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Performance Analysis of Three-Dimensional Transonic

Centrifugal Compressor Diffuser
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Abstract

CSCM upwind flux difference splitting compressible Navier-Stokes method has been used to
predict the transonic flows in centrifugal compressor diffuser. The modified cyclic TDMA and
the mass flux boundary conditions were used as boundary conditions of the diffuser analysis.
With the mass flux boundary condition and the 130X80x40 grid, the compressible upwind
Navier-Stokes method predicted the transonic diffuser flowfield successfully. Flow changes in the
impeller exit region due to the strong interaction between impeller exit and vaned diffuser, broad
flow separation on the suction surface near hub and shroud was observed from the results of the
mass flow rates 6.0 and 6.2kg/s at 27000 rpm. The static pressure increased and the total
pressure decreased through the flow passage of the channel diffuser, which were predicted better
from the three-dimensional analysis than from the two-dimensional analysis due to the strong
effect of the three-dimensional flow. The mass averaged loss coefficients and pressure coefficients
were also studied.

Key words :94%¢%7] oA (centrifugal compressor diffuser), AHFFFHEAZA(mass flux
boundary condition), 33} 3l 4 (three-dimensional analysis), %2 7<= (pressure coefficient)
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Fig. 1 The whole centrifugal compressor
diffuser geometry and an enlarged view near
the trailing edge
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Fig. 2 Pressure contour at mass flow rate 6.2
kg/s
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Fig. 3 Cp distribution comparison among the
results from (a) two-dimensional flow and
{b) three-dimensional flow
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Fig. 4 The mass averaged static pressure
comparison between the mass flow rate 6.0
and 6.2kg/s
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Fig. 5 The mass averaged total pressure
comparison between the mass flow rate 6.0
and 6.2kg/s
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Fig. 6 The mass averaged Mach number
comparison between the mass flow rate 6.0
and 6.2kg/s
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Fig. 7 Mach number contours of (a) inlet, (b)
throat and (c¢) exit at the mass flow rate 6.2
kg/s
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Fig. 8 Streamlines in the diffuser flowfield at
mass flow rate 6.2kg/s
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Table 1 The comparison of the mass averaged
Cp at mass flow rates (a) 6.0 and (b) 6.2kg/s

Cp Cp24 Cp4b Cp25
Exp. 0.115 0.64 0.649
2-D 0.3 0.65 0.7
3-D 0.12 0.594 0.51

(a)

Cp Cp24 Cp4b Cp25

Exp. -0.072 | 0.674 0.617

2-D 0.24 0.65 0.68
3-D 0.017 0.62 0.47

()

Table 2 The comparison of the mass averaged
Lc at mass flow rates (a) 6.0 and (b) 6.2kg/s

Lc Lc24 Lc45 Lc25
Exp. 0.05 0.186 0.264
2-D 0.086 0.032 0.106
3-D 0.23 0.19 0.35

(a)

[ Lc Lc24 | Leds | Leds
Exp. 005 | 01516 | 0.286
2-D | 0066 | 0043 | 0.09%
3-D 0.25 02 0.4
(b)
48 =
2 QFME CSCM SAAEYE 88 ¢
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