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The invention described herein may be manu-

factured and used by or for: the: United States-
Government for governmental purposes without

payment to me of any royalty thereon:
The: present invention: relates to.a fuel injec=

tion system or apparatus foF use with: jet engines

and combustion. turbines:

The primary object of the:invention:is to:pro-

vide a fuel irjectioni system: or: apparatus: for
operative - association: withy a° turbgdjet- engine
wherein the injection apparatus provides means
to: force the fuel through the:fuel feed: pipes and
injection nozzles arfid: means: to distribute the
fuel intermittently to- the: various injection

nozzles, and: wherein the: latter means operates:

in a: predetermined cyclic manner to effect fuel
distribution according tor 4 definiteé pattern. or
plan: depending on- the: typé: of engine; number

of fuel injection nozzles @nd power output- de~

sired:
A secondary objeet: of the: invention:is: to-pro=

vide's fuel injection system for:use:in a: turbojet:
engine wherein the fuel: injection: nozzles are:
of a type  having a self-clegning actiofl- when:
actuated. intermittently- by fuel flowing thére~

through:in surges: or impulses.:
A further object of theinvention is 'to:provide
a. fuel injection system for use: in: a: turbojet ens

gine wherein: there: is:provided: a- combined: fuel

pump and fuel distributor: having drive; means
which- is: capable -of substantial speed:reguldtion
and: wherein' the:- fuel- distributor is:adapted- to

supply. uniform-quantities of fuel to-a plurality of -

fuel nozzles in- an- intermittent:and. predeter—
mined manner.

A further object.of:the: 1nvent;ion is: tg provide:

a.fuel injection:system for a:turbojet-engine in
which: said: system:includes: a:multiplieity. of in-
termittently: actuated: fuel
which® are supplied with:fuelsifl & predetermined

sequence; and: at: pressures: which: will- ensure:
proper: atomization-of the:fueliin spite of-variax
tions in the; power setting:of the fiel 1n3ect1on*

pump:- ol engine-power: seléctor:

Another: abject: of the: invention: is.to provxde‘
an: improved.turbojet: engine: suitable:for use on-
high speed:aircraft: and: characterized: by a fuel
injection: systein - which: is: reliable: int} operation:
and which:requires:a:minimum: of:maintenance:
50

service:aver: long: periods:of ‘operatiorn:.

injectior: nozzles:
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Another object: of the invertion is to getiefs
ally .improve: the dependability and opérating
characteristiés of turbojet engines and. fuel =
jection systemy therefor.

The above-gnd other objects of the 1nvent10n
will become 4pparent - upon reading the following
detailed description in .conjunction w1th thfﬂ
drawings; ift’ whieh: ’

Fig, 1 is 4 longltudmal side elevation view
partly in-cross section: of: turbojet: engine pro-
vided with-a-fuel injection- apparatus embodying
the prineiples: of the présent.invention. .

Fig: 2 is-a- diagrammatic view of the fuel in-
Jjection: system as:used with the engine of Fig. 1.

Fig. 3 is a-schematic- view partly in. cross see-
tion- and:showing- the prineipal operating com-
ponents of the present: fitel injection: and dis=
tribution system.

Fig. 4 is an interior v1ew of the combined pump
and dlstnbutor component of the fuel injection
and- distribution system. .

Flg 5 is-a-longitudinal cross: section: of a fuel
injection:nozzle adapted- for use in'the’ present
fuel 1n3ect10n system:

Fig. 6 is:a- diagrammatic view of the fuel in=
jection system- as applied to- a- turbojet engine:
having a- single. annular: combustiori' chamber
provided- with: a- plurality of umformly spaced:
fuel injection-nozzles:

In: turbojet- engines: and- combustion: turbines
there: is normally provided-one or micre combus-
tion: chambers: equipped: with -fuel - injection:
n_ozzles,. which- are: adapted to- atorhize a liguid:
fuel-dslivered under pressure-to'thenozzles.  The”
fuel- ig: usually kerosene,- whicli :requires- fairly
high- pressutre- for’ proper- atomizZation: In- emiz,
ploying: open- nozzles: a- high-pressure- should-bé"
maintained: on-the" fuel  at- all- times, sineced’ the
combustion- process’ will not- proceed: rapidly or:
efficiently without- complets. fuel’ atomization::
Thus:the-atomizing function- of the-open’ nozzis:
depends-oni-continuous: high- pressure: fuel: flow:-
Therefore:the- combustion and’ enging” effigiency.
will- be:very. good: when:large  fuel volures ave:
heing:supplied'totheengine; but will bé very pooy "
when :small fliel-volutiessare being supplied. - As’
a-result-the engine performance will tend to: be”
untreliable and unsatlsfactm‘y ot starting and’
idling: speeds: -THe: poor atomization’ at  starbs-
ingispedd is further agpravated by the faet that-
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the engine is cold when starting. Efficient per-
formance of the engine at moderate rates of
fuel flow is important, because in cruising at
high altitudes the turbojet engine may run for
long periods at moderate power output. Also
in gliding from high altitudes the engine may
be at idling speed for some time and if combus-
tion is inefficient the combustion chambers may
be cooled to such an extent as to cause cessation
of combustion, thus stalling the engine.

Various solutions for the above stated diffi-
culties have been proposed. As an example it
has been proposed to use nogzzles having two or

10

three fuel openings of different size with means: .

to select a fuel opening consistent with the power
setting of the fuel pump. "An alfernative ar-
rangement is the provision of two or more fuel
injection nozzles in a group with ‘an automatic
selector valve to allow operation of as many
nozzles simultaneously as required for the in-
stant power setting of the fuel pump or fuel
throttle valve. Thus it may be possible to op-
erate each nozzle at an optimum injection pres-
sure to avoid incomplete atomization of the liguid
fuel. It has also been found that the open type
of -injection nozzle ‘is often subject to “coking
up,” and thus becomes clogged as the carbon ac-~
cumulations build up around the fuel opening.
This is especially apt to occur at low rates of
- flow of the fuel, when there is little chance for
the fuel itself to blow the carbon out of the wady.

Fuel injection system for use on engine having
multiple combustion chambers

Since the advantages of the present fuel in-
jection system will become clear when its oper-
ation has beeh explained, reference will now be
made to Fig. 1 for a description of one example
of the system. PFig. 1 shows the essential ele-
ments of a turbejet engine having a radial .flow
compressor and a typical arrangement of mul-
tiple “can. type” combustion -chambers. Start-
ing from the left hand end, the engine includes
a fuel injection and :accessory section I, ah-air
compressor section II;.a combustion section III,
a turbine section IV, and an éxlaust section V.
" The compressor section II comprisés a one-
Dlece. rotor 20-of duplex désign and capable of
drawing air from oufside the engine aécording
to the direction of ‘the -arrows and thus build-
ing up -air pressure in the annular pressure

20-

4

2 the nozzles may be denoted I~2 and R-2 for
example. The pump and distributor unit 27 is
provided with six fuel outlets A to ¥ which are
active one at a time in rotation as indicated by
the arrow, to supply fuel to the chambers | to
§ in clockwise rofation as shown by the arrow.
The fuel lines A’ to P’ each connect to groups
of three nogzles which are tabulated as follows:

Fuel Line Nozzles

I R-2 R-5 R-8
R-3, R-6, R-0

. Since the.lines are supplied with fuel in the
order given above, the chamber firing order be-
comes obvious from the table of nozzle connec-
tions. It is understood that the firing sequence
repeats itself at a rapid rate so that the com-
bustion process is fairly continuous in each

- “chamber. For example the distributor unit may

25

be made to operate at one-half the engine speed

- if" desired, althiough the speed relation may vary

30

. order to open the fuel nozzle.

