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ABSTRACT

The pump control valve 1s a butterfly valve that has an eccentric rotating axis. It is not only used as a
butterfly valve to control the flow rate or pressure, but also as a check valve to prevent backward flow. A
new design method of eccentric rotating axis is proposed to design the valve. The height of the rotating
axis 1s determined through flow field analysis. A general purpose of computational fluid dynamics software
system, Fluent is used to simulate the fluid flow. Flow field analysis is performed for various heights of the
rotating axis and different opening angles of the valve. A characteristic function is defined for estimating
the flow characteristics based on the results of flow field analysis. The characteristic function is defined in
order to determine the height of the rotating axis. An optimization problem with a characteristic function is
formulated to determine the amount of eccentricity. The height of the rotating axis of the valve is

determined through solving the optimization problem.
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(a) General type of the pumping station

Eccentric check butterfly valve
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(b) Installation of an eccentric check butterfly valve.

Fig. 1 Schematic of pumping station
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(b) Schematic of the pump control valve

Fig. 2 The pump control valve
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Fig. 3 Grid configuration

3.2. TA[AIA il

E dfds We YRrEeE 32+ F49 %5
ME T3 HAY HAE YRE AAS Y] ¢shd,
% 2ol 03677102 7|FHE 0.017

80° APl 15°

(unstructured grid)&
AGEy #2749 5

3143} 7]

S FA AL
A& el (steady
state)o] 1, ZHEFAE A2(201)2 EEA HYEA
% (incompressible flow)e]g} 71Aslgom Wy
o] d{AEES BAE] A3l dRfs EEdl
(wall function)& AHEdtE EF ke BE2E AHR-8Hd
AXE FhstAnr o &% HAL

gl °
Z08 Ahgstdnh dubel 459
O

034

a)

1—4

2 o o Kl

|k o wm
s O

= i
& Edz gI7b By ¢
%

Hdo df
O,-% [ &t
&
N
&3
~J
2.
3.
2
o
N
FiN
(o
!
do

4. S=E5|M a0l EMSIARE |25 =D

H|o] HHo| EHAl

Hh

Find h (6)

mlt X
i
oX,

offt

Jlm

oX,

o

:(:}1,::‘

> El[ﬂl o, rob,
O“_'; olr ..% _{O
o ;‘é‘ & it
do & o pe omo

=
v
S
ok
o2
_\‘g
18

do

offl

ol
X

=2,

=

=

I3 o

4 & L o>
Qb4 1 rlo o £ 8
i

NII.

30 1o
A
1

ko
pe
Rl
<
o,
zl
J8
oN
ofi
g
||3‘
e
I
g*“c

o ﬁ]ﬁ

o% d rO off Hd g o )
>

=
42
i\
My oY
o
rir
)

A
i
(il
o
+

Aoz AR g AT 2HE ¢
A 4% 455 AP Wn gz A8d

Bel YUE S4YrE
§% FHES 95E AP olfE 1 gl 25

Fo A0S Uehly] dielth webd o3 54
F2RE T8 4N 1 go] H24% o T
54 BADL A Ao wy, wyE EWFH o
B £5Y 42 BE ARl T, w2 A
A% gololA Wuel Ame] ue} Rojgk 7HFA etk
Aoz §5A0) 7% WF f5) AIE §
Fol Wl B $§ AR AAHTL gom, Gy

FAIITAHAE 113, H3=, 2008



A

L]

I8 0|8

(i
rok
okl

A
T

Alm
oot

Table 1. Comparison

= o WEe HAS A

of the characteristic valves

_ Fecen Pressure drop (kPa) Total moment (kKN'm) o
Diameter ooy [forward flow] [backward flow] Characteristic
(D) (e=h/R) : : Value(d)
35 o0° 65 80° 35 507 65° 30
0.350 104918 | 30192 | &57.1 233.7 1485 53.8 24.5 114 1.0000
0.367 104736 | 29922 | 8553 234.8 154.6 56.9 25.3 118 0.9973
400 mm 0.383 106441 | 30132 | 8553 239.8 160.4 h3.2 20.3 12.1 0.9991
0.400 104745 | 30410 | 8696 2399 165.6 60.7 271 125 1.0052
0.417 10488.0 | 30682 | 8732 242.6 171.8 62.6 279 12.8 1.0087
0.350 134.2 39.2 11.3 34 50.3 185 8.4 39 1.0000
0.367 134.0 389 114 35 52,9 19.2 8.7 4.0 0.9989
1200 mm 0.333 134.8 33.9 11.3 35 4.6 20.0 9.1 4.1 0.9999
0.400 134.1 394 11.5 35 56.0 20.8 9.3 43 1.0042
0.417 134.0 39.6 11.6 3.6 53.3 215 9.6 44 1.00%6
0.350 34.4 10.0 2.927 0.898 2.6 20.3 9.6 44 1.0000
0.367 34.3 9.9 2.933 0.910 59.2 21.7 10.0 46 0.9996
2000 mm 0.333 34.5 10.0 2.928 0917 61.4 226 10.3 47 1.0017
0.400 34.4 10.1 2.966 0.922 63.0 235 106 4.8 1.0050
0417 34.3 10.1 2.984 0.955 65.7 24.2 11.0 5.0 1.0138
0.350 3.502 1.031 0.313 0113 | 20259 | 7513 3.49% 1.665 1.0000
0.367 3.499 1.024 0.313 0.126 21.175 7.805 3.616 1.722 0.9970
3000 mm 0.383 3.015 1.030 0.313 0.120 22.099 3.143 3.793 1.760 1.0105
0.400 3.499 1.039 0.317 0129 | 22546 | 8453 3.859 1.821 1.0489
0.417 3.497 1.042 0.319 0.185 23.492 8.725 3.977 1.870 1.1436
$%5 Aole PxF BAol 4554 o 88 & 0% IAS 45 54 M F YL o o
b3 et ENE w, =09, wy, =012 ¥ g 2ed o] BES 4B A0E vgow
gt g 4 A FolMe 2 B we e & TAHA gtol7] wEd, el ddel Bas
Azo] wel AL 712X w = Z ¥Hue e g 7 At 71EY AARR FAFs] gl
5287 wedslr] 9 8 BE 0Be® Rosqr, A ¥AS HAs] wE AoR Atadr. we
o9k e BAXE ZAzte Wy g} #x Ay T WAL eSEel dREa eHw + U
8 2 A%NE T 19 H5A3s A AYsa EF olHd HHAA FHe M2 Tl BE
Fig. 4% $lo14 7@ 722te) 54218 7 Agd A A 4B D= wel A%el A8w T
el 2Tz FAS Avoln, 1 ANE Edz 2 ¥ ASE ARE
A 2SS RS 27k A9 g 2%
AgE S 7E A" @A (@P™e ey 5. 2 E

2.

() D= 400 mm ¢ ®, ™™ = (.3661
(2) D = 1200 mm € ®, &™™ = 0.3653
3) D = 2000 mm ¢ #, "™ = 03649
(4) D = 3000 mm & ®, ™™™ = 03656
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