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2,547,093 

PATENT OFFICE 
2,547,093 

GASTURBINE SYSTEM 
James L. Ray, Elm, Grove, Wis., assignor to Allis 

Chalmers. Manufacturing Company, Milwau 
kee, Wis., a corporation of Delaware: 

Application November 20, 
Claims. 

This invention relates to elastic fluid 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 continuously performing the 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 
ing, same with, newly formed, highly heated prod 
lucts of combustion, obtained by burning fuelin 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 products 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 air 
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 operated by motive 
fluid exhausting from such other 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 result, part load efficiencies are object 
tionably low and regulation sluggish particularly 
with respect to the handling of rapidly changing 
loads. 

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

improved correlations of elements for effecting 
such a mode of operation. 
The construction and operation of apparatus 

embodying the invention will become readily ap 
parent as the disclosure progresses and particul 
larly points out additional features considered 
of special importance, and accordingly, the inven 
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2. 
tion may be considered as consisting of the 
methods 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 accompanying 
drawings, in which: 

Fig, 1 schematically illustrates a gas turbine 
system embodying the invention; 

Fig.2 schematically illustrates another gastur 
bine System. embodying the invention; 

Fig. 3 schematically illustrates still another gas 
turbine. System embodying the invention. 

Referring to. Fig, 1 of the drawings, it is, seen 
that a gasturbine System embodying the inven 
tion nay include a combustion chamber have 
ing a burner portion 2 to which fuel is supplied 
from a suitable source (not shown) through a 
pipe 3 provided with a flow, regulating valve 4, a 
starting...motor 6, a first or main compressor, 

20 a first or compressor turbine 8, an electric 'ger 
erator 9, a second or power turbine fl, an aux 
iliary compressor f2, and an electric motor f3. 
Starting, motor 6 and turbines 8 and fl may be 
drivingly connected with main compressor 7 and 

25 with generator 9 by any suitable means such as 
a common shaft 4, and electric motor 3-maybe. 
drivingly connected with auxiliary compressor 
2 by any suitable means such as a common 

Shaft, S. 
A main conduitfi and branch conduits 8 and 

19 severally connect the inlets of turbines 8 and 
lf. With the discharge end of combustion cham 
ber , and a conduit 2, which includes heat ex 
changing portions, 22, 23 and 24, connects the 

5 exhaust of turbine 8 with the inlet of main corn 
pressor T. Turbine if exhausts to atmosphere 
through a conduit 25. A conduit 26, which in 
cludes a heat eXchanging portion 27 operatively 
associated with heat exchanging portion 22 of 
conduit-2, connects the discharge of compressor. 
7" with the burner-end of combustion chamber 
and a conduit 28, which includes a heat exchang ingportion 29 operatively associated with heat ex 
changing portion 23 of conduit 2-, connects the 
discharge of auxiliary compressor. 2 with the 
burner portion 2 of combustion chamber... The 
inlet of compressor 2-communicates-with theat 
mosphere through a conduit 3. A cooling-coil or 
the like 32 is operatively associated with the 
heat exchanging-portion 24 of conduit'2E. Water. 
or other suitable cooling fluid passes into and out 
of coil 32 through pipes 33 and 34, respectively. 

Excess power developed by the system is con 
verted into electrical energy in generator-9 and is 
transmitted for use where-desired by means of a 

  



3 
power line 35 including a switch 36. The arma 
ture of motor 3 is connected across power line 
35 by means of conductors 37 and 38, the latter 
including a Switch 39. Motor 3 is preferably 
separately excited by means of field windings 4: 
and 42 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 4 i 
comprises conductor 46, field winding 4, con 
ductor 47, rheostat 48, and conductor 49. Start 
ing from one side of battery 44, the energizing 
circuit for field winding 42 comprises conductor 
5, 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 Gil, 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 63 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 35, the arrangement of 
these parts being Such that the field produced 
by the flow of current through winding 4 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 load on generator 9 
increases and decreases, respectively. 
The position of the movable element 55 of 

