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57 ABSTRACT 

To reduce the pressure requirements for introducing 
working gas to increase engine power, the gas is intro 
duced at the high pressure portion of the working 
cycle but only under the low output load conditions, 
and if a high engine load is present then the gas is in 
troduced at the lower pressure portion of the working 
cycle. Pressure sensing valves control the flow of gas 
under these conditions. 

5 Claims, 2 Drawing Figures 
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GOVERNING POWER OUTPUT OF HOT GAS mechanism not shown. The lower part of the cylinder 
ENGINES - below the working piston 3 - is connected to a 

This invention relates to a method of and means for 
governing the power output of a hot gas engine, the 
method being of the kind (herein called "the kind de 
fined") in which there is regulation of the amount of 
"active working gas', that is to say the amount of work 
ing gas participating in the working cycles of the en 
gine, any addition to the active working gas being sup 
plied only during periods when high pressure is prevail 
ing in the working cycle of the working gas which is 
being augmented and the engine is operating at low 
output load. 

It is well known that increase of power of a hot gas 
engine may be obtained by increasing the amount of 
active working gas in the engine. It is also known that 
working gas may be most easily supplied at the lower 
pressures during the working cycles. However, supply 
of gas during periods of lowest pressure has an initial 
effect of braking the engine - at a time when the oppo 
site effect is desired. 
Therefore, it has previously been proposed to design 

valves operated mechanically by the engine and ensur 
ing that supply of working gas will only take place dur 
ing periods of the highest pressure in the working cy 
cles. These arrangements have the drawback that they 
are rather complicated and require a very high pressure 
in the reservoir for supply of working gas. 
An object of the present invention is to provide an 

improved method of the kind defined which may be 
carried into effect by simple means and without the ne 
cessity of a very high pressure in the reservoir for work 
ing gas. 
A method of the kind defined and according to the 

invention is characterized in that, although the supply 
of working gas during periods of high pressure in the 
working cycle is effected only whilst the engine is oper 
ating at low output load, the supply of working gas is 
effected mainly during periods of lower pressure in the 
working cycle when higher engine loads prevail. 
According to another aspect of the invention for car 

rying the method into effect there are provided means 
characterized by a first valve which is coupled in series 
with a supply valve between a working chamber of the 
engine and a reservoir for working gas, the said first 
valve being influenced by maximum cycle pressure in 
the closing direction and by the actual working cycle 
pressure in the opening direction, the said first valve 
also being influenced in the opening direction by the 
supplied gas, said means also comprising a second valve 
influenced by the pressure in the reservoir and by the 
maximum pressure in the working cycle and adapted to 
open a supply conduit when the maximum pressure in 
the working cycle exceeds the pressure in the reservoir. 

How the invention may be put into practice is de 
scribed in more detail with reference to the accompa 
nying drawing, in which 
FIG. 1 shows a diagram of means according to the in 

vention, and 
FIG. 2 shows a diagram of the pressure variations in 

the working gas during a short period. 
The engine shown in FIG. 1 is a one-cylinder single 

acting hot gas engine having a cylinder 1 with a dis 
placer piston 2 and a working piston 3 provided with 
piston rods 4 and 5 respectively, connected to a drive 
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buffer space 6. The space between the two pistons is 
the "cold" working space 7 and the space above the 
displacer piston 2 is the "hot" working space 8. The 
two working spaces are interconnected by a pipe sys 
tem comprising a heater 9 and a regenerator-cooler 
unit 10. 
The buffer space 6 is connected to the working space 

7 by a connection including a non-return valve 11 al 
lowing flow of gas only in the direction towards the 
buffer space 6. Thus the pressure in the buffer space 6 
will normally correspond to the maximum cyclic pres 
sure in the working spaces 7 and 8. 
The buffer space 6 is connected to a reservoir 12 

through a conduit containing a dump valve 13 and a 
compressor 14. The reservoir 12 is connected to the 
working space 7 through a system of conduits including 
a supply valve 15 and a regulating valve 16 coupled in 
series. The regulating valve 16 is connected to three 
pipes 17, 18 and 19. The pipe 17 provides a connection 
to the supply valve 15 and is shown to be closed by a 
flexible membrane 20 dividing the interior of the valve 
into two chambers, the lower one of these chambers 
being connected to the buffer space through the pipe 
18 while the upper one is connected to the working 
space 7 through the pipe 19. As the pressure in the 
buffer space 6 corresponds to the maximum cyclic 
pressure in the working chamber 7 the membrane 20 
will be kept in contact with the end of the pipe 17 pro 
truding into the interior of the valve 16. 
A servo-actuated stop valve 21 is inserted in a pipe 

