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Combined radiative-convective inverse design.problem in a 2-D channel filled
with radiating gases
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ARTICLE INFORMATION ABSTRACT

In this paper, an inverse analysis of combined radiation and convection heat transfer in a 2-D
rectangular duct is presented. The working fluid is a mixture of air including CO, and H,O as two
radiating gases. The purpose is to verify the effects of gas mole fractions on the solution of inverse
design problem in which the conjugate gradient method is used to find the temperature distribution over
the heater surface to satisfy the prescribed temperature and heat flux distributions over the design
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Keywords: L. . H S . K X L
Inverse heat transfer surface. The radiating gas is considered to be a gray participating medium with absorption, emission
Convection and isotropic scattering. The Planck mean absorption coefficient is calculated and used in radiative

Radiation calculations. To obtain the temperature field, the energy equation for participating medium is solved by

DOM the finite difference method and the discrete ordinates method is used to solve the radiative transfer
equation. An attempt is made to determine the temperature distributions over the heater surface while
the enclosure is filled with different mole fractions of CO, and H,O. The effects of other parameters
such as radiation conduction parameter on the solution of inverse problem is examined. It is revealed
that increase in mole fraction of gases mixture needs a heater surface with higher power input.

S i e K ailen o oz 45 Sloy ol olss [1] bolSas doio -1

a5 ol ordais eler S oo Jld, sdeis o)l Jl s eaS
2ol sl la Sz @iais i3y g j9ae w2l 5l asle
2l b gaass glojen Jloo aiS o Jlosl ol > 95 cnl (s5luand
aS el Jdoay cail Jlojo5 5 pols Souzy 5l ol sl gleelSe
oy p Sl doles 4y (ol g colas lap s ogdle (5,50 doles
A ol o ae L8, g 009 atuly 5
el lgs i 0anS sol Sls b b g il ol bl o

Please cite this article using:

5 klog 5l silems p3 )l > J! glap il plo b (26 oy oS 5
(S Slaimng oy (g wg Sl Jed 5l (wiie slaop) 8
50 0l glieas Coenl g 185 glasl glakaze 5 Sl slo Jose
by b (3do bl 4 ol Gl de i 45501 g3l 4l
ue)f)h: 90 (SeiS Q)IP JLL.:‘ 5 oAMSJ)wJa.m&’ ke |) )lf
sob ) miess 5 Colus (olule Jols o)l Jlaml glaosssy plos g

D118 aallae 5 oz 3550 Glojen

s led oalilw! J2d @ yle 5l Al (pl 4 gl (shy

M. Omidpanah, S. A. Gandjalikhan Nassab, Combined radiative-convective inverse design problem in a 2-D channel filled with radiating gases, Modares ‘Mechaniedl

Engineering, Vol. 17, No. 4, pp. 117-124, 2017 (in Persian)


http://journals.modares.ac.ir/article-15-5398-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:03 IRDT on Sunday May 13th 2018

-__\miob'qh:_dfhé)llé.pm,olbv.\*olm

JUUS A3 53 il 615 bglste (lzuls o)l JUkl yweSas ol b

ahes 555 Sl S 5 bes CBIsS g sl (b 5l Bas o o
Lol Jgazo

Sl Jl im0 osSrs Al [21] )Sen 5 (555 (S
isls 18 asdllas 590 1) plaiel (garsgs sloawain o las g aieis
OSSOy 0355 e le gedie LIS Ry, ) G Gl e
oolitul (b mhaw (59) (re LB 5 Lo @39 Ko lid jshaiee
! ] ol ol 5 s A (S e Alis
sl gy [22] ol)Sen 5 o055 g (silpe S dmio 30 o
ol S 3 pip 50 (Phb gl gy Led g LS CSIeSy
™ 5 099 ALy Angi MlS S j90 & s JiBgp 45 0D (58 alia
2dbioe JUB il g sulg; sae |

osSxe (b gl J> [24,23] ) Sen 5 g9 s
Gawiin b oaiiS olo 5 ouiiS i gladame o il clvaliine
Oy ilosls 13 dslllan 850 (5 5lwaige o i, 5l eolatwl b 1) plaials
gl b (o2l 50,58 o ) i sSre salies J> [25] o Sen
Sl age [26] Ko g ols ailesls )8 aslllae 8y90 1) S e
collas g5p0 Ll olmyl gl 1y Blid Lo b o2uls 0,55 5y dwiin
loals 1,8 aslllas o590 oyl (g9,

