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This ‘invention relates to o power generating
plant ‘and method of operating the same. The
invention more especially relates to the produc-
tion - of power in heat utilizing prime movers 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 em-
‘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 power producing gas ufilizing prime mover is
supplied with ‘'hot gases at a suitable pressure
which may be a medium pressure of the degree
of 20 kg./cm.2. In the cycle in which this prime
mover is utilized the medium opressure gases
which are supplied o this prime mover are pro-
vided at least in part by producing high pressure
gases, for example, at 100 kg./cm.?, and expand-
ing these gases in an auxiliary gas utilizing prime
mover 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 mover. 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-
vided by internal combustion engines. Prefer-
ably the gas compressors, the auxiliary gas uti-
lizing prime movers and the interna)] 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
prime mover 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 tem-
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
prime 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 medium
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./cm.?, the same as the exhaust gases from
the auxiliary prime mover.

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./cm.2, 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 éxchanger 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
mover 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
cevelop power from their remaining thermal and
dynamic energy.

As will be more clearly understood in con-
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neckion with the description to follow taken in
connecticn with the drawings the air compressor
mey be constructed in sections which will pro-
duce compressed air at the different pressures
which have been referred to above as well as at
other pressures. The air thus may be compressed
in stages in which the pressure is raised substan-
tially o the different pressures at which if is
utilized in the system. The internal combustion
engine thus also may be supplied with com-
pressed air for supercharging.

Supplementing the gas utilizing power gener-
ating plant above described, in accordance with
the invention vapor or steam generating means
may 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 fo a
vapor or steam utilizing prime mover for de-
veloping power therefrom. For simplicity this
prime mover will be referred to as a steam tur-
bine. Such a steam turbine may be mounted on
the same 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 inventicn steam may
be extracted or withdrawn from the steam tur-
kine and reheated by the heat of the combustion
chamber in which are produced the gases at me-
divm pressure which are supplied to the main
gns turbine. This reheated steam may be re-
turned to the steam turbine for further expan-
sion thereof before discharge to the usual con-
denser.

The condensate from this condenser may be
delivered to steam generating means associated
with the eombustion chamber which produces
the high pressure gases supplied to the auxiliary
gg2s utilizing prime mover for generating steam
therefrom. Preferably this condensate is first
reheated in the conventional manner by steam
hled from the steam turbine. In order to pro-
vide ths renuisite cooling medium for the iacket
conventionally provided in the internal eombus-
tinn engine which supplies part of the vower for
tha air compressors. a part of this condeunsate or
of the condensed bled steam mav be delivered to
thig iapgket for flow therethrough. In this igcket
steam mov be generated from this cooling me-
divm snd meaw be sinerheated in a heat ex-
chanear throueh which the exhanst gases from
the internal combnstion engine flow as theyv are
Aelivered toward the reduced pressure stags of
the main gas utilizing prime mover or turbine.
The steam thus generated and superheated may
he delivered to a reduced pressure stage of the
steam turbine for develovning power therefrom
hefare discharee tn the eondenser.

The invention will ba further understrod from
the daserintion to fellow taken in connection
with the drawines in which

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

Tig. 2 is an entropv diagram showing different
aspeets of the thermal cvele of the invention;
iz. 3 shows diagrammatically the novel gas
ing power generating plant of the inven-

Tig. 4 is a section on line 4—4 of Fig. 3;

Fig. 5 is a section on line 5—5 of Fig. 3;

Mig. 6 shows a modification of the power gen-
erating plant of the invention which includes
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steam generating and steam heating apparatus
angd a steam utilizing prime mover.

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.2, to the conduit 5 leading to a
combustion chamber 1. An air compressor 9
driven by a gas utilizing prime mover {i also
supplies compressed air to the conduit 5 for de-
livery to the combustion chamber 1. The com-
bustion chamber T may be supplied with fuel to
produce combustion gases at high pressure, for
example, 100 kg./em.2, which are delivered
through the conduit i3 to the auxiliary gas uti~
lizing prime mover I{ for expansion therein to
develop the power for driving the compressor 9.

