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ABSTRACT  

The purpose of this study was to determine the total resistance and investigate the flow 
around a full-scale kayak. Utilizing Computational Fluid Dynamics (CFD), it was deter-
mined how the presence of a rudder affects the kayak’s  hydrodynamic performance. To 
analyse the flow, computational fluid dynamics based on the RANS-VOF solver were em-
ployed. The fluid volume approach and the k-ω turbulence model were used in two-phase 
steady flow simulations around the kayak hulls.  
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1. INTRODUCTION  

A kayak is a lightweight craft that works 
well on moving or still water, as well as near 
the coast. It originated in the icy regions of 
Greenland. There are two distinct types of 
kayaks, each of which can be further subdi-
vided: sea kayaking or touring and racing or 
sport kayaks. 

Touring requires a kayak that maintains 
a straight course without requiring energy-
sapping correction strokes. In order to cover 
the distance while expending the least 
amount of energy, the kayak must move 
quickly. It needs inertia to continue moving 
at the desired speed when it is hit by waves 
or wind. It must be capable of carrying sup-
plies for long cruises. 

Considering that no empirical methods 
are available to predict the resistance of the 

kayaks, the computational fluid dynamics 
(CFD) method is one of the most efficient 
and cost-effective approaches for examining 
hydrodynamic performance among the vari-
ous techniques that aid in the improvement 
of the kayak hull design. Although it is pos-
sible to calculate the total resistance, previ-
ous research has not been able to properly 
explain the complex viscous flow around the 
kayak hull. The findings of earlier break-
throughs are still quite rough, despite the 
quick adoption of CFD in large boats and 
ships, and a few recent advancements in the 
research of viscous flow around kayaks are 
helping to enhance the design [1]. 

Over the past two decades, computa-
tional fluid dynamics (CFD) has been used 
extensively. Due to significant improvements 
in physical and numerical modelling tech-
niques, it is now possible to study and inves-
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tigate more complex ship hydrodynamic 
problems at both model and full-scale levels. 
This development has also been accompa-
nied by a significant improvement in compu-
tational methods. Recent advances in com-
puting power have given rise to High Per-
formance Computing (HPC), enabling the 
use of smaller grids, fewer physical model-
ling assumptions, and faster simulation. Also, 
a better understanding of computational 
flows and uncertainties based on rigorous 
verification and validation methods has made 
it easier to trust the results of numerical 
simulations and made it easier to understand 
and solve problems with numerical simula-
tions [2]. 

The configurations of tow kayaks, as 
shown in figure 1, were investigated, and the 
main geometric characteristics are listed in 
Table 1. The first configuration (V1) is a 
bare hull without appendages. The second 
one (V2) is the V1 hull with a rudder.  

 

 
 

Fig.1. Hull geometry 

 

Table 1. Main particulars of the kayak hull 

Main Particulars V1 V2 

Length overall – LOA [m] 5.000 

Beam - B [m] 0.560 

Draft - T [m] 0.168 

Depth moulded- D [m] 0.380 

Wetted surface [m2] 2.025 2.042 

2. NUMERICAL APPROACH 

2.1. Governing equations 

In this study, the ISIS-CFD viscous 
flow CFD solver from the FINETM/Marine 
package, sold under the NUMECA name, 
was employed for all numerical simulations. 
In order to solve the Reynolds-Averaged 
Navier-Stokes equations in a global ap-
proach, the solver uses the finite volume 
method to build the spatial discretization for 
the governing equation [3]. The flows are 
built using a face-to-face method, allowing 
the solver to employ any control volume with 
any form [4]. 

The averaged continuity and momentum 
equations for incompressible flows, includ-
ing external forces (1 and 2), can be ex-
pressed in tensor form as:  

 
(1) 

 

 

(2) 

where ρ is density, ui is the relative averaged 
velocity vector of flow between the fluid and 
the control volume, ui’uj’ is the Reynolds 
stresses,  is the mean pressure and τij is the 

mean viscous stress tensor component for 
Newtonian fluid under the incompressible 
flow assumption, and it can be written as in 
equation 3: 
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in which μ is the dynamic viscosity. 

2.2. Computational grid 

To discretize the computational domain, 
the HEXPRESSTM module of the 
FINETM/Marine package was used to gener-
ate an unstructured hexahedral grid. The val-
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idation case parameters are used to initiate 
the process of grid generation; for instance, 
the ship’s speed corresponds to Fr = 0.146. 
Given that, the other test cases are subject to 
a higher velocity and that the refinement pa-
rameters for the area surrounding the free 
surface and the hull will be sufficient by de-
fault, this is considered acceptable from the 
perspective of numerical grid generation. The 
grid is created with adequate vertical refine-
ment to structure the wave system for a zero-
degree starting trim.  

