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When an internal combustion turbine engine 
is started up from rest, combustion of the mix 
ture of air and atomized fuel delivered into the 
combustion chambers from the main-burners is 
usually propagated from torch igniters which each 
comprise a spray nozzle directing a jet across 
the discharge orifice of one of the main burners, 
and an igniter, for example a sparking plug, 
which ignites the jet from the nozzle of the torch 
igniter which in turn ignites the jet from the 
main-burner. ... Usually two torch igniters are em 
ployed in an engine. Hitherto the duration of 
supply of fuel to the nozzles of the torch igniters 
has been determined by the setting of an electric 
time switch. Thus the period during which the 
torch igniters function has been independent of 
the condition of operation of the engine. . . 
The present invention seeks to provide an im 

proved system in which the torch igniters will 
remain operative for a period dictated by the 
condition of the engine whereby the torchlig 
niters will not be extinguished until a certain 
engine condition has been established. By way 
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of illustration, fuel may be supplied to the torch 
igniter upon commencement of operation of the : 
fuel supply system, and will continue to be Sup 
plied to the torch igniter until the system comes 
into full operation, whatever time period, long or 
short, may be required to produce this result, but 
almost immediately upon the system's coming 
into full operation, and as an automatic conse 
quence thereof, the supply of fuel to the torch. 
igniter is cut off, and remains off all during nor 
mal-operation. . . . ." . . . . . . . . . ." 

According to the present invention there is pro 
vided in the supply duct from an engine driven 
pump to the nozzles of the torch igniters a cont 
trol valve which is sensitive to pressure from the 
supply pump so as to open and permit fuel from 
the pump to reach said nozzles, and which is ar 
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ranged to close when a predetermined pressure 
has been created in the Supply line to the main 
burners of the engine. Such valve, hereinafter 
referred to as the “torch igniter valve," may con 
veniently be associated with a trip valve and a 
circul it control valve. The trip valve will open 
when a predetermined pressure has been devel 
oped in the main burner system to permit fuel 

which it cuts off the supply from the pump to 
the torch igniter valve and diverts such Supply 
to the main burner system. Although not es 

from the supply pump to reach the circuit con 
trol valve and so shift the latter to a position at 50 

sential, it is considered desirable to provide be 
tween the torch igniter valve and the nozzles of 

2 
the torch igniters a small accumulator which is 
charged with fuel during such time as the torch 
igniter valve is open and which, after the torch 
igniter valve- closes, serves to provide for con 
tinued supply, to the torch igniters for a brief 
period. The invention is applicable to systems 
in which the main burners are of the direct in 
jection type, i.e. of the type in which all the 
fuel supplied to the burner passes out through 
its discharge orifice, or to systems in which the 
main burners are of the spill type, i. e. of the 
type in which, except during certain operating 
conditions, only a proportion of the fuel which 
is Supplied to the burner passes out through its 
discharge orifice and the remainder flows back 
along a return line. . . . . . . . . - 

In order that the invention may be clearly un 
derstood and readily carried into effect two sys 
tems in accordance therewith will now be de 
scribed by way of example with reference to the 
diagrammatic drawingsforming part of the speci 
fication. . . . 

Figure 1 is a diagram of a fuel system arranged 
to supply fuel to directinjection burners, wherein 
the present invention is incorporated, and 

Figure 2 is a similar diagram, wherein the sys 
tem supplies fuel to spill type burners. . . . 

Referring to Figure 1 of said drawings, main 
burners of the direct injection type, of which one 
is indicated at are Supplied with fuel from 
an engine driven pump 2 via a throttle 3. The 
System comprises a booster pump 4 in a supply 
tank 3-5, a circuit control valve 6, a trip dia 
phragm-mounted valve , an isolating valve 8 
and torch igniter valve 9, a high-pressure shut 
off valve 20, an accumulator 21, and torch ig 
niters one of which is indicated at 22. - 
The various parts are shown in the positions 

they occupy when the engine is at rest, the fuel 
supply pump 2 in consequence is not function 
ing, and flow in the several conduits has ceased. 
At Starting up, the separately driven booster 

pump 3 is first started up. Directly the pump 
42 starts to turn with the engine, the pump is 
prined by fuel-from the booster pump by way 
of conduit 2s (assuming that cock 2c is open), 
and delivers by ways of conduit 2d. through a 
Section of the shut-off valve 20, and conduit 2 a. 
through the circuit control valve 6, and along 
a conduit 23 to one end of the isolating valve 8. 
The pressure of the fuel so delivered shifts the 
isolating valve 8. to the right against a spring 
24 until the valve 8 partially uncovers a bleed 
port 25 at which position the valve is maintained 

