Turbine _C: (m7=0) ve atik isi sifir olur.
OF © Bu da yeterli olmazsa, kazandan ¢ikan
J{@ buharin bir kismi bir kisilma vanasiyla veya bir
5;‘:;;" basing dusuriicii vanayla (PRV) P6 basincina
@1 pumpn genisletilerek proses-isi birimine gonderilir.

En yuksek miktarda proses isisi, kazandan
¢ikan tim buharin basing dusurict vanadan
gecirilmesiyle saglanir (m5= m4) Bu durumda
gug uretimi yoktur.

=2
@ Pump 1 .

Degisen ylklere cevap Proses Isisina gerek duyulmadiginda ise,
verebilen bir bilegik 1s1- buharin tumi tirbin ve yogusturucudan gecer
gug santrali (m5=m6=0), ve bilesik 1si-gii¢ santrali bu kez

siradan bir buharli gii¢ santrali olarak ¢alisir.

Q]n = }";I.‘\UM = h.‘)
C).nul = }ih(h? - h|)

Q}J = f.i'f_qf?_-‘, + Ji?(‘h(, - f}?ghg

W

b = (11 — ms) (hy — hg) + mg(hg — hy)
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BIiRLESIK GAZ — BUHAR GUGC CEVRIMI

Daha yuksek 1sil verim saglayabilmek igin suregelen ¢alismalar, alisiimis gug
santrallerinde yeni diizenlemelerin yapilmasina yol acmistir.

Daha ¢ok kabul goren bir baska diizenleme ise, gaz akiskanl gi¢ ¢evrimini buharli
bir glic ¢cevriminin Gst ¢evrimi olarak kullanmaktir. Bu dizenleme birlesik gaz buhar
cevrimi veya kisaca birlesik ¢cevrim olarak adlandirilir.

En cok ilgiduyulan birlesik ¢evrim, gaz tirbini (Brayton) cevrimiyle buhar
tirbini(Rankine) ¢evriminin olusturdugu birlesik ¢evrimdir. Bu birlesik ¢evrimin 1sil
verimi, birlesik ¢cevrimi olusturan cevrimlerin isil verimlerinden daha yiksek olmaktadir.

e Gaz turbini cevrimlerinin yiksek sicakliklarda calismasinin sagladigl kazanclardan
yararlanmak ve sicak egzoz gazlarini,buharli gi¢ cevrimi gibi alt cevrimlerde
degerlendirmek muhendislik yaklasiminin geregidir.Bu distincenin Urinu birlesik gaz-
buhar ¢evrimidir.

» Gaz turbini teknolojisinde son yillarda goérilen gelismeler, birlesik gaz-buhar
santrallerini ekonomik agidan ¢ok ¢ekici yapmistir.

» Birlesik cevrim yatirim giderlerini ¢ok fazla artirmadan ¢evrimin veriminin artmasini
saglamaktadir. Bunun sonucu olarak bir¢ok yeni gl santrali birlesik cevrime goére
tasarlanmakta var olan bir¢cok buharli ve gaz turbinli santral de birlesik santrale
donusturulmektedir.

e Do6nisumi tamamlanan santrallerde isil verimin % 50'nin tzerinde oldugu
bildirilmektedir.

G

\ i
Combustion
chamber {

GAS CYCLE
7
Gas |
turbine _C:

Air Heat exchanger
in {[-’ b @ ®
=xhaust _‘_'__WF
gases
MWW i
@ STEAM ®
- 1 -
CYCLE 479 STEAM
Pump i CYCLE
.iel;llm o —
Condenser mrne
T R
/ G

Birlesik gaz-buhar glg¢ santrali.
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S-1) ideal Rankine cevrimine gére calisan bir buhar gii¢ santralinde en yiiksek basing degeri 3.5 MPa
ve kondenser gikisi sicakligi 45 °C’dir. Tlirbin adyabatik verimi %85 ve kazan cikisi buhar 600 °C
olduguna gore ¢evrimin isil verimini hesaplayiniz. Sistemi sematik olarak ¢iziniz ve T-s diyagraminda

gosteriniz.
ﬂ Qkazan
C-1 3
-
Wt(jr
4 ay
.
Yogust —OJ
OEU?_]UI'UCU 4
u Qyoé
Qkonde
S
I.Durum
T, =45°C = Pdc). =P, =9593 kPa
m3 kj
=1 = 0.0010106 , hy = hf = 188.425
II.Durum
W, =V * (P: - P,_) = 0.001010 = (3500 — 9.593)

.
w, = 3.szsé = hy—hy = hy = w,, + hy = 1941.945 kj/kg

I1l.Durum

P;=35MPa | h;=36784
T; = 600 °C 53 = 7.4338
Kizgin buhar

izentropik tiirbin  S3; =53 = 74338 |, s5p <54, <5, , T=45C

T = 45°C = s; = 0.6386 ,s;, = 7.5261

545 _— Sf

= 0.903

x,; =
Sg -Sf

has = hy + X4 hy, = 18842 + 0.903 x 2394.77 = 2350.897 kj /kg
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T T R T

y
Wegr = hg — hg = 3678.4 — 2550.02 = 1128.3 k;

= 3325kj
wy, = 3. X

.
Qrazan = h3 — hy = 3678.4 —191.945 = 3486‘45é

y
Gyos = hs — hy = 2550.02 — 18842 = 2361'6é

1124.875 XL

Whet Wegr — Wy kg
Mesut = oL = = 0.3226 (%32.26)
O kiviw: Qi 3486.45
M = 1 _ﬁ = 932.26
Qxazan

S-2) Buharh bir gii¢ santrali basit ideal Rankine ¢evrimine gore ¢alismaktadir. Cevrimin basing sinirlari
9 MPa ve 10 kPa olup, cevrimde dolasan suyun debisi 60 kg/s'dir. Turbin ¢ikisinda buharin kuruluk
derecesinin ylizde 90'nin altina dismemesi istenmektedir. Buna gore, a- Cevrimi doymus buhar ve
doymus sivi egrilerinin de yer aldigi bir T-s diyagraminda gosterin. b- Olabilecek en dusik tirbin giris
sicakhigini, c- Cevrime verilen isiyi, d- Cevrimin isil verimini hesaplayin.

C-2)a)

|.Durum

Py =10kPa | hy = hy=191.83, hy, = 2392.8

Doymus sivi 5y = 55 = 0.6493 , 54, = 7.5009

"1 -_ L*f -_ 0.001010
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I1.Durum

P3=9MPa H.-'p=h:_h1=1’*(P:_P1)=?h2=h1+lk'p
5y =5 h, =191.83 +9.08 = 20091 kj /kg

I1l.Durum

P3;=9MPa | s3=7kj/kgK
23 = 24
IV.Durum

Py = 10kPa |hy=hs+x *xhs, = 2345.35kj /kg

k

x=09 Ss=Sptxxsp, =14 kg‘; =53

b) 9 MPa kizgin buhar

T h s

700 38765 7.2221

T3 7.4 interpolasyon yapilarak T3 = 775 °C, h3 = 4058.6 kj/kg
800 4119.3 7.4596

(4058.6—-200.51)kj
kg

c) Qkaz::n =m=x (ha i h:) — 60% * = 2314614 kW

_q _Gumkam _ . Me=hy _ . 215352 _ s
d =1 —qg{rm 1 —-Ch;—h;‘r 1 s 0.4417 (%44.17)

S-3) Su buhari adyabatik bir tiirbine 8 MPa, 500 °C ve 3 kg/s debiyle girmekte, 30 kPa basinca kadar
genislemektedir. Tirbinin adyabatik verimi %90’dir. Buharin kinetik enerji degisimini ihmal
ederek, a- Turbin ¢ikisindaki buharin sicakligini, b- Tirbinin glicini hesaplayiniz.

c3
P, = 8 MPa h, =3398.3kj/kg
T, = 50°C s, = 6.7240 kj /kgK
Kizgin buhar
—]

6.7240-0.5439
P, =30 kPa} R
=g

51

h:ﬁ' = hf + .1‘3 * hfg = hzs = 2267.76 kj,{kg
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Gercek Durum
hy — hag 3398.3 — hy,

Nady = p ", = O = 33983 - 2267.76

h,, = 2380.814 4

a) Trbin gikisindan Tz = Tyoy = 69.1°C (P, = 30 kPa igin)

b) W, =t (hy —hyp) =3 “—" «(3398.3 — 2380.814) = 3052.46

S-4) Net glicii 30 MW olan ve ideal Rankine ¢evrimine gore c¢alisan bir buhar gii¢ santralinde, buhar
tlrbine 7 MPa ve 500 °C girmekte ve 10 kPa basinctaki kondenserde yogusturulmaktadir. Cevrimi
T-s diyagraminda gosterip; a- Cevrimin isil verimini, b- Buhar debisini, c- Kazana verilen sl
miktarini hesaplayaniz.

C-4
T [.Durum .
P, = 10 kPa| V1 =¥r =0.001010°°~ , v, = 14.67
hy=hy = 1919322 k., = 23928
Doymus sivi kg =
s
[[.Durum

Py =7 MPa | wy=v*(P,—P;) =7.0599kj/kg

Sy =5 ha =w, +hy =7.0599 kj/kg

I1l.Durum

Py =7MPa | hy =3410.3kj/kg
T; = 500°C [ s3 = 6.7975 kj /kgK
Kizgin Buhar
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IV.Durum

P, = 10 kPa } xg = _ETTTETOO _ 0.8196
Sg—sf 7.5009

53 = 54

w,=hy—hz= 1257.232;—} » Qrazan = Rz —hy =3211.31 ,w,,. = w, —w, = 1250.172

wner _ 1250.1721

n= = = 0.389 (%38.9
a) 7 Qkazan 3211.31 o )
W o a 3|3(.‘al'}l:>E 24 kg
b) ¥ e =M% Wy e = My, r— ] — —
) ne ne buha? 1250.1?:1:_;} =

L ; Kj K
€) Qxazan = Qrazan * Mpunar = 3211.31 5 L 2479

Qxazan = 77.071 MW

S-5 a- Entropinin artma prensibini kisaca agiklayip, denklemini yaziniz.

b- ideal Rankine ¢evrimine gére ¢alisan bir buhar gii¢ santralini sematik olarak cizip, kazana
verilen isty1, kondenserden atilan isly1 ve ¢evrimden elde edilen net isi, T-s (Sicaklik- Entropi)
diyagraminda gosteriniz.

c- ideal Rankine cevriminin 1sil verimini nasil artirabilecegimizi maddeler halinde T-s
diyagraminda gosteriniz.

Cc-5
3
a) Kazan
3 270
T N @ WtUr
5 T
Yogusturucu
e 4
pak - K
A B S

Alan 2-3-B-A : Kazana verilen 1si

Alan 4-1-A-B : Kondenserden disariya verilen isi

Alan 1-2-3-4 : Net elde edilen is

b) Gergek gcevrimleri ideal cevrimlerden ayiran sebepler
1- i¢ stirtiinmelerden dolayi basing kayiplari

2- Cevreye istenmeyen isi kayiplari

212



Prof. Dr. Hiisamettin BULUT Coziimlii Termodinamik Problemleri Buhar Gii¢c Cevrimi

c) Herhangi bir islem boyunca bir sistem ve gevresi birlikte goz dniine alinirsa toplam entropileri
artar. Yani

ASsistem + AScopre = 0 dir.

d) iki izentropik ve iki izotermal olmak {izere dért islemden meydana gelmekterdir.

T
T= sabit
2

[
»

As-spe  y S=sabit

3

1 T=sabit 4

s

S$-6) 9 MPa ve 10 kPa basinglari arasinda galisan ve ideal Rankine gevrimine gore galisan bir buhar gii¢

santralinde buhar debisi 30 kg/s ve tirbin gikisinda kuruluk derecesi 0.95 olduguna gore; a-
Turbinden alinacak glicii, b- Kazana verilen isi miktarini, c- Cevrimin isil verimini hesaplayiniz.

.
W, = vy * (P, — P;) = 0.00101 * (9000 — 10) = 9.08 é

.
hy = hy +w, = 191.83 + 9.08 = 200.91é

.
hs=h+ xg* hgy = 191.83 + 0.95 x 2392.8 = 2465-;é

h,y = 4485 K
g = T

g
a) we = it x (hy — hy) = 3022 (4485 — 2465) = 60.600 MW
b) Q23 = rivx (hy — hy) = 30~2 « (4485 — 200.91) = 128.523 MW

c) Qs =mx(hy—hy) = 301—91 (2465 — 191.83) = 68.195 MW
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Wnee = Q23 — Q41 = W — w,, = 60.328 MW
0B 68.195
'I::u:l_Q"_og:l—(

— | = 9%46.
0 128.523) %169

S-7) Su bahar sirekli akish adyabatik bir tlirbine 5 MPa ve 400 °C girmekte ve 200 kPa basingta
cikmaktadir. Tirbinde birim kiitle su kitlesi icin yapilacak maksimum isi hesaplayiniz.

Cc-7
Py =5MPa| hy =3195.7 kj/kg
T, = 400°C
51 ='6.6455 kj/kgK
| E—

\l/ P, = 200 kPa } sf=15301, s, =7.1717 ,s¢, = 5.5970
sf < 53 < 5, oldugundan karisgim bdlgesi
hs = 504.7, hsp, = 22019

maks isicins, = S,

Whax = hl T h:.-‘

_s2—s; (6.6459 —1.5301)

—s; 5.5970 e

X2

Sg

.
hy = hys+x3% hsy = 5047 + 0.914  2201.9 = h, = 2517.924é

Wmax = 3195.7 — 2517.9 = 678.4 kj/kg

S-8) Bir tekrar isitmali Rankine cevriminde buhar 4 MPa ve 400 °C’de tiirbine girmekte ve yliksek basing
tlrbininde 400 kPa basinca kadar genisletildikten sonra 400 °C’'ye kadar tekrar isitiiyor. Daha
sonra buhar alcak basing tiirbininde 10 kPa basinca kadar genisletilmektedir. Buna gore ¢cevrimin
1sil verimini bulunuz.
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C-8
P3=4 MPa
T3= 4(£J°C
-+ 3
4| P4=400 kPa
T <+
i i g
5 P,=Ps=400 kPa
Ts=400 °C
Pz = P3 =4 MPa
a2
6
@ Kondenser
1
T /\ P13= PG -510 kPa
i S
A B S
[.Durum

P, = 10 kPa }hl = hy = 191.83 kj/kg
Doymussvi | Py = 10 kPa

I1.Durum

wy = v * (P, —P;) = 0.001010 = (4000 — 10)

.
w, = 4.0299é = hy—hy = hy = hy +w, = 195.8599 kj/kg

[lI.Durum
P;=4 MPO.} Kizgin Buhar

T =400°C| hy=3213.62L |, 53 =6.7690—L
kg kgK
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IV.Durum

P, = 400 kPa } sf = 17766 , s, = 6.8959

53 = 54 5f<54{59
xy ==L = 09752
Sfg

hg = hy + X4 % hyy = 604.74 +0.9752 * 2133.8 = 2685.62 kj/kg

V.Durum

P; =04 MPa | Kizgin Buhar

T: = 400°C hg =32734kj/kg
sg = 7.7985 kj [kgK

VI.Durum

P, =10 kPa} sp=0.6493 , 5, =81502, s5; <s5¢ <5,

S5 = Sg hy; =191.83 , h, = 2854.7
Se¢e—S

Xe=——2L = 09664 = he=hs+x¢x (hy—hy)
Sg_Sf

he = 2504.299 kj /kg

Gxon = he — hy = 2504.299 — 191.83 = 2312.4569 kj/kg
Qrazan = N3 —ho+ he—hy = 301774 + 587.78 = 3605.52

2312.469

] - LiySEge (MEacaE
Misut 3605.52 %9340

S-9) Ara isitmali ideal Rankine g¢evrimine gore ¢alisan buharl bir gili¢ santralinin net glici 80 MW'tir.
Buhar, yiiksek basing tirbinine 10 MPa ve 500 °C, algak basing tiirbinine ise 1 MPa ve 500 °C
kosullarinda girmekte, 10 kPa doymus sivi olarak ¢ikmaktadir. a) Cevrimin elamanlarini gdsteren

semasinl ve TS diyagraminda gosteriniz, b) Tirbin ¢ikisindaki buharin kuruluk derecesini, c)

Cevrimin verimini, d) Buharin kiitlesel debisini bulunuz.
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Cc-9
3 Yiksek Algak
Basing B?Serc' T A 3 5
Turbini Turbini
Kazan
4
- 4
2
5
/1 6
d \ ~
i )l >
2 1 S
Pompa Yogusturucu

hy = hy = 191 .81:—;, n=vp = 0.00101’:—9

m3 kj
Wpompa = Vi * (P, — P;) = 0.00101 E (1000 — 10) = 10.09 o

hy = hy + Wyompa = 191.81 + 10.09 = 201.9 kj/kg

P, = 10 MPa hs = 3375.1 kj/kg
Ty = 500°C 53 = 6.5995 kj /kgK
P, = 1MPa hs = 2783.8 kj/kg
S3 =354

P:=1MPa hs =3479.1kj/kg
Ts = 500°C 55 = 7.7642 kj /kgK

Se—Sf 7.7652-0.6592
P.=1MPa Xe = =
6 67 stg 7.4996

= x,20.95

S5 = Sg h5=hf+x6*hfg=>h6=2461.2:—;

Wyee = (h3 — hy) + (hs — he) = 1609.3 kj /kg

Qgiren = (h3 — hy) + (hs — hy) = 3868.5 kj/kg
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Whet = Weirbin — Wpompa = 1599.3 kj/kg

i, SOOOOEi ! .
m o=t = & =502 n =N = 04413
Wnet 1399-35 s qgiren

§-10) ideal Rankine cevrimine gére calisan bir buhar giic santralinde basing limitleri 3 MPa ve 50 kPa
dir. Turbinin girisinde buharin sicakligi 400°C ve ¢evrim boyunca dolasan buharin debisi saniyede 25
kg olduguna gore; a) Sistemi sematik olarak ve T-s diyagraminda gosteriniz. b) Cevrimin isil verimini

hesaplayiniz. ¢) Santralden alinan net giict bulunuz.

C-10) a)
3
Kazan
2
T / 3 Wt(jr
=
2 JL Wpomp
1
Yogusturucu ———
4
/ ! ) K
3 S
-
S
b) I.Durum

P, = 50 kPa }hg =hy = 340,49:_;

Doymus sivi | v, = vy = 0.001030 m?3/kg
[[.Durum
P,=3MPa | wy, =vy x (P, — Py)
51 =5, w, = 3.0385kj /kg
w, = hy —hy = h, = 343.5285 kj /kg
[ll.Durum

P3 =3 MPa | Kizgin buhar
T3 =400°C | hy =3230.9

: , 53 = 69212 kj/kgK

k
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IV.Durum

P, =50kPa| s, = 1.0910
sp = 7.5939
ssp = 6.5029

53=54

5p = 55 oldugundan karisim bdlgesi

Sa—S
xy=——==0.8966
Ssb

hg = hs+ x4 % hgy = 340.49 + 0.8966 » 2305.4
hs = 2407.5116 kj /kg

. kg kj
Qrazan = M * (h3 — hs) = 25? * 2887.3715 N 72184.285 kW

k
Qyog = (hy—hy) = stg « 2067.0216 = 51675.54 kW

. kg
W, =mx(hg—hy) = 25? «823.3884 = 20584.71 kW
W, = 1h * w,, = 75.9625 kW

et =1 ——22% _ 107159 = %2841

Qrazan

Whee = W, — W, = 20508.7475 kW = 20.5088 MW

S-11) Kémir yakarak 300 MW elektrik Gireten bir buharh glg santralinde, su buhari, tiirbine 5 MPa ve

450 °C'de girmekte ve 25 kPa yogusturucu basincina genislemektedir. Santralde kullanilan

komurin isil degeri (komur yandigl zaman agiga ¢ikan is1) 29300 kJ/kg’dir. Bu enerjinin %75’inin

kazanda buhara verildigini ve elektrik jeneratoriiniin veriminin %96 oldugunu kabul ederek, a)

toplam santra verimini (net elektrik glcinin, santralin birim zamanda tiikettigi yakit enerjisine

orani), b) bir saatte tiketilen kémur miktarini t/h olarak hesaplayiniz. (Not: 1 metrik ton (t)=1000

kg)
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C-11) a) I. Durum

P = 25kPa
N En =h, =271.93kJ /kg,v, =V, =0.001020m° / kg
Sivi

Il. Durum

P, =5MPa[]
ow, =V, *(P, - B ) =0.001020 * (5000 - 25) = 5.0745kJ / kg, h, = 277kJ / kg

S =5 U
I1l. Durum

P, =5MPa
=3316.2kJ / kg, s, = 6.8186kJ /(kg.K
T, = 4500CEn 9. (kg.K)

IV. Durum

P, =25kPad] _s,—S; _6.8186-0.8931 _
X, = = =0.854
S, =5, 0 St 6.9383

h, =h; +x*h, =271.93+0.854*2346.32 = 227567k / kg
w, =h, —h, =33162-227567 =104053kJ/ kg

Oazan = N5 =, =3316.2-277=3039.2kJ / kg

G, =h, —h, =227567-271.93=200374kJ / kg

Whg =W, =W, =1035.46kJ / kg
m, =W—M—289 73kg/s
w  1035.46

Qo = M, * Gy = 87765012k

W,

Mot === 300000 *(0.75*0.96 = 0.246 [ %24.6
Q... 877650.12

b) m,, = 877650.12 *3600sn =149.769t/ h (150.1)

29300 *0.75*0.96
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§-12) ideal Rankine cevrimine gére calisan 30 MW’lik bir buhar gii¢ santralinde buhar, 5 MPa ve 500
°C’'de tirbine girmektedir. Gli¢ santralinin kondenseri hava sogutmali olup su buhari,
kondenserden cevre sicakligindan 10 °C daha duistk bir sicaklikta doymus sivi olarak ¢cikmaktadir.
Cevre havasinin sicakligi 30 °C ve gli¢ santralinde yakit olarak isil degeri 25000 kJ/kg olan kém{ir
kullanilmaktadir. Buna gore; a) Sistemi sematik olarak gizip T-s Diyagramini giziniz b) Santralin
kazan kapasitesini c¢) Santralin glinlik yaktigi komir miktarini ¢) santralin 1sil verimini

hesaplayiniz.
C-12) 3
e Kazan
3 2
N\ Qkazan
T B
T
Wpﬂ :> Weir Yogusturucu —OJ4
/ Qkonden
s
Tion = 30 — 10 = 20°C tablodan ; Pyon = Py = P, = 2.3392 kPa
[.Durum [.Durum
5 =20°C hy = hy =83.915 P,=5MPa | w, =vy x(P, — P,)
Doymugsivi | 53 = s¢ = 0.2965 kj/kgK 51 =5, w, =5 kj/kg
vy = vy = 0.001002 m3 /kg hy=wy +hy = 33_9155
Hl.Durum [IV.Durum
Py =5 MPa | Kizgin Buhar Py = 23392 kPa | sy = 0.2965
T; =500°C | hy;=3434.7 kj/kg Ty = 20°C sg = 8.6661
53 = 6.9781 kj /kgK 53 =54=69781 s <s;<5,

Karisim Bolgesi
__ Ss=Sf _ 69781—0.2965

Xg= = - = (0.7983
sg-sf  B.6661-02965

hy=hy +x4%hy, = 83.915 + 0.7983 « 2453.5

kj
hy = 2042.54

kg

. . Wegrpi 30000kW kg

Weirbin = Mpunar * (h3 — hy) = Mpunar = h:—bh: = 32337 - 203253 Z21.55 =

b) chzan = n'lbuhm. * (ha — h:) - 21-55 * (3434.7 o 88.915)

Quazan = 721 MW
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Ll ] -rk-';
y Qkazan 72101.67 = kg
m .= = —< = 2.884—
o) Micamar =, 25000~ s
Kg
" K, 3600s Zah K
Mycomur = 2.884 2 * «—— = 249183.3—=
s 1gun gun

Myomur = 25 ton/gin
W, = mh xw, = 107.75 kW

Whner _ 30000-107.75

~T2 = 0.4145 = %41.456
72101.67

d) Miset = Qg;'.'en.

$-13) 300 MW giiclinde bir buhar santrali, basit ideal Rankine ¢evrimine gére ¢alismaktadir. Su buhar
tirbine 10 MPa basing ve 500 °C sicaklkta girmekte ve 10 kPa yogusturucu basincina
genislemektedir. Cevrimi, doymus sivi ve doymus buhar egrilerinin de yer aldigl bir T-s

diyagraminda gosterin ve {a} tirbin ¢ikisinda buharin kuruluk derecesini, {b) cevrimin isil verimini,

(c}) cevrimde dolasan su buharinin kiitlesel debisini hesaplayiniz.

C-13) 3
Kazan
»+
N\
T ay
a
Wpﬂ |:> Weir Yogusturucu A‘Jz‘
/ Qkonden
S
.Durum Il.Durum
P, =10kPa | hy = hf = 191.83 kj/kg P, =10 MPa Wp =1y * (P, —Py)
Doymus sivi | 51 = 5p = 0.6493 kj /kgK 51 =53 wy, = 10.09 kj /kg
vy = vy = 0.001010 m*/kg hy=wy +hy = 201.92:—;
Hl.Durum IV.Durum
P; =10 MPa P, = 10 kPa
T; = 500°C hy =3373.7kj/kg 53 = 543 = 6.5966
53 = 6.5966 kj /kgK Sf<53<5,

_ Se=Sf _ 65966 —0.2965

> S'g—s‘f R

h;, - hf“"'x.;*
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G23 = hz—h;=31718, Qs = 1897.17 kj /kg
Whet = Q23 — Q41 = 1274.63

Wnee _ 1274.63

ey = = = 9% 40.2

n.su q:3 3171.8 c
A 3{'."('.}(3'0E
€) Wier = 1% Wpge = th = -2 = —5
Wnet 1274.63—
Kg

K
m= 235.36?9

S-14) ideal Rankine cevrimine gére calisan bir buhar gii¢ santralinde kazan basinci 4 MPa, kondenser

basinci 10 kPa dir. Tirbin girisinde buhar;
a) Doymus buhar halinde ise,

b) 400°C’ de kizgin buhar halinde ise ¢evrimin verimini bulunuz.

C-14)
N\ Qkazan
T
w,
1 e I
Qkonden
S
a) .Durum

P, = 10 kPa| hy = h, = 191.83 kj/kg
v; = v, = 0.001010 m3 /kg
hyy, = 2392.8 kj/kg

I1.Durum
Wy =y x (P: —Pl) = 0.01010 = (4000 — 10)
W, = 4.0299kj /kg

“"p = h: - hl = h: = 195.86 kj/k‘g
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I1l.Durum

P; =4 MPaY hs; =3213.6kj/kg
Ty = 400°C | s3 = 6.7690 kj/kgK

IV.Durum

Py =10 kPa| h,=191.83kj/kg , hy, = 2392.8 kj/kg

S3 =S4 5. = 0.6493 kj /kgK , 55 = 7.5009
Xy =——=0723
L 4 ssb .

hy=hs+ x4% hy = 1921.82 kj /kg
kj kj
Qrazan = h3—ha = (2301.4 - 195.86) E — 2605_5.-.1.E

.
Gyoz = hy—hy = 1921.81 — 191.83 = 1729.98é

.
Wegr = h3 — hy = 2801.4 — 1921.82 = 379.53é

Misat = L= ﬁ =1-0.6639 = 0.336 (0/036)

Qrazan

Wi
Whee = Wegr — Wy = 875.55 = 9,5y = —— = 0.336 (%36)

Qxazan

Verim = %33.6

S-15) Isil verimi %28 olan Carnot ¢cevrimine gore calisan bir 1si makinasinda ¢alisma akiskani olarak u

buhari kullanilmaktadir. Calisma akiskanina 350°C’ deki kaynaktan 1si verilmekte ve bu esnada akiskan

doymus sivi halinden doymus buhar haline gegmektedir.

a) Bu ¢evrimi doymus sivi ve doymus buhar egrilerini ihtiva eden T-s diyagraminda gosteriniz.

b) Calisma akiskanindan soguk isi kaynagina isinin atilmasinin baslandigi ve bittigi hallerdeki kuruluk

derecelerini bulunuz.

c) Cevrimde saatte 5 kg akiskan dolastigina gére bu 1si makinasinin gliclini bulunuz.

C-15)
T A
1 2
Tyc=350°C >
A Y

A

Toog=175.6°C
/ 4 3

v
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Tsog

=028y =1-—2_=028=T,,; =44867K

Tore 3504273

a) hsu = e

b) | ve Il. Durum

T = 350°C s, =5y = 3.777 kj [kgK
Doymus sivi-buhar 5p = 5, = 5.2112 kj fkgK

kj kj kj
Karigimi hy =h,= 1670.6é , hy=hy= 2563.9é il = 393.4ﬁ

Il ve IV. Durum

r=15C hy=74117 , hgy = 20324, h, =2773.6
Doymus sivi-buhar 5¢=2.0909 , 5, = 6.6256 , sg = 4.5347
Karigimi S3=5,=52112 =5, + x3%5p =>x3= si—-:s = 0.688
S
Sa =8 =3TTTT =Sy +Xg*Sa=—> Xi = S's—-:s = 0.3718
£1

W
€} Misu = ~oE Quc =T*4S

Qsic
_ kj _ kj
sy =3.7717 kgK , S =5.2112 kgK
; kj 1 1h
Qsc = 623K % (5, —51) x1h = 623K = 1.4335;(;;(-* 5 *}-I- * 36007

Qs = 1.24 kW

Misut * Q.s'ac = u’na:

Wiee = 0.28 « 1.24 = 0.3472 kW

Veya

Whee = = (h3 — hy)
kj
hy=hy = 2563.9-}5 , ha=hs+x3xhgy =741.17 + 0.688 x 2032.4

hs = 2139.46:—; Wig = 0.5894

H";-’Ompﬂ =1mx* (h4 g hl) = 0'24136 ' I‘Iv‘nst‘ — Wﬁlr e I"Vpompﬂ = 0-348 kH.-"
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S-16) ideal Rankine gevrimine gére calisan bir buhar gii¢ santralinde buhar tiirbine 5 MPa ve 450 °C
‘de girmektedir. Kondenser basinci 25 kPa ise, T-s diyagramini ¢izip;

a) Bu ¢evrimin isil verimini hesaplayiniz.

b) Buhar tiirbine 600°C ‘ de girerse isil verimini hesaplayiniz.

C-16)
I.Durum
v. = v; = 0.001020 m3/kg
P, = 25 kPa\> h, = hy = 271.93 kj/kg
hy, = 23463 kj/kg

Il.Durum
w, = v *(Py—P;) =5.0745kj /kg
hy = hy +w, = 277.0045 kj/kg

11l.Durum
P;=5MPa | hy =3316.2kj/kg
T; =450°C (s; = 6.8186 kj/kgK

IV.Durum

—-s, (6.8186— 0.8931
i )=0.854

s AT 6.9383

hy = 271.93 + x4 2346.3 = 2275.67 kj/kg

Qxon = hy — hy = 2003.7402 kj /kg
Qxazan = Nz —hy = 3039.1955 kj/kg

w, = hs — hy = 1040.49 kj /kg
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=1 =28 _ 063407

kazan

b) lll.Durum

P;=5MPa | h;=3666.5kj/kg
Ty = 600°C | s = 7.2589 kj/kgK

IV.Durum

| _7:2589-08931 . .
. G TR

hy = 2424.425 kj /kg

kj
We = h3 — h_; = 1241.89 —
kg

wy, = 5.074 kj /kg
Qxon = hg— hy = 2152.49 kj /kg

Qkazan = N3 — hy = 338949 kj /kg

Mest =1 — Hhow . _ %3649

Qxazan

S-17) ideal ara 1sitmali Rankine gevrimine gore calisan buharh bir gii¢ santralinde su buhar tiirbine
15 MPa basing ve 600 °C sicaklikta girmektedir. Yogusturucu basinci 10 kPa'dir. Algak basing
tdrbininin cikisinda buharin kuruluk derecesinin yiizde 89.6'nin altina diismemesi istenmektedir. Ara
Isitma sonunda buharin tlrbin giris sicakligina getirildigini kabul ediniz. Buna gore; a) Sistemi
sematik olarak cizip ¢evrimi T-s diyagraminda gdsteriniz. b) Buharin ara isitma basincini, ¢) Cevrimin
1sil verimini hesaplayin. d) Santral giicii 50 MW ve 2000 kcal/kg 1sil dedere sahip linyit ile ¢alisiyorsa

ihtiya¢ duyulan saatlik yakit miktarini hesaplayiniz.

10 kPa

Ara 1sitma
1

C-17)
I G
3
15 MPa CD 600
.—/!"F—-/
Algak |
Kazan basing :|I:
ini &
tiirbini ¥;
Ara 1s1ticl
P"‘ = P‘i = P;u"d 1sitma
\_6 1(] kPa
®
15 MPa Yogusturucu
Pompa /
10 kPa
('2'\ -/
oS
@
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a) Araisitma basinci, 5 ve 6 hallerinde entropilerin esit olmasindan yola ¢ikarak bulunabilir.

6. Hali: Pg = 10 kPa

Xg = 0896  (doymus sivi-buhar karigimi)
Se = hs +xg%5p, = 0.6492 + 0.896(7.4996) = 7.3688 k] /kgK
he = hy +xgx hy, = 19181 + 0.896(2392.1) = 2335.1k]/kg

5. Hali: Ts = 600°C |, 55 = s¢
Ps = 4.0 Mpa  hs = 3674.9 k] /kg

Isil verimin hesaplanabilmesi igin diger hallerde entalpilerin bulunmasi gerekmektedir:

1. Hali: Py = 10 kPa , Doymus sivi
hl = hf@lukpa = 191.81 k]fkg ¥ L‘1 = L’f@iokpa = 0.00101 ??lsfkg

2. Hali: P, =15 MPa ,s; =53
Wyompg = v1(P; — Py) = (0.00101 m3/kg)*[(15000 — 10) kPa] ( an ) 15.14 k] /kg

1kPasm®
hy = hy + Woompg = (19181 + 15.14) kJ /kg = 206.95 k] /kg

3. Hali: P3 = 15 MPa , Ty = 600°C
hs = 3583.1k]/kg ,s3 = 6.6796 k] /kgK

4. Hali: Py =4 MPa,s; = s3
hy = 3155.0k]/kg ,Ts = 375.5°C

Boylece
Qg = (hs —hy) + (hs — hy) = (3583.1 — 206.95) + (3674.9 — 3155.0) = 3896.1k]/kg
q; = (he— hy) = (2335.1 — 191.81) = 2143.3k] /kg

=1%o BB 5450 = %45
tsel Qg 3895.11{}:"1{9
Wiee 50 000 kJ /s

Mburar = 0 he —he)  (3583.1— 3155.0 + 3674.9 — 2335.1)kJ /kg
= 28.28kg/s

Qiazan="punar * 4 = 28.28 * 3896.1 = 110181 kJ/s

S-18) Bir termik santralde 5 K9/ debiyle buhar, 4 Mpa ve 400°C’de tiirbine girmekte ve 10 kPa basinca
kadar genislemektedir. Buna goére; (a) Sistemi sematik olarak ve T-s diagramini giziniz. (b) Cevrimden
elde edilebilecek net glicii (c) Cevrimin isil verimini (d) 2000 kcal/kg 1sil degere sahip linyit ile calisiyorsa
saatlik yakit miktarini hesaplayiniz.
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C-18)
J_L Quazan
3
e
a) Q 3 Wtﬁr
T N kazan QD
2 y 1|
) Yogusturucu
W ﬂ |:> Wtur F_I 4
] |10 kPa ll Qyog
1 « 4
Qkonde ~
s
b) [.Durum

Py = 10 kPa, Doymus sivi

h‘l = h’f@i@k?ﬁ = 191.83 k]fkg , V1 = Vi@10kpa = 00010101713;}{9
[1.Durum

P, =4 MPa s, =54

Wpompg = v1(P; — P;) = 0.001010*(4000-10) =4.0299 kJ /kg

Ry = hy + Wyomp g = (191.83 + 4.0299) k] /kg = 195.86 k] /kg
1. Durum

P; =4 MPa ,T; = 400°C
hy = 3213.6kJ/kg ,s3 = 6.7690 k] / kgK
IV. Durum

P, = 10kPa ,ss = 53 = 6.7690 k] /kgK

hs = 3155.0k]/kg , Ty = 375.5°C

S4—Sf 6.7690-0.6491
X3 = = = 0.8157
47 s 7.5019

hg=hs+x4%hs; =191.83 + 0.8157(2392.8) = 2343.7k] /kg

W, = m(hy — hy) = 5(3213.6 — 2143.7) = 5349.5 kW

W,

=m*w, =5x4.0299 = 20.15 kW

Wiee = W, — W, = 5329.35 kW

Oxazan = mhs — hy) = 5(3213.6 — 195.86) = 15088.7kW

O e T,

Wyee 5329.35 ,
I = 0.3532 = %35.32
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Qxazan = 15088.7 k] /s » 3600 s/1h = 54319320 kJ /h

Hy e = 2000 keal/kg + 4.186 k] /kcal = 8372 k] /kg

H_)'ﬂklf 8372

Myanis = =6488.21kg/h

S-19)Bir buharl gii¢ santrali, basit ideal Rankine ¢evrimine gore calismakta ve buhar tiirbine 10 MPa
basing, 500 °C sicaklikta ve 165 kg/s debi ile girmekte ve yogusturucuda 10 kPa basingta
yogusturulmaktadir. (a) Cevrimi sematik olarak c¢iziniz. (b) Cevrimi doymus sivi ve doymus buhar
egrilerinin de yer aldigi T-s diyagraminda gosteriniz. (c) Santral giiciinii hesaplayiniz. (d) Cevrimin isil
veriminibulunuz.

C-19)
a)
kazan
2 A
p:o@ tlrbin
Wp
1 A
yogusturucu Quonde -
4 s
c) [-Durum

P, = 10 kPa, Doymus sivi
hl = hf@lgkpa = 1918 kj,-"kg ; V1 = V§@10kpPa = 0.001010 msfkg

Il. Durum

P, =10 MPa s; =5

Wyompg = ¥1(P2 — Py) = 0.001010*(10000-10) =10.09 //kg
hy = hy + Wpompg = (191.8 +10.09) kJ /kg = 201.9k] /kg
I11. Durum

P; =10 MPa , T; = 500°C
hs = 3373.7k]/kg , 53 = 6.5966 k] /kgK

IV. Durum
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P‘i‘ = lokpﬂ,s,‘:Sa
. S4—Sf _ 6.5966—-0.6491 a
vy =L = ST = 07927

hy = hy +x4%hs, = 191.8 + 0.7927(2392.8) = 2088.57 k] /kg
W, = m(hs — hy) = 165(3373.7 — 2088.57) = 212046.45 kW

W, = 1 = w,, = 165 » 10.09 = 1664.85 kW’
Wiee = W, — W, = 210381.6 kW = 210MW
Qrazan = Mz — hy) = 165(3373.7 — 201.9) = 523347kW = 523.347MW

Qyopuse = Mlhy — hy) = 165(2088.57 — 191.8) = 312967kW = 312.967MW

Whee 2103816
= met = 0.4019 = %40.19
isel ngznn 523347

d) 7

S-20) Buharli bir gii¢ santrali 20 kPa ve 10 Mpa basing sinirlari arasinda ideal Rankine ¢evrimine gore
calismaktadir. Cevrimde dolasan buharin kutlesel debisi 5 kg/s’dir. Ttrbin ¢ikisinda buharin sivi orani
%10 olarak tespit edilmistir. (a) Cevrimi sematik olarak gosteriniz, T-s diyagramini ¢iziniz. (b) Cevrimin
net glicint bulunuz. (c) Cevrimin verimini bulunuz. (d) 8500 kl/kg 1sil degere sahip linyit ile calisiyorsa
saatlik yakit miktarini hesaplayiniz.

C-20)
a)
kazan
3 TA
2 A Wt
) tirbin @ 2
|:>(pompa W
|::> tar
Wp W 4
1 A /
yogusturucu Quonde -
4 s
b) I.Durum

P; = 20 kPa, Doymus sivi

hy = hf‘@:okpa = 2514k]/kg , V1 = Vf@20kpa = 0.001017 ma,fkg
II. Durum

P, =10 MPa s; =5
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b)

c)

Wpompg = ¥1(P2 — Py) = 0.001017*(10000-20) =10.15 K/ /kg
ha = hy + Wpompg = (251.4 +10.15) k] /kg = 261.55 k] /kg

IV. Durum

P, =20kPa,xs=09
hg = hy +x4%hy, = 2514 + 0.9(2358.3) = 2373.87 kJ /kg

Sy =5p+x4%55,= 08320 + 0.9(7.0766) = 7.20k] /kg
111, Durum

P; =10 MPa ,s3 =54 =7.20k] /kg
hs = 3902.5k] /kg

M’ns: = w”t = I’Vp — m[(h:; ~ h.;) = (h: = hi)]

Wpee = 5[(3902.5 — 2373.87) — (261.55 — 251.40)] = 7592.4 kW

_ Wnet _ Rg—hsg 3902.5-2373.87

.= = — = 042
tsil  Qkaszan  hs—hz 3902.5-26155
. Qxazan 5(3%02.5—-261.55)3600 F
[ e = = kg/h
yakut Hyaie 2500 7710.25%8

S-21)Koémir yakan ve ideal Rankine ¢evrimine gore calisan bir termik santralde buhar tiirbine 5 Mpa ve

400°C girmektedir. Termik santralde kondanser sicakhigi 65°C olup isisini yakinindaki nehre

vermektedir. Buna gore: (a) cevrimi sematik olarak ve T-s diayagraminda ciziniz. (b) Cevrimin isil

verimini bulunuz. (c) Buhar debisi 10 kg/s ise kazan glicti ve elde edilen net giicii hesaplayiniz.

c-21)

kazan

Qkazan
Wt

p:o@ tiirbin @ 2
Wﬁr
Wp 4 —> Wt

yogusturucu Qxonde

WV
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I. Durum

Ty = 65°C, Doymus sivi

hy = hg=272.12k]/kg

sy = sp=0.8937 k] /kg

Py = Pyoyma = 25.043 kPa

vy = v = 0.001020 m3/kg
11. Durum

P, = P; =5Mpa
5y =5, = 0.8937 k] /kg
vomp = V1 (P2 — P) = hy — hy = 0.001020 = (5000 — 25.43)

hy—hy = 5.07 = h, = 277.2

w

II1. Durum

P3; =5 Mpa,T; = 400°C
hy =3196.7k]/kg
53 = 6.6483 k] /kg

IV. Durum

T, =65°C,s3 =35,
sg=0.8937 k] /kg ,s¢z = 6.9362 k] /kg
Sy =5S; +x x5p, = 0.8937 + x(6.9361) = 6.6483 kJ /kg
x=0.83
hy=hs+xgxhe, =27212 + 0.83(2345.4) = 2218.802k] /kg

_ Qakan 1 hy—hy 2218.802 —272.12

= = 0.3332
! Qgiren hs—hy,  3196.7 —277.2

n

Whee = 1 * (Qgiren — Geikan) = 10(2919.5 — 1946.682) = 9728 kW

S-22)Buharli bir tip giic santrali, yogusturucu cikis sicakhg 80°C ve kazan cikis sicakligi 500°C olan bir
Rankine ¢evrimine gore ¢alisacak sekilde tasarlanmistir. Pompa cikis basinci 2 Mpa olduguna gore; (a)
Santali sematik olarak ¢iziniz. (b) Cevrimin T-s diyagramini giziniz. (c) Cevrimin verimini hesaplayiniz.
(d) Buldugunuz verimi ayni sicakhk sinirlari arasinda cgalisan Carnot i1si makinesinin verimi ile
karsilastiriniz.

C-22)
kazan
a)
3
2 A Wt
) tirbin @
|:>(pompa
Wp
1 A
yogusturucu
233




Prof. Dr. Hiisamettin BULUT Coziimlii Termodinamik Problemleri

Buhar Gii¢c Cevrimi

b)

Qka zan

Qkonde

n\N

0 W, = hy — hy = 3468 — 2580 = 888 kJ/kg
gy = hy— hy = 3468 — 335 = 3133 KJ/kg

_ W _ 888 _ &
7 = o = 513 = 0:283 = %28.3

_a4_ T . 808273 =
9 nccr =1 Ty 1 5004273 0.543 = %,54.3

S-23) Kémur yakarak elektrik Greten bir buharli glic santralinde, su buhari 5 kg/s debi ile tiirbine 5 MPa

basing ve 400 °C sicaklikta girmektedir. Santral, 60.1 °C yogusma sicakliginda calisan bir yogusturucu

ile 1sisini yakinindaki nehre vermektedir. Santralde kullanilan kém{riin 1sil degeri (komir yandigi zaman

aciga cikan isi) 29300 kJ/kg'dir. Buna gore; (a) Bu santralin hangi termodinamik ¢evrime gore ¢alistigini

yaziniz. (b) Santrali sematik olarak ciziniz. (c) Cevrimin T-s diyagramini ¢iziniz. (d) Santralin net gliclinii

ve isil verimini, (e) Bir saatte tiketilen komur miktarini t/h olarak hesaplayiniz. Not: 1 metrik ton (t) =

1000 kg
C-23)

a) Rankine Cevrimi

b) 0
I Cliaran
—[ Kazan 3 pi=5Mpa hi=31957 ki/kg
27T Ti=400% ¢ s3= 6.6459 ki/keK
P2=5 MPa Wi

1 T Tyeg. = 60.1%C |
Yopfusturucu
n 4
@ Qe
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ki
P; =20 kPa Doymus swi (hy = 251.4%,1}1 = 0.001017)

Py = P, = Paoyma = 0.02 MPa = 20 kPa
Sq3 =84 = 6,64‘59
S —Sf _ 6,6459 —0,8319

= = 0.8215
sy — S 17,9093 —0,8319

Xg =

ki
h, = 251.4 + 0.8215 % 2358.3 = 2188.74%

d) w, = vy (P, — P;) = 0.001017 * (5000 — 20) = 5.065:—;
W, = 25,3252 hy = hy +w, = 256.465

wy = m(hy — hy) = 5(3195.7 — 2188.74) = 5034.8 kW
Qrazan = M(hs — hy) = 5(3195.7 — 256.456) = 1469.17 kW
Wher = Wy — W, = 5009.5 kW

kj

14696.17 -+ kg3600s 1t t
o = = — = 0s0te L = 18y
u 29300% s g

S-23)Buharli bir gii¢ santrali ideal ara i1sitmali-ara buhar almali Rankine ¢evrimine gore ¢alismakta ve
80 MW net glic tretmektedir. Buhar yiksek basing turbinine 10 Mpa basing ve 550 C sicaklikta
girmekte, 0,8 Mpa basincta cikmaktadir. Bu basingta tiirbinden ayrilan bir miktar buhar, kazan besleme
suyunu acik bir besleme suyu isiticisinda 1sitmak i¢in kullaniimaktadir. Geri kalan buhar 500 C
sicakliga sitildiktan sonra, algak basin¢ tirbininde 10 kPa yogusturucu basincina kadar
genisletilmektedir. Cevrimi T-s diyagraminda gostererek; a) kazandan gegen buharin kitlesel debisini,

b) cevrimin isil verimini hesaplayiniz.

C-23)
l ¥ T4
I
- X i N
- | s W
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— —h = kj 0 — m?
PL=10kPa,  hy =h; =191817, v, = vy = 0.00101 7=
m3 1k kj
Wpompa1 = V1 * (PZ - Pl) = 000101;(_9'- * (800kPa — 10kPa) (m) = 080@
kj kj kj
hz = Wpompan + hy = 0807 + 1918177 = 192617~
kj m3
P; = 0.8 Mpa, hy = hy = 720.87 ;—(E] Vg =Vp = 0.001115@
m3 1k/ kj
Wpompaz = 3 * (Py = P3) = 0.001115—« (10000kPa — 800kPa) (m) = 1026,
hy, = +h —1026kj+72087kj—73112kj
4 = Wpompaz2 3 = 1L kg kg kg

Ps; =10 Mpa

Ts = 550 °C — Kizgin Buhar bolgesi
hs = 3502.0kj/kg

ss = 6.7585kj /kgK

P¢ = 0.8 Mpa
S5 =sg = 6.7585kj/kgK — Kizgin Buhar bolgesi
he =2812.1kj/kg

Pj.v = 0.8 Mpa
T; =500 °C — Kizgin Buhar bolgesi
h, = 34.81.3kj/kg
s, =7.8692kj/kgK
PB =10 kPa
§7 =sg = 7.8692kj /kgK — Doymus Swvit — Buhar bolgesi
Sg —Sf  7.8692 — 0.6492 56627
Xo = = = U.
8T sy 7.4996
hg = hy + xghry = 191.81 + (0.9627 + 2391.1) = 2494.7 kj /kg

y degerini bulmak i¢cin ACIK BSI sisteminde enerjinin korunumu denkleminden;
D (mghy) = Y (mehy) = titg b + 1ishy = titshy = yhe + (1 = y)hy = 1(h3)
_ hy—h; 720.87 —192.61
Y =5 Th, " 2812119261 22017
ag = (hs — hy) + (1 = ¥) * (h; — hg) - (3502 — 731.2) + (1 — 0.2017)(3481.3 — 2812.1)
qy =3305kj/kg
q. = (1 —y) * (hg — hy) = (1 — 0.2017)(2494.7 — 191.81) = 1838.5 kj/kg
Whet = 44 — 4. = 3305.1 — 1838.5 = 1466.6 kj /kg
_ Wyer  80000kj/s
" Wper 1466.1kj/kg

_ Wnee 14661 ) 144 - %444
Mot =g " T33050

=545 kg/s

236



Prof. Dr. Hiisamettin BULUT Coziimlii Termodinamik Problemleri Sogutma Cevrimi

Sogutma Cevrimi

SOGUTMA MAKINALARI VE ISI POMPALARI

e ”k Dusiik sicakliktaki ortamdan yiiksek sicakliktakine
s o Isinin aktariimasi i¢in sogutma

— N makinalari olarak adlandirilan 6zel cihazlara
gereksinim duyulur.

