
Journal of Mechanical Engineering Research and Developments 

ISSN: 1024-1752 

CODEN: JERDFO 

Vol. 44, No. 9, pp. 66-72 

Published Year 2021 

 

66 
 

Effect of Blade Pitch and Number of Blades on the Performance 

of Hub-less Wind Turbine Using CFD 

Balasubramanya H.S
†*

, T Anil Kumar
†
, Hemavathy S

†
, S M Aradhya

‡
 

† 
Faculty, Dept. of Mechanical Engineering, Ramaiah Institute of Technology, Bangalore – 560054 

‡
 Dept. of Mechanical Engineering, Kalpataru Institute of Technology, Tiptur – 572202 

*Corresponding author Email: balasubramanya@msrit.edu 

ABSTRACT 

Airborne wind energy, a promising renewable energy technology providing potentially game-changing solution 

to clean and sustainable energy generation. This uses airborne devices to harness the wind power. This research 

article discusses on the design and analysis of a new wind energy invention, Hub less Wind Turbine (HWT) by 

varying number of blades and its pitch lengths. This work is motivated by the aim to make the world less reliant 

upon fossil fuel sources. This innovation is presently under investigation by scientists and start-ups. The 

proposed turbine utilises lightweight and strong tether replacing expensive tower and offering an additional cost 

advantage by eliminating foundation, next to the higher capacity factor at much lower total mass. In present 

work, an open-cantered blade design is employed to enhance rotational kinetic energy. This reduces any flow 

restrictions due to the presence of hub, thereby improving power generation capacity. The aerodynamic 

performance is analysed through Computational Fluid Dynamics (CFD) simulations with the help of 

commercial ANSYS software. The obtained results were quite encouraging. Based on the simulation, relative 

efficiency obtained considering the Betz limit equal to 76% with a power coefficient of 0.45 and optimum blade 

pitch of 1000mm. 
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INTRODUCTION 

Energy is one of the major concern in the present time. Most of the energy related innovations happened until 

now are related to fossil fuels; energy crisis began during 1970s makes us to look at non-fossil power sources 

[1]. This also includes airborne wind energy. With the advent of new tether and control technologies, research 

on airborne wind energy starts to accelerate again at the turn of the century. Non-fossil power sources offers 

fewer environmental impacts by producing electricity. It is possible to make electricity from renewable energy 

sources without producing Carbon Dioxide, the leading cause of global climate change [2]. To overcome the 

limitations of existing conventional energy producing methods we propose a new electricity generation system, 

which uses wind energy as its source [3]. The Hub less Wind turbine or Air borne Wind Turbine (AWT) is a 

renewable energy production unit utilizes the wind flow power at altitudes of 300m and above. Though the 

AWT is similar to the existing Wind Turbines it offers more advantages over the existing 3-blade wind turbines.  

The components of the wind turbines subjected to lesser strain resulting from the turbulent wind as it will be 

compensated by the system flexibility. The two major disadvantages of wind turbine include high initial cost 

and its adverse effect on the environment. High cost of energy can be addressed directly with technology 

innovations that increase reliability and energy output and lower system capital expenses [4]. Offshore wind 

energy produces more energy than onshore wind energy, but costs much more to establish. The primary costs of 

wind turbines include construction and maintenance. New technology is needed to lower costs, increase 

reliability and energy production, solve regional deployment issues, expand the resource area, develop 

infrastructure and manufacturing facilities, and mitigate known environmental impacts [5]. Wind turbines may 

be dangerous to flying animals. Many birds and bats have been killed by flying into the rotors. Regarding the 
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Aesthetic impact, many people are concerned with the visual effects that wind turbines have on the beautiful 

scenery of nature. They believe that giant wind turbines distract viewers from the beautiful surroundings.  

Hub less wind turbines (HWT) as it operates at high altitudes have fast and more consistent wind blowing, can 

generate more power compared to traditional wind turbines. Further, HWTs make energy harvesting possible 

even at inaccessible locations, such as offshore, but at lesser installation costs [6]. Hub less wind turbines can be 

suspended in the air without a tower, thus saving any expenses on tower construction. This type of turbines can 

operate in low or high altitudes. They also can be suspended using Balloons or Kites. The HWTs can also be 

equipped with miniature antennas for temporary communications in remote areas.  Sophisticated cameras can 

also be used on the HWT setup for various useful purposes mainly during a disaster [7]. The present work 

focuses on design and analysis of HWT analysing the pressure, velocity and torque variations across different 

regions.  

