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OZET

Bu calismada gemi dizel motorunda tasarim dedi-
sikliginin meydana getirecedli sonucglarin irdelenmesi
amaclanmaktadair.

Planlanan tasarim de§isiklidi, motorun atesleme
sirasinda belll kurallara gbre tespit edilebilecek bir
sistematik cercevesinde motorun calisma performansina

etkitilmistir. Uyulan kurallar Bolim 3'de , olus-
turulmaya calisilan sistematik ise Bo1im 6'da
aciklanmisgtair.

16 silindirli, V dizenindeki, 4 subapli (2 emme
ve 2 egzost), direkt plusklirtmeli, asiri doldurmalz,
yliksek devirli gemi dizel motoru incelenmek {izere
secilmis, farkli atesleme siralari ve farklili faz acilara
altinda motorun calismasi, gelistirilmis bilgisayar
programi yardimiyla analitik olarak arastirilmistair.

Her bir tasarim degisikligi, orijinal motor data
ve sonuclari ile karsilastirilmistair. Karsilastirmanin
yorumlari, Scnuclar ve Oneriler kisminda sunulmus, ayni
zamanda bu yorumlar Ek-B'deki grafiklerle de des-
teklenmistir.

Incelemeyi mumkiin kilan bilgisayar programi, ¢ok
silindirli wve asiri doldurmaya sahip gemi dizel
motorlarini modelleyebilmektedir. Bu calisma, programin
ilk kullanimi olmayip, daha o6nce de, kaynak arastirmasi
kisminda bahsedilen arastirmacilar tarafindan kullanilmis
ve gelismeye tabii  tutulmustur. Programin kisa
aciklamasi Boluim 5'de yapilmistir. Ek-C'de 1ise progran
listesi ve programin kolay anlasilmasi icin de Ek-A'da
akis diyagrami verilmistir.

Belli bir silirecten gecgerek su an ki halini almis

olan bu bilgisayar programl, benzer konulardaki
calismalarda kendini kanitlamis olan bir yontemi
kullanmaktadir. Yontemin gercede uygun deneylerle de

bundan 6nce ki arastirmalarda gdzlenmistir. Metoda ait
detaylar ve ilgili kaynaklar calisma icerisinde
verilmistir.
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EFFECT OF FIRING ORDER ON THE PERFORMANCE
OF HIGH SPEED MARINE DIESEL ENGINE

SUMMARY

The studies on the internal combustion engines continue
to accelerate day by day, though the invention of the
engine was a century ago. The reason for so much
complicated and intensive work on the internal combustion
engines is that they are taking part in the daily life in
an increasing importance.

Specially in recent years, the constraints brought into
action for the internal combustion engines have forced
the researchers to design and build the engines which
will conform these constraints. Between the costraints
adopted, the prohibitions for exhaust gase emissions,
noise level and vibrations can be of subject.

Naturally the way of conforming these regulations and
constraints will lead to designing of engines, less
harmful to ecological environment and humans,
manufactured of higher quality & longlasting material and
also operating on low quality fuel efficiently.

However, it should be accepted that if it is considered
achieving the ideal solution to above will require
several attempts and if, for every attempt a prototype
engine is manufactured, one will , for sure, have many
non-optimum engines in stock. The cost of such a process
will definetely rise to incredible numbers.

In this case, either an engine, which is considered to be
the best solution with the existing data in hand, will
be manufactured or a new way of designing process should
be found and this new way of solution is nothing but
computer modelling.

In this study, i1t has been tried to find out if it is
possible to improve an engine, which is already in use in
industry and other fields, by design alteration with a
computer simulation programme.



Firing order has been accepted as the main parameter for
the modification of existing engine design. The
practical importance of firing order can be explained as
follows;

In modern engines, because of high revolution numbers,
even the minor wunbalanced masses cause major inertia
forces to occur. These inertia forces, according to the
situation, may give rise to intensive vibrations and may
give harm to moving parts of the internal combustion
engine and also to the foundations. Therefore these
forces should be balanced as much as possible and the
number of unbalanced forces should be kept to a minimum.

However balancing of internal combustion engines is not
the only parameter in the selection of the crankshaft
arrangement. The irregularity of the power distribution
on the engine is also another important point that should
be taken into consideration, and the irregularity of the
power distribution on the engine is closely tight with
firing order.

The firing orders of the attempts have been determined
according to the following;

After the selection of the crankshaft arrangement and
placing the cylinders (both banks of the engine) on the
crankstar, one of the cylinders on the TDC (Top Death
Center) can be chosen to fire. Then, according to the
revolution direction (clockwise or counterclockwise),
second cylinder from the two cylinders that come to the
TDC is chosen to fire. As one of these cylinders 1is
firing, then it means the other is beginning the inlet
stroke. This operation is continued until the very first
cylinder we have taken to fire reaches TDC once again.
Now we have two choices for cylinders to fire, but one of
the choices has already been fired 360° ago, so it is
clear that this cylinder will now begin the inlet stroke
and we have take the other cylinder to fire, which has
just completed the compression stroke. These firing
orders should be checked with respect to their minor
harmonics, because minor harmonics of wvarious firing
orders may sometimes be of importance regarding to the
vibration problem. The major harmonics are not affected
by the firing order, as it is determined already by the
number of cylinders only. :
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The computer programme, utilized in the modelling of the
sample engine, uses the theoritical fundamentals which
are based on the principles of conservation of energy,
conservation of mass and conservation of momentum with
the opinion that the gas flow, which occurs time
dependently in the ' inlet and exhaust manifolds of
engines, propagates in wave manner one dimensionally and
possessing variable antropy between gas particles. The
non-linear hyperbolic partial differantial equations
appearing as a result of modelling, are solved by the
method of characteristics.

The study has been carried out by taking the marine
diesel engine with 16 cylinders, 4 valves (2 inlet and 2
exhaust), direct injection, supercharged, inlet and
exhaust manifolds.

During the study, modelling programme has been run with
the data given in chapter 6. The obtained numerical
results have been transformed into graphics so as to
achieve a better understanding of the results.

These graphics show the in-cylinder pressure and inlet
pipe pressure (of that cylinder) fluctuations.
Fluctuations in the graphics are with respect to CA
(Crank Angle). For the graphics, specifically 2 and 38
numbered cylinders, belonging to B block, have been
chosen. The reason for this choice is that pressure
fluctuations can better be observed in the far ends of
the manifold.

The graphics have been prepared in an special form to
illustrate the in-cylinder pressure and inlet pipe

pressure at the same time. Furthermore the performance
parameters (Specific fueloil consumption, power per
cylinder) of engine have also been modified into
graphical form to compare the performance of each
attempt, for which the programme has been run. Apart
from those, inlet and exhaust air flow rates of cylinders
2 and 8 have been put into tabular form. The attempts

numbered 5, 9, 11 and 16 from figures 7.1 and 7.2, are
those attempts whose results are closest to that of the
original.

Of the performance characteristics ( Specific fueloil

consumption and power per cylinder), it can be easily
seen from figure 7.1 and 7.2 that these values of attempt

xii



5 are better results than the original. The original
values of engine (fueloil consumtion 214.996 gm/kW.h,
power 123.69 kW/cyl) are less than attempt 5 (fueloil
consumption 214.005 gm/kW.h, power 124.300 kW/cyl).

For attempt 11, the performance values arenot better but
very close. The fueloil consumption, 215.184 gm/kW.h, is
only 0.188 gm/kW.h less and power, 123.619 kW/cyl is only
0.071 kW/cyl worse.

For attempt number 9, from figures 7.1 and 7.2, it can be
observed that this attempt has the best performance
values of the overall study. Really, the specific
fueloil consumption 213.965 gm/kW.h and power per
cylinder 124.348 kW, characteristics are better than both
original and other succesfull attempts. But on the other
hand, from table 7.1, the inlet and exhaust air flow
rates of attempt number 9, for cylinders 2 and 8 arenot
that good as previously mentioned characteristics of
other attempts.

For this attempt, from figure B-8, in-cylinder pressure
drops downto 2.25 bar around valve overlap. The lower
value of this pressure continues also after valve
overlap.

For the other attempts; e.g number 13, from table 7.1 it
is clear that for both cylinders, the inlet and exhaust
air flow rates are very close to original wvalues. But
from figure B-12, during valve overlap, in-cylinder
pressure rises suddenly. Same observation is also wvalid
for attempt numbered 18 and 19, from figure B-18. In-
cylinder pressure rises upto 3.75 bar around 270° CA and
falls below that after, 60° CA, inlet valve opens.

It can be concluded that there is a backpressure event in
the latter case. "Also high values of in-cylinder
pressure becomes effective after valve overlap and causes
the exhaust gases escape through valves, specially
through inlet wvalve. This would lead to poor quality
combustion air, which is not expected.

After the above comments and observations, 3 main results
as stated below are concluded;

i. Phase angles between cylinder firings are of great
importance regarding the pressure fluctuations. Thus,
attempt number 9, whose phase angles differ from the
original (phase angles 90°, 45°, 90°, 90°, 135°, 135°,
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90°) has given more succesfull results. Only one phase
angle is 45°, and others of attempt number 9, are 90° and
over 90°. In this case it can be preferred to fire the
cylinders in possible maximum intervals. The phase angles
and firing order of attempt number 9 can be suggested.

ii. As seen from table 6.1, neither in attempt number 9
nor in 11 two consecutive cylinders have been fired one
after another. This has a regulating effect on the
pressure fluctuations and such a firing order can be
suggested.

iii. In-cylinder pressure should be as low as possible
during valve overlap. This 1s done by providing a
continuously dropping in-cylinder pressure and an inlet
flowrate which fluctuates constantly about the same
value, but above the in-cylinder pressure. In this case
the selection of firing order should be done accordingly.

At the end of the study followings can be advised to
those who wish to work further on similar subjects;

1. Making a study by modifying the valve timing together
with cylinder firing phase angles to see the effect of
firing phase angles in detail,

ii. Making a study by modifying the manifold design of

existing engine to see the other aspects of pressure
fluctuations.
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BOLUM 1. GiRis

I¢ten yanmali motorlar icat edileli yaklasik bir
asir olmasina radmen izerinde vyapilan c¢alismalar, her
ge¢en giin hizlanarak devam etmektedir.

Icten yanmali motorlarin izerinde bu kadar cok
calisma yapilmasinin sebebi ise, bunlarin glinltik hayatta
artan bir Onemde yeralmalaridir. Ozellikle son yillarda,
motorlar ic¢in getirilen kisitlamalar arastirmacilari, bu
sinirlamalaril asacak tipte motor yapimina itmistir. Bu
sinirlamalarin arasinda egzost gaz emisyonlari, glrdltu
ve titresim icin konan yasaklari sayabiliriz. Bu kisit-
lamalari asmanin yolu ise, dodgal olarak, daha verimli
calisan, daha kaliteli malzemeden imal edilmis ve daha az
yakit tuketerek, c¢evreye mimkiin oranda =zarar vermeyen
motor yapmaktan gecmektedir.

Bununla beraber, sunun da kabul edilmesi gerekir
ki ; E§er ideale ulasmak icin defalarca deneme vyapmak
gerektidini distiniir ve her deneme icin bir motor imal
edersek, elimizde optimum ¢6zim olmayan bircok motor
olur. Islemin maliyetinin korkun¢ rakamlara ulasacadi
kesindir. Bu durumda ya eldeki verilerle iyi oldugu di-
slinlilen bir motor vyapilacaktir vya da vyeni bir yol
bulunacaktir ki bu da bilgisayar modellemesinden baska
birsey dedildir. Nitekim bilgisayarlar da arastirmalarda
giderek artan bir oranda kullanilir olmustur.

Bu calaismada da, kullanimda olan bir motorun ta-
sarim dedisikligi ile iyilestirmenin  mimkiin olup
olmayacadi, bilgisayar simlilasyon programi 1ile aras-
tirilmistair. Atesleme sirasl mevcut tasarimin degis-
tirilmesi icin parametre kabul edilmisgtir. Atesleme
sirasinin pratik onemi su sekilde acgiklanabilir ;

Yiksek devir sayilari dolayisiyla, modern mo-
torlarda dengelenmemis klclk kiltleler dahi 6nemli atalet



kuvvetlerinin dodmasina yolacarlar. Bu atalet kuvvetleri
duruma gbre siddetli titresimlerin meydana gelmesine yol-
acarlar, hareketli uzuvlari ve tasiyici govde ve temel-
leri tehlikeli sekilde zorlarlar. Bundan dolayi mimkin
oldugu kadar tam dengelenmesi gerekir.

Bununla birlikte ig¢ten yanmali motorlarda krank
tertibinin sec¢iminde dengeleme yegane 61¢l dedildir, c¢in-
kii glic dadiliminin diizglinstiz1idl de Snemlidir. Gl¢ dagi-
liminin dlzglinsiizliigli atesleme sirasina da baglidar.

Bilgisayar programi ise dizel motorun emme, eg-
zost, asiri doldurma ve silindir sistemlerinde olusan gaz
hareketlerini homentropik olmayan akim teorisi ile
modellemekte ve karakteristikler metodu ile c¢dzmektedir.
Programi calistiran her data 1ise 6zel bir motora ait
oldugu icin, sadece programin data dosyasinil
de§istirerek, bircok motor simlile etmek mimkiindir.



BOLUM 2. KAYNAK ARASTIRMASI

Kaynak arastirmasi ana olarak iki baslik altinda
toplanmistir. Emme ve egzost boru sistemleri lUzerine ;

1.) Uluslararasi alanda yapilmis olan calisma ve
arastirmalar ,

2.) Istanbul Teknik Universitesi Gemi fakiiltesin-
de son yillarda cesitli diizeylerde vyapilmis calismalar

Ilk sabit hacimli ic¢ten yanmali motorun 1863

yilinda Nikolaus A. Otto ve 1ilk sabit basin¢li motorun
1897'de Rudeolf Diesel tarafindan vyapimi sonrasi, bu
motorlardan daha fazla glic elde edilmesi ig¢in bircok
arastirma yapilmistir. Bu tir calismalar halen vyapil-
maktadir. Ozellikle termodinamik ac¢idan makinanin miikem-
mellestirilmesi icin udrasilmaktadir. Bunun icinde emme
ve egzost sistemlerinin gelistirilmesi en onemli
yerlerden birini isgal eder.

Bu tir arastirmalarda ilk onceleri Rayleigh [1]
tarafindan gelistirilen akustik teorileri, tek silindirli
bir motorun emme sisteminde meydana gelen zamana badgli
akimi cozmekte genis sekilde List [2] tarafindan
kullanilmistir. List ve Reyl [3] basing¢ dalga olusumla-
rini, kiicik dalga teorisini grafik bir yontem ile c¢bOzerek
incelemislerdir. Ancak yliksek akim hizi ve biliyik dalga
genliklerinin oldudu asiri doldurmali makinalarda her iki
teorininde iyi sonu¢ vermedidi gdzlenmistir.

Earnshaw'un ([4] sonlu dalga teorisini ise Ban-
nister ve Mucklow [5] gelistirerek uygulamislardir.
Basing¢ dalgalarinin kigtik kabul edilmedidi ve dalga
girisiminden dogan genliklerin lineer olmayan kanunlarla
¢cozildigui bu calismalarda teorik ve deneysel sonuglarin

birbirini tuttudu gérulmistiir. Wallace [6,7] ayni teoriyi



dedisik motor sistemlerine uygulamis ve tek silindirli
motorlarda iyi sonu¢ veren teorinin, c¢ok silindirli mo-
torlarda s1nir kosullarinin karmasikligi ylzinden
deneylerle uyum saglamadidi goriilmistiir

Riemann [8] tarafindan ortaya atilan ve Shapiro
[9], Rudinger [10], Abbott [11] gibi arastirmacilarca ge-
listirilen tek boyutlu zamana bagli gaz akimi denklem-

lerinin karakteristikler metodu ile c¢ozUml egzost boru

sistemlerine uygulanmaya baslamigtair. Ozellikle Jenny
(127, Woods (131, Benson'in [14] calismalari Ornek
gosterilebilir.

Son zamanlarda, motor manifoldu modellemesinde
Benson, Garg, Woodlatt [15] tarafindan gelistirilen
dizeltilmis karakteristik metodu (A§ metodu) kullanil-
makta ve deneylerle uyum sadlamaktadir. Bu matematiksel
yontemde homentropik akim modeli (i1s1 transferi olmayan,
gaz zerrecigl antropisinin zamanla dedismedi§i ve
stirtinmenin sadece akiskanin momentumunu etkiledidi kabul
edilir.) ile homentropik olmayan akim modeli (slirtiinme,
1s1 transferi ve antropinin onceden saptanan bir sekilde
zamana badli dedistidi kabul edilir.) ayri ayri incele-
nir.

Genel olarak bilgisayar hesaplarinin o6zlind teskil
eden manifold ig¢i basinc¢ dalgalarinin genlik ve frekans
saptamalarinin dedisik motorlar icinde gercede uygun
sonu¢ vermesi sinir kosullarina badli kalmaktadir. Bu
ylizden modellemede sinir kosullarinin da dodru olarak
verilmesi gerekmektedir.

Halen kullanilan sinir kosullarinin bircodu Jenny
[12,16] (subap ve nozul sinir kosullari), Benson ve
Woods ([17] (acik ve kapali boru sonu sinir sartlari)
tarafindan gelistirilmistir. Yine Benson'ain [18,19] ca-
lismalari arasinda sinir kosularinin incelenebilmesi icin
kiicik bilgisayar programlarinin mevcut oldugu, dizensiz
akim denklemlerinin karakteristikler yo&ntemi ile hem
ntimerik hem de grafik olarak ¢6zildigli calismalar da

vardir.



I.7.U Gemi Insaati fakiiltesinde ise bu tiir ca-
lismalar Osman Kamil Sa§ ile Dbaslamistir. Sad [20]
doktora calismasinda zamana bad§li tek boyutlu gaz akimi
denklemlerini ad metodu ile c¢Ozerek c¢ok silindirli
motorlarin emme sistemlerine uygulamistir. Sonucglar bil-
gisayar hesaplarinin deneylere uygunludunu gostermistir.
Calismalarinda Sag§ [21] ayni teorinin dedisik bir uy-
gulamasini, gemi manevralari esnasinda dizel motorlari
ile ilk hareket hava ve dimen boru donanimi basing
dagiliminin motor verimine etkilerini yeni sinir sartlari
getirerek vyapmistar. Yine Sag [22] tarafindan,
genellikle yiliksek devirli motorlara uygulanan bu teori,
orta devirli gemi dizel motorlarini da kapsayacak sekilde
gelistirilmigtir. ’

Ozsoysal da [23] yapthliarastlrmada, yine ayni
motoru ornek alarak, bu calismada da kullanilan
bilgisayar programinin c¢ikislarini, test sonug¢lari ile
karsilastirmak imkanini bulmustur. Varilan netice hem
yontemin hem de programin giivenilirligini onaylamistar.

Ozsoysal [24] baska bir calismasinda ise, benzer
bir program kullanarak silindir ic¢i akim i¢in nimerik
cozim ydntemlerini karsilastirmistir.

Sahin'in [25] calismasi ise [24]'te de kullanil-
mis olan programin bir adim ileriye gétirilmesidir.
Yiksek devirli motorlarda farkli wvalf zamanlamasinin
etkisini inceleyen Sahin, valflerin kendi aralarinda
farkli =zamanlarda acilmasi ylzlinden islemeyen programda

tadilat yapmistair.



BOLUM 3. ATESLEME SIRASININ TESPITi ve MOTOR
DENGELEME ESASIARIT

3.1. DENGELEME ESASLARI

Bir silindirde eksenel hareketli kiitlelerin ata-
let kuvvetleri silindir simetri ekseni boyunca etki
yaparlar. Cok silindirli bir motorda, motorun tim ek-
senel hareketli kiitlelerinin bileske atalet kuvvetleri
kranklarin dizilislerine badlidir. Bu kuvvet kranksaft
eksenine dodru yoneltilir ve silindirlerin simetri

eksenlerinden gecen bir diizlem lizerinde uzanir.
3.1.1. ATALET KUVVETLERI

Krank donanimi kinematidinden [26] bilindidi gibi

pistonun ivmesi yaklasik olarak ;

a = re?(cos@ + Acos2¢ ) 'dir. Burada

r = krank dairesi yaricapi ,

® ve ¢ = Acisal hiz ve krank hareket acisi,
A=r /1 ; 1= Dbiyel kolu boyu,

Bu durumda Newton yasasi geredgi olarak

Kuvvet = Kitle x ivme ' den ;

F; = myro?(cose + Acos2¢) olur.

Yukaridaki esitlikte m, silindir ekseni boyunca
etkiyen toplam kiitledir ve My = Mpiston T Mpiyel

olarak ifade edilir.



Yine ayni esitlikte, esitlidi carpanlarina ayi-

rirsak ;

Fi; = mpro2cosg (3.1)
ve

Fip = mpra?lcos2e (3.2)
esitliklerini vyazabiliriz. Yukaridaki (3.1) esitligine
birinci mertebe atalet kuvveti, (3.2) esgitligine 1ise

ikinci mertebe atalet kuvveti denilir.

Birinci Mertebeden Atalet Kuvvetleri

(3.1) esitlidindeki kuvvet dikey eksen lizerinde
( Fijjcosp ) hayali bir vektériin izdistmidiir.

Bu bakimdan ; Cok silindirli bir motorda krank
dizilisi diyagrami herbir silindirin birinci mertebeden
atalet kuvvetlerinin grafik olarak da saptanmasini
saglar. Birinci mertebeden atalet kuvvetlerinin sap-
tanmasina vardimcl olmasi bakimindan bu diyagram da
"Birinci mertebe " diyagrami adini alair.

E§Jer motor silindirlerinin eksenel hareketli kit-
leleri esit ise, Dbirinci mertebe diyagramina gbdre
secilmis silindir 1ist 06l noktada iken her silindirin

atalet kuvvetleri asadidaki gibidir ;

Fi1n = Ficosle (3.3)

(3.3) esitlidinde n silindir numarasini, 1 ise
silindirin, atesleme sirasina gbre, kacinci olarak
ateslendigini gosterir. ¢ ise krank hareket acisi olarak

ateslemeler arasi zamanl gosterir.

Bilindidi gibi 2 zamanli motor ig¢in ;
¢ = 360 / sil.sayisi ,
4 zamanli motor icinse ;

@ = 720 / sil.sayisi 'dir



Eger (3.3) denklemi hesap edilmek istenen motor
icin acilir ve kuvvetler analitik olarak birbirine
eklenirse birinci mertebeden atalet kuvvetleri bileskesi
elde edilir. Bileske kuvvet sifir olarak bulunmussa
motor birinci mertebeden atalet kuvvetlerine gbre
dengelenmis olur.

Bu ayni zamanda grafik olarak da tespit edi-
lebilir. Bunu yapabilmek i¢in krank dizilis diyagramini
¢izmek, meydana gelen c¢okgeni atalet kuvvetleri diyag-
raminin vektdrler cokgeni kabul etmek gerekir. Daha sonra
belli bir 06lcekte c¢izilmis olan bu vektdrler, wvektorel
olarak toplanir. Efer c¢okgen kapaniyorsa atalet kuv-
vetleri dengelenmis demektir. Kapanmiyorsa, bileske vek-
tor ¢izilir ve bunun dikey izdilsiimii alinar. Bu kuvvet
birinci mertebeden atalet kuvvetlerinin dengelenmemis
bileskesinin yoni ve bluylkligdini saptar.

Ikinci Mertebeden Atalet Kuvvetleri

(3.2) esitlidindeki kuvvet kranksaftla kiyas-
landiginda ¢ift acisal hiza sahip (2w) ve onunla ayni
yonde doénmektedir. Boylece krank ¢ acisi kadar dondu-
Jinde ikinci mertebe vektdrii de 2¢ kadar doner. Krank
dizilis diyagramini ikinci mertebeden hayali vektorlerin
diyagramina c¢evirebilmek ic¢in her krank, kranksaft devir
yoniinde birinci ve verilen kranklar arasinda (2¢) acisi
kadar dondirilmelidir. Sonra verilen kranka karsilik
olan hayali vektorler birinci vektdre gbre c¢ift acida
(20) ikinci mertebeden atalet kuvvetleri diyagrami
lizerine vyerlestirilir. Bu diyagramdaki vektodrlerin her-
birinin dikey izdisimleri Therbir silindirin ikinci
mertebeden atalet kuvvetlerini belirtir . Ayni =zamanda
analitik olarak, (3.3) denkleminin bir benzerini burada
da yazmak mimkindiir. Bu durumda bir silindir ic¢in ikinci

mertebe atalet kuvveti ;



Fi2n = F2COSZl(P : (3.4)

olur. Bu kuvvetlerin bileskesi de sifir oldidunda, yada
vektérlerin dikey izdiistimlerinin toplami sifir oldudunda
atalet kuvvetleri de dengelenmis olur.
Merkezkac Atalet Kuvvetleri

Silindir krank donanimi devingen kitlelerinin
merkezkac atalet kuvvetleri sabit dederde daima saft
merkezinden krank yari¢api boyunca yénelirler. Bu kuv-
vetin deferi asadidaki esitlikle bellidir.

C = m,ro? (3.5)

Yukaridaki Dbilgilerin 1sidinda sunu soéylemek
mimkiindir ; '

i. Birinci ve Ikinci mertebeden atalet kuvvet-
leri, yonleri sabit, degerleri defisen kuvvetlerdir.
ii. Merkezkac atalet kuvvetleri ise y&niu dedisen,

deferi sabit kuvvetlerdir.
3.1.2. ATALET KUVVETLERININ MOMENTLERI

Herbir silindirin devingen ve eksenel hareketli
kiltlelerinin atalet kuvvetleri, makinenin adirlik mer-
kezinden gecen bir diuzleme farkli mesafeden etkir ve bu

diizleme gore kuvvet momentlerini Uretirler.

Bu momentler de ayni yukarida oldudu gibi he-

saplanacaktirlar.
a. Birinci Mertebe : Birinci mertebeden atalet
kuvvetlerinin momentleri motorun boyuna simetri

dlizleminde etki yaparlar.
b. Ikinci Mertebe : Aynen bir o6ncekinde oldudu
gibi bu momentler de motorun boyuna simetri diizlemine

dogdru yoneltilir.
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c. Merkezka¢ : Bir krankin devingen kiitlelerinin
merkezkac atalet kuvvetinin momenti krank dizleminde

yerlestiriimis bulunmalidir.

3.2. ZORLAYICI MOMENTLER

Krank mili ‘ile buna bagli kiitleler titresim
yvapabilen sistem olustururlar. Ancak sadece bu burulma
titresimlerinin meydana gelmesine neden olmaz. Nitekim
buhar turbininin mili {izerine dizilmis disklerle ve
jeneratdr rotoru ile titresim yapabilen bir sistemdir,
ama burulma titresimleri olusmamaktadir. Bunun sebebi
dondirme momentinin asadi yukari diz [27] olmasidir.

Burulma titresimleri ancak diizgin olmayan bir
dondirme momentinin etkisi altinda meydana gelir, vyani
icten vyanmali motorlarda. Titresimin ikazi, motorun
krank muylusuna tesir eden ve peryodik olarak degisen

tegetsel kuvvettir.

Sekil 3.1 Tedetsel Kuvvetin Belirtilmesi

Pistona tesir eden P kuvveti ikiye ayrilir.
Silindir tarafindan karsilanan N ve Biyel dogdrultusundaki

S kuvveti . Bu son kuvvet R ve T kuvvetlerini wverir. R
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kuvveti ana yataklar tarafindan karsilanir. T ise don-
diirme momentini verir. Gaz basinci ve krankin durumu ile
devamli bir sekilde dedisen bu moment milin burulma
titresimlerini ikaz eder.

Bu calismadaki dort zamanli o6rnek motorun teget-
sel diyagraminda bir devire tekabiil eden 8 dalga vardir .
Ayni sayida iki =zamanli bir motorda ise bir devire
karsilik 16 dalga bulunacaktir. Motorun dakikadaki devir
saylsl N olduguna gére bu iki hal ic¢in dakikadaki darbe
sayisl da sirasiyla 8N ve 16N olur. Bu sayilar tesadiifen
dakikadaki motorun titresim sayilarina esit olursa
rezonans hali mevcuttur.

Titresim sayilari ile darbe sayilari intibak et-
tigdi durumda kritik devir sayilari bulunur.

Titresimleri ikaz eden darbelerin bir devir
esnasindaki sayisina mertebe denilir. B&ylece Ornek
motorun mesela, tek diigumli cgesite ait titresim sayilari
N; ise, Ny / 4 'e " Dbirinci c¢esit, 4'lincli mertebeden
kritik devir sayilari " denilir. Iki zamanli motorlarda
sadece tam sayili mertebeler olabilir, bunun sebebi
motorun 2w peryoduna sahip olmasidir. Dért zamanli mo-
torda ise <c¢evrim 4m peryodunda oldudu ig¢in yarim
mertebeler ( 1/2 , 2 1/2 ..) de ortaya c¢ikar. Yani dért
zamanli motor, iki zamanliya go6re iki kat fazla kritik

devir sayilisina sahiptir.

ng, = N; / m (Iki zamanli motor) (3.6)
ny, = N; / (m/2) (Dbrt zamanli motor) (3.7)

N; = i. cesite ait titresim sayisai,
m

= mertebe 'dir.

Titresim sayisi N; = 60f 'dir. Burada f motorun
0 cesite ait dogal frekansi olmaktadir. Bu frekans
Holzer Metoduyla hesaplanmaktadir. Metoda ait genis bil-
gi [27]'da bulunabilir.
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Buradan goriildiigu lizere bircok dedisik kritik hiz
bulunabilir. Hatta motora ait glivenli bir calisma bol-
gesi bulmanin zor oldudu da disiniilebilir. Ancak, re-
zonans tehlikesi mevcut olmakla beraber bunun ihtimali de
bazi1 faktorler tarafindan kisitlanmistir. Kicik mer-
tebelere uyan kritik hizlar bircok defa motor isletme
devirlerinin {Ustindedir. Ayrica modern gemi dizel mo-
torlarinda mevcut olan emniyet regiilatdrleri (maksimum
devir sayisi reqllatorleri) ancak %25 gibi bir artmaya
izin verirler.

Zorlayici momentlerin etkisini daha iyi anla-
yabilmek icin bunu grafik halde temsil edebiliriz. Bu
durumda momentin isini hesaplamamiz gerekir. Bu is asa-
gidaki formiile gbre [27] hesaplanacaktir.

_)
A = MymAZa (3.8)

Buna gbre herhangi bir m mertebesinden harmonik
momentin zorlama isi hesaplanabilir.

.—)
o " bagil genliklerin geometrik toplami " dar.

Daha acik soylemek gerekirse , uzunluklari bili-
yiklikce kranklarin titresimlerinin A; genliklerine esit

ve dogrultulari da mf, acilariyla belirtilmis

vektorlerdir. Bagdil genliklerin biuyliklikleri ise sis-
temin serbest titresimlerinin sekli ile vyani ilgili

cesidin elastik egrisiyle tayin edilir.

3.3. ORNEK MOTORUN BIRINCi MERTEBE ATALET
KUVVETLERI

Incelenmek ilizere ele alinan motor 16 silindirli
ve V tipi bir gemi dizel motorudur. 3.1 'den bir mo-
tordaki atalet kuvvetlerinin nasil bulunacadi bi-

linmektedir. Bununla birlikte buradaki fark &rnek
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motorun V tipi olmasindan kaynaklanmaktadir. Tki si-
lindir arasi acgiya 20 dersek, bir silindirin dikeyle
yaptidi ac¢i da o olur. ¢ de krank hareket acisi olduduna
gbre m. mertebeden atalet kuvvetinin dikey ve vyatay
bilesenleri asagidaki gibidir ;

éﬁ
It

m,Cos (m@-mo) cosa (3.9)

pu
B
I

mpcos(m@—ma)sina (3.10)

Vn, dikey, H, de yatay bilesen olmak {lizere (3.9) ve

(3.10) 'u yeniden diizenlersek ;

Vi = 1/2mgcos[ (mo- (m-1)a] + 1/2mycos[ (me- (m+1)a) (3.11)
ve

H, = 1/2mpsin[(m¢—(m—1)a] = l/2mpsin[(m¢—(m+l)a) (3.12)
elde edilir. Ornek motorumuz i¢cin o = + 45° ‘'dir.

Birinci mertebe bizim ig¢in daha ©onemli olduduna gbre

m=1 alir ve ornedgimizin kuvvetlerini yazarsak ;

vy (1) = 1/2mpcos@ + 1/2mpcos(¢—mQ) (3.13)

(3.13) denklemi V "nin tek tarafi, yani tek silindir icin
gecerli olan ‘kuvveti verir. Bu (1) Ustsimgesiyle

gbsterilir. Bu durumda 2. silindirin dikey kuvveti ;

v1(2) = 1/2mycos@ + 1/2mycos (@+r/2) (3.14)

Bu iki ifadeyi toplarsak, toplam birinci mertebe
dikey kuvveti bulmus oluruz. Iki ayri fazda olan bu iki

kuvvetin ikinci terimleri birbirini goétiritir. Boylece ;
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Vi1 = m,cosQ (3.15)

bulunur. Tamamen benzer olarak yatay toplam bilesen de
bulunabilir (3.16).

Hi = mpsin¢ (3.16)

Bu iki nihai kuvvet de kranka zit bir karsi agirlikla
tamamen dengelenebilir. Ikinci ve daha yiiksek mertebeden
kuvvetler de ayni sekillerde tespit edilebilir. Tkinci
mertebeden kuvvetlerin dikey bileseni kendi kendini
dengelemekte, yatay bilesen ise krankin iki kati hizla ve

yatay harmonik hareket yapan bir kuvvet dodurmaktadir.
3.4. ORNEK MOTORUN ATESLEME SIRASI IGIN PRATIK YOL

Ornek motorumuz 16 silindirli oldu§una gdre, bu
motorun silindirleri 720 / 16 = 45° ac¢i farklariyla
ateslenecektir. Once krank yildizi c¢izebilmek icin si-
lindirleri rastgele olarak, silindirler arasi krank
hareket acisina dikkat ederek, yerlestirelim. Bu isleme
Al'den baslayalim ve keyfi olarak Al'i UON'ya koyalim.
Bunu sekil 3.2 'de Al'i yukari dogru bir okla belirterek
gbsterelim. Sonra Bl'i yine keyfi olarak Al'e gdre 90°
farkla belirtelim. Diger silindirleri de oOnce A, sonra
B olmak tizere yerlestirelim. Boyle giderek sekil 3.2
'nin son hali elde edebiliriz. Burada dikkat edilecek
husus B8 c¢izilirken baslanilan noktaya geri donllmesi-

dir.
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Sekil 3.2 Krank yildizini ¢izmek ic¢in @'ye
gore yerlestirilen silindirler

Bu sékli cizdikten sonra krank vyildizini
belirleyebiliriz. Sekil 3.3 'de de bu gdziukmektedir.

B3

A7 ok B/
BS AS

A3 B4 BlAC

AD BES

Be v AG

BEc

Sekil 3.3 Krank Yildiza

Krank yildizinin da bulunmasindan sonra artik bir

atesleme sirasi tespit edilebilir. Saat yoniiniin tersi
yonde hareket ederek, once Al'i alalim. Bir numarali
silindirden sonra ya A7 ya B5 ateslenecektir. Zira Al‘?

den sonra bu ikisi UON'yva gelmistir. Birisinde atesleme
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olacadina gore, diJerinde de emme stroku baslayacaktair.
Biz B5'i alalim. Bunu A3 ve B4'iin UON'ya gelmesi takip
eder. B4'yi secelim ve bu isleme tekrar UON 'ya gelene
kadar devam edelim. Tekrar UON'ya geldidimizde karsimiza
yine Al ve B3 c¢ikarlar. Bunlardan birini almamiz ge-
rekmektedir. Ancak Al 360° once ateslenmisti. Bu du-
durumda B3'#i almak zorunluludu vardir.

Ayni zorunluluk 90° sonra da mevcuttur. Bu sekilde devam

ederek ;

Al AbA4 A8 ATA3 A6A2
B5B4 B8B1 B3 B6B2 B7

gibi bir atesleme sirasi tespit etmis oluruz. Bu sira
aynl zamanda programin c¢alistidi 8 numarali denemenin
atesleme sirasidair.

3.5. ORNEK MOTORUN ZORLAYICI MOMENTLERI

Ornek motorumuza ait major ve mindr harmonikler
momentler asadidaki gibidir ;

Major harmoniklerin mertebesi daima bir devirdeki
atesleme sayisinin tam katlaridir [27]. Bu durumda &rnek

motorun major harmonikleri ;

16 / 2 = 8 atesleme/devir'dir.

Majdr harmonikler = 8 , 16 ,24 ... 'dir. 3.3'de an-
lati1ldig1 lizere bu harmoniklerin kritik devir sayilara
bulunabilir. Bunu icin O6nce istenilen cesitlerin dogdal
frekanslari bulunmalidir. Sonra (3.7) formlilt kul-
lanilarak istenen dederler tespit edilebilir.

Genel olarak major harmonikler ayni sayidaki
silindirli motorlarin hepsi icin gecgerlidir. Yani ates-
leme sirasi farkli olan tim 16V'ler igin 8 wve katlari
majér harmoniklerdir. Fakat mindér harmonikler ig¢in durum
degisiktir. [27]'da da gbsterildigi gibi belli bir ates-

leme sirasinin herhangi bir mertebeden olan mindr
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harmonikleri, dider bir atesleme sirasina gore daha fazla
zorlayicl moment {iretebilirler. Bunu engelleyebilmek
icin mindr harmoniklerin Xo hesabinin yapilmasi gerekir.
Ya da yine (3.3)'de bahsedildidi gibi Holzer tablosundan
elastik edri dederleri alinarak da bu edri c¢izilip uygun
atesleme sirasi tespit edilebilir.

Ornek motorun ilgili dederleri elde edilemedigi
i¢cin burada sadece majdr harmoniklerin mertebesi tespit
edilmis, min®dr harmoniklere gdre en uygun atesleme sirasi

verilmemistir.



BOLUM 4. MODELLEME TEORiSiI

4.1. HAVA AKIMI MODELLEMESI

Icten yanmali bir makinanin verimini ve alinan
glici arttirmanin en iyi yollarindan biri sodzkonusu maki-
naya bir turbosarj ( asiri doldurma ) {nitesi eklemek-
tir. Bu sayede hem makinanin manifoldunda hem de si-
lindir icerisinde basin¢ artisi, dolayisiyla da emilen
hava miktarinda bir artis goézlemlenebilir. Bununla bir-
likte modellenmeye calisilan bu tiir bir sistemde, asira
doldurmasi olmayan bir makinaya oranla kilitle debisi,
basing ve hiz oranlari gibi parametreler ¢ok biiylk
farklilaiklar gosterecektir. Bu bakimdan kiitle akisla-
rinin birbirleriyle wuyumlu olmasi gerekliligdi ortaya
cikmaktadir (Streklilik denklemi geredi - Kitlenin ko-
runumu ilkesi). Uyumluluk ger¢eginin modellemeyi yapan
kisiyi =zorlayacadi aciktair. Bu uyumun sadlanmasli be-
lirli tekniklerle vyapilir. Bu teknikler asagida kisa

olarak izah edilmistir ;

i. Sanki dengede hal dedisimi,
ii. Emme ve egzost olaylarinin incelenmesi,
iii. Gaz hareketinin dalga hareketine benzetil-

nmesi,
4.1.1. sSaNKI DENGEDE HAL DEGisiMi METODU

Kullanilan en basit ve temel yaklasimdir. Siste-
mi olusturan elemanlarin verimleri deneylerden elde
edilir. Metodun prensibi, sistemin elemanlari arasinda
kiitle akisina izin verilmemesidir. Bir baska sekilde
ifade edilirse, manifold hacimlerinin ihmal edilebi-
lirligi so&zkonusudur. Motor ve asiri doldurma Unitesin-

deki gaz dinamidi olaylari birinci dereceden lineer



19

olmayan adi diferansiyel denklemler ile modellenmesi
disindaki tim diger denklemler basit esitlikler
seklindedir.

4.1.2. EMME ve EGZOST HAL DEGisimMi METODU

Bu metodun temel prensibi ise makina ile asiri
doldurma Unitesi arasinda bulunan manifoldlarin sonsuz
biytklliikteki kontrol hacimleri olmasidar. Bir onceki
metodun aksine tim elemanlardan belirli bir kiitle debi-
sinin aktidi mantidinin yerine manifoldlarda zamana badli
olarak farkli miktarlarda kiitle bulundugu kabul edilir.
Genellikle sanayi de yaygin olarak kullanilan bir metod-
dur. Sonuc¢lar daha gercede yakin olmakla beraber model-

leme daha uzun sire almaktadir.

4.1.3. AKIMIN DALGA HAREKETIiYLE MODELLENMESI

ME TODU

Sistemin icinde dolasan havanin dalga hareketi
yaparak ilerledidi prensibine dayanan bu metod genellikle
modellemede tek boyutlu gaz akis dinamidini inceler.

Iki ve iic boyutlu gaz akisi gdzdéniine alinmamaktadir. Bu
metodun gelisim slireci su sekilde olmustur ;

Sonlu dalga hareketi ilk once tek yonli sonlu
hareketi olarak geligtirilmistir. Bunu silindirden ani
gaz cikisi ve makina icindeki gaz akisgsi olaylarinin mo-
dellenmesi takip etmistir. Bu arada birtakim analitik
teknikler de gelistirilmistir. Ancak bugiin grafik ¢&zim
yotemleri kullanilmamaktadir. Bu ¢alisma da kullanilan
karakteristikler ydntemi ise Riemann [8] tarafindan ge-
listirilmistir. Riemann'dan sonra metod defisik sekil-
lerde uygulama alani bulmustur. Bununla birlikte Benson
[14,15] karakteristikler metodunu tamamiyle icten yanmali
bir makinaya uygulayan ilk kisidir.

Dalga hareketi metodu, manifold sistemlerinin
fiziksel davranislarinin hassas ve dodru olarak
modelleyebilmektedir. Hatta bu sayede, makinaya en uygun
manifoldun dizayni yapilabilmektedir.



20

4.1.3.1. TEK BOYUTLU ZAMANA BAGLI AKIM TEORIsSi

Ideal bir gazin dedisen kesitli bir kontrol hac-
minde ylizey slirtinmeli, 1s1 transferi ve zerrecikler
arasinda antropi dedisimli, =zamana badli tek boyutlu
akisini tanimlayan ¢ temel denklem bulunmaktadir. Bu
denklemler ;

i. Stireklilik denklemi,
ii. Momentum denklemi,

iii. Eneriji denklemi.
Denklemler kisaca aciklanirsa ,
1. Streklilik denklemi

Sabit bir t aninda zamandan badimsiz olarak
disindiguimliz boru ici akis icin bu denklem su sekilde

yazilabilir ;

mij + m] = mp + Mg (4.1)

burada ;

mj (kontrol hacmine giren kiitle debisi),
my; (baslangicta kontrol hacminde bulunan kiuitle),
mo (sistem i¢inde sabit bir t aninda kalan kiitle),
me (sistemi terkeden kiitle debisi) olarak

tanimlanmaktadir.
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Sekil 4.2. Boru kesitinde kuvvetlerin dengelenmesi

Dedisken kesitli bir boruda momentum denklemini
elde etmek icin su sekilde bir esitlik yazilabilir ;

Kontrol hacminde bir yonde etki Kontrol hacminde belirli bir Kontrol hacminden ayrilan bilegke

eden kuvvetlerin toplami = yondeki momentum artig1 +  Kkuvvetin olugturdugu momentum

(4.2)

Kontrol hacminin solundaki boru ucunda x yonlinde etki
eden kuvveti Fj.

Kontrol hacminin sadindaki boru ucunda x yoniinde etki
eden kuvveti Fp,

Boru i¢ c¢eperlerine etki eden basing¢ kuvvetinin yatay
bilesenini F3;

ve sltrtinmeden dolayi etki eden kesme kuvvetini de Fgp 'le

gosterirsek;
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Kontrol hacmindeki gazin momentumu , zamana badli olarak,
My;
Kontrol hacmine giren klitleden dolayi olusan momentum Mj .
Kontrol hacminden cikan kiitleye ait momentum ise Mg'dir.
Bu durumda tim sistem icin momentumun korunumu
ilkesi uyarinca denklem yazilirsa ;
Fq1 - Fp + F3 - Fg - My + Mj = Mg = 0 (4.3)

iii. Enerji denklemi

Bir kontrol hacmi etrafindaki diizensiz akisa ait

enerjinin korunumu denklemi asadidaki gibidir ;

Q - Wx = 8{U}/8t + mg(hy + u25/2) - mj(hj + u2;/2)
(4.4)
Bu denklem diferansiyeli alinarak daha acik bir
sekilde yazilir ve denkleme son hali verilir.
Bu denklemler (Slireklilik, momentum ve enerji)
yazildiktan sonra [24] 'de gosterildigi gibi asadidaki

tarzda birlestirilir.

(Stireklilik)+ pa(Enerji) * a2 (Momentum) = 0 ;
Bu birlestirmenin prensibi asagidakine dayanir ;

Bir fonksiyonun zamana gore tam diferansiyeli
dR =0R/0t.dt + OR/Ox.dx + ...... (4.5)

olup, edimi dx/dt = c olan bir egdri boyunca su bagint:i

yazilabilir ;
(d/dt)c =8/t + c d/dx (4.6)

Yol - zaman ( x - t ) alaninda dx/dt = u t a
karakteristidi boyunca bir uygunluk denklemi vyazilir.
Ayn1 sekilde dx/dt = u yolu boyunca da bir uygunluk
denklemi yazilabilir. Bu denklemlerde bulunan dedisken-

ler x ve t 'nin fonksiyonlaridar.
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Zamana badli homentropik olmayan gaz akimi karak-
teristiklerini belirleyen yon ve uygunluk sart:
denklemlerini ; ii¢c bagimsiz parametre, ses hizi "a", gaz
hizi "u" ve herhangl bir P basincindan izantropik
olarak referans basincina (Pref) genlesen gazin ses hizi
"aap" cinsinden yazilarak sayisal ¢ozime en uygun sekle
getirilebilir.

