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Abstract - The Atmospheric Vortex Engine (AVE) is a device for producing an artificial vortex which works on the 
principle of thermal energy transfer in the atmosphere. The operation of AVE is based on the fact that the atmosphere is 
heated from the bottom and cooled at the top. Here, the vortex is produced by admitting air tangentially at the base of a 
circular wall. Thermal energy transfer in the atmosphere occurs from a high temperature zone to a lower one by means of 
convective vortices where mechanical energy is produced.  
The procedure could turn into a major source of clean energy and could give different advantages, for example, precipitation 
and cooling. Vortex engines would help mitigate the phenomenon of global warming by decreasing fuel utilization or by 
facilitating upward heat convection. It would harness the processes responsible for tornadoes and hurricanes. 
The geometrical parameters considered in the making of the model provide a decent starting point to future designs. This 
research also serves as a forerunner for future research. 
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I. INTRODUCTION 
 
The demand for power has increased many fold these 
days and the requirement for a superior,dependable 
and cleaner source of energy has become essential. 
The air vortex engine is a new way of meeting our 
power needs for sustainable, renewable energy from 
natural forces. Just as sunlight, wind, wave and tidal 
energy, the air vortex engine harnesses another great 
force of nature: the “latent” heat stored in our 
atmosphere itself to generate electricity. 
 
The great idea behind the Atmospheric Vortex 
Engine (AVE), primarily introduced by Louis M. 
Michaud, a Canadian Power Plant Engineer, is to 
eliminate the need for large physical chimneys used 
in cooling towers or draft towers and instead use the 
wasted heat to produce a vortex whose energy can be 
tapped using turbines[1,2].  
 
The AVE has the same thermodynamic idea as the 
solar chimney. A solar chimney consists of a tall 
vertical tube, a transparent solar collector surrounding 
the base and a turbine located at the inlet of the tube. 
One of the factors influencing the heat to work 
conversion efficiency of a solar chimney is the height 
of the chimney. The efficiency is directly 
proportional to the height. For example, the 
Manzanares solar chimney built in Spain in the 
1980’s with a 200 m tall chimney, diameter of 10 m 
and solar collector of diameter 250 m had a heat to 
work conversion efficiency of 0.2% and the proposed 
EnviroMission chimney in Australia has a 1000 m tall 
chimney with a diameter of 130 m and a solar 
collector of area 40 km2 has a heat to work 
conversion efficiency of 3%. The costs of building 
high chimneys limit their height and in turn their 

efficiency. [3] According to an article in Energy 
Manager, “the vortex couldhave a diameter of 30 m at 
the baseand could extend to a height of up to 15km. 
An AVE could generate 200 MWof electrical power.” 
 
The AVE uses the characteristics of tornadic flow and 
the physical wall of a chimney is replaced by the 
centrifugal force of an artificially generated vortex, so 
the efficiency is not limited by the physical height of 
the chimney. Also power generation cost is lowered 
by saving the construction cost of the chimney. [4] 
 
This research aims to analyze the feasibility of using 
the AVE model domestically for electrical power 
generation, review natural convective vortices and 
vortex creation via physical principles of vortex 
generation and identify suitable inlet - outlet 
configurations. It is examined if generating power 
from the residual heat sources of households/ 
industries/ thermal power plants is feasible.  
 
The working of AVE is based on the principle that 
the atmosphere is heated from the bottom and cooled 
at the top. The vortex is produced by admitting the air 
tangentially at the base of a circular wall. Thermal 
energy transfer in the atmosphere occurs from a high 
temperature zone to a lower one by means of 
convective vortices where mechanical energy is 
produced. 
 
The warm humid air enters the AVE in the sides 
through entry ducts, and it is directed to flow in a 
circular fashion. As the air whirls around, a vacuum 
forms in the center, which holds the vortex together 
as it extends.The circulating warm air creates vortex, 
drawing in more air and turning the turbine to 
generate power. The concept is similar to a solar 
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chimney with the swirling walls of the vortex 
replacing the brick walls of the tower. 
The heat required to sustain the vortex once 
established will be the naturally occurring heat 
content of surrounding air. A central circular opening 
in the roof forces the air in the cylinder to converge. 
This results in the formation of the vortex.Louis 
Michaud has sought to harness this energy by 
creating man-made tornadoes that can be controlled 
and used to obtain energy [8]. The principles are well 
understood and the numerical simulations were 
prepared well back in 1990s by Grasso L. D and 
Cotton W. R[6]. Although the technology has been 

demonstrated many times at small scale by numerical 
simulation and CFDa full scale model is yet to be 
built. 
 