connection between the supply valve 15 and the work 
ing chamber 7, the said connection including a non 
return valve 22 allowing flow of gas only in the direc 
tion into the working chamber 7, thus providing mini 
mum cyclic pressure in the pipe connection. The valve 
21 contains a piston valve member 23 connected to a 
piston 24 which is influenced in the direction down 
wardly by the pressure of the gas in the reservoir 12 and 
in the direction upwardly by the pressure in the buffer 
space 6. As long as the pressure in the reservoir 12 is 
higher than in the buffer space 6 the piston valve mem 
ber 23 will occupy its lower end position in which it will 
block the connection between the supply valve 15 and 
the non-return valve 22. However, if the pressure in the 
buffer space 6 is increased to a value above the pres 
sure in the reservoir 12 the piston valve member 23 will 
be moved upwards, allowing flow of gas from the sup 
ply valve 15 into the working chamber 7 through the 
non-return valve 22. A valve 25 is arranged for allow 
ing flow direct from the buffer space 6 to the working 
space 7. 
The illustrated arrangement will operate as follows, 

reference now also being made to the diagram of FIG. 
2. 
During normal operation of the engine the gas 

pressure in the working chambers 7 and 8 will vary be 
tween minimum and maximum values. At low engine 
loads the said pressures are substantially lower than the 
gas pressure in the reservoir 12. 
Therefore the pistons 23 and 24 in the valve 21 will 

remain in their bottom positions shown in FIG. 1. 
The flexible membrane 20 of the valve 16 will remain 

in contact with the lower end of the pipe 17, but as the 
force of the membrane is a function of the difference 
between the maximum cycle pressure and the actual 
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prevailing cycle pressure said force is very small during 
periods when the actual cycle pressure almost equals 
the maximum cycle pressure. Thus supply of gas from 
the reservoir 12 to the working space 7 - controlled 
by the supply valve 15 - will be effected during peri 
ods when maximum cycle pressure prevails. The said 
periods are shown as heavier parts of the wavy line of 
FIG. 2, which is a graph in which actual working pres 
sure is plotted vertically against time lapse plotted hori 
Zontally. 

Especially at low load outputs of the engine it is im 
portant to supply working gas during periods of high 
cyclic pressure. At higher load outputs an increase of 
the output by supplying gas during periods of low cyclic 
pressure will not have significant drawbacks. On the 
contrary it is an advantage to supply gas during periods 
of low cyclic pressure (when the actual engine load 
outputs are near the maximum value) as this will make 
possible a supply of gas even if the gas pressure in the 
reservoir is lower than the maximum cycle pressure. 

In the event of the pressure in the reservoir being 
lower than the pressure built up in the buffer space 6, 
the valve 21 will open a direct supply connection 
through the non-return valve 22, allowing supply of gas 
until the pressure of the gas in the reservoir 2 corre 
sponds to the minimum cyclic pressure. 
The valve 25 will - if opened - cause a short-circuit 

connection between the buffer space 6 and the working 
space 7 and cause an immediate stop of output power 
from the engine. Normally decrease in power output is 
caused by opening the valve 13 and passing gas from 
the buffer space 6 to the reservoir 12 by means of the 
compressor 14. 
What we claim is: 
1. The method of governing the power output of a 

hot gas engine which has working cycles of higher and 
lower pressure in a working gas space, comprising the 
steps of, introducing additional gas into the working 
space from a gas reservoir to increase power, and con 
trolling the introduction of said gas as a function of 
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4. 
pressure in the engine to introduce the gas at the higher 
pressure while the engine is operating at a low output 
load and at a lower pressure when operating at a higher 
engine load output. 

2. Apparatus for governing the power output of a hot 
gas engine which has working cycles of higher and 
lower pressure in a working gas space comprising in 
combination, a reservoir holding working gas under 
pressure, conduit means including a supply valve for 
introducing gas from said reservoir to said working 
space, and control valve means in said conduit means 
responsive to working pressures in said engine to open 
said conduit upon a predetermined relationship be 
tween the working pressure and the reservoir pressure. 

3. Apparatus as defined in claim 2 wherein the con 
trol valve means comprises means opening said conduit 
when the pressure in said reservoir exceeds the maxi 
mum working pressure in said space only during the 
maximum pressure portion of said working cycle. 
4. Apparatus as defined in claim 2 wherein the con 

trol valve means comprises means opening said conduit 
when the pressure in said reservoir is lower than the 
maximum pressure in said working space at a cyclic po 
sition when the cyclic pressure is lower than the reser 
voir pressure. 

5. Apparatus as defined in claim 2 wherein the engine 
has a buffer space in which the pressure is a function 
of the working cycle pressure, and the control valve 
means comprises a first control valve in said conduit 
means responsive to the pressure differential between 
the working space and the buffer space to pass gas from 
said reservoir to said working space when the working 
space pressure exceeds the buffer space pressure and 
a second control valve responsive to the pressure dif 
ferential between said reservoir and said working space 
to pass gas from said reservoir to said working space 
when the reservoir pressure exceeds the working space 
pressure. 
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