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In this paper, inverse design to determine unknown heat source distribution in a radiant enclosure using 
an optimization method is investigated to produce desired emissive power and heat flux profiles on a 
diffuse-nongray design surface of a two-dimensional radiant enclosure. The medium of enclosure is 
emitting-absorbing, and the design surface emissivity is assumed to be varied with respect to 
wavelength. Regarding diffuse-nongray design surface, the variation of emissivity with respect to the 
wavelength is approximated by considering a set of nongray bands with constant emissivity and then the 
radiative transfer equation is solved by the discrete ordinates method for each band. The total heat flux 
on each surface element of the design surface is approximated by a summation over the contribution of 
nongray bands. The conjugate gradient method is used to minimize an objective function, expressed by 
the sum of square residuals between estimated and desired heat fluxes over the design surface. The 
sensitivity problem is approximated by differentiation of the radiative transfer equation with respect to 
the unknown variables. The performance of the present method is evaluated by comparing the results 
with those obtained by considering a diffuse-gray design surface. The results show that the heat source 
distribution is well recovered over the heat flux specified design surface in an appropriate range of 
accuracy. 
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Fig.  1 The geometry of the square radiant enclosure containing an 
absorbing-emitting medium with a heat source generation 
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Fig.  2 Variations of the hemispherical nongray emissivity vs. 
wavelength [18] 
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Fig.  3 The relative errors for estimating the total heat flux over the 
design surface for three different values of gray wall emissivity, = 1 
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Table  1 The root mean square error for different values of gray wall 
emissivity 

 Erms (%)  

0.1 0.0273 

0.5 0.2465 

1.0 0.2118 

 

Fig.  4 The relative errors for estimating the total heat flux over the 
design surface for three different values of medium optical thickness, 

= 0.5 

4 
= 0.5 
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Table  2 The root mean square errors for different values of medium 
optical thickness 

 Erms (%) 

0.1 0.3032  

1.0 0.2465  

2.0 2.496  

  

 
Fig.  5 The relative errors for estimating the total heat flux over the 
design surface, for two cases of diffuse-nongray and diffuse-gray 
design surface 
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Fig. 6 Dimensionless heat source distribution over the entire enclosure 
medium, = 0.5  and = 1 , with diffuse-gray design surface, =
0.517 
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= 1= 0.517 

 

Fig. 7 Dimensionless heat source distribution over the entire enclosure 
medium, = 0.5 and = 1, with diffuse-nongray design surface 
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Fig.  8 Dimensionless emissive power distribution over the entire 
enclosure medium, = 0.5 and = 1, with diffuse-gray design 
surface, = 0.517 
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Fig.  9 Dimensionless emissive power distribution over the entire 
enclosure medium, = 0.5 and = 1, with diffuse-nongray design 
surface 
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Fig. 10 Normal nongray emissivity of a highly doped silicon 
semiconductor at room temperature [18] 
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Table  3 The band emissivity, , and the corresponding values of 
for silicon semiconductor [18] 

m   1  

1 0-2 0.710 9.2936E-8 
2 2-4 0.710 2.1341E-3 
3 4-6 0.730 3.7208E-2 
4 6-8 0.790 1.0091E-1 
5 8-10 0.780 1.3297E-1 
6 10-12 0.660 1.3039E-1 
7 12-14 0.508 1.1240E-1 
8 14-16 0.400 9.1540E-2 
9 16-18 0.333 7.2795E-2 

10 18-20 0.303 5.7454E-2 
11 20-22 0.285 4.5377E-2 
12 22-24 0.270 3.6015E-2 
13 24-26 0.264 2.8785E-2 
14 26-28 0.257 2.3188E-2 
15 28-30 0.252 1.8833E-2 
16 30-32 0.244 1.5420E-2 
17 32-34 0.236 1.2726 E-2 

18 34-  0.233 8.1863E-2 
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Fig. 11 The relative errors for estimating the total heat flux over the 
design surface for three different values of gray wall emissivity, = 1 
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Table  4 The  root  mean  square  error  for  different  values  of  gray  wall  
emissivity 

 Erms(%)  

0.1  0.0322  

0.5 0.0243 

1.0 0.0279  

 

 

Fig. 12 The relative errors for estimating the total heat flux over the 
design surface for three different values of medium optical thickness, 

= 0.5 
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Table 5 The root mean square error for different values of medium 
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  Erms (%) 

0.1 0.03128 

0.5 0.02432 

2.0 0.02475 

 

 
Fig. 13 The relative errors for estimating the total heat flux over the 
design surface, for two cases of diffuse-nongray and diffuse-gray 
design surface 
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Fig. 14 Dimensionless heat source distribution over the entire enclosure 
medium, = 0.5 and = 1, with diffuse-gray design surface, = 0.5 
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Fig. 15 Dimensionless heat source distribution over the entire enclosure 
medium, = 0.5 and = 1, with diffuse-nongray design surface 
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Fig. 16 Dimensionless emissive power distribution over the entire 
enclosure medium, = 0.5 and = 1, with diffuse-gray design 
surface, = 0.5 
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Fig. 17 Dimensionless emissive power distribution over the entire 
enclosure medium, = 0.5 and = 1, with diffuse-nongray design 
surface 
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