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A Study on Flow Analysis for the Pump Sump Model
and Design Methods of Anti-Vortex Device(AVD)

KIM, Chang Goo

Department of Mechanical Engineering

Graduate School of Korea Maritime University

Abstract

Worldwide, an increasing demand of electricity leads to a many
number of constructions of power plant. In power plant producing huge
amount of electricity, a large-scale pump with high flow rate is installed.
Although a performance of the large-scale pump is determined by the
stage of design and manufacture, the Pump intake design is the most

significant consideration for pump performance and life.

As a crucial part of the pumping station, sump is designed to provide
uniform. To attain the wuniform flow in the sump needs a civil
construction of large scale. By contrast, compact design of pumping
station is main concern for global construction companies. However, the
compact pump intake design without sump model test can result in
undesired flow conditions. For instance, a flow passing through an

insufficient length of sump arrives at pump entrance as non-uniform



flow, and it causes deleterious effects on pump such as vibration and
noise. In addition, a vortex due to inappropriate design of sump can
leads to cavitation nearby the intake pipe which not only impacts on the
impeller but also generates vibration. The decline of pump performance
and high maintenance can be acquired due to these undesired flow
behavior. Thus, to predict the flow behavior the model test of sump is

conducted.

The sump model test is commonly processed during the new or the
period of pump replacement. Through the model test an optimized AVD
(Anti-Vortex Device) for sump wasinvestigated and designed, and its
performance was assessed. Currently, numerous needs of sump model
test has been requested due to the rapid increase of pump demands
globally, and to fulfill the demands the development of AVD technology

is emphasized.

In this study, the comparative analysis of flow behavior around intake
entrance by PIV method, which visualizing the fluid field, and ANSYS
CFD tool was conducted. A swirl angle of swirl meter for the sump
model test was investigated at different types and locations. Design
parameters of AVD were determined based on various types of sump,
and it was verified through the 30 cases of sump model tests with
different geometries. In addition, the combination of sump model and

AVD is suggested.

A swirl angle varies by 10% with the amount of flow rate of sump,
and the averaged range of swirl angle by ANSI/HI 9.8 standard
guideline is dictated from 0.5 to 5 degree. The maximum error of swirl
angle was 8% according to materials, thickness and weight of swirl
meter, and the range of 0.4 to 5 degree is the averaged range of swirl

angle by ANSI/HI 9.8. In constant flow rate, the swirl angle according to

_Xi_



different locations of swirl meter at 4d was 5% lower than at 0.5d, and
it has an error by 0.25 degree at the averaged 5 degrees of swirl angle.
From numerical analysis of sump by ANSYS CFD the maximum gap of
swirl angle was 3.5% compared to experimental result. When eliminating
submerged vortices and with bottom AVD the result of swirl angle was
decreased as 0 ~10%, and also the angle was decreased as 20% when
surface vortices were removed. The reduction of swirl inside the intake

pipe was obtained by the installation of AVD.

The relation formula according to design parameters of AVD such as
diameter and cross-sectional area of sump, distance between intake
entrance and the bottom, and distance between the center of intake pipe
and the back wall is illustrated. A stabilization of the flow was verified
by that submerged and free surface vortices were removed by the
combination of AVD manufactured with the design method, Curtain wall

and distributors.
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Nomenclature

HWL

LWL

o

=

distance from the back wall to the pump inlet

bell-mouth centerline

distance from the inlet bell to floor
bell-mouth diameter

diameter of pipe of the swirl meter
free surface vortex

acceleration of gravity

high water level

low water level

reference length ratio (=L, /L,)
model length

prototype length

runout flowrate

no vortex

number of revolution per minute

flow rate ratio (=@Q,/Q))

model flow rate

prototype flow rate

- xiil -



flow rate

submerged vortex

time ratio (= 7,,/7,)

mode] time

prototype time

velocity ratio (=V, / I/;)

model velocity

prototype velocity

flow rotational speed at swirl meter
average axial velocity at swirl meter
local velocity

average local velocity

pump bay entrance width

liquid density

surface tension
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(¢) KMU Lee recommended combined type AVD for submerged vortex

Fig. 1.1 Anti-vortex device



A e 19799 Tullis7h 44 A mdldes AFsin
A

Arboleda™ell olste] F4A AA] YA BE 27 G| I AT}
A3 a1, 19829 Sweeney 7t FFAL AA MLE AASHT 198430
Padmanabhan®} Hecker'7} ZHu]| 8¢ ~AYF o] o3 wel~o] FHgES
AHolaty BH3ATH 199919 Gamal Abozeid”e] 2jdle] FTOo R Sojo =
ool FAel dFe AL 20& FHsIATE 20009 Shibata” T F
T F oA LA AHEHA dFS FAHNA JHoR AT APsH L
o, FFEAUL £F5 BHEYx, AFEY BEAE JPASATY HE FYTol
A @AEE AfuH ool HE dHete mXE FFS FAHHOR AT
T B ATAEN ) ostel FEA BEx sl 93 Bob Ao o

F7 APHAT FH FUYel A, 2002 Choi® s FEAgYe AgE
W AR obe ol A t‘“@é‘}% RE 22 PIV 7| S 283t 7HAI8E 3t
o, 2004d oG EPl=
skt 20054 vxﬂﬂﬂl%i
FAol| A A3t HE 20

D
2l
N
ok
i
=
fu)
et
>
_E ) o[-J
i)
n:]oll
zi
X
i)
=2
)

& = 71E< vidstr] # @ o]%F oy ARLAE
PFtBle) o) gk A7t ulem, 20119 HFEEMe CFDE o] 8¢ AVDE 4
A FrAolAe AFHEZ s BT AFE stk 2012 Kim!™!
S A3 CPDoll ost A mdoxe] AVD &35 A3 ATh



Az ) ’é}xﬂ‘?ﬂ O AE A efmw 2 FR3el ol
=]

U

1o

o

X

ro

=2

>4

1> i

ol

o

i)

ol

ox  mo

He F5A 8AEso 9 oF AA Z&iu ozl 848 At HFst
3t o] F4A AFHoA AS"E AVDE AAS 1y x3ete] AA gebv g
& A2 Yt uA; St



 AVD A4

k<]
«

A2 EFFR RE AEES F

o

g Alg(sump model test)= FFH

B

g

A

<
T

_EH

(AVD)Z

WA A

EE

1

ARG

S

Aol weh Wyt BE g A7

7HA &H.

=

21 SFAAZA(AVD)S] AL

K
i

o)
MR
__0_

)
.
o

.

Ashs

=
T—

| %7 HPsted T Wl Fojo vt

Aol £FRE szt wA

BAISE] el ¢

|
P

7

kol

A3

) 7} g,
Z AA| o] ol <

-
) By

o] dlo] =

B~

.
CXdR:at

s

)
N
ol

—_—

o
wjr

S

o

A

_EH

ol
e

e

o

s A7,

=
T

1) &5 ZE2z= AA ZA



9 H 9] JSME Standard S004-198471¢} w9 ANSI/HI 9.8

I A
EEEE Fago

(a) methods to reduce sub-surface vortices

iR

— g

~01 <4 %1 @ 91

(b) methods to reduce free-surface vortices

of vet e ohFAA Y HoI

P

Fig. 21 AVD design of JSME Standard S004-1984



A - Wall splitter plate B - Floor splitter plate  C - Floor cone

0.5D

0.5D
E - Corner fillets F - Back wall fillet

G - Side wall fillets H - Center splitter | - Strainer with
guide vanes

Fig. 22 AVD design of ANSI/HI 9.8
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2 A@S ANSI/HI 98 7124 & 7|02 3yt

221 A=A
wds A Expolo] AATAA = TS o] AAHT
V,=V,/V,=L"
Q=Q,/Q =LV, =L
T, =Ty L=L/V,=L"

7oA, L,=ch3E Zolu]

_ 0.5
V.=V, . L
an = Qp ° LTQ 5

_ 0.5
T;n - :Z;) * Lr

L
)
)
4 b

2.1)
(2.2)

(2.3)



