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My invention relates, generally, to roeket de-
vices and it has particular relation to fuel 1n-
Jectors. for such devices.’

In order to obtain a high degree of thermal
efficiency in the combustion of rocket fuels there
should . be complete atomization and thorough
mixing .of the fiuids which are burned in the
combustion chamber. The more nearly that these
conditions” are apprOached the more complete
will ‘be the resultmg combustlon Conversely,
where the atommatlon and mixture are not comi-
plete, there will be'a corresoonchng reduction in
the thermal efﬁmency This is par’ucularly true
where hydrocarbons are ‘concerned.

Where hydrocarbons are burnedin the presence
of oxygen, if there is a pauclty of  oxygen, ‘the
hydrogen will burn, thereby resulting in-a de-
posit of carbon. The reason for this is that hy-
drogen ignites at a much lower temperature
than does carbon.

It has been shown by tests that, if o small
quantity of completely atomized hydrecaroon is
ignited in the presence of the” exact amount of
oXygen necessary to effect complete combustion,
such combustion W111 result in the hydr ogen com-
bining Wwith the oxyeen to form water and the
carbon uniting with the oxygen to form carbon
dioxide. In order to obtain this desired result,
the oxygen atoms must be in the. immediate
vicinity of the carbon and hydrogen atoms and
the mmture uhereof must be accomphshed unoer
pressure. This is essential since the process of
combustion tends to d1sperse the atoms rather
than to eyoedwe their moleculamzamon parti-
cularly where two elements are being" ox1dlzed

Acgordingly, among the objects of my inven- ?‘\:

tion are: To provide the exact number of atoms
of fluids which, when intermixed, support coii-
bustion and to hold the same in- close prox1m1ty

until complete combustion results; to provide the
exact number of aftoms of hydrogen, carbon *

and oxygen in’ close proximity to effect compiete
combusmon thereof to.cause the fluids which are
to be atomized and intermixed for complete com-
bustion to flow in intersecting annular configura-

t1ons so as to obtain the complefe atomization

and intermixing; to direct one fluid to flow radial-
ly outwardly in an annular conﬁguratmn and to
direct ancther fluid to flow in'a comcal con-
figuration which intersects the. annular conﬁg-
uration; to cause the radially outwardly annular
conﬁgm ation of fluid flow to be mtelsecbed from
opp031te sides by fluid flows of comcal conﬁgura-
tions, the intersection of the three ﬁuld flows

takmg place along a c1rc1e, and to arrange the B!

(CI, 299—140) -

nozzle means which diