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1. DKZAYN ANALKZK VE PROSESLERK

| sel si setleemldea rjiin tiemce | bilim dallaré olan ter mod

g°receli ol ar ak s ki bilim dall areder. Il séel si st

ol arak yeni bir avramdeér .dakd eda&lr tvemélu @lrarsaek i c
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yapmanén bil i ms alt yapeséné olukturmaya -al é
her teéerl ¢ veri si den yararlaneéer, ancak bununl a
kontol ¢ gi bi deji k bilim konul aréna da el ataral
birlexktirir. Be m bu konuyla tanékmam doktora ¢
al amam ve bu de e par al edf ThamhahSysiekd syéa z dsé Jsé& efimD eesrii ¢
analizi o kitabénén geliktirilmesinde problem -2°z:
de tamamen bil gisayar ortaménda olukturulan i1k
i Nnisvietres i | Lincoln kamp¢gs¢ende verdijJim santr al d
beraber Ege ¢niversitesinde de son sénéf se-mel.
olarak bir enerji m¢ h e rmddias ikruicma kYl aapyaamma | & ¢tng mgihkelne
konu ol arak -ok kolay ol duju s°ylenemez. Ancak
sunul masénén °©°nemi de inkar edil emez. Bir m¢henc
imalat,aa k t ér ma, gel i ktirme ve dizayn ol arak belirle
°n araktérma yapma, bir rapor hazeéerl ama, -ekitli
sistem resimlerininkver akmasé, ypgotol apke@eeinnodg el
onucunda son ¢reéegnegn tm °zelli klerinin oluxkturul
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eyince adece bir temel prosesi , prosegant gminc
i e mi ctén olarak g°z °n¢gne alabiliriz. Bi z
emleri g°z °n¢gne alacaj éz. Komponentl erin te
énda temel bilgilemi ze¢delkeyei da&ynlad éiklagiall i@zen
yetler ile ilgili yeterli wveri kaynaj énén bt
ma | l arak olukturma ol uktur ma ol arire-ko kt an é& ml
i bir parametresidir.

-0

aliyetl eri bir -ok -alékmanén entegr asy
liriz. Burada bir °rnek -aleéxkma plané v
rodgegmlimeame veril mi ktir. M¢hendi sl i k diza
n ve/veya bilinmeden tanémlaneéer. Ger ekl
bile belirsiz olabilarkl 8ubiygzpeosdstizeEk
izayné yapacak ol an m¢ghendis veya m¢gher
€ opsiyon bulunabilir. Projeye bakl amar
-rekissmneneil eedi ge daha sistemin m¢ghendi sl
n proje i-in i- ve dék m¢gkteriler kimdi
e getirildi klergitekdnrdepbakaye dhasé
rory°n¢gnden incelendijinde férsat ve ol
fikirle bakl angeta itibaren dok¢gman haline ge
proesl eri takém -al ékmasé gerektirdijinden proje
Temel gereklilik ve férsat tanéemlamal é yapéldeéekt
rakamlaré, fiyatllairpl enmmade yeltayan di zalylnieéknl erai , S
gi bi -exitli alanlara yayélabilir. T¢gm bu kriter
gerekir. ¥rnejin bir uzay asasmawmdfgi)igetell blii knse
°n¢gne aléendéjénda y¢ksek gereklilik gesterdifi F
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yeterl il ifji ol madéjéndan kKku an i-in bakaré ol asé¢é
anda (fulleren gibibé&z mal zemel er bu ol asél éjé ikaret et mek
gel ecektir 'l kemi zde g°z °n¢gne al @énan bir proje
di zayné projesi g%z °n¢ne al énmexkj kBluapi &j edéel at
daha verimli ve k¢-¢k ol duklareée halde maliyet ke
olukturul abil me olasél éjeyla dosya kapatél méxter
Yeni Fikir (Bastama)
[ e — -
I Y
| Gereklilil veya
I 1 Fursat
I Tanumlamas:
|
1 ]
: 2 Basar kriterleri
: tanimi
I_1
3 Basar olasihgimn
kararlastirilmas:
Diisiik olasihk
Aragtirma Projevi iptal et
ye _——
Gelistirme
A Yiiksek olasilik
4 Pazar analizi
i
Uriin veva sistem
5 dizaym ve
Malivet analizi
i
& Fizihilite calismas
Fizihil degil
Gelistir ve gizden gecir fizihil Projeyi iptal et
Sonlandwr
Yapim veva imalat
calizmalan
Ejer projenin olukturul masé ve baaehreiolyapéel mpEE®¢
di zaynlar i-in Pazar anali zi dedijJimizde t¢gm der
saték olaséléejémez bulunduju gibi te¢egm denya ¢1 ke
bizimkiden dahaiyidizaye di | mi k/ ucuz/ kalitel:i bir ¢réenegn paze
al abil eceji unutul mamal edér El bette bu yerel p é



da gel memel i dir. Bundan sonr aki alid Bumu tgk bigstep v e s i ¢
ol rak al mamézeéen sebebi i kisinin i- i-e ge-mi&k Kk
di zaynl arda genellikle maliyet ve kalite birbiri
di zaynl arénropesimizlheymal pyet kalite sistem ver.i
dejerlendiril mesi gerekir. M¢hendislijin en g¢nc
Keklindedir. G¢ngm¢gzde gerek optimizasyon proses
termodinami k, akék, ésé transferi, verim perforr

:

u

"N N

bil gi sayar ortamé ol duk-a °neml.i hal al mékter.
proseslerinin temel nedeni dahaaz prptotige | i Kkt i ri |l er ek final -92z¢me
formuna getirildikten sonra prototipler.i hazérl e
sistemler dizayn edilirken bu ol asé&l gkl drul alnumatma
bu ka-énél maz bir gereksinimdir. Di zayn belirler
ger-eklexktirilmelidir. Ejer ¢ren fizibil dej il se
m¢e¢ mk¢n ol mayarmodenm .biBu @asa@aldasi stem di zaynénda - e
al @énmasé -ok °nemlidir. Bilindifj.i gi bi sera etki
sonunu getirebilecek etkilerin tesmel ssaebepherbiké
etmi kse final crén geliktirmesine/ ¢retim prosesi
araktérma ve geliktirmeyle bu unsurl arén daha i
me¢ kemmel defi kdman veih ek araktérma ve geli«ktir
buyapél érken o anda olukturul an ¢réegneéen ¢greti mi ne
sonraki versiyonlaré i-in yapéler.



2.1 SI'L SKSTEMLERKN TEEMGRKNDOERWKK EWL ERK
2.1 TEMEL TANIMLAMALAR

Termodi nami k sistem tanémlaréna girerken yapmamé
tanémlanmasédeéer . Burada Callen tanéména dejinece
haline gel mi k Ketmbdnda kKu t emel varsayeémlarl a t
Varsayérmaslit sistemlerin °yl e bir durumu vardeée
makroskopi k olarak sadece sistemkinmyphasani ,biVl,exken
mol sayMlMdsiésNem karekterl erini tanémléyabilir.
Varsayémompozit (birden fazla alt sisteme sahip
tanéemlanabil ecek Dbir fonksiaydeem émevvea wetctejri z()bh u Efndr
sistemin dengede ol an al't sistemleri arasénda &
yapabiliyorsa bu ge-ikK sérasénda sitemin dijer i
Alt sistem [ Alt sistem IT

U(L), V1), N1(1), N2(1).. U(2), V@), NI N2(2)..

Pizton Silindir

kelkill:2altsisteden ol ukan kompozit bir sistem.
kekRill de 2 alt sistemden olukan bir sistem g°r ¢l
verdiJimiz bir manifold ayérmaktadér (ha@e m si st

silindir g°vdesinden olukmaktadér. Sistem par ame
parametresi i-in de tanémlayabiliriz(i- enerij. C
veya birden fazlasanéakpe-Bueradbhigemembeanasénda
sistemin denge durumu korunmaktadeér

Var say:ékmompadsit bir sistemin entropisi alt siste
°czel l i ktir. Entropi sg¢r eklsiyondure, revi ve integrald
'Y BY  (21.1)

Deklemdeki S entropidak o mpozit sistemin alt sistemlerini g
sistemin entropisi o alt sistemin hacim, i- ener
Y Y OY ho W ) B (21.2)

Gere¢ldijeée¢ gibi basit bir sistemin endstenmiphagn, s ad e
V, i- enerjisi, U ve sistem i NjNMde&n fkomysisyadn i
i fade edil ebilir I'l nolu postul ate bize ayneée ze
her hangi birine g°re késmi t¢grevinin pozitif oleé
ok ke m (21.3)

Y OY™Yooh) B 8 (21 . 4) fonksiyonunun s¢rekli ve tg¢gre
dejiktirilerek

YOYY B (21.5) formunda da yazélabilecejini be
sistem paranter el er i ni birim mol i -in yazabilecejimizi
-arparak topl am 0zeII|kIeri el de edebilecejimizi
Y OUY™Y B 8 0 YYRO RO R FO R TORE8 (1.6)

— B—(2.1.7)

Bu y¢zden sistem °zelliklerini birim mol ¢zerinc
edi Il mik termodi namikk exz alelniikl(ereg%2gdl- ®anelrl i,
0 - (2.1.83)

0 - (2.1.8b)

i —(2.1.8¢)

V ar s ay:&erhanghbir sistemin entropisi



— T (2.1.9) durumunda yok olur.

h Bh
YOUYYohh ) FBveyaY YY) R MBdenkl emine sistemin hal dek
denkl eminin parametrelerine g°re t¢gretilebilir
da yazabiliriz.
QY — Q%Y —  Quw B — Q) (2.1.10)
h Bh h Bh hBA
Birinci ve ikinci post pod zmdll lair K lae rt iames md éakd €V eymee zb i
czelli kler dersek hal denkleminin t¢grev bil ekenl
o oar Y21. 11) fonksiyonuna sécakl ék
— e 0 (21.12) fonksiyonuna baseén-
— “(21.13) fonksiyonuna kimyasal2lpl0dbansi yel
h Bh
ekdejer tanémlamalar cinsinden yazarsak
Y OYQYOQwB Q) (21. 14) Keklini al ér.

Denklem 1.11 i wvarsayém 4 ile birlikte dejerl enc
fonksiyonunun yok olnkdemjl.i2déi sddyétiyrmibnl kul lzan®lemas
tanémlanan basén- KkRadvM¥ abmiéznea dueymugaek di u-riunnduinrd a ki pr
tanéml ar .

(o) 0 Qax2.1.15)

r

AMdNit erimi bize kiayakadldam]iymip ntlenreéml ar
j=1

Q B Q) (21.16)

VeTdSt er i mi ésé transferini tanémlar

Q0 "YQY 21.17) Bu kavramlaré yerine koyarsak
dU=dQ+dW,+dW, (21 . 17) «kxekl ini aleéer. Butedema&diwaok] asi k
kanunui smi ni  veriyoruz. Bu kavramla i- parametrele
tanéeémlamék ol duk. Dek parametrelerle yapteée] émeéez
yazabiliriz.

T=T(S,V,N;,Nz,..) (2.1.18)
P=P(S,V,N\N;,..) (2.1.19)
= 8,V.NLNz.)  (2.1.20)

K- parametreler entropi hal denkl emi czerinden
QY — Q%Y —  Qw B — ‘Q) (2.1.21) Bu durumda ikincil
h Bh h Bh h Bh

termodinami k parametre tanémlar é
— - (21.22

h Bh ( )
— - (21.23

h Bh ( )
— — (2.1.24)

h Bh
Burada birincil ve dék termodinami k fonksiyonl ar
°neml i bir farké yineliyelim birinciler tamamen
parametrelerin fonksiyonudur. Ancak pratik enerj® | - ¢ ml eri ve ter modi nami k't
gi bi i - termodinamik ©°zelliklerin °1-¢l mesi dahece
termodinami k °zellikleri dék termodinami k ©Lzelli
varder . Bunu mat emati ksel ol arak ifade edersek

Y=Y (X 0,X1,X2,..,%) denkI| e mi veril mi kse ve



0 —iseRdeji kkenini ana denkl emde bajémséz deji«kk

yapmak i -in bize gerekémemdtegmatdirles a@l° ngXnomk gmi i #
Geometrik olarak bu d°n¢ke¢gm prosesini daha iyi e
Y=Y(X)BudenklemXxY kartezien koordinat sisteminde bir e

|

k e Ri1.RY(x) fonksyonu.

_apy g

Ej er bu fonksiyonun tg¢rev fp—gpx(_)/eojnrui ngi °nz  X° nn¢onket ac
ejimi olarak g°sterilebilir. Kkimdi bir P yi dentk
getirmek istiyoruz: Y=Y(P). Matematikse ol ar ak bunu yapmanén yolu dif
et mektir. Ancak tg¢grev formegl ¢nden tekrar X e ger
formu el de etmek i-in yeterl:i bil givyi i -ermedi i
ge-ijinde orijinal bilginin bir késmé yok ol makt
dejikken yerine iki dejikkenle ifade edil ebil me:c
formegl ¢ YY) deéjni¢glk ¢ m¢ oYaejaphkt¥rek Bamianiakkesi m
dejeri). YYonksiLyegrendre transformu ol arak adl an

/

A

k e R1LBY=Y(P) ve y=Y(X) fonksipnl ar &

Budurumddd) — (2.1.25)

Y ® 0 (1.26) yazélabil iirf.i niY =vYa(rX)a ydad nekni. e nb enni k
alarak P dejerini el de edeYdehkleminiyazarvBved¥gian denk.l
denklemden elimine eders&k=Y ( P) denkl emini, veya Legendre tra

olarak Y=Y(x) fonksiyonun tekrar elde etmek isters&Y( P) f onksi yonunun t¢rev
XY O® L'QOOQUL(R1.27)
\

O — (2.1.28)
Ejer denkilvemlPeredemmi ne edil irse denklem tekrar Y
tabloformunda g°sterilirse
Y=Y(X) Y Yo
g 1@ o
T® 10
Y & 0 & GO0 Y
X ve Y nin denklemden elimine edilmesiyle P ve Yiin elimine edilmesiyle
Y = ) Y=Y(X)
ki mdi bu kavrameée termodinami k °©° oélalrialkl er-e emyegyli e
al além ve bu denklemivnv sécakl é&k, T, Legendre tr
N Y YR

o 0 "Yo |




w 1Y w 10
Yoy Y =y
o Y YY U=A+TS
U ve S nin denklemden elimine edilmesiyle Ave T nin elimine edilmesiyle
6 6 gL 'rY ';'Yn“"v"n
Yeni Legendre transform fonksiyonuna Hel mholtz s
Ki mdiYyYMald hal denkl eminin V hacime g°re Legendr
‘?’Y ‘;’Y WL "O no uﬁ?’) F{j
ooy . 10
I o I
0 Y b U=H-PV
U ve V nin denklemden elimine edilmesiyle H ve Pnin elimine edilmesiyle
0 OO Y YY)
Yeni Legendre transform fonksi'yo™WYha hdEdenkermiipi adé
T sécaklék ve V hacime g°re Legendre transfor mun
’?’Y ’i’Y WL no uo .,Y"l‘ﬁj Flvj
w Y ~ 1O
1y Ty
I .10
V] T_(b~ w T—G
O Y YYO o U=G+TSPV
U ,T ve hin denklemden elimine edilmesiyle G, Tve Pnin elimine edimesiyle
no “O"W‘)Fl’j Y Y ILdU
Yeni Legendre transform fonksiyonu Gibbs serbest
Bu transferl eri ki myasal pot amsi mweldPer kigcm n de ¢
uY --Y"."Yr‘:dh“'vj anT,Y anTrY um
poTY S B 6%
"Y T 'Y . TY T .,Y
Yory v Py 2 S=S[Tm}-7Y
p "Y "Y - [ m}_

S[T,m]T is eliminated
U, S denklemden elimine edilmesiyle VYV
"YpT’Y “YpT'Y N L

Bu Legendre transf or musimin hwlrunordd ahl@ajma rkd en i°c2pde be

Legendre transformunu entropi hal denkl|l emi ni kul
edebiliriz. Entop i hal denkl emi (S) setinin Legendre tran
Legendre transformlaréndan gelen yeni termodinar
bazé ek késmi t¢grev tanéemlaréna da g%z atal ém. I
| - — (21.29)

Kzotermal sékewtérteéelabilirlik katsayeées

k - — (2.1.30)

Sabit basén-ta molar ésé kapasitesi

6 - — (2131)21. 8c denkl emindeki ©°zg¢l entalpi cins
6 "Y— (2.1.31b)

Sabit hacsendleampmad iatre €i

6 - — (2132)21. 8¢c denkl emindeki ©°zg¢l ental pi cins

6 Y— (2.1.32b)



K- e n eenkleminihdd#dransiyel formdaayz € | mas é n é

anémséyal ém

QY — H'Q“Y — H'Q(b — H’QG (2.1.10)

QY YQY) Qo' QU (21.12)

dU denkleminin ikinci t¢grevlierini dijer késmi de
— — (2133

— - —5(2.1.34)

Denkl emlerden g°r¢l degjé¢ gib i Kinci k & s mi té¢revl

)
tanémladé] émeapmacgjae man
Helmholtz serbest enerji denklemh=A(T,V,N)

ansiyel

[
emeEmEEINSEmMr mégeediei n vy

adéné al ér.

transformlaréndan
bajéent él airrd.anMabxiwe Inimidyeennkl |eerml

45) bajeéentél armedaen&semtiani ydP arg

hal denkl eml
denklem P(T, vVv)

iro. Denkl em 1. 3

Qo — H'Q"Y — H'Qd) — H'Qi') (2.1.35)

N6 YQ'YOQw' QU (2.1.36)

- - — (2.1.37)

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

Q0 — H’Q"Y — H’QG — H’QU (2.1.38)

Q0 "QY ®Q0 Q) (2.1.39)

— - — (2.1.40)

Gibbs serbest enerjisi denklemi : G=G(T,P,N)

N0 — H’Q"Y — H’QG - H’QU (2.1.41)

Q0 YQYOQO Q) (2.1.42)

— — (2.1.43)
Kkinci késminiolugt evarkdehkkeéemi elfi Mg we
1.40,1.43 ve t¢im dijer | egendre
bilinen termodinamik
genel mat emati kten el de ettijimiz
— —_— (2.1.44) ve

—_ = = p 21 .

Maxwel | denkl eml er i ve difer

forma getirebiliriz. ¥rnejin hal

Qi — QY — Qw@21. 46) yazél abi l

bu bajeéenteé

Qi —QY — Qu (1. 47) formunu al éer .

i —QY_ & — Qu21.47a)

ui -in d2dnHKlderp tekrar yazarsak

N6 "YQi 0Que ds in ¢st denkl emdeki
Q6 "Y—=QY — Q0 0 QU
Q6 6°Y Y — 0 Q(2.1.48)

(2.1.48) denklem integre edilies

dejerini yerine



6 6 _ 6°Y_ Y— 0QU21.48a) formunu al ér.

ge°r¢leceji gibi bu form P(T,v) formunda veril mik
Entropi hesabéenda 1. 4&@8m&klilanel abu+Pv. dEmMKlaé mi nd
Sojutkanlar i-in Burada kimyasal potansiyel teri
ki myasal reaksiyon ol madéejénée varsaymakdtigdar .biHze
denkem de helmholta er best enerji denklemidir. Bu denkl em
ol madan sadece tg¢igrevlier kullanarak t¢m termodi neé
akekkanl aren ter modi nami k ef sordtahdarkolae IE@1A585de Haé | i r | ¢
denkl!| emi ol arak Hel mholts serbest enerji denkl er

QG 1 QY QL (2.1.36a)
i —  (2.1.49)

0 — (2.1.50)
QY YQYO Qe et i t¢em denakmmbemkérsaheagpkcakt éer .

Termodinami k °zelliklerin hesapl anmasé
Sojutucu akékkanlar, g¢- -evrimleri gi
zorunludur. Entalpi denklemi

dh=Tds+vdP (1. 39 a) g°z °n¢ne alalém. Saf maddel er

nda f az de
bi T

kal @ér bu y¢zden denkl emi miz bu b°lge i-in
TQ YQi 0QdYQI( 1. 39b) formunu al ér. Bu denkl emi
Q Q  Yi i (21.399 formunda yazabiliriz. Buradakyld oy muk gaz °zg¢l  ent

é Jdzogy¢imu ke ngtaazl p°izdgocyl maekn tsréovpéi stiz,g ¢chl ent r

doymuk seév
u b°l geye uygul anér sa

21.37 b

—_— — (21.37a)Budenkler2l1 . 39¢c il e birlextirilirse

EEm— — (21.37b) formunu al é€Cl apeydenkdemk!| Emas a

Gore¢lde¢j ¢ gn KKiulbwnkedmmklak faz deji kme b°l gesinde
ve dijer ©°zellikler hesaplanabilir, yalnéez ek ol
bilinmesi gerekir.

ku an kadar verdijimidingmi dedehegemyemoakieg eaoviaert
termodinami k °zelliklerdi Termodinami k °zell ikl
gereklidir, fakaty et er | i dejil dir. Il sé iletim katsayésée, v
temodi nami jinde veril meyen ek fiziksel ©°zellikler
deneysel ol arak saptanér ve Jori uydurul arak sofj
22HAL DENKLEML ERK

221KDEAL GAZ HAL DENKLEMK

Kdeal gaz atkal] edearkk| dmir m¢gl I er verilir

0 Yo —(2.2.1.1) Bu denkl emde .RN nkivirey sall lyialze isiajb

dejerB. 3R45 kJ/ ( kmol K) . Denkl emde makine m¢ghendi

yverirmre nk¢tklg kull anéel abilir. K¢tl e ve mol sayésé a

—(2.3.1.2) Bu bajéntéeyeée ideal gaz denkleminde vy

0 Yo —— — (2.2.1.3)



Denkleminbufrmunda R gaz s abi t i ol arak adlandérél ér . Denk
cinsinden yazél érsa:

0 Y —(2.2.1.4) Bu f orfinkdmmolv )° zdgi¢rl. hkadcdad( gmz denkl
verildijinde dijer terodi g@mi &t &lzeml i kl erin hesa
Qi —Q°Y — QU (2.1.47)
QY 6 QY Y — 0QL(2.1.48) Denkl e mi daha °nce tanéml
06 0 Y (2.2.1.5) i i kki sikleminde@dierbe kl iorliazr.a kBikrul-loakn é
zamandab Y 0 (2. 1.4) yazmakta m¢gmkegndegr. Denkl emi mi z
Qi ——Q°Y — QU (2.1.47b)
Q6 6 Y QY Y— 0 QU (2.1.48b)
k indi denklemlerimize ideal gaz hal denklemini girelim

o _ (22.15)
Qi ——Q"Y — QU (2.2.1.6)
Q6 6 Y QY 'Y— — QL 0 Y QY 6'Q"Y2.2.1.7)
Yukar édaki denkl emden de g°r ¢l ecefji gi bi i deal ga
-ékéeyor. ¥zgg¢l €sé sadece sécakléején fonksiyonudu

Q 6 00 6 Y'Y (221.8)
0Q Q6 YQY 6 Y Y Q'YO6Q'WR218ak ekl i nde ol ukur ve sadece
fonksiyonudur.

[ i . —O'Y'YasE (221.9)

6 6 _ 0 Y Q"Y(21.10)

Q Q | 6Q"R21.11)

I ntegrali alénmék denkl emlerde O referans noktasé
referans noktasénén fonksiyonudur. Termodinamik t
nokt alkairké kdaeyjniakl| arda dejikebilir. En yaygén ol ar a

233.15 K ve 293.15 K dejerleridir. Deji ki k mutl ak
farkée aynédeér.

ki mddzgel €sé hefapli anacanjacs®d bakal ém. Kl asi k yakl
ol dujunu varsaysakta bu b¢gyé¢k hatalara yol a-ar .

€sél aréenén hassas ol arak hesapl ghalpol mnaséndanebir
kitabée kull anmaktér. JANAF Thermochemical Tabl es]
Substances|[ 2] . Géengmegzde i nternet ortaméndan Jana
(http://kinetics.nist.gov/janaf , http://webbook.nist.gov/chemistry/)

Tabl ol ar halinde Cp dejerleri elimizde oCpursa Ejr
dejerl eri bil gi sayar ortaménda @l gxkturul abilir. P

6 Y B @Y (221.12)

Bu t¢r Cp katsayélaré yaklakék 600 civarénda deji
Liguidso[4].kitabénda da | istel enmiktir .olaBhalinde- ok
Cp bazée -ok kullalnéelan gazlarén Cp dejerlerini b
irdel eyel i m. ,a¥otturek gazéméez N


http://webbook.nist.gov/chemistry/

k e K2.1.1 JANAF Tabo | akin&icsist.gov/janal)

janaf tables online - Yaho X

Janaf tables -

free eBook: x

& Library Genesi

5 J

i € C' [ kinetics.nistgov/janaf/htm 2
Nitrogen (N>) Nj(ref)
Enthalpy Reference Temperature = I, =298.15K Standard State Pressure = p° = 0.1 MPa
JK ! mol! kJ-mol
Ik ¢ S G-HT)T HH(T,) &s#H &G logKg
0 0 0 INFINITE -8.670 0 0. 0
100 29.104 159811 217.490 -5.768 0. 0. 0.
200 29.107 179985 194.272 -2.857 0. 0. 0.
250 29.111 186.481 192.088 -1.402 0 0 0.
298.15 29.124 191609 191.609 0. 0 0 0.
300 29.125 191.789 191.610 0.054 0. 0. 0.
350 290165 196.281 191.964 1511 0. 0. 0.
400 29249 200.181 192.753 2971 0. 0. 0.
450 29387 203.633 193.774 4437 0. 0. 0.
500 29580 206.739 194917 5.911 0. 0. 0.
600 30.110 212.176 197.353 8.894 0 0. 0.
700 30.754 216.866 199.813 11.937 0 0. 0
800 31433 221017 202.209 15.046 0 0.
Girdi verisi h8mTidengétiTabl miarB® Azot (N2)

T Cp T Cp T Cp T Cp T Cp

100 29.104| 1100 | 33.241| 2500 | 36.616( 3900 | 37.508| 5300 | 38.013

200 29.107| 1200 | 33.723| 2600 | 36.713| 4000 | 37.55 | 5400 | 38.046

250 29.111| 1300 | 34.147| 2700 | 36.801| 4100 | 37.59 | 5500 | 38.08

298.15 | 29.124| 1400 | 34.518| 2800 | 36.883| 4200 | 37.629| 5600 | 38.116

300 29.125| 1500 | 34.843| 2900 | 36.959| 4300 | 37.666| 5700 | 38.154

350 29.165| 1600 | 35.128| 3000 | 37.03 | 4400 | 37.702| 5800 | 38.193

400 29.249( 1700 | 35.378| 3100 | 37.096( 4500 | 37.738| 5900 | 38.234

450 29.387( 1800 | 356 3200 | 37.158| 4600 | 37.773] 6000 | 38.276

500 29.58 | 1900 | 35.796| 3300 | 37.216| 4700 | 37.808

600 30.11 | 2000 | 35.971| 3400 | 37.271| 4800 | 37.843

700 30.754( 2100 | 36.126| 3500 | 37.323| 4900 | 37.878

gaze

Cp

dej



800

31.433

2200

36.268

3600

37.373

5000

37.912

900

32.09

2300

36.395

3700

37.42

5100

37.947

1000

32.697

2400

36.511

3800

37.465

5200

37.981

ki mid

program yardéméyl a

en

k¢- ¢k

kar el

er katsayél ar ér

program

kodl

ar é

buradmacakl i ssiemmleemieyecw&r,i |l eaektir.

http://www.turhancoban.com/kitap/index.html

Adr esi

nden

SCO. jar

and

bilgisayar

c ami

ortamlar i

-in

hazeéer|l

ProgramismiSCO11B4.j ava

Progr asné

3846

-ekt

e

dosyasé
asénda
anmeéck

ol ar ak

indir

il ebi

| Bu

. delmeku

en - ok bukkayndkta pygon,anatlalg extell gibi d e n

programlar da

bul

abil

rsiniz

konu en k¢-¢k kareler metodu

Cp kdfikmolk) for nitrogen 4th degree Least square CF

37.40

g:!—’-yw"-{

| o

36.34

35.29

3423

Cp kdiikmolk)

337

v

azn

.04

29.94

K.

s

28.94

2788

1a0.0

6a0.0

12a0

1870

2460

3050 3640 4230 4520 5410 juli}

T degree C

Cy(T)=27.19872924529033+0.00694321111034282%968881107785314E
6*T%+1.211840254124337E0*T>-7.162042075128584E7*T*

veri

Egriye uydurul muk

100

27.8775

750

31.5747

1800

35.3193

2850

37.0442

3900

37.5865

4950

37.7812

150

28.2053

800

31.8112

1850

35.4406

2900

37.0902

3950

37.5971

5000

37.796

200

28.5256

850

32.0413

1900

35.5574

2950

37.1337

4000

37.6069

5050

37.812

225

28.6829

900

32.2651

1950

35.6698

3000

37.1746

4050

37.6162

5100

37.8292

250

28.8384

950

32.4827

2000

35.778

3050

37.2131

4100

37.6249

5150

37.8479

2741

28.9863

1000

32.6942

2050

35.8818

3100

37.2493

4150

37.6332

5200

37.868

298.2

29.1326

1050

32.8996

2100

35.9816

3150

37.2833

4200

37.6411

5250

37.8896

299.1

29.1382

1100

33.0991

2150

36.0773

3200

37.3151

4250

37.6489

5300

37.9129

300

29.1438

1150

33.2928

2200

36.1691

3250

37.3449

4300

37.6564

5350

37.9379

325

29.2937

1200

33.4807

2250

36.257

3300

37.3727

4350

37.6639

5400

37.9647

350

29.4419

1250

33.6629

2300

36.3412

3350

37.3987

4400

37.6714

5450

37.9935

375

29.5882

1300

33.8395

2350

36.4217

3400

37.4228

4450

37.679

5500

38.0242

400

29.7327

1350

34.0107

2400

36.4986

3450

37.4453

4500

37.6869

5550

38.057

425

29.8755

1400

34.1765

2450

36.572

3500

37.4662

4550

37.695

5600

38.092



http://www.turhancoban.com/kitap/index.html

450 | 30.0165| 1450 | 34.3369| 2500 | 36.642 | 3550 374856 | 4600 | 37.7035| 5650 | 38.1293
475 | 30.1558| 1500 | 34.4922| 2550 36.7086| 3600 | 37.5035| 4650 | 37.7124| 5700 | 38.1689
500 | 30.2933| 1550 | 34.6423| 2600 | 36.7721| 3650 | 37.5202| 4700 | 37.722 | 5750 | 38.211

550 | 30.5631| 1600 | 34.7874| 2650 | 36.8324| 3700 | 37.5355| 4750 | 37.7322| 5800 | 38.2556
600 | 30.826 | 1650 | 34.9276| 2700 | 36.8897| 3750 | 37.5498| 4800 | 37.7431| 5850 | 38.3028
650 | 31.0822] 1700 | 35.0629| 2750 | 36.944 | 3800 | 37.563 | 4850 | 37.7548| 5900 | 38.3528
700 | 31.3318| 1750 35.1934| 2800 | 36.9955| 3850 | 37.5752| 4900 | 37.7675| 5950  38.4056
6000 | 38.4612

Tablo ve grafikten de g°r¢leceji gibi tek bir den
bakaréel & ol améyor . Hata bilhassa kritik sécakl ek
polinom enerkg¢y-°nkt ekmair eklul | anarak hatayeée azaltmaya -
Cp(T) = A+ B*10*T+ C*10°/T?+D;*10%*T 2 Tu>=T >Ty  KJkmol K (22.1.13)
Bu t¢r bir polinom kullanél masé veriyi tiirmBurada!l er e
uygul ayacaj méz metod yi n§ CgirO.d)vegidininklavreag lierb °y Qretse m
bel ¢nd¢gj ¢n¢g varsayal ém. Yeni verilerimiz
T,Cyi i=(n-1)/L*k...(n-1) / L* (k+1)}l).For mkrO& (@l acakteér. Cp denkl e
6 Y B & n oh Y OY 'YhTQ 8 0 p (221.14)
f(TYf onksi yonl aréenée dékardan girebil di] Bmi degdé&helm ¢
fi( T) k a foslafy=80*®, f £10°/T% f;=10%T?0 |1 ar ak al énméktér. En kg
aka]J édaki fonksiyonun minimumu bulunur:

v~ z , o B n
O ® MBho B 0o Y (2.21.15)
w(Majéerl ék fonksiyonu adénée alér ve dejeri burada
kat sayéelaréna g°re t¢revinin k°klerinden bulunur.

