[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

[ DOR: 20.1001.1.20089813.1400.8.2.4.0 ]

Journal Of Energy Conversion QEED) (550l ke (parariiz sole oy
Volume: 8, Issue: 2, 2021 VFe e Glawsli o o,las A 0y90

- 3 w | - & hd & . R <, S e
)| oolawl ‘4 L..qb @)b? )Luj Ja,bu @L‘,ql.? .Ia,g)u ) u)b? JLO.».!‘ GO o (ypeo
£ L3
9 )l (b by
T ST ol *T 305 0l hugy Gy
Ol 958 oDl l5T olSitils ¢1y3958 Ay (Sl § golio  pwdige 00l canss (525 (ggmails -)
Ol 958 oDl ol5T olSils ¢ 958 axly (Sl g golio  pwaige oaSiiils oliwl —%Y

‘SAAJW 05; ‘..\.M:)| G.»LM.\)[S _U‘)"‘ ‘u.aj)S ‘GA)LMJ‘ Q‘)T olimalé ‘UJS)E A.>l5 cs_iulia 9 éJL,..o std..hero OAKM.JL) )Ln)llw‘ —\ﬂ

I ERIEA AR SR PRVRL TPF P S Y SRV PR VRS WK T

00 S>

3 b ()l CSESs s cov oI amio (55, y0 ()l —oliD) bylse ol> 4 b o)l J] 028 oy p dlie (pl Baa
it 3 osliiud b 5 osSxe b b dmio gelaws (53, o0t Jlasl ClgiSy 5yl Sl wadlse e > 5 Glse o>
lols 5 Ll el e &yl maz s 6,08 o5l by o] 4B 0y bl dmio ety 5l slaciall slaylss jleding: 5 gode
oy g Sl sl g abgype Slaglesl bl b wigd e (s osll ol Jal culrs ()l wbe ) Jol eSSy )l
)90 9 e oten w2 gy Ol b go byl gl 2 1> &)l JUiT 009050 10 gl 45 aamd ge lid A1 g s, 5 (b,

il 385 Lo o 52

farshad.kowsary@gmail.com :clslse jlsesge *

e GialoT Lo sSias > b bl slrals (oS elals
doddo -

el 2 422 sy 5l ol & 5 ST ol @ e glejen ] 55 o5 | lraly Sl Jlil sl
a0 gs Sl Wl wa e slbals o)l> Jasl sl Ko oyle 4 0gd co sasal byl
S g e pgd (i 4 ABLT dn e sue S 5l Sl Sjle 4 Ggun )l ) dm g Sae Bl e 5 (550!
ks 135 890 alins laaasls Re sae 5 ail, S Gr s yui opl j0 .cwl0 J1107 oogame 10 w25, ol 5o jalsi,
l> a3l 107 51 i sS (ygmylom ; sue azliz 5 conl L Of3T ol L atl 100 51 285 (ygmss o) S0 4zl
Ablyge e 5 Lr) il
e Ol Sl ye 5o (Sl LS og pslae b (lgi oo 1y il on 192 & jglme 10 a5 |y ey mhans (5 2 Lo 98
el o)l Juld) gl 4 b o)l JEST ) cnl 409)s) Cavs 4 o & bagaye (2252 Fiie DYl >
@ @l amio &b 5l gl b jladl, Jsl o)l coll 5l )l 4 oy @l iz ol )0 0065 e balie
Sl (Sl L g s p lal sled 4 i mha (65 Led 45T 0 pdy plnil (555 (Silwane Bosb @ Wb oK Sk
00 Gile wojlazgs gleanl cole il mlio 550s5 sleais; o ol 4 b o) JEsl gleo )5 005

DY-YF: (V) A3V o 65,3l s SilSo gudigo - posSme (o55ly> ook bsy 5 0olil b el 3, L 5 Loglice
Yf



mailto:farshad.kowsary@gmail.com
https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.2.4.0
https://jeed.dezful.iau.ir/article-1-359-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

[ DOR: 20.1001.1.20089813.1400.8.2.4.0 ]

M-YF o A Jlo oY o)lels A 0,98 (JEED) (g5, s dy pus OHlKed g (shuwgs Cyums

Lo stal38l aiile Lelse a5 Slgo cpal o S 201 o JUanl Sig 2501 labad [0 ai o 5,15 (6)l5 S ¢ ozl
slaslg o ol Juml ogb o sob) slaoslitul Sog Sl ple o cuols b 5wl (S (Ul Lalls
oyl J] b adS a5 (S Sy 5 dle,S (glb s 0dliS SIS glag ey sl i dmolSs s
L g EVlwgib b ez 3l el Blsld bslia ol & b &)l Jl o oad sl slo S 05 o bl l> 4 b
S Gl g ol

Lyl lr 4l 5 0ol 93 Sl JUi 25 al3lon Sl Lzl oy Soslone 55 (b iy & b 5
sl 4 Sypm & JUE b il ST gl b e Sl J 81 g el a5 0y slis
Dy aplgze Lo a5 850 g 009u0 dude bglire gl 4 > Ojganl o wled slyl 5 L

5 Wgyee Y 45 Els T claly) aile ansl anslys ligy ob 5 Lisl, oo ylal 5 o1 olr ale ol oS o
oSe il anils il an 51 el g wil anils oI5l e ail Luly b ST Wb o ey Ol 5l Ygasne
L 29>

5 i Loy Ul o aSiyl 4 aes o5 b g )lrl plaS 1a &yl JU! 5 alyd oo 45 olx b 0yl ins 3, (sl
i ezl b ol £ai g0 cpl 3 A0S ol @ b 4Kt e ablise e LS U] o] Conl Lises 4 Loy
Bl Gl al o uSal g 0903 Bl b 2ol 1) 2l 4 b g5 T Wb w5l &l JEl sguge jo (Sjlosk