The gases exhausted from the auxiliary gas
utilizing prime mover {1 are carried through the
conduit 15 to a combustion chamber {7 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
ke./em2. The gases preduced in the combustion
chamber 17 at this pressure are carried through
the conduit {9 to a gas turbine 21 for expansion
therein and discharge therefrom, for example, at
atmospheric pressure. The combustion chamber
{7 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 com-
bustion chamber {7. It will be understood that
the exhaust gases from the auxiliary prime mover
{{ thus may be reheated in the combustion
chamber {7 before being admitted into the gas
turbine 2{. The temperature to which the com-
bined gases, namely those produced by combus-
tion of fuel in the combustion chamber [T and
the exhaust gases from prime mover {§ may he
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.2.

Tn 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 abedefghe’a re-
lates to the air and gases which are produced ab
high pressure and temperature and are expanded
fromm such high pressure, for example, 100
ke./em2, to the medium pressure, 20 kg./cm.2,
then are reheated and further expanded to at-
mosnheric pressure.

The evele represented in dash lines akjlmna
represents the cvcle for gases produced at a me-
dium pressure. for example 20 keg./em.2) if these
gases were not cooled by admixture therewith. as
ahove mentinned, of the exhaust gases from the
auviliarv nrime mover 11,

The evele in dotted line aorspe represents the
evele of the internal eombustion engine supplied
with air at sunercharging 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 ¢iaeram the air at at-
mospheric pressure is compressed first to 10
ke./em.? along the line ¢b corresronding to voly-
tropic compression not ereatly different from iso-
thermal compression. This may he accomplished
by the atomivation of water within the com-
pression ¢hambers of the compressors in a man-
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“ner ‘and by means not .shown which in them-
selves are not part of ‘this invention. The :air
thus compressed at 10 kg./cm:2 is cooled along
the line bec which may be accomplished by acon-
ventional intercooler. This air then is com-
pressed in a Second stage from 10 kg./cm.? to
100 kg./cm.? 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 Pig. 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 i1 and there-
after may be further heated by flow through ‘a
heat exchanger as will be described in connec-
tion with Pig. 2 which may receive heat from
the exhaust gases from the ‘internal combustion
enginie, This heated air may be further heated
by mixture with the gases produced within the
high pressure .combustion ¢hamber T and then
supplied to the auxiliary prime mover I for de-
velopment of power therefrom. Heating of the
air at 100 kg./cm.? is indicated by the isobar
de in Pig. 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 wutilizing prime mover 11 is indi-
cated along the line ef to the medium pressure,
20 kg./em.2. The gases exhausted from the auxil-
iary prime mover at this medium pressure again
are heated, as above indicated, in the combus-
tion chamber 17 -along the isobar fg to a tem-
perature of approximately 700° C. The seeond
adiabatic expansion which is accomplished in the
gas turbine 2{ is indicated by the line gh to at-
mospheric pressure, 1 kg./cm:2, 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. TIntercooling is represented by the line
¥ej and the second stage compression from 4.4
kg./em:2 to 20 kg./cm ? is represented hy the line
jl. The air thus compressed is heated -along the
isobar Im at 20 kg./cm:2 TIn 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 i1 with.

the combustion gases produced in the combustion
chamber (7 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./cm.2 assumed as
the supercharging pressure is represented by the
adiabatic ap, the compression within the inter-
nal combustion engine to 80 kg./cm:2 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 isebar
ar 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 infernal combustion
engine by ‘heating the air supplied to :the high
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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 iscbar
sp. Expansion of these exhaust gases in the
gas turbine 19 is effected along the adiabatic pa.

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 gquantities which are involved in the three
different cycles hereinabove described are not
the same but depend upon the selected final tem-
perature and the selected power of the gas and
internal combustion engines. The mass of air
at 20 kg./cm.? 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.2 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./ecm.2 both have, for ex-
ample, a value equal to half the value of the air
mass compressed to 100 kg./cm.2,

From the point of view of fina] 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 he 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 ke./cm.2
or to 20 kg./cm.2

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 prime mover compresscr unit 23 comprises a
low pressure compressor section and a high
pressure compressor section driven by an aux-
iliary prime mover utilizing gases at high pres-
sure and temperature and also driven by an in-
ternal combustion engine, ali of these elements
in the embodiment of Fig. 3 being oscillating fres
piston fluid pressure machines with the oscil-
lating members thereof supported for oscillation

“on & common axis and mechanically connected

together for effecting compression of the air upon
oscillating movement of the compressor mem-
bers produced by the oscillating movement of
the prime mover members of this unit. Al of
these elements, as will be understood more clearly
from the mere detailed description to follow of
the compressor sections, may he construeted, for
example, with eight chambers in which respec-
tively vanes carried hy the respective oscillating
members reciprocate, the compression of the air
to the several pressures required for the cycle
desecribed in connection with Fig, 2 being accom-
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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guxiliary prime mover and of the internal com-
bustion engine cencomitantly with reciprocation
in these chambers of the vanes of these prime
MOVETS.

