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Abstract [ Objective] In order to study the hydraulic flushing flow characteristics in gate flushing building of the storage tank,
improve the adverse flow pattern during flushing and flushing efficiency of water storage buildings, [ Methods]  the gate flushing flow
pattern in the rainwater storage tank building of Shanghai was numerically simulated in this study based on the the renormalization group
(RNG) k-¢ turbulence model. In order to facilitate the visualization of the flushing efficiency of the storage tank, a comprehensive
evaluation index of the flushing efficiency was proposed on the basis of the maximum flushing flow rate and the effective flushing time.
Taking the comprehensive evaluation index ( F) as the target parameter, the optimal corridor structure design parameters were
obtained. [ Results] Controlling the opening degree of the portal flushing gate can effectively improve the efficiency of corridor
flushing. When the gate opening was 60°, the average effective flushing time was increased by 28% to 1. 36 s, and F was increased by
12% to 0.28, compared with the traditional gate free outflow. The rectification measures of " diversion slope" near the gate end of the
regulating reservoir gallery can effectively improve the adverse flow patterns such as backflow and vortex in the triangular water drop
area at the bottom of the gate. By simulating the flushing process of diversion slope with different slopes, it was concluded that when
the slope of diversion slope was 60°, the average effective flushing time was the longest, which was 6.95 s, the average maximum
flushing velocity was the fastest, which was 4. 06 m/s, and the F was 0. 90. [ Conclusion ] The research puts forward the optimization
countermeasures for the design of the portal flushing gate and the storage tank corridor. It is suggested that the cleaning effect of the

gate flushing system of the storage tank should be improved by controlling the opening degree of the gate flushing gate and adding the
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diversion slope, so as to reduce the number of manual cleaning, save the operation cost and reduce the safety hazards. The research

provides theoretical basis and practical guidance for the design and management of the gate flushing system of the storage tank.

Keywords storage tank gate flushing system flow pattern numerical simulation hydraulic flushing

30840 30 R 7K YT T 3 G145 e A% R IR T 7K
WIS QR SRR 22—, AR & A IR B
WM KIS 0 AR 2] T Z W H . TR E & e
B B A T s T D e TR i R R
Jite 45 41 75 G 7™ B 1) 40 3 W K HE S K AR B ) sk A
TS YT AT G YRk R e WK R S b S B
BATR AR, R I K s T A B K
TS YA, R R & A — e B RS, 24 )
UURPE VR 25 RS | N S B, 25 5 A8 o p= A S
R, AL T2 B AR S B B S AR SR AL
TEAEY G B TEEN R, R JEEER
T S TRtk /> T I E M A R R, BRI,
AT 9 25 b A 0 AR P A A B SR T R S TR
YU Tl B b R I K R | I 5
SPRIART= A i i S e oKk . E AT e H FH ) b g5 =X
FER I RUIRY I N i 0 R LR o I = W £ IR LR
E N

I 12Xk R G A FH K 0 24 R LR 25 e S B 11
WHER byt X H g aa e AR T E
JER T R Sty 1 i 7 b, PR A K b RS I 1], 24
Tt HEZS K Tt g F |, o B 1R D 7K b
FEAK 2GR AN T8 Bl — ik 77 0 ik YR = o 0, e JER
TE PGS V5 I8 Ry 3 45 A o 1) A T A i £ 7K R, DT A
S epEeRCR . T Bk R G0 R ERAE TR 5 ph ek
Bl HFAMIK IR T T2 R,

HATT 1 vy R G, A7 16 V8 35 1t JBR 38 11 o M R
Uity DV DX S P AR AN V5 U A W P AN ¥ 1) B
%, WEWEET R U B E X, U
BAHZKIBRE 20 em B PN R RICR 22 11T A
TERZYe Vb aR B, 2R T H AT vk i E 3 i
JEG TIPS -5 T 11V 38 B L A, D 1T 5 I 7K O i )
POV SR 5 1M BURGE RS A e E X, HE
JRTE Aoty R VD IR B, F2 B SRR « v A v v D 5
K, B VUG R IE IR VP, A &b vk, vhisk s B
PRI SR B /N R R, i © AN R DU R R 1 R
Ui R B e D . TEBRFAR T B R AT
B, %L e 5 ) WORIR T, B ER &
[£3::8

— 168 —

FEWE A T B R v, A TR YRR i
WP JERTE AR | e e 1 B FIAE 7K e B A% g
ORI R, P PP 8 & A A R 254 1 1T
TR R T B, Guo 4 i i Pk %E
B YERNALS 5T TR E IS R S KR W IR
J&E KA 7Kt /K TR e ROR 52 e 48 S BRI
WP 0w | NI b SWNTTY) N i 7] | K ()
/D T RS ] wp e B 5 gk Dy B 22 ) A A —
FEFFR, Pisano 57T HE U E It R U o K I
FE=1 m/s I, D) e e ] DA B K 43 0 AR
XIS 3 A R b gk 1T KR, A AR IE Uk R
RSB BE N 1.4 m/s, B4R sk D 7E 55 s
5mAb & R T 250 mm, & E R Sk B R T
200 mm WIEHLT KT 0P e RGN 1T T 5%
AT — 20, FF A3 RO LR X EHLDTR
Py o PR T B AT R X AR S bR
R K B, i K BRI, e T A o 3
P ¢ N VDA =M 2 2L sl N N s - AL el 2
EN= g e o e e Y A I ] AR O v
SEOTIIFEE T AS TR ) AL 7 BE T S5 K ook T 8 B e 1)
AR AT 25 A B, FL i /N P A 78 e e g
K, Bt v R B R (AL DAL R phie X 23
FEREIETN A5 S T )L S It T 0UR 38 iy ity e
PEH X, 45 H il fLAL s T DA R )N XA
PARLY %Y € SN NN d 2R 1) ST e M P WD e 278
BEE MR, o v gk X B R, 7R E IR
Sl b AR SO TR — S BR R K R S TR X H
T JBR 2 T g M AR i U6 VD % B8, I ELIRDTT R 34 B A X
A R R n) @ AT RS, S0 T R i 1O
JE SR LU ph R ROR | DURTESE &P 4
B (F) ISR, 15 3 AR 0y BB 45 150+ 288
1 e AE
1.1 R R S

T 7K JH Tt o RSB RV HE K = ] 1] o
VERRE MK, 1R 1 AR ERT KR & iR &
Bl fifKERN 2.7 m, 560 4.2 m, AEEBA
KRR 2 m, 7K RSB R 20% M RHE
it 7K RSB T T e I 17 7 S B 25 o 8 JER



woK HOR
WATER PURIFICATION TECHNOLOGY

Vol. 44 ,No. 5,2025
May 25th, 2025

B A 0.64 m, MTTHHKN 2.8 m, &Rl
0.4m, MPEMEK N 18 m, 5l 4.2 m, PN
1%, YRS A N HE K %, T LAUSCEE il 75 7K 2R
EETHEGKE M, B 2 KW TR« S
A R 7K 8 5 s B R R R 30%

B W I ERAE 5 A B AP 1~ [ 2 PR 7R JRGE
Tk A IFE AT B 4 SRR AL, AT A S B JER I
PSR

HkE TR

B 1 KIS

Fig. 1 Rainwater Storage Tank

A IR
PR <

2 iSRRI E

Fig. 2 Rainwater Storage Tank with Diversion Slope

COMSOL Multiphysics® %4 K H: 418 fig J1 58 |
ORI N T TR R, SR
PR3] 1% (CFD) B FH T AT T3 AR J) 2= 5 1,
AR SCHF T IR S o R AR K R R AL T ROIRAS
PV JRRIE AR AR | I SN R A, i 1E
CFD i vp 5 & L #f ( renormalization group, RNG)
k—e it DAY ARHR b T R K R Tt S A A
AR AT AL AL

AR L A 37 11 78 5 oy J LA ARE AR | 5% LA AT I A
FI3 R FH DO T AR RS 0] 43, A ASE L At A it ] 1] Ak
IR 2% , BT ey 35 DX I X W A% S e 2R 4 in 2%
SEEE LIS THE AL SRS BE . AK BT R )
5 M) AR TR T 10 85 SN B R S B DA ]
3TN 2 2 B T E 2 3 A A 0 A D
SREKAE T, AR TR, AR
80} FU B B 2 A% BN 257 T (AR dE T K JH &
ith) F 269 J7 2247 (CHF UL R K T E ), ke A
PSS SO F L AT
1.2 ZETEMIER

