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This invention relates to a power generating 
plant and method of operating the same. The 
invention more especially relates to the produc 
tion of power in heat utilizing prine novers or 
engines. The invention in its basic concept par 
ticularly relates to the production of power in 
gaS utilizing prime movers and to improvement 
in a gas thermal cycle. In its more specific emi 
bodiment the invention also utilizes vapor gen 
erating and heating means and a vapor utilizing 
prime mover for improvement of the overall 
thermal cycle. 

It is a feature of the invention that the main 
Or poWeir producing gas utilizing prine nover is 
Supplied With hot gases at a suitable pressure 
Which may be a medium pressure of the degree 
of 20 kg./cm2. In the cycle in which this prime 
mOver is utilized the medium pressure gases 
which are supplied to this prime mover are pro 
vided at least in part by producing high pressure 
gases, for example, at 100 kg./cm2, and expand 
ing these gases in an auxiliary gas utilizing prime 
nover to the medium pressure. Another part 
of the gases at medium pressure may be supplied 
directly to the main gas utilizing prime mover 
from a suitable combustion chamber and may 
be produced by the combustion of fuel in such 
Combustion chamber. The auxiliary gas utiliz 
ing prime mover provides at least a part of the 
power required to compress the combustion sup 
porting gas, ordinarily atmospheric air, to the 
high pressure required for the combustion gases 
to be Supplied to the auxiliary gas utilizing 
prime nover. This auxiliary gas utilizing prime 
mover also may supply at least a part of the 
pOWer to compress the combustion supporting gas 
or air to the medium pressure for Supporting the 
Combustion of fuel at this medium pressure to 
produce the hot gases which are supplied di 
rectly to the main gas, utilizing prime mover. 
Supplementary power which may be necessary 
for driving the compressors for compressing the 
combustion supporting gas or air may be pro 
Wided by internal combustion engines. Prefer 
ably the gas compressors, the auxiliary gas ulti 
lizing prime movers and the internal combustion 
engines are free piston engines and in the pre 
ferred embodiment of these engines they are of 
the oscillator type in which at least one oscil 
latable element oscillates upon an axis and is 
provided With members acting as pistons within 
fluid preSSure chambers. For simplicity in the 
following description the main gas utilizing 
prine nover Will be referred to as a gas tur 
bine and the compressors as air compressors. 
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It is a further feature of the invention in car 

rying out the improved operating cycle that the 
high pressure combustion supporting air before 
being admitted into the auxiliary gas utilizing 
prime mover is heated by means of a combustion 
chamber supplied with fuel to increase the tem 
perature of this air to a reasonably high ten 
perature, say 700° C. The combustion of fuel 
in this chamber may be supported by Supplying 
at least a part of the high pressure air to the 
combustion chamber. The hot gases thus pro 
duced in the combustion chamber at high pres 
Sure which are then Supplied to the auxiliary 
prine mover are expanded therein and the ex 
panded or exhaust gases from this gas utilizing 
prime mover are carried to the turbine for de 
veloping power therein. Before being admitted 
into this turbine, however, preferably these gases 
are heated to a reasonably high temperature, 
say 700° C., by the heat of the combustion which 
produces the combustion gases at the mediurn 
pressure which are supplied directly to the gas 
turbine. This combustion chamber may be Sup 
plied with compressed air produced in a section 
of the compressor at the medium pressure, e. g. 
20 kg./cm2, the same as the exhaust gases from 
the auxiliary prime nover. 
Since the high pressure gases are Supplied to 

the auxiliary prime mover at a temperature of 
700° C. it is necessary to cool the casing of this 
prime mover. To this end the high pressure air, 
for example, 100 kg./cm2, may be circulated 
without noticeable heat loss through a jacket 
provided for the casing of the auxiliary gas uti 
lizing prime mover. The very high density of 
the air at this high pressure insures a high heat 
transfer coefficient so that such circulation of 
air through the jacket is quite efficient for effect 
ing the cooling of the auxiliary prime mover and 
for heating the high pressure air. 
This high pressure air may be further heated 

in a separate heat exchanger through which the 
air is passed as it flows to the combustion cham 
ber in which the gases which are supplied to 
the auxiliary prime mover are produced. This 
heat exchanger may be heated by the exhaust 
gases from an internal combustion engine Which 
cooperates with the auxiliary gas utilizing prime 
nover in driving the air compressors. These 
gases at this exhaust pressure When leaving the 
heat exchanger are delivered to a corresponding 
pressure stage of the gas turbine in order to 
develop power from their remaining thermal and 
dynamic energy. 
AS Will be more clearly understood in con 
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lectici. With the description to follow taken in 
C3rinection. With the drawings the air compressor 
23ay be constructed in Sections which Will pro 
dice conipressed air at the different pressures 
Which ilave been referred to above as well as at 
other pressures. The air thus imay be compressed 
in Stages in which the pressure is raised substan 
tially to the different pressures at which it is 
utilized in the System. The internal combustion 
engine thus also may be supplied with corn 
preSSed air for Supercharging. 
Supplementing the gas utilizing power gener 

ating plant above described, in accordance with 
the invention vapor or steam generating means 
nay be provided for generation of vapor by the 
heat of the combustion which produces the high 
preSSure high temperature gases which are sup 
plied to the auxiliary gas utilizing prime mover. 
This vapor or steam also may be superheated by 
the heat of this combustion. The vapor or steam 
thus generated and heated may be supplied to a 
vapor or steam utilizing prime mover for de 
veloping power therefron. For simplicity this 
prime nover Will be referred to as a steam tur 
bine. Such a steam turbine may be mounted on 
the saine shaft or may be otherwise mechanically 
connected to the gas turbine to cooperate there 
With for developing the useful power. 

In another aspect of the invention steam may 
be extracted or withdrawn from the steam tur 
bine and reheated by the heat of the combustion 
chamber in which are produced the gases at me 
dium pressure which are supplied to the main 
gas turbine. This reheated steam may be re 
turned to the steam turbine for further expan 
Sion thereof before discharge to the usual con 
dense. 
The condensate from this condenser may be 

delivered to steam generating means associated 
With the combustion chamber which produces 
the high pressure gases supplied to the auxiliary 
g2S utilizing prime mover for generating steam 
therefron. Preferably this condensate is first 
reheated in the conventional manner by steam 
hed from the steam turbine. In order to pro 
wide the renuisite cooling medium for the iacket, 
conventionally provide? in the internal combus 
finn engine which supplies part of the power for 
the air crimpressors a part of this con?ensate or 
of the con?ensed bled steam may be delivered to is 
this is cleet for flow therethrough. In this iacket 
stealin rathy he generater from this cooling re 
din and navir he sit nerheated in 2, heat, ex 
?h an oar through which the exhaust, gases from 
the internal cornb1stion engine flow as they are 
relivered toward the reduced pressure stage of 
the main gas utilizing prime mover or turbine. 
The steam thus generated and Superheated may 
he delivered to a red Tced pressure Stage of the 
steam tirhine for developing power therefron 
befrnre discharge to the condanser. 
The invention will ha further understood from 

the ?es?erintion to folnw taken in connection 
with the frawings in Which 

Fig. 1 is a simplified diagram of the power gen 
erating plant of the invention; 

Fig. 2 is an entropy diagram showing different 
aspects of the thermal cycle of the invention; 

Fig. 3 shows diagrammatically the novel gas 
tilizing power generating plant of the inven 

tion: 
Fig. 4 is a section on line 4-4 of Fig. 3; 
Fig. 5 is a section on line 5-5 of Fig. 3; 
Fig. 6 shows a modification of the power gen 

erating plant of the invention which includes 
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4. 
Steam generating and steam heating apparatus 
and a Steam utilizing prime nover. 

