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Numerical simulation of standing waves in front of
a vertical wall using Green-Naghdi model

SU Gao-Fei, GOU Ying, TENG Bin

(State Key Laboratory of Coastal and Offshore Engineering,
Dalian University of Technology, Dalian, 116024.
Email: su.gf@outlook.com)

Abstract: Vertical wall is an important structural form in port engineering. The force exerted on
vertical walls due to the action of standing waves has always been the focus of attention. In this
paper, the full nonlinear Green-Naghdi equations time-domain solution model (GN model) is
established to simulate the standing wave in front of a vertical wall. The finite difference method
is used to discretize the governing equations and a two-dimensional numerical wave tank is
established. The stream-function theory is used to generate the incident wave, and a high-order
predictor- correctoriterative scheme is used for time stepping. The properties of standing waves
in water of finite depth, including the surface profiles, the distribution of wave pressure along the
water depth and wave forces on the walls are then calculated by using GN model. The numerical
simulation results of the GN model are compared with the third-order perturbedsolutions and
NumericalFourier solutions, so as to verify the applicability and accuracy of the numerical
simulation results of the GN model.

Key words: Green-Naghdi model; Standing wave; Finite water depth; Wave force.
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Some new solutions of the Whitham-Broer-Kaup equation
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Shanghai Jiao Tong University,Shanghai, 200240. Email:hangxu@sjtu.edu.cn;
2. Shanghai Min Hang High School, Shanghai, 200240)

Abstract: This paper analyzes and solves the Whitham-Broer-Kaup (WBK) equation of the
shallow-water wave model. Based on the Riccati equation, a new transformation method is
applied to obtain multiple new solutions to the WBK equation. It is expected that these solutions
will enhance our understanding of such shallow water waves and deepen our understanding of
nonlinear water waves. At the same time, it provides corresponding theoretical guidance for the
study of wave loads in ocean engineering and the numerical simulation of tsunami wave
propagation in complex sea conditions. At the same time, this method can be extended to other
non-linear equations, and it is of great significance to the research in various engineering and

applied science fields.

Key words: WBK equation; Riccati equation; nonlinear water wave; tsunami wave
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Modification of eddy viscosity model based on renormalization
group method

LIU Zheng-Feng, ZHANG Long-hui

(National Key Laboratory of Science and Technology on Hydrodynamics, China Ship Scientific Research Center,
Wuxi 214082, China)

Abstract: At present, eddy viscosity model is still the mainstream model in turbulence numerical
simulation, and has been widely applied in practical engineering. The main objective of this
paper is to improve the eddy viscosity model based on renormalization group method. Firstly, the
turbulence dissipation rate ¢ is analyzed, and its nonlinear model is derived. Then, combined with
the theoretical models of Reynolds stress and turbulent kinetic energy K , the eddy viscosity is
modified, and a new nonlinear model is obtained simultaneously. And the coefficients in the new
model are calculated theoretically. The results show that the new model contains the influence of
the curvature of turbulent flow, which enriches new eddy viscosity contents, and can reflect the
nonlinear nature of turbulent flow better.

Key words: turbulence model; Reynolds stress; eddy viscosity; renormalization group(RNG).
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A study of the Acoustic-wave effects inside
a single oscillating bubble

YU Yi-quan, ZONG Zhi
(School of Naval Architecture, Dalian University of Technology, Dalian, 116024, Email:
yuyiquan@mail.dlut.edu.cn)

Abstract: A model for the compressible gas in a single oscillating bubble is developed. The
model describes the non-uniform distribution of internal gas. The density and pressure of the gas
are described by the Euler equations. By using the method of perturbation, proximate analytical
solutions of the density and pressure in the gas sphere is obtained. It’s proved that there are
standing waves in the bubble. For a violently oscillating bubble, the density and pressure of the
gas follow a quadratic distribution. For a softly oscillating bubble, the zero order of the solution
follows a uniform distribution. But the first order of the solution permits the existence of standing
waves in the gas sphere. A pulsating pressure would present in the liquid when the bubble
oscillates. According to our physical model, standing waves in the gas sphere would cause local
pressure peaks superimposed on the pulsating pressure. Such local peaks are found in a

centrifuge underwater explosion experiment!').

In order to validate our physical model,
experimental parameters are substituted into the physical model. And theoretical pressure peaks
agree with experimental pressure peaks. The frequency and amplitude of local pressure peaks
determine whether it is observable or not. And the influential factors of the frequency and

amplitude are discussed.

Key words: internal gas of a bubble, acoustic-wave effects, the method of perturbation,
proximate analytical solutions

1 Introduction

It has long been known that, when a liquid ruptured by a decrease in local pressure, bubbles
may form and undergo radial oscillations.Since the groundbreaking works of Rayleighm, the gas
inside the bubble has captivatedscientist’s attention.Macedo et al”®! studied the inner gas of the
bubble with small amplitude oscillations in a steady sound field. Analytical solutions for the
distribution of the gas are obtained by assuming that the time dependence of the various
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quantities is the same as the sound field. Their work reveals the wave effects in such bubbles.
Kim et al'”!, Lin et al’®, and Geer et al'®studied the inner gas of a single oscillating bubble and
obtained analytical solutions for the density and pressure distributions of the gas. Their
modelsillustrate the nonuniformity of the gas but failed to describe the acoustic-wave effects of
the gas.However, wave effects are observed in a numerical study on the underwater explosion
bubble!”. Acoustic-wave effects are also observed inunderwater explosionexperiments!'!. The
present work provides an analytical method to describe suchacoustic-wave effects.

In this study, analytical solutions for the density and pressure inside an oscillating gas
bubble is obtained by solving the Euler equations. The results show that there’re standing waves
inside the bubble when the bubble oscillates softly.The acoustic-wave effects in our physical
model is examined by comparing theoretical results and experimental data. Finally, we discuss

some influence factors for thewave effects to appear.

2 The governing equations of the liquid

We consider a single spherical gas bubble oscillating without any driven forces in the liquid.
A schematic overview of the bubble model is provided in Figure 1. The inside of the bubble
surface is denoted by surface B, and the outside is surface L; D denotes an arbitrary point in

the liquid near the bubble. The gas pressure at surface B and surface L are p,, and
D, respectively. We suppose that the propagation of the liquid pressure is irrelevant to the polar

angle and the azimuth angle from O. The liquid pressure at point D is p,(d,?).

Bubble Surface
Figure 1A brief sketch of a single oscillating bubble.

Some assumptions of our work are listed as: (a) the gas in the bubble is the compressible
and inviscid ideal gas; (b) the liquid adjacent to the bubble is the ideal liquid; (c) the gas
undergoes a polytropic process; (d) the surfacetension and the mass transport on the bubble
surface are negligible; and (e) the bubble maintains a spherical shape and the gasmoves radially.

The continuity equation of the liquid around the bubble gives

_F(t) _RR RR?

’ (I): 1
d’ d’ d M
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in which, zis time, R = R(¢)is the bubble radius, the overdot denotes d /dt,F (t)=RR2,
o(d,t) and ®(d,t) are the velocity and the velocity potential at D . The momentum equation
of the liquid is

_LoP _dg 99

o od o Lad

Here P* is the liquid pressure, p,is the liquid density. Since the surface tension and the

)

viscosity of the gas are neglected, the boundary condition of the gas is p,,=p,,. Then we can

obtain the relation between p,, and p, as

_do oy L | (RY
pBR—R(pD p.) ZRPL{l (d”ﬂvw 3)

in which, p_is the liquid pressure far from the bubble.(3)indicates that the frequency of the

liquid pressure doesn’t change with d .But the amplitude of the pressure decrease with d .In the
present work, the bubble radius is considered as a known function. It can be determined from an
experiment or the Rayleigh—Plesset equation (RPE).

3 The governing equations and solutions of the gas

The governing equations of the inner gas are

a_p+v8_p+p@+ﬁzo “4)
ot or o r
dv v dp

iy | =2 5

p(az ”arj or )

Here re[0,R]is the distance from the center of the bubble, p is the density of the gas in the
bubble, v is the radial velocity, and pis the gas pressure. The perturbation expansions are
constructed as
v=v,(t,r)+ev(t,r)+ Vv, (6, 1) +...
P=p,(t,r)+ep,(t,r)+E p,(t,r)+... (6)
p=p,t,r)+Ep (t,7)+E p,(t,7)+...
in which v,, p,, and p, are zero orders, v,, p,, and p, are first orders; €is an arbitrary

small quantity to ensure that the first orders are much less than the zero orders. The state
equations for the zero orders are

= (N
P, dp  dp, Ip

where x is the polytropic index, p, and p, are reference values of internal pressure and

density. c is the sound speed of the gas.
We introduce (6) into (4) and(5), and keep only terms to the zero order to obtain
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Py, P, M 2P

P04y, Loy p 0 8

ot TV or T or 7 ®)
v, v, ap,

20 | = o 9

po(at TV arj or ©)

These equations admit nonuniform solutions for zero orders as

; - 2\W(x D) .. NS
v _E,, =mR™ 1_K__1 mR r = 1_’(__1 mR r (10)
VTR 2 Rp.\R CP TP T R\ R

Where p,(¢) = p,(t,0) = p,(mR> / p.)"is the gas pressure at the center of the bubble, mis a
constant determined by the total mass in the bubble.We define a dimensionless variable
B aso(r) =mié/ (xR’p,) . Solutions for the zero orders show the nonuniformity of the gas but

failed to describe the wave effects in the gas. Next, we press on and solve for the first orders.