Ly odaisS S5 5 ol 4 b &yl JEDl o il elnil aliee (g3, 45 (glod S iy pr 5 Sox
s e e yms |y cglops olr 4 b il gloo IS aodE b riads ol 45 el ot &yl [V]1p09,50!
b oyl JES L s a5 S [Y] bl lej 5 e 4 b oyl JU gy, Lo 5 oy25 slo,lS (ol
Wloo 50 pilej 5 Gl las g Salosl 0,505, o (uSae Sl (Hlib j0 0 5 2l ogad (Bime | (ab olx
SIS g0 (et Bas 4y lits i ) LS 3550 Slape (usSae g patde 1) (b Bus a5l 590 allate 5 Joxe
GS1s b (il g S jpam s o amio g5 byl alr 4 lr Olr S (e o [V0Len 5 5 s
bl aiile gabie sla el Jols (o) nl 45 0285 plonll [F] a0 5 g policd (5)lsmz]) Lawgs a5 plars
P S oo @lKen g n 5 D)l axye (e 59, p2 E5 @bt STy Slil (SIS sas (pnbline
5 o9 Sl BT sae vezg Djso 05 2l w b pohe 50 Ll oy 0 a5 Gl RS ey SO
alol [£] ) 5am 5 ,0lSSlE 5 [0] olSlS |, aiil o cdile ol g ate el 51 oS 5 Sl Lol 4 ouds 2ol
aibigm el S8 e SIS 45 s Sy S5 e ol @ b Sl JES 5 S 3 Sy 0 i
JUl oo e Glp (Saen jloslinl L 1) (g yin gove Oldlas puzmen aisls ploollSan g wugus cpslo
Vasl 0 5329, sy 090 Sladl )0 (o 53 oz L ocd S ol [V] () Ken 5 w0 bawg olr 4 > o)l >
5 plal 3o S solanwl Energy Plus olusls gjlwacs A3l Suwn 0 [A] )Ken 5 (w)low g [A]Cs ke 5
Trnsys (s5w) p,8 ods 5l ool (gilwans plesle jo A3 Swwa 5l [W] ) Kee 5 5565 5 [V ]S
oy S0 Y] o5es 5 B gnsls bl Lbwle o)l JEDl 0 leels 3o (VY] ol ool is,S eolicul
5 o o (gt i b U5 i JUS 5y et 3 VU 5 g 5t 1, gl ol &) Jlisl 0
e oy 5 Linles] S 5w [VF] o San 5 il Sle in,S s S eilail |y > JU e 5 wiols plxil o]
Sl Sl 8 S5 i (1 JUS 5, 55 Job ©yg0 0 o alboy 53, 5 sl slnle Sl JUi
S5 B ey 9 A 5 pSojlal 4z FO sesly b hlo 5 B slaoy (55, JU! &)l aials plaxil 1) (5 S el
5 SOTEL ol 31 b solis] o o5 samivor 5o (53, pyz JEDl 5 bl bylbie &)l Jlsl g5, (3l &)l,>
ool 5 3l bl 31 &> s Slalllae 45 bgspe o [V0-1Y] Slasl Lululs 4l o5 ws,S 1,1 Dufour
aip ol ol )y oy (galold a8 wid 5 4z 5 0o S (o2 Lo )5 Jtil g9, 2 | ooy alols 5 glas | I 3I[VA]
O b S Gl mie S gy 5o gd QB dadin Gl 4 b g el ble olmle o)l Ul o

Yo


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.2.4.0
https://jeed.dezful.iau.ir/article-1-359-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

[ DOR: 20.1001.1.20089813.1400.8.2.4.0 ]

el G s bglie plowle Lulid o &)l JS oy easS

Moz S5 0T Al ey 5 oS Lawgs a5 byl lbule ols Jasl Lyl s cos [VA] 8 g5lse olio
terb olul Ol JELl Ko cwyp j0 9 i85 18 aalllas 550 (g00e g (025 Heb 4 (J)l Slite ae
[Y\] Q‘)Limﬁ 2L [Y] <99 plnl Se bwgs gogee sla U I3l )0 ouds sl c_é)‘)’ @JL‘ 51 bglseey (55l
s B lax S, mbe b zgoye &yl JESl o)o8 Gabiod SO 0 Guizrey 2ol plil | lsmg ST L [YY] (slussy
Sl we 3 bl )bzl by Lulys co [YY] Slge bawgs lo (881 JUS S0 Ulo) s S (59, 2 00
W8S B ey 9550 31 0l St g STl yz @t ] i jalas

3ol oo 992 g0 a5 (5 leiion Dlallae g Lol ol 4 b (gile a2l 5 o)l wST dlis pl Sl
Lo ,S Jis! Sanl g Los S ey adlyy oyl ool 55688 SIS 51 sha ol Jlil ole Jlsio g 42538 slo Lo
(039 9 > ol Lad (g alins Lol aiziwn Sl> b (o gilwacs glail 5 50,5 Jaw gl Sledbl (5l og
JET 38l slaghg, b a3 )l sladane el pasids oo Sy o b Ol JU oll clen Ban
Wgdao a3l a5 Llug 0938l9, HleSzeS 4 axg b aiias ks 059 pal a5 (S 2SN sl e by 5 &)l >
Olbeiz Sz sS Sl l e b il (058w Sle (hlug (ol Wb (el a3 le 0)053,50 ulide jo b
ey sl Glz 69 Sa 5 Silwaite (S A 5 O w0 LS 51655 Gl 4 ks Jes Gl il jade
el (9509 S Lo

ool azgi 3550 Sl gl elul pr age oS S eimes g ple lsie (b gy Al (S
Sk s 65 p laeais Gle 4 L o)l Jisl JBs L plb)lisle G plopls dlie cnl jo izen
S oslinad b o ) o g bl gbmle bulos o &)l JUl cuyd eoss a5 bl 5ol e bl
ool 5 @bl o pdyee el sl b sl 5 el oads planil (5255 000 5 plowil slo )5 5 Lo usSiae (>l
Cbgle ol 4 b ol Jlisl ol [l cos Ol JU cupd e 5o 48,5 alol wligle)l 5 lles plo
& G 05> €8 50 275 (e il Wi e 0050 Allie Slaal GusSas )l (b g e Gtalesl (b
Dobos oz g by