35

. tion chamber.
40

considerably in - various engine designs. The
spaced fuel injections in the chambers provide
by combustion a continuous series of expansion
waves following so closely on one ancther as to
preclude. the possibility of the spaced injections
failing to ignite. At the beginning of each in-
jection the fuel pressure builds up rapidly in
When the nozzle
opens the fuel is under high pressure and is
therefore projected far. enough to ensure igni-
tion by the previously injected fuel charge as
well as by radiation from the heated combus-
Of course each chamber is pro-
vided with a spark igniter for starting the en-
gine, but this feature is not illustrated because
it is so well known. By using a plurality of fuel
nozzles in each combustion chambér the relia-

. hility of the engine is increased and furthermore

45
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chamber 21. Leading from the outer edge of the

chamber' 21" there are‘a number of combustion
chambers 22, each of which encloses a retort or
muffle chamber 23 having air inlet and outlet
passages at the opposite ends thereof. At the
air inlét end of the. retort 28 there is provided
a pair of fuel injection nozzles, indicated at 24,
which  discharge. liquid fuel in the direction of
the air.flow and which are supplied- with fuel
oil by means :of a pair of fuel lines 25 and 26.
The fuel lines extend to a centrally located fuel
distributing and: pumping unit forming part of
the accessory section I. . This unit. will be de-
seribed in detail below but its- funetion is to
supply fuel to the various fuel lines in high pres-
sure surges.or pulses in a:predetérmined eyeclic
manner. One possible arrangement or pian for.
the firing cycle is shown in Fig. 2,.where the

numerals { to 9 denote separate .combustion’
chambers . corresponding in .structure. to. the-
chamber 22 of Fig, 1. In Fig:. 2 the separate noz-

zles are indicated by the letters L and R, mean-

ing left and right. Thus the nozzles for cham-.
ber | may be denoted L-I and R, for chamber.

55

60
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this arrangement permits the separate nozzles
to completely close between fuel injections. By
the firing plan used in the diagram of Fig. 2,
each fuel nozzle is operated only once while the
combustion chambers are going. through two
complete injection or firing cycles. Each eycle
may be considered a firing sequence beginning
with the firing of chamber | and ending with
the firing of chamber 8. Since the rapid action
of the fuel distributor provides an ebb and flow
of fuel pressure in the separate fuel linés A’ to
¥, the present system may be aptly termed a
pulse flow fuel injection system. The fuel feed
lines connecting groups of three nozzles in three
Spaced combustion' chambers and supplying fuel
thereto simultaneously may be termed common
rail fuel distributing conduits.

The combustion waves starting in the cham-
bers ‘I to ‘@ proceed toward the outlet ends of
the chambers (see Fig. 1), and rass between
guide vanes 36 of the turbine section IV. These
vanes give the hot gases the proper direction so
that ‘they may act with greatest effect on the
blades 31’ of turbine wheel 81. The turbine
wheel is mounted rigidly on a central shaft 32
which drives the compressor rotor 28 and also
the units of the accessory section I. The rapid
expansion of air and products of combustion in

. the combustion chambers;, and also rearwardly
.thereof to some extent, provides a reaction ef-

75"

fect to drive the_engine in a direction opposite.
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to that of the flowing gases.- Of course the
escaping hot gases must be allowed to-flow freely
from-the exhaust section V-with a minimum-of
turbulénce, or hindrance-to free flow. Thecen-
tral interior portion' of  the exhaust section is
filled by & cone-33 which promotes sinooth ex-
hiust flow of ‘the gases. The ocuter wall of the
section V may be-termed the exhaust nozzle or
jet nozzle 84.  The basic engine structure as
shown in Fig. 1 is conventional,.similar types of
tutbojet engines:being shown i “Gas Turbines
And Jet Projulsion For Aiveraft” by G. Geoffrey
Smith - (fourth edition-—1946)... However such an
éngine equipped with- 5 fuel injection system
a8 proposéd by the present: invention. has cer-
tain advantagzes which-may be listed as follows:

(1) Greater efficiency -at. low speeds..

(2) Greater operating economy over the. nor-
mal range of power gutputs.

(3) More- reliable operation because of self-
cleamnv fuel nozzles.

(4) Decreased maintenance costs due to im-
proved.fuel nozzle action.

(5) Retter control. of power output because of
fuel cycling system and driving means. there-
for.

(8) More yniform. fuel pressures. at fuel nozzles
bécause of direct fuel lines from pump. to
nezzles,. or to small groups of nozzles.

