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Abstract— this paper deals with the design and fabrication of 

the modified form of Archimedes Spiral wind turbine which is a 

new type of Horizontal Axis Wind Turbine (HAWT) that can 

utilize the kinetic energy from wind energy. The modified 

Archimedes wind turbine is a special structure determines the 

special aerodynamics characteristics of small scale wind 

turbines.  The design of the modified form of Archimedes wind 

turbine is done by implementing NACA 2412 airfoil designed 

using OPENSCAD and CATIA software package. The 

fabrication of the Archimedes spiral wind turbine involves rapid 

prototyping using Prusa i3 MK2 3D printing machine with ABS 

(Acrylonitrile-Butadiene-Styrene) as its material. The analysis 

comprises of experimental analysis using wind tunnel tests and 

field tests whereas CFD analysis performed using STAR CCM+ 

software package. The comparison of the traditional Archimedes 

wind turbine with its modified version is done the using 

experimental and computational fluid dynamics (CFD) results 

obtained. The torque obtained increases with increase in wind 

speeds and is greater than the Archimedes wind turbine without 

airfoil. The aerodynamic power for the modified Archimedes 

wind turbine obtained is also apparent to the fact that wind 

turbine works good for low speeds with a considerable reduced 

noise. The results obtained from the experimental and analytical 

shows good resemblance and thus the objective of modifying the 

Archimedes wind turbine meets the requirements for the 

fluctuating wind speeds and noise reduction. 
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I. INTRODUCTION 

he demand for the power around the world is 

continuously increasing day by day, as the conventional 

sources of energy is limited and decreasing very fast. Wind 

energy is a source of renewable power which comes from air 

current flowing across the earth's surface. Wind turbines 

harness this kinetic energy and convert it into usable power 

which can provide electricity for home, farm, school or 

business applications on small (residential), medium 

(community), or large (utility) scales [1]. We come across 

many wind turbines manufactured by different companies in 

our day to day life. Many of the wind turbines are three bladed 

and horizontal axis wind turbines. In 2009, Timmer and Toet 

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 [2]. However, the numbers of blades, 

the planform and the power loading, the airfoil sections are of 

most importance for the performance of a windmill. Here 

maximum L/D ratios are desired to maximize efficiency, 

taking into account, that the surface of a wind turbine will not 

be perfectly smooth during the whole life span of a windmill - 

the airfoils should have good L over D values with rough 

surfaces also. For the special case of a fixed pitch windmill, 

the characteristics of the airfoils are controlling the power 

versus wind speed performance curve. To avoid over speed 

conditions, the maximum power of the windmill has to be 

strictly limited, which can be achieved by a specially designed 

airfoils. These airfoils present a distinct, but not necessarily 

hard primary stall, which leads to a limitation of the maximum 

power of the windmill. To avoid noise and structural problems, 

the airfoils have been designed to have a soft post stall 

platform, followed by a soft secondary stall. In this paper, an 

experimental approach was adopted to design a small scale 

Archimedes wind turbine based on the aerodynamic principles, 

implementation of airfoil profile on the design and fabricate 

the wind turbine for real time experimental observations over 

the Archimedes wind turbine. Computational fluid dynamics 

(CFD) analysis method was used to pore over the 

aerodynamic characteristics of the Archimedes spiral wind 

turbine blade.  

II. DESIGN AND FABRICATION 

The methodology of this investigation involves the usage 

CATIA software which is used to design the Archimedes 

wind turbine model. Modifications on the model by 

implementing NACA 2412 airfoil is done by using 

OPENSCAD software which is open source software to create 

3D CAD models. The fabrication of the Archimedes wind 

turbine is done using 3D printing or rapid prototyping which 

is made by using ABS (Acrylonitrile-Butadiene-Styrene) 

material for its printing. The model is fabricated using Prusa 

i3 MK2 rapid prototyping machine having dimensions 

(166.97 x 165.73 x 200 mm) which is a scaled model. It 

makes use of ABS material in 3D printing machine with ABS 

(Acrylonitrile-Butadiene-Styrene) material which is an opaque 

thermo-plastic material. This material produces strong and 

durable prints and offers good resistance against heat and 

chemicals. It is considered superior for its hardness, 

gloss, toughness, and electrical insulation properties. ABS is 

an ideal material wherever superlative surface quality, 

colourfastness and lustre are required.  

