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Three-dimensional numerical simulation of multiple jets in wave-current environment

XU Zhenshan' , HAN Song' , ZHANG Yuling’, CHEN Yongping'
(1. College of Harbor, Coastal and Offshore Engineering, Hohai University, Nanjing 210098, China;
2. China Energy Engineering Group Guangdong Electric Power Design and Research Institute Co. , Lid. , Guangzhou 510663, China)

Abstract: The motion and diffusion behaviours of multiple jets in wave-current environment were studied by using a 3D large eddy
simulation model, and the diffusion and dilution mechanism of jets in wave-current environment was discussed. Then, the influence of
hole spacing on the interaction between two-hole jets and environmental water was analyzed and the optimal relative hole spacing was
given. The simulation results showed that, due to the strong interaction between cross-flow and wave, the three-dimensional vortices in
the flow field at the wave trough phase are rich in structure, large in scale and numerous in number, which is conducive to the mixing
between jets and environmental water, and between jet and jet. Hence, the multiple jets in wave-current environment have a better
dilution than that in current only environment. With the increasing of hole spacing of dual jets, the interaction between the two jets
becomes weaker while the interaction between jets and environment water becomes stronger. The best dilution effect of two-hole jets is
obtained when the hole spacing is 7.0 times of the jet diameter.
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Fig.13 Attenuation curve of vertical velocity of double-hole jet along the main axis
£ LRI S-S B AR SR -5 A =2 R A AR AR RE RS N i SR as sh i B A . Rl LI BEAY
B, LA it 2 [ 8 A E A A2 0 11 553, T00 S0 05 B AR /K AR 22 1) ) A B A P A A A A8 4 0, ZEAR ST 4
KBCE T ,s/D=7.0 NEAUAXFLE IR FE B E T, 1B T XL =2 18] 563 5 B 58 I A4 22 1] [ ) % 2F
BIT BRI,

3 F

a. TEATARBLIS 20, i TR -5 R AN AR R 2, N i =R e s £ NEBER B HARZ,
AR TS ERFRAR S-S R 2 A IB R 3 S i PR L PR — R R 85 b 22 LA s Bl
FERY FEEAA

b. PR GER JEEASOA , St il 2 o PR e PR, A R RO R B 5 PR R RO, 7 il B R B IS
(EEHAR, AL R R AT S

c. FLIAJHR A BROIS 2308 XA SR O 2857 AR S0, I B AR ELARE T B0 £ BE SR 7 L) B 9 1 R 17 3L
FLAP IR B 5 IR AH B F AR BESR A, FLIRT R A 18 55 1 7 S0 J5 O S A9 A T, TRIAE
HIS5 T 5 Sl mi s S A B AR A

d. B LR ER A3, XUFL SRR =2 18] B4 A A PN 0 11 583, T 50 05 R 5 /K AR 22 1) B8 AR EL AR A
Wittsm . FEASCRIRH IR BEE T, S ALy 7.0,

S Xk

[ 1 ] FANG Shuqiao, CHEN Yongping,SHI Weiyong,et al. General integral model for a jet in wavy current environment[ J]. Applied
Mathematical Modelling,2023,115.584-615.

(2] Marss BRR. 25 AL 283 S 0 B E B L5 SE e AT e kg [ 1] /K Bk R Ji€, 2008, 19 (1) : 137-146. (LU Qiling, CHEN
Gang. Development in numerical and experimental study of the multiple jets[ J]. Advances in Water Science,2008,19(1) ;137-
146. (in Chinese) )

[ 3 ] GUTMARK E J,IBRAHIM I M, MURUGAPPAN S. Dynamics of single and twin circular jets in cross flow[ J]. Experiments in
Fluids,2011,50(3) :653-663.

[ 4] MM, 206, & 5T R ARHE g5 [ J]. aRBUK R 22 Be 2% 4, 1991, 24 (5) :489-494. ( HUAI Wenxin, LI Wei.
Inclined buoyant jets in static environments[ J]. Journal of Wuhan University of Hydraulic & Electric Engineering,1991,24(5) .
489-494. (in Chinese) )

[ 5] MOAWAD A K, RAJARATNAM N. Dilution of multiple nonbuoyant circular jets in crossflows[ J]. Journal of Environmental
Engineering, 1998 ,124(1) :51-58.

[ 6] ZHAO L. Q, WANG X C. Numerical investigation of parallel plane jets at low Reynolds number[ J]. European Journal of
Mechanics : B/Fluids ,2018 ,67 :211-219.

[7] KOLAR V,SAVORY E. Dominant flow features of twin jets and plumes in crossflow [ J ]. Journal of Wind Engineering and



92 WK E el (AR RS R ) 5552 &

Industrial Aerodynamics,2007,95(9/10/11) :1199-1215.