W ARe FhR Adss] 9@ Aol

— 0.5
V,=15¢V « L (2.7)
— 2
Q, =15« Qp « L7 (2.8)
_ 0.5
T,=15+1, ¢ L, (2.9)
Table 2.1 Zawlo W B Pz £H|, {FFH], AZHE YERd
Table 2.1 Relationship between Model and Prototype
Length 1:2 1:3 1:4 1:5 1:6 1.7 1:8 1:9 1:10
Same VelOCity 1.41 1.73 2.00 2.24 245 2.65 2.83 3.00 3.16
Froude Flow rate 5.66 15.59 32.00 55.90 88.18 | 129.64| 181.02| 243.00| 316.23
No. Time 1.41 1.73 2.00 2.24 2.45 2.65 2.83 3.00 3.16
15 Velocity 0.94 1.15 1.33 1.49 1.63 1.76 1.89 2.00 211
Times
Flow rate 3.77 10.39 21.33 37.27 58.79 86.43 | 120.68| 162.00| 210.82
Froude
No Time 0.94 1.15 1.33 1.49 1.63 1.76 1.89 2.00 211
Length 1:12 1:13 1:14 1:15 1:16 1:17 | 1:18 1:19 1:20
Same Velocity 3.46 3.61 3.74 3.87 4.00 412 424 4.36 4.47
Froude Flow rate | 498.83| 609.34| 733.36| 871.42| 1024.00 | 1191.58 | 1374.62 | 1573.56 | 1788.85
No. Time 3.46 3.61 3.74 3.87 4.00 412 424 4.36 4.47
L5 Velocity 2.31 2.40 2.49 2.58 2.67 2.75 2.83 291 2.98
Times
Flow rate | 33255| 406.23| 48891| 580.95| 682.67| 794.39| 916.41| 1049.04| 1192.57
Froude
N Time 231 2.40 2.49 2.58 2.67 2.75 2.83 291 2.98
o.




222 SA 9 SFAAA
1) FZA

ZA 22 (electro-magnetic) 3 AIZA 217 150A, AlSH 9 0.3m/s~10m/s,
=89 -10~+60C, &= FSt 05% oM FA FAE Eolth

() «=3g = 9 QAWH

o}}ll

2 900m3/h, %% 8m, 8 55kW I 1t &= 2thE AE3tATH
91 TE5T §F 2HS 93 AHES AL59

(@) Wers

B

o
o
I

I~

ZE Aol ARERE Wnke2e 2 AR FA AHRE HEZE 4§54

=
AP Faule ARALe olaBE £AZ NCHES ST

(4) 2=4rE

Wup-2o] # e FESAE T AAZ AEHS o] &3 FHH
AAA SAHHE 0~20000Paclth. 43 dHolHe AAS 93 doleHza
o =

4O 2 §403~7m/sE =4 T 4 AT

o}2d Szo| Bo] F3ste] + 05mm AW ST

l

OgAE A4S o]l 29 -10~50C &AH7IS38Y AgxE + 01T

Fig. 232 54 2 &4 & Apzlolt.
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(3) Ex. bell-mouth (4) Ex. swirl meter

(5) Data logger & Different pressure sensor

Fig. 2.3 Measuring & operating instruments
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223 B2 7§ 3 #ARZ7|E
(1) % RHezo} AHEH BE s

ANSI/HI 9.8 A0 A FFSRE 2} 2A-FEH HE &= Fig 240 ve}
AE tholFo] RHE X~ RE §§3HA gerh AT tho|Fo] HE 2o HhAY
Al Zro] #FAIZES] 10% wmlwko] A 3 -&3Th,

=

Q) 2¥94=
P& HHFEe I 279

o ANSI/HI 9.8 7+l = 5574 o]t}
2gvEls A7) drke2E 9 @ YWREAE dodl os AsAH JtE

n:]o\r

f=tan ' ! (2.10)

=tan —— .
VZ

v, =T ys) (211)

Vy=a/ ™ ;ld (m/s) (212)



(2.13)

(2.14)

(2.15)
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Vert ex Vortex

tepe vl wpe murface
1 = [ ) 2 = dimple
surface serl Coherent

=aArl

v Ove core to malhng
I = irtake: _ i = floating trash
coherent swirl buf not air
thr cughout '

(N
water column Trazh ' .

Wortes pulling owe s F‘11]_1 i omre

b = air hubbles to B tointake
intake
[=]
Fb.

(a) Free surface vortices

re
{

e )

Warfex 18wl Zsm care 2 Aircore ar
wue Eukhles

(b) Submerged vortices

Fig.2.4 Classification of free-surface vortex and submerged vortex

(ANSI/HI 9.8)
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SWIRL METER

é7 Ball Bearing
(low friction)

O
Co]
S
0.75d
]
| o
(@)
‘ o
Q.
| vy,
/" o
. <
\ /
VELOCITYéjj
TRAVERSE |
. D

Fig.2.5 Swirl meter (ANSI/HI 9.8)
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F5A ARL 44 FUT 3

ogl

ol w2t ERsAH.

231 Y% 18 (Cooling tower type)

YA Zeud FA7 F5Eos U

2311 Case 1

1) =44 112 o)W, ¥Wrke2 9 52 AR 4714 B B3
#1#2 1.53m/s, #3~#11 1.89m/s, #12~#14 1.23m/s, #15~#17 1.17m/so]H, =
Ao A= 27t 044m/s, 0.55m/s, 0.36m/s, 0.34m/s®]t}. Fig. 2.6°1 MEFE, &
A9k A2 AVD ARxle] ey it

2 ANd 23

lM

Table 222 AFxER HE 2O 7fF FFHEZS 55 Ul Utk

cross-LE AVD A & FFHE 27} A A AT

Table 2.2 Result of test case 1

without AVD with AVD

ftem Result | Acceptance | Result | Acceptance
Free surface vortices NV @) NV @)
Submerged vortices S3 X NV @)
Max. swirl angle y y y .
Max. area-varying V. y y y .
Max. time-varying V. . y y .

* F:Free surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity

_16_



- ]
F[ — e e
R— —

- -

(b) Sump model test apparatus

(c) AVD model

Fig. 2.6 Image of case 1
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2.3.1.2 Case 2

1) =av 112 o), Frke-2 dT FE52 AAFHFAAM 0.67m/s0]H, =
Do A= 0.19m/solth. Fig. 2791 M=, ZAe HA AVD Apxlo] vehut
AT,

2 A

oo
iy,

3}

Table 232 F44 A ¥ case 29 AHQ A{HEWE Hel 2o FF, FFH

£ AR 28 5 deia g S8 AUAE S AVD 44
FTHE 27} AAEA

S )

Table 2.3 Result of test case 2

without AVD with AVD

ftem Result | Acceptance | Result | Acceptance
Free surface vortices NV @) NV @)
Submerged vortices S2 X NV @)
Max. swirl angle 0° O 0° O
Max. area-varying V. y . . y
Max. time-varying V. . % . y

* F:Free surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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(c) AVD model

Fig. 2.7 Image of case 2
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2.3.1.3 Case 3

(1) 22441 1:10 o9, WArpsx {9

H
doll A 0.78m/solth. Fig. 2.8 /MEFE, Ao} A=

o
T
A

4=

Table 242 54 A3 case 39 AfFxEH HE X2 {7
7

ol A 2.47m/s0]H,

T

o~ =
Ts
P

AVD Alxle] e}

o
)
[
{o

o} ~97r& Y3 th Fig. 29% AVDY| AAZHOR FFHEX
AE % cross LE AVDS} AFEWA HE 2 AAE 9% curtain wallo] .

AVD Ax %

Table 2.4 Result of test case 3

AFEW BE ol 5FRE a0} A AR YL,

Al

without AVD with AVD

ftem Result | Acceptance | Result | Acceptance
Free surface vortices F5 X NV O
Submerged vortices s3 X NV @)
Max. swirl angle 0° @) 0° @)
Max. area-varying V. 3 8 . y
Max. time-varying V. y . . y

* FiFree surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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(b) Sump model test apparatus

(c) AVD model

Fig. 2.8 Image of case 3
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Front View Side View

Trimetric View
Fig.2.9 AVD design of case 3
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23.1.4 Case 4

(1) 22441 1:10 o9, WArpsx {9

=]
doj A 0.38m/s°| T} Fig. 2100 W=, A9} AV

2 A 23

[>
i
>~
>
&
=
i
by
o
2
X
in
22
&

Table 2.5 Result of test case 4

nese) 7,

y
wstom, AfEw

LAY A

o]

ZFollA 1.21m/so]H,

et .

