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. ABSTRACT OF THE DISCLOSURE

- A fuel injection nozzle containing a flexible diaphragm
responsive to increasing pressures in a fuel chamber to
permit increased flow of fuel from the fuel chamber fo a
spin'chamber, a plurality of tangential slots permitting a
continuous flow of fuel from the fuel chamber into the
spin chamber regardless of the position of the flexible
diaphragm thus imparting a swirling motion to the fluid
in the spin chamber, and a restricted orifice through which
the fuel is discharged from the spin chamber.

- Disclosure

" This invention relates generally, as indicated, to a fuel
injection nozzle and, more particularly, to certain im-
provements in fuel injection nozzles of the variable area
type especially suited for supplying fuel to jet afterburn-
ers or duct burners.

In present day afterburners for turbojet and ram jet
engines of aircraft, the fuel flow required at each meter-
ing point may vary for example from under ten pounds
per hour minimum to over 150 pounds per hour maxi-
mum, representing a flow range of at least 15:1, while the
minimum fuel pressure desired is in the order of 150
p.si. and the maximum available is approximately 650
P.s.d., a pressure range of little more than 4:1. There are
several different known types of variable area orifice noz-
zles which when precisely constructed are capable of de-
livering such a wide range of fuel flow within the indi-
cated pressure range for most applications, including the
most commonly used dual-orifice nozzle with an integral
flow-dividing valve, the pintle type nozzle in which the
exit orifice is varied in size directly by the valving action
of the pintle, and valving means for varying the area of
inlet passages either to single or dual spin chambers, but
the friction which develops between the moving parts
thereof due to carbonaceous deposits or the like from fuel
at high operating temperatures makes them unreliable for
use in supplying fuel to afterburners or duct burners. Be-
sides that, such nozzles are rather complex and costly to
manufacture, and several hunderd may be required for a
single engine.

‘Nozzles incorporating bellows or diaphragms to vary
the exit orifice area in response to variations in pressure
have also been used in the past, but with poor reliability,
primarily due to exposure of the diaphragms to the full
nozzle pressure drop which often resulted in failure of the
diaphragms and a consequent large increase in fuel flow.

It is therefore a principal object of this invention to
provide a relatively simple and inexpensive fuel injection
nozzle capable of effectively supplying a wide range of
fuel flow to a jet afterburner or the like over a relatively
Narrow pressure range.
~ Another object is to provide such a fuel injection noz-
zle with no sliding parts to introduce friction, whereby
the reliability of the nozzle is greatly enhanced.

Still another object is to provide such a fuel injection
nozzle with a deformable diaphragm for producing auto-
matically a change in the effective flow area of the nozzle
in response to changes in fuel pressure and including a
stop to prevent overstressing of the diaphragm,

A further object is to provide such a fuel injection
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nozzle with an exit orifice downstream of the diaphragm,
whereby the diaphragm is subjected only to a portion of
the total nozzle pressure drop thus substantially reducing
the chances of failure due to variations in pressure, and
even if failure should occur, the increase in fuel flow will
not exceed approximately 50 percent.

Another object is to provide a fuel injection nozzle of
the type indicated with primary flow slots in addition to
the flexible diaphragm for permitting fuel flow at low
pressures with the diaphragm seated, such slots being tan-
gential to impart a swirling motion to the fuel as it enters
a common spin chamber through both the slots and dia-
phragm. i

Other objects and advantages of the present invention
will become apparent as the following description pro-
ceeds.

To the accomplishment of the foregoing and related
ends, the invention, then, comprises the features herein-
after fully described and particularly pointed out in the
claims, the following description and the annexed draw-
ing setting forth in detail certain illustrative embodiments
of the invention, these being indicative, however, of but
a few of the various ways in which the principles of the
invention may be employed.