In Fig. 3 a low pressure section 25 of the air
compressor receives atmospheric air through the
intake 27. 'This air compressor, being of the
oscvlat-ng type comprises, as shown more or less

disgrammadtically in Fig. 4, an oscillating mem-
ber 2¢ suprproried for cscillation upon its axis and
provided with vanes Odt wardly extending there-
from respsachively reciprocating within compres-
ion charabers formed within a casing 2{ hetween
nwardly exbtending sectors 33. The itwo oppo-~
itely disposed vanes 35 reciprocate within the
°snscmm chambers 27 for compression of the
air from 1 kg./em.2 ¢ The two o0~

o 3.5 kg./em.2.
positely disposed vanss 3¢ reciprocating within
the res

ZA

m "'

&
pechive chambers 44 compress the air from
1 l;g./avmz to 4.4 kz./cm.? in the frst stage of
the two-stage com The
four vanes L. reciprocs inf* in the four cham-
bers !415 vr PYess fvom 1 kg./em? to 10 kg./cim.?
in the 28 the two-stage corapression
for promu in g 3 09 keg./em? For simplicity
the requisit sions ketwesn the chambers
and the valve gear for cm’trolunv the air as it is
keing compressed for comiroliing dslivery
thereof from the 1 v pressure section Z5 of the
compressor ave not shown in Fig, 4. It will be
apparent, never h less, that the compressed air
may he discharzged from the respective chambers
=t the pressurss requisite for supercharging the
internal combustion engine as wall as for fur-
ther compression in the high pressure section 85
of the comprsssor, It will be noted CO"lSiSte”}ﬁ‘
with the above descr intion of the particular cycle
represented in Fig. 2 thas in the low pressure
section 2% two chambers are m‘owded £or comi~
me«s on of the air from 1 Lg /Jem.? 1o 2.6 ke./em 2,
tWwo ¢ har1 ars are plovr‘w for compression frcm
1 kg./em.2 to 4.4 kg./cm.? and four chambers are
provide 1 for compression from 1 kg./em.? to 10
kg./cm.?

Through the pipe
low pressure section 28 o
kg /erm.2 is delivered to the high pressure section
58 of the compressor for compressicn therein to
100 kg./em.2. As shown in Fig. b whnich is a sec-
tion on line §—38 of Pig. 3, the high pressure gec-
tion §35 is constructed similarly tc the low pres-
sure secticn as an osrﬁﬁatmg frees pision compres~
sor and is similarly provided with {our chambers
5¢ in which vanes 53 carried by the oscillating
member 52 reciprocate, these four chamber
providing for compression to 100 kg./ecm.? of the
air first compressed in the low pressure section
to 10 kg./em.2 . Through another pipe 58 air
compressed in the low pressure section to 4.4
kg./em.2 is delivered to the other four chambers
54 of the high pressure seciion 55 to be com-
pressed therein to 26 kg./em.2 by vanes 8.

1t will be undersicod that in some cases the
air quantities required may not be exactly in the
ratic of 2 to 1 assumed in the above discussion.
Variation, however, may be made tc mest dif-
ferent conditions {)y varying the amount of clear-
ance hetween the vanes on the cscillatable mem-
bers and the sectors which provide the end walls
of the chambers in which these vanes recipro-
cate. Moreover, it is possible to construct the
oscillating free piston machines which chambers
of different radial extent and with correspond-
ingly different radial dimensions of the vanes re-
ciprocating therein.
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The compressed air at high pressure, 100
kg./cm.2, is delivered from the high pressure
section 55 through pipe 61 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 prime mover and heating of
this high pressure air. This air is then delivered
to the annular space 64 between the jacket €5
and the gas supply pipe 87 carrying high pressure
high temperature gases to the auxiliary gas
utilizing prime mover 63 and is further heated
in this jacket. As shown in Fig. 3 the annular
space 64 is connected to the annular space 68
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 prime mover 83 and through the jacket €5
pvasses through the annular space 82 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 T1 to a space at one end of a tubular
heat exchanger 73 supplied with heating gases
as hereinafter described for fiow through the
tubes 75 of this heat exchanger to the space at
the opposite end thereof from which the pipe
17 leads to carry the high pressure air thus fur-
ther heated in the heat exchanger 73 to the com-
bustion chamber 6% for support of combustion
therein of fuel supvlied to the combustion cham-
ber through the pipe 78. The heat thus added
to the air at high pressure, e. g. 100 kg./cm.2,
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 mover driving the compressor
sections and are exhausted therefrom at 29
kg./em.2 through the pipe 8! which conducts
these gases to the combustion chamber 85.