1

-

without AVD with AVD
ftem Result | Acceptance | Result | Acceptance
Free surface vortices F3 X NV O
Submerged vortices NV @) NV @)
Max. swirl angle 0.3° O 0.4° O
Max. area-varying V. 5 5 3.9% @)
Max. time-varying V. . . 8.0% @)

* FiFree surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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‘Magnetic Flowmeter |

g 5 Flow Control Valve
S

B

= |
a

s

(c) AVD model

Fig. 210 Image of case 4
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2.3.1.5 Case 5
(1) F4H 1.5 o, Hupe-2 {9
4 0.55m/so|th. Fig. 2119 W=, Ax|ek 23] AVD ARlo] yeht St
2 A 23
Table 2.6 54 Al¥ case 59 AFxEH HE 9] {5
Z+S e Qo FFRE A AAE 93 T AIGEEE AVD
o} AaEH HElA AAS Y3 curtain wall?} cross bar A% & AF3EH

Rexol = RE A7 A AT

Table 2.6 Result of test case 5

without AVD with AVD

ftem Result | Acceptance | Result | Acceptance
Free surface vortices F5 X NV @)
Submerged vortices S1 O NV @)
Max. swirl angle 0° O 0° O
Max. area-varying V. 4.1% @) 1.6% @)
Max. time-varying V. 6.9% @) 2.2% @)

* FiFree surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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‘Magnetic Flowmeter

(c) AVD model

Fig. 2.11 Image of case 5
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2.3.1.6 Case 6

1) S44 110 o, ¥rpe2x §9 F5 BAFdA A MCWP 1.50m/s,
ACWP 0.84m/s°o]™, Edol|A Z}Z} 0.48m/s, 0.27m/so|th. Fig. 2129 7)=
%=, AA9F AVD ARdo] yER Sl

2 A A

Table 2.7 &4 AlE case 69 AfF3EH HE 29 FF, FFHEE2
Fob 2dZ4s YeEhal Aok Fig 2132 AVD 34
AVD A F A-FEY HE ol fFREYATE AAR I gz
ojstZ wrolx o

Table 2.7 Result of test case 6

without AVD with AVD

ftem Result | Acceptance | Result | Acceptance
Free surface vortices F4 X NV O
Submerged vortices S2 X NV @)
Max. swirl angle 16.8° X 2.7° @)
Max. area-varying V. 2.5% O 3.9% O
Max. time-varying V. 51% O 3.3% O

* FiFree surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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Receive Tank

(c) Photos of AVD model

Fig. 212 Image of case 6

_28_



Fig. 213 AVD model design of case 6

_29_
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2.3.1.7 Case 7
(1) S49] 1.8 ojH, Wl F<]
o 4 0.79m/s°|t}. Fig. 2140 /MF=, A9} AVD ARzlo] Yep} Qth
2 NE A%
Table 2.82 &4 Ald case 79 AHFxEH HE A9
Fob 2475 Yehla vk AVD AR F A

A A= At

kg
(g
f do
gl
y
o 4
+
ofy
s
o
»
N

Table 2.8 Result of test case 7

without AVD with AVD

ftem Result | Acceptance | Result | Acceptance
Free surface vortices F5 X NV O
Submerged vortices 53 X NV @)
Max. swirl angle 13.1° X 23° O
Max. area-varying V. 3.5% @) 1.5% @)
Max. time-varying V. 5.9% O 1.25% O

* FiFree surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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(c) AVD model

Fig. 2.14 Image of case 7
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2.3.1.8 Case 8

(1) 241 1:4(ACWP),1:2.5(RWLP)o] H, Hﬂu}% 89 G20 AL oA
ACWP 1.07m/s, RWLP 0.99m/s™, =2 ztzb 054m/s, 0.63m/s¢]th. Fig.
2159 M=, Ax9F AVD ALRo] vEl} Q)

2 ANg 23
Table 2.23& &
29 {5, FFH

b HAEA g3 ~97to] Hu 28%

+
o
>
oo
S
%
x©
>
0N
=
|
\J_{E
iy,
_E
il
i
o
=
=
X
Jo
=3
i)
f
T,

)
[
o
Ho
il
'
[
o
)
flo
<
o
=
H
X0
o
=
=
=
3
o JIN'
flo
T
)
[ 4

Table 2.9 Result of test case 8

without AVD with AVD

ftem Result | Acceptance | Result | Acceptance
Free surface vortices F4 X NV O
Submerged vortices S2 X NV @)
Max. swirl angle 2.8° @) 0.4° @)
Max. area-varying V. 3 % 1.1% O
Max. time-varying V. y . 1.2% O

* FiFree surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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Magnetic Flowmeter
N n

Flow Control Valve

Curtainwall

(c) Photos of AVD model

Fig. 2.15 Image of case 8
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2319 Case 9
(1) =44 18 o, ok 7Y

Al 1.08m/so|t}. Fig. 2160 MNEFE, X2k AVD Apzle] yeht
2 A1d A%
Table 2102 &548 A& case 99 AFHEWA HE XS {FF, FFHE

F7oh 297e UEiE Utk $FRE: AAS 93 vheke] Fzby

>

bz
i
tlo oft 1o

7]
Bt AVDolx, AF3EH HE X A AE 93 Curtain Wall, 18|31 ~97t
%0171 sl olF Fxo TEEHIIZF 23 AVD XA F A{EW RHE e

THE A7 AAF L 2d7to] ghobH T

Table 2.10 Result of test case 9
ltem without AVD with AVD
Result | Acceptance | Result | Acceptance

Free surface vortices F3 X NV O

Submerged vortices s3 X NV @)

Max. swirl angle 12.4° X 2.6° @)

Max. area-varying V. 3 % 2.0% O

Max. time-varying V. y . 1.6% O

* FiFree surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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urtain wall

' “Double flow distributor

(c) Photos of AVD model

Fig. 216 Image of case 9
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2.3.1.10 Case 10

(1) F4H 1:10 o9, HWupg2 )
ACWP 149m/se|®, ®eo]A 7

%, ZAA8 AVD Aol vERt Sl

2 A3a 23

A 52 AAFENA CWP 1.50m/s,
vay 047m/s, 0.47111/8011:]'. Fig. 217 7f=F
=

Table 2112 &4 Al¥ case 1098 AFxH HE 19| {FF FFRE I
=

#579 297e YERIT Itk AVD AX F £F3REs7 AAHA.

Table 2.11 Result of test case 10

without AVD with AVD

ftem Result | Acceptance | Result | Acceptance
Free surface vortices NV @) NV O
Submerged vortices S2 X NV @)
Max. swirl angle 2.3° O 21° O
Max. area-varying V. y > 7.5 O
Max. time-varying V. 7 \ 21 O

* F:Free surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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(a) Schematic diagram of model test apparatus

-

i

= =8 ':.‘_ e~
Back wall fillet '\.__..-;

(c) Photos of AVD model

Fig. 217 Image of case 10
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232 FL& Y47 43 (Narrow inlet type)

N
=
o]
s
(oW
@
=
=
c
=
e}
Na)
Ll
i
ﬁ
ol
ok
&
ot
al(f

2.3.2.1 Case 11

—

1) =¥ 110 oJ¥, Frke-2 79 FE52 Z4FFlA 2.02m/s01H, =

=]
Aol A 0.64m/s°]Th. Fig. 218 /W%, AXe} AVD Apzlo] YRt Q1T
2 A1d Aax
Table 212+ 44 AY case 119 AFEWH HE 29 F8 FFHE 29
ot 297k Jehdlan 9tk Fig. 219 AA AVDE A4S YeERY dx &
ZArEH HE o) FFREATE A AE AT

Table 2.12 Result of test case 11

without AVD with AVD

ftem Result | Acceptance | Result | Acceptance
Free surface vortices F3 X NV @)
Submerged vortices S3 X NV @)
Max. swirl angle 0° O 0° O
Max. area-varying V. 7.1% @) 6.2% @)
Max. time-varying V. 3.6% @) 3.0% @)

* FiFree surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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AN SRR
AT e e

L

(c) AVD model

Fig. 218 Image of case 11
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Floor splitter plate
{for sub-surface vortices)

Curtain Wall
ifor fres surface vortices)

Fig. 219 AVD model design of case 11
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2.3.2.2 Case 12

A

42 AAFEFAA 1.96m/s, EE ol A

(1) 24 18 ojn, Wup$2 §3 &
A9 AVD Abzlo] UERY 9lTh.

