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1. TEMEL TANIMLAMALAR

Ter modi nami k s iiragkereyna ptmeameeml agreédreedk egn i | k K e
kavraml ar én .t aBernmd daan naasl€ljdeenmn etc®nf @ ména Her be
al anda kl asi k mef enn &n § e lkim&a liua akeardanliadaa r s a
termodinamik sistemleratn € ml amé kt ér :

Varsayeéermaslit sistemlerin °yl e bir durumt
verecejiz) makroskopi k ol arak sadece si st
ki myasal bil ekenh M Nysiirst emo lk agakéaleard &rNni
Var saykoompdzit (birden fazla alt sisteme
durumlareé i -in tanémlanabilecek bdé&né& onks
verece]jiz). Ent rdermmede dao altfsteralérid r s & ceani mi r m
alt sistemden dijer alt sisteme ge-iK yap
parametrelerine g°re maksimum bir dejikim
Alt sistem I Alt sistem IT

U(L). VL), N1(1). N2(1).. U(2). V(2). N12).N2(2)..

Piston Silindir

kekill 2 alt sistemden olukan kompozit bir

kekil 1 de 2 alt sistemden olukan bir sis
adene verdijimiz bir manifold ayérmaktadeé
Altsistemlersi ndi r g°vdesinden ol ukmaktadér. Si ¢
mani foldu dijer i1iki sistem parametresi i -
kompozisyonu sajlayan maddelerin bir veya
Burada ge-i kK esnasénda alt sistemlerin ve
Varsaylompodosit bir sistemin entropisi alt
bir ©°zelliktir. Entropi s¢rekdun t orevi vV e
)

s=as” @y

Deklemdeki S entropidiaek ompozit si stemin alt sistemle

durumundaki her alt sistemin entropisi 0
ifade edilebilir

— (a) (a)
S(a) _S(a)(U (a),V(a)1 Nla 1N2a ) (1.2)
Ger ¢l diJg¢g gibi basit bir sistemin entropi
sistemin hacmi, V, i - enerjisi, U ve gy sist

N N;én fonksi yoediebilo.l era&l uf pdet ul ate bize
fonksiyonunurbu si stem fonksiyonlaréndan her hang
ol acajéné da vermektedir.

o S~

=8 >0 (1.3

GHU = 0,

S=SU,V,N,N,..) 14) fonksiyonunun s¢rekli ve tg¢

dejiktirilerek



U=U(SV,N,N,..) (1.5) formunda da yazélabil ece
zamanda sistem parametrel erinim bnordi mzmdll i

toplammols ayésé il e -hriphraki tepdameédelki |l ecej
S=SU,V,N;,N,..)=NSU /N,N,/N,...,N, /N) (1.6)
i_ 1
k
Bu y¢zden sistem ©°zel |l i kI ehilifiznBi rbiim inmo Imosl a
cinsinden ifade edil mik termodinamik °zel
hacim, ©°zg¢l entalpi..)
U_E 1.89
N (18
V_V 8b
- (1.
N (189
S_E 1.8
N (180)
V ar s a y:éerhargi\bir sistemin entropisi
apu g
0 =0 (1.9) durumunda yok olur
QMS_VNl N,
S=SU,V,N,N,..) veyaU =U(S,V,N;,N,..)denk|l emi ne si stemi
veriyoruz. Haldenklemininp ar amet r el erine g°re tg¢gretil et

denklemimizi diferansiyel formda da yazabiliriz.

Q Q
aé%g ds+aéL dV+a ae“—o dN, (1.10)

Np N, TSN, e JSVN1 N,

Birinci ve ikinci post uy°zdlllairllaertiame nd é&ad é
ter modi nami k °zellikler dersek hal denkl em
termodinami k °zellikleri tanémlar.
égUG _ :

0 —T(l.ll) fonksiyonuna sécakl ek
G US VNN,
apu g _ .
- 0 —P(1.12) fonksiyonuna baseén-
CHV 5y N

i 0 _

8 =M(1.13) fonksiyonuna ki mpenklen p
Q TSV N,

1.10 u bu exkdejer tanémlamal ar <cinsinden

dU=TdS- PdV+§ mdN; (1.14) «eklini aleér.

=1



Denkl em 1.211 i wvar snadyiérndi4 iimiez dbei rsléickatke éed e
fonksiyonunun yok oldujuniii s8wyeéteiyreibn | kul Iz
mekani kte tanémlanan b aPd®d/ibizedéngewduranuaakia uy m
proseste yapeélan mekani k 1 Ki tanéml ar .

dW, =- PdV (1.15)

r
adetherimi bize ki myasal deji kKimler tara
=1

dW. =3 mdN; (1.16)
j=1

Ve TdSt er i mi ésé transferini tanémlar

dQ=TdS (1.17) Bu kavramlareé yerine koya
dUu =dQ+dW, +dW, (1. 17) «keklini alér. Bu denkl
t er modi nami JismimivdriyokizaBruu rkuavr aml a i - paye@mmetr
termodi nami k parametre tanémlamék ol duk.
I - parametreler cinsinden de yazabiliriz.

T=T(SV,N,N,.) (1.18)
P=P(SV,N,,N,.) (1.19)

/T{ :n?(S,V, Nl' NZ) (1.20)

K- parametreler entropi hal denklI emi i Ze
LS & 1S § Laus 0
ds=%—8 du +5—3 dV+aae“—8 dN; (1.21) Bu
GHU . ., CHV =y NN, =N Ty NN
durumda i kincil termodinamik parametre t a
aps g 1
GQLQ - (1.22)
QIJU TV,Nl.--Nr T
aus g _P
GElLQ - (1.23)
QUV “UN,..N, T
é ~
&ES =-— (1.24
N, O T (1-29)
CM I SUVINLLN,
Burada birincil ve dék termodinami k fonks
araseéendaki °neml i bir farké yineliyelim b
birinci veya dék paramptateikrenefpnk%i ygm
termodinami kte genelli kle sécakl|l ék baseén-
kol aydeér . Bu y¢zden t¢grev fonksi yonamikr € o
°zelli klere kolayca d°n¢kt¢egrebil ecek bir

olarak ifade edersek



Y=Y(X0,X1,X2,.,X) denkl emve veril mi Kse
auy @
Pk=§7 iseRdeji kkenini ana denkl e nedediliajyiz?ms é
¢HA =
Bu i kKl emi yapmakeimat nkBietedar adlg ean dfd mi; mn
isminiveriyore . Geometri k olrarsaeks ibu darméak ¢ ny i anl
fonksiyon g°z °n¢ne al al ém.
Y=Y(X) Bu denklem XY kartezen koor di nat sisteminde Dbir

|

X

k e ki Y(x)fonk&yonu.
apy o
Ejer bu fonksiyonun tg¢rev fngﬁy_yanngﬁzX

noktaséndaki e] i il maliamake Rt gti Xrdiel&kbnki ge
baj é mskekze deljal i ne g¥eY(P)rMad le magti kyseduod:!l ar ak
yolu diferansiyel denklemi integre etmekt
i stedijJimizde diferahsieyekt mea&r muehnoryiegtenéa
g°r¢re¢z. Yani Y=Y(x) yerine Y=Y(P) denkl e
ol makBaderobl emin -°z¢:;m¢ dif ea ainkii ydkd]jiink k
edilebimes i y1 e - Badgudrewomda rY=Y(x) i n d°ng¢gyr¥® fo
do°n¢kKe¢gmeg ol acraketjért.i nBwr aekaskeini ni kesim nolk
Y)Y nin Legendre transformu ol arak adl andE€

keki Y=Y_LP3} ve y=Y(X) fonksiyl are

_ay-vyYag
Bu durumde P = gex_ig (1.25)



Y=Y-PX (1.26) yazélabilir. Y=Y(X) den
t¢egrevini alarak P dejerini e | & eenldetnmilyazar ver i
X veY yi denklemden elimine eders&k=Y (P) denklemini, veya Legendre transformunu elde
etmik oluruz. Ters olarak Y=Y(X3Y(Phonksiyo

fonksiyonunun t¢revini al érez.
dY =dY- PdX- XdP (1.27)

X_édYg
- - - 1.28

cdP =+ (1.28)

Ej er d e n Kkylve Pdlimime @dilirse denklem tekra=Y(X) formuna d° ner .
do°n¢kegmeg tabl o f:ormunda g°sterilirse
Y=Y (X) Y=Y (P)

apy g adY §
P=%_0 - X=%-9

cHX + cdP +
Y =Y-P Y=XP+Y

X ve Y nin denklemden elimine edilmesiyle P ve Yiin elimine edilmesiyle
Y=Y (P)

Y=Y (X)

Ki mdi bu kavramé termodinamik ©°zelliklere
denkleminial al é men& | ewmi n sécakl ek, T, Legendr
U =U(S,V,N)
U =U(S,V,N) A=A(T,V,N)

apu adF
T=5—8 -5=5%_8

CHS + cdT =+
A=U-TS U=A+TS

U ve S nin denklemden elimine edilmesiyld A ve T nin elimine edilmesiyle
A= AT.V,N)

U =U(S\V,N)

Yeni Legendre transform fonksiyonuna Hel m
ki maeU=U(SV,N,N,.)hal denkleminin V hacime g
al al eém.

U =U(SV,N) H=H(SP,N)
o U ~ 0dH~

- P:élfa 8 V=ae—a 8
CHV + ¢cdP +

H=U +PV U=H-PV

U ve V nin denklemden elimine edilmesiylg H ve P nin elimine edilmesiyle
H=H(SP,N)

U =U(S,V,N)




Yeni Legendre transform fonksiyonuna Ent a
U =U(S,V,N,,N,..) hal denklemininT s & c avk lhéakc ivmee g°r e Leger
al al em.
U =U(S,V,N,N,..) G=G(T,P,N;,N,..)
apu o adGg
T=58-8 -s=%20
CHS + cdT +
apJ g adGa
-P= 8 V:%_g
CHV =y N, cdP+
G=U-TS+PV U=G+TSPV
U, T ve V nin denkdmden elimine G, TvePnin elimine edilmesiyle
edilmesiyle
G=G(T,P,N,,N,..) U =U(SV,N,N,.)
YeniLegendre transform fonksiyonu Gibbs sert

Bu transferl eri

ki myasal pot amsi yneldlP er Kig

U =U(SV,N,N,..)

o U~
T=%-38
CHUS +
=8 U8
GHV =

U[T,n}:U - TS- nN
U, SveN nin denklemden elimine
edilmesiyle

U[T, m=U[T, m(T,V,m

UT, m =U[T, m(T,V, m
adu[T, Mo
&——0

- S:
¢ dT =+
_AdU[T, M
-N=g—1g

dm+

U=U[T,m}TS+nN
U[T,m] T ve mn¢n elimine edilmesiyle

U =U(S,V,N)

Bu Legendre transformunun ter modimjdanak kt e
i fade ededenmagtertransformunu entropi hal
dej i ki k tereetd&ddebitirizBnapi haldenklemi(S9 et i ni n Legendr e
Mat hi eu fonksiyonlarée adéneé al éer.
Legendre transformlaréndan gelen yeni ter
kull anél an bazée ek kébomm.tpséVv ganbkEmkmeéh
a_lévg

- (1.29)

VUl +
Kzotermal sékexktértélabilirlik katsayéseé
_ lévg

TTT (1.30)

V gHP =
Sabit basén-ta molar ésé kapasitesi



c - Tapsg . o o
p NQUT+p (1.31)1.8cdenk e mi nde ki zg¢l ent al pi ci
aps g
Cp=Taequ (1.31b)
GHT +
Sabit hacimde mol ar ésé kapasitesi
_T &psg . .
v N(;UT+V (1.32)1. 8¢c denkl emi ndeki zg¢l ent al
A s §
CV=Tae”—So (1.32b)
GHT
K- enerji hal denkleminin diferansiyel fo
o] éUN
du = aVLO ds+ aéLo dV+EZLN (110
VN Qp- SN QPN+
dU—TdS PdV + mdN (1.12)
dUdenkIeminin i kinci te¢grevlierini dijer kés
U Q

%?N_ %;8 (1.33)
£0 (1.34)

QP-V CHS =

Denkl emlerden g°r ¢l dejé¢ gi bi I Ki nci k &€ s mi
benzerle i ni di jJjer tanémladéj] éeéméz veya t anémé
transformlaré i -in yazabiliriz.

Helmholtz serbest eneriji denklen A= A(T,V, N)

dA= aéﬁo dT+ae%O dV+£JAodN (1.35)
*V,N

dA=-SdT- PdV + ﬂdN (1.36)
&lﬁo (1.37)
(}UV N GHT % .

Entalpi denklemi : H H(S,P,N)

aH=223 as+F78 ap+ UGN (139
GHS 4y GCHP GHN +

dH =TdS+VdP+ mN (1.39)
aw &4V g

1.40

O CUS 4 (1.40)

GIbbS serbest enerj|S| denklemi : G=G(T,P,N)



dG= aéLo dT+£Lo dP+g%%8dN (1.41)

“P.N GHP G

dG=- SdT+VdP+ miN (1.42)

apsg _auwva

B O —BéLQ (1.43)

CHP v GHT %y

nci k € s mi t¢rev exkitliklerini olukturan d
7, 1.40,1. 43 evertanmfdirimnrarléangamd el de edi |
tli kleri bize bilinen ter modi nami kMabv\mI]ént
kKl eml er in yanénda genel mat emati kten el

i
I N
apx g ayy o
0 =1-0/84Lg (1.44) ve

ds:géﬁng+ge“£8 dv (1. 46)
v T
n a bu bajénte

r
ds= VdT+gé£gdv (1.47)

u i -in denklem 1.14 ¢, tekrar
du=Tds- Pdwe ds in ¢st denkl emdeki

~ ~

du=T?£%dT e 8 vg- Pdv

o] 6
du=C,dT+ %?{Eg 81V (1.48) denklenintegre edilirse

auy g apz g _
oaetEQ—-l (1.45) bajeéentelare

C Y
Maxwel deaklerhlerive diferansiyel hal denklemlerini birlikte kullananak
|l erz nfiornmaegléefiimebil iriz.

f or munu

denkl en

¥rnejin

yazeéelabilir. Denk

yazarsak
dejerini

T ~ ~
atfo Q

:Uo+FdeT+f’%guT_ -P#V(1. 48a) formunu aleér.
To vo G v -

ger¢l eceji gibi bu form P(T,
uygundur . Entropi hesabénda
denklemid en yar afiSloam
edil dijJini not e

formunda v
kul |l anél
é k a Buradarkimyasal potansiyel teriminin ihmal

del i m. Denkl em her hangi b



Hal denkl emi ol arak g°receli -ok kauadijl anel

denkl emi di r . Bu denklem bize hi-bir i1integ
kull anarak t¢m t ersnogdiameamiok afszéd |éljiék lveerrii rh
termodi nami k © z el linvérilereson standart olare| 8@84 Heelal me s |
denkl emi ol arak Hel mholts serbest enerji

dA=-SdT- PdV (1.36a)

dT <,

é ~
P=- 0 (1.50)

cdV +
dU =TdS- PdVs et i ehkmemhl eri hesaplamamézé sajl
Termodinami k °zelliklerin hesaplanmasénda
gerekir. Sojutucu akékkanlar, g¢- -evri ml

enerjisinin bilinmesi zorunluduEntalpi denklemi

dh=Tds+vdP (1. 39 a) g°z °n¢ne alaleém. Saf ma
basén- sabit kal ér bu y¢zden denkl emi mi z

dh=Tds (1.39b)f o r mu nBu demKlemir .
(hy - hy) =T(s, - S;) (1.39c) formunda yazabiliriz. Buradakji oy muk gaz ©° z

entalpisi, hd oy muk s év e Jdzogy¢giu ke ngtaazl pPizdgocyl meekn tsréovpel
entropisidir. Denklem 1.37 bu b°lgeye uyg

QW'T (;HT:V
as - s, 0 AUPS
g f _a 0
%—8— +0(1.37a) Bu denklem 1.39c ile bi
clo ™ Vi CHl %
éhg-hfgé 6

= O PR .
é%:(\/g-—\/f)g Q,MT +v( 1. 37b) f o denkieme ClasdiugCltapeyrdhuenklemi
ade verilir Gor ¢l deg] ¢ gi bi esui nddeenkkil eRn Tk)u
biliniyorsa entalpi, entropi ve dijer ©°ze
doymuk séveé °zgg¢l haci mlerinin de bilinme
ku an kadar verdijimiz t¢gm denkl|l eml dr akeé
ol ukturul muk termodinami k °zelliklerdi. T
model | emel er i i -in gelrseék liilde tri, m fkaaktast ayyeét seér
kat sayéseée gibi denge t ersmeoldi®nzaemiljiiknldeer ev edr
Bu °zellikler genellikle deneysel ol arak
model |l erinde kull anél ér .



20SOJUTUCU AKI KKANLAR (SOJUTKANLAR) VE KKKNCI
AKI KKANLAR

21.SOJUTUCU AKI kKANLAR AROJHAKKINNDA TEMEL BKL

Sojutma Makinal areéenée il k dizayn eden arakt e
°nce eti-d109t egdj uthRrcu akékkan (Bundan sonr a
kull anméxl|l ar deegl.i ERiirl kBitmeyra stae hldalkmas énén ot
haci ml erine i htiya- duyuyordu. Bu y¢zden dah
kesa bir s¢rede di ]-é17), karbondioksk(F @143 r, et IAImdeR) DIk
izob, t a6 OORJ) , met i-40 )KL OVRe tRi(IReh0 )K LRI fR{ IR di o k-si t
729) kull anéma girdi. Bunl arén arasénda Amon
bakarél & ol du. Daha s onr aktkanojatek dereenddea - ok - ek

1930061 afdar kcarbonl ar (suni ol arak fabrikac
alanenda bir d&Voirm yYamrdqdt né.guFludbmuo hi -bir z
kimyasal reaksyonlara girme konusurdla ol duk-a pasi f davraneéyor

fl

Kl or bajl arénén yerine bajlanan Kkl or vV e [

yécksekti. Bu eny ¢hzedneenn dhei -h ekm my as al reaksi yon
dolayé - ok ge-meden i zolasyon k°p¢klerini Ki Ki
i kte de g°rev aldéelar ve 1950601 i yéllarda vy
argé¢égman reaksiyona girmedrRFrearénénnol-mamay
ki myasall arén atmosferin ¢(st tabakal arénda,
Oksijene =-evirdifji anl akl de. Bu reaksiyon ¢
mol ek ¢ | oqlonsanwé ek ¢l ¢ngn yok ol mséna yol a -
gel en yé¢ksek enerjildi ultravi ol e ( mor °tes
ékénlardan koruyordu. Mor °tesi é K éannl saerr coal nul
riskini takeéerl ar . Bilim adamlaréndan gel n u\)
bunun -ok ciddi Dbir problema ol duju anlaxkél d
tahrip eden kidnggraestail hiar @ @ y a s & kkhaannantdaas6éd ai - i
i mzal adél ar . Bu anl akma bir anlamda t¢gm so
Géengmegzde daha °nce kull anémda ol an en tehl i
devasakl anma takviminde yer al maktadeéerl ar.
Temel ol ar ak sFoljourtok aknalrabroén Kgluorruobu Soj ut kanl a
zeotropi k karekeéeml ar (kaynama bakl ama ve b
(kaynama ve bitmes éc akl ekl ar é& saf sévelardaki gi bi
dojal (doj ada bul unan) sojutkanl ar, yapay S
meée mkendeér . Sojutma end¢gstrisinde temel asndjaut
termodinami k ve termofiziksel ©°zellikleri(vi
Sojutkanl ar én ki myasal form¢gll emkimgjastakamoc
el de etmek i -in soj utgkearne kn wyma r¥arsnéenfai n9 OR _€lkdlleb
bilmek istersekk 4 1 +90=231 rakaméné el de ederi z. Bunu
F(FIl or) atomu ol dujudur . Ancak Form¢gl de CI (
formgl Cajadtaomeun élm doymuk bajl ar ol dujunu K a
ol dujundan toplam 6 tane baj mevcutur . Bu b

kal an baj ¥ghggseée o fHeFRIzmMo¢ neckze |G d¢r .



H F

| |
H - C c - cCl

| |

H Cl
Bu sojutkanlardan bir késmenén doyma b°l ges
Ayné sojutkanlarén termofizi ksel °czellikler
sojutkanlar ve gurupibaré akajeéedaki |l i st edeki

Kloro-sFI or o Karbon gurubu Sojutkanlar

Metan serisi

R-12 (dichlorodifluoromethane)
R-22 (chlorodifluoromethane)
R-23 (trifluoromethane)

Etan Seri si Sojutkanl ar

R-123 (2,2dichloro-1,1,X-trifluoroethane)
R-124 (2chloro-1,1,1,2tetrafluoroethane)
R-125 (pentafluoroethane)

R-134a (1,1,1,2etrafluoroethane)
R-143a (1,1,dtrifluoroethane)

R-152a (1,idifluoroethane)

Zeotropic karékemlar (% k¢gtl e orané)

R-404A [R-125/143a/134a (44/52/4)]
R-407C [R32/125/134a (23/25/52)]
R-410A [R-32/125 (50/50)]

Azeotropi k karéexkémlar

R-507A [R-125/143a (50/50)]

Knor @afuk ucu Akéxkanl ar

R-717 (amonyak)
R-718 (su/buhar)
R-744 (carbondioksit)

Hidrokarbon gurubu

R-50 (metan)



R-170 (a¢an)
R-290 (propan)
R-600 (nbutan)
R-600a (izobutan)
R-1150 (etilen)
R-1270 (propilen)

Kryojenic (-ok d¢ke¢gk séecakl ék) Sojutucu Akecx

R-702 (normal hydrogen)
R-704 (helium)

R-728 (nitrogen)

R-732 (oxygen)

R-740 (argon)

Sojutucu Akékkanl arda Aranan ¥zellikler:

l.Pozittbuhar |l akma baséncé dejerine sahip ol mal é
buharénén sojuk keé
c

séemlarda kateéelakarak i kKl et
buharl akma baséncénén -evre baséncéndan bir
2. D¢kegk yojukma baséncé ol mal éedér. Y¢gksek bas
tesisata sahip ol mal eder .
3. Buharl akma gi zIl i €sésé y¢ksek ol mal édér . Bu
oranda soj] ut u&klua a&ketké&kra.n kul | an
4. Kimyasal ol arak aktif ol mamal édér . Tesi sat
yaj énéen °zellijJini deji Ktirmemes:i gerekir
5.yanécée,patlayecée ve zehirl:i ol mamal edeér
6. Ka-akl arén kolay tespitine imkan veren °ze

9. Dielektrik ol mal éedeéer .

10. D¢k¢egk donma derecesi sécakl ejé ol mal edeéer
11. Y¢ksek kritik sécakleje ol mal éder

12. ¥zg¢l hacmi k¢-¢k ol mal edeéer .

13. Viskozitesi d¢kegk ol mal edeéer .
Yukar@®dakli kl erin hepsine sahip sojutucu a

bazél arendanvewa zl gre -ki |bmihkatrilrak ma ve yojukma s



et kinlifJi S

ojutma devresi nde kKKuwlnl asreéliam naké k
g%z °n¢gnde bul un

durul mal édér . Sojutucu akeéekka

R12 (CCI 2F2): Zehirli,patlayéecé ve yanece
ekstrem -al exma sktaahtillar aaredabodaHhimayan , % ze
maddedir. Ancak, a-éeék bir aleve veya akKkeéreé seéc
bil eki klere ayréekeér. Kondenserde ésé thbamsfyarn
sahiptir.Yajlama yajeée ile t¢m -alékma «kKkart|
°nl emlerle sajlanabilir. Yaj -%z¢ceée(sol vent )
yajJén toplanép ésé gerl-akmai éagaadnédamsépre k®n
dol akmasé gereken akékkan debi si fazl ader

sistemlerde, akék kontrol ¢ngn daha i vyi yapeéelr
yojunlujbuapa fhelbirim sojutma i-in gerekl:/

dej iBidriirm sojutma i -in harcanan gg¢ de tahmi
R22( CHCI F2 Y)Yk aDibjoenr sfoljuuot ucu akékkan Iarda 0 ékd u ]
zehirsizyanmayarp at | amayan BR2P, dkpekasdput ma uygul am
gel i ktiril mick bi Falatf uppa&ket ak & pk ankdleirma ci h
sojutucul arda da, bil hassaedahdgd RE@Qmdya&k tg° k empg
dol ayeséyla yer kazancé sajlamasé y°ng¢gnden

daha y¢ksek seviyededir. Fakat birim sojut ma
ayné&dk&rekkbacahép ol duk-a y¢s¢ksek ol masé sebet
ol mak I -in emi Kt eki kezgeéenl ék der Peesn g
uygul amal arénda ,akéré -ekéek seécakd ekl ame $ ¢
silindirlerin su g°mlekl:| ol masée tavsiye ec
di kkatl i ve iyl i Kl enmi Kk d°n¢gk borul aré d°Ke
kull anél mal edéer . REQr gaum&RR2aed&sm.bsk viee i gaha

kar ékeéer .

R123(CHCI 2CF3): Santrif¢]j sojutucu ¢nitelerde
akekkandér . R11, evaporat?®©or metali k olmagyanut
akéekkandér . Dol ayeséyla R123 evaporat®°r ge-iK
g°re daha d¢gkegk enerji verimine sahiptir. Z

tedbirler gerektirmektedir.8 saat boyuncamaraaké nacak maksi mum doz 10

R134a(CF2CH2F): Termodi nami k vV e fiziksel o
akékkandér. Halen o0ozon t¢ketme katsayésée 0 o
akekkandér. Ara- sojututalairéeimeeavuygpn abict
ol anakl edér . Y¢ksek ve orta buharl akma seécak
ver i mi ve sistemin COP(coefficient of per f o
s ékclae k|l ar I -in -ift kademel i seéekektérma ger
poliolester veya polioalkalinglikol bazl é ya
R143a(CF3CH3): R502 ve R22 i-1in uzun d°nem
kulan @ ménén uygun ol madéejée d¢k¢k sécakl ék uyg
ol dujundan d°n¢kegm ve yeni kull anémlarda gg¢
R134ad6ya g°re ki k at daha f azlaaad &ar .dR1 2kbuy, IR ]
alternati fi karekemlar (R404A vb.)elde et mek

R125( CF3CHF2): R502 ve R22 i-in uz
amonyak kull anémeéenén uygun ol madkeéjedi d.oXgrhkme



yoktur. Ancak sera et kisi R134ad6dan i ki kat ¢

oranlarda kull anélarak R502 alternatifi karéeé
R152a: Ozon tahribaténa neden olamay dmRR1Z&ni s
kadar ) R152a(C2H4F2), éseé pompal ar énda R12 I -
R134addan daha Iy i COP dejerine sahip o |
sajl amaktadér. Yanéceé ve kokus uez.TemmodinamikRé fiziRsal :
czelli kl eri R12 wve R134ad0ya -0k yakéndeéer . B
modi fi kasyona gerek kal mamaktadér. Haci msel s
R401A: R22,R124 ve Rl1l52ab6%Bma/ d3 ux aor(af&md &)kv a
Kabul edilen zeotropik bir karékémder. HCFC i
kull anél abil ecektir. Bu sojutucu akekkan DU

sunul muktur.

R402A:R22,R25 ve R29006dan ol ukan(aj éer | B50-2a is-érna sa
ol arak Kabul edil en zeortdriojpiinkd emi rn i Koahrineakpeéenpd &
yél éna kadar kull anél abilecektir. BA KHP§QUt ac
piyasaya sunul muktur .

R404A: R125, R134a ve Rl43ab6dan ol ukan (ajerl
alternatif kabul edilen zeotropi k bir karécx
yél éna kadakt kul BBanslodlitlueame akékkan DUPONT
ATOCHEM taraféndan FORANE FX70 adeéyl a piyasa

R407C: R32, R125 vV e R134ad6dan ol ukan (ajerl e
oranl arénda) ve R502ni zeonotmabobpieknbdirf kKhabukEm
taraf éndan KLEA6O, KLEA61, KLEA66 VE DUPONT t

piyasaya sunul muktur .

R410A: R32 ve R1256ten olukan (ajeéerl éek-a %50/
azeotropi k bir karékémdér . Teori k termodi nami
o zel li7jJi o | <RL4H§LO;A idy ind ik z, mR 2 2 eizagniedilinesingerakmektedir.Bud ¢
deji kKim yape isdemeankgjﬁrrecRQwQaenmeyedlrSeraetk|3|n|n
ol maseé en b¢yé¢k dezavantaj édér.Bu sojutucu
AZ20 adeyla piyasaya sunul muktur .

R507: R125 ve Rl143a6dan olukan (ajeéerl ék-a .%5(
Bu sojutucu akékkan ALLI ED SI GNAL taraféndan

R717( Amonyak)Karubgegm aiFlleusoi nin dékénda geni K
sojutucu akékkandeéer . Zehipalt épiyéicé apinda $ enr°d e m
°zelli klere sahip ol masée sedebizelhe ril eiyi €j i teit
takémadej e hall erde, b¢gye¢k soj uk depocul ukt a
paketl eme wuygul akmall laa reenldmaa kht aakdaérré yBluah ar | a K ma
°©zgy¢l hacminin de ol duk-a d¢keéegk ol masé sebeb
d¢kek seviyede ol maséne sa]lar.R226de ol durf
kafa ve silindirlerinin su o]utma ge°ml ekl i
karterdeki -al kant e vV e silindirdeki yé¢ksek



nedenl e, ger ek Kompres®©r - éekexkaEampar ag @jr da g € rkec
d°n¢kegng kol ayl aktéracak tarzda boru tertibi

R23(Trtifluoromethane): Ki myasal form(;l(; CHF 3
kaynama 8®08@didejke i ti k °Ccekaktéekée baséaege 483t
525.02kg/mMve kritik ©°zgdlkcdch@dcarg.r &mae Ha®dhal mehalent ilen

hesaplamasé yapél méxkteéer .

R124(Chlorotetrafluoroethane) : KliewyasakrI &@j éng
Atm basén-taki -kldgdcaar skerciathd2edCs & c a k i ép2aBa s
Kpa, kriti ks60phgimiat uf uPr ogr a méiabzRUEn Bab deakdemicile
hesapl amasé yapél méxteéer.

R170(Ethane):Kim a s a | forme¢gl ¢ C2H66dér . Mol ek¢l er
sécai8dmfceddir. Kriti&C,skérciatkilké ] ®as3e2n.cle 4871.
kg/m*dt ¢r .

aj e

0 —>

R290( Propan): Kimyasal form¢gl god@dEEHE AdiAnt . mMMdlaesk
sécate®cedir. Kritik°s&cakl g ®a96n6e5 4247.1

kg/m*dt ¢r .

