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ABSTRACT:

CIP (constrained interpolation profile) is
one of the CFD (computational fluid
dynamics) methods developed by Japanese
professor Takashi Yabe. It is used to
simulate 3 phase problems including air on
the surface, liquid and structure in solid form.
To check the validity of CIP theory,
experiments with different problems have
been implemented and obtained very
positive results. This proves the correctness
of the CIP method.

Based on the need of simulation of wave
structure interaction (water wave with float of

seaplanes, wing in ground effect crafts,
piers, drilling, casing ships...), this paper
applies the theory of CIP method to find the
answer to the problem of 2D simulation via a
obstacle. Objectives to do are understanding
the physics, finding out the differential
equations describing the phenomenon, then
proceeding discrete, setting up algorithms
and finding out solution of the equations.
This paper uses Matlab software to write
programs and displays the results.

Key words: numerical algorithm, constrained interpolation profile, free surface problem,
fluid structure interaction, multiphase flows, governing equations.

1. INTRODUCTION
1.1.0bjectives

It is very important to know interaction of
water waves on structures (body and float of
seaplanes, flying boats, piers, drilling, casing
ships...). The main objective of this paper is to
establish a numerical prediction way for how
water waves impact to a solid body.

Purpose of this paper includes constructing
algorithms and computational  simulation
modules, calculating the fluid forces acting on
the structure (lift, drag, torque) and processing
and displaying calculated results.
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Figure 1. Two phases flow (initial frame).

1.2. Missions
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CIP is a CFD method developed by a
Japanese professor [1]. CIP is used to simulate 3-
phase environments consisting of air over the
surface, liquid and a structure. The problem can
be understood simply as follows:

- Using equations to describe the movement
of water waves.

- Discretizing mathematical equations to
establish algorithms programmed on the
computer to find the answer.

- Using the programming language to
calculate an explanation of the equations.

- Using graphics software to display the
results of the problem found in graphs image.
Software used in this paper is Matlab.

2. GOVERNING EQUATIONS [1]

From the basic conservation equations:

aop aop 2 0u;
- 4+ ui 67 = — 67
ot Xi Xi
@
Where

t is the time variable;

Xi (i =1,2) are the coordinates of a Cartesian
coordinate system;

p is the mass density;
u; (i=1,2) are the velocity components;

fi (i=1,2) are due to the gravityorce.

oij =~ PSjj +2u(1—5ij /3)5ij @

where:

oij is the total stress

p is the pressure;

u is the dynamic viscosity coefficient;

djj is the Kronecker delta function;
]
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Kronecker delta function:

0ifi ]
5ij = J
lifi=j

C is sound speed.

In order to identify which part is the air, the
water or the solid body, density functions
¢m (m=1, 2, 3) is introduced:

1, (x, y) €eQn

Y, t) =
<pm(xy ) 0, otherwise

where Qn : domain occupied by the liquid,
gas and solid phase, respectively.

These functions satisfy:
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Figure 2. Density function ¢m (m=1,2,3) for
multiphase problems with 0< ¢m < 1 and
01 + ¢2 + ¢3 = 1 in the computational cells.

3. CIP METHOD
3.1. Principle of CIP Method [2]

CIP method has some advantages over other
methods with respect to the treatment of
advection terms. In this section, the principle of
CIP method is explained. Figure 3 shows the
principle of CIP method. Here, a one-
dimensional advection equation is used to
simplify the explanation of CIP method. As
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mentioned in the previous section, a one-
dimensional advection equation is described as
below,

of of
—+u—=0
ot OX (5)

The approximate solution of the above equation
is given as:

f(x.t+at) = f(x -uatt)

Where Xx; is the coordinates of calculation
grid. The above equation indicates that a specific
profile of f at time t + At is obtained by shifting
the profile at time t with a distance uAt as shown
in Figure 3(a). In the numerical simulation,
however, only the values at grid points can be
obtained, as shown in Figure 3(b). If we eliminate
the dashed line shown in Figure 3 (a), it is
difficult to imagine the original profile and is
naturally to retrieve the original profile depicted
by solid line in (c). This process is called as the
first order upwind scheme [3]. On the other hand,
the use of quadratic interpolation, which is called
as Lax-Wendroff scheme [4] or Leith scheme [5],
suffers from overshooting.
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Figure 3. The principle of CIP method: (a) solid line
is initial profile and dashed line is an exact solution
after advection, whose solution (b) at discretized
points, (c) when (b) is linearly interpolated, and (d) In
CIP [6]

In CIP method, a spatial profile within each
cell is interpolated by a cubic polynomial.