8 h B . .

B 0 'Y oY i B R (221.16)

B 0 "Yn YP Y O B 0 "Yn Y6 Y n TmiBé&un (221.17)
Bu denklem m+1 | ineer denklem sistemi ol ukturur v
-0zl ebilir. Denkl emin matrs for mu

B ry B noYn Y B noYr Y 8 B n oyn ty.d B D Y6 Y,

~ e 171 Ny

B noCyn oy B n "y B n "yn "y 8 B 0 Yn ‘Y, @, B " Y8 Y. (221.18)
“ “ w " w w oy s noYe Yy Z.1.

1 n n n n n 8 B n yn Yy 0

| IB 8 Y Y B 8Y Y B 5 Y 3 8 o ,8 2 : | 8 ;

B 7 YR Y B opoYn Y B oaoYn Y 8 B oo Y 0BU g g ovs vy

Error function for te denklemican be givenad0 B O & MR (2.1.19)

Probl emi -%zmek i -1i nGapeGEN Patdjava | en program kodu
Program22ldEnékg- ¢k karel épNteimibulygarimainsi) bir denkl em

o



38.38

Cp=al+al™|e-3T+a2" e4T*2+a3%1 e-5°T"2 Tl==T<=Th

3733 o

3637

/A

3446

Cp specific heal Kikmolk

3350

3264+

3188

3063 — /

2967 ;

2871

1038

T T T T
100.0 690.0 1280 1870 2460

T T T
3050 3640 1230

Ttemperature degres K

T T
4820 5410 6000

Cp=al+al™ e-3T+al"1eaT"2+a3"e-5°T*2 Tls=T==Th

06428 o

06494

0.4568

0.2624

Enror Cp KikmolK

0.06806 —

01245 o

03180 o

05116 —

07048

03884

T
100.0 690.0

T T T
1280 1870 2460

T T T T
3050 3640 4230 4820

T degree K

T
5410 6000

Prog

[rge

data output(veri ciktisi) :

0

1

2

3

28.426345645430...

4.15634288975551

-0.014474125213...

-0.481241717203...

100.0

6000.0

ram

- @ktEas & ¢2 ¢cXk. karel er

Cp=al+al™e-FT+a2" e6/T"2+a3™ e-6°T2 Tix=T==Th

3828

3730

36.32

3535

3437

Cp specific heat KJikmolk

33.40

3242

3145

30.47

29.50

2852

T
1000 690.0

T T T T
12680 1870 2460 3050

T T T T
3640 4230 4820 5410 6000

Ttemperature degree K

efjr

uydur ma

tem bol



Cp=all+al*1e-3*T+a2* 66T 2+ad*e-5"T"2 Ti==T==Th
05873

04808

03742

02677

01612

Errar Cp KlikmalK

0.05488

-0.04185 —

01684

-0.2649

03714

-0.4779

T T T T T T T T T
1000 690.0 1280 1870 2450 2060 3640 4230 4820 5410 6000

T degree K

_oEN

data output(veri ciktisi) :

LEJ
0 1 2 3 4 5
26.619358528095__|7 3069435234415 |0.1963029779588 |1, 307271467888 [100.0 2900.0
38.410024041458._|-0246457148898 |93 68717104647 |0.0443399280383_ (29000 6000.0
Cp katsayél aréneéen naseéenl shoensraap |i adneal caa Jgéanzé dierndkel | eend inke
_C,- R, F{, o o o o _
ds= T L2 2 dT+-dv(2.2.1.39) denklemini g°z ngne al al én
% Pdv+vdP o .
T=— ddT=————— (2.2.1.40) substituting dT and T abadenklemigives:
C C, Pdv+vdP dv
ds=—2dT- RJdT+PUdv— 0 g7 R SPAVHVAP dve ) 5 1 4
T & Pv vl
C R,
ds=—dT- =dP (2.2.1.41a).
T P
dh=C,dT (2.2.1.42)
Bunun ¢zerine ejer Cpbnin akaj édaki polinomla tan

C,(M=a,+a*T+a,*T?+a,*T’+a,*T* KJkmol K (2.1.12a)
h(r):ho"'ao(T' T0)+a1/2*(T2' T02)+a2/3*(T3' T03)+
a,4*(T*-T)+a, /5% (T°-T,)
S(T):30+a0|n(T/To)+a1*(T' To)+a2/2*(T2' T02)+
a,/3*(T°-T)+a,/4*(T*-T,)- RIn(P/P,)

LRSI ¢

(2.21.43)

(2.2.1.44)

ERN

N2 Cp=a0+alT+a2*T"2+a3*T"3+ad*T 4

a0 2.7198729E+01 T 3.0000000E+02 | derece K
al 6.943211103 P 100 kPa

a2 -1.5688811FD6 Cp 2.9143765E+01 | kJ/kmolK
a3 1.2118403F10 h 8.7239056E+03 | kJ/kmol
a4 -7.1620421EL7 s 1.9178924E+02 | kJ/kmolK
R 8.3144720E+00 kJ/kmolK s0 1.9178924E+02 | kJ/kmolK
TO 2.9815000E+02 derece K Cp 2.9143765E+01 | kJ/kgK
ho 8.6700000E+03 h 8.7239056E+03 | kJ/kg
s0 1.9160900E+02 s 1.9178924E+02 | kJ/kgK
PO 1.0000000E+02 kPa s0 1.9178924E+02 | kd/kgK




™ | 2.8013480E+01 | kg/kmol |

Yukarda tanéemladéej émeéz kés mi devamlée denklem i -in

— * aZi*lé * 2
Ci(T)=ay +ay le- T +=2_—+a,*1e- 6T° KIkmolK T eTeT, (22113)

N-1Thi I
h(M =h+@ ffr(M)dT)+n Cp(T)dT 2.2.1.45)
i=1 T b
S(T,P)=s, + & Hri,C”T(T).dT) + rf] CQT(T)dT- RInFP (2.2.1.46)

Program ayln£é zialmathnidm kat sayésé ve vizkozite ve i-i
kM=4" aT (2.3.920)

mT) =&, bT' (2.3.921)

Bu denklemlerin bu formda kullanél masé kK¢phesi z h
ol arak da al éndékl aréndan Kkeé&smi devamé ol arak al
sécakl éjenafralkal gomal adlé daha dojru bidrejyalleadén
yapél mamekt ér Dijer bir gaz °zellifji olan Prand
Pr(T) = Cp(T). @)/k(T) (2.3.922)

Kf adesiyle tanémlanméxkt eéer .

Gazl ar t ek eriimemolexk gll iy mol ek¢l I erin karéekémée o
adl andéer éyoruz. Kdeal gaz karéekéml ar é l'ineer h a
yapeélabilir. Bu kur al

LI L (2.3.923)

vV N D o

Vikarekemdaki h e rk abri é k égnadzaékni hhaecrmi b, ikr&lr g2 é&re nmd logrl aa

kar @ékémeéen t oplIxahaomselota@l majkeé glzejr &,

N = am_ N,
i=1

h= aml hx (2.3.925)
=1

(2.3.924)

szg SX (2.3.926)

i=1

keklinde yazélabilir. Ancak vizkozite ve éseél il e
Moaredem(m) /g (Xfi) (2.3.27)

il j=1
Fy=( L+ Y2V )21 (8 +8MIM ) ) (2.3.27a)
Kiaregem(6Xik) /g (xfi)) (2.3.28)

i=l j=1
f=(L+(k/K)AMIM)Y)?/(8+8MI/M;) M) (2.3.28a)
Kull anélabilir. Buradaki Mkgandén bmoluebilrebi djge slag
d°n¢ Kt ¢treekb ig a zr iiz- i(Gas.jpve)o ggraazmeknaérzE K émé i -i nh progr ame
Ayréca programlareée direk olarak kull anabil mek i -
GaMixTable.java)

Kul | aneéc Gastableaatpongram Gas.java K € s mi deaml & polinom



£ Properties of Perfect Gases - m] P4
unit system 51 -

massimole mass -

gas Name air - air
temperature 27.0 degree C
pressure 1.0 bars
additional data can be added to Gas.txt file

Dr. Turhan Coban,

Ege Universitesi, School of Engineering, Mechanical Eng.

Gas Formula : 00.419642N1.561756Ar0.009301C3.0E-4

Property Value Units:

P, pressure 1.0 bars

T, temperature 300.0 deg K

v, specific volume 0.8611838954663815 m*3kg

h, enthalpy 300.47384914639287 KJikg

u, internal energy 214.35545950975468 KJikg
i|s, entropy 6.707391940149789 KJikg K
|F qibbs free energy -1711.7437328985436 KJikg
ht,chemical entropy -0.011643397980835857 KJikg
gt,chemical gibbs f.e. -0.0746727085972957 KJikg

Cp, specific heat at const...[1.0048029841851767 KJikg K

Cv, specific heat at const v |0.7177416856963827 KJ/kg K

Cp/Cv, adiabatic constant |1.3999507123656545

c, speed of sound 347.21908759367886 m's
| |viscosity 1.853801353693514E-5 Nsim*2
thermal conductivity 0.026457184473597954 Wim K

M, molecular weight 28.964196998240002 kg/kmol

Prandtl number 0.7040451088575151

Pr, reduced pressure 1.0218876071366154

vr, reduced volume 842.7383691240425

Kul | aneéc6émkxabeGhixjpvave Gas.javanséekaflaner) (Keésmi
& Properties of Perfect Gas Mixtures - O

unit system Sl -

mass/mole mole -

gas Name brayton - lair

temperature 27.0 degree C

pressure 1.0 bars

fadditional data can be added to Gas.txt file |~

Dr. Turhan Coban, .

Ulusal Metroloji Enstitusi, (UME) TUBITAK 1

lphone : 80(262)6466355-525 email : turhan.coban@ume.tubitak.gov.tr T

((i::g;:)lrzmma : 1

H202.2

02 4,255 ~|

4 I

Property Valug Units

P, pressure 1.0 bars -

T, temperature 300.0 deg K

v, specific volume 24.9435 m*3ikmole

density 0.040090604766772904 kmole/m*3

h, enthalpy 8835.660032335521 KJikmole

u, internal energy 6341.310032335521 KJikmole

s, entropy 194.10157008567512 KJlkmole K

g, gibbs free energy -49394.81099336701 KJikmole

ht,chemical entropy -31017.658606234338 KJikmole

ot gibbs f.e. -80471.99116295295 KJikmole

Cp, specific heat at const P 29.76325068510393 KJikmole K

Cv, specific heat at constv 21.44875068510393 KJikmole K

Cp/Cv, adiabatic constant 1.3876449552735202

c, speed of sound 348.790535974031 m/s

viscosity 1.7491623734394553E-5 Hsim*2

thermal conductivity 0.025185417329059462 Wim K

M, molecular weight 28.45157867549669 kg/kmol

Prandtl number 0.7265323695432909

Pr, reduced pressure 1.3983665933490608

vr, reduced volume 626.9457797728272
222K! BKK HAL DENKLEMLERK
Kull aném a-éséndan -o0ok ©°neml:. bir avant aj sajl ay
oluktururlar. ¥nce bu ailenin denkmiie mkegri ke blhirr
olukturabil meleri ve dolayéséyle k¢bik polinomun
denkl em sistemleri -%z¢megne g%re bir avant aj saj
sebep i -imadahatkybram O da Ejer daha ger-ek dav
|l ineer ol méyan denklem sistemi -°z¢;mleri i-in ilKk
K¢bi k Hal Denkl eml er i

RT

a

TV-b VZ+ubV+ub?

(2.2.21)



(1)denk emi nin bir bakka ifadesi de ku kKekildedir.
- (1+B -uB)Z*+

(A" +wB?-uB - uB?)z (2.2.2-2)

-AB - wB?-wB®=0

. aP . _bP
burada A=—— (22293 ve B =— (22.29 dir.
R°T RT
K¢bi k denkl eml er i -1 mdeeWaals, Redlickwokgu(RK) Soaeel(SRK)I, & Peéng ; Vv
Robinson (PR) denkl emleridir. Té¢m bu  de,nwk la,ebml er
katsayélaréenén belirlenmesi a-éséndan farkl el ék g
Tablo (2.3.101 ) . K¢bi k démklsamléérari - i n
Denkle |u |w |a b fw
m
van der| 0 | O RT, 27 R?T?
W I crit
aas 8P 64 P,
Redlich |1 |0 008664R'|;rlt 04274$QZT?-5
Kwong Pe | P

crit

Soawe |1 |0 | 0.0866RT,| 0.4274&T> 0.48+1.574v- 0.1764

w1+ fuge- TVA)f

Pcrit Pcrit
o |2 [ 1] 007ERT, | 0aaraRTLy 0.37464 1542267
Robins P P, ML TN 026902

SowevePenrfgobi nson denkiyeamukda kgd -ackn °r ¢ adéené alér ve

w=-log,R,(atT =07)-1.02225f or m¢ 1l ¢ ile hesapl béatdalindi Bge
bas &n=P/R,), T, =T/T,,=07kul | anél ér. ¥r pepa3K su buhareée i -
T=0.7*647.3=453. 11 K=f(I09ll&Bhar@xRb2al2d&x cakl ek i -in P
p - P _1001168 .- w=-10g(0.04526)- 1=1.3442781.0=0.34278

‘P, 2212

Bir °rnek olarak van der Waals hal denkl eminin i-

T a
= RU_ — (2.22.6) buradaki a and b sabittir.
v-b V2

C
ds=—-dT+ aél—o dv  (21.47)
T CHT %

Po Q
du:CVdT+%’£L8 P8dV (2.1.48)



Ll (2.22.7)
uT  v-b
T aod
du=cdT+& R _RT_agy
Y c v-b v-b V= (2.228)
du=CdT+ %&V(z.zz.aa)
9 -
C R,
ds=—XdT+—-dv
= - pdv@229)
<’:°11 16
u= U+deT+ 5 22210
.
C v-b
s=s + A=LdT+R, In
S Tro'l? R, V.- b (2221

ki mdi de biraz dah-Bwokgthaihd rekklse mil rminn tReerdrhd ccihna mi k © :

.

Bu denklem i-in b katsayésé sécakl éjeéen fonksiyonu
P—RT a (2.22.12)

v- b v2+b o

w_ R

u—T—V—b- Emg— (2.22.13)
b 104271RTS

=- - —— 19 (22214

T 2 R,T™ ( )

aa 104271R* T
WP o R 880§t 242 R T 5 5515
UT v-b ¢V =2  P,T
Hal denké mi n i oluktururken tg¢grevlier sayésal t¢rev ol arak it
WP(T) g P(T +2DT)+8P(T +DT)- 8P(T - T) + PT- 2DT) (2 2 16a)
pT 12DT
HP(T) ,P(T +3DT)- 9P(T +2DT) +45P(T +DT) - 45P(T - DT) +9P(T - 2DT) - P(T - 30T) (2.22.16b)
T @ 60DT
Sonu-lar orijinal denkleme takénarak hal denkl e mi hesa
ds- dT+a§E dV(2.1.47b)

) 6

du=(C, - Ru)dT+% PV (21.48b)

QHT—

ki mdi k<,b|k denklemin ters 203 maéing bmBal émselE] A&
Katsayél arénén P ve T nin fonksiyonu oldujunu g°r
hacim dejerini hesaplamak anl aména gelir.

- (1+B - uB)Z*+(A +wB?-uB - uB?- AB - wB?-wB®=0 (222



WhereA* = W

Ké¢bi k bir denkl!| e mi
y=a, +ax+a,x* +ax’(2.22.18)
a=a,/a,
b=a/a,
c=2a,/a,
a’- 3o
Q="
z =2a°
z, =-9ab
z,=27c
2,=4,+7,+7

R=2
54

if (R*<Q°)

| o
>— e R Y e R S s N )

IX1 2\/6006@ 32,00 a
eIse

Pa=- R )"
A=) B=0 (2.22.183)
eIseB—Q/A;

1x0 a:A+B- 50

A+B ag af(A B)
—0t
2 3=+

g
% '3

""?B&B

B (A- B)

2

X

G =) =) = ) =) i = = —) =) =)

a
&
¢
a A
&
¢

—_—— ) =) = =) —) —

0
0-

»093932
w

-I-QDOz

+ a
2 3=

ki mdi k¢bi k denkl emi

n

mi zi

(2.22.3and B*-bP(2224) _Pv (2.2.2.17
. .o)an - —— (<. . -
RT RT

naséel -%z¢lecejine de bakal

pcub@ipnklamoiStateyjaaT e & i r p cabiay esiaan e |

—————————— Capture Output---------

> "C:\javabin\java.exe" cubicTest
denklemiof state name = Peng Robinson
gas name = nitrogene

formula = N2

Mole Weight =28.013

M  =28.01348

Tfp =63.3

Th =774

Tc =126.2
Pc =339

Ve =89.8

Zc =0.29
Omega =0.039
Dipm =0.0

CPVAPA =31.15

éem

pro



CPVAPB =-0.01357
CPVAPC = 2.6855
CPVAPD =-1.168E8
DELHF =0.0
DELGF =0.0
VPEq =1

VPA =-6.09676
VPB =1.1367
VPC =-1.04072
VPD =-1.93306

Tmin =63.0

Tmax =126.2
LDEN =0.804
TDEN =78.0

V =3.980219370045505

Z =0.957416409897289

P =20

> Terminated with exit code 0.

Test p kubicfestldam@v.an der Waals ve Peng -Rodiiynwagmamde)n k|l e ml

P-vdiagram van der Waals eqantion of state for Nitrogene
Joo.e

240.0 —

180.0 —

120.0 =

60.00 =

Phar

|

0.000 —

-60.00 —

-120.0 =

-180.0 —

-240.0 =

-300.0 T
0.001000  0.03097 0.06094 0.09091 0.1209 0.1508 0.1808 0.2108 0.2408 0.2707 0.3007

w3 ol

P diagram for Peng-Robinson Equation of State for Nitrogene
300.0

240.0 —
180.0 —
120.0 —
60.00 —

Péar

0.000 -

-60.00 =

-120.0 -

-180.0 —

-240.0 —

-300.0 . - -
0.001000 0.03097 0.06094 0.09091 0.1209 01508 0.1808 0.2108 0.2408 0.2707 0.3007

v w3/ kmol

223BENEDKWEEBB-RUBKN ( BWR) HAL DENKLEMK:

Ger-ek gaz denkl eml er i i -erisinde en - ok -Webbl
Rubin ( B WR) hal denkl emidir. Orijinal denkl em

belirliyebil mek i -in gel i ktirilmiktir. Ol duk -



sonu-1ar al abi |l mek i -1in dé&j ifkoormhlearreé n@éhr aetné | mmay y
ki myasall arén genel mBEdel bEemdenhi emydpel deWdplr Eea
Rubin Hal denkl emi ( DBWR) sojutucu akékkanl ar én
kullane | makt adér . Bu denklem dejiktirilmik formunda ¢
denkl emdir. Geliktirdijimiz refrigerant.java progr
R740 , R1150 sojutucu akHeéekkhaens aaprléa nDaWR adénk | enBuri:
tanemé ve termodinami k ©°zelliklerinin hesapl anmas
olarak 1,1,1,2 et r af l uor oet hanén (R1.34a) katsayélaréené | i :
— B — Agob—B — (2.2.31)
Denkl emdeki sécakléeja bajémlé a katsayélareée ise
Tablo 22.3-1 Denklem(2.2.31) DBWR
i a
1 RT
2 b1T + b2*T0.5 + b3 + b4/T + b5/T2
3 b6T + b7 + b8/T + b9/T2
4 b10T + b1l + b12/T
5 b13
6 b14/T + b15/T2
7 b16/T
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
Bajéntélaréyla verilmiktir.
burada T derece K = AC + 273.15 cinsinden sécakl é
(= m3/ kg *Molek¢l ajérl éejé) cinsinden °zg¢l hacim
R =0.08314471 bar (absolute) litre/moleK gaz sabitidir.
¥rnek olarak halen en fazla kullanélan sojutucu a
Tablo 2.2.32 R134a bdenklemk a t sayeéel ar e
i b i b
1 16.545 523 5227 )2 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 6113102
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
6 711,192 377 6190 D4 22 13.729 521 9382 E+04
7 12.721 419 4543 E+00 23 1.261 473899 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 | 11.172 451911504 26 11.569 919 6293 E+00
11 8.686 451 0013 ED1 27 15.184 893 2204 E+05
12| 13.066 016 8246 E+02 28 78.139 6321392 H 02
13 | 12.566 404 77421802 29 3.032 516 8842 E+01
14 | 12.4381835971 E+00 30 1.339 904 2297 D4
15 | 13.160 316 3961 E+02 31 11.585 619 2849101
16 3.432 165 152101 32 9.067 958 3743 E+00
Tablo2.233 R134a neéefni diifeel difelrl i kIl er i
Ki myasal F or m| Sembol CH,FCR;
Mol ek¢l ajérl | M 102.03
Kaynama sécak -26.06
(1 Atm)
Kritik SécaklI|T, 101.08 C = 374.23K
Kritik Basén-|P 4060.3 kPa
Kritik yojunl]| O 515.3 kg/m
Kritik hacim Ve 0.00194 kg
Tablo2.234-Denkl eml erde kull anél an sabit dejerler

[Sabitin ade | |




Gaz sabiti R 8.314 J/(mole)K
Referans entalpi hy 200 kJ/kg O C de
Referans entropi S 1 kJ/kg 0 C de
At mosfer bas él P 101.325 kPa

Doyma baséncé deaakkTe mET >KTgamal &jqad eik-d i n
10G1o(Ps) = Ay + AT + Agl T2 + Aogio(T) + As T2+ A, T2 +

[Ag(AgT T )/Tllogiol(As T T )*Asq] (2.2.32)

Keklinde tanéemklaemmeée ratl @dre. sBuw aldledk aral é] éna bol ¢
programlara aktarél méekteér. -1¥rOneG i n>s 0T uX* ur@l aRéexg &
kat sayélaré Tablo 2.2.9 da verilmicktir.

Tablo 2.2.34-R134a (3)derke mi doymuk akékkan sécakl ek basén- f
i Al

4.069889 E+01]
12.362540 E+03|
0.0
11.306883 E+01]
7.616005 EO3
0.0
0.0
2.342564 EO01
3.761111 E+02]
1.0

PO INO(O|D|WIN(F|—

o

Kdeal gaz °zg¢l ésé dewmkrhasgd it-eirmoglé rmekmli ik dnojderl i i
C.l = Gy +G,T+GT?+G,T3+Gg/ T +Gg T* (2.2.33)

Doymuk sévé yojunlujunu seve b°WIgemsiiylie itnadreé mlaaye

Ancak burada ek denklem ol arak yine de tanémlanmeé

ol ukturmaseé i-in kullanél abidévé eyo] Brul unoud ed a@lrek lkeur

— " O B Ot 7 (2.2.34)

Bu denklemde t=1-T/ T, (2.2.35)

ol arak tang&gmtakmerecakl|l ekKtér (derece K).

Yine ©°rnelk34oliariank dR®oymuk séveée yojunluju denkI|l emini

Tablo2.234-R134a DBWR denkl emi doymuk séveée yojunluju
K Ei

1 5.281464E+02
2 7.551834E+02
3 1.028676E+03
4 19.491172E+07
5
e
d

5.935660E+02

Propi

I (R1270) Sojutucu akékkanénén hesapl a
yukar e I

n
a verilen BWR denkl e mi farkl & Dbir Keki

Z=P /r RT=1+W(N*t + Ny*t >+ Ng*t %)+
W2 (N4+ Ns*t+ Ng*t?) +w (N*t %+ Ng*t )+
W (No/t + Nygt Nyg*t+ Nigt?) +
W5 N13*t3+ VV6 N14*t3 + W7 N15*t3+
erxp(—WZ) (N16*t5+ W2N17*t5+ W4 ng*t3+ W‘s ng*t3 + \/\/BNzo*t3 +
WH2N,*t4) (2.2.36)

Bu denklemde;

W=T i T (2.2.37)
rete=kritik yojunl uk
t=Teil T (2.2.38)



Te= Kriti k Sécakl ek
Tablo 2.2.35-Bu denklemde yeralaniik at say él ar éné

N,= 0.1862482900

N,=-0.1292611017E+01

N3=-0.541016009748€1

N,= 0.1013803407E+01

Ns=-0.2121229225E+01

Ne= 0.1526272166E+01

N;=-0.2552199159

Ng= 0.1314787725E+01

Ng=-0.4565338888H1

N1~ 0.9265982864801

Ny,= 0.1020149653

N;=-0.2293103240E+01

Ni= 0.1251447761E+01

N1,~-0.2810355287

Nis= 0.227659849081

N16=-0.2351596425

Ni7= 0.2209998579

Nig= 0.3368050092

N1=-0.21(@485418E01

Na= 0.29849352908€1

Na;= 0.2851534739801

gestermektedir

R1270 sojutucu akékkané i-in ideal gaz hal denkl e
— B o6°% 6t 060 (2.2.39)

Bu denklemde ;

6 of (2.2.310)

T = (2.2.311)

Tablo 2.2.36 -Denklemde yeralan ® at say él ar éneé

C,=0.6559138100

C,= 0.1621655400E+02

C5=-0.4898063300E+01

C,= 0.8218546800

Cs=-0.583148080E-01

Ce= 0.25252519008€1

C7=-0.4703242000E+01

Cg= 0.1684494400E+01

Ana denkl emden dijer termodinami k denkl|l emlere ge-
224LEE-KESLER DENKL EMK

BenedictWebbRubin (BWR) denkleminin hal der&lmi ol ar @néek blPllZzgmide . 2ncel e
Orijinal BWR denkl eminin bakarésée ¢zerine bu hal
°neml i si Lee ve Keesler tarafeéndan geliktirilen
paramet e | i bir yaklakém kull anee0ol| &Gra z I as isneokianikeicrasa h la d
akékkanéndan hesapl anér

Bu y°ntemde °nce ©°zellifj]i i stenen akéexkkanén Kkriti
basén-erdefjherSlaf®P) an®8u( dejerl er kullanélarak basit
bajéntédan hesapl aneér

— p — i Qwn ——  (2.2.41)

6 ® — — — (2242

6 ® — — (2.2.43)

o Q — (2.2.4-4)

® _— (2.2.45)

gestermektedir



Basit akékkan

(2.2.45) denklemindemy  bulunduktansonréd ak aj édaki

i 241 &eae twsaryiéll mirk tTiarb.l o

denkl|l emden

2.
hesapl a

W —_— (2.2.46)
Ay nTfevePrdejerl eri ile (3) ve (4) dneorkklaawnliemin kul | an
dejerdemdeder . hesapl anér .

_— p — I Qwn —— (2.2.47)

@ e (2.2.48)

Ref erans akéekkan i - 24l1dkeatvsearyid nd ejteirrl.eri Tabl o
Tablo22.41 . Basit ve referans akékkan i-in katsayeéela
Katsayél ar Basit akeéekkan Referans akeéekk
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 0.050368
Cs 0.0 0.016901
C4 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 sékeéextérélabilirlik or:
hesapl aner . _

. LU T

0w, © ]
Z=—2=279 +£;gz® -29) (2.2.49)
Budenklemdey a mu k | u k 7 k ar@suaxyde.s €
Bu kKekil de elddseé veadivee ng adzejfeadlear & i -in % 2 den az
Denkl emlkér hzelrloikarbonlar 1 -in iyl sonu-1lar ver me
leeKes |l er Denklemlerinin ¢°z¢:,I| mesi
(2245 Denkl emi ndeX® dej eui miim hesaplanabil mesi yo°nte
denkl em non | ineer bivuna apeyan sahmer iok dluif u 4 %2z oam
Denenen -°z¢;m y°ntemler. |—|nde en iyl -%z¢é¢m o vere
durumda yeter]l.] ol mamakt adé Bu y¢zden denkl em
ayrélara/j?’kiosktg,enneenulaKéIabiIir.
LeeKesl|l er denklemide non | ineer yapésé gereji birb
Bu y¢zden n¢gmerik -°2z¢m i -in uygunBuwmklamgé@ahaePa
ge-en k¢gbi k denkl emlerden biri il k yaklakém ol ar
tahmini yapeéelabilir. Bu denk!| enRoebri nis-oinn ddee ngkel re-neij ev
ilk tahmineenygun ol ané bu denklemdir. Ayréca k¢gbi k denk



sajladéje bir dijer avant aj da bu denklemin en by
en k¢-¢k k°k¢g ayné orané séve faze i-in vermekted
Gazlarén termodinamik ©°zelliklerinin belirlenmesi
Hal denkl efmv,Pd dle; aredcan i ki si bilindijinde dijerl
sistemin tasarémé i -in bunun dékénda tteai modiGreamieklk
ental pi si gazén baséncé ve sécakl éjeéena bajledeéer.

