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Abstract 

The use of renewable sources for electricity generation has been 
accelerated because of high fuel prices of fossil fuels. In addition to 
this, the use of conventional fuel supplies is no longer able to cater for 
the ever increasing energy demands of the modern world which is 
experiencing an age of rapid expansion. Furthermore, use of 
renewable energy aims to mitigate the effects of climate change such 
as global warming and rising sea levels which is brought about by the 
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use of fossil fuels. Fiji is not spared from the harsh reality of rising sea 
levels which poses a threat on their livelihoods as a result of climate 
change. It is important to find alternative energy source which is 
environmentally friendly and reduces dependence on fossil fuel. 
Generating power from waves offers a good option. As such in the 
present study commercial computational fluid dynamics (CFD) code 
ANSYS-CFX is used to model a piston type 3D numerical wave tank 
(NWT). An actual NWT is constructed to generate desired wave 
climate based on field measurement at a site in Fiji. The CFD results 
compared very well with analytical solutions. The difference is within 
3% highlighting the validity of the CFD code. 

1. Introduction 

Utilization of fossil fuels has led to pollution and climate change. 
Pollution in form of carbon dioxide emission due to burning of fossil               
fuels both deplete the ozone layer and trap more heat. As a consequence of 
this, there is an increase in the temperature. According to both National 
Aeronautics and Space Administration (NASA) and National Oceanic and 
Atmospheric Administration (NOAA), 2015 was reported to be the warmest 
year on record. One of the major contributors was the increased emissions of 
carbon dioxide and other man made gases into the atmosphere [1]. A report 
by intergovernmental panel on climate change [2] highlighted warming of 
0.85°C over the period 1880 to 2012 in the global averaged combined land 
and ocean surface temperature. The increasing global temperature has led to 
rise in sea level which threatens small low laying islands. In the Pacific, 
countries like Kiribati and Marshall Islands face the full brunt of this [3]. 
According to Church and White [4] the average rate of global mean sea level 
rise over the 20th century was 2.07.1 ±  mm/yr and this increased to 

4.02.3 ±  mm/yr from 1990 onwards. This is mostly due to increased thermal 
expansion and land ice contributions [5]. By the 21st century, the sea level 
rise could be as much as 0.43 to 0.73 m [2]. Some Islands could sink by 2100 
due to rise in sea levels [6]. In the near future, the people of Kiribati, Tuvalu 
and Marshall Islands will not have a place to call home and move to other 
nearby countries for refuge [7]. 
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In Fiji, it is estimated that 830 communities are at risk from climate 
change and additional 45 communities require relocation [8]. Climate change 
is also threatening food security. The lives of the villagers of Tailevu in Fiji 
are under threat because of the effects of climate change. Due to change in 
weather pattern the harvests have dropped dramatically and possess a threat 
to livelihood [9]. District of Namena in Tailevu has also succumbed to rising 
sea levels. The government is expected to construct a sea wall to protect the 
village [10]. A total of 61 villages in Kadavu the fourth largest island in Fiji 
could soon be displaced as a direct result of rising sea levels. It is estimated 
around 10000 people would be displaced by relocating them to higher and 
safer grounds [11]. 

The global prediction by the World Bank is that if right polices are not 
put into place to protect the poor against extreme weather conditions and 
rising sea levels due to climate change then it could drive additional 100 
million people into poverty by 2030 [12]. Therefore, in order to save our 
environment and livelihood, utilization of renewable energy for power 
generation is vital. Renewable energy can also act as a counter-measure 
against climate change. The source of energy for renewable energy comes 
from the currents of energy occurring in nature [13]. It is clean and does not 
produce as much greenhouse gases as compared to use of fossil fuels. 

Use of renewable sources for power generation also reduces small Island 
countries dependence on fossil fuels. Most of Pacific Island countries depend 
heavily on fossil fuels for power generation. The economic growth and future 
developments in Pacific Island countries like Fiji hinges on fossil fuel prices. 
Fiji Electricity Authority (FEA) in 2010 spent $126.8 million on importing 
fuel and the expenditure increased to $180 million in 2014 [14-18]. The fuel 
bill would further increase in the near future due to greater energy demand 
and failure to produce more power from installed capacity. Table 1 shows the 
generation mix of FEA from 2010 to 2014. 
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Table 1. Generation mix from 2010 and 2014 

% Contribution 
Source 

2010 2011 2012 2013 2014 

Hydro 48 55 64 61 44.96 

Diesel and heavy fuel 49 10 33 37 50.97 

Wind 1 1 1 1 0.48 

Independent power producers (IPP) 2 4 2 2 3.65 

Even though FEA is using renewable sources such as hydro and wind to 
produce power, Fiji is still dependent on fossil fuels. Most of the villages on 
the outer islands in Fiji do not have access to continuous electricity and rely 
on diesel generators. Though some of the villages have installed PV system 
but this is not enough. 