R600(RB ¢, t akhi)my a s a | form¢gl ¢ C4H106dur . Mol ek¢l er
kaynama 9O8Cadldlie]. &ritik’Cskcakl k] ®@asbhc®8 379¢

227.84kg/mot ¢ r .

R600a(nl sob¢tan): Ki myasal formg¢gl ¢ CH (CH3)36t(;r.
kaynama -slgefeatdief eKriti KClgittkc ebkals@jnéc 61 B46.585 89 |
227.84kg/mot ¢ r .

dir. Mol ekg¢ler ajeé
&] ébasence 5043 K,
hal denkl emi il e

R732(Oksijen)Ki my as al formegl ¢ 020
sécadd®fco® di r . Kr i tll857Cs &a d K li
kgm’6t Brogr amé mé Aka bB Rrudd inc t

R740( Argon) : Ki myasal formegl ¢ Arododir. Mol ek ¢l
sécakiBsBF®Eo di r . Kr i t12X46Cs &kadkli&kj ebakéemnc & k 4§03 u K
kgm*6t ¢r . Program@WmbbdRuBenedhat denkl emi il e

R142b: Ki myasal forme¢gl ¢ CCI F2CH306t ¢r. Mol ek ¢ | ¢
sécaRrdepeir. Kriti kClitkablasjeacd8321@8 Kpa, Kr i
0t ¢r. Progr aiMomez thal Maremnhikh e mi il e hesapl amasé

R1150(Ethylene):Ki my a s a | forme¢gl ¢ C2H406t ¢r . Mol ek¢l er
kaynama 4M@e%Cloldéfre&aakl|lid&G ekrd.td% baséncée 504(
215.1380368 kg/thdt Prr.ogr amé mé zWeb bB eRweldii rc t hal denkl
yapél mekter.

R1270(Propylene)Ki my a s a | form¢gl ¢ C3HG6O6déEr . Mol ekg¢l er
kayra ma s é-d47a68C &dier . Kr i t92.42C slerciatkil lej Basénceée 4664
223.39kg/mMoét BProgr amé mé Mead bBeRuebd inct hal denkl emi [



R702(Hidrojen):Ki my a s a | forme¢gl ¢ H2681 goMelreHld: |Aeam djaé
sécakdsag®@odir. Krit i2k0.156 élcraiktl ief @ basénc é 1290
31.35303266 kg/mot ¢r . Pr ogr a méweéebzbd a RuBbeinne d i cta | denkl
yapél mekter.

R704(Helyum))Ki myasal Hd odim¢.l Mol ek ¢l er ajeérl éjé 4.0
sécaRI2eC®#di r . Kr i £681k29G élcraiktl iel ébasénce 227. 46
kgm*6t ¢r . Progr amWmbbdRBuBenedhat denkl emi il e

R728(Azot): Ki my as al forme¢gl ¢ N2O6dir. Mol ek¢l er a
sécakdsSEC@&dir. Kri +t14696Cs &kad kli&] ébaséncé 3395.
kg/m*6t ¢r . Pr ogr amiVebd Rubin haBdemklendiileghs ap| amasé yapélr

] er
8

R744(Karbondioksit))Ki my a s a | formegl ¢ CO206dir. Mol ek¢l er
kaynama -g&fcadkllie] &riti k°Cskcaki k] ®as86ne6&87377
4676 kg/mMot ¢r . Progr anearé zddean K IUePAIC i | e hesapl amas

R50(Metan):Ki my as a | forme¢gl ¢ CH40t ¢r . Mol ek ¢l er ]
sécafdradcedi r . Kri t82.388Cs kc a k li k] daséncé 4599. 2
kg6t ¢r . BmégdamW®elle dRebi n hal denklemi ile

R718(Su):Ki my as al forme¢gl ¢ H206dur. Mol ek¢l er aj
sécakl| &¢C&digrm.. Wr7idt i KC slerciatkil k] BaS&Bc ®522 @&YM3K p
0t ¢r. Programemezda Hel mholtz hal denkl emi i

R402B: Ki my as a | forme¢gl ¢ CHF2CF3/ CH3CH2CH3/ CHCI |
ajérleje 94.71g6deéer.1 Atm adien-Kakii KRCkstie aa
baséncé 4445. 4 Kpa, kritik yoj un FRoljinsorSEygeRVera k
hal denkI| emi il e hesaplamasé yapél mékteéer.

R401B: Ki my as al formegl ¢ CHCI F2/ CHCI FCF3(61/ 11/

92.84gb6deéer . I Atagnlama¥sréadadkilrée.jker i ti k°Csleciaki ]
4681.5 Kpa,kritik?3@§oiunPupgr sROEmWEEStYjelg/ere nhal

denkl emi ile hesaplamasé yapél mékteér.

R508B: Ki myasal formegl ¢ @HF 3ajCar3l(&4j6ed 589680 Qg o
kaynama -88@t’@kdief éKri tiCkksetcakl epeéemnde 3926 K
kg/ m3Prod gma mé meHodua Mahratli ndenk | e mi il e hesapl a

R720(Neon):Ki my as al fdarmqMod ekKeber aj ér
sécaRBECEdi r . Kr i-228.R02G,ekcraiktl ief ébas én
Ot Brograméemé AME@RBbnadi ct hal denkl emi il e hes

O —
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22SOUTUCU AKI KKANLARI N TERMODKMNEARMIEOMMAZ EL L KK
BY¥LGESK K¢KN HESAPLANMASI

Cexki tl i sojutucu akékkan i -in doyma b°l gesi
Model |l eri mi zde orijinal doy ma dejefiri verid
denkl eml er i nbDioykmal |Baarspgoiacpd®d cuinnh,u ki,- eeenheértjpip,j , €
kat sayése, Vi zkozi t erilegninbvie rti elremo fsiézciakksl eél] édo yf



edi | mesi i -in |l aneen keyaklI| klnieret eejorl imewyduwryrha
bunun ol duk-a =zor bir proses ol dgdbebinkatik gokta |

civaréeénda dejerlerin - ok hezl e deji kKmesi di
bulundur ul ur , ancak bu durumda ejrimiz Jlineer
civaréeetdai plohez sonu-1lar m¢kemmel sayél amay e
kK¢ - ¢k kar el ekrul mah et ma s a me verilermizde bdienladb il e c e k

tal amaseder, ayne bamaneakdtmeedlde eldziea k i

todunda ol ukan hat al aWMaelemelerdetemeal @etoeblarédk kb b v k |
rrt Bydur ma meéwtdeamu Bemodomanémddaekd, stsrajsutnu
é Kk abnalkalréécna t er mofinegji Kiseluyduremas &her iAmeer i |}
valandérma dernej.i ( ASHRAE) 2005 temell er
UKUIl muktur .

Doyma dejerl eri hesapl amasénda kull anél an Kku
Doyma b°l gesinin modell enmesinde tablo veril
uydurul maseée Kigbli kamé&lrmékteé¢rtis m yndak tmaalnarnd & re nged
noktal aré bajl amaktéér . ¥rnejin ¢-¢nceg derece
M(X)=adX-x)>+ be(X-xi)’+ a(x-x)+yk  1¢ k ¢ n (6)

K¢bi k kKerit veri uydumremaverosaokn e ap@nidmoamg
n(Xe1)=Yke1 1¢ k¢ n (7)

ayné zamanda birinci terevlierin de s¢éegrekl i 0
g =«xk) 6 leken (8)

.-¢nce¢g dereceden polinom i -in i kinci terevl e
rale) =«x)o leken (9)

tem sistemi -°zmek i-in 0Kki Kart daha gereki

rl()xl):O (10)

r @(xn)=0 (11)

ol aralk ®dludmerndoj al ke¢gbi k kerit interpolayonu
meée mkendeér .

he=X+1-Xk 1¢ k ¢ n (12)

Tum bu kKartl ar bir denkl em si st emi ol arak bi
ah+ bh+oh = ViV  1¢ k¢ n (13)

3ac1hia®+ 2beiha+cea-ce= 0 , tken (14)

6a<_1hk_]_+ 2b<_1+2b,( =0 , 1I¢ k¢ n (15)

2bp =0 (16)

6an-1hn1t 201 =0 (17)

setioukur b8 denkBem i -erir. Bu sayéda denkl emi

-%z¢mlemesine ol duk-a ajer bir y¢k getirebil



gereken denklem sayéséné azal t caxeceglenpdinom vy ol u

kull anmaktéér . Ejer k¢bi k polinomumuz
Sc(X)=adX-Xi)+ be(Xis1-X)+ [(X-Xi)? G +(us1-X)° € J/(Bh) ¢ k ¢ n (18)
Keklinde veril mik 1ise
S 1)=ac bt [(X-Xk)? Gt - (Xier1-X)” €/ (2hi) 1¢ken (19)
S @X)=[(X-Xk) G+1 + (X+1-X) CJ/hi 1¢ ke n (20)
olur buradamve by ckn é nk $ioywonu ol arak yazélabilir.
b =[6Yyk-hkck]/(6hy), ¢ K¢ n (22)
a=[6Yks1-hi G/ (Bh), 1¢ken (22)
Bu durumda -°z¢l mesi g e ktekreinmldearnikr ee nd °sn ¢Sk grmi
it 2( ea- o N Gor = 62k~ Yo Yo Ya@ gy o (23)
2] hx hk—l u
bu sistemde toplam-2 denklem mevcuttur.
W_ykﬂm Yea” Y 1¢ k¢ n (24)
tanéeméné yaparsak -°2z¢l ecek denklem sistemin
el 0 0 0 0 O;aec ﬂ e A 2
. 2h+h,) h, 0 0 e G ee(w w)
€0 h, 2(h, +h) ... 0 0 Ougczg € 6(w,- w,) U
¢ ve u_e 0 (25)
g.. e e e e L‘,Bi e L\J_e 'r u
€0 0 0 2 h h uec U u
é (hn-3+ n-2) n-2 OL\Jén-zl:J ?(Wn-z n3)
éo 0 0 hn—2 2(hn—2+hn»1) hn—llilécn—ll:,l éG(Wn-l nZ)L‘]
&0 0 0 0 0 1Hc, 4 & B 4
Kekl ini al ér . Burada A ve B kullanéecé tarafé
k¢bi k kerit interpolasiegbukuywgul arsakedppbkask
doyma b°ddiemsamitkenve t emof i zi kbsreilgisayaemodelier i yl e
ol ukturhRef @B kK| av a pro gramé kull anél arak sojut
hesaplanmasée akajéda veril mektedir:
public ref CS3( St ring sojutukuwcwakmekaduybmi »ajreéelab
i smi dejikkenin kullanéelacak dejikkenin i smi
Ge-erli sojutucu akeéxkxkan isimleri programda

"R732""R740","R142b","R113","R402A","R114","R1150","R1270","R702","R70R728","R507A
","R744","R50","R170","R290","R600","R600a","R124","R410A","R125","R143a","R152a","R404A
""R718","R12","R22","R402B","R401A","R401B","R134a","R123","R23","R407C","R717","R508B
II,"R?ZO"

A-ék ol arak sojutucu akékkanlarén ismini yaz
Kloro-Fl or o Kar bon Sojutucu akékkanl ar
Metan serisi



R-12 (diklorodiflorometan)

R-22 (klorodiflorometan)

R-23 (triflorometan)

Etan Serisi

R-123 (2,2dikloro-1,1, X trifloroetan)
R-124 (2kloro-1,1,1,2tetrafloroetan)
R-125 (pentafloroetan)

R-134a (1,1,1,2etrafloroetan)
R-143a (1,1,4trifloroetan)

R-152a (1,3difloroetan)
Zeotropic karékeéemlar (% k¢gtl e orané)
R-404A [R-125/143a/134a (44/52/4)]
R-407C [R32/125/134a (23/25/52)]
R-410A [R-32/125 (50/50)]

R-508B

R-402A [R125/R290/R22]

R-402B [R125/R290/R22]

R-401A [R22,R152a,R124]

R-401B [R22,R152a,R124]
Azeotropi k karéexkémlar
R-507A [R-125/143a (50/50)]
Knorganic Sojutucu Akeéexkanl ar
R-717 (amonyak)

R-718 (su/buhar)

R-744 (karbondioksit)

Hidrokarbon gurubu

R-50 (metan)

R-170 (etan)

R-290 (propan)

R-600 (nbutan)

R-600a (izobutan)

R-1150 (etilen)

R-1270 (propilen)

Kryojenic (-ok d¢ke¢gk séecakl ék) Sojutucu Akeécx
R-702 (normal hydrogen)

R-704 (helium)

R-728 (nitrogen)

R-732 (oxygen)

R-740 (argon)

R-720 (neon)

Akékkanlarla ilgili vervkeesoPAmémakdprr hegtit mMAS
al énmexter [ 1]

séenef tanémlandéktan sonra -exitl:] termofi zi
Kurucumetodupr ogram i -inde -ajrél maseée

ref CS3a=newref CSBAR134a0) ;

Keklinde olaoankaérekBtuhdanermofizi ksel ©°zell
olarak

-ajreéelabilir.



SABKTLER ve anl aml ar

aM;, Mol ek ¢l ajreleje kg/ kmol

aBP;1. 01325 barda kaynama sécakl ej e

aFP;1. 01325 barda donma sécakl éj e

aTckriti k sécakl ék derece C

aPckritik basén- k Pa

arocckriti k yojunluk kg/ m3

METODLAR ve anl aml ar é

aPsb(t);t (derece C) sécaklejéenda kaynamaya bacxl
aPsdt);t (derece C) sécakléejénda kaynama bitik
a.Tsb(ps)ps (kPa) baséncamdhba s£ecw&klledenandaerkrzawrl C
a.Tsd(ps)ps (kPa) baséncéenda sévé kaynama bitik
arolt);t (derece C) seécakl éjenda sévé yojunluju
arovit;t (derece C) sécakl éejénda ga yojunl uj u
ahlit;t (derece C) seiKdkgl €] énda séeveée entalp
ahvi;t (derece C) sécakl éejénda gaz ental pisi
ahlvit;t (derece C) sécakl éejénda gaz séeveée ent al
aslt);: t (derece C) secakl éjénda séveé entropi ¢
asv(t),: t (derece C) sécakléejénda gaz entropis
aslvit);t (derece C)sasee akhtetj @midaf graké KJI/ kgKk
a.viscosity I(t);jt (derece C) sécakl éejénda séveée vizkoz
a.viscosity v(t);t (derece C) seécaklejéenda gaz vizkozi
aklt,t (derece C) seéecakl é]j éldmka séeveée éseél il et
ak vt KJ/ mK : t (derece C) sécaklejenda gaz eées
aCplt); KJ/ kgK : t (derece C) sécakléejenda seéve
aCpv(t;KJ/ kgK: t (derece C) séecakl éjénda gaz sa
aoundv Iit);: t (derece C) sécakl éjénda séeveée sabit
asoundv v(t);: t (derece C) sécakl éejénda gaz sabit
Bu programén kul Ikaunl€llamaagggenzé gr ssmg§ | ayamh CS3 _ T
gelirkdiminkitki rve ©°zell ikl eri direk ol arak kul
sunul nkuekktidle .2&@f CS_Tabl e3.j ava programéneén
doyma tablasu verilmiktir



| 4| SOGUTUCU AKISKANLAR DOYMA TERMOFIZIKSEL DEGERLERT [ESNIE 5
Sofutucu akigkanlar r Sogutucu akigkanlar ek bilgi
‘soﬁutucu akigkan ismi: R134a -
‘ sicakhik 0.0 derece C
isim Deder Birimler
Sofutucu akigkan adi R134a -
Sogutucu akigkan formiilii 1,1,1,2-tetrafluoroethane CF3CH2F
M, Sogutucu akigkan molekiil agirhg 102.03 ka/kmol
Th, kaynama noktasi -26.074 derece C
Td, donma noktasi -103.3 derece C
Tc, kritik sicaklik 101.06 derece C
Pc, kritik basing 4059.3 kPa
pc, kritik yogdunluk 511.9 kg/m*3
t doyma sicakhd 0.0 derece C
Psb, doymug s basinci 292.93 kPa
Psd, doymug buhar basinc 292,93 kPa
p_l, doymug s yodunlugu 1293.3 kgim*3 =
p_v, doymug buhar yogunlugu 14.430014430014428 ko/m*3
h_l, doymug s entalpisi 200.00000000000003 KJ/kg
h_v, doymug buhar entalpisi 308.8 KJ/kg
h_Iv, kaynama entalpisi 198.79999999999998 KJikg
s_|, doymug s entropisi 1.0 KJikgK
5_v, doymug buhar entalpisi 1.7278 KJIkgK
5_Iv, kaynama entropisi 0.7278 KJ/kgK
p_I, doymug s viskozitesi 2.7110000000000003E-4 Pa.s
p_v, doymug buhar viskozitesi 1.0729999999999999E-5 Pa.s
k_l, doymug s isil iletkenlik katsayisi 0.09200000000000001 KJimK
k_v, doymug buhar isil iletkenlik katsayisi  |0.011510000000000001 KJimK [
Cp_l, doymug s dzgill 1s1 1.341 KJikgK
Cp_v, doymug buhar dzgiil 1s1 0.5969999999999999 KJikgK =
b

kek-1R234a Soj utatcrué nAkreexfk ahS_Tabl e3.j ava Pro
Hesapl anmaseé

2.3 SOJUTKANLAR K¢KN GERCEK GAZ DENKLE

Yukareda bahsettijimiz temel termodi nami k de
denkl|l eml er i il e teagmotdu mwa miak é Rkaendllarkérer i ni
Sojutucu akkkanl ar vV e I kinci |l sojutucu ake
mevcuttur. Bunlardan bir késména burada yer
2.3.1 SOJOTKMNROOSEHELMHOLTZ HAL DENKLEMK
Ul usl ar araars ée nssttaintd¢asrét (1 SO) sojutkanl arén t
-eki t|l form¢gll er ol masé nedeniyle ve bu °ze
etkileyebilecejini g°xl%md ree ialyary@&k | atmerkd avret
denkl emlerin kullanél maséné istemickktir. St an
sojutkanl aré kapsamamaktadér, ancak dur umun
termodi hamkkeereni veren veri ile birlikte de
Standartta Akajédaki sojutkanlarén veriler:i
R744(Karbondiaksit),

R717(Amonyak),R12(diklorodiflorometan),R22(klorodiflorometan),R32(Diflorometan), R123(2,2
dikloro,1,1,1trifloroetan),

R125(Pentafloroetan),R134a(1,1,1,2tetrafloroethan),R143a(1,1,1 trifloroetan),R152a(1,1
difloroetan),R404AR125/142a/134a(23/25/52),R40-R32/125/134a(23/25/52),R410A
R32/125(50/50),r507e125/143A(50/50)

Standart temel hal denklemiaar ak Hel mhol t s ser besBudeaklemrsafi d
sojutkanlar i -in



A
f=—=f +f 2.3.1-1
RT id r ( )

Denkl emdeki Aido alt indisi i deal gaz Ar o al
f. =4 N/t ad*exd- a.(d- &) |exd- b, -g0™] @312
k

Buradaki

t Boyutsuz sécakll ék parametresi T
T Nor mali zasyon fakéetranklgegaelki ki
d Boyutsuzrydjunl uk

r” Nor mali zasyon fakoboJuplggmaelki ki
N Sayéesal ejri uydur ma katsayeéel ar
Ay, b, 8,0 Ejri uydurmalarla °zel sojutkar
ti, O, L, My EJ ri uydur mal arl a °zel sojutkar

Denklemin ideal gaz terimi ;

h B T C,.
f,o=— ﬁ- 0+— nCp.ddT' 1 ﬁ—d""d T (2.3.13)
(s: ref + RTref T
Bu denklemdeki
hres : ideal gaz referans entalp($

Se: 1 deal gaz referans entropi si (Genellikl e
se-ilir)

hetgenel |l i kl e 0 C de doymuk séveée ental pisi ol
séveé ental pisialolsaeaikl ilr kIJAkKkgalK dejairki k refe
ejerlerini verme kKkartéyla se-ilebilir. Denk
ilinmesini gerektirmektedir. Bu ésé kapasit

: ¢ expls,)
sta 6T + X X 2.31-4
26T A oy @Y

Buradaki
uk:&,ck,@vetksojutkana ej ri uydurma ile elde edil
Bazé denklemler i-in ideal gaz ek Hel mholt z

fq=d +d,t +Ind+d,Int +3 d % + 3 a In[1- expct )] (2.31-5)
k k

Buradad, d, 0, k|, kk at s ay é klenr(A&E+H).a sDeém d a(2.8.E3hekn eany n € s € ¢
E Kk d e J, fenksiy@unu

o ok 2
0 u, expl,)
1) +aakk— (2.3.1:6)
Q?B [expt)- 1
Bazé SOJutkanIar i -in Hel mholtz serbest ener
f = R—AT =f +f +f, (2.3.11a)
f o aNa@k (2.3.17)

Burada
D=¢’+ Bk[(d- 1)2]’"k (2.3.18)



1/(20,,

=(1- t)+ A<[(o’- 1)2] (2.3.19)
Y =exg- C (d- 1?- D, (¢ - 1% (2.3.:10)
DenklemdekiNy, Ak, Bk, Ci, Dk, ak, bkt er i ml er i soj ut leranteridir.- i n efj r i

Alternatif olarak BenediewWebbRu bi n denk | e mi Ha l denk!|l e mi ol
Gi bbs serbest enerji hal denkl emine d°ng¢kt ¢ér

9 15
P=&ar“+exptr’iri)a ar®**" 3111

k=1 k=10
Denklemdegk at say él ar déem. HRd hmdh odnccse swearbielse ener ji

olursak:

P=- aéﬁo (1.50)

f :A(T,r):_,,aP
' RT v
Hel mholts serbest eneraakGede rekl enmil y ldee nkkil relmi k te

Q
- r C_ﬂV (2.3.1.12)olarak ifade edilebilir. Bu denklem ideal gaz

Sojutkan Hel mholts serbest enerji denkl emi e
termodinami k °zellikler te¢gretilir.
¢
f. f
u= RTgé“'d+z‘“r0(23113)
¢ W
: f f
h= RT%H i st Wi gt r8 (2.3.1.14)
C ut Vig ua =

z f. f 0
s:RZ:’ale(f,d+f)+l‘u'°I wr B ro (2.3.1.15)
G e M

f. 0
g= RT%+/: +f +0’I:—do (2.3.1.16)

G
a ., Wr )
C, = Rﬁl‘ t? K r8(23117)
¢
%+dw;- d iuz‘ 2710
_ M Hua =
C,=C,+R& (2.3.1.18)

1+2dufr +d2 l-l f2
ud Wl
D o y magesbderiklemleri hal denkleminden




P(t,d.d7 P(t.0,,)  (23.1.19)
9(f,0: 97 9(f,05,)  (233.1.20)

Denkl eml er i kull anarak da el de edilebilir. |
el de ederek kull andéjémézée burada hateéerl at al
Ejer sojutkanéméldigafakk®ikrk aank éaw k &km r Bekjéimé | s e
karéerémer modi nami k °zelliklerini kar ekéemeén i
elde etmemiz gerekir.

fmix = :\ _fm|X|d fmix,r (23121)

a[)qf”d+>gln>g]+f +1,/T (2.3.1.22)

m|X|d
Xi i inci kompomeQ—f—in mol orane
an,
i=1
xilnx; Entrqo i teriminden gelen karéekém terir
favefst er i ml er i karéekéem ental pisi ve entropisin
sévé formunda) ent aGein-edkjgegaznko@2®9@®@n&dt ikgde
n-1 n
mlxr _a )qfl r +a a )quI] (23123)
=1 i=1 j=i+l
nln
T = axT +a a xxZ; (2.3.1.24)
i=1 i=1 j=i+l
.
a=—% (2.3.1.25)
r
1 n)q nln
—= A A XXX, (2.3.1.26)
r ,1/‘ i=1 =i+l
DenKemlerdekixjveziji Ki gazén Dbirlikte ol maséndan dol a
i kili kafwsaypalfarsearl aTen katsayélaré ol typ ge
fonksiyonu akaj] édaki Kekil de hesapl aneéer:
fi =F a N, d"t " exp¢ a") (2.3.1.27

Saf gaz katsayélaréna °rnek dejerl erlveTahlo ak
2312 de veril mixktir.,

Tablo2.3.11 R744(karbondioksit) katsayél ar é

K| a by C
0|o 0 3,5
1 1.99427042 95849956| &
2 0.621052474 1858.80115 &
3 0.41195292§ 2061.10114 6
4 1.04028927 3443.8990§ o




5|

8238.20034 o)

0.08327677¢
Tablo2.3.122 R744(karbondioksit) katsayél ar é
K Ny ty de | W | a[m| b | g | &
1 3.88568232032081 0 1| o] of.
2 2.938547594270E+Q 0.75| 1| 0| 0].
3 5.586718853490E+0 1 1| o] of.
4 7.67531995925081 2 1| o] of.
5 3.17290055804081| 0.75| 2| 0| o0].
6 5.48033158978081 2 2| o] ol.
7 1.22794112203001| 0.75| 3| 0| O0J.
8 2.165896154320E+0 1.5 1] 1| 1.
9 1.584173510970E+0( 1.5 2] 1| 1],
10 2.31327054055081| 25| 4| 1| 1].
11 5.81169164314082 0 5| 1] 1].
12 5.53691372054081| 1.5 5| 1| 1.
13 4.89466159094081 2 5| 1] 1].
14 2.427573984350182 0 6| 1| 1].
15 6.24947905017082 1 6| 1| 1].
16 1.21758602252081 2 6| 1| 1].
17 3.70556852701081 3 1l 2| 1].
18 1.67758797004082 6 1] 2| 1.
19 1.19607366380081 3 4| 2| 1].
20 4.56193625088082 6 4| 2| 1].
21 3.56127892703062 8 4| 2| 1.
22 7.44277271321083 6 70 2| 1].
23 1.73957049024083 0 8| 2| 1].
24 2.1810121289506€2 7 2| 3| 1.
25 2.43321665592002| 12 3] 3] 1].
26 3.74401334235082| 16 3] 3] 1.
27 1.43387157569081| 22 5| 4] 1].
28 1.349196908330B1| 24 5| 4] 1].
29 2.31512250535002| 16 6| 4| 1].
30 1.23631254929002| 24 70 4] 1],
31 2.10583219729083 8| 4| 1].
32 3.39585190264084 10| 4| 1].
33 5.59936517716083| 28 4| 5| 1].
34 3.03351180556084 | 14 8| 6| 1].
35 2.136548868830E+0 1 2| 2| 25| 2| 325/116] *
36 2.664156914930E+0 0 2| 2| 25| 2| 300/119] ‘!
37 2.402721220460E+0 1 2| 2| 25| 2| 300/119] ‘!
38 2.834160342400E+0 3 3| 2| 15| 2| 275|125 *
39 2.124728440020E+0 3 3| 2| 20| 2| 275)122] *t
Tablo 2.3.13 R744(karbondioksitkr i t i kab %$lagel




K N & b | b [ Ac [Bi| G | Dy

40 6.66422765408001| 3.5/ 0.875| 0.3| 0.7/0.3| 10| 275

41 7.260863234990B1| 3.5/ 0.925| 0.3| 0.7/0.3| 10| 275

42 5.50686686128082 3/0.875 0.3] 0.7] 1125|275
R744 Normalizasyon faktorl er.i

T*=304.128 2 K, r* =10.6249063 mol/l, M=44.0098 g/mol,R=8 . 31451 J/ ( mol LK)
R744 Referans parametreleri

Tref = 273.15 K, pref = 1.0 kPa, href = 21389.328 J/mol, sref=1 55 . 74 1 4 fi1}5.80mB5l 85K ) ,
f2 =1555.79710

2.3.2MARTIN-HOU SOJUTKAN HAL DENKLEMK

Soj wt mkéekkanl aréen termodi nami k-Hozae Idleinkll eermi n i
nas el yapéldejée detayl é olarak wverilmicktir.
kull anél an ve temel ol ar akl abyualna rb ikr° | ggeers-i enki nt
denkl emin ©°nemi g°recel] ol arak eski bir d «
ol duk-a genik bir veri tabanéna sahip ol ma:
tanéemlamadeéej é jiu-iiln esé@vyégiyoj wrkl udenkl eme de |
doyma basénceé, i deal gaz °zgyg¢l €sésé gibi °
dijer termodinamik ©°zellikler hal d elarkMar@miii n ¢
Hou denklemi[1] il k defa 1955de yayénlandej e
5 .
P=RT/(V-b)+§A+BT+Ce”)/(V-b) (2.3.21)
i=2
Keklindedir. gBKT/TMehkrakhddkiinéml anméxkt er . K
sayeder Daha sohmaal dazé-ison]j den&l e mé& & e KHout e |
denklemi
5

P=RT/(V-Db)+ i (A+BT+Ce?)/(V- b)

( )%(A . € 7)/(V-b) (23.22)
+ (A + B, T+Cee®)/[e™ (1+C'e™)]
hal ini al mekter. Bu demnmkl emdelaibi o« | eei «LCidr . C
sojutucu akekkan Uewun alASHRAKE]L ar®emj uter modi r
verilmiktir[2]. ¥rnek olarak halen en fazl a
sayeéel aréné verelim:

Tablo2.3.21 R22 Martin Houdenklemi AB, C kat sayél ar é

[ A B C

1 0.0 0.0 0.0

2 11.257406 EO1 1.679677 EO4 14.293246 E+00

3 12.092649 EO05 2.335060 EQ7 9.966228 [E03

4 2.165681 [EO07 16.944729 E10 0.0

5 12.529079 E10 7.596729 E13 14.833999 [E09

6 0.0 0.0 0.0




R23 i -in h&«l diejiné&id e kbabi=/a883p® EGd e Ker | eDroiynma ablaés
denk!l emi k & s mi>% omMgakrlail éojléa ria-ki n

l0g10(Ps) = As + AT + Azl T? + Allogio(T) + As T2+ A, T3 +

[Ag (AgT T )/T]'Ogj_o[(Ag TT )*18] (2.3.23)
Keklinde tanémlanméxtér . Bu denkl em altée sé
programlara aktarél mékter.

