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Bu ¢aliyjmada mubhtelif jetlerin girigimi sonucu olusan akis alanimin bilgisayarda
incelenmesi amaglanmigtir. Zamana bagli Hareket denklemleri sikigtirilabilen bir akiskan
igin diigiik subsonik hizlarda, sonlu fark yéntemi ile ve kartezyen koordinatlarda
coziilmugtiir. Serbest jet, paralel jet, capraz jet ve zit jet durumlannda degisik Reynolds
sayilan igin akim incelenmistir.

Sonuglarin tek jet halinde verilen benzerlik ¢oziimleri ve deneysel sonuglarla iyi
bir uyum sagladi1 goriilmektedir. Sonuglar incelendiginde tek jet durumunda eksenel
hizin x ekseni boyunca gittikge azaldif1 ve jetin y ekseni boyunca yayildig gorilmiigtir.
Re sayis1 arttikga jetin y ekseni boyunca yayilmasi azalmakta, aksine x yonundekl jetin
hizimn sifirlama mesafesi ise artmaktadir.

Paralel jet durumunda da benzer bir gelisme olmaktadir.

Eksenleri gapraz iki jet durumunda ise girigim bolgesinde akimda kangma, dénme
ve negatif hizlarda artmalar gériilmektedir.

Ortak eksenli, zit yonlii iki jet durumunda etkilesim bolgesinin merkezinde ortak
jet eksenine dik dogru boyunca u hizinin sifirlandid, buna kargilik v hizinin attii ve
jetin aym dogrultu boyunca her iki yénde yayilmaya bagladii goriilmiistiir.

ANAHTAR KELIMELER : Jet akisi, aerodinamik girisim, jet girisimi, serbest jet,
paralel jet, capraz jet, zit jet.
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The aim of this study, is the numerical investigation of the flow field resulting
from the interaction of jets. Momentum equations are solved in cartesian coordinates
by using a finite difference method. Compressible fluid and unsteady flow is
considered. Flow field is computed for different Reynolds numbers for free jet, parallel
jets, cross jets, opposite jets.

It is shown that the results given for the free jet have a good agreement with the
similarity solutions and the experimental results. It is observed that the axial velocity for
free jet flowing along x-axis decreases in the jet direction and the jet expands along y-
axis. With the increasing Reynolds numbers, while the expansion of the jet along y axis
slows down, the distance on which the jet velocity vanishes increases.

A similar situation is found to be valid for the parallel jets.

In the case of two jets with perpendicularly intersecting flow directions, in the
interaction region, the flow is mixed, rotational and negative flow velocities are
magnified.

For co-axial opposing jets, it is observed that in the center of the interaction
region u-velocity component vanishes along a vertical line while v-velocity component
increases and consequently the jet expands laterally.

KEY WORDS : Jet flow, aerodynamic interaction, jet interaction, free jet, parallel
jets, cross jets, opposit jets.
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1. GIRIS

Mubhtelif jetlerin girigimi, birgok mithendislik problemlerinde ilging bir aragtirma
konusu olmustur. Tek jet igin literatirde pek ¢ok deneysel ve kuramsal galigma

oldukea azdir. Hele bu konuda sayisal galigmalar yok denecek kadar azdir.

Son yillarda bilgisayar teknolojisinde goriilen ilerlemeler sayesinde pek ¢ok
miihendislik probleminin saysal analizi miimkiin olabilmektedir. Deneysel galigmalarin
¢ok pahaliya mal olmasi sebebiyle jet problemlerinin sayisal analiz yontemleriyle
incelenmesi gittikce daha fazla énem kazanmaktadir. Literatir incelendiginde
guniimiize kadar sikigtirilamaz akigkan kabiilii ile tek jet i¢in yapilan sayisal ¢aliymalarin
gittikge arttify goriilmektedir. Buna karsilik sikigtinilabilir akig durumunda bilinmeyen ve
denklem sayis: arttifindan bununla orantili olarak bilgisayar hafizasi ve galiyma siiresi
de artmakta, dolayisiyla ¢6ziim uzamaktadir.

Bu galigmada serbest jet, paralel jet, capraz jet ve zit jet durumlaninda degisik
Reynolds sayilarinda hareket denklemlerinin ¢oziimii sayisal olarak gergeklestirilmigtir.

Bu ¢alisma 4 boliimden ibarettir. Ikinci boliimde calisma ile ilghteratﬁr
aragtirmasi yaptlmistir. Ugiincti boliimde, hareket denklemleri verilmis, denklemlerin
sonlu fark halinde yazihgi agiklannugtir. Ayrica caligmada kullamlan aj sistemi,
problemin siir sartlan ile beraber ¢oziim yontemi ve hesaplama detaylan da
agiklanmigtir. Dérdiincii ve son béliimde, jetlerin girigimi problemi igin elde edilen
sayisal sonuglann bir miinakasast sunulmustur. Tek jet durumunda elde edilen
sonuglarla ikinci boliimde verilen teorik sonuglar ve baz aragtirmacilar tarafindan
verilen deneysel sonuslar kargilagtirilmig ve bundan sonraki ¢aligmalara 1tk tutmasi
amact ile bazi tavsiye ve oneriler verilmistir.



2. LITERATUR ARASTIRMASI

2.1. Subsonik Jetlerin Akiskanlar Mekanigi

Yiiksek Reynolds sayisinda daralan bir lileden (oldukg¢a tniform U, hiziyla)
durgun bir akigkan igine yayilan hava jetini goéz oniine alahm. Bu Sekil 2.1 de

goriilmektedir.
l y

)
/ | Kongmbolgesi | T

Sekil 2.1. Jet yapist

Jet lileden aynlirken halka seklinde, hareketli akiskan ile gevresindeki sakin
akigkan arasinda bir kangim tabakasi meydana gelir. Bu bolgedeki akig jet altakig
¢apinin yansi civarinda tiirbiilansh olur. Sonra altakis ¢apinin 4 ya da 5 katinda tiim jeti
doldurana kadar her iki yonde lineer olarak yayilir. Kangim tabakasinn kalinligt
yaklagik 0.2x ile 0.25x civarindadir. Tiirbiilansli akim ile gevrili konik bélge igerisinde
hareket laminar kaldigindan genellikle bu bolgeye potansiyel gekirdek denir. Siphesiz
kangim tabakasimin stmr1 Sekil 2.1' de gosterildigi gibi diiz degildir. Sekil 2.2 'de daha
uygun bir goriiniiy gorilmektedir.

Once kanigim tabakasi jeti doldurur, tiniform gelismesi durur ve farkli bir gelisme
baslar, buna gegis bolgesi denir. Sonug olarak altakimdan yaklasik 8 ¢ap kadar sonra
tam gelismis bolge baglar. Bu bolge x ile lineer olarak fakat kangim tabakasindan farkh
bir hizda biiyiir.

Jet

Sekil 2.2. Karigim tabakasinin sinir



2.1.1. Laminar jet durumu

Andrade (1939) diizlemsel laminar bir hava jetinin Uy (2b, )/b=30 un tizerindeki
Reynolds sayilarinda akig igerisinde kargikliklarin meydana geldigini ve tiirbiilans
kararsizliklaninin farkedilebilir bir seviyeye ulagtigini buldu.

Jetlerin en 6nemli 6zelliklerinden birisi asint derecede kararsiz olmalandir.
Laminar bir jetin kararlilify jetin maksimum hiz ve aralik genisligi ile ifade edilen
Reynolds sayisi ile karakterize edilir. Reynolds sayist 10 ve yaklagik 50 arasinda
oldugunda jetde peryodik hiz degisimleri bulunur. Bu peryodik hiz degisimleri diizensiz
degisimlere doniigmeden akim yoniinde gidildikge yok olurlar. Reynolds sayis1 yaklagik
olarak 50" yi gegtifi zaman peryodik degisimler diizensiz tiirbiilanslt degigimlere
déniisiirler. Peryodik degisimlerin frekanst kabaca jet hizinin karesi ile orantilidir.

Mc Naughton ve Sinclair (1966) eksenel simetrik bir jet i¢in Uy(2r, )/v =1000
Reynolds sayisina kadar jetin laminar kaldigin1 ve 3000 degerinin iizerinde ise tamamen
turbilansh oldugunu gézlemlediler.

Schlichting (1979) ve diger bazi arastirmacilar jet yan genisligi (b) nin diizlemsel
jet halinde laminar ve tiirbiillansli akim igin sirastyla x23 ve x ile orantih olarak
degistigini, merkez hatti hizimn ise laminar akim halinde x -13 ile , tiirbiilansh jetde ise
x *12 jle orantili olarak degistigini buldular. Eksenel simetrik jetde ise hem laminar hem
de turbiilansh akig igin b mesafesi x ile orantili iken, merkez hattt hiz1 x -! ile orantith
olarak degiymektedir.

Laminar jetlerin karakteristik 6zellikleri Tablo 2.1 de ozetlenmigtir. Merkez
hattinda akim hiz1 eksenel mesafe ile ters orantili olarak azalir ve jet genislifi eksenel
mesafe ile artar. Boylece jet yayilir ve hizi azalir. Jet tarafindan siiriiklenen akigkanin
hacmi ise eksenel mesafe ile artar. Jet , ortamdaki akigkani jete ¢ekerek siiriikler. Bu
siiriikleme, jetlerin temel bir 6zelligidir. Merkez hatt: akis izt ve gapraz genislige baglt
olan jet Reynolds sayis1 diizlemsel jet igin eksenel mesafe ile artar. Reynolds sayist
cksenel simetrik jet igin ise sabittir. Sonug olarak diizlemsel laminar jet, tiirbilansh
akima gegmeye eksenel simetrik bir jet 'den daha meyillidir.



Tablo 2.1. Laminar jetlerin karakteristikleri

U=.fwu dy = sabit

Jet Karakternistikleri Diizlemsel Jet Eksenel Simetrik Jet
=165 1M o) P rannl | oy, ’5:
1. Alam fonksiyonu Burada 1+ —g2
¥ 3 5y Burada
—_ O
£= 02752( 2 =5 £ =(i_63‘_7_)m

M =27 fwuz rdr=sabit
]

2. Metkez hatt hen, Mg 3 3 M,
Um 04543(73-) 87 vx
0.4543(—-—) (1-tanh’ B 3% vx a +%Ez)zl
12 _ i3
ST 03503 (=% )0[25(1 -tan?® | 13,12 M t-3t
et 4 * a2
5. Genistik, b 2
3203 (= )"3 e 5269 (=)' x
6. Hacirsel Debi, 330190, v x ) ,Ymém SNV X
Q bitim uzunlugu besina
7.Reynolds Sayis1 - Mgx M, !
Up by 1455 (—) 06289 —>
8. Laminar Alag
Iqin Max. u0(2 bo) & 10 uO(er) A 1000
Reynolds Sayss 4 D

2.1.2. Tiirbiilansh jet durumu

Turbulansh bir jet Sekil 2.1 'de gosterilmis li¢ bélgenin toplamidir. Bunlar
karisim bolgesi,gegis bolgesi ve tam gelismis bolgedir. Tablo 2.2 'de verilmis olan
tirbilansh jetlerin karakteristikleri jet 'in teorik gelisimini de g6z dniine alan deneysel
olarak olgiilmiis katsayilara sahip zaman ortalamah 6zelliklerdir.

Jet 'in tam geligmis bolgesindeki herhangi bir noktadaki eksenel hiz Tablo 2.2 'nin
2. ve 3. siitunlarindaki ifadeler kullamilarak elde edilirler.

. o~ 57y/%)?

Diizlemsel jet u(x,y)=3.5(bo/x)1/ 24

2
Eksenelsimetrik jet u(x,r)=12(ro/x)1/2u o~ 2Hr/x)



Tablo2.2. Tiirbiilansli jetlerin karakteristikleri

Ve

Jet Karakteristikleri | Diizlemsel Jet .| Eksenel simetrik Jet Radyal Jet
126 10¢ 4R, b7
1. Karisim Tabakast o o o o
Uzunlugu
- 172
2. Merkez Hatt1 34 (."“_O)muo 125 U, 35 T%BM'W
x x (R - 1)l
Hiz
2 2
3. Hiz Profili ST 98GR Z 7 °
u’/u m
4. Genislik , b 0.11x 0086 % 011
. . x .12 X
5. Hacimsel Debi , D44 (?J Qo 0.18 -;OQO
Q ° —
6. Siiriikleme Hizi 0053 vy, 0031 vy —




3. FORMULASYON

3.1. Hareket Denklemleri

Kartezyen Koordinatlarda, zamana bagl, sikigtirilabilen bir aklslh kismi
differansiyel denklemleri iki boyutlu durumda agagidaki gibi yazlabilir.

X momentum ,

du u & 1 &, éu
)=-@+u(—~u+——u~)+—u——(5x-+

T e M e Ty e ) G-

ot ox oy

y momentum ,

dv v ov op . 0%v &v.. 1 8, 6u ov

p( E+ugx_+v—8_y_ )= -_5}'-4_“(?.*5;;)4—5“5;(5"—4‘55’_) (3.2)
Stireklilik ,
_aﬁ + o(pu) + a(pv)=0 (3.3)
. ox oy

Durum Denklemi ,
p.p’k =sabit ‘(3.4)

3.1.1. Denklemlerin boyutsuzlastiriimasi

x*=x *_y u*=_]_,1- V*=—X-
L ? y L 2 uo > uO
* * t *
) [ ="'E—' s t = R p= p 3
(0]

Boyutsuz sayilardan, boyutlu bityiikliikler ¢ekilip yukanidaki denklemlerde yerine
yazilirsa boyutsuz hareket denklemleri elde edilir.

X momentum ,



» Ou  xou xdu. 1 0% 8
p (—5+u TtV — )= -— +§-—{[——--—*2 +_-—*2]
ot ox By ox  Re % gy

' * *
10 (A Ny 35
3ox ox oy
y momentum ,
% %* £ %* 2 2 %
* 9 ov ov 1.8 )
p( V* +u* *+v* * )='6p* +_{[_Z§'+—:2]
ot ox oy oy Re a4 oy

16 o0 v
( +

+ 36
36’y* o 8y* ) oo
Sireklilik ,
* * % * %
ap* L8 }: ), Z )_y 3.7
ot ox oy
Durum Denklemi,
-k
p*,p* =sabit (-8)

bulunur. Burada Re = p, ug L/ n alinacaktir.

3.1.2. Denklemlerin tipinin bulunusu ve karakteristik yiizeyler

(3.1 ... 3.4) denklemleri ikinci dereceden kismi diferansiyel denklem sistemi
olusturur ve birici dereceden sisteme indirgenebilir. Karakteristik yiizeylerin

bulunmasinda sadece en yiiksek tiirevli terimleri gozoniine almak yeterlidir (Courant- -
Hilbert, 1965).

ou _

P

ou _ ov ov _

;. 9u_ LA g
" Oy "okt oy

S

tammlariyla (3.1),(3.2),(3.3) ve (3.4) denklem sistemi su hale gelir.

—-"==0 (3.9)

—=-—=0 (3.10)



du, OGu _du

(Eﬂl&-wgy- )=-%%+v(%+%§)+-§-v(iﬂ-§s—))
(%—Y+u%:—+v-gyv— )= -.l_.gg.-w(gr; %)-&%v(aﬂg’s))
‘ p—k %—kpp—k_lgg =0

(3.11)

(.12)

(3.13)

(3.14)

Bu denklem sisteminden karakteristik yiizeylerin yani ¢(x,y,t)=st yiizeylerin
denklemine gegersek, ¢ozecegimiz Su/op , Ov/0d , ... tiirevlerini bilinmeyenler olarak

kabul eden lineer cebirsel denklem sisteminin katsayilar matrisi asafidaki gibi
yazilabilir.
0 0 % 0 _% 0 0 0
dy ax
0 0 0 % 0 _ 2 0 0
ay ox
g2+u§£+vgi 0 —iv—~ 0 —vgi —1 % 0 1%
ot ox oy 3 ox dy 3 @&x pox
0 gg+u§i+v b —lvgi —véi 0 —iv££ 0 lﬁg
ot ox oy 3 oy ox 3 9y poy
o % o )
— — 0 —“tu—t4+v—=+ 0
p ox p 3y 0 0 0 e +u Fo +v 2
o 0 0 0 0 0 ~kppk~1  pk]

Bu matristen elde edilebilecek determinant: sifir olmayan (6x6) ik matrislerden

birini su gekilde yazabiliriz.

-, —
@ 5, A 0 0
dy ox

dy . ox
4 9% o 1 o 1 6%

c—y— 0 -y ——y— 0 -—
3 ox dy 3 ox pox
1 4 1 o

——vﬂ -v— 0 —-—vﬂ 0 —-—¢-
3 a9y ox 3 oy poy

o
0 0 0 0 itbi-+uﬁ+v—¢ 0
ot ox Oy
-k-1 -k
|0 0 0 0 -kpp P




Bu matrisin determinantt,

4 5 x, 00 00 O 0.2, 0b 2.2
D=-— —+u—+v— —) = 3.15
sV P (ortug, vay){(ax)ﬂay)} (3.15)
olarak bulunur. Karakteristik yiizeylerin bulunmasi ig¢in bu determinantin sifira
esitlenmesi gerekir. Buradan,

%, .9, v& —o
ot ox oy
bulunur. Bu denklemin ¢éziimii,

denklemleri ile belirlenebilir. Yani karakteristik yiizeyler (¢ = st. yiizeyleri) tizerinde

dx=udt
dy=vdt
dy =(v/u)dx

bagintilarindan herhangi ikisi saglanmalidir. Bu ise herhangi bir noktadaki iz vektori
ile karakteristik yiizeyin o noktadaki tegetinin ¢akistifin1 ifade etmektedir. Burada iki
nokta 6nem kazanmaktadr.

1) Hiz vektoriiniin meveut oldugu (sifir olmadi@i) her noktada denklemler para-
bolik denklem karakteri gostermektedir.

2) Hiz vektoriiniin degeri onceden bilinemeyecegi igin karakteristik dogrultular
ancak problem g¢oziildigtinde hiz vektéri ile birlikte elde edilebilecektir. Bu dogrultular
mesela Sekil 4.1.26 daki gibi bulunabilirler.

Yukandaki analize gore bu tezde ele alinacak problemlerin "iyi vaz edilmig"
problemier olarak nasil kurulacagi matematik kesinlik tagnmamaktadir. Boyle
durumlarda fiziksel sartlann yol gosterici olmast gerekir. Ozellikle iki jet halinde ve
girisim bolgesinde bu husus 6nem kazanmaktadir.

Bu tezde olayin fiziginden hareket edilerek ve fiziksel buyikliklerin zamanla
degisiminin (Gu/ct , ov/dt...) ¢ok hizli olmadifn kabul edilerek soyle bir mantik
kullanilmistir: Bir t zamanindan diger t+At zamanina gegiste denklemlerin parabolik
karakteri gbzlenmis ancak belirli bir t aninda ((t=st , x, y) diizleminde) deklemler eliptik
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denklem gibi isleme tabi tutulmustur. Zaten denklemlerle birlikte verilen biitiin sinir
sartlanmin zamandan bagimsiz olmas: da béyle bir kabulu zorunlu kilmaktadir. Diger
sozlerle zaman degiskeni t bu tezde (t=st, x, y) diizlemleri arasinda bir skala garpant
gibi miilahaza edilmistir. Gergekten de tek jet halinde bulunan ¢oziimiin, iyi bilinen
benzerlik ¢6ziimleri ile uyugmast bu fikri desteklemektedir.

3.2. Sonlu Fark Denklemleri

Sonlu fark denklemleri yazilirken yakinsamanin ve kararliifin her zaman adimi
icin gegerli olabilmesi amaciyla Crank-Nicholson Implicit Metodu kullanildi. Yazim
kolayhidi sebebiyle su andan itibaren boyutsuz denklemlerdeki * isareti
kullaniimayacaktir.

