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Abstract - In this research, a hydrokinetic axial flow turbine has been designed by the blade element momentum (BEM) 
theory and the blades are also simulated to investigate its flow structures and hydrodynamic characteristics. The design 
implementation of small-scaled hydrokinetic axial flow turbine rotor blade is presented and this includes the determination 
of the blade hydrofoil, blade angle and chord length distribution along the blade span. The computational fluid dynamic 
(CFD) analysis of hydrokinetic axial flow turbine is carried out for rated power output 200W at designed water speed 
1.5m/s, tip speed ratio 6 and number of blades 3. Maximum lift and drag coefficient ratio for  SG 6041 hydrofoil is observed 
at an angle of attack (α) 3º with Reynolds number 250000 by using Profili 2.30a Pro software. The investigations of pressure 
and velocity distribution of the turbine blade were performed by the numerical simulation with the aid of Ansys CFX. 
According to the simulation results, the torque on the blades is 8.58 Nm and the turbine power output was calculated 
233.5476W. 
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I. INTRODUCTION 
 
Hydrokinetic energy refers to the energy generated 
from the moving water of the currents in oceans, 
tidal, rivers and artificial water channels. Several 
technologies have been developed to extract this 
energy, such as horizontal axis hydrokinetic turbines 
[1].However, these turbines are still in a 
developmental phase and have not been fully 
commercialized yet, due to their reliability and low 
power density. Horizontal axis turbines have some 
beneficial features which make them more suitable 
than vertical axis turbines since they are easier self-
starting, have less torque fluctuation, higher 
efficiency and larger speed operation.    
 
The blade or the rotor, which convert kinetic energy 
of the wind or water current into mechanical energy, 
is the most important component of a turbine system. 
The design of the rotor is considered to be a primary 
challenge from both hydrodynamic and economic 
standpoint.  
The principle of operation behind hydrokinetic 
turbines is similar to that of wind turbines in 
principle; however, since the density of water is 850 
times greater than air, hydrokinetic turbines allow for 
increased energy extraction from a given flow stream. 
In addition, the flow regimes at which hydrokinetic 
turbines operate are different to conventional wind 
turbines. Moreover, hydrokinetic technologies do not 
require large infrastructure such as dams and 
powerhouses, which results in significantly faster 
deployment time and reduced manufacturing and 
operating costs.  
 
The study of flow dynamics in hydrokinetic turbines 
has had a great interest in recent years by the  

 
scientific community, particularly in relation to 
improving efficiencies and understanding of their 
performance. However, it still requires a deeply 
understanding of its performance especially for 
hydrodynamic applications. Computational Fluid 
Dynamics (CFD) has proven to be a useful tool for 
flow analysis around this type of turbines. In Ref. [9], 
authors have used the Reynolds Averaged Navier-
Stokes (RANS) equations combined with the k- 
SST turbulence model that describes the three-
dimensional (3D) steady state flow about the blade 
solved with the aid of a commercial CFD code for 
computing the aerodynamic characteristics of rotor 
blade which is a horizontal-axis downwind wind 
turbine rotor. 
 
In the present study, the software ANSYS – CFX has 
been employed to perform the numerical simulation 
of the hydrokinetic axial flow turbine. This article 
focuses on the description of the steps involved in the 
design and numerical simulation of a small horizontal 
axis hydrokinetic turbine rotor used, specifically, for 
generating electrical power for off-grid remote 
communities in developing countries.  
 
II. THEORETICAL ANALYSIS 
 
The performance of the hydro turbines depends on 
the rotor, shaft, gear box, and the generator 
characteristics. The blade or the rotor, which convert 
kinetic energy of the wind or water current into 
mechanical energy, is the most important component 
of a turbine system. This consists of the hub and 
several blades. The turbine blades are conventionally 
bolted to the hub. The design of the rotor is 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 6, Issue-6, Jun.-2018, http://iraj.in 

Flow Analysis of Hydrokinetic Axial Flow Turbine using CFD Simulation 
 

40 

considered to be a primary challenge from both 
hydrodynamic and economic standpoint.  
2.1. Hydrofoil selection 
The main objective in selecting a suitable hydrofoil is 
to find a balance between the hydrodynamics 
performance and the structural needs of the turbine. 
The power output is concerned maximum the CL/CD 
ratio and it is mainly depend upon lift and drag force. 
So in order to increase the hydrodynamic 
performance of hydrokinetic turbine, lift coefficient 
should be maximum and drag coefficient should be 
minimum. In this paper, the selected hydrofoil is 
considered for maximum CL/CD ratio at different 
angle of attack from 0º to 12º by using Profili 
software. It can be seen that for this hydrofoil at 
Reynolds number 250000, maximum CL/CD ratio is 
occurred at angle of attack 3º. Variation of CL/CD 
with angle of attack is shown in Fig (1). 

