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A B S T R A C T  
 

 

One of the most efficient methods of reducing drag on planing craft is the use of transverse step on the 
bottom of a hull. Applying steps on the hull reduces the contact area with water and as a result, it reduces 
drag of the craft. Planing craft are able to have one or two transverse steps. In this paper, numerical 
hydrodynamic performance of the stepped planing craft and its step height effect is investigated by 

making use of finite volume method (FVM). The Reynolds-Averaged Navier-Stokes (RANS) equations 
are coupled with the standard k- ε turbulence model and volume of fluid equations are solved to simulate 
transient turbulent free surface flow surrounding the hull by ANSYS-CFX. In order to predict the motion 

of the craft, equations of two degrees of freedom for rigid body are coupled with governing equations of 
fluid flow. In order to validate the numerical model presented in this paper, the obtained numerical results 
are compared with the available experimental data. The numerical results obtained for drag, dynamic 
trim, rising of center of mass and the pressure distribution on the body at different speeds and different 

heights of the steps are presented and discussed. 

doi: 10.5829/ije.2019.32.04a.19 

 

 
1. INTRODUCTION1 
 
In recent decades, much effort is made by researchers to 

reduce drag and increase the speed of planing craft by 

changing the geometrical parameters of the hull. Various  

forms have been used so far, such as chine, strake, pad, 

spray rail, tunnel and step. Among these methods, 

applying transverse step on the hull is known as the most 

effective. It is common to create holes on the outer walls  

of the step for air suction. Generally, it is expected to 

increase the speed of craft by 10 to 15 per cent by 

applying stepping method2. All planing craft have control 

surfaces like trim-tab and interceptor. They are employed 

to semi-planing and planing craft to prevent the 

instability and improve seakeeping. In 1991, Maritime 

Dynamics, Inc. (MDI) pioneered the use of these devices 

as force producers to actively control the motions of 

mono-hulls and catamarans. Well over 100 MDI ride 

                                                                 
*Corresponding Author Email: gasemi@aut.ac.ir (H. Ghassemi) 
2
 https://www.saltwatersportsman.com/stepped-hull-benefits-for-

boats#page-3 

control systems incorporating trim tabs have been 

commissioned on fast ferries3. The main idea of applying 

transverse step on the hull is to reduce the level of contact 

of the hull with water and improve the running attitude. 

(see Figure 1). In this case, because of the force is 

distributed on two or three separate surfaces throughout 

the hull, the longitudinal stability is improved. However, 

despite the benefits of the transverse steps, there is also 

the risk of craft capsizing if the airway is closed by the 

coming waves. If aeration is stopped, reverse flow occurs 

behind the transverse step, which leads to an excessive 

increase in drag. As a result, the speed s uddenly 

decreases and the craft may capsize. To avoid this 

problem, air is often sucked through the duct above the 

water or is supplied through pipes on deck surface. So 

far, many numerical and experimental studies carried out 

on planing craft (with and without step). Numerical 

methods of the boundary element method (BEM) and 

3 http://www.naiaddynamics.com 
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computational fluid dynamics (CFD) are mostly used for 

hydrodynamic analysis of the planing craft. Some of 

these studies are presented in Tables 1 and 2 for non-

stepped and stepped planing hulls, respectively.  
 

 

 

 
Figure 1. Planing craft with two steps [1] 

 

 

TABLE 1. Numerical and experimental on the planing hulls 
(without step) 

No. Researchers Topic Year 

1 Savitsky [1] 

Modeling of planing craft on 

prismatic hulls with 
Deadrise angle and obtaining 

regression relationships 
based on model test for 
calculation of hydrodynamic 
forces [1] 

1964 

2 
Savitsky et al. 

[2] 

Investigation of the effect of 

water spray on the stern and 

its effect on the drag of 
planing craft [2] 

2007 

3 
Brizzolara and 
Serra [3] 

Study of planing surfaces at 

constant mode by CFD and 
comparing the results with 
experimental data [3] 

2007 

4 
Ghassemi et al. 

[4-7] 

Development of a computer 

code based on the BEM for 
analysis of planing and non-

planing craft and 
presentation of these codes 
in the hydrodynamic 
analysis of the craft [4-7] 