Silwding 9 gSae (b ) Y

21 Plb Bas cul (S 5 sl gy ooy a5 355 s ol a5 93T 0,80, 5l esSas (lzalr (b 5o
Sl JEl o po 650l Caled 50 g Sull ()l Sl A sy (g 2l 50 esSme (b pspie IS o
Db (Sl gl jlead adgi (6518 aman cuiy laisl, JSl b5l ol (6518 eolius] axio 59, 0 oz al>
Mg b amio Sty 50 saaie lagialejl pll gl soliva] (3l amino (59, p ol b (50 9] Cavy &5 Sl |
|y @l JUD s s 5 Syg] ety |y ol (sla s glts (g3lodinge b 13 cablice mlo)S qolin Loy Lo)S
wlior p) gt 4 Slasle 5 Oldes plowl oy o0 (eSS

piane dllae Jo> -1-¥

5 S bulrd g (ot slapitie (RIS b 0byz Gliee J> sl 2l e 1o s Jo 4 Ceand ol o
Slryss; gyl 5l ool b1y anaSds ilunny 2 b g 05800 48T (5551 5 sl (S S¥oles el IS
s 5 slrosliinl (gw) g ad g planl Goged Jo (Ll g 35800 o Ll SYolee 5 dalone VL Sl
255 (o0 ol

\itd


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.2.4.0
https://jeed.dezful.iau.ir/article-1-359-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

[ DOR: 20.1001.1.20089813.1400.8.2.4.0 ]

M-YF o A Jlo oY o)lels A 0,98 (JEED) (g5, s dy pus OHlKed g (shuwgs Cyums

wiane 3l > e dwain -¥-Y
LB"LC d).'aw)|9oél...ma| 1m X02m><005m bLu‘:buT 3 J) LS')"U 6[.&0,“[.0)] r:l?u‘u.’}u:\.:.ma.o 0)9.04.7&&0
soM)Mdabb;so u...AL é—"‘"}""’ L_SLmu...o.” )L..u )lc\Sw‘)W)o u)‘)} Ml)LSA OJLC 09 U] d).lo &5

Dgd (b jlade L*-*r"-’ YL 5l b 5l s u—*—*’b Al jo (293 Gl e aS 05h cead (Sl il (6 5k Wb

2>
<+
<
. Uq; 4_
~—
d -«— LN |
% >
« s
il [ S amin
‘_
<+ ___’_'&Lc
<_
<—
v
&l

Mixed Convection

ég'l.c 9 AN Ls ooL’L...i‘ Lsdm—\ Ji.::

s 1 oS> SYolas -Y

oni 3 (ol 5l J ) 93mi 5 Bp b5 (5m 59 5 Sl Sl 5 Wt il Sl s 0l oS 3
raﬁ-kgLﬁ.ngoLu—qu

o(pu. ou ov
) 5 M, _,

OX; ox oy

wu ) (o o
Alox " oy Ty Hloxz oy

L M
a(louiuj): i op
oX; ox Yy

M)

Sge > ,d pyiee sl dole — o

0 —
"'_(Tij - puiuj)
X;
5l dolae — 2

olpcpuil) o 4T —
————=—(A——pCpu'T) +pd )
OXj axi( OXj pepU'T) +1

Sges Sy o b

oT oT) o°T o7 ouj oui 2 ..ouk

2T =2 it 4 b
ox° oy oxi oxj 3 Toxk

Dgd o iy yad 5 adal) bawgi oS Canl 15 lie Heusl Ty oS 5,5k

Yy


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.2.4.0
https://jeed.dezful.iau.ir/article-1-359-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

[ DOR: 20.1001.1.20089813.1400.8.2.4.0 ]

el G s bglie plowle Lulid o &)l JS oy easS

Sy i 4 POPUT 5 PULY slocyle adbie Sl )l i Xh g 535y sl e g o5

Wigd Jae Shgdae by 5 calie jeka Wb &l g0 (pl bl o hgdae ol S sla,ll g j00si, sla i

o oy, il -1

sl 8l Ol wal wiloo s il 4 &5 Jlws 0Lz mtee sl el (2810 (Sl rpmiiges 0028 Sl 4 az g b
=yl O¥olas )lgh cod oduzn ladwain ¢ YU glajalen, slael jo el wijls dee 0,5 a5 wasl glao)l > >
@ haiie Gl Sllug a5 (gysb & S gl = gl S¥olae o sl 0,5 Jo S5 jsbas [ ol 4 atly (oSsn
3,05 3929 (B 99 (IS Heba Wgdd 3)lg SYslee )3 pritns &30

(Ol S oSl sy (Sl B, -

Vot sloslinnl b )5 slagssl g3lwaned (o9, =Y

L1, T ool p5¥ a5 igd o ol oS> S¥olan 4o copir 5 BLo] iS5 b i Vi (33, 5,90 39y 5o

'rv-:’.)ji Cawd &y 09> g0 GLBJJA 9 L‘”ui’ﬁ) )| oolau

S0 kil V=Y
98 (6 yia o 9 38 azio o)lppd JLad (29,5 9 S e (6399 550 Ll 2D

it JS (sl 0 3 0 Jlae! (5550 Jaly - gz

99535 &ls2 T lad S8 amao axio YL slse
Mass Flow Inlet Pressure flow outlet wall air
2.5 m/s atm Plate symmetry

YAAOK (slas 5 yiuss] JLtd o K25 (lon Y- Jgor

p Co K v
kg/m3 /kgK® w/m.k kg/m.s
1.1774 1.0057 0.02674 1.983

5l el Ole @Sl S¥0las w0 O yge Y0 0dl Gy sl s Sl eolaiul b

L swgey Ay ey dlolas -l
o oV
—+—=0 ®)
oX oY

‘5&9‘ Lgl.u.u‘) B) f’?‘““‘“"" S 9y dJoleo )

U—+V —=-—"+— —+—
OX oY oX ReloX® oY

ou . ou  op 1(azu azu]
*)

- LANS
2 LES

YA


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.2.4.0
https://jeed.dezful.iau.ir/article-1-359-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

[ DOR: 20.1001.1.20089813.1400.8.2.4.0 ]

M-YF o A Jlo oY o)lels A 0,98 (JEED) (g5, s dy pus OHlKed g (shuwgs Cyums

Sog90c sLwly )0 pyiion day gy dlobee 2

—+4+V —= +—
oX oY F? Re

2 2
N v _ 1 1(av 6V]+6_p "

+
oX? oY?) oy

1ol ol b oKen Jlws o 50l s0m 58 2l (sl (651 Aolee o
00 00 1 (aze azej

U—+V —= -+t —— 9]
oX oY Re.Priox® oY
Hlasle b ools (las YV = ¥ Joaz 10 a8 aw eas SYolre o gl (650 Ll il

amio 53, 3l 98 Ol (95 o -l

0-y V-y  U-. @
99,9 &l ;o -0
V-=- U-=- )

