Sl oKzl = b (ol oSty sy — Sl cwigee oaSCzsls sliul

u‘).e‘a oKidls — ‘5.3 s ouSiiule oS - Sl JPBRRCTI M)‘ ‘Swl.o.w)lf duo-yj u-‘-*-";

AOIYIF g 70, « ADIYVF o Mol uly, il i« AFIENA il o )

Ol 3 el ond (o IS 290 LI () 53955 Job 4l )0 (olmlr - Sulaw) go3je &)l JUil dlie ol 5o

535 Gele JUS Jsl zoe Job Sz 50 2,1 ojlgs a5 cunlonds (5,3 (JUIS cawaVl a4y &)l i 355 50 wo)lgns SIS s (sl y anlllas
- 529b) poties o Kiwgm Jolds oS> D¥oles (gldllus iz dalllas (gl ail ansls j1 3 ol o) [l cod o oo Job Cuia
Sl G Jols mls cailoads o o 3905 pox> (9008 g, 5 oolainl b (cula 4y g Jlew 5B 90 12 10) (65,50 5 (S gl
5 Jbmw bgloes lawgin slos iy g Jlow Syt pdaw (slos o > )15 051510 a4y o ools [Ld 4y iy 9 Jlow S iiie prhaw 3l 0w )38
JUL (699,5 Jobo aml jo cdul jlade jo [rals cel aol> alny ;30 oS wims g0 lid guli .conl ool &Il owe ol 2565

Spdse

Sl 6959 Job — Sgae e by, = IS 9 JUI - zgo3e Oyl Ll

o L gloyen wallas ool 5o saal coway go0s
s a5 Ll 1l oo auslie il 045 oKl
Gl o2 L YO: jadg, b haid rlejl mls b soue
U i b U £55 0l 5o olyz 45 0,5 amesi i)l
5=kl ol ol 5l o g asleoe a1 YO jalsn
5 g0 @l dn azgi b (nizmen Wl 055 0 a2d]
50 ,Ld Cdl aS Wowy 4zl ol 4 09 el
el i 255 gla Ul o Lad w5l la JULS oy
Y] 5g 5 g s go0e 15 S 50 1230 JLo o
Lo U o=l 5o plomle &)l JLasl (o 2 4y
aslllas W3ls e g pls a1y e Lyl aszsls
= 290 ol aily S¥olie Gdod cnl po Wo S
Sire byt Lo 99 ol 5o (655 9 oS g
Gk sl oo i 4l dawsgs 4l ,0 Sy
U1 &5 ol st slogleyz oy 2 ol Sligios
15 Syl JUa # s s VIO S ol o &)l
gy 45 2l o paizman bl il o 55 sla JULS
=y 50 eSSl o wile oo <ol NS 0035, jo SKaol

Uil &5 s el IS b rpme slaJUIS
Sl dane 5 s o U5 & s it &)
3 ot sl el s ls golsj eolanul \oo)..;‘;_é Sl
5 Sl JUESH &5 Gl s Jase 55 ol (o>
il e UL ol 4o Las cdl Lials
Stz sla U 5o &)l JUtl a5
Igomias VAAY Jlo o sl 0uls ploil (g0l wladass
5 ,Les cdl alex 5l b, sbaasie [V 2l Ken
dwsin L PSS g S JUB )3 o)lps (o3 p A
D92 A pB g (§30 Oj50 Ay b | L
o9 goae adlas jo Ll w6, vy 2RsLs]
3 Ol ) Wles S eslitul sgazme (el sla s,
03gdoe 4 azi il 5 o] glarls,z Lol axlllae oyl
sl goue anlllas Wolgo Vere e U 5l saden ;) sae
A s 3 ablie s 5 o] ol & Syane
=l yo by S oloml aall 55 il slejalen; jo ax
aS el Jalgn, iy Gl L Ll oy pulss o JUIS
L JUIS 55 e s B35l sl g Laals 5 o
el Wed oyl JLanl il g as Sesp Jlew

