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11 Clalms

The object of this invention is fo regulate the
temperature of the burnt products of combustion
in a gas turbine, 7

Sr)emﬁcally .the obJect is to prevent the tem-

temperature
Fig. 1 shows dlagrammatlcally the preferred

form of my 1nvent10n
Fig. 2 shows a propeller on the end of the

shaft of the gas turbine.  Fig. 3 shows detaﬂs of

the governor control

In the dra,wmg, fuel enters at 48, fows.through
the engine driven, fuel pump 120, through a speed
governor 422 ‘which is also Adriven.by the engme
through a shaft l5n which 1s'
152 and by beiel gears 154
dr;ven hy the bevel gears 155 and these bevel
gears 155 are driven by .the | shart 156, whlch is
the mam shaft of the gas turbme The ‘fuel

pump 420 is drlven from the shaft I5l by the

belt and, pulley i58 which dr1ves the pump shaift
I ac The fuel reJected by the gove rnor 122 is
1eturned o the pump . 120 through the return
passage 424, . The fuel dehve ed from the

governor 122 ﬂows through the, ventun 12 fo the 2!

burners 14 in; the -,combustlon chamoer 1.

A restnctmn 8 connects he throat of the
ventun Jo the outs1de cha,mber 20 surroundmg
the bellows 22, .The msrde of Joellows ‘22 is con-

nected to. the fuel. entrance J.eadmg to the ventum 3

12, through the passage 126. . The bellows, 22 con-
trols. the, position of the valve 24. The fuel flow
recqrdmg valve 24 admits regulatmg fluid to
ehamber 98.
fA regulatmg Huid pump .30 -also driven by the
engine, pushes . oil under pressure along the pasg-
sage 32, past-the yalve. 24 o the passage 34, 1o the
chamber. 36 through a restncted opening in_ the
piston 38, along ‘the passage 40, past the selector
cam correction valve.42.
to.the left. by the spring 190.
The .air  pressure corréction  bellows .84 _is

evacuated and the outside chamber 128, surround-

ing. hellows. 44, is.connected through ‘the pips 48

to the impact tube 50 of the Pitot tube combma- P

tion 5052,

The oil.-flows past. the selector cam .correction
valve 42 and the port 43 60 the passige 54 which
-flows ‘to the low 'pressure $ank ‘56 which™ supphes
o)l pump 30 -with "its regulating Auid. - “Hence,

iven by a shaft 1

The p,lston 38. 1s pushed 4

(CL 60—41) ’

when the altitude increases then the valve 42

moveg'to-the right and the flow-along passage 40

decteases; the piston 88 moves to ‘the left under

the influeri¢ce of ‘the spring 490, and the element
5 88, riding on-the carm .68, falls and reheves the
' nre sure‘en theé spring 62. Foress

* Servomotor-valve 64 falls and adm1ts oil under
pressure tothe pipe 68 from the passage 34, Pipe
68 is at the same'time connected to the low pres-
sure oil‘tank- 56-through  the pipe 54 Theé piston
%8 thereupon travelsto the ‘left to decredse the
piteh of the propéller or-to" decrease the tems
pezature ‘by moving ‘the tail ‘cone “to’ the left.
Thisis accomphshed by connectmg the piston rod
180 46 ‘thé lever 212 'mounted on the pivot 244.
The lever 212 is connected through the link 216
to the lever248." “Fhe lever 2187is connééted fo
thé shaft’ 220 ‘'on which is'mouhted the levér 222
which" controls the ‘position of the cone 12. *An
ingrease 1n dirflow: a,utomatlcally ca,uses 2 de-
creaSe in temperature :

“Meéanwhile, the girflow responsive means are
functioning. These means are bellows 14, the
inside ‘of ‘whichis connected to the impact tube
."“The ‘ouitside ch er 16 s connected to' the
PBitot static tube 52, through the valve 18 ‘which
is the air temperature correctlon valve and
through the passage §2;

