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Table 3 Optimization results of genetic algorithm for heat pipe
array’s layout (n=3~6)

n SAALE m KK i /kg FfE/P;!

3 [58, 148, 188] 0.369 2 53.2449 2.3695x10°
4 [53, 77, 180, 204] 0.443 6 64.756 1 8.8373x 107
5 [25,99, 110, 213, 221] 0.538 1 78.419 5 1.9952 x10*
6 [21, 28,130, 142,229,236] 0.6275 91.563 0 2.8576 x 10™
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Table 4 Optimization results of genetic algorithm for heat pipe
array’s layout (n=7~9)

n I3l m KK Ekg FIP,

7 [23,30, 83, 111, 178, 190, 231] 0.6613  96.5032 0.00274
8 [24,29,34,127,130,210,222,232] 07362 107.8254 0.00481
9 [24,29, 35, 114, 127, 178, 208, 231, 237] 0.7548 110.2106 0.00445
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Design Method of Heat Pipe Array’s Layout for Lunar Polar Water Ice Mining

ZHADO lJialong, YUAN Shuai, ZHANG Zexu

(School of Astronautics, Harbin Institute of Technology, Harbin 150001, China)

Abstract: To exploit water ice in-situ resources in lunar polar region, a design method of heat pipe array’s layout was proposed

in this paper. Firstly, the heat pipe array was presented according to the water ice mining scheme, and heat conduction process of heat

pipe array was numerically solved by three-dimensional finite difference method. Secondly, the objective function of water

production and heat flow consumption was established. Genetic algorithm was used to optimize the layout of heat pipe array, and the

optimal solution of heat pipe’s layout was acquired by iterative search. Simulation results show that the optimal layout of heat pipe

array could obtain maximum water production with minimum heat flow consumption. Besides, mass of water ice collected in a task

and total time required were given. The application of this design method to life support system of lunar base can improve the

efficiency of polar in-situ resources’ collection.

Keywords: water ice mining; heat pipe array; genetic algorithm; optimization problem

Highlights:

e Three-dimensional finite difference method is used to calculate heat conduction model of lunar soil. Compared with other
numerical methods, the iterative scheme is simple and calculation accuracy is fine.

e Operator definition of the classical genetic algorithm is modified in order to increase the proportion of excellent genes in the
population and improve searching speed and convergence accuracy of the algorithm.

o Genetic algorithm is based on the search mode of “global after local "to avoid falling into local convergence and ensure the capture
of the global optimal solution.

o Considering both water production and heat flow consumption, the optimized heat pipe array’s layout has the highest efficiency in

practical mining tasks.
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