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Conductive-Radiative Heat Transfer in an Infinite Square Duct with
Dielectric Directional Property Wall
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Abstract

The effects of a directionally emitting and reflecting dielectric surface on the wall heat flux and
medium temperature distribution are studied. The system is an infinite square duct enclosing an
absorbing and emitting medium. The emissivity and reflectivity of opaque and gray wall vary with
direction. Combined effect of conductive and radiative heat transfer is analyzed using finite difference
and the direct discrete-ordinates method. The parameters under study are conduction to radiation
parameter, optical depth, refractive index ratio. The results with directional and diffuse properties
deviate each other when the conduction to radiation parameter is less than around 0.01. The wall heat
flux differs for optical thickness less than around 0.1. However, the medium temperature profiles differ
for optical thickness greater than around 1. Deviations from diffuse property calculations are larger for
hot wall with directional property than cold wall with directional property. As n increases from 1.5, the
trend changes are observed for refractive index ratio about n=6.10
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Fig. 3 Effects of N on diffuse(h) or directional(e)
north wall heat flux
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(h, e=091)2) A7t vims o] ek, WP A
A&A MEH FZAANAL AR o F
A Mol YolMFEE AA-g, AA-43,
BAb-d, BA-wrare] M2 Ads adA 3l
o Ao A AA-d, AA-dako]l A9 FH
Hollth N7b #A¥FE ANIARS L FaE
T EAMAFELE FUkste, o elrt gadEm
et 5FW A9 df&2 dEAbEY A
7b wgEAdERc oy, J&EEW ZHAAE
apol7b gilew, N7l $7184:2 zo]7t &
3 Yot GEAY G548 71FeR § Hol9
HUY%g wEs) 2d, N=001, 0.1, 114 A
s 4 o 38 39 21%, BEAESELS
oF 38, 45 47% AE)H, BEAEA BFL7)
A

312 o g8

Fig. 50| #8577} vjde] 2xF X0 n|x
= 9Fo] HEH gl BEW ulo] n=15 ¢
WepEAlHol 2, Yrx] WEL ZRolw, N

=001, =1, 0.1, 0.010]t}. BEFFA =14, o}
A9 F4 WA Y&y n2 FgYe] HFFo] F
= Ag & 4 Aok FEARY g 5
AL A Fgtoy, =1 A AL (Fig. 8 A



2EA PP qE

N=0.01

Fig. 5 Effects of r on dimensionless temperature

contours at directional(e) north wall

Fig. 6 Effects of 7 on diffuse(h) or directional(e)
north wall heat flux
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Fig. 8 Dimensionless temperature contours of pure
conduction(PC) and conduction-radiation at
black(b), diffuse(h), directional(e) north wall
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Fig. 10 Effects of n on diffuse(h) or directional(e)
north wall total heat flux

Fig. 11 Effects of n on east wall heat flux at
diffuse(h) or directional(e) north wall
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Fig. 14 Dimensionless east wall heat flux at black
(b), diffuse(h), directional(e) hot south wall
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Fig. 15 Effects of n on north wall heat flux at
diffuse(h) or directional(e) hot south wall
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Fig. 16 Effects of n on east wall heat flux at
diffuse(h) or directional(e) hot south wall
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