D Move uniform . distribution ‘of fuel results.in

better distribution of heat and less danger of
. structural failure due to localized overheating.

These various ‘advantages will become more

ohvious as the details of the fuel injection sys- 3¢

teny are desceribed but it is noted that Figs. 1-and
2 are shown by way of example. The particular
firing plan or sequence may obviously be varied
considerably within: the scope ‘of the invention.

Tt is preferred to havé the firing progression of ¢

the -chambetrs or groups of chambers proceed
around the engine in the same direction that the
turbine wheel 31 and main shaft 32 rotate, this
direction in the example shown being indicated
by a curved arrow.. In operation the combustion
in-each .chambér 22 proceeds tore or.Jess con-
tindously, though with a Wwaveslike action caused
by the rapid sequence of the fuel injection suiges.
When a fuel nozzle opens to inject a new. charge

of fuel; the fuel pressure is.ata maximuim behind 5

the nozzle:and the fuel is well atormized. More-
over itis projected into the chainber with'a maxi-
mum. impulse the thus distribute itself over a
greater volume of the spate‘enclosed by the-com-
bustion chamber,
may be provided with swirl vanes:ormixing vanes
to.promote. more: thorough combustion and mix-
ing of the products of combustion with theexeess
air:normally supplied to augment the total vol-
ume and to promote:cooling of the turbine blades.

Fuel pump and distributor

*“The fuel pump and distributor 271 is ilustrated
in Figs. 3 and 4; and one possible speed control
means therefor is also shown in Fig. 3. The
pump and distributol-includes-a housing 40 and
¢over plate-41. Rotatably mounted in the hous-
ing by means of parallel shafts 42 and 43 are mat-
ing pump rotors 44 and-45. The rotors formthe
impeller -elements. of a'gear pump, which' ‘pro-
dueces o ‘pressure increase from the ‘pump in-
16t 48 o the ‘pump ‘outlet 41. ‘Connected to the
outlet 47 is a fiel channel 48 extending toward
thie rotor shaft 43.: The'rotor 45; which-covers a
portion-of the: channel #8 has a circular channel

>3
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49 in its contiguous face. The groove 49 ¢om-
municates- with a fuel passage 58 extending o
the opposite face of the rotor 45 and adapted to
connect with the distributor passages 51 provided
in the cover plate 41.  As.seen in Fig, 4 the pas-
sage 50 may be-oi such a-size as to connect for a
brief instant with two adjacent distributor pas-
sages 51, indicated in their relative positions by
dotted lines. This prevents clogsing off the pas-
sage 59 completely and thus tends to prevent ex-
cessive thrust on the rotor 45, as.well as prevent-
ing undesired fuel leakage and variations in pow-
er consumed by the pump. The distributor pas-
sages 51 connect with check valve chambers §2
threaded to:receive fuel line cotiplings 53. The
¢heck valve chambers §2 contain ball check mem-
bers.5& held in the positions shown by means of
coil springs  55. The c¢ouplings §3 retain the
various fuel lines A’ to F” in connected relation
with respeet to the respective fuel distributor
passages.
The pump shaft 43 being keyed to the rotor 45,
the pump and: distributor is thus: adapted to be
driven- by this shaft through' a differential 58.