rheostat 56 is controlled by a Speed governor 67 
operatively associated with shaft f4 and is there 
by operated to automatically vary the flow of 
current through field winding 42 as the Speed 
of compressor , turbine 8, etc. increases and 
decreases. 
governor 68 driven from shaft 6 and is opera 
itively associated with the movable element 60 
of rheostat 59 by means of a speed-limiting lost 
motion connection 69. Consequently, rheostat 
59 is operated to automatically vary the flow of 
current through field winding 42 only in the event 
the speed of motor 3 exceeds a predetermined 
maximum. In this connection, it should be noted 
that since rheostats 56 and 59 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 4 and 42 and the 

energizing control thereof afforded by rheostats 
48, 56 and 59 is such that the speed of motor 3 
and thereby the quantity of air delivered by 
auxiliary compressor f2 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 , turbine 8, etc. varies 
in response to a change in the quantity of air 
being delivered to combustion chamber by 
auxiliary compressor 2, or for any other reason, 
rheostat 56 is operated by governor 67 to effect 
a compensating change in the Speed of motor 3 
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and compressor f2, that in the event the speed 
of motor 3 and compressor 2 should for any 
reason exceed a predetermined maximum, 
rheostat 59 is operated by governor 68 to effect 
a reduction in the Speed of motor f3, and that 
when the load on generator 9 is Zero or the Switch 
36 in power line 35 is opened, the movable ele 
ment of rheostat 48 is positioned against stop 10 
by the action of spring 64 to maintain motor 3 
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 Inanner by ineans of Starting motor 6, and 
once the System is up to speed and motor 3 
energized by closing SWitch 39, combustion may 
be initiated and the operation of the starting 
motor, Winich 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 
Walue permissible for Continuous operation by 
means of a temperature responsive device 7 op 
eratively connected with fuel flow regulating 
valve 4 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 
resulting mixture of newly formed and recom 
preSSed products of combustion. Moreover, it 
should also be obvious that since the speed of 
auxiliary compressor A2 is varied in accordance 
With changes in load, the quantity and the pres 
Sure of the combustion Supporting air delivered 
to combustion chamber f is likewise varied as 
is also the pressure and density of the resulting 
motive fluid. 
Consequently, it should now be apparent that 

is in operation, the quantity of compressed com 
bustion Supporting elastic fluid 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 2, a high pressure main compres 
Sor turbine 3, a low pressure power turbine 74, 
an electric generator 6, an auxiliary compres 
Sor T, a low pressure auxiliary compressor tur 
bine 78, a main combustion chamber 79 having 
a burner portion 8 to which fuel is supplied from 
a Suitable Source (not shown) through a pipe 
82 provided with a flow regulating valve 83, a 
first reheat cornbustion chamber 84 having a 
burner portion 86 to which fuel is supplied 
through a branch 37 of pipe 82 which is pro 
vided With a flow regulating valve 88 and With 
a normally open manual valve 89, and a second 
reheat combustion chamber 9 having a burner 
portion 9 to which fuel is supplied through an 
other branch 82 of pipe 82 which is also provided 
With a pair of flow regulating valves 93 and 94, 
Branch pipes 8 and 92 are connected with pipe 
82 on the upstream side of valve 83 and on the 
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downstream side relative to a manually opera 
tive main valve 85. A starting motor 95 aid 
the turbines 73 and T4 may be drivingly con 
nected with main compressor 72 and generator 
76 by any suitable means such as a common 
shaft 96. Turbine 78 may be drivingly con 
nected with auxiliary compressor 77 by any suit 
able means such as a common shaft 97. 
A conduit 98, which includes a heat exchang 

ing portion 99; connects the discharge of com 
pressor 72 with the burner end of combustion 
chamber 19 and a conduit {04 which includes a 
heat exchanging portion O2, connects the high 
pressure discharge of auxiliary compressor 77. 
with the burner portion 8 of combustion cham 
ber 79. A conduit O3, which includes a heat 
exchanging portion 04 and branches. 33 and 
for severally; connects the burner portions of 
reheat combustion. chambers: 84 and 93 with a 
low pressure discharge pirtion of auxiliary com 
pressor TT. A conduit les connects the discharge 
end of primary combustion chamber 3. With the 
inlet of high pressure turbine 73. and a coinduit 
09 which includes branch conduits -- and 2, 