5 s dlis o oy 5 65 sm e ol 5 oS (s
b iz SIS 928 4 AU pbmlr (oS 5 )l Ul oy
ol S 0 1) 43,5 ol bl 15050 dliens gz il
s Dl 2 (U Slaj bsle (Jgo juS 236 45 039 (nl (2w
5 aallhn 3,50 a8kn oSS w5 S JUSl ke les oS
3 5 JU 5 55, Aslan glejas o el S ol ol oS
(S ltinr s Ulas o ugSinn alics 55 cslie S5 5, ) eolisd

Ao Oy -2
eyl g L Job 4y (gomsgs S Ldatus JUIS <SG caslllas 5590 doin
b 4l drgs o & JUIS U3 ol ¢ atlis (LH) = 6 LH
ol aals plas "1 S o adlas oj9e dwius 5l SSled 0gd e
oo o b mhw ge0e Tin = 380K (05,5 Jlow sloos .ol
ol sy 5 200 WIMP =ale:sy Syl Lo 5 o)l L5 Tp = 380K
stasl o] (sles 5 48,5 5 VU e 55, 525 (55 el 5500 Jlac!
dop 5 bsle &l il 5 JUS U5l Ll Sl ol
by osSae alies o 5l B 3580 (B8 Sl 5 S aeSTiss
Sl oL g Lo &5 IS 4 w3gr (S5 mhaw (5, Lo @ies 05

S9b 18y (b mhv g, S8

o Yo -3
Syt Sepe @iy boadl asey el JU B ol
(1) dolas & yg0a (535,31 Aolas 050 0 (2,8 UUp) = 6¢y/L)A-yA))
el Gl JB
- - = - - - V . 1
Yax TV dy a2t ay?)  pey r &)
o l5ms p g 00l (gludinnS Sgame L g, 4 (55! Aolas
alal) &30ty o sl dploms L5 aints JES! aoles S 51 il L

aT aT (62T 6ZT> 1
=a

4 oploits 17 0995 1396 Hu5 (o ow Suilfo wiie

Dige e slagty, b ool G emy Jlos s 4 calnle
Sasdge 3 qade (e 10 S92ge (LA sla o I GladlS o pdy e
el 0 (5 91gez [3] Jslo 5 S 5 [2]

B eon 3550 gous Sogoar |y b ey o5 Slllas alex |
L ($950s amio 0 (ool Oyl Jll adlhae a5 ofg5 oo ol ools
5 il ool ons ool [4] oY dawgs a5 0,5 oyl Py by, 3l solicea]
Sgazme @z by, 5l [T] ohlSes 5 05 5 [6] s, 5 1t o[5] SISUL
Aoz 510,85 oolatwl (g5l dolee il p) Al lp (FVM)
il Ul dsbes > sl 1y (DTM) Time JUil 3g, o5 Slallas
AU 1, [9] Votmo g Ul g [B] ol 5 0955y anlllas g5 oo wilazs 5 IS4y
by ganss JUisl dslee Jor (sl oS Conl (L39S Zige 29, 0
S el oads as 5 S [11] WilSny 5 ugoie 5 [10] LilSass
Sl - JISl dolas S glp oy, s s piaesls
S5y Ty § il (DOM) lzme clor () atnts Jlas!
Je5 Gln seree gone laghy; b Gl Sl e Sl
Az gl awain ;5 ndy Slaslilew by 5 @lbule o)l Jul
e (69,57 Jle > (glys (55,50 dolae @y T ool Jlasl e84
el