In Fig. 1 an internal combustion engine 2 
drives an air compressor 3 which discharges high 
preSSure compressed air, for example, at a pres 
Sure of 100 kg./cm., to the conduit 5 leading to a 
combustion chamber 7. An air compressor 9 
driven by a gas utilizing prime mover also 
Supplies Compressed air to the conduit 5 for de 
livery to the combustion chamber 7. The con 
bustion chamber may be supplied with fuel to 
produce combustion gases at high pressure, for 
example, 100 kg./cm2, which are delivered 
through the conduit 3 to the auxiliary gas ulti 
lizing prine nover for expansion therein to 
develop the power for driving the compressor 9. 
The gases exhausted from the auxiliary gas 

utilizing prime mover f are carried through the 
conduit 5 to a combustion chamber which 
may be supplied with fuel to produce therein 
combustion gases at medium pressure corre 
sponding to the pressure of the exhaust gases 
from the prime mover if, for example, 20 
kg./cm2. The gases produced in the combustion 
chamber 7 at this pressure are carried through 
the conduit 9 to a gas turbine 2 for expansion 
therein and discharge therefron, for example, at 
atmospheric pressure. The combustion chamber 

also is supplied through the conduit 23 with 
compressed air from the compressor 9 at the 
requisite medium pressure to support combus 
tion therein for producing the gases in the Con 
bustion chamber 7. It will be understood that 
the exhaust gases from the auxiliary prime mover 

thus may be reheated in the combustion 
chamber before being admitted into the gas 
turbine 2. The temperature to Which the con 
bined gases, namely those produced by combus 
tion of fuel in the combustion chamber and 
the exhaust gases from prime mover may be 
raised may be of the degree of 700° C. when the 
pressure of the gases produced in the combus 
tion chamber 7 is, for example, 20 kg./cm.. 

In the entropy diagram of Fig. 2 are shown sev 
eral aspects of the thermal cycle which may be 
carried out in the power generating plant dia 
grammatically shown in Fig. 1 and further de 
scribed hereafter. 
The cycle shown in full lines abcdefghe' a re 

lates to the air and gases which are produced at 
high pressure and temperature and are expanded 
from such high pressure, for example, 100 
kg/cm2, to the medium pressure, 20 kg./cm., 
then are reheated and further expanded to at 
nospheric pressure. 
The cycle represented in dash lines akilm.n.d. 

represents the cvcle for gases produced at a me 
dium pressure. for example 20 kg./cm., if these 
gases were not cooled by admixture therewith. as 
above mentioned, of the exhaust gases from the 
auviliarw nrime mover . 
The cvcle in dotted line aarsod represents the 

cycle of the internal crimhustion engine supplied 
With air at supercharging pressure. 

In Fig. 2, by way of example, the lines of con 
stant pressure are shown representing 1 kg./cm. 
or atmosrheric pressure and the pressures of the 
several pressure stages develoned in the com 
pressor. In the full line diagram the air at at 
mospheric pressure is compressed first to 10 
kg./cm2 along the line ab correstronding to poly 
tropic compression not greatly different from iso 
thermal compression. This may he accomplished 
by the atomization of Water within the com 
pression chambers of the compressors in a man 
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tner and by means not shown which in them 
selves are not part of this invention. The air 
thus compressed at 10 kg/cm. is cooled along 
the line bc which may be accomplished by a con 
ventional intercooler. This air then is con 
pressed in a second stage from 10 kg/cm. to 
100 kg/cm2 along the line cd representing a poly 
tropic compression which departs substantially 
from the isothermal in order to obtain a final 
temperature of about 150° C. in the example il 
lustrated in Fig. 2 which substantially corre 
sponds to maximum efficiency. The air at this 
high pressure then may be circulated, as de 
scribed generally above, through the jacket of the 
auxiliary gas utilizing prime mover if and there 
after may be further heated by flow through a 
heat exchanger as will be described in connec 
tion with Fig. 2 which may receive heat from 
the exhaust gases from the internal combustion 
engine. This heated air may be further heated 
by mixture with the gases produced within the 
high pressure combustion chamber 7 and then 
supplied to the auxiliary prime mover i? for de 
velopment of power therefron. Heating of the 
air at 100 kg./cm2 is indicated by the isobar 
de in Fig. 2. Adiabatic expansion of these high 
pressure gases from a temperature of approxi 
mately 700° C. in the example of Fig. 2 in the 
auxiliary gas utilizing prime mover is indi 
cated along the line ef to the medium preSSure, 
20 kg./cm.. The gases exhausted from the auxil 
iary prime mover at this medium pressure again 
are heated, as above indicated, in the combus 
tion chamber along the isobar fg to a tem 
perature of approximately 700° C. The second 
a diabatic expansion which is accomplished in the 
gas turbine 2 is indicated by the line gh to at 
mospheric pressure, 1 kg./cm2, at which pressure 
the gases are exhausted along the isobar ha to 
close the full line diagram. 
In the diagram shown in dash lines a two 

stage compression is represented first from the 
atmospheric pressure to 4.4 kg./cm, along the 
line ak. Intercooling is represented by the line 
ci and the second stage compression from 4.4 
kg./cm2 to 20 kg./cm. is represented by the line 
il. The air thus compressed is heated along the 
isobar lm at 20 kg./cm2. In this diagram this 
heating is not stopped at the final temperature 
of 700° C., which, for example, may be determined 
by heating resisting materials available for the 
purpose, but at the temperature which would be 
reached if the mixture of the exhaust gases from 
the auxiliary gas utilizing prime mover with 
the combustion gases produced in the combustion 
chamber had not been effected. This tem 
perature then would have risen to a tempera 
ture of the degree of 1200° C. 