=95 Obyx ghie -z

0"'=0 —=0 1Y
v am

Gy 4 JoSas -)-F
Sob iz 4 1) ol e jsbiie (nay el oote E9090 g0 Sile At )3 Ol Gl unaSel S
a arg bomleie ganasd Yaudl plojle 5 wieylsle jsa 1) alaSsl al 51y 5 03508 e latis
03 5 Slaie gt 3 WBloe (puie Wl iy &5 (Alb Glopiie &5 Sl g (sileange jl alies 1SS
i sloyiahl sii L) sla ol olani L ot ()b sl ) a5 .0l aaslys aline SlS Glas (g S5k
Ban domao (59, Johw olaws Sl (pl jo o ools Jioles-Y S 0 a5 plo cdl G jo g Gl (guuasill o
Sl 55 gl 4y g 3,1 515 Jolwo VYO S 50 9 Joho Y09 8- i 5 4 o0 (b loee (208 9 gk 5o 9 3,18 0929

el 45y (o ) o Jolos

St 5 Jor Szl -Y-F
o3l nlple el aSed Sl Jo Pl 0257 )18 (o) 2 9590 b 300 Glaiagl pled ;o a5 (69)l9e 5l (S
w85 0 Jo slp Canlior a0l W wog wles Jge ojlsen Jo mls p goue U jshaie a4y bl asin
iz polie slp o0 Jor gl 5 a5t o3Il (gl ke (paiz asllle b Vgens 4ot I o il gy 398
o b ol g 40 pinm 0 obml il o 1) Sl s wuls a4 Sl olaw Sl g eald cy S ol
re Slp mls ST AT 058 e alixde o5 (g shailen majlo oo aSD Gl PG (wyp 4 ASGL 0 85 L

L. structured

Y4


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.2.4.0
https://jeed.dezful.iau.ir/article-1-359-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 |

[ DOR: 20.1001.1.20089813.1400.8.2.4.0 ]

el G s bglie plowle Lulid o &)l JS oy easS

b a5t 5| Slowlone dolsl sl ool Al a2l jlaw koo AYOF+ 5 FAFFF glacSis o bawgio o), JUis

sl 0 48,5 0543 ks FAFFF ol

Jouz 4Gl 5l b il (g p ¥

Jslw olows bogie &l JUl oy glas we )0 bogie ol JUsl oo o
15240 - 10.95
25310 3.19 11.3
42860 2.83 11.62
69444 1.72 11.82
92560 0.008 11.821

YU 4 02l 51 5518 oolinsl amino (9, Io by -V S5
opposing

ool (5318 amio (Sluwlos 4l iy ste -0 S

Slal 4y (5518 ammio JSO gaupaSn Y S5

1mx0.2mx0.005m
” o
J
T ‘=

q4

q2

sz L3 kqsu KLi K

h{
ql

oobian] (5316 i (59, bocaall )il ogos Silad -F JS&
Yo ol 5llea b ol

Inlet


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.2.4.0
https://jeed.dezful.iau.ir/article-1-359-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 |

[ DOR: 20.1001.1.20089813.1400.8.2.4.0 ]

M-YF o A Jlo oY o)lels A 0,98 (JEED) (g5, s dy pus OHlKed g (shuwgs Cyums

[W/mz.c‘)]h(y) Sl Joges A JSE g RE a4 NU &l i Jloges ¥ S 5 (M/S) s p ,556l8 &l s & S
Qe e yLis |, experimental « numerical awslis g Re(X) a4 NU(X) @l s jloges @ JSs 3 Y(M)

70 T T T T T
67+ /
vy
a"Mh
64} 4
2
61
581 / 31001
3 233011
| , 776002
Ba 38 38 4 42 44 46 48 5 52 54 i
Re (x) x10
Re=1.72x105 Re(X) a NU(X) il s Jloges -V J5b 638 amivo (59, (M/S) e yus HgilS” &l i -F JSB
Nu=122.54 4 Pr=0.71 4
80 30 T T
70F
25
60r Numerical solution
20+
501 5
- E
< 40 215}
=z Exprimental 5
30t e = 10
20r
5_
101
0 0 1 1 1 1
5 1 2 3 o) 5 5 7 3 0 02 04 06 08 1
Re () <10t y(m)
Re (X) 4 NU (X) &l yuss jloges -4 2 Re=1.72x10° L y(M) & h(Y) &l Jlogas -A S
Exprimental 4 Numerical solution a.,lie Nu=122.54 4 Pr=0.71

Nu=122.54 Pr=0.71 4 Re=1. 72x10° \,

alss Lo -0
bawgs a5 Sl osliws] G318 amio 55, Ol JUSH oo eSS wBloe aie dlis Gl jo o5 jshiles
S Bk 4y o3 mhes s AIMMEr joss 51 jsue 5l amr s G2 y9e 3l Jol ool Bile )l lacall glo s
Ay (s Sy 1S5 il oD (o S5 5 ke o) e (ge el 45T (g S o3lil il oy oo (5318 Ao
J 355 s ool sSian b oy 4 o el () 3 e s ool 1, oY (slos Soglal e 5 oS Jolei
s i 3 asily JE! lacs, > 5l ol sl glos (6,83l 5 dumls by 05> cslaciiall LRl g amio oty
Cawd a1y oSy 5 ol Lo, slayls o 5 oy TSteady L Jlasl slos a4 a5 (g 9k Uas g aw b ooliws]
ol 5o 0k S bl gy e il glales ln 1) h oyl Jast calye (T8To0 )s Q00,51 oy 51 oy 5] o0
cRe s e slael wlgs co o] 5l dms o2 ,5] OPPOSING Callee g o alals iy 4o Cpwiren ¢ ASSISEING Cap> ,o
a5 sael s (gl dae aSST 4y az g5 b e20,9] Cawds 1y by 95 0uilgi o0 45l 50 o y9] Cwas Ra 5 Ri G

Aal


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.2.4.0
https://jeed.dezful.iau.ir/article-1-359-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