0.69m/s°]t}. Fig. 2.20°] /M=,
2 A3a 23
Table 2132 &4 MY case 129 AfFEH HE 2o {7, FFHE 2]

ok 2d7e YEa itk SHATE Y AVDSE AEw HEs A
AZ 93 Cross bar 23 & AW HeEl 29 =R ~71 A A%

Table 2.13 Result of test case 12

without AVD with AVD

ftem Result | Acceptance | Result | Acceptance
Free surface vortices F3 X NV O
Submerged vortices S2 X NV @)
Max. swirl angle 0° O 0° O
Max. area-varying V. 3.0% @) 3.6% @)
Max. time-varying V. 1.7% O 0.9% O

* FiFree surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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(c) Photos of AVD model

Fig. 2.20 Image of case 12
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2.3.2.3 Case 13

(1) =44 1:10 oW, Wrpe-2 FY F&e BAFFANA 2.09m/s0]m, &
D

ol Al 0.66m/selth Fig. 2.210] %, & e} AVD Abzlo] vretu STt

2 A 23

Table 2.14= &5 AE case 139 A-FEH HE 29 {5, FFHE29)
e 28972bs el o FFERE 2 AAE 9 Cross LE AVDS}
29 EE Fo]7] 9% baffle AX] & ~EZto] YrolH T}

Table 2.14 Result of test case 13

with AVD Revised with AVD
ftem Result | Acceptance | Result | Acceptance
Free surface vortices NV O NV @)
Submerged vortices NV @) NV @)
Max. swirl angle 9.1° X 4.0° O
Max. area-varying V. 5 5 1.2% @)
Max. time-varying V. . . 1.9% @)

* FiFree surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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(c) Photos of AVD model

Fig. 2.21 Image of case 13
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2324 Case 14
(1) 44 1.5 o],
ol A 0.7m/solth. Fig. 2.220] M=,
2 A1d A%

Table 215+ &4

2. /\] k3|
o 2474 =S

il
kv
o
T
rpz K
%0

7
T HHE =g
HWL 9 7}4] ZHAlfﬂ sttt
=Pt el=g

Table 2.15 Result of test case 14

Wobs-2 §)

A case 149 AFETH HEH 29
o} cross-L¥E AVD AX & X
g AlFE case 1794 EE-S

I Ay

[e)
i, "/F‘%EE—H =

=R E

without AVD with AVD

ftem Result | Acceptance | Result | Acceptance
Free surface vortices F5 X NV O
Submerged vortices s3 X NV @)
Max. swirl angle 0° @) 0° @)
Max. area-varying V. 3 8 . y
Max. time-varying V. y . . y

* F:Free surface vortex, S:$Submerged vortex, NV:No vortex, V.:Velocity

_45_

S AARFHFANA 1.58m/solH, =
Fx)sh AVD AH7lel YERT Sl

5
T

curtain wall @ AVD &Ato] ThA|



(c) AVD model

Fig.2.22 Image of case 14
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2.3.25 Case 15

(1) 221 17 ojn], Yoo

#9
o 4 0.88m/s°]t}. Fig. 2.230 7%=

2 A1d A%

F&e FAGZFAA 234m/s01H, 2E
A

Table 2.16= 54 Al¥ case 159 AFEH

o 1=

e UEl o sTRE2 AAE A ¥ AgE

H RHE X HAES 93 Curtain wall A2 & AFEH HE

A A=

Table 2.16 Result of test case 15

e
T

, &A1 ¢k AVD Abzle] Yehd 9l

without AVD with AVD

ftem Result | Acceptance | Result | Acceptance
Free surface vortices F4 X NV @)
Submerged vortices S3 X NV @)
Max. swirl angle 0° O 0° O
Max. area-varying V. y . y .
Max. time-varying V. S \ y .

* F:Free surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity

_47_




(c) AVD model

Fig. 2.23 Image of case 15
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2.3.2.6 Case 16
(1) =44 112 oW, Wrke-2~ F F52 AAFFolA #1#2 2.55m/s,
#3#4 247m/s°l™, EENA Z+ZF 0.74m/s, 0.71m/s©]T}. Fig. 2240 NEFE,
A9} AVD Abzlo] uEY Qi
2 Ad A3
Table 217 &3 A& case 169 A-FFH HE 20 {3 £FHE 2~
52 297
Althel £y, Bz pas
HE X AAE 93 Curtain WallS A% & AFxH RE Ao FFHE

A A= At

Table 2.17 Result of test case 16

without AVD with AVD

ftem Result | Acceptance | Result | Acceptance
Free surface vortices F2 O NV O
Submerged vortices S2 X NV @)
Max. swirl angle 0.2° @) 0.3° O
Max. area-varying V. y . 5.4% @)
Max. time-varying V. y . 3.1% @)

* F:Free surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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(c) AVD model

Fig. 2.24 Image of case 16
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23.2.7 Case 17

(1) Z2H] 15 oH, Wule s 49 §4& ARGl A 158m/s0]m, el
A

<
Al 0.70m/solt}. Fig. 2.2500 M=, X2k AVD Apzle] yeh

2 A 23

Table 2182 &4 AY case 179 AFEH HE 29 {8 FFHE 29
G ol ~YP7TS L}E}um ATh Fig. 226> AVD AAFd olH, X F z
3EE HE o} 55 227F AAFE L =g Zfo] vrolR

Table 2.18 Result of test case 17

without AVD with AVD

ftem Result | Acceptance | Result | Acceptance
Free surface vortices F3 X NV O
Submerged vortices 53 X NV @)
Max. swirl angle 0° O 0° O
Max. area-varying V. 6.1% @) 3.7% @)
Max. time-varying V. 28.3% X 2.8% @)

* FiFree surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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(c) AVD model

Fig. 2.25 Image of case 17
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Revised Ba
(for flow distribution)
]

minimizing surface vortices)

“\Curtain Wall
(for free surface vortices)

Splitter & fillet
(for sub-surface vortices)

Fig. 226 AVD model design of case 17
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2.3.2.8 Case 18

(1) S4H 1:10 ol¥, HAupe-2~ {9 F&H52 BAFHFAA 1.36m/solH, =

ol A 043m/selth. Fig. 2.270] %, & ¢} AVD Abzlo] vretu STt

>

2 NE A%

Table 219+ S5 AlY case 189 A¥™H HE 29 {8, FFHE 29
FFot 297bE Jel ok Figo 2288 F 74 E EFY AVDY AHE
H HE 2 A AE 3 Cross bar 2% AVDE UEUH, A% & A{FxEH
HE 2o} FFRE2TE A AE AT,

Table 2.19 Result of test case 18

without AVD with AVD
ftem Result | Acceptance | Result | Acceptance
Free surface vortices F5 X NV @)
Submerged vortices S2 X NV @)
Max. swirl angle 0° O 0° O
Max. area-varying V. y . 3.6% @)
Max. time-varying V. . % 2.5% @)

* FiFree surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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"Magnetic F-lome r———

(c) Photos of AVD model

Fig. 2.27 Image of case 18
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free-surface vortex device

sub-surface vortex device

Anti

Side wall fillet

Back wall fillet l X Center splitter
ey

\Side wall fillet

(Top View)

If N\

X Square bar

TS A.A

(Side View) (Front View)

Fig. 2.28 AVD model design of case 18
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2.3.29 Case 19

(1) 28] 1:10 o, Wrl$2 9 §4& FAGFoNA 2.5m/s0ld, =

tlell Al 0.82m/selth. Fig. 2.290] %, &X¢} AVD Abzlo] vtety STt

>

2 A1d A%

2208 &5 A case 199 AFEH HE 20 {5 FFHE XA
S} ~972+S ez Yt AA AVDE FSERHEA AASE 93 b

=1
AVDS} AFxH REY 2 AAE % curtain wall, 183l 2 297& &

Table 2.20 Result of test case 19

without AVD with AVD

ftem Result | Acceptance | Result | Acceptance
Free surface vortices F3 X NV @)
Submerged vortices S3 X NV @)
Max. swirl angle il2-55 X 2.3° O
Max. area-varying V. y . 1.9% @)
Max. time-varying V. . % 1.5% @)

* FiFree surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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| Curtain wall
(220mm)

(c) AVD model

Fig. 2.29 Image of case 19
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2.3.2.10 Case 20

(1) F2H 110 ofn, Wukex 1) F&5& A FZFNA 1.66m/s0lH,
D

Ao 4 0.52m/so|th. Fig. 2.300] /M=, X9} AVD Apzlo] vepht Qlth

2 ANg 23

Table 2212 &8 A¥ case 209 A-FEH HE X9 {i, FFHE 29
fri-ob 2497& Ut ok Fig. 2302 cross L¥ AVDe} AHrEH HE)
2 AAS As) AZurE PET AVD A F4S Uehin, X F AFE
W on ) FERE s AR

