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1 .
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 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 utilizing prime mover is
supplied with hot gases at a suitable pressure
which may be a medium pressure of the degree
of 20 kg./ecm.2. In the cycle in which this prime
mover is ufilized 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./cm.2, 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
combhustion 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 eumhary gas utlhzmg
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
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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 mternal cembustlon'

45

-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
pr 0V1ded with members acting as pistons within
fluid pressure chambers. For simplicity in the
follewmg description the main gas utilizing
prime mover will be referred to as a gas tur-
bine and the compressors as air compressors.

89
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It is @ 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
chambper 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
al 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.2, the same as the exhaust gases from

the euxﬂlery prime mover.,

Smce the high pressure gases are supplied to
the aumhary przme mover at a temperature of
700” C. it is necessary to cool the casing of this
prlme mover. 'To this end the high pressure air,
for example, 100 kg./cm., may be circulated
Wlthout noticeable heat loss through a jacket
prowded for the casmg of the auxiliary gas uti-
llzmg prime mover. The very high density of
the air at thls hlgh pressure insures g high heat
trensfer coefficient so that such circulation of
air through the Jecket is quite efficient for effect-
ing the cooling of the euxﬂmry prime mover and
for heating the high pressure air.

This hlgh 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 £ases Whl ch are supplied to
the auxiliary prlme mover are produced This
heat ‘exchanger may be heated by the exhaust
gases from an internal combustlon engine which
eeoperates with the auxﬂmry 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
aevelop power from thelr remaining thermal and
aynamic energy.

As will be more clearly understood in con-
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necticn with the description to follow taken in

oonnecticn with the drawings the alr compressor
meoy bhe constructed in sections which will pro-
duce compressed air at the different pressures
which have been referred to above as well as af
other pressures. The air thus may be compressed
in stages in which the pressure is raised substan-
tially toc the different pressures at which it is
utilized in the system. The internal combustion
engine thus also may ke supplied with com-
nressed 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-
niied 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 2
vapor or steam utilizing prime mover for de-
veloping power therefrom. For simplicity this
nrime mover will be referred to as g steam tur-
bine. Such a steam turbine may be mounted on
the saime shaft or may be otherwise mechanically
connected to the gas turbine te cooperate there-
with for developing the useful power.

In another aspect of the invention steam may
e extracted or withdrawn from the steam tur-
hine and rcheated by the heat of the combustion
chamber in which are produced the gases at Mme-
dium pressure which are supplied to the main
ons 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 bhe
delivered to steam generating means associated
with the combustion chamber which produces
the high pressure gases supplied to the auxiliary
gas 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-
vida the renuisite cooling medium for the iacket
conventionglly provided in the internal eombus-
tinn engine which supplies part of the vower for
tha air comnpressors. 2 part of this con“ensate or
nf the condensed bled steam mav he delivered to
thia iapket for flow therethrough. In this iackes
steam mov be generated from this coonling me-
Aittm end mav he stmerheated in s heat ex-
chancar through which the exhangf gases from
the internal combiistion engine flow as thev are
Aelivered toward the reduced pressure stage of
the main gasg utilizing prime mover or turbine.
The steam thus generated and suverheated may
he delivered to a reduced pressure stage of the
steam turhine for develoning power therefrom
hefare digseharee tn the eondenser.

The invention will ha further understood from
the degrrintion to foellew taken in connection
with the drawines in which

Tig, 1 i5 a simvlified diagram of the power gen-
erating plant of the invention;

TWig. 2 is an entropv diagram showing different
aspects of the thermal evele of the invention;

i, 3 shows diagrammatically the novel gas
utilizine vower generating plant of the inven-
tvion:

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

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

Mo, 68 shows a modification of the power gen-
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4.
steam generating and steam heating apparatus
and 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 8 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 % 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
exaraple, 100 kg./em.?, which are delivered
through the conduit 13 to the auxiliary gas uti-
lizing prime mover 1§ for expansion therein to
develop the power for driving the compressor 9.

The gases exhausted from the auxiliary gas
utilizing prime mover {i 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 1f, for example, 20
ke./ecm.2. The gases preduced in the combustion
chamber 17 at this pressure are carried through
the conduit 9 to a gas turbine 2{ for expansion
therein and discharge therefrom, for example, at
atmospheric pressure. The combustion chamber
{71 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-
hustion 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 [1 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 cvele shown in full lines abedefghe’a re-
1ates to the air and gases which are produced at
high pressure and temperature and are expanded
frora such hish pressure, for example, 100
kg./em2, to the medium pressure, 20 kg./cm.2,
then are reheated and further expanded to at-
mosnheric pressure,

The cvele represented in dash lines akjlmna
renresents the cvele for gases produced at 2 me-
dium pressure. for example 20 ke./em.2, if these
gases were not cooled by admixture therewith. as
ahove mentinned, of the exhaust gases from the
auviliarv nrime mover {1,

The evele in dotted line aorsoa represents the
cvele of the internal eomhustion engine suppiied
with air at supercharging pressure. |

n Fig. 2. by way of example, the lines of con-
stant pressure are shown representing 1 kg./cm.?
or atmosrherie pressure and the pressures of the
several pressuire stages develoned in the com-
pressor. Tn the full line cdiaeram the air at at-
mospheric pressure is comnressed first to 10
ko /em.?2 alone the line ¢b corresronding to voly-
tropic compression not ereatly 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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“ner and by means not shown which in them-
selves are not part of this invention. The air
thus compressed at 10 kg./em:2 is coocled along
the line be which may be accomplished by a ‘con-
ventional intercooler. This air then is com-
pressed in a second stage from 10 kg./cm.? to
100 kg./cm.2 along the line cd representing a poly-

tropic compression which departs substantially

from the isothermsal in order to obtain a final
temperature of about 150° C, . in the example il-
Iustrated 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 i1 and there-
after may be further heated by flow through :a
heat exchanger as will be described in connec-
tion with Tig. 2 which msay 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 ‘T and then
supplied to the auxiliary prime mover i1 for de-
velopment of power therefrom. Heating of the
~alr 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 utilizing prime mover i1 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 {71 along the isobar fg to a tem-

- perature of approximately 700° C. The second

adiabatic expansion which is accomplished in the
gas turbine 2{ is indicated by the line g2 to at-

mospheric pressure, 1 kg./ecm:2, at which pressure

40

the gases are exhausted 'along the lsobar ha to
closs 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
icj and the second stage compression from 4.4
kg./em.? to 20 kg./cm.2? is represented by the line
7. The alr thus compressed is heated along the
isobar Im at 20 kg./cm.2, In this diagram this

heating is not stopped a,t the final temperature
of 700° C., which, for-example, may be determined

- by heatmg resisting materials available for the
purpose, but at the temperature which would be
“Treached if the mixture of the exhaust eases from

the auxiliary gas utilizing prime mover (i 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./em.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 heing con- 65

- 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
qar 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./em.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 ig 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./em.2 will
depend directly on the power which is chosen for
the internal combustion engine. By judicious
chioice of the various elements it will not be dif-

ficult to arrive at g condition where the quan-

tities of air at 20 kg./cm.? and of the super-
charging air at 3.5 kg./em.?2 both have, for ex-

ample, a value equal to half the value of the air

mass compressed to 100 kg./cm.2.
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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.2, 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
0f the internal combustion engines by means of
air compressed by the apparatus to 100 kg./cm.2?
or to 20 kg./cm .2
- In Fig. 3 the essential elements of the hasic
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 coempressor section driven by an auX-
iliary prime mover utilizing gases at hieh pres-
sure and temperature and alse driven by an in-
ternal combustion engine, all of these elements
in the embodiment of ¥ig. 3 heing oscillating frea

piston fluid pressure machines with the oscil-

lating members thereof supported for osecillation

“eon a common axis and mechanically connected

togechier for eifecting compression of the air upon
oscillating movemen$ of the compressor mem-
bers produced by the oscillating movement of
the prime mover members of this unit. Al of
these eclements, as will be understood more clearly

Trom the more detailed description to foilow 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 cyele
described in cennection with Fig. 2 heing accom-
nlished in the different chambers of the low pres-
sure and oi 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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suxiliary prime mover and of the Internal com-
bustion engine cencomitantly with reciprocation
in these chambers of the vanes of these prime
IMOVETS.