X momentum,

ol . n-l
n, 1J l,J n 1 n n . n-l n-1
P T AT Y T i Yt ,_|+1 1,]-1)
+vl o (u w1 01 3} =- n-1 __n-1

1,] 4Ay l+1,j 1-1J l+l,j 11,3 4A»<(p1,_|+1 pl,jl p1,,]+1 pl,j-l)
+ﬁ]'£{'3§2;§( way Yo 2t ILiﬁ“?j.ll' ?jl)

—2;;-2—(ui“+1’j ol j-2ul +u¥;%’j +u?-11,_] 2u :’J‘l )
m(v;}kl,jﬂ AV Vil VR +v21:},j+1 *V?-'ll,j-l ‘”;ﬂ,j-l - ﬁ'11,1+1 )}

y momentum ,

-l
n o i i n_1 n _.n n-1
it AT T Tax Vi Vi 1*"1,J+1 1,3 1’

1
) n _.n n-1 - ph n-1 nl
Vij 7ay Vil Vielj Vit 11,1)} 4Ay(p1+1,_| Pis1j tPitlj il
w1 yn oyl on-l n-l)

Re U5 Vi Vg 2V i Y 2
n n _,.n_ n-l n-1 _, n-1
3ay? Vi Y e iy )
1 n n n n n-1 n-1 on-1 -
o iy L Tl T S UL L T Tt o1 T e )
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Sureklilik,

pi.-p.. ]
o 1) n n n n n-1

+ Poiqg Uis =P o U+ P u; p_u _)
At 4Ax( L+l “ijH ‘1,11 i,j-1 ij+l l,j+l ij-1 “ij-1

1 n n n n-1 _n-1 n-1 n-l
Fany (Piv Vi mPicg Vit PR Vi mPing Viag) =0

Durum Denklem:,
-k -k
Pijp;; = pij-1 Pjj-1

ER=1/Re
TDX=1/Ax
TDY=1/Ay
TDX2=1/A X?
TDY2=1/AY2
TDT=1/AT

TDXDY =1/(AXAY)

Tanmimlariyla x momentumdan u;; 'yi , y momentumdan v;;' yi , siireklilikten p;

yi ve durum denkleminden p; ; 'yi gekersek,

4
Al= TDTp"J+025TDXle(uiJ+1 ull -um)+ER (TDY2+— TDXZ)

xJ+l
Bl= ER(2/3)TDX2

Cl= ER(2/3)TDX2

DI=ER 0. 5TDY2 0. 25'I'DYpLJ vi i

E1=ER 05TDY2+025TDYp Vl'J

Fl—TDTp.. -ER TDY2-ER (4/3)TDX2

n n n-1
GI=ER(1/6) TDXDY(VMJ+l i-lJ- 'vi+lj-1'vi-1 i+l+vi+1J+1
n-1 n-1 n-l __n-
+v1-l,J- vi+1,j-l' 11,j+1) -0.25 TDX(pl,J+1 pr»l pi,j+1 l:’i,j-l)

ul,J _H[ I(u? ,j"!'] 1) Cl(um1

n-1
+El(u11J+ullJ)+F1um +Gl

n-1
l) Dl(ur!-l,] ui+1j)
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n vi n-1 n-l 4
A2=TDTp;, +025TDYp (va Vit Viag 11J)+ER(TDX2+3TDY2)
B2=ER 0.5TDX2-0.25TDXpiJ “iJ

C2=ER 0.5TDX2+O.25TDXpﬂi u?,j
D2=ER(2/3) TDY2

E2=ER(2/3) TDY2
F2=TDTpP. -ER TDX2-ER (4/3)TDY2

1 n n-1
G2=ER(1/6) TDXDY(“H’],J""] i-l,j-l 'ui+1J- 'ui-l,j+l+ux+l,]+1
n-1 n-1
ALRPRELETREL 1,_|+1) -0.25 TDY (P} ;-Piy;* pi+1,j'pi-1,j)
= n-l n—l
IJ_AZ[ 2(vlJ+l ,1+l) Cz(v:,]l lJl) Dz(vﬁ'l,j l+]J)
n
+EZ(vi_lxi )+F2 v 1462
A3 =TDT
B3=-0.25TDX pl#1
C3=025TDX pP ij-1
D3=-0.25TDY p e
E3=025TDY pl “1
F3=TDT p?‘?‘
= n-l
pu _E[B:;(UIJH IJ+1) C3(u )+D3(v +v1+1,])

+E3(vi‘:lj+ vi_'lj)+F3]

n

pl =p® Rt
ij gl pl.
i

3.3. Smr Sartlar ve Coziim Yontemi

Jet problemlerinde sonsuz bolgelerle galigmak gereklidir, ancak bu problemin
bilgisayarda ¢oziimii sonlu bir bolge icihe si3dinlmalidir. Dolayistyla probleme keyfi
sinirlar  yiiklemek gerekir. Bu simrlar ilgi duyulan bolgenin ¢ok uzagna
yerlestirilmelidir. Istenen sonucu elde etmek igin geniy bir hesaplama bolgesinde
caligmak bilgisayar hafizasimn ve programun ¢aligma siiresinin artmas: anlamina gelir.
Dolayistyla bu sinirlarin ¢ok iyi segilmesi gerekir.



13

Hiz dagiiminin bulunmasi icin jet gikisindan itibaren x ve y yoniinde lile ¢ikig
hizina bagh yeterli bir mesafede hizin sifir olacag: kabul edilmelidir.

3.3. 1. Tek jet icin simir sartlar

TY u=0.v=0,p=pq

u=0

v=0
u=f(;(y) v=0
v= > —
p=aFp, X p=b,

u=0

v=0

P=R

u=0,v=0,p=pc
Sekil 3.1. Tek jet igin hesaplama bolgesindeki sinir sartlan
Jet gikisinda parabolik bir hiz dagihm segildi. u=4(1/4 - y2), (--;- SyS%)
Tam gelismig laminar bir iz dagilim kabiili ile v=0 alindi ve jet glkxs basinci gevre

basincinin o kati segildi.

Grid Sistemi

Simetri sartlannin saglanmasi amaciyla jet bolgesi ¢ift sayida pargalara bolindii
(JBS). Bu boliintii sayisi bize Ay ' yi vermektedir (Ay = 1/JBS). x yoniindeki grid arahi
ise Reynolds sayistna bagh olarak keyfi secildi.

&y
=M
I=M2

r
=M1 as
Ax

=1

J=1 J=N

Sekil 3.2, Tek jet igin grid sistemi
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Bu tanimlann yardimiyla M1 ve M2 noktalan soyle tayin edilir.
Ml=M-JBS+1)/2 , M2=MI1+]BS

Verilen sinir sartlarina uygun ¢6ziim elde edebilmek igin kontrol hacmi cidarlarda
dul/dy = du/dx =0 sartlanin1 saglayacak derecede bityiik secilmelidir. Baslangigta jet
¢ikisindan itibaren ug bélgeye dogru lineer olarak azalan bir u hizi segilmis, v=0 kabul
edilmigtir. Sonra sirastyla y momentumdan v hizi, x momentumdan u hizi, stireklilikten
p ve durum denkleminden ise p hesaplanmig € =10 gibi bir yakinsama kriterine
erigitinceye kadar iterasyon iglemine devam edilmigtir. Yakinsamay1 kolaylagtirmak igin
bir underrelaxation faktorii kullamlmustir,

3.3.2. Paralél jet icin sinir sartlan

4 ¥ u=0,v=0,p=p,

u=

V=

P= u=0
u=f(y) v=0
v=0 -
p=aPp, P=PR

u=0 A T

v=0

P=p,

u=0,v=0 'P=P,
Sekil 3.3. Paralel jet i¢in sinir gartlan

Her iki jet igin de aym hiz dagilim segildi. Kontrol hacmini jetlerin baglangig
bolgesinden daha geriden segmek suretiyle sinir sartlarinin yansnnasi ihtimali en aza
indirilmistir. Fakat bu, hesaplamalarda birtakim zorluklani da beraberinde getirmigtir.
Verilen sinir sartlarma uygun bir ¢oziim elde edebilmek igin kontrol hacmi 5 ayn
hesaplama bolgesine aynimigtir.

A-1=2, Mi-1 ,J=2,N-1
B- I=M1, M2 . J=N1+1,N-1
C- I=M2+1,M3-1 , J=2,N-1
D- I=M3,M4 , J=N1+1,N-1
E- I=M4+l, M-1 , J=2,N-1

Grid Sistemi
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AY

=1 J=N1 J=N

Sekil 3.4. Paralel jet i¢in grid sistemi

Jet bolgeleri ¢ift sayida pargalara bolindii (JBS). Bu bize Ay ' yi vermektedir. Jet
¢tkisinin kontrol hacminin baglangig bolgesine olan uzaklif: ise keyfi sayida pargalara
aynldi (JBSX). Bu ise bize Ax mesafesini vermektedir. Yine jetler arasi mesafe simetri
sartinin saglanmasi amaciyla ¢ift sayida parcalara boliindii (JABS).

Bu tammlann 1§11 alinda M1,M2,M3 M4 ve N1 grid noktalanm su sekilde
belirleyebiliriz.

M1 = (M-2.JBS-JABS+1)/2

M2 =M1+JBS

M3 = M2+JABS

M4 = M3-+)BS

N1=IBSX+1

3.3.3. Capraz jet icin simir sartlan

$ 7 u=0,v=0,p=p,
u=0
v=0
PR 0
u=fy) u=
3290 O—x v=0
¢ P=p
(]
u=0
= @
P=p,
—a ) ' —
37_-8 u=f(y) 328
P=R;, y=0¢ ' P7K
p = op,

Sekil 3.5. Capraz jet igin simr sartlan
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Her iki jet igin de aynt iz dagilimi segildi. u=4(1/4 - y2) , (--;— Sys—;—)
Yine her iki jet cikisinda da aym basing dagilim1 kabul edildi.

Grid Sistemi

t7
I=

I=M2

=M1 8

L)
]

I=1

J=1 J=N1  J=N2 =N

Sekil 3.6. Capraz jet i¢in grid sistemi

Jet bolgesi ¢ift sayida pargalara bélindi (JBS). Bu bize Ay ve Ax ' i vermektedir.
Problemde Ay = Ax segildi. Bunun diginda cidarlarda tek jet i¢in verilen simir sartlan
gegerlidir,

M1, M2, N1, N2 noktalar sdyle belirlenebilir,

Ml=M-IBS+1)/2 , M2=(N-JBS+1)/2

N1=MI+JBS » N2=NI1+JBS

Problemin ¢dziimii igin tek jet ' dekine benzer bir yontem segilmistir. Burada
dikkat edilmesi gereken tek nokta girigimin gozlenebilmesi amaciyla jetlerin birbirine
olan yakinlif1 6nem kazanmaktadir. Bu durumda jet gikis siur sartian kontrol hacminin
tam ortasmnda olmayabilir. Hatta jetlerin degisik konumlarinda girisimin gozlenebilmesi
amaciyla bu sinirlarn program igerisinde kolayca degistirilebilmesi gerekir.

3.3.4. Zt jet icin simir sartlan

Paralel jet durumuna benzer gekilde sinir sartlannin yansimas: ihtimalini en aza
indirmek igin kontrol hacmi jet ¢tkistin daha gerisinde secildi. Bu durumda verilen
siir sartlarina uygun bir ¢oziim elde etmek igin kontrol hacmi ii¢ bolgeye aynld:.

A-I1=2,Ml1-1 s J=2,N-1
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B-1=MI,M2 , J=NI+1,N2-1
C-I=M2+1,M-1 , J=2,N-l

+ ¥ u=0,v=0,p=%
u=0 u=0
P=P, P=P
u=fy) l——g " 7T B u=£y)
v=0 ————— X B =
p = OZPG @ -------------------------------- @ g = g!pc
u=0 u=0
v=0 A v=0
P=p, P=Pp,
u=0,v=0,p=%
Sekil 3.7. Zit jet igin sinir sartlan
Grid Sistemi
'Y
I=M
I=p12
I=M1 AL ,
ix i
I= i

J=1 J=N1i I=N2 J=N

Sekil 3.8. Zit jet i¢in grid sistemi

Ax ve Ay ' nin segimi paralel jet ' dekine benzerdir. JBS bize Ay ' yi ; JBSX ise bize Ax'
1 vermektedir. M1, M2, N1 ve N2 grid noktalar su sekilde tayin edilebilir.

M1 = (M-JBS+1)/2
M2 = MI1+JBS
N1 =)BSX+1
N2 =N-JBSX
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4, SONUCLAR

Laminar akis Sartlarinda serbest jet, capraz jet, zit jet ve paralel jet igin kartezyen
koordinatlarda sikistinlabilir akis durumunda, zamana bagli, boyutsuz hareket
denklemleri, Crank-Nicholson Implicit metoduyla ¢ozilmiistiir. Elde edilen sonlu fark
denklemleri Fortran 77 bilgisayar dilinde hazirlanan programlar yardimiyla sayisal
olarak ¢oziilmiigtiir.

Biitiin sayisal hesaplamalar Re=0.5 ve 25 icin yapiimig ve sonuglar grafikler
halinde sunulmustur.

4.1. Tek Jet icin Sonuclar

Tek jet igin kullanilan geometri ve sinir sartlan 3. boliimde verilmistir. Re sayisina
bagh olarak, sinirlarda jetin sifirlamasina miisade edecek sekilde matris boyutu
(151x151) oraminda segilmistir. Mevcut bilgisayar kapasitesi sebebiyle bu smnirlari daha
fazla genisletmek, dolayisiyla gok daha biiyilkk Re sayilarina gikabilmek pek miimkiin
olmamistir. Re sayisina bagh olarak jet boliintii sayis1 12 ya da 24 segilmistir. JBS=12
igin M1=70, M2=82 ; JBS=24 i¢in M1=64, M2=88 alindi.

Tek jet igin elde edilen sonuglarin ortak ozellifi tam gelismiy akis elde edilene
kadar her bir kesitteki hizlarin artmast, dolayisiyla jetin x ve y ekseni boyunca
yayllmasidir. Ornegin Re=0.5 igin merkez hattt hiz1 1 saniye sonra onbesinci grid
noktasinda 1 ' den 0 ' a diigmiis iken 3. saniyede 25. grid noktasinda ve 5. saniyede ise
34. grid noktasinda 0 ' a digmektedir (Sekil 4.1.2 , 4.1.5 ve 4.1.8). Re=25 igin hiz
dagilim incelendiginde 5. saniyede merkez hatti hiz1 ilk birka¢ gridde ani bir disgis
gostermekte, sonraki birkag gridde hiz degisimi azalmakta ve yine hizh bir inisle 45.
grid noktasindan sonra sifira diigmektedir. 10. saniyede merkez hatti incelendiginde
yine benzer bir hiz dagilim goriilmekte ve 70. grid noktasindan sonra hiz sifira
diismektedir. 20. saniyede ise hiz 115. grid noktasinda sifira diigmektedir (Sekil 4.1.14,
4.1.17, 4.1.20). Re sayis1 arttik¢a jetin y ekseni boyunca yayilmas: azalmakta, aksine x
yonindeki jetin sifirlama mesafesi ise artmaktadir.

Basincin x yoniindeki degisimi gozoniine alindiinda Re=0.5 igin ilk grid
noktalarinda ani bir yiikselme meydana gelmekte ve sonraki gridlerde ¢ikis basincina
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dusmektedir (Sekil 4.1.3). Re=25 igin sekiller incelendifinde yine ilk birkag gridde
bastncin x yoniindeki degisiminde ani bir arti, sonra jetin gekirdek bolgesinde yaklagik
olarak sabit bir basing ve daha sonraki gridlerde ise gittikge diigen bir basing dagilimi
gorilmektedir. Basincin y yoniindeki degisimi gozoniine alindiginda jet gikigma yakin
bolgelerde jet merkezinde yiiksek ve cidarlara dogru ise diisiik bir basing gozlenirken,
ilerleyen x mesafesi ile merkezdeki basing azalmakta, buna karsilik y yontinde yayilarak
dalga halini almaktadir (Sekil 4.1.11, 4.1.12). Sekil 4.1.25 ve 4.1.26 da tek jet igin hiz
vektorii dogrultulan goriilebilir.

4.2. Paralel Jet i¢in Sonuglar

Paralel jet durumunda tek jetdekine benzer olarak (151x151) lik grid
sistemi segildi. Bu grid sisteminde jet boliintii says1 12 ve jetler arast béliintii sayis1 10
segilmistir. Buna bagl olarak M1=59, M2=71, M3=81, M4=93 ve N1=11 alind.

Paralel jet igin elde edilen sonuglara bakildiginda hizda tek jetdekine benzer bir
gelisme olmaktadir. Tek fark paralel iki jetin mevcudiyeti ve girisimin etkisiyle jetler
arasindaki mesafenin 6nem kazanmasidir. )

Paralel jetin bir ozelligi de jetin disandan siirikledigi akigkan tabakasinin
gozlenebilmesi amaciyla kontrol hacminin simrlarnin jet ¢ikisindan daha geride
secilmesidir. Sekil 4.2.1 ' de bu siiriikkleme hiz1 gorilebilir. Sekil 4.2.25 ve 4.2.26 da
paralel jet igin iz vektorii dogrultulan gérillmektedir.

4.3. Capraz Jet icin Sonuclar

Capraz jet durumunda da zit jet' dekine benzer baz1 kisitlamalar s6zkonusudur.
Calismada kullamlan grid sistemi yine Re sayisina bagh olarak (31x31) ya da (61x61)
segildi. (31x31) lik grid sisteminde M1=N1=13, M2=N2=19 ; (61x61) lik gnd
sisteminde ise M1=N1=25, M2=N2=37 alind1.

Re=0.5 igin u hizinin y dogrultusundaki degisimi incelendiginde ilk birkag kesitte
girisimin etkisi goriilememektedir (Sekil 4.1.3). Girisim bolgesinde ise ikinci jetin
etkisiyle iki jetin ara bolgesinde akimda donmeler ve negatif hiza artmalar
boriilmektedir. Re=25 durumrunda girisimin etkisi artmakta ve girisim bolgesinde
akimda kanigmalar meydana gelmektedir (Sekil 4.1.28).
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Birinci jet icin merkez hatti hiz1 incelendiginde gittikge azalan bir hiz dagihm
elde edilmektedir. Re=0.5 igin yapilan galiymada ilk 1.saniyede merkez hatti hiz1 15.
grid noktasinda sifira diiserken, 3. saniyede 30.grid noktasinda ve 5. saniyede ise 31.
grid noktasinda sifira dismektedir. Re=25 durumunda ise 5. saniyede 12. grid
noktasinda merkez hatti hiz1 sifira diigerken 15. saniyede 27. grid noktasinda sifira
dismektedir. 25. saniyede ise 30. grid noktasina kadar 0.05' e diistiikkten sonra ikinci
jetin etkisiyle bir miktar artmakta ve 58. grid noktasindan sonra sifira diigmektedir.

v hizinin x yonitindeki degisimi gozoniine alindiginda Re=0.5 igin girisimin etkisi
fazla goriinmediginden y=0 ' da hiz, tek jetdekine benzer olarak sifira yakin bir deger
alirken, Re=25 de girigimin etkisiyle artmaktadir.

Basing dagilmi incelendifinde Re=0.5 igin girsimin etkisi fazla
hissedilmediginden tek jet'dekine benzer bir basig dagihimi goriilmektedir. Re=25
durumunda ise girisimin etkisiyle olusan negatif hizlanin da etkisiyle énce basing ani
olarak yiikselmekte daha sonra yine ani bir sekilde diigmektedir. Negatif hizlardan
pozitif hizlara gegisin oldugu béigede basing yaklagik olarak sabit kalmaktadir.

4.4 Zat Jet icin Sonuclar

Zit jet icin geometri ve sinir gartlan 3. béliimde verilmigtir. Burada dikkat
edilmesi gereken nokta jetlerin etkilesiminin sajlanmasi igin jetler arast mesafenin
uygun segilmesidir. Jetler arasi mesafe gok biiyiik segildiginde iki jetin birbirine etkisi
gozlenemeyecek, aksine gok kiigiik segildiginde ise problemde geri yanstyan sumr
sartlanmin olugmas: sebebiyle sonuglann dogrulugu tartigmah olabilecektir. Etkilegim
sebebiyle kontrol hacminin merkezinde y ekseni boyuncé u hiz sifirlanacak, buna
karsilik v hiz1 artacak ve jet y ekseni boyunca her iki yonde yayilmaya béslayacaktlr. Bu
sebeple y ekseni boyunca jetin sifirlama meafesinin artacaf diisiiniilerek kontrol hacmi
y ekseni boyunca her iki yonde biiyitilmiis ve buna baglh olarak grid sayist da
artinlmstir.