2007, 

2008, 
2010 

5 
Akkerman et al. 

[8] 

Analysis of Friedman's 

planing hulls by numerical 

finite element method in two 
degree of freedom [8] 

2012 

6 
Yu-Min et al. 

[9] 

Investigating the 

hydrodynamic performance 
of a planing craft by CFD 
based on the RANS 
equations in two degree of 
freedom [9] 

2012 

7 
Ghassabzadeh 

et al. [10] 

Calculation of the forces 

acting on multi-hull tunnel 
vessel in a steady state using 
CFD in two degree of 
freedom [10] 

2014 

8 
Bakhtiari et al. 

[11] 

Numerical modeling of the 

stepped planing hull in calm 
water [11] 

2016 

 
 

TABLE 2. Numerical and experimental of the stepped planing 
hulls  

No. Researchers Topic Year 

1 
Taunton et al. 

[12] 

Investigating the effect of 

different parameters on trim, 
resistance and draft for 

stability of vessels by 
considering the effect of step 
[12] 

2004 

2 
Matveev et al. 

[13] 

Numerical and experimental 

studies on obstruction on the 
bottom of vessel [13] 

2006 

3 Svahn [14] 

Development of a model to 

predict the performance of 
planing hulls with transverse 
steps [14] 

2009 

4 
Savitsky and 

Morabita [15] 

Presentation of mathematical 

model for determining the 
profile of the stern of 
prismatic planing hulls by 
performing extended model 
test [15] 

2010 

5 
Taunton et al. 

[12] 

Experimental study of a new 
series of hard chine planing 

craft with and without steps 
[12] 

2010 

6 Matveev [16] 

Modeling steady flow 

around the stepped planing 
hull using hydrodynamic 
point sources [16] 

2012 

7 
Garland and 
Maki [17] 

Studying the performance of 

stepped planing craft using 
numerical simulation of 

nonlinear flow under a two-
dimensional object [17] 

2012 

8 Lee [18] 
Advancements of Stepped 
Planing Hulls [18] 

2014 

9 Veysi et al. [19] 

Simulation of a planing craft 

with and without steps in 
calm water using numerical 
methods and studying the 

effects of stepping on the 
hydrodynamic performance 
of the vessel [19] 

2014 

10 
Bakhtiari et al. 

[11] 
Numerical modeling of 
stepped planing craft [11] 

2014 

11 
Nourghasemi et 

al. [20] 

Investigation of the effects of 

forward stepping angle on 
the hydrodynamic 
performance of planing craft 
by FVM [20] 

2017 

12 
Nourghassemi 

et al. [21] 

Numerical hydrodynamic 
results of the two stepped 
planing hull [21] 

2018 

13 
Doustdar and 
Kazemi [22] 

Effects of fixed and 

dynamic mesh methods on 
simulation of stepped 

planing craft [22] 

2019 
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In this paper, the effect of height of step on the 

hydrodynamic performance of the planing craft is 

investigated by ANSYS-CFX software. Transient and 

turbulent free surface flow around the solid hull is 

modeled by the RANS equations along with the 

turbulence model standard k-ε coupled with VOF 

equations. To predict motion of the craft, equations of the 

two degrees of freedom of the rigid body are coupled 

with the equations governing the fluid flow. In this paper, 

the planing craft has two transversal steps. Here, six 

models are selected with various step height and three 

different displacements. The results of the numerical 

results of drag, dynamic trim, raise of CG, pressure 

distribution are presented and discussed. Some numerical 

results show good agreement with experimental data. 

 

 

2. METHODOLOGY AND NUMERICAL 

DESCRIPTION 

 

The RANS solver is fully implicit, based on finite volume 

method to build the spatial discretization of the transport 

equations. The velocity field is obtained from the 

momentum conservation equations and continuity 

equation. In the case of turbulent flows, additional  

transport equations for modeled variables are discretized  

and  solved. The k-ε turbulence model is used for 

turbulence closure. Free-surface flow is simulated with a 

multi-phase flow approach. Incompressible flow is 

modeled through the use of conservation equations for 

each volume fraction of phase/fluid. Velocity-pressure 

coupling is handled with a SIMPLE like approach. Craft  

free motion can be simulated with a 6-DOF module. Here 

in our case, 2-DOF (means pitching and heaving 

motions) are considered and other motions are fixed. In 

order to start the computation directly from a specific 

speed, an estimation of the final hull position is 

necessary. Estimation of the final position may be found 

from an assumption of the semi-empirical method, given 

by Savitsky [1]. In order to check the time step 

independency used the following equation: 

