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1.2 Fig. 1 Chart showing the computational domain
( ) L model for two-stage centrifugal pumps
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Tab. 1 Main geometric parameters ofvarious 3
parts of a two-stage centrifugal pump 3
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D, /mm 95 y L
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by~ b7 /mm 26.25 °
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Fig. 2 Projection drawing of the meridional

plane of the first-stage impeller
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Fig. 3 Schematic drawing of the leading edge of

the blades on the impeller at various 8 values
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Fig. 4 Schematic diagram of the arrangement

of the measuring points at various locations
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Fig. 5 Cavitation performance curves of

the two-stage centrifugal pump
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Tab. 2 Fluctuation amplitude C, of the pressure
pulsation at the monitoring points inside the
first stage impeller
A B C D
5 0.46 0.37 0.70 0.71
10 0.43 0.33 0.36 0.35
11 0.37 0.34 0.48 0.44
12 0.31 0.19 0.23 0.23
13 0.10 0.08 0.08 0.09
C,-
| pmax B pmin |
C, = " (4)
pm;]x
: P max> P min~ Pa; Pmax —
Pa,
C,
2 o 6
D 5 70%; Fig. 6 Chart showing the frequency spectrum of
B 13 the pressure pulsation at various measuring points in
6.5%; 1 the flow passage of the first-stage impeller
11 11
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Tab. 3 Fluctuation amplitude F', of the
forces borne by the first-stage impeller
A B C D
Fy, 1.73 1.43 1.83 1.68
Fy, 1.66 1.40 1.52 1.58
Fy. 0.24 0.24 0.31 0.26
Fy, 0.95 0.87 0.98 0.89
4
Tab. 4 Pulsation peak value of the forces borne by
the impeller at two times of the frequency of blades
7
A B C D
F./N 285 270 274 285
Fig.7 Radial and axial force borne by the first stage
F, /N 285 268 282 287

impeller under the design operating condition

F.IN 47.7 28.3 35.4 45.0




I 2006 40( 3) :257 —260.
LI Jun LIU Liqun FENG Zhen—ping. Numerical prediction of the
hydrodynamic performance of a centrifugal pump in an attachment

cavitation flow J . Jounal of Xi” an Jiaotong University 2006 40

7 85
(3) :257 -260.
3 5 J .
2014 33( 11):43 -48.
WANG Songdin TAN Lei WANG Yu-chuan. Characteristics of a
non-steady flow inside the volute of a centrifugal pump J . Journal
of Vibration and Shock 2014 33( 11):43 —48.
6
J. ( ) 2014 45(9):3295
( 1 ) -3300.
LIU Houdin ZHOU Xiao-hua WANG Kai et al. Pressure pulsa—
QO tion characteristics inside radial guide blades in a multistage cen—
’ 1. 200 trifugal pump J . Journal of Central South University ( Science
o and Technology Edition) 2014 45(9): 3295 -3300.
: 7
(2) I 2011 27(10) : 50 -55.
15 ZHU Lei YUAN Shou-qi YUAN Shou-ping et al. Numerical sim—
ulation of the interferenece action of the rotor and stator in various
° type tongue—partitioned centrifugal pumps J . Transactions of Ag—
ricultural Engineering 2011 27( 10) : 50 - 55.
o 8
. J. 2014 50( 16) : 199 -205.
( 3) GAO Bo SUN Xinkai YANG Min-guan et al. Unsteady induction
X
and excitation characteristics of a cavitating flow inside a centrifu—
° gal pump J . Journal of Mechanical Engineering 2014 50( 16) :
° 199 -205.
Xy 9 J.
R 2012 31(22) :123 -127.
JIANG Ai-hua ZHANG Yi et al. Study of the exciting forces of a
fluid in the impeller of a centrifugual pump J . Journal of Vibra—
tion and Shock 2012 31(22) :123 -127.
1 .
! 10
1999 20(1):1-9.
I 2002 23(4): 45 -49.
QI Ding-man LU Chuan-ing HE You-sheng. A review of the stud- L L R, )
HUANG Jian-de DENG Qiang HUANG Wei. Effect of the shape
y of the air bubble collapse and cavitation noise J . Shanghai Me— . . o
of the impeller of a centrifugal pump on the cavitation damages
chanics 1999 20(1):1 -9. L
J . Nclear Power Engineering 2002 23(4) : 45 -49.
2 CHUDINA M. Detection of cavitation in situ operation of kinetic 1
pumps: Effect of cavitation on the characteristic discrete frequency
I 2007 28( Z1) : 165 - 168.
component J . Applied Acoustics 2009 70: 1175 —1182. ) . . . .
GAN Jia-ye XUE YongHfei WU Ke—qi et al. Numerical calcula—
3 OCOUTIER D. Experimental and numerical syudies in a centrifugal . o . . .
tion of a cavitation flow in the impeller of a mixed flow pump J .
pump with two-dimensional curved blades in cavitating condition ) . . .
Journal of Engineering Thermophysics 2007 28 ( Supp. 1) : 165
J . ASME Journal of Fluid Engineering 2003 125:970 -978. 168
. .
12 Robert C. Eisenmann Sr. P. E. Robert C. Eisenmann Jr. Ma—