On [

(Honsiymn Sogutma makinalari ve 1s1 pompalari aslinda ayni
, cihazlar olmakla birlikle,
Wi Woerg
(gerekli (gerekli kullanim amaglari farkhdir.
. ig) p y, 18)
R < ( HP COP Elde edilmek istenen Sogutma etkisi 0,
. \ / SM - g
Harcanan |_\: oIS "'\.. 1L
o B e Elde edilmek istenen [sitma etkisi 0,
(amaglanan C( ” P = - T 3 — =
etki) Harcanan |*_7 s \\._ L
SOGUK _
i COPyp = COPgy + |

Sogutma makinesinin amaci sogutulan Qvae Q.H. n sabit
ortamdan i1s1 gekmektir (Q,);is degerleri igin

pompasinin amaci ilik ortama isi
vermektir (Q)

TERS CARNOT CEVRIMI

Tersinir Carnot ¢cevrimi iki belirli sicaklik seviyesi arasinda
calisan en etkin sogutma cevrimidir.
I Diger taraftan 2—-3 ve 4-1 hal degisimlerinin saglanmasi
DA T s ] uygulamada pek mumkin degildir. CUnk
- 2-3 hal degisiminde sivi-buhar karisinin sikistirilmasi
gerekmekte ve bunun igin de iki evreli akigkanla ¢alisan bir
S — kompresdre ihtiyag
I =T,/ Ty duyulmaktadir. Diger taraftan 4-1 hal degisimi sirasinda
sivi orani yuksek sogutkanin ttrbinde genlesmesi gerekir.

COP

COP,

PCarnot —

Ty scaklindaki it TL'nin yukselmesi
"‘"‘;";m veya TH'nin diismesi
. B r—— durumunda her iki
Yubirs | COP’nin de arttigina
dikkat edilmelidir.
ﬂ Carnot sogutma
" makinesinin diizeni ve
;‘_r ters carnot ¢cevriminin T-s
< . diyagrami.
T, sicakligindaki

sofuk ortam
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iDEAL BUHAR SIKISTIRMALI SOGUTMA GEVRiMi

Buhar sikistirmali sogutma ¢evrimi sogutma makinalari igin ideal bir ¢cevrimdir.
Ters Carnot ¢evriminin aksine sogutucu akiskan sikistiriimadan énce timuyle
buharlastirilir ve turbini yerini kisilma islemi alir.

1-2 Kompresorde izantropik sikistirma

2-3 Yogunlastiricida ¢evreye sabit basingta 1s1 verilmesi
3-4 Genlesme cihazinda kisilma

4-1 Buharlastiricida sabit basingta 1s1 alinmasi

1k
gevre T

n Oy

ﬁ‘" -
s1v1
A
\ =
Kisilma W, 3
X v G -—t 3 w
vanast  Kompressr . < 2

o

(=]

—| Buharlagtine: ——

P — e =

' Q L //

7o /
Q Doymus buhar *

Sogutulan 5

ortam

Ideal buhar sikistirmali sogutma ¢evriminin diizeni ve T-s diyagrami

ideal cevrimlerden farkli olarak, ideal buhar sikistirmali sogutma ¢evriminde
tersinmez bir hal degisimi (kisilma) oldugundan icten tersinir bir cevrim degildir.
Kisilma vanasi yerine bir tlrbin kullanmak hem daha masrafli olacagi hem de
sistemi daha karmasik yapacag! i¢in uygulanmaz.

Mutfak Havasi
25°C N . . . .. .
Dondurucu Buharlagtinic: Kilcal Surekll ak|§ Igln enerj' dengeSI {q= - q’{ ) + {“‘H - W». } = h{-’ - hr‘-‘

bilimi borular borular
\ / /r._]c '—\— -!'\ 3 74
\ = =/

.\ L '_-—.Q! —

"\ — : F
—
-18°C ——w, J b
] : qr By My
. COPgy=—""—="-~
c ~ Yogusturucu Whetg hy = hy
C — rular
320 ———— 0
—
¢ i -“-_“| a G 'll?_‘ o "l?'\
\ —Q COPyp v — -
¢ Whet h,— h
Kompresir

fi

Bir ev buzdolabi . . N ,
Ideal buhar sikistirmali sogutma ¢evriminin P-h diyagrami
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GERGEK BUHAR SIKISTIRMALI SOGUTMA CEVRIiMi

Gercgek buhar sikistirmali sogutma cevrimi ideal olandan bazi bakimlardan farkh olup, bu
durum genellikle ¢cevrimi olusturan cesitli elemanlardaki tersinmezliklerden kaynaklanir.
Tersinmezligin iki ana kaynagi, basincin dismesine neden olan akiskanin surtinmesi ve
cevreyle yapilan isi alisverisidir. Tersinmezliklerin sonucu olarak COP azalir.

T FARKLILIKLAR

Ihk

ortam izantropik olmayan
7o sikistirma
4 3 Buharlastirici ¢ikisindaki
. kizgin buhar

ta

5

Yogusturucu c¢ikisindaki
sikistiriimis sivi
Yogusturucu ve
buharlastirici ¢ikisindaki
basin¢ dususleri

v Kisilma . wg
‘' vanasi Kompresir

61 1

—t—=| Buharlagtiner ——

e

-

o0,

Sogutulan
ortam

Gergek buharli cevrimin dizeni ve T-s diyagrami.
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S-1) ideal buhar sikistirmali sogutma cevrimine gére calisan bir oto klima sisteminde R-134a sogutucu
akiskani kullanilmaktadir. Kayis kasnakla motor krank milinden 1.5 kW gii¢ alan kompresér, R-134a’yi
200 kPa’dan 1200 kPa sikistirmaktadir. Bu arada 30 °C’'deki dis hava oto klima sisteminin evaporatori
lzerinden gecerek 10 °C sicakhigina diismekte ve i¢ kabine verilerek sogutma saglanmaktadir. Buna
gore;

a) Sistemde dolasan R-134a’nin kiitlesel debisini,
b) Evaporator gicilind,
c) Cevrimin sogutma tesir katsayisini ( COP),

d) iceri Giflenen havanin hacimsel debisini m3/saat olarak hesaplayiniz. Not: Hava i¢in C,=1.005 kJ/kgK
, p=1.2 kg/m?3

TT Quon
C-1 A /\ 1| 2
p Kondenser 1
- 2 sl

\ 4
IS

1 Evaporator -
1
/h U Qevap

I.Durum

P, =200 kPa = 0.2 MPc | hy = 2413 kj/kg

Doymus buhar s; = 0.9253 kj /kgK

[[.Durum

P, =1200kPa=12MPc | b s
275.52 0.9164

Sz =951 0.9253 interpolasyon yapilarak
287.44 0.9527

h, = 278.44 kj/kg
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I1l.Durum

hy=hy=>P;=12MP | h3=h=11576=h,

Doymusg sivi

1.5kW

— — > m=——
a) Wi = x (h; — hy) = m 278.44—241.33

= 0.004038"?9

b) Qevap = 1 * (hy — hy) = 0.04038 * (241.3 — 115.76) = 5.070 kW

_ Qeuap _ 5.070 _
c) COP = W, - 15 = 3.38

d) Qevap = Mhava * Cp * (Tgiris — Taikas)

Ko ki .
5.070 = Tthgpa * 1,005 =5 (30 — 10)°C

. kg . l::!2522'k§’—‘_(’]I . m?
Mpava = 02522? = Vhava = T = Vh(wa = 7566?

S-2) -10 °C sicaklikta tutulmak istenen bir derin dondurucudan dakikada 120 kJ isi cekilmektedir. Cevre
ortam 24 °C sicaklikta olup, sogutma icin harcanan gii¢ 800 W'tir. Buna gore, a- Gerekli tersinir gilicd,
b- Birim zamanda olusan tersinmezligi, c- Derin dondurucunun ikinci yasa verimini hesaplayin.

C-2

Qx
) | 2
Kondenser 1
3+
X W, =800 W
L Evaporatdr }
4 1
120 ki, 1dk 2 kW
= —_ =
Q dk 60sn
T.=-10°C

a) Gerekli tersinir gii¢ Tersinir Carnot cevrimi ile bulunur.

T, Q. _-10+273K 2kw

COP. sy i = = . T
sog.tersinir Ty =T, Wier 24 — (—10) Wier.

Zoor. = 0.2586 kW

b) =W —W,, = I =0.8kW — 0.2586 kW = [ = 0.5414 kW

2
OVCOPgerer = 2 == =25
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T, 263K

COProrsinir = =
tersinir Ty —T, 297K — 263K

= 7.7353

COPgergek 2'5
Mikanun = COPsocir - = 7.7353
tersinir :

= 03232 (%32.32)

S-3) Bir sogutma sistemi, ideal buhar sikistirmak sogutma gevrimine gore galismaktadir. Cevrimin
sogutma kapasitesi 300 kJ/dakika'dir. Sogutucu akiskan olarak R-134a'nin kullanildigi ¢evrimde,
akiskan kompresore 140 kPa basingta doymus buhar olarak girmekte ve 800 kPa basinca
sikistiriimaktadir. Buna gore, a- Cevrimi doymus sivi ve doymus buhar egrilerinin de yer aldigi P-h ve T-
s diyagramlarinda gosterin. b- Kisilma islemi sonunda sogutucu akiskanin kuruluk derecesini, c-
Cevrimin sogutma etkinlik katsayisini, d- kompresori galistirmak icin gerekli glicii hesaplayin.

c-3
2
P
800 kPa
140 kPa 1
7

kj
—_— —
dk 60sn

Qsog = Qevap =300

[.Durum

P; =140 kPa = 0.14 MP hg = hy = 236.04
Doymus buhar 51 =55 = 0.9322

Il.Durum

P, =800 kPa Kizgin Buhar
s1 = s, = 0.9322 } T h s
31.33 264.15 0.9066
0.9322
40 273.66 0.9374

As; = 0308 Ahy =951
As, = 0.0256 Ah, =? Ahy = 7.9044

h, = 272.054 kj/kg
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I1l.Durum

P, =800 kPa | hy = hy = 93.42 = h,
Doymus sivi J_

b)_IV.Durum

P, = 0.14 MP } hy = 2577 , hpg = 210.27

Karisim hy = hp +x % heg = x = 0.3217
hi—h, _ 236.04-93.42 _ 142.62

c)COP = = =
) ho—h,  272.05-236.04  36.01

=3.96

Qevap = 1 * (hy — hy) = 5kj/s = hyy * 14262 kj/kg = m = 0.035098 kg/s

Wiomy = 1 * (hy — hy) = 1.26 kW

S-4) Bir sogutma makinasi 2 °C’deki sogutulacak mahalden 300 kl/dak i1si cekmekte ve 26 °C’deki
ortama 345 kJ/dak isi terk etmektedir. Bu sogutma makinasinin Termodinamigin Il. Kanununu

ihlal edip etmedigini; Clasius esitsizligini ve Carnot prensibini kullanarak kontrol ediniz.

Qy = 345 kj/dk

) | 2
Kondenser T
3-F
Wi

X — {—
s Evaporator :
4 1

| 0, = 300 kj/dk

Clasius Esitsizligi

kj _kj
% <0, féQ QSOQ Qsic i 300 4% dk + _34‘)@
SOQ TSEC 275K 299K

T

Carnot prensibi
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COPCarno.': < COPCarnot,tersinir

Qsog Tsog 300 < 275
=
Qsic — @sog  Tsic — Tsop 345-300 299 - 275

= 6.667 < 11.45 [I. Kanuna uyuyor

S-5) Calisma akiskani Freon-12 olan bir ideal buhar sikistirmali sogutma cevriminde buharlastirici
basinci 0.7 MPa ve yogusturucu basinci 0.12 MPa ise, birim kiitle icin, a- Sogutulacak ortamdan
cekilecek i1sty1, b- Sogutma tesir katsayisini (COP) hesaplayiniz.

C-5

a) 041 = hy — hy = 176.14 — 62.29 = 114 kj/kg
b) Qu3 = h, — hy = 207.11 ~ 62.29 = 114.8 kj /kg

hs=hy,  Wiomp =hy ~hy =207.11 — 176.14 = 31 kj /kg

c)cop=-_ 1 _347
Wkomp 31
§-6) -7 °C sicaklikta tutulmak istenen bir sogutucudan 80 kJ/dakika degerinde isi cekilmektedir. Cevre
hava sicakligi 25 °C olup sogutucunun cektigi giic 0.5 kW olduguna goére; a) Sogutucunun
cekebilecegi en dusik glic miktarini, b) Tersinmezligi, ¢) Bu sogutucunun 2. yasa verimini

hesaplayiniz.
c-6
ﬁ Qkon
L 2
.t
Wi =0.5 kW
X — ¢

L

1
| | Qevap= 80 kj/dk=1.333 kW

244



Prof. Dr. Hiisamettin BULUT Coziimlii Termodinamik Problemleri

Sogutma Cevrimi

Qevap 1.333
COP = =——" =2
A o= 2667
T 266
COPyorsiniy = ——2 = 8.3125

Tac — Tsop 298 — 266
a) En disik gl tersinir oldugundan

COPrersinir =

Qevap kW
= 0. = 1. —_—
Wt 8.3125 =1.333 Wrs

Wi, = 0.1604 kW
b) I = Wy — Wyr = 05— 0.16 = 0.34 kW

O, = COP 2667
M= COProrstntr 83125

= 0.32 (%32)

S-7) Basit ideal Rankine ¢evrimine gore ¢alisan bir buharl gli¢ santralinde net glic 45 MW’tir. Su buhari

tlirbine 7 MPa ve 500 °C girmekte ve 10 kPa basin¢taki kondenserde yogusturulmaktadir.

Yogusturucunun sogutulmasi icin kondenserin etrafinda 2000 kg/s kutlesel debideki g6l suyu

dolastiriimaktadir. Buna gore; a) sistemi sematik olarak c¢izip, cevrimi T-s diyagraminda
gosteriniz. b) Cevrimin 1sil verimini, ¢) Buhar debisini, d) Sogutma suyu olarak gdl suyundaki

sicaklik artisini hesaplayiniz.

C-7
3//
AN\
.
2
4k < K
: >
S
h, =h =191.81 il
1 — f@10kPa — . kg

3

v = vf@ll}kpﬂl = 0.00101@

3
m
Wyompe = vy % (P — Py) = 0.00101E % (7000 — 10 kPa) * (

Wpompe = 7.06 kj/kg
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ki
hy = hy + Wygmpe = 191.81 + 7.06 = 198.87%

Py =7MPa| hy=34114kj/kg
T, =500°C | s = 6.8000 kj/kgK

_ Sa=Sf _ 6.8000—0.6492

P =10kPa Xy =" e = 0.8201

sS4 =53 | hy=hp+xy%heg =191.81 + (0.8201 = 2392.1) = 2153.6kj/kg

ki
Qgiren = h3 —hy; = 3411.4 —198.87 = 2112.5%
kj
Qeikan = hq —hy = 2153.6 — 191.81 = 1961.8@
kj
Wnet = Qgiren — Gikan = 3212.5-1961.8 = 1250-7@
kj
1250 =
w k
L r—— ;g = %389
giren 32157
Wnet _ 45000 kg

c)m = = -
) Wnet 125079
kg

d) Ogikan = 1 * Qoukan = (35.98“2) « (1961.8 f—;) = 70.586 "L

. kj
4T, = Jekan_ _ R
0O 5000Kd 418 1
s T kg°C

S-8) Sogutucu akiskan olarak R-134a kullanan ve ideal buhar sikistirmali sogutma cevrimine gore

calisan bir sogutma makinasinda sogutulan ortam -30°C’de tutulmakta ve yogusturucuya 18

°C’de 0.25 kg/s debi ile girip, 26 °C de ¢ikan suya yogusma isisi verilmektedir. Sogutucu akiskan

yogusturucuya 1.2 MPa basing ve 65°C de girmekte ve 42 °C de ¢ikmaktadir. Kompresoriin giris

kosulu 60 kPa ve -34°C olup, sikistirma islemi esnasinda ¢evreden 450 W i1si kazanmaktadir. Buna

gore a) Buharlastirici girisindeki sogutucu akiskanin kuruluk derecesini b-) sogutma kapasitesini

¢) sogutma sisteminin COP degerini hesaplayiniz.
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c8
26°C Su 18°C Su
by
Kondenser
3
x .
— {1
4
Evaporator
1 7
P, =60 kPa | hy = 230.0 kj/kg
=-34°C
P, = 1200 kPa ‘ h, = 245.16 kj/kg
T, = 65°C |
P; = 1200 kPa hy = 111.23;‘—; = h,
T3 == 4ZOC
Py = 1200 kPa x; = 0.4795

hy = 111. 23— J

Suicin

hsu1 = hfa1g = 75.47 kj/kg

hsuz = hy 26 = 108.94 kj /kg

Yogusturucu igin T.D.l. kanunu yazilirsa
Msogakis * (ha — hg) = Mgy * (Rey2 — hsy,1)

(hm2 Ry, 1) 108.94 — 75.47 kg
0. = 0.0455—
h, — hs 29516 — 111.23

m= msog.am; = Mgy *

Qy = m* (hy — h3) = 8367 kW
Wkﬂmp =mx* (h; — hy) - chvre = 2.513 kW

Q. = Qu — Wyomp = 8.367 — 2.513 = 5.85 kW

585 _
C)COP_W_ZSIS 2.33
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$-9) 300 kj/dk sogutma giicline sahip bir sogutma makinasi ideal buhar sikistirmali sogutma cevrimine
gore calismakta ve sogutucu akiskan olarak freon-12 gazi kullanilmaktadir. Freon-12 kompresore 140
kPa’ da doymus buhar olarak girmekte ve 800 kPa’ a kadar sikistirilmaktadir. Buna gore; a)Sistemin
sematik olarak, T-s (Sicaklik-entropi) ve P-h (Basin¢ — entalpi) diyagramlarinda goésteriniz. b) Kisma
vanasinin ¢ikisinda sogutucu akiskanin kuruluk derecesini bulunuz. c) Sistemin sogutma tesir katsayisini
bulunuz. d)Kompresér giiclini kW olarak hesaplayiniz.

ﬁ Qkon
c9 2

L
Kondense \

4
Evapgrator A'J

1
I_I Qevap
[.Durum >
P, =140kPa | h,=hy = 177.87 kj/kg
Doymus buhar | sp =81 = 0.7102 kj /kgK
I.Durum
51 =5, =0.7102 ‘ Kizgin buhar interpolasyon yapilarak
P, =800 kPa | h, = 208.6467 kj/kg
[[I.Durum
P; =800 kPa hy = hy; = 67.43 kj/kg
Doymus sivi |
[V.Durum
P, =140 kPa hy = hy = hg + x4 * hgy = 67.30 = 16.9 + x, * 161.78
Doymus sivi —

J
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Buhar karigimi x, = 0.3165

ki _ ki . )
a) Qevap = 300d—:{ = 5?1 * Mg_12 * (hy — hy) = Mp_q, = 0.04522 kg/s
b) Wkomp = Mg-12 * (h, — hy) = 1.3917 kW

_ Qevap

coP = 3.5926

I
M’komx

S-10) Bir soguk su makinasi ideal sogutma ¢evrimine gore calismakta ve sogutucu akiskan olarak Freon-
12 kullanmaktadir. Freon-12 doymus buhar olarak 160 kPa basingta kompresére girmekte ve
kondenserden doymus sivi olarak 700 kPa basingta ayrilmaktadir. Su, sogutma makinasina 20 °C’
de girmekte 5 °C’'de ¢ikmaktadir. Saatte 12 kg soguk su elde etmek icin su sogutma makinasinin
kompresoriine gerekli olan glicli hesaplayiniz. Not: Suyun 6zgiil i1sisi 4.186 kJ/kg K alinabilir.

C-10)
ﬁakon
L 2
1
s
X -
{3
4 |_|Qevap /h
T
T,=5°C  T,=20°C
[.Durum
P, =160 kPa | hy = hy = 17941 kj/kg
Doymus buhar | s;1 = 0.7076 kj [kgK
[I.Durum
P, =700 kPa | h, = 205.358 kj /kg
51 =82 J
[ll.Durum
-
P; =700 kPa | hy=h; = 62.29é = h,
Doymus sivi |

Qevap = Qsy = Mp_12 * (hy — hy) = Mg, * Cp * (Tg - TC)

kg kj kj
Qsu = 12— % 4.186 % * (20 — S)OC = 0.2093?

h kgK 3600s
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0.2093%
mR—lZ = kj — mR_lz = 1.787 = 10_3 kg/s
(17941 - 6229) 1%

Wiomy = Mg-12 * (hy — hy) = 0.04637 kW

S-11) Sogutucu akiskan olarak R-134a kullanan ve ideal buhar sikistirmali sogutma cevrimine goére
¢alisan bir su sogutma makinasinda Sogutucu akiskan kompresére 320 kPa doymus buhar olarak
girmekte, kondenseri doymus sivi olarak 800 kPa basin¢ta terk etmektedir. Su sogutma
makinasinin evaporatoriinin etrafindan su sogutulmak lzere gecirilmektedir. Saate 20 litre su,
evaporatorin bulundugu hazneye 25°C’de girmekte 10 °C’'de soguk su olarak ¢ikmaktadir. Buna
gbore a) Sistemi sematik olarak ¢izip ¢evrimin P-h (Basing-entalpi) ve T-s(Sicaklik-Entropi)
diyagramlarini giziniz b-) Sudan g¢ekilen isi miktarini ¢) Su sogutma makinasinda kompresorin
cektigi glicti, d) Sogutma makinasinin sogutma tesir katsayisini (COP ) hesaplayiniz.

ﬁ Quon
C-ll! Lt 2
e Kondenser -
3

*

4 1 Evaporatdr |
SN T
\ Su Su
iri k
h giris CIKIS
2
1

b) qu i Qevap = msu * Csu i (Tsugfris 2 Tsugak;s)
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20 e, tm’  1000kg 4.186 i 25 —10)°C = 0.3488 kW
— — k * * a3 — = U.:

Cevay h 10000t m3 A6k )

¢) .Durum ]

P; =320 kPa R — 134a tablosundan

Doymusg buhar hy = hg = 251.88

s1= s, = 0.93006

II.Durum
P, =800 kPa Kizgin buhar tablosundan interpolasyon yapilarak
s; = s, = 0.93006 J_ h S

267.29 0.9183

<—0.93006
276.45 0.9480
ph = 22O OOMTO o as hy = 270913 kijk
=" oo0z07 623,  ha=270913kji/kg

[lI.Durum _ [V.Durum
P; =800 kPa _ hy = 95.47:—; = hy h; = hy =95.47 kj/kg
Doymus sivi

kj
S

kj
(251.88 ~ 95.47) 1.5

0.3488

Qevap = Mg-134a * (R — hy) = Mhp_1344 =

: kg
mR_134a = 0.00223 ?

k
Wiomp = Mr-134a * (hy — hy) = 0.00223?9 «(270.913 — 251.88)

Wiomp = 0.0424 kW

Q 0.3488kw
d) COP = —=E =
Winip 0.0424

= 8.217

S-12) 25 °C sicakhiktaki bir odada yapilan bitirme 6devine ait bir deneyde bir 6grenci, 2 kW gliclinde
elektrik ceken bir sogutma makinasinin -30 °C sicaklikta tutulan bir ortamdan 30000 kJ 1si
cektigini 6lgmistir. Deney sirasinda sogutma makinasi 20 dakika ¢alismistir. Bu degerlerin
dogrulugunu irdeleyiniz.
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Sogutma Cevrimi

C-12)
Qu
LI | 2
Kondenser T
3-F
Wk = 2 kW
X — {1
L Evaporator :
4 1
|_| il 30000kj 1dk = 25 kW
~ 20dk 605
Carnot prensibine gore
COPTersmir > COPgergek
i Q. —30+4273 25kW

— >
Ta—T, Wy  25-(=30)  2kW

243

3 > 12.5 = 4.418 #> 12.5 oldugundan Termodinamigin Il. Kanununa aykuridir.

Olgiimler Yanlistir

S-13) ideal buhar sikistirmal bir sogutma c¢evriminde, 0.12MPa ile 0.7 MPa basinglari arasinda
cahismaktadir. Sogutucu akiskan olarak R134a kullanilan sistemde sogutucu akiskanin debisi
0.05kg/s’dir. Buna gére a) Cevrimi T-s (veya P-h) diyagraminda gosteriniz, b) sogutulan ortamdan

cekilen isiy1, c) kondanser ile disari atilan isty1 ve d) COP’yi bulunuz.
C-13)

Yunus Cengel

A Qg P, = 120 kPa hy = hy = 236.97 kJ /kg
on (Doymus buhar) [ Sy =S, = 0.9360 kj /kg
P
3
117 MPa | /2 P, =700 kPa h, = 273.5 kJ /kg
S,=5, T, = 34.95°C
012 MPa
4 1
! — I Hilg
Omvap "~ P; =700 kPa hy = hy = 88.82 kJ /kg
(Doymus sivi) hy = hy
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) Qepap = m * (hy ~ hy) = 0.05 % (236.97 — 88.82) = 7.41 kW
d) Qgon = m * (hy — h3) = 0.05 * (273.5 — 88.82) = 9.23 kW

Wiomp = Qron = Qevap = 923 — 7.41 = 1.83 kW

_ Qevap _ o
e) COP = e = 200 = 4.06

Biilen Yesilata

a) Qk q P, =120 kPa hy = hy =385k]/kg
on (Doymus buhar) [ Sy =S, = 1.7440 k] /kg
F:-
3
017 MPal /¢ P, = 700 kPa h, = 408 kJ /kg
Sl = Sz Tz = 34.950(:
0.12 WPa
4 1
7q ";1 P; =700 kPa hy = hy = 237 k] /kg
Bvap (Doymus sivi) hy = hy

b) Qevap =mx(hy —hy) = 0.05 * (385 —237) =74 kW
¢) Quon = m * (hy — h3) = 0.05 * (408 — 237) = 8.55 kW
Wkom;: = Qkon — Qevap.z 8.55—-7.4 = 1.15kW

d)cop = Jevar _ 74 _ 43

womp 115

S-14) Sogutucu akiskan olarak Freon — 12 kullanan ve ideal ters — Rankine ¢evrimine gore galisan bir
sogutma makinasi distinelim. Eger sistemdeki akiskan debisi 0.1 kg/s ve buharlastirici ve yogusturucu
basinglari sirasiyla 0.7 MPa ve 0.12 MPa olursa, sistemi T —s diyagraminda gosterip,

a) Sogutulacak mahalden gekilen isiyi,
b) Kompresoérin glicling,
c) Cevreye verilen isiyi,

d) Sogutma tesir katsayisini hesaplayiniz.

P1 (kPa) ha( kj/kg) sp (kj/kgK) P, (MPa) ha( kj/kg) Ps (MPa) hs =hy

120 176.14 0.7133 0.7 207.11 0.7 62.29
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C-14) 2

a) Q41 = Qpunariasme = M * (hy — hy) = 0.1 % (176.14 — 62.29) = 11.4 kW
b) Wy, = mx (hy — hy) = 0.1 % (207.11 — 176.14) = 3.1 kW
Qy3 = 1 ¥ (hy — h3) = 0.1 % (—62.29 + 207.11) = 14.48 kW

s 114
) COP=i—_]2:H:3.67
$-15) Sogutucu akiskan olarak Freon-12 kullanan ideal buhar sikistirmali cevrime gore ¢alisan bir buz
makinasi distinelim. Sogutucu akiskan kompresore 160 kPa basingta doymus buhar olarak girmekte,
kondenser, doymus sivi olarak 700 kPa basingta terketmektedir. Su buz makinasinin evaporatoriine
15°C ‘ de girmekte ve buz olarak -5°C de ¢ikmaktadir. 12kg/saat kapasiteli bir buz makinasinda
kompresorin harcadigi enerjiyi hesaplayiniz.

Not: 15°C ‘ deki birim kitle suyu -5°C ‘ deki buza déniistirmek icin sudan 384 kj i1si cekmek gerekir.

C-15) /

P
T 3 5
700 kPa
\ 4
/ 4 160 kPa* 1\
h -~
I.Durum

P, = 160 kpa} hy = h, = 179.41 kj/kg
Il.Durum

P, = 700 kPa} h, = 205.36 kj /kg

31=32
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Sogutma Cevrimi

Il.Durum

Py =700 kPa} hs = he = 62.29 kj/kg

VI.Durum

hs = hy = 62.29 kj/kg

: kg kj
Qevap = Mpyz * Qpuz = 12—+ 384-— = 1.28 kW
h kg
Qevap = Mg—12 * q = 1.28—j=?‘.“LR_12=|=117.12E
vap evap S k‘g

y

Gevap = hy — hy = 62.20 — 179.41 = 117.2% | Tig_1z = 0.010929 kg/s
= hy — hy = 20536-L —179.41.L = 25,959

M T T g T T kg T T kg

Wk = mg_lz * Wy = 0.2836 kW

S-16) ideal buhar sikistirmali sogutma gevrimine gore calisan bir 1s1 pompasinda sogutucu akiskan
olarak R-134a kullaniimaktadir. Kompresore 140 kPa basin¢ta doymus buhar olarak giren akiskan 800
kPa basinca kadar yikseltilmektedir. Isi pompasinin sogutma kapasitesi 10 KW ise (a) Sogutma
cevriminin akis semasini ¢iziniz. Cevrimi T-s ve P-h diyagramlarinda gosteriniz. (b) Sogutucu akiskanin
debisini (kg/s) ve kompresérde harcanan gticti (KW) bulunuz. (¢) Gevrimin COP,gy¢1mq Ve COPsopytma

degerlerini bulunuz.

C-16)

Verilenler:

Qevap = 10 KW, Ppyqpy = Py = 140 kPa, Pyong = P, = 800 kPa
1.Nokta:

P; =140 kPa hy = hg = 236.04 k] /kg
Doymus buhar s1 =585 = 0.9322 kJ/kgK
2.Nokta:

P, = 800 kPa

s, =51 = 09322 kJ/kgK h, =273 kJ/kg
Kizgin buhar

3.Nokta:

P;_P, =800 kPa h; = hy = 93.42 kf/kg
Doymus sivi
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4.Nokta:

hy = hy = 93.42 k] /kg

a)

b)

c)

Quon
=

Iy |

Kondanser

Evaporator A'J

U au,

Qevap=m(hy — hy) = 10 kW = m(236.04 kJ/kg — 93.42k]/kg)
m = 0.07kg/s
Wiomp=1it(h — hy) = 0.07 kg/s (273 kJ/kg — 236.04 k] /kg) = 2.59 kW

Qona=m(hy ~ hy) = 0.07 kg /s (273 kj/kg — 93.42 k] /kg) — 12.52 kW

_ Qkona _ 12.57 _ ) — Qevap _ 10 _
COPspring = T 4.85 , COPsogutma = ——— T 3.86

S-17)ideal buhar sikistirmali bir sogutma gevrimine gore calisan bir buzdolabinda, sogutucu akiskan
R134a kompresore 200 kPa baslangicta doymus buhar olarak girmekte ve yogusturucudan
(kondanserden) 0.6 MPa doymus sivi olarak ¢ikmaktadir. Sistemde dolasan sogutucu akiskan debisi
0.05 kg/s’dir. Buna gore (a) Sistemi sematik olarak ¢izip, Cevrimi T-s ve P-h diyagraminda gdsteriniz,
(b) Buharlasma sicakligini ve sogutulan ortamdan ¢ekilen isiy1, (c) Yogusma sicakligini ve kondanser
ile disari atilan 1sty1 (d) ideal ve Carnot COP degerlerini bulunuz.

C-17)

a)

3

&
<

Kondenser <2
R -134a
ih = 0 08
4
Evaparator

4
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1.Nokta:
P, =200 kPa hy = hy = 24130 kJ /kg
Doymus buhar §; = Sg = 09253 kJ/kgK
Topap = —10.09°C
2.Nokta:
P, = 0.6 MPa (interpolasyon yapilarak bulundu)
s, =5, = 09253 kJ/kgK h, = 263.85 kJ/kg
Kizgin buhar
3.Nokta:
P; = 0.6 MP h; = h; =79.48 k] /kg
Doymus sivi
4.Nokta:

hy = hs = 7948 kJ /kg

b) Qevep=1it(hy — hy) = 0.05kg/s (161.82k]/kg) = 8.09 kW
9 Quonem(hy — h3) = 0.05 kg/s (184.37kJ /kg) = 9.2185 kW

d) Wi_ri(h, — hy) = 0.05kg/s ( 22.55k] /kg) = 1.1275 kW

Qevap 8.091
COPSOgv—tma — Wkomp = 1-1275 = 7'1 7
Thi T,  —10.09 + 273
R Teon — Loy Tu— Ty 31.67

S-18)Sogutucu akiskan R134a kullanan bir split klimanin sogutma glcu 4 kW’tir. Evaparatorde
buharlasma sicakligi 4°C ve kondenserde yogusma sicakligi 40°C olduguna gdre; (a) Sistemi sematik
olarak ¢izip, Cevrimi T-s ve P-h diyagraminda gosteriniz. (b) Sistemde dolasan sogutucu akiskanin
debisini, (c) Kompresoriin cektigi giicii, (d) ideal ve Carnot sogutma degerlerini hesaplayiniz.

C-18)

1.Durum

T, =4°C P, =337.65 kPa

Doymus buhar hy = hy = 249.53k]/kg
s; =83 = 0.9150k//kgK

I.Durum

T3 =40°C — P; = 1016.4kPa
P, = P, = 1016.4kPa
51 =5, = 0.915k//kgK
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Sogutma Cevrimi

h, = 271.35k] /kg

I1.Durum

Ts = 4‘00C _*hf = h3 = 106.19 k}/kg = h4

Qu=1(hy = h4)
4kW

= (24953 — 106.19) kJ /kg

m =0.0279kg/s

Wieti(hy — hy) = 0.6087 kW

Q. 4 kW

COPsogutma = 7, = 02087 kW —
sogutma = 7~ 0.6087 kW

COP, S
Carnot_TH_TL_ 36 — /-

S-19)Sogutucu akiskan R134a kullanilan bir buzdolabinin kompresori 1.2 kW gi¢ cekmektedir.
Evaporatdrde buharlasma sicakhgi -22°C ve kondanserde yogusma sicakligi 38°C olduguna gére; (a) Bu
buzdolabi sistemini elemanlari ile birlikte sematik olarak ¢izip, sogutma g¢evriminin T-s ve P-h
diyagraminda gosteriniz (b) Buzdolabinin sogutma guciini (¢) Buzdolabinin bulundugu cevreye verdigi
1st miktarini (d) Bu buzdolabinin ideal ve Carnot COP sogutma degerlerini hesaplayiniz.

C-19)
3
2 < Kondenser <2
A
P
X 1
A1
> Evaparator
4
1.Nokta:
T, = —22°C P, =121.92 kj/kg
Doymus buhar hy = hy = 234.08 k] /kg
s1 =85 = 09351 kJ/kgK
2.Nokta:
Tiona = 38°C Prona = P, = 962.98 kPa
s, =5, = 0.9351 kf/kgK h, =273 k] /kg
Kizgin buhar T, =47°C
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3.Nokta:

P; =P, =962.98 kPa hs = hy = 103 kf/kg
Doymus sivi

4.Nokta:

W _ 1.2 kW
—_— =
(h, —hy) "~ (273 - 234.08) k] /kg

m = = 0.0308 kg/s

Qevap=(hy — hy) = 0.0308 kg /s (234.08 — 103) k] /kg = 4.03 kW
Qo= (hy — h3) = 0.0308 kg/s (273 — 103) kJ/kg = 5.24 kW

 Qevap _ 403 kW

COPsogv_tma = W, REWIE =3.35

T, —22 4273

COPCG.TROt = TH T TL = 38 — (_22) =

4.18

S-20)ideal buhar sikistirmali so§utma cevrimine gore 1.4 ve 0.32 MPa basinglari arasinda calisan bir sl
pompas! sogutucu akiskan olarak R-134a kullanmaktadir. (a) Sistemi sematik olarak gdsteriniz,
Cevrimin T-s ve P-h diyagramlarini ¢iziniz. (b) Kompresor icin gerekli giict bulunuz. (¢) Cevrimin
verimini bulunuz. (d) Sogutulan ve isitilan ortamlarin minimum sicakhgini tespit ediniz.

C-20)

1.Nokta:

P, =0.32 MP hy = h, = 248.66 k] /kg
Doymus buhar s; =8y, = 09177 kJ/kgK
2.Nokta:

P, =14 MPc interpolasyon ile

s, =5, =09177 kJ/kgK [ h, = 279.14 k] /kg
Kizgin buhar

3.Nokta:

P; =14 MP h; = hy = 125.26 k//kg

Doymus Buhar
4.Nokta:
hy = hy = 125.26 kJ/kg
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b)

c)

Sogutma Cevrimi

Wi hy — hy, = 279.14 k] /kg — 248.66 k] /kg = 30.48 k] /kg

COP. = Qevap — hy—=h, - 248.66-125.26 — 4.05
s Wkomp h,—h, 279.14-248.66 '

cop, = Qeona _ha—hy 2791412526 _
" Wiomg hz—hy 27914 — 248.66

5.04

Kondanser Sicaklig — Taoyma = 52.43°C

Evaparator Sicakhgi — Taoyma = 2.48°C
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YAKITLAR VE YANMA

YAKIT:Isi enerjisi verecek sekilde yanabilen herhangi bir maddeye yakit denir. Eniyi bilinen
yakitlar esas olarak hidrojen ve karbondan meydana gelir. Onlara hidrokarbon yakitlar denir
ve C H_ genel formult ile gosterilirler. Herfazda hidrokarbon yakit bulunur. Ornek olarak komdr,

gaz yag! ve dogal gaz verilebilir. Kémirin ana bileseni karbondur. Kémir degisen miktarlarda
oksijen ,hidrojen, azot, kikdrt, nem ve kil de igerir.

TABLO 15-1

Tagitlarda kullanilan baz alterenatif yakitlar ile geleneksel petrol bazli
yakitlann kiyaslanmasi

|

Enerji igerigi Benzin Esdegeri,”
Yakat kJ/L L/L-benzin
Benzin
Benzin 31,850 1
Gazyag Hflfif Mazot 33,170 0.96
Agir Mazot 35,800 0.89
LPG (S petrol gazi,
Mazot gogu propan 23,410 1.36
PETROL Etanol (etil alkol) 29,420 1.08
Kalyak Metanol (metil alkol) 18,210 175
CNG (sikistinlmis dogal gaz,
(&) 200 atm de gogu metan) 8,080 3.94
{“ﬂ LNG (sivi dogal gaz,
Ly cogu metan) 20,490 1,55

* Enerji igerigi 1L benzinin enerfl icerigine esit olan yakit mikiar

Mol veya hacimce kuru hava %20.9 oksijen, %78.1 azot,%0.9 argon
ve az miktarda karbon dioksit, helyum, neon ve hidrojenden

meydana gelir. Yanma islemi incelenirken, havadaki argon azot HAVA
olarak islem gorir ve eser miktarda bulunan diger gazlar gz ardi (21% 02)
edilir. O zaman, kuru hava, yaklasik molce %2 oksijen ve %79 %N,

azotdan iberettir. Bu nedenle, yanma odasina giren her mol oksijen 1 kmol O,
0.79/0.21= 3.76 mol azot bulunur. 3.76 kmol N,

1 kmol O, + 3.76 kmol N, = 4.76 kmol hava

Yakitin oksijen ile temas etmesinin yanma igsleminin baslamasi 2 kg hidrojen
icin yeterli olmadigindan da s6z edilmelidir. Yanmanin

baslamasi icin yakitin tutusma sicakhginin dstiine getirilmel 16 kg oksijen
idir. Bazi maddelerinatmosferde bulunan havadaki minimum
turusma sicakliklari yaklasik olarak benzin 260°C, ka rbon H, + % 0, - H,0

400°C, hidroj en 580°C, karbonmonoksit 610°C ve metanin
630°C seklindedir. Bundan baska, yanmaninbaslamasi igin,
yakit ve hava oranlari yanma icin uygun aralikta olmalidir.
Ornegin, dogal gaz %5 den kiiciik yaklasik %15 den biyiik
derisimlerde yanmayacaktir.

Her bir elementin (ve atom

—_ sayisinin) kutlesi kimyasal
o Tepkime Uriinler tepkimesirasinda sabit kallr.
¥ [r—-
Girdiler odast € + 0;,~CO0,
—_———
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Yanma islemlerininanalizinde, yakit ve hava miktarlarini sayisal olarak ifade etmek icin sik
sikkullanilan buyudklik hava-yakitorani (HY) dir. Genellikle kitleye goére ifade edilir ve yanma
islemlerinde havanin kitlesinin yakitin kitlesine oraniolarak tanimlanir (Yani, havayakit orani
havanin mol sayisinin yakitin mol sayisina oraniseklinde molsayisina gore de ifade edilebilir.
Burada 6nceki tanim kullanilacaktir. Hava-yakit oraninin tersi yakit-hava oranidir.

”\| ”llll.l'-.l
Wit m = NM
Yak m kdtle
akKit
" Yanma
Lk odasi Urlinler N mol S?:yISI |
—_Hav: 18 kg M mol kutlesi
ava HY = 17
17 kg

Hava —yakit orani (HY)yanma isleminde birim kitle yakit basina kullanilan
hava miktarini anlatir

KURAMSAL VE GERGEK YANMA iSLEMLERI

Yanmanin tam oldugunu varsayarak bir yakitin yanmasini incelemek ¢ogu zaman daha
ogreticidir. EGer tum karbon yanarak CO2’e, tim hidrojen yanarak H2O’a ve tum kukurt ( eger
varsa) yanarak SO2'ye doniistirse yanma islemi tamdir. Yani, yanma islemi sirasinda yakitin
tum yanabilen bilesenleriYanma islemi yakitin yanabilen tum bilesenleri tamamen
yandigindatamamlanir.Tersine, eger urunler icinde yanmamis yakitveya C,H2, CO ve OH gibi
bilesenler varsa yanma islemi tamamlanmamistir.

Yetersiz oksijen tam yanmamanin acik bir nedenidir ama tek nedeni degildir.

Tam olmayan yanma yanma odasinda tam yanma i¢in gerekenden daha fazla oksijen oldugu
zaman bile olabilir. Bu yakit ve oksijenin temas ettigi sinirli bir stire icinde yanma odasinda
yeterli karisma olmamasina yorulabilir.Yarim yanmanin diger bir nedeni de ylksek
sicakliklarda dnemli olan ayrismadir.

Yakat n CO,
- - m
Cally Yanma 2 k0
-
HAVA odast Fazla O,
- N,

Yanma islemi yakitin yanabilen tim bilesenleri tamamen yandiginda tamamlanir.
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Stokiyometrik veya kuramsal hava:Bir yakitin tam yanmasi i¢in gereken minimum hava
miktarina stokiyometrik veya kuramsal hava denir.

Stokiyometrikveya kuramsal yanma:Bir yakitin kuramsal hava ile tamamen yanmasi
sirasinda meydana gelen ideal yanma islemine yakitin stokiyometrikveya kuramsal yanmasi
denir.

Fazla hava:Gercek yanma islemlerinde, tam yanmayi saglamak ve yanma odasinin sicakhgini
koktrol etmek icin stokiyometrik miktardan daha fazla hava kullanmak genel bir uygulamadir.
Stokiyometrik miktardan fazla hava miktarina fazla hava denir

Eksik hava: Stokiyometrik miktardan daha az havaya eksik hava denir

Esdegerlik orani:Yanma islemlerinde kullanilan hava miktari gercek yakit-hava oraninin
kuramsal yakit havaoranina orani demek olan esdegerlik orani ile ifade edilir.

50% fazla hava = 150% teorik hava CH, + 20, + 3'761\_43) -
200% fazla hava = 300% teorik hava CO, +2H,0 +7.52N,

90% teorik hava = 10% eksik hava
* Yanmamus yakit yok

» Uriinlerde serbest oksijen yok

OLUSUM ENTALPIiSi VE YANMA ENTALPiSi

Tepkime entalpisi,h_ : Tepkime entalpisi, timtepkime i¢in, belli bir haldeki Grtnlerin entalpileri

ile aynihaldeki girdilerin entalpileri arasindaki fark olarak tanimlanir
Yanma entalpisi h. : Yanma isleminde, tepkime entalpisi genellikle yanma entalpisi,hY,

olarakadlandirilir. Bu 1 kmol ( veya 1 kg) yakit belli bir basing ve sicaklikta tamamenyandigi
zaman ortaya cikan 1s1 miktarini temsil eder.
Olusum entalpisi h, :Bu 6zellik belli bir haldeki bir maddenin kendi kimyasal bilesiminden ileri

gelen entalpi olarak gorulen olusum entalpisi, h dir. Baglangi¢ noktasi olusturmak Gzere, tim
kararli element (O,, N,, H,, ve C gibi) lerin 25°C ve 1 atm deki standart rafarans haldeki olusum
entalpileri sifir kabul edilir. Yani, tim kararli elementle i¢in h® = 0 dir. ( Bu 0.01°C deki doygun
sIvi suyun i¢ enerjisinin sifir oloarak alinmasindan farkl degildir)

hot = Q=-3f'3-530 kJ/kmol CO, Q = Hyyy — H i = —393.520 kJ/kmol
1 kmol C _
25°C, 1 atm v 1 kmol CO, M'ot.co, = —393.520 kJ/kmol
anma -
1 kmol O, odasi 25°C, 1 atm
25°C, 1 atm &

Yanma entalpisi, bir yakitin belli bir haldeki kararli akim islemi sirasinda yanarken
ortaya c¢ikan enerji miktarini gosterir
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Isi degeri: bir yakit kararli akim igleminde AlD= Q. %) 0
tamamen yandiginda ve drtnler girdilerin ik ; »
haline dondugunde ortaya ¢ikan Isi T

miktariolarak tanimlanir © Yanma | . Uriinler
(HHV) Ust 1si degeri: Isi dederi Urtnlerde Hava |  0dast (LT T;0)
bulunan suyun fazina baghdir. Urinlerdeki

su sivi halde oldugunda 1s1 dederine Ust IsI

degeri denir. iy
(LHV)alt 1s1 degeri:uranlerdeki su (sv1 H,0)
buharfazinda ise alt 1s1 degeridenir

UID = AID + (mhy)

Isi degeri = |hc| (kJ/kg yakit)
UID = AID + (mhp)y o (kJ/kg yakit)

Burada m, birim kutledeki yakit basina trinlerdeki suyun kutlesi, ve hfg belli bir sicaklikta suyun
buharlasma entalpisidir. )
E —

giren ¢ikan

O, +W, + D i(hd+h—h),=0Q, +W, + > aa(h%+ h—h°);

Is1, is ve kiitle ile net enerji giris hizi [s1, is ve kiitle ile net enerji ¢ikis hizi

Q, +W, + DN+ h—h),=0Q. +W. + D N;(h3+ h — h°);

Is1, is ve kiitle ile 1 mol yakit igin Ist, is ve kiitle ile 1 mol yakit icin
igerive enerji transferi disariya enerji transferi

Sisteme verilen 1s1 ve sistem Q- W= N, (hs+h—h°), = D NBG+ h — he),

tarafindan yapilan is pozitif veva

blayuklukler alarak, yukaridaki Y ’ _

enerji denklik bagintisi asagida O —W=Hy, = Hypi (kJ/kmolyakit)

oldugu gibi daha kisaolarak ifade ;1444

edilebilir. _ _
Hys = 2 N, (h%+ h — h°), (kJ/kmolyakit )
Hgai = E N, (h+ h — h° )a (kJ/kmol yakat)

Eger belli bir tepkimenin yanma entalpisi () — y =7 + SNG =), =S N, = h°), (kJ/kmol )

h°,, elde edilebilirse, 1 mol yakiticin kararli
akim esitligi

Yanma odasinda normal olarak i1si gikisi olur Q. = > N (hg+ b — 1), — SN (h+ b — 1),

ama hig 1s1 girisi olmaz. O zaman, tipik kararh N S N '
. . .. o 1 Mol yakitin kiitlesiyle I Mol yakitin kiitlesiyle

akim yanma isleminin enerji denkligi, giren enerji ¢ikan enerji
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S-1)25 °C ve 1 atm’de Biitan gazi (C,H,,) %150 teorik hava ile yakilmaktadir. Urinlerin sicaklik ve
basinet 25 °C ve 1 atm’dir. a)Hava-yakit oranini, b)H, 0’in Urlnler i¢cindeki yuzdesini, ¢) Bitanin
%100 teorik hava ile yanmasi sonucunda elde edilecek 1s1 enerjisini (yanma entalpisini) bulunuz?
My ava=29kg/kmol, Myiitan=58 kg/kmol

C-1) Cozim
%100 teorik hava i¢in yanma denklemi
C4H10+6.5(02+3.76N2)—4C02+5H20+24.4N2
%150 teorik hava i¢in yanma havanin mol sayisi= 1.5%6.5=9.75 kmol olur.
%150 teorik hava i¢in yanma denklemi
C4H1049.75(02+43.76 N2)»4C02+5H20+X02+YN2
OKSIJEN: (9.75%2)=(4*2)+(5* 1)+2X X=3.25
AZOT: 9.75*3.76=Y Y=36.66
C4H10+9.75(02+3.76N2)->4C02+5H20+3.2502+36.66N2
mhava _ 9.75+4.76+29 —9372

a) AF = myakit 158

— 5 —
b) %H20 = —— (%100) = %10.22

¢)@ = Hp—Hr
Q = X urin Ni(hfcoz + hfH20) — X giren Ni(hfc4H10)giren

Q = (4) * (—393520) + (5) * (—241820) — (—126150)
Q = —2909330 kJ/kmolyakit = —2909.33 M]

S-2)Etan (C2He) her bir mol yakit basina 5 mol O igeren kuru havayla yakilmaktadir. Buna gore; a) Fazla
hava ylzdesini, b) Hava-yakit oranini hesaplayiniz. ¢) Cig noktasi sicakligini hesaplayiniz.

