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Abstract: Nowadays, the use of interceptor by both partial and total dynamic lift crafts is quite common. In this article, a lot of
evidence is given regarding the effectiveness of interceptor. The interceptor, when placed at the stern region, changes the pressure
distribution around the craft. Its presence affects drag force, lifting force and the position of pressure’s center leading to a new trim.
This study focuses on hydrodynamic effects of interceptors on a 2-D flat plate based on both computational fluid dynamic (CFD) and
experimental approaches. The Reynolds average Navier-Stokes (RANS) equations are used to model the flow around a fixed flat
plate with an interceptor at different heights and attack angles. Based on finite volume method and SIMPLE algorithm which uses
static structures, this model can be analyzed and the RANS results can be compared with the experimental data obtained in the
current channel of the laboratory of waves and current of COPPE/UFRJ (LOC in Portuguese acronym). According to the results, the
increase of pressure at the end of the flat plate was proportional to the interceptor height. In addition, the existence of interceptors can
significantly increase the lift force coefficient at high angles of attack also proportional to the interceptor height. The presence of
interceptor at the end of the flat plate increased both the lift coefficient and the drag coefficient but hydrodynamic drag did not grow
as fast as the lift coefficient did. The lift coefficient increased much more. Furthermore, the results showed that the interceptor
effectiveness is proportional to the boundary layer thickness at the end of the flat plate. As the interceptor was inside the boundary
layer alterations of flow speed led to changes in boundary layer thickness, directly affecting interceptor’s efficiency. Optimum choice
of interceptor height had a great effect on its efficiency, and in choosing it the flow speed and length of the boat must be taken into
consideration.

Key words: interceptor, craft, 2-D flat plate, lifting coefficient, Reynolds average Navier-Stokes (RANS), pressure distribution,
computational fluid dynamic, drag

Introduction

The interceptor is composed of a thin vertical
plate usually perpendicular to the craft hull and loca-
ted near the stern. The major role of the interceptor is
to apply an overpressure enough to lift the stern,
which leads to change of the craft’s trim. Figure 1
shows the outline of an interceptor implementation at

the aft of a planing craft.
) The dynamic 'mStablht'leS like progress'lve.heehng, Fig.1 The implementation of an interceptor at the aft of a pla-
trimming, and chine walking, unstable pitching and ning craft

rolling-induced parametrically!"*! may show up. The

occurrence of proposing instabilities is also possiblem.
Nevertheless, due to presence of the interceptor, the
pressure distribution, which is changed by the craft
movement, leads to the variation of draft, trim and po-
ssibly the control of the mentioned instabilities. Tradi-
tionally, the trim control tools are located at the stern

* Biography: MANSOORI M. (1984-), Male, Ph. D.,
Postdoctoral Researcher
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region of the craft including flaps, T-hydrofoils, trim
tabs, interceptors with vertical blades, plates, and
wedge-shaped components. Former studies mostly co-
vered the design factors such as the position of gravity
load center, the forward speed, and other geometric
parameters of the planing hull regarding the craft mo-
vement!*®). In the case of the controllable appendages,
research efforts are made by Karafiath and Fisher!”
and Molini and Brizolara® introduced a very simple
potential flow model for the prediction of pressure and
lift force in front of the interceptors. Tsai and
Hawing” examined the effect of trim mechanisms
(interceptors, stern flap and the integration of both) on
resistance decrease. The outcomes of the experiment
verified that the resistance of the planing craft and the
running trim can be reduced by a well-designed trim
mechanism. Furthermore, they realized that the best
resistance reduction corresponds to the Froude num-
bers between 2.0 and 2.5 using both interceptor and
stern flap. Peldez et al.l" performed a preliminary
computational fluid dynamic (CFD) simulation to find
the best angle for stern flap at every speed of the boat.
The outcomes refer to a great increase of efficiency
(vertical force to drag force). Later on in this article,
there is evidence about Reynolds average Navier-
Stokes (RANS) equations and 2-D flat plate models,
which are upright to the flow!"") and have attack
angle!"”!. In general, the interceptors are reliable
equipment for eliminating craft trim problems and
controlling them. The implementations of these me-
thods are also considered by designers when the high-
pressure region at the bow causes the bow-up pheno-
1231 For the first time, a series of model tests
to compare and determine the roles of interceptor and
trim tab was suggested by Maritime Dynamics Institu-
te (MDD with interceptors with different heights
but the same span size. By means of the tests, the hy-
drodynamic advantages of interceptors over trim tab at
different heights have become clear. The effect of hy-
drodynamic interceptors on fast crafts was investiga-
ted by Ghassemi and Mansoori'’ to find their opti-
mum geometrical characteristic based on numerical
method. Their results showed that the interceptor cau-
ses an intense pressure rate in its contact point.