A high-quality grid is essential for ob-
taining accurate numerical results. To cover 
the entire computational domain, a prelimi-
nary unstructured Cartesian grid was created. 
The H-H type grid topology is used. Figure 2 
depicts the distribution of cells across the 
bow, stern, and rudder. Also, it can be seen 
that the finer mesh is applied in the area 
where the kayak wave system develops. For 
each kayak configuration, two grids that cov-
er the entire computational domain were 
generated, with the number of cells ranging 
from 1.2 to 2.1 million. 

 

 

Fig.2. Computational mesh generated 
around the kayak hull 

3. RESULTS AND DISCUSSIONS 

In the following, the results of the nu-
merical simulations performed for the three 
kayak configurations are presented.  

3.1. Pilot test case 

A bare hull without any appendages was 
used in the first computations to analyze the 
flow around it and calculate the drag. Five 
different speeds with Froude numbers rang-
ing from 0.146 to 0.293 were calculated. 

As a result, the values of velocity (v) and 
the related Froude number (Fn), as well as 
the values of wave resistance (Rw), viscous 
resistance (Rv), and total resistance (Rt), are 
listed in Table 2.  

Table 2. Results of numerical simulations 
for V1 configuration 

v 
[Kn] 

Fn 
Rt 

[N] 

Rw 
[N] 

Rv 
[N] 

2 0.146  3.849 0.328  3.520 

2.5 0.183  6.183 0.867  5.316 

3 0.220  9.223 1.777  7.446 

3.5 0.256 12.987 3.035  9.952 

4 0.293 17.258 4.359 12.898 

The total resistance curve is plotted in 
Figure 3, and Figure 4 illustrates the wave 
elevation at various Froude numbers. 

 

Fig.3. Total resistance, wave resistance and 
viscous resistence curves for V1 
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Fig.4. Wave elevation of the V1 kayak con-
figuration for different Froude number 

3.2. The effect of rudder on total resis-
tance 

For the second set of computations, the 
V1 hull with a rudder was used to analyze 
the flow around it and to evaluate the effect 

of the rudder on the total resistance. Five 
different speeds with Froude numbers rang-
ing from 0.146 to 0.293 were calculated.  

The rudder is located at the kayak’s 
stern, is designed to pivot from side to side, 
and is controlled by pedals connected by 
cables made of stainless steel or other dura-
ble materials. The rudder makes the kayak 
much easier to steer, requires less effort to 
maintain direction, and facilitates manoeu-
vrability. The system allows the rudder to be 
pulled up, which makes it retractable [5].  

The numerical simulation results for 
configuration V2 were compared with those 
obtained for configuration V1 and are listed 
as follows: Table 3 presents the comparison 
for total resistance and Table 4, the compari-
son for viscous resistance. Figure 5, Figure 6 
and Figure 7 represent the comparison be-
tween the total resistance curves, wave resis-
tance curves, respectively viscous resistance 
curves. Also, Figure 8 illustrates the wave 
elevation at various Froude numbers. It can 
be observed that the presence of the rudder 
leads to an increase in drag of up to 10%. 

Table 3. Total resistance - comparison be-
tween V1 and V2 

v 
[Kn] 

Fn 
V1_Rt 

[N] 

V2_Rt 
[N] 

Rt 
[%] 

2 0.146  3.849  4.258 10.60 

2.5 0.183  6.183  6.825 10.37 

3 0.220  9.223 10.150 10.04 

3.5 0.256 12.987 14.283 9.97 

4 0.293 17.258 18.995 10.06 
 

Table 4. Viscous resistance - comparison 
between V1 and V2 

v 
[Kn] 

Fn 
V1_Rv 

[N] 

V2_Rv 
[N] 

Rv 
[%] 

2 0.146  3.520   3.536 0.45 

2.5 0.183  5.316   5.339 0.43 

3 0.220  7.446  7.472 0.35 

3.5 0.256  9.952  9.985 0.33 
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4 0.293 12.898 12.932 0.26 

 

 

Fig.5. Total resistance - comparison between 
V1 and V2 

 

Fig.6.  Wave resistance - comparison between 
V1 and V2 

 

Fig.7.  Viscous resistance - comparison be-
tween V1 and V2 

 

 

 

 

 

 

Fig.8. Wave elevation of the V2 kayak con-
figuration for different Froude number 

4. CONCLUDING REMARKS 

In this paper, numerical investigations 
on the sea kayak's hydrodynamic perform-
ance were conducted, counting 10 computa-
tional cases.  

The free surface flow around the kayak 
and the influence of the presence of the rud-
der have been successfully investigated by 
means of numerical simulations based on the 
RANS-VOF method. The drag as well as the 
topology of the free surface have been ana-
lysed for a range of velocities corresponding 
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to the Froude number interval between 0.146 
and 0.293.  

The influence of the presence of the rud-
der on the hydrodynamic parameters was 
studied by comparison with the results ob-
tained for flow around the bare kayak hull. 
Thus, it can be observed that the presence of 
a rudder leads to an increase in drag by up to 
10%. 
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