Tablo2.3.22 R22Mar tin Hou denkl|l emi bad@ymuKk oakKkasK kya
2.928566 E+02
14.418205 E+03
11.445142 E+02
4.358070 EO1
16.894935 [E04
5.502466 [EO07

Mmoo m >

Kdeal gaz ©°9zg¢l ésée denklemi termodinami k mo
C.2 = Gy +GyT+Gs TG, T+Gs/ T2 +GgT? (2.3.2:4)

Tablo2.3.23 R22Mar t i n Hou denkl emi i deal gaz °zd
3.191536 [EO01

15.694947 [EO05
5.295808 [E06

15.990234 [E09
0.0

0|0 |T(D

veé yojunluju sadece gaz b°l gesi I -
bu yézden e k denkl em ol arak ver.
r i -in -exhitlliiridenkBu malketklanlaanréém
e heng¢ z ekl enmi kK durumda dejil dir,

S i I n denkl eml er i t a2% miR1d3) me
b, R41.0A, R5088B i -1n

5
UV'=y) 2E+3 EUP? (2.3.25)

i=2
Bu denklemde t=1-T/T, (2.3.2-6)
ol arak tang&mkseaomekee&t érT(derece K).

1/ VB0 =+ ERTciT) +Eo(Tci )Y Ex(Tc i T)Yo+ Bg(Tc i T)? (2.3.27)
tanémé y¥dpeé mékneR3 ol armkd&®&y muk séveée yojunl
verdijimizde:

Tablo2.3.24 R22Mar t i n Hou denkl e mi doymuk séveée y
Ay 5.250179 E+02
Bs 1.015216 E+03
Cs 14.053520 E+02




Df | 2.309251 E+03
E | 11.700080 E+03

Doymuk buhar yojunluju denklI| e mi ter modi dcdhejma rl
hal denkl eminin kendisinin (denklem 2) doym
-%z¢l mesiyle el de edil eRapbhsonAmeabdbugt B¢k
denklem -°2z:;:m teknikI er.i gleurelkdjiou ddpnkd emj
kull anabilecejimiz bir denklemdir. Bu denkl e
13
In(1/V)=In(})= 4 F.,,0°+F,n(1-0 (2.3.28)
i=-10
Kekl i nde t adejnlkaknemiik ttéanémé denkl|l em @&rakdRa2 vie+

doymuk buhar yojunluju denkleminin katsayél a

Tablo2.3.224 -R22MartinrHou denk | e mi doymuk buhar yojunl

K Fi

7 -0.16800247494

11 0.1344723347

12 -2.845461973

14 0.1292966614e3

20 0.310683566e4

21 -0.1189422522e5

22 0.1914759823e5

23 -0.1472081631e5

24 0.4527640563e4

25 0.1306817379e3
Tabloda | istelenmey&n kat sdepé&l ami 9dan edi jt ¢
hesaplarken 1.47a,1.48a,1.37a,1.37b denklemlerindem rydra n ar a k hesap23&bi |
12333, 2. 3. 1. 12 denkl eml er i yardémeyl a Hel mhc
kullanabiliriz.

233 BENEDKWEBB-RUBKN ( BWR) HAL DENKLEMK:

Ger-ek gaz denkl eml eri ib-ierriissii nld%e4 0 eYhe |-éonkd ab[i
WebbRubin (BWR) hal denklemidiBu denkI|l emden B° | ¢ mOrfinal3enklemd e
Haf i f hidrokarbonlarén termodinamik ©°zell ik
sonu-1| ar nkvieerne n - edcei t | i uygul amal ar da daha [
ujrat éBunékdijeirki kK formlarénén en yaygén kul |l ¢
yapél dejKeslLee denkl emidir. ANelbb&ubim Had eé@kleni t i
( DBWR) so]utucu akékkanl ar én termodi nami k
kull anél maktader . Bu denklem dejixktirilmik |
ge-er | i bir denkl emdir . Gel ida R1I34aR1i23, R124, R125/R80f r i
R702,R720,R732R740, R1150 sojutucu akékkanl arée DBWR ¢

z

DB WR denkl emi ni n tanémeé vV e ter modi nami k °

verecejiz. Det ayl anale 1l,1d8treitrrkaefnl uéd moetkhaokbar
l' i steleyeceji z, ancak bu denkl em gerektij]i
edebil ecejimiz olduk-a yaygén olarak kull ané

Sojutucu akékkanlar i -in DBWRdenkl emi



9 15 )
P/100= § a/V"+exp (VEND J a/v2T) (2.3.31)

n=1 n=10
Denkl emdeki sécakléeja bajémlé a katsayél ar e
Tablo2.3.3-1 Denklem (2.3.3l) DBWR

| a

1 RT

biT + b2*T0.5 + b3 + b4/T -
b5/T2

b6T + b7 + b8/T + b9/T2

b10T + b1l + b12/T

b14/T + b15/T2

b16/T

2
3
4
5 b13
6
7
8

b17/T + b18/T2

9 b19/T2

10 | b20/T2 + b21/T3

11 | b22/T2 + b23/T4

12 | b24/T2 + b25/T3

13 | b26/T2 + b27/T4

14 | b28/T2 + b29/T3

15 | b30/T2 + b31/T3 + b32/T4

Bajéntélaréeyla verilmixktir.

burada T derece K = AC + 273.15 cinsinden sé
(= m3/ kg *Molek¢l ajérl éjée) cinsinden °zgg¢l
basén-,

R =0.08314471 bar (absolute) litre/moleK gaz sabitidir.

¥rnek olarak halen en fazla kullanélan sojut
verelim:

Tablo2.3.32R134a bdenklemk at sayél ar é

| bi | bi

1 | 16.545 523 522782 17 11.015 436 8796 D2

2 5.889 375 1817 E+00 18 1.173423 3787 E+00
3 | 11.376 178 8409 E+02 19 12.730 176 611312
4 2.269 316 8845 E+04 | 20 16.633 850 2898 E+05
5 | 12.926 261 3296 E+06 | 21 16.475 479 9101 E+07
6 | 11.192 377 619004 22 13.729 521 9382 E+04
7 | 12.721 419 4543 E+00 | 23 1.261 4736899 E+09
8 1.629 525 3680 E+03 | 24 16.474 220 0070 E+02
9 7.294 220 3182 E+05 | 25 1.236 245 0399 E+05
10| 71.172 451 911584 26 11.569 919 6293 E+00
11| 8.686 451 001381 27 15.184 893 2204 E+05
12| 13.066 016 8246 E+02 28 18.139 6321392 E 02
13| 12.566 404 774282 29 3.032 516 8842 E+01
14| 712.438 183 5971 E+00 | 30 1.339 904 2297 D4
15| 13.160 316 3961 E+02 | 31 11.585 619 28491BD1
16| 3.432 165 152181 32 9.067 958 3743 E+00

Tablo23.33R134a nénfde]j EsetdiPeellikleri



Ki myasal Sembol CH.FCR;

Mol ek ¢ | aM 102.03

Kaynama s -26.06

(1 Atm)

Kritik ST, 101.08 C = 374.23K

Kritik BgPk 4060.3 kPa

Kritik ydr, 515.3 kg/m

Kritik hacim Ve 0.00194 nikg
Tablo2.3.34-Denkl eml erde kull anél an sabit dejer|l

Sabitin a

Gaz sabiti R 8.314 J/(mole)K

Referans entalpi | hx 200 kJ/kg O C de

Referans entropi | & 1 kJ/kg 0 C de

At mosf er | Pam 101.325 kPa

Doyma basénceée dealakakTg pPHT >KTgadma |l &j. & eikd i n
log10(Ps) = A1 + AT + Azl T? + Aglogio(T) + As TZ + A, T2 +

[As(AgT T )/TJlogid(AeT T )*Auq] (2.3.32)
Keklinde tanéeiwmlammakter . séBRmktdehk aral ejéna b
programlara aktareéel mexkteéer. Mr0MejG n s3] 0t wcul
aral ejéenda Ai kat sayélaré Tablo 2.2.9 da v
Tablo2.3.34-R134a (3)detkke mi doymuk akéekkan sécakl ék ba

[ Al

1 4.069889 E+01]

2 12.362540 E+03

3 0.0

4 11.306883 E+01

5 7.616005 EO03

6 0.0

7 0.0

8 2.342564 EO1

9 3.761111 E+0Z

10 1.0
Kdeal gaz °zgy¢l ésé dewnmkrhagsm it-eirmoglae rmekmi ik dno

C.0 = Gy +GoT+Gs TG, T3+Gs/ T+GeT? (2.3.33)
Doymuk séveée yojunlujunu s éveé énklegnyle i I -1 nde
tanémlayabiliriz. Ancak burada ek denkl em ol
proseslerde il k tahmin dejer.i ol uktur masé i -
yojunl uju denkl emi :

5 .
UV'=y 2E+3 EUY? (2.3.34)
i=2

Bu denklemde t=1-T/T, (2.3.35)

ol ar ank atnane&k t et i k Tsécakl ektér (derece K).



Yine °rnelk34oliariank d®oymuk séveée yojunluju denkl

Tablo23.34-R134a DBWR denkl| e mi doymuk séveé yojun
K Ei
1 5.281464E+07
2 7.551834E+04
3 1.028676E+03
4 19.491172E+02
5 5.935660E+07

Propilen (R1270) Soj ut uc uBWRk edkeknaknl éennéi n ddatellsl aapr
denkl em yukaréeda verilen BWR d®&uwmdedklermi f ar kl é

Z=P /r RT=1+w(Ni*t + No*t >+ N3*t %)+
W2(N4+ Ns*t+ Ng*t2) +w(N7*t%+ Ng*t )+
W4(N9/t+ Nigt Ni*t+ le*tz) +
W5 N13*t3+ W6 N14*'[3 + W7 N15*t3+
w2expEw?) (N1g*t>+ WN17*t >+ w* Nigtt 3+ WP Nyt 3 + wiNog* t2 +

W2 No*t?) (2.3.36)
Bu denklemde;
w=r /it (2.3.37)
reie =kri ti k yojunl uk

Tai=Kr i ti k Séecakl ék

Tablo 2.3.35 -Bu denklemde yer alaniM a t s a g & Israektadin: €

N;= 0.1862482900

N,=-0.1292611017E+01

N3=-0.541016009748€1

N4= 0.1013803407E+01

N5=-0.2121229225E+01

Ne= 0.1526272166E+01

N7=-0.2552199159

Ng= 0.1314787725E+01

No=-0.4565338888H6)1

Nio= 0.926598286401

N1,= 0.1020149653

N1,=-0.2293103240E+01

Nis= 0.1251447761E+01

N14=-0.2810355287

Nis= 0.227659849081

N16=-0.2351596425

N;7= 0.2209998579

Nig= 0.336850092

N15=-0.210248541801

Noo= 0.29849352908€)1

N2;= 0.285153473981

R1270 sojutucu akékkané i1 -in ideal gaz hal d



5 .
C./R=3 C To*"++C,To*++C,u’e" /(e"-1) (2.3.39)
i=1
Bu denklemde ;
u=GsTo (2.3.310)
To=Tc/T (2.3.311)
Tablo 2.3.36 -Denklemde yeralalCik at sayél ar éné g°stermektedir

C,= 0.6559138100

C,=0.1621655400E+02

C3=-0.4898063300E+01

C,= 0.8218546800

Cs=-0.58314808008€)1

Ce= 0.252525190001

C7=-0.4703242000E+01]

Cs= 0.1684494400E+01

Ana denkl emden dijer termodinami k denkl eml er

2.34PENGROB KN SSITRYJEK-VERA ( PRSV) HAL DENKLE

Sojutucu

akéeéxkkanl ar én t er mo d i RergRabiksonStryjed-Verai k
(PRSV) denklemkul I an
bi

€l arak nasel y ap él deégngRokEngoaStrgett a
r

Vera (PRSV) denklem -0k sojutucu akékkanén taném
b°l gesinin ©°zelliklerini t a rPéngriolsingaa-siryjelkvena (pigw r -
hal denklemi R404A, R407C, R401A, R401B, R402A, R4 02 B gi bi k ar €
sécakl ek, basén-,°%°zg¢l hacim,ental pi,i- ener|
kull anél an hal denkl emi di r .
P(,T) = R—Tb- alv? + 2bv+b?) (2.3.41)
Keklindedir. Bu denkl emdeki
3 3 3
a=gq axxa (2342 ve b=3 xb (2.3.43)olarak hesaplanmakiaé r .
i=1 j=1 i=1
Xi= | bil ekenine ait mo | dejeridir.
Xj= ] bil ekenine ait mol dejeridir.
a T2 QG
8 = @-45723&& (2.3.44)
¢ i =
a RTZ 0
%) 457235—J Oa (2.3.45)
g C]T
kij =i ve | bi Imetheenl! er i -1 n 1 kil@ par
a, =[l+kT05] (2.3.46)
K =ky + ki |1+ T2 0.7- T,)) (2.3.47)

Not:ki=koy Tr >0 . 7 i -1 n



k, = 0.378893+1.4897153# - 0.1713184847 +0.01965547  (2.3.48)

K= i bi | e maglanabilir paramietre a
Tri=Ti/ Tci (2.3.49)
R,Tci,Pci,wikij, xi , Kk ejerl eri a ve b dejerler

ij dej
Burada R=0.008314 kj/ mol K &6dir.
Bir °r nek ol ar ak hesapl ayaca] é mé z ci,PRigvidky, Qi, k§ 0]
r

dej er | er iTablo23w+ad] deed avkeir i | mekt edi
Tablo23.41 R407C i -in komponent dejerleri
Bil eke i TcCi Pci Wi Ky Xi
HFC-32 1 351.60 5830.0 0.2763 -0.0250 0.38110
HFC-125 2 339.19 3595.0 0.3023 0.0310 0.17956
HFC- 134a 3 374.20 4056.0 0.3266 -0.0060 0.43934
R407C i -in Kij dejerleri akajéeda veril mickti
Ki1;= 0.00000 #=-0.00028 k=-0.00815
K= -0.00028 ¥= 0.00000 ¥=-0.00240
Ks;= -0.00815 K32=-0.00240 k= 0.00000
Kdeal gaz °zg¢l €ésé denklemi termodi nami k- mo
Robinson StryjekVer a( PRSV) Hal denkl e mi i -in Cp den
3
C,=a xC, (2.3.410)
i=1
C, =4.184A +BT +CT*+DT’+ET*+FT®) (2.3.411)
Tablo2.3.42-R407C i - i n Cpi denklemi yer alan Ai, B
A= 1.2268B0E+01 B;=-0.699113E01
A,=1.170140E+01 | B,=0.216411E01
As=0.463685e+01 Bs=0.617914E01
C;= 0.394642ED3 D;=-0.837462E06
C,= 0.868526ED4 D,=-0.112776E06
C3=-0.309907E04 Ds= 0.000000E+00
E;= 0.859548E09 F;=0.000000E+00
E,= 0.000000EQ0 F,=0.000000E+00
Es= 0.000000E+00 | F3=0.000000E+00
PengRobinsonStryjekVer a ( PRS V) Hal denkl e mi i -inde yel

verilmektedir.

logn Psa=A+B/T +C log, T+D T* (2.3.412)



Budenklemde = Sat urasyon Basénceé
R407C sojutucu, @kbPkkangayelar &, B8kajéeda veril

A=4.27103E+01 B=3.34460E+03 C4.39387E+00 D=6.86997€6

PengRobinsonStryjekVer a ( PRS V) Ha l denkl e mi i -inde yer
akajeda verildifji gi bidir:

df/Dc=ao+az+ @ z°+a z° + & 2* (2.3.413)

Burada z= (dT/Tc)*3ito (2(3.414)
R407C so]j ¢tucu akékkaneée i -in ai kat sayél ar e
a,=1.000000E+00 122.35027£+00 a=-2.029024E+00

8g=2.746460E+00 4<0.000000E+00 to= 0.0000

235J APON SOJUTMA DERNEJK HAL DENKLEMK:

Japon sojut maR2RalvedenlkRl egez| arénén termodi ne
hes aplnadmmaocsléd usk -sao nhuas svaer e nAkhaijré ddae nRk212e mds o] u't
Japon Sojutma Derneji Hal Denkl emi veril mekt

Z=P/ro*R*T=1+(A+ Ao/ Tr+ Ag/Tr+ A4/Tr6)*ror

+( Ast Ag/Tr+ A7/ Tr*y*ror?

+( Ag+ Ao/Tr + A1/ Tr’+ A1y/Tr)*ror®

+( A Tr+ A/ Tr)*ror?

+( AT+ A/ Tr+ A Tr+ A/ Tré*ror®

+A16°10rO+( AL/ Tr?+ Ao/ Tr)*ror’

+( Aot/ Tr) *ror® +( Ao Tre+ ALg/ Tré)*ror®

+( Aol Tr+ Aoy Tro)*ror°

+( Azd/ Tr+ Al Tre+ AngTré)*ror! (2.3.51)

Bu denklemddr=T/Tc (2.3.52) ve ror=ro/roc(2.3.53)o0l ar ak hesapl anmakt a

Tablo2.3.51-Denkl emde yer al an R2 X astosjauytéd car éak € K k a

A 0.545762

A, -1.39198

A, -0.432562
Ay 0.02214

As -0.1307418
As 0.79211

A -0.167029
Ag 0.56743874
Ag -1.35071

A1 -0.115487

A1r 1.024567

A1 0.34435035

Az -0.4082677

A1 0.0830099




Ais -0.1899033

A 0.08821727

A7 0.0190595

Ag -0.0376347

Ao 0.03329212

Ao -0.03794234

A1 0.7869090FE2

A -0.4626965F2

Az 0.2336405EL

A4 -0.2066556F2

Azs -0.1050183EL

Ao 0.527695E-3

A7 0.2095470E3

Azs 0.1346363F2

Japon sojutma derneji hal denkl eminde buhar
In(Pa/Ri)=(Teri/ T)*(B 1*t +B2* %% Bg*t >+ Bg*t *+ Bs*t °) (2.3.54)
Bu denklemde =1-T/Tc (2355bajéentéséyla hesaplanmakt adeé

Tablo2.3.52-R2 2 scoy uakuéekkaneé @i -in B katsayélar e

B:1 | -7.0340913

B, 1.4030736

Bs | -4.9605880

B4 8.8828089

Bs |-10.6006380

Japon sojutma derneji hal denkI|l eminde R22
bajéenté il aéhesapl anmakt a

6 .
Co=S C*T 2 (kJ/kg K) (2.3.56)

1=
Tablo2.3.53-R2 2 scoy uakuéek kané i-in Ci kat sayéel ar é:
C:| 0.0
C, | 0.337055

Cs | 0.283027E3

Cs | 0.537315E5

Cs | -0.121392E7

Ce | 0.869922F11

Japon sojutma derneji hal denkI|l eminde R22

denkl emi akajédaki bajéentée ile hesaplanmakt a
S

ro'/roc=1+3 D" (2.3.57)

i=1

Bu denklemde=1-T/Tc (2358 bg ént éseyl a hesapl anmaktadeée



Tablo2.3.54-R22 soj utniecu -akmékdka kat sayél ar e

D1 1.8877394

D, 0.59858531

D3 -0.071134041

Dy 0.40327650

Japon sojutma derneji hal denkI|l eminde R22

denklemia k a] é dakii bajéenté ile hesaplanmaktadeéer:
10 ) 19 )

In(r,/r.=8 Et“V3+3 Et 198+ E, Ln(T/T) (2.3.59)

i=1 i=11
Bu denklemde yer alart=1-(T/Ti) (2.3.5100baj eént éséyl a hesapl anmak

R22 sojutucu akeéekkan=®5.i9-3i2n8 Tkig=3np38 t 8@ tu Krark B2eX
kat sayé de]j everilnektadim t abl 0196da

Tablo23.55-R22 sojutucu akékkaneée i-in Ei kat sayeél
= -0.1125494951

= 0.0

Es 0.0

E4 0.0

Es 0.4892280363E+3
Es -0.1227271507E+4
E; 0.1629238081E+4
Es -0.8591945110E+3
= -0.1440371655E+3
Eio 0.2925609255E+3
= 0.0

Eio -0.2447993522R2
Eis 0.0

Ei4 0.0

Eis 0.1815569814&
Eie 0.0

Eiz -0.40280061246
Eis 0.2289562605H
Eio 0.0

Exo 0.9465371017E+2

2.3.65U BUHARI VE BAZI SOJUTKANL ARA K ¢ BUEIN KIEE MK:O

Bl ¢mL 2de&8 Ul usl ar arasé |1 SO standarte ol ar al
Hel mholtz hal denvklyarki vbu bBBwhatacu akékkanl :
czelli klerinin hesveeplsammdmacse ndar ekwilldraenéd aynanc
olarak basit olan bir hal denklemidiSu b uedhmareyak ve R507A gi bi
Hel mholtz Hal Denkl e mi bazée farkl éel ekl ar g°©°



Genel olarak HelmhattDenklemi:

A, T)= Ag(T) +A(r,t) (2361 «Keklinde ifade edil mektedi
Denkl emdeki Ai do alt indisi i deal gaz Aro al
Bu denklemde A helmholtz fonksiyonudur veA =U-T S @.8.62) .
U-K Enerji (kj/kg) Entropi (kj/kg K) TSécakl ek ( K)
Ag(MiKde al gaz hel mholtz fonksiyonudur.
¥rnek ol arak su buharéenen t er Jth Haemi, .G kKeyesz, e
P. G. Hi | | and J. &t iMoodreen tHeerlanfhéonldaznGegred a k | g
genel de hal denkl eml er i denen ve P(T,v) «kxek|
i fade edilirler. Burada P basén-. T sécakel el
Moore denkleminde hal denklemi Helmholtz serbestenefjls){ or munda ver i | miKk
A(T, ) Ao(TM+RT(n(r) )+ ©r )t (2.3.63)

L C
A, (M=a [i_.'1+C7 IN(T)+C, InT /¢ (2.3.64)

i=1

i-09

Q(f,[) :([ - [crit)a (t - taj)j_zgé
j=1 i=1

Bu denklemdae=1 000/ T,

T K

8
B (r- ry) " +expt Er)g B;r

cinsi

i=1

nden

Bj ve G ve E = 4.8 denklem sabitleridir.ry oJ unl uk

S (2.3.65)

s eém/qramiK égkz sabegidire r

dseajbei rtii dnifi rhablodBede e r

ver i | tpvekttiarn e ml ar €

] =1 ti=t:+1000/T; r4=0.634 @kritik séecakl ék)

j >1 t4=2b6n rg=1. 0 Kekl i nde
Tablo23.61: S u b u lokzrsarbedtenérjisitihal denklem{T,r) kat sayél ar é
By |1 2 3 4 5 6 7

1 [29.492937 -5.198586 6.833535 -0.156410 | -6.397241 -3.966140 -0.690486

2 [-132.139170 7.777918 -26.149751 | -0.725461 | 26.409282 | 15.453061 | 2.740742

3 [274.646320 -33.301902 | 65.326396  |-9.273429 | -47.740374  |-29.142470 | -5.102807

4 [-360.938280 -16.254622 | -26.181978 | 4.312584 | 56.323130 | 29.568796 | 3.963609

5 [342.184310 -177.310740 | 0.000000 0.000000 | 0.000000 0.000000 0.000000

6 | -244.500420 127.487420 [ 0.000000 0.000000 | 0.000000 0.000000 0.000000

7 [155.185350 137.461530 | 0.000000 0.000000 [ 0.000000 0.000000 0.000000

8 [5.972849 155.978360 | 0.000000 0.000000 | 0.000000 0.000000 0.000000

9 [-410.308480 337.311800 |-137.466180 |6.787498 | 136.873170 |79.847970  |13.041253

10 |-416.058600 -209.888660 |-733.968480 |10.401717 |645.818800 |399.175700 |71.531353

Ai4(T) denklemindeg e - e n

Tablo 23.6-2;

Su

C k dabwajpeibaer ger s mi kKtir.

buharé Hel mholt z
[ G i G
1 1857.065 | 5 -20.5516
2 322912 6 4.85233
3 -419.465 |7 46.0

serbest

enerji si



|4 ]36.6649 |8 |-1011.249 |

Bu fonksiyonun klasik P(T,vVv) forme¢gl ¢ne gor e
cinsinden ifade edilmesidi?(T,v) formundaki hal denklemleri ise integrallere de gerek duyarlar.

Tevieerion hesapl anmaseé integrallere go°re d e
fonksiyonlar kKku kKekilde tanémlanméxtéér :
=r¥dy/)dr (2.3.66)

:[d(yt]r) /[ dt (2.3.67)

s=-dy mnd (2.3.68)

h=u +Pv (2.3.69)
bu fonksiyonl ardaki t¢rev ikl eml er i a-él acak
P=rRT[L+rQ+r?@Q /)dr (2.3.610)
u=rRTt (dQ f)ea d(yot) dt (2.3.611)
s=-R[Inr rQ-r (dQ #t)d(d y D] (2.3.612)
h= RT[r (dQ t)cdt+1+rQ+r2(dQ /)dr+d (oy) / dt (2.3.613)
Doy muK s u buhar é basén- sécakl ek i kKkisi(
verilmiKtir.:

|1g

cnt eXbelo ( crit T)a F(o 65 OOIr)
=1

BuradakiF; k at say éltvanalﬁozxiaab ivtelr icenthRkt i ri. K Tbasén- ve
ifade eder.
Tablo23.63: su buharé buhar doyma ejri si kat sayeé
i [F i | R i[F i F
1 | -741.9242 | 3 | -11.55286 0.1094098 | 7 | 0.2520658
2 | 29721 [ 4 [-0.8685635 0.439993 |8 | 0.06218684

(2.3.614)

&)

[e2)

Yukar eda t anéeml alneamn KkKwelmMednédamlake ms u buhar é
refrigerant.java progr ameé I -inde hesapl anm
gel i ktirilmiktir.

Amonyak sojutucu akékkara]jedanki Hebhimbal € abéana

A(r, T)=Ad(r , T)+Ai(r,T) (2.3.615)

r=Yojunl dk (g/ cm

Bu denkl emde AA A Hel mHIsl @26lfjbakényéesapbari
edi | mekghediirs.e Kide al FOGaXk sHeglomudldtu r .

Al(r,T)=RT(n()+r Q(r, T) ) b ay emit lémigR3.6ar)

9 6 ) _

Bu bajeéent QrT)=gaBr't-ty,)" (23618 bf entéséeyla rhes
i=1 j=1

Bu bajteh0@daZ36l9via T sécakl ék fonksiyonunun

olantyiti se amonyak so] ut ucHllkgkdesq lkean & i i Baidenkkeikde2a3l E:

yeralanBjk at s a ynényaksrog] utau c u ak e Kk k avarinekiediri n Tabl o 2:¢

Tablo 23: B | Kat sayél ar e
| A1,1 =-6.45302230405|




Al,2 =-13.7199267705

Al,3 =-8.1006203157

Al,4 =-4.880096421

Al,5=-12.0287756268

Al,6 = 6.80634593

A2,1 = 8.08009436769

A2,2 = 14.35692008

A2,3 =-45.0529767

A2,4 =-166.18899857

A2,5 = 37.90895023

A2,6 =-40.7302083337

A3,1 =1.0329948807

A3,2 = 55.84395581

A3,3 =492.016650818

A3,4=1737.836

A3,5 =-30.8749152638

A3,6 = 71.483530416

A4,1 =-8.948264632

A4,2 =-169.77774414

A4,3 =-1236.53237167

A4,4 =-7812.16116832

A4,5 =1.77954826914

A4,6 =-38.97461096

A5,1 =-66.92285882

A5,2 =-1.75394377532

A5,3 = 208.553371335

A5,4 = 21348.9466

A5,5=0.0

A5,6 =0.0

A6,1 =247.341746

A6,2 = 299.98391555

A6,3 = 4509.080578¥

A6,4 =-37980.85

A6,5=0.0

A6,6 =0.0

A7,1 =-306.55788543

A7,2 =24.1165511

A7,3 =-9323.3568

A7,4 = 42724.0985306

A7,5=0.0

A7,6 =0.0

A8,1 =161.791003337

A8,2 =-507.478070464

A8,3 = 8139.4703974

A8,4 =-27458.71063

A8,5=0.0

A8,6 =0.0

A9,1 =-27.8216888




A9,2 = 298.8129173

A9,3 =-2772.597352

A9,4 = 7668.928678

A9,5=0.0

A9,6 =0.0

Kdeal gaz Hel mioal)t z alkean keldearkii bAaj éntéyl a hese

A, (T) =RTGIn(T) + RTél'1 CT"%- RT@- In(RT)) (2.3.620)

i=2
Bu bayeralanCaka s ay el ar éveriimakietliro 2406t e

Tablo24: C Katsayeéel ar e

C,=-0.38727270E+01

C,=0.64463724

C3=0.32238759E+01

C4=-0.21376925ED2

Cs= 0.86890833H5

Ce=-0.24085149ED7

C7;=0.36893175H0

Cs=-0.35034664E13

Co= 0.20563027EL6

C10=-0.68534200FE20

C11: 0.99392427R24

Amonyak skogkuktauncéeu ia- i n baséen-(P),i- enerji(U),
bajéentélarla hesaplanmaktadeéer:
P:rRTgL+rQ(r,T)+r2M3 (2.3.621)
e W
S=5,(T)- Rén(r)+rQ(r,T)+r M‘é (2.3.622)
M
U=U,(T)+RTr gmﬂ (2.3.623)
T
P
H=U+— (2.3.624)
r
vukae d aki denkl em| &) domyiag eg "X yamya go |&;’T)5r e
W H
akajedaki bajéenteéelarla hesaplanmaktadeéer:
r,7) 2.8 . - i
P - 5 8 By(j- ri( - o) (2.3.625)
Vg i=1 j=1
9 6
PUT) - 4 & B (- D72 - £,)"" (2.3.626)



Bu denkl eml er de v erdewyerlalarté50/k (2.3.620 wkdli e mlI ve T
fonksiyonunun édcea) ekrrii tkKokd i@k sPayrdmpayak obaput
1.2333498 dejerini almaktadeéer.
K- enerji( U),entalpi(H) ve entrop¥%T) sU(T)de
dejerleri akajéeda verilen bajénteélar yar démé
L(T)=-dA%dT (2.3.6298)

11 )
SUAT)=-R G (In(T) +1}R § (i-2)Ci T*i R(IN(RT)) (2.3.629)

i=2

uoT) = AYT) + T S(T)

2371 UPAC HAL

Karbondioksit (CO0O2)
Ter modi nami
gazl areée i -

Pv

Z=——=1+
rRT Waa

Bu denklemdew=r /ir

COi - 1139.01063 mol Em3

t:Tl/T
COi - T1#804.2 K

(¢ -D (w- D)

DENKL EMK

(2.3.71)

(2.3.72)

(2.3.73)

Bikat say elRa#1)d diwealibdktedir:

Tablo(2.3.7.1):

