1. TWO STAGE FUEL | NJECTOR DESCRI PTI ON The present invention relates to a
two-stage fuel injector equipping the conbustion chanbers of gas

turbines. It inproves devices such as that described in 5 French patent 2
832 492, the structure and operation of which can be sunmarized as
follows. Two valves are arranged in serieﬁ in an outer bushing of the
injector and are biased separately into clFosed positions by respective
springs. The fuel fed into the injector by a 10 punp passes through a
filter and weighs on the first valve, which is a primary val ve biased by a
weak spring. A noderate pressure is therefore enough to open said valve,
and the fuel passes through it and then flows along a primary path which

| eads it out of the 15 injector. The primary path conprises an annul ar
portion between the outer bushing and an inner body, in which the other
val ve or secondary valve is housed in a sliding manner. The fuel also

wei ghs on the secondary valve, which is biased by a much stronger spring
than 2 the previous spring. It therefore does not nove until a pressure
is reached which is greater than that necessary to displace the primary
val ve and to open the

TWO-STAGE FUEL INJECTOR

DESCRIPTION

The present invention relates to a two-stage fuel
injector equipping the combustion chambers of gas
turbines.

It improves devices such as that described in

5 French patent 2 832 492, the structure and operation of
which can be summarized as follows. Two valves are
arranged in series in an outer bushing of the injector
and are bilased separately intc c¢losed positions by
respective springs. The fuel fed into the injector by a

10 pump passes through a filter and weighs on the first
valve, which 1s a primary valve biased by a weak
spring. A moderate pressure is therefore enough to open
said valve, and the fuel passes through it and then
flows along a primary path which leads it out of the
15 injecter. The primary path comprises an annular portion
between the outer bushing and an inner body, in which
the other valve or secondary valve 1is housed in a
sliding manner. The fuel also weighs on the secondary

valve, which is biased by a much stronger spring than



primary fuel path, but once it too has been opened it 5 opens up a
secondary fuel path which branches fromthe primary fuel path and passes

t hrough the secondary valve. The flow of fuel delivered by the injector is
then i ncreased by the additional flow which flows through this secondary
fuel path. This secondary flow 10 is used in certain regines of the engine
in which the injector is enployed. The idéa here is to enrich the mxture
delivered by the injector, i.e. to increase the fuel flow, but only in
the primary flow regine. This enrichment m ght 15 be required in order to

i nprove the i gnifé opr&apagst ¥pr dugi ngehicgbralrbidude dd irght nane ahs©i Dnat he
ground. It wll concern only sone of the injectors of the engine. The
tenptation wil IPEheterdrelibe tieadidy €Rishi ng s inpeetbes iﬁgﬁ%hd Btatisi ng

a conpletely nﬁ?é §§9 O{oadgg%ggééeiﬁQF g@ﬁ%&g Uéﬂ@élaﬂd1ﬁgﬂéﬂ§ﬁl@ﬁebe
advantageous if the injector sought is identical. to the existing
injector with rpeganalr¢ ofthg parths doveronng tihe tsecloadabyehl awerActordi ng

to the invention, this is achi eved by 5 nmeans of wo- st age f uel
 nj ector  copr (1T (U VRGBS Er¥argiad i Sor T RS Hnd BrEYed (ot dire
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and a secondary val ve arranged on _a secondary fuel path, the primry fuel
path and the se@ohthar yThgelflow of fuel delivered by the 1injector 'is

then increased by the additional flow which flows
through this secondary fuel path. This secondary flow

10 is used in certain regimes of the engine in which the
injector is employed.

The idea here is to enrich the mixture delivered
by the injector, i.e. to increase the fuel flow, but
only in the primary flow regime. This enrichment might

15 be required in order to improve the ignition capacity
during high~altitude flight and also on the grcund. It
will concern only some of the injectcors of the engine.
The temptation will therefore be to modify existing
injectors instead of using a completely new deésign or a

20 different model. It will in particular be advantageocus
if the injector sought is identical to the existing
injector with regard to the parts governing the
secondary flow.