C-2)
Stokiyometrik yanma denklemi:
C2He6+3.5(02+43.76N2)—-2C02+3H20+13.16N2

istenilen yanma denklemi:

C2He6+5(02+3.76N2)—-2C02+3H20+1.502+18.8N2

(@) Gercgek reaksiyonda 3.5 mol yerine 5 mol Oz kullanildigi igin fazla hava vardir. Fazla hava
ylzdesi:

% fazla hava = * (%100) = %42.9

(b) Hava-yakit orani kiitlesel olup mol sayilarini molekdler agirlikla carparak bulunabilir.
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(5) = (4.76) = (29)
SR CVRYET)
(c) Ciy noktasi sicakligini bulmak i¢in yanma tirinlerinin igerisindeki su buharinin kismi
bilmemiz gerekir. Atmosfer basinci 100kPa alinarak:

3
P,y SU = Yis20Pasm = (ﬁ) « (100) = 1.86kPa

= 23.0 hava/kg yakit

Tablo C-2’den interpolasyonla ¢iy noktasi sicakhgr T¢iy=49°C

S-3)Bir benzinli aracta hava ile yakit (Oktan CsHas) karistirilarak tam yanma saglanmaktadir.
a)Yanma reaksiyonunu yaziniz. b) Hava-yakit oranini (AF) bulunuz. (Oktan:114kg/kmol,
Hava:29 kg/kmol)

c-3)

(@) CsH18 + 12.5(02 + 3.76N2) —» 8C02 + 9H20 + 47Nz

(b) AF = %jj)m = 15.14 hava/kg yakit

S-4)CsHs2 yakiti 10 mol hava ile reaksiyona giriyor. Yanma reaksiyonu tam kabul edilecektir. a) Hava
fazlalik oranini bulunuz. b) Hava-yakit oranini bulunuz c) Agiga cikan 1s1 miktarini bulunuz. Yakitin
olusum entalpisi: -158450 kj/mol olarak alinacaktir,

C-4)
CsH1248(02+3.76 N2)—-5C02+6H20+30.08 N2

CsH12+10(02+43.76N2)->5C02+6H20+202+37.6 N2

10-8

a) —5— =025 %25 fazla hava
mhava 10(29+4.76) -
b) Mar = myazkit = 72 =19.172

C) Q = Yhiriin —Ehgi?’en =5= hcoz 7k 6hH20 = hCSHlZ
0 = (5) * (—393520) + (6) * (—241820) — (—158450)
0 = —3260070 k] = —3260.07 MJ

S-5) CsHip ideal tam yanma kosullarinda %50 fazla hava ile yanmaktadir. a) Hava yakit oranini
bulunuz. b) Uriinlerde H,0’ nun yiizdesini bulunuz.

C-5) CsH11+7.7502+3.76 N2)>5C02+5.5(H20)+29.14N2

C5H114+11.625(02+3.76N2)>5C02+ 5.5(H20)+43.71N2+3.875 02

29#4,76+11,625

(12+5)+11 226

5.5
b) %H20 = S sias7ivasrs * 100 = %9.46

a) AF =
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Birim
Donusumleri

Uzunluk Kuvvet Kiitle Hiz

1 em = 0.3937 ing 1 Ibf = 0.4448 x 10°dyne 1 oz =28.35 gr 1 m/h = 1.467 ft/s

1 m=3.281 ft 1 dyne = 2.248 x 107 Ibf 1 Ibm = 0.4536 kg 1 m/h = 0.8684 knot
1 km = 0.6214 mil 1 kip = 1000 Ibf 1 slug =32.17 Ibm 1 ft/s = 0.3048 m/s

1 in=2.54 cm 1 N =0.2248 Ibf 1 slug = 14.59 kg 1 km/h = 0.2778 m/s
1 ft =0.3048 m 1 N =10° dyne 1 kg =2.205 Ibm 1 knot = 1.688 ft/s

1 mil = 1.609 km

1 mil = 5280 ft

1 =1760 yd

Is ve Is1 Giig Basing Hacim

1J=10" ergs 1 ho = 550 ft-Ib/s 1 psi =2.036 in¢ Hg 1 ft* =7.481 gal (U.S.)

1 ft-1Ibf = 1.356 J

1 Cal = 3.088 ft-1b

1 Cal = 0.003968 Btu
1 Btu=10551J

1 Btu =0.2930 W-h
1 Btu = 778 ft-1b

1 kWh = 3412 Btu

1 therm = 10° Btu

1 quad = 10" Btu

1 BG = 2545 Btu/h
1 BG =0.7455 kW
I1W=11J/s

1 W = 1.0 x 10" dyne-cm/s

1 W =3.412 Btu/h

1 kW =1.341 BG

1 ton = 12,000 Btu/h
1 ton =3.517 kW

1 psi =27.7 ing H,0
1 atm = 29.92 in¢ Hg
1 atm = 33.93 ft H,0
1 atm = 101.3 kPa

1 atm = 1.0133 bar

1 atm = 14.7 psi

1 in¢ Hg = 0.4912 psi
1 ft H,O = 0.4331 psi
1 psi = 6.895 kPa

1 kPa = 0.145 psi

1 ft = 0.02832 m®
1 galon (ABD) = 231 ing3

1 galon (ingiliz) = 1.2 galon (ABD)

1 litre = 107 m®

1 litre = 0.03531 ft

1 litre = 0.2642 galon
1 m*=264.2 galon

1 m*=3531ft’

1 ft* = 28.32 litre

1 in¢® = 16.387 cm?
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Malzeme Ozellikleri

Tablo B-1 Standart Atmosfer Ozellikleri

P,=101.3kPa, p,=1.225kg/m’
Yiikseklik Sicakhik Basing Yogunluk
m °C PIP, olp,
0 15.2 1.000 1.000

1,000 9.7 0.8870 0.9075

2,000 22 0.7846 0.8217

3,000 —4.3 0.6920 0.7423

4,000 -10.8 0.6085 0.6689

5,000 -17.3 0.5334 0.6012

6,000 -23.8 0.4660 0.5389

7,000 -30.3 0.4057 0.4817

8,000 -36.8 0.3519 0.4292
10,000 —49.7 0.2615 0.3376
12,000 -56.3 0.1915 0.2546
14,000 -56.3 0.1399 0.1860
16,000 -56.3 0.1022 0.1359
18,000 -56.3 0.07466 0.09930
20,000 -56.3 0.05457 0.07258
30,000 —46.5 0.01181 0.01503
40,000 -26.6 0.2834 x 107 0.3262 x 1072
50,000 -23 0.7874 x 107 0.8383 x 1073
60,000 -17.2 0.2217 x 107 0.2497 x 1073
70,000 -533 0.5448 x 10™* 0.7146 x 107
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Tablo B-1E  Standart Atmosfer Ozellikleri
P,=14.7 psia, p,=0.0763 kg/ft’
Yiikseklik Sicakhik Basing Yogunluk
ft °F PIP, olp,
0 59.0 1.00 1.00
1,000 55.4 0.965 0.975
2,000 51.9 0.930 0.945
5,000 41.2 0.832 0.865
10,000 234 0.688 0.743
15,000 5.54 0.564 0.633
20,000 -12.3 0.460 0.536
25,000 -30.1 0.371 0.451
30,000 -48.0 0.297 0.376
35,000 -65.8 0.235 0.311
36,000 -67.6 0.224 0.299
40,000 -67.6 0.185 0.247
50,000 -67.6 0.114 0.153
100,000 -67.6 0.0106 0.0140
110,000 -47.4 0.00657 0.00831
150,000 113.5 0.00142 0.00129
200,000 160.0 0314 x 107 0.262 x 107
260,000 -28 0.351 x 107 0.422 x 107
Tablo B-2 Degisik ideal Gazlarm Ozellikleri
Kimyasal Mol R S, <,
Gaz Formiil Kiitlesi| kJ/kg-K |ft-1bf/lbm-°R| kJ/kg-K |Btu/lbm-°R| kJ/kg-K |Btw/lbm-°R| &k
Hava - 2897 | 0.2870 53.34 1.003 0.240 0.717 0.171 1.400
Argon Ar 39.95 | 0.208 1 38.68 0.520 0.1253 0.312 0.0756 1.667
Biitan CH, 58.12 | 0.1430 26.58 1.716 0.415 1.573 0.381 1.091
Karbondioksit CoO, 44,01 | 0.1889 35.10 0.842 0.203 0.653 0.158 1.289
Karbonmonoksit CcO 28.01 | 0.296 8 55.16 1.041 0.249 0.744 0.178 1.400
Etan C,H; 30.07 | 0.276 5 51.38 1.766 0.427 1.490 0.361 1.186
Etilen C,H, 28.05 | 0.296 4 55.07 1.548 0.411 1.252 0.340 1.237
Helyum He 4.00 | 2.0770 386.0 5.198 1.25 3.116 0.753 1.667
Hidrojen H, 2.02 | 4.1242 766.4 14.209 343 10.085 2.44 1.409
Metan CH, 16.04 | 0.5184 96.35 2.254 0.532 1.735 0.403 1.299
Neon Ne 20.18 | 0.4120 76.55 1.020 0.246 0.618 0.1477 1.667
Azot _ N, 28.01 | 0.296 8 55.15 1.042 0.248 0.745 0.177 1.400
Oktan CH,, 114.23 | 0.072 8 13.53 1.711 0.409 1.638 0.392 1.044
Oksijen 0, 32.00 | 0.259 8 48.28 0.922 0.219 0.662 0.157 1.393
Propan C,H 44,10 | 0.188 6 35.04 1.679 0.407 1.491 0.362 1.126
Buhar H,0 18.02 | 0.4615 85.76 1.872 0.445 1.411 0.335 1.327

Not: Cp, C, ve k 300 K’dedir. kj/kg'K, kj/kg-°C ile aymdir.

KAYNAK: G.J. Van Wylen ve R. E. Sonntag, Fundamentals of Classical Thermodynamics, Wiley, New York, 1976.
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Tablo B-3 Kritik Nokta Sabitleri
Mol Sicakhik Basing Hacim
Madde Formiil Kiitlesi K °R MPa  psia ft/lbmol ~ m’kmol  Z
Hava 2897 133 239 3.77 547 1.41 0.0883  0.30
Amonyak NH, 17.03  405.5 729.8 11.28 1636 1.16 0.0724  0.243
Argon Ar 39.94 151 272 4.86 705 1.20 0.0749  0.290
Benzen CH, 78.11 562 1012 4.92 714 4.17 0.2603 0.274
Biitan CH, 58.12 4252 765.2 3.80 551 4.08 0.2547 0.274
Karbondioksit co, 44,01  304.2 547.5 7.39 1070 1.51 0.0943  0.275
Karbonmonoksit CO 28.01 133 240 3.50 507 1.49 0.0930 0.294
Karbon tetraklorid cC, 153.84 556.4 1001.5 4.56 661 4.42 0.2759 0.272
Etan C,H, 30.07 305.5 549.8 4.88 708 2.37 0.148 0.284
Etilen C,H, 28.05 2824 508.3 5.12 742 1.99 0.1242  0.271
Helyum He 4.00 5.3 9.5 0.23 33.2 0.926 0.0578  0.302
Hidrojen H, 2.02 333 59.9 1.30 188 1.04 0.0649 0.304
Metan CH, 16.04 191.1 3439 4.64 673 1.59 0.0993  0.290
Neon Ne 20.18 44.5 80.1 2.73 395 0.668 0.0417  0.308
Azot N, 28.02 126.2 227.1 3.39 492 1.44 0.0899  0.291
Oksijen 0, 32.00 154.8 278.6 5.08 736 1.25 0.078 0.308
Propan C.H, 44.09 370.0 665.9 4.26 617 3.20 0.1998 0.277
Propilen C,H 42.08 365.0 656.9 4.62 670 2.90 0.1810 0.276
R134a CF,CH,F 102.03 3743 613.7 4.07 596 2.96 0.2478 0.324
Siilfiir dioksit SO, 64.06  430.7 775.2 7.88 1143 1.95 0.1217  0.269
Su H,0 18.02 6474 1165.3 22.1 3204 0.90 0.0568 0.233
KAYNAK: K. A. Kobe ve R. E. Lynn, Jr., Chem. Rev., 52: 117-236 (1953).
Tablo B-4 Siv1 ve Katillarin Ozgiil Isilart
C, Kklkg-°C
Sivilar
Madde Durum C, Madde Durum C,
Su 1 atm, 25°C 4.177 Gliserin 1 atm, 10°C 2.32
Amonyak doymus, —20 °C 4.52 Bizmut I atm, 425°C 0.144
doymus, 50 °C 5.10 Civa 1 atm, 10°C 0.138
Freon 12 doymus, —20 °C 0.908 Sodyum l atm, 95°C 1.38
doymus, 50 °C 1.02 Propan I atm, 0°C 241
Benzen 1 atm, 15°C 1.80 Etil alkol 1 atm, 25°C 243
Katilar
Madde T, °C Cp Madde T, °C Cp
Buz -11 2.033 Kursun -100 0.118
2.2 2.10 0 0.124
Aliiminyum -100 0.699 100 0.134
0 0.870 Bakir -100 0.328
100 0.941 0 0.381
Demir 20 0.448 100 0.393
Glimiis 20 0.233

kAYNAK: Kenneth Wark, Thermodynamics, 3d ed,. McGraw-Hill, New York, 1981.
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Tablo B-4E  Siv1 ve Katillarin Ozgiil Isilart
C,, Btu/lbm-°F
Sivilar
Madde Durum C, Madde Durum C,
Su 1 atm, 77°C 1.00 Gliserin 1 atm, 50°C 0.555
Amonyak doymusg, —4 °C 1.08 Bizmut 1 atm, 800 °C 0.0344
doymus, 120 °C 1.22 Civa 1 atm, 50 °C 0.0330
Freon 12 doymus, —4 °C 0.217 Sodyum I atm, 200 °C 0.330
doymus, 120 °C 0.244 Propan 1 atm, 32°C 0.577
Benzen 1 atm, 60 °F 0.431 Etil alkol 1 atm, 77°C 0.581
Katilar
Madde T, °F C, Madde T,°F C,
Buz =76 0.392 Glimtig -4 0.0557
-12 0.486 Kursun -150 0.0282
Aliiminyum -28 0.402 30 0.0297
—-150 0.167 210 0.0321
30 0.208 Bakir -150 0.0785
210 0.225 30 0.0911
Demir —4 0.107 210 0.0940
kAaYNAK: Kenneth Wark, Thermodynamics, 3d ed,. McGraw-Hill, New York, 1981.
Tablo B-5 Degisik Ideal Gazlarin Sabit Basincta Ozgiil Isist
0 = T(Kelvin)/100
C, Arahk Maks. Hata
Gaz kJ/kmol-K K %
N, 39.060 — 512.7967"° + 1072.7872 — 820.40073 300-3500 0.43
0, 37.432 + 0.0201020'° — 178.5767" + 236.880> 300-3500 0.30
H, 56.505 — 702.7467%7 + 1165.007" — 560.7067"3 300-3500 0.60
CO 69.145 — 0.704630°™ — 200.7767°° + 176.7607°7 300-3500 0.42
OH 81.546 — 59.3500°% + 17.3296°7 — 4.26600 300-3500 0.43
NO 59.283 — 1.70966°° — 70.61367%° + 74.88997'" 300-3500 0.34
H,0 143.05 — 183.540°% + 82.7516%5 — 3.69890 300-3500 0.43
CO, —3.7357 + 30.5290% — 4.10346 + 0.0241986° 300-3500 0.19
NO, 46.045 + 216.1067°% — 363.6607°7 + 232.5500 300-3500 0.26
CH, —672.87 + 439.740°% — 24.87560%7 + 323.88970° 300-2000 0.15
C,H, —95.395 + 123.156%° — 35.6410%7 + 182.7707 300-2000 0.07

KAYNAK: G. J. Van Wylen ve R. E. Sonntag, Fundamentals of Classical Thermodynamics, Wile
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Tablo B-5E  Degisik ideal Gazlarin Sabit Basincta Ozgiil Isisi
6 = T(Rankine)/180

C, Aralik Maks. Hata

Gaz Btu/lbmol-°R °R %

N, 9.3355 — 122.56607"° + 256.38672 — 196.0867° 540-6300 0.43
0, 8.9465 + 4.8044 x 10736 — 42.67967' + 56.615672 540—-6300 0.30
H, 13.505 — 167.9607°7 + 278.4467" — 134.0167' 540-6300 0.60
CO 16.526 — 0.168416%7 — 47.98567%5 + 42.24607°7 540-6300 0.42
OH 19.490 — 14.1856°% + 4.14180" — 1.01966 540-6300 0.43
NO 14.169 — 0.408616°° — 16.87767% + 17.8996°'3 540-6300 0.34
H,0 34.190 — 43.8686°> + 19.7786°° — 0.884076 540—-6300 0.43
Co, —0.89286 + 7.29676° — 0.980740 + 5.7835 x 1073972 540-6300 0.19
NO, 11.005 + 51.6506% — 86.9166"7 + 55.58007> 540—-6300 0.26
CH, —160.82 + 105.106°% — 5.94526°7 + 77.4080707 540-3600 0.15
C,H, —22.800 + 29.4336"5 — 8.51856"7 + 43.6836°3 540-3600 0.07

KAYNAK: G. J. Van Wylen ve R. E. Sonntag, Fundamentals of Classical Thermodynamics, Wiley, New York, 1976

Tablo B-6 Olusum Entalpisi ve Buharlasma Entalpisi
25°C (77°F), 1 atm

Madde Formiil E"f, kJ/kmol h 4o KJ/kmol E"f, Btu/lbmol h 4o Btu/lbmol
Karbon C(s) 0 0

Hidrojen H,(g) 0 0

Azot N,(g) 0 0

Oksijen 0,(g) 0 0

Karbonmonoksit CO(g) —-110 530 —47,540

Karbondioksit CO,(9) —393 520 —169,300

Su H,0(g) —241 820 —104,040

Su H,0(]) —285 830 44 010 -122,970

Hidrojen peroksit H,0,(g) —136 310 61 090 —58,640 26,260
Amonyak NH;,(g) —46 190 —-19,750

Oksijen O(g) 249 170 + 107,210

Hidrojen H(g) 218 000 + 93,780

Azot N(g) 472 680 +203,340

Hidroksil OH(g) 39 040 + 16,790

Metan CH,(9) =74 850 -32,210

Asetilen (Etin) C,H,(g) 226 730 + 97,540

Etilen (Etin) C,H,(g) 52 280 + 22,490

Etan C,H(g) -84 680 -36,420

Propilen (Propen) C,Hq(g) 20410 + 8,790

Propan C,Hy(g) —103 850 15 060 —44,680 6,480
n-Biitan C,H,(9) —126 150 21 060 —54,270 9,060
n-Pentan C,H ,(9) —146 440 31410

n-Oktan CH(9) —208 450 41 460 —89,680 17,835
Benzen CH(9) 82 930 33 830 + 35,680 14,550
Metil alkol CH,OH(g) —200 890 37 900 -86,540 16,090
Etil alkol C,H,OH(g) -235 310 42 340 -101,230 18,220

kAYNAK: JANAF Thermochemical Tables, NSRDS-NBS-37, 1971; Selected Values of Chemical Thermodynamic Properties, NBS
Technical Note 270-3, 1968; and API Res. Project 44, Carnegie Press, Carnegie Institute of Technology, Pittsburgh, 1953.
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EK B] MALZEME OZELLIKLER] 351
Tablo B-7 Olusum Entalpisi ve Buharlasma Entalpisi
25°C (77 °F), 1 atm
Madde Formiil —UID, kJ/kmol h ., kKJ/kmol —UID, Btu/lbmol h ., Btu/lbmol
Hidrojen H,(g) —285 840 -122,970
Karbon C(s) -393 520 -169,290
Karbonmonoksit CO(g) —282 990 -121,750
Metan CH,(g) —-890 360 —383,040
Asetilen C,H,(g) —1 299 600 -559,120
Etilen C,H,(g) —1410970 -607,010
Etan C,H((g) —1 559 900 -671,080
Propileb C,H((g) —2 058 500 —885,580
Propan C,Hy(g) —2 220 000 15 060 -955,070 6,480
n-Biitan C,H,(9) —2 877 100 21 060 -1,237,800 9,060
n-Pentan C.H,,(g) -3 536 100 26 410 -1,521,300 11,360
n-Hekzan CH, (9 —4 194 800 31530 —1,804,600 13,560
n-Heptan C,H,(g) —4 853 500 36 520 —2,088,000 15,710
n-Oktan CH (2) -5 512 200 41 460 -2,371,400 17,835
Benzen CH((9) -3 301 500 33 830 -1,420,300 14,550
Toliien C,Hy(g) -3 947 900 39920 —-1,698,400 17,180
Metil alkol CH,OH(g) —764 540 37 900 —328,700 16,090
Etil alkol C,H,OH(g) -1 409 300 42 340 —-606,280 18,220
Not: Su, yanma tiriinlerinde s1v1 olarak goriiliir.
kAYNAK: Kenneth Wark, Thermodynamics, 3d ed., McGraw-Hill, New York, 1981, pp. 834-835, Table A-23M.
Tablo B-8 Van der Waals ve Redlich-Kwong Hal Denklemi Icin Sabitler
Van der Waals Denklemi

a, kPa-m®/kg? b, m*/kg a, Ibf-ft*/Ibm? b, ft}/lbm
Hava 0.1630 0.00127 870 0.0202
Amonyak 1.468 0.00220 7850 0.0351
Karbondioksit 0.1883 0.000972 1010 0.0156
Karbonmonoksit 0.1880 0.00141 1010 0.0227
Freon 12 0.0718 0.000803 394 0.0132
Helyum 0.214 0.00587 1190 0.0959
Hidrojen 6.083 0.0132 32,800 0.212
Metan 0.888 0.00266 4780 0.0427
Azot 0.1747 0.00138 934 0.0221
Oksijen 0.1344 0.000993 720 0.0159
Propan 0.481 0.00204 2580 0.0328
Su 1.703 0.00169 9130 0.0271
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Tablo B-8 (Devami)

Redlich-Kwong Denklemi

a, kPa-mS-K"*/kg? b, m*/kg a, 1bf-ft*-°R"*/1bm? b, ft/Ibm
Hava 1.905 0.000878 13,600 0.014
Amonyak 30.0 0.00152 215,000 0.0243
Karbondiokasit 3.33 0.000674 24,000 0.0108
Karbonmonoksit 2.20 0.000978 15,900 0.0157
Freon 12 1.43 0.000557 10,500 0.00916
Helyum 0.495 0.00407 3,710 0.0665
Hidrojen 355 0.00916 257,000 0.147
Metan 12.43 0.00184 89,700 0.0296
Azot 1.99 0.000957 14,300 0.0153
Oksijen 1.69 0.000689 12,200 0.0110
Propan 9.37 0.00141 67,600 0.0228
Su 439 0.00117 316,000 0.0188




Suyun Termodinamik
Ozellikleri
(Buhar Tablolan)

Tablo C-1 Doymus Suyun Ozellikleri—Sicaklik Tablosu

Hacim, m*/kg Enerji, kl/kg Entalpi, kl/kg Entropi, kJ/kg-K
r,°C P, MPa Vr Vg Uy Uy hy hy h, Sy St S¢

0.010 0.0006113 0.001000 206.1 0.0 23753 0.0 2501.3 2501.3 0.0000 9.1571 9.1571

2 0.0007056 0.001000 179.9 8.4 2378.1 8.4 2496.6 2505.0 0.0305 9.0738 9.1043

5 0.0008721 0.001000 147.1 21.0 23822 21.0 2489.5 2510.5 0.0761 8.9505 9.0266
10 0.001228  0.001000 106.4 42.0 2389.2 420 24777 25197 0.1510 8.7506 8.9016
15 0.001705 0.001001  77.93 63.0 2396.0 63.0 24659 25289 0.2244 8.5578 8.7822
20 0.002338  0.001002  57.79 83.9 24029 83.9 24542 2538.1 0.2965 8.3715 8.6680
25 0.003169 0.001003  43.36 104.9 2409.8 1049 24423 25472 0.3672 8.1916 8.5588
30 0.004246  0.001004  32.90 125.8 2416.6 125.8 24304 2556.2 0.4367 8.0174 8.4541
35 0.005628  0.001006  25.22 146.7 24234 1467 2418.6 25653 0.5051 7.8488 8.3539
40 0.007383  0.001008  19.52 167.5 2430.1 167.5 2406.8 2574.3 0.5723 7.6855 8.2578
45 0.009593 0.001010  15.26 188.4 2436.8 188.4 2394.8 2583.2 0.6385 7.5271 8.1656
50 0.01235 0.001012  12.03 209.3 24435 2093 2382.8 2592.1 0.7036 7.3735 8.0771
55 0.01576 0.001015 9.569 230.2 2450.1 230.2 2370.7 2600.9 0.7678 7.2243 17.9921
60 0.01994 0.001017 7.671 251.1 2456.6  251.1 2358.5 2609.6 0.8310 7.0794 7.9104
65 0.02503 0.001020 6.197 272.0 2463.1 272.0 23462 26182 0.8934 6.9384 7.8318
70 0.03119 0.001023 5.042 2929 2469.5 293.0 2333.8 2626.8 0.9549 6.8012 7.7561
75 0.03858 0.001026 4.131 3139 24759 3139 23214 26353 1.0155 6.6678 7.6833
80 0.04739 0.001029 3.407 3348 24822 3349 2308.8 2643.7 1.0754 6.5376 7.6130
85 0.05783 0.001032 2.828 355.8 2488.4 3559 2296.0 26519 1.1344 6.4109 7.5453
90 0.07013 0.001036 2.361 376.8 24945 3769 22832 2660.1 1.1927 6.2872 7.4799
95 0.08455 0.001040 1.982 397.9 2500.6 3979 22702 2668.1 12503 6.1664 7.4167
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Tablo C-1 (Devami)

Hacim, m*kg Enerji, kl/kg Entalpi, kJ/kg Entropi, kJ/kg-K

T,°C P, MPa v, v, u, u, hr hfg h . S; Spy 5,

100 0.1013  0.001044 1.673 418.9 2506.5 419.0 2257.0 2676.0 13071 6.0486 7.3557
110 0.1433  0.001052 1.210 461.1 2518.1 461.3 22302 2691.5 1.4188 5.8207 7.2395
120 0.1985  0.001060 0.8919 503.5 25292 503.7 2202.6 27063 1.5280 5.6024 7.1304
130 0.2701 0.001070 0.6685 546.0 25399 5463 21742 2720.5 1.6348 5.3929 7.0277
140 0.3613  0.001080 0.5089 588.7 2550.0 589.1 2144.8 27339 1.7395 5.1912 6.9307
150 0.4758  0.001090 0.3928 631.7 2559.5 6322 21142 27464 1.8422 4.9965 6.8387
160 0.6178  0.001102 0.3071 6749 25684 6755 2082.6 2758.1 1.9431 4.8079 6.7510
170 0.7916  0.001114 0.2428 7183 2576.5 719.2 2049.5 2768.7 2.0423 4.6249 6.6672
180 1.002 0.001127 0.1941 762.1 25837 7632 2015.0 27782 2.1400 4.4466 6.5866
190 1.254 0.001141 0.1565 806.2 2590.0 807.5 1978.8 2786.4 2.2363 4.2724 6.5087
200 1.554 0.001156 0.1274 850.6 25953 8524 1940.8 2793.2 2.3313 4.1018 6.4331
210 1.906 0.001173 0.1044 895.5 25994 897.7 1900.8 2798.5 2.4253 3.9340 6.3593
220 2.318 0.001190 0.08620 940.9 26024 943.6 1858.5 2802.1 2.5183 3.7686 6.2869
230 2.795 0.001209 0.07159 986.7 2603.9 990.1 1813.9 2804.0 2.6105 3.6050 6.2155
240 3.344 0.001229 0.05977 1033.2 2604.0 10373 1766.5 2803.8 2.7021 3.4425 6.1446
250 3973 0.001251 0.05013 1080.4 26024 10853 17162 2801.5 2.7933 3.2805 6.0738
260 4.688 0.001276 0.04221 11284 2599.0 11344 1662.5 2796.9 2.8844 3.1184 6.0028
270 5.498 0.001302 0.03565 1177.3 2593.7 1184.5 16052 2789.7 29757 2.9553 5.9310
280 6.411 0.001332 0.03017 1227.4 2586.1 1236.0 1543.6 2779.6 3.0674 2.7905 5.8579
290 7.436 0.001366 0.02557 1278.9 2576.0 1289.0 1477.2 2766.2 3.1600 2.6230 5.7830
300 8.580 0.001404 0.02168 1332.0 2563.0 1344.0 1405.0 2749.0 3.2540 2.4513 5.7053
310 9.856 0.001447 0.01835 1387.0 2546.4 1401.3 1326.0 2727.3 3.3500 2.2739 5.6239
320 11.27 0.001499 0.01549 1444.6 25255 1461.4 12387 2700.1 3.4487 2.0883 5.5370
330 12.84 0.001561 0.01300 1505.2 2499.0 15253 1140.6 2665.9 3.5514 1.8911 5.4425
340 14.59 0.001638 0.01080 1570.3 2464.6 15942 10279 2622.1 3.6601 1.6765 5.3366
350 16.51 0.001740 0.008815 1641.8 2418.5 1670.6 893.4 2564.0 3.7784 1.4338 5.2122
360 18.65 0.001892 0.006947 1725.2 2351.6 1760.5 720.7 2481.2 39154 1.1382 5.0536
370 21.03 0.002213 0.004931 1844.0 2229.0 1890.5 4422 23327 4.1114 0.6876 4.7990

374136 22.088 0.003155 0.003155 2029.6 2029.6 2099.3 0.0 2099.3 4.4305 0.0000 4.4305

kayNak: Keenan, Keyes, Hill, and Moore, Steam Tables, Wiley, New York, 1969; G. J. Van Wylen and R. E. Sonntag, Fundamentals of
Classical Thermodynamics, Wiley, New York, 1973.
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EKC] SUYUN TERMODINAMIK OZELLIKLERI (BUHAR TABLOLARI) 355
Tablo C-2 Doymus Suyun Ozellikleri—Basing Tablosu
Hacim, m*/kg Enerji, klJ/kg Entalpi, kJ/kg Entropi, k/kg-K

P, MPa T,°C v v, u; u, hf hfg hg S Sp s,
0.000611 0.01  0.001000 206.1 0.0 23753 0.0 2501.3 2501.3 0.0000 9.1571 9.1571
0.0008 3.8 0.001000 159.7 15.8 2380.5 158 24925 25083 0.0575 9.0007 9.0582
0.001 7.0 0.001000 129.2 293 23850 293 24849 25142 0.1059 8.8706 8.9765
0.0012 9.7 0.001000 108.7 40.6  2388.7 40.6 24785 2519.1 0.1460 8.7639 8.9099
0.0014 12.0 0.001001  93.92 50.3 23919 503 2473.1 25234 0.1802 8.6736 8.8538
0.0016 14.0 0.001001  82.76 589 23947 589 24682 2527.1 0.2101 8.5952 8.8053
0.0018 15.8 0.001001  74.03 66.5 23972 66.5 2464.0 2530.5 0.2367 8.5259 8.7626
0.002 17.5 0.001001  67.00 73.5 23995 735 2460.0 25335 0.2606 8.4639 8.7245
0.003 24.1 0.001003  45.67 101.0 24085 101.0 24445 25455 0.3544 8.2240 8.5784
0.004 29.0 0.001004  34.80 1214 24152 1214 24330 25544 0.4225 8.0529 8.4754
0.006 36.2 0.001006  23.74 151.5 24249 1515 24159 25674 0.5208 7.8104 8.3312
0.008 41.5 0.001008 18.10 173.9 24321 1739 2403.1 2577.0 0.5924 7.6371 8.2295
0.01 45.8 0.001010  14.67 191.8 24379 191.8 2392.8 2584.6 0.6491 7.5019 8.1510
0.012 494 0.001012  12.36 206.9 24427 2069 2384.1 2591.0 0.6961 7.3910 8.0871
0.014 52.6 0.001013  10.69 220.0 24469 220.0 2376.6 2596.6 0.7365 7.2968 8.0333
0.016 55.3 0.001015 9.433 231.5 2450.5 2315 23699 26014 0.7719 7.2149 7.9868
0.018 57.8 0.001016 8.445 2419 24538 2419 23639 2605.8 0.8034 7.1425 7.9459
0.02 60.1 0.001017 7.649 2514  2456.7 2514 23583 2609.7 0.8319 7.0774 7.9093
0.03 69.1 0.001022  5.229 289.2 24684 2892 2336.1 26253 0.9439 6.8256 7.7695
0.04 75.9 0.001026 3.993 317.5 2477.0 317.6 2319.1 2636.7 1.0260 6.6449 7.6709
0.06 85.9 0.001033 2.732 359.8 2489.6 359.8 22937 26535 1.1455 6.3873 7.5328
0.08 93.5 0.001039 2.087 391.6  2498.8 391.6 2274.1 26657 1.2331 6.2023 7.4354
0.1 99.6 0.001043 1.694 4173  2506.1 4174 2258.1 26755 1.3029 6.0573 7.3602
0.12 104.8 0.001047 1.428 439.2  2512.1 439.3 22442 2683.5 1.3611 5.9378 7.2980
0.14 109.3 0.001051 1.237 4582 25173 4584 2232.0 26904 1.4112 5.8360 7.2472
0.16 1133 0.001054 1.091 4752 2521.8 4753 22212 2696.5 1.4553 5.7472 17.2025
0.18 116.9 0.001058 0.9775 490.5 25259 490.7 2211.1 2701.8 1.4948 5.6683 7.1631
0.2 120.2 0.001061 0.8857 504.5 2529.5 5047 22019 2706.6 1.5305 5.5975 7.1280
0.3 1335 0.001073 0.6058 561.1 25436 561.5 2163.8 27253 1.6722 5.3205 6.9927
0.4 143.6 0.001084  0.4625 604.3  2553.6 604.7 2133.8 27385 1.7770 5.1197 6.8967
0.6 158.9 0.001101 0.3157 669.9 25674 670.6 2086.2 2756.8 1.9316 4.8293 6.7609
0.8 170.4 0.001115 0.2404 7202  2576.8 721.1 2048.0 2769.1 2.0466 4.6170 6.6636
1 179.9 0.001127 0.1944 761.7 2583.6 762.8 20153 2778.1 2.1391 4.4482 6.5873
1.2 188.0 0.001139 0.1633 7973  2588.8 798.6 19862 2784.8 22170 4.3072 6.5242
14 195.1 0.001149 0.1408 828.7 2592.8 8303 1959.7 2790.0 2.2847 4.1854 6.4701
1.6 201.4 0.001159 0.1238 856.9 2596.0 858.8 19352 2794.0 23446 4.0780 6.4226
1.8 207.2 0.001168 0.1104 882.7 25984 884.8 19123 2797.1 23986 3.9816 6.3802
2 2124 0.001177 0.09963  906.4 2600.3 908.8 1890.7 2799.5 2.4478 3.8939 6.3417
3 2339 0.001216  0.06668 1004.8 2604.1 1008.4 17957 2804.1 2.6462 3.5416 6.1878
4 250.4 0.001252  0.04978 1082.3  2602.3 1087.3 1714.1 2801.4 2.7970 3.2739 6.0709
6 275.6 0.001319 0.03244 12054  2589.7 12133 1571.0 27843 3.0273 2.8627 5.8900
8 295.1 0.001384  0.02352 1305.6 2569.8 1316.6 14414 2758.0 3.2075 2.5365 5.7440
10 311.1 0.001452  0.01803 1393.0 2544.4 1407.6 1317.1 27247 3.3603 2.2546 5.6149
12 324.8 0.001527 0.01426 14729 2513.7 14913 1193.6 26849 3.4970 1.9963 5.4933
14 336.8 0.001611 0.01149 1548.6 2476.8 1571.1 1066.5 2637.6 3.6240 1.7486 5.3726
16 347.4 0.001711 0.009307 1622.7 2431.8 1650.0 930.7 2580.7 3.7468 1.4996 5.2464
18 357.1 0.001840  0.007491 1698.9 2374.4 1732.0 7772 2509.2 3.8722 1.2332 5.1054
20 365.8 0.002036  0.005836 1785.6  2293.2 1826.3 583.7 2410.0 4.0146 0.9135 4.9281
22.088 374.136  0.003155 0.003155 2029.6  2029.6 2099.3 0.0 2099.3 4.4305 0.0000 4.4305

kAYNAK: Keenan, Keyes, Hill, and Moore, Steam Tables, Wiley, New York, 1969; G. J. Van Wylen and R. E. Sonntag, Fundamentals of
Classical Thermodynamics, Wiley, New York, 1973.
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Tablo C-3 Kizgm Buhar [T (°C), v (m¥/kg), u ve h (kJ/kg), s (kJ/kg - K) olarak verilmistir.]
T v u h s v u h s v u h K
P=0.010 MPa (45.81°C) P =0.050 MPa (81.33°C) P =0.10 MPa (99.63°C)
Doy. 14.674 24379 258477 8.1502 3.240 2483.9 26459 7.5939 1.6940 2506.1 2675.5 7.3594
50 14.869 24439 2592.6 8.1749

100 17.196 2515.5 2687.5 8.4479 3.418 2511.6 2682.5 7.6947 1.6958 2506.7 2676.2  7.3614
150 19.512 25879 2783.0 8.6882 3.889 2585.6 2780.1 7.9401 1.9364 2582.8 27764 7.6134
200 21.825 2661.3 2879.5 89038 4.356 26599 2877.7 8.1580 2.172 2658.1 28753  7.8343
250 24.136 2736.0 2977.3 9.1002 4.820 2735.0 2976.0 8.3556 2.406 2733.7 29743  8.0333
300 26.445 2812.1 3076.5 9.2813 5.284 2811.3 30755 8.5373 2.639 28104 30743  8.2158
400 31.063 2968.9 3279.6 9.6077 6209 2968.5 32789 8.8642 3.103 2967.9 32782  8.5435
500 35.679 31323 3489.1 9.8978  7.134 3132.0 3488.7 9.1546 3.565 3131.6 3488.1 8.8342
600 40.295 3302.5 37054 10.1608 8.057 3302.2 3705.1 9.4178 4.028 3301.9 3704.7 9.0976
700 44911 3479.6 3928.7 10.4028 8981 3479.4 3928.5 9.6599 4490 3479.2 39282  9.3398
800 49.526 3663.8 4159.0 10.6281 9.904 3663.6 4158.9 9.8852 4.952 3663.5 4158.6 9.5652
900 54.141 3855.0 43964 10.8396 10.828 3854.9 4396.3 10.0967 5.414 3854.8 4396.1 9.7767

1000 58.757 4053.0 4640.6 11.0393 11.751 40529 4640.5 10.2964 5.875 4052.8 4640.3 9.9764

1100 63.372 4257.5 4891.2 11.2287 12.674 42574 4891.1 10.4859 6.337 42573 4891.0 10.1659

1200 67.987 4467.9 5147.8 11.4091 13.597 4467.8 5147.77 10.6662 6.799 4467.7 5147.6 10.3463

1300 72.602 4683.7 5409.7 11.5811 14.521 4683.6 5409.6 10.8382 7.260 4683.5 5409.5 10.5183

P =0.20 MPa (120.23°C) P =0.30 MPa (133.55°C) P =0.40 MPa (143.63° C)

Doy. .8857 2529.5 2706.7 7.1272 .6058 2543.6 27253 6.9919 4625 2553.6 2738.6 6.8959
150 .9596 2576.9 2768.8 7.2795 .6339 2570.8 2761.0 7.0778 4708 2564.5 2752.8 6.9299
200 1.0803 26544 2870.5 7.5066 7163 2650.7 2865.6 7.3115 5342 2646.8 2860.5 7.1706
250 1.1988 2731.2 2971.0 7.7086 .7964 2728.7 2967.6 7.5166  .5951 2726.1 2964.2 7.3789
300 1.3162 2808.6 3071.8 7.8926  .8753 2806.7 3069.3 7.7022  .6548 2804.8 3066.8 7.5662
400 1.5493 2966.7 3276.6 8.2218 1.0315 2965.6 3275.6 8.0330 .7726 2964.4 32734 7.8985
500 1.7814 3130.8 3487.1 8.5133 1.1867 3130.0 3486.0 8.3251 .8893 3129.2 34849 8.1913
600 2.013 33014 3704.0 87770 1.3414 3300.8 3703.2 8.5892 1.0055 3300.2 37024 8.4558
700 2.244  3478.8 3927.6 9.0194 1.4957 3478.4 3927.1 8.8319 1.1215 34779 3926.5 8.6987
800 2.475 3663.1 41582 9.2449 1.6499 36629 4157.8 9.0576 1.2372 36624 41573 8.9244
900 2.706  3854.5 43958 9.4566 1.8041 3854.2 43954 9.2692 1.3529 38539 4395.1 9.1362

1000 2.937  4052.5 4640.0 9.6563 1.9581 4052.3 4639.7 9.4690 1.4685 4052.0 4639.4 9.3360

1100 3.168  4257.0 4890.7 9.8458 2.1121 4256.5 4890.4 9.6585 1.5840 4256.5 4890.2 9.5256

1200 3.399  4467.5 5147.3 10.0262 2.2661 4467.2 5147.1 9.8389 1.6996 4467.0 5146.8 9.7060

1300 3.630  4683.2 5409.3 10.1982 2.4201 4683.0 5409.0 10.0110 1.8151 4682.8 5408.8 9.8780

P =0.50 MPa (151.86°C) P =0.60 MPa (158.85°C) P =0.80 MPa (170.43°C)

Doy. 3749 25612 2748.7 6.8213 3157 25674 2756.8 6.7600 2404 2576.8 2769.1 6.6628
200  .4249 26429 28554 7.0592 3520 2638.9 2850.1 6.9665 2608 2630.6 2839.3 6.8158
250 4744 2723.5 2960.7 7.2709 3938 27209 29572 7.1816 2931 27155 2950.0 7.0384
300 .5226 28029 30642 7.4599 4344 2801.0 3061.6 7.3724 3241 27972 3056.5 7.2328
350 .5701 2882.6 3167.7 7.6329 4742 28812 3165.7 7.5464 3544 28782 3161.7 7.4089
400 6173 2963.2 32719 7.7938 5137 2962.1 32703  7.7079 3843 2959.7 3267.1 7.5716
500 7109 3128.4 34839 8.0873 5920 3127.6 3482.8 8.0021 4433 3126.0 3480.6 7.8673
600 .8041 3299.6 3701.7 8.3522 6697 3299.1 37009 8.2674 5018 32979 36994  8.1333
700  .8969 3477.5 39259 8.5952 7472 3477.0 39253 8.5107 5601 3476.2 39242  8.3770
800 .9896 3662.1 41569 8.8211 .8245 3661.8 4156.5 8.7367 .6181 3661.1 41556 8.6033
900 1.0822 3853.6 4394.7 9.0329 9017 3853.4 43944 8.9486 .6761 3852.8 43937 8.8153

1000 1.1747 4051.8 4639.1 9.2328 9788 4051.5 4638.8 9.1485 7340 4051.0 4638.2 9.0153

1100 1.2672 42563 4889.9 9.4224 1.0559 4256.1 4889.6 9.3381 7919  4255.6 4889.1  9.2050

1200 1.3596 4466.8 5146.6 9.6029 1.1330 4466.5 51463 9.5185 .8497 4466.1 51459 9.3855

1300 1.4521 4682.5 5408.6 9.7749 1.2101 4682.3 5408.3 9.6906 9076 4681.8 5407.9 9.5575
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Tablo C-3 (Devami)

T v u h s v u h s v u h s

P =1.00 MPa (179.91°C) P =1.20 MPa (187.99°C) P =1.40 MPa (195.07°C)

Doy. .19444 2583.6 2778.1 6.5865 .16333 2588.8 2784.8 6.5233 .14084 2592.8 2790.0 6.4693
200 .2060 2621.9 28279 6.6940 .16930 2612.8 28159 6.5898 .14302 2603.1 2803.3 6.4975
250 .2327 2709.9 2942.6 6.9247 .19234 27042 29350 6.8294 16350 2698.3 29272 6.7467
300 .2579 2793.2 30512 7.1229 .2138 2789.2 30458 7.0317 .18228 27852 30404 6.9534
350 .2825 28752 3157.7 7.3011 .2345 28722 3153.6 7.2121 .2003 2869.2 3149.5 7.1360
400 .3066 29573 32639 7.4651 .2548 2954.9 3260.7 7.3774 2178 2952.5 3257.5 7.3026
500 .3541 31244 34785 7.7622 .2946 3122.8 34763 7.6759 2521 3321.1 3474.1 7.6027
600 .4011 3296.8 3697.9 8.0290 .3339 3295.6 36963 7.9435 .2860 32944 3694.8 7.8710
700 .4478 34753 3923.1 8.2731 .3729 34744 3922.0 8.1881 .3195 3473.6  3920.8 8.1160
800 .4943 3660.4 41547 8.4996 .4118 3659.7 4153.8 8.4148 .3528 3659.0 4153.0 8.8431
900 .5407 3852.2 43929 8.7118 .4505 3851.6 43922 8.6272 .3861 3851.1 4391.5 8.5556

1000 .5871 4050.5 4637.6 89119 .4892 4050.0 4637.0 8.8274 4192 4049.5 46364 8.7559

1100 .6335 4255.1 4888.6 9.1017 .5278 4254.6 4888.0 9.0172 4524 4254.1 4887.5 8.9457

1200 .6798 4465.6 51454 9.2822 .5665 4465.1 51449 9.1977 4855 4464.7 51444 9.1262

1300 .7261 4681.3 54074 9.4543 .6051 4680.9 5407.0 9.3698 .5186 4680.4 5406.5 9.2984

P =1.60 MPa (201.41°C) P =1.80 MPa (207.15°C) P =2.00 MPa (212.42°C)

Doy. .12380 2596.0 2794.0 6.4218 .11042 25984 2797.1 6.3794 .09963 2600.3 2799.5 6.3409
225 13287 2644.7 28573 6.5518 .13673 2636.6 2846.7 6.4808 .10377 26283 28358 6.4147
250 14184 26923 2919.2 6.6732 .12497 2686.0 2911.0 6.6066 .11144 2679.6 2902.5 6.5453
300 .15862 2781.1 3034.8 6.8844 .14021 27769 3029.2 6.8226 .12547 2772.6 30235 6.7664
350 .17456 2866.1 31454 7.0694 .15457 2863.0 3141.2 7.0100 .13857 2859.8 3137.0 6.9563
400 .19005 2950.1 3254.2 7.2374 16847 2947.7 32509 7.1794 15120 29452 3247.6 7.1271
500 .2203 3119.5 34720 7.5390 .19550 31179 3469.8 7.4825 17568 31162 3467.6 7.4317
600 .2500 3293.3 36932 7.8080 .2220  3292.1 3691.7 7.7523 19960 32909 3690.1 7.7024
700 2794 34727 3919.7 8.0535 .2482 3471.8 39185 7.9983 2232 3470.9 3917.4 7.9487
800 .3086 3658.3 4152.1 8.2808 .2742 3657.6 4151.2 8.2258 2467 3657.0 4150.3 8.1765
900 .3377 3850.5 4390.8 8.4935 .3001 3849.9 4390.1 84386 2700  3849.3 43894 8.3895

1000 .5668 4049.0 4635.8 8.6938 .3260  4048.5 46352 8.6391 .2933 4048.0 4634.6 8.5901

1100 .3958 425377 4887.0 8.8837 .3518 42532 4886.4 8.8290 3166 425277 48859 8.7800

1200 .4248 4464.2 51439 9.0643 3776  4463.7 51434 9.0096 .3398 44633 51429 8.9607

1300 .4538 4679.9 5406.0 9.2364 .4034  4679.5 5405.6 9.1818 .3631 4679.0 5405.1 9.1329

P =250 MPa (233.99°C) P =3.00 MPa (233.90°C) P =3.50 MPa (242.60°C)