Table 2.21 Result of test case 20

ltem without AVD with AVD

Result | Acceptance | Result | Acceptance
Free surface vortices lid X NV O
Submerged vortices S3 X NV @)
Max. swirl angle 3.0° @) 0.3° O
Max. area-varying V. 40.9% X 8.2% O
Max. time-varying V. 20.4% X 2.2% O

* FiFree surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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(a) Schematic diagram of model test apparatus

(c) AVD model

Fig. 2.30 Image of case 20
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Or

Fig. 2.31 AVD model design of Case 20
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2.3.3.1 Case 21

(1) =244 110 o, ok 59U F52 Z4FTZolA 2.21m/s0H,
oAl 0.70m/se]t}. Fig. 2.329] /M=, =9} AVD Arxlo] yet 9l

2 ANd A3

Table 2.22+ &4 Ad case 219 AFEH HEl»~9 {5 F=F
59 2978 el ok AVD AA] & AfuH HExel FFHEA

7F AAEH A

Table 2.22 Result of test case 21

without AVD with AVD

ftem Result | Acceptance | Result | Acceptance
Free surface vortices F5 X NV O
Submerged vortices S3 X NV @)
Max. swirl angle 0° O 0° O
Max. area-varying V. 3.6% @) 1.6% @)
Max. time-varying V. 5.1% @) 2.9% @)

* F:Free surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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(c) AVD model

Fig. 2.32 Image of case 21
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2.3.3.2 Case 22

(1) F&H 1.7 o, Hrlex § F52 FZAFFolA #33~#36 1.82m/s
olr, mdox Z}7zt 069m/s°]13} Fig. 2.330 /M=, A2} AVD Apxlo] 4
Ehut ot

Alfﬂ case 220] A-HEW lﬂﬂéfﬂ $8, $EREY e

—
O
=
)
N

o N
w
rlo
E]o{t
BN
oxl

i, 23 & AgEy HE2oh s EE AT} Zﬂﬂﬂ&’iﬁ‘r.

Table 2.23 Result of test case 22

without AVD with AVD

ftem Result | Acceptance | Result | Acceptance
Free surface vortices F3 X NV O
Submerged vortices S2 X NV @)
Max. swirl angle 1.0° @) 3.3° @)
Max. area-varying V. 1.2% O 1.2% O
Max. time-varying V. 1.1% O 1.3% O

* FiFree surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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(c) Photos of AVD model

Fig. 2.33 Image of case 22
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Side wall fillet

Back wall fillet

. side wall fillet
(Top View)
|
o Square bar

(Side View)

(IS0 View)

(Front View)

Fig. 2.34 AVD model design of case 22
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2.3.3.3 Case 23

(1) =44 110 oW, dule2x Fd 5 AAF=NA CWP 2.65m/s,
SWP 1.64m/sol™, B4 Z}7; 0.84m/s, 0.52m/so|th. Fig. 2.35°] /NHFE,
AA & AVD Apzlo] veRY QLT

Table 2.24 Result of test case 23

without AVD with AVD

ftem Result | Acceptance | Result | Acceptance
Free surface vortices F4 X NV O
Submerged vortices s3 X NV @)
Max. swirl angle 15.6° X 1.0° @)
Max. area-varying V. 3 % 2.2% y
Max. time-varying V. y . 1.0% y

* FiFree surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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(c) Photos of AVD model

Fig. 2.35 Image of case 23
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2.3.3.4 Case 24

(1) 28] 1:10 o, Wrl$2 9 §4& FAGFNA 2.66m/s0]H, =

ol A 0.84m/selTh. Fig. 2.360] =, &X¢} AVD Abzlo] vtebu STt

>

2 A1d A%

Table 2.25 Result of test case 24

without AVD with AVD

ftem Result | Acceptance | Result | Acceptance
Free surface vortices F3 X NV O
Submerged vortices 53 X NV @)
Max. swirl angle 10.0° X 3.5° O
Max. area-varying V. 1.8% @) 1.6% @)
Max. time-varying V. 3.3% O 3.8% O

* FiFree surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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Flow Meter
Indicator

Curtain Wall
300mm

= Back wall fillet

=}

Center Splitter

(c) Photos of AVD model

Fig. 236 Image of case 24
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2.3.3.5 Case 25

(1) F4&8 1:10 °olH, "ol F9 F45S HAFFAA CWP 1.79m/s,
SCWP 1.27m/so|®, B4 Z}7} 0.57m/s, 0.40m/s©|th. Fig. 2.37°] /N&xE,
2219 AVD Aglo] Y lt)

2 ANg 23

Table 2.262 &3 A& case 259 A-FFEH HE 20 {3 £FHE A0
et 2978 Yeda ok FFRE 2 AAE $13 CWPell= LE AVD,
SCWPl&= 22323 B9l AVD A X35kt

Table 2.26 Result of test case 25

without AVD with AVD

ftem Result | Acceptance | Result | Acceptance
Free surface vortices NV @) NV @)
Submerged vortices S2 X NV @)
Max. swirl angle Skt O 2.1° O
Max. area-varying V. 0.5% @) 2.4% @)
Max. time-varying V. 0.6% @) 0.7% @)

* FiFree surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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Pump (55kW)
L2 -

Flow Meter
Indicator

(c) AVD model

Fig. 2.37 Image of case 25
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2.3.3.6 Case 26

(1) =44 1:10 o, Muke-2 {9 FE52 AAFFNA 210m/s0lH, =
Do 4 0.66m/solth. Fig. 2.380] /H&F%x, X9} AVD Apzlo] veht Qlth

2 A1d A%

>

=

Table 227 &4 Al¥ case 269 A3 HE 2o {5 FZHE A0
59 2948 Yyepa g AVDY] AAIZRRS FTRE: AAE 93
ANE B AVDEF AFxdH RE X~ AAE 93k Curtain Walle] o}

Table 2.27 Result of test case 26

without AVD with AVD

ftem Result | Acceptance | Result | Acceptance
Free surface vortices F4 X NV @)
Submerged vortices 53 X NV @)
Max. swirl angle 13.8° X 3.5° O
Max. area-varying V. 1.6% @) 2.4% .
Max. time-varying V. 15.9% X 2.5% y

* FiFree surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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Magnetic Flowmeter (1504)

|
= g
T -

—'

=

Trash Rake
=

(c) Photos of AVD model

Fig.2.38 Image of case 26
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2.3.3.7 Case 27

(1) =244 1:10 olH, Houpex F9 F&452 A FFolA 2.68m/solH, &
Do 4 0.85m/solth. Fig. 2.390] /N&F=x, ZFXe} AVD Apzlo] veht Qlth

2 AN A3

Table 2282 44 Al¥ case 279 A FxH EHHE 29 {5, FFEHE9
FE9 ~97be Yyella Ao AVDE A XS FFRYA AAZS 9
g 5 AOE|EE AVDS} Hwol| M3 AZ47E el e
AT}

Table 2.28 Result of test case 27

ltem without AVD Proposed with AVD

Result | Acceptance | Result | Acceptance
Free surface vortices NV X NV @)
Submerged vortices S2 X NV @)
Max. swirl angle 1.9° O 0.2° O
Max. area-varying V. y . 1.6% y
Max. time-varying V. . % 0.8% y

* FiFree surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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Flow Meter
Indicator

(c) Photos of AVD model

Fig. 2.39 Image of case 27
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2.3.3.8 Case 28

1) =¥ 110 °J¥, Frke-2 79 FE52 47NN 1.70m/s01H, =
A

oAl 0.54m/s°]T}. Fig. 2400 N&FE, X2} AVD ARzlo] Ve Ut

2 A1d A%

A A2k
23 297ks Eo)7] f TEEHIIeIth AVD A4 F FE HE s}
FERY 2T AAHIL 297te] FojEo] A sFo] e Mo

Table 2.29 Result of test case 28

without AVD with AVD

ftem Result | Acceptance | Result | Acceptance
Free surface vortices F4 X NV O
Submerged vortices s3 X NV @)
Max. swirl angle 17.2° X 29° @)
Max. area-varying V. 3 % 1.8% O
Max. time-varying V. y . 1.3% O

* FiFree surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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Back walbfillet: T SO0

(c) AVD model

Fig. 240 Image of case 28
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2.3.3.9 Case 29

(1) 224 19 o|H, W}e~ §9 §25 42504 1.8m/sol, =&
A

NI
A 0.61m/so|T}. Fig. 24100 M=, ZX 9k AVD Apzle] yeh
2 AN A3

Table 2.302 &5 A3 case 299 A-FEH HE X9 {5, FFHE29)