Severally connects: the exhaust of high pressure 
turbine. 3. With the burner ends. Of reheat. Con 
bustion chambers. 84. and 90, respectively. A con 
duit. If 3 connects the discharge, end of rehea, 
combustion chamber 84 with the inlet of low. 
pressure turbine i and a conduit 4 connects 
the discharge end of reheat combustion chamber 
90 with the inlet of low pressure.turbine. e. which 
in turn exhausts to atmosphere through a con 
duit. 6. A bypass: conduit IT connects branch 
conduit 2 withic exhaust conduit 6 and is 
provided with a flow regulating valve 8. A 
conduit 9, which includes a first heat exchang 
ing, portion 2f operatively associated with the 
heat:exchanging portions 99, '92 and 4. Of con 
duits 98, 0 and iO3, respectively, and a second 
heat, exchanging portion 22 Operatively associ 
ated with a cooling coil 23 provided with fluid 
inlet and outlet connections 24 and 26, respec 
tively, connects the exhaust of low pressure turn 
bine 74 with the inlet. of main compressor. 72. 
In addition, main compressor. 2 is provided with 
a valve controllied atmospheric air inlet. 29 and 
conduit. 98 is provided with a valve controlled 
branchi 25 connecting same with the burner port 
tion:8f of primary combustion chamber 79. The 
valves in inlet 20 and in branch conduit 25 
are maintained closed during normal operation. 

- Fuelfow regulating valves 83 aid 88 are opeia 
tively connected with temperature responsive de 
vices 27 and 28 which are in turn operatively 
associated with primary and reheat combustion 
chambers 79 and 84, respectively, the arrange 
rent of these parts being such that flow regulat 
ing valves 83 and 38 are: positioned to effect coin 
pensating changes in fuel input to their associ 
ated combustion chambers in Order to maintain 
the temperature of the mixture of newly formed 
and recompressed products of combustion enter 
iing high pressure: turbine T3 and the tempera 
ture of that portion of the partially expanded, 
reheated mixture entering low pressure tirhine 
T. Substantially constant at Selected maximum 
values commenSurate with optimum thernaal 
efficiency. Fuel flow regulating valve 93 is nor 
inally maintained in its fully open position and 
is closed or partially closed in the event the ten 
perature of that portion of the reheated mixture 
of newly formed and partially expanded products 
eft combustion eitering turbine 18 exceeds a pre 
determined maximum by means of temperature it 
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responsive device f 29 which is operatively as 
sociated with reheat combustion chamber 90 and 
operatively connected with valve 33 by means 
including a lost-motion connection f3f. 
The position of fuel flow regulating valve 94. 

and of motive fluid bypass valve - 8 are con 
trolled by the joint action of speed and load re 
Sponsive: devices operatively a SSociated with shaft 
96 and with generator power line 32, respec 
tively, the control apparatus comprising in this 
case a lever 33 fulcrumed intermediate its ends 
aid having orae end operatively connected with 
valve: -8, by means of a bell crank lever 34 and 
a-lost-motion connector 36 permitting a further 
movement of lever 33 in a clockwise direction 
after valve 8 is fully closed; and having a portion 
intermediate its fulcrum point and other end 
operatively connected with valve.94.by means.in 
cludiig a lost-notion-connector 37 permitting 
a... further movement. of lever 33 in a counter 
clockwise direction, after valve.94 is fully closed, 
a. Solenoid 38 operatively connected with the 
other end of lever 33 and operatively associated 
With a coil 39 forming part. of the secondary. 
circuit. of a current transformer 4. Which is in 
turn operatively associated with power line. 32, 
and a Spring. 42 having, one end also connected 
with the other end of lever 33 in opposite force 
producing relation with respect to Solenoid 38 
and having its other end connected with a piston 
43 operatively enclosed in a cylinder A4. 
One side of piston 43 is, subjected to the action 