Doy. .07998 2603.1 2803.1 6.2575 .06668 2604.1 2804.2 6.1869 .05707 2603.7 28034 6.1253
225 .08027 2605.6 2806.3 6.2639
250 08700 2662.6 2880.1 6.4085 .07058 2644.0 2855.8 6.2872 .05872 2623.7 28292 6.1749
300 .09890 2761.6 3008.8 6.6438 .08114 2750.1 29935 6.5390 .06842 2738.0 29775 6.4461
350 10976 28519 31263 6.8403 .09053 28437 31153 6.7428 .07678 28353 3104.0 6.6579
400 .12010 2939.1 3239.3 7.0148 .09936 2932.8 3230.9 69212 .08453 29264 32223 6.8405
450 .13014 3025.5 3350.8 7.1746 .10787 30204 3344.0 7.0834 .09196 30153 33372 7.0052
500 .13998 3112.1 3462.1 7.3234 .11619 3108.0 3456.5 7.2338 .099 18 3103.0 34509 7.1572
600 .15930 3288.0 3686.3 7.5960 .13243 3285.0 36823 7.5085 .11324 3282.1 36784 7.4339
700 17832 3468.7 39145 7.8435 .14838 3466.5 3911.7 7.7571 12699 34643 3908.8 7.6837
800 .19716 36553 41482 8.0720 .164 14 3653.5 41459 7.9862 .14056 3651.8 4143.7 79134
900 21590 38479 4387.6 82853 .17980 3846.5 43859 8.1999 15402 38450 4384.1 8.1276
1000 .2346 4046.7 4633.1 8.4861 .19541 40454 4631.6 8.4009 .16743 4044.1 4630.1 8.3288
1100 .2532 4251.5 4884.6 8.6762 21098 42503 4883.3 85912 .18080 4249.2 48819 8.5192
1200 2718 4462.1 5141.7 8.8569 22652 44609 5140.5 87720 .19415 4459.8 51393 8.7000
1300 .2905 4677.8 5404.0 9.0291 24206 4676.6 5402.8 89442 20749 46755 5401.7 8.8723
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Tablo C-3 (Devami)
T v u h s v u h s v u h s
P =4.0 MPa (250.40°C) P =4.5MPa (257.49°C) P =5.0 MPa (263.99°C)

Doy. .049 78 2602.3 2801.4 6.0701 .04406 2600.1 2798.3 6.0198 .03944 2597.1 27943 59734
275 .05457 26679 2886.2 6.2285 .04730 26503 2863.2 6.1401 .04141 2631.3 2838.3 6.0544
300 .05884 27253 2960.7 6.3615 .05135 2712.0 2943.1 6.2828 .04532 2698.0 29245 6.2084
350 .06645 2826.7 3092.5 6.5821 .05840 2817.8 3080.6 6.5131 .05194 2808.7 3068.4 6.4493
400 .07341 29199 32136 6.7690 .06475 2913.3 3204.7 6.7047 .057 81 2906.6 3195.7 6.6459
450 .080 02 3010.2 3330.3 6.9363 .07074 3005.0 33233 6.8746 .06330 2999.7 3316.2 6.8186
500 .08643 3099.5 34453 7.0901 .07651 30953 3439.6 7.0301 .06857 3091.0 3433.8 6.9759
600 .098 85 3279.1 36744 73688 .08765 32760 3670.5 7.3110 .07869 3273.0 3666.5 7.2589
700 .11095 3462.1 39059 7.6198 .09847 3459.9 3903.0 7.5631 .08849 3457.6 3900.1 7.5122
800 .12287 3650.0 4141.5 7.8502 .109 11 3648.3 41393 7.7942 09811 3646.6 4137.1 7.7440
900 .13469 3843.6 43823 8.0647 .11965 38422 4380.6 8.0091 .10762 3840.7 4378.8 7.9593

1000 .146 45 40429 4628.7 8.2662 .13013 4041.6 46272 8.2108 .11707 40404 46257 8.1612

1100 .158 17 4248.0 4880.6 8.4567 .140 56 4246.8 4879.3 8.4015 .12648 4245.6 4878.0 8.3520

1200 .169 87 4458.6 5138.1 8.6376 .150 98 44575 51369 8.5825 .13587 4456.3 5135.7 8.5331

1300 .18156 46743 5400.5 8.8100 .16139 4673.1 5399.4 8.7549 14526 4672.0 5398.2 8.7055

P =6.0 MPa (275.64°C) P =7.0 MPa (285.88°C) P =8.0 MPa (295.06°C)

Doy. .03244 2589.7 2784.3 5.8892 .02737 2580.5 2772.1 5.8133 .02352 2569.8 2758.0 5.7432
300 .03616 2667.2 28842 6.0674 .02947 26322 28384 3.9305 .02426 2590.9 2785.0 5.7906
350 .04223 2789.6 3043.0 6.3335 .03524 27694 3016.0 6.2283 .02995 274777 2987.3 6.1301
400 .04739 28929 3177.2 6.5408 .03993 2878.6 3158.1 6.4478 .03432 2863.8 3138.3 6.3634
450 .052 14 29889 3301.8 6.7193 .04416 2978.0 3287.1 6.6327 .03817 2966.7 3272.0 6.5551
500 .05665 30822 34222 6.8803 .048 14 3073.4 3410.3 6.7975 .04175 30643 3398.3 6.7240
550 .06101 3174.6 3540.6 7.0288 .05195 3167.2 35309 69486 .04516 3159.8 3521.0 6.8778
600 .06525 32669 36584 7.1677 .05565 3260.7 3650.3 7.0894 .04845 32544 3642.0 7.0206
700 .07352 3453.1 38942 7.4234 06283 34485 3888.3 7.3476 .05481 34439 38824 7.2812
800 .08160 3643.1 41327 7.6566 .069 81 3639.5 41282 7.5822 .06097 3636.0 4123.8 7.5173
900 .08958 3837.8 43753 7.8727 .07669 38350 4371.8 7.7991 .06702 3832.1 4368.3 7.7351

1000 .097 49 4037.8 4622.7 8.0751 .08350 4035.3 4619.8 8.0020 .07301 4032.8 4616.9 7.9384

1100 .10536 42433 48754 8.2661 .09027 42409 4872.8 8.1933 .07896 4238.6 4870.3 8.1300

1200 .11321 4454.0 5133.3 8.4474 .097 03 445177 51309 8.3747 .08489 44495 5128.5 8.3115

1300 .121 06 4669.6 5396.0 8.6199 .10377 46673 5393.7 8.5473 .09080 4665.0 5391.5 8.4842

P =9.0 MPa (303.40°C) P =10.0 MPa (311.06°C) P =12.5 MPa (327.89°C)

Doy. .02048 2557.8 2742.1 5.6772 .018 026 2544.4 272477 5.6141 .013495 2505.1 2673.8 5.4624
325 .02327 2646.6 2856.0 5.8712 .019861 26104 2809.1 5.7568
350 .02580 27244 2956.6 6.0361 .02242 2699.4 29234 59443 016126 2624.6 28262 5.7118
400 .02993 28484 3117.8 6.2854 .02641 28324 3096.5 6.2120 .02000 2789.3 3039.3 6.0417
450 .03350 29552 3256.6 6.4844 .02975 29434 32409 6.4190 .02299 2912.5 3199.8 6.2719
500 .03677 3055.2 3336.1 6.6576 .03279 3045.8 33737 6.5966 .02560 3021.7 3341.8 6.4618
550 .03987 31522 3511.0 6.8142 .03564 3144.6 35009 6.7561 .02801 3125.0 34752 6.6290
600 .04285 3248.1 3633.7 6.9589 .03837 3241.7 3625.3 6.9029 .03029 32254 36040 6.7810
650 .04574 3343.6 37553 7.0943 .04101 3338.2 37482 7.0398 .03248 33244 37304 6.9218
700 .048 57 3439.3 3876.5 7.2221 .04358 34347 3870.5 7.1687 .03460 34229 3855.3 7.0536
800 .05409 3632.5 4119.3 7.4596 .04859 36289 4114.8 7.4077 .03869 3620.0 4103.6 7.2965
900 .05950 3829.2 4364.3 7.6783 .05349 38263 4361.2 7.6272 .04267 3819.1 43525 7.5182

1000 .064 85 4030.3 4614.0 7.8821 .05832 4027.8 4611.0 7.8315 .04658 4021.6 4603.8 7.7237

1100 .070 16 4236.3 4867.7 8.0740 .063 12 4234.0 4865.1 8.0237 .05045 4228.2 4858.8 7.9165

1200 .07544 44472 5126.2 8.2556 .06789 44449 5123.8 8.2055 .05430 4439.3 5118.0 8.0987

1300 .08072 46627 5389.2 8.4284 .07265 4460.5 5387.0 8.3783 .058 13 4654.8 5381.4 82717
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Tablo C-3 (Devami)

T v u h K v u h s v u h s

P =15.0 MPa (342.24°C) P =17.5 MPa (354.75°C) P =20.0 MPa (365.81°C)

Doy. .010337 2455.5 2610.5 5.3098 .007920 2390.2 2528.8 5.1419 .005834  2293.0 2409.7 4.9269
350 .011470 2520.4 2692.4 5.4421
400 .015649 2740.7 2975.5 5.8811 .012447  2685.0 29029 5.7213 .009942  2619.3 2818.1 5.5540
450 .018 445 2879.5 3156.2 6.1404 .015174 28442 3109.7 6.0184 .012695  2806.2 3060.1 5.9017
500 .020 80 2996.6 3308.6 6.3443 .017358 2970.3 3274.1 6.2383 .014768 29429 32382 6.1401
550 .02293 3104.7 3448.6 6.5199 .019288  3083.9 34214 6.4230 .016555 3062.4 3393.5 6.3348
600 .024 91 3208.6 35823 6.6776 .021 06 3191.5 3560.2 6.5866 .018 178 3174.0 3537.6 6.5048
650 .026 80 33103 37123 6.8224 .02274 3296.0 3693.9 6.7357 .019693  3281.4 36753 6.6582
700 .028 61 3410.9 3840.1 6.9572 .024 34 3398.7 3824.6 6.8736 .021 13 3386.4 3809.0 6.7993
800 .03210 3610.9 4092.4 7.2040 .027 38 3601.8 4081.1 7.1244 .023 85 3592.7 4069.7 7.0544
900 .035 46 3811.9 4343.8 7.4279 .030 31 3804.7 4335.1 7.3507 .026 45 3797.5 43264 7.2830
1000 .038 75 4015.4 4596.6 7.6348 .033 16 4009.3 4589.5 7.5589 .028 97 4003.1 45825 7.4925
1100 .04200  4222.6 4852.6 7.8283 .03597 42169 4846.4 7.7531 .031 45 4211.3 4840.2 7.6874
1200 .045 23 4433.8 5112.3 8.0108 .038 76 4428.3 5106.6 7.9360 .03391 44228 5101.0 7.8707
1300 .048 45 4649.1 5376.0 8.1840 .041 54 4643.5 5370.5 8.1093 .036 36 4638.0 5365.1 8.0442

P =25.0 MPa P =30.0 MPa P =40.0 MPa

375 .0019731 1798.7 1848.0 4.0320 .001 7892 1737.8 1791.5 3.9305 .0016407 1677.1 1742.8 3.8290
400 .006 004 2430.1 2580.2 5.1418 .002790  2067.4 2151.1 4.4728 .001907 7 1854.6 1930.9 4.1135
425 .007 881 2609.2 2806.3 5.4723 .005303 2455.1 26142 5.1504 .002532 20969 2198.1 4.5029
450 .009 162 2720.7 2949.7 5.6744 .006 735  2619.3 2821.4 5.4424 .003 693  2365.1 2512.8 4.9459
500 .011123 2884.3 31624 5.9592 .008 678  2820.7 3081.1 5.7905 .005622  2678.4 2903.3 5.4700
550 .012724 3017.5 3335.6 6.1765 .010168  2970.3 3275.4 6.0342 .006 984  2869.7 3149.1 5.7785
600 .014 137 31379 34914 6.3602 .011446 3100.5 34439 6.2331 .008 094  3022.6 33464 6.0114
650 .015433 3251.6 36374 6.5229 012596 3221.0 3598.9 6.4058 .009 063 3158.0 3520.6 6.2054
700 .016 646 3361.3 3777.5 6.6707 .013 661 3335.8 3745.6 6.5606 .009941  3283.6 3681.2 6.3750
800 .018912 35743 4047.1 6.9345 .015623  3555.5 4024.2 6.8332 .011523 3517.8 3978.7 6.6662
900 .021 045 3783.0 4309.1 7.1680 .017448 37685 42919 7.0718 .012962 3739.4 42579 6.9150
1000 .023 10 3990.9 4568.5 7.3802 .019 196 3978.8 4554.7 7.2867 .014324  3954.6 4527.6 7.1356
1100 .025 12 4200.2 4828.2 7.5765 .020903  4189.2 48163 7.4845 .015642 4167.4 4793.1 7.3364
1200 .027 11 4412.0 5089.9 7.7605 .022589 44013 5079.0 7.6692 .016940  4380.1 5057.7 7.5224
1300 .029 10  4626.9 53544 79342 .024266 4616.0 5344.0 7.8432 .018229  4594.3 5323.5 7.6969

kAYNAK: Keenan, Keyes, Hill, and Moore, Steam Tables, Wiley, New York, 1969; G. J. Van Wylen and R. E. Sonntag, Fundamentals of
Classical Thermodynamics, Wiley, New York, 1973.
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Tablo C-4 Sikistirllmis Sivi

[EK C (B2

20
40
60
80
100
120
140
160
180
200
220
240
260

T

0
20
40
60
80

100
120
140
160
180
200
240
280
320
360

P =5 MPa (263.99°C)

P =10 MPa (311.06°C)

P =15 MPa (342.42°C)

v u h s

v u h

v u h

0.000 997 7
0.000 999 5
0.001 005 6
0.001 014 9
0.001 026 8
0.001 041 0
0.001 057 6
0.001 076 8
0.001 098 8
0.001 124 0

0.04
83.65
166.95
250.23
333.72
417.52
501.80
586.76
672.62
759.63

5.04 0.0001
88.65 0.2956
171.97 0.5705
255.30 0.8285
338.85 1.0720
422.72 1.3030
507.09 1.5233
592.15 1.7343
678.12 1.9375
765.25 2.1341
0.001 1530 848.1 853.9 2.3255
0.001 186 6 938.4 944.4 2.5128
0.001 226 4 1031.4 1037.5 2.6979
0.001 2749 11279 11343 2.8830

0.000 995 2
0.000 997 2
0.001 003 4
0.001 0127
0.001 024 5
0.001 038 5
0.001 054 9
0.001 073 7
0.001 095 3
0.001 1199
0.001 148 0 844.5 856.0
0.001 1805 934.1 945.9
0.001 218 7 1026.0 1038.1
0.001 264 51121.1 1133.7

0.09
83.36
166.35
249.36
332.59
416.12
500.08
584.68
670.13
756.65

10.04

93.33
176.38
259.49
342.83
426.50
510.64
595.42
681.08
767.84

0.0002
0.2945
0.5686
0.8258
1.0688
1.2992
1.5189
1.7292
1.9317
2.1275
2.3178
2.5039
2.6872
2.8699

15.05
97.99
180.78
263.67
346.81
430.28
514.19
598.72
684.09
770.50
858.2
947.5
1039.0
1133.4

0.0009928  0.15
0.0009950 83.06
0.001 001 3 165.76
0.001 0105 248.51
0.001 0222 331.48
0.001 0361 414.74
0.001 0522 498.40
0.001 070 7 582.66
0.001 091 8 667.71
0.001 1159 753.76
0.001 143 3 841.0

0.001 174 8 929.9

0.001 211 4 1020.8

0.00125501114.6

0.0004
0.2934
0.5666
0.8232
1.0656
1.2955
1.5145
1.7242
1.9260
2.1210
2.3104
2.4953
2.6771
2.8576

P =20 MPa (365.81°C)

P =30 MPa

P =50 MPa

v u h s

v u h

N

v u h

N

0.000 990 4
0.000 992 8
0.000 999 2
0.001 008 4
0.001 0199
0.001 033 7
0.001 049 6
0.001 067 8
0.001 088 5

0.19
82.77
165.17
247.68
330.40
413.39
496.76
580.69
665.35

20.01 0.0004
102.62 0.2923
185.16 0.5646
267.85 0.8206
350.80 1.0624
434.06 1.2917
517.76 1.5102
602.04 1.7193
687.12 1.9204
0.001 1120 750.95 773.20 2.1147
0.001 138 8 837.7 860.5 2.3031
0.001 204 6 1016.0 1040.0 2.6674
0.001 296 5 1204.7 1230.6 3.0248
0.001 4437 1415.7 1444.6 3.3979
0.001 822 6 1702.8 1739.3 3.8772

0.000 985 6
0.000 988 6
0.000 995 1
0.001 004 2
0.001 015 6
0.001 029 0
0.001 044 5
0.001 062 1
0.001 0821
0.001 1047 745.59 778.73
0.001 1302 831.4 865.3
0.001 192 0 1006.9 1042.6
0.001 275 51190.7 1229.0
0.001 399 7 1390.7 1432.7
0.001 626 51626.6 1675.4

0.25
82.17
164.04
246.06
328.30
410.78
493.59
576.88
660.82

29.82
111.84
193.89
276.19
358.77
441.66
524.93
608.75
693.28

0.0001
0.2899
0.5607
0.8154
1.0561
1.2844
1.5018
1.7098
1.9096
2.1024
2.2893
2.6490
2.9986
3.3539
3.7494

0.000 976 6
0.000 980 4
0.000 987 2
0.000 996 2
0.001 007 3
0.001 020 1
0.001 034 8
0.001 051 5
0.001 070 3
0.001 091 2

0.20
81.00
161.86
242.98
324.34
405.88
487.65
569.77
652.41

49.03
130.02
211.21
292.79
374.70
456.89
539.39
622.35
705.92
735.69 790.25
0.001 1146 819.7 8755
0.001 1702 990.7 1049.2
0.001 2415 1167.2 1229.3
0.001 338 8 1353.3 1420.2
0.001 483 8 1556.0 1630.2

0.0014
0.2848
0.5527
0.8052
1.0440
1.2703
1.4857
1.6915
1.8891
2.0794
2.2634
2.6158
2.9537
3.2868
3.6291

kAYNAK: Keenan, Keyes, Hill, and Moore, Steam Tables, Wiley, New York, 1969; G. J. Van Wylen and R. E. Sonntag, Fundamentals of
Classical Thermodynamics, Wiley, New York, 1973.



nobel Wy de 1 SUYUN TERMODINAMIK OZELLIKLERI (BUHAR TABLOLARI) 361

Tablo C-5 Doymus Kati—Buhar

Hacim, m’/kg Enerji, kl/kg Entalpi, kJ/kg Entropi, kl/kg-K

Doy. Doy. Doy. Doy. Doy. Doy. Doy. Doy.

Kati Buhar Kati Siibl. Buhar  Kati Siibl. Buhar Kati  Siibl. Buhar
T,°C P,kPa ux10° v, u, U, u, h, h,, h, 5 S, s,

0.01 0.6113 1.0908  206.1 -333.40 2708.7 23753 -333.40 2834.8 25014 -1.221 10.378 9.156
0 0.6108 1.0908  206.3 -333.43 2708.8 23753 -333.43 2834.8 2501.3 -1.221 10.378  9.157
-2 05176 1.0904  241.7 -337.62 27102 2372.6 -337.62 28353 2497.7 -1.237 10456 9.219
—4 04375 1.0901 283.8 -341.78 2711.6 2369.8 —-341.78 2835.7 2494.0 -1.253 10.536  9.283
-6 03689 1.0898 3342 -34591 27129 2367.0 -34591 2836.2 2490.3 -1.268 10.616  9.348
-8 0.3102 1.0894 3944 -350.02 27142 23642 -350.02 2836.6 2486.6 -1.284 10.698 9.414
-10 0.2602 1.0891 466.7 -354.09 2715.5 23614 -354.09 3837.0 24829 -1.299 10.781 9.481
-12 02176 1.0888  553.7 -358.14 2716.8 2358.7 -358.14 28373 2479.2 -1.315 10.865 9.550
-14  0.1815 1.0884  658.8 -362.15 2718.0 23559 -362.15 2837.6 24755 -1.331 10950 9.619
-16  0.1510 1.0881  786.0 -366.14 2719.2 2353.1 -366.14 28379 2471.8 -1.346 11.036  9.690
-20 0.1035 1.0874 1128.6 -374.03 2721.6 23475 -374.03 28384 24643 -1.377 11212 9.835
=24 0.0701 1.0868 1640.1 -381.80 2723.7 2342.0 -381.80 2838.7 24569 -1.408 11394 9.985
-28 0.0469 1.0861 2413.7 -389.45 2725.8 23364 -389.45 2839.0 24495 -1.439 11.580 10.141
=32 0.0309 1.0854 3600 -396.98 2727.8 2330.8 -396.98 2839.1 2442.1 -1471 11.773 10.303
=36  0.0201 1.0848 5444 —404.40 2729.6 23252 -404.40 2839.1 24347 -1.501 11972 10.470
—-40  0.0129 1.0841 8354 —411.70 27313 2319.6 —411.70 2838.9 24272 -1.532 12.176 10.644

Kaynak: Keenan, Keyes, Hill, and Moore, Steam Tables, Wiley, New York, 1969; G. J. Van Wylen and R. E. Sonntag, Fundamentals of
Classical Thermodynamics, Wiley, New York, 1973.



R134a’'nin
Termodinamik
Ozellikleri

Tablo D-1 Doymus R134a—Sicakhik Tablosu

Ozgiil Hacim i¢ Enerji Entalpi Entropi
m’/kg kJ/kg kJ/kg kl/kg-K

Doymus Doymus Doymus Doymus Doymus Buhar- Doymus Doymus Doymus

Sicakhik Basing Sivi Buhar Sivi Buhar Sivi lasma Buhar Sivi Buhar

°C kPa v, % 10° v, u, u, h, hy, h, s 5,

—40 51.64 0.7055 0.3569 -0.04 204.45 0.00 222.88 222.88 0.0000 0.9560
-36 63.32 0.7113 0.2947 4.68 206.73 4.73 220.67 225.40 0.0201 0.9506
-32 77.04 0.7172 0.2451 9.47 209.01 9.52 218.37 227.90 0.0401 0.9456
28 93.05 0.7233 0.2052 14.31 211.29 14.37 216.01 230.38 0.0600 0.9411
-26 101.99 0.7265 0.1882 16.75 212.43 16.82 214.80 231.62 0.0699 0.9390
24 111.60 0.7296 0.1728 19.21 213.57 19.29 213.57 232.85 0.0798 0.9370
-22 121.92 0.7328 0.1590 21.68 214.70 21.77 212.32 234.08 0.0897 0.9351
-20 132.99 0.7361 0.1464 24.17 215.84 24.26 211.05 235.31 0.0996 0.9332
-18 144.83 0.7395 0.1350 26.67 216.97 26.77 209.76 236.53 0.1094 0.9315
-16 157.48 0.7428 0.1247 29.18 218.10 29.30 208.45 237.74 0.1192 0.9298
-12 185.40 0.7498 0.1068 34.25 220.36 34.39 205.77 240.15 0.1388 0.9267
-8 217.04 0.7569 0.0919 39.38 222.60 39.54 203.00 242.54 0.1583 0.9239
-4 252.74 0.7644 0.0794 44.56 224.84 44.75 200.15 244.90 0.1777 0.9213
0 292.82 0.7721 0.0689 49.79 227.06 50.02 197.21 247.23 0.1970 0.9190

4 337.65 0.7801 0.0600 55.08 229.27 55.35 194.19 249.53 0.2162 0.9169

8 387.56 0.7884 0.0525 60.43 231.46 60.73 191.07 251.80 0.2354 0.9150
12 442.94 0.7971 0.0460 65.83 233.63 66.18 187.85 254.03 0.2545 0.9132
16 504.16 0.8062 0.0405 71.29 235.78 71.69 184.52 256.22 0.2735 0.9116
20 571.60 0.8157 0.0358 76.80 23791 77.26 181.09 258.36 0.2924 0.9102
24 645.66 0.8257 0.0317 82.37 240.01 82.90 177.55 260.45 0.3113 0.9089
26 685.30 0.8309 0.0298 85.18 241.05 85.75 175.73 261.48 0.3208 0.9082
28 726.75 0.8362 0.0281 88.00 242.08 88.61 173.89 262.50 0.3302 0.9076
30 770.06 0.8417 0.0265 90.84 243.10 91.49 172.00 263.50 0.3396 0.9070
32 815.28 0.8473 0.0250 93.70 244.12 94.39 170.09 264.48 0.3490 0.9064
34 862.47 0.8530 0.0236 96.58 245.12 97.31 168.14 265.45 0.3584 0.9058
36 911.68 0.8590 0.0223 99.47 246.11 100.25 166.15 266.40 0.3678 0.9053
38 962.98 0.8651 0.0210 102.38 247.09 103.21 164.12 267.33 0.3772 0.9047

368



nobel

EK D] R134a’NIN TERMODINAMIK OZELLIKLERI 369
Ozgiil Hacim i¢ Enerji Entalpi Entropi
m/kg kJ/kg kJ/kg kJ/kg-K
Doymus Doymus Doymus Doymus Doymus Buhar- Doymus Doymus Doymus
Sicakhk Basing Sivi Buhar Sivi Buhar Sivi lasma Buhar Sivi Buhar
°C kPa v, x 10° v, u, u, hy h,, h, 5, s,
40 1016.4 0.8714 0.0199 105.30 248.06 106.19 162.05 268.24 0.3866 0.9041
42 1072.0 0.8780 0.0188 108.25 249.02 109.19 159.94 269.14 0.3960 0.9035
44 1129.9 0.8847 0.0177 111.22 249.96 112.22 157.79 270.01 0.4054 0.9030
48 1252.6 0.8989 0.0159 117.22 251.79 118.35 153.33 271.68 0.4243 0.9017
52 1385.1 0.9142 0.0142 123.31 253.55 124.58 148.66 273.24 0.4432 0.9004
56 1527.8 0.9308 0.0127 129.51 255.23 130.93 143.75 274.68 0.4622 0.8990
60 1681.3 0.9488 0.0114 135.82 256.81 137.42 138.57 275.99 0.4814 0.8973
70 2116.2 1.0027 0.0086 152.22 260.15 154.34 124.08 278.43 0.5302 0.8918
80 2632.4 1.0766 0.0064 169.88 262.14 172.71 106.41 279.12 0.5814 0.8827
90 32435 1.1949 0.0046 189.82 261.34 193.69 82.63 276.32 0.6380 0.8655
100 3974.2 1.5443 0.0027 218.60 248.49 224.74 34.40 259.13 0.7196 0.8117

KAYNAK: Tablo D-1’den D-3’e D. P. Wilson and R. S. Basu, “Thermodynamic Properties of a New Stratospherically Safe Working Fluid—

Refrigerant 134a,” ASHRAE Trans., Vol. 94, Pt. 2, 1988, pp. 2095—2118’den alinan denklemlere dayanmaktadir.

Tablo D-2 Doymus R134a—Basin¢ Tablosu

Ozgiil Hacim i¢ Enerji Entalpi Entropi
m’/kg kl/kg kl/kg kJ/kg-K

Doymus Doymus Doymus Doymus Doymus Buhar- Doymus Doymus Doymus

Basing Sicakhik Sv1 Buhar Swv1 Buhar Sv1 lasma Buhar Sv1 Buhar

kPa °C v % 10° v, u, u, hy hy, h, s, s,

60 -37.07 0.7097 0.3100 3.14 206.12 3.46 221.27 22472 0.0147 0.9520
80 -31.21 0.7184 0.2366 10.41 209.46 10.47 21792  228.39 0.0440  0.9447
100 -26.43 0.7258 0.1917 16.22 212.18 16.29 215.06  231.35 0.0678 0.9395
120 -22.36 0.7323 0.1614 21.23 214.50 21.32 212.54  233.86 0.0879 0.9354
140 —-18.80 0.7381 0.1395 25.66 216.52 25.77 210.27  236.04 0.1055 0.9322
160 -15.62 0.7435 0.1229 29.66 218.32 29.78 208.19  237.97 0.1211 0.9295
180 -12.73 0.7485 0.1098 33.31 219.94 33.45 206.26  239.71 0.1352 0.9273
200 -10.09 0.7532 0.0993 36.69 221.43 36.84 204.46  241.30 0.1481 0.9253
240 -5.37 0.7618 0.0834 42.77 224.07 42.95 201.14  244.09 0.1710  0.9222
280 -1.23 0.7697 0.0719 48.18 226.38 48.39 198.13  246.52 0.1911 0.9197
320 248 0.7770 0.0632 53.06 228.43 53.31 19535  248.66 0.2089 0.9177
360 5.84 0.7839 0.0564 57.54 230.28 57.82 192.76  250.58 0.2251 0.9160
400 8.93 0.7904 0.0509 61.69 231.97 62.00 190.32 25232 0.2399 0.9145
500 15.74 0.8056 0.0409 70.93 235.64 71.33 184.74  256.07 0.2723 0.9117
600 21.58 0.8196 0.0341 78.99 238.74 79.48 179.71 259.19 0.2999 0.9097
700 26.72 0.8328 0.0292 86.19 241.42 86.78 175.07  261.85 0.3242 0.9080
800 31.33 0.8454 0.0255 92.75 243.78 93.42 170.73  264.15 0.3459 0.9066
900 35.53 0.8576 0.0226 98.79 245.88 99.56 166.62  266.18 0.3656 0.9054
1000 39.39 0.8695 0.0202 104.42 247.77 105.29 162.68  267.97 0.3838 0.9043
1200 46.32 0.8928 0.0166 114.69 251.03 115.76 155.23  270.99 0.4164 0.9023
1400 52.43 0.9159 0.0140 123.98 253.74 125.26 148.14  273.40 0.4453 0.9003
1600 57.92 0.9392 0.0121 132.52 256.00 134.02 141.31 275.33 0.4714 0.8982
1800 62.91 0.9631 0.0105 140.49 257.88 142.22 134.60  276.83 0.4954 0.8959
2000 67.49 0.9878 0.0093 148.02 259.41 149.99 12795 27794 0.5178 0.8934
2500 77.59 1.0562 0.0069 165.48 261.84 168.12 111.06  279.17 0.5687 0.8854
3000 86.22 1.1416 0.0053 181.88 262.16 185.30 92.71 278.01 0.6156 0.8735




370 R134a’NIN TERMODINAMIK OZELLIKLERI [EKD nobel
Tablo D-3 Kizgin Buhar R134a
T, °C v, m*/kg u, kJ/kg h, kJ/kg s, kJ/kg' K v, m*/kg u, kl/kg h, kl/kg s, kl’kg- K
P =0.06 MPa (-37.07 °C) P =0.10 MPa (-26.43 °C)
Doy. 0.31003 206.12 224.72 0.9520 0.19170 212.18 231.35 0.9395
-20 0.33536 217.86 237.98 1.0062 0.19770 216.77 236.54 0.9602
-10 0.34992 224.97 245.96 1.0371 0.20686 224.01 244.70 0.9918
0 0.36433 232.24 254.10 1.0675 0.21587 231.41 252.99 1.0227
10 0.37861 239.69 262.41 1.0973 0.22473 238.96 261.43 1.0531
20 0.39279 247.32 270.89 1.1267 0.23349 246.67 270.02 1.0829
30 0.40688 255.12 279.53 1.1557 0.24216 254.54 278.76 1.1122
40 0.42091 263.10 288.35 1.1844 0.25076 262.58 287.66 1.1411
50 0.43487 271.25 297.34 1.2126 0.25930 270.79 296.72 1.1696
60 0.44879 279.58 306.51 1.2405 0.26779 279.16 305.94 1.1977
70 0.46266 288.08 315.84 1.2681 0.27623 287.70 315.32 1.2254
80 0.47650 296.75 325.34 1.2954 0.28464 296.40 324.87 1.2528
90 0.49031 305.58 335.00 1.3224 0.29302 305.27 334.57 1.2799
P =0.14 MPa (~18.80 °C) P =0.18 MPa (-12.73 °C)
Doy. 0.13945 216.52 236.04 0.9322 0.10983 219.94 239.71 0.9273
-10 0.14519 223.03 243.40 0.9606 0.11135 222.02 242.06 0.9362
0 0.15219 230.55 251.86 0.9922 0.11678 229.67 250.69 0.9684
10 0.15875 238.21 260.43 1.0230 0.12207 237.44 259.41 0.9998
20 0.16520 246.01 269.13 1.0532 0.12723 245.33 268.23 1.0304
30 0.17155 253.96 277.97 1.0828 0.13230 253.36 277.17 1.0604
40 0.17783 262.06 286.96 1.1120 0.13730 261.53 286.24 1.0898
50 0.18404 270.32 296.09 1.1407 0.14222 269.85 295.45 1.1187
60 0.19020 278.74 305.37 1.1690 0.14710 278.31 304.79 1.1472
70 0.19633 287.32 314.80 1.1969 0.15193 286.93 314.28 1.1753
80 0.20241 296.06 324.39 1.2244 0.15672 295.71 323.92 1.2030
90 0.20846 304.95 334.14 1.2516 0.16148 304.63 333.70 1.2303
100 0.21449 314.01 344.04 1.2785 0.16622 313.72 343.63 1.2573
P =0.20 MPa (~10.09 °C) P =0.24 MPa (-5.37 °C)
Doy. 0.09933 221.43 241.30 0.9253 0.08343 224.07 244.09 0.9222
-10 0.09938 221.50 241.38 0.9256
0 0.10438 229.23 250.10 0.9582 0.08574 228.31 248.89 0.9399
10 0.10922 237.05 258.89 0.9898 0.08993 236.26 257.84 0.9721
20 0.11394 244.99 267.78 1.0206 0.09399 244.30 266.85 1.0034
30 0.11856 253.06 276.77 1.0508 0.09794 252.45 275.95 1.0339
40 0.12311 261.26 285.88 1.0804 0.10181 260.72 285.16 1.0637
50 0.12758 269.61 295.12 1.1094 0.10562 269.12 294.47 1.0930
60 0.13201 278.10 304.50 1.1380 0.10937 277.67 303.91 1.1218
70 0.13639 286.74 314.02 1.1661 0.11307 286.35 313.49 1.1501
80 0.14073 295.53 323.68 1.1939 0.11674 295.18 323.19 1.1780
90 0.14504 304.47 333.48 1.2212 0.12037 304.15 333.04 1.2055
100 0.14932 313.57 343.43 1.2483 0.12398 313.27 343.03 1.2326
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EK D] R134a’NIN TERMODINAMIK OZELLIKLERI 371
Tablo D-3 (Devami)
T, °C v, m*/kg u, kJ/kg h, kl/kg s, kl/kg-K v, m¥kg u, kJ’kg h, KJ/kg s, KJ/kg-K
P =0.28 MPa (-1.23 °C) P =0.32MPa (248 °C)
Doy. 0.07193 226.38 246.52 0.9197 0.06322 228.43 248.66 0.917
0 0.07240 227.37 247.64 0.9238

10 0.07613 235.44 256.76 0.9566 0.06576 234.61 255.65 0.942
20 0.07972 243.59 265.91 0.9883 0.06901 242.87 264.95 0.974
30 0.08320 251.83 275.12 1.0192 0.07214 251.19 274.28 1.006
40 0.08660 260.17 284.42 1.0494 0.07518 259.61 283.67 1.036
50 0.08992 268.64 293.81 1.0789 0.07815 268.14 293.15 1.066
60 0.09319 277.23 303.32 1.1079 0.08106 276.79 302.72 1.095
70 0.09641 285.96 312.95 1.1364 0.08392 285.56 312.41 1.124
80 0.09960 294.82 322.71 1.1644 0.08674 294.46 322.22 1.152
90 0.10275 303.83 332.60 1.1920 0.08953 303.50 332.15 1.180

100 0.10587 312.98 342.62 1.2193 0.09229 312.68 342.21 1.207

110 0.10897 322.27 352.78 1.2461 0.09503 322.00 352.40 1.234

120 0.11205 331.71 363.08 1.2727 0.09774 331.45 362.73 1.261

P =0.40 MPa (8.93 °C) P =0.50 MPa (15.74 °C)

Doy. 0.05089 231.97 252.32 0.9145 0.04086 235.64 256.07 0911
10 0.05119 232.87 253.35 0.9182
20 0.05397 241.37 262.96 0.9515 0.04188 239.40 260.34 0.926
30 0.05662 249.89 272.54 0.9837 0.04416 248.20 270.28 0.959
40 0.05917 258.47 282.14 1.0148 0.04633 256.99 280.16 0.991
50 0.06164 267.13 291.79 1.0452 0.04842 265.83 290.04 1.022
60 0.06405 275.89 301.51 1.0748 0.05043 274.73 299.95 1.053
70 0.06641 284.75 311.32 1.1038 0.05240 283.72 309.92 1.082
80 0.06873 293.73 321.23 1.1322 0.05432 292.80 319.96 1.111
90 0.07102 302.84 331.25 1.1602 0.05620 302.00 330.10 1.139

100 0.07327 312.07 341.38 1.1878 0.05805 311.31 340.33 1.167

110 0.07550 321.44 351.64 1.2149 0.05988 320.74 350.68 1.194

120 0.07771 330.94 362.03 1.2417 0.06168 330.30 361.14 1.221

130 0.07991 340.58 372.54 1.2681 0.06347 339.98 371.72 1.248

140 0.08208 350.35 383.18 1.2941 0.06524 349.79 382.42 1.274

P =0.60 MPa (21.58 °C) P =0.70 MPa (26.72 °C)

Doy. 0.03408 238.74 259.19 0.9097 0.02918 241.42 261.85 0.9080
30 0.03581 246.41 267.89 0.9388 0.02979 24451 265.37 0.9197
40 0.03774 255.45 278.09 0.9719 0.03157 253.83 275.93 0.9539
50 0.03958 264.48 288.23 1.0037 0.03324 263.08 286.35 0.9867
60 0.04134 273.54 298.35 1.0346 0.03482 272.31 296.69 1.0182
70 0.04304 282.66 308.48 1.0645 0.03634 281.57 307.01 1.0487
80 0.04469 291.86 318.67 1.0938 0.03781 290.88 317.35 1.0784
90 0.04631 301.14 328.93 1.1225 0.03924 300.27 327.74 1.1074

100 0.04790 310.53 339.27 1.1505 0.04064 309.74 338.19 1.1358

110 0.04946 320.03 349.70 1.1781 0.04201 319.31 348.71 1.1637

120 0.05099 329.64 360.24 1.2053 0.04335 328.98 359.33 1.1910

130 0.05251 339.38 370.88 1.2320 0.04468 338.76 370.04 1.2179

140 0.05402 349.23 381.64 1.2584 0.04599 348.66 380.86 1.2444

150 0.05550 359.21 392.52 1.2844 0.04729 358.68 391.79 1.2706

160 0.05698 369.32 403.51 1.3100 0.04857 368.82 402.82 1.2963




372 R134a’NIN TERMODINAMIK OZELLIKLERI [EK D nobel
Tablo D-3 (Devami)
T, °C v, m*/kg u, kJ/kg h, KJ/kg s, kl/kg-K v, m*/kg u, kJ/kg h, kl/kg s, Kl/kg-K
P =0.80 MPa (31.33 °C) P =0.90 MPa (35.53 °C)

Doy. 0.02547 243.78 264.15 0.9066 0.02255 245.88 266.18 0.9054
40 0.02691 252.13 273.66 0.9374 0.02325 250.32 271.25 0.9217
50 0.02846 261.62 284.39 09711 0.02472 260.09 282.34 0.9566
60 0.02992 271.04 294.98 1.0034 0.02609 269.72 293.21 0.9897
70 0.03131 280.45 305.50 1.0345 0.02738 279.30 303.94 1.0214
80 0.03264 289.89 316.00 1.0647 0.02861 288.87 314.62 1.0521
90 0.03393 299.37 326.52 1.0940 0.02980 298.46 325.28 1.0819

100 0.03519 308.93 337.08 1.1227 0.03095 308.11 335.96 1.1109

110 0.03642 318.57 347.71 1.1508 0.03207 317.82 346.68 1.1392

120 0.03762 328.31 358.40 1.1784 0.03316 327.62 357.47 1.1670

130 0.03881 338.14 369.19 1.2055 0.03423 337.52 368.33 1.1943

140 0.03997 348.09 380.07 1.2321 0.03529 347.51 379.27 1.2211

150 0.04113 358.15 391.05 1.2584 0.03633 357.61 390.31 1.2475

160 0.04227 368.32 402.14 1.2843 0.03736 367.82 401.44 1.2735

170 0.04340 378.61 413.33 1.3098 0.03838 378.14 412.68 1.2992

180 0.04452 389.02 424.63 1.3351 0.03939 388.57 424.02 1.3245

P =1.00 MPa (39.39 °C) P =1.20 MPa (46.32 °C)

Doy. 0.02020 247.77 267.97 0.9043 0.01663 251.03 270.99 0.9023
40 0.02029 248.39 268.68 0.9066
50 0.02171 258.48 280.19 0.9428 0.01712 254.98 275.52 09164
60 0.02301 268.35 291.36 0.9768 0.01835 265.42 287.44 0.9527
70 0.02423 278.11 302.34 1.0093 0.01947 275.59 298.96 0.9868
80 0.02538 287.82 313.20 1.0405 0.02051 285.62 310.24 1.0192
90 0.02649 297.53 324.01 1.0707 0.02150 295.59 321.39 1.0503

100 0.02755 307.27 334.82 1.1000 0.02244 305.54 332.47 1.0804

110 0.02858 317.06 345.65 1.1286 0.02335 315.50 343.52 1.1096

120 0.02959 326.93 356.52 1.1567 0.02423 325.51 354.58 1.1381

130 0.03058 336.88 367.46 1.1841 0.02508 335.58 365.68 1.1660

140 0.03154 346.92 378.46 1.2111 0.02592 345.73 376.83 1.1933

150 0.03250 357.06 389.56 1.2376 0.02674 355.95 388.04 1.2201

160 0.03344 367.31 400.74 1.2638 0.02754 366.27 399.33 1.2465

170 0.03436 377.66 412.02 1.2895 0.02834 376.69 410.70 1.2724

180 0.03528 388.12 423.40 1.3149 0.02912 387.21 422.16 1.2980

P = 1.40 MPa (52.43 °C) P = 1.60 MPa (57.92 °C)

Doy. 0.01405 253.74 273.40 0.9003 0.01208 256.00 275.33 0.8982
60 0.01495 262.17 283.10 0.9297 0.01233 258.48 278.20 0.9069
70 0.01603 272.87 295.31 0.9658 0.01340 269.89 291.33 0.9457
80 0.01701 283.29 307.10 0.9997 0.01435 280.78 303.74 0.9813
90 0.01792 293.55 318.63 1.0319 0.01521 291.39 315.72 1.0148

100 0.01878 303.73 330.02 1.0628 0.01601 301.84 327.46 1.0467

110 0.01960 313.88 341.32 1.0927 0.01677 312.20 339.04 1.0773

120 0.02039 324.05 352.59 1.1218 0.01750 322.53 350.53 1.1069

130 0.02115 334.25 363.86 1.1501 0.01820 332.87 361.99 1.1357

140 0.02189 344.50 375.15 1.1777 0.01887 343.24 373.44 1.1638

150 0.02262 354.82 386.49 1.2048 0.01953 353.66 384.91 1.1912

160 0.02333 365.22 397.89 1.2315 0.02017 364.15 396.43 1.2181

170 0.02403 375.71 409.36 1.2576 0.02080 374.71 407.99 1.2445

180 0.02472 386.29 420.90 1.2834 0.02142 385.35 419.62 1.2704

190 0.02541 396.96 432.53 1.3088 0.02203 396.08 431.33 1.2960

200 0.02608 407.73 444.24 1.3338 0.02263 406.90 443.11 1.3212




Ideal Gaz Tablolan

Tablo E-1 Havanin Ozellikleri

T,K | h,Kkl/kg P u, kl/kg v s, kIlkgK | T,K | h, kl/kg P u, kl/kg v s°, kI/kg-K

r r

200 | 199.97 | 0.3363 | 142.56 [1707 1.29559 780 | 800.03| 43.35| 576.12 | 51.64 2.69013
220 | 219.97 | 0.4690| 156.82 (1346 1.39105 820 | 843.98| 52.49| 608.59 | 44.84 2.74504
240 | 240.02 | 0.6355| 171.13 [1084 1.47824 860 | 888.27| 63.09| 641.40 | 39.12 2.79783

260 | 260.09 | 0.8405| 185.45 | 887.8 1.55848 900 | 93293 | 7529| 674.58 | 34.31 2.84856
280 | 280.13 | 1.0889| 199.75 | 738.0 1.63279 940 | 977.92| 89.28| 708.08 | 30.22 2.89748
290 | 290.16 | 1.2311| 20691 | 676.1 1.66802 980 | 1023.25| 105.2 741.98 | 26.73 2.94468
300 | 300.19 | 1.3860| 214.07 | 621.2 1.70203 1020 | 1068.89 | 123.4 776.10 | 23.72 2.99034
310 | 310.24 | 1.5546| 221.25 | 572.3 1.73498 1060 | 1114.86 | 143.9 810.62 | 21.14 3.03449
320 | 320.29 | 1.7375| 228.43 | 528.6 1.76690 1100 | 1161.07 | 167.1 845.33 | 18.896 | 3.07732
340 | 340.42 | 2.149 | 242.82 | 454.1 1.82790 1140 | 1207.57 | 193.1 880.35 | 16.946 | 3.11883
360 | 360.58 | 2.626 | 257.24 | 393.4 1.88543 1180 | 1254.34 | 222.2 915.57 | 15.241 3.15916
380 | 380.77 | 3.176 | 271.69 | 3434 1.94001 1220 | 1301.31| 254.7 951.09 | 13747 | 3.19834
400 | 400.98 | 3.806 | 286.16 | 301.6 1.99194 1260 | 1348.55| 290.8 986.90 | 12.435 | 3.23638
420 | 421.26 | 4.522 | 300.69 | 266.6 2.04142 1300 | 139597 | 330.9 | 1022.82 | 11.275 | 3.27345
440 | 441.61 | 5332 | 315.30 | 236.8 2.08870 1340 | 1443.60 | 375.3 | 1058.94 | 10.247 | 3.30959
460 | 462.02 | 6.245 | 32997 | 2114 2.13407 1380 | 1491.44 | 4242 | 1095.26 | 9.337 | 3.34474
480 | 48249 | 7.268 | 344.70 | 189.5 2.17760 1420 | 1539.44 | 478.0 | 1131.77 | 8.526 | 3.37901
500 | 503.02 | 8.411 | 359.49 | 170.6 2.21952 1460 | 1587.63 | 537.1 | 1168.49 | 7.801 3.41247
520 | 523.63 | 9.684 | 37436 | 154.1 2.25997 1500 | 163597 | 601.9 | 120541 | 7.152 | 3.44516
540 | 54435 [11.10 389.34 | 139.7 2.29906 1540 | 1684.51 | 672.8 | 1242.43 | 1 6.569 | 3.47712
560 | 565.17 [12.66 404.42 | 127.0 2.33685 1580 | 1733.17 | 750.0 | 1279.65 | 6.046 | 3.50829
580 | 586.04 [14.38 419.55 | 1157 2.37348 1620 | 1782.00 | 834.1 | 1316.96 | 5.574 | 3.53879
600 | 607.02 [16.28 434.78 | 105.8 2.40902 1660 | 1830.96| 925.6 | 1354.48 | 5.147 | 3.56867
620 | 628.07 [18.36 450.09 96.92| 2.44356 1700 | 1880.1 |1025 1392.7 4.761 3.5979

640 | 649.22 [20.65 465.05 88.99| 2.47716 1800 | 2003.3 |1310 1487.2 3.944 | 3.6684

660 | 670.47 (23.13 481.01 81.89| 2.50985 1900 | 2127.4 |1655 1582.6 3.295 | 3.7354

680 | 691.82 [25.85 496.62 75.50| 2.54175 2000 | 2252.1 |2068 1678.7 2776 | 3.7994

700 | 713.27 [28.80 512.33 69.76| 2.57277 2100 | 2377.4 (2559 1775.3 2.356 | 3.8605

720 | 734.82 [32.02 528.14 64.53| 2.60319 2200 | 2503.2 |3138 1872.4 2.012 | 3.9191

740 | 756.44 [35.50 544.02 59.82| 2.63280

KAYNAK: J. H. Keenan and J. Kaye, Gas Tables, Wiley, New York, 1945.
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Tablo E-2  Azotun (N,) Mol Ozellikleri

R = 0kJ/kmol

T.K | hK/kmol | a klkmol | 5°kikmolK | T.K | hkl/kmol | &ki/kmol | 5.°kI/kmolK

0 0 0 0 1000 30129 21815 228.057
220 6391 4562 182.639 1020 30784 22304 228.706
240 6975 4979 185.180 1040 31442 22795 229.344
260 7558 5396 187.514 1060 32101 23288 229.973
280 8141 5813 189.673 1080 32762 23782 230.591
298 8669 6190 191.502 1100 33426 24280 231.199
300 8723 6229 191.682 1120 34092 24780 231.799
320 9306 6645 193.562 1140 34760 25282 232.391
340 9888 7061 195328 1160 35430 25786 232,973
360 10471 7478 196.995 1180 36104 26291 233.549
380 11055 7895 198.572 1200 36777 26799 234.115
400 11640 8314 200.071 1240 38129 27819 235.223
420 12225 8733 201.499 1260 38807 28331 235.766
440 12811 9153 202.863 1280 39488 28845 236.302
460 13399 9574 204.170 1300 40170 29361 236.831
480 13988 9997 205.424 1320 40853 29878 237.353
500 14581 10423 206.630 1340 41539 30398 237.867
520 15172 10848 207.792 1360 42227 30919 238.376
540 15766 11277 208.914 1380 42915 31441 238.878
560 16363 11707 209.999 1400 43605 31964 239.375
580 16962 12139 211.049 1440 44988 33014 240.350
600 17563 12574 212.066 1480 46377 34071 241.301
620 18166 13011 213.055 1520 47771 35133 242.228
640 18772 13450 214.018 1560 49168 36197 243.137
660 19380 13892 214.954 1600 50571 37268 244.028
680 19991 14337 215.866 1700 54099 39965 246.166
700 20604 14784 216.756 1800 57651 42685 248.195
720 21220 15234 217.624 1900 61220 45423 250.128
740 21839 15686 218.472 2000 64810 48181 251.969
760 22460 16141 219.301 2100 68417 50957 253.726
780 23085 16599 220.113 2200 72040 53749 255.412
800 23714 17061 220.907 2300 75676 56553 257.02
820 24342 17524 221.684 2400 79320 59366 258.580
840 24974 17990 222.447 2500 82981 62195 260.073
860 25610 18459 223.194 2600 86650 65033 261.512
880 26248 18931 223.927 2700 90328 67880 262.902
900 26890 19407 224.647 2800 94014 70734 264.241
920 27532 19883 225.353 2900 97705 73593 265.538
940 28178 20362 226.047 3000 101407 76464 266.793
960 28826 20844 226.728 3100 105115 79341 268.007
980 29476 21328 227.398 3200 108 830 82224 269.186

