
International Journal of Mechanical, Industrial and Aerospace Sciences

ISSN: 2517-9950

Vol:9, No:4, 2015

535

 

 

 
Abstract—Flow blockages referring to the increase in flow are 

being considered as a vital equipment for marine current energy 
conversion. However, the shape of these devices will result in 
extracted energy under the operation. The present work investigates 
the effect of two configurations of a grating, convergent and 
divergent that located upstream, to the water flow velocity. The flow 
characteristics are studied by Computational Fluid Dynamic 
simulation by using the ANSYS Fluent solver for these specified 
arrangements of the grating. The results indicate that distinguished 
characteristics of flow velocity between “convergent” and 
“divergent” grating placements is up to 10% in confined conditions. 

than that of divergent grating.  
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I. INTRODUCTION 

EMANDS for the use of renewable energy technologies 
to generate electricity are growing due to environmental 

problems such as air pollution, greenhouse effect. Hence, it is 
necessary to find alternative energy resource to supply world 
increased energy needs concerning environmental issues. 
Hydrokinetic energy appears as a good choice for alternative 
energy source to meet their electricity requirements and be 
clean, freely available with almost no threat to the 
environment. The kinetic energy can be converted into a 
useful form by suggested technologies, for instance into 
electricity using a conventional horizontal axis or a cross-flow 
water turbine [1]. In the last decade, the technologies of 
converting marine current into useful one have undergone 
rapid growth, and today marine energy is used as an 
alternative source. The marine energy source has major 
advantages over other renewable energy resource, as it is more 
predictable than wind and solar power and has high power 
density compared to wind energy [2], [3]. Therefore, small 
marine current turbines will give similar output to wind 
turbines with bigger diameters. The energy density in a marine 
stream can be calculated by using (1): 
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A marine current site provides the amount of hydrodynamic 

power substantially proportional to the cube of the flow speed. 
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Thus, small variations of flow speed produce very 
considerable fluctuations of kinetic power extracted from 
marine current site. However, not all energy available in the 
marine stream can be extracted by a water turbine. For a 
stand-alone water turbine, the maximum efficiency is 
approximately 59% as known by Betz limit [4], [5]. Garrett 
and Cummins found that the theoretical extractable power 
from the marine stream could decrease up to 40% if turbines 
block 90% of the stream area [6]. Therefore, there are several 
factors that can make improvement for the marine current 
system. These include the effect of the free surface, the 
possible occurrence of cavitation, the type of water turbine, 
and different velocity profiles. The last fact is commonly used 
for increased flow speed and development of water channel’s 
operational performance [7]. 

 The marine current energy group at the division of 
Electricity at Uppsala University recently deployed an 
experimental hydrokinetic energy converter into the river 
Dalalven in 2013 (Fig. 1) [8]. The aim of the project is to run 
an experimental power plant under realistic conditions using 
the stand-alone turbine. The marine current energy converter 
consists of a vertical axis turbine connected directly to a 
generator that has been adapted to a slow water motion. The 
optimal operation of the system is obtained if the power 
coefficient of turbine is 0.35 at the water velocity of about 1.4 
m/s and the efficiency of generator is 86%.  

Enhancement of the marine current turbine above for 
extraction of the kinetic energy of the flowing water can be 
made by the implementation of various channeling devices or 
diffusers. Leijon introduced a grating that is located upstream, 
on both sides of and adjacent to the water turbine, as the 
improvement regarding water flow velocity [9]. Having a 
grating upstream the turbine will protect it from floating 
bodies as well as modify the inflow so that the velocity 
becomes non-uniform between the grating and the water 
turbine. The later fact is used for the development of water 
flow performance. 

This paper presents detailed simulation results for two 
grating configurations with different distances between the 
central bars. Depending on the water flow direction, the type 
of grating configuration can be called “converging grating” or 
“diverging grating”. Two-dimensional computational fluid 
dynamics (CFD) simulations are presented to predict gratings 
performance and water flow velocity profiles along the grating 
centerlines are measured. The paper is organized as follows. In 
Section II, grating geometry is described. Next, CFD 
numerical model is presented in Section III. Then Section IV 
is considered computational results. Finally, the conclusions 
and further works are shown in Section V. 