Yukanida bahsedilen sebepler gozéniine alinarak grid sistemi Re sayisina bagh
olarak (61x201), (65x201) ya da (101x301) boyutlarinda segildi. (61x201) lik grid
sisteminde M1=95, M2=107, N1=11, N2=51, JBS=12, JBSX=10 ; (65x201) lik grid
sisteminde M1=89, M2=113, N1=21, N2=45, JBS=24, JBSX=20 ve (101x301) lik grid
sisteminde ise M1=139, M2=163, N1=21, N2=81, JBS=24, JBSX=20 ahnd.



21

Z1t jet probleminde Re=0.5 icin yapilan hesaplarda merkez hatt: hizinin girigimin
etkisiyle izl bir sekilde sifira diistiigi gozlemlenmektedir. Eksenel hiz dafilimi
incelendiginde T=1 sn igin jet ¢ikisindan sonraki ilk kesitte negatif hizlar gériilmekte,
zaman adim artinldikga girisimin etkisiyle bu negatif hizlann biyukligt de
artmaktadir. Her bir kesitteki u hiz1 ilk birkag zaman diliminde artmakta, girigimin
meydana gelmesiyle bir miktar azalmaktadir.

Girigimin etkisiyle v hizinin artig1 ve jetin y ekseni boyunca her iki yonde yayilisi
Sekil 4.4.3 ' de goriilmektedir. Artan zaman adimlarina karsihk stirekli rejim haline
gelene kadar v hizz da artmakta ve gittikce parabolik bir hiz dagihimu elde
edilebilmektedir. Jetler aras1 mesafeye bagh olarak da girigimin etkisi azalabilir ya da
artabilir. Bu amagla Re=0.5 igin jetler arast mesafenin iki farkli durumu incelenmistir.

Basincin x yoniindeki degisimi goz Oniine alindiginda Re=0.5 igin ilk birkag
gridde ani bir artma gozlenmekte sonra gittik¢e diigmektedir. Re=25 ve 50 durumunda
ise basing girisim bolgesinin merkezine dogru artarak jet ¢ikisindan daha yiksek bir
basinca ulagilmaktadir.

Reynolds sayist arttikga merkez hattt uz1 jetin gekirdek bolgesi diyebilecegimiz
birkag grid noktasinda sabit kalmakta ve ardindan parabolik olarak azalan bir hiz
dagihim elde edilmektedir. Jet ¢ikis Re sayisi arttikga, jet ¢tkisina yakin bolgelerde
negatif hizlar da artmaktadir.

4.5. Sonuclarin Degerlendirilmesi

- Kullanilan sayisal metodun dogruluunu sinamak igin 6ncelikle diizlemsel serbest
jet problemi ¢ozildii. Bu Schlichting (1933) ve Bickley (1939) in analitik sir-tabaka
goziimleri ile kiyaslandi ve Reynolds sayist (Re;) 30' a kadar olan jetler igin Andrade
(1939) tarafindan yapilmis deneysel sonuglarla kargilagtirildi.

Bu kargilagtirmanin yapilabilmesi igin mutlak hiz yerine, yerel hizin jet ekseni
tizerindeki hiza orant (u / u,) ve jet ekseninden mesafe (y) yerine ise , bu mesafenin jet
ekseni iizerindeki hizin yarnt degerine ulagti@i nokta ile eksen arasindaki mesafeye
oranim (y / b) ele alarak u / u,, ile y / b arasindaki egri ¢izildi (Sekil 4.1 ).

Jetin tim kesitlerinde hiz profilleri benzerdir. Yani, jetin herhangi iki kesitinin
esdeger iki noktasindaki boyutsuz hizlar (u/u,) aymdir. Jetde esdeger noktalar igin
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Sekil 4.1. Tek jet igin boyutsuz hiz dagiliminin teorik ve deneysel
sonuglarla kiyaslanmasi (Re=30)

boyutsuz hizlarm esitliginden (y, / b, =y, / b)) u, / u,, = u, / u,, yazlabilir.
Dolaystyla jetin her bir kesitindeki mutlak hizlar yerine boyutsuz tek bir hiz dagilim
segmek yeterlidir.

Sekil 4.1 incelendiginde bu galiymada bulunan sayisal sonuglann teoriye kiyasla
deneysel sonuglarla daha iyi bir uyum sagladif: goriilmektedir. Sonug olarak bu
calismada kullanilan sayisal metodun dogru olduguna karar verildi ve diger jet akimlan
(paralel jet, capraz jet, zit jet) igin de gegerli olacagi kabul edildi.

Reynolds sayist arttkga hesaplama bolgesinin  boyutlarnm da  biyiitmek:
gerekmektedir. Bu ise ya grid sayisim1 artirmak, ya da gridler arasi mesafeyi artirmakla
miimkiin olur. Gridler arasi mesafenin asin bitytitilmesi sonuglarin dogrulugunu
tartismali hale getirebilir. Grid sayisim artirmak ise hem bilgisayar kapasitesinin hem de
programin galiyma siiresinin artmasi anlamima gelir. Ornegin bir 486 DX-2 66 PC
bilgisayarinda tek jet igin yapilan cahsmada (Re=30), 151x151 grid sayisinda 25
saniyelik zaman dilimine ulagmak igin programin caliyma siiresi yaklagik olarak 125
dakika iken aym sartlarda 211x211 grid sayisinda bu siire yaklagik olarak iki katina
¢ikmaktadir. Aym sekilde sonuglarin hard diskte kapladigi yer de iki kat artacaktir.
Biitiin bu kisitlamalar sebebiyle Reynolds sayisini daha fazla artirmak miimkiin
olmamustur,
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Bundan sonra yapilacak galigmalarda eldeki imkanlar nispetinde daha yiiksek Re
sayillarina ¢ikmaya caligilacaktir. Jetler arasindaki mesafeye ve farkhi jet ¢ikis Re
sayilarina bagli olarak girisimin etkisi aragtinlacaktir. Yine aym: metodu kullanarak
hareketli bir akim igerisine gonderilen bir jet ya da bir duvar jeti incelenebilir.
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Sekil 4.1.1 Tek jet durumunda u hizinin y dogrultusundaki degisimi (Re=0.5T=1s)
[Ax=1/6, Ay=1/12, (151x151) grid, JBS=12]
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Sekil 4.1.2 Tek jet durumunda u hizinin x dogrultusundaki degisimi (Re=0.5,T=1s)
[Ax=1/6, Ay=1/12, (151x151) grid, JBS=12]
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$ekil 4.1.3 Tek jet durumunda basincin x dogrultusundaki degisimi (Re=0.5,T=1s)
[Ax=1/6, Ay=112, (151x151) grid, JBS=12]
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Sekil 4.1.4 Tek jet durumunda u hizinin y dogrultusundaki degisimi (Re=0.5,T=3s)
[Ae=1/8, Ay=1/12, (151x151) grid, JBS=12]
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$ekil 4.1.5 Tek jet durumunda u hizinin x dogrultusundaki degisimi (Re=0.5,T=3s)
[Ax=1/6, Ay=1/12, (151x151) grid, JBS=12]
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$ekil 4.1.6 Tek jet durumunda basincin x dogrultusundaki degisimi (Re=0.5,T=3s)
[Ax=1/8, Ay=1/12, (151x151) grid, JBS=12]
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$ekil 4.1.7 Tek jet durumunda u hizinin y dogrultusundaki degisimi (Re=0.5,T=5s)
[Ax=1/6, Ay=1/12, (151x151) grid, JBS=12]
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$ekil 4.1.8 Tek jet durumunda u hizinin x dogrultusundaki degisimi (Re=0.5,T=5s)
[Ax=1/6, Ay=1/12, (151x151) grid, JBS=12]
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$ekil 4.1.9 Tek jet durumunda basincin x dogrultusundaki degisimi (Re=0.5,T=5s)
[Ax=1/6, Ay=1/12, (151x151) grid, JBS=12]
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Sekll 4.1.10 Tek jet durumunda v hizinin y dogrultusundaki degigimi (Re=0.5,T=5s)
[Ax=1/6, Ay=1/12, (151x151) grid, JBS=12]
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Sekil 4.1.11 Tek jet durumunda basincin y dodrultusundaki degisimi (Re=0.5,T=5s)
[Ax=1/6, Ay=1/12, (151x151) grid, JBS=12]
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$ek|l 4.1.12 Tek jet durumunda basincin y dogrultusundaki degisimi (Re=0.5,T=5s)
[Ax=1/6, Ay=1/12, (151x151) grid, JBS=12] **
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Sekil 4.1.13 Tek jet durumunda u hizinin y dogrultusundaki dedisimi (Re=25,T=5s)
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$ekil 4.2.3 Paralel jet durumunda basincin x dogrultusundaki degisimi (Re=0.5,T=1s)
[Ax=1/6, Ay=1/12, (151x151) grid, JBS=12, JBSX=10]
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Sekil 4.2.4 Paralel jet durumunda u hizinin y dogrultusundaki degisimi (Re=0.5,T=3s)
[Ax=1/6, Ay=1/12, (151x151) grid, JBS=12, JBSX=10]
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Sekil 4.2.5 Paralel jet durumunda u hzinin x dogrultusundaki degisimi (Re=0.5,T=3s)
[Ax=1/6, Ay=1/12, (151x151) grid, JBS=12, JBSX=10]
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Sekil 4.2.6 Paralel jet durumunda basincin x dogrultusundaki degisimi (Re=0.5,T=3s)
[Ax=1/8, Ay=1/12, (151x151) grid, JBS=12, JBSX=10]
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0.9

0.8}
0.7~
0.8 =)
0.5+
0.4
0.3
0.2
0.1

O~ T T T T I I T P e I Ty T T T T LR RN A U RS U AL
20 30 40 80 70

AKIM BOLGESI UZUNLUGU
M- =65 —— =66 ¥ |=67
- 1=68 —>¢ 1=69 2 1=70

UHIZ1

$ekil 4.2.8 Paralel jet durumunda u hizinin x do§rultusundaki degisimi (Re=0.5,T=5s)
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$ekil 4.2.9 Paralel jet durumunda basincin x dogrultusundaki degisimi (Re=0.5,T=5s)
[Ax=1/6, Ay=1/12, (151x151) grid, JBS=12, JBSX=10]
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Sekil 4.2.10 Paralel jet durumunda v hizinin y dogrultusundaki degisimi (Re=0.5,T=5s)
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Sekil 4.2.11 Paralel jet durumunda basincin y dogrultusundaki degisimi (Re=0.5,T=5s)
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Sekil 4.2.12 Paralel jet durumunda basincin y dogrultusundaki degisimi (Re=0.5,T=5s)

[Ax=1/6, Ay=1/12, (151x151) grid, JBS=12, JBSX=10] **



1 25 50 75 100 125 150
AKIM BOLGES! YUKSEKLIGI

- J=11 —— J=13 D& J=15
= J=17 D¢ =19 2% J=21

Sekil 4.2.13 Paralel jet durumunda u hizinin y dogrultusundaki degisimi (Re=25,T=5s)
[Ax=1/12, Ay=1/12, (151x151) grid, JBS=12, JBSX=10]
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Sekil 4.2.14 Paralel jet durumunda u hizinin x dogrultusundaki degisimi (Re=25,T=5s)
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$ekil 4.2.15 Paralel jet durumunda basincin x dogrultusundaki dedisimi (Re: 25,T=5s)
[Ax=1/12, Ay=1/12, (151x151) grid, JBS=12, JBSX=10]
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$ekil 4.2.16 Paralel jet durumunda u hizinin y dogrultusundaki degigimi (Re=25,T=15s)
[Ax=1/12, Ay=1/12, (151x151) grid, JBS=12, JBSX=10] »
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Sekil 4.2.18 Paralel jet durumunda basincin x dogrultusundaki degisimi (Re=25,T=15s)
[Ax=1/12, Ay=1/12, (151x151) grid, JBS=12, JBSX=10]
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Sekil 4.2.19 Paralel jet durumunda u hizinin y dogrultusundaki degisimi (Re=25,T=25s)
[Ax=1/12, Ay=112, (151x151) grid, JBS=12, JBSX=10]
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Sekil 4.2.20 Paralel jet durumunda u hizinin x dogrultusundaki degisimi (Re=25,T=25s)
[Ax=1/12, Ay=1/12, (151x151) grid, JBS=12, JBSX=10]
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Sekil 4.2.21 Paralel jet durumunda basincin x dorultusundaki degisimi (Re=25,T=25s)
[Ax=1/12, Ay=1/12, (151x151) grid, JBS=12, JBSX=10]
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Sekil 4.2.22 Paralel jet durumunda v hizinin y dogrultusundaki degisimi (Re=25,T=25s)
[Ax=1112, Ay=1/12, (151x151) grid, JBS=12, JBSX=10] .
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Sekil 4.2.23 Paralel jet durumunda basincin y dogrultusundaki degisimi (Re=25,T=25s)
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$ekil 4.2.24 Paralel jet durumunda basincin y dogrultusundaki degisimi (Re=25,T=25s)
{Ax=1/12, Ay=1/12, (151x151) grid, JBS=12, JBSX=10] **
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Sekil 4.3.1 Capraz jet durumunda u hizimin y dogrultusundaki degisimi (Re=0.5,T=1s)
[Ax=1/6 , Ay=1/6, (31x31) grid, JBS=6]
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Sekil 4.3.2 Capraz jet durumunda u hizinin y doérultusundéki degisimi (Re=0.5,T=1s)
[Ax=1/6 , Ay=1/6, (31x31) grid, JBS=6] **
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Sekil 4.3.3 Capraz jet durumunda u hizinin x do§ruitusundaki degisimi ( Re=0.5,T=1s)
[Ax=1/8 , Ay=1/6, (31x31) grid, JBS=6]
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Sekil 4.3.4 Capraz jet durumunda basincin x do§rultusundaki de§isimi (Re=0.5,T=1s)
[Ax=1/8 , Ay=1/6, (31x31) grid, JBS=6]
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$ekil 4.3.5 Capraz jet durumunda v hizimin y dogrultusundaki degisimi (Re=0.5,T=1s)
[Ax=1/6 , Ay=1/6, (31x31) grid, JBS=6] **
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$ekil 4.3.6 Gapraz jet durumunda v hizinin x dogrultusundaki degisimi (Re=0.5,T=1s)
[Ax=1/6 , Ay=1/6, (31x31) grid, JBS=6]
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Sekil 4.3.7 Gapraz jet durumunda u hizinin y dogrultusundaki degisimi (Re=0.5,T=3s)
[Ax=1/6 , Ay=1/6, (31x31) grid, JBS=6]
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$ekil 4.3.8 Capraz jet durumunda u hizinin y dogrultusundaki degisimi (Re=0.5, T=3s)
[Ax=1/6 , Ay=1/6, (31x31) grid, JBS=6] **
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Sekil 4.3.9 Gapraz jet durumunda u hizinin x dogrultusundaki degisimi ( Re=0.5,T=3s)
[Ax=1/6 , Ay=1/6, (31x31) grid, JBS=6]
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Sekil 4.3.10 Gapraz jet durumunda basincin x dogrultusundaki degisimi (Re=0.5,T=3s)
[Ax=1/6 , Ay=1/6, (31x31) grid, JBS=6]
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Sekil 4.3.11 Capraz jet durumunda v hizinin y dogruttusundaki degisimi (Re=0.5,T=3s)
[Ax=1/6 , Ay=1/6, (31x31) grid, JBS=6] **
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Sekil 4.3.12 Capraz jet durumunda v hizimin x dogrultusundaki degisimi (Re=0.5,T=3s)
[Ax=1/6 , Ay=1/6, (31x31) grid, JBS=6]
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Pekil 4.3.13 Capraz jet durumunda u hizinin y dogrultusundaki degisimi (Re=0.5, T=5s)
[Ax=1/6 , Ay=1/8, (31x31) grid, JBS=6]
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Sekil 4.3.14 Capraz jet durumunda u hizinin y dogrultusundaki degisimi (Re=0.5,T=5s)
[Ax=1/6 , Ay=1/6, (31x31) grid, JBS=6] ~*
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$ekil 4.3.15 Capraz jet durumunda u hizinin x dogrultusundaki degisimi ( Re=0.5,T=5s)
[Ax=1/6 , Ay=1/8, (31x31) grid, JBS=6]
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Sekil 4.3.16 Gapraz jet durumunda basincin x dogrultusundaki degisimi (Re=0.5,T=5s)
[Ax=1/8 , Ay=1/8, (31x31) grid, JBS=6]
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Sekil 4.3.17 Capraz jet durumunda v hizinin y dogrultusundaki degisimi (Re=0.5,T=5s)
[Ax=1/6 , Ay=1/8, (31x31) grid, JBS=6] **

0.2

0.18
0.16
/{}\S&
0.14
7N

0.12
0.1

V HIZi

0.08
0.08

0.04
0.02

NS Bt I e S S et B S A S O N A M
5 10 15 20 25 30
AKIM BOLGES! UZUNLUGU

M- Y=0 — Y=1/6 K Y=2/6
= Y=3/8 D¢ Y=4/6 A Y=5/6

$ekil 4.3.18 Gapraz jet durumunda v hizinin x do§rultusundaki degisimi (Re=0.5,T=5s)
[Ax=1/6 , Ay=1/6, (31x31) grid, JBS=6]
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Sekil 4.3.19 Gapraz jet durumunda v hizinin y dogrultusundaki degisimi (Re=0.5,T=5s)
[Ax=1/6 , Ay=1/6, (31x31) grid, JBS=6]
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Sekil 4.3.20 Gapraz jet durumunda basincin y do§rultusundaki degisimi (Re=0.5,T=5s)
[Ax=1/6 , Ay=1/8, (31x31) grid, JBS=6]
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Sekil 4.3.21 Capraz jet durumunda u hizimin y dogrultusundaki degisimi (Re=25,T=5s)
[Ax=1112 , Ay=1/12, (61x61) grid, JBS=12]
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$ekil 4.3.22 Gapraz jet durumunda u hizinin y dodrultusundaki degisimi (Re=25, T=5s)
[Ax=1112 , Ay=112, (61x61) grid, JBS=12] **
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Sekil 4.3.23 Capraz jet durumunda u hmzinin x dogrultusundaki degisimi (Re=25,T=5s)
[Ax=1112 , Ay=1112, (61x61) grid, JBS=12]
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Sekil 4.3.24 Capraz jet durumunda basincin x dogrultusundaki degisimi (Re=25,T=5s)
[Ax=1112 , Ay=1/12, (61x81) grid, JBS=12]
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Sekil 4.3.25 Capraz jet durumunda v hizimin y dogrultusundaki degisimi (Re=25,T=5s)
[Ax=1/12 , Ay=1/12, (61x81) grid, JBS=12] **
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$ekil 4.3.26 Capraz jet durumunda v hizinin x dodrultusundaki dedisimi (Re=25,T=5s)
[Ax=1/12 , Ay=1/12, (61x61) grid, JBS=12]
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Sekil 4.3.27 Capraz jet durumunda u hizinin y dogrultusundaki degisimi (Re=25,T=15s)
[Ax=1/12, Ay=1/12, (61x61) grid, JBS=12]
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$ekil 4.3.28 Capraz jet durumunda u hizinin y do§rultusundaki degisimi (Re=25,T=15s)
[Ax=1/12 , Ay=1/12, (61x61) grid, JBS=12] **
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$ekil 4.3.29 Capraz jet durumunda u hizinin x dogrultusundaki degisimi (Re=25,T=15s)
[Ax=1/12 , Ay=1/12, (61x61) grid, JBS=12]
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Sekil 4.3.30 Capraz jet durumunda basincin x dogrultusundaki dedisimi (Re=25,T=15s)
[Ax=1/12, Ay=1/12, (61x61) grid, JBS=12]
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Sekil 4.3.31 Capraz jet durumunda v hizinin y dogrultusundaki degisimi (Re=25,T=15s)
[Ax=1/12 , Ay=1/12, (61x61) grid, JBS=12] **
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$ekil 4.3.32 Capraz jet durumunda v hizinin x dogrultusundaki degisimi (Re=25,T=15s)
[Ax=112 , Ay=1/12, (61x61) grid, JBS=12]
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$ekil 4.3.33 Gapraz jet durumunda u hizinin y dogrultusundaki degisimi (Re=25,T=25s)
[Ax=1/12 , Ay=1/12, (61x61) grid, JBS=12]
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Sekil 4.3.34 Capraz jet durumunda u hizinin y dogrultusundaki degisimi (Re=25,T=25s)
[Ax=1/12 , Ay=1/12, (61x61) grid, JBS=12] **
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Sekil 4.3.35 Capraz jet durumunda u hizinin x dogrultusundaki degisimi (Re=25,T=25s)
[Ax=1/12 , Ay=1/12, (61x61) grid, JBS=12]
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Sekil 4.3.36 Gapraz jet durumunda basincin x dogrultusundaki dedisimi (Re=25,T=25s)
[Ax=1112 , Ay=1/12, (61x61) grid, JBS=12]
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Sekil 4.3.37 Gapraz jet durumunda v hizinin y dogrultusundaki degdigimi (Re=25,T=25s)
[Ax=1/12 , Ay=1/12, (61x61) grid, JBS=12] **
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Sekil 4.3.38 Qapraz jet durumunda v hizinin x dogrultusundaki degisimi (Re=25,T=25s)
[Ax=112 , Ay=1/12, (61x61) grid, JBS=12]
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Sekil 4.3.39 Capraz jet durumunda v hizinin y dogrultusundaki degisimi (Re=25,T=25s)
[Ax=1/12 , Ay=1/12, (61x61) grid, JBS=12]
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$ekil 4.3.40 Gapraz jet durumunda basincin y dogrultusundaki degisimi (Re=25,T=25s)
[Ax=1/12 , Ay=1/12, (61x61) grid, JBS=12]
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Capraz et igin hiz vektoril dogrultular (Re=0.5 , T=5 s)

