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Abstract: 

One of the most popular methodologies used to predict the wake of a tidal stream turbine (TST) is the RANS 
turbulence models coupled with the actuator disk method. This methodology has been widely adopted in the 
in the wind industry, since the mid-1990s, to predict wake development of wind turbines. Moreover, the 
reason for its popularity is its capability to give accurate results at an affordable computational cost, and the 
application of 2-dimensional actuator disk approach could further reduce the computational cost. In this 
paper, a number of RANS turbulence models represented by a porous disk were used to simulate the wake 
development behind a TST, the findings were compared. The models adopted in this work are the Standard 
k-ε model, the Standard k-ω model, the RNG (Re-Normalised Group) k-ε model, the SST (Shear Stress 
Transport) k-ω model and the RSM (Reynold Stress Model). The results are also validated against 
experimental measurements found in literature, with a key focus on comparing the downstream velocity and 
turbulence intensity. It has shown that the Standard k-ε model is best at predicting downstream wake 
velocities while the SST k-ω model is better at predicting downstream wake turbulence intensity. Mesh 
convergence studies were conducted to optimise the computational efficiency for each turbulence model 
used.  

Keywords: 

Computational Fluid Dynamics, tidal turbine, wake, tidal energy, actuator disk, RANS. 

1. Introduction 
Marine tidal currents have some beneficial features over other renewable resources such as high 

predictability and availability. Tidal cycles are very predictable with time-varying flow and 

direction, which is ideal for optimised energy output [1,2]. The idea of extracting kinetic energy 

from marine tidal currents is an old idea and in more recent years, this energy source has seen 

successful full-scale prototype development and testing with a number of commercial-scale devices 

in full operation around the globe. For TST technology to attain optimum electricity production on a 

commercial-scale, turbines have to be installed in arrays to maximise the extractable power [3,4]. 

The maximum available extractable power was predicted according to the Betz limit. Numerical 

hydrodynamics models of TST can be used to optimise array arrangement or to assess the 

performance of the turbines. To determine the optimal TST array layout, several investigations have 

been undertaken to study the effects of array scale and configuration on the power output. 

Furthermore, energy extraction using TSTs induces a wake flow which may disturb the downstream 

tidal current flow and the performance of the downstream TSTs [5]. Thus, it is crucial to develop a 

computationally efficient model to better understand the effect of a turbine wake on the operation of 

another turbine placed downstream of the former . Two popular modelling approaches to represent 

a TST is the Actuator Disk (AD) [6,7,8,9,10] and the Blade Element Momentum (BEM) 

[11,12,13,14]. In this paper a focus is placed on the AD method, the AD method has been widely 

used since the mid-1990s and this approach estimates the forces that the turbine exerts on the fluid 

flow, over a disk that represents the turbine. Thus, with the right turbulence model applied, 
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significant improvements in computational efficiency can be achieved by reducing the time and 

computational power needed. The computational cost can be further decreased by simulating the 

turbine in a 2-dimensional domain instead of a 3-dimensional domain.  

 There were many existing method to close the Reynolds Averaged Navier Stokes (RANS) 

equations such as k-ω model, k-ε model, Reynold Stress Model, Detached Eddy Simulation (DES), 

Large Eddy Simulation (LES), Direct Numerical Simulation (DNS) and more. However, methods 

like DES, LES and DNS are computationally expensive and therefore their use is limited to solving 

local scale modelling such as flow around a single turbine or single blade. In contrast, the as k-ω 

model, k-ε model, and their variant can represent a huge variety of flow at a low affordable 

computational cost. This is of great importance as the simulation of multiple devices relies on the 

applicability of the model to deliver a quick and affordable solution. The as k-ω and k-ε model has 

numerous different types and variants, hence selecting the appropriate model is critical as the model 

performance varies significantly depending on the flow conditions. In this paper, five popular 

turbulence models were investigated: the Standard k-ε model, the Standard k-ω model, the RNG 

(Re-Normalised Group) k-ε model, the SST (Shear Stress Transport) k-ω model and the RSM 

(Reynold Stress Model). The k-ε model establishes the background for several turbulence models, it 

is computationally inexpensive and yet provided accurate results and easily implementation [15]. 