Ao, o= -0.725854437

Ao 1=-0.16832974E+1

AL 0.447869183

Ay= 0.126050691E+1

Az o=-0.172011999

A,,=-0.183458178E+1

Azo= 0.446304911R

A3,1: -0.176300541E+1

Aso= 0.255491571

A= 0.237414246E+1

Aso= 0.5946672988

As.,= 0.116974683E+1

As = -0.14790010

Ag1=-0.16974683E+1

Az~ 0.1367104418

A7,=-0.100492330

Ago= 0.392284575H

A8,1: 0.441503812

Ag = -0.1198772097H

Ao 1= -0.8460519498

Ao = 0.259587221

Aoz= 0.376945574

A1 = 0.596957049E+1

A1 3= 0.154645885E+2

A,=-0.461487677E+1

A,.=-0.38212926E+1

A3,=-0.111436705E+2

A35=-0.278215446E+2

A4 = 0.750925141E+1

Az 0.661133318E+1

As = 0.743706410E+1

Ass= 0.150646731E+2

As=-0.468219937E+1

Ag = -0.313517448E+1

sojutucu
Tabl amlrarfén®anj ge Me
gel i ktirilen

| UPAC Denklemi




A7.,=-0.163653806E+1

A7=-0.187082988E+1

Ag = 0.886741970

Ag = 0.464564370E

Ao,4~=-0.670755370

Ao 5=-0.871456126

A1~ 0.194449475E+2

A1 5= 0.864880497E+1

A,.= 0.360171349E+1

A, 5= 0.492265552E+1

A3~-0.271685720E+2

A35=-0.642177872E+1

A4~-0.242663210E+1

A4,5:-0.257944032 E+1

As s~ 0.957496845E+1

Ao,~-0.149156928

IUPAC hal denklemind&eal h a |
7 .
Hid(r)/RT=é Di(fid)l

denkl emi akaj édyd ev etrainléem aennr

(2.3.74)
i=0
Bu denklemde verilen=302.4/T(K) (2.3.75)
bajéntéséyl a Dédsypgll ammaktsadaxkaj] éda veril mekt

Do= 7.67516488

D;=-13.9641330

D,= 26.6614790

D3=-34.1840533

D4= 28.9244934

Ds=-15.3006069

De= 4.56446566

D;=-0.585016654
CO2 i-in R=K)3M”™43. J/ ( mol

23.8R. D. GOODWI N HAL DENKLEMK

¥ z el | Htak | (B170),Propan(R2900No r ma | B¢t an (R600) vV e I

akexkkanl arénén ter mbdsapiRaibaRkR Gebidwkhetiar af én
standartl aréna g°re gel i ktBulmaidenglemi:hal denkI em

F(r,T) (2.3.81)

CI'II

a
P=P, +—R(T T)+§r
crit ¢

Bu denklemde;

PssDoymaBa s é n c
Ts=DoymaS é ¢ a k |
rei=Kr i ti k Y
Teie Kri ti k S
R*=0.0831434

R=8.31434 J/ ( mol
F(r,T)=B(r)F(r,T)+C(r)g(r,T)

Kyoedir.

bajént éséyl a (noelsdepklennimdenygek dlaa @)g,F(r,H,Cr) vegr, T) dej e
Propan (R290) sojutucu akéxkkane I -in akajed
F(r.T)=x"2Ing§ (2.3.82)

[%2]

P



Bu denklemde x=T/§id d i r .
or,T) =a/x +(1-a) (1-w-w In(w) )
Bu denklemde O<a<=1 ve

w(ro,T)=1- Q(ro)
T

Q(r)=Ts exp( f(r))

_ (r-9°
Ty
f(ro) denkl emi
mol /1 tdodir.
B(r)=Bi+Bor+ Bsr?+ Byr?
C(r)=Cy(r -1) (r -Co) exp(0.06r %

nde

R290 BiveGknat sayeéel ar é

B1= 0.22566372605
B,=1.04646227554
B3=-0.4449100068
B,=0.12708270211
Co=2.0
C,=-0.59883339489

(2.3.83)
(2.3.84)

(2.3.85)
(2.3.86)
(2.3.87)
rot =¢ -1 dn rat=a&k6k0a (

yer al an

(2.3.88)
(2.3.89)
mektedir :

akajeda veril

Propan (R290) sojutucu akékkanée i-in ideal g
5 .
H =4+ expf3/x) § Al (2.3.810)
RT izo U
T
Bu denklemde yer alan 100 (2.3.811)
u=x36di r . (2.3.812)
H=Ent al pi dejerini i fade et mektedir
dH
=— 2.3.813
= qT ( )
i fadesi R290 sojutucu akékkanénén ideal gaz
kat sayéel aré R290 sojutucu akéekkané i-in akajé
Ao=24.11012
A= 94.40550
A,=-585.32814
As=980.124065
A,=-678.64094
As=170.42778
Ayréca, R290 sojutucu akkekkoadniéer .i -in R=8.31434



2.3.9IDEALGAZ HAL DENKL EMK

Birincil ve ikincil sojutucu akékkan ol arak bir

bir i deal gaz ol arak -ok ©°neml:i bir i ki ncaiilincils o]

sojutkan ol arak kullanél maktadér. Kdeal gaz ter

model |l emek i-in yeterl: ol abil mektedir ve ol duk-

zaman basitlekdéejrénhergkzlkemliaypor uz. En yaygeén ki

€sénén sabit ol dujunu varsayan model dir. Bu mo
J

durumlarda yaklakéem ol arak kulklaall db rnianda

il emeyece]i prosesl erde ol duk-a ciddi hatal ar

l'inom ejrisi uydur makt ér . Ancak séecakl ek b°l ge
Iy i bir uyum sajlamadéjénée g°zlemliyoruz. Bu y¢z
m g°ster mez. Bu -al éekmada ©°zgg¢l €sé verisine
| akéml a i deal gatiédenMoedml émizi vozhkoizut &c av ¢
mektedir. Bu model de bu ©°zelliklerin oluxktu
nil di . Bil gi sayar Model i Java progr amltauma df
deki Atom sénéefé atomlarén ©°zelliklerini i
ig¢egrasyonu tanémlanar ak mol ek¢l ¢n atom afj el
nda stoki ometeraikls i Yo mlrarke nhamgmk ¢ n ol abil ece]
l'imi 2°g2g§gehkledle verisini i stedijimiz sayeéda
i Kl eme séneéflaré dad zi keeine Rtzedrl&if.lelnai@ia zhiéasa
r ayné zamanda karékém olarak da kull anél
l amanén temel prensiplerinden bahsedil ecek
acé¢z¢ programé da verilmiktir. Ancak bu
i nami k modell erin olukturulabil mesi i -in
ogramlar a-éeék kodteranak| meacsunut abeliste
devamlé ejri wuydurul maseé@

3T "o m—S

<
o
W3S TOUNTQSS "0 XC
- as

¥zg¢l ésé ejri uydurma i-in kullanacaj] éméz KkEé&s mi

Cp(T) = A + B*10™*T+ C*10%/T?+D*10™%T? Tu>=T>Ty KJkmolK  (2.3.91)

Kekl i ndediderece Ravibaldaarkaik Tal énmékt ér . TRleemk lgesrh  asléfc ask
ye kadar tanémléedér. Bu sénérén ¢zerinde dejikikKk
katsayée ve 2 secaklekekbnéd b Bunadaki |A,.aBz @) &ee} dBnkldmint s |
TiveTys écakl ek bol ge€pT)deckiemiink a e s hyebbahmanadeéer . Cexki tli
kat sayélar tanémlanabilir. Bu xausmyélbhant gmrerik
edilirler. EJ ri uydur mal arda en k¢ - ¢k karel er

°] -¢mlerden el de edilen dejerler i1ile fonksiyonur
fonksiyonu minimize e d i | i r . Burada verilen ©°zgg¢l ésé denk
minimize ikleminin de dojrusal ol mayan Dbir tekn
NelderMe a d , en di k e]im met oikalgogmalai gibiggeometri blmaydan snetdtlar v
mevcuttur o] ol mayan denkI| eml er ibonadahansonmai z
bir yazeémeé a nebiliriz.

Denkl em ka a née bul mayka ria-rdlaxk ¥emric @k ¢b-u¢ ky °knat reem
tanémée yWwIi= ev.erx Si veril mi k ol sun bu ,wyeir(n- ©°
1)/L*k.. (nl)/L*(k ) halki=m0ié (al ér . Buradaki n tepl am

durumdafk(x):a alf (), X, ExCx,, k=0..0L-1) (2392) inci derece fonksi
Buradakif; k a t say@l meleame iy onl &rldf &t0*T, Lr167/@%4fi=h0 d e

je fonks
B 2 d ejerl erini al meyk iE &fm-1)/1"B..in-1)fktka 1y sverigind uydurmak istiyoruz.
Bunu yapmak i -in °nce ver.i s gvweixgaiezlierd ealit awersién



i -in en ,—ujmi/gun(j =D é m) dejerl erini bul mak

™ ™ (n-1)/ L*(k+1) ey| ﬁlin)fj(x) u (2 3 9‘1)
m, m: ~
He (@ s Ak ) i:(n%/L . Wk(X\)e' (L I u
€ u
e u
hata fonksiyonunun minimum dejetxniapal mdakmézomgles
w(x)20 i=1..,nol mal édeéer . Fonksiyonun minimum noktasé |
ev & ar )8 (2.3.94)
ka(aSKH) """" ax?) -2 & i=0 : Va (x)=0 =0 m
a - 1) k(x) D gpx p=0,....4
& 4
P 0007, 00f,00 fla = Ew 07,0018 p=0r.m (2.3.99)
Bu denkl em temel olarak m+1 |l ingg)rldehlkreai sisi
k¢-¢k kareler metodu
¢ , ) " 0 en (2.3.96)
laf?(x) EXORONE- TR AT .- YOI
wa 1 i E i1= ’I“ é\;l
TARG ) A0 A AF ”é(xm(x)fpa“ ’Sgaf(mf(x)
Il n\i \k" \"
:gfw;(x) RSN EC - z(x)f(x)p ueaf<x)f<x)
i &“ lde
T n n
ALK 00 8 oB) B L é(X)f ;] ea () FE)
formunu al éer . B[u) denkhel:ni kkeer@0é:-P0Pkmemi z gerekir.
(-1
— 5 (m) (m) : _ ) S
H—E}OHk( K@) (2398 ekl inde tanéml éyabiliriz.
Y°ntem olarak késmi devamlé fonksiyonun f arlhrée I
fonksiyon serisinin bulunmaseéedér. Daha Kk¢-¢k bo
cnhiver sal ver.i uydurmaya g°re -ok daha hassas v
bil gi sayarén katmiaykRulsleanh a&cajn@rea Mkamagri sver mesi (
genel likle verinin ge-erl:i ol duju mini mum ve mak
termodinami k °zelliklerin tanémlanmaseé
N . . _ -
Kdeal gaz hﬁ’I:—\F\/)’lenl(Z.Segﬂ)l K eikn d e tanémlaneér . l
(Pa=N/nf=(kgm/s)/m?) , N madde moJunmivketrasraé (gkanzo |s)a bRletedeK) ( J /
ve V hacim () dir.
Genelli kle hacim yerine form¢gl ¢gmgzde °zgyel hacin

v:% (2.3.910)(m¥ kmol ) bu taném denklem (8) de kull ang

RJT(23911)f ormunu al ér.

S(,rekli ol arak tanémlanméek bir ©°zggl ésé i-in i
h(l'):ho+|'iCp(T)dT (2.3.912)eklindedir. Gd e er i k &fsom k liewam| &! d
denklem

"M=h+@& fEAMan+Fopmar  (23.913)

For mu_;]TLu al ér . (eBrut adlemik | seartdietkii rhefoEr aokt degrdabki ae
Ki myasal ol ukum ental pi si i -1in

Niimyasa(T)=h(T)-h(298.15)-Dh(298.15) (2.3.914for m¢ |l ¢ uy gu |Da(@3B.A5) D8ISK dbld K i
ki myasal ol ukum ental pisidir. Entropi s¢rekli fo



T

M=%+ @dT (2.3.915)
Denkl emiyle tanémjiamedenklenKésmi devamleée C
TP =5+ @ n—iC“T(T) dan+{ L”T(T) dT+ Rlng (2.3.916)

Formunl: al ér. -PK- (B2FWW)j i u(T)=h(T)
Helmholtz potansiyeli a(T)=u(T) T s(T) (2.3.918)
Gibbs potansiyeli g(T)=h(¥J s(T) (2.3.919)

Il sé iletim katsaiyes@. veéevec&oenteekebir polinom
_ =9 i

k(M=a _aT (2.3.920)

mT)=4" bT (2.3.921)

Bu denklemlerin bu formda Kulaldeémél manscéa kk ¢dpehneksl iezm

ol arak da aléndeéekl aréndan keésmi devamé ol arak ¢

sécakl éjen fonksiyonu ol arak al énmal ar éd ajaeral edno

vapél maméxkt ér . Dijer bir gaz °zellifi ol an Pran

Pr(T) = Cp(T). M)/k(T) (2.3.922)

Kf adesiyle tanémlanméxt ér .

Gazl ar t ek bir mol ek ¢ | yerine -ekKi tli mol ek¢l |

adlemndér éyoruz. Kdeal gaz karéekémlar é |l i neer hac

yapeélabilir. Bu kur al

v V. N

=0 =T =y 2.3.923

v Vo NS ( )

Vi kar é

Kémdaki herk ari &k égradeaekgi a hhdearminipik Br e e e héf e p |
n t opIxhavimselota@l makerlzey e,

kar ék émeé
N = é N, (2.3.924)
i=1

h=3 hx  (23.925)

i=1
szg SX% (2.3.926)

i=1
keklinde yazeélabilir. Ancak vizkozite ve eéseél il

Mar e dem(6m) /4 (1) (2.3.927)

f u=(1+(r|:a/m)”2(lvl j/MJi:)11/4))2/(8+8Mi/M D) (2.3.927a)

Kear o dem(06K) 74 (1) (2.3.928)

i ij:(1+(‘I:<1-/k,-)1’2(|\/| ,-/Mii:)ll’4))2/(8+8Mi/M D) (2.3.928a)

Kul | ain é lBaulriald a k i M gazén mot¢ekitl leir qqg Z2lrdrejiediem

Tablo2.391 de veril miktir.

Tablo2.391Cp ¥zg¢l ésé késmi devamlé polinom katsayeéelar é

02 (OKSK O( OKSKJ

A Bi G Di Tui T | A Bi Ci Di Tui Thi

22.27330427  20.09558961] 1.57677672¢ -7.443438287 298| 600 21.67144704 -2.000487288 0.6392959] 1.320197483 298.2| 600

26.23303277]  13.48712983 -2.02812807€ -4.647974714 600 1000 20.90355525 -0.139446032 1.03312375] 0.047546475 600] 1000

35.76348205  0.542800074 -17.71082533 0.33480633) 1000| 1400 20.45537577 0.38499571¢ 1.983975239 -0.123782171 1000| 1400




34.55680949  1.553438454 -12.68198804 0.097655971 1400| 1800 21.66878109 -0.766508674 -2.16075235f 0.187542686 1400| 1800

32.682339  2.78054433| -0.232839727 -0.124123955 1800] 2200 17.6656043  1.91002934 24.48101609 -0.317612084 1800| 2200
34.189302371  2.003245744 -16.59127409 -0.01232161g 2200| 2600 24.91783881 -2.537162647 -32.69643079 0.449475708 2200| 2600
23.13417184  7.768341409 105.060757¢ -0.86049855¢ 2600| 3000 21.48700103 -0.625000491  -1.33£05| 0.150000066 2600| 3000
35.36203414  2.174488719 -71.6540380€ -0.136367317 3000| 3400 17.01174024 1.320331621]  70.1070434] -0.087746042 3000| 3400
37.71386949  1.373290074 -128.880695¢ -0.06134359 3400| 3800 8.952043072 4.204241524 252.7966399 -0.375537294 3400 3800
49.48632531  -2.64949057) -428.2214399  0.3255738g 3800| 4200 20.09775172 0.107996879 7.576790509 0.048222699 3800| 4200
57.8026663¢ -5.225491259 -684.1771509 0.549713755 4200| 4600 -1.342026358 6.709578759 678.6246879 -0.523823962 4200 4600
67.34970528 -7.837177614 -1057.824409 0.74973915¢ 4600| 5000 724.7051201 -195.5211797 -26984.85087 15.30552728 4600| 5000

CH4(METAN) CO2( KARBONDKO}

A B; G D, T 1w A B; G D, Ty Th
0.26362115  103.3906281 6.665203974 -33.10401919 298.| 600 25.46719733 51.02341149 -1.31209721§ -23.31607092 298.2| 600
6.789910685  89.60390101 2.23319444g -24.83551585 600 | 1000 34.60062729 30.27736191] -6.778605256 -9.892535404 600 | 1000
27.74513513  61.80612729 -33.7089939 -14.39853544 1000 1400 48.12902419 11.83557887 -28.9085028d -2.76583432d 1000 1400
80.81155077  12.88641199 -220.781848¢ -1.661960407 1400| 2000 542079272 5.711777269 -46.5949923| -1.03272800¢ 1400/ 1800

C2HB(ETAN) 59.05903659 2.02501219¢ -71.9213999 -0.240514477 1800| 2200

A B; G D, T | T 62.0435167 0.27851192d -98.08929471 0.048427149 2200| 2600
7.220824577  169.499992§ -0.310050987 -54.76306714 298.1] 600 65.52250994 -1.394248775 -142.7941214 0.274984808 2600| 3000
15.83230383  151.0055649 -6.00424943 -43.46718801 600 | 1000 CO( KARBONMONO}

C4H10(B! TAN) A B; C D, Ty Thi

A B; G D, o | Tu 28.65602059 -2.085128497  0.33789303 8.181174739 298.2| 600
8.841111248  333.9847819 0.11532960f -115.5944967 298.1] 600 20.38297551 18.16093359 4.526489999 -5.813479615 600 | 1000
6.012186143  339.9746816 2.03452761g -119.2001628 600 | 1000 26.73036538 9.219443761 -4.858471844 -2.281007814 1000| 1400
-3.886526355  352.832197| 19.7254268¢ -123.9348507 1000/ 1500 33.941026 2.18287109d -27.61890527 -0.34127858¢ 1400| 1800

C6HB(BENZEN 34.8280427 154595149 -32.52220664 -0.214507355 1800 2200

A B; G D, T | T 33.32176753 2.290939159 -15.61901099 -0.314083989 2200| 2600
-18.48174614  402.838009 -2.687926024 -180.803994 298.1| 600 32.83908964 2.283263254 0.904335867 -0.275884295 2600| 3000
53.40426505  249.952417§ -51.07855229 -88.34680067 600 | 1000 H20(SU BUHARI)

302.9970083  -74.83644439 -496.3548681 31.37219644 1000 | 1500] A, B; G D, Ty Th

C3H8(PROPAN) 28.6877265 12.03973791 1.146339299 0.255550043 298.2| 600

A B; G D, o | T 27.31081649 14.02976604 2.563749666 -0.329692933 600 | 1000
2.709229096  274.007121§ -1.206529399 -104.1565689 298.| 600 19.46149438 25.1977315§ 14.03277857 -4.795708412 1000| 1400
35.07425713  205.1306171 -22.9649531¢ -62.47967467 600 | 1000 26.78018397 18.60593504 -12.5878136d -3.128210695 1400| 1800
147.6893383  58.5729031¢ -223.8476019 -8.45081372 1000 1500 37.07710361 10.77862546 -6574294053] -1.451386422 1800| 2200

C5H12(PENTAN) 445695869  6.387696659 -130.299582¢ -0.727978433 2200 2600

A B; G D, o | T 4630959254 5.324017836 -141.8896944 -0.550899937 2600 | 3000
7.829873984  434.0835619 -1.996399949 -168.1040974 298.| 600 5100848304 3.134532925 -205.6806014 -0.264420484 3000| 3400
61.28211271  320.3607385 -37.9534561¢ -99.30518258 600 | 1000 41.49468182 6.632080691 2.481885191 -0.62588688 3400 3800

NO(AZOT OKSKT) 59.86140356 0.002521199 -416.8549439 0.047906354 3800| 4200

A B; G D, o | T 68.53827228 -2.651393394 -689.7285156 0.275602664 4200| 4600
26.06473251  6.321323749 1.47204397¢ 2.698866218 298.| 600 50.09864007 2.6143778879 -15.736571§ -0.148220925 4600| 5000
22.85173458  16.3551807] 1.876205995 -5.412385265 600 | 1000 H( HKDROJEN)

30.86760937  5.627787214 -11.75889969 -1.33654018 1000| 1400] A; B; C D, Ty Ty
35.03561904  1.631876751] -25.36397681] -0.254688022 1400| 1800 20.786 0.00E+00 0.00E+00]  0.00E+00 298.2| 5000




36.40139968  0.663248554 -33.45357209 -0.061003051 1800 | 2200 NH3(AMONYAK)
34.65130286  1.633245465 -16.5912787€¢ -0.212321575 2200 2600]| A Bi Ci D; Tui Thi
34.01900044 1.749999789 -5.73E06 | -0.199999972 2600 3000 20.31777991 48.01894293 1.865617087 -12.18993505 298.2| 600
NO2( AZOTDKOKSK 22.17353044 44.05398099 0.612695523 -9.7698345 600 | 1000
A Bi Ci D; Ty Thi 26.57861679 38.2088957q -6.87143741f -7.581379008 1000| 1400
35.7317582 22.7663462 -4.715791965 -6.218408642 298.| 600 36.53020973 28.7988063§ -40.20671793 -5.06948933 1400]| 1800
35.7713501 22.75704611 -4.781084177 -6.262163317 600| 1000 50.66696439 18.37545907 -117.499058( -2.905649538 1800 2200
35.76799258  22.8138914Y -4.88746222§ -6.30516117 1000| 1400 72.76808429 4.932842734 -295.2401409 -0.602956242 2200 2600
177.1598038 -96.364645& -581.692147 21.69874956 1400| 1800 108.872152 -13.48838911 -707.6399303 2.043732366 2600| 3000
53.80067826 1.256148687 -0.465681199 0.001752123 1800| 2200 Ar(ARGON)
55.35676816  0.39593880€ -15.61901699 0.135916066 2200 2600]| A Bi Ci D; Ty Thi
53.84282307  1.248472377 -1.808702062 0.00176874 2600| 3000 20.786 0 0 0 298.2]| 5000
He(HELYUM)
A B; Ci Di Tu Thi
20.786 0 0 0  298.| 3000
Tablo2.3.92 Gazl ar i-in k éeseél iderkienk(2.8.828) kat sayésé ( W/ mK
gaz ismi a0 al a2 a3 a4 ab a6 a7 a8
hava 3.338106 0.048298 1.91E04 -4.22E07 3.47E10 -9.23E14 -2.28E17 1.62E20 -2.20E24
c9h20 -8.66E09 0.005105 1.20E04 -3.20E08 1.28E11 0 0 0 0
c9h20g -8.66E09 0.005105 1.20E04 -3.20E08 1.28E11 0 0 0 0
c10h22 2.38E07 0.001357 1.10E04 -1.26E08 3.68E12 0 0 0 0
cllh24 -3.91E07 0.001302 1.01E04 -7.03E10 -6.85E13 0 0 0 0
c12h26 4.59E08 -0.0074 1.28E04 -3.35E08 5.44E12 0 0 0 0
c13H8 2.41E08 -0.0074 1.22E04 -2.99E08 451E12 0 0 0 0
c14h30 -2.35E08 0.001945 9.13E05 -9.16E09 2.09E12 0 0 0 0
c15h32 3.08E08 -0.0072 1.10E04 -2.30E08 2.78E12 0 0 0 0
c16h34 3.32E08 -0.00739 1.05E04 -1.88E08 1.64E12 0 0 0 0
c17h36 -2.38E09 -8.56E04 7.24E05 5.66E09 -1.27E12 0 0 0 0
c18h38 2.51E08 -0.00375 7.27E05 7.45E09 -4.59E12 0 0 0 0
c19h40 2.37E08 -8.68E04 6.36E05 7.07E09 -1.65E12 0 0 0 0
c20h42 2.96E08 -6.63E04 5.97E05 7.70E09 -1.90E12 0 0 0 0
cl1h16 -3.71E07 0.006012 1.21E04 -7.21E08 1.90E11 0 0 0 0
c12h18 4.64E07 -0.00346 1.33E04 -6.49E08 5.72E12 0 0 0 0
c13h20 -1.56E07 0.006244 1.09E04 -6.27E08 1.59E11 0 0 0 0
cl14h22 -5.29E08 0.00593 1.07E04 -6.17E08 1.57E11 0 0 0 0
c15h24 -3.32E08 0.005%8 1.05E04 -6.03E08 1.53E11 0 0 0 0
c16h26 -3.56E08 0.006065 1.01E04 -5.72E08 1.42E11 0 0 0 0
c17h28 -2.63E08 0.0058 1.01E04 -5.72E08 1.44E11 0 0 0 0
c18h30 -1.39E08 0.005093 9.72E05 -5.13E08 1.22E11 0 0 0 0
c19h32 2.86E08 0.005088 8.6F&-05 -2.53E08 -4.81E12 0 0 0 0
c10h8 4.00E05 -0.01434 1.63E04 -9.39E08 1.58E11 0 0 0 0
c11h10 1.13E07 -0.00241 1.16E04 -6.05E08 8.21E12 0 0 0 0
c12h12 -2.53E08 0.006453 9.89E05 -5.61E08 1.40E11 0 0 0 0
ch4 3.992967 0.055105 1.73E04 -6.57E-08 0 0 0 0 0
c2h6 -17.3497 0.117899 4.00E05 0 0 0 0 0 0
c2h4 -32.9638 0.20984 0 0 0 0 0 0 0
c3h8 -8.26856 0.056094 1.10E04 -1.08E08 3.47E13 0 0 0 0
c4h10 -7.94288 0.042889 1.37E04 -4.37E08 0 0 0 0 0
c5h12 -17.9919 0.10888 0 0 0 0 0 0 0
ch3oh -6.08282 0.074736 0 0 0 0 0 0 0
c6h6 -3.40024 0.014724 1.11E04 0 0 0 0 0 0
h2 -20.9811 1.076937 -0.00239 5.26E06 -7.66E09 6.96E12 -3.73E15 1.07E18 -1.27E22
h2o0 9.79579 -0.00572 1.36E04 -4.13E08 -1.06E12
Ar -0.18186 0.073693 -6.22E05 6.18-08 -4.39E11 1.70E14 -2.64E18 0 0




co -0.70394 0.097961 -4.75E05 0
co2 -0.48647 0.020173 2.44E04 -6.08E07 8.98E10 -7.57E13 3.41E16 -7.42E20 6.11E24
n2 2.744642 0.032561 5.61E04 2.65E06 6.32E09 -8.64E12 6.79E15 2.84E18 4.90E22
02 -2.03306 0.123233 -1.32E04 1.05E07 1.66E10 -5.18E13 5.43E16 -2.63E19 4.96E23
c13h14 -2.53E08 0.006453 9.89E05 -5.61E08 1.40E11 0 0 0 0
c14h16 2.53E08 0.006453 9.89E05 5.61E08 1.40E11 0 0 0 0
air 3.338106 0.048298 1.91E04 ~4.22E07 347E10 -9.23E14 2.28E17 1.62E20 2.20E24
c9h20 -8.66E09 0.005105 1.20E04 -3.20E08 1.28E11 0 0 0 0
c9h20g -8.66E09 0.005105 1.20E04 ~3.20E08 1.28E11 0 0 0 0
c10h22 2.38E07 0.001357 1.10E04 ~1.26E08 3.68E12 0 0 0 0
cl1lh24 -3.91E07 0.001302 1.01E04 -7.03E10 -6.85E13 0 0 0 0
c12h26 4.59E08 -0.0074 1.28E04 -3.35E08 5.44E12 0 0 0 0
c13h28 2.41E08 -0.0074 1.22E04 2.99E08 451E12 0 0 0 0
c14h30 2.35E08 0.001945 9.13E05 -9.16E09 2.09E12 0 0 0 0
c15h32 3.08E08 -0.0072 1.10E04 -2.30E08 2.78E12 0 0 0 0
c16h34 3.32E08 -0.00739 1.05E04 -1.88E08 1.64E12 0 0 0 0
c17h36 ~2.38E09 -8.56E04 7.24E05 5.66E09 127E12 0 0 0 0
c18h38 2.51E08 -0.00375 7.27505 7.45E09 -4 59E12 0 0 0 0
c19h40 2.37E08 -8.68E04 6.36E05 7.07609 165612 0 0 0 0
c20h42 2.96E08 ~6.63E04 5.97E05 7.70E09 -1.90E12 0 0 0 0
cl1h16 -3.71E07 0.006012 1.21E04 -7.21E08 1.90E11 0 0 0 0
c12h18 4.64E07 -0.00346 1.33E04 -6.49E08 5.72E12 0 0 0 0
c13h20 1.56E07 0.006244 1.09E04 ~6.27608 1.59E11 0 0 0 0
c14h22 -5.29E08 0.00593 1.07E04 -6.17E08 157611 0 0 0 0
c15h24 -3.32E08 0.005858 1.05E04 -6.03E08 1.53E11 0 0 0 0
c16h26 -3.56E08 0.006065 1.01£04 -5.72E08 1.42E11 0 0 0 0
c17h28 2.63E08 0.0058 1.01E04 5.72E08 THE1L 0 0 0 0
¢18h30 -1.39E08 0.005093 9.72E05 -5.13608 1.22E11 0 0 0 0
c19h32 2.86E08 0.005088 8.63E05 2.53E08 -4.81E12 0 0 0 0
c10h8 4.00E05 -0.01434 1.63E04 -9.39E08 1.58E11 0 0 0 0
c11h10 1.13E07 -0.00241 1.16E04 -6.05E08 8.21E12 0 0 0 0
c12h12 253608 0.006453 9.89E05 -5.61608 1.40E11 0 0 0 0
ch4 3.992967 0.055105 1.73E04 -6.57E08 0 0 0 0 0
c2h6 -17.3497 0.117899 4.00E05 0 0 0 0 0 0
c2ha -32.9638 0.20984 0 0 0 0 0 0 0
c3h8 -8.26856 0.056094 1.10E04 ~1.08E08 3.47E13 0 0 0 0
c4h10 -7.94288 0.042889 1.37E04 -4.37E08 0 0 0 0 0
c5h12 -17.9919 0.10888 0 0 0 0 0 0 0
ch3oh -6.08282 0.074736 0 0 0 0 0 0 0
c6h6 -3.40024 0.014724 1.11E04 0 0 0 0 0 0
h2 -20.9811 1.076937 -0.00239 5.26E06 -7.66E09 6.96E12 -3.73E15 1.07E-18 12722
h2o 9.79579 -0.00572 1.36E04 -4.13E08 -1.06E12
Ar -0.18186 0.073693 -6.22E05 6.18E08 -4.39E11 1.70E14 -2.64E18 0 0
co -0.70394 0.097961 -4.75E05 0
co2 -0.48647 0.020173 2.44E04 -6.08E07 8.98E10 -7.57E13 3.41E16 -7.42E-20 6.11E24
n2 2.744642 0.032561 5.61E04 -2.65E06 6.32E09 -8.64E12 6.79E15 -2.84E18 4.90E22
02 -2.03306 0.123233 -1.32E04 1.05E07 1.66E10 -5.18E13 5.43E16 -2.63E19 4.96E23
c13h14 -2.53E08 0.006453 9.89E05 -5.61E08 1.40E11 0 0 0 0
c14h16 2.53E08 0.006453 9.89E05 -5.61608 1.40E11 0 0 0 0
Tablo2.393Gaz|l amvizkmzi t dPak)at sayéseé
gaz ismi bo bl b2 b3 b4 b5 b8 b7 b8
Air -2.38415 0.82111 -9.49E04 1.33E06 -1.55E09 1.18E12 -5.19E16 1.19E19 -1.09E23
c9h20 -1.72E04 0.134117 1.41E04 -1.55E07 6.04E11 0 0 0 0
c9h20g -1.72E04 0.134117 1.41E04 -1.55E07 6.04E11 0 0 0 0
c10h22 -1.24E04 0.13015 1.39E04 -1.57E07 6.06E11 0 0 0 0
c11h24 -5.31E06 0.105316 2.12E04 -2.65E07 1.18E10 0 0 0 0
c12h26 -2.54E05 0.083231 2.72E04 -3.45E07 1.53E10 0 0 0 0
c13h28 -1.58E05 0.078442 2.48E04 -3.09E07 1.38E10 0 0 0 0