“A Féstriction 80 islocated in a return passage
84*whiéh renders thewalve 18 effective to éontrol
the pressure in chamber 76 Wwith the’ temperature
The valve 18 ‘i’ connected £6 the hellows 84 and
is connected through the pipe 86 fo the tempera-
ture responswe bu{ ) 88 located 1n the a1r entranee
90 i

At hlgh temperature the valve 18 closes so that

20

iaphragm 9I between the
39" and the chamber 165 carries the
ffer T a-lve 96."" This valve 06
thelefore causes the pressure in chamber’ 98 to
mcrease The pressure in- chamber 98 s’ the
pressure downstréam “from fHE' valve 124; ‘The
p1 essure 1n the <chatiber 168, above the chaphragm
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30. Hence, an increase in airflow causes the
servomotor valve 64 to rise. The result of this
is that the cone 12 moves to the right or the
propeller piteh is increased as the case may be.
The chamber 98, below the diaphragm 108, is
connected to the chamber (62, below the dia-
phragm 91, through the restriction 164. The
chamber 168, above the diaphragm 108, is con-
nected with the chamber 166, above the dia-
phragm §1, through the restriction (70. The
restrictions 1710—164 render the movement of the
constant differential valve effective to accomplish
this desired result, that is to balance air flow
against fuel flow.

The fuel flow recording valve 24, when it ;

moves to the left in response to increased fuel
flow decreases the oil flow and causes the pres-
sure in chamber 98 to fall as valve 24 cuts off
the admission of high pressure oil from the pas-
sage 32, to the chamber 88.

Hence, an increase in air flow causes the pres-
sure in chamber 98 to increase and the pressure
in chamber 98 to decrease with an increase in
fuel flow. The diaphragm 100 thus responds to
the relative excess of air over fuel flow or excess
of fuel over air flow as the case may be.

The temperature of the air delivered by the
compressor 102 to the combustion chamber 16 is
measured by the bulb 104. The bulb {64 controls
the expansion and contraction of the bellows 108.
Bellows (06 controls the valve i08. Valve 108,
when the element 04 is cold, is wide open and
the pressure in passage 32 is transmitted past
the valve 108 to the chamber (10, practically un-
diminished, through the passage {91. The cham-
per 56 communicates with the chamber 118
through the restriction 172. Chamber (12, above
the diaphragm {14, is in free communication at all
times with the pressure in the passage 32 on the
high pressure side of the pump 39 so that at low
temperature the diaphragm {14 has little func-
tion. Tt functions at high temperature to assist
the diaphragm 108, as the temperature of the
gases entering the gas turbine 116 is the sum of
the temperature recorded by element 104 plus the
temperature rise due to the fuel/air ratio of the
mixture which burns in the combustion chamber
i6.

To limit the pressure that can be generated
by the pump 30 the pressure relief valve {32 is
provided. Valve (32 is loaded by a spring 134
and is carried by diaphragm 133.

Cam surface 68 is contoured. The lever 148
permits the surface 68 to be rotated about the
axis of the piston 38 to present a new surface
to the cam follower 58.

The altitude bellows 44 engages with a rod
182 which carries the valve 42. The end of the
rod 182 engages with the diaphragm 184. A rod
{86 engages with the other side of the diaphragm
i84. The rod i86 is hollow and carries the valve
{74, which valve communicates through a port
{716 with the passage 180 which is in communi-~
cation with the restricted passage 18, in the
throat of the venturi 2, and also communicates
with the chamber 28 surrounding the bellows 22.

The diaphragm (92, located above the rod 193,
which rod 193 engages with the rod. 195 which
engages with the top of the servomotor valve
§4. The pressure in the pipe §6 is transmitted
to the upper surface of the diaphragm (82
through the pipe 194. Pipe 196 transmits the
pressure to the underside of the diaphragm 192,
The pressure transmitted through the pipe (9§
is derived from the .left hand side of piston (98
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which is carried by the left hand end of the pis-
ton rod 138. A restriction 260, in the piston
§98, has the effect of checking the motion of the
servomotor valve 84 and thus prevents “hunting.”

