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Modeling and optimal design of stratospheric airship propulsion
system based on energy balance
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Abstract: An modeling and optimal design method of stratospheric airship propulsion
system based on energy balance was proposed to achieve both high efficiency and light weight
goals. Efficiency and weight surrogate models of motor and propeller were individually es-
tablished using design of experiments method and surrogate model technology. A weight cal-
culation model for airship energy system containing solar cells and energy storage batteries
was also built. Based on the multi-island genetic algorithm, the optimal design model of air-
ship propulsion system was established with the energy and thrust balance as the con-
straints, and the minimum total weight of the propulsion and energy system as the goal.
Optimization design of an example was carried out. The results show that the efficiency of
the optimized propulsion system is increased by 23% , and the total weight of the propulsion

and energy system is reduced by 340kg, verifying the feasibility and application value of the
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modeling and optimal design method of stratospheric airship propulsion system.
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Fig. 1 Sample points of propeller design variables
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Table 2 Average error of propeller surrogate models

AR BB R 2 JT P B iR 2
Wi . A 25 0.08237 0.08361
Kriging %7 0.07027 0.04104
Hf1 25 [ 2% 5 TR 0.06574 0.03490
90
80
§m
tﬁ.

500
£ 700 °%
800 N Jh

P2 SR R A AR AU A T

Fig. 2 Surrogate model of propeller efficiency
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Fig. 3 Surrogate model of propeller weight
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Table 3 Range of variables of motor surrogate model
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Fig. 4 Sample points of motor design variables
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Table 4 Average error of motor surrogate models
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Fig. 5 Surrogate model of motor efficiency

6 AL HL 5 G A Y

Fig. 6 Surrogate model of motor weight
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Fig. 9 Parameters of solar cell laying
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Fig. 12 Optimization model framework
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