In the diagram in dotted lines the compres 
Sion of the air for the internal combustion en 
gine 2 from atmosphere to 3.5 kg./cm2 assumed as 
the Supercharging pressure is represented by the 
a diabatic ap, the compression within the inter 
nal combustion engine to 80 kg./cm2 being con 
tinued along the diabatic pg. Heating of the 
compreSSed Combustion gases within internal 
combustion engine by the combustion of the fuel 
Supplied thereto is represented along the isobar 
qr and expansion of the gases in the power stroke 
of the internal combustion engine is represented 
along the adiabatic rs again to the Supercharg 
ing pressure 3.5 kg./cm.2. The cooling of the 
gases exhausted from the internal combustion 
engine by heating the air supplied to the high 
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6 
pressure combustion chamber or, in the modi 
fied power generating plant, by Superheating the 
steam generated in the jacket of the internal 
combustion engine is represented by the isobar 
sp. Expansion of these exhaust gases in the 
gas turbine 9 is effected along the adiabatic pol. 
From the entropy diagram with the aid of con 

ventional tables the different amounts of energy 
utilized and the final efficiency of the cycle may 
be determined without difficulty. In such deter 
minations it is necessary to bear in mind that 
the air quantities which are involved in the three 
different cycles hereinabove described are not 
the same but depend upon the Selected final ten 
perature and the selected power of the gas and 
internal combustion engines. The mass of air 
at 20 kg/cm2 will depend on the final tempera 
ture of this air after heating. It will be Smaller 
according as this temperature is increased. At 
the same time the mass of air at 3.5 kg/cm. Will 
depend directly on the power which is chosen for 
the internal combustion engine. By judicious 
choice of the various elements it will not be dif 
ficult to arrive at a condition where the quan 
tities of air at 20 kg./cm. and of the Super 
charging air at 3.5 kg./cm2 both have, for ex 
ample, a value equal to half the value of the air 
mass compressed to 100 kg./cm.. 
From the point of view of final efficiency aS 

well as from that of simplicity of the equipment, 
compressors of the free piston type are preferred 
more particularly those of the free Oscillator 
type. For improvement of efficiency also part of 
the heat otherwise lost by cooling of the internal 
combustion engines may be recovered by circu 
lating water under sufficient pressure, for ex 
ample, 5 kg./cm., and evaporating a part of this 
Water in the jacket of these engines in accord 
ance With a prior proposal of the applicants. 
It may be advisable in certain cases from the 
Standpoint of final efficiency to effect cooling 
of the internal combustion engines by means of 
air compressed by the apparatus to 100 kg./cm. 
or to 20 kg./cm.? 

in Fig. 3 the essential elements of the basic 
gas utilizing power generating plant are shown 
for carrying out the cycle of Fig. 2. In Fig. 3 
the prine nover compressor unit 23 comprises a 
low preSSure compressor section and a high 
preSSUre compressor Section driven by an aux 
iliary prine nover utilizing gases at high pres 
Sure and temperature and also driven by an in 
ternal combustion engine, all of these elements 
in the embodiment of Fig. 3 being oscillating free 
piston fluid pressure machines with the oscil 
lating members thereof supported for oscillation 
on a common axis and mechanically connected 
together for effecting compression of the air upon 
OScillating movement, of the compressor mein. 
bers produced by the oscillating movement of 
the prime mover members of this unit. All of 
these elements, as will be understood more clearly 
from the more detailed description to follow of 
the compressor sections, may be constructed, for 
example, with eight chambers in which respec 
tively vanes carried by the respective OScillating 
members reciprocate, the compression of the air 
to the several pressures required for the cycle 
described in connection with Fig. 2 being accorn 
plished in the different chambers of the low pres 
sure and of the high pressure sections of the 
compressor. The expansion of the high tem 
perature high pressure gases and of the gases 
produced in the internal combustion engine is 
effected in similar chambers respectively of the 
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auxiliary prime nover and of the internal coin 
bustion engine conconitaintly with reciprocation 
in these chanbers of the vanes of these prime 

OWeiS. 
In Fig. 3 a low piessure section 25 of the air 

compressor receives atmospheric air through the 
intake 2. This air compressor, being of the 
oscillating type coirprises, as shown inore or less 
diagrainiatically in Sig. 4, an oscillating inen 
her 29 Supported for esciation upon its axis and 
provided with vanes outwardly extending there 
fron respectively reciprocating Within COrapres 
ion charners for ned. Within a casing 3 between 
Wardly extending Sectors 33. The tWo Opgo 

itely disposes wanes 35 reciprocate Within the 
respective chai;nbers 3 for compression of the 
air from 1 kg./cnn.2 to 3.5 kg./cil.. Ehe tWO Op 
positely disposed vanes 33 ireciprocating Within 
the respective chaingers á compreSS the air froia 
1 kg./cm2 to 4.4 kg.fci.2 in the first stage of 
the two-stage congression to 23 kg./cil... The 
four Wales £3 eciprocating in the four chain 
bes Gr aii fo: 1 kg./cnn.2 to 10 lig./cIn. 
in the firsi, Stage the two-stage coingleSSiOS 
for prosiucing air ai, 13 kg./cin. 5 or sinpiicity 
he requisite connections getween the charnicers 

i. 

being compressed and for controlling delivery 
thereof from the low pressure Section 25 of the 
Coimpressor are not shown in Fig. 4. It Will be 
apparent, nevertheless, that the COI:ngiressed air 
Iihay be discharged from the respective chambers 
at the pressures requisite for Supercharging the 
internal cognbusti 
ther compression in the high pressure Sectioia 35 
of the Coimpressor, it will be noited gonsiste: 
With the above description of the particular Cyßle 
represented in Fig. 2 that in the low preSSure 
section 25 WO cinataber's are provided for COiir 
pression of the air from kg./C. to 3.5 kg./C.E., 
two changers are provided for compression fron 

kg./cin.2 to 4.4 kg./crin, and four charinoei's are 
provised for coin pression from 1 kg./cai. to 10 
kg./cin. 
Through the pipe 5 air compressed in the 

low pressure section 25 of the coin pressor to 10 
kg./ch2 is delivered to the high pressure Section 
5 of the compressor for congreSSion therein to 
i0 isg./cm2. As shown in Fig. 5 which is a Sec 
tion on iiie S-5 of Fig. S, the high preSSLle Sec 
tion SS is constructed Siriary to the CW preS 
Sure section as an osciliating free piston CornpreS 
sor and is siniairy provided With four chambers 
5 in which wanes 33 carried by the Oscillating 
neinber 52 reciprocate, these four changers 
providing for compression to 100 kg./cnn. of the 
air first compressed in the low pressure Section 
to 10 kg./cnn.2 . Tirough another pipe 59 air 
compressed in the low pressure Section to 4.4. 
kg/cm2 is delivered to the other four chambers 
53 of the high pressure section 55 to he coin 
pressed therein to 20 kg./cm2 by vanes 55. 

it Will be understood that in Soine cases the 
air quashtities required may not be exactly in the 
ratio of 2 to 1 assurned in the above discussion. 
Variation, however, may be inade to meet dif 
ferent conditions toy vai'ying the annount of clear 
ance between the vanes on the CSciliatable neral 
bers and the sectors which provide the end Walls 
of the charshbers in winich these Vanes recipro 
cate. Moreover, it is possible to construct the 
oscillating free pistor inachines which chanbers 
of different radial extent and with correspond 
ingly different radial dimensions of the Vanes re 
ciprocating therein. 
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8 
The compressed air at high pressure, 100 

