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Comparative Study on Hydraulic Characteristics and Structural Mechanical
Performance of Centrifugal Pumps with Different Blade Numbers Based on Fluid Structure Coupling
Zhang Jiani
( Shanghai Institute of Quality Supervision and Inspection Technology, Shanghai, 200072 )

[ Abstract]  As a universal machinery that converts mechanical energy into fluid kinetic energy, centrifugal pumps are widely
used in daily production and life. The influence of blade number on the internal flow field and characteristics of centrifugal pumps
is particularly important to ensure stable, efficient, and safe operation of centrifugal pumps. The use of numerical simulation
methods can obtain performance predictions of centrifugal pumps under conditions where experiments are difficult to complete. A
three-dimensional steady-state numerical simulation study was conducted on centrifugal pumps with 5 and 6 blade numbers, and
the external characteristics and static pressure distribution of the centrifugal pump were obtained. The results indicate that the trend
of the external characteristic curve of centrifugal pumps with different blade numbers is roughly the same. At the design flow point,
when the number of blades is 6, the pump head increases by 8.6%, shaft power increases by 7.5%, and efficiency decreases by 2.5%.
The increase in the number of blades makes the flow field inside the centrifugal pump more uniform, and the optimal number of
blades obtained in this study is 6. When comparing the numerical simulation results of fluid structure coupling between two
centrifugal pump schemes, it was found that the maximum displacement occurred at the impeller and bearing. The influence of
different blade numbers on the stress and deformation of the overall structure of the pump is minimal, and it still meets the strength
requirements.
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Table 1 Main structural parameters of centrifugal pumps

FHLEH 24 Hf
MR Z 5

. RBER d/mm 24
M4 EH4E D/mm 150

N EZ D/mm 65

H O H4E Ds/mm 40

W5 H 98 bo/mm 165
FE[F H A% Do/mm 176




-802 - 4 5

2024 4F

E1 BORO=4ESKE

Fig.1 Three dimensional diagram of centrifugal pump
1.2 BUEWHEITE

N TR TG R B LRIV RE R Fr B 22
Fr R, BAERE 5 MR R AL &
HH o ERFFH RIS EAZIELL T, 70
BN 5 RN RO 6 R R e U E R Y
J7% . M H SolidWorks T+ SEHL4H B s 1HER A A2 Bk
PP R K AR =AY, ] 2 B

% Z=6
B2 AERFHARRE =4 TSR

Fig.2 Three dimensional geometric models of water

bodies with impeller blades
1.3 iFRERE
SR B IR AR IIEAT = AR, =i
5 B LR R B S 4 A PR 25 A B B S
Wi J R BB AT S W S A v % . IR
SolidWorks 1 S ATL4H Bl ¥ 1 A4 % 25 40 52 FR 7K AR
R AT 22, SERERITRARIS SR Dy et
FHER B S i se Al SE B, sl 3 frs
BE R FE K B H R AE AR R AT LTS R
J&, AEBUE AR S5 R EINAT & SEFR .
T 0 FE AR SR BB 5K H) ANSYS Fluent

PiE TG, S ELIE N =485 R sh I ST
TR AR B AT 7T, Rl R T AR
45 75 V5 I Y5 Navier-Stokes 77 F£ I FG 4i4b AL BE . 11
AR TR =R AL, SRR
TR S5, 2R SN

6ui 0 (uiuj)=fl~———+,u

_+_

ot axj

e ¢ UMEE] s s R wy VARSI R 5
s fi NI p IR S L s xi A1 x; 95k 11
IrEL NIRRT .

KM SST k-l A, 12 AR i B ] T e
U, RAZGE. SRy HAA —EiEH
H L IIE A 1100,

3 BRI =4EKIKE
Fig.3 Three-dimensional solid domain diagram of a
centrifugal pump
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Fig.4 Grid diagram of the fluid calculation domain for

centrifugal pumps
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Fig.5 Numerical simulation results and experimental
comparison of the external characteristics of centrifugal
pumps
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Table 2 Performance parameters at the highest efficiency

point of centrifugal pumps with different blade numbers
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Fig.6 The relative velocity distribution of the flow field inside a centrifugal pump
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Fig.8 Deformation distribution of centrifugal pumps with different blade numbers
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