RES b O JER T 1 P Ak SR B R v e TR
AR PR A PR HE AR, N E T R G AL
B ERCR  BIAF H 2 MER R IRGE S 1 A
TR IR o ASHIF ST AR 5 A B3 R e Tt e 11 °F

PER V,, V. BUEHN 0~5 m/s, BUESHFE AL
RO R B P T, T, BUE R 0~T7 s, W5 —
F AT @ 8es e R/ 5 v, /10+T,/14 1
BUER 0~ 1,24 F HUEBEIT 1, R FHE AL
Vi BRI 5 m/s A RRIE AL T, BRI T s,
R, T F PP s, A= (1) o

V.. T,

max

F=""4 1
10 14 (D

2 HR5H5WH
2.1 AEBENFETHREERSHHT

ERpUEYALIEST A= RU =L I NEED &k
Wk [0 T, R AN AT ] 5 0 e i O K
PRYERT R, BRI 1D B A b e AR
PR 15 [T B X b e 03 i B2 7, A2 oAt 2%
AHIR) A9 17 0 T 1 el 1T BE R 30°,40° ,50°,60°
70°,80°,90°, 43 5l & 57 v A Y AT pp R AR AL AR
TR TP RE 7S T R A0 1 2 B, RAAS AR AE A AL i
=1 m/s (IR R R E

FENF IR EE R S0° M LT, 4 ANRAF A5 AL it
Bl R AR AR & 3 PR, [Fl— i T TR B, pheJEg
EPREAE AT 4.3.2.1 &b S @ il 4 B oh 2,02,
1.92 . 1.69 1. 62 m/s , FEAH f& I 25 fiff 7K b 80T, B
o U R R R, kR R R S IR 1T AL, K

— 169 —



% ¢ ‘%‘3\’/}&'{' 9i/t|:i%£ﬁﬁ

PE e R GUKRL A LR

Vol. 44, No. 5,2025

) R K O R R A

2.00
1.75

4 i [n)/s 6

3 [AITIITHE 50° 2% REAE s AL gk Kt Uit i
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at the Gate Opening of Degree 50°

AR IFEBE R, 4 AN RRAE SSAL A R e A
WE 4 Fros, 860 R RME iR, 7K
(] 0] TR EE T, 24T Sk 3008, v, RO T, 2
EIEL A o NIRRT (NI TR 280 WA N = O/ TR S U A N LA
(I T B A4S nh bR B 25 W) TR
30° H/INF 6001, £ FRAE 5, T, i il 17 B B 484 A
T e TR A 6001, T, e, Hod e RRAE A5 1
b T B, 1,36 s, F ld%in 1, 0.28, 2414
TR T 60° B, £ REAE o5 T, B ) 7 JF B 114 38

KM/, V,. 2B AR R FEAS R B IR C &R,
XA RN FEA /K 2K B A R A I 50 T, Il 1D B
IR, S TR, e A A K A e I 1T AN AR
IEOLT e IR T kil (Al 215 K &
THFERER, 171 G0 A Pk T i A fb B 3o — 3
SR RO PR R ARSI N, A RO [ TR
I 52 G0 el o R s ) 5, 7 T R 52 AR
Voo SIRITIFFEETCLAESCHR , S 1B 80° I,
KPR N 1. 75 m/s AL EL I T IF N 60° Bif
HKT0.6%,

20

18 —x— RHiE 4
ST —a—JF(IEA3
® 16} ——FHER2
N —a—FEE ]
= 14}
&£
£ 1.2
=
= 10¢
.}E\m O 8 / x\x\’\x
0.6

30 45 60 13 90
WIIIFEEN)
B4 AFEFIIFEE TSR A RO g
Fig. 4 Effective Flushing Time of Each Characteristic

Point under Different Gate Opening

F1 BB R LR CRIFERIRTTIFE)
Tab. 1 Experimental Plans and Results ( Different Gate Opening Degree )

