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Abstract

The interaction of forced convection-conduction with thermal radiation in laminar boundary
layer over a plate fin is studied numerically. The analysis is based on complete solution whereby
the heat conduction equation for the fin is solved simultaneously with the conservation equations
for mass, momenturm and energy in the fluid boundary layer adjacent to the fin. The fluid is a gray
medium and diffusion(Rosseland) approximation is used to describe the radiative heat flux in the
energy equation. The resulting boundary value problem is solved finite control volume method.
The important parameters of this problem are convection-conduction parameter N. and
radiation-conduction parameter M, Prandt] number Pr. Numerical results are presented for gases
with the Prandtl numbers of 0.7 & 5 with values of N, and M ranging from 0 to 10 respectively.
The object of this study is to provide the first results on forced convection-radiation interaction
in boundary layer flow over a semi-infinite flat plate which can be used for comparisons with
future studies that will consider a more accurate expression for the radiative heat flux. The
agreement of the results from the complete solution presented by E.M. Sparrow and those from
this paper for the special case of M =0 is good. The overall rate of heat transfer from the fin
considering radiative effect is higher than that from the fin neglecting radiative effect. The local
heat transfer coefficient with radiative effect is higher than that without radiative effect. In the
direction from tip to base, those cofficients derease at first, attain minimum, and then increase.
The larger values of N., M, Pr give rise to larger fin temperature variations and the fin
temperature without radiative effect is always higer than that with radiative effect.

A, Fgstn T S|Awe - debule
A3, FHEYATAG S ALA S Co Al
rgbokeidta ety C.  FAHYRXE=A(=Tu/(To— T=))



N

454 {0

h D E7HHF AALAS (4 Th)
h* I EAY SO F dARA4
koky A o Fo dAdEx

L 3 A

M BEA-AE A (=40 (To—
Ne dF-AEAE4
Pr : Prandtlq-(=vy/a)

3 dA4%E
g FH4 GEYs
q" EA AEHA(=(—40/38) (3T )

B

3

r

(4 15)

1)/ kB)
(= (kL/k/) (Re.V))

Rey " #AolE2 F(=U.L/v)
T, T, w4 % 5o 25
T '3 slges
t 3 5y 1/2
U V,iuv:z,y38 T34 2 494
X, Y,x,y 524 2 A4 Azx3y
a [ 4zaAs
8 AHAS
6,80, A U Ao FAYLE
v I sREAAS
0 cax
o ! Stefan-Boltzmann A4~
é R i
o FAY FRFRE(=Lh
bs— 1
BHE A
w ¥ ¥4
o AfRFEERA
I A AAA
E &AM
1. A B
F&77, AFAFR 53 Po] BL AlgjRo}

A4 AgHE GaPr)) dALE FohA717] 9
o] mokd ol iy ATE BgHoz o
Zo#A A7) BE A7} AYoigeh,
Zoel Hol A AALEA Adole 3
EolAe) NFAALA4s) d AR AHA
FLgotn AR e md2, A45E A4
shedch 2oy Mol AFY S Sx4a 2%
Aol FYHNA %7 WA Tol FAADASS} AT
ol wek AAThE Aol ofe aelA 2
T YR, metd £48 £AANY F4Y B
oz Ao AAERAAS £9 Fae F53

_‘Z,r__

I

N84 - H3A

FEATE A dols ¥8st g
FALAF, T4 %—#i, HE= gz A4

7 i
Chen™g Hghaloo B 147} T EE 79l
ste] Bl Alals] (pseudosnmllarlty method)-&
AH&ste] B4 sl
g #H3¥)ol 7882 7o} A % (geometrical length
scale) 7} glzm, wAAlel TEHY ALk s
s, ¥ BAleld) $534 2ol Asten Aol
=7 2RHE FAL o] $yoz zand, g
stel ¥ A7 A AFAA S Lo HE F4d
AdAF, ALEXTE AT 4 Yt Hg9 7
2% #ldar] Asted, YRl NP DAL
A5 AAB) HE FEYNLE et sy
25 EEAA E3}9AY FA=Z, Patankar-
Spalding wH& Abg-sted Alabstsd el

TtEEALE 2 UYL dutdoz
A4eslol e 44H o2 driel B4 vl gy
2le] sjm 2 Rosselend ZAL3) WL
Eddste] FArgS Aesglet, o] 2AAye 3
a4 (optically) 2.2 78 ojodod: tajz A
#3je}, dntAoz AFYo ZEE Jlak F4
g0l & CO,, §%7 B0l FAEQ Aarlrolm
2 o] ZAtaiYe] 29 Rt g Aoz At
o}

o] A7 74 F2% WS4 E HF-As)
NEF Ney BA-AEeiAES M3t Prgojct,
Ne®l 32 0014 10, M9 = 004 10, 28z
Pra< 0.7% 5efl thiste] 2dALE, gAZ o