of a compression. Spring 46 and its opposite side 
is. Subjected to the action of fluid under a pres 
Sure, which varies as a furiction of the speed of 
compressor. 2, turbine 73, etc., the fluid being 
Supplied to cylinder f4 by means of a pump f4 
driven by shaft 96 and having its inlet connected 
With a reservoir 43 by means, of a pipe 49 and 
its discharge connected with cylinder 44 by 
inean.S. of a pipe 5. Cylinder 44 is provided 
with a drain pipe 52 leading to reservoir 48. 
Consequently, it should now be apparent that a 
downward movement of solenoid 38 is resisted 
by-Spring 42, that the tension of spring 42 in 
Crea.SeS. and decreases as the speed of shaft. 96 
and thereby the pressure of the fiuid delivered 
by puing it, increases and decreases, respective 
ly, that an increase in the power transmitted 
through line 33 results in a clockwise move 
ment of lever 33, that a decrease in the power 
transmitted through line. 33 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 i32, is accompanied by a 
change in Speed, piston 43 moves, and modifies 
the action of Solenoid i38. In this connection, 
the opening movement. of bypass valve 8 is 
preferably limited by means of a suitably ar 
ranged stop 35. 
When the System is shut down, the manually 

Operated main and auxiliary fuel flow control 
valves 85 and 89 are closed, fuel valve 34 in 
pipe 32 is also closed, bypass valve 8 in conduit 
- is partially open, and switch 30 in power line 
i32 is open, All that has to be done in order 
to Start the System is to energize starting. motor 
95 (the valve, in atmospheric air inlet 2- of 
main compressor 72 and in branch conduit 25 
cGraaecting conduit 98 with the burner portion: 8f 
of primary combustion chamber 9, may be opened 
to thereby inci'ease the initial supply of corn 
bustion Supporting elastic fuid to burner 8-) 
and When the unit comprising compressor 2, 
turbine: 73, etc., attains a self-operative speed, 
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open main fuel valve 85 and initiate combustion 
in primary chamber 9 whereupon operation 
of startling motor 95 may be terminated. LOW 
preSSure turbines is and 78 are both developing 
power due to the paSSage therethrough of the 
coinbustion gases issuing from high preSSure 
turgine is and consequently auxiliary compres 
SOr it is now delivering combustion Supporting 
elastic fluid to the burner portions of primary 
and reheat combustion chambers 9, 86 and 
98. Consequently manually operated fuel flow 
control valve 89 in pipe 37 can now be opened 
and Combustion initiated in reheat combustion 
chamber 85. If the valves in atmospheric inlet 
26 and branch conduit 25 have been opened, 
they may be closed either before or after initiat 
ing combustion in reheat chamber 84. The sys 
ten is now operating under idling or no load 
conditions with the temperature responsive de 
vices 27 and 28 operating to maintain the 
temperature of the inixture of newly formed and 
recompreSSed productS of combustion entering 
high preSSure turbine i3 and the temperature 
of the mixture of newly formed and partially 
expanded products of combustion entering iow 
pressure turbine is substantially constant at 
values commenSurate With optimum thermal ef 
ficiency. 
AS previously indicated, autoimatically actu 

ated fuel waive 94 is closed and bypass 8 in 
conduit it is partially open to the extent de 
termined by the position of stop 35 which is 
in turn preferably so located that the fiow of 
motive fluid through low pressure turbine 8 
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 waive controlled atmospheric inlet 
28 to main compressor A2 and of the valve 
controlled branch conduit 25 connecting con 
duit 98 with the burner portion 8 of primary 
combustion chamber is. If desired, an auxiliary 
starting motor G on shaft 97 may also be utilized 
for starting purposes. If it is now desired to 
carry load, Switch 36) in power line 32 is closed 
Whereupon the resulting movement of Solenoid 
38 is rendered operative to actuate lever 33 
in a clockwise direction as the load increases 
thereby moving bypass waive 8 to its fully 
closed position and opening fuel valve 94 to 
increase reheat input to the partially expanded 
notive fluid entering reheat combustion cham 
ber 90, the maximum temperature of the fluid 
entering low pressure turbine 8 being limited 
by temperature responsive device 29. Upon a 
decrease in load, the combined action of Spring 
42 and piston f 43 moves lever 33 in a coun 