A fully functioning prototype, Fig. 2, the largest 
(around 12 feet in diameter) with vortex about 60 feet 
high had been made by Canadian engineer Louis 
Michaud in partnership with AVEtec Energy 
Corporation [4]. The Vortex Engine uses the same 
reservoir of energy that powers thunderstorms and 
tornadoes — but controllably. The airflow is readily 
harnessed to drive turbines that then drive generators. 
[9] 

 

 

 
Fig. 1 Comparison between Manzanares Solar Chimney, Enviromission Solar Tower and Atmospheric Vortex Engine. 

 

 
Fig 2. Functioning prototype with vortex about 60 feet high 

 
II. METHODOLOGY 
 
Although numerous investigations were done 
pertaining to this particular topic, a model that can be 
installed for commercial use is yet to be 
manufactured. This thesis is intended to serve as a 
forerunner for a compact Atmospheric Vortex Engine 

that can be used domestically as well as industrially 
to tap energy from wasted heat. It is proposed that 
AVE can be used in our daily lives where a lot of 
energy is just wasted to the atmosphere. The energy 
conversion losses of the industrial power plants and 
waste heat from household fireplaces and chimneys 
could act as a source for the AVE. It was in such an 
attempt, we devised the following methodology for 
addressing the various issues. 

 
Fig 2 Proposed design and Working of AVE 
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1. Existing models that were designed for 
laboratory use were studied. 

2. Four models to be designed that serve to provide 
the incoming hot air, the whirl it needs. 

3. The models to be analyzed numerically and 
results interpreted. 

4. One model to be finalized and the simulated 
results to be extended to see the effect of 
installation of Motors. 

 
Out of the four models the one which shows 
promising results and better output velocity for power 
generation can be finalized for practical study. 
 
III. MODELLING 
 
Four models are created (two preliminary models and 
two extended versions) for channeling the incoming 
cold current to generate vortex using the following 
gambit conditions in mind: 
The diameter of the roof opening could be 30% of the 
diameter of the cylindrical wall. The diameter of the 
vortex at the roof level could be 10 to 50% of the roof 
opening diameter. The height of the arena could be 
30% of its diameter. The height of the tangential 
entry is approximately half of the height of the arena. 

[5] The purpose of the cylindrical wall is to force the 
air to go through the tangential entry ducts and to 
prevent ambient wind from disturbing the vortex until 
it is well established. The cylindrical wall could have 
a constant diameter or a diameter that varies as a 
function of height. Some of the air could be routed to 
the center of the vortex via ducts located under the 
cylinder floor to make the pressure downstream of the 
turbines approach that at the center of the vortex. [5] 

Computational Fluid Dynamics analysis of the four 
models are studied and analyzed thoroughly using 
ANSYS-Fluent software. 
 

3.1 Solid Part Design 
 
The main challenge here was to completely 
understand what causes a tornado and what is that we 
need to artificially simulate one in the laboratory. The 
knowledge gained through studying different 
laboratory models [5] [6] [10] proved vital in the design. 
These models under scrutiny were supposed to be 
taking in hot air as inlet and due to the whirl provided 
by the model geometry, the vortices were supposed to 
extend high aided by convective currents caused due 
to a temperature gradient. The modeling was done 
using SolidWorks 2016. 

 
3.2 Francis Model I 
 

 
 
 

Fig 3 Finished solid model – Francis Model I and Parameters 
 

 
 

Fig 4. Francis Model I dimensions 
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3.3 Deflector Model I 

     
 

Fig 5. Finished solid model and its parameters - Deflector Model I 
 

 
Fig 6. Deflector Model I dimensions 

 
3.4 Francis Model II 

 
 

Fig 7. Finished solid model and parameters - Francis Model II 

 
Fig 8. Francis Model II dimensions 
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3.5 Deflector Model II 

 
Fig 9. Finished solid model and its parameters - Deflector Model II 

 

 
Fig 10. Deflector Model II dimensions 

 
IV. ANALYSIS 
 
The commercial Computational Fluid Dynamic 
software, Fluent 17.2 was used for 
the 3D numerical simulation. The software uses the 
Finite Volume Method (FVM) to 
discretize the equations of motion (i.e. Navier-Stokes 
equation, continuity equation and 
energy equation) and the segregated implicit solver 
option was employed to solve the equations. Since 
the flow was mainly due to natural convection 
(buoyancy driven flow), Fluent was setup to employ 
Boussinesq model while defining air characteristics to 
solve the discretized equations. 
 
