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Numerical Analysis on the Performance Prediction of a
Centrifugal Compressor with Relative Positions of Tandem
Diffuser Rows
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ABSTRACT

The perforrnance of a centrifugal compressor composed of an impeller, tandem diffuser rows and axial
guide vanes has been predicted numerically and compared with available experimental results on its design
rotational speed. The pitchwise-averaged mixing plane method was employed for the boundaries between
rotor and stator to obtain steady state solutions. The overall characteristics showed differently according to
the relative positions of tandem diffuser rows while the characteristics of impeller showed almost identical.
The numerical results agree with the measured data in respect of their tendency. It turned out that 09 of

relative positions is the worst case in terms of static pressure recovery and efficiency. According to the
experimental results, some pressure fluctuations and malfunction of the compressor were observed for 75%

case. However, this numerical calculation using mixing plane method did not capture any of those
phenomena. Thus, unsteady flow calculation should be performed to investigate the stability of the

compressor caused by different diffuser configuration.
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Fig. 1 Detailed drawing of the compressor
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Table 1. Basic design parameters of the compressor

Mass flow rate 1.64 kg/s
Rotational speed 36,772 RPM
Total pressure ratio 489
Adiabatic efficiency greater than 0.80
Inlet flow angle 28
Outlet flow angle 90°
Impeller inlet tip diameter 153 um
impeller inlet hub diameter 98 me
Impeller inlet hub to tip ratio 0.641
Axial length 118 mm
External diameter 465 um
Impeller 18/18
Number of blades | Tandem diffuser 21121
AGV 8
w0

-
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Fig. 2 Definition of relative position of diffuser rows
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Fig. 3 Computational grids of the compressor

Fig. 4 Computational grids of tandem ditfusers (0, 0.25,
075 and 05 relative positions in clockwise
direction)
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Table 2. Comparison of impefler performance at the design

point
Calculation

Parameter | Design | 0% %% | 0% | 5%
position | position | position | position

m 1.64 1.693 1673 1.628 1.609
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Fig. 5 Predicted impeller performance with different tandem
diftuser configuration

14 T
—e— Experiment| :

1.2 4} —o— Calculation | 1
£ 10 S
2
o
E gl . i
=3
o
® 06
3
"3
I3
@ 04 - B
a
L
s 02
]

0.0 4

02 i e

41 08 01 02 03 04 05 06 07 08 05 40 13

s/C

Fig. 6 Static pressure coefficient distribution on the
impeller casing
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Fig. 7 Pitchwise averaged relative Mach number contour
of the impeller

Fig. 8 Relative Mach number contour on the
mid-span of impeller
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Fig. 9 Overall total pressure ratio of the compressor with
different relative positions of tandem diffuser
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Fig. 10 Overall efficiency of the compressor with different
relative positions of tandem diffuser
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Fig. 11 Static pressure recovery coefficient of the tandem
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Fig. 12 Total pressure loss coefficient of the tandem diffusers
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(d) 75% relative position

Fig. 13 Absolute Mach number contour on the
mid-span of tandem diffuser near the
design point
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