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multistage centrifugal pump
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Abstract; To analyze inter-stage interaction and transient flow characteristics in a multistage centrifu-
gal pump, numerical simulations of both steady and unsteady, three-dimensional turbulent flow in a
two-stage centrifugal pump are conducted. Pressure fluctuations at monitoring points in both the impel-
ler and diffuser passages are obtained at different flow rates. The results show that the first-stage diffu-
ser is the key factor for determining the non-uniform velocity distribution at the inlet of the second-stage
impeller. There is a strong rotor-stator interaction between the impeller outlet and diffuser inlet in each
stage. Even though the geometrical shape of the whole flow passage is so complicated, the blade pas-
sing frequency is still the dominating factor that decides the pressure fluctuation characteristics in the
entire flow passage in the pump. By contrast, the pressure fluctuations are less affected by the number
of diffuser vanes. The pressure fluctuation amplitude at the blade passing frequency within the impeller
passages increases gradually from the impeller inlet to the outlet, but vice versa in the diffuser. The
pressure fluctuation amplitude at the blade passing frequency is still dominated at low and high flow
rates, however, the fluctuation amplitude is amplified, especially at the low flow rate.
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Fig.1 3D geometrical models of impeller and diffuser
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Fig.2 Computational domain and localized meshes

2.3 HEAE

LA ANSYS — CFX # AR A 1 6 , B 5%
BB B e 2 A5 g 1 AR K, TR i i
A W TRT L ) 3 50 R D R A R AR
Bl Jo A A 4 A5 A8 AME R BE, RAIE S H1 W L Y
TSI A2 T3 e i AR S, [R] AR 2t 11 i ¢
BN E . R RNG k- & Jin A AL R —

B XURS X, B WCBIORS B2y 10 7 7 T AT 11 [ B
Ak T L] A B T 0 5 4% 0, % 3 B T ) i 9
UL Bl RE A R [T bR K50 B

3 RAERIESENAHE

3.1 RIEIIE

R T B BUE TR A R HERA A, X% 2 PR
H7K F3PE R AT 1l 50 DU . R RS %5 i 1 A AR AL,
TEARZEVEREIRIR & _F AT E AL A SRR i, o 0
2R 2 G R VAN TR I S BGHEAT TR, R BR
[ AL AR AT 1 2 RPN R ZEAK,
MR T 2 B, B AR K, BEALIE
AR R P SIS , WS IR R RCR RS
G2 W AIRCRE R RS AR — 20 #0050 5 5L
EIFEAFBIR P AR FE ORGSR AT XS, A 3

JIi 7.
27
25 90
23 80 o
c g
= vy 70

19 — R

17 — iR

— MR 5

100 120 140 160 180 200 220
Q/(ml-h")

B3 RGAH AR ANRCR IR AR U5 B0 2 RN e
Fig.3 Comparison of predicted and measured head and
efficiency in second-stage of pump

HIP 3 AT LUA Y A8 I i 00 SR,
A RER AR 25 R AT & 8y, B iR —2,
B B Y S 47 R O (L 5 4. 0% 24,
RCRAE IR I (E 55 3. 0% Ao Ay, 3 32 8 2 AR (E AR 1)
R TEAS P A BRUBUR P8GR 1, e it
BRI B ORI R 160 m*/h, 6 e o 0% T
DL 150 m’ /b, TR TR A %
SEBR R 1 2% s FEBETE T O0T , P A4 e 0ROy
78.5% ,HHAHFE N 25.2 m.
3.2 BMSHE

VA= 45 i T 5 2 R A O R W
WIta A AEBUE TO0 T X AT = 2 i
FAE. MR 1°B0 1 AP, TR
[P A = 114. 943 s, X FICH TR, 200
2 160 /M E] AR, RV 42 e 4% 6 el , s 7 i 2 S
HIPEZER. D 5 B B0 R E AR E WL A5 R, ik
BORCSIUR 1 A48 e J 391 4 Bt A s T ks o3




Al F

ZRED RN EBR BT K E S AR AE

. W A4S RO e SR f, = n/60 =24.2 Ha, 0y 3@ id

PR f=Zf, =145.2 Hz. 356 A5 A 20 A~ W I A3 40
K4 .

B4 WS E
Fig.4 Monitoring points arranged

4 HEERRSH

4.1 MBRHEORBEENKI S
4.1.1 REHH

BS OB AU 58 a0k 1A 4 X R
P, AT LA H o 2 908 B St 1 A O eI
gy, RAEIZIE 1 52 3 1 P 58 HE % 19 2 05 e g
FEE 1 WA A U 2l R A X {ELAH 22 AN K
J7 R B[R], i A 3 ke 21 7 20 = AR A
N — G e PR T B R A

3.713

Ve o

2.475

)

v/(m-s

1.238

@ HZHRE (b) Rz
SIS Rteri A ML By ¥ A |
Fig.5 Absolute velocity vectors at impeller inlet
4.1.2 HRE G T R SRS AT
VEICE G Fe ok 1 AR 0 A P, 5 IR Fe it
AR S 5 P, X 5% PR I 3 e g Bk s ik A5 23 #r, 2
AW A5 T K Sl ) AU L TN P 6 i 7

0

3000
2500

£ 2000 I‘

1500 ul o Ve
1000 | / P,

500 P VY B P, (ﬁ\f}
0 1000 2000 3000 4000 4
fIHz

Bl6 MRk DG AL P, APy, ) ks 4]

Fig.6 Pressure fluctuations in frequency domain at P, and P,
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