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 This article presents a numerical investigation of fluid flow in one of the centrifugal pumps of pump-
Iran Corporation. A computational fluid dynamics (CFD) analysis is performed by using the CFX 
software for a wide range of volumetric flow rates for two different rotor speeds of 1450 rpm and 2900 
rpm and the numerical results of water are validated against measured values of head and total 
efficiency with an overall acceptable agreement. The results have been obtained for crude oil as 
diagrams of head , total efficiency  and other variables with respect to volumetric flow rate and then 
compared with results of water. Numerical results show that the absolute pressure on blade surfaces for 
crude oil is 705 kPa less than when using water. The absolute pressure difference between inlet and 
outlet of impeller and spiral volute for crude oil is comparatively less than those amounts in comparison 
with water. Also, by increasing the angular velocity of rotor, it was observed that high levels of 
turbulence intensity are transmitted from outlet pipe bending to the impeller outlet at volumetric flow 
rate of 30 m3/h which causes reduction in efficiency. Also, high levels of turbulence intensity for crude 
oil are less than those amounts in comparison with water within impeller area. Finally, to present an 
impeller pump head curve for crude oil over the overall operation range of the pump, a second order 
polynomial equation was fit to numerical data. 
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Fig.1 A view of the centrifugal pump impeller 
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Fig.2 The mesh independency examination 
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Fig. 3 The view of areas with unstructured and structured grids 
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Table 2 The characteristics of fluids used into the analysis 
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Fig. 5 The view of inlet, outlet and other boundaries  
5  

 1

2  .
 

3 .4 
 5 . 

 
 
[1] 

 
 

]17[  

 .
 6 

10 - ]14[ 

 
[14] .

% 5 

 

8 -   

 .6 

 . 
 5   

1- Multiple reference frame model 
2- Frozen rotor 
3- Finite element based finite volume 
4- Rhie-Chow 
5- Convection terms 

)5( =
( ) ( )

 

- 250 -50 [18]
 .

6 rpm  1450 
rpm2900 

 
%  9.5  .

 m3/h 70 

 
 

 .6 m3/h 70
 .

% 6 
 .

 .  .
6  .

 .
 

6 7

 
[1] .[19]  

6 :  

)6( = (
1

+ + 0.03)  

0

5

10

15

20

25

30

35

40

0

20

40

60

80

100

120

0 20 40 60 80

H
ea

d (
m

)-1
45

0 
(rp

m
)

H
ea

d 
(m

)-2
90

0 
(rp

m
)

Volumetric Flow Rate (m3/h)

Water-Num-1450 rpm
Water-Exp-1450 rpm
Water-Exp-2900 rpm
Oil-Num-2900 rpm
Water-Num-2900 rpm
Oil-Num-1450 rpm

Fig. 6 Numerical and experimental results of Head at two angular 
velocities for water and Crude Oil 

6   

6- Leakage loss 
7- Disk friction loss 

Inlet 
Pipe Wall 

Spiral Volute 

Outlet Pipe 

Outlet 

Impeller 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

2.
38

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

19
 ]

 

                             5 / 11

https://dorl.net/dor/20.1001.1.10275940.1395.16.2.38.3
https://mme.modares.ac.ir/article-15-12021-fa.html


    

                           

1395162  93  

d v 1 0.03 
 [1] .

 
7 

-  . 
% 18.5  m3/h45 

rpm  1450 - 

 
 . 

rpm1450 % 20 %   68 
rpm2900 

% 50  % 65  .

   8 

 .8 
 .

 .
 

 .8 

 .

  
m3/h 30 m3/h 45  .

  
 

0

10

20

30

40

50

60

70

80

0 20 40 60 80

To
ta

l E
ff

ic
ie

nc
y 

(%
)

Volumetric Flow Rate (m3/h)

Water-Exp-2900 rpm
Oil-Num-2900 rpm
Water-Num-1450 rpm
Water-Exp-1450 rpm
Water-Num-2900 rpm
Oil-Num-1450 rpm

Fig. 7 Comparison between numerical and experimental results of Total 
Efficiency at two angular velocities of 1450 rpm and 2900 rpm for 
water and Crude Oil 

7   rpm 1450 
rpm2900   

1- Volumetric efficiency 

0

0.5

1

1.5

2

2.5

0 20 40 60 80

Po
w

er
  (

W
)

x 
10

00
0

Volumetric Flow Rate (m3/h)

Water-Exp-2900 rpm
Oil-Num-2900 rpm
Water-Num-1450 rpm
Water-Exp-1450 rpm
Water-Num-2900 rpm
Oil-Num-1450 rpm

Fig. 8  Comparison between numerical and experimental results of 
Power at two angular velocities of 1450 rpm and 2900 rpm for water 
and Crude Oil 

8   rpm 1450 rpm2900 
 

 rpm2900 
rpm 1450 

  
 . 

 - 
 

       .
9   

 .
 

   
    

 
 

   
 .

 .
 

   .
9 (a) (b) 

rpm 1450  rpm 2900 

 .
70 m3/h   rpm 2900 m3/h  38 

rpm  1450   
  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

2.
38

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

19
 ]

 

                             6 / 11

https://dorl.net/dor/20.1001.1.10275940.1395.16.2.38.3
https://mme.modares.ac.ir/article-15-12021-fa.html


    

                           

  

94  1395162  

0

10

20

30

40

50

60

70

80

0 20 40 60 80

A
bs

ol
ut

e 
D

el
ta

 P
(P

a)
x 

10
00

0

Volumetric Flow Rate (m3/h)

Oil-Num-2900 rpm
Water-Num-1450 rpm
Water-Num-2900 rpm
Oil-Num-1450 rpm

-15

-10

-5

0

5

10

15

20

25

30

35

0 20 40 60 80

A
bs

ol
ut

e 
D

el
ta

 P
(P

a)
x 

10
00

0

Volumetric Flow Rate (m3/h)

Oil-Num-2900 rpm
Water-Num-1450 rpm
Water-Num-2900 rpm
Oil-Num-1450 rpm

(b)

 
Fig. 9 Comparison of Absolute pressure difference results between inlet 
and outlet of   (a) impeller and (b) spiral Volute at two angular 
velocities of 1450 rpm and 2900 rpm for water and Crude Oil 
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