However, the k-ε model is not suitable for complex flows. Whereas, the k-ω model typically 

predicted to be excessive and early in this application due to separation [16]. The SST k-ω model is 

a variant k-ω model, it combines both k-ε model and k-ω model which accounts for the transport of 

turbulent shear stress and gives highly accurate predictions of the onset and the amount of flow 

separation for an adverse pressure gradient but need mesh refinement close to the wall [17]. The 

RNG k-ε model is an improved variant of the original k-ε model, it provides an option to account 

for the effects of swirl or rotation by modifying the turbulent viscosity [18]. However, it is much 

more difficult to obtain converged results far from the boundary in the free stream region. The RSM 

is considered the most difficult method to obtain a solution to the RANS equation. Furthermore, it 

is anisotropic and does not use the Boussinesq assumption. It is great for solving strong swirl, 

adverse pressure gradients, and anisotropic turbulence, but it is highly complex and has limited 

success in obtaining accurate results [19]. Importantly, it is also computational costly. 

There are three fundamental limitations in the use of steady state RANS-actuator disk models. 

Firstly, the disk is non-rotating therefore eliminating any swirl in the flow. Beyond the near wake, 

which is generally beyond 5D downstream, has a similar structure to that of a turbine [20]. Swirl in 

the near wake can persist further downstream potentially influencing the flow boundaries and cause 

distortion in the wake [21]. Secondly, it is assumed that tip vortices from a rotating turbine blade 

are ignored due to the actuator disk’s inability to replicate these vortices [22]. Thirdly, transient 

flow characteristics are not accounted for in the steady-state RANS-actuator disk model. This model 

provides information about mean flow and assumes isotropic turbulence. Hence, it is useful in 

understanding the characterises of the flow behind the turbine [23]. Besides modelling the 

turbulence generated by the turbine, the ambient condition should be understood to better estimate 

the flow around the turbine to closely match the realistic configuration of a real turbine. Some 

studies have been undertaken investigating the ambient turbulence effects on the wake 

characteristics and the flow recovery [10,24]. This is of great importance as a high level of 

turbulence intensity has been observed at most potential sites for deployment of TST [25,26]. 

Numerous studies have been carried out on TSTs using the RANS-actuator disk model and the 

predictions of the velocities and turbulence intensities in the wake [23]. Studies done by Harrison 

M.E., et al. (2010) from University Southampton [27] and V.T. Nguyen from Hanoi University [8] 

have highlighted the performance of  RANS-actuator disk models in 3-dimensional domains, which 

show that standard k-ε model performed well in both cases. Hence, in this paper, a computational 

investigation is conducted on the performance of a RANS-actuator disk model of different 

turbulence conditions using a 2-dimensional domain and are compared with experimental 

laboratories data [28] to determine the most suitable turbulence model (the 2-dimensional domain is 

3-dimensional but the domain has a thickness of one element). Furthermore, the 2-dimensional 



model will also process the solution in a standard unmodified open-flow condition to identify the 

short-comings of different turbulence models in predicting the wake effects. This methodology is a 

computational efficient technique that can be used to predict the wake effects of a TST. 

 

2. Theory 

2.1. Actuator Disk Theory 

The actuator disk (AD) theory is a method used to represent the rotor of the turbine, where a 

thrust force, Ft, is homogeneously distributed along the disk. The AD has limitations and cannot 

replicate swirl caused by the rotating turbine rotor in the fluid. However, most swirl components of 

the flow usually dissipate in the near wake of the turbine (less than 5D downstream of the rotor) and 

generally plays a less significant role in the far wake of the turbine. Despite the limitations, the AD 

method has demonstrated an ability to model the far wake condition of the turbine provided that the 

scale effects are properly parametrised with the suitable production of turbulence. 