The chamber forming the left hand side of dia-
phragm (84 is connected with the passage 54
through a restriction. The chamber forming
the right hand side of the diaphragm 184 is a
drain passage 210 which drains to the atmos-
phere. The chamber 208, at the extreme right
of the rod (88, contains a spring. 289 which
pushes the rod 108 against the diaphragm (84.
The chamber 288 is connected to the drain pas-
sage 210 through a passage 206.

For a given position of the manually operated
lever 149 it is possible with valve 42 to vary the
temperature automatically, without moving the
lever (48, as the altitude increases. At very high
altitude valve 42 closes and this detail there-
upon becomes inoperative above a certain ceiling,
The action at low altitudes, near sea level, is
to lower maximum temperatures.

The valve 174 maintains the desired fuel/air
ratio despite the drop in density of the air at
altitudes, which otherwise would result in a
richer mixture.

OPERATION

Let us assume that the device is in operation
and that the lever {49 has been moved to give
a desired temperature in the combustion cham-
ber. The cam follower 58 then rides on the
cam 60 and positions the servomotor valve 864,
by reason of the spring 62, balancing the pres-
sures acting down on the diaphragm {68 plus the
pressure acting down on the diaphragm {14.
The pressure acting on the diaphragm {14 is a
pressure which is controlled by the temperature
downstream from the compressor 162, that is
to say, the pressure controlled by the compres-
sor temperature control valve 168. This tem-
perature heats the bulb (64. Heat on the bulb
104 expands the bellows 108. Expansion of the
bellows (88 causes the valve {88 to descend.
The descent of the valve (88 restricts the flow
of oil under pressure down the pasage 32, up
through the center of the valve 188, down the
passage (31 into the chamber ({8 and then
through the restriction 172 into the low pressure
oil chamber 58, so that an increase in tempera-
ture causes an increased pressure differential to
act on the diaphragm {14. An increased pres-
sure differential acting on the diaphragm (14
causes the servomotor valve 64 to descend. This
causes the high pressure oil in passage 32 and
34 to act on the right hand side of the piston
79, through the pipe 68 causing the link 130 to
move to the left which causes the cone 72 to
open, that is to move to the left, which permits
an increased air flow and thereby reduces the
temperature. A similar result is obtained by de-
creasing the pitch of the propeller driven by the
shaft 156. An increase in the pressure differen-
tial acting on the diaphragm {68 has the same
effect as an increase in pressure differential act-
ing on the diaphragm 114, The pressure dif-
ferential acting on the diaphragm {86 is con-
trolled by the fuel flow acting through the valve
24 and to the air flow acting through the valve
94. An increase in fuel flow causes the valve
24 to move to the left and it decreases the pres-
sure below the diaphragm 189, An increase in
air flow causes the valve 98 to descend which in-
creases the pressure in chamber {62. An in-
crease in pressure in chamber 162 decreases the
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fiow throush restriction 164. Thiig, preSSure in

chamber 9§ 7isss, hence, servomotor valvé 64

Figes and the eorie 12 moves to the right.

‘Valve T8 I8 the temperature corfecting valve
and corrects fof the tempeératire in the air en-
ﬁ'ﬁmce §0 a3 recorded in the bulb 88 through the
pipe 86 and bellows o4.

Whghever the piston 18 moves to the right or
1618 the diaphragin 182 cheeks the movement of
the gervemotor valve §4 and “hunting” is there-
By avoided.

THe drawing shows a construction in which,
whgn the fiel flow is excessive, the eone 12 moved
to the left when the piston 70 is moved to the
1eth, ~ Altefnatively the pitech of a propeller,
mountéd on thé shaft 156, should be decreased
Wwhen the pistorn T8 is moved to the left. In
eitheér ease the ratio of fuel to air is réstored to
that Xatlb of fuel to air which will give the de=
sived rise in temperature in the combustion
éhamber (6.

If the position of the cohe 72 is ﬁxed or if
the piteh of the propeller is fixéd then the move-
fnent of the piston 78, to the left, must be ar-
rahged to throttle the flow of fuel through the
fuel venturi 12.

