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UNITED STATES PATENT OFFICE

James L. Ray, Elm. Grove, Wis., assignor-to-Allis-
Chalmers. Manufacturing- Gompany, ‘Milivau--
kee, Wis.,, a corporation of Delaware:

Application,November, 20, 1944, Serial No, 564,311
(CL-60—41)

11 Claims.

1
This invention: relates to-elastic finid. turbine
systems for developing power by expanding prod-
ucts of combustion incident to.conversion of ther-
mal energy into mechanical.energy and. more par-

ticularly to the type:of system embodying appa- .5,

ratus for- eontinuously performing the- steps. of
relpasing: a portion. of the-expanded. products. of
-combustion,, cooling, and then recompressing the
remaining products. of combustion, heating the
recompressed products.of combustion by combin-
ing same with.newly formed, highly heated. prod-
ucts: of combuystion: obtained. by. burning fuel'in a
compressed, combustion. supporting elastic fluid
either: before or after such fluid is. partially or
wholly mixed with the recompressed products of
combustion, and expanding the resulting mix-
ture..

In the known. systems of this type, recompres-
sion. of expanded produects of combustion. is ef-
fected by a. main, compressing means driven by
one.of the turbines while compression of the com-
‘bustion supporting elastic. fluid. is, effected by a
separate auxiliary compressing means. driven by
another turbine which is mechanically independ-
ent. of the main. compressor turbine and also of

the power turbine when such a. turbine is. em--

ployed;. the auxiliary .compressor turbine being
connected either in parallel or series flow ar-
rangement. with the main compressor and power
turbines, that is, it either receives motive. fluid
from the combustion: chamber or chambers, sup-
plying the main compressor and power turbines,
-or. it is a.low pressure turbine opsrated by motive
fluid exhausting from. such. ofher turbines. In
either case, both the temperature and the mass
flow. of motive fluid are similarly, simultaneously
varied, usually by varying fuel input to the com-
bustion chamber or chambers.in accordance: with
changes. in external load or power transmitted,
and as a resull, part load efficiencies are objec-
tionably lTow and:regulation sluggish particularly
with respect to the handling of rapidly changing
Joads..

It. is. therefore. an. object of this invention to
provide a mode of operation for such. systems
which will afford optimum part load efficiencies
angd will improve accelerating characteristics.

A further object of ‘this invention is to provide
improved correlations of elements ‘for effecting
such g mode of operation.

The construction and operation of apparatus
.embodying the invention will'become readily ap-
parent as the disc¢losure progresses and particu-
Jlarly points cut additiondl features considered
.of special importance, and accordingly, the inven-
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2 7
tion may be considered as consisting -of the
mefthods and of the. correlations of elements-and
arrangements of parts as.is more fully set:forth
in the. detailed description and in the appended
claims, reference being had:to:the accompanymgv
drawmgs, in which:.

Fig, 1 schematically illustrates a gas turbine
system embodying theinvention;

Fig. 2.schematically illustrates another gas tur-
bme system. embodying the invention;

Fig. 3 schematically illustrates still'another: gas
tm hine system embodying the invention..

Referring to, Fig, 1 of the drawings, it is;seen
that a gas. turbine system emibodying the inven-
tion may in¢lude a combustion chamber ¥ ‘hav=-
ing g hurner portion 2 to which fuel is supplied
from a suitable source (not shown) through ‘g
bipe 3 provided with a flow, regulating valve 4, a
starting. motor 8§, a first or main compressor 1,
a first or compressor ‘turbine '8; an electric gen-
erator ‘9, a.second or power turbine [, an-aux-
fliary compressor. 12, and an. electric ‘motor I3:
Starting motor § ‘and turbines 8 and 1 may-be
drivingly connected with main compressor-T-and
with. generator ‘9 by any suitable means-such-as
g.common shaft 14 -and €lectric motor {3-may be:
drivingly connected with guxiliary: compressor
A2 7by any sunitable ‘means suchr as & common
Shaft.i3.

A main conduit: FT-and branch conduits 1 8-and
19 severally connect the irilets of turbines8-and
1M with the discharge end of combustion cham-
 whichrincludes-hegt-ex~
changing portions, 22; 23 and 24, connects ‘the

5 exhaust of turbine §-with the inlet of*main com-

pressor T. Turbine 1t exhausts to atmosphere
through a conduit 25, A cqnduit 26, which in-
cludes a heat exchanging portion 27 operatively
associated with ‘hesat -exchanging -portion: ‘22 -of
conduit 21, connects the discharge-of-compressor
T with the burner-end-of combustionr ¢chamber |
and a conduit 28; which includes s heat exchang=
‘ing portion 28-operatively-associated with heat ex-
changing portion 23 of*conduit ‘2!, connects the
discharge ‘of -auxiliary compressor- 12 with: ‘the
burner-portion: 2-of ‘combustion- chamber-'t. 'The
inlet of compressor-12-communicates with the-at-
mosphere through a conduit 3. A cooling-coitor

“the like 32 is -operatively- associated :with: the
‘heat exchanging-portion’ 24-of conduit 2it-.

Water

or-other suitable cooling fluid passes:into- and:eut

of coil 32 throughpipes33-and 34, respectively:
Excess power -developed by the system is-con-

‘verted into electrical energy in generdtor-gand'is

transmitted for-use-where-desired by-means 6f )
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power line 35 including a switch 36. The arma-
ture of motor 13 is connected across power line
35 by means of conductors 37 and 38, the latter
including a switch 38. Motor 3 is preferably
separately excited by means of field windings 44
and 82 which are in turn separately energized
by any suitable means such as batteries 43 and
44, respectively. Starting from one side of bat-
tery 43, the energizing circuit for field winding 4i

comprises conductor 46, field winding 41, con-.

ductor 41, rheostat 48, and conductor 49. Start-
ing from one side of battery 44, the energizing
circuit for field winding 42 comprises conductor
51, field winding 42, conductor 53, a pair of paral-
lel circuits one of which includes a conductor 54, a
rheostat 56 and a conductor 57 and the other of
which includes a conductor 58, a rheostat 59
and a conductor 61, and a conductor 62 con-
necting conductors 57 and 6! with the other side
of battery 44.