Therefore, the positive effects of an interceptor
on the trim instabilities have been made clear. The
main goals of the present study are to get deep under-
standing of why an interceptor can help and when an
interceptor can be useless by a 2-D flat plate which is
simulated and experimented with receptors at different
heights. The RANS equations"® model the flow arou-
nd the fixed flat with and without an interceptor. This
model is analyzed based on finite volume method and
SIMPLE algorithm in Fluent computational software
package!'”).

Symmetry
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Fig.2 Shape of the simulation domain of the flow, dimension
are in terms of L

1. The CFD domain

This section describes the CFD domain. It is
composed of a semi-infinite region, the fluid extends
sidewise up to extreme borders. However, these extre-
me borders are so farther away that they do not affect
the flow around the flat plate. Appropriate determina-
tion of computational domain around the flat plate,
which is located on the boundary layer, can unques-
tionably lead to more accurate computational results.
The simulation domain and boundary conditions are
shown in Fig.2. The conditions at a symmetry bounda-
ry are: (1) no flow across the boundary and (2) no sca-
lar flux across the boundary.

2. Governing equations

Two different approaches can be used to deal
with this kind of device, one is numerical and the
other is experimental. On the other hand, there are se-
veral numerical procedures, although the main ones
used in naval sector are the panel model or the RANS
codes. The panel model makes it possible to solve the
potential flow around the hull, but it is not suitable for
the evolution of the effect of viscosity including sepa-
ration when the interceptor is present. Furthermore,
the interceptor operates within the boundary layer
where the flow is highly viscous. The present work
uses RANS codes, which are based on the numerical
solution of the Navier-Stokes equations.

2.1 RANS equations

Most fluid flows, especially in the sea, are turbu-
lent. The most common equations for numerical simu-
lation of turbulent flow, as already mentioned, are
RANS equations with a turbulence modeling. RANS
equations are universally adaptive control equations of
kinematics in viscous fluid. RANS equations can be
written as follows!'®!
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where u; and u, are time-average speed components
(i,7j=1,2,3), p istime-average pressure, p repre-
sents the density of water, g, is viscosity coefficient

of water, f; is mass force and pu/u}

i

is Reynolds st-

ress. If we introduce a general variable ¢ the conse-

rvative form of all fluid flow equations, can usefully
be written in the following form

@ +div(pgu) = div({ gradg) + S, 2)

The Eq.(2) is the so-called transport equation for pro-
perty ¢, where [ is the diffusion coefficient and

S, 1s the source. The velocity field in RANS equatio-

ns must, of course, also satisfy the mass conservation
(continuity) equation, which can be obtained by Eq.(3)
as follows

aiX(puH%(pV)O 3)

By solving this set of equations using the SIMPLE al-
gorithm (see below), the unknown variables will be
determined.

2.2 The k-& model equations

Followmﬁg the pros and cons of different turbule-
nce models!'®, the simplest method, which has less
time convergence, is the k-& method. The k-¢
model"” has two model equations, one for k and one
for &, based on the best understanding of the relevant
processes that cause changes in these variables. In this
work k and & are used to define respectively the re-
presentative scales of velocity € and length [ of the
large-scale turbulence as follows

k3/2
&

0=kK"?, 1= 4)

Applying the same approach as in the mixing length
model, we specify the eddy velocity as follows

2

= Cpol=pC, " )
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where C B is a dimensionless constant. The standard

model uses the following transport equations for £
and ¢:

% +div(pkU) = div(i gradk] +2u,E,E, - pe

o-k
(6a)
ape) +div(pelU) = le( ! gradg] +
ot o,
£ g
C. zzﬂt Ey‘ Ei/‘ - Clgpf (6b)
and Ref.[18]
2 E; =2p,divU 7

In words, the Eq.(6) may be put in the form

Rate of change of & or ¢ +
Transport of k or & by convection =
Transport of & or ¢ by diffusion +
Rate of production of & or ¢ —

Rate of destruction of k or ¢
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(@) In the computational domain

Fig.3 A sample of the generated grid
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Table 1 The independence of the grid to the elements number by calculating the lift coefficient for several angles of attack

The element numbers Lift coefficient (C,)
of the grid g=3° 0=6° 0=9°
80 000 elements 0.2732 0.6034 0.9107
115 000 elements 0.2974 0.6276 0.9434
125 000 elements 0.3221 0.6413 0.9824
130 000 elements 0.3224 0.6446 0.9832
For flat plate in small 0.3286 0.6573 0.9859

attack C, =2na angle

Note: « is the angle of attack.