The introduction of the AD will result in a discontinuity of pressure, a decrease in downstream 

flow velocity of the rotor and a reduction in kinetic energy of the flow [29]. All these effects are 

caused by the application of thrust force at the disk area. The thrust force can be calculated using 

Eq. (1) where ∆𝑃 is the difference in pressure before and after the disk, A is the disk area, 𝐶𝑡 is the 

thrust coefficient, 𝜌 is the density of the fluid and 𝑈0 is the upstream flow velocity [20,30]. The 

thrust coefficient, 𝐶𝑡 , is determined by features of the turbine blade such as the pitch of blade, 

geometry and rotational speed and according to Betz limit, the optimum condition for maximum 

power output is when the thrust coefficient is equal to 8/9 [31]. 

 

𝐹𝑡 = ∆𝑃𝐴 =
1

2
𝐶𝑡𝜌𝐴𝑈0

2 (1) 

The thrust force,𝐹𝑡, in Eq. (1) is expressed as a function of the free (upstream) flow velocity 

[32], this expression works well in predicting the thrust force of a single turbine. However, when 

analysing an array of turbines the description of a free flow velocity can be unclear and ambiguous. 

Therefore, it is much preferable to use the local velocity 𝑈𝑑, this is the velocity at where the force 

was being applied, in this case the disk area. With the consideration of the flow through a porous 

disk and the use of local velocity, it would be easier to apply a resistance coefficient, K, instead of 

thrust coefficient [33]. Hence, the establishment of Eq. (2) which connects the freestream velocity 

to local velocity using the resistance coefficient [10]. The resistance coefficient acts as a 

proportionality coefficient between pressure drop and local velocity squared as shown in Eq. (3). By 

using Eq. (1) to (3), the relationship between the thrust coefficient and resistance coefficient can be 

derived as seen in Eq. (4). Hence, by modelling the blade at the optimal condition of 𝐶𝑡= 0.889, the 

resistance coefficient was determined to be a value of K = 2. This value will be used in modelling 

the porosity characteristic of the actuator disk domain. Lastly, the thrust force is included in the 

hydrodynamic equation in the form of volumetric force, 𝑆𝑖 , this was obtained by dividing the thrust 

force with the volume of the disk seen in Eq. (5) where e is the thickness of the disk. 
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1
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𝑆𝑖 =
𝐹𝑡

𝐴𝑒
=

1

2
𝜌

𝐾

𝑒
𝑈𝑑

2 (5) 



2.2. Reynolds-averaged Navier-Stokes equations 

The forces exerted by the actuator disk on the fluid is applied as a source term, 𝑆𝑖, in the RANS 

equation of momentum conservation in Eq. (6) and solved together with a mass continuity equation 

seen in Eq. (7) [34]. The source terms are only applied at elements within the actuator disk region.  

 

𝜕(𝜌𝑈𝑖𝑈𝑗)

𝜕𝑥𝑗
=

𝜕𝑃

𝜕𝑥𝑗
+

𝜕

𝜕𝑥𝑗
[𝜇 (

𝜕𝑈𝑖

𝜕𝑥𝑗
+

𝜕𝑈𝑗

𝜕𝑥𝑖
) + 𝑅𝑖𝑗] + 𝜌𝑔𝑖 + 𝑆𝑖  (6) 

𝜕𝑈𝑖

𝜕𝑥𝑖
= 0     (7) 

 

 Einstein’s Notation is used in Eq. (6) and Eq. (7) for brevity. 𝑈𝑖 is the time-averaged mean 

velocity, 𝑥𝑖  is the spatial distance, 𝜇  is the fluid viscosity, 𝑔𝑖  is the component gravitational 

acceleration and 𝑅𝑖𝑗is the Reynold stress tensor. 

In this paper, five different turbulence models were investigated to close the RANS equation 

by modelling the Reynolds stresses. These different models were the Standard k-ε model, the 

Standard k-ω model, the RNG (Re-Normalised Group) k-ε model, the SST (Shear Stress Transport) 

k-ω model and the RSM (Reynold Stress Model). The Boussinesq assumption was used to solve the 

equation for all different models expect for RSM. According to the Boussinesq assumption, the 

Reynold stresses are related to mean flow, turbulence kinetic energy, k, and eddy viscosity 𝜇𝑡 as 

shown in Eq. (8) [35]. Whereas the RSM calculated each term of the Reynolds tensor 𝑅𝑖𝑗 by using 

transport equation, the implementation of such method is to avoid the assumption of isotropy. 

