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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 ints 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 durstion:of

supply’ of fuel to-the nozzles of the torch igniters’

his been determmed by-the setting-of an electric
time:switch. : Thus the period during which the
torch’ igniters furiction has been’ mdependent 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 ¢
: condmon of the engine whereby the torch ig-
nitérs: will ‘not be - extinguished “until” a - certain’

efigine- 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 :

fuelisupply '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 fo produce this result, but
‘almost - immediately. ipon” the system’s: coming
into’ full* operation; and-as 'an automatic conse=
quende . thereof; the supply of ‘fuel to-the torch
igniter is cut off, and remalns off all durlng nor-
mal-eperation.

‘=Agcording to the present inventiontherei is pro-‘

videdin the supply duct from an engine driven
pump to-the nozzles of the torch igniters a-con=

tro¥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-
ra,nged ‘to close when. o' predétermined pressure
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has been - created ‘in the supply-line to' the main, =

blUthers of ‘the engine. Such valve, hereinafter
referred to-as'the “torch: 1gn1ter valve;” may con=

veniently- be: associated’ with-a trip valve and‘a

circtiit’ control valve. - 'The ‘trip. valve will ‘open
when' 4 ‘predetermined pressuré has been devel-
oped in the main: burner' system- to-permit . fuel

~from:the’ supply-pump to reach the circuit con-~-

trol:valve and so shift the latter to ‘a position at
which it cutg-off the supply from ‘the pump:to
the ‘torch ignitef valve and dlverts ‘such’ supply

- to~the ‘main ‘burher- system:: “Although not es-
sefitial, it is considered- des1rable to"provide be-~"

tween the torch-igniter valve and the nozzles of
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2
the ‘torch igniters a small acecumulator which iIs
charged with fuel during such time as the torch
ignitér 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 inv_ention is-applicable to systems
in which thé 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 remamder flows back

along a return line. :

In orderthat the invention may be clearly un-
derstood and readily carried into ‘effect two sys-
tems in ‘accordance therewith will now be de-
seribed by way-of example with referenice to the
diagrammatic drawmgs forming part of the speci-
fication. :

Figure'l is a diagram of a fuel system arranged
to'supply fuel to direct injection burners, wherein
the present 1nvent10n is'incorporated, and :

~Figure 2 is'a similar dlagram wherein the sys-
tem -supplies fuel to-spill type burners.” ' -

“Referring ‘to Figure 1'of said drawings; main -
burners of the'direct injeétion type, of which one

is indicated at ‘i1, arée supplied 'with fuel from

an-engine‘driven pump-{2 via a throttle 13. The

systém comprises a booster pump 14 in a supply

tank -8, a circuit control valve 16, a trip dia-

phragm-mounted valve 17, an isolating valve (8

and torch igniter valve 19, 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 pos1t1ons
they occupy when the engine is at rest, “the fuel
supply pump 12 in-consequence. is not function-
ing, and flow in the several conduits hag ceased.