5 A power-shaft 51 is driven by the engine. main

shaft 82 through reduction gearing. The iatio
may vary according-to the design of the engine
but & suggested ratio fromi-shaft 32 to shaft &1
is 4 to 1. The power shaft %71 is rigid with a
carrier-plate 58 on which is rotatably carried a
plurality of planetary spur-gears 53 meshing both
with 2. sun gear 60 and a ring gear 8{. The
sun gear: 60 is kKeyed to the pump shaft 43, while
the ring gear 1 is keyed to a.gear 62 located out-
side ‘the ‘differential housing 63. The ring gear
61 has no direct driving connection with the
power shaft 57 but is: freely journaled thereon,
as well as:in the boss €3’ on housing §3, by means
of the hollow boss 61’ on the ring gear. 'The
gear wheel 82 is-driven by means of a spur gear
64 directly connected to a small. control motor
5, which is-adapted to have its speed varied in
response to adjustment of the armature resist-
ance 66. The armature circuit of the motor be-
ing in series with the resistance $6, an increase in
the value of the resistance will reduce the cur-
rent in‘the armatyre windingsthus slowing down
the motor 5. Also thé power circuit to the mo-
tor may be opened by means of a switch to stop
the motor 63 altogether: The wiper of resist-
ance 66 is controlled through 4 lever 61 mount-
ed to turn with respectto an eccentric §8. The
relative rotative position of the eccentric 68 is
determined by means of ‘a-link 69 and barometric
bellows 78. Thus changes in atmospheric pres-
sure with changes in altitude will affect the spead
of motor 65 and accordingly change the speed
of the pump and distributor unit: 27. In turbo-
jet engine operation-the fuel-air ratio on a weight
basis should remain fairly -constant, and there-
fore at altitudes where the air is relatively thin
the fuel flow should be reduced for efficient oper-
ation of the engine. ‘For-manual control.of the
speed regulating motor 65 within wide limits, the
lever 67 is connected to'a link 711 adapted for
actuation by a handlever 12 pivoted at ifs lower
end. For indicating the setting of manual .con-
trol lever 12, & pointer 13 is: rigidly connected to
the lever and is adapted to show on:an indicia
scale T4 :just what the manual setting is at any
time. "'When the manual control.is manipulated,
the end of link 69 connected to eccentric68-be-
comes -2 relatively fixed point -and the lever &7
merely turng .on the fixed etcentric. “When the
nrarual ‘control issstationary; therend ot link 14
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eohnected to lever 67 becomes a relatively fixed
point and the lever 67 turns-slightly in response
to movement of the eccentric 68 by link 69 and
bellows 79.

. Considering the action of differential 56 .more
in detail, it will be seen that the power shaft 57
rotates in a clockwise direction thus turning the
carrier plate 58 at the same speed and in the
same direction. The planetary gears 59 are of
course carried around with the plate 58 and are
adapted to rotate on their own pivots by reason
of their engagement with the ring gear §f. Now
with the ring gear 6! stationary the pinions 59
will be driven in a counterclockwise direction
about their own pivot shafts, looking at the
lower side of the. differential. The pinions 59
will in turn cause the shaft 43 to turn clockwise
by their driving engagement with sun gear 60.
However looking at the upper side of the pump
and distributor unit, as in Fig. 2, the shaft 43
and rotor 45 will be rotating in a counterclock-
wise direction.r Now- if the control motor 65 is’
turned on and acts through gears §2 and 64 to
rotate the ring gear 61 in the same direction as
the power shait 57 and pump shaft 43, the plan-
etary pinions 59 will be speeded up thus increas-
ing the rotative speed of gear 606 and shaft 43.
As the value of the armature resistance 66 is de-
creased the motor 65 will go faster and the pump
shait 43 will also be rotated faster to step up
the fuel injection pressure and the amount of
fuel injected in the combustion chambers at each
actuation of the fuel nozzles. Expansion of the
bellows 18 by the effect of increased altitude or
movement of the manual lever 72 to the right
will increase the instant value of resistance 66 to
reduce the speed of motor 65 and also reduce
the speed of the fuel pump. The speed control
means for the pump and distributor involving a
differential gearing assembly is shown by way of
example, it being understood that other types of
variable speed transmissions may be substituted
as desired.