Sekil 4.3.41.
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Sekil 4.3.42. Capraz jet igin hiz vektdrii dogrultulan (Re=25 , T=25 s)
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Sekil 4.4.1 Zit jet durumunda u hizinin y dogrultusundaki degigimi (Re=0.5,T=1s)
[Ax=1/8, Ay=1/12, (61x201) grid, JBS=12, JBSX=10]
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Sekil 4.4.2 Zit jet durumunda u hizinin x dogrultusundaki degisimi (Re=0.5,T=1s)
[Ax=1/6, Ay=1/12, (61x201) grid, JBS=12, JBSX=10]
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Sekil 4.4.3 Zit jet durumunda v hizimin x dogrultusundaki degisimi (Re=0.5,T=1s)
[Ax=1/6, Ay=1/12, (61x201) grid, JBS=12, JBSX=10]
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Sekil 4.4.4 Zit jet durumunda basincin x dogrultusundaki dedisimi (Re=0.5,T=1s)
[Ax=1/6, Ay=1/12, (61x201) grid, JBS=12, JBSX=10]
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Sekil 4.4.5 Zit jet durumunda u hizimin y dogrultusundaki degisimi (Re=0.5,T=3s)
[Ax=1/6, Ay=1/12, (61x201) grid, JBS=12, JBSX=10]
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Sekil 4.4.6 Zit jet durumunda u hizinin x dogrultusundaki degisimi (Re=0.5,T=3s)
[Ax=1/6, Ay=1/12, (61x201) grid, JBS=12, JBSX=10]
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Sekil 4.4.7 Zit jet durumunda v hizinin x dogrultusundaki degisimi (Re=0.5,T=3s)
[Ax=1/6, Ay=1/12, (61x201) grid, JBS=12, JBSX=10]
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$ekil 4.4.8 Zit jet durumunda basincin x dogrultusundaki degisimi (Re=0.5,T=3s)
[Ax=1/8, Ay=1/12, (61x201) grid, JBS=12, JBSX=10]
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Sekil 4.4.9 Zit jet durumunda u hizinin y dogrultusundaki degisimi (Re=0.5,T=5s)
[Ax=1/6, Ay=1/12, (61x201) grid, JBS=12, JBSX=10]
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Sekil 4.4.10 Zit jet durumunda u hizimin x dogrultusundaki degigimi (Re=0.5,T=5s)
[Ax=1/8, Ay=1/12, (61x201) grid, JBS=12, JBSX=10]
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Sekil 4.4.11 Zit jet durumunda v hizinin x dogrultusundaki degisimi (Re=0.5,T=5s)
[Ax=1/6, Ay=1/12, (61x201) grid, JBS=12, JBSX=10]
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Sekil 4.4.12 Zit jet durumunda basincin x dogrultusundaki degisimi (Re=0.5,T=5s)
[Ax=1/6, Ay=1/12, (61x201) grid, JBS=12, JBSX=10]
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$ekil 4.4.13  Zit jet durumunda v lizinin y dogrultusundaki degisimi (Re=0.5,T=5s)
[Ax=1/8, Ay=1/12, (61x201) grid, JBS=12, JBSX=10]
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Sekil 4.4.14  Zit jet durumunda basincin y dogrultusundaki deJisimi (Re=0.5,T=5s)
[Ax=1/8, Ay=1/12, (61x201) grid, JBS=12, JBSX=10]
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Sekil 4.4.15 Zit jet durumunda u hizinin y dogrultusundaki degisimi (Re=0.5,T=1s)
[Ax=1/24, Ay=1/24, (65x201) grid, JBS=24, JBSX=20]
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Sekil 4.4.16 Zit jet durumunda u hizinin x do§rultusundaki degisimi (Re=0.5,T=1s)
[Ax=1/24, Ay=1/24, (65x201) grid, JBS=24, JBSX=20)
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Sekil 4.4.17 Zit jet durumunda v hizinin x dogrultusundaki degisimi (Re=0.5,T=1s)
[Ax=1/24, Ay=1/24, (65x201) grid, JBS=24, JBSX=20]

10.5

BASINC
©
w
1

L2 S B S Sy st R IR B I Et I B N M S BN M B I S R E B M |
25 30 35 40 45

JETLER ARASI MESAFE
M- Y=0 — Y=2/24 K- Y=4/24
3 Y=6/24 D& Y=8/24 A Y=10/24

$ekil 4.4.18 Zit jet durumunda basincin x dogrultusundaki degisimi (Re=0.5,T=1s)
[Ax=1/24, Ay=1/24, (65x201) grid, JBS=24, JBSX=20]
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Sekil 4.4.19 Zit jet durumunda u hizinin y dogrultusundaki degisimi (Re=0.5,T=3s)
[Ax=1/24, Ay=1/24, (65x201) grid, JBS=24, JBSX=20]
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Sekil 4.4.20 Zit jet durumunda u hizinin x dogrultusundaki de§isimi (Re=0.5,T=3s)
[Ax=1/24, Ay=1/24, (65%201) grid, JBS=24, JBSX=20]
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Sekil 4.4.21 Zit jet durumunda v hizinin x dogrultusundaki degisimi (Re=0.5,T=3s)
[Ax=1/24, Ay=1/24, (65x201) grid, JBS=24, JBSX=20]
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Sekil 4.4.22 it jet durumunda basincin x dogrultusundaki degisimi (Re=0.5,T=3s)
[Ax=1/24, Ay=1/24, (65x201) grid, JBS=24, JBSX=20]
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Sekil 4.4.23 Zit jet durumunda u hizinin y dogrultusundaki degisimi (Re=0.5,T=5s)
[Ax=1/24, Ay=1/24, (65x201) grid, JBS=24, JBSX=20]
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$ekil 4.4.24 Zit jet durumunda u hizinin x dogrultusundaki degisimi (Re=0.5,T=5s)
[Ax=1/24, Ay=1/24, (65x201) grid, JBS=24, JBSX=20]
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Sekil 4.4.25 Zit jet durumunda v hizinin x dogrultusundaki degisimi (Re=0.5,T=5s)
[Ax=1/24, Ay=1/24, (65x201) grid, JBS=24, JBSX=20]
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Sekil 4.4.26 2Zit jet durumunda basincin x dog‘jrultusundaki degisimi (Re=0.5,T=5s)
[Ax=1/24, Ay=1/24, (65x201) grid, JBS=24, JBSX=20]
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Sekil 4.4.27 Zit jet durumunda v hizininy dogrultusundaki degisimi (Re=0.5,T=5s)
[Ax=1/24, Ay=1/24, (65x201) grid, JBS=24, JBSX=20] ‘
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$ekif 4.4.28 2it jet durumunda basincin y dogrultusundaki degisimi (Re=0.5,T=5s)
[Ax=1/24, Ay=1124, (85x201) grid, JBS=24, JBSX=20]
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Sekil 4.4.29 Zit jet durumunda u hizinin y dogrultusundaki dedisimi (Re=25,T=5s)
[Ax=1/24, Ay=1/24, (65x201) grid, JBS=24, JBSX=20]
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Sekil 4.4.31 Zit jet durumunda v hlzm.m x dogrultusundaki degisimi (Re=25,T=5s)
[Ax=1/24, Ay=1/24, (65x201) grid, JBS=24, JBSX=20]
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Sekil 4.4.32  Zit jet durumunda basincin x dodrultusundaki degisimi (Re=25,T=5s)
[Ax=1/24, Ay=1/24, (65x201) grid, JBS=24, JBSX=20]
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Sekil 4.4.33 Zit jet durumunda u hizinin y dogrultusundaki degisimi (Re=25,T=15s)
[Ax=1/24, Ay=1/24, (85x201) grid, JBS=24, JBSX=20]
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Sekil 4.4.34 Zit jet durumunda u hizinin x dogrultusundaki degisimi (Re=25,T=15s)
[Ax=1/24, Ay=1/24, (65x201) grid, JBS=24, JBSX=20]
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Sekil 4.4.35 Zit jet durumunda v hizinin x dogrultusundaki degigimi (Re=25,T=15s)
[Ax=1/24, Ay=1/24, (65%201) grid, JBS=24, JBSX=20]
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Sekil 4.4.36 Zit jet durumunda basincin x dogrultusundaki degisimi (Re=25,T=15s)
[Ax=1/24, Ay=1/24, (65x201) grid, JBS=24, JBSX=20]
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Sekil 4.4.37 Zit jet durumunda u hizinin y dodrultusundaki degisimi (Re=25,T=25s)
[Ax=1/24, Ay=1/24, (65x201) grid, JBS=24, JBSX=20]
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Sekil 4.4.38 Zit jet durumunda u hizinin x dogrultusundaki degisimi (Re=25,T=25s)
[Ax=1/24, Ay=1/24, (65x201) grid, JBS=24, JBSX=20]
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Sekil 4.4.39 Zit jet durumunda v hizinin x dogrultusundaki degisimi (Re=25,T=25s)
[Ax=1/24, Ay=1/24, (65x201) grid, JBS=24, JBSX=20]
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Sekil 4.4.40 Zit jet durumunda basincin x do§rultusundaki degisimi (Re=25,T=25s)
[Ax=1/24, Ay=1/24, (65x201) grid, JBS=24, JBSX=20]
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Sekil 4.4.41  Zit jet durumunda v hizinin y dogrultusundaki degisimi (Re=25,T=25s)
[Ax=1/24, Ay=1/24, (65x201) grid, JBS=24, JBSX=20]
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$ekil 4.4.42 Zit jet durumunda basincin y dogrultusundaki degisimi (Re=25,T=25s)
[Ax=1724, Ay=1/24, (65x201) grid, JBS=24, JBSX=20]
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Sekil 4.4.43 2Zit jet durumunda u hizimn y dogrultusundaki degisimi (Re=50,T=5s)
[Ax=1/60, Ay=1/24, (101x301) grid, JBS=24, JBSX=20]
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Sekil 4.4.44 Zit jet durumunda u zinin x doljruﬂuéundakl degdisimi (Re=50,T=5s)
[Ax=1/60, Ay=1/24, (101x301) grid, JBS=24, JBSX=20]
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Sekil 4.4.45 Zit jet durumunda v hizinin x dogrultusundaki degisimi (Re=50,T=5s)
[Ax=1/80, Ay=1/24, (101x301) grid, JBS=24, JBSX=20]
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Sekil 4.4.46 Zit jet durumunda basincin x dogrultusundaki degisimi (Re=50,T=5s)
[Ax=1/60, Ay=1/24, (101x301) grid, JBS=24, JBSX=20]
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Sekil 4.4.47 Zit jet durumunda u hizinin y dogrultusundaki degisimi (Re=50,T=15s)
[Ax=1/60, Ay=1/24, (101x301) grid, JBS=24, JBSX=20]
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Sekil 4.4.48 Zit jet durumunda u hizinin x dogdrultusundaki degisimi (Re=50,T=15s)
[Ax=1/80, Ay=1/24, (101x301) grid, JBS=24, JBSX=20]
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Sekil 4.4.49 Zit jet durumunda v hizinin x dogruitusundaki degisimi (Re=50,T=15s)
[Ax=1/60, Ay=1/24, (101x301) grid, JBS=24, JBSX=20]
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Sekil 4.4.50 Zit jet durumunda basincin x dogrultusundaki degisimi (Re=50,T=15s)
[Ax=1/60, Ay=1/24, (101x301) grid, JBS=24, JBSX=20]



88

U Hizt

iLfLf bl i A R N R IR A T R A AT Y tfidt (ol g D 4 3 G L L E b i it
1 25. 50 75 10 125 150 175 200 225 250 275 300
AKIM BOLGESI YUKSEKLIG!
M- J=21 —+— J=26 & J=31
= J=36 D& J=41 A J=46

$ekil 4.4.51 Zit jet durumunda u lizinin y dogrultusundaki dedisimi (Re=50,T=25s)
[Ax=1/60, Ay=1/24, (101x301) grid, JBS=24, JBSX=20]
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Sekil 4.4.52 Zit jet durumunda u hizinin x dogrultusundaki degisimi (Re=50,T=25s)
[Ax=1/60, Ay=1/24, (101x301) grid, JBS=24, JBSX=20]



89

0.35

0.3

0.25

0.2

0.15+

VHZI

0.1

6 I
< 1A
g
0.05-—b

0.05
15 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
AKIM BOLGESI UZUNLUGU
- |=164 —— 1=167 & 1=170
= 1=173 D€ 1=176 A 1=179

Sekil 4.4.53 Zit jet durumunda v hizinin x dogrultusundaki degisimi (Re=50,T=25s)
[Ax=1/60, Ay=1/24, (101x301) grid, JBS=24, JBSX=20]
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Sekil 4.4.54 Zit jet durumunda basincin x dogrultusundaki degisimi (Re=50,T=25s)
[Ax=1/80, Ay=1/24, (101x301) grid, JBS=24, JBSX=20]
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Sekil 4.4.55 Zit jet durumunda v hizinin y dogrultusundaki degisimi (Re=50,T=25s)
[Ax=1/60, Ay=1/24, (101x301) grid, JBS=24, JBSX=20]
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$ekil 4.4.56 Zit jet durumunda basincin y dogrultusundaki degisimi (Re=50,T=25s)
[Ax=1/60, Ay=1/24, (101x301) grid, JBS=24, JBSX=20]
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Sekil 4.4.57. Zit jet igin iz vektorii dogrultular (Re=0.5, T=5 s)
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Sekil 4.4.58. Zit jet icin hiz vektdril dogrultulan (Re=25 , T=25 s)
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* BU PROGRAM CRANK NICHOLSON YONTEMIYLE SERBEST JET ICIN
* JET CIKISINDAKI BOYUTSUZ HIZ VE BASINC DAGILIMINI HESAPLAR.
* BAZI DEGISKENLERIN SONUNDAKI 1 RAKAMI BOYUTLU SAYILARI
* GOSTERMEKTEDIR.

sk sk sfe ke sk fe sk sk 3 k¢ sk a ok sfe e ske s s e sk 3k 3¢ sk s e ok sk e dfe ok e ke ahe sk sk ok 3k ok e sk sfe k3 sk ok sfe 3 sk ok ok 3 ol o s dle 3k o sfe ple ok e oke skeole ske e sk ok
PARAMETER(M=255,N=255)

DIMENSION U(M,N),V(M,N),P(M,N),RO(M,N)

DIMENSION UO(M,N), VO(M,N),PO(M,N).ROO(M,N)

DIMENSION UI(M,N), VI(M,N),PI(M,N),ROI(M,N)

INTEGER XGS,YGS,ROS.Z.QW,REYN,TT

REAL MU1,PS.PS1,T1,DELTI

OPEN(5,FILE=TAHMIN.J1")

OPEN(6,FILE=DATA2.DAT,STATUS='OLD)

OPEN(7,FILE='U.J1")

OPEN(8.FILE='V.J1)

OPEN(9,FILE="P.J1")

OPEN(10,FILE=RO.J1"

DATA K.ROS,ROS1,T1,MAXIT,EPS/0,1,1.2,0.1,2500,1E-5/

READ(6,*)

READ(6,*)

READ(6,*)

READ(6,%)XGS, YGS,UIM.JBS,REYN

READ(6,*)

READ(6,*)

READ(6,*)

READ{(6,*)MU1,DELX1,DJ1,ALFA PS1

DELY1=DJ1/IBS

DELTI1=0.1

DELX=DELX1/DJ1

DELY=DELY1/DJ1

TDX=1/DELX

TDY=1/DELY

TDX2=TDX**2

TDY2=TDY**2

DXDY=DELX/DELY

TDXDY=TDX*TDY

PS=PS1/(ROS1*UIM**2)

TT=(YGS-IBS+1)/2

o 3 o 2 i af a ok e ke e 3 o s ok e e ke 3k s s e e e e e o o e e ke ol el o 3t o ek o sk

xkkxx =0 ANINDAKI DEGERLER ~ *#*##hssik
ok Ao o s o e e ko ook s s s s e s ek o ook ok e ok

DO 40 I=1,YGS

DO 40 }=1,XGS

ROO(I,J)=ROS

PO(1,N)=PS

UK(LD=0

VO(L)=0

CONTINUE

o e e e b afe s e o e e ke st o o e ke o ok sk sk s e ke 3k ok s sk o e o e ok ok ok o ke ok ok ke ok

*++++ JET CIKISIBOYUNCA SINIR SARTI **#x
e e e e e o s ok e e e ke Sk o e ke ke e o o e e e e e o o e e e o o ¢ o 3 e e e e ok
I=1
Y=-1.12.
DO 50 I=TT,TT+BS
U(LI)=4*(0.25-Y**2)
U(LD=ABS(U(LJ))

* * % *
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V(.J)=0
RO(LJ)=ROS+0.9*(4*(0.25-Y**2))
RO(L,J)=ROS
P(LJ)=PS*(RO(LI)**1)
Y=Y+1./IBS
CONTINUE
RE=UIM*DJ1*ROS1/MU]I
ER=1./RE
IF(REYN.EQ.1) ER=0
DELT=DELT1/DJ1/UIM)
T=T1/DJ1/UIM)
TDT=1./DELT

ke o ok o e s o ok o e 3 e ok sk o o e e s o 3 ok e e e e e o e e ke e ok ok o e e e o o e e ok

##xk%  SONSUZDAKI SINIR SARTLARI **xkksks
sk ofe sk sk e sk e ke o e s e i s ae ol e e o o e e o ae e ok ok e s o ke s fe ol o e ke s e o ok e
I=1
IF (L.GT.YGS) GOTO 90
DO 80 J=1,XGS
U@,n=0
V(,)=0
RO(LN=1
P(L,1)=P5
CONTINUE
I=I+YGS-1
GOTO 70

e ke s e o ke s sfe o s ol af e st e o 3 sk e s i s ke ke e ok s afe s sk se sk e ok s s e e o e ae s fe s ofe sk ol ke s b o e s e s e sk o ke sk ok s ke ok e o

*JETIN ALTINDA KALAN BOLGEDE (J=1) Y DOGRULTUSUNDAKI HIZ SINIR SARTI*
etk e o oo sk e S AR o ok s o ek ko R SRt A
J=1
DO 100 I=1,TT-1
Uua,n=0
V(AN=0
RO(I.N=1
P(L1)=PS
CONTINUE

e sk e o e ke e s ke s e s e sk le s e sk e s fe s fe s e s e s e o e sk e sk e s e o ot ok se sk e o ofe s ol 8 36 ofe 3 e o e oe ok ke ok ke sk ke e ke ok e ok