Email: hshokoh@ut.ac.ir ,



JBsl 75 prals jo Sliws 58U Ay jo CawoYl o
Sl ol Ls Al o Jhw a4 o)l >

2z ol Jusl ol e vaay gl e
Cole (185 k0 b samgs Sl gl edly)
B goae oy, Sl eolanwl b Jlew jo (5,990
Al 215 o)lg0 CewdVl jidy 0,5 o) Sgdxe
T, <ol loo o cawaydl isw 9 Ty <ol slos jo
Glyp adlas cpl o dazie gl = o)l 8
e @t Sl o gsoze Sl JUl b
w).oa S sJLa.MJ g.,\.lxa dde )l .\.u)L».C a5 Sl ool
g dof glad 4 doy Culbrs cond (Jlow 4 Ay Solan
Sl G capt ad (Gl B s Cad
ol sl Sl il e el Sl
30 g o e las 1) 095 L3l edleye Pluw o aS
G ial38l &S] a0l 6,80 oSl Pluw
A Cwbro Cand g Jlw 4 A ol oo
5 Jbw @ S Sil R e ps Sans gl glad
Jhw @ Oyl > Jil 75 mals el S sae als
g s

Juasl df] i) g amensSs Yeed Jlo o
"z JW sl ) Seonn 4l )0 g o)l
Ol JE Gl p e Dpgar gadie ol
35,05 6,5 o] Lawgite Hlade g aildS 56

I o @las cpl jo G 090 dwain 3l oleds

Cewloalds ool UL.M) \)

VAN

-]

I T T

El 2 g

T, T .
i = K

> &

3 3

3 3

1

—=
wwz=

f L=28mm

Al oo oo gla JUIS

op i YT Gz 5 S5 GLBTY - Y Lo o
SLaJUIS 53 )bzl sl b, 4 &)l i
e adle ol jo aslaislsy goae gy 4 S0 e
SOl eolaiwl b IS > g0 s JUIS jo o)l Jlal
Galaio a0l 5l oolaiwl b g sgusme M| (go0e o,
s Sl LS ol jo ol ool e iy
Sae g SWhsl cu b July 9 jen) soe (JUS
ALl 4 W oo plid bl el oad gy cduls
Jadei; vae ol b SKasl o o 5 clul Ol s
s ol il on Gl e Jsb & asels e
SLsj oS e Jyb 4 atdls sl s &
i 5 55 51 sl 3 Ll 0955 g
OV jad g ) slael jo ohe (50 ok )l >
JLissl O 1 Tres e &l Jlis! dles il o
Jaih o JUIS o a0 Sl ] 5 85 ol )
DS o 2y i |y sl Gy jo Colae 5L e e
oS ity o Lol 5l ! Bl o
- Oly Sl jo 1) ol slas wul> wuy Ol 56
o baid zedye oyl LAl 6ln d929e @l S
5o aS ailassls byl g cow gl JUIS o ol o)y
Sl 00 03,51 sl 5 Sladiges 5

&) Jlasl 8] gLl g 688 VAA Jlw 4o
Sygmar 4S5 1y Laadsh 3 ol oo 2 50 2905
b 3 93l Ly 1, ably A8l args (Soolizos s
CewdYb Caond Ll )15 ol 50 .050,5 oy g00e o
Gl @ooie )l Jlaml ol gas sl |y obz
el S8 Lt 55m by slin a0 s 25
Ol a5 el 0uls (2,8 Alg) >g 5 0 g el oall
3 Oyl Jesl dlis ol o il 4l dswgd 50 Lo
Sl g Swload (58 oY elad il jo g Al
oolaiwl g3l lasz Syt Jedon 5l e LB9
Al s il dSG Slael gy Al Jdos sl 00
B 5y 53 5 s 55 b 530 Salin 455k
S5 el ouls astie yialil g0 b allus alil ax g8
g ailbioe B0 U0 oogame o a ol Jhow <SG vae
Solad o po S Jold pa &5 Cesl g all (6500
Elds an 4y Cwls ol o2 g el Jlw 4 Ay
o e Oyl JLEST a5 s e plis s g




b 5B 50 g5l Aol @

%[pUCT]+%[pVCT]:

)ahaleah
BE|IL" Cp ot | on Cp Jom

9]
el Aoy j0 (65,5 Aoles @

a|:[J kqlljaT}raKJ kQZzJaT:|+
ag|\" Cp Jag| on|( Cp Jonm

6{[qul2j81} 6{[“{%161}_0
o€ Cp Jom| On Cp ) 0&
)

5 Sl ce s sloailye V€ 5 UC YL &¥olee o

sleadlie b jo) Ojgoan g ailbioo M 5 & Sl
(Vv g u) 5,50 clatuw ows o Jhow ey
Mg o Lo e
UC=TJ(Eu+&,v)
VE=Jmu+n,v)
*)
oS5 9 Ay 9 qpp ¢qy, (R ol s izmen
W0, o0y by T hod e Sile
qll :&x&x +&y§y > q12 :axnx +&yny
q22 :nxnx+nyny H J:Xéyﬂ_xnyé
)
Fros S e (V) 5 (F) SV¥olao 5l oolaiwl gl as
Wl ooy Ojg
Jéx :+yn > Jéy :_Xn
ny=-y., In,=+x,
W)
adlio ol jo 183 9590 Wl 2 G ks
il ) OHgod
mzoe Job pled )0 Koo p b yd e plose
S byl esliiwl L aSS gk ol oals Jlos! a
g ool J= b,z U 50 zse Job S sl gl
Lol 0 ooliiwl lazge Job plo 10 ol s 5l s
JUE 0,5 550 50 9 G5 pas byl 5l 5 doy s

IO o] e diols oyt Lo YA JUIS zgs b
bl yia e # ol 699)5 4 (58 5y ke
oo VY Ly JUIS 515l 5555 oo asllae
Bale JUIS ol z5e Jsb ez sl onds eslitasl ze
el 0l ools Las (V) UKo j0 oS ol onds 53

Floo g lid e pos glaplae Jo gl a5 Ll
EYolse .l oo ool dV] woy  udaie aSis

o A (55531 9 (S gl = 250) poiian o Ky
Aoleas eols Jla! Ja_écnsl.’)d.a doleie pé Slaie

aeleie ;i Blaitee oK ws jo SYolse ol JSi
IAl wsl oo 105 & g0t (58 ) Lasdl i

gsi..wwilol.uo ®
1 |oUu®€ ove©
T 15 F o 70
M)

U g )0 pyiias Aol @

%[pUCu] + %[chu] =

_J[Pg &, +qu]+

0 Ju 0

a§|:(ujq11)a:| +

0 ou 0 ou

aé[(HJqlz)J + an|:(qulz)}
)

%[pUcv] + %[pVC V] =

_J[Péiy +P"r|y]+

™




Aot 5l ah lae a5 polailes aslllas cl s
e Cyls Slay Ll ol colaiwl Ay udnine
Lzl aelate ;8 Slatse 4 1Sl SYoles glaSs
GO by, SaSay O¥olas (pl e ailoads ools
Jo Tous Lomle 4o 855 Sy 0 3gi e o
3 Ly glpailio (aaSb 55 (nl o Wigdise
e 4 S o5 Ngdi o0 0235 aSh 5l Sl L
oo dalllas oyl o auil oo 0uls Lul> jlid 6,53
\cgsd—?&:-; S 7, bl oloulr Sz o8 gl
om] e odle loacs ool [A] Knyallowl BT
S e Gl a Jeoew o )9Sl dags L2 Glace
Sy BT lasss s (dsl oyl (l 098 00 dai o
Dyl as whvavy gl s Sualled o

Re=10

Re =50

Re =100

4—“&5‘)-! |) ul%)? b}la:}sg’;\.c)w LgLa:)b).g (Y‘)JS..‘.:
Lo oo olii Re=10,50,100 alisee julei ) sae

] 00 solaziwl Q)La_' .La).....v )1

W Sg) » ®
u=0,v=0
Q)
o 5089, 2 @
Z—U:O,V:O
y
O+
gl slojre 59, 2 @
ux:O_ux:L’ Vx:OZVx:L

QRD!

