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Aerodynamic performance of propeller with two design points

TANG Wei, SONG Bi-feng, ZHANG Yu-gang, JIAO Jun

(School of Aeronautics,

Northwestern Polytechnical University, Xi'an 710072, China)

Abstract: Considering the overall requirement of the propeller for a vertical take-off and
landing (VTOL) small unmanned air vehicle (SUAV), the difficulty of propeller design with
two operating points was analyzed; the designed requirement of propeller performance was
verified; the effect of two operating points on the propeller performance was studied; and the
instructive conclusions were finally obtained. With CFX software as a tool, hovering and
cruising models were calculated and compared with the results of truck-mounted experiment.
It showed that the propeller can meet the need and the results of simulation agree with the
experiments basically with errors less than 11%. The effect of two operating points and the
parameters were analyzed through comparison between the designed propeller and the propel-
ler with single operating point. The results show that the performance reduction happens in
relation to two operating points, and reducing the total weight and cruise velocity, or in-
creasing number of propulsion and power to decrease the difference between two points can

facilitate the design and reduce the performance loss.

Key words: two design points; propeller; aerodynamic performance;
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vertical take-off and landing (VTOL)
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Table 1 Design requirement and result when the design

rotation speed of 3800 r/min
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Table 2 Data and comparison of calculation and experiment on propeller

W/ Now/ " CFD {4 S 2/
. iliprings
(m/s)  (r/min) T/N C P./W G, &S T/N C %
0 2200 27.7 0.094 278. 06 0. 040 0. 58 28.2 0.096 1.7
0 2600 37.7 0.092 456. 92 0. 040 0. 56 42.0 0.102 10. 2
0 3000 51.8 0.095 708. 26 0. 040 0. 58 56.9 0. 104 9.0
0 3400 67.5 0.096 1041. 2 0. 040 0. 59 75.9 0.115 10.9
0 3800 85.4 0. 097 1463.9 0.041 0. 60 96. 6 0.110 11.6
10 2200 0.420 18. 8 0. 064 270. 60 0. 039 0. 69 19. 6 0. 067 4.4
10 2600 0. 355 30.7 0.075 483. 46 0.042 0. 64 30. 3 0.074 1.5
10 3000 0. 308 44. 2 0. 081 768. 64 0.043 0. 58 42. 8 0.078 3.4
10 3400 0.271 59.9 0. 085 1142.5 0. 044 0.52 59.7 0. 085 0.3
10 3800 0.243 79.9 0.091 1605.7 0. 044 0. 50 74.2 0. 085 7.6
20 2500 0.738 2.2 0. 006 124. 94 0.012 0.35
20 3000 0.615 16.7 0. 031 454. 48 0.026 0.73 18.1 0.033 8.0
20 3400 0.543 31.2 0. 044 829. 04 0.032 0.75 31.2 0. 044 0.2
20 3500 0. 527 35.1 0. 047 939. 68 0.033 0.75
20 3800 0. 486 48. 1 0.055 1314.5 0.036 0.73 46. 3 0.053 4.1
20 4000 0.462 57.6 0.059 1602.9 0. 038 0.72
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Table 3 Comparison between requirement and the
results of CFD and truck-mounted experiment

under design points
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Table 4 Experimental data of the propellers with

hovering design point
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pyii| (r/min) (g/W)
2200 28.2 8. 82
2600 42.0 7.94
Kt
. 3000 56.9 6.62
e 2
3400 75.9 6.11
3800 96. 9 5.01
2780 49. 2 9.56
3400 72.5 7.11
T_Motor
3800 87.5 6. 27
27 % 8. 8CF
4100 105. 3 5. 65
4450 121.3 4. 94
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Table 5 Comparison of power loading at hovering
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