*JETIN USTUNDE KALAN BOLGEDE (J=1) Y DOGRULTUSUNDAKI HIZ SINIR SARTI*
ke s o ke e ot e e o s e e se ok e e s o o e ok e e s ke e e o e o b e o e s ok e o s e s sk ok se ok b e o o sl e oo o ok o o o o o ok e o ok ok
DO 110 I=TT+IBS+1,YGS
U@,J)=0
V(LI)=0
RO(,J)=1
P(L])=PS
CONTINUE

s e s s e ok s ke s ok ke sk s ke o o e ok s e o o o o ol e e s oe sk sk e o ol e fe s e o o oe s o s ke o ok ke s o ok e ek ok ok

ofe 3k sk ok afe o o ok ok o o o ok ok ok sk TAI-]MINI I.HZ ALANININ GMLMESI ok o ok ok ok sk sfe ke ko
sk ok ¢ ok s ok o e e S sk ke s sk o afe A e o ok ke s S ke e ok abe e oe o K o o o sfe 3 o o sk sfe ok e o ok o Sk ok ok e s ok e o ok ek
Z=2
DO 120 1=2,YGS-1
DO 130 J=2,XGS-1
W(ILD=UI-1)-(U(Z, 1)[(XGS-1))
U(LJ)y=ABS(U(LI)
V(I,1)=0
RO(LJ)=ALFA*1
CONTINUE
Z=Z+1
CONTINUE
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****#***'**********#*******#******************************
2k af o afe ok ok ok ok ok o ok ok ok e ok ok UC SIN]R SARTLARI sk ok ok sk ok 3 e 3 o o sk sk kol ok ook ook
e e s ke sk e ke s s i ok ae sl sk o af o ol sk o e e o afe ke sk 3k afe ol s e ok o S ok s fe s ofe fe sk s ol sk o ae e o o e s o sde o s e ol
J=XGS
DO 140 1=1,YGS
U(1,J)=0.00
V{I1)=0
RO(1,hH=1
P(LJ)=PS
CONTINUE

ke i sk e s s e o sk e s s e b 3k o ok o ke ol s 0k s oe ke o o ke s o e sk e ke 5 e ol s e sfe s oe e o o e e ol e e ok ok

wkxkxbRkskxak YOGUNLUGUN TAHMINI DEGERLER] ##s ks
sl ok e sk b e b o ok o s o ol ok ok e sk e s e sk o e ok ke ok e s ke o o sk e s e ok e s e e ke o ke s fe o e o e o oe ok 3

DO 150 1=2,YGS-1

DO 150 J=2,XGS-1

RO(,J)=ROS

CONTINUE
READ(*,*)IREAD.T2
IFIREAD.EQ.1) GOTO 550
WRITE(*,*)XGS,YGS

ke ok ok o o sk ke s s e o o sfe ol o e ok ofe sk e sk sl o sk o o sk fe s sk ok o ot e o ke o s ok e s e e s e o ol ol e f e o s e e e e ok 3 sk e se ok

ok ok s e sk e ok she e s TAI.IMIN] DEGERLERIN YAZDIRILMAS]_ she s fe sfe ol she e sk e e ok o ke ofe s sfe sfe e ole ke
oK e ok ok sk e ok ok o s 3 ofe ok ok ok o ok ke o ok o e e e e s s o e e e ok afe e o e e e o ok e ok
WRITE(5,%)

WRITE(5, 160)

FORMAT(13X, U,15X. V,14X.P,12X,' RO)

WRITE(S,170)

FORMAT(12X." 15X, & :

.SX, v_______:)

DO 180 I=1,YGS

DO 180 J=1,XGS

WRITE(S,185)LJ,U(1,J), V(1.J).P(L.J),RO(LJ)
FORMAT(13,",13,3X.E13.5,3X,E13.5,3X,E13.5,5X,F8.6)

UILN)=ULD)

VI(LI)=V(L))

PI(L.)=P(.J)

ROI(.J=RO(1,J)

CONTINUE

ITER=1

ke o e s sfe e s e o s s ofe sk e e o sk 3k she e ofe e ol e sk e ok ole s e o sk ok sfe e ol e ok e o e e ke ke

ok 3k sk oke o ok ok ok ok sk ok ok 5k ANA DENI(LEMLER 2% afe of ke afe sk ok ok o 3k ok
sl ool o o N a8 2 o o e o o o ade e 0 o sfe ot o ol 2 33 e ol e o o o ol ok ol bt e ok ol s ot e ot e
DO 200 1=2,YGS-1
DO 200 J=2,XGS-1
A2=TDT*ROI(1,J)+0.25*TDY *ROI(N)*(VI(I+1,1)-VI(I-1.J)+VO(+1.J)
-VO(I-1.)))*+ER*(TDX2+(4./3.)*TDY2)
B2=ER*0.5*TDX2-0.25*TDX*ROI(LN)*UI(LJ)
C2=ER*0.5*TDX2+0.25*TDX*ROI(I,1)*UI(LJ)
D2=ER*(4./6.)*TDY2
E2=ER*(4./6.)*TDY?2
F2=TDT*ROI(I,])-ER*TDX2-ER*(4./3.)*TDY2
G2=ER*(1./6.y*TDXDY*(UI(1+1,J+1)+UI(-1,J-1)-UI(1+1,J-1)
-UI(t-1,J+1)+U0(I+1,J+1)+U0(I-1,J-1)-U0(I+1.J-1)-U0(I-1,]+1))
-0.25*TDY *(PI(1+1,J)-PI(I-1,J)+PO(I+1,J)-PO(I+1,J))
V(ILJ)=(1./A2)*(B2*(VI(L,J+ 1)+VO(I, J+1))+C2*(VI(LJ-1)+VO(1,J-1))
FD2A(VI(I+1.J)+VO(I+1 J)+E2*(VI(I-1.J)+VO(I-1.I)+F2*VO(LJ)+G2)
CONTINUE
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DO 205 1=2,YGS-1
DO 205 J=2,XGS-1
AI=TDT*ROI(LJ)+0.25* TDX*ROI(L,)*(UL(L J+1)-UI(L,J-1)+U0(LJ+1)
* ~UO(LJ-1))+ER*(TDY2+(4./3.)*TDX2)
B1=ER*(4./6.)*TDX2
CI=ER*(4./6.)*TDX2
DI=ER*0.5*TDY2-0.25*TDY *ROI(LI)*VI(L,J)
E1=ER*0.5*TDY2+0.25* TDY*ROI(LJ)*VI(LJ)
FI=TDT*ROI(I,J)-ER*TDY2-ER*(4./3.)*TDX2
G1=ER*(1./6.)*TDXDY*(VI(I+1,J+1)+VI(I-1,J-1)-VI(I+1,J-1)

* -VI(I-1,J4+1)+VO(I+1,J+1)+V0(1-1,J-1)-VO(I+1,J-1)-VO(I-1,J+1))
* -0.25*TDX*(PI(1,J+1)-PI(1.J-1)+PO(,J+1)-PO(1.J-1))
UAD=(1./AD)*B1*UI{,J+1)+U0(, J+1))+C1*(UI(L,J- 1)+UO(,J- 1))
* +D1*(UI(I+1,D+U0(1+1,1)+E1*UI(-1,D)+U0(1-1,0))+F1*U0(,1)+G1)
205 CONTINUE

DO 210 I=2,YGS-1
DO 210 J=2,XGS-1
A3=TDT
B3=-0.25*TDX*ROI(I,J+1)
C3=0.25*TDX*ROI(LJ-1)
D3=-0.25*TDY*ROI(I+1,])
E3=0.25*TDY*RO(I-1,])
F3=TDT*ROO(LJ)
RO(LN)=(1./A3)*(B3*(UI(L,J+1)+U0(1,J+1))+C3*(UI(LJ-1)

* +UO(CLJ-1))+D3*(VI(I+1,H)+VO(I+1,H)+E3*(VI(-1,1)+V0(-1,)+F3)
C RO(L))=1
P(LI)=P(LI-1)*(RO(LNH/RO(1,J-1))
210 CONTINUE

DO 220 J=1,XGS
RO(L,7)=RO(2,))
P(1.H=P2,3)
220 CONTINUE
DO 224 I=1,YGS
RO(I,XGS)=RO(L.XGS-1)
P(L.XGS)=P(L.XGS-1)
224 CONTINUE
DO 226 I=1,XGS
RO(YGS,)=RO(YGS-1,])
P(YGS,J)=P(YGS-1,])
226 CONTINUE
DO 230 I=1,YGS
DO 230 J=1,XGS
FARK=(U(LJ))-UI(LJ))
IFATER EQ.MAXIT) GOTO 280
IF (ABS(FARK).LT.EPS) GOTO 230
C IF (U(J).GT.UI(L)) ULI)=U(NHFARK)/2
C IF (U(LJ).LT.UKLY)) ULH=U(.J)-(FARK)/2
GOTO 240
230 CONTINUE
GOTO 280
240 DO 250 I=1,YGS
DO 250 J=1,XGS
UI(L,))=U(.J)
VI(LJ)=V(L])
PI(LI)=P(L))
ROI(L,)=RO(LJ)
250 CONTINUE



a0

260

@

270

oNeXe!

280

284

286

288

aan

290

300

310

320

340
344

98

ITER=ITER+1
IF(ITER.EQ.(10+K)) GOTO 260

GOTO 270

QW=((YGS-1)/2)+1

WRITE(*, *)ITER,U(QW,2),U(QW,3),U(QW,4),U(QW.5),RO(QW.2)
,U(QW-1,2)

K=K+10

GOTO 190

e s e ke o s ol s sfe e e e e e ke e ke e e e s o s o o sk sk s ok e sk afe e e ke e e o e e fe ok o ok o e sfe e oke e

e ok sk sk e ok ok ok SONUCLARIN YAZ])IRILMASI ok ok sk ok ok ok ok ok ok ok afe 3k ke 3k
ke sfe e she ok e sk s sk ok ok o ok o ok o ok ok 3§ s sk ok sfe ok afe ok ok e ke sk s sk sk sk ks sk ale s ke e s ok ofe ok ke e sk ke

IF (T1.LT.T2) GOTO 770

WRITE(7,284)XGS,YGS,UIM

WRITE(8,284)XGS,YGS,UIM

WRITE(9,284)XGS,YGS.UIM

WRITE(10,284)XGS,YGS,UIM

FORMAT(3X,'X GRID SA.='I3,3X,'Y GRID SA.=,I13,3X,MAX JET CIKIS
HIZI='F7.3)

WRITE(7,286)MU1,DELX1,DJ1,ALFA
WRITE(8,286)MU1,DELX1,DJ1,ALFA
WRITE(9.286)MU1,DELX1,DJ1,ALFA
WRITE(10,286)MU1,DELX1,DJ1, ALFA
FORMAT(3X,MU="E10.3,4X,'DELX1=F7.4,4X,'D}1="F7.4 3X,
'ALFA="F3.1)

WRITE(7,288)RE

WRITE(8,288)RE

WRITE(9,288)RE

WRITE(10,288)RE

FORMAT(3X,/REYNOLDS SAYISI=',E10.3)

ok o o afe ol ol sl o o ok sk of o s o o o o o o e e 0 ke o ol ke e ale s o ok e sl o o
ok Hekok : *
KEARAR (] Y P RO FekRkskmksksdhhkhdhshdohsk
ke ekl el o ol o o ok o e sk o ok ok ok ok ok ok sk oo s o o ke ok st e ok e e

WRITE(7,290)

WRITE(8,290)

WRITE(9.290)

WRITE(10,290)

FORMAT(/,35X,' X YONU —

Ki1=1

K2=15

IF(K2.GE.XGS) K2=XGS

WRITE(7,310) (J.J=K1,K2)

WRITE(8,310) (J.1=K1,K2)

WRITE(9,310) (J.)=K1,K2)

WRITE(10,310) (J.J=K 1.K2)

FORMAT(/,3X,'0",6X,15(13,11X))

WRITE(7,320)

WRITE(8,320)

WRITE(9,320)

WRITE(10,320)

FORMAT(216('_).))

DO 330 I=1,YGS

WRITE(7,340) 1,(U(1)),)=K1,K2)
WRITE(8,340) L(V(LJ).J=K1,K2)
WRITE(9,340) L(P(LJ).J=K1.K2)
WRITE(10,344) L(RO(L,J),)=K1.K2)
FORMAT(1X.13,1X, 15(E13.5,1X))
FORMAT(1X,13,1X,15(F10.6,1X))
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330 CONTINUE
IF(K2.LT.XGS) THEN
K1=K1+15
K2=K2+15
GOTO 300
ENDIF
WRITE(7,346)T1
WRITE(8,346)T1
WRITE(9,346)T1
WRITE(10,346)T1

346  FORMAT(1X,F7.3)

fe sk e s e sf b o fe o e S e o ke se s o ke o ke s e o e sk e s sk oo e s se b e ok s ol s e e e ok sk o e s ok

GOTO 800

sk e ke e e ok e e ok se e e oe e sk e sk e ke o s e e o e sfe s e i afe ke afe s e sk ok e e s e s s e sk o e e o ok

###4atx SONUCLARIN KUTUKTEN OKUTULMASI ks
sk s s 3 af e s s afe e e s o sfe e fe 3 ok 3 e 3 sk ke 3 ok sk e e s af e fe ok s ofe e e e e e e o e e o ofe ke sk
550  Kl=1
K2=15
DO 552 LL=1,5
READ(7,%)
READ(8,*)
READ(9.%)
READ(10,%)
552 CONTINUE
580  IF(K2.GE.XGS) K2=XGS
DO 582 LL=1,4
READ(7,*)
READ(8,%)
READ(9,*)
READ(10,%)
582  CONTINUE
DO 590 I=1,YGS
READ(7,600) L,(U(LJ),J=K1,K2)
READY(8,600).L,(V(L),J=K1,K2)
READ(9,600) L,(P(,J).J=K1,K2)
READ(10,605) L.(RO(1,J),J=K1,K2)
600 FORMAT(1X,I3,1X,15(E13.5,1X))
605 FORMAT(1X,I3,1X,15(F10.6,1X))
590 CONTINUE
IF(K2.LT.XGS) THEN
K1=K1+15
K2=K2+15
GOTO 580
ENDIF
READ(7,607)T1
607  FORMAT(1XF7.3)
REWIND 7
REWIND 8
REWIND 9
REWIND 10
C she sk sk sk ke ke sfe e ol ofe e e ke ke ke afe sl ke ke e sk o sk s sk o 3k 3 ok o s s Sk ok o e she e ok e e ok o ok sk e she ke e
DO 760 I=1,YGS
DO 760 J=1,XGS
U0(,N)=U(J)
VO(L)=V(L])
PO(L)=P(L))
ROO(LI)=RO(LT)

oloXo NN 9]
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770

780

790

800

100

UIA.)=U(J)
VI(L.H=V(LJ)
PI(1,)=P(1.J)
ROI(LJ)=RO(LJ)
CONTINUE
GOTO 280
DO 780 I=1,YGS
DO 780 J=1,XGS
UO(LD=U(.J)
VOLN)=V(LI)
PO(L,1)=P(1.J)
ROO(1,J)=RO(1.J)
UIL)=U1.0)
VI(L.D)=V(.))
PI(LY)=P(LJ)
ROI(I.J)=RO(,J)
CONTINUE
ITER=1
K=0
WRITE(*,790)T1
FORMAT(F7.3,! NCI ZAMAN DILIMI)
T1=T1+0.1
GOTO 190
STOP
END
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* BU PROGRAM CRANC MCHOLSQN .YONTEMIYLE LAMINAR AKIS
* DURUMUNDA PARALEL JKi JET ICIN BOYUTSUZ HIZ VE BASINC
* DAGILIMINI HESAPLAR. BAZI DEGISKENLERIN SONUNDAK! 1 RAKAMI

* BOYUTLU SAYILARI GOSTERMEKTEDIR.

* * ¥ *

ok s e s ok o o o ke ok e o e sk ol e ok o e o s o ok ke ofe sk e e sl o ook e o ol s ol e e sk o ok e s oo e sk e e s e ok ek o e ke Ao sk ok

PARAMETER(MM=310,NN=310)

DIMENSION U(MM,NN), V(MM,NN),P(MM,NN),RO(MM,NN)
DIMENSION U0O(MM,NN), VO(MM,NN),PO(MM,NN),RO0(MM,NN)
DIMENSION UI(MM,NN). VI(MM,NN),PI(MM,NN),ROI(MM,NN)

INTEGER ROS,Z.QW,W,REYN

REAL MU1,PS,PS1,T1.DELT1

OPEN(S FILE="TAHMIN.J1")
OPEN(6,FILE=DATA3.DAT' STATUS='OLD")
OPEN(7 FILE='U.J1")
OPEN(8,FILE='V.J1)
OPEN(9,FILE=P.J1")
OPEN(10,FILE=RO.J1")

DATA K,ROS,ROS1,T1,MAXIT,EPS/0,1,1.2,0.1,100,1E-5/
READ(6,%)

READ(6,*)

READ(6,*) ‘
READ(6,*)N,M,UIM,JBS.REYN,IBSX,JABS
READ({6,*)

READ(6,*)

READ(6,*)
READ(6,*)MU1,DELX1,DJ1,ALFA PS1
DELY1=DJ1/J1BS

DELT1=0.1

DELX=DELX1/Dj1

DELY=DELY1/DJ1

TDX=1/DELX

TDY=1/DELY

TDX2=TDX**2

TDY2=TDY**2

DXDY=DELX/DELY
TDXDY=TDX*TDY
PS=PS1/(ROS1*UIM**2)
M1=(M-2*JBS-JABS+1)/2
M2=M1+JBS

M3=M2+JABS

M4=M3+JBS

N1=1BSX+1

e e e ol o e e ek o ofe o o e ok o o o o s o6 e ke o ol sk e e 3k e o ol o6 e e s e ke

DO 400 I=1.M
DO 400 J=1,N
ROO(,H=ROS

PO(LJ)=PS L

UoL)=0
VO(I,3)=0
CONTINUE

e ke e s e e s ol o sk e o ol b e o o e o e o e o e o e o e o e s ke ol e o o ke ok ke oe ke

wkxxt 1. JET CIKISI BOYUNCA SINIR SART] **###

s ke o ofe o ks o e ks o ot ol e s ol e o o sl sk 3 o e s e ol e o o o s oo e ol s e o
J=N1

»
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Y=-1.12.
DO 500 I=M1,M2
U@L, T)=4*(0.25-Y**2)
u)=1
U(LJ)=ABS(ULJ)
V(L,J)=0
P(I,J)=ALFA*PS
RO(L,J)=ROS*P(L,1)/PS
Y=Y+1./1BS
CONTINUE
RE=UJIM*DJ1*ROS1/MU1
ER=1.RE
IF(REYN.EQ.1) ER=0
DELT=DELT1/DJ1/UIM)
T=T1/DI1/UIM)
TDT=1./DELT

e 3k o 3 ok sk sfe ofe e ok ok oke 3 ok ok o) e o ok ke s oke 3 e *

*r+++ SONSUZDAKI SINIR SARTLARI i

I*l

IF (1.GT.M) GOTO 820
DO 800 J=1,N
U@.h=o0
V{L)=0
RO(L,1)=1
P(1,])=PS
CONTINUE
=[+M-1
GOTO 700

ke e Ak ok e s R e o ok e ot ok sk ok ok ko o

#rett 2 JETICIN SINIR SARTLARI **tresss

J=N1
Y=1.12.