, by the action of the spring 24 and by the escape 
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of some of the fluid through the port 25. The 
fluid passing through the port 25 is able to flow 
through internal passages in the isolating valve 
8 and along a branch conduit 26 leading to the 

line 27 extending from the burners to the 
trip valve 7. Such movement to the right of 
the isolating valve 8 permits the torch igniter 
valve 9 to unseat, said latter valve being moved 
by the projection 28a on the Spring loaded pis 
ton member 28. The piston member is aper 
tured so that fuel from the conduit 23 can flow 
along the conduit 29 to the nozzles of the torch 
igniters 22. At the same time the accumulator 
2 is charged through a branch line 30. While 
this is happening the tank booster pump 4, 
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which is driven independently of the engine and 
which was previously Set in motion, has, in ac 
cordance with our co-pending application Se 
rial No. 36,011, filed June 30, 1948, now Patent 
No. 2,640,318 issued June 2, 1953, been serving 
to prime the supply pump 2 and has also been 
feeding into the main burner supply line: 2 
through conduits. 2s and 3 and through the 
internal passages of the isolating valve 8 and 
the branch conduit 26. As soon as a predeter 
mined pressure has been built up thus in the 
line 27 leading to the burners if the trip valve 

will open and thereafter during continued 
operation will remain open, since the entire area, 
of its diaphragm is now Subject to System pres 
sure, to permit fuel to flow along a conduit 32 
to the circuit control valve 6 in order to shift 
said valve to the left against a Spring 33. The 
valve 6 when so shifted will close the conduits 
20a, and 23 leading to the isolating valve 8 and 
to the torch igniter valve 9 both of which lat 
ter-thereupon close. At the Same time. Such 
shifting of the circuit control valve S places 
the supply pump 2 and its delivery conduit 2d 
in communiciation with the burners through 
conduits 34 and 35. Return movement of the 
isolating valve 8 to its closed position, aS shown 
in Figure 1, and resulting from closure of con 
duit 23, prevents flow from the tank booster 
pump reaching the branch conduit 26 from the 
conduit 3 so that said booster pump now Serves 
solely for priming the Supply pump 2. Closure 
of the torch igniter valve 9 to its illustrated 
closed position, also resulting from closure of 
conduit 23, is followed for a short period by dis 
charge from the accumulator 2 to the nozzles 
of the torch igniters 22. After this discharge 
has been expended the torch igniters extinguish 
and the system continues to function for nor 
mal running of the engine as dictated by the 
usual- control including the throttle 3. When 
the shut-off valve 20 is moved to the stopping 
position, i. e. is moved to the right from the po 
sition illustrated, the outlet. 2d of the supply 
pump 2 communicates with the tank 5 through 
a conduit 36 and the inlet of the pump 2 is 
placed in communication with the burners 
through the branch conduit 37, as described in 
my co-pending application Serial No. 2,341, filed 
January 14, 1948, now Patent No. 2,530,649, is 
sued November 21, 1950. The pressure in the 
lines 32 and 27 extending from the burners if 
to the circuit control valve 6 drops to permit 
the circuit control valve to return under the in 
fluence of its spring 33 to its original position, 
as illustrated. The conduit 32 which leads from 
the right-hand end of the circuit control valve 
6 opens beneath the diaphragm carrying the 

valve element of the trip valve , hence the 
pressure in the conduit 32 brought about by the 
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Spring loading 33 is sufficient to lift or hold the 
valve 7 off its seat to permit escape of liquid 
from conduit 32 across the valve , into the 
now low-pressure conduit 27, and thus to per 
mit the circuit control valve 6 to return to its 
Original position. Closing of the trip valve 1 
under the influence of its biasing spring follows 
return of the circuit control valve 6 to its 
Original position. The system is now ready to 
be started again when desired after opening the 
shut-off valve 20. It should be noted that al 
though return to its original position of the cir 
cuit control valve places the supply pump in 
Communication with the previously closed con 
duit 23, the torch igniter valve will not unseat 
owing to the Supply pump now being in unre 
Stricted communication, by way of conduits 2d, 
36, with the tank. 

