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Application of k-w turbulence model to the analysis of
the flow through a single stage axial-flow compressor

Joon-Suk Lee, Kwang-Yong Kim"
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ABSTRACT

A numerical study based on the three-dimensional thin-layer Navier-Stokes solver is carried out to
analyze the flowfield through a single stage transonic compressor. Explicit four-step Runge-Kutta scheme
with spatially variable time step and implicit residual smoothing is used. The goveming equations are
discretized with explcit finite difference method. Mixed-out average method is used at the interface between
rotor and stator. And, an artificial dissipation model is used to assure the stability of solution. The results
with k- turbulence model were compared to the results with Baldwin-Lomax model, and physical
phenomena of transonic compressor are presented. The two turbulence models give the results that show
reasonably good agreements with experimental data.
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Fig. 1 Grid system of blade to blade plane at mid-span
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Table 1 Compressor Performance Results

Baldwin k-w
-Lomax | Turbulence | experiment
Model Model
Total
Pressure
Ratio 2012 2.047 2.07
(P/P,)
Total
TembeRre | oss | 1264 | 12665
Efficiency 0857 0.860 0874
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Fig. 2 Velocity vectors near (a) stator leading edge and (b)
trailing edge

Fig. 3 streamlines on rotor suction surface (a) B~L model
{b) k- model

Fig. 4 Secondary flow developed by stator wake (a) B-L
model (b) k-w model
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Fig. 5 Spanwise distributions of Mach number at rotor exit
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Fig. 6 Spanwise distributions of total temperature at rotor exit

Aol A E o] BT

Fig. 6& FAM9 ALx BEXolty % 2d o
HHolAN goz getd4E AYXd MgEE ¢
+ Ytk Fig. 72 $YolAo] w43 At ol
F 2d o 439 38 RYoy, HEFH) EXE
&8 AgE B 53 F 2de] £¥7t 49
3 dxsiden ogt HE 2AHAA gt AE B
k.

Fig. 8& AolA 9 ulsly EXolth AAFHo=
A & dAHHES ¢ F AUk Fig 9% A
Aol ALE EXolt, o)A B-L dFEde] He}
L &g dgen, F 2d o goMe g7t
238 Y Fig. 10& F Yol 9] Aty EFo|ct
FoAMete gl F Edo] AolE HASH k-w
dERdo] AP B} ZHA <IFHE B F
et

_gwo
£ al
€ W0k i 8-L model -
9wt 1 T k-w mode! 1
= L e
[} -
(%_ 70
2 %F
50 -
40 -
30| »
s
2% | a 3
a
10 a4
. Ao
%o 0.5 1.0 15
Mach number

Fig. 7 Spanwise distributions of total pressure at rotor exit
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Fig. 8 Spanwise distributions of Mach number at stator exit
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Fig. 9 Spanwise distributions of total temperature at stator exit
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Fig. 10 Spanwise distributions of total pressure at rotor exit
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