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Centrifugal pumps consume considerable amounts of energy in various industrial applications.

Therefore,

improving the efficiency of pumps machine is a crucial challenge in industrial world. This paper presents numerical
investigation of flow characteristics in volutes of centrifugal pumps in order to compare the energy consumption. A
wide range of volumetric flow rate has been investigated for each case. The standard k-& is adopted as the
turbulence model. The impeller rotation is simulated employing the Multi Reference Frames(MRF) method. First, two

different conventional design methods, i.e.,

the constant angular momentum(CAM) and the constant mean velocity

(CMV) are studied and compared to a baseline volute model. The CAM volute profile is a logarithmic spiral. The
CMV volute profile shape is an Archimedes spiral curve. The modified volute models show lower head value than
baseline volute model, but in case of efficiency graph, CAM curve has higher values than others. Finally for this
part, CAM curve is selected to be used in the simulation of different cross-section shape. Two different types of
cross-section are generated. One is a simple rectangular shape, and the other one is fan shape. In terms of
different cross-section shape, simple rectangular geometry generated higher head and efficiency. Overall, simulation
results showed that the volute designed using constant angular momentum(CAM) method has higher characteristic

performances than one by CMV volute.
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Table 1 Main geometric parameters of the designed pump

D1 D2 D3 D4 //

138 mm 65 mm 50 mm 50 mm 5

Fig. 2 Computational domain of centrifugal pump
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Fig. 3 Grid sensitivity graph(head versus mesh number)
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Fig. 6 Three type of volute cross-section shapes

S 8 9y 7 WY F 7P Bo] AREEL= Anderson
o] CAM3} Stepanoffe] CMV o2 AAIEISIH). CAMS BEFE
el sso]l dAsttka 7PgskH (A (1), CMVE %

7 A () st 7Pdsks Aol 7hd 2 ApelRleltt
11 A2 ofee} Atk

C,r= K= const Q)]

@y

Ay= I @
©7]X C,+= tangential velocity©]3L r- radial distance, C,, >
mean velocity ©|THFig. 4). 24 A¥= Flg. 5o 2= ¥ 9
Aow Yepfelehe). 71 229 7% ¥ dde] dds
AR oF 200" ZA NN wHshks s & Atk BT
Ex 2o wel Wajo] Mistsly] wie] kel Wste d

wiHo] Fulshs ¥

[eNe} Og U:}_F/]—/q 0125_17-” Ay |
ol Utk fAY] o 2 ouA EHo] g How
odstitt. W AAIEE mele] F- wzo] dAeHA 7t

2.2.2 HHHAA
EFE 7oA dde]

=
= = i==] [e)
EFE 3§ 2o Wi

ojmj EFES] UE WFEQl A
o] A7 4 EFES} olHe] Alo]e] 1+
A3 e fAE

U dld 4 Fig 6o UERIQIeH FA1E B
(Case 2)¥ AAHE EF)(Case 3) 27H4 o=
A ATt Case |
oty 77 HEe] W BF EFES Eoli= 18 mm

790



38 / J. Comput. Fluids Eng.

J.H. Lee - N. Hur - L.S. Yoon

42

I —M— Sogang simulation_3550
——Dooch experiment_3550
—@— Sogang simulation_3200
|l —O—Dooch experiment_3200

—A— Sogang simulation_2800
6 - —/A—Dooch experiment_2800

—W— Sogang simulation_2400
I —/—Dooch experiment_2400
0 PR S NS TS TS A R |

0 5 10 15 20 25 30 35 40

CMH (m*h)

Fig. 7 Q-H curve about different rpm conditions

>
al

&1] o, J[’N
o —{0
i
ot
>

o
oftt 38
fu
i
oS

lo lo 4 (& U
-
1o
o,
3
o,

B

° X omy 2
X,

o ux bd r;;EELJi

1o
o w
=
o,
e
N
5
i oxt

ol
ol
2
w M
N
2
=4
oX!
o
1t Mo
I
St
(A
)
ol
2
X oX
oo

2
o

olidworks 20125 ©]€3}] 3D
Al Al A 7PHE 2 A

i) td S
i o
o ol o
B
rf 12 gy
ul
O]
ol

X
={
ol
ne
ol
L

=4 m

31 M Aut HE
& ATl BEFE

dolr 7] fJ3f BFE 4o A
W s v 7haA siAE
CAMZ CMVHEH= Fell A
B Addghte] zpelzt A7
WA 02 HIO Q-H curves I -
7S HOAW B oM 1

APt & AL G F Sirk o]gA A
< HoF Q3 Qn curve EIF ST AT
£ Y Zlo] ot Tk JHiE Belth webx
TolM AMgslhe ARbel s 2] el e st
3L ol& {8l thekel mpmelA] a4 ARE Fig 704 =
2= QlTk 2400004 35507H4] 400 pm Y912 55 uby 7}
WA A4S Al 7|7 AR o] FAEA A
olm, HI¢A 9l Zlo] A% Aoty BE A e =
2o Adgglon 3 &Lant s £k d=2y 9

ol
o

& orlo Lo

ofk

>

>

2
ukic)
Uy
o,

,
p

2 ol[‘
=
o o
o W
—g’ o2

2
o2
ol
Qo
32
o
fif

It
Jp
(oA 2

o 4y
1%
Y,
i

= gy
QL

112

I

ol

ok

xR

g
%0,

oo oot

051'7 L
F(F ne

=
fa e A R W =)

o
K
ey

rie <:»ﬂ’,é

1

CMYV model

Pressure (MPa) Velocity (mv/s)

= E | [ = |
0 008 016 024 032 04 0 5 10 14 19

Fig. 8 Velocity and pressure plots about different volute curve
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Note

This paper is a revised version of a paper "Numerical Study
of Flow Characteristic in a Centrifugal Pump at Different Shape
of Volute" presented at the KSCFE 2015 Spring Annual meeting,
Jeju, May 14-15, 2015.
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