Differentiating equation (5) with a spatial
variable x gives:

g ag au

a  x X ©)

By this equation the time evolution of f and
g can be traced on the basis of Equation (5). If g
propagates in the way shown by the arrows in
Figure 3(d), the profile looks smoother that is
more precise. It is not difficult to imagine that by
this treatment, the solution becomes much closer
to the original profile. If two values of fand g are
given at two grid points, the profile between the
points can be described by a cubic polynomial:

F(x) = ax3 +bx2 +cx+d
The profile at n+1 step can be obtained by
shifting the profile with uAt,

fn+1 = F(x—uAt)

ns1l OF (x—uAt)
g =
x Y
3.2. Separation of Equations

The governing equations of the fluid and the
density function is:

1

0 Paxi

P P 0 o d
alu olui | [o] |22 s L8 #f: | |1
2 o —] ) |4 +H p ox: ] 371 )+ P O
at| p ox| P 80 i o,
‘pm (Pm 0 pC2 !
Oxi

0
(8)

This equation is separated into three parts

Advection phase:
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. n n+1 .
Instead of calculating f — f - (n is

time step) directly from Equation (7),

* **
intermediate value of f and f are
. n «* . .
provided, and f"'—>f using Equation (9),
+1

* *x *x n
f — f using Equation (10), f —f

using Equation (11) are calculated.

After obtained components of velocity,
density, pressure, function of density; spatial

L of of
derivatives of these components, | — |,| — |,
OX oy

can be calculated.

This procedure can be summarized as Table 1.

Table 3. Procedure of separation solution

[r=r
Advection phase (6./) = (5xf)‘ —(8.)
(2.) (o) ~(2.1)
f=r
Non-advection phase 1 (ﬁxf ) - (5,f )
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Figure 4. Computational grid distributions
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Figure 5. Computational procedures
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4, NUMERICAL SIMULATION
4.1. Problem Statement

Two-dimensional water interacting with a
solid body is considered in this section. The fluid
is assumed to be incompressible and inviscid.
Temperature variations are neglected. The
problem is described in Figure 6.

2-phase problem is the first step, the base
premise to write programs for 3-phase problem
and absolutely no experimental verification™ [5].
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Figure 6. Two phases flow (initial frame)

In which,
Uo is inlet velocity.

Computational domain is presented by two
points P, and P-.

Obstacle is presented by two points P3 and
P4, as shown in Figure 6.

4.2. Boundary Grid Structure

Boundary grid structure is shown in Figure
7,8and 9.
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Figure 7. Boundary grid structure (left-bottom)
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Figure 8. Boundary grid structure (right-top)
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Figure 9. Boundary grid structure (obstacle)
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4.3. Boundary Conditions

Inlet boundary condition:
U2 3ny+2 = Ug

V2,3ny+2 = 0
Outlet boundary condition:

9 = 2x Unx+1,3ny+2 ~ Unx,3ny+2

unx+2,3:ny+
v ' =V .
nx+3,3ny+1 ~ "nx+2,3ny+1
Bottom wall boundary condition:

Uonx+2,2 = “U2:nx+2,3

Vonx+3,2 = 0

Top wall boundary condition:
Us,. =—U,.
2:NX+2,ny+3 2NxX+2,ny+2

Vonx+3,ny+2 = 0

Condition for obstacle

UiobL:lob2,Jobl+1:Job2 = O

VIob1+1,Job1+1:Job2-1 = ~Viob1,Jobl+1:Job 21
VIob2,Job1+1:Job2-1 = ~Viob2+1,Jobl+1:Job2-1

Viobi+1:l0b2,JobL:Job2 = O

Ulob1+Ll0b2-1,Job1+1 = ~Ylobl+1:lob2-1,Jobl

Ulobl+L1ob2-1,Job2 = ~Ylob1+Llob2-1,Job2+1

4.4. Boundary Condition for Poisson's
Equation

Inlet boundary condition:

P2,3ny+2 = P3.3ny+2

Bottom wall boundary condition:

Ponx+2,2 = P2nx+2,3

Top wall boundary condition:

P2nx+2,ny+3 = P2nx-+2,ny+2
5. RESULTS

The computing Matlab program was
developed to perform this problem. In this
program;

Computational domain (m): Pi(x1,y1) and
Pa(X2,Y2).

