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2.Hydrodynamic performance of air-water flows in
gully with vortex enhancement

Motivation: reduction gully height with diminished effect on maximum flow

rate using vortex generator
(@

(1) tank (1)
(2) vertial stack

(3) gully

(4) valve

(5) water tank

(6)(7) inlet pipe
(8)CCD camera
(9)digital micro manometer

i Zone |Length (mm) | Diameter (mm)
i |Cyq| inlet 55 48
C,| inlet 55 48
C;/gully core 80 40
C4 outlet 55 60

(a) test facilities (b) twin-entry gully with swirl generating vane (¢) numerical model
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Expe rimental results Test gully without SGV Test gully with SGV

Twin entry Q,+Qz=65 L/min Twin entry Q,+Qyz=70 L/min
S . R g o V7 :

Conceptual flow structures determined
from flow images collected from test gullies

3 J\ﬁtryrfl s J e Entry

o L \vortex/ - . ) vortex

N ’ - f Bubbly
e \L = B | ,~ﬂair—wat.er
eSS SN U | e flow region
E- [ \ N ) ( N 3 N ( N/ L
g i i Core ! o T _%_guter
IR Li_cylinder J o LQ// A/ A g (i

ithout SGV With SGV

= > = e e >
Vortical flow direction ~  Near-wall streams
induced by angled ribs tripped by angled ribs

Air-water flow structures in test gully without SGV

at QA+QB=651/min and in test gully with SGV
at QA+QB=70L/min.
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Numerical results

™

Middle vertical plane at Y=0

Middle vertical plane at X=0

101220 101470 101720
Pressure (Pa)

<= Direction of exitflow

101970

Gully without SGV Gully with SGV
t=10s

102220

Gully without SGV

101020 101343
Pressure (Pa)

Gully with SGV

101665 101988 102310

Distributions of instant fluid velocity and pressure over middle vertical planes of Y=0
and X=0 at t = 10, 20 and 30s with Q1=0Q2=15 L/min.
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i Gully without SGV Gully with SGV
Numerical results t=>5s

7 EnTRY
PORT

AGITATING
BuBBLY FLOW
REGION

AGITATING
BussLY FLOwW
REGION

' DISCHARGE
' PORT

— Higher Fr for gully
t - 30s without SGV

AGITATING AGITATING
BusBLY FLOW BusBLY FLOW
REGION REGION
JY
DISCHARGE DISCHARGE
7 PORT

Higher Fr for gully
without SGV

0 132538 5§
Froude number (Fr) e

Fr: ratio of inertial to gravitational forces for indicating relative resistances
of submerged air bubbles moving through water stream.

Three dimensional distributions of instant Froude number
reflecting the overall flow structures in gullies
with and without SGV.
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Numerical results

Gully without SGV

<= Direction of exitflow Gully with SGV

t=20s

t=10s

(22mm)

Zz <~/
(34mm)

1.013 1.015

Pressure (bar)

1.016

i *
1 1
/ "'M‘\"‘-‘ Y//"’-‘-“\\.\\

1.018
==

t=30s t=10s

t=20s
E. i
1 1

1.013 1.015

1.02

Pressure (bar)

1.016 1.018
" B

t=30s

E.
1

1.02

Distributions of instant velocity and pressure contour for gullies with/without SGV over
horizontal X-Y planes at Z=22, 34, 46mm.
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Experimental results

[ - - -}
! L L

=
}

gauge pressure (Pa)

F
-

0 2I0 4'0 6'0 8'0 160 120 1;0 lgO 180
—7z=164mm z= 144mm z=124mm —z=104mm z=74mm t(s)
(b) t=0.01 s () t=0.02 s (d) t=0.03 s

o

DEEDRMATION OF & AIR BUBBLE

- IRRIEX CORE ‘, EORMATION
IS : i \

11
ft

. AIR BUBBLE . U’U”}” % AIR BUBBLE
. IESERARATION  [PEEOR RN [SEPARATION. .- IBRI AK-DOWN
)

;. -

Wive ==

|
.
T

.
AIR BUBBLE ] 2 VORTEX ) :‘JNITIJ—\’I'I()\ (0)3
‘.SEPAR ATION 1‘&E EORMATION |1 .- [SEENTRAINMENT

,,’\-.

Temporal alrﬂow pressure variations and corresponding flow snapshots
demonstrating the process of air entrainment by entry vortex.
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Experimental results

Without SGV

{= 0.07s

I
1
1
i
i
1

air bubble re-circulation and mixing zone air bubble re-circulation and mixing zone

Drifting trajectories of air bubbles in test gullies without/with SGV.
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Experimental results

Test gully without SGV Test gully with SGV
i Single entry Q4 . Single entry Q,
. ' e
_0.8 - i 8 - ;
‘.-J\ 0.6 1 i) ﬁi = Ei = =
— 0.4 - £ 5 4 S5 5 3
7 T TiEoa T
0.2 e s 02 1 s o 3
0 T T . .' T 0 T — T
0 10 20 30 40 50 60 0 10 20 30 40 S0 )60
Single entry Qg t(s) 2 Single entry Qg (s)
1.2 .
1 W 1 e
_ 08 i _08
o ' -
— 0.6 = = 5 ~ 0.6 1 =g = g
H 0.4 4 = = 5 — 04 ‘;E‘ ‘;*E é ‘;‘E
0.2 4 i i X , 0.2 i I:
0 : ' _ ,U U,* . 0 T '. - T T T
0 10 20 30 40 50 60 0 10 20 30 40 50 £ )60
. : s
Twin entry Q,+Qg t(s) > Twin entry Q,+Qp
1.2 .
1 W 1 WM!WMI
_08 i _0s8 i
= os e g2 i 0.6
s 5 & = = =izl B =
= 04 T T 5 i 04 UL &k
0.2 A 0.2 9w %
0 10020 30 40 S0 (60 0 R 1O
40L/min ~30L/min —+ 20L/min -+ 10L/min 40L/min ~30L/min —20L/min — 10L/min

Temporal L/L1 variations for test gullies without/with SGV
at single/twin entry conditions.

Maximum discharging rates with SGV at pressure head of 1.2m water-height
are increased more than 7% from those without SGV.
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Q=10>cms (7t &)
The moving velocity of pipe: V=Asin(2nft) A: Amplitude; f=Frequency
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Casel-2

Case2-1

Case2-2

Case3-1

Case3-2

Case4-1

Moving type
Horizontal in the x-axis

Horizontal in the x-axis
Horizontal in the y-axis
Horizontal in the y-axis
Horizontal in the x-axis
Horizontal in the x-axis

Horizontal in the z-axis

tEEASELKEKARED =

A: Amplitude F: Frequency
0.2 2
0.4 2
0.2 1
0.2 2
0.4 1
0.4 2
0.4 1
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case4-1.avi

Mowrmentof fluld mass center(m)

411 =

412 =

413 =

Case1_1: A=0.2m, f=2
Case1_2: A=0.4m, f=2
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Time [sec}
B R PG B L T [m BRI A SR b

Moverment of fluid mass center {m)

Time (sec)

0.04 — Case2 1:A=0.2m, f=1
----- Case2 2:A=0.2m, f=2
A L = r - A bt = ~ =
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Fluid mass center-
Cased_1:A=0.4 m, f=1
""" Pipe mass center:A=0.4 m, f=1
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