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Parametric research on improved Qiu slip factor model

for centrifugal compressor impellers

MENG Fei, TIAN Xiao-pei,~SHAN Peng

(School 6f Energy-and Power Engineering,
Beijing University of Aeronautics~and Astronautics, Beijing7100191, China)

Abstract; -To adapt the slip factor model-proposed-by-Qiu to the through-flow design of
micro-centrifugal impellers three empirical-parameters were introduced to reduce the system
error. Firstly, the solving method‘ef these-empirical parameters and the impact on the design
accuracy were researched.| It is seen-that empirical parameter ¢, influences the design accura-
cy greatly. Secondly, with employment of the improved Qiu slip factor model, a micro-cen-
trifugal impeller was _désigned. The predicted slip factors impacted by ¢ in the model were
compared with“the impeller-outlet-averaged slip factors resulted from the CFD flow field sim-
ulation. The most suitable values of ¢, were found at different prescribed design overall pa-
rameters. It is found that ¢, nearby 0. 7 has a best estimation, though the overall parameters

of micro- or large-centrifugal compressor impeller vary widely.

Key words: centrifugal compressor; splitter blade; through-flow design;

streamline curvature method; slip factor model
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Table 2 Results of examples in flow channel 1

WIE W/ B/

ity o (kg/s) \ (r/min) R R
1 2.2 0.15 103678 8+8 0.6
2 e 0.17 103678 8+8 0.7
3 2.6 019 103678 8+8 0.6
4 2.6 0. 17 103678 8+8 0.6
5 3.0 0. 23 103678 8+8 0.7
6 3.0 0.2 103678 8+8 0.7
7 3.4 0.23 103678 8+8 0.8

8 2.8 0.22 103678 8+8 0.65

9 3.0 0. 22 103678 12+12 0.7
10 2.6 0.19 103678 12+12 0.7
11 2.8 0. 21 103678 12412 0.6
12 3.0 0. 23 110000 8148 0.7
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Table 3 Results of examples in flow channel 2

W i/ et/

B Qe i TEC WG
13 2.8 0.23 103678 8-+38 0.6
14 3.0 0.23 103678 8+8 0.7
15 3.5 0.23 103678 8-+38 0.8
16 3.0 0. 25 103678 8+8 0.7

17 3.0 0. 27 103678 848 0.7

18 3.0 0.23 110000 8+38 0.8
19 3.0 0. 23 100000 848 0.6

20 3.0 0.23 107000 8+8 0.7
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Table 4 Simulated through-flow design parameters
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K 5 12
et O Mz L 0. 550
7 O A/ mm 14.7
1.0 r
0.9 _ <] /lf FS \\——W‘b
08 F
o [
0.7} LN\
X ———— Designof ¢=0.7
[ N | CFD of¢=0.7
o6k CFD of¢=0
05 [ 1 1 1 L J
0 0.2 0.4 0.6 0.8 1.0

Dimensionless passage width

K22 o X o & ) AN X 2 P 1 52 0
CCRRCTS I g8
Fig. 22 Inhomogeneity of spanwise distributions
of ¢ impacted by ¢
(impellers from Ref. [15])

1.0
’
0.9 :\I»—H,_H
08F
5] [
0.7F L
¢ ——BH—— Designofc¢=0.7
[ CFD of ¢ =0.7
0.6 '
0.5 L L L L 1 y
0 0.1 0.2 03 0.4 0.5

Exit flow coefficient

Bl 23 o X o 55T DG R EOC R MR
CCHRLTS v %8
Fig. 23 Relationship between ¢ and rotor exit flow
coefficient impacted by ¢

(impellers from Ref. [15])



952 it = 3 71 % %529 %
é/%J: s Cr &%,L\E%ﬂﬁ/é\{$ﬁif§§&i§ﬁ [ 6] Del Greco A S,Biagi F R, Sassanelli G, et al. A new slip

Ll e L3 R R B S ) (E S A R DN
ZHRCRE BT XN AR T o 7F 0.6~
0.8,¢ K 0.7 HAT—E 13 M. 1 541 1. 5549
7R 15 M R AR K ENIAE AT
TARRN . NI IS EIE58 . ¢ 8 0.7 X F &0
FEAHLME = 2 38 7 1% T F B A 5 3 P A5 A5 R )
T8 DR 7 118 T 0 5 74 A

5 & i

D) X Qiu B B 745 AL o = 4 e
Ve EAT T 38 FH M etk , IR A R e iR 254 0
GRS HPRRSE o X T W0 WU 5
BX.