Obstacle
Pa(Xa,ya).

Coordinate of obstacle: Ps(lobl, Jobl) and
P4(lob2, Job2).

position (m): Ps(Xsys) and

Number of mesh in two axis X, y are: ny and
ny respectively.

The size of a small grid is : h (h = Ax=Ay) .
Time step : dt.
Number of time step: n

Inlet velocity: U.

With:

Uo =10 (m/s), d=0.002
X1=0, y1=0,
X2=0.02, y»=0.01,
X3=0.45%*X5, y3=0.1*yy;
X2=0.6*X2, V4=0.65%yy;

The velocity vector fields, u-velocity
contour, v-velocity contour, pressure contour are
presented in Fig. 10-13.
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Figure 10. Velocity vector field (h=0.0002, nt=100)
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Figure 11. u-velocity contour (h=0.0002, nt=100)
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Figure 13. Pressure contour (h=0.0002, nt=100)

6. CONCLUSIONS

This paper presented an applicable method
for simulating the wave body interaction
problems. This method is cip (constrained
interpolation profile). Throughout the research,
we obtained some results as follows: from the
physical phenomena, in particular here is the
flow through an object in three phase
environments (solid, liquid, gas). Then, we
proceed to discretize these mathematical
equations to create an algorithm and used
computer to find the solution. This study uses
matlab software as a tool for programming and
presenting the results as graphs.

This paper has built a solver for two
dimensional flows in a two phase (liquid, solid)
environment. These results can be used to
develop a three phase flow (liquid, air, and solid)

[5].

Due to limited on the basis of information
technology, mathematical knowledge, and fluid
dynamic, this paper stops at the simulation of two
phases flow problems and much remains
unresolved, specifically error analysis and
validation by experimental results.

In order to develop this work, it is necessary
to analyze more simulations cases and invest
more time. That is the future work. This method
can be developed successfully to find the answer
of three phase flow problem [6].
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Bai toan twong tac gilra song nwdc va
két cau st dung phwong phap CIP-Bai
toan minh hoa tinh cho hai pha.

e Tran Tién Anh
e Bui Quan Hung

Trwong Dai hoc Bach Khoa, PHQG-HCM - ttienanh@yahoo.com

TOM TAT

Phwong phédp CIP  (Constrained
Interpolation Profile) la mét trong nhing
phwrong phap tinh toan mé phéng déng luc
hoc luu chat (CFD) duroc phét trién béi gido
s nguwoi Nhat, Takashi Yabe. N6 dwoc st
dung dé md phéng bai toan ba pha bao gém
khong khi trén bé mét, chét 16ng va két céu
& dang rén. Pé kiém tra tinh chinh xac cda
ly thuyét CIP, nhiéu thi nghiém véi cac bai
toan khac nhau da dwoc thuc hién va thu
duoc két qua rat khd quan. Biéu nay ching
minh tinh ding dén cua phuong phap CIP.
Cén ctr vao nhu cdu mé phdéng twong téc

gitka séng nuéc va két cdu (séng nuwéc va
phao cda thdy phi co, thuyén bay, tru bén
tau, gian khoan, vd tau ...), bai bao nay ap
dung céc ly thuyét cia phwong phép CIP dé
tim 16i gidi cho van dé cda mé phéng 2D cua
séng nuéc qua mét vat thé. Muc tiéu nghién
ctru la dé hiéu biét ré hon vé vat ly, tim ra
cac phuwong trinh vi phan mo ta hién twong
nay, sau dé tién hanh roi rac hoa, thiét lap
cac thuat toan va tim ra l6i giai cda phuwong
trinh. Bai viét nay st dung phan mém Matlab
dé viét céc module chuong trinh va hién thj
két qua.

Ter khoa: gidi thudt tinh toan sé, duwong bién dang ndi suy, bai toan mét thoang, tuong tac
Iwu chét va két c4u, dong nhiéu pha, phuong trinh déng luc hoc luu chét.
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