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Abstract - There are many researchers have been tried to generate electricity from wind energy. Conventional horizontal 
axis wind turbine is frequently subjected to a failure and it requires higher rotating speed. Therefore, many researchers have 
been tried to solve this problem of conventional wind turbine. Loopwing is a new kind of wind turbine technology with loop 
shaped blades. This loop type blade turbine is to operate at relatively low rotating speed without sacrificing energy 
efficiency. Unfortunately, loop type blade has not been widely researched on the optimal design and performance test. In this 
study, NASA SC(2)–0402 blade profile was chosen for loopwing wind turbine when comparing with the SIMPLEX 1 airfoil 
from the result of Profili Software. The purpose of this paper is to investigate the flow analysis of conventional and loopwing 
horizontal axis wind turbine. Computational fluid dynamic software was used to analyse and compare the two types of 

conventional and loop type blade wind turbine. Simulation results showed that the performance of loop type blade wind 
turbine is50% higher than conventional wind turbine. 
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I. INTRODUCTION 

 

Conventional wind turbine requires higher rotating 

speed and also causes the power loss due to the tip 

vortex condition. Loop type blade or loopwing wind 

energy generator not only to reduce the power losses 

due to the absence of blade tip but also will operate 

with lower wind speed condition.  

 

Therefore, researchers have been making efforts to 

develop the new technologies by using loop type 
blade wind turbine. Then coaxial rotor configuration 

was obtained by placing the same blades on the same 

shaft own stream. And then loop blade were produced 

by connecting the corresponding blades tips. Related 

to these researches, blade profile has been designed 

and correlated with optimum tip speed ratio, twist 

angle, chord length and airfoil [1]. 

 

In this research, loopwing horizontal axis wind 

turbine is basedrenewable energy for generating 

electricity efficient conventional and nonconventional 

wind turbine. Aerodynamic analysis was performed 
for conventional and loop type blades. Therefore, 

wing profile of an ideal turbine was obtained using 

blade element momentum theory. The loop type blade  

wind turbine utilizes the venturi effect to create a 

turbine with lower relative noise without theblade tip 

position to increasethe efficiency and to generate 

energy for lower wind speed condition [2].  

 

The venturi effect provides to increase the velocity 

through the wings and also to increase the efficiency 

of wind turbines especially. So, venturi effect is used 
to keep high the inflow air of the second turbine. In 

order to achieve this venturi concept, blades are loop 

shape by connecting the ends of two coaxial rotors 

coned in the opposite directions.  

 

II. METHODOLOGY 

 

2.1. Actuator Disk Model of Wind Turbine 

A simple model, generally can be used to determine 

the power from an ideal turbine rotor, the thrust of the 

wind on the ideal rotor and the effect of the rotor 

operation on the local wind field. This simple model 

is based on a linear momentum theory. The analysis 
assumes a control volume, in which the control 

volume boundaries are the surface of a stream tube 

and two cross-sections of the stream tube is shown 

Figure 1 [4].  

 
Fig.1. Flow Model of Actuator Disk [4] 

 

The only flow is across the ends of the stream tube. 

The turbine is represented by a uniform “actuator 

disk” which creates a discontinuity of pressure in the 
stream tube of air flowing through it. This analysis is 

not limited to any particular type of wind turbine. 

This analysis is used with the following assumptions: 

homogenous, incompressible, steady state fluid flow, 
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no frictional drag; an infinite number of blades, 

uniform thrust over the disk or rotor area,  wake is 
assumed as non-rotating. The static pressure far 

upstream and far downstream of the actuator disk is 

taken as equal to ambient static pressure.Applying the 

conservation of linear momentum to the control 

volume enclosing the whole system, it is possible to 

find the net force on the contents of the control 

volume [4].  

1 1 1 2 2 2AV= A V A V              (1) 

 

That force is equal and opposite to the thrust F, which 
is the force of the wind on the wind turbine. From the 

conservation of linear momentum for a one-

dimensional, incompressible, time-invariant flow, the 

thrust is equal and opposite to the change in 

momentum of air stream: 

 

1 1 4 4F=V ( AV) ( AV)V              (2) 

 

From the conservation Equations (1) and (2) is 
assumed that the subscripts indicate values at 

numbered cross sections in Figure 1. 

