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Design and performance test of a kind of three-blade propeller
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Abstract: According to the flight veloeity, the required thrust and rotation speed of pro-
peller, the three-blade propeller of-an aircraft was designed, and the chord length and pitch
angle distribution along the radial direction of propeller were obtained. The three-blade com-
posite propeller (diameéter of 1. 75m) was manufactured based on the designed results, and
the thrust of this propeller under various rotation speeds was measured using a propeller test
rig. In order to obtain the dynamic performance of propeller, the scaled propeller (diameter
of 0. 96 m) was manufactured, while the aerodynamic performance data of thrust, torque,
power and efficiency were measured at the three-dimension test section of Northwestern
Polytechnical University NF-3 wind tunnel. Results show that the maximum efficiency of
propeller is 85.63%, this three-blade propeller is suitable for the 70 kW engine (for exam-
ple: Rotax 912), so this designed method of propeller has good applicable value.
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wind tunnel test; efficiency; general aviation
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Table 1 Thrust of three-blade composite propeller

under the different rotation speeds
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Table 3 Performance data list of scaled propeller

(V=20m/s)

N/

C C, Cy
(r/min) ‘ 1

1500 0.0226 0.0044 0.0274 0. 7085
1800 0.0481 0. 0066 0.0418 0.8401

2100 0.0739 0. 0086 0.0538 0.8317

2400 0.0861  0.0093  0.0587  0.7884
B4 KGR PRI E AL (H AR 0. 96 m) 2700 0.1010 0.0101 0.0635 0.7435
Fig. 4 Propeller in the wind tunnel 3000 0.1080  0.0105  0.0660  0.7103

(diameter of 0. 96 m)
3300 0.1199 0.0110 0.0694 0. 6553

C — ;fDr1 13) 3600 0.1268  0.0115  0.0721  0.6174
S
i 3900 0.1346  0.0119~ 0.0749 \ 0.5736
€, = — (1)
Ny
o %4 GILEIER M MR (V=30m/s)
_ W \
C. = o D (15) Table 4 _Performance data list of\scaled propeller
) (V=30m/s)
C.A
1= (16)
w N/
v . G C, C, 7
A= —= a7 (r/min)
ns D
b WS, = NGO, D W A QN 2100 0.0099°  0.0029  0.0183  0.5004
AW D3 COR R &4, C, AR R E 2400 0.0348  0.0054  0.0338  0.8241
Co HIHERE 7 HRE. 2700 0.0548  0.0072  0.0452  0.8563
H V=0,20,30m/s Al 40,m/s\f , WA i 3000 0.0715  0.0085  0.0537  0.8491

F e 2 P8 i B 23 ) A 3% 2~ 3 5 R,

3300 0.0848 0. 0095 0.0598 0.8191

®2 FEILBEREEHIER(V=0m/s) 3600  0.0960  0.0103  0.0645  0.7853
Table 2 Performance data list of scaled propeller
3900 0.1061 0.0110 0.0689 0.7487
(V=0m/s)
N/ (r/min) o) G, C, K5 FHILBRERMEIHIER(V=40m/s)
Table 5 Performance data list of scaled propeller
900 0.1248 0. 0094 0.0593
(V=40m/s)
1200 0.1365 0.0093 0.0585
N/
1500 0.1389 0. 0094 0.0590 ‘ G C, C. 7
(r/min)
1800 0.1401 0. 0095 0.0597
2100 0.1412 0. 0096 0. 0601 2700 0. 0026 0.0022 0.0136 0.1780
2400 0.1412 0. 0097 0. 0607 3000 0.0235 0. 0042 0.0262 0.7662
2700 0.1420 0. 0099 0. 0620 3300 0. 0405 0. 0059 0.0370 0.8496
3000 0.1425 0.0100 0. 0630 3600 0.0558 0.0073 0.0460 0.8613
3300 0.1438 0.0103 0. 0645 3900 0.0687 0. 0085 0.0531 0.8348
3600 0.1446 0.0105 0. 0660

R4 i LU AR 810 J0) AN 20 (13) ~ =X (15) , 7]
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Table 6 Performance data of full-scale propeller

(V=0m/s)

N/(r/min) T/N Q/(N * m) W/kW
493 95. 06 12. 5357 0.0657
658 184. 82 22.0486 1.5217
822 300.02 34.8214 2.9974
987 435.76 50. 6762 5.2409
1152 597.78 69.7020 8.3782
1316 780.78 91.9877 12. 6311
1481 993. 77 118.8223 18. 3696
1645 1231. 20 148.1760 25.6048
1810 1503. 34 184.6717 35.8914
1974 1799. 05 224.0421 46. 3520

2139 2125.99 285. 4759 64.0222

R7T ERTEERRMEREIER(V=30m/s)

Table 7 Performance data of full-scale propeler

(V=30m/s)
N/
) T/N QN +'m) \W/kW 7
(r/min)
1152 41. 91 21,0558 2.5511 0. 5004
1316 192. 43 51.2096 7.0334 0.8241
1481 383.51 86.4162 13. 3920 0. 8563
1645 617.76 125.9496° 21.8251 0.8491

1810 886.53  170.3283 32.3490 0.8191

1974 1194.39  219.7746 45.2986 0.7853

2139 1549.23 275.4592 61.5220 0. 7487
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