6 measures the intensity of the bubble oscillation. When 6 <1, the bubble oscillates
softly. And it increases as the bubble oscillates more violent. In the following deductions, we
assume that the bubble moves softly enough, so that 6«1 . Then p, and p,are simplified

into

3x
5 3M R

Py(=mR” ==—R7, p)()=p.()=p,| =~ (n
4 R

in which R =(m/p, )* is a reference radius, M is the total mass in the bubble.To solve the

first orders, we begin with substituting (6) into (4) and(5). Then keep all terms with &, obtaining
Wi, 9, PO P oY) Iy

hdd® = 12
o0 "or o o or ! (12)

P apo avl avl avoj apl
PPy (D, Dy, PP 13
P 8r+p0(8t+vo o o )T o 13)

In order to simplify it, we adopt new variables o, x,and 7:
x=r/R,7=t,0=p,/p,,x<[0,1].(14)

Here O is the dependent variable; x and 7 are independent variables. It is worth mentioning
that x is the co-moving coordinate of space. In the co-moving coordinate, the distances between
the center of the bubble and the bubble wall equals to 1. After some derivation, we obtain

Rzif—czaz—erzR,R@—zﬁ:o (15)
a7 ox ot  x ox

where R, =dR/d7 . This is the governing equation of p,. We use the separation of variables and
suppose O has the form as d=T(zr)- X(x). X(x)describes the profile of the gas density.
T(7) describes how the amplitude of the profile varies with time. The solution for X(x) has a

form as
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sin(kx
ngx (k)

JkeR (16)

Here, {,is an arbitrary constant. This solution suggests that the inner gas of the bubble
distributes sinusoidally.
Let’s define variables z=x7/2-7, ,u(z)=T(z)-R(z). The constant 7, =t is the

maximum of 7. Then u(z) is the solution ofa Hill equation.Hill equation can be solved

max 2

analytically. We only give the solution here, More details are shown inYakubovich et al'®. 7(z)
has the form as

Zn)

T(z')=gT Z b" (ne Z,,b, € C) (17)

in which, ¢, is an arbitrary constant. # and b, are constants determined by {6,}. T(7)
converges whennis large enough. So there’s no need to calculate every b, practically. We
calculate b, by mathematical software. As long asb, is obtained, ¢ has the form as

5(x,7) = X(0)T(7) = gl Sm(k") S (18)

n=—oco

Here, ¢=¢y'G;. p,,and p, have the form as

1 +oo i(B+2n) T
3Mg sin(kr/R) Z be 2

’t = 5 = Timax 19
(1) = p, i R (19)
«_sin(kr/R) & i(pram—
P =¢p, = (K%Jpoﬁ o= xR g SR 5 20)
0 n=—oco

Here, £.=e5 <1.(19)~(20) areanalytical solutionsthat describe density and pressure inside the
bubble provided that R(#) is known. The distribution of the gas indicates that a sinusoidal
standing wave could emerge during the oscillation of the bubble. Figure 2 is a sketch of how a
standing wave distribute.The amplitude of the longitudinal wave only denotes the relative
magnitudes of the standing wave. The standing wave in the bubble is a transverse wave.

The amplitude of the standing wave decreases with the increase of x. k is the wave number
of the standing wave in the co-moving coordinate. k keeps a constant in the co-moving coordinate.
If & is a small amount, the inner gas has an approximate uniform distribution. As & increases,
the wave effect of the gas becomes more obvious.(15)is a second order linear partial differential
equation, so the general solution of (15) has the form as

0=66 +60,+6,0,+ =g X[+ X0+ X, T+ (21)

n-n

in which, ¢ are arbitrary numbers determined by the proportion of every standing wave. (21)
suggests that there are maybe more than one standing waves in the gas. We denote the wave
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numbers of these waves as £, .

BRubble collapsing

v

Figure 2A sketch of how standing wave distributes when a bubble is collapsing.

Give all that, k is an essential parameter to our physical model. So, we are going to discuss
how to determine it.Considering kis the wave number of the standing wave, the angular

frequency of the standing wave @ has an expression as wzck/sz*R% ,in

which ¢, = \/47kp R* /3M is a constant. @ =c,k is an undetermined coefficient. @is a

function of time. As long as & is undetermined, the range of @is undetermined in theoretical
research. However, the range of @ can be obtained in experimental research. And £ is
determined once the range of @ 1is obtained.

To obtain the range of @, we begin with the discussion of pg,. Theoretically, the

expression of p,, is

1(ﬂ+2n)

PanO=Po(O+ Py (r = Rot) = [” ;f’ ][1 rexs = Y be J 22)

This suggests that there are sinusoidal pressure pulsations in p,,. Such pulsations cause local
pressure peaks. A compare between p,, and T(7) shows that the frequency of the local
pressure peaks equals to @. Therefore the range of @ is obtained by a Fourier transform of
Pgr -For experimental research, p, is measurable through a pressure sensor in the
liquid.And p,, is calculated by (3). Then the range of @ and k are obtained from the Fourier
transform of p,,. This method also works when the gas contains several standing waves with

different wave numbers. When the gas contains several standing waves, the Fourier transform of
P also gives the proportion of every standing wave. So ¢, are also determined.
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4 The validation of our physical model

We now briefly introduce equipment, procedures, and results of the underwater explosion
(UNDEX). More details are introduced inHu et al''’. The UNDEX is executed in a centrifuge. The
model and measuring equipment are all placed in a container placed at one end of the centrifuge.
When the centrifuge rotatessteadily, a horizontal centrifugal force exerts on the model.The
explosive is detonated when the centrifugal force is much greater than the vertical gravity.
Researchers neglect the vertical gravity and consider the centrifugal force as a new gravity. The
explosion produces an oscillating gas bubble. The bubble radius is captured by a high speed
camera. The oscillation of the bubble causes apulsating pressure in the water. This pressure is
recorded by a pressure sensor placed near the bubble. The position of the pressure sensor is
simplified as the point D in Figure 1. p,denotes the pressure of the pressure sensor.19 tests

named from UE-01 to UE-19 are arranged. Figure 3 shows the experimental result of the bubble
radius and the pulsating pressure in UE-01 and UE-02 cases.

2.7 16
30 | 14
. @ ] [ : ®
IS Ty 7 "
K : 25 | _ )
1.8 -~ - 12 | \
: 2
-~ ~20 | - 102
g ; o wE L - \ £
e : i I v 1. E
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20.9 Y - 3 o o | \ g}g
7 g z ] -
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Figure 3Experimental result of the bubble radius and the pulsating pressure in UE-01 (a) and UE-02 cases (b).

We observe some local pressure peaks during the span that the bubble reaches its minimum
volume and rebounds([23ms,25ms] in UE-01 and [20.5ms,22.5ms]in UE-02). These local

peaks are shown more obviously in Figure 4. According to our physical model, standing waves in
the gas causes p,, to pulsate in the same frequency with the standing wave. When @ is far

higher than the frequency of the bubble oscillation, local pressure peaks are superimposed on the
pulsating pressure in the liquid. We propose that local peaks in Figure 4are caused by the standing
waves in the gas. Therefore we calculate the theoretical p, and compare it with the experimental

value. According to(3), p,is calculated as

R 1R . RY
Pp =D, +g(pBR —pw)+5;R2pL [1—(;] } (23)

And p,, is calculated as
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DPpr = P(R,1) = p,(1)- (1 + 89‘1751(R,t) +€§2752 (R,t)) (24)

Parameters in these expressions are shown in Tablel. G is the centrifugal acceleration. g is the
acceleration of the vertical gravity. ¥ is the ratio of specific heat of the gas. We assume that the
gas of the bubble undergoes an adiabatic process, so k=% . A comparison between the

theoretical result and the experimental data is shown in Figure 4. It can be seen that frequencies
and amplitudes of the theoretical local peaks agree with the experimental local peaks.

0.7 0.7
e [~ Experimental data @ B [~ Experimental data ®)
L -~ - Theoretical results | |+ S Theoretical results
0.5 = '
= ! '
= 04 it B
= 04 | |
=9 h =8
b I Y A'H] \ < =)
A 03 - vipd I \ a
= 3 [ 1, it )| B
02 F VAR AN
! g
L o } Y Vi \ y
0.1 // \ / W ‘/ \\
0.0 ke IR Lo 1
20 21 22 23 24 25 26 20 21
Time (ms) Time (ms)

Figure 4A comparison between the theoretical result and the experimental data in (a) UE-01 case and (b) UE-02 case.

TablelSome parameters of UE-01 and UE-02 cases.