terclockwise direction thereby moving fuel valve 
94 toward its fully closed position, and if the 
decrease in load is Sufficient, valve 94 is fully 
closed and bypass valve 8 is opened until a 
further opening movement is prevented by stop 
35. 
Consequently, both the quantity and the tem 

perature of the motive fluid passing through 
low pressure turbine 8 and thereby its speed 
and power and the quantity and pressure of 
the air delivered to the burner portions 8, 86 
and 9 of combustion chambers is, 84 and 90 
by auxiliary compressor is varied in accord 
ance With changes in load. i. e., in accordance 
with power requirements. Moreover, tempera 
ture responsive device 2 operates to vary fuel 
input to primary combustion chamber 79 So as to 
maintain the temperature of the mixture of newly 
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8 
formed and recompressed products of combustioni 
Substantially constant prlor to the expansion 
thereof, and it Snould therefore be obvious that in 
general tine System of Fig. 2 aifords at least all 
of the advantages present in the System of Fig. l. 

Referring to Fig. 3, it is seen that Still an 
Other empodiment of the invention may include 
a main compressor i33, a main turbine 5i, an 
eiectric generator 56, an aux1 liary compressor 
is , a low pressure auxiliary compressor turbine 
;38, a primary combustion chanaper 59 having 
a burner portion f gi to which fuel is supplied 
from a Suitabie Source (not shown) through 
a pipe f62 provided with a flow regulating valve 
i63, and a reheat combustion chamber 64 hav 
ing a burner portion 65 to which fuel is Sup 
plied through a branch pipe f8 provided with 
a fioW regulating valve 68 and a manually op 
erated Valve 5. Branch pipe 67 is also pro 
Vided With an additional flow regulating valve 
i59 and is connected with pipe 62 on the up 
Strean Side of Waive 63 whereby the flow of 
fuel to burner portions 6 and 66 can be 
Severally controlled as desired. Pipe G2 is also 
provided With a nanually operative main con 
trol valve if disposed in upstream relation with 
respect to branch pipe 67. A starting motor 

and the turbine 54 may be drivingly con 
nected with main compressor 53 and generator 
56 by any suitable means such as a common 

Shaft 2. Auxiliary turbine 53 may be driv 
ingly connected with compressor 37 by any suit 
able means such as a common shaft 3. 
A conduit 73 which includes a heat exchang 

ing portion 74, connects the discharge of main 
compressor 53 with the burner end of combus 
tion chamber 59 and a conduit f6, which in 
cludes a heat exchanging portion i , connects 
the high pressure discharge portion of auxiliary 
CCIn preSSor 52 with the burner portion 6 of 
primary combustion chamber 59. A conduit 
i8, which includes a heat exchanging portion 

9, connects a low pressure discharge portion 
of auxiliary compressor 5 with the burner por 
tion 66 of reheat combustion chamber 64. A 
conduit 8 connects the discharge end of pri 
mary Combustion chamber 59 with the inlet of 
high pressure turbine 54 and a conduit 82, 
Which includes a heat exchanging portion 83 op 
eratively associated with the heat exchanging 
portions 4, and 9 of conduits 73, T6 
and i8 and a heat exchanging portion 84 op 
eratively associated with a cooling coil 86 hav 
ing inlet and outlet connections 87 and 88, 
respectively, connects the exhaust of high pres 
Sure turbine 5A with the inlet of main compres 
Sor 53. A bleeder conduit 89 connects an in 
termediate pressure exhaust of high pressure 
turbine 54 with the burner end of reheat com 
bustion chamber 64 and a conduit 9 connects 
the discharge of reheat combustion chamber 64 
With the inlet of low pressure auxiliary turbine 
f58. A conduit 92, which includes a heat ex 
changing portion 93 operatively associated with 
one or more of the heat exchanging portion T4, 
7, 9 of conduits 73, 6 and 78, places the 
exhaust of low pressure turbine 58 in com 
munication with the atmosphere. 