For steady state flow,  

 

1 4F=(m m )V V               (3) 

 

Bernoulli function can be used in the two control 

volumes on either side of the actuator disk. In the 

stream tube upstream of the disk, 

 

2 2

1 1 2 2

1 1

2 2
p v p v                (4) 

 In the stream tube downstream of the disk, 
 

2 2

3 3 4 4

1 1

2 2
p v p v      (5) 

 

From Equations (2) and (3) it is assumed that the far 

upstream and far downstream pressures are equal (p1 

= p4) and that the velocity across the disk remains the 

same (V2 = V3). The thrust can also be expressed as 

the net sum of the forces on each side of the actuator 

disk as: 

2 2 3F= ( )A p p              (6) 

 

Equations (3) and (4) and substituting into (5), it is 

possible to obtain: 

 2 2

2 1 4

1
F= ( )

2
A V V              (7) 

Equating the thrust values from (2) and (6) and 

recognizing that the mass flow rate is A2V2,   

 

1 4

2
2

V V
V


              (8) 

 Thus the velocity of the wind stream at the 
rotor section is the average of the velocities at its 

upstream and downstream sides.The axial induction 

factor „a‟ indicates the degree with which the wind 

velocity at the upstream of the rotor is decreased by 
the turbine [4]. 

 

 
1 2

1

V V
a

V


              (9) 

 
2 1(1 )V V a             (10) 

 

 
4 1(1 2 )V V a             (11) 

 

The power developed by the turbine due to this 

transfer of kinetic energy is 

 

 2 2

t 1 1 1 4

1
P = ( )

2
AV V V            (12) 

  2

t 1

1
P = (4 (1 )

2
AV a a            (13) 
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2

t

P

P
C

AV

            (14) 

 

Blade element momentum theory is widely used due 

to its effectiveness in design and rapid calculation. 

Conventional wind turbine and loopwing wind 

turbine are shown in Figures 2 and 3. 
 

 
 

Fig.2. 3D Model of Conventional Wind Turbine 

 

 
 

Fig.3. 3D Model of Loopwing Wind Turbine 
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III. NUMERICAL ANALYSIS 

 

3.1. Geometry 

Computational grid domain is divided into rotational 

domain and stationary domain. Rotational domain 

includes the rotor with three blades.To conduct 

numerical simulation, rotational speed of the rotor 

blade is fixed at the rated value of 500rpm. Uniform 

velocity inlet condition, averaged static pressure 

outlet condition and rotational periodic condition are 

applied as the boundary conditions [3].  

 

The computational fluid dynamics (CFD) approach is 

the most appropriate method to investigate the 
mechanical power of wind turbine, this approach 

provides a best description of flow around wind 

turbine rotor, and gives a detailed description of 

turbulence phenomenon. With the increasing 

computing capacity, the CFD-CFX approach is 

becoming a practical tool to model and simulate the 

aerodynamic performances of wind turbine in three-

dimensional. 

 

In order to improve the estimation of wall shear stress 

in the viscosity sub-layer, new models have been 
developed and applied such as the Wilcox model, 

BSL (baseline model) model that takes the 

advantages of Wilcox model, and SST (shear stress 

transport) model that calculates the transport term of 

turbulent shear stress.  

 

The SST model is based on the κ-ω model near the 

wall. So, the SST model turns out powerful to predict 

turbulent frequency in the boundary layer.  Hence, the 

SST model is chosen to the turbulence model for this 

study. Continuity, momentum, turbulence equations 

are solved for the air flow over the wind turbine. 
Flow velocity and pressure areas were obtained as the 

results of analysis.  In this blade has been transferred 

into ANSYS 17.0 from SolidWorks. Inflation is 

useful for resolving boundary layers in fluid flow 

simulations or high stress concentrations in structural 

simulations [3]. 

 

This first inflation layer consists of a single layer of 

prism elements that is formed against the faces of the 

inflation boundary.Specification of blade geometry 

and domain setting of conventional and loopwing 
wind turbine are shown in Figure 4. 

 
(a) 

 
(b) 

 

Fig.4. Schematic Diagram of Computational Domain ; (a) 

Conventional  (b) Loopwing 

 

3.2. Meshing 

Hexahedral mesh is used for the convergence and 

precise aerodynamic power output calculations. Mesh 

grid of the model is shown in Figure 5. The mesh 

density of the rotational region is much higher than 
that of the stationary region for a more precise power 

output calculation.  

 

 
(a) (b) 

 

Fig.5. Mesh Grid of the Model (a) Conventional (b) Loopwing 

 

Meshing of blade has been done using tetrahedral 

mesh using ANSYS CFX software. Conventional 

wind turbine mesh consists of 1 million nodes and 6 

million elements no mesh matric. Loopwing wind 

turbine mesh consists of 3 million nodes and 9 

million elements with no mesh matric. Inflation first 

layer height is 0.002m and growth rate is 1.2. 

According to the literature review, the size of 

stationary domain is bigger than two times or three 

times of rotor outside diameter for both cases. Mesh 

is very precise near the contact surface of both 
surfaces, this has been done because surface contact 

is the main area of focus in this studyto get precise 

results. 