S byl 6395 50 (V) IS Gl Los (e (sl
Js b ez 6l oyl olars o oy o6 s Lo
L 3 gam zee Job cote sl 5 Bl Jsl 2o
2t L 3l zge Jsb o 0)ls )13 el gl
ouds Jlael gl (6550 by oo Jloe gl Soogs
50 aib e zaope Oyl Jn! Alase a5 el 5l el
5 Lod (Kiwsy Si0 byb a5 Jlow S iin ghaws
5 UL ()L 5 5 el o0 Jlal )l L
sl 0 Jlogl )85 (55 p0 by

(69959 jy0 0 @

T = const.
av)
) e 59y 2 @
T _
oy
Y
(9> g b @
T x=12L T x=11L + ATb
QD)
:Q] 0 aS
J‘Qinl dS
AT, = —
c o 79 T ok 3 JUS Sy Jsb s o o a8
b

T o)lps @
Q=0 , x<4L
Q>0 , x>4L
(%)

iy g Jlow S i 0 59, 2 ©
(=k 0T/én),; = (-k &T/on),
T, =T, v




©29y3 Jsb aeml yo ol JLasl Gl 1o zg05e
iR Sl
G o Jlow <SG vae 551 0 )le zg050 sl il )by
By Cwlbes Cond g b 4 Jlw Sl colan o0
alaly 5l Olawlrs ol o cdul sae . JUS 750 Job 4
D9 oo dmle )
Qinth

ki (T = Ty) A

Nu =

5 4y g Jlw Sdie 0 5l 0i)38 L5 QT 0 45
5 JU (Sgyaem a8 Dy adlios 550 cal slod Ty
ol 2H,, L Jole

z9050 o)l JEl jo 04 co alaxde aS aisKilen
5 9 e 45 el Jyome oy duw (slls ks sae
g pasuie Wb gl e aw @ S Ty 5 Ty, (Q

2

[
LA B B S s B B

Qint./Q

0.5

() IS ol oo Jlow UG sae 550 4 lacl

s il cdSS slael o 1y Qu /Q s Ol s
S slacel jo 09 e alaxde aS jshailas aes o
JUI o cewoVb a4 (6 min (5,970 Culon vald 5L
el ol 4 Oyl Sed SISy sae BTG 5 s
T sk Jsl dosi 59 5 VU oSy 5 o 2alS
Sl (05 o0 Sl gl blas ainy ol joaS Sl>) pgw
5 Amd o lid S Conl saie S i mhaw 3l eas )38
i o, aS 325<x/L <35 a asl oyl
b o0yl sgmg ainy 4 Jlew 51 Sl L eayle
03,35 )L o5 358 o0 onaline S () 60959 Job

a—law 51 005,38 L 5l S Gl 4 S i e

oleyz Gl il slajalsny o a5 2d e ala>dle
s 5 olml anld salyn, s0e (l3H L ans ad (85
&l a5 aSeSlen anls 5 ol oslasl pis JUIS o
Jodei, oue ol 8l L ala>Me Re=100 j0den,
b oo il
IS5 e 5 ol il Jone () S5 o
ouds ool lis calize julei, olael jo (650 Y dae
alold jodan ;) sae il b as gl o ali>de .ol
Bgbi o flie 50 Y Suzme JSi5 g Gilax LS
o3lasl jadgn; sae il b aS aas oo plis IS oyl
@l b @l b ol 5o 05-dae 58 anls S
aalie [Y] LSSy g S 5 9 V] o)) Ke ¢ |jgoiis

R PR W

10°
L o Present Work
r Wang & Vanka
[ Nishimura et al.
10°
o E
[~
10' =
C I I P
0 0.25 0.5 0.75 1
x/L.
10' £
E Present Work
L [ Nishimura et al.
I Wang & Vanka
L ~ — — — = Duct
10° =
w— L
10" =
2 | Lol Lo
10 10' 10° 10°
Re

) sodgi, owbwl o jLid cdl Jloges 55 (B) JSCo

L jlasd il ogd oo alaxde a5 jghailen .ano oo olis
e, Gl L g o)ls ugSee atall;y sudsn; sue
C3laS aes o lid e Sl il oo relS
coss slaJUls s JLsd el 5 LaJUls ool 5 ,Led