2) B Qiu MRS IR P B R R T R
TR A 5 O R AL 8 ) S s T, 2
KSR ¢ X L LT RS AR R S Bl
JGHASEIE A K. XY o 78 0.7 ZE4 I, KEZ 8
LT REAS B 5 oh AR M 45 L B —
i

3) B Qiu W RS IR R R (1 ol = e 3
VAT GHEAT T 80E 55 4 B H 2056 2 B0REL R
AT BUE T ST A 1R 22 A 1950 50 ok A% 56 i A5 Y
ML 240

SEHK:

(1] &FLE, R0 W ZHS 55 A HLAR IS M AL 5t 7 42
KR, 1991,

Stodola A. Steam.-andgas turbines [ M ]. New York:
McGraw-Hill, 1927,

Broste sk T, 2 IF 00 58 80 R 4 MLy it 5 2
MrlT ). AL T & 5 B i ik, 2000(3) : 3-8,

Wiesner F J. A review of slip factors for centrifugal impel-
lers[J]. Journal of Engineering for Power, 1967, 89 (4):
558-572.

(2]

[ 5] Eck B. Fans: design and operation of centrifugal. axial
flow.and cross-flow fans[ M. Frankfurt, Germany: Perga-

mon Press,1973.

[7]

[8]

[9]

[10]

[11]

[12]

[133

[14]

[15]

factor correlation for centrifugal impellers in a wide range
of flow coefficients and peripheral Mach numbers [ R .
ASME Paper GT-2007-27199,2007.

Qiu X, Mallikarachchi C, Anderson M. A new slip factor
model for axial and radial impellers[ R]. ASME Paper GT-
2007-27064,2007.

PG 7, A0S Qi ¥ % A% 0 76 /N 3 B0 I 3l WAL 52 3 o
AR . A2 B 71241, 2010, 25(11) : 2539-2547.,
TIAN Xiaopei, SHAN Peng. Improvements of Qiu slip fac-
tor model applied for quasi-3D through-flow design of
small centrifugal impellers[]J]. Journal of Aerospace Pow-
er,2010,25(11) :2539-2547. (in Chinese)

Qiu X. Analysis and validation of a unified slip factor mod-
el for impellers at design and off-design conditions[ ] ].
Journal of Turbomachinery ,2011,133(4):041018. 1-041018. 9.
T, PGSR, B, 5.0 AUMLAE I S 17 A8 454 2 A5 28
FELJ]. iz 3 1% 4, 2009, 24 (4)+858-866

MA Ping, TIAN XiaopeisSHAN peng. Loss model applica-
tion study in the through-flow inverse design approach for
centrifugal compressors[ ] ]. Journal-of Aerospace Power,
2009, 24.(4)+858-866. (in Chinese)

Tang J, Teemu T S,Reunanen A,et al. Numerical investi-
gationr of the effect of\tip clearance to the performance of a
small centrifugal compressor[ R]J.ASME Paper GT-2006-
90893,2006.

NUMECA International. FINE™ user manual version 6. 2-b
LM, Brussels, Belgium: NUMECA International, 2004,
TIAN Xiaopei, SHAN Peng. A compressible 3-dimensional
inverse method based on the streamline curvature approach
and Clebsch formulation for radial and mixed flow turbo-
machines[ R]. Anahieim, US; ASME 2012 Power Confer-
ence,2012.

. B AL — e S 3 B B0 FE E A B 1D .
Jeut AL ALK R, 2011,

MENG Fei. Improvement of the one-dimensional centrifu-
gal compressor aerodynamic design program and design on
passage configuration [ D]. Beijing: Beijing University of
Aeronautics and Astronautics,2011. (in Chinese)

Krain H.,Hoffmann W. Centrifugal impeller geometry and
its influence on secondary flows[ R]. Advisory Group for

Aerspace Research and Development,CP 469,1990.