[ DOR: 20.1001.1.20089813.1400.8.2.4.0 ]

el G s bglie plowle Lulid o &)l JS oy easS

MLA_.LSQ oo 5 |y a0 6“%5"“" 0w

odbu] dmdio (59, weSae > @‘#M&hﬂ—\—é
30 590,5 0,5 0als mle 5 )l mle 4 fais &b Sl lase slos (o sl Vg amin bl oyl jo
@ (Y-V) UKo L5 0500 axio 0 oSl &)l > Jlail dolee o) co <ol jLi 4y g0V g8 amian 31 LS Jlasl b Ko )b

olag

2
o°T 10T
Zz - \Y
6y2 o ot o

oT oT
-k—| =0and T\t=o =T, s —k*‘y:E =q

y=0 %

ol OMM L Jolso a5 ammin Cunlies E g adgl slos T (YY-Y) alal) jo 00d 0 48,5 lai 1o

o°X _1aX X
ayz o ot oy

X

y=0 =0 E ,X|t:0 =0 Y

1 Xp <X<Xpu1
y=E |0 otherwise

2l Joe -Y-0

ol Gyl eler 2,8 Ll ool sols lis Les S CuxBgn 5 (550 il canais 5l Soled VYUK o
5l el O)le dliis g (oS> &l Jlal sadoles
o°T 0T loT

— et =—— 0%
o2 oy’ aot

ol OF alasl)) 155 (65 m 5 adgl oyl b ol o dlolen ol el u;.’.)‘)"’ Ot oo @ yall ol s a8
oT . oT ot qt) oT
TOY)=Te  —l=—hu=e =77 |l 00)

0 oz oy k oy

Sl il o K g LIXL2 sl b 58Y58 amio oV oo & Jlos Laq" 05 oo sanlie JK5 0 a8l

Sl S (b -Y-0
) Jaé axin (59, ‘5'{)‘)} SLs agey oS ailoads s (5 9k (6318 Ao Cuin ol ‘5'»')‘)} ol leas
o 434 (il ) on 5 oy oS U g bl oy S U (g ol ol

10
E(0y - 0ys) = X (Qi—q" D)’ 0%
i=1

P9y basie b b aneS el bige (b )l )L b Bua S)l> )l "D 5 Jusd hw Jyus bl o 5l
el 4y plomil by K> 05 4 b e 0 (58,5 oS L g o1 (semia o o5

Y


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.2.4.0
https://jeed.dezful.iau.ir/article-1-359-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

[ DOR: 20.1001.1.20089813.1400.8.2.4.0 ]

M-YF o A Jlo oY o)lels A 0,98 (JEED) (g5, s dy pus OHlKed g (shuwgs Cyums

Col Glaudgomme 4 ax g5 b Sliagss 5 (Bl OMSCe b (Suas] ol pae pdas Plae 51 atws o 51 iolesl oy
JL‘L..)‘ w)..a 00)51 wd.v )15 u.!‘ )‘ dd.m 05.“(5@ ﬁl.?u‘ 6)15 C_Ia...u 3y Lo.) LS)"’?")L‘\"‘ um ‘5.;_...0 J.Jo 4 45

=25 Salost#
4y 03binl (538 s alo3l 9,50 maz 09850 (b Glalojl ol ez )0 5Sae ylm (Ab il e sl
3 ez L5 a5 coVsh camio (g3, balos 55 so p)F (Seel s Coiall O Lawsgs a5 e o Vo e e xY e exd ol

i b sl (Sl slaccdl 5l ol Syl (pee j0 a5 Bk S5l (638 Ao aisd oo Cud Sl ol )l
33,5 Sl b 38 amio ;00 Bkl gy LS g oS e Bale S

otolesl 5590 p3lg) 9 Slsups g oK -\-F

el iy 3l it pea e (s (sl €XPAUSE TN 51 ialesT 0505 )Ll sln oz 5 SAR9%R Cnl o
sl 51 ol s pSeial lpe (Seolyw cadl 5l es el gl ¢ dIMMEr s 51 108 G 5l alise slagldy
S 5ol sl rizmen 5 lalee a2 5l Iga by (95 S 1eSs sl g 08 5l e Ol o9ed oLl Slp (NS
130,85 oo oolaiwl y 3 Olaxin b 6,5 mawles 1 &l a0

(oS o ol -

Gilsun ,l>s sl L DT266 Joo DIGITAL CLAMP METER o) Gglite g puinans g &g g yio yual
w Insulation Tester Unita- -« L 4

: Exhaust Fan 5 -Y

RPM. Y¥« L o3l8 amin g9, o 090 5, Ll sl ET100-212 TYPE 2 4 khazar Fan o

sl by ool Y

DT 700D Joo Gilsun s,xs 6L L Digital Multimert

GMOS50 Jow (5,5 s oo -F

hgels 355 joba asli Yo los 50 5 s oo pLad |y oo a3 590 ahaii (55, (5 S ailis b a5 BENTECH 4l L
D9 s

Pl (slabes (318 aSil -0

38 ookl s (53 2 08 31 (o755 Slsp Ol (3se CHIESs (sl 20MX2CM Ladetr L

Digital Anemometer Jjlos 0-30M/s ziw Ce s —F

0olis! (638 amin (53, 9o e 03lal s 51, Benetech g lxs o6 L GMB16A Jow

: Electro Dimmer a0 ,x531-V

Bsm1-63. ; MB Electronic Joo Solegs! 5,55bane 555 Juog g adad o dS'L 5,15 kw 220V edison b L

Y


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.2.4.0
https://jeed.dezful.iau.ir/article-1-359-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 |

[ DOR: 20.1001.1.20089813.1400.8.2.4.0 ]

el ) L s bglie bl Luld s ol J] oy pess

S samie (59 (Sealp caalHNY SO S Sede domivo s sdpmny (Sl il -V ¢ IS8

S8 ooliy] dmans 1Y S SySojluil psled VY Ll

PSR
S s s L L gl ol Sl JES b ead e b o 53 Sl el 45 ]
ol (F5x 5 sl axio 59, 2 Ol (al Gl E9dge Cuenl oo G390 (3B Axio o (59, 2 osSe
S o demslons dloz jlteems J13 oy 3)50 1) GliSe 850 b Bl ESISG LajE (295 )L &S ek 4 o)l

¥F


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.2.4.0
https://jeed.dezful.iau.ir/article-1-359-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

[ DOR: 20.1001.1.20089813.1400.8.2.4.0 ]

M-YF o A Jlo oY o)lels A 0,98 (JEED) (g5, s dy pus OHlKed g (shuwgs Cyums

5 S amio b uled )3 p3¥ &l (el g5 a5 (Ayb 4 bz g ko a5 sulen; Sue o) g e sl oo
38,5 sy ilitee slo by, b amio Koo B b o el L o Sk wmin ] Jlas!

