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Numerical Investigation of Gas — Liquid Two-phase Flow in
Centrifugal Pumps Based on Inhomogeneous Model
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Abstract; In order to study the flow characteristics of centrifugal pumps when transporting the gas —
liquid mixture, water and air were chosen as the working medium, numerical simulation was conducted
on a centrifugal pump under different conditions of inlet gas volume fraction ( IGVF) based on the
Eulerian — Eulerian inhomogeneous model. The drag force was approximated by the Schiller Nauman
model. No other interfacial forces were considered. The gas distribution and velocity streamline in the
impeller were obtained to discuss the gas and water flow characteristics of the pump. The results showed
that gas concentration was high at the inlet pressure side of the blade, where the vortex would exist,
indicating that the gas concentration had a great relationship with the vortex aggregation in the impeller
passages. When the IGVF was increased to 10% , phase separation had obviously appeared at the suction
side of the blades in the impeller passages, and gas had a movement trend along the suction side to the
outlet of the impeller. Gas was moved from the center of the passages to the front and back shroud, and
with IGVF increased, gas fraction in the back shroud near the leading edge and back shroud would be
increase. Gas fraction in the front shroud near the trading edge was increased significantly than that in the
back shroud, and the gas may eventually choke the passages. Within a rotation period, the outlet
pressure of impeller was cyclically changed, when IGVF was increased from 1% to 10% , the outlet
pressure of impeller was gradually decreased, and pressure pulsation frequency of the monitors was near
the blade passing frequency at different IGVF values. When the IGVF was not higher than 10% , IGVF

had no obvious effects on the pressure pulsation frequency and time frequency of the monitoring points.
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By comparing the experimental results with the numerical results, the reliability of the mathematical

model and calculation methods was confirmed.

Key words: centrifugal pumps; gas — liquid transportation; FEulerian — Eulerian inhomogeneous model;

pressure pulsation; numerical simulation
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Fig.5 Positions of monitoring points
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Fig.7 Water relative velocity streamline distribution contours at different inlet gas volume fractions under design flow rate

4.2 MAXRESHSHREEREZS T

ES IR N A ol O N B W e i N
J HE 7 TR g TSR AR R 43 B A BRSO
A BE AR A . fh B8 RIEL FE R S B gE O
BRI TR T ET S 5 AR A ORE AR RS
B e 5 T R A BE S AR R, & B
T 5 A SR A R A3 B i 4 K R
03I 5 A A A B A RO I TR L R & ]
RS IR I o W) E RO o k1 Ak B RORE AR
TR Bt 2 Bl A 3 10 3 R 3 R34 R X 1
B9 1 ACHH TR 9 £k, AT LA M AH O AR E A
RUE G, RS A R 7 1 A TR E A ) S
WARIB ), MW G MR REAE M
Xof I, T AR W R W T T AR 3 A R R R L
R 5],

(b) 31 5 5%

TRARAEXT
/(s
178

(c) BT % 10%

4.3 HOSSEXMRHOEHANZIN

K10 25y 7 A Bt i B 1 RN
5% B8 VI AL 1~ pS Y R g Bk Bl B S
P T AT A 25 M i s g 4 2 S P AR A R A TR Y
S IS R P B 6 Ui I R AR, 6 UK T ) Bk 3l Y
B R 4 MR T = 8] i T AR T .
pl Z| p4 b 2 # sk /, pS AL EE RS T pl A p2
Z A, pl F1 pS LR EAR LR T HARA AL X RV
BRI XS8R 3 Bl AN A RE PR A

PTL RN 12 45 T SR AE 0 L A [ 2R 2t 1
BACRIOU T A8 H I S p3 9 s 7 Jhk 3l i 3
P AR AT o ph PRI B R T ORI O
R DR B AR AR DS R 10%
I, e T sl BLAATE I8 2 TR IR AE A, 9 B 32 F
IR, ULWIAE L B R A R AT i 48 1 R T /Y