c14h30 -9.00E06 0.074674 | 2.35E04 -2.83E07 1.25E10 0 0 0 0
c15h32 -8.88E06 0.06762 2.46E04 -2.95E07 1.28E10 0 0 0 0
c16h34 -9.79E06 0.054911 2.87E04 -3.48E07 1.50E10 0 0 0 0
c17h36 1.86E09 0.091404 1.08E04 -9.27E08 3.62E11 0 0 0 0
c18h38 5.86E09 0.082347 1.25E04 -1.06E07 4.11E11 0 0 0 0
c19h40 -2.71E09 0.085914 8.45E05 -3.77E08 6.71E12 0 0 0 0
c20h42 2.03E09 0.076736 1.09E04 -7.01E08 2.23E11 0 0 0 0
c11h16 -3.72E04 0.169936 | 8.96E05 -1.82E07 8.21E11 0 0 0 0
c12h18 -1.24E06 0.179134 1.01E05 -6.18E08 2.55E114 0 0 0 0
c13h20 -1.83855 2295510 0.16633 3.55E05 -1.17E07 0 0 0 0
c14h22 -1.38E04 0.162429 | 2.48E05 -1.04E07 5.04E11 0 0 0 0
c15h24 -1.19E04 0.152372 4.97E05 -1.21E07 5.45E11 0 0 0 0
c16h26 -1.02E04 0.14251 6.94E05 -1.37E07 5.95E11 0 0 0 0
c17h28 -7.50E05 0.144828 4.58E05 -1.14E07 5.12E11 0 0 0 0
c18h30 -1.53E07 0.160589 | -2.96E05 -1.11E08 7.09E12 0 0 0 0
c19h32 -6.95E09 0.156447 -2.31E05 -2.01E08 1.13E11 0 0 0 0
c10h8 -2.58E05 0.145501 2.17E04 -2.51E07 9.04E11 0 0 0 0
c11h10 -6.87E07 0.166449 | 6.46E05 -1.02E07 3.63E11 0 0 0 0
c12hl12 -9.52E05 0.156283 8.11E05 -1.47E-07 6.05E11 0 0 0 0
cha -3.17435 0455271 | -2.73E04 8.95E08 0 0 0 0 0
c2h6 -4.92854 0.379063 | -1.48E04 0 0 0 0 0 0
c2h4 0.986662 0.030528 |0 0 0 0 0 0 0
c3h8 -4.54984 0.322706 | -1.39E04 6.96E08 0 0 0 0 0
c4h10 -10.9226 0.336549 | -1.71E04 8.73E08 0 0 0 0 0
c5h12 1.98741 0.01914 0 0 0 0 0 0 0
ch3oh -0.51633 0.034029 |0 0 0 0 0 0 0
c6h6 1.233006 | 0.018412 9.94E06 0 0 0 0 0 0
h2 2.208218 0.50698 -0.00138 3.34E06 -4.92E09 4.34E12 -2.25E15 6.28E19 -7.28E23
h2o 0.62004 0.236733 3.35E04 -2.82E07 8.57E11
h2ol 0.62004 0.236733 3.35E04 -2.82E07 8.57E11
Ar -3.18196 0.91298 -4.95E04 -1.50E08 2.91E10 -1.67E13 2.73E17 0 0
Co 32.932 0.540488 -1.94E04
co2 -1.76629 0.565126 -1.89E04 -7.70E08 2.30E10 -2.00E13 8.45E17 -1.70E20 1.30E24
n2 -7.01964 0.858328 -0.00112 1.40E06 -1.25E09 7.38E13 -2.74E16 5.74E20 -5.16E24
02 -15.2819 1.053851 -0.00162 2.78E06 -3.59E09 3.10E12 -1.66E15 4.94E19 -6.22E23
c13h14 -9.52E05 0.156283 8.11E05 -1.47E07 6.05E11 0 0 0 0
c14h16 -9.52E05 0.156283 8.11E05 -1.47E07 6.05E11 0 0 0 0
2.3.10K:BL(K HAL DENKLEMLERK
Kull anem a-éséndan -0k ©°nemldienkkilre mav &rgtba jk shajl| adyeannk | b
¥nce bu aileniinm démrrklagdmll ém.neBub denkl eml erin ©°nemi k ¢
k¢bi k polinomun -°2z¢m kurallaréyla -°z¢lebilmeleridi
avant aj sajlayabilir Bi zbawkia | bmir zdebkpbi ki dedlkahamlk
ger-ek davranék g°steren bir hal denkl emi kull anér s
olukturacak bir °n -°z:;m sistemi el de et mektir
+1 AEE (Al S$ATEIAIT AOE
RT a

P= - (2.3.161)

V-b VZ+ubV+ub?
(1) denkleminin bir bakka ifadesi de kKu kekildedir
Z®- (1+B - uB)z*+
(A" +wB?-uB - uB?)Z (2.3.162)

-AB -wB?-wB®=0



burada A :?—Pz ve B’ :E dir.
RT RT
K¢bi k denkl emkekul { améé aahar é -Kwong 8RK) ,Sbave (SRKA avk Beiipbinsoe d |
( PR) denkl emleridir. Tém bu denkl aamb,airtbkayeéay lapegme re
a-éséndan farkl él ék g°sterirler.
Tablo (2.3.161). K¢ bi k denkl emler i -in katsayél ar
Denklem |y |w | a b fw
van der| Q0 |0 ) 2
Waals ﬂ Hﬂ
8P 64 P,

Redich |1 |0 | 0.0866RTy 0.42748&°T>°
Kwong _— crit

F)Cl’it PcritTl/Z
Soawe |1 10 | 0.0866RT,| 0.4274&R°T> yale| 0.48+1574w- 0.1761

P i+ fwa- 7))

cnt crit

Peng 2 |-1| 0.078(RT,, | 0.44724&T? , | 0.37464+1.54226v
Robinson —_—c —crit[1+ fu(l- T1/2)]

P ' - 0.26992//

crit

2.3.11 LEE-KESLERDENKL E MK

BenedictWebbRubin (BWR) denklermi i n  h al denk!l e mi ol arak kul OrgimaleBWRn €
denke mi nin bakarésé ¢zerine bu hal denkl e mi hakkénda b
tarafendan geliktirilen modifiye edil mik BWR denkl en
Gazén s ékke kkt eetmse@loddasird ibralsii n-o katkaénk kraenflear aans akékkanéndan

Bu y°ntemde ©°nce °zellifji i stenen akékkaneén Kk
dejerleri TrheRPapl Bmérde] er lbearsi k ulalkeérké&laanr aik- i n i n
hesapl anér .

ritik
dirgen

PVO B C D
r-l—r - +V(0) + (0))2 + (0)y5 +
r o V) (V) (2.3.101)
c, ¢ g 9 & g @
gb + JEXPE —o5 (]
TPVO)?E v e V)
_n.0B b b
B=b- T T T_43 (2.3.102)
_ G.,.G
C=C¢-T+35 (23109
_4_d 2.3.104
D=d,- =2 ( )
(0)
vO = RV~ (2.3.105)



Basti akékkan i -i2B816laltes ay&lidmi Kablo

(2.3.105) denkleminderi\/r(o) bulunduktan sonr ¥ a k ajédaki denklemden hesapl aneé
PV,
VAR % (2.3.106)

r

Ay nTevePrdej erl eréd)i denkBember ( kulnkodméalrM,“??aflé nbw kei®r afed
dejeri hesapl anér .

SAVAS B C D
T W wm e Ty T
r r (\/ ) (Vr ) (2.3'107)
ﬂ e g ;a
S+ expe
VL g iy
AN
Z® ="rr (2.3.108)
TI‘
Referans akékkan iT-aibd ok 2t ey & ed e jl emi Ike i r .
Tablo 2.3.101. Basit ve referans akékkan i-in katsayélar
Katsayél ar Basit akeéekkan Referans akékka
b, 0.1181193 0.2026579
b, 0.265728 0.331511
bs 0.154790 0.027655
by 0.030323 0.203488
C 0.0236744 0.0313385
C 0.0186984 0.0503618
Cs 0.0 0.016901
Cy 0.042724 0.041577
d; x 10° 0.155488 0.48736
d, x 10° 0.623689 0.0740336
b 0.65392 1.226
g 0.060167 0.03754
Daha sonra hesaplanan bu sékéktérélabilirlik oranlare
awd
Z2=—=729+ %gz“‘) AL (2.3.109)
Bu denklemde Wy = 0.3978 dir.
Bu kKkekilde el de edilen dejerler sévé ve gaz fazlaré i
Leee+ AOT AO $ATEI AI 1 AOETET KEUI 11T AOE
(2.3.165)Denklemindend o J r d\/r(o)bder] erinin hesaplanabil mesi y°ntemin
l'ineer bir yapéya sahip olduju i-in buna uygun n¢mer

i-inde en iyiddetYzymntvemédi r Ri Ancak bu y°ntem de tek
yé¢zden denklem -°z¢l meden téeém -°z¢m Vr(g)lkg’d@(;inedajhaakkéd—ad

LeeKesl er denkl| emi deer effoin bliirnbeierri nyea pyéaskéé ng b°1 gel erde bi

neg meri k -%z¢m i -in uygun bakl angé- dejerinin se-il1
denkl emlerden biri il k yakl akémkloadweélk bkwul i & kéldeaelielri
denkl eml er i -inde ger -iR§ i resno ny ackeemk ldeerfie rv eerrdi JPie nig- i n

denkl emdi r . Ayréca k¢gbik denkl emlerin il kj eywrakdvvwaxrétma j



denkl emin en b¢yék k°ok¢g bize gaz fazénén sékéekterelze
vermektedir.

Gazl arén termodinamik °zelliklerinin belirlenmesi
Hal denkl efmiv, R¢l-d ¢gan@dmrdiij kindie HWiilfier |l eri ni belirl eme
tasarémé i-in bunun dékénda termodinamik °zelliklerir
ve sécakl é&fjéna bajl édeér
H=1f(PT) (2.3.1610)
dH :S‘éﬂ8 dP+§éﬂ8 dT (2.3.1011)
GHP =+ HT+
on ~2 0
Hz'leﬁa O|P+rT]a 8 d (2.3.1012)
1(;“P 1(;“—

da Ts decsabktut@dupién P boyunca de

a ej i i mi tad;lderndéep i dkai hnad dssoonni
unan dejJikim il toplanér b#g

t a

r

K

[ e o] bEpcei mkiBolddajpikkhigrir blaes
emlerinden biridir Sonu-t ent al pi dtekjp iedilabitimiAncako | «
ekte bi z yockgdl] bais@in- haki zganaén bil emeyi z dol ay
t é

anékeéena yakl ack 7@ bir basén- n &lolrakifaeedebiirizr e bi r

DH = r”s %ﬂg dP+ ﬁ CdT + ”“%ﬂo dP (2.3.1013)
1 Q“P o 1
DH =(H"- Hy). + Q "CodT- (H°- Hp )y (2.3.10614)

Buradaki(HO-HF,l)Tl ve (HO-HPZ)TZfonksiyonlaré sabit sécakH éakdeal a
gaza g°re adakatnmdlatr&«di n fBu f onksi yonlHxdre§rerh ensea pull aarkned
3API A | SADPAOOOOAQ &i1EOGEUITI AOg

Kdeal gaz ol duju bilinen bir referans baséncéna g°°re

o_ A AP
G- G°=f3,VdP+ {jVdP

Po ~ o
RTH aP

- % - RGP+ RTIN
o6 P+ gP°
=RTR(Z- DdInP+ RT|na;$—P 8 (231019
Ia g 0 .

o

0

S- :'“—T“(G- GY),

Fe Az o 2 P
=Rijd- Z - TE-8 (dInP- Rin—; (2.3.1016)
e GHT () P
Bu iki integral deZ ,Tve P bi rbi rine Lee Kesl| eBuads@lyer drekbembaj ket 6d
yerlektirilir ve gerekl:@ integr al ve t¢revlier al eneéer
hesapl aBmék kdl urer modi nami k °zel l ik bellie-oil duyjamdéalaalb is

H-H°=(G- GY)+T(S- S (2.3.1617)
U-U°=(G- G%)+T(S- S°)- RT(Z-)) (2.3.1618)
ve son olarak helmhotz enerjisi sapma fonksiyonu :



A- A’=(G- G%- RT(Z-1) (2.3.10619)

Burada integral analitikookairghnal endepé&ntideentdbepieds
&H - H°g‘°) 1o BT, +3b4/Tr2r3
ERT, 2 '8 T, (v,?) i
éc, - 3¢, /T? d 2
" e - 3(0)  * 2(0) s +3EQ
eZTr(Vr ) Srr(vr ) u

_¢c € e g 8. ¢ g d (2.3.1620

R R SV SV ( !
Burada Lee Kesl er hal denkI| e mi i-in geliktirilen y¢
referans ve basitagézéegmesaphhanf aepkapVyanabilir.
H-H°_8H-H°Q” w®H-H°8" &H- HOdo)g (2.3.1621)

R, £RT 8 "wgry 8 FRT 8y
Entropi i-inde benzer «kxekil de;

@ 3a. <0 A0 pe 0dR 2 g

S-S5 _4s-5'0 L w#S-5'0 &S 58 § (2.3.1021)

R ¢ R = WRg; R X ¢ R X El
Denkl emi yazélabilir.
Gazl aréen termofiziksel °zelliklerinin belirlenmesi
Il se dejiktiriciler gi bi ésé transfer vézeylerin el de
yanénda termofizi ksel czrRU I ¢ keklFi hkeerdie iidhealyagaonl mad
etmi kti k. Ancak ger-ek gaz modelinin faz dejiktirmeyi
sebepl e Bu model | emede bir-ok lciekr ogkeamr eblo n b aajkéerktkélna ri
akékkanlar i -in dinamik vizkozite |, ésé iletim katisa)
Kekilde °zetlenebilir.

Sévé ésé iletim katsayésé:
1.11[3+201- T,)*"*
/. (T)= 1,2[ a f)m] (2.3.1022)
M 3+201- T,,)

buradaT, o basén-taki kKlayndmanemkik,aseeakbgma sécakl é] énén
temsil etmektedir.Bu metod kaynama noktasé metodu ol a
Gaz ésé iletim Katsayésé : Chung metodu

/Mij_3.75Y

= (2.3.1623)

nc, C,IR

Mi: molek¢ler ajérl ek , g/ mol
h: d¢k¢k basén-daki gaz vizkositesi

Y =1+a{[0.215+0.2828& - 1.0616 +0.2666%]/
[0.6366+ bZ +1.061a 4}

a=(C,/IR)-3/2 D¢kek Basén- gaz vizkozitesi

b =0.7862- 0.7109+1.3168+/
Z =2.0+105T?



1/2
h = 407857 MT) "~
YEEWY,

213
c v

h . viskoziternP (2.3.1624)
M : molekilerp € r,d/raok

V. : kritikhacm

W, =[A(T") ®] +Clexp( DT")] + E[exp( FT)]

. 24
T =1.2593:— (24)

A=1.16145 B=0.14874 C=0.52487 D=0.77320 E=2.16178 F=2.43787
F=1- 0.2756w+ 0.059035171 + k

(Kk dej eri az sayeda madde i-in Dbilinmektedir. Ve bu
de]iKmektedir.)
m=1313—— = R

(Vcc)
m: dipol moment , debyes
Sevé Vizkositesidharmeduz ezdzi ecki ve Sri

V,
h =—2— (2.3.1025)

E(V'Vo)
h :seve vizkositesi ,cP centi Poise
V : molar hacim criimol
V

E=-112+ Ve V, =0.008547T, - 2.02+ m T, :

1294+0.10M - 0.23P, +0.0424T, - 1158(T, /T,) 0.344T, /T,) +0.894
donma noktase , K
Wieksentrik fakt©oryg
Vm: T, de sévé molar hacmi
Bu denklemdev,, dej er i ni bul mak her zaman m¢ mk¢n  amadamethduraud é
kullanme k uygun ol maktadéNV.dB§ eme thate nd gdoé kail i-neeklmartaikmaci m de

_ (M)

f(T")

f(T)=H,(1- nH,)
H, =0.33593- 0.33953T, +1.51941T° - 2.02512T° +1.11422T,"

H, =0.29607- 0.09045T. - 0.04842T°V R olar&k kul | anabi l ecejimiz iyi bir
hacim dej erVde] eruilnianhaersaskpl amak dojru sonu-1|lar ver mek

Yézey gerilim Katsayeéseé:
s =P*T¥3(0.132a, - 0.279)1- T.)''® (2.3.1026)

e ) 2
2. =090761+ T, In(P./1 013250
é

1_Tbr 1
0: y¢é¢zey gesélj mdikatcsmy
Ty: indirgenmi k kaynama sécakléeje , K
2.3.12 Y Ak HAVANI N (SU BUHARI KURU HAVA
¥ZELLKKLERK



Kuru hava ve su buhareée i-in gerekl:@ ol an hal den
programl aér yakmbdivaami k °zelliklerini hesapl aya
termodinami k kar ékém denkl eml er i asl énda her ter
ej i ti mindehaveakl-aan deésrémamag i biul-leakniétlléir .d eYraskl ehraivnad es o
model |l emel erinde de ol duk-a °neml: bir yer tutar
k &€ s mi basén-l arénén toplam baséncé ol ukturmasé i
P:Rmru havé"Ps u buhare (23121)
Gazl arén k¢tlelerinin toplamé da toplam gaz k¢t
M=MyruhavdMs u buhar & (2312'2)
Su buharé k¢tlesinin kuru hava k¢éigtlesine orané ©
W=Nky » (J Haurumava (23123)
¥zg¢l nemin dejer.i bu i ki bajéenté ve karéekémdaki
Gazl arén ayné hacmi i kKgal ettikleri g°z °n¢ne al
I:’kuru havaV = Myuru hava* (R/M kuru hav; T (2&')-2
Psu byh arBs u bLTI(B/rMsu bh-rrar e (2$)-2

Burada P basén-i,nsni k¢gen esée dalKleéd kwidejceri dir. 8 ek

W= {Ps u b b/hlg(rléMs u b)J-F];/r {Pkuru hava/[mkuru hava* (1/M kuru havé ]} (23126)

W= (Msu b/Mkaruriavz) Psu béﬁ’lamuéava: (Msubuh/Mkéruhan Psu béGBTBsu baha(|2é3-127)
bajéntéesé elde edilir. Su buharénén keésmi basénc
hesaplanabilir. De n @M & piMso ke )=(180016/28.06419¢ 1 0 .e6 202 Ban¥E3 s
eKi ttir

Yak hava hesaplarénda kull anélan dijer bi
yé¢zdesinin ayné sécakl éktaki doymuk su b
I:=Xsu b/Q(ﬂayEUK s‘_UPstmbhuahéad[Sy IA uhare (2312'8)

Benzer bir kavramda doyma y¢zdesidir. su buhare
k¢etl esel yé¢zdesine oranedeéer .

m=ms y b/mda)ryémuK s'_nWbuhh/Mléia)ryérnUK su buharé2-3-12'9)

Yak havanén entalpisi de kuru hava ve su buhareéen
Hzmkuru havafh kuru hava® Ms u bh]shua rbéuhar é (2312'10)

H=H/ Mkuru hava I’kuru hava™ (rnsub u h a wuruaaéa)hs M b3 hamu pavat W hs u buharé (2-3-12'11)

Entropi fonksiyonu da ayné kKekilde hesaplaneéer.
S:m<uru havgskuru havat Ms u bSsharahar & (2312'12)

s=S/ Muru hava Skuru havat (rnsub uha I{uruélaéa)ss M b7 Sarwevat WS u buhare (2312'13)

Yak hava i-in kullandéejéméz dijer bir kavram da
i zol e wdiill eni kolsu bir kanal dan ge-irilirken doyma
sécakl éjeéenda yak havanén sécakl éjéna adyabatik d
Enerji dengesinden hesapltamatialrilrak a@i rsaeiry ulmav &amé&nmn
ol du1 undan

+
—~
E)('
8
-,
o)
c
1]
=

(2.3.1214)
1@ W K h)&&lanles@kamam&hmlljrmmvehlrl
kayakshavanan ental pi
én
t

*

kanal a
&l akani say
doyma seéec
rmodi nami
rteI i m.
k

_‘
8]
O
o]
>
(@]
>

Ll )}
— o
~Oom

< n
o 3
oo
()
Q‘—’: 0" —< S

€ verir. Adgpakatkile]
ermometre sécakl éje
ek termometrenin okudu
n sapa

ml anmasé gereken son °zel
ne d¢kerdej émegzde ayné b a

rl ée ny okjéuskmma bsaéscéank-1 & j-&in Sseuk ib
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2.3.13 AMONYAK SU KARI kI MI NI N TERMODKNAMKK
Amony ak su kar ékémé absorbsiyolu sojutma sist
°czel bir il gi noktaséedeér . Baue lyl¢izkdleenr i b u  akyarré
i rdel enecektir. Su buharéenén hal denkl e mi b °

D n



2.3.6 da verislumikari & k éAmoreynakt er modi nami k ©°z
czelli kleridide b2l hbmva. Bat ékéménda yapteée] éi
edi |l emezl dark.i d@krekikalmu kar ékt €] e nflar éeké nbiherens
ve buhar fzlarénda bulunabil didj¢ikrginsde bvdrigay
KI'k ol-bubh&r 6éovgma) ndengeéséaakbmpayak miktar
verelim
T(p,x) =T, 8 a@- x)" gna Og (2.3.131)
i é ¢Ph
Bu denklemde x : sévé fazéndak#Fl00KmgsrRy aMipéan maoledrerygnsd e
mven dejerleri ejri uydurma dejerleri olup bu dejerl e
Tablo 2.3.131buhars e veé dengesi doyma ) sécakl éj é
i m | n a
1 0 0 3.223020000000E+00
2 0 1 -3.84206000000081
3 0 2 4.609650000000€2
4 0 3 -3.7894500000008€3
5 0 4 1.3561000000008€4
6 1 0 4.8775500000008€1
7 1 1 -1.2010800000008€1
8 1 2 1.06154000000082
9 2 3 -5.3358900000008€4
10 |4 0 7.850410000000E+00
11 |5 0 -1.159410000000801
12 |5 1 -5.23150000000082
13 |6 0 4.89596000000E+00
14 |13 |1 4.21059000000082

KIl'k ol-buh&r 6éogma) denge sécakl ejéené gaz faz
verelim

N

0 ~\
81“ (2.3.131)
A

) 3
T(p.y) =T,& a(l- )™ *dn
i é ¢
y
|

. ogRe
©

Bu denkl emde

gaz fazeéendakiglaOmopEdy Mpg € n rned learra nys¢ z$dEecs
m; ve n, dejerler ri

ej uydurma dejerleri olup bu dejerl e

Tablo 2.3.12 buhars évé dengesi doyma ) sécakl é&j é

mi | n 2]

3.240040E+00
-3.959200E01
4.356240E02
-2.189430E03
-1.435260E+00
1.052560E+00
-7.192810E02
1.223620E+01
-2.243680E+00
-2.017800E+01
1.108340E+00

P POOO~NOOTE,WNERE™T

= O
WWNNRPRPFPPFPOOOO

P OPFRPRONRPFPOWNEO




12 |4 |0 1.453990E+01
13 |4 2 6.443120E01
14 |5 |0 -2.212460E+00
15 |5 2 -7.562660E01
16 |6 |0 -1.355290E+00
17 |7 2 1.835410E01

Kar € K € mé gentalpsv: é f a z

9 T
h (T,x)=ha q% - 1§ X" (2.3.133)
i (;o -
Bu denkl eriche éxn daylaj éémananwo | a M=373 16K Bys100dki/ky . referans §,éc:
mven dejerleri ejrp bwddemaertiefemkajfiédakiu | istede 1| :

Tablo2.3.133 karekéem séeve fazée entalpisi

I m; | n 3

1 0 1 -7.61080000E+00
2 0 4 2.56905000E+01
3 0 8 -2.47092000E+02
4 0 9 3.25952000E+02
5 0 12 -1.58854000E+02
6 0 14 6.19084000E+01
7 1 0 1.14314000E+01
8 1 1 1.18157000E+00
9 2 1 2.84179000E+00
10 3 3 7.41609000E+00
11 5 3 8.91844000E+02
12 5 4 -1.61309000E+03
13 5 5 6.22106000E+02
14 6 2 -2.07588000E+02
15 6 4 -6.87393000E+00
16 8 0 3.50716000E+00

Kar éeékémén gaz fazée ental pisi

AT @
h(T.v)=haag-1§ - y)" (2.3.133)
i (;0 -
Bu denklemde y : gaz fazeéng22&0K gEmdroyajké&ln kmggl armr ef gmbes
ven dejerleri ejri uydurma dejerleri olup bu dejerler

Tablo2.3.134 Kk ar éfka@zaré geret al pi si
' m a

1.288270000E+00
1.252470000801
-2.087480000E+00
2.176960000E+00
2.356870000E+00
-8.869870000E+00
1.026350000E+01
-2.374400000E+00
-6.701550000E+00

OCoO~NOUITDWNPEFI—
OWNRFPROWNEFO
WNDNNNOOOOIS




10 |1 3 1.645080000E+01

11 |2 3 -9.368490000E+00

12 |0 4 8.422540000E+00

13 |1 4 -8.588070000E+00

14 |0 5 -2.770490000E+00

15 |4 6 -9.6124800008)1

16 |2 7 9.880090000©1

17 |1 10 3.084820000801

Denkl emlerle tanémlanmék °zellli lollamr alkkankélvaxk
Tablo2.3138 Doymuk amonyak kareékeWwgnen ©°zggl hacim di
aPOL LY2yel 1 12yal yaNt.

derece |0 10 20 30 40 50 60 70 80 90

-10 0.001 0.00103 | 0.00106 | 0.00109 |0.00114 |0.00118 |0.00122 |0.00128 |0.00135 |0.00142
0 0.001 0.00103 |0.00107 |0.0011 |0.00114|0.00119|0.0012410.0013 |0.00137|0.00146
10 0.001 0.00104 | 0.00107 |0.00111 |0.00115|0.0012 |0.00125 |0.00132 |0.00139 |0.00149
20 0.001 0.00104 | 0.00108 |0.00112 |0.00116 |0.00121 |0.00127 |0.00133 |0.00142 | 0.00152
30 0.001 0.00105|0.00108 |0.00113|0.00117|0.00123|0.00128|0.00135|0.00145 | 0.00156
40 0.00101 | 0.00105 | 0.00109 |0.00114 |0.00119 |0.00124 |0.0013 |0.00138 |0.00148 |0.00159
50 0.00101 |0.00106 |0.0011 |0.00115|0.0012 |0.00125|0.00132|0.0014 |0.00151|0.00163
60 0.00102 | 0.00106 |0.00111 |0.00116 |0.00121 |0.00127 |0.00134 |0.00143 |0.00154 | 0.00167
70 0.00102 |0.00107 | 0.00112 |0.00117 |0.00122 | 0.00129 |0.00136 |0.00146 |0.00158 |0.00172
80 0.00103|0.00108 |0.00113|0.00118 |0.00124 |10.0013 |0.00139|0.00149|0.00162|0.00178
90 0.00104 | 0.00109 |0.00114 |0.00119 |0.00125 | 0.00132 |0.00141 |0.00153 |0.00167 |0.00184
100 0.00104 |0.0011 |0.00115|0.00121 |0.00127 |0.00135 |0.00145 |0.00157 |0.00172 |0.00191
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2.3.14

Li
karékéemdeér .
Sékiet yum

t y um-shur oknasrré K € me
é Bur ada

bromg¢gr

da

ental pi

4 4 4
h(tx) =8 AX"+tg BXx"+t°§ C x" (2.3.141)

sojut kan

LKTYUM BROM} R SU KARI kI MI NI N

S i

S u

TERMODKNA MI

Amony ak | suu skog rug umamé eg/irbi imi anldseo rk

gerevini goerg¢ér .

n=0 n=0 n=0

Bu denkl emde x : seve fazéendaki Lityum bromgrindi mol &ar s @ ¢
ol up 15 C < t <165 C arasénda ge-erlidir. Sistem katsaye
Tablo2.3.14 Lityumubkamgkem séve fazeée ental pisi denkl em kat sa
i A Bi Ci
0 -2024.33 18.2829 -3.7008214&
1 163.309 -1.1691757 2.8877666€3
2 -4.88161 3.248041&2 -8.13130156
3 6.302948e2 | -4.034184¢&4 9.9116628¢7
4 -2.913705e4 | 1.85205696é -4.444120769
Seketyum brom¢gr -°zeltisi karéekém sécakl éeje vV e

3 3
t=3 Bx"+t' Ax" (23.142) -%zeldceéC)sécakl ejée (der

n=0 n=0

3

(t- a B,x")
t'= 3“:° (2.3.143) sojutkan(su ) sécakléeje (derece C)

a Ax'

n=0

D E i} _ .

|OgP=C+?+F (2.3.144) doyma baséncé P = kPa T6 = K

, - 2E . i .
T'= o5 (2.3.145) -%zelti séecakléeje (derece K)

D +|D?- 4E(C- logP)]
Denklemler -15C < t &6 <100 G, 4% % << xt < 01 P6 bCl gesinde ge-erlidir.