E T298¢AS, F49EYA, avn 9
EFEZE A4

2 474 BRAdE AFs57) $1sted Sparrow®,
Chen™e| dvAzel wiamdt Az, dadez 2
QA}L Y+ By

o] ups o yuLsI:(rLo]] 42

Lo

L BEESE

2. 8 A

sA4stast s A zae Fig 19 2o,



9

Uo —— b

- Ps

Te —=
/F
T

dxo

To

%
=
o Al

Fig. 1 Model used for fin analysis

2 A= FAAZL LAY FAst2olz, wgh

imationS =35t gch,
@ yhae) SAAEYzol wste] pEe] 3
AdEY 2t FA G,

)
ZAA% AA

W"F?y‘zo (1)
ou ou _  J0*u
Wor TV oy TV @)
u£+ GT:aazT_L aq”
ox oy * 0Cp oy
,_ 40 oT*
(@"==35 73 )
AAZA(FAZE) .
y=04  u=p=0, T=Tw (4a)
y—0| A Ly ey, T T (4b)
H AsubAy
dsz _ h(x) _
dxz - kft (Tf T°°) (5)
AA=A(H) .
_ . dTy
x =001 A M (6a)

x=LAA : T,=To

% Aol S FARF Lol v A AT 455

27

A i off A1

<A o]},

y=0014 :

T/=Tw
aT

(—#%+ar] =n(T-To)

o
rlo
t
%2,
e
rfd

5 A

I 1 o
N

e oo

2 ol

i &)

i

0<x<L (7a)

0<x<L (7b)
A7l he EAAEHAE XTI F4£E7MEA
A go] e,

47 AMAAR AAZAE AL 9
ol et 2o FAUSS FAYAGES 39

X=7, Y=1Re/, U=—",
Re,=t=k, Nc:,’:—thReL”z
Y= 40'(Tok; Ta)® = TozmTw

Aold Ao e FAUS W ¥
stel A i AT o) @ Az
sl ohes g,

AA%S A

oUu [ oV _
X W—O (8)

U .U _ U
Uax T Vv = ave )

a0 6 _ 1 3%

pok w2

F)¢ aY ~ Pr 8Y?
M ?(0+C)*
REEY ) (10)
AAzA
Y=0014 : U=V =0, 0=0, (11a)
Y —oooll A 1 U—1, -0 (11b)
A A .
2
‘ZD?{ =N.h*6, (12)
AAZA
_ . dbs _
X =004 : =0 (13a)
X=1414: 8,=1 (13b)



456 &7 -8l
SR ESE
Y =00l 4
Or=06u 0<X<1 (14a)
- 4 90 _
[{1+ 3M(0+Ct)3} aY ]Y=0_h ef
0<X<1 (14b)

AN hE FAGEALE LTE FAL F

as7tdA A s, ueby TR F4£57HE
AP

~[a+dmo+cor 2] so. s
ojt,

d %, oluvx]dl A 23 AAF 4A
AEe X=09 B Axteld X=131 #H wlo]A7}
&4 3}
gt AAA AL cross stream coordinate2 A
A FEHSr o=(8—¢)/¢c—drF, streamwise
coordinatet x4 XZ& A}&35le] Patankar-
Spalding ¥ ®o 2 A A3t o},

A7 A g HAAZE dESAAHAMY K3
e Jeha, ¢ AAEE Td)dAY 7%
g s "FF/P““‘:} 2 a9 FAdNME ¢=0
ol ¢t X9 FFolth, Xude Az 7A
Z 9% 074]‘5°ﬂ*1 fd="HE A FUE
(entrainment)o]| wle} AEHeozw PAEHT, @t
gol Azl X 0:;=[(—-2)/(N-2)]"l 23}
o AR, g7 N oAdRAHY 4
mol 45 AAHEAA &
2 74A el AXA A,