In Fig. 3 a low pressure section 238 of the air
COMBDressor receives atmosphneric air through the
intalze 2%. This air compressor, being of the
oscillating type co*qp rises, as shown more or less
disgrammatically in Fig. 4, an oscillating meni-
“her 2% suproried for cscillation upon its axis and
provided with vanes gubtwardly extending there-
from respectively reciprocating within compres-
:0 charabers formed within a casing 2§ hetween

nwardly extending sectors 33. The 1wo Ooppo-
itely disposed vanes 35 reciprocate within the

respective chambers %7 for compressicn of the
kg./cm.ﬂ. The tWo oG-
&

23
aiy from 1 kg./emé ¢ 3 5
positely disposed vanes 3% recivrocating within

thie respeciive chambers 44 cempref-:s the gir from
1 ke./cm.2 to 44 kz./cm.? in the 4rst stage of
the two-s uage comuression to 29 kg./ecmi The
foUr vanes £3 reci pr tmf" in the four cham-
hers 4% compress air from 1 kg./em.2 to 10 kg./cin.?
in the 4rss smge- Of ‘th.a Wo-shage gorapression
Tor producing ab 100 keg./ems, For simplicity
the reguigite connections Leiwesn the champers
and the valve gear for controlling the aiyr a3 it is
veing compressed and for conirolling delivery
thereof irom the oW Dpressure S ction 29 of the

m *‘"

]
'J

e
CoOMPressor are not hmx m Tig, 4, It will be
ararent, never h eiess, that v a compressed air
m&y he discnsarged fm the respeciive chambers
et the pressures reguisize 1or su“aﬂ“cpa}:gmg The
intearnal combpustion engine as weall as for fur-
ther compression in the high pressure secvion BB
nt the comprsssor., It wiil be noved consizient
with the above description of the particular cycis
reprasented in Fig. 2 thai in the low pressure
section 28 two chaniers are provided for con-
pression of the air from 1 kg./cm.? {o 3.5 keg./em.2,
two chambers are providad for compression from
1T ka./oml2 1o 4.4 keg./cm.? and four chambpers are
nrovided for compresgion from 1 kg./cm.? to 10
kg./cm.A

Through the plice
low pressure section 2B ©
lrg /cra.2 18 delivered 1o he Eﬂlﬂ*h pressure section
28 of the compresscy for eocrapressicen therein to
100 kg./em.2. As shown in Fig. b waich is a sec-
tion on line §—8 of Fig. 3, the high pressure sec-
tion 55 is constructed simiiarly tc the low pres-
sure secticn as an osciliating fveﬁ piston compres-
sor and is similarly provided wish Iour chambers
5{ in which vanes 58 carried by the oscillating
member 52 reciprocate, these four chambers
croviding for compression to 100 kg./em? of the
air first compressed in the low pressure section
to 10 keg./em2 . Through another pipe 5§ alr
compressed in the low pressure section to 4.4
ko./em2 is delivered to the other four chambers
FEd of the high pressure section 55 to be com-
nressed therein to 20 kg./cm.? by vanses s8.

Tt will ke undersiood that in soige cases the

air auantivies required may not be exacily in the
ratm of 2 to 1 assumed in the above d‘*scuss on.
Variation, however, may be made tc meev dif-
ferent comﬁ'tions by varying the amount of clear-
ance hetweaen the vanes on the coscillavabvle mem-
bers and tﬂe sectors which provide the end walls
of the chambers in which these vanes vecipro-
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 thereln.

g™ e
o b

9 ir (}'znpresseﬁ in the
f the compressor tO 19

b |

10

3

The compressed air at high pressure, 100
kg./em.2, is delivered from the high pressure
section 85 through pipe 6{ 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 coocling 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 €9
and the gas supply nipe 67 carrying high pressure

