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A design method for propeller with arbitrary circulation distribution
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Abstract: A design method for high efficiency propeller with arbitrarily given circulation
distribution and operating condition was presented to calculate the geometric characteristics
of the propeller, including the chord length and twist angle. For comparison of the best cir-
culation considering or disregarding the drag of the blade element, the expressions of the two
best circulations were derived respectively, and the parameters’ influences on the best circu-
lation distribution were analyzed. Then the propeller design method was derived inversely
from the blade element momentum theory. The study on the parameter influences for effi-
ciency shows that the ideal efficiency is closely related to dynamic pressure and disk loading.
At last, several propellers were designed with different circulations and their performances
were compared. The study indicates that the design method can be used to design high effi-
ciency propeller with arbitrary circulation, at a relative error less than 7%, and the differ-

ence of design performance from the design result in the reference literature is less than 2%.
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Table 1 Low Reynolds number propeller performance

under designed condition

RV T/N M/(N+em) P/W 7/ %
BEMT(D1) 5.2149 0.20888 87.4966 77.482
rBEMT(D1) 5.0469 0.20661  86.5426 75.813
rBEMT(DO) 5.0321 0.20610 86.3320 75.774
rBEMT(Qu) 5.0768 0.21220 88.8880 74.249
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Table 2 General aviation propeller performance under

designed condition

x4 T/N M/(Nem)  P/W %
WAT(DD)  121.0943  24.0371  3775.7455 89.088
MAT(DO)  121.6502  24.1635  3795.5876 89.029
JEeFH(D1) 371.4213 52.1594  11470.450 80.952
feF(D0)  371.017  52.1181 11461.366 80.928
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