
AMBIENT AIR as ENERGY SOURCE
  

mechanical work and cold air production

 
Abstract: 
The  Energy Transformer Device (ETD)  has a controlled and opened process which
transforms kinetic energy to mechanical work. 

The energy source is the kinetic energy of the gas molecules. (Rudolf Clausius stated
in 1857. in the kinetic theory of gases: “On the Kind of Motion which we Call Heat”) 

The kinetic energy and the shocks accelerate the gas molecules in the converging nozzle
(confuser). The kinetic energy generates mechanical work on the turbine and the rest of
the  kinetic  energy  produces  the  exhaust  with  reduced  volume  at  the  diffuser.  The
difference of the intaken and exhausted kinetic energy is equal to the extracted work. 

Using the  gas  laws’ definitions:  The  potential  energy difference  of  the  intaken  and
exhausted gas produces the extracted work on the turbine. We calculated the ETD on the
basis of the energy conservation law. 

Basic elements:
The  ambient  air  has  “potential”  energy  which  is  caused  by  the  static  pressure  and
temperature.  The kinetic  theory  states  that  the  motion  and shocks of  the  molecules
produce gas pressure on a wall and temperature which is characterized by the physical
effect of the molecule velocity on a transducer or sensor. 

The so called “potential” energy is not a static condition, it is rather a dynamic balance.

In our example we use the ambient air as the working fluid with 1 bar absolute pressure
and 273 K temperature. The ambient air consists of 78 % nitrogen, 21% oxygen and 1
%  other  molecules.  Therefore  our  sample  is  calculated  by  using  the  ideal  N2  gas
parameters. The other gas content and the friction are ignored. You can see the opened
system with confuser, turbine and diffuser units on Fig. 1. Typical molecule velocity
vectors are shown at 1, 2, 3 and 4 cross sections. The circle around the molecule shows
the end points of the velocity vectors, which is calculated as the “mean most probable
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velocity” related to the fixed reference point. The velocity values are calculated on the
basis of the modelling results.

Fig. 1. Ideal ETD system

An average molecule moves with most probable velocity to a random direction in static
gas. The endpoint of the velocity vectors define a concentric circle around the molecule
on a 2D plane. (It would be a sphere in 3D.) If we accelerate the gas by the pressure
difference,  as  the  Bernoulli  equation  defines,  the  velocity  vectors  end  on the  same
circle, but they are eccentric to the molecule. The dislocation is equal to the gas velocity
vector.  The  sum  of  the  static  and  dynamic  pressure  gives  the  total,  or  stagnation
pressure. At the stagnation point the molecule moves back to the center of the circle
while the dynamic pressure is decreasing to zero.

Most  probable  velocity  is
decreasing if we extract work
on the turbine. In this case the
circle of the vector endpoints
has a smaller diameter. At the
No.  4  stagnation  point  the
most probable velocity of the
molecule is less than it was at
intake and the temperature is
lower also. The molecules are
located closer to each other in
a  colder  gas,  so  the  motion
energy  reduction  is
compensated  by  the  number
of the shocks. 

Fig. 2. ETD test equipment
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Red vectors: initial most probable velocity of the molecules (R. Clausius-motion)
Green vectors: velocity of the accelerated gas/air before the turbine
Blue vectors: results of the acceleration and deceleration related to the fixed point
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The shock effect (pressure) on a defined surface can be equal if the velocity of the
molecules is smaller, but the number of the molecule shocks are higher. You can see a
test model on Fig. 2. to study the energy conversions.

The model calculations are presented on the following web sites:
https://www.researchgate.net/publication/295919756_Energy_Transformer_Device
https://www.researchgate.net/publication/301691639_Energy_Transformer_Device_II
http://www.magaimotor.magai.eu/transformer.php

The energy balance of the ETD cycle:
u1  – w – u4 = 0

Where u1 is the sum of the intake volumetric work at point 1 and the internal energy of
the working fluid,  w is the extracted physical / mechanical work of the shaft and u4 is
the sum of the exhaust volumetric work and the internal energy of the working fluid at
point 4. 

If we extract reasonable amount of mechanical energy (20-60% of the total) from the
total energy of the working gas, the rest of the dynamic energy is enough to compress
the cold gas to the stagnation pressure ps4. 
The specific volume of the working gas at point 1 is larger than it is at point 4. The
difference of the volumetric works is extractable by the shaft for mechanical/physical
work. If we don't extract energy by work on the shaft,  w = 0, then  ETD works as a
Venturi tube.
There  is  an  example  for
the  ETD with  radial/axial
turbine  and  disc  diffuser
on Fig.3. 

The  turbine  has  axial
intake  and  radial  exhaust
to  the  diffuser.  The  cycle
of  the  Energy  Transform
process  is  closed  by  the
ambient air. The intake has
u1 energy  input  from  the
atmospheric  air  and  the
exhaust  has  u4 energy
output  to  the  atmospheric
air with less temperature

Fig. 3. 

and volume than the input had. The difference of the  u1  and u4  energy is equal to the
extracted mechanical work.
The friction dissipates energy in a real situation, so some percentage (20-30%) of the
extracted work is expected to be used to keep the pressure difference (point 1-2) and
accelerate the gas to close the cycle. 

The cycle efficiency: η = w/(u1– u4) 

The theoretical ideal cycle efficiency is η = 100%. 
The projected real efficiency is between η = 50% and 80%.
In real practice there is some lost (heat) energy because of the frictions and the partial
isolations. 
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Test model of the ETD is on Fig. 4. There is an additional blower to extract work on the
shaft of the turbine and feedback to the cycle.

Fig. 4.

Suggested application:

 Electric power generation in  the ambient  air  in  the temperature  range of
-80oC to 100 oC. ETD with 1.3 m turbine diameter is projected to produce 1.8 –
2  MW.  The  600  000  m3/h  air  volume  current  has  15-25  oC  temperature
reduction. 

 Cooling in the temperature range of -50 oC to 200 oC in 1 or more stages with
no  need  for  electric  energy  input.  1  stage  produces  15-25  oC  temperature
reduction  on  ambient  air  pressure.  (Electric  or  heat  output  is  possible  upon
request.)

 Engine  /  turbine  for  vehicles: ETD  with  300  mm  turbine  diameter  is
projected to produce 80 – 100 kW. The 32 000 m3/h air volume current has 15-
25 oC temperature reduction. 

Hungarian application for patent: P1500626

Web site: www.magai.eu                                                       

Copyright: Istvan MAGAI, 2016.
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