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Numerical simulation of contra-rotating propeller flowfield

aerodynamic interactions

SHI Wenbo, LI Jie

(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: On the basis of dynamic patched grid technology, numerical simulations were
implemented on anisolated single-rotating propeller (SRP) configuration by means of solving
three-dimensional unsteady Reynolds averaged Navier-Stokes (RANS) equations, and the
numerical results were verified by wind tunnel test, showing good agreements with the ex-
perimental data. Subsequently, emphasis was placed on investigation of the unsteady flow-
field characteristics and aerodynamic interactions of contra-rotating propellers (CRP) config-
uration. The results showed that the unsteady RANS approach allow for a detailed analysis
of the developing characters of the slipstream flowfield and aerodynamic interactions between
the two propellers. The main reason of the aerodynamic interactions lied in the mutual
effects of the blade tip vortices generated by the front and aft propellers, and the aft propel-
ler reduced the strength of the blade tip vortices of the front propeller. Aerodynamic interac-
tions could lead to the periodic oscillations of the aerodynamic forces, and the frequency of
the oscillations was linked to the blade numbers. The 6 X6 CRP configuration had 12 aerody-
namic oscillations in one full rotation. The {reestream could be accelerated twice when pass-

ing through the CRP, therefore compared with SRP, the thrust coefficient and power coeffi-
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cient of CRP almost would be doubled in the same working conditions, meanwhile the effi-

ciency would increase by approximately 1. 5%.
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Fig.1 Single-rotating propeller configuration wind

tunnel test
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Table 1 Wind tunnel test parameters

Y 3 i T/ it Lt
¥ . .
Ma a/ (%) (r/min) A
1 0.2 0.03 2998 1.91066
2 0.2 0.03 3097 1. 84620
3 0.2 0.03 3198 1.78863
4 0.2 0.03 3290 1. 73779
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Fig. 2 Single-rotating propeller geometric layout
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Fig. 3 Grids of single-rotating propeller geometric layout
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Table 2 Comparison of wind tunnel test and unsteady

RANS method results on the relative error

G w7/ G,
Gl 115D % G5, 3 HD %

1 0.191,0.197  3.14  0.423,0.441 4. 26

2 0.209,0. 215 2.87 0.449,0. 469 4.45
3 0.224,0.231 3.13  0.470,0. 493 4. 89

4 0.237,0.244  2.95  0.487,0.513 5. 34
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Fig. 5 Contra-rotating propeller geometric layout
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