3 Wsles 26 a5 S sl 1) Gty o) & Slhe ale ]
OSen 5 e [12] V55 5 Jols adllas @ plgige w85 S,
s [I7) o2 5 2o [16,15] ) Ken o Juos [14] adslé [13]
Ol g g 0,5 ojlal calite glvawain o [18] Ko 5 S8ge
Sl ) (o5 5 bel> &)lmJisl p (rdais )l > JUSH 36
Sl (gam g0 dbime ;0 e BedeS 5 (i o [19] 28
30,5 sy [20]

el Caro o 35 Plas 1 (S0 eSOl Uil
Oyl JES Bl gSas S sl siloaine slagts; w3 slalo
DosSan bbb gla by, 5l eolitul og el wlas S 5 eslitul o )se
Olprsar el 035 ey (Sl Glpians (L 5o Glos S o p)l8
OB 5L 4 weBle Sl (See il wogd 095 S (b e Jle
Er Sobml @l iV CSgm Bpan 5 g badrie aal gl clie
sty dasols dos oyl mlio )0 il 0y95 SThes (sl oolhae w93
0355 S 09x0 Syl A ye 3 ool derd S Sy kS o0 VL
Seazs v 595 Led @38 59 Gl L @ig &5 Sl oY (2
B et (o iz po il Sy g n b plores ek
0355 b o ol 5l Sipe oS (g g b oSS ceslie (2855
S Pk b ey ol S el 1y e ol Wy A
a5 laxdad (g5, C3 ey oS Sloul gl 09l oo 0l (6550 wsSre
Oloyed (gl sl a8 )5 18 Sl Sldas 550 L2 055 G 0
S oged 8y askd mlaw (g9, 1, (il s 5 oo CESy mse ol
Fhb ah @y, SIS 550 byd 90 ol poged HEn &5 L]
slaghy, 5l clazl Gl ol Glyedr usSae g, 5l el oz
S50 O)leds 058 o oolatul Bow 4 ouw; sl b g xS
Ol Gl 45 05 g0 LS s Sy Pk 4 S50 usSre (b
5 e Laulyd g Sl (i Slge (ploS 5 awain ((Slib Sua
5 aalllas 550 danwiin gl bl Wb oalbe )l alyh clo)l ol
o5 59 a8 T a5 0 VU sles oS St Sy Sypo & il e ol IS

118


http://journals.modares.ac.ir/article-15-5398-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:03 IRDT on Sunday May 13th 2018

wowwﬂlmwgol&wlm

JUUS A3 53 il 615 bglste (lzuls o)l JUkl yweSas ol b

Gl o 030 54 Lad g8 omaS sl Lol bl gieay oo b
0008 ces bbb s, & olbjgein g Vg o
@ oobuly wei)ad SIS S ggope GholS Ry, ed sl
S sl Sloje fgamme jgods a5 oop Bas Al SO b, o
Wb pj Oypen (b mhaw ©y) 0ad 035 (e (Hly Sl

28]

N
_ _ 2
G = ;(Qn,n Qen) (10)

e.))‘ k)"'m 9 u}l.‘a.a @)‘)})LA w).? A.\Qe 5QD cJoles L}Jl 5o
O oyed gede ObLS Ghg) LSS Wy s (b mhaw (55, 0ud
IS5 50 i sles gig 6,85 anlp S g e e o BB 5
Pgben el 25 & pgon kL
Tim' = Tam = ¥* diy ab
5y g 059 gxinz plE Jlade PH aily o 1,55 o lets K LoVl a5
sl damslie BB 55 & g0y 45 Sl 39,8 - d
df, = VGx —yk dit a2
JBS5,0 358 cuz 9 G ez QLS op gadie jgonr oS
dgdcr Ol ) O ygots &S Gl zg0 50 o ¥ (12) doles jo .ail o
k _ Zm=al(VGR) (VGRm-VG ]

Y (G DT
y°=0 when k=0 (13)

Sl s (10) doles 5l gml G oyl casons slp

2,5 S rS e Thm st
m
VGl =2 Jhn(on — akn) (14
n=1
Q.:....;Lw} alfe &)Jo )‘l aS Cewl wLw.'> v%)-‘é]nmL?Cﬁl »
A8 Jlade 09,8 gz g Sl calps ot b Coles yo aglice Canoay
9o dlos 25 Sjgeo & gains

%:1 Zgzljﬁmd%(Qén - QD,n) 15)

pk =
m=1 Zn=1Unmdm) Urndm)

Sl dlus -5

Sl sl Camlas i sdimaplis (14) dolee jo Comlas oo
Moy slos Syt & Cuonnd (b whaw (53, Qe 003 035 (e
S¥olee 5l (655 i b Comiba culpo ailbipe S0 s s,
OS5 v 59, Jsteme sloe,S sled 4 S 5350 Ll 5 by e
g oo Aigh ) D ygody ol 85 glive OYolre . o oy

agm  gEm

pCp uW—I—UW
ang ang
_k<axz * ay2>

— Kkp[160T36™ = ) (" )]
i=1

(16)
EMX)=8(X — Xm) A7.a)
EMX)=0 7.b)
T3
G (F,$) = =B (7, 5) + 4ipo— ™

Os f M2 o a2 2N 3

+— 7,5)¢(r,s)dn
| 99 .

TC

119

& =(0.8 Heater Surface 7', =7

I =
—_— — Air

T, =380k — — H,0&CO,
— — 2, =-200(w /m?)

¢ =0.8 Design Surface T, =T =380K

Fig.1 Geometry of the problem
aslllas 5590 dwiin Siled 1 o

Pyde ol (2)
V- qr = kp(4nly(¥) — G(P)) 2
(3) Wolws 3l a5 conl 60,95 p ginits G(7) (2) Wolee yo a5

D9 0 dloe
6@ = [ 1G9 a0 @)

41T
Qa)ﬂ Cawddy Aol ,0 5 il ol o 4 htws sy

Sgd Jo pians Jasl doles cosl oY V- gy
Q-NI(r,N) = —ﬁI(T,.Q).+ Kply (1)

O-S
— | I No(0,02)dN
+4T[Ln(r,!2)(, )d

riwis oad [p(F)S Cam g 15 jo sty @i [(7,5) o5
lpo i 405 g Kp abl oo daore sles j0 9T S 50 obew

(4)

IAU &lﬁ %féﬁ=GS+Kp5 034 6)-‘-“5[-" e o g ol
Sl e oS Gl ceul 36 iy & B(F,5,57) sl
yol> adllas j5 oS cul S (2 Caa “-.'5635)5 g 5 mdens
el oo 48 5 a5 s (Kan Gl o8 bl oSy b Joles

(4) dolee lp rinis S50 byd iy oWl sl oy
w‘).’) O Hygody

WG = el +2 [ 1)l 2 dar 5)

n,0'<0
Syl o)lps a5 ol miwis ol Ly(Hy, §) all, cpl e

Al oo 0)l5a0 Jloyi oSy Jlo Mg oles jedue o €y S (0

Qr = &y |Thyw — f I|A-8|dn (6)
Tlyy.5'<0

Sewdy py Dypeds Sy ojlps 0 S5y albele Sl L

e
aT,,

Qc= _kW (7

Qr=0Qc+0Qr (8)

Lsgie i gy fsieds o5 SO i > il dnlllas 4
ok ;5 2008 [y ls ool slwosls 3l eolanwl b Tayg slos 0 iy
i cupe b 457500 ;) eslins) L 5150 <7 <9300cm™?!
Sgd e deiloe nj O )ygod

[oe]

fo IbT]KT] dn
Kp = ooid C)
fo IbT] TI
950 e 4
Sled @585 e gl @eore QoS Uhs,y 3l pile usSas At o
gl 53) Gl Lo s el el eolinul (S S mhaw (55, polasl

4 o)l 17 053 1396 5 s Julb /Ao S dius


http://journals.modares.ac.ir/article-15-5398-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:03 IRDT on Sunday May 13th 2018

-__\miob'qh:_dfhé)llé.pa.hm,olbv.\*ol.\.nzo

JUUS A3 53 il 615 bglste (lzuls o)l JUkl yweSas ol b

'{{ Present study —

0.9 Mahapatraetal. [27] — — — _

0.8

0.7

Non Dimensional Temperature

0.6

TR R N T SN T SN SRR R R S S S |

PR
0.2 04 06 08 1

05—

Fig. 2 Comparison of the computed mid-plane temperature with
theoretical result by Mahapatra et al. [27]

g iblale goue Jo U albise Jawg 10 oo dulone (glos dulie 2 JSC&
(w=05,¢, =057=1)[27] ;,|,5en