'O "QuhY (2.2.410)

Q0 — Q0 — QY (2.2.411)

o 0 . — Qb _, — QY (2.2.412)

Bur ada Ts @ecsabkttutélgHén P boyunca dej i Ki mi a,ldeTpndéep] i dkai hnai

sonucuH da bul unanoplegr&ri mb%yleece i ki s éHdaekliékki nbi a shéens-a
BuHdeJ i Ki mi hesaplama y°ntemlerinden biridir. Sont
farkl é& bir vyol da takip edil eghaiz¢egthe] Ancak DbDer - e kme
dol ayésé ile d¢k¢k basén-ta gazén ideal gaz davr a
Bu bas én -P° damkiiade edehilirizi
Yo . — Q0 _ 6QY. — Qb0 (2.2.413)
YO O © . 6Q%Y O © (2.2.414)
Buradaki 'O O ve 'O O fonksiyonl ar e sabit séecallde k da
i deal gaza g°re olukan farké ifade et mekHcad]i er iBue
ul akélabilir.
Sapma (Departure) Fonksiyonlare
Kdeal oda@uju bilinen bir ref er an stedralles esapl@abdirizg® r e h

o, o 1y 5 L) 5 ’ ‘Y"Yy 5 e o \fj ” ) Ny X, o \G

0 O w QUL wQvu w G_QU YYC(:LS);‘— w pQacevy Yaﬁ—
(2.2.415)
Y'Y — 0 0O Y. p ® Y— Qa¢dvyYat (2.2.416)
Bu iki integral deZz ,Tve P bi rbirine Lee Kesler hZlyedéenkl dmi bial
al éniatnl iekk yerl exktirilir ve gerekl: integral ve t ¢
sapma fonksiyonlaré hesaplanméxkx ol ur. Bu i ki tert
°czell ekl ergapgél abilir.
© 0 O 0 YY Y (2.2.417)
YY 0 0O YY Y'Y p (2.2.418)
ve son olarak helmhotz enerjisi sapma fonksiyonu :
A- A’=(G-G°- RT(Z-1) (2.2.419)
Buradain egr al anal itik olarak aléndéejénda ental pi sa
aH-H°G" @ b, +2b, /T, +30, /T @
% RT 8 :-T'éZ(O)_l- - '3|' (0) - i
C c - e r(Vr) u

éc, - 3, /T? d 2
I EA R AV

_ G & ¢ g 8 & g @ (2.2.420)
Sl Pt T o e oy Y
Burada Lee Kesl er hal denkl emi i-in geliktirile

fonks yonu referans ve basit gazéen sapma fonksiyonl a



H-H° _8H-H°8”  w®H-H"g" &H-Hg"? (2.2.421)

RT, _?RTg WRgRTg ?RTCQH
Entropi i -inde benzer kekil de;
S-5°_4s-5°9” . w9s- "9 4s-5°¢9 (2.2.421)

—CE 8t S8 g8

- RE = ¢ = H
Denkl emi yazélabilir
Gazl ar en steelr mMozfeilzliikk | erinin belirl enmesi
|l sé dejiktiriciler gibi ésé transfer y¢zeylerin
°czelli kleri yed n é°nzdeal |ti ekrlnearfiinzei kdse i htiya- ol maktad
uydurma yoluyla elde etmiktik. Ancak ger-ek gaz m
et ki sini hesaba kat maseé gerekitrdr dBBwardeome pd keé kEKwa n
ol abilecek genel bajéntéelar se-ilerek séve ve kat
gerilim katsayéesé dejerleri el de edil mi ktir. Bu d
Séveée éseé éesleesti m kat say
_ + _ 213
/L(Tb):lizzL[3 201 T*)m] (2.2.422)
M~ 3+201- T,)
buradal, 0o basén-taki Kraiymdimran enmik®, aissEena&d o g fjn@ séeécakl ej e
sécakl éjéené temsil et mektedir. Bu metod kaynama no
Gaz ésé siayeétsiem :KaGhung met odu
/Mi_3.75¢ (2.2.423)
hC C /R
Mi: mol ek¢l er ajérl ek , g/ mol
h d¢kek basén-daki gaz vVvizkositesi
Y =1+a{[0.215+0.2828& - 1.061b +0.2666Z]/
[0.6366+ bZ +1.061a 4}
a=(C,/R)- 3/2 D¢kek Basén- :Qhammgmetddz ko zi t esi
b=0.7862- 0.7109+1.3168/
Z=20+105T7
1/2
/7=40.785%
VW,
h :viskozitenp (2.2.424)
M :molekilerp é r,d/rack
V, : kritikhacm
W, =[A(T")"*] +Clexp(- DT")] + E[exp(- FT')]
T (24)

T =1.2593
TC

A=1.16145 B=0.14874 C=0.52487 D=0.77320 E=2.16178 F=2.43787
F=1- 0.2756v+0.05903%] + k



(kdej eri az sayéeéda madde i -in bilinmektedir. Ve
arasénda dejikmektedir.)
m
=1313—
S VAR EE
m: dipol moment , debyes
Séveée Vizkositesi armebduzezdzi ecki ve Sridh
po=— o (2.2.425)
E(V'Vo)
h 'sévé vizkositesi , cCP centi Poi se
V : molar hacim criimol
E=-112+ Ve V, =0.008W1T, - 2.02+ Vi T,
1294+0.10M - 0.23P, +0.0424, - 115§, /T,) 0.344T, /T,) +0.894
donma noktaseée K

weksentri k fakt®or g
Vm: T, de séveée molar hacmi

Bu denklemde/,, dej er i ni bul mak her zaman m¢mkg¢ n -Yamatda ma k t
metodunu kullanmak uygunfloma k't adér . Bu me&tdoe] eda nldielni Tyawek eolarré k a r

hacim dejeri saptanabilir.

= (M) e
vcr)_f(TR)v

f(T) = Hl(l' M’Hz)
H, =0.33593 0.33953 +1.5194T°- 2.02512°+1.11421"

H,=0.29607 0.09043 - 0.0484T°V® ol ar ak kuilmiazmnabyi ebeéfr yakl ake
referans bir hacMvdne]jdeajierii rie skawll laamaekr adkoj ru sonu-1 a

Y¢zey gerilim Katsayéseé:
s = P¥*T¥3(0.132a, - 0.279)1- T,)"° (2.2.426)

& T, In(P./1.013252

a.=0.907¢l+

%L 1_Tbr H
d: ye¢zey gerilim katsayésé , dyn/cm
Te:indirgenmi k kaynama sécakl éjeée , K

Hal | denkl emi ni pr o beekesterjavd €] é méz t e mel séneéef

¥r nek Pleekbsledentbjava
¥rnek prohde€ems méezdeenk!|l emini kull anarak genel sék



Compressibility chart(Lee-Kesler Equation of State)
1.340

1.229
1.118
o e
B 1 | Tr=20 — /
5o e —
¢ S S e
) ~— =16 L
N 0.7848 — I
\ ~— [ Tr15] _—
Tr=14_| -
0.6738
\ Tr=13 7
e
0.5627 '
i Tr=1.2 /
0.4517 )l AR
\ \Tr:1 1
A
0.3407 \
N
Tr=1.0
0.2297 |
0.01000 1.009 2.008 3.007 4.006 5.005 6.004 7.003 8.002 9.001 10.00
Pr=P/Pc

L340 Compressibility chart(Lee-Kesler Equation of State)

1.229

1.118

1007 - — 135 ——
S 1 Tr=2.5 ]
; 0.8958 ~—t—1—— | 7 [m=20
& T [Tr18] R PSS R
N 0.7848 [Tl

\ Tr=1.5
0.6738 Tr=1.4 /ﬁ

\\

0.5627 — S—
=1.
\ \ S
04517 \ |
RS —

0.3407 Tr=1.05

S~
0.2297 1r=1.0

0.01000 0.5090 1.008 1.507 2.006 2.505 3.004 3.503 4.002 4.501 5.000
Pr=P/Pc

2255S0J UTKISQ 1784:2005(EHEL MHOLTZ HAL DENKLEMK

Ulusl ar arasé standartlar enstite¢gse (1 SO) sojutka

form¢gll er ol masé nedeniyle ve bu ©°zelliklerdeki d
aarak standart hal denkl emleri yayénlamék ve m¢mk,
Standartta da belirtildifji gibi bu bitmemik bir p
° nemi nedeniyle biramax!|taefrmodiohnamialk® A&l Isiof lue ki ni
denkl emler bir standart ol arak yayeénlanmékteéer. St
R744(Karbondiaksit),

R717(Amonyak),R12(diklorodiflorometan),R22(klorodiflorometan),R32(Diflortang R123(2,2
dikloro,1,1,1trifloroetan),
R125(Pentafloroetan),R134a(1,1,1,2tetrafloroethan),R143a(1,1,1,trifloroetan),R152a(1,1 difloroetar),R404A
R125/142a/134a(23/25/52),R40-R32/125/134a(23/25/52),R416R32/125(50/50),r50 761 25/143A(50/50)

Standart e me | hal denkl e mi ol arak Hel mholts serbest er
sojutkanlar i-in :

A
f :ﬁ:fid +fr (225‘1)

Denkl emdeki Aido alt indisi i deal gaz fAro alt ind



f, =& N/t ™ expl- a,(d- 6)"|exdl- ,(t-g)™] (@252
k

Buradaki
t Boyutsuz sécalll ek parametresi T
T Normali zasyon fakt°r¢ genellikle |
d Boyutsuzrydfwnl uk
r’ Nor mali zasyon fakt°rg¢ genellikle |
Ny Sayésal ejanisawyyduwamrma Kk
aw,by,en0k EJ ri uydurmal arl a ©°zel sojutkan i -
tie, O, i, M Ejri wuydurmalarla °zel sojutkan i -
Denklemin ideal gaz terimi :
17.C
P Se o, a.f\)—O+— dT- =~ fy p"‘olT (2.2.53)
id RT R npld n
gref+ Tref
Bu denklemdeki
h. : ideal gaz referans entalpisi ()
Sref i deal gaz referans entropi si (Genellikle 0 C d
hesgenel |l i kle 0 C de doymuk séveé entalpisi ol arak 2
entalpisi¢ arak 1 kJ/ kg K olarak se-ilir. Ancak deji«kik
verme kKarteéeyla se-ilebilir. Denkl em aynéeézamanda i
gerektirmektedir. Bu ésée kapasitesi
2
+ackT‘k+aakLp(uk)2 (2.2.54)
[expw,) - 1]
Buradaki
uk:&,ck,a(vet(sojutkana ejri uydurma ile elde edilen ka
Bazé denklemler i-in ideal gaz ek Hel mholtz serbe
fo=d +dt +Ind+d;Int +3 d % + 3 a Infl- exp(-£ /)] (2.31-5)
k k
Buradad, d ,ds, k| tkkat say el ar deéls) Behkin@@53d)2 nEn eanynés,eder .
fonksiyonunu
* 2
U, exp(u, )
adt(t 1) 8+aak— (2.2.56)
3 KR
Bazé solutkanlar i -in Helmholtz serbest enerj.i de
A
f :ﬁ:fid +fr +fcrit (225’13.)
f o aN DY (2.2.57)
Burada
D=¢?+B, [(a’- 1)2]a* (2.2.58)
1(2b
g=(1- z‘)+Ak[(a’- 1)2]1 Y (2.2.59)
Y =exd- C,(d- 1?- D, (¢ - 1?| (2.2510)
Denklemdeki N, Ay, By, G, Dy, ax, byt er i ml erii- isnojeujtrkianuydur ma teri mler
Alternatif olarak BenedieWebbRu b i n denk | e mi Ha l denkl emi ol arak v
serbest enerji hal denkl emine d°n¢kt eéegreéelebilir.

9 15
P=8 ar“+expt-r’iri)a ar™" 2s11)

k=1 k=10



Denklemdepgk at say él ardéri | Pahdef mbhbel ts
apA g

P=- 0 (21.50
ng+T(")

f A0 _ AP &

RT e
serbest enerji denkl emi ylInklembdlde ¢diirkt e kul |l anél ar ak
Sojutkan Hel mholts serbest enerji denkl emi el de e
czelli kler te¢gretilir.
o f~
P=RTr&+a"cg (2.2.513)
¢ M=
f, f G
u= RTgéu'dﬂ‘urO(zles)
¢ W v
: f
h=RT%+l‘ £ +t W, r g™ r8 (2.2.514)
C s W ua =
a g 0
s=Ree (fy +f,)+t 'd+l‘uf8(22515)
C e W+
QZRT?+f.d+fr+0'u—0(22516)
a ,ur Wwr,
C,=Rg 1?4 -t* 28(22517>
¢ W
3 2
%+a’“’;’— ?u[f;,o
C,=C,+RE& x ek 2.2.518
uf 2 WF, (2.2.518)
1+2d~—"+d"——
uad uad
Doyma b°lgesi denkl emleri hal denkl emi nden
P(t,d; )= P(t,d,,,) (2.2.519)
9t e d7 9(t.0,)  (22520)
Denkl eml er i kull anarak da el de edilebil r. st beo
ederek kullandéjémézé burada hateérl at al m.
Ej er sojutkanéeméz saf bir akékkan defj il em akeéeck
termodinami k °zelliklerini karékeméen i-indeki saf
gerekir.
A
f.o=—=Ff +f.... (2.2.521)

mix mix,id mix,r
RT

ser best

enerji

-r c_ﬂV (2.2.512) olarak ifade edilebilir. Bu denklem ideal gaz Helmholts



i :é?l [Xfi,id X Inx]+ f,+f,/T (2.2.522)
i=1

X N.
| i inci kompoxent+n mol orané
an,
i=1
xiinx;  Entrop i teriminden gelen karékém teri mi
favefht er i ml er i karékem ental pisi ve entropisinin sa
formunda) ental pi dejerini 200 kJ/ kg , Ger-ek gaz
n n-1 n
foe =@ %, ta A )ijfij (2.2.523)
i=1 i=1 j=i+l
.t Lomrn
T =axl ta a %Xz (2.2.524)
i=1 i=1 j=i+l
/.
a=-" (2.2.525)
r
1 _ 0 x  nte
=ad —-ta a XXX (2.2.526)
r izl i=mj=ia
Denklenterdekixij e zjji Kk i gazén birlikte ol maséndan dol ayé mol
kat sayévears;adr .sével aréen katsayél ar é ol ffonkgyeruel | i k|
akajédaki «kekil de hesapl aner
f, =F; & Na*t" exp(- ) (2.2.527)
k

Saf gaz katsayél aréna °rnek de] Eabld22i5] veTado22k2dR7 4 4
veril miktir

Tablo2.251 R744(karbondioksit) katsayél ar é

k| a by Ck
0|d ) 35
1 1.99427042 95849956/
2 0.621052475 1858.80115 &
3 0.41195292§ 2061.10114 o
4 1.04028927 3443.89909 &
5 0.083276775 8238.20035 &

Tablo2252 R744(karbondioksit) katsayél ar é

k Nk ty dk e | ax | me| by o &
1 3.8856823203201 0 1 0 0f.
2 2.938547594270E+0, 0.75 1 0 0f.
3 5.586718853490E+0 1 1 0 0f.
4 7.67531995925081 2 1 0 0.
5 3.17290055804081 0.75 2 0 0.
6 5.480331589780B1 2 2 0 0.
7 1.22794112203081 0.75 3 0 0.
8 2.165896154320E+0| 1.5 1 1 1.
9 1.584173510970E+0 1.5 2 1 1.

10 2.31327054055081 2.5 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 2.42757398435082 0 6 1 1.
15 6.2494790501702 1 6 1 1.




16 1.21758602252081 2 6 1 1

17 3.70556852701081 3 1 2 1

18 1.67758797004082 6 1 2 1

19 1.19607366380081 3 4 2 1

20 4.56193625088082 6 4 2 1

21 3.561278927030B2 8 4 2 1

22 7.44277271321083 6 7 2 1

23 1.73957049024083 0 8 2 1

24 2.18101212895082 7 2 3 1

25 2.43321665592082 12 3 3 1

26 3.74401334235082 16 3 3 1

27 1.43387157569081 22 5 4 1

28 1.34919690833081 24 5 4 1

29 2.315122505350802 16 6 4 1

30 1.23631254929082 24 7 4 1

31 2.105832197290B3 8 8 4 1

32 3.39585190264084 2 10 4 1

33 5.59936517716083 28 4 5 1

34 3.033511805560B84 14 8 6 1.

35 2.136548868830E+0 1 2 2| 25 2| 325| 1.16 1

36 2.664156914930E+0 0 2 2| 25| 2| 300| 1.19 1

37 2.402721220460E+0 1 2 2| 25| 2| 300| 1.19 1

38 2.834160342400E+0 3 3 2| 15| 2| 275| 1.25 1

39 2.124728440020E+0 3 3 2| 20| 2| 275| 1.22 1
Tablo 2.2.53 R744(karbondioksitkr i t i kab%hgel ar &

k Ny & [o% be | Ac | Be| Gk | Dk

40 6.66422765408081 3.5| 0.875| 0.3] 0.7] 0.3 10| 275

41 7.26086323499081 3.5| 0.925| 0.3] 0.7]| 0.3 10| 275

42 5.50686686128002 3| 0.875| 0.3| 0.7| 1| 12.5| 275
R744 Normalizasyon fakt°rl eri

T* =304.128 2 Ky * =10.6249063 mol/IM =44.0098 g/molR=8 . 31451 J/ ( mol LK)
R744 Referans parametreleri

Tref=273.15 K,pref =1.0 kPahref =21389.328 J/mokref=1 55 . 74 1 4f1bB805HH B5. K) ,
f2 =1555.79710

Bu hal denklemini hesaplayan program guruledriger ant.java reflSO17584java

Gr af i k :refTablgjava ¢

|£ THERMODYMAMIC PROPERTIES OF REFRIGERANTS - O b4
unit Sl hd
Refrigerant name R134a * |[R134a
selectknown refrigerant pair : |tx w |ix
Temperature 0 degree C
Degree of saturation 1 kg vapor’kg mixture

Dr. Turhan Coban,

Ege University, School of Engineering
Mechanical Engineering Dept.
www.turhancoban.com

refrigerant name 1,1,1,2-tetrafluoroethane CF...

P, pressure 292.80000000000007 kPa

T, temperature 0.0 degree C

v, specific volume 0.06931 m*3/kg

h, enthalpy 398.6000000000001 KJ/kg

u, internal energy 378.3060320000001 KJ/kg

s, entropy 1.7271 KJ/kg

X, quality 1.0 kg vapor/kg total phase
density 14.427932477 276007 kg/m*3
phase saturated vapor




2.26lAPWS-IF97SU BUHARI HAL DENKLEMK

Su buharé en -o0ok kullandéejéméz séveélardan bi
raaya gelerek wuzun sg¢reli i %kE4igml mektial éxkin@bad
denkl emler 5 ayreé denklem gurubundan ol ukmakt
A
100 |-
® {PB;J(T)
'I:(,;,T)i Ta2a(P)
—_ 75 /4 v, (p,h) G
] 3 /
= . @ Lp.h) @
E g,(p. T)] w.s)y! [0200.T)
g 50 - T, (p.h) h(p,s) T, (p.h) s
v T (p.s) Ps(h.s) T, (p.s)
3 5 (. T)
i ;/ FATXE
T.(h.s) }‘i\[p’(r)
/U\w)
o 1t
1 1 1 1 L IJ[) 1 >
273.15 47315 673.15 873.15 1073.15 2273.15

Siwcakhk T [K]
keki llBa.hZza.r6 . hal denkl e mi bel gel er i

Temel ol arak séveée Db°lgesini kapsdydaar il k denk
34

% =9(p.t) =G n(71- p)" (¢ - 1223” (2.2.61)
i=1

Buradap=p/p ¢=T /Tp~16.62 MPa and ‘E1386 K R=0461526 kJ/(kgK)
Tablo 2.2.61denklem?2.6.1k at say él ar é

i l; N n; i li J n;

1 0 -2 0.14632971213167 | 18 2 3 -4.414184533186
2 0 -1 -0.84548187169114 | 19 2 17 | -7.2694996298H.6
3 0 0 -3.75636036720400 | 20 3 -4 | -3.1679644845B5
4 0 1 3.38551691683850 | 21 3 0 -2.827079798586
5 0 2 -0.95791963387872 | 22 3 6 -8.52051281208.0
6 0 3 0.15772038513228 | 23 4 5 | -2.2425281908806
7 0 4 -0.01661641719950 | 24 4 2 | -6.517122289687
8 0 5 0.00081214629984 | 25 4 10 | -1.4341729938H3
9 1 -9 0.00028319080124 | 26 5 -8 | -4.051699686087
10 1 -7 -0.00060706301566 | 27 8 -11 | -1.273430174289
11 1 -1 -0.01899006821842 | 28 8 -6 | -1.742487123180
12 1 0 -0.03252974877051 | 29 21 | 29 | -6.8762131296H9
13 1 1 -0.02184171717541 | 30 23 | -31 | 1.4478307829R20
14 1 3 -0.00005283835797 | 31 29 | -38 | 2.6335781663R3
15 2 -3 -0.00047184321073 | 32 30 | -39 | -1.194762264023
16 2 0 -0.00030001780793 | 33 31 | -40 | 1.822809458E-24
17 2 1 0.00004766139391 | 34 32 | -41 | -9.3537087292E6

Ter modi nami °zelli kler akajédaki denklemlerden hesapl

¥zgel tv %8 (2.2.62)

¥ z gentalpi h=g- T%S (2.2.63)
¢

P



¥7zgicl eu=g- Ta;go-pa §(2264)
(;P- P CHY =

¥ z gentropi S= aé'l—o (2.2.65)

¥geslabit baséCp:%ﬁg(ZQQﬁ) éseé
GHT =
¥zgsgdbit haci:CV=a u8(@2,6|7) ésé
QHT_V
Buhar Db°l gesi i -in olan i kinci denklem akajéd

% =g(p.t) =P (P.t)+d (p.1)(2.2.68)

Buradap =p/p =T /T R=0461526 kJ/(kgK)g’(p,t)hal denkl emi nin idea
gpt)hal denkleminin ideal gazla fark denkemidi

g (p.t)=Inp +§ n’t* (2.2.69)

i=1
Burada p =1MPave T =540 K
Tablo 2.2.61 denklem2.2.69k at say él ar é

i J n? i J n?

1 0 -9.692768650E+00 6 2 1.4240819171E+00
2 1 1.008665597E+01 7 1 -4.3839511319E+00
3 -5 -5.608791128B3 8 2 -2.8408632461801

4 -4 7.145273808©02 9 3 2.1268463753B2

5 -3 -4.07104982280)1

Far k denklemi (ideal gr(pT)akpgreadlkgagi drnasandaki f
g p,t)= anp '(t- 05)" (2.2.610)

Where p—1|v|Pa and =540 K
Tablo 2.2.63denklem 2.2.d0k at say él ar é

i I J n i l J ]

1 1 0 7 0 -5.9059564324270#8
2 1 1 -1.783486229235882 24 7 11 -1.2621808899101-86
3 1 2 -4.599601369636582 25 7 25 -3.89468424357398H2
4 1 3 -5.758125908343282 26 8 8 1.1256211360459#1
5 1 6 -5.032527872793082 27 8 36 -8.2311340897998E+00
6 2 1 -3.303264167020385 28 9 13 1.9809712802088H8
7 2 2 -1.894898751631584 29 10 4 1.04069652101748#9
8 2 4 -3.939277724335583 30 10 10 -1.023474709592983
9 2 7 -4.379729565057382 31 10 14 -1.0018179379511-H9
10 2 36 -2.66745479140878B5 32 16 29 -8.088290864698511
11 3 0 2.0481737692309B88 33 16 50 1.0693031879409H1
12 3 1 4.387066728443587 34 18 57 -3.366225057417181
13 3 3 -3.22776772385708B5 35 20 20 8.9185845355421E5
14 3 6 -1.503392454214883 36 20 35 3.0629316876232K3




15 3 35 -4.066825362649E02 37 20 48 -4.2002467698208H6
16 4 1 -7.884730955936 HE0 38 21 21 -5.9056029685639E6
17 4 2 1.279071785228588 39 22 53 3.78269476134578H6
18 4 3 4.822537271850787 40 23 39 -1.2768608934681E5
19 5 7 2.292207633766186 41 24 26 7.308761059506129
20 6 3 -1.6714766451061-H1 42 24 40 5.54147153507 7887
21 6 16 -2.117147232135583 43 24 58 -9.436970724121087
22 6 35 -2.3895741934104E+01
3 nol wHelbhbltsgeer best enerji: formunda veril
f(7.T) =f(d,t)=nIn a’+é'(_) nd"t” (2.2.611)
RT i=2
Buradad=r/r" t=T /T, T=T=647.096ve R=0461526 kJ/(kgK)
Tablo 2.2.64denklem 2,281k at say él ar €&
i I J n; i I J n;
1 |0 0 | 1.065807002851E+00 21 3 4 -2.0189915023570E+00
2 |o 0 | -1.573284529024E+01 22 3 16 | -8.214763717396383
3 |o 1 | 2.094439697431E+01 23 3 26 | -4.7596035734923H1
4 |0 2 | -7.686770787872E+00 24 4 0 4.398407447350082
5 |0 7 | 2.618594778795E+00 25 4 -4.447643542873981
6 |0 10 | -2.808078114862E+00 26 4 9.057207071973361
7 |o 12 | 1.205336969652E+00 27 4 26 | 7.0522450087967H1
8 |0 23 | -8.45668128125083 28 5 1.077051262633281
9 |1 -1.265431547771E+00 29 5 -3.291362325895481
10 |1 -1.152440780668E+00 30 5 26 | -5.0871062041158A1
11 |1 15 | 8.85210439843281 31 6 -2.21754@873096ED2
12 |1 17 | -6.42077651816181 32 6 9.426075166509282
13 |2 3.84934601866781 33 6 26 | 1.6436278447961H1
14 | 2 -8.52147088242181 34 7 2 -1.350337224134882
15 | 2 4.897228154188E+00 35 8 26 | -1.483434535247282
16 |2 -3.05026172587E+00 36 9 2 5.792295362808484
17 | 2 22 | 3.94205368791582 37 9 26 | 3.2308904703711H3
18 |2 26 | 1.25584084243181 38 10 8.096480299621505
19 |3 -2.79993296987181 39 10 -1.655767979503784
20 |3 1.389979956946E+00 40 11 26 | -4.492389906181585
Bu denklemin yojunluk ve sécakl é&jén fonksiyonu
serbest enerji denkl emi kul anél mexkt eéer

Bas:p= rz%g (2.2.612)
CH =

¥ 7 gentalpi h=f - T 8 +r%§ (2.2.613)
(; 0

GHT +

=

é ~
¥ 7z gi¢gdnerif u=f - TeéJig (2.2.614)

P

mi

Ktir

ol

ar ak



¥ 7 geptrop: s= &1 8 (22615)
cHT =

r

sabit baséCp:aaéJﬂg(Z.@.QlB) éseé
GHT =

o uN
sabit haci:C\,Zgl—g(@.%Gll?)ésé
CHT =
4 numaral & b°lge doymaée?tzellemel edenk|l eaamné&mkramaki nom fo
b*J?+nb*J+nb’ +nb F+nb Anb+nJ>+nJ+n, =0 (2.2.618)
Burada

b=(p,/pf* (22619

J :li+ h (2.2.620)
T T./T J- n,

Bu denkl emden doyma basén denkI| emi ve doyma s

R_¢ 2€ f‘51(22621)
P& B+(B*-4A0)°f

Where p=1 MPa

A=J%+nJ+n,

B=nJ’+nJ+n

C=nJ’+nJ+n,

Tablo 2.2.66denklem 2.2.21k at say el ar é

i n i n;
1 1.1670521453E+03 6 1.4915108614E+01
2 -7.2421316703ED 7 -4.8232657362E+03
3 -1.7073846940E+01 8 4.0511340542E+05
4 1.2020824702E+04 9 -2.385555756801
5 -3.2325550322E+06 10 6.5017534845E+02

Doyma sécakl ek denkl emi:

0.5

T, _ny+D- |(n+ DY - 4n, +n,D)]

p (2.2.622)
T 2
BuradaT =1 K
2G
D= 2 0.5
- F- (F2- 4EG)
— 2
E=b"+nb+n,
F=nb*+nb+n,
G=n,b*+nb+n,
Ve son b°lge (b°lge 5) Gibbs serbest enerjisi cinsinde
T
9(BT) _ 5p,1) = P (p, )+ (0,) (2.2.623)

RT
Buradap =P/ P ¢ =T /T R=0461526 kd/(kgk)g'(0.{)hal denkl eminin ide

ved(p,f)hal denkl emi ni i deal gazl ddgeaelr -g&azgaeekl
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Fp.r)=Inp+A Wt’ (2.2.624)
i=1

Buradap =1MPave T =1000 K
Tablo 2.2.66derklem 2.2.624k at say él ar é

i P n® i I n’

1 0 -13.1799836742 4 -2 0.3690153498
2 1 6.8540841634 5 1 -3.1161318214
3 -3 -0.0248051489 6 2 -0.3296162654

Ger-ek gazla fark denkl emi
43

gp.t)=anp"t’ (2.2.625)
i=1

Tablo 2.2.6/ denklem 2.2.25k at say él ar &

i li J n; i I J ni

1 1 1 1.5736404855€3 4 2 3 2.244003740986
2 1 2 9.0153761674B4 5 2 9 -4.116327545306
3 1 3 -5.0270077678©3 6 3 7 3.7919454823B8

Termodinamik Referans [29] da bu hal denklemi ile ilgili daha fazla drikapilirsiniz.
ProgramsteamlAPWS_IF97.java

Kull anéceée gr a:fsteanTablelOy.java¢ ( GUI )

ke RR262Kul | anécé arayyg¢zyg

=/ Properties of water and steam IAPWS Industrial formulation 1997 — O

Pmnerties of water and steam

International Association for the Properties of Water and Steam (IAPWS)
Industrial formulation 1997