shoslital g wibioe S)l> 5 bS5l 4 S 5l has Gk 5l e ol e, 5 S
A TSN P 1€ DY YRR S I FCRIVERICK RESARE A5 DEUICN
oolaiwl b baws g pesd ol il so 4> slacaadl 059, (ol jo a5 a0 ploul |, bows cpl wlgn a5 blug 5l ool
L8 amao B SO 51wl a5 059, ol 5o ekl 0550 Caadl p3Y £ s alil g0 el BB L]l glgil )
slocaall 5l g o sslite par il 2g 4 (soges amio Koo Bib )0 Coli JLE sl o5 o5sy Glyie g llas Lyl
Sl Ol ses wbloo s 5 990oe a5 £90 5l onal dgzg 4y ol > JE sz (Jg 9ged ooliul (gladyg b 5 (slamio
o3 3 syt 5 BehS Ol )3 I Sjgm o Dyl a0 (28, YL L 4 (97 il o2 4 |, W it ol oy

55 yslise ey biadl 51Ky o gly el yie o Yo a5 o1 i a4 azg b1, 5y el ol
Hlas,le

55,5 o S Le WE(VAI R Jgo 3 5 o1 olgs g olo lis |y 08l 8.3 2o ol b sads (5 S0l pal

el o )3 s el 100cM*20em=2000CmM? sl 45 coell amis (g1, 5831W=(220%)/8.3

g:= [(18.30%x20)/2000]x5831=1067w
A1
ql=1067 1w  2=1103.3w  (3=1118.38w  (4=1212.80w  (5=1324.8w

Slge Cewds Qg 5 Op polie 3 Jseyd 5l g

0= A 1 (A o)

el casas "g" Y

q"1=1113.21 kw.m to up q",=1108.32 kw.m? to down
5 5

q =>.(a/Ai) / > (Ai)
i=1 i=1

el Job cpumss
nsl oo s Fojlod Jgo 7o cilisee sla )l b oo bl o gliie slayls &l > ol o Jleel L

Dged Sy amio ;o )L @y - Fooslad Jouxr

T-point y-point q"-point points

612 0.05 6762 0
621 0.15 2772 1
833 0.25 4862 2
804 0.35 3000 3
992 0.45 4836 4
943 0.55 3085 5
1117 0.65 4783 6
1049 0.75 3032 7
1194 0.85 4396 8
1035 0.95 1810 9

o


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.2.4.0
https://jeed.dezful.iau.ir/article-1-359-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

[ DOR: 20.1001.1.20089813.1400.8.2.4.0 ]

el Lo bgle sbale Lulis 5 &l Ji] cu s cess

8000 q" (W/m?)
7000
6000
5000
4000
3000
2000
1000

0 5 10 15 20
cm e J_gla

Lzl ,o L w95 -V F S

5l oo Cewds lee ;0 o L jeme 1) LT alols g eols ablas L sovie b g 0dged puw i 1, Foo e Lo a8l s
Azl 50 g gb o0 YYIAA o Job 5 ools aslol ol o golu) e+ aS o508 aman gLyl B 1) ooty ankad aSy!) oy
153,5 (so ) Tt el Jsbo

Aol Jsb

L1=18.30cm L2=18.99cm L3=19.18cm L4=20.81cm L5=22.72cm

2z 50 0l (Jetho e 5l uile ol lp & s (Sl )l lacidl 4 ) B9 (3 aio la]
s S5 o] Jlail b pled oo Jate wibi oo Jgi 9 5B 29> slilo &5 Sl codl 4y 638 mhaw g0 a4 alold
ol awgs oo adg (Lo g &)l 00,5 o Jog ail oo mubas BB o] 55 a8 51 G by Siegensly L dimmer
Ri8BQ sl e 8/3Q Liles] 5 Usb ol ol s yeFo)ail b By sz 0 Sl g 45 55,

9

W=—=VI QL))

w.b‘ « o w.&:‘ )l oolauwl L> o)lgso éj’“’k.’;‘ 6).50)‘.\.:‘ JJL‘B p.%‘ 9 Mo‘sﬁrﬂ-’.’ )...Aij».: La ‘) )L»J5 4\.1>).o Q.w‘ 9
Ble by g5l amio 150 Culbs Syl Sl 5l 6,55l gl 00,5 0 s pSojlal BB [Ls g 00,5l Caws 4 |y sy
Ao S50 B,k jo asl Jil Ls oS Sl b e oS oo ojlil ) oals adgr (Lo (g S oslil 5l als ey 30 g euiliigy oo
b oo yeS (o0 o3l 5 1) asao ol &l a0 o lie 51 S5 jo 50 iy 6 L»..:).QJ Sade s TS sl oyl a0 b
:%T@mqﬁjcﬁqa)lykjuﬂ%y‘)y} el L h @l g ol a s o)l > Sl gaoge 4 axgs
YLyl len (b~

1202/98 1194 1119
_ 1202798 _ hx, = =324 hx, = ~2.96
M= e g o4 27 393-25 7 402-25
. - 1100 o i =087 _56  (3.42+3.24+2.96+2.82+2.6)/5=3.008
Y 412-25 435-25

Wb YL Bk 4 ol Byl lge by ST
1152 1100 1098.1

X = =327 X, = =2.99 hx, = =291
377-25 393-25 402-25

x, =076 ;g7 h = 09676 5 54 (3.27+2.99+2.91+2.87+2.54)/5=2.92
412-25 435-25

T2


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.2.4.0
https://jeed.dezful.iau.ir/article-1-359-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

[ DOR: 20.1001.1.20089813.1400.8.2.4.0 ]

M-YF o A Jlo oY o)lels A 0,98 (JEED) (g5, s dy pus OHlKed g (shuwgs Cyums

5l ol ol o
CpVL  1.225x25x1

7810 =1.72x10°(5%10° (1)
o (O X

Re

aile ol ol 1

0
Gr _ 243x10" 0,811 ")

(Re)®>  (1.72x10%°)2

o d)l-:‘-?‘ UL’)’ o..\.;.(onLi;.i
Pr=0.71 Gd amans glp Jaum 5l 1A TDo =273+25=298 1.255-= lga 6|l§:> 159 sl Jge,8 y0 aS