KAYNAK: JANAF Thermochemical Tables, NSRDS-NBS-37, 1971.
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Tablo E-3  Oksijenin (O,) Mol Ozellikleri

fz"/ = 0 kJ/kmol

T h i 5° T h i 5°

0 0 0 0 1020 32088 23607 244.164
220 6404 4575 196.171 1040 32789 24 142 244.844
240 6984 4989 198.696 1060 33490 24677 245.513
260 7566 5405 201.027 1080 34194 25214 246.171
280 8150 5822 203.191 1100 34899 25753 246.818
298 8682 6203 205.033 1120 35606 26294 247.454
300 8736 6242 205.213 1140 36314 26 836 248.081
320 9325 6664 207.112 1160 37023 27379 248.698
340 9916 7090 208.904 1180 37734 27923 249.307
360 10511 7518 210.604 1200 38447 28469 249.906
380 11109 7949 212.222 1220 39162 29018 250.497
400 11711 8384 213.765 1240 39877 29568 251.079
420 12314 8822 215.241 1260 40594 30118 251.653
440 12923 9264 216.656 1280 41312 30670 252.219
460 13535 9710 218.016 1300 42033 31224 252.776
480 14151 10160 219.326 1320 42753 31778 253.325
500 14770 10614 220.589 1340 43475 32334 253.868
520 15395 11071 221.812 1360 44198 32891 254.404
540 16022 11533 222.997 1380 44923 33449 254.932
560 16654 11998 224.146 1400 45648 34008 255.454
580 17290 12467 225.262 1440 47102 35129 256.475
600 17929 12940 226.346 1480 48561 36256 257.474
620 18572 13417 227.400 1520 50024 37387 258.450
640 19219 13898 228.429 1540 50756 37952 258.928
660 19870 14383 229.430 1560 51490 38520 259.402
680 20524 14871 230.405 1600 52961 39658 260.333
700 21184 15364 231.358 1700 56652 42517 262.571
720 21845 15859 232.291 1800 60371 45405 264.701
740 22510 16357 233.201 1900 64116 48319 266.722
760 23178 16859 234.091 2000 67881 51253 268.655
780 23850 17364 234.960 2100 71668 54208 270.504
800 24523 17872 235.810 2200 75484 57192 272.278
820 25199 18382 236.644 2300 79316 60193 273.981
840 25877 18 893 237.462 2400 83174 63219 275.625
860 26559 19408 238.264 2500 87057 66271 277.207
880 27242 19925 239.051 2600 90956 69339 278.738
900 27928 20445 239.823 2700 94 881 72433 280.219
920 28616 20967 240.580 2800 98 826 75546 281.654
940 29306 21491 241.323 2900 102793 78 682 283.048
960 29999 22017 242.052 3000 106780 81837 284.399
980 30692 22544 242.768 3100 110784 85009 285.713
1000 31389 23075 243.471 3200 114 809 88203 286.989

KAYNAK: JANAF Thermochemical Tables, NSRDS-NBS-37, 1971.
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Tablo E-3 Karbondioksidin (CO,) Mol Ozellikleri
fz°f =-393520kJ/kmol

T h i 5° T h i 5°

0 0 0 0 1020 43859 35378 270.293
220 6601 4772 202.966 1040 44953 36306 271.354
240 7280 5285 205.920 1060 46051 37238 272.400
260 7979 5817 208.717 1080 47153 38174 273.430
280 8697 6369 211.376 1100 48258 39112 274.445
298 9364 6885 213.685 1120 49369 40057 275.444
300 9431 6939 213.915 1140 50484 41006 276.430
320 10186 7526 216.351 1160 51602 41957 277.403
340 10959 8131 218.694 1180 52724 42913 278.361
360 11748 8752 220.948 1200 53848 43871 279.307
380 12552 9392 223.122 1220 54977 44834 280.238
400 13372 10046 225.225 1240 56108 45799 281.158
420 14206 10714 227.258 1260 57244 46768 282.066
440 15054 11393 229.230 1280 58381 47739 282.962
460 15916 12091 231.144 1300 59522 48713 283.847
480 16791 12800 233.004 1320 60666 49691 284.722
500 17678 13521 234.814 1340 61813 50672 285.586
520 18576 14253 236.575 1360 62963 51656 286.439
540 19485 14996 238.292 1380 64116 52643 287.283
560 20407 15751 239.962 1400 65271 53631 288.106
580 21337 16515 241.602 1440 67586 55614 289.743
600 22280 17291 243.199 1480 69911 57 606 291.333
620 23231 18076 244.758 1520 72246 59609 292.888
640 24190 18869 246.282 1560 74590 61620 294.411
660 25160 19672 247.773 1600 76944 63741 295.901
680 26138 20484 249.233 1700 82856 68721 299.482
700 27125 21305 250.663 1800 88806 73840 302.884
720 28121 22134 252.065 1900 94793 78996 306.122
740 29124 22972 253.439 2000 100 804 84185 309.210
760 30135 23817 254.787 2100 106 864 89404 312.160
780 31154 24669 256.110 2200 112939 94 648 314.988
800 32179 25527 257.408 2300 119035 99912 317.695
820 33212 26394 258.682 2400 125152 105197 320.302
840 34251 27267 259.934 2500 131290 110504 322.308
860 35296 28125 261.164 2600 137449 115832 325.222
880 36347 29031 262.371 2700 143620 121172 327.549
900 37405 29922 263.559 2800 149 808 126528 329.800
920 38467 30818 264.728 2900 156009 131898 331.975
940 39535 31719 265.877 3000 162226 137283 334.084
960 40607 32625 267.007 3100 168456 142681 336.126
980 41685 33537 268.119 3200 174 695 148089 338.109

1000 42769 34455 269.215

KAYNAK: JANAF Thermochemical Tables, NSRDS-NBS-37, 1971.
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Tablo E-5 Karbonmonoksidin (CO) Mol Ozellikleri
%=~ 110530 kJ/kmol
T h i 5° T h i 5°
0 0 0 0 1040 31688 23041 235.728
220 6391 4562 188.683 1060 32357 23544 236.364
240 6975 4979 191.221 1080 33029 24049 236.992
260 7558 5396 193.554 1100 33702 24557 237.609
280 8140 5812 195.713 1120 34377 25065 238.217
300 8723 6229 197.723 1140 35054 25575 238.817
320 9306 6645 199.603 1160 35733 26088 239.407
340 9889 7062 201.371 1180 36406 26602 239.989
360 10473 7480 203.040 1200 37095 27118 240.663
380 11058 7899 204.622 1220 37780 27637 241.128
400 11644 8319 206.125 1240 38466 28426 241.686
420 12232 8740 207.549 1260 39154 28678 242.236
440 12821 9163 208.929 1280 39844 29201 242.780
460 13412 9587 210.243 1300 40534 29725 243316
480 14 005 10014 211.504 1320 41226 30251 243.844
500 14600 10443 212.719 1340 41919 30778 244366
520 15197 10874 213.890 1360 42613 31306 244.880
540 15797 11307 215.020 1380 43309 31836 245388
560 16399 11743 216.115 1400 44007 32367 245.889
580 17003 12181 217.175 1440 45408 33434 246.876
600 17611 12622 218.204 1480 46813 34508 247.839
620 18221 13066 219.205 1520 48222 35584 248.778
640 18833 13512 220.179 1560 49635 36665 249.695
660 19449 13962 221.127 1600 51053 37750 250.592
680 20068 14414 222.052 1700 54609 40474 252.751
700 20690 14870 222.953 1800 58191 43225 254797
720 21315 15328 223.833 1900 61794 45997 256.743
740 21943 15789 224.692 2000 65408 48780 258.600
760 22573 16255 225.533 2100 69 044 51584 260.370
780 23208 16723 226357 2200 72688 54396 262.065
800 23844 17193 227.162 2300 76345 57222 263.692
820 24483 17665 227.952 2400 80015 60060 265.253
840 25124 18 140 228.724 2500 83692 62906 266.755
860 25768 18617 229.482 2600 87383 65766 268.202
880 26415 19099 230.227 2700 91077 68628 269.596
900 27066 19583 230.957 2800 94784 71504 270.943
920 27719 20070 231.674 2900 98495 74383 272.249
940 28375 20559 232,379 3000 102210 77267 273.508
960 29033 21051 233.072 3100 105939 80164 274.730
980 29693 21545 233.752 3150 107802 81612 275.326
1000 30355 22041 234.421 3200 109667 83061 275914
1020 31020 22540 235.079

KAYNAK: JANAF Thermochemical Tables, NSRDS-NBS-37, 1971.
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Tablo E-6 Suyun (H,0) Mol Ozellikleri
ﬁ°f =—241810kJ/kmol

T h i 5° T h i 5°
0 0 0 0 1020 36709 28228 233.415
220 7295 5466 178.576 1040 37542 28895 234.223
240 7961 5965 181.471 1060 38380 29567 235.020
260 8627 6466 184.139 1080 39223 30243 235.806
280 9296 6968 186.616 1100 40071 30925 236.584
298 9904 7425 188.720 1120 40923 31611 237.352
300 9966 7472 188.928 1140 41780 32301 238.110
320 10639 7978 191.098 1160 42642 32997 238.859
340 11314 8487 193.144 1180 43509 33698 239.600
360 11992 8998 195.081 1200 44380 34403 240.333
380 12672 9513 196.920 1220 45256 35112 241.057
400 13356 10030 198.673 1240 46 137 35827 241.773
420 14043 10551 200.350 1260 47022 36546 242.482
440 14734 11075 201.955 1280 47912 37270 243,183
460 15428 11603 203.497 1300 48807 38000 243.877
480 16126 12135 204.982 1320 49707 38732 244.564
500 16828 12671 206.413 1340 50612 39470 245.243
520 17534 13211 207.799 1360 51521 40213 245915
540 18245 13755 209.139 1400 53351 41711 247.241
560 18959 14303 210.440 1440 55198 43226 248.543
580 19678 14856 211.702 1480 57062 44756 249.820
600 20402 15413 212.920 1520 58942 46304 251.074
620 21130 15975 214.122 1560 60838 47868 252.305
640 21862 16541 215.285 1600 62748 49445 253.513
660 22600 17112 216.419 1700 67589 53455 256.450
680 23342 17688 217.527 1800 72513 57547 259.262
700 24088 18268 218.610 1900 77517 61720 261.969
720 24840 18854 219.668 2000 82593 65965 264.571
740 25597 19444 220.707 2100 87735 70275 267.081
760 26358 20039 221.720 2200 92940 74649 269.500
780 27125 20639 222.717 2300 98199 79076 271.839
800 27896 21245 223.693 2400 103508 83553 274.098
820 28672 21855 224.651 2500 108 868 88082 276.286
840 29454 22470 225.592 2600 114273 92656 278.407
860 30240 23090 226.517 2700 119717 97269 280.462
880 31032 23715 227.426 2800 125198 101917 282.453
900 31828 24345 228.321 2900 130717 106 605 284.390
920 32629 24980 229.202 3000 136264 111321 286.273
940 33436 25621 230.070 3100 141846 116072 288.102

960 34247 26265 230.924 3150 144 648 118458 288.9
980 35061 26913 231.767 3200 147457 120851 289.884

1000 35882 27568 232.597 3250 150250 123250 290.7

KAYNAK: JANAF Thermochemical Tables, NSRDS-NBS-37, 1971.
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Tablo A-1

Tablo A-2

Tablo A-3

Tablo A4
Tablo A-5
Tablo A-6
Tablo A-7
Tablo A-8
Tablo A-9
Tablo A-10
Tablo A-11

Tablo A-12

Tablo A-13
Tablo A-14

Tablo A-15

Tablo A-16

Tablo A-17

Tablo A-18

Tablo A-19

Mol kiitlesi, gaz sabiti ve
kritik-nokta ozellikleri

Bilinen bazi gazlarin ideal-gaz
ozgiil 1stnma

Bilinen bazi sivi, kat1 ve
yiyeceklerin 6zellikleri
Doymus su - Sicaklik tablosu
Doymus su - Basing tablosu
Kizgin su buhari

Sikistirilmig sivi su

Doymus buz - su buhart

Su icin 7-s diyagrami

Su i¢in Mollier diyagrami
Doymus sogutucu akigkan-
134a— Sicaklik tablosu
Doymus sogutucu akigkan-
134a— Basing tablosu

Kizgin sogutucu akigkan-134a
Sogutucu akiskan-134a’ nin P-h
diyagrami

Nelson—Obert genellestirilmis
sikigtirilabilirlik diyagrami

Yiiksek seviyelerde atmosferin
ozellikleri

Havanin miikemmel-gaz
ozelikleri

N,, Azotun miikkemmel gaz
ozelikleri

0,, Oksijenin miikemmel gaz
ozelikleri

Tablo A-20

Tablo A-21

Tablo A-22

Tablo A-23

Tablo A-24

Tablo A-25

Tablo A-26

Tablo A-27

Tablo A-28
Tablo A-29

Tablo A-30

Tablo A-31

Tablo A-32

Tablo A-33

Tablo A-34

CO,, Karbondioksitin miikemmel
gaz ozelikleri

CO, Karbonmonoksitin miikemmel
gaz ozelikleri

H,, Hidrojenin miikemmel

gaz oOzelikleri

H,0, Su buharinin miikkemmel

gaz ozellikleri

O, Tek atomlu oksijenin miikemmel
gaz ozellikleri

OH, Hidroksilin miikemmel

gaz ozelikleri

25°C, sicaklik ve latm basingta
Olusum entalpisi, olusum Gibbs
fonksiyonu ve mutlak entropi

Bilinen baz1 yakitlarm ve
hidrokarbonlarin 6zelikleri

K, denge sabitinin dogal logaritmasi
Genellestirilmis entalpi sapma
diyagrami

Genellestirilmis entropi sapma
diyagrami

1 atm toplam basing icin
Psikrometrik diyagram

k = 1.4 olan bir ideal gaz i¢in
bir-boyutlu, izantropik sikistirilabilir
akis fonksiyonlari

k = 1.4 olan bir ideal gaz i¢in bir-
boyutlu normal sok fonksiyonlar1

k = 1.4 olan bir ideal gaz i¢in
Rayleigh akis fonksiyonlari
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BLO A

A

Mol kitlesi, gaz sabiti ve kritik nokta 6zellikleri

Kritik nokta ézellekleri

Gaz
Kimyasal Mol kitlesi, sabiti, Sicaklik, Basing, Hacim,
Madde Formdil M kg/kmol R kJ/kg - K* K MPa m3/kmol
Hava — 28.97 0.2870 132.5 3.77 0.0883
Amonyak NH, 17.03 0.4882 405.5 11.28 0.0724
Argon Ar 39.948 0.2081 151 4.86 0.0749
Benzen CeHs 78.115 0.1064 562 4.92 0.2603
Bromin Br, 159.808 0.0520 584 10.34 0.1355
n-Biten C4Hyq 58.124 0.1430 425.2 3.80 0.2547
Karbon dioksit CO, 44.01 0.1889 304.2 7.39 0.0943
Karbon monoksit CO 28.011 0.2968 133 3.50 0.0930
Carbon tetrachloride CCl, 153.82 0.05405 556.4 4.56 0.2759
Klorin Cl, 70.906 0.1173 417 7.71 0.1242
Klorofrom CHCl,4 119.38 0.06964 536.6 5.47 0.24083
Dichlorodifluoromethane (R-12)  CCI,F, 120.91 0.06876 384.7 4.01 0.2179
Dichlorofluoromethane (R-21) CHCI,F 102.92 0.08078 451.7 5.17 0.1973
Etan C,Hg 30.070 0.2765 305.5 4.48 0.1480
Etit alkol C,H;OH 46.07 0.1805 516 6.38 0.1673
Etilen C,H, 28.054 0.2964 282.4 5.12 0.1242
Helyum He 4.003 2.0769 53 0.23 0.0578
n-Heksan CeHys 86.179 0.09647 507.9 3.03 0.3677
Hidrojen (normal) H, 2.016 4.1240 33.3 1.30 0.0649
Kripton Kr 83.80 0.09921 209.4 5.50 0.0924
Metan CH, 16.043 0.5182 191.1 4.64 0.0993
Metil alkol CH4OH 32.042 0.2595 513.2 7.95 0.1180
Metil klor CH4CI 50.488 0.1647 416.3 6.68 0.1430
Neon Ne 20.183 0.4119 44.5 2.73 0.0417
Nitrojen N, 28.013 0.2968 126.2 3.39 0.0899
Nitrous oxide N,O 44.013 0.1889 309.7 7.27 0.0961
Azot oksit 0, 31.999 0.2598 154.8 5.08 0.0780
Propan C4Hg 44.097 0.1885 370 4.26 0.1998
Propilan CsHg 42.081 0.1976 365 4.62 0.1810
Kukart dioksit SO, 64.063 0.1298 430.7 7.88 0.1217
Tetrafluoroetan (R-134a) CF;CH,F 102.03 0.08149 374.2 4.059 0.1993
Trichlorofluorometan (R-11) CCl,F 137.37 0.06052 471.2 4.38 0.2478
Su H,O 18.015 0.4615 647.1 22.06 0.0560
Xenon Xe 131.30 0.06332 289.8 5.88 0.1186

*Not: kJ/kg - K birimi kd/kg - C” birimi ile esdegerdir. Gaz sabiti R = R,/M ‘den hesaplanir ve burada R, = 8.31447 kJ/kmol - K ve M ise molar kitledir.
Kaynak: K. A. Kobe and R. E. Lynn, Jr., Chemical Review 52 (1953), pp. 117-236; and ASHRAE, Handbook of Fundamentals (Atlanta, GA: American

Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc., 1993), pp. 16.4 and 36.1.
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ABLO A
Bilinen bazi gazlarin mukemmel-gaz 6zgdl i1silari
(a) 300 K sicaklikta
Kimyasal Gaz sabiti, R Cy c,
Gaz formull kJ/kg - K kd/kg - K kJ/kg - K k
Hava — 0.2870 1.005 0.718 1.400
Argon Ar 0.2081 0.5203 0.3122 1.667
Bitan C4Hy 0.1433 1.7164 1.5734 1.091
Karbon dioksit CO, 0.1889 0.846 0.657 1.289
Karbon monoksit CcO 0.2968 1.040 0.744 1.400
Etan C,Hg 0.2765 1.7662 1.4897 1.186
Etilen C,H, 0.2964 1.5482 1.2518 1.237
Helyum He 2.0769 5.1926 3.1156 1.667
Hidrojen H, 4.1240 14.307 10.183 1.405
Metan CH, 0.5182 2.2537 1.7354 1.299
Neon Ne 0.4119 1.0299 0.6179 1.667
Azot N, 0.2968 1.039 0.743 1.400
Oktan CgHyg 0.0729 1.7113 1.6385 1.044
Oksijen 0, 0.2598 0.918 0.658 1.395
Propan CyHg 0.1885 1.6794 1.4909 1.126
Su buhari H,O 0.4615 1.8723 1.4108 1.327

Not: kd/kg - K birimi kd/kg - °C birimiyle esdegerdir.

Kaynak: Chemical and Process Thermodynamics 3/E by Kyle, B. G., © 2000. “Pearson Education, Inc., Upper Saddle River, NJ'nin izniyle uyumlanmistir.
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BLO A

A

Bilinen bazi gazlarin mikemmel-gaz 6zgil isilari (Devam)
(b) Degisik sicakliklarda

C c, (o8 c, (o8 c,

Sicaklik kdkkg - K kdkg-K Kk kdkg - K kdkg-K Kk kdkkg - K kdkg-K k

K Hava Karbon dioksit, CO, Karbon monoksit, CO
250 1.003 0.716 1.401 0.791 0.602 1.314 1.039 0.743 1.400
300 1.005 0.718 1.400 0.846 0.657 1.288 1.040 0.744 1.399
350 1.008 0.721 1.398 0.895 0.706 1.268 1.043 0.746 1.398
400 1.013 0.726 1.395 0.939 0.750 1.252 1.047 0.751 1.395
450 1.020 0.733 1.391 0.978 0.790 1.239 1.054 0.757 1.392
500 1.029 0.742 1.387 1.014 0.825 1.229 1.063 0.767 1.387
550 1.040 0.753 1.381 1.046 0.857 1.220 1.075 0.778 1.382
600 1.051 0.764 1.376 1.075 0.886 1.213 1.087 0.790 1.376
650 1.063 0.776 1.370 1.102 0.913 1.207 1.100 0.803 1.370
700 1.075 0.788 1.364 1.126 0.937 1.202 1.113 0.816 1.364
750 1.087 0.800 1.359 1.148 0.959 1.197 1.126 0.829 1.358
800 1.099 0.812 1.354 1.169 0.980 1.193 1.139 0.842 1.353
900 1.121 0.834 1.344 1.204 1.015 1.186 1.163 0.866 1.343

1000 1.142 0.855 1.336 1.234 1.045 1.181 1.185 0.888 1.335

Hidrojen, H, Azot, N, Oksijen, O,

250 14.051 9.927 1.416 1.039 0.742 1.400 0.913 0.653 1.398
300 14.307 10.183 1.405 1.039 0.743 1.400 0.918 0.658 1.395
350 14.427 10.302 1.400 1.041 0.744 1.399 0.928 0.668 1.389
400 14.476 10.352 1.398 1.044 0.747 1.397 0.941 0.681 1.382
450 14.501 10.377 1.398 1.049 0.752 1.395 0.956 0.696 1.373
500 14.513 10.389 1.397 1.056 0.759 1.391 0.972 0.712 1.365
550 14.530 10.405 1.396 1.065 0.768 1.387 0.988 0.728 1.358
600 14.546 10.422 1.396 1.075 0.778 1.382 1.003 0.743 1.350
650 14.571 10.447 1.395 1.086 0.789 1.376 1.017 0.758 1.343
700 14.604 10.480 1.394 1.098 0.801 1.371 1.031 0.771 1.337
750 14.645 10.521 1.392 1.110 0.813 1.365 1.043 0.783 1.332
800 14.695 10.570 1.390 1.121 0.825 1.360 1.054 0.794 1.327
900 14.822 10.698 1.385 1.145 0.849 1.349 1.074 0.814 1.319

1000 14.983 10.859 1.380 1.167 0.870 1.341 1.090 0.830 1.313

Kaynak: Kenneth Wark, Thermodynamics, 4th ed. (New York: McGraw-Hill, 1983), p. 783, Tablo A—4M. ilk olarak “Tables of Thermal Properties of Gases,
NBS Circular 564, 1955) adl kaynakta yayinlanmistir.
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ABLO A
Bilinen bazi gazlarin mikemmel-gaz 6zgil isilari (Devam)
() Sicakhgin fonksiyonu olarak
C,=a+ bT+cT?+ dT®
(T K ve ¢, kd/kmol - K birimlerinde)
Kimyasal % hata

d Sicaklik B
Madde formala a b c d arahgr, K Maks. Ort.
Azot N, 28.90 —0.1571 x 1072 0.8081 x 10°® —-2.873 X 10°° 273-1800 0.59 0.34
Oksijen 0O, 25.48 1.520 X 1072 —0.7155 X 10°° 1.312 X 10°° 273-1800 1.19 0.28
Hava — 28.11 0.1967 x 1072 0.4802 x 10°° -1.966 x 107° 273-1800 0.72 0.33
Hidrojen H, 29.11 —0.1916 x 1072 0.4003 x 10°° —0.8704 x 10°° 273-1800 1.01 0.26
Karbon
monoksit CO 28.16 0.1675 x 1072 0.5372 X 107° —2.222 x 107° 273-1800 0.89 0.37
Karbon
dioksit CO, 22.26 5.981 X 1072 —3.501 X 1075 7.469 X 10°° 273-1800 0.67 0.22
Su buhari H,O 32.24 0.1923 x 1072 1.055 X 107° -3.595 x 107° 273-1800 0.53 0.24
Azot oksit NO 29.34 —0.09395 x 1072 0.9747 X 107° —4.187 x 107° 273-1500 0.97 0.36
Azot oksit N,O 2411 5.8632 x 1072 —3.562 X 1075 10.58 x 107° 273-1500 0.59 0.26
Azot
dioksit NO, 22.9 5.715 X 1072 —3.52 X 1075 7.87 X 107° 273-1500 0.46 0.18
Amonyak NH, 27.568 2.5630 x 1072 0.99072 x 105 —6.6909 x 10°° 273-1500 0.91 0.36
Kukart S, 27.21 2,218 X 1072 -1.628 x 1075 3.986 X 107° 273-1800 0.99 0.38
Kukart
dioksit SO, 25.78 5.795 X 1072 -3.812 X 107° 8.612 X 10°° 273-1800 045 0.24
Kukart
trioksit SO, 16.40 14.58 x 1072 —-11.20 x 105 32.42 x 107° 273-1300 0.29 0.13
Asetilen C,H, 21.8 9.2143 x 1072 —6.527 X 107° 18.21 X 107° 273-1500 146 0.59
Benzen CeHs —36.22 48.475 X 1072 -31.57 x 107° 77.62 X 107° 273-1500 0.34 0.20
Metanol CH,O 19.0 9.152 X 1072 —-1.22 x 1075 —8.039 x 10°° 273-1000 0.18 0.08
Etanol C,HsO 19.9 20.96 X 1072 -10.38 X 1075 20.05 X 10°° 273-1500 0.40 0.22
Hidrojen
klortr HCI 30.33 —0.7620 x 1072 1.327 X 10°° —4.338 X 10°° 273-1500 0.22 0.08
Metan CH, 19.89 5.024 x 1072 1.269 X 10°° -11.01 X 107° 273-1500 1.33 0.57
Etan C,Hg 6.900 17.27 X 1072 —6.406 x 1075 7.285 X 107° 273-1500 0.83 0.28
Propan C3Hg —4.04 30.48 X 1072 —-15.72 x 107® 31.74 X 107° 273-1500 040 0.12
n-Bltan C,Hyo 3.96 37.15 X 1072 —-18.34 X 107° 35.00 X 10°° 273-1500 0.54 0.24
i-Bltan C,Hyo —7.913 41.60 X 1072 —23.01 X 107° 49.91 X 107° 273-1500 0.25 0.13
n-Pentan CsHy, 6.774 45.43 X 1072 —22.46 X 107° 42.29 X 107° 273-1500 0.56 0.21
n-Heksan CeHia 6.938 55.22 X 1072 —28.65 X 1075 57.69 X 10°° 273-1500 0.72 0.20
Etilen C,H, 3.95 15.64 X 1072 —8.344 X 107° 17.67 X 107° 273-1500 0.54 0.13
Propilen C3Hg 3.15 23.83 X 1072 -12.18 X 107® 24.62 X 107° 273-1500 0.73 0.17

Kaynak: B. G. Kyle, Chemical and Process Thermodynamics (Englewood Cliffs, NJ: Prentice-Hall, 1984) izin alinarak kullaniimigtir.
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ABLO A

Bilinen bazi sivi, kati ve yiyeceklerin dzellikleri

(a) Sivilar
1 atm basingta kaynama verileri Donma verileri Sivi bzellikleri
Normal Buharlasma Flzyon Ozgiil
kaynama gizli 1sisi Donma gizli 1sisi Sicaklik, Yogunluk IS
Madde noktasi, °C hyy, kd/kg noktasi, °C  hy, kd/kg °C p, kg/m® ¢, kd/kg - K
Amonyak —33.3 1357 =777 322.4 —33.3 682 4.43
—20 665 4.52
0 639 4.60
25 602 4.80
Argon -185.9 161.6 —189.3 28 —185.6 1394 1.14
Benzen 80.2 394 55 126 20 879 1.72
Tuzlu su (Kitlesel %20
sodyum klorur) 103.9 — —-17.4 — 20 1150 3.11
n-Bitan -0.5 385.2 -138.5 80.3 -0.5 601 2.31
Karbon dioksit —78.4*  230.5 (at 0°C) -56.6 0 298 0.59
Etanol 78.2 838.3 —-114.2 109 25 783 2.46
Etil alkol 78.6 855 —156 108 20 789 2.84
Etilen glikol 198.1 800.1 -10.8 181.1 20 1109 2.84
Gliserin 179.9 974 18.9 200.6 20 1261 2.32
Helyum —268.9 22.8 — — —268.9 146.2 22.8
Hidrojen —252.8 445.7 —259.2 59.5 —-252.8 70.7 10.0
izobitan -11.7 367.1 —160 105.7 -11.7 593.8 2.28
Kerosen 204-293 251 —24.9 — 20 820 2.00
Civa 356.7 294.7 —38.9 1.4 25 13,560 0.139
Metan -161.5 510.4 —-182.2 58.4 —161.5 423 3.49
—100 301 5.79
Metanol 64.5 1100 -97.7 99.2 25 787 2.55
Azot —-195.8 198.6 -210 253 -195.8 809 2.06
—160 596 2.97
Oktan 124.8 306.3 -57.5 180.7 20 703 2.10
Yag (hafif) 25 910 1.80
Oksijen -183 212.7 -218.8 13.7 —183 1141 1.71
Petrol — 230-384 20 640 2.0
Propan —42.1 427.8 -187.7 80.0 —421 581 2.25
0 529 2.53
50 449 3.13
Sogutucu akiskan-134a —26.1 217.0 —96.6 — -50 1443 1.23
—26.1 1374 1.27
0 1295 1.34
25 1207 1.43
Su 100 2257 0.0 333.7 0 1000 4.22
25 997 4.18
50 988 4.18
75 975 419
100 958 4.22

* Sublimasyon sicakligi. (Ugli-nokta basinci olan 518 kPa basincinin altindaki basinglarda karbon dioksit kati veya gaz durumundadir. Karbon dioksitin donma
noktasi sicakligi da t¢li-nokta sicakligi olan —56.5°C’dir.
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Bilinen bazi sivi, kati ve yiyeceklerin ézellikleri (Devam)
(b) Katilar (aksi belirtiimedigi strece deg@erler oda sicakligindadir.)
Yogunluk, Ozgiil 181, Yogunluk, Ozgiil 1s1,
Madde p kg/m?3 ¢, kd/kg - K Madde p kg/m?d ¢, kJ/kg - K
Metaller Metal olmayanlar
Aliminyum Asfalt 2110 0.920
200 K 0.797 Tugla, bilinen 1922 0.79
250 K 0.859 Tugla, ates tuglasi (500°C) 2300 0.960
300 K 2,700 0.902 Beton 2300 0.653
350 K 0.929 Kil 1000 0.920
400 K 0.949 Elmas 2420 0.616
450 K 0.973 Cam, pencere 2700 0.800
500 K 0.997 Cam, atese dayanikli 2230 0.840
Bronz (%76 Cu, %2 Zn, 8,280 0.400 Grafit 2500 0.711
%2 Al) Granit 2700 1.017
Piring, sar (%65 Cu, 8,310 0.400 Algitasi ve siva 800 1.09
%35 Zn) Buz
Bakir 200 K 1.56
-173°C 0.254 220 K 1.71
-100°C 0.342 240 K 1.86
-50°C 0.367 260 K 2.01
0°C 0.381 273 K 921 2.1
27°C 8,900 0.386 Kirectasl 1650 0.909
100°C 0.393 Mermer 2600 0.880
200°C 0.403 Kontrplak (kéknar) 545 1.21
Demir 7,840 0.45 Lastik (yumusak) 1100 1.840
Kursun 11,310 0.128 Lastik (sert) 1150 2.009
Magnezyum 1,730 1.000 Kum 1520 0.800
Nikel 8,890 0.440 Tas 1500 0.800
Glmus 10,470 0.235 Tahta, sert (akgaagag, mese, vb.) 721 1.26
Celik, yumusak 7,830 0.500 Tahta, yumusak (kéknar, ¢am, vb.) 513 1.38
Tungsten 19,400 0.130
(¢) Yiyecekler
Ozguil 1s, Ozglil 1sl,
kJ/ (kg.K) Fuzyon kJ/ (kg.K) Fuzyon
Su — gizli Su —— qgizli
icerigi, Donma Donma Donma isisl, icerigi, Donma Donma Donma 1sisl,
Yiyecek % (kitle) noktasi °C nok. Ust. nok. alt. kJ/kg Yiyecek % (kutle) noktasi °C nok. Ust. nok. alt. kJ/kg
Elma 84 -1.1 3.65 1.90 281 Marul 95 -0.2 4.02 2.04 317
Muz 75 -0.8 3.35 1.78 251 Sut, timu 88 —0.6 3.79 1.95 294
Sigir eti 67 — 3.08 1.68 224 Portakal 87 -0.8 3.75 1.94 291
Brokoli 90 -0.6 3.86 1.97 301 Patates 78 -0.6 3.45 1.82 261
Tereyagi 16 — — 1.04 53 Som baligi 64 -2.2 2.98 1.65 214
Peynir, iswigre 39 -10.0 2.15 1.33 130 Karides 83 2.2 3.62 1.89 277
Kiraz 80 -1.8 3.52 1.85 267 Ispanak 93 -0.3 3.96 2.01 311
Pili 74 -2.8 3.32 1.77 247 Cilek 90 -0.8 3.86 1.97 301
Misir 74 -0.6 3.32 1.77 247 Domates, olgun 94 -0.5 3.99 2.02 314
Yumurta, Timi 74 -0.6 3.32 1.77 247 Hindi 64 — 2.98 1.65 214
Dondurma 63 -5.6 2.95 1.63 210 Karpuz 93 -0.4 3.96 2.01 311

Kaynak: Degerler cesitli elkitaplarindan ve kaynaklardan alinmis veya hesaplanmistir. Yiyeceklerin donma noktasi ve su igerigi verileri “ ASHRAE, Hand-
book of Fundamentals, S| version (Atlanta, GA: American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc., 1993), B6lim 30, Tablo 1”
adl kaynaktan alinmistir. Donma noktasi, meyve ve sebzeler igin donmanin bagladigi sicaklik, diger yiyecekler igin ise ortalama donma sicakhgidir.
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BLO A/

A

Doymus su — Sicaklik tablosu

Ozgiil hacim, ic enerji, Entalpi, Entropi,
m3/kg kJ/kg kJ/kg kJ/(kg.K)
Doymus Doymus Doymus Doymus Doymus Doymus Doymus Doymus Doymus

Sicaklik., basinci., sivi, buhar, SIVI, Buhar., buhar, SIvl, Buhar., buhar, sivi, Buhar., buhar,

T°C Paoy kP2 v; Vg Uy Uy, Uy hy hyg hg S Sig Sy
0.01 0.6117  0.001000 206.00 0.000 23749 2374.9 0.001 25009 2500.9 0.0000 9.1556 9.1556
5 0.8725 0.001000 147.03 21.019 2360.8 2381.8 21.020 2489.1 2510.1 0.0763 8.9487 9.0249
10 1.2281  0.001000  106.32 42,020 2346.6 2388.7 42,022 24772 2519.2 0.1511 8.7488 8.8999
15 1.7057  0.001001 77.885 62.980 23325 23955 62.982 24654  2528.3 0.2245 8.5559 8.7803
20 2.3392  0.001002 57.762 83.913 23184 24023 83.915 24535 25374 0.2965 8.3696 8.6661
25 3.1698  0.001003 43.340 104.83 2304.3  2409.1 104.83 24417 25465 0.3672 8.1895 8.5567
30 4.2469  0.001004 32.879 125.73 2290.2 24159 12574 24298 25556 0.4368 8.0152 8.4520
35 5.6291  0.001006 25.205 146.63 2276.0 24227 146.64 24179 2564.6 0.5051 7.8466 8.3517
40 7.3851  0.001008 19.515 167.53 2261.9 24294  167.53 2406.0 25735 0.5724 7.6832 8.2556
45 9.5953  0.001010 15.251 188.43 2247.7  2436.1 188.44 2394.0 25824 0.6386 7.5247 8.1633
50 12.352 0.001012 12.026 209.33 2233.4 24427 209.34 23820 2591.3 0.7038 7.3710 8.0748
55 15.763 0.001015 9.5639 230.24 22191 24493  230.26 2369.8  2600.1 0.7680 7.2218 7.9898
60 19.947  0.001017 7.6670 251.16 2204.7 24559 251.18  2357.7 2608.8 0.8313 7.0769 7.9082
65 25.043 0.001020 6.1935 272.09 2190.3 24624 27212 23454 26175 0.8937 6.9360 7.8296
70 31.202 0.001023 5.0396 293.04 2175.8 24689  293.07 2333.0 2626.1 0.9551 6.7989 7.7540
75 38.597 0.001026 4.1291 313.99 2161.3 24753  314.03 2320.6 2634.6 1.0158 6.6655 7.6812
80 47.416 0.001029 3.4053 334.97 2146.6 24816  335.02 2308.0 2643.0 1.0756 6.5355 7.6111
85 57.868 0.001032 2.8261 355.96 2131.9 24878  356.02 2295.3 26514 1.1346 6.4089 7.5435
90 70.183 0.001036 2.3593 376.97 2117.0 24940 377.04 22825 2659.6 1.1929 6.2853 7.4782
95 84.609 0.001040 1.9808 398.00 2102.0 2500.1 398.09 2269.6 2667.6 1.2504 6.1647 7.4151
100 101.42 0.001043 1.6720 419.06 2087.0 2506.0 419.17 22564 26756 1.3072 6.0470 7.3542
105 120.90 0.001047 1.4186 440.15 2071.8 2511.9 44028 22431 26834 1.3634 5.9319 7.2952
110 143.38 0.001052 1.2094 461.27 2056.4 25177 46142  2229.7 2691.1 1.4188 58193 7.2382
115 169.18 0.001056 1.0360 482.42 2040.9 2523.3 48259  2216.0 2698.6 1.4737 57092 7.1829
120 198.67 0.001060 0.89133 503.60 2025.3 25289  503.81 2202.1 2706.0 15279 56013 7.1292
125 232.23 0.001065 0.77012  524.83 2009.5 25343 52507 21881 2713.1 15816 5.4956 7.0771
130 270.28 0.001070 0.66808 546.10 1993.4 25395  546.38 2173.7 272041 1.6346 5.3919 7.0265
135 313.22 0.001075 0.58179  567.41 1977.3 25447 567.75 21591 27269 1.6872 52901 6.9773
140 361.53 0.001080 0.50850 588.77 1960.9 25496  589.16 21443 27335 17392 5.1901 6.9294
145 415.68 0.001085 0.44600 610.19 19442 25544  610.64 2129.2 2739.8 1.7908 5.0919 6.8827
150 476.16 0.001091 0.39248 631.66 1927.4  2559.1 632.18 2113.8 27459 1.8418 4.9953 6.8371
155 543.49 0.001096 0.34648 653.19 1910.3 25635 653.79 2098.0 2751.8 1.8924 4.9002 6.7927
160 618.23 0.001102 0.30680 674.79 1893.0 2567.8 675.47 2082.0 27575 1.9426 4.8066 6.7492
165 700.93 0.001108 0.27244  696.46 1875.4 25719 69724  2065.6 2762.8 1.9923 4.7143 6.7067
170 792.18 0.001114 0.24260  718.20 1857.5 25757 719.08  2048.8 2767.9 2.0417 4.6233 6.6650
175 892.60 0.001121 0.21659  740.02 1839.4 2579.4  741.02  2031.7 27727 2.0906 4.5335 6.6242
180 1002.8 0.001127 0.19384 761.92 18209 25828  763.05 20142 27772 21392 4.4448 6.5841
185 1123.5 0.001134 0.17390  783.91 1802.1 2586.0 785.19 1996.2 27814 21875 4.3572 6.5447
190 1255.2 0.001141 0.15636  806.00 1783.0 2589.0 807.43 19779 27853 22355 4.2705 6.5059
195 1398.8 0.001149 0.14089 828.18 1763.6  2591.7  829.78 1959.0 2788.8 2.2831 4.1847 6.4678
200 1554.9 0.001157 0.12721  850.46 17437 25942  852.26 1939.8  2792.0 23305 4.0997 6.4302
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Doymus su — Sicaklik tablosu
Ozgiil hacim, i¢ enerji, Entalpi, Entropi,
md/kg kJ/kg kJ/kg kJ/(kg.K)
Doyma Doymus  Doymus Doymus Doymus  Doymus Doymus Doymus Doymus

Sicaklik., basinct  sivi, buhar, SIVI, Buhar., buhar, SIvi, Buhar., buhar, Sivi, Buhar., buhar,

T°C Paoy kPa v, Vg Uy Upg Uy hy hyg hy S¢ Sig Sy
205 1724.3  0.001164  0.11508 872.86 17235 2596.4 874.87 1920.0 2794.8 23776 4.0154 6.3930
210 1907.7 0.001173 0.10429 89538 17029 2598.3 897.61 1899.7 2797.3 2.4245 3.9318 6.3563
215 2105.9 0.001181 0.094680 918.02 1681.9  2599.9 920.50 1878.8 2799.3 24712 3.8489 6.3200
220 2319.6 0.001190 0.086094 940.79 1660.5 2601.3 943.55 1857.4 2801.0 25176 3.7664 6.2840
225 2549.7 0.001199 0.078405 963.70 1638.6 2602.3 966.76 18354 2802.2 2.5639 3.6844 6.2483
230 27971 0.001209 0.071505 986.76  1616.1 2602.9 990.14 18128 2802.9 2.6100 3.6028 6.2128
235 3062.6 0.001219 0.065300 1010.0 1593.2 2603.2 1013.7 17895 2803.2 2.6560 3.5216 6.1775
240 3347.0 0.001229 0.059707 1033.4 1569.8 2603.1 10375 17655 2803.0 2.7018 3.4405 6.1424
245 3651.2 0.001240 0.054656 1056.9 1545.7 2602.7 1061.5 17408 2802.2 2.7476 3.3596 6.1072
250 3976.2 0.001252 0.050085 1080.7 1521.1 2601.8 1085.7 17153 2801.0 2.7933 3.2788 6.0721
255 4322.9 0.001263 0.045941 1104.7 1495.8 2600.5 1110.1 1689.0 2799.1 2.8390 3.1979 6.0369
260 4692.3 0.001276 0.042175 1128.8 1469.9 2598.7 1134.8 1661.8 2796.6 2.8847 3.1169 6.0017
265 5085.3 0.001289 0.038748 1153.3 14432 2596.5 1159.8 1633.7 2793.5 2.9304 3.0358 5.9662
270 5503.0 0.001303 0.035622 1177.9 1415.7  2593.7 1185.1 1604.6 2789.7 29762 2.9542 5.9305
275 5946.4  0.001317  0.032767 1202.9 1387.4 2590.3  1210.7 15745 27852  3.0221 2.8723 5.8944
280 6416.6 0.001333 0.030153 1228.2 1358.2 2586.4 1236.7 1543.2 2779.9 3.0681 2.7898 5.8579
285 6914.6  0.001349  0.027756 1253.7 1328.1 2581.8  1263.1 1510.7 27737 3.1144 27066 5.8210
290 7441.8 0.001366 0.025554 1279.7 1296.9 2576.5 1289.8 1476.9 2766.7 3.1608 2.6225 5.7834
295 7999.0 0.001384 0.023528 1306.0 12645 2570.5 13171 14416 2758.7 3.2076 2.5374 5.7450
300 8587.9 0.001404 0.021659 1332.7 1230.9 2563.6 1344.8 1404.8 2749.6 3.2548 24511 5.7059
305 9209.4 0.001425 0.019932 1360.0 11959 2555.8 1373.1 1366.3 2739.4  3.3024 2.3633 5.6657
310 9865.0 0.001447 0.018333 1387.7 1159.3 25471 1402.0 13259 2727.9 3.3506 2.2737 5.6243
315 10,556 0.001472  0.016849 1416.1 1121.1  2537.2 14316 1283.4 2715.0 3.3994 2.1821 5.5816
320 11,284 0.001499  0.015470 1445.1 1080.9 2526.0 1462.0 1238.5 2700.6  3.4491 2.0881 5.5372
325 12,051 0.001528 0.014183 1475.0 10385 25134 14934 1191.0 2684.3 3.4998 1.9911 5.4908
330 12,858 0.001560 0.012979 1505.7 993.5 2499.2 1525.8 1140.3 2666.0 3.5516 1.8906 5.4422
335 13,707 0.001597 0.011848 1537.5 9455  2483.0 1559.4 1086.0 26454  3.6050 1.7857 5.3907
340 14,601 0.001638 0.010783 1570.7 893.8 2464.5 15946 10274 2622.0 3.6602 1.6756 5.3358
345 15,541 0.001685 0.009772 1605.5 837.7 2443.2 1631.7 963.4 2595.1 3.7179 15585 5.2765
350 16,529 0.001741 0.008806 1642.4 7759 24183  1671.2 892.7 2563.9 3.7788 1.4326 5.2114
355 17,570 0.001808  0.007872 1682.2 706.4 2388.6  1714.0 812.9 25269 3.8442 1.2942 5.1384
360 18,666 0.001895 0.006950 1726.2 625.7 2351.9 1761.5 7201 2481.6 3.9165 1.1373 5.0537
365 19,822 0.002015 0.006009 1777.2 526.4 2303.6 1817.2 605.5 24227 4.0004 0.9489 4.9493
370 21,044 0.002217 0.004953 1844.5 3856 2230.1 1891.2 4431 2334.3 41119 0.6890 4.8009
373.95 22,064 0.003106  0.003106 2015.7 0 2015.7  2084.3 0 2084.3 4.4070 0 4.4070

Kaynak: A—4 - A-8 Tablolari, S. A. Klein and F. L. Alvarado tarafindan gelistirilen “Engineering Equation Solver” (EES) yazilimi kullanilarik Gretilmistir.
Hesaplarda, yuksek dogruluktahebap yapan Steam_(IAPWS)” tarafindan yayinlanan “1995 Formulation for the Thermodynamic Properties of Ordinary
Water Substance for General and Scientific Use” adli yayina dayalidir. Bu yayindaki formilasyon, ayni zamanda EES yazilimda da STEAM rutini olarak
kullanilabilir olan, “Hear, Gallagher ve Kell”in 1984 fomilasyonunun (NBS/NRC Steam Tables, Hemisphere Publishing Co., 1984) yerini almistir. Yeni for-
milasyon Saul ve Wagner'in (J. Phys. Chem. Ref. Data, 893, 1987) korelasyonlarina dayanmakta olup, “International Temperature Scale of 1990”a gére
dizenlenmistir. S6z konusu diizenlemeler Wagner ve Pruss (J. Phys. Chem. Ref. Data, 22, 783, 1993) tarafindan agiklanmistir. Buzun 6zellikleri Hyland
ve Wexler'e (“Formulations for the Thermodynamic Properties of the Saturated Phases of H,O from 173.15 K to 473.15 K,” ASHARE Trans., Part 2A,
Paper 2793, 1983) dayalidir.
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A