Dr. M. Turhan Coban,

Ege University, School of Engineering, Mechanical Eng. Dept., lzmir, Turkey
email : turhan.cobani@turhancoban.ir

web :www.turhancoban.com

Reference: International Steam Tables, Wagner, Hans. im Kretz
ISBN 978-3-540-21419-9, Springer 2008

27315 K <=T<=1073.15K && 0<P <=100MPa

107315 K <=T <=2273.15 K && 0< p <= 50 MPa

select known property pair : [t | - |tx
Temperature 373.15 degree K
Quality 1.0 kg vapor’kg mix.
ref no Fropety value Units
n P, pressure 101.417977921309... |KPA
1 T, temperature 373.15 deg K
2 , Specific volume 1.67 186060109403... | kg
3 h, enthal 2675.572020220834 |KJkg
4 u, internal energy 2506.015307691571 |K.Jkg
5 s, entropy 7.354077 KJiky
6 i, guality 1.0 kg vapkg mix
7 phase saturated vapor

23G! ¢ ¢ EVRKML ERK

2.3.1 CARNOT ¢EVRKMK
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Carnot eabgvir-i mievirdi mi kar kél akt é&r ma --eeVv i immiveirrn .mi M4 n

Prati k ol arak ger-eklektiril mesi m¢ mk¢n ol mayan b
tanéméné bir isentropik t¢grbin, bir isentropik ko
ol uktrim.r¢caeebviri m hesabénda Kullanéel an denkl eml er

Carnot cycle is an ideal cycle and it is important as a reference cycle to give maximum possible cycle
efficincy. It consists of two isothermal and two isentropic processes. If a carnot cycle constructiedlay u
boiler (evaporator), an isentropic turbine, a condenser and an isentropic compressor, The cycle can be
calculated by the followingenklems:

@ E GQ Q i i (2311)
0 i a0 Q  aYi i (2.3.14)
0 ,h aQ Q a’i i a’vi i (2312
6 i a0 Q i i (2.313)
0 A 4Q Q  ayi i (2.314)
| E
h, - P (2.3.1.5)
Bu analiz i-in bir bi rcarbdtTljaga®sranyaakotTtesbjale | i gel i kKt ir
---------- Capture Output---------
> "D:\co\javabin\java.exe" carnotTtest
buhar carno -evri mi
-evr i m v eTe/Tldénkleninder=10.28317693446603853
-evrim veri mi = 0.2831638606045065
ésé enerjisi kullaném orané = 0.7168361393954935
toplam ésé ve g¢-= 1.0
Turbine 9¢- -ékteseé = 37.88893298727455 kW
Net g¢- -ékteéeseé = 29.845315108439692 kW
buharlearketrKJr|ecg:=ir|K| = 105.39944979110344 kW
yajukturucu enerji -ékeéexe = 75.55413468266374 kW
hl t¢rbin girik = 2784.3595270531996 kJ/ kg
Tl te¢rbin girik = 275.63906015583365 derece C
P1 t¢rbin girik = 60.0 bar
sl t¢rbin girik = 5.889173388924466 kJ/ kgk
x1 t¢rbin girik = 0.0 kgvapor/kgtotal
T2 t¢rbin -ékék = 120.23465643240623 derece C
P2 te¢rbin -éekék = 60.0 bar
s2 t¢rbin -ékék = 5.889173388924466 kJ/ kgkK
X2 t¢rbin -éekék = 0.0 kgvapor/kgtotal
h3 yojukturucu -ékecx 1093.4695483994099 kJ/ kg
T3 yorjuuckut u- ek ek = 120.23465643240623 derece C
P3 yojukturucu -éeékéek = 60.0 bar
s3 yojukturucu -ékék = 3.0266765970468574 kJ/ kgk
x3 yojukturucu -ékék = 0.26738395736584747 kgvapor/ kgtota
h4 kompres°r -ékéek = 1213.3611657789218 kJ/ kg
T4 kompr e s7™.63906@ k583865 derece2C
s4 kompres©°r -ékecxk = 3.0266765970468574 kJ/ kgKk
X4 kompres®°r -ékeéx = 0.0 kgvapor/kgtotal




Ideal Carnot buhar ¢evrimi
374.0
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2992
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s entropi kJIkgK

Carnot -evrimini -evrim sévésé olarak hava kull an
ol ar ak i z otiesremmatlr otp¢g rkb itng r bi n, i zoter mal kompres©or
Mi ni mum ve maksi mum sécakl éklarén ve minimum ve m
durumda:

nyY Q 0 "YQv
i YO i —— QY Yo &— i Y Ya&s—
Y B} 0
Ksentropik proses i -in
i Y i ° "Y’Q"Y
i i
o
Ksentropi k prosesteki indirgenmi kK baseén-
- ,Q“i Yoy
It
0 W v
0
0



Tzotermal Isentropil
|

Tzatermal Isentropik >
I.'EDIIIPI'ESEI' knmpresfjr

tiirhin Tiirhin W

4
Pa TA
Hin ,
| Izotermal Qi
Izotermal . | firbin y)
tiirhin /7] S— -+ »— :
2 |k
B g e
, ) 2 oA + :.E
Isentropik 2 . El E* 22
kompresir Isentropik v 2 A B
tiirbin - =
: 'Jf.- _____ P — —_—— &
> 4 3
Qo Za ot Tzotermal
Izotermal N ¢ 3 kumpresﬁr
kompresir
v 5
¥rnek -evrim programeé: carnot hava.Java carnot
---------- Capture Output---------
> "D:\cdjavabin\java.exe" carnot_hava_test
hava Carnot -evri mi
-evr i m v eTtow/finigh denklamsintien= 0.727
-evrim veri mi = 0.7270000000000001
Net g - -ektese = 261.071867240094 kW
ésé giriki = 359.10848313630527 kW
hl izotermal tgrhdDA6gHU75573107103 kJ/ kg
Tl izotermal tg¢grbin giriKki = 1000.0 degree C
P1 izotermal t¢rbin giriki = 400.0 bar
sl izotermal tg¢rbin giriki = 6.253537882493362 kJ/ kgKk
vl izotermal tg¢grbin giriki = 0.007176532462219846 m"3/ kd
h2 izotiemmaékégéb = 1405.5840562434082 kJ/ kg
T2 izoter mal t¢rbin -ekéeké = 1000.0 degree C
P2 izoter mal t¢rbin -ékéké = 114.48713850529137 bar
s2 izoter mal té¢rbin éekéké = 6.612646365629667 kJ/ kgKk
v2 izoter mal t¢rbin -ékéeké = 0.02507367222524532 m~3/ kg
h3zot er mal kompres®r giricki = 273.3493071360764 kJ/ kg
T3 izoter mal kompres©°r giricki = 273.0 degree C
P3 izotermal kompres®r giric i = 1.0 bar
s3 izoter mal kompres®r giri«ki = 6.612646365629667 kJ/ kgk
v3 izoter mal kompres®r mg3ikkg i Ki = 0.7836773448744072
h4 i zoter mal kompres®°r -ékéeké = 175.31269123986507 kJ/ kg
T4 izotermal kompres©°r -ékeéeckeée = 273.0 degree C
P4 izoter mal kompres®°r -ékéké = 3.4938422360998462 bar
s 4 izoter mal kompres©°r -ékeéeke = 6.253537882493362 kJ/ kg
X 4 i zotermakekempre9?°9R2430244181523812 m"3/ kg




ideal Carnot hava gevrimi
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ideal Carnot hava gevrimi p-v diagrami
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2.3.2 STANDART HAVALIBRAYTON -ERI CSON ( GAZ T, RBKNK) ¢EVRKMK

Yalat T

yanma
odast

Tiirbin Kompresir —p
Net is
. cikist
HI’a {1!1\:in
gazlar s
Gaz t¢rbrmantion vegyaa BEri csson -evrimi) -evriminde te
sekektéerelér, dahdasgakél bnr ypdermbhaodastel ér (sab
bir gaz t¢rbininden ge-irilerek genlexktirilerek i
-evrimimizde yanma gazlaré yeaioeéasamaeneinndadam ék:
n

(o]

éséetéel dej e varsayacajéz.
Hava (ideal :gaz) i-in proses



chompressor: m(hz - h_L) (2.3.21)
Wsentropiccompressor: rn(th - hl) S$=S (2322

h _ Vvisentropiccompressor

isentropiccompressor W (2.3.23)

compressor

Qcombustioru:hamber: m(hs - hz) I:)2 = F?% (2.3.24)
Worine =M(h; - hy) — 23.25)
Wsentropicturbine = rr(hs - h45) S; = Sy P4 = Pl (2.3.26)
h — VVturbine

isentropicturbine — W (2.3.27)

Isentropicturbine

/7 _ Vvturbine - chompressor

cycle — (2.3.28)

Qcombustiorchamber

Program kodubrayton.java braytontest.java

---------- Capture Output---------

> "C:\javabin\javaw.exe" braytontest

Brayton cycle

Turbine power output W turbine = 748.794597011468 kW

Compressor power input W kompresor = 370.0831017123K866

Net power output Wnet = 378.71149529912134 kW

Combustion chamber heat input Q combustion = 965.7618454299507 kW
Evailable exhaust heat energy Q exhaust available = 587.0503501308293 kW
Cycle efficiency eta =0.392137561751077

Heat utilisationefficiecy et a ésé = 0.607862438248923
Total heat energy utilisation efficiency = 1.0

Compressor inlet temperature = 26.850000000000023 degree C

Compressor inlet pressure = 1.1 bar

Combustion chamber inlet temperature = 386.6815012229864 degree C
Combustion chaber inlet pressure = 15.0 bar

Turbine inlet temperature = 1226.85 degree C

Turbine inlet pressure =15.0 bar

Turbine exit temperature = 586.4004575651818 degree C

Turbine exit pressure = 1.1 bar




Braylon air cycle 3
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on 1sitict

e kompres®°r iikKi azaltélab

AW~

te

\

@__

kompres}t——‘

| ———

Wipi e Ei
V\/Iowpressure:ompressor: IT‘(hZ - n) (2.3.29)
V\4ow pressurisentropiocompressor: rr(th - hl) SZS = S_L (2.3.210)

Vvhigh pressure:ompressor: rr(h4 - ha) (2.3.211)

‘ Yanma odaﬂh

®

Yanma odasi

Vvhigh pressurésentropiocompressor: rr(h4s - hs) S4s = 53 (2.3.212)
h _ VVisentropiccompressor
isentropiccompressor W (2.3.213)
compressor

Qntercooler = rn(hz - h;!,) (2.3.214)
Qregeneratm = rn(hs - h4) = rn(hg - I’.Ho) (2.3.215)



Qfrst combustorchamber = M(Ne = 1) R=FR=F 3216
Wiigh pressurewurbine = M(He - 1) (2.3.217)

Wsentropichigh pressureturbine — m(h, - h,) (2.3.218)

Qsemnd combustiorchamber = MM = 17) P =K (23219
W pressurewrbine = MMy - 1y)  (2.3.220)

Weentropiciow pressuretursine = MMy - Ny)  (2.3.221)

/7 — VVturbine
isentropicturbine W (2.3.222)
isentropicturbine
h _ Vvturbine - chompressor
cycle — Q (2.3.223)
combustiorthamber

Program ismibrayton.java ve braytontest2.java

---------- Capture Output---------

> "C:\javabin\javaw.exe" braytontest2

Brayton cycle

low pressure turbine power output W turbine = 375.24947680294235 kW

high pressure turbine power output W turbine = 434.501864954904 kW

turbine power output W turbine = 809.7513417578464 kW

low pressure compressor poveeitput W turbine = 151.43844484359033 kW

high pressure compressor power output W turbine = 151.43844486530872 kW

compressor power input W turbine = 302.87688970889906 kW

Net power output Wnet = 506.8744520489473 kW

Combustion chamber heat input Q carstion = 912.7466282118385 kW

Cycle efficiency eta =0.555328758696118

Equivalent temperature carnot cycle efficiency eta = 0.8

Regenerator heat transfer =646.9093508680925 kW

Termodynamic states :

P[1] = 1.1bar T[1] = 26.850000000000023 degree G H[398.40865520622174 kJ/kg s[1] =
2.0742421489242178 kJ/kgK

P[2] = 4.062019202bar T[2] = 176.63993033451072 degree C h[2] = 549.8471000498121 kJ/kg s[2]
2.108519067172819 kJ/kgK

P[3] = 4.062019202bar T[3] = 26.850000000000023 degree C h[3] = 398.408E5A. 74 kJ/kg s[3] =
1.6992338773829843 kJ/kgK

P[4] = 15.0bar T[4] = 176.6399303557949 degree C h[4] = 549.8471000715305 kJ/kg s[4] =
1.733510795634942 kJ/kgK

P[5] = 15.0bar T[5] = 772.5581878590725 degree C h[5] = 1196.756450939623 kJ/kg s[5] =
2.641466845343124 kJ/kgK

P[6] = 15.0bar T[6] = 1026.85 degree C h[6] = 1494.2417319275119 kJ/kg s[6] = 2.89595651461587
kJ/kgK

P[7] = 4.062019202bar T[7] = 704.5312527586585 degree C h[7] = 1118.9922551245695 kJ/kg s[7]
2.939585733581961 kJ/kgK

P[8] = 4.062019Q2bar T[8] = 1226.85 degree C h[8] = 1734.253602348519 kJ/kg s[8] =
3.442655685264856 kJ/kgK

P[9] = 1.1bar T[9] = 861.6963173781736 degree C h[9] = 1299.751737393615 kJ/kg s[9] =
3.486126754877223 k/kgK

P[10] = 1.1bar T[10] = 276.63993035579495 degre¢lD]+ 652.8423865255226 kJ/kg s[10] =
2.6901974464287823 kJ/kgK




Brayton Cycle
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www.turhancobawwomikitaplara dr esi nden numerical _thermodynamics

m= r-nair (6-5-1)
Vvlowpressure:ompressor: n’(hz - h) (6.5.2)

VV|OW pressurdsentropiccompressor: m(hzu - hl) SZi = Sl (6-5-3)

Vvhigh pressure:ompressor: I'n(h4 - I«%) (6-5-4)

Whigh pressurdsentropiocompressor: r‘r(h4i - hs,) S4i = sa (6-5-5)
W

/7 _ " Visentropiccompressor
isentropiccompressor W (6.5.6)
compressor

Qutercooer =M, - 1) (6.5.7)

Qregeneran = MNs = 1) =My (M - ) (6:5.8)

Qeombustiorchamber = mproducth6 } (mrk + My Ny ) R=R=F, 59
W iurbine = Mproaue (P = 1) (6.5.10)

Weentopic twrbine = mproduct(hB - h;) (6.5.10)

/7 — Vv[urbine
isentropicturbine W (6.5.12)

isentropicturbine
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/7 _ \Nturbine - \Ncompressor
cycle — (6.5.13)
Qcombustiorchamber
Program brayton4.javav e ° r n e koragontesgljaeamr ne k pyabhmamdakasjeanda
verilendbihétkgandeyakeV¥Ydeing owdasayaetdywakaeérk olup d
var sayélYymalmaad®mumda yanma odasé sécakl éjénéenadya

varsayeél maktader

Gas name amourt

CH, methane 0.906000
C,Hg ethane 0.056000
CsHg propane 0.000800
C4Hybutane 0.000200
CO, carbondioxide 0.017000
N, nitrogen 0.011000

> "C:\javabin\javaw.exe" braytontest4
Brayton cycle

Combustion Reaction:

[ 0.9060 CH4 + 0.0560 C2H6 + 0.0008 C3H8 + 0.0002 C4H10 + 0.0170 CO2 + 0.0110 N
4.9245* 02 + (79/21) *N2A 1.0382 CO2 + 1.9842 H20O + 18.5365 N2 + 2.9112 O2

mair =1.0 kg/s mproduct=1.0661129068583868 kg/s

Turbine power outpudV turbine = 717.3634398398311 kW

Low pressure compressor power input W turbine = 151.45004280335826 kW

High pressure compressor power input W turbine = 151.45004282508165 kW

Compressor power input W turbine = 302.9000856284399 kW

Net power output Wrie= 414.4633542113912 kW

Combustion chamber heat input Q combustion = 1028.3480180935708 kW

Cycle efficiency eta =0.403038024986672

Equivalent temperature carnot cycle efficiency eta = 0.7692307692307692

Regenerator heat transfer = 265.3514537076QW5

Termodynamic states :

P[1] = 1.1bar T[1] = 26.850000000000023 degree C h[1] = 300.47241417394997 kJ/kg s[1] =
6.680027277763032 kJ/kgK

P[2] = 4.062019202bar T[2] = 176.76142627605628 degree C h[2] = 451.92245697730823 kJ/k
6.714303344306349 KHK

P[3] = 4.062019202bar T[3] = 26.850000000000023 degree C h[3] = 300.47241417394997 kJ/k
6.305019006221799 kJ/kgK

P[4] = 15.0bar T[4] = 176.7614262973688 degree C h[4] = 451.9224569990316 kJ/kg s[4] =
6.339295072768477 kJ/kgK

P[5] = 15.0bar T[5F 271.9600652210031 degree C h[5] = 549.8121169311926 kJ/kg s[5] =
6.536561114130103 kJ/kgK

P[6] = 15.0bar T[6] = 1026.85 degree C h[6] = 1519.7930629146838 kJ/kg s[6] = 7.9038865826(
kJ/kgK

P[7] = 1.1bar T[7] = 492.0016930813757 degree C h[7] = 885938061639 kJ/kg s[7] =
8.027493063476864 kJ/kgK

P[8] = 1.1bar T[8] = 276.76142629736876 degree C h[8] = 598.0193115366096 kJ/kg s[8] =
7.645187250991324 kJ/kgK




Brayton cycle with eombustion
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2.3.3 RANKINE ¢EVRKMK
Basit bir rankin -evriminde basén-1 & su bir kazan
edilir. T¢rbinden -ékan yak buhar kondenserde yofj

> Qout
—+—— Cooling water

Condenser

Wpump = n‘(h4 - h?,) (2.3.3.1)

V\{sentropicpump = rr(h45 - hB) S4s=S; (2.33.2)
W,

_ " Visentropicpump
isentropicpump — W (2.3.3.3)
pump

Qboiler = m(hl - h4) (2.3.3.4)
VVturbine = m(n - hz) (2.3.3.5)

>

Wsentropicturbine = n'(ll - th) % = SZs (2.3.3.6)
/7 — Vvturbine
isentropicturbine — W (2.3.3.7)
isentropicturbine

Program: rankine.java , raninetest.java



Rankine Cycle
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777777777 1-» 3
} Steam
| generator W,
} [ 3 =t
|
|
|
|
|
|
-
Saturated ‘r* —
? liquid |
I Open
& } feedwater
| } heater
|
Pump 2
p2
- rng — rr‘)penfeedwaterinlet
y=—= (3.3.8)
m m

Wpumpl = n'(l' y)(hi - hs) (3.3.9)

V\(sentropicpumpl = I'T(l- y)(he| - hs) (3.3.10)
W,

h —_

isentropicpumpl ~

Wpump2 = rr(h8 -

isentropic pumpl

W (3.3.11)

pumpl

h,) 33.12)



Wsentropicpumpz = rn(hsl - h7) (3.3.13)
W

/7 _ " Visentropicpump2
isentropicpump2 ~ W (3.3.14)
pump2

A-ék besl eme suyu enedgl ma)ldedgresi

m(1- y)h, + myh =mh (3.3.15)

y= hz'— (3.3.16)

Qboiler = m(h - n;) (3.3.17)
Wurbinel = rn(hl - hz) (3.3.18)
Wpine2 = M- Y)(hs - hy) (3.3.19)

VVsentropiciurbinel = rr(h[ - hZ|) (3.3.20)
Wsentropidurbinez = m(l‘kl - h4i) (3.3.21)
/7 — Vvturbine
isentropicturbine W (3.3.22)
isentropicturbine

anetl :Wurbinel +Wurbine2 - Wpumpl +Wpump2 (3.3.23)

b= W
cycle — (3.3.24)
oiler
Programirankine2.java ve rankine2test.java
---------- Capture Output---------

> "C:\javabin\javaw.exe" rankine2test

Rankine cycle wittan open water heater and two stage turbine with reheating
percantage of steam going into water heater=0.20067141771197267
percantage of steam going into second turbine=0.7993285822880274
system efficiency =0.37343522490931674

Turbine 1 power exit = 426.48738298556054 kW

Turbine 2 power exit = 798.3493677724169 kW

Total turbine 1 power exit =1224.8367507579774 kW

Pump 1inlet =0.8881486448834859 kW

Pump 2 inlet  =3.7486610800126527 kW

Total pumppower inlet= 4.636809724896139 kW

Net power output = 1220.1999410330811 kW

Boiler heat input = 2907.886599195056 kW

Reheater heat input = 359.61432102313904 kW

Boiler-superheater total heat input = 3267.500920218195 kW
Condenser heat output = 2047.3009791851143 kW
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3 entropy kiikak

besl eme suyu éseét

y=—= — (233259 noktasée(kapal é besleme suyu

W, ime = M- y)(h, - 1) (2.3.326)

Vvlsentropicpumpl = rT(l' y)(h7| - hﬁ) (2.3.327)
/7 _ Vvisentropic pumpl
isentropicpumpl — W— (2.3.328)

pumpl

Wpump2 - rr(h - rb) (2.3.329)

Wsentropicpumm = n.(h.l - ha) (2.3.330)
W,

/7 — " Visentropicpump2
isentropicpump2 — W (2.3.331)
pump2

Kapal @ besleme suy-9® evé&taceg&apac¢iej bedeéegnesisieyu



m(y)(h, - hy) =m(1- y)(h;- h;) 2.3.332)

Buhar karékt é&rma enerj.i

@- y)h +yh =h, 2.3.333)

Quier =M(h; - ) (2.3.334)

W piner =M - hy)  (2.3.335)

W pine 2 = ML= y)(h, - ) (2.3.336)
Weentopicurbiner = MM - Ny)  (23.337)

\A/lsentropicturbinez = n(h4 - hS|) (2.3.338)
/7 - Vvturbine
isentropicturbine W (2.3.339)
isentropicturbine

VVnetl :Vvturbinel +Wurbine2 - Wpumpl - Wpump2 (2.3.340)

dengesi

-
cycle — (2.3.341)
oiler
Progranrankine3.java rankine3test.java
---------- Capture Output---------

> "C:\javabin\java.exe" rankine3test
Rankine cycle with a closed water heater

system efficiency =0.3090315973727121
Turbine 1 power exit =412.9618177734387 kW
Turbine 2 power exit =536413853480288 kW

Pump 1inlet =3.248672415293518 kW

Pump 2 inlet  =0.4738381237412723 kW

Total pump power inlet= 3.72251053903479 kW
Net power output =945.2806925824327 kW
Boiler heat input = 3058.8480291947726 kW
Condenser heat output = 536.0413853480288 kW

Total turbine 1 power exit =949.0032031214675 kW

percantage of steam extracted for closed water heater=0.13905546051502635

B00.0

Rankine cycle with closed feedwater heater

539.9 —

479.9 1

4148 —

359.8 —

T, degree

299.7 1

23487 —

179.6 —

119.6 -

5955 | 7

-0.5043

T
0.000 0.9169 1.824 2751 3662 4,535 5.501

3 entropy kJ/kak

T
B.418

T
7.238

T
28.252

0.169




D¢kek verimlerinden dolayé d¢kge¢k

ental pili

rankin

ayréektéermal e(seperat®°rl ¢) jeotermal enerji santra
edilen yak budsar k@dBewmuwmk )rbéwkhtaerr écéya (seperat°r) g
buhar t¢rbine genderilerek g¢- elde edilir, -ekan
kaynaja geri baseéel er.
SEPARATOR
4 TURBINE
GENERATOR COOLING
TOWER
GEOTHERMAL
1 PRODUCTION
WELL
DIRECT
o CONTACT
A mv::::i( Tiox g CONDENSER REII'?E('TION
12 WELL w0
s CONDENSER 9=108
A PUMP
-+
U critical point
saturation
curve
campressed 1 superheated
liquid vapor
11132 ‘\2 separatar 4
turbine
200 condenser
8 s -5 7
liquid + vapor 65
mixtures
S
Wet steam inlet catition: B, X; (Could be in liquid region as well)
Separator inle P,,h, =h, (2.3.342)
h, =(- X,)h; + X0, (2.3.343)
Wirbine =M% (N, - hy) (2.3.344)
Vvisentropicturbine = m)(h4 - he) (2.3.345)
/7 — Vvturbine
isentropicturbine — W (2.3.346)
isentropicturbine
anet =\/\4urbine - ereinjection pump - chondenspump_ chooling tower pump  (2.3.347)
— *
ereinjection pump rr(l' XZ) (hlz - hs) + m)§(h8 - I'HO) (2.3.348)
Bu sistem a-ék sistem oldujundan ve gelen enerji i-1in
da ge-erli dejildir. Bunun yerini ekserji verimi kavra
gel i Kkt i reiklsmirgy iolveep,i mi el de edilebilecek olan maksi mum



W, =m(h - 1) - To(s - 8)] (2.3.349)

b W
exergy W (2.3.350)
max
Buradakiveg- evr e kartalréndaki ent al pi ve entropi
¢cevrimanalnol arak bir sistem veri mi hal a
Bu durumda
Qvirtualboiler = rr{(hl - hB)] (2.3.351)
/7 —_— Wnet
virtual system™ (2.3.352)
Qvirtual boiler
Program ismiflashl.java flashl_cevrimi_test.java
---------- Capture Ougut ----------

> "C:\javabin\java.exe" flashl_cevrimi_test

single flash geothermal power plant

cycle efficiency =0.07339140495014446

cycle exergy efficiency =0.20344173788400155

Exergy = 4937.7658660852485kW

Turbine power output = 1009.6M42905253 kW

Reenjection pump 1 power input =4.972145722760613 kW
Reenjection pump 2 power input =0.0914331218072619 kW
Reenjection pump power input =5.063578844567875 kW
Net power output = 1004.547669060685 kW

Virtual boiler heat input 13687.538339715456 kW
Condenser heat removal =4383.921267972627 kW

h1l well head = 1076.0391527789507 kJ/kg

T1 well head = 207.15135070759823 derece C

P1 well head = 18.0 bar

x1 well head = 0.1 kg vapor/kg

h2 separator inlet = 1076.0391529387 kJ/kg

T2 separator inlet = 201.40793020719082 derece C

P2 separator inlet = 16.0 bar

X2 separator inlet = 0.11225388414973327 kg vapor/kg

h3 separator exit (saturated water) = 858.8006256859758 kJ/kg
T3 separator exit (saturated water) =2079®020719082 derece C
P3 separator exit (saturated water) =16.0 bar

x3 separator exit = 0.0 kg vapor/kg

h4 turbine inlet =2794.0434793159193 kJ/kg

T4 turbine inlet = 201.40793020719082 derece C

P4 turbine inlet = 16.0 bar

x4 turbine inlet = 1.(&kg vapor/kg

h5 turbine exit =2344.343562225054 kJ/kg

T5 turbine exit = 93.50435536185492 derece C

P5 turbine exit = 0.8 bar

x5 turbine inlet = 1.0 kg vapor/kg

h6 isentropic turbine exit =2344.343562225054 kJ/kg

T6 isentropic turbine exit = 93.5088336185492 derece C

P6 isentropic turbine exit = 0.8 bar

X6 isentropic turbine inlet = 1.0 kg vapor/kg

h7 condenser saturated vapor =2344.343562225054 kJ/kg
T7 condenser saturated vapor = 93.50435536185492 derece C
P7 condenser saturated vapor ={a8

X7 condenser saturated vapor = 1.0 kg vapor/kg

h8 condenser saturated liquid =391.66223579317784 kJ/kg

dejerler

t anéml

an



T8 condenser saturated liquid = 93.50435536185492 derece C
P8 condenser saturated liquid = 0.8 bar

x8 condenser saturated liquid = 0.0 kgpedkg

h9 isentropic reinjection pump exit =393.6554546400712 kJ/kg
T9 isentropic reinjection pump exit = 93.62822347328785 derece C
P9 isentropic reinjection pump exit = 20.0 bar

X9 isentropic reinjection pump exit = 0.0 kg vapor/kg

h10 reinjectbn pump exit =393.8769234008371 kJ/kg

T10 reinjection pump exit = 93.68090134423034 derece C

P10 reinjection pump exit = 20.0 bar

x10 reinjection pump exit = 0.0 kg vapor/kg

h11 isentropic reinjection pump exit =858.8052604463063 kJ/kg
T11 isentopic reinjection pump exit = 0.0 derece C

P11 isentropic reinjection pump exit = 20.0 bar

x11 isentropic reinjection pump exit = 0.0 kg vapor/kg

h12 reinjection pump exit =858.8057754196764 kJ/kg

T12 reinjection pump exit = 200.74087440542496 def@c

P12 reinjection pump exit = 20.0 bar

x12 reinjection pump exit = 0.0 kg vapor/kg

Geothermal single flash cycle

374.0
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Jeoter mal sévé ke¢etl esel debi sine m dersek

mx, =m, =m, (2.3.353)

m(1- X,) =m, =my (2.3.354)

m, =(1- X,)X%;m (2.3.355)

m, =(1- x,)(1- X;)m (2.33.56)
m, =m(x, +(1- X,)X) (2.3.357)

Doumuk buharP,XBuknaktral séeé Db°lgesinde

Ayréexktéerdcagb, h, =h .3.358)
h, =(@- %) +Xh, (2.3.359)
GenlextimwrP, N =hs@3.360)

hy = (1- %), + Xh, (2.3.362)

W, rbinetp = mxz(h4 B hs) (2.3.362)

Vvlsentropicturbine mp — MX% (h4 - Il?) (2.3.363)

/7 — VVturbineHP
isentropicturbineHP (2.3.364)
VVisentropicturbineHP

Kar ekt érrma prosesi

myhy +myh, = mphy = (my +mp)hy (2.3.365)

MXxh + M- %)X =M(%, +(1- %,)%;)hy (2.3.366)
Wirsinerr = My(My - Myo) 2.3.367)

Wentropicurbine e = My (Mg - hig)  (2.3.368)

h — Vvturbine LP
isentropicturbineLP W (2.3.369)
isentropicturbine LP

anet :Wurbine - ereinjection pump chondenspump_ chooling tower pump (2.3.370)

VVreinjection pump = ma(hs - hll) + n‘17([15 - h7) (2.3.371)

