
International Journal of Advances in Mechanical and Civil Engineering, ISSN: 2394-2827 Volume-2, Issue-5, Oct.-2015 

Experimental Study On Force Distribution During Slamming Event With Hydrophobic Surface 
 

44 

EXPERIMENTAL STUDY ON FORCE DISTRIBUTION DURING 
SLAMMING EVENT WITH HYDROPHOBIC SURFACE 

 
1F. C. KORKMAZ, 2B. GUZEL 

 
1Department of Marine Engineering Operations,Yıldız Technical University,Department of Naval 

2Architecture and Marine Engineering,Yıldız Technical University 
E-mail: 1fkorkmaz@yildiz.edu.tr, 2bguzel@yildiz.edu.tr 

 
 
Abstract- Predictingimpact forces and pressure distribution during water entry is of great importance in designing marine 
structures, missiles and seaplanes that experience slamming loads. In water entry of blunt bodies, different fluid dynamics 
phenomena like jet formation, cavity formation, water splashing, flow separation on solid surfaces and air entrapment between 
solid and liquid surface have been studied for decades. Our study is aimed at understanding and modeling the dynamics of 
slamming under an extended range of parameters including hydrophobic surfaces. In this study, slamming phenomenon has 
been demonstrated by using a cylindricalspecimen. The effect of hydrophobic surfaces is studied through flow separation and 
evolution of water splashing at various velocities during the impact process.Digital images at impact process were captured 
using a high speed camera. At the same time, we measured the force distribution on the surface of the test body during impact 
by employing strain gages. Here we present the results of our experimental work on water entry test of hydrophobic coated 
bodies. First we present results from our water entry test, using a cylinder. Second, we consider how flow separation on solid 
surfaces and splash formation are modified on these bodies that have hydrophobic coating. Finally, we present the comparison 
in slamming coefficient and pile-up coefficient for the test cases. 
 
Index Terms-"water entry, hydrophobic and strain".  
 
I. INTRODUCTION 
 
The water entry of a cylinder is important to 
understand slamming phenomena which is one of the 
essential loads that ships and offshore structures 
should overcome. Estimating these forces and their 
distribution on the effected ship board is very 
important. In general, slamming is divided into four 
types: hull bottom, bow flare, green deck and wet deck 
[1]. In this study, the cylinder was used to represent 
hull bottom slamming. Substantial amount of research 
has been carried to determine the dynamic 
characteristic of impacts on free surface, but there is 
relatively little fundamental understanding of ship 
slamming in terms of the acceptability of the certain 
design parameters [2].  
Von Karman [3] and Wagner [4] published several 
prior papers regarding impact on surface at water 
entry. Later on, researches tried to solve the solid fluid 
interaction problem by applying their approach. Most 
of the studies were carried out the slamming 
phenomena as a two-dimensional impact problem 
considering with dropping rigid and elastic materials. 
The main objective of the previous studies were 
investigating the pressure distributions during the 
impact. Chuang [5] studied on air cushion effect by 
changing deadrise angle and mentioned if deadrise 
angle was less than 3° degree, air couldn’t escape from 
the area that was between structure and free surface. 
Huera-Huarte et al. [6] performed experimental 
studies for slamming and approved the air cushion 
effect. Later, Chuang [7] applied existed theories for 
axisymmetric bodies and investigated cone slamming 
in order to formulize the tree dimensionality of 
slamming [8]. Carcaterra et al. [9] studied to clarify 
the wedge shape section by carrying drop tests. 

Constantinescu [10] performed a water entry 
experiment with three types of cones in different 
deadrise angles. Faltinsen [11], Cooper [12], Panciroli 
et al. [13] implemented their drop tests on elastics and 
rigid wedges to investigate hydroelasticity. Zhao et al. 
[14] performed an experimental study to predict 
pressure distribution. The other subject of similar 
studies is jet formulation. Battistin et al. [15] studied 
water entry problem by using the boundary-element 
model and implementing the jet formulation to 
cross-section of the body contour as well as free 
surface. R. Panciroli et al. [16] used curved rigid 
wedges by focusing on pile up in his experimental 
study of water entry then stated that between 60-80% 
of wedge energy had been transferred to splash and 
pileup. Kapsenberg et al. [17] developed a method that 
can be used for long term simulations and presented 
hydrodynamic loadings such as that pile ups at the 
bottom of ships can be determined by this method. S. 
Okada and Y. Sumi [18] gave attention to small 
deadrise angle water entry because of the importance 
of the trapped air effect, then measured the strains on 
aluminum plates. Lin and Shieh [19] investigated 
water impact of a cylinder. Water entry velocity, 
deadrise angle and mass of drop pattern were 
experimentally collected during slamming byYettou et 
al. [20], to show the correlation between those effects.  
De Backer et al. [21] studied the impact of 
axisymmetric spheres and cones.  
Hydrophobicity is defined as reducing drag forces in 
any flow regimes [22]. Drag reduction is a parameter 
of slip length and it is described as a ratio of the 
velocity of the surface. Duez et al. [23] used spheres to 
carry out experiments studies and showed that 
hydrophobicity promoted air entrainment.   
The main aim of this study is to examine the effects of 
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hydrophobicityon axisymmetric bodies during water 
entry. A cylinder is used for investigation of slamming 
effect under certain conditions, then slamming 
coefficients have been obtained for the test cases by 
applying strain gages. 
 