The position of the movable element 58 of

rheostat 48 is controlled by means of a load re-
sponsive device comprising a solenoid 83 sub-
jected to oppositely acting forces by means of a
spring 64 and a coil 65 forming a part of the sec-
ondary circuit of a current transformer 66 asso-
ciated with power line 356, the arrangement of
these parts being such that the field produced
by the flow of current through winding 41 is
automatically increased and decreased as the
load on generator 9, i. e., the electrical energy
transmitted through power line 35, decreases
and increases, respectively. It should therefore
be obvious that the control of rheostat 48 in this
manner. operates to increase and decrease the
speed. of motor {3 as the icad on generator 9
jincreases and decreases, respectively.

The position of the movable element 55 of
rheostat 56 is controlled by a speed governor 67
operatively associated with shaft i4 and is there-
by operated to automatically vary the flow of
current through field winding 42 as the speed
of compressor 1, turbine 8, etc. increases and
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decreases. Rheostat 59 is controlled by a speed .

governor 68 driven from shaft 16 and is opera-
tively associated with the movable €lement 60
of rheostat 59 by means of a speed-limiting lost-
motion connection 69. Consequently, rheostab
‘59 is operated to automatically vary the flow of
current through field winding 42 only in the event
‘the speed of motor i3 exceeds a predetermined
maximum. In this connection, it should be noted
that since rheostats 56 and 89 are connected in
parallel relation between field winding 42 and

.battery 44, these two rheostats are jointly and ;

severally operative to vary the flow of current
through field winding 42 as determined by the
‘movements of their actuating governors 67 and
.68, respectively.

_The relation of field windings 41 and 42 and the
energizing control thereof afforded by rheostats
48, 56 and 59 is such that the speed of motor 13
and thereby the quantity of air delivered by
auxiliary compressor {2 to the burner portion 2
of combustion chamber | is normally increased
and decreased as the load on the system, rep-
resented in this case by the transmission of elec-
trical energy through power line 35, increases
.and decreases, respectively, that in the event
the speed of compressor 1, turbine 8, ete. varies
in response to a change in the quantity of air
being delivered to combustion chamber I by
‘auxiliary compressor 12, or for any. other reason,

rheostat 56 is operated by governor 67 to effect

a compensating change in the speed of motor 13
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and compressor 12, that in the event the speed
of motor 13 and compressor 12 should for any
reason exceed a predetermined maximum,
rheostat 58 is operated by governor 68 to effect
a reduction in the speed of motor 13, and that
when the load on generator 9 is zero or the switch
35 in power line 35 is opened, the movable ele-
ment of rheostat 48 is positioned against stop 70
by the action of spring 84 to maintain motor 13
operating at a minimum speed rendering aux-
iliary compressor {2 effective to supply com-
bustion chamber { with a quantity of air suffi-
cient for idling or no load operation.

Operation of this system is initiated in the
usual manner by means of starting motor 6, and
once the system is up to speed and motor 13
energized by closing switch 38, combustion may
pe initiated and the operation of the starting
motor, which may be of any desired type, ter-
minated. During normal operation, the tem-
perature of the mixture of newly formed and
recompressed products of combustion leaving
combustion chamber | through conduit {7 is
maintained substantially constant at the highest
value permissible for continuous operation by
means of a temperature responsive device 11 op-
eratively connected with fuel flow regulating
valve & by any suitable means, such as a lever
15, to effect compensating changes in its posi~
tion and thereby corresponding changes in the
temperature of the newly formed products of
combustion. Obviously, a variation in the tem-
perature of the newly formed products of com-~
bustion effects a corresponding change in the
resuiting mixture of newly formed and recom-
pressed products of combustion. Moreover, it
should also be obvious that since the speed of
auxiliary compressor 2 is varied in accordance
with changes in load, the duantity and the pres-
sure of the combustion supporting air delivered
to combustion chamber i is likewise -varied as
is also the pressure and density of the resulting
motive fluid.

Conseguently, it should now be apparent that

« in operation, the quantity of compressed com-

bustion supporting elastic fiuid and thereby the
mass flow of the mixture of recompressed and
newly formed products of combustion are varied
in accordance with changes in load or power
requirements, and the fuel input is also varied
substantially simultaneously so as to maintain
the temperature of the mixture prior to expansion
substantially constant throughout the normal
range of power development.

Referring to Fig. 2, it is seen that another em-
bodiment of the invention may include a main
compressor 12, a high pressure main compres-
sor turbine 73, a low pressure power turbine 74,
an electric generator 76, an auxiliary compres-
sor 11, a low pressure auxiliary compressor tur-
bine 18, a main combustion chamber 19 having
a burner portion 81 to which fuel is supplied from
a2 suitable source (not shown) through a pipe

‘82 provided with a flow regulating valve 83, a

first reheat combustion chamber 84 having a
burner portion 86 to which fuel is supplied
through a branch 871 of pipe 82 which is pro-
vided with a flow regulating valve 88 and with
a normally open manual valve 838, and a second

- reheat combustion chamber 8¢ having a burner

portion 81 to which fuel is supplied through an-
other branch 82 of pipe 82 which is also provided
with a pair of flow regulating valves 33 and 94,

‘Branch pipes 87 and 92 are connected with pipe

82 on the upstream side of valve 83 and on the
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downstream side telative to a manually gpera~
tive hidih valve 85. A starting motoy 95 and:
the tiirbines 13 and T4 thay be dtivingly coi=
nected with main compressor 12 and ‘generstor
16 by any suitable meails such ds' & conitnon
shaft” 96. Turbing T8 may be drivingly con-
nected with atxiliary compressor 1T By any suit-
able* ieans suth as a common shaft 9T