S bwlomo 405 3 g ls JMa.-8
Sl a4 mls Sy pas 5 SE80 oo mlt 4 olaws Glp
Al dgd oo W clale bl loy ralS uzmes 5 (Slaslre
Sy 2 J5 s Ly cal jo sl QL Slislore plaxil sl aige
ell 4 ol oo ools Lz "3 S o a5 Ul sl JUI b o)lg
ol o] s g Gl 4l 7

Slp e aSh lyiea 60 X 20 aSs MBS @l el
sl o0 bl Sl plogl

W9
b diis ol alie LE slacend )0 ouls SO goas by b
59 el oo Jo "1 K" o e eoly lid piacs 3,580 ,0 wgSxe
A ST o ek 18ee e Slez 4 oo (SisSz laled sty L
1S g & sty 6 155 31005 oy 557 o sl i
sl odls ools lis oas

IS 5o il i8S alulr Gl S S, e jslaten,
53 BB e oo 00wt gl 4 Slawbe 4l S 50 Les o "5
039400 15 50gn ), s0e b pl)T 58 Sl anlllas 590 alivs 4o a5 ol
A 3380 K L ply s oo b Jolae (Pl a5 59955 55 sleds

-0.04

=i 5X 15
-0.06 [

-0.08 |-

Qr

012 |

-0.16 [

-0.18
0

Fig. 3 Grid independence study
Slmslone a5 4y (g0 S (Kiwly oy 0 3 S5

4 oploits 17 0995 1396 Hu5 (o ow Suilfo wiie

M) = 91/ 0T 5 EP(X) = 0T/ 0Ty <Nolae ol o 45

Rty
aQeTL
= - =12,.....N
]h,m aTh,m n 14y (19)
Dl J> (USA; C.!a...; 33 kSL”"’)f Slass )

by 0 ol per (b Gald 0szg Loy a5 clll malg
B Jo 5y5e ousfnn (b 3 oSl Aslas e & 53l Aokes
5o odel Joeds (e a5 59, 0 el ot e ks, Ldoas 5,5

Goue Olwlxo > W39y -6
25 Sopen Ol ) gedre GbolS gy & eSae i > g,
J> ThlX) je gliisy, psbal slod mjs o b 05 aodls
958 e Pl g2 J>le s K0 ons 9,5 alis

Lisa 09,0 lod guje 50y5] Cwddy (gly s alis <1 olE
Sgde J>

Sgdon S g odd drwle (10) Wolas g G s i 2 pl8
SorgS o ) A2l 5SS ke S &5
Lo ool 51l casoay BIS cdo b Ulgr a5 00,5 o bl 956 @
Oige Balse Sygo oal g 0 ead @l Slasle Wy 05l
9

o Cler alte Jol Al po )y Lo glos e iils L3 pl8
Dyl

(14) 5 (13) wYolao Lawsgs 905wy 3 G gz Lol S 4 8
33,5 oo dpuloe

SYolee baugs w5 4 Gz o5 Jlake W 5 dy 055 g 5 15
o F e s (15) 5 (12)

2 b 000 S et Th los @55 sl waz (raass 6 68
.op@wﬁlo)wﬁﬁqk+lbkd>f

dor oy o el 5 500 s ke sliiedy o ol 53 5
ol 00 oolaznl ol IS s 5

Xy q oT3H
0= (X,Y):(——) Q=0—Tg RC = ;;

W bl -7
OGP by 4 ead aldy Glabl) by el )5 g (G (o) p sln
R 09 ss dmalie (g Slallle @l b (59 adlllae 5| Jol> il
8,90 Alas Cowl ond awslio [27] Ipblale Lawgs oo plxil colon
5 ol ol Lo g ol slojlgs g L Job b onpe albione S anlllas
s Jsb 50 Y=(L/2) abiize ls amio jo Lo Ol (SsS>
JSa" o a5 jeblen cal sad sols lis "2 JS" e ()
ol IS @l 5 ol soue @l G s ) 05 e 00”2
Syl 3925 [27] &ETo 0