14 FHE S T AR TS Y B RO AR I B B AT 5 93

AR BT

() L%
SARATUN B

0 03 05 08 L0

(b) H I EFEEH5%
SARFR S
|
0 0.3 0.5 0.8 1.0
\» ™
& <
(c) B &R HK10%

B8 ORIENHE T & SR FE ) TR ) T
SR AR By i =
Fig. 8 Gas volume fraction distribution and relative velocity
streamline contours on pressure side and suction side
at different inlet gas volume fractions

LATSEAM 2. G se il 3. Ry 4. %y

SRR R (m - 57

8.9

B9 O &R N 5% 5 7 AR A S

A X 3 2 3 AR =

Fig. 9 Gas relative velocity streamline contour on pressure

side and suction side at inlet gas volume fraction of 5%

—— WP Apd —— WEW S

0 0.005 0.010 0.015 0.020
B [E] /s

B 10 WAL pl ~ pS (9 g ik 3 i Sk 1
Fig. 10  Pressure fluctuation in time domain

of monitoring points pl ~ p5

SR AN R o Hs g bk 2l e fE 46 vh 7 - 90 B
T B, W6 A6 3 % 1 08 R RE i (B W AR LR
[Fi) JE 1005 AT i Xk LT I Ik 2l e A# Lk BB A 0
8 ORI R, A SEMRAL s 7 Bk 3l i A6 A RS i)
HUCH 10.3.9.95.9.79 kPa, AR & AT M A
{9 H 73 k2l E A 0 289 Ha, 550 J i 2o SR 3200
VWA HE 3 R AT 10% B AKX H g ik 2l
FHL A K, GAHR % SR g e — 5.

— O EREL% O ESHEI0%
150 F — A &SEE5%
140 -
130}
£ 120
<
H 110+
$&
100
90 -
80f
0 0.005 0010 0015  0.020
i) /s
B11 WE A5 p3 B R g bk st i ds

Fig. 11 Pressure fluctuation in time domain

of monitoring point p3

~12
—BOASEI% 1° <
— HAERE% =
— O EFIH10% 1y E

/.

0 500 1000 1500 2000 2500
LESRE

B12 W R p3 0 He g ik 2l A 14
Fig. 12 Pressure fluctuation in frequency domain

of monitoring point p3

4.4 RIWIIE

J T B EEE TR R AT S T T AR D
FRR T AN R K, R IR 5 & o8 JF 5
B 13 FroR ), it 50 % B ORI R  E
GB/T 3216—2005 H 1T ZAE BEZER o 3 2o 7 F T 1A
DAL et R — L, A A Y R R R I
HORAG B[R] & AR SRR A, T 2E AT 56
T IR RS o /K FE 4 P i 7K S H R O
WEAESBIEGEE P S EHIENEREGY
A)Ja HE AR 5, 0 OBOR A Y 4 i B 1
JE AT KFE 5 A KAR 4 S B OrEIF 0 Jf
LR T8 Y R B AR A RCHE O DR AIE A A
KA 4 KRR A 2R

R0 9 A KRBT AR I O B AR DL S
HE T B AR A R A
H, :Paut ~Pin

pg
Pour = Pin

H, :g(a,pl +agpg)
L H H,——4K SR T F 22

g—HIpmEE  p,,—— R HAET
kRS

Pin



K13 dka
Fig. 13 Test rig

1. r‘ﬁﬂﬂ. 2.6 W= 3.

WRGHE 8 lmHE

BERLAE Al K T 00T A FE P Ze 18] 14 s .
M AT DL R 5 R 2 R AR A I
Bl N DR Hp 0 ) — Bvk e/ o0, P R R
Wy G A8 R i L0 A, B 5 1 5 R A A — i
%, ERITATLH, BOEHERKEN 19.8 m,
PREBAUE A 20. 66 m; BRI E R 73. 3% , 0%
BB 73. 8% , Bt i 47 T2 K3 A X 158 2 # 7R
5% VAN o 3 BIR 95 FRE 40045 SR 1) I 22 7T RE R R
JECRE TR BB DA S 2 T iR 1 BRI U A0 R
Hy. B1S HIEH D EAEN 5% il 5 E
B 5l a5 Rt i BRI, BR T AR B
PR (Q =20.24 m’/h) B0 5 34 50 i 22 4%