Exerji verimi

W, =m(h- h)-T(s-s)] @337

de

ol abi l



bWy
exergy W
max

Sanal birinci kanun verimi

Qvirtualboiler = n{(ll - l11)] (2.3.374)

A — Wt
virtual system Q (2.3.375)

virtual boiler

(2.3.373)

Program ismiflash2.java flash2_cevrimi_test.java

---------- Capture Output---------

> "C:\javabin\java.ex" flash2_cevrimi_test

double flash geothermal power plant

cycle efficiency =0.11002348627748726

cycle exergy efficiency = 0.30382860987800914

Exergy = 5037.194295158879kW

HP Turbine power output = 374.72917422610067 kW

LP Turbine power out = 1164.5194311642715 kW

Turbine power output = 1539.2486053903722 kW
Reenjection pump 1 power input = 8.752593539089982 kW
Reenjection pump 2 power input =0.05227146772186603 kW
Reenjection pump power input = 8.804865006811848 kW
Net power output = 1530.4437403835602 kW

Virtual boiler heat input = 13910.154932953765 kW
Condenser heat removal = 7895.057313914444 kW

h1l well head = 1087.169982440866 kJ/kg

T1 well head = 209.83868256665156 derece C

P1 well head =19.0 bar

x1 well head = 0.1 kg vapor/kg

h2 separator inlet = 1087.169982440866 kJ/kg

T2 separator inlet = 195.07483020345808 derece C

P2 separator inlet = 14.0 bar

x2 separator inlet = 0.13106771301772813 kg vapor/kg

h3 separator exit (saturated water)308150734915121 kJ/kg
T3 separator exit (saturated water) =195.07483020345808 derece C
P3 separator exit (saturated water) =14.0 bar

x3 separator exit = 0.0 kg vapor/kg

h4 turbine inlet =2790.0266075945906 kJ/kg

T4 turbine inlet = 195.0748302038@8 derece C

P4 turbine inlet = 14.0 bar

x4 HP turbine inlet = 1.0 kg vapor/kg

h5 HP turbine exit =2647.0740964084775 kJ/kg

T5 HP turbine exit = 158.85419273697445 derece C

P5 HP turbine exit = 6.0 bar

x5 HP turbine inlet = 1.0 kg vapor/kg

h17 HP isentropic turbine exit =2647.0740964084775 kJ/kg
T17 HP isentropic turbine exit = 158.85419273697445 derece C
P17 HP isentropic turbine exit = 6.0 bar

x17 isentropic turbine exit = 1.0 kg vapor/kg

h7 condenser saturated water =0.0 kJ/kg

T7 condeser saturated water = 158.85419273697445 derece C
P7 condenser saturated water = 6.0 bar

X7 condenser saturated water = 0.0 kg vapor/kg

h8 condenser saturated vapor =2756.8184791029785 kJ/kg

T8 condenser saturated vapor = 158.85419273697445 derece C
P8 condenser saturated vapor = 6.0 bar

x8 condenser saturated vapor = 1.0 kg vapor/kg




h9 LP turbine inlet =2684.0264657046 kJ/kg

T9 LP turbine inlet = 158.85419273697445 derece C

P9 LP turbine inlet = 6.0 bar

X9 LP turbine inlet = 0.0 kg vapor/kg

h10 LP turbine exit =2389.3656041485806 kJ/kg

T10 LP turbine exit = 93.50435536185492 derece C

P10 LP turbine exit = 0.8 bar

x10 LP turbine exit = 0.8784630763964493 kg vapor/kg

h18 LP isentropic turbine exit =2356.625508420134 kJ/kg

T18 LPisentropic turbine exit = 93.50435536185492 derece C
P18 LP isentropic turbine exit = 0.8 bar

x18 LP isentropic turbine exit = 0.0 kg vapor/kg

h13 isentropic reinjection pump exit =393.6554546400712 kJ/kg
T13 isentropic reinjection pump exit = 92822347328785 derece C
P13 isentropic reinjection pump exit = 20.0 bar

x13 isentropic reinjection pump exit = 0.0 kg vapor/kg

h14 reinjection pump exit =393.8769234008371 kJ/kg

T14 reinjection pump exit = 93.68090134423034 derece C

P14 reinjectia pump exit = 20.0 bar

x14 reinjection pump exit = 0.0 kg vapor/kg

h15 isentropic reinjection pump exit =0.01994063469879719 kJ/kg
T15 isentropic reinjection pump exit = 0.0 derece C

P15 isentropic reinjection pump exit = 20.0 bar

x15 isentropic einjection pump exit = 0.0 kg vapor/kg

h16 reinjection pump exit =0.02215626077644132 kJ/kg

T16 reinjection pump exit = 212.4183856142063 derece C

P16 reinjection pump exit = 20.0 bar

x16 reinjection pump exit = 0.0 kg vapor/kg
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> "C:\javabin\javaw.exe" rankinetest
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Simple Rankine cycle

cycle efficiency =0.16949916732858386

heat energy utilisation rate = 0.8305008326714162
total heat+power efficiency = 1.0

Turbine power output = 6353.192255496513 kW
Pump power input = 2353.2846691453&W

Net power output = 3999.907586350808 kW
Boiler heat input = 23598.390773193343 kW
Condenser heat = 19598.483186842535 kW

h1 turbine input = 491.34365083693024 kJ/kg

T1 turbine input = 200.0 derece C

P1 turbine input 25000.0 kPA

h2 turbihe output = 429.07698689329965 kJ/kg

T2 turbine output = 42.35717901485077 degree C
P2 turbine output = 700.0 kPA

h3 condenser output = 236.99525580067643 kJ/kg
T3 condenser output = 26.713375870973778 degree C
P3 condenser output = 700.0 KPA

h4 pump output = 260.0594383036726 kJ/kg

T4 pump output = 40.44716388848133 degree C
P4 pump output = 25000.0 kPA

Binary geathermal supercritical Rankine Cycle, working fluid: R134a
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Capture Output---------

> "C:\javabin\javaw.exe" rankinetest

Simple Rankine cycle

cycle efficiency =0.12538631819352664

heat energy utilisation rate = 0.8746136818@347
total heat+power efficiency = 1.0

Turbine power output =4593.428533216946 kW
Pump power input =278.16462421843244 kW
Net power output = 4315.263908998513 kW
Boiler heat input = 34415.74783572598 kW
Condenser heat =30100.48392672747 kW

h1 turbine input = 577.0249764759981 kJ/kg

T1 turbine input = 200.0 derece C

P1 turbine input = 3500.0 kPA




h2 turbine output = 532.0054871665957 kJ/kg

T2 turbine output = 143.7643080291872 derece C

P2 turbine output = 700.0 kPA

h3 condenser outpe 236.99525580067643 kJ/kg

T3 condenser output = 26.713375870973778 derece C
P3 condenser output = 700.0 kPA

h4 pump output = 239.721504665919 kJ/kg

T4 pump output = 28.556914587844688 derece C

P4 pump output = 3500.0 kPA

Binary Gesthermal sub-critical Rankine cycle, working fluid: R134a
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Carnot -evri mi i deal bir -evrim olup temel ol arak

i sentropi k prosesten olukur. Burada Canot -evri mi
terbin, ve iKki izotermal ésé dejiktiriciden yarar.l
hesaplanabilir.
\leentropiccompressor: n(hz - h) S=5 (2411)
Qcondenser: rn(hz - h3) = mTZ(Sz' %) :mTZ(S.I.' S4) (2412)
Vvlsentropic turbine = rn(hs - h4) S3, = S4 (2413)
Qevaporator: m(hl- h4) = m-E(SfL' 54) (2414)
anetin :Wsentropiccompressor- Vvlsentropic turbine = condenser” Qboiler (2415)
anetin :mTz(Si' S4)' m-E(S_l' S4) :m(Tz - Tl)(s_l_- 34) (2-4-16)
Buharl akt éréceé = Qevaporator —_Mi(s-s) _ T JDR.4.17)
chompressor_ Vvturbine m(rz - Tl)(sl - 54) (T2 - Tl)



Yojuktcu etkinlce_ Qoesee - ML(S-S) __ T (241g)
chompressor- VVturbine m(TZ - Tl)(S_L - S4) (TZ - Tl)

Cevr i mi detayl & ol arak hesaplamak i-in k¢-¢Kk

carnotlT.java

---------- Capture Output---------

> "C:\javabin\java.exe" carnottest

R134a Carnot sojutma -evri mi

kompres®°r iki = 2.9194665890306633 kW

buharl aktérécé iki = 1.019143155011926 kW

net ik -éktése= 1.9003234340187372 kW

yojukturucu ésé -ékékée = 8.611038292271756 kW

buharl aktéréce ésé -ékéeké = 6.710714858253018 kW

COP buharl akt er éc95kw = 3.5313540516949

COP yojJjukturucu = 4.531354051694998 kW

COP buharl aktéreéece carnot = 3.5351212616738557 kW

COP yojukturucu carnot = 4.535121261673855 kW

hl kompres®°r girik = 385.2301064454953 kJ/ kg

Tl kompr e-3.63076989585814 derece C

Pl kompresr girik = 220.0 kPa

sl kompres®°r girik = 1.6991352552692158 kJ/ kgk

x1 kompres®r girik = 0.9566957691465375 kgbuhar/ kgtopl am

T2 kompres®°r -ékék = 67.46662970207672 derece C

P2 kompres®°r -ékék = 2000.0 kPa

s2 komprese©or ekéek =mK1.6991352552692158 kJ/k

x2 kompres®r -ékék = 0.0 kgbuhar/ kgtopl am

h3 t¢rbin girik = 300.39617385297873 kJ/ kg

T3 t¢rbin girik = 67.46662970207672 derece C

P3 t¢rbin girik = 2000.0 kPa

s3 t¢rbin girik = 1.3222852352261514 kJ/ kgk

x3 t¢rbin girik = 0.0 kgbuhar/ kgtopl am

h4t ¢rbin -ékéek = 285.2056559745564 kJ/ kg

T4 t ¢r bi76397688R585311derece C

s4 t¢rbin -ékék = 1.3222852352261514 kJ/ kgKkK

x4 t¢rbin -ékék = 0.46733390915649975 kgbuhar/ kgtopl am

tc=101.06

> Terminated with exit code 1.

EJ

_oEE

mouse entered to plot window

{ Plotpage

| Controlpage 1 | Control page 2 | Additional information about class Plot |

101.2

Ideal Carnot sofutma R134a cevrimi

8210

288

43868

474

T, derece

G613

-1341

-32.63

-41.78

-T0E8

-40.00

T
0.5045 0.6480

X, ¥ coordinates: [1.8353227076608416 , 102.5919000000003]

T T T T T T T T
0.7866 0.9251 1.064 1.202 1.34 1.474 1.618 1.756 1.885

5 entropi kdikgk

bi



242STANDARD SOXEVMA MK

Carnot -evriminin ideal bir -evrim oldujundan s°©°z
ol duk-a zor bir -evrimdir. T¢rbin veya i1 zoter mal
yerine bir genl exBonel bahasé ClORl danperabi hi d¢kmesi ne
de ol duk-a basit bir hale getirecektir
Buharlagtine
Bu dejikimlerden sonra temel hesapl ama denkl eml er
erntropic kompresor= rn(hz - h) S2 = % (2421)
Qyogusturuu = n‘(hz - h3) = mTZ(SZ - S3) = mTZ (SJ. - 54) (2'4'22)
Throttle valve: hs = h4 (2.4.23)
Qbuharlast'rici = m(hl - h4) = m-ll(sl - S4) (2424)
Wnet :VVizentropic kompresor: Qyogusturuu - Qbuharlast’rici (2'4'25)
Etkinlik kat scOp= uasic | (pa4p6) akt 6r &c &
kompresor
Et ki nl i kojkuak tsCOp= XU (5 427)
kompresor
¥r nek prefocyclkeld javaveref cyclelTtestjava
---------- Capture Output---------
> "C:\javabin\java.exe" ref_cyclelTtest
R134a ideal sojutma -evri mi 1
kompres®°r iki = 2.9194665890306633 kW
neti k -éktéesé= 2.9194665890306633 kW
yojukturucu ésé -éktesé = 8.611038292271756 kW
buharl aktérécé ésé girdisi = 5.691571703241092 kW
COP buharl akteéereéece = 1.9495245208923035 kW
COP yojukturucu = 2.9495245208923038 kW
COP buhar |l ak3th 35&2&25?.6738%thn0t =
COP yojukturucu carnot = 4.535121261673855 kW
hl kompres®°r girdisi = 385.2301064454953 kJ/ kg
Tl kompr e s-P.639769B953531% derece C
P1 kompres©°r girdisi = 220.0 kPa
sl kompres®°r girdisi = 1.6991352552692158 kJ/ kgk
x1 kompres®r girdisi = 0.9566957691465375 kgbuhar/ kgtopl am
T2 kompres®°r -éktésé = 67.46662970207672 derece C
P2 kompres®°r -éktéesée = 2000.0 kPa
s2 kompres°r -éktésé = 1.6991352552692158 kJ/ kgk
x2 kompres®r -éktesé = 0.0 kgbuhar/kgtopl am
h3 yo] wkétkgréusdele k me vanasé girdisi = 300.39617385297873 kJ/ kg
T3 yojukt tgrend ke k-mek tvéasnéasé girdisi = 67.46662970207672 derece C
P3 yojuktgremnd e k-mektvan@ase girdisi = 2000.0 kPa
s3 yojuktgeatekmeéekivasas®3532615Mk;kgk = 1. 32228
x3 yojuktgrwmdekmektvasnasé girdisi = 0.0 kgbuhar/kgtopl am
h4 genl ekmebuvhankagktekéeaéegirdisi = 300.39617385297873 kJ/ kg
T4 genl ekmebubhanbkakt E7KEIERPDTEBH3M1dderace C =
sigentk me vanhskarlkht€eseéce girdisi = 1.378823477383761 kJ/ kgkK
X4 genl ekmebvhanks@éktekééeseégirdisi = 0.540763706713116 kgbuhar/




101.2

Idleal sofutrna cevrimi 1 sofutkan R134a

8210

B298

4388

474

T, derece C

5613

1351 4

-3283

-51.TE

-r0.ee  —

-a0.00

genlesme
vanasi

yogusturucu

h=sabit

buharlagtirict 1

s=sabit || kompresor

T T
0.5085 0.6480 07866

Bir °nceki -evrimdeki kompres®°r girick
rahat ger-eklexktirilebilmesi a-éseéndan
°rnejimizde doymuk buharl e bir kompres®or

¥rnek

T T
09251 1.064

T
1.202

T
1.341

5 entropi klkgk

T
1.479

T T
1618 1756 1895

pref oygle2d.java ref cycle2testT .java

n oriknin dahaa r &
kompres®©r
no

---------- Capture Output---------
> "C:javabin\java.exe" ref_cycle2testT

R134a ideal standart so
kompres®°r iki = 2.56674
nest ik -ekéke= 2.56674
yojukturucu ésé -éekteseé
buharéea&tesée girdisi =

COP buharl akteéeréece =
COP yojukturucu = 4

COP buharl akteéeréce car
COP yojukturucu carno
hl kompr es ° 1546408327904 k3d/kg3 9
T1l1 kompr e sl0.07576069284282 derece C
P1 kompres®°r input = 20
sl kompres®°r input = 1.
x1 kompres®r input = 1.
T2 kompres®°r output = 5
P2 kompresr out put = 1250.0
s2 kompres®°r output = 1
x2 kompres®r output = 0
T5 yojJjukturucu doymuk s
P5 yojukturucu doymuk s
s5 yojukturucu doymuk s
x5 yojukturucu doymuk s
h3 te¢grbin giriki = 268.
T3t ¢rbin giricki = 47.875
P3 te¢grbin giri«ki = 1250
s3 te¢rbin giricxki = 1.22
Xx3 te¢grbin giriki = 0.0

hda t¢rbin -ékéké = 268

T4 t ¢r bi-10.07578058284282 derece C

s4 t¢rbin -ékéke = 1.26
x4 te¢rbin -ékeke = 0.39
tc=101.06

—>

utma -evri mi 2

47396341565 kW

47396341565 kW

= 10.902434167277017 kW
8.33568942764286 kW
3.2475724207896746 kW
247572420789674 kW

not = 4.040569717710718 kW

t = 5.040569717710718 kW

2.8

0.0 kPa

7341511989113898 kJ/ kgKk

O kgbuhar/ kgtopl am
5.032443889818154 derece C

k Pa

7341511989113898 kJ/ kgk

.0 kgbuhar/ kgtopl am

éve = 47.87587075762405 derece
éve = 1250.0 kPa

évée = 1.7093434574756143 kJ/ kgKk
évé = 0.0 kgbuhar/ kgtopl am
60964290930445 kJ/ kg
87075762405 derece C

.0 kPa

84066394805506 kJ/ kgKkK

kgbuhar/ kgtopl am
60964290930445 kJ/ kg
22418532709556 kJ/ kgKkK
76100345359028 kgbuhar/ kgtopl am

d



101.2

8210

62.98

ideal soputma gevrimi 2 sogutkan R134a

[

3 yogusturucu
4386
= kompresor
; M h=sabit s=sabit
e e genlegme
vanast buharlagtirici
1381 !
-3283
5175
-70.a8
-80.00 T T T T T T T T T
0.5095 0.6480 0.7866 0.9291 1.064 1.202 1.341 1.479 1.618 1.756 1.895
s entropi kJ/kgk
ki mdi daha ger -ek-i bir sojutma -evrimini irdel ey
b°l gesinde, éxa&] stvier béd geask nde ol acakter Buharl a
genl ekme vanaséndaki -evreyle olan ésé transfer.i
¥r ne k pef ocygle3hjawa ref cycle3testT.java
---------- Capture Output---------
> "C:\java\bin\java.exe" ref_cycle3testT
nokta = 0 T=10.713921678933641P=195.0h=392.47237342248235s=1.7345884600435544x=1.0
nokta = 1 T=0.7139216789336409P=200.0h=400.58952866027346s5=1.7631762691950033x=2.0
nokta = 7 T=63.53716148947099P=1250.0h=440.761311488616/631762691950033x=0.0
R134a sojutkan -evri mi 3
kompres©°r ki = 2.9946164677482345 kW
isentropic kompres®r iKi = 2.695154820973411 kW
yoJjukturucu heat -ékéké = 12.412532218649785 kW
buharl aktérécé heat giri«ki = 9.283734261742502 kW
COP buharl akt ér é&céekw = 3.100141324182089
COP yojukturucu = 4.144948894902471 kW
COP buharl aktéreéece carnot = 3.990344898354031 kW
COP yojukturucu carnot = 4.990344898354031 kW
hl kompres©°r girix«ki = 400.58952866027346 kJ/ kg
Tl kompr e D7¥39246789336409 derece C
Plkompes®°r giri Ki = 200.0 kPa
sl kompres®r giri«ki = 1.7631762691950033 kJ/ kgk
x1 kompres®°r giriki = 2.0 kgvapor/kgtotal
h2 kompres®°r girix«ki = 445.2248429128773 kJ/ kg
T2 kompres®°r -ékéké = 67.55989556263937 derece C
P2 kompres©°r -ékékée = 1250.0 kPa
s2konpr es®°r -ékékée = 1.7763586400487221 kJ/ kgk
x2 kompres®°r -ékéké = 1.1435914281628234 kgvapor/ kgtotal
h5 kompres®°r giric«ki = 422.98465471180526 kJ/ kg
T5 yojJjukturucu doymuk = 47.71824296880384 derece C
P5 yojukturucu doymuk = 1245.0 kPa
s5 yoJjukmwk uzulddp®9402795937088 kJ/ kgk
x5 yoJjukturucu doymuk = 0.0 kgvapor/ kgtotal
hé kompres®°r girix«ki = 268.13803320986443 kJ/ kg
T6 yojukturucu doymuk = 47.56008650804041 derece C
P6 yojukturucu doymuk = 1240.0 kPa
s6 yojukturucu doymukdkgk 1. 2268885030779424
x6 yojukturucu doymuk = 0.0 kgvapor/ kgtotal
h3 turbine giri«ki = 260.2137464279225 kJ/ kg
T3 turbine giriki = 42.56008650804041 derece C
P3 turbine giriki = 1235.0 kPa
s3 turbine giricki = 1.201962034810739 kJ/ kgk
x3 turbine gikgtot i = 0.0 kgvapo
h4 turbine -ékéeké = 262.2137464279225 kJ/ kg
T4 tur bi-h1e364820X7 2089877 derece C
s4 turbine -ékéké = 1.2393954627972106 kJ/ kgk
X4 turbine -ékéké = 0.0 kgvapor/kgtotal




sogutma ¢evrimi 3 sogutkan R134a
1014

87.97
T4BE

”
§1.76
6 yogusturucu 5 /i

4865  —

T, degree
L

35484 —

2243
genlesme
5334 vanast

1

378 buharlastirict

4 0
ELECI \

-30.00 T T T T T T T T T
0.8482 09419 1.035 1127 1.220 1313 1.408 1.498 1.4881 1684 1.776

3 enfropy klikgk

Bir sonraki sojutma -evriimdtme midrei iiknc &laeayenedjii D.i r
yapmamézén temel sebebi sistem etkinlik dejerini
bok bir kap olup doymuk sévée ve buhar fazlaréneéen
‘ny
R AAA
r
Yogusturucu 1
[ =H T W
8 / iy [ﬂ:“_z
L—'—"L Tgi . ™ Kg 9 ¢5 kompresir 2
2

]
3 ! ayristirma odasi
i

- B
L_ngn(l-x) kg

kompresor 1
! buharlastirica 1
—V/\X\/
oF

Ay ér ma ki eénarjsdengekia
mh, = mxh +m(1- x)h, (2.4.28)
Kar ékma prosesi

mxh + m1- x)h, =mh, (2.4.29)

x=e- (4.2.10)
hy - h,
Kk -éekteése:
W, =m(- x)(h,- h) (2.4.211)
W, =m(h,- h,) (2.4.212)
W =W, +W, (2.4.213)
Buharl aktéeréce ésée transferi
Q, =m(- x)(h, - h,) (2.4.214)
Yojukturucu ésé transferi

Q =m(h- h,) (2.4.215)
¥r nek pef cygledhjava ref cycledtestT.java




—————————— Capture Output---------
> "C:javabin\java.exe" ref_cyle4dtestT
two stage flash noktasé refrigeration cycle
buharl akma orané : 0.21085196615233992
kompresor1l ki = 14.826316597366656 kW
kompresor2 iki = 24.06248085100617 kW
tot al kompresor iKi = 38.88879744837283 kW
izentropi k kompr e#883624kW i K i = 11.86105327
izentropi k kompresor 2 iki = 19.249984680804914 kW
tot al izentropi k kompresor iKki = 31.11103795869824 kW
yojukturucu ikKki = 184.61059903816306 kW
buharl aktérécé ésé girdisi = 145.51094962363788 kWw
COP buharIaKtérécé w = 3.7417189311860892 k
COP yojJukturucu = 4.74714085163586 kW
COP buharl aktéreéece carnot = 3.818621104617835 kW
COP yojukturucu carnot = 4.818621104617835 kW
hl kompresor 1 giriki = 403.8899286096781 kJ/ kg
Tl kompresor 1 giriki = 4.452288435826651 derece C
Plkompre or 1 gi ri ki = 243.39 kPa
sl kompresor 1 giric«ki = 1.7601850896021525 kJ/ kgKk
x1 kompresor 1 giriki = 2.0 kgvapor/kgtotal
h2 kompresor 1 -ékék = 422.67767940096854 kJ/ kg
T2 kompresor 1 -ékék = 31.356987836072225 derece C
P2 kompresor 19999899%®kika = 488. 7799
s2 kompresor 1 -ékék = 1.7726060681496862 kJ/ kgk
x2 kompresor 1 -ékék = 0.0 kgvapor/ kgtotal
h5 kompresor 2 giri«ki = 419.435265464414 kJ/ kg
T5 kompresor 2 giri«ki = 27.93017810803139 derece C
P5 kompresor 2 giri«ki = 488.7799999999999 kPa
s5 kompresor 2 giri«ki = 1.7618975967688222 kJ/ kgKk
x5 kompresor 2 giric«ki = 0.0 kgvapor/ kgtotal
hé kompresor 2 -ékék = 443.49774631542016 kJ/ kg
T6 kompresor 2 -ékék = 64.53053948624293 derece C
P6 kompresor 2 -ékék = 1161.01 kPa
s6 kompr e-sld762454236ﬁ5€5<kJ/kg
X6 kompresor 2 -ékék = 1.1369546373837682 kgvapor/ kgtotal
h8 ayrékma odasé input = 220.5 kJ/ Kk
T8 ayrékma odasé input = 14.999999999999995 derece C
P8 ayrékma odasé input = 488.7799999999999 kPa
s8 ayr ékma @a6kIkgK i nput = 1.
x8 ayrékma odasé input = 0.0 kgvapor/kgtotal
h4 genl ekméuhanrdaxt-eagleer gi ri ki = 219.5 kJ/ kg
T4 genl ek meb uvhaanra saé t -6&0EEORB61511873 dreréce G
P4 genl ekme uhanmdsak t-eakeéde giri ki = 233.39 k
s4 genlexkmbdbuhamda&teelewr giri ki = 1.0741357660531674 kJ/ kgKk
x4 genl exkmébuhanrnda&kt-eagleaere gi ri Ki = 0.135879209555772 kgvapor/ k¢
ayngma odall 2 kademeli sodutma cewimi sofutkan ‘R134a

) 6775 126
é 5664 |
= i 11 yogusturucu |

4553 7 0 : kompresor 2

3443 o genlesme N karigtirma

wvanast 1 54| < odast

= 3 \ g ayristirma odast 9 : kompresérl

1221+ [

1107 = ?:;Ef;ne 1

-10.00 T ! T T T b\uharlaim:‘m T T T ! 1
243BRAYTON-ERI CSSON ¢ EVRKMK
Brayton -evriminden bir °n6Gehkhel b9l amgmozdakbah
-evr i mi ol arak karkeméza -ékar Kompres®©°rl e
genlexktirilir olukan sojuk hava ya S|stelmlea|delr

g a
é k
e

é
K.
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CAMBAAAN

34 Tirhin 2

E=nlagme ayEit | kompreste
W
L

—

¥ [ l
4"l _." ‘
AN ———

2.
Vvkompresor: m(hz - Il) (2.4.31)

erntropikkompresor: n'(th - h)
Wk

ST (24.32)

_ ompresor

izentropik kompresor ™~
Vvizentropik kompresor

Qsi degistirici = m(hz - "%) Pz - Pg (2.4.34)

h

(2.4.33)

Wi =M(hs - h,) (2.4.35)
erntropicturbin —m(hs' h4s) S’3_545 I:)4 - Pl (2.4.36)
Qsogutma_ rn(hl - h4) (2.4.37)
/7 — VVturbin
izentropik turbin W (2.4.38)
izentropik turbin
C O P Qsi degistirici
isi degistirici (2.4.39)
kompresor~ Wurbin
CO — soguma
soguma W (2.4.310)

kompresor turbin
¥r nek phragtgnBTajava brayton3testT.java
—————————— Capture Output---------
> "C:javabin\java.exe" brayton3testT
Brayton -evri mi
T¢rbine g¢- -éktéesé W tegrbin = 10.082829804953516 kW
Kompres®°r g¢- girdisi W kompres®r = 15.982194445826567 kW
Net g¢- -ékteéeseé Wnet = 5.899364640873051 kW
Il sé dejiktirici ésé -ekimi Q = 8.869483681672818 kW
sogutma ésé -eki mi KwWef = 2.970119040799768414
COP sojut ma = 1.5034642239643314
Kompres®°r girik sécakleéeje = 26.850000000000023 derece
Kompres®°r girik baséncé = 1.01325 kPa
Kompres®°r -ékéek sécakléeje = 154.51744253412886 derece
Kompres®°r -ékék baseénce = 3.0 kPa
Téeérbin giri k 060@0008002 dereceC= 83. 850
Téerbin girik baséncé = 3.0 kPA
T¢rbin -ékék sécakl éje = 3.004230834409668 derece C
T¢rbin -ékék baséncé = 1.01325 kPa




Brayton-Ericsson Refrigeration cycle (refrigerant: air)
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5 klikgk)

24 4 GAZLARIN SIVILAKTIRI LMASI

Bir gazén séveéelakteéerélabil mesinai -iinfmeséc agllrelkide] e
basén-ta azdt47i Cibdibu dejnerd | i kl e bu sécakl ékl ar a
dejerlerine -ékmayé gerektirir. Bu durumda genel |
pross i zoter mal prosese yakl aktereéel ér.
! T

J COK KADEMELL ) ISI DEGISITIRCE

HOMPEESOR b

6 7

. 9=x

EK GAZ 5

Girisi

ARA SOGUTUCU

GENLESME
4 VANAST

3
SIVI CIEISI

mxh + m(1- X)h, =mh, (2.4.41) karéektérma prosesi (dékareéeya al

eklenir)

hy=(1- x)h, +xh, (2.4.42) doymukapsesi EKém ayr ékt érm

hazhz (2.4.43) genl ekxkme prosesi

mxh, - h,))=m(h,- h,) (2.4.44) |l sé dejiktirici

Wcompressor:le(Plvl_Rv7) (2.4.45) Politropik -ok kademeli komp
n_

Qeompressor— MM - 1) - W, oo (2.4.46) Politrop k- ok kademeli kompres®°r pr

¥r ne k prefocycleS java ref cycle5testT.java

---------- Capture Output---------

> "C:\javabin\java.exe" ref_cycle5testT

Gaz sévelaktérma sistemi

politropik sabit n=1.2

sévée debisi 998980 . 0099999999999
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h6 gaz besleme = 399.00272119066653 kJ/kg
T6 gaz besleme = 40.0 derece C
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5 gaz -ékeéx
h2 expansion valve inlet = 75.76891963360858 kJ/kg
T2 expansion alve inlet =-155.6449303020083 derece C
P2 expansion valve inlet = 4000.0 kPa

s2 expansion valve inlet = 4.6553785094688775 kJ/kgK
X2 expansion valve inlet = 3.0 kgbuhar/kgtoplam
v2 kompres®°r girik 0.
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> Terminated with ek code 0.
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pompaséyl a rb.asEahd asnadréerraé | jéenar at °r de

kazanéel maséené sajl ar Prosesin difje
standart =-evrimin aynésédeér.ormynak ok
Cevrimimizi bir °rnek problemle dah
-0 ft ol arak se-il di Pec®dpé& &lgssr bd#
jerer at °r g&sdlOI0ECE HYojukturucu (doym

ndeé.

