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Performance computations of centrifugal pump with
large blade discharge angle for handling viscous oils
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Abstract: Hydraulic performance of centrifugal pump with a large blade discharge angle of 44°was inves-
tigated numerically with FLUENT when both water and viscous oils were used as working fluids. Attention
was paid on the effect of liquid viscosity on the pump performance through examining several critical vari-
ables, such as impeller theoretical head, slip factor, hydraulic efficiency and hydraulic loss coefficient
etc. Moreover, the computed pump head and efficiency were compared with the experimental data. The
causes for the “sudden-rising head effect” and the peak onset on the impeller theoretical head curve at a
low flow rate were clarified. It shows that a partial agreement between CFD simulations and experiments is
achieved for the pump head and efficiency. Although the “sudden-rising head effect” onset is well pre-
dicted, unlike that in the experiments, it cannot persist in a wide range of liquid viscosity. The substan-
tial interaction between volute and impeller at a low flow rate gives rise to the peak occurrence in the im-
peller theoretical head curves. The increased blade discharge angle results in the increasing hydraulic los-
ses in the volute at the whole working condition and in the impeller at the low flow rate, but decreasing
losses in the impeller at the high flow rate.
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Fig.1 Comparison of blade shape of impellers with
large (B) and small (A) outlet angles
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Tab.1 Physical properties of working liquids
Bk )3 M1 w2 3
HIE p/ (kg/m’) 1000 839 851 858

BRI v/ (mm?/s) 1.00  24.47 48.48 60.70

1.3 HEIRSHHRE

—HER B M E TS REERER IR
TAHEME 1 ~11 L/s, A NB R R R IA R AT
R, 2 A FRATASHI R =E WA,
Bt ¥4LIE BT 3h B R 1Y T 3h i 2 B[R] -1 i 4
F5 2 #1 Navier — Stokes H . RHIE k- EFHE
RUSHREE WS, % A 3R W45 B 14 B i oK SOR 1T
TERE T Bk [ AP TE FE SR EE A 2 % E A s 1k
.
1.4 BEHEAE

ERATRMBER A EN=ZEXRRNINER
W RAREUETHE 7 ik (SIMPLE ). 3£ AR G540 MU
— DR AR 4 P A R H0A B 103 5 AN A
(BAE 17T IS MHE33 A 8BRS AN TR
FITEREMI R T L. A NG HA LA R R
BB ETSRM.

WES,E) EE ERDERMERREAR M
RH45r51800.3,0.5,0.8 F10.8. BN S#EE
EECH 1.5 x107* MRS HOFRREZ %
#5459.72 x107° kg/s.

L5 hRFGEHERRE

ESRAEMBEBEELR L, RAEHREEL
BRAM EBRAEAD, Wik 3t #EERE S8,
RAEWMEEESE, HEHAETHREMRAERA
BHE. W —BRYUBFEERE Ra =12.5 ~50 pm. 3%
BRI BL Ra =0,50 #1100 pm. % 57 (9% 4 g5 R0
FEE k, =6 Ra, k, =0,300 F1 600 um. ¥IKEE R B
C=0.75.
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Fig.2 Impeller theoretical head, slip factor, hydraulic efficiency and hydraulic losses in terms of flow rate
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Fig.4 Impeller and volute averaged skin friction coefficients as a function of flow rate
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Hydraulic efficiency and loss coefficient, averaged impeller and volute skin friction coefficients in pump
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