 

−𝜌𝑢𝑖
, 𝑢𝑗

,̅̅ ̅̅ ̅ = 𝜇𝑡 (
𝜕𝑈𝑖

𝜕𝑥𝑗
+

𝜕𝑈𝑗

𝜕𝑥𝑖
) −

2

3
𝜌𝑘𝛿𝑖𝑗 (8) 

The Navier Stokes Equations were resolved with CFX™ 19.0. The turbulence and momentum 

source terms are introduced via the User Defined Function (UDF) of ANSYS CFX [36]. The type 

of RSM used in this paper was the RSM SSG (Speziale-Sarkar-Gatski) model, this RSM method is 

a full second-moment Reynolds stress model, which use an omega equation for the length scale 

equation [37]. 

 

3. Methodology 

3.1. Experimental Model 

The experimental data used to assess the performance of the numerical models was based on 

the experiment carried by Harrison, M.E., et al. from the University of Southampton [28]. In the 

experiment conducted, the turbulence intensity was measured along with velocity behind a non-

rotating porous disk representing a tidal turbine. The experiment was conducted in a circulating 

current flume with the dimension of 21m in length and 1.35m in width. The water depth, H, was 

0.3m [20]. The porous disk used had a diameter of 0.1m and a thickness, e, of 0.001m. It is placed 

at mid-depth and the distance of the disk from inlet and outlet is 20D and 30D respectively. 

Measurements of the experiment were obtained using Acoustic Doppler Velocimetry with a 

sampling frequency of 50Hz. It has an accuracy of 1% and the duration of the burst is three minutes 

each. The mean inlet velocity is 0.3m s-1 and the mean inlet turbulent intensity is 5%. The disk has a 

resistance coefficient K=2 which corresponds to thrust coefficient 𝐶𝑡= 0.86, based on Betz limit a 

Ct value close to 0.89 yield a desirable coefficient of power.  

 



3.2. Numerical Model 

3.2.1. Porous Disk configuration  

The AD domain of 0.1m length and 0.001m thickness was described as a porous domain 

with 3 main factors influencing its characteristics, these were volume porosity, θ, permeability Kperm 

and resistance loss coefficient Kloss. According to Taylor [33], a relationship can be formed between 

volume porosity, θ, and the resistance coefficient, K=2 shown in Eq. (9). This relationship has been 

examined by Whelan [38] which shows this relationship as a reasonable approximation. The 

actuator disk applies a resistance to the incoming fluid flow. This resistance causes the actuator disc 

to experience force similar to that of a turbine operating under the same conditions. Therefore, the 

porous region is defined with an isotropic loss model where according to Darcy, the flow rate is 

proportional to a disk's cross-sectional area and pressure drop, but inversely proportional to the 

thickness. This can be explained using Ergun's equation to determine permeability, Kperm [39] 

shown in Eq. (10). The Kperm governs low-speed viscous losses, where DP is the equivalent spherical 

diameter of the particle which was assumed to be DP = 1x10-9m. While, the resistance loss 

coefficient, Kloss governs inertia effects, according to ANSYS CFX guidebook [40] it is defined as 

the gradient across the disk thickness shown in Eq. (11). 

 

𝜃2 =
1

1+𝐾
 (9) 

𝐾𝑝𝑒𝑟𝑚 =
𝐷𝑃

2𝜃3

(150(1−𝜃)2)
 (10) 

𝐾𝑙𝑜𝑠𝑠 =
𝑘

𝐿
 (11) 

3.2.1. Fluid Domain configuration  

The 2-dimensional fluid domain has dimensions of 10m in length, 1.36m in wide and 

0.001m-thick. The Top, Bottom and lateral boundaries are defined as symmetry conditions. While 

the outlet faces were described as opening boundaries with entrainment conditions with zero 

relative pressure and zero turbulence gradient. The disk is located at mid-depth and the distance of 

the disk from inlet and outlet is 20D and 30D respectively. The velocity at the inlet boundary was 

defined as a normal inlet velocity of 0.3m/s with 5% turbulence intensity. The parameter setting of 

each boundary is summarised in Table 1. 