Doymus su - Basing tablosu

Ozgiil hacim, ic eneriji, Entalpi, Entropi,
md/kg kJ/kg kJ/kg kJ/(kg.K)
Doyma Doymus Doymus  Doymus Doymus Doymus Doymus Doymus Doymus
Basing., sicakhgr., sivi, buhar, Sivl, Buhar., buhar, SIvl, Buhar., buhar, sivi, Buhar., buhar,
PkPa Ty, °C v Vg Uy Uz Ug hy g hy S Sig Sg
1.0 6.97 0.001000 129.19 29.302 2355.2 2384.5 29.303 2484.4 2513.7 0.1059 8.8690 8.9749
1.5 13.02 0.001001 87.964 54.686 2338.1 2392.8 54.688 2470.1 2524.7 0.1956 8.6314 8.8270
2.0 17.50 0.001001 66.990 73.431 23255 2398.9 73.433 24595 2532.9 0.2606 8.4621 8.7227
2.5 21.08 0.001002 54.242 88.422 2315.4  2403.8 88.424 2451.0 2539.4 0.3118 8.3302 8.6421
3.0 24.08 0.001003 45.654 100.98 2306.9 24079 100.98 24439 2544.8 0.3543 8.2222 8.5765
4.0 28.96 0.001004  34.791 121.39 2293.1 24145 121.39 2432.3 2553.7 0.4224 8.0510 8.4734
5.0 32.87 0.001005 28.185 137.75 2282.1 2419.8 137.75 2423.0 2560.7 0.4762 79176 8.3938
7.5 40.29 0.001008 19.233 168.74 2261.1 2429.8 168.75 2405.3 2574.0 0.5763 7.6738 8.2501
10 45.81 0.001010 14.670 191.79 22454 24372 191.81 2392.1 2583.9 0.6492 7.4996 8.1488
15 53.97 0.001014  10.020 225.93 22221 2448.0 225.94 2372.3 2598.3 0.7549 7.2522 8.0071
20 60.06 0.001017 7.6481 251.40 2204.6  2456.0 251.42 2357.5 2608.9 0.8320 7.0752 7.9073
25 64.96 0.001020 6.2034 271.93 21904 24624 271.96 23455 2617.5 0.8932 6.9370 7.8302
30 69.09 0.001022 5.2287 289.24 2178.5 2467.7 289.27 2335.3 2624.6 0.9441 6.8234 7.7675
40 75.86 0.001026 3.9933  317.58 2158.8 2476.3 317.62 2318.4 2636.1 1.0261 6.6430 7.6691
50 81.32 0.001030 3.2403 340.49 2142.7  2483.2 340.54 2304.7 2645.2 1.0912 6.5019 7.5931
75 91.76  0.001037 2.2172 384.36 2111.8 2496.1 384.44 2278.0 2662.4 1.2132 6.2426 7.4558
100 99.61 0.001043 1.6941 417.40 2088.2 2505.6 417.51 22575 2675.0 1.3028 6.0562 7.3589
101.325 99.97 0.001043 1.6734 418.95 2087.0 2506.0 419.06 2256.5 2675.6 1.3069 6.0476 7.3545
125 105.97 0.001048 1.3750 444.23 2068.8 2513.0 444.36 2240.6 2684.9 1.3741 59100 7.2841
150 111.35 0.001053 1.1594 466.97 2052.3 2519.2 467.13 2226.0 2693.1 1.4337 5.7894 7.2231
175 116.04 0.001057 1.0037 486.82 2037.7 25245 487.01 2213.1 2700.2 1.4850 5.6865 7.1716
200 120.21  0.001061 0.88578 504.50 2024.6 2529.1  504.71 2201.6 2706.3 1.5302 5.5968 7.1270
225 123.97 0.001064 0.79329 520.47 2012.7 2533.2 520.71 2191.0 2711.7 1.5706 5.5171 7.0877
250 127.41 0.001067 0.71873 535.08 2001.8  2536.8 535.35 2181.2 2716.5 1.6072 5.4453 7.0525
275 130.58 0.001070 0.65732 548.57 1991.6 2540.1 548.86 2172.0 2720.9 1.6408 5.3800 7.0207
300 133.52 0.001073 0.60582 561.11 1982.1  2543.2 561.43 2163.5 2724.9 1.6717 5.3200 6.9917
325 136.27 0.001076 0.56199 572.84 1973.1 25459 573.19 2155.4 2728.6 1.7005 5.2645 6.9650
350 138.86 0.001079 0.52422 583.89 1964.6 2548.5 584.26 2147.7 2732.0 1.7274 5.2128 6.9402
375 141.30 0.001081 0.49133 594.32 1956.6  2550.9 594.73 21404 27351 1.7526 5.1645 6.9171
400 143.61 0.001084 0.46242 604.22 1948.9 2553.1 604.66 2133.4 2738.1 1.7765 5.1191 6.8955
450 147.90 0.001088 0.41392 622.65 19345 25571 623.14 2120.3 2743.4 1.8205 5.0356 6.8561
500 151.83 0.001093 0.37483 639.54 1921.2 2560.7 640.09 2108.0 2748.1 1.8604 4.9603 6.8207
550 155.46  0.001097 0.34261 655.16 1908.8 2563.9 655.77 2096.6 2752.4 1.8970 4.8916 6.7886
600 158.83 0.001101 0.31560 669.72 1897.1  2566.8 670.38 2085.8 2756.2 1.9308 4.8285 6.7593
650 161.98 0.001104 0.29260 683.37 1886.1 2569.4 684.08 2075.5 2759.6 1.9623 4.7699 6.7322
700 164.95 0.001108 0.27278 696.23 1875.6  2571.8 697.00 2065.8 2762.8 1.9918 4.7153 6.7071
750 167.75 0.001111 0.25552 708.40 1865.6 2574.0 709.24 2056.4 2765.7 2.0195 4.6642 6.6837
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Doymus su - Basing tablosu (Devam)
Ozgiil hacim, i¢ eneriji, Entalpi, Entalpi,
md/kg kJ/kg kJd/kg kJ/(kg.K)

Doyma  Doymus Doymus Doymus Doymus Doymus Doymus Doymus Doymus
Basing., sicakhgr., Sivi, buhar, SIvI, Buhar., buhar, sivi, Buhar., buhar, Isivi, Buhar., buhar,
P kPa Taoy °C Vg Vg Uy Ugg Uy hy hyg hg S Sig Sg

800 170.41  0.001115 0.24035 719.97 1856.1 2576.0 720.87 2047.5 2768.3 2.0457 4.6160 6.6616
850 172.94 0.001118 0.22690 731.00 1846.9 2577.9 731.95 2038.8 2770.8 2.0705 4.5705 6.6409
900 175.35 0.001121 0.21489 741.55 1838.1 2579.6 742.56 2030.5 2773.0 2.0941 4.5273 6.6213
950 177.66 0.001124 0.20411 751.67 1829.6 2581.3 752.74 2022.4 27752 21166 4.4862 6.6027
1000 179.88 0.001127 0.19436 761.39 1821.4 2582.8 762.51 20146 27771 21381 4.4470 6.5850
1100 184.06 0.001133  0.17745 779.78 1805.7 2585.5 781.03 1999.6 2780.7 2.1785 4.3735 6.5520
1200 187.96 0.001138 0.16326 796.96 1790.9 2587.8 798.33 1985.4 2783.8 2.2159 4.3058 6.5217
1300 191.60 0.001144 0.15119 813.10 1776.8 2589.9 814.59 19719 2786.5 2.2508 4.2428 6.4936
1400 195.04 0.001149  0.14078 828.35 1763.4 2591.8 829.96 1958.9 2788.9 2.2835 4.1840 6.4675
1500 198.29 0.001154 0.13171 842.82 1750.6 2593.4 844.55 1946.4 2791.0 2.3143 4.1287 6.4430
1750 205.72 0.001166 0.11344 876.12 1720.6 2596.7 878.16 19171 2795.2 2.3844 4.0033 6.3877
2000 212.38 0.001177 0.099587 906.12 1693.0 2599.1 908.47 1889.8 2798.3 24467 3.8923 6.3390
2250 218.41  0.001187 0.088717 933.54 1667.3 2600.9 936.21 1864.3 2800.5 2.5029 3.7926 6.2954
2500 223.95 0.001197  0.079952 958.87 1643.2 2602.1 961.87 1840.1 2801.9 25542 3.7016 6.2558
3000 233.85 0.001217 0.066667 1004.6 1598.5 2603.2 1008.3 1794.9 2803.2 2.6454 3.5402 6.1856
3500 242,56 0.001235 0.057061 10454 1557.6 2603.0 1049.7 1753.0 2802.7 2.7253 3.3991 6.1244
4000 250.35 0.001252  0.049779 1082.4 1519.3 2601.7 1087.4 17135 2800.8 2.7966 3.2731 6.0696
5000 263.94 0.001286  0.039448 1148.1 1448.9 2597.0 11545 1639.7 27942 2.9207 3.0530 5.9737
6000 275.59 0.001319 0.032449 1205.8 1384.1 2589.9 1213.8 1570.9 2784.6 3.0275 2.8627 5.8902
7000 285.83 0.001352 0.027378 1258.0 1323.0 2581.0 1267.5 1505.2 27726 3.1220 2.6927 5.8148
8000 295.01 0.001384 0.023525 1306.0 1264.5 2570.5 1317.1 1441.6 2758.7 3.2077 2.5373 5.7450
9000 303.35 0.001418 0.020489 1350.9 1207.6 2558.5 1363.7 1379.3 27429 3.2866 2.3925 5.6791
10,000 311.00 0.001452 0.018028 1393.3 1151.8 2545.2 1407.8 13176 27255 3.3603 2.2556 5.6159
11,000 318.08 0.001488 0.015988 1433.9 1096.6 2530.4 1450.2 1256.1 2706.3 3.4299 2.1245 5.5544
12,000 324.68 0.001526 0.014264 1473.0 1041.3 25143 14913 1194.1 2685.4 3.4964 1.9975 5.4939
13,000 330.85 0.001566  0.012781 1511.0 985.5 2496.6 1531.4 1131.3 2662.7 3.5606 1.8730 5.4336
14,000 336.67 0.001610 0.011487 1548.4 928.7 24771 1571.0 1067.0 26379 3.6232 1.7497 5.3728
15,000 342.16 0.001657 0.010341 1585.5 870.3 2455.7 1610.3 1000.5 2610.8 3.6848 1.6261 5.3108
16,000 347.36 0.001710 0.009312 1622.6 809.4 2432.0 1649.9 931.1 2581.0 3.7461 1.5005 5.2466
17,000 352.29 0.001770 0.008374 1660.2 7451 2405.4 1690.3 857.4 2547.7 3.8082 1.3709 5.1791
18,000 356.99 0.001840 0.007504 1699.1 6759 2375.0 1732.2 777.8 2510.0 3.8720 1.2343 5.1064
19,000 361.47 0.001926  0.006677 1740.3 598.9 2339.2 1776.8 689.2 2466.0 3.9396 1.0860 5.0256
20,000 365.75 0.002038 0.005862 1785.8 509.0 2294.8 1826.6 585.5 24121 4.0146 0.9164 4.9310
21,000 369.83 0.002207  0.004994 1841.6 3919 2233.5 1888.0 450.4 2338.4 4.1071 0.7005 4.8076
22,000 373.71  0.002703 0.003644 1951.7 140.8 2092.4 2011.1 161.5 2172.6 4.2942 0.2496 4.5439
22,064 373.95 0.003106 0.003106 2015.7 0 2015.7 2084.3 0 2084.3 4.4070 O 4.4070
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TABLO A-6

Kizgin su buhari

T v u h s v u h s v u h s
°C m3/kg kd/kg kdkg kdkg-K mékg kd/kg kJkg kJkg-K| mikg kdkg kdkg kd/(kg.K)
P = 0.01 MPa (45.81°C)* P = 0.05 MPa (81.32°C) = 0.10 MPa (99.61°C)

Doymust14.670 2437.2 2583.9 8.1488 3.2403 2483.2 2645.2 7.5931 1.6941 2505.6 2675.0 7.3589
50 14.867 24433 25920 8.1741
100 17.196 25155 2687.5 8.4489 3.4187 2511.5 2682.4 7.6953 1.6959 2506.2 2675.8 7.3611
150  19.513 2587.9 2783.0 8.6893 3.8897 2585.7 2780.2 7.9413 1.9367 25829 2776.6 7.6148
200 21.826 2661.4 2879.6 8.9049 4.3562 2660.0 2877.8 8.1592 21724 2658.2 28755 7.8356
250 24.136 2736.1 29775 9.1015 4.8206 2735.1 2976.2 8.3568 2.4062 2733.9 29745 8.0346
300 26.446 2812.3 3076.7 9.2827 5.2841 2811.6 3075.8 8.5387 2.6389 2810.7 30745 8.2172
400  31.063 2969.3 3280.0 9.6094 6.2094 2968.9 3279.3 8.8659 3.1027 2968.3 3278.6 8.5452
500  35.680 31329 3489.7 9.8998 7.1338 3132.6 3489.3 9.1566 3.5655 3132.2 3488.7 8.8362
600  40.296 3303.3 3706.3 10.1631 8.0577 3303.1  3706.0 9.4201 4.0279 3302.8 3705.6 9.0999
700  44.911 3480.8 3929.9 10.4056 8.9813 3480.6 3929.7 9.6626 4.4900 3480.4 3929.4 9.3424
800  49.527 3665.4 4160.6 10.6312 9.9047 3665.2 4160.4 9.8883 4.9519 3665.0 4160.2 9.5682
900  54.143 3856.9 4398.3 10.8429 | 10.8280 3856.8 4398.2 10.1000 5.4137 3856.7 4398.0 9.7800
1000  58.758 4055.3 4642.8 11.0429 11.7513 4055.2 4642.7 10.3000 5.8755 4055.0 4642.6 9.9800
1100 63.373 4260.0 4893.8 11.2326 | 12.6745 4259.9 4893.7 10.4897 6.3372 4259.8 4893.6 10.1698
1200 67.989 4470.9 5150.8 11.4132 | 13.5977 4470.8 5150.7 10.6704 6.7988 4470.7 5150.6 10.3504
1300 72.604 4687.4 5413.4 11.5857 | 14.5209 4687.3 5413.3 10.8429 7.2605 4687.2 5413.3 10.5229

P = 0.20 MPa (120.21°C) P = 0.30 MPa (133.52°C) P = 0.40 MPa (143.61°C)

Doymus 0.88578 2529.1 2706.3 7.1270 0.60582 2543.2 27249 6.9917 0.46242 2553.1 2738.1 6.8955
150  0.95986 2577.1 2769.1 7.2810 0.63402 2571.0 2761.2 7.0792 0.47088 2564.4 2752.8 6.9306
200 1.08049 2654.6 2870.7 7.5081 0.71643 2651.0 2865.9 7.3132 0.53434 2647.2 2860.9 7.1723
250 1.19890 2731.4 2971.2 7.7100 0.79645 2728.9 2967.9 7.5180 0.59520 2726.4 2964.5 7.3804
300 1.31623 2808.8 3072.1  7.8941 0.87535 2807.0 3069.6 7.7037 0.65489 2805.1 3067.1 7.5677
400  1.54934 2967.2 3277.0 8.2236 1.03155 2966.0 3275.5 8.0347 0.77265 2964.9 3273.9 7.9003
500 1.78142 3131.4 3487.7 8.51583 1.18672 3130.6 3486.6 8.3271 0.88936 3129.8 34855 8.1933
600 2.01302 3302.2 3704.8 8.7793 1.34139 3301.6 3704.0 8.5915 1.00558 3301.0 3703.3 8.4580
700 2.24434 34799 3928.8 9.0221 1.49580 3479.5 3928.2 8.8345 1.12152 3479.0 3927.6 8.7012
800 247550 3664.7 4159.8 9.2479 1.65004 3664.3 4159.3 9.0605 1.23730 3663.9 4158.9 8.9274
900 2.70656 3856.3 4397.7 9.4598 1.80417 3856.0 4397.3 9.2725 1.35298 3855.7 4396.9 9.1394

1000 2.93755 4054.8 4642.3 9.6599 1.95824 4054.5 4642.0 9.4726 1.46859 4054.3 4641.7 9.3396
1100  3.16848 4259.6 4893.3 9.8497 211226  4259.4 4893.1 9.6624 1.58414 4259.2 48929 9.5295
1200  3.39938 4470.5 5150.4 10.0304 2.26624 4470.3 5150.2 9.8431 1.69966 4470.2 5150.0 9.7102
1300 3.63026 4687.1 5413.1 10.2029 2.42019 4686.9 5413.0 10.0157 1.81516 4686.7 5412.8 9.8828

P = 0.50 MPa (151.83°C) P = 0.60 MPa (158.83°C) P = 0.80 MPa (170.41°C)

Doymus 0.37483 2560.7 2748.1  6.8207 0.31560 2566.8 2756.2 6.7593 0.24035 2576.0 2768.3 6.6616
200 0.42503 2643.3 2855.8 7.0610 0.35212 2639.4 2850.6 6.9683 0.26088 2631.1 2839.8 6.8177
250 0.47443 2723.8 2961.0 7.2725 0.39390 2721.2 2957.6 7.1833 0.29321 2715.9 2950.4 7.0402
300 0.52261 2803.3 3064.6 7.4614 0.43442 2801.4 3062.0 7.3740 0.32416 2797.5 3056.9 7.2345
350 0.57015 2883.0 3168.1 7.6346 0.47428 2881.6 3166.1 7.5481 0.35442 2878.6 3162.2 7.4107
400 0.61731 2963.7 32724 7.7956 0.51374 29625 3270.8 7.7097 0.38429 2960.2 3267.7 7.5735
500 0.71095 3129.0 3484.5 8.0893 0.59200 3128.2 3483.4 8.0041 0.44332 3126.6 3481.3 7.8692
600 0.80409 3300.4 37025 8.3544 0.66976 3299.8 3701.7 8.2695 0.50186 3298.7 3700.1 8.1354
700 0.89696 3478.6 3927.0 8.5978 0.74725 3478.1 3926.4 8.5132 0.56011 3477.2 3925.3 8.3794
800 0.98966 3663.6 4158.4 8.8240 0.82457 3663.2 4157.9 8.7395 0.61820 3662.5 4157.0 8.6061
900  1.08227 3855.4 4396.6 9.0362 0.90179 3855.1 4396.2 8.9518 0.67619 3854.5 43955 8.8185

1000 1.17480 4054.0 46414 9.2364 0.97893 4053.8 4641.1 9.1521 0.73411 4053.3 4640.5 9.0189
1100 1.26728 4259.0 4892.6  9.4263 1.05603 4258.8 4892.4 9.3420 0.79197 4258.3 4891.9 9.2090
1200 1.35972 4470.0 5149.8 9.6071 1.13309 4469.8 5149.6 9.5229 0.84980 4469.4 5149.3 9.3898
1300 1.45214 4686.6 54126 9.7797 1.21012 4686.4 54125 9.6955 0.90761 4686.1 5412.2 9.5625

*Parantez iginde verilen sicakliklar, belirtilen basinctaki doyma sicakligidir.
T Belirtilen basingta doymus buharin 6zelikleri.
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ABLO A-OG
Kizgin su buhari (Devam)
T v u h s v u h s v u h s
°C m3/kg kdkg kdkg kJ/(kg.K) m3kg kdkg kdkg kd/(kg.K) |ms/kg kd’kg  kd/kg kd/(kg.K)

P = 1.00 MPa (179.88°C) P = 1.20 MPa (187.96°C) P = 1.40 MPa (195.04°C)
Doymus 0.19437  2582.8 2777.1 6.5850 |0.16326 2587.8 2783.8 6.5217 0.14078 2591.8 2788.9 6.4675
200 0.20602 2622.3 2828.3 6.6956 |0.16934 2612.9 2816.1 6.5909 0.14303 2602.7 2803.0 6.4975
250 0.23275 2710.4 2943.1 6.9265 |0.19241 2704.7 2935.6 6.8313 0.16356 2698.9 2927.9 6.7488
300 0.25799 2793.7 3051.6 7.1246 |0.21386 2789.7 3046.3 7.0335 0.18233 2785.7 3040.9 6.9553
350 0.28250 2875.7 3158.2 7.3029 |0.23455 2872.7 3154.2 7.2139 0.20029 2869.7 3150.1 7.1379
400 0.30661 29579 3264.5 7.4670 |0.25482 29555 3261.3 7.3793 0.21782 2953.1 3258.1 7.3046
500 0.35411 3125.0 3479.1 7.7642 |0.29464 3123.4 3477.0 7.6779 0.25216 3121.8 3474.8 7.6047
600 0.40111 3297.5 3698.6 8.0311 0.33395 3296.3 3697.0 7.9456 0.28597 3295.1 3695.5 7.8730
700 0.44783 3476.3 3924.1 8.2755 |0.37297 3475.3 3922.9 8.1904 0.31951 34744 3921.7 8.1183
800 0.49438 3661.7 4156.1 8.5024 |0.41184 3661.0 4155.2 8.4176 0.35288 3660.3 4154.3 8.3458
900 0.54083 3853.9 43948 8.7150 |0.45059 3853.3 4394.0 8.6303 0.38614 3852.7 4393.3 8.5587
1000 0.58721 4052.7 4640.0 8.9155 |0.48928 4052.2 4639.4 8.8310 0.41933 4051.7 4638.8 8.7595
1100 0.63354 4257.9 4891.4 9.1057 |0.52792 4257.5 4891.0 9.0212 0.45247 4257.0 4890.5 8.9497
1200 0.67983  4469.0 51489 9.2866 |0.56652 4468.7 5148.5 9.2022 0.48558 4468.3 5148.1 9.1308
1300 0.72610 4685.8 54119 9.4593 |0.60509 4685.5 5411.6 9.3750 0.51866 4685.1 5411.3 9.3036

P = 1.60 MPa (201.37°C) P = 1.80 MPa (207.11°C) P = 2.00 MPa (212.38°C)
Doymus 0.12374 2594.8 2792.8 6.4200 |0.11037 2597.3 27959 6.3775 0.09959 2599.1 2798.3 6.3390
225 0.13293 2645.1 2857.8 6.5537 0.11678 2637.0 2847.2 6.4825 0.10381 2628.5 2836.1 6.4160
250 0.14190 26929 2919.9 6.6753 0.12502 2686.7 2911.7 6.6088 0.11150 2680.3 2903.3 6.5475
300 0.15866 2781.6 3035.4 6.8864 0.14025 2777.4  3029.9 6.8246 0.12551 2773.2 3024.2 6.7684
350 0.17459 2866.6 3146.0 7.0713 0.15460 2863.6 31419 7.0120 0.13860 2860.5 3137.7 6.9583
400 0.19007 2950.8 3254.9 7.2394 0.16849 2948.3 32516 7.1814 0.15122 29459 3248.4 7.1292
500 0.22029 3120.1 3472.6 7.5410 0.19551 3118.5 34704 7.4845 0.17568 3116.9 3468.3 7.4337
600 0.24999 32939 3693.9 7.8101 0.22200 3292.7 3692.3 7.7543 0.19962 3291.5 3690.7 7.7043
700 0.27941 34735 3920.5 8.0558 0.24822 34726 3919.4 8.0005 0.22326  3471.7 3918.2 7.9509
800 0.30865 3659.5 4153.4 8.2834 0.27426 3658.8 41524 8.2284 0.24674 3658.0 4151.5 8.1791
900 0.33780 3852.1 4392.6 8.4965 0.30020 3851.5 43919 8.4417 0.27012 3850.9 4391.1 8.3925
1000 0.36687 4051.2 4638.2 8.6974 0.32606  4050.7 4637.6 8.6427 0.29342  4050.2 4637.1 8.5936
1100 0.39589 4256.6 4890.0 8.8878 0.35188 4256.2 4889.6 8.8331 0.31667 4255.7 4889.1 8.7842
1200 0.42488 4467.9 5147.7 9.0689 0.37766 44676 5147.3 9.0143 0.33989 4467.2 5147.0 8.9654
1300 0.45383 4684.8 5410.9 9.2418 0.40341 4684.5 5410.6 9.1872 0.36308 4684.2 5410.3 9.1384

P = 2.50 MPa (223.95°C) P = 3.00 MPa (233.85°C) P = 3.50 MPa (242.56°C)
Doymus 0.07995 2602.1 2801.9 6.2558 |0.06667 2603.2 2803.2 6.1856 | 0.05706 2603.0 2802.7 6.1244
225 0.08026 2604.8 28055 6.2629
250 0.08705 2663.3 2880.9 6.4107 0.07063 2644.7 2856.5 6.2893 0.05876 2624.0 2829.7 6.1764
300 0.09894 2762.2 3009.6 6.6459 0.08118 2750.8 2994.3 6.5412 0.06845  2738.8 2978.4 6.4484
350 0.10979 28525 3127.0 6.8424 0.09056 2844.4 3116.1  6.7450 0.07680 2836.0 3104.9 6.6601
400 0.12012 2939.8 3240.1 7.0170 0.09938 2933.6 3231.7 6.9235 0.08456 2927.2 3223.2 6.8428
450 0.13015 3026.2 3351.6 7.1768 0.10789  3021.2 3344.9 7.0856 0.09198  3016.1 3338.1 7.0074
500 0.13999 3112.8 3462.8 7.3254 0.11620 3108.6 3457.2 7.2359 0.09919  3104.5 3451.7 7.1593
600 0.15931 3288.5 3686.8 7.5979 0.13245 3285.5 3682.8 7.5103 0.11325 3282.5 3678.9 7.4357
700 0.17835 3469.3 39152 7.8455 0.14841 3467.0 39122 7.7590 0.12702  3464.7 3909.3 7.6855
800 0.19722 3656.2 4149.2 8.0744 0.16420 3654.3 4146.9 7.9885 0.14061 3652.5 41446 7.9156
900 0.21597 3849.4 4389.3 8.2882 0.17988 38479 43875 8.2028 0.15410 3846.4 4385.7 8.1304
1000 0.23466 4049.0 4635.6 8.4897 0.19549  4047.7 4634.2 8.4045 0.16751 4046.4 4632.7 8.3324
1100 0.25330 4254.7 4887.9 8.6804 0.21105 4253.6  4886.7 8.5955 0.18087 42525 4885.6 8.5236
1200 0.27190 4466.3 5146.0 8.8618 | 0.22658  4465.3 51451 8.7771 | 0.19420 4464.4 5144.1 8.7053
1300 0.29048 4683.4 5409.5 9.0349 0.24207 4682.6 5408.8 8.9502 0.20750 4681.8 5408.0 8.8786
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Kizin su buhar (Devam)

T v u h S v u h S v u h s
°C m3/kg kd’kg  kJdkg kJ/(kg.K) m3/kg kJ/kg kJ/kg kd/kg - K| m3/kg kd’kg  kd/kg kd/(kg.K)
P = 4.0 MPa (250.35°C) P = 4.5 MPa (257.44°C) P = 5.0 MPa (263.94°C)
Doymus 0.04978 2601.7 2800.8 6.0696 0.04406 2599.7 2798.0 6.0198 0.03945 2597.0 2794.2 5.9737
275 0.05461 2668.9 2887.3 6.2312 0.04733 2651.4 2864.4 6.1429 0.04144 2632.3 2839.5 6.0571
300 0.05887 2726.2 2961.7 6.3639 0.05138 2713.0 29442 6.2854 0.04535 2699.0 2925.7 6.2111
350 0.06647 2827.4 3093.3 6.5843 0.05842 2818.6 3081.5 6.5153 0.05197 2809.5 3069.3 6.4516
400 0.07343 2920.8 32145 6.7714 0.06477 2914.2  3205.7 6.7071 0.05784 2907.5 3196.7 6.6483
450 0.08004 3011.0 3331.2 6.9386 0.07076 3005.8 3324.2 6.8770 0.06332 3000.6 3317.2 6.8210
500 0.08644 3100.3 3446.0 7.0922 0.07652 3096.0 3440.4 7.0323 0.06858 3091.8 3434.7 6.9781
600 0.09886 3279.4 3674.9 7.3706 0.08766 3276.4 3670.9 7.3127 0.07870 3273.3 3666.9 7.2605
700 0.11098 34624 3906.3 7.6214 0.09850 3460.0 3903.3 7.5647 0.08852 3457.7 3900.3 7.5136
800 0.12292 3650.6 4142.3 7.8523 0.10916 3648.8 4140.0 7.7962 0.09816 3646.9 4137.7 7.7458
900 0.13476 3844.8 4383.9 8.0675 0.11972 3843.3 4382.1 8.0118 0.10769 3841.8 4380.2 7.9619
1000 0.14653 4045.1 4631.2 8.2698 0.13020 4043.9 4629.8 8.2144 0.11715 4042.6 4628.3 8.1648
1100 0.15824 4251.4 4884.4 8.4612 0.14064 4250.4 4883.2 8.4060 0.12655 4249.3 4882.1 8.3566
1200 0.16992 4463.5 5143.2 8.6430 0.15103 4462.6 51422 8.5880 0.13592 44616 5141.3 8.5388
1300 0.18157 4680.9 5407.2 8.8164 0.16140 4680.1 5406.5 8.7616 0.14527 4679.3 5405.7 8.7124
P = 6.0 MPa (275.59°C) P = 7.0 MPa (285.83°C) P = 8.0 MPa (295.01°C)
Doymus 0.03245 2589.9 2784.6 5.8902 0.027378 2581.0 2772.6 5.8148 0.023525 2570.5 2758.7 5.7450
300 0.03619 2668.4 2885.6 6.0703 0.029492 2633.5 2839.9 5.9337 0.024279 2592.3 2786.5 5.7937
350 0.04225 2790.4 3043.9 6.3357 0.035262 2770.1 3016.9 6.2305 0.029975 2748.3 2988.1 6.1321
400 0.04742 2893.7 3178.3 6.5432 0.039958 2879.5 3159.2 6.4502 0.034344 2864.6 3139.4 6.3658
450 0.05217 2989.9 33029 6.7219 0.044187 2979.0 3288.3 6.6353 0.038194 2967.8 3273.3 6.5579
500 0.05667 3083.1 3423.1 6.8826 0.048157 3074.3 3411.4  6.8000 0.041767 3065.4 3399.5 6.7266
550 0.06102 3175.2 3541.3 7.0308 0.051966 3167.9 3531.6 6.9507 0.045172 3160.5 3521.8 6.8800
600 0.06527 3267.2 3658.8 7.1693 0.055665 3261.0 3650.6 7.0910 0.048463 3254.7 3642.4 7.0221
700 0.07355 3453.0 3894.3 7.4247 0.062850 3448.3 3888.3 7.3487 0.054829 3443.6 3882.2 7.2822
800 0.08165 3643.2 4133.1 7.6582 0.069856 3639.5 4128.5 7.5836 0.061011 3635.7 4123.8 7.5185
900 0.08964 3838.8 4376.6 7.8751 0.076750 3835.7 4373.0 7.8014 0.067082 3832.7 4369.3 7.7372
1000 0.09756 4040.1 4625.4 8.0786 0.083571 4037.5 4622.5 8.0055 0.073079 4035.0 4619.6 7.9419
1100 0.10543 42471 4879.7 8.2709 0.090341 4245.0 4877.4 8.1982 0.079025 4242.8 4875.0 8.1350
1200 0.11326 4459.8 5139.4 8.4534 0.097075 44579 5137.4 8.3810 0.084934 4456.1 5135.5 8.3181
1300 0.12107 4677.7 5404.1 8.6273 0.103781 4676.1 5402.6  8.5551 0.090817 4674.5 5401.0 8.4925
P = 9.0 MPa (303.35°C) P = 10.0 MPa (311.00°C) P =12.5 MPa (327.81°C)
Doymus 0.020489 2558.5 27429 5.6791 0.018028 2545.2 27255 5.6159 0.013496 2505.6 2674.3 5.4638
325 0.023284 2647.6 2857.1 5.8738 0.019877 2611.6 2810.3 5.7596
350 0.025816 2725.0 2957.3 6.0380 0.022440 2699.6 2924.0 5.9460 0.016138 2624.9 2826.6 5.7130
400 0.029960 2849.2 3118.8 6.2876 0.026436 2833.1 3097.5 6.2141 0.020030 2789.6 3040.0 6.0433
450 0.033524 2956.3 3258.0 6.4872 0.029782 29445 32424 6.4219 0.023019 2913.7 3201.5 6.2749
500 0.036793 3056.3 3387.4 6.6603 0.032811 3047.0 3375.1 6.5995 0.025630 3023.2 3343.6 6.4651
550 0.039885 3153.0 3512.0 6.8164 0.035655 3145.4 3502.0 6.7585 0.028033 3126.1 3476.5 6.6317
600 0.042861 3248.4 3634.1 6.9605 0.038378 3242.0 3625.8 6.9045 0.030306 3225.8 3604.6 6.7828
650 0.045755 3343.4 3755.2 7.0954 0.041018 3338.0 3748.1 7.0408 0.032491 3324.1 3730.2 6.9227
700 0.048589 3438.8 3876.1 7.2229 0.043597 3434.0 3870.0 7.1693 0.034612 3422.0 3854.6 7.0540
800 0.054132 3632.0 4119.2 7.4606 0.048629 3628.2 41145 7.4085 0.038724 3618.8 4102.8 7.2967
900 0.059562 3829.6 4365.7 7.6802 0.053547 3826.5 4362.0 7.6290 0.042720 3818.9 43529 7.5195
1000 0.064919 4032.4 4616.7 7.8855 0.058391 4029.9 4613.8 7.8349 0.046641 4023.5 4606.5 7.7269
1100 0.070224 4240.7 4872.7 8.0791 0.063183 4238.5 4870.3 8.0289 0.050510 4233.1 4864.5 7.9220
1200 0.075492 44542 5133.6 8.2625 0.067938 44524 5131.7 8.2126 0.054342 4447.7 5127.0 8.1065
1300 0.080733 4672.9 5399.5 8.4371 0.072667 4671.3 5398.0 8.3874 0.058147 4667.3 5394.1 8.2819
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ABLO A-G
Kizgin su buhari
T v u h s v u h s v u h s
°C m3/kg kd/kg kdkg  kd/(kg.K)| m3kg kd/kg kd/kg kJ/(kg.K)| m3kg kd/kg  kd/kg kd/(kg.K)
P = 15.0 MPa (342.16°C) P = 17.5 MPa (354.67°C) P = 20.0 MPa (365.75°C)
Doymus0.010341 2455.7 2610.8 5.3108 0.007932 2390.7 2529.5 5.1435 | 0.005862 2294.8 2412.1 4.9310
350 0.011481 2520.9 2693.1 5.4438
400 0.015671 2740.6 2975.7 5.8819 0.012463 2684.3 2902.4 57211 |0.009950 2617.9 2816.9 5.5526
450 0.018477 2880.8 3157.9 6.1434 0.015204 2845.4 3111.4 6.0212 |0.012721 2807.3 3061.7 5.9043
500 0.020828 2998.4 3310.8 6.3480 0.017385 2972.4 3276.7 6.2424 | 0.014793 29453 3241.2 6.1446
550 0.022945 3106.2 3450.4 6.5230 0.019305 3085.8 3423.6 6.4266 |0.016571 3064.7 3396.2 6.3390
600 0.024921 3209.3 3583.1 6.6796 0.021073 31925 3561.3 6.5890 |0.018185 3175.3 3539.0 6.5075
650 0.026804 3310.1 3712.1 6.8233 0.022742 3295.8 3693.8 6.7366 |0.019695 3281.4 3675.3 6.6593
700 0.028621 3409.8 3839.1 6.9573 0.024342 3397.5 3823.5 6.8735 |0.021134 3385.1 3807.8 6.7991
800 0.032121 3609.3 4091.1 7.2037 0.027405 3599.7 4079.3 7.1237 | 0.023870 3590.1 4067.5 7.0531
900 0.035503 3811.2 4343.7 7.4288 0.030348 3803.5 4334.6 7.3511 0.026484 3795.7 43254 7.2829
1000 0.038808 4017.1 4599.2 7.6378 0.033215  4010.7 4592.0 7.5616 | 0.029020 4004.3 4584.7 7.4950
1100 0.042062 4227.7 4858.6 7.8339 0.036029 4222.3 4852.8 7.7588 | 0.031504 4216.9 4847.0 7.6933
1200 0.045279 44431 5122.3 8.0192 0.038806 4438.5 5117.6 7.9449 | 0.033952 4433.8 5112.9 7.8802
1300 0.048469 4663.3 5390.3 8.1952 0.041556  4659.2 5386.5 8.1215 | 0.036371 46552 5382.7 8.0574
P = 25.0 MPa P = 30.0 MPa P = 35.0 MPa
375 0.001978 1799.9 1849.4 4.0345 0.001792 1738.1 1791.9 3.9313 | 0.001701 1702.8 1762.4 3.8724
400 0.006005 24285 2578.7 5.1400 0.002798 2068.9 2152.8 4.4758 |0.002105 19149 1988.6 4.2144
425 0.007886  2607.8 2805.0 5.4708 0.005299 24529 2611.8 5.1473 | 0.003434 2253.3 2373.5 4.7751
450 0.009176 2721.2 2950.6 5.6759 0.006737 2618.9 2821.0 5.4422 |0.004957 2497.5 2671.0 5.1946
500 0.011143  2887.3 3165.9 5.9643 0.008691 2824.0 3084.8 5.7956 |0.006933 2755.3 2997.9 5.6331
550 0.012736  3020.8 3339.2 6.1816 0.010175 29745 3279.7 6.0403 |0.008348 2925.8 3218.0 5.9093
600 0.014140 3140.0 34935 6.3637 0.011445 3103.4 3446.8 6.2373 | 0.009523 3065.6 3399.0 6.1229
650 0.015430 3251.9 3637.7 6.5243 0.012590 3221.7 3599.4 6.4074 |0.010565 3190.9 3560.7 6.3030
700 0.016643 3359.9 3776.0 6.6702 0.013654 3334.3 3743.9 6.5599 |0.011523 3308.3 3711.6 6.4623
800 0.018922 3570.7 4043.8 6.9322 0.015628 3551.2 4020.0 6.8301 |0.013278 3531.6 3996.3 6.7409
900 0.021075 3780.2 4307.1 7.1668 0.017473 3764.6 4288.8 7.0695 |0.014904 3749.0 4270.6 6.9853
1000 0.023150 3991.5 4570.2 7.3821 0.019240 3978.6 4555.8 7.2880 |0.016450 3965.8 4541.5 7.2069
1100 0.025172  4206.1 4835.4 7.5825 0.020954 4195.2 4823.9 7.4906 |0.017942 4184.4 48124 7.4118
1200 0.027157 44246 5103.5 7.7710 0.022630 4415.3 5094.2 7.6807 |0.019398 4406.1 5085.0 7.6034
1300 0.029115  4647.2 5375.1 7.9494 0.024279 4639.2 5367.6 7.8602 | 0.020827 4631.2 5360.2 7.7841
P = 40.0 MPa P = 50.0 MPa P = 60.0 MPa
375 0.001641 1677.0 1742.6 3.8290 0.001560 1638.6 1716.6 3.7642 | 0.001503 1609.7 1699.9 3.7149
400 0.001911  1855.0 1931.4 4.1145 0.001731 1787.8 1874.4 4.0029 |0.001633 17452 1843.2 3.9317
425 0.002538 2097.5 2199.0 4.5044 0.002009 1960.3 2060.7 4.2746 |0.001816 1892.9 2001.8 4.1630
450 0.003692 2364.2 2511.8 4.9449 0.002487 2160.3 2284.7 4.5896 | 0.002086 2055.1 2180.2 4.4140
500 0.005623 2681.6 2906.5 5.4744 0.003890 2528.1 2722.6 5.1762 | 0.002952 2393.2 2570.3 4.9356
550 0.006985 2875.1 3154.4 5.7857 0.005118  2769.5 3025.4 5.5563 | 0.003955 2664.6 2901.9 5.3517
600 0.008089 3026.8 3350.4 6.0170 0.006108 2947.1 3252.6 5.8245 |0.004833 2866.8 3156.8 5.6527
650 0.009053 3159.5 3521.6 6.2078 0.006957 3095.6 3443.5 6.0373 |0.005591 3031.3 3366.8 5.8867
700 0.009930 3282.0 3679.2 6.3740 0.007717 3228.7 3614.6 6.2179 | 0.006265 3175.4 3551.3 6.0814
800 0.011521 3511.8 3972.6 6.6613 0.009073 3472.2 3925.8 6.5225 |0.007456 3432.6 3880.0 6.4033
900 0.012980 3733.3 42525 6.9107 0.010296 3702.0 4216.8 6.7819 | 0.008519 3670.9 4182.1 6.6725
1000 0.014360 3952.9 4527.3 7.1355 0.011441  3927.4 4499.4 7.0131 |0.009504 3902.0 44722 6.9099
1100 0.015686 4173.7 4801.1 7.3425 0.012534 41522 47789 7.2244 |0.010439 4130.9 4757.3 7.1255
1200 0.016976  4396.9 5075.9 7.5357 0.013590 4378.6 5058.1 7.4207 |0.011339 4360.5 5040.8 7.3248
1300 0.018239 4623.3 53528 7.7175 0.014620 4607.5 5338.5 7.6048 |0.012213 4591.8 53245 7.5111
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Sikistinimis sivi buhar

Termodinamik

T v u h s v u h s v u h s
°C m3/kg kd/kg kdkg  (kd/kg.K) m3kg kd/kg kdkg  kdkg - K| m3kg kd/kg  kJ/kg (kd/kg.K)
P = 5 MPa (263.94°C) P = 10 MPa (311.00°C) P = 15 MPa (342.16°C)

Doymus 0.0012862 1148.1  1154.5 29207 | 0.0014522 1393.3 1407.9 3.3603 | 0.0016572 15855 1610.3  3.6848

0 0.0009977 0.04 5.03 0.0001 | 0.0009952 0.12 10.07 0.0003 | 0.0009928 0.18 15.07  0.0004
20 0.0009996 83.61 88.61 0.2954 | 0.0009973 83.31 93.28 0.2943 | 0.0009951 83.01 97.93  0.2932
40 0.0010057 166.92 171.95 0.5705 | 0.0010035 166.33 176.37 0.5685 | 0.0010013  165.75 180.77 0.5666
60 0.0010149 250.29 255.36 0.8287 | 0.0010127  249.43 259.55 0.8260 | 0.0010105 248.58 263.74 0.8234
80 0.0010267 333.82 338.96 1.0723 | 0.0010244 33269 342.94 1.0691 | 0.0010221 331.59 346.92 1.0659
100 0.0010410 417.65 422.85 1.3034 | 0.0010385 416.23 426.62 1.2996 | 0.0010361  414.85 430.39 1.2958
120 0.0010576  501.91 507.19 1.5236 | 0.0010549  500.18 510.73 1.5191 | 0.0010522  498.50 514.28 1.5148
140 0.0010769 586.80 592.18 1.7344 | 0.0010738  584.72 59545 1.7293 | 0.0010708 582.69 598.75 1.7243
160 0.0010988 672.55 678.04 1.9374 | 0.0010954  670.06 681.01 1.9316 | 0.0010920 667.63 684.01 1.9259
180 0.0011240  759.47 765.09 2.1338 | 0.0011200  756.48 767.68 2.1271 | 0.0011160  753.58 770.32 2.1206
200 0.0011531  847.92 853.68 2.3251 | 0.0011482  844.32 855.80 2.3174 | 0.0011435  840.84 858.00 2.3100
220 0.0011868  938.39 944.32 25127 | 0.0011809  934.01 94582 25037 | 0.0011752  929.81 947.43 2.4951
240 0.0012268 1031.6 1037.7 2.6983 | 0.0012192 1026.2 1038.3 2.6876 | 0.0012121 1021.0 1039.2 2.6774
260 0.0012755 11285 11349 2.8841 | 0.0012653 1121.6 11343 28710 | 0.0012560 1115.1 11340  2.8586
280 0.0013226 1221.8 12350 3.0565 | 0.0013096 1213.4 1233.0  3.0410
300 0.0013980 1329.4 1343.3 3.2488 | 0.0013783 1317.6 1338.3  3.2279
320 0.0014733 14319 1454.0  3.4263
340 0.0016311 1567.9 1592.4  3.6555

P = 20 MPa (365.75°C) P = 30 MPa P = 50 MPa

Doymus 0.0020378 1785.8 1826.6  4.0146

0 0.0009904 0.23  20.03 0.0005 | 0.0009857 0.29 29.86 0.0003 | 0.0009767 0.29  49.13 —0.0010
20 0.0009929 82.71 102.57 0.2921 | 0.0009886 82.11 111.77 0.2897 | 0.0009805 80.93 129.95 0.2845
40 0.0009992 165.17 185.16 0.5646 | 0.0009951 164.05 193.90 0.5607 | 0.0009872 161.90 211.25 0.5528
60 0.0010084 247.75 267.92 0.8208 | 0.0010042  246.14 276.26 0.8156 | 0.0009962  243.08 292.88 0.8055
80 0.0010199  330.50 350.90 1.0627 | 0.0010155  328.40 358.86 1.0564 | 0.0010072  324.42 374.78 1.0442
100 0.0010337 41350 43417 1.2920 | 0.0010290  410.87 44174 1.2847 | 0.0010201  405.94 456.94 1.2705
120 0.0010496 496.85 517.84 1.5105 | 0.0010445  493.66 525.00 1.5020 | 0.0010349  487.69 539.43 1.4859
140 0.0010679 580.71 602.07 1.7194 | 0.0010623  576.90 608.76 1.7098 | 0.0010517  569.77 622.36 1.6916
160 0.0010886 665.28 687.05 1.9203 | 0.0010823  660.74 693.21 1.9094 | 0.0010704 652.33 705.85 1.8889
180 0.0011122  750.78 773.02 2.1143 | 0.0011049 74540 77855 2.1020 | 0.0010914  735.49 790.06 2.0790
200 0.0011390  837.49 860.27 2.3027 | 0.0011304  831.11  865.02 2.2888 | 0.0011149  819.45 875.19 2.2628
220 0.0011697 92577 949.16 2.4867 | 0.0011595  918.15 952.93 24707 | 0.0011412  904.39 961.45 2.4414
240 0.0012053 1016.1 1040.2 2.6676 | 0.0011927 1006.9 1042.7 2.6491 | 0.0011708  990.55 1049.1 2.6156
260 0.0012472 1109.0 1134.0 2.8469 | 0.0012314 1097.8 11347 2.8250 | 0.0012044 1078.2 1138.4  2.7864
280 0.0012978 1205.6 12315 3.0265 | 0.0012770 1191.5 1229.8 3.0001 | 0.0012430 1167.7 1229.9  2.9547
300 0.0013611 1307.2 1334.4 3.2091 | 0.0013322 1288.9 1328.9 3.1761 | 0.0012879 1259.6 13240  3.1218
320 0.0014450 1416.6 14455 3.3996 | 0.0014014 1391.7 14337 3.3558 | 0.0013409 1354.3 1421.4  3.2888
340 0.0015693 1540.2 1571.6  3.6086 | 0.0014932 1502.4 15471  3.5438 | 0.0014049 14529 1523.1 3.4575
360 0.0018248 1703.6 1740.1  3.8787 | 0.0016276 1626.8 1675.6 3.7499 | 0.0014848 1556.5 1630.7  3.6301
380 0.0018729 1782.0 1838.2 4.0026 | 0.0015884 1667.1 1746.5  3.8102
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ABLO A-8
Doymus buz - su buhari
Ozgiil hacim, ic enerji, Entalpi, Entropi,
m3/kg kJ/kg kJ/kg kJ/(kg.K)
Doymus Doymus Doymus Doymus Doymus Doymus Doymus Doymus Doymus
Sicaklik.,basinci, buz, buhar, buz, Siubl., buhar, buz, Subl., buhar, buz, Sibl., buhar,
T°C Paoy KPa v Vg u; Uyg Ug h; hig hg S; Sig Sq
0.01 0.61169 0.001091 205.99 —333.40 27079 23745 —333.40 28339 2500.5 —1.2202 10.374 9.154
0 0.61115  0.001091 206.17 —333.43 2707.9 23745 —333.43 2833.9 2500.5 —1.2204 10.375 9.154
-2 0.51772  0.001091 24162 —337.63 2709.4 2371.8 -337.63 28345 24968 -—1.2358 10.453 9.218
-4 0.43748 0.001090 283.84 —341.80 2710.8 2369.0 —341.80 2835.0 2493.2 —1.2513 10.533 9.282
-6 0.36873 0.001090  334.27 —345.94 27122 2366.2 —345.93 28354 2489.5 —1.2667 10.613 9.347
-8 0.30998 0.001090  394.66 —350.04 27135 2363.5 —350.04 28358 24858 —1.2821 10.695 9.413
-10 0.25990 0.001089  467.17 —354.12 2714.8 2360.7 -—354.12 28362 24821 —1.2976 10.778  9.480
-12 0.21732 0.001089  554.47 —358.17 2716.1 2357.9 —358.17 2836.6 2478.4 —1.3130 10.862 9.549
—14 0.18121 0.001088  659.88 —362.18 2717.3 23552 —362.18 2836.9 24747 —1.3284 10.947 9.618
-16 0.15068 0.001088 787.51 —366.17 2718.6 23524 —366.17 2837.2 2471.0 —1.3439 11.033 9.689
-18 0.12492 0.001088 942,51 —370.13 2719.7 2349.6 —370.13 28375 2467.3 —1.3593 11.121  9.761
-20 0.10326 0.001087 1131.3  —374.06 27209 2346.8 -—374.06 2837.7 24636 —1.3748 11.209 9.835
—-22 0.08510 0.001087 1362.0 —377.95 2722.0 23441 —-377.95 2837.9 24599 -1.3903 11.300 9.909
—24 0.06991 0.001087 1644.7 —381.82 27231 2341.3 -—381.82 2838.1 2456.2 —1.4057 11.391  9.985
-26 0.05725 0.001087 19922 —385.66 27242 23385 —385.66 2838.2 24525 —1.4212 11.484 10.063
-28 0.04673 0.001086 2421.0 —389.47 27252 23357 —389.47 2838.3 24488 —1.4367 11.578 10.141
-30 0.03802 0.001086 2951.7 —393.25 2726.2 2332.9 -—393.25 2838.4 24451 —1.4521 11.673 10.221
-32 0.03082 0.001086 36109 —397.00 2727.2 2330.2 -—397.00 2838.4 24414 —1.4676 11.770 10.303
-34 0.02490 0.001085 4432.4  —400.72 27281 2327.4 —400.72 2838.5 2437.7 —1.4831 11.869 10.386
-36 0.02004 0.001085 5460.1 —404.40 2729.0 2324.6 —404.40 2838.4 2434.0 —1.4986 11.969 10.470
—-38 0.01608 0.001085 6750.5 —408.07 2729.9 2321.8 —408.07 2838.4 2430.3 —1.5141 12.071 10.557
—40 0.01285 0.001084 8376.7 —411.70 2730.7 2319.0 —411.70 2838.3 24266 —1.5296 12.174 10.644
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SEKIL A-10

Su i¢in Mollier diyagrami

Kaynak: NBS/NRC Steam Tables/1 by Lester Haar, John S. Gallagher, and George S. Kell. Copyright © 1984.” Routledge/Taylor & Francis Books, Inc.” izin

alinarak basilmistir.
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| Termodinamik

() A

Doymus sogutucu akiskan- 134a - Sicaklik tablosu

Ozgiil, hacim I¢c enerji Entalpi Entropi,
m3/kg kJ/kg kJ/kg kJ/(kg.K)