Tablo2.3.12Séekiet yum brom¢gr -°zel ti si karékém sécakl é]j
[ A B

0 |-2.00755 124.937 C=7.05

1 |0.16976 -7.71649 D=-1596.49

2 |-3.133362€63 | 0.152286 E=-104085.5

3 | 1.97668€5 -7.95090e4

Tablo 2.3.143 de denklem (2.3.34 ) i n
Lityum brom¢gr ental pi

tabl ol akt &eleil ImEdke 3h aslei
dejerl eri di yagram

avyenréei |
f or munc

- A

Tablo2.3.1483Li t yum Dz ®imigirsi- i -in Sojutkan Sécakl éje(t=der e
|Séca| %Lityum Bron |




derece
C 0 10 20 30 |40 |45 50 55 60 65 70
20 t 20 19.1 |17.7 |15 98 |58 |-04 |-7.7 |-15.8|-23.4(-29.3
h 84 67.4 |52.6 |40.4 |33.5 |33.5 |38.9 |53.2 |78 111 | 145
30 t 30 29 27.5 |24.6 |19.2 |15 8.6 |1 -7.3 |-15.2|-21.6
h 125.8/103.3|84 |68.6 |58.3 |56.8 |60.5 |73.5 [96.8 |128.4|161.7
40 t 40 38.9 [37.3 |34.3 |28.,5 (24.1 |175 |9.8 |[1.3 |-7 -14
h 167.6/139.5/115.8| 96 825 |79.7 |82.2 |93.5 |115.4|146 |178.3
50 t 50 |48.8 |47.2 |44 379 |33.3 |26.,5 185 |9.9 |1.3 |-6.3
h 209.3/175.2| 147 |123.4/106.7|102.6/103.8/114 |134.5/163.5|195
60 t 60 58.8 |57 53.6 |47.3 |425 |355 |27.3 |18.4 |95 |14
h 251.1/211.7{179.1/151.4|131.7| 125.8|/125.8/ 134.7| 153.7(181.4|211.9
70 t 70 68.7 |66.8 |63.3 |56.6 |51.6 |44.4 |36.1 |27 17.7 |9
h 293 |247.7/210.5/178.8/155.7|148.9/ 148 |155.6/173.2|/199.4|228.8
80 t 80 78.6 |76.7 |73 66 60.8 |53.4 |44.8 |35.6 |26 16.7
h 334.9|287.8|243.6/207.3|181 |172.8|/170 |176.2|192.6|217.2|245.7
90 t 90 88.6 [86.5 |82.6 |75.4 |70 623 |53.6 |44.1 |34.2 |24.3
h 376.9|321.1| 275.6| 235.4| 206.1| 195.8| 192.3| 197.1| 212.2| 235.6| 262.9
100 t 100 |98.5 [96.3 |92.3 |84.7 [79.1 |71.3 |62.4 |52.7 |42.4 |32
h 419 |357.6/307.9/263.8/231 |219.9|214.6|218.2|231.5|253.5|279.7
110 t 110 |108.4/106.2/101.9/94.1 [883 [80.2 |71.1 [61.3 |50.6 |39.7
h 461.3|394.3| 340.1| 292.4| 255.9| 243.3|236.8/ 239.1| 251 |271.4|296.3
120 t 120 |118.3/116 |111.6/103.4/97.5 [89.2 |79.9 [69.8 |58.9 [47.3
h 503.7/431 |372.5/320.9/281 |267 |259 |260 |270.2|/289.5/313.4
130 t 130 |128.3/125.8/121.3/112.8/106.7(92.8 [88.7 [78.4 |67.1 |55
h 546.5|468.4| 404.5| 349.6| 306.2| 290.7| 281 |280.4|289.1|306.9|330.2
140 t 140 |138.2/135.7/130.9|122.2/115.8/107.1|97.4 |87 75.3 |62.7
h 589.1|505.6|437.8|377.9| 331.3| 314.2| 303.2| 301.1| 308.1| 324.7| 346.9
150 t 150 |148.1|/145.5/140.6/131.5/125 |116.1/106.2/95.5 |{83.5 |70.3
h 632.2|542.7| 470.5| 406.8| 356.6| 337.8| 325.5|321.6| 327.3|342.7| 363.6
160 t 160 |158.1|155.3/150.3/140.9(134.2|125 |115 |104.1/{91.8 |78.9
h 675.6/580.8|503.1| 435.4|381.9|361.2| 347.7| 342.2| 346.1| 360.3| 380.1
170 t 170 [(168 |165.2(159.9/150.3/143.3/134 |123.7/112.7/100 |85.7
h 719.2/618.9|536.1| 464.3| 406.8| 384.9| 369.9| 362.9| 365.4| 378.3| 396
180 t 180 |177.9/175 |169.6|159.6|/152.5/142.9/132.5/121.2/108.2|93.3
h 763.2/657.1|569.4/493.4/432.1| 408.8| 392.1| 383.4| 384.3/ 395.8|411.3
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24 DENKLEMLERKN T, N (DMEKYADRAKMODKNAMKK ¢KFTLER |
¢t¥Z, LMESK

Thermodinamik hal denklemlerind e n k| e ml er i bil gi sayar programl a
setininsadecé ve v nin fonksiyonu ol méyacajé daig®°®z ©i
bir bilinmiyenin .,he®8Bapltaghrmas | e nslteerniestd iolknayank € | a K
denkl eml etk balymaal kIl eml er i karkéméza -eéekar.
f(T,p,v)=P(TV}p=0 denkleminin -°z¢;¢m¢n¢ veren v dejerini
denkl emine ge-ik yapabiliriz.

Kok Dbul ma aiykKloemlfeorrim¢T ¢nden el de edilen y°nteml
kombi nasyonl| aTeénodihamik hal |denkiai modellemesinin kritik bir alt prosesi

ol dujundan bu b°l ¢mde k°k bul ma y°ntemlerinin b
sayeéesal k °© k bul ma i K1 emi ol madej éene bu yézdel
kull anmamézéenjdaigdraelelbialt al ém.

Kkiye b°lme y°ntemi (bisection)

Kkiye b°l me y°nteminde f(x) fonksiyonunun a <=

k°k mevcut sa
f(a)*f(b) <0

ol acakt eéer . Bu kart ger-ekl ekmiyiolri iisz. bE] &P | B dk
k°k mevcut ise b°l gelyib®lkge siknitn parrt-a ymo kt°d & i zp
noktasénda dejerlendiririz. Ejer
f(a)*f(p) P @GQriasejlehkanoddujunu s°°ylpbyebiliriz
b°l gesindedir Tesad¢gfen f(a)*f(p)=0 oluxkabilir,
gelir ama bu -o0ok k¢-¢k bir ol asél ékteéer. Bul duj uil
kull anérez Kteratif prosesi durdurmak i -1in
(b- a)
(b+a)
gibi bir durdurma kriterinden yararlanabiliriz.

VA

f(b) +

f(p) +

f(p>)

/‘((I)I

a, 2 b

kekil-121i&i¥2 Db°lI me y°nteminin uygulanmaseéneén
Yer dejiktirme y°nt emi (false position)
Kkiye b°l me y°nteminde yakI| akmaa hgé°zréencee lair totlé&arrnaakn
ve b noktalaréné bir dojru ile birlexkxtirmek ve
ol arak kull anmakteér p noktaséné



(a- b)

(f(a)- f(b)
form¢gl ¢yl e bulabiliriz. Ko k dtég setme zi -aiym éi kyi°ynet ebn?i |

VA

p=b- f(b)

y=f(x)

I yérl2 y°nt emi
; er y°ntem
Yer dejiktirme y°nteminde iki noktadan bir dojr
tahmini gelixktirmickti k. Ayn éardktayapahilmzZ ancak ikintic i der
dereceden polinom tanémlamak i-in ¢- noktaya i ht
X, X, N oktal arénén girik dejersdeiioveixda] &k i varialsé&inic
ol sun) . Fonksi yonumuzy fd(ex)e rolegin).\ef@ur adke jfa(oxk € ain @ i
alalem bu ¢- noktadan i kinci derece bir polinom
f(X0)-f(X2)=a(X-X2)*+b (Xo-X2)
f(x 1)-f(X2)=a(xu-X2)*+b(X-X2)
ho= X1 T Xg
h1:X2.|.X1
g =100 T(%)
0
hy
d = fx)- f(x)
h
| I
2 ikineci derecepolinom

=0

XY

0]

kekil -3R¢BL &2 y°nteminin grafik olarak g°steril me



bu ifadeler ana denklemlerde yerine konulursa
(ho+hy)b - (hot+hy)’a = hydo + hyds
hhb -  h’a=hd

el de edilir buradan da a ve b -°z¢lebilir.
_dl-dO

hth,

b=a*h+d

c=f(xy)

koke¢ bul mak i -1n

D=+/b?- 4ac

ej er

lb+D>pb- De=b+D
lb+D/|b- Dje=b- D

_ 2c

Xr_Xz'z

xodej erinidhejyemriimie koyarak yeni iterasyonumuza ba
buunnmaesé i -in de kull anélabilir.

NewtorRaphson y°ntemi
Taylor form¢l ¢

X0 = 100)  +)(Badufek -+ @ X0H2! + £ 00) (X 30131
#FO0x0) (Xnor X 1+ £ k) (Xnes o) 51 + &

kekl ind« diOr .ol fmaxmé rza eins tbeud idjeij eri denkl|l eme koyar
terimlerin 0 a gittijini kabul eder isek

0=1(x) + n)(Xd.KnXolur bu denklemdenx;- e ki | i r s e
Xn+1: Xn'f(Xn) /n)f 6( X

denklemi elde edilir. Bu denkleme NewtBha p h s o n  k énlkdembiami veriir. xdk

tahmininden (tek dejer) baklayarak k°k dejerine
tahmin ger-ek k°ke g°receli ol arak yakénsadeéj énc
uzak 1 se k©kereudialkinra svée yuaz uhni -s ¢ul akamayabilir. Ne
zorluju te¢grevleri bil me zorunlulujudur.



Teget f'(x, )) -y =[)

!
)

(3, (X))

- Teget [10¢)

|
I
I
|
|
I
I
I
Y "2 1
— = . ...—P.
"

X::
T _.-'"-//”(II'_J{t }{:u]f
kekil-4RewBrRlap hson y°nteminin yakénsamaseé
Kirik y°ntemi (secant)
Newton y°nteminin bir probl emi reévfonksiyonuhudarkk si y onu
denkl emiyle dejiktirirsek (t¢grevdeki tejet yerio.l

Ejer fark dé'(mk@%%‘—ﬂaoamg,lé kull anél er sa
" M1

CFO)(G- %)

T () - T (x,0)
Bu y°ntemde iteirmsiyloinan dlatkdrmédra kveril mi k ol maseé ¢
f(x,) ve f(x )ol mak ¢zere iki bakl angé- dejerinin veri.l

Bunun yerine tek bir baxkl an
birDxar al éjé& ¢zerinden fark d
fO,+Dx) - f(x,- DX

gé- noktase.i ¢oh #e- ¢
enkl emi

f @)

(x) @ O

Keklinde tanémlanacak olursa (merkezi fark denkl
. 2f (x,)Dx

170 (g, + D9~ f %~ DY)

keklini aleér. HBatdeijéxi nag°olemadé iodiam akDxfie- ¢k ol

orantélée ol acakter.



kekil 2 K38rilgxk y°ntemi yakénsamasénén grafiksel g
T¢rev denkl em yerine fark denkl emi kull anmayé |
yakl akénmaha ofazla olacak bir fark denkl emini k ul
f(Xn)C f(xn+2Dx)+8f(xn+D>1(;Dx8f(xn Dx) + f (X, - 2Dx)

formegl ¢n¢g kul |l anxfdekOx)isd i yne kitrme éch@k ¢ r dbi liriz.

Aitken extrapol as yroanp hds¢ozne |yt°mmetleemin e wt on
Aitkenext apol asyonu Newton raphson hesaplamaséndaki

artéran bir hata azaltma y°ntemidir. Temel ol ar
Xip = 8 Xyn- @ k>3

Xa-a X-a
bu bajéntédan d°rd¢nce¢g bir noktanén dejerini bul
X, = Xka+2-Xif+l

Xk-zxk+1+xk+2
3 °nceki nokta bilindijinde 4¢nc¢ noktayé tahmirt

DXk = X1 - Xk

DXk = X2 - 2Xkr1 + Xi

(Dx)*
Xe =X - D',
Bu form¢gl ¢ Newton metodundan el de ettijJimiz ilKk
Kkithgnevl! i newton raphson y°nt emi
Newton iterasyon form¢gl ¢ne Taylor serisinin i Kkirt
t¢revlier genelde birinci t¢rev ve fonksti yondan

Raphson interpolasyon fogn ¢,

f(x)* f'(x)
frO)* F1(x) - FO)* £ (x,)

Xpsg =%, -



Keklindedir. Bu for mgl katl e k°kler dedijimiz a

iy bir d°Pn¢gkem héezée sajlayacakt ér .

Kkinci derece ters | agrange interpolasyon y°ntert
Lagrange interpolasyonunu interpglg on v e e r i uydurma b°l ¢m¢gnde g°©
Lagrange interpolasyonu x=f(y) kKeklinde (ters ir

w=_ Ly= TOOIy- O [y- FOJIY- TOO)IX  [y- FOIY- F(X)I%
[F0)- FOOITOR) - FOT [F(x)- FOIIF(0)- FOG)] [FOG)- FOOIT(X)- F(x)]

bu intrepolasyon denkleminde y=0 aléndeéjénda x
verecektir.
= f ) FO)x% + f) F %)% + f ) F(x)x,

CIFO) - FOOTO0)- FOOT TF00)- FOIT)- FO [F00)- FOOITOG)- f()]

= LT = TOT () FO6)% +[F06) - TO)IT06) FOQ)X+[F %) - FO)IT (%) F(X)%
[FO6)- FOOITFO) - FOOIT(X) - f(x)]
Denkl emi mi z hesap kolayl éejé a-éséndan

o F00)
(%)
NRICH
(%)
Lo f00)
(%)

P =S[T(RT)(XsT X2) T (1-R)(X2 T X1)]

Q = (T- 1)(Ri 1)(Si 1)

Formunda da vyazélabilir. K°k dejeri
F)
X=X+ —
ol acakteéer. Yeni k°k bulunduktan sonra bulunan k¢
dekénda ol an b°lge elimine edilir.



Eski bilge Eski lmlge
Yeni w_[ﬂ“
Bilge Bolge
|
|
X, X X x !
|1| % X X - Is )|( X
/ a 2 4:5/2'/ 2
I |
a) X=X, Durmmu b) x> X, Duruimn
keki |l 6RkBnéPRP derece ters | agrange interpolasyon

Brent k°k bulma y°ntemi

Yukarda NewtorRaphson metodu ile ikiye b°l me metodunul
emni yet]l i bir met od ol uktur duj uerateden tebsalhgsaage mi K t
interpolasyon k°k bulma y°nt emi de i kiye b°l me
y°ntem olukturulabilir. Bu y°ntem Brent y°ntem
Lagrange interpoladganfh? k|l Bubmar gknsahBrma i ki
step olarak i kiye b°me form¢l ¢ uygulanér ve iKkid.t
noktadan vyararl aneéel ér . KkKi nci der ecede&iyenitbier s L a
-%z¢m noktasé saptanér ve bu -°z¢:;m b°l|l gakx,ne g°
b°l gesine d¢kmgyorsa yeni bir i kiye b°l me stebi
ol duju séféra yakl aktyegnel édke jdee]lerr dwee rneehtioldi ry.i nBu
yentemine d°ng¢l ¢

Ridder metodu

Daha °nce Yer dej]iRegulaframlesi( Famsteogwrsu tiimanel emi Kt i
metodun dejiktiril mik birvewnokd iay ame alrarsa@&k dlaalbul
i se Ridder metodu ©°nce orta noktada fonksiyonu ¢

X3=(X1+X2)/2

daha sonra fonksiyonu Iineerfoa)kltkosriym@a-odfmr(;.KtD_,a
yazacak olur isek

f(x1)-2f(x3) €2 + f(x,) €9 = 0 fonksiyonundan®f akt °r ¢n¢e -°zer .

Kkinci dereceden bir fonksiyon olan bu fonksiyor

o = 100)+sig O (%) - F06) T ()
f (%)

Keklinde hesapl aneéer. Buradaki sign(x) fonksiyon!
ejer séféddaejege@&k®ir. kimdi y,dx)velfeg) i Kt i r me me
fonksiyonlaréné kull anarak dej il

f(x1), f(xs) ?ve f(xx) €f onksi yonl ar akak uggueéminabakumur .
sigrf (%) - FO)IF (%)

X, =X, +(X, -

O o 100100
Denkl em i kinci dereceden shjjBAfpoedaamakdacbuldenar
zamanxvexar asénda yer alacakteéer.
Bu metodlaré kullanérken birden fazla metodu bir ara
Kk bulma y°ntemlerinde il k tahmin delfier idned eqgdreak snii
gaz denkl emi |, k ¢iKiels |l @denldleakll emi vg ab@d€@meyl a hesapl ay:

bakl ayarak k°k bul maya -al éxkabiliriz.



25KKKNCKL SOJUTUCU AKI kKANLARI N (SOJUTKAN) TERMOFKZK

Bir -okugoi bt mabpaorréantd®ar evve kdoenjdieknisneirndie ns aéjsléamak i - i n
kull anéel er. En yaygén ol arak kull anél an ésé takeéyeceé©e
suyun donma sécakl éfgiemiendal t®@harmdaol ddbhadai degbygk donm
akéekkanl ara bakvurul abislui rk.arEmx eyn@y-fés®ldkywbn akiKallr &ifrly & m
acCl tuzl ar é) , Etilen glikol ve propiofen kghil koldeen B
bakka g¢negmegzde -exitli firmal aréen ¢retti kIl eri - exKi
kull aneéel an baze i kincil sojutucul ar én termofi zi kse
verdijimi a8oj ut hkanl arén °zelliklerini veren bir bilgyg
¥zellikleri model |l ere aktarmak i -in ejri uydur ma ger
Tuz(CaCl)-su kar é Kk @ me
Deji ki k daécak
¥zg¢|Donma |16 C de yojunl uk

CaCl 15C nokt {NaCl|su ka
% k¢ [JkgK derece C -20 C -10 0C 10C

0 4184 0 0 999 ,

5 3866 -2.4| 52.2 1044 1042 1041

6 3824 -2.9 63 1049 1051 1050

7 3757 -3.4| 74.2 1059 1060 1059

8 3699 -4.1| 85.5 1068 1070 1068

9 3636 -4.7] 96.9 1078 1079 1077

10 3577 -5.4| 108.6 1087 1088 1086

11 3523 -6.2| 120.5 1095 1097 1095

12 3464 -7.1| 132.5 1104 1107 1104

13 3414 -8| 144.8 1113 1116 1114

14 3364 -9.2| 157.1 1123 1126 1123

15 3318 -10.3| 169.8 1132 1140 1136 1133

16 3259 -11.6| 182.6 1141 1150 1145 1142

17 3209 -13| 195.7 1152 1160 1155 1152

18 3163 -14.5| 209 1161 1170 1165 1162

19 3121 -16.2| 222.7 1171 1179 1175 1172

20 3084 -18| 236 1180 1189 1185 1182

21 3050 -199| 249.6 1189

22 2996 -22.1| 264.3 1201 1214 1210 1206 1202

23 2958 -24.4| 278.7 1211

24 2916 -26.8| 293.5 1223 1235 1231 1227 1223

25 2882 -29.4| 308.2 1232

26 2853 -32.1] 323.1 1242

27 2816 -35.1| 338.5 1253

28 278 -38.8| 354 1264

29 2753 -45.2| 369.9 1275

29.87 2741 -55| 378.8 1289

30 2732 -46| 358.4 1294

32 2678 -28.6| 418.1 1316

34 2636 -15.4| 452 1339
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Deji ki k sécak
¥zg¢|Donma |16 C de yojunl uk




NaCl 15C nokt dNaCl|su ka
% k¢ [JkgK derece C -10 C 0C 10C 20C
0 4184 0 0 1000
5 3925 -2.9| 51.7 1035 1038.1] 1036.5 1034
6 3879 -3.6| 62.5 1043 1045.8 1043.9 1041.2
7 3836 -4.3| 73.4 1049 1053.7) 1051.4 1048.5
8 3795 -5| 84.6 1057 1061.2 1058.9 1055.8
9 3753 -58| 95.9 1065 1069| 1066.4 1063.2
10 3715 -6.6| 107.2 1072 1076.8 1074/ 1070.6
11 3678 -7.3| 118.8 1080 1084.8 1081.6 1078.1
12 3640 -8.2| 130.3 1086 1092.4 1089.6 1085.6
13 3607 -9.1| 142.2 1094 1100.3 1097| 1093.2
14 3573 -10.1| 154.3 1102 1108.20 1104.7) 1100.8
15 3544 -10.9| 166.5 1110, 1119.4 1116.2 11125 1108.5
16 3515 -11.9| 178.9 1118 1127.6 1124.20 1120.4 1116.2
17 3485 -13| 191.4 1126/ 1135.8 1132.20 1128.3 1124
18 3456 -14.1| 204.1 1134 1144.1 1140.3 1136.2 1131.8
19 3427 -15.3| 217 1142 1153.4 1148.5 1144.3 1139.7
20 3402 -16.5| 230 1150, 1160.7] 1156.7| 1154.1 1147.7
21 3376 -17.8| 243.2 1158 1169.1 1165/ 1160.5 1155.8
22 3356 -19.1| 256.6 1166| 1177.6 1173.3 1168.7) 1163.9
23 3330 -20.6] 270 1174, 1186.1] 1181.7 1177 1172
24 3310 -15.7| 283.7 1182 1194.7| 1190.1y 1185.3 1180.3
25 3289 -8.8| 297.5 1190
25.2 0
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ETKLEN GLKKOL donma V|PROPKLEN GLKKOL donm

noktal ar é noktal ar é

k ¢t | ¢gHacimsel |Tdonma |Tkaynama |k ¢ t | |Hacimsel | T donma |T kaynama
0 0 0 100 0 0 0 100
5 4.4 -1.4 100.6 5 4.8 -1.6 100
10 8.9 -3.2 101.1 10 9.6 -3.3 100
15 13.6 -5.4 101.7 15 14.5 -5.1 100
20 18.1 -7.8 102.2 20 19.4 -7.1 100.6
21 19.2 -8.4 102.2 21 20.4 -7.6 100.6
22 20.1 -8.9 102.2 22 21.4 -8 100.6
23 21 -9.5 102.8 23 22.4 -8.6 100.6
24 22 -10.2 102.8 24 23.4 -9.1 100.6
25 22.9 -10.7 103.3 25 24.4 -9.6 101.1
26 23.9 -11.4 103.3 26 25.3 -10.2 101.1
27 24.8 -12 103.3 27 26.4 -10.8 101.1
28 25.8 -12.7 103.9 28 27.4 -11.4 101.7
29 26.7 -13.3 103.9 29 28.4 -12 101.7
30 27.7 -14.1 104.4 30 29.4 -12.7 102.2
31 28.7 -14.8 104.4 31 304 -13.4 102.2
32 29.6 -15.4 104.4 32 31.4 -14.1 102.2
33 30.6 -16.2 104.4 33 32.4 -14.8 102.2
34 31.6 -17 104.4 34 33.5 -15.6 102.2
35 32.6 -17.9 105 35 34.4 -16.4 102.8
36 33.5 -18.6 105 36 35.5 -17.3 102.8
37 34.5 -19.4 105 37 36.5 -18.2 102.8
38 35.5 -20.3 105 38 37.5 -19.1 103.3
39 36.5 -21.3 105 39 38.5 -20.1 103.3
40 37.5 -22.3 105.6 40 39.6 -21.1 103.9
41 38.5 -23.2 105.6 41 40.6 -22.1 103.9
42 39.5 -24.3 105.6 42 41.6 -23.2 103.9
43 40.5 -25.3 106.1 43 42.6 -24.3 103.9




44 41.5 -26.4 1061 44 43.7 -25.5 103.9
45 42.5 -27.5 106.7 45 44.7 -26.7 104.4
46 43.5 -28.8 106.7, 46 45.7 -27.9 104.4
47 44.5 -29.8 106.7 47 46.8 -29.3 104.4
48 45.5 -31.1 106.7 48 47.8 -30.6 105
49 46.6 -32.6 106.7 49 48.9 -32.1 105
50 47.6 -33.8 107.2 50 49.9 -33.5 105.6
51 48.6 -35.1 107.2 51 50.9 -35 105.6
52 49.6 -36.4 107.2 52 51.9 -36.6 105.6
53 50.6 -37.9 107.8 53 53 -38.2 106.1
54 51.6 -39.3 107.8 54 54 -39.8 106.1
55 52.7 -41.1 108.3 55 55 -41.6 106.1
56 53.7 -42.6 108.3 56 56 -43.3 106.1
57 54.7 -44.2 108.9 57 57 -45.2 106.7,
58 55.7 -45.6 108.9 58 58 -47.1 106.7]
59 56.8 -47.1 109.4 59 59 -49 106.7,
60 57.8 -48.3 110 60 60 -51.1 107.2
65 62.8|* 112.8 65 65 108.3
70 68.3| * 116.7 70 70 110
75 73.6|* 120 75 75 113.9
80 78.9 -46.8 123.9
85 84.3 -36.9 133.9
90 89.7 -29.8 140.6
95 95 -19.4 158.3
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POLYDKMETKLSKLOAKSAN | SI TRANSFERK SIVISININ ¥ZEI
Alevalmankt as é 46. 7 C
Kaynama nokt asé@ 175 C
Donma noldllaCs é
Kul | ané m-7a3dan 260ja&adar
S é ¢ a k| Buhar vizkozite|Yo]J un|® zg ¢ | iIIetSkeenllik S é ¢ a| Buhar vizkozite| Yoj un|° zg¢ | iIIetsk:nIIik
Basén Capacity, |kata y é s Basén Capacity, |k at s a
AC kPa mP a L { kg/m3 kJ/ (klW/ ( m:LKHAC kPa mP a L | kg/m3 kJ/ (kW (mL
-73 0| 12.4] 924.6 141 0.1294 100] 10.73] 0.56] 768.7] 1.854| 0.0925
-70 0] 11.2] 922.1] 1.418] 0.1288 110| 1545 0.51] 758.3 1.88] 0.0901
-60 0| 8.26] 913.5] 1.443] 0.1269 120| 21.75 0.47| 747.7] 1.905 0.0877
-50 0] 6.24 905| 1.469 0.1251f 130] 29.95 0.43] 736.8 1.931] 0.0852
-40 0| 4.83] 896.4 1.495 0.1231] 140| 40.45 0.4| 725.6] 1.957| 0.0827
-30 0| 3.81] 887.9 1.52] 0.1212] 150] 53.67] 0.37] 714.1] 1.982 0.0802
-20 0| 3.07] 879.3] 1.546] 0.1192 160| 70.06] 0.34] 702.3] 2.008 0.0777
-10 0.01] 251 870.7] 1.572] 0.117) 170 90.1] 0.32] 690.2] 2.033 0.0751
0 0.03] 2.09 862| 1.597 0.115 180| 114.29 0.3] 677.7] 2.059 0.0725
10| 0.08] 1.76] 853.3] 1.623 0.1129 190| 143.17] 0.28] 664.8] 2.085 0.0699
20 016 1.49] 8445 1.649] 0.1108 200| 177.27 0.26] 651.6 2.11] 0.0673
30 0.32] 1.29] 835.5| 1.674] 0.108q 210| 217.14 0.25 638| 2.136] 0.0646
40 0.61] 1.12] 826.5 1.7] 0.1064 220| 263.36 0.24| 623.9 2.162] 0.062
50 1.09] 098] 817.3 1.726] 0.1042 230| 316.47| 0.22] 609.5 2.187| 0.0593
60 1.85| 0.86] 807.9 1.751] 0.1019 240| 377.03 0.21] 594.5 2.213 0.0566
70 3.02] 0.77] 798.4] 1.777] 0.099¢6 250| 445.61 0.2 579.1] 2.239 0.0538
80| 4.76] 0.69] 788.7] 1.803] 0.0973 260| 522.74 0.19] 563.3] 2.264] 0.0511
90| 7.25] 0.62] 778.8 1.828 0.0949




DLKMONEN | S| TRANSFERK SI VI SININ ¥ZELLKKLERK
Al ev al ma noktaseée : 46.1 C

Kaynama noktasé : 154.4 C

Donma noe¥%¥F@se

LaPft

{ POl |mil 3 N|Vizkozite|, 2 € dz iletkenlik
derece (| kJ/(kg K)| mPas kg/m"3 [W/(m K)
-73 1.27 3.8 914.3| 0.137

-50 1.39 3 897.1] 0.133

-25 151 2.3 878.3] 0.128

0 1.65 1.8 859.2 0.124

25 1.78 1.4 839.8| 0.119

50 1.91 1.1 820.1f 0.114

75 2.04 0.8 800 0.11

100 2.17 0.7 779.5| 0.105

125 2.3 0.5 758.4 0.1

150 2.41 0.4 736.6| 0.096

Duratherm XLT -5 0 & sfée rtir aynes] &
Kul | aneé m-4&adarall7&J ye

5 A . PaP

{ POI |, 2 € dZ Vizkozite ml 3 N|k. . FaP
derece C| (kg/m3) | (Centipoise) | (W/m.K) | (kJ/kgK) | (kPa)

-46 871 87.42 0.14 1.926 0
-40 868 59.49 0.138 1.926 0
-34 865 32.2 0.138 1.938 0
-29 863 1391 0.138 1.95 0
-23 860 4.46 0.137 1.962 0
-18 857 3.87 0.137 1.974 0
-12 854 3.41 0.137 1.986 0
-7 852 3.03 0.136 1.998 0
-1 849 2.72 0.136 2.01 0
4 846 2.45 0.135] 2.022 0
10 844 2.24 0.135] 2.034 0
16 841 2.04 0.135] 2.046 0
21 838 1.88 0.134| 2.058 0
27 835 1.74 0.134 2.069 0
32 833 1.62 0.134 2.081 0
38 830 151 0.133] 2.093 0.14
43 827 1.41 0.133 2.11 0.67
49 824 1.33 0.132| 2.127 1.21
54 820 1.25 0.132| 2.144 1.74
60 817 1.18 0.131 2.16 2.28




66 814 1.12 0.131 2.177 2.41
71 811 1.05 0.13 2.194 3.61
77 808 1 0.13 2.211 4.81
82 805 0.96 0.129 2.227 6.01
88 801 0.91 0.129 2.244 7.21
93 798 0.87 0.128 2.261 8.41
99 795 0.83 0.128 2.278 11.35
104 784 0.79 0.127 2.294 14.29
110 773 0.75 0.127 2.311 17.22
116 761 0.72 0.126 2.328 20.16
121 750 0.68 0.125 2.345 23.1
127 739 0.65 0.125 2.361 26.41
132 728 0.62 0.124 2.378 29.72
138 716 0.59 0.124 2.395 33.03
143 705 0.56 0.123 2.412 36.34
149 694 0.53 0.123 2.428 39.64
154 683 0.51 0.123 2.445 44.48
160 672 0.49 0.119 2.462 49.33
166 661 0.48 0.119 2.474 54.17
171 651 0.45 0.119 2.487 59.01
176 641 0.43 0.116 2.5 63.85
" [&] ikincil sogutkan termofiziksel Szellikleri § ik NS
l/ ikincil sogutkan termofiziksel Gzellikleri
ikincil sogutkan Propylene_Gylicol -
ikincil sogutkan sicakh -2 derece C
ikincil sogutkan kangim miktan I:I.2|
isim Defer Birimler
T, sicaklk -2.0 derece C
| ¥, kanzim ylzdesi 0z
i ro, yogunluk 1026.4940630597596 kg/m*"3
Cp, dzgdl 151 3.9395614333715105 KJikg K
k, 151l iletkenlik katsayisi  |0.4571500640799705 Wimk
Pr, Prandtl sayisi 42 T652112054024
vis viskozite 0.004962511531699106 |Pas
donma sicakhd -7.10413779180115485 derece C




301 SI DEJKKTKRKSEKLERANSFERK DENKLEMLERK

|l sé dejiktiriciler sojutma sistemlerirntdes oyjouy tuma
-evrimlerinin entegrep ar - al ar édér , bunun yanénda bbeojocil

aktarma i-in de tek fazleé ésé Ide¢i deifikcecilkeri.l
°zelliklerine g°re séneéekliaheei élyglzielyi rgeobBet s é h &f
faz dejikKiminin vs. nasel ol dujuna g°re deji«kik

g%z atal ém.