𝐶𝐹𝐿 = (𝑑𝑡 × 𝑉)/𝑑𝑥 (1) 

where CFL is the courant number and represents the 

number of cells that pass through by the current reference 

speed at the specified time step, dt is time step, V is 

current reference speed at the maximum situation and dx 

is the average size of the cells. In order to achieve the 

time step independency, decrease both dt and dx so that 

the CFL stays constant.  In the present computational 

method, the independence of the time step takes place at 

dt = 0.001. 

 

2. 1. Computational Domain and Boundary 
Conditions           The present study is conducted on a 

model of stepped planing craft, which is known as Lee 

model. This model was tested by Lee et al. [23] in 2014, 

and the results are available for public. The model was 

tested in six different step heights with specifications that 

are provided in Table 3. Besides, all of the models were 

tested and investigated at three displacements (or weight 

of planing craft) of 43.09, 47.62 and 55.38 kg. 

Geometrical parameters of the models are provided in 

Table 4. Besides, a two-dimensional view of the model is 

shown in Figure 2. 

 

 
TABLE 3. Transverse step heights of the models 

Model no. 
Height of first step 

[cm] 

Height of second step 

[cm] 

1 0 0 

2 0.3175 0.3175 

3 0.635 0.3175 

4 0.9525 0.3175 

5 0.3175 0.635 

6 0.635 0.635 

7 0.3175 0.9525 

 

 
TABLE 4. Characteristics of the model 

Parameter Value  

Length [m] 2 

Width [m] 0.4572 

Deadrise angle [deg] 15 

Distance between the first step and stern 
[m] 

0.508 

Distance between the second step and 
stern [m] 

1.016 

Displacement (∆) [kg] Variable 

 
 

 
Figure 2. Body plan view of the simulated models 
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The flow around the craft can be assumed to be 

symmetric with respect to central plane. Therefore, 

calculations are reduced to only half of the solution 

domain. The distance between boundaries of this craft 

and the body are chosen in such a way that it is possible 

to apply boundary conditions that are consistent with 

reality.  

The most important step in all numerical analyses is 

the grid generation. Grid type and element size have 

significant effect on convergence and accuracy. In this 

study, due to the use of k-ε turbulence model, the number 

of inflation layers within the boundary layer is considered 

equal to 22, and the dimensionless thickness of the first 

layer on the surface is Y + = 50.  
In order to check the grid independency, calculations 

are performed in several grids with different numbers of 

cells. For example, the variation of drag at various 

number of cells for the model 4 at length Froude number 

(FnL=1.85) is illustrated in Figure 3. 
 

 

3. RESULTS AND DISCUSSIONS 

 

In this section, in order to validate the present numerical 

model, the numerical results obtained for different 

heights of steps are presented and compared with 

experimental data. The craft model studied in this paper 

was tested by Lee et al. [23] for different heights of steps. 

The presented experimental results are included the raise 

of CG, dynamic trim, and drag for different 

displacements. 

First, the numerical and experimental results for the 

model 1 (due to having the highest drag) and the model 4 

(because of having the lowest drag) are presented in 

Figures 4 to 9. Another important is that drag is 

diminished around 20% by using step.  Model 1 has no 

step and other six models have two steps. The results for 

all displacements showed that the stepped planing hulls 

have lower drag relative to non-stepped hull. The results 

were compared with experimental data for all models. 

These results are included drag, dynamic trim, the raise  
 

 

 

Figure 3. Mesh dependency for drag of the model 4 

(FnL=1.85, ∆= 47.62 kg) 

of CG/beam for different displacements. The comparison 

of drag against Froude numbers for three displacements 

are shown in Figures 4 and 5.  Figures 6 and 7 present the 

dynamic trim results that are compared with the 

experimental data. The numerical results of the raise of 

CG/beam were also compared with experimental data 

that are shown in Figures 8 and 9. Relative errors were 

found that the raise center of  CG/beam, dynamic trim 

and drag were less than 14, 15 and 10%, respectively. 

