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Characteristics of venting flushing in hydraulic self-cleaning systems for storage tanks
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Abstract: A numerical simulation of the characteristics of flushing during the venting process for a hydraulic self-cleaning system in a
storage tank was conducted using computational fluid dynamics (CFD) method. An analysis was conducted to analyze how the opening
time of the gate and changes in water level within a storage tank influence the flow characteristics during venting flushing processes and
the flush effect of sediment at the bottom of the system. The nonlinear regression fitting formula between the scour rate and the water
storage height was constructed. The results show that the maximum average flow velocity of venting flushing decreases with the increase
of gate opening time and increases with the increase of water storage height. The velocity attenuation of venting flushing flow mainly
occurs in the front half of the corridor, and the flushing shape of the corridor sediment after venting flushing is V-shaped distribution.
The scouring rate of the venting flushing decreases with the increase of the gate opening time. At 1.5 m water storage height, when the
gate opening time increases from 10 s to 20 s, the scour rate decreases from 46.27% to 35.23%. The scour rate of venting flushing
increases with the increase of the water storage height. With the gate open for 10 seconds, the scour rate increased from 4. 83% to
58.67% as the water storage height rises from 0.5 m to 2 m.
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Fig.4 Scour patterns of sediments in the corridor at the bottom of storage tank
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Fig.5 Water flow velocity distribution diagram in the venting flushing process (7=10s)
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Fig. 6 Comparison of flow velocity of typical sections under different opening time of gate
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Fig.7 Sediment distribution in corridor in the venting flushing process (7=10s)

JER I 1 858 S AT B0, oK O v LR S BOE SR A DU B D OB S BR3P B DR IR W 2, i
23 WP RS IE DO R S S 3 U B 20

RN HTK ) A FR GRS Wik B T %8 8] 35 oS 38 10 AR ) o A5 R B0 S e LR, 2 ) TR TR T
A iz g i A v R B R TE LR AR X TR m™ (m™ =m,/my, Ho m, o 20 IE DLW (A% B
Jit) BB ) Bl o BZZFR TR (181 8) .

I 8 AT, AN T 89 m ™ B ¢ AR AR 2 AR AL U SO AR D), 3R IR 2 B 35 AR R A B BT B 2 AR
TERRLEE AR ¢ T A m ™ BEE T 3SR WIS, I Hom ™ BT R I ) S BEE T B3 R M A 5
LA T=10s TBLRE], %7K 1 W G800 whifead 2 v ig 8 TORR Y B i A R AT 04T, 0= 0~ 18 s Sy m”



552 1 sk E KT AT RGO th e 51

FRE MR B E T B AR BE T A Ui/ )N 053G O, LR 2 7 880N DO e g A R ) B G R AR R 5 ¢ =
18~32 s Hif m ™ SZRMTHE T, 3L 2 Jir DR 2 A o B v e K S 194 U S W i /S , 5 B A 228 U 2UAA A T Kt o
MTCR PR ITAR 2 ¢ =32 s, PP K I B 00 m " B TRaE . s vk s R G, T 10,15 .20
(1) @ 539114 46.27% 40. 02% 35.23% , FHIL AT UL o Bl T F 3G R 2 0 NI

P 9 SRy AN [m) ] [T g B s 7K T ¥ 2R e i s e I 9 5 1 R T A ) T T AR s B A3 A T v e A
AEbR L™ =L/ Ly TR ERGE A BEJ7 0] AR XT O & GNABR h™ = h/hy S UCRRY AR 5 B2 Fovh L R0 Ly 439000
TURR W R 1 75 1] 4 53 A o B RS TE A BE b 5 hy 23 SR ORR M 8 BE RO CAR IR 46 & BE by = 0. 1m, FHIET 9
AR TR0 b W JERIE ) 4 A IR AR, O BT LUR B T R UTRR Y 1) R e R I B Jorp 7
10,15 20's B AR ol BEES L™ 435024 0. 600 ,0. 582 0. 568 , FLJ PR T 8/ N /K i it s Bk oA, 24 1 ol
FFUTRR PR ) 1 vf ]

1
b3
(=]

1.2 N
_ ——T=10s
—=—T=10s  T=15s
1.0 1.6F — 72205
0.8 1.2+
% S
0.6 0.8
0.4 04r
0.2 L v : L L I 0 L L I )
0 10 20 30 40 50 60 0.5 0.6 0.7 0.8 0.9 1.0
tls L
B8 FRETH m" bEtrIEN B9 AFETHEERBNNEL 5
Fig. 8 Change of m " with ¢ at different T Fig.9 A" distribution in the middle section of gallery at different T