This combustion chamber is supplied with fuel
through pipe 87 for producing combustion gases
therein at the medium pressure, namely, 20
kg./cm.2 in the example under discussion. From
the chambers of the high pressure section 5§ of
the compressor - in which air is compressed from
4.4 kg./cm.2 to 20 kg./em.2? the compressed air at
20 kg./cm.2 is delivered through the pipe 8% to
a jacket 91 forming an annular space 92 about
a pipe 93. Trom the combustion chamber 23
combustion gases at the medium pressure are
delivered through pipe 83 to the main gas ubiliz-
ing prime mover 8% which in the embodiment
llustrated in Fig, 3 is a gas turbine. The com-
pressed air at the medium pressure fiows through
space 82 of the jacket 94 and through annular
space 86 provided by the spaced walls of the
combustion chamber 85 and through the pive 87
into the combustion chamber 85 adjacent the
burner for supporting combustion of the fuel
supplied by the fuel pipe 87 to produce gases
at the medium pressure. It thus will be apparent
that the gases supplied to the turbine 85 throush
bipe 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 mover 83 at the medium t)re,s~
sure, 20 kg./em2. In the embodiment of Fig. 3
the gases from the turbine 85, after expansion
thereof, are exhausted to atmosphere through the
pbipe 99.

From the chambers of the low pressure sec-
tion 25 of the compressor in which the air is
compressed to 3.5 kg./em?2 air is delivered
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through the pipe 100 to the internal combustion
engine i8{ for supercharging the internal com-
bustion engine. The exhaust gases leaving this
internal combustion engine substantially. at the
pressure of 3.5 kg./cm?2 flow through the pipe
103 to the space about the tubes 75 of the heat
exchanger 73 io heat the high pressure com-
pressed air flowing through these tubes as above
described. The exhaust gases then are dis-
charged from the heat exchanger I3 through
the pipe 105 and are delivered to a reduced pres-
sure stage of the gas turbine 9% 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 87 and 58 of Fig. 3.

In Fig. 6 is shown a modification of the power
generating plant of Fig. 3 in which the combus-

tion chambers 68 and 85 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 2¢ kg./cm.? and then is
delivered through the pipe 89 to the jacket 8l
surrounding the gas supply bipe 93 leading to the
gas turbine 85. The compressed air at 20 kg./cm.?
is heated in passing along the annular space 92
of the jacket 81 by the gases flowing from the
compustion chamber 85 through the pipe 93 to
the turbine 85. The air at this pressure thus
heated is delivered to the burner 11! for support
of the combustion of the fuel supplied to this
burner by the pipe 871. 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 oberates at this medium pressure and that
the gases supplied to the gas turbine are derived
in part from the exhaust of the auxiliary prime
mover and in part from the combustion of fuel
at the burner 1 i1, 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./em? is delivered through the pipe 57 to :

the high pressure section 55 to be compressed to
100 kg./cm.2.  Air at this high pressure is de-
livered through the pipe §1 to the jacket of the
auxiliary prime mover 63 and discharged from
this jacket to the jacket 65 surrounding the pipe
€7 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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in the embodiment of Fig. 3, is delivered through
pipe 11 and through the tubes 78 of the heat ex~
changer 73 and through the pipe T¢ to the burner
113 to which through the pipe 19 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 mover 83 are delivered through pipe 81 to
the combustion chamber 86.