[ 8] B, graiut, 25 . 5 it L ) BE XA 3 v W FL S DA BERR I 2 ey [0 ] /KRR i RHE 3R 8, 2016, 36 (3) :20-25.
(XTAO Yang,LIANG Jiabin, LI Zhiwei. Effect of spacing of nozzles on dilution properties of two tandem jets in cross-flow[ J].
Advances in Science and Technology of Water Resources,2016,36(3) :20-25. (in Chinese) )

[9] M, T/ 22T, & B P 2L R s R eS8 F 5T [ J ] KBk 3E 8 ,2012,23(3) :390-395. ( XIAO Yang, LEI
Ming, LI Kaijie,et al. An experimental study on hydrodynamics of multiple tandem jets in cross flow[ J]. Advances in Water
Science,2012,23(3) :390-395. (in Chinese) )

[10] XIAO Yang, TANG Hongwu, LIANG Dongfang, et al. Numerical study of hydrodynamics of multiple tandem jets in cross flow[ J].
Journal of Hydrodynamics :Ser. B,2011,23(6) :806-813.

[11] BRAKF, BT H, I E M, % BRI T 2L MK o Frd il s [ )], AKBk22 3, 2016,27 (4) :569-578. ( CHEN
Yongping, TIAN Wanqing, FANG Jiayu, et al. Experimental study on hydrodynamic characteristics of multiple jets in wave
environment[ J |. Advances in Water Science,2016,27(4) :569-578. (in Chinese) )

(127 o/, A 5, 22 AE. TR AVE TR UL SR U s st e PR U i 9 [0 ] RV Be Be 4, 2018, 35 (8) : 51-55. ( SHEN
Xiaoxiong,SONG Jingxian, LI Jia. Pressure characteristics of dual jets under wave action[ J]. Journal of Yangtze River Scientific
Research Institute,2018,35(8) :51-55. (in Chinese) )

[13] LIU Cheng’ en, HSIAO F B. Evolution of instability modes and spreading characteristics of a planar jet flow under long-wave
excitations[ J ] . International Journal of Heat and Fluid Flow,2022,94.108925.

[14] ANGHAN C,BADE M H, BANERJEE J. A review on fundamental properties of the jet in the wave environment[ J]. Ocean
Engineering,2022,250:110914.

(15 ] TR, e S0 ARAiRIL, 55, POREREE T XALIF G iz SRR ). TR 4l (A AR ,2019,47 (2) 1 183-188.
(DING Hongwei, YANG Quanyi, XU Zhenshan, et al. Characteristics of dual buoyant jets movement in wavy-crossflow
environment[ J |. Journal of Hohai University ( Natural Sciences) ,2019,47(2) ;:183-188. (in Chinese) )

[16] SKEFY ARHR I, Bk, 55 Pt B8 T 2L iz sh A B Re il [ 7] I R 2 273 ( FARFLARR) ,2019,47 (1)
71-78. (ZHANG Yuling, XU Zhenshan, CHEN Yongping, et al. Experimental study on movement and dilution of multiple jets in
wavy cross-flow[ J]. Journal of Hohai University ( Natural Sciences) ,2019,47(1) ;71-78. (in Chinese) )

[17] LIN Pengzhi,LI C W. A o-coordinate three-dimensional numerical model for surface wave propagation| J]. International Journal
for Numerical Methods in Fluids,2002,38(11) :1045-1068.

(18] Fei il P U BRI v 2 o] 545 5ot — AR (BRI ST D). g L T3 %, 2016,

[19] XU Zhenshan,CHEN Yongping, TAO Jianfeng, et al. Three-dimensional flow structure of a non-buoyant jet in a wave-current

[,

coexisting environment[ J |. Ocean Engineering,2016,116:42-54.

[20] XU Zhenshan, CHEN Yongping, TAO Jianfeng, et al. Modelling of a non-buoyant vertical jet in waves and currents[ J]. Journal of
Hydrodynamics,2016,28(5) ;778-793.

[21] CHEN Yongping, LI Chiwai, ZHANG Changkuang. Large eddy simulation of vertical jet impingement with a free surface[J].
Journal of Hydrodynamics,2006,18(2) ;148-155.

[22] Ffiilt, B, KA T 90t B 05 v 2 o (58785 S5 U — 4z 3l R RS BRSEARL[ J ). KRt Ji% 2017 ,28 (2 ) :265-275.

(XU Zhenshan,CHEN Yongping,ZHANG Changkuan. Study on three-dimensional movement and dilution of a vertical round jet
under the wave-current effect[ J]. Advances in Water Science,2017,28(2) :265-275. (in Chinese) )

[23] HREBTOV M,BAZHENOV A,BORYNYAK K. Numerical investigation of flow dynamics and scalar transport in a wall-bounded
turbulent jet[ C]. Journal of Physics;Conference Series,2017,925:012031.

[24] JARRIN N,BENHAMADOUCHE S,LAURENCE D, et al. A synthetic-eddy-method for generating inflow conditions for large-eddy
simulations[ J ]. International Journal of Heat and Fluid Flow,2006,27(4) :585-593.

[25] LUO Yin, LIU Hongjun, HUANG Qin, et al. A multi-scale synthetic eddy method for generating inflow data for LES[J].
Computers & Fluids,2017,156:103-112.

(R A9 .2023 -04 - 06 S Eskot)