 

3.3. Boundary Conditions 

Inlet condition for any system has to be precisely 

selected and added. Direction of wind striking the 

turbine is perpendicular to its surface. Turbulence is 

main factor that affects the efficiency of the system. 

No slip condition is important  in setting practical 

behaviour of system. This accounts the friction 
between the wall and air molecules.Outlet condition 

is equally important to inlet conditions. This is due to 

the behaviour of air within the system depends on 

outlet condition.Pressure of air leaving is considered 
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as atmospheric pressure. A relative (gage) pressure of 

0 Pa based on the atmospheric pressure was applied 
to the outlet as shown in Figure 6.   

 
(a) 

 

 
 

(b) 

 

Fig.6. Boundary Conditions Setup for ANSYS-CFX: (a) 

Conventional (b) Loopwing 

 

3.4. Simulation Result 

The model was initialized as hybrid to obtain the 

initial conditions, and then it as solved as second 

order upwind to get the final results. Figure. 7 and 

8shows the pressure contours of wind turbine blade at 

the front and rear condition.  

 

 
 

(a) 

 
 

(b) 

 

Fig.7. Pressure Distribution on the Conventional Blade: (a) 

Front (b) Rear 

 
(a) 

 

 
 

(b) 

 

Fig.8. Pressure Distribution on the Loop  Type Blade: (a) Front 

(b) Rear 

 

Pressure and Velocity distribution of middle plane 

condition for conventional and loopwing horizontal 

axis wind turbine are shown in Figures 9, 10 and 11. 

 
(a) 

 
(b) 

Fig.9. Pressure Distributionof the Wind Turbine : (a) 

Conventional  (b) Loopwing 
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(a) 

 
(b) 

Fig.10. Velocity Distribution of the Wind Turbine : (a) 

Conventional  (b) Loopwing 

 
(a) 

 

 
(b) 

 

Fig.11. Velocity Streamline Distribution of the Wind Turbine : 

(a) Conventional  (b) Loopwing 
 

Simulation result shows that pressure distribution 

through the conventional and loopwing wind turbine 
is higher in front of the rotor than the wake region. 

Therefore, It is found that the pressure distribution of 

the loop type blade wind turbine is higher than 

conventional wind turbine. 

 

IV. RESULTS AND DISCUSSION 

 

CFX is widely used to analyze the flow distribution 

around the wind turbine rotor blade which is affected 

by changing wind speed, angle of attack, tip speed 

ratio etc. The inlet was defined as a velocity inlet of 3 

m/s to12 m/s while the outlet was set as a static 
pressure, keeping the pressure constant.The power 

output is depended on the wind speed condition. If 

the more wind speed condition, the more power we 

can get. Average torque at incoming wind speed of 

conventional and loopwing horizontal axis wind 

turbine is shown in Figure.12. Power output and 

power coefficient of conventional and loop type blade 

wind turbine are shown in figures 13 and 14. 
 

 
Fig.12. Average Torque at Various Wind Speed 

 
Fig.13. Power Output at Various Wind Speed 

 
Fig.14. Power Coefficient at Various Wind Speed 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 7, Issue-9, Sep.-2019, http://iraj.in 

Comparison of Conventional and Loopwing Horizontal Axis Wind Turbine using Computational Fluid Dynamics 

 

34 

Pressure distribution is high on the rotor blade which 

is due to the high lift force on the blade and more 
power generate at the incoming wind speed.Average 

torque of loop type blade wind turbine is obviously 

increased from 1.4 to 14 N-m and conventional wind 

turbine result was gradually increased from 0.5 to 5.6 

Nm. Therefore, power coefficient of loopwing wind 

turbine is higher than conventional wind turbine.   

 

V. CONCLUSION 

 

The purpose of this study is to compare the two types 

of conventional horizontal axis wind turbine and 

loopwing horizontal axis wind turbine. The targeted 
maximum power output was generated at rated wind 

speed of 6 m/s. Loopwing turbine power output was 

140 W and conventional turbine power output was 75 

W. Loopwing horizontal axis wind turbine is to 

operate at low rotating speed without reducing energy 

efficiency. According to this simulation result, the 

electricalpower of looopwing horizontal axis wind 

turbine is 50 % higher than the conventional turbine. 
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NOMENCLATURES 

A -Swept Area (m2) 

ρ -Fluid Density (kg/m3) 

CP -Coefficient of Power 

V1,2,3,4 -Air Velocity of Section (m/s) 

P1,2,3,4 -Pressure of Each Section (N/ m2) 

F -Force on Each Side of Actuator Disk (N) 

Pt -Power Developed by the Turbine (kN) 

a -Axial Induction Factor 

CFD -Computational Fluid Dynamics 
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