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Numerical Analysis for the Performance of an Axial-flow Compressor
with Three-Dimensional Viscous Effect

Y. J. Han,

K. Y. Kim and S. H. Ko

Numerical analysis of three-dimensional vicous flow is used to compute the design speed

operating line of a transonic axial-flow compressor. The Navier-Stokes equation was solved by an

explicit finite-difference numerical scheme and the Baldwin-Lomax turbulence model was applied. A

spatially-varying time-step and an implicit residual smoothing were used to improve convergence.

Two-stage axial compressor of a turboshaft engine developed KARI was chosen for the analysis.

Numerical results show reasonably good agreements with experimental measurements made by

KARI. Numerical solutions indicate that there exist a strong shock-boundary layer interaction and a

subsequent large flow separation. It is also observed that the shock is moved ahead of the blade

passage at near-stall condition.
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Fig. 1 H-C grid at 50% span grid lines

have been omitted for clarity.

Fig. 2 Surface grids of blade and hub.
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Table 1 Major Design Variables of the
single-stage compressor

“Variables. 1st stage
Rotational speed(rpm) 41500
Rotor Tip Speed(m/s) 382
Pressure Ratio 1.506
Corrected Flowrate(kg/s) 3.04
Stator Inlet Mach Numer 0.491
Rotor Tip Relative Mach Number 1.177
Adiabatic Efficiency 0.863
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Fig. 3 Meridional view of the tested
single-stage compressor.
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Fig. 4 Comparison of performance of a single

-stage compressor at design speed.
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Fig. 5 Pricited pressure distribution in axial
direction at 50% span.
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Fig. 6 Calculated Contours of relative Mach
number at near peak efficiency(left) and
at near stall(right)
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(a) suction surface () pressure surface

Fig. 7 Static pressure contours at near peak
efficiency condition.
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(a) suction surface

Fig. 8 Static pressure contours at near stall
condition.
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