As in Fig. 3 supercharging air is supplied ab
3.5 kg./cm.? to the internal combustion engine
18§ through the pipe i60 from the low pressure
section 25 of the compressor. The exhaust gases
from the internal combustion engine {8i in this
embodlment are delivered at 3.5 kg./cm.? through
the pipe 12i to the heat exchanger 13 for heat-
ing the air at high pressure flowing through tubes
15 of this heat exchanger, The gases upon dig-
charge from the heat exchanger 13 are carried
through pipe 185 to a reduced pressure stage of
the turbine 95 for further expansion therein.

In the empodiment 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 (2§ receiving the steam from the steam
turbine (31 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 63
for generating steam from the water received
through pipe {27 and for superheating this steam.
This superheated steam may be carried through
pipe i33 to a high pressure stage of the turbine
{31 for expansion therein to the condensing pres- -
sure and discharge of the steam at this pressure
to the condenser 129 to produce the condensate.
This condensate is carried through the pipe 135
to conventional water heaters 188, 137 which are
heated by steam bled from the turbine 131, the
steam condensed in the heaters 135, 137 being
returned through pipes 138, {33 to the water flow
pipes to ke mixed with the condensate from the
condenser 129.

Steam may be bled from the turbine, for ex~
ample at & kg./cm.2, for heating the condensate
in the heater 136 to 150° C. this heated water
being delivered through the pipe 14§ to the jacket
of the internal combustion engine (84 for effect-
ing cooling of this internal combustion engine.
Steam is generated from this water in this jacket
and is carried through the jacket 128 surround-

- ing the exhaust pipe (2! in which jacket it is

60

65

70

superheated for extracting heat from the exhaust
gases from the internal combustion engine. This
superheated steam then is carried through the
pipe 143 to a reduced pressure stage of the steam
turbine {31 for expansion therein to the condens-
ing pressure.

Enveloping the combustion chamber 85 operat-
ing at the medium pressure of 20 kg./cm.2, or in
conventional arrangements te receive the heat of
the combustion chamber, steam carrying passages
are provided. Steam extracted from a reduced
pressure stage of the steam turbine 1231 is car-
ried through. the pipe 151 to these passages of
the combustlon chamber 85 for rel}:gevatmxT therein
and return through the pipe {53 to an adjacent
stage of the steam turbine 13! for further expan-
sion therein to the condensing pressure. ’

In the power generating plant shown in Fig. 8
the burner {13 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
mover, which requires only a part of the oxygen
in the high pressure air delivered to the combus-
tion chambper, may develop heat to heat the water
for generating steam and for superheating this
team. This steam may be and preferably is gen-
erated at a pressure of the same degrese, e. g. 100
kg./em.2, as that of the combustion gases pro-
duced in the combustion chamber §9. 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-

ending application of Ernest Mercier Serial MNo.
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 87 and the jacket 91 sur-
rounding the pipe 93 are not shown in ¥ig. 6
extending the full length respectively of the pipes
687 and 83, that these jackets may be of any
desired length and if desired may cover the full
length of the pipes froin the outlet connection
from the combustion chambers §8 and 85 respec-
tively to the auxiliary prime mover 83 and the
gas turbine 85 in order to prevent loss of heat
from these pipes and to recover therefrom 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
steam reheating apparatus with the gas gen-
erating and gas utilizing apparatus may be used.
For example, in Fig. 6 the reheating of steam

xtracted from the steam turbine may be omitied,
the gases at the medium pressure heing produced
in a combustion chamber in the manner shown
and deseribed 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
he accomplished without the generation of steam
or without the superheating thereof in the heat
exchanger represented by the pipe i2{ and the
jacket £28. 'The air compressed at medium pres-
sure may be heated by the exhaust gases from
the internal combustion engines.

Other variations may 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
pressure, a part of which gases may be and pref-
eranly are supplied by the exhaust from an auxil-
iary gas utilizing prime mover supplying at least
a pwrt of the power for driving the alr compres-
sor, this air compressor subplying 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 combusticn
at high pressure to produce high pressure high
temrerature gases for supplying the auxiliary
prime mover to develop power therefrom.