Fuel flow regulating valve 63 is operatively 
connected with a temperature responsive device 
94 which is in turn operatively associated with 
primary Combustion chamber 59, the arrange 
ment of these parts being such that flow regulat 
ing valve f63 is positioned to effect compensat 
ing changes in fuel input to the burner portion 
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.6 of combustion chamber 59 in order to main 
tain the temperature of the mixture of newly 
iformed and recompressed products of combus 
tion entering high pressure turbine 5: Substan 
stially constant at a selected maximum value 
: commensurate With optimum thermal efficiency. 
Fuel flew regulating valve 68 is normally main 
tained in its 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 58 exceeds a predetermined maxi 
mum by means of a temperature responsive-de 
vice f 96 which is operatively associated with re 
heat combustion chamber 64 and operatively 
connected with valve 68 by means including a 
lost-motion connection 97. 
The position of fuel flow.regulating valve 69 is 

(controlled by the joint action of speed and load 
responsive devices operatively associated with 
shaft 2 and with generator power line 98 
which includes a control switch 99, respectively, 
the control apparatus in this case comprising a 
ever 23 fulcrunned intermediate its ends and 
having one end pivotally connected with valve 
-69, a solenoid 202, which is -operatively associ 
lated with a coil 233 forming part of the Secondary 
(circuit of a current transformer 294 which is in 
turn operatively associated with power line (98, 
ihas one end pivotally connected with the other 
send of lever 20?, a spring 206 having one end 
also connected with the other end of lever 20? 
in opposite force-producing relation with respect 
: to solenoid 232 and having its opposite end con 
rected with a speed governor .207 which is in turn 
-operatively associated with shaft fl2. The ar 
rangement of these partS is such that a down 
Ward movement of Solenoid 202 is resisted by 
spring 26, that the tension of spring 206 in 
creases and decreases as the speed of shaft 72 
increases and decreases, respectively, that an in 
cerease in the power transmitted through line 98 
results in a, clockwise movement of lever 20, that 
a decrease in the power transmitted results in 
a counterclockwise movement of lever 20, and 
that if a change in load, i. e., a change in the 
power transmitted through line (98, is accom 
panied by a change in the speed of shaft 12, 
governor 207 modifies the action of solenoid 202. 
When the System is shut down, manually op 

erated fuel valves 65 and 0 are closed as is 
also fuel flow regulating valve .69 and the Switch 
99 in power line 98 is open. Consequently, all 

that has to be done in order to start the system 
is to energize starting motor if and bring the 
main unit comprising compressor 53 and high 
pressure turbine 54 up to a self-operating speed 
whereupon manual fuel valve 70 can be opened 
"and combustion initiated in the burner portion 
-6-1 of primary combustion chamber 59 which 

is supplied with combustion supporting air due 
to the operation of auxiliary compressor f 57 ef 
fected by the passage of partially expanded gas 
through low pressure turbine f58, and if desired, 
by the aid of an auxiliary starting motor f 15 on 
shaft 13. The initiation of combustion increases 
the energy content of the-motive fluid and there 
by the power developed by turbines 54 and 58 
sufficient for self-operation under no load or idl 
ing conditions without the aid of reheat com 
bustion chamber 64, and consequently, the op 
eration of-starting motor ill may be terminated 
as soon or shortly after combustion has been 
initiated in primary chamber 59. All that now 
has to be done in order to condition the system 
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for carrying load is to open manual Valve 65 
in fuel line 57, which renders governor 207 ef 
fective to control fuel input to reheat combus 
tion chamber 64 and thereby the speed of low 
pressure turbine .58 and auxiliary compressor 
?57 so as to maintain the speed of the main unit 
comprising main compressor 53, high pressure 
turbine 54 and generator 56 substantially con 
stant at a predetermined desired value, and to 
then close switch 99 in power line 98. 
The closure of switch 99 places valve f69 un 