Therefore, it is very important to reduce Fiji’s strong dependence on fuel 
fossils. With this mind, FEA is set an ambitious target of becoming 90% 
renewable by 2025 [18]. FEA has commissioned a new 40 MW hydro-
electric power plant at Nadarivatu Dam to boost FEA’s 90% renewable 
target. Despite this there needs more to be done to help FEA fully realize its 
target and this can be achieved by using combinations of renewable energy 
technologies integrated into the power grid. One of the options is wave 
energy. 

Wave energy is truly renewable and environmentally friendly. It does not 
have any impact on the environment. It is the most consistent of all the 
intermittent sources. Furthermore, the global power potential of waves hitting 
the coasts worldwide is 1 TW [19] representing energy per wave crest of 10-
50 kW [20]. The energy can be extracted with the help of appropriate wave 
energy converters. The wave resource in Fiji is good however, at present 
there is no energy device installed in Fiji. As such it is important to design a 
device that is suited for Fiji’s wave climate. 

Designing a wave energy converter is an expensive exercise, therefore, 
prototypes are first tested in wave tanks. A wave tank is generally a long 
channel with a wave-maker located at one of the ends. However, wave tanks 
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required large facilities to house them and at the same time require extensive 
capital work. On the other hand, making multiple variants of the prototype, 
modifying the prototype to obtain the optimum design is both time 
consuming and expensive. To avoid all of these issues focus has shifted to 
the use of numerical wave tank (NWT). A NWT is simply a numerical 
representation of a\the physical wave tank. NWT can be based on either         
non linear shallow water (NLSW) equations or on Navier-Stokes (NS) 
equations. Researchers have employed NWT to study variety of phenomena. 

Liu et al. [21] used FLUENT to study the performance of oscillating 
water column (OWC). The authors employed VOF technique to capture the 
free surface. Repalle [22] also employed VOF method for NWT application 
to model wave run up around a spar cylinder. Finnegan and Goggins [23] 
compared turbulence model, laminar and k-ε to study the effect of viscosity 
on linear deep water waves using a two-dimensional NWT. Li and Lin [24] 
investigated wave-body interaction for a surface piercing body. They 
employed a two-dimensional NWT which was based on the NS equations. 
Lai et al. [25] investigated both experimentally and numerically the 
hydrodynamics of wave propagation over grained sloping beach. 

In addition to this, NWT has also been employed to design new wave 
energy converters (WEC), studying performance of WEC or optimizing 
WEC. Liu et al. [26] simulated the water column behaviour in the chamber of 
oscillating water column (OWC) and compared their numerical results with 
experimental results. Numerical study on the geometric optimization of WEC 
which principally worked on OWC concept was presented by Gomes et al. 
[27]. Grimmler et al. [28] conducted similar work on 3D OWC WEC. 
Winchester et al. [29] conducted CFD analysis of a novel multi axis WEC 
called Pelican. Prasad et al. [30] using commercial CFD code ANSYS-CFX 
generated waves in three-dimensional NWT by employing a piston type 
wave-maker. The authors highlighted the effect of front guide nozzle on the 
primary energy conversion and stated that the geometry plays an important 
role in energy conversion. Zullah et al. [31] also employed a piston type 
three-dimensional NWT to investigate the effect of blade configuration on 
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the performance of Savonius turbine. Prasad et al. [32] studied flow and 
performance characteristics of a direct drive turbine for wave power 
generation. 

In the current study, commercial computational fluid dynamics (CFD) 
code ANSYS-CFX is used to model a piston type three-dimensional NWT. 
The CFD code solves the Reynolds averaged Navier-Stokes equations 
(RANSE) and the free surface is captured using volume of fluid (VOF) 
method. An actual NWT will be constructed to generate desired wave climate 
based on field measurement at a site in Fiji [33], where field measured wave 
height is 1.23 m and field measure wave power is 9.81 kW/m. Furthermore, 
minimum wave climate and maximum wave climate will also be simulated. 
In addition to this, the CFD code will be compared with analytical solution. 
The objective of this study is to validate the NWT. Later on possible wave 
energy converters can be tested by incorporating it in the NWT. 

