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Abstract— This paper represents design and fabrication of small scale horizontal axis wind turbine adopting Archimedes 
spiral rotor blade. A new type of yawing mechanism is introduced to sense the direction of wind and to turn the rotor in the 
most appropriate direction to harness maximum amount of wind energy eliminating the application of electronic devices. 
The aerodynamics characteristics and performance of Archimedes wind turbine were investigated on actual size of the rotor 
blade using computational fluid dynamics (CFD) simulations and field test. The torque obtainedfor lower wind speed is 
relatively high as compared to other type of wind turbine. The analytical value of turbine characteristics shows good 
agreement with the experimental results. 

 
Index Terms— Archimedes wind turbine, Computational Fluid Dynamics(CFD), Field test, Torque characteristics of 
Archimedes wind turbine. 
 
I. INTRODUCTION 
 
Wind energy, a source of renewable energy can be 
used to generate pollution free electricity. Due to 
climate change, greenhouse gas emissions, ozone 
layer depletion from combustion of fossil fuels, use 
of renewable energy and its efficiency improvement 
are becoming a paramount issue of modern era. 
Among the renewable energy, wind energy is a 
relatively matured technology with enormous 
potential for commercialization and mass 
production[1]. Wind turbines are classified as 
Horizontal axis wind turbine (HAWT) and Vertical 
axis wind turbine (VAWT). HAWT uses lift force 
while VAWT uses drag force present in the kinetic 
energy of the wind[2]. The Archimedes wind turbine 
was designed using the Archimedes spiral principle. 
It works on angular momentum conservation and also 
it uses both lift and drag force which increases its 
efficiency in comparison to other type of wind 
turbine. The resultant of lift and drag force acting on 
rotor blade causes the rotational motion, which is 
optimum at 600 blade angle.The Archimedes rotor 
can convert a straightforward movement of the wind 
into a rotating movement, and vice versa [3].The 
benefit of using Archimedes wind turbine is that the 
cutoff speed of its  
rotor is quite low as compared to other type of wind 
turbine, which makes it suitable for urban areas along 
with coastal areas as the speed of wind is low in 
urban areas[4].In 2009, Timmer andToet used the 
selective laser sinter method to modify the 
Archimedes wind turbine model and carried out a 
fundamental research to explore its potential and find 
out optimum power output [5]. In 2014, Ho 

SeongJiinvestigated the aerodynamic characteristics 
of Archimedes spiral wind turbine for small scale 
wind turbine system with respect to the angle of 
attack in case ofcounter clock wise direction and 
clockwise direction [6]. In 2014, Kyung Chun Kim 
evaluated the performance of the designed 
Archimedes wind turbine using the CFD method. 
Particle Image Velocimetry(PIV) was used to 
examine the aerodynamic characteristics of the 
Archimedes spiral wind turbine to validate the CFD 
method as a design tool of the Archimedes wind 
turbine and understand the fluid dynamics in the near 
wake [7]. In 2015,ArmanSafdari performed the 
experimental study to obtain evolution of the tip 
vortex structures in the near wake of the Archimedes 
wind turbine model and the aerodynamic 
characteristics in an open type wind tunnel by using a 
PIV measurement system [8]. Yoon Kee Kim 
conducted the steady and unsteady CFD simulations 
on the Archimedes wind turbine to obtain the tip 
vortex properties.There have been no tests performed 
with the actual size of Archimedes wind turbine so 
far [9]. 
In this paper,design of the Archimedes windturbine 
model of actual size is done on software and steady 
state CFD simulations are performed to obtain 
streamline flow, velocity distribution, and torque 
characteristics. The fabrication of Archimedes wind 
turbineis done by using lightweight aluminium 
sheetwhich eliminates the complexity of the 
fabrication process. Various field tests are performed 
on experimental model to obtain torque 
characteristics and to compare it with the analytical 
result. 
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II. ANALYTICAL AND EXPERIMENTAL 
METHODS 
 
2.1. Analytical Method 
Computational fluid dynamics (CFD) is an 
engineering method that uses numerical analysis and 
algorithms to solve and analyze problems that involve 
fluid flows, heat and mass transfer, chemical 
reactions and other physical phenomena.CFX is one 
of the analysis toolswhich is based on Reynolds 
Averaged Navier-Stokes (RANS) Equation and Finite 
Volume method [10]. CFX consists of so many 
turbulence model in which Shear Stress Transport 
(SST) k-ω turbulence model has been used to predict 
the separation of flow which is two equation based 
model. SST k-ω turbulence model uses the advantage 
of both k-ε and k-ω turbulence model where k is 
turbulence kinetic energy, ε is the rate of dissipation 
of the turbulent kinetic energy and ω isspecific rate of 
dissipation[11]. 
 
2.1.1. Mesh Generation 
In all CFD problems meshing are done, it uses Finite 
Element Method (FEM) for finding approximate 
solutions to boundary value problems for partial 
differential equations. FEM subdivides a large 
problem into smaller, simpler, parts, called finite 
elements. The simple equations that model these 
finite elements are then assembled into a larger 
system of equations that models the entire problem. 
Multiple Frame of Reference (MFR) method is used 
to separate the elements of rotating domain of spiral 
blade and stationary domain of imaginary wind 
tunnel as shown in Figure 1. The stationary domain 
contains 58916 nodes and 316470 elements and 
rotating domain contains 16912 nodes and 26011, in 
total it consist of 75828 nodes and 342481 elements. 
 