Table 1.  Boundaries Condition Parameter 

Parameter (Face) Setting 

Inlet Normal inlet speed of 0.3m/s and 5% turbulence intensity 

Outlet Opening entrainment, 0 Pa 

Top and Bottom Symmetry 

Lateral Symmetry 

 

3.2.1. Mesh Convergence Studies  

A mesh convergence study was conducted by increasing the number of elements within the 

computational fluid domains. This was achieved by only increasing the mesh density around the 

most significant regions of the flow field and leaving the global mesh area unchanged as shown in 

Fig. 1 [10]. The semicircle of the area of interest has a diameter of 2D and the rectangular area after 

the disk extended to the outlet. This method significantly reduces the computational requirements 

needed to solve the simulation by prioritising the area with high-velocity gradients. Three mesh 

densities were implemented to achieved coarse, medium and fine meshes for a mesh independence 

study for three different turbulence models which where SST model, Standard k-ε model and RSM. 



These studies were conducted on a Dell PC with 16GB RAM and Intel® Core™ i7-8700 3.20 GHz 

processor and the solver were run on 4 parallel platform to further reduce the computational time. 

 

Fig. 1.  Computational mesh showing high-density mesh in the actuator disk region and the wake 

downstream of the actuator disk. 

 The mesh independence study was done with maximum residuals of 1 x10-6 and was allow 

to run until the solution is converge. The variation in the number of elements occur in the region of 

interest needed for this study as seen in Fig.1 is achieved by decreasing the size of the element by a 

factor of 2 and thus produce a higher number of elements and nodes. Table 2 gives details on the 

mesh convergence studies for each of the turbulence models and the computational time 

requirements. Among all three turbulence models compared, the RSM model was the most 

computational expensive as it required more time to solve the Reynolds stresses. Whereas when 

comparing both SST model and Standard k-ε model, both used roughly the same amount of time to 

solve in most cases and the changes in term of downstream velocity is not significant as compare to 

RSM model, this is further observed in Fig.2.  

Table 2.  Effects of the increasing number of Elements on downstream centreline velocity. 

Turbulence 

Model 

No. of 

elements 

No. of 

nodes 

Normalised velocity at downstream Solver Time 

(hrs: min: 

sec) 4D 7D 11D 15D 20D 

k-ε model 3.55 x104 4.18x104 0.049 0.513 0.763 0.846 0.896 00:28:09 

k-ε model 1.03x105 1.19x105 0.542 0.725 0.829 0.892 0.933 01:15:29 

k-ε model 3.69x106 4.15x106 0.553 0.74 0.846 0.91 0.952 04:57:48 

SST model 3.55 x104 4.18x104 0.467 0.688 0.808 0.871 0.925 00:28:22 

SST model 1.03x105 1.19x105 0.621 0.776 0.871 0.921 0.967 01:14:48 

SST model 3.69x106 4.15x106 0.403 0.696 0.854 0.929 0.983 03:57:43 

RSM model 3.55 x104 4.18x104 0.423 0.567 0.66 0.71 0.747 00:43:11 

RSM model 1.03x105 1.19x105 0.529 0.708 0.825 0.888 0.933 02:50:34 

RSM model 3.69x106 4.15x106 0.534 0.715 0.833 0.896 0.943 08:24:21 

 

The turbulence intensity and velocity profile in the k-ε and SST model showed very little 

changes when the number of elements increased above 1.03x106, suggesting that both of these 

models don’t need a dense mesh to obtain accurate results. A medium-density with 1.03x106 

elements was sufficient in both the k-ε model and SST model with a computational solving time of 

1 hour 15 minutes and 1 hour 14 minutes respectively. This mesh configuration is also applied in 

both the RNG k-ε model and standard k-ω model since the RNG model is a variant of the standard 

k-ε model and SST model is a variant of the standard k-ω model. The RSM (SSG) model needed a 

more dense mesh and a high number of elements in predicting the turbulence intensity profile to 

obtain accurate results as seen in Fig. 2f, the RSM (SSG) needed number of elements above 

3.69x106 to showed results closely matching the experimental results. While the velocity profile of 

RSM (SSG) model converged above 1.03x106 number of elements. Hence the time taken to obtain a 



high-density mesh solution for RSM (SSG) model was 8 hours 24 minutes. This model was the 

least computationally efficient. 

