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Numerical Study on Tip Clearance Effect on Performance
of a Centrifugal Compressor
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Abstract

Effect of tip leakage flow on through flow and performance of a centrifugal compressor impeller was
numerically studied using CFX-TASCflow. Seven different tip clearances were used to consider the influence
of tip clearance on performance. Secondary flow and loss factor were evaluated to understand the loss
mechanism inside the impeller due to tip lcakage flow. The calculated resul ts were circumferentially averaged
along the passage and at the impeller exit for quantitative discussion. Tip clearance effect on performance
could be decomposed into inviscid and viscous components using one dimensional equation. The inviscid
component is related with the specific work reduction and the viscous component is related with the
additional entropy generation. Two components affected performance cqually, while efficiency drop was
mainly influenced by viscous loss. Performance and efficiency drop due to tip clearance were proportional to
the ratio of tip clearance to exit blade height. A simple modcl suggested in the present study predict
performance and cfficiency drop quite successfully.
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Table 1 Specification of the impeller
Mass flow rate 1.05 kg/s
Rotating Speed” 60,000 rpm
No. of blade(main + splitter) 13+13
Radius of impeller exit 82 mm
Outer radius of impeller inlet 54 mm
Inner radius of impeller inlet 28 mm
Backsweep angle of impeller -25 deg
Tip clearance 0.0 ~ 1.1 mm
Impeller exit height 6.4 mm

Main blade

Splitter

Fig. 2 Computational grid of the impeller
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High loss region
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Rotation

Splitter

Fig. 3 Streamlines passing by the leading edge of
blade with zero tip clearance

High loss region

®)

Fig. 4 Streamlines passing by the leading edge of
blade (a) and through tip clearance (b) with
1.1 mm tip clearance
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Main blade

Splitter

Fig. 5 Loss factor (a) and Secondary flow (b) at I/s
= 0.45 of zero tip clearance impeller

Main blade Splitter

®)

Fig. 6 Loss factor (a) and Secondary flow (b) at I/y
= 0.45 of 0.5 mm tip clearance impeller
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Main blade

(d) 1.1 mm tip clearance

Fig. 7 Loss factor (& ) at /s = 0.94

of olall reHwlolA FSlW o olxfrEe] A
Ach spAg 2ol EXEHAl HWFig. 6(b) ©l
AHrE o] W el etk Aol i
Az PR Ee o o E8FKdx] fxorn
B2 A ojafEo] WAdsoe] &Hgge] o
F Aleld Sl FAEA €t
pstel] w99 gRo EA54
B F0l 49 L—%‘—‘i'_’?‘”r gelet & alvh Fig,

78 AMe] Mol oF oag A HolAo] gb-id
sol u}e e:wn*o; WEE e,

whAjshar, 3t Ol

ts_z}%k% o 3
t}. Fig. 8~10+> 42 4 o) A
J7d 4o Wags Jepig, 743
Ated ey A 2 deEzy A4
Z7keteh shAR, 2+l 0.2mmSt 0.3mm )
= e A Atelds)e} Avtol A ¢

1.0 T - - —
( —— t=02mm sl
=== - t=03mm s
08: 1= 05 mm s
t=0.7mm ‘y
0.6 — = — - t=0%mm ‘y
= P 1=11 mmn 3
& '/
< 04} {eading edge Leading edge Ll
- { of main blade of splitter R

0o 0.2 0.4 0.6 08 10

meridional length
Fig. 8 Variation of total-to-total pressure
ratio along the flow passage
.06 e - e
t . 0.2 nm
1= 0.5 mme -
t- 0.5 mm “ \
.07 - t- 0.7 mm P
== 1= 08 mm P
o - - l.imm . e T
002 - s e
. _ /2PN
2 R L SN .
/ Ny L. -
. ST R
0.00 — L \\:\/, /
\
. Leading edge Leading edge
. of main blade of splitter .
(“)_()A(l 0.2 0.4 0.6 0.8 1.0
meridional length

Fig. 9 Variation of total-to-total temperature
ratio along the flow passage

w10 e

- - 02mm
1= 0.9 mm
o8 05
07 mm
& o6 t- 09 mm
-~ R t. L1lmm
:1 004 -
P Leading edge Leading edge
T p.  ofmainblade of splitter
pe=x T
0.00 ™, T ™
402 |
U 0.2 0.4 0.6 0.8 10
meridional length

Fig. 10 Variation of additional entropy generation
along the flow passage
ALY B AREEA) 59 R 1% @
0w ATl G SUe fu
}‘—TJ’ o]zt &% A A7 7%
o OH? A A7 (critical clearance)o] FE A il
oelw gdud ¥ oA zHiel g.2mmst

03mm? W UM HerolA 7HFEAgE] of
AHES AAATE 25 S A 3%

ek ¢ gl Fig 109] A== Fs5F ~”-.'A°ﬂ" =
o] koAl £ ke Mol QQuy, 7hiiiLs

7} ol =] A—]b}oﬂ/ﬂ x:‘rv]-/] gk -‘?—AI = 7¥7\]
g o] pelsh &R S
Aol A M EE T A4H A4
th whebA] ghpo] S w Qlfe] Muto]Aiz &
%% nol 238l &40 FaRAT 272 2

% &40 F7E weln,



394 Sl IR

o %7.0 0.2 o4 0.6 0.8 Lo

hib,
Fig. 11 Distribution of meridional velocity
component at the impeller exit
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Fig. 13 Distribution of total-to-total temperature
ratio at the impeller exit
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