In such drawing:

FIG. 1 is a side elevation view of a preferred form of
fuel injection nozzle in accordance with this invention
shown connected to a spray ring manifold or the like;

FIG. 2 is an enlarged longitudinal section of the nozzle
of FIG. 1 taken on the plane of the line 2—2 thereof;

"FIG. 3 is a transverse section partially broken away
taken on the plane of the line 3—3 of FIG. 2 to show the
location of the flexible diaphragm and swirl slots;

FIG. 4 is a partial longitudinal section of the left end
of the nozzle of FIG. 3, but showing the diaphragm in
the flexed condition;

FIG. 5 is a partial longitudinal section showing a modi-
fied form of diaphragm seat;

FIG. 6 is a partial longitudinal section of another form
of fuel injection nozzle in accordance with this inven-
tion; and

FIG. 7 is a typical flow versus pressure chart for the
various nozzles of the present invention.

Turning now to the details of the various forms of fuel
injection nozzles illustrated by way of example in the
drawing, and first of all to the FIGS, 14 form, such fuel
injection nozzle is generally indicated at 1 shown con-
nected to a spray ring manifold 2 as by means of a suit-
able adapter 3 for metering of fuel into an afterburner
or duct burner, for example. While only one such fuel
injection nozzle 1 is illustrated, it should be understood
that several hunderd nozzles may be required in a spray-
ing system for a single engine.

The fuel injection nozzle 1 generally consists of a
body portion 4 of a corrosion and heat resistant steel al-
loy, one end of which is preferably threaded to the adapter
3 for connection to the manifold 2 as aforesaid, and the
other or outer end of which has a cap 5 also of z corro-
sion and heat resistant steel alloy threaded thereon. Be-
tween the cap 5 and body portion 4 there is an annular
chamber 6 for receipt of a.conical extension 7 from the
body portion 4 which provides a conical seat 8 for a thin
flexible disc-shaped diaphragm 9 of spring steel or the
like disposed within such annular chamber 6. The dia-
phragm 9 is preferably firmly gripped at its outer periphery
by a ring-shaped spacer 10 within the annular chamber 6
and the cap 5 upon tightening of the cap 5 on the body
portion 4 with the edge 11 of the centra] aperture 12 in the
diaphragm 9 engaging the conical seat 8 S0 as to pro-
vide circular line contact therebetween. A satisfactory
fuel seal may be established between the mating surfaces
of the cap 5, diaphragm 9, spacer 10, and body 4. How-
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ever, a weld ring 13 may be provided between the adjacent
surfaces of the cap 5 and body 4 and the cap 5 welded all
the way around to the body 4 as indicated at 14 in FIG. 2
to provide an additional seal, if desired.

The length of the spacer 10 may be selected so that when
the cap 5 is properly tightened on the body portion 4, the
diaphragm 9 is slightly deformed against its seat 8 to
preload the diaphragm, whereby a seal will be maintained
between the diaphragm 9 and seat 8 until a predeter-
mined fuel pressure within the annular chamber 6 is
reached, which is desirably between 150 and 200 p.s.i

As evident, the amount of preload on the diaphragm 9
may be varied by using spacers 10 of different lengths.
Alternatively, such diaphragm preload may be varied a
smaller amount by varying the extent to which the cap §
is tightened.

Fuel is supplied to the annular chamber 6 from the
manifold 2 through a central passage 15 in the body por-
tion 4 and radial passages 16 in the conical extension 7,

from which the fuel passes into a spin chamber 17 in the ¢

cap 5 upon deflection of the diaphragm 9 away from its
seat 8 and out through an exit orifice 18 into the after-
burner, not shown. However, until the pressure within the
annular chamber 6 is sufficient to deflect the diaphragm
9 as aforesaid, the flow will only be through a pair of
tangential slots 19 provided in the conical seat 8. This
is the “primary” phase of operation of the fuel injection
nozzle 1, during which the nozzle 1 operates as a single
orifice nozzle, commonly referred to as a “simplex” nozzle.
Then, as the pressure in the annular chamber 6 reaches
the diaphragm “cracking point,” the diaphragm 9 will
lift progressively away from its seat 8 to provide an an-
nular orifice area 20 for additional fuel flow which varies
automatically with changes in fuel pressure.