When the second alternative is used, that is,
whenn the pesition of the cone 12 is fixed or a
fixed propeller is used on the shaft 156 and the
temperature rise is ¢ontrolled directly by throt-
tling the fuel flow through the venturi {2, then
the governor 122 has normally no function and
¢an ve set so that it will only act at excesswe
speeds. .

What I claim is:

1. A combustion chamber temperature control
device for a gas turbine having a turbine driven
air compressor, & ‘speed governor driven by said
gas turbine adapted to regulate the speed of
§2id ‘turbine by reducing the fuel supply compris~
ing, temperature responsive means responsive to
the tempefatire of ‘the it entering the combus=
tion chainber, means responsive to both the fuel
and afr flows acting in epposition to each 'other
to produce a force, said force acting in ‘conjune-
tioh with the force derived from s2id temperature
responsive means to produce -a tesultant force,
a servomotor valve, yieldable means engaging
with said servomoter valve acting in opposition
to said resultant force, an increase in tempera-
ture of the entering air having the same effect
as an increase in fuel flow relative to air flow to
increase said resultant force, a motor, a supply
of fluid under pressure adapted to operate said
motor, said servomotor valve being connected to
said pressure fluid so as to ¢onfrol said motor,
means to vary the air flow through said gas tur-
bine, linkage connecting said air flow control
means with said motor whereby the air supply
is increased with an increase of temperature of
the air entering the combustion chamber and
also by an increase in the fuel flow relative to
the air flow.

2. A device as set forth in claim 1 in which
there are additional temperature responsive
means responsive to the temperature of the air
entering said air compressor, said means being
associated with the air flow responsive means
to render the air flow responsive means less ef-
fective to oppose the fuel flow responsive means
when the air entering the compressor is hot.

3. A combustion chamber temperature control
device for a gas turbine having a speed governor
driven by said gas turbine adapted to regulate
the speed of said turbine by reducing the fuel
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Sipply, aii air compressor driven by said gas
turbine, an air entrance to the compressor, air
flow indicating means in said air entrance, air
temperature correction means therefor, a com-
bustion chamber, an air entrance thereto form-
ing the air exit from said compressor, air tem-
perature responsive means in said exit, a burner
in said combustion chamber, a fuel supply there-
for, a fuel passage leading to said burners from
sald supply, a restriction in said passage, load
econtrol means for said gas turbine, automatic
control means connected to said load control
means comprising a hydraulic motor, a source
of hydraulic fluid under pressure for said motor,
a servomotor valve for said fluid controlling said
motor, yieldable means for moving said servo-
motor valve in the direction to call for more load,
means responsive to the drop in pressure at said
fuel restriction to oppose said movement, means
responsive to an increase in tembperature of the
air in said compression exit to also oppose said
movement, means responsive to an increase in
pressure difference at said air indicating means
to assist said movement whereby an increase in
fuel flow, a decrease in the air flow and an in-
crease in temperature of the air in the com-
pressor exit jointly act to reduce the load and
thereby increase the turbine speed above the
governed speed and fo fhus reduce the fuel flow
and hence the combustion chamber temperature.

4. A device as sef forth in claim 3 in which there
is a barometric means adapted to vary said yield-
able nreans so as e correct for the pressure drop
at altitude.

5. A combustion chamber temperature control
device for a 'gas turbine having o speed movernor
driven by said igas turbine adapted to limit the
speed of said gas turbine by reducing the fuel
supply, an air compressor «driven by said .gas tur-
bine adapted to supply said combustion chamber
with compressed air, an air entrance to said com-
pressor, air flow indicating means in said air en-
trance therefor, an air-exit from said compressor,
air temperature responsive means in;said air exit
chamber, a burner in :said combustion chamber,
a fuel supply therefor, :a fuel passage leading to
said burner from said ‘fuel :supply, a restriction
in said fuel passage, load control means for said
gas turbine, automatic control means therefor .
comprising a source of hydraulie fluid under con-

stant pressure, an hydraulic motor, a servomotor

valve for said motor, manually variable yieldable
means for moving said servomotor valve so as to
vary the load in said gas turbine, hydraulic
means to oppose said yieldable means so as to
position said servomotor valve, said hydraulic
means being responsive to the drop in pressure
at said fuel restriction acting in opposition to the
pressure difference at said air flow indicating
means and to the temperature responsive means
located in the exit from said air compressor
whereby the temperature rise in the combustion

* chamber is controlled by the variable yieldable

65

70

75

means and the temperature in the exit from said
air compressor.

