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Abstract: Contra—rotating propfan (CRP) is the most critical aerodynamic component of open rotor en-
gine, and its aerodynamic performance has a huge impact on performance of the whole engine. Numerical simula-
tions of the three—dimensional flow field of CRP with different advance ratios were carried out. The internal flow
field of CRP and its vortex system structure in the wake and slipstream characteristics were analyzed on the basis
of the theories of compressor and propeller. Results show that the flow characteristics and performance of the rear
rotor change more than that of the front rotor. The actual inflow angle of the CRP is affected by the hub boundary
layer, the induced velocity and the suction effect. The dominant position of three effects can be determined ac-
cording to the distribution of axial velocity at different spans. The tip vortex is the main cause of loss in the slip-
stream, meanwhile, the radial vorticity decays faster than the circumferential and axial vorticity. The slipstream
of CRP affects 3.5 times of the blade height. The outflow of the rear propfan continues to accelerate until its static
pressure achieves the ambient pressure, the length of acceleration area is about 5 times of CRP radius.
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Fig.1 Geometry of CRP

Table 1 Design parameters

Parameter Value
Flight altitude/m 10668
Flight condition
Mach number 0.785
Number of blades 8
Rotation speed/(1/min) 1100
Front rotor
Tip diameter/m 4
Hub diameter/m 1.6
Number of blades 8
Rotation speed/(1/min) -1100
Rear rotor Tip diameter/m 4
Hub diameter/m 1.6
Rotor spacing/m 1.6
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Fig.2 Grid of CRP
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Fig.3 Comparison of experiment and CFD results

TR R ) T AH S, AR SR T 36 [ LB
TR P2 HfE A B A W SAE A GCI(Grid conver-
gence index) #F 4T W 4% B HL % 22 Pk 3k 8 X
KR RN RERBAE N & . 6Clit
BN RBGE R 3, R 28 T PO I B M B 43t

210207-3



W43k B8l o # R 2022 4
Table 2 Grid convergence index
Parameter C, C,
N,,N,, N, 1662278,3911810,8448730 1662278,3911810,8448730
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Fig. 4 Comparison of radial distribution of static pressure

at rear rotor trailing edge with different grids
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Fig. 10 Static pressure and relative Mach number distributions at different radial position of CRP
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