5ok 2€97hs Yetla 9tk Fig. 2425 AVDY AAZHFO=E 7|E X

Table 2.30 Result of test case 29

Existing AVD Revised with AVD
ftem Result | Acceptance | Result | Acceptance
Free surface vortices F4 X F1 O
Submerged vortices s3 X S1 @)
Max. swirl angle 3.9° @) 1.8° @)
Max. area-varying V. 3 % 3.4% O
Max. time-varying V. y . 2.8% O

* FiFree surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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(c) AVD model

Fig. 2.41 Image of case 29
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Top

Sidewall fillet Te
Backwall splitter e nackw‘;ll:’lﬁllet
_ ol
Backwall

splitter fillet

—

Bottom
Backwall fillet

Bottom
Sidewall fillet

Bottom

Corner fillet splitter fillet

Bottom splitter

Fig. 242 AVD model design of case 29
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2.3.3.10 Case 30
(1) F4Hl 1.7 oy, dupke-2 7<)
o A 0.65m/s°|t}. Fig. 2430 M&F=, X9} AVD Abzlo] Yey th
2 NE A%
Table 231 44 Al¥ Case 309 AF¥H RE 2o §F 3 T
ol 29728 el ok AVD A & AfEH HeE el SZuE s

7F AA = AT

=
(o3

Table 2.31 Result of test case 30

Existing AVD Revised with AVD
ftem Result | Acceptance | Result | Acceptance
Free surface vortices F5 X NV O
Submerged vortices S2 X NV @)
Max. swirl angle 25° O 11° O
Max. area-varying V. : 5 2.9% @)
Max. time-varying V. . . 2.2% @)

* FiFree surface vortex, S:Submerged vortex, NV:No vortex, V.:Velocity
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b T

Magnetic Flowmeter (150A)

=
A
Flow Control Valve (1504)

Bar Screen
i R I\ Flow Meter Inverter
L | cwe
Water Level Gauge

(a) Schematic diagram of model test apparatus

(c) AVD model

Fig. 243 Image of case 30
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24 947 AA B AA

TU Ay 2389 TR Wt FeAe] e 24 29T =9
Bl 4ol A B mbet gz mlge] o] Aol os fsol A
R, F& 42 W2 mE 7Y FE9 AV "WolAle F2 s #+F
o] E¢tgsta Helxvt AT W2 7Y WAL 7Y SE =gu W
E 23do] e A5 23d T Edd S22 Hx F99 FeAo
B dtxinh ool wet uie AVD 9 oflet ARy 5§ EHi7E
oj-gsto] AfFrA HEX2E At 2d4e FojoF I

241 97 AA AR AA 812

Table 2.32&= &7 AA ZX9] F8 AAQ]leld Fig. 21272 1 8d<

o] 4G Zolth

Table 2.32 Bottom anti-vortex device design factors

Design factors

pump bay entrance width

bell-mouth diameter

distance from the back wall to the pump inlet bell-mouth centerline

Nlw|d|=

distance between the inlet bell and floor

Fig. 244 AVD design factors shown in the drawing
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242 e @& 9F7 AA FA A 8&

Fdel tE 307HA e Frd B AYe Foke AR ok F AA A
A 8aE otefet Zeo] Asitt. Bl =R A9 A5 € @9E 1mm,
EE =¥ A$E 10mm @97t HES drh

2421 58 A2l E E}Y (isosceles trapezoid type)
Table 2.33-& ¥ ATH]E EFY o] AVDS| AAlgtelw Fig. 2128 A7A 840t}

Table 2.33 Isosceles trapezoid type AVD design value of design elements

Design elements Design values
a b-c
b B+(0.5-D)+C
C 0.425-C
d 0.2D
e 0.1-D
f 45°

Fig. 245 Isosceles trapezoid type AVD design elements
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2422 AZA7+Y B} (right-angled triangle type)

Table 235+ A ZHt2be e}l AVDe AAgkolH Fig. 2472 AA 8119
o 2 B R AdolA vtgd HE BE A7) A AE I AFo] §o

e AFol Aot & Ee= WY RHEXTF AA HA fe Aols 2423
] o

Table 2.34 Right-angled triangle type AVD design value of design elements

Design elements Design values
a B+(0.5-D)+(C/tan39°)
b a-(c/tan39°)+(d/tan39°)
c 0.55-C
d 0.8C
e W
f 90°
g S

o

Fig. 247 Right-angled triangle type AVD design elements
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7ty EFYY S E ANSI/HI 9.80] AAEo] Qo Dol tigh

& A, AA HzAe] HdA v&S n#t AVD AAFe] I8

At Table 2.34% AVDQ| AAIFtolH Fig. 2.129% AAQ4o|th  3HA|T

Hxo] wWule A 2 o] ufg o2 HE 05D oY A Aol AstE

Sl BWo A BE A7 BT ¢ 9ty Wupe-27t 05D A F | A7t =

AEeE 5 oA Center splitterg AU+ JEFoE HH HE X7}
B

AN
Aom ol AANTE EFYe Center splitter® A SHA A A7}

z

B

(

o,

)

N

N

0 1:12:

Table 2.35 Sharp right-angled triangle type AVD design value of design elements

Design elements Design values
: B+(0.7D)+C
. B+(0.7-D)+C
- 0.75:C
d 1.0-C ~ 1.25C
; A
: 90°
o,
| B
Lo

Fig. 2.46 Sharp right-angled triangle type AVD design elements
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o E}(swirl meter)e] X, F7, A=A

—_
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31 AFAXR

o
T

Fig. 3.1

I 9 FFA49 3D AF=old, Fig. 3.1(b)

o

©] 4,000 mm, % 500 mm, =°] 800 mm= A|Z Ho| FHTh

o ¥
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HlEF O 2 RE 875 mm o $X
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=
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(a) Sump model 3D drawing

I

T

(b) Sump model 2D drawing

Fig. 3.1 Sump model design
- 89 —

Collection




Flexible Pipe |

Pump

L.W.L. (637.5mm) |

(b) Sump model 3D drawing

Front

0084

000E

Fig. 3.2 Schematic diagram of model test apparatus
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—‘FUA- rﬁﬂ

0’90

1:8 ol 213y FFS AA| AR A= FZY FA4s

S NCZ 7}g3t¥ch #lnps-2x9 AAL 2475 mm ©]©

HAFo] At sdvlete] @I golE 98] vo|zE A

ool Rkt UG OR =Y, P virish Bukg

sl zAstth Fig. 332 A%E FYW o}z =y otk

Fig. 3.3 Photo of bell-mouth model
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313 &£3g =9} QAHH

Fig. 34%= AJAXg ES #3718 AAHAR 55kWa Hizek QIH
Eolth AlgEHA 3 FAzeE SEY EFE HZZ FFH 8m, #F 900
m’/hro| th.

Table 3.1 AA Hzo] A F5Fy =2d HAE FHFS veRd ZHolt
21l = 1:181°]th.

Table 3.1 Flowrate of sump model test

ITEM Rated flowrate (m’/h) | Runout flowrate (m’/h)
Proto 21,700 27,780
Model 120.0 153.5

Fig. 34 Photo of pump & inverter
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314 &4 28 A9 #AX

—_—

0

3
oF
o
&
o
o}

A
gl

EERRCE R

o PIV AZS

J|

AA otad= AEdS Az

= fg@h
F% 5 ok

Fig. 3.5 Image of sump model test arrangement
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(b) Vortex breaker installation

Fig. 3.6 Bell mouth image according to the presence or absence of the

vortex breaker
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Table 322 #F#&¥% 3o WE 244E Ye

= 2.1.39 YEeERYSITh

Table 3.2 Swirl angle

W

Aol 247ke] Ao

Flowatel ooy [y, [ v, e rom | v, | ¥, [ocen
1 10.0076|2.1654| 0.19 1 0.0073 | 2.7699 | 0.15

2 10.0147|2.1654| 0.39 2 0.0147 |2.7699 | 0.30

3 10.0220/2.1654| 0.58 5 0.0367 |2.7699 | 0.76

5 10.0367|2.1654| 0.97 8 0.0586 |2.7699 | 1.21

120.0 8 10.0586(2.1654| 1.55 | 153.5 10 | 0.0733 |2.7699| 1.52
10 10.0733|2.1654| 1.94 15 0.1100 | 2.7699 | 2.27

