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Energy Conversion Characteristic within Impeller of

Low Specific Speed Centrifugal Pump
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Abstract

The flow field of a centrifugal pump with the specific speed of 60 was computed by CFD method,
and the analysis was made to the characteristics of energy conversion within impeller from aspects of
working process and energy loss process. The impeller was divided into 8 regions by the radius. Under
different operating conditions, characteristics in each region were demonstrated the power of pressure and
viscous force, distribution of power density and turbulence dissipation rate, composition and distribution
of the energy loss. The results indicated that efficiency was poor and it was influenced by the inlet blade
angle in inlet region of the impeller, the middle region of impeller was important to the energy
conversion, the outlet region of impeller had appreciable impact on the performance, and fiction loss was

the main component of the energy loss.
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Tab.1 Main dimensions of centrifugal pump
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Fig. 1 Projection drawing of impeller
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Fig.4 Sketch of impeller sections

S HalF et R G B AR
K, WS T AR A N, BB 4 3 T HY T R AT
B PRFE TR E TG | Bt f TR R, R T BT A 4 AR
AR a1 o o s K (@) Rk s/ K& 8 i VW (TR WA
T BLNANE | 80k AR 38 R K, HLAEN 4
B IS DA S X R O 0, #E L2190 ~ 209 mm
() DX PRt B Ay o A SR i ) e
A3k 37.83% .

AN THUR, 48 A [R) DX 38 B4 Al 2 A B A
IR S TR, AR X a) Y 22
SRR A B ARG R RS
D AE S S & T O LRI BT, R AR
0 ~70 mm By X 3N, A5 A B 38 43w A it e, 78
AN T80 A B AR AU

S B AR BT SRR AR AR, R RRSE 4
e AL R RN IR R . ASCERLLT
A e AR R T AR 1 T T LA Y R

Psf‘,o: fptv.ndA (7)
A

7 -1
7090 110-130  150~170 190-209
[X #5/mm
®)
1200w AEPE S5
O3l oy

ZOOHHF
01| PR O A O PO O
0~70 90~110 130-150 170-190
70-90  110-130 150-170 190-209
[X J®/mm
(©)
El5 i) oA

Fig.5 Histogram of impeller power
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Fig.6  Power curves of impeller sections
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Fig.7 Power density contour of cross section
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Fig.8 Contour of turbulence dissipation rate
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Fig. 11 Energy loss of impeller

FI1258R T 3 AMCE T T M52 45358 2 4 2 1) 4
Jﬁ@

100¢
=
g0k tri

704
60t
=R s0p
=% 40F

SOHHHHHHH

0-~70 90~110 130-150 170~190
70-90 110~130 150~170 190~209

[X & /mm
(a)

A ] R 2K Py
TR R R P /W

150
[
125p 3P

3 100F
. T5E

S0p

e

0~70 90 110 13() 150 70~ 19
70-90 110-130 150-170 190~209

X d/mm
(b)

BEIERERAR K Py
SRR R Py /W

M T PRHEAR 5 Py
IR EAR R P /W
vy
<

1

|

1

o il

+ N
. N
< 1

070 90-110 130-150  170-190
70-90 110-130  150-170 190-209

% i#/mm
(©
K12 Rk oA
Fig. 12 Histogram of energy loss

() 0.6Q, (b) 1.0Q, (¢) 1.4,
ME 12 T LU Bk XA, 5 i

RE S0 SR VR YA T ) 36 0, B T PEE 40 2K o A R
M ELBITE 3 A T80 B A 4 X il oy 52.58% ~
65.56% , f i H I BRAE 1.4Q,,D =190 ~209 mm
X3, F AR H A T 0. 6Q,,D =70 ~90 mm [X 3,

JIN A A% T THT PN A B VA AR AR R T
P 11 3 e I R R AR AR LA A
BT UIN AR % SR K Re B e . @4
T DKCIR, A 2 I i A i o TR s, ik sz ik e
Lyl , 0 b DX PN i R R AR RO etk
WOk T IR RE R

TEM-AEE 1 DX, B it 0/ AR 2R BT
g MRS T I AR HICR 19 20 A, i R gk 11 oA 2 |
A XK L A

YIRS g RE R R AR B 13 BoR T
[F] 0 T 58 07K 0 80% 14 R T AR R IX
BRK TR

951
uUL

93 : '\

92} \

IHFE R8T, %

91 . L ) ]
.6 0.8 1.0 1.2 1.4
00y
B 13 MK e
Fig. 13 Efficiency of impeller
100 ! .
/ - ,,,: ,: ‘*v\
= * B -
\.; 90+ .
A '
23 80~
b = 060,
=
x] ——080,
Xk 70 —1.00,
¥ 120,
= ol z —— 140,
070 90-110 _ _130-150  T170-190
70-90 110-130 150-170  190-~209
[X lak/mm

