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Inverse Design of Radiant Enclosures with Internal Source Distribution and
Diffuse-Nongray Design Surface
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, inverse design to determine unknown heat source distribution in a radiant enclosure using
Received 30 April 2016 an optimization method is investigated to produce desired emissive power and heat flux profiles on a
Accepted 31 July 2016 diffuse-nongray design surface of a two-dimensional radiant enclosure. The medium of enclosure is

Available Online 23 September 2016 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

ﬁ]e\ms%rgz'sign wavelength is approximated by considering a set of nongray bands with constant emissivity and then the
Diffuse-nongray design surface radiative transfer equation is solved by the discrete ordinates method for each band. The total heat flux
Emitting-absorbing medium on each surface element of the design surface is approximated by a summation over the contribution of
Discrete ordinates method 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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Table 2 The root mean square errors for different values of medium
optical thickness
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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. 3 The relative errors for estimating the total heat flux over the
design surface for three different values of gray wall emissivity, 7= 1
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Fig. 8 Dimensionless emissive power distribution over the entire
enclosure medium, ¢ =05 and r=1, with diffuse-gray design
surface, g4, = 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. 6 Dimensionless heat source distribution over the entire enclosure
medium, ¢ =05 and =1, with diffuse-gray design surface, g4, =
0.517
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Fig. 7 Dimensionless heat source distribution over the entire enclosure
medium, e = 0.5 and = = 1, with diffuse-nongray design surface
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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

aw slp b 53y Sl )L o gl o s e Hloses 11 S
T=1 alaime G rmS 1 sro g jgauo o po Sglaie Jlade

Sl b mhs 55 (il o slp ety @ye ke sl 4 Jgux

alhass (6 5nS 1> (oo g jsuio g po Al polie
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Fig. 12 The relative errors for estimating the total heat flux over the

design surface for three different values of medium optical thickness,
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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
Fya saforsilicon semiconductor [18]

Fyioa, Em At = Am m
9.2936E-8 0.710 0-2 1
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1.3297E-1 0.780 8-10 5
1.3039E-1 0.660 10-12 6
1.1240E-1 0.508 12-14 ;
9.1540E-2 0.400 14-16 8
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2.8785E-2 0.264 24-26 13
2.3188E-2 0.257 26-28 14
1.8833E-2 0252 28-30 15
1.5420E-2 0.244 30-32 16
1.2726 E-2 0.236 3234 17
8.1863E-2 0.233 34-0 18
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Fig. 14 Dimensionless heat source distribution over the entire enclosure
medium, ¢ = 0.5 and 7 = 1, with diffuse-gray design surface,e4, = 0.5
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Fig. 15 Dimensionless heat source distribution over the entire enclosure
medium, e = 0.5 and = = 1, with diffuse-nongray design surface
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Table 5 The root mean square error for different values of medium
optical thickness

Erms (%) T
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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. 16 Dimensionless emissive power distribution over the entire
enclosure medium, e=05 and =1, with diffuse-gray design
surface, &34 = 0.5
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Fig. 17 Dimensionless emissive power distribution over the entire
enclosure medium, ¢ =0.5 and r= 1, with diffuse-nongray design
surface
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