 
Fig. 1 (CL /CD ) for SG6041 at Re = 250000   [Profili] 

 
2.2. Rotor Sizing 
Hydrokinetic turbines operate under the same 
principles as wind turbines and share similar design 
philosophies. Their design starts from the turbine 
rotor sizing. It is often preferable to have an effective 
rotor but not a too large one, as the cost increases 
with the rotor size. The energy flux contained in 
water streams is dependent on the density of the fluid, 
cross-sectional area and fluid velocity. The stream 
power is  
 

 
 
The electrical output power is  

(2)                             P ηηCP                    wgmpe 

 The desired output power ( eP ) is 200W, the rated 
water current velocity is 1.5 m/s, power coefficient, 
Cp is 0.46, the mechanical and generator efficiency 
are 0.85 and 0.9, water density, ρ is 997 kg/m^3 (at 
25ºC).The radius and length of the turbine blades can 
be calculated using eqn. (2).The length of the blade is 
equal to 0.3279 m. Subsequently, given the rotor 
design parameters (e.g., rotor diameter, tip speed, 
hydrofoil and water current velocity, among others), 
the main task of the blade design is to determine the 
chord and twist distributions along the span of the 
blade. 

2.3. Turbine Blade Design 
To begin the blade design, rotor blade is separated as 
an optimum number of sections according to Blade 
Element Momentum Theory. The (BEM) is a widely 
used approach for the analysis and design of 
hydrokinetic turbines. In this paper, eleven blade 
elements were used for the designing proposed rotor 
blades. Fig (2) shows blade elements for the designed 
rotor. 

 
Fig.2 Blade elements for designed rotor 

Each section has own stream angle, blade angle and 
chord length. The design parameters of selected 
hydrofoil in each blade elements   are calculated by 
the following procedure. 
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Where ‘c’ is the chord length (m), ‘R’ is the radius of 
rotor (m), ‘r’ is the radius of specific blade element 
(m) and ‘B’ is the number of blade, α is design angle 
of attack at maximum lift and drag coefficient ratio , 
‘β’ is blade angle, ‘a’ axial induction factor and ‘a′’ 
angular induction factor.After linearization of blade 
chord lengths and blade angles are calculated by 
mathematical formula to get smooth profile along the 
blade. The comparison between theoretical and 
linearization of chord length and blade angle at each 
element is shown in Fig (3) and Fig (4). 

 
Fig.3 Chord distribution along the blade 
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Fig. 4 Blade angle distribution along the blade 

 
2.4. Hydrodynamic Forces and Power Output 
A hydrofoil submerged in a stream flow is subjected 
to various forces due to pressure and velocity changes 
and the viscosity of the fluid. When the fluid moves 
over the hydrofoil, the velocity of the fluid particles 
at the upper surface become higher than that of lower 
surface due to the camber and the angle of attack. 
Unequal pressure distribution between two surfaces 
of hydrofoil creates the lift force. Drag force is the 
force that is exerted on the body by the fluid, parallel 
to the flow direction. The direction of the lift force is 
normal to the chord line. These forces can be resolved 
into a normal force, FN to the plane of rotation (this 
contributes to thrust) in Eqn. (9) and a tangential 
force, FT to the circle swept by the rotor in Eqn. (10). 
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Where, ‘FL’ and ‘FD’ are the lift and drag force on a 
blade element, ‘CL’ and ‘CD’ are the coefficient of 
airfoil and ‘Vr’ is the relative water velocity, ⍴ is the 
density of water. The representation of the local 
velocities and forces on a hydrofoil section is given in 
Fig (5). 

 
Fig.5   The local velocities and forces on the hydrofoil 

The normal moment, the tangential torque and power 
output on the control volume of thickness dr are 
defined as following. 

(11)                                                 drrBFdM N

(12)                                             drrBFdT T
(13)                                              dTdP 

Where, ‘FT’ is the tangential force and ‘FN’ is 
normal force of a blade element (N), ‘dM’ is the 
moment of a blade element (N-m) and ‘dP’ is the 
power output of a blade element   (W). The graph of 
forces acting on the rotor blade elements is shown in 
Fig. (6) and the graph for the  designed electrical 
power output is shown in Fig.(7). 
 