According to the invention, this is achieved by

25 means of a two-stage fuel injector comprising two
valves arranged in series and biased towards closed
positions, namely a primary valve arranged on a primary
fuel path and a secondary valve arranged on a secondary
fuel path, the primary fuel path and the secondary fuel

30 path branching downstream of the primary valve, and an

inner body in which the secondary valve slides and



30 path branchi ng downstream of the primary valve, and an inner body in
whi ch the secondary valve slides and 3 which delimts the primary path,
the secondary path conprising a central. cavity of the secondary val ve and
at | east one hole passing radially through the secondary valve between its

peri phery and the central 5 cavity, characLFrized in that it conprises at
| east one orifice passing through the inner body between the prinmary fuel

path and t he secondary val ve and opening into the hole when the secondary
valve is in the closed position. 10 In order to achieve perfect enrichnent
of only the priwmatly fdedwmiitts i shadvanimgeouspdifht heteri kkeenpassi ngath

t hrough the inner bﬁﬂg,qgens into an end portion of the hole, in a
direction t owarddMeheS tpst feSRTERE LofCa'd Y setohbar yergedagat W2 s | #fany

customary inj ecfor SieQ@WEV%Tne}PﬁoPéer QanGs i Rf theqoni il ce sMddugor oduge an

excessive primary flow It w t hen be useful to replace, over part of

its length, thecmideay palveodmasfvadre primargrifdiow pasthd Wwitth edot el
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i njector accordimigf ik thedinmventiheough stakesinwnkh t bedpriivarye&howiad one

and primary fuel path and the secondary valve and opening
into the hole when the secondary valve is in the closed
position.

10 In order to achieve perfect enrichment of only the
primary flow, it is advantageous if the orifice passing
through the inner body c¢pens into an end porticon of the
hole, in a direction towards the upstream end of the
secondary fuel path.

15 In many customary injectors, however, the piercing
cf the orifice will preoduce an excessive primary flow.
It will then be useful to replace, over part of its
length, the annular portion of the primary flow path
with another orifice which can be calibrated to the

20 required diameter.

The invention will now be described in connection
with Figs. 1 and 2, which show an inijector according to
the invention in states with the primary flow alone and
with the primary flow and seccndary flow, respectively.

25 The injector in Figs. 1 and 2 comprises a
cylindrical outer bushing 1 which is hollowed out in
places between its two end faces. It contains at the
upstream end a strainer-type fuel filter 2 and opens
via a fuel inlet orifice 3. The fuel filter 2 bears

30 against a diaphragm 4 with a central orifice 5 which is

designed to regulate the flow of fuel in the face of



with the primary flow and secondary flow, respectively. 25 The injector in
Figs. 1 and 2 conprises a cylindrical outer bushing 1 which is holl owed
out in places between its two end faces. It contains at the upstream end
a strainer-type fuel filter 2 and opens via a fuel inlet orifice 3. The
fuel filter 2 bears 30 against a diaphragm4 with a central orifice 5 which
is designed to regulate the flow of fuel i the face of 4 size variations
produced during manufacture, according to the teaching of French patent 2
832 492 already cited at the start of this text. A bearing seat 6 for a

primary valve 7sext endsibutbher ﬁmé@amkmngh@a@w@bt@r@shédf\@oﬂd; Ag weak
spring 28 blases t he rlnaré valve_ 7 against the seat 6 towards th
upst ream end oft% héh& nfeeebindwieh tHETDr cBabfrthe? spring482i saJoVéﬂ?‘(éﬁéne

by the pressure;ofqthe fyel schbe B PRLY valkye A '&\é%singd%é ream and
allows the fuel to pass around 1t. 10 The outer bushing I also conprises an

i nner body 8 wkitimarpierkvag/ 9ekhenhisc urfibee @hmmatn@amumnukhg/ow@¢we 10

which is biased. b spring 11 towar u stre end as as a stop
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correspondi ng seat portion of the inner body 8. The secondary valve 10
conpri ses a Ceﬂfﬂﬁc§ﬁﬁnt%ben the force of the spring 8 is overcome by

the pressure of the fuel, the primary wvalve 7 moves
downstream and allows the fuel to pass around it.