Boussinesq Model 
This model assumes density (ρ) as a constant value in 
all solved equations,except the buoyancy term in the 
momentum equation. The Boussinesq approximation 
 
ρ = ρo(1- βΔT) 
 
is used to replace the density from the buoyancy term, 
where ρo is theconstant density, β is the thermal 
expansion coefficient and ΔT = (T – T0) is 
thetemperature difference between actual and 

ambient temperature. Thismodel was used in the 
current Air Vortex Engine simulations. The 
Boussinesq approximation is onlyvalid when β (T - 
T0) <<1, and in the current simulations, 
β = 0.0035 T-1, T = 325 K, T0 = 300 K.  
Thus β (T - T0) = 0.0035 (325 – 300)= 0.0035 x 25= 
0.0875 << 1 
 
Simulation Setup 
At first for testing purposes, a steady state pressure 
based solver was used. Later on, after correcting the 
under-relaxation factors, a suitable time step size was 
taken and transient analysis was done. Models – 
Energy Equation, Viscous – Standard k-ε with 
Enhanced Wall Function 

Boundary 
Name Condition 

Sidewalls Pressure Inlet ( ∞ܶ = 300 K, 
Pressure = 101325 Pa) 

Base Free-Slip Wall 

Inlet Pressure Inlet ( ௦ܶ = 325 K, 
Pressure = 101325 Pa) 

Outlet Pressure Outlet ( ∞ܶ = 300 K, 
Pressure = 101325 Pa) 

Table 1. Boundary conditions. 
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Solution Methods 
Pressure – Velocity coupled SIMPLEC scheme was 
adopted. The gradient is Least Squares Cell Based 
and second order upwind schemes were adopted for 
pressure, momentum, turbulent kinetic energy, 
turbulent dissipation rate and energy. The transient 
analysis followed a second order implicit scheme. 
 

Rayleigh Number 
Since our flow physics involves buoyancy-driven 
flow (free/natural convection), it is paramount that we 
calculate the Rayleigh number to determine the form 
of heat transfer. 
Rayleigh Number (Ra) =  β (౩ ି ∞ ) ୶య

να
 

 Francis Model I Deflector Model I Francis Model II Deflector Model II 

Rayleigh Number 2.4368 x 108 0.38811 x 108 0.63887 x 108 0.63887 x 108 

Table 2. Rayleigh number 

 
Under-Relaxation Factors 
Based on residuals after sample steady state iterations and by trial and error, thefollowing URF were finalized. 
 

 
Table 3. Under-Relaxation factors 

 
RESULTS AND DISCUSSIONS 
 
Assessing the most viable model 
After analyzing all the results in comparison with each other, the following observations were made - 

 
Table 4. Comparison across all models for best vortex 

 
Table 4 shows that only Francis Model II had achieved convergence and proper whirl. The following figures 
show the various contours and plots achieved for the said model. 
 
It can be seen from Fig. 11 that the pressure varied from 101324.92 Pa to a maximum of 101325.00867 Pa. 
Most of the pressure variation is seen inside the chamber and is mostly uniform throughout the vortex envelope. 
 
The velocity vectors highlight the variation in velocity vector magnitudes. Fig. 13 shows that The peak velocity 
achieved is 0.336 m/s. 
 
Fig 14 shows that Convergence criteria were met after a few thousand iterations and the simulation was 
continued till a flow time of 300 s. 
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Provisions were then made to house the DC Generators, turbine fans and wires. Brushless DC Motors were used 
and the analysis was done again for Francis Model II. Following was observed. 
 
It was seen that the peak velocity after housing 8 DC motors in the inlets came down to 0.310 m/s. 
 

 
Fig. 11 Contours of Static pressure (pascal) - Plan - Francis 

Model II 
 

 
Fig. 12 Contours of Velocity magnitude (m/s) 

 

 
 

Fig 13 Velocity vectors colored by velocity magnitude (m/s) – 
Plan – Francis Model II 

 
Fig14.  Residuals plot – Francis Model II 

 

 
Fig 15. Velocity vectors colored by velocity magnitude (m/s) - after 

motors attached 

 
Fig 16. 3D Velocity streamline from domain sidewalls. 
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CONCLUSION 
 
From this study, it is found that AVE design has the 
capacity of creating vortex. It can be applied for large 
scale power generation by this method. From the 
computational outcomes one can assure that the 
plausibility of AVE in real case is conceivable and it 
is not conceptual any more. 
 
The upside of AVE is, there is no carbon outflow and 
it is eco-friendly as it uses only the latent heat stored 
in the atmosphere for power generation. It facilitates 
cloud formation, increased precipitation, global 
cooling and reduction of local surface temperature. It 
is non-risky and it can utilize the domestic and 
industrial effluents. Large industrial plants commonly 
reject heat at temperatures in quantities sufficient to 
sustain a convective vortex. The height of the tower 
and some noise created during the vortex formation 
are few of the disadvantages. 
 
The numerical simulation for the Model II – 
Extended model delivered results as expected even 
for a temperature difference of 25˚ C. However, Dr. 
Diwakar Natarajan’spaper [7] suggests that the 
strength of the vortex, and thus the pull it creates at 
the inletsis directly proportional to the temperature 
gradient. In a household chimney, if themodel is 
installed as close to the fireplace as possible, the inlet 
air/smoke wouldreach a temperature of 
approximately 250-300˚C and the ambient 

temperature willnot exceed 60˚C. This gives us a 
gradient of approximately 200˚C and even more inthe 
case of industrial chimneys. 
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