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Effects of a Specularly Reflecting Wall in an Infinlte Square Duct
on Conductive-Radiative Heat Transfer
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Abstract

The effects of a specularly reflecting surface on the wall heat ﬂux and medium temperaturei
distribution are studied. The system is an infinite square duct ‘enclosing an absorbrng and emrttmg‘
medium. The walls are opaque, and black or gray. The ‘walls emit diffusely but reflect diffusely or
speculary Heat is transferred by the combined effect of conduction and radiation. The radiative heatw
‘transfer is analyzed using direct discrete-ordinates method. The parameters under study are conductlon
to 'radiation parameter, optical depth wall emissivity, and reflection characteristics. The specular
réflection and diffuse reflection show sizeable differences when the conduction to radiation parameter is
less than around 0.01. The differences appear only either on the side wall heat flux or on the medlum
temperature profiles for the range of this study. The differences on. the side wall heat flux are
observed for optical thickness less than around 0.1. However, the differences on the medium
temperature profiles are found for optical thickness greater than around 1. The difference increases w1th
1ncreasmg reflectance. The specular reflection increases the wall heat - ﬂux ‘gradient along the 31de wall
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Table 1(a) Dimensionless temperature distribution
along X=0.5 axis at 7=1

Y N
1.0 0.1 001 0001
03 0730 0762 079  0.793
(2l 0737 0763 ~ 0807  0.794
$4 0737 0759 0786 0786
05 0631 0668 0728 0736
[2] 0630 0661 0726 0736
S4 0630 0663 0724  0.736
0.7 0565 0599 0671 0688
[2] 0564 0580 0653 0685
S4 0564 0594 0669 0692

Table 1(b) Dimensionless temperature distribution
along Y=0.5 axis at r=1

X N
10 01 001  0.001
0.6 0625 0661 0724 0734 -
2] 0624 0654 0721 0733
S4 0624 0656 0720 073
08 0580 0609 0684 0713
[2] 0580 0603 0669 0711
sS4 0580 0605 0675 0709 .
M=64 o]t}.

Table Ha)dl® HAFUA X=05 & ¢
Y=0.3, 0.5, 079142}, Table 1(b)l= Y=05 %
Aol A -X=06, 0.8 A o] FAA =7} B ILE]
Aot N7F 1 EE 00019 A, ZuEH [2]
o] A fig Ao, DSw TJr S-4 ®E%
1.0(0.3)% oot Z& ¢te] $2& Table 1(h)
o Atelty, N 701 EE 0019 7;;‘% Aol
DSye #A$ 28(1 5)%, S-49 7§ 2.6(09% °l
o]t

Table 2(a)$ 2(b) o= =de] x4
EEA @)7F "mEel Yk ¢
Table 1(a) & 1(b)oAAlg 2tk N 7 191 7
Table 2(a)olxe HojexE, DSyo 7%
2024)%, S-49 A% 52(22)%°7, 3
9] &= Table 2(b) Aotk N 7} 19] o}
7%, Table 2(@)14 9 Fdl 24+, DSvY 4
+ 96%, S-4 9 79 258%°]™, Table 2(b)l
A Qx(Qv)e e s, DSy 9 A 896.8)

d
z

o B

Al J
:

:{o

Lo S



i
Table :2(a) Dimensionless heat flux distribution
' along X=0.5 axis at 7=1

Y | N ;
L 10 01 o0l 0001
03 | 3347 0876 063l 0602
1 [2] 3315 0860 0610 0556
ﬁ S4 . 3266 0793 0542 0511
1. . T
05 | 2135 0632 0478 0459
2] 2112 0609 0463 0423
s4 2106 0604 0452 0434
07 13719 0464 0366 0353
2] 1352 0430 0344 0322

-S4 1422 0510 0417 0405

Table |2(b) Dimensionless heat flux distribution
QY(QX) along Y=0.5 axis at r=1

X

1.0 0.1 1001 - 0001

06 2067(503) 0618(.110) 0471(.068) 0.453(.063)
[22.050(.491) 0595(.107) 0.454(.070) 0.416(.059)
$4/2.050(.483) 0.602(.092) 0455(.052) 0.436(.047)

0.8 1 A34(1.456) 0.501(.320) 0.401(.196) 0.388(.180)
[2] 1:489(1.422) 0.478(.305) 0.381(.195) 0.357(.171)
4‘ 1‘464(1 391) 0482(.259) 0.384(.143) 0.374(.129)
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Fig. 3 Dlmenswnless temperature contoures for pure
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