Bzcause the primary slots 19 are tangential, a swirling
motion is imparted to the fuel passing therethrough into
the spin chamber 17 so that upon leaving the orifice 18,
the fuel is broken up into fine droplets and spread out in
conical spray form by the spray deflecting lip 22 which
in this case has an included angle of approximately 90
degrees. Moreover, altbough the annular orifice area
20 does not swirl the fuel as it passes therethrough, it has
been found that the fuel passing through the primary
slots 19 imparts sufficient tangential velocity to the sec-
ondary or main flow through the annular orifice area 20
to sustain free vortex flow in the common spin chamber 17,
even when the total flow is as much as eight times the flow
at the same pressure through the primary slots 19 alone.

In the preferred form shown, there is a shallow counter-
bore 25 in the cap 5 adjacent the diaphragm 9 on the
downstream side which constitutes a part of the spin cham-
ber 17 and acts as a stop to limit the extent to which
the diaphragm 9 may be deflected to reduce substantially
the possibility of diaphragm failure due to overstressing.
In addition, the location of the diaphragm 9 between the
primary slots 19 and exit orifice 18 closely. adjacent the
slots 19 subjects the diaphragm 9 only to a portion of the
total fuel nozzle pressure drop, corresponding essentially
to the static pressure drop across the primary slots 19. This
varies somewhere between 15 percent and 25 percent of
the total nozzle pressure drop, whereby the chances of
diaphragm failure are yet further reduced. However, even
should there be a complete failure of the diaphragm 9, the
capacity of the exit orifice 18 is preferably such that there
will only be an increase of total nozzle flow not exceeding
approximately 50 percent.

Although the diaphragm 9 of the FIGS. 1-4 embodi-
ment is shown under preload engaging the conical seat 8
to establish line sealing contact therewith at low fuel
pressures during the primary phase of operation of the
nozzle 1, it is generally not considered desirable to pre-
stress the diaphragm if the operating temperatures are
quite high; ie., about 1800° F. with no fuel flow.
Accordingly, especially for high temperature applications
the forward end 26 of the body extension 7° may be made
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flat with the tangential slots 19’ formed in the flat end
surface 26 and the edge 11’ of the central aperture 12’
in the diaphragm 9’ closely spaced from or lightly contact-
ing such forward end at low fuel pressures as in the FIG.
5 embodiment so as to eliminate diaphragm prestress. Al-
ternatively, the extension 7 or 7 may be eliminated alto-
gether and a separate swirl plate 27 having a flat end face
28 with tangential slots 29 therein may be disposed in the
annular chamber 6’, as in the FIG. 6 embodiment. Ac-
cordingly, the same fuel injection nozzle 30 may be used
for supplying different primary flow rates, it only being
necessary to replace one swirl plate 27 with another hav-
ing tangential slots 29 of different capacities. Moreover,
the exit orifice 31 downstream of the diaphragm 32 may
also be provided in a separate orifice plate 33, rather than
formed directly in the cap 41, to permit ready replace-
ment by a plate 33 having different sized exit orifices 31
or different angled deflecting lips 34 therein, as desired.

Referring further to FIG. 6, the diaphragm 32 is firmly
gripped at its outer periphery between the swirl plate 27
and orifice plate 33 with the inner surface 35 of such
diaphragm 32 adjacent the central aperture 36 therein
engaging the flat end face 28 of the swirl plate 27, but
preferably under little or no preload. Adjacent the inner
surface of the diaphragm 32 in the swirl plate 27 there
is provided an annular ring-shaped chamber 37 into which
the fuel flows from the manifold 2 (see FIG. 2} via a cen-
tral passage 38 in the body portion 39 of the nozzle 30 and
holes 40 in the swirl plate 27 prior to passing through the
tangential slots 29 and the annular orifice area which is
formed when the diaphragm 32 is deflected away from
its seat 28. The swirl plate holes 40 may be disposed at an
angle as shown to create a swirling motion in the fuel as
it enters the swirl plate chamber 37 so that the primary
fuel flow will already have some tangential velocity as it
enters the common spin chamber 45 and need not receive
all of its swirling motion from the fuel passing through
the primary slots 29, as in the FIGS. 1-4 embodiment.