- high temperature gases to the auxiliary gas
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utilizing prime mover 62 and is further heated
in this jacket. As shown in Fig. 3 the annular
space 64 is connecied to the annular space 63
formed between the double walls extending about
a combustion chamber 65 so that the compressed
alr after passing through the jacket of the auxil-
iary prime mover 83 and through the jacket 65
passes vhrough the annuiar space 82 and is
heated therein while preventing undus loss of
heat from the combustion chamber walls. This
high pressure air thus heated continues through
the pipe Ti to 2 space at one end of g tubular
heat exchanger T3 suprlied with heating gases
as hereinafter described for ficw through the
tubes 15 of this heal exchanger to the space at
the opposite end thereof from which the pipe
7 leads to carry the high pressure air thus fur-
ther heated in the heat exchancer 73 to the com-
bustion chamber 68 for support of combustion
therein of fuel supplied to the combustion cham-
ber through the vipe 79. 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 temperabure combus-
tion gases are expanded in the auxiliary gas
utilizing prime mover driving the compressor
sections and are exhausted therefrom a2t 29
keg./em.2 through the pipe 8¢ which conducts
these gases to the combustion chamber 8E.

This combustion chamber is suoplied with fuel
through pipe 87 for producing combustion gases
therein at the medium pressure, namely, 20
kg./cm.? in the exampie under discussion. From
the chambers of the high pressure section 35 of
the compressor -in which air is compressed from
4.4 kg./cm.? to 20 kg./cm.2 the compressed air at
20 kg./cm.2 is delivered through the pipe 88 fo
a jacket 91 forming an annular space 22 about
a pipe 93. From the combustion chamber 23
combustion gases at the medium pressure are
delivered through pipe 93 toc the main gas utiliz-
Ing prime mover 95 which in the embodiment
illustrated in Fig, 3 is a gas turbine. The com-
pressed air at the medium pressure fiows through
space 92 of the jacket 8§ and through annular
space 86 provided by the spasced walls of the
combustion chamber 85 and through the pive 87
into the combustion chamber 85 adiacent the
burner for supporting combustion of the fuel
supplied by the fuel pipe 27 to produce gases
al the medium pressure. It thus will be apparent
that the gases supplied to the turbine 98 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 mover 83 at the medium pres-
sure, 20 kg./cm.2. 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 ser-
tion 2% of the compressor in which the air is
compressed to 3.5 kg./ecm.2 air is delivered
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~ through the pipe 100 to the internal combustion

engine w: for superchergmg the mternel com- -

bustion engine. The exheust oases leaving this
mternal eombustmn engine substentlelly at the
pressure of 3.5 kg./cm2 flow through the pipe
103 to the spece about the tubes 15 of the heat
exchanger IS 1o heat the high pressure com-
pressed air ﬂourme* through these tubes as above
descrlbed The exhaust gases then are dis-
charged from the heat exchanger 73 through

the pipe 105 and are delivered to a reduced pres-

sure stage of the gas turbme 95 for expansion
therein to atmospheric pressure as referred to
above in the description in connection wi th the
entropy diagram in dotted lines in Fig. 2.

It will be understood in aceordance with con-

ventional practice that 1merooolers 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 furthel com-

pression thereof in a higher etege Such inter-

coolers if required may be connected, for exam-

ple, in the pipes 87 and %2 of Fig. 3.
In Fig. 6 is shown & moolﬁeet'ton of the power

:generetmg plant of ¥Fig. 3 in which the combus-

tion chambers 69 and &% respeotwely also serve

for generetme and superheating vapor, such as
steam from water, and for reheating such vapor

or steam for erpanswnon thereof in a steam turbme |

the reheated steam being delivered again to the
turbine for further expansmn in the reduced pres-
sure stage thereof. In Fig. § for the most part
 the corresponding elements . a:od. 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 91

surrounding the gas supply pipe 93 leading to the
gas turbine 85. The compressed air at 20 kg./cm. 2
is heated in passing along the annular space §2
of the jacket 81 by the gases ﬂowmg from the
comoustzor: chamber 8% through the pipe 83 to
the turbine §5.
heated is delivered to the burner 111 for support
- of the eombustmn of the fuel supphed to this
burner by the pipe 87. Similarly to the embodi-
ment of Pig. 3 through the pipe 8¢ the exhaust

gases from the euX111ery gas utilizing. pr1rr1e mover

63 driving the air compressors also is delivered
to the combustion chamber 85 at the medlum
pressure of 20 ke./cm.? in the example under
discussion. Thus, it will be apparent that the
combustion chamber §5 in the embodiment of

 Fig. 6 operates at this medium pressure and that

the gases supplied to the gas turbine are derived

The air at this pressure thus

10
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18 of this heat exchanger.

