HTML AESTRACT * LINKEES

PHYSICS OF FLUIDS VOLUME 16, NUMBER 3 MARCH 2004

Impact of an oblique breaking wave on a wall
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The intention of this paper is to study impact force of an oblique-angled slamming wave acting on
a rigid wall. In the present study the analytical approach is pursued based on a technique proposed
by Shu (Proceedings of the International Conference on Applied Mathematics & Mathematical
Physics, Sylhet, Bangladesh, 200@ nonlinear theory in the context of potential flow is presented

for determining accurately the free-surface profiles immediately after an oblique breaking wave
impingement on the rigid vertical wall that suddenly starts from rest. The small-time expansion is
taken as far as necessary to include the accelerating effect. The analytical solutions for the
free-surface elevation are derived up to the third order. The results derived in this paper are of
particular interest to the marine and offshore engineering industries, which will find the information
useful for the design of ships, coastal and offshore. 2@4 American Institute of Physics.
[DOI: 10.1063/1.1644145

I. INTRODUCTION assumptioh nor exponential in Zhangt al’s assumptiorf.
) ) This paper aims to take the same analytical approach, but

One of the most devastating forces of nature is that Ofstead of a normal wave, we shall derive and solve the
breaking waves. The destructive force of breaking waves iﬁﬂpact problem due to an oblique angled wave.
econpmically and physically detrimental and fatal. Hence, a * |, the present study, we do not assume any prescribed
considerable amount of research has been devoted to the,tions for the free-surface profiles. Effects of gravity, vis-
study of the impact forces of breaking waves, particularly.,gity and surface tension can be neglected since inertia
that of breaking waves impacting on a rigid wall, which 'S forces are dominant during the small-time impact process.
suddenly started from rest and made to move towards a fluige essential mechanism involved in the impact process can
jet. Such studies can yield useful results that would benefife gescribed by the theoretical treatment of potential flow. A
designers of dams, ships, oil rigs, and other coastal and oftsm ) portion of the breaker tip is initially cut off to produce
shore structure_s, which are directly subjected to the impact finite wetted area on the wall and a high spike in the con-
forces of breaking waves. sequent impact results from an acceleration of water towards

When a breaking wave strikes a wall, the impact pro-yq ywqji. We are interested in the short time successive trig-
duced is of short duration but considerable intensity. Thi ering of the nonlinear effects using a small-time expansion

direct collision generates an impulsive pressure on the wally the full. nonlinear initial/boundary value problem.
which is similar to the problem of initial-stage water impact. '

However, existing wave theories based on small and finite
amplitude assumptions cannot accurately model the breaking
wave force on a wall due to the highly nonlinear and tran-ll. GOVERNING EQUATIONS

sient nature of the problem. We consider a rigid horizontal wall, being suddenly

In reviewing the previous studies, one of the most im- ; .
. . A tarted from rest and made to move vertically with constant
portant and unresolved questions is how the initial stage o?

. o acceleratiora, (vertical componena,=a, cosp) towards a
the breaking wave impingement on the wall can be prOperl}{wo—dimensional fluid truncated wedge with semiangte
characterized and simulated. Cumberbétcbnsidered the (0<a<?). A definition sketch of the flow is shown in Fig. 1
case of symmetric normal impact of a water wedge on a wall 2 . . 9. L.

2 . . . . The axis of the fluid truncated wedge is at an angke
and Zhanget al-” took it further by studying an oblique im- 0<B<3—a) to the vertical. Let me nondimensionalize time
pact. These two works assumed prescribed functions of th,gab (L2 /a,)Y2, distance ‘( ) by L, velocity (u,0) b
free-surface profiles close to the wall: in Cumberbdteh, (a>|l_ )1,22 gres',surep by pa I)_/ v)\//hezréL an dyL élre tr?/e
H H P 2 _ y-2 ' y-2 1 2
Ilnea_r f“”C“Or_‘ was assumed while in Zhaeal,” an expo right-side and left-side wetted wall semilengths, respectively,
nential function was assumed. These two works were . . j
stemmed from aad hocassumption on the free-surface pro- when the breaking wave just touches the wall at t
files close to the wall P P andp is the density of the fluid. A mathematical statement of

3 y the above problem can now be written as
In Shu; an analytical approach was taken to solve the
breaking wave problem for a normal wave without pre-
scribed functions. It has been found that the free-surface pro- 94 v (1)

file close to wall is neither linear in Cumberbatch’s ax  ay
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(x,y,t):—1-ytar{(a+ B)m]— n(y,t)
sxs\+ytarf(a—B) 7]+ ni(y,t),

1
z - plane antzsy<oo, ost<oy.