Glg M /kg /4 € k, ky S S
UE-01 20 1.02 1.25 0.015 0.33 0.6356 1 0.3
UE-02 30 1.021 1.25 0.015  0.376 0.47 -1 0.65

5 Discussion

A model test in a centrifuge can be justified to reproduce the phenomenon with the
prototype in the practical geotechnical engineering. Since local pressure peaks appear in Hu et
al’s centrifuge model test, it should also appear in the prototype. However, such peaks are hardly
reported in other experiments. The frequency and amplitude of the peaks determine whether it is

observable or not. So in this section, some influential factors of the frequency and amplitude are
discussed.

The first influential factor is the centrifuge. If the centrifugal acceleration provided by the
centrifuge is £ times greater than the vertical gravity, then the amplitude of the standing wave in

the prototype is & times less than the model test. Therefore, local pressure peaks of the gascan
hardly impact on the water pressure. So the local peaks are hardly observed in the prototype.
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To illustrate the influence of the centrifuge on the standing wave, we compare the centrifuge
model test with the prototype correspondingly. Parameters of the prototype are calculated by the
parameters of the model test and the scaling law. By using the scaling law in Hu et al’s
experiment, we substitute the prototype parameters into our physical model. And obtain the
relation between the standing wave amplitude in the model test and the amplitude in the
prototype as

1 1
Tp(z)=2Tm(z),5p(x,z)=25m(x,z) (25)
Here, the subscript m stands for variables of models, and p stands for those of prototypes. This
demonstrates that the amplitude of the standing waves in the prototype is & times less than the
amplitude in the centrifuge. It explains why local pressure peaks are hardly observed in any

prototype under normal gravity.

Table2Parameters of a series of underwater explosion experiments.
EX-01 EX-02 EX-03 EX-04 EX-05 EX-06 EX-07 EX-08
Am?/s?) 4 5 6 12 30 120 180 240
Glg 1 1 1 1 1 1 1 1
M /kg 8.16 8.16 8.16 8.16 8.16 8.16 8.16 8.16

0.5
S, ®
04 |
0.3
= 02 “
0.1
0.0 | I A=30m?/s> [
M 1 M 1 " 1 M 1 " 1 .02 M 1 M 1 " 1 M 1 M 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
time/T time/T

‘bubble ‘bubble

Figure 5(a) A comparison between 77 in EX-01~05. (b) A comparison between O in EX-06~08.

Another influential infector is the product of 4 and G, namely A=hG .Remember that
h is the depth of the bubble, namely the depth of the explosive /. We propose that local peaks
are harder observed as Aincreases. To elaborate on this idea, a series of underwater explosion
experiments are considered. The parameters of these experiments are shown in Table 2. These
experiments are named as EX-01~08. Bubble radius time histories in these experiments are
calculated from the RPE equation. And the distribution of the gas is calculated by our physical
model. 77 is determined as the ratio of the period of the local peaks to the period of the bubble

oscillation.The peaks are easier to be observed if 77 1is closer to zero. If 77 is closed to or even
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greater than 1, the peaks are not observable. 7 in EX-01~05 are calculated and shown in Figure
5(a). Parameters in these cases are all the same except for A. So Figure 5(a) indicates that 77

increases with A. Therefore, local pressure peaks are harder observed as Aincreases. Jin
EX-06~08 are calculated and shown in Figure 5(b). It can been seen that the standing wave
amplitude isn’t related to A.

6 Conclusion

The present work considers the inner gas of a single oscillating bubble in the infinite liquid.
Based on the Euler equations, we establish a physical model to describe the distribution of the
gas. By using the method of perturbation, analytical solutions for the density and pressure of the
gas are obtained.The model reveals the acoustic-wave effects of the gas. When the bubble
oscillates softly, the first order indicates that there are standing waves in the gas.When the
frequency of the standing wave is far higher than the frequency of the bubble oscillation, the
standing wavemay causeseveral local pressure peaks at the bubble wall. Such peaks are observed
inHu et al’s experiment. To validate our model, we calculate the amplitude and the frequency of
these peaks. And theoretical results agree with experimental results. The frequency and amplitude
of local pressure peaks determine whether it is observable or not. At last in the present work, we
discuss some influential factors of the frequency and amplitude.
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Study on the influence of shear-thinning fluid on the characteristics
of cavitating flow around hydrofoil

WANG Lu', WANG Shun', LIU Ping-an', ZHENG Zhi-ying’

(1. College of Aerospace and Civil Engineering, Harbin Engineering University, Harbin 150001.
Email: wang-lu@hrbeu.edu.cn
2. School of Energy Science and Engineering, Harbin Institute of Technology, Harbin, 150001.)

Abstract: The influence of shear-thinning fluid on the characteristics of cavitating flow around
NACAG66 hydrofoil was studied by large eddy simulation (WALE subgrid-scale model) in this
paper. The Cross viscosity model is used as a generalized Newtonian fluid model to describe the
shear-thinning characteristic of the fluid in which the shear viscosity decreases with the increase
of shear rate. It is found that the shear-thinning fluid can promote the development of the
cavitation around the hydrofoil. The sheddingperiod of the cloud cavitation in the shear-thinning
fluidwas smaller than that in the water at the same cavitation number. However, the
shear-thinning fluid had little influence on the supercar vitation around the hydrofoil. Besides,
shear-thinning fluid decreased the drag coefficient of the hydrofoil and had little influence on the
lift coefficient. This study will provide the basis for a new technique of controlling cavitation
flow by shear-thinning fluid.

Key words: Shear-thinning fluid; Hydrofoil; Cloud cavitation; Drag reduction.
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Study on the effect of bionic surface structure on hydrodynamic
properties of hydrofoil

LIU Yang, CHEN Shuai, WANG Yu, YAN Pei-kai, YU Kai*

(Shipbuilding and Oceanography Engineering, Harbin Engineering University, Harbin, 150001.

Email: yukai@hrbeu.edu.cn)

Abstract: In this paper, we studied the hydrodynamic characteristics of the shield scale structure
on the surface of shark skin, and the bionic surface structure is applied to the hydrofoil to study
the influence of the bionic surface structure on the hydrodynamic characteristics of the hydrofoil.
A single bionic surface structure with a height of 0.1mm was placed on a flat plate, and the drag
reduction mechanism was studied by numerical calculation at different flow rates. Then, the
bionic surface structure with a size of 1mm in height is arranged in a row to the 1/4 position of
the airfoil suction surface, and the influence of the bionic surface structure on the NACA0012
airfoil is analyzed from the performance of lift resistance performance and velocity cloud
diagram and pressure cloud diagram using numerical simulation methods. Finally, it was
determined that the bionic surface structure reduced the airfoil lift-to-drag ratio at low angles of
attack (0°-9°) and increased the lift-drag ratio at high angles of attack (12°-21°).

Key words: Bionic structure; NACA airfoil; Hydrodynamic performance; Lift-to-drag ratio.
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Analytical investigation of wave-induced hydroelastic response of ice
sheets with a gap

KUANG Qing-wen, NING De-zhi, ZHANG Chong-wei*

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

*Email: chongweizhang@dlut.edu.cn)

Abstract: This study considers hydrodynamic characteristics of floating ice sheets in waves of a
finite depth water. For a finite-length elastic ice sheet with the narrow slit, a mathematical model
is established based on the linear potential-flow theory and the finite-length elastic plate
hypothesis. The model is solved analytically using the characteristic function expansion method.
Focusing on two specific working conditions, effects of the slit position on the wave transmission
coefficient and strain response of the ice sheet are studied. Comparison with the case without slit
is also conducted. The results show that the wave transmission coefficient of the elastic ice sheet
with a slit oscillates with the increase of wave number. Under some wave conditions, pure wave
transmission phenomenon occurs, but pure wave reflection phenomenon is not observed. Position
of the slit can evidently affect the strain distribution in an ice sheet. With the increase of the
incident wave number, the strain response of each ice piece around the slit shows a continuous

transition process from low-order to high-order vibration modes.