der the joint control of speed governor 207 and 
load responsive Solenoid 202 and consequently 
the Speed of low pressure turbine 58 and of aux 
iliary compressor 57 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 fluid en 
tering low pressure turbine 53 should become ex 
cessive, temperature responsive device 96 will 
effect a closing or partial closing of fuel valve 68. 
During normal operation, the temperature of the 
motive fluid entering high pressure turbine 54 
Will be maintained substantially constant at the 
maximum value permissible for continuous oper 
ation by the action of temperature responsive 
device 94, and it should therefore be obvious 
that this system also operates to vary the quan 
tity of compressed, combustion supporting elas 
tic fluid delivered to the burner portion 6 of 
primary combustion chamber 59 and thereby the 
mass flow of the mixture of recompressed 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 chamber so as to maintain 
the temperature of Such mixture substantially 
constant prior to its expansion in high pressure 
turbine 54. - 

In both the systems shown in Figs. 2 and 3, the 
compressed, combustion supporting elastic fluid 
delivered to the reheat combustion chamber or 
chambers is maintained at a pressure commen 
Surate with the pressure of the partially expand 
ed mixture of newly formed and recompressed 
products of combustion supplied to such cham 
bers from the high pressure turbine or turbines. 
Moreover, in all of the systems herein described, 
the main compressor and power turbine or tur 
bines are operated at a substantially constant 
speed and temperature, the power developed being 
varied by changing the Imass flow and density of 
the motive fluid in accordance with changes in 
load. Consequently, the overall thermal effi 
ciency of the main unit is maintained substan 
tially constant throughout the normal load range, 
and since the power developed and utilized by the 
main unit may be as much or more than 0.8 of 
the total power developed by both the main and 
auxiliary units, the overall thermal efficiency of 
the System is materially improved by maintain 
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 releasingapor 
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 coin 
pressed, combustion Supporting elastic fluid ei 
ther before or after such fluid is partially or 
Wholly mixed with the recompressed products of 
combustion, and expanding the resulting mix 
ture, and it should therefore be understood 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 War 
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 2 
including 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 
ing same with newly formed, highly heated prod 
lucts 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, comi 
bustion 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. 

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 accordance 
with changes in power requirements, and sub 
stantially simultaneously varying fuel input 
SO as to maintain the temperature of Such nix 
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, a 
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 fluid 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 rnain compressing neans, 
means for conducting recoin pressed elastic fluid 
discharged from the main compressing means to 
all 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 connected 
with the burner portion of said combustion cham 
ber; the method of improving thernal efficiency 
and accelerating characteristics comprising the 
steps of directly varying only the speed of the 
auxiliary compressing means in accordance with 
changes in the power requireinents 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 products of cornbustion 
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 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 conducting 
recompressed elastic fluid discharged from said 
main 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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pressing: means and having an inlet communi 
scating with a source of combustion Supportiag 
elastic fluid and an outlet connected with the 
burner portion of said combustion chamber, and 
areans for delivering fuel to the burier portion 
of said combustion chamber means, means for 
improving thermal efficiency and accelerating 
acharacteristics comprising a first control respon 
'sive to changes in the excess power being devel 
roped by said turbine means for increasing and 
decreasing the speed of the auxiliary compressing 
means as the power developed increases; and ide 
tetreases respectively, and a second control re 
sponsive to the temperature of the elastic ifiuid 
passing into the turbine means for varying f 
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 ex 
pansion thereof as the power developed. Varies, 
throughout the normal load range. 