The main aim to use the stepped planing craft is to 

provide the moderate pressure distribution. Figure 10 is 
presented the pressure contour on the bottom of different 

models at Fr= 2.13 and for  ∆= 43.09 kg. 

 

 

 
Figure 4. Comparison of drag r for models 1 and 4 (∆=
38.55 kg) 

 

 

 
Figure 5. Comparison of drag for models 1 and 4 (∆=
47.62 kg) 

 

 

 
Figure 6. Comparison of dynamic trim for models 1 and 

4(∆= 38.55 kg) 
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Figure 7. Comparison of dynamic trim for models 1 and 4 

(∆= 47.62 kg) 

 

 

 

 
Figure 8. Comparison of the raise of CG/beam for models 1 

and 4 (∆= 38.55 kg) 

 

 

 

 
Figure 9. Comparison of the raise of CG/beam for models 1 

and 4 (∆= 47.62 kg) 

 

 

Stepped hull is caused that the pressure is moderately 

distributed from fore to aft. Without steps, a pressure 

peak is formed on the fore part of the hull. On the other 

hand, in the two-step planing craft, we have three peaks 

which increase the lift force on the body. It may be 

observed that the model 1 that has the highest drag, 

achieves the lowest level of pressure peak. In contrast, 

the model 4 has the lowest drag and highest level of 

pressure peak. 

 
Figure 10. Pressure contour on the bottom of different 

models at Fr= 2.13, ∆= 43.09 kg. 

 

 

4. CONCLUSIONS 

 

In this paper, the effect of step height on the 

hydrodynamic performance of a planing craft is 

numerically investigated. For doing this, free surface 

flow around the craft is simulated using RANS equations 

coupled with Standard k-ε and VOF equations using 

ANSYS CFX. In order to predict the motion of craft in 

two degrees of freedom including heave and pitch, rigid  

body equations of motion are solved coupled with 

governing equations of fluid flow. According to the 

results, the following conclusions can be drawn: 

 According to the acceptable agreement between the 

results and experimental data, it can be inferred that 

the presented model can be used to predict 

hydrodynamic performance of planing craft with 

good accuracy. 

 Obviously, results indicate that adding steps to 

planing craft leads to reduction in drag. Because 

based on the obtained results for the desired models, 

model 1 without steps has the highest drag among the 

models. Besides, addition of steps leads to 4.6 to 20% 

reduction in drag. 

 Based on the obtained results for the desired models 

in three different displacements, it has been observed 

that the height of first step (from stern) is three times 

higher than the front step which has the lowest drag. 
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 چکیده

 

 

یکی از روشهای موثرو کارآمد برای کاهش درگ در شناورهای اسکی استفاده از پله های عرضی در کف شناور است. استفاده 

از پله باعث کاهش سطح خیس شده بدنه و در نتیجه موجب کاهش درگ می شود. شناورهای اسکی می توانند یک یا دو 

کرد هیدرودینامیکی شناور اسکی پله دار و تاثیرارتفاع پله با روش پله عرضی داشته باشند. در این مقاله با روش عددی عم

ی با مدل آشفتگ معادلات ناویر استوکس به روش میانگین گیری رینولدز. محدود مورد بررسی قرار گرفته استحجم 

حل شده  CFXبرای شبیه سازی جریانهای سطح آزاد در اطراف بدنه شناور به کمک نرم افزار انسیس  k- εاستاندارد 

بمنظور پیشگویی حرکت شناور، معادلات حرکت دو درجه آزادی با معادلات حاکم کوپل شده اند. جهت معتبرسازی،   است.

نتایج عددی بدست آمده شامل درگ، تریم دینامیکی،  محاسبات نتایج عددی بدست آمده با نتایج تجربی مقایسه شده است.

 نه در سرعتهای مختلف و در چند ارتفاع پله ارائه و بحث شده است.بالا امدن مرکز جرم، توزیع فشار روی بد

doi: 10.5829/ije.2019.32.04a.19 
 
 
 