B il T R
LN
30° 40° 60° 70° 80° 90°
Vo (mes™) 1. 66 1.84 1.76 1.83 .74 1.75 1.79
T,/s 0.96 1.07 12 1.36 1.19 1.16 1.06
F 0.23 0.26 0.26 0.28 0.26 0.26 0.25

SRR Tl b N i | LN P 2 N TR U LR Y - R
W] 15 JEE X6 JE 3 1 e RACSR A R, AH B A% G 1 I
FLE FR O, A5 IR T B Dy 60° B, T, BT
28% ,F 25 1 12% , 4 0. 28, 18 1<t 45 il 1) 1] JF B A
75 2O} JER T Rk R A — R R T
2.2 AESREFEETHEERSHT

FEARETA 3 b oz 4 3 v, DL IR SR e
AN A e b BRI, 0 HL R AR T A e S B U
T B X, 4y iz 2 8 B 07 i il — 2 T AE
A s RN —E R, AR SCEE A AR
TRELLG 25 TR o W8 T i 1) 5 XA o 1A
BT, o BT AS R F AR E  oe

— 170 —

VRARICR , ZE AR A AH [R] 9 155 01 150 8 5 T 38
h 30° .45° 60° . 75° 5 AN U T AL TR L,
VR ST e AR R AT P AL, T T A B G R 2
Fi7R . DAASHRIE AN =1 m/s BB E] Ry 55
Vet

RGN U ol e/ TN AT o G A G E
SN 5 s . AEARH SIS SR, IR
JaJa s, BT I 91 46 B B, 343 i e 7K 3t o
it /K = LLOKE " IS ST A vPUEERE | o5 —# 8 5r 7F
I ] 158 B R B 3 G A 2 ) 7 AR MR B4, O 7 AR
K, FEARE R, X & R W KA EE
R AR A — Y R 22, (A5 R T TE T ) K



I G . N Vol. 44 ,No. 5,2025

WATER PURIFICATION TECHNOLOGY May 25th, 2025
{Mﬂgﬁ}%& R 5L
: *
DI,
(a) T=1's, o'k Wﬁ’qg}ﬁ (b) 7=2's, LSk {Mﬁlg\,&
(c)T=1s, 6=75° BN (d)T=2's, 6=75° U
! |
% 1
1 i
(e) T=1s, 6=60° () T=2s, 6=60°
LS LA §2¥5(
; :
1
D
(g) T=1s, 6=45° M;ﬁ:%ﬁ'%( () T=2s, 6=45° phf/qﬁ%‘%[
() T=1s, 6=30° () T=2's, 6=30°

B 5 £ UHE T iAo i o &
Fig.5 Distribution Cloud Diagram of Flushing Flow Pattern under Each Diversion Slope

ANFE Sy, oEm T RE T Ay B S = A LR
DX IR AF e, (575 gk BB 2 0 55, Tl AN 150, 5
M) AR

BRI 7500 TR G, T LA 2l fig
K IR AT 3 5 3 B0, JBR T8 PN AR A7
A Bl (e , BTG B S [ 3 Rk R B, R K
R A DS, WIS 2 s, 0]
ek e sty A A S R NS 3 L

SIBEYEEE N 60° K LI, W R A, Bk
F KT SRS 3, & SRR A sk | %
PRK TR , FEAR L3 A IE P, 45 Aisf ) B3 5 I
BN RAS A SR A AT KA

AR T 00T 48R st Ak o e 7K S 7 3k o
i AE L I N B 6 From, wriad i o R 43t ]
BP0 b PR R T IE R E  T
TC L B, 45 R AF o Ak B v o R R A 1. 62 ~
2.26 m/s, 45 T U B ) A5 R AE A5 dR R R R IR R
2.94~4.90 m/s, VBT I IEONT H5 g R I R
WK, BAN BT LS I B A K i M | s v
ZRWB I E N, AR S MRS s

B, 50 i A TO0R EL |, 3835 S i R 2 5
(A E R B 9/ [T 3 | 30 308 55 AN R I 2, ik 2
KAk,

