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Abstract

In this article I show a relatively simple system that can provide a net power that comes
from the atmospheric pressure. The system uses the pressure of a water column, and two
other external devices to create a cycle that has a net power output. The potential use of
such system is probably limited by many technical factors, but the system serves as an
example of how power can be extracted continuously from the atmosphere.

1 Description

Let's consider an horizontal cylinder with a piston that can run into it without friction. The
cylinder is surrounded by air at the atmospheric pressure. The right section of the cylinder
contains initially air at the atmospheric pressure and temperature. The left section instead
is filled with water coming from a big reservoir placed at a greater height respect to the
median line of the cylinder. When the piston is left to go the water pressure pushes it
towards right and the air in the cylinder gets compressed. The piston accelerates but after
reaching a maximum speed it starts to decelerate and eventually stops. At this point the
air has the maximum compression. Let's suppose that the piston now is anchored to
something that keeps it at this position, and that a valve on the right section of the
cylinder is opened. The compressed air can exit and expand doing some work on an
external device. When the expansion has finished we close this valve, and open another
valve that lets the external air enter into the cylinder, with atmospheric pressure. The
cylinder now has atmospheric pressure inside, then we can push the piston towards left
and bring it to the initial position, pumping the water back into the tank, and this requires
a work from the motor. When the piston has returned to its initial position we have
completed a cycle, and in this cycle there has been work done by the compressed air to
another device, and work done by our motor to push the piston back. If the work done by
the air is greater than the work done by the motor we have obtained a net work towards
another device, or a net energy.
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Figure 1:Basic system

2 Active phase

The active phase starts with the right face of the piston at distance b respect to the right
internal wall of the cylinder. Valves 2, 3 and 4 are closed and valve 1 is open. Let A be
the area of the piston. More precisely the area of the right face is a bit smaller than A
because of the piston's shaft, but in this analysis we neglect this. The initial volume of the
air inside the cylinder is Vj = Ab. The initial air pressure is equal to the atmospheric
pressure p,. We suppose that the pressure of the water in the cylinder is constant and
equal to p, = p, +p; where p; = pgH is the hydrostatic pressure. Let p be the
pressure of the air in the compression chamber. Taking the x axis directed towards right,
with the origin at the initial position of the piston, the equation of the motion of the piston
during the active phase is:

mi = (p. —p)A (1)
or.

mi + pA =F, (2)
with:

Fy = (py +p1)A (3)

Here we suppose that B, is constant. A more detailed analysis would consider also the
motion of the water inside the cylinder but in this first analysis we just suppose that the
water pushes with constant pressure. By multiplying the equation by the speed & and
integrating between the initial time and the time ¢ we have:

t t t
/ mEdT + / Apidr = F, / &dr (4)
0 0 0

The second integral is the work done on the air:

fo il — f% ¥ odV = w(t) (5)

and with the initial conditions (0) = 0 and £(0) = 0:
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1
3 mv? + we(t) = Fux (6)

At the point z,, of maximum compression the piston's speed is zero so the relation
between the work done to compress the air up to the point of maximum compression and
the distance traveled by the piston is:

Wa — Fawm (7)

It is convenient to define the dimensionless compression factor:

g=m (8)

b
s0:
W, = Fyb¢ (9)
or:
Wa = (py + p1)AbE = (pg + p1) Vol (10)
3 Air energy

When the internal air is compressed its internal energy increases. If the cylinder does not
remove any heat from the compressed air then the internal energy of the air increases of
the amount W,. When the air is left free to expand and return to the atmospheric
pressure it will do a work equal to this. Ifthere are heat losses the internal energy
increases less than this, so when the air expands it will do a smaller work, but during the
expansion the air could also reabsorb the heat from the surroundings and so its work
could increase.