T 
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Fig. 1 Fabricated model using 3D printing 

III. EXPERIMENTAL AND COMPUTATIONAL METHODS 

3.1. Experimental  Method 

The experimental analysis basically deals with the wind 

tunnel tests and field tests. The wind tunnel test deals with the 

placing of the model in a 600x600 mm cross section model. 

The Archimedes spiral wind turbine having diameter 160 mm 

and its modified version having diameter 200 mm, both are 

mounted inside the wind tunnel. The wind tunnel is calibrated 

for speeds starting from 3 m/s, 4m/s, 5m/s and so on up to 8 

m/s and rotational speeds at 115,125, 150 etc up to 250 rpm 

with not so high rotational speeds such that it does not damage 

the structure of the Archimedes wind turbine. The 

measurements are taken using digital tachometer and thermo 

anemometer. Other one is the field test which involves the real 

time experience of the modified Archimedes wind turbine 

where the wind turbine is placed 0.9144 m above the ground 

towards the approaching wind. 

3.2. Computational  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 

[3]. The mesh of the Archimedes wind turbine model is made 

up of polyhedral mesh elements. The mesh size is around 4.7 

lakh elements. Fig. 2 shown below gives the polyhedral mesh 

of the Archimedes wind turbine whereas the Fig. 3 shows the 

modified Archimedes wind turbine made up of 7.8 lakh mesh 

elements. 

 

Fig. 2 Mesh formed using polyhedral elements for Archimedes wind turbine. 

 
Fig. 3 Cross sectional view of mesh formed using polyhedral elements for 

modified Archimedes wind turbine 

 

To achieve a better and converged solution, a polyhedral 

mesh is used. The main advantage of polyhedral mesh is it can 

have many neighbour cells even along the adjacent corners of 

polyhedral cells is likely to have couple of neighbour cells 

which gives a better gradient and local flow distribution. This 

strong computing operation can lead to high accurate results. 

These cells can be automatically joined split or modified by 

introducing addition points, edges and foci  and where as in 

tetra stretching of the cells are impossible only for verity 

special type of cell for a benefiting of better results different 

types of  hedra cells are used but for all type of cells to solver 

is same.  Grid independence study is done for velocity at 3.5 

m/s with 3.2, 4.7, 5.2, 6.3 lakh elements. The results obtained 

for 4.7 lakh elements perfectly matches with the experimental 

results. Thus 4.7 lakh elements were used for the 

computational analysis of the Archimedes wind turbine. 

Similarly 7.8 lakh elements were used for the computational 

analysis of the modified Archimedes wind turbine. 

IV. RESULTS AND DISCUSSIONS 

4.1. Experimental Results  

The Fig. 4 shows power as a function of angular velocity 

for modified Archimedes wind turbine. It shows that the 

power increases with increase in angular velocity, from this it 

can be inferred that power is directly proportional to angular 

velocity. The Fig. 5 shows power as a function of Rotational 

speeds for modified Archimedes wind turbine. It shows that 

the power is increasing with the increase in Rotational speeds. 

 

 

Fig. 4 Power as function of angular velocity for modified Archimedes wind 

turbine and unmodified Archimedes wind turbine 
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Fig. 5 Power as function of rotational speeds for modified Archimedes turbine 

and unmodified Archimedes turbine 

 

Fig. 6 Variation of modified and Archimedes spiral value of Torque with 

wind speed 

 

The Fig. 6 shows the variation of modified spiral and 

Archimedes spiral value of Torque with wind speed. It shows 

that the modified spiral has the higher Torque when compared 

to Archimedes spiral with increasing wind speeds. 

4.2. Computational Results 

The CFD analysis done over the Archimedes wind 

turbine and modified Archimedes wind turbine clearly 

shows how the velocity and pressure distribution takes 

over it. The results obtained from CFD analysis are 

compared with the experimental ones so as to check 

validation of results. 