Key words: Sea ice; narrow gap; hydroelasticity; potential-flow theory; eigenfunction expansion.
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A Numerical study on the natural transition locations in the
flat-plate boundary layers on superhydrophobic surfaces

LIU Bin'?, ZHANG Yong-ming"**"

(1. Laboratory for High-speed Aerodynamics, Tianjin University, Tianjin 300072, China;
2. Department of Mechanics, Tianjin University, Tianjin 300072, China;
3. Tianjin Key Laboratory of Modern Engineering Mechanics. Tianjin 300072, China,Email: ymzh@tju.edu.cn)

Abstract: Previous studies have shown that the flow noise at the head of the underwater
vehicle is influenced by the transition location in the boundary layer. In this paper, the natural
transition locations in the flat-plate boundary layers on the superhydrophobic surfaces are studied
by numerical methods. It is expected to provide theoretical support for finding effective methods
to control the flow noise at the head in practical engineering problems. The laminar flow field of
the flat-plate boundary layer on the superhydrophobic surface is obtained by solving the Blasius
equation with the slip-velocity boundary condition. In the numerical calculation, the iterative
method and the shooting method are combined to obtain the solution in the whole domain from
the leading edge to downstream. It is found that the boundary layer on the superhydrophobic
surface becomes thinner than that on the ordinary surface. The linear instability analysis is
carried out to the laminar boundary layer on the superhydrophobic surface, while the
slip-velocity boundary condition is still taken into consideration. The semi-empirical ¢" method
is employed to predict the natural transition location, which is based on the results of linear
instability analysis. It is found that the two-dimensional disturbances are still more unstable than
the three-dimensional ones on the superhydrophobic surfaces. Both the linear instability and the
transition location are significantly affected by the slip length. As the slip length becomes longer,
the critical location of flow instability moves further downstream, and the unstable zone becomes
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smaller, resulting in the further downstream transition location. This indicates that the
superhydrophobic surfaces have the effect of delaying the natural transition. The numerical
results show that the transition delay effect becomes stronger as the slip length becomes longer.
The influence of the incoming flow velocity on the transition location in the boundary layer on
the superhydrophobic surface is also investigated. It is found that the higher incoming flow
velocity leads to the higher frequency of the unstable zone and the larger range of the unstable
zone. As the incoming flow velocity becomes higher, the critical location of the unstable zone
moves once upstream and then downstream, but the change of the critical location is relatively
insignificant in general. The movement tendency of the transition location on the
superhydrophobic surface against the incoming flow velocity is different from that on the
ordinary surface. As the incoming flow velocity level rises, the transition location on the
superhydrophobic surface moves once upstream, and then downstream. Consequently, there is a
“dangerous” incoming flow velocity corresponding to the transition location which is the closest
to the lead edge. With the increase of the incoming flow velocity, the transition delay effect of the
superhydrophobic surface becomes stronger.

Key words: Superhydrophobic surface; Flat-plate boundary layer; Flow stability; Natural

transition ; ¢" method.
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Uncertainties in extreme wave analysis
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Abstract: The calculation of extreme wave height in N years is very important for the design of
offshore engineering structures. This paper analyzes the post-reported meaningful wave height
data at two buoy positions inside and outside an island reef lagoon in the South China Sea
through three different wave extreme value analysis methods, evaluates the uncertainty in the

extreme value analysis, and gives the corresponding recommend.
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Interaction during bubble collapse
BIAN Zhen-dong', DU Te-zhuan®

(1. NUC, Taiyuan, 038507. Email:zhend b@qq.com)

(2. Engineering Science, Beijing, 100080. Email:dutezhuan@imech.ac.cn, Corresponding Author)

Abstract: In this paper, usingOpenFOAM to explore the energy changes of bubble model in
infinite waters. Firstly, the CFD calculation model is verified by the compressible Keller-Herring
bubble dynamics equation. The results show that the parameters such as radius, pressure and
temperature obtained by CFD simulation are in good agreement with the theoretical solution and
the corresponding references. Secondly, it is confirmed that the results of kinetic energy and total
work in energy model are basically consistent, and the trend of bubble potential energy and
bubble-work is consistent. On the basis of single bubble energy analysis, the energy transfer of
double bubble pulsation process under more general conditions is studied. The effects of bubble
spacing, inner pressure of A bubble and initial radius of B bubble on the interaction between two
bubbles are analyzed, and the energy transfer during the interaction between two bubbles is given,
including the change of volume and work. The influence of P, D and Rz on energy transfer is
obtained: the greater d is, the smaller the kinetic energy transfer rate and potential energy transfer
rate are; The larger Py is, the greater dynamic energy transfer rate is and the smaller potential
energy transfer rate is. With the increase of Rs, the potential energy transfer rate increases

continuously, while the kinetic energy transfer increases first and then decreases.

Key words: OpenFOAM; Functional relationship; Bubble dynamics; Double bubble
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Numerical study of suppression effect of casing grooves on tip
leakage vortex

BI Zhen, ZHANG Ling-xin, SHAO Xue-ming

(State Key Laboratory of Fluid Power and Mechatronic Systems, Department of Mechanics, Zhejiang University,
Hangzhou 310027

Email: zhanglingxin@zju.edu.cn)

Abstract: In order to reveal the mechanism of casing groove on the TLV and enhance its
suppression performance, numerical investigations were conducted. A NACAO0009 hydrofoil was
selected to create TLV and two types of casing groove which in horizon (C-groove) and vertical
(J-groove) directions were carried out on the solid wall surface. Through the analysis of flow
fields in gaps and grooves, we found that the suppression mechanism of two types of groove on
TLV are different. With J-groove configuration, the TLV was stronger while the axial velocity in
vortex center reduced rapidly, the TLV was less stable. With C-groove configuration, the TLV
was dissipated seriously by small vortex within the grooves, resulting a small intensity during its
whole evolution process.

Key words: TLV; casing groove; numerical simulation; suppression
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Numerical study on fluid resonance in narrow gap between twin
floating barges

LI Ya-jie, HUANG Ya-dong, LONG Yun*
(Research Center of Fluid Machinery Engineering and Technology, Jiangsu University, Zhenjiang 212013, China.
Email: longyun@ujs.edu.cn)

Abstract: In marine engineering, it is of great significance to study the fluid resonance in the gap
between side-by-side operation structures. In this paper, boundary element method based on the
fully nonlinear potential flow theory is used to study the wave-induced fluid resonance in the gap
between twin freely floating bodies. The primary aim is to analyze the effect of floating body
motion response on the resonance frequency in the gap, by comparing with the resonance
phenomenon in the gap of the fixed bodies. When the body is allowed to respond freely under
incoming waves, there is a coupling between wave force and motion. In this paper, the coupled
auxiliary function method is used to decouple them. The numerical simulation mainly includes
the piston mode resonance in the narrow gap under small steepness regular wave. The results
show that the motion of the body will reduce the resonance frequency of the fluid in the gap, and
in turn, the gap resonance will greatly affect the pattern of the floating body motion, especially
the horizontal motion. Specifically, the two bodies move horizontally in the opposite direction in

piston motion mode.

Key words: gap resonance; coupled auxiliary functions method; freely floating barges; piston mode
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Numerical investigations of the vortex suppression in the tip leakage
flow of a hydrofoil via bionic geometries

HUANG Ya-dong, ZHANG De-sheng, LI Ya-jie, GU Fa-dong

(National Research Center of Pumps and Pumping System Engineering and Technology,

Jiangsu University, Zhenjiang, 212013. Email: ydhuang@ujs.edu.cn)

Abstract: Noise, vibration, flow block and loss induced by the unstable vortical structures in the
tip-leakage flow could restrict the comprehensive performance improvements of the
turbomachinery. The bionic sphere dimples are applied on the tip wall of the NACAO0009
hydrofoil to suppress the vortices in the tip-leakage flow at the Reynolds number Re=1x10°, the
attack angle a=5° and the tip clearance 7/c=0.1 (c is the chord length of the hydrofoil). Numerical
investigations of the control effects are conducted by the finite volume method based on the
hierarchical structured mesh. The results show that both the separation vortices and the
tip-leakage vortices are hardly formed under control, and the fusion of the two kinds of vortices
at the tail edge of the hydrofoil are suppressed. It is found that the negative pressure value in the
wake vortex core take reductions under control. That the streamwise velocity increases while
velocities in other directions reduce means the flow loss is decreased under control. Moreover,
both the drag and the lift increase due to the flow block is suppressed, meanwhile the spanwise
force achieves reductions under control. All results illustrate the bionic sphere dimples could

suppress the vortices in the tip-leakage flow and improve the dynamic behavior of the hydrofoil.

Key words: NACAO0009 hydrofoil; tip-leakage flow; bionic sphere dimple; vortex suppression
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Discussion about the law-of-wall for vertical velocity of the flat-plate

boundary layer

DING Yi-ming, WANG Duo, CAO Bo-chao, XU Hong-yi

(Department of Aeronautics and Astronautics, Fudan University, Shanghai, 200433, China.

E-mail: Hongyi Xu@fudan.edu.cn)

Abstract: This paper makes use of the time-space averaged friction velocity as the scale to
deisgn the indicator function for the vertical velocity in the turbulent boundary layer and to
accurately reflect its boundary-layer characters. Based on the indicator function, a quantitative
partition of the boundary layer is provided and an analytical expression with three parameters is
constructed for the vertical velocity component in the Type-A turbulent boundary layer. The
paper analysed the control parameters in the analytical expression, such as the charateristic

damping length D and the damping strength of ¢, and verified the accuracy and effectiveness of

these control parameters for the prediction of vertical velocity.

Key words: Type-A turbulent boundary layer, Semi-finite zero-pressure gradient flat-plate,

Direct numerical simulation, Law-of-the-wall
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Abnormal migration of multi-particles in the Poiseuille flow of a
Giesekus fluid

LIU Bing-rui, LIN Jian-zhong

(State Key Laboratory of Fluid Power and Mechatronic Systems, Institute of Fluid Engineering, Zhejiang
University, Hangzhou, 310027. Email: brliu@zju.edu.cn)

Abstract: The lateral migration of particles in the Poiseuille flow of a Giesekus viscoelastic fluid
is investigated numerically using the direct forcing/fictitious domain method. We focus on the
trajectories of three particles and the single particle under different conditions. Due to the
hydrodynamic interparticle interaction, the trajectory of one particle among the three particles does
not coincide with that of the single particle, even the migration direction of three particles is
different from that of the single particle. The results show that there is a separatrix between the
centerline and the wall. When the initial position of particle is between the centerline and the
separatrix, the particle would eventually migrate to the centerline, otherwise the particle would
migrate to the wall. Under the conditions that the single particle can move towards the centerline,
some particles in multi-particles could migrate to the wall.