 

Fig. 2.  Effect of changing number of elements on normalised velocity, U/V (where V is the 

upstream velocity): a) k-ε model, b) SST model and c)RSM SSG;and downstream turbulence 

intensity, I: d) k-ε model, e) SST model and f) RSM SSG, along the disk centreline axis (x=0 is the 

disk position) in comparison to experimental results [28]. 

4. Results 
 The performance and results of the 2-dimensional actuator disk model using a number of 

different turbulence models were assessed by comparing with measured experimental results carried 

by Harrison from the University of Southampton [28]. The focus of this work is on comparing the 

downstream tidal current velocity and turbulence intensity from the experimental data with the 

numerical model findings presented in this paper. The comparison was done by comparing the 

distribution along the horizontal axis, as shown in Fig.3 and on the vertical distribution, shown in 

Fig.4, downstream from the disk. 

 The comparison has indicated a strong correlation when comparing between the experiment 

result and the five turbulence model in terms of velocity distribution downstream as shown in Fig. 

3a. However, all five turbulence model shows poor correlations with the experimental 

measurements in term of turbulence intensity and was under-predicting before D10 as shown in Fig. 

3b. When comparing the downstream velocity profile, it was noticed that the k-ε model, RNG k-ε 

model and RSM (SSG) slightly under-predicted the downstream velocity recovery up until D15 

while SST k-ω model slightly over-predicted the velocity recovery as shown in Fig. 3 and Fig. 4. 

Furthermore, only k-ω model shows to be closely matching the experimental result in term of 

velocity up until D15. However, after D15 all 5 models were observed to be slightly over-predicting 

the downstream velocity recovery as shown in Fig. 4. When comparing the downstream turbulence 

profile, it was noticed that k-ε model and RSM (SSG) model show sign of underestimation in 

turbulence. Furthermore, the k-ω, SST k-ω and RNG k-ε model underpredict before D10, however 

after D10 all three model overpredict the turbulence intensity as seen in Fig. 4.The accuracy of the 

model can be further investigated by carrying out statistical analysis to determine the root mean 

square error (RMSE) and mean absolute percentage error (MAPE). RSME and MAPE can indicate 

how well the numerical model, and turbulence models, correlates to the measured data as seen in 

Table. 3. 



 

Fig. 3.  The downstream centreline normalised velocity: a) normalised velocity, U/V (where V is the 

upstream velocity) and downstream turbulence intensity: b) turbulence intensity, along the disk 

centreline axis (x=0 is the disk position) in comparison to experimental results [28]. 

 

Fig. 4.  Downstream vertical profile of axial normalised velocity: a) 4D, b) 7D, c) 11D, d) 15D and 

e)20D; and turbulence intensity: f) 4D, g) 7D, h) 11D, i) 15D and j) 20D from the disk (y=0 is the 

centre axis position of the disk) in comparison to experimental results  [28]. 

 The standard k-ω model has the closest correlation with the measured data in term of 

velocity, with an RSME and MAPE of 0.014 and 1% respectively, while the SST k-ω model 

correlates closest with the measured data in terms of turbulence intensity with RSME and MAPE 

values of 0.026 and 19% respectively. In contrast, the RSM (SSG) model shows the least 

correlation with the measured data with velocity and the RNG k-ε model shows the least correlation 

with the measured data with turbulence intensity. When observing RSME and MAPE in term of 

velocity, the most suitable is the Standard k-ω model followed by RNG k-ε, then SST k-ω model, 

and lastly is the Standard k-ε model and RSM (SSG) model. Whereas when observing RSME and 

MAPE in term of turbulence intensity, the most suitable is the SST k-ω model, followed by 

Standard k-ω, then RSM (SSG) models, and lastly are the Standard k-ε model and RNG k-ε model. 