10
in the embodiment of Fig. 3, is delivered throu gh-
pipe 1! and through the tubes 15 of the heat ex-
changer 13 and through the pipe 17 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 expended in the auxiliary prime
mover through pipe 61. As above stated the ex-
haust gases at 20 kg./cem.? from the auxiliary
prime mover §3 are delivered through pipe 8i to
the oombustloh chamber 85.

As in Fig. 3 supercharging air is supplied at
3.5 kg./ecm.% to the internal combustion engine
{0i through the pipe i06 from the low pressure
section 25 of the compressor. 'The exhaust gases
from the internal combustion engine {§i in this
embodiment are delivered at 3.5 kg./cm.? through -
the pipe 121 to the heat exchanger T3 for heat~
ing the air at hlgh pressure flowing through tubes
The gases upon dis=-
cherge from the heat exchanger i3 are carried
through pipe (05 to a reduced pressure stage of
the turbine 95 for further expansion therein.

‘In the empodiment of Fig. 6 the high pressure

- combustion chamber 88 is prowoed with a water

wall 125 enveloping this chamber to which
through pipe 147 the condensate from a con-
denser 12§ receiving the steam from the steam
turbine 31 is delivered. Although not shown
in Flg 6 the conventlonel banks of tubes or other

- means for absorbking heat from the gases also may

be plled&Ci within the combustion chamber 83
for generating steam from the Weter received

through pipe {21 and for superheetmg this steam.

‘This superheated steam may be carried through
Pipe 33 to a high pressure stage of the turbine
134 for expansion therein to the oonuenemg pres-

~ sure and dloCh&I’gE of the steem at this pressure
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to the condenser {29 to produce the condensate.
This condensaie is carried through the pipe 135
to conventlonel water heaters 188, 137 which are
heated by steam bled from the turbme 131, the
steam condensed in the heaters 135, 137 being
returned through pipes (38, {32 to the water flow
pipes to ke mixed unth the condensate from the
condenser 129, |
Steam may be bled from the turbine, for ex-
ample at 5 kg./cm.2, for heating the condensate

in the heater. 136 to 150° C. this heated water

being delivered through the bipe 1£§ to the jacket
of the internal oombustlon engine 144 for effect-
ing cooling of this internal combustion engine.
Steam is generated from thls water in this jacket
and is carried through the jacket 123 surround-

- ing the exhaust pipe i2{ in which jacket it is

60

in part from the exhaust of the auxiliary prime
mover and in part from the combustion of fuel

at the burner 111, 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?2 is delivered through the pipe 87 to -

- the high pressure section 8% to be compressed to
100 kg./cm.2. Air at this high pressure is de-
livered through the pipe 51 to the jacket of the
auxiliary prime mover 63 and discharged from
this iacket to the jacket 65 surrounding the pipe

60
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61 which carries the hot high pressure gases from =

the combustrou ehamber 69 to the auxﬂrary prlme,.

mover 63,

The air at high pressure from the Jaoket 65, as

superheated for extracting heat from the exhaust
gases from the internal combustion engine. This
superheated steam then is carried through the
pipe 1438 to a reduced pressure stage of the steam .
uurbme (31 for expe1151or1 therein to the condens—
ing pressure.

Enveloping the combustlon che,moer 85 operat-
ing at the medium pressure of 20 kg./cm.2, or in
conventronal arrangements te receive the heet of
the combust:ton chamber, steam carrying pa ssa,ges
are prowded Steam extracted from a 1educed |
pressure stage of the steam turbme [2{ is car-

‘ried through the pipe 1581 to these passages of B

the oombustlon ohemher 85 for reheetlnrr 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. s