2 T ZE R W% 2 Frs A F IS m
T RIS T, WE RGN, S A B 750
60°.45°.30°, T, 434 /m 1 5.01,5.59.4.30.3.53 s,
R PR S R A 0 KD FEA K AN AR
HTE L RS A RUE K AT R PR ], 75 S e
BEA 60°HF, T, e, BN T 5. 59 s 24 i3 i 4k
L8 /N T 5 R S, T, Jkb 3R R R
TR T AP, JH 1 B 3 A8 K g K N AR | I []
FEARIR D AT TR W Y T 00 S i 3
V.. WA BB K, S AR 75°.60°,45°
300,V AHEE T 2.08.2.23.1.93.2. 1 m/s, &5 A
K5 B = BIRT R, 5 It 35 A e 1 10 3 D 3% B )
FUR Rl AR , (A A 2 T s B
a5 JER A T i X A el VR 2 1B )N
FABTE I BN 600 fiedir 1,4 0.9,

TESEPR TR St e B R 75 SR 1) TR e
B OF IR L K S S e N R R R Y

— 171 —



BRI VL.

PE e R GUKRL A LR

Vol. 44, No. 5,2025

5.00 ¢
— i
= somasesssnne 7 50
L 400 e
£ ———d5°
300 —=30°
2200t
£
=100}
000 1 1 1 J
0 2 4 6 8 10
i il/s
(a) FFMER
500 .
— LU
~ A e 750
T, 400} —em= 60°
£ ———45°

- 30°

— L
s 750

—---60°
———45°
—_30°

/(m-s™")

& 3.00 -

pei

?Jl

e}

KR

4 6
A /s
(b) HFfF 252

4.00

w
o
S

2.00

HPEACH I/ (ms)

o
S

o
=3
S

Bl 6 AR miAL K U
Fig. 6 Flow Velocity of Each Characteristic Point

F2 BT RIEER (I

Tab.2 Experimental Plans and Results ( Diversion Slope)

B ST S
izt
To Wk 75° 60° 45° 30°
Vo (mes™) 1.83 3.91 4.06 3.76 3.93
T./s 1.36 6.37 6.95 5.66 4.89
F 0.28 0.85 0.90 0.78 0.74

()7 =Xt T 87 B A 0 3 ok K T A, B 4
e PPYRRICR TR UL RE S 60° BT, T, S K, F
LI, vl RO B g, HL S A E b g K A
3 &t

WL RNG k- i A A6 25wl 1] =X op e ik
FEHEATECE AL W58 T 171 3K b ) 17 B8 % o ok
BOR B IR R T B XTI TICHR 5 e 5% B8 i 38 0
Nk, FERBILUTFESE,

(1) 38 BUAE BT 90 UE T 2 il ] 1] FF B ]
108 | E I 2SI L R VR T O 13 IS G TR €'
PREETE], F A ek . A RERWT, T vk

— 172 —

7] T BE A 60°, 76 HEGE sk A T, T
28% ,F 4275 17 12% , M 0. 28, 153 &5 s wh sk ] ] 3%
T b SO T 4 R T R R
(2) H 7 JER A gt it A v I TR = A kK X
25 IR iR AR AN RO A, i R VD IR |
VEARNAL, s 1] S vp PR Sas 174 4, AR SC
JITHR HH A3 1 < R UL R R e T DA S 3 A 2
HVEM RS , 72 S I E R 6008, T, #4HnT 5. 59
s,F 2} 0.90, BEJHE R IE T i« 60° T
e, Aps/b N TIg Ve, 7 s 17 LA vk /b 22
IS
(T#% 179 )



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 /No. 5,2025
May 25th, 2025

(3):52-56.

MEL B, 20, N30t T Ao SR B K 2 4 #r [0 ]
THE SRR, 2023(6) : 43-46.

MEI'Y F, LI N. Research status and influencing factors analysis
of artificial wetland technology [ J ]. Energy Saving and
Environmental Protection, 2023(6) : 43-46.

Wt FRSCAE, WRE, S WU N LI AL 3G e i
TR A AL AN AL CR B R [T ], H R,
2008, 29(8) . 2177-2182.

