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NUMERICAL INVESTIGATION OF THE EFFECT OF THE STAGGER ANGLE ON THE AERODYNAMIC
PERFORMANCES IN THE VANED DIFFUSER OF A CENTRIFUGAL COMPRESSOR

T.G. Park! 1.S. Jung! H.T. Chung,® J.Y. Park® S.M. Kim* and J.H. Baek®

In the present study, the effects of the stagger angles on the aerodynamic performances in the vaned
centrifugal compressor has been investigated by CFD methods. The diffuser vane angles were varied in the range of
+10 deg. from the initial-design points. The commercial Navier-Stokes solver, ANSYS-CFX were applied to solve the
impeller-diffuser flowfields. Through the numerical results, the desirable setting angles were proposed to fit the best

performance to the variation of the operating conditions.
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Fig. 1 Full 2-D view of the impeller and vane geometry
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Fig. 2 Flow path in the meridional view
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(b) Sketch of different stagger angles

Fig. 3 Definition sketch of diffuser vane with different stagger

angles
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Fig. 5 Performance curves with the initial-design stagger angle
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Fig. 7 Performance curves with the variation of the stagger
angles at m=0.30 kg/s
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Fig. 8 Performance curves with the variation of the stagger
angles at m =0.25 kg/s
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Fig. 9 Performance curves with the variation of the stagger
angles at m =0.35 kg/s
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Fig. 10 Optimal stagger angles for the different flow rates
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Fig. 11 Comparison of performances
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Table 1 Improvement of performances in percentage

Mass flow rate Pressure (%) | Efficiency (%)
lower flow, m=0.25 kg/s 2.23 4.45
design flow, m=0.30 kg/s 0.47 0.93
higher flow, =0.35 kg/s 0.74 0.18
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Fig. 12 Distribution of total pressure and velocity vector along
the flow path at 1 =0.25 kg/s
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Fig. 13 Distribution of entropy inside mid-span of the
compressor at m =0.25 kg/s
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Fig. 14 Distribution of total pressure loss coefficients inside
mid-span of the diffuser at »=0.25 kg/s
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Table 2 Comparison of pressure losses in diffusers =

Mass flow rate Conditions K
: Initial angle 0.251
m=0.25 kg/s -
Optimal angle 0.237
: Initial angle 0.201
m=0.30 kg/s -
Optimal angle 0.198
; Initial angle 0.181
m=0.35 kg/s -
Optimal angle 0.169

OFA 78 7170 st 2% G2l nz oF
101 J@vé‘@ﬁ]‘?% ﬂﬂ]ﬁ]—‘l‘ Table 29} ZEL% 7\%1]"5 oé())\i
t} Table 19} 7ro] AGekoA t]3EAe] Aol o wol 7l

O O =~
AHNEE & 5 3

il

2 Aol Hjelo]
WAZ Wl whe GEle) Fe %@% yamz 9
CFXZ AMgale] 4=

B o7 AEE 7)E A7 x| CFD7IHS
24 24 HEo)Ae ¢4 2
s 92 AlsETh

(1]

(2]

(3]

4]

5]

(6]

(7]

B A= AAHAN AW71=8AA[RTI04-01-03] A1

ZHuEH
2004, Giovanni, F. et. al., "Low Solidity Vaned Diffuser for

Rotating Stall Prevention: Experimental Analysis of Some
Design Parameters,” ASME Paper GT2004-54146.
2010, o]ALzJ o] OJH Al8 §L X4Z]Eu “X—])\}-sﬁ/’\—%
718 TarAe] Fstel oigk AL s
A&eks] FAste i s]e=iF, pp.136-141.

2007, Oh, J. and Agrawal, G., "Numerical Investigation of
Low Solidity Vaned Diffuser Performance in a
High-Pressure Centrifugal Compressor, Part I Influence of
Vane Solidity," ASME Paper GT2007-27260.

2008, Oh, J., Buckley, C. and Agrawal, G., "Numerical
Investigation of Low Solidity Vaned Diffuser Performance in
a High-Pressure Centrifugal Compressor, Part 11: Influence
of Vane Stagger,” ASME Paper GT2008-50178.

2007, ZAm], ke, b=, HAIE, NSRS o
3 QAU HAAEA A ers] FA%
&Oisle=-5, pp.92-90.

2007, Boncinelli P. and Arnone, A. "On Effects of
Impeller-Diffuser Interaction in the RADIVER Centrifugal
Compressor," ASME Paper GT2007-27384.

2009, ANSYS CFX-Solver Modeling Guide. Version 12.1,
ANSYS, Inc.

oJ Al oL