Figure 2 illustrates an arrangement in which 
the invention is applied to a fuel supply system 
incorporating the features of my copending ap 
plication Serial No. 36,011 first referred to, and 
Of my Copending application Serial No. 2343 filed 
January 14, 1948, now Patent No. 2,608,247, is 
Sued August 26, 1952, in which latter application 
burners known as Spill burners are supplied with 
fuel by circulating and supply pumps. As shown, 
a number of Spill burners, one of which is indi 
cated at 45, each has an inlet 46 connected with 
the delivery side of a circulating pump 47 and 
a return or Spill orifice 48 connected with the 
inlet Side of Said pump. The pump 47 thus 
Serves to circulate fuel round a circuit including 
the Swirl chambers of all the burners. During 
normal operation of the system a supply pump 
49 Withdraws fuel from a tank 50 with the as 
Sistance of a booster pump 51 and, the circuit 
control valve 54 having been shifted to the left 
from the inactive position illustrated, to which 
it is biased by Spring 66, delivers fuel through 
a throttle 52 by way of ducts 68, 69 to the point 
53 of the circulating pump 47 at the inlet side 
of Said circulating pump, and thence to intake 
46 of the main burners. As in the Figure 1 ar 
rangement, the System includes a circuit con 
trol valve 54, a trip valve 44, an isolating valve 
38, a torch ignition valve 39 and a manually 
shiftable shut-off valve 55. This valve is shown 
occupying its left-hand position into which it 
is moved after the booster pump 5 has been 
Set in Operation and before the supply pump 49 
has caused fuel to reach the burners 45 or the 
torch igniter nozzle 42. Before the shut-off 
valve had been moved to the left it served to 
connect the delivery side of the circulating pump 
47 With the tank 50 by way of the conduit 43 
and branch conduits 56 and 57. During such 
time as the circulating pump 47 is connected 
with the tank, the supply pump 49 delivers 
along the conduit 58 and across the non-return 
valve 59 into the conduit 60 connected on the 
One hand With the tank 50 and on the other 
hand with the inlet of the supply pump. When 
the. shut-off valve 55 has been moved into the 
left-hand position shown in the figure, the whole 
of the output of the supply pump 49 is directed 
along the conduit 6 to between the isolating 
valve .38 and the torch ignition valve 39. De 
livery from this pump 49 shifts the isolating 
valve 38 to the right to permit fuel from the 
conduit 6f to flow along the by-pass 62 and 
along the passage 63 to the conduit 64 which 
leads into the conduit 43 extending in the one 
direction to the burners 45 and in the other di 
rection to the trip valve 44. The movement of 
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the isolating valver also permits delivery from 
the booster pump 5 to pass from the conduit 
(65 into the conduit 64 by way of the passage 63. 
The booster pump 5 and the supply pump 49 
therefore both deliver to the inlets of the burn 
ers 45. The movement to the right of the iso 
lating valve 38 also permits fuel from the cont 
duit 6 to flow through the torch ignition wave 
39 along the conduit 4 to the torch igniter noz 
zler 42 and into the accumulator 4. When pres 
Sure in the delivery line 43 reaches a predeter 
mined pressure the trip valve 44 opens to allow 
fuel from the line : 43 to reach the right-haid 
end of the circuit control valve-54, which lattei 
thereby moves to the left againstits spring load 
ing 66. It will be seen that movement of the 
circuit control valve 54 to the left cuts off the 
branch line 67 from the booster pump 5 which 
now Serves solely to prime the Supply-pump 9. 
Also, the circuit control valves 54 now permits 
fuel to pass from the conduits 58 and 68 into 
the conduit 69 leading at 53 into the closed cir. 
cuit of the pump. 47. The build-up of pressure 
in the conduit 3-and-in the conduit. 64-then re 
turns the isolating valve to the position shown 
and also closes: the torch ignition valve; The 
torch igniter-nozzles 42-continues to receive fuel 
only. So long as the accumulator-40 is capable of 
Supplying it. Whereafter the torch igniter is ex 
tinguished through lack's of fuel Supply. The 
system is now in its; normal running condition 
in which the circulating pump's circulates fuel 
around the Swirl charabers of the burners; and 
the-supply-pump. 49 delivers into the circulating 
flow at the inlet Side of the circulating pump; 
The main burners' discharge, fuel to the extent 
that fuel is Supplied into the circuit by the susp 
ply pump. and this rise controlled by the setting 
of the throttles 52.... When the system is to be 
Shut down the Shut-off wave 55 is noved to its 
right-hand position, in which the delivery side 
of-the circulating: pump; it is in conmunication 
with the tank and the outlet of the supply-pump 
49- also a continunicates: "With the tank by way of 
the non-return, valve: 59, 3 Communication:be 
tween the conduits 58 and 68 is now interrupted: 
The main burners 45s will then become extin 
guished through lack of fuel Supply. rings: s r. 
"It will be seen that in contradistinction to the 
hitherto employed arrangements, in which the 
duration of the function of the torch igniters is 
determined. Once and for all by the setting of the 
electrically operated tine switch, the duration 
of Operation of the torch igniters in accordance 
with the present invention may vary and is de 
terhiied by the build-tip of pressure in the sup 
ply system of the main burners. Thus the torch 
igniters will not be extinguished until the main 
burners he - 8 
which the engine should be capable of: 
ning. . . . . ... : : - 