X coniduit 98, which includes a heat exchang=
ing portiort 99; connects the discharge of ‘com=
pressor 12° with' the burher end of combustion
chamber 19 and a -condiit {04 which includes &
Hent exchanging portion- 102, coitieets the high-
pressure- discharge  of auxilidry eompressor 7T
with' the biirnér porticn 84 of ‘combustion cham-
ber 19: A conduit 103, which includes a heat
exchanging portion 108 ‘and branches {85 and
181 geverally contects the: Burner portions. of
refigat -combustion: chambers 84 and 99 with: a
low pressure disehsrse poition of auxiliaty coins
préssor 1T. A coniduit 128 cornects the diseharce
end of primary combustion chambeér 79 with the
inlet of high pressure turbine 73.-and a condiit
108 which includes bratich: conduits 4 and 11z,
severally connects: the exhaust of high prassure
turbine 73. with the:burner ends: of reheat. com-
bustion.chambers.84.and 90, respectively. A con-
duit. 3. connects ‘the. discharge end of reheat
oombustion chamber 84. with the: inlet of low
pressure turbine 78 and:a. conduit. 1 {4 connects
the: discharge end of reheat combustion: chamber
90 with.the inlet of low. pressure-turbine 78 which
in turn exhausts to:atmosphere through. a con-
duit 116. A bypass: conduit (17 connects branch
conduit: {12 witlh exhaust conduit 146 and is
provided with a. flow regulating valve 1i8. A
conduit 119; which includes a fitst heat exchang-
ing:portion 121 operatively assoeiated with the
heat:exthanging portions 98, 102 and 194: of con-
duits 98, 101 and: £08, respectively, and a second
heat exchianging portiom: (22 dperatively associ-
ated with & cooling coil 123 provided: with fluid
inlet and outlet connections 124 and {28, respec-
tively; connects the exhaust of low pressure tut=
Bine: T4 with the inlet. of: main. combressor: 12
Inaddition; main compressor 12 is provided with
a.valve cotitrolled atmospheric air-inlet #20-and
conduit: 98 is provided with: @ valve controiled
brarich 125 connecting same with-the brner por=

tioix 81 of primary-combustion: chamber 19. The

valves: in. inlet 120 and’ in bradcéh éonduit 125
are mdintaitted closed during normal cperatiom

-Fuel flow regulating-valves 88 and 88 are opers-
tively eonnected with temperature Fesponsive de-

vices 12T ahd 128 which are in turn operstively 5

gssoeiated with primary and reheat combustion
chambers 79 and -84, respectively, the arrange=
ment:of these parts being such: that fow regulat-
ing valves 83 and.88 are.positicned to-effect-com-
pensating ehahges: in fuel ihbut to their asseci-
ated combustion chambers in order-to Mmaintain
the temperature: of the mixture of ‘newly foried
and recompressed products of éombustion: enter-
ihg high pressuré turbine 13 and the tempera-
tureef that portion.of the pariially expanded,
reheated mixture enteéring low bressure turkine
TR ‘Substantially censtant at selected maeximiim
values commensurate with optimum thermal
efficiency. Fuel flow regulating valve 93 is hor-
‘mully maintained inits- fully open positicn and
i elosed or partially-closed in the-event the tem-
perature of that portion of the reheated mixture
et-friewly-formed and: partially: expanded products
-af:combustion entering turbine: 18 exceeds g pre=
determined maximum by means of temperature
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responsive -device: 12§ which: 15 operatively as-
socigted with rehedt combustion-chamber- 90 and
operatively” connected with valve- 38 By means
including a lost-motion tonnection: 13,

The- position' of fuel flow tegulating valve 94
and: of motive fluid’ b¥bass valve 418 sre con-
trolled-by the joint action of speed and load e~
sponsive:devices-operatively assoeinted with shaft
95 and’ with: generator powei line 182, respec-
tively, the- contrel apparatus ecomprising in this
case a-lever 133 fulciumed ihtermediate-its ends
and having one end operatively corinested with
valve: 418 by means of a bell-crank lever 184 and
a-lost-motion ¢onnector 136 permitting o further
movement of lever 133 in. g clockwise direction
aftet valve §48:is fully closed:and having a-pértion
intermediate its: fulcrum point. and other -end
operatively connected with. valve 94. by means.in-
cluding’ a. lest-motion. connector (37 peraitting
a. further movement: of lever 133 \ift a counters
clockwise. direction. after valve. 94 is fully closed,
4. solenoid 138 operatively connected. with. the
other-end of lever 123 and operatively associated
with: a. coil 138 forming part. of the secondary
circuit. of a current: transformer 144: which. is in
turn. operatively associated with- power line 132,
and ‘a spring: 142 having. one end. also econnected
with the other end of lever (33 in opposite force-
producing relation with respect to. solenoid {33
and having its other end connected: with.a. piston
143 operatively enclosed inacylinder {44, .

One side of piston. (43:is.subjected to the:action
of & compression spring: 146 and its. opposite side
Is subjected to the action of fAuid under a pres-
sure. which varies as & function of the speed of
compresser- 12, turbine: 13, etc., the fluid being
supplied to: cylinder £44. hy means of a. pump 147
driven by shaft 96 and having its inlet connected
with: a reservoir (43 by means. of. a pipe: 449 and
its discharge connected. with cylinder 144 by
means: of a pipe i51. Cylinder 144 is provided
with a drain pige 152 leading to reservoir 148.
Consequently,. it should now be.apparent that a
downward movement of solencid {38 is resisted
by-spring 142, that the tension of spring {42 in-
creases. and. decreases as the speed of shaft 98
and thereby the préssure of the fiuid: delivered
by pump (47, increases and: decreases, respectives
ly,. that an increase in the power transmitted
through -line {32 results in a clockwise move-
ment of lever 133, that a decrease in the prower
transmitted through line {38.results in a'counter-
clockwise movement of lever { 33, and that if a
change in load, i. e., a-change-in the power trans-
mitted through iine 132, is .accompanied by a
change in speed, piston 143 moves and medifies
the action of solenoid. 183. In this connection,
the opening mevement. of bypass valve I8 is
preferably limited by means of a suitably  ar-
ranged stop 135.