Table 2 The verification study for resistance of flat plate with interceptor at a Reynolds number of 300 000

Grids Refinement ratio Convergence ratio P Grid uncertainly %
2,4,6 20° 0.43 0.44 3.48
1,3,5 207 0.29 0.95 3.10
4,5,6 2% 0.79 0.10 73.00
3,4,5 209 0.65 0.49 5.80
2,3,4 203 0.52 1.20 6.20
1,2,3 209 0.41 1.60 3.50

Note: P is thedistance metric of the asymptotic rang, Coarsest grid 6 with 5 803 points to the finest grid 1 with 130 000 points.

The equations contain five adjustable constants
C,0,, 0,C, and C, . The standard k-& model

employs the following values for constants that are
obtained by comprehensive data fitting for a wide
range of turbulent flows:

¢,=0.09, 0,=10, o,=13,

C, =144, C,=192

These values are well justified in Ref.[18] and verified
by the results below, they are adequate for the present
investigation.

In this study, the turbulence equations are cou-
pled with RANS equations. It implies that the two
equations of turbulence model are added to the set of
governing equations. Thereby, by solving six equatio-
ns simultaneously, the accuracy will improve!™. It is
notable to mention that the flow around flat plate is la-
minar, but the turbulence model is just applied for the
small region around the interceptor because the inter-
ceptor creates vortex flow in front of itself.

3. Solver

The solver, in the presented paper, is based on
the finite volume method. The finite volume method
was developed as a special finite difference method. It

consists of three main steps'*:

(1) Integration of the governing equations of
fluid flow over all the control volumes of the solution
domain.

(2) Conversion of the integral equations into a
system of algebraic equations by discretization of inte-
grated equation of the flow processes such as conve-
ction, diffusion and sources. The discretization consi-
sts of substitution of a variety of finite-difference-type
approximations in the integrated equations.

(3) Solution of the algebraic equations using an
iterative method.

To obtain the pressure and velocity profiles, the
RANS and turbulence equations are numerically sol-
ved. Firstly, the discretized equations are derived by
finite volume method. Secondly, they are solved by
the SIMPLE!"® method and Implicit Pressure-Corre-
ction method which are respectively used for flow
equations and pressure equations.

4. Grid generation

The first step for grid generating within the finite
volume method is to divide the domain into discrete
control volumes. We place a number of nodal points
in the space between our geometrical margins. The
boundaries (or faces) of control volumes are positio-
ned mid-way between adjacent nodes. Thus, each
node is surrounded by a control volume or cell. It is



common practice to set up control volumes near the
edge of the domain in such a way that the physical
boundaries coincide with the control volume bounda-
ries. Furthermore, the grid should be able to analyze
the separation, stagnation point regions and boundary
layers. The last one is critical in the present case.
Figure 3 shows a sample of the generated grid around
the flat plate of the present work.

An appropriate grid should contain control volu-
mes that should be near the edge of domain to cover
thoroughly the boundaries of the model and the sepa-
ration, the stagnation points and boundary layers
should also be able to be analyzed by the grid. The
wall function is an analytical treatment for the first
cell near the wall where the velocity vector and all
other scalar quantities are extrapolated from the
known quantities on the wall boundary surface. The
two layers wall function model is a model that impo-
ses a first thin linear layer near the wall and a second
logarithmic layer over the first. This model assumes
that the centroid of the first cell near the wall lies
within the logarithmic region of the boundary layer.
The wall treatment is optimized to compute a mesh

witha y" <50.