Afkw I 4.5 KM 7%

24 2017 4
30
25t
. " ./E
£ 200 / \\a\u
N 15t "
= KR
10} —— i
%10 20 30 20 50 60
AE/(m? +h)
15 i EAR N 5% W R EUE AL R B0 25 ST Lt

Fig. 15 Comparisons between simulated and experimental

results at inlet gas volume fraction of 5%

RERS 1R 22 0 9, AR AT ) JE 13 R AR T /NI
00T A RCE T 5 45 8 5 a0 25 R A A i 22, 1t
B BT AE /N S 00 i e AN HER A
fEt— 25

5 it

(1) AEBE PR B R AL, 25 7 A e, 15
I AL T P30 TP Y A S R I SR A AR R Sk
o HE TR E] 10% W 4 P AR T R
DAY 23 vE s RO PO I R R SR <
I W TR e R s Bl

(2) R R SR, AOMAE MR R B N 2 i
LA F R i A S GE Bl B AR R AR 1
RN Y M R e 2 3 R o R T A A Y
UM BE BN W] MR B A RT RE 2 HE R IE
IR PEREEAL .

(3) FE—A~Be Fe J 30T P9, 48t 1 g 22 ) )
AR o D R 1% B 2 10% , 42 1 T
T3 RAR I 5 A AN ] 3 T e bk 3l 32 0
TE R T8 A 3 AR B, 3 S RS 10% 1S
FEAA AR 3 008 s 00 A5 s 3 ok 30 84 23052 Wi A K

(4) i o 10 4 R R BEL T 330 B 3R A 19 4 A
PEMZR , 550k T R 0 SRR Ay 1 g R A T
FERY AH ST A/ AR R 22, UL IR Beie
B BB PAY =0 IB0PP AH J0 AE TRY F 3 5 5 06 AT A 008 A
it Mt — A5

R, Hop 45 B 5 150 (5 4 PR, 72 SR
301 7100
st Jso
20t .
£ 460 s
B 15 oA
Y —— 15 Ja0 &
10 —— R
—o— PR {50
0 IIO 2|O 3IO 4IO 5I0 6I0 700
i/ (m*-h")
P14 Bl AR 8 45 SR X L
Fig. 14 Comparisons between simulated and
experimental results
2 £ x W
UG BUCRAIE SROTIM . Jst: B0 i fidd, 2011

MINEMURA K, UCHIYAMA T. Three-dimensional calculation of air-water two-phase flow in centrifugal pump impeller based on a
bubbly flow model[ J]. ASME Journal of Fluids Engineering, 1993, 115(4): 766 —771.

AR, WL, ARKRIE. BLL AR N PR R S BUE T R [T ). DR A E A4, 2003, 24(2) : 237 -240.

LU Jinling, XI Guang, QI Datong. Numerical study on the gas-liquid two-phase 3-D flow in the impeller of a centrifugal pump[ J].
Journal of Engineering Thermophysics, 2003, 24(2) : 237 —240. (in Chinese)

PRIKE , XIESE, IR, . MAAHREMIS 5t [ M]. Jbat: 5o Tolk di bk, 1993.

TREMANTE A, MORENO N, REY R, et al. Numerical turbulent simulation of the two-phase flow (liquid/gas) through a cascade
of an axial pump[J]. ASME Journal of Fluids Engineering, 2002, 124(2) . 371 - 376.