When the. system is shut down, the ‘manually
-operated main -and auxiliary fuel flow control
valves 85 and 8% are closed, fuel valve 94 .in
Dipe §2:is also-closed, bypass valve [ {8 in-conduit
447 is:partially open; and switeh 130 in.power line
132 is -open. All that has to-be done in order
to start the system is to-energize starting motor
85 (the valve: in atmospheric air inlet 20 of
main: compressor 72 and in branch. conduit 125
cenrecting conduit 9§ with-the:burner. portion 81
of primary combustion.chamber 19 may be:opened
to thereby increase the initial supply of eom:-

‘bustion supporting elastic fluid to- burner &)

and when -the unit comprising compressor 12,

turbirte: 18, ‘ete., -attains a. self-operative: ‘speed,
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open main fuel valve 85 and initiate combustion
in primary chamber 9 whereupon operation
of starting motor Y5 may be terminated. Low
pressure turbines 74 and ig are both developing
power due to the passage therethrough of the
combustion gases issuing from high pressure
turcine 73 and consequently auxiliary compres-
sor 11 is now delivering combustion supporting
elastic fluid to the burner portions c¢f primary
and reheat combustion chambers 9, 84 and
6. Consequently manually operated fuei flow
control valve 88 in pipe 87 can now be opened
and combustion initiated in reheat combustion
chamber 84. If the valves in atmospheric inlebt
126 and branch conduit 25 have been opened,
they may be closed either before or after initiat-
ing combustion in reheat chamber g84. 'The sys-
tem is now operating under idling or no lead
conditions with the temperature responsive de-
vices 127 and 128 operating to maintain the
temperature of the mixture of newly formed and
recompressed products of combustion entering
high pressure turbine 73 and the temperature
of the mixture of newly formed and partially
expanded products of combustiion entering iow
pressure turbine 74 substantially constant ab
values commensurate with optimum thermal ef-
ficiency.

As previously indicated, automatically actu-
ated fuel vaive 94 is closed and bypass 118 in
conduit (i1 is partially open to the extent de-
termined by the position of stop 185 which is
in turn preferably so located that the flow of
motive fluid through low pressure turbine 78
and the power and speed developed thereby is
sufficient for stable idling operation and that
the system can be started, if desired, without
the aid of the valve controlied atmospheric inlet
120 to main compressor 12 and of the valve
controlled branch conduit {25 conneciing con-
duit §8 with the burner portion 8¢ of primary
combustion chamber i9. If desired, an auxiliary
starting motor {26 on shaft 97 may also be utilized
for starting purposes. If it is now desired to
carry load, switch {30 in power line 132 is closed
whereupon the resulting movement of solenoid
138 is rendered operative to actuate lever 133
in a clockwise direction as the load increases
thereby moving bypass valve (48 to its fully
closed position and opening fuel valve 84 to
increase reheat input to the partially expanded
motive fluid entering reheat combustion cham-
ber 90, the maximum temperature of the fluid
entering low pressure turbine 78 being limited
by temperature responsive device i29. Upon a
decrease in load, the combined action of spring
142 and piston {43 moves lever 183 in a coun-
terclockwise direction thereby moving fuel valve
94 toward its fully closed position, and if the
decrease in load is sufficient, valve 84 is fully
closed and bypass valve {8 is opened until a
further opening movement is prevented by stop
135,

Consequently, both the quantity and the tem-
perature of the motive fluid passing through
low pressure turbine 18 and thereby its speed
and power and the quantity and pressure of
the air delivered to the burner portions 81, 8%
and 91 of combustion chambers 18, 84 and 88
by auxiliary compressor 77 is varied in accord-
ance with changes in load. i. e., in accordance
with power requirements. Moreover, tempera-
ture responsive device 27 operates to vary fuel
input to primary combustion chamber 19 so as to
maintain the temperature of the mixture of newly
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formed and recompressed products of combustion
substantially conscant prior to the expansion
thereoi, and it snouid thererore be obvious that in
general tne system of Fig. 2 airords at least all
of the gavantages present in the system ol PFig. 1.

Reterring to Fig. 3, it is seen that still an-
other empodiment of the invention may include
a main compressor i9¥, a main turbine i54, an
eieciric generator {56, an suxiliary compressor
i57, a low pressure auxiliary compressor turbine.
{58, a primary combustion chambper 159 having
a burner portion 41 to which ifuel is supplied
from @& suitabie source (not shown) through
a pipe (62 provided with a flow regulating valve
i83, and a reheat combustion chamber {64 hav-
ing a burner portion 166 to which fuel is sup-
plied through a branch pipe 167 provided with
5 flow regulating valve 168 and a manuaily op-
erated valve 165. Branch pipe £67 is also pro-
vided with an additional flow regulating valve
{59 and is connected with pipe 162 on the up-
stream side of valve 163 whereby the flow of
fuel to burner portions (61 and (68 can be
severally controlled as desired. Pipe i62 is also
provided with a manually operative main con-
trol valve 170 disposed in upstream relation with
respect -to branch pipe (87. A starting motor
{11 and the turbine 154 may be drivingly con-
nected with main compressor 1523 and generator
{56 by any suitable means such as a comimon
shaft 172. Auxiliary turbine 188 may be driv-
ingly connected with compressor 1§71 by any suit-
ab.e means such as a common shaft 173.

A conduit 173 which includes a heat exchang-
ing portion {74, connects the discharge of main
compressor 183 with the burner end of combus-
tion chamber (59 and a conduit 176, which in-
cludes a heat exchanging portion 17%, connects
the high pressure discharge portion of auxiliary
compressor 187 with the burner portion 161 of
primary combustion chamber [58. A ‘conduit
178, which includes a heat exchanging portion
{719, connects a low pressure discharge portion
of auxiliary compressor 157 with the burner por=-
tion (66 of reheat combustion chamber I54. A
conduit 181 connects the discharge end of pri-
mary combustion chamber (58 with the inlet of
high pressure turbine {54 and a conduit 82,
which includes a heat exchanging portion 183 op-
eratively associated with the heat exchanging
portions 174, {77 and 7% of conduils {13, 116
and 178 and a heat exchanging portion 184 op-
eratively associated with a cooling coil 186 hav-
ing inlet and outlet connections {87 and 188,
respectively, conrects the exhaust of high pres-
sure turbine 154 with the inlet of main compres-
sor {53. A Dbleeder conduit 189 connects an in-
termediate pressure exhaust of high pressure
turbine {54 with the burner end of reheat com-
bustion chamber 164 and a conduit {91 connects
the discharge of reheat combustion chamber 164
with the inlet of low pressure auxiliary turbine
{58. A conduit 192, which includes a heat ex-
changing portion 193 operatively associated with
one or more of the heat exchanging portion 174,
171, 118 of conduits 173, 176 and 178, places the
exhaust of low pressure turbine (58 in com-
munication with the atmosphere.