CFD Effect of the Tidal Grating in Opposite Directions
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Furthermore, the velocity in case of convergent grating is higher 
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Fig. 2 (a) Single bar of grating, (b) diagram of the grating 1 located in 
converging direction, (c) that of in diverging direction 

 
The standard k-epsilon model is employed and the 

COUPLED algorithm is selected for pressure correction 
equation. A second-order spatial discretization algorithm is 
used for all the equations (pressure, momentum and 
turbulence) it is well known that that these second order 
algorithms lead to best results because they considerably 
reduce interpolation errors and false numerical diffusion [11]. 
The computational domain is discretized using two-
dimensional unstructured mesh (quad mesh). To obtain high 
quality the two domains (channel and grating) are meshed in 
different size (Fig. 4). The comprehensive mesh independence 
study is performed prior to the test series. With the various 
model conditions, the geometry of the grating is changed and 
accordingly different meshes are generated to each condition.  

 

 

Fig. 3 Computational domain 

IV. COMPUTATIONAL RESULTS 

The simulation results are presented as factors for the water 
flow velocity along the grating centerline. The upstream 
grating has a certain effect on the velocity profile of the water 
flow. Turbulence is locally appeared by affecting of the 
grating bars in the main flow direction. By arranging the 
grating such that it guides the water flow, the water can be 
managed so that it has a higher velocity in the parts of the 
grating where the contribution to the power generation is 
higher and vice versa. The simulations show the 
characteristics of velocity in two arrangements of grating and 
compare to each other. The protective effect of the grating 
arrangement is improved since the turbine thereby will be 
more encapsulated. The relative velocity of the incident flow 
is obtained by changing the value of w in different models, 
converging and diverging. 

 

 

Fig. 4 An example of computational domain mesh w=1.3 m 
 

Figs. 5-8 indicate that the velocity relative to the distance 
along channel starting from the grating position. 
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Fig. 5 Velocity profile for the converging grating arrangement 
 

 

Fig. 6 Velocity profile for the diverging grating arrangement 
 

 

Fig. 7 Maximum value of flow velocity on the grating centerline 
 

Fig. 5 illustrates the velocity profiles along the grating 
centerline for the converging arrangement with the narrow 
width was a parameter. The maximum value found for the 
narrow passage (w=3 m) is 1.24 m/s and it decreases as the 
passage width with decreases. Its location moves downstream 

as the passage become wider. For all narrow widths 
investigated here, the flow velocity is smaller than one along 
the larger part of centerline, indicating that the grating provide 
shelter to these locations from the flow.  

 

 

 (a) 
 

 

(b) 

 

(c) 

Fig. 8 Velocity profile for two arrangements, converging and 
diverging  
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Fig. 6 displays velocity profile for the diverging 
arrangement. Similar to the converging arrangement, the 
maximum values are quite lower (1.23 m/s with w=3 m). As 
for the diverging arrangement, the maximum value decreases 
and its location moves further downstream with increasing 
narrow width. 

Fig. 7 presents the maximum values of water velocity along 
the grating centerline all grating arrangements, as a function of 
narrow widths. For all values w, the flow velocity for 
converging grating arrangement is considerably larger than for 
the diverging arrangement. For w=3 m, a similar conclusion 
holds, for smaller values w=1 m, 2 m the maximum velocity in 
converging arrangement clearly becomes very larger than the 
value in the diverging arrangement (10% at w=1 m). 

Fig. 8 display a summary of the results for all narrow width 
and grating investigated. The characteristic of velocity is non-
monotonic, the curve slope changes significantly. The flow at 
the upstream is uniform for velocity equal to 1 m/s then speed 
up at central bars and speed down at the downstream in both 
arrangements. For two values w =1 m and w=2 m, the velocity 
profile for converging placement is higher than for diverging 
placement around the middle grating centerline, but its extent 
is quite less than that of it. This is logical because the 
diverging shape of grating does not catch the flow, as opposed 
to the converging shape. 

V. CONCLUSIONS AND FURTHER WORK 

Simulation results of velocity profile in passage between 
converging and diverging grating arrangements have been 
made to a provide insight in the related flow. The water flow 
velocity is non-monotonic around the area the grating placed. 
The maximum water flow velocities in the converging and 
diverging passage were found to increase monotonically with 
increasing narrow width. The distinction of flow velocity in 

divergent with up to 10%. The results indicate that the 
simulation outcomes can offer a good guidance for the grating 
development, even though the difference between the 
simulation and experimental results is fairly large.  

This study was limited to two grating arrangements and was 
conducted with a given inflow. Further investigation is needed 
to expand the validity of the present findings. 
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