Doyma Doymus  Doymus Doymus Doymus Doymus Doymus Doymus Doymus
Sicak., basincl., sivi buhar, sivi, Buhar., buhar, sivi, Buhar.,, buhar, sivi, Buhar., buhar,
T°C Pdoy kPa v; Vg Uy Ugg Ug hy hfg hg S Sty Sq
—40 51.25 0.0007054 0.36081 —0.036 207.40 207.37 0.000 225.86 225.86 0.00000 0.96866 0.96866
—38 56.86 0.0007083 0.32732 2.475 206.04 208.51 2515 224.61 227.12 0.01072 0.95511 0.96584
—36 62.95 0.0007112  0.29751 4992 204.67 209.66 5.037 223.35 228.39 0.02138 0.94176 0.96315
—-34 69.56 0.0007142  0.27090 7.517 203.29 210.81 7.566 222.09 229.65 0.03199 0.92859 0.96058
—-32 76.71 0.0007172  0.24711 10.05 201.91 21196 10.10 220.81 230.91 0.04253 0.91560 0.95813
—30 84.43 0.0007203  0.22580 12.59 200.52 213.11 1265 21952 232.17 0.05301 0.90278 0.95579
—28 92.76 0.0007234  0.20666 15.13 199.12 21425 1520 218.22 233.43 0.06344 0.89012 0.95356
—-26 101.73 0.0007265 0.18946 17.69 197.72 21540 17.76 216.92 234.68 0.07382 0.87762 0.95144
—-24 111.37 0.0007297  0.17395 20.25 196.30 216.55 20.33 21559 235.92 0.08414 0.86527 0.94941
—22 121.72 0.0007329  0.15995 22.82 194.88 217.70 22.91 214.26 s237.17 0.09441 0.85307 0.94748
—-20 132.82 0.0007362 0.14729 25.39 193.45 218.84 2549 21291 238.41 0.10463 0.84101 0.94564
—18 144.69 0.0007396 0.13583 27.98 192.01 219.98 28.09 211.55 239.64 0.11481 0.82908 0.94389
—16 157.38 0.0007430 0.12542 30.57 190.56 221.13 30.69 210.18 240.87 0.12493 0.81729 0.94222
—-14 170.98 0.0007464 0.11597 33.17 189.09 222.27 33.30 208.79 242.09 0.13501 0.80561 0.94063
—-12 185.37 0.0007499 0.10736  35.78 187.62 223.40 35.92 207.38 243.30 0.14504 0.79406 0.93911
—10 200.74 0.0007535 0.099516 38.40 186.14 224.54 3855 205.96 24451 0.15504 0.78263 0.93766

-8 217.08  0.0007571 0.092352 41.03  184.64 22567 41.19 20452 24572 0.16498 0.77130 0.93629
—6 234.44 0.0007608 0.085802 43.66 183.13 226.80 43.84 203.07 246.91 0.17489 0.76008 0.93497
—4 252.85 0.0007646 0.079804 46.31 181.61 227.92 46.50 201.60 248.10 0.18476 0.74896 0.93372
—2 272.36 0.0007684 0.074304 48.96 180.08 229.04 49.17 200.11 249.28 0.19459 0.73794 0.93253
0 293.01 0.0007723 0.069255 51.63 178.53 230.16 51.86 198.60 250.45 0.20439 0.72701 0.93139
2 31484 0.0007763 0.064612 54.30 176.97 231.27 5455 197.07 251.61 0.21415 0.71616 0.93031
4  337.90 0.0007804 0.060338 56.99 175.39 232.38 57.25 195,51 252.77 0.22387 0.70540 0.92927
6 362.23 0.0007845 0.056398 59.68 173.80 233.48 59.97 193.94 253.91 0.23356 0.69471 0.92828
8 387.88 0.0007887 0.052762 62.39 17219 23458 62.69 192.35 255.04 0.24323 0.68410 0.92733
10 414.89 0.0007930 0.049403 65.10 170.56 235.67 65.43 190.73 256.16 0.25286 0.67356 0.92641
12 443.31 0.0007975 0.046295 67.83 168.92 236.75 68.18 189.09 257.27 0.26246 0.66308 0.92554
14 473.19 0.0008020 0.043417 70.57 167.26 237.83 70.95 187.42 258.37 0.27204 0.65266 0.92470
16 504.58 0.0008066 0.040748 73.32 165.58 238.90 73.73 185.73 259.46 0.28159 0.64230 0.92389
18 537.52 0.0008113  0.038271 76.08 163.88 239.96 76.52 184.01 260.53 0.29112 0.63198 0.92310
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ABLO A
Doymus sogutucu akiskan- 134a - Sicaklik tablosu (Devam)
Specific volume, Internal energy, Enthalpy, Entropy,
m3/kg kJ/kg kJ/kg kd/kg - K
Doyma Doymus Doymus Doymus Doymus Doymus Doymus Doymus Doymus
Sicak., basincl., sivi, buhar, SIvi, Buhar., buhar,  sivi, Buhar., buhar, sivi, Buhar., buhar,
T°C Pdoy kPa v, Vg Uy Uy Ug hy hfg hg S Sp Sg

20 572.07 0.0008161  0.035969 78.86 162.16 241.02 79.32 18227 261.59 0.30063 0.62172 0.92234
22 608.27 0.0008210 0.033828 81.64 160.42 242.06 82.14 180.49 262.64 0.31011 0.61149 0.92160
24 646.18 0.0008261 0.031834 84.44 158.65 243.10 8498 178.69 263.67 0.31958 0.60130 0.92088
26 685.84 0.0008313 0.029976 87.26 156.87 244.12 87.83 176.85 264.68 0.32903 0.59115 0.92018
28 727.31 0.0008366  0.028242 90.09 155.05 245.14 90.69 17499 265.68 0.33846 0.58102 0.91948

30 770.64 0.0008421 0.026622 92.93 153.22 246.14 93.58 173.08 266.66 0.34789 0.57091 0.91879
32 815.89 0.0008478 0.025108 95.79 15135 24714 96.48 171.14 267.62 0.35730 0.56082 0.91811
34  863.11 0.0008536 0.023691 98.66 149.46 248.12 9940 169.17 268.57 0.36670 0.55074 0.91743
36 912.35 0.0008595 0.022364 101.55 147.54 249.08 102.33 167.16 269.49 0.37609 0.54066 0.91675
38 963.68 0.0008657 0.021119 104.45 14558 250.04 105.29 165.10 270.39 0.38548 0.53058 0.91606

40 10171 0.0008720 0.019952 107.38 143.60 250.97 108.26 163.00 271.27 0.39486 0.52049 0.91536
42 1072.8 0.0008786 0.018855 110.32 141.58 251.89 111.26 160.86 272.12 0.40425 0.51039 0.91464
44 1130.7 0.0008854 0.017824 113.28 139.52 252.80 114.28 158.67 272.95 0.41363 0.50027 0.91391
46 1191.0 0.0008924 0.016853 116.26 137.42 253.68 117.32 156.43 273.75 0.42302 0.49012 0.91315
48 1253.6 0.0008996 0.015939 119.26 135.29 254.55 120.39 154.14 27453 0.43242 0.47993 0.91236

52 1386.2  0.0009150 0.014265 125.33 130.88 256.21 126.59 149.39 27598 0.45126 0.45941 0.91067
56 1529.1 0.0009317 0.012771  131.49 126.28 257.77 13291 14438 277.30 0.47018 0.43863 0.90880
60 1682.8  0.0009498 0.011434 137.76 121.46 259.22 139.36 139.10 278.46 0.48920 0.41749 0.90669
65 1891.0 0.0009750 0.009950 145.77 115.05 260.82 147.62 132.02 279.64 0.51320 0.39039 0.90359
70 2118.2 0.0010037 0.008642 154.01 108.14 262.15 156.13 124.32 280.46 0.53755 0.36227 0.89982
75 2365.8 0.0010372 0.007480 162.53 100.60 263.13 164.98 11585 280.82 0.56241 0.33272 0.89512

80 2635.3 0.0010772 0.006436 171.40 92.23 263.63 174.24 106.35 280.59 0.58800 0.30111 0.88912

85 2928.2 0.0011270 0.005486 180.77  82.67 263.44 184.07 9544 27951 0.61473 0.26644 0.88117

90 32469 0.0011932 0.004599 190.89 71.29 262.18 194.76 82.35 277.11 0.64336 0.22674 0.87010

95 3594.1 0.0012933  0.003726  202.40 56.47 258.87 207.05 65.21 27226 0.67578 0.17711  0.85289
100 3975.1 0.0015269 0.002630 218.72 29.19 24791 224.79 33.58 258.37 0.72217 0.08999 0.8

Kaynak: A-11 - A-13 Tablolari, S? A-? Klean ve F? L? Alvarado tarafindan gelistirilen “ Engineering Equation Solver” (EES) yazilimi kullanilarak
Uretilmistir. Hesaplarda R134a rutini kullaniimigtir. Bu rutin R. Tillner-Roth ve H? D? Baehr tarafindan gelistirilen temel durum denklemlerine dayalidir
(“An International Standart Formulation for the Thermodynamic Properties of 1,1,1,2- Tetrafluoroethane (HFC-134a) for Temperatures from 170 K 455 K
and Pressures up to 70 MPa,” J. Phys. Chem, Ref. Data, Vol. 23, No. 5, 1994). Doymus sivinin entalpi ve entropisine—40°C (and —40°F) sicaklikta sifir
degeri verilmistir.
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Doymus sogutucu akiskan-134a — Basinc tablosu

Ozgil Hacim, I¢ enerji, Entalpi, Entropi,
m3/kg kJ/kg kJ/kg kJ/kg -

Doyma Doymus Doymus Doymus Doymus Doymus Doymus Doymus Doymus
Basing., Sicak., sivi, buhar, buz, Buhar., buhar, sivi, Buhar., buhar, sivi, Buhar., buhar,,
PkPa T, °C v Vg Uy Ugg U hy hyg hg S Sy Sg

60 —36.95 0.0007098 0.31121 3.798 205.32 209.12 3.841 223.95 227.79 0.01634 0.94807 0.96441

70 —33.87 0.0007144 0.26929 7.680 203.20 210.88 7.730 222.00 229.73 0.03267 0.92775 0.96042

80 —31.13 0.0007185 0.23753 11.15 201.30 212.46 11.21  220.25 231.46 0.04711 0.90999 0.95710

90 -—-28.65 0.0007223 0.21263 14.31 199.57 213.88 14.37 218.65 233.02 0.06008 0.89419 0.95427
100 —26.37 0.0007259 0.19254 17.21  197.98 215.19 17.28 217.16 234.44 0.07188 0.87995 0.95183
120 —22.32 0.0007324 0.16212 2240 19511 217.51 2249 214.48 236.97 0.09275 0.85503 0.94779
140 —18.77 0.0007383 0.14014 26.98 19257 21954 27.08 212.08 239.16 0.11087 0.83368 0.94456
160 —15.60 0.0007437 0.12348 31.09 190.27 221.35 31.21 209.90 241.11 0.12693 0.81496 0.94190
180 —12.73 0.0007487 0.11041 34.83 188.16 22299 34.97 207.90 24286 0.14139 0.79826 0.93965
200 —10.09 0.0007533 0.099867 38.28 186.21 22448 38.43 206.03 24446 0.15457 0.78316 0.93773
240 —-5.38 0.0007620 0.083897 4448 182.67 227.14 4466 202.62 247.28 0.17794 0.75664 0.93458
280 —1.25 0.0007699 0.072352 49.97 179.50 229.46 50.18 199.54 249.72 0.19829 0.73381 0.93210
320 2.46 0.0007772 0.063604 5492 176.61 23152 55.16 196.71 251.88 0.21637 0.71369 0.93006
360 5.82 0.0007841 0.056738 59.44 173.94 233.38 59.72 194.08 253.81 0.23270 0.69566 0.92836
400 8.91 0.0007907 0.051201 63.62 171.45 235.07 63.94 191.62 255.55 0.24761 0.67929 0.92691
450 12.46 0.0007985 0.045619 68.45 168.54 237.00 68.81 188.71 25753 0.26465 0.66069 0.92535
500 15.71 0.0008059 0.041118 7293 165.82 238.75 73.33 185.98 259.30 0.28023 0.64377 0.92400
550 18.73 0.0008130 0.037408 7710 163.25 240.35 77.54 183.38 260.92 0.29461 0.62821 0.92282
600 21.55 0.0008199 0.034295 81.02 160.81 241.83 81.51 180.90 262.40 0.30799 0.61378 0.92177
650 24.20 0.0008266 0.031646 84.72 158.48 243.20 8526 17851 263.77 0.32051 0.60030 0.92081
700 26.69 0.0008331 0.029361 88.24 156.24 24448 88.82 176.21 265.03 0.33230 0.58763 0.91994
750 29.06 0.0008395 0.027371 91.59 154.08 24567 92.22 173.98 266.20 0.34345 0.57567 0.91912
800 31.31 0.0008458 0.025621 9479 152.00 246.79 95.47 171.82 267.29 0.35404 0.56431 0.91835
850 33.45 0.0008520 0.024069 97.87 149.98 247.85 98.60 169.71 268.31 0.36413 0.55349 0.91762
900 35.51 0.0008580 0.022683 100.83 148.01 248.85 101.61 167.66 269.26 0.37377 0.54315 0.91692
950 37.48 0.0008641 0.021438 103.69 146.10 249.79 104.51 165.64 270.15 0.38301 0.53323 0.91624
1000 39.37 0.0008700 0.020313 106.45 14423 250.68 107.32 163.67 270.99 0.39189 0.52368 0.91558
1200 46.29 0.0008934 0.016715 116.70 137.11 253.81 117.77 156.10 273.87 0.42441 0.48863 0.91303
1400 52.40 0.0009166 0.014107 125.94 130.43 256.37 127.22 148.90 276.12 0.45315 0.45734 0.91050
1600 57.88 0.0009400 0.012123 134.43 124.04 258.47 135.93 14193 277.86 0.47911 0.42873 0.90784
1800 62.87 0.0009639 0.010559 142.33 117.83 260.17 144.07 135.11 279.17 0.50294 0.40204 0.90498
2000 67.45 0.0009886 0.009288 149.78 111.73 261.51 151.76 128.33 280.09 0.52509 0.37675 0.90184
2500 77.54 0.0010566 0.006936 166.99 96.47 263.45 169.63 111.16 280.79 0.57531 0.31695 0.89226
3000 86.16 0.0011406 0.005275 183.04 80.22 263.26 186.46 92.63 279.09 0.62118 0.25776 0.87894
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ABLO A

Kizgin sogutucu akiskan-134a

T v u h s v u h S v u h S

°C  mdkg kdkg kdkg kJ/(kg.K)| mikg kdkg kdkg  kd/(kg.K)| m3kg kdkg kdkg kJ/(kg.K)

P = 0.06 MPa (T,,,~ —36.95°C) P = 0.10 MPa (T,,, = —26.37°C) P = 0.14 MPa (T, = —18.77°C)

Doymus 0.31121  209.12  227.79 0.9644 0.19254 21519 234.44 0.9518 0.14014  219.54  239.16 0.9446

—-20  0.33608 220.60 240.76 1.0174 0.19841  219.66 239.50 0.9721

-10  0.35048 227.55 248.58 1.0477 0.20743 22675 247.49 1.0030 0.14605 22591 246.36 0.9724

0 036476 234.66 25654 1.0774 021630 233.95 25558 1.0332 0.15263 23323 254.60 1.0031

10 0.37893 241.92 264.66 1.1066 0.22506 241.30 263.81 1.0628 0.15908  240.66  262.93 1.0331
20  0.39302 249.35 272.94 1.1353 0.23373 24879 27217 1.0918 0.16544 24822 271.38 1.0624
30 040705 256.95 281.37 1.1636 0.24233  256.44 280.68 1.1203 017172 25593  279.97 1.0912
40 042102 264.71 289.97 1.1915 0.25088 264.25 289.34 1.1484 0.17794  263.79 288.70 1.1195
50  0.43495 27264 298.74 1.2191 0.25937 27222 298.16 1.1762 0.18412 27179  297.57 1.1474
60  0.44883 280.73 307.66 1.2463 0.26783 280.35 307.13 1.2035 0.19025  279.96 306.59 1.1749
70 046269 288.99 316.75 1.2732 0.27626  288.64 316.26 1.2305 0.19635  288.28 315.77 1.2020
80 047651 297.41 326.00 1.2997 0.28465 297.08 32555 1.2572 0.20242  296.75 32509 1.2288
90  0.49032 306.00 33542 1.3260 0.29303 305.69 334.99 1.2836 0.20847  305.38  334.57 1.2553

100 0.50410 314.74 344.99 1.3520 0.30138  314.46 344.60 1.3096 0.21449  314.17 34420 1.2814

P = 0.18 MPa (T, = —12.73°C)

P = 0.20 MPa (T, = —10.09°C)

P = 0.24 MPa (T, = —5.38°C)

Doymus 0.11041  222.99 242.86 0.9397 0.09987 224.48 244.46 0.9377 0.08390  227.14 247.28 0.9346
—10  0.11189 22502 245.16 0.9484 0.09991 22455 24454 0.9380
0 011722 23248 25358 0.9798 0.10481 232.09 253.05 0.9698 0.08617  231.29 251.97 0.9519
10 0.12240 240.00 262.04 1.0102 0.10955 239.67 261.58 1.0004 0.09026  238.98 260.65 0.9831
20  0.12748 247.64 270.59 1.0399 0.11418 247.35 270.18 1.0303 0.09423 24674 269.36 1.0134
30  0.13248 25541 279.25 1.0690 0.11874 25514 278.89 1.0595 0.00812  254.61 278.16 1.0429
40 013741 263.31 288.05 1.0975 0.12322 263.08 287.72 1.0882 0.10193 26259 287.06 1.0718
50  0.14230 271.36 296.98 1.1256 0.12766 27115 296.68 1.1163 0.10570 27071 296.08 1.1001
60  0.14715 279.56 306.05 1.1532 0.13206  279.37 30578 1.1441 0.10942  278.97 30523 1.1280
70 015196 287.91 31527 1.1805 0.13641 287.73 315.01 1.1714 0.11310  287.36 31451 1.1554
80  0.15673 296.42 324.63 1.2074 0.14074 296.25 324.40 1.1983 0.11675 29591 32393 1.1825
90  0.16149 305.07 334.14 1.2339 0.14504 304.92 33393 1.2249 0.12038  304.60 333.49 1.2092
100  0.16622 313.88 343.80 1.2602 0.14933 313.74 34360 1.2512 0.12398 31344 34320 1.2356
P = 0.28 MPa (T, = —1.25°C) P = 0.32 MPa (T, = 2.46°C) P = 0.40 MPa (T,,,= 8.91°C)

Doymus 0.07235 229.46 249.72 0.9321 0.06360 231.52 251.88 0.9301 0.051201 235.07 25555 0.9269
0 007282 23044 250.83 0.9362

10 0.07646 23827 259.68 0.9680 0.06609 237.54 25869 0.9544 0.051506  235.97 256.58 0.9305
20 007997 24613 268.52 0.9987 0.06925 24550 267.66 0.9856 0.054213 24418 265.86 0.9628
30 008338 254.06 277.41 1.0285 0.07231 25350 276.65 1.0157 0.056796  252.36 275.07 0.9937
40 008672 26210 286.38 1.0576 0.07530 261.60 28570 1.0451 0.059292  260.58 284.30 1.0236
50  0.09000 270.27 29547 1.0862 0.07823 269.82 294.85 1.0739 0.061724  268.90 293.59 1.0528
60  0.09324 27856 304.67 1.1142 0.08111  278.15  304.11  1.1021 0.064104 277.32 302.96 1.0814
70 0.09644 286.99 314.00 1.1418 0.08395 286.62 313.48 1.1298 0.066443 285.86 312.44 1.1094
80  0.09961 29557 323.46 1.1690 0.08675 29522 32298 1.1571 0.068747  294.53 322.02 1.1369
90  0.10275 30429 333.06 1.1958 0.08953 303.97 33262 1.1840 0.071023  303.32 331.73 1.1640
100 0.10587 31315 342.80 1.2222 0.09229 312.86 34239 1.2105 0.073274  312.26 34157 1.1907
110 0.10897 32216 352.68 1.2483 0.09503 321.89 352.30 1.2367 0.075504  321.33 35153 1.2171
120 0.11205 331.32 362.70 1.2742 0.09775 331.07 362.35 1.2626 0.077717 33055 361.63 1.2431
130 0.11512  340.63 372.87 1.2997 0.10045 340.39 37254 1.2882 0.079913  339.90 371.87 1.2688
140 0.11818 350.09 383.18 1.3250 0.10314 349.86 382.87 1.3135 0.082096  349.41 38224 1.2942
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BLO A

A

Kizgin sogutucu akiskan-134a (Devam)

T v u h S v u h s v u h s
°C  mdkg kd/kg kJdkg kJ/(kg.K)| m¥kg kdkg kdkg kJ/(kg.K)| mkg kd/kg  kd/kg kd/(kg.K)
P = 0.50 MPa (T, = 15.71°C) P = 0.60 MPa (T,,,= 21.55°C) P = 0.70 MPa (T,,,= 26.69°C)

Doym. 0.041118  238.75 259.30 0.9240 0.034295  241.83 26240 0.9218 0.029361 244.48 265.03 0.9199
20 0.042115 242.40 263.46 0.9383
30 0.044338 250.84 273.01 0.9703 0.035984  249.22 270.81  0.9499 0.029966 247.48 268.45 0.9313
40 0.046456 259.26 282.48 1.0011 0.037865  257.86 280.58 0.9816 0.031696 256.39 278.57 0.9641
50 0.048499 267.72 291.96 1.0309 0.039659  266.48 290.28 1.0121 0.033322 265.20 288.53 0.9954
60 0.050485 276.25 301.50 1.0599 0.041389  275.15 299.98  1.0417 0.034875 274.01 298.42 1.0256
70 0.052427 284.89 311.10 1.0883 0.043069  283.89 309.73  1.0705 0.036373 282.87 308.33 1.0549
80 0.054331 293.64 320.80 1.1162 0.044710  292.73 319.55  1.0987 0.037829 291.80 318.28 1.0835
90 0.056205 302.51 330.61 1.1436 0.046318  301.67 329.46 1.1264 0.039250 300.82 32829 1.1114
100 0.058053 311.50 340.53 1.1705 0.047900  310.73 339.47 1.1536 0.040642 309.95 338.40 1.1389
110 0.059880 320.63 350.57 1.1971 0.049458  319.91 349.59  1.1803 0.042010 319.19 348.60 1.1658
120 0.061687 329.89 360.73 1.2233 0.050997  329.23 359.82  1.2067 0.043358 328.55 358.90 1.1924
130 0.063479 339.29 371.03 1.2491 0.052519  338.67 370.18  1.2327 0.044688 338.04 369.32 1.2186
140 0.065256 348.83 381.46 1.2747 0.054027  348.25 380.66 1.2584 0.046004 347.66 379.86 1.2444
150 0.067021  358.51 392.02 1.2999 0.0565522  357.96 391.27 1.2838 0.047306 357.41 390.52 1.2699
160 0.068775 368.33 402.72 1.3249 0.057006  367.81  402.01 1.3088 0.048597 367.29 401.31  1.2951

P = 0.80 MPa (T, = 31.31°C) P = 0.90 MPa (T, = 35.51°C) P = 1.00 MPa (T, = 39.37°C)

Doym. 0.025621  246.79 267.29 0.9183 0.022683  248.85 269.26  0.9169 0.020313 250.68 270.99 0.9156
40 0.027035 254.82 276.45 0.9480 0.023375  253.13 274.17  0.9327 0.020406 251.30 27171 0.9179
50 0.028547 263.86 286.69 0.9802 0.024809  262.44 284.77  0.9660 0.021796 260.94 282.74 0.9525
60 0.029973 272.83 296.81 1.0110 0.026146  271.60 295.13 0.9976 0.023068 270.32 293.38 0.9850
70 0.031340 281.81 306.88 1.0408 0.027413  280.72 305.39  1.0280 0.024261 279.59 303.85 1.0160
80 0.032659 290.84 316.97 1.0698 0.028630  289.86 315.63 1.0574 0.025398 288.86 314.25 1.0458
90 0.033941  299.95 327.10 1.0981 0.029806  299.06 325.89  1.0860 0.026492 298.15 324.64 1.0748
100 0.035193  309.15 337.30 1.1258 0.030951 308.34 336.19  1.1140 0.027552 307.51 335.06 1.1031
110 0.036420 318.45 347.59 1.1530 0.032068  317.70 346.56 1.1414 0.028584 316.94 345.53 1.1308
120 0.037625 327.87 357.97 1.1798 0.033164  327.18 357.02 1.1684 0.029592 326.47 356.06 1.1580
130 0.038813 337.40 368.45 1.2061 0.034241 336.76 367.58  1.1949 0.030581 336.11 366.69 1.1846
140 0.039985 347.06 379.05 1.2321 0.035302  346.46 378.23 1.2210 0.031554 345.85 377.40 1.2109
150 0.041143  356.85 389.76 1.2577 0.036349  356.28 389.00  1.2467 0.032512 355.71 388.22 1.2368
160 0.042290 366.76 400.59 1.2830 0.037384  366.23 399.88 1.2721 0.033457 365.70 399.15 1.2623
170 0.043427 376.81 411.55 1.3080 0.038408  376.31 410.88 1.2972 0.034392 375.81 410.20 1.2875
180 0.044554  386.99 422.64 1.3327 0.039423  386.52 422.00 1.3221 0.035317 386.04 42136 1.3124

P = 1.20 MPa (T, = 46.29°C) P = 1.40 MPa (T, = 52.40°C) P = 1.60 MPa (T,,, = 57.88°C)

Doym. 0.016715 253.81 273.87 0.9130 0.014107  256.37 276.12  0.9105 0.012123 258.47 277.86 0.9078
50 0.017201 257.63 278.27 0.9267
60 0.018404 267.56 289.64 0.9614 0.015005  264.46 285.47  0.9389 0.012372 260.89 280.69 0.9163
70 0.019502 277.21 300.61 0.9938 0.016060 274.62 297.10  0.9733 0.013430 271.76 293.25 0.9535
80 0.020529 286.75 311.39 1.0248 0.017023  284.51 308.34 1.0056 0.014362 282.09 305.07 0.9875
90 0.021506 296.26 322.07 1.0546 0.017923  294.28 319.37 1.0364 0.015215 29217 316.52 1.0194
100 0.022442  305.80 332.73 1.0836 0.018778  304.01 330.30  1.0661 0.016014 302.14 327.76  1.0500
110 0.023348 315.38 343.40 1.1118 0.019597  313.76 341.19  1.0949 0.016773 312.07 338.91 1.0795
120 0.024228 325.03 354.11 1.1394 0.020388  323.55 352.09 1.1230 0.017500 322.02 350.02 1.1081
130 0.025086 334.77 364.88 1.1664 0.021155 333.41 363.02 1.1504 0.018201 332.00 361.12  1.1360
140 0.025927 344.61 375.72 1.1930 0.021904  343.34 374.01 1.1773 0.018882 342.05 372.26 1.1632
150 0.026753 354.56 386.66 1.2192 0.022636  353.37 385.07 1.2038 0.019545 352.17 383.44 1.1900
160 0.027566  364.61 397.69 1.2449 0.023355  363.51 396.20 1.2298 0.020194 362.38 394.69 1.2163
170 0.028367 374.78 408.82 1.2703 0.024061 373.75 407.43  1.2554 0.020830 372.69 406.02 1.2421
180 0.029158  385.08 420.07 1.2954 0.024757  384.10 418.76  1.2807 0.021456 383.11 417.44 1.2676
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SEKIL A-14
Sogutucu akigkan 134a’min P-h diyagrami.

Not: Diyagram i¢in kullanilan referans noktasi, R- 134a tablolarinda kullanilandan farklidir. Bu nedenle problemler ¢oziiliirken 6zelik verilerinin tamami
ya tablolardan, ya da diyagramlardan alinmali, her ikisi birlikte kullanilmamalidir.

“ American Society of Heating, Refrigerating, and Air-Conditioning Engineers, Inc., Atlanta, GA’ min izni alinarak basilmigtir.



(a) Diiiik basinglar, 0 < PR< 1.0

inami

Page 908
Termod

:15

10

908

lek  11/6/08

1.0

T

A

(W

A 500

v

() 1=
INES

DiYAGRAM

20
S5

bl

116

L=

I}

0.9

=

6.0

7,

o
" RT,IP

v,

P
P

TK

5.5

0.8

NELSON — OBERT
GENELLESTIRILMIS

TTTRRO

SIKISTIRILABILIRLIK DiYAGRAMI

5.0

SANKI-INDIRGENMIS HACIM,
WA AANNARNANN ARRNANNNNE AN NRRRAN AN

INDIRGENMIS BASING.P,
INDIRGENMIS SICAKLIK,

1953

==

0.7

|

Eammi

A0

4.5

OCHEE

A

.6

0
R

R
4.0
P

P

35

0.5

EF”

3

INDIRGENMIS BASING,

3.0

INDIRGENMIS BASING,

Q P R e e e A e e e )

(b) Orta basinglar, 0 < PR <7

0.4

1

No.

N

IDIYAGRAM

St

2.5

568

X

3.00

v

R

T

0.3

T

2.0

o

T,

RTRT,IP,

o

15

25 Z 1.00

P

R

T

kP,
F10

R
T
R

T

1.5

P

0.2

NELSON — OBERT

a=cau

GENELLESTIRILMIS

---DEVIATION > 1.0%

NOTE

1.0

SIKISTIRILABILIRLIK DiYAGRAMI

INDIRGENMIS BASING.
INDIRGENMIS SICAKLIK,
SANKI-INDIRGENMI$ HACIM, v

953
0.5

Dr. Edward E. Obert, University of Wisconsin” in izni alinarak kullunilmigtir.

Nelson—Obert’in genellestirilmis sikistirilabilirlik diyagramu.
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ABLO A 0
Ylksek seviyede atmosferin 6zelikleri
sl

Yukseklik, Sicaklik, Basing, Yer Gekimi  Ses hizi, Yogunluk, viskozite, lletkenlik,
m °C kPa g, m/s? m/s kg/m3 w, kg/(m.s) W/m - K
0 15.00 101.33 9.807 340.3 1.225 1.789 X 1075 0.0253
200 13.70 98.95 9.806 339.5 1.202 1.783 X 107° 0.0252
400 12.40 96.61 9.805 338.8 1.179 1.777 X 1078 0.0252
600 11.10 94.32 9.805 338.0 1.156 1.771 X 107° 0.0251
800 9.80 92.08 9.804 337.2 1.134 1.764 x 1073 0.0250
1000 8.50 89.88 9.804 336.4 1.112 1.758 X 107° 0.0249
1200 7.20 87.72 9.803 335.7 1.090 1.752 X 107° 0.0248
1400 5.90 85.60 9.802 334.9 1.069 1.745 < 1073 0.0247
1600 4.60 83.53 9.802 334.1 1.048 1.739 X 1075 0.0245
1800 3.30 81.49 9.801 333.3 1.027 1.732 X 1075 0.0244
2000 2.00 79.50 9.800 332.5 1.007 1.726 X 1075 0.0243
2200 0.70 77.55 9.800 331.7 0.987 1.720 X 1075 0.0242
2400 -0.59 75.63 9.799 331.0 0.967 1.713 X 1075 0.0241
2600 -1.89 73.76 9.799 330.2 0.947 1.707 X 1075 0.0240
2800 -3.19 71.92 9.798 3294 0.928 1.700 X 107° 0.0239
3000 —4.49 70.12 9.797 328.6 0.909 1.694 X 1075 0.0238
3200 -5.79 68.36 9.797 327.8 0.891 1.687 X 107° 0.0237
3400 —7.09 66.63 9.796 327.0 0.872 1.681 X 107° 0.0236
3600 —8.39 64.94 9.796 326.2 0.854 1.674 X 107° 0.0235
3800 —9.69 63.28 9.795 325.4 0.837 1.668 X< 1075 0.0234
4000 -10.98 61.66 9.794 324.6 0.819 1.661 X 107° 0.0233
4200 -12.3 60.07 9.794 323.8 0.802 1.655 X 107° 0.0232
4400 —-13.6 58.52 9.793 323.0 0.785 1.648 x 1075 0.0231
4600 -14.9 57.00 9.793 322.2 0.769 1.642 X 1075 0.0230
4800 —-16.2 55.51 9.792 321.4 0.752 1.635 X 107° 0.0229
5000 —-17.5 54.05 9.791 320.5 0.736 1.628 x 107° 0.0228
5200 -18.8 52.62 9.791 319.7 0.721 1.622 X 1075 0.0227
5400 —20.1 51.28 9.790 318.9 0.705 1.615 X 1075 0.0226
5600 —-21.4 49.86 9.789 318.1 0.690 1.608 X 107° 0.0224
5800 —22.7 48.52 9.785 317.3 0.675 1.602 X 107° 0.0223
6000 —24.0 47.22 9.788 316.5 0.660 1.595 X 1075 0.0222
6200 -25.3 45.94 9.788 315.6 0.646 1.588 X 107° 0.0221
6400 —26.6 44.69 9.787 314.8 0.631 1.582 X 107° 0.0220
6600 —27.9 43.47 9.786 314.0 0.617 1.575 X 107° 0.0219
6800 —29.2 42.27 9.785 313.1 0.604 1.568 x 10~° 0.0218
7000 -30.5 41.11 9.785 312.3 0.590 1.561 X 107° 0.0217
8000 —36.9 35.65 9.782 308.1 0.526 1.527 X 107° 0.0212
9000 —43.4 30.80 9.779 303.8 0.467 1.493 x 107° 0.0206
10,000 —49.9 26.50 9.776 299.5 0.414 1.458 X 107° 0.0201
12,000 -56.5 19.40 9.770 2951 0.312 1.422 X 107° 0.0195
14,000 —56.5 1417 9.764 295.1 0.228 1.422 X 107° 0.0195
16,000 -56.5 10.53 9.758 295.1 0.166 1.422 X 1075 0.0195
18,000 —56.5 7.57 9.751 295.1 0.122 1.422 X 1075 0.0195

Kaynak: U.S. Standard Atmosphere Supplements, U.S. Government Printing Office, 1966. Degerler 45°enlemindeki kosullarin yil boyu ortalamalarina dayaldir
ve yilin herhangi bir anina ve hava yapisina bagli olarak degisir. Deniz seviyesindeki (z = 0) kosullar P = 101.325 kPa, T = 15°C, p = 1.2250 kg/m?,

g = 9.80665 m/s? olarak alinmistir.
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Termodinamik

Havanin mikemmel-gaz 6zeliktleri

T h u s° T h u s°

K kJ/kg P, kJ/kg v, kJ/(kg.K) K kJ/kg P, kJ/kg v, kJ/(kg.K)
200 199.97 0.3363 14256 1707.0 1.29559 580 586.04 14.38 41955 115.7 2.37348
210 209.97 0.3987 149.69 1512.0 1.34444 590 596.52 15.31 427.15 110.6 2.39140
220 219.97 0.4690 156.82 1346.0 1.39105 600 607.02 16.28 434.78 105.8 2.40902
230 230.02 0.5477 164.00 1205.0 1.43557 610 617.53 17.30 44242 101.2 2.42644
240 240.02 0.6355 171.13 1084.0 1.47824 620 628.07 18.36  450.09 96.92 2.44356
250 250.05 0.7329 178.28 979.0 1.51917 630 638.63 19.84 457.78 92.84 2.46048
260 260.09 0.8405 185.45 887.8 1.55848 640 649.22 20.64 465.50 88.99 2.47716
270 270.11 0.9590 192.60 808.0 1.59634 650 659.84 21.86 473.25 85.34 2.49364
280 280.13 1.0889 199.75 738.0 1.63279 660 670.47 23.13 481.01 81.89 2.50985
285 285.14 1.1584 203.33 706.1 1.65055 670 681.14 24.46 488.81 78.61 2.52589
290 290.16 1.2311  206.91 676.1 1.66802 680 691.82 25.85 496.62 75.50 2.54175
295 295.17 1.3068 210.49 647.9 1.68515 690 702.52 27.29 504.45 72.56 2.55731
298 298.18 1.3543 212.64 631.9 1.69528 700 713.27 28.80 512.33 69.76 2.57277
300 300.19 1.3860 214.07 621.2 1.70203 710 724.04 30.38 520.23 67.07 2.58810
305 305.22 1.4686 217.67 596.0 1.71865 720 734.82 32.02 528.14 64.53 2.60319
310 310.24 1.5546 221.25 572.3 1.73498 730 745.62 33.72 536.07 62.13 2.61803
315 315.27 1.6442 224.85 549.8 1.75106 740 756.44 35.50 544.02 59.82 2.63280
320 320.29 1.7375 228.42 528.6 1.76690 750 767.29 37.35 551.99 57.63 2.64737
325 325.31 1.8345 232.02 508.4 1.78249 760 778.18 39.27 560.01 55.54 2.66176
330 330.34 1.9352 235.61 489.4 1.79783 780 800.03 43.35 576.12 51.64 2.69013
340 340.42 2.149 242.82 4541 1.82790 800 821.95 47.75 592.30 48.08 2.71787
350 350.49 2.379 250.02 422.2 1.85708 820 843.98 52.59 608.59 44.84 2.74504
360 360.58 2.626 257.24 393.4 1.88543 840 866.08 57.60 624.95 41.85 2.77170
370 370.67 2.892 264.46 367.2 1.91313 860 888.27 63.09 641.40 39.12 2.79783
380 380.77 3.176 271.69 343.4 1.94001 880 910.56 68.98 657.95 36.61 2.82344
390 390.88 3.481 278.93 321.5 1.96633 900 932.93 75.29 674.58 34.31 2.84856
400 400.98 3.806 286.16 301.6 1.99194 920 955.38 82.05 691.28 32.18 2.87324
410 41112 4.153 293.43 283.3 2.01699 940 977.92 89.28 708.08 30.22 2.89748
420 421.26 4,522 300.69 266.6 2.04142 960 1000.55 97.00 725.02 28.40 2.92128
430 431.43 4915 307.99 251.1 2.06533 980 1023.25 105.2 741.98 26.73 2.94468
440 441.61 5.332 315.30 236.8 2.08870 1000 1046.04 114.0 758.94 25.17 2.96770
450 451.80 5.775 322.62 223.6 2.11161 1020 1068.89 123.4 776.10 23.72 2.99034
460 462.02 6.245 329.97 211.4 2.13407 1040 1091.85 133.3 793.36 23.29 3.01260
470 472.24 6.742 337.32 200.1 2.15604 1060 1114.86 143.9 810.62 21.14 3.03449
480 482.49 7.268 344.70 189.5 2.17760 1080 1137.89 155.2 827.88 19.98 3.05608
490 492.74 7.824 352.08 179.7 2.19876 1100 1161.07 167.1 845.33 18.896 3.07732
500 503.02 8.411 359.49 170.6 2.21952 1120 1184.28 179.7 862.79 17.886 3.09825
510 513.32 9.031 366.92 162.1 2.23993 1140 1207.57 193.1 880.35 16.946 3.11883
520 523.63 9.684 374.36 154.1 2.25997 1160 1230.92 207.2 897.91 16.064 3.13916
530 533.98 10.37 381.84 146.7 2.27967 1180 1254.34 222.2 915.57 15.241 3.15916
540 54435 11.10 389.34 139.7 2.29906 1200 1277.79 238.0 933.33 14470 3.17888
550 555.74 11.86 396.86 133.1 2.31809 1220 1301.31 254.7 951.09 13.747 3.19834
560 565.17 12.66 404.42 127.0 2.33685 1240 1324.93 272.3 968.95 13.069 3.21751
570 575.59 13.50 411.97 121.2 2.35531
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ABLO A
Havanin mikemmel-gaz 6zelikleri (Devam)
T h u s° T h u s°
K kJ/kg P, kJ/kg v, kd/(kg.K) K kJ/kg P, kJ/kg v, kJ/(kg.K)
1260 1348.55 290.8 986.90 12.435 3.23638 1600 1757.57 791.2 1298.30 5.804 3.52364
1280 137224 3104 1004.76  11.835 3.25510 1620 1782.00 834.1 1316.96 5.574 3.53879
1300 1395.97 330.9 1022.82 11.275 3.27345 1640 1806.46 878.9 1335.72 5.355 3.55381
1320 1419.76 352.5 1040.88 10.747 3.29160 1660 1830.96 925.6 1354.48 5.147 3.56867
1340 1443.60 375.3 1058.94 10.247 3.30959 1680 1855.50 974.2 1373.24 4.949 3.58335
1360 1467.49 399.1 1077.10 9.780 3.32724 1700 1880.1 1025 1392.7 4761 3.5979
1380 1491.44 4242 1095.26 9.337 3.34474 1750 19416 1161 1439.8 4.328 3.6336
1400 151542 4505 1113.52 8.919 3.36200 1800 2003.3 1310 1487.2 3.994 3.6684
1420 1539.44 478.0 1131.77 8.526 3.37901 1850 2065.3 1475 15349 3.601 3.7023
1440 1563.51 506.9 1150.13 8.153 3.39586 1900 2127.4 1655 15682.6 3.295 3.7354
1460 1587.63 537.1 1168.49 7.801 3.41247 1950 2189.7 1852 1630.6  3.022 3.7677
1480 1611.79 568.8 1186.95 7.468 3.42892 2000 2252.1 2068 1678.7 2.776 3.7994
1500 1635.97 601.9 1205.41 7.152 3.44516 2050 2314.6 2303 1726.8  2.555 3.8303
1520 1660.23 636.5 1223.87 6.854 3.46120 2100 2377.7 2559 1775.3 2.356 3.8605
1540 1684.51 672.8 1242.43 6.569 3.47712 2150 2440.3 2837 1823.8 2.175 3.8901
1560 1708.82 710.5 1260.99 6.301 3.49276 2200 2503.2 3138 18724 2.012 3.9191
1580 1733.17 750.0 1279.65 6.046 3.50829 2250 2566.4 3464 1921.3 1.864 3.9474

Not: P, (bagil basing) ve v, (bagil 6zgll hacim) 6zelikleri, izantropik durum degisimlerinin ¢éziimlemesinde kullanilan boyutsuz buyikliklerdir. Basing ve
6zgil hacim 6zelikleriyle karigtirimamalidir.