Fuel flow regulating valve 163 is operatively
connected with a temperature respounsive device
194 which is in turn operatively.associated with
primary combustion chamber 159, the arrange-
ment of these parts being such that flow regulat-
ing valve 163 is positioned to effect compensat-
ing changes in fuel input to the burner portion
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-181.0f .combustion chamber -159.in order to.main-
tain the temperature of the mixture -of newly
dormed and recompressed products .of combus-
#ien entering high pressure turbine 154 substan-
tially constant .at .a selected .maximum value
‘commensurate ‘with optimum thermal efficiency.
Fuel flow regulating valve 168.is normally main-
tained in ifs-fully open position and is closed or
partially -closed -in the event the temperature
«of the reheated mixture of newly formed and
‘partially expanded products of combustion .en-
tering turbine 158 exceeds a predetermined maxi-
mum by means of '‘a temperature responsive .de-
vice 196 .which is operatively associated with re-
‘heat combustion chamber 184 .and operatively
connected with valve 188 by means including a
lost-motion connection §91.

The-position of fuel flow.regulating valve 169 is
‘eontrolled by the . joint action of speed and load
responsive devices operatively associated with
shaft 172 and with generator power line {98
which includes a control switeh 199, respectively,
the control apparatus in this case comprising a
dever 284 fulcrumed intermediate its ends and
‘having one end pivotally connected with valve
168, a solenoid 282, which is -operatively associ-
-ated with a-coil.283 forming part of the secondary
«eircuil of a current transformer 284 which is in
turn operatively asseciated with power line 198,
‘has one end pivotally connected with the other
end of lever 281, a spring 206 having one end
-also connected with the other end .of lever 201
4n:opposite force-producing relation with respect
‘to solenoid 232 and having its epposite end -con-
nected with s speed governor 207 which is in turn
‘operatively associated wvith :shaft 112, The ar-
rangement of these parts is such that a down-
ward movement of selenoid 202 is resisted by
spring 206, that the tension -of spring 206 in-
‘ereases and decreases -as the speed of shaft (712
increases and decreases, respectively, that an in-
-eregse in the 'power transmitted through line 198
results'in g cleckwise-mevement of lever 201, that
a ‘decrease in the power transmitted results in
a counterclockwise movement of lever 201, and
that if a change in load, i. e, -a change in the
power transmitted through line 198, is accom-
panied by 2 change in the speed of .shaft 112,
‘governor 287 modifies the action of selenoid 202.

When the system is shut down, manually op- -

‘erated fuel valves 165 and 170 are closed as is
also fuel flow regulating valve 189 and the switch
188 in power line 198 is.open. Consequently, all
that has to be done in order to .start the system

is to energize storting motor 471 and bring the .

main unit comprising compressor 153 .and high
pressure turbine 154 up to a self-operating speed
whereupon manual fuel valve {18 can be opened
and comhustion initiated in the burner portion
164 of primary combustion chamber 159 which
is 'supplied with combustion supporting air due
to the operation of auxiliary compressor 157 ef-
fected by the passage of partially expanded gas
through low pressure turbine {58, and if desired,
by the aid of an auxiliary starting motor 115 on
ishaft 173, The initiation of combustion increases
the energy content of the-motive fluid and there-
by the power developed by turbines 154 and 158
sufficient for self-operation under no load or idl-
ing conditions without. the 2id of reheat com-
bustion chambsr 64, and consequently, the op-
eration of-starting motor i71 may be terminated
as. soon or shortly after ecombustion has been
dnitiated in primary chamber 159. All that now

has te be done in order to condition the system 7
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for carrying load is to open manual valve 165
in fuel line 157, which renders governor 207 ef-
fective to control fuel input #o .reheat combus-
tion chamber {84 and thereby the speed of low
Dressure turbine 58 and auxiliary compressor
157 s0 as to maintain the speed of the main uni}
-comprising main compressor 153, high pressure
turbine 184 and generator 158 substantially -con-
stant at a predetermined desired value, and to
then close switch 199 in power line {98,

‘The closure of switch 199 places valve 169 un-
der the joint -conirol of speed governor 207 and
load responsive solenoid 202 and consequently
the speed of low pressure turbine 158 and of -aux-
iliary compressor 1¥71 will be normally varied in
accordance with the speed and power .require-
ments of the main unit. However, if for any
reason the temperature -of the .motive fiuid en-
tering low pressure turkine 158 should become ex-
cessive, temperature responsive device 195 will
-effect.a closing or partial closing of fuél valve 168.
:‘During normal operation, the temperature of the
motive -fluid entering high pressure turbine {53
will be maintained substantially -constant at the
maximum value permissible for continuous oper-
ation by the action of temperature responsive
device 194, and ‘it should therefore be cbvivis
that this system also operates to vary the quan-
tity -of compressed, combustion supporting elas-
tic fluid delivered to the burner portion 181 of
primary combkustion chamber 15$ and thereby the
mass flow of the mixture of recomipressed and
newly formed products of ‘combustion in accord-
ance with power requirements, and to substan-
tially simultaneously vary the fuel input to the
primary combustion chaniber so as ‘fo ‘maintain
the temperature of such ‘mixture stibstantially
constant prior to its expansion in High ‘pressire
turbine 154, v

