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Diffusion cooling optimization of two layers porous plate using
genetic algorithm
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U niversity ofScience-and Technology of-China , Hefei 230027, China)

Abstract:~An optimization method of diffusion—eooling with two layers porous matrix
was presentedin this paper. Coolant was-injected1mto the solid matrix under certain differen-
tial pressures and characteristic sizes of the porous matrix. With the variation of the porous
material, porosity, and thickness ratio, the minimum temperature of the hot surface is ulti-
mately subject to jcooling optimization when the global constraint conditions of mass and
cost, ete, are-satisfied. In this paper, the genetic algorithm was used to find the feasible op-
timization design with the analytical solution of one— dimensional LNTE model. T he results
show that the porosity of the porous plate close to the coolant reservoir should be as large as
possible, but this phenomenon is not correct on the porosity of the porous plate close to the
hot surface, its value depends on the balance of effects on the effective thermal conductivity,

heat convective coefficient and coolant mass flow rate.
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GA , Table 1 Thermal conductivity, density and cost of
four metals
’ ’ ’ W/me* K /Al / Fe
00111001 11001011 00! 11100111 10l Al 203.5 ! 189 189
7 Cu 386. 4 3,305 12:8 42.3
, 7 P, Fe 46.52 2911 1 2.911
: Br 108.9 3.292 13 42.8
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2 Be= 10",d,= 2x 100*m, €€ [0.2 0. §]
Table2 Optimal solution without constraints, at Be= 10",d, = 2x 10-3m, €€ [0. 2 0. §]
1 2 /1074
1 Cu/0.8/0.7925 Cu/0.6819/ 0. 2075 0.3479 0.7428 9.51
2 Cu/0.8/0.7975 Cu/0.6819/ 0. 2025 0.3473 0.7409 9.48
3 Cu/ 0. 8/0. 8025 Cu/0.6819/ 0. 1975 0.3466 0.7391 9.46
4 Cu/ 0. 8/0. 8025 Cu/0.6488/ 0. 1975 0.3488 0.7609 9.74
5 Cu/0.8/0.7350 Cu/0.696 1/ 0. 2650 0.3548 0.7524 9.63

:Cuw/ 0. 6/0.7975 /

/ ;
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Fig. 2 Effect of the porosity on the heat
transfer_coefficient in the porous media 3, 1 3,
3.
3 : <50, atBe= 10", €€ [0.2 0. 8]

Table 3 Optimal ‘solution with'mass constraint cost< 5.0, atBe= 10", €€ [0. 2 0. 8]

1 2 /107"
1 Fe/0.8/0-7450 Cu/0.6819/0.255 0.3544 0.7029 3.89
2 Fe/0.8/0.8025 Cu/0.6819/0. 1975 0.3478 0.6760 3.16
3 Fe/0.8/0.7925 Cu/0.679 1/ 0. 207 5 0.3488 0.6827 3.31
4 Fe/0.8/0.8025 Cu/0.6830/0. 1975 0.3480 0.6752 3.15
5 Fe/0.8/0.8 Cu/ 0. 6819/ 0. 2 0.3480 0.6771 3.19

4 :  <0.25, <5.0, atBe= 10", €€ [0.2,0.8

Table 4 Optimal solution with mass and cost constraints weight< 0.25, cost< 5.0, atBe = 10", €€ [0. 2 0. §]