 
Fig.6 The Forces acting on the Rotor Blade Elements 

 
Fig. 7 Power output of hydrokinetic axial flow turbine 

 
III. NUMERICAL ANALYSIS 
 
3.1. Domain Specification and Meshing 
Numerical simulations were performed to analyze 
flow characteristics by deploying an unstructured grid 
finite volume methodology using commercial CFD 
software (ANSYS CFX 17.0). Before a mesh can be 
generated the size of the computational domain must 
be determined. The computational domain consists of 
two sub-domain; the rotating inner cylinder extending 
2 times of rotor diameters and the stationary outer 
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cylinder extending 4 times of rotor diameters, 
respectively, in the axial direction. The turbine is 
placed inside the inner cylinder as shown in Fig (8).  
The accuracy of results produced through a CFD 
calculation is reliant upon the mesh that is provided 
for analysis [3]. Basic meshing techniques consist of 
a structured or unstructured mesh comprised of one of 
several element types. The most common element 
types are hexahedral, tetrahedral, square pyramids 
and extruded triangles. Unstructured 3D meshes tend 
to use hexahedral and tetrahedral elements, while 
structured meshes rely more on quadrilateral and 
hexahedral elements. The mesh implements a variety 
of elements. The base element that comprised the 
mesh is a tetrahedral element.  

 
Fig.8 3D computational domain with boundary condition 

Element size is another variable that must be 
considered when constructing the mesh. Using 
smaller elements can improve the accuracy of the 
solution, but will require more computational 
resources and time to generate the solution. Using 
larger elements eases the computational requirements 
of the calculation, but may provide less accurate 
results. Therefore, balance between the use of larger 
and smaller elements must be implemented. Smaller 
elements should be used in regions of interest and in 
the near-wall regions, while larger elements should be 
placed in regions of less importance to the solution. 
The mesh statistics are: 2039458 nodes and 11326363 
elements. The k-ԑ model was used to model the 
turbulent features of the flow. Fig (9) shows the mesh 
used for the computations. 
  

 
(a) 

 
(b) 

          Fig.9 (a) Cross section mesh on the rotor (b) Rotor mesh 
 
3.2. Computational Setup 
In the computational domain entrance, a uniform 
velocity profile equal to 1.5 m/s was defined. The 
non-slip boundary conditions were used in the 
domain walls. At the domain output, the zero static 
pressure was applied. Additionally, a general frozen 
rotor interface connection between the rotational and 
the stationary domain was used. The k-ԑ model has 
been shown to give good performance for flows with 
pressure gradients such as those appearing in the 
horizontal axis hydrokinetic turbine flow 
configuration. Details of the simulation variables are 
listed in Table 1. 

Table 1. Parameters for CFD analysis. 
Density (ρ) 997 kg/m^3 
Pressure (p) 101.3 kPa 

Rotor radius (R) 0.3279m 
Water speed 1.5 m/s 
Rotor speed 27.22 rad/sec 

Turbulence model k-ԑ 
Residual error 110^-4 

 
3.3. CFD Results Analysis 
From CFD analysis, the pressure distribution around 
the blade is presented .The pressure at the tip of the 
blade was greater than that of the root. This pressure 
difference across the blade and suction sides mainly 
influences in the driving force to create torque to turn 
the turbine. 

 
Fig.10 Pressure at the Turbine Surfaces 
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Fig (10) shows the pressure field at the surface of the 
turbine. High pressure zones are observed at red 
zones, followed by low pressure regions blue zones. 
These effects are also credited to the correct 
hydrodynamic project of the blades.  
 
The blades has the correct angulation, avoiding 
adverse effects such as secondary flows and 
undesired vortices. Those effects cause low pressure 
zones that can lead to problems with cavitation.     
         

 
Fig.11 Pressure variation with blade sections from root to tip 

 
Fig (11) shows the pressure gradient at the pressure 
side of the blade is higher at regions away from the 
blade root. The pressure distribution gradually 
increase from root to tip of the upper surface of the 
blade. The total lift depend on the difference between 
the pressure distribution profile on the upper surface 
and the lower surface.  
 
The blade region away from the hub is subjected to 
successively higher relative water velocity and higher 
angle of relative flow. This indicates that the part of 
blade away from root contributes more towards 
hydrodynamic forces and has significant role in thrust 
and torque development. 
 

 
(a)Velocity Vector Lines 

 
(b)Velocity Streamlines 

Fig.12 Velocity vector lines at the turbine 
 
Fig (12) shows the velocity streamlines and vector 
lines visualization of the flow to the turbine. Its colors 
show the velocity variation at that direction. One can 
note stagnation points at the tips of the blades due to 
the change of the flow direction. Those streamlines 
shows the normal rotation movement at the turbine 
region. It can be concluded that the hydrodynamic 
behavior at the surroundings of the turbine is 
adequate, without energy flow loss. 