1ol ol R ygmos o ) 00 sael s s s Lulsl
Gr

Ri=—— =
(Re)’

0.81 V)

Gkl bl saiauiles Ri<10Maxlis g ol,T Sl RIS10T axslis quilo oo sl byl olul> saiaailis
il oo bglre ool oaaailis 0.81 Laulejl ol jo Jg ool

(4-6) 5 (4-5) sl s o 5 Al sla,lsges Numerical solution X/L 4 h(X) s Nu(x) s Re(X) o, mbls-Y
Lol (633 polie 1 e sdel Cuwdy o225 polde &ly yo

aslol Sley B oylo 1,y ol 5 il ax 0 700 B YL (slood Jozs aS Csl S oty ale e (59, 00 oolaul gle -V
Frdseen I8 & o5 il 42,3400 YL s pice]) ook oloj 4l a5 s TS il slos &0 oS oepd e
A 650l Seal s slaciadl 4y g o ilakad | Sy

27 S pSo3Il ol =¥

Nu =332xRe®® pr’® =0.332x (1.72x10°)*'® x(0.71%) = 0.332x(414.22)x(0.892) =12254 (V)
28,5 1,8 solaiwl 050 0y polie RE(X) 4 NU(X) jloges jo a8

&S ai A

Al oo plaB! LS slaJuad jo aly plxil (lo o)y 5 Dladllas (65, Cony 4y Cond ol 5o

9y ekl b ol (51> 5Le g bgldee plmle &)l JU o o (s 9 Bdiod oS Al (o) Ll S )0
alis sl (S5 b 4o a5 (lgyls onbin] amio 55, 1y Lo bl (g Soslail o adlse esSae Sl b
4 wdlios (295 mew 90 S plS e 5 Wwo S e p3Y Sleloe b oS axlad iy I JSae glacaall (5l >
Gr Jail 4 ez L) becll clidad 51 S5 5o 5l Jols slales ol (503wl by, cnl )0 805 o Jog 52
b azho 4 o0 ayi sloyS g axdly bl beecall & Wil (5,5 5 Jos sted G & ol o S a5 yous 5l (295
az o ool Sl 51 Sy o ST blie (65 gimslos b (318 amiio (g5, sy g0 dmivo ;S50 Byl 4y 5 asdly Jlas|
Saz 5o 5 8SSISINGl, 5yl slon b Cazed b 4 5 YU Sz 90 0 Slabo 4 5 ol s e g pSejlail &)l >
Sl ay UKo gy Jeil (5318 a5l Sl ygee L g 09300 )l (8 ) a8 UKo wuile OPPOSING 1 (5 L (slse il
los b ol oo aalsl LT B8 ol Las (ial33l b ogd o (6 S 03Il 08,5 oo e lgiSs b > el a5 25mmx25mm
st i Temperature steady - TS a2l Lo, &l a0 a5 codl ashid gy o 5l (>g,5 axiw

v


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.2.4.0
https://jeed.dezful.iau.ir/article-1-359-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

[ DOR: 20.1001.1.20089813.1400.8.2.4.0 ]

el G s bglie plowle Lulid o &)l JS oy easS

et Jge,8 3l oolatwl b L oy aalgs soe O pwSals YU a4 ol Sz o 50 sl (5,505l TS sae sl el
59 5% 5 Oyl Jlail oo iy Bib se j0 m sl sy 1) ailge Lo BT (55, 5 a8 S ojlil Jlamil o
Syt Hloges 51 o yle a5 oyl Cawis 1) 0¥ (slajloges il co b Sinas el Dl JE o pd 00 g
Re(x) 4 Nu(x), Numerial, experimental «l, 5 loges 9 Re(X) 4 NU(X) ¢ Y(M) « h(y) o) ,> Jlasl co o
- o0 JguB 0,590 00900 ;0 LSl polie a5 el oy0 PP g Ri 5 Gr g Re v g0 slael ol cawas b aslol o oisb oo
el bglre Sluls b, samslis Ri sae lais logas aeil,

145 390 g0 038l § S5 )15 oy g axlllan 3590 Dyl JUDH 2 55T slayiell i oy o2 5

b oo o8l 0 cdol sae juleus sae iolidl L -

20,5 g0 Syl JESl g po ol rge (38 axio (59, alols il -V

Sialej] dgame 10 Ll polie alols 2ul38l b Sleslxe 5 0,25 ialesl plol jo Re(X) 4 NU(X) awolis o -Y
5yl ligean Ly i

5 90,5 o Jol> colezgl cel by ey 2al381 L aS 00,5 o sasline gooe Jlos g l&iole;l mls jo -F
s el Sy ol

Cp specific heat (j kgt k™) ebeS ed b

Gravity Ju ol
4

Grashovf number (= %) @il 8 sae

\%
Thermal conductivity (wmk™)

Sl olae oyl

Nc(curve Nusse It (Number) edul soe
Ns surface Nusse It (Number) b cdul sae
Nu local Nusse It (Number) EEPRCH RN
P pressure (MPa) (JSubKo) jlas
Pr Prantle number (a_m) sl soe

Vm
uniform heat flux(wm~2)q"

Re Reynolds number (:%)

eSlese Sl

" gh, oue

Ri Richardson number Gr . L,
@ Ogwo,m, oas
T Temperature (°C) Oyl ax e
V velocity(m/s? ) S s
p density (kgm? ) Al
q" L
Plate amio
Wall )‘5:’))
Sensor s
Heat transfer Q
("K)T temperature T JEPES
Greek Letters Slgs B9,

A


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.2.4.0
https://jeed.dezful.iau.ir/article-1-359-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

[ DOR: 20.1001.1.20089813.1400.8.2.4.0 ]

M-YF o A Jlo oY o)lels A 0,98 (JEED) (g5, s dy pus OHlKed g (shuwgs Cyums

Thermal Diffusivth (= Hm ) Sl @ie
Pm

B = velometric expension coefficient (k) o> bl o o

Nanometric Volume Fraction P

1 Dynamic Viscosity (Nsm-) Seeliad 4595y

v= Kinematic viscosity (m?s™) (Sl AL 598ty

Solw a2 0l

X . . .
X

LY s e e e

L Job 4 (g390e j5e SLiwly )5 S Candge S -0
y

Yy GOges Ao (59, 5 19® Te,> ey @ (] H7me Shewl) 5O i o —E
e
V - . . .