6. A fuel control mechanism for an external
combustion engine including a gas turbine, a
turbine driven air compressor supply compressed
air to a combustion chamber, an air conduit lead-
ing to said air compressor, first control means
responsive to variations in.the quantity of air
flowing through said conduit and to the changes
in temperature of the air flowing into said con-
duit, a fuel nozzle discharging into said combus-
tion chamber, a fuel supply pump, a fuel supply
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passage leading to said nozzle, a restriction in
said fuel supply passage; a second control means
responsive to the drop in pressure at said fuel
restriction, a speed governor for said gas tur=
bine driven by said gas turbine, a fuel return pas-
sage connected upstream above said fuel restric-
tion and to the suction side of said fuel pump,
said governor being adapted to control the flow
through said return fuel passage so as to limit
the maximum speed of said gas turbine by limit-
ing the fuel flow, load control means for - said
gas turbine, a source of hydraulic fluid under
pressure, hydraulic control mechanism operated
thereby including a motor and a servomotor valve
therefor, yieldable means for moving said servo-
motor valve so as to increase the load, said sec-
ond mentioned control means acting to oppose
both said first mentioned control means and said
yieldable means, acting jointly, whereby an in-
crease in fuel fiow relative to air flow reduces the
load and thus increases the speed which causes
the governor to reduce the fuel flow.

7. A device as set forth in claim 6 in. which
there is a third control means.responsive to the
temperature of the compressed air leading said
air compressor, said third control means acting
jointly with said second control means to oppose
said first control means.

8. A device as set forth in claim 6 in which
there is an additional control means responsive
to the pressure of the air entering the air com-
pressor, said additional means acting so that a
fall in pressure reduces the yieldable means and
the load.

9. A device as set forth in claim 6 in which
there are additional control means responsive to
the pressure of the air entering the air compres-
sor and to the temperature of the air compres-
sor air leaving said air compressor, both of said
means acting to reduce the load as the tempera-
ture rises and the pressure falls.

10. A device as set forth in claim 6 in which
there is an additional control means respensive
to the pressure of the air entering the air com-
pressor adapted to both vary the yieldable
means controlling the position of the servomotor
valve and to vary the effect of the drop in fuel
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pressure at said fuel restriction so that the fuel/
air ratio is corrected for a drop in air pressure
of the atmosphere and the yieldable means is re-

"duced and the gas turbine load is reduced as the

pressure of the atmosphere drops. _
11. A fuel control mechanism for an external
combustion engine including a gas turbine, a tur-
bine driven air compressor supplying compressed
air to a combustion chamber; an air conduit lead-
ing to said air compressor, a first control means
responsive to variation in the quantity of air
flowing through said conduit, a second control
means responsive to the temperature of the com-
pressed air entering the combustion chamber, a
fuel nozzle discharging into said combustion
chamber, a fuel supply pump, a fuel supply pas-
sage leading to said nozzle, a restriction in said
fuel supply passage, a third control means re-
sponsive to the drop in pressure in said fuel re-
striction, automatic means for controlling’ the
fuel/air ratio, comprising a source of hydraulic
fluid under pressure, hydraulic control mechanism
operated thereby including a motor and a servo-
motor valve therefor, manually selected means
for moving said servomotor valve so as to de-
crease the fuel supply, said second and third men-
tioned conirel means acting jointly to oppose both
said first mentioned. control and said yieldable
means, acting jointly, whereby an increase in the
fuel/air ratio is automatically reduced whenever
the sum of the temperature of the air entering
the combustion chamber plus a function of the
fuel/air ratic exceeds the value of the. selected
yieldable means. .

ANDREW WILLIAM ORR, JE.
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