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Analysis and optimization of windage power loss for aeronautical spiral
bevel gear pair

ZHANG Xuyang, WANG Sanmin, LI Linlin, LIU Linlin, REN Hongfei
(School of Mechanical Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Based on CFD theory, the windage power loss of aviation spiral bevel gear pair was
simulated by using Fluent solution software with the powerful parallel computing ability of supercomputer.
The three-dimensional model of spiral bevel gear pair was established by local synthesis method. The
turbulence model of RNG k-¢ was selected to consider the swirl flow in the average flow. Compared with
the standard k- model, the turbulence viscosity of RNG was corrected and the flow with high strain rate
and large curvature of the flow line was well treated. The gear boundary motion was driven by UDF (user-
defined functions) functions, and the change of flow field shape over time due to boundary motion was
simulated by dynamic grid. Finally, the windage power loss of the gear pair with different shroud
configurations was obtained. It is confirmed that the reasonable installation of the shroud can effectively
reduce the gear windage loss, and the variations of cloud images of the flow field pressure, velocity and
turbulent kinetic energy in the gearbox between several groups of simulation tests were analyzed, and the
optimal shroud configuration was obtained to minimize the windage power loss. The shroud with the best
drag reduction effect can reduce the gear windage loss by 55.3%, and the shroud clearance is 1 mm in this

case, providing a reference for the design of shroud in engineering practice.

Keywords: windage power loss; spiral bevel gear pair; CFD; shroud; turbulence model
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Table 1 Basic parameters of spiral bevel gear

S8 EEiL PNGIL

Higl 2 30 76

$3# n/(t/min) 20900 7626

KImHEEL m/mm 3.85 3.85
FEJIf ay(°) 20 20
WgEs /() 30 30

W9 B/mm 385 385

e o/(°) 69.77
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Table 2 Windage power loss in different configurations

MBE 1%/ (N-m)

1 Jc Jc 0.422 223 27043936
2 7 45 0.405 1.60  2164.0946
3 7 60 0.370 1.50  2019.4667
4 5 45 0.408 1.40  2010.9487
5 5 60 0.406 145 20458487
6 1 45 0.397 0.997  1665.0544
7 1 60 0.408 1.13 17953378
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Table 3 Windage power loss of gear tooth face, end face and

shaft face respectively

SEES VR XUSEL/ W i T DRUBEL/ W gl JXUREL/ W XUBEL A 2 /W

1 1892.81 757.12 54.47 2704.39
2 1493.16 519.36 151.57 2164.09
3 1473.87 464.37 81.23 2019.47
4 1398.96 502.50 109.49 2010.95
5 1473.01 339.90 122.94 2045.85
6 1182.15 382.95 99.95 1665.05
7 1238.78 284.90 271.66 1795.34
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