Kaynak: Kenneth Wark, Termodinamik, 4th ed. (New York: McGraw-Hill, 1983), pp. 785-86, tablo A-5. ilk olarak “J. H. Keenan and
J. Kaye, Gas Tables (New York: John Wiley & Sons, 1948)”adli kaynakta yayinlanmistir.
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N, , Azotun mikemmel gaz &zelikleri

T h u 5° T h U 5°
K kJ/kmol kJ/kmol kJ/(kmol.K) K kJ/kmol kd/kmol kJ/(kmol .K)
0 0 0 0 600 17,563 12,574 212.066
220 6,391 4,562 182.639 610 17,864 12,792 212.564
230 6,683 4,770 183.938 620 18,166 13,011 213.055
240 6,975 4,979 185.180 630 18,468 13,230 213.541
250 7,266 5,188 186.370 640 18,772 13,450 214.018
260 7,558 5,396 187.514 650 19,075 13,671 214.489
270 7,849 5,604 188.614 660 19,380 13,892 214.954
280 8,141 5,813 189.673 670 19,685 14,114 215.413
290 8,432 6,021 190.695 680 19,991 14,337 215.866
298 8,669 6,190 191.502 690 20,297 14,560 216.314
300 8,723 6,229 191.682 700 20,604 14,784 216.756
310 9,014 6,437 192.638 710 20,912 15,008 217.192
320 9,306 6,645 193.562 720 21,220 15,234 217.624
330 9,597 6,853 194.459 730 21,529 15,460 218.059
340 9,888 7,061 195.328 740 21,839 15,686 218.472
350 10,180 7,270 196.173 750 22,149 15,913 218.889
360 10,471 7,478 196.995 760 22,460 16,141 219.301
370 10,763 7,687 197.794 770 22,772 16,370 219.709
380 11,055 7,895 198.572 780 23,085 16,599 220.113
390 11,347 8,104 199.331 790 23,398 16,830 220.512
400 11,640 8,314 200.071 800 23,714 17,061 220.907
410 11,932 8,523 200.794 810 24,027 17,292 221.298
420 12,225 8,733 201.499 820 24,342 17,524 221.684
430 12,518 8,943 202.189 830 24,658 17,757 222.067
440 12,811 9,153 202.863 840 24,974 17,990 222.447
450 13,105 9,363 203.523 850 25,292 18,224 222822
460 13,399 9,574 204.170 860 25,610 18,459 223.194
470 13,693 9,786 204.803 870 25,928 18,695 223.562
480 13,988 9,997 205.424 880 26,248 18,931 223.927
490 14,285 10,210 206.033 890 26,568 19,168 224.288
500 14,581 10,423 206.630 900 26,890 19,407 224.647
510 14,876 10,635 207.216 910 27,210 19,644 225.002
520 15,172 10,848 207.792 920 27,532 19,883 225.353
530 15,469 11,062 208.358 930 27,854 20,122 225.701
540 15,766 11,277 208.914 940 28,178 20,362 226.047
550 16,064 11,492 209.461 950 28,501 20,603 226.389
560 16,363 11,707 209.999 960 28,826 20,844 226.728
570 16,662 11,923 210.528 970 29,151 21,086 227.064
580 16,962 12,139 211.049 980 29,476 21,328 227.398
590 17,262 12,356 211.562 990 29,803 21,571 227.728
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ABLO A ]
N, , Azotun mikemmel gaz &ézelikleri (Devam)
T h u 5° T h u 3°
K kd/kmol kd/kmol kJ/(kmol.K) K kd/kmol kd/kmol kJ/(kmol .K)
1000 30,129 21,815 228.057 1760 56,227 41,594 247.396
1020 30,784 22,304 228.706 1780 56,938 42,139 247.798
1040 31,442 22,795 229.344 1800 57,651 42,685 248.195
1060 32,101 23,288 229.973 1820 58,363 43,231 248.589
1080 32,762 23,782 230.591 1840 59,075 43,777 248.979
1100 33,426 24,280 231.199 1860 59,790 44,324 249.365
1120 34,092 24,780 231.799 1880 60,504 44,873 249.748
1140 34,760 25,282 232.391 1900 61,220 45,423 250.128
1160 35,430 25,786 232.973 1920 61,936 45,973 250.502
1180 36,104 26,291 233.549 1940 62,654 46,524 250.874
1200 36,777 26,799 234.115 1960 63,381 47,075 251.242
1220 37,452 27,308 234.673 1980 64,090 47,627 251.607
1240 38,129 27,819 235.223 2000 64,810 48,181 251.969
1260 38,807 28,331 235.766 2050 66,612 49,567 252.858
1280 39,488 28,845 236.302 2100 68,417 50,957 253.726
1300 40,170 29,361 236.831 2150 70,226 52,351 254.578
1320 40,853 29,378 237.353 2200 72,040 53,749 255.412
1340 41,539 30,398 237.867 2250 73,856 55,149 256.227
1360 42,227 30,919 238.376 2300 75,676 56,553 257.027
1380 42,915 31,441 238.878 2350 77,496 57,958 257.810
1400 43,605 31,964 239.375 2400 79,320 59,366 258.580
1420 44,295 32,489 239.865 2450 81,149 60,779 259.332
1440 44,988 33,014 240.350 2500 82,981 62,195 260.073
1460 45,682 33,543 240.827 2550 84,814 63,613 260.799
1480 46,377 34,071 241.301 2600 86,650 65,033 261.512
1500 47,073 34,601 241.768 2650 88,488 66,455 262.213
1520 47,771 35,133 242.228 2700 90,328 67,880 262.902
1540 48,470 35,665 242.685 2750 92,171 69,306 263.577
1560 49,168 36,197 243.137 2800 94,014 70,734 264.241
1580 49,869 36,732 243.585 2850 95,859 72,163 264.895
1600 50,571 37,268 244.028 2900 97,705 73,593 265.538
1620 51,275 37,806 244.464 2950 99,556 75,028 266.170
1640 51,980 38,344 244.896 3000 101,407 76,464 266.793
1660 52,686 38,884 245.324 3050 103,260 77,902 267.404
1680 53,393 39,424 245.747 3100 105,115 79,341 268.007
1700 54,099 39,965 246.166 3150 106,972 80,782 268.601
1720 54,807 40,507 246.580 3200 108,830 82,224 269.186
1740 55,516 41,049 246.990 3250 110,690 83,668 269.763

Kaynak: A-18 - A-25 Tablolari, “Kenneth Wark, Termodinamik, 4th ed. (New York: McGraw-Hill, 1983), pp. 787-98. Adli kaynaktan uyarlanmistir. Tablo-
lar ilk olarak “JANAF, Thermochemical Tables, NSRDS-NBS-37, 1971” adli kaynakta yayinlanmistir.
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Termodinamik

T h U 3° T h u 3°
K kd/kmol kd/kmol kJ/(kmol .K) K kd/kmol kJ/kmol kJ/(kmol .K)
0 0 0 0 600 17,929 12,940 226.346
220 6,404 4,575 196.171 610 18,250 13,178 226.877
230 6,694 4,782 197.461 620 18,572 13,417 227.400
240 6,984 4,989 198.696 630 18,895 13,657 227.918
250 7,275 5,197 199.885 640 19,219 13,898 228.429
260 7,566 5,405 201.027 650 19,544 14,140 228.932
270 7,858 5,613 202.128 660 19,870 14,383 229.430
280 8,150 5,822 203.191 670 20,197 14,626 229.920
290 8,443 6,032 204.218 680 20,524 14,871 230.405
298 8,682 6,203 205.033 690 20,854 15,116 230.885
300 8,736 6,242 205.213 700 21,184 15,364 231.358
310 9,030 6,453 206.177 710 21,514 15,611 231.827
320 9,325 6,664 207.112 720 21,845 15,859 232.291
330 9,620 6,877 208.020 730 22177 16,107 232.748
340 9,916 7,090 208.904 740 22,510 16,357 233.201
350 10,213 7,303 209.765 750 22,844 16,607 233.649
360 10,511 7,518 210.604 760 23,178 16,859 234.091
370 10,809 7,733 211.423 770 23,513 17,111 234.528
380 11,109 7,949 212.222 780 23,850 17,364 234.960
390 11,409 8,166 213.002 790 24,186 17,618 235.387
400 11,711 8,384 213.765 800 24,523 17,872 235.810
410 12,012 8,603 214.510 810 24,861 18,126 236.230
420 12,314 8,822 215.241 820 25,199 18,382 236.644
430 12,618 9,043 215.955 830 25,537 18,637 237.055
440 12,923 9,264 216.656 840 25,877 18,893 237.462
450 13,228 9,487 217.342 850 26,218 19,150 237.864
460 13,525 9,710 218.016 860 26,559 19,408 238.264
470 13,842 9,935 218.676 870 26,899 19,666 238.660
480 14,151 10,160 219.326 880 27,242 19,925 239.051
490 14,460 10,386 219.963 890 27,584 20,185 239.439
500 14,770 10,614 220.589 900 27,928 20,445 239.823
510 15,082 10,842 221.206 910 28,272 20,706 240.203
520 15,395 11,071 221.812 920 28,616 20,967 240.580
530 15,708 11,301 222.409 930 28,960 21,228 240.953
540 16,022 11,533 222.997 940 29,306 21,491 241.323
550 16,338 11,765 223.576 950 29,652 21,754 241.689
560 16,654 11,998 224.146 960 29,999 22,017 242.052
570 16,971 12,232 224.708 970 30,345 22,280 242.411
580 17,290 12,467 225.262 980 30,692 22,544 242.768
590 17,609 12,703 225.808 990 31,041 22,809 242.120
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ABLO A-19
O, Oksijenin imikemmel gaz 6zelikleri (Devam)
T h u 5° T h u 5°
K kJd/kmol kJ/kmol kJ/(kmol .K) K kJ/kmol kJ/kmol kJ/(kmol .K)
1000 31,389 23,075 243.471 1760 58,880 44,247 263.861
1020 32,088 23,607 244164 1780 59,624 44,825 264.283
1040 32,789 24,142 244.844 1800 60,371 45,405 264.701
1060 33,490 24,677 245.513 1820 61,118 45,986 265.113
1080 34,194 25,214 246.171 1840 61,866 46,568 265.521
1100 34,899 25,753 246.818 1860 62,616 47,151 265.925
1120 35,606 26,294 247.454 1880 63,365 47,734 266.326
1140 36,314 26,836 248.081 1900 64,116 48,319 266.722
1160 37,023 27,379 248.698 1920 64,868 48,904 267.115
1180 37,734 27,923 249.307 1940 65,620 49,490 267.505
1200 38,447 28,469 249.906 1960 66,374 50,078 267.891
1220 39,162 29,018 250.497 1980 67,127 50,665 268.275
1240 39,877 29,568 251.079 2000 67,881 51,253 268.655
1260 40,594 30,118 251.653 2050 69,772 52,727 269.588
1280 41,312 30,670 252.219 2100 71,668 54,208 270.504
1300 42,033 31,224 252.776 2150 73,573 55,697 271.399
1320 42,753 31,778 253.325 2200 75,484 57,192 272.278
1340 43,475 32,334 253.868 2250 77,397 58,690 273.136
1360 44,198 32,891 254.404 2300 79,316 60,193 273.891
1380 44,923 33,449 254.932 2350 81,243 61,704 274.809
1400 45,648 34,008 255.454 2400 83,174 63,219 275.625
1420 46,374 34,567 255.968 2450 85,112 64,742 276.424
1440 47,102 35,129 256.475 2500 87,057 66,271 277.207
1460 47,831 35,692 256.978 2550 89,004 67,802 277.979
1480 48,561 36,256 257.474 2600 90,956 69,339 278.738
1500 49,292 36,821 257.965 2650 92,916 70,883 279.485
1520 50,024 37,387 258.450 2700 94,881 72,433 280.219
1540 50,756 37,952 258.928 2750 96,852 73,987 280.942
1560 51,490 38,520 259.402 2800 98,826 75,546 281.654
1580 52,224 39,088 259.870 2850 100,808 77,112 282.357
1600 52,961 39,658 260.333 2900 102,793 78,682 283.048
1620 53,696 40,227 260.791 2950 104,785 80,258 283.728
1640 54,434 40,799 261.242 3000 106,780 81,837 284.399
1660 55,172 41,370 261.690 3050 108,778 83,419 285.060
1680 55,912 41,944 262.132 3100 110,784 85,009 285.713
1700 56,652 42,517 262.571 3150 112,795 86,601 286.355
1720 57,394 43,093 263.005 3200 114,809 88,203 286.989
1740 58,136 43,669 263.435 3250 116,827 89,804 287.614
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Termodinamik

CO,, Karbon dioksitin mikemmel gaz &zelikleri

T h u 5° T h u 5°
K kd/kmol kd/kmol kJ/(kmol.K) K kd/kmol kJ/kmol kJ/(kmol .K)
0 0 0 0 600 22,280 17,291 243.199
220 6,601 4,772 202.966 610 22,754 17,683 243.983
230 6,938 5,026 204.464 620 23,231 18,076 244.758
240 7,280 5,285 205.920 630 23,709 18,471 245.524
250 7,627 5,548 207.337 640 24,190 18,869 246.282
260 7,979 5,817 208.717 650 24,674 19,270 247.032
270 8,335 6,091 210.062 660 25,160 19,672 247.773
280 8,697 6,369 211.376 670 25,648 20,078 248.507
290 9,063 6,651 212.660 680 26,138 20,484 249.233
298 9,364 6,885 213.685 690 26,631 20,894 249.952
300 9,431 6,939 213.915 700 27,125 21,305 250.663
310 9,807 7,230 215.146 710 27,622 21,719 251.368
320 10,186 7,526 216.351 720 28,121 22,134 252.065
330 10,570 7,826 217.534 730 28,622 22,522 252.755
340 10,959 8,131 218.694 740 29,124 22,972 253.439
350 11,351 8,439 219.831 750 29,629 23,393 254117
360 11,748 8,752 220.948 760 30,135 23,817 254.787
370 12,148 9,068 222.044 770 30,644 24,242 255.452
380 12,552 9,392 223.122 780 31,154 24,669 256.110
390 12,960 9,718 224.182 790 31,665 25,097 256.762
400 13,372 10,046 225.225 800 32,179 25,527 257.408
410 13,787 10,378 226.250 810 32,694 25,959 258.048
420 14,206 10,714 227.258 820 33,212 26,394 258.682
430 14,628 11,053 228.252 830 33,730 26,829 259.311
440 15,054 11,393 229.230 840 34,251 27,267 259.934
450 15,483 11,742 230.194 850 34,773 27,706 260.551
460 15,916 12,091 231.144 860 35,296 28,125 261.164
470 16,351 12,444 232.080 870 35,821 28,588 261.770
480 16,791 12,800 233.004 880 36,347 29,031 262.371
490 17,232 13,158 233.916 890 36,876 29,476 262.968
500 17,678 13,521 234.814 900 37,405 29,922 263.559
510 18,126 13,885 235.700 910 37,935 30,369 264.146
520 18,576 14,253 236.575 920 38,467 30,818 264.728
530 19,029 14,622 237.439 930 39,000 31,268 265.304
540 19,485 14,996 238.292 940 39,535 31,719 265.877
550 19,945 15,372 239.135 950 40,070 32,171 266.444
560 20,407 15,751 239.962 960 40,607 32,625 267.007
570 20,870 16,131 240.789 970 41,145 33,081 267.566
580 21,337 16,515 241.602 980 41,685 33,537 268.119
590 21,807 16,902 242.405 990 42,226 33,995 268.670
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ABLO A 0
CO,, Karbon dioksitin mikemmel gaz &ézelikleri (Devam)
T h u 3° T h u 3°
K kd/kmol kd/kmol kJ/(kmol.K) K kd/kmol kd/kmol kJ/(kmol.K)
1000 42,769 34,455 269.215 1760 86,420 71,787 301.543
1020 43,859 35,378 270.293 1780 87,612 72,812 302.217
1040 44,953 36,306 271.354 1800 88,806 73,840 302.884
1060 46,051 37,238 272.400 1820 90,000 74,868 303.544
1080 47,153 38,174 273.430 1840 91,196 75,897 304.198
1100 48,258 39,112 274.445 1860 92,394 76,929 304.845
1120 49,369 40,057 275.444 1880 93,593 77,962 305.487
1140 50,484 41,006 276.430 1900 94,793 78,996 306.122
1160 51,602 41,957 277.403 1920 95,995 80,031 306.751
1180 52,724 42,913 278.361 1940 97,197 81,067 307.374
1200 53,848 43,871 297.307 1960 98,401 82,105 307.992
1220 54,977 44,834 280.238 1980 99,606 83,144 308.604
1240 56,108 45,799 281.158 2000 100,804 84,185 309.210
1260 57,244 46,768 282.066 2050 103,835 86,791 310.701
1280 58,381 47,739 282.962 2100 106,864 89,404 312.160
1300 59,522 48,713 283.847 2150 109,898 92,023 313.589
1320 60,666 49,691 284.722 2200 112,939 94,648 314.988
1340 61,813 50,672 285.586 2250 115,984 97,277 316.356
1360 62,963 51,656 286.439 2300 119,035 99,912 317.695
1380 64,116 52,643 287.283 2350 122,091 102,552 319.011
1400 65,271 53,631 288.106 2400 125,152 105,197 320.302
1420 66,427 54,621 288.934 2450 128,219 107,849 321.566
1440 67,586 55,614 289.743 2500 131,290 110,504 322.808
1460 68,748 56,609 290.542 2550 134,368 113,166 324.026
1480 66,911 57,606 291.333 2600 137,449 115,832 325.222
1500 71,078 58,606 292.114 2650 140,533 118,500 326.396
1520 72,246 59,609 292.888 2700 143,620 121,172 327.549
1540 73,417 60,613 292.654 2750 146,713 123,849 328.684
1560 74,590 61,620 294.411 2800 149,808 126,528 329.800
1580 76,767 62,630 295.161 2850 152,908 129,212 330.896
1600 76,944 63,741 295.901 2900 156,009 131,898 331.975
1620 78,123 64,653 296.632 2950 159,117 134,589 333.037
1640 79,303 65,668 297.356 3000 162,226 137,283 334.084
1660 80,486 66,592 298.072 3050 165,341 139,982 335.114
1680 81,670 67,702 298.781 3100 168,456 142,681 336.126
1700 82,856 68,721 299.482 3150 171,576 145,385 337.124
1720 84,043 69,742 300.177 3200 174,695 148,089 338.109
1740 85,231 70,764 300.863 3250 177,822 150,801 339.069
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Termodinamik

CO, Karbon monoksitin mikemmel gaz &zelikleri

T h u 5° T h u 3°
K kd/kmol kd/kmol kJ/(kmo.K) K kd/kmol kJ/kmol kJ/(kmol.K)
0 0 0 0 600 17,611 12,622 218.204
220 6,391 4,562 188.683 610 17,915 12,843 218.708
230 6,683 4,771 189.980 620 18,221 13,066 219.205
240 6,975 4,979 191.221 630 18,527 13,289 219.695
250 7,266 5,188 192.411 640 18,833 13,512 220.179
260 7,558 5,396 193.554 650 19,141 13,736 220.656
270 7,849 5,604 194.654 660 19,449 13,962 221.127
280 8,140 5,812 195.713 670 19,758 14,187 221.592
290 8,432 6,020 196.735 680 20,068 14,414 222 052
298 8,669 6,190 197.543 690 20,378 14,641 222505
300 8,723 6,229 197.723 700 20,690 14,870 222.953
310 9,014 6,437 198.678 710 21,002 15,099 223.396
320 9,306 6,645 199.603 720 21,315 15,328 223.833
330 9,597 6,854 200.500 730 21,628 15,558 224.265
340 9,889 7,062 201.371 740 21,943 15,789 224.692
350 10,181 7,271 202.217 750 22,258 16,022 225115
360 10,473 7,480 203.040 760 22,573 16,255 225.533
370 10,765 7,689 203.842 770 22,890 16,488 225.947
380 11,058 7,899 204.622 780 23,208 16,723 226.357
390 11,351 8,108 205.383 790 23,526 16,957 226.762
400 11,644 8,319 206.125 800 23,844 17,193 227.162
410 11,938 8,529 206.850 810 24,164 17,429 227.559
420 12,232 8,740 207.549 820 24,483 17,665 227.952
430 12,526 8,951 208.252 830 24,803 17,902 228.339
440 12,821 9,163 208.929 840 25,124 18,140 228.724
450 13,116 9,375 209.593 850 25,446 18,379 229.106
460 13,412 9,587 210.243 860 25,768 18,617 229.482
470 13,708 9,800 210.880 870 26,091 18,858 229.856
480 14,005 10,014 211.504 880 26,415 19,099 230.227
490 14,302 10,228 212.117 890 26,740 19,341 230.593
500 14,600 10,443 212.719 900 27,066 19,583 230.957
510 14,898 10,658 213.310 910 27,392 19,826 231.317
520 15,197 10,874 213.890 920 27,719 20,070 231.674
530 15,497 11,090 214.460 930 28,046 20,314 232.028
540 15,797 11,307 215.020 940 28,375 20,559 232.379
550 16,097 11,524 215.572 950 28,703 20,805 232.727
560 16,399 11,743 216.115 960 29,033 21,051 233.072
570 16,701 11,961 216.649 970 29,362 21,298 233.413
580 17,003 12,181 217.175 980 29,693 21,545 233.752
590 17,307 12,401 217.693 990 30,024 21,793 234.088
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TABLO A-21

CO, Karbon monoksitin mikemmel gaz 6zelikleri (Devam)

T h u 35° T h u 5°

K kJ/kmol kJ/kmol kd/(kmol.K) K kJ/kmol kJ/kmol kJ/(kmol.K)
1000 30,355 22,041 234.421 1760 56,756 42,123 253.991
1020 31,020 22,540 235.079 1780 57,473 42,673 254.398
1040 31,688 23,041 235.728 1800 58,191 43,225 254.797
1060 32,357 23,544 236.364 1820 58,910 43,778 255.194
1080 33,029 24,049 236.992 1840 59,629 44,331 255.587
1100 33,702 24,557 237.609 1860 60,351 44,886 255.976
1120 34,377 25,065 238.217 1880 61,072 45,441 256.361
1140 35,054 25,575 238.817 1900 61,794 45,997 256.743
1160 35,733 26,088 239.407 1920 62,516 46,552 257.122
1180 36,406 26,602 239.989 1940 63,238 47,108 257.497
1200 37,095 27,118 240.663 1960 63,961 47,665 257.868
1220 37,780 27,637 241.128 1980 64,684 48,221 258.236
1240 38,466 28,426 241.686 2000 65,408 48,780 258.600
1260 39,154 28,678 242.236 2050 67,224 50,179 259.494
1280 39,844 29,201 242.780 2100 69,044 51,584 260.370
1300 40,534 29,725 243.316 2150 70,864 52,988 261.226
1320 41,226 30,251 243.844 2200 72,688 54,396 262.065
1340 41,919 30,778 244.366 2250 74,516 55,809 262.887
1360 42,613 31,306 244.880 2300 76,345 57,222 263.692
1380 43,309 31,836 245.388 2350 78,178 58,640 264.480
1400 44,007 32,367 245.889 2400 80,015 60,060 265.253
1420 44,707 32,900 246.385 2450 81,852 61,482 266.012
1440 45,408 33,434 246.876 2500 83,692 62,906 266.755
1460 46,110 33,971 247.360 2550 85,537 64,335 267.485
1480 46,813 34,508 247.839 2600 87,383 65,766 268.202
1500 47,517 35,046 248.312 2650 89,230 67,197 268.905
1520 48,222 35,584 248.778 2700 91,077 68,628 269.596
1540 48,928 36,124 249.240 2750 92,930 70,066 270.285
1560 49,635 36,665 249.695 2800 94,784 71,504 270.943
1580 50,344 37,207 250.147 2850 96,639 72,945 271.602
1600 51,053 37,750 250.592 2900 98,495 74,383 272.249
1620 51,763 38,293 251.033 2950 100,352 75,825 272.884
1640 52,472 38,837 251.470 3000 102,210 77,267 273.508
1660 53,184 39,382 251.901 3050 104,073 78,715 274123
1680 53,895 39,927 252.329 3100 105,939 80,164 274.730
1700 54,609 40,474 252.751 3150 107,802 81,612 275.326
1720 55,323 41,023 253.169 3200 109,667 83,061 275.914
1740 56,039 41,572 253.582 3250 111,534 84,513 276.494
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T h u 5° T h u 5°
K kJd/kmol kJ/kmol kJ/(kmol .K) K kJ/kmol kJ/kmol kJ/(kmol.K)
0 0 0 0 1440 42,808 30,835 177.410
260 7,370 5,209 126.636 1480 44,091 31,786 178.291
270 7,657 5,412 127.719 1520 45,384 32,746 179.153
280 7,945 5,617 128.765 1560 46,683 33,713 179.995
290 8,233 5,822 129.775 1600 47,990 34,687 180.820
298 8,468 5,989 130.574 1640 49,303 35,668 181.632
300 8,522 6,027 130.754 1680 50,622 36,654 182.428
320 9,100 6,440 132.621 1720 51,947 37,646 183.208
340 9,680 6,853 134.378 1760 53,279 38,645 183.973
360 10,262 7,268 136.039 1800 54,618 39,652 184.724
380 10,843 7,684 137.612 1840 55,962 40,663 185.463
400 11,426 8,100 139.106 1880 57,311 41,680 186.190
420 12,010 8,518 140.529 1920 58,668 42,705 186.904
440 12,594 8,936 141.888 1960 60,031 43,735 187.607
460 13,179 9,355 143.187 2000 61,400 44,771 188.297
480 13,764 9,773 144.432 2050 63,119 46,074 189.148
500 14,350 10,193 145.628 2100 64,847 47,386 189.979
520 14,935 10,611 146.775 2150 66,584 48,708 190.796
560 16,107 11,451 148.945 2200 68,328 50,037 191.598
600 17,280 12,291 150.968 2250 70,080 51,373 192.385
640 18,453 13,133 152.863 2300 71,839 52,716 193.159
680 19,630 13,976 154.645 2350 73,608 54,069 193.921
720 20,807 14,821 156.328 2400 75,383 55,429 194.669
760 21,988 15,669 157.923 2450 77,168 56,798 195.403
800 23,171 16,520 159.440 2500 78,960 58,175 196.125
840 24,359 17,375 160.891 2550 80,755 59,554 196.837
880 25,551 18,235 162.277 2600 82,558 60,941 197.539
920 26,747 19,098 163.607 2650 84,368 62,335 198.229
960 27,948 19,966 164.884 2700 86,186 63,737 198.907
1000 29,154 20,839 166.114 2750 88,008 65,144 199.575
1040 30,364 21,717 167.300 2800 89,838 66,558 200.234
1080 31,580 22,601 168.449 2850 91,671 67,976 200.885
1120 32,802 23,490 169.560 2900 93,512 69,401 201.527
1160 34,028 24,384 170.636 2950 95,358 70,831 202.157
1200 35,262 25,284 171.682 3000 97,211 72,268 202.778
1240 36,502 26,192 172.698 3050 99,065 73,707 203.391
1280 37,749 27,106 173.687 3100 100,926 75,152 203.995
1320 39,002 28,027 174.652 3150 102,793 76,604 204.592
1360 40,263 28,955 175.593 3200 104,667 78,061 205.181
1400 41,530 29,889 176.510 3250 106,545 79,523 205.765
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ABLO A
H,O, Su buharinin milkemmel gaz 6zelikleri
T h u 5° T h u 3°
K kd/kmol kd/kmol kJ/(kmol.K) K kd/kmol kd/kmol kd/(kmol .K)

0 0 0 0 600 20,402 15,413 212.920
220 7,295 5,466 178.576 610 20,765 15,693 213.529
230 7,628 5,715 180.054 620 21,130 15,975 214.122
240 7,961 5,965 181.471 630 21,495 16,257 214.707
250 8,294 6,215 182.831 640 21,862 16,541 215.285
260 8,627 6,466 184.139 650 22,230 16,826 215.856
270 8,961 6,716 185.399 660 22,600 17,112 216.419
280 9,296 6,968 186.616 670 22,970 17,399 216.976
290 9,631 7,219 187.791 680 23,342 17,688 217.527
298 9,904 7,425 188.720 690 23,714 17,978 218.071
300 9,966 7,472 188.928 700 24,088 18,268 218.610
310 10,302 7,725 190.030 710 24,464 18,561 219.142
320 10,639 7,978 191.098 720 24,840 18,854 219.668
330 10,976 8,232 192.136 730 25,218 19,148 220.189
340 11,314 8,487 193.144 740 25,597 19,444 220.707
350 11,652 8,742 194.125 750 25,977 19,741 221.215
360 11,992 8,998 195.081 760 26,358 20,039 221.720
370 12,331 9,255 196.012 770 26,741 20,339 222.221
380 12,672 9,513 196.920 780 27,125 20,639 222.717
390 13,014 9,771 197.807 790 27,510 20,941 223.207
400 13,356 10,030 198.673 800 27,896 21,245 223.693
410 13,699 10,290 199.521 810 28,284 21,549 224174
420 14,043 10,551 200.350 820 28,672 21,855 224.651
430 14,388 10,813 201.160 830 29,062 22,162 225.123
440 14,734 11,075 201.955 840 29,454 22,470 225.592
450 15,080 11,339 202.734 850 29,846 22,779 226.057
460 15,428 11,603 203.497 860 30,240 23,090 226.517
470 15,777 11,869 204.247 870 30,635 23,402 226.973
480 16,126 12,135 204.982 880 31,032 23,715 227.426
490 16,477 12,403 205.705 890 31,429 24,029 227.875
500 16,828 12,671 206.413 900 31,828 24,345 228.321
510 17,181 12,940 207.112 910 32,228 24,662 228.763
520 17,534 13,211 207.799 920 32,629 24,980 229.202
530 17,889 13,482 208.475 930 33,032 25,300 229.637
540 18,245 13,755 209.139 940 33,436 25,621 230.070
550 18,601 14,028 209.795 950 33,841 25,943 230.499
560 18,959 14,303 210.440 960 34,247 26,265 230.924
570 19,318 14,579 211.075 970 34,653 26,588 231.347
580 19,678 14,856 211.702 980 35,061 26,913 231.767
590 20,039 15,134 212.320 990 35,472 27,240 232.184
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H,O, Su buharinin milkemmel gaz 6zelikleri (Devam)

T h u 5° T h u 5°

K kJd/kmol kd/kmol kJ/(kmol .K) K kJd/kmol kJd/kmol kd/(kmol .K)
1000 35,882 27,568 232.597 1760 70,535 55,902 258.151
1020 36,709 28,228 233.415 1780 71,523 56,723 258.708
1040 37,542 28,895 234.223 1800 72,513 57,547 259.262
1060 38,380 29,567 235.020 1820 73,507 58,375 259.811
1080 39,223 30,243 235.806 1840 74,506 59,207 260.357
1100 40,071 30,925 236.584 1860 75,506 60,042 260.898
1120 40,923 31,611 237.352 1880 76,511 60,880 261.436
1140 41,780 32,301 238.110 1900 77,517 61,720 261.969
1160 42,642 32,997 238.859 1920 78,527 62,564 262.497
1180 43,509 33,698 239.600 1940 79,540 63,411 263.022
1200 44,380 34,403 240.333 1960 80,555 64,259 263.542
1220 45,256 35,112 241.057 1980 81,573 65,111 264.059
1240 46,137 35,827 241.773 2000 82,593 65,965 264.571
1260 47,022 36,546 242.482 2050 85,156 68,111 265.838
1280 47,912 37,270 243.183 2100 87,735 70,275 267.081
1300 48,807 38,000 243.877 2150 90,330 72,454 268.301
1320 49,707 38,732 244.564 2200 92,940 74,649 269.500
1340 50,612 39,470 245.243 2250 95,562 76,855 270.679
1360 51,521 40,213 245.915 2300 98,199 79,076 271.839
1380 52,434 40,960 246.582 2350 100,846 81,308 272.978
1400 53,351 41,711 247.241 2400 103,508 83,553 274.098
1420 54,273 42,466 247.895 2450 106,183 85,811 275.201
1440 55,198 43,226 248.543 2500 108,868 88,082 276.286
1460 56,128 43,989 249.185 2550 111,565 90,364 277.354
1480 57,062 44,756 249.820 2600 114,273 92,656 278.407
1500 57,999 45,528 250.450 2650 116,991 94,958 279.441
1520 58,942 46,304 251.074 2700 119,717 97,269 280.462
1540 59,888 47,084 251.693 2750 122,453 99,588 281.464
1560 60,838 47,868 252.305 2800 125,198 101,917 282.453
1580 61,792 48,655 252.912 2850 127,952 104,256 283.429
1600 62,748 49,445 253.513 2900 130,717 106,605 284.390
1620 63,709 50,240 254.111 2950 133,486 108,959 285.338
1640 64,675 51,039 254.703 3000 136,264 111,321 286.273
1660 65,643 51,841 255.290 3050 139,051 113,692 287.194
1680 66,614 52,646 255.873 3100 141,846 116,072 288.102
1700 67,589 53,455 256.450 3150 144,648 118,458 288.999
1720 68,567 54,267 257.022 3200 147,457 120,851 289.884
1740 69,550 55,083 257.589 3250 150,272 123,250 290.756
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ABLO A 4
O, Tek atomlu oksijenin mikemmel gaz 6zelikleri
T h u 3° T h u 3°
K kd/kmol kd/kmol kd/(kmol.K) K kd/kmol kd/kmol kd/(kmol .K)

0 0 0 0 2400 50,894 30,940 204.932

298 6,852 4,373 160.944 2450 51,936 31,566 205.362

300 6,892 4,398 161.079 2500 52,979 32,193 205.783

500 11,197 7,040 172.088 2550 54,021 32,820 206.196
1000 21,713 13,398 186.678 2600 55,064 33,447 206.601
1500 32,150 19,679 195.143 2650 56,108 34,075 206.999
1600 34,234 20,931 196.488 2700 57,152 34,703 207.389
1700 36,317 22,183 197.751 2750 58,196 35,332 207.772
1800 38,400 23,434 198.941 2800 59,241 35,961 208.148
1900 40,482 24,685 200.067 2850 60,286 36,590 208.518
2000 42,564 25,935 201.135 2900 61,332 37,220 208.882
2050 43,605 26,560 201.649 2950 62,378 37,851 209.240
2100 44,646 27,186 202.151 3000 63,425 38,482 209.592
2150 45,687 27,811 202.641 3100 65,520 39,746 210.279
2200 46,728 28,436 203.119 3200 67,619 41,013 210.945
2250 47,769 29,062 203.588 3300 69,720 42,283 211.592
2300 48,811 29,688 204.045 3400 71,824 43,556 212.220
2350 49,852 30,314 204.493 3500 73,932 44,832 212.831

ABLO A

OH, Hidroksilin miikemmel gaz 6zelikleri

T h 1] 3° T h u 3°
K kJ/kmol kd/kmol kJ/(kmol.K) K kd/kmol kJ/kmol kJ/(kmol .K)
0 0 0 0 2400 77,015 57,061 248.628
298 9,188 6,709 183.594 2450 78,801 58,431 249.364
300 9,244 6,749 183.779 2500 80,592 59,806 250.088
500 15,181 11,024 198.955 2550 82,388 61,186 250.799
1000 30,123 21,809 219.624 2600 84,189 62,572 251.499
1500 46,046 33,575 232.506 2650 85,995 63,962 252.187
1600 49,358 36,055 234.642 2700 87,806 65,358 252.864
1700 52,706 38,571 236.672 2750 89,622 66,757 253.530
1800 56,089 41,123 238.606 2800 91,442 68,162 254.186
1900 59,505 43,708 240.453 2850 93,266 69,570 254.832
2000 62,952 46,323 242.221 2900 95,095 70,983 255.468
2050 64,687 47,642 243.077 2950 96,927 72,400 256.094
2100 66,428 48,968 243.917 3000 98,763 73,820 256.712
2150 68,177 50,301 244.740 3100 102,447 76,673 257.919
2200 69,932 51,641 245.547 3200 106,145 79,539 259.093
2250 71,694 52,987 246.338 3300 109,855 82,418 260.235
2300 73,462 54,339 247.116 3400 113,578 85,309 261.347
2350 75,236 55,697 247.879 3500 117,312 88,212 262.429
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BLO A 0

A

25°C sicaklik ve 1atm basingta Olusum entalpisi, olusum Gibbs fonksiyonu
ve mutlak entropi

Kimyasal he I 5°
Madde Formdil kJ/kmol kd/kmol  kJ/(kmol.K)
Karbon C(s) 0 0 5.74
Hidrojen Ha(9) 0 0 130.68
Azot N»(9) 0 0 191.61
Oksijen O,(9) 0 0 205.04
Karbon monoksit CO(g) -110,530 -137,150 197.65
Karbon dioksit CO,(g) —393,520 —394,360 213.80
Su buhari H,O(g) —241,820 —228,590 188.83
Su H,O(¢) —285,830 —237,180 69.92
Hidrojen peroksit H,O,(9) —136,310 —105,600 232.63
Amonyak NH;(9) —46,190 —-16,590 192.33
Metan CH,(9) —74,850 —50,790 186.16
Asetilen C,H,(9) +226,730 +209,170 200.85
Etilen C,H.(9) +52,280 +68,120 219.83
Etan C,Hg(9) —84,680 —32,890 229.49
Propilen CsHs(9) +20,410 +62,720 266.94
Propan C5Hg(9) —103,850 —23,490 269.91
n-Bitan C4Hio(9) —126,150 —-15,710 310.12
n-Oktan CgHy5(9) —208,450 +16,530 466.73
n-Oktan CgH,5(0) —249,950 +6,610 360.79
n-Dodekan C1oHa6(9) —291,010 +50,150 622.83
Benzen CeHs(9) +82,930 +129,660 269.20
Metil alkol CH,OH(g) —200,670 —162,000 239.70
Metil alkol CH,OH(¢) —238,660 —166,360 126.80
Etil alkol C,H:OH(g) —235,310 —168,570 282.59
Etil alkol C,HsOH(¢) —277,690 —174,890 160.70
Oksijen 0O(9) +249,190 +231,770 161.06
Hidrojen H(g) +218,000 +203,290 114.72
Azot N(g) +472,650 +455,510 153.30
Hidroksil OH(g) +39,460 +34,280 183.70

Kaynak: JANAF, Thermochemical Tables (Midland, MI: Dow Chemical Co., 1971); Selected Values
of Chemical Thermodynamic Properties, NBS Technical Note 270-3, 1968; and AP/ Research Pro-
ject 44 (Carnegie Press, 1953).
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ABLO A
Bilinen bazi yakitlarin ve hidrokarbonlarin ézellikleri
Ust Alt
Mol Buharlagsma Ozgl 1sil 1sil
Kimyasal katlesi, Yogunluk,' entalpisi,? 1s1,' ¢, deger,® deger,?

Yakit (hal) Formald kg/kmol kag/L kJ/kg kdkg - K kd/kg kJ/kg
Karbon (s) C 12.011 2 — 0.708 32,800 32,800
Hidrojen (g) H 2.016 — — 14.4 141,800 120,000
Karbon monoksit (gy CO 28.013 — — 1.05 10,100 10,100
Metan (g) CH, 16.043 — 509 2.20 55,530 50,050
Metanol (¢) CH,O 32.042 0.790 1168 2.53 22,660 19,920
Asetilen (g) C,H, 26.038 — — 1.69 49,970 48,280
Etan (g9) C,Hg 30.070 — 172 1.75 51,900 47,520
Etanol (¢) C,H;O 46.069 0.790 919 2.44 29,670 26,810
Propan (¢) C;Hg 44.097 0.500 335 2.77 50,330 46,340
Butan (¢€) C,Hy 58.123 0.579 362 2.42 49,150 45,370
1-Penten (€) CsHyg 70.134 0.641 363 2.20 47,760 44,630
izopentan (¢) CsHy, 72.150 0.626 — 2.32 48,570 44,910
Benzen (¢) CeHs 78.114 0.877 433 1.72 41,800 40,100
Heksen (¢€) (O - 84.161 0.673 392 1.84 47,500 44,400
Heksan (€) CeHis 86.177 0.660 366 2.27 48,310 44,740
Toluen (€) C,Hgq 92.141 0.867 412 1.71 42,400 40,500
Heptan () C/Hyg 100.204 0.684 365 2.24 48,100 44,600
Oktan (¢) CgHig 114.231 0.703 363 2.23 47,890 44,430
Dekan (¢€) CioHaos 142.285 0.730 361 2.21 47,640 44,240
Benzin (¢) C.His7n 100-110 0.72-0.78 350 2.4 47,300 44,000
Hafif dizel (¢) CHisn 170 0.78-0.84 270 2.2 46,100 43,200
Agir dizel (€) C,Hi -, 200 0.82-0.88 230 1.9 45,500 42,800
Dogal gaz (g) C.Hss:Ng1n 18 — — 2 50,000 45,000

1 atm basing ve 20°C sicaklikta.

2Sivi yakitlar igin 25°C sicaklikta, gaz yakitlar i¢in 1 atm basing ve normal kaynama sicakliginda.

325°C sicaklikta. Isil degerleri kd/kmol cinsinden elde etmek igin yakitin mol kitlesi ile ¢arpiniz.
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BLO A-28

A

K, denge sabitinin dogal logaritmasi

Vp

VA + vgB==v,C + vpD reaksiyonu i¢in K, denge sabiti K, = PCVA PIiE seklinde tanimlanir

A B
Temp.,
K H,=2H 0,=220 N,=2N HO=H,+1,0, HO=1,H,+OH CO,=CO+1,0, ",N,+1,0,=NO
298 —164.005 —186.975 —367.480 —92.208 —106.208 —103.762 —35.052
500 —92.827 —105.630 —213.372 —52.691 —60.281 —57.616 —20.295
1000 —39.803 —45.150 —99.127 —23.163 —26.034 —28.529 —9.388
1200 —30.874 —35.005 —80.011 —18.182 —20.283 —17.871 —7.569
1400 —24.463 —27.742 —66.329 —14.609 —16.099 —13.842 —6.270
1600 —19.637 —22.285 —56.055 —11.921 —13.066 —10.830 —5.294
1800 —15.866 —18.030 —48.051 —9.826 —10.657 —8.497 —4.536
2000 —12.840 —14.622 —41.645 —8.145 —8.728 —6.635 —3.931
2200 —10.353 —11.827 —36.391 —6.768 —7.148 -5.120 —3.433
2400 —8.276 —9.497 —32.011 —5.619 —5.832 —3.860 —3.019
2600 —6.517 —7.521 —28.304 —4.648 —4.719 —2.801 —2.671
2800 —5.002 —5.826 -25.117 -3.812 -3.763 —1.894 —2.372
3000 —3.685 —4.357 —22.359 —3.086 —2.937 —1.111 —2.114
3200 —2.534 —3.072 —19.937 —2.451 —2.212 —0.429 —1.888
3400 -1.516 —1.935 —17.800 —1.891 -1.576 0.169 —1.690
3600 —0.609 —0.926 —15.898 —1.392 —1.088 0.701 —1.513
3800 0.202 —0.019 —14.199 —0.945 —0.501 1.176 —1.356
4000 0.934 0.796 —12.660 —0.542 —0.044 1.599 -1.216
4500 2.486 2.513 —9.414 0.312 0.920 2.490 —0.921
5000 3.725 3.895 —6.807 0.996 1.689 3.197 —0.686
5500 4.743 5.023 —4.666 1.560 2.318 3.771 —0.497
6000 5.590 5.963 —2.865 2.032 2.843 4.245 —0.341

Kaynak: J. Van Wylen and Richard E. Sonntag, Fundamentals of Classical Termodinamik, English/SI Version, 3rd ed. (New York: John Wiley & Sons,
1986), p. 723, table A.14. “JANAF, Thermochemical Tables (Midland, MI: Thermal Research Laboratory, The Dow Chemical Company, 1971)” adli kay-
naktan verilen termodinamik verilere dayalidir.
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Genellestirilmis entalpi sapma diyagrami

Kaynak: John R. Howell and Richard O. Buckius,

Fundamentals of Engineering Thermodynamics,

0.15 0.20 0.25 0.30

0.10

SI Version (New York: McGraw-Hill, 1987), p. 558,

fig.C.2,and p. 561, fig. C.5.

Page 927

15

10

lek  11/6/08

o]
i)
<
=
N4
L
o
E #
2| g
S \2\ %23
// (i
N
/[ 1/ SO T ] [ N Y = N
A1/ %WS\\Z\NQ o ,o%oco_&m_oﬁo I D
] \M ] \.% £ .ﬁmwm_mw, wﬂfw EERNEMVESE RGN
ERE S IR IR LRt NN AT S
] \\\qﬁ\ﬁﬁ___,/ ) \ L =
R NIRRT W o
-
(LTI AN )
. // /////, o 2
/ ////I)MW QMV S\ o mc
e AN e
1D s dutib- 1l o) it Al SN N \
i - = i i S /@Q\ A\
|||||| e sl 1 | [ [ N il a
\ < VM/,,WQ. //// M = o o = = o
...... e
S owf// (=}

@Q A A n
|.m|||||--|||||||- |||||||| W// a :l«mwws = mmsw_m =7 1sewdes dpug
st -l g——r g — =

w2 w2 S w2 n 2 no e v o

o~ o~ =] =) v <t <t o o [a\] [\l — — (=}
t\_haw“: = &h_hww, =7 sewdes dpiug
y="""Y y-""

0.05



Page 928

:15

10

lek  11/6/08

inami

| Termod

928

T 3 o
N J TR AL
1\ %, o\ A~ NG
A / /_0 I T &
|\ < S M‘%Wmm
=} S| = =
NN
LA
AN s ] 11—/ A A 3 1 1 T W W W VL =
/o i 7/ / A7/ Y O W W I W
N P / / S T PPN
S / SV VAV YV W e
)
/ LU AN N AN TS
2 5 2 8§ £ 2 4 € g g/s/8/8/2 8\ = 2\ 2\|2\ 2
2 2 2 g2 Z 2 \ S S 3 0.‘0..0...1.\y._1.‘ = i 1/1_/7_.0.
, , G2
o S T 3 2 2 /5 m,,.\% \m s\ s N
B - < < bt /2] 2l T =\ - A W e
isewdes idonug //// / o\l
= /////HHHHHHHHHH -
Vi e 3 —— L~
Sl - ol il il Sl AN MO 2\ S
0 s -t s st .7
Y ki ke - ok et st it s i m N\ W\
L~ S \ /ém
77 NN P D O O O\ =
O& < @Q =
S R e B e e B B e e
\ ;
(=}
78 N N U U N I NN ! AN AN AN U A A 1Y A
S S S S S S S S o S =
m [*)) 0 o~ O v <t o N —
n
nlw%x = nlMEw =7 1sewdes donug
- N N
E £ =4
5 T&%
< Bm7
> . =)
5 £
s B
2 ZES
B RTW
- .Mm,or
& 5ER
£ 8=
= 857
O =
o Z mrmvm
™ E «%:
|l =2 <=5
< & £352
a4 & T 88
= = £ g3
L § 5
N O XL

Indirgenmis basing, PR

fig. C.3,and p. 561, fig. C.5.



929

Ek 1

1st wepdog,

~ Tistmming

SHV

'Hv

10:15 Page 929

lek  11/6/08

unSnujisnq 2] 1zl ui o) ‘vIupIY U ‘S400u1Sus] SUonpuo)-1ry pup Suiipiasiyay ‘Suypag fo £121008 uvdriouy,,
weiSeA1p yowoxnyisd urdr Surseq wejdo) une |

Le=1M3S

“I) TWUR[AIZRY UBPUTJRIER) [SAMISIOATU() OYEP] JO ANSIOATU[) ‘SIIpMS orureukpoutiay ], parddy 103 ua)

Do TIPEITS S1OWOWLId) NIy

RN A_L\¢mwu---mﬂ“nn-z—“mm“mwm
\,\mﬂx\,ﬂpo;@ L] S\ © |

4

w0 N N§ 1 TN T D >
™ W G o N e . N o s = o B o B 50 2
_

;

!

;

BN = < WV = W D= N o s e S
0 AT W N g B 5 0 D B D 5 D e '

o EnLe : ;

- - ; | L\ . 1. - L]
O N N O 2 0 O = 2\ Pt 9 2 D 0 9 P
N 0 N e 2 N O - D D 3 3 90 W 0 g i W Sz oc
N N = 0t O 9 P P S 2
01 —

AV AU -G
560 — L0l RN

R e e as A.......u.

/
X

L
|
=
|

Padts
2l

060 =
$8'0 —
08'0 —

v
=
S

\ \ \\\\\\\\\\\\\\

=
=
S

06~

)
2
S}

=]
2
S

001
/

S0

TURIO WAN.
drelug

eARY Iy 8 /wou 3 (M) TURI0 WAN
v

0s°0

O¢

EIRIEVABESSIE) MIEISNEY 2

I

~

ot 1Y

T

gy stuerdog, X
1stannAng

Nd

N

i R

/

L+
(=3
&

.
I

1
. P
ST
inaviaa
L
~

0

0r'o 8T1—

=1
=)
e

X

1S9A1AQS ZIU_(q

L1
<
A<
/| >
el

Z

0¢

*ou] ‘s1oouisuy SuIuonIpPUuO)-I1y pue JuneIdsLyoy
9¢'0 ‘Funeay Jo A19100S UBOLIDSWY 76610

E] e STE 0] duiseq Yoworeg

% NI[[EOIS [BWLION
SN/ 1 -oN wieagediq yrowoyisd AVAHSYV
H . o .



ek 11/6/08 10:15 Page 930 b

930 | Termodinamik

k+1 N\ () A
Ma* =Ma | —— = =
2+ (k— 1)Ma

A | ) b — 1 0.5+ Ditk—1) k=1.4 olgp bir mUkemmeI gaz icin bir-boyutlu, izantropik
= 7[<7><1 + Mazﬂ sikistirilabilir akig fonksiyonlari
2

A*  Mal\k + 1
- - Ma  Ma* AIA* PIP, plpo T,
£=(1+k—Ma€)
P, 2 0 0 0 1.0000 1.0000 1.0000
K — —k—1) 0.1 0.1094 5.8218 0.9930 0.9950 0.9980
P _ (1 +—M 2) 0.2 0.2182 2.9635 0.9725 0.9803 0.9921
Po 2 0.3 0.3257 2.0351 0.9395 0.9564 0.9823
T k—1__, - 0.4 0.4313 1.5901 0.8956 0.9243 0.9690
T I+——Ma 0.5  0.5345 13398  0.8430  0.8852 0.9524
0.6 0.6348 1.1882 0.7840 0.8405 0.9328
0.7 0.7318 1.0944 0.7209 0.7916 0.9107
0.8 0.8251 1.0382 0.6560 0.7400 0.8865
0.9 0.9146 1.0089 0.5913 0.6870 0.8606
1.0 1.0000 1.0000 0.5283 0.6339 0.8333
1.2 1.1583 1.0304 0.4124 0.5311 0.7764
1.4 1.2999 1.1149 0.3142 0.4374 0.7184
1.6 1.4254 1.2502 0.2353 0.3557 0.6614
1.8 1.5360 1.4390 0.1740 0.2868 0.6068
2.0 1.6330 1.6875 0.1278 0.2300 0.5556
2.2 1.7179 2.0050 0.0935 0.1841 0.5081
2.4 1.7922 2.4031 0.0684 0.1472 0.4647
2.6 1.8571 2.8960 0.0501 0.1179 0.4252
2.8 1.9140 3.5001 0.0368 0.0946 0.3894
3.0 1.9640 4.2346 0.0272 0.0760 0.3571
5.0 2.2361 25.000 0.0019 0.0113 0.1667
o 2.2495 o 0 0 0
3.0
1 AIA®
2.5
2.0
2
% b Ma*
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Ty, = T

(k — HMa? + 2
May =N i — kv 1
2kMa? — k + 1
P, 1+ kMaj 2kMaj — k + 1
P, 1 +iMa2  k+1
p» PyP,  (k+ DMa; V,
p1 TY/T, 2+ (k- DMa? V,
T, 2+ Maj(k— 1)
T, 2+ Madk— 1)
Py Ma[1 + Maj(k — 1)/2]%* k=Dl
Py, Mayll + Ma(k — 1)2
Py, (1 +kMap[1 + Maj(k — 1)/2]7%""
P 1 + kMa2

Normal sok fonksiyonlari

Ek1 | 931
ABLO A
k = 1.4 olan bir mikemmel gaz i¢in bir-boyutlu normal sok fonksiyonlari
Ma; Ma, Pyl P P2lp T/ Poo/ Py Poa! Py
1.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.8929
1.1 0.9118 1.2450 1.1691 1.0649 0.9989 2.1328
1.2 0.8422 1.5133 1.3416 1.1280 0.9928 2.4075
1.3 0.7860 1.8050 1.5157 1.1909 0.9794 2.7136
1.4 0.7397 2.1200 1.6897 1.2547 0.9582 3.0492
1.5 0.7011 2.4583 1.8621 1.3202 0.9298 3.4133
1.6 0.6684 2.8200 2.0317 1.3880 0.8952 3.8050
1.7 0.6405 3.2050 2.1977 1.4583 0.8557 4.2238
1.8 0.6165 3.6133 2.3592 1.5316 0.8127 4.6695
1.9 0.5956 4.0450 2.5157 1.6079 0.7674 5.1418
2.0 0.5774 4.5000 2.6667 1.6875 0.7209 5.6404
2.1 0.5613 4.9783 2.8119 1.7705 0.6742 6.1654
2.2 0.5471 5.4800 2.9512 1.8569 0.6281 6.7165
2.3 0.5344 6.0050 3.0845 1.9468 0.5833 7.2937
2.4 0.5231 6.5533 3.2119 2.0403 0.5401 7.8969
2.5 0.5130 7.1250 3.3333 2.1375 0.4990 8.5261
2.6 0.5039 7.7200 3.4490 2.2383 0.4601 9.1813
2.7 0.4956 8.3383 3.5590 2.3429 0.4236 9.8624
2.8 0.4882 8.9800 3.6636 2.4512 0.3895 10.5694
2.9 0.4814 9.6450 3.7629 2.5632 0.3577 11.3022
3.0 0.4752 10.3333 3.8571 2.6790 0.3283 12.0610
4.0 0.4350 18.5000 4.5714 4.0469 0.1388 21.0681
5.0 0.4152 29.000 5.0000 5.8000 0.0617 32.6335
o0 0.3780 o0 6.0000 o0 0 o
5.0
40
3.0 —-
20—
1.0 —-
: Ma,
7 POZ/PUI
0 T T T I T T T I T T I T T T
1.0 1.5 2.0 2.5 3.0
Ma,;
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932 | Termodinamik
T, (k+ DMa’[2 + (k — 1)Ma?]
T (1 + kMa®)

Py  k+1 (2+ (k- DHMa?\¥ D
1>:§:1+kMa2( K+ 1 >
T (Ma(l + k)\?

= an)

P 1+k

P* 1+ kM2

Vv o p* (14 kMa?

Ve p 1+ kMad

BLO A—34

A

k = 1.4 olan bir mikemmel gaz i¢in Rayleigh akis fonksiyonlar

Ma TS Py/P; T PIP* VIV
0.0 0.0000 1.2679 0.0000 2.4000 0.0000
0.1 0.0468 1.2591 0.0560 2.3669 0.0237
0.2 0.1736 1.2346 0.2066 2.2727 0.0909
0.3 0.3469 1.1985 0.4089 2.1314 0.1918
0.4 0.5290 1.1566 0.6151 1.9608 0.3137
0.5 0.6914 1.1141 0.7901 1.7778 0.4444
0.6 0.8189 1.0753 0.9167 1.5957 0.5745
0.7 0.9085 1.0431 0.9929 1.4235 0.6975
0.8 0.9639 1.0193 1.0255 1.2658 0.8101
0.9 0.9921 1.0049 1.0245 1.1246 0.9110
1.0 1.0000 1.0000 1.0000 1.0000 1.0000
1.2 0.9787 1.0194 0.9118 0.7958 1.1459
1.4 0.9343 1.0777 0.8054 0.6410 1.2564
1.6 0.8842 1.1756 0.7017 0.5236 1.3403
1.8 0.8363 1.3159 0.6089 0.4335 1.4046
2.0 0.7934 1.5031 0.5289 0.3636 1.4545
2.2 0.7561 1.7434 0.4611 0.3086 1.4938
2.4 0.7242 2.0451 0.4038 0.2648 1.5252
2.6 0.6970 2.4177 0.3556 0.2294 1.5505
2.8 0.6738 2.8731 0.3149 0.2004 1.5711
3.0 0.6540 3.4245 0.2803 0.1765 1.5882
35
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