10 The outer bushing 1 also comprises an inner body 8
with & piercing 9 in which there slides &a secondary
valve 10 which is biased by a spring 11 towards the
upstream end as far as a stop position, which can be
produced by a collar 12 of the secondary valve 10 which

15 is located at the downstream end and which bears
against a corresponding seat portion of the inner body
8. The secondary valve 10 comprises a central cavity
13, although this does not pass all the way through it,
and holes 14 of radial orientation which allow the

20 central cavity 13 to communicate with the peripheral
surface of the secondary valve 10 and which open in
front of the wall of the piercing 9 of the inner body
8. Slots 15 are cut on the secondary valve 10 so as to
extend the holes 14 towards the downstream end in order

25 te give the desired fuel flow in the secondary regime
as a function of its pressure and the degree of closing
cf the secondary valve 10.

The downstream end of the injector comprises a
system of concentric conduits, the end of which

30 penetrates into the outer bushing 1. A downstream body

16 is housed therein and connects to the inner body 8



13, although this does not pass all the way through it, and holes 14 of
radial orientation which allow the 20 central cavity 13 to comrunicate with
t he peripheral surface of the secondary valve 10 and which open in front
of the wall of the piercing 9 of the inner body 8. Slots 15 are cut on the
secondary valve 10 so as to extend the holes 14 towards the downstream end
in order 25 to give the desired fuel flow i*n the secondary regine as a
function of its pressure and the degree of closing of the secondary val ve
10. The downstream end of the injector conprises a systemof concentric
conduits, the eatrefdywhiehtidfepeneheatiesmisitreatrhecout are %@I@rded%y
domnstreanlbody 16 is housed therein and connects to the i nner body 8
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di scharge conduit 18. After having pasSed the primary valve 7, the fuel- 5
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18. The fuel also flows around the secondary valve 10 and in its central
cavity an annular slot 19 located petween the inner body and
the outer bushing 1, and then around the downstream
body 16 into an extension of this slot and finishing in
10 the primary discharge conduit 18. The fuel also flows
around the secondary valve 10 and in its central cavity
13, and it weighs against the secondary valve but does
not displace it untill it has reached a higher pressure.
The state shown in Fig. 2 is then reached: the holes 14
15 or the slots 15 meet the end of the piercing 9 of the
inner body 10 and a secondary flow circuit is opened up
which is established through the central cavity 13, the
holes 14 and the slots 15, and a chamber 20 formed by
the downstream body 16 below the inner body 8; the fuel
20 finally reaches the secondary flow conduit 17.

The characteristic elements of the invention will
now be considered. An orifice 21 is pierced through the
inner bedy 8 and extends from one of the holes 14 to
the annular slot 19 in the state shown in Fig. 1. The

25 primary fuel flow path therefore comprises a branching
which passes through the central cavity 13 and the
orifice 21 and gives rise to the desired enrichment in
this regime. It must be emphasized that the orifice 21
opens immediately downstream of a solid portion of the

30 secondary valve 10 in this position in which it rests

against its seat. Thus, as shown clearly in Fig. 2, the



13, and it weighs against the secondary val ve but does not displace it
until it has reached a higher pressure. The state shown in Fig. 2 is then
reached: the holes 14 15 or the slots 15 neet the end of the piercing 9 of
the inner body 10 and a secondary flow circuit is opened up which is
established through the central cavity 13, the holes 14 and the slots 15,
and a chanber 20 forned by the domnstrean@body 16 bel ow the inner body 8;
the fuel 20 finally reaches the secondary flow conduit 17. The
characteristic elenents of the invention will now be considered. An

orifice 21 is pbercecetbrough dihgsed NBer bodyHe: andeexdgnds vhnem ane o the
holes 14 to the annular slot 19 in_the state shown in Fig. 1. The 25
prinmary fuel fI%ﬁP%aﬁﬁstﬁEré?br@léBﬁﬁﬁageswaeBrdﬁﬁhlﬁ@cqﬂﬂaéh’p§§§€s is
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establ i shed, so that the enrichnment then ceases. Contrary to _a previous
design, the andfi%t BEBE 16 BeresiaberphipfiedibyaB culifarc®326f Rawsilther

body 8 which through this collar 23 and joining the two portions of

the annular slot 19; it is possible to calibrate said

10 orifice to a wvery precise diameter, Jjust like the

orifice 21, so as to perfectly control the primary fuel
filow.

