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ABSTRACT

In current study, numerical and experimental investigations about
water entry problem were conducted for a symmetrical wedge.
The water entry problem for different geometries is one of the
classical methods for determination of pressure distribution and
loads around the hull of marine vehicles. These data can be used
for optimum structural design of vessels particularly for high-
speed crafts, which are very sensitive about the weight. In
addition, the quantity of load can be considered in the equation of
motion for analyzing the seakeeping performance of such vessels.
In this research, the numerical analysis of free falling wedge with
30° deadrise with constant weight was done and for validation of
results, it was followed by experimental tests. The outputs of this
study consist of some graphs for comparison of trends for
pressures respect to impact time, which can be used for
signification of loads on hulls during the water entry phase.
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NOMENCLATURE

h,, Height of water (m)
he Width of channel (m)
hg Drop height (m)

Cp Pressure coefficient (-)

P Pressure (Kpa)

\4 Velocity (m/sec)

Greek symbols

a Deadrise angle (Degree)
P Water density (Kg/m®)

1.0 INTRODUCTION

In recent years, the application of high-speed crafts has expanded
in different fields and despite these applications relevant topics
such as loading estimation, structural design, motion control and
etc. became important for researchers more than past.

High-speed crafts encounter wide range of impact loads during
their lifetime because of jumping through the waves and coming
back to water surface in various sea-states. So the water entry
problem can be used as a basic solution for estimation of loads on
their hull. Besides that, the slamming phenomenon, which is
considered as a limitation for structural design, can be predicted
in this way.

Water entry problem was known as a useful way for prediction
of pressure on the hull of seaplanes by VVon-Karman [1] in 1929
and he conducted some theoretical models for calculation of
maximum pressure for that vessels. After him, in 1932 Wagner
proposed an analytical method for modeling of water entry
problem with some modifications on Von-Karman's model [2].
Dobrovolskaya [3] in 1969 with an analytical method based on
similarity solution studied about falling of a wedge into water
with constant speed. In 1988 Payne [4], Korobkin and
Pokhnachov [5] established some studies about impact of water
on rigid bodies.

In recent years, researchers followed up the process of water
entry evaluation by different numerical methods. For example,
Zhao and Faltinsen [6] worked on Wagner's theory through
conformal mapping and conducted an approximation in 2D cases.
This strategy was continued by Mei [7] in 1999. In new studies
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some additional effects during impact problem, was considered
such as hydroelasticity. For example Zamani-rad and Seif [8] was
done simulation of hull water impact based on numerical methods
for study of hydroelastic effect during the slamming process of
wedge-shaped bodies.

Besides these theoretical investigations, some experimental
developments had done on water entry problem of different
geometries. In 1950, Bisplinghoff and Doherty [9] had done
experimental tests on wedges and proposed a theory for
prediction of free surface during water entry. In 1970, Chuang
[10] started experimental tests on wedges with different deadrise
angles and measured maximum pressure on them. Chaung also in
1967 [11] studied about the impact of plane's surface on still
water and evaluated the effect of trapped air between water
surface and hull in small angles. Ochi and Bonilla in 1970 [12]
and Chaung in 1973 [13] studied about penetration speed and
water impact on complex geometries such as boat's hull.
Greenhow and Lin [14] in 1983 continued the experiments for
some different wedges and focused on water current around the
hull.

In 1994, Lin and Ho [15] had done some experimental tests for
impact of 2-D wedges in different heights and compared the
results with numerical analysis based on boundary element
method. They showed that the maximum impact pressure in
shallow water is greater than similar condition in deep water. In
1997, Zhao [16] proposed two methods for water entry analyzing
with non-linear simulation of Laplas equation and analytical
solution of Wagner and validated the results with experimental
tests of 30° wedge with results of pressure coefficient, slamming
force, impact velocity and water level condition. The studies of
Ming-Chung Lin and Li-Der Shieh in 1997 [17] prepared
experimental results on round hull pressure distribution during
water entry. Study about impact of surface plane and water level
was continued by Engle and Lewis [18] in 2003 and they
compared the results of numerical and experimental methods for
maximum pressure due to water impact for symmetrical wedge in
different initial speed. These studies showed the validity area and
accuracy of various methods. In 2004 Faltinsen [19] studied about
some important application of water entry problem such as
wetdeck slamming, green water, tank sloshing and etc. Also in
this year Wu [20] conducted some experimental tests on wedges
with 20 and 45 degree deadrise and compared the results with
numerical data of complex method of analytical and BEM
solutions. Yettou et al in 2005 [21] had done some experimental
tests on different wedges for calculation of pressure coefficient
with different weights and heights. They showed that deadrise
angle has more importance effect on pressure in comparison with
weight and drop height. In 2010, Sayeed et al [22] evaluated of
slamming force on wedge with 10° deadrise and their results
showed good correlation with Chaung's data. Javaherian et al [23]
had done parametric experimental study about pressure
distribution of pressure during water entry for 3 deadrise angle
which dropped into water from various heights. They proposed
some graphs for pressure coefficient respect to time and they
compared the data with other references.