Key words: Particle interaction, Particle migration, Giesekus fluid, Poiseuille flow, fictitious
domain method
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The dissipation rate of kinetic energy for Brownian coagulation
XIE Ming-liang

(State Key Laboratory of Coal Combustion, Huazhong University of Science and Technology, Wuhan, 430074.
Email: mixie@mail.hust.edu.cn)

Abstract: Brownian coagulation can be considered as a perfectly inelastic collision. When the
coalescing particles stick together, the kinetic energy is lost. In this study, the dissipation rate of
kinetic energy is analyzed based on the moment method. The result shows that the dissipation
rate of kinetic energy is the same as the growth rate of particle number density at long time,
which will be helpful to understand the Brownian coagulation from point of view of
thermodynamics.

Key words: Kinetic energy; Dissipation rate; Brownian coagulation; Moment method;
Asymptotic solution
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Numerical simulation of the influence of cavitation on tip clearance
flow

XU Mo-han', CHENG Huai-yu', JI Bin'"

(1. State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University,
Wuhan, 430072, Email: jibin@whu.edu.cn)

Abstract: In the present paper, LES method and Schnerr-Sauer cavitation model are utilized to
simulate the tip-leakage cavitating flow around a NACAO0009 hydrofoil. The influence of

cavitation on the tip clearance flow and the vortex structures in the flow field is our main
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concern.The results show that although tip-leakage vortex cavitation and tip-separation vortex
cavitation have little effect on the vortex structures, like tip-leakage vortex, tip-separation vortex
and induced vortex, at the macro level, cavitation brings about intense vorticity transport.
Meanwhile, the occurrence of cavitation decreases the O-value and axial vorticity of tip-leakage

vortex.

Key words: Tip-leakage cavitating flow; Tip-leakage vortex; Vorticity.
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On the interaction between a cavitation bubble and a gas bubble
near a rigid wall

HUANG Xiao, SONG Jian, HU Hai-bao, DU Peng

(School of Marine Science and Technology, Northwestern Polytechnical University, Xi’an, 710072.

Email: huangxiao@nwpu.edu.cn)

Abstract: In the field of ship and ocean engineering, the collapse of cavitation bubbles is the
main cause of the erosion of marine structures. Previous researches reveal that the water jet in a
collapsing bubble tends to shoot towards the rigid wall and away from the air-water surface, for
the bubble in the neighbourhood of different kind of boundaries. Inspired by this point, we set a
gas bubble between the cavitation bubble and the rigid wall, intending to prevent the strong water
jet. Results show that when the size ratio 77 (the ratio of major semi-axis to minor semi-axis) is
large, the collapse of the cavitation bubble is restrained and the collapse water jet shoots away
from the rigid boundary. For a gas bubble which has the same size as the cavitation bubble, its
protection of the boundary is limited if the initial inner pressure of the cavitation bubble is high.
The strong cavitation bubble may even induce the collapse of the gas bubble and result in a
secondary damage of the wall. This work conducets parametric studies on the effect of the gas
bubble onto the cavitation bubble and aims at providing protection method of the cavitation

erosion.

Key words: Cavitation bubble; Boundary element method (BEM); Gas bubble; Rigid wall
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B Je — B A BT FE, T AR B PEAGJS 1) MCC-RL BERY 75 742

;lt - ;Zt + hlﬁlx =0, (14)
;2t+h21’_l2x:0 ’ (15)
hu, +h1g§1x +h12 (3§2xtt _Zhlﬁlmt) =0, (16)
6h,u,, _2hz3l72.m +6gh, &[glx - ;Zx +&§2Xj+3hlh2&(2§2xll _hll’_llxxt): 0. (17)
P P P>
FRE, B B HE ¢ WK ¢ W% e, B
&1 (x,1) = 4, cos(art — kx), (18)
¢, (x,t) = A, cos(art — kx), (19)

Hep, A NEHEEKRME, A4 NHNEFEE, KRXa8-19RE R q4-17)8, @il
MATHMATICA #4%, AT LI43E] MCC-FS PR (R 25 it ta Bl oE 2K

& =%(Bl—\/312 +hh, (5—1)32), (20)

Hrp,

Bl=(h+h,)(3+hhi*),
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B2=3hhk* (124 Kk ) p+4(3+ kK ) (3+hk*) .

[FIFE, H5 MCC-RL PR [ 2 (0 BIR 28 5 vE R (1 E BIOR RIEAT X L, e HER )
A EHOT RN

(kﬁJ (1-p)tanhkh, tanhkh2—ki(tanhkhl—i-tanhkhz)—i-,[_) tanh kh, tanhkh, +1=0 (21)
Hif, k=g, o=c,,xk. XEEEROL, MGHEZIG, RRLIEAET
W, . B, 2 RIS RS, 53 70 82 P 35 (0 R TR ABEAS DA S s, 8 BT B,
i 2 BN A 5 TRAE D v 2 I A

X B FPZ AR LLAR ZE R KN, B p, / p, =856/996 (5 Kodaira S 4y
SO RABUEFBIRAED 0 T AT 7087, 0 %5 1& N R IR EELE Ay hy /by =115, 1/10,1/15 =
L. B3 qﬂE%i%i’Z<ﬁﬂ]iﬁig<, MCC-FS PN AR T 1 28 14 (0 B¢ 2R 5 ERf A IR % L

— KRt 15

NN ----- KiREE: 1710
099 e KRB 115

0.98 4

@3m0%%&ﬁ@%%ﬁ@ﬁ%%%@ﬁ%ﬁ%,pJ@:%mw6
ML 3 FHIRATAT LATF 2] MCC-FS AR (13 YE . LA MCC-FS A AR Y (1) 28 £
MR RE MMM RZENT 5% FE 8 dEm koA, R KIS T
b/ hy=1/4.13, 1/10,1/15 1% =Fh T3, MCC-FS #8138 FI V6 43 51N khy < 0.58 , khy < 0.35
DL J khy <026 « 5 MCC-RL Py L8 4L, MCC-RL P4 % B A4 A e X e 7K AR =X
Chy [ hy=1/5) NPT HERRHL TR, 70 072 R AR 2T 1) P D53 A T WA b T

4 #Eig

T MCC AR ) 5 FEREAT R AL 0T, 45t T MCC-RL B84 LA K MCC-FS
PSR 2R PE e R, S UERARIEAT I, X MCC AR 3E G B3R T 7. W]
LRI MCC AR T AT DUy KRR T 1 P e db AT vERf st iR, FRANIE TR KB
R PR HEAT HE R R I

Bist
AR TAE AR K AARFRESMES: 51490671, 11572093) 5 B T 56 .
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Study on dispersion relation of MCC Internal Wave Model
ZHANG Tian-yu, ZHAO Bin-bin', WANG Ze-hang

(College of Shipbuilding Engineering, Harbin Engineering University, Harbin, 150001.
Email: zhaobinbin@hrbeu.edu.cn)

Abstract: MCC internal wave model is a commonly used internal wave model for the study of
internal waves between two-layer fluids system, it can accurately describe large and strong
nonlinear internal waves in shallow water. However, because the dispersion relation of the MCC
internal wave model has not been studied, some researchers think that the MCC internal wave
model can accurately describe the strong dispersive internal waves and can effectively
characterize the characteristics of strong dispersive or even completely dispersive internal
solitary waves in the real ocean. In this paper, the dispersion relation of MCC internal wave
model (including MCC-FS model considering free surface effect and MCC-RL model with rigid
cover approximation) is studied, and the applicable range of MCC internal wave model is given.
We use MATHMATICA software to linearize the MCC internal wave model and obtain the linear
dispersion relation. By comparing the results with the accurate linear dispersion relation of the
internal wave between the two layers of fluid, the applicable range of the MCC internal wave
model is obtained. The research shows that the MCC internal wave model is suitable for the
study of internal waves in shallow water, and there is a big error in the description of strong
dispersive internal waves, which is beyond the applicable scope of MCC internal wave model.

Key words: Strongly nonlinear internal wave; MCC model; dispersion relation; MCC-FS model;
MCC-RL model
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Email: harder1314@163.com)

WE: A7 EERMAEN S &R E AT B MR AR UF B kit R, R XCKA
CFD(Computational Fluid Dynamics)7 7%, # T Volume of Fluid (VOF)# £ #1 Large Eddy
Simulation (LES)i i #% B 2 72 41 B o1 7 @ A1 1T B9 Sub-off B9 37 77 B 17 B it 5, 548 X TR
T & 77 % B4 1 (verification) A1 1F 52 (validation), % &40 E 7 E e F 1 BEE XA E AR .
BERETENTRHFATHRETE, ST BESBRE AT H. TERHA: BHENTE
HREMATE, XEERBEERARBEMEATUNMEEZRE. HEHAERABMLE
B R E AT A R AR A AR R BB A R T .