120


http://journals.modares.ac.ir/article-15-5398-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:03 IRDT on Sunday May 13th 2018

wowwﬂlmwgol&wlm

JUUS A3 53 il 615 bglste (lzuls o)l JUkl yweSas ol b

4l 0sd may (2,8 aenST 60 9 O o oo e calize jlaie
Lo 2al8 5 (b gl gl X=1 ahaiie )3 Lo (i £589 w90
IKs cpl aslbe ples Sllug oljenay by> caws ol Cyz o
25 G5 gl 3 b oS Jgn S Gl oS sns e ol
G5 sl fid mha Ol az s GF il 508 obosl T
Ol S gbar wilioo lilolsSs Sl g Loy (b mhaw
el 5l oad eal e )0 e Sl
e T USE" 50 s (S B, 5l syt Glaled jsliien,
Ol sl oal oy s mhw (59, 53 IS 5 (R by Sl

0.15

i
=1
i
,‘. HCO=1% CO=5%
| i - - ILO=20% CO=10%
H
1
3 : i RC=10
LB - : w=0.5
! )
$ i
1
L
U

0 1 2 3 4 5 6
Xy
sl Gl L (ll
1
H,0=10% CO=5%

wsh -—-#-- H0=20% CO~10%

’ F RC=10

©=0.5

Onr

1
[}
06 i
H
H
]
i
b J
1

1] 1 2 3 4 5 6
Xn
b Gl s (o
1p
oo A
E :’ —— ,0-10% CO=5%
osk ‘,: —megpimm HO-20% CO10%
b 1 RC=10
0.7 F I =05
F rog
F I
o I
F g
£ 1 1
r 1
E ool \
- I

F &l (e
Fig. 7 Total heat flux distribution over the heater surface at different
CO, and H,0 mole fractions

S g 59y il L @i T USRS

121

10°

H,0=20% CO=10%

w=0.5 RC=10

Design Surface Error
3

LB LI L AL)) N LT N B LALL B R RL

10!7- T I TS S N | T | MR
50 100 150 200 250

Iteration Number
Fig. 4 Design surface error with iteration level

Sleloma (61,55 3y, 5 b o slas e 4 JSb

g T aaaa

1 1.02104 106108 1.1 1.121.141.16 1.18 1.2

0 1 2 3 4 5 6
X
Fig. 5 Temperature distribution in the air flow cavity for air mixture
with 10% CO, and 20% H,0, RC=10

B U5 bz 50 Lo lawe 5 JSC

Ll 00 4..3/5

3 oSSy S el sl 5 anse ol js5he UK
o 55, oo SLSL 2ul3dl 4 5Ls o >k v 4 200 WM Jolas
b mhw a5 shaie 1o @80 Lo jlake oy s 45 (958 4 009 yid
5 peesSle bl 8ls b o] 5l am oS (5 sboa caidl o 3Lisl 05 00 69,5
Sl 2l (SisSr S o iy (s 8IS Lo e st
975 4l samlie JB "D JSG" 8 raoy 4 s JUIS Jsb o 58
JB glos LolF g adl molidl 58 sles (lye cews Gl o &S
JUE (g5 ghaie (o5 0 ohg 4 Y Cuz o 8 Gl 5o gl
el 25794

55 Glik p e 55y Dol azye Sl ep "6 JSS" o

125

H,0=10% CO=5%
mmgmm H,0000% COS10%

) . ISR BS—S——!

o
-
.

3
Xh
Fig. 6 Temperature distribution over the heater surface at different
H,0 and CO, mole fractions

€0z 5 Ho0slp calidee JJso slo S slil yio mhaw (59, Loo @i 6 S5

4 o)l 17 053 1396 5 s Julb /Ao S dius


http://journals.modares.ac.ir/article-15-5398-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:03 IRDT on Sunday May 13th 2018

-__\miob'qh:_dfhé)llé.pa.hm,olbv.\*ol.\.nzo

JUUS A3 53 il 615 bglste (lzuls o)l JUkl yweSas ol b

3
i —_— RC=
25 N RC=5
[E— i RC=10
H,0=20% CO~10%

:r w=0.5

Fig. 9 Total heat flux distribution over the heater surface at different
values of the RC parameter
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Fig. 10 Relative error distribution over the design surface for different
values of gas mole fractions
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Fig. 8 Temperature distribution over the heater surface at different
values of the RC parameter

el iy alin slie Sl s b (53, S 40 i 8 S

ol

122


http://journals.modares.ac.ir/article-15-5398-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:03 IRDT on Sunday May 13th 2018

wowwﬂlmwgo@wlm

JUUS A3 53 il 615 bglste (lzuls o)l JUkl yweSas ol b

& -12

[1] R. Viskanta, Overview of convection and radiation in high temperature,
International Journal of Engineering Science, Vol. 36, pp. 1677-1699, 1998.

