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Estimation of a centrifugal pump slip factors at off-design conditions using
computational fluid dynamics
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Slip factor is one of the most important parameters used in centrifugal pumps performance
Received 05 October 2014 prediction. Knowing this parameter as a function of flow rate seems essential for off-design

Accepted 26 November 2014

Available Online 04 February 2015 performance prediction. In this paper, it is intended to establish the slip factor dependence upon

flow rate for a centrifugal pump using computational fluid dynamics. For this purpose, the full 3D-

RANS equations in coupled with RNG k — ¢ turbulence model were solved for several flow rates

Keywords: h .- .

Cemifugm Pump ranging from 45% to 120% of rated condition by means of a commercial code, CFX. In the steady
Slip Factor state, this simulation is defined by means of the multi-reference frame technique, in which the
Numerical Simulation impeller is situated in the rotating reference frame, and the volute is in the fixed reference frame.

The validity of the numerical model was confirmed by matching the calculated characteristic
curves with the associated experimental data. It was found that there is a good coincidence
between the numerical results and available experimental data of global performance, local
velocity distribution and slip factors. A comparison was performed among the well-known slip
models which reveals, that the slip factor variations can be predicted very well using CFD analysis.
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7- Distortion coefficient
8- Backswept blade

3 oolaib 15 053 1394 s 5 (Hurde Sulle Swiie

5 [8] olesse 4] 5ot [3] o Kem 5 )51 2] jadlay 1] Ysognad
o Sy |y by plS e o5 wisg ol 3l etz ) [6] s
3,8 &l 5e) cpo

6l deilty Gl 355 65 50 bl [B] lojsr Sb ol
Ko g ot @9 4y G oo Jlade iz U Gl Sl
[6] ss <ol 31 o eled @) o 55558 ol (i sl S b
ol olgiing 1) 6,%s0 alal, alKisloj] gloosls 5 ol oo wyy b
OBLS g Joo 2ty (093 Bl plojsr oleiiiy slagimin b &S
ey Ok oolitul 9550 wgzse slaoe (n 0 0 5l S Glsen
3l ot oS 89y S ot [2] Jadliy 108 o )13 S 50 5l 2 S sl
Lo 0l 99 6 o2 2 3l Olgiion 1) oy (o gL 5o il oL~
2 Loy G Glz 9 S5 e by 3l o Olz Jels
255 e (B )y (o0 (297 9 (53959 (O Sgdes 2P LS S
OO A 2 L (B sleen o olad o anS St oL
SSHSTRRIS U Y NC R NPT YN P Sye
58 eolail 550 o pilegs)oi b o po txlio 13 00,58 jsboas oS ol
e (i3 ol (ol plSe plgis a ) (oend s S 00 105 o
25 S 0l (s als )8 S 85 10 b [1] Ysognal ol 51 (uy 20500
255 W) 253 b eSS Slp B A, S Er (2o P
2B o sl e plaS e e 5a) G po sl ool Sleiing Ly, 25T
0"Jas &2 slp sy Joo diga j5bay aitun oolizl LG g 2 |
it @l Joe e 8 s el aslial LB gsma "2 15T
7] el oo g0y slallas b "o 51 A” (glag o (3530 wayo
Iy O3 Gy oS oy o b slag,z sl Yeogiwl Jow (yuizman
8] 5y 2007 Jlo jo Gl i o 355 (oaly 9 I i
Wz Joe S 589, JS 69y p 9ty alo,S Sy (8,5 Shai o b o,S W
Stz 5l ey oS lp Je oal S ] ) alxe gl
S ol mbs cwl eolaul BB Goline slhawain b 35, 5l 508
U a eyl Loy (353 euisS olml Sl oled o5 ams s LS
sybise JiS by o cu

@ bgye Dllamde i 550 5l 50,5 Slageey (Fib gl i o
hb sl o5 cel Jo 0 (nl 85 o0 18 S e Gy IS alas
S Lulph a5 cel p Y gand 53 ©f Glaga wile o0 b ey
il [O] 05 JE eoyn 000 el jsbay i S5 abais 5l g5
A 65958 iliZe slaged ;5 B3 culp 5l (oalie (e il
Sl on i Slasie 5l LS sezse (B33 ladae il ow) e
“ il o el Jlo 5 ol 5 S m oobisial G338 b (e
Lok @0 @ sl ool azg BB Sy oad ool [1110] e
O3l g0 Jlieq]

caye 2 ol @ Sl ol b g by, 3l slale o
%o e 55 s U (28,5 a5, U [T] 555 sl o0 1) 354
o Sl (3 olml (el sle plgie @ £z (298 (Su5 0
“Er Sl e il S alone i a3l il g0 |y G5

1- Relative eddy

2- 0 Ekardt

3- A Ekardt

4- Blade solidity

5- Blade loading

6- Exit flow coefficient
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3- Recirculation loss
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1- Impeller-tongue radial gap
2- Tongue tip angle
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6-Structured grid

7- Unstructured grid
8- Tetrahedrons

9- Hexahedrons

10- Coriolis force
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1- Finite element based finite volume
2- Swirl flow

3- Scalable wall function

4- Multiple reference frame model

5- Frozen rotor interface
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1- Turbulent kinetic energy
2- Dissipation rate
3- Unsteady flow
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1- Volumetric efficiency
2- Blade to blade plan
3- Meridional plan
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