M

al

Toplama k¢tl e de
m, +m, =m (2.4.51)

LiBr dengesi:

mw, = mw, (2.4.52)

Qpenerator = MM +myby, - mhy (2.4.53)
Qo7 wT M- hy)  (24.54)
Quuhariax e e Me (M - ) (2.4.55)
mph, +myh, - mhy (2.4.56)

Qabsorber

¥rnek

ngesi

p r loBgproptestT.@va LiBr H20.java

r
u

a
ba

éséteéel an
késmé bi
k\ué faintey Wt adi

i Tysu absorbgiylod a ma

r

bu

bu

ALK ave & € € @ & |
uk) seéecakl

---------- Capture Output---------
> "C:\javabin\java.exe" LiBrproptestT

P3=7. 383294297190836 kPa yojukturucu=
P2=7.383294297190836 kPa jenerat®°r w2=0
P5=P6=1.227529277542396 kPa buharl aktéreéec
P1=7.383294297190836 kPa Jenerat®°r wl=
ml=0.6 kg/s karékémé absorber -ékeéxkéeé
m2=0.4431605157367623 kg/s karékémé Jener
m3=0.15683948426323768 kg/s su buharée Jen
tt=30.0v=0.0010043347674437307hs|=125.78774901764382
h0=60.434860678227906 kJ/ kg karékémé abso

ro0=51400.89250314854row=1516.593156380927
v1=6.937261802388568m"3/kgro1=1516.593156380927kg/m"3
h0=60.434860678227906h1=60.43891962112485 kJ/kg pompa output

tt=100.0v=0.0010435090224857138hs|=419.036

9217541938

h2=268.6248377904894 kJ/ kg karékéemé Jener
h3=2687.7891395087 8 6pertkedtédlsly Jener at°r -eke
h4=167.55922426315783 kJ/ kg yojukturucu -
h5=167.55922426315783 kJ/ kg buharl aktéreéc
x5=0.5943952146183389 kg buharé/ kg buharl
h6=2519. 754780813521 kJ/ kg doymuk su buh
QlJenerat®r=459.54374291712725 kw
Qabsorber=477.97761017488267 kw
Qyojukturucu=395.2715601319075 kw

Qbuharl aktérécée=368.9171379756383 kw
Wpompa=0.0024353657381681157 kw

COP=0.8027857817339044
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3. AKlIk SKSTEMLERKNKN SE¢KMK VE MODELLENMESK
(POMPAL AR FANLAR, KOMPRESY¥RLER, LAR, 'VR\BKAR VEBORULLR P
31 BORULARDA BASIN¢ D! k! M!

Boru akéklagp@prohegkakdrmrsenin temel ol arak Bernaul I i
w o, W, o
"— 0 "Qa "— v "G YU
S q

keklindedir. Buradaki Wobhagém/ sd¢,R,madégn- Pa, z k
Ayné denkl em

—_ — — — & YCOformunda da verilebilir. BuradaMQy ¢ k sek | i k de¢kemeder .
Basén- d¢kegmg dle@é@keniinii hmoa-ek ol arak yazarsak:
o~ - 0 . )
YO " WIQ (= v " —
(0] G

Buradaki f Darcy Weisbacls ¢ r t ¢ nme katsayéseée, Lylkoel bagpen-Dkhgy
S¢rt ¢ nmefakkaétks aryeg siémi n (Y2 +—oBulada iRe Reynalds uary.'e dinamik

vizkozite Db or u i -"y-04 pua |lwednti unre(Re,ieg=R3808 HagerPoiseuille denklemi
kullanabilir.
0 —
T¢bel ans | @olelirdokWhiee(1937) {4jdenklemi mevcuttur
7 8

Budenklemdekiy ¢ zey pé¢r é¢zIlBdzé ¢cmaldZemelaé @irn y¢gzey per ¢zl
tabloda verilmiktir.

isim Durum -
Aluminyum,- e k me yeni 0.0013- 0.0015 mm
Aluminyum,- e k me eski t0 0.03 nm
Asbestoscement yenip ¢r ¢ zs ¢z 0.03-0.1 mm
Pir,iakme yeni 0.0013- 0.0014 mm
Piriakme eski to 0.03 mm

D° k mbemir average city severage 1.2 mm

D° k mbemir incrusted to 3.0 mm

D° k miemir yeni, bituminized 0.10- 0.13 mm

D° k miemir yeni, with skin 0.2-0.6 mm

D° k memir operating several years, cleaned 1.5 mm

D° k memir slightypas | é 1.0-1.5mm
Seramik yeni, seramiktile 9.0 mm

Seramik Drainagepipe yeni, calcined 0.7 mm

Beton yeni mediump ¢ r ¢ z 1 ¢ 1.0-2.0 mm

Beton yenip¢r ¢zl ¢ 2.0-3.0 mm

Beton Yenip ¢r ¢ zs ¢z 0.3-0.8 mm

Beton operating several years 0.2-0.3 mm

Beton yenip ¢ r ¢ plastered 0.1-0.15 mm
Beton yeni, without plaster 0.2-0.8 mm
Beton- et i k yenip ¢r ¢ zs ¢z 01.-0.15 mm
Bak-éek me yeni 0.0013- 0.0015 mm




Bak-eek me eski t0 0.03 mm

Cam- e k me yeni 0.0013- 0.0015 mm

Cam- e k me eski to 003 mm

Plastic- e k me yeni 0.0013- 0.0015 mm

Plastic- e k me eski to 0.03 mm

Lastik yeni, smoot 0.0016 mm

ctel ik after long operation cleaned 0.15- 0.20 mm

cel ik homogeneous corrosion pits 0.15 mm

¢tel ik intensely incrusted 2.0-4.0 mm

cel ik slightlyp a srd écrusted 0.15- 0.40 mm

tellihkyuna kaynakl!| & | yenibituminized 0.01- 0.05 mm

¢teldkyuna kaynak]!l & | yenigalvanized 0.008 mm

¢telldbkyuna kaynak]!l & | yenirollingskin 0.04- 0.1 mm

telk&kynakseéz yeni, comm.size galvanized 0.10- 0.26mm

telk&kynakseéz yeni, neatly galvanized 0.07-0.10 mm

telk&kynakseéez yeni, pickled 0.03-0.04 mm

telk&kynakseéz yeni, rolling skin 0.02- 0.06 mm

tellk&kynakséz yeni, unpickled 0.03-0.06 mm

t ak 0.25 mm

Aj] a- after long operating 0.1 mm

Aj] a- yeni 0.2-1.0 mm
Denkel mde de g°r¢leceji gibi bu denklemin -°z¢l me
¥ r n eNewtanRaphsork © k bul ma metodu kull anél méxt eéer

n,

w !
o~ " NP 8
Qw W cO¢ QT —

8

— P Q=
8
Newton Raphson form|: ¢

0V k=0, é, n
Bu form¢gller k°k bulabilmek i-in ilk tahmin dejer
PROBLEM: T=26. 85 C s =08 kPkbég seenndcagDeel@®mi - - apénda ticar
borudan yapél mék borunun basén- d¢Keémenyg hesapl a

Program kodu: water.jayanewtonA.java

---------- Capture Output---------
> "D:\cdjavabin\java.exe" newtonA
T=300.0 degree K
r0=996.647643119458 kg/m"3
P=300.0 kPa

U=3.0 m/s

D=0.025 m

e=1.6E4 m
f=0.03368023003583202

dP =6042.114430301341

> Terminated with exit code 0.

Akajedaki grafikte s¢grtegnme katsayésée grafik ol ar



.| AT |
0.09 T T _Criti T
0.08 L Laminar_czrg:l?-l ransition
T H R flow ey - zone 25 Fully rough zone
0.07 1 LIT—F 0.05
1 N —
0.06 ! Im=l 0.04
- — 0.03
e ]
0.05 P %_\\ — T 0.02
oS . 0.015
004 [EF 2 - s
- % NS 001
IR\ R —u 0.008
. | S28 <
;:' 0.03 Re AN M. L] MK 0.006
3 : = 0.004
£ 0.025 55
S T 0.002
3 A — -
002 - NS ERSEs - 0.001
=0 0.0008
SSEass 0.0006
T 0.0004
0.015 —— PR =] i
Smooth pipes 1 S = 0.0002
RN - — 0.0001
SR = 0.000,05
0.01 H
0.009 &S
T 17 Ho ] ]
[ I FEEER () 000,01
0.008 103 2 3 456 81gb 2 3 4568105 2 3456 8196 2 3 456 8107 2w 3™4S6 8105
€ =0.000,001 € =0.000,005
pde d d
Reynolds number, Re -

2

Relative roughness, (:,]

Ayné zamanda dijedemgvauttt akBmnfFareagl barél ar éne

Haaland denklemi (1983) [4]
e T8

—  pAOE Q— —

Moody denklemi(1944) [9]

Q vdwp T p CupmM-FO —

Wood denklemi (1966) [18]Valid region:Re>10000 , 18< - ¥O <0.04
O ™ o-fO TBIwefO 8

© Yyro s
6 p#®gT0 8
QO WYQ
Churchill denklemi (1977) [3]Valid region: valid for all regions
. e T 8
o] ca € Q—8 —
5
T
QY — 6 6 8
Chendenklemi (1979) [2]Valid region: all values
N 8
0 aeQ—p 3
— e =
SwameeJain denklemi (1976) [14]Valid region: 5000>Re>1Q 0.00004 (e/ D)<0.05
6 a¢ ot 2o

8 8



8

q 8
Zigrang - Sylvesterdenklemi (1982) [20]Valid region: all values
6 at - —
6 ae0l- -

NP § 8
— cae Q e —

Serghidesdenklemi (1984) [22]Valid region: all values
6 cat - —

6 cato- -
6 casnl- -
- 5 —

Goudar- Sonnaddenklemi (2008)[21]Valid region: all values

o
b 2

Q X 'YA‘Q

i 0Ql I-n

n i

Q 60l -

(:] -

) —a
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— Oag-

RomeoDenklemi (2002) [11]Valid region: all values

oo 8 8 8

0O aegQ 87 —s

v 8

0 agQ 3

— et 8

Bu f or m¢ |GowarSonnadvenSarghideslenklemleriColebrokeWhite denklemi ile hemen hemen
ayné sonucu verdiiji i -in onun yerini alabilirler
PROBLEM: T=26. 85 C s =60 kPhbéa seenndeagDeal@®mi - - apénda ticar
borudan yapél mék borunun basén- d¢gkKegmegnyg hesapl a
deneyiniz.

Program ismicolebrook2.java

---------- Capture Output---------

> "D:\cdjavabin\java.exe" colebrook2
T=300.0 degree K
r0=996.6470643119458 kg/m"3
P=300.0 kPa

U=3.0 m/s

D=0.025 m

e=1.6E4 m

Friction factors:




f Haaland = 0.03366809407987718

f Moody = 0.034019312456163006

f Wood = 0.03430754588971051

f Churchill = 0.033941360161729314
f Chen = 0.03369873685763093

f Swamee = 0.03395380279310423
f Zigrand = 0.03368022234776756

f Romeo = 0.03366856614181092

f Serghides = 0.03368023003463402
f Goudar = 0.03368023003463402
dP = 6042.114430086424

> Terminated with exit code 0.

Birbor u éik-isiak emi ndeki s¢rte¢egnme kayeéplarée °nemli ol

Deji ki k sistem el emanl als@iveh asitahlespetow.e | kayéep katsay
Kul l anél an sembo
PN yakak @k bar ol ar a
DN borui - - apé mm
VANALAR KL
Tabl alé (Gl obe) DN25200 d°vme 2.5
Tabl al é (Gl obe) DN25200 d°vme 6.5
Tabl al é& (Gl obe) DN 25 mm 1.7
Tabl al é& (Gl obe) DN 32 mm 1.4
Tabl al & (Gl oibe) DN 40 mm 1.2
Tabl alé (Gl obe) DN 50 mm 1
Tabl alé (Gl obe) DN 65 mm 0.9
Tabl al é (Gl obe) DN 80 mm 0.8
Tabl al é (Gl obe) DN 100 mm 0.7
Tabl alé (Gl obe) DN 125200 mm 0.6
A-él e vanal ar (t| DN25200mm 2
-ekval f kal kan t| DN25200 mm 2
-ekval f kal kan t| DN25200 mm 3.5
taban s¢babeée, s ¢ | DN 5080 mmv=1 m/s 4.1
taban s¢babeée, s ¢ | DN 50-80 mmv=2 m/s 3
taban s¢babeée, s ¢ | DN 100350 mm v=2 m/s 3
taban s¢babeée, s ¢ | DN 100350 mm v=1 m/s 2.25
Kelebek vana DN400 PN 10 0.48
Kelebek vana DN400 PN 16 1.2
Kelebek vana DN600 PN4 0.16
Kelebek vana DN600 PN10 0.33
Kelebek vana DN600 PN16 0.85
Kelebek vana DN6D PN17 1.85
Kelebek vana DN800 PN2.5 0.08
Kelebek vana DN800 PN4 0.12
Kelebek vana DN800 PN6 0.16
Kelebek vana DN800 PN10 0.5
Kelebek vana DN800 PN16 0.73
Kelebek vana DN1000 PN2.5 0.06
Kelebek vana DN1000 PN4 0.11
Kelebek vana DN1@0 PN6 0.3
Kelebek vana DN1000 PN10 0.45
Kelebek vana DN1000 PN16 0.63
Kelebek vana DN1200 PN2.5 0.08
Kelebek vana DN1200 PN4 0.2
Kelebek vana DN1200 PN6 0.25
Kelebek vana DN1200 PN10 0.41
Kelebek vana DN1500 PN2.5 0.13
Kelebek van®N1500 PN4 0.17
Kelebek vana DN1500 PN6 0.22




Kelebek vana DN1500 PN10 0.37
kal déra- wve aj ér| DN200U=1m/s 2.95
kal déra- ve aj é&r| DN200U=2m/s 1.3
kal déra- wve aj ér| DN200U=3m/s 0.76
kal déra- ve aj é&r| DN300U=1m/s 2.9
kal déra- wve aj ér| DN300U=2m/s 1.2
kal déra- ve aj er| DN300U=3m/s 0.71
kal déra- ve aj éer| DN500U=1m/s 2.85
kal déra- ve ekjal®r| DN500U=2m/s 1.15
kal déra- ve aj ér| DN500U=3m/s 0.66
kal déra- ve aj ér| DN600U=1m/s 2.7
kal déra- wve aj é&r| DN600U=2m/s 1.05
kal déra- wve aj é&r| DN600U=3m/s 0.61
kal déra- ve aj é&r| DN700U=1m/s 2.55
kal déra- wve aj é&r| DN700U=2m/s 0.95
kal déra- ve aj éer| DN700U=3m/s 0.54
kal déra- ve aj éer| DN800U=1m/s 2.4
kal dér a- dvn er] é-r¢ DN800 U=2m/s 0.85
kal déra- ve aj er| DN800U=3m/s 0.46
kal déra- ve aj ér| DN1000U=1m/s 2.3
kal déra- ve aj ér| DN1000 U=2m/s 0.8
kal déra- ve aj ér| DN1000 U=38m/s 0.41
kal déra- ve aj ér| DN1000U=1m/s 2.25
kal déra- wve aj ér| DN1000 U=2m/s 0.75
kal déra- wve aj ér| DN1000 U=3m/s 0.36
kaldéra- ve ajér| U=1lmis 8

kal dér aé-k |vee da’jnéerr] U=1.5m/s 3

kal dér a aj ér| U=2m/s 1.3
kal dér a - aj ér| U>=25m/s 0.7
Ters akék °nl-eyi| pNsoU=2m/s 5

Ters akeék ©°nl-eyi| pN5oU=3m/s 1.8
Ters°akexicil-er DN50 U=4 m/s 0.9
-|:_eAI’_‘S akek °nl-eyi| DN100U=2m/s 6

Ters akek °nl-e Yy i | DN100 U=3 m/s 4

Ters akeéek °nl-e Yy i | DN100 U=4 m/s 3

Ters akeék °nl-eyi| DN150 U=2 m/s 8

Ters akéxk °nl-eyi| pNi150U=3m/s 4.5
Ters akék °nl-eyi| DN150U=4m/s 3

Ters akeék °nl-eyi| pN200U=2m/s 75
Ters akék °nl-eyi | pN200U=3m/s 4

Ters akeéek °nl-eyi| pN200U=4m/s 25
Ters akék °nl-eyi| pN250U=2m/s 6.5
Ters akék °nl-eyi| pN250U=3m/s 4

Ters akeék °nl-eyi | pN250U=4m/s 25
-|:_eAI’_‘S akek °nl-eyi| DN300U=2m/s 6

Ter s a@ciek(HDRO DN300 U=3 m/s 1.8
Ters akéxk °nl-eyi| pN300U=4m/s 1.2
Ters akék °nl-eyi| DN400U=2m/s 7

Ters akeék °nl-eyi| DN400U=3m/s 3.4
Ters akék °nl-eyi | DN400OU=4 mé 22
s¢rgel ¢ vana d¢ z| DN100 0.18
s¢rgel ¢ vana d¢ z| DN200 0.16
s¢rgel ¢ vana d¢ z| DN300 0.14
s¢rgel ¢ vana d¢ z| DN40O 0.13
s¢rgel ¢ vana d¢ z| DN500 0.11
s¢rgel ¢ vana dg¢ z| DN600 0.1
s¢rgel ¢ vana dg¢ z| DN700 0.09
s¢rgel ¢ vana yuv| DN100 0.22




s¢rgel ¢ vana yuv| DN200 0.18

s¢rgeéel ¢ vana yuv| DN300 0.16

s¢rge¢l ¢ vana yuv| DNAOO 0.15

s¢lgé¢ vana yuvar || DN500 0.13

s¢rgel ¢ vana yuv| DN600 0.12

s¢rgel ¢ vana yuv| DN700 0.11

iJne vana 0.50.8
BAJLANTI LAR

Keskin girick ¢ok keskin 0.5

Keskin girick az yuvarl atél mék| 025

Keskin girick -ok yuvarl atél mé| 01
Yuvarl at @&l méxk gi| rahat 0.06
Yuvarl at &l mék gi | normal 0.05

A-él e keskin gir | |=45 derece 0.8

A-él e keskin gir | 1=60 derece 0.7

A-él é& keskin gir| [J=75derece 0.6

i-e girmik keski|-o0ok keskin 3

i-e girmik keski|hafif-e yuvarl at] 06

- eékéex 1

artan -ap keski n| dl/d2=0.5 0.56

artan -ap keski n| dl/d2=0.6 0.46 {

artan -ap keski n|dl/d2=0.7 0.24 d, dy— -
artan -ap keski n| d1/d2=0.8 0.8 !

artan -ap keski n| dld2=0.9 0.9

artam a-¢€el é d1/d2=0.5a =8 derece 0.12

artan -ap a-¢€el é d1/d2=0.6a =8 derece 0.09 ! BB
artan -ap a-éel e | dl/d2=0.6a=8 derece 0.07 dy _{»-I:jz
artan -ap a-¢€el é d1/d2=0.6a =8 derece 0.04 b
artan -ap a-¢€el é d1/d2=0.9a =8 derece 0.02

artan -ap a-é@el é d1/d2=0.5 &16 deece 0.19

artan -ap a-é@el é d1/d2=0.6 &16 derece 0.14

artan -ap a-é@el é d1/d2=0.6 &16 derece 0.09

artan -ap a-é@el é d1/d2=0.6 &16 derece 0.05

artan -ap a-¢€lég d1/d2=0.9 &16 derece 0.02

artan -ap a-¢€lég d1/d2=0.5a =25 derece 0.33

artan- ap a- €l e d1/d2=0.6a =25 derece 0.25

artan -ap a-¢€el é d1/d2=0.6a =25 derece 0.16

artan -ap a-¢€el é d1/d2=0.@& =25 derece 0.08

artan -ap a-¢€el é d1/d2=0.9 =25 derece 0.03

azal an -ap keski| dl/d2=1.2 0.1 I __J_
azal an -ap keski| dl/d2=14 0.22 d, dy——
azalm - ap keskin d1/d2=1.6 0.29 AT
azal an -ap keski]| dl/d2=18 0.33

azal an -ap keski| dl/d2=2 0.35

azal an -ap a- &l é| dl/d2=1.2a =10-30 derece 0.02

azal an -ap a-él é| dl/d2=1.4 &1030 derece 0.05

azal an -ap a-éel é| dl/d2=1.6a=10-30 derece 0.1

azalan ap a- el é d1/d2=1.8a =10-30 derece 0.17

azal an -ap a- &l é&| dl/d2=2a =10-30 derece 0.26

d°nen boru d¢zg¢| R=da=45derece 0.14

d°nen boru d¢zgg¢| R=2d ~ =45 derece 0.09

d°nen boru d¢zgg¢| R>=5d0=45derece 0.08

d°nen bzolrgu weéizrey | R=d 0 =45 derece 0.34

d°nen boru pe¢r ¢ z| R=2d =45 derece 0.19

d°nen boru p¢r ¢ z| R>=5d11=45derece 0.16

d°nen boru d¢zg¢| R=da=60derece 0.19

d°nen boru d¢zg¢| R=2da=60derece 0.12

d°nen boruwydg¢zg,¢| R>=5da=60 derece 0.1




d°nen boru p¢r ¢ z| R=da=60 derece 0.46
d°nen boru p¢r ¢ z| R=2da=60 derece 0.26
d°nen boru pg¢r ¢ z| R>=5da=60 derece 0.2
d°nen boru dg¢zg¢| R=da=90derece 0.21
d°nen boru d¢zg¢| R=2da=90 derece 0.14
d°nen boru d¢zg¢| R>=5da=90 derece 0.1
d°nen boru p¢r ¢ z| R=da=90 derece 0.51
d°nen boru p¢r ¢ z| R=2da=90 derece 0.3
d°nen boru p¢r ¢ z| R>=5da=90 derece 0.2
d°nen boru k°kel|k°ke sayésé=2 a 0.15
d°nen boru k°kel|k°ke sayésé=3 a 0.2
d°nen boru k°kel|k°®ke sayésé=3 a 0.25
a-€elé& k°ke d°n¢gk|k°ke sayésé=1 a 0.25
a-€élé k°ke d°n¢k|kke sayésé=1 0.35
a-€lé& k°ke d°n¢gk|k°ke sayésé=1 a 0.5
a-€élée k°ke d°o°n¢k|kOk sayése=1 0.7
a-€élée k°ke d°o°n¢k|kOk sayése=1 a 1.15
a-€élé k°ke d°n¢k|kRe sayéseée=1 0.13
90 derece -l u k| k°k sayésée 1 25
91 derece -lu klk°ke sayéseée 2 5
i ki doksan derec 3
boru genl ekme ba 0.32
‘Lyra® dezgen ye 07
"Lyra perézl ¢ég 1.4
T keskin k°ke 1-3
T yuvarl at @l méx 0.7
T alté yuvarl ak 0.9
T keresel ko°ke 2.5-
T bajlanté a-eél &| Qa=0=90derece 0.04 —fd—
T bajlanté a-eé&l é&| Qa=0.5Q 0=90 derece 0.35
Thd | ant é& a-é&l & b| Qa=0.8Q 0=90 derece 0.5
T bajlanteée a-eé&l é&| Qa=Q [1=90derece -
T bajlantée a-é&l é&| Qa=0 " =90 derece -
T bajlanté a-é&l &| Qa=0.5Q1=90 derece 0.3
T bajlanté a-é&l &| Qa=0.8Q =90 derece 0.7
T bajlanté a-é&l &| Qa=Q1l=90 derece 0.9
T bajlanteée a- el &| Qa=0a =45 derece 0.04
T bajlanteée a-eéel é&| Qa=0.5Q a =45 derece 0.2
T bajlanteée a-eéel é&| Qa=0.8Q a =45 derece 0.1
T bajléedart diad ek m Qa=Q a=45 derece -

T bajlanteé a- &l &| Qa=0a =45 derece -

T bajlantée a-eé&l é&| Qa=0.5Q a =45 derece 0.15
T bajlanteée a-eé&l é&| Qa=0.8Q a =45 derece 0.35
T bajlanté a-eé&l é| Qa=Q a=45dem 0.4
T bajlanté ayr él| Qa=0 =90 derece 0.04
T bajlanté ayrél| Q05Q =90 derece 0.01 Ll
T bajlanté ayr el | Qa=0.8Q []=90 derece 0.2
T bajlanteée ayr &l | Qa=Q =90 derece -
T bajlanteée ayr &l | Qa=0_ =90 derece -
T bajlanté ayr el ]| Qa=0.5Q 0 =90 derece 0.9
T bajlanté ayr el ]| Qa=0.8Q 0 =90 derece 1.1
T bajlanté ayr el | Qa=Q 0 =90 derece 1.3
T bajlanté ayr &l | Qa=0a=45derece 0.04
T bajlanté ayr &l | Qa=0.5Q a=45 derece 0.02
T bajlanté ayr &l | Qa=0.8Q a=45 derece 0.2
T bajlanté ayr &l | Qa=Q a=45derece -

T bajlanté ayr él| Qa=0a=45derece -

T bajlanteée ayr &l | Qa=0.5Q a=45 derece 0.4




T bajlanté ayr &l | Qa=0.8Q a=45 derece 0.35
T bajlanté ayr &l | Qa=Q a=45derece 0.5
Boru basén- d¢keéemeg progipedabejami pe2. java pipe2P.jav

|£| Boru basing disimi — m} X

Svrismi su |v

Sicaklik {derece C) 27.0

Basing (Bar) 1.0

Boru boyu, m 1.0

Boru $ekli silindir |v

Boru Boyutu D1, m o5 |

Boru Boyutu D2, m 0.05

Boru yerel basing diigiimii katsayisi K, : 0.0

debi, kg/s 0.01

boru egdeder piirizlaligi, m: 1.0E-5

Basing diigiisii 5.567511024090806E-T bar

i siirtiinme katsayisi 0.2138856365320268

Akig hiz 0.005111040886049873 mis

Reynold sayisi Re 209.2253291885581

Prandtl sayisi Pr 5.827599866603247

Nusselt sayisi Nu 3.6600000000000006

Hidrolik girig gelisme boyu 0.BO76759875656742 m

W, sivi viskozitesi 8.510239077607134E4 Ns/m*2

k , siviisil iletkenligi 0.6105837171279589 WimK

Cp, sivi dzgill 15151 4.181125296288967 KJ/kgK

p_l, svi yogunlug 906.4620304332573 Kg/m*3

SVl ISmi su
PROBLEM: keki |l de wveril difji gi bi baj*@hsyojanl bju 8694, vesty
birdepgclan 20 kPa g°sterge baséncéna sahip ¢st tarafe kaj
yapél mék ol up, -apé 30 mm ve uzunluju 7 m dejerindedir
adet keskin kearmdertl & ¢lragred ¢g ivrainkai,, 12 adet ke¢resel vana V¢
bilgiler Kekil iczerinde verilmiktir Ortal ama hez d
(H:ABVOZn)yer alan A wmenBs&kpésalyedajeérl erini sérasée ile
ortalama héz dejerini 2 m/s olarak aleéneéz).

