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Aerodynamic Optimization Design of Small Loitering Munition Propeller
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Abstract: The propeller performance of small loitering munition is easily affected by the smaller blade size and
lager hub ratio. A loitering munition encountered the problems of propeller speed is too high, and the
endurance is not enough, the propeller wind tunnel test, the calculation results and flight performance are
different. Aiming at the problem of inconsistent calculation results, the numerical simulation of the
experimental subject was carried out. The result shows that the propeller hub produces a large negative thrust
and torque, which is the most important factor leading to a significant decrease in propeller efficiency and
increase in propeller speed. According to the calculation results, the formula of the hub thrust and torque
correction and the propeller optimization design are given. In view of the large difference between the wind
tunnel test efficiency value and flight performance, the propulsion system wind tunnel test was carried out,
the problem of incoming flow interference is solved and accurate experimental results are obtained. In order to
improve propeller efficiency, a propeller calculation model is derived based on propeller vortex theory, the
optimization design of propeller aerodynamic profile is carried out by using genetic algorithm toolbox, with
the efficiency of propeller at cruise as objective, the thrust and maximum counter torque in climb as
constraints. The design results are verified by the wind tunnel test of the propulsion system. Experimental

results show that the optimized design is effective,, and the propeller efficiency is increased by 17.2% at cruise.
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Table 1 Thrust of each component
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W /N —1.244 —1.353 —1.517 —1.711
Waikditk/%  —33.4 —20.1 —14.9 —9.4
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Table 2 Torque of each component

%/ (remin~")

S
7000 7 500 8000 9000
M-H/(Nem) 04338 0.5819 0.9011 1.2556
B/ (Nem)  0.0224  0.027  0.0378 0.0511
¥4/(Nem)  0.0589 0.068  0.0882 0.1088

WS/ % 11.43 10.05 8.59 7.69
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Table 3 Performance of propellers

ek /(remin ')

ZH
7000 7 500 8000 9 000
#:J1/N 6.4226  9.6306 17.1619 26.208 6
H4E/(N'-m) 05151 06769 1.0271 14155
eV 59.53 62.71 63.82 62.40
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Fig.5 Wind tunnel test of propulsion system
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Fig.7 Convergence results of genetic algorithm
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