B 14 MR AICR
Fig. 14  Efficiency of impeller sections

ML 13 Ha] DU 4 0 e e 30O U
R E ORI EIFAE G R A e B0
(AL Bt /N T 2 1) e e AR R s i

Bl 14 SR, 5 E D3 ORI T - 5e i 4
PRI IO FE el K 1808 — B A
TR 5 I 1 1 43 1 7K 7 288038 6 it 1 A 44K 0
BORA YLE PRI, BR 0. 6Q, 41, H T ER4> HI50CH
o, AR A ORI R

4 %t

(1) PFAEE 11 DXCIOR B I 5 3L 18 Hh R e iR
P8 XI5 AL AT A DX AR A5 14 BE Bt Bl A AT T 00 itk



557 3] TR A R AR DA e N B R e R 81

S

ARARTS 5 i 10 O R R A TR R AR B R R I X R R R s R 2R BT et

REELA0 AT W0 6 DX e AR A A B AR AR i (R RS 22 BX
(2) WA P IX ORI R X A AR SRR,
FHREEAYSCHE X I, e KB e i i 2, R IX (4) FEANTR] T B0 , A [R] -4 DX duk, B T JBE 45845 2
VeSS AR RE SR A A, ELAT o5 S R Y L) R AR —
(3) Wi O X R TR RE A W R, B
2 % x #t

1 ZAH RHEEOEMS SR M]. duat, FLM Dk B AL, 1997.
PR AR RS B O — R BRI M. B PR AR R, 1998.
AR, wHEH, MERE, % W X B0 R RE R B BUE IR [T ], AL TR AR, 2009, 45(7) .
131 ~137.

Zhang Jinfeng, Yuan Shouqi, Fu Yuedeng, et al. Numerical forecast of the influence of splitter blades on the flow field and
characteristics of a centrifugal pump[J]. Journal of Mechanical Engineering, 2009, 45(7) : 131 ~137. (in Chinese)

4 T, S, IVEE, AF BLORNHERSER T IS PE TR RUERSUL T ] AL PR, 2009, 40(8) - 92 ~95.

Tian Hui, Guo Tao, Sun Xiuling, et al. Numerical simulation of unsteady flow in a centrifugal pump[ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2009, 40(8): 92 ~95. (in Chinese)
5, NSLE, ZEEA, A EOREM RS ESRBETTIN[T]. TR, 2007, 28(6) : 948 ~950.
Li Jun, Liu Lijun, Li Guojun, et al. Numerical prediction of cavitation flows in a centrifugal pump impeller[ J]. Journal of
Engineering Thermophysics, 2007, 28(6) : 948 ~950. (in Chinese)

6 HE, WA, ZECE. AR SRR O AR R E L) ). AU, 2009, 40(12) 107 ~ 112
Pei Ji, Yuan Shouqi, Yuan Jianping. Numerical calculation for effect of fluid-structure interaction on flow field in centrifugal
pump[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2009, 40(12) ; 107 ~112. (in Chinese)

7 Zhang Xiang, Wang Yang, Fu Jianhui, et al. Effect of the section area of volute in low specific speed centrifugal pumps on

hydraulic performance[ C]. ASME-FEDSM2009-78061, 2009.
Johann Friedrich Giilich. Centrifugal pumps [ M]. Berlin: Springer-Verlag Berlin Heidelberg, 2008.

9 SCREN. BUCREARTMI M. JEaT. FRTH R, 1995.

10 JU#, ERER, R, A T RSB EE )] R ALSAR, 2006, 37(2) : 48 ~50,71.

Yan Jing, Cao Shusen, Yan Li, et al. A new way of distorted blade drawing[ J]. Transactions of the Chinese Society for
Agricultural Machinery, 2006, 37(2) : 48 ~50, 71. (in Chinese)

11 72, /R AR AR R M 4K DBt ks (1], HEERLBK, 2003, 21(3): 6 ~9.

Yan Jing, Yang Xiaolin. Survey on the hydraulic design of low specific speed impellers [ J]. Drainage and TDrigation
Machinery, 2003, 21(3): 6 ~9. (in Chinese)

12 GRIRIL G M. dbat: FEBF Tl d i, 2002.

13 Meschkat S, Stoffel B. The local impeller head at different circumferential positions in a volute casing of a centrifugal pump
in comparison to the characteristic of the impeller alone[ C] // Proceedings of the Hydraulic Machinery and Systems 21st
TAHR Simposium, Lausanne, 2002.

14 Kelder ] D H, Dijkers R J H, van Esch B P M, et al. Experimental and theoretical study of the flow in the volute of a low
specific-speed pump[ J]. Fluid Dynamics Research, 2001,28(4) ; 267 ~280.