As mentioned above, it is important to provide
the arranged elements in the generated grid around the
body, especially when there is a boundary layer in the
simulation area, because the boundary layer simula-
tion is strongly dependent on the grid quality. The
number of elements is an important factor in grid qua-
lity. Higher number of elements leads to more accura-
te results up to a limit, which is a compromise point
between processing time and accuracy. Table 1 sum-
marizes the study that has been performed in the pre-
sent work. The independency of the results for the lift
coefficients is clear from it. Table 2 shows the verifi-
cation study for resistance of flat rE)late with intercep-
tor by the factors of safety method!"”".
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Fig.4(b) 0.005 m interceptor at the end of the flat plate

5. Experimental setup

The experimental tests have been performed in
LOC (Laboratério de Ondas e Correntes, Laboratory
of Waves and Current) of COPPE, Federal University
of Rio de Janeiro. The current channel (22 m long,
1.4 m wide, and 0.5 m deep) allows a maximum speed
of 0.5 m/s in the test section. This corresponds to
depth Froude number less than 0.225. The former was
used for the tests with the 2-D flat plate. The experi-
mental set-up allows the measurements of forces, mo-
ments and the center of pressure for different angles of
flow incidence and different interceptor heights.
Figure 4(a) shows the flat plate model that is used in
LOC. The ratio of plate thickness to length is 0.001,
that is, very thin. Figure 4(b) shows clearly the
0.005 m (d/L=0.005) interceptor at the end of the

flat plate. The dynamometer placed on the top of the
flat plate was powered by a voltage source. The small
gap in the bottom and low deformation of the free sur-
face assures the infinite wing (2-D) characteristics.
This was confirmed several times'>"".

Fig.4(a) The model of flat plate at the LOC

Fig.5 Assembly details of the torque sensor and load cell
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The experimental apparatus was mounted in ac-
cordance with the details shown in Fig.5. A load cell
and a torque sensor were positioned at the top of the
plate. These sensors were calibrated before positioned
in the apparatus.

© dL=0006
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d d4L=0010
Fig.6 Flow vectors around the flat plate, where d and L are
the interceptor height and the flat plate length respective-
ly

The vortex shedding frequencies for the static flat

plate were obtained through spectral analysis of the
signal acquired from an acoustic Doppler velocimeter
(ADV), which was positioned at a point in the wake of
the plate. The velocity of the current flowing in the
channel was obtained from a turbine type flow- meter.
The data acquisition from the load cell was perfor-
med using a system (NI-9172 module in conjunction
with the universal NI Daq-219) which has 4/D con-
verters and customized connections for the straingau-
ges bridge complement required for the cell. The di-
gital signal was recorded by software built in Lab
View 8.2. The acquisition of data from the torque sen-
sor was performed similarly, but using an analog sig-
nal conditioner that amplifies and filters the signal be-
fore being digitalized.

@ diL=0010
Fig.7 Streamlines around the flat plate
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Fig.8 Pressure contours around the flat plate Fig.9 Pressure distribution at the bottom of the flat plate at va-

rious attack angles with and without interceptor at diffe-
rent heights, note that the x - axis corresponds to the po-
6. The results of 2-D flat plate outcomes sition along the flat plate, that is from 0 to x/L=1.0
In this part, findings from the CFD simulation (interceptor position)
and from experiments in LOC are compared. Figures
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Fig.10 Lifting force coefficient for the flat plate. Figures 10(a)-10(d) includes the analytical result from infinite wing potential theory

(2nra,,,),with «a,,, inradians

below include the changes of flow vector around in-
terceptors with several heights, the effect of intercep-
tor on lift and drag force of the plate, and also the ef-
fect of interceptor’s height on the position of the cen-
ter of pressure.

The bottom of a high speed craft is almost flat,
hence the present study can be simplified, and we will
illustrate what happens locally there. Later on, in the
present work, the effect of boundary layer’s thickness
on interceptor’s efficiency is studied. The study can
help us to make the best choice for interceptors’ hei-
ght.

In Fig.6, flow vectors, representing the local ve-
locity intensity and direction, are shown around the
flat plate without interceptor (Fig.6(a)) and with inter-

ceptor at different heights (Figs.6(b)-6(d)). According
to these Figures, a strong stationary vortex is formed
in front of the interceptor. At the back of the intercep-
tor, there are also vortices now mainly due to separa-
tion.