12

11

10

12

N

o ~ © oo+ A =

=)

Ly

x/L

Pe=10 (

12

11

10

Lo birn beva b
bl bt =+ Il
= = S =

qL

e = o -

=)

Tint0

uLL

112

10

x/L

Pe=5

x/L
100 (

Pe =

Tb0

0.6

Tint0

m 12

10

x/L
100 (

Pe=

Tint0

~ w — "
- =

JuLyL

=)

1.5

x/L
Pe=150 (

x/L
Pe=150 (




(Sl g b sl i Ky S 4

\)5.»..."59 .JL?U‘ ).‘).'o C_la...u )‘ OJ.;).:\.?

Nu0

4‘5 :‘3 5.‘5 6
x/L
Pe=10
60
Nu0

Pe=50 (

Nu0O

b o el svnlin B =T LSL‘M%.‘)—‘ o ‘5'{)1)9
Hld A S i mhaw 5l 0,35 L Cas Al anwgs
WS oo lwgs axly Jom diay 4y ool ools

slael jo Jhw bolxe lawgia sles (V) JSK& o
Sl eV jo 65,90 alold 51 Jlew bolss sleo
slos GialiBl 5l oo dS sae iol38l b g 0g oo
£y XL =4 elais ixy Ble 50 4 b bylso
S Sy sae Gl b abie ool 53 o3
Al aale> iy Jlew bolee slos 0y SoSs

> Jbw g o)l S i mhaw sles (A) JS5 s

Cov g bl jo el odd e,y calizee CUSS slael
ScdSy 5o a5 29doe Al (5970 Culie 3L
4 E9pd SieS x[L 3 S e gl sled S
gl 5 gimie (S5 ISy alS b S o
4 B g 4l dnwgi 4ol )0 boe a8 x/L = 4
b loo lug aels il g Jhow ol soe
ly e ol Jloga (3) U5 il po 2RlS S i
Sham Jol e Jsb 9o 50 alisee S slael ik
aseie L Ss ol 5l A jelailes aies o lid (Bile
3l x/L =4 ahaie )0 )0 Zgoje Cdwl vue Slade ol
cde aS cul S il 4 bule cl o ol jlads
G Jbw 5 A 0 Gl Sl e culia @
dg o 0dlive 398 o gy Bale e CewdYl o
e 5 G2alS ol sl a8 IS, ae xS
oS Sl B aSS L aS e o (6t dged <l
doles jo i3y slapy bl cel cdSy sae oy
e ydey dllae 45 098 o0 el ol (l g 00 (55 5]
Jasl a5l g asl ulae ol > il dles S
Sl g gl mes S (o0 alol olul> Ol
o S b Bl CwdVl 4 ol colas
o3ls L &y &y 5 Jlow S e rlans 5l 00,38 Sl
2 kg @iz gbcaws o (2B o)les 4 oul
S oo alaxde a5 jelailes .l 00l uo, (Vo) JSS
JUS 0 gdn (6y9me Colan wall YU slak o
Sl cale cupe Gl by pes cldVl o
50 b e melS Cano¥Wl 4l 4 ol deai iny
P Sgbes abxde oS johailen 55 (63955 Job 4l




ghic dm Ble 5y 0 el Tl censll 4
chs sbes oo Ky e Gl b 5 /L= 4
Rl (6 5eS (SSS by ek Ojpar S i
Ky o Gl b 5 48l dnag 456 50 .l oe

b oo salS [eSde (glos jlug aals

. ! Tint0
L ksf=100
1.2+
o 0
2 [
= o8k
0.4+
0
0 1 2
ksf

ok 6l 1 e b Jlsses (1Y) S

Cwl aeie IS4l aS jshiles aes o lis Galises
Sl 6995 Job 4l jo zgo5e cluli sae jlade
a ol cde oS col oS bl Sl o ol e
boye Jw 5 a0 0 Gilm S0 gosme Zulae
st Ky Cod 4z 4T 040 oo cdalie gl o0
alys gyt ialS asl ol o el lade il

bl

80

5 o S ghaw 5l ew)i8 Sl jl s
e o )5 oyl a4 ead eoly (L 4wy

ol 0 I (\f) k)i““ o Colns  calisro

a0 a5 0gd 0 odnlin 35 allbaswg asl o
3 ks S plags anels a3l ity Ky o
O Sy g 3l oni )38 L cond (il sk