Boyutsuz parametreler asagidaki gibidir ;

A = a/aref,

U = u/aref,
Ry = ap/aref,

Z = aref/Xrefs

X = X/Xref (4~7)

Bu durumda Z - X alanindaki karakteristikler ;

A=A+ ((k-1)/2)U (4.8)

B=A - ((k-1)/2)U (4.9)

Yukaridaki karakteristikler Riemann dediskenleri

olarak bilinmektedirler. Buradan hareket ederek ;

A= (A+B)/2 ve U= (A-B)/(k-1) (4.10)

=U +

yazilabilir. Yoén kosulu ise dX / dZ = U x A (4.11)

ve uygunluk kosulu ise

di= dA + (k-1)/2dU (4.12)
dB= da - (k-1)/2dU (4.13)

Antropinin sabit kalmadigdi homentropik olmayan a-

kislarda " A" ve " B " parametreleri karakteristik

boyunca sabit kalmayip dedismektedir.
Yén kosulunun dx/dz = u olmasi halinde, bu yol

karakteristi§i boyunca uygunluk denklemi yeniden yazilir.
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Bunlardan sirtinmenin antropide bir artisa yol
actigyr gozukmektedir. Yon kosulu ve uygunluk denklemleri
saylsal olarak karakteristikler metodu kullanilarak
cozllmektedir. Bu calismada a§ metodu c¢oézim icin kul-

lanilmistar.
4.1.3.2. MESH ( AG ) METODU

Bu metodun uygulanmasi ic¢cin ilk once modellen-
mek istenen bolgede bir a§ diizeni kurulur. Bu ag dizeni
su sekilde olmaktadir ;

Modellenecek bolge dikddrtgen bdlgelere ayrilmak-
tadir. A& uzunludu Ax ise, modellenen bdlgenin boru ol-
dudjunu diisiiniirsek, boru boyunca sabit alinir. Bununla
birlikte farkli uzunluktaki her boru icin Ax de, Dboru
uzunluduna ve sec¢ilen dikdértgen sayisina bagli olarak
dedismektedir. Zaman dediskeni Az, ( x- z ) alaninda tim
adlar icin her bir zaman araliginda ve her bir mesh
tizerinde kesisen A ve B karakteristikleri oldudunda, bu
kesisen A ve [ karakteristiklerinin kesisme igin
katettikleri zaman adimlarindan en klctigd tim boru ig¢in
sabit olarak verilir. Ancak zaman dediskeninin dedisimi
bir stabilite kriterine gore tespit edilmektedir.
Anlasilacadi lzere c¢odzuUmlin hassaslidi i¢in mimkim mertebe
fazla sayida ag kullanmak gereklidir. Gerci ag
sayisindaki artis metodun gluvenilirligdini arttiracaktir,
ancak hesaplama ig¢in gereken silire de dodru orantili

olarak artacaktir.
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AX. AX AX

Sekil 4.3. A§ metodu uygulamasi

Yukarida nasil c¢ikarilacadi verilen uygunluk
denklemi bu metodla c¢ézilecektir. Bununla beraber metod
uygulanarak vyapilacak ¢ozUim burada verilmeyecektir.
Cozim detayli bir sgekilde [23] ' de bulunmaktadir. Ki-
saca, ¢Ozlme ulasilirken hangi adimlardan gec¢ildiginden
bahsedilecektir.

I1kx o©nce uygunluk denklemi hiza gdre yeniden
diizenlenir. Bu yapilirken ses hizi ile basin¢ arasindaki
iliskiden faydalanilir.

Homentropik olmayan akislar ic¢in Riemann'in g
karakteristidi - asadidaki denklemler - kullanilarak
(4.12) ve (4.13) denklemleri yeniden, Riemann degdis-

kenleri cinsinden ifade edilir.

Riemann Karakteristikleri ;

A= a/@ + ((k-1)/2)u/@ , (dx/dz)y = u/@+ a/@ (4.14)
B= a/@ - ((k-1)/2)u/@ , (dx/dz) B= u/@-al@ (4.15)
o= ap /@ , (dx/dz) o= /@ (4.16)

Bu karakteristiklerin zamana gore dedisimleri de
bulunup uygunluk denklemleri yeniden yazilir. Artik bo-
rulardaki hava akiminin modellenmesi i¢in gerekli denk-
lemler yazilmistir. Geriye bunlarin analitik veya sayi-
sal bir metodla ¢&zimii kalmis olur.

Sozkonusu denklemler ag metoduyla c¢ozuliirken,
cbzUm esnasinda yapllan kiicik bir hata zamanla bluylir ve

kararsiz olarak tanimlanan bir ¢Oozim Uretir. Bunu
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kararsiz olarak tanimlanan bir ¢o6zlim {retir. Bunu
6nlemek 1c¢in, gerekli hassasligi sadlayabilecek, bir

kararlilik sarti kullanilir. Bu sart ;

AZAX<1/(A+|U|) (dalga karakteristikleri icin)
(4.17)
AZ/AX <1/ Ul (yol hatti karakteristikleri igin)
(4.18)

A§ metodunun bundan sonraki adiminda A ve B ka-

rakteristiklerinin A = sada giden karakteristik, P = sola

giden karakteristik olarak adlandirilmasi vardir. Bunun-
la beraber sada ve sola giden karakteristikler mantidi
(emme veya egzost) manifoldu karmasik bir boru
sisteminden olusan makina i¢in zor uygulanir hale gelir.
Bunun listesinden gelebilmek amaciyla bilgisayar
programina da yansitilan bir pratik Dbir diistince
gelistirilmistir (Boru sonlarinin numaralandirilmasi ve
bu numaralara gdre hareket yonlinin saptanmasi). Boru
sonlari 1-2, 3-4, 5-6 gibi numaralar verilerek, c¢ift
sayi1liboru sonuna dodru hareket eden karakteristik A, tek
sayili boru sonuna dodru hareket eden karakteristik ise P
ile ifade edilir. Daha da basitlestirmek amaci ile K==K1
veP=A; vyazilir.

Tek sayili boru ucunda, sinira dodru hareket
eden Ay ve sinir kosullari ileA; elde edilir. Sinir sar-
t1 hesaplarinda kullanilan ve sinira gelen karakteristide
Ain » cikana ise Agyt denilir. Bu durumda tek sayili boru
ucunda Ajp = Ay ve Agyt = M, Cift sayili boru ucunda ise
Ain =M ve Aoyt = Ay olmaktadir.

Kararlilik sarti yukarida belirtilmisti. Bu
denklemin manifold icerisinde dedisen gaz hizina uyum

sa§lamas1l gerekmektedir. Buna gdre ;

i. Akimin ses alti olmasi,

ii. Akimin seslistl olmasi (boyutsuz gaz hizi
U'nun pozitif veya negatif olmasina gbre),
iki hal bulunur ve kararlilik denklemi diizeltilir.
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Boru icerisindeki yol hatlari sekil 4.1.3 'deki
gibi tespit edilir. Boru uzunluguna gdre tespit edilen
bu say1li hesaplamalar sirasinda dedismez. Yani her boru
icinde belli sayida zerrecik secilir ve bunlarin antropi
deJisimi hesaplanir.

Daha ac¢ik bir sekilde ifade edilirse sinir sart-
larinin da kullanilmasiyla, her zaman adiminda, butin ag§

noktalarindaki Ay, Ay ve Ay dederleri bulunur. Bu de-

erlerden de sicaklik, basinc¢ ve gaz hizi tespit edilir.

T = alpraf/kR (A +Ay/2)2 (4.19)
P = Pref (M +Ay/28,) (2k/k-1) (4.20)
U = aref(}\:l')\ql /k_l) (4.21)

Sonuc¢ olarak su soOylenebilir ;

Once tek boyutlu gaz akimini modelleyen Kkismi
diferansiyel denklemler c¢ikarilmakta, daha sonra Riemann
degiskenlerinin de vyardimiyla bunlar adi diferansiyel
denklemlere donlUstiriilmekte ve daha sonra ag ( mesh )
metodu kullanilarak karakteristik hatlarla ad§ noktalarin-
daki termodinamik dediskenler hesaplanmaktadir.

4.2. SINIR KOSULU TEORILERI

Yukarida kisa aciklamasi ve Ek A'de de akais
diyagrami verilmis olan bilgisayar programi dizel
makinayl gaz dinamidinin O6zellik hesaplamalarini yaparak
modellemektedir.

Boru nihayetindeki bir takim termodinamik 6zel-
likler (basing, kiitle debisi, sicaklik gibi) sinir kosul-
lari kullanilarak cikarilmaktadir.

Sinir kosullari aktif ve pasif sinir kosullara
olarak ikiye ayrilmaktadir.
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Aktif sinair kosullari silindir, kompresdr gibi
kontrol hacimlerindeki zamana badli gaz akisinin sebebi
olarak tanimlanmaktadir.

Pasif sinir kosullari ise bircok dedisik yollarla
dalgalari yansitan ve/veya absorbe eden etkenler olarak
tanimlanabilir.

Asagida kisaca aciklanmis bulunan sinir kosullara

su kabullenmeler cercevesinde modellenmistir.

1. Sinirlarda gaz akimi tek boyutludur.

2. Sinirlarda herhangi bir anda dp/6t, du/dt gibi
terimler 8p/08x, du/6x gibi terimlere oranlara cok kuciik
oldudundan, zamanla dedismeyen akim denklemleri (quasi -
steady, - sanki dengede) kullanilir.

3. Ozellikler herhangi bir anda hacim icerisinde
her noktada aynidir. Gaz durulmus haldedir.

4., Borulara bagli hacimler ihmal edilemeyecek
biylikliikte ise, hacim icerisideki 6zelliklerin zamana

gore dedisimi alinir.

4.2.1. siLiNDIR SINIR KOSULU

Boru sonu sinir kosullari siniflamasinda, aktif
sinir kosulu olarak onem tasiyan silindir, boru ici
akimi zamana gore degistirdidi icin iki kisimda
incelenir. Bunlardan birincisi emme ve egzost valf-
lerinin her ikisininde kapali oldudu peryot veya glic
peryodu, digeri ise valflerin birisinin veya ikisinin de
acik oldugu peryot, yani dolgu de@isimi peryodudur.

Guc¢ cevrimi termodinamik hesaplari yapilirken,
dnce zaman adimi sonunda silindir icerisindeki gazin
tasididi ozellikler tahmin edilir. Buradan zaman adimi
boyunca acida cikan enerji hesaplanir. Sonra bir ite-
ratif metod veya yaklasim metodu kullanilmak suretiyle,
silindir etrafinda bir kontrol yiizeyi dislinlilerek

termodinamidin birinci kanunu ile bir enerji
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dengelemesi kurulur. Istenilen diizeyde bir dodrulufa e-
risilinceye kadar =zaman adimi sonundaki gazin &zel-
likleri tahmin edilerek islem yenilenir. Dizel mo-
torlarinda glic c¢evrimi matematiksel modellemesi ig¢in
yaygin olarak adimsal yaklasim metodu kullanilmakta olup,
bu metod sadece temel hava - yakit reaksiyon
denklemlerini iceren kimyasal dengeleme prensipleri
izerine kurulmustur. Detayli bilgi [23] ' de veril-
mistir.

Silindir igerisindeki kontrol hacminde yapilan
hesaplarda su parametreler bulunmaktadir ;

a.) Yanma sonucu molekiiler defisim,

b.) Yanma sonucu artik gaz hesaplari,

c.) Silindirde alikonulan mol miktari,

d.) Zaman aralidi sonu ve zaman aralidi ortalama
6zellik deferleri,

e.) Silindirde gili¢c cevrimi boyunca 1s1 gec¢isi,

f.) Strok hesabi,

g.) Valflerden gaz akiszi,

h.) Emme ve egzost borularindaki kiitle akiszi,

i.) Durulma kosulu,

j.) Borularda hic¢ akim olmamasi kosulu,

k.) Silindir etrafinda enerji dengelemesi,

1.) Dolgu de§isimi boyunca silindir kitle

dengelemesi ve icerisinde alikonulan kiitle miktara,
m.) Kiutle ile ilgili tarifler,
n.) Dolgu dedisimi boyunca silindirde 1isa

iletimi.

4.2.2, VALF SINIR KOSULU

Bu sinir kosulu, gaz akiminin silindirden boruya
dodru oldudu hali incelemek ig¢in kullanilir. Gaz aki-
sinin ses alti akim olmas:i halinde, valf girisine kadar
basinc izantropik olarak diisme gosterir. Valften boruya
girdigi noktalarda antropi dizenli bir sekilde artarken
basing sabit kalair. Yani boru ucu ve subap basinclari
ayni olmaktadir.
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Subap giris kesitinin daralmasi nedeniyle giris
agzinda akimda c¢ekigleme olmasi veya gaz akiminin
gerceklesmemesi halinde hesaplamalar sesalti akimdaki
gibi yapilar. Ancak bu durumda subaptan boruya girdidi
noktalarda basing sabit kalmamakta, diisis gdstermektedir.

Yani genel olarak valf sinir kosulu ic¢in iki

halden bahsetmek mimkindir

4.2.3. LULE SINIR KOSULU

Bu kosul eder boru u¢ noktasinda bir nozul varsa
veya borunun silindire bagli oldugu u¢ noktasinda gaz
akiminin yonii borudan silindire ise kullanilir. Bu ko-
sulun kullanilmasi sirasinda gaz akiminin izantropik
oldugu kabul edilir.

Bu kosul ic¢in iic hal incelemek miimkiindiir ;

a.) Gaz akiminin sesalti olmasi durumu (Bu
durumda nozul giris ve cikisindaki ses hizlari birbirine
esit olacaktair.),

b.) Gaz akiminin cekiclemeli veya kesikli akim
olmasi hali (Burada ise nozul girisinde gaz hizi ses
hizina esit olup mach sayisi l'e esittir.),

c.) Nozulda ters akis olmasi hali.

4.2.4. KAVSAK SINIR KOSULU

Kavsak sinir kosulu teorisi, borularin birbir-
lerine tekli veya coklu baglandigi kavsaklarda gaz
akiminin sabit basincta gerceklesmesi {izerine kurulmus-
tur.

Eer iki boru birbirine baglanmissa, borularin
baglama noktasi adini verdigimiz kavsakta sinir kosulu
olarak sabit basin¢ teorisi uygulanir. Bunu akim yo-
niiniin tayini izler. Akim ydnUniin tespiti ic¢in su kriter
kullanilir (1, 1 no'lu boruyu, 2 ise 2 no'lu boruyu, H da
akim yoniine gore hesaplanmasi gereken diizeltme faktorini

gostermek iizere) ;
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M- (A +H)<0 (Akim y6ni 2 no'lu borudan 1'e dogru)

veya ,

M- (A, TH)>0 (Akim yonid 1 no'lu borudan 2'ye

dodrudur.)

Bu sartlar ef§er iki boru sozkonusu ise gegerli
olmaktadir. Ancak ikiden fazla borunun birbirine bag-
landigil U¢'ld kavsak olmasi halinde yine kavsadi meydana
getiren boru sonlarindaki karakteristik parametrelerin

ayni basinca yakinsayacagi kabul edilir.



BOLUM 5. BILGISAYAR PROGRAMININ TANITILMASI

Bilgisayar programinin tanitilmasi ic¢in olustudu
alt ve ana programlarin bir akis semasini vermek faydali
olacaktir. Ek A 'de autocad programiyla c¢izilmis bulunan
bu sema wvardir.

Programin detayli listesi ise EK-C'de ayraintili
olarak verilmistir.

Program FORTRAN 77 dilinde yazilmis olup, 1
(bir) ana program , 7 ( yedi ) ana alt program ve 27
(yirmiyedi) yardimci alt programdan olusmaktadir. Metin

(text) halde sdzkonusu program, bilgisayar sabit ha-

fizasinda, 133.777 byte 'lik yer kaplamaktadir. Der-
lendigi =zaman calistairilabilir dosya 1ise 312.588 byte
kadar yer tutar. ‘Derleyici olarak Microsoft Fortran
Version 5.1 kullanilmistir. Program c¢alistiktan sonra
bilgisayar sabit hafizasina 1.098.133 byte'lik bilgi
kaydetmektedir. Kaydedilen bu bilginin biyiikligy,
bzellikleri modellenmek istenen makinanin ka¢ c¢evrim
boyunca calistirilmak istendidine badli olarak
deJismektedir. Yukaridaki bilgi, makinanin 7 c¢evrim

calaistirildidinda elde edilen bilgi buyuklididiir. Ayrica
program calismadan once makinanin &zelliklerinin programa
tanitildigi kisim olan, 9600 byte 'lik bir on-bilgi
(data) dosyasi sabit hafizaya kayit edilmek zorundadir.

Bilgisayar programinin genel &zelliklerini
tanitmaya gelince ;

Bu program, bir dizel makinayl termodinamik ola-
rak modelleyebilmektedir. Program dizel motorun si-
lindiri icerisindeki zamana bagli gaz dinamigdi
degiskenlerini (basing, sicaklik, hacim, dolgu havasi ve
egzost kiitlesi de§isimi gibi), emme ve egzost mani-
foldlarinin istenilen dedisik kesitlerdeki zamana badla
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gaz dinamigi dediskenlerini ve c¢evrim sonunda her bir
silindirden alinan giicli, o silindire ait, miistakil
olarak, o0zglil yakit tiiketimi, ortalama efektif basing,
maksimum yanma basinci, emilen havanin kiitle debisi gibi
parametreleri, ayrica kullanilan 1s1 yayilim modeline
gdre motor {izerinde olusan 1s1 kayiplarini ve bunlarin
ylizdelerini hesaplayabilmektedir. Programin calisma si-
resi, programin calistirilmak istendidi bilgisayar'a,
kullanilacak bilgi dosyasinin niteligine gore
dedismektedir. Program vyalnizca MicrosoftDos isletim
sis-temini kullanan kisisel bilgisayarlarda c¢alistiral-
mistir. Intel mikroislemcili bu bilgisayarlar 86 serisi
olup, 386 SX-25 ve 486 DX2-66 tip bilgisayarlar programin
denendidl bilgisayarlar olmustur.

486DX2-66 tip bilgisayarda program, 7 ¢evrim
icin, 15 dakika calismaktadar.

386SX-25 tip bilgisayarda ise, ayni sayida g¢evrim
icin, vyaklasik 1.5 saat calismaktadir.

Takip eden satirlarda programi olusturan ana, ana
alt ve yardimci programlar bulunmaktadir. Bunlar detayl:
olmayip, sadece sdzkonusu programin genel olarak hangi
iglevi gérduguni aciklayici bilgiler seklindedir. Once
ana alt programlar, sonra da yardimci alt programlar

alfabetik siraya gore verilmistir.
5.1. MAIN PROGRAM (ANA PROGRAM)

Ana program 144 satirdan olusan, tum ana alt
programlarin baglandidi, motora ait teknik datanin
okutuldugdu, motorun ozelliklerine godre hangi ana alt
programin hangi sirayla kullanilacadginin kontrol
edilecedi kisa bir programdir. Bu programda herhangi bir
hesaplama yapilmamaktadir. Bu nedenle giris ve c¢ikis

datasinin okutulup kontrol edildi§i merkez programdir.
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5.2. ANA ALT PROGRAMLAR

CHAR

Bu alt program 481 satirdan olusan, manifoldlar-
daki zamana badli gaz dinamidi de§iskenlerini hesaplar.
Manifoldlara ait data, diger datanin aksine, main
programinda dedil, bu alt programin icinden okutulur.
Borularda tek boyutlu, =zamana badli akim hesaplarini
yapar. Manifold datasi ile kastedilen ise, manifoldu
olusturan borularin uzunluklari, borulardaki ag§ gozi
sayllari, boru uc¢larindaki c¢ap degerleri, boru c¢eper
sicakliklari ve ayrica baslangic¢ hesaplari icin gerek
emme ve gerekse egzost manifoldlarindaki baslangic
ortalama basing ve sicakliklarz ile izantropik
sabitlerdir.

I1gili data okutulduktan sonra, gerekiyorsa bi-
rim donUstiriilmesi (SI birimlerine) yapilir, bunu
boyutsuzlastirma takip eder. Borular tespit edilen ag
gbzll sayisina bolindlikten sonra her bir ad Ulzerindeki
baslangi¢ Riemann dediskenleri bulunur. Bundan sonra
zamana badli olarak boru uc¢larindaki sinir kosullarinin
de§ismesine gdre her bir ag Uzerindeki yeni dediskenler
hesaplanir. Yeni zaman adimindaki gaz dinamidi dedis-

keninin de yeni degeri bulunarak hafizada saklanir.

Yukaridaki islem her yeni zaman adiminda, sinir
kosullarindan hareketle, sinir dederleri bilinen boru
ucundan, bilinmeyen boru ucuna dodru akimin yoénid gdzdnine
alinip akimin boru icerisinde dalga hareketi ile
ilerledid§i prensibine dayali teori kullanilarak defalarca
yenilenir. Aktif sinir kosullarini belirleyen vwvalf,
nozul gibi etkenlere g6re buradan c¢ikilarak yeni sinir
kosullari bulunur ve tekrar geri donlilir.

Karakteristikler metodu kullanilarak islemlerin
yapi1ldigdi bu ana alt programda, daha once verilen toplam

cevrim sayisi erisilinceye kadar hesaplar devam eder.
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CYLNDR , CYLN1l ,CYLN2 ,CYLN3 ,CYLN4

Bitiin bu alt programlar 1095 satirdan meydana
gelmis olup, silindir hesaplamalari yaparlar ve birbir-
lerini tamamlayici olarak tasarlanmistirlar. Farkli bir
iglem mantidi olmayan bu alt programlar, derleyici
yetersizligi ylizinden ayri olarak yazilmistir.
Alt program, silindir icerisinde c¢evrimin dol-
gu dedisimi zamaninda (a¢ik cevrim) basing, sicaklik ve
kiitle de§isimi gibi termodinamik dediskenler hesaplanir.
Islem sirasi su sekilde olmaktadir ;
Once data dosyasindan makina tipi ve 6zellikleri (ne tip
pistonliu oldudu, valfli mi yoksa portlu mu oldudu,
silindir c¢api, valf ac¢ilma ve kapanma zamanlari, makina
devri, atesleme sirasi, silindir faz acilari gibi)
okutulur. Boyutsuzlastirma isleminden sonra, glic ¢cevri-
minde ac¢ida cikan enerjl ve gaz dinamidi dediskenleri
hesaplanir. Bu sekilde boru ucu sinir kosullari elde
edilmis olur. Bu iglem, atesleme sirasi gelen silindir
igcin yapilir. Boylece herbir silindir ic¢in yukarida daha
6nce bahsedilen 6zellikler hesaplanir. Gii¢ ¢evrimi bo-
yunca vapilan hesaplar izantropik sikistirma ve genisleme .
esasina gore belirlenir. Acik ¢evrim boyunca ise si-
lindir ici ©6zellikler, hem o andaki kendi, hem de
silindire baglanan manifoldlardaki boru uclarindaki gazin
termodinamik dediskenlerinin niceligine ve valf-lerdeki
akimin yoniine baglidir. Bu islem kavsak sinir kosulunun
kullanilmasiyla yapilir. Yanma ise data dos-yasinda
verilen yanma modeline gore yapilmaktadir. Yanma modeli
ise yakit piuskiirtme isleminin krank acisina gore
de§isimini vermekle tespit edilir. Piiskiirtiilen yakitain
kimyasal Ozellikleri de verildidgi ig¢in, zamana badgla
olarak acifa cikan enerji de hesaplanabilmektedir.

JUNCTN

Kavsakta akim yoninlin belirlenmesi ic¢in kullani-
lir. Bunu manifoldlari olusturan borularin birbirleriyle

badlandigir noktalarda kavsak sinir kosulunu olusturarak



36

yapar. Borularin ne sekilde, yani tekli mi yoksa coklu
mu olarak baglandidini kontrol edebilecek mantik opera-
toérid kullanan satirlari vardir. Bu ana alt program da
data okumakta olup, numara verilmek suretiyle kac
numarali borunun hangi ucunun, dider bir borunun hangi
ucuyla ve nasil birlestidi okunan bilgidir. Enerjinin ve
kiitlenin korunumu ilkelerini kavsaktaki boru u¢ noktala-

rinda kullanilarak ve basincglar gdzdnline alinarak akim

yonl tayin edilir. Bu sekilde sinir kosulu olusturulmus
olur.
NOFLOW
Alt program 9 satirdan olusur. Emme ve egzost

valflerinin kapali oldudu sikistirmayla genisleme
cevrimlerinde gaz kiitle debisini sifira esitler.
NOZZLE |
Eger herhangi bir boru ucu nozul ile donatil-
missa, © boru wucunda nozul sinir kosullarinin ger-
ceklenmesi amaciyla kullanilir. ©Nozul kesitinin, nozul
boyuna gore farklilik gdsterip gdstermemesine gbdre de bu
kosulu diizenler. 39 satirdan olusur.
OUTPUT
Bu alt program 441 satirdan olusur ve modellenen
sistemin istenilen noktalarindaki ve anlardaki gaz dina-
midi defiskenlerinin deferlerinin, buna benzer diger
sonuclarin hangi diizende ve bilgisayar sabit hafiza-
sindaki hangi dosyalara yazdirilacagini kontrol eder.
TURB
Ana programda okutulan dataya gdre programin c¢alis-
masl sirasinda ya TURB yada TURBIN alt programlarindan
biri cadrilir. Ayni anda kullanilmazlar. Icerik olarak
TURBIN 'e benzer. Tlrbin modellemesinin karsilastiril-
masl icin kullanilir ve tlrbin sinir kosullarini belir-
ler. Tirbin verimini tespit eden karakteristikler ile
kiitle debisinin dedisimini belirleyen karakteristikler
data olarak okutulur. Boyutsuzlastirmadan sonra tirbin

sinir kosullari bulunur. 571 satirdan olusur
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TURBIN
TURB alt programina benzer sekilde tilirbin sinir
kosullarinin hesaplanmasinda kullanilir. 199 satirdan
olusur.

5.3. YARDIMCI ALT PROGRAMLAR

AAREM :

Bu program 38 satirdan meydana gelmis olup, her-
hangi bir zaman adiminda, x - ekseni boyunca en Onemsiz
yol hattinin iptali i¢in kullanilair.

ATRIN :

Bu alt program 32 satirdan meydana olusan, mo-
tor lizerinde g&zodnlne alinan herhangi kesit etrafindaki
kontrol ylizeyi icin sistem girisinde akim ydnini saptar.

CYLVOL

Bu alt program 7 satirdan meydana gelmis olup,
silindir hacminin zamana gore degisimi 1ile bir anlik
silindir hacmini hesaplar.

ENERGY

Alt program 15 satirdan olusan, makinanin 2 valf-
li (bir emme ve bir egzost) olmasi halinde kullanilir.
Silindir basincinin zamana gbdre dedisimini hesaplar.
Silindir hesaplamalarinin yapildidi ana alt programlar
tarafindan cagirilair.

ENERGY1

18 satirdan olusan alt program makina 4 valfli
(iki emme ve iki egzost) olmasi halinde kullanilir. Bir
onceki alt program gibi, silindir basincinin de§isimini
hesaplar.

ETURB

Bu alt program 11 satirdan olusur ve boru ugla-
rinda sabit kesitli nozul kullanildigi hallerde tirbin
clkisinda izantropik ses hizini hesaplamakta kullanilair.

INLET :

Bu alt program sistemde giris sinir kosullarinin

hesaplanmasi amaciyla kullanilir ve 30 satirdan olusur.
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INPAT
Alt program 13 satirdan olusur ve interpolasyon
ile diizenli krank acilari ic¢in basin¢ ve sicaklik gibi
dediskenlerin deferlerinin hesaplanmasinda kullanilir.
INTERP
Gorevi interpolasyon yapmak suretiyle, programin
gereken yerlerinde boru hesaplamalari sirasinda herhengi
bir a§ goziinde hesaplanan zaman adimindaki karakteristik-
lerin dederlerinin bulunmasi olan program 16 satirdan
olusmaktadir.
INTXY
Bu alt program 6 satirdan meydana gelmis olup,
yalnizca extrapolasyon gereken yerlerde kullanilir.
LAMMOD
A§ noktalarinda bir zaman aralidi boyunca Riemann
de§iskenlerinde meydana gelen farki bulan alt programdir.
28 satirdan olusur.
MASPIP
Boru icerisindeki kiitle debisinin, Riemann de-
Fiskenleri kullanilarak hesaplanmasl 7 satirdan olusan bu
alt program tarafindan yapilir.
MASSFL
Bu alt program 11 satirdan meydana gelmis olup,
modellemede bir emme manifoldu kullanilmadidi hallerde
bir acikliktan gecen kiitle debisinin hesaplanmasi sira-
sinda kullanilair.
MESGEN
A§ noktalarinda, dodrusal enterpolasyon ile Ag4
(Gazin ses hizi) dederlerini hesaplamakta kullanilir ve
24 satirdan meydana gelmistir.
ORIFIC
Bu alt program liile sinir kosulu hesaplamalarina
yapar. Ayrica gaz akiminin borudan silindire dodru
oldugu hallerde valf sinir kosulunun hesaplanmasi sira -
sinda kullanilir. 134 satirdan meydana gelmistir.



39

POWER

Silindir icgerisinde, cevrimin genisleme zamanin-
da basin¢ - sicaklik - krank mili agisi arasindaki ilis-
kiyi ortaya koyar. Isi yayilim modelini kullanarak yanma
sonucu olusan enerjiyi gézoniine alarak gli¢ cevrimi boyun-
ca silindir basincini ve sicakligdini bulur. 470 satirdan
olusur.

RPAP

Bu alt program 8 satirdan meydana gelir. Boru
icerisindeki bolgesel ses hizi 1ile Dbasin¢ dagilimini
Riemann dediskenlerini kullanarak hesaplar.

SREA :

Silindir igerisindeki gazin yaladig:i ylzey alani-
ni hesaplamakta kullanilir ve 13 satirdan olusur.

STAGNA :

Riemann dediskenlerini kullanarak herhangi bir
boru icerisindeki durulmus ses hizini hesaplar. 8 satir-
dan meydana gelir.

STROK :

Bu alt program 13 satirdan meydana gelmis olup,
strok uzunludunun zamana gore dedisimi ile bir anlik
strok uzunludunu hesaplar.

TCHAR

Eder ana programdan TURBIN ana alt programi cad-
rilir ise hesaplama yapar. Makinaya ait tiirbin sayisi ve
kademesi ile tirbin basing oranlari ve tlrbin bicak-
larinin - u¢ noktalarinin cevresel hizlari data olarak
burada okutulur. Tilirbinlerin verimleri ve tirbindeki gaz
akiminin akis katsayilari hesaplanir. Toplam 94 satirdan
olusur.

UNITK :

Glic birimlerinin (kW, HP) birbirine dontistii-
riilmesi ve islemler sirasinda SI birimlerinin kulla-
nilmasi amaciyla vardir. 11 satirdan olusur.

UNITP

Basin¢ birimlerinin (bar, psi) donistiirtilerek SI
birim sisteminin kullanimasini saglar. 17 satirdan mey-

dana gelmistir.
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UNITQ
Is1 birimlerinin (kW, BTU/s) dénustiirilerek SI
birim sisteminin kullanilmasini sadlar. Bir {lstteki
program gibi 17 satirdan olusur.
UNITT
Yukaridakilere benzer sekilde SI birim sisteminin
kullanilmasi icindir. Sicaklik birimlerinin (°K, °C, °R,
°F) doénilistiiriilmesini isini yapar. 23 satirdan meydana
gelir.
UNITW
Bu alt program 11 satirdan olusan, adirlik bi-
rimlerinin (kg, 1lb) doéoniistiirilmesini yapan programdir.
VALVE
Gaz akiminin silindirden boru icerisine dodru ol-
dugu hallerde wvalf sinir kosulu hesaplarini yapar.
Ayrica yakinsak bir 1lile olarak kabullenildiginden 1liile
sinir kosulu hesaplarini yapmakta da kullanilair.



BOLUM 6. PARAMETRE CALISMASI

Tablo 6.1'de, yapilan calismaya alit parametre
degisim tablolari (atesleme siralari) vardir. Parametre
olarak alinan atesleme siralarinin ve silindir faz
acilarinin bulundugu bu tablolarda motorun yalnizca B
bloduna ailt atesleme siralari bulunmaktadir. Bununla
birlikte motorun atesleme sirasinin tespiti, dogal
olarak, motorun her iki blogu da g6zonitine alinarak
yapllmistair. Bélim 3'de bununla i1lgili detayl: bilgi
verilmistir.

Parametre calismasi yapilirken, genel olarak bir
sistematik takip edilmeye calisilmistir. Bunun icin

mevcut motorun atesleme sirasi ve faz acilari etid

edilmistir. Silindir ateslemeleri faz acgilarinin Tablo
6.1'de verildidi orijinal motorun, faz acilari
birbirlerini (135°,45°,135°,90°,45°,135°,45°) '1ik faz

farklariyla takip etmektedir. Calismada i1lk o6nce farkla
faz acilari denenmistir. Elde edilen sonuclara gdre de,
15 numarali denemeden sonra, orijinal faz acilarina sadik
kalinarak atesleme siralari cikarilmistir. Orijinal
degerlerin, emme manifoldundaki basin¢ dalgalanmalarini
daha iyi dtizenleyen bir faz simetrisi oldudu kabul
edilmistir. Bolum 7'de buna ait yorumlar bulunmaktadir.
Tablo 6.2'de ise programin girig datasindan bir kisim
vardir. Atesleme siralari bu tablodaki data blogu
sayasinde kullanilan programa tanitilmaktadir. Tablodaki
ilk slitun B bloda ait silindirleri ve atesleme siralarini
gbstermektedir. Tkinci ve icinci sutuhlar ise karsilik

gelen silindire baglanan boru u¢ numaralari olmaktadir.
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Tablo 6.1.a Atesleme siralar:

ATESLEME
SIRASI / FAZ ACISI

DENEME NUMARAST

1

2

3

4

5

6

=

5/0°

5/0°

5/0°

5/0°

5/0°

7/0°

5/0°

2/135°

7/90°

2/90°

7/45°

7/45°

2/45°

7/45°

8/180°

3/135°

4/135°

4/180°

6/180°

4/180°

3/135°

3/315°

2/225°

1/270°

3/270°

2/225°

5/225°

4/225°

4/405°

4/315°

7/315°

6/315°

4/315°

8/270°

2/270°

6/450°

1/405°

3/405°

2/450°

8/450°

6/405°

8/450°

1/585°

8/540°

6/540°

1/495°

3/495°

1/450°

6/540°

7/630°

6/630°

8/585°

8/585°

1/630°

3/585°

1/630°

Tablo 6.1.b Atesleme siralara

ATESLEME
SIRASI / FAZ ACISI

DENEME NUMARAST

8

9

10

11

12

13

14

5/0°

4/0°

2/0°

8/0°

8/0°

7/0°

2/0°

4/45°

8/90°

5/45°

3/45°

1/45°

1/45°

1/45°

8/180°

6/135°

7/180°

7/180°

7/180°

6/180°

3/180°

1/225°

2/225°

6/225°

4/225°

6/225°

4/225°

6/225°

3/315°

5/315°

1/315°

2/315°

2/315°

2/315°

5/315°

6/450°

7/405°

4/450°

6/450°

4/450°

8/450°

8/450°

2/495°

3/540°

8/495°

5/495°

5/495°

3/495°

4/495°

7/630°

1/630°

3/630°

1/630°

3/630°

5/630°

7/630°

Tablo 6.1.c Atesleme siralari

ATESLEME
SIRASI / FARZ AGISI

DENEME NUMARASI

15

16

17

18

19

20

21

2/0°

5/0°

5/0°

5/0°

5/0°

4/0°

5/0°

4/135°

3/135°

3/135°

4/135°

1/135°

6/135°

3/135°

3/180°

6/180°

8/180°

6/180°

4/180°

3/180°

6/180°

5/315°

4/315°

4/315°

7/315°

6/315°

5/315°

2/315°

1/405°

7/405°

1/405°

3/405°

7/405°

7/405°

7/405°

8/450°

8/450°

7/450°

2/450°

2/450°

8/450°

8/450°

6/585°

2/585°

2/585°

8/585°

8/585°

2/585°

4/585°

7/630°

1/630°

6/630°

1/630°

3/630°

1/630°

1/630°
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Bunlarzi dérdinci stitunda faz acilara, besinci ve
altincida da gii¢ c¢evrimi baslangici basin¢ ve sicaklak
dederleri takip etmektedir. Programin yeniden c¢alis-
tirildigr her sefer, Tablo 6.2'deki ilk dort situn da
defistirilmistir. Yani her deneme icin ayri bir data
dosyasi olusturulmustur. Bu ayni =zamanda, her deneme
i¢in c¢akis dosyalarinin da yenilenmesi demektir. Cikis
dosyalari yenilenirken, eskilerinin silinmemesi icin,
deneme numaralarina badli kalinarak Dbunlara ayirdedici
isimler verilmistir. Bu sayede her atesleme sirasina ait

¢i1kis dosyalari, karistirilmadan incelenmistir.

Tablo 6.2. Program giris datasi

38 102 0.
22 86 135.
46 110 180.
14 78  315.
54 118 405.
62 126 450.
30 94  585.

6 70 630.

.010 402.00 10
.010 402.00 10
.010 402.00 10
.010 402.00 10
.010 402.00 10
.010 402.00 10
.010 402.00 10
.010 402.00 10

=& oIy WL
OO OO OO0 Oo
I S S N




BOLUM 7. SONUGCLAR VE ONERILER

Bir bilgisayar programi kullanarak, yiiksek de-
virli bir dizel motorda tasarim dedisikliginin, motorun
performansina etkilerinin arastirildigi bu calismada
program ¢iktilarinin daha iyi dederlendirilebilmesi icin
bu ¢iktilar grafiklere donlstirtilmistir.

Bu grafikler silindir ic¢i basing ve silindire ait
emme borusu basin¢g dalgalanmalaridir. Dalgalanmalar
krank agisina gbre verilmistir. Grafikler icin spesifik
olarak 2 ve 8 numaralz:, B Dbloda ait silindirler
alinmistair. Bunun sebebi blodun uc noktalarinda basinc
dalgalanmalarinin daha iyi gozlemlenebilecedidir. Bu
grafikler ayni anda hem emme borusundaki hem de silindir
i¢ci basinclari gosterecek sekilde hazirlanmistir. Ayrica
performans karsilastirmasi vyapabilmk i¢in programin
calistirildigdi her duruma ait (Ozglil vyakit tiketimi,
silindir basina gucg) parametreleri de grafide
dokilmistir. Bundan baska Tablo 7.1'de yine 2 ve 8
silindirlerine ait emilen ve egzost hava debileri wvardir.

Motorun orijinal dederlerine en yakin sonuclar
Sekil 7.1 wve 7.2'den, 5, 9, 11 wve 16 numarala
denemelerdir. Bunlardan sadece son ikisi, yani 11 ve 16
numaralar silindir ateslemeleri faz ac¢ilari olarak
orijinal deferle uyusmaktadir.

Faz acilari itibaraiyla 1 numarali 7 (orijinal)
denemeye yaklasmayan 5 i¢in, Sekil B-3 ve B-4, yani 2 ve
8 silindirlerindeki durum incelendidinde su ortaya cikar;
Silindir ici basinclar orijinal de§ere nazaran, O6zellikle
valf Dbindirmesinden sonra, 510 KMA'da, daha hizli
ylikselmektedir.

Yine 5 no.lu deneme icin (ki bu denemenin
silindir ateslemeleri birbirini 45, 135, 45, 90, 135, 45,
135 derecelik faz acilariyla takip etmektedir) hem 2 hem
de 8 silindirlerinin emilen ve egzost hava debileri

orijinal degerlerden daha iyidir. Nitekim Tablo
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7.1.a'dan, silindir 2 ic¢in emilen orijinalde 0.130441
kg/sn iken, bu denemede ayni silindir ig¢in 0.142248
kg/sn'dir. Bu yaklasik olarak %9'luk bir artisi ifade

etmektedir. Egzost debisi de daha 1iyi bir durumu
gbstermektedir. Benzer olay silindir 8 icin de
gecerlidir. Yine Tablo 7.1l.a'dan emilen hava debisi %1

daha yiksektir.

Performans karakteristiklerinden vyakit tiuketi-
minde ve silindir basina glicte de 5 numarali denemenin
daha iyi oldugu Sekil 7.2 ve 7.l1'de Dbelirgindir.
Gergekten orijinal dederler (Yakit tuketimi 214.996
gm/kW.h, gi¢ 123.690 kW/sil) 5'e ait dederlerden (Yakit
ttiketimi 214.005 gm/kW.h, glic 124.300 kW/sil) daha
distuktir.

Sekil 7.1, 7.2 ve Tablo 7.1l.c'den, 1 numarali
denemeye vyakit tiikketimi ve silindir basina gic olarak
yakin, silindir ateslemeleri faz acilari itibariyla da
ayni olan 11 numarali deneme de, 06zellikle silindir 2'ye
ait emilen hava debisi deferi (0.155559 kg/sn),

orijinalden %19 daha iyidir. Egzost debisi 1ise, ayni
tablodan, %2 daha azdir. Silindir 8 icin ise
yukaridakinin tam tersi gecgerlidir. Yani emilen hava

orijinale gbre daha az, egzost havasi ise daha fazladir.

11 numarali deneme performans olarak irdelen-
didinde degerlerin daha 1iyi olmamasina radmen, c¢ok
yaklastigi goriultur. Yakit tiketimi 215.184 gm/kW.h'le
sadece 0.188 gm/kW.h kotudur. Silindir basina glicte ise
123.619 kWw'la fark 0.071 kW'dir.

9 numarali denemede ise, silindir 2'nin emilen
hava debisi (0.158438 kg/sn) daha iyi iken, egzost hava
debisi (0.191625 kg/én) daha azdir. Silindir 8 ic¢in bu
durumun tersi gecerlidir. 5 numaranin aksine, silindir
hava debilerinin hepsinin daha iyi dederler olmamasina
ragmen, bu deneme hem 5'den hem de orijinalden daha iyi
sonu¢ Vvermistir (Yakit tiketimi 213.965 gm/kW.h, gii¢
124.348 kW/sil).

Yukaridakilerin 1isidinda, s&zkonusu denemeler

icin genel olarak emme ve egzost peryotlarinin basarili



46

bir sekilde gerceklestidi sOylenebilir. Bu denemelerin
basinc¢ dalgalanmalari grafiklerinden ise ;

11 numaralili deneme icin Sekil B-10'dan, 180 KMA
ve 450 KMa arasinda emme borusuna ait bir tepe noktasi
vardir. Valf bindirmesinde bu basin¢ hizla dismekte wve
tekrar vylikselmektedir. Silindir ic¢i Dbasing ise wvalf
bindirmesine kadar, dider denemelerde de az rastlanilan
bir sekilde 1.5 bar'a kadar diismektedir. Sekil B-9'da da
benzer bir durum vardlr. Silindir ici basincg 2.25 bar'a
kadar diismekte, valf bindirmesinde bir an ylikselmekteyse
de sonra yine azalmaktadir.

5 numarali denemede ise, Sekil B-4'den 0zellikle
valf bindirmesinden sonra orijinal duruma gdre emme
borusu basin¢ dederinin ylikseklidi belirgindir. Silindir
ici basinc ise valf bindirmesinden 60 KMA once diismekte,
egzost valfi kapandiktan 45 KMA sonra hizli bir sekilde
yukselmektedir.

Calismanin en iyl sonucglarinin elde edildigi 9
numaralil denemeye ait Sekil B-8'de, silindir ic¢i basinc
valf bindirmesi civarinda 2.25 bar'a kadar diismektedir.
Bu dederler bindirmeden sonra da devam etmektedir.

DiJer denemeler ic¢in ise ; Ornedin 13 numarali
denemenin Tablo 7.l.c'den emilen ve egzost Thava
debilerinin orijinal dederlere vyaklastidi belirgindir.
Ancak Sekil B-12'den, wvalf Dbindirmesinde silindir ici
basincin aniden yiikseldidi goriliir. Ayni gdzlem, mesela
18 ve 19 numaralil denemeler icin de, Sekil B-18'den
sbylenebilir. Basing 270 KMA civarinda 3.75 bar'a kadar
clkmakta ve emme valfi acildiktan 60 KMA sonra
diismektedir. Bu olayin sonucunda, silindirde Dbir
geribasmadan s&zedilebilir. Ayrica yliksek silindir igi
basin¢ valf bindirmesinde ve kisa bir an sonra da etkili
olmakta ve 06zellikle emme valfindan egzost gazlarinin
kacmasina yolacmaktadir. Bu ise fakir bir yanma havasi
meydana getirir ki istenmeyen bir durum oldugu aciktir.
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Bu yorumlarin i1sidinda asadidaki sonucglara varilir.

i. Silindirlerin atesleme faz acilari basing
dalgalanmalari acilisindan Onemlidir. Nitekim faz acilar:
orijinalden farkli olan 9 numaralili deneme (Silindir
aeslemelerinin birbirini takip faz acilari 90°, 45°, 90°,
90°, 135°, 135°, 90°) daha basarili sonuclar vermistir.
Sadece bir faz acisi 45°, diderleri ise 90° ve {isti
olmaktadir. Bu durumda silindir ateslemelerinin maksimum
arayla vyapilmasi tercih edilebilir ve 9 numarali
denemenin faz acillara ve atesleme sirasil teklif
edilebilir.

ili. Tablo 6.1'den goriildigii gibi ne 9 numarali ne
de 11 numarali denemede, ardisik iki silindir biribirinin
pesisira ateslenmemistir. Bunun basin¢ dalgalanmalari
tizerinde dlizenleyici etkisi oldudu diuslinlilebilir ve bu
tiir bir atesleme sirasi teklif edilebilir.

iii. Valf bindirmesinde silindir ici basin¢ daha
dislik olmalidir. Bunun vyapilmasi emme valfi acilana
kadar diizenli diisen bir silindir ic¢i basinc ve bu
basincin Uzerinde stabil seyreden bir emme borusu
basinciyla sadlanir. Bu durumda atesleme sirasinin buna
uygun secimi gerekir.