2.2 fEKSENZN

RIWFGEAS R K 5 BEXTIK 7 L RGOS PRt R 52 76 T=10s H=1.5m AN L — 20 X0 it
JKEBE H 435024 0.5.1.0.2. 0m B 7K T A 5 RGUHS whse i Bk A T 8 (a4

HI 1 10 Ca) FIRN, TTET 1—1 09 w Bl ¢ Sl RS 00N, BER H B935S, Wi 1—1 /9w, B IOEH H
AR BT[] 59 0 ) 5 HEAS s gkt R A R R I TG . R BT 10(h) AT, 3 SIS 1Y w,,, BE H (935
3 K, I HLAE R — Atk 5 BE R Y w,,, DAJRR T8 A 4 i 22 oK oy 2 080/ Ea 34 s S T 1—1 | LE, Wi 2—2 1)
u,, FEHN0.51.0.1.52.0m F4H33E0 60. 61% .60. 49% 60. 53% .59. 05% , Wit 3—3 1 u,,, TEAEKE
JEH}0.5.1.0.1.52.0m FBIER T 75.76% 67. 9% .66. 98 .67. 62% , H 1 % T A [ i 7K w25 B 1 i R
7K TT F G R ST, s v K I Y 3 B s v 3 2 e AR AR BRI i~ B

11.0 -
8.8k
Z 66F £
E =
. -1
I 44) 5
22+
0 6 12 18 24 30 36 0.5 1.0 15 20
tls H/m
(a) WriA—1Au b 97254k (b ) 3 ML T T vhmax KT LY

10 R[E H T HBYETEERER B
Fig. 10 Comparison of average velocity of typical sections at different water storage heights
AP 11 (a) AT, 25 H=0. 5 m I JERTEGE 8 i DX 3R DRI A5 21wl | {ELRRSE rh S DU o A B0 22 | i
AR A P 22 5 BEE H SR JBRTE TR B S FRLZ B R (11 11(b) ~ (d) ) o
HITEL 12 A0, 0 AN H DU m™ Bl o 59728 Ay 52 B e st/ e 3 K B 2B AR B 28 AL R, T A )
W ,m* BEE H BTN, IF Hom ™ 0BT B ) S BEE H A8 NA T T, BB Ef K o B R Y
THOLT , LB BUE A7 T/ h B TURW o 5 FRR DU, 5340, H 29 0.5.1.0.1.5.2. 0 m Y m ™ 8 T



52 IORGIPNE S S QI S D) CHRRE

PIRAL 7Nl  ——
0 005 010 015 020

(d)H=2.0m

11 R[E HBZEREERELRYS
Fig. 11 Sediment distribution of corridor after venting flushing at different storage height H
o I B IE] T 24353k 25 .28 .30 31 s, R H OB, shii/K it 2 | whhild B A . K1 AW R 5
S MRS RS, H 8 0.5.1.0.1.5.2.0m /9 @ 5354 4. 83% ,26. 71% .46. 27% .58. 67% , 7] WLoK J1 H il &
GiH) @ B H BRI K,
HITE 13 A1, ANIR] HOBE T s g 5 B DTRR ) 0 A 22 52 W 0, DURR WD B8 H % 8 DRI 1] JBG 1T T 4R
Hrf H290.5.1.0.1.5.2.0m W AHIXS BRI EEES L7 5090024 0. 084 0. 364.,0. 600 ,0. 720,

L2 e H=05m ——[=10m 20 g=05m—H=10m
——H=15m —— H=20m —H=15m—H=20m
1.0 1.6
0.8F 1.2F
T 1S

0.6 0.8F

04+ 041

02 1 Il 1 Il 1 ] 0 1 1

0 10 20 30 40 50 60 0.5 0.6 0.7 0.8 0.9 1.0
tls L
B 12 REHBm" FE L B 13 F[EHEEERBASNE L 27
Fig. 12 Change of m " with ¢ at different H Fig.13 k" distribution in the middle section of gallery at different H
Shy Bl TN 3 B 3K ) A R U s e CR 70
BB @ 5 H ZIA MO ER il 8 I HA A K = B2 se | <"=7é)~9294(1-e“’"*‘””’“f'“
e g L -V 4 N N R*=0.
AR EARA T, 753 @ 5 H MR R (K 14) ,JFH]
ho X H BEGEIAAALE, fIE 14 TTH @ B H/Ry AE s 9
X . X S