Figure 1 shows the effective parameters such as peak pressure,
position of it and the schematic view of pressure profile as
important items in water entry process.
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Figure 1: Slamming pressure's parameters during water entry

The time variation in short period is one of the problems for
solving the water entry process and measurement of pressure need
accurate numerical simulation and special experimental facilities.
In real condition, the rapid transient pressure changes cause some
difficulties in process conditions.

In this paper for a symmetric wedge with 30° deadrise and
constant weight, the pressure distribution was discussed through
numerical and experimental analyzing. In addition, a
configuration of experimental test setup which designed for
testing of hydrodynamic loads on basic geometries during water
entry was explained that can be used in future researches of
similar problems. Based on the results, estimation for
hydrodynamic loads on 2-D sections can be proposed which may
use in design of high-speed crafts and similar structures.

2.0 NUMERICAL ANALYSIS

After modeling of geometry according to Figure 2, numerical
analysis started when the wedges contact the water surface. The
weight was considered about 38 kg. For meshing of analysis
domain, the 2D structural mesh was used and the upper border of
model was considered as atmospheric pressure. The surface of
wedge was assumed as a no slip area.
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Figure 2: General view of model and position of pressure sensors
(Dimensions in mm.)

Figure 3 shows the simulation of water entry and the spray at
the moment of impact can be clearly observed.

Figure 3: Free surface of liquid for impact of wedge during water
entry
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3.0 EXPERIMENTAL TESTS

The test set-up configuration is shown in Figure 4. A vertical
guide is fixed to the wall of channel for both side of wedge and it
can move freely with two sliding guides. The water level was
considered at 1 m and maximum height of drop was set to 1-1.3
m. The wedge was made from the fiberglass material.

Lifter and coble

| Slichng guicie

Vedge attachnent nechaniss

Wedge

1m

Figure 4: Illustration of test set-up’s main elements and basic
dimensions
The length of channel is 25 m and the width and height of it are

2.5 m and 1.5 m respectively. It was located in marine laboratory
of mechanical faculty of Sharif University of Technology and

general view of test set-up is shown in Figure 5.
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Figure 5: General view of test set-up after installation in channel

Three pressure transducers were installed on one side of wedge
according to Figure 2. These sensors can measure the pressure up
to 1000 psi with accuracy range of 0.001 psi. In addition, a
suitable data acquisition system with three channels was
constructed for receiving of data from sensors. Sensors have the
capability of measuring the 25000 data in second. The tests were
done for a weight of 38 kg which was adjusted with extra weights

on the it. Test's parameters are shown in Table 1.

Table 1: Test's parameters

The wedge was dropped vertically under effect of its weight
and each test was repeated five times. The average of results was
used as final data. When the wedge contacts the water surface,
sensors can register the pressure’s changes over time and with
having the data the pressure coefficient can be calculated with

following equation:

P ()

4.0 RESULTS AND DISCUSSIONS

C

The estimation pressure at defined points of wedge during water
entry is shown in Figure 6. It can be seen that the pressure for all
points has an increasing trend until reaching a peak and after it
decreases over the time. Also the points which were installed in
higher heights encounter smaller peak pressure because of

damping effect of water.

2550 T T
/\ ~—Sensor 1 (Numerical)
.00 N\ )
A Sensor 2 (Numerical)
P / \/ Sensor 3 (Numerical)
2 150
AARYA
2
3 1.00 N
050 // \\: :
0.00 |
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
Time (sec)

Figure 6: Pressure distribution in comparison the time during the
numerical analysis for different points

Figure 7 shows the similar graphs from experimental test’s data
and equivalent trend can be seen in different position of

measurement.
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Figure 7: Pressure distribution in comparison the time during the
experimental tests for different points
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Figures 8, 9 and 10 depict a comparison for results of each
point with numerical simulation and experimental results,
respectively. It was clearly observed that the trend of results for
both approaches are similar but there were some differences
between them, which can be explained due to variations of
modeling methods and assumptions.
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Figure 8: Comparison of results of numerical simulation and
experimental test for pressure sensor no. 1
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Figure 9: Comparison of results of numerical simulation and
experimental test for pressure sensor no. 2
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Figure 10: Comparison of results of numerical simulation and
experimental test for pressure sensor no. 3

For future reference, these graphs can be used for deriving
some parametric analysis for calculation of Cp and estimation of
pressure for various points.

5.0 CONCLUSION

In this paper, Numerical analyses of water entry problem for a
wedge were conducted by commercial software “Ansys” and
followed by experimental tests with similar conditions. The
results from this study can be used in the design phase of marine
vehicles and other structures.

The results are evident of similarity of data by two methods.
However, it can be seen that numerical method’s output gives
underestimate values in comparison with the experimental results
which should be considered in design phase. In addition, the
correction factor of data for numerical analysis can be found as a
useful parameter for future researches. In a nutshell, the selected
software has been proven efficient for modeling water entry
problem for wedge water entry subjects. This preliminary study
will be followed up by future tests which will be carried out in the
near future.
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