kg./cm2, is delivered from the high pressure 
section 55 through pipe 6i to the jacket of the 
auxiliary gas utilizing prime mover 63 which 
Supplies part of the power for driving the air 
compressors 25, 55 to effect cooling of this auxil 
iary gas utilizing pri?ine nover and heating of 
this high pressure air. This air is then delivered 
to the annular space 64 between the jacket 65 
and the gas Supply pipe 6, carrying high pressure 
high temperature gases to the auxiliary gas 
utilizing prime nover 63 and is further heated 
in this jacket. As shown in Fig. 3 the annular 
Space 64 is connected to the annular Space 63 
formed between the double Walls extending about 
a combustion chamber 69 So that the compressed 
air after paSSing through the jacket of the auxil 
iary prine nover 63 and through the jacket 65 
paSSes through the annular space 68 and is 
heated therein while preventing undue loss of 
heat from the combustion chamber walls. This 
high pressure air thus heated continues through 
the pipe to a Space at one end of a tubular 
heat eXchanger 3 supplied with heating gases 
as hereinafter described for flow through the 
tubes 75 of this heat exchanger to the Space at 
the opposite end thereof from which the pipe 

i leads to carry the high pressure air thus fur 
ther heated in the heat exchanger E3 to the con 
bustion chamber 69 for support of combustion 
therein of fuel Supplied to the combustion chain 
ber through the pipe 9. The heat, thus added 
to the air at high pressure, e. g. 100 kg./cnn., 
may be Such as to bring its temperature to say 
700° C. as explained in connection with Fig. 2. 
These high pressure high temperature combus 
tion gases are expanded in the auxiliary gas 
utilizing prime nover driving the compressor 
Sections and are exhausted therefrom at 20 
kg./cm. through the pipe 3 which conducts 
these gases to the combustion chamber 85. 
This COInbustion chamber is Supplied with fuel 

through pipe 8 for producing combustion gases 
therein at the medium pressure, namely, 20 
kg./cm. in the example under discussion. From 
the chambers of the high pressure section 55 of 
the compressor in which air is compressed from 
4.4 kg./cm. to 20 kg./cm2 the congressed air at 
20 kg./cm. is delivered through the pipe 89 to 
a jacket 9 forming an annular space 92 about 
a pipe 93. From the combustion chamber 35 
combustion gases at the medium pressure are 
delivered through pipe 93 to the main gas utiliz 
ing prine nover 95 which in the emoodiment, 
illustrated in Fig. 3 is a gas turbine. The com 
preSSed air at the mediurn pressure fiows through 
Space 92 of the jacket 9 and through annular 
Space 86 provided by the spaced Walls of the 
Combustion chamber 35 and through the pipe 9 
into the combustion chamber 85 adjacent the 
burner for Supporting combustion of the fuel 
Supplied by the fuel pipe 3 to produce gases 
at the medium pressure. It thus will be apparen; 
that the gases supplied to the turbine 95 through 
pipe 93 comprise the gases produced directly by 
combustion of the fuel at the medium pressure 
as well as the gases exhausted from the auxiliary 
gas utilizing prime nover 53 at the medium pres 
Sure, 20 kg/cm2. In the embodiment of Fig. 3 
the gases from the turbine 95, after expansion 
thereof, are exhausted to atmosphere through the 
pipe 99. 
From the chambers of the low pressure sec 

tion 25 of the compressor in which the air is 
compressed to 3.5 kg./cm2 air is delivered 
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through the pipe 00 to the internal combustion 
engine of for supercharging the internal com 
bustion engine. The exhaust gases leaving this 
internal combustion engine substantially at the 
pressure of 3.5 kg./cm2 flow through the pipe 
f03 to the space about the tubes 75 of the heat 
exchanger 73 to heat the high pressure com 
pressed air fiowing through these tubes as above 
described. The exhaust gases then are dis 
charged from the heat eXchanger i3 through 
the pipe 05 and are delivered to a reduced pres 
sure stage of the gas turbine 95 for expansion 
therein to atmospheric pressure as referred to 
above in the description in connection with the 
entropy diagram in dotted lines in Fig. 2. 

It will be understood in accordance With con 
ventional practice that intercoolers may be pro 
vided between the stages of compression effected 
by the low pressure and high pressure sections 
of the compressor for eifecting cooling, as indi 
cated above in connection with Fig. 2, of the air 
compressed in a lower stage before further Com 
pression thereof in a higher stage. Such inter 
coolers if required may be connected, for exam 
ple, in the pipes 5 and 59 of Fig. 3. 
In Fig. 6 is shown a modification of the power 

generating plant of Fig. 3 in which the combus 
tion chambers 63 and 35 respectively also serve. 
for generating and superheating vapor, such as 
steam from water, and for reheating such vapor 
or steam for expansion thereof in a steam turbine, 
the reheated Steam being delivered again to the 
turbine for further expansion in the reduced pres 
sure stage thereof. In Fig. 6 for the most part 
the corresponding elements and members of the 
apparatus are identified by the same reference 
numerals as in Fig. 3. Thus in Fig. 6 the air 
compressed in the low pressure Section of the 
compressor 25 is delivered through the pipe 59 at 
4.4 kg/cm. to the high pressure section 55 to be 
compressed therein to 20 kg./cm. and then is 
delivered through the pipe 89 to the jacket 9 
surrounding the gas supply pipe 93 leading to the 
gas turbine 95. The compressed air at 20 kg./cm. 
is heated in passing along the annular space 92 
of the jacket S by the gases flowing from the 
combustion chamber 85 through the pipe 93 to 
the turbine 95. The air at this pressure thus 
heated is delivered to the burner for support 
of the combustion of the fuel supplied to this 
burner by the pipe 87. Similarly to the embodi 
ment of Fig. 3 through the pipe 8 the exhaust 
gases from the auxiliary gas utilizing prime mover 
63 driving the air compressors also is delivered 
to the combustion chamber 85 at the medium 
pressure of 20 kg./cm. in the example under 
discussion. Thus, it will be apparent that the 
combustion chamber 85 in the embodiment of 
Fig. 6 Operates at this medium pressure and that 
the gases Supplied to the gas turbine are derived 
in part from the exhaust of the auxiliary prime 
nover and in part from the combustion of fuel 
at the burner , as in Fig. 3. 

In the embodiment of Fig. 6 as in that of Fig. 3 
air compressed in the low pressure section 25 to 
10 kg./cm. is delivered through the pipe 57 to 
the high pressure section 55 to be compressed to 
100 kg./cm... Air at this high pressure is de 
livered through the pipe S to the jacket of the 
auxiliary prime mover 63 and discharged from 
this jacket to the jacket 65 surrounding the pipe 
67 which carries the hot high pressure gases from 
the combustion chamber 69 to the auxiliary prime. 
mover 63. 
The air at high pressure from the jacket 65, as 
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10 
in the embodiment of Fig. 3, is delivered through 
pipe and through the tubes 5 of the heat ex 
changer 3 and through the pipe A to the burner 
f 3 to which through the pipe 79 fuel is supplied 
for Combustion thereof in the combustion cham 
ber 69. The combustion gases thus produced at 
high preSSure of the degree of 100 kg./cm. in this 
example are expanded in the auxiliary prime 
mover through pipe 61. As above stated the ex 
haust gases at 20 kg./cm. from the auxiliary 
prime nover 63 are delivered through pipe 8 to 
the combustion chamber 85. 
AS in Fig. 3 Supercharging air is Supplied at 

3.5 kg/cm. to the internal combustion engine 
through the pipe iGo from the low pressure 

Section 25 of the compressor. The exhaust gases 
from the internal combustion engine f gi in this 
embodiment are delivered at 3.5 kg./cm. through . 
the pipe 2? to the heat exchanger 73 for heat 
ing the air at high pressure flowing through tubes 
75 of this heat exchanger. The gases upon dis 
charge from the heat exchanger 13 are carried 
through pipe fo5 to a reduced pressure stage of 
the turbine 95 for further expansion therein. 