Fuel injection nozzle

The various fuel lines A’ to ¥ terminate in
fuel injection nozzles of the spring-closed type,
such as shown in Fig.’5. Each fuel injection
nozzle 24 is threaded as at 80 to engage similar
threads formed internally of a membper 81 which
is flanged at 81’ to retain the fuel line 82 in
connected relation to the nozzle.” The hollow
nozzle is provided with a transverse wall 83 cen-
trally apertured to provide a valve seat engaged
by a ball valve member 84. On the opposite side
of the ball there is a spring retainer 85 having a
coil spring- 86 seated therein. Extending within
the spring 86 is a valve stem 87 having a flange
88 thereon adapted to be engaged by the upper
end of spring 86. Secured within the nozzle is
& plug member 89 having a number-of fuel pas-
sages 90 arranged in circular manner about the
valve stem 87. -Seated between the plug mem-
ber 88 and the flange 88 is a coil spring 91, which
acts to hold the nozzle closed as will be explained
below. As the fuel flows outward under pressure
through the fuel passages, it impinges on a series
of swirl fins 82 to give the fuel a definite rotary
motion before it leaves the nozzle and thus assist
in more thorough atomization of the fuel. -The
outer end of the hollow nozzle is closed by an
end closure 93 screw threaded:-into secured posi-
tion as shown. The closure 93 is provided with
a conical valve seat to receive the conical head
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portion 94 on the valve stem 87 in closely engag~
ing relation.

The action of the fuel injection nozzle is fairly
obvious but it is noted that the liquid fuel always
fills the interior spaces of the nozzle. When
pressure is put on the fuel by the action of the
fuel pump and distributor, the fuel displaces the
ball check member 84 and also forces the stem
81 outwardly against the compression of coil
spring 91. Thus the valve stem head portion 94
is lifted off its seat and the fuel is forced out in a
swirling spray until the fuel pressure again falls
to zero by action of the fuel distributor. The
exact structure or formation of the valve stem
head portion 94 and seat therefor may be varied
considerably. - For instance the parts may have
curved mating faces, with the head portion 94 ap-
proximating a hemisphere. ‘This will prevent
the spray of fuel from spreading out too much
as it enters the combustion chamber. = It is seen
also that the nozzle 24 is threaded at 95 fo per-
mit easy securing thereof in the combustion
chamber wall.

The self-closing fuel injection nozzle as used in
the present invention is a vital part of the fuel
injection system. Even though carbon may col-
lect on the end portions of the nozzle in-the com-
bustion chamber, the valve seat and comple-
mental closure therefor are protected from the
action of combustion except when the valve is
open. At that time however the outflow of liquid
fuel under high pressure effectively prevents-any
combustion products from reaching the valve seat
or closure $4. Also any crust or particles around
the edges of these parts are blown off by the flow-
ing liquid fuel when the valve opens under fuel
pressure. As explained previously the spraying

“or atomizing action of fuel nozzle is always effi-

cient, because the nozzle does not open until sub-
stantial pressure is put on the fuel entering the
nozzle. Since the fuel pump and fuel distributor
are engine driven the supply of fuel for combus-
tion will always keep pace with engine speed.
By providing a variable speed transmission be-
tween the engine and the fuel pump and distrib-
utor unit, the fuel quantities delivered to the
combustion chambers may be varied sufficiently
to provide flexible operation and precise engine
control. :

The fuel nozzle design as shown and described
is only one example of g self-closing fuel injec-
tion valve. Other types and constructions may
be substituted according to performance require-
ments. For instance a number of present day
fuel nozzles for diesel engines would be suitable
in many instances. One such fuel injection noz-
zle is shown on page 66 of “Diesel Fuel Injection
Systems” by Louis R. Ford (1945), Others are
shown on pages 119 to 122 of “Gemischbildung
und Verbrennung im Dieselmotor” by Anton
Pischinger and Otto Cordier.

Fuel injection system for use on engine having
an annular combustion chamber :

While the shape and form of the combustion
section of a turbojet engine may vary it is to.be
understood that the pulse flow fuel injection sys-
tem is adapted for use on all types of turbojet
engines, since the system involves the cyclic dis-
tribution of liquid fuel to a plurality of spring- -
closed fuel injection nozzles regardless of the
type of combustion chamber.. In Fig. 6 there is
shown in diagrammatic form & possible arrange-
ment of fuel nozzles and fuel distribution plan:
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8
“for tie with & turbojet engine having a single an-~
-nular combustion. chambeér 108 and central en-
‘gine ‘shaft. 8. The constructional -details of
such -an -eéngine may be found on page 117 of