It will be understood that ligquid or cclloidal
fuels or solid fuel (powdered coal) may be burned
in the respective combustion chambers 7, {7, 69,
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 eycle. 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 “main” and
“guxiliary” combustion chambers and prime
movers for conveniently distinguishing between
the combustion champer supplying the gases to
the gas utilizing prime mover, the gas turbine in
the embodiment described, which delivers 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 claim:

1. Power generating plant 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 subsiantially above
atmospheric pressure, a main gas utilizing prime
mover connected to said combustion chamber for
utilizing the gases therefrom under said predeter-
mined pressure to develop power in said prime
mover by expansion of said combustion gases,
means for compressing a combustion supporfing
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 1o 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 pressure
jnitially 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
mover being operatively connected to said com-
pressing means for driving said compressing
means independently of said main prime mover
to effect said eompression of said combustion sup-
porting gas, and means for delivering the exhaust
gases from said auxiliary prime mover driving
said gas compressing means to said combustion
chamber to be delivered therefrom 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 plant 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 mover connected to said combustion cham-
ber 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 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-
stre 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 chiamber 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 infternal 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 claim
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 means 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 thereto.

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 mover 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 initislly 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 mover.

9. Power generating plant as defined in claim
8 which comprises means for delivering com-~
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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compressed combustion supporting gas heated in
said jacket to said auxiliary combustion chamber
for support of the combustion therein.

11. Power generating plant as defined in claim
1 which comprises a heat exchanger, means for
delivering compressed gas at a pressure of the
degree of the pressure of said gases at high tem-
perature and pressure utilized in said auxiliary
prime mover to said heat exchanger to be heated
therein, means for delivering said heated com-
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 deiivering exhaust gases from 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 mover 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 he heated therein, an auxiliary com-
bustion chamber, means for delivering said
heated compressed 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 combustion gases thereto for said
power developing expansion therein, an internal
combustion engine ccoperating 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 from said
internal combustion engine to said heat ex-
changer for heating said compressed combustion
supporting gas therein, and means for delivering
said exhgust 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 infernal combustion engine is
provided with a cooling jacket, a steam utilizing
prime mover, means for supplying steam to said
steam utilizing prime mover to develop power
therefrom by expansion of said steam in said
steam utilizing prime mover, means for condens-
ing steam withdrawn from said steam utilizing
prime mover after expansion thereof, means for
delivering the condensate fthrough 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
sald internal combustion 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, Power generating plant comprising means
providing a main combustion chamber for com-
bustion of fuel therein, means for effecting com-
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-
from under said predetermined pressure to de-
velop power in said main prime mover by expan-
sion of said combustion gases, means for com-
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 cham-
ber being connected to said compressing means
to receive said compressed combustion support-
ing gas therefrom without substantial reduction
of the pressure thereof, an auxiliary combustion
chamber for combustion of fuel therein, means
for effecting combustion of fuel in said auxiliary
combustion chamber to produce gases at high
temperature and at a pressure initially substan-
tially in execess of said predetermined pressure,
an auxiliary prime mover connected to said aux-
iliary combusticn 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
predetermined pressure of said gases in said main
combustion chamber, said auxiliary prime mover
keing operatively connected to said compressing
means for driving said compressing means inde-
pendently ¢f said main prime mover to effect
said compression of said combustion supporting
gas, means for delivering the exhaust gases from
said auxiliary prime mover driving said compres-
sing means to said main combustion chamber
to be heated therein and to be delivered there-
from with and o cooperste with said gases pro-
duced in said main combustion chamber for de-
veloping power therefrom in said main prime
mover upon further expansion thereof from said

whaust pressure, steam generating means coop-
ersting with said auxiliary combustion chamber
for generating steam by the heat of said com-
bustion therein, and a steam utilizing prime
raover connected to said steam generating means
to receive therefrom said steam generated there-
in for expansion of saig steam in said steam uti-
lizing prime mover.

15, Power generating plant comprising means
providing a main combustion chamber for com-
hustion of fuel therein, means for effecting com-
bhustion of fuel in said combustion chamber to
nroduce 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-
from under said predetermined pressure to de-
velop power in said main prime mover by expan-
sion of said combustion gases, means for com-
pressing a combustion supporting gas to a pres-
sure effective for delivering said gas to said com-
bhustion chamber against the pressure of the
combustion gases therein, said combustion cham-
ber 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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determined pressure to develop power therefrom
hy 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 com-~
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 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, 2
steam utilizing prime mover, means for supply-
ing steam to said steam utilizing prime. mover
to develop power therefrom by expansion of said
steam in said steam utilizing prime mover, steam
reheating means heated by the heat of said main
combustion chamber, means conneciing a re-
duced pressure stage of said steam utilizing prime
mover 0 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
veduced pressure from said reheating means to
a reduced pressure stage of said steam utilizing
prime mover for further expansion thereof in
said steam utilizing prime mover.