Fig. 3 shows the flow curve obtained as a function

of the pressure of the fuel, with a first portion 24

15 representative of the flow rate in the primary regime

obtained with the known injection, a second portion 25

representative of the primary flow obtained with the

injector of the invention, and a portion 26 which is

obtained in the secondary flow regime and which,

20 according to the object of the invention, 1is identical

for the new injector and for the old injector.



extends as far as the outer bushing 1; the primary fuel flow path is
re-established by an orifice 22 passing through this collar 23 and joining
the two portions of the annular slot 19; it is possible to calibrate said
10 orifice to a very precise dianmeter, just like the orifice 21, so as to
perfectly control the primary fuel flow ﬁig. 3 shows the flow curve
obtained as a function of the pressure of the fuel, with a first portion
24 15 representative of the flowrate in the primary regine obtained with
the known injection, a second portion 25 representative of the primary
flow obtained wwth the injector of the ¢mwemsi on, and a portion 26 which
is obtained in the secondary flow regi ne and which, 20 according to the
object of the invention, is identical for the newinjector and for the old
injector. CLAMS 1)1 TWW§L§9@gEU9fuéPJ @%E@E:t%@”%d)r%f‘ﬂsir\{\@ \é%love%w@slo)
arranged in series and biased towards cloSed positions, nanely a prinary
val ve (7) arranged &A)a apramess ﬂﬂa8§ﬁm¢ﬁaﬁddakséyﬁﬂﬁaﬁpwwaﬁﬂa%h@ﬁed
arranged 5 on y |_.pat t he rlnar fuel ath and t

secondary fueI%X§$ﬁgb§§%ch%%§e % Q égﬁﬁg Y thé prlné78 véVVEy? )Onand an
i nner body (8) pmimhichfthe @mnmuﬁm@ avalamreld desvandewhiloh detidndsdt he

rimar at 19), the secondar ath conprising a central cavit 13) of
P y P Q ( 03 a secondary fuglppath nRe prl%ary fuel path aga(th)

secondary fuel path branching downstream of the primary
valve (7)), and an inner body (8) in which the secondary
valve slides and which delimits the primary path (19),
the secondary path comprising a central cavity (13) of
10 the secondary valve and at least one hole (14) passing
radially through the secondary wvalve (10) between a
periphery and the central cavity, characterized in that
it comprises at least one orifice (21) passing through
the inner body between the primary fuel path (19) and
15 the secondary valve and opening into the hole (14) when

the secondary valve (10) is in the closed position.

2) Two-stage fuel injector according to claim 1,
characterized in that the orifice {(21) passing through

20 the inner body (8) opens intc an end portion of the
hole, in a direction towards the upstream end of the

secondary fuel path.

3} Two-stage fuel injector according to either one

25 of claims 1 or 2, characterized in that the primary
clrcuit comprises at least one orifice (22) passing
through a collar (23) of the inner body (8} which
extends as far as a peripheral bushing (1) of the

injector,



10 the secondary valve and at | east one hole (14) passing radially through
the secondary valve (10) between a periphery and the central cavity,
characterized in that it conprises at |east one orifice (21) passing
through the inner body between the primary fuel path (19) and 15 the
secondary val ve and opening into the hole (14) when the secondary val ve
(10) is in the closed position. 2) Two-stage fuel injector according to
claim1l1, characterized in that the orifice (21) passing through 20 the

i nner body (8) opens into an end portion of the hole, in a direction
towar ds the upstream endoobuthe onsetondasy buakppath.w3)h Twe- stage: fuek

i nj ector accordiqg to either one 25 of clainms 1 or 2, characterized in
that the primardPleFreti €CEORPtNgesCatifélst-one orifice (22) passing
through a collar (23) of the inner body (8) which extends as far as a

peri pheral bushing (1) of the injector. 8 4) Conbustion chanber equi pped
with at |east one auj ustesr dcebridiengcpupeliaimol. a5)c@aksusbiibhneclconper si ng

a conbusti on crg%g)oerrdiégaggocr:gélnlg }io claim4 10
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