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Pressure fluctuation features of sand particle-laden water flow in

volute of double-suction centrifugal pump
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Abstract ; In order to study fluid pressure fluctuation features in the volute of a centrifugal pump under
solid-liquid two-phase flow conditions, a series of unsteady, three-dimensional, turbulent, sand parti-
cle-laden water flows in a single-stage double-suction centrifugal pump are simulated based on the
ASMM solid-liquid two-phase flow model and SIMPLEC algorithm as well as the RNG k — g two-equa-
tion turbulence model. The pressure fluctuations are characterized at various solid volume fractions and
sand particle diameters; additionally, the simulated results of two-phase flow with 12% solid phase
volume fraction and 0. 05 mm particle diameter are compared with those of water alone. The results
show that the pressure fluctuation of solid-liquid two-phase flow is much greater than the water single
phase flow, and the pulse waveform of the two-phase flow is with 0. 002 s lag. The pressure fluctuation
rises with the increasing solid phase volume fraction, but the change in fluctuation amplitude is not sig-

nificant. Also, the fluctuation is reduced with the increasing particle diameter. Compared with particle
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diameter, the solid volume fraction affects the pressure fluctuation more remarkable than the particle

diameter does. The blade passing frequency is dominated in the pressure fluctuations in the volute,

further the maximum pressure fluctuation occurs at the double blade passing frequency.

Key words: single-stage double-suction centrifugal pump ;solid-liquid two-phase flow ;unsteady flow;

pressure fluctuations ; numerical simulation
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Fig. 1 3D model of single-stage double-suction
centrifugal pump
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Fig.4 Frequency spectra of pressure fluctuation at
different solid volume fractions

2.1.2 REEAZEXE T IR 8T

B S A i T AN ) [ AR RLAR I, 39352 B
WAL A P, 5 W 7E S = Wi A S Py TR Tk
R (E AR 4

0.08
0.06 P,,(0.050 mm)
N P,(0.050 mm)
0©70.04

P,(0.076 mm)
'P,(0.076 mm)
P 6.100 mm)

P.(0.100 mm
0 2 4 6 8 10 i )

S ASIR] B ARRLAR T He g ik Sk 141
Fig.5 Frequency spectra of pressure fluctuation at
different sand particle diameters



0]

HEREHLOR L7224k

4533 %

HI Pl 5 WT LA H o 45 W o5 g ik sl e A8 %
WEE 3 BLAE | 5S4t , d =0.050 mm Fl d =
0. 076 mm kSl IE I 2 52 BLH S %) Ja S P AR A
d =0.100 mm [WJkSHETEAE 4 £ 4505 BOY BAREK
V2% ARk sl R ZEAL , WA B R R AE ;i L
B AR 1 R, 45 W P 7 Ik 3 i 1 38 347 0/ )N
X 2 R A 2 R T AR R, L R R R R
SRIGAC, DT TS50 1 A 7 6 0 A 1% 246 %o o 2
AEXF 32 Bl £ Uk /0 21 AR AR e 38 R () ) e 3K
MATTIREES 1 4t 1 Ah %) [0 358, X6F 8 576 P9 7 fhk 3

A B — 5 P IR .
2.2 ARENREHTEERITLE

AT X AN (7] 31 A AR FR 3 B5ORR AN ()R B 55
SERAHT, BT I L A R R BORORL AR 43
MR b =12% ,d =0.050 mm B, [FE A 1 T4
SR 51 KA BT A5 BT T X AT
2.2.1 g B e R ) Bk TACKAE

Pl 6 SR i o B, 3 3% [ Y T A O 5 T
IR T ] 1) W00 8 (/K 2 H R T e SO Py
A I R ) T g ik st Sk

OIST oy 0157 — yipk 0107 — ik
: 0.05F
005 0.05}
o o ol o0
or 005}
-0.05F
-0.05F 0.0}
-0.10 . . . . | -0.15 -0.10 . . . . .
013 014 0I5 016 017 018 013 014 015 016 017 018 03 014 0I5 016 017 018
t/s t/s t/s
(@ P, b P, © P,
0.10r —fgﬂj " 0.10p — ¥k 0157 — ¥k
— B — [ — A
0.05} 0.05F 0.10p — [
! _ o 0.05}
N 0.05 N 0.05 S
: 0.05}
-0.10 -0.10 0.10
-0.15 s s ‘ ‘ ‘ -0.15 ‘ ‘ ‘ ; -0.15
0.3 01 015 016 017 018 0.3 0.14 0.6 017 0.8 03 01 015 016 017 018
t/s t's t/s
d) Pg (C] Pm ®) P13

P06 o J 1 W g ok sl el sk ]

Fig.6  Pressure fluctuation time domain chart at monitoring points along volute circumference
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Fig.7  Pressure fluctuation amplitude along volute circumfe-
rence under single- and two-phase flow conditions
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Fig.8 Pressure fluctuation time domain chart at monitoring
points along radial direction in volute
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in volute under single- and two-phase flow conditions
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