Calisma sonunda, benzer konuda arastirma yapmak
isteyenlere sunlar énérilebilir ;

i. Silindir ateslemeleri faz acilarinin etkisini
daha iyi gbrebilmek icin, faz acilarini valf
zamanlamasiyla beraber ele almak,

ii. Ornek bir motorun, mevcut manifold dizaynini

dedistirerek en iyi manifold dizaynini bulmak.
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Tablo 7.l1.a Emilen ve Egzost Hava Debileri (kg/s)
SILINDIR DENEME NUMARAST
NUMARAST 1 2 3 4 5
2'ye emilen 0.13044110.159037|0.12931710.12617810.142248
2'den verilen|0.19312010.192251{0.194788|0.189273(0.194831
8'e emilen 0.13975410.119688]|0.13446310.139263{0.141220
8'den verilen|0.192990{0.187988|0.194208|0.186257(0.192732
Tablo 7.1.b Emilen ve Egzost Hava Debileri (kg/s)
SILINDIR DENEME NUMARAST .
NUMARASI 6 7 8 9 10
2'ye emilen 0.117032{0.157410{0.12654010.158438{0.112164
2'den verilen|0.191643(0.19275810.191542|0.191625(0.194162
8'e emilen 0.140125/0.09558310.141978]|0.132875]0.128709
8'den verilen|0.190676(0.188778{0.191454/0.195903(0.191870
Tablo 7.1.c Emilen ve Egzost Hava Debileri (kg/s)
SILINDIR DENEME NUMARASI
NUMARASI 11 12 13 14 15
2'ye emilen 0.15555910.142776]0.148120/0.111787|0.110356
2'den verilen|0.189401(0.189120(0.188680{0.193489[{0.193667
8'e emilen 0.116567]0.11597310.137198]0.140743]0.131165
8'den verilen|0.195616{0.194687]0.191871{0.193981{0.189294
Tablo 7.1.d Emilen ve Egzost Hava Debileri (kg/s)
SILINDIR DENEME NUMARASI
NUMARASI 16 17 18 19 20
2'ye emilen 0.132478|0.14132810.117171]0.12875210.130077
2'den verilen|0.190712]0.193278{0.189284{0.189194]0.190679
8'e emilen 0.13483710.141028]0.125947]10.141205]/0.129578
8'den verilen|0.194458(0.19386110.189102]0.192645)0.194486
Tablo 7.1.e Emilen ve Egzost Hava Debileri (kg/s)

SILINDIR DEN. NO
NUMARASI 21
2'ye emilen |[0.131530
2'den verilen|0.189977
8'e emilen 0.141044

8'den verilen

0.194389
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BASLA

Data okuma
Guc hesablcevrim sayisl
kontrolubirim donusumu

yopllacak mi ? Hizsilindir
sayisl , kavsak sayisl ,
boru sayisi

CHAR ana alt

programi cagrilir . Boru
dalga karakteristikleri
hesaplanmaya baslanir ,

GEREKLI DATA OKUNUR.

Ag uzunluklari ve
diger ilgill parametreler
hesaplanir .

\

Eger datalar SI
birimlerinden farkl Ise,

SI birimlerine donusum
apilir . Bunun Icin
onusum olt programlarina
dallanilir .

UNITT , UNITK
UNIT@ , UNITP

Zaman adimini hesapla

Boru nihayetlerinde
sinir degerler! bul,

A

B

EK

A

Riemann degiskenlerint
hesapla.Yenl zaman adimi
Ilcin tekrarla.Riemann
degiskenlerinin degisimi
icin LAMMOD'a dallan .

|

Ag noktalarinin hepsl

tomamlano kadar tekraria.

|

Borular tamamianincaya
kadar tekrarla.

X

B

hesapla .

CYLNDR ANA ALT programini
caglr. Silindir sinir kosullarini

Makina tipisilindir capl,
sikistirma oranl gibl
degerleri oku .,

|

Volf zamonlamasi
ile ilgill degerier! oku .

Guc
hesabl

evet haylr

Sekil Al.a. Program Akis Semasi




55

Her sllindir Icin atesleme
sirasina gore , boru sonu
numaralari , Annond sabitl
silindir duvar sicakligl
ve yakit alt isit degerl

Her bir sitindir icin
atesleme sirasina gore
boru sonu numaralari ve
Annand sabltl lle sitindir
duvar sicakligini oku .

ile Isl yaylim modetini oku

STROK ALT

programini
caglr . Strok uzunlugunun
degisim oranini hesapla .

|

CYLVOL ALT programini
cagir . Silindir ho.cmini
hesapla .

evet Guc

hesabi

POWER ALT
caglr . Guc

rogramin|
esab! yap .

hayir

|

ENERGY ALT programini
coglr .

Silindirin yuzey alanini
hesapla .

Goaz degisimi icin
SpdV 'hesapla .

!
.

Sekil Alb Program Akis Semas:
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evet

\

silin

Ter

VALVE alt pro.'ni cagir.

Isaretle.Eger akimin yonu
dirden boruya dogru ise

sl Ise ORIFIC alt pro’ni cagir

\

Kutle akisinl MASPIP’|
kutlanarak hesopla .

!

Bu islemler! butun
silindirler icin tekrarla.

\

JUNCTION alt pro‘ni cagir. J

\

Her kavsak icin gerekll

dotayl oku .

!

Hava izantropik Egzost I1zantropik

katsayisinl kullan, katsayisint kullan,

\

\

|

Karakteristiklert hesapla .
In . out

\

Ses hizinl ve basincini
hesapla .

Sekil Al.c. Program Akis Semas)

[
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Nozzle sinir kosullar! Icin
NOZZLE alt prao’ni cagir.

‘ \
Nozzle datasinl oku . —|

Sinlr sartlari Icin ORIFIC
alt pro./nl cogir.

\

Nozzle‘dan kutle akisini
bulmak icin MASPIP'I cagir.

\

Ener ji hesabl yapmak Icin
ETURB alt pro.'ni cagir.

l

Kutle akisin,teorik kompresor
ve turbin Is,veriminl bul,

!Tum nozzle’lar icin tekr‘nr‘hrl

I TURB alt pro./ni cagir j
\
rIzo.n'tr'oplk katsaylarl tespit et .|
\

Gercek turbin isinjort.egzost
icakliginL,kutle akisini hesapla.,

\
| INLET alt pro/n caglr.—‘
\

Istenilen bilgilert ,istenilen
cduzende dosyalara kaydet .

Sekil Al.d. Program Akis Semasi



EK-B
BASINC DAGILIMI DIYAGRAMLARI

unnfeq duiseg MV o6 oA g ‘2TS T'd D88

| —§ AOFYIA—VIN * gvda—INISVd o
oN 1ses[INITIDVA ONISVE NSN¥0d HNWH HA Ol dIANITIS NION 2 LT
oz 089 org os# 098 04z 084 06
2 z 5 \\\w K = ez
£ £ b= 4 v b
B 2 2 /s . \ B
5 - - el | v./.sﬁ.v«\m.._ / .\— 2 &
ke g u_nv £ ~ N I.rhrrm\QIJ:F\J/ R .8 =
£ e R M Tl o 721 4 NN R N il A\ NI 2 RN N D Ot ™ s P ) Tt
..m. B ,/.Imw. \\.\1. ..... 7 W /,Q f.fm.\\.. / /ar P =
2 /4 2 3 \ %
. > > o . )
E [ 7f g : , ik 508
5 &) i ™ \ B
i’ |
1SKTVY NTloN & .
VWIIZSTYVY T)ON & e
(1:(0a) ¥TRIFIYG| TVNILTHG B
VWALISTAVD aTioN & T T T
VIRILSTVY AT)oN § ~T ~|
(2oL dIaNTHS] YTTIF 20T 777 i o




59

rwifeq duiseg IV o¢ 9A g ‘TS 2'd 1988

z-8 HOHYAA -V © VA —DNISVE ey
oN mies [INITIDVA ONISVA NSNH¥0HE AWWH HA D] HIANTTIS NT.0ON 8 ‘LT
024 059 44 oS+ 098 odz 08/ 06
- B = - = sze
= h“ < / <
— S 71 = ; X
i ‘e —~ Ll < \ S
M MH!- ik \ n.i). N = \kll.r.r \ p ¥4
E m .\V-\H-IJ/ !..\\\\"_M \\.l,/// W V\\. . \V b 5 - \lﬂll g
STk 8 /£ M\\\. NS N " W Dl o S\ S AN 2§ |~
2 = el e \..V.\/.m:\ Z [ ’p CIENTN <l
B £ i/ HI N | L UEINGE
2 = N < |l 5 4 \ - S
5 2 ~ - , £ \ WW e
E [] 4 N T S r
E E \\ 2 \ 5 1 ,’ 15
= wy 7y ! A >
/] \ / \
/ A i r
, NC | mwazskivg zTjon ¢ .
VWHILSITVY ATION aid
(19 [20a) ¥ITHFITA| TVNYL T =
VWALLSITVY ATION § T ~
VWHILSITVY ATION &~ |
(Zor JIaNTHS) NTTINITA ToANILRI0  — 1~ T




60

rwiigeq dSuiseqg YV 9.6 °A ¥ ‘ZTIS £'d M8

¢—4d MOHIHA—VINY © ¥vd—INISvVd i
oN mag [[NITIDVA ONISVE NSNY¥0d HWWNA HA DI YIANITIS NI.ON &2 ‘N°LT
03¢ 089 orS os# 098 ocz 08/ 06
3 % G /- 5 i
M M M V. \\\ ) M
o £ E \Jm 1A \ g
< = B 0 N . el AR A\ 3
. 2 IR LA~ ~ [\ 5N
d 2 — T T s e — R £
=S N P N T N 2~ 5 B Sdf e T F EE R
WF|.\/\|1|!II . - /.I/ - ‘..lw- XLI\..m. .V m = ,..rlnnl; A fl;-Ule 1 .fm\\ ~.
B £ u\ DS Il - I - Y ( —F
= >l > o . .
2 H I 3 E 7 m_m 92
5 7 i i \ MR
,,
VWAILSATVY 27|0N § )
VIWAILSITVY 2T)ON % id
(asYRrod IANT) YITI¥IIA| TPAIFIG 11—
VWAIISTTVY ATION § 1 ~ |
VWALISTTIVY ATION & 1~
(/01 JIONIHS) STTIFATA TUNILRIO T~ T




61

Twiifeq duiseg IV 9.6 9A ¢ ‘BTIS € M98

v—d ADHIAd—VIN * gvd-)INISVH o
oN Iag [INITIDVA JNISVHE NSNJ0d ANNH HA Ol HIONIIIS N'I.ON 8 ‘N1
o2s 089 ors og¥ 098 /74 084 06
2 3 B n 8 i
. T < / <
5 £ AL -8 51 \ 5
¢ 5 %,\ A N AT <t
i~ 2 IRVIND S ek I e I
EIES AN o I ] I Yl v o = N 3 .
ol |- AR L m.,.\\r o= = /...\ TNISCFEST T o 17
EiR £ HAVTAN: AR VAR WA - -
@ = L = \| 3 1 ‘ NIV 3
ES .V > s 52E
m El /A m ! m / { & m
; 577 3 ST , s
K \ / \
/ \ /
/ \ , VWYILSNTVY 2T,0N § .
N 4 VWAILSTTVY NTION 4 uid
(72SY2108 JANL) JITIFITG| TVNIIRYGg 1T
VIWAILSITVY NTION § | |
VWAIISITTVY ATION 4 | |
(70 _JMINTHS) STTITIIT] 77777, i




wuifeq dSuiseg My 9K 9A 9 ‘YTS ¢'d IS

62

G—d HOHYAA -V ° ¥vd—ONISVH “_w_h__v_hm_
oN Ties [INITIDVA ONISVE NSN¥0d HWWNH HA DI YIANTIIS NI,ON 2 ‘LT
oz< 089 ors os¥ 098 4 08/ 06
7\
[ 1\
; R B/ RA 1
x ~ < 1. \.\..\ll./r <
w < \\ = 11\\.\\ ,_/ g
=1 T =
: ; - AT | 2i £
M.J//f.f.\ a]. BEN ‘\\1/ ,//U.\-A i \liJ..u.w“. ..HJIJ/!.! | \c = I s
L i W < > 270 NI =\ PN P A S S = e - S e
..m W /..‘ o € /,\\ N— / S A4 [ —
3 - = S [ E
m m \\ ”m E g L8
.m &l o Lj I 15
S ‘ #
VWEILSKTVD 2T|ON & .
VWAILSTTVY DTJON § i
(as\riod, IWNT] ¥I7d§ava) TvNIrerg |1 [
VWHIASITVY ATION 4 1 ~
VWHLIESTTVY AT)oN § |
{2or 777770777, M i




runifeq ourseg 1y L. @A 9 ‘GTIS 9'd IS8

63

9-8 . HDAMAA-VIDL * YVE—INISVE -
oN feg [INITIDVA ONISVE NSNY0d HWWH HA Ol ¥IANITIS NT.ON 8 ‘N°L1
24 089 orS os# 09¢ 0Lz 08/ 06
= - = = (744
£ ° 2 ) =
£ x A N\ <
2 £ 93 5 AR 3§
& 5 ] ]\\ _.K_Mt/ X \\ // JuM”w
: LR M EL RNV 77 7 W . s
=N ¢ D 25 2% NN N - S ) VA P i N W A 17 O I
5 — \.,.,.u..n.aq = A W A N\ NN A Y I N P 5w BRI i
I N 2 il iz 7 T AT T TN I~
@ sl A Mgl VS [ A3
£ > p > ] \ ,
mm AN N , mlw 7 i Mm S8
5 s/ S =T I \ 15
Caml ~.\ .——’
/ VWHIASKTVY T|ON & .
VWeILSTTVY II7)ON § i
(SYRI08 TANT) YTTRIFITA| TVAIIIRG  — |7 [
VWHIASITVD ATION 4 T ~
VWHIESTTVY ATJON § —|~ T
45713 77277777 T il




64

uifeq duiseg 1V ©,6 94 8 ‘YTS L'H P98

183} {m{D 4

/-8 HOHNAd -V ‘ gve—-)INISVE o
oN ores [INITIDVA ONISVE NSNYUOH ANWE HA Ol ¥IANTTIS NT.0N 2 'N'LT
oc< 059 Or% /74 098 oee o5/ 06
N I R S B R R R E A I R R D D L A L D

——t—t—+- glil|T|T|+|+|4!¢|ITIW|+|+|+|¢|i||T|TtW|+|4||

R St e S T e e L [ e e e i T T

I Y A Y S IO [ R N O O O G
I8t [ SO S Sy st I o Ay s ([ P Sy I O D
N N R T I I O B e N N R
I O | A N s St s Iy~ St s o/ s ey i vt i~ of iy ey By L4
L el e et ey e el el o B | e e el B e e - B It ks Bty
OO Y RO SO 1S T A N O - AR
L Ll o 1 1 _ — T - N - N
WI_Il_Ill_iﬂll_ll_ll_ll_ Nw | .M_WIR PII_W |11 1 ¥g 11
T N O - _\Hﬂ% o 2 7 T I T T T TrTES 1
SRS NN WP o -] 7o e o B ' Dty et bt - v Ry
NP S P AAE TN T e e e S TR N —

S L =g | v.i-..ﬂr*Llw.rr|+t. S d—— T e TN =
/7wt N Wyt~ AR SN R N SR O S O M~ H S

< It U IO~ 4 N s A O s~ A I A O O I T - S I W
o | T 172 N I~ T T E T .
ST T T T T g T T T T T T TR T T %E
f—t—t+—+—ff At —t— 4 A& A=~ —t —t 4 A~ —Jg T —
e s | 2t BT e e e e s L
e e e Rt et et

SN SRS S NN S S AR IO S AN O A DRSO I NN NP S (U U W N S S 1 S R S
LT I I O A |~ T~ rwaisiskvy azjon & -t 1 | .
H_H_uuﬂH4H Hl_HH_HH_ulﬁIJrllﬁJll_ll T T T T iwmidsrivy azlan § .WAHJHH- i
R L £ . e i
R T S e PRULLSTTYY AT,0N § ) 1 ||

I I s .




twiifeq duiseg 1y ©6 94 g8 ‘TS B'E PO

65

C 2 ' 189}|M{D,

8—4d ADAYAd -V ° gveE—INISVE e

oN Tpies | INITIDVA ONISVE NSNY0d AWWH HA O] dIANTTIS NI.ON 8 ‘0L
o2< 0c9 ors /174 098 osle (/4 7/

T T 1 R L O L L L L L L O L
||T|+|+|g|i||T|T|+l+|+!¢|i||W|+1+|+1¢|il|T|T|*|+|¢|l
e e S oy R S N S T S N O (S S P
I S TR I A N O OO R OSSO [ PR I A Sy I I AU P
IS Yt (S S Iy I U O Y e NN [ AU [ S N SN SO ) N (O S
R R R R R e e CTTT T T T 1] )

1lﬁ|41a|J|tT|1|ﬂ|4l4%Ji|Rw T Ty~ 1~~~ r=rT T $#¢

f—t—t— |i|:T|T|+|+14@¢||=%ml —+rx—A————F—t+-2+——+4—

i b e — B e e — h— N ——— - ——

g L L1 L_1_ 18 - /el d L LBl L

< L1 _1 L1 Y S N T VO PR N W . - N A B

T T JW._ R =3

R T T T oRzFFI I T SgE 1577 ¢
o e e =+ — 4 =P — - — = — —
S T T O S e
oL 1 _ 1 S I U O M N e >~ - - 7 TR P
B _1_1 S AP A ISR DU N oo IO - i N N P

e | T T3 I T T TPl T ]
HI S A Y O e I e - B A e
E-t+—+—+—fH A~ —F—t+—+ 4B A———EF—t+—+ -+ — A = — 8§+~ —
Bi—b—db b M M e B
e e e A e |
T 1~ T T T T T T I T T ewaiasAivY aTioN § T 1| .
B s 7 /4 i
LI O N O N £ 2 mwﬁJm@WQMJFu#WLll

I I P O NS S S Y O SN Y IO o L A S0 ST I I

T o e A T T R R O O I A I .~ e Xk e e

|
|
a
|
B
|
H
|
|
!
|
|
N
!
|
Ml
!
3
!
H
|
|
|
|
|
|
|
S
!
!
|
|
|
| B
|
|
|
|
3
i
i
|
|
i
|
!
|




66

twiideq duiseqg 3V 9,17 9A O ‘2TS 6'€ [IMoS

6—4¢ _ HDE¥Ad-VIM ‘ 9vda-—ONISvd oo
oN nfes [INITIDVA ONISVE NSNY0H AWWH HA O] YIANITIS NT.ON 2 ‘N'LT
ocs 059 ors osr 098 ose o5/ 06
N L A A N E E N R R A B B B
||T|+|+|;1¢||T|T|+|+|4:¢||T|W|+|+|4l¢|il|T|T|%|+|¢|l
A
B e e e T s s Tt S S S Lodododo bbbl
e ] B et B s i i ks i g ¢ s i P
15 i s A1 i e it ek s Hnks /s by Rl Bt Zl . Gumiey (i il it i o Il Bl Bt 4
A~ —t—t—G—A—— ==t —t+ A<t A—— - B+ — A+ 4 ——
L A g e N e
gL 11 S0 _L_1L hW/lel_m L*ﬂhlp N R N T A Y I R
<l _ 11 gl 1L _ 1L N \?l_ A b AL g
o T T T 9 1 T AT J o 7T T T NT T TS T
R N S S R B O U R i e gy
SRt S S +\ Ry ~dt i -~ o EFERE —
LTl = |+A &EF e Ry LC - So S Eay
BT w = I N Mﬂ|+|_|+l ||THﬂ|+¢%W+|_II
= - < | -1 I A O P T N e sl 1 ]
M_I_II_|II_I JN‘IIIII_IIAI S I R N | I - .
T T T T T g T R T T T T T T g T T %%
E—+—+—+— ————t—t+—1—8 ililmW|+|+|4|¢ lllTlTA%T+|¢|l
S — - s P
O e e e | e e o e
_ _ d_ 1]
T T T T T T T T T T TN T T T T T T v N»Ibwgkl T J .
IIﬁlﬁ|H| IH__II_IIﬁ ﬁ HIM JII_Ith T 7 T vAdLISTI?I 07,00 OF HW 41_.|H+_Il|h\
LI T N S M O S L B mmm.ﬁ.w www_ﬁswm e
Lo Ll L) Py 07,00 4 _ 1]
IR I IS S S A Iy O S A ||r|h.§§@N®mNQMNLHHHUL||
] | ] ] ] ] ] 1 ] ] i | 77br u\sggg_lﬂg\s_\\v T - 3= |




67

Tuigeq duiseg Wy 9,11 9A 0T ‘BTIS 0T'@ IIMeS

J1-3) D
olL—4 AOFMAA -V ‘° Jva—)INISVE it
oN fes [[NITIDVA ONISVH NSN¥0d ANWE HA DI MIAONTIIS NT,ON 8 ‘LT
024 089 OrS Qh\ 098 ose 05/ 06
| | _ | i I I I 1 | i I i | | |
- ——t+—+— & TN N U O illT|W|T|+|+|ilil|T|T|*|+lill
e
I Y I " N NSO Oy O Oty I RN I A ORI S (SO (S EUY N plLlJ
I T S T TN O o A |r|hlp:L‘Lt|rs!l ||L;|
R R T R O O I I O .
T T T T T T T T T T T T T e 1T T g |+t414||7|1 ﬂ 4||-h\
—H—t+~+—+— 1¢||T|T|+|+|4L¢|ITAW Tu4|+|¢|iss7 t+ ———
—— - R L T+ —4—
w_ L L _ 1 & J__ L _1_1_15 J__|_8 erh%LlLl | _L_L 8kl 11|
mlrlhlpL-lullﬁirlhlhlumL||Fs~|h|h|_|L|L||r|| d_ 1
o T T T = IR M~ R R s )
BT T g T T T T R/ I A T T T 1T T T T T Ry T T 8
X—t—+ -+ —A——F—t+—t+—+ 4G A~ —t+—+f A=+ g+ — 4 ——
@|r|+|+J-|L||T|T|rl+|iW¢|1_m S R B VU N S A - 5 S R P
e A T e Ry U SOt I - T RN AR O Y IS W O MY - M A
@ L1t & L il 1 ﬂ.ﬁL AR W I I~ BT
e DT T 371" 717 7T Z =TS 3 T T TTAL T vm | L—o
S T B B a Nl S N I B PP .ﬂfﬂdl7 T T=A—T €
R e Al Al Rt b A S R - RN oo A A +LH =
T i A g ¥ (S 7~ I SR o 0 W/ VAL 74T W S W PR i, YO0 S M o S LA oot
L L N AZ o L L 1 INS |h>&lpx SO T B =Ny o i o
Y R BN Sy LHF:&|P|L#L|L|| AN A
T T T T T T C VAL u%ga ] .
B L0 S e - L1 1 Siema
- —+—+— —— =t —t—t =4t —— ——
I T hbliT|r|r|+|L|L||Ti.§§&&@W¢ wkﬂmﬁﬂ P S
I NN O ISR ¥ 2720 IO NS SN ISR SN (R NN N B LSTTPY TN A~ | ]
I Y I IS A O S S N N llhlhvﬁmmﬁﬁmﬁﬁuﬁuHﬁprll
] ] ] ] ] ] 1 | | 1 ] ] .V\c\u\ 727/, N nilliiin vl




68

nuiifeq duiseg Iy 9,61 9A I ‘FTS II'd [0S

VAULESTTVO N7, 9N & N« l_l IW _

11—-98 . HOHYAd-VINM ' avd—ONISVd ol
oN [ofes [[NITIDVA ONISVA NSNN¥OH HWWHE @A JI JIANIIIS NI,O0N 2 ‘LT
oz4 089 ors os¥ 098 ose os/ 06
F_Jm_m_Jm__m4___a______
—t+—+—+ %iiiTlT +— +14+¢|LIIW!TI+|+|¢lil|T|T|%ﬂ+|¢l|
S R A e e
ﬁlrlhlkl _ L 1]
e i
ST TR T T T TR BT T AT T[T S8
||T|+|+|M|¢||T|Tl+ = M m = ﬁ
IS R PR T QUSRI NI Y ST EONN T
Lt L e} 11 _ L __1_ A
mlruqu ||||||||||
g
nd
il .m
1 M S (O~ N TR V725 N I
e | [ M . ] I = ] ]
L T TrTT T N =TT
m|T|+|+IMNLM|T|T|+I+|At MW t—+—+—- M%W
S — b — b — M b P
TIFIPIFI* LllrIFIPIFILAL!IFI?IFIFILIL LIIFIFI% B I P
B Y . O T O A N A O A O A A o
o P _ 1 1 [ N _ | PAYLLISTIVI n7,.0N & 11 T
|uﬁHuﬁ%uuuﬁuwuﬁﬁuﬂ”ﬁu A, H ism,m@_&w%% 103t uﬂu-?
LI VNN A VU N O O O L R &.ﬁh@%@ % Gl R@T&mﬁ Lﬁ -
1|T|+|+ + 1 ¢|¢llr L L7717, _ 1]
I
]




unifeq oduiseg YV o, gl oA T ‘BTIS 2T'E IAS

69

$ 88} |NYD.
¢l—8g AOIYAA VI * gvE-—ONISVd ey
oN Tmeg [INITIDVA ONISVE NSNY0d HWWNHE HA DI dIANTIS NION 8 ‘LT
oes 089 ors oss¥ 098 ose o8/ 06
N I A R R I RN B I B S R I EE R A I e R R N S R

||T|+|+|#|¢|IT|T1+|+|++¢|1TIW|+|+|+|¢|¢||T|T|*!+l¢||
e N e
A ) Y I U DU N N AR IS A [ R NN N A plLlLllr r plLll

B O N S B/ T N YA O

T T T AT T T T T T T T T O 1T T :
I A | A St el el it Mty e R el ok ity - Jiitlﬂ ﬂ 4||f§w

- — |¢1|T|T|+|+|+M¢||T — =+ N ————F—t ———
Y R Tt SRS+ S N Ny M SR U+ R Nty EEOSY EN /SOl VAR PRI N Sy T+ =]
Bl L _L_1 8| 11 8O- /F nruwlp*LlLllr L_5 F L||
A Wi 3/ B
l_ .m _ \.\_J.f .(.\d _ 5 \ R4 -
NN T |J||717\,|A,‘m,vj|m \%Hﬂu TSI T3y 10T
LW71+ + 3 ——— —tf A+ — =S = MT i et v B e el s < e Bt
b+ N sl Ao AR b e SN EL 2 1+|NP — AN B —
TS AR AN - i 7 0 S T T = . ¥ s~ o R Y R S .-~ % A
B _1_ 1 NSl n_l_nl_uleﬂw;_nl_lm SIS N N - : SR
e 1T 172 AR R RN A T T =k T 71 -
EHR - 7 i N i O N VA S i S e m T ¥
E——t+—t— e e e s e ¢!|TmW|T| —4 = ———F—1 +——~—
I R A i S Bty
1 Y O '/ A N Y ANV NN IS O R N lrlhlplL N T ISR Y IO U P
I S N TL||F|r|h|F|p#LllF| S AU I N N A N Y S 1) S

T |~ T T T T T T __ @ﬁi%ga T 1|
||ﬁ|ﬁIH|H1Ml|ﬂ|ﬁ|ﬁ|ﬂ|ﬁ%4|l7wmﬂ ~ T VATV AT, 2 .\hHWull-h‘
——tr—t—t—t—A———F—t =t =4t A=l = — ——
R S O O O O IO L O I 2 2 .2 Sﬂ&&h%ﬁgw .VW.L||
N IS S SSRGSy RO SURY NN A S (RO NN IO MY ML (e Ll R L1 1

S Y O NG IS O __§§§§E§m|ﬂ%_
|




aifeq duiseg Wy o,G7 9A 1 'PTS e1'd D98

1893y 4

70

m —‘ - m mvmmmg I.<§VH .m_”d«m UZHQm AdziuaQ
oN 1as [INITIDVAd ONISVE ASN¥0d HWNH HA UH JIANTTIS NION ¢ ‘NI
(/744 089 (1] 4% (/17 4 098 ose 05/
T 1 T T T "t 777 7 17 717 T 17 -
~—t+—t+—+—4——-——F—+—+—444————tF -t~ -t -4 ————F =ttt 4 ——
L e e N
e s S T e e e S I
S IR SRV ISR R U SO O SRS (U O S SN NN /SN N N IS DR AN NN S o S IS R
L I A A e A m-_ A Y I T .
T T T T T T T T T g T T s TZY 1T T ST T 8
——tF—t—t G-ttt A~ =2t —F—A— A~ — g+~ —
- T e B e 4 B el S e o o I
B L 1 8 g a8y gy Ao N e sl ]
£ = T I O TR I N R R - el O I 0 W A R T - T R
T N IS - D T O e P - A8 T T T\ 1 1 i s 1771
mlﬂwﬂ|4|“| R A - - U 7 k| e =S S S o S St S - o s iy
M S g =3 — AN =Rt~ e Cne B ITI.J... — = ¥ S ety iy
B e N A e S NN ST e e T S T gl YT
gL L1 AN CTEN s L1 N T L]
A N N N1 S I O O IS = T o IO S Y A I I d_1__
T T TS, T T T TR T T T T T I~ T .
L 2 S vttt A At vt k| it ks St et | ety Bt it T~ %¥¢
E—+—+—+—fF1———+—+—+—48 A———E—t+—+—+—~+————+ +————
K1 N Y RN ¥ AR R Sy ot P S LIS PR e RO NS PN S SR Iy S . SO TR S
I Y I ISR S [t I Y IO SO U . N N N I L]
I N PR ISR SN RO SR RO EUNO IS o A S I_llhll_ll_ S AN N IR Y N S P
=T A A T e H e Bt _ _ HTTISTRVA 717,60 SF _ .
llﬁlﬂl.ﬂl |u|!“||_ﬂlﬁlHlu+ MII_II i wmﬁm.\wiNW .2 Hilu,lllm.\
| — — — — — —_— e fr— — —_— —_— —_ ll_ll p— — ]
IR T |L||T|T|f|+iL|L:LhW 04, w@ {ng h N
L1 L_l_1_1__1 _L_
R L L 1 1 |
1l 1 1




71

twrideq duiseg 1V 9,61 84 1 ‘IS +1'd [De8

¢ ISS}HMID.
y1—§ ~ ADFUAA-VIY ‘ gVE—DONISVH Aozag
oN es INITIDVA ONISVH NSNIY0H HWWH HA O] dIANITIS NION 8 ‘L1
ocs 09 (7] 44 (/174 098 ose o8/ o6
N IR R R N I N E R B N R B R R R R R R R R R R
117|+|+|&|¢|xT|Tl+|+|4 ¢||T|W|T|+|4|¢IL|IT|T|W:+|¢|1
ISR Y T SN SN SO VR Ot N S O O S O O O S S
I Y W RO Y ORIy  ( (U J y A AOS S SN Y SO SN I Y S S
1 Y P R B N I_llFl-_.Hﬁl_l|_||_HIPIHI.H|I_||_|1_||_|| A1
N e St Ot e e e SR A S e O O R .
I 0 A A - i Ry et et ity Bt by Iy e il s i i Sy ot Stk i ol Sy By R4
- —t—t+ - —————p—+—+— illT&W|+|+ d—A————F— S+ — 4 ——
b — kA A e
gL L _ L &4 | _ 1INy i |5 ird¥ SV O N N N - N N R
e L _ 4L 1L L A% PIPN\l_ S S T S Wi - I IO S
T TTI TR T T T T  PT TARS AR NPT T 8y T 1=
O T T T R T T T REONG N e LAY T T INCRE T
il e ml =z + +dﬁan ,,|%$+Jl 7 el R &W4Ll
2L T Nsel A e T B T A e A e
iy I = . Wt O O =11 s~ Y s Y e RN SN == 2 R e
g L1 _1 g i|_||_||_|L.Lm|_|l|mﬁ TSN WO TN T A O
e T T 178 - N A R O e S
I I 72 I A A ) et BN - St mbnly sty iy e it i T $4°¥
E—t+—+—+—HfA——~—+—t+—+— 48 A ———Ef—t+—+—+— ﬁiliT + +————
ACHEY PR SN NP O AP RN Nyt RTINS ORO A M § WP NP P Sy 1 S SO S
R e o o i et ﬁﬁk 1
T T T T T T T T T T T |ﬂ||JmmmM®m%§Q¢ F 1
lﬁuﬁQ-wlul_m;_mlﬁ-ﬁ“ﬂl_l o TR I % Hul,t
E O I |L||T|rsr|+|LxL|L|| &ﬁﬁ%@ m&mw —
IR IR I OO RN NV SO AN AU SO S _L_ YLISITV) 27, _ 1
N Y O D Y O O I O S - _ _sﬁﬁﬁ§fﬁs<k 4. I_ ]




72

rurigeq oSuised MV 94 LT A 9T ‘TS GT'H IIMeS

1s8}imip4

Gl—4 . HOHYIA~VINY ° 4vd—INISVE MIoZ00
oN 1eg [INI'TIDVA DNISVH NSNY0d HWWH HA ow JIANTTIS NI,.ON 2 n'L1
oes 059 0r8 oS# 09¢ VY 4 o8t 06
T 1 T T 17717 — T T+t T 717 {717 7T
||T|+|+|%iittTaT|+|+|4zilitl#|T|+|+|¢|il|T|T|*|+|4|l
I S R NN N Y N U OO ST [ S R U R SO TR TN NNV SN NG MM SR S S
|t 4+ 4+ J_ J___ L.t .t 11 J 1 Wu_.il_ll
o e e 0

x|
BT
el —
o f.- 1
@1 _ 1
k= _ _
B
EH—+—1
i— - — 4
|1 L
L1
'

|
|

T
|

—Fttt-

I T~ T70 T =T
ST T T T T g T T sﬂlﬂNM|4|J||7iﬂ|m T— T $&%
—4— |i||T|T|+|+|4b¢||T%m|+|+ —q————F—t-2

e Ty S S B qfv%nlelLllrlr —
|F|r|L||r|r|h|F|+MLxLlh L2 N\ do g L_L_%

AT N O N T N 7y = ,_!wwnkLl_ S I

Nt AN A Rl /1 B TTTCITTTTITTTE
—T S T T T e R AT T T T T T T T
S S N /N TN T S N S i
=g — L - S A/T e M S — b — P AU == L Eis
S SO O T VA = O O O N VY 0, A -
1< N_||_||_||_|L|t_m|_!._|.o SISO \ N N A -

A R e D T TT g )
A e R = e e e A T e e Rk
—+—gpFA——t—t+—t+—+—4& A———E—t+—+ -+ - A —F—+ A+ —
ey e e e
e T e

! Y R B R E I T T T T PNEIISTIVA AT,0N <k 11 1 )
|H:M_|u||"||__u;ﬁnﬂ..ﬁu__l_uu ~T T T VAI3773 a7, oW 9 % Hu*!.-?
O S T N O O R L A N sﬁﬁmﬂwrmﬁrmmbﬂ L=
|+|¢ T|+|+|L;¢|lr1r + LTIV (17,90 4f ]

_

AT T T T T T T T T T T T T T T 7 kg iS) N aTENAavd TEACIIe T

VAALISITVO 1T.0N 9 |_| |1 |

T |




73

rutigeq dutseg MV o4 LT 9A 9T ‘GTIS 9T'd (1998

15831n4D 4

91—§ AOHAA—VIDL ‘° dVE—INISVE o

ON IS HEEHG4QUZHm4m ASNYOod HANWH HA DH dIANTIIS N'T.ON 8 'N°LT

1744 089 (77 4% ocs 098 ose /)4 06

N B B R A N R B B I A S R R RN R NN EA B E—
——+—+—t—4—————t—t+—+—- ¢||T|W +|+|+|¢|¢|iT|T|W:+;¢|I
R ] whh S NS JU A i A e B B e o T
Tlrlhlk S RSN NN DR FURNON ARO[ FENUNN NN (R (NN NUN AN PN NN R A plLll
I [ I SN SO A O AN N O BN A R |h|k|p|L|Ll|:|lt |L||
I L N T O I e I ] _\i _ ]
AT T T T T T T T T T g T T g T Ty T Jtlﬂ 1 4 4|lﬂ§w
H—t—t+—+ < — =~ — - — —+ — illT&WlTl\r —A————F—t +————
s o St [EELE ST A S N ¢ i (R s ERSHE T ¥ A e T
bl L L L @l L b1 A8 sl I\ L1 F A
I N M W
B o I~ T5y I~z [ 5 ~
I S O - A e el 5 7/ i s e ] 4 e +XJ4|7|1JW T
A N At o — PN T R S A N N “——
O = S S eI -~ L OO T T B =" 2 A
S | | _1_%E SR D R N = R I~ A Y O TN | B IO M. -~ ¢ S D
MLnL{_:m |mJ\|._||_||_|L| |2 u_nl_l/mm.u_}rl_u I - . B
e 1T v* T TS _w T I~ = _ .
R O N L O £ - O O e e o L T—=1—T $4¢
E—t+—+—+—f — n|T|+|+|4M¢|i|m —t+—+—4——t———F+—t +————
a|r1+|+L&XL|1T|r|r|+|h$L|LI| S S RS TS | N NN S I P
B e e e A e i 0 s
LT T T T T T T T T T T T lﬂlﬂlwmﬂ\.m.\wv.wuwwglmﬂl.il_l.n_l|r )
H_l_m-ﬂ.ﬁ@lHlﬂiﬁ-ﬁlﬂﬁﬂ{“{ L VAT G0N a. I O
AL |L|tT|T|+|+|L|L|memmﬁu%@ &WJM AW« IR I
L1l L d 14 d_o . _L_l_y1nm /7 i, S RO N B
L L | VARSI 7.9 S T T |
T ] | | ] | | i T 1\ 7ror 7277, N niliis nlll |




Twifigeq ouiseqg IV €67 @A 8T ‘ZTIS LI'd M98

74

3 1S3}|MD.
,1—8 ADAMAd -V * VA —-ONISVE e
oN ies [INITIOVA ONISVE NSNY¥0d HNNE HA Ol YIANTIIS NION 2 ‘N1
(/44 089 orS (/17 4 098 ose (74 06
[N I I SN B E R R R R S R E B R R R R R S R RN R
TiTt+|+|M|¢tlT|T|+|+|4+¢1|T|W|T|+|+|¢iillT|T|*|+i¢||
L b —
[ Y Y R T PO I VR O O U Uy AU (NSO USNOR SN Y ENNY AU 1 SO IO G
I Y TS B I ||_||_l|_|i_|lhll_wrll_l| SRS IS AR SO RS AN SN N I A R G
R R D e O e i I 1T .
' S e+ A e st et ity St sy 1 et el ! Nmies Sy il et i of i iy i L4
H—+—+—+— |¢||T|T|+|+|+M¢|l|% |T|+1)l¢|lT|T|¢.A +————
e e [T gy IS M S+ R R E 7 G R B s s
I VHE
< — .
e T T T = 1T T Y YA\ _ i
o T T T T8 3 e ; LT N
M =g EX Ko T AT
2 TiatS? : Lt L8 T
oL _L_1_¢ L1270 BLAL_ L L 811
5] [<] = &=
@1 _ 1 _1 =l ilrlrihlhluMLul el/_ L L 1y 111 s 1 1
a T T T 8 /AT T T T 187 L I - e e Y
IR /N . e e
E—t+—+—+—f At —t+—+— 48 A~ ——EF —+ -+t —F—+-FAF - —
e — b — bl b P
1 S U N S M N (VR AU NN O R N |r|k|p|L N O T N 1 N S P
I Y N tl_ll_ll_ll_IPIl_Hﬁl_tl_ll_Hl_l|hlll A Y B Ill_ll
CT T T T T T T IO _ _;gﬂsﬁgﬁ T .
Tlﬁlﬂ...HImﬂlw_*llullﬁlﬁlﬂluﬂm__llulluw.; T RILISTIVI 1T, 6N Y HW.ﬁI_P ullu id
L S S O N L O M 2 7 m& mmﬁluﬁwﬁ N
|1T1+|+n¢|¢||F|T|+|+IL|¢|LI|r|r|k VLLSTTV 11T, _ 1]

VAATISTTV I, 11T, GN m«

l_|l_|_




75

runpieq duiseqg WV e gl 24 gl ‘BTIS B8T'd Ie$

f i
8l—¢ . HOM¥EQ-VINL ' gVE-ONISVH el
oN 1ies INITIDVA ONISVH NSNY0d HWWH HA Ol YIAONITIS NI.0N 8 ‘N°LT
(/44 089 ors (/17 4 098 ose 05/ 06
S A I Y Y ) SN B S EO B EE R B I R EE R
l|T|+1+l#sillT|T|+|+|4+¢||T|W|+|+|+|¢11|IT|T1*|+|¢||
L [Tt N S NN Uy SR SR SO A - (ROR N Sy Oy AN [ PN SRR U Rt S S S
I Y I P I Y A A P A YO QU (O P U AN St B S U YU
I S L E ll_ll_ll_il_llhll_uﬁl_ll_ll SN N AT (N N AU SN S 1Y SN AU P
N O O I O e I N R .
' 4 o Attt e i e bt bt ks e iy Sy it et ™ o el Hniy et L4
B e e B e LML S—t -t XA~ S =
S Y RN A S QN Y S SO & 4 b — e — e b e
gL 1t g L1l T 1 S Y S 1 R
W|“|l_|l|_l.- .{._llnll_ll_l - T -~ = l_||h||_,1|_|.._|!"||“| < l"Il_tI
! LI 17 _ 8 I | K ~
m71|ﬂ|41”341|7|7\-14 37 1 5 wﬁﬂﬁw4.+,4||1|ﬂ¢ﬁﬁ4 T~ ¢
=<t 8 — A A — PGS AR AN e A -
R e R N U o) VAN S R v v (TN ﬁﬁ|+| dllr e
T 2w -
3 = < 5 ‘ X 5
o T T TS T T Ig TN ﬂV%\J T T .
2 0 G D A Tt A i T e B -~ A T AT Y T %E
E-t—t+—+—gf A — =t =+ A —AE - —F — A~ — S+ -4 ——
S LSS et N WY SO U - P Mt Uy QU NP IO ) P RO S S o S U SN
I Y ISR A R I It S I 10 U Sy U [ YO O Ay St I N S
I Y SN S ||_||_|I_il_llkln_.wﬁl_ll_ll‘lelu_.ll_ll_ I
T T T T T T T [~ T vAdi §E§& Ft | .
|lﬁlﬁ!w_.lm—lu_lIﬁl_ﬁlﬁl._.luquﬁ._ll_llhmklﬂ T VRILIITIVN 127,60 8 Wﬁ I.|.“II|.«.\
-t =ttt =A==t =+ = A~z -
L O SO O S O O L 2 2 2.2 2 Sﬂ&ﬂlmﬁ@ﬁ Ao
Ll bbby L L L PRIV Lot 1 _
e T iy S W g e e cufi, A W R Y
[ | [ | T 1= 1




76

rifeq outseg WV 9,12 oA 02 ‘TS BI'E DS

s }MD
6.—8 A0FIAA-VINL ' Yva—ONISVE o
oN Ti¥ag [[NI'IIDVA ONISVE NSN¥0d AWNH HA ol JIAONTIIS NT,ON ¢ ‘N°L1
oce 089 (7144 (/7174 (/74 7/}
T T O R I T T T
— — - —t—+— m A——F—F—t+—+—— |i|1T|T|*|+|¢||
IS Y U TN WU N O Ay S IO | e ]
1 T T T O O A O S IO S N I N Y T SO G
L1 L_ S D |_|| -_.il_ll
T T T T T R .
T T TR . R i 1 4 T ¢
H—+—+—+— = A=~~~ TMM 4||
% AN ]
gL _ 1 _1_& : e I 1L _L_5 p ]
<1 _ ! _1_ g S S i - N IO B
« T T T % T TES T
mnﬁlﬂ:+lv I I ot |- S S i i
——— —8 — - T
CR 7 S R L i il e
o 1L _1_f SN Tl (U T~ - N IO
@l | _1_1_= SN R S -1 s O IO VO
a T 1T T2 7 F =T R N B~ S B .
H - T—T— 1§ Tt Ty T #4¢
e~ ——+— lillTlTl+|+|+%¢|¢1m —t—t+—+—dr———F— S5+ ———
e s S e e B e At s St L S S T SN S S B
e e e e ettt e
B Y R Y R ey i R Bt R R WY 7 =777 Xy (7 W/ § .
B 2 e e A A uwr.
ML TV ORI R I O O O L B -~ sﬁww wgﬁmﬁ.@ s
A TN NN SN W A NN ANV O N S S N 47,88 4
T o T I o A A l_ \ih&.uwwww_mﬁa\l_\hqlil_llllﬂ _||
C T T 13—~ 7T T ™ 7™ 77 Tlani i) ¥ariyava Teairirs i i |




77

rutige(] oduiseq 3V 9,12 9A 02 ‘8IS 02'H TeS

0¢—4 AOIMAd—VIN * gvEg-—INI
m<m 1s2}imyb 4
oN ies [INITIDVA ONISVE NSN¥OH AAWH FA Ol MIONITIS NT,ON 8 L1
744 _ - th..c _ QL\_.Q _ _ Qﬂ _ 098 QR_N. o5/ o6
T T T T T N I Y I I I B
Fot—t—f——d———F—+—t ==~~~ —+4— .
oo e i a n n f mm m e
I T O S OO T N A T A
o BRI N o
IR R A e e e R e
T O Wt S A [
||T|+|H|M|ullf|ﬁ|ﬁl4|4mututw RS S e i
O S O =5 N O /0 U O O e O O
O O S O O MO 0 0 N1V T RO O O O N - R S O
O R I I _|_ ~ L BT MMWLlirlrlrlm 41 _]
= S D O NS o 2= _.|$LM|UW1+1+ i i e e
BRI T T =T} 3 T = =
mlT|w|4 MVJVLﬁW ~ AaL. R O ¢ e AT T R T ¢
Sl L ILI . ﬁﬁh, Y 5du;% a2 AN anmﬁﬁ+| _]
A G =" A IR VA I R T NI WS
B T E l\.m ~—-g LI 1 _d_ ol st 1
ERE ;%\TT__;IT N B R A W I - s
R v/ A il el e B B B B e B e e e 1< i ke s %
mlT|+|+|mQMP|T|Tl+|+|4oullfm O D T O - S
T T T e e o A s o O ot o e O A
N A O T N A O S A
R i e e o P 1 B
e o o L s Y B A
—]— —_— Il—lll. — ——— — — — — —_———]— — —_ —_ —_ — —_— y
B .1
|;W|H|H|LlLi|T|r|r|+|L|L:|RN w0e, ) SQ&ﬂyﬂbjw 4o 37]
Hmrn_l_l_|¢||T|T|+|+|¢l¢IIF|T|+|k LS9 77 hwp 177
S e ey S Pt T M 150 BT A BT T ™ g
i S |