1.1sé Dejikim kekline G°re
Akékkanl arén Direk Temasta Ol duju | sé@




Yag ik-istimig
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. ’( o | Yanma
# ‘ gazlan
Yanma 4
_— gazlan su girisi soduk su
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Yanma havasi ! Bruer St sicaksu [0
C Dogal gaz glagl ik su
yogugturucu »
§ . || soduk su
P istma suyu *
sicakik @ besleme €@
kontrolu . S el devirdaim
i | — Rompast
SRS 151 dedigtirici

Ak éaxnk ar én Direk Temasta Ol madeéejé(ar a
ayeéran bi yézeyin ol duju) ésé Dejixkt

2.1 sé Ge-ikK Y¢gzeyinin |Isé Ge-ik Hacmine Or e
Orafé®) Y¢igzey ADlané Yojunl uju

b= IseGeckYlizeyfm?)

IseDg .Hacmi(m?®)
b>700(m?/m®) kompakt



ol mayan ése de

I
&x yegé@nmeenef | andér ma
2 Akéexkkan (Faz)
3 Akékkan (Faz)
n Akéexkxkan (Faz)

Genel de nilkéi easkee kdkeg i kKt i ri cil er kull aneéel ér|l
°rnek ol ar ak havanén ayrekterel masé, suyun
verilebilir.

4.1 sé Ge-i kK Mekanizmaséna G°re Sénéfl andeérn
- Kki Tarafta da Trek Kroanzvieek tA°kré)k ( Radyat?®
Bir Tarafta Tek Fazl é Dijer Tarafta
Yojukturucul ar)
Her Kki Tarafta da ¢ift Fazl é AkEécxk
- Takéném ve | kKénémla Beraber | sé Ge-iKi
|l sé dejiktiricinin bir tarafénda rsakékkan
radyasyon ve takeénémla é&s é uthraarn skfaezrain eger - e k |
5. Konstr¢ksiyon ¥zelliklerine G°re Séneéfl an
1. Borulu I sé Dejiktiriciler
D¢z Borulu I sé Dejiktiriciler
Spiral Borulu I sé Dejiktiriciler
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G°vde ve Boru tipi |l sé Dejiktirici
Govde boru tipi 1s1 degigtirici .
{Boru tarafi tek gegis) a?(?;E:ﬁt;E?igi
boru baglant:
levhasi
Ayna boru demeti (ayna}

! 1 L

ol R L

inlet plenum

wnuagd 1anag

L L

[fl T ]

govde

saptirma
ﬁ levhalan
givde-tarafi  boru tarafi J L

boru tara‘t_’l __akigkan giKig1 boru tarafi
akigkan girigi akigkan gikigi



2. Levhal é I sé& Dejiktiri
Contalé Levhal e |
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- Spiml Levhalé | sé& Dejiktiriciler

- Lamel I i Levhal e |1 sé Dejiktiriciler










Borulu Kanatl é | sé Dejiktiriciler

(40040
=SSO ety
Syl Jedy
Sarh diiz levha Kesilmis sanh
LL VLU L
Dairesel Kesilmis dairesel
SS=St
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delinmis sarh




4. Rejenerati f
Sabit Dolgu Maddel

sé Dejiktiriciler
Rejenerat®°rl er

gu Maddel i Rejeneratoorl er



Isman hava kazana Rulman
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Soguk bélge
giris kapag

Liungstrom

151 degisin
matrisi

cevresel
gasket

soguk hava
girisi
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Radyal Kazandan gelen

gasket sicak yanma Avyarlanabilir
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donen govde

rejeneratif

capsal
gasket
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sogumus yanma
gaz qikist

hava

éseét
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5. Konstr¢gksiyon ¥zelli klerine G°re Séneéefl an
1. Tek Ge-i kKl |l sé Dejiktiriciler (en yaygeén
Paralel Akéemlée |Isé Dejiktiriciler

Ters Akeéemldélerl sé Deji ktiri
¢tapraz Akéml é | sé Dejiktiriciler
2. ok GesekDejiktiriciler
¢tapraz Ters ve ¢Capraz Paralel | sé Deji
¢cok Ge-i kKl G°vde Borulu Isée Dejiktiri
n Adet Paralel Levha Ge-ikl:| | sé Defji K
311 SI DEJKKkTKRKCKLERKN VEHODELL EVABSWRT BIML E RK
|l sé dejiktiricilerin tasaréménda en -ok kark
Kncel ememi zde i ki akékkanl é ve direk transf
Verim probleminde elimizdeimewncibtel birdéikeéhd r d ¢
sécakl ekl aré ve izin verilen basén- kayeéepl a
enerji mi ktaré& hesaplanér. Hesapl anan bu d
ol madejéena karar veril:|
Tasaréemda karkéméza -ékacak dijer bir sorun
uygun bir ésé dejiktirici tipi se-ilerek ve
-ékek secakl éekl ar e, k¢tl earebdakdebebeéertvangPeb
€sé dejiktiricinin boyutlarée hesaplaneéer. Da
dejiktiriciler:i akéxk d¢gzenl emelerine g°re fa
alaskan 1 Iz1 Transf:ar_‘Mzeyi "r'i!(:‘_—_i
H I:' ;“‘Illlm ~ %j
.__.‘.... ___F _I_ . Akiskan 1 :”‘;,‘, ;‘12 \,\% A
| — | :l N
(=) / 4\
Aligkan 2 g
© Akigkan 2
- | [~ ~L A
<Transfer YWlzeyi gk@klan 1 wg&\j\\
I ¥
— AN
e L xg@@\w
.&kl@kan2| — | :}) f\Ni | gt
! ;l ik ' % "_\'\J NN TN 2

S

(ch
kekill 3Akéek RBurGPfmlearlessre Deji ktiricilerini

~+

kekid o68elg®°r ¢l dej ¢ gibi ésé dejiktir er
olarak isimlendirilebilirlerk e k i-2 6 8e 1- ok ge-i k|l i akexk n |

D

i cil
d¢ ze e



Govvde Bolimundeki

Givde BAlOmOndek

Akigkan I

Givde Balimindeki Akigkan

Akigkan l|
| ‘”‘%ﬁ i :
= ) )
e———== = Bou gn -E_Iﬁluiourgdeki b '_‘L i .| s
b T e ),
! '
(al (b (=)
k e IBil-2: Karkét Akeéeklée ¢Cok Ge-ikl:i D¢
Akék modell erine g°re bu Kekilde séneéefl and:é
verim hesapl amal aré éseél analiz kapsaménda
tasaréménda iistel ibku etra mel eks e leaw ak kurul acak
a-édan da inceBienimasi ngelrerkde mida d e daikkékkaktaen al
€sé transferi s¢re-lerinde sistemdeki sécakl
kadarolass éca k!l ek deji ki mi,

ya da d¢gzenl emesine bajl edeér.
énnésti bajfert dejoidiei gP e ik imie d k& ield i
i
J“__'Ir_r,.r,‘
rr'“-‘f--v; ey
. J.st:' e
.:I.n'I ar l_".J_;
L f =TT
: ir_
O e vizey L
Alann, & Alann, A
(a) (0]
keki-B 3Palr al el Ak éuh a rklaa kkte@r éAckee my e BYojJ ukt ur u
Akékkan Sécakl éejeée Deji ki mi (a) Karkeéet Akeéxk;
keki-B Baldda karkét akémlé sistemdeki sécak
akékkan ar aseéndakar ags @¢ a kmioadke | fea rgkllreel egseeé defj i
daha az bir dejikim g°stermektedir. Par al el
akékkan en seécak, sojuk akéekkan ise en sojul
dejerdedilredi k-e o@T dejeri gitgide ke¢-¢l ¢r .
akékkanén buharl akmasé, kekil 2.3 (d)obéde i s



ge°r ¢l mektedir. Her i ki si st emde der iguli nd ey a xéa
ayreca akéKkanl%nCpegrh)a¢$édléapasiteIerine

¢
|l sé dejiktiriciler:i termodinamijin birinci
kinetik ve potansiyel ener ji d &]jl iak iemldesrki¢ nigH
birinci y’(azsrhaliweazg‘aolraebilir. Denkl e mi i ntegre eod
Q=mli,-i,)é .(38.1-1)
Keklinde yazeéelabilir.
m: tl esel Debi

K¢t
i: Akeéxkkanl aréen GEnrtial,pi2.Detjéekrélke)r i (1.

| s é dejiktiriciler:i i ncel ememi zde bu siste
dol ayeséyla adyabati k olarak -al ékteklaré ve
akékkanl ara uygul adéejémézda séraséeyl a;

Secak akegchdip-ij)é . (3.1-2a)

m= Sécak Akékkanén K¢ tlesel Debisi (1. Giri.c
Sojuk akéxkxkan i -1in;

Q=mc(i_,-i,)é . (3.1-2b)

me = Soj uk Ak e kkeabniésni K(¢ lt.l eGierli k, 2. ¢ékeéex)
Ejer inceledijimiz ésé dejiktiricide faz de
éseél ar cinsinden ifade edilebilir. Yani séca

Qz%ﬁncpg (T,-T,)é .(3.1:3a)
“h

ve sojak BkERK

Q:%ncpg (T,-T,)é .(3.1-3b)

yazélabilir.

keki-B68.1lncelersek ésé dejiktiricinin akeék m
araséndaki seddatk-ITd k éfsa&r k&ejéinkt (i ri ci nin i - in
dozenl emesi yl e yakéndanDTaddegkiil i bul dej urumqgh?hE
dejiktiricilerin éseél aDTahi mi hderémf mnmas €& e qe
| seéel analizde kul lklermdecaj éméz °©°neml. bir den

Q=UADT _é . (3.1-4)

Bu ifade de (U) toplam ortalama ésé transfer
enerji f(@rltsaeéseeak ve sojuk akékkan arasénd

Ti Ty TyveT,0nin fonksiyonu ol arak bulunmaktadeéer



Toplam I sé& Transfer Katsayél ar e

|l sé dejiktiriciler genelde tek Dbirzyooghis mal .
ki myasal et kil ekimler:i bir °]1 - ¢de engel |l en
koruyucuyla kaplanabilir. Prati kte ésé deji
olarak y¢zeyde Dbirikinti meydanial agel ibri.r Bdiir
yarat er . Uygul amada b¢yeéek bir sorun yaratan
yézeylerion yapése vV e €sé deji ktiricinin Kk
dejiktiricilerde akékkanl|l areddrerkei kianaeéyakhar
Kanat-ék eklenmesiyle y¢zey alanénda artecx
diren- de yarater. Bu nedenl e kanat-ék ekl el
d¢z ve ¢zerinde ¢gzey kii-nitn (ol Anja y-aanr fbéd meé ;y
1 1
UA—E—i t+1e.(3.15)
hA kA hA
R: Toplam I sél Diren-
t: Kal énl ék.
K: Duvar Mal zemesinin |Isé Kletim Katsayése.
h,hy:lsé& Takéném Katsayél ar é
Birikinti ol mayan kanat-ékséz bir boru tipi
1 1 )
U,A=UA=—"= .(3.2-6
o =UiA R 1+In(r0/ri)+ 1 €. (3.16)
hA  2pkL  hA
Ejer ésé transfer y¢zeyinde Dbirikinti meyda
ak é@méinlai rbtiir nedeniyle ek bir dir Ohséclakk@ik.
d¢kemeg meydana gel ir .
DI, __ _ 1 17)
Q
Buradaki ( A) birikinti ol madan hAnée&i t ggeedy
kat sayéséedeéer . Birikint.i ol ukumu i1 - ve déek vy,
ésél diren-;
R, R
- LA LN IR S
UA UA, UA hA A A Ah
R, Boru Malzemesinin |sél Direnci
Ri: K- Tarafs@ki DBreinkint.
R, Déxkx Taraftaki Birikinti | séel Direnci

RN=i(d<;z | e (BiDa)i se) & . .

(o) o
R, = 2ka(boru t 3a9) i se) é. .



Kanatgik

@

Kanatgikl Yizey, Af

TC

Kanatgiksiz Yizey, Au A

fy
I

wi w2

keki-4 HKalnat-eklée Y¢gzey

kekil deki k aenlaet - @lkdleémny.czEBkWli engipolkdimjatn @] Bab
edersek burada transfer edilen enerji miktar

Q=(n, Ah, +Ah,)DT é . (3.1-10)

Burada (T,pT,) veyadT,,-T.)o di(A) kanat - & KAk pkza naaltane, k| & a
(h,) kanat -ekl e taraffhdkandatakehse:z kaasalyeaslei t
Kncel e nfe)(y )de olarak kabul ederiz.

Q:(thfhf +AJhU)DT

A=A +A ve A =A- A

Q=|h, A,h+(A- A )n|DT

Q:hlthf"'(A' Af)DT

e A 1%}
Q=hAd- —-(1- n, JyDT é . (3.1-11)
e A U

e A a
h=d- —-[- n, Jyé . (3.1-12)
e A U
h: Toplam Y¢gzey VerimlbilifjJi
Bu son denklemi incelersek kan#A ¢&r dtlta&vjeésr
gore¢éer ¢z, Kanat-éklée bir y¢zeyde kanat-ékl ard
yé¢zeyde takeméemDdli agdséylivardgm duvar 1 -in to
R. R
rR=t-_1 _ 1 _ 1 R pgiTe, 1 3113
UA UA UA AhA KA hoAy  hohy Ay
Kanat-ék ile onun yerlextirildifJi boru veya

di kkate al énmal e@B1r3) Tdeemaksl ethi ndacii frigde ed



uygul amal arénda toplam ésé transfer katsayel
nedenl e toplam ésé transfer katsayéseé déekKk VY,
U, = 1 & . (3.1-14)
TOA L AR Ro, 1~
N AR+ +
Ahh oAb o hohy
Kanat-éek vemi meriimie bHdzé | bel | i geometril er

Uni form kesit alanlé adyabati k ucu ol an L wuz

h, :M vem= -2V ¢ (3115 A)
oL |k,

vb

—

| e

X =xb

kelBil-bKanat-ekl é& y¢gzeyin geometri si

Kanat profili denkl|l eml er i datBgd gemall mbikt i f o
profild] d¢z veya uzunl amaséna kanatlar 1 -1in
° ~1- 2n)/(1- n)
_ X Q
Y=Y%&E§ (3.1-15B1)
CX +
Kine natliar kia- i n



(1- 2n)/(2- n)

axQ
Y=Y%%&"8 (3.1-15B2)
g _
Radyal dojrultudaki kanat!l ar i -1in
~-2n)/(1- n)
axao
y= yb%jB (3.1-15B3)
OIdulunda ve n kanat profil katsaktecase mda ef e
l...(u
SErS(CHA (3.1-15C1)
Kn—l(ua)
BuradakiKve | Bessel fonksiyonlareder.
n kesirl i saynéokotladsugjnudnad a x = X
l..(u
Il—n(ua)
D¢z veya uzunlamaséna kanatl ar i -1in
o ~L/2(1-n)
u=20- NE8 [ x (311500)
a+ Ky, .
Kine tipi kanatl ar i -1mn
,3/2(2)
2\/_(2 g X8 ” be (3.1-15D2)
s 58 i@
Radyalt bgkiulkanat !l ar 1 -1in

axo’ " [h
u=(@1- ng- 1/—X,;, 3.1-15D3
éﬁ%g Ky, ( )

Bu denkl emlerdeki h ésé takeénéem katsayése
verimleri:
n seféer veya t agmoskatyaés éonlddauj unda x = X

2(1_ n) In-l(ub)_ bKn-l(ub)

f = ub[l- (ua/ub)Z(l— n) I n(ub) _ bKn(ub) (31‘15E1)

nkesirisy € ol dujnuonkdtaa sxé rn=d ax

— 2(1' n) In-l(ub)- bll-n(ub) (3.1-15E2)
f - A=
ub[l_ (ua/ub)Z(l "V In(ub) - bl—n(ub)
Bir boru etraféenda d¢z | evha profi-dédw
dejiktiricilerinde kullanéelan profil),

h = 2ri eKl(Mr)Il(Mro) K,(Mry)1,(Mr) @
©TM( - 1) K (M) (M) + Ko (M) (M)

U (3.1-15E3)



P
M= % Bu denkl| emdeKk.i K vRorlu byeasrstédraap € a yveel
yaré-apedeér . Bu denklem yakl akéek ol ar ak
tanhnr? 2
hf:$denklemiyle de t adeE |—ah2n\&bilir. Bu fo
mrf K.,
. )
S 1ﬁ1+035|n(Req/r)
(3.2-19 denklemlnl kanat-ék i -ermeyen kokul |l ar
1
U,= € .(3.1:16)
Bl g follo/i) g o1
rh o k h,
t kal énl éjénda, tehkhvebhhranamamtkatks ay &lnanreé oV
i -1n;
1. 1+Rﬂ+t+ie (3.1-17)
U h k h,
| sé Dejiktirici Analizinde Logaritmik Ortal a
|l sé dejiktiricilerin éseél incel enmesinde
mi ktarénén bulunmasé (QO6nun hesaprlkaéntmaasleg mle
durumlarén incelendiiji kekil 2.306¢ dikkate &
el emanl aréné olukturarak bu alan el emanl ar e
-0 zeml eyweejedr ipdi hesapl ayal ém.
kekil 2.)ddEea) ncel €me i -in °nce y°n belir]l
6dan Lobye gidik pozitif kabul edi | di . Par e
eleman boyunca+dk adar artéek g°sterir. Yine sojuk ak
dAdi feransi yel adidlha ckdre mainre vd®yakilcak d¢ K me o
akékkanl ara ai't enerji d e n g e {debirve kesit bgyanday a b a t |
anl ek séecaklar sabit) diferansiyel formda ya

dQ = - &nC,8 dT, = - &nC, 8 dT,
¢ “h ¢ e
+ Paral-kar Ak KAK €K

dQ = - C,dT, = +C_dT,é . (3.1-18)
dT, = - Q ve dT, = dQ

h c

Karkét akeéexkl ée du
arasénda transfer e
dQ = U(T,- T,)dAé . (3.1-19)
Ekitli k 2.186den;

rum i - dA diferansiyel
di |

i n
en toplam enerji mi kt a



d(T,-T,) = dT, - dT, = dQ Z% Cié .(3.1-:20)
EK|(L3I119()(351t20)6 yerl exktirirsek;
dT, - dT, _
(Th'Tc) U?% hgﬂA .(3.2-212)
UG, Gsabit ve integral aleéeneéersa;
|Thz‘T ai 1

C

Q
n-z_¢d — UA%_
Tu-Te C h§
. &

41 1041,
Tz~ T = 1 (T~ Teo)eXpdJAG-- —Quié . (3.1:22)
i e ¢ Chxy
Par al el akéklée durum i -in denklemler d¢gzenl e
dTh:-ﬂ vedTCzﬂ
h c
aQ dQ al 19
d(T.-T.) =dT, -dT, = - —- == = - gdQ@—+—
(h c) h c Ch Cc Q§:C Chg
dQ = U(T,- T,)dA
e o
d(T,- T.) = - U(T, - T.)JdAgS+ =4
ACc Chlfl
- a 0
dT, dTC:-U%+i§dA
(Th_Tc) C™c Ch—
|nTh2 Tc2__Uai+i§
Thl_Tcl C™c Ch+
£ e a1 104,
Thz'Tczzl(Thl'Tcl)eXpé'U _+_81LJ (3 1'23)
i e ¢t Chay
Kk i durum sonunda elde ettijimiz 1iki denkl e
sécakl ekl aré farkénéen al ange@s &bointk)s i Kaornké to | adku
dej i kKtirici deil Tg) é csaékclaekk afkaerkkkéakn( ga°ksétke ry rn ¢ nadnec &
g%zl enebid >Ceoslimailcgidre y, i se sécakl ék deji ki mini
dojru i- b¢gkey ol b eAyaknsakzZ2a .gi derken T
Cc<cn»cc:cmin Gy €0 Cp =Gy
T
Th1 T
h
Tc2 Thl
Tha
TC
TC1

0 Yiizey Alani, A L 0 Yiizey Alani, A L

(a) (b)



kelBil-6Kar két Akékl é& Bir | sé Dejiktirici

Karket akéklé ésé deji kG <dCrolcdwyiji unmnyh&)e | emely@ed .d

Alan sonsuza giderken i Tc;0 e yakl|l akér .
Paral el akeklé durumu inceleyelim;

Q=C,(T,-T,)éeéSécak Akékkan
Q=C(T,-T,)ééSojuk Akékkan

|nTh2'Tc2:_U i+i§
Thl-Tcl C™c Ch+
In _Fz::::cz - _ UAgczéTcl +Th1'QTh28
ht~ ‘a1 c -
Q — UA(ThZ Thl)+(Tc1- TCZ) - UA(ThZ B TCZ)- (Thl- Tcl)é . (31_24)
In Th2_ Tc2 In Th2_ TcZ
T~ Ty T Ta
Q= ualT2- Dl . (3.1-25)
DT,
In
DT,
Karkét akéeklé durumu inceleyelim;

Q=C,(T,-T,)ééSécak Akékkan
Q=C/(T,-T,)ééSojuk Akékkan

é. ~
In Th2 Tcl - _ UA§1 _ ig
hi Tc2 (g Ch -
In -h2~ T - _ UA%I_CZ- Ta T Thzg
T Tez C Q Q =
Q - UA(ThZ Tcl)- (Thl- TCZ)
Th2 - Tcl
In
Thl - Tcz
Q= ualT- Pl _ UADT_é . (3.1-26)
DT,
In
DT,
DT, - DT DT, - DT.
DT, =DT, = —2_—t="21_—2¢ (31
m In ln D-I-2 ln DTl e (3 1 27)

DT, DT,



Ejer éesé dejiktirgmCgranCRisexket akemlée ise
(; ~c (; “h

(Thl'Thz) = (Tcz'Tcl)
olur yani DT, = DT, ve bu durumdéDT, hes apl anamaz. B°yle bir dur
uygulanarak
DT,, = DT, = DT, é . (3.1-28)
ol arak al énabilir. Ayné girik ve -ékbEK sécal
dejerl erini k &Df, Jx & » @K, )p £0r dd&ridee logéaritmikaortalgmm s éc a k| ek
farkéné ésé transferi i -1in maksi mum seécakl
ol dujunu g°sterir. Dol ayéséyla ayneée Uodya sa
karkél anmaseé i -1 n kar két akemloé o®s@&r deKiak Ki
durumda so] uk akt kK ksaéncéank saekcéakkkl aérfén (-Téek ek s eé
ol abilir Ancak paral el akékl e durumda bu mg
| sé Dej i kti e-INEUY°Artaelmizi K-in
Akékkanlvaer é-né kgékr ixécakl ékl arénén tamamé bil.]
ésel analizinde |l ogaritmik ortalama sécakl él
Ancak akékkan seécakl éklaréenéen te¢gmeg bi-li nmiy
yinél ma yolu izl enmek zorundadér. Bu da -°9z¢m
Beyl esi duruyaaedma deghememi nden ka-énmak i -

kavraména dayanarakKTUtrahstfemi cmygelsansmayéseé
Bu y°ntemde ésé dekKadwtsecabkWA lgeya 6 [Cf dveehyaa - ¢
fonksiyonu ol arak tanémlanér. Burada ésé de
cinsinden ifade edilir.

Coen séef@E rsomdubmadeéej erC pdé&m kseainsuza gitti]Ji an

yojukan ya da buharl akan Cbhiirr ea keekkikta nvdeeyra.  kN¢o-r,

* C
C=-—-"0 . 3.1-:29

Cmax. ( )
|l sé dejekkinicji, incelenen ésé dejiktiricid
termodi nami k ol arak sénérlandéreél mék kokul |l a
e=_9 ¢ (3.1-30)

Qmax
Ger-ek kokul |l armaf grir -e&d &k ene és@] uk aakékkan
bulunur.

= (mCP )h (Thl - Thz) = (mCP )c (Tcz - Tcl)é . (3-1'31)



Ch > Cc ise (Thl - Th2) < - Tcl

(T2 - Ta)
Ch < Cc ise (Thl - Th2) > (Tc2 - Tcl)
T

Ch (Thl - Thz) — Cc c2 Tcl) é . . (31_32)
Cmin. (Thl - Tcl) Cmin. (Thl - Tcl)

edejeri 0 ile 1 ar asedpddejderfii Kii-ri.n Vear -l ekt i
enerji;
Q = elen (T cl)é (31—333)

Q= eé%nc,,g (T~ Tu)é - (3.1:330)

Transfer NN tesi sayéseé
NTU= 22 = 1 aigae | (31-34)
Cmin. min A
U sabit ise yukarédaki denklemin birinci
Tek ge-ikli bir eg€eCdisgC)xC,j vei ci yO,=d¢Keénel
Coax Olur.
NTu= YA _ 1
Cmin. min A
e 41 1@
(Thz - Tcl) = (Thl - Tcz)exp:;U - C_8J
é C%c h U
Bu i ki form(;lden;
° len&
(T~ Ta) = (T Tcz)eXpe NTU@l— Y
¢ ax
+ Kar kiét PaArkaeIKeI Aké
Yukareda evakdememegzedm!l|l enirse karkét akeéeml
kat sgyésé

1- exp{- NTU(l- Conin./ Cmax.)] é .(3.1-35)

e = ( i /C exr{- NTU(l- Cmin./cmax- )]

Bu denklemC,<C, (C.,=C,, veC,=C,,,) ol dujunda da aynen

Paralel akéem g°z °n¢ne al énér sa;
- 1- EXF{- NTU(1+Cm|n/Cmax)] é . (31—36)
1+ (Cmin . /Cmax )



Chin/Crax OFranénén 0O veya 10e exi tC, p/Cma=sle 2 ©°n
ise karkét ako@mnllaardwreurmdHaoaspital kuraleé uygul
i -in

NTU _ - L
= karket (@k3Fanl &) ée

1+NTU( ( an )
:1_exr(_22NTU)(paraleI(B.BEIBtQmIé)é.

Cin/Craox = 0 ol dujunda (buharl aktéréecée veya y
karket akémlée durum i-in ayné denklem el de e
e=1-e"V¢ . (3.1-39
Bu el ettijJimiz denkl eml erden gerebil diji mi
d¢ezenl e@eg L n0omanénén, tr an NTWfonksdyonu olegak eldes ay € s
edi |l mi ktir. Dej i ki k akem d¢gzenl emel5&dit e i - i
bul unmaEt aidel i k transfer cnitesi araseéendaki
tanémlanméexkteér. kekillerin incelenmesi bize

1. BellibirC,,/C,, Oran&TUbdaki arték ile etkinlikte
2. BeliNTUde]j er iC,, /G, brané artarken, etkinlik az
3. Coi./Chax OT @anénén ésé dejiktirici etkinlifji

dejerlerde g°zlenir. K¢g-¢k olduju dejerl e

4. Bu e rNTU ey iamsi(mpt oti k yapéséndan édbodaayé b
ke¢-¢k bir ar tNeUW dsaajvlea ndaokl aiy-eisreyl a éesé dej
arteéeréemlar yapéel mal eédeér

5. Belirli bir NTUve C,,, /C,.., OFr amé ti¢-m ésé& defJiktirici a k

i -inde karket akémlé éeésée dejiktirici en y

Dol ay és éyNTHvelCg, I/C.j, obbiamé i -in maksi mum é&sé
karkeéet akémlé model den el de edilir.

ku anakraddggre mgz t ¢m t emel bajéntélar «Ku k

1. Sistem kararl & hal kokul aré alténda -al éxk

2.1l sé dejiktiriciden -evreye olan ésé kayeéep

3.1l sé dejiktirici i -inde ésé ¢reti mi bul unrm

4. Her akéxd&kramest imasén-taki °©zgg¢l €sé dej e

5. Boruda ve akexkkanda uzunl uk boyunca €sé
dojrultusunda deji kmektedir.

6. Akékkanl ar araseéendaki toplam éeésé transfer

7. Karkwxétparal el akeml e ésée dejiktiricilerde
uni formdur , ancak -apraz akékl é ésé deji
czel lifji ayréca dikkate al énmal éeder

8. Ej er akékkanl ardan Dbiriimif aszabd e ] ibkatsiérni-y ov

ol

makt adéer .



| s é
debi |

sécak

1. Sécak ve sojuk

m

deji ktirici

er biliniyor
I

tasar é@éménda

S a

bi

' i nmeyen

ek fhrke@zgmgesbphanar .

ktaré ve bil

2. Logaritmik ort
elde edilir.
3. Topl amteansfer

akékkana ai

Il nmeyen - ékecx
secakl ék f

al ama

kat sayél ar e

t enerji

hesapl anér .

i se

i n;

akexkk

[ hesapl anér .

sécak

hesapl anér .

vV e

4. Q=UAFDT, denkl emi nden al an hesaplanér.

Performans anali zi hesapl ar énda
ortalama sécakl éek farkédmenmiayguluymgmd saér mats én
nedenlee- NTU y °© nt e mi uygul anér. ¢°z¢m o0 o-

1. Verilenlerden giderelC,,, /C,... ileNTU=UA/C ., de] er

2. Uygun exi tl i &buvurerya grafi kten

3. E] eemiliniyorsaQ = eC,, (T,,-T,)denkl emi nden

4. Bil inmeyen -ékék sécakl ekl ar e

bulunur.