18, Power genarating plant as defined in claim
15 in which said reduced pressure of said steam
withdrawn from said steam utilizing prime mover
is of the degree of the pressure of the combus-
tion gases within said main combustion chambper.

17. Power generating plant as defined in claim
1 which comprises an internal combustion en-
gine cooperating with said auxiliary prime mover
for generating power for driving said compressing
means, said internal combustion engine being

rovided with a cooling jacket, a steam utilizing
prime mover, means for supplying steam to said
steam utilizing prime mover to develop power
therefrom by expansion of said steam in said
steam utilizing prime mover, means for condens-
ing steam withdrawn from said steam utilizing
prime mover afier 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 therefrom, said heat exchange
meszns being connected to said jacket of said
internal combustion engine to receive therefrom
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 t0 a reduced pressure stage of
said main gas utilizing prime mover for develop-
ing therein power from said exhaust gases, and
means for delivering said superheated steam from
said heat exchange means to a reduced pressure
stage of said steam utilizing prime mover for de-
veloping therein power from said superheated
steam,

'18. Power generating plant comprising means
providing a main combustion chamber for com-
bustion of fuel therein, means for effecting com-
bustion of fuel in said combustion chamber to
produce gases at a predetermined pressure sub-
stantially above atmospheric pressure, a main gas



R

3,653,448

17

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
effectlve for. delivering at least a. portion of said
combustion supporting gas to said main combus-
tion chamber against the pressure of the ecom=-
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 mover and said internal com-
bustion engine being operatively connected to
said compressing 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
therefrom 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 com-~
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
mover to deliver thereto said combustion gases
at said high temperature and substantially at
said pressure in excess of said predetermined
pressure to develop power therefrom, and means
for delivering the exhaust gases from said aux-
iliary prime mover to said mainh 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 therefrom in said main prime mover upon
further expansion thereof from said exhaust
pressure.

12. 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-
ternal combustion engine, a supercharger air
corapressor driven by said engine and connected
to said engine to deliver thereto supercharging
air at 2 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 com-
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-
sure, an auxiliary gas utilizing prime mover co-
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operatities with said: fnteriral combustion engine
to- drive said compressors: and connected to said
combustioni- chamber to- receive’ therefrom said
high pressure combustion gases for eéxpansion in
said- auxiliaty prime mover to a predetermined
pressure substantially: higher than said exhaust
pressure -of said: internal combustion engine, &
second combustion: chamber, means-for supplying
fuel and air to' szid second: eombustion ehamber
for produeing thHereilt combustion gasss-substan=
tially’ st said predetermined pressure; said auxil~
iary gas utilizing prime: mover being connected
to said’ second comtbustion’ chamber to deliver
therets- the exlaust gdses from said auxiliary
prime mover &t said predetermined pressure, a
gas turbine connected to said second combus-
tion chamber to receive therefrom 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 mover being connected to said com-~
pressors to drive said compressors independently
of said gas turbine.

21. Power generaiing plant as defined in claim
20 in which said internal combustion engine and
said auxiliary prime mover are free piston prime
movers and said compressors are free piston com-
pressors, said free piston engine and said auxil-
iary prime mover and said free piston compres-
sors respectively being constructed with two ele-
ments oscillatable with respect to each other,
given oscillatable elements of said engine and
said auxiliary prime mover and said compressors
being operatively connected together and the
other clements of said engine and said auxiliary
prime mover and said compressors also being on-
eratively connected together to provide for os~
cillation of the connected given clements and
the connected other elements with respect to
each other.

22. Power generating plant comprising means
providing a combustion chamber for combustion
of fuel therein, means for effecting combustion
of fuel in said combustion chamber to produce
gases ab a predetermined pressure substantiaily
above atmospheric pressure, 2 main gas utilizing
primer move connected to said combustion cham-~
ber for utilizing the gases delivered therefrom to
said prime mover substantially at said predeter-
mined pressure to develop power in said prime
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 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 substantizl 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
mover connected to said auxiliary gas developing
means for utilizing said gases at high tempera-
ture and at said pressure in execess of said pre-
determined pressure to develop power therefrom
by expansion thereof in said auxiliary prime
mover to an exhaust pressure substantially cor-
responding to said predetermined pressure of said
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