(. 20 kP

a
2
A
| | 4m
~
\V4 Y
.
vana J
kekKislt tarafé atmosfere a-ék depo ile ¢st tarafé
¢COoz¢Bnir akékkan bir boru sistemi boyunca pompa ile g°
toplam ye¢ktor. st tarafe atmosfere a-ék depoya ait s
serbest akékkiamarngtzlegni 2seo|lmomka t araféndan sajlanan s
R, W P V3
—+a_= & H —= ,+2az, Hypilir
rg 29 (¢] 29
Genellexktirilmik Bernoul i denkl eminden sistem y¢ke - e
: i 2T R8s -
Sistem yiikii : H= + B £ hropam (M
rg 29

Pi=Pum= 0 Pa (g°st=20¢Ra =2G0B0&a, Ve 0 Pm/ s (serbest akékkan vy



artma heézlaré yaklakgé@m@ezm/ 4 wml dseakbabénakiékkan, yzzeyl
yojunluk) (=2 000®. X))/ (M Q00 kg/ mj) = 940 kg/ mj ol arak al én

(20000- 0)Pa (a,0 - M m/s
= + 4 0} m H- 6.169
(940 kg/m?3)(9.81 m/s?)  2(9.81 m/s?) (# O m  Heiopiam k. biam

Boru i-i ortalama héz dejerini 2 m/s olarak aléneép, Re
3
Rep = r'vVo.D (940 kg/m )(3 m/s)(0.03 m) £128(
m (5.10° Pas)
Resy ésé 4000 dejerinden b¢gyeéegk olduju i -in akeps tler5b2: [eam
= 0.00152 m o IWeriaskb aaclhé nsgp tQanrncey fakt°or ¢ Denklem (37) ku
e o 1,.11ﬂ
1 > 6.9 2415210 m/0.03md0 § )
—@'18, 8 l\] - = a
Ja €11280 ¢ 3.7 g
€ u
1 adet keskin kemal € boru giri ki i-in kayép katsayésé 0.5 ve 1
olarak al éneér . 2 adet t a a-ék s¢rgel¢ vana i -in kayeé
katsayésé 1RawEpnkat sappsamise, 0.5 + 1.05 + 0.3 + 10
verildijJi gibi hesaplanér
a L 5 g a V2
H =H._ +H. & ort 0. 8594 rt 85 =2
Cromin tHa BE 8 KGE w0 o0 s oo g
Yukar eda si sH=6.069 H; Jnekt t hi ] i eHk ghign yerdiideni komul duj unda ¢
ekitlik elde edilir.
H=6.169 +0.96\, (m
Buradan A = 6.169 m ve B = 0.96 s|]/m olarak bulunur.
PROBLEM: K-i su dolu basén-1¢é& Dbir su deposundaki su
300 k.PalYw’lideposunun toplam y¢gkseklI ifjJi 8 m ve -apeée
-apeée d=0.2 médir. Depodaki suyun ve havanén seéca
deji kKimini zamana bajl é ol arak hesaplayénéz.
Hava 300 kPa
t=0 saniye
1
Sm_
5m
Kvana=0.2
£=0.4e-3 2
o d=0.2 m

| L=5m

| d=10m

Programsudeposu_boru_akis.java

---------- Capture Output---------

> "D:\cdjavabin\javaw.exe" sudeposu_boru_akis

mhava = 839.9778757312198 kg

rohava = 3.5649768269454247 kg/m"3

Vhava = 235.61944901923448 m"3

t=0.0s V=16.708041102062847m/s h = 5.0 m f = 0.08398315720825 Re = 3342389.2009554342

t=1.0s V=16.681425413399687m/s h = 4.993316783559175 m f = 0.023476887797448397 Re = 3337064.819131
t=2.0s V=16.656929405513416m/s h = 4.986644213393815 m f = 0.02347697040454885 Re = 3332164.4725419
t=3.0s V=1663253191594394m/s h = 4.979981441631609 m f = 0.023477052920333044 Re = 3327283.83422123
t=4.0s V=16.608232150184605m/s h = 4.973328428865232 m f = 0.023477135345636377 Re = 3322422.745230
t=5.0s V=16.58402932285497m/s h = 4.966685136005158 m f 34/021768128694 Re = 3317581.0484566656




t=6.0s V=16.559922657564837m/s h = 4.960051524276016 m f = 0.02347729992810565 Re = 3312758.5885857
t=7.0s V=16.53591138678078m/s h = 4.953427555212991 m f = 0.023477382086906338 Re = 3307955.2120749
t=8.0s V=56.51199475169512m/s h = 4.946813190658278 m f = 0.023477464158495845 Re = 3303170.76712749
t=9.0s V=16.48817200209729m/s h = 4.9402083927576 m f = 0.023477546143674078 Re = 3298405.10366602
t=10.0s V=16.464442396247446m/s h = 4.933613123956761 m f =47.0@3804323416 Re = 3293658.0733079454
t=11.0s V=16.440805200752475m/s h = 4.927027346998262 m f = 0.02347770985796245 Re = 3288929.529340
t=12.0s V=16.417259690444155m/s h = 4.920451024917961 m f = 0.023477791588638663 Re = 3284219.32669
t=13.0s V=16.393805148259506m/s h = 4.913884121041783 m f = 0.02347787323603596 Re = 3279527.3219279
t=14.0s V=16.370440865123307m/s h = 4.907326598982479 m f = 0.02347795480092101 Re = 3274853.373188
t=15.0s V=16.347166139832648m/s h = 4.90077842263643 tn(f23478036284054097 Re = 3270197.3402049546
t=16.0s V=16.323980278943615m/s h = 4.894239556180497 m f = 0.023478117686189164 Re = 3265559.08425
t=17.0s V=16.300882596659886m/s h = 4.88770996406892 m f = 0.023478199008073942 Re = 3260938.468148
t=18.0s V=16.27787241472335m/s h = 4.881189611030256 m f = 0.023478280250449957 Re = 3256335.356200
t=19.0s V=16.254949062306622m/s h = 4.874678462064367 m f = 0.02347836141405269 Re = 3251749.614215
t=20.0s V=16.232111875907446m/s h = 4.8681764824B9df = 0.023478442499611594 Re = 3247181.1094620223
t=21.0s V=16.209360199244927m/s h = 4.861683637689081 m f = 0.02347852350785017 Re = 3242629.710652
t=22.0s V=16.18669338315761m/s h = 4.855199893609384 m f = 0.023478604439486083 Re = 3238@9528792
t=23.0s V=16.16411078550325m/s h = 4.8487252162561205 m f = 0.023478685295231182 Re = 3233577.71282
t=24.0s V=16.141611771060393m/s h = 4.842259571941919 m f = 0.023478766075791614 Re = 3229076.85826
t=25.0s V=16.119195711431583m/s h = 4.8388¥233495 m f = 0.023478846781867867 Re = 3224592.598549703
t=26.0s V=16.09686198494829m/s h = 4.8293552489489215 m f = 0.023478927414154842 Re = 3220124.80931
t=27.0s V=16.074609976577428m/s h = 4.822916504154942 m f = 0.023479007973341934 R&3.3@15670005
t=28.0s V=16.052439077829458m/s h = 4.816486660164311 m f = 0.023479088460113064 Re = 3211238.15143
t=29.0s V=16.0303486866681m/s h = 4.810065684533179 m f = 0.023479168875146828 Re = 3206819.0406387
t=30.0s V=16.008338207421517m/s K.803653545058512 m f = 0.023479249219116427 Re = 3202415.91595808
t=31.0s V=15.98640705069504m/s h = 4.797250209775544 m f = 0.023479329492689875 Re = 3198028.659489
t=32.0s V=15.964554633285358m/s h = 4.790855646955266 m f = 0.0234794096965299FP9R6E57.154564218
t=33.0s V=15.942780378096115m/s h = 4.784469825101952 m f = 0.02347948983129437 Re = 3189301.285736
t=34.0s V=15.921083714054966m/s h = 4.778092712950714 m f = 0.02347956989763568 Re = 3184960.938765
t=35.0s V=15.89946407603197 &1l = 4.771724279465092 m f = 0.02347964989620149 Re = 3180636.000598957
t=36.0s V=15.877920904759419m/s h = 4.765364493834679 m f = 0.02347972982763444 Re = 3176326.359356
t=37.0s V=15.856453646752842m/s h = 4.759013325472775 m f = 0.02347980962R&223172031.9043154437
t=38.0s V=15.835061754233509m/s h = 4.7526707440140745 m f = 0.02347988949164796 Re = 3167752.52589
t=39.0s V=15.813744685052056m/s h = 4.7463367193123815 m f = 0.02347996922548958 Re = 3163488.11563
t=40.0s V=15.7925012B13447m/s h = 4.740011221438361 m f = 0.023480048894720596 Re = 3159238.5662042
t=41.0s V=15.771332875803136m/s h = 4.733694220677315 m f = 0.02348012849995975 Re = 3155003.771342
t=42.0s V=15.75023707891443m/s h = 4.727385687526994 m f = 0.023480323.19 Re = 3150783.625888488
t=43.0s V=15.72921399157705m/s h = 4.721085592695428 m f = 0.023480287520914515 Re = 3146578.025743
t=44.0s V=15.708263098686835m/s h = 4.714793907098797 m f = 0.023480366937844808 Re = 3142386.86786
t=45.0s V=15.68383890336601m/s h = 4.708510601859323 m f = 0.023480446293212703 Re = 3138210.0502391
t=46.0s V=15.666575861748093m/s h = 4.702235648303188 m f = 0.023480525587614428 Re = 3134047.47189
t=47.0s V=15.645838513205042m/s h = 4.695969017958489 nDR348060482164186 Re = 3129899.0328658377
t=48.0s V=15.6251713499873m/s h = 4.689710682553207 m f = 0.023480683995882597 Re = 3125764.6341813
t=49.0s V=15.604573882306024m/s h = 4.683460614013212 m f = 0.02348076311091994 Re = 3121644.177861
t=50.0s \=15.584045625239874m/s h = 4.6772187844602895 m f = 0.023480842167333035 Re = 3117537.5669(
t=51.0s V=15.56358609867225m/s h = 4.670985166210193 m f = 0.023480921165696847 Re = 3113444.705251
t=52.0s V=15.543194827229526m/s h = 4.664759731770724 0n023481000106582238 Re = 3109365.4978179457
t=53.0s V=15.522871340220219m/s h = 4.658542453839832 m f = 0.023481078990556 Re = 3105299.85043949
t=54.0s V=15.502615171575158m/s h = 4.652333305303744 m f = 0.02348115781818092 Re = 3101247.669880
t=55.0s V=15.482425859788583m/s h = 4.646132259235114 m f = 0.02348123659001581 Re = 3097208.8638183
t=56.0s V=15.462302947860138m/s h = 4.639939288891198 m f = 0.023481315306615565 Re = 3093183.34083
t=57.0s V=15.442245983237811m/s h = 4.633754367712064 0.02348139396853117 Re = 3089171.0103884656
t=58.0s V=15.422254517761722m/s h = 4.6275774693187595 m f = 0.023481472576309805 Re = 3085171.7828
t=59.0s V=15.402328107608822m/s h = 4.621408567511655 m f = 0.023481551130494834 Re = 308118BFH938
t=60.0s V=15.382466313238403m/s h = 4.615247636268611 m f = 0.023481629631625867 Re = 3077212.28211
t=61.0s V=15.362668699338498m/s h = 4.609094649743316 m f = 0.023481708080238806 Re = 3073251.83394
t=62.0s V=15.342934834773047m/s h = 4.60258226358 m f = 0.023481786476865895 Re = 3069304.138614842
t=63.0s V=15.323264292529943m/s h = 4.596812408329671 m f = 0.023481864822035705 Re = 3065369.11071
t=64.0s V=15.303656649669799m/s h = 4.590683102612659 m f = 0.023481943116273267 Rel6.866622032
t=65.0s V=15.284111487275554m/s h = 4.584561639952791 m f = 0.02348202136010004 Re = 3057536.719547
t=66.0s V=15.264628390402816m/s h = 4.578447995357881 m f = 0.023482099554033957 Re = 3053639.18947
t=67.0s V=15.245206948030962m/s B.57234214400172 m f = 0.0234821776985895 Re = 3049753.9931918336
t=68.0s V=15.225846753014972m/s h = 4.566244061222507 m f = 0.023482255794277686 Re = 3045881.04923
t=69.0s V=15.206547402038018m/s h = 4.560153722521301 m f = 0.023482333841606304R626.276938005
t=70.0s V=15.187308495564722m/s h = 4.554071103560486 m f = 0.023482411841079222 Re = 3038171.59636
t=71.0s V=15.168129637795147m/s h = 4.54799618016226 m f = 0.023482489793197784 Re = 3034334.928335
t=72.0s V=15.149010436619458h = 4.541928928307142 m f = 0.023482567698459515 Re = 3030510.1944157(




t=73.0s V=15.129950503573275m/s h = 4.535869324132494 m f = 0.02348264555735883 Re = 3026697.316891
t=74.0s V=15.11094945379366m/s h = 4.5298173439310645 m f = 0.0234827238 286 3022896.2187738204
t=75.0s V=15.092006905975806m/s h = 4.523772964149547 m f = 0.023482801138031754 Re = 3019106.82378
t=76.0s V=15.073122482330307m/s h = 4.517736161387156 m f = 0.023482878860778215 Re = 3015329.05634
t=77.0s V=15.0542988B541113m/s h = 4.511706912394224 m f = 0.023482956539108035 Re = 3011562.8415735
t=78.0s V=15.035526513724049m/s h = 4.505685194070808 m f = 0.023483034173499853 Re = 3007808.10528
t=79.0s V=15.016814230385984m/s h = 4.499670983465318 m f = 0 APBUB442928 Re = 3004064.7739488194
t=80.0s V=14.998158594384602m/s h = 4.493664257773164 m f = 0.023483189312368896 Re = 3000332.77473
t=81.0s V=14.979559244888693m/s h = 4.48766499433541 m f = 0.023483266817788295 Re = 2996612.035447
t=82.0s V=14961015824339116m/s h = 4.481673170637455 m f = 0.023483344281154124 Re = 2992902.484565
t=83.0s V=14.942527978410245m/s h = 4.475688764307719 m f = 0.0234834217029301 Re = 2989204.0512066
t=84.0s V=14.924095355972028m/s h = 4.469711753116355 nOR34B3499083577046 Re = 2985516.6651266734
t=85.0s V=14.90571760905257m/s h = 4.463742114973966 m f = 0.023483576423552935 Re = 2981840.256715
t=86.0s V=14.887394392801237m/s h = 4.457779827930345 m f = 0.02348365372331289 Re = 2978174.756986
t=87.0s V=14.869125365452346m/s h = 4.451824870173224 m f = 0.02348373098330924 Re = 2974520.0975711
t=88.0s V=14.850910188289294m/s h = 4.445877220027043 m f = 0.02348380820399155 Re = 2970876.210710
t=89.0s V=14.832748525609274m/s h = 4.43993685595(728 0.023483885385806626 Re = 2967243.029247942
t=90.0s V=14.814640044688442m/s h = 4.434003756541484 m f = 0.023483962529198564 Re = 2963620.48662
t=91.0s V=14.796584415747608m/s h = 4.428077900523609 m f = 0.02348403963460877 Re = 2960008.516864
t=92.0s V=14.778581311918385m/s h = 4.422159266757309 m f = 0.023484116702476004 Re = 2956407.05458
t=93.0s V=14.760630409209856m/s h = 4.416247834232542 m f = 0.023484193733236368 Re = 2952816.03496
t=94.0s V=14.742731386475665m/s h = 4.41034368868 m f = 0.02348427072732338 Re = 2949235.3937685243
t=95.0s V=14.724883925381597m/s h = 4.404446489514267 m f = 0.023484347685167967 Re = 2945665.06730
t=96.0s V=14.70708771037361m/s h = 4.398556535944115 m f = 0.023484424607198528 Re = 29MBREBEA9
t=97.0s V=14.689342428646306m/s h = 4.392673700859966 m f = 0.023484501493840907 Re = 2938555.10665
t=98.0s V=14.671647770111836m/s h = 4.386797963888507 m f = 0.02348457834551846 Re = 2935015.347848
t=99.0s V=14.654003427369265m/s h = 4339304780462 m f = 0.023484655162652066 Re = 2931485.65455442F
t=100.0s V=14.636409095674322m/s h = 4.375067703409514 m f = 0.023484731945660167 Re = 2927965.9658
t=101.0s V=14.618864472909596m/s h = 4.369213139771245 m f = 0.023484808694958 ZRPR456.2211695416
t=102.0s V=14.601369259555144m/s h = 4.36336559398208 m f = 0.02348488541096149 Re = 2920956.360723
t=103.0s V=14.583923158659463m/s h = 4.357525046278258 m f = 0.023484962094079558 Re = 2917466.3250
t=104.0s V=14.56652587581098% h = 4.3516914770147945 m f = 0.02348503874472185 Re = 2913986.0552974
t=105.0s V=14.549177119109572m/s h = 4.345864866664471 m f = 0.023485115363294944 Re = 2910515.4930
t=106.0s V=14.531876599139231m/s h = 4.340045195816827 m f = 0.023486293085 Re = 2907054.580359103
t=107.0s V=14.514624028940146m/s h = 4.334232445177171 m f = 0.02348526850584823 Re = 2903603.25988
t=108.0s V=14.497419123981853m/s h = 4.3284265955655945 m f = 0.023485345030630125 Re = 2900161.474
t=109.0s V=14.8026160213651m/s h = 4.322627627916002 m f = 0.02348542152494624 Re = 2896729.1683293
t=110.0s V=14.463151183652515m/s h = 4.316835523275147 m f = 0.023485497989191834 Re = 2893306.2848
t=111.0s V=14.446087591128554m/s h = 4.311050262801686 nOR34B557442376 Re = 2889892.768738939
t=112.0s V=14.429070549487918m/s h = 4.305271827765234 m f = 0.023485650829041648 Re = 2886488.5649
t=113.0s V=14.412099785953238m/s h = 4.299500199545439 m f = 0.02348572720542554 Re = 2883093.61901
t=114.0sV=14.395175030021525m/s h = 4.293735359631057 m f = 0.023485803553298323 Re = 2879707.87672
t=115.0s V=14.378296013439503m/s h = 4.2879772896190484 m f = 0.023485879873044513 Re = 2876331.284
t=116.0s V=14.36146247017937m/s h = 4.2822259712867f = 0.023485956165046593 Re = 2872963.788934407
t=117.0s V=14.344674136414769m/s h = 4.2764813862256 m f = 0.023486032429684923 Re = 2869605.337447
t=118.0s V=14.327930750497151m/s h = 4.270743516571034 m f = 0.023486108667337857 Re = 286826537776
t=119.0s V=14.311232052932434m/s h = 4.265012344270835 m f = 0.02348618487838174 Re = 2862915.35757

> Terminated with exit code 0.

3.2 POMPALAR

Pompa -exkitleri

Pompad eyi nce akl éeméza -ekitli sévélara basén- ve ak
pozitif hacim pompar € v e d° ner (rdtagimaimik)o Ipaarmgplal iaki ye ayr el ér . P
pi stonl u pko nvpearleabriél i°rrinze. T¢rbo pompal arén en fazl a



Cexki tli pompal ardan g°r¢negmler

Haci msel pompal arénndkaeakhbprp bmmeaseevygesine zor
sérasénda dejiken bir veya -ok sayéda hacimleri v
prensibine g°re -aleéekxkér, bunlarda genelblti pbmpakbakge
akék periodikke soilkalria kb idrejdiekbein ol ukt ururl ar. Di«kl i p
-al ékan haci msel pomp®dPardaticsdoalpd®unpde @irsit esnzlbi to
enerjisinprehsigbi pemg®°re -al éxkeéerl ar. Bu sebeple g
pompal ara g°re daha d¢gkegkteor, ancak daha y¢ksek d
yé¢ksek basén- el de etmek i -in kademelii pompal ar Kk
Pompa karekteristik ejrileri

Akaj edaki Kekil dek abrierk tpeirsitsotnilku epjormpsain égne r ¢ 1 mekt edi
devir sayéséna bajlé olarak karekteristik ol arak

davramagwmée #&iazaklar vb. sebeplerle olduk-a dejikeb
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Akaj edaki Kekilde ise bir dalgé- turbo pompanén Kk

basén- ejrisi bu t¢r pompal arda -ok daha yatay bi
Paslanmaz gelik Dalgi Pompa : VSP-SS-06010
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Turbo pompa karekteristk ej ri l eri ol ar ak genel l ikl e -tlehin é&ml an.
ejriisBelli bir turbo pompa heézeé i-in p®&ompaverinebi si
ejrisi hidrolik sevéya veri Aeajedekjirnehipgdeepsehn
ejrisi gesterilmiktir
& Paslanmaz gelik Dalgig Pompa : VSP-55-06010 q (debi)- hiyikseklik), v (verim) P{giig) - o X
Paslanmaz gelik Dalgig Pompa : VSP-55-06010

2 7068 03563
E
T §357 = =i |- 0.3405
E PONIpa verim egrisi
2 s640 o I 0.3248
E
£ 94 pompa giic egrisi - 0.3091 g
2; 4233 o - 0.2934 5
H g
= a2 o277 =

2817 o - 0.2619

2108 - 0.2462

14.01 |- 0.2305

Pompa karekteristik egrisi
6.928 |- 0.2148
-01521 T T T T T T T T T 0.1991
0.0000 0.54804 1.0061 1.6441 21921 27402 3.2882 38362 4.3843 4.9323 54804
debiqirs)




B a s masekYl ¢i®) iy—

Pompa verimih ) Buradakif al t er nat i f ak(Bompnekiklik f az a- é

motoruyla s¢rdddejpd mpar zdxd igli irds e i

Pompa d°n¢k hézé dejiktirildijinde bu héza bajl é

O 0 & T& Budenklemda hacimseldebi(f s) ve n pompa akka);k hézeder
n ir

Olukan bsalslmaj iy ¢k°n¢gk hézénén karesi ile dejiKk
O O ¢ I
Bir pompanén optimal «kartlarda -al ékmasé i-in sis
ve statik kod farkasndgamuolobrmamk( debi xkiem)f @i r i il e
-akékma noktasénéen m¢gmkegn ol an maksi mum veri me ka
°n¢gne al énarak se-ilir. Ancak bu her z@mman m¢mkeén
uydurul abil mesi i -in dejikik uygulamal ar mevcuttu
dejiktirilebilir. Akajédaki «kekilde késma kaybéné
-\H\ Kisma Kaylhn AH
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Pompa -élk&@xeldamisévénén bir kesméegnadebypdaba édil mc¢
g°nderil mesi) sistem karekteristik ejrisi il e uyu
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Her i ki durumda da bu proseslerden dolayé bir ene
Freakans kontroll ¢ pmoth@rzlecardelulkltdaméll eerbdak ipgmbe si

uyum sajlanabilir. Bu bilhassa sistem debilerinin
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Santrifuj tip turbopompal arda pompa idki zeeyrmpoanpama sa
dejiktirilmesidir.
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Santrif ¢j tipi bir pompramletne rdieg§ ti ikk ke Jproimpia e p' arriél
Kekil de verilmixktir.

Pompal arén bir dijer °nemld.@ k a- NIREK (Netmpasisve sugtion Hdael n e t

NPSH késaltma ol arak Kngilizce]jekde@joempianegaksaviyle

emebil mesi i-in girik taraféndaki y¢kseklik cinsi
3.3 FANLAR

Fanl ar genellikle end¢striyel ve i klimlendirme pr

ci hazl ardér . nfoanorndialni idk® neennerbiirsi al arak bu enerji

Genellikle fanlarén sajladeéekl aré basén- oranl are

kompres®rl er kul l(radyaBvi eé ra. k sFHayrelela eo | snkanhkt d¢ge f £ kKi k konf i

Hava
girisi

Santfan f ¢ | Aksiyel fan

SantKarndgt yapésé olarak radyal, ©°ne dojru efjimli \

Radial fan kana|¥ne dojru ejiml|Arkaya dojru ejim

Radyal fanlar y¢ksek basén- -ékteéelaré nedeniyle d
mm su s¢téenuna kadafrnebaogm-u sve] laakabyial idroljeru. ej i ml
daha Wgx&rk- farklaréyla sajlamaya yararlar.

Aksiyelfanlaé bor u ti pi aksiyel fanlar, yel dejirmeni ti
guruplayabilirizHavanén fan -arkée ile ayné eksende y©An defj
debileri(10.000 150. 000 mj / h) ve dEXQE kP ad)assfahi B éxied téenml 10

Kull aném yerine g°re dejikik g°vde yapélaréna sah

e SN

RS




| \//L/ -»—\ |
kanaltipi aksiyd van Yel dejpiaksgelfan |(|Vanti |l at°r tip
Fan se-iminde g°z °n¢nde bulundurmamaéz gereken e
ol arak dejikik debiler i-in basén- dge&dimlaiikti BoB:
havalée sistemlerde kullanélan dijer ekipmanl ardan
ge- i Kini engellemek i-in genellikle filtreler kul!l
olukturan enrd@a@are.mlbDijeére maind a° neml i basén- d¢gKer ¢ c
sistemleri ésétma/sojutma sistemlsersityelme barsteengr a ¢
°neml i bir unusuru haline gel ecdklIldérndikrl.erHav ad asriad
gi bi etkiler yerel basén- d¢kegmeg ol arak hesaba ka
bir dejikim g°sterir. Fan karekteristik ejrEderi
°nemli si basén- d¢gkemeg il e akékkan debi si arasénd
harcamée ejrileri de verilir.
Fan debi devir sayéseée |, basén- d¢kemeg be g¢ée- gere
0 0 & ¥ Budenklemdd® hacimseldebi(f s) ve n pompa d°n¢k hézeéedér
Ol ukan basma y¢ksekIlifji d°n¢k hezénen karesi il e
O O ¢ I

Toplam sistem statik baséncé fan devrinin karesi

Fan tahrik g¢- gereksi nmesi fan devrinin k¢gpe i1 e
Fan se-iminde tasarém baséncéné kiaskiek agjarciaki xierk i |
al enér . Bunu yaparken se-ilen fanén m¢gmk¢gnde bu n

Hesaplanan
Kanal
Sistem
Egrisi

Fan Tepe/(pik) Basinci \

1) RP (Degerlendirme noktasi)

Fan basinci

— hava akis egrisi

Tasarim Basinci

Tasarim Hava Debisi

FAN SE¢CKMKNDELKNLGEREKLK PARAMETRELER

Mutl ak Basén- Mutlak basén- 1iKki biil ne k(eenfdeeknt iofl Ju kKlua <
0 0 0
At mosferi k basén- (Patm), s°z konusu yerin ¢zerin

tar af @éndan ol ukt3wrbu lkuPra)(.1 EAtkmm=nl bla.sén- i skanzakeéerka



bir bakka dék kuvvet wuygulanarak ol ukturul ur. Bir

kanal a bajlanék kKkekline g°re, kafhat dai holiamén.ired
ve toplam basén-)
Basma¥ ksek !l iji Bazen basén-|larén Pa (Pascal) biri mi
veril mesi tercih edilir. Bu durumda, herhangi bir
gel en y¢kseklije basma y¢gksekl iJi deni r .

SN © I3 Y0 YO & Y0
H = Basma y¢éidkgekl F]SuyfmmSyojunl uju (998, 3 kg/ m3 )
4.8.3
Fan G¢cy¢ :Bier Vieanam t eor ink ég g deege akeasjadpd akniérhaj é

w 0Y0

Hava ka-akl ar e, mi | s¢rteéenmesi kayéplarée ve akecx
verimi terimi ortaya -éR@EaIYW Qit HawnEméméhawomeald &tk
toplam basén- farkée (Pa)
Debi Debi, birim zamand#® ge-en hava miktareéedér .
A: Kesit) alané (m
Fan Se-i mi fyretici firmalar fan se-iminde kull ane
basénceée, vefiami debigécihgndefji ki mini g°steren, fa
sajl amaktader |l ar . Bel ir |l bir hava dajétém sistem
1. Sistemin tamamen tasarl anmék ol maseé, kKlidim el e ma
2. Hava miktaré (debisi) dejerleri tespit edil mel
3. Kanal, menfez, panjur, damper, hava yékayeéecése
kayéplaré toplanarak statik basén- tayin edil mel:i
4. Bulunan bu karakters t i k|l ere g°re fan se-imi firma katal ogu
¥rnek bir katalog fan ejrisi akajeéda verilmiktir.

mmSS
(Statik Basing)
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34KOMPRES¥RLER
KompreakRéewbleasmencé sajl akmempkegtmael ar&tder pi ston sil
vidal & kompkempPr esé rsarnmpalerindedir.



kel<34.|1 A-ék pistonlu ko

kelkBidl2 Tam kapaleée pisto

kekBi4l3 Tam kapal é vidal

kelkdidl4 A-ék vidaleé komp

- -

keB4I5 Tam kapal & sar ma
kompres ° r

Piston silindir sisteml
Al ttaki Kekil piston si

[ kompreafakekdmprbakRlbaga
i ndirli bir kompres®r¢n

i-in genel poluktopukuprambajaldemk| BRYi ne uyuml u
ger-eklekecek®v=PVBu proses i-in

r
S
0



Ancak sékékma sonunda gazén hepsini silindirden a
geriye giderkenbugag enl ek i r . Bu g e hlseakbmet n ikne kd eBnkdl gerngi e rePs\e k |-

PVi=PVWyazelabilir.

