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Geometrical Effects of an Active Casing Treatment on
Aerodynamic Performance of a Centrifugal Compressor
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ABSTRACT

In this study, a parametric study on a cavity as casing treatment of a centrifugal compressor has been conducted using
three-dimensional Reynolds-averaged Navier-Stokes equations with shear stress transport turbulence model. Two kinds of cavity
were applied at choke and surge conditions, respectively, in this work. Inlet and outlet port widths, angle of outlet port, and
length of cavity were chosen as the geometric parameters and investigated to find their effects on the aerodynamic performances
such as adiabatic efficiency at design mass flow rate and stall margin of the centrifugal compressor. It was found that the
aerodynamic performances of the centrifugal compressor were affected considerably by the four geometric parameters. The
adiabatic efficiency was hardly changed by the geometric parameters, excepts for the angle of outlet port. With an increase in
the angle of outlet port, the adiabatic efficiency and the stall margin decreased. The stall margin was more sensitive to the outlet
port width than to the other geometric parameters. And, with a decrease in the outlet port width, the stall margin increased

by 2% compared to that of the reference.
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(a) 3D geometry

(o) Grid system
Fig. 1 Centrifugal compressor

o] Wztz Qs A=719 fs5o] EAMAE LE(stall)
A A2 (surge) o] WS 4= qlaL AZI9] Aol 43
Haxsho] ako} ¢ielo] H :

EjEALA O] AMEEE YAYE71Y BeS AT,
g D& ANAsE] flgt dqkso] Xt Eds] aEof
o} Halawa S92 AH H (impeller) 2} T)3FA(diffuser)
of AAHol B7] BAL WS Agelo] A7) 25
THE SR, oI5 B 1A 5 31 4
91 7PE \:_1 _‘:r'_}\]- O X
Gfeisi] S1a) A EAE ’6‘}‘2‘10&1, 3] WA el

Fo] A AR AR BT TS A,
AEWHAL AN, Kim 572 242719 Qe

Aods wEfste] f2o| P Mzt Hﬂz]o}
X (Bezier curve)S A8l AHAAWHEE ARRSI] AlAHZ R
}7]®(Radial basis neural network)< ©]-83%t X]é]ﬂﬁ

AZ 53 SAERT TLL P Park 572 94
=719 AEPd e el 48F ¥ IFH(ring

groove) o] F-554S FASA R EA5AL, 55
4 A2 B9 7 ane) A WAsl] AR WS
ANBEATE Sun 57 QS0 9 Aol whet ¢
A7} Hetsl= 7HHlE (cavity) & ©-83 & A0l Ed
EHE (active casing treatment)e H]OPO}S{?\F_ 0]% Fay

Lt Fels -@&18}3&% w7 2N
Aulelo] B4 ekt g2
= gaE) ekl

2 AolM AuleE ol gat

[¢)
E7} A AHRE7I) ol 27 2

HEE2
Table 1 Design specifications of the centrifugal compressor
Design mass flow rate [kg/s] 045
Rotational speed [rpm] 65,500
Total pressure ratio 1.96
Tip clearance [mm] 050
Number of main blade (splitter) 6 (6)
Impeller outlet diameter [mml] 102.37
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Fig. 2 Grid dependency test
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Fig. 3 Active casing treatment using cavitym
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Fig. 4 Location and geometric parameters of the cavity

Table 2 Ranges of geometric parameters

Parameter Lower limit Upper limit Reference
wy/D 0.014 0.027 0.020
wz/’D 0.041 0.150 0.09%
L/D 0.619 0.891 0.755
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(b) Adiabatic efficiency
Fig. 6 Performance curves
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