In Fig.7, the streamlines in the boundary layer
around the flat plate without interceptor (Fig.7(a)) and
with interceptor (Figs.7(b)-7(d)) are shown. In the
case of the flat plate without interceptor, of course
there is no vortex at the end of the flat plate (where
the interceptor will be) (Fig.7(a)) but in the case of the
flat plate with interceptor a front vortex is formed as a
result of the contact of fluid flow with the vertical ob-
stacle and it is shown in Fig.7(d), when the interce-
ptor is d/L=0.01 (0.005 m height). As it will be
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Fig.11 Drag force coefficient for the flat plate

demonstrated later, this front vortex increases the pre-
ssure at the end of the flat plate as a result of which
the center of pressure moves toward the end of the
plate and this, by itself, can decrease the trim. As vor-
tices get more intense, the interceptor height increases
accordingly, the force at the end of the plate before the
interceptor will also increase as the height increases.
Figure 8 shows pressure contour around the even
plate with (Figs.8(b)-8(d)) and without (Fig.8(a)) in-
terceptor. The maximum pressure occurres at the sta-
gnation point (Fig.8(a)). From the stagnation point to-
ward the end of the plate, the pressure intensity de-
creases and according to Figs.8(b)-8(d), with intercep-
tor, pressure distribution changes at the end of the
plate and this increase of pressure ratio is proportio-
nate to the height of interceptor. This pressure increa-
se can significantly change the lifting forces and cause
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better control, which will be considered in the followi-
ng parts.

Now, the results in Fig.9 show that without inter-
ceptor, the pressure distribution toward the end of the
flat plate decreases. This reduction of pressure distri-
bution is the main cause of trim in vessels. In addition,
they show that the presence of the interceptor causes a
stagnation region with consequent pressure increase.
As the pressure increases, so does the height of inter-
ceptor, and conversely, trim angle decreases. The sig-
nificant advantage of this pressure increase at the bo-
ttom of the vessel is the creation of lifting force,
which decreases wetted surface in a more uniform
way. It also changes the drag force, but the frictional
resistance decreases by the reduction of wetted surfa-
ce.
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Next, in Fig.10 the lift coefficient in different
angles of attack for the flat plate is studied, with and
without interceptor. As it is clear from Figs.10(a)-
10(d), the experimental and simulation results are
quite close to each other, which is quite positive for
validation purposes of both methodologies. The above
results indicate that the presence of interceptor leads
to an increase of the lift force coefficient (Figs.10(e),
10(f)). They also show that the higher the interceptor,
the stall angle happens for slightly smaller angles as in
the case of hydrofoils with camber. This increase of
lift force coefficient follows the increase of the height
of the interceptor. As demonstrated in Fig.8, this lift
increase is caused due to the shift in pressure distribu-
tion at the end of the flat plate. When the craft is ac-
tually floating on the sea, this increase of coefficient



in lifting forces created by the interceptor can lead to a
resistance decrease through reducing wetted surface.
In fact, the most important feature of interceptors in
high speed crafts is the increase of lift coefficient ma-
king the craft gets out of water more quickly.

Now, the effect of interceptor on drag force coe-
fficient is demonstrated in Fig.11. Experimental resu-
Its are compared with those from RANS equations si-
mulation for the flat plate with and without interceptor
at different heights (Figs.11(a)-11(d)). An increase in
plate’s angle of attack results in a rise in drag force
coefficient, therefore there is a higher increase in the
drag force coefficient. This rise of drag force follows
the interceptor’s height, as it is shown in Figs.11(e)
and 11(f).

In this article, the flat plate is modeled as com-
pletely fixed. But it allows the prognostic that in the
real movement of the craft with interceptor, due to the
pressure’s positive gradient at the end of the craft, a
lifting force would be formed at the bottom of the
craft and this, alone, reduces the wetted surface of the
craft, and consequently the resistance as well. Also,
the interceptor makes the craft pass the hump point ea-
sier.
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gravity
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®)
Fig.14 The effect of interceptor’s height on the mean of dista-
nce decrease between the center of gravity and the cen-
ter of pressure of the flat plate

Figure 12 has compared the mean of lift and drag
coefficients increase caused by the interceptor with di-
fferent heights. The presence of the interceptor at the
end of the plate increases the lift coefficient and the
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drag coefficient, but the lift coefficient increases much
more than the drag one.

In Fig.13, interceptor’s effect on the position of
the center of pressure is demonstrated. In these figures,
both the RANS simulation and laboratory results
(LOC) are compared for each case (Figs.13(a)-13(d)).
The result is very favorable. In general, the distance
created by hydrodynamic forces between the center of
gravity and the center of pressure will produce a trim
in the craft. Results from Figs.13(e) and 13(f) show
that the interceptor pushes the center of pressure towa-
rd the plate’s end. This reduction of distance may re-
sult in the decrease of trim in real crafts.

