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This paper describes the application of the Trefftz-type boundary element method to
the simulation of the sloshing phenomenon. Assuming that the fluid could be the perfect
one, the phenomenon can be modeled as the initial and the boundary values problem
of the Laplace equation with respect to the velocity potential. The governing equation
is firstly solved with the adequate boundary conditions to determine the components of
velocity and acceleration on the fluid surface. In order to solve the initial value problem,
we will compare the simple Euler scheme using velocity vector on the free surface alone
and the extended scheme using both velocity and acceleration components. The Trefftz-
type boundary element method is applied for estimating the velocity and acceleration
components. Finally, the present scheme is applied to the simulation of the sloshing
phenomenon on the fluid in a rectangular vessel.

Key Words : Indirect Trefftz Method, Sloshing Phenomenon, Boundary Derivatives,

T-complete Functions

1,2,3,4,5/6,7,8,9)

Tr-

efftz (10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25)

Trefftz



Viu = 0 (in Q)
u = 1 (on T'1) (5)
g—z =¢=0 (onTIy)

Fig. 1 Problem Statement Dt —
2o- g ©®)
Dt oz
Dn _ Odu
Dt — 9y
T-complete 2.3.
(5)
Trefftz Trefftz
) T-complete 2
T-complete u;
Trefftz (15
1 Euler u* — {u»L ’u;#’uzyﬂ_l’.”}T
= {1,---, R[r*e"?), S[rHe), 3T (7)
(r,0) I Jj=
V-1 R,
2-1. (7) u
E—n ( 1) Q uzu:alTul+a2u2+--~+aNuN
Iy I, =au (8)
u(z,y,t) ut,a T-complete
N (8)
(CD)
~ 671 * * *
1=q=5- = a1q1+a2g + - +angn
q* T-cocmplete
_ Ou
¢=5-=0 (onT2) () (8) (9
Rlzﬁ—ﬁ:aTu*fﬁ;éO on Iy (10)
Di = 3Vu- Vu—gé+ At)n Ro = G—g=a’q*—g#0 onT
Bt = = ®) (10)
Dn _ du _
Dt — oy — Yy
g9, A(?) Ve, Uy P; (10) 0
a’u*(P) = a(P) (P eTy) ()
a’q*(P) = q(P) (PieT2)
t=20
Iy
Ka=f (12)
£=¢,n=0,u=0 (onI) (4)

2.2 2.4,



(€D) Euler
Euler At

uFrt u® 4+ At%
&t = P A g (13)
n =t 4 ArRn
Du/Dt,D¢/Dt,Dy/Dt  (3)
3)
Ou/0x,0u/dy 8) =z,y

u,=a’uh , u, =a’ u’, (14)

, T

()2 =0/0z,(),y=0/0y

(2 @ t+ At u(t +
At),E(t+ AL),n(t+ At) 2
= +At— + = (At)zD—zu (15)
= Dt?
kE+1 Df 2D25
= F ¢ At—- (At) T (16)
k+1 on 2 D? rmn
n = 7"+ At —|— (At) e (17)
1 Du/Dt, D§/Dt, Dn/Dt (6)
2
D?u/Dt?
D?y D
D = Dt( Vu - Vu—g§+A()>
_ ng D n D

D?u/Dt?
D?¢/Dt?, D*n/Dt?

D?¢/Dt?, D?p/Dt?

sz _ Duv, _ % T+ uu + U ,u
_th = Dt = 6t . ,2oWzx sY LY
D277 _ Dvy — a_u + U Lu + uu
th = Dt = 6t » W yx Y 4yy
U,zy Uy, gz, Uzy, U,yy (8)
1
@
Ou/ot
v2 (%_7:) = 0 (in Q)
u __ 1
5 = —EVu -Vu — g£ + A(t)n (19)
(on I'1)
% (%) = q=0 (onIy)
Trefftz
Ou/0t T-complete
vy (0u/01).0, (0 1)

DISPLACEMENT {(m)

H =0.6(m)

\4

L=09m)

Fig. 2 Object under consideration

Fig. 3 Initial placement of collocation points
2 L=09( ) 2
H=0.6( )
d w 2
A(t)
A(t) = dw? sin(wt) (t > 0) (20)

d=2.0x1073(m),w = 5.5(rad/sec)

—&~ TIME STEP=0.01
—— TIME STEP=0.001

00T | = TIME STEP=0.0001

0.05

0.00 ==

-0.05

TIME (sec)

Fig. 4 Elevation of free surface (Euler scheme)
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