At-starting up, the separately ‘driven booster
rump 4 is first started up. D1rect1y the pump
12-starts to- turn with-the engine; the pump is
primed.by fuel-from the hooster pump by way
of conduit {2s (assuming that-cock f2c¢ is open);,.
and delivers- by way-of conduit 12d. through a
section of the shut-off valve 20, and conduit 298¢
through the circuit control valve 16, and along
a conduit 23-to one'end of the isolating valve 18.
The ‘pressure of the'fuel so delivered shifts the
isolating valve 18 to: the right against a spring
24 until. the:valve 18 partially uncovers g bleed
port 25 at which ‘position the.-valve is maintained
. by the laction of the sprmg 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
i8 and along a branch conduit 26 leading to the
line 21 extending from the burners 11 to the
trip valve (7. Such movement to the right of
the isolating valve 18 permits the torch igniter
valve 19 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,
which is driven independently of the engine and
which was previously set in motion, has, in ac-
cordance with our coé-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 27
through conduits' {2s and 31 and through the
internal passages of the isolating valve 18 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 {{ the trip valve
iT 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 16 in order to shift
said valve to the left against a spring 33. The
valve 16 when so shifted will close the conduits
20¢ and 23 leading to the isolating valve I8 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 (8§ places
the supply pump {2 and its delivery conduit {2d
in communeciation with the burners 1l through
conduits 34 and 35. Return movement of the
isolating valve 18 to its closed position, as shown
in Figure 1, and resulting from closure of con-
duit 28, prevents flow from the tank booster
pump reaching the branch conduit 26 from the
conduit 31 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 21 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- ¢ontrol including the throttle 13. When
the shut-off valve 20 is moved to the stopping
position, i. e. is moved-to the right from the po-
s1t10n illustrated, the outlet- 12d of the supply
pump ‘12 communicates with the tank 15 through
a conduit 36 and the.inlet of the pump 12 is
placed in communication with the burners |1
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 {1
to the cireuit control valve 16 drops to permif
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
16 opens beneath the diaphragm carrying the
valve element of the trip valve 1T, 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 1T off its seat to permit escape of liquid
from conduit 32 across the valve (7, into the
now low-pressure conduit 27, and thus to per-
mit the circuit control valve 18 to return to its
original position. Closing of the trip valve {7
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 {24,
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,
& number of spill burners, one of which is indi-
cated at 45, each has an inlet 46 connected with
the delivery side of a circulatinzg .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 ineluding
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 84 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, §8 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 84, a trip valve 84, an isolating valve
38, a torch ignition valve 39 and a manually
shiftable shut-off valve 55. This valve is shown
gccupying its left-hand position “into which it
is moved after the booster pump 51 has been
set in operation and bhefore 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
4T 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 §5 has heen 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 61 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 61 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 movemient of
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the - isolating ~valve—also -permits - delivery *fiom
the: booster pump 5l to pdss from the ~conduit
65-into the conduit 64 by way of -the passage 63.
The booster -pump'-§i-and the: supply puinp 49
therefore-both deliverr to ‘the ‘inlets of: the ‘burn-
ers 49:; /'The:movement -to the right of the iso-
lating valve 28 also-permits-fuel-from the con=
duit: 61 to-flow ‘through ‘the torch -ignition-valve
-39 along the conduit #¢-to: thé torch -igniter noz-
zle-42:and into the acciimulator 46, ~When pres-
sure~in-the delivery line-43 reaches-a-predeter=
‘mined-pressure the trip valve 44 opens-to alloiw
fuel~ from ‘the-line -43 to-regch-the right=hamnd
end- of -the -cireuit- control valve-54- which-lattér
thereby moves to the left against its spring-load-
ing:-86.° It will be-seer that movement -of ‘the
circuit-control “valve §4-to~the:left -cuts ‘off - the
branch-line §7-from-the booster -pump-5i -which
now:-serves ‘solely *to prime' the supply: pump-48.
Alsg: the ~cireuit - contrsl-valve-§4 now permits
fuel fo-pass ‘from-the conduits-58 -and- §8-into
“the conduit-§9-leading-at 53 into: the closed cir<
cuitr-of- the: pump-4%.-: The ‘build<up: of pressure
inrthe eonduit 48 and-in-the conduit 84 then-re-
turns:-the-isolating valve- to- the position shown
and also:-closes: the- torch-ignition: valve: -The
torch dgniter-nozzle- 2-continues+to-receive fuel
only so-long as the accumulator-49 is-capablerof
supplyitig-it whereafter: the torch igniter -is ex=
tinguished -through -lack-+of: fuel vsupply. The
system-~is-now in -its’ hormal-running- condition
in“which:the circulating: pump-47: circulates fuel
around the -swirl -chambers ‘of:the: burners and
the-subply-pump- 8- delivers-into the -girculating

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 sup-
ply- pump: and- this-is~controlled by the setting
of the-throttle. 52, .~ When: the system-is to:be
shut down ‘the shut-off valve 55 is-moved to its
right~hand :position vin: which: .the-~delivery side
of-the circulating:pump-47-is-in ecommunication
with-the tank and-the-outlet-of-the supply-pump
49-also-communicates with -the tank by-way:of
the-~non-return:valve -89, Communicationbe=
tween:the-conduits-58-and €8 is now interrupted:
The-main-burners: 45 -will:-then become extin-
gmshed through lack ‘of.«fuel:supply: - .