Figure 14 indicates the effect of the interceptor’s
height on mean decreases of the distance between the
center of gravity and the center of pressure of the flat
plate (Fig. 14(a)). In Fig.14 (b), an overall view of the
flat plate and the interceptor and the change of posi-
tion of the center of pressure toward the end of the flat
plate is shown. This decrease of distance created by
the interceptor is shown qualitatively in Fig.14(a). The
maximum distance decrease is created by a 0.005 m
(d/L=0.01) interceptor, which expresses the fact

that the highest increase in pressure has occurred with
maximum interceptor height.

7. Examining the effect of boundary layer thick-
ness on interceptor’s height (laminar flow)

Finally in this part, following Prof. Blount’s su-
ggestion!! we will examine the effect of boundary
layer thickness on the interceptor’s efficiency. As it is
indicated in previous parts, interceptor produces a lift
force through creating a hydrodynamic pressure on the
bottom of the plate, and despite this notable lift force,
little hydrodynamic drag is generated. All conclusions
discussed in previous sections are calculated in con-
stant speed. Here, the relationship between the boun-
dary layer thicknesses on interceptor’s efficiency for
various heights is investigated by changing the veloci-
ty of the flow. Also, the results from the simulation of
the RANS equations are compared to outcomes of la-
boratory tests (LOC).

§
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Fig.15(a) Boundary layer thickness for the flat plate versus ve-
locity
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Fig.15(b) Boundary layer and free stream for flow over a flat
plate

In Fig.15, the effect of flow speed on boundary
layer thickness at the end of the plate, where intercep-
tor is (Fig.15(a)) and flow profile in the boundary
layer at the bottom of the flat plate (Fig.15(b)) is illu-
strated. The results from simulation are compared to
Blasius’ analytic formula® for the boundary layer
thickness on the flat plate (Fig.15(a)). According to
the results of Fig.15, a rise in the flow speed results in
a decrease of the boundary layer thickness at the end
of the plate; this drop shows a very important point.

When the flow velocity increases, for a given in-
terceptor height, the ratio of d/h (where % is boun-
dary layer thickness) increases. The contact speed to
the interceptor increases because the interceptor is in
the region of large boundary layer velocity gradient
(Fig.15(b)). Figure 15(b) illustrates that there is initia-
lly a velocity gradient inside the boundary layer for-

med on the plate, in which speed increases move away.

When the interceptor height reaches 0.6 of boundary
layer thickness, the velocity is close to the flow velo-
city outside the boundary layer. The effect of these
changes in the boundary layer on the interceptor’s ef-
ficiency will be discussed later on.
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Fig.16 Total lift divided by total drag created by 0.001 m (d/

L =0.0005) interceptor versus velocity. The result for

LOC is limited because of the maximum velocity of the
facility, the value d/h corresponds to ratio between
the height of the interceptor and the boundary layer thi-
ckness at the end of the interceptor

In Fig.16, the ratio between the lift coefficient to
drag coefficient created by 0.001 m (d/L = 0.0005)

interceptor with different Reynolds numbers is shown.
The results from simulation are compared with experi-
mental (LOC) ones, up to a speed of 0.5 m/s. As de-
monstrated in Fig.16, while the speed increases, the
interceptor generates more lift force than drag force,
and when the speed increases, the interceptor's height
in the boundary layer increases as well. The maximum
of lift force produced by the interceptor is calculated
in highest studied speed, which is 1.2 m/s (Re=

400 000) . For the interceptor with a 0.001 m height
(d/L=0.0005), the maximum amount of d/h coe-

fficient is 0.36, showing this important point that the
interceptor is in the boundary layer at the beginning of
velocity gradient, and the contact speed of fluid flow
with the interceptor is much less than flow speed out
of the boundary layer.
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Fig.17 Total lift divided by total drag created by 0.003 m (d/
L=0.001) interceptor versus Reynolds numbers. The
result for LOC is limited because of the maximum velo-
city of the facility, the value d/h corresponds to ratio

between the height of the interceptor and the boundary
layer thickness at the end of the interceptor

In Fig.17, ratio of the lift to the drag produced by
0.003 m (d/L=0.001) interceptor in various