LM IS TE H by WAEBINGY, @ BE H/ b, HR 4R 281
BOUI G BER H hy FREEHE @ B H/ by B R RN LR 14| i
PESA MU TR o B H/hy BT S8 2 12 3 S
1Ko BRI, SR RS M 2 4805 Ty i % Eicdla 1547 171 ) 401 0 5 10 15 20 25

Hlhy

14 ¢ 5H/Kh HXFR
Fig. 14 Relationship between ¢ and H/h,

Bo HIE 14 FTR, [R]UA h ZR AL R LA RO R AR
R*=0.99, BEHAUG M4 A i TR 2

3 4

a. JKJ1 FH R GUCES WU I B T 249 e Bt ] 10 R s 394 00 v i/ B i 7K v 38 0 it 46K
S e 7 U T ) il i A A R T B s e A AT Y TRL R B0 5 e A P 32 R
PIMIASE SEAESZ R, A DU R E S 5 U 20

b. K3 A R GU S the A i B T RS AR A I S e R, S TR R R 10's 3
2 20 I, TS wP Bk iRl R 1 46. 27% 080/ 35. 23% 5 K 3 LG ZR GE0AS v Y i SR B i K e JEE 8 T
B, MK R R 0.5 m HEANE 2 m B, ol 26 b 4. 83% 3 K F 58. 67% ; KL T il 58 5 figf K v B 11 A 46
PEFILG A HEA B R , BEA B T XK ) A W REURES whieSCRaE A T 30

c. PRIV 2 R A0 5 4 ) S AR ST AR R A 0 01 Bk TR ST A R S A AR DU B



552 1 AL HE KT AT RGOS PR 53

SENW:

[ L] ARES  SRIEE KN T - 207 50 AT AL RRIE S E 2R 20 B [ ] Il R 22224 ( SRR IR) ,2022,50(5) < 1-9.
(REN Hongchang,ZHANG Hengde. Refined features and main causes of “7 « 20” rainstorm in Zhengzhou[ J]. Journal of Hohai
University ( Natural Sciences) ,2022,50(5) :1-9. (in Chinese) )

[ 2] XUBAGE, RIS S, A5 ST DA sty T P30 ¥ D50 M 5 B LB A A < LA N 7. 207 R R B T (R AT IX) Ky
B[ T]. 7KF244, 202455 (3) :288-300. ( LIU Mingxiao, ZHU Yongjie, HU Hao, et al. Survey research on characteristics of
extreme rainstorm flood and disaster-causing mechanism in urban new district ; taking Zhengdong New District in Zhengzhou’ s“7

+ 20” heavy rainstorm as an example[ J . Journal of Hydraulic Engineering,2024,55(3) :288-300. (in Chinese) )

[ 3] W, BRI, MROCHR A5, BT REREINL S BP 125 000 2 (14 3ai Th 81 25 b ) B2 DR Tt 7 ik [ ). K B D1 2 S itk g
2023,38(3) :409-420. (PAN Xinxin,HOU Jingming, CHEN Guangzhao, et al. Rapid forecasting method for urban storage pond
scheduling based on numerical simulation and BP neural network[ J]. Chinese Journal of Hydrodynamics,2023,38(3) :409-420.
(in Chinese) )

[ 4 ] FAN Gongduan,LIN Ruisheng, WEI Zhongqing, et al. Effects of low impact development on the stormwater runoff and pollution
control[ J]. Science of the Total Environment,2022,805 ;150404.

[ 57 %A, /N e, w03 E i 7e S i WA LS e TARTRR [ T]. FE%KHEK,2021,37(12) :93-97. (ZENG
Muhai, XIE Xiaolong. Application of initial rainwater storage tank in a lake comprehensive treatment project in Wuhan[ J]. China
Water & Wastewater,2021,37(12) :93-97. (in Chinese) )

[ 6] XUMS &, Atomam , 80V Ae. 0 I8 2 7K RGP A I HTSE B S S [ 1] BR5E TR, 2023 41 (191 2) : 1141-1146. (LIU
Pengfei, DU Qianggiang, DAI Minghua. Application practice and thinking of interception and storage technology in water
environment treatment[ J]. Environmental Engineering,2023,41(Sup2) :1141-1146. (in Chinese) )

[ 7] T, EEhh, 224, 55, JETIE 2875 88 1 AL Iz T3 T @ vhoc Bea Vi il Vi i 5 G4 e [ ] e R~ 24l ( FARF
ZHR) ,2022,50(5) :41-48. (YU Lei, HUANG Ruijing, LI Rong, et al. Research on pollution control of combined sewer overflow
in Beijing Municipal Administrative Center section of North Canal based on the ability to decontamination of the river[ J]. Journal
of Hohai University ( Natural Sciences) ,2022,50(5) :41-48. (in Chinese) )