In the embodiment of Fig. 6 the high pressure 
combustion chamber 69 is provided with a water 
Wall 25 enveloping this chamber to which 
through pipe 27 the condensate from a con 
denser 29 receiving the steam from the steam 
turbine 3 is delivered. Although not shown 
in Fig. 6 the conventional banks of tubes or other 
means for absorbing heat from the gases also may 
be provided within the combustion chamber 69 
for generating steam from the water received 
through pipe 27 and for superheating this steam. 
This Superheated Steam may be carried through 
pipe f33 to a high pressure stage of the turbine 
f3 for expansion therein to the condensing pres 
Sure and discharge of the steam at this pressure 
to the condenser 29 to produce the condensate. 
This condensate is carried through the pipe 35 
to conventional water heaters 36, 3 which are 
heated by steam bled from the turbine 3, the 
Steam condensed in the heaters 35, 3A being 
returned through pipes f38, 39 to the water flow 
pipes to be mixed with the condensate from the 
Condenser 29. 
Steam may be bled from the turbine, for ex 

ample at 5 kg./cm., for heating the condensate 
in the heater. 36 to 150° C. this heated water 
being delivered through the pipe Ai to the jacket 
of the internal combustion engine (; for effect 
ing cooling of this internal combustion engine. 
Steam is generated from this water in this jacket 
and is carried through the jacket 23 surround 
ing the exhaust pipe 2 in which jacket it is 
Superheated for extracting heat from the exhaust 
gases from the internal combustion engine. This 
Superheated Steam then is carried through the 
pipe 83 to a reduced pressure stage of the steam 
turbine 3f for expansion therein to the condens 
ing preSSure, 

Enveloping the combustion chamber 85 operat 
ing at the medium pressure of 20 kg./cm2, or in 
conventional arrangements to receive the heat of 
the combustion chamber, steam carrying passages 
are provided. Steam extracted from a reduced 
pressure stage of the steam turbine 3 is car 
Tied through the pipe 5 to these passages of 
the combustion chamber 85 for reheating therein 
and return through the pipe 53 to an adjacent 
stage of the steam turbine 3 for further expan 
Sion therein to the condensing pressure. 

In the power generating plant shown in Fig. 6 
5 the burner 3 instead of merely developing the 
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heat for raising the temperature of the gases to 
that requisite for delivery to the auxiliary prime 
nover, which requires only a part of the oxygen 
in the high pressure air delivered to the combus 
tion Chamber, may develop heat to heat the water 
for generating steam and for superheating this 
team. This stean may be and preferably is gen 
erated at a pressure of the same degree, e.g. 100 
kg./cm., as that of the combustion gases pro 
duced in the combustion chamber 69. Power gen 
erating plants utilizing combustion chambers thus 
Operated at “equipressure' are disclosed in our 
Patent No. 2,466,723, April 12, 1949, and in a co 
&nding application of Ernest Miercier Serial No. 

472,217 filed January 13, 1943, now abandoned, 
and in a Copending application of Ernest Mercier 
Serial No. 103,893, filed July 9, 1949, now Patent, 
No. 2,547,135, which latter is a continuation in 
part of the Said application Serial No. 472,217. 

It will be understood, although the jacket 65 
Surrounding the pipes 6 and the jacket 9 sur 
rounding the pipe 93 are not shown in Fig. 6 
xtending the full length respectively of the pipes 

6; and 93, that these jackets may be of any 
desired length and if desired may cover the full 
length of the pipes from the outlet connection 
from the COInbustion chambers S3 and S5 respec 
tively to the auxiliary prime mover 63 and the 
gas turbine 95 in order to prevent loss of heat, 
from these pipes and to recover therefroin heat 
for heating the high pressure air and for heating 
the medium pressure air for the combustion of 
the fuel in the respective combustion chambers. 

It Will be understood further that within the 
Scope of the invention to suit different conditions 
various combinations of the steam generating and 
Stean reheating apparatus with the gas gen 
erating and gas utilizing apparatus may be used. 
For example, in Fig. 6 the reheating of steam 
extracted from the steam turbine may be omitted, 
tile gases at the medium pressure being produced 
in a combustion chamber in the nanner shown 
and described in connection with Fig. 3 for Sup 
ply of these gases to the gas turbine. The cool 
ing of the internal combustion engine also may 
be accomplished without the generation of steal 
or without the Superheating thereof in the heat 
exchanger represented by the pipe 2 and the 
jacket 23. The air contapressed at medium pres 
sure may be heated by the exhaust gases froin 
the internal combustion engines. 
Other variations inay be made Without depart 

ing from the main inventive concept according to 
which a gas utilizing prime mover, Such as a gas 
turhine, is supplied with hot gases at medium 
pre?sure, a part of which gases may be and pref 
erately are supplied by the exhaust fron an auxili 
iary gas utilizing prime mover supplying at least 
a psert of the power for driving the air compres 
sor, this air compressor Supplying air for Support 
of combustion directly to produce gases at the 
medium pressure for expansion in the gas turbine 
and also supplying air for Support of combustion 
at high pressure to piroduce high preSSure high 
temperature gases for supplying the auxiliary 
prime mover to develop power therefron. 

It Will be understood that liquid or colloidal 
fuels or Solid fuel (powdered coal) may be burned 
in the respective combustion chambers , , 63, 
85 for developing heat in these combustion cham 
berS. 

In a further modification. Within the Scope of 
the invention instead of using water in the jacket 
of the internal combustion engine for cooling 
this engine, compressed air, for example at 100 
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kg./cm., may be circulated in this jacket before 
being delivered to the combustion chamber. 
Moreover, the heat remaining in the exhaust 
gases from the gas turbine may be partially re 
cuperated by heating the air or the water at 
Suitable points in the cycle. For example, these 
gases may be used in some cases in a Suitable 
heat exchanger to heat or to aid in heating the 
air for combustion of fuel to produce the high 
pressure gases. 

In the claims reference is made to 'riain' and 
“auxiliary' combustion chambers and prime 
mowers for conveniently distinguishing between 
the combustion chanaper supplying the gases to 
the gas utilizing prine mover, the gas turbine in 
the embodianent described, which deliver's the use 
ful power and the combustion chamber which 
supplies the high pressure gases to the prime 
mover supplying power to the air compressors. 
We cairn: 
1. Power generating plant comprising means 

providing a combustion chamber for combustion 
of fuel therein, means for effecting cornbustion of 
fuel in said combustion chamber to produce gases 
at a predetermined pressure substantially above 
atmospheric pressure, a main gas utilizing prime 
nover connected to said Combustion Chamber for 
utilizing the gases therefron under said predeter 
mined pressure to develop power in Said prine 
mover by expansion of said combustion gases, 
means for compressing a combustion Supporting 
gas to a pressure effective for delivering Said gas 
to said combustion chaimber against the preSSure 
of the combustion gases therein, Said combustion 
chamber being connected to said compressing 
means to receive said compressed combustion 
supporting gas therefrom without substantial ex 
pansion thereof, an auxiliary prime mover utiliz 
ing gases at high temperature and at a preSSuire 
initially in excess of said predetermined pressure 
to develop power therefrom by expansion thereof 
to an exhaust pressure Substantially correspond 
ing to said predetermined pressure of said gases 
in said combustion chamber, Said auxiliary prime 
nover being operatively connected to said con 
pressing means for driving said Compressing 
means independently of said main prime mover 
to effect said COIn pression of Said Combustion Sup 
porting gas, and means for delivering the exhaust 
gases from said auxiliary prime nover driving 
said gas compressing means to said Coimbustion 
chamber to be delivered therefron With and to 
cooperate with said gases produced in said Com 
bustion chamber for developing power therefrom 
in said main prime mover upon further expansion 
thereof from Said exhaust pressure. 