 
Figure 1 Meshing of Rotating and Stationary Domain 

 
2.1.2. Boundary Setup 
In this analysis, four cases were chosen to predictthe 
aerodynamic characteristics with inlet wind velocities 
of 2.5, 4, 6 and 10 m/s with rotating speed 80, 150, 
200 and 450 rpm of rotor respectively. The outlet 
boundary was set as the pressure outlet of 0 Pa (gauge 
pressure) as shown in Figure 2. Free-slip conditions 
were applied to the top, bottom and side surfaces. 
This means that there is no wind speed gradient 
normally and no flow across the top, bottom and the 

side surfaces. For mass and momentum, the 
conservative interface flux was applied to the sharing 
surfaces of rotating and stationary domain. The 
General Grid Interface (GGI) interface boundary 
condition was used. 
 

 
Figure 2 Boundary Setup on CFX-Pre. 

 
2.2. Experimental Method 
2.2.1. Material Selection 

The working model of Archimedes wind turbine 
consist light weight aluminium sheet of thickness 
0.91 mm for fabrication of rotor instead of carbon 
fibre. Since carbon fibre glass involves casting 
process which brings convolution in fabrication and 
also it increases the cost, so we are using aluminium 
sheet which reduces the cost and also eliminates 
casting process. The rotor blades are mounted on 
aluminium shaft of outer diameter 32 mm and inner 
diameter 26 mm. The frame of rotor and base frame 
is made up of rectangular cross section pipes 
(4cm×1.5cm×0.15cm) of mild steel. The rotor and 
frame for rotor are coupled together by using boll 
bearing of specification P207-20. The frame for rotor 
and base frame are also coupled together by using 
boll bearing of specifications 6207. 
 
2.2.2. Experimental Setup 
Field test was employed to acquire few detailed 
information. The experimental model of Archimedes 
wind turbine has diameter 1.1 m. The wind turbine 
was placed in open atmosphere at an altitude of 12 
feet. Brake dynamometer was employed at the back 
side of turbine on the rotor’s shaft to measure torque. 
Digital tachometer and anemometer were used for 
measuring rotational speed of the rotor and wind 
speed respectively. Since wind direction keeps on 
changing with time so to harness maximum wind 
energy a yawing mechanism is applied without use of 
any electronic devices such as electronic sensors, 
motor, etc. For yawing mechanism, a fibre sheet is 
used which provides larger surface area for the wind 
to strike which is coming from other direction. This 
induces a side thrust which makes the rotor to turn in 
the direction of wind to utilise maximum wind 
energy. 
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Figure 3 Model of Archimedes Wind Turbine 

 
III. RESULT 
 
3.1. Results from CFD Analysis 
In this study, a commercial CFD software ANSYS-
CFX is used to predict the aerodynamic 
characteristics of the rotor spiral blade. The details of 
the flow behaviour are obtained over the wide range 
of small wind velocities of 2.5, 4, 6, 10 m/s at the 
rotational speed 80, 150, 200, 450 rpm respectively of 
the rotor.Table 1 represents the various data obtained 
through CFD analysis at various wind speeds and its 
optimum rotational speed.  

 
Table 1: Data obtained through CFD analysis 

 
 
3.2. Results Obtain from Field Test 

Table 2 represents experimental results obtained 
from the field test at various wind speed. The torque 
for the increasing wind speed has gradual increasing 
tendency. Results of the torque, for wind power 
generation through practical analysis, shows a similar 
tendency to the software analysis. 

 
Table 2: Effect of Wind Speed on Torque obtained 

through field test 

 

3.3. Comparison of Experimental and CFD Analysis 
Figure 4shows torque according to the wind speed for 
comparison of the analytical value with the 
experimental result. In case of experimental results, 
the torque for the increasing wind speed has a gradual 
increasing tendency. The results of the torque for 
wind power generation through field test showed a 
similar tendency with the analytical result. There is a 
small variation between experimental and analytical 
value of torque which shows that the harnessed value 
of torque is lesser than the torque that can be 
harnessed in ideal condition. 
 

  
Figure 4Variation of experimental and analytical value of 

torque with wind speed 
 
Two basic reasons are responsible for this decrement 
in torque obtains through field test, one is the friction 
present between rotating parts and another reason is 
side thrust. Since testing is done in open air which 
causes generation of side thrust. This side thrust 
reduces the total torque output. But in case of 
analytical value of torque, flow of wind is assumed 
unidirectional within the enclosure which acts as a 
wind tunnel, so there is no effect of side thrust.   
 
CONCLUSION 
 
Working model was employed through field test to 
scrutinize the aerodynamic characteristics on 
Archimedes spiral wind turbine. Through 
experimental study the aerodynamic characteristics 
for Archimedes wind turbine can be summarised as:-  
1. Minimum cut-off speed for Archimedes wind 

turbine is approximately 2.5 m/s which makes 
this wind turbine suitable for lower wind speed 
areas that’s why it can be used for commercial 
purposes. 

2. This wind turbine has capability to generate 
high torque at lower wind speed which makes it 
better than other type of wind turbine for small 
scale power generation. 

3. There is no need of any electronic equipment in 
the yawing mechanism used in this model which 
reduces the cost of the wind turbine. 

4. The experimental results of working model have 
resemblance with analytical result obtained by 
CFD analysis. 
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