- It-will be-seen: that-in - contradmtmchon to the
hxtherto employed - arrangements in which #he
duration- of the function-of the torch igniters-is
determined once and:for-all-by the.setting of-the
electrically operated time switch;'the duration
. of ‘opergtion of ‘the torch igniters in accordance
with the present 1nventxen may vary and is de-
tertainsd vy the“bhild<iip of’ pressule i ‘the siip~
ply systeni‘ofthe maity biirners.  THus the torch
igniters -will not be extmgulshed until the main
burn
whmh the englne hould b capable of:
: mng el

5 X clalm

1. A fuel supply system for dehvery of fuel to
2 turbine engine of the continucus combustion
type, which system comprises a torch igniter-noz-
zle, a supply pump adapted to be driven by such
C-anr 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 nog-
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 cond1t10n~ at
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cessivelyfrom said pump to theburhér connec
tion, and each having passages for ineclusion 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 alternateé path;
said rconduit means ‘inchtiding another portion
constituting such -alternate path; between: said
pump’ and each of the ‘main-bhurner nozzle con=
neetion and said torch igniter nozzle, the'shut-
¢if valve‘and the circuit control valve having al-
50::passages: for' ineclusion,: iil “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 inthe
alternate path while the normal: path:is closed;
to ‘be "opened thereby; -and said conduit means
including ‘a- pressure- connection to -said-circuit
control valve, and subject to system pressire; as
delivered-to the main burner nozzle-connection
by either path, to shift said-eircuit ¢ontrol valve
automatically under the <infiuence of such sys<
tem. pressure into: position” to. open the: normal
running-path and- to. close-thealternate path,
and so to terminater automatically the -fuel sup=
ply. to. the: torch igniter mnozzle upon-attainment
oi-supply-under -adequate pressure to the mam
burner nozzle connection.: -

- 2. A fuel-supply: system :as: deﬁned in clalm 1'
1nc1ud1ng -additionally- an::accumulator ~in--the
alternate path- between -the -torch” igniter valve
and-the -forch-igniter-nozzle, for: limited further
supply.-to t’ae latter followmg closure of the for
INET: - e Lo .

3. A fuel supply system ras: de‘ined in: clal g
1nc1udmg a- self-closing trip: valve -arranged-in
the. pressure cormection 10 : the -circuit control
valve - to - prevent -accessrof:. subnormal- ‘system
pressure. tc the circuit- contml valve; and thus
to retain the latter.in. bosition to close: off ‘the
normal -path, when itself closed, bub subject to
system. pressure.and -arranged: to- open; forrae~.
cess of:system- pressure: to:the- circuitcontrol
valve. to shift the latter into position-to cpen the
normal path; upon -attainment- of - a- predeters
mlned .System :pressure- consonant w1th=normal
burner -nozzle; operation.:

4.°A fuel-supply system for the supply of fuel
to.a turblne engine of the-continuous combustion
typé, which system. includes a-main burier nozzle; -
a:torch- igniter -nozzle, o supply. pump ‘means
adapted to-be driven by:such an.engine; and
conduit means inferconnecting said main burner
nozzle; said foreh igniter nozzle, and said. supply
pump means;. said .conduit. means including also
an 1ntake duct for.connecting the:intake of §aid -
i means 10 a; fuel: supply source, and.a.de-
hvery duct Jleading from the pump means; a shut-
off:; valve Ancluded:.dn said - delivery «duct zand
manually sh1ftab1e\from & running position-to:
2. stopping::position: wherein said - delivery: duct

,1s closed,. and vice verss; | 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 duet, biased to close normally,
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but openable under the influence of pressure in
thealternate 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 alternats
duct which leads, as indicated in claim 4, past
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 burher 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 g 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 hozzle 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; &
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-~
niter valve being biased to open position, bub
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 bheing
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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