15 10.1100(2.1654| 2.91 20 | 0.1466 | 2.7699 | 3.03

20 |0.1466|2.1654| 3.87 25 0.1833 |2.7699 | 3.79

25 |0.1833|2.1654| 4.84 30 | 0.2199 | 2.7699 | 4.54

30 |0.2199|2.1654| 5.80 35 0.2566 |2.7699 | 5.29
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. 0.6d _1|"

Fig. 3.7 Sample of swirl meter

) SM1:mnormal ) SM2:double weight ) SM3:acryl

Fig. 3.8 Different swirl meter(thickness, material, weight)
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323 2dvEl 43 94X
Fig. 3.9 (a)= ANSI/HI 9.89] 2dwe} Aldst 24 91x& vepfa Sloh
T4 AR A FE do]Ad we} 2duete] X A 3

ok o] A2 2duEre] A fA o wE

Fig. 3102 2=guel A% A»e 23 Zx Ao,

_-Ball Bearing

—~ 140
> al 1 it
o :
o 2
o ! |
@]
S— e
° !
< R
74 | e}
va. v o ——1g-
Velocoty -,
Traverse |
) O
™~ |
S ] | 24l 5 |
.o |

(a) Typical swirl meter (b) Installation point

Fig. 3.9 Dimensions of swirl meter
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(a) 4d

(b) 0.5d

Fig.3.10 Photos of swirl meter location
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2 A9 A%E B Fage 223 dolst & fxskw ol A
$52 AR AT, A FEAe o8 Adz TAHe FUY 582
AAA E@T oldd 58e BE] Y4 Fg 399 2e 5B Eujr|E
Agste] o AY F544e &3E YT Fig 311 (@) Y 5F, (b)
£ A% A3 58, (O dEo2 §%0] A9A 58 5 F4AA

-3 3
# of ¥4 -
S ; 2 ef )
ofF . 25
. 7 = 3 = T mp
Z :
= e AR g g
2 ' -y
2]
e - E
-
o 3
(@) Fl:uniform (b) F2:center (c) F3:non uniform

Fig. 3.11 Flow distributor

_99_



3.2.5 9}FA AR (Anti-Vortex Device) #3t

17wl A LA 948 AA AVDE 71E Az

59 & YES A0EE FHE ANSHAT. O)E () B
9 6% A FUFEe VEES 629 4R AFIUT. OF FUD

ol AfFERANA BYSE 4B

Fig. 3.132 A3 AVDE X F=wo|th

Back Wall Fillet
Side Wall Fillet

Square Bar
Center Splitter

Side \all filles

(a) trapezoid (b) right-angled triangle (c) Square bar

Fig. 3.12 Photos of Anti-Vortex Devices

- 100 -



|
|
o i & LWL
A | R TENC.
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(a) Trapezoid & square bar
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g @ = | ( 2
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(b) Combination

Fig. 3.13 Drawing of AVDs
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326 A3 Ao~ A

Table 3.3 Z+ A&
= /\]64
ez

5!

R

z7

d

N

ot}

Table 3.3 Initials in accordance with the test conditions

270 e fAg HUd A
o

A& sl Beld & Atk Fig. 3.14v A@A0l2=9 o5& A

ol t.

o ofte] zFo.

Conditions Initial
rated flowrate(120.0 m’/hr) R
Flowrate 3
runout flowrate(153.5 m”/hr) M
equivalent flow F1
Flow distributor | center flow F2
one side flow F3
none NVB
Vortex breaker :
installed VB
normal (steel) SM1
Swirl meter thickness x2, weight x2 (steel) SM2
thickness x2, weight x2 (steel) SM3
Swirl meter 4d (560 mm from suction inlet) 4d
installation Point | 0.5d (70mm from suction inlet) 0.5d
none N
trapezoid T
Anti-vortex device center splitter <
side wall fillet S
back wall fillet B
square bar F

- eX)

M-Fl-VB-SM1 -4d - N

VNN

Flowrate - Flow distributor - Vortex breaker - Swirl meter - Installation Location - AVD

Fig. 3.14 Test case naming
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33 54 AdZdy 4 vF

E o] &3l & ZOoE A9 S5S AAE vhEo HE 2 BEo|AYL gle
g 2€97to]l 1871 vsgton, Wnlexo HE 2 HEo|AE AXS & 2~
e 0952 11 A3l @4o] tEn. ®REx BEo|7rt HAxE A E
HAZ FEHEHAAE 297o] 1% o]gtE Yo +=H oy Z2YHWEE °]&
g F4A W fE5s Fofsted JEFS vt BE 2~ By oA FYH
el f5s HFHA Mt Afe JYARE o2 et FFAY FE5EUA
< 7ksta dold = Q7] wWEolth

Table 3.4 Effect of vortex breaker

No Test o;l:':tlirt))n Flow Bell | Swirl ;::tt:x Vortex Swirl meter
. rpm o
case (m3/hr) distributor| mouth | meter device type (C-CC) degree(®)
M-F3-VB FV3
1 SM1-4d-N 153.5 F3 VB |SMl-4d| N V2 6 (O) 0.9
M-F3-NVB FV3
2 _SM1-4d-N 153.5 F3 NVB |SM1-4d| N V3 125 (C)| 18.0
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332 24dvE Bl & 297 Hn

Table 355 2dWEr A, A, FA B 3¢ Aoty &5 &)
71(F3)E ol-& 297 %7} 1857} yeot AFoAH F3FE 20%
& #ESUT 1 ZFAE Fig. 3159 1#zE YT fFS
U 100% thHl HAQl 20%4 =92k oF 10% =AUtk 2972 F3Fo 3
kol =LA WA gt =3, U £ FEU 2o o v fEFdol
Elol]l wet Hoi 8% 2 A& Holi ot o= m=¢ ANSI/HI 9.8 4=
B 297 55 olFtE FAst dedl orld 2duEte] By wE
22k 8%} 0459 a5 wW WF AA V&S H4e6xE olstE A 2 A
olth. Fig 3162 Al T/ 2~gwElr} STl F2Hg Apxlo|th

n
rN
2
L
N

Table 3.5 Data of swirl angle by swirl meter type

Pump Anti- Swirl meter

operation .Fl.ow Bell | Swirl vortex 'Vortex -
case (m3/hr) distributor/mouth| meter | 5 "o | type P Degree(°)

(C-CQ)
M100-F3-NVB )
LN saN | 1535 F3 |NVB [SM1-0.5d] N 125 | 183

MS80-F3-NVB | 153.5
-SM1-0.5d- x 0.8 F3 NVB [SM1-0.5d

M60-F3-NVB | 153.5

Test

No

N

. 103 18.8

SM1.050N | x 08 F3  |NVB |SM1-0.5d . 74 18.1
M40-F3-NVB | 153.5 )

-SM1-0.5d-N | x 0.4 F3  |NVB |SM1-0.5d 47 17.3
M20-F3-NVB | 153.5 -

-SM1-0.5d-N x 0.2 F3 NVB [SM1-0.5d 22 16.2
M100-F3-NVB

_SM2-0.5d-N 153.5 F3 NVB |SM2-0.5d . 124 18.2

MS80-F3-NVB | 153.5
-SM2-0.5d-N x 0.8 F3 NVB [SM2-0.5d

M60-F3-NVB | 153.5
-SM2-0.5d-N | x 0.6 F3 |NVB |SM2-0.5d

M40-F3-NVB | 153.5
-SM2-0.5d-N | x 0.4 F3  |NVB |SM2-0.5d

M20-F3-NVB | 153.5
0] ‘SM2-0.5d-N | x 02 | F3 |NVB|SM2-0.5d

M100-F3-NVB
I gM3-0.5d-N | 1335 F3 NVB |SM3-0.5d

MB0-F3-NVB | 153.5
12| 'SM3-05d-N | x 08 | F3 |NVB|SM3-0.5d

M60-F3-NVB | 153.5
13| 'SM3-0.5d-N | x 0.6 F3  |NVB |SM3-0.5d

M40-F3-NVB | 153.5
141 SM3-05d-N | x 0.4 F3  |NVB |SM3-0.5d

M20-F3-NVB | 153.5
-SM3-0.5d-N | x 0.2 F3  |NVB SM3-0.5d

. 102 18.7

. 72 17.6
48 17.6
. 25 18.3

O [0 | N | | n | | W

[

. 128 18.7

. 100 18.3

. 75 18.3

. 44 16.2

z|Z |z |z |z |Z|Z2 |z |z |Z|Z|Z|Z2|Z

15 - | 23 | 169
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Fig. 3.15 Swirl angle by swirl meter type
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(@) SM1