Reynolds numbers is also shown. The ratio of lift
force to drag force can be an appropriate relationship
for evaluating interceptor's efficiency. As Fig.17 re-
veals, while interceptor’s height is below 0.61 multip-
lied by boundary layer thickness, the proportion of lift
force to drag force increases as speed rise. When the
interceptor’s height divided by boundary layer thick-
ness is above 0.61, the drag force produced by the
0.003 m (d/L=0.001) interceptor increases, leading

to a drop in the interceptor’s output. This drag increa-
se is caused by the interceptor height advancing in
boundary layer velocity gradient. When the intercep-
tor height reaches 0.61 of the boundary layer thickness,
it has been observed that the flow speed before the in-
terceptor is almost equal to the flow speed out of the
boundary layer. Due to speed limitation in the labora-



tory (maximum: 0.5 m/s), results from simulation are
compared to those of laboratory (LOC) up to the
speed of 0.5 m/s (Re=140000). When the velocity

rise into the 0.003 m (d/L =0.001) interceptor, there

is a rapid growth in drag force and less lift force is
produced. Boundary layer thickness in this article is
derived from RANS equations simulation and represe-
nts the space between the plate (velocity of zero) and
the point in which the speed is equal to 0.99 of fluid
speed in the entrance.
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Fig.18 Total lift divided by total drag created by 0.005 m (d/
L =10.006) interceptor versus Reynolds numbers. The
result for LOC is limited because of the maximum velo-
city of the facility, the value d/h corresponds to the

ratio of the height of the interceptor the boundary layer
thickness at the end of the interceptor

In Fig.18, the proportion of lift force to drag
force produced by 0.005 m (d/L =0.006) interceptor

is illustrated. As we expected, the lift produced by a
0.005 m (d/L=0.006) interceptor is more than a

0.001 m (Fig.16) and 0.003 m (Fig.17), but with the
speed increase and the boundary layer thickness de-
crease, the 0.005 m interceptor loses efficiency very
fast. Again, when the interceptor’s height reaches al-
most 0.6 of the boundary layer thickness, drag force
has remarkably increased, resulting in the reduction of
interceptor performance.

For a fixed length flat plate, increasing the free
stream velocity of water flow increases the Reynolds
number at the end of the flat plate. Increasing the
Reynolds number for both laminar and turbulent flow
will then reduce the calculated boundary layer thick-
ness at the downstream end of the flat plate. As the
velocity increases from zero at the surface of the plate,
it becomes nearly equal to free stream velocity at
about 0.6 of boundary layer thickness. From 0 to 0.6
of boundary layer thickness the drag of the interceptor

(which is proportional to local velocity squared, V?*)

is in a velocity gradient where V> is much lower than
free stream velocity. When the height of the intercep-
tor (d) is larger than about 0.6/, the drag increases
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at greater rate. This can be observed in Figs.17-19.
While drag is added, little additional lift is obtained.
As demonstrated in Fig.19, up to the speed of 0.2 m/s
(Re=40000) the best efficiency is recorded for the

0.005 m (d/L=0.006) interceptor, but by passing

this speed, boundary layer thickness reduces and con-
sequently the fall of ideal efficiency is viewed in this
height. In the speed of 0.2 m/s, the 0.005 m (d/L =

0.006) interceptor has passed 0.6 of boundary layer
thickness (Fig.18) and drag has increased. Up to speed
of 0.6 m/s (Re=150000), the best efficiency belongs
to the interceptor with 0.003 m (d/L =0.001) height,
but by passing this point, the 0.003 m (d/L =0.001)

interceptor overtakes 0.6 of boundary layer thickness,
and a profound shift occurs in the drag force, causing
a fall in the 0.003 m interceptor output. A 0.001 m in-
terceptor, due to its low height, will permanently be in
the boundary layer velocity gradient (Fig.16) as the
speed increases (above 0.8 m/s), and not much drag
force is produced. As it is seen in Fig.18, the best in-
terceptor performance in speeds above 0.8 m/s (Re =

3000 000) is acquired in the case of a 0.001 m (d/
L =10.005) interceptor. Results of Fig.19 are briefly
described in Table 3.
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Fig.19 Comparison of the effect of Reynolds numbers on the
interceptor effectiveness at different heights