To compensate for any slight misalignment which may
be present between the surfaces cn the cap 41 and body
portion 39 which engage the orifice plate 33 and swirl
plate 27, there is provided a stop 42 between the swirl
plate 27 and body portion 39 which is in the form of a
ball joint provided with a spherical surface 43 for en-
gaging a conical socket 44 in the body portien 39. This
permits upiform clamping pressure to be applied on the
diaphragm 32, whereby erratic action of the diaphragm
and leakage therearound are substantially eliminated.
Otherwise, the construction and operation of the nozzle
30 of the FIG. 6 embodiment is substantially the same as
those nozzles shown in FIGS. 2 and 5, and accordingly,
no further reference will be made thereto.

In operation, it is preferred that the preloading of the
diaphragm 9 of FIGS. 1-4 be such that the diaphragm
remains seated until the fuel pressure reaches approxi-
mately 150 p.s.i. Below this pressure, the nozzle 1 func-
tions as a simplex nozzle with flow through the primary
slots 19 only as aforesaid. However, at 150 p.s.i. fuel
pressure and above, the diaphragm 9 is lifted away from
its seat to permit the secondary fuel flow to the spin
chamber 17 which increases progressively with increasing
fuel pressure, and a swirling motion is imparted to the
secondary flow by the primary flow. A typical pressure
versus flow curve for a nozzle constructed in accordance
with FIGS. 1-4 is illustrated in FIG. 7. However, con-
siderable variation in the shape of such curve is possible
by varying such factors as the exit orifice 18 diameter,
spin chamber dimensions, diaphragm 9 spring rate, dia-
phragm preload, diaphragm hole size, cone angle of the
seat 8, and size of the primary slots 19. Moreover, the
spray cone angle may be controlled by varying within
wide limits the external lip 22 configuration of the exit
orifice 18.

From the above discussion, it can now be seen that
the various forms of fuel injection nozzles disclosed here-
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in are of a relatively simple construction and have no
sliding parts, whereby the carbon deposits from the fuel
at high operating temperatures will not interfere with
the valve operation. A flexible diaphragm provides an
increasing area flow nozzle with increased fuel pressure,
and there is an exit orifice downstream of the diaphragm,
not only to reduce the fuel pressure drop across the
diaphragm, but to limit the increase of total nozzle'flow
to a safe level in the event of diaphragm failure.

Other modes of applying the principles of the invention
may be employed, change being made as regards the de-
tails described, provided the features stated in any of the
following claims or the equivalent of such be employed.

I therefore, particularly point out and distinctly claim
as my invention:

1. A fuel injection nozzle comprising a body having
an inlet for fuel under pressure and a fuel chamber in
communication with said inlet, flexible diaphragm means
operative in response to increasing pressure in said fuel
chamber to provide an increasing annular orifice area for
flow of fuel from said fuel chamber, an exit orifice in
said body downstream of said diaphragm means through
which the fuel from said fuel chamber flows, whereby
said diaphragm means is subjected only to a portion of
the total fuel nozzle pressure drop, passage means for
communicating said fuel chamber with said exit orifice
regardless of the position of said diaphragm means, and
a spin chamber downstream of said diaphragm means and
passage means into which the fuel from said fuel cham-
ber flows, said passage means comprising a plurality of
tangentially disposed slots operative to impart a swirling
motion to the fuel passing therethrough sufficient to sus-
tain free vortex flow in said spin chamber even when the
flow through said annular orifice area is great.

