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Numerical Analysis of Flow Pattern by Outflow Gates
with Manifold Channel
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Abstract : For the improvement of water quality in a harbor, several studies have been carried out on SEB (Seawater
Exchange Breakwater) in recent years, but a problem has been shown whereby the water on the inside area far from
the SEB cannot be easily exchanged. In order to solve the problem of the SEB, the Manifold channel, a new concept
of the SEB, is introduced in this paper. By using the manifold channel, it is possible to exchange the water of the inside
area for seawater from the outside. Here, to assess the outflow gates of the manifold channel governing flow behavior,
a virtual manifold channel controlled the location, width and direction of outflow gates applied to the Jumunjin fishery
port, where the SEB has been established. In addition, the desirable flow pattern of the port by utilizing the two layer
current model is identified, and five general cases of the manifold channel are described in this paper. The model is
verified by comparing with observation of the SEB model, and the results are in general agreement. From the results
of the manifold channel, in the case of the Jumunjin fishery port, the small circulation of counter clockwise is necessary
for the water exchange on the inside area, but it should be controlled by the outflow gates for other areas. Using the
two layer current model, the desirable flow pattern of the port can be predicted, and the water exchange for the upper
and lower layer can be examined. For the practical use of the manifold channel, further studies on the manifold channel
will be necessary, and it may then be used broadly for the design of breakwater in the future.
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1. Introduction established at the breakwater for exchanging water from

the inside area for seawater from the outside. The water

Recently, as the concern for constructing an Eco-port has quality of the port has then significantly improved where

been increasing internationally, improving water quality at the SEB has been established (Han and Lee, 2006). However,

harbors or fishing ports has become an important issue. a problem has been revealed whereby the water on the

Several methods have been studied about the issue, and inside area far from the SEB cannot be easily exchanged,
SEB (Seawater Exchange Breakwater) has received attention so that the water quality in that area remains poor.

among these studies in recent years. The SEB is a structure In order to solve the problem of the SEB, Manifold channel, a
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new concept of the SEB, is introduced in this paper. By
using the manifold channel which has several outflow
gates on the inside area, it is possible to exchange the
contaminated water on the inside area for the seawater
from the outside entering through the manifold channel.
For the application of the manifold channel on a port, the
prediction of the flow behavior due to the inflow current is
important, and the manifold channel would be designed
more compatibly for the water exchange on the inside area.

In the paper, to assess the outflow gates of the manifold
channel governing the flow behavior, a virtual manifold
channel is applied to the Jumunjin fishery port, where the
SEB has been established, and the desirable flow pattern
by utilizing the two layer current model is identified.
Controlling the location, width and direction of the outflow
gates, a number of cases of the numerical model are carried
out, and five general cases are described in the paper,
comparing between the flow pattern and the gate conditions.
To verify the numerical model, the numerical model of the
Jumunjin fishery port with the established SEB is also
carried out, and the results are compared with observations.

2. Basic Equation

The coordinates X, ¥, Z are illustrated in Fig. 1. In the
subsequent development of the two layer current equations,
the following notation will be used: U and V are the
velocities of the upper and lower layers, 7 is the water
elevation from the mean sea level, b is the depth from the
mean sea level to the sea bed, and d is the depth from the
mean sea level to the interface level.

The three-dimensional Navier-Stokes equation and Euler’s
equation of continuity by two layer current are expressed
as follows:
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Fig. 1. Two layer model.
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where v, is the eddy viscosity and ¢ is the rate of density
(=p,/p). Wind stress on the surface 7, is shown as fol-
lows:

\mw;
(n7+d)
where C, is the drag coefficient (2.55x10), p, is the den-
sity of air, W is the wind speed 10 m elevation above the

7, = Capy )

sea surface and W, is the component of the wind speed. £;
is the Coriolis forces shown as follows:

, otherwise zero (6)
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where f is the Coriolis parameter. The frictions at the
inner boundary and on the bed are expressed as follows:
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where f,, is the kinematic eddy viscosity in the vertical
direction, and f, is the bottom friction coefficient.