DO 850 I=M3,M4
U(LT)=4*(0.25-Y**2)
U@,J)=1
U(LD)=ABS(U(L,J))
V(L)=0
P(LJy=ALFA*PS
RO(,T)=ROS*P(LJ)/PS
Y=Y+1./JBS

CONTINUE

3 e b ek s e e e ok s b o e ke e o o s e e e s o abe S s e e 8 ke s s o ofe fe el sl o o e e e ok ol she sk s s ofe o Sk s s oe e e ke e ke ok ke ok

*JETIN ALTINDA KALAN BOLGEDE (=1 DOGRULTUSUNDAKI) SINIR SARTI*
=1
DO 1000 I=1,MI-1
UQ,1)=0
V({,1)=0
RO(LJ)=1
P(1)=PS
CONTINUE

o e e ks e o o e e e e e e S o e B s s s s e e e e e sk o o fe b e o ofe s e e e e o o e s e e e e e s o e e ke sk o s o e e seoke e ke ok

*JETIN USTUNDE KALAN BOLGEDE (J=1 DOGRULTUSUNDAKI) SINIR SARTI*

sk dfeok gk Ao e skodsk e ok ekl e ek ok ok dodek e e ok ok ok e ok ok ok o

J=1
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DO 1080 I=M4+1.M

Uan=0

V({I.)=0

RO(,N)=1

P(1,7)=PS

1080 CONTINUE
C ke et e e e e ok ek o ke e ek ke oo ol e e s ol sk ke ek e ok ke ke s e ko ok o
C sxkhkkikrsk AR A BOLGE ICIN SINIR SART] *sokoskdoksksodkskdokorsk
c ke ok ook sk s ok ko sk kb ok ok ko ko ok ok sk kot ok etk sk ook ok
J=1
DO 1090 I=M2 M3

U@=0

V(1,7)=0

RO(LJ)=1

P(1)=

1090 CONTINUE
C Ao o bl ko s o s o oo s ok ke ko ok ks o e e s s ok s ok o o s ks o s e o e
c sk ok ek e ok oo 1 J'ET IC[N CIDAR SINIR SARTI st e sk ook el e ok sk ok
C Aok kskok d gk & 3 feskok ks ofok ko ek s ok o o o
=M1

1110 IF(1.GT.M2) GOTO 1130
DO 1120 J=1,N1-1

U{@n=0
V(L)=0
RO(I,.1)=ROS
P(,7)=PS
1120 CONTINUE
I=[+IBS
GOTO 1110
C e
C skkrnkktries ) JET ICIN CIDAR SINIR SART] *# %4k koot ook
C e ske e sk e ok e sfe ofe o ofe e ok ok sfe 2 ol s e sk o sk ol ol o e ok

1130 I=M3
1140  IF(LGT.M4) GOTO 1152
DO 1150 j=1,N1-1
UI,D)=0
VJ)=0
RO(LJ)=ROS
P())=PS
1150 CONTINUE
=1+]BS
GOTO 1140

sk sk s sk & & N - b sl sk e ske sl e o e & e 3k e 3 sk b

Aok ok ok ok sk g y 3 3k e o o 3 e o o ke e ok 3 3k o o ok ke e o s sfesk ok sk

C
C 3 e o s ok ke e o ok afe e o ook e ke HESABA KAmMAYAN BOLGELER ke ke e s ke e e 3k sle e s ke ke oo o
C

1

s ol e ook ok s e o ol e e ke e e ke ok ke ok o k e e e e e oo s o e e e s o e o e feoleshe s e s e e ke sle ol e ok

152 DO 1154 [=M1+1 M2-
DO 1154 J=1,N1-1

UL)=0

V(IL,1)=0

P(LJ)=0

RO(1,D)=1

1154 CONTINUE

DO 1158 I=M3+1,M4-1

DO 1158 J=1,N1-1
UL=0
V(I1,1)=0
PLI)=0
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RO(LJ)=1
CONTINUE

*#**********#*****#********#******#******************#*******
ok kdkookseokskokokokok ke skokkokok®  {JC SINIR SARTI sfufe ke e o b o o e o o ol o ol e o o e s of s s ol e ke

ook sk o o e e o ke ok ke e ook ook sk ohe 2 e o 2K ok

DO 1164 I=1.M
U(LI)=0
V(L)=0
RO(LJ)=ROS
P(L1)=PS

ok s sfe sfe e ofe e ke e ke ok o sk e 2 sk e o k ke ok o o e o e e e e o s s e sfe ke e ke ok

#+4exaris TAHMINI HIZ ALANININ GIRILMES] #####%5k%sxx
DO 1170 I=2,M1-1
DO 1170 J=2,N
U@LI)=0
V(LH=0
RO(L))=ROS
PLT)=PS
CONTINUE

Z=M1
DO 1180 I=M1,M2
DO 1190 J=N1+1,N-1
U(L)=U(,J-1)-(U(Z,N1)/(N-N1))
U(LN=ABS(U(LJ))
VIL)H=0
RO(,J)=ALFA*1
P(LD=PS*RO(,))**1)
CONTINUE
Z=7+1
CONTINUE

DO 1220 I=M2+1,M3-1
DO 1220 J=2,N
u.=o
V({IJ)=0
RO(1,))=ROS
P(L))=PS
‘CONTINUE

Z=M3
DO 1250 I=M3,M4
DO 1260 J=N1i+1,N-1
ULNH=U(,I-1)-(U(Z,N1)/A(N-N1))
U(LY)=ABS(U(.J)
V{,1)=0
RO(LJ)=ALFA*1
P(L1)=PS*RO(L,1)**1)
CONTINUE
Z=Z+1
CONTINUE

DO 1300 I=M4+1,M
DO 1300 J=2,N
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u,n=o
V({1.n)=0
RO(1.J)=ROS
P(L1)=PS
CONTINUE

ek e o s e o o e se s fe o s e e o e s b s s e s sk e ofe sk e s sfe e s e e o sl oe s sk fe e s e o e e sk e

**¥x% SONUCLARIN KUTUKTEN YENIDEN OKUTULMASI ****

e ok Sk sfe e ol s sfe ke e ke she e afe e e ofe e e o s o sk sk o ok sk e o s st ofe e e ole e e e e e ke e e oe e ok e sk ke o

READ(*,*)IREAD, T2
IF(IREAD.EQ.1) GOTO 5500
WRITE(*,*)NM
ek ol e o o s of o sfe e e o s e o e Sk e o e e e ok o K e e sl ook e sk e e sk sk ok e s e sk e ke e sk s
*xawxrrts TAHMINI DEGERLERIN YAZDIRILMAS] *#*###*
ekl e st o o ke sk s sk e ook ol sk o o sk sk sk e e ook st sk s s s ok ke e e sk e sk o ok ok sk ok
WRITE(S,*)
WRITE(S,1600)
FORMAT(13X,' U,15X,' V,14X,P,12X,' RO)
WRITE(S,1700)
FORMAT(12X,' 5X," L5X,! '
5X, ')
DO 1800 I=1,M
DO 1800 J=1,N
WRITE(S,1850)L1LULY), V(L) PLDROLY)
FORMAT(I3,',,13,3X,E13.5,3X,E13.5,3X,E13.5,5X F8.6)
UILI)=U(L])
VIAD=V(LJ)
PILN=P(LJ)
ROI(LN=RO(L))
CONTINUE
ITER=1
ek o o b s ok s b ok e ok ok ek e ok o e sk ok sk ok sk ok e sk ok s ok skeoke ke Ak koo e ok ek
sk ok sk ok e ok ok sk ok ANA DENKLEMLER #¥d¥okskskskokokoks
Aok ok e e e st sk e fesfe e e e e ke e ke o el e ol ok se ke e sfe sl e e fe e e e ek e e
1s=1
CALL BOLG(1,12,1,J2,1S,N1,M1,M2,M3,M4,N,M)
DO 2000 I=11,12
DO 2000 J=J1,]2
A2=TDT*ROI(LJ)+0.25*TDY*ROI(LI)*(VI(I+1,7)-VI(I-1,)+VO(I+1,J)
-V0(I-1.D)+ER*(TDX2+(4./3.)*TDY2)
B2=ER*0.5*TDX2-0.25*TDX*ROI(L)*UI(L)
C2=ER*0.5*TDX2+0.25*TDX*ROI(LJ)*UI(LJ)
D2=ER*(4./6.)*TDY2
E2=ER*(4./6.)*TDY2
F2=TDT*ROI(L))-ER*TDX2-ER*(4./3.)*TDY2
G2=ER*(1./6.)*TDXDY*(UI(I+1,7+1)+UI(I~1,J-1)-UI(1+1,J-1)
-UI(I-1,J+1)+U0(1+1,J+1)+U0(-1,J-1)-U0(+1,J-1)-U0(I-1,]+1))
-0.25*TDY*(PI(1+ 1,J)-PI(I-1,))+PO(E+1,7)-PO(I+1.))
V(ILI)=(1./A2)*B2*(VI(LJ+1)+VO(LJ+1))+C2*(VI(LJ-1)+VO(LJ-1))
+D2*(VI(+ LI+ VO(+ LDH+E2*(VIQ-1,1)+VO(I-1,7)+F2* VO(L,J)+G2)
CONTINUE
IS=IS+1
IF(1S.GT.5) GOTO 2010
GOTO 1950
Is=1
CALL BOLG(I1,12,]1,J2,IS N1,M1,M2,M3,M4,N,M)
DO 2050 I=I1,12
DO 2050 J=J1,12
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Al=TDT*ROI(I,])+0.25*TDX*ROI(T,J)*(UI(LJ+1)-UI(1,J-1)+UOCI+1)
* -U0(,J-1)+ER*(TDY2+(4./3.)*TDX2)
B1=ER*(4./6.)*TDX2
C1=ER*@./6.)*TDX2
D1=ER*0.5*TDY2-0.25*TDY*ROI(L,NH*VI(L))
E1=ER*0.5*TDY2+0.25*TDY*ROI(1,)*VI(L.))
F1=TDT*ROI(1J)-ER*TDY2-ER*(4./3.)*TDX2
G1=ER*(1./6.)*TDXDY*(VI(I+1,J+1)+VI(I-1,J-1)-VI(1+1,J-1)
* -VI(1-1,J+1)+Voa+1,J+1)+vo(@-1,J-1)-Vo(I+1,3-1)-Vo(-1,J+1))
* -0.25*TDX*(P1(1,J+1)-PI(1,J-1)+P0(1,J+1)-P0(,J-1))
UL D=(1./A1y*B1*(UI(LI+1)+U0(I,J+1))+C1*(UI(1,J-1)+U0(LJ-1))
* +DI*(UIQ+H J)+UO(I+1,))+E1*(UI(I-1,)+U0(- LI)+F1*U0(L1)+G1)
2050 CONTINUE
1S=IS+1
IF(S.GT.5) GOTO 2060
GOTO 2020
2060 IS=1
2070 CALL BOLG(11,12,J1,32,IS N1 M1,M2, M3,M4,N.M)
DO 2100 I=]1,12
DO 2100 J=J1,J2
A3=TDT
B3=-0.25*TDX*ROI(I,J+1)
C3=0.25*TDX*ROI(1,J-1)
D3=-0.25*TDY*ROI(+1,))
E3=0.25*TDY*RO(I-1,J)
F3=TDT*ROO(LJ)
RO(LN)=(1./A3)*(B3*(UI(L,J+1)+U0(L,J+1))+C3*(UL(LJ-1)
* +UO(LJ-1))+D3*(VI(I+1,1)+VO(+LD)+E3*(VI(-LI)y+VO(I-1.1))+F3)
C RO, ))=1
P(LJ)=P(I’J. 1 )*(RO(I’J)/RO(I’J' 1))
2100 CONTINUE
IS=15+1
IF(IS.GT.5) GOTO 2110
GOTO 2070
2110 DO 2200 J=1,N
RO(1,7)=RO(2.))
P(1L,)=P(2,])
2200 CONTINUE
DO 2240 I=1 M
RO(,N)=RO(,N-1)
P(L,N)=P(I,N-1)
2240 CONTINUE
DO 2260 J=1,N
RO(M,J)=RO(M-1.J)
P(M,))=P(M-1,J)
2260 CONTINUE
DO 2280 I=1.M
RO(1,1)=RO(L,2)
P(L1)=P(1,2)
2280 CONTINUE

DO 2300 I=1,M
DO 2300 J=1,N
FARK=(U(LJ)-UI(L)))
IF(ITER.EQ MAXIT) GOTO 2800
IF (ABS(FARK).LT.EPS) GOTO 2300
C IF (UA,D).GT.UL(LY) UL))=U(LIy+FARK)2
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C IF (U(LJ).LT.UI(L)) U(LDH=U(J)-(FARK)/2
GOTO 2400
2300 CONTINUE
GOTO 2800
2400 DO 2500 I=1.M
DO 2500 J=1,N
UILN=U(J)
VILD)=V(L])
PI(LI)=P(LJ)
ROI(L))=RO(L)
2500 CONTINUE
ITER=ITER+1
C IFATER.EQ.(10+K)) GOTO 2600
C GOTO 2700
2600 QW=M1+JBS/2
W=N1+1
WRITE(*,)ITER,U(QW, W),U(QW, W-+1),UQW,W+2),U(QW,W+3), RO(QW,W)
* L, UQwW-1,W)
C K=K+10
2700 GOTO 1900
C ke afe sk e ok 3k ok e sk sk s s ofe sk e sk s s e ok 2k ke ofe she e ofe 3 e she s o ole ok ok ke o ofe sfe ofe ok o ok
C ok sl ke ok e e oke ok SONUCLARIN YAZD]R]LMASI afe 2 o afe ok ok ofe ofe ofe s e ofe ke Sk
C s e o sfe o e ofe ok afe 3 ofe e e afe ok ok ¢ 2i¢ o % i ek ok
2800 IF (T1.LT.T2) GOTOQ 7700
WRITE(7,2840)N,M,UM
WRITE(8,2840)N,M,UIM
WRITE(9,2840)N,M, UM
WRITE(10,2840)N,M,UIM
2840 FORMAT(3X,’X GRID SA.='13,3X,'Y GRID SA.="13,3X, MAX JET CIKIS
* ='F7.3)

WRITE(7,2860)MU1,DELX1,DJ1,ALFA
WRITE(8,2860)MU1,DELX1,DJ1,ALFA
WRITE(9,2860)MU1,DELX1,DJ1,ALFA
WRITE(10,2860)MU1,DELX1,DJ1,ALFA

2860  FORMAT(3X,MU='E10.3,4X 'DELX1="F7.4,4X DJ1=F7.4,3X,

* 'ALFA=F3.1)

WRITE(7,2880)RE
WRITE(S,2880)RE
WRITE(9,2880)RE
WRITE(10,2880)RE

288  FORMATGXREYNOLDS SAYISI=/E10.3)

C ek s s el e ok ke o s e e sl s s ok s e ko
*
C stk ok U ; V ,P, RO #*sshtairhhhadhhninin

C %4 ek ok * o Aokok

WRITE(7,2900)
WRITE(S,2900)
WRITE(9,2900)
WRITE(10,2900)

2900  FORMAT(/,35X,' X YTMNE —)
Ki=1
K2=15

3000  IF(K2.GE.n) K2=N
WRITE(7,3100) (J,J=K1,K2)
WRITE(8,3100) (J,)=K1,K2)
WRITE(9,3100) (J,)=K1,K2)
WRITE(10,3100) (J,)=K1,K2)

3100  FORMAT(/,3X,'0',6X,15(3,11X))
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WRITE(7,3200)
WRITE(8,3200)
WRITE(9,3200)
WRITE(10,3200)
3200  FORMAT(216(_).))
DO 3300 I=I,M
WRITE(7,3400) L,(U(L,1),]=K1,K2)
WRITE(8,3400) L(V(L]),}=K1,K2)
WRITE(9,3400) L(P(1,J),J=K1,K2)
WRITE(10,3440) L(RO(LJ),}=K1,K2)
3400 FORMAT(1X,I3,1X,15(E13.5,1X))
3440 FORMAT(1X,13,1X,15(F10.6,1X))
3300 CONTINUE
IF(K2.LT.N) THEN
K1=K1+15
K2=K2+15
GOTO 3000
ENDIF
WRITE(7,3460)T1
WRITE(S,3460)T1
WRITE(9,3460)T1
WRITE(10,3460)T1
3460  FORMAT(1X,F7.3)
C ke e ske ok sfe sk ok e e e ok ol e ok sk ok 3 sk e 3 e sk ok sfe ke ok ok ok ok afe ke ok ke ok ok e sfe o ok ok o sk ofe ok e oke ook sk ok
GOTO 8000
C #*taxsurte% SONUCLARIN KUTUKTEN OKUTULMASI ##%+*
5500  Kl=1
K2=15
DO 5520 LL=1,5
READ(7,%)
READ(S,*)
READ(9,*)
READ(10,%)
5520 CONTINUE
5800  IF(K2.GE.N) K2=N
DO 5820 LL=1,4
READ(7,%)
READ(S,*)
READ(9,*)
READ(10,%)
5820 CONTINUE
DO 5900 I=1,M
REAID(7,6000) L,(U(LJ),J=K1,K2)
READ(8,6000) L,(V(1,J),J=K1,K2)
REAIX9,6000) L,(P(L,J),)=K1,K2)
READ(10,6050) L,(RO(LJ),J=K1,K2)
6000 FORMAT(1X,13,1X,15(E13.5,1X))
6050 FORMAT(1X.13,1X,15(F10.6,1X))
5900 CONTINUE
IF(K2.LT.N) THEN
KI=K1+15
K2=K2+15
GOTO 5800
ENDIF
REAIX(7,6070)T1
6070  FORMAT(IX.F7.3)
REWIND 7
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REWIND 8
REWIND 9
REWIND 10
ke s e e s ae 8 s sl s e o e o sk o sk ofe s ek s e o ke e s e o e o e s o e o e s e e o e e ae e o e o ke e o
DO 7600 I=1,M
DO 7600 J=1,N
UOLN=U(L))
VO(LJ)=v({.J)
PO(LJ)=P(LJ)
ROO(LI)=RO(L])
UICL)=U(LY)
VI(L))=V(L,])
PILY)=P(,J)
ROI(IT)=RO(L])
CONTINUE
GOTO 2800
DO 7800 I=1,M
DO 7800 J=1,N
U0,H=U(L))
VO(LD=V(1.J)
PO(LI=P(LJ)
ROO(LJ)=RO(LT)
UILN)=UD)
VILN=V(J)
PILI)=P(L.3)
ROI(I,N)=RO(L,J)
CONTINUE
ITER=1"
K=0
WRITE(*,7900)T1
FORMAT(F7.3,' NCI ZAMAN DILIMI")
T1=T1+DELT1
GOTO 1900
STOP
END

SUBROUTINE BOLG(11,12,J1,J2,IS, N1, M1,M2,M3,M4,N,M)
IFJS.EQ.1) GOTO 10
IF(IS.EQ.2) GOTO 20
IF(IS.EQ.3) GOTO 30
IF(IS.EQ.4) GOTO 40
IF(IS.EQ.5) GOTO 50

I1=2
12=M1-1
Ji=2
J2=N-1
GOTO 60
11=M1
12=M2
JI=N1+1
J2=N-1
GOTO 60
I1=M2+1
12=M3-1
J1=2
J2=N-1



GOTO 60
40 11=M3
12=M4
J1=N1+1
J2=N-1
GOTO 60
50 11=M4+1
12=M-1
J1=2
J2=N-1
60 RETURN
END

110
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e s o e o b ol ok o e o ol o s sk e o e o ok ko s o s ok o o ok ok o b e o sk e o e o ol ke o o e s oo o o o o e ook e o s e e e sk ok ek s

* BU PROGRAM CRANK NICHOLSON YONTEMIYLE CAPRAZ IKi JET ICIN
* JET GIKISINDAKI BOYUTSUZ HIZ VE BASING DAGILIMINI HESAPLAR.

* BAZI DEGISKENLERIN SONUNDAK! 1 RAKAMI BOYUTLU SAYILARI

* GOSTERMEKTEDIR.

stesle ok s ok e ke o s s o ok s sk ook s e ol se sk b o s s e s e o e se s ke f e s ok sk o se o sk e ks seo ok sk ool ok ok sk ok e e s ok sl e ok o ke sk ke ok ok
PARAMETER(M=255,N=255)

DIMENSION U(M,N),V(M,N).P(M,N),RO(M.N)

DIMENSION UO(M,N), VO(M.N),PO(M.N),RO0(M.N)

. DIMENSION UI(M,N), VIIM,N),PI(M,N),ROI(M,N)

INTEGER XGS,YGS,ROS.Z,QW.REYN,TT
REAL MU1,PS,PS1,T1.DELTI
OPEN(5,FILE=TAHMIN.J1")

OPEN(6, FILE=DATA3.DAT',STATUS='OLD')
OPEN(7,FILE="U.]1"

OPEN(S,FILE='V.J1")

OPEN(9,FILE="P.]1)

OPEN(10,FILE=RO.J1")

DATA K,ROS,ROS1,T1,MAXIT,EPS/0,1,1.2,0.1,2500, 1E-5/
READ(6,*)

READ(6,%)

READ(6,*)
READ(6,*)XGS,YGS,UIM,JBS,REYN
READ(6,*)

READ(6,%)

READ(6,%)
READ(6,*)MU1,DELX1,DJ1,ALFA PS1
DELY1=DJ1//BS

DELT1=0.1

DELX=DELX1/DJ1

DELY=DELY1/DJ1

TDX=1/DELX

TDY=1/DELY

TDX2=TDX**2

TDY2=TDY**2

DXDY=DELX/DELY

TDXDY=TDX*TDY

PS=PS1/(ROS1*UIM**2)

TT=(YGS-JBS+1)/2

e ok s 3k s o sk s s sfe e ol ol sfe e o afe ke ke s e afe s s o ok ok sk o ok ok 2k o ok e ke

#+4#% (=0 ANINDAKI DEGERLER ~ **xsskx
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DO 40 I=1,YGS
DO 40 J=1,XGS
ROO(L,J)=ROS
PO(,J)=PS
U0, 3)=0
VO(L))=0
CONTINUE

2 o e 0 ok af ok S 3 ol sfe ke ok s e ke e af ok ok o o se s e ol sfe ok o e ke ke e o o ok e ske ke ok

*kikk JET CIKISI BOYUNCA SINIR SARTI #*#kx
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J=1
Y=-1./2.
DO 50 I=TT,TT+IBS
U(L,])=4%(0.25-Y**2)
ULD=ABS(U()

* ® * *



50

aa0n

70

80

anon

82

84

ann

100

oXeXe!