WS oo lwg axly Jam (2 0jlen0 a4 ouls ools L

2.5

~ ksf=50

0.5

" 53 Jlow Lgbe e slos (1) JS2 )9
ative 3w el )0 el oo pa, calizee ko slo
Jl bgloee glos a) i k¢ Cas o a5 ol
ghie dn Ble 5y )0 0sdoe T (655 x/L 40
Ay FS Ky Cad IRl L 5 x/L =4
Al SolS e

0.8
F Tb0 -
y
[ ksf=50 /
6l ksf=100 P
y
o 04~
H L
02
o
| Il Il Il Il Il Il Il

ksf

30 Jbw g 0)ls S s maw les (V) S o
J“‘" L?!.u‘ )o R PR Sp) ksf caliss Lgl.(bw " 5

Syl 398 YL slak Cad jo A Cawl attise




97 Culad iiog YL Cond ;0 a5 04 oo ala>dlo
ghic dm Gle 5y 0 el Tl censll 4
les Jlade /L Cwbbes s 0l38l L 30 x/L = 4
salys iy Sl (55 (S5 b St gl
L aS 0gd o0 odolice b aBliarwg ax>l 0 o)
SaplS o506 led lug dnels oy Cule il

1.8

E, Tint0
oF /L=0.107
wwE o T t/L=0.179

Tint.

I
= I I I
0 1 2 3 4 5 6 7 8 9 10 11 12

UL o 3k 1y e il jloges (VY) JSCo
“e ol Kb aS jghailes s oo ol Glisw slo
oiwles Cond plod )5 zaoje cdul sae jlade s
e o ol e 51 )l 3955 Jsb a0
Lo Gyee Colan 4 ) cle aF el eSSl
S oo odalie 9b oo bgrye Jlow g 4k 50 (51>
oalS b Jlade il iy L Cod 4z a2 aS

sl aalys (i

80
Nu0
t/L=0.036
ok tL=0.107
———————— YL=0.179

t/L

colae 250 Gl t/L 0 0gd oo alaxde a5 jshilen
5 w8l oo sl JUIS yo cewoVb 4 gt 595
sl s gl ) oIS L Siibaeay s
30 a5 0gd g0 oddline i 4Bl dxwgl 4l 0 090 0
S e gehaws o8 L s ot/ Ceed plas
Olwg axly Jo= 2y ojlans 4y oals el Jl

S oo

25

—————————— L=0.072
tL=0.179

Qint./Q

0.5

bl Jhw bgle bawgie gles (10) US55
G el o ol sdd ey iz o t/L ces
loo wl, i L Cad 0 &5 Sl adtine
Gile 50 50 2gbion ST (658 x/L 5l e bgle
VL Cons Gl Lo x/L =4 ghie om
e SRl (Hode (Sl

0.8
r TbO
i : t/L=0.107
[ [ — t/L=0.179
0.6 — ;
o 04
= L
02—
0
E | |

30 Jhw g 0)las S pin v o (VF) S o




Fe¥se Gl calbe oot k

JUS 5 g3e Job : L

Jbw bz o2 (20 M

Jbow g el 51 S idis mhans  0ges 45y S0
o el sae : Nu

e P

PrRe= &lS, sas: Pe

[MCp/k]= Jail sae: Pr

B o)lws 65y 2 Sil> L Q

4 9 Jlow S e w595 2 (ol 5L Qing
[PUpHpin /1] = 95, 00c: Re

Jloms bl Lasgia slos s T

Leo : T

a0y 5 Jlow S i haws gles 1Ty

Jbw bawgie S Uy

(X, y) by o Jhw Copw slaadlse = (U, V)
Em) by ;o Jhw cepw sbadss (U°, V%)
S50 Elattee oS glaailie : (X, Y)

