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Design Method of High-efficiency Propeller for Solar-powered
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Abstract: Currently, the design of conventional propeller and high altitude propeller is popular, and the study on

propeller for solar-powered unmanned aerial vehicle (UAV) in low altitude is few. Therefore, a high—efficiency

propeller design method for solar-powered UAV in low altitude is proposed. According to the flight span curve of

the solar—powered UAV, the climb and main cruise altitudes are selected as the design points. Firstly, based on the

Betz minimum energy loss design criteria, strip theory and its reverse derivation, the chord length and pitch angular

distribution under each design point are calculated. Secondly, the weights of the calculation results of each design

point are assigned according to the flight span curve to obtain the final design chord length and pitch angle distribu-

tion. Finally, based on CFD numerical simulation method, the performance of the designed propeller is performed

with simulation and calculation. The results show that, compared with the conventional propeller, the efficiency of

the propeller designed in this paper is significantly improved within the flight envelope of the entire mission cycle un-

der the allowable power range and meets the design requirements. The proposed high—efficiency propeller design

method has high application value.

Key words: solar-powered UAV; propeller design; minimum energy loss; strip theory; flight span curve; CFD

numerical simulation
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Table 1 Different design point parameters

TRATHUE/ B WL ) BRI/

Fir Bt (mes ") #/rpm 3 T/N (kg-m ) [kg(m-s)~']

ext 8 2 500 17 1.1117 1.7579X10 °

1.5 km & At 10 2100 9 1.0581 1.7420X10°°

2.5 km i i 12 2 200 7 0.9570 1.7099x10°
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Table 2 Numerical calculation results of propeller

M/ e/

(m-s™ 1) rpm

VN - i/ kY
WREE TNy mw R

8 1700  0.47 6.581 0.451 80.211 0.656
8 1900  0.42 9.453 0.556  110.680 0.683
8 2000 0.40 11.247 0.637 133.437 0.674
8 2100  0.38 12.890 0.702 154.318 0.668
8 2200 0.36  14.637 0.779 179.516 0.652
8 2500 0.32 20.367 1.017 266.301 0.612
8 2700 0.30 24.974 1.197 338.371 0.590

10 1900  0.52 6.895 0.477 94.919 0.726
10 2000  0.50 8.486 0.554 115.987 0.732
10 2100  0.47 9.964 0.633 139.215 0.716
10 2200 0.45 11.638 0.715 164.752 0.706
10 2400  0.42 15.296 0.888 223.126 0.686

10 2700 0.37 21.418 1.166 329.624 0.650

12 1900  0.63 4.186 0.366 72.913  0.689
12 2000  0.60 5.571 0.446 93.337 0.716
12 2100  0.57 7.060 0.528 116.200 0.729
12 2200 0.54 8.675 0.615 141.721 0.735
12 2400 0.50 12.114 0.795 199.737 0.728

12 2700 0.44 18.098 1.088 307.634 0.706
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Fig. 12 Comparison of efficiency between

conventional propeller and design propeller
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