“Gas Turbines and Jet Propulsion for Aircraft” *

‘by G. Geoffrey Smith: (fourth edition—1946).
For purposes of illustration the engine combus-
‘tion chamber 186 is provided with evenly-spaced
fuel injection nozzles N—I to N-[8 all of which
discharge into the same combustion‘chamber 109
in a direction more or less from the air inlet end
to the gas oullet end. In some engines of this
type there may be twice as many nozzles as
shown in Fig. 6, since increase in the number of
such nozzles gives more uniform distribution of
heat and smoother gas flow to the turbine lo-
cated just behind the combustion chamber. It
is understood that the fuel injection nozzles N-I
to N-10 inclusive are of the self-closing type dis-
cussed hereinabove. ]

In the fuel distribution plan as shownin Fig. 6
the nozzles are combined in opposite pairs and
supplied by fuel lines-G’ to K’ The fuel lines
connect to the fuel pump. and distributor unit
127 at the fuel outlets G to'K arranged in circular
manner to receive fuel one at a time, in the same
way as described with respect fo Figs. 2 and 4.
In this case the fuel distribution is in a clock-
wise direction as shown by the arrow on the unit
A21. Also the fuel lineg are connected so that
the fuel nozzles are supplied-in this same direc-
tion of rotation. The fuel lines G’ to K’ connect
to pairs of nozzles a5 tabhulated thus:

Nozzles

Foel Line . .

The firing plan of the combustion process be-
comes obvious from the table and from an in-
spection of Fig. 6. Just as in the first described
embodiment of the invention the fuel pump and
distributor unit 127 is controlled by a differential
mechanism, but. is driven by power from the en-
gine main shaft 181 through a reducing gear.

All the essential details of the fuel injection ap- ;

paratus are the same in both examples. How-
ever with an annular combustion chamber the
sequential combustion waves tend to cause g ro-
tative effect on the products of combustion as
the fuel injections proceed around the chamber
in the same direction. This will obviate the
necessity of mixing vanes in the chamber and
will also result in slightly higher turbine speeds
for the same flow of fuel. While there may be
the usual “flame anchors” or dividing walls be-
tween the fuel injection nozzles, these will not
extend more than a few inches rearwardly of the
nozzles. As in the construction of Figs. 1 and 2,
the turbine will be so built as to produce rotation
of the turbine wheel and shaft in the sanme direc-
tion as the sequence of injection of fuel and order
of firing of the nozzles. This direction is indi-
cated by an arrow between the shaft 18] and
the annular combustion chamber 10§.

The present pulse flow fuel injection system
for turbojet engines provides =@ : controllable
means to meter liguid fuel to g plurality of fuel
injection nozzles in an orderly and positive man-
ner.. Moreover it is emphasized that the fuel
injection nozzles require a positive fuel pressure
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for actuation and this pressure guarantees ade-
‘quate fuel injection pressure capable of atomiz-

ing the fuel even at low rdtes of fuel flow, ags in
The self-closing
fuel nozzles ‘are also less subject fo ‘clogging by
carbon-accumulations, as explained above. The
invention is riot limited to the use of the specific
fuel distribution” apparatus shown, but may bhe
practiced -with various types of sequentially op-
erated fuel injectors- capable of foreing lquid
fuel through the injection nozzles in a predeter-
thined cyelic manner. The injection pattern to
provide a logical firing sequence may be-planned
according to . the particular engine and power
requirements. The ‘differences in cyclic firing
order in the two illustrated embodiments demon-
strate the possible wide variations in the specific
details-of the system. ' ‘
The embodiments of the invention here shown
and described are to be regarded as illustrative
only and it is to be understood that the inven-
tioh is -susceéptible to variations, modifications
and changes within the scope of the appended

‘claims.