MATERIAL AND METHODOLOGY  

In the current work a hub-less turbine configuration is used as the rotor. The blades of the rotor are connected at 

the periphery with a ring, which also houses the permanent magnets for the generator. This is housed in a stator 

with generator coils and the rotor is supported by ball bearings. The main reason for this approach is that in 

conventional turbines, the hub obstructs the air flow to an extent which is sufficient to create turbulence just 

around it [8]. This reduces the amount of power that can be extracted from the wind. Since the generator 

components are housed at the periphery, it eliminates the need for gearbox and hence operating with lower 

noise. Also, due to the peripheral location of the generator, for the same RPM, the linear velocity is more at the 

ring, increasing the rate of change of magnetic flux and hence higher voltage can be generated [9].  Since the 

blades are attached to a ring, a helical profile would be the most optimum design than flat blades. The blades 

can be simply visualised as the protrusion of material from a helix strip towards the centre. The same is 

modelled using the Solid Edge Software.  Due to the helical nature, this imparts the necessary twist to the blades 

to extract the energy from flowing wind. The geometry of the blade is shown in Figure 1. 

 

Figure 1. Blade profile 

The turbine is designed to operate at a wind speed of 10 m/sec. The diameter of the rotor is 1.2 m and the length 

of the blade is 0.5 m. The width of the entire turbine is 0.3 m. The blades are modelled with different pitch 

values and different number of blades. CFD simulations are performed on each configuration to obtain the 

optimum design. Initially 8 blades are taken, with pitches varying from 200 mm to 1200 mm. The Figure 2 

shows 200mm, 400mm and 1200mm pitch rotor blades.  
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Figure 2. Rotor blades with different pitch values 

FLOW ANALYSIS USING ANSYS CFD 

For the given geometry setup, there are two types of fluid domains used – a rotating domain and a stationary 

domain. The rotating domain encloses the blades and separates it from the stationary domain, whereas the 

stationary domain binds the entire fluid flow through the geometry. The rotating and stationary domains are 

connected by internal interferences which allow the simulation quantities to pass between both regions [10].  

The rotating domain is treated as an interface with the blades as walls. The curved surface of the stationary 

domain is treated as wall boundaries with no-slip condition [11].  The front face is of velocity inlet type, with a 

flow velocity of 10 m/sec into the domain. The back face is treated as a pressure outlet, with a gauge pressure of 

0 Pa, i.e. atmospheric pressure. Figure. 3 indicates the rotating and stationary domain. 

 

Figure 3. Rotor domain 

MESH GENERATION 

For the numerical simulation, tetrahedral meshes are used to discretise the geometry. A tetrahedron has 4 

vertices, 6 edges and is bounded by 4 triangular surfaces. It is efficient in the discretisation of geometries with 

medium complexity, also involving turbulence. Upon mesh improvement, the total number of nodes and 

elements generated is around 3.35 lakh and 65,000 respectively, with orthogonality factor of 0.84. Figure 4 

depicts the mesh generated for the entire domain as well as for the blades. 

  

Figure 4. Meshing 
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GOVERNING EQUATIONS 

Following governing equations are used for the analysis. Conservation of momentum / Navier Stokes equation 

[12] 
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Instantaneous velocity expressed as the sum of time averaged velocity and instantaneous velocity fluctuations. 

 

Upon Simplification, the equation becomes, 
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The Partial Differential Equation for the X – Momentum in Vector Tensor, 
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(3) 

Boussinesq approximation for turbulent kinetic energy k based on the respective components and directions as 
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The numerical simulations are carried out with the implicit Shear Stress Transport (SST) k – ω turbulence 

model, often stated as the Menter SST model. It combines the strengths of the standard k – ξ model and the k – 

ω model in a mutually exclusive way such that each is used in a region where it excels [13]. 