EK-C

PROGRAM MAIN
IMPLICIT REAL*8 (A-H,0-Z)
COMMON/MF/AAAIR, AAEXH, ALPHAT , ANGEND, ANGRES, ANREV,
&APAIR,APEXH,AREF,AVO (3),AVC(3),AAN(300),AP(300),

&APN (300) , CYCLE, CLIN (300) ,CLOUT (300) , DALPHA,

&DANGRS, DREF, DZ, EREF, EVC (3) , EVO (3) , FREF, FPIPE (300) , EFFMEC,
&FPIPEN (300), IPOWER, IREV, GA, GE, GREF, ITUNITL,

&IUNITP, IUNITT, IUNITK, IUNITW, IUNITQ, MINDT

COMMON/ SMF1/MREST, NAAT, NCLT, NCYLT, NINLET, NJUNCT, NNOZZT, NP, NPA,
&NPE, NPT, NTURBT, PAIR, PBACK, PBAR, PBARAB, PEXH,

&PI, PREF, RBACK, REVENG, REVREF, RPAIR, RPEXH, RP (300),

&RPN (300) , TAIR, TEXH, TREF, VREF, WREF, XREF, Z, ZREF
COMMON/CHA/CHAR1 (900) , CHAR2 (900) , DIA(240) , DIFF (240),DX (240),
&FF(240) ,MESH (240) , PATHA (900) , PATHX (900) , TWALLP (240) ,

&XPIPE (240),NPATH (240)
COMMON/CYL/ACSB, ALPHA, ALPHAE, ANNA, ANNB, ANNC, AC (24),

&ACB (24) ,ACF (24) ,ACN(24) ,ACR(24) ,ALPHAC (24) ,ALPHEX (60) ,

&ALPHEXX (3, 60) ,ALPAIR(60) ,ALPATRR (3, 60) , APCWF (24) , CALVAL, CARBON,
&CDA, CDE, CR, COEFFA (4) , COEFFB (4) , COEFFC (4) , COEFFD (4) ,
&COEFFE (4) ,COEFFZ (4) , CRANK (24) , DELTA, DCYL, DHEAT (24) ,
&DRC (24) ,DVCYL(24) ,DWCIN (24) , DWCP (400) , DWCYL (24)
COMMON/CYL1/FCYL, FPISTA, FPISTE, FAIR] (60), FAIR2 (60), FAIR3 (60),
&FEXH1 (60) , FEXH2 (60) , FEXH3 (60) , HEATG (24) , PURITY, PVEL, PCR(24) ,
&PCWF (24) , PCYLT (24) , PORTS (24) ,RC(24) ,RCN (24) ,RCR(24) , SURF (24),

&TCR(24),TCYLT (24) ,TWALL(24) ,VALAIR, VALEXH,VCYL(24) ,WIDTHA, WIDTHE,
&WCAIR(24) ,WCIN(24),IPRT,MTYPE,NPCWF,NTAIR,NTEXH,NC(24),

&NENDE (24) ,NENDI (24) ,NENDEE (24) ,NENDIT (24) ,NENDEEE (24) ,NENDIITI (24)
COMMON/CYL2/WCOUT (24) ,WCYL (24) ,WFUEL(24) ,WMW (4) ,WPCNT (96},

&WN (4) ,WORKGA (24) ,WORKGE (24) , XCRA, XCRE, XSTA, XSTE,

&NCD (24) ,NSTORE (24) ,NSTORC (24) ,WCYLT (24) ,DWCINT (24),

&DWCPT (24) ,DWCIN1 (24) ,DWCIN2 (24),DWCIN3(24)
COMMON/CY1/CCANG(1100) ,DATWC (1100),DATIN(1100),DATOUT (1100)
COMMON/CYCYC/WCYLR({24) ,DST,AINO,ATINOL, AINO2, IMOLS, EXHPO, AIRPO
COMMON/ JUN/NENDA (50) ,NENDB (50) , NENDC (50) ,NENDD (50) , NENDF (50),

&NJOIN(50)
COMMON/NZT/ANOZZ (10) ,DTE, DTW, DROT (4) , EFFYT, EFFYC, EFFYTC,

&ETS (600) ,FNOZ2ZL(24), IUWTP, NCOUNT, NCURVE, NCURVW,

&NCLTS (12) ,NENDN (24) ,NENDT (4) ,NETS(12),

&PCOMPI (4) ,REVTUR(4) ,SONK(24) , TALPHA, TCLIN (600),

&TCLOUT (600) , TCOMPI (4) , TENERA(4) , TENERT (4) , TSPEDE (12},

&TSPEDW (12) ,TSTAGE (4), TSTAGT (4) , TSTATE (4) , TSTATT (4)

COMMON/NZT1/TWFLOW(4) ,UBLADE (4) ,UCTMIN (12) ,UCTMAX (12) ,UCTS (600),
&XIMAX (12) ,XIMIN(12) ,XOMAX (12) ,XOMIN(12),
&TNTN, UCTN, ETN, DTWN, ETTN, ETAN, STPN, TMPN, NDATA, NTURBD

COMMON/NZ1/TANG(290), TRPST (290) , TEFFT (290) , TUCTS (290) , TMASS (290),
&TENGYT (290) , TENGYA(290) ,TSTPR(290) , TMTP (290)



10

3000
3010
3020
3030
3040
3050

c
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COMMON/OUT/AOUT, DANGL, OP, PCOUT (150) , POUT (150) , TCOUT (150),
&TOUT (150) , ICYLT, IPIPET, ITEMP, ICYLNO (24), IPIPEN (150)
COMMON/INL/NENDIN (24)
COMMON/NZTB/TPRRAT (4,10) , TMXEFF (4,10) , BSPRZE (4, 50),
&FCZBSR(4,10),FLCTRP(4,10),BSRTRP (4, 50)

DATA RINF/5.7618E+17/

OPEN (1, FILE='TASK.DAT', STATUS='OLD")

OPEN (2, FILE='RESULTS.SON', STATUS="NEW")
OPEN (3, FILE="'READING.SON', STATUS="NEW"')
OPEN (4, FILE='CCTV.SON', STATUS="NEW')

OPEN (8, FILE='OCTVP.SON', STATUS="'NEW')
OPEN (9, FILE='TCOUT.SON', STATUS="'NEW')
OPEN (10, FILE='INLPIPES.SON', STATUS='NEW')
OPEN (11, FILE='EXHPIPES.SON', STATUS='NEW')
OPEN (23, FILE='MASS.SON', STATUS="'NEW')

DO 10 I=1,900

CHAR1 (I)=RINF

PI=3141592654E-9

READ (1,*) IPOWER,CYCLE,ANGEND

WRITE (3,3000) IPOWER,CYCLE,ANGEND

READ(1,*) IUNITP,IUNITT,IUNITL,IUNITW,IUNITK,IUNITQ
WRITE(3,3010) IUNITP,IUNITT,IUNITL,IUNITW,IUNITK,IUNITQ
READ (1, *) PBAR, PBARAB, PREF, TREF, GREF, REVREF, REVENG
WRITE (3,3020) PBAR,PBARAB, PREF, TREF, GREF, REVREF, REVENG
READ (1, *) NCYLT,NJUNCT,NNOZZT,NTURBT,NINLET

WRITE (3,3030) NCYLT,NJUNCT,NNOZZT, NTURBT, NINLET
READ(1,*) NPT,NPA,NCLT

WRITE (3,3040) NPT,NPA,NCLT

READ(1,*) IREVL,LLLL

WRITE (3,3050) IREVL,LLLL

FORMAT (I4,F5.1,F9.2)

FORMAT (6I3)

FORMAT (3F8.3,F9.2,F6.2,2F11.3)

FORMAT (5I4)

FORMAT (214,16)

FORMAT (2I4)

MMMM=1

JJII=0

IIII=0

GOTO 30

C BASINC BIRIMLERININ S.I. BIRIM SISTEMINE DONUSTURULMESI

C
20

Cc

JJag=1

Z=0.

LONE=1

CALL UNITP (IUNITP,LONE, PREF, PBARAB)
CALL UNITP(IUNITP,LONE, PBAR, PBARAB)

C SICAKLIK BIRIMLERININ S.I. BIRIM SISTEMINE DONUSTURULMESI

c

c

CALL UNITT(IUNITT,LONE, TREF)
AREF=DSQRT (287*GREF*TREF’)
NAAT=18*NPT

C BASLANGIC HESAPLAMALARININ ILK CEVRIM ICIN YAPILMASI

c
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30 IF (IREV.GE.3.AND.IREV.LE.4) IIiI=1
IF (IREV.GT.4) IIII=O
CALL CHAR(JJJJ)
CALL CYLNDR(JJJJ)
CALL JUNCTN(JJJJ)
IF (LLLL.EQ.1l) GOTO 40
CALL NOZZLE(JJJJ)

GOTO 50
40 CALL TURBIN(JJJJ, MMMM)
50 CALL INLET (JJJJ)

CALL OUTPUT(JJJJ,IIIT)
IF (JJJJ.EQ.0) GOTO 20
IF (IREV.GE.IREVL) GOTO 60
JJJg=2 '
o
C HESAPLAMALARA BIR SONRAKI CEVRIM ICIN TEKRAR DONULMESI
C
GOTO 30
60 CONTINUE
CLOSE (1)
CLOSE(2)
CLOSE(3)
CLOSE (4)
CLOSE (8)
CLOSE (9)
CLOSE (10)
CLOSE(11)
CLOSE(23)
STOP
END
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SUBROUTINE CHAR (JJJJ)
IMPLICIT REAL*8(A-H,0-2)
DIMENSION CL1(300),CL2(300),CL1P(300),CL2P(300),
&AA (300),X (300),AAP(300),XP(300),AAR(300),AARP (300)
COMMON/MF/AAAIR, AAEXH, ALPHAT, ANGEND, ANGRES, ANREV,
§APAIR, APEXH, AREF,AVO(3),AVC(3),AAN(300),AP(300),
&APN (300) , CYCLE, CLIN (300), CLOUT (300) , DALPHA,
&DANGRS, DREF, DZ, EREF, EVC (3) , EVO (3), FREF, FPIPE (300) , EFFMEC,
&FPIPEN (300), IPOWER, IREV, GA, GE, GREF, IUNITL,
&IUNITP, TUNITT, ITUNITK, IUNITW, TUNITQ, MINDT
COMMON/SMF1/MREST, NAAT, NCLT, NCYLT, NINLET, NJUNCT, NNOZZT, NP, NPA,
&NPE, NPT, NTURBT, PAIR, PBACK, PBAR, PBARAB, PEXH,
&PI, PREF, RBACK, REVENG, REVREF, RPAIR, RPEXH, RP (300),
&RPN (300), TAIR, TEXH, TREF, VREF, WREF, XREF, Z, ZREF
COMMON/CHA/CHAR1 {900) , CHAR2 (900) , DIA(240),DIFF (240),DX (240),
&FF(240),MESH(240), PATHA (900) , PATHX (900) , TWALLP (240),
&XPIPE (240),NPATH (240)
IF (JJJJ.EQ.1) GOTO 20
IF (JJJJ.EQ.2) GOTO 170
c
C BORULARA AIT DATANIN OKUTULMASI
o
DO 10 NP=1, NPT
NP2M1=2*NP-1
NP2=2*NP
READ (1, *) XPIPE(NP),MESH(NP),DIA(NP2M1),DIA(NP2),FF(NP),
&§TWALLP (NP) , NPATH (NP)
WRITE (3,3000) XPIPE(NP),MESH(NP),DIA(NP2M1),DIA(NP2),FF(NP),
&TWALLP (NP) , NPATH (NP)
10 CONTINUE
READ (1, *) PEXH, TEXH,GE, PAIR, TAIR, GA, PBACK
WRITE(3,3010) PEXH,TEXH,GE, PAIR, TAIR,GA, PBACK
3000 FORMAT (F10.4,14,2F9.4,F10.6,F7.1,1I4)
3010 FORMAT(F8.3,F9.2,F6.2,F8.3,F9.2,F6.2,F8.3)
o ;
C GAZ HAL DEGISIMI ESNASINDA UST OLU NOKTA CIVARINDA DENGESIZLIGIN
C GIDERILMESI AMACIYLA 4 CEVRIM ICIN HESAPLAMA SURESININ
BELIRLENMESI
o
MINDT=0
IF (JJJJ.EQ.0) RETURN
20 CONTINUE
DO 40 NP=1,NPT
NP2=2*NP
NP2M1=2*NP-1
DIFF (NP)=(DIA(NP2)~DIA(NP2M1))/XPIPE (NP)
IF (IUNITL.EQ.1) GOTO 30
XPIPE (NP)=XPIPE (NP)*0.3047851
DIA (NP2)=DIA (NP2)*0.3047851
DIA (NP2M1)=DIA (NP2M1)*0.3047851
30 DX (NP) =XPIPE (NP) /DFLOAT (MESH (NP) )
FPIPE (NP2)=0.25*PI*DIA (NP2) *DIA (NP2)
40 FPIPE (NP2M1)=0.25*PI*DIA (NP2M1) *DIA (NP2M1)
C
C REFERANS DEGERLERININ OLUSTURULMASI VE BORULARDA BASLANGIC
C KOSULLARININ BELIRLENMESI
c
XREF=DX (1)
DREF=DIA (1)
FREF=FPIPE (1)



82

VREF=FREF*XREF
WREF=GREF*PREF*VREF*100000/ (AREF*AREF)
ZREF=360*XREF*REVREF/AREF
EREF=WREF*AREF*AREF
REVENG=REVENG/REVREF
DO 50 NP=1,NPT
NP2=2*NP
NP2M1=2*NP-1
XPIPE (NP)=XPIPE (NP) /XREF
DX (NP) =DX (NP) /XREF
DIA(NP2)=DIA(NP2)/DREF
DIA (NP2M1)=DIA (NP2M1) /DREF
FPIPE (NP2)=FPIPE (NP2)/FREF
FPIPE (NP2M1)=FPIPE (NP2M1) /FREF

50 CONTINUE
DO 60 NP=1,NPT
NP2M1=2*NP-1
FF (NP)=FF (NP) *DX (NP) *XREF/ (DIA (NP2M1) *DREF)
DIFF (NP)=DIFF (NP) *XREF/DREF
P=TWALLP (NP)

LONE=1
CALL UNITT(IUNITT,LONE,P)
TWALLP (NP) =P

60 CONTINUE
LONE=1
CALL UNITT (IUNITT,LONE, TEXH)

CALL UNITT(IUNITT,LONE,TAIR)

CALL UNITP(IUNITP,LONE, PEXH, PBARAB)
CALL UNITP(IUNITP,LONE, PAIR, PBARAB)
CALL UNITP(IUNITP,LONE,PBACK, PBARAB)
RPEXH=PEXH/PREF

RPAIR=PAIR/PREF

RBACK=PBACK/PREF
APEXH=DSQRT (287 *GE*TEXH) /AREF
AAEXH=APEXH/RPEXH** ( (GE-1) / (2*GE) )
APAIR=DSQRT (287*GA*TAIR) /AREF
AAATR=APATIR/RPAIR** ( (GA-1)/ (2*GA) )

C

C EGZOS BORULARINDA (LAMBDAl), (LAMBDA2), (AA) VE (X)

DEGISKENLERININ

C BASLANGIC DEGERLERININ OLUSTURULMASI

C
II=0
NPE=NPT-NPA
DO 80 NP=1,NPE
M=MESH (NP) +1
DO 70 N=1,M
T=N+II
CHAR1 (I)=APEXH

70 CHAR2 (I)=APEXH

80 II=I
KK=0
DO 100 NP=1,NPE
IPATH=NPATH (NP)

DO 90 N=1,IPATH

K=N+KK

PATHA (K) =AAEXH

XN=DFLOAT (N-1)
90 PATHX (K)=1/DFLOAT (IPATH-1) *XN*XPIPE (NP)
100  KK=K
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MNPE=2*NPE
DO 110 N=1,MNPE
AP (N)=APEXH
RP (N) =RPEXH
CLIN (N)=APEXH
CLOUT (N)=APEXH
AAN (N)=AAEXH
110 CONTINUE
IF (NPA.EQ.0) GOTO 170

C

C EMME BORULARINDA (LAMBDAl), (LAMBDA2) , (AA) VE (X) DEGISKENLERININ
C BASLANGIC DEGERLERININ OLUSTURULMASI

C

NPAA=NPE+1
DO 130 NP=NPAA, NPT
M=MESH (NP) +1
DO 120 N=1,M
I=N+II
CHAR1 (I)=APAIR

120  CHAR2 (I)=APAIR

130 II=I
DO 150 NP=NPAA, NPT
IPATH=NPATH (NP)
DO 140 N=1, IPATH
K=N+KK
PATHA (K) =AAAIR
XN=DFLOAT (N-1)

140  PATHX (K)=1/DFLOAT (IPATH-1) *XN*XPIPE (NP)

150 KK=K
NAIRN=2*NPE+1
MNPT=2*NPT

DO 160 N=NAIRN,MNPT
AP (N)=APAIR
RP (N)=RPAIR
CLIN(N)=APAIR
CLOUT (N)=APAIR
AAN (N)=AAAIR

160 CONTINUE

c

C EGZOS BORULARI ICIN ZAMAN ADIMININ HESAPLANMASI
c

170 CONTINUE

C

C SINIR KOSULLARINDAN BORU UC KARAKTERISTIKLERININ TAYINT
c .
=1
DO 180 NP=1,NPE
NP2M1=2*NP~-1
NP2=2*NP
M=MESH (NP) +1
LPMM1=L+M-1
CHAR1 (L) =CLOUT (NP2M1)
CHARZ2 (LPMM1)=CLOUT (NP2)
L=M+L
180 CONTINUE
II=0
NPE=NPT-NPA
DO 210 NP=1,NPE
M=MESH (NP) +1
DC 200 N=1,M



190

200
210

C
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I=N+IT
AGAS=0.5* (CHARL (I)+CHAR2 (I))
UGAS=DABS (CHAR1 (I)-CHAR2 (I))/ (GE~-1)
DZ=DX (NP) / (AGAS+UGAS)

IF (I.GT.1) GOTO 190

DZMIN=DZ

GOTO 200

IF (DZ.GT.DZMIN) GOTO 200

DZMIN=DZ

CONTINUE

II=I

IF (NPA.EQ.0) GOTO 250

C EMME BORULARI ICIN ZAMAN ADIMININ TAYINI

C

220

230
240
250

260

270

C

NPAA=NPE+1

DO 220 NP=NPAA, NPT

NE2=2*NP

NP2M1=2*NP-1

M=MESH (NP) +1

LPMM1=L+M-1

CHAR1 (L) =CLOUT (NP2M1)

CHAR2 (LPMM1 ) =CLOUT (NP2)
L=M+L

CONTINUE

DO 240 NP=NPAA, NPT

M=MESH (NP) +1

DO 230 N=1,M

I=N+II :
AGAS=0.5* (CHAR1 (I)+CHAR2 (I))
UGAS=DABS (CHAR1 (I)-CHAR2 (I))/ (GA-1)
Dz=DX (NP) / (AGAS+UGAS)

IF (DZ.GT.DZMIN) GOTO 230
DZMIN=DZ

CONTINUE

II=I

IF (CYCLE.LT.3.) GOTO 270
IF (MINDT.NE.100) GOTO 270
IF (DZMIN.LT. (1/(ZREF*REVENG))) GOTO 270
DZMIN=0.5*DZMIN

GOTO 260

DZ=DZMIN

7=7+DZ

MINDT=0
ALPHAT=Z*ZREF*REVENG

C SIRASIYLA HER BIR BORU ICIN PARAMETRELERIN TESBITI

C

280

C HER

Np=1
I1=1
I3=1
DXNP=DX (NP)
M=MESH (NP)

BIR BORUDA YOL HATTI SAYISININ TESRBITI

NPX=NPATH (NP)
NPX1=NPX+1
NPX2=NPX+2
MM=M+1
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I2=I1+M
I4=I3+NPX-1
TWNP=TWALLP (NP)

FFNP=FF (NP)
DIFEFNP=DIFF (NP)
NP2=2*NP
NPZM1=2*NpP-1
MP1=M+1
DENP=DIA (NP2M1)
C
C BORULAR ICIN IZANTROPIK INDISIN BELIRLENMESI
C
IF (NP.GT.NPE) GOTO 290
G=GE
GOTO 300
290 G=GA
C
C BORU KARAKTERISTIKLERININ HESABI
C

300 DO 310 L=1,MM
I1PIM1=I1+L-1
CL1(L)=CHAR1 (I1PLM1)

310  CL2(L)=CHAR2 (I1PLM1)
DO 320 I=1,NPX
I3PIM1=I3+I-1
AA(I)=PATHA (I3PIM1)

320 X (I)=PATHX(I3PIM1)
AA (1) =AAN (NP2M1)

AA (NPX) =AAN (NP2)
AA(NPX1)=0.

X(1)=0.
KM=DFLOAT (M)

X (NPX) =XM*DXNP

X (NPX1)=0.

CL1 (1)=CLOUT (NP2M1)
CL2 (1) =CLIN (NP2M1)
CL1 (MP1)=CLIN (NP2)
CL2 (MP1)=CLOUT (NP2)

(AA) DUZELTMESI

QG

C
C (K) YOL HATTINDA (LAMBDAl) VE (LAMBDA2) DEGISKENLERININ TAYINI
C
330 XL=DFLOAT (L)
LP1=L+1
CL1K=CL1 (LP1) - (XL*DXNP-X (K) ) * (CL1 (LP1) -CL1 (L) ) /DXNP
CL2K=CL2 (LP1) - (XL*DXNP-X (K) ) * (CL2 (LP1)-CL2 (L)) /DXNP
C GAZ SICAKLIGININ HESAPLANMASI

TG=AREF*AREF* (CL1K+CL2K) * (CL1K+CL2K) / (1148*G)
DXPE=DENP+DIFFNP*X (K)

C
C (K) YOL HATTINDA (AA) VE (XP) DEGISKENLERININ ILK DEGERLERI
C

DAAK=4*AA (K) *FFNP* (DENP/DXPE) * ( (DABS (CL1K-CL2K) ) **3) *DZ/
&((G-1)* (G-1) * (CL1K+CL2K) * (CL1K+CL2K) )
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&+1148*G/ (G-1) *AA (K) *DABS (CL1K~-CL2K) / ( (CL1K+CL2K) * (CL1K+CL2K) )
§*FFNP*DENP/ (DXPE*DXNP*AREF*AREF) * (TWNP~TG) *DZ

AAP (K) =AA (K) +DAAK

DXK= (CL1K-CL2K) *DZ/ (G-1)

XP (K)=X (K) +DXK

C
C YENI YOL HATTININ OLUSTURULMAST
C
K=K+1
L=1+IDINT (X (K) /DXNP)
IF (L.GE.M) L=M
IF (L.LE.1) L=1
IF (K.LT.NPX1l) GOTO 330
IF (XP(1).LT.0.) GOTO 350
C

C TEK NUMARALI BORU UCUNDAN ICERI AKIS VARSA YADA ICERI VE DISARI
HIC
C AKIS YOKSA (AA) VE (X) DEGERLERININ HAFIZADA SAKLANMASI
C
DO 340 N=1,NPX
NPX2MN=NPX2-N
NPX1MN=NPX1-N
AAP (NPXZMN)=AAP (NPX1MN)

340 XP (NPX2MN) =XP (NPX1MN)
C
C BIR ZAMAN ADIMINDA X-EKSENI BOYUNCA EN ONEMSIZ YOL HATTININ
C KALDIRILMASI AMACIYLA TEK NUMARALI BORU UCUNDA VE X=0'DA (AA)
C DEGERLERININ HAFIZADA SAKLANMAST
C
XP(1)=0.
AAP (1)=AA (1)
CALL AAREM (XP,AAP, NPX)
GOTO 390
C
C TEK NUMARALI BORU UCUNDA DISARI AKIS OLMASI HALI
C
350 K=1
360 A=RAP (K)
B=XP (K)
C

C YOL HATLARININ BORU GEOMETRISINI ASIP ASMADIGININ KONTROLU

IF (XP(K).GT.0.) GOTO 370

C=AAP (K)

D=XP (K)

K=K+1

GOTO 360
C
C TEK NUMARALI BORU UCUNDA (AA) DEGISKENININ INTERPOLASYON ILE
C TAYINI

C
370 K=K-1
AAPINT=C-D* (A-C) / (B-D)
XP(K)=0. 3
AAP (K)=AAPINT
C
C IZAFI YOL HATTININ X=0 NOKTASINDA TESBITI
C
380 K=K-1

IF (K.EQ.0) GOTO 390
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XP (K)=0.
AAP (K)=AAPINT
GOTO 380
C
C CIFT NUMARALI BORU UCUNDA AKISIN INCELENMESI
C
390 XXX=XM*DXNP
C

C CIFT NUMARALI BORU UCUNDA AKIS OLUP OLMADIGININ KONTROLU
C
IF (XP(NPX).GE.XXX) GOTO 400

HIC AKIS OLMAMASI DURUMUNDA, X=L BORU UCUNDA YENI YOL HATTININ
BELIRLENEREK EN ONEMSIZ YOL CIZGISININ IPTAL EDLIMESI

QOO

AAP (NPX1)=AA (NPX)

XP (NPX1)=XXX

CALL AAREM (XP,AAP, NPX)
GOTO 440

C
C CIFT NUMARALI BORU UCUNDA DISARI AKIS OLMASI VEYA HIC AKIS
C OLMAMASI DURUMU

Cc

400 K=NPX

410 A=RAP (K)
B=XP (K)

C

C YOL HATLARININ BORU GEOMETRISINI ASIP ASMADIGININ KONTROLU
C
IF (XP(K).LT.XXX) GOTO 420
C=AAP (K)
D=XP (K)
K=K-1
GOTO 410
C
C CIFT NUMARALI BORU UCUNDA (AA) DEGISKENININ INTERPOLASYON ILE
C TAYIN EDILMESI ‘
C
420 AAPINT=A+ (XXX-B)* (C-A) / (D-B)
XP (NPX) =XXX
AAP (NPX)=AAPINT

C ‘
C (X=L) BORU UCUNDA DEGISKENLERE ILK DEGERLERIN VERILMESI
C
430 K=K+1
IF (K.EQ.NPX) GOTO 440
XP (K)=XXX
AAP (K)=AAPINT
GOTO 430
C
C AG NOKTALARINDA (AA) DEGISKENININ HESABI
C

440  MM=M+1
CALL MESGEN (X, AR, AAR, DXNP, M, MM, NPX)
CALL MESGEN (XP, AAP, AARP, DXNP, M, MM, NPX)

(LAMBDA1 USSU) DEGISKENININ DEGERININ HESAPLANMASI

OO

[}

A=(3-G)/(2*(G-1))
B=(G+1)/{2*(G-1))
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DGRAD=DIFFNP
MM=M+1
DO 450 L=2,MM
ILM1=L-1
LP1=L+1
RR=DFLOAT (LM1)
FONE=1.
CALL LAMMOD (CL1(L),CL1(LM1),CL2(L),CL2(LM1),AAR(L),AAR (LM1),
&AARP (L) ,CL1P (L), DXNP,DZ, RR, A, B, G, FFNP, DENP, DIFFNP, FONE,
&FLOW, XREF, AREF, TWNP, DGRAD)
IF (FLOW.LT.1.) GOTO 450
C
C AKIM SUPERSONIK ISE YENI DEGISKENLERIN OLUSTURULMASI
o
CALL LAMMOD (CL1(L),CL1(LP1),CL2(L),CL2(LP1l),AAR(L),AAR(LP1),
&AARP (L), CL1P (L), DXNP, DZ, RR, ~A, -B, G, FENP, DENP, DIFFNP, ~FONE,
&FLOW, XREF, AREF, TWNP, DGRAD)
450  CONTINUE
C
C (LAMBDA2 USSU) DEGISKENININ DEGERININ HESAPLANMASI
C
MM=M
DO 460 L=1,MM
IM1=L-1
LP1=L+1
RR=DFLOAT (LM1)
FONE=1.
CALL LAMMOD (CL2(L),CL2(LP1),CL1(L),CL1(LP1),AAR(L),AAR(LPL),
&AARP (L), CL2P (L), DXNP, DZ, RR, A, B, G, FFNP, DENP, ~-DIFFNP, -FONE,
&FLOW, XREF, AREF, TWNP, DGRAD)
IF (FLOW.LT.1.) GOTO 460
C
C AKIM SUPERSONIK ISE YENI DEGISKEN OLUSTURULMASI
o
CALL LAMMOD (CL2(L),CL2(LM1},CL1(L),CL1(LM1),AARR(L),AAR(LM1),
&AARP (L), CL2P (L), DXNP, DZ, RR, -A, -B, G, FFNP, DENP, -DIFFNP, FONE,
&FLOW, XREF, AREF, TWNP, DGRAD)
460 CONTINUE
C
C KARAKTERISTIKLERIN SON DEGERLERININ YENI DEGERLER OLARAK ATANMASI
C
MM=M+1
DO 470 L=1,MM
I1PLM1=I1+L-1
CHAR1 (I1PLM1)=CL1P (L)
470  CHAR2(I1PLM1)=CL2P (L)
DO 480 I=1,NPX
I3PIM1=I3+I-1
PATHA (I3PIM1)=AAP(I)
480  PATHX (I3PIM1)=XP(I)
CLOUT (NP2M1)=CL1 (1)
CLIN(NP2M1)=CL2P (1)
CLOUT (NP2) =CL2 (MP1)
CLIN (NP2)=CL1P (MP1)
AAN (NP2M1)=AAP (1)
AAN (NP2) =AAP (NPX)
NP=NP+1
IF (NP.GT.NPT) GOTO 490
T1=I2+1
I3=I4+1
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GOTO 280
RETURN
END

89
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SUBROUTINE CYLN1 (JJJJ, NOPORTS)

IMPLICIT REAL*8 (A-H,0-Z)
COMMON/MF/AAAIR, AAEXH, ALPHAT, ANGEND, ANGRES, ANREV,

&APAIR, APEXH, AREF, AVO (3),AVC (3),AAN (300),AP(300),

&APN (300),CYCLE, CLIN(300),CLOUT (300) , DALPHA,

&DANGRS, DREF, DZ, EREF, EVC (3) ,EVO(3), FREF, FPIPE (300) , EFFMEC,
&FPIPEN (300), IPOWER, IREV, GA, GE, GREF, IUNITL,

&IUNITP, IUNITT, IUNITK, IUNITW, IUNITQ, MINDT
COMMON/SMF1/MREST, NAAT, NCLT, NCYLT, NINLET, NJUNCT, NNOZZT, NP, NPA,
&NPE, NPT, NTURBT, PAIR, PBACK, PBAR, PBARAB, PEXH,

&PI, PREF, RBACK, REVENG, REVREF, RPAIR, RPEXH, RP (300),

&RPN (300), TAIR, TEXH, TREF, VREF, WREF, XREF, Z, ZREF
COMMON/CYL/ACSB, ALPHA, ALPHAE, ANNA, ANNB, ANNC, AC (24),

&ACB (24),ACF(24),ACN(24),ACR(24),ALPHAC (24) , ALPHEX (60),

&ALPHEXX (3, 60) , ALPAIR (60) ,ALPAIRR(3, 60) , APCWF (24) , CALVAL, CARBON,
&CDA, CDE, CR, COEFFA (4) , COEFFB (4) , COEFFC (4) , COEFFD (4),
&COEFFE (4),COEFFZ (4) ,CRANK (24) , DELTA, DCYL, DHEAT (24),
&DRC (24),DVCYL(24) ,DWCIN(24),DWCP (400), DNCYL (24)
COMMON/CYL1/FCYL, FPISTA, FPISTE, FAIRL (60), FAIR2 (60), FATR3(60),
&FEXH1 (60), FEXH2 (60) , FEXH3 (60) , HEATG (24) , PURITY, PVEL, PCR (24),
&PCWF (24), PCYLT (24) , PORTS (24),RC(24) ,RCN(24),RCR(24),SURF(24),

&TCR(24), TCYLT(24), TWALL (24),VALAIR, VALEXH, VCYL (24) , WIDTHA, WIDTHE,
&WCAIR(24),WCIN(24),IPRT,MTYPE, NPCWF, NTAIR, NTEXH, NC(24),

&NENDE (24) , NENDI (24) , NENDEE (24) , NENDII (24), NENDEEE (24),NENDIITI (24)
COMMON/CYL2 /WCOUT (24) ,WCYL (24) , WFUEL (24) , WMW (4) , WPCNT (96) ,
&WN (4) , WORKGA (24) , WORKGE (24) , XCRA, XCRE, XSTA, XSTE,
&NCD (24) ,NSTORE (24) , NSTORC (24) , WCYLT (24) , DWCINT (24},
&DWCPT (24) , DWCINI (24) , DWCIN2 (24), DWCIN3 (24)
COMMON/CY1/CCANG (1100), DATWC (1100) , DATIN(1100) , DATOUT (1100)
COMMON/CYCYC/WCYLR (24), DST, AINO, AINO1, AINO2, IMOLS, EXHPO, ATRPO

XSTE=0.

DELTA=0.
C
C SILINDIRE AIT DATANIN OKUTULMASI
c

READ (1, *) MTYPE,CR, DCYL, NOPORTS
WRITE(3,3000) MTYPE,CR,DCYL, NOPORTS
IF (MTYPE.EQ.2) GOTO 10
IF (MTYPE.EQ.3) GOTO 20
READ (1, *) XSTA,XCRA,FPISTA
WRITE(3,3010) XSTA,XCRA, FPISTA
GOTO 30

10 READ (1, *) XSTA,XCRA, FPISTA,XSTE, XCRE, FPISTE, DELTA
WRITE (3, 3020) XSTA,XCRA,FPISTA,XSTE,XCRE, FPISTE, DELTA
GOTO 30

20 READ(1,*) XSTA
WRITE(3,3030) XSTA

30 NNPORTS=IDINT (0.5*NOPORTS)
DO 35 I=1,NNPORTS
READ (1, *) EVO(I),EVC(I),AVO(I),AVC(I),ACSB
WRITE(3,3040) EVO(I),EVC(I),AVO(I),AVC(I),ACSB

35 CONTINUFE

‘ IF (IPOWER.NE.O) GOTO 60

DO 40 N=1,NCYLT
READ(1,*) NC(N),NENDE(N),NENDI (N),CRANK(N), PCR(N), TCR(N},
&TWALL (N) , NCD (N)
WRITE (3, 3050) NC(N),NENDE (N),NENDI (N}, CRANK (N}, PCR(N), TCR(N),
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&TWALL (N) , NCD (N)
40 CONTINUE
IF (NOPORTS.EQ.4) THEN
DO 50 N=1,NCYLT
READ (1, *) NC(N),NENDEE (N), NENDII (N)
WRITE (3,3160) NC(N),NENDEE (N), NENDII (N)
50 CONTINUE
END IF
IF (NOPORTS.EQ.6) THEN
DO 55 N=1,NCYLT
READ(1,*) NC(N),NENDEE (N), NENDII (N),NENDEEE (N),NENDIII (N)
WRITE (3,3170) NC(N),NENDEE (N),NENDII (N), NENDEEE (N),NENDIITI (N)
55 CONTINUE
END IF
READ(1,*) ANNA,ANNB
WRITE (3,3120) ANNA,ANNB
GOTO 110
60 CONTINUE
DO 70 N=1,NCYLT
READ (1, *) NC(N),NENDE (N),NENDI (N), CRANK(N), PCYLT (N), TCYLT (N),
&NCD (N) :
WRITE (3, 3060)
NC (N) , NENDE (N) , NENDI (N) , CRANK (N) , PCYLT (N) , TCYLT (N) ,
&NCD (N)
70 CONTINUE
IF (NOPORTS.EQ.4) THEN
DO 80 N=1,NCYLT
READ(1,*) NC(N),NENDEE (N), NENDII (N)
WRITE (3,3160) NC(N),NENDEE (N), NENDII (N)
80 CONTINUE
END IF
IF (NOPORTS.EQ.6) THEN
DO 85 N=1,NCYLT
READ(1, *) NC(N),NENDEE (N), NENDII (N),NENDEEE (N), NENDIII (N)
WRITE(3,3170) NC(N),NENDEE (N), NENDII (N), NENDEEE (N), NENDIII (N)
85 CONTINUE
END IF
DO 90 N=1,NCYLT
READ(1,*) TWALL(N),WFUEL (N),ACB(N),ACF (N)
WRITE(3,3130) TWALL(N),WFUEL (N),ACB(N),ACF (N)
90 CONTINUE
READ (1, *) ANNA,ANNB,ANNC,CALVAL, EFFMEC
WRITE(3,3070) ANNA,ANNB,ANNC,CALVAL, EFFMEC
READ (1, *) IPRT,NPCWF, PURITY, CARBON
WRITE(3,3140) IPRT,NPCWF, PURITY, CARBON
DO 100 K=1,NPCWF
READ(1, *) APCWF (K), PCWF (K)
WRITE (3,3150) APCWF (K), PCWF (K)
100 CONTINUE
110 READ(1,*) VALEXH
WRITE (3,3080) VALEXH
IF (VALEXH.EQ.0.) GOTO 140
READ(1,*) CDE,NTEXH
WRITE (3,3090) CDE,NTEXH
IF (NOPORTS.EQ.2) THEN
DO 120 N=1,NTEXH
READ (1, *) ALPHEX(N),FEXH1(N)
WRITE (3,3110) ALPHEX (N), FEXH1 (N)
120  CONTINUE
END IF



121

122

129
130

140

150

160

161

162

169
170

180

3000
3010
3020
3030
3040
3050
3060
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IF (NOPORTS.EQ.4) THEN

DO 121 N=1,NTEXH

READ(1, *) ALPHEX (N),FEXH1 (N), FEXH2 (N)
WRITE (3,3111) ALPHEX(N),FEXH1 (N), FEXH2 (N)
CONTINUE

END IF

IF (NOPORTS.EQ.6) THEN

DO 122 N=1,NTEXH

READ(1, *) ALPHEX (N),FEXH1 (N), FEXH2 (N), FEXH3 (N)
WRITE (3,3112) ALPHEX(N),FEXH1 (N), FEXH2 (N), FEXH3 (N)
CONTINUE

END IF

NNPORTS=IDINT (0.5*NOPORTS)

DO 130 M=1, NNPORTS

DO 129 N=1,NTEXH

ALPHEXX (M, N) =ALPHEX (N) +EVO (M)

CONTINUE

CONTINUE

GOTO 150

READ (1, *) CDE,WIDTHE

WRITE (3,3100) CDE,WIDTHE

READ (1, *) VALAIR

WRITE (3,3080) VALAIR

IF (VALAIR.EQ.0.) GOTO 180

READ(1,*) CDA,NTAIR

WRITE (3,3090) CDA,NTAIR

IF (NOPORTS.EQ.2) THEN

DO 160 N=1,NTAIR

READ(1, *) ALPAIR(N),FAIRL (N)

WRITE (3,3110) ALPAIR(N),FATIR1 (N)

CONTINUE

END IF

IF (NOPORTS.EQ.4) THEN

DO 161 N=1,NTAIR

READ (1, *) ALPAIR(N),FAIRL (N),FAIR2 (N)
WRITE (3,3111) ALPAIR(N),FAIR1 (N), FAIR2 (N)
CONTINUE

END IF

IF (NOPORTS.EQ.6) THEN

DO 162 N=1,NTAIR

READ (1, *) ALPAIR(N),FAIR]1 (N),FAIR2 (N),FAIR3(N)
WRITE(3,3112) ALPAIR(N),FAIRI (N),FAIR2 (N), FAIR3(N)
CONTINUE

END IF

DO 170 M=1,NNPORTS

DO 169 N=1,NTAIR

ALPAIRR (M, N)=ALPATIR (N)+AVO (M)

CONTINUE

CONTINUE

IF (JJJJ.EQ.0) GOTO 1400

READ(1, *) CDA,WIDTHA

WRITE (3,3100) CDA,WIDTHA

IF (JJJJ.EQ.0) GOTO 1400

FORMAT (I3,F7.2,F8.4,1I5)

FORMAT (2F9.4,F8.4)

FORMAT (2F9.4,F8.4,2F9.4,F8.4,F7.1)

FORMAT (F9.4)

FORMAT (5F8.2) ‘

FORMAT (I4,2I5,F7.1,F10.3,2F9.2,1I4)

FORMAT (I4,2I5,F7.1,F10.3,F9.2,14)
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3080
3090
3100
3110
3111
3112
3120
3130
3140
3150
3160
3170
1400
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FORMAT (2F7.3,E13.3,F12.2,F10.3)
FORMAT (F6.1)
FORMAT (F7.3,I4)

FORMAT (F7.3,F9.3)
FORMAT (F7.1,F14.8)
FORMAT (F7.1,2F14.8)
FORMAT (F7.1,3F14.8)

FORMAT (F9.2,F14.9,2F7.1)
FORMAT (214, 2F7.3)

FORMAT (2F8.2)

FORMAT (3I10)

FORMAT (5110)

RETURN

END

(
(
(

(
FORMAT (2F7. 3)
(

(

(

(

(
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SUBROUTINE CYLN2 (NOPORTS)

IMPLICIT REAL*8 (A-H,0-Z)
COMMON/MF/ARAIR, AAEXH, ALPHAT, ANGEND, ANGRES, ANREV,
&APAIR,APEXH, AREF,AVO(3),AVC(3),AAN(300),AP(300),

&APN (300) , CYCLE, CLIN(300),CLOUT (300) , DALPHA,

&DANGRS, DREF, DZ, EREF, EVC (3) , EVO (3) , FREF, FPIPE (300) , EFFMEC,
&FPIPEN (300), IPOWER, IREV, GA, GE, GREF, TUNITL,
&IUNITP, IUNITT, IUNITK, IUNITW, IUNITQ, MINDT
COMMON/SMF1/MREST, NAAT, NCLT, NCYLT, NINLET, NJUNCT, NNOZZT, NP, NPA,
§NPE, NPT, NTURBT, PAIR, PBACK, PBAR, PBARAB, PEXH,

&PI, PREF, RBACK, REVENG, REVREF, RPAIR, RPEXH, RP (300),

&RPN (300), TAIR, TEXH, TREF, VREF, WREF, XREF, Z, ZREF
COMMON/CYL/ACSB, ALPHA, ALPHAE, ANNA, ANNB, ANNC, AC (24),

&ACB (24),ACF(24),ACN(24),ACR(24),ALPHAC (24) ,ALPHEX (60),

&ALPHEXX (3, 60) , ALPAIR(60) ,ALPAIRR (3, 60) ,APCWF (24) , CALVAL, CARBON,

&CDA, CDE, CR, COEFFA (4) , COEFFB (4) , COEFFC (4) , COEFFD (4),

&COEFFE (4) , COEFFZ (4),CRANK (24) , DELTA, DCYL, DHEAT (24),

&DRC (24) , DVCYL (24), DWCIN (24),DWCP (400) , DWCYL (24)
COMMON/CYL1/FCYL, FPISTA, FPISTE, FAIR]1 (60) , FAIR2 (60) , FAIR3 (60),
&FEXH1 (60), FEXH2 (60) , FEXH3(60) , HEATG (24) , PURITY, PVEL, PCR(24),
&PCWF (24), PCYLT (24) , PORTS (24) ,RC (24) ,RCN(24) ,RCR(24) , SURF (24),

&TCR(24),TCYLT(24),TWALL(24),VALAIR,VALEXH, VCYL (24),WIDTHA, WIDTHE,

S§WCAIR(24),WCIN(24), IPRT, MTYPE, NPCWF, NTAIR, NTEXH, NC (24),

&NENDE (24) ,NENDI (24) , NENDEE (24) , NENDII (24),NENDEEE (24) ,NENDIITI (24)

C

COMMON/CYL2/WCOUT (24) ,WCYL (24) ,WFUEL (24) ,WMW (4) , WPCNT (96),
&WN (4) , WORKGA (24) , WORKGE (24) , XCRA, XCRE, XSTA, XSTE,

&NCD(24) ,NSTORE (24) ,NSTORC (24) ,WCYLT (24) , DNCINT (24},

&DWCPT (24) ,DWCINI (24) ,DWCIN2 (24) ,DWCIN3 (24)
COMMON/CY1/CCANG(1100) ,DATWC (1100), DATIN(1100), DATOUT (1100)
COMMON/CYCYC/WCYLR (24) ,DST,AINO,AINO1,AINO2, IMOLS, EXHPO, AIRPO