[ 8 ] XA Rk AR PR K & R G0 LSt s 2 [T h B TR B 41, 2018, 16 (6) : 535-539. (LIU Zhao,
CHENG Jianglin, ZHU Yutian. Implement scheme of self-management rainwater storage system [ J ]. Chinese Journal of

Construction Machinery,2018,16(6) :535-539. (iin Chinese) )

[ 9] Sh/NZE GE KBV E I vb v 7 2 i mFo [ 1], BevE K F],2024(2) :153-156. ( MA Xiaogin. Comparison and selection
of sediment flushing schemes for large river regulation and storage tanks[ J ]. Shaanxi Water Resources,2024(2) :153-156. (in
Chinese) )

[10] FEWIW], SRSy, AR A 3y~ — Al A T oh B 0 U8 i i 2 i i3t [ ] P B B2 R 2R 5 AT, 2019, 37 (10) ; 164-166.
( WANG Mingming, SHI Zhili, WANG Dong. Design of a storage tank for flushing silt in sponge city [ J]. China Resources
Comprehensive Utilization,2019,37(10) :164-166. (in Chinese) )

[11] EdIE, 23600, %%, 4. 2T CFD BT /K A & i BUR ) DU R PERF 5T [ 1], 358 TR ,2021,39(12) ;44-50. ( WANG
Jianlong, QIN Meina, HUANG Tao, et al. Sedimentation characteristics of particulate matters in runoff detention tank via CFD
method[ J ]. Environmental Engineering,2021,39(12) ;:44-50. (in Chinese) )

[12] EREFE, A fa. 258 F B0 400 A0 A 205 Uik ol vas o A & L Ak 5E [0 . R B 44 7K HEK, 2021, 37 (23) : 114-121. ( TAN
Zhicheng , YU Jian. Optimization of a novel combined sewer overflow storage tank based on numerical simulation[ J]. China Water
& Wastewater,2021,37(23) :114-121. (in Chinese) )

[13] fRuzhr, 5k J07, s B M7k IR & b ARG AL B BRI 5T [ 1], K RIELRI 5811 ,2023(3) :69-74. ( XU Qianke, ZHANG
Lifang, ZHANG Jianmin. Numerical simulation study on shape optimization of rainwater storage tank [ J]. Water Resources
Planning and Design,2023(3) :69-74. (in Chinese) )

[14] RUILOBA L C,GOMEZ M ,RUSSO B, et al. Toward sustainable management:2D modelling of a self-cleaning system to improve
geometry in front of the flushing gate[ J]. Sustainability,2018,10(3) ;745.

[15] WHHT A5 422 45, JE TR P AU T K 35 b i e RGE ML AT ST [0 ], Tk 2 4 53R, 2021,47(8) : 79-82. (YE
Xin, LI Shanting, WANG Chunlan, et al. Optimum research of flushing system for large and medium stormwater storage tank[J].
Industrial Safety and Environmental Protection,2021,47(8) :79-82. (in Chinese) )

(F#% 7T W)



552 1 RERAR, A5 RO RE VA A Ak e 96 i 2 F 6 5 B 77

(in Chinese) )

[ 9] FORI. BiAE I 71 B a3 7E A ARG Fh A N FH [ ). Bkl T2 243 ,2021,38(3) :13-17. (LU Chengyun. Application of
anchor pile reaction force method static load test in pile foundation inspection[ J ]. Journal of Railway Engineering Society 2021,
38(3) :13-17. (in Chinese) )

[10] HE Chunlin, GONG Chengzhong. Comparison and analysis on self-balanced method and anchored pile method in qingdao gulf
bridge[ J]. Advanced Materials Research,2013,838-8411024-1027.