SST model utilises k and ω equations. They are given by 
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RESULTS AND DISCUSSION 

 

Performance analysis is conducted for different iterations by varying the pitch values. Figure.5(a) and Figure. 

5(b) indicates the variation of torque and pressure respectively for different pitch lengths. It was found that, as 

the blade pitch increases the torque and pressure difference increase up to 1000mm. Increasing the blade pitch 

beyond 1000mm results in drop of computed torque and pressure difference. For 1200mm pitch it is seen that 

there is sudden dip in the values of torque and pressure difference. Hence for 1000mm pitch is found to be 

optimum for maximum energy transfer.  
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(a)                                                                               (b) 

Figure 5. (a) Plot of Torque vs Blade Pitch, (b) Plot of Pressure vs Blade Pitch 

Figure 6 represents the pressure contour of the rotor. The pressure difference between upstream and downstream 

is very evident and hence the momentum of the air flow is imparted to the blades. In order to obtain a better 

understanding of the pressure variation, a plot between static pressure and flow length is extracted from the 

post-processor.  

 

Figure 6. Pressure contour 

Figure 7 indicates the pressure distribution at the rotor zone. It is clear that the pressure gradients are induced 

across the blades due to the vortices generated. This imparts the necessary torque to the rotor, based on 

Bernoulli’s principle.  

  

Figure 7. Pressure distribution at the Rotor zone 

Figure 8 represents the velocity contour. The turbulence is created at the downstream due to the vortices which 

can be observed in the contours. Also, due to the steeper pressure drop in flow at the centre, the velocity 

increases steeply and momentarily. This is mainly due to the particles thrown away from the blade towards the 

downstream, thereby having minimal interaction with the blades. This phenomenon can be interpreted as a 

safety feature, wherein solid particles through the centre will not affect the blades and their performance.  
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Figure 8. Velocity contour 

Figure 9 shows the flow as a streamline. It is very clear that the blades are efficient in generating the vortices at 

the downstream. This enhances the formation of pressure gradients across the blades, thereby inducing the 

torque to the rotor. The momentum of the air is transferred to the rotor causing the turbine to rotate thereby 

enabling the harnessing of energy.  

 

Figure 9. Velocity Streamline 

Simulations results are analysed by selecting the optimum blade design. The theoretical maximum power that 

can be harnessed from the turbine can be calculated from axial momentum theory of wind turbines. The power 

output is predicted based on the momentum transfer from the wind to the rotor by applying simple mechanics. 

The relation between power coefficient and wind velocities at inlet as well as wake can also be established. 

Table.1 indicates the results obtained after performing the simulation. 

Table 1. Simulation results 

Inlet Velocity, V1 10m/s 

wake velocity, V2 6.8 m/s 

Average wind velocity, U 8.4 m/s 

Thrust Coefficient Ct 0.5376 

Power Coefficient Cp 0.452 

Turbine Power, P 313.11 W 

Turbine Efficiency 76.275  

CONCLUSIONS  

In this work CFD analysis of hub less wind turbine blade is carried out using ANSYS R 15.0. An overview of 

the computational results adopted in this investigation resulted in some interesting observations. For this 

analysis k- SST model is used to analyse the pressure and torque variations across the blade profile for 

different pitch lengths. The results obtained from simulation used to predict the amount of power output. It is 

found that optimum blade pitch of 1000mm and number of blades to be 6. The Axial Interference Factor is 

found to be 0.16. The output power was found as 313.11W. The turbine efficiency corresponding to betz limit of 
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0.5926 is 76.275 %. The blades are efficient in generating vortices which aid the formation of pressure gradients 

across the blade to obtain the rotational torque. The absence of hub increases the velocity at the centre thereby 

forcing the air to flow towards the wake end. In future large-scale wind farm simulations may be performed. 

The simulations can be performed for different blade profiles. The wind tunnel tests may be performed on 

fabricated prototype model to evaluate optimum blade angles by selecting the ratio of lift to drag coefficients at 

different sections along the length of the blade. Additionally, the bending moments acting on the blade must be 

analysed to design the blade to operate at higher rotational velocities. Performance of the turbine can be 

improved by using NACA and SERI aerofoil blade profiles. The proposed turbine can be equipped with 

antennas for communication in remote areas. 
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