C BIRIMLERIN S.I, BIRIM SISTEMINE DONUSTURULMEST

C
190

200

210

211

212

IF (IUNITL.EQ.1l) GOTO 240
DCYL=DCYL/3.281
XSTA=XSTA/3.281

IF (MTYPE.EQ.3) GOTO 200
XCRA=XCRA/3.281

IF (MTYPE.EQ.1) GOTO 200
XSTE=XSTE/3.281
XCRE=XCRE/3.281

IF (VALEXH.EQ.0.) GOTC 220

IF (IUNITL.EQ.1) GOTO 220

IF (NOPORTS.EQ.2) THEN

DO 210 N=1,NTEXH

FEXH1 (N)=FEXH1 (N)/(3.281*3.281)
END IF

IF (NOPORTS.EQ.4) THEN

DO 211 N=1,NTEXH

FEXH1 (N)=FEXH1 (N)/(3.281*3.281)
FEXH2 (N)=FEXH2 (N) / (3.281*3.281)
END IF

IF (NOPORTS.EQ.6) THEN

DO 212 N=1,NTEXH

FEXH1 (N)=FEXH1 (N)/(3.281*3.281)
FEXH2 {(N)=FEXH2 (N) / (3.281*3,281)
FEXH3 (N)=FEXH3 (N)/ (3.281*3.281)
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END IF |
220 IF (VALAIR.EQ.0.) GOTO 240
IF (IUNITL.EQ.1) GOTO 240
IF (NOPORTS.EQ.2) THEN
DO 230 N=1,NTAIR
230  FAIRL(N)=FAIRI(N)/(3.281%*3.281)
END IF
IF (NOPORTS.EQ.4) THEN
DO 231 N=1,NTAIR
FAIRL (N)=FAIR1(N)/(3.281*3.281)
231  FAIR2(N)=FAIR2(N)/(3.281*3.281)
END IF
IF (NOPORTS.EQ.6) THEN
DO 232 N=1,NTAIR
FATR1 (N)=FAIR1 (N)/(3.281%3.281)
FAIR2 (N)=FAIR2 (N)/(3.281*3.281)
232  FAIR3(N)=FAIR3(N)/(3.281*3.281)
END IF
240  CONTINUE
LONE=1
DO 260 N=1,NCYLT
IF (IPOWER.EQ.0) GOTO 250
CALL UNITP(IUNITP,LONE, PCYLT (N), PBARAB)
CALL UNITT(IUNITT,LONE,TCYLT (N))
IF (IUNITW.EQ.l) GOTO 260
WEUEL (N) =WFUEL (N) /2.205
GOTO 260
250  CALL UNITP(IUNITP,LONE,PCR(N), PBARAB)
CALL UNITT(IUNITT,LONE, TCR(N))

260 CALL UNITT (IUNITT, LONE, TWALL(N))
C
C SILINDIR ICI DOLGUYU OLUSTURAN ELEMANLARA AIT ANTALPI,
C MOLEKUL AGIRLIGI VE VISKOZITE KATSAYILARININ TAYIN EDILMESTI
C (1) INDISI AZOT GAZINI, (2) INDISI OKSIJEN GAZINI,
C (3) INDISI KARBONDIOKSIT GAZINI VE (4) INDISI SU BUHARINI
C GOSTERMEKTEDIR
C
COEFFA(1)=3.34435
COEFFA(2)=3.25304
COEFFA(3)=3.09590
COEFFA(4)=3.74292
COEFFB(1)=2.94260E-4
COEFFB(2)=6.52350E-4
COEFFB(3)=2.73114E-3
COEFFB (4) 5.6559OE—4

COEFFC(1)=1.95300E-9
COEFFC(2) —l 49524E-7
COEFFC(B)——7.88542E 7

COEFFC (4)=4.95240E-8
COEFFD (1 ) =-6.57470E-12
COEFFD(2)=1.53897E-11
COEFFD(3)=8.66002E-11
COEFFD(4)=-1.81802E-11
COEFFE (1)=6025.902
COEFFE (2)=6032.170
COEFFE (3)=7041.783
COEFFE (4)=7223.490
COEFFZ (1)=7.31E-7
COEFFZ (2)=5.4E~7
COEFFZ (3)=3.72E-7
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COEFFZ (4)=3.27E-7
WMW (1)=28.016
WMW (2)=32.000
WMW (3)=44.010
WMW (4)=18.016
IMOLS=0
IT=4*NCYLT
DO 270 I=1,II
270 WPCNT (I)=0.
C
C HER BIR SILINDIRIN FAZ ACILARININ ILK SILINDIRIN KONUMUNA GORE
C BELIRLENMESI
C
DO 280 N=1,NCYLT
ALPHAC (N)=EVO (1) -CRANK (N)
IF (ALPHAC(N).GE.0.) GOTO 280
ALPHAC (N)=ALPHAC (N) +180*CYCLE
280 CONTINUE
C
C BOYUTSUZLASTIRMALAR
C
FCYL=PI*0.25*DCYL*DCYL
FCYL=FCYL/FREF
DCYL=DCYL/DREF
XSTA=XSTA/XREF
IF (MTYPE.EQ.3) GOTO 290
XCRA=XCRA/XREF
IF (MTYPE.EQ.1l) GOTO 290
XSTE=XSTE/XREF
XCRE=XCRE/XREF
290 IF (VALEXH.EQ.O0.) GOTO 310
IF (NOPORTS.EQ.2) THEN
DO 300 N=1,NTEXH
300 FEXH1 (N)=FEXH1 (N) /FREF
END IF
IF (NOPORTS.EQ.4) THEN
DC 301 N=1,NTEXH
FEXH1 (N)=FEXH1 (N) /FREF
301 FEXH2 (N)=FEXH2 (N) /FREF
END IF
IF (NOPORTS.EQ.6) THEN
DC 302 N=1,NTEXH
FEXH1 (N)=FEXH1 (N) /FREF

FEXH2 (N)=FEXH2 (N) /FREF
302 FEXH3 (N)=FEXH3 (N) /FREF

END IF

GOTO 330

310 IF (MTYPE.EQ.1l) GOTO 320
EVODELTA=EVO (1) +DELTA
ZER=0.
CALL STROK(EXHPO, ZER, EVODELTA, XSTE, XCRE, REVENG, ZREF)
GOTO 330
320 ZER=0.
CALL STROK(EXHPO, ZER,EVO (1) ,XSTA, XCRA, REVENG, ZREF)
330 IF (VALAIR.EQ.0.) GOTO 350
IF (NOPORTS.EQ.Z2) THEN
DO 340 N=1,NTAIR
340 FAIR1 (N)=FAIRL (N) /FREF
END IF
IF (NOPORTS.EQ.4) THEN



97

DO 341 N=1,NTAIR
FAIR1 (N)=FAIR1 (N)/FREF
341 FAIR2 (N)=FAIR2 (N) /FREF
END IF
IF (NOPORTS.EQ.6) THEN
DO 342 N=1,NTAIR
FAIR1 (N)=FAIR1 (N) /FREF
FAIR2 (N)=FAIR2 (N) /FREF
342 FAIR3 (N)=FAIR3 (N) /FREF
END IF
GOTO 360
350 ZER=0.
CALL STROK(AIRPO, ZER,AVO(1l),XSTA,XCRA, REVENG, ZREF)
360 PVEL=2*DSQRT ( (XSTA*XSTA*XSTA+XSTE*XSTE*XSTE) / (XSTA+XSTE) ) *
&XREF*REVREF*REVENG
IF (IPOWER.EQ.0) GOTO 370
WORKGA (1) =0.
WORKGE (1)=0.
HEATG(1)=0.
IMOLS=100
LONE=1
CALL POWER (LONE)
370 DO 380 N=1,NCYLT
RCR(N)=PCR (1) /PREF
380 ACR (N)=DSQRT (287*GE*TCR (1) ) /AREF
C
C SILINDIR ICIN BASLANGIC KOSULLARININ BELIRLENMESI
C
DST=1.
IF (MTYPE.EQ.3) GOTO 390
CALL STROK(XST,DST,EVO(1),XSTA,XCRA, REVENG, ZREF)
CALL CYLVOL(FCYL,XST,XSTA,CR,DST,VCYL(1),DVCYL(1))
GOTO 400
390 VCYL (1) =XSTA*FCYL
DVCYL (1)=0.
GOTO 410
400 IF (MTYPE.NE.2) GOTO 410
DST=1.
EVODELTA=EVO (1) +DELTA
CALL STROK(XST,DST, EVODELTA, XSTE, XCRE, REVENG, ZREF)
CALL CYLVOL(FCYL,XST, XSTE, CR, DST, VCYLE, DVCYLE)
DVCYL (1) =DVCYL (1) +DVCYLE
VCYL (1)=VCYL (1) +VCYLE
410 DO 420 N=1,NCYLT
WCYL (N) =GE*RCR (N) *VCYL (1) / (ACR(N) *ACR (N) *GREF)
WCYLR (N) =WCYL (N)
AINO=1.
ZER=0.
CALL
ENERGY (ZER, ZER, AINO, ACR (N) ,RCR(N), DRC (N), DVCYL(1),VCYL(1),
&GE, GA, ZER, AREF, GREF, WREF)
RC (N)=RCR(N)
AC (N) =ACR (N)
WORKGA (N)=0.
WORKGE (N)=0.

HEATG (N)=0.
WCIN({N)=0.
WCOUT (N}=0.
WCAIR(N)=0.
420 DWCYL (N)=0.
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J=0
DO 440 N=1,NCYLT
IF (NCD(N).EQ.0) GOTO 440
J=J+1
IF (J.LE.10) GOTO 430
WRITE (2,2000) NC(N)

2000 FORMAT(//,1X,'SILINDIR SAYISI 10 DAN FAZIA.',/,1x,I12,
&' NUMARALI SILINDIRE AIT CIKIS BILGILERI YAZILMAYACAKTIR.')
NCD (N) =0
GOTO 440

430  NSTORE(N)=1+110* (J-1)
NSTORC (N) =NSTORE (N)
WCYLT (N) =WCYL (1)
DWCINT (N)=0.
DWCPT (N)=0.
I=NSTORE (N)
CCANG (I)=EVO (1)
DATWC (I)=WCYL (1)
DATIN(I)=0.
DATOUT (I)=0.

440  CONTINUE
RETURN
END
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SUBROUTINE CYLN3 (NCYCLE,NIN,NEX,NINI, NEXE,NININ, NEXEN, NOPORTS)
IMPLICIT REAL*8 (A-H,0-Z)
COMMON/MF/ARAIR, AAEXH, ALPHAT, ANGEND, ANGRES, ANREV,
&APAIR, APEXH, AREF,AVO(3),AVC(3),AAN(300),AP(300),
&APN (300) ,CYCLE, CLIN(300),CLOUT (300) , DALPHA,
&DANGRS, DREF, DZ, EREF, EVC (3), EVO(3) , FREF, FPIPE (300) , EFFMEC,
&FPIPEN (300), IPOWER, IREV, GA, GE, GREF, IUNITL,
&IUNITP, IUNITT, IUNITK, IUNITW, TUNITQ, MINDT
COMMON/SMF1/MREST, NAAT, NCLT, NCYLT, NINLET, NJUNCT, NNOZZT, NP, NPA,
&NPE, NPT, NTURBT, PAIR, PBACK, PBAR, PBARAB, PEXH,
&PI, PREF, RBACK, REVENG, REVREF, RPAIR, RPEXH, RP (300),
&RPN (300), TAIR, TEXH, TREF, VREF, WREF, XREF, Z, ZREF
COMMON/CYL/ACSB, ALPHA, ALPHAE, ANNA, ANNB, ANNC, AC (24),
&ACB(24),ACF(24),ACN(24),ACR(24),ALPHAC (24),ALPHEX (60),

&ALPHEXX (3, 60) ,ALPAIR(60),ALPAIRR(3,60),APCWF (24),CALVAL, CARBON,
&CDA, CDE, CR,COEFFA(4) ,COEFFB(4),COEFFC(4),COEFFD (4),
&COEFFE (4),COEFFZ(4),CRANK(24),DELTA, DCYL, DHEAT (24),
&DRC(24),DVCYL (24) ,DWCIN(24),DWCP (400) ,DWCYL (24)
COMMON/CYL1/FCYL, FPISTA, FPISTE, FAIR1 (60), FAIR2 (60), FAIR3 (60),
&FEXH1 (60), FEXH2 (60), FEXH3 (60) , HEATG(24) , PURITY, PVEL, PCR(24),
&PCWF (24) ,PCYLT (24) ,PORTS (24) ,RC(24),RCN{24),RCR(24),SURF (24),

&TCR(24),TCYLT (24), TWALL (24) , VALAIR, VALEXH, VCYL (24) , WIDTHA, WIDTHE,
&WCAIR(24),WCIN(24), IPRT,MTYPE, NPCWF, NTAIR, NTEXH, NC (24),

&NENDE (24) ,NENDI (24), NENDEE (24) ,NENDIT (24), NENDEEE (24) , NENDIII (24)
COMMON/CYL2 /WCOUT (24) ,WCYL(24) ,WFUEL (24) ,WMW (4) , WPCNT (96),

&WN (4),WORKGA (24) ,WORKGE (24) ,XCRA, XCRE, XSTA, XSTE,
&NCD(24),NSTORE (24) ,NSTORC (24) ,WCYLT (24) , DWCINT (24),

&DWCPT (24),DWCIN1 (24),DWCIN2 (24),DWCIN3 (24)

COMMON/CY1/CCANG (1100) ,DATWC(1100),DATIN(1100),DATOUT(1100)
COMMON/CYCYC/WCYLR (24),DST,AINO,AINO1,AINO2, IMOLS, EXHPO, AIRPO
ACN (NCYCLE) =AC (NCYCLE)
RCN (NCYCLE) =RC (NCYCLE)
NEX=NENDE (NCYCLE)
NIN=NENDI (NCYCLE)

APN (NEX) =AP (NEX)

RPN (NEX) =RP (NEX)

IF (NOPORTS.EQ.4) THEN
NEXE=NENDEE (NCYCLE)
NINI=NENDII (NCYCLE)
APN (NEXE) =AP (NEXE)

RPN (NEXE) =RP (NEXE)

END IF

IF (NOPORTS.EQ.6) THEN

NEXE=NENDEE (NCYCLE)
NINI=NENDII (NCYCLE)
NEXEN=NENDEEE (NCYCLE)
NININ=NENDIII (NCYCLE)
APN (NEXE) =AP (NEXE)

RPN (NEXE)=RP (NEXE)

APN (NEXEN)=AP (NEXEN)
RPN (NEXEN) =RP (NEXEN)
END IF
IF (NIN.EQ.0) GOTO 460
APN (NIN)=AP (NIN)

RPN (NIN)=RP (NIN)

IF (NOPORTS.EQ.4) THEN

APN (NINI)=AP (NINI)
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RPN (NINI)=RP (NINI)

END IF

IF (NOPORTS.EQ.6) THEN
APN (NINI)=AP (NINT)

RPN (NINI)=RP (NINT)
APN(NININ)=AP(NININ)
RPN (NININ)=RP (NININ)
END IF

KRANK ACISININ TAYINI

DORT ZAMANLI MOTORLARDA SUBAPLARIN UST USTE BINDIGI VEYA HER IKI
SUBAPINDA ACIK OLDUGU ARALIK COGUNLUKLA 315 KMA - 405 KMA ARASINDA
OLDUGU HATIRLANMALIDIR

OO0

60 ALPHAC (NCYCLE) =ALPHAC (NCYCLE) +DZ* ZREF*REVENG
IF (ALPHAC(NCYCLE).LT.180*CYCLE) GOTO 470
ALPHAC (NCYCLE) =ALPHAC (NCYCLE) -180*CYCLE

470 IF ((ALPHAC(NCYCLE)-315).GT.0.) GOTO 480

GOTO 490
480 IF ((ALPHAC(NCYCLE)-315).LE.90.) MINDT=100
490 ALPHA=ALPHAC (NCYCLE)

ALPHAE=ALPHA

C

C ILK CEVRIMDEN SONRA EGSOZ SUBAPININ ACIK OLUP OLMADIGININ

C KONTROLU

C

CRANK (NCYCLE ) =CRANK (NCYCLE ) ~DZ*ZREF*REVENG

RETURN

END
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SUBROUTINE CYLN4 (NCYCLE, NIN, NEX,NINI,NEXE,NININ, NEXEN, NOPORTS)
IMPLICIT REAL*8(A-H,0-~Z)
COMMON/MF/ARAIR, AAEXH, ALPHAT, ANGEND, ANGRES, ANREV,

&APAIR, APEXH,AREF,AVO(3) ,AVC(3),AAN(300),AP(300),
&APN(300),CYCLE, CLIN(300),CLOUT (300) , DALPHA,

&DANGRS, DREF, DZ, EREF, EVC(3) ,EVO(3), FREF, FPIPE (300} , EFFMEC,
&FPIPEN(300), IPOWER, IREV,GA,GE, GREF, IUNITL,

&TUNITP, TUNITT, IUNITK, TUNITW, IUNITQ, MINDT
COMMON/SMF1/MREST, NAAT, NCLT, NCYLT, NINLET, NJUNCT, NNOZZT, NP, NPA,
&NPE, NPT, NTURBT, PAIR, PBACK, PBAR, PBARAB, PEXH,

&PI, PREF, RBACK, REVENG, REVREF, RPAIR, RPEXH, RP (300),

&RPN(300), TAIR, TEXH, TREF, VREF, WREF, XREF, Z, ZREF
COMMON/CYL/ACSB, ALPHA, ALPHAE, ANNA, ANNB, ANNC, AC (24),
&ACB(24),ACF(24),ACN(24),ACR(24) ,ALPHAC(24) ,ALPHEX (60),

&ALPHEXX (3, 60) ,ALPAIR(60),ALPAIRR(3,60),APCWF (24) ,CALVAL, CARBON,
&CDA,CDE,CR, COEFFA(4) ,COEFFB(4),COEFFC(4),COEFFD(4),
&COEFFE (4),COEFFZ (4),CRANK(24),DELTA, DCYL, DHEAT (24},
&DRC(24),DVCYL(24),DWCIN(24),DWCP(400),DWCYL (24)
COMMON/CYL1/FCYL, FPISTA, FPISTE, FAIR1 (60), FAIR2 (60), FAIR3(60),
&FEXHI1 (60),FEXH2 (60) , FEXH3 (60) , HEATG (24) , PURITY, PVEL, PCR(24),
&PCWE' (24) , PCYLT (24) ,PORTS (24) ,RC(24),RCN(24),RCR(24),SURF(24),

&TCR(24),TCYLT (24),TWALL(24), VALAIR,VALEXH, VCYL (24) ,WIDTHA, WIDTHE,
&WCAIR(24),WCIN(24), IPRT,MTYPE, NPCWF, NTAIR, NTEXH,NC(24),

&NENDE (24) ,NENDI (24), NENDEE (24 ), NENDII (24), NENDEEE (24), NENDIII (24)
COMMON/CYL2 /WCOUT (24) ,WCYL(24) ,WFUEL (24) ,WMW (4) , WPCNT (96),
&WN (4),WORKGA (24) , WORKGE (24) , XCRA, XCRE, XSTA, XSTE,
&NCD(24),NSTORE (24) ,NSTORC (24) ,WCYLT (24), DWCINT (24),
&DWCPT (24) ,DWCINI (24), DWCINZ (24) ,DWCIN3 (24)
COMMON/CY1/CCANG(1100) ,DATWC(1100),DATIN(1100),DATOUT (1100)
COMMON/CYCYC/WCYLR (24),DST, AINO, AINO1,AINO2, IMOLS, EXHPO, AIRPO

C
DWCIN (NCYCLE)=DWCIN1 (NCYCLE)

C
IF (NOPORTS.EQ.4) DWCIN(NCYCLE)=DWCIN1 (NCYCLE)+DWCINZ (NCYCLE)
IF (NOPORTS.EQ.6) DWCIN(NCYCLE)=DWCIN1 (NCYCLE)+DWCIN2 (NCYCLE)+
&DWCIN3 (NCYCLE)

C ,
DWCYL (NCYCLE) =DWCIN (NCYCLE) -DWCP (NEX)

C

IF (NOPORTS.EQ.4) DWCYL(NCYCLE)=DWCIN(NCYCLE)-DWCP (NEX) -
DWCP (NEXE)
IF (NOPORTS.EQ.6) DWCYL(NCYCLE)=DWCIN (NCYCLE)-DWCP (NEX) -
DWCP (NEXE)
&—DWCP (NEXEN)

SUBAPLARDAN GECEN KUTLENIN HESABI ICIN DATANIN GEREKIP GEREKMEDIGI

Q00

IF (NCD(NCYCLE).EQ.Q0) GOTO 1200

GEREKLI DATANIN OLUSTURULMASI

OO0

I=NSTORC (NCYCLE)

IF (ALPHA.GE.CCANG(I)) GOTO 1190
1180 WCYLT (NCYCLE)=WCYL (NCYCLE)

DWCINT (NCYCLE)=DWCIN (NCYCLE)

ve. BEREVIrT RORULY
POEUMANGASION MEREKREL
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DWCPT (NCYCLE) =DWCP (NEX)
IF (NOPORTS.EQ.4) DWCPT (NCYCLE)=DWCP (NEX)+DWCP (NEXE)
IF (NOPORTS.EQ.6) DWCPT (NCYCLE)=DWCP (NEX)+DWCP (NEXE) +
&DWCP (NEXEN)
GOTO 1200
1190 DA=ALPHA-CCANG(I)
DAN=DZ*ZREF*REVENG
CALL INTXY(P,WCYLT (NCYCLE),WCYL(NCYCLE), DA, DAN)

DATWC (I)=P
CALL INTXY(P,DWCINT (NCYCLE), DWCIN(NCYCLE), DA, DAN)
DATIN(I)=P

GOTO (1194,1191,1194,1192,1194,1193), NOPORTS
1191 CALL INTXY (P,DWCPT (NCYCLE), DWCP (NEX), DA, DAN)
GOTO 1194
1192 DWQQ=DWCP (NEX) +DWCP (NEXE)
CALL INTXY(P,DWCPT (NCYCLE), DWQQ, DA, DAN)
GOTO 1194
1193 DWQQ=DWCP (NEX) +DWCP (NEXE) +DWCP (NEXEN)
CALL INTXY (P, DWCPT (NCYCLE), DWQQ, DA, DAN)
1194 DATOUT(I)=P
I=I+1
NSTORC (NCYCLE) =TI
IMl=I-1
CCANG (I)=CCANG(IM1)+5
IF (ALPHA-CCANG(I)) 1180,1190,1190
C
C SUBAPLARDAN GECEN TOPLAM KUTLENIN HESABI
C
1200 IF ((ALPHA-EVO(1l))~-(DZ*ZREF*REVENG)) 1210,1220,1220
1210 DZT=(ALPHA-EVO(1l))/(ZREF*REVENG)

GOTO 1230
1220 DZT=DZ
C
C EMME SUBAPINDA AKIS YONUNUN TAYINI
c
c

1230 IF (DWCIN(NCYCLE).GT.0.) GOTO 1250

EMME SUBAPINDAN DISARI AKIS HALI
(SILINDIRDEN EMME MANIFOLDUNA AKIS)

EGSOZ SUBAPINDA AKIS YONUNUN TAYINI

Qoo 0o00

GOTO (1234,1231,1234,1232,1234,1233), NOPORTS
1231 TIF (DWCP(NEX).GT.0) GOTO 1240

GOTO 1234

1232 IF (DWCP(NEXE).GT.0.OR.DWCP(NEX).GT.0) GOTO 1240
GOTO 1234

1233 1IF (DWCP(NEXEN).GT.0.OR.DWCP(NEXE) .GT.0.0OR.DWCP (NEX).GT.O0)
&GOTO 1240

1234 CONTINUE

C

C

C EMME SUBAPINDAN DISARI, EGSOZ SUBAPINDAN ICERI AKIS OLMASI
C

DWEAIR=WCAIR (NCYCLE) *DWCIN (NCYCLE) /WCYL (NCYCLE)

WCAIR (NCYCLE)=WCAIR(NCYCLE) +DWEAIR*DZT

GOTO 1270
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C

C EMME SUBAPINDAN DISARI, EGSOZ SUBAPINDAN DISARI AKIS OLMASI

C

1240 CONTINUE
GOTO (1244,1241,1244,1242,1244,1243), NOPORTS

1241 DWEAIR=(DWCIN (NCYCLE)-DWCP (NEX) ) *WCAIR(NCYCLE) /WCYL (NCYCLE)
GOTO 1244

1242 DWEAIR= (DWCIN (NCYCLE)-~DWCP (NEX)-DWCP (NEXE) ) *WCAIR (NCYCLE) /
&WCYL (NCYCLE)
GOTO 1244

1243 DWEAIR= (DWCIN (NCYCLE)-DWCP (NEX)-DWCP (NEXE) ~DWCP (NEXEN) ) *
&WCAIR(NCYCLE) /WCYL{NCYCLE)

1244 CONTINUE
WCAIR (NCYCLE)=WCAIR(NCYCLE) +DWEAIR*DZT
GOTO 1270

EMME SUBAPINDAN ICERI AKIS HALI
(EMME MANIFOLDUNDAN SILINDIRE AKIS)

EGSOZ SUBAPINDA AKIS YONUNUN TAYINI

QOO0

N
w
(e}

CONTINUE
GOTO (1254,1251,1254,1252,1254,1253), NOPORTS
1251 IF (DWCP(NEX).GT.0) GOTO 1260

GOTO 1254

1252 IF (DWCP(NEXE).GT.0.OR.DWCP(NEX).GT.0) GOTO 1260
GOTO 1254

1253 1IF (DWCP (NEXEN) .GT.0.OR.DWCP(NEXE).GT.0.OR.DWCP(NEX).GT.0)
&GOTO 1260

1254 CONTINUE

C

C

C EMME SUBAPINDAN ICERI, EGSOZ SUBAPINDAN ICERI AKIS OLMAST

C
DWEAIR=0.
WCAIR(NCYCLE)=WCAIR(NCYCLE) +DWCIN (NCYCLE) *DZT
WCIN(NCYCLE)=WCIN (NCYCLE) +DWCIN (NCYCLE) *DZT
GOTO 1270

C

C EMME SUBAPINDAN ICERI, EGSOZ SUBAPINDAN DISARI AKIS OLMAST

c

1260 CONTINUE
GOTO (1264,1261,1264,1262,1264,1263), NOPORTS

1261 DWEAIR=WCAIR(NCYCLE) *DWCP (NEX) /WCYL (NCYCLE)
GOTO 1264

1262 DWEAIR=WCAIR(NCYCLE) * (DWCP (NEX)+DWCP (NEXE) } /WCYL (NCYCLE)
GOTO 1264

1263 DWEAIR=WCAIR(NCYCLE) * (DWCP (NEX)+DWCP (NEXE) +DWCP (NEXEN) ) /
&WCYL (NCYCLE)

1264 CONTINUE
WCAIR (NCYCLE)=WCAIR (NCYCLE) + (DWCIN(NCYCLE) -DWEAIR) *DZT
WCIN (NCYCLE)=WCIN (NCYCLE) +DWCIN (NCYCLE) *DZT

C

C EGSOZ SUBAPINDAN GECEN TOPLAM KUTLENIN HESABI

C

1270 CONTINUE
GOTO (1274,1271,1274,1272,1274,1273), NOPORTS

1271 WCOUT (NCYCLE)=WCOQUT (NCYCLE) +DWCP (NEX) *DZT

GOTO 1274



1272

1273

1274
C
C IST
c

1280
C

C GUC
C YUZ
C

1290

1300
1310

C GAZ

1320
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WCOUT (NCYCLE) =WCOUT (NCYCLE) + (DWCP (NEX) +DWCP (NEXE) ) *DZT
GOTO 1274

WCOUT (NCYCLE) =WCOUT (NCYCLE) + (DWCP (NEX) +DWCP (NEXE) +
&DWCP (NEXEN) ) *DZT

CONTINUE

TRANSFERININ HESAPLANMASI

TC=GREF*TREF*AC (NCYCLE) *AC (NCYCLE) /GE

RHO=RC (NCYCLE) *PREF*100/ (0.287*TC)

WMOLS=RC (NCYCLE) *PREF*VCYL (NCYCLE) *VREF*100/(8.3143*TC)
WMASS=RHO*VCYL (NCYCLE) *VREF

IF (IPOWER.NE.O) GOTO 1280

WN({1)=0.79*WMOLS

WN (2)=0.21*WMOLS
WN (3)=0.
WN(4)=0.

GOTO 1330

IF (IMOLS.EQ.0) GOTO 1320

CEVRIMININ SONUNDA DOLGU BILESENLERININ AGIRLIK BAKIMINDAN
DELERININ HESAPLANMASI

WT=0.

DO 1290 I=1,4
WT=WT+WMW (I) *WN(I)

DO 1310 NPCNT=1,NCYLT

DO 1300 J=1,4

I=4* (NPCNT-1}+J

WPCNT (I)=WMW(J) *WN (J) /WT
CONTINUE

IMOLS=0

HAL DEGISIMI BOYUNCA BILESENLERIN MOL SAYILARININ HESABI

NCYC4=4*NCYCLE

NCYC4M1=4*NCYCLE-1

NCYC4M2=4*NCYCLE~2

NCYC4M3=4*NCYCLE-3

WN (1)=WREF* (0.77*WCAIR(NCYCLE) +WPCNT (NCYC4M3) *
& (WCYL (NCYCLE) ~-WCAIR(NCYCLE) ) ) /WMW (1)

WN (2) =WREF* (0.23*WCAIR(NCYCLE) +WPCNT (NCYC4M2) *

- & (WCYL (NCYCLE) -WCAIR (NCYCLE) ) ) /WMW (2)

C
C IsI
C
1330

1340

1350

WN (3) =WREF*WPCNT (NCYC4M1) * (WCYL (NCYCLE) -WCAIR (NCYCLE) ) /WMW (3)
WN (4) =WREF*WPCNT (NCYC4) * (WCYL (NCYCLE) ~-WCAIR(NCYCLE) ) /WMW (4)

TRANSFERI ICIN GEREKLI DATANIN HESAPLANMAST

CPT=0.

DO 1340 I=1,4

CPT=CPT+WN (I)* (COEFFA(I)+2*COEFFB(I)*TC+3*COEFFC(I)*TC*TC+
&4*COEFFD (1) *TC*TC*TC)
CPT=8.3143*CPT/WMASS

A=0.

B=0.

DO 1350 I=1,4
A=WN(I)*COEFFZ (1) *DSQRT (WMW(I))+A
B=WN (1) *DSQRT (WMW(I))+B
VISCTY=(A*TC**0.645}/B
CONDY=CPT*VISCTY/0.7
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REY=RHO*PVEL*DCYL*DREF/VISCTY
H= (ANNA*CONDY*REY **ANNB) / (DCYL*DREF)
DHEAT (NCYCLE) =SURF (NCYCLE) *H* (TWALL (NCYCLE) -TC) *
&VREF*1000/AREF
o
C GAZ HAL DEGISIMI BOYUNCA GERCEKLESEN TOPLAM ISI TRANSFERI
C
HEATG (NCYCLE) =HEATG (NCYCLE) +DHEAT (NCYCLE) *DZ*0.001
C .
C ENERJI DENGELEMESI, ENERJININ KORUNUMU VE BASINC DEGISIMININ
C HESAPLANMASI
C
GOTO (1354,1351,1354,1352,1354,1353), NOPORTS
1351 IF (NIN.EQ.0) THEN
AINO=APAIR
ELSE
CALL STAGNA (CLOUT (NIN),CLIN(NIN),AINO,GA)
END IF
GOTO 1354
1352 IF (NINI.EQ.0) THEN
AINO1=APAIR
ELSE
CALL STAGNA (CLOUT (NINI),CLIN(NINI),AINOl,GA)
END IF
GOTO 1354
1353 IF (NININ.EQ.O) THEN
AINO2=APAIR
ELSE
CALL STAGNA (CLOUT (NININ),CLIN(NININ),AINO2,GA)
END IF
1354 CONTINUE
1360 GOTO (1364,1361,1364,1362,1364,1363), NOPORTS
1361 CALL '
ENERGY (DWCIN (NCYCLE) , DWCP (NEX) , AINO, AC (NCYCLE) , RC (NCYCLE),
&DRC (NCYCLE) , DVCYL (NCYCLE) , VCYL (NCYCLE) , GE, GA, DHEAT (NCYCLE) ,
&AREF, GREF, WREF)
RETURN
1362 CALL
ENERGY1 (DWCINL (NCYCLE) , DWCIN2 (NCYCLE) , DWCP (NEX) , DWCP (NEXE) ,
&AINO, AINO1, AC (NCYCLE), RC (NCYCLE) , DRC (NCYCLE) , DVCYL (NCYCLE) ,
&VCYL (NCYCLE) , GE, GA, DHEAT (NCYCLE) , AREF, GREF, WREF)
RETURN
1363 CALIL ENERGY2 (DWCIN1 (NCYCLE), DWCIN2 (NCYCLE), DWCIN3 (NCYCLE),
&DWCP (NEX) , DWCP (NEXE) , DWCP (NEXEN) , AINO, AINO1, AINO2, AC (NCYCLE) ,
&RC (NCYCLE) , DRC (NCYCLE) , DVCYL (NCYCLE) , VCYL (NCYCLE) , GE, GA,
&DHEAT (NCYCLE) , AREF, GREF, WREF)
1364 CONTINUE
RETURN
END
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SUBROUTINE CYLNDR(JJJJ)

IMPLICIT REAL*8 (A-H,0-2)
COMMON/MF/AAATR, AAEXH, ALPHAT, ANGEND, ANGRES, ANREV,
&APAIR,APEXH, AREF,AVO(3),AVC(3),AAN(300),AP(300),
&APN (300),CYCLE, CLIN(300),CLOUT (300) , DALPHA,

&DANGRS, DREF, DZ, EREF, EVC (3) ,EVO (3), FREF, FPIPE (300) , EFEMEC,
&FPIPEN (300), IPOWER, IREV, GA, GE, GREF, IUNITL,
&IUNITP, TUNITT, IUNITK, IUNITW, IUNITQ, MINDT
COMMON/SMF1/MREST, NAAT, NCLT, NCYLT, NINLET, NJUNCT, NNOZZT, NP, NPA,
&NPE, NPT, NTURBT, PAIR, PBACK, PBAR, PBARAB, PEXH,

&PI, PREF, RBACK, REVENG, REVREF, RPAIR, RPEXH, RP (300),

&RPN (300), TAIR, TEXH, TREF, VREF, WREF, XREF, Z, ZREF
COMMON/CYL/ACSB, ALPHA, ALPHAE, ANNA, ANNB, ANNC, AC (24),
&ACB (24),ACF(24),ACN(24),ACR(24),ALPHAC (24) , ALPHEX (60),

&ALPHEXX (3, 60) ,ALPAIR(60),ALPAIRR(3,60),APCWF(24),CALVAL, CARBON,

&CDA, CDE, CR,COEFFA(4) ,COEFFB(4),COEFFC(4) ,COEFFD (4},

&COEFFE (4),COEFFZ (4),CRANK(24), DELTA, DCYL, DHEAT (24),
&DRC(24),DVCYL (24),DWCIN(24),DWCP(400),DWCYL (24)
COMMON/CYL1/FCYL, FPISTA, FPISTE, FAIR1 (60), FAIR2 (60}, FAIR3(60),
&FEXHI1 (60), FEXH2 (60) , FEXH3 (60), HEATG (24) , PURITY, PVEL, PCR(24),
&PCWF (24),PCYLT (24) ,PORTS (24) ,RC(24) ,RCN(24) ,RCR(24),SURF(24),

&TCR(24),TCYLT (24), TWALL (24),VALAIR, VALEXH,VCYL (24) ,WIDTHA, WIDTHE,

&WCAIR(24),WCIN(24), IPRT,MTYPE, NPCWF, NTAIR, NTEXH, NC (24),

&NENDE (24) , NENDI (24) ,NENDEE (24) , NENDII (24),NENDEEE (24) ,NENDIII (24)

120
450

500

COMMON/CYL2 /WCOUT (24) ,WCYL (24) ,WFUEL (24) ,WMW (4) , WPCNT (96) ,

&WN (4) , WORKGA (24) ,WORKGE (24) ,XCRA, XCRE, XSTA, XSTE,

&NCD (24) ,NSTORE (24) , NSTORC (24) , WCYLT (24) , DWCINT (24),

&DWCPT (24) ,DWCINL (24) ,DWCIN2(24) ,DWCIN3 (24)
COMMON/CY1/CCANG (1100) ,DATWC (1100),DATIN(1100), DATOUT (1100)
COMMON/CYCYC/WCYLR (24) ,DST,AINO,AINO1, AINO2, IMOLS, EXHPO, ATRPO
IF (NCYLT.EQ.O0) GOTO 1400
IF (JJJJ.EQ.1) GOTO 190
IF (JJJJ.EQ.2) GOTO 450
CALL CYLNI1(JJJJ, NOPORTS)

IF (JJJJ.EQ.0) GOTO 1400

CALL CYLN2 (NOPORTS)

DO 1390 NCYCLE=1,NCYLT

CALL CYLN3(NCYCLE,NIN, NEX,NINI,NEXE, NININ, NEXEN, NOPORTS)
IF (CRANK(NCYCLE).LE.O.) GOTO 520

CALL NOFLOW (CLOUT (NEX) ,CLIN(NEX),AAN (NEX), AP (NEX),RP(NEX),
&DWCP (NEX) , GE)

IF (NOPORTS.EQ.4) THEN

CALL

NOFLOW (CLOUT (NEXE) , CLIN (NEXE) , AAN (NEXE) , AP (NEXE) , RP (NEXE) ,

&DWCP (NEXE) , GE)

END IF

IF (NOPORTS.EQ.6) THEN
CALL

NOFLOW (CLOUT (NEXE) , CLIN(NEXE) , AAN (NEXE) , AP (NEXE) , RP (NEXE) ,

&DWCP (NEXE) , GE)

CALL NOFLOW (CLOUT (NEXEN) , CLIN (NEXEN) , AAN (NEXEN) , AP (NEXEN) ,
&RP (NEXEN) , DWCP (NEXEN) , GE)

END IF

IF (NIN.EQ.0) GOTO 510

CALL NOFLOW (CLOUT (NIN),CLIN(NIN),AAN(NIN),AP (NIN),RP(NIN),
&DWCP (NIN), GA)

IF (NOPORTS.EQ.4) THEN
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CALL
NOFLOW (CLOUT (NINI),CLIN(NINI),AAN(NINI), AP (NINI),RP(NINI}),
&DWCP (NINI) , GA)
END IF
IF (NOPORTS.EQ.6) THEN
CALL
NOFLOW (CLOUT (NINI) ,CLIN({(NINI),AAN(NINI),AP(NINI),RP(NINI),
&DWCP (NINI), GA)
CALL NOFLOW(CLOUT (NININ),CLIN(NININ),AAN(NININ),AP(NININ),
&RP (NININ) , DWCP (NININ) ,GA)

END IF
510 PORTS (NCYCLE) =0.
GOTO 1380
C
C SILINDIR KOSULLARININ TAYIN EDILMESI
C

520  RC(NCYCLE)=RC (NCYCLE) +DZ*DRC (NCYCLE)
WCYL (NCYCLE) =WCYL (NCYCLE) +DZ*DWCYL (NCYCLE)
c
C SILINDIR HACMININ VE HACIM DEGISIMININ HESAPLANMAST
C
DVCYLE=0.
DST=1.
IF (MTYPE.EQ.3) GOTO 530
CALL STROK (XST,DST,ALPHA, XSTA, XCRA, REVENG, ZREF)
XHTA=XST
CALL CYLVOL (FCYL,XST,XSTA, CR,DST, VCYL (NCYCLE) , DVCYL {NCYCLE) )
IF (MTYPE.NE.1l) GOTO 540
FPISTE=1.
GOTO 540
530  VCYL(NCYCLE)=XSTA*FCYL
DVCYL (NCYCLE) =0.
FPISTA=1.
FPISTE=1.
GOTO 560
540 IF (MTYPE.NE.2) GOTO 560
DST=1.
ALPHAE=ALPHA+DELTA
IF (ALPHAE.LT.180*CYCLE) GOTO 550
ALPHAE=ALPHAE-180*CYCLE
550  CALL STROK(XST,DST,ALPHAE,XSTE, XCRE, REVENG, ZREF)
XHTE=XST ‘
CALL CYLVOL (FCYL,XST, XSTE, CR, DST, VCYLE, DVCYLE)
VCYL (NCYCLE)=VCYL (NCYCLE) +VCYLE
DVCYL (NCYCLE) =DVCYL (NCYCLE) +DVCYLE
560 CALL SREA(SURF (NCYCLE),VCYL(NCYCLE), FCYL, DCYL, XREF, DREF,
§FPISTA, FPISTE, MTYPE)
C
C BOYUTSUZ SES HIZININ HESAPLANMASI
o

AC (NCYCLE) =DSQRT (GE*RC (NCYCLE) *VCYL (NCYCLE) / (WCYL (NCYCLE) *GREF) )
C
C SUBAPLARIN ACIK OLUP OLMADIGININ KONTROLU
C
NNPORTS=IDINT (0.5*NOPORTS)
IF (ALPHA.GE.AVC(NNPORTS)) GOTO 570
IF (ALPHA.LE.AVO(1l)) GOTO 570
AIR=10.
GOTO 580
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570 AIR=0.

580 IF (ALPHA.GE.EVC(NNPORTS)) GOTO 590
IF (ALPHA.LE.EVO(1l)) GOTO 590
EXH=10.

GOTO 600
590 EXH=0.
600 IF (ALPHA.LT.ACSB) GOTO 760
DALPHA=DZ*ZREF*REVENG
IF (ALPHA-ACSB.GT.DALPHA) GOTO 760
C
C SUBAPLAR ICIN AKIM DATASININ GEREKIP GEREKMEDIGININ KONTROLU
C
IF (NCD(NCYCLE).EQ.0) GOTO 650
C
C EGER AKISA AIT DATA GEREKLI ISE
C ,
WRITE(2,2010) NC(NCYCLE)

2010 FORMAT (/,1X, 'DOLGU DEGISIMINE AIT TOPLU SONUCLAR ',
&' SILINDIR NO :',12)
GOTO (610,620),IUNITW

610 WRITE (2,2020)

2020 FORMAT(/,1X, 'KUTLE AKIMI BIRIMI.......... [KG/S]', /,1X,
&'SILINDIR KUTLESI......v0evuven. [KG] ")
GOTO 630

620 WRITE (2,2030)

2030 FORMAT (/,1X, 'KUTLE AKIMI BIRIMI.......... [LB/S1',/, 1%,
&"STILINDIR KUTLEST.....vnveenennn., [LB1"')

630 WRITE (2,2040)

2040 FORMAT{(/,1X, 'KRANK SILINDIR KUTLE DEBISI',/, 1X,
&"ACISI KUTLESI EMME EGS0Z',/)

C1l=AREF*WREF/XREF
I1=NSTORE (NCYCLE)
I2=NSTORC (NCYCLE)

I3=12-1
DATWC (I1)=WCYLR (NCYCLE)
DATIN(I1)=0.

DATOUT (I1)=0.
CCANG (I1)=EVO (1)
DO 640 I=I1,I3
LTWO=2
DATWC (1) =DATWC (1) *WREF
CALL UNITW(IUNITW,LTWO, DATWC(I))
DATIN(I)=C1*DATIN(I)
CALL UNITW(IUNITW,LTWO,DATIN(I))
DATOUT (I)=C1*DATOUT (I)
CALL UNITW(IUNITW,LTWO,DATOUT (I))
640 CONTINUE
WRITE (2,2050) (CCANG(I),DATWC(I),DATIN(I),DATOUT(I),
&I=I1,13)
2050 FORMAT(F6.1,F15.8,2F13.8)
WRITE(23,23000) (CCANG(I),DATWC(I),DATIN(I),DATOUT(I),I=I1,1I3)
23000 FORMAT (F6.1,F15.8,2F13.8)
NSTORC (NCYCLE) =NSTORE (NCYCLE)

c
C TOPLAM KUTLE AKISININ YAZILMASI

C

650 WRITE(2,2060) NC(NCYCLE)

2060 FORMAT (/,1X, "SILINDIR NUMARAST .. vt ev vt enenneenneennnenns 11, I3,

&//,1%X, '"KUTLE DEGISIMINE AIT TOPLU BILGILER')
WCI=WCIN (NCYCLE) *WREF*2*REVENG*REVREF/CYCLE
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LTWO=2

CALL UNITW(IUNITW,LTWO,WCI)
IF (IUNITW.EQ.Z2) GOTO 660
WRITE (2,2070) WCI

2070 FORMAT (1X, "EMILEN HAVA DEBISI ... vt inrerneennnnnn (KG/S)
&F11.6)
GOTO 670

660 WRITE (2,2080) WCI

2080 FORMAT (1X, "EMILEN HAVA DEBISI..' vt erenenennnnnnn (LB/S)
&F11.6)

670 WCO=WCOUT (NCYCLE) *WREF*2*REVENG*REVREF/CYCLE
LTWO=2

CALL UNITW(IUNITW,LTWO,WCO)
IF (IUNITW.EQ.2) GOTO 680
WRITE (2,2090) WCO

2090 FORMAT (1X, 'ATILAN EGSOZ KUTLE DEBISI............. (KG/S)
&F11.6)
GOTO 690

680 WRITE (2,2100) WCO

2100 FORMAT (1X, 'ATILAN EGSOZ KUTLE DEBISI............. (LB/S)
&F11.6) ‘

690 WCA=WCAIR (NCYCLE) *WREF
LTWO=2

CALL UNITW(IUNITW,LTWO,WCA)
IF (IUNITW.EQ.2) GOTO 700
WRITE(2,2110) WCA

2110 FORMAT (1X, 'SILINDIRDE ALIKONULAN TOPLAM KUTLE...... (KG)
&F11.6)
GOTO 710

700 WRITE(2,2120) WCA

2120 FORMAT (1X, 'SILINDIRDE ALIKONULAN TOPLAM KUTLE...... (LB)
&F11.6)

710 SCAVR=WCIN (NCYCLE) *WREF/ ( (PAIR*100000*VCYL (NCYCLE) *VREF)
&(287.,1*TAIR))
WRITE (2,2130) SCAVR

2130 FORMAT (1X, 'SUPURME

CHEFFY=WCAIR (NCYCLE) *100/WCYL (NCYCLE)

CEFFYI=WCAIR (NCYCLE) *WREF*100/ ( (PAIR*100000*VCYL (NCYCLE) *VREF)

& (287.1*TAIR))

VEFEFYI=CEFFYI*VCYL (NCYCLE)/ ( (XSTA+XSTE) *FCYL)

WRITE (2,2140) CHEFFY

WRITE(2,2150) CEFFYI

WRITE(2,2160) VEFFYI
2140 FORMAT (1X, 'GUC CEVRIMI BASLANGIC KOSULLARINA BAGLI
OLARAK', /, 1X,

&'DOLDURMA VERIMI..... ittt renensanns =',F11.6)
2150 FORMAT (1X, 'GUC CEVRIMI VE EMME KOSULLARINA BAGLT
OLARAK', /, 1X,

&'DOLDURMA VERIMI......uviir e eentenonncesns =',F11.6)
2160 FORMAT (1X, 'SUPURME HACMI VE EMME KOSULLARINA BAGLI
OLARAK', /, 1X,

&'DOLDURMA VERIMI. ..., .ttt inetienannesns =',F11.6)
C
C BIR SONRAKI CEVRIM VE ZAMAN ADIMI ICIN PARAMETRELERIN
C OLUSTURULMASI
C

WCIN{NCYCLE)=0.