VZV— 6&9‘49:.0..965))’”9@@5?&:)“pdow)wtgml))ouﬂw—o
e

—p_po fh e

P'= 2 PSR
PLe

T-

t=r—> ans sles bl -
T,-T '

&zl

1. F.P. incropera convection heat transfer in electronic equipment cooling J. Heat Transfer 110 (1998) 1097-
1111.

2. W. Elenabass. Heat dissipation of parallel plates by free convection, physica 9 (1942) 1-28.

3. Wei Liu, Tengfei Zhang, Ruxue , Zhigiang (John)Zhai , Ji hong Wang , Yun Wei , and Qing Yan Chen State-
of-thr-art methods for inverse design of an enclose envoirement Build Environ. 2015 Sep; 91:91-100.
Published online Mar 17. dol: 10.1016/j. buildenv. 2015.02.041

4. Rajeswari Sheshadri, Shankar Rao Munjam. Mixed convection flow due to a vertical plate in the presence of
heat source and chemical reaction,Ain Shams Engineering Journal. volume 7, issue 2, june 2016, pages 671-
682.

5. K. Ggrangadhar N. bhaskar Reddy, P-K.Kameswaran Similarity solution of Hydro- Magnetic Heat and Mass
Transfer over a Vertical Plate with a Convective Surface Boundary Condition and Chemical Reactio, Int j
Nonlinear Sci 13(2012), pp-298-307.

6. K. Gangadhar soret and dufour hydromagnetic heat and mass transfer over a vertical plate with a chemical
reaction.July 2015 Ain Shams Engineering Journal App Fluid Mechan, 6(2013), pp.95-105

7. Damien David, Frederic, Kuznic, Jean-Jacques Roux. Eperimental investigation of natural convection near a

wall containg phase change material. International Journal of thermal Science,Elsevier,2016, 104, pp.281-
291. 10.1016/j. ijthermalsci. 2016.01.011. hal-01848111

¥


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.2.4.0
https://jeed.dezful.iau.ir/article-1-359-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

[ DOR: 20.1001.1.20089813.1400.8.2.4.0 ]

el G s bglie plowle Lulid o &)l JS oy easS

8. Gianpiero Evola and Luigi Marletta Marletta. The effictiveewa ness of PCM Wallboard for the Energy

Refurbisment of Lightweight Buildings. Energy Procedia, 62:13-12,2014

9. N. Soares, A. R. Gaspar, P. Santos, and JJ. Costa. Molty - dimenntioal optimization of PCM-drywalls in

10.

11.

12.

13.

14.

15.

16.

17.

18

19.

20.

21.

22,

23.

lightweight steel - framed residential buildings in different climates. Energy and building, 70:411-421
February 2014

Manuel Ibanez, Ana Lzaro, Belen Zalba, and Luiza F. Cabeza, An approach to the simulation of PCMs in
building applications using TRNSY'S Applied thermal Engineering, 25(11-12):1785-1807, August 2005.

F. Kuznik, J.Virgone, and J.J. Roux. Energetic efficiency of room wall containing pcm wallboard: a full scale
experiment Energy And Building, 40:148- 156, 2008

A. Bejan ,Convection Heat Transfer; Doorham North Carolina,John Wiley & Sons, April 2004.

A. Dogan , M.Sivioglu , Investigation of Mixed convection heat transfer from a rectangular Cross- Section
Channel with discrete heat source at the top and the bottom, Ph. D thesis, University, Ankara, Turkey 2003.

Kt Starner, H.N. Mc Manus, An experimental investigation of free convection heat transfer rectangular fin-
array, International Journal Heat Transfer and Mass.. ASME . ser .C 85 (1963) 273-2780.

Makinde O.D .& Aziz A. "Mixed convection from a convectively heated vertical plate to a fluid with internal
heat generation™. J .Heat Transfer VVol. 133(12), 122501 (pages) (2011).

Ferfows M., Bangalee M. z. Z, CR. EPEAU  J.C. & SEDDEEK M. A, "The problem or MHD from a

Prous boundar with internal heat generation”, progress in computatational Flui Dynamics, ol.11(1),
565(2011).

Anghel, M. Takhar H S. & POP | "Dufour and Soret on free convection boundary layer over a vertical
surface  embedded in a porous medium" J. Heat and Mass Transfer VVol.43, 1265-1274 (2000)

.Charles D. Jones, Lester F. Smith, Optimum arrangement of rectangular  fin on horizontal surfaces for
free convection  heat transfer, J. Heat Trans. Trans. ASM ser. 6-10. C 92 (1970).

K.J. Kennedy, A. Zebib, International Journal of Heat and Mass Transfer 26 91983) 471.

A.B. McEntire, B.W. Webb, International Journal of Heat and Mass Transfer 29 (19860 1051

M. Fuji, S. Gima, T. Tomimura, X. Zhang. Internatioal Journal of Heat and Fluid Flow 17 (1996) 483.
J.J. Hwang,International Journal of Heat Transfer 120 (1998) 510.

Y.L. Tsay,International Jornal of Heat and Mass Transfer 35 (1999) 391.


https://dor.isc.ac/dor/20.1001.1.20089813.1400.8.2.4.0
https://jeed.dezful.iau.ir/article-1-359-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-08-28 ]

[ DOR: 20.1001.1.20089813.1400.8.2.4.0 ]

M-YF o A Jlo oY o)lels A 0,98 (JEED) (g5, s dy pus OHlKed g (shuwgs Cyums

6&.:&‘ céz.gg-

Estimation of Heat Transfer Coefficient under the Mixed Convection and the
Constant Heat Flux Conditions Using the Inverse Thermal Design
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Abstract

The purpose of this paper is to experimentally investigate the heat transfer of a mixture (free-
forced) on a vertical plate under a uniform heat flux with both assisting currents and opposing
currents. Heat flux applied to the plate (inversed test design) using number simulation and
optimization of thermal element capacities behind the plate has been done. By determining the
temperature degree reached to stable temperature degrees and uniform heat fluxes from the
plate, heat transfer coefficients we measure by calculation. By performing the relevant
experiments and determining dimensionless numbers, Rayleigh, Reynolds and the Grashof
show that the results are within the allowable range and the heat transfer flow is mixed
convection. Important parameters in flow properties are displayed and analyzed.

Key words: Mixed convection, Inverse design, Optimal test design.
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