XuiR): BME; B EEE; VOF; LES; HHME

155

XTRE S, FEK AT ARSI A2 B E VR R, RS2 B R
(3 S AE B OR UEVE RE N A 2 0% LU 0 28 SOnT 4ERRE IE IS AL Re 77 . F ER VR TR RV i
R EVEH 2 SE A BRI AT, )2 B IR ASTE 2 8 m i8R e ae, anbH 3.
FHEAA 2R THI s 766 P 5028 DA R I3 IR e A8 o ] e mT 09T 2 1 VR T -5 9 EE T A AR P A 9 i
PEREHT T B L oy o [ N A 22 3 N I BOK T AT 25 AR I B BRI ATLAT I B P B
AT, Abdolrahman™JE T k—g B A AR FiEE T UWV(underwater
vehicles) (I /7. I FE AN SLEG 45 RIS RIFIVI& 45 R IR W BEE TR IR RS,
BH 77 Z BRI AN . Stefan™ % sub-off BAE A LE E-IEA B (at snorkel depth) ¥ L 71 g #E4T
WRIGHFFC, $ 03 AR B0 SR 0 PEL I R 22 24 5 8 0% Ashok P R 56 1IE Sk 7 i TG FR
TEUR SR N SR T BRI ) R 80 Bk e 2280 71 R4S LIDOEK/ER BLAR) 2 2 .

ACLL Star CCM+ A TR, T LES it BT e WA AT [ 5 KU St o0 #r s R EE
RH ) SE56 H0 s IR BUE U O AR T SEE IR YR B35, X 3 NIRRT 3 AR
FEFF AT FATE, SE5 45 RIS E DS B 5 R AR & 1 SIS RE R AR AL 2 25, AR
SCHIRIE FERE MHT ) A B B TRl ER P AT Y T LA T IS PR e
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2 HUE A H A

2.1 B E A

Kt (large eddy simulation, LES)“ L%t 2yt lksh (v ) i —fh a6 F1y, @it
T bR EOKE OR RO IR AN REE IR 70 B, KORBE R db AT B4R, , /N ROBE dim R A 2R SR 4
PH . RSO B A 7 = B W BRI AR IR R B, I B A St E X &
WEVERI TR, Bt BEBA S RERAFERREE, B RE RN R E A A FEHR
FERIIR . LES H, AR 7 RE T RANS(F W 3 7R ) B & /D 456 R B0 E L REL
LR T E R R RAT R 88N, RS RER AR 80 (1) 5 2 B R 0K, SE/NE N
IR S, BRI T PR RS i sl 2 4 A 7 ROBE R RS A e S . AR SOl 2
Smagorinsky Mg R, &R AN JFA6 W A% R, I HoRIR 2 5 s s Y
FHES 3TN
2.2 iRBI KT E

[E Brbr B Sub-off E 4% VEGH I J LA AR BERL R A R VR AR B0 B VRN AR 5 ) AT
S CHR[6-8], 5 & B AY XS TS SR A 75 3R, A SO} B A A AL 4T 48 T8O F 51
B, RN 2=0. 6887 , FALEK L=3m, K KE# D=0.35m.

THRIS R AW I E AR 22 5. EIRER IV Aks R G MA 52 1)
JOB T WE 1, FECHSH RN R, HAm SR 1A x iR, BRI
NEE 1z flA R, A RE AR EARTE ) Ah o v SR [, (R RIS R RE B 2 A B CF)
JEETH (T AR 5 B B (R AT EE AN T 1%, 2% WILSON 2Pt st &0, 8w R
~HE R B ZE R AT 2SN A BRIEERTE S, TR B 5w SO E T REIE R R 2 E R
MERAES, Al SR AR, £E T PRI A T R SR B3N 1L A BEIX, HAtE
B AFR RGEMNA T ) LD R4 2, REAL bR R U Bk, FHLZER IR AT 2
I o

WBER

2.5 | L \ L5

1. 5L

OEYH
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O > & 8

WA BEE
B 1 JEPRIE IR VS S 2k

-320-



F =t WA EUKE R 2R R

HEAD 7 HEAD
LB MK 1L ]

T e t—ﬁamgm-————-————— ————————— -

i3
# I 2
it ) é X
[u]

1 [m)

L 2.50 | L L L8 /AN i "

m}
BB B X I il
HEAD EEAL

P 2 A BRI S B 5 A
2.3 1%, BHEIS KR TAIRE

EH 4 BRETE R ARSI, o5 SONMIRS T 5 1-4, 4 BT YHE/N T
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#F1 AERMBSFENER
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FEVR TR RN B VR B S R A I E E R, BRI 2. FENEBIR A 3 AMIATHE
FEU, 450E 1.5m/s, 2.5m/s, 3.5m/s.

3 WS

A A B O S5 R 40T S B () 9 B e — 119,
FACHEAL Fr = 0. 461 FF RIS B0 2 SUBE AR I R AL, = R/ (0.5p0°L ), Bt
HARKC, =R /(0.500°F ) RIEZIARMC, = R, /(0.500°L), et o Rt i i
Do R OESEABEHERLS), R OBEARIEZNLD, p RVIRERE bk 3 A TEHICREE R
AR TERI AL, 4 EERIRE O T3 45 R L 2.

&2 AERMRARBHESR

WHAN  MBED RETE2 PR3 R4
1000¢, 1.133 1.156 1.169 1.175
1000C, 0.962 0.974 0.984 0.989
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PIRICSR K = ¢, , /e, » 6, =BT RERE, ¢, REMWTTRERZ. KK
HHERHE K>1, 0<K<I ok K< dy R A vt S0 P A R0 A S B8 R i 8
R, SR B AR ML A UK IS B AU B Ry, R A2

P=In(e,,_ /e, )/ Ink (D

TEAL =B Wk U S 2L

Ii,i+1:DS|ei,i+1 V(kp_l) (@)

X De=1.25 AMK IS L 4 RE0 o=, . IIRSISMETHE 45 R LK 3. B L,
M p=2 i, WA IE A s PR 2 A 4 e i B 6 SR A s e R e N0, e e o
SGE RS AT EUE T E R AR TR ATRTTR 2 B R 4 HAEFRREE H S
FERE BRI PR, WG SRR PRI A% 5 58 3 BEATUFEL. MEAR BRI R ) R S
ZEMRTT RN ZR TS, FEAANZ MR FEE .

F 4 AR S KA AR H 2 KBS R, PL0.001s fITH54E BN FEfERAT 4 E .
ATLVE e AFE SO THREE REGFEIEUD, NRETHRACE, FERiEh R
0.001s AIFAIEK . Kl 4 A SCTHRAR B FATE S B PE 8 5 2 RAE XS b, AT RUE
P B85 BRI F RS RIFHIVI&, IESSBUE 0T R IERTE. 5L, ERZMITE DY
K EETPIRE J7 % 3 B RR R 7 45 5

-322-



F =t WA EUKE R 2R R

& 3 PR T B AR

Wik T% S 1000C, 1000, 1000,
K 0.565 0.833 0273
1~3 P 1.646 0.526 3.749
I 0.021 0.063 0.001
K 0.462 0.500 0333
2~4 P 2231 2.000 3.170
I 0.006 0.006 0.001

& 4 TRNEISKHEER

LRHPS 1000C,  1000C,  1000C,

0.0005s  1.164 0.983 0.181
0.0010s  1.169 0.984 0.185
0.0015s  1.171 0.984 0.187

1.301

o o 5
L o S
1.20- o

9 o

S 115F a

™ o

u]
L10f ° g
o
u]
1.05- o
1 1 1 1 1 9
0.2 0.4 0.6 0.8 1.0 1.2 1.4
Fr

Bl 4V RERE ) 2R B S RN S A o L 45
4 g5 R 55047
4.1 BHEE S

B R VR 138 1 2 D3 FRE AR 3 THT P s g 93 A AN 5 8] AR s EEAR Ak, SCHR(2,11,12]
SRR ] B R A7 AE S I AE R T o 1B 5 A A [RITERR LI T~ B TER RE BEL 70 2R 5K
AL 2k, AT LA I HEAA R R PR RE D S A AN 52 B e VT (KOs, i s 22 BHL A 6 IR I A2 1L

-323 -



=t Jm e EKE A 2R S

SRR

—0— H=1D
—O—H=2D

—B— H==D
1.05 -
5 1.00 -
0.95

135 20 23 30 33 0.90
v U

()= FL 71 3% (b)EZ BT 2% (o) B PERE ) R %
Bl s ANIRI LI S v R IR B ) 2R B8 A th 25