Y

Ozgiil hacim , v

piston hacmi | W

a) Genel olarak piston silindir prosesi b) girik -ékékkayéeplarae

kelBidl6 Pistonl u -Kodipagrs@mgmd® g°r ¢ngémg

Bir ¢evpimtiondan dékaréya verilen k¢gtl esel debi
Vb Va Vb'Va
vV, V, v,
Bir piston silindirl:@ kompres®rde hacmsel verim Kk
teori k olarak aktarabileceji maksi mum k¢t esel de
h:(Vb'Va)Vs
’ (Vb'vd)vb
Ayné zamanda
Vo = Vo = (V- Vy)- (Vo - Vy)
o A/n ° A/n
aP, 0 P
V, =V, &? =V, &%
g uE
Bir silifrakitrr rpkoklagnle ml ayacak ol ursak
— Vd
Vb'Vd
V, - V 8P g
b__a=1+C- C%g bu durumda hacimsel verim
Vb-Vd gb_
e 4P g "9y
hv:‘?1+C‘C£TC8 u—
g ¢o= HY
Haci msel verimin temel tanéméndan

buradaki C. D. piston sg¢p.¢érBne durcunndla rk ¢ tM ks d |




€ &P, §'"2c.D. _h,CD.
m:q+C-C%°8 l;.'CD: v
g chh+ g W Vo
Pistonlu kompres®°rler i-in n politropik genl ekme
Pistonlukanpr es°r ¢n 1 Ki i-in termodinami kten -ékan gene
ap g " @
:LPbe%B -lJubu durumda toplam elektrik kompres©r
n-1 ) = H
o AN e ~(n-1)/n
nRCD. ¢ aP. g %P 4
elektrik:b—@-"'C‘C_CB %8 -l
(n_l)hmheg C'b~ EB; b + H
Buradakih,, mekanik verim ve helektrik verimdir.
)
(1) -

Yogus. |

kelkBidl7 Tek kademel. bni rpissotjountimia k-oenvprriensi°nril e - al @ km
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1. Yogusma basinc1 106 psia (85°F Yogusma sicaklign }
2. Yogusma basmc1 123 psia (95°F YoZusma sicaklig1 )
14 / 7
Kapasite 1
12 6
/’/Kapasite 2
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@ § 10 e Giig girdisi I— §
/g.@ A//V— Gii dl
25 vl fr—_ tig girdisi 2—
SN
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Ny  glig/ton , 2
2 / bﬁ.ﬁ\ 1
gli¢/ton | 1 P~
0 I | | 0
—40 -20 0 20 40 60 80
Doyma girig sicakhii °F
kelkdidl8 Pistonlu kompres®°rle beraber -alékan R12 sc
kelBidl8 de R12 gazeée ile -aléxkan piston sil i mdakir I i K
performasénsé g°r ¢l mektedir. BU dejerler ger-ek d
buharl akma doyma girik sécakl éjé (buharl akteéereéece
gosterdijini g°rebiléjre).aKtona@lenas eda baveinem (s&rciami
g%zl emleyebiliriz

Bilgisayaror t aménda pistonlu kompres®r hesaplaréna °rne
Program ismiSingle stage gas compressor.jaat e k kad e mel i gaz kompres®©r )

> "C:\javabin\javaw.exe" single_stage_gas_compressor

work required W = 63.53862446172352 kW

induced mass flow rate m=0.286034892 kg/s

compression mass flow rate m=0.36732610467088783 kg/s

expansion mass flow rate m=0.08129121267088785 kg/s

polytropic expansion coeaffient ne=1.3

polytropic compression coefficient nc=1.3

outside (inlet) gas condition TO = 288.0 degree K PO = 1.013 bar

compressor inlet gas condition T1 = 305.0 degree K P1 = 0.95 bar

compressor inlet gas condition T2 = 483.5758824133243 degree K BZar
Va=0.3385342959534208 m"3/s Vb=0.07284362815538707 m"3/s Vc=0.016120680759686708 m"3/
Vd=0.07491943289300315 m"3/s Vs=0.3224136151937341VI=0.2636148630604177 m"3/s
Vs_cycle = 0.06448272303874683 m"3

volumetric efficiency = 0.8176294382047575

isothermal (minimum possible) work output = 50.01662022638588 kW

isothermal efficiency = 0.7871844984072095




Ve Single stage reciprocating air compressor
7.000

6395 Ve clearance volume
Va stroke volume
5790 VI induced volume

5.185 —

4.580 —

P bar

3975 —

3.370 —

2.765 —

2.160 —

1.555 —

0.9500

T T T T T T T T T
0.000 0.03385 0.06771  0.1016 0.1354 0.1693 0.2031 0.2370 0.2708 0.3047 0.3p85
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keki-B 8rdekteki havaVkdimpagegs&mgnegn P
Kompres®°rlerin verimini artteérmak i-in sékeékteéer ma
prosesine dojru itmektir. Bu pratik ol atam¥erinfapél m
kompres®°r¢ kademeli vyapép ara sojutma uygul ayarak
Sogutma suyu
: akin
i 7
o 8 ara sogutucu Yiiksek basinc
Diisiik b::u:u;_ : kampresorii
kompresdri
Sogutma suyu
girisi U
keki |KKkii. 5k 89d e me | i bir pistonlu kompres®r¢n Kemat ik
Py
5
B
A
keki |KKi. 5k 8@9d e me | i bir pvsdionhaar &kménpres°r¢egn P
¥rnek pnvwobstage gas compressgava ( i K i kademel i hava kompres®©r

—————————— Capture Output---------

> "C:\javabin\javaw.exe" two_stage_gas_compressor
First stage Data :

work required W = 28.115774582942578 kW

induced mass flow rate m=0.286034892 kg/s
compression mass flow rates318749135391564 kg/s




expansion mass flow rate m=0.032714243391564035 kg/s

polytropic expansion coefficient ne=1.3

polytropic compression coefficient nc=1.3

outside (inlet) gas condition TO = 288.0 degree K PO = 1.013 bar

compressor inlet gas conditidid = 305.0 degree K P1 = 0.95 bar

compressor inlet gas condition T2 = 384.01965208637057 degree K P2 = 2.578 bar
Va=0.2937648938188761 m"3/s Vb=0.1362990204550468 m"3/s Vc=0.013988804467565528 m"3/s
Vd=0.030150030758458363 m"3/s Vs=0.279776089351310812636148630604177 m"3/s
Vs_cycle = 0.05595521787026211 m"3

volumetric efficiency = 0.9422351412218097

isothermal (minimum possible) work output = 25.000934281788012

isothermal efficiency = 0.889213783103657

second stage Data :

work required W = 28.13418402297975 kW

induced mass flow rate m=0.286034892 kg/s

compression mass flow rate m=0.31876565856185696 kg/s

expansion mass flow rate m=0.03273076656185697 kg/s

polytropic expansion coefficient ne=1.3

polytropic compression coefficient nc=1.3

outside (iet) gas condition TO = 305.0 degree K PO = 2.578 bar

compressor inlet gas condition T1 = 305.0 degree K P1 = 2.578 bar

compressor inlet gas condition T2 = 384.07185681125037 degree K P2 = 7.0 bar
Va=0.10825877260443238 m”3/s Vb=0.050206408467080355t3-0.0051551796478301135 m"3/s
Vd=0.011115979777668667 m"3/s Vs=0.10310359295660226V1=0.09714279282676372 m"3/s
Vs_cycle = 0.020620718591320454 m"3

volumetric efficiency = 0.9421863006040194

isothermal (minimum possible) work output = 25.01568594459787

isothermal efficiency = 0.889151036936885

Combined data : work required W = 56.25012398524055 kW
isothermal (minimum possible) work output = 50.01662022638588
isothermal efficiency = 0.8891823996603052
W=56.25012398524055

Double stage reciprocating air compressor
7.000

6300

5600

4900

4200

Phar

3500

2800

2100
1400

07000

0.000

T T T T T T T T T
0.000 002938 005875 008813  0.1175 0.1469 0.1763 0.2056 0.2350 0.2644 02938

Vm"3fs

kekil 4.5.10 Ara sojutmal é iki kademeli pistonlu
Ayné dejerler i-in hesaplanan tek kademel. kompr e
harcaméxkter.

ki mdi de bir sojutkan pialtem.] uSkjountpucews °alké rk are]alne

¥r nek psingleh staganrefrigeration_compressor.java



---------- Capture Output---------

> "C:\javabin\javaw.exe" single_stage_refrigeration_compressor

work required W = 41.5219367987685 kW

inducedmass flow rate m=1.0 kg/s

compression mass flow rate m=1.0822867414486952 kg/s

expansion mass flow rate m=0.08228674144869519 kg/s

polytropic expansion coefficient ne=1.2

polytropic compression coefficient nc=1.2

outside (inlet) gas condition TO = 273.0gdee K PO = 3.0 bar

compressor inlet gas condition T1 = 273.0 degree K P1 = 2.95 bar

compressor inlet gas condition T2 = 358.25104240259975 degree K P2 = 15.0 bar
Va=8.15506872984526 m"3/s Vb=2.1031484243870993 m"3/s Vc=0.15990330842833844 m"3/s
Vd=0.6200334960870695 m"3/s Vs=7.995165421416922VI=7.535035233758191 m"3/s
Vs_cycle = 1.5990330842833844 m"3

volumetric efficiency = 0.9424489471567198

isothermal work Wisothermal = 36.10413428812925

isothermal efficiency etaisothermal = 0.8695195135791466

Single stage reciprocating Refrigeration(R134a) compressor
15.00

13.80 —

12.59 —

1139 —

10.18 —

Phar

8.975 —

7.770 —

6.565 —

5.360 —

4.155 —

2.950

T T T T T T T T T
0.1599 09594 1.759 2558 3358 4.157 4957 5.757 6.556 7.356 8.155

Vm"3/s

kekil 4.5.11 tek kademe sojut kamadiRm 3dliay)yagrnam®nl u
kimdi de d°ner pistonlu kompres®°rlere bir g°z ata
kompres®°r g°rmekteyi z. kekidlan5p9dsdaekunkgmpreser ¢ a
-ekéek taraféné birbirinden ayeéreéeyor Sol taraftak

emilmektedir.

3 7 X
O
N

keki5i2ad®° ner pistonlu d°ner kompres©®r



Cikas

vanasi

Cylinder block

Piston

k eki5f3d® ner pi srt oknolnup rde®sn®er ¢ n - al ékma evrel eri
Bu y¢zden bu kompres©°r -ift etkild@i bir kopres®©°rdyg
VS:’U\TCV(AZ-BZ)
Buradaki W ayérma | evhasénén ve kompres®°r¢é¢gn eni di
kalangazhacmy | e bel i rl eni r. Kompres®r sg¢peéerme hacmi:
CD=V{Wxompr)escr KOompres®°r ik -ékeéekecx

_ aA .0Ag o .
Wkompresm—wmi,/&aeé-lggg. Bu durumda s¢peéerme hacmio i -in

0AQ

_PW o eaA
CD.=22 (A% - BY)(w._ )&e - 10—
4 ( ) m..)geé EBH

kekibldkanatl e kaymal é& perdeli d°ner kompreseor
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vV, =WEA cos8 B8 C . A)u
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Yogusma

1600) oo moms T sicaklizr 60 = -
55°C
z 1500
e :; "'/ 50°C
£ 21400
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-——-—-—"—__
1100
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Kapasite kw

-1
3.5 —
1 ]
30 =
o | l
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Buharlagma sicaklign Derece C

keksteTi pi k bipidtomeal u kompres®°r ¢ ssjphuplkafhonrRmMalds k§z
devir/s, 33 C -evre sécaklejeée, 33 derec C emme seécakl éej
kekil 5.12 de tipik bir d°ner pistonlu komprires®©r/|l
g°rmekteyi z.

D°ner kompres®°rler gibi sar mal kompres®°rler de sa
temel geometri bir sipiral kKeklindedir. kekil 3.1

Sabit sarmal _———

Doner sarmal =

k ek507Sar mal kompres©r



Sabit sarmal  Yiiksek basing

Doner sarmal s Servis vanasi i
e\ | feed Déner sarmal ~ S@it sarmal
rulman [0\ T }
< o] A\ T4
2 e |
[ ==t 4 L] Cikis vanasi
J t he: i, A Al * :
S =" 1alP
F ; " s ‘»‘ ,'_“'ﬁ—. 1
‘_' - d \jL l’ ! | o .
oy~ ' ‘ Cikis agz1
I i i
w - e /)
I\VI].] )\ - |‘ J
Yatak

k eilkd.5.18Sar mal kompres®©r

Y

k e dis.l9Sar mal kompres®r¢n sipiral hareketi

P noktasénén x ve y koordinaté hareket denkl emler
X, =r(cosf +fsinf)

Yy, =r(sinf - f cosf) olur. Bu denklemlerde r temel donme gemberinin gapi, [/ merke z nokt aseéeyl a
yayén u- noktasé araséndaki a-éeder. Sipirallerin

k e di5.k0Sar mal k o mpvr s %yra¢gmr aRneé



kekil 3.1.14 de -\6adinyad g rkaom®p rge®srogleme kPt edir. a nokr &

Akés arasénda -ok az bir basén- d¢gkegmeg ol maktadeéer
kabul edebiliriz. Seéekéktérma sonucu systemde iste
P P _&,0 Aav.d
—°:—C:§Tb8:—58 =V" buradakiVk ompr ea®i mnohanédeér .
R PR CVce+~ CVd-~
Bu kompres®°r¢n hacimsel verimini teorik denkIl emle
deneysel verilerini kull anmaméz gerekir Ancak bi
V.
h,=(Q- L, yan)—3yaabiliriz.Buradal*_sarmaI kompregzmphkaeandagaz
b
sar mal kompres®°re¢n sipiralinin yan y¢zeyinden s é
ke¢etl esel debi
h,C.D. C.D.
m= :(1-L Lyan)
V3 b
Cevrim bakéna iK gereksini mi
W /cevrim= ﬁ/dP- fydpP
o
o ,,,(nl)/n ]
W/(;evrim——PV 8 - 10- (P, - P)V,
%3_ U- (K
Ayné uohienkaei ptingindea pagarsak :
_ (n-1) ] h V,
W/cevrim= 1PV -Y- (RV,)" - le)\7
r
Téem -evrim i -in i K girixki
_n (n-12) n Vb
| VAREE S GRS
n-1 ' ' \
El ektrik motoru ik gereksini mi
. hCDé n PB/(nl) ] (PVn P)ﬂ
elektrik — hmhgn_ Vr u
ol arak i kiestogrlleg iidmal. e
olurl ar. Tek vidaleée tg¢gr

har eket verir.

kek5RP1ITek vidal é kompres©®r



¢Ci
aradaki

t vi dal

HJT i

uTu

k e Ki5R2¢ i f t

k e Ki5.R3¢ i f t

haciml eri kapatacak «kek

€ kompresefirde Bl dék bipiheiical vida a
il de ters b¢gkeéme s

vidal e kompres©or

vidal e kompres®©r

Giris (Emme)

k e K4i5.24¢ i f t

vidal e kompesbkerini hemkelbkmasé



kompres®°r¢n vidalarénén g°r¢égnegnm

S

I,<ek41'5.|26¢ift vidlé kompres®°r¢égn mont aj gor¢éngéme

kekil 5.20 de -ift vidaleé bir kompres®°r¢gn deneyse



100 I ]
] R
90 L |
I o Vil T~ 35V,
g / / XK:\ izentrogik verim
~ 70 A NI S - =
/ / NS N ~~ 48V,
\ \
\ \
60 — -
Kapasite 300 in.%/rev (5 Lirev) 26V, TN 35V;
sol_ [ [ | [ 1 | I
1 3 3 7 9 11 13 15
Sistem basing orani
——  Sabit V,
- = = Degisken Vi
100 | ] |
Hacimsel verim R-ZZ{
90
r4.8 V;
2 - L35V,
;E 807 ’,- ﬁ "ﬁ-n‘i !
E /| i\ | ‘ T\t\\u——*lﬁ Vi
20 >< izentropik verim
/ \\:"*-. <L
\ Q-. ~1
60 v 2.6 VN N
TN S 48V,
N r\\ '
Kapasite 300 in.3/rev (5 Lirev) N
soL1_ 1 1 1 1T 35V,
1 3 5 7 9 11 13 15

Sistem basing orani
k kil 4527¢i ft vidal é kompres®°r¢n R717(Amonyak) ve R2

¢tok b¢yék klima uygul amal arénda kompres©®r ol arak
t¢er makinalar pozitif yerdeji kgiibimei lpe enslidiérnl &r .
kompres®°rlerde her kompres®r kademesinde el de ede
bajlanak 30 a kadar varan basén- oranlaré el de ed



kekbkP8Santrifuj bir kompres®r ¢n kanatl arénén g°r¢n

kekb5POManyeti k yatakle (tam kapal é) santrif uj bir

Discharge

Asinma
bilezikleri

kek5B0Tek kademeli a-ék santrifuj bir kompres©r

Bu t¢r bir kompres®r¢n genel denkl emi:



P
w= fydP
R

Politropik™=pabsés ol dufpupdan

% ~n-1)/n 7]

w, = nlpsvl%l::zg - 1u
O H

Santrif ¢j pompa prosesi adyabti k prosese yakl akeéer
Mo Jk-1)7k 17

Ws:LPSVl%%g -1u

K-17gh= f
Adyabati k proses i-1in
w,=(h,-h)yazélabilir. Politropik ik gereksinmesi i-i

w
w, = W”(h2 - h,) denkleminden yararlanabiliriz.

S



4, | SI TRANSFERK SKSTEMLERKNKN SE¢KMK VE MODELLEN
BUHARLAKTIRICILAR, YOJUKTURUCULAR, SOJUTMA KULELE
SOJUTUCULAR. .)

4.1 Bir boyutlu ésé transferi

4.1.1 Duvar problemi

gere | €sé iletim farmegl ¢:

— — — - —— —xKeklindedilkat uacgiadmikn yojunl uj u,
yer-ekimi® sabikat gumhisj nde( Ws@mKp|l @gé iletim sabitioc
koordinat boyutlareée ve t zaman boyutudur. Probl em
— Tmi ki sénér «kxartée tanémlayacajeéez.

X:OT=T1

® Yo T=T,

Diferansiyel denklIl emi -%zersek:

— 6 (bu denklem éeésé tarnsferinimn sabiG—)ol dujunu g¢g°
Y 0w O (sécaklpk profild.i
Senér «kartlar#éné uygul adej émezda

Y O
Yo6Yo Y
5— O Fourier fasas&ndand Q5 g i OoQO
Ré6yi esél diren- olarak adlandéreéeyoruz.
av
\ y
Temperature
] /,fproﬁle - g
g \< g Ry Rg Re
—_— [ (l—"-.f\.n"l,'_D_Vv'V O WO O
n o oay 5L odg Lo 5L
“1F C/ Ed 7 S o
av
1 2 3 4
Ej er nbifamdé a deji ki k duvar mal zemesi arka arkaya k
kekilde A,B ve C gibi 3 duviprihelpemesi ol duju ka
N — v v T
no -
|l sél diren- kavramé el ektrik direarcii -giinrbitdaprl.a n\ kdai

glesterilmiktir.



B
F
— 4 || E
&
D
1 1 3 4 5
By B
|':T oy v
—_— R
O—" W Wity
noR 5 = e
rn T r, 7 T
R=Y Y ——
(T —
Ki mdi probl emi bir tarafta convektif sénér tabaka
— m— 0 Y 6w O

Séner Kartl ar e

x=01 — NM— MY Y 06 —— =
®» Yo T=T,
|l sé transferi denkI| e mi
av,
T \ 4
Temperatre
a RN
4| B | ¢ Tf:f
.’!:
av

_ y _
0 Y YO 'Y 'Y 'Y O'Y Y Y O Y Y Y Y Y Y

% Y Y Y Y Y Y Y Y Y ¥ Y
or
0 L. -y& 3/& 3/& L 'YE)"Y "Y

P | W W W
BuradakiUt opl am ésé transferi katsayésé adéené al er.
Bir boyutlu duvalrsé@l-iinl edtiijnerk abtisga yYyéasnéerkén sa@&rcaky &lj&m. f or

""‘QuY TQ p T "Y
— QY— 1 BCx=0T=T, ® Y®OT=T,



mevcutturt

QY— & p 1 Vo & o1 MY Y Y Y =y Y 6
o= g Y Y =YY

Bir boyutlu duvaduviarida ds g beirt bbiirr °&snée ke r et i mi
— — T

— —w 0

Yo — O0w O

B.C.x=0T=T,

® YOT=T,

v &6 4 L 8Y%0 Yy — —-L 6 v BY

PROBLEM:5 m x 5 m boyutunda

kal énl éjé& 0.3 mdédir. Tujl

dir . Duvar 3své%saocklldeukjluanraé g2 Brick

€sé transferini hesapl ayé wwall

A 25 mr2

K 07 WImK #

T1 20 C

T2 5 [ ’ I

L 0.3 m 20°C 5%

Q 875 W K*A*DT/L 30 em

PROBLEM: 5mx5m boyutunda t
duvarén kaleéenléje 0.3 :

kat sayésé 0.7 W mK dir '3"1‘1:‘
takéném katsayél aré ve
"Y 20Cve'Q=20W/nfKve dijer t
"Y 5CveQ=40W/nfKdrduvar &sé ’
transferini hesapl ayén
=20° — Co

A 25 mr2 3 Tieo 520 E: T3s=5°C -«
K 0.7 WImK hy =20 W/m=K h, =40 W/m3K
T1inf 20 C o 30 ¢ -

h1 20 W/mA2K

T2inf 5 C

h2 5 W/m~2K

L 0.3 m

R1 0.05 mA2KW | 1/h1

R2 0.4285714 | m"2KW | Lk

R3 0.2 mA2KW | 1/h2

R=R1+R2+R3 | 0.6785714 | m"2K/W

Q 552.63158 | W A/R*DT




PROBLEM: YandakidXretki dyreée ‘
malzemedew | uk an @9 gt @rivian A B ¢
ve alt késém izole ed ky =20 ks =70 1m
bir boyutlu oldujunu W) WiE) k=50 L
araséndaki DTs4806 & H i utvka rOg D W/(mK)
geni kI i 7 W=1 m. ol duj ky = 20 im
hesa p | a y éneéz. W/(mK)
Y Y Y Y
p P p —0.04m 0.1m 0.05m —
YooY Y
Y Y oY oY
. Y'Y
0 —
Y
LA 0.04 m
LB 0.1 m
LC 0.05 m
LD 0.1 m
H 2 m
W 1 m
KA 20 W/mK
kB 70 W/mK
kC 50 W/mK
kD 20 W/mK
RA 0.001 K/W
RB 0.001429 | KW
RC 0.0005 K/W
RD 0.005 K/W
RE 0.00037 | KW
Rtotal 0.00187 | KIW
DT 100 K
Q 53465.35 | W
2.1S KL K NBORR
Silindirik koordinatl ardaki bir boyutlu éseée i
-— 0 Yi— —— Q "Y—f —MQ'Y— Q "6 Y—
-——QYi— mn
Senér: kartl aré
r=r, T="Y
r=r, T="Y
QYi— 6 — — Y 6110 6
Yool 6
Yool 6
— 0




n Ry T R It R I
o—ANAN—O—ANN—O0—ANN—0
In(ry/ry) In(rs/ry) In(ry/r3)

27k L kgL WML
Seri tabakalar ol dujunda kekilde g°r¢len geometr
n —
Ej er dék tabakada takéném ésé dejikimi oldujunu v
-— T0Yi— mQYi— 6 — -—
i1 0 Q¢ i b= Q¢ i 0y Y
Seritbakal ar 1l dafuond=a
Toplamé s &€ transf eri katsayésénén tersine toplam ésé
NNy p p
Yo ; : : : :
[ F S [ LSS Y LA S S A
p I ] I p
Qciv ¢"Qu ¢“QL ¢“QL Qi L
PROBLEM :

5x10°m i - ,7.600BmveéKk -apeé o
borunun ésélk=lbWmKi cndkat g€
t=2x10°mk al énl 6] énda kK82WmK I
olan izolasyon t ab alk339% yel
6sél t ak eFa0mW/kild olam kingazsérunun
i-inden akmaktadeéer . T,BoCwr
6sé t akeé meemWhkolanasyd suk ha
mevcuttur. Borununboyu H=10mml duj una g°¢
ésé kaybénée hesaplayénéz.




PROBLEM
ID 5.0000000ED2 m
oD 7.6000000ED2 m
K1 1.5000000E+01 W/mK
t 2.0000000ED2 m
k2 2.0000000ED1 W/mK
Ta 3.3000000E+02 [
ha 4.0000000E+02 WIMA2K
Tb 3.0000000E+01 [
hb 6.0000000E+01 W/mA2K
H 1.0000000E+01 m
10 2.5000000ED2 m
ri 3.8000000ED2 m
r2 5.8000000ED2 m
AO 1.5707963E+00 mn2
A2 3.6442475E+00 mn2
RO 1.5915494803 KIW
R1 4.4866505ED4 K/W
R2 3.3649879ED2 K/W
R3 4.5734179803 K/W
R 4.0263511E02 K/W
Q 7.4509150E+03 w
Silindir i-1in kinci °rnek
silindir i-inde éseé im kat sayéseée
r=Ris T=T,.
-— T0OYi— Q m—i— —i
BC.T=T,r=R — mr=0 @sée ¢reti sebebiyle maksi mum)sécakl
i — — 0 — — =Y
BC — nmr=0°0 6 n
By
“T.r=R © "y 22X &
B.C. T=T, r=R ¥ 57T O
o oy Yy
kKi mdi bakkababkia¥Y guneg/b Iseemen k |
r=a T=T; r=b T=T, & I @
l séel iletim katsay@&%sYe Q@ eclakdenklémdeQwepakimekt edir .
-—— QYi— m -— Qp I Yi—
Senér:kartl aré
Y Y atr=a
Y Y atr=b
[ o _ Y ow
QYi— 06 Qp 1Y Tr_l 6p
0 ¢ 10 QY—
0 IS
= e 1T Y
Qp 1 Yim' 6
Qp 1 YQ'Y Qi
QY 1 — Opl T ¢ ¢
QY Y — Y Y Gl
W



22KANAT PROBL EMK

Kanat probltem é-séderileent im diferansiyel denkI|l emini
di feransi yel denklem -°z¢m¢gne gidebiliriz. EIl bett
boyutulkanat yapésénén diferansiyel denkl eminin ol ukul

AX)=di skin kesit al ané

Px)=di skin -evresi

L=kanadén boyu

YYo 0 wYo=kanadén y¢zey al ané
h=esé& takéném katsayeéeseé

k

=kanadén ésé iletim katsayeéseéeé

‘Y=-evr k]l 8F€a

“Y=kanat bajlanté noktasé sécakléejé(sabit olduju v
Enerji dengesi (TermodinamijJin birinci kanunu

Il sé iletimiyledkrzagpebgdenetséntakgkbadandgh ai Kagrar@]

dej i kKim
w . T v~ e g e Ny wo e s h
Own o0w Yo y QuYYwn Y “Ydod 0 Yoow ——

ownR own —own Yo QuYYw Y “Yuo 0 Yo ow ——
o AT 4 WA ” ARV Al o (4 AT T R VAN A F]
—o0wn Yo QuYYw Y "Ydo 0 Yo ow ——
Fourierin ésé iletyim yasaseé
J ’F‘d "(dD‘

w IR VAN s y o e m o h
— 0 W O>— Yo MQuYYwn Y Yoo 0 Yoow ——

h

o h v~ Y RN v w oA
— 0w O—— Qcoy— Yoo Y OO0 W

s
— 0 W OQ—— Qooy——uho 00 W——
k "Qw

h y e h h
—— 0w ——uo  — -




If steady state (independestttime)
y

—bo— —F——0 m

Bulunan diferansiyeldek | em akaj édaki parametr:el er kul

0=kanadén bakkantéahahtasé
O=kanadén bajlanté noktaseé -evresi
L = kanat boyu

ho=0r t al ama éeésé takéném kat sayéseée

® -normalize emidd mMi Kk boyut

O®W —normalize edil mik kesit alanéeé
& -

y _ y 5

Ww —=— ayne za§mamctoa/e

0 a0 0 a b —0

Denkl em akajédaki formu al éer.
—0O— D w—® m T A p

Sénér:kartl ar é
—® p X=0 (Yo "Yx=0)

— matX=0 {0 » Ow— TmxsLuktaki é&s éedilebil@nsferi i hmal
Burada probl emi genell exktirebilmek i-in deji«kiKk
m,cvenal énar ak

L ®

DR 0OEd 0 ®
Bu durumda kanat denklemi

D wEd —&O 1
Formunu al ér . Bu diferansiyel denkl emin
— O — — p
—0 O — — p
Denklemdeki | bessel fonksiyonudun. =i - i n bir seri denkl emi
n
Pa B & Bcs denklemdekiG gama fonksiyonudur.
gama fonksiysodunanQtQdnemb p - QF

-%z¢mg

ol ar ak

0=0.57721566490153286 Eulbtascherons a b i t i .Paodramibeésselalljagad a bessel f onk
tanéml anméxkt ér .Matbdjdvap rded raggrhé@&n kao dd wlrunabi | i r .

| anél ar a

g

y @

S |



Bessel Functionforn=01/30.51
11.30
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Deji ki k geomeetndiel] eenfliet iam akc:al Eénméxkt ér

Name K(X) W(X) m c n n=m/c
Di kd°rthen kesitli wuzunl]|1 1 1/2 1 1 1/2
ic-gen kesitli uzunl amasé| X 1 0 1/2 2 0
Konkav parabol kesitli u|X® 1 -1/2 0 H -
Konveks parabolkesiti zunl amaséna k{ X" 1 1/4 3/4 4/3 1/3
Di kd°rtgen kesitli daire|X X 0 1 1 0
Hiperbolik profil kesitli daire kanat 1 X 1/2 3/2 2/3 1/3
Konik diken kanat X? X -1/2 1/2 2 -1
Konkav parabolic kesitli diken kanat X? XZ -3/2 0 H -Hb
Konveks parabit kesitli diken kanat X X2 0 3/4 4/3 0
ki mdi deji ki k geometrilerin -°z¢;mlerini daha det a
yapéséndan bakl ayal ém
Bu kanfd jie@wnd | o 0w Cwp —ecw U COLO® —ow
" 7 ”n . b - "N
0 — U ve boyutsuz koordinatlab - normalize boyutt @ pveX=0kanad&xl ucu

kanadéen bajVlearts®& nalktean€en kat sayésé sabit ol arak a
M Q0 Q wé s o

=

Budurumdaw @ pkanat bakl angeéeXéxdaki ésé transferi
5 b = 9oy v P2
Qo 0 Qw

Kanat baklang®&icénmaksi meima&sektransfer
0 Q cudY Y



Bu durumda ger-ek éeésé transferinin maksimum ésé t

h = — veyal hO
kimdger-ek geometrileri irdeleyelim
Di kd°rtgen profilli uzunl amaséna kanat

m=1/2 c=1 n=h=m/c=1/2

—® 6)777—fakat ay i @& a maA il @FEbusebepten—0 ——— h

" Tn
Buradav — U
PROBLEM:Di kd°rtgen kesitli wuzunlamaséna bir kanat acxk
Q=830W/nfK k=50 W/ mK kanat boyu L=0. £0.0bm—@eréickalkil jeik W=
profilini m & p ve h =———kanatveriminform 0 ¢hesapl ayénéz

public class longitudinal_fin_rectangular_CS
{
public static void main(String arg[])
{ double h=30; //W/m"2K
double k=50; //W/mK
double L=0.1; //m
double d=0.01; //m
double M1=Math.sqrt(2.0*h/(k*d))*L;
if_x eta=(M)->Math.tanh(M)/M;
if_x teta=X->Math.cosh(M1*X)/Math.cosh(M1);
double tetal[J=new double[101];
Plot p1=new Plot(teta,0.0,1.0,100);
pl.setPlabel("Reduced temperature profil&G3F4'+" longitudinal fin rectangular cross section");
pl.setXlabel("X=x/L");
pl.setYlabel(""Au03F4");
pl.plot();
Plot p2=new Plot(eta,0.0,2.0,100);
p2.setPlabel("efficiency profile "wl03B7'+" longitudinal fin rectangular cross section");
p2.setXlabel("M");
p2.setYlabel(""Au03B7");
p2.plot();
System.out.printin("M="+M1+"eta = "+eta.func(M1));

---------- Capture Output---------
> "D:\cdjavabin\java.exe" longitudinal_fin_rectangular_CS
M=1.0954451150103324eta = 0.7292532684% 3
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PROBLEM Di kd°rtgen kesitli uzunl amaséna bir kan

Q=30W/nfK k=50 W/ mK kanat boyu L=0.1 m,| gohm«di ] i =
sécakl ek pr p fehl=—nA+—kanatveriminifoot 0 ¢hesapl ayénéz

public class longitudinal_fin_tridiagonal_CS

public static void main(String arg[])
{ double h=30; //W/m"2K
double k=50; //W/mK
double L=0.1; //m
double d0=0.01/m
double M1=Math.sqrt(2.0*h/(k*d0))*L;
if_x eta=(M)->Mathd.I(1.0,2.0*M)/(M*Mathd.|(0.0,2.0*M));
if_x teta=X->Mathd.l(0.0,2.0*M1*Math.sqrt(X))/Mathd.l(0.0,2.0*M1);
double tetal[]=new double[101];
Plot p1=new Plot(teta,0.0,1.0,100);
pl.setPlabl("Reduced temperature profile \t03F4'+" longitudinal fin triangular cross section");
pl.setXlabel("X=x/L");
pl.setYlabel(""-Au03F4');
pl.plot();
Plot p2=new Plot(eta,0.0,2.0,100);
p2.setPlabel("efficiency profile "ti03B7'+" longitudinal fin tiangular cross section");
p2.setXlabel("M");
p2.setYlabel(""Au03B7");
p2.plot();
System.out.printin("M="+M1+"eta = "+eta.func(M1));
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—————————— Capture Output---------
> "D:\cojavabin\java.exe" longitudinal_fin_tridiagonal_CS
M=1.095441150103324eta = 0.663436620996408
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Genel Kekil i dairesel kanat
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kimdi genel «kekilli dairesel bir k=akasi prafahéna(

-evresi P(r) ol sun.

Oi ¢‘if © ¢“i1 01 1“1 Buradad ve 0 kanat dibindeki kesi't
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Ejer t¢m kénaste smakaskimujme esé transferi olukacakteér
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Bu durumda ger-ek éeésé transf eri nmidiyooaksi mum ésé t

h=—"-"— —— or0 hO

Bu genel dairesel kesitin ©°zel geometriler i-in o

Di kd°rtgen kesitli dairesel kanat
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m=0 c=1 n=1n=m/c=0
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