1 2 /104
1 Al/0.8/0.795 Al/0.6813/0.2050 0.4132 0.2246 4.25
2 Al/0.8/0.8025 Al/0.6801/0.1975 0.4119 0.2240 4.23
3 Al/0.8/0.7925 Al/0.6789/0.2075 0. 4132 0.2254 4.26
4 Al/0.8/0.7875 Al/0.6796/0.2125 0.4140 0.2259 4.27
5 Al/0.8/0.79 Al/0.6801/0.21 0.4137 0.2255 4.26
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5 Be= 10°,d,= 2x 10°m, €€ [0.2 0. §
Table 5 Optimal solution without constraints, at Be= 10", d, = 2x 100°m & &70. 2, 0. 8]
1 2 /107 %
Cuw/ 0.8/ 0.7775 Cu/0.7670/0. 2225 0.8187 0. 6854 8.77
Cu/ 0.8/ 0.7450 Cu/0.7717/0. 2550 0.8217 0.6850 8.76
Cuw/ 0.8/ 0.7775 Cu/0.7670/0. 2225 0.8187 0.6854 8.77
Cuw/ 0.8/ 0.7775 Cu’0.7670/ 0.2225 0-8187 06854 8.77
Cuw/ 0.8/ 0.7775 Cu/0:767 0/ 0.2225 0.8187 0.6854 8.77
6 Be= 10%,d,= 2x 10-°m, €€ [0.2 0. 8
Table 6 Optimal solution without constraints, at Be= 10, d, = 2x 100°m € € [0.2 0. 8]
1 2 /1074
Cu/ 0:8/ 0. 7825 Cu/0.6205/0. 2175 0.1778 0.7909 10.12
Cu/ 0. 8/0.7925 Cu/0.6213/0.2075 0.1770 0.7850 10.05
Cu//0.8/0. 7925 Cu/0.6205/0. 2075 0.1770 0.7855 10.06
Cu/0.8/0.8 Cu/ 0.6157/0.2 0.1764 0.7833 10.02
Cu/ 0.8/ 0.797 5 Cu/0.6192/0.2025 0.1766 0.7834 10.03
7 Be= 10", d,= 1x 10°m, €€ [0.2 0. §
Table 7 Optimal solution without constraints, at Be= 10", d, = 1x 10->m e € [0. 2 0.8]
1 2 /104
Cu/ 0.8/ 0.74 Cu/0.7670/ 0. 26 0.3760 0.6896 8.83
Cuw/ 0.8/ 0.7125 Cu/0.7717/0. 287 5 0.3772 0.6881 8.81
Cu/ 0.8/ 0.74 Cu/0.7670/0. 26 0.3760 0.6896 8.83
Cu/ 0.8/ 0.73 Cu/0.7670/ 0. 27 0.3765 0.6906 8.84
Cuw/ 0.8/ 0.7775 Cu/0.7574/0. 2225 0.3741 0.6854 8.86
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8 Be= 10", d,= 8x 10-*m €€ [0.2 0. §
Table 8 Optimal solution without constraints, at Be= 10'',d, = 8x 10-*m € € [0. 2 0.8]

1 2 /107°
1 Cu/ 0. 8/0.7925 Cu/0.7764/ 0. 207 5 0.3932 0.6773 8.67
2 Cu/ 0.8/0.755 Cu/0.7858/0.245 0.3943 0.6726 8.61
3 Cu/0.8/0.7725 Cu/0.7811/0.2275 0.3939 0.6752 8.64
4 Cu/0.8/0.7925 Cu/0.7764/ 0. 207 5 0.3932 0.6773 8.67
5 Cu/0.8/0.7925 Cu/0.7811/0.2075 0.3937 0.6126 8.64
7 8 , , 2 )
, 2
Be 5 . D
2 2’ 2 2 2

4 :

[.11 Greuel D, Herbertz A, Haidn O J, et al. Diffusion cooling
applied to C/L€ liners of cryogenic liquid rocket engines

’ [R]. Eort Lauderdale, Florida: ATAA /ASME /SEA/AS
EE/ JPC Conference and Exhibit, 2004- 3682, 2004.

[2] LandisJ A, Bowman J] W. Numerical study of a diffusion
cooled rocket nozzle [ R]. ATAA Paper 962580, 1996.

\ [3]1 LeeC P, Schafrik R E, Darolia R. Multrlayer thermal
barrier coating with diffusion cooling: US patent,
6511762B1[ S]. 2000.

[ 41 Wolfersdorf J V. Effect of coolant side heat transfer on dif
fusion cooling [ J]. J. of Heat and Mass Transfer, 2005,
41: 327337.

[ 5] Wildt Tremblay P, Gosselin L. Layered porous media ar

1) , 1 chitecture for maximal cooling [ J]. International Journal of

Heat and Mass T ransfer, 2007, 50: 464- 478.
[ 6] Ozkol I. Determination of the optimum geometry of the
s P 1 heat exchanger body via a genetic algorithm [ J]. Numerr
cal Heat Transfer Part A — Applications, 2005, 48:
283-296.

2) 2 [71 Younes M. A genetic algorithm for the shape optimization

of parts subjected to thermal loading [J]. Numerical H eat

Transfer Part A— Applications, 2001, 39: 449 470.

[ 8] Bejan A. Convection heat transfer [ M]. 3rd ed. New
. York: Wiley, Chapter 12, 2004.
3) Be [9] WANGJH,WANG H N. A discussion of diffusion cook
ing problems through an analytical solution of local ther
5 Be mal norr equilibrium model [J]. ASME J. of Heat Trans
fer, 2006, 128: 1093 1098.
[10] Hwang G J, Wu C C,Chao C H. Investigation of norr dar

? cian forced convection in an asymmetrically heated sintered

porous channel [J]. ASME J. Heat Transfer, 1995, 117:
725 732.