(b) SM2

(c) SM3

Fig. 3.16 Three types of swirl meter
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Table. 3.6 Data of swirl angle according to the installation point

B

< 05d 99x9
olAL I H

A

Test Pump F lo.w J Bell Swirl Anti- 'Vortex Swirl meter
No case operation distribu LAY UL vortex e | M o
(m3/hr) | or device | P (C-CC) degree(")
M100-F3-NVB
1 _SM1-0.5d-N 153.5 F3 |NVB | SM1-0.5d N 125 18.3
M80-F3-NVB | 153.5
2 _SM1-0.5d-N 5= F3 NVB | SM1-0.5d N 103 18.8
Rrel 153.5
3 M60-F3-NVB F3 |NVB | SM1-0.5d N . 74 18.1
-SM1-0.5d-N x 0.6
Rrel 153.5
4 | M40-F3-NVB F3 |NVB/|SMI-0.5d| N -l 47 | 173
-SM1-0.5d-N x 0.4
_F3- 153.5
5 M20-F3-NVB F3 NVB | SM1-0.5d N . 22 16.2
-SM1-0.5d-N | « o2
M100-F3-NVB
6 SM1-4d-N 153.5 F3 NVB | SM1- 4d N 123 18.0
_F3- 153.5
7 M80-F3-NVB F3 NVB | SM1- 4d N . 99 18.1
-SM1-4d-N x 0.8
_F3- 153.5
8 B F3 NVB | SM1- 4d N . 70 17.2
-SM1-4d-N x 0.6
M40-F3-NVB | 153.5
9 -SMI1-4d-N . 04 F3 NVB | SM1- 4d N 43 15.9
_F3- 153.5
10 M20-F3-NVB F3 NVB | SM1- 4d N . 21 15.5
-SM1-4d-N x 0.2
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Fig. 3.17 Swirl angle according to the installation point
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241, 2] 42, 2] 439 WAHXEES AAAH AAH FHEFoZTH HF &

| |
&, 28l olyA WA e ok o]4ks) AHEAL 2] 48, 4] 49, 4 4103}

_ 0
oW pAf )+ %;(p“jA”j)ip =0 4.8)
U; _ []lo Bui ou - o
i P ip €L ox;
(4.9)
(H—P/p) = (H"= P"/p) 5T -
g in

g2 Tl et implicitshAl ©FoiAlE, BIAAY Fels 139k 23
backward Euler ™A 2]o] ALg§Ht 4k F

function)®] PIEZFE = Z HEZ S fX|olA FHiAFE AdTFozH EA
Ao /&2 Upwind, Quick & EZ 7[Rl o H7td 4 Aoy, 712
AAE 710 113)d = (high-resolution) 7| & ARESTh I dE 7[H2 O
Fto tigt 23 F& = 9] upwind biased approacholl 71%3+ 7]¥ o] Barth
9} Jespersonol| 2Jsf 7l&® I FAMSHH

¢ =90pt+B(AQ), AT, (4.11)

21 4129} Zo] divergence FHA EE S0 s ATF divergence &F
< EHAE] dHz Hedn.

My, = Potl; o AN (4.12)

MEE e UF MY EF LAE 716 Heste] A 4 137 2ol



pip = pP+ ﬂ(Ap)@Arip (413)
°] upwind biased B7}= &&FH ANHA WA O E dFFH #7t
Az Ffreol AEs dFAololx HgAHolH, 239 AYEEES JRH.

Agsloltt. WA pus Newton-Raphson

22

Lo

Implicit }HANA F23 HL pu
AP st o8] A H
(pu) = p"u’+ p"u" — p'u’ (4.14)
714 A ne M2 #F (implicit) = W3t 02 oz X" #)
Aot ol # 7 Ad¥Fste A dodd 2R whsto AHA de FES
A7,
mprEto 2, A 4159 o] "ol thik FEAA L 4He dFow 74

g p' implicit £H-& D7) st ARET A AlTE FEEE A oA

_, 0p -
iyl & guad
| op Al o
o=+ 22 (pr pYy (4.15)
oP
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423 dR=2d

o,

o]
GE mde BEARy WEHES

s
[e) P

(transport equation)®] 3|E T3t7] 9% FHolt}y & S0, £& ve H
% T

AR U 9 At 2 HEAR 2 YUE At
U= Utu (4.16)
_ 1 t+ At
o] 71 A, :—t/ udt (4.17)
¢
AtE G579 HFE scaleR T AF o2 = A7t scaleo| A9, WA 2SS F+=
A "]ZEE‘:H_; 22 AIZF scaleoltf. W] A A o "]7\_} Bd &7

18, 2 419, 4 4203 %2 Reynolds Averaged

Navier-
%+v . (pU) =0 (4.18)
%]ﬂLV s (pURU) =V o (71— pu®u)+ Sy, (4.19)
L1 (plp) =V« (1) = pug) + 5y (420)

=
Z2HE Uehdrh o] 352 turbulent velocity fluctuationo] 23 thFe
molecular level®l| 41 2] thermal fluctuation®| 23l °oF/|&¥+ EgHRT ¢ It
v AEE Yehdt. 1 do]EX2FolA, turbulent velocity fluctuation-
thermal fluctuation®] BT A4 = (mean free path) 2T} X & do] 2

ds zZtet e, 3R F52 B fE5RT €4 34 Foh Reynolds



Averaged Energy A2 2] 4213 2o}

Ophyy, — oP
1N e (pUhy, +puh— AV T) = — (4.21)
ot ) ot
A71A Ho® AA AEv= A 4229 FZo] Fo|XTh
Lo
P =t Uk 4.22)
A& (total enthalpy)= HF-5NIA (mean kinetic energy)} i

Eol A (turbulent kinetic energy)E E3th 7|4 dFEEAUA= 2

4.233} zFo] g olHt},

L

H, &9 m?/soltt e GF 24 (turbulence eddy dissipation)©] 1.
<

ANG ko] 9L zteth F, (LTY), m’/s’olth k—e R 7|8 Ay

LI (pU)=0 (4.24)
Ve (pURU) =V ¢ (V) =Vp +V o+ (VU +B

7] B body force?] #oli, Hy= IHE I
2], p< Al 4263 o] FAHE £AHHE g o\

, 2
p =p+ gpk; (4.26)
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g2 di7 JAASE dF FAUAS
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NAE k-0 RIS ARSI v2Ee k-& RS AR83k= BSL(Baseline
Model)# SST(Shear Stress Transport) ¥ A3t o =g = & F
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Aolth. ol 7bed Ak y o FusA e FAHL Ry AT A
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o
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1 A¥ eddy-viscosityoll tgt At oSS sEATH TETS A 4.329F o]
eddy-viscosity FEH| & WA 2o tigt Aoz dojd + Utk
_ ak
max(a,o, SF,) (4.32)

A7 H, Vi=#1p F,=blending function, S=strain rate

Blending functiona Y4REE A&

2o Yeje mAze] Y e A R
F = tanh(arg;) (4.33)
. Jk o 5000 4k
arg, =min| max| ——,—— |, 3
lBa)y y @ CDkWUa)Zy (4134)

A7)A, Y& MuosnE sbg ke 2AAel AdE elrl@ ve §
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F, = tanh(arg’) (4.36)
2k 500v
arg, =max| ——,—
Boy yo (4.37)

SST ®=do|uy BSL Rd-e k—¢3} k—w Aol blendings 93] #ds} 7}
& 7k Al AT 2o AYAEE TAE I Wall scale 784
= 4 4383 #Z2 Dot FHo WA ERE 7 5 ST

v2¢ =1 (4.38)

714, 9= wall scale %S ousth BHAGE 2 4399 23] wall
scaleZH-E A4tE T

Wall Distance = \/(|V¢|2 +2¢)_|V¢| (4.39)
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Table 4.2 Comparison of swirl angle

Case | 054 | 06d | 075d | Average smﬁF?ngle SEjvlgflﬂ;egr;; Error

(m/s) | (m/s) | (m/s) | (m/s) () () (%)
1 0.53 0.46 0.25 0.41 16.5 16.2 1.6
2 0.42 0.40 0.26 0.36 14.6 14.1 3.5
3 0.43 0.41 0.27 0.37 15.0 14.8 14
4 0.56 0.46 0.23 0.42 16.5 16.2 1.9
5 0.42 0.33 0.16 0.30 12.2 12.4 1.6
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