2 gFelAE N 620l me 2.75% ®34

1
%] parabolic forward marching ¥ o 2
1

ola A4
AARe R B4E

%z%eaz AAERAAN A AP
Fah7] A% ARARE B

(1) RE zollA G,=1¢0 SIS AAZAL
2 sto] AAZUAAY HE T3,

@) (DollA 3 dlE ol &3] A (1504 h*

Z AAgr),

(3) @A AAR p*E ol &3l 4 (12), 4
(13)ollA He 2=HZE T3},

3ellA T He] LEHTE AAzRZoR

AAZYAAL Eol (2)—3)% FHE}

(5) Ao LxETI} RE X2] AR A 3
£3 2% FE drA OF GEAAEE

2 AT e 24 v 1><10“°1 sta, 73A
ZAA e F5u3ke step Ay 1X107%& €3
UEE 3k

f

O;

§

3. 2% ¥ Dy

FAAZY s 3o A Aolo] dElA =HEsd
Z24dALEL 7T + Yoz
Q=2 h(x)(T,~ T-)dx (16)
o]z, o374 2= obd ALEFL zEHF Aol
m= oA x=L¢ F uojarZ AxsE gdAL
£2 7% 45 Yo 3
Q=k 2Lz | ., an
o)z, ol& FAUse e 2,
-,M—_go)—szzfolh*<x)ef(x)dx
(18)
ze
e 2 7rdf
k(To“Tm)ReL”z - Nc[d)({ ]X=1 (19)

Webd FAALEE A (18) 5 (19
T & ek

2 ATAME o ¥ b4 PyoE ALY A
Asl Rae RS FAL + Yok

2 QFolA AL At By A

yell 4 Al4k

2. -
q ____: present calculation
1.8 e : simple model
\ —.—-.-: Chen
i.61 '~ o : Sparrow
1.4
_‘1.2
g' radiation
~1.0 (M=1,
of & S
1 0.8
£
ZoeF N T,
4 no radiation
o (4=0)
0.2}
0. L L 1 ) " L L
0. 2.0 4.0 6.0 8.0

Nc

Fig. 2 Total heat transfer rate according to N.-



B oA AANF dADo Bl A e EA I 457

Fig. 3 Total heat transfer rate along variation of }
for C,=05

dto] BaAlEHE nEslA] e AL = Y=09

@ Sparrow® %o st wimstdan M=1,
C:=0.59 =, Chen™e] dFAze} £ ool
A AAAFHS} dAHer F AT e

°
s 4+ ek TH, 2dALELE T o
= Y gl F
Q/k(To— Tw) Re "= (1.530/N.*?)tanh
(0.5854Nc) *(Pr=0.7) (20)
22 F3qdx A9 27 dve AL ¢ 4 9
ok, wekA, AA FEAAANE A>
HRAALEA 47 Fhsickn
ARE & 4 Yk
Fig. 3& N7t 0014 10742 88 o Mo o}
Fdd=ES HwHsE Jehiigid 2dA9E
Mol ZF718¢4E 23 Nt 21345 7143
o4 4 il
E d7olA AHE Al e Bl AL AE3]
7l $3ted FAY FA50 AAGASF RS
Fig. 40l 7|&9 AAA 9} vimsligdet, BAE
T TS A (M=0) Sparrow®s] gbas]e}
o & AL gz, FARFT wgoz wmzt
asta gtk HFAE Zige At A QollA
1 wlo]a2 A4F ttzwlsin ¢z, A=
&3t 7) Bk A FbstE A e wgrl
o] d-2 Chen™2| Hzeols of$ F U3
F2H A A BEAE Prol 0.79 )
= w2k 0.58549] Z& e, @AW #H oy

wlo o ru

o e

% 5

2.0
present calculation
F | s simple model
16 b ° Sparrow
| x Chen
~ 1.2
=
(&
x
08
radiation
P e e PRI €. 5 1o 1 LY B
04
no radiation
u {M=0)
o 1 L 1 1 L I 1 1
0. 02 04 06 08 10

Fig. 4 The comparison of heat transfer coefficients
calculated by different method along the plate
fin for N.=2

Fig. 5 The modified heat transfer coefficients along
the plate fin for M=1, C,=05 and various
values of N,

(X=0)clA Sz FZeE AL X =004 &
°| 4 (singular point) ©] 7] wjfo|c} F£ErldA
FATE FAALES SRR E EAS aee
& w7l 2eistz] dokg Wi ageE AL 9

+ ek,
2%
@e
4 %

<

Mzl Asted Nevk $484% pre
& 7kl& 72 %ol FEsiAE Fig. 50l
1
< Ne=2% o] M W] wE p*g
= YEd agez A, Mol F/1¥4E I AE
ol AAA Frlstm, 3 wlolrz B4 o

j
»
e

d
7

T

Fig.

[=>]



458 R R

M=0.5
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