Tclaimis & 7 _

- 1.'A fuel injection system for use in a- turbo-
jet-engine having :in consecutive series an air
compressor section, 'z ‘combustion chamber sec-
tion including g plurality of combustion cham-
bers circumferentially arranged around the cen-
tral axis of said ehgine, a turbine section for sup-
plying power through a central shaft to said air
compressor section, and an'exhaust section to
conduct the exhaust gases from said turbine to
the atmosphere, said fuel injection system com-
prising a pairiof adjacent fuel injection nozzles
extending into each combustion .chamber at the
up-stream -end théreof, each of:said nozzles in-
cluding a tubular body Having an injeetion aper-
ture at the end of said body within said chamber
and a spring-actuated member in said body to
close said apérture when the pressure of the fuel

~within said body is reduced below the counter-

pressure exerted by said spring-actuated mem-
ber, a fuel distributor having a rotatably mount-
ed member provided with a fuel distributing pas-
sage therethrough, meansg to continuously con-
nect said fuel distributing passage to a source
of liquid fuel under pressure, g relatively sta-
tionary fuel distributing plate contiguous to said
rotatably mounted member and provided with a
plurality: of fuel passages equidistant from the
center of rotation of said rotatably mounted
member adapted to connect in consecutive order
with said fuel distributing passage, and fuel con-
duits connecting said fuel passages and said noz-
zles to provide for sequential injection of fuel
through one nozzle of the combustion chambers
proceeding around the engine in one direction
hefore sequential injection of fuel through ‘the
other nozzle of the combustion chambers pro-
ceeding around the engine in said one direction,
the firing sequence in said combustion chambers
being so rapid as to maintain continuous com-
bustion in each chamber whereby 'there is a
continuing series of expansion waves moving
through each chamber toward the turbine sec-
tion of said turbojet engine to produce rotation
of the turbine and air compressor thereof.

2. A fuel injection system for use in a turbo-
jet engine having in consecutive series an air
compressor section, a combustion chamber sec~
tion including a plurality of combustion cham-
bers circumferentially arranged around the cen-
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tral axis of said engine, a turbine section for
supplying power through a central shaft to said
air compressor section, and an exhaust section
to conduct the exhaust gases from said turbine
to the atmosphere; said fuel injection system
comprising a pair of adjacent fuel injection noz-
zles extending into each combustion chamber at
the up-stream end thereof, each of said nozzles
including a tubular body having an injection
aperture at the end of said body within said
chamber and a spring actuated member in said
body to close said aperture when the pressure of
the fuel within said body is reduced below the
counter pressure exerted by said spring-actuated
member, a fuel distributor having a rotatably
mounted member provided with a fuel distribut-
ing passage therethrough, means to continuous-
ly connect said fuel distributing passage to a
source.of liquid fuel under pressure, a relatively
stationary fuel distributing plate contiguous to
said rotatably mounted member and provided
with a plurality of fuel passages equidistant from
the center of rotation of said rotatably mounted
member adapted to connect in consecutive order
with said fuel distributing passage as said mem-
ber is rotated in one direction about its center of
rotation, a plurality of common rail fuel distrib-
uting conduits each connected to a separate fuel
passage and also connected to a separate group
of single nozzles of at least two spaced combus-
tion chambers, with said fuel passages being
thus connected in the order of their connection
with said fuel distributing passage to successive
groups of nozzles proceeding around the engine
in one direction, whereby to complete fuel in-
jection through all nozzles only after two com-
plete injection cycles wherein the first cycle cov-
ers injection through one nozzle of each cham-
ber, and the second cycle covers injection through
the other nozzle of each chamber.
3. A fuel injection system for use in a turbo

jet engihe having g plurality of combustion

10

15

20

25

30

35

12

chambers therein comprising a plurality of fuel
injection nozzles extending into each combus-
tion chamber at the upstream end. thereof, each
of said nozzles having an injection aperture and
& spring biased member normally closing the
aperture, a fuel distributor operatively associat-
ed with said injection nozzles and having a ro-
tatably mounted member with a fuel distributing
passage therethrough, means providing a con-
tinuous connection between said passage and a
source of liquid fuel under pressure, a relatively
stationary distributing plate arranged contiguous
to said rotatably mounted member and having
8 plurality of passages therethrough each adapt-
ed to be consecutively aligned with the fuel dis-
tributing passage, fuel distributing conduits, each
connecting one of said plurality of passages and
& plurality of single nozzles, each in separate
spaced combustion chambers whereby the re-
spective connected nozzles will be simultaneously
and sequentially operated to maintain continuous
combustion.
ROLF M. AMMANN.
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