112

V(@,)=0
RO(LJ)=ROS+0.9*(4*(0.25-Y**2))
RO(I,1)=ROS
P(LI)=PS*(RO(LI)**1)
Y=Y+1./JBS
CONTINUE
RE=UJM*DJ1*ROS1/MU1
ER=1./RE
IF(REYN.EQ.1) ER=0
DELT=DELT1/(DJ1/UIM)
T=T1ADI1/UIM)
TDT=1./DELT

o o ok 3 s o 3k o o sk ol ofe ke e e sfe ke ofe ke e ofe ofe e s ok o s o o s ok sk ok ke e ale ok ke e ke ok

*xix  SONSUZDAKI SINIR SARTLARI *#+sixins
3 afe sk ok sk sfe st e she s o e ofe fe b e e e e e e ok ok sk o oK ok o ok s s she ko ske ke ke ke ok e s ok
=1
IF (LGT.YGS) GOTO 82
DO 80 J=1,XGS
UQ,n=0
V(I,)=0
RO(LI)=1
P(L])=PS
CONTINUE
I=+YGS-1
GOTO 70

e ok ok ok ok ok Sk ok sk ok s e ahe ke ol s e sfe sk ofe e ok sk sk 3K e e e sk o ok ok s ok sfe ol ke S ke e ok

sxx [KINCIJET ICIN SINIR SARTLARI *kk
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I=1
Y=-112.
DO 84 J=TT,TT+IBS
V(LI)=4*(0.25-Y**2)
V(LN=ABS(V(LD)
U(L)=0
RO(LJ)=ROS*ALFA
ORAN=(RO(LJ)/ROS)
P(1,])=PS*(ORAN**0.4)
Y=Y+1./JBS
CONTINUE

S o o e e o o oe ol e e sk ok o s e b ke s 3 o e ol e e 3 ok s e e ok s ok ok e fe e ke o o o e e af sk o e e e e e e afe s o ae e sfe ke ook ok e e e ok ok e

*JETIN ALTINDA KALAN BOLGEDE (J=1) Y DOGRULTUSUNDAKI HIZ SINIR SARTT*
********************************************************&***********
J=1
DO 100 I=1,TT-1
ULI)=0
V(J)=0
RO(LJ)=1
P(LJ)=PS
CONTINUE

3 e e o e ke s e sk o ke sk e fe e sk e s se e o e ke sk o e af sk e sk s e afe o ofe ok sk e e sk e sde sk ofe o e e e o s o s oe ek oe e o sk e sk Sk e ke s e s ok ke

*JETIN USTUNDE KALAN BOLGEDE (J=1) Y DOGRULTUSUNDAKI HIZ SINIR SARTI*
e e e 3 e ok e e e 46 e ok e e ke o e ke e b sl e ke ok e e sk o e sk e e b o e i s e e s e s s sfe o ok e e s o ofe i o e sk o e ol o e ok ok e o ok s ok e e
DO 110 I=TT+IBS+1,YGS
U(LJ)=0
V({LI)=0
RO(LJ)=1
P(LN)=PS
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110 CONTINUE
C ke e ol e s o e oo s e s e s oo s oo s ot ok b o s ot b ol e e e s e e s s s s ok sk e e s ke e ke ok e ke ok ok ¢
C +exsarsstissirs TAHMINI HIZ ALANININ GIRILMES] #4xsstussnis
C fokkk e o o 3 ofe o o ok ok o o o ok ok o o ok ook ke s ok ok s ok o ok ok s e e ok o e sle e o e e e e
z=2

DO 120 I=2,YGS-1
DO 130 J=2,XGS-1
UIL)H=U@,J-1)-(U(Z,1)AXGS-1))
U J)=ABS(U(LJ))
V{)=0
RO(LT)=ALFA*1
130 CONTINUE
Z=7+1
120 CONTINUE

e S L Sl
skkkkipkkdkkrikt  JC SINIR SARTLARI  #dkdsokaokssork ko kokk
e L e i S e il
J=XGS
DO 140 I=1,YGS

UELN=0.0

V({I,1)=0.0

RO(J)=1.

P(LJ)=PS
140 CONTINUE

s e she s e s s e o e e e o ke sk e ol o e sk ok fe sl sk e e ok e sfe s e ol o s e sk s e s s e ol oe e ke o e e o e o e e e ke ke

*exrxsrkskanks YOGUNLUGUN TAHMINI DEGERLERI ##+++#sikan
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DO 150 1=2,YGS-1

DO 150 J=2,XGS-1

RO(LJ)=ROS

150 CONTINUE
READ(*9IREAD,T2
IF(IREAD.EQ.1) GOTO 550
WRITE(*,*)XGS,YGS

ok s e e e ke o sk s e e s ok sk s e e ke s ok e e ol of o sk e e o e ok b 3 ok e e e ol s sk o e e afe e sk o o o e e sk ok ok o o e ke Sk

ok sk ok s ke e sfe ok ook TAI'MNT DE(}ERLERTN YAZDIRILMASI *¥ ks koted kb
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WRITE(S,*)
WRITE(5,160)
160 FORMAT(13X, U,15X' V,14X,P,12X,' RO"
WRITE(S,170)
170 FORMAT(12X," ' 5X, '~ L 5X, !
*5X, )
DO 180 I=1,YGS
DO 180 J=1,XGS
WRITE(S,185)LJ,U(L1), V(LD),P@J),ROLJ)
185 FORMAT13,'",,13,3X,E13.5,3X E13.5,3X,E13.5,5X F8.6)
UKL)=UL))
VI(L.))=V({,J)
PI(LN)=P(,J)
ROI(LJ)=RO(LJ)
180 CONTINUE
ITER=1
S e s e s e o ke o ok sk ke s sl oo e s e st ol sk sk o e o e e ol e e sk e sk e o e ok ke s ke sk o
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190 DO 200 I=2,YGS-1
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DO 200 J=2,XGS-1

A2=TDT*ROI(I,J)+0.25*TDY*ROI(L,J)*(VI(1+1,J)-VI(i-1,))+VO0(1+1,])

-Vo(-1,N)+ER*(TDX2+(4.13.)*TDY2)
B2=ER*0.5*TDX2-0.25*TDX*ROI(L))*UI(J)
C2=ER*0.5*TDX2+0.25*TDX*ROI(LJ)*UI(1,J)
D2=ER*(4./6.)*TDY2

E2=ER*(4./6.)*TDY2
F2=TDT*ROI(LJ)-ER*TDX2-ER*(4./3.)*TDY2

G2=ER*(1./6 )*TDXDY*(UI(I+1,J+1)+UI(-1,J-1)-UI(+1,J-1)
-UI(I-1,7+1)+U0(1+1,7+1)+U0(I-1,J-1)-U0(1+1,3-1)-U0(I-1,]+1))
-0.25*TDY*(P1(1+1,1)-PI(I-1,7)+P0(1+1,])-PO(I+1,]))
V(1,D)=(1./A2)*(B2*(VI(LJ+1)+VO(LI+1))+C2*(VI(1J-1)+VO(LJ-1))

+D2¥(VI(I+1,J)+VO(I+1,1))+E2*(VI(I-1,1)+VO0(I-1,7))+F2*VO(1,1)+G2)

CONTINUE
DO 205 I=2,YGS-1
DO 205 J=2,XGS-1

A1=TDT*ROI(I,])+0.25*TDX*ROI(L.J)*(UI(1 J+1)-UI(1,J-1)+U0(,J+1)

U0 J-1)+ER*(TDY2+(4./3.)*TDX2)
BI=ER*(4./6.)*TDX2
CI=ER*(4./6.)*TDX2
D1=ER*0.5*TDY2-0.25*TDY*ROI(I,))*VI(LJ)
E1=ER*(0.5*TDY2+0.25*TDY*ROI(J)*VI(LJ)
F1=TDT*ROI(1,J)-ER*TDY2-ER*(4./3.)*TDX2 _
G1=ER*(1./6.)*TDXDY*(VI(I+1,J+1)+VI(I-1,J-1)-VI(+1,J-1)
-VIi(-1,J+1)+Vo(+1,J+1)+V0(I-1.J-1)-Vo(1+1,J-1)-VO(-1,J+1))
=0.25*TDX*(PI(1,J+1)-PI(1,J-1)+P0O(1,J+1)-P0(1,J-1))
UL D=(1./A1)*B1*(UIL(1,J+1)+U0(LJ+1))+C1*UI(LJ-1)+U0(,J-1))
+D1*(UI(I+1,7)+U0(+1,N)+E1*UI(1-1,0)+U0(- 1, N))+F1*U0@N+G1)
CONTINUE
DO 210 I=2,YGS-1

DO 210 J=2,XGS-1

A3=TDT
B3=-0.25*TDX*ROI({,J+1)
C3=0.25*TDX*ROI(1,J-1)
D3=-0.25*TDY*ROI(I+1,])
E3=0.25*TDY*RO(I-1,J)
F3=TDT*RO0(L,J)
RO D=(1./A3)*(B3*(UL(L,J+1)+U0(,J+1))+C3*(UI(,J-1)
+UO(LI-1))+D3*(VI(A+1,D+VOo(I+1,N+E3*(VI(I-1,1)+VO(I-1,N)+F3)
RO(L)=1
P(L1)=P(L,J-1)*(RO(LJ)/RO(L,J-1))

CONTINUE

DO 220 J=1,XGS
RO(1,0)=RO(2,))
P(1,1)=P(2,])

CONTINUE

DO 224 1=1,YGS
RO(@1,XGS)=RO{1,XGS-1)
P(1,XGS)=P(I,XGS-1)

CONTINUE

DO 226 J=1,XGS
RO(YGS,))=RO(YGS-1,J)
P(YGS,)=P(YGS-1,))

CONTINUE

DO 230 I=1,YGS

DO 230 J=1,XGS
FARK=(U(I,7)-UI(LJ))
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IFITER. EQ.MAXIT) GOTO 280
IF (ABS(FARK).LT.EPS) GOTO 230
IF (U(LJD).GT.UI,J)) UL D=U(LN)+FARK)/2
IF (U(LJ).LT.UKLD) UWLNH=UW))-(FARK)/2
GOTO 240
CONTINUE
GOTO 280
DO 250 I=1,YGS
DO 250 J=1,XGS
UIL)=U(J)
VIILD=V(LD
PI(LN=P(LJ)
ROI(I,J)=RO(L))
CONTINUE
ITER=ITER+1
IFQTER EQ.(10+K)) GOTO 260
GOTO 270
QW=TT+JBS/2
WRITE(**)ITER,U(QW,2),U(QW,3),U(QW 4),U(QW,5),RO(QW,2)
,U(QW‘].,Z)
K=K+10
GOTO 190

ook o e ke e o o ok o ot e ke of o o b ol ok o 3k o e o ok ok o oe e ke ke o ok o e o o ok o ok o e o e o ok e ok
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IF (TL.LT.T2) GOTO 770

WRITE(7,284)XGS,YGS,UIM

WRITE(8,284)XGS,YGS,UM

WRITE(9,284)XGS.YGS,UIM

WRITE(10,284)XGS,YGS,UIM

FORMAT(3X,’X GRID SA.=',13,3X,’Y GRID SA.="I3,3X,MAX JET CIKIS
HIZI='F7.3)

WRITE(7,286)MU1,DELX1,DJ1,ALFA
WRITE(8,286)MU1,DELX1,DJ1,ALFA
WRITE(9,286)MU1,DELX1,DJ1,ALFA
WRITE(10,286)MU1,DELX1,DJ1,ALFA
FORMAT(3X,MU="E10.3,4X,'DELX1=F7.4,4X,DJ1="F7.4,3X,
'ALFA="F3.1)

WRITE(7,288)RE

WRITE(S,288)RE

WRITE(9,288)RE

WRITE(10,288)RE
FORMAT(3X,REYNOLDS SAYISI=,E10.3)

e b s 2t e ke sk sk ok oi v sk sk sk ok o s 2k 3k e a2 i S
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**#*****#*************************************
WRITE(7,290)

WRITE(8,290)

WRITE(9,290)

WRITE(10,290)

FORMAT(/,35X.' X YONU-—"

Kl=1

K2=15

IF(K2.GE.XGS) K2=XGS

WRITE(7,310) (J,)=K1,K2)

WRITE(8,310) (J,J=K1,K2)

WRITE(9,310) (J,)=K1,K2)
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WRITE(10,310) (J,1=K 1,K2)
310  FORMAT(/,3X,'0',6X,15(13,11)
WRITE(7,320)
WRITE(8,320)
WRITE(9,320)
WRITE(10,320)
320  FORMAT(216( ').)
DO 330 I=1.YGS
WRITE(7,340) 1,(U(1,3),)=K 1,K2)
WRITE(S,340) L(V(L1),J=K1,K2)
WRITE(9,340) L(P(,J),}=K1,K2)
WRITE(10,344) LRO(LJ).J=K1,K2)
340 FORMAT(1X,13,1X,15(E13.5,1X))
344 FORMAT(1X,13,1X,15(F10.6,1X))
330 CONTINUE
TF(K2.LT.XGS) THEN
K1=K1+15
K2=K2+15
GOTO 300
ENDIF
WRITE(7,346)T1
WRITE(8,346)T1
WRITE(9,346)T1
WRITE(10,346)T1
346  FORMAT(IX,F7.3)

ok sk ok s ok o e o ks e sk o o sk o o sk sl o e e e ok sk ok e ko e sk ek ok e ook o ok

GOTO 800

e 3 o e e o o o o e e ok ok o o o Sk sk ok ok s ek afe of ok ok sk ok ofe ok ke ok e ok ok ok ok ke s ke e ok sk ok ek ok ok Sk ek

##+araxsats SONUCLARIN KUTUKTEN OKUTULMAS] *#+#+tsus
e s e e e s e ok e e e e e s s e A s sk o s o e e e ok ok 3k o e e s sk s s o e e e ol o sk o e e ke e e ke ok e e ke Sk ok
550  Kl=1
K2=15
DO 552 LL=1,5
READ(7,*)
READ(8,*)
READ(9,*)
READ(10,%)
552 CONTINUE
580  IF(K2.GE.XGS) K2=XGS
DO 582 LL=1,4
READ(7,*)
READ(3,*)
REAIX9,*)
READ(10,%)
582 CONTINUE
DO 590 1=1,YGS
READ(7,600) L,(U(LJ),)=K1K2)
READ(8,600) L.(V(L,J),}=K1K2)
REAIDX(9,600) L.(P(L}),J=K1,K2)
READ(10,605) L,(RO(LJ),=K1,K2)
600 FORMAT(IX,I3,1X,15(E13.5,1X))
605 FORMAT(1X,13,1X, 15(F10.6,1X))
590 CONTINUE
IF(K2.LT.XGS) THEN
K1=K1+15
K2=K2+15
GOTO 580

a0
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ENDIF
READ(7,607)T1
607  FORMAT(1XF7.3)
REWIND 7
REWIND 8
REWIND 9
REWIND 10
C 2 e e oe ok 3k ke e 3 3 e s e s sfe e e o ol e s sk ok e s sk ok e e sk sk ke e o sfe e ofe sk sfe ke ofe sk sk ke o o ok oe o ok e e ok
DO 760 I=1,YGS
DO 760 J=1,XGS
Uo(,)=U.)
VOo(LH=V(LD)
PO(LJ)=P(LJ)
ROO(L,DH=RO(L])
UI(L,))=U(L,J)
VI(L)=V(J)
PI(L))=P(L))
ROI(LH=ROT)
760 CONTINUE
GOTO 280
770 DO 780 I=1,YGS
DO 780 J=1 XGS
UOLI)=U(L))
VO(LH=V(@J)
PO(LJ)=P(1.J)
ROO(LD=RO(L))
UI(LD)=U(L))
VI(LI)=V(1))
PI(LI=P(L))
ROI(,7)=RO(L,))
780 CONTINUE
ITER=1
K=0
WRITE(*,790)T1
790  FORMAT(F7.3, .NCI ZAMAN DILIMI")
T1=T1+DELTI
GOTO 190
800  STOP
END
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* BU PROGRAM CRANC NICHOLSON YONTEMIYLE LAMINAR AKIS
* DURUMUNDA KARSILIKLI iKi JET ICIN BOYUTSUZ HIZ VE BASINC
* DAGILIMINI HESAPLAR. BAZI DEGISKENLERIN SONUNDAKI 1 RAKAMI
* BOYUTLU SAYILARI GOSTERMEKTEDIR.

o afe e ok e o sk ok o2 e s s sk ole s afe ot ok 3¢ s ke ok e she e s e o e ot ske e st e ok e afe e s e s sk s sl 2k sfe s sl s ke o sk e sk e ook sk sfe sfe e s e e sk e sk ok
PARAMETER(M=310,N=310)

DIMENSION U(M,N),V(M,N),P(M,N),RO(M,N)
DIMENSION UO(M,N), VO(M,N),PO(M, N),RO0(M,N)
DIMENSION UI(M,N), VI(M,N),PI(M,N).ROI(M,N)
INTEGER XGS,YGS,ROS.Z.QW,W.REYN

REAL MU1,PS,PS1,T1,DELT1
OPEN(5,FILE="TAHMIN.J1")
OPEN(6,FILE=DATA3.DAT,STATUS='OLD")

OPEN(7 FILE="U.J1)

OPEN(8,FILE='V.]J1)

OPEN(9,FILE="P.J1")

OPEN(10,FILE=RO.J1"

DATA K,ROS,ROS1,T1,MAXIT,EPS/0,1,1.2,0.1,1000, 1E-4/
READ(6,*)

READ(6,*)

READ(6,*)

REAIX6,*)XGS,YGS,UIM,JBS,REYN,JBSX

READ(6,*)

REAIX6,*)

READ(6,*)

READ(6,*)MU1,DELX1,DJ1,ALFA PS1

DELY1=DJj1/JBS

DELT1=0.1

DELX=DELX1/DJ1

DELY=DELY1/DJ1

TDX=1/DELX

TDY=1/DELY

TDX2=TDX**2

TDY2=TDY**2

DXDY=DELX/DELY

TDXDY=TDX*TDY

PS=PS1/(ROS1*UIM**2)

MI1=(YGS-JBS+1)/2

M2=M1+JBS

N1=IBSX+1

N2=XGS-JBSX

ok 3 sfe e e o ok s s s sfe e e e e e e e e ok i ok ok

shkdk (=) ANINDAKI DEGERLER ~ *#*#*#sskik
sk e A A Aok e Aok ok ok ek ok ook sk ok
DO 400 I=1,YGS
DO 400 J=1,XGS
ROO(I,NH=ROS
PO(1,))=PS
Uoa.=0
VO(IL)=0
CONTINUE

e Ao etk e A e el e Ao e e
#4xk 1. JET CIKISI BOYUNCA SINIR SARTI **¥#kx

Rt 2 L s Ty )
J=N1
Y=-1.72,
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DO 500 I=M1,M2
U(LJ)=4*(0.25-Y**2)
UL))=1
ULN=ABS(U(LJ)
VD=0
P(LJ)=ALFA*PS |
RO(I,J)=ROS*P(LJ)/PS
Y=Y+1./1BS
CONTINUE
RE=UJM*DJ1*ROS1/MU1
ER=1./RE
IFREYN.EQ.1) ER=0
DELT=DELT1/DJ1/UIM)
T=T1/(DJ1/UIM)
TDT=1./DELT

119
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*+#++ SONSUZDAKISINIR SARTLARI *+ress
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I=1
IF (1.GT.YGS) GOTO 820
DO 800 J=1,XGS
U@,n=0
V(@,J)=0
RO(LD=1
P(LJ)=PS
CONTINUE
I=I+YGS-1
GOTO 700

3 3k ok sk ok e o ok e e o ok ok ok ok sk ok ok ok ok ok

ok e ok e o ofe e o o o e e e s sk ke e S ok e e S fe ke s o e e e s ke ok e ok e ke ok ok

#txtx 3 JETICIN SINIR SARTLARI **#ttix

K o ok o e le e e e o e s e Sk e e e e e e e e ok o e e e e e e e e ok e e e e e sk

J=N2
Y=1.12.