 
Fig.7 Pressure contour over the Archimedes wind turbine 

 
Fig. 8 Pressure contour over the modified Archimedes wind turbine showing 

cross sectional view along horizontal and vertical axis. 

 

When the blade is rotating in clockwise direction, 

there is a pressure difference between the pressure side and 

section side due to the spiral surface of the blades. The 

pressure difference and torque,  in genaral the front side of the 

blade has higher pressure while the corresponding rare side 

section  has lower pressure. On comparing Fig. 7 and Fig. 8 

the pressure difference obtained in modified Archimedes 

spiral wind turbine will be very large when compared it with 

the  unmodified Archimedes spiral wind turbine. When the 

inflow velocity through the modified Archimedes wind 

turbine increases, the pressure difference across the section 

becomes larger. The pressure difference is large at blade tip 

but small at the root region. This means that most of energy 

can be obstructed near the tip like a Horizontal Axis Wind 

Turbine (HAWT). For both the cases, the pressure difference 

between two sides at a section increses towards the tip  of 

each blade and the rare side pressure is negative, so that thrust 

force can be exerted by the turbine blade and finally to the 

shaft.  
 

 
 

Fig. 9 Velocity contour for the Archimedes wind turbine 
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Fig. 10 Flow direction shows in which direction the wind turbine is rotating in 

clockwise direction. 

 

 
Fig. 11 Velocity contours for modified Archimedes wind turbine (a) front 

view (b) side view. 

 

The high velocity was observed in the vicinity of rotor tip 

in the calculation domain because of the spiral effect, the 

velocity from leading edge increases at the inner side of each 

blade. Archimedes zone with lower speeds was also observed 

in the wake regions because the incoming air flow was 

blocked by the hub cone and rotor. A circular accelerating 

zone existed behind the rotor, which resulted in a low pressure 

near the wall of the rotating domain. A low speed region 

formed behind the hub of the rotor, indicating the wake region. 

The size of the circulating zone was approximately 1.5 times 

diameter long from the back side of the rotor and maximum 

width of the wake region was equal to the rotor diameter. 

High velocity was observed in the modified Archimedes wind 

turbine by comparing the Fig. 10 and Fig. 11. 

 

4.3. Comparison of Experimental and CFD analysis 

The experimental results obtained from the wind tunnel 

test at various wind speed starting from 3 m/s and ending up 

to 8 m/s suggests torque for the increasing wind speed has 

gradual increasing tendency.  The smoke flow visualization 

clearly shows the flow separates at the tip of the Archimedes 

wind turbine blade but for the modified Archimedes wind 

turbine the flow tries to attach to surface of the blade, thus 

overcoming more of air gushing through the trailing edge of 

the airfoil section. The Archimedes wind turbine rotates in 

clockwise direction as the wind flow approaches it. The 

aerodynamic power increases with increase in angular 

velocities for both the forms of Archimedes wind turbine. The 

aerodynamic power also increases with increase in wind 

speeds. The highest aerodynamic power for the modified 

Archimedes wind turbine observed at 8 m/s is 9.85 watts with 

angular velocity about 96.81 radians/ second . The modified 

Archimedes wind turbine also works at low cutoff speeds 

around 3 m/s just as the Archimedes wind turbine without the 

airfoil implementation. According to the Betz Limit [1], the 

theoretical maximum coefficient of power for any wind 

turbines cannot convert more than 59.3% of the kinetic energy 

of the wind into mechanical energy rotating the wind blade. 

Good wind turbines usually lie in the 35~45% range of 

electricity. However, the kinetic energy of the airflow through 

wind turbine has also short fall in velocity. There is a 

separation of flow on the surface because of the tip vortices. 