2. Power generating plaint comprising means 
providing a combustion chamber for combustion 
of fuel therein, means for effecting combustion of 
fuel in Said combustion chamber to produce 
gases at a predetermined pressure Substantially 
above atmospheric preSSure, a main gas utilizing 
prime nover connected to said combustion chaim 
ber for utilizing the gases therefron under Said 
predetermined pressure to develop power in said 
prime mover by expansion of said combustion 
gases, means for compressing a combustion sup 
porting gas to a pressure effective for delivering 
said gas to said combustion chamber against the 
preSSure of the combustion gases therein, said 
combustion chamber being connected to said 
compressing means to receive said compressed 
combustion Supporting gas therefrom substan 
tially at said pressure to which it is compressed, 
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an auxiliary prime mover, means cooperating 
with said auxiliary prime mover to effect utiliza 
tion of gases at high temperature and at a pres 
sure initially substantially in excess of Said pre 
determined pressure to develop power therefrom 
by expansion thereof to an exhaust pressure Sub 
stantially corresponding to said predetermined 
pressure of said gases in said combustion cham 
ber, said auxiliary prime mover being operatively 
connected to said compressing means for driv 
ing said compressing means independently of 
said main prime mover to effect Said compreS 
sion of said combustion supporting gas, and 
means for delivering the exhaust gases from said 
auxiliary prime mover driving said gas compreSS 
ing means to said combustion chamber to be heat 
ed by the heat of the combustion therein and to 
be delivered therefrom with and to cooperate With 
said gases produced in said combustion chamber 
for developing power therefrom in Said main 
price mover upon further expansion thereof from 
said exhaust preSSure. 

3. Power generating plant as defined in claim 
1 which comprises an internal combustion en 
gine operatively connected to said compressing 
means to provide part of the power required for 
operating said compreSSing means. 

4. Power generating plant as defined in clain 
1. in which said compressing means and the prime 
mover driving said compressing means are free 
piston fluid pressure machines. 

5. Power generating plant as defined in claim 
3 in which said compressing ineans and Said 
auxiliary gas utilizing prime mover and Said in 
ternal combustion engine are free piston fluid 
pressure machines of the oscillator type. 

6. Power generating plant as defined in claim 
3 which comprises compressing means Connected 
to said internal combustion engine for Supplying 
supercharged combustion supporting gas theireto. 

7. Power generating plant as defined in claim 
1 which comprises a cooling jacket for Said auxil 
iary prime mover, and means for delivering com 
pressed combustion Supporting gas from Said 
compressing means through said jacket for cool 
ing said auxiliary prime nover and heating Said 
compressed combustion supporting gaS. 

8. Power generating plant as defined in claim 
1 which comprises an auxiliary combustion cham 
ber, means for effecting combustion of fuel in 
said auxiliary combustion chamber to produce 
said gases at said high temperature and at Said 
pressure initially in excess of said predetermined 
pressure, said auxiliary combustion chamber be 
ing connected to said auxiliary prime mover to 
deliver said combustion gases thereto to said ex 
haust pressure to develop power therefrom by ex 
pansion thereof in said auxiliary prime nover. 

9. Power generating plant as defined in claim 
8 which comprises means for delivering corn 
pressed combustion Supporting gas at a pressure 
of the degree of the pressure of the gases pro 
duced in Said auxiliary combustion chamber to 
said auxiliary combustion chamber for Support of 
the combustion therein. 

10. Power generating plant as defined in claim. 
8 which comprises a jacket enveloping said auxil 
iary combustion chamber, means for delivering 
compressed combustion Supporting gas at a pres 
Sure of the degree of the preSSure of the gases 
produced in said auxiliary combustion chamber to 
said jacket for flow therethrough for intercept 
ing heat otherWise lost from the Walls of Said 
combustion chamber and heating said combustion 
supporting gas, and means for delivering said 
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4. 
compressed combustion supporting gas heated in 
said jacket to said auxiliary combustion chamber 
for Support of the combustion therein. 

1. Power-generating plant as defined in claim 
1 which comprises a heat eXchanger, ineans for 
delivering compressed gas at a pressure of the 
degree of the pressure of Said gases at high ten 
perature and pressure utilized in Said auxiliary 
prime mover to said heat eXchanger to be heated 
therein, means for delivering Said heated con 
pressed gas to said auxiliary prime mover for 
said power developing expansion therein an in 
ternal combustion engine cooperating With Said 
auxiliary prime mover for developing power for 
driving Said compressing means, means connect 
ing Said internal combustion engine to Said heat 
eXchanger for delivering exhaust gases fron said 
internal combustion engine to Said heat ex 
changer for heating said compressed gas there 
in, and means for delivering said exhaust gases 
from Said heat exchanger to a reduced pressure 
stage of said main prime nover for developing 
therein power from Said exhaust gases. 

12. POWer generating plant as defined in claim 
1. Which Comprises a heat eXchanger, means for 
delivering compressed combustion supporting gas 
at a pressure of the degree of the pressure of Said 
gases at high temperature and pressure utilized 
in Said auxiliary prime mover to said heat ex 
changer to be heated therein, an auxiliary com 
bustion chamber, means for delivering said 
heated COIngreSSed Combustion Supporting gas 
from Said heat eXchanger to Said auxiliary com 
bustion chamber for support of combustion 
therein, means for effecting combustion of fuel 
in Said auxiliary combustion chamber to produce 
Said gases at high temperature and at said pres 
sure initially in excess of said predetermined 
preSSure, said auxiliary combustion chamber be 
ing connected to Said auxiliary prime mover to 
deliver said Coimbustion gases thereto for Said 
power developing expansion therein, an internal 
combustion engine cooperating with said auxil 
iary prime mover for developing power for driv 
ing Said compressing means, means connecting 
Said internal combustion engine to said heat ex 
changer for delivering exhaust gases fron said 
internal combustion engine to said heat ex 
changer for heating said compressed combustion 
Supporting gas therein, and means for delivering 
Said exhaust gases from Said heat exchanger to 
a reduced pressure stage of said main prime 
mover for developing therein power from said ex 
haust gases. 

13. PoWer generating plant as defined in claim 
12 in which said internal Combustion engine is 
provided With a cooling jacket, a steam utilizing 
prime mover, means for Supplying steam to said 
steam utilizing pine nover to develop power 
therefrom by expansion of said steam in said 
steam utilizing prime nover, means for condens 
ing steam. Withdrawn from said Steam utilizing 
prime nover after expansion thereof, means for 
delivering the condensate through said jacket 
of Said internal combustion engine for effecting 
cooling of said internal combustion engine and 
for generating steam from said condensate in 
said jacket, heat exchange means connected be 
tween said internal combustion engine and said 
heat eXchanger for flow of the exhaust gases from 
said internal cornbustion engine through said 
heat exchange means to said heat exchanger, 
said heat exchange means being connected to 
said jacket of said internal combustion engine to 
receive the generated steam therefrom for super 
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heating said steam by the heat of said exhaust 
gaSeS. 

14. Fower generating plant comprising means 
providing a main combustion chamber for con 
bustion of fuel therein, means for effecting Con 
bustion of fuel in said combustion chamber to 
produce gases at a predetermined pressure Sub 
stantially above atmospheric pressure, a main gas 
utilizing prime mover connected to said main 
combustion chamber for utilizing the gases there 
fron under said predetermined preSSure to de 
velop power in said main prime mover by expan 
sion of Said combustion gases, means for Con 
pressing a combustion Supporting gas to a pres 
Sure effective for delivering said gas to Said Com 
bustion chamber against the pressure of the 
combustion gases therein, said combustion chan 
her being connected to said compressing means 
to receive said compressed combustion Support 
ing gas therefron without substantial reduction 
of the pressure thereof, an auxiliary combustion 
channer for combustion of fuel therein, means 
for effecting combustion of fuel in said auxiliary 
combustion chainber to produce gases at high 
temperature and at a pressure initially Substan 
tially in excess of said predetermined pressure, 
an auxiliary prime nover connected to Said aux 
iliary combustion chamber and utilizing there 
from said gases at high temperature and at said 
pressure in excess of said predetermined pressure 
to develop power by expansion thereof to an ex 
haust pressure substantially corresponding to Said 
predeteriiniined pressure of Said gases in said main 
combustion chamber, said auxiliary prime mover 
being operatively connected to Said COmpressing 
means for driving said compressing means inde 
gendently cit said main prine nover to effect 
said compression of said combustion Supporting 
gas, means for delivering the exhaust gases froin 
said auxiliary prime mover driving said compres 
sing reans to said main combustion chamber 
to be heated therein and to be delivered there 
from with and to cooperate with said gases pro 
dysged in said main combustion chamber for de 
veloping power therefrom in said main prine 
mover upgn further expansion thereof from said 
xhaust, pressure, stean generating means COOp 

erating with said auxiliary combustion chamber 
for generating steam by the heat of Said con 
bustio; therein, and a steam utilizing prime 
nover connected to said steam generating means 
to receive therefronn said steam generated there 
in for expansion of said stealin in Said steam uti 
lizing prime nover. 

5. Power generating plant comprising means 
providing a main combustion chamber for con 
hustion of fuel therein, means for effecting COIn 
bustion of file in said combustion chamber to 
Ircduce gases at a predetermined pressure Sub 
stantially above atmospheric pressure, a main gas 
utilizing prine nover connected to Said main 
contistion chamber for utilizing the gases there 
from Under said predetermined pressure to de 
velop power in said main prime mover by expan 
Sion of Said combustion gases, means for Con 
pressing a combustion supporting gas to a pres 
Sure effective for delivering said gas to Said Con 
bustion chainber against the pressure of the 
connbustion gases therein, said COmbustion cham 
her being connected to said compressing means 
to receive said compressed combustion Support 
ing gas therefrom without substantial reduction. 
of the pressure thereof, an auxiliary prime mover 
utilizing gases at high temperature and at a pres 
Sure initially substantially in excess of Said pre 
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6 
determined pressure to develop power therefrom 
by expansion thereof to an exhaust pressure Sub 
stantially corresponding to said predetermined 
pressure of said gases in Said combustion chan 
per, said auxiliary prime mover being Operatively 
connected to said compressing means for driv 
ing said compressing means independently of 
said main prine mover to effect Said con 
pression of said combustion Supporting gas, 
means for delivering the exhaust gases from Said 
auxiliary prime mover driving Said compreSSing 
means to said main combustion chamber to be 
heated therein and to be delivered therefron With 
and to cooperate with said gases produced in Said 
coiniustion chamber for developing power there 
from in said main prime nover upon further ex 
pansion thereof from said exhaust pressure, a 
steam utilizing prime nover, means for supply 
ing steam to said steam utilizing prime nover 
to develop power therefron by expansion of Said 
steam in said steam utilizing prine nover, Stean 
reheating means heated by the heat of Said main 
combustion chamber, means connecting a re 
duced pressure stage of said steam utilizing prime 
mover to said steam reheating means for reheat 
ing steam withdrawn at said reduced pressure 
from Said steam utilizing prime mover, and 
means for returning said reheated Steam of Said 
reduced pressure fron said reheating means to 
a reduced pressure stage of Said steam utilizing 
prine nover for further expansion thereof in 
said Steal utilizing prine novel. 

1S. Power generating plant as defined in claim 
15 in which said reduced pressure of Said stealin 
Withdrawn from Said Steain utilizing prime InoVer 
is of the degree of the pressure of the combus 
tion gases within said main combustion chainber. 

17. FOWer generating plant as defined in claim 
which comprises an internal combustion en 

gine cooperating with said auxiliary prime novel 
for generating power for driving Said compressing 
means, said internal combustion engine being 
rovided with a cooling jacket, a Steam utilizing 

prime nover, means for supplying steam to Said 
Steain utilizing prime mover to develop power 
therefrom by expansion of Said Steam in Said 
steam utilizing prime nover, means for condens 
ing stean Withdrawn from Said steam utilizing 
prine naower after expansion thereof, means for 
delivering the condensate through said jacket of 
said internal combustion engine for effecting 
cooling of Said internal combustion engine and 
for generating steam from said condensate in 
said jacket, heat eXchange means connected to 
said internal combustion engine to receive the 
exhaust gases therefron, Said heat eXchange 
means being connected to Said jacket of Said 
internal Combustion engine to receive therefroin 
the steam generated therein for Superheating said 
steam by the heat of said exhaust gases, means 
for delivering said exhaust gases from Said heat 
exchange means to a reduced pressure stage of 
said hain gas utilizing prime nover for develop 
ing therein power frona Said exhaust gases, and 
means for delivering said Superheated steam from 
Said heat exchange means to a reduced pressure 
stage of Said stealia utilizing prime mover for de 
veloping therein power from said Superheated 
Steam. 