[2] M. F. Modest, Radiative Heat Transfer, Chapter 16, Academic Press, San
Diego, 2003.

[3] R. Siegel, J. R. Howell, Thermal Radiation Heat Transfer, Fourth Edition, pp.
44-46, Published by Taylor & Francis, New York,USA, 2002.

[4] G. Lauriat, Combined Radiation-Convection in Gray Fluids Enclosed in
Vertical Cavities, ASME Journal of heat transfer, VVol. 104. No. 4, pp. 609-
615, 1982.

[5] J.C. Chai, H.S. Lee, S. V. Patankar, Finite volume method for radiation heat
transfer, Journal of Thermophysics and Heat Transfer, VVol.8, No.3, pp. 419-
425, 1994.

[6] S. C. Mishra, H. K. Roy, Solving transient conduction—radiation problems
using the lattice Boltzrnann method and the finite volume method, Journal of
Computational Physics,Vol. 223, pp.89-107, 2007.

[71 M. Y. Kim, S. W. Baek, C. Y. Lee, Prediction of radiative heat transfer
between two concentric spherical enclosures with the finite volume method,
International Journal of Heat Mass Transfer, Vol. 51, pp. 4820-4828, 2008.

[8] F. C. Lockwood, N. G. Shah, A new radiation solution method for
incorporation in general combustion prediction procedures, Symposium
(International) on Combustion, Vol. 18, pp. 1405-1414, 1981.

[9] N. Anand, S. C. Mishra, The discrete transfer method applied to the radiative
heat transfer in a variable refractive index semitransparent medium,Journal
of Quantitative Spectroscopy & Radiative Transfer, Vol. 102, pp. 432-440,
2006.

[10] R. Viskanta, R. J. Grosh, Heat Transfer in a Thermal Radiation Absorbing
and Scattering Medium, International Heat Transfer conference, pp. 820—
828, New York, 1961.

[11] M. P. Menguc, R. Viskanta, Radiation heat transfer in combustion systems,
Energy Combustion Science,Vol. 13, pp.97-160, 1987.

[12] E. E. Khalil, J. S. Truelove, Calculation of radiative heat transfer in a large
gas fired furnace, Letters in Heat and Mass Transfer,Vol. 4, pp. 353-365,
1977.

[13] A. Mezrhab, D. Lemonnier, S. Meftah, A. Benbrik, Numerical study of
double diffusion convection coupled to radiation in a square cavity filled
with a participating grey gas,Journal of Physics D: Applied Physics,Vol.41,
pp. 195501-195517, 2008.

[14]W. A. Fiveland, Discrete ordinates solution of the radiative transport
equation for rectangular enclosures, Journal Heat Transfer,Vol. 106, No. 4,
pp. 699-706, 1984.

[15] A. Yucel, S. Acharya, M. L. Williams, Natural convection and radiation in a
square enclosure, Numerical Heat Transfer, part A: Application, Vol. 15, pp.
261-278, 1989.

[16] A. Yucel, S. Acharya, M. L. Williams, Natural convection of a radiating
fluid in square enclosure with perfectly conducting walls,Sadhana, Vol. 19,
pp.751-764, 1994,

[17] S. C. Mishra, H. K. Roy, N. Misra, Discrete ordinate method with a new and
a simple quadrature scheme,<Journal of Quantitative Spectroscopy &
Radiative Transfer, Vol. 101, pp. 249-262, 2006.

[18] F. Moufekkir, M. A. Moussaoui, A. Mezrhab, H. Naji, D. Lemonnier,
Numerical prediction of heat transfer by natural convection and radiation in
an enclosure filled with an isotropic scattering medium, Journal of
Quantitative Spectroscopy &Radiative Transfer, Vol. 113, pp. 1689-1704,
2012.

