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Numerical Calculation of Three-Dimensional Flow
through A Transonic Compressor Rotor
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Abstract

Three-dimensional flow analysis is implemented to investigate the flow through transonic axial-flow
compressor rotor(NASA R67) and to evaluate the performances of Abid's low-Reynolds-number k—e
and Baldwin-Lomax turbulence models. A finite volume method is uwsed for spatial discretization. The
equations are solved implicitly in time by the use of approximate factorization. The upwind difference
scheme is used for inviscid terms and viscous terms are approximated with central difference. The
flux-difference-splitting method of Roe is used to obtain fluxes at the cell faces. Numerical analysis is
performed near peak efficiency and near stall. The results are compared with the experimental data for
NASA R67 rotor. Blade-to-Blade Mach number distributions are compared to confirm the accuracy of
the code. From the results, it is concluded that Abid's 2—¢ model is better for the calculation of flow
rate and efficiency than Baldwin-Lomax model. But, the predictions for Mach number and shock
structure are almost the same.
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Table 1 Basic Speciﬁcatibns of NASA Rotor 67

NASA Rotor 67

Number of Rotor 2 Inlet Tip Relative Mach
Blades Number

1.38

Rotational KR .
Speed(rpm) 16043 Rotmﬁ Aspect Ratio 1.56
N | Near Peak | 34.54 Hub ' | 3.11
ass : otor Solidi -
Flow | Design | 3345 Tip 129
(kg/s) Speed .
Near Stall | 3231 | ) pig. | Mlet | 514

Pressure Ratio . 1.63 | ster(cm) Exit 48.5

Rotor Tip Speed(m/s) 429 Inlet 0.375

H_ub/Tip )
Tip Clearance at Radius Ratio -
Design Speed(cm) 0.061 | Exft, 0478
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(a) Near peak eff. (b) Near stall

Fig. 8 Particle traces close to the blade
suction side
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