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Table 1 Main parameters of overflow parts of multistage pump

I Parts Z4) Parameter ${H Value
E AN H 1B Dy/mm 292
First stage impeller A% 7, 5
R4 Hi F B AR Dy/mm 292
Secondary impeller A 6
B S Z . 6
Guide vane RS Z 10
MR BT
Hub diameter of impeller Dy/mm 40
I ESEEN =K
Diameter of front seal ring Di/mm 195:5
EINEEEEZN ]
Clearance between front and bi/mm 0.2
rear seal rings
P8 P E] 5 b/mm 0.2
Balance drum P ELELE Dy/mm 91
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a. Assembly drawings of multistage pumps
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b. Schematic diagram of first stage impeller

c. 2- 2T AR R
c. 2-2 section diagram
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Mg S ARHMELFIM 9 THENE 10 PHr SR B

1.Suction chamber 2.First stage impeller  3.Guide vane 4.Secondary
impeller 5.Final stage guide vane 6.Water chamber 7.Balance tube 8.Rear
cover plate of last stage impeller 9.Balance chamber 10.Balance drum
clearance

E: DUNE MR OB, mm; D, NRTEEHFEAE, mm.
Note: D is the outlet diameter of the first impeller, mm; D, is the diameter of
front seal ring, mm.
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Fig.1 Computational model of multistage pump
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Fig.2 Pump efficiency at different grid sizes
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Fig.3 Mesh view of multistage pump
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1.Pump exit 2.Pump import 3.Torque meter 4.Electric machinery 5.Test
multistage pump  6.Pressure gauge 7.Orifice flowmeter
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Fig.4 Multistage pump test bench
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b. Curves of flow rate and pressure of balance tube
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Fig.5 Comparison between test results and numerical simulation
results of multistage pump
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Note: b is balance drum clearance, mm. In Fig.6a, the three pictures from left to right are 1-1, 2-2 and 3-3 sections respectively, the same below.
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Fig.6 Pressure distribution in front cavity of first stage impeller under different balancing drum clearances
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Fig.7 Mean value of pressure at radial distribution curve
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Fig.8 Streamline diagram of front cavity of first stage impeller under different conditions
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Table 2 Comparison of numerical calculation of axial force on first stage impeller

B THH Rl 1R /7 Numerical V-1 5% (A BR Balance drum clearance b/mm
calculation of axial force /N 0 0.1 02 03 0.4 05
Ev s ,
. AR ) -1 574.963 -1 608.319 -1615.733 -1 685.310 -1 702.748 -1 589.813
Axial force of front cover plate F
. J5 i B ) P 3098.982 2 838.5 2518.939 2 462.809 2992.891 3496.672
Axial force of rear cover plate F,
BRI G RN J] F
Axial force caused by hub -11.021 -98.124 -185.36 -227.231 -252.362 -271.191
structure F
#1jJ1 Force F of dynamic -289.469 -279.281 -295.996 298.073 299.234 -321.873
reaction Fy
) 1223.529 852.776 421.850 252.195 738.547 713.795

Total axial force F/
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Table 3 Comparison of balance axial force between different
balancing drum clearance

PETEAR PRESCTERAR ) BUETHE SRR BRI D)

Balance drum Axial force balanced Numerical calculation of Residual axial

clearance/mm by balance drum/N total axial force/N force/N
0 0 280 242 280 242

0.1 1076 000.7 1073 741.738 2258.962

0.2 867 000.1 872 054.871 -5 054.771

0.3 361 000.5 372 523.04 -11522.54

0.4 207 000.6 279 804.033 -72 803.433

0.5 180 594.88 317 430.71 -136 835.83
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Residual axial force coefficient /'

V82 4 6 8§ 10 12
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Note: Circle part is the area where the balance drum can not effectively balance

the axial force. &' is the ratio of the clearance area of balanced drum to the area of
balanced drum, that is, the specific area.
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Fig.9 Dimensionless curve of residual axial force of balance
drum
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Influence of balance drum clearance on pressure of front cavity of first
stage impeller and axial force of multistage pump

Qian Chen, Yang Congxin, Fu You, Zhang Yang, Hou Kaiwen
(School of Energy and Power Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The ability of the balance drum to balance the axial force is the key factor for the failure of multistage centrifugal
pump. However, during the operation of the balance drum, due to the long-term collision with the liquid or the friction with the
casing, the leakage amount at the balance drum clearance is gradually increased, resulting in the balance drum being worn.
Therefore, studying the leakage flow is critical to the ability of the balance drum to accurately balance the axial force of the
entire impeller. In this paper, three-dimensional turbulent flow of multistage centrifugal pump was simulated by using the CFD
code FLUENT. Besides, steady simulation was conducted for different operating points of the pump, the turbulence was
simulated with shear stress transportation(SST) turbulence model together with automatic near wall treatment. CFD results
were compared with those from the model test. And the results of the pressure and leakage in the balance pipe and the external
characteristics of the multistage pump were basically consistent with the experimental results. Moreover, the maximum errors
of head, efficiency and shaft power were 4.17%, 2.81% and 4.25% respectively, but the experimental flow rate of balance pipe
was always greater than the simulated one. This was mainly because the influence of orifice flowmeter in the pipe had been not
taken into account in the numerical simulation. The maximum error of the flow rate of the balanced pipe at the design point
was 4.49%. The maximum error of pressure was 2.5%. It showed that the calculation method selected in this paper could
provide a reliable guarantee for this study. The results showed that at the design flow rate, the liquid pressure in the front
cavity of the first impeller increased gradually along the axial direction from the inlet section to the outlet section. When the
balance drum clearance was less than 0.2 mm, the pressure distribution along the radial direction was uniform in each section.
But when the clearance was more than 0.2 mm, it was asymmetric. Furthermore, with the increase of clearance, the pressure
inhomogeneity became more obvious. Moreover, at 0.50(Q is design flow, 0=128 m’/h) and 1.50Q flow rates, there was no
obvious regularity of pressure increment along the radial direction under different clearances. The pressure increment was the
smallest when the balance drum clearance was 0.3 mm, and the biggest when the balance drum clearance was 0. And under the
above 2 conditions, the minimum increments were 50.7% and 88.9% of the maximum, respectively. When the clearance
increased from 0 to 0.5 mm, under design flow rate, the pressure increased gradually along the radial direction. Wherein, when
the clearance was 0 and 0.5 mm, the pressure increment was the maximum value and the minimum value, respectively, and the
minimum value was 44.6% of the maximum value. Besides, there was a large vortex region in the front cavity of the first
impeller, when the clearance of balance drums was 0, 0.3 and 0.5 mm, respectively. The vortex region decreased gradually
with the increase of flow rate, which indicated that the appearance of the vortex region was the main reason for the change of
pressure in the cavity. In addition, with the increase of clearance, the total axial force of 11 stage impellers decreased first and
then increased. And when non-dimensionalized balance drum clearance area was greater than 6.6x107, the balance drum could
not effectively balance the axial force. Furthermore, the bearing had a greater risk of fracture in this range. This research can
provide useful reference for design of balance drum and prediction of risk of bearing fracture.

Keywords: pumps; pressure; numerical calculation; front cavity of first stage impeller; balance drum clearance; axial force