2. Methodology 

The schematic of the NWT is shown in Figure 1. The entire NWT was 
10 wavelengths long and the wave generation section was 1 wavelength long. 
For mesh generation hexahedral grid was used and the grid size was 
approximately 400000 nodes. 

 

Figure 1. Schematic diagram of the NWT. 

The computational domain is shown in Figure 2. The NWT was modelled 
using commercial CFD code ANSYS-CFX. The basic equation [34] for 
viscous flow that is solved by ANSYS-CFX is the mass continuity (equation 
(1)) and the Navier-Stokes (equation (2)): 
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The dynamic boundary condition and the kinematic free surface 
boundary condition are given in equations (3) and (4), respectively [35] and 
[36]: 

,0=⎥⎦
⎤

⎢⎣
⎡
∂
φ∂+η

η=ztg  (3) 

.0
0

2

2
=⎥

⎦

⎤
⎢
⎣

⎡
∂
φ∂+

∂
φ∂

=z
zg

t
 (4) 

 

Figure 2. Schematic diagram of the computational domain. 

The air-water free surface was captured using VOF method. In VOF 
method, each cell is considered to be full of fluid of varying fractions. This 
adds another governing equation, given by Finnegan and Goggins [23]: 
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A transient (unsteady) simulation was performed based on RANSE with 
k-ε turbulence model. The wave period from the field data was 12.39 s and in 
order to produce waves accurately following initial numerical over 
predictions a simulation time of 200 s was selected. Three different timesteps 
were chosen and the coefficient loop was selected as 7 for all. The left hand 
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boundary incorporated the moving mesh region as shown in Figure 2. The 
piston type wave-maker moved sinusoidally with specified displacement. 
The relation between the stroke of the piston and the wave height is given 
below [37]: 

( )[ ] ,22sinh
12cosh2

khkh
kh

S
H

+
−=  (6) 

where H is the wave height, S is the stroke of the piston type wave-maker, k 
is the wave number and h is the water depth. The present study only focuses 
on regular waves. 

The top boundary of the NWT was modelled as opening and the relative 
pressure was set to 0 Pa. The side walls of the computational domain were 
modelled as wall with free slip boundary condition imposed. Since the width 
of the model was made very small in order to save computational time, it was 
important to use this condition in order to prevent the formation of boundary 
layer on the side walls which otherwise would affect the results. The 
boundary condition assigned to the bottom wall and the back wall of 
numerical domain was solid wall where no-slip boundary condition was 
applied. 

3. Results and Discussion 

Grid independence test was conducted by comparing the wave height 
obtained against the site recorded wave height. The mean wave height and 
mean wave period recorded at the site were m23.1=H  and s,39.12=T  

respectively. Figure 3 shows the effect of grid size on wave elevation at 
timestep of 0.05 s. The wave profile hence the wave height was not captured 
correctly when mesh size of 250000 nodes was used. Grid size of 400000 
and 500000 nodes both gave better results. However, grid size of 400000 
nodes was selected for the simulation as further increase in the grid size did 
not make much difference other than increasing the simulation time 
significantly. 



On the Simulation of Regular Waves in a Numerical Wave Tank 333 

 

Figure 3. Effect of grid size on wave elevation at timestep of 0.05 s. 

In addition to this, the timestep was also varied. Timestep is the 
incremental fixed time specified between each iterative solve. Three different 
timesteps of 0.025 s, 0.05 s and 0.1 s with grid size of 400000 nodes got 
simulated. The effect of timestep on wave elevation is shown in Figure 4. 
The result obtained for timestep of 0.025 s and 0.05 s is almost same. For 
timestep of 0.1 s the wave profile and elevation deviated slightly. Timestep 
of 0.05 s was chosen since making the timestep smaller will only increase 
simulation time. In addition to this, if the timestep is large, it prevents the 
simulation to start properly and terminates it prematurely. So for rest of the 
simulation work grid size of 400000 nodes and timestep of 0.05 s was 
chosen. 