> the burher 13 1nstead of merely develoumg the -
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heat for raising the temperature of the gases 1o
that regquisite for delivery tc the auxiliary prime
mover, which requires only a part of the oxXygen
in the high pressure air delivered to the compus-
tion chamber, may develop heat to heat the water
for generating steam and for superheating fthis
team. This steam may be and preferaply is gen-
eragted at a pressure of the same degree, e, g. 100
keg./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, 1849, and in a CO-

ending application of Ernest Mercier Serial INo.
472,217 filed January 13, 1943, now abandoned,
and in g corending application of Ernest Mercier
Serial No. 103,893, filed July 9, 1949, now Pateny
No. 2,547,135, which latter is g continuation in
part of the said application Serial No. 472,217,

It will be understeod, although the jacket 65
surrounding the pipes 87 and the jacket 81 sur-
rounding the pipe 93 are not shown in Fig. 6
extending the full length respectively of the pipes
67 and 83, 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 combustion chambers £§9 and 8% respec-
tively to the auxiliary prime mover 83 and the
gas turbine 95 in order to prevent loss of heai
from these pipes and io recover thersefrom heat
for heating the high pressure air and for heating
the medium pressure air for the combustion of
the fuel in the respective combustion chamibers.

It will be understood further that within the
scope of the invention to suif different conditions
various combinations of the steam generaving and
steam reheating apparatus with the gas gen-
erating and gas utilizing apparatus may ke used.
For example, in Fig. § the reheafing of steam
extracted from the steam turbine may be omivied,
the gases gt the medium pressure being produced
in a combustion chamber in the manner shown
and described in connection with Fig. 3 o1 sup-
nly of these gases to the gag 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 121 and the
jacket £238. 'The air compressed at medlum 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 prei-
eranly are supplied by the exhaust from an auxil-

iarv gas utilizing prime mover supplying at least

a nul't 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 turvine
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and also supplving 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.

Tt will be understood that liguid or colloidal
fuels or solid fuel (powdered coal) may be burned
in the respective combustion chambers 7, {7, &8,
85 for developing heat in these combustmn cham-

bers.

In a further modlﬁcaumn within the scope of

the invention instead of using water in the Jackﬂt
of the internal combustion engine for cooling
this engine, compressed air, for example at 180

69
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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
cases from the gas turbine may be partially re-
cuperated by heating the air or the water ai
suitable points in the cycle. For example, these
cases 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 elaims reference is made to “main” and
“guxiliary” combustion chambers and prime
movers for conveniently distinguishing between
the combustion champer supplying the gases t0
the gas utilizing prime mover, the gas turbine in
the embodiment deseribed, which delivers the use-
ful power and the combustion chamber which

supplies the high pressure gases toc the prime

mover supplying power o the air compressors

We claim: |

1. Power genﬂratmg plant comprising means
providing a combustion chamber for combustion
of fuel therein, means for effecting cembustion of
fuel in said combustion chamber to produce gases
at a predetermined pressure subsiantialiy above
atmogpheric pressure, a main gas utilizing prime
mover connected to said combustion chamber for
utilizing the gases therefrom under sald predeter-
mined pressure to develop power in sald prime
mover by exvansion of said compusiion gases,
means for compreassing a combustion supporting
oas 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 corabusiion
supporting gas therefrom without substantial ex-
pansion thereof, an auxiliary prime mover utiliz-
ing gases at high temperature and al a pressure
initially in excess of said predetermined pressure
to develop power thersfrom by expansion thereot
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
ect said compression of said combusiion 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 combusiion
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 connecied to said combustion chan-

ber for utilizing the gases therefrom under said.
predetermined pressure to develop power in said

prime mover by expansion of sald 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 thereifrom 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 ahd 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 guxiliary 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

14

compuress'e_dﬁ combustion supporting gas heated in
said jacket to said auxiliary combustion chamber

- for support of the combustion therein.

10

15

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 expansmn thereof Irom

said exhaust pressure.

3. Power generatmg plant asg defined in clmm. |

1 which comprises an infternal combustion en-
gine overatively 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 meansand 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 conipressing means and said
auxiliary gas utilizing prime mover and said in-
ternal combustion engine are Ifree piston ﬂuld
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.