I claim: ....... . . . . . . . . . . - 
1. A fuel supply system for delivery of fuel to 

a turbine engine of the continuous combustion 
type, which systein comprises a torch igniterinoz 
zle, a supply pump adapted to be driven by Such 
an engine, conduit means including Said pump 
and said nozzle, and including a portion adapted 
to be connected to a fuel source for supply of fuel 
to said pump, and also adapted to be connected 
by a normal running path to a main burner noz 
zle of such an engine but not to Said torch ig 
niter nozzle; a manually shiftable shut-off valve 
and a pressure-shiftable circuit control valve 
connected in such normal running path suc 

ave reached a stabilized condition at 
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6 
cessively from said pump to the burner connec 
tion, and each having passages for inclusion in 
Such normal running path and each shiftable to 
Open or to close the normal running path, and 
Conversely to close or to open an alternate path, 
Said conduit means including another portion 
Constituting Such alternate path, between said 
pump and each of the main burner nozzle cons 
lection and said torch igniter nozzle, the shut 
Off Valve and the circuit control valve having al 
Sopa SSages for inclusion, in accordance. With 
their respective shifted positions, in the alter. 
nate path; a torch igniter valve means in the al 
ternate path, between the circuit control valve 
and the torch igniter nozzle, said torch igniter 
valve means being biased to close normally, but 
Operable under the influence, of pressure in the 
alternate path while the normal path is closed, 
to be opened thereby; and said conduit means 
including a pressure connection to saidrcircuit 
Control valve, and Subject to system pressure, as 
idelivered to the main burner nozzle-connection 
by either path, to shift said circuit, control valve 
automatically under the infiuence of such sys 
ten pressure into position to open the normal 
running path and to close the alternate path, 
and so to terminate:automatically the fuel sup. 
ply to the torch igniter nozzle, upon attainment 
of Supply under adequate pressure to the main 
burner nozzle connection... .sr. . . . . . . . . . . 
-2. A fuel Supply System as defined in claimi, 

including additionally an accumulator in the 
alternate path between the torch igniter valve 
and-the-torch igniter nozzle, for limited further 
Supply to the latter following closure of the for 

3- ... ." . . . . . . - . . . . . - ...: -, -, -i- c - if : r . . w 

3. A fuel Supply system as: defined in clai l, 
including a self-closing trip: valve arranged in 
the pressure connection to the circuit control 
Valve to prevent access of subnormal system 
preSSUre to the circuit control valve, and thus 
to retain the latter in position to close off the 
normal path, when itself closed, but subject to 
System preSSure, and arranged to open, for ac 
CeSS of System pressure: to the circuit control 
valve to shift the latter into position to open the 
normal path, upon attainment of...as predeter. 
mined System pressure consonant with normal 
burner nozzle, operation. . . . . . . . . . . m . , , 

4. A fuel Supply System for the supply of fuel 
to a turbine engine of the continuous combustion 
type, which System includes a main burner nozzle, 
a torch igniter nozzle, as supply. pulp leans 
adapted to be driven by such an engine, and 
conduit means interconnecting said main burner 
nozzle, Said torch igniter nozzle, and said, Supply 
pulp means, Said conduit, means including also 
an intake duct for connecting the intake of said 
ping neans to ca, fuel supply source, and a de 
livery duct leading from the pump means; a shut 
of Valve included in said delivery educt and 
manually... shiftable from a running position to 
3) stopping position: wherein said: delivery duct 
is closed, and vice versa; a preSSure-Shiftable 
ircuit control vaive to which said delivery duct 

leads, biased to remain in a position to close said 
delivery duct; said conduit means including 
further a duct leading from said circuit control 
valve to the main burner nozzle and constituting 
a normal running path, and an alternate duct 
leading from the shut-off valve and through the 
circuit control valve by one path to the torch 
igniter nozzle, and also by a second path to the 
main burner nozzle; a torch igniter valve means 
in the alternate duct, biased to close normally, 
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but openable under the influence of pressure in 
the alternate duct while the normal path is closed, 
for delivery from the pump to the torch igniter 
nozzle and to the main burner nozzle; and said 
conduit means including a pressure connection 
to said circuit control valve, and subject at all 
times to system pressure, as delivered to the 
main burner nozzle by either path, to shift said 
circuit control valve from its biased position auto 
matically under the influence of Such System 
pressure into position to open the normal run 
ning path and to close the alternate duct, and 
so to terminate automatically the fuel supply to 
the torch igniter nozzle upon attainment of Sup 
ply under adequate pressure to the main burner 
nozzle, and at the same time to transfer supply 
to the main burner nozzle from the alternate 
duct to the normal path. 