 

Figure 4. Effect of timestep on wave elevation. 
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The wave conditions simulated in the current study is given in Table 2. 
Using volume fraction the formation of waves in the NWT is in Figure 5. 
The red region and blue region represent water and air, respectively. The air-
water free surface is shown as a yellow curve. 

Table 2. Different wave conditions 

Wave height Wave period 
Wave condition 

(H) (T) 

Minimum (Min) 0.80 m 6.00 s 

Mean (Mean) 1.23 m 12.39 s 

Maximum (Max) 1.50 m 14.00 s 

 

Figure 5. Wave formation in NWT. 

The variation in the wave height and the wavelength at the tested wave 
climate is shown in Figure 6. The results show that both the wave height and 
the wavelength increase with increasing wave period which was as expected. 

 

Figure 6. Wave height and wavelength at different wave climate. 
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Formation of waves in the NWT from 100 to 150 s for the three wave 
conditions is shown in Figure 7. The wave profile at a fixed location over 
one wave period for the minimum wave condition is shown in Figure 8. 

 

Figure 7. Wave elevation for the three different wave conditions. 

 

Figure 8. Wave profile in NWT for minimum wave condition. 
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It is evident from Figure 6 and to Figure 8 that at all the wave conditions, 
there is no wave breaking. One criterion used to determine onset of wave 
breaking is the wave steepness which is given by ( )λπH  and the limiting 

condition is when the ratio is more than 0.44, this signifies wave breaking 
[38]. For all the wave conditions simulated the ratio was always less than 
0.03. 

Instantaneous velocity vectors for the mean wave climate are shown in 
Figure 9. The wave is propagation from left to right. In region A, the water 
particles are moving forward whereas in region B it is travelling in the 
opposite direction as such in region D the wave is pushed upwards as the 
forward travelling and opposite travelling water particles collide. Very little 
velocity is recorded in near region C. It is worth mentioning that high energy 
flow is concentrated near the free surface. It is important to note that the 
water particles are transported more in the wave propagation direction than in 
the vertical direction. This is purely because of higher velocities recorded in 
the x-direction than y-direction. This is characteristic of intermediate water 
waves. 

 

Figure 9. Instantaneous superficial velocity vector for mean wave climate. 

Superficial velocity contours for minimum and maximum wave 
conditions are shown in Figure 10. As expected, higher energy is observed 
for maximum wave condition. In addition to this, high energy flow is 
concentrated near the free surface. 
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Figure 10. Superficial velocity contours for minimum and maximum wave 
conditions. 

The wave elevation obtained from CFD was compared with linear wave 
theory (LWT). Comparison of wave elevation for minimum and mean wave 
conditions is shown in Figure 11. In addition to this, pressure at a point in the 
middle of the NWT was compared theoretically as shown in Figure 12. The 
results show good agreement with the mathematical models. 

 

Figure 11. Wave elevation obtained through CFD and LWT for minimum 
and mean wave conditions. 
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Figure 12. Comparison of pressures obtained by CFD with theoretical model 
for minimum and maximum wave conditions. 

The wave power obtained numerically and from the field is given in 
Table 3. The wave power was calculated using equations (7) to (9). The 
water depth is denoted as pw cd ,  is the phase velocity, gc  is the group 

velocity and ρ  is the density. The power in the incident waves is strongly 

influenced by the wave height rather than the wave period. The results 
compare well with each other. The difference is within 3%, 
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Table 3. Comparing wave power for the different wave climates 

  Wave condition 
Variable Unit Minimum Mean Maximum 

  Field CFD Field CFD Field CFD 
Wave height (H)  m 0.80 0.796 1.23 1.227 1.50 1.493 

Wave period (T)  s 6.00 6.00 12.39 12.39 14.00 14.00 

Wave power )( WaveP  kW/m 4.33 4.21 9.81 9.45 16.81 16.19 
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4. Conclusion 

A numerical wave tank (NWT) based on Reynolds averaged Navier-
Stokes equations (RANSE) is successfully implemented to generate desired 
wave conditions. Furthermore, grid independence test and timestep interval 
test highlighted optimum grid size and timestep interval for robust numerical 
analysis have been carried out. The volume of fluid (VOF) was able to 
capture the air-water interface accurately. As expected high energy flow was 
concentrated near the free surface. The CFD result obtained showed good 
agreement with theoretical model. Difference is within 3%. This indicates 
that the present NWT model can be employed to study the performance of 
wave energy converters with great accuracy. 
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