Table 3 The effect of velocity on interceptor efficiency at
various heights

Velocity/ 0-0.4 0.4-0.6 0.6-08  0.8-1.2
-1
m-s
Reynolds 0- 1.5x10°-  2x10>-  3x10°-
number 1.5x10° 2x10° 3x10° 4x10°
d/L
0.0005 VA A VA VYA

0.0010 WA WA N W
0.0060 NWWA \Wv v v

Note: V: Interceptor efficiency and A: Efficiency is increasing
and V: Efficiency is decreasing.
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8. Conclusions

This article tried to undertake a more accurate
study of the interceptor phenomenon, by examining
the effect of vertical obstacle (interceptor) at the end
of a 2-D flat plate. The results from RANS equations
simulation were compared with laboratory results
(LOC), to the possible extent. The bottom of high
speed crafts is almost flat and that’s why the results of
the interceptor’s effect on the bottom of the flat plate
can be almost the same as planing boats. This research
is aimed at detailed surveys to completely understand
the interceptor phenomenon. Results are briefly shown
below:

(1) For numerical analysis of the boundary layer
problems, the grid generation requires to be well orde-
red due to its sensitivity.

(2) The obtained results by finite volume algori-
thm should be independent of the number of elements
on the grid generated, although by increasing the num-
ber of elements, more accuracy may be obtained.
However, the increase of the elements number will not
always lead to more accuracy, and based on the varia-
tion of the accuracy, the number of elements should
be selected through trial and error to avoid extra cal-
culation.

(3) Due to the contact of fluid flow with the plate
inside the fluid, a high force of pressure is created at
the point of the contact. By passing this point towards
the bottom of the craft, pressure distribution decreases
and causes a nonsymmetrical pressure distribution at
the bottom of the plate. This nonsymmetrical pressure
distribution is the main cause of trim in the crafts.

(4) The existence of interceptor creates an obsta-
cle in the direction of flow, causing a stagnation re-
gion at the end of the flat plate.

(5) Interceptor creates vortices in front of itself.
These vortices cause a hydrodynamic pressure on the
bottom of the plate and consequently the pressure at
the end of the plate increases, leading to changes in
pressure distribution.

(6) The circulation intensity of vortex formed be-
fore the interceptor is directly related to the interce-
ptor’s height, and as the height of the interceptor in-
creases, the pressure distribution has a local maximum
at the end of the plate.

(7) Pressure distribution increase near the inter-
ceptor results in a rise in drag and lift force coefficient
and if the height of the interceptor is chosen appro-
priately, the lift force produced is quite higher than the
drag created by the interceptor.

(8) The rate of increase of the lifting force coeffi-
cient caused by the interceptor increases with the
height of interceptor and attack angle, also as they in-
crease, the amount of the lifting force increases.

(9) As a result of pressure caused at the end of
the plate, interceptor makes pressure and gravity cen-
ter closer to each other.

(10) Optimum choice of interceptor height has a
great effect on its efficiency, and in choosing it the
fluid speed must be taken into consideration, although
interceptor height rise increases the lift force, speed
rise may lead to a reduction in interceptor performan-
ce due to drag force increment.

(11) Interceptor is inside the boundary layer and
shifts in flow speed lead to changes in boundary layer
thickness, directly affecting interceptor’s efficiency.

(12) In the boundary layer formed at the end of
the plate, where the interceptor is, the flow speed is
zero on the flat plate. Moving away from the plate,
there is initially a velocity gradient whose speed in-
creases as the distance from the plate grows. Next,
after passing this velocity gradient, where distance
from the flat plate is approximately 0.6 of boundary
layer thickness, flow speed in the boundary layer al-
most equals flow speed out of the boundary layer.

(13) Speed increase leads to boundary layer thi-
ckness decrease, whereby the height of boundary layer
velocity gradient also decreases, and the height of in-
terceptor in boundary layer velocity gradient increases
too, resulting in an increment in the speed of flow
contact with the interceptor.

(14) While the interceptor is in the boundary
layer velocity gradient, little drag is produced compa-
red to lift force created by the interceptor, since in the
boundary layer velocity gradient, flow speed is much
less than the flow speed out of the boundary layer.

(15) When the interceptor’s height is higher than
the height of boundary layer velocity gradient, the
speed of fluid contact with the interceptor is almost
the same as the flow speed out of the boundary layer,
and as its result, since drag force is proportionate to
velocity square, it increases drastically and in spite of
this rise of drag force, less lift force is produced.
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