II. EXPERIMENTAL SETUP 
 
An experimental setup has been constructed to 
investigate the impact characteristics of slamming 
(Figure 1). This experimental setup was designed for 
specimensto be dropped from the heights from 0.05 m 
to 4 m. The water is confined into basin which has 
dimensions of 1.7m in length, 1.0m in width, and 1.2m 
in depth. The basin was made of adhered acrylic sheet 
and reinforced with aluminum profiles. In order to 
avoid from rotating or moving horizontally, the 
guiding rails were employed to perform smooth drop 
tests for assuring the vertical impacts. The cylinder 
was made of unplasticized polyvinylchloride (u-pvc) 
with the wall thickness of 10mm. 
The penetration process of the cylinder is as follows; 
the first contact starts with the tip of specimen entering 
water.After the first shock, the water layer climbs up 
onto the surface and creating a jet flow.This climb 
depends on the velocity of entrance, shape of the body 
and the contact angle. Then a body of water raised up 
and a pile up isformed.The most of the energy transfer 
happens at this stage. The effect of this impact was 
also measured by strain gages. 
 

 
Figure 1: Experimental Setup 

 
A hydrophobic coating, Wetproof Inc., was applied 
onto the half of the cylinder. The measurement of 
strain gages is implemented firstly with the regular 
surface and then with hydrophobic surface. So the 
comparison can be made at the same exact points. The 
evolution of jet formation, pile up and air cavity were 
observed by using high speed camera, so that the 
characteristics on hydrophobic and regular surfaces 
could be compared. 
 
III. RESULTS 
 
The drop tests of a cylinder was performed from the 
heights of 150 mm, 300mm, 500mm 750mm and 

1000mm. The theoretical entry velocity is calculated 
as V = ඥ2gh.The value of entry velocity was found to 
be 2.42 m/s for 300 mm. Although 2,42 m/s was found 
as a value on entry velocity, because of the friction 
between mechanism and dropping material, 2,3 m/s 
was measured as an actual velocity. This measurement 
data was obtained from the image analysis which was 
created by using high speed camera. 
 
Table 1: Strain coefficients (Cs) with regular and hydrophobic 

surfaces 

 
 

 
Figure 2: Slamming coefficient distribution 

 
Deformations were observed by strain gages as strain 
values. Some mathematical processeshave been made 
to calculate the impact force from strain. Each drop 
test was applied with both hydrophobic and regular 
surfaces five times, then the average values have been 
taken into account. The slamming coefficient is 
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formulized as Cs = ౢ
భ
మ౪౨౯

మୖమ
 [6]. It is usedto 

compare the impact forceson regular and hydrophobic 
surfaces. Here,F୪isforce for per unit length, ρ is density 
of water, Vୣ ୬୲୰୷is entry velocity and R is diameter of 
cylinder. Slamming coefficient was obtained for each 
strain gage at various entry velocitiesand is shown in 
Table 1. The experimental and theoretical results have 
been depicted for Cs values versus ratio of entry depth 
to the diameter of cylinder in Figure 2 and compatible 
values have been obtained for each value.  
The slamming coefficient of hydrophobic surface is 
less than the ones of regular surface. Due to 
hydrophobicity, the strain value decreases 4% for the 
strain 1 in average,then 5%, 9% and 22% for the strain 
2, strain 3 and strain 4, respectively. 
 

 
Figure 3: Example of a high speed image during water entry 

from 150 mm height 
 

The snapshot from the early stageof the entrance of a 
cylinder released from the height of 150 mm is shown 
inFigure 3. The characteristics of jet evolution and 
pileup are strongly related with the geometric shape of 
body. The cylinder has advancingdeadrise angle, so in 
every penetration stages, specimen faces with 
different deadrise angle between the body and free 
surface. The characteristic of water splashing are not 
the same on the left and right halves of the cylinder 
sincethe hydrophobic coating was applied to the left 
half. As the cylinder penetrates in to free surface, the 
jet direction at the hydrophobic coated side is more 
horizontal, and the pileup volume gets larger at the 
hydrophobic coated half. It is because the energy 
transfer is quicker on hydrophobic surface. The early 
separation of water causes low strain values, therefore 
all strain values on hydrophobic surface were less than 
the regular ones. 
 
 
CONCLUSION 
 
This study presents the results of an experimental 
study on water entry tests of a cylinder. The slamming 
phenomenon was investigated through strain 
distribution in comparison of hydrophobic and regular 
surfaces. It was noticed that hydrophobicity of the 
surface could change the characteristics of slamming. 
The water separation, its elevation and splashing were 

captured by a high speed camera and the effect of 
slamming was measured with strain gages. Due to 
hydrophobicity, more energy is transferred quicker in 
to water. Because of the reasonthat the separation is 
occurred earlier,thestrains values is measured lower. 
Hydrophobic surface effect during water entry 
problem was demonstrated with various height of drop 
tests. Captured images by high speed camera coincides 
the resultsobtained from the strain gage 
measurements. 
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