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Numerical simulation and tests for cavitation characteristics of
centrifugal pump controlled by bypass device
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Abstract: In order to study the influence law of bypass waterway on cavitation characteristics of centrifugal pump
a low specific speed centrifugal pump with a specific speed of 32 was taken as the study object a bypass waterway was
built from the eighth section of the volute near the inlet side to the suction section. The modified SST k-w turbulence
model and Kubota cavitation model were used to do the 3-D non-steady numerical simulation for the original type pump
and the pump with the bypass waterway under different cavitation numbers. The simulation results were compared with test
ones. Results showed that both head and efficiency of the low specific speed centrifugal pump decrease slightly after
building the bypass waterway, under the designed working condition test values of head and efficiency decrease by
2.30% and 3.07% respectively and simulated values of head and efficiency decrease by 3. 10% and 1. 80%
respectively; in initial and development stage of cavitation the bypass waterway can effectively increase near-wall
turbulent kinetic energy improve pressure distribution restrain growth and fall off of cavitation and improve flow field
structure; after head is broken the bypass waterway can’t effectively restrain cavitation but aggravate its severity; the
bypass waterway causes a small disturbance to the pressure fluctuation in flow field involved.
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Fig. 1 Schematic of test device

0.20,-0. 40, -
0.60Q,-0. 8Q,~1.00,-1. 20,-1. 40,( Q, )



1 121
2.2 ( )
2.2.1 o 2(a) \2('b)
(a) (b) (¢)
2
Fig.2  Grid of computational domain and monitoring points
ICEM CFD A pau;) .\ A p,uu) op, 0
\ . ot v, ox o
du, Ju;, 2 Ju,
+ Ly L _ = — 5 ] 2
o [ (5 -3 ) (2)
1 3 P PUNUNU, iy
o 3 My L VP HEFANE N )
10y o
254.78 135.33 . Navier-Stokes SST k-w o
Y+
18 SST k‘w pm = avpv + pl( 1 - av) ( 3)
k'ﬂ) Y+ :pv p] ; «,
Y* 100 k-w °
N SST k-w ko
kw ke
1
Tab.1 Check of grid independence
; SST k-w
/ 205. 43 254.78 300. 61 . (4) (5) (2)
/m 4.351 14 4.401 01 4.414 519
2(c) P,.P,.P, k
= — 4
. N wo=fip) & (4)
P (pn =p)"
° Ap) =p, + o (n>1) (5)
o (pl - pv)
2.2.2 (5) n 10 % .
20 °
Kubota Rayleigh—-Plesset
. 9Cp,u) ”
pu , puu) _ ()
ot x;
o Kubota

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net



122 2021 40
ap.f) @ .
(puf.) . (pnuf)) _ R -R 3
ot 0x; (a) 3(b) 3.33%
30,.(1-a,)p, /2 P, —p 4.59% 5%
R, =C, R 3 (p<p,)
b P o
3ap, [2 p-p,
R(‘ = C(‘ S > v
A N S, (p>p,)
‘R, P, ; 3.07% » 3.10%
Qe ;€ C, ° 1.80% .
23 .
R,=1x10""m;a,, =5x10"* C, =50;C, =0.01. o
2.2.3
; - - pV
25 C -1,
0 Pa (25 °C) 2
(3 169 Pa) _ nwD,
60
o Ny U
6 0.6 s o n
3° At =0.001 s. ' D, °
3
o 4
3.1 o-H
3 5.0r 2120
45f 8 i
. 4.0 §
s 35t —~— e 2R
& 50k —— R {E e
® ~e- pARfRE 18 B
E 3.860 6 J
20F ‘.M‘ ...... . T S—— | #
I 5 1 1 1 1 ﬂ
0 0.4 0.8 ]2 1.6 2.0
24k ¥o
4

(a) -
501
40t
= 30t
S~
ke
¥ 201
=
1014.583 4 409
0F :
02 04 06 08
Q/Q!]
(b) -
3

Fig.3 Curves of external performance
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Fig.4 Cavitation characteristic curves of prototype pump
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Fig.5 Turbulence kinetic energy distributions
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Fig.7 Diagrams of cavity volume variation
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