Ej efrNTUy°ntenmbmyutbhliandér ma

1. Giri k ve -ékeécxk

2. C.in/Chax OFrané bulunur .
3.Top|am €ésé transfer katsayeée
4. C.in. /Crnax ak2endemesi bilini
bulunur

5. NTU=UA/C,,6den al

probl emine

uygu

céepetekhas@pbahémni yor sa

hesapl anér .

an hesaplaneér.

s é
Il yorsa NOWgun b

Deji kken Toplam I sé& Transfer Katsayéseéeé
¢oju uygulamada toplam éeésé transfer katsayeée:
gertir. Toplam ésé transfer katsayésé akékka
yézeyin geometrisinin ve Re sayéséndan ©°ne
kat sayésénén deji Kimini i -eren emetakEBEalt eyae
ge-ikli ésé dejiktiriciler i-in verilmickktir
Bazeé °neml. duruml aré g°rel i m;
. Th‘l
7 9 Yogusma Soguma-1
hi - h2
Soguma-2
Yogusma
Tz - T2 Te2 . {
Buharlasma T
Tc!

(a) Her iki Akiskan Faz Degistiriyor

(b) Akiskanlardan Biri Faz Degistiriyor



Kismi l

Soguma Yogusma

2
7'-h2 T
Buharlagsma c2
Isinma-1 Isinma-2 Tc:I m\1 T:Z
L T

(c) Akiskanlardan Biri Faz Degistiriyor cl

ol

(d) Yogusabilir ve Yogusmamis Bilesenler

keki-¥2 3.s16 Dejiktiricilerde Toplam Isé Trans

| s é dejiktiritci daesfder tlpt :ay éésséén € n °neml
durumlar «kekillerde g°r ¢l mektedir. kekil aod
gi bidir ancak Ub6daki dejikim -ok b¢gyegkter. K
dijeriugabdeceédénma g°stermektedir. Sojuma b
sojumakt a, ardéndan yojukmakta ve ardéndan
kadar sojumaktader. kekil code i se akenkkanl! a
dijer akekkan ise seéekéekteérélmék sévé halinde
akékkanl ardan birinin bil eki mi mevcut kokul
ol ukmaktadeéer . Sistemde yoj] ukalsiel eynoj liklmakeam
fazenda kal ér.

Toplam éeésé transfer kat sayésénda deji kim
gi bi sistemlerde €sé deji ktirici ser.i ol ar
hesapl amal ar her biri sistemlaggm éi -aiym é g e-agréll
yakl akémda éesé dejiktiriciyil -0k k¢-¢k el em.
cnhite 1 -1in Uédaki dej i ki mi di kkate al arak
kat sayéséné kullanaéeak Besapl amalnars@ny aprhak |
sayésal y°ntemler wuygul anabilir.
¢ift borulu paralel akéexkl e bir esé dejiktiri
DA ol arak alalém ve g°z %9kémré&anl defgakB2kbar @
ol sun. Toplam ésé transfer katsayésénée akeéexkk
U, =U,(T,.T,)é . (3.1-40)

DAy ¢zey el emané i-in enerji Korunumunu uygul

“ci

DQi %ﬂc O (h|+1 |) %ﬂc 8 (Tc(i+1)_Tci)
in—uiDA(Th T - (3.1-41)

Par al el akémlé durumu inceleyelim.
d(Th_Tc):_Uai+i§jA
h_Tc (g Cc+

Sonlu farklar yakl akémé kull anarak yazal ém.



T-T. ) - (T -T,) 3 ol
(T - To)a- (0, ):-Uii+i8DA
(Th'Tc)i C i Chi =
(T, - T).+1 (T,- T.).(- M,DA)
a1
M, =U, +—e(3142)
%u hig
Sayeéesal -%zxm isecal erzil rekne m .
1. Hesap!l aDA& ni ni mygun bir dejeri se-ilir.
2. Bakl &dDAgetémé i-in girik kokullaré dikkate
transfer katsayélarée il eénoplam ésé& trans

3. DQ =UDA(T,-T.)denkl emi kullanelarak hesap yapsé

enerji mi kt aré& hesapl ner .
4. Her akékkana ait enerji korunumu denklI|l eme
kull anél mak ¢(2&tarakekkaenesdeéetak,l
Hesapl amal ar sonunda t¢m é€sé dejiktiricide t
edilen enerji miktarlaré toplanarak el de edi
Q=3 DQ é .(3.1:43)
i°l
KI gi | i kaynako aeldlaer idi ij €eirn ak¥egulmanacak y°nte
bulunabilir. Bazé ésé dejiktiricil eDTd@ mevcu
il e dojrusal ol arak dejikebilir. Bu dur umda

Q =U_ADT, é .(3.1-44)
o- A(UZDTl- u,DT,) & .(3.1.45)
In[(U ZDTl/UlDTZ )]

Bu denklemddJ, veU,dej er |l eri eéBléDideé¢cakli ekciaikl el ékl
yerlerdekilat s ay ®T adiw DI, dlokunur . UO6nun deji Ki mini
dijer bilYUigBMdlnamen il e ddarpmdurs al dej i kti i

U, ADT,,....(3.1-46)

1 1eDT, -DI,e_ 1 6éeDT-DT, g,
U—:—e—u——e—u . (3.1:47)
e

n U, gDT-DT,3 U,@gDI-DT,y
|l de edil en son denklemler ésé dejiktiricini
32YOJUKkTURUCUL AR

Yojkw urucul ar gaz fazéeénda kompres©°rde -ékan s
(yoJjukturan) é&s tiricileridir. En yayg
yojukturucul ar e boru tipi yojukturuc



Suethtst  pyhar
saptirma saplirma
levhast levhas { Flanoes 3
x X
.
- saphirma Kapak
Kapak Ayna lefhaﬂ et
Su girigi yofusmus
sV
sofuthan

keki2lL G°vde

keki-RT@ma&me n

ve Tic Ltd.

boru tiopi

kapal @ g°vde boru tipi

yojukturucu

kti), Kzmir)

condense

keki2B Bkeksenl i i- i-

i ki borul u

(i -teki do



keki2f BaynakI é ol]euwhtau rtuicpui

keki2b Bavaleé tip yojukturucu
!

=

keki2b6 B¢-¢k sojutma sistemlerinde kull aneél an
yojukturucu

¥nce HhoOvdetipi yojukturucul arda ésé ge-ik h
Bu té,rdefsi ktiricide ésé dejiktiricinin déex t.
da genell i kle sojutma suyu bulunur, ancak bu
dejiktiriciye gaz fazénda girebilvea , gemealrde
fazenda -éeékar. BoEséitramdekerséakéeakergi miinae
Kartl ar énd Nu,=366 €21a) @) énabilir. (&GOO<ReB30W)° | ges:i

Abraham, Sparrow Tong § denklemini kullanabiliriz.

o ~4 [} ~3 o ~2 o ~
NU, =2.24o€%&8 i 29.49@%8 +14232§=1&8 i 29251%‘?R—e8+ 21988 (3.21b)
210002 210002 210002 10002



Tée¢rbel ans| & b Grlielinskib@) dehkRmini BuBababilriz. Bu denklem :

i =t

C=

keklindedir. Buradaki
s¢rtéenme katsayéséneén

- =
SR
Keklinde yaz
gi bi bu denk
dejerinin bu
i htiya- wvarde Ko k
dejerini dire o |

SO

(3.2-1¢)

boru

- % z¢mg

1
e

ar ak

Ej eCcol ebrook denkl emi ni

-%z¢m kul l amadan
denklemini kullanabiliriz.

Serghides denklemi (1984) [18]
ei(e/D)§ 0, 120

A=-2lo
HE= 37 o' Rel
a(e/D)o 251Ag
B=-2lo
=37 2" Re U
Fa(e/D)o 251Bz
C=-2lo ge__-0t
gloe; 3.7 = Re u
1 (B- A)?

— =A- ——1 (3.23B)
\/T C-2B+A

Goudar- Sonnad denklemi (2008)[19]
2

" In(10
b= (el D)
3.7
_In(10 R
5.02
s=bd+In(d)
q= g(s/(s+1)

direk

bul ma

a

mden f s¢rténme

elyglzielyi per ¢Burgcdg&kikat sayéseéed
| e n
| u n d&Ré@phsommeet®du gibi bri nk °Nke wbt uol nma
r
k

o= S¢ér
i -in Co

t ¢n
|l eb

=

| @ |
= tif

~ 3.2-2
R)&H (3.22)

kat sayése

i Kl eminde il k
hesapl ayan Haal and

(3.23A)
hi- kull anmadan f
ol arak hesapl amak

m
r

k
ok

S5 =

a

b

al gor it
t ahm
den

S ¢TI
St



-_9

dLA_g_Jrlz

a z/2 [0
Opep = +
o= B (g (/329 99
1 e ado @
F = aén 8+ dCFAg (32‘3C)

é ¢u- a
Ejer su akéké boru dékénda i se

épr 60.25

Nu=N%ARe"  _ Pr'®g ' 3.24

Vmaxd
Retma "y (3.25)

=S

Mo = cC (3.2-6)
Denkl emleriyle tanéml &g@&tRielyinrol dBu sdgerkEdml e
kat sayél aré Re sayéséna ve boru demeti saye

Diiz sirali diizenleme Capraz sirali diizenleme

keki3dIB®Br.u eksenine dik akéek d¢zenl e

Tablo3.221 Boru demetine di k akéek katsay

Diiz sira (apraz sira
Reynolds sayist A a A a
Rey< 10° 0,52 0,5 0,6 0,5
10° < Rey < 3.10° 0,27 0,63 0,4 0,6
Rey;> 3.10° 0,02 0,84 0,021 0,84

N, Akisa gdre boru sayisi diizeltme katsayist
_ | 2 3 4 5 6 7 8 9 10 | > 10

Diiz sira 0,68 10,75[0,83(0,89]092]095[097[098[099| 1,0 | 1.0
Capraz sira 0,64 | 0,80 | 0,87 10,90 { 0,92 1 0,94 { 0,96 { 0,98 10,99 | 1,0 | 1.0




Kki fazlé (yojukan) fazén boru dekénda ol mas

Bir $ek Wom daasa :

. 1/4
eqgr . (r, - r kh 09

h _0725eg (I v)

20 (3.27)
8 m(ryogus boru) D g

(B S PSS F = FEON (3.2-8)

Bir sérada birden f azslta abeorraue veel md €€ sceurawmu madck
yoj] ukémat réasnsf erini azaltéecé etki yapacakter.
form¢gl l erdamehvcuuli®@36) [42] Bamakekhktandaekekan

durumunda

1/4

hDN=hD§%§ (3.27a)0l avajrasayél nyeakptéelran adnecraeky | er de bun
dojru ol madéjée, ger-ek ésée transfer.i kat sayeé
akék formuna uyduju[ g2kl @mReridi gdenkkeemKer n° e
\11/6
h v (3.27b)
DN DSH
Ust boru
HHHL-
~ ) (‘
I S kolonu. ]
’ rﬂ Alt boru
a) Levhaa k é K b) c) Seveé
akeéecx
kekil 3.2.8 Yojukmada ¢(st diziden alt diziye
Chen[42][44lbor u di zi sindeki akékta momentumun etk
h s 1 1/4? pl( yogus ~ boru) ﬂ H H o] i
on = Mo |1 +0.2¢ u(N Dy (B27c)Denkl emi niBu® ner mi K
8H @ hfg {]
Z pI (Tyogus boru)g . . . . i .
denklem uteriminin 2 den k¢-¢k v@enebkit ol
e Ny v
olarak dizaynda3:Z b denkl emi nin kull anél masé tavsiye
Buradaki I i ndisi doymuk sévé fazeéené& i1indisi
séradaki b o#du iska yeé sgé°dvédre. bGernu t i pi €sé dej ikt
dejiktijinden ejer hesabée el de yapeéeyorsak or



Kki fazlé (yojukan)
Kki yfaazalyé borul ar én
karkeél akeéer éz. Bu t ¢
da Y¢iksek hezl arda

hézl e akékta temel

séveée borunun alténd
kéesméenda d¢zgen bor
-evrexkedi i bir -pjyo
3.2.9 da verilmickt.i
Bu katsava dal bbuiln
120 C ol duju dejeri
ol dujunu bildirmi«kt

2 !-”""r.-.-
keki-9 BoR2u i ab¢y0oi n

fazegabayubioriuddeyod umams

i -indeki yajukmayé incel e
rr-- bir akéké anl éeyabil mek
ve dg¢kg¢ kelherzil mir dgp® rogd yaonr wzo
ol arak -evresel (hal kas al
a toplanér. Temel ol arak
useneées,sbbpnkastei neadojru b
Bul tgfrblegrakkeki bi 8. 2seé
r Denkl emden de g°r ¢l ece
oranénaKéoatltesénke€ahddak
n ortalama ésé transfer.i
ir Bu durumda F=0.557 de

Kmabakaéeé akeékbbRamgefsaze

kekil Y&t 2y 1Boru i -

Tablo3.22D¢zg¢n tabakal

A-énén fonksiyonu o
f F1 F

0 0.725 0.725

10 0.754 0.712

20 0.775 0.689

30 0.793 0.661

40 0.808 0.629

50 0.822 0.594

ndeki i ki fazlé akek reji
€ akékta
| arak F dejer.i



60 0.835 0.557

70 0.846 |0.517
80 0.857 0.476
90 0.866 |0.433

100 0.874 ]0.389

110 0.881 0.343

120 0.887 ]0.296

130 0.892 0.248

140 0.896 |0.199

150 0.899 ]0.15

160 0.902 0.1

170 0.903 ]0.05

180 - 0

N 1/4
egr (r, - r )k’ h

ho = Fé {7, - 1) u (3.2-9)
é ’77 (Tyogus boru ) D

Denkl emi ni k ul | €hraddoc46].ve Chatgs]d e mk me mi[42hdéeneée al

Ejer ortalama F dejerini denkl emde yerine ko
gr(rl-r)kh g
h, =0.557¢ (3.293a)
@m(Tyogus boru) D ]
Dal galagl ékkuaéeknnn kKekl i nde aka@kkwav beaithlaer if aZreemdle
gel ir. Bu akék rejimine VIR -GD a
Relz£<2000
m
Borunun ¢senkéeméBda. 9 ge-erlidir, F dejeri
0.12
F-0382P2 (3210
e mu
hDg ffvtSGI;;)
e
3.211
€k YT HL+ WPH)IN@L+5P) (3211
é (ﬁlM
v I
Fu @+x '81él+ Xgg o (3212
t % B
Hal kal & akéek i-in Shah(1979) denkl emi buhar
hD D B 3 8X0.76(1_ X)0'04ﬂ

e )
3 PﬁD'Aé(l- X)0'8+ 038 U (3.2-13)
é R ¥

BuradaPi ndi rgenmi kK basén-ter. Bts dernikl eggm -lkegtlli ed



Boru i I yojukma durumunda sojutkanén tek f a
irdel emek i-1in y u k aGnelmskislenklemimnkulranabileiz. Boruk o | d u
i -1 1T krahatkeéei és & atdanklentende nevcutur. Bedenklamlarden
birka-éné daha burada vermekte fayda g°rg¢yor
Cavallini Zecchind e n k | e mi kaynama ésé -Boeldendenkieminende Kku
benzer.

ésé dejikim katsayélaréneée bu

(3.2149)
(3.215)
(3.2-16)
Kki fazlé (yojukan) fazén boru i-inde ol mas
éPr. Re’ g o
Nu=g—————pF, 0.15<k< 15 1 -1 n
e o

F, =0.15X;*+2.85X,°*| ve

F, =0.707Pr, Re Re <50 Re =(1- xX)Re,

F, =5Pr, +5In[L+Pr, (0.09636Re’- 1) Re 50<Re <1125
F, =5Pr, +5In[1+5Pr, |+ 25In|0.00313Re**?|  Re >1125

X, =[@- x)/ x]o‘g(rg/ r )0‘5(/n / /75)0'1 (3.217)
Kki (fyaozjluek an) f azén boru i - denkiemi ol masée dur L
é . 3.8X0.76 1_ X 0'04ﬂ
hrp:hLé(l' x)*% + g_38 ) 0
é b a
h =0.023Re}° Pri*k, / D, (3.218)
Bu denklemde¢p, = p/ p1 Ndi r gen mx=R5dearalanma-stéé rt.r ansf eri ka
hre = yp|0.55+2.09/ p°*] (3.2-18a)
Kki fazlé (yojukan) fazén boru i -denkleme ol mas
hD 0.333 .333
k—':S.OSRem Pr Re, <5x10'
f
hD 0.8 .333
k—'=0.0265Rqﬂ Pr Re, >5x10'
f
Re. =Re, [1+ (rg Ir, )O'SJ (3.2-19)



Denklami ile hesaplanabilir. BuradakiiRe Ry ¢ zeyde biri ken kirlilikl
ésé dejikim diren-1leridir.
Tek ve -ift fazlée boru i-i akék i-in basén-

L \Z
[BEG:TD—“'S’%_ (3.2-21) denklemiyle hesaplanabilir. Buradaky o § unl uk, f, k
P

- Se¢rtemmbdokat payas é,yleored bas€eapé kag el ar
ortalama héz dejeridir. Baén- d¢kemeg di zayné
ol masé durumunda suyun pompal anmasé i -in ger
durumunda se toplam ésé dejikim katsayéseée d¢Kegk
-ok b¢yé¢k ve dol aséyla pahal é ol acakteér
Haval & sistemler genellikle kanatl e ésé dej.i
kompl eks bir ol apwdérokBuubhdan®taek2okéara bor
tipi bir havalé ésé dejiktiricinin performan
gi bi €sé trhahefefakdat edyémécxkjir Tanémée

. m
G__Amn (3222) k¢tlesel heéz
Amn= akék dojrultusundaki minimum serbest akeéeé
m = k¢t gszd ¢ hveidaleqg zG t e, Kk éwph@ldrioll e tki ny akr aét- saap)
czere

h C GG L
St—— : =P ] Re—F ] =g

GG (3.2-23) (3229 -, (3225 D, A
(3.2-26)
: h

=StPr®*=——Pr”® (3.22
I GC, (3.2:27)
G, k¢t esel héez teri mini i fade eder ken

(3228 tanéméndan da gidebiliriz.

&r@es‘g



’ ’ 5 I l_-
0.060 e
- {
— | i
0.040 i =+ i
! \r\h" . m
0.030 1 w
0.020 -
\l
0.010 | ———L— -
| |
0.008|  Borudis capt D. = 10,2 mm >
Ky metredeki boru savist: 315 L= =5

Akss dogrultusu hidrolik ¢ap D, =3.63 mm et =
0-006 | K anat kalmbi = 0.330 mm e

serbest akis alan/6n kesit 0 = 0.534 \

alamt
0.004 | 1g transfer alant'toplam hacim ¢ = 587 m%/m° {

4 6 8 103 2 3 4 6 8 10
Reynold sayist ge
| sé dejiktiricinin toplam basén- dg¢Ky¢mg

Buradak,Kcak €k dar al ma ve grevei gkdirermek kwd s-agledrar éd

yojunl ukjoarrtéadléama yojunl uktur

Basdpk¢emeg parantezinde birinci terim girik e
kayéeplaréné ¢-¢nce¢g terim kanat alanéndan ge-
kayéeplaréné g°stermektedir Genel laiskelnee st ¢éerktky
eder.

Yojukturucunun dék €sé takéneéem kat sayésé he
takéném katsayéseée yukarda verilen form¢glle b
once kullandéjemez kKeinkadmrad &jré n, bamc dblenlzer aa

de denklemimize eklenir.
RS (2

Buradakihg kanat verimidir.

I stteki Kekil de ésé takéeném katsayéséné dene
dej i lteiomied ir i s i i -in bulunabilir verilerdir

i Kimize yarayabilir Bu t¢r denkl emler deney
ancak modellerimiz i-in genellextirilmik ver



o j?
/ )
e | A
- i
Sm
i s
t
fL—dr‘*’
Genellexktirilmik denklemlerimizde kull anacaj

verilmiktir. s=dkamatt| &ydloadmd seifebamdcgpapedd,, |t
toplam yaré-ap ol mak ¢zere (bkBabuésehdé mbel)u

gevheru tipi déexk tarafta yojukmal é yojukturu
ke¢-¢k kanatl @ borul ardér . Bu te¢r borul ar 1 -
D¢kek kanat yegksekl i ki ve sék kanatl e bor

Buradas=3N;t/Ny ,Nsf1 m boru boyundaki kana2008 ayésede
arasénda ekkenar ¢-gen kKeklinde yerlexkxtirilm
T¢e¢ém kanat yegksekl i kl eri i -1 n:
(3.232
(3.233
D¢ K¢ k yé¢ksekli kliJji ve sek kanatl é& bor
denklemi):
l -gen profi e yerlexxtirilmik borular i-1in
(3.234)
(3.23H
(3.2-36)
(3.237)

4% (3.239)



Denklemlerdeki Pve Rbor ul ar araseéndaki mesafel erdir.
g°steri bimepstaedikd €6k d¢zelpkmer ak atds oy, kamercadke re] ¢
duvar seécakl éjeder.

61
o

Bu denkl emi n ufx§.8Immnna00sRe<2500| 47 6<d<B83mm,
246<N<1181 kanat/m, 15.08<fL11 mm, P<= PR, 10.32<kx96.11 mm , ds<40 ve N>6

i -in ge-erlidir.

Dairesel veya s¢reklii dalga verilmik kanatl é

i=GRg (3.2-39)

foo I07 R Wfe >}
<>
C=EA =3 (3.2-40)
L ] . .
Q':47A Hi drol ik yareé-ap (3.2-41)
fa P K="a )

@@% (3.242)
Bu denklem
Re=2002000
Du/t=3-33
t/1:=0.03-0.45
di/P=0.87-1.27
slt=2-25
d/P=0.761.4
d/d=0.370.85
$s=035-0. 62 dmabejfenlidir.
s¢rekli kanatl é dairesel borular i-in (Gray
4 boru sérasé olan durum i -1in:

(3.243
(3.2-44)

BudenklemdeN boru di zi sayésé 1 ila 3 araséndade
i -in boru dizi sayéseée °nemli dejil dir Bu du

hesaplanabilir.

P> HDP; (3.245)

Bu denklemdekbPb or ul ar dan dol ay éDPklainkaa i alradsaén -d od aky
basén- d¢gkegmegder .



Ge A
(B> gl . (3.2-46)

-~

R P (3.247

Toplam s¢rtegnme katsayéseé:

(3.2-48)

(3.2-49)

0.1

0.06
10! 10% 103 10 10° 10°

10?

10!

10°

10t S el t ++
=, 0 ¢ - S B 9 ] A P 0
10 10? 10% 10° 10° 10°
Rep ma
Grafiktenf ve ¢ bulunduktan sonra$f cdenk|l emi nden hesapl anér
Bu denklemin ge-erli olduju b°lge

N, =38

Re =500824700
P/d =1.972.55
P/d =1.702.58



s/d=0.080.64

Re=Gdmn
Bu kadar denklgeheacggrakasomamcdigitdameéa hatale
ol makla birlikte daha basit bir denklem vere
i -1 n:
he = 38\°°
denkl emi verilebilir. Son bir ver.i ol arak Kk
ise
__tamh
/7 S (3.2-50)
4
MEL | K (3.251)
L:kanatboyust kanat ;gaécecnawvgageh&, k: kanat mal ze
kat sayésédér. Sabit ol mayan kanat profilleri
100 l ’
yand L.=L
%0 l e A =Li3
! \'T' lr
| :/‘2’
col=— L b ] Dol P
3 ( / |
2 L o=L+12 ]
4 - SR L] —_— /
\'\K\ L. =L
20| — ':/[—,,'Z:A;zurz
R K
; !
0
0 0.5 1.0 1.5 2.0 2.5

32/
L(hika )



100

80

1=r,/r

bl =

0 0.5 1.0 1.5 2.0 2.5
L(hlka )"

borul ar késménébitirmeden °nce Al man
roi e | enkiemkerbde budada veradimaplanekanaid or u s i st e mi [
€ transfer katsayéséndan yararl anél ar

= ) (3.252)

Buradahnortalamab or u t ak énéem € s i kanataenmifA&dain akatbs aypyes &
A toplam al andeér.

Kanat |
transf
boru &

n d® O

p, = BNh&) (3.2-53)

X
x=j % [2h (3.2.54)

2\ k.d
Buraday geomet ri d¢zelamet kaad & aid@wlEnarkak&atat say és e,
kal énl éjéedér. Dejikikekiahde gesmetrli nekii aka
sabit ol madéjé hallerde ortalama kanat kal én
ortal amasé alTeonpalraank ehseés atprlaannséfre.r i kat sayéseé:

a d,-d. @

L1, A8 %08 (3.2:55)
U hv Agl 2kt -
Burada U topl am gbsoér ut ak-é n ééens ek & taskaeyn&esne , kialt estaiyn
kat sapesé&@, i Ai alané, A toplam boru dékeée al an



i f) diiz yiizeyde sirah kanat

d) yiizeyde gubuk kanat e) yiizeyde igne kanat

a’=%(a"+d‘) (3.2-56)
tekitli geometriler i-1in d¢gzeltme katsayél ar
Dairesel kanat:
j =?§d2-1@+o.35|na2$ (3.2:57)
ch 6 ¢t =
Di kd°rtgen kanat (sérale dizilim):
j =(-1)1+0.35In/ ] (3.2-58)
b, [al, Q
J =125— [&—-0.20 (3.259)
o) 0
0 gf -
Di kd°rtgen kanat (kakértmalé dizilim):
. b, [al, Q
j =125-1 |l . 030 (3.2-60)
23] 0
0 gf =
2
I, = sf+z (3.261)

kakértmal é& dizilim geometri si akajedaki Keki



S|2 E St
bf =5
a
5y
1
S| = E ST
b
D¢z yé¢zeyde séral é kanatl ar :
2h
X =h;, il (3.262)
k,d
d=3a+lg (3.263)
4 4
Cubku veya 1 ]Jne kanatl ar:

¢Cubuk kand:%dir (8.264)n

Boru dékée eésé takenem katsayeéelarénén hesapl a
|t

K
ol arak d¢ze il mi k kKekill eri
-0.15

R

h,k
Séral é boru Nud:$:0.22Reg'6

0

Qo
>

Prt/3 (3.2-65)

£
|-ODO

0=
kakertel mek b Ny = me=oggrasi™
do QAO

0.15

Pr’® i n(3.2-66)

~

-CO00y,



Dairesel ka%—g 1+ hf(hf+d°+d) rda (3.2-67)
cho~+ sd,
Bu denklemlerinleaskgi kul kgngkdbBi & °rnek pro
kanatl & bir boru sisteminde
Dairesel kanat || D=56 mm, ¢=25.4 mmd00.4 MM
a=2.42 MM, ¢=21 mm
Malzeme Aliminyum k=209 W/mK
Yerl eki m 9 kanat/25.4 mm
Kanat ar al €] € s2.82mm
Borularara € me s af { S=60 mm
Girik kfeasit al dlnf
Girik hezeé 2 m/s
Boru i-i @é&sé i lk=10454W/mK
| sé deji ktiri cil7paralelboru275=1.02m
| sé deji ktiri cilnf/1.02=0.98m
Bir borudaki k ¢ 0.98/0.00282 m=88 kanat
Bir kanaden al i Af=2%(D2-d§)=%(562-25.42)106=3.913103m2
Boru bakéna kai A=348x3.913.10=1.362 M
Boru bakéna boi A=(348+1)pd,a=349xox24.4x2.42.10° ° = 0.067m?
temasé -éekar el
Net boru al aneé A, = d,0.98m = 0.078 7
Toplam boru al ang A=A+A =1.362+0.067=1.429 M
Boru i-i al ané |A=0.98npd=0.98x3.1415926x218=0.065

Net akék alanénén girik kesit alaneéna
an 0 s(a+ad) B 60x2.82

QKQ_ (5- d,)+(s- D)d (60- 254)2.42+(60- 56)0.4
Girik khé&ekt hede:

=1.984

W, = w3 §=2m/sx1.984=3.97 m/s
A, ¢
(; ;

Secakl ékla d¢gzeltil mik akék heze
89273+1 8
W, = %T(lzm%)o 3.97x1.04=4.13m/s

transferi:
doW,, 7 pava _ 0.0254x4.13x0.909

Mva 22.37e- 6

=423¢€

or ane



° 015
aAQ
Nu, = 0.22 Reﬁ*@?g Pr'® =0.22x4263°18.321°°x0.706, , =19.07
g -
NuK, .. _ 19.07x0.0321
d, 0.0254

h = =24.10 W/(niK)

. ap

a ®
/ _E%o 1%1+035In%8_1 1.54

X = d, [2h, _1540.0254 2X24.24W [(m*K) _
2 |k, ' 2 209W /(mK)x0.0004m

_ tanh(X)

Q

=0.93

h =h (- 1- h)ﬁ) 241031 - 505

hy

1. 36215

Afg 2410§L (1- 093 " ol = 22.49W /(nPK)

é _ . ~
1_1_ A4l d, d'§:§ 1 ,14203 1 00254 0021(%_00468“2}(/\/\/
U h AE 2k 9 §2249 0065(;6810454 2x209 =
U=21.37 W/mK

[ condenser ésé transferi den
©z atal ém. fokledvurko-na t° npeimlliedvihra.l
7 ¢ gi bi kKe¢-¢k aalkk aoldukt ak & I&