YANG X P, ZHOU L X, DAIY Y, et al. Removal efficiency of
C and N in micro-polluted river through a subsurface horizontal
flow constructed wetlands[ J]. Environmental Science, 2008, 29
(8): 2177-2182.

A, AR A FRETIA T b A 4 R K B A TR S
[J]. 4ikHEK, 2023, 49(3) : 54-59.

SHI B, L1 Z J. Engineering practice of surface flow constructed
wetlands to improve water quality of inlet river of andromeda lake
[J]. Water & Wastewater Engineering, 2023, 49(3) :54-59.
BB, Hztoh, BB, & ZHN TR 5K PRk
FMERRBUELT]. RS KHEK, 2020, 36(21) : 75-79.
ZHAI J, ZHAT H C, MA H P, et al. Mechanism of phosphorus
removal from domestic sewage by multi-stage constructed wetland
[J]. China Water & Wastewater, 2020, 36(21) ; 75-79.
IME, AL, BN, SF. BRI US B TR SRR
BRI BOR K [T]. Bk EER, 2023, 42(2): 140~
146.

SUN J, YANG M, HE S S, et al. Inhibitive effect test of
nutrients release from sediments by zeolite and shale ceramsite

[J]. Water Purification Technology, 2023, 42(2) . 140-146.

(EB% 172 1)

(1]

S Sk

TR, 5T, TRBUKERSEIE B A 1 I 2 i (9 D RE K v
FLT]. KRR S5, 2022(2) : 64-67, 118, 124.

HE H B, HUANG Z L. Function and application of initial rain
regulation and storage tank in river basin water environment
management [ J]. Water Resources Planning and Design, 2022
(2):64-67, 118, 124.

B, SRS, ThbeR, A5 b B A X 0 R K #
BRG], BT, 2023, 41(s1) ; 257-261.
LUY, SHI J L, MA X Y, et al. Case study on the design of
initial rainwater detention tank in a new-built northern city[ J].
Environmental Engineering, 2023, 41(sl) . 257-261.

BomAe. AR Ak BE 5 i s g Rt 58T
[J]. #okEA, 2023, 42(2) : 169-176.

XIA J H. Design and operation of full-underground treatment
facilities and overflow pollution control [ J]. Water Purification
Technology, 2023, 42(2) . 169-176.

rhie N\ BRI A 57 I 2 R, Hh A N R [ 52
B S A B R, IR K B TR R MIE: GB
51174—2017[8]. dtst. *PEFHRII ML, 2017.

Ministry of Housing and Urban-Rural Development of China,
General Administration of Quality Supervision, Inspection and

Quarantine of the People’s Republic of China. Technical code

(9]

for urban stormwater detention and retention engineering: GB
51174—2017 [S].
G, R THEI AR el DX TR K SRl TR K 8 i vk
JrBEHI]. kAR, 2009, 35(3) : 50-52.

XIAO Y, XU J C. Design of flushing method for initial rainwater

Beijing: China Planning Press, 2017.

storage tank of rainwater pumping station in pudong park of expo
[J]. Water & Wastewater Engineering, 2009, 35(3) : 50-52.

GUO Q Z, FAN C Y, RAGHAVEN R, et al. Gate and vacuum
flushing of sewer sediment; Laboratory testing [ J]. Journal of
Hydraulic Engineering, 2004, 130(5) . 463—-466.

PISANO W C, O’ RIORDAN O C, AYOTTE F J, et al

Automated sewer and drainage flushing systems in Cambridge,
Massachusetts [ J]. Journal of Hydraulic Engineering, 2003,
129(4) : 260-266.

XU HEET IR E B 2o R S BRG], f
fH TR, 2019, 38(1); 125-127.

LIU B. Discussion on equipment installation, commissioning and
technical improvement of Xinwanping storage tank [ J]. Value
Engineering, 2019, 38(1): 125-127.

WRECHT, skI1T, IKRER. RK R i A A Ak A UL
FELI]. RSB, 2023(3) : 69-74.

XU Q K, ZHANG L F, ZHANG J M. Numerical simulation
study on shape optimization of rainwater storage tank [ J]. Water

Resources Planning and Design, 2023(3) : 69-74.

— 179 —