Table 3 also shows that the 2-dimensional actuator disk model exhibits a huge problem in 



accurately predicting turbulence intensity with all turbulence models showing huge MAPE values 

ranging from 40% up to 93%. Hence, the optimum best selection turbulence model for running a 2-

dimensional actuator disk problem is either the SST k-ω model or the Standard k-ε model. Further 

comparison can be undertaken by comparing the contour plot of different models in terms of 

velocity and turbulence kinetic energy (TKE), shown in Fig. 5 and 6. 

Table 3.  Root mean square error (RSME) and mean absolute percentage error (MAPE) of velocity 

and turbulence intensity on different turbulence model in comparison to the experimental data. 

Model Standard k-ε Standard k-ω SST k-ω RNG k-ε RSM (SSG) 

RSME Velocity 0.033 0.014 0.033 0.028 0.034 

MAPE Velocity (%) 4 1 4 3 4 

RSME Turbulence 0.055 0.049 0.026 0.088 0.060 

MAPE Turbulence (%) 40 19 19 34 17 

  

 When comparing the contour plots of different turbulence models in term of velocity and 

turbulence kinetic energy (TKE), some apparent differences and similarity are observed between 

the models shown in figure 5 and 6. The is little difference in the velocity contour between all five 

difference model. Whereas, huge different was observed in TKE contour between the five models. 

As seem in Fig 6d and 6e, both the RNG k-ε and RSM (SSG) model were clearly underpredict in 

the near wake region. The difference in the shape of TKE contour could be caused by turbulence 

mixing from the surrounding ambient conditions, it is observed that turbulence mixing occurs in the 

near wake area which might have caused the turbulence kinetic energy to dissipate earlier around 

the vicinity of the disk as seen in Fig. 5. Furthermore, this could affect the velocity recovery 

downstream of the disk [41], in most cases, the introduction of increased turbulence intensity 

around the disk would greatly aid in wake recovery [42] but such characteristics were not observed 

hence further investigation is needed. Another issue observed is due to the nature of the 2-

dimensional model, TKE performance might be hindered due to the fact that unlike the 3-

dimensional model which experience upstream velocity from the surrounding vicinity 

circumference of the disk. The 2-dimensional model only experiences upstream velocity from the 

side of the disk, this may have affected wake recovery. It has found that the downstream velocity 

had a close-linked to the permeability of the disk and the downstream turbulence intensity had a 

close-linked to the resistance loss coefficient of the disk. Hence, further study is needed in 

determine this relationship and improve the performance of downstream turbulence intensity.  

 

4. Conclusion 
 This paper details the performance of various RANS turbulence models in predicting the 

wake of a tidal steam turbine in a 2-dimensional domain. Under a standard open flow configuration, 

it was shown that the SST k-ω model was the optimum selection for predicting both velocity and 

turbulence intensity. However, for downstream velocity, the standard k-ω  model performed the 

best. The RSM model was overly computational inefficient and time-consuming to implement and 

it required a highly refined mesh to get desirable results. Further work is needed to investigate the 

conditions and configurations affecting the performance of various RANS models in 2-dimensional 

actuator disk problems. Such studies include the introduction of source terms at the disk to account 

for the underprediction of turbulence intensity downstream, rate of dissipation in turbulence effects 

on wake recovery, effects of changing permeability and loss coefficient on model accuracy. Further 

work will also involve comparisons with 3-dimensional actuator disk model representations of a 

tidal stream turbine operating in tidal flows.  

  



 

Fig. 5.  The contour of turbulent kinetic energy for five different turbulence models: a) Standard k-

ε, b) Standard k-ω, c) SST k-ω, d) RNG k-ε model, and e) RSM (SSG). 

 

Fig. 6.  The contour of velocity for five different turbulence models: a) Standard k-ε, b) Standard 
k-ω, c) SST k-ω, d) RNG k-ε model, and e) RSM (SSG). 
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