3.0r

4.2 BREE NS

e, g
S| I

Pressure (Pa)
-5, llc+1.lz -1.Tes+02 1. Te+wi2 5 D02

@6§%HIFﬁKE

K 6 A FINTERITEA TV REA Fia /13 0 = o XA BUR H: BEE AR
FHE N 70 P S T BB L, 75 R AR R IR TR, AT TR b I R AR PR 15 5 R
1A 2 1 2R FEAR I RS IS IR P, 2 FRJR AL 2 5 [ J0 /ML, T 7R BB 2 JE2 4 FY E 2 18
Fo PIMBRBEKIEERR . DORMAFMHIZESR, AWE AR, BiEEm, 249
HAABIHIS, SR PR . TERRIE A BEL 3 25 A TR R 5 AR BT S A % VTR &R, Mojtaba 256 A1)
IR FERIESE 73X — M. 75 1D VIR TE B JA B 38 [ 0224 R L E U A P 22 53 »
FUE £ R B I X[ LS e 2 Pk, Xt ARE 1 4.1 PR A8 A0 o 2 TR L R ) il 2
ZE IR A

4.3 BT

K7 BRI A

-324-



F =t WA EUKE R 2R R

B 7 ARV DR REAE B VR %3, B T A SR i, BRI In; AR R,

BEETER IR, X Big g im, BRI, WA RSB it SRR, HEWT
TR E R ) R B AR T S . R 5 R 220 ) BB TR . T R AR Ak
KT EE ) R B P S — M

5

zEip

ASCLA sub-off SRS S, X HAEIL B il B 2T K At RE . Wk EAT

TR EANRS LT, AR 451e: OB mlm AT, MR E 1R S
FERL /1 ARAL T OISR, A fE B AR5 R W AR AR L AR RIS RER BT In, - e 2 4 ¥ &
AN R B FARALAH SIS BEAR BE T FEAG ;. @BEE TR IR m, Bokagin: MEHET, BEE
TR, BBEE N, BoRAATIE.

10.

11.

12.

13.

14.

SEH

Nematollahi A, Dadvand A , Dawoodian M . An axisymmetric underwater vehicle-free surface interaction:
A numerical study[J]. Ocean Engineering, 2015, 96(mar.1):205-214.

Skejic R, Daum S, Greve M . Effective Power and Speed Loss of Underwater Vehicles in Close Proximity
to Regular Waves[C]// Omae June 25-30, Trondheim, Norway. 2017.

Ashok A, Van Buren T, Smits A J . The structure of the wake generated by a submarine model in yaw[J].
Experiments in Fluids, 2015, 56(6):123.

SRR, XM, WU RESEIR A R I]. KBS St E, 2008, 23(6): 625-632.

EIRTE. KR S LN LR [I]. i KSR (E AR HAR), 2004, 32(3): 261-265.
Groves NC, Huang T T, Chang M S. Geometric characteristics of DARAPA sub-off models[R]. David
Taylor Research Center, Ship Hydrodynamics Department, 1989.

Han-Lieh L, Thomas T H. Summary of DARPA Suboff Experimental Program Data [R] .Naval Surface
Warfare Center, Carderock Division(NSWCCD). 1998 :19-23.

Huang T, Liu H L, Groves N, Forlini T, Blanton J, Gowing S. Measurements of flows over an axisymmetric
body with various appendages in a wind tunnel: The DARPA Suboff experimental program[C]//
Proceedings of 19th Symposium on Naval Hydrodynamics. Seoul, Korea, 1992.

WILSON, R. E. 1994 Aerodynamic behavior of wind turbines. In Wind Turbine Technology, Fundamental
Concepts of Wind Turbine Engineering (ed. D. Spera), pp. 251-282. ASME Press.

B, kol 0. T ORI AR R RS A B T [T]. R RO R (A R BRI, 2017,
45(11): 73-78.

Wilson-H, Renilson M, Ranmuthugala D, et al. An Investigation into the Wavemaking Resistance of a
Submarine Travelling Below the Free Surface.2020

Shariati S K , Mousavizadegan S H . The effect of appendages on the hydrodynamic characteristics of an
underwater vehicle near the free surface[J]. Applied Ocean Research, 2017, 67:31-43.

Shariati S K , Mousavizadegan S H . The effect of appendages on the hydrodynamic characteristics of an
underwater vehicle near the free surface[J]. Applied Ocean Research, 2017, 67:31-43.

Stern F , Wilson R V, Coleman H W , et al. Comprehensive Approach to Verification and Validation of
CFD Simulations—Part 1: Methodology and Procedures[J]. J Fluid Eng, 2001, 123(4):792.

-325-



F =t WA EUKE R 2R R

15. Wilson R V, Stern F , Coleman H W , et al. Comprehensive Approach to Verification and Validation of
CFD Simulations—Part 2: Application for Rans Simulation of a Cargo/Container Ship[J]. J Fluid Eng, 2001,
123(4):803-810.

16. Roache, P. J . Quantification of uncertainty in computational fluid dynamics[J]. Ann.rev.fluid Mech, 1997,
29(1):123-160.

17. Amiri M M , Sphaier S H , Vitola M A, et al. Investigation into the wave system of a generic submarine
moving along a straight path beneath the free surface[J]. European Journal of Mechanics - B/Fluids, 2019,
76:98-114.

The numerical investigation on the effect of the freesurface to the
submarine in straightahead

LI Peng', WANG Wen-quan’, WANG Chao', HAN Yang', GUO Chun-yu'

(1.College of Shipbuilding Engineering, Harbin Engineering University, Harbin, 150001,
2. No. 708 Research Institute,China Shipbuilding Industry Corporation, Shanghai 200011, China)
Email:harder1314@163.com)

Abstract: In order to grasp the performance characteristics of the submarine sailing near the free
surface to help its design optimization. This paper adopts CFD (Computational Fluid Dynamics)
method, based on volume of fluid (VOF) model and large eddy simulation (LES) turbulence
model is used to simulate the flow field of sub off sailing near the free surface, and the
verification and validation of methods are carried out for relevant working conditions to improve
the reliability of numerical simulation; then, the numerical calculation is carried out for several
working conditions under different speeds and depths, and the influence of diving depth on
submarine resistance is compared and analyzed. The results show that the coupling effect of
wavemaking system is an important reason for the change of submarine resistance in near free
surface navigation. The results of numerical simulation provide a new idea and direction for the

research of submarine near free surface navigation.

Key words: Submarine; Free-surface; VOF; LES; Freesurface.
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International Conference on Robotics & Automation, IEEE, 2016.

Locomotion of a flexible plate: How the boundary condition of the
leading edge affects the self-propulsion performance

WU Wen-bo

(School of Mechanical and Electric Engineering, Guangzhou University, 510006, China

Email: wwb1987wave@gzhu.edu.cn)

Abstract: In the nature, the fish can control the wave propagation on the caudal fin using the
sarcomere at the leading edge of the caudal fin. The control methods can be attributed to three
types: Active Heave and Active Pitch (AHAP), Passive Heave and Active Pitch (PHAP), Active
Heave and Passive Pitch (AHPP). Which mode can produce the largest thrust? Which mode can
develop the most efficient swimming performance? So far, the research on these issues can’t be
found in article. In this paper, we have studied the self-propulsion of the flexible plates driven by
these three modes. It is expected that results of this paper can shed new light on the mechanism
of the locomotion of the fish, and give a new idea for the design and control of the robot fish.

Key words: Self-propulsion; Flexible plate; Driving mode; Propulsive efficiency; Propulsive
force
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Research on rationality verification of the core velocity assumption

in Green-Naghdi theory

LI Ming-jie, ZHAO Bin-bin’, DUAN Wen-yang

(College of Shipbuilding Engineering, Harbin Engineering University, Harbin, 150001.

Email: zhaobinbin@hrbeu.edu.cn)

Abstract: At present, some progress has been made in the study of the interaction among the
wave, current and topography by use of the Green-Naghdi theory. The Green-Naghdi theory
satisfies the free surface boundary condition accurately, and can simulate the strong nonlinear
water wave accurately. The Green-Naghdi theory is based on the Euler’s equations, and the only
assumption is the shape function of the velocity of particles along the vertical water column. In
order to verify the rationality of the core velocity assumption of the Green-Naghdi theory,
numerical simulations of strongly nonlinear regular waves are carried out in this paper. Results of
Green-Naghdi theory are compared with those of the full nonlinear stream-function wave theory.
The results show that the wave speed, wave profile and velocity field are accurate. In addition,
the accuracy of the pressure field of Green-Naghdi theory is studied for the first time in this paper.
The results show that the pressure field is accurate, which verifies the rationality of the core

velocity assumption of the Green-Naghdi theory.

Key words: Green-Naghdi theory; stream-function wave theory; strongly nonlinear water wave;

regular wave; pressure field
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A comparative study on simulating precision of the strong nonlinear
waves by using the HLIGN equations and the HOS method

ZHENG Kun, ZHAO Bin-bin, DUAN Wen-yang*

(College of Shipbuilding Engineering, Harbin Engineering University, Harbin 150001.