3. Finite Element Formulation

Let V be a flow domain. The continuity equations and
the momentum equations are employed in the two layer
current model in shallow water using the Galerkin method
for the discretization of the spatial unknown variables
(Kim, 1995; Kim, et al., 2007). For the momentum equations
(Eq. (1) and Eq. (3)) and the continuity equations (Eq. (2)
and Eq. (4)) that are employed, multiplying both sides of
basic equations by the weighting functions, and integrating
over the domain ¥, the finite element solution equations
can be derived as follows:

M yUp+ K o U U+ gH, i77ﬁ+V:Ra/ﬂjUﬂi+V:Sw'ﬁfU/’f} (8)
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M ydlst B V(d,=b)+ C oV p(d,~b,) = 0 (11)

where coefficient matrices are expressed as follows:
M, ;= L (D, DAV, K= .[‘ (D,D,D,))dV
Haﬁi = J;(@aq)ﬁ’l)dV, Ra]ﬁ]: L (q)a’]q)ﬁ’j)dV

Sejpy = f‘ (P @p)AV, Bopiy= L(q)acbﬁ‘jq)y)d 4

apiy

Copyi = I (©DP,)dV, T,= J' (D )dV

where @, denotes the linear triangular shape function.

For the time discretization, the two-step scheme of Lax-
Wendroff is applied (Kawahara, 1976; Kawahara et al., 1982;
1984). From the equations, the unknown variables can be
solved simultaneously.

4. Numerical Computation

The 3D bottom bathymetry of the Jumunjin fishery port
is shown in Fig. 2. Due to the shallow water depth in the
flow domain, the interface elevation of the upper and lower
layer is assumed as 3.0 m under the mean sea level at the
initial time. With the boundary conditions, it is assumed
that the normal velocity to the coastline is zero, and the
elevations of incident waves are assumed on the entrance

of the port as shown

Nc
n=y {afnsin{?t—km}r aﬁnsin{i,—ﬂt—ka on Ty (12)

m=1 m m
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m

where N. is the incident waves number, a,, is the ampli-
tude, k,, is the phase delay, 7,, is the period of the M,, S,
K, and Q, constituents, ¢ is the time increment in com-
putation and d, is the depth from the mean sea level to the
interface level at ¢, respectively. The harmonic analysis of
M,, S,, K, and Q, in the Jumunjin fishery port is shown in

200(m) H (m)
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Fig. 2.3D bottom bathymetry of Jumunjin fishery port with obser-
vation nodal point.

Table 1. Results of the harmonic analysis for tide in Jumunjin fish-

ery port (MOMAF, 1999)

. Amplitude  Period 7,, Phase dela
Ne Constituent amp(cm) (hour) ’ k,, (degreeil
1 M, 6.94 12.4206 91.486
2 S, 1.79 12.0000 120.689
3 K, 435 23.9344 1.367
4 0, 4.70 25.8193 320.935

Table 1. Also, in the case of the Jumunjin fishery port, for
the strong current of incident waves, the observed veloc-
ity (DRMAFO, 2004; 2005) is assumed at the entrance of
the port, and the flux of the inflow and outflow on the

port is controlled.

4.1 Verification of the Numerical Model

To verify the numerical model, a two layer current model
of the Jumunjin fishery port with SEB is carried out. From
the SEB, the inflow condition of seawater is given as
0.5 m/s, which was observed by DRMAFO (2005) in the
conduction pipe. As the SEB uses the waves overflowing
the wall of an arch, it is assumed that the water of the
upper layer is exchanged for the seawater while the sea
level is higher than mean sea level, and the flux of the
inflow is set to be the maximum value at the high tide. The
velocity vectors of the SEB at the high tide are shown in
Fig. 3. For the weak tidal current, the inflow from the SEB
flows toward the entrance of the port. Except for the partial
area, this figure shows good water exchanging at the
Jumunjin fishery port.

(b

Fig. 3. Velocity vectors of Jumunjin fishery port with SEB: (a) upper
layer (b) and lower layer.
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Fig. 4. Comparison of velocity vectors with computed results and observation results at nodal points of (a) SC-1; (b) SC-2; (c), (d) SC-3; (e),

(f) SC-4.

The computed results are compared with the observations,
which were observed by Sea Tech R&D (2008) at the
nodal points shown in Fig. 2, and the comparisons are
shown in Fig. 4. For the case where the depth of the seabed
at the nodal points of SC-1 and SC-2 is shallower than the
interface level, these velocities of the lower layer cannot be
calculated in this model. From the comparisons, it is seen
that these results agree well with the observations. At the
nodal point of SC-3, the computed velocity is weaker than
the observation, however the tendency of velocity is the
similar to the observation. Therefore, this model can be
applied for the simulation of the Jumunjin fishery port.

