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Fig. 1 Wave tank and measurement locations
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Fig. 2 Particle image velocimetry field of view
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a. Horizontal velocity; b. vertical velocity. The black vector is the absolute velocity
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Fig. 5 Particle image velocimetry velocity field in wave crest area of spilling wave
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Left column represents horizontal velocity; right column represents vertical velocity. The black vector is the absolute velocity
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Left column represents horizontal velocity, right column represents vertical velocity. The black vector is the absolute velocity

R T EUK T B A Hif i SRR A X R 12 2l 0 R, e KA #1 2.24 s,
ST A, 4 i 93 ‘%EL\ AEbE! o
4 VCRBCRE AR X AT PRI BT ) B

M7=0.671 2, W e DX 2 gy ke A A 14 T B8 S ol /s T
4.1 W ER I AR B RE M IR

L1 R e " P—
P9 JEE 7R 1 i M0l e e o B AR A XA TR L 02+

KM woad . it R 2.2 WA 21 A A .

BRI MR FEAT DR 208 2R - B T e R 0

B BN K n,0=0.137 m, P BB T=1.15 s, 3= S % AH 3%
JEC=1.79 m/s. &l JC HE 4R s [E] 75 % R e [a] 5 9 4

702 L

FA 2 o BT O, 3 TR T AR O D R Bh B i R
5 0 T T 0 A 0 TR R R T T X ' o ' '
AR A DA T 5 B R DX i LA A ) IS Tb 2, 06 X il ke 4 - i

T, 5 il 1 DX B8 RS BE S BT i G5 47<0.508 5, Fig. 8 i vs D for wave crest area of plunging wave in Fig. 7b



118

MAEEd 4445

Pl O A I R M e ol 2

Fig. 9 Breaking process for spilling wave

TR AR AL 438 R T AR X T 5k B U/ N R 2.0 /s,
EATY R R F bl 3, 5 3500238 4o 380 W 5 0 AR AR )
S — WY B S, R DX i A T S S AT AR A 4 A
1.98 m/s, IEA AR X EARE RS 10.3 em, KR 29 em.,
SEEA MR DX v R R T S A A,
A DX i i 38 32 6 32 e A Bk KR, S BUBOR 2 1Y
AMRTR B o3 BRAS L i s % 495 %) R T o 0 R XY
G AT RPN Bt 2 A X R R R R )N, P
PG A e, B KB R XA 63.0 cm, JE 4 6.16 cm,
PEE N 1.3 m/s, B =1.050 8. SREREET KT 14
F U WS, SR X B, 2SSl B TR,
T R DX RS B /N, O R X T R 52 0 55 5 Fee A SR 1T
WL, AR 58 2 R IR TR IZ 3 .
4.1.2 BB R

10 BB 7R T 4 I R B B ROMIR A X

T R LA B T it AR o R AR A O D T R K e B
H ne=0.148 6 m, P 45 A B T=1.277 s, 3 3 I AH ok 2
C71.99 my/s. ¥ 45 1 I I U 3 AL T L 1 B 220 4 Ry D
TRW AR RERT 21, 7=0.087 7 BF 2, e 1 /K 35 bl W
T8 75| R LR 7 KA A SRR A5 B 7K 55 R BB o
i, 7K 5 AT ST B SRR A XS W 1) b 1) B
CL A7 72 IR A X, 45 A 0 1 TR A DX 97 34 v 348
1=0.225 5 B} ZI|, 1R A5 DX T i W e K {H 2.89 em, I IE
B — AN A 1 7K 78 5 £=0.310 1~0.354 0 1} %), Bt % 7K
T ANWIIR A KA, K b A ) SRS A KR, FF—
H5 R BUKARE R, S AW TS — D IRIR S
X, IR A X hR h — B KR, 2 5 76 IR N
TSR R 1 R 1 R T R — A i K
VR, I B Ik T L E 8 R mmE S, il 10
H11=0.573 2 X — BB, K Fi T B B TR A X



S VFIBRIR AT R R R b TR A R R R K s S R AT 5

119

K10 e e i i 72

Fig. 10 Breaking process for plunging wave
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Study on development characteristics of gas-liquid mixture zones and
kinematics of breaking wave with different breaking type

Xu Yuanyuan', Liang Shuxiu', Xue Qingren', Sun Zhaochen'

(1. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: To understand the internal physical mechanism of wave breaking, it is important to study the distribution
characteristics of the particle velocity field under breaking wave. In addition, a comparative study of the evolution
characteristics of the gas-liquid mixing zone caused by different types of breaking is beneficial to the improvement
of the whitecap coverage model. In the laboratory wave flume, a critical wave, a single spilling wave, and a single
plunging wave are generated in deep water based on the linear phase focusing theory. The velocity fields below the
wave surface and the velocity fields in the gas-liquid mixing zone are measured using particle image velocimetry
(PIV) and bubble image velocimetry (BIV), respectively. The distribution characteristics of the velocity field at the
extreme state of different breaking types are compared and discussed. The results show that the horizontal velocity
u and vertical velocity v of the spilling wave are extremely asymmetrical in the front part and back part of the wave
crest. In addition, the maximum horizontal velocity u,,, is not at the top of the wave peak, but at the pre-peak posi-
tion about 0.7, front part and back part of the wave crest. In addition, the maximum horizontal velocity of the
peak. For plunging wave, the maximum horizontal velocity u,,, appears at the top and very front of the wave peak
with a very small region, and the velocity gradient between this area and the surrounding area is very large. The de-
velopment characteristics of the gas-liquid mixing zone produced by different wave breaking also have differences.
For spilling wave, the gas-liquid mixing zone generated by breaking has high horizontal movement speed, long in-
fluencing area, short influence time at each location, and small thickness. For plunging wave, the gas-liquid mixing
zone has relatively slow horizontal movement speed and larger vertical input, shorter affected area, longer affected
time at each location, and greater thickness.small thickness. However, for plunging wave, these characteristic para-

meters are in contrast with those of the spilling wave.

Key words: velocity fields of breaking wave; gas-liquid mixing zone; deep-water spilling wave; deep-water plunging wave


http://dx.doi.org/10.1017/jfm.2018.93
http://dx.doi.org/10.1007/s10236&#8722;020&#8722;01369&#8722;1

	1 引言
	2 波浪破碎试验
	2.1 水槽和仪器布置
	2.2 图像拍摄视场布置
	2.3 工况设置

	3 极限状态速度场分布的比较分析
	3.1 临界波速度场特征分析
	3.2 崩破发生阶段速度场特征分析
	3.3 卷破波发生阶段速度场特征分析

	4 波浪破碎演化特征对比分析
	4.1 两种破碎过程的定性描述
	4.1.1 崩破波破碎过程
	4.1.2 卷破波破碎过程

	4.2 气液混合区发展特征对比分析
	4.2.1 崩破波气液混合区发展过程
	4.2.2 卷破波气液混合区发展过程


	5 结论