There is a large amount of vortex structure which comes out 

from the divergence behind wind blade. The modified 

Archimedes wind turbine holds good in this situation as the 

implementation of airfoil over the spiral wind turbine 

converges the air behind the wind blade. The modern urban 

wind turbine uses three blade & Darrieus wind turbine blade 

have high efficiency at high tip speed ratio ranges. This 

suggests that high efficiency can be obtained when the wind 

speed is high. While comparing with the aerodynamic 

performance regarding the Archimedes wind turbine, it can be 

inferred that modified Archimedes spiral wind turbine is 

suitable design for urban use. 

V. CONCLUSION 

The In this study, every aspect from design to analysis and till 

final experimentation is considered. During the study, All is 

the main objective of Archimedes wind turbine were 

investigated. Many wind turbines have been designed & 

utilized but this turbine is different. It is designed to work at 

low winds and with less noise. 

The aerodynamic studies that were carried out are as follows:- 

 The wind tunnel experiments conducted on the 

Archimedes wind turbine shows that wind turbine 

performance is purely based on the rotational 

velocity than design configurations. Archimedes 

spiral wind turbine employed and modified using the 

NACA 2412 airfoil also shows the resemblance of 

the performance as per the constant and variable 

wind speeds. 

 It also shows that the power co-efficient is the 

function of the tip speed ratio. 
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 The modified Archimedes wind turbine uses the 

concept of both lift and drag; hence the spiral wind 

turbine is aerodynamically stable. 

 For lower air or wind speed conditions, this 

Archimedes spiral wind turbine for urban usage such 

as 3 to 6 m/s, the observation is satisfactory. 

 Archimedes wind turbine with direct and absolute 

facing to the wind direction desires to be more 

effective. 

 The most important factor for implementing the 

Archimedes wind turbine is for its sensitivity and 

noise reduction, and these two parameters have been 

satisfactorily accomplished. 

 

REFERENCES 

[1] Ho Song Ji, Joon Ho Baek, Rinus Mieremet, Kyung Chun Kim, “The 

Aerodynamic      Performance Study on Small Wind Turbine with 500 
Watt class through Wind tunnel Experiments” International Journal at 

Renewable Energy Sources. 

[2] Kyung Chun Kim, Ho Seong Ji, Yoon Kee Kim, Qian Lu, Joon Ho 
Baek and Rinus Mieremet, “Experimental and Numerical Study of the 

Aerodynamic Characteristics of an Archimedes Spiral Wind Turbine 
Blade” Energies, 2014.  

[3] Shashank Chaudhary, Shubham Jaiswal, Richa Nanda, Saurabh Patel, 

Parmod Kumar, Vaman dhar, Rajat Dixit,” Comparison of torque 
characteristics of Archimedes wind turbine evaluated by analytical and 

experimental study” International Journal of Mechanical And 

Production Engineering, ISSN: 2320-2092, Volume- 4, Issue-8, Aug.-
2016. 

[4] Drs.M. Mieremet, Kyung Chun Kim, Dr.JoonHo Back, HoSeongJi, 

“The Aerodynamic Method of the Archimedes wind turbine” Power 
Solution 27th May 2014. 

[5] Shailesh P. Patankar, Samir J. Deshmukh, Rucha R. Kolhekar, 
“Theoretical Analysis of   Horizontal Axis Wind Turbine for Low 

Wind Velocity”, International Journal of Innovative and Emerging 

Research in Engineering Volume 2, Special Issue 1 MEPCON 2015. 
[6] Shivam Saxena and Rahul Kumar, “Design of NACA 2412 and its 

Analysis at Different Angle of Attacks, Reynolds Numbers, and a 

wind tunnel test”, International Journal of Engineering Research and 
General Science Volume 3, Issue 2, March-April, 2015. 

[7] Aditya Kumar & Dr. J.P. Mani, “Design and Calculation of 

Coefficient of Lift and Drag for Helix Wind Turbine using 
Solidworks and Ansys Fluent” Imperial Journal of Interdisciplinary 

Research (IJIR) Vol-2, Issue-7, 2016. 

[8] Michael Muskulus and Sebastian Schafhirt, “Design Optimization of 
Wind Turbine Support Structures—A Review” Journal of Ocean and 

Wind Energy (ISSN 2310-3604). 

 