513 FHE S T AR TS Y B RO AR I B B AT 5 95

13

14

15

18

19

20

CAMPO A, CHISELY E A. Experimental characterization of two-phase flow centrifugal pumps[ J]. Journal of Bacteriology, 2010,
176(24) . 7524 - 7531.
ZHU J, ZHANG H. CFD simulation of ESP performance and bubble size estimation under gassy conditions[ C] // SPE Annual
Technical Conference and Exhibition, 2014 .SPE - 170727 - PT.
CARIDAD J, KENYERY F. CFD analysis of electric submersible pumps ( ESP) handling two-phase mixtures[J]. Journal of
Energy Resources Technology, 2004, 126(2) : 99 — 104.
CARIDAD J A, KENYERY F. Slip factor for centrifugal impellers under single and two-phase flow conditions[ J]. Journal of
Fluids Engineering, 2005, 127(2) . 317 - 321.
CARIDAD J, ASUAJE M, KENYERY F, et al. Characterization of a centrifugal pump impeller under two-phase flow conditions
[J]. Journal of Petroleum Science & Engineering, 2008, 63(1): 18 -22.
BARRIOS L., PRADO M G. Modeling two phase flow inside an electrical submersible pump stage[ J]. ASME Journal of Energy
Resources Technology, 2009, 133(4) . 227 -231.
WSO, LR, . BORMPHREBES M [T]. Aafe A, 2011, 30(12) . 101 - 104.
PAN Binghui, WANG Wanrong, JIANG Wei. Gas-liquid two-phase flow numerical simulation of centrifugal pump [ J].
Petrochemical Industry Application, 2011, 30(12): 101 - 104. (in Chinese)
RER, M. 2R R ORI AR R R RS R BT LI/OL ] AL LB A=A, 2013, 44(5): 66 —69. hitp: //
www. j-csam. org/jesam/ch/reader/view_abstract. aspx? file_no =20130513&flag =1. DOI;10. 6041/j. issn. 1000 — 1298.2013.
05.013.
YU Zhiyi, LIU Ying. Characteristic analysis of unsteady gas-liquid two-phase flow in a multiphase rotodynamic pump[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2013, 44(5): 66 —69. (in Chinese)
s, 8, Kok, FF. X AP1000 A% TR i3 & # e [J]. #k3h 5 ohifi, 2015, 34(6) : 132 -136.
FU Qiang, XI Yi, ZHU Rongsheng, et al. AP1000 nuclear main pump internal unsteady analysis under gas-liquid two phase
condition[ J]. Journal of Vibration and Shock, 2015, 34(6): 132 —136. (in Chinese)
BARRIOS L, PRADO M G, KENYERY F. CFD modeling inside an electrical submersible pump in two-phase flow condition[ C] //
ASME 2009 Fluids Engineering Division Summer Meeting, 2009 ; 457 —469.
TR, BN, R, 55 = GOBUE AU 2 TR H AT TR A i S BUE R [ J/OL ] R AL, 2014, 45(9) = 89 -
95. http: / www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no = 2014095&flag = 1. DOI. 10. 6041/j. issn. 1000-
1298.2014.09.015.
ZHANG Jinya, CAI Shujie, ZHU Hongwu, et al. Numerical investigation of compressible flow in a three-stage helico-axial
multiphase pump[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2014, 45(9) . 89 =95 (in Chinese)
JEKWE, FLEA, E&R, & BT LR AR LR O RREUERE I T ] A HLA2A R, 2011, 42(7) : 66 -69.
ZHOU Shuiqing, KONG Fanyu, WANG Zhiqiang, et al. Numerical simulation for low specific-speed centrifugal pump with
structured grid[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(7): 66 —69. (in Chinese)
MULLER T, LIMBACH P, SKODA R. Numerical 3D RANS simulation of gas-liquid flow in a centrifugal pump with an Euler-
Euler two-phase model and a dispersed phase distribution[ C] // Proceedings of 11th European Conference on Turbomachinery
Fluid Dynamics & Thermodynamics, 2015: 760 —772.
XS, AR BRI IR AR BB AT LT ] A BU AR, 2009, 40(9) : 73 - 76.
LIU Jianrui, SU Qiqin. Numerical simulation on gas-liquid two-phase flow in self-priming pump[J]. Transactions of the Chinese
Society for Agricultural Machinery, 2009, 40(9) :73 —76. (in Chinese)
MINEMURA K, UCHIYAMA T. Three-dimensional calculation of air-water two-phase flow in a centrifugal pump based on a
bubbly flow model with fixed cavity[ J]. JSME International Journal, Series B, Fluids & Thermal Engineering, 1994, 37(4) .
726 -735.