Email: duanwenyangheu@hotmail.com)

Abstract: Strong nonlinear waves make a great threat to the ships and offshore structures. The
High-Level Irrotational Green-Naghdi (HLIGN) equations and High Order Spectral (HOS) wave
model are the two kinds of accurate and efficient water wave models around the world. The
HLIGN equations satisty the fully nonlinear free surface condition. It only introduces the shape
function describing the velocity variation between different layers in the vertical direction. On the
other hand, the HOS method which is also utilized to the simulation of the strong nonlinear
waves remains the higher order terms and expands the variables on the free surface to the mean
water level. In this study, these two kinds of nonlinear water wave models are used to simulate
two-dimensional nonlinear regular wave, focused wave and some other wave propagating
problems. The results are compared with the full nonlinear stream function wave theory and
available experimental data of the focused wave. It is found that both the HLIGN equations and
the HOS method can accurately simulate the strong nonlinear waves. The comparison of the
calculation accuracy and time cost between these two models is given in this study.

Key words: Strong nonlinear wave; High-level Irrotational Green-Naghdi equations; High Order
Spectral method; Regular wave; Focused wave.
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Study on dispersion relation of the Green-Naghdi internal-wave
theory

WANG Zhan, ZHAO Bin-bin, DUAN Wen-yang"

(College of Shipbuilding Engineering, Harbin Engineering University, Harbin, 150001.

Email: duanwenyang@hrbeu.edu.cn)

Abstract: South China Sea is one of the most active internal-wave regions. Accurately describing
the large-amplitude internal solitary waves plays an important role of exploring and developing
the South China Sea. The high-level Green-Naghdi internal-wave theory can describe the internal
solitary-wave profile, speed and velocity field accurately. However, it is inconvenient to choose
the level of the this theory. In this paper, the Mathematica software is used to linearize the
equations of the high-level Green-Naghdi internal-wave theory and obtain the linear dispersion
relation. By comparing with the exact liner dispersion relation of the internal wave in a two-layer
fluid system, we obtain the application range of the different level Green-Naghdi internal-wave
theory, which will help us select the suitable level for getting the large-amplitude internal
solitary-wave properties. By studying the dispersion relation, we find that the Green-Naghdi
internal-wave theory with high levels can describe the large-amlitude internal solitary waves
accurately, both for the shallow configuration (4, / A <1, h /A<1,where h, and h are the

depths for the upper-fluid layer and lower-fluid layer, respectively, and A is the characteristic
wavelength) and deep configuration (4, / A <1, h/A=0(1)).

Key words: Strongly nonlinear internal wave; Green-Naghdi internal-wave theory; dispersion
relation; shallow-configuration internal wave; deep-configuration internal wave
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Numerical simulation of wave Bragg reflection of submerged
sinusoidal breakwater

ZHANG Jin-feng', JI Chao-qun', ZHENG Feng”, ZHANG Qing-he'

(1.State Key Laboratory of hydraulic engineering simulation and safety, Tianjin University, Tianjin, 300350,

E-mail: jfzhang@tju.edu.cn; 2. Jiangsu Transportation Institute, Nanjing, 430000, E-mail: zf227@jsti.com )

Abstract: The interaction between wave and submerged breakwater will produce Bragg
reflection. In this paper, a two-dimensional numerical wave tank is constructed based on lattice
Boltzmann method (LBM). Based on the validation of the numerical model, the interaction
between waves and structures is studied by setting up several groups of sinusoidal submerged
breakwaters. By changing the relative height of submerged breakwaters, the influence of different
parameters on Bragg reflection is compared and studied, and the reasonable construction
parameters of submerged dike structure are proposed. The simulation results show that the Bragg
reflection magnitude increases with the increase of the relative height of the submerged
breakwater. In order to achieve good protection effect, the height of submerged dike should be at
least half of the water depth.

Key words: Lattice Boltzmann method, Numerical wave flume, Bragg reflection phenomenon.
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Strong nonlinear wave simulation based on free surface wind
pressure disturbance method

XU Yang', ZHAO Bin-bin'", DUAN Wen-yang', LIANG Hui’

(1 Institute of Fluid Mechanics, College of Shipbuilding Engineering, Harbin Engineering University, Harbin
150001, China
2 Technology Centre for Offshore and Marine, Singapore

Corresponding author email: zhaobinbin@hrbeu.edu.cn)

Abstract: In the numerical simulation of waves, the wave-making method of velocity inlet and
wave-making method are usually used to realize the wave-making function. In the actual ocean,
it is mainly caused by wind pressure disturbance and friction. The frictional effect of wind is not
considered here. This paper mainly studies the free surface wind pressure perturbation method to
realize the wave-making function. In the wind pressure disturbance zone of the free surface, the
wind pressure intensity is assumed to be a polynomial change with the spatial variation. Through
linear wave theory, the corresponding transfer function is first derived, and the amplitude and
maximum wind pressure intensity and length of the wind pressure area are established. For the
numerical simulation of linear regular waves, this paper uses the linear Green-Naghdi fluid sheet
theory for simulation, and compares the simulation results with the results of the linear wave
theory to prove the correctness of the transfer function. Furthermore, the numerical simulation of
the strong nonlinear regular wave is carried out, and the results of the strong nonlinear
Green-Naghdi fluid sheet theory are compared with the stream function wave theory. The two
agree well. It shows that the free surface wind pressure perturbation method is effective to realize

the wave-making function.

Key words: wind pressure disturbance; Green-Naghdi fluid sheet theory; strong nonlinear wave;

regular wave; stream function wave theory
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Analysis of flow field around chord under different Re
LIN Hai-hua, SUN Cheng-meng

(Naval Architecture & Marine Engineering College, Shandong Jiaotong University, Weihai, 264200.
Email: 7216219@qq.com)

Abstract: Chord with complex rack structure is the key structure of truss pile leg of jack up, and
also the key structure to ensure the safety and stability of the whole platform. The method of semi
theory and half experience is usually used to calculate the environmental load of chord, but the
flow field mechanism of this kind of bluff body is seldom studied. Based on the N-S governing
equation, a numerical simulation method suitable for the analysis of the flow field around the
chord is discussed. The two-dimensional flow field around the chord with different Re is
analyzed. The flow field characteristics of the chord with complex rack structure are studied,
including the wake flow field form, C;, C; and vortex shedding frequency with Reynolds number.
The results show that: compared with the cylindrical structure, when the angle between the chord
rack and the inflow direction is 90 °, the wake negative pressure area and wake vortex area of the
chord become larger, and C;, C, also increase, which makes the flow field around the chord more
complex. The research and analysis of the flow field around the chord provides theoretical

support for the safety of the jack up.

Key words: Re; Chord; Rack; Flow field.
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Acoustic spectrum of erosion process induced by cavitating jet
CAO Yan-tao'?, PENG Xiao-xing '*, MOHAMED Farhat’, YAN Kai >

(1 National Key Laboratory on ship Vibration & Noise, CSSRC, Wuxi, 214082, China
2 Jiangsu Key Laboratory of Green Ship, Wuxi, 214082, China
3 LMH, EPFL, Lausanne, 1007, Switzerland, Email: caoyantao@126.com)

Abstracts: Cavitation erosion is one of the harmful effects resulted from cavitation, which could
be seen in various hydraulic components such as ship propellers and hydraulic machines. It draws
attention due to its side effect on the hydraulic behavior of related components and the safety of
structure. The key to evaluate extent of damage is the quantification of aggressiveness produced
by cavitating flow since the relation between them. In this paper, the acoustic signal during the
erosion test was obtained by a hydrophone installed on the test section of a cavitating jet device,

trying to compare the cavitation intensity using the character of noise signals. It was shown that
the acoustic spectrum could distinguish the mass loss difference between conditions at the same
temperature but different velocity, it could not reflect the the mass loss contrast between

conditions under the same velocity but different temperature.

Key words: cavitating jet; cavitation erosion; acoustic character
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The coupling solution of three dimensional elastic wedge under wave
condition

SUN Zhe, LIU Guang-jun’, LI Heng
(School of Naval Architecture, Dalian University of Technology,Dalian, 116024.
Email:19969306818@163.com)

Abstract:When the ship sailing in bad sea conditions is often accompanied by severe slamming,
especially in the bow and stern.For ships with high speed, the phenomenon of slamming is more
severe and continuous slamming force will not only affect the ship's navigation comfort and
handling, but also bring fatigue damage to the ship structure.In this paper, a two way couping
method between CFD software STARCCM " and FEM software ABAQUS was used to calculate
a eastic wedge. The thickness of the elastic wedge is Smm, and the elastic modulus E=2.1el1pa,
the wedge free fall 0.4m distance and slamming the still water.slamming pressure, stress
distribution and variation are in good agreement with the literature. Changing the velocity of the
elastic wedge, found that the velocity magnitude has a great influence on the impact force of the
wedge. With the increase of velocity magnitude, the slamming force increases obviously. The
water entry of the wedge under wave conditions is solved and pressure values of the measuring
point under static water condition are compared. It is found that the pressure value under wave is
less than static water. In order to study the influence of elasticity on the wedge water entry
problem,we did the calculation for the rigid body case as a contrast to a wedge of relatively small
thickness.

Key words:3D- wedge; water entry slamming; CFD;abaqus; fluid solid coupling
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