(117 BXHAAE AR ZE XI55 . I 8 AR 0 b X R A K R T s 1) R B iR IR [ 7] AR TR %4k, 2004,37(10) 1 63-
67. (ZHAO Minghua,ZOU Xinjun, LIU Qijian. Loading test on the vertical bearing capacity of super-long and large-diameter
bored piles in the soft soil area of Dongting Lake[ J]. China Civil Engineering Journal ,2004,37(10) ;63-67. (in Chinese) )

(127 XUBE, BRI, A 58 VL. AT T i e A 00 A s 100 TR v iy 9 JH [ 0] Bkl 2 5, 2014.(6) £ 63-65. (LIU Jie, GU
Zhangchuan, YU Xianjiang. Application of anchor pile method to static load pile foundation testing in port engineering[ J].
Railway Engineering,2014(6) :63-65. (iin Chinese) )

[13] 842, IR, SR8, 5. IRIE AR Tt B rh OB 2 ARSIl 37 7K 7 32 i S p-y I Zesd FIEAIT ST T ], e K2
He( HERBL2AMD) ,2023,51(3) :127-134. (BAO Jinhu, SU Jingbo, WU Feng, et al. Field horizontal loading test and p-y curve
applicability of large-diameter single pile foundation in deep soft clay groundsill [ J ]. Journal of Hohai University ( Natural
Sciences) , 2023,51(3) :127-134. (in Chinese) )

[14] JRIHLIE , v M 2R . A v A A g vh AT AR AR SR 22 3 [ 1] 5 1 77%%,2004( 10) 1 1613-1616. (ZHOU Hongbo,
HUANG Shengsheng. Interaction and error analysis of pile groups in anchor-pile loading test[ J]. Rock and Soil Mechanics,2004
(10) :1613-1616. (in Chinese) )

[15] 5RIR BRIRES SR E A R M TR 5 S 0 2 e i s g v B W I [0 ] it TR, 2005 (4 7] 1) £ 125-126. (ZHANG
Ran,CHEN Fujun, CAT Huijun. Application of anchor pile loading combination counterforce device in static loading tests[ J].
Construction Technology,2005( Supl) :125-126. (in Chinese) )

[16] BIEA, RO, B, 5. Gtk R B2 & I J145 8 . CN201420288304. 8[ P . 2014-11-05.

[17] it T30, i, 2. S R S I R B n 282 W e AT 5 P R S [T ) i TR, 2017, 46 (21) : 106-110. (NI Jinhua,
WANG Wenyuan, LUO Hao,et al. Application of new reaction force beam loading device in anchor pile method[ J ]. Construction
Technology,2017,46(21) :106-110. (in Chinese) )

(18] VFik. BBV NER S 1 R GEAERAE CAR N T [ 0], BRI 284 (L2321 ,2017,50 (B4 1) 1) :424-427. (XU Tao.
Application of new pipe pile plate loading opposite force system to pile test work[ J]. Engineering Journal of Wuhan University,
2017,50( Supl) :424-427. (in Chinese) )

[19] WREUWE, E 0BT, P, 55, A5 iRk s R 7 i A 208 T 2 a5 [ J]. BRiE 2250, 2022, 62 (11) : 85-89. ( CHEN
Xuefeng, WANG Jinghang,SUN Lishan, et al. Experimental research on new technology of anchor pile method without considering
pile end bearing capacity[ J ]. Railway Engineering,2022,62(11) ;:85-89. (in Chinese) )

[20] ZHOU Zhiguo, YANG Jun,SUN Xiaoli,et al. Development and application of static load test system for pile foundation based on
steel screw anchor piles[ J]. KSCE Journal of Civil Engineering,2024,28(10) ;4309-4320.

Bk B 912024 -10- 21 Zadl . /KR
L S
(E#% 53 W)

[16] HZ%. M/AKHE S REN LR KN HZER[T]. BHEE AR BI#7,2019(20) :93-94. (XIAO Yingying. Discussion and
application points of each system of rainwater storage tank[ J]. Scientific and Technological Innovation,2019(20) :93-94. (in
Chinese) )

(7] P, TR 9 RO, 26 R /AT 28 Tt OB o HLBSE S AN AR e 5 [ 0], TR SR B9, 2020,5(4) - 7-10.
(SUN Bin, WANG Yueping, WU Tianfu, et al. Study on numerical calculation and flow characteristics of hyperboloid stirrer in
rainwater storage tank[ J]. Engineering and Technological Research,2020,5(4) :7-10. (in Chinese) )

(18] T, 5K%% , BRtiks , &5, W7 HEoK 25 /K J) Rt S S i it [ ) ] /K FIK B Bb 4 3k i, 2024, 44 (2) . 7-14. ( DING Zhe,
ZHANG Rui, CHEN Yuling, et al. Hydraulic characteristics and rectification measures of urban drainage pumping station[ J].
Advances in Science and Technology of Water Resources,2024,44(2) :7-14. (in Chinese) )

(197 sk, Wb sh 2 M. 2 B, Jbst: s EKRDK R, 1998.

(ke H 11:2024 - 08 - 15 Zhile: - X IGe s )