4 Push phase

After the air has exited the input valve 3 can be opened and other air enters into the
chamber, bringing the air pressure to the right of the piston to the atmospheric value. Now
we can push the piston using an external force Fg to bring the piston back to the initial
position. The equation for the push phase is:

mi = F, — F, —pyA (11)
or:
mi=p,A—F, (12)

The atmospheric pressure inside the cylinder cancels the atmospheric pressure that pushes
on the free surface of the water in the tank. The external force Fe created by the motor
does not need to be constant, actually it has to vary during the push phase in such a way
that the piston arrives to the initial position with zero speed. Anyway we can calculate the
work done by the motor in the push phase. For this let's take the time origin at the
beginning of the push phase. Let £, be the duration of the push phase, i.e. the time
required to bring the piston back at x = (0. Multiply the equation by the speed & and
integrate fromt = 0 tot =£,:
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tp tP tp
/ miidr = f p, Aidr — f F.idr (13)
0 0 0

the last integral is the work done by the motor in the push phase, consider that F, > 0
and & < 0:

tp
sz—f F.idr >0 (14)
0

so with the conditions 2(0) = 2, 2(tp) = 0 and £(0) = 0:

1
3 mv(tp)2 = —p, Az, + W, (15)

but at the instant ¢, the piston must stop again and so:

W, = p, Az, (16)
or:

Wy = p Vo€ (17)
5 Energy balance

At the end of a cycle then the piston has returned to its original position, inside the
chamber there is again air at pressure p, and volume Vj, the machine has taken a work
Wy from the motor and the compressed air has delivered a work W, to the external
device, and W, is greater than W),, the difference is:

Wn = Wa - I/Vp =p0V(')tE (18)

This is exactly the work done by the external air on the piston during the push phase, so
we can say that the net energy of the cycle comes from the atmosphere.

Since Wy > W), in theory we could use the energy W, to power the motor, and we still
would have a net energy W), available for other devices, which means that this system is
a generator of free energy. In practice there would be energy losses due to the
temperature rise, and the conversion of the compressed air into electric energy, but at
least in theory there should be some energy left.

The power instead depends on the duration of the cycle. The duration of the active phase
cannot be expressed in closed form so it has to be calculated numerically, and it depends
on the mass of the piston. The duration of the push phase depends also on the power of
the pushing motor.

6 Normalized energies

It is convenient to consider the work and the energy normalized to the energy p, Vp:
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a

Wp

[[n
= —y —y = 21
Yo = ooy YoY% 3 (21)

where 3 is:
H
B= by _ P9 (22)
Dy Dy

7 Adiabatic case
In the adiabatic case the pressure of the internal air is related to the volume of the air by:
pV7 =p, V' (23)

where v = 1.4 for air, so the pressure is given by:

P= e 24

Inserting this in the integral that gives the work done on the air we find at last:

Vi 1
w, = P00 — -1 (25)
1=1a-¢
Then the equation that determines the point of maximum compression becomes:
1
——— —1=(14+8)(y—1)¢ 26
G LA (26)

It easy to see that this equation has always a solution greater than 0 for every 8 > 0.
Considering the left side as a function:

1
= -1 27
7O = g (27)
then:
fO=(r-1)1-¢§7" (28)
fO)y=v-1 (29)

so the straight line (1 4+ 8)(y — 1)£ is always above the curve, as longas 8 > 0.
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Figure 2:Intersection that determines the compression factor

This equation cannot be solved in closed form but its solution can be calculated
numerically, for example with the Newton's method.

The final temperature of the compressed air in the adiabatic case is given by:
Iy 1

m= T W (30)

The following table gives the normalized energies, final pressure and temperature and the
ratio ) = ¥,/ Yy, for several values of B in the adiabatic hypothesis:

Bl €| Y |% | % n P | Iin
0.1 0.13|0.14 | 0.01 | 0.13 | 11.00 | 1.21 | 1.06
02 (023028 (005|023 | 600] 145]1.11
031032041 (0.10032| 433 1.71 |1.17
041039|055]0.16 039 | 350 (| 2.00|1.22
05(045 067 |022|045| 3.00( 231|127
0.6 | 0.50 | 0.80 [ 0.30 | 0.50 | 2.67 | 2.65|1.32
071055093 038|055 | 243 3.02|137
08058 105|047 059 | 225( 342|142
09062 |1.18 056|062 | 211 | 3.85]|147
1.0 [ 0.65| 130 | 065|065 | 200| 432|152
1.11067 | 1421074 [ 0.67 | 191 | 4.81]|1.57
121070 | 1.54 |1 0.84 [ 0.70 | 1.83 | 534 1.6l
1310721651093 (072 | 1.77| 591 1.66
141074 11771103 (074 | 171 | 6.52|1.71
151076 | 189|113 (076 | 167 | 7.19|1.76
1.6 1077 | 201|123 (077 | 1.63| 7.86|1.80
171078 212133079 | 1.59| 8.58|1.85
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1.810.80 223|144 |080| 156 9.34|1.89
19 0.81 | 235|154 |081 | 1.53(10.15|1.94
2.0|082 246|164 (082| 1.50|11.00|1.98
21083257174 (083 | 148 |11.892.03
22084 | 268 |1.84 [0.84 | 1.45|12.83|2.07
23085279195 (085 | 143|13.82 212
24085291 |2.05(0.85| 142 |14.87|2.16
25086 |3.02|2.15({086| 140 1596|221
2.6 | 087|314 | 226 [ 0.88 | 139 | 1727|226
27088 325|236 (0.89| 137 | 1845|230
2.8 088 336|247 (089 | 136|19.68 |2.34
29| 089|346 257 (089 | 1.35|2097 239
3.0 | 0.89 | 357 |2.67 (090 | 1342232243
31090 | 368|278 (090 | 1322373 |247
321090 |3.79 | 2.88 [ 0.90 | 1.31|25.20 251
33090389 (298 (091 | 1.30|26.74 |2.56
34091400 |3.09(091| 1302833260
35091 |4.11 |3.19 ({091 | 1.29|30.00 | 2.64
36 092|421 330(092| 1.28)|31.722.69
371092432340 (092 | 127|33.52|2.73
381092443 350 (092 | 1263539277
391092453 (361 (093 | 1263732281
4.0 093 464371093 | 1253933286
4.1 1093474381093 | 124 (4141|290
421093 |485(392)|093 | 1.24 (4357|294
431093 496402094 | 123 (4580|298
441094 5111413098 | 1.24(49.14|3.04
451094 | 5211423098 | 1.23(51.47|3.08
46094 5311433098 | 1.23(53.88]3.12
471094 | 541 (444|098 | 1225637 |3.16
4.8 095551454097 | 1.21(5895]3.21
49 095|561 464|097 | 1.21|61.62 325
50(095|572 474 (097 | 1.20|64.38|3.29
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Figure 3:Plot of the normalized energies vs the parameter 3
8 Example

For example if 3 = 2 the compression, in the adiabatic case, is 0.82, the final pressure is
11 bar, the final absolute temperature is 1.98 times the initial absolute temperature, so
supposing that the initial air temperature is 25°C, the final air temperature is:

t;=1.98 298.15 — 273.15 = 317°C (31)
If the volume Vj is 1 m3 then the net energy is:

W, = p, Vot = 101325 Pa+ 1 m® « 0.82 = 83086 J  (32)

and so, if the cycle is completed in 2 s the net power would be 41543 W. Of course this
value is much larger than the net power of a real system because of the many energy
losses. A value of 8 = 2 is obtained with an height of water equal to:

Py 2 101325 Pa
=" _ = 20.65 33
pg 1000 kg/m? x 9.81 m/s? m (33)

9 Conclusions

This relatively simple system shows that it is possible, in theory, to extract free energy
from the atmosphere with a combination of mechanical, hydraulic and gas dynamic
processes, plus a motor that can use the energy provided by the compressed air generated
by the system. The practical application depends on the availability of technologies that
can convert the compressed air, with a relatively low pressure and speed, into mechanical
energy of other type. Ideally the compressed air could be used to spin a turbine connected
to an alternator that can generate electric power but the losses must be very small or else
the net energy would be lost. The actual power of course would depend on the speed of
the piston, especially that of the return phase.
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