[19] H. Chiu, J. Jang, W. Yan, Mixed convection heat transfer in horizontal
rectangular ducts with radiation effects, International Journal of Heat and
Mass Transfer, Vol. 50, No. 15; pp. 2874-2882, 2007.

[20] M. Moein addini, S. A. Gandjalikhan, Investigation of lid-driven speed on
mixed convection heat transfer in two dimensional cavities containing

radiating gases by numerical method, Modares Mechanical Engineering, Vol.

16, No. 3, pp. 239-250, 2016. (in Persian ....,\5)

[21] S. M. Hosseini Sarvari, J. R. Howell, S. H. Mansouri, Inverse boundary
design conduction-radiation problem in irregular two-dimensional domains,
Numerical Heat Transfer: PartB: Fundamentals, VVol. 44, No. 3,pp. 209-224,
2003.

[22] A. A. Shokouhi, S. Payan, S. M. Sarvari, Inverse Boundary Design Problem
of Turbulent Forced Convection Between Parallel Plates With Surface
Radiation Exchange, Heat Transfer Engineering, Vol. 36, No. 5,pp. 488-497,
2015.

[23] S. M. Hosseini Sarvari, S. H. Mansouri, J. R. Howell, Inverse boundary
design radiation problem in absorbing-emitting media with irregular
Geometry, Numerical Heat Transfer, Part A, Vol. 43, pp. 565-584, 2003.

[24] S. M. Hosseini Sarvari, Inverse determination of heat source distribution in
conductive-radiative media with irregular geometry, Journal of Quantative
Spectroscopy and Radiative Transfer, Vol. 93, pp. 383-395, 2005.

[25] S. Mehraban, S. M. H. Sarvari, A. Farahat, Quasi-Steady Method for Inverse
Design and Control of a Two-Dimensional Radiant Oven in Transient State,
Proceeding ICHMT International Symposium on Advances in Computational
Heat Transfer, Marrakesh, Morocco, pp. 114, 2008.

[26] K. J. Daun, J. R. Howell, D. P. Morton, Geometric Optimization of Radiative
Enclosures Through Non-Linear Programming, Numerical Heat Transfer,
Part B, VVol. 43, pp. 203-219, 2003.

123

Sl (o ila J

Ole oy 7

Sl calse oy k

oy Sl b 5%

JBlS Jobs daeiie L

OSe S 89, 0,5 o)l M
b w59, 0,5 0ai)les N
Sl q

Sx g L)l Q

R N ) RC

[ T

JUE (53959 58 Lawgto Co Uo
Bl Gliwly o w9 Sy adlge u
i Gl 5 ey il u

ol Slaisw X,y
Sw g Slaie XY

Sl pdle

@l oy B

2980 oyl €

Sl b 5

S sy &l 0

9 b %

b olell & pdass Sud e n
Ax e gled 0

ds g

b lall 4 s Los Fiee ¢
zoe Job 2

R o
DI o pd O

OR e o

gl oyl w

boge Gis oo Kp
sl s 0

B g 23

ol o b

b s D

omb B

] e

busgie lade ave

59,9 in

dL’Ub C

s Rr

5 T

Slged w

s Rel

late; oy HeSbes rms

4 o)l 17 053 1396 5 s Julb /Ao S dius


http://journals.modares.ac.ir/article-15-5398-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:03 IRDT on Sunday May 13th 2018

-__\miob'qh:_dfhé)llé.pa.hm,olbv.\*ol.\.nzo

JUUS A3 53 il 615 bglste (lzuls o)l JUkl yweSas ol b

& Radiative Transfer, Vol. 102, No. 2, pp. 277-292, 2006.
[28] M. N. Ozisik, H. R. B. Orlande, Inverse Heat Transfer, pp. 58-66, Published
by Taylor & Francis, New York, USA, 2000.

4 oploits 17 0995 1396 Hu5 (o ow Suilfo wiie

[27]S. K. Mahapatra, B. K. Dandapat, A. Sarkar, Analysis of combined
conduction and radiation heat transfer in presence of participating medium
by the development of hybrid method, Journal of Quantitative Spectroscopy

124


http://journals.modares.ac.ir/article-15-5398-fa.html
www.SID.ir

