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Numerical Analysis and Validation of Floating Impeller Balance Chamber

Pressure in Centrifugal Pump Based on CFD
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ABSTRACT: The pressure distribution in balance chamber is
the key technology that centrifugal pump with floating impeller
balances axial force automatically. Based on two important
parameters, ring seal diameter of impeller and area of
balancing hole, different combination groups were formed to
construct the 3-D model of 3BA-6 single stage single suction
centrifugal pump. Through the numerical simulation after the
model by computational fluid dynamics (CFD) theory, the
pressure distributions in balance chamber were obtained. Then
axial compound stress was calculated and balance analysis was
made. Simultaneously, the pressure in balance chamber was
tested practically. The results show that axial force of
centrifugal pump with floating impeller can be balanced under
the condition that rate of flow amounted to 0.002~0.006 m¥/s,
and when k=1.2, A=7.07 mm?. And the pressure in balance

chamber is 13%~20% of lift corresponding operating condition.

Simulated values are closely matched with the measured value,
which proved the appropriateness of numerical simulation. The
practical significance is supplied by using CFD technology and
changing parameters to design the most proper structure.

KEY WORDS: centrifugal pump; axial force; floating
impeller; balance chamber pressure; numerical analysis;
computational fluid dynamics (CFD)
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Fig. 1 Basic structure of floating impeller
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Tab.1 Performance and structural parameter of
centrifugal pump
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Fig. 2 Computational grid model
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Tab. 2 Table of test parameters
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Fig. 3 Curve of axial compound stress and flow rate
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change with flow rate
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Fig. 5 Balance cavity pressure distribution chart
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4.5

3.5

2.5

A

p/mH,0

——k=1 UL
15 | =k=1.2 BipifE
A k=1 S

x k=12 9<ifE
0.5

0.000 0.004 0.008 0.012 0.016
Q/(m*s™)
7 TERRE NSRS IR L E
Fig. 7 Simulation and test comparison diagram of
balance cavity pressure
%3 FRIRETEERREDHEIES KNE
Tab. 3 Simulation and test data of balance cavity
pressure under different operating condition

W Qi(mPs™)
0 0.003 0.005 0.007 0.010 0.013 0.015
BUf/mH,0 320 300 270 230 200 150 1.00
SfE/mH,0 311 283 249 210 188 141 0.95
HME/MH,O0 400 370 320 3.00 260 230 200
SCO{E/mH,0 3.88 3.46 298 275 253 220 1.95
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