26. An elastic fluid turbine power systery conth 
prising a main elastic fluid compressing means, :a. 
:plurality. Of separately-operable turbines includ 
ing a first turbine having an exhaust portion 2; 
soonnected with theinlet of said main icon pressing 
means and a seconditurbine exhausting to at 
'mosphere, a driving connection between Said first 
turbine and said main-compressing means, a Sep 
rarate auxiliary compressing means having sain 
inlet communicating with a source of 'combus 
ition supporting elastic fluid, a driving connection 
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between Said second turbine , and said auxiliary 
' compressing means, means for conducting recom 
'pressed elastic fluid discharged from said main 
scompressing means to said first and second tur 
bines for expansion in Succession therein-con 
'prising separate combustion chambers respec 
tively disposed in upstream relation to Said tur 
2bines, 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 products of icon 
bustion are combined with recompressed elastic 
fluid, means for conducting. Congressed.combus- 4. 
'tion supporting elastic fluid discharged from said 
fauxiliary compressing means to the buriter por 
ition of each of 'said combustion chambers, and 
means for delivering fuel to the our her portion 
of each of said combustion chambers, means for 
improving thermal eficiency and regulating char 
acteristics comprising a first control responsive 
to changes in the excess power developed by the 
System for increasing and decreasing the quan 
tity of fuel delivered to the burner portion of 
the combustion chamber in direct association 
with said second turbine so as to vary the speed 
*of said gauxiliary compressing rneaths as the ex 
cess power developed increases and decreases, re 
spectively, and a second control responsive to 
the temperature of the elastic fluid passing into 
Isaid first turbine for varying the quantity of fuel 
delivered to the burner portion of the combus 
tion chamber in direct association with said first 
turbine so 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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turbine means including at least one turbine:or 
turbile section drivingly connected with said 
main Compressing means, a seconditurbine means 
exhausting to atmosphere and Operable. Separately 
from said first turbine means, a driving connec 
tion between said:seconditurbine means and Said 
auxiliary conpiressing means, means "Severally 
“connecting the inlet of Said main coimpressing 
In eans and the inlet of Said Seconditurbine realIS 
with exhaust:portions of said first turbine means, 
Said connection between Said first and Seconditur 
bienneans including a combustion chamberhaw 
ring a burner portion adapted to produce newly. 
folined productSOf combustion;andia mixing por 
tion in which newly formed products of combus 
tion are combined with motive fluid exhausting 
ifrom Said first tulkine means, means for con 
-ducting recompressed motive fluid discharged 
from 'said main compressing means to said first 
turbine, means Comprising at least one combus 
ition chamber including a burner portion adapted 
to produce newly formed products Gif combustion 
'and a mixing portion in which newly formed 
products of coinibustion are combined With recon 
pressed motive fluid, and means connecting rela 
tively high and low pressure discharge portions 
of Said auxiliary compressing means with the 
isurner portions of the combustion chambers sup 
plying motive.fluid to the inlets of Said first and 
Second turbine means, respectively. 

8. 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 
turbine means including at least one high pres 
Sure turbine or turbine. Section and at...laastone 
OW preSSure turbine or turbine 'Section, a diriy 
ing Connection between at least Gne of Said first 
turbine means and said main compressing means, 
a Seconditurbine means 'exhausting to atmosphere 
and Operable separately from said first turbine 
nearis, a driving connection between said second 
turbine means and said auxiliary compressing 
IIleanS, means connecting the exhaust, of Said 
oW pressure turbine or turbine section with the 
iFlet of Said main compressing means, means 
Severally connecting the inlet of said low pres 
Sure turbine or turbine Section and the inlet of 
Said 'Second turbine means with an exhaust por 
tion of Said high pressure turbine or turbine sec 
'tion, Said connection between said high pressure 
turbine or turbine section and said second tur 
birhenaeans including a combustion chamber hay 
ing a burner portion adapted to produce newly 
formed products of 'combustion and a mixing por 
tion in which newly formed products of combus 
tion are combined with motive fluid exhausting 
from Said high pressure turbine or turbine sec 
tion, means for gonducting recompressed motive 
fluid discharged from said main compressing 
means to Said first turbine means comprising at 
least one sombustion chamber including a burner 
portion adapted to produce newly formed prod 
lucts 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. 

9. An elastic fluid turbine power system com 
prising a main elastic fluid compressing means, a 
Separate auxiliary compressing means 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 low pressure discharge 
portions of Said auxiliary compressing Ineans 
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 turbine 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 products of combus 
tion are combined with the motive fluid delivered 
thereto, an auxiliary compressing means having 
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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 
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the burner portions of said primary and reheat 
combustion chambers, respectively. 

11. In an elastic fluid 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 raain compressing means, means for con 
ducting recompressed elastic fluid discharged 
from Said main compressing means to 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 fuid 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 

35 

40 

- i 

5 

5 5 

60 

chamber means, and means for improving ther 
mal 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 I, RAY. 
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