4.2 Examination of Flow Pattern by Manifold
channel

For examination of the flow pattern of the port, a virtual
manifold channel is established in the Jumunjin fishery
port. Fig. 5 and Fig. 6 demonstrate the outflow gates of the
manifold channel. As shown in Fig. 5, the dimensions of
the manifold channel are assumed length of 762.1 m, width
of 5.3 m and depth of 2.0 m, and the outflow gates are
located at the general eighth position on the inside area of
the port. In this paper, the position and number of the gates
are controlled, and the outflow gates, which can exchange
the water in Section 1 to 3, are determined. Also, the direction

1 section

Fig. 5. Gate position of manifold channel.

and width of the gate are controlled: the direction is set
between 0 and 180 degrees based on the flow direction,
and the width is assumed to be a certain distance, as shown
in Fig. 5.

In a relatively small area such as the manifold channel, if
the area consists of a single element, the application of the
slip boundary condition might cause a slight difference in
the numerical analysis, because all of the nodes are under
the boundary condition. Therefore, by utilizing the automatic
mesh generation method developed by Kim et al. (2010),
the differential partition of the finite mesh is applied, and
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flushed. Also, the flow pattern of the lower layer shows

and 2 are decreased. Therefore

small number of gates,
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Fig. 8. Velocity vectors of Jumunjin fishery port with manifold channel: (a) upper (b) and lower layer.
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D: Direction (Deg.)
W: Width (m)

®

Fig. 9. Velocity vectors focused on inside area with gate number 3, 4, 5 and 8 (a) Case 1: width 5.3 m, direction 90° (b) Case 2: controlled
direction of gate 4 and 8 as 45° (c) Case 3: controlled direction of gate 4 and 8 as 30° (d) Case 4: controlled width of gate 4 and
8 as 10.6 m (e) Case 5: controlled width of gate 4 as 7.0 m; (f) nodal points for comparison of computed result.

outflow from the gates flows to the entrance of the port
directly, and only the partial area where the outflow gate is
established is exchanged, indicating that more outflow
gates are necessary in this area and these existing gates are
not effective. Therefore, controlling the direction of the
existing gates, the circulation of counter clockwise is weakly
formed, causing an increase in the velocities of the area
near Section 2. However, the decrease of the velocity on Section
1 can be caused by the circulation, it would be controlled.
Fig. 9(d) and Fig. 9(e) show the velocity vectors controlling
the width of the gates. In order to control the appropriate
flow pattern of the port and maintain the velocity from the
outflow gate on Section 3, the width of the gates is controlled,
and the outflow flux from the gates can be distributed evenly.
For the examination of the gate conditions, the velocities
of the nodal points in Fig. 9(f) are compared, and the
comparison is shown in Fig. 10. It is seen that the velocities of

0.03

g

0.02

.mﬂﬂﬂm

Fig. 10. Comparison of velocity of computed results at nodal points.

Velocity (m/s)
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o
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Case 5 are increased more evenly and the gate conditions
of manifold channel, Case 5, are suitable in the Jumunjin
fishery port for the water exchange.

5. Conclusions

In this study, a numerical model of the Jumunjin fishery
port by a two layer current is carried out, and the flow
patterns of the port due to the outflow gates are identified,
controlling the location, direction and width of the gates.
The main results of the present study are listed below:

(1) To verity the two layer current model, the computed
results of the SEB are compared with observations, and this
shows that the results of the model are in general agreement
with the observations. Thus, the numerical analysis by the
two layer current model is verified.

(2) For the comparisons of the flow pattern, due to the
characteristic of the Jumunjin fishery port, the relation can
be obtained as follows: as the circulation of counter clockwise
is formed on the inside area, the velocity of Section 2 is
increased, while the velocity of Section 1 is decreased; that
is, the velocities of Section 1 and 2 are conflicting with the
circulation. Thus, the circulation should be controlled
appropriately, and the velocities of both sections should be
increased.
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(3) From the examination of the flow patterns, by using
the two layer current model, the desirable flow pattern of
the Jumunjin fishery port, as shown in Fig. 9(e), is yielded.

For the practical use of the manifold channel, further
studies on the manifold channel would be necessary; the
manifold channel might then be able to be used broadly for
the design of breakwater in the future.
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