. MATHEMATICAL ANALYSIS

The full nonlinear initial/boundary value problem con-
sists of Egs.(1)—(3) with conditions(4)—(9). These equa-
L e tions are solved analytically by employing a small-time
¢ expansiorf~’ We assume that

ulx,y,t)=u(x,y)t+0(t?),
FIG. 1. A sketch of fluid body in physica plane showing the free-surface (x.y,0) it y) (%)

“elevations” 7, and 7, at the instant of shortly after impact. v(X,Y,0)=v1(X,y)t+ O(tz) (10)
P(X,y,t)=Ppo(X,y) +O(1), (11
du gu  du_ 4p 7(Y,1)= 71 y) P+ O(t%),
E—l—ué’—x‘l‘UW:—&—x, (2 ) 5 (12)
72(Y, 1) = 722(y)t°+ O(1°).
dv dv v ap The leading-order equations are
E+u&—+v(9—=—a—. (3)
Yy dup v P
For negative tim¢<0 everything is at rest, ax oy Tt ax!
(13
u=v=0, n,=0, 7,=0 fort<O, (4) ) __9Po
1=
Iy
where n, and 7, are the free-surface “elevations” in the ) N
direction beyond the undisturbed surfaces. On the surfaceg§ubject to the conditions
the kinematic and dynamic boundary conditions require U1=2715, Po=0 on x:)\+ytar[(a—ﬂ)7r],(14)
_9m, 9m
at U ay Up=—27,
p=0 on x=\+ytarf(a—pg)m]+n(y.b), (5 Po=0 on x=-1-ytaf(a+p)ml, (15
vi=a, on y=0, (16)
__ im0 N
a Uay po—0 as y—x. (17)
It is clear that pressurp, satisfies the Laplace equation
p=0 on x=—l-ytarf(a+B)m]-7(yt),  (6) presstibo place =d
2 2
where the dimensionless numbercan be expressed in the m+ ﬂzo_ (18
terms of anglesyr and 87 as follows: ax*  ay?
Ly cof(a+pB)m] Introducing a complex-conjugate functiog with respect to

= = " - , we can construct an analytic function
L, cos[(a—f)n] (0 Po y

: ) . fo(z)=potide, z=x+iy. (19
On the wall surfaces, the normal velocity of fluid particles S )
must be the same as that of the wall at all the time As shown in Fig. 2, the conformal mapping
1+MI(1+2 w
v=at on y=zt ® z=—-1+ (IrMLi+2e) 2(l1-7n)"dr (20

T T+ )T (1+,) Jo

The pressure vanishes at infinity, ) ) )
given by the Schwarz—Christoffel transformation, maps the

p—0 as y-—co. 9 upper half of thew plane (v=£+i¢) onto the region occu-

pied by the fluid. Herd" is the Gamma function defined by
The solution domain for this set of Eqd)—(3) with condi-

tions (4)—(9) is unknown at this stage of the analysis but is I(w)= fwwalef A7
conveniently described as 0
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G
w - plane FIG. 2. Physicalz plane is confor-
mally mapped onto the upper half of
thew plane.
0 1
: S
A B C B
and Im(gg)=0 on —w<E<O, (29
n=a-p-} y=atp-k
Functionf , is also analytic in the transformed varialeOn Im(go)=—a,é YA1-&) (6 on 0<é<1,
the free surfaces, which correspondé&e0 andé>1 on the (30
real axis, po vanishes. On the wall surface, which corre-
sponds to the line segment<@<1, we take dpg/dn Im(gy)=0 on 1<£<ow, (31)
=—a,. Therefore, along the real axis in the plane, we
have

The analytic functiongg(w) which is regular in the upper
Re(fg)=0 on —0<£<O, (2)  halfwplane and vanishes at infinity can be obtained from the
Schwarz integral formula

afo|
R n =—a, on 0<¢<l, (22
1 (= |
Re(f)=0 on 1<g<ee. (23) Jo(W) = — LC T_(?,(v))dr- (32

If s(¢) measures the distance from poltin Fig. 2 to any

point on the wall surface, the Cauchy—Riemann equationgubstituting(28)—(31) into (32), we have

give
Re(fg)=0 on —=<¢<0, (24) a w1 w)22 (1 s(7)
Im(fo)=—ays(§) on 0<é<], (25 fo(w)=— T fOTl/Z(l_T)1/2(T_W)
Re(fg)=0 on 1<¢<o, (26) (33

where the distancs(¢) is given by(20) as

(1+MTF(142a) (1 From boundary condition&l3)—(15), we have
+ +2a

s(é)= Y2(1-7)%1d
O @@y J TN . "
on 0<¢<l. (27) an(g):_Ecoi(a_ﬂ)w]lm(Wgzo) on ¢&>1,
If we introduce a new analytic functiogy(w) by (34)
Jo(W)=w~ Y2 1—w) "M o(w), (28 1 s
the boundary conditions fayy,(w) are unmixed oA &) =— Ecos{(a+,8)7r]lm(a—v\? ) on ¢<O0.
(=0

(35

After some mathematical manipulation, we obtain

261
51/2(5_ 1)1/2

a, Co -
mA§) = ! S{ZC:T Al

X fl S(T) dT_2§1/2(§_1)1/2

0 71/2(1_ T) 1/2(5_ ’7')

o . L
4 2 o 2 4

: 1 s(7)
. . J dr| on §&>1,
FIG. 3. Impact free-surface profilg,,(y)/a, and 7;,(y)/a, (solid lines 0 7-1/2(1_ Y& 7)?
relative to the profile in absence of the wallotted line$ for a=¢ and
=3 (36
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FIG. 4. Impact free-surface profilg,(y)/a, and n,(y)/a, (solid lineg

reIa{ive to the profile in absence of the wétlotted line$ for a=1—10 and

B=13

FIG. 5. Impact pressure distribution(x,0)/a, on the wall for various

anglea and B truncated wedge.

& ayco (a+p) 7] 1+2|¢|
M22.6) = 4 12 12
i €75 1+1¢D) Using (27) and integrating by parts, we have
1 s(7)
X dr—2]&Y31
f071/2(1—7)1/2(7'+|§|) -2l o a, cog am)cog Bm)I'(1+2a)
Wit s TS AT G am BT G et BEAE-1)
He)"2[ S ——dr| on <o i
o T 1-7n)Yq7r+|€)) J17“+B(1—T)a B
X | ————dr on ¢&>1,
(37 0 E—71
|
aycogam)coq Bm)cod(a+B)m|l'(1+2a)
72 €)=

mcog(a—B) Il (3+a— BT (3+a+ B)|E[YA1+[E)Y?

J’l TtB(1—r)e kB

d on &<0.
0 T+|¢| 7 ¢

Making use 0f(20), the forms of free-surface profileg,,(y) and 7,,(y) close to the wall are seen to be

a, cog am)cog(Bm)(1+a+ B)I (a—p)
al'(3+a—B)T(3+a+pB)

712Y) —

1U(1+2a—28)

4cogam)'(1+2a
Sam)I( ) y V(4202 L g(yU1+2a=28)) a5 y (0,

(1+2a=2B)T(3+a— B (3+a+B)

ay cog am)cos(Bm)cod (a—B)m|[(1+a—B)(a+pB)
mco(a—B)mIl(3+a—B)T(3+a+ )

A Y)—

U(1+2a+28)

4 cogam)cog(a+B)m|I'(1+2a) g~ UL+ 20426

X (14 2a+2B)cod(a—B) 7l (3+a— BT (3+a+B)

+O(yl/(1+2a+2,8)) as y_)o
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FIG. 6. Impact pressure distributiopg(£)/a, on the wall for various angle
« and B truncated wedge.

Impact free-surface profiles for various and B are

shown in Figs. 3 and 4. It has been found that the free-

surface profilesyi5(y) and 7,5(y) close to the wall are pro-
portional toy ™ Y(1+2¢=28) gndy~Y(1+2e+26)  ragpectively,
which are neither linear in Cumberbatch’s assumptioor
exponential in Zhangt al’s assumptior.

The impact pressure on the wall is the real part gffv)
for 0<é<1. Using(27) and(33) and integrating by parts, we
have on G<¢=sir? ¢<1, 0<$p<m/2

Po(€)=Re(fg|,~0)

_ 2a,(1+\)I'(1+2a)
ml'(1+y)I'(1+y,)
w2 sin( 0+ ¢)
X n**8 gcost P gl ‘.—da.
J’o R FTI)

(42

Jian-Jun Shu

Figures 5 and 6 show clearly that the maximum impact hy-
drodynamic pressure always appears near the center of the
fluid truncated wedge.

IV. CONCLUSIONS

The problems of oblique breaking waves impingement
on the wall and the free-surface profiles have been solved
analytically by using a small-time expansion. The results ob-
tained show that the free-surface profiles can be determined
if the angles and acceleration of the oblique breaking wave
are given. The results of this paper agree with the results of
the case of a normal impa¢Bht?) with angle 3=0. In ad-
dition, we have further confirmed that the free-surface profile
close to the wall is neither linear in Cumberbatch’s
assumptioh nor exponential in Zhangt al’s assumptiorf.
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