Sl Vs i ca i @

N "

SEzp

- = dsliel Slaise oSws sl adlie s (€M)
Lol

o> ke 1 b

Joms 365 £

dol> 580 s

e @ sy ol Cond o sf

el ol Jlasl 4 by polie: 0

-JUS o zgoie ol Jlal dluse a4 dlas ol jo

o=l el oals ai sy go0e gy S g0 sl
JUES 5 60y gabate 45t 5l oolizsl b (soue anllla
o 5 g poiies o Siwgn Jold oSl S¥olas
oo plonl la sl i aelain yf Slaie pinew
S9d0 x> (g, Sl S¥olxe Jo by Sl
ool yo yled cdlas wes e lid s ol co Juess
Al e i 255 sla U o Led cdl 5l s JUls
345 oS o Ao G g9t (ol Ol Gl
Sy dae Az ym (6399 Jsb 4l 50 5 (oedls Pilawe
9 Jlw 4 iy ()l Cola o S g S b
S JShzge JUB zoe Job a4 dioy Sl S
o Ol 395 g i )l JLEHl ol S el
Jbw Sy sae 4z o Sl Cunl i CwsdL
o bl i L 5 Ky slacus azjn 5 oS

boe f2 (> 63959 sk 4 b o bl

Slalls goase Jm b o alis ol o
oola ‘5‘5)&& ”s) ol.),e(o )_‘;5,) 6[_9] U‘OLQM-—-‘ :'",:
s olial 5l adlie (pdlio by pas Cowload

Loy zae aels: a

b jLed o ohs (ol cud)b: Cp
Jas il f

JUB 50959 4as (2pe : Hinin

JUS Logia o Hy

JUS o s+ Hopay

s gt ile sl 1

1 - Nishimura, T., Ohori, Y. and Kawamura, Y. (1984). "Flow characteristics in a channel with symmetric wavy

wall for steady flow." Journal of Chemical Engineering of Japan, Vol. 17, PP. 466-471.

2 - Wang, G. and Vanka, S. P. (1995). "Convective heat transfer in periodic wavy passages." Int. J. Heat Mass

Transfer, Vol. 38, PP. 3219-3230.




3 - Wang, C. C. and Chen, C. K. (2002). "Forced convection in a wavy-wall channel." Int. J. Heat Mass
Transfer, Vol. 45, PP. 2587-2595.

4 - Faghri, M. and Sparrow, E. M. (1980). "Simultaneous wall and fluid axial conduction in laminar pipe-flow
heat transfer." ASME Journal of Heat Transfer, Vol. 102, PP. 58-63.

5 - Bilir, S. (1997). "Transient conjugated heat transfer in pipes involving two-dimensional wall and axial fluid
conduction." Int. J. Heat Mass Transfer, Vol. 45, PP. 1781-1788.

6 - Shokouhmand, H. and Rostami, J. (2005). "Conjugated heat transfer in periodic wavy channel in fully
developed laminar flow." Second International Exergy, Energy and Environment Symposium, Kos,Greece,
Paper No. IEEES2-208.

7 - Hoffman, K. A. (1989). "Computational fluid dynamics for engineers." Engineering Education System,
Austin, Texas.

8 - Tannehill, J. C., Anderson, D. A. and Pletcher, R. H. (1997). Computational Fluid Mechanics and Heat
Transfer, second ed., Hemisphere Publishing Corporation, Taylor & Francis Group, New York.

9 - Spalding, D. B. (1972). "A novel finite difference formulation for differential expressions involving both first
and second derivatives." Journal of Numerical Methods for Engineering, Vol. 4, PP. 551-559.

10 - Patankar, S. V. and Spalding, D. B. (1972). "A calculation procedure for heat, mass and momentum transfer
in three-dimensional parabolic flows." International Journal of Heat and Mass Transfer, Vol. 15, PP. 1787-

1806.

1 - Compact Heat Exchanger

2 - Conjugated Heat Transfer

3 - Semi-Staggered Grid

4 - Hybrid Differencing Scheme