chinery malfunction diagnosis and correction M . New Jersey

Prentice Hall PTR 1997.



° 136 - 2016

= Analysis of the Flow Characteristics of a Mixed Flow Pump Under
the Off-design Conditions LI Jingyue LAI Xi-de LEI Ming-chuan XIA Mi-mi( School of Energy and
Power Engineering Xihua University Chengdu China Post Code: 610039) //Journal of Engineering for Thermal
Energy & Power. -2016 31(7). -74~79

To investigate the flow characteristics of a mixed flow pump under various operating conditions by employing the
computational fluid mechanics software a simulation was performed of the flow state inside a low specific rotating
speed mixed flow pump. In this connection the variation tendency of the external characteristics of the pump at va—
rious flow rates were studied and the pressure speed and turbulent flow energy consumption of the fluid flowing in
the area of the impeller and guide blades of the pump were focally analyzed. It has been found that the operation of
the pump under the off-design conditions may produce the returning flow and vortex phenomena to various extents
and the smaller the flow rate the more serious the phenomena. At a place nearing the outlet of the guide blades

the turbulent kinetic energy consumed will increase with an increase of the flow rate. Moreover these factors will
lower the efficiency of the pump. The foregoing can offer certain guidance for efficient use of mixed pumps and at
the same time provide reference for optimized design of mixed pumps. Key words: mixed flow pump flow charac—

teristics simulation different flow rate

= Influence of the Profile at the Leading Edge
of an Impeller on the Cavitation and Unsteady Flow Characteristics of a Two-stage Centrifugal Pump
XU Lei CHEN Er-yun YANG Aiding ( College of Energy Source and Power Engineering Shanghai University
of Science and Technology Shanghai China Post Code: 200093) LI Guo-ping ( Shanghai Marine Equipment Re-
search Institute Shanghai China Post Code: 200031) //Journal of Engineering for Thermal Energy & Power. -
2016 31(7). -80~85

In the light of the influence of the profile at the leading edge of blades on the cavitation and unsteady flow character—
istics of a two-stage centrifugal pump and under the condition of the geometrical parameters of the pump body and
others being kept unchanged through changing the curvature of the leading edge of the blades in the first stage im—
peller calculated were the cavitation and unsteady flow inside the two-stage centrifugal pump. On this basis the
cavitation performance curves the pressure pulsation at the measuring points in the first stage flow passage inside
the impeller and the forces received by the first stage impeller were obtained. It has been found that the influence of
the leading edge on the critical cavitation allowance pressure pulsation and forces received is not monotonous but
has an optimum value. Furthermore the dominant frequency of the pressure pulsation is 15 folds of the frequency
of the shaft and the high and low frequency phenomena occur in the pressure pulsation. The main pulsation frequen—
cy of the axial and radial forces are the frequency of the shaft and two times of the frequency of the blades respec—
tively and the fluctuation amplitude of the radial forces is far more lower than that of the forces received from the X

and Y direction in the space. Key words: two-stage centrifugal pump leading edge cavitation pressure pulsation