18. POWer generating plant comprising means 
providing a main combustion chamber for con 
bustion of fuel therein, means for effecting coin 
bustion of fuel in Said combustion chamber to 
produce gases at a predetermined pressure Sub 
stantially above atmospheric pressure, a main gas 
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utilizing prime mover connected to said combus 
tion chamber for utilizing the gases...therefrom 
under said predetermined pressure to develop 
power: in said prime mover by expansion of said 
combustion gases, means for compressing a com 
bustion supporting gas to a plurality of pres 
sures, at least a given one of said pressures being 
effective for delivering at least a portion of Said 
combustion supporting gas to said main combus 
tion chamber against the pressure of the:COn 
bustion gases therein, said main combustion 
chamber being connected to said compressing 
means to receive said compressed combustion 
supporting gas therefrom substantially at Said 
given pressure, an auxiliary prime mover utilizing 
gases at high temperature and at a pressure ini 
tially substantially in excess of said predeter 
mined pressure to develop power therefrom by 
expansion thereof to an exhaust pressure Sub 
stantially corresponding to said predetermined 
pressure of said gases in said main combustion 
chamber, an internal combustion engine, Said 
auxiliary prime innover and said internal con 
bustion engine being operatively connected to 
said coinpressing means and cooperating to drive 
said compressing means as a unit independently 
of said main gas utilizing prime mover for ef 
fecting compression of said combustion support 
ing gas, said internal combustion engine being 
connected to said compressing means to receive 
therefron combustion supporting gas at a pres 
Sure for Supercharging said internal combustion 
engine, an auxiliary combustion chamber, means 
for effecting combustion of fuel in said auxiliary 
combustion chamber to produce said gases at 
high temperature and at said pressure in excess 
of said predetermined pressure, said auxiliary 
combustion chamber being connected to Said 
compressing means to receive therefrom combus 
tion supporting gas at a high pressure for con 
bustion of fuel in Said auxiliary Combustion 
chamber at said pressure in excess of said prede 
termined pressure, said auxiliary combustion 
chamber being connected to said auxiliary prime 
nover to deliver thereto Said combustion gases 
at said high temperature and substantially at 
said pressure in excess of said predetermined 
pressure to develop power therefron, and means 
for delivering the exhaust gases from Said aux 
iliary prime mover to said main combustion 
chamber to be heated therein and to be delivered 
therefrom With and to cooperate with said gases 
in said main combustion chamber for developing 
power therefron in said main prime mover upon 
further expansion thereof from said exhaust 
preSSure. 

19. Power generating plant as defined in claim 
13 in which said steam generating means is 
adapted for generating said steam at a pressure 
of the degree of the pressure of the combustion 
gases within said auxiliary combustion chamber. 

20. Power generating plant comprising an in 
tena combustion engine, a Supercharger air 
compressor driven by said engine and connected 
to said engine to deliver thereto Supercharging 
air at a pressure providing for exhausting the 
gases from said internal combustion engine at a 
pressure Substantially above atmosphere pressure, 
a high pressure air compressor driven by said 
internal combustion engine, a high pressure con 
bustion chamber connected to said high pressure 
CompreSSOr to receive high pressure air there 
from for effecting combustion of fuel to produce 
combustion gases Substantially at said high pres 
Stre, an auxiliary gas utilizing prime mover co 
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18. 
operating with said: internal combustion engine 
to drive said compressors and connected to Said 
combustion chamber to receive therefron said 
high pressure: combustion gases for expansion in 
Said auxiliairy prime mover to a predetermined 
pressure Sibstantially higher than Said exhaust 
pressure of Said internal combustion engine, a 
second combustion chamber, means-for Supplying 
fuel and air to said second combustion chamber 
for producing therein combustion gases Substan 
tially at said predetermined pressure, said auxil 
iary gas utilizing prime mover being connected 
to said second conibustion chamber to deliver 
thereto the exhaust gases from said auxiliary 
prinie mover at said predetermined pressure, a 
gas turbine connected to said Second combus 
tion charaber to receive thereform Said combus 
tion gases produced therein and Said exhaust 
gases heated therein by the heat of Combustion 
for expansion of Said exhaust and combustion 
gases in Said turbine, Said internal combustion 
engine being connected to a reduced pressure 
Stage of Said gas turbine to deliver thereto the 
exhaust gases from said internal combustion en 
gine for further expansion in Said gas turbine, 
Said internal Combustion engine and the auxil 
iary prime Over being Connected to Said con 
pressors to drive Said compressors independently 
Of Said gaSturbine. 
2. Power generating plant as defined in claim 

20 in which said internal combustion engine and 
Said auxiliary prine nover are free piston prine 
movers and Said compressors are free piston Con 
preSSO'S, Said free piston engine and Said auxile 
iary prime nover and Said free piston Compres 
Sor's respectively being constructed with two ele 
ments oscillatable With respect to each other, 
given Oscillatable elements of Said engine and 
Said auxiliary prime nover and said compressors 
being operatively connected together and the 
other elements of Said engine and said auxiliary 
prime mover and said compressors also being op 
eratively connected together to provide for OS 
cillation of the connected given elements and 
the connected other elements with respect to 
each other. 

22. Power generating plant comprising means 
providing a COInbustion chamber for combustion 
of fuel therein, means for effecting combustion 
of fuel in Said Cornbustion chamber to produce 
gases at a predetermined pressure substantiality 
above atmospheric pressure, a main gas utilizing 
primer move connected to said combustion chain 
ber for utilizing the gases delivered therefrom to 
Said prime mover Substantially at said predeter 
mined pressure to develop power in said prime 
nover by expansion of said combustion gases, 
means for compressing a combustion Supporting 
gas to a pressure effective for delivering said gas 
to said combustion chamber against the pressure 
of the combustion gases therein, said combustion 
chamber being connected to said compressing 
means to receive said compressed combustion Sup 
porting gas therefrom without substantial ex 
pansion thereof, means for developing from the 
Combustion of fuel auxiliary gases at high tem 
perature and at a pressure initially in excess of 
Said predetermined pressure, an auxiliary prime 
noVer Connected to Said auxiliary gas developing 
means for utilizing Said gases at high tempera 
ture and at Said pressure in excess of said pre 
determined pressure to develop power therefrom 
by expansion thereof in said auxiliary prine 
nover to an exhaust pressure Substantially cor 
responding to Said predetermined pressure of said 
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gases in said combustion chamber, said auxiliary 
prime mover being operatively connected to Said 
compressing means for driving said compressing 
means independently of Said main prime nover 
to effect said compression of said combustion 
supporting gas, and means for delivering the ex 
haust gases from Said auxiliary prime mover 
driving said compressing means to Said combus 
tion chamber to be delivered therefrom With and 
to cooperate With said gases produced in Said 
combustion chamber for developing power there 
from in said main prime mover upon further ex 
pansion thereof from Said exhaust pressure. 

ERNEST MERCIER. 
MARCEL, EHLNGER. 

10 

5 

20 
References Cited in the file of this patent 

Number 
1,752,253 
1993,585 
2,095,984 
2,122,280 
2,245,954 
2,303,381 
2,407,165 
2,411,227 
2,457,594 

UNITED STATES PATENTS 

Name Date 
Goinard ----------- Mar. 25, 1930 
Baumann et al. ----- Mar. 5, 1935 
Holzwarth ---------- Oct. 19, 1937 
Diedrich ---------- June 28, 1938 
Anxionnaz -------- June 17, 1941 
New ---------------- Dec. 1, 1942 
Kreitner ----------- Sept. 3, 1946 
Planiol et al. ------- Nov. 19, 1946 
Nettel et al. -------- Dec. 28, 1948 


