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NUMERICAL STUDY OF NON-UNIFORM TiP CLEARANCE EFFECTS
ON THE PERFORMANCE AND FLOW FIELD IN A CENTRIFUGAL COMPRESSOR
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This paper presents a numerical investigation of the influences of various non-uniform tip clearances on the
performance and flow field in a centrifugal compressor. Numerical simulations were conducted for three centrifugal
compressor impellers in which the tip clearance height varied linearly from the leading edge to the trailing edge.
The numerical result was compared with the experimental data for validation. Although the performance improved
for low tip clearances, a smaller tip clearance at the trailing edge reduced the overall tip leakage flow more
effectively than a smaller tip clearance at the leading edge. Therefore, a smaller tip clearance at the trailing edge
lowered the mixing loss caused by interactions between the tip leakage flow and the main passage flow.

Key Words : 1335 7](Centrifugal Compressor), Hl7FY %+ (Non-uniform Tip Clearance),

r“r

=73 -5(Tip Leakage Flow)

1. M

rhu

AAAET I AL fellA =& G5H1E 7 7]
& R, AEAE HEARA, wlolaz BN, AYE 7]
S ikt Aditolol ARgET Ik AYF7 oI
o gElgl He eagee] auie olds BA2
D207 ANE 7] el B fES oldleke
o] Aol B SV i el
Be]o] ojgks} Ao]4 Aolel olgiho
EApsp, ».MA rwn U dEAR Q8 9
Received: July 4, 2012, Revised: March 12, 2013,
Accepted: March 13, 2013.

* Corresponding author, E-mail: jhbaek@postech.ac.kr

DOI http://dx.doi.org/10.6112/kscfe.2013.18.1.007
© KSCFE 2013

o =

Ry
=
O
5
EL;
o ok

o r
2
&
Of
o
1)
2
ol
T
=
o

O r\l
4
-r
.
(o3
(o}
rlo
2

Y

it o of
of

odt

o

=)

2

_ﬂ,

il

‘?@%‘5"] A el uAE
‘_—H’qt A7} Y= AT} Pampreen[1] 671
71 %%3101] EH°H*1 oJAt=oll o3t E&AE o

Senoo and Ishida[2,3]= 4&ele] =0 = Qlst 9t
‘s Astel el Aepalom, ouzt
T & o284 EEE AASISITE Ishida
[ A9 ETFss St dukigo
oakrEell wAlE Gl sl ATtk Goto[5]=
%/ CFD =5 AREste] tiekst Qazi=ela 9=
TH52 A3tk Hong et al[6]> A3
729 Zgol vA= FFl dis] A8l Bum
Kang[7]> 93 71419 B oled=25 dAste] 15+

ot
1o
= o>
4 2
Hye
N
1o,

ol-

T
He

S84 5

£

Mo I Jl%l' 1o o2
Oft
B e
i
o & o
N
e XL

ool P
B

rlo

.

Ao

N

@
j

|
i)
EI 7



8 / J. Comput. Fluids Eng.

Y.H. Jung - J.Y. Park - M. Choi + J.H. Baek

Vaneless diffuser

Impeller

Fig. 1 Geometrical configuration
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Table 1 Specification of the geometrical parameters

Blade number 15
Inlet hub diameter 36.0 mm
Inlet shroud diameter 72.6 mm
Qutlet diameter 140.0 mm
Blade width 5 mm
Tip clearance 0.3 mm
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Table 2 Specification of design parameters

Inlet total pressure 100,000 Pa
Inlet total temperature 298 K
Rotational speed 50,000 rpm
Mass flow rate 0.3 kg/s
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Fig. 3 Total pressure ratio for the original model at 40,000 rpm

AhE Addze} nlaste] Fig 3o UeERAITE Aol
o] 7N&AQ0 FAR st A WS Bk 22 40,000
pmellX e GRS vlwaley. FI8A ARt 79 BE
FelA Hgaor Addvet & XSl AR -
F FgelA ok Afolrt sk, ol A A
7b AHE 2ANA ETEEE WA dSsia o) whel
t}.

AR EE7I7F BAE s WY A IS (cold tip
clearance)?} &0 7 AT o 2]
clearance)> T zto7} Qlt}. ol AEFVI7T AAR Asdhe
ol el 93 3, Al sl 59 olfE g
o] Wsh| wlteltk - e Antoll A e gt
7HA Bl EEE =
7= Al 7Y 9B E st TR Festo]
Hl3tY oelzi=o] AAE719] s frsel viAE 4
S AF RS v =2 2] F5 143
e e ekt EdelA 2] FolE WA IF
o] e A7 Astal, 1
AT}, 4 =S v S8 9@y G

o

ol

Table 3 Numerical test cases

Leading edge Trailing edge
Case 1 0.3 mm 0.3 mm
Case 2 0.15 mm 0.3 mm
Case 3 0.3 mm 0.15 mm
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Fig. 4 Performance characteristics of the impeller
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Fig. 5 Work coefficient at the impeller exit
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Fig. 6 Normalized tip leakage flow velocity distribution
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Fig. 7 Blade pressure distribution at 90% span
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Fig. 8 Entropy distribution
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Fig. 9 Total-to-total efficiency distribution at the impeller exit
for Case 1(top), Case 2 (middle), Case 3 (bottom)
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Fig. 10 Relative velocity distribution from hub to shroud
at the impeller exit
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