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@ Method for converting heat into work.

@ The invention refers to a method for the conversion of the thermal energy of a fuel into mechanical energy,
wherein the fuel is burnt, the gaseous combustion product is mixed with an inert gas, and the thus formed gas
mixture is brought to expansion at essentially a constant pressure and a constant temperature. The inert gas
may be the gas from a previous expansion.
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The invention refers to the conversion of the heat content of a fuel into mechanical work. According fo
the invention the fuel is burnt, the gaseous combustion product is mixed with an inert gas, and the resulting
gas mixture is brought to expansion at essentially a constant pressure and a constant temperature.

The methods so fas employed are based on the adiabatic expansion of a gas that is brought to a
certain pressure and a certain temperature before the expansion. The thermal efficiency of this process is

_T1 - T2
TI————TI— (1)

where Ty and T, denote the absolute temperatures before and after the expansion. The upper limits for the
temperature and the pressure are set by the heat resistance of the material and the strength of the
construction of the expansion vessel. The lower limits are set by the requirements that the pressure must
be great enough to give a great enough force, and that the temperature must be high enough for the gas
not to condense.

At the expansion under constant pressure and constant temperature, gas and heat are supplied in the
course of the expansion. The thermal efficiency is then

Q1

""are 2

where Q1 denotes the work produced during the expansion, and Q. denotes the heat content of the gas at
the end of the expansion. The comparison with the adiabatic expansion is facilitated if one writes formula (2)
in the form

n - (Q1 + Q2) - Q2
Q1 + Q2

(3)

The total heat supplied is represented by T1 in (1), by Q1 + Q2 in (3). The net heat that remains in the
gas after the expansion is represented by T2 in (1), and by Q2 in (3). The thermal efficiency of one
expansion is, thus, the same in both cases.

The practical efficiency is determined by the recovery of the energy of the gas after the first expansion.
When a gas expands at a constant pressure and a constant temperature, the state of the gas at the end of
the expansion is the same as that during the expansion, only its mass has changed, it has increased. The
gas functions, in principle, as a medium for the conversion of heat into work. It can be used in the same
machine over and over again. The transfer of a gas to another gas of the same pressure and the same
temperature at a constant pressure and a constant temperature, i.e. under expansion, requires no energy.
But in order for the transfer to be rapid, one must create a pressure difference, either by compressing the
gas to be transferred, whereupon the work of compression is recovered as work of expansion, or by
expanding the receiving gas while yielding work of expansion that is then regained through the work of
expansion of the gas received. In certain applications the heat content of the gas at the end of the adiabatic
expansion cannot be utilized. It is then wasted, and the efficiency is low. According to the invention, this
heat can be utilized to a great extent under almost all circumstances.

At the high temperature Ty of the adiabatic expansion there are great losses of heat to the wall of the
expansion chamber, and it is necessary to cool the wall. According to the invention, this heat can be used
for warming the fuel and the combustion air, but the temperature is never higher than the wall material can
endure.

According to the invention, the pressure and the temperature are selected each by itself or both
fogether. The pressure is chosen so that it gives the required force, the temperature is chosen so that the
amount of heat supplied during the expansion corresponds to the desired power, i.e. the velocity, the power
being the product of the force and the velocity. Thus, the velocity is controlled by way of controlling the
temperature. On the other hand, the acceleration is determined by the force, and, therefore, the pressure
should be controlled together with the temperature for a rapid and smooth control of the velocity. The
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pressure is controlled by means of the amount of inert gas supplied. The temperature is controlled by
means of the amount of fuel and the corresponding amount of air supplied. In principle, the same control
may be achieved at adiabatic expansion, namely by controlling the amounts of fuel and excess air. During
acceleration, the force should be great at a small velocity, i.e. a high pressure and a low temperature. After
the acceleration, a smaller force, i.e. a lower pressure, and a greater velocity, i.e. a higher temperature, are
required. The choice of the amounts and the proportions of the gases supplied can be made by a computer
according to a program made for each type of machine. In many applications, the choice of pressure and
temperature may influence the over-all efficiency more than does the thermal efficiency.

Another advantage offered by the expansion at a constant pressure and a constant temperature, is that
the volume change during the expansion can be chosen at will. At adiabatic expansion, the volume change
is limited by the factors that limit the pressure and the temperature.

Finally should be mentioned another advantage of the lower temperature at the expansion at a constant
temperature, as compared to the highest temperature at adiabatic expansion: since the temperature is
lower, nitrogen oxides are formed in smaller amounts.

The invention can be applied to machines of various kinds, e.g. of the types of the piston engine and
the turbine. In order to visualize the invention, a special form is shown here as an illustration. Therein lies,
however, no implication that it should be a preferred form or even a practical form.

The machine shown in the Figure consists of a cylindrical stator 1 and a coaxial rotor 2. The rotor is
fitted with a vane 3, that can be moved radially in a slit in the rotor. The stator is fitted with a disk 4 that can
be moved radially in a slit in the stator. In order for the rotor vane to pass by the stator disk the vane is
pressed into the rotor and the disk is pressed into the stator. For this purpose the stator is shaped with a
sloped surface 5 upstreams of the disk against which the vane slides. Correspondingly, the rotor is shaped
with a sloping surface 6 downstreams of the vane against which the disk slides. A hole is drilled through the
sloping surface 5 of the stator through which the gas downstreams of the vane can be pressed out. A pipe
7 is connected to this hole. The stator is also fitted with holes and pipes for the supply of fuel and air 8 and
inert gas 9. Only one set of such holes and tubes are shown in the Figure, but in order to speed up the
mixing of the gases one may provide several sets of holes and pipes 8 and 9 along the periphery of the
stator.

A short time after the vane has passed the disk, the injection behind the vane of fuel and air and of gas
from a previous expansion begins. It continues until the vane has travelled almost a revolution and has
reached the exhaust hole 7. During the next revolution there is no injection, only exhaust of gas from the
preceding revolution. The exhaust gas is fransferred to a compressor of the same form as the motor in the
Figure. During the exhaust the compressor sucks up this gas. During its next revolution the compressor
compresses the gas to a pressure slightly higher than the working pressure on the motor. The third
revolution of the motor is a repetition of the first revolution with injection of gas from the compressor
through the hole 9. The work of compression in the compressor is recovered as work of expansion in the
motor. The energy of the gas can be utilized almost completely in the motor.

In a further development of the invention two motors on the same shaft can act as compressors, one for
the other, during the exhaust revolution.

Claims

1. Method for the conversion of the thermal energy of a fuel into mechanical energy, wherein a fuel, an
oxidizing gas, and an inert gas are injected into an expansion chamber, continuously or intermittently, in
such amounts and in such proportions that the gas mixture expands at essentially a constant
temperature and a constant pressure at a desired force and at a desired amount of produced power.

2. Method according to claim 1, wherein the inert gas is the gas coming from a preceding expansion.

3. Method according to claim 1, wherein the pressure and the temperature are governed each by itself
and both together, to a desired force and a desired velocity of expansion.
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