 
CONCLUSIONS 
 
This study demonstrates the flow analysis of the 
hydrokinetic axial flow turbine. The simulation 
allows computing the torque on the blades is (8.58 
Nm), which is subsequently multiplied by and 
angular velocity (27.22 rad/s). Thus, the turbine 
power output was calculated (233.5476W). This 
value was compared to the design power (200 W). 
The good agreement between the numerical and 
theoretical turbine power output enables to validate 
the design of the rotor. 
 
ACKNOWLEDGMENTS  
 
The author wishes to express the deepest gratitude to 
her parents, for their moral support and 
encouragement. The author is grateful to Dr. Sint 
Soe, Rector, Mandalay Technological University. 
Great thanks to Dr. Htay Htay Win, Professor, Head 
of Mechanical Engineering Department, Mandalay 
Technological University. Special appreciation is 
extended to her supervisor Dr. Myat Myat Soe, 
Professor, Mechanical Engineering Department, 
Mandalay Technological University. The author is also 
sincerely thankful to Co-supervisor, Dr. War War 
Min Swe, Lecturer, Department of Mechanical 
Engineering, Mandalay Technological University for  
their giving valuable suggestion and wise guidance 
during this research. 
 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 6, Issue-6, Jun.-2018, http://iraj.in 

Flow Analysis of Hydrokinetic Axial Flow Turbine using CFD Simulation 
 

44 

REFERENCES 
 
[1] Anyi, M. and Kirke, B., Evaluation of small axial flow 

hydrokinetic turbinesfor remote communities. Energy for 
Sustainable Development, 14(2), pp. 110–116, 2010. 

[2] Vermaak, H.J., Kusakana, K. and Koko, S.P., Status of 
micro-hydrokinetic river technology in rural applications: A 
review of literature. Renewable and Sustainable Energy 
Reviews, 29(0), pp. 625–633, 2014. 

[3] Khan, M., Bhuyan, G., Iqbal, M. and Quaicoe, J., 
Hydrokinetic energy conversion systems and assessment of 
horizontal and vertical axis turbines for river and tidal 
applications: A technology status review. Applied Energy, 
86(10), pp. 1823–1835, 2009. 

[4] [Slootweg, J., Polinder, H. and Kling,W., Dynamic modelling 
of a wind turbine with doubly fed induction generator. Power 
Engineering Society Summer Meeting, 2001, volume 1, pp. 
644–649, 2001. 

[5] Manwell, J.F., McGowan, J.G. and Rogers, A.L., Wind 
energy explained: theory, design and application. Wiley: 
Chichester, 2009. 

[6] Hydrokinetic turbine blades: Design and local construction 
techniques for remote communities. Energy for Sustainable 
Development, 15(3), pp. 223– 230, 2011. Special issue on 
off-grid electrification in developing countries. 

[7] M. V. Pricop, M. L. Niculescu, M. G. Cojocaru, D. Barsan, 
“Design, Analysis and Testing of Small, Affortable HAWT 

Rotors”, Proceedings of AIP Conference, Kos, Greece, pp. 
1646-1649, 2012 

[8] H. Dumitrescu, A. Georgescu, “Calculul elicei” (Blade 
design), editura Academiei Romane, Bucureşti, 1990. 

[9] Wu, H., Chen, L., Yu, M., Li, W., Chen, B. “On design and 
performance prediction of the horizontal axis water turbine” 
Ocean Engineering, Vol. 50 (2012), pp. 23-30. 

[10] Al Mamun. N.H. “Utilization of river current for small scale 
electricity generation in Bangladesh”. M.Sc. Thesis, 
University of Bangladesh (2001). 

[11] Menter, F. R. “Two-Equation Eddy-Viscosity Turbulence 
Models for Engineering Applications”. AIAA. J., vol. 32, 
269-289 (1994). 

[12] Maître, T., Amet, E., Pellone, C. “Modeling of the flow in a 
Darrieus water turbine: Wall grid refinement analysis and 
comparison with experiments”. Renewable Energy, vol. 51, 
497 – 512 (2013). 

[13] [Islam, A. S., Al-Mamun, N. H., Islam, M. Q., Infield, D. G.  
Energy from river current for small scale electricity 
generation in Bangladesh. In INTERNATIONAL SOLAR 
ENERGY SOCIETY UK SECTION-CONFERENCE-C pp. 
207-213(2001). 

[14] S. Laín, O. López, B. Quintero and D. Meneses, "Design 
Optimization of a Vertical Axis Water Turbine with CFD," in 
Alternative Energies - Advanced Structured Material, Berlin 
Heidelberg, Springer, 2013, pp. 113-139. 

 
 
 
 
 
 
 
 
 
 

 