DO 850 I=M1,M2
U(1,))=4*(0.25-Y**2)
U@)=1
U(LJ)=(ABSU(L)))
V{@,J)=0
P(1,J)=ALFA*PS
RO(LJ)=ROS*P(LJ)/PS
Y=Y+1./JBS

CONTINUE
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*JETIN ALTINDA KALAN BOLGEDE (J=1 VE J=XGS DOGRULTUSUNDAKI)

* SINIR SARTI
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J=1
IF(J.GT.XGS) GOTO 1020
DO 1000 I=1,M1-1
U@n=0
V(I.)=0
RO(LD)=1
P(LY)=PS
CONTINUE
J=1+XGS-1
GOTO 900

ke e e e e e e ke e e e e e e e e e e e e e o o ok ke e S ke okeoke ok
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C *JETIN USTUNDE KALAN BOLGEDE (J=1VE J=XGS DOGRULTUSUNDAKI)
C *SINIR SARTI

e ude e 33 2k ol sde 3k Sk sk 3k e e e ode ol 3l ke ol Sk & e sk sk ok e e s sk ke sk
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1020 J=1
1040  IF(J.GT.XGS) GOTO 1100
DO 1080 I=M2+1,YGS
ULD=0
V(LI)=0
RO(LT)=1
P(LJ)=PS
1080 CONTINUE
J=1+XGS-1
GOTO 1040

C sk e Ao Ao Aok ok A Ko feofe ek e o sk ok ol s e Fokkkk kKK

C s ok afe ok ok ofe ok ok ok ok ok %k 1 JET ICIN CIDAR SIN]:R SARTI ok ok sk o ok o ok o 3 3K ke s ok sk ok
C e e 3 ake ke e 2 o ok e o o o e 2 e e ke e e s e e s s b 2 s sk e ke 3 ok she ke 2k e e e ok ok ok e o ok ok ok sk ok ke ok ok o
1100 =M1
1110 IF(I.GT.M2) GOTO 1130
DO 1120 J=1,N1-1
U=0
V{I,H=0
RO(LNH)=ROS
PA,H=PS
1120 CONTINUE
I=[+IBS
GOTO 1110

C e e e e sfe b e ae e ke e ke o S o e e ol S s o e e ok sk ok s ofe s ke e sk s s s e e ool Ak s e e s s s ok o o sk e ek ok

C sk sk e ok ok ok ok ok 2 JET ICIN C]DAR SIN]R SARTI 3fc ofe e o sfe ok e ke sk o ok ook ok e
C sk st e s s e e s o 3k sfe e o Sl e e s ok s e e ok e ke sk o sk e sk ok ale e s s e e e o ofe ke e s e ke e s ke ok o ok e ok e ke
1130 =M1
1140 IFQ1.GT.M2) GOTO 1152
‘ DO 1150 J=N2+1,XGS
Ua,nH=0
V{1,0h)=0
RO(L,DH=ROS
P(LJ)=PS
1150 CONTINUE
I=I+IBS
GOTO 1140
C e 3 sfe e ok s ok ok o ok sfe e o ok e ok HESABA KAT]LMAYAN BOLGELER ol sk 3 S 3 e e ke o ok o ok sk ke o vk e ok ok
1152 DO 1154 I=M1+1,M2-1
DO 1154 J=1,N1-1
U@LhH=0
V(I)=0
P(,N=0
RO(,D=1
1154 CONTINUE
DO 1158 I=M1+1,M2-1
DO 1158 J=N2+1,XGS
u@,)=0
V(D=0
P(1,1)=0
RO(L))=1
1158 CONTINUE

C o e e e ke e sfe s e Se ek o s e ok sfe sl o s e e sl ok sl ok o s s e e sk o s e b e ofe o o e e e s ofe S ok o ek el ok s ok ok ke sk ok

C  #sxstxsaexsrsios TAHMINI HIZ ALANININ GIRILMES] #4#### sk st st

C ek st o ok Aol s ok s e sk ook s o ok ool ok sk s ok o e sk ok ool ook o sk A K ok o Aok
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1190

1180
1200

1220

a0

1600

1700

1850

1800

1900
1950
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DO 1170 1=2,M1-1

DO 1170 J=2,XGS
U(LJ)=0
VA.)=0
RO(L,))=ROS
P(LJ)=PS

CONTINUE

Z=Ml1

DO 1180 I=M1,M2

DO 1190 J=N1+1,N2-1
ULN=U(,J-1)-(U(Z,N1)/(N2-N1))
U(L)=ABS(U(LJ)
V(L)=0
RO(LT)=ALFA*1
P(LN=PS*RO(LI)**1)

CONTINUE

Z=7+1

CONTINUE

DO 1220 I=M2+1,YGS

DO 1220 J=2,XGS
U(LI=0
V(LN=0
RO(L,)=ROS
P(LJ)=PS

CONTINUE

e e e s e e s e s e ke s s e s s e o s b s e b s o e e ok ok e 2 e e ok o o o ok e o s e s e ol o ok e e s o s ke

#++**x SONUCLARIN KUTUKTEN YENIDEN OKUTULMAS] *****
e e sk e e ok se ke s e sk s e e ol o ke ok e sk o ke o o s e sk e e ke s e s o ofe ok o e e s e e sk e e s o e ke ok e ke ke
READ(*, »)IREAD,T2
IF(IREAD.EQ.1) GOTO 5500
WRITE(*,*)XGS,YGS

o e s e ok ke s ofe s o ok o o e ok ok e o ok ok e o e sk s ke ok ok ok ok ok sk o e o sk e ok s o ek o e sk ok ok ok
sxxaraksr TAHMING DEGERLERIN YAZDIRILMAS] #+#+ #4445

e 3fe e e o ofe o afe ok ok o s ok ok ofe o ofe o e ke ke sk ke ok ok %k ok ke e sl sk sk of s o ok ok ok e ok o ok o ok ok
WRITE(S,*)
WRITE(5,1600)
FORMAT(13X, U,15X' V,14XP,12X,' RO)
WRITE(S,1700)
FORMAT(12X." 15X, 15X, '
* L 5X, )
DO 1800 I=1,YGS
DO 1800 J=1,XGS
WRITE(5, 1850)LJ,U(L,), V(L,1),P(L),ROQ,T)
FORMAT(I3,,',13,3X,E13.5,3X.E13.5,3X,E13.5,5X,F8.6)
UIAD=U(Q,J)
VIL)=V(LJ)
PI(LJ)=P(L])
ROI(LJ)=ROL))
CONTINUE
ITER=1
sk s s o S sk e e s 2 o s o o e e ok o e ke e s e e s sfe ¢ o s s e e o ske ok ofe sk e e ok o e sk e
e ofe ofe o ake ofe ok e o ok e e 'AIMAI)Ebﬂ(LEmdLIH{ ke o ok 2k sk ok ok ok s ek
ke ke 2 3k e o e sk s e 3 e ok e 3 e s e ok ok e e ke ke ofe o 3 e e ok e sk ok sk % ik *
IS=1
CALL BOLG(I1,12,71,J2,IS,N1,N2,M1,M2,XGS,YGS)
DO 2000 I=11,12
DO 2000 J=J1,J2
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A2=TDT*ROI(L])+0.25* TDY*ROKLIY*(VI(+1,3)-VI(-1,1)+VO(I+1,1)
* -VO(1-1.N))+ER*(TDX2+(4./3.)*TDY2)
B2=ER*0.5*TDX2-0.25*TDX*ROI(,N)*UI(LJ)
C2=ER*0.5*TDX2-+0.25*TDX*ROI(L,J)*UI(LJ)
D2=ER*(4./6.)*TDY2
E2=ER*(4./6.)*TDY2
F2=TDT*ROI(1,})-ER*TDX2-ER*(4./3.)*TDY2
G2=ER*(1./6.)*TDXDY*(UI(I+1,J+1)+UI(I-1,J-1)-Ul(I+1,J-1)
* -UI(I-1,J+1)+U0Q+1,J+1)+U0(1-1,J-1)-U0(I+1,J-1)-U0(I-1,+1))
* -0.25*TDY*(PI(I+1,D)-PI1(-1,0)+P0(+1,J)-PO(1+1,1))
V(L T)=(1./A2)*(B2*(VI(1,J+1)+ VO I+1))+C2*(VI(L,I-1)+V0(,I-1))
* +D2*(VI(I+1,7)+VO(I+ LD)HE2*(VI(I-1,7)+V0(-1,1))+F2*V0(,N+G2)
2000 CONTINUE
IS=I5+1
IF(1S.GT.3) GOTO 2010
GOTO 1950
2010 IS=1
2020 CALL BOLG(11,12,J1,J2,IS,N1,N2,M1, M2, XGS,YGS)
DO 2050 I=11,12
DO 2050 J=JL12 |
Al=TDT*ROI(LJ)+0.25*TDX*ROI(L,J)*(UI(L,J+1)-UL(1,J-1)+U0(LI+1)
* -U0(,J-1)+ER*(TDY2+(4./3.)*TDX2)
BI=ER*(4./6.)*TDX2
C1=ER*(4./6.)*TDX2
D1=ER*0.5*TDY2-0.25*TDY*ROI(L,)H*VI(L])
EI=ER*0.5*TDY2+0.25*TDY*ROI(L,1)*VI(LJ))
F1=TDT*ROI(I,J)-ER*TDY2-ER*(4./3.)*TDX2
G1=ER*(1./6.)*TDXDY*(VI(I+1,J+1)+VI(-1,J-1)-VI(I+1,J-1)
* -VI(I-1,J+1)+VO(I-+1,J+1)+V0(1-1,J-1)-VO(I+1,J-1)-VO(i-1,J+1))
* -0.25*TDX*(PI(1,J+1)-PI(1,J-1)+P0(1,J+1)-PO(L,J-1))
U, T)=(1./A1)*B1*(UL(,J+1)+U0(1,J+1))+C1*(UI(IJ-1)+U0(LJ-1))
* +DI*(ULI+1,I)+U0(+1,D)+E1*(UI(I-1,7)+U0(-1,D)H+F1*U0ALN+G1)
2050 CONTINUE
1S=IS+1
IF(IS.GT.3) GOTO 2060
GOTO 2020
2060 IS=1
2070 CALL BOLG(11,12,J1,J2,IS,N1,N2,M1,M2,XGS,YGS)
DO 2100 I=11,12
DO 2100 J=J1,J2
A3=TDT
B3=-0.25*TDX*ROI(1,J+1)
C3=0.25*TDX*ROI(LJ-1)
D3=-0.25*TDY*ROI(+1,))
E3=0.25*TDY*RO(-1,J)
F3=TDT*RO0(LJ)
RO(LD)=(1./A3)*(B3*(UI(1,J+1)+U0(LJ+1))+C3*(UI(LJ-1)
* +UO(LJ-D)+D3*(VIQ+1,D)+VO+LN)+E3*(VIQ-1,1)+VO0(-1,1)+F3)
C RO(,J)=1
P(LJ):P(I’J' l)*(RO(I,J)/RO(I,J" l))
2100 CONTINUE
IS=18+1
IF(1S.GT.3) GOTO 2110
GOTO 2070
2110 DO 2200 J=1,XGS
RO(1,1)=RO(2.)
P(L.D)=P(2,)



2200

2240

2260

280

oXeReloXeXe IS

2290

2300

2400

2500

2600
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CONTINUE
DO 2240 I=1,YGS
RO(I,XGS)=RO1,XGS-1)
P(LXGS)=P(LXGS-1)
CONTINUE
DO 2260 J=1,XGS
RO(YGS,)=RO(YGS-1,))
P(YGS,))=P(YGS-1,])
CONTINUE
DO 2280 I=1,YGS
RO(,1)=RO(1,2)
P(1,1)=P(1,2)
CONTINUE
DO 2290 I=M1,M2
RO(LN1)=RO(IN1+1)
RO(I,N2)=RO(I.N2-1)
P(IN1)=P(,N1+1)
P(I,N2)=P(I,N2-1)
CONTINUE
DO 2300 I=1,YGS
DO 2300 J=1,XGS
FARK=(U(I,))-UI(1,]))
IFATER.EQ.MAXIT) GOTO 2800
IF (ABS(FARK).LT.EPS) GOTO 2300
IF (U(L,J).GT.UK(L))) UQ,N=U(J)HFARK)/2
IF (UA,)).LT.UI(1,)) UA,J)=U(LT)~(FARK)/2
GOTO 2400
CONTINUE
GOTO 2800
DO 2500 1=1,YGS
DO 2500 J=1.XGS
UILI=U(L))
VIILN=V(LJ)
PI(LN)=P(.J)
ROKLJ)=RO(LJ)
CONTINUE
ITER=ITER+1
IFITER.EQ.(10+K)) GOTO 2600
GOTO0.2700
QW=MI1+IBS/2
W=N1+1
WRITE(*,*)ITER,U(QW,W),U(QW,W+1),U(QQW,W+2),U(QW,W+3),RO(QW,W)
,U(QW'LW)
K=K+10
GOTO 1900

o 2k sk 3k e e 2k ol e e s sk sl ok o & ok ok oo sk she o b sl sk e st e e e o 3k b & o b sk

#kkdkxtt  SONUCLARIN YAZDIRILMAS] #**##issihnisk
i SR e P PRy PP

IF (T1.LT.T2) GOTO 7700

WRITE(7,2840)XGS,YGS, UM

WRITE(8,2840)XGS,YGS,UIM

WRITE(9,2840)XGS,YGS, UM

WRITE(10,2840)XGS,YGS,UIM

FORMAT(3X,’X GRID SA.=13,3X,'Y GRID SA ='13,3X'MAX JET CIKIS
HIZI='F7.3)

WRITE(7,2860)MU1,DELX1,DJ1, ALFA
WRITE(8,2860)MU1,DELX1,DJ1,ALFA




2860

2900

3000

3100

3200

3400
3440
3300

3460

5500
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WRITE(9,2860)MU1,DELX1,DJ1,ALFA
WRITE(10,2860)MU1,DELX1,DJ1,ALFA
FORMAT(3X,MU='E10.3,4X,DELX1=F7.4,4X,'DJ1="F7.4,3X,
'ALFA='F3.1)

WRITE(7,2880)RE

WRITE(8,2880)RE

WRITE(9,2880)RE

WRITE(10,2880)RE

FORMAT(3X,REYNOLDS SAYISI=,E10.3)

e s ook ok ok o e e s ok s s e oo ke o o e o ok e ok ok e sk oo e s e s ok sk sk ok ok sk ok ok e
k Ao o e s o e e s ok ok ok e s ke ok sk e se s e ok ke sk skeoke
#xxikxx J YV P RO *

ek X ke e % ¥ she afe ke ok e ok e ok oke sde ok

WRITE(7,2900)
WRITE(8,2900)
WRITE(9,2900)
WRITE(10,2900)
FORMAT(/,35X,' X Y™Ng ---")
Ki=1
K2=15
IF(K2.GE.XGS) K2=XGS
WRITE(7,3100) (J,)=K1,K2)
WRITE(8,3100) (J,}=K1,K2)
WRITE(9,3100) (J,]=K1,K2)
WRITE(10,3100) (J.J=K1,K2)
FORMAT(/,3X,'0',6X,15(13,11X))
WRITE(7,3200) ‘
WRITE(8,3200)
WRITE(9,3200)
WRITE(10,3200)
FORMAT(216(_",)
DO 3300 I=1,YGS
WRITE(7,3400) L(U(L),J=K1,K2)
WRITE(8,3400) L(V(I,J),J=K 1,K2)
WRITE(9,3400) LP(,J),J=K1,K2)
WRITE(10,3440) L,(RO(LJ),J=K1,K2)
FORMAT(1X,13,1X, 15(E13.5,1X))
FORMAT(1X,13,1X,15(F10.6,1X))
CONTINUE
IF(K2.LT.XGS) THEN
K1=KI1+15
K2=K2+15
GOTO 3000
ENDIF
WRITE(7,3460)T1
WRITE(3,3460)T1
WRITE(9.3460)T1
WRITE(10,3460)T1
FORMAT(1X,F7.3)
ok ok o s s o s o o ok ok st s o s s e st ksl o o e ke ok oo sk o s e sk ek sk s s e e ke ok
GOTO 8000
##drissr+* SONUCLARIN KUTUKTEN OKUTULMAS] ###+
Ki=1
K2=15
DO 5520 LL=1,5
READ(7,*)
READ(8,*)
READ(9,*)
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6000
6050
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6070

7600

7700

7800

7900
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READ(10,*)
CONTINUE
IF(K2.GE.XGS) K2=XGS
DO 5820 LL=1,4
READX7,%)
READ(8,*)
READ(9,*)
READ(10,*)
CONTINUE
DO 5900 I=1.YGS
READ(7,6000) L,(U(L),]=K1,K2)
READ(8,6000) L,(V(1,)),J=K1,K2)
READ{9,6000) L,(P(1.)),J=K1,K2)
READ(10,6050) L,(RO(1,]),J=K1,K2)
FORMAT(1X,13,1X,15(E13.5,1X))
FORMAT(1X,13,1X,15(F10.6,1X))
CONTINUE
IF(K2.LT.XGS) THEN
K1=K1+15
K2=K2+15
GOTO 5800
ENDIF
READ(7,6070)T1
FORMAT(1X,F7.3)
REWIND 7
REWIND 8
REWIND 9
REWIND 10
skt oo s e o e e s ook s e s sk ok sk ok ok ook ok stk e e ok e kol o s ek ok ok
DO 7600 1=1,YGS
DO 7600 J=1,XGS
UOL)=ULD
VO(LDH=V())
POLN=P(LD
ROO(1,J)=RO(LJ)
UI(L))=U@J)
VI(L)=V(LJ))
PILY)=P(,])
ROI(1,J)=RO(,J)
CONTINUE
GOTO 2800
DO 7800 I=1,YGS
DO 7800 J=1,XGS
U0(.J)=U(,J)
VO(L)=V(J)
POLN=P(L])
ROO(L)=RO(L))
UI(LN)=U(,))
VILD=V({,J)
PI1,N)=P(LJ)
ROI(LI)=RO(LJ)
CONTINUE
ITER=1
K=0
WRITE(*,7900)T1
FORMAT(F7.3,' NCI ZAMAN DILIMI")
TI1=T1+DELT1
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GOTO 1900
8000  STOP
END
SUBROUTINE BOLG(I1,12,J1,J2,1S,N1,N2, M1,M2,XGS,YGS)
INTEGER XGS,YGS
IF(IS.EQ.1) GOTO 10
IF(IS.EQ.2) GOTO 20
IF(IS.EQ.3) GOTO 30
10 11=2
2=MI-1
n=2
12=XGS-1
GOTO 40
20 11=M1
12=M2
11=N1+1
12=N2-1
GOTO 40
30 11=M2+1
12=YGS-1
J=2
12=XGS-1

40 RETURN
END
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2 REM Hiz vekiérii dogrultulanim bulan program

5 REM B ve C gridler arasimi A ise ¢izgi uzunlugunu gostermelktedir.
7 REM M, y ekseni boyunca ; N is¢ x ekseni boyunca grid sayisi
10 SCREEN 12

15 CLS

20 M=31:N=31:A=7B=9:C=9

30 DIM UM, N), VM, N)

40 OPEN "Uc¢25.J1" FOR INPUT AS #1

50 - OPEN "Vc25.J1" FOR INPUT AS #2

60 FORI=1TOM

70 FORJ=1TON

80 INPUT #1, U@, )

90 INPUT #2, V{1, )

100 NEXT J

110NEXT [

130FORI=1TOM

140FORJ=1TON

1S0I=1*B;lj=J*C

I155LINE (C+25,B)-(N*C+25,M*B),7,B

160 AA=U(I, 1): BB=V(L, J)

170 IF (AA = 0 AND BB = 0) THEN GOTO 180 ELSE GOTO 190
180 X =0:Y =0: GOTO 200

190X =A* AA/SQR(AA* AA +BB *BB): Y = A * BB /SQR(AA * AA + BB * BB)
200X1=X+1:Y1=Y+1I

210 LINE (25 + 33, I)-(25 + X1, Y1)

230NEXTJ

240NEXT I

250 CLOSE #1

260 CLOSE #2

350END