2. A fuel injection nozzle comprising a body having
an inlet for fuel under pressure and a fuel chamber in
communication with said inlet, flexible diaphragm means
operative in response to increasing pressure in said fuel
chamber to provide an increasing annular orifice area for
flow of fuel from said fuel chamber, an exit orifice in
said body downstream of said diaphragm means through
which the fuel from said fuel chamber flows, whereby
said diaphragm means is subjected only to a portion of
the total fuel nozzle pressure drop, passage means for
communicating said fuel chamber with said exit orifice
regardless of the position of said diaphragm means, and
a removable swirl plate in said body containing said pas-
sage means, thereby permitting the use of swirl plates
having different sized passage means therein, said remova-
ble swirl plate having a seat for engagement by said
flexible diaphragm means at low fuel pressures, and said
fuel chamber being formed in said removable swirl plate
in communication with said passage means and inlet.

3. The nozzle of claim 2 wherein additional Dpassages
are provided in said removable swirl plate for communi-
cating said fuel chamber with said inlet, said additional
passages being disposed at an angle to create a swirling
motion in the fuel as it enters said fuel chamber, whereby
the fuel passing through said annular orifice area will
have some tangential velocity.

4. The nozzle of claim 2 further comprising a remov-
able orifice plate in said body downstream of said dia-
phragm means containing said exit orifice, whereby said
orifice plate may be replaced with another having any
desired size of exit orifice, and stop means are provided
between said swirl plate and body having a spherical sur-
face engaging a conical socket in said body to compensate

5

10

15

20

25

30

36

40

45

50

60

6

for any misalignment that might be present, whereby er-
ratic action of said diaphragm and leakage therearound
are substantially eliminated.

S. A fuel injection nozzle comprising a body having
an inlet for fuel under pressure and 2 fuel chamber in
communication with said inlet, flexible diaphragm means
operative in response to increasing pressure in said fuel
chamber to provide an increasing flow of fuel from said
fuel chamber, an enlarged spin chamber downstream of
said diaphragm means for receipt of the fuel flowing from
said fuel chamber past said diaphragm means, passage
means for supplying a continuous flow of fuel from said
fuel chamber to said spin chamber regardless of the po-
sition of said diaphragm means, said Dpassage means being
operative to impart a swirling motion to the fluid passing
therethrough to impart a swirling motion to all of the
fuel in said spin chamber, and means for providing a re-
stricted discharge of fuel from said spin chamber, where-
by said diaphragm means is subjected only to a portion
of the total fuel nozzle pressure drop.

8. The nozzle of claim 5 further comprising stop
means in said body for limiting the amount of flexing
of said diaphragm means to provide such increasing flow
of fuel past said diaphragm means in response to increas-
ing pressure in said fuel chamber as aforesaid.

7. The nozzle of claim 5 wherein said body has a cen-
tral extension projecting into said fuel chamber and said
flexible diaphragm means has a central aperture there-
through which defines an increasing annular orifice area
with said central extension for increased flow of fuel from
said fuel chamber to said spin chamber, said central ex-
tension having a conical end surface which provides a
conical seat for said diaphragm means at low fuel pres-
sures in said fuel chamber, and said passage means com-
prising tangential slots in said conical end surface com-
municating said fuel chamber with said central aperture
in said diaphragm means regardless of the position of
said diaphragm means.

8. The nozzle of claim 5 wherein said body has a cen-
tral extension projecting into said fuel chamber and said
flexible diaphragm means has a central aperture there-
through which defines an increasing annular orifice area
with said central extension for increased flow of fuel from
said fuel chamber to said spin chamber, the edge of said
central aperture in said diaphragm means being closely
radially spaced from the outer periphery of said central
extension for minimum flow therebetween at low fuel
pressures in said fuel chamber, said passage means com-
prising tangential slots in said central extension com-
municating said fuel chamber with said central aperture
in said diaphragm means regardless of the position of said
diaphragm means.
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