20

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
sald power developing expansion therein gan in-
ternal combustion engine cooperating with said
auxiliary prime mover ifor developing power for
driving said compressing means, means connect-
ing said internal combustion engine to said heat
exchanger for delivering 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 10 a reduced pressure
stage of said main prime mover for developing

- therein power from said exhaust gases.
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‘said internal combustion engine to said heat ex-~

8.. Power generating plant as defined in claim

1 which comprises an auxiliary combustion cham-
ber, means for effecting combustion of fuel in

50

said auxiliary combustion chamber to produce

said gases at said high temperature and at said

pressure initially in excess of sald 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 claam

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 gase
produced in said auxiliary combustion chamber to

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 compressed combustion supporting gas
from said heat exchanger to said auxiliary com-
busticn 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 Iinitially in eXcess of said predetermined
pressure, said auxiliary ecomhbhustion chamber be-

‘ing connected to said auxiliary prime mover to

deliver sald combustion gases thereto for said

power developing expansion therein, an internal
‘compustion engine ccoperating with said auxil-

iary prime mover for developing power for driv-
ing said compressing means, means connecting

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 exhaust gases from said heat exchanger to

- a reduced pressure stage of said main prime

55

mover for developing therein power from sald 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
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said jacket for flow therethrough for intercept-

ing heat otherwise lost from the walls of said
comhustion chamber and heating sald combustion
supporting gas, and means for delivering said

75

- 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 through said jacket
of said internal combustion engine for effecting
cocling of said internal combustion engine and
for generating steam from sald 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 combustion engine through said
heat exchange means to said heat exchanger,
said heat exchange means being connected fto
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
ZASES.

14. Power zenerating plant comprising means

providing a main combustion chamber for com-
bustion of fuel therein, means for effecting com-
hustion 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, meang for com-
pressing o 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 sald compressing means
to receive said compressed combustion support-
ing gag therefrom without substantial reduction
of the pressure thereof, an auxiliary combustion

i6
determined pressure to develop power therefrom
hy expansion thereof to an exhaust pressure sub-
stantially corresponding fto said predetermined
pressure of said gases in said combustion cham-
per, said auxiliary prime mover being operatively
connected to said compressing means for driv-
ing said compressing means independently of
sald 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 sald compressing

means to said main combustion chamber to be

chamber for combustion of fuel therein, means -

for effecting combustion of fuel in said auxiliary
combhustion chamber to produce gases at high
temuperaiture ang gt a pressure initially substan-
tially in exeess of said predetermined pressure,
an auxilizry prime mover coehnhected 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 €x-

haust pressure substantially corresponding to said

predetermined pressure of gaid gases in said main
cembustion chamber, said auxiliary prime mover
being operatively connected to said compressing
means for driving said compressing means inde-
pendently ¢f said main prime mover to effect
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said compression of said combustion supporting

oas, 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 fto cegperate with said gases pro-
dueced in said main combustion chamber for de-
veloping power therefrom in said main prime
mover unon further expansion thereof from said
exhanst nressure, steam generating means coop-
erating with said auxiliary combustion chamber
for generating steam by the heat of said com-
bustion therein, and a sfteam utilizing prime
raover connected to said steam generating means
to receive therefrom said steam generated there-
in for expansion of saigd steam in said steam uti-
lizing prime mover.

15, Power generasiing plant comprising means
providing a main combustion chamber for com-
hustion of fuel therein, means for efiecting com-
bustion 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-
cion of =ald combustion gases, meang for com-
pressing a combustion supperting gas to a pres-
sure effective for delivering said gas to said com-
hustion chamher against the pressure of the
combustion gases therein, said combusiion cham-
ber being connected to said compressing means
to receive said compressed combustion support-

ing gasg therefrom without substantial reduction
of uhe nressure thereof, an auxiliary prime mover

utilizing gases at high temperature and at a pres-
sure initially substansially in excess of said pre-
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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, a
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 connecting a re-
duced pressure stage of said steam utilizing prime
mover o 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 from said reheating means to

2 recduced pressure stage of said steam utilizing

nrime mover for further expansion thereof in
s9id stean urilizing prime mover.

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

17. Power gehergting plant ag 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
provided with a cooling jacket, a steam utilizing
prime mover, means for supplying steam to said

steam utilizing nrime 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
ceoling of sald 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
megns being connected to said Jacket of said
internal combusiion engine to receive therefrom
the steam generated therein for superheating said
steam by the heat of said exhaust gases, means
Tor delivering said exhaust gases from said heat
exchange means to a reduced pressure stage of
said main gas utilizing prime mover for develop-
ing therein power from said exhaust gases, and
means for delivaring said sunerheated steam from
said heat exchange means to a reduced pressure
stage of said stearn utilizing prime mover for de-
veloping therein power fmm said superheated
steam,

18, Power generating pla.nt comprising means
providing a masin combustion chamber for com-
bustion of fuel therein, means for effecting com-~
bustion of fuel In said combustion chamber to
proguce gases at a predetermined pressure sub-

stantially above atmospheric pressure, a main gas
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utilizing prime mover connected to sdid combus-
tion chamber. for utilizing the gases. therefrom
under said predetermined pressure to develop
power in said prime mover by expansion of sald
combustion gases, means for compressing a.com-
bustion supporting gas- to a. plurahty of pres-
sures, at least g given one. of said pressures being
effective for. delivering at least a portion of said
combustlon supmrtmg gas -to- said main combus=

tion chamber against the pressure of the:com-
bustmn gases therem said main combustmn_

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-

10
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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 ei-
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
hisch temperature and at said pressure in excess
of said predetermined pressure, said auxiliary
combustion chamber bheing 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

20

30

40

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 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 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 generafing 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, a2 supercharger air

compressor driven by said engine and connected

to said engine to deliver thereto supercharging

air at 2 pressure providing for exhausting the
cases from said internal combustion engine at a
pressure substantially above atimosphere pressure,
g high pressure alr 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 eifecting combustion of fuel to produce

combustion gases substantially at said high pres-

sure, an auxiliary gas utilizing prime mover co-

o)
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operatmg with said: internal combustion engins
to drive said compressors and connected to said
combustion chamber to receive therefrom said
high pressure: combustion gases for éxpansion in

said- guxilisty’ prime mover to- a predetermined

pressure substantially higher than. said exhaust -
pressure -of spid- internal combustion: engine, &
second combustion: chamber, means: for supplying
fuel' and aif to'said secongd combustion chamber

for produeing tHerein combustion gases-substan-

tially at said predetermined pressure, said auxil«
iary gan utilizing prime: mover being connected
tc said second combustion’ chamber to deliver
thereto thre exhaust gases from said auxiliary
prime mover gt said predetermined pressure, 4
o288 turbine connected to said second combus-
tion chamber to receive therefrom szaid combus-
tion gases produced therein and said exhaust
goses heated therein by the heat of combustion
for expansion of said exhaust and combustion
gases in said turbine, said internal combustion
engine being connected to0 & 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 turbkine,
sald internal combustion engine and the auxil-
iary prime mover being connected to said com-
pressors to drive said compressors independentiy
of said gas turbine. |

21. Power generatiing 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, sald free piston engine and said auxil-

iary prime mover and said free piston compres-
sors respectively being construected with two ele-
menvs osciliatable with respect to each other,
given oscillatable elements of said engine andg
said auxiliary prime mover and said compressors
being operatively connected together zand the
other clements of said engine and said guxiliary
prime mover and sald compressors also being op-
eratvively 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 combustion chamber for combustion
of fuel therein, means for effecting combustion
of fuel in said combustion chamber to produce
gases at a predetermined pressure substantioily
a0ove atmospheric pressure, a main gas utilizing
primer move connected to said combustion cham-

~ ber for utilizing the gases delivered therefrom to
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sald prime mover substantially at said predeter-
mined pressure to develop power in said prime
mover by expansion of said combustion gases,
means Ior compressing a combustion supporting
gas t0 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 {0 receive said compressed combustion sup-
porting gas ftherefrom without substantial ex-
pansion thereof, means for developing from the
combustion of fuel auxiliary gases at high tem-
pberature and at a pressure initially in excess of
sald 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 excess of said pre-
determined pressure to develop power therefrom -
by expansion thereof in said auxiliary prime
mover to an exhaust pressure substantially cor-

Tresponding to said predetermined pressure of said
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sases in said combustion chamber, said auxiliary
prime mover being operatively connected to said
compressing means for driving said compressing
mezans independently of said main prime mover
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 EHLINGER.
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