WCOUT (NCYCLE) =0.

[}

/

/
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WCAIR (NCYCLE)=0.
C GUC CEVRIMI BASLANGICINDAKI BASINC VE SICAKLIGIN HESAPLANMASI

N=NCYCLE
PCYLT (N)=PREF* (RC(N) - {RC (N) ~RCN(N) ) * (ALPHA~ACSR) /DALPHA)
ACT=AC (N}~ (AC(N)~ACN(N) ) * (ALPHA~ACSB) /DALPHA
TCYLT (N) =GREF*TREF*ACT*ACT/GE
IF (IPOWER.EQ.O0) GOTO 720
IMOLS=100
CALL POWER {NCYCLE)
720 RCR (NCYCLE) =PCR (NCYCLE) /PREF
ACR (NCYCLE) =DSQRT (GE*TCR (NCYCLE) / (GREF*TREF) )
DST=1.
IF (MTYPE.EQ.3) GOTO 730
CALL STROK(XST,DST,EVO(1),XSTA,XCRA, REVENG, ZREF)
CALL CYLVOL(FCYL,XST,XSTA,CR,DST, VCYL (NCYCLE) , DVCYL (NCYCLE) )
GOTO 740
730 VCYL (NCYCLE) =XSTA*FCYL
DVCYL (NCYCLE) =0.
GOTO 750
740 IF (MTYPE.NE.2) GOTO 750
DST=1,
EVODELTA=EVO (1) +DELTA
CALL STROK(XST,DST, EVODELTA, XSTE, XCRE, REVENG, ZREF)
CALL CYLVOL({FCYL,XST,XSTE,CR, DST, VCYLE, DVCYLE)
DVCYL (NCYCLE) =DVCYL (NCYCLE) +DVCYLE
VCYL (NCYCLE) =VCYL (NCYCLE) +VCYLE
750 WCYL (NCYCLE ) =GE*RCR (NCYCLE) *VCYL (NCYCLE) / (ACR (NCYCLE) *
&ACR (NCYCLE) *GREF')
WORKGE (NCYCLE) =0.
WORKGA (NCYCLE) =0.
HEATG (NCYCLE) =0.

C
C CIKAN KUTLENIN HESAPLANMAST
C
WCYLR (NCYCLE) =WCYL (NCYCLE)
C

C EMME VE EGSOZ SUBAPLARININ HER IKISININ DE KAPALI OLUP
C OLMADIGININ KONTROL EDILMEST
c
760 IF (EXH.NE.O.) GOTO 770
IF (AIR.NE.O.) GOTO 770
GOTO 500
c
C GAZ HAL DEGISIMI ESNASINDA ACIGA CIKAN ISIN HESAPLANMASI
C
770 WORKGA (NCYCLE ) =WORKGA (NCYCLE) +0 . 5*PREF*VREF*
& (RC (NCYCLE) +RCN (NCYCLE) ) * (DVCYL (NCYCLE) -DVCYLE) *DZ2*100
WORKGE {NCYCLE ) =WORKGE (NCYCLE) +0.5* PREF*VREF*
& (RC (NCYCLE) +RCN (NCYCLE) ) *DVCYLE*DZ*100
C
C SUBAPLARDAN GECEN KUTLENIN HESAPLANMASI
C
PORTS (NCYCLE)=100.
IF (EXH.GT.0.) GOTO 780
CALL NOFLOW (CLOUT (NEX) , CLIN(NEX), AAN (NEX), AP (NEX), RP (NEX),
&DWCP (NEX) , GE)
GOTO 860
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C EGSOZ SUBAPININ ACIK OLMAST HALT
C
780 CLSTAR1=CLIN (NEX) / (AAN (NEX) *RC (NCYCLE) ** ( (GE-1) / (2*GE)))
IF (CLSTAR1.NE.1.) GOTO 790
CALL NOFLOW{CLOUT (NEX), CLIN(NEX) ,AAN (NEX),6 AP (NEX), RP(NEX),
&DWCP (NEX) , GE)
GOTO 860
790 IF (VALEXH.NE.O.) GOTO 810
IF (MTYPE.EQ.Z2) GOTO 800
XHTE=XHTA
800 FEXHV=WIDTHE*PI*DCYL* (XHTE-EXHPO)
FEXHV=FEXHV*DREF*XREF/FREF
GOTO 820
810 MARK=0
KONE=1
CALL INTERP (ALPHEXX, FEXH1,NTEXH, ALPHA, FEXHV, MARK, KONE)
820 PSI=CDE*FEXHV/FPIPE (NEX)
IF (PSI.LE.1.) GOTO 830
PSI=1.
830 IF (CLSTAR1.GT.1.) GOTO 840
CALL VALVE(CLIN(NEX),CLOUT (NEX) , AAN(NEX), PSI,AC (NCYCLE),
&RC(NCYCLE) , AP (NEX) ,RP (NEX) , GE)
GOTO 850
840 LZERO=0
NZERO=1
CALL
ORIFIC(CLIN (NEX), CLOUT (NEX), AAN(NEX), PSI, LZERO, NZERO, AP (NEX),
&RP (NEX) , RC(NCYCLE) , GE, ANOZZ, SONK)

C

C EGS0Z OLARAK ATILAN KUTLENIN HESAPLANMAST

C

850 CALL MASPIP(CLIN(NEX), CLOUT (NEX),AAN (NEX), FPIPE (NEX), GE, GREF,

&DWCP (NEX) )
DWCP (NEX) =-DWCP (NEX)
860 CONTINUE
IF (NOPORTS.GE.4) THEN
IF (EXH.GT.0.) GOTO 870
CALL
NOFLOW (CLOUT (NEXE) , CLIN (NEXE) , AAN (NEXE) , AP (NEXE) , RP (NEXE} ,
&DWCP (NEXE) , GE)

GOTO 950
C
C EGSOZ SUBAPININ ACIK OLMASI HALT
Cc

870  CLSTAR2=CLIN(NEXE)/ (AAN (NEXE) *RC (NCYCLE) ** ( (GE~1)/ (2*GE)))
IF (CLSTAR2.NE.1l.) GOTO 880
CALL
NOFLOW (CLOUT (NEXE) , CLIN (NEXE) , AAN (NEXE) , AP (NEXE) , RP (NEXE),
&DWCP (NEXE) , GE)
GOTO 950
880 IF (VALEXH.NE.O.) GOTO 900
IF (MTYPE.EQ.2) GOTO 890
XHTE=XHTA
890 FEXHV=WIDTHE*PI*DCYL* (XHTE-EXHPO)
FEXHV=FEXHV*DREF*XREF/FREF
GOTO 910
9500  MARK=0
KTWO=2
CALL INTERP (ALPHEXX, FEXH2,NTEXH, ALPHA, FEXHV, MARK, KTWO)
910 PSI=CDE*FEXHV/FPIPE (NEXE)
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IF (PSI.LE.1.) GOTO 920
PSI=1.
920 IF (CLSTAR2.GT.1l.) GOTO 930
CALL VALVE (CLIN(NEXE),CLOUT (NEXE), AAN(NEXE), PSI,AC(NCYCLE),
&RC (NCYCLE) , AP (NEXE) , RP (NEXE) , GE)
GOTO 940
930 LZERO=0
NZERO=1 ,
CALL ORIFIC(CLIN(NEXE),CLOUT (NEXE),AAN(NEXE), PSI,LZERO,NZERO,
&AP (NEXE) , RP (NEXE) , RC(NCYCLE) , GE, ANOZZ, SONK)

C
C EGSOZ OLARAK DISARI ATILAN KUTLENIN HESAPLANMASI
C
940 CALL
MASPIP (CLIN(NEXE),CLOUT (NEXE) , AAN (NEXE) , FPIPE (NEXE) , GE, GREF,

&DWCP (NEXE) )

DWCP (NEXE) =-DWCP (NEXE)
950 CONTINUE

END IF

IF (NOPCRTS.EQ.6) THEN

IF (EXH.GT.0.) GOTO 951

CALL NOFLOW (CLOUT (NEXEN) , CLIN (NEXEN) , AAN (NEXEN) , AP (NEXEN),

&RP (NEXEN) , DWCP (NEXEN) , GE)

GOTO 959
C
C EGZ0S SUBAPININ ACIK OLMASI HALI
C

951 CLSTAR3=CLIN (NEXEN) / (BAN (NEXEN) *RC(NCYCLE) ** ( (GE~1) / (2*GE) ))
IF (CLSTAR3.NE.1.) GOTO 952
CALL NOFLOW (CLOUT (NEXEN) , CLIN (NEXEN) , AAN (NEXEN) , AP (NEXEN) ,
&RP (NEXEN) , DWCP (NEXEN) , GE)
GOTO 959
952 IF (VALEXH.NE.O.) GOTO 954
IF (MTYPE.EQ.2) GOTO 953
XHTE=XHTA '
953 FEXHV=WIDTHE*PI*DCYL* (XHTE~EXHPO)
FEXHV=FEXHV*DREF*XREF/FREF
GOTO 955
954 MARK=0
KTHREE=3
CALL INTERP (ALPHEXX, FEXH3, NTEXH,ALPHA, FEXHV, MARK, KTHREE)
955 PSI=CDE*FEXHV/FPIPE (NEXEN)
IF (PSI.LE.1.) GOTO 956
PSI=1.
956 IF (CLSTAR3.GT.1l.) GOTO 957
CALL VALVE (CLIN(NEXEN), CLOUT (NEXEN), AAN (NEXEN), PSI,AC(NCYCLE),
&RC (NCYCLE) , AP (NEXEN) , RP (NEXEN) , GE)
GOTO 958
957 LZERO=0
NZERO=1
CALL
ORIFIC(CLIN (NEXEN),CLOUT (NEXEN),AAN (NEXEN), PSI, LZERO, NZERO,
&AP (NEXEN) , RP (NEXEN) , RC (NCYCLE) , GE, ANOZZ, SONK)
C
C EGZOS OLARAK ATILAN KUTLENIN HESAPLANMASI
C
958 CALL MASPIP(CLIN(NEXEN),CLOUT (NEXEN), AAN (NEXEN), FPIPE (NEXEN),
&GE, GREF, DWCP (NEXEN) )
DWCP (NEXEN) =—DWCP (NEXEN)
959  CONTINUE
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END IF
C
C EMME SUBAPLARININ KONTROL EDILMEST
C

IF (AIR.GT.0.) GOTO 970
IF (NIN.EQ.O) GOTO 960
CALL NOFLOW(CLOUT (NIN),CLIN(NIN), AAN(NIN),AP(NIN),RP(NIN),
&DWCP (NIN) ,GA)
960 DWCINI1 (NCYCLE)=0.

GOTO 1060
C
C EMME SUBAPLARININ ACIK OLMASI HALI
C

970 IF (VALAIR.NE.O.) GOTO 980
FAIRV=WIDTHA*PI*DCYL* (XHTA-AIRPO)
FAIRV=FAIRV*DREF*XREF/FREF
GOTO 990
980  MARK=0
KONE=1
CALL INTERP (ALPAIRR, FAIR1,NTAIR,ALPHA, FAIRV,MARK, KONE)
990 IF (NIN.EQ.0) GOTO 1030
PSI=CDA*FAIRV/FPIPE (NIN)
IF (PSI.LE.1.) GOTO-1000
PSI=1.
1000 CONTINUE
CLSTAR4=CLIN (NIN) / (AAN (NIN) *RC (NCYCLE) ** ( (GA-1) / (2*GA) ) )
IF (CLSTAR4.NE.1.) GOTO 1010
CALL NOFLOW (CLOUT (NIN), CLIN(NIN),AAN(NIN),AP (NIN),RP(NIN),
&DWCP (NIN), GA)
DWCINI (NCYCLE)=DWCP (NIN)
GOTO 1060
1010 IF (CLSTAR4.GT.1.) GOTO 1020
CALL VALVE (CLIN(NIN),CLOUT (NIN),AAN (NIN),PSI,AC(NCYCLE),
&RC (NCYCLE) , AP (NIN),RP (NIN), GE)
GOTO 1050
1020 LZERO=0
NZERO=1
CALL
ORIFIC (CLIN(NIN), CLOUT (NIN),AAN(NIN),PSI,LZERO, NZERO, AP (NIN),
&RP (NIN), RC (NCYCLE) , GA, ANOZZ, SONK)

GOTO 1050
1030 FAIRV=CDA*FAIRV
C
C EMILEN KUTLENIN HESAPLANMAST
C
IF (RPATIR.LT.RC(NCYCLE)) GOTO 1040
CALL :
MASSFL (FAIRV, RPAIR, RC(NCYCLE) ,APAIR, GREF,GA, DWCIN1 (NCYCLE) )
GOTO 10690

1040 CALL MASSFL(FAIRV,RC(NCYCLE),RPAIR,AC(NCYCLE),GREF,
&GE, DWCIN1 (NCYCLE) )
DWCINI (NCYCLE)=-DWCINI1 (NCYCLE)
GOTO 1060
1050 CALL MASPIP(CLIN(NIN),CLOUT(NIN),AAN(NIN),FPIPE(NIN),GA,GREF,
&DWCP (NIN) )
DWCINI1 (NCYCLE)=DWCP (NIN)
1060 CONTINUE
IF (NOPORTS.GE.4) THEN
IF (AIR.GT.0.) GOTO 1080
IF (NINI.EQ.O) GOTO 1070



114

CALL

NOFLOW (CLOUT (NINI) ,CLIN(NINTI),AAN(NINI),AP(NINI),RP(NINI),
&DWCP (NINI), GA)

1070 DWCINZ(NCYCLE)=0.

GOTO 1170
C
C EMME SUBAPLARININ ACIK OLMASI HALI
C

1080 IF (VALAIR.NE.O.) GOTO 1090
FAIRV=WIDTHA*PI*DCYL* (XHTA-AIRPO)
FAIRV=FAIRV*DREF*XREF/FREF
GOTO 1100
1090 MARK=0
KTWO=2
CALL INTERP (ALPAIRR,FAIR2,NTAIR,ALPHA, FAIRV,MARK, KTWO)
1100 IF (NINI.EQ.0) GOTO 1140
PSI=CDA*FAIRV/FPIPE (NINI)
IF (PSI.LE.1.) GOTO 1110
PSI=1.
1110 CONTINUE
CLSTARS5=CLIN (NINI)/ (AAN (NINI)*RC(NCYCLE) ** ( (GA-1)/ (2*GA)))
IF (CLSTAR5.NE.1.) GOTO 1120
CALL
NOFLOW (CLOUT (NINI), CLIN(NINI),AAN(NINI),AP(NINI),RP(NINI),
&DWCP (NINI), GA)
DWCIN2 (NCYCLE)=DWCP (NINI)
GOTO 1170
1120 IF (CLSTAR5.GT.1.) GOTO 1130
CALL VALVE (CLIN(NINI),CLOUT (NINI),AAN (NINI),PSI,AC(NCYCLE),
&RC (NCYCLE) , AP (NINI),RP(NINI), GE)
GOTO 1160
1130 LZERO=0
NZERO=1
CALL ORIFIC(CLIN(NINI),CLOUT(NINI),AAN(NINI),PSI,LZERO,NZERO,
&AP (NINI),RP(NINI),RC (NCYCLE),GA, ANOZZ, SONK)

GOTO 1160
1140 FAIRV=CDA*FAIRV
C
C EMILEN KUTLENIN HESAPLANMASI
C
IF (RPAIR.LT.RC(NCYCLE)) GOTO 1150
CALL
MASSFL(FAIRV,RPAIR,RC(NCYCLE)}, APAIR, GREF, GA, DWCINZ (NCYCLE) )
GOTO 1170

1150 CALL MASSFL(FAIRV,RC(NCYCLE),RPAIR,AC (NCYCLE), GREF,GE,
&DWCIN2 (NCYCLE) )
DWCIN2 (NCYCLE)=-DWCIN2 (NCYCLE)
GOTO 1170
1160 CALL
MASPIP (CLIN(NINI),CLOUT (NINI),AAN(NINI),FPIPE(NINI), GA, GREF,
&DWCP (NINI))
DWCIN2 (NCYCLE)=DWCP (NINI)
1170 CONTINUE
END IF
IF (NOPORTS.EQ.6) THEN
IF (AIR.GT.0.) GOTO 10801
IF (NININ.EQ.Q) GOTO 10701
CALL NOFLOW (CLOUT (NININ),CLIN(NININ),AAN(NININ),AP(NININ),
&RP (NININ), DWCP (NININ), GA)
10701 DWCIN3 (NCYCLE)=0.
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GOTO 11701
C
C EMME SUBAPLARININ ACIK OLMASI HALI
C

10801 IF (VALAIR.NE.O.) GOTO 10901
FAIRV=WIDTHA*PI*DCYL* (XHTA-AIRPO)
FAIRV=FAIRV*DREF*XREF/FREF
GOTO 11001
10901 MARK=0
KTHREE=3
CALL INTERP (ALPAIRR, FAIR3,NTAIR,ALPHA,FAIRV,MARK, KTHREE)
11001 IF (NININ.EQ.O) GOTO 11401
PSI=CDA*FAIRV/FPIPE (NININ)
IF (PSI.LE.1.) GOTO 11101
PSI=1.
11101 CONTINUE
CLSTARG6=CLIN (NININ) / (AAN (NININ) *RC(NCYCLE) ** ( (GA~1)/
&(2*GA)))
IF (CLSTAR6.NE.1l.) GOTO 11201
CALL NOFLOW (CLOUT (NININ),CLIN(NININ),AAN(NININ), AP (NININ),
&RP (NININ) , DWCP (NININ) , GA)
DWCINZ (NCYCLE)=DWCP (NININ)
GOTO 11701
11201 IF (CLSTAR6.GT.1.) GOTO 11301
CALL VALVE (CLIN(NININ),CLOUT(NININ),AAN(NININ), PSI,AC(NCYCLE),
&RC (NCYCLE) , AP (NININ) ,RP(NININ), GE)
GOTO 11601
11301 LZERO=0
NZERO=1
CALL
ORIFIC (CLIN(NININ),CLOUT (NININ),AAN(NININ),PSI,LZERO,NZERO,
&AP (NININ),RP(NININ),RC(NCYCLE),GA, ANOZZ, SONK)

GOTO 11601
11401 FAIRV=CDA*FAIRV
C
C EMILEN KUTLENIN HESAPLANMAST
Cc
IF (RPAIR.LT.RC(NCYCLE)) GOTO 11501
CALL
MASSFL (FAIRV, RPAIR, RC (NCYCLE) ,APAIR, GREF, GA, DWNCIN3 (NCYCLE) )
GOTO 11701

11501 CALL MASSFL(FAIRV,RC(NCYCLE),RPAIR,AC(NCYCLE), GREF, GE,

&DWCIN3 (NCYCLE) )

DWCIN3 (NCYCLE)=-DWCIN3 (NCYCLE)

GOTO 11701
11601 CALL
MASPIP(CLIN (NININ),CLOUT (NININ),AAN (NININ),FPIPE(NININ}, GA,

&GREF, DWCP (NININ) )

DWCIN3 (NCYCLE)=DWCP (NININ)
11701 CONTINUE

END IF
C
C KUTLE DENGELEMESI, KUTLENIN KORUNUMU ILKESI
C

CALL CYLN4 (NCYCLE,NIN, NEX,NINI,NEXE, NININ, NEXEN, NOPORTS)
1380 IF (PORTS(NCYCLE).NE.O.) GOTO 1390

RC (NCYCLE) =RCR (NCYCLE)

AC (NCYCLE) =ACR (NCYCLE)

DRC(NCYCLE)}=0.

DWCYL (NCYCLE) =0.
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DWCIN (NCYCLE)=
DWCIN1 (NCYCLE)
DWCIN2 (NCYCLE)
DWCIN3 (NCYCLE)=
CONTINUE

RETURN

END

0.

I

0.
0.
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SUBROUTINE CYLVOL (FCYLG, XSTROK, STROKE, CRR, DSTROK, VCYLG, DVCYLG)
IMPLICIT REAL*8 (A-H,0-2Z)

VCYLG=FCYLG* (XSTROK+STROKE/ (CRR-1) )

DVCYLG=FCYLG*DSTROK

RETURN

END
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SUBROUTINE ENERGY (FLOIN, FLOUT,AIN, ACC, RCG, DRCG, DVC, VC, GC, GI,
&DQCG, A, G, W)

IMPLICIT REAL*8 (A-H,0-Z2)

GIN=GI

IF (FLOIN.GT.O0.) GOTO 10

AIN=ACC

GIN=GC

EIN=FLOIN*AIN*AIN/ (GIN-1)
EQUT=FLOUT*ACC*ACC/ (GC~1)

EHEAT=DQCG/ (W*A*A)

EVOL=GC*RCG*DVC/VC
DRCG=(GC-1) /VC*G* (EIN-EOUT+EHEAT) -EVOL
RETURN

END
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SUBROUTINE ENERGY1 (FLOIN1, FLOIN2, FLOUT1,FLOUT2,AIN1,AIN2,ACC,
&RCG, DRCG, DVC, VC, GC, GI, DQCG, A, G, W)

IMPLICIT REAL*8(A-H,0-2)

GIN=GI

IF (FLOIN1.GT.0.OR.FLOIN2.GT.0) GOTO 10

AIN1=ACC

AIN2=ACC

GIN=GC

‘EIN1=FLOIN1*AIN1*AINl/(GIN-1)
EIN2=FLOIN2*AIN2*AIN2/ (GIN-1)
EOUT1=FLOUT1*ACC*ACC/ (GC-1)
EQUT2=FLOUT2*ACC*ACC/ (GC-1)

EHEAT=DQCG/ (W*A*A)

EVOL=GC*RCG*DVC/VC

DRCG={(GC-1) /VC*G* (EIN1+EIN2-EOUT1-EOQOUT2+EHEAT) -EVOL
RETURN

END
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SUBROUTINE ENERGY2 (FLOIN1, FLOINZ, FLOIN3, FLOUT1, FLOUTZ2,
&FLOUT3,AIN1,AIN2,AIN3, ACC, RCG, DRCG, DVC, VC, GC, G1, DQCG,
&7, G, W)

IMPLICIT REAL*8 (A~H,0-2Z)

GIN=G1

IF (FLOIN1.GT.0.OR.FLOIN2.GT.0.OR.FLOIN3.GT.0) GOTO 10
AIN1=ACC
AIN2=ACC
AIN3=ACC

GIN=GC

EIN1=FLOIN1*AINI1*AIN1/ (GIN-1)

EIN2=FLOIN2*AIN2*AIN2/ (GIN-1)

EIN3=FLOIN3*AIN3*AIN3/ (GIN-1)

EQUT1=FLOUT1*ACC*ACC/ (GC-1)

EQUT2=FLOUT2*ACC*ACC/ (GC-1)

EQUT3=FLOUT3*ACC*ACC/ (GC~1)

EHEAT=DQCG/ (W*A*A)

EVOL=GC*RCG*DVC/VC

DRCG= (GC-1) /VC*G* (EINI+EIN2+EIN3-EQUT1-EOUT2-EOQUT3+EHEAT) -
&EVOL

RETURN

END
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SUBROUTINE ETURB(E,CCLIN,CCLOUT,CCAA, G,CTSS, AR, RB)
IMPLICIT REAL*8(A-H,0-Z)
CLAA=CCAA*RB** { (G-1)/ (2*G))

A=0.5* (CCLIN+CCLOUT)

U= (CCLIN-CCLOUT) / (G-1)

E= (A*A-CLAA*CLAA) / (G~1)+0.5*U*U

CTSsS=0.

IF (E.GT.0.) CISS=AR*DSQRT (2*E)

RETURN

END
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SUBROUTINE JUNCTN(JJJJ)

IMPLICIT REAL*8 (A-H,O0-Z)

DIMENSION CAAN({300),CSTAR(300),U(300)
COMMON/MF/ARAIR, AAEXH, ALPHAT, ANGEND, ANGRES, ANREV,

&APAIR, APEXH,AREF,AVO(3) ,AVC(3),AAN(300),AP(300),

&APN (300),CYCLE, CLIN(300),CLOUT (300), DALPHA,
&DANGRS, DREF, DZ, EREF, EVC (3) ,EVO(3), FREF, FPIPE (300) , EFFMEC,
&FPIPEN (300), IPOWER, IREV, GA, GE, GREF, IUNITL,
&IUNITP, IUNITT, IUNITK, IUNITW, TUNITQ, MINDT
COMMON/SMF1/MREST, NAAT, NCLT, NCYLT, NINLET, NJUNCT, NNOZZT, NP, NPA,
&NPE, NPT, NTURBT, PAIR, PBACK, PBAR, PBARAB, PEXH,

&PI, PREF, RBACK, REVENG, REVREF, RPAIR, RPEXH, RP (300),
&RPN(300), TAIR, TEXH, TREF, VREF, WREF, XREF, Z, ZREF
COMMON/JUN/NENDA (50) , NENDB (50) , NENDC (50) , NENDD (50) , NENDF (50},

&NJOIN (50)
C
C MODELLEMEDE KAVSAK OLUP OLMADIGININ KONTROL EDLIMEST
C
IF (NJUNCT.EQ.0) GOTO 150
IF (JJJJj.EQ.1l) GOTO 10
C
C ALT PROGRAMA AIT DATANIN OKUTULMASI ICIN ILK GIRIS
C
C
IF (JJJJ.eEQ.2) GOTO 10
C
C
C KAVSAK BAGLANTILARI DATASININ OKUTULMAST
C

READ (1, *) {(NJOIN(N), NENDA(N),NENDB (N) , NENDC (N) , NENDD(N) ,
&N=1, NJUNCT)
WRITE (3,3000) (NJOIN(N), NENDA (N),NENDB (N) , NENDC (N) , NENDD (N) ,
&N=1, NJUNCT)

3000 FORMAT(I3,4I5)
IF (JJ3JJ.EQ.0) GOTO 150

10 DO 140 NJ=1,NJUNCT
C
C BORU SONLARININ TESBITI, BORULARIN KAVSAGA BAGLANIP
C BAGLANMADIGININ KONTROLU VE BORU KESIT ALANININ,
C (AA) DEGISKENININ, RIEMANN DEGISKENININ (LAMBDA STAR)
C HESAPLANMASI
C
I=NENDA (NJ)
J=NENDB (NJ)
K=NENDC (NJ)
L=NENDD (NJ)
G=GE
IF (I.LE.2*(NPT-NPA)) GOTO 20
G=GA
20 IF (NJOIN(NJ).NE.1) GOTO 30
C
C KAPALI BORU SONU
C

APN(I)=AP(I)
RPN (I)=RP(I)
CLOUT (I)=CLIN(I)
AP (I)=CLIN(I)
RP(I)=(AP(I)/AAN(I))**(2*G/(G-1))
GOTO 140

30 IF (NJOIN(NJ).NE.2) GOTO 50
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C
C KAVSAKTA IKI BORU BIRLESIYOR ISE KONTROLU
Cc
C ‘.
IF (DABS(FPIPE(I)-FPIPE(J)).GT.0.0001) GOTO 50
C
C
C KAVSAK SINIR KOSULU ICIN DEGISKENLERIN ESITLENMESI
C
C
APN(I)=AP(I)
APN(J)=AP(J)
RPN (I)=RP(I)

RPN (J) =RP (J)
H=(CLIN(I)+CLIN(J))* (AAN (I)-AAN(J)}/ (AAN(I)+AAN(J))
B=CLIN(I)-CLIN{(J)-H

AKIS YONUNUN KONTROLU

[oNeNeNe!

IF (B.GT.0.) GOTO 40

NEGATIF (TERS) YONDE AKIS HALI

QOO0

AAN (I)=AAN(J)
CLOUT (I)=CLIN(J)
CLIN(I)=CLIN(I)-H
CLOUT (J)=CLIN(I)

GOTO 130
C
C POZITIF YONDE AKIS HALI
C

40 AAN (J)=AAN(I)
CLOUT (J)=CLIN(I)
CLIN(J)=CLIN(J)+H
CLOUT (J) =CLIN (J)
GOTO 130

50 FPIPEN(1)=FPIPE(I)
FPIPEN(2)=FPIPE (J)
CSTAR(1)=CLIN(I)/AAN(I)
CSTAR (2)=CLIN(J) /AAN(J)
CAAN (1)=AAN(I)
CAAN (2)=AAN(J)
APN(I)=AP(I)
APN (J)=AP (J)
RPN (I)=RP(I)
RPN (J)=RP (J)
IF (NJOIN(NJ).EQ.2) GOTO 60
FPIPEN (3)=FPIPE (K)
CSTAR (3)=CLIN (K) /AAN(K)
CAAN (3)=AAN (K) ‘
APN (K)=AP(K)
RPN (K)=RP (K)
IF (NJOIN(NJ).EQ.3) GOTO 60
FPIPEN (4)=FPIPE (L)
CSTAR (4)=CLIN(L) /AAN(L)
CAAN (4)=AAN (L)
APN({L)=AP (L)
RPN (L)=RP (L)
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(AA) VE (LAMBDA STAR) DEGISKENLERINE AIT ILK DEGERLERIN
SAKLANMASI

[LEONONONe!

0 NN=NJOIN (NJ)
DO 70 N=1,NN
NP5=N+5
CSTAR (NP5)=CSTAR (N)
70 CAAN (NP5)=CAAN (N)

F=-100.
C
C KAVSAK ICIN BASINC DAGILIMININ BELIRLENMESI
C
80 A=0.
C=0.

DO 90 N=1,NN ,
A=RA+CSTAR (N) *FPIPEN(N) /CAAN (N)
90 C=C+FPIPEN(N) /CAAN(N)
ASTAR=A/C
A=0.
Cc=0.
D=0.
C
C BORU ICINDEKI ZERRECIKLERIN ANTROPILERININ HESAPLANMAST
C
DO 100 N=1,NN
NP5=N+5
U(N)=CSTAR (N) -ASTAR
IF (U(N).LT.0.) GOTO 100
C=C+U (N) *CAAN (NPL) *FPIPEN (N)
D=D+U (N) *FPIPEN (N)
100 CONTINUE
IF (DABS(D).LT.0.00001) GOTO 120

C
C KAVSAKTAN GECEN ZERRECIKLERIN HIZLARI VE BORULARDAKI ORTALAMA
C ANTROPI DEGERLERI
C
C
F=C/D
C
C
C (LAMBDA STAR) DUZELTMESTI
C
DO 110 N=1,NN
NP5=N+5
IF (U(N).GE.0.) GOTO 110
CAAN (N) =F
CSTAR (N) =ASTAR+CAAN (NP5) * (CSTAR (NP5) ~ASTAR) /CAAN (N)
110 CONTINUE
C
C HESAPLANAN (ASTAR) ARA DEGISKEN DEGERININ SAGLIKLI OLUP
C OLMADIGININ KONTROLU
C
C

IF (DABS(ASTAR-E).LT.0.00001) GOTO 120

HATA MERTEBESI ISTENILEN DUZEYDEN YUKSEK ISE -80- ETIKET
NUMARALI SATIRA DONUS

aaOaoan
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E=ASTAR
GOTO 80
C
C COZUMLER
C

120  AAN(I)=CAAN(1)
AAN (J)=CAAN (2)
CLIN(I)=CSTAR(1)*CAAN(1)
CLIN(J)=CSTAR (2) *CAAN(2)
CLOUT (I)=CAAN(1)* (2*ASTAR-CSTAR (1))
CLOUT (J)=CAAN (2) * (2*ASTAR~CSTAR (2) )
130 CALL RPAP(AP(I),RP(I),CLIN(I),CLOUT(I),RAN(I),G)
CALL RPAP (AP(J),RP(J),CLIN(J),CLOUT (J),AAN(J),G)
IF (NJOIN(NJ).EQ.2) GOTO 140
AAN (K) =CAAN (3)
CLIN (K)=CSTAR (3) *CAAN (3)
CLOUT (K) =CBAN (3) * (2*ASTAR~CSTAR (3) )
CALL RPAP (AP (K),RP(K),CLIN(K),CLOUT (K} ,AAN(K),G)
IF (NJOIN(NJ).EQ.3) GOTO 140
AAN (L) =CAAN (4)
CLIN(L)=CSTAR (4) *CAAN (4)
CLOUT (L) =CAAN (4) * (2*ASTAR~CSTAR (4) )
CALL RPAP (AP(L),RP(L),CLIN(L),CLOUT(L),AAN(L),G)
140  CONTINUE
150  RETURN
END
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SUBROUTINE LAMMOD(CLA, CLB, CBA,CBB,AAALM, AABLM, AAPA, CLPA, DXLM,
&DZLM, RRLM, ALM, BLM, GLM, FFLM, DELM, DIFFLM, SX, FLOWLM, XR, AR, TW, DGR)
IMPLICIT REAL*8(A-H,0-Z)

DDX= (BLM*CLA-ALM*CRBA) / (DXLM/DZLM+BLM* (CLA-CLB) -ALM* (CBA-CBB) )
IF (DDX.LT.0.) GOTO 10

XA=RRLM*DXLM

CLW=CLA-DDX* (CLA~-CLB)

CBW=CBA-DDX* (CBA~CBEB)

AAW=AAALM-DDX* (AAALM-AABLM)

XW=RRLM*DXLM-DDX*SX*DXLM

XAR=XR

TG=AR*AR* (CLW+CBW) * (CLW+CBW) / (1148*GLM)

DD=2*DIFFLM/ (2*DELM+DGR* (XA+XW) )

DLA=-0.5* (CLW+CBW) * (CLW-CBW) *DD*DZLM

DLS=0.5* (CLW+CBW) * (AAPA-AAW) /AAW

DEXW=DELM+DGR* (XA+XW) *0.5

DLF=-FFLM* (DELM/DEXW) *DABS (CLW-CBW) * (CLW-CBW) * { (3*CBW~CLW) /

& (GLM~1) / (CLW+CBW) ) *DZLM

DLQ=574*GLM* (DABS (CLW-CBW) / (CLW+CBW) ] *FFLM*DELM/DEXW* 1 /DXLM*
&1/ (AR*AR) * (TW-TG) *DZLM

DL=DLA+DLS+DLF+DLQ

CLPA=CLW+DL

FLOWLM=0.

GOTO 20

FLOWLM=2.

RETURN

END
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SUBROUTINE MASSFL (FHOLE, RUP, RDP, AO,GR, G, WEFLOW)
IMPLICIT REAL*8(A-H,0-Z)

UM=DSQRT ( (2/ (G-1}) * ( (RUP/RDP) ** ( (G-1) /G) -1))
IF (UM.LT.1.) GOTO 10
FM=G*DSQRT ((2/ (G+1) ) ** ((G+1)/(G~1)))

GOTO 20 :

FM=G*UM/ (1+ (G-1) *0.5*UM*UM) ** ( (G+1)/ (2* (G-1)))
WEFLOW=FHOLE*RUP*FM/ (GR*A0)

RETURN

END
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SUBROUTINE MESGEN (XX, AAA,AAM, DXSR, MSR, MMSR, NPX)

IMPLICIT REAL*8(A-H,0-2Z)

DIMENSION XX (18),AAA(18),AAM(MMSR)
L=2

K=1

IF ((L-(MSR+1)).EQ.0) GOTO 40
XMSRL=DFLOAT (L~1)

K=K+1

XMSR=DXSR*XMSRL

X=XX (K}

IF (X.GT.XMSR) GOTO 30

IF (DABS(X-XMSR).LT.0.000001) GOTO 30
GOTO 20

KM1=K~-1

BAM (L) = (XMSR-XX (KM1) ) * (RAA (K) ~AAA (KM1) ) / (XX (K) -XX (KM1) ) +

&AAA (KM1)

L=L+1

K=K-1

GOTO 10

AAM (1)=AAA (1)
AAM (L) =AAA (NPX)
RETURN

END
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SUBROUTINE NOFLOW (CLOUTT, CLINN, AANN, APP, RPP,DW, G)
IMPLICIT REAL*8(A-H,0-2)

CLOUTT=CLINN

APP=CLINN

RPP=(APP/AANN) ** (2*G/ (G~1))

DW=0. ,

RETURN

END
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SUBROUTINE NOZZLE (JJJJ)

IMPLICIT REAL*8(A-H,0-Z)
COMMON/MF/AAATIR, AAEXH, ALPHAT, ANGEND, ANGRES, ANREV,

&APAIR, APEXH, AREF,AVO(3),AVC(3),AAN(300),AP(300),

&APN (300),CYCLE,CLIN(300),CLOUT (300), DALPHA,

&DANGRS, DREF, DZ, EREF, EVC(3) ,EVO(3), FREF, FPIPE (300) , EFFMEC,
&FPIPEN(300), IPOWER, IREV,GA, GE, GREF, IUNITL,

&TIUNITP, TUNITT, TUNITK, TUNITW, IUNITQ, MINDT
COMMON/SMF1/MREST, NAAT, NCLT, NCYLT, NINLET, NJUNCT, NNOZZT, NP, NPA,
&NPE, NPT, NTURBT, PAIR, PBACK, PBAR, PBARAB, PEXH,

&PI, PREF, RBACK, REVENG, REVREF, RPAIR, RPEXH, RP (300),
&RPN(300), TAIR, TEXH, TREF, VREF, WREF, XREF, Z, ZREF
COMMON/NZT/ANOZZ (10) ,DTE, DTW, DROT (4) , EFFYT, EFFYC, EFFYTC,
&ETS (600),FNOZZL(24), IUWTP, NCOUNT, NCURVE, NCURVW,

&NCLTS (12) ,NENDN (24),NENDT (4) ,NETS (12),

&PCOMPI (4) ,REVTUR(4), SONK(24), TALPHA, TCLIN (600},

&TCLOUT (600) , TCOMPI (4) , TENERA (4), TENERT (4) , TSPEDE (12},
&TSPEDW(12), TSTAGE (4),TSTAGT (4), TSTATE (4), TSTATT (4)

COMMON/NZT1/TWFLOW (4) , UBLADE (4) , UCTMIN(12) ,UCTMAX (12) , UCTS (600),
&XIMAX (12) ,XIMIN(12),XOMAX (12),XOMIN(12),
&TNTN, UCTN, ETN, DTWN, ETTN, ETAN, STPN, TMPN, NDATA, NTURBD

COMMON/NZ1/TANG (290) , TRPST (290) , TEFFT (290) , TUCTS (290) , TMASS (290) ,
STENGYT (290) , TENGYA (290) , TSTPR (290) , TMTP (290)
IF (NNOZZT.EQ.0) GOTO 150
IF (JJJJ.EQ.1) GOTO 10
IF (JJJJ.EQ.2) GOTO 50
READ (1, *) (NENDN (NZ) , FNOZZL (NZ) ,NZ=1, NNOZZT)
WRITE (3, 3000) (NENDN (NZ), FNOZZL (NZ), Nz=1, NNOZZT)
3000 FORMAT (I5,F10.6)
READ (1, *) (PCOMPT (NZ) , TCOMPTI (NZ),NZ=1, NNOZZT)
WRITE (3,3010) (PCOMPI (NZ), TCOMPI (NZ), NZ=1, NNOZZT)
3010 FORMAT(F7.3,F7.1)
IF (JJJJ.EQ.0) GOTO 150
10 CONTINUE
DO 20 NZ=1,NNOZZT
LONE=1
CALL UNITP(IUNITP,LONE,PCOMPI (NZ), PBARAB)
CALL UNITT(IUNITT, LONE, TCOMPI (NZ))
20 CONTINUE
DO 40 NZ=1,NNOZZT
IF (IUNITL.EQ.1) GOTO 30
FNOZZL (NZ)=FNOZZL (NZ) *92893973E-9
30 FNOZZL (NZ)=FNOZZL (NZ) /FREF
TWFLOW (NZ) =0
TENERT (NZ) =0
TSTATT (NZ)=0.
)=0
}=0
}=0

TSTAGE (NZ

TSTATE (NZ
40 TSTAGT (N2

TALPHA=0.

NCOUNT=0
50 TALPHA=TALPHA+DZ*ZREF*REVENG

NCOUNT=NCOUNT+1

DO 140 NZ=1,NNOZZT

N=NENDN (NZ)

APN(N)=AP (N)

RPN (N} =RP (N}

PHI=FNOZZL(NZ) /FPIPE (N)
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CALL ORIFIC(CLIN(N),CLOUT(N),AAN(N),PHI,JJJJ,Nz,AP(N),RP(N),
&RBACK, GE, ANOZZ, SONK)
CALL MASPIP(CLIN(N),CLOUT (N),AAN(N),FPIPE(N),
&GE, GREF, DTW)
IF (PHI.LT.0.00001) GOTO 140
CALL ETURB(DTE,CLIN(N),CLOUT(N),AAN(N),GE,CTS, AREF, RBACK)
DTWW=DTW :
IF (DTW.LE.O.) DTW=0.
IF (DTW.LE.O0.) DTE=0.
TWELOW {NZ) =TWFLOW (NZ) +DTWW*DZ
TENERT (NZ) =TENERT (NZ) +DTW*DTE*DZ
TSTATT (NZ)=TSTATT (NZ) +APN (N) *APN (N)
CALL STAGNA (CLOUT (N),CLIN{N),A0O, GE)
TSTAGE (NZ)=TSTAGE (NZ) +DTW*DZ*A00*A00
TSTATE (NZ) =TSTATE (NZ) +DTW*DZ*APN (N) *APN (N)
TSTAGT (NZ)=TSTAGT (NZ) +AC0*RA00
IF (TALPHA.LT.180*CYCLE) GOTO 140
TWORKT=TENERT (NZ) *EREF*0, 001
CWORK=TWFLOW (NZ) *WREF*1.005*TCOMPI (NZ) *
& ( (PATR/PCOMPI (NZ) ) ** ((GA-1) /GA)-1)
TWFL=TWFLOW (NZ) *WREF
C1l=AREF*AREF/ (287*GE)
TSTATE (NZ)=C1*TSTATE (NZ) /TWEFLOW (NZ)
TSTATT (NZ)=Cl*TSTATT (NZ) /NCOUNT
TSTAGE (NZ)=C1*TSTAGE (NZ) /TWFLOW (NZ)
TSTAGT (NZ)}=C1*TSTAGT (NZ) /NCOUNT
EFFYTC=100*CWORK/TWORKT
WRITE(2,2000) NZ
2000 FORMAT(//,1X,'TURBIN DATASI (ESDEGERI NOZUL ILE ',
&'KARSILASTIRILABILIR.)',//,1X, '"NOZUL NUMARASI =',614)
X=2*REVENG*REVREF/CYCLE
TWORKT=TWORKT *X
CWORK=CWORK*X
LTWO=2
CALL UNITK(IUNITK,LTWO, TWORKT)
CALL UNITK(IUNITK,LTWO,CWORK)
IF (IUNITK.EQ.2) GOTO 60
WRITE (2,2010) TWORKT
2010 FORMAT (1X, 'TEORIK TURBIN GUCU..[KW].v'vevrrnnwwunnn =',F9.2)
WRITE (2,2020) CWORK
2020 FORMAT (1X, 'TEORIK KOMPRESOR (POMPA) GUCU..([KW]....
GOTO 70
60 CONTINUE
WRITE(2,2030) TWORKT
2030 FORMAT (1X, '"TEORIK TURBIN GUCU..[HP].v.'iveervnenn.- =',F9.2)
WRITE (2,2040) CWORK

',F9.2)

2040 FORMAT (1X, 'TEORIK KOMPRESOR (POMPA) GUCU..[HP]....=',F9.2)
70 TWFL=TWFL*2*REVREF*REVENG/CYCLE
LTWO=2
CALL UNITW(IUNITW,LTWO, TWFL)
IF (IUNITW.EQ.2) GOTO 80
WRITE (2,2050) TWFL
2050 FORMAT (1X, 'KUTLE DEBISI..{[KG/S]:vuuruuueneeeennnnn =',F9.5)
GOTO 90 |
80 WRITE (2,2060) TWFL
2060 FORMAT (1X, "KUTLE DEBISI..[LB/S].ttverruunnreeennn. =',F9.5)
90 WRITE (2,2070) EFFYTC
2070 FORMAT (1X, ' TURBOSARJ UNITESI VERIMI............... =',F9.2)
LTWO=2

CALL UNITT (IUNITT,LTWO, TSTATE (NZ))



2080
2090
2100
2110

100

2120
2130
2140
2150

110

2160
2170
2180
2190

120

2200
2210
2220
2230
130

140
150

CALL UNITT(IUNITT,LTWO, TSTATT (
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NZ}))

CALL UNITT(IUNITT,LTWO,TSTAGE (NZ))
CALL UNITT(IUNITT,LTWO, TSTAGT (NZ))

IF (IUNITT.EQ.2) GOTO 100
IF (IUNITT.EQ.3) GOTO 110
IF (IUNITT.EQ.4) GOTO 120
WRITE(2,2080) TSTATE(NZ)
WRITE(2,2090) TSTATT (NZ)
WRITE(2,2100) TSTAGE (NZ)
WRITE (2,2110) TSTAGT(NZ)

FORMAT (1X%,
FORMAT (1X,

'ORTALAMA EGSOZ SICAKLIGI
'ORTALAMA EGSOZ SICAKLIGI

FORMAT (1X, 'ORTALAMA DURULMA SICAK.