5. A fuel supply system as in claim 4, wherein 
the torch igniter valve means is itself biased to 
open, but wherein the System includes an isolat 
ing valve biased to close, and operatively con 
nected to the torch igniter valve to hold the 
latter normally in closed position, said alternate 
duct branching at the torch igniter and isolat 
ing valves, one branch comprising said alternate 
duct which leads, as indicated in claim 4, past 

5 
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the torch igniter valve to the torch igniter nozzle, . 
and the other branch leading past the isolating 
valve to said pressure connection and then to the : 
main burner nozzle and to the circuit control 
valve to shift the latter, and a trip valve inter 
posed in said other branch, intermediate the 
isolating valve and the circuit control valve, to 
open for pressure-shifting of the circuit control 
valve only upon the attainment of substantially 
full System pressure in said pressure connection. 

6. A fuel supply System as in claim 4, wherein 
the pump means include a circulating pump and 
a supply pump, and wherein the conduit means 
include a closed circulating duct including the 
circulating pump and the main burners, the Sys 
tem's intake duct being connected to said supply 
pump, and the system's delivery duct including 
a connection from the Supply pump and beyond 
the circuit control valve, to said closed circulat 
ing duct, and thence to the main burners. . 

7. A system for the supply of fuel to a turbine 
engine of the continuous combustion type, which 
system includes a main burner nozzle, a torch 
igniter nozzle, a fuel tank, a high pressure Supply 
pump adapted to be driven by Such an engine, a 
low pressure booster pump driven independently 
of such an engine to deliver fuel from such fuel 
tank to the intake of said supply pump; a suction 
conduit leading from the booster pump to the 
supply pump; a delivery conduit leading from 
said supply pump to the main burner nozzle; 
a shut off valve and a circuit control valve inter 
posed successively in said delivery conduit be 
tween the supply pump and the main burner 
nozzle, said shut off valve being manually shift 
able to open said delivery conduit for Supply. Of 
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fuel to the main burner nozzle for normal run 
ning and starting the engine or to close said 
delivery conduit to cut off fuel supply to the 
main burner nozzle for stopping the engine, and 
the circuit control valve being biased to close 
said delivery conduit; a branch conduit Subject 
to delivery conduit pressure at the burner; a 
trip valve in said branch conduit biased to close 
at pressures less than full pressure therein but 
openable at substantially full pressure; said 
branch conduit leading, past Said trip valve, to 
the circuit control valve to shift the latter under 
the influence of full delivery pressure into posi 
tion to open said delivery conduit; an alternative 
delivery conduit leading from the shut off valve 
and past the circuit control valve to said branch 
conduit at a point in advance of the trip valve, 
and arranged to be open to Supply pump delivery 
pressure so long as the circuit control valve is 
in closed position; an isolating valve and a torch 
igniter valve operatively connected thereto and 
interposed in said alternative delivery conduit 
in advance of the trip valve and of the Connec 
tion to said branch conduit, the isolating valve 
being biased to closed position and the torch ig 
initer valve being biased to open position, but 
being held by the isolating valve in closed posi 
tion; a torch igniter supply conduit leading from 
said torch igniter valve to the torch igniter noz 
zle, for supply of fuel to the latter by way of the 
alternative delivery conduit upon opening of the 
torch igniter valve; said isolating valve being 
sensitive to delivery pressure by way of said alter 
native delivery conduit to open at pressure in 
excess of the pressure of said booster pump, and 
thereby to permit opening of said torch igniter 
valve, and the trip valve being likewise sensitive 
to pressure past the isolating valve and the branch 
conduit, of a value in excess of the booster pump's 
pressure, to open. 

8. A system as in claim 7, including a return 
conduit leading from the shut off valve to the 
fuel tank, and arranged relative to the shut off 
valve for connection to the supply pump's de 
livery conduit, when the shut off valve is moved 
to closed position, and a connecting conduit lead 
ing from the shut off valve to the suction conduit, 
and arranged relative to the shut off valve for 
connection to the branch conduit, for return of 
fuel from the burner to the intake of the supply 
pump, and thence by way of said return conduit 
to the fuel tank, when the shut off valve is moved 
to closed position. 

FREDERICK HENRY CAREY. 
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