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OPTIMUM DESIGN FOR PROPELLERS

Liu Zhenxia

(Dept. of Aeroengine Engineering, Northwesterm Polytechnical Univ. , Xi'an, 710072)

Abstract: This paper analyzes the basic problems of moden method of propeller design and
developed a computer procedure to design optimum propellers according to Betz optimization theory. A
set of propellers used now are redesigned and the property of the new and the old one are all
calculated at taking off, climbing and cruising coditions. The comparison tunnel tests of scaled models
of the old and redesigned propellers have been done. The experiment result states that the efficiency
of the redesigned propellers increases by a factor of 3% compared with that of the old one at each
fight condition.
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T' = dT/dr = 2nrpv(1 + a) (2vaF) 1)
M3, B¥e LNHEQNR:
Q = dQ/dr = 2xrpv(l + a)(20rd' F) (2)
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T" = L'cos® — D'sin® = L'cos®(]1 — etg®P) (6a)
Q = L'sinn® + D'cos® = L'sin®(1 + €/tgd) (6b)
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Table 1 Flight condition
Condition Take off 1 Take off I Climb I Climb 1 Cruising
High (km) 0 0 2 4 4
Atmosphere
15 15 15 15 15
temperatare (°C)
Power (kw) 1855 1951 1544 1394 1272
Rotative
1245 1288 1245 1245 1245
velocity (r/min)
Velocity (m/s) 50 50 100 100 150
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Table 2 Redesigned propeller parameters

Relative radius Chord Twist angle (°) Relative thick
0. 2020 0. 3061 58. 32 0.1790
0.2778 0. 3099 51. 67 0. 1580
0. 3535 0. 2954 45.53 ) 0. 1400
0. 4293 0. 2895 40. 05 0.1240
0. 5051 0. 2829 35.72 0. 1090
0. 5808 0. 2779 32.03 0. 0970
0. 6566 0. 2733 28.50 0. 0840
0.7323 0. 2703 25.13 0. 0745
0. 8081 0. 2628 22.13 0. 0640
0. 8838 0.2434 19.53 0. 0543
0.955%6 0.1610 17. 05 0. 0440
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Table 3 Property parameters of redesigned propellers

Condition Power (kw) Thrust (kw) Efficiency
Take off I 1885 26. 44 0. 701
Take off I 1951 27.51 0. 705

Climb 1 1544 13. 66 0. 885

Climb I 1394 12. 23 0. 878

Cruising 1272 9. 25 0. 910

Table 4 Property comparison between new propellers’ and old one’s

Condition Tabke off I Take off 1 Climb 1 Climb I Cruising
Old propellers 0. 663 0. 667 0. 872 0. 858 0. 891
Redesigned propellers 0.701 0. 705 0. 886 0. 878 0. 910
an (%) 3.8 4.0 1.4 2.0 2.0
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