FORMAT (1X,
GOTO 130

WRITE (2,2120)
WRITE (2,2130)
WRITE (2,2140)
WRITE (2, 2150)
FORMAT (1X,
FORMAT (1X,
FORMAT (1X,
FORMAT (1X,
GOTO 130

WRITE (2,2160)
WRITE (2,2170)
WRITE (2,2180)
WRITE (2,2190)
FORMAT (1X,
FORMAT (1X,
FORMAT (1X,
FORMAT (1X,
GOTO 130

WRITE (2,2200)
WRITE (2,2210)
WRITE (2,2220)
WRITE (2, 2230)
FORMAT (1X,

'ORTALAMA DURULMA SICAK.

TSTATE (NZ)
TSTATT (NZ)
TSTAGE (NZ)
TSTAGT (NZ)

'ORTALAMA EGSOZ SICAKLIGI
'ORTALAMA EGSOZ SICAKLIGIT
'ORTALAMA DURULMA SICAK.
'ORTALAMA DURULMA SICAK.

TSTATE (NZ)
TSTATT (NZ)
TSTAGE (NZ)
TSTAGT (NZ)

'ORTALAMA EGSOZ SICAKLIGI
'ORTALAMA EGSOZ SICAKLIGI
'ORTALAMA DURULMA SICAK.
'ORTALAMA DURULMA SICAK.

TSTATE (NZ)
TSTATT (NZ)
TSTAGE (NZ)
TSTAGT (NZ)

'ORTALAMA EGSOZ SICAKLIGI

FORMAT (1X, 'ORTALAMA EGSOZ SICAKLIGI
FORMAT (1X, "ORTALAMA DURULMA SICAK.

TWELOW (NZ) O.
TENERT
TSTATE (NZ)
TSTATT (NZ)
TSTAGE (NZ)
TSTAGT (NZ)
IF
IF
CONTINUE
RETURN
END

z)=

0
0.
0
0

(NZ.EQ.NNOZZT)
(NZ.EQ.NNOZZT)

(
(
FORMAT (1X, 'ORTALAMA DURULMA SICAK.
(
(N
(N

NCOUNT=0
TALPHA=0.

(ENERJI)
(ZAMAN)
(ENERJT)
(ZAMAN)

(ENERJI)
(ZAMAN)
(ENERJTI)
(ZAMAN)

ENERJTI)
ZAMAN)
ENERJT)

(
(
(
(ZAMAN)

(ENERJTI)
(ZAMAN)

(ENERJI)
(

[K]
[K]
[K]
[K]

[C]
[C]
[C]
[C]

[R]
[R]
[R]
[R]

[F]
[F]
[F]
[F]

=',F7.
=',F7.
=',F7.
=',F7.

=',F7.
=',F7.
'L ET.

=',F7.
=',F7.
=',F7.
=',F7.

=',F7.
=',F7.

=',F7.

R

[

R

— e

e
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SUBROUTINE OUTPUT (J,IIII)

IMPLICIT REAL*8(A-H,0-Z)
COMMON/MF/AAAIR, AAEXH, ALPHAT, ANGEND, ANGRES, ANREV,

&APAIR, APEXH, AREF,AVO (3),AVC(3),AAN(300),AP(300),

&APN (300),CYCLE, CLIN(300), CLOUT (300) , DALPHA,

&DANGRS, DREF, DZ, EREF, EVC (3) ,EVO(3), FREF, FPIPE (300) , EFFMEC,
&FPIPEN(300), IPOWER, IREV, GA, GE, GREF, TUNITL,

&TUNITP, IUNITT, IUNITK, IUNITW, IUNITQ, MINDT
COMMON/SMF1/MREST, NAAT, NCLT, NCYLT, NINLET, NJUNCT, NNOZZT, NP, NPA,
&NPE, NPT, NTURBT, PAIR, PBACK, PBAR, PBARAB, PEXH,

&PI, PREF, RBACK, REVENG, REVREF, RPAIR, RPEXH, RP (300),

&RPN (300), TAIR, TEXH, TREF, VREF, WREF, XREF, 7, ZREF
COMMON/CHA/CHAR1 (900) , CHAR2 (900) , DIA(240),DIFF(240), DX (240),
&FF(240),MESH (240), PATHA (900) , PATHX (900) , TWALLP (240),

&XPIPE (240),NPATH (240)
COMMON/CYL/ACSB, ALPHA, ALPHAE, ANNA, ANNB, ANNC, AC (24),

&ACB (24),ACF(24),ACN(24),ACR(24),ALPHAC (24) ,ALPHEX (60),

&ALPHEXX (3, 60) ,ALPAIR(60),ALPAIRR(3, 60),APCWF (24),CALVAL, CARBON,
&CDA, CDE,CR,COEFFA(4),COEFFB(4),COEFFC(4) ,COEFFD(4),
&COEFFE (4) ,COEFFZ (4),CRANK(24),DELTA, DCYL, DHEAT (24),
&DRC(24),DVCYL(24),DWCIN(24),DWCP(400),DWCYL (24)
COMMON/CYL1/FCYL, FPISTA, FPISTE, FAIR]1 (60) ,FATR2 (60), FAIR3(60),
&FEXH1 (60), FEXH2 (60), FEXH3 (60), HEATG(24), PURITY, PVEL, PCR(24),
&PCWF (24) ,PCYLT (24) ,PORTS(24) ,RC(24),RCN(24),RCR(24),SURF(24),

&TCR(24),TCYLT (24), TWALL(24) , VALAIR, VALEXH, VCYL (24) ,WIDTHA,WIDTHE,
&WCAIR(24) ,WCIN(24),IPRT,MTYPE,NPCWF, NTAIR, NTEXH,NC(24),

&NENDE (24) , NENDI (24) , NENDEE (24) ,NENDII (24), NENDEEE (24),NENDIII (24)
COMMON/CYL2/WCOUT (24) ,WCYL (24) ,WFUEL (24) , WMW (4) , WPCNT (96),

&WN (4) , WORKGA (24) , WORKGE (24) , XCRA, XCRE, XSTA, XSTE,

&NCD (24) ,NSTORE (24) ,NSTORC (24) ,WCYLT (24) , DWCINT (24) ,

&DWCPT (24) , DWCIN1 (24), DWCIN2 (24), DWCIN3 (24)
COMMON/CY1/CCANG (1100) , DATWC (1100), DATIN(1100), DATOUT (1100)
COMMON/CYCYC/WCYLR (24),DST, AINO, AINO1, AINO2, IMOLS, EXHPO, AIRPO
COMMON/ JUN/NENDA (50) , NENDB (50) , NENDC {50) , NENDD (50) , NENDF (50) ,

&NJOIN (50)
COMMON/NZT/ANOZZ (10) , DTE, DTW, DROT (4) , EFFYT, EFFYC, EFFYTC,

&ETS (600) , FNOZZL (24) , IUNTP, NCOUNT, NCURVE, NCURVW,

&NCLTS (12),NENDN (24) ,NENDT (4) ,NETS (12),

&PCOMPI (4), REVTUR (4), SONK (24) , TALPHA, TCLIN (600),

&TCLOUT (600) , TCOMPI (4), TENERA (4), TENERT (4) , TSPEDE (12),

&TSPEDW (12), TSTAGE (4) , TSTAGT (4), TSTATE (4) , TSTATT (4)

COMMON/NZT1/TWFLOW (4) , UBLADE (4), UCTMIN(12),UCTMAX (12),UCTS (600),
&XIMAX (12),XIMIN(12),XOMAX(12),XOMIN(12),
&TNTN, UCTN, ETN, DTWN, ETTN, ETAN, STPN, TMPN, NDATA, NTURBD

COMMON/NZ1/TANG (290), TRPST (290), TEFFT (290), TUCTS (290) , TMASS (290},

&TENGYT (290), TENGYA (290) , TSTPR(290) , TMTP (290)
COMMON/OQUT/AOUT, DANGL, OP, PCOUT (150) , POUT (150) , TCOUT (150},
&TOUT (150), ICYLT, IPIPET, ITEMP, ICYLNO(24), IPIPEN(150)
COMMON/INL/NENDIN (24)
COMMON/NZTB/TPRRAT (4,10), TMXEFF (4, 10),BSPRZE (4, 50),
&FCZBSR(4,10),FLCTRP(4,10),BSRTRP (4, 50)

IF (J.EQ.1l) GOTO 10

IF (J.EQ.2) GOTO 560

READ(1,*) DANGL, ITEMP, ICYLT, IPIPET

WRITE (3,3000) DANGL, ITEMP, ICYLT, IPIPET



3000
3010
3020

10
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READ(1,*) (ICYLNO(N),N=1,ICYLT)

WRITE(3,3010) (ICYLNO(N),N=1,ICYLT)

READ(1,*) (IPIPEN(N),N=1,IPIPET)
WRITE({3,3020) (IPIPEN(N),N=1,IPIPET)

FORMAT (F7.1,2TI4,15)
FORMAT (T4)

FORMAT (I5)

IF (J.EQ.0) GOTO 40
CONTINUE
OP=EVO (1) +DANGL
AOUT=0P

ANREV=0,

IREV=1

C SILINDIR HESAPLAMALARININ SONUNDAKI BULGULARIN DAHA SONRA

C DOSYALARA YAZDIRILMAK UZERE SAKLANMASI

C

20
30

40

2000

2010

2020

50
2030

60
2040

70
2050
80
90
2060

100
2070

110
2080

120
2090
130
140
2100

150

IF (ICYLT.EQ.0) GOTO 550
DO 30 N=1, ICYLT
DO 20 NN=1,NCYLT

IF (ICYLNO(N).NE.NC(NN)) GOTO 20

ICYLNO (N)=NN

GOTO 30

CONTINUE

CONTINUE

IF (J.EQ.1) GOTO 560
CONTINUE

WRITE (2,2000)

FORMAT (///,5%,'G I R I S DATASI V E

&' VERILERTI',//)
WRITE(2,2010)
FORMAT (//, 1X, 'BIRIMLER
WRITE (2,2020)

FORMAT (//,1X, 'DEVIR
GOTO (50,60,70),IUNITP
WRITE(2,2030)
FORMAT (1X, 'BASINC
GOTO 80

WRITE(2,2040)
FORMAT (1X, 'BASINC
GOTO 80

WRITE (2,2050)
FORMAT (1X, 'BASINC
GOTO (90,100,110,120), IUNITT
WRITE(2,2060)
FORMAT (1X, 'SICAKLIK
GOTO 130
WRITE(2,2070)
FORMAT (1X, 'SICAKLIK
GOTO 130
WRITE(2,2080)
FORMAT (1X, 'SICAKLIK
GOTO 130
WRITE(2,2090)
FORMAT (1X, 'SICAKLIK
GOTO (140,150),IUNITL
WRITE (2,2100)
FORMAT (1X, 'UZUNLUK
GOTO 160
WRITE(2,2110)

(GIRIS

VE CIKIS)')

1/8")

BAR')

PSIA')

PSIGY)

CIKTIS',
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2110 FORMAT (1X, 'UZUNLUK FT')
160 GOTO (170,180), IUNITW
170 WRITE(2,2120)

2120 FORMAT (1X, 'KUTLE KGM')
GOTO 190

180 WRITE(2,2130)

2130 FORMAT (1X, 'KUTLE LBM')

180 GOTO (200,210), IUNITK
200 WRITE (2,2140)

2140 FORMAT (1X, 'GUC KW')
GOTO 220

210 WRITE(2,2150)

2150 FORMAT (1X, 'GUC HP')

220 GOTO (230,240,250),IUNITQ
230 WRITE(2,2160)

2160 FORMAT (1X, 'ISI ‘ KJ')
GOTO 260

240 WRITE(2,2170)

2170 FORMAT (1X, 'ISIT CHU')
GOTO 260

250 WRITE (2,2180)

2180 FORMAT (1X, 'ISIT BTU')

260 WRITE(2,2190) PREF,TREF,GREF, REVREF, PBAR
2190 FORMAT(//,1X,'RE FERANS KOSULLARTI'// 4K,

&'"BASINC.....oevvvvenn =',F8.3,/,4X, 'SICAKLIK......vvu... =',F8.3,
&/,4X,'OZGUL ISINMA ISISI..=',F8.3,/,4X,
&'MOTOR DEVRI......... =',F8.3,/,4X, "BAROMETRIK
BASINC...=',F8.3)

IF (IUNITP.EQ.3) WRITE(2,2200) PBARAB
2200 FORMAT(//,1X, 'GERCEK BAROMETRIK BASINCI (PSIA) BIRIMI',
&' CINSINDEN',/,1X,'IFADE ETMEK ICIN MEVCUT BASINCA ',F7.3,
&' EKLEMEK',/,1X,' GEREKLI VE YETERLIDIR.', /)
WRITE (2,2210) GE,GA

2210 FORMAT (///,1X,'0OZGUL ISINMA ISISI (EGSOZ) (Cp)..... =',F6.3,/,

§&1X, 'OZGUL ISINMA ISISI (HAVA) (Cp)..... =',F6.3)
WRITE(2,2220)

2220 FORMAT(/,1X,'BORULARA AIT DATA',///, 1X,
&'TEK NO.LU BORU UCU = (2*BORU NO.-1)',/,
&1X, 'CIFT NO.LU BORU UCU = (2*BORU NO.)', 2X)
WRITE(2,2230)

2230 FORMAT(///,1X,'E G S O Z MANIFOLDU DATASTI")

NPE=NPT-NPA
WRITE(2,2240)

2240 FORMAT(//,1X,'BORU AG UZUNLUK TEK NOLU UC ',
&'CIFT NOLU UC SURTUNME DUVAR',/, 1%,

&' NO GOZU BORU CAPI ',

& 'BORU CAPI KATSAYISI SICAKLIGI',/,1X,
&l __________________________ 'I

&' mmmmmmmmmmmm mmmmmeeee oo /)
DO 270 NP=1,NPE

NP2=2*NP

NP2M1=2*NP-1
WRITE (2,2250)
NP, MESH (NP) ,XPIPE (NP) ,DIA (NP2M1) ,DIA(NP2), FF(NP),
&TWALLP (NP)
270 CONTINUE
2250 FORMAT (I4,15,2X,F7.4,3%X,F7.4,6%X,F7.4,4X,¥7.5,4X,F5.1)
IF (NPA.EQ.0) GOTO 290
WRITE (2,2260)



2260

280
290

2270

2280

300

2290

310
2300

320
2310

2320

WRITE (2,2330) (NC{N),NENDI (N),NENDE (N) , CRANK (N) , TWALL (N} , WFUEL (N)

2330

2340

330
2350

340
2360

350
2370
360

2380

370
2390
380
2400
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FORMAT(///,1X,'E M M E MANIVFOLDU DATASTI'")

WRITE (2,2240)
NPEI=NPE+1

DO 280 NP=NPEI,NPT

NP2=2*NP
NP2M1=2*NP-1
WRITE (2,2250)
&, TWALLP (NP)
CONTINUE

NP,MESH (NP) ,XPIPE (NP),DIA(NP2M1), DIA(NP2), FF(NP)

IF (NJUNCT.EQ.0) GOTO 320

WRITE (2,2270)

FORMAT (///,1X, "BORULARIN BIRLESTIGI KAVSAKLARA AIT DATA')

WRITE (2,2280)

FORMAT (/, 9%, 'TIPI', 12X, 'BORU UC NUMARALARI', 8%,
&'KAVSAK YERI',/,2X,'(BIRL.BORU SAYISI)')

N=1

IF (NENDA(N).GT.2*NPE) GOTO 310

WRITE(2,2290) NJOIN(N),NENDA(N), NENDB (N}, NENDC (N) , NENDD (N)

FORMAT (9X,I4,13X,414,7X, '"EGS0Z MANIFOLDU')
IF (N.EQ.NJUNCT) GOTO 320

N=N+1

GOTO 300

WRITE (2,2300) NJOIN(N),NENDA(N),NENDB(N), NENDC(N) , NENDD (N)

FORMAT (9X,14,13X,414,7X, '"EMME MANIFOLDU')
IF (N.EQ.NJUNCT) GOTO 320

N=N+1

GOTO 300

WRITE(2,2310)

FORMAT(//,lX,'ATESLEME SIRASINA GORE SILINDIR TOPLU DATASI')

WRITE(2,2320)

FORMAT (/, 1X, 'SILINDIR BORU UC NO FAZ DUVAR
&'YAKIT YANMA FAZI GUC CEVRIMI',/,1X,
&' NO EMME EGSOZ ACISI SICAKLIGI ',

&' (KG/CEVRIM) BASL. BIT. BASINC SICAKLIK',/, 1X,

&,ACB(N) ,ACF(N), PCYLT(N),TCYLT (N),N=1, NCYLT)

FORMAT (I6,17,16,F7.1,F9.1,E13.5,F6.1,F5.1,F7.1,F9.1)

WRITE (2,2340)

FORMAT (//,1X, '"MOTOR TIPI')
GOTO (330,340,350),MTYPE
WRITE (2,2350)
FORMAT (/, 1X, 'TEK PISTONLU"')
GOTO 360

WRITE (2, 2360)
FORMAT (1X, "KARSILIKLI PISTONLU')
GOTO 360

WRITE(2,2370)
FORMAT (1X, '*SABIT BOYLU')

IF (CYCLE.GT.3.) GOTO 370
WRITE (2,2380)

FORMAT (1X, "2 STROKLU')
GOTO 380

WRITE(2,2390)

FORMAT (1X, '4 STROKLU')
GOTO (390,400, 420) ,MTYPE
FORMAT (/, 1X, "SILINDIR

14



&F8.5,/, 1K, "STROK. « « e et e e teeeteeeeeeee it eeeeennnenns =1,

&F8.5,/,1X, 'PISTON YUZEY ALANI / SILINDIR EN KESIT
ALANI...=',F8.5,

&/,1X, "BIYEL KOLU UZUNLUGU. . vt vvunrernnennenonnennnn. =',F8.5)
390 WRITE(2,2400) DCYL,XSTA,FPISTA, XCRA

GOTO 410

400 WRITE(2,2410)

2410 FORMAT(/,1X,'EMME STROKU PISTONU')
WRITE(2,2400) DCYL,XSTA,FPISTA,XCRA
WRITE (2,2420)

2420 FORMAT(/,1X, 'EGSOZ STROKU PISTONU')
WRITE(2,2400) DCYL,XSTE, FPISTE, XCRE

410 WRITE (2,2430) CR

2430 FORMAT(/,1X,'SIKISTIRMA

GOTO 430 ,
420 WRITE(2,2440) DCYL,XSTA
2440 FORMAT(/,1X, 'SILINDIR

&¥F8.4,/,1X, 'SILINDIR

UZUNLUGU. ¢ o ettt iteienesnanaraaanns =',F9.4)

430 WRITE (2,2450) (EVO(I), I=1,3),(EVC(I), I=1,3),
& (AVO(I1), I=1,3),(AVC(I), I=1,3),ACSB

2450 FORMAT(///,1X," VALFLARIN ACILMA - KAPANMA ZAMANLARI',
&//,1X, '"EGSOZ VALFI ACILMA ACISI.............:',3F6.1,
&/,1X, "EGSOZ VALFI KAPANMA ACISI............ :',3F6.1,
&/,1X, "EMME VALFI ACILMA ACISI........v.....:',3F6.1,
&/,1¥X, '"EMME VALFI KAPANMA ACISI.......c.c... :',3F6.1,
&/,1%X, "SIKISTIRMA STROKUNUN BASLADIGI ACI...:',F6.1)

IF (MTYPE.EQ.2) WRITE(2,2460) DELTA
2460 FORMAT(/,1X,'FAZ ACISI',F7.1)
IF (VALEXH.GT.5.) GOTO 440
WRITE(2,2470) WIDTHE
2470 FORMAT(1X, 'EGSOZ SUBAPI YUZDE ACIKLIGI',F9.3)
GOTO 450
440 WRITE(2,2480) CDE
2480 FORMAT(/,1X, 'EGSOZ SUBAPI AKIS KATSAYISI',F7.3)
450 ITF (VALAIR.GT.5.) GOTO 460
WRITE (2,2490) WIDTHA
24390 FORMAT (1X, 'EMME SUBAPI YUZDE ACIKLIGI ', F9.3)
GOTO 470
460 WRITE(2,2500) CDA
2500 FORMAT (1X, 'EMME SUBAPI AKIS KATSAYISI ',F7.3)
470 WRITE (2,2510)
2510 FORMAT(//,1X,'MOTOR TEST KOSULLARI')
WRITE(2,2520) REVENG, PAIR, TAIR

2520 FORMAT(//,1X, 'MOTOR DEVRI {1/8)..vivieeneeneect',F71.2,/,1X%,
§'"SUPERSARJ BASINCI....vveeseveee..t',F7.2,/,1X%,
&'SUPERSARJ SICAKLIGI...'veeeeneenot',F7.2,/7/)

IF (IPOWER.EQ.0) GOTO 480
WRITE (2,2530) (NC(N),WFUEL(N}),N=1,NCYLT)
2530 FORMAT (1X, 'CEVRIM BASINA ',I2,' NO.LU SILINDIRE GONDERILEN ',
&'YAKIT MIKTARI',E12.5)
WRITE(2,2540) CALVAL,CARBON
2540 FORMAT(/,1X, "YAKITIN ISIL DEGERI
(KI/KG) v veevnneewan.. ", F10.2,
&/,1X, '"AGIRLIK OLARAK ICERDIGI CARBON YUZDESI...:',F10.2)
480 WRITE(2,2550)
2550 FORMAT(///,1X,'ISI MODELINE TEMEL TESKIL EDEN ISI TRANSFERI ',
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&'DATASI', /)
WRITE (2,2560) ANNA, ANNB
2560 FORMAT (1X, 'ANNAND ISI TRANSFER KATSAYISI
(AY......:",F9.4,/,1%,
&'ANNAND ISI TRANSFER KATSAYISI (B)......:',F9.4)
IF (IPOWER.EQ.0) GOTO 490
WRITE (2,2570) ANNC
2570 FORMAT (1X, 'ANNAND ISI TRANSFER KATSAYISI (C)...... :',E9.3, 2%,
&"KW/ (M**2) (K**4) ', 2X)
WRITE (2, 2580)
2580 FORMAT(///,1%X,'T S I YAYILIM MODELTI")
WRITE (2,2590)
2590 FORMAT (/,1X, 'YANMA BASLANGICINDAN ITIBAREN  PUSKURTULEN
YAKITIN',
&/,1X, '"KRANK ACISININ DEGISIM DEGERI YUZDE YANMA MIKTARI', /)
WRITE(2,2600) (APCWF(I),PCWF(I),I=1,NPCWF)
2600 FORMAT (F18.2,F28.3)
490 IF (NNOZZT.EQ.0) GOTO 500
WRITE(2,2610)
2610 FORMAT(///,1X, 'NOZUL DATASI')
WRITE(2,2620)
2620 FORMAT(/,1X, 'NOZUL NO.',4X, 'BORU UC NO.', 6X, 'ALANI', /)
WRITE (2,2630) (NZ, NENDN (NZ) , FNOZZL (NZ) , NZ=1, NNOZZT)
2630 FORMAT (2X,I4,9%,I5,6X,F10.4)
500 IF (NTURBT.EQ.0) GOTO 510
WRITE (2,2640)
2640 FORMAT(///,1X, '"TURBIN DATASI')
WRITE (2, 2650)
2650 FORMAT(/,1X, "BORU UC NO.',5X, 'ROTOR
CAPI', 5%, 'DEVIR(1/S)',2X)
WRITE(2,2660) NENDT({1),DROT(1),REVTUR(1)
2660 FORMAT (2X,I5,10X,F8.3,7%X,F9.1)
WRITE(2,2670) (TSPEDE (N), N=1, NCURVE)
2670 FORMAT (/, 1%, '"BOYUTSUZ HIZ DEGERLERI N/SQRT(T)
[(1/S)/SQRT(K)]1"',
&' VERIM HESAPLAMALARI ICIN',/,12(/,10X,F9.2))
WRITE(2,2680) (TSPEDW (N), N=1, NCURVW)
2680 FORMAT(/,1X, '"BOYUTSUZ HIZ DEGERLERI N/SQRT (T)
[(1/8)/SQRT(K)1"',
&' KUTLE DEBISI HESAPLARI ICIN',/,12(/,10X,F9.2))
WRITE(2,2690)
2690 FORMAT(///,1X, 'KOMPRESOR DATASI'")
WRITE (2,2700) PCOMPI (1), TCOMPI (1)
2700 FORMAT(/,1X,'GIRIS BASINCI ',F8.2,/,
&1X, 'GIRIS SICAKLIGI',F8.2)
510 CONTINUE
WRITE (2,2710)
2710 FORMAT(////,3X,'CIKIS DUZENI ICIN ACIKLAYICI KILAVUZ')
WRITE (2,2720)
2720 FORMAT{/,1X, 'SATIR SUTUN DEGISKEN', /, 1X,
&' 1 1 ACI')
WRITE(2,2730)
2730 FORMAT(///,1X,'SATIR  SUTUN SIL.NO. DEGISKEN"')
LINE=2
NCOL=1
DO 530 N=1, ICYLT
WRITE(2,2740) LINE,NCOL, ICYLNO (N)
2740 FORMAT (1X,13,6¥%X,12,8%,13,8X, 'BASINC")
NCOL=NCOL+1
IF (ITEMP.EQ.0) GOTO 520



139

WRITE(2,2750) LINE,NCOL, ICYLNO (N)
2750 FORMAT (1X,I3,6X,I2,8X,13,8X, 'SICAKLIK')
NCOL=NCOL+1
520 IF (NCOL.NE.13) GOTO 530
NCOL=1
LINE=LINE+1
530 CONTINUE
WRITE(2,2760)
2760 FORMAT(///,1X,'SATIR SUTUN BORU UC NO. DEGISKEN')
DO 540 N=1,IPIPET
WRITE(2,2740) LINE,NCOL, IPIPEN (N)
NCOL=NCOL+1
IF (ITEMP.EQ.0) GOTO 540
WRITE(2,2750) LINE,NCOL, IPIPEN (N)
NCOL=NCOL+1
IF (NCOL.NE.13) GOTO 540
NCOL=1
LINE=LINE+1
540 CONTINUE
550  RETURN
o
c
C PROGRAM CIKISLARININ GEREKLI OLUP OLMADIGININ TESBITI
C
c
560 DALPHA=DZ*ZREF*REVENG
570  DTHETA=(ALPHAT+EVO(1))-OP
IF (DTHETA.LT.0.) GOTO 680
C
C SILINDIR HESAPLAMALARI SONUCLARI
C
IF (ICYLT.EQ.0) GOTO 590
DO 580 N=1,ICYLT
PCOUT (N)=0.
TCOUT (N)=0.
NN=ICYLNO (N) _
IF (PORTS (NN).EQ.0.) GOTO 580
CALL INPAT (PCOUT (N), PREF, PBARAB, RC (NN) , RCN (NN) , TCOUT (N) , TREF,
&AC (NN) , ACN (NN) , IUNITP, IUNITT, ITEMP, GE, GREF, DTHETA, DALPHA)
580 CONTINUE
C
C BORU HESAPLAMALARI SONUCLARI
c
590 DO 620 N=1,IPIPET
NN=IPIPEN (N)
IF (NN.GT.2* (NPT-NPA)) GOTO 600
G=GE
GOTO 610
600  G=GA
610 CALL INPAT (POUT (N),PREF, PBARAB, RP (NN), RPN (NN), TOUT (N) , TREF,
&AP (NN) , APN (NN) , IUNITP, IUNITT, ITEMP, G, GREF, DTHETA, DALPHA)
620  CONTINUE
IF (AOUT.GE.180*CYCLE) AOUT=AOUT-180*CYCLE
IF (ALPHAT.LT.ANREV) GOTO 630
WRITE(2,2770) IREV
2770 FORMAT(///,1X, 'HESAPLAMA CEVRIMI =',I5,//)
ANREV=ANREV+360
IREV=TREV+1

630 IF (ICYLT.EQ.O) GOTO 650
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IF (ITEMP.EQ.0) GOTO 640

C WRITE (6,2780) AOUT, (PCOUT(N),TCOUT(N},N=1, ICYLT),
C & (POUT (N) , TOUT (N) ,N=1, IPIPET)

2780 FORMAT(/,F7.1,10(/12F10.1))

C

CALL STROK(XST,DST,AQUT,XSTA, XCRA, REVENG, ZREF)
CALL CYLVOL(FCYL,XST,XSTA,CR,DST,CCCVOL, DCCCVL)
CCCVOL=CCCVOL*0.001

WRITE(8,8000) AOUT, (PCOUT(N),N=1, ICYLT)
WRITE (6,8500) AOUT, (PCOUT (N),N=1, ICYLT)
WRITE (9, 9000) AOUT, (TCOUT (N),N=1,ICYLT)
WRITE (6, 9000) AOUT, (TCOUT (N),N=1, ICYLT)

WRITE (10,10000) AOUT, (POUT(N),N=1,9)
WRITE(6,10500) AOUT, (POUT(N),N=1, 9)
WRITE(11,11000) AOQUT, (POUT(N),N=10, IPIPET)
WRITE(6,11000) AOUT, (POUT(N),N=10,IPIPET)

8000 FORMAT (F8.2,8F9.2)
8500 FORMAT(///,F8.2,8F9.2)
9000 FORMAT (F8.2,8F9.2)
10000 FORMAT (F8.2,10F7.2)
11000 FORMAT (F8.2,10F7.2)
10500 FORMAT(/,F8.2,10F7.2)
IF (IIII.EQ.0) GOTO 670
GOTO 670
640 WRITE(2,2780) AOUT, (PCOUT (N),N=1,ICYLT), (POUT(N),N=1, IPIPET)
GOTO 670
650 IF (ITEMP.EQ.0) GOTO 660
WRITE(2,2780) AOUT, (POUT(N), TOUT (N),N=1, IPIPET)
GOTO 670
660 WRITE(2,2780) AOUT, (POUT(N),N=1,IPIPET)
670 OP=0P+DANGL
AQUT=AOUT+DANGL
GOTO 570
680 RETURN
END
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SUBROUTINE POWER(N)

IMPLICIT REAL*8(A-H,0-Z)

DIMENSION VCYLA(360),VCYLE(360),VCYLP(360),TCP(360),PCP(360),
&PRANG (360) ,CANG (2) , PCFINT (2) ,WNI (4),WNF (4)
COMMON/MF/AAAIR, AAEXH, ALPHAT, ANGEND, ANGRES, ANREV,

&APAIR, APEXH, AREF,AVO(3),AVC(3),AAN(300),AP(300),

&APN (300),CYCLE,CLIN(300),CLOUT (300) ,DALPHA,

&DANGRS, DREF, DZ, EREF, EVC(3) ,EV0O(3), FREF, FPIPE (300), EFFMEC,
&FPIPEN(300), IPOWER, IREV, GA, GE, GREF, JUNITL,

&IUNITP, JUNITT, IUNITK, TUNITW, IUNITQ, MINDT
COMMON/SMF1/MREST, NAAT, NCLT, NCYLT, NINLET, NJUNCT, NNOZZT, NP, NPA,
&NPE, NPT, NTURBT, PAIR, PBACK, PBAR, PBARAR, PEXH,

&PI, PREF, RBACK, REVENG, REVREF, RPAIR, RPEXH, RP (300),
&RPN (300), TAIR, TEXH, TREF, VREF, WREF, XREF, Z, ZREF
COMMON/CYL/ACSB, ALPHA, ALPHAE, ANNA, ANNB, ANNC, AC (24},
&ACB(24),ACF(24),ACN{24),ACR(24),ALPHAC(24),ALPHEX (60),

&ALPHEXX (3, 60) ,ALPATIR(60) ,ALPAIRR(3, 60) ,APCWF (24) , CALVAL, CARBON,

&CDA, CDE, CR,COEFFA(4) ,COEFFB(4),COEFFC(4),COEFFD(4),

&COEFFE (4) ,COEFFZ (4),CRANK(24),DELTA, DCYL, DHEAT (24),

&DRC (24) ,DVCYL(24) ,DWCIN (24),DWCP (400) , DWCYL (24)
COMMON/CYL1/FCYL, FPISTA, FPISTE, FATIR1 (60), FAIR2 (60}, FAIR3(60),
&FEXHI1 (60), FEXH2 (60}, FEXH3(60), HEATG(24), PURITY, PVEL, PCR(24),
&PCWF (24),PCYLT(24),PORTS(24),RC(24),RCN(24),RCR(24),SURF(24),

&TCR(24),TCYLT (24), TWALL(24), VALAIR, VALEXH, VCYL (24) ,WIDTHA, WIDTHE,

&WCAIR(24),WCIN(24),IPRT,MTYPE, NPCWF, NTAIR, NTEXH,NC(24),

&NENDE (24) ,NENDI (24) , NENDEE (24 ) , NENDIT (24) , NENDEEE (24) ,NENDITITI (24)

QO

[eNeXe!

Q0O

COMMON/CYL2 /WCOUT (24) ,WCYL (24) ,WFUEL (24) ,WMW (4) , WPCNT (96),
&WN (4),WORKGA (24) ,WORKGE (24) , XCRA, XCRE, XSTA, XSTE,

&NCD(24) ,NSTORE (24) ,NSTORC (24) ,WCYLT (24),DWCINT (24),

&DWCPT (24),DWCINI (24) ,DWCIN2 (24) , DWCIN3 (24)
COMMON/CY1/CCANG(1100) ,DATWC(1100),DATIN(1100),DATOUT (1100)

HESAPLARA BASLANGIC ICIN ALTPROGRAMDA KULLANILAN ACI DEGERLERININ
SAPTANMAST

ANGLA=ACSB
ANGLE=ACSB+DELTA
ANGLP=180*CYCLE-ACSB+EVO (1)
ANGLC=0.

K=1

PRANG (1) =ACSB

YANMA ACILARININ SAPTANMASI

GUC

ACBB=ACB (N)
IF (ACBB.LT.180.) ACBB=180*CYCLE+ACBB
ACFF=ACF (N)
IF (ACFF.LT.180.) ACFF=180*CYCLE+ACFF

STROKU BASLANGICINDAKI SILINDIR HACMININ HESAPLANMAST

DST=0.

CALL STROK (XST,DST,ANGLA, XSTA, XCRA, REVENG, ZREF')
CALL CYLVOL(FCYL,XST, XSTA,CR,DST,VCYLA(1),DVCY)
IF (MTYPE.EQ.1l) FPISTE=1.

VCYLE(1)=0.

IF (MTYPE.EQ.1l) GOTO 10
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DST=0.

CALL STROK({XST,DST,ANGLE, XSTE, XCRE, REVENG, ZREF')

CALL CYLVOL (FCYL, XST, XSTE, CR, DST, VCYLE (1), DVCY)
10 VCYLA(1)=VCYLA(1l) *VREF

VCYLE (1)=VCYLE (1) *VREF

VCYLP(1)=VCYLA(1l)+VCYLE (1)

WORKA=0. ‘

WORKE=0.

HEATRF=0.

DQCR=0.

ICOMB=0

SIKISTIRMA BASLANGICINDA SILINDIRDEKI DOLGUYA AIT BILESENLERIN
DEGERLERI, WNA=HAVA MOIL SAYISI, WNR=ARTIKLARIN MOL SAYISI,
WNP=YANMA URUNLERININ MOL SAYIST

a0

VCYLT=VCYLP (1)

WNTF=PCYLT (N) *VCYLT*100/(8.3143*TCYLT (N))
WNA=PURITY*WNTF

WNR=WNTF-WNA
WNP=WFUEL (N) * (1~CARBON) /4.032

C
C (1) AZOT, (2) OKSIJEN, (3) KARBONDIOKSIT, (4) SU BUHARI
C

WNE (1)=0.79*WNA* (WNA+WNP+WNR) / (WNA+WNP)

WNF (4)=2*WNP*WNR/ (WNA+WNP)

WNF (3)=2.016*CARBON*WNF (4) /(12.01* (1-CARRBON) )
WNF (2)=0.21*WNF(1)/0.79-WNF(3)-0.5*WNF (4)

C
C SILINDIRDE GUC CEVRIMI BASLANGICINDAKI KUTLE
Cc

WMF=0.

DO 20 I=1,4

20 WMF=WMF+WMW (1) *WNF (I)
TRAF=28.967*WNA/WFUEL (N)
TRME=WMF /WFUEL (N)
EAFR=32*WNF (2)*100/ (23*WFUEL (N} )
C
C GUC CEVRIMININ BASINDA SILINDIR BASINCI VE SICAKLIGININ
C SAKLANMAST
Cc
PCF=PCYLT (N)
PCP(1)=PCF
LTWO=2
CALL UNITP(IUNITP,LTWO,PCP(1l), PBARAB)
TF=TCYLT (N}
TCP(1)=TF
CALL UNITT (IUNITT,LTWO,TCP (1))
c
C GUC CEVRIMINDE DOLGUYA AIT BILESENLERIN IC ENERJILERININ (KJ)
C BIRIMI CINSINDEN HESAPLANMASI

c
ETF=0.
DO 30 I=1,4 :

30 ETF=ETF+WNF (I)* (8.3143* ((COEFFA(I)-1)*TF+COEFFEFB (I)*TEF*TF+
&COEFFC(I)*TF*TF*TF+COEFFD(I) *TF*TF*TF*TF)-COEFFE (1))

C

C SON ACI DEGERININ YENI ACI DEGERI OLARAK ATANMASI VE CEVRIME
C DEVAM EDILMESI
C
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40 K=K+1
ANGLC=ANGLC+1
ANGLA=ANGLA+1
ANGLE=ANGLE+1
PRANG (K) =ANGLA
IF (PRANG(K).GE.180*CYCLE) PRANG (K)=PRANG (K)-180*CYCLE

ETI=ETF

PCI=PCF

TI=TF
Cc
C YANMA OLUP OLMADIGININ VEYA GUC CEVRIMI HESAPLARININ ISTENILIP
C ISTENMEDIGININ KONTROLU
C
C

IF (ANGLA.LE.ACBB) GOTO 140

IF ((ANGLA-1).GE.ACFF) GOTO 140
C
C
C YANMIS YAKIT YUZDESININ HESAPLANMAST
C

IF (ICOMB.EQ.0) KC=K-1
ICOMB=100
CANG (1)=ANGLA-1
CANG (2)=ANGLA
DO 110 I=1,2
ANG=CANG (I) -ACBB
IF (ANG) 50,50,60
50 PCEINT (I)=0.
GOTO 110
60 IF (APCWF (NPCWF)-ANG) 70,70,80
70 PCFINT (I)=100.

GOTO 110
80 J=1
90 J=J+1

IF (ANG-APCWF(J)) 100,100,90

100 JM1=J-1

PCFINT (I)=PCWF (JM1)+ (PCWF (J)-PCWF (JM1) ) * (ANG-APCWF (JM1) )/
& (APCWF (J) -APCWF (JM1}))

110 CONTINUE
DWFUEL=0.01* (PCFINT (2)-PCFINT (1) ) *WFUEL (N)
DQF=DWFUEL*CALVAL

C

C YENI DOLGU BILESENLERINE AIT DEGERLERIN TESBIT EDILMEST

C
WNTI=WNTF
WMI=WMF
DO 120 I=1,4

120 WNI(I)=WNF(I)

X=DWFUEL* (1-CARBON) /4.032
Y=DWFUEL*CARBON/12.01
WNTF=WNTI+X
WME=WMI+DWFUEL

WM=0.5* (WMI+WMF)

WNEF (2)=WNI (2)-X~Y

WNF (3)=WNI (3)+Y

WNF (4)=WNI(4)+2*X

DO 130 I=1,4

130 WN(I)=0.5* (WNF(I)+WNI(I))
GOTO 160
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C EGER YANMA YOKSA ..

C

140 DQF=0.
DQCR=0,
WNTI=WNTF
WMI=WMF
WM=WMF

DO 150 I=1,4
WNI (I)=WNF(I)
150 WN(I)=WNE(I)

C

C SILINDIR HACMI VE YANMA ODASI YUZEY ALANT
C

160 DST=0.

CALL STROK({XST,DST,ANGLA, XSTA, XCRA, REVENG, ZREF)

CALL CYLVOL(FCYL,XST,XSTA,CR,DST,VCYLA (K), DVCY)

IF (MTYPE.EQ.1) FPISTE=1.

VCYLE (K)=0.

IF (MTYPE.EQ.1) GOTO 170

DST=0.

CALL STROK(XST,DST,ANGLE, XSTE, XCRE, REVENG, ZREF')

CALL CYLVOL (FCYL,XST,XSTE,CR, DST, VCYLE (K) , DVCY)
170 VCYLP (K)=VCYLA (K) +VCYLE (K)

CALL SREA(CYLARE, VCYLP(K), FCYL, DCYL, XREF, DREF,

&FPISTA, FPISTE, MTYPE)

VCYLA (K)=VCYLA (K) *VREF

VCYLE (K)=VCYLE (K) *VREF

VCYLP (K) =VCYLP (K) *VREF

KM1=K-1

IF (VCYLP(K).LT.VCYLP(KM1l)) VOLMIN=VCYLP (K)

CYLARE=CYLARE*FREF

C
C ORTALAMA HACIM VE YOGUNLUK
C
C
VC=0.5* (VCYLP (K) +VCYLP (KM1) )
RHO=WM/VC
C
C
C ZAMAN ADIMININ SONUNDAKI GAZ SICAKLIGININ TAHMINI
c
C
TF=TI* (VCYLP(KM1) /VCYLP(K))**0.4+4*DQF/WM
Cc
C
C ORTALAMA GAZ SICAKLIGININ HESAPLANMASI
C
c
180 TM=0.5% (TI+TF)
C
C .
C KONVEKSIYON ISI ILETIMININ (KJ) BIRIMI CINSINDEN HESAPLANMASI
C

CPT=0.
DO 190 I=1,4
190 CPT=CPT+WN(I)* (COEFFA (I)+2*COEFFB (I)*TM+3*COEFFC(I)*TM**2+
&4*COEFFD (I) *TM**3)
CPT=8.3143*CPT/WM
A=0.
B=0.
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DO 200 I=1,4
C=WN(I)*DSQRT (WMW (1))
A=A+COEFFZ (I)*C

200 B=B+C
VISCTY=(A*TM**(0.645) /B
CONDY=CPT*VISCTY/0.7
REY=RHO*PVEL*DCYL*DREF/VISCTY
H= (ANNA*CONDY*REY**ANNB) / (DCYL*DREF)
DOCY=(CYLARE*H* (TM-TWALL (N)) )/ (360*REVREF*REVENG)
IF (ICOMB.EQ.0) GOTO 210

C

C RADYASYON ISI ILETIMININ YANMANIN BASLADIGI ANDAN ITIBAREN

C HESAPLANMAST

C

C
DQCR=CYLARE*ANNC* (TM**4~TWALL (N) **4) / {360 *REVREF*REVENG)

C

C

C ZAMAN ADIMININ SONUNDA BULUNAN BASINC DEGERI

C

C

210 KM1=K-1
PCF=PCI*VCYLP (KM1) *TF*WNTF/ (VCYLP (K) *WNTI*TI)

C

C

C ZAMAN ADIMI BOYUNCA YAPILAN IS (KJ)

c

C
DWORKA=0.5* (PCF+PCI) * (VCYLA (K)-VCYLA (KM1) ) *100
DWORKE=0.5* (PCF+PCI) * (VCYLE (K) -VCYLE (KM1) ) *100

C

C

C ZAMAN ADIMININ SONUNDAKI IC ENERJI DEGERI (KJ)

C

ETF=0.
DO 220 I=1,4

220 ETF=ETF+WNF (I)*(8.3143* ((COEFFA(I)-1)*TEF+COEFEB(I) *TEF**2+
&COEFFC(I)*TF**3+COEFFD(I)*TF**4)-COEFFE(I))

TERMODINAMIGIN 1.KANUNU, ENERJININ KORUNUMU ILKESI VE
MODELLEME MANTIGI GEREGI ZAMAN ADIMININ BASINDA TAHMIN
EDILEN ZAMAN SONU GAZ SICAKLIGI DEGERININ 1.KANUN

ENERJI DENGELEMESINI SAGLAYIP SAGLAMADIGININ KONTROLU.
ISTENILEN MERTEBEDE DENGE KURULAMAMIS ISE HESAPLANAN

YENI GAZ SICAKLIGININ TAHMINI DEGER OLARAK ATANARAK ISLEME
HASSASIYET SAGLANINCAYA KADAR DEVAM EDILMEST

QOO0

ERR=ETF-ETI-DQF+DQCY+DQCR+DWORKA+DWORKE
DERIV=0.
DO 230 I=1,4
230 DERIV=DERIV+WNF (I)*8.3143* (COEFFA(I)~-1+2*COEFFB(I)*TF+
&3*COEFFC(I)*TF**2+4*COEFFD (I) *TF**3)
c
C SON SICAKLIK DEGERININ CEVRIME DEVAM ICIN YENI DEGER OLARAK
C ALINMASI
C
c
ERR=ERR/DERIV
TF=TF-ERR
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C
C HATA ISTENILEN KUCUKLUKTE DEGIL ISE -180- ETIKET NUMARALI SATIRA
C DONUS
C
c
IF (DABS(ERR).GT.0.0001) GOTO 180
C
C
C COZUMLER
C

WORKA=WORKA+DWORKA

WORKE=WORKE+DWORKE

HEATRF=HEATRF+DQCY+DQCR

TCP(K)=TF

LTWO=2

CALL UNITT (IUNITT, LTWO, TCP(K))

PCP (K)=PCF

CALL UNITP(IUNITP,LTWO, PCP(K), PBARAB)

WRITE(6,9100) IREV, PRANG(K),TCP(K),PCP(K)
9100 FORMAT (1X, 'CYCLE =',I2,' CRANK ANGLE =',F6.1,

&' TEMPERATURE =',F7.2,' PRESSURE =',F7.2)

C
C GUC CEVRIMININ BITIP BITMEDIGININ KONTROLU, BITMEMIS ISE -40-
C ETIKET NUMARALI SATIRA DONUS
C
C
IF (ANGLC.LT. (ANGLP~0.1)) GOTO 40
C
C
C GUC CEVRIMI BITMISTIR. ACIGA CIKAN GUC, BASINC VE SICAKLIK
C DEGERLERININ SAKLANMASI
c
C
PCR (N)=PCF
TCR (N)=TF

WORKP=WORKA+WORKE
WORKT=WORKF+WORKGA (N) +WORKGE (N)
HEATT=HEATRF-HEATG (N)
CYCLES=REVENG*REVREF+*2/CYCLE
POWERA=WORKA*CYCLES
POWERE=WORKE*CYCLES
POWEGA=WORKGA (N) *CYCLES
POWEGE=WORKGE (N) *CYCLES
POWERT=WORKT*CYCLES

VSWEPT= (XSTA+XSTE) *FCYL*VREF
PMTI P= (WORKT/VSWEPT) *0.01
HEATFL=WFUEL (N) *CALVAL

c

C SONUCLARIN DOSYALARA YAZDIRILMASI

C

IF (IPRT) 240,240,270

240  WRITE(2,2000) PRANG(l),PCP(1l),TCP(1)

2000 FORMAT (/,1X, "KRANK ACIST .ttt iererrerneenereennsonanness :'
&F7.1,/,1X,'GUC CEVRIMI BASINDAKI SILINDIR BASINCI....: ,F7.1,
&/,1%X, 'GUC CEVRIMI BASINDAKI SILINDIR SICAKLIGI..:' ,F7.1,/)

WRITE (2,2010) PRANG(KC),PCP(KC), TCP(KC)

2010 FORMAT(/,1X,'KRANK ACIST .. v vererenennnn ettt 2,
&§F7.1,/,1%, '"SIKISTIRMA STROKUNUN BASINDA BASINC....... ', F7.1,
&/,1X, 'SIKISTIRMA STROKUNUN BASINDAKI SICAKLIK...:',F7.1,/)

I=0



250

260

2020

2030

270

2040

280

2050

290
4000
300

2060

2070

2080

2090

2100

2110

310

2120
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I=I+1
IF (PCP(I)-PCP(I+1)) 250,250,260
WRITE (2,2020) PRANG(I),PCP(I),TCP(I)

FORMAT (//,1X, 'KRANK ACISI',F6.1,5X, "MAKSIMUM BASINC',F8.2,

&5X, 'SICAKLIK', F8.2)
WRITE (2,2030) PRANG(K),PCP(K), TCP(K)

FORMAT (//,1X, 'KRANK ACISI',F6.1,5X, 'CIKIS BASINCI',F8.2,

&5X, 'CIKIS SICAKLIGI',F7.1)
GOTO 300
WRITE (2,2040)

FORMAT (/,3(1X,' ACI BASINC SICAK.'))

I=(K+2)/3

DO 280 J=I1,I
L=J+2*1

IF (L.GT.K) L=L-I

WRITE (2,2050) (PRANG (M), PCP (M), TCP (M) ,M=J,L, I)

FORMAT (3(F6.1,F10.2,F10.2,1X))
DO 290 IJK=1,K

WRITE (4,4000) PRANG(IJK),PCP(IJK),TCP{IJK)

CONTINUE

FORMAT (F6.1,F9.2,F8.1)
CONTINUE

WRITE (2,2060) TRAF,EAFR,ACBB
WRITE(6,2060) TRAF, EAFR,ACBB

FORMAT (1X, 'HAVA-YAKIT ORANI...........
&/,1X, '"EFEKTIF HAVA YAKIT ORANI........
&1X, "YANMANIN BASLANGICI......vivuinnnenn

X=VCYLT/VOLMIN

Y=VCYLP (K) /VOLMIN
WRITE (2,2070) X,Y
WRITE(6,2070) X,Y

FORMAT (' EFEKTIF SIKISTIRMA ORANI.....
&1X, 'EFEKTIF GENISLEME ORANI...........

IF (IUNITK.EQ.2) GOTO 320

WRITE (2,2080)

WRITE (6,2080)

FORMAT (/, 1X, "INDIKE MOTOR GUCU {KW]"')
X=POWERA+POWEGA

WRITE(2,2090) POWERA, POWEGA,X

WRITE (6,2090) POWERA, POWEGA,X

FORMAT (1X, 'HAVA........ (GUC CEVRIMI)..
&/,1X, "HAVA... (GAZ HAL DEGISIMI).......
&1X, 'TOPLAM ALINAN GUC.....oviveennnnnn

IF (MTYPE.NE.2) GOTO 310
Y=100* (WORKA+WORKGA (N) ) /WORKT
WRITE (2,2100) Y

WRITE(6,2100) Y

........

.............

FORMAT (1X, 'YUZDE OLARAK TOPLAM ALINAN GUC..........

X=POWERE+POWEGE

Y=100* (WORKE+WORKGE (N) ) /WORKT
WRITE(2,2110) POWERE, POWEGE,X,Y
WRITE (6,2110) POWERE, POWEGE,X,Y

FORMAT (1X, 'EGSOZ....... (GUC CEVRIMI)..
&1X, 'EGSOZ.... (GAZ HAL DEGISIMI).......
&F8.2,1X, '"TOPLAM ALINAN GUC.....covvven
&1X, 'YUZDE OLARAK TOPLAM ALINAN GUC....

WRITE(2,2120) POWERT,PMIP, SPIFCM
WRITE(6,2120) POWERT,PMIP,SPIFCM

FORMAT (1X, 'BIRLESIK GUC (HAVA + EGSOZ)

.............

...... =',F8.2)
SPIFCM=WFUEL (1) *3600*1000*REVREF*REVENG/ (2*POWERT)
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&F8.2,/,1X, "ORTALAMA INDIKE BASINC,.[BARJ........... =',

&F8.2,/,1X, "INDIKE OZGUL YAKIT TUKETIMI..[G/KWH]....=',6F8.2)

PPWRTT=POWERT*EFFMEC

PPMEPP=PMIP*EFFMEC

SPFUCM=WFUEL (1) *3600*1000*REVREF*REVENG/ (2*PPWRTT)
WRITE (2,2125) EFFMEC, PPWRTT, PPMEPP, SPFUCM
WRITE(6,2125) EFFMEC, PPWRTT, PPMEPP, SPFUCM

FORMAT (/, 1X, "MEKANIK VERIM. . it ti it rennnnnnnnnnnnnns =',F8.2,
&/,1X, 'TEK BIR SILINDIRIN EFEKTIF GUCU..[KW]...=',F8.2,/,

&1X, 'ORTALAMA EFEKTIF BASINC..[BAR]...vvuue.. =',¥8.2,/,1X,
&'EFEKTIF OZGUL YAKIT TUKETIMI..[G/KWH]...=',F8.2,/)

GOTO 340

WRITE (2,2130)
WRITE (6,2130)

FORMAT (/, 1X, 'INDIKE MOTOR GUCU [HP1')

A=POWERA*1.34

B=POWEGA*1.34

X=A+B

WRITE(2,2090) A,B,X

WRITE (6,2090) A,B,X

IF (MTYPE.NE.2) GOTO 330

Y=100* (WORKA+WORKGA (N) ) /WORKT

WRITE (2,2100) Y

WRITE(6,2100) Y

A=POWERE*1.34

B=POWEGE*1. 34

X=A+B

Y=100* (WORKE+WORKGE (N) ) /WORKT

WRITE(2,2110) A,B,X,Y

WRITE (6,2110) A,B,X,Y

A=POWERT*1.34

B=PMIP*14.5

WRITE(2,2140) A,B

WRITE(6,2140) A,B

FORMAT (1X, 'BIRLESIK GUC (HAVA + EGSOZ).+uevvenn... =',$8.2,
&/,1X, "ORTALAMA INDIKE BASINC..[P.S.I]....... =',F8.2)
A=100*HEATRF/HEATFL

B=~100*HEATG (N) /HEATFL

X=100*HEATT/HEATFL

WRITE (2,2150) A,B,X

WRITE(6,2150) A,B,X

FORMAT (1X, 'YUZDE OLARAK ISI KAYIPLARI',/,

&1X, 'GUC CEVRIMI BOYUNCA. ... .ttt eenennaoann =',F8.2,/,
&1X, 'GAZ HAL DEGISIMI BOYUNCA......viveeenenn =',F8.2,/,
&1X, "TOPLAM. ¢ vt ittt it i st s et e =',F8.2)

Y=100*WORKT /HEATFL
WRITE (2,2160) Y
WRITE(6,2160) Y

FORMAT (/,1X, "INDIKE ISIL VERIM, ...t ivievrenenencnannnn =',F8.

RETURN
END

2)
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SUBROUTINE RPAP(A,R,CI,CO,CA,P)
IMPLICIT REAL*8 (A-H,0-Z)
PP=2*P/ (P~1)

A=(CI+CO)*0.5

R=(A/CA) **PP

RETURN

END
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SUBROUTINE SREA (SAREA,VCYLL, FCYLL, DCYLL, XR, DR, F'1, F2, MM)
IMPLICIT REAL*8(A-H,0-Z)

IF (MM.EQ.3) GOTO 20

IF (MM.EQ.1) GOTO 30
SAREA=4*VCYLL*XR/ (DCYLL*DR) + (F1+F2) *FCYLL
RETURN

Fl=1.

F2=1.

GOTO 10

F2=1.

GOTO 10

END
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SUBROUTINE STAGNA (CLOUTT, CLINN, AO, G)
IMPLICIT REAL*8(A-H,0-7Z)

A=0.5* (CLOUTT+CLINN)

U= (CLOUTT-CLINN) / (G-1)

AO=DSQRT (A*A+0.5* (G-1) *U*U)

RETURN

END
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SUBROUTINE STROK({XSTRCK, DSTROK, THETAE, STROKE, CONROD, RPS, ZR)
IMPLICIT REAL*8(A-H,0-Z)
CONRAT=2*CONROD/STROKE
PI=3141592654E-9
THETA=THETAE*PI/180
FNN=DSQRT (CONRAT*CONRAT-DSIN (THETA) *DSIN (THETA) )
IF (DSTROK.EQ.0.) GOTO 10
DSTROK= (PI/360)*ZR*RPS*STROKE* (DSIN (THETA)+DSIN(2*THETA) /
& (2*FNN) )
10 XSTROK=0.5*STROKE* (1+CONRAT-DCOS (THETA) ~FNN)
RETURN :
END
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SUBROUTINE TCHAR

(NZ, PRAT, BSPRAT, NNOZZT, NCURVE, TRBEFF, TRBFLC, MMMM)
IMPLICIT REAL*8(A~H,0~2Z)
COMMON/NZTB/TPRRAT (4, 10) , TMXEFF (4, 10) , BSPRZE (4, 50),
&FCZBSR (4,10),FLCTRP (4,10),BSRTRP (4, 50)

C*******************************************************************
* Kk kk

C*

*

C* BU PROGRAM VERILEN CALTSMA KOSULLARINDA TURBIN
KARAKTERISTIKLERINI *

C* HESAPLAR. BUNUN ICIN TURBIN KADEMESINE GORE BASINC VE KANAT
UCLARI *

C* HIZININ ALTPROGRAMA DATA OLARAK GIRILMESI GEREKIR.

*

c*

*

C*

*

C*

*

c* GIRIS VERILERI

*

C*

*

Cc* NZ - TURBIN SAYISI (EN FAZLA 4)

*

C* TPRRAT - TURBIN BASINC ORANI

*

C* BSPRAT - KANAT UCU HIZ ORANI
*

C*

*

C*

*

C*

*

C*

*

C* CIKIS BULGULARI
*

C*

*

c* TRBEFF - TURBIN VERIMI

*

C* TRBFLC - TURBINDE AKIS KATSAYISI

*

C*

*

ko ke ek Sk o ok ok ok ek kK kR Sk ok K ok e ok ko ok K ok ok ok K ok R ok R K Rk ok ok sk ok ok ok K kR kR Rk kR K

* Kk Kk Xk

IF (MMMM.NE.1l) GOTO 30
DO 20 NOz=1,NNOZZT
DO 10 J=1,NCURVE
READ(1,*) TPRRAT (NOZ,J), TMXEFF (NOZ, J),BSPRZE (NOZ, J),
&FCZBSR{NOZ, J) , FLCTRP {NOZ, J) , BSRTRP (NOZ, J)
WRITE (3,3000) TPRRAT (NOZ,J), TMXEFF(NOZ,J), BSPRZE (NOZ, J),
&FCZBSR (NOZ, J) , FLCTRP (NOZ, J) , BSRTRP (NOZ, J)
3000 FORMAT (6F10.4)
10 CONTINUE
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20 CONTINUE
30 CONTINUE
C
C (J) NUMARALI KARAKTERISTIGIN BULUNMASI
C
MMMM=MMMM+ 1
=1
J=1
N=NCURVE
IF (PRAT.GT.TPRRAT(NZ,1)) GOTO 40
L=0
GOTO 70
C
40 IF (PRAT.LT.TPRRAT(NZ,N)) GOTO 50
J=N
L=0
GOTO 70
C

50 JP1l=J+1
IF (PRAT.LT.TPRRAT(NZ,JPl)) GOTO 60

J=J+1
GOTO 50
60 CONTINUE
L=1
70 CONTINUE
C
C TURBIN VERIMININ (TRBEFF) HESAPLANMAST
C

X=BSPRAT/BSPRZE (NZ, J)
TMEFJ=4*TMXEFF (NZ, J) * (1-X) *X
IF (X.GT.1l.) TMEFJ=0.0
IF (L.EQ.0) GOTO 80
JP1=J+1
X=BSPRAT/BSPRZE (NZ, JP1)
TMEFJ1=4*TMXEFF (NZ, JP1) * (1-X) *X
IF (X.GT.l.) TMEFJ1=0.0 :
TRBEFF=TMEFJ+ (TMEFJ1-TMEFJ) * (PRAT-TPRRAT (NZ, J) ) /
& (TPRRAT (NZ, JP1) ~TPRRAT (NZ, J) )
GOTO 90
80 CONTINUE
TRBEFF=TMEFJ
90 CONTINUE
C
C TURBINDE AKIS KATSAYISININ (TRBFLC) HESAPLANMASI
C
X=BSPRAT/BSRTRP (NZ, J)
FLCOF=FCZBSR(NZ, J) + (FLCTRP (NZ, J) -FCZBSR (NZ, J) ) *X
IF (X.GT.1l.) FLCOF=FLCTRP(NZ,J)
IF (L.EQ.0) GOTO 100
JP1=J+1
X=BSPRAT/BSRTRP (NZ, JP1)
FLCOF1=FCZBSR (NZ, JP1)+ (FLCTRP (NZ, JP1) ~-FCZBSR(NZ, JP1)) *X
IF (X.GT.l.) FLCOF1=FLCTRP(NZ,JP1)
TRBFLC=FLCOF+ (FLCOF1~FLCOF) * (PRAT-TPRRAT (NZ, J)) /
& (TPRRAT (NZ, JP1) ~TPRRAT (NZ, J))
GOTO 110
100 CONTINUE
TRBFLC=FLCOF
110  CONTINUE
RETURN
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SUBROUTINE VALVE (CLINN,CLOUTT, AANN, PSIV,ACC, RCC, APIPE, RPIPE,G)
IMPLICIT REAL*S(A-H,0-Z)

PARAMETRELERIN GIRILMESI

[eNeNe!

CLINP=CLINN
AANP=AANN
GP=1.
ACCUR=0.00001

IZANTROPIK INDISIN FARKLI DUZENLEMELERI

Q00

Al=(G-1)*0.5
A2=(2/(G+1)) ** ((G+1)/(2*(G-1)))
A3=2*G/ (G-1)

Ad4=4/(G*G-1)

A5=(3-G)/(G+1)

A6=4* (G-1)/(G+1)

A7=A3*0.5

A8=1/A3

ANTROPI SINIRLARININ TAYINI

Q0

AAIS=ACC/ (RCC**A8)
IF (RCC.GT.1l.) GOTO 10
AAEST=AAIS
DAA=0.5
GOTO 20
10 AAEST=AAIS
DAA= (ACC-RAAIS)*0.5
C
C (LAMBDA) DEGERININ DOGRU OLARAK HESAPLANMASI

0 CLINN=0.5* (CLINN+CLOUTT) * (1-AANP/AAEST)+CLINP

AKIM YONLERININ HESAPLANMASI. ANTROPI DEGERININ VE ARTIMININ
KONTROL EDILMESI

N NOECHOR N N®]

IF (ACC.GT.CLINN) GOTO 50
IF (DAA.LT.ACCUR) GOTO 100
AAEST=AAEST-DAA
CLOUTT=CLINN

30 IF (AREST.GE.AAIS) GOTO 40
AAEST=AAIS
GOTO 30

40 DAA=DAA*0.5
IF (DAA.GT.ACCUR) GOTO 20
IF (GP.LT.0.1) GOTO 130
IF (DABS(AACALC-AAEST).LT.ACCUR) GOTO 130
GP=0.0
DAA=DABS (AACALC-AAREST) *0.5
GOTO 20

(LAMBDA OUT) DEGERININ HESAPLANMASI

0 CLOUTT=A5*CLINN+DSQRT (A6*ACC*ACC- (1-A5*A5) *CLINN*CLINN)

PR NONGNONS!
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C
C BORUDAKI HIZIN KONTROL EDILMESI
c
IF (CLOUTT.NE.CLINN) GOTO 60
PPPC=1.
GOTO 100
60 U= (CLOUTT-CLINN) / ( (G-1) *ACC)
IF (U.GT.1) GOTO 120
IF (U*U.GT.1lE-7) GOTO 70
PPPC=1.
GOTO 100
C
C SONIK AKIS KONTROLU
C

70 C=(A1*U*U) / ((1-A1*U*U) * (1-A1*U*U))
IF (C.GT.lE-7) GOTO 80

PPPC=1.
GOTO 100
80 IF (A4*C.GE.PSIV*PSIV) GOTO 90
C
C SUBSONIK AKIS KONTROLU
C
PSIVD=PSIV

PPPC=(DABS ( (PSIV* (DSQRT (PSIVD*PSIVD+4*C) ) -
(PSTV) **2) / (2*C) ) ) **AT

GOTO 100
C
C SONIK AKIS DURUMU
C
C
90 PPPC=PSIV*A2* (1-A1*U*U) /U
Cc
C
C ANTROPININ HESAPLANMASI VE COZUMUN SONA ERIP ERMEDIGININ KONTROLU
C
100 AACALC=0.5* (CLINN+CLOUTT) / (DABS (PPPC*RCC) ) **A8

IF (DABS (AACALC-AAEST) .LT.ACCUR) GOTO 130
IF (AACALC.GT.AAEST) GOTO 120
110 AAEST=AAEST-DAA

GOTO 30

120 AAEST=AAEST+DAA
GOTO 30

C

C COZUMLER

C

130 AANN=AAEST
RPIPE=RCC*PPPC
APIPE=0.5* (CLINN+CLOUTT)
RETURN
END



157

SUBROUTINE AIRIN (CLINN,CLOUTT,AANN,APAIRR,RPAIRR,G)
IMPLICIT REAL*8 (A-H,0-Z)
RPPP=RPAIRR** ((G~1)/(2*G))

C
C AKIS YONUNUN KONTROLU
C
IF (CLINN/AANN.GT.RPPP) GOTO 30
C
C ICERI AKIS DURUMU
C
ACCUR=0.00001
MARK=1
CLINP=CLINN
AANP=AANN
AANN=APAIRR/RPPP
10 CLINN=CLINP+0.5* (CLINN+CLOUTT) * (1-AANP/AANN)
CLOUTT= (3-G) *CLINN/ (G+1)+ (2*DSQRT (2* (1~G) *CLINN*CLINN
&+ (G*G-1) *APAIRR*APAIRR) ) / (G+1)
IF (MARK.EQ.0) GOTO 20
CLOUTP=CLOUTT
MARK=0
GOTO 10
20 IF (DABS(CLOUTP-CLOUTT) .LT.ACCUR) GOTO 40
CLOUTP=CLOUTT
GOTO 10
C
C DISARI AKIS DURUMU
c
30 CLOUTT=2*RPPP*AANN-CLINN
40 RETURN

END
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SUBROUTINE INLET (JJJJ)
IMPLICIT REAL*8(A-H,0-Z)
COMMON/MF/AAATR, AAEXH, ALPHAT, ANGEND, ANGRES, ANREV,
&APAIR,APEXH,AREF, AVO (3),AVC(3),AAN(300),AP(300),
&APN (300) , CYCLE, CLIN(300), CLOUT (300) , DALPHA,
&DANGRS, DREF, DZ, EREF, EVC (3) , EVO (3) , FREF, FPIPE (300) , EFFMEC,
§FPIPEN(300), IPOWER, IREV, GA, GE, GREF, IUNITL,
&IUNITP, IUNITT, IUNITK, IUNITW, IUNITQ, MINDT
COMMON/SMF1/MREST, NAAT, NCLT, NCYLT, NINLET, NJUNCT, NNOZZT, NP, NPA,
&NPE, NPT, NTURBT, PAIR, PBACK, PBAR, PBARAB, PEXH,
&PI, PREF, RBACK, REVENG, REVREF, RPAIR, RPEXH, RP (300),
&RPN (300), TAIR, TEXH, TREF, VREF, WREF, XREF, Z, ZREF
COMMON/INL/NENDIN (24)
IF (NINLET.EQ.0) GOTO 30
IF (JJJJ.EQ.1) GOTO 10
IF (JJJJ.EQ.2) GOTO 10
READ(1, *) (NENDIN(NI),NI=1,NINLET)
WRITE (3, 3000) (NENDIN(NI),NI=1,NINLET)
3000 FORMAT (I5)
IF (JJJJ.EQ.0) GOTO 30
10 DO 20 NI=1,NINLET
N=NENDIN (NI)
APN (N) =AP (N)
RPN (N) =RP (N)
CALL AIRIN(CLIN(N),CLOUT (N),AAN(N),APAIR, RPAIR, GA)
AP (N)=0.5* (CLIN (N)+CLOUT (N) )
20 RP (N) = (AP (N) /AAN (N) ) ** (2*GA/ (GA-1))
30 RETURN
END
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SUBROUTINE INPAT (P, PR, PB,RPP,RPPN, T, TR,APP,APPN, IUP, IUT, ITE,
&G, GR, DTH, DAL)

IMPLICIT REAL*8(A-H,0-Z7)
P=PR* (RPP- (RPP-RPPN) *DTH/DAL)
LTWO=2

CALL UNITP(IUP,LTWO,P,PB)

IF (ITE.EQ.Q0) GOTO 10

A=APP- (APP-APPN) *DTH/DAL
T=TR*GR*A*A/G

CALL UNITT(IUT,LTWO,T)

RETURN

END
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SUBROUTINE INTERP(X,Y,N,EX,WY, MK, MNM)

IMPLICIT REAL*8 (A-H,0-2)

DIMENSION X (3,60),Y(60)

IF (EX.LT.X(MNM,1)) MK=-1

IF (EX.GT.X(MNM,N)) MK=1

I=1

IF (EX.GT.X(MNM,2)) GOTO 20

IP1=I+1 i ‘
WY=Y (I)+ (Y (IP1)-Y(I))*(EX-X(MNM, I))/(X(MNM,IP1)-X(MNM,I))
RETURN

I=N

I=I-1"

IF (EX.LT.X(MNM,I)) GOTO 30

GOTO 10

END
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SUBROUTINE
ORIFIC (CLINN,CLOUTT, AANN, PHIN, K, J,APP, RPP, RB, G, ANNOZZ,
&SONKK)
IMPLICIT REAL*8 (A-H,0-Z)
DIMENSION A(10),AANOZZ(10),SSONK(24)
IF (K.EQ.2) GOTO 20

C

C SABITLERIN OLUSTURULMASI

C
A(l)=2/(G+1)
A(2)=2/(G-1)
A(3)=2*A(2)

A(4)=(G-1)/(2*G)
A(5)=(G+1)/(G-1)
A(6)=1/A(2)
A(7)=1/A(4)
A(8)=0
A(9)=0
A(10)=RB**A(4)
IF (K.NE.1) GOTO 100
DO 10 N=1,7
10 AANOZZ (N)=A (N)
AANOZZ (10)=A(10)
IF (PHIN.EQ.0.) GOTO 110
IF (PHIN.GT.0.99999) GOTO 120
GOTO 40
c
C IKINCI VE DAHA SONRAKI CEVRIMLERDE ZAMAN ADIMLARI ICIN NOZUL
C HESAPLARININ BASLANGICI
C
20 DO 30 N=1,7
30 A (N)=AANOZZ (N)
A(10)=AANOZZ (10)
IF (PHIN.EQ.0.) GOTO 110
IF (PHIN.GT.0.99999) GOTO 120
IF (K.EQ.2) GOTO 100
C
C SONIK AKIS DURUMUNDA SINIRLARIN OLUSTURULMASI
c
40 A(8)=DSQRT (A (1))
ATT=0.5+0.5*%A(8)
DATT=0.25-0.25*A(8)
C
C SONIK AKIS SABITI
C
50 ATTIN=1/ATT
S=PHIN*PHIN~- (ATTIN**A (3))* (A(5)~-A(2) *ATTIN*ATTIN)
IF (S.EQ.0.) GOTO 80
IF (S.GT.0.) GOTO 60
ATT=ATT~DATT
GOTO 70
60 ATT=ATT+DATT
70 IF (DATT.LT.0.00001) GOTO 80
DATT=0.5*DATT
GOTO 50
80 A(9)=2A(6)*PHIN*ATT**A (5)
SONKG=(1-A(9))/(1+A(9))
IF (K.EQ.0) GOTO 90
c
C NOZUL ICIN SABITLERIN SAKLANMAST
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QO

SSONK (J) =SONKG
SONKK=SSONK (J)
GOTO 100

EN GENEL SONIK AKIS DURUMUNDA (LAMBDA OUT) DEGERI

NeoNoReN®!

0 CLOUTT=SONKG*CLINN
GOTO 190

(LAMBDA USSU) DEGERININ HESAPLANMASI VE AKIS YONUNUN KONTROLU

QOO0

00 CLIPP=CLINN/ (AANN*A (10))
IF (J.EQ.0) GOTO 130
IF (CLIPP.GT.1.) GOTO 130
IF (CLIPP.EQ.1.) GOTO 110

GOTO 120
C
C HIC AKIS OLMAMASI VEYA KAPALI UC OLMASI HALI
Cc
C
110 CLOUTT=CLINN
GOTC 190

C
C
C ACIK UC DURUMU
C
c
1

20 CLOUTT=2*AANN*A (10)-CLINN
GOTO 190

DISA AKIS

00000

30 AEST=0.5* (CLIPP+1)
DAEST=0.25* (CLIPP-1)
140 S=(CLIPP-AEST)* (CLIPP-AEST)* (AEST**A (3) -PHIN*PHIN) -
&PHIN*PHIN*A(6) * (AEST*AEST-1)
IF (S.EQ.0.) GOTO 170
IF (S.GT.0.) GOTO 150
AEST=AEST-DAEST
GOTO 160
150 AEST=AEST+DAEST
160 IF (DAEST.LT.0.00001) GOTO 170
DAEST=0.5*DAEST

GOTO 140

170 CLOPP=2*AEST-CLIPP

C

C SONIC AKIS KONTROLU

C
UPP=(CLIPP~CLOPP) / (G-1)
UMACH=AEST**A (2) *UPP/PHIN
IF (UMACH.LT.1.) GOTO 180
IF (K.EQ.0) GOTO 40

C

C (LAMBDA OUT) DEGERININ SONIK AKIS DURUMUNDA NOZUL ICIN TESBITI
C
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C
CLOUTT=SSONK (J) *CLINN
GOTO 190
Cc
C ‘
C (LAMBDA OUT) DEGERININ SUBSONIK AKIS DURUMUNDA NOZUL ICIN TESBITI
C
C
180 CLOUTT=CLOPP*AANN*A.(10)
C
C
C COZUMLER
Cc
C
190 APP=0.5* (CLINN+CLOUTT)
RPP=(APP/AANN) **A (7)
ANNOZZ=1.
RETURN

END
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SUBROUTINE TURBIN (JJJJ,MMMM)

IMPLICIT REAL*8 (A-H,0-Z)

DIMENSION ALFATO(4)
COMMON/MF/RAAAIR, AAEXH, ALPHAT, ANGEND, ANGRES, ANREV,
&APAIR,APEXH,AREF,AVO(3),AVC(3) ,AAN(300),AP(300),
&APN(300),CYCLE,CLIN(300),CLOUT (300), DALPHA,

&DANGRS, DREF, DZ, EREF, EVC(3) ,EVO(3), FREF, FPIPE (300) , EFFMEC,
&FPIPEN (300), IPOWER, IREV, GA,GE, GREF, TUNITL,

&IUNITP, IUNITT, IUNITK, IUNITW, IUNITQ, MINDT
COMMON/SMF1/MREST, NAAT, NCLT,NCYLT, NINLET, NJUNCT, NNOZZT, NP, NPA,
&NPE, NPT, NTURBT, PAIR, PBACK, PBAR, PBARAB, PEXH,

&PI, PREF, RBACK, REVENG, REVREF, RPAIR, RPEXH, RP (300),

&RPN (300), TAIR, TEXH, TREF, VREF, WREF, XREF, Z, ZREF
COMMON/NZT/ANOZZ (10), DTE, DTW, DROT (4) , EFFYT, EFFYC, EFFYTC,
&ETS (600), FNOZZL (24) , IUNTP, NCOUNT, NCURVE, NCURVW,

&NCLTS (12),NENDN(24),NENDT (4) ,NETS(12),

&PCOMPI (4) ,REVTUR(4),SONK(24), TALPHA, TCLIN(600),

&TCLOUT (600) , TCOMPTI (4) , TENERA (4) , TENERT (4) , TSPEDE (12),
&TSPEDW(12) ,TSTAGE (4), TSTAGT (4), TSTATE (4), TSTATT (4)

COMMON/NZT1/TWFLOW(4) , UBLADE (4) ,UCTMIN(12),UCTMAX (12}, UCTS (600),
&XIMAX (12) ,XIMIN(12),XOMAX (12),XOMIN(12),
&TNTN, UCTN, ETN, DTWN, ETTN, ETAN, STPN, TMPN, NDATA, NTURBD

COMMON/NZ1/TANG (290), TRPST (290) , TEFFT (290) , TUCTS (290) , TMASS (290),

&TENGYT (290) , TENGYA (290) , TSTPR(290) , TMTP (290)

COMMON/NZTB/TPRRAT (4,10) , TMXEFF (4, 10) , BSPRZE (4, 50),

&FCZBSR (4, 10), FLCTRP (4, 10),BSRTRP (4, 50)

IF (NNOZZT.EQ.0) GOTO 160

IF (JJJJ.EQ.1) GOTO 10

IF (JJJJ.EQ.2) GOTO 50

READ(1,*) (NENDN(NZ),FNOZZL (NZ),Nz=1,NNOZZT)

WRITE (3,3000) (NENDN(NZ),FNOZZL(NZ),NZ=1,NNOZZT)
3000 FORMAT (I5,F10.6)

READ (1, *) (PCOMPI (NZ),TCOMPI (NZ),NZ=1,NNOZZT)

WRITE (3,3010) (PCOMPI (NZ),TCOMPI (NZ),NZ=1, NNOZZT)
3010 FORMAT(F7.3,F7.1)

READ(1,*) (DROT(NZ),REVTUR(NZ),NZ=1,NNOZZT)

WRITE(3,3020) (DROT(NZ),REVTUR(NZ),NZ=1,NNOZZT)
3020 FORMAT(F7.3,F8.1)

READ (1, *) NCURVE

WRITE (3,3030) NCURVE
3030 FORMAT(I4)

IF (JJJJ.EQ.0) GOTO 160
10 CONTINUE

DO 20 NZ=1,NNOZZT

LONE=1

CALL UNITP(IUNITP,LONE,PCOMPI (NZ), PBARAB)

CALL UNITT(IUNITT,LONE,TCOMPI (NZ))
20 CONTINUE

DO 40 NZ=1,NNOZZT

IF (IUNITL.EQ.1) GOTO 30

FNOZZL (NZ)=FNOZZL (NZ) *92893973E~9
30 FNOZZL (NZ)=FNOZZL (NZ) /FREF

TWFLOW (NZ)=0.0

TENERT (NZ) =0
TSTATT (NZ)=0
TSTAGE (NZ)=0.

) =0
)=0

TSTATE (NZ
TSTAGT (NZ

[l eNollolNo]
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ALFATO (NZ)=1.

TALPHA=0.0

NCOUNT=0

TALPHA=TALPHA+DZ* ZREF*REVENG
NCOUNT=NCOUNT+1

DO 150 NZ=1,NNOZZT

N=NENDN (NZ)

APN (N)=AP (N)

RPN (N) =RP (N)

ALFAT=ALFATO (NZ)

CONTINUE
PHI=(FNOZZL(NZ)/FPIPE (N) ) *ALFAT
CALL ORIFIC (CLIN(N),CLOUT (N)},AAN(N),PHI,JJJJ, NZ,AP(N),RP(N),
&RBACK, GE, ANOZZ, SONK)

CALL MASPIP(CLIN(N),CLOUT (N),AAN(N),FPIPE (N},

&GE, GREF, DTW)

IF (PHI.LT.0.00001) GOTO 150

CALL ETURB(DTE,CLIN(N),CLOUT (N),AAN(N),GE, CTS, AREF, RBACK)
UBLADE (NZ)=PI*DROT (NZ) *REVTUR (NZ)

BSR=UBLADE (NZ) /CTS

IF (BSR.LT.0.) BSR=2.

PRAT=RP (N)

ALFATO (NZ)=ALFAT

CALL TCHAR (NZ, PRAT, BSR, NNOZZT, NCURVE, ETAT, ALFAT,, MMMM)

IF (DABS (ALFAT-ALFATO(NZ)).GT.0.001) GOTO 60

DTWW=DTW

IF (DTW.LE.O.) DTW=O0.

IF (DTW.LE.OQ.) DTE=0.

(ETAT) VE (ALFAT) DEGISKENLERININ DEGERLERININ TAYIN EDILMEST

TWELOW (NZ) =TWEFLOW (NZ) +DTWW*DZ

TENERT (NZ) =TENERT (NZ) +DTW*DTE*DZ

TENERA (NZ)=ETAT*TENERT (NZ)

TSTATT (NZ)=TSTATT (NZ) +APN (N} *APN (N}

CALL STAGNA (CLOUT (N),CLIN(N),ACO,GE)
TSTAGE (NZ)=TSTAGE (NZ) +DTW*DZ*A00*AQO
TSTATE (NZ)=TSTATE (NZ) +DTW*DZ*APN (N) *APN (N)
TSTAGT (NZ)=TSTAGT (NZ) +A00*A00

IF (TALPHA.LT.180*CYCLE) GOTO 150
TWORKT=TENERT (NZ) *EREF*1E-3
TWORKA=TENERA (NZ) *EREF*1E-3
CWORK=TWELOW (NZ) *WREF*1.005*TCOMPI (NZ) *

& ( (PAIR/PCOMPI (NZ) ) ** ( (GA-1) /GA)-1)
TWEL=TWEFLOW (NZ) *WREF
C1=AREF*AREF/ (287*GE

)
TSTATE (NZ)=C1*TSTATE (NZ) /TWFLOW (NZ)
TSTATT (NZ)=C1l*TSTATT (NZ) /NCOUNT
TSTAGE (NZ)=C1*TSTAGE (NZ) /TWFLOW (NZ)
TSTAGT (NZ)=C1*TSTAGT (NZ) /NCOUNT

EFFYTC=100*CWORK/TWORKT

EFFTRA=100*CWORK/TWORKA

WRITE (2,2000) NZ

FORMAT (//,1X, 'TURBIN DATASI (ESDEGERI NOZUL ILE ',
&'KARSILASTIRILABILIR.) ', /,1X, 'NOZUL NUMARASI =',I4)
X=2*REVENG*REVREF/CYCLE

TWORKT=TWORKT*X

CWORK=CWORK*X

TWORKA=TWORKA*X

LTWO=2



2010

2020

70

2030

2040
80

2050

90
2060
100
2070

2080
2090
2100
2110

110

2120
2130
2140
2150

120

2160
2170
2180

2190
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CALL UNITK(IUNITK, LTWO, TWORKT)
CALL UNITK(IUNITK, LTWO, CWORK)
IF (IUNITK.EQ.Z2) GOTO 70
WRITE (2,2010) TWORKT

FORMAT (1X, 'TEORIK TURBIN GUCU..[KW]........civuv..

WRITE (2,2020) CWORK

FORMAT (1X, 'TEORIK KOMPRESOR (POMPA) GUCU.. [KW]..

GOTO 80
CONTINUE
WRITE(2,2030) TWORKT

FORMAT (1X, '"TEORIK TURBIN GUCU..[HP).........c.....

WRITE (2,2040) CWORK

FORMAT (1X, '"TEORIK KOMPRESOR GUCU..[HP].....evov...

TWFL=TWFL*2*REVREF*REVENG/CYCLE
LTWO=2

CALL UNITW({IUNITW,LTWO, TWFL)

IF (IUNITW.EQ.2) GOTO 90

WRITE (2,2050) TWFL

FORMAT (1X, 'KUTLE DEBIST..[KG/S] ettt

GOTO 100
WRITE(2,2060) TWFL

FORMAT (1X, 'KUTLE DEBISI..[LB/SEC]...uv e vunennns

WRITE (2,2070) EFFYTC

FORMAT (1X, 'TURBOSARJ UNITESTI VERIMI.......co.0u.n.

LTWO=2

CALL UNITT(IUNITT,LTWO,TSTATE (NZ)
CALL UNITT(IUNITT, LTWO, TSTATT (NZ)
CALL UNITT (IUNITT,LTWO, TSTAGE (NZ)
CALL UNITT (IUNITT,LTWO, TSTAGT (NZ)
IF (IUNITT.EQ.2) GOTO 110

IF (IUNITT.EQ.3) GOTO 120

IF (IUNITT.EQ.4) GOTO 130

WRITE (2,2080) TSTATE(NZ)

WRITE (2,2090) TSTATT (NZ)
WRITE(2,2100) TSTAGE (NZ)
WRITE(2,2110) TSTAGT (NZ)
FORMAT (1X, 'ORTALAMA EGSOZ SICAKLIGI (ENERJI)
FORMAT (1X, '"ORTALAMA EGSQZ SICAKLIGI (ZAMAN)
FORMAT (1X, 'ORTALAMA DURULMA SICAK. (ENERJI)
FORMAT (1X, 'ORTALAMA DURULMA SICAK. (ZAMAN)
GOTO 140

WRITE(2,2120) TSTATE (NZ)

WRITE(2,2130) TSTATT(NZ)

WRITE(2,2140) TSTAGE (NZ)

WRITE (2,2150) TSTAGT (NZ)

FORMAT (1X, 'ORTALAMA EGSOZ SICAKLIGI (ENERJI)
FORMAT (1X, "ORTALAMA EGSOZ SICAKLIGI (ZAMAN)
FORMAT (1X, 'ORTALAMA DURULMA SICAK. (ENERJT)
FORMAT (1X, 'ORTALAMA DURULMA SICAK. (ZAMAN)
GOTO 140

WRITE (2,2160) TSTATE (NZ)

WRITE(2,2170) TSTATT(NZ)

WRITE (2,2180) TSTAGE (NZ)

WRITE (2,2190) TSTAGT(NZ)

FORMAT (1X, 'ORTALAMA EGSOZ SICAKLIGI (ENERJI)
FORMAT (1X, 'ORTALAMA EGSOZ SICAKLIGI (ZAMAN)
FORMAT (1X, 'ORTALAMA DURULMA SICAK. (ENERJTI)
FORMAT (1X, 'ORTALAMA DURULMA SICAK. (ZAMAN)

)
)
)
)

[K]
[K]

[K]

[C]
[C]
[C]
(C]

[R]
[R]
[R]
[R]

I

[}

i

=',F7.
‘,F7.
', F7.
=',F7.

]

I

.1)

.1)
1)

o e

1)
1)
1)
1)



130

2200
2210
2220
2230
140

150
160
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GOTO 140

WRITE (2,2200) TSTATE(NZ)

WRITE(2,2210) TSTATT(NZ)

WRITE (2,2220) TSTAGE(NZ)

WRITE(2,2230) TSTAGT (NZ)
FORMAT (1X, 'ORTALAMA EGSOZ SICAKLIGI (ENERJI)
FORMAT (1X, 'ORTALAMA EGSOZ SICAKLIGI (ZAMAN)
FORMAT (1X, 'ORTALAMA DURULMA SICAK. (ENERJI)
FORMAT (1X, '"ORTALAMA DURULMA SICAK. (ZAMAN)
TWEFLOW (NZ)=0.

TENERT (NZ)=0.

TENERA (NZ)=0.

TSTATE (NZ)=0.

TSTATT (NZ)=0.

TSTAGE (NZ)=0.

TSTAGT (NZ)=0.

IF (NZ.EQ.NNOZZT) NCOUNT=0

IF (NZ.EQ.NNOZZT) TALPHA=O0.

CONTINUE

RETURN

END

[F] ='",F7.
[F] =',F7.
(F] =',F7.
[F] =",F7.

1)
1)
1)
1)
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SUBROUTINE UNITK({IA,IB, PK)
IMPLICIT REAL*8 (A-H,0-2)
IF (IB.EQ.2) GOTO 20

IF (IA.EQ.1) GOTO 10
PK=0.7457*PK

RETURN

IF (IA.EQ.1) GOTO 30
PK=PK/0.7457

RETURN

END
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SUBROUTINE UNITP(IA,IB,PP,PPB)
IMPLICIT REAL*8(A-H,0-Z)

IF (IB.EQ.2) GOTO
IF (IA.EQ.1) GOTO
IF (IA.EQ.2) GOTO
PP=(PP+PPB) /14.5
GOTO 20
PP=PP/14.5

RETURN

IF (IA.EQ.1) GOTO
IF (IA.EQ.Z) GOTO
PpP=PP*14,5-PPB
GOTO 50
PP=PP*14.5

RETURN

END

30
20
10

50
40
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SUBROUTINE UNITQ(IA, IB,QQ)

IMPLICIT REAL*8 (A-

IF (IB.EQ.2) GOTO
IF (IA.EQ.1) GOTO
IF (IA.EQ.2) GOTO
Q0=00Q/0.9478

GOTO 20
00=00%*1.8998
RETURN

IF (IA.EQ.1) GOTO
IF (IA.EQ.2) GOTO
QQ=00*0.9478

GOTO 50
Q0=00Q/1.8998
RETURN

END

H,0-2)
30
20
10

50
40
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SUBROUTINE UNITT(IA,IB,TT)
IMPLICIT REAL*8 (A-H,0-Z)
IF (IB.EQ.2) GOTO 40
IF (IA.EQ.1) GOTO 30
IF (IA.EQ.2) GOTO 10
IF (IA.EQ.3) GOTO 20
TT=(TT+460) /1.8

GOTO 30

TT=TT+273.15

GOTO 30

TT=TT/1.8

RETURN

IF (IA.EQ.1) GOTO 70
IF (IA.EQ.2) GOTO 50
IF (IA.EQ.3) GOTO 60
TT=1.8*TT-460

GOTO 70

TT=TT~-273.15

GOTO 70

TT=1.8*TT

RETURN

END
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SUBROQUTINE UNITW(IA,IB,WW)
IMPLICIT REAL*8 (A-H,0-2)
IF (IB.EQ.2) GOTO 20

IF (IA.EQ.1) GOTO 10
WW=WW/2.205

RETURN

IF (IA.EQ.1) GOTO 30
WW=WW*2.205

RETURN

END
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SUBROUTINE MASPIP(CCLIN,CCLOUT,CAA,FP,G,GR,WFLOW)

IMPLICIT REAL*8 (A-H,0-Z)

WFLOW= (G/ (GR* (G~1) ) ) *FP* { ( (CCLIN+CCLOUT) / (2*CRAA) ) **(2/(G-1) ) ) *
& (CCLIN~CCLOUT) / (CAA*CAR)

RETURN

END
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SUBROUTINE AAREM (XPSR,AAPSR, NPX)
IMPLICIT REAL*8(A-H,0-2)
DIMENSION XPSR(18),AAPSR(18),W(18)
K=NPX

1=1

KP1=K+1

KM1=K-1

IF (DABS (XPSR(KP1)-XPSR(KM1)).GT.0.000001) GOTO 20
J=NPX-T

GOTO 50

KP1=K+1

KM1=K-1

AAINT=AAPSR (KM1) + (XPSR (K) ~XPSR (KM1) ) * (AAPSR (KP1) -AAPSR (KM1) ) /
& (XPSR(KP1) -XPSR (KM1) )

W(I)=DABS (AAINT-AAPSR(K) )

J=K-1

IF (J.EQ.1) GOTO 30

I=I+1

K=K-1

GOTO 10

W(I)=10000.

W{1)=10000.

X=W (1)

J=1

NPXP=NPX-1

DO 40 I=2,NPXP

Y=W (1)

IF ((Y-X).GE.0.) GOTO 40

X=W(I)

J=NPX+1-I

CONTINUE

DO 60 K=J,NPX

KP1=K+1

AAPSR (K) =RAPSR (KP1)

XPSR (K) =XPSR (KP1)

RETURN

END



175

OZGEGMIS

Hakan Yildiz 1971 yihnda Istanbul ' da dogdu. Ilk 6gretimini
Icadiye Ilkokulunda 1982 'de tamamladi. Aym yil girdigi Anadolu
Liseleri smavinda bagarih olarak Kadikdoy Anadolu Lisesinde okumaya
hak kazandi. Bir yilt ingilizce hazirlik simfi olmak tizere orta 6gretimini
yedi yilda bitirdi (1989). 1989 'da universite giriy smavim gegerek
Istanbul Teknik Universitesi Gemi Ingaati ve Deniz Bilimleri Fakiiltesi,
gemi ingaatt ve gemi makinalan boliimiinde lisans 6grenimine devam etti.
Lisans 6grenimini dort senede iyi dereceyle tamamlayarak mezun oldu.
Mezun olduktan sonra, I.T.U Denizcilik Fakiiltesi Gemi Makinalan
Isletme Mithendisligi Boliimii Lisansiistii programina girdi. Ayrica 6zel bir
kurulusta proje mithendisi olarak gorev ald.

¥v.6 mat}nzmﬁ KURTIN &
imeyr A ANTAS VON MERKEZI



