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Fig. 1 3-D model of horizontal bulb tubular pump and mesh of fluid domain
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Fig. 2 Pump performance experimental results

and numerical simulation results
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Fig. 3 Maximum equivalent stress and maximum strain changing with flow rate
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Fig. 5 Schematic diagram of internal and external

sections and stress observation points

B6 AREEXEARTIREASH

Fig. 6 Stress distribution maps of different working conditions on two sections

T 6Ca) AT LA . 3 B 00T 192 A0 )
BEAE S BB e %% 0. 9R 4b, B) S AR AL 1Y 25
KT 155 BTG TR B e R AELAS 35 H BEAE S I
P 1118 S0 L S AA N o BTV A U 20 NS
VBB EERT 3 SEPIFR B0 o ) MK 3 75 1)
P RSB P BE . 2 L30T T 00
N A EFE R T BB A S FEA S/ N T OLR
— B SRR R O T BN 7 AR PR E AR XS 53 A

+ 768 ¢« KA TAEAR

PIRD LU 4%

K 6(b) BoR, 7EFIEEF# 0. 1R A M5 R0
JIEEAENUK G T3 18] b 2 B TR IS BT R
FaH . B/ IMELRL A H BUAE S I R I 3 A 7 1) F o
IR HE PR AEON AR AR TR AR i T
N HAE R R B2k

WA BUE AT S 4 pHTEE R & RAF. 25
SRR KA B A8 i A A S i A R



e %

B F P B AT B R B 30 M AR AR

RO TR 5 R AR R L A R O
3.2.3  EARNE M

SHAE 0. 6Qq Ui & A0 L 1. 0Qq (it

T8 A K. AQq R & T80 T 1 72 73 A = [
WK 7,

E7 FATATSHAREZE

Fig. 7 Strain contour of guide vane under different conditions
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Fig. 8 First ten steps natural frequencies of wet mode

under different working conditions
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Fig. 9 Flow chart of impeller guide vane
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Fig. 10 Vibration mode of guide vane under design flow
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Numerical simulation on stress and vibration of guide vane in tubular pump
SHI Wei', LI Jiaxu® , LI Songbai' , SUN Tao' , FAN Xuemei' ,CHENG Li*, LUO Can’
(1. The Eastern Route of South-to-North Water Diversion Project Jiangsu Water Source Co. ,Ltd. s Nanjing 210029, China;
2. College of Hydraulic Science and Engineering ,Yangzhou University ,Yangzhou 225009,China)

Abstract: A pump is a device that can convert mechanical energy into liquid kinetic energy and achieve directional liquid trans-
portation,and has been widely used in many fields. The tubular pump is widely used in low-lift pumping stations due to its high
efficiency, good hydraulic performance, and compact structure. Compared with the axial flow pump and the mixed flow pump
unit, under the same excavation conditions, the tubular pump unit can reduce the amount of plant excavation and the amount of
concrete used, which greatly reduces the overall cost of the pumping station. Because the unit is horizontally arranged, the flow
conditions are good,and the hydraulic loss is small. Compared with the vertical unit, the tubular pump plant has a simple struc-
ture and does not need to use a complex multi-layer structure, which reduces the overall cost. It is widely used in plain areas. In
recent years,many scholars at home and abroad have conducted researches on the internal flow of tubular pumps. With the de-
velopment of computer technology, the computational fluid dynamics (CFD) and computational solid mechanics (CSM) com-
bined fluid-solid coupling calculation method has the advantages of short time-consuming,low cost,and easy access to flow data
and solid data in the flow field. It is mostly used to calculate the interaction between fluid and solid inside fluid machinery.

To obtain the stress, strain,and vibration characteristics of the fixed guide vane of the tubular pump, based on the unidirec-
tional fluid-structure coupling method, the stress,strain,and wet modal analysis of the fixed guide vane of the rear bulb tubular
pump under multi-flow conditions were carried out.

The results show that with the increase in flow, the maximum equivalent stress and strain on the surface of the guide vane
tend to decrease as a whole. The distribution of equivalent stress and strain on the surface of the guide vane is similar under low
flow and design flow conditions. Under large flow conditions, the equivalent stress is distributed along the root of the guide vane
of the water pump,accounting for 90% of the entire suction surface,and the larger strain appears in the middle and upper part
of the outer edge of the guide vane,and the deformation area accounts for about 60% of the entire guide vane. The natural fre-
quency of the guide vane has little relevance to the flow conditions,and its value increases with the increase of the order of the
mode shape. The influence of flow factors can be ignored in the resonance risk analysis.

(1) As the flow rate increases, the equivalent stress and strain on the surface of the guide vane tend to decrease. (2) The
equivalent stress distribution area of the pressure surface of the guide vane under the design flow and the small flow condition is
the same. It is located at the root and the middle of the outer edge of the inlet and outlet of the guide vane. Its size accounts for
about 40% of the guide vane. The situation is quite different, from the inlet and outlet roots of the guide vane to the middle,and
its size accounts for about 90% of the guide vane. It is recommended to pay attention to the equivalent stress at the root of the
guide vane when designing the guide vane of the tubular pump. (3) Under different flow conditions, the strain distribution be-
tween the guide vanes is significantly different. The large strain area of each blade is mainly concentrated on the outer edge of
the guide vane,and there is no obvious strain at the root of the guide vane. It is suggested that when designing the guide vane of
the tubular pump, the strain change of the outer edge of the guide vane should be paid attention . (4) By analyzing the calcula-
tion results of the first ten wet modes of the guide vane, it is found that the vibration frequency of each order of the guide vane
is not highly correlated with the flow factor. The value of the vibration frequency of the guide vane will increase with the in-
crease of the order,but the increase is not large. Therefore, the resonance risk analysis can ignore the influence of flow changes
on its vibration frequency.
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