In both the systems shown in Figs. 2 and 3, the
compressed, combustion supporting elastic fluid
delivered to the rehedt combustion ¢hamber or
chambers is maintained at a pressure comiien-
surate with the pressure of the partizlly expand-
ed mixture of newly formed and ‘recompressed
Pproducts of combustion supplied to such chamm-
bers from the high pressutre turbine or turbines.
Moreover, in all of ‘the systems herein deseribed,
the main compressor and power turbine or tur-
bines are operated at o substantially constant
speed and temperature, the power developed being
varied by changing the mass flow and density of
the motive fluid in accordante with changes ‘in
Joad. Consequently, the overall thermal effi-
ciency of the main unit is maintained substan-
tially constant throughout the normsl load range,
and since the power developed and utilized by the
main unit may be as much or more than 0.3 of
the total power developzd by both the main and
auxiliary units, the overall thermal efficiency of
the system is materially improved by maimtain-
ing conditions conducive to obtaining optimum
thermal efficiency for the main unit. In addi-
tion, the provision of an auxiliary, makeup com-
pressor unit which operates independently of
the main unit with respect to power and speed
developed affords better regulation particularly
with respect to part load operation and with re-
spect to the handling of rapidly changing loads.

The invention embodies features-of general ap-
plication although. of particular advantage when
applied to systems embodying apparatus for con-
tinuously performing the steps of releasing a por-
tion of the expanded products of combustion,
cooling and. then recompressing the remaining
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products of combustion, heating the recom-
pressed products of combustion by combining
‘same with newly formed, highly heated products
of combustion obtained by burning fuel in a com-
‘pressed, combustion supporting elastic fluid ei-
ther before or after such fluid is partialiy or
wholly mixed with the recompressed products of
‘combustion, and expanding the resulting mix-
ture, and it should therefore be understoed that
it is not desired to limit the invention to the exact
modes of operation and systems herein shown
-and described for purposes of illustration as var-
ious modifications within the scope of the ap-
pended claims may occur to persons skilled in
the art. :

' It is claimed and desired to secure by Letters
Patent: - :

1. In a method of developing power by ex-
‘panding products of combustion incident to con-
version of thermal energy into mechanical energy
ijneluding the continuously performed steps of
releasing a portion of the expanded products of
combustion, cooling and then recompressing the
remaining products of combustion, heating the

recompressed products of combustion by combin- 4«

ing same with newly formed, highly heated prod-
ucts of combustion obtained by burning fuel in a
compressed, combustion supporting elastic fluid
before or after such fluid is partially or wholly
mixed with the recompressed products of com-
bustion, and expanding the resulting mixture;
the improvement comprising the steps of directly
varying only the quantity of compressed, com-
pustion supporting elastic fluid and thereby the
mass flow of the mixture of recompressed and
newly formed products of combustion in accord-
ance with power requirements, and substantially
simultaneously varying fuel input so as to main-
tain the temperature of such mixture prior to
the expansion thereof approximately constant
throughout the normal range of power develop-
ment. S

2. In a method of developing power by eX-
panding products of combustion incident to con-
‘version of thermal energy into mechanical energy
including the continuously performed steps of
releasing a portion of the expanded products of
combustion, cooling and then recompressing the
remaining products of combustion, compressing a
combustion supporting elastic fluid, combusting
fuel in at least a portion of such fluid, mixing the
newly formed. products of combustion with the
recompressed products of combustion to heat the
latter, and expanding the resulting mixture; the
improvement comprising the steps of directly
varying only the quantity of compressed combus-
tion supporting elastic fluid and thereby the mass
flow of the mixture of recompressed and newly
formed products of combustion in acecordance
with changes in power requirements, and sub-
stantially simultaneously varying fuel input
<0 as to maintain the temperature of such mix-
ture prior to the expansion thereof approximately
constant throughout the normal range of power
development. .

3. In operating a power developing system em-
bodying a main elastic fluid compressing means, &
plurality of turbine means including at least one
turbine or turbine section having its exhaust con-
nected with the inlet of the main compressing
means and at least another turbine or turbine
section exhausting to atmosphere, a driving con-
nection between at least one of the turbines or
turbine sections and the main compressing means,
a separately driven auxiliary compressing means
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having its inlet connected with a source of com=
bustion supporting elastic fluid, means for con-
ducting elastic fluid discharged from the main
and auxiliary compressing means to all of said
turbines, and means for heating the compressed
elastic fluid passing into said turbines or turbine
sections by combusting fuel in such fiuid or a con-
stituent thereof; the method of improving ther-
mal efficiency and accelerating characteristics
comprising the steps of directly varying only
the speed of the auxiliary compressing means in
accordance with changes in power requirements
of said turbines, and substantially simultaneous-
ly varying the heat input to the compressed elas-
tic flyid so as to maintain the temperature of at
least that portion of the fluid entering ‘the tur-
bine or turbine section driving the main com-
pressing means approximately constant prior to
the expansion thereof throughout the normal
range of power development. » _

4, In operating a power developing system em-
bodying a main elastic fluid compressing means,
a piurality of turbine means including at least
one turbine or turbine section having its exhaust

connected with the inlet of the main compressing
‘means and at least another turbine or turbine
section exhausting to atmosphere, a driving con-

nection between at least one of said turbines or
turbine sections and the main compressing means,
means for conducting recompressed elastic fluid
discharged from the main compressing means to
ali of said turbines or turbine sections compris=
ing at least one combustion chamber having a
burner portion adapted to produce newly formed
products of combustion and a mixing portion in

" which newly formed products of combustion are
‘combined with recompressed elastic fluid, and

an auxiliary compressing means mechanically
independent of said turbine means and having
an inlet connected with a source of combustion
supporting elastic fluid and an outlet connecied
with the burner portion of said combustion cham-~
per; the method of improving thermal efficiency
and accelerating characteristics comprising the
steps of directly varying only the speed of the
suxiliary compressing means in accordance with
changes in the power requirements of said tur-
bines, and substantially simultaneously varying
the temperature of the newly formed products of
combustion and thereby the temperature of the
mixture of newly formed preducts of combustion
and recompressed elastic fluid entering said tur-
bines or turbine sections so as to maintain the
inlet temperature of such mixture approximately
constant prior to the expansion thereof through-

out the normal range of power development.

5. In an elastic fluid turbine power system
embodying a main _elastic fluid compressing
means, a plarality of turbine means including at
least one turbine means having its exhaust con-
nected with the inlet of said main compressing
means and at least another turbine means ex-
hausting to atmosphere, a driving connection be-
tween at least one of said turbine means and said
main compressing means, means for conducting
recompressed elastic fluid discharged from said
rain compressing means to all of said turbine
means comprising at least one combustion cham-
ber including a burner portion adapted to produce
newly formed products of combustion and a mix-
ing portion in which newly formed. products of
combustion are combined with recompressed elas-
tic fluid, an auxiliary compressing means oper-
able separately from the turbine means which
is drivingly connected with said main fluid com-
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“Ppressing-weans -and having zn inlet -communi-
wating with -a ‘soeurce .of -combustion :supporting
“élastic fluid and an -eutlet comnected :with the
‘purner portion of said-combustion chamber, and
eans for delivering fuel to ‘the burner portion
of said combustion -chamber means, means for
improving thermal efficiency -and -accelerating
haracteristics comprising a first control xespon-
“Siveto changes in the excess power being ‘devél-
~oped’ by said ‘turkine means ‘for increasing :and
«#decreasing ‘the speed of the auxiliary comprassing
‘means-as the power developed increases-and de-
~ereases respectively, and = .secord contrsl re-
sponsive to the temperature :6f the elastic fivid
passing into the turbine means for varying fus
“input tosaid burner-portion so as to maintainthe
“temperature “of ‘the niixture -of newly ‘formed
products of-combustion -and recompressed :elastic
Nuid -approximately .constant prior “to the -ex-

pansion therecf :as the power developed varies -,

througheout the normal load range.

6. ‘An elastic fluid turbine power system com-
Prising :a main elastic fluig ‘compressing means, a,
plurality. of :separately-operable turbines indlud-

ing -a first turbine ‘having .an exhaust portion

sconnected with the inlst-of said maincompressing
‘means :and a 'second turbine -exhausting to at-
‘mosphere, -a ‘driving.connection between said *Grst
turbine-and-sgid main compressing means,a sep-

-argte ;auxiliary :compressing ‘means hsving sgn -

dnlét communicating with -a source ‘of :combus-
‘tionssupporting -elastic -fluid, a:drivinz-connection

“bétween said second ‘turbine-and -said auxiliary .

ieompressing means, means for condusting recom-
‘pressed -elastic fuid ‘discharged Trom -said ‘main
scompressing ‘-means to said frst and second tur-
bines-for -expansion in succession therein -com-
‘prising -separate conmibustion - chamdbers ‘respec-
tively «disposed ‘in:upstream -relation to-said tur-

“bines, said -combustion chamibers each inéluding

-2 ‘burner perticn -adapted to -produce newly
Jformed products of combustion and a mixing ‘por-
‘tion :in ‘which ‘newly formed -products of ‘com-
‘bustion :are combined with recompressed elastic
‘Auid, meamns ‘for conducting: compressed. .combus-
“tionzsupporting elastic Auid discharged from said
rauxiliary compressing ‘means 4o ‘the burner DOr=
“tiom «of -each "of ‘said combustion chambers, and
means for delivering fuel to the burner -portion
of -each -of said -combustion chambers, means for
improving thermal eficiency and regulating char-
acteristics comprising a “first control responsive
sto changes-in the execess power developed by the
system for increasing and decreasing ithe quan-~
tity of fuel delivered to the burner portion of
the combustion chamber in direct association
with said second turbine-soas to vary the spsed
of -said :auxiliary compressing-means as the ex-
‘cess power developed increases:and decreases, Te-
‘spectively, and a second control responsive to
‘the temperature -of -the elasticfAuid passing into
-said first turbine-for varying-the quantity-of fuel
teélivered “to the burner portion of the combus-
tion chamber in direct association with said first
turbine so0 as to maintain the temperature of the
‘mixture of newly formed products of combustion
and recompressed elastic fiuid entering said first
turbine approximately constant as the excess
power developed by the system varies throughout
the normal range of operation.

7. An elastic fluid turbine power system com-
prising a main elastic fluid compressing means, a
separate auxiliary compressing means having an
inlet communicating with a source of combus-
tion supporting elastic fluid, a plurality of first
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‘turtbine means including :at:least one turbine o
turbine “section drivingly commected - with :said
“main compressing means,:a second-turbine means
exhaustingto atmosphere and cperable:separdtely
from-said first turbine means, a drivingconnec-
tion between said:second:turbie means and-said
auxiliary compressing -means, means “severally
gonnecting “the inlet of :said main ‘compressing
means-and-the:inlet of said:second turbine means
with -exhaust:portions of said first turbine ‘means,
saidconnection betwesn said Arstand second tur--
‘binemeans including a:combustion chamber-hav-
ing @ burner ‘portion adapted to produce newly.
Tormed products:of combustion and o mixing por-
‘Hon in-which newly formed products:of cambus-
‘tien .are combined :with motive fuid exhausting
from :said first turbine means, means for con-
-ducting ‘recompressed motive fluid discharesd
fram:said main compressing means to said frst
turbine means ‘comprising at least one: combus-
“tion chamber including a burner portion ad apted
“to produce newly:formed products cf-combustion
-and ~a mixing portion in which newly formed
‘products of combustionare combined with recom-
vpressed motive fiuid, and means :conneeting rela-
tively high-and low pressure discharge portions
'of ~said rauxiliary -compressing mesgns “with sthe
Jsurner porticns of the coambustion chambers sup-
-“plying motive fluid-to the inlets of said-firstand
second turbine means, respectively.

8. Anrelastic fluid turbine power system com-
prising 2 main elastic Auid compressing means,a
meparate auxiliary compressing means havingan
inlet communicating with -a source of ccombus-
“tien supporting elastic fuid, a plurality »of :frst
turkine ‘meansincluding at leastone :high pres-
sure turbine-or turbine section:and mt least one
low ‘pressure turbine -or turbine “section, o driv-
ing conmection between @ab least one of said first
turbine means and said main conpressing means,
a’second furbineimeans exhausting te :gtmosphere
<and "operable separately from said first turbine
‘means, a ‘driving connection between said second
turbine  means @and gaid auziliary commressing
‘means, means iconnecting the evhaust of “said
low pressure turbine :or turbine secticn with the
inlet -6f -said “main compressing means, ‘means
:severally conmecting the inltet of said low pres-
sure ‘turbine -or turbine section :and the inlet ‘of
:said second turbine means with an exhaust ‘POr-
Atonrofsaid high pressure turbine-or turbine sec-
tion, said-connection between said ‘high pressure
turbine wor turbine section and said ‘second tur-
‘bine meansincluding a combustion -chamber’hav-
ing :a hurner 'portion adapted to “produce newly
formed products of combustion:and =, mixingpor-
tion in which newly formed products of .combus-
stion-are eombined with motive fluid exhausting
“Irom said high pressure $urbine or ‘furbine ‘seo-
‘tion, means for conducting ‘Tecompressed ‘motive
fiuid discharged from 'said main ‘compressing
means o -said frst turbine ‘means. comprising -at
Jeast onecombustion chamber-in fluding a burner
portion adapted to produce newly formed prod-
ucts of combustion and a mixing portion in which
newly formed products of combustion are com-
bined with recompressed motive fluid, and means
connecting relatively high and low pressure dis-
charge portions of said auxiliary compressing
means with the burner portions of the combus-
tion chambers associated with said first and said
second turbine means, respectively.

8. An elastic fluid furbine power system com-
prising a main elastic fluig compressing means, a

5 separate auxiliary compressing meang having an
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inlet communicating with a source of combustion
supporting elastic fluid, a plurality of first tur-
bine means including at least one high pressure
turbine or turbine section and at least one low
pressure turbine or turbine section, a driving
connection between at least one of said first tur-
bine means and said main compressing means,
a second low pressure turbine means exhausting
to atmosphere and operable separately from said
first turbine means, a driving connection between
.said second turbine means and said auxiliary
compressing means, means connecting the ex-
haust of said low pressure turbine or turbine sec-
tion - with the inlet of said main compressing
means, means including separate combustion
chambers severally connecting the inlet of said
low pressure turbine or turbine section and the
inlet of said second turbine means with an ex-
haust portion of said high pressure turbine or
turbine section, said separate combustion cham-
bers each having a burner portion adapted to
-produce newly formed products of combustion
and a mixing portion in which newly formed
products of combustion are combined with motive
fluid exhausting from said high pressure turbine
or turbine section, means for conducting recom-
pressed motive fluid discharged from said main
-compressing means to said high pressure turbine
or turbine section comprising at least one com-
bustion chamber including. a burner portion
adapted to produce newly formed products of
-combustion and a mixing portion in which newly
-formed products of combustion are combined
with recompressed motive fluid, and means con-

necting relatively high and lew pressure discharge -

portions of said auxiliary compressing - means
with the burner portions of the combustion
_chambers associated with said high and low pres-
sure turbine portions, respectively, of said first
and second turbine means. )

10. An elastic fluid turbine power system com-
‘prising a main elastic fluid compressing means,
a high pressure turbine or turbine section, at
least two low pressure turbines or furbine sec-
tions including at least one turbine or turbine
-section which exhausts to atmosphere, means
connecting the exhaust of at least another one
of said low pressure turbines or turbine sections
“with the inlet of said main compressing means,
means including a primary combustion chamber
connecting the discharge of said main compress-
ing means with the inlet of said high pressure
turbine or turbine section, means including a re-
heat combustion chamber connecting the exhaust
of said high pressure turbine or turbine section
with at least said one of said low pressure tur-
bines or turbine sections exhausting to atmos-
phere, said combustion chambers each including
a -burner portion adapted to produce newly
formed products of combustion and a mixing por-
tion in which newly formed preducts of combus-
tion are combined with the motive fluid delivered
thereto, an auxiliary compressing means having

16
an inlet connected with a source of combustion
supporting elastic fluid, and means connecting
relatively high and low pressure discharge por-

* tions of said auxiliary compressing means with

10

15

20

25

30

the burner portions of said primary and reheat
combustion chambers, respectively.
11. In an elastic Auid turbine power system

embodying a main - elastic fluid compressing

means, a plurality of turbine means including at
least one turbine means having its exhaust con-
nected with the inlet of said main compressing
means and at least another turbine means ex-
hausting to atmosphere, a driving connection be-
tween at least one of said turbine means and
said main compressing means, means for con-
ducting recompressed elastic fiuid discharged

from said main compressing means o all of said

turbine “means comprising at least one com=
bustion chamber including a burner portion
adapted to product newly formed products -of
combustion and a mixing portion in which newly
formed products of combustion are combined
with recompressed elastic fluid, an auxiliary com-
pressing means operable separately from the tur-
bine means drivingly connected with said main
fiuid compressing means and having an inlet
communicating with a source of combustion sup-
porting elastic fiuid and an outlet connected with
the burner ‘portion of said combustion chamber,
a separate source of power for driving said auxil-
iary compressing means, means for delivering

" fuel to the burner portion of said combustion
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chamber means, and means for improving ther-
ma] efficiency and accelerating characteristics of
the system comprising a first control responsive
to changes in the excess power being developed
by said turbine means for separately controlling
said separate source of power to increase and de-
crease the speed of the auxiliary compressing
means as said excess power developed increases
and decreases respectively, and a second-control
responsive to the temperature of the elastic fluid
passing into the turbine means for varying fuel
input to said burner portion so as to maintain

. the temperature of the mixture of newly formed

products of combustion and recompressed elastic
fluid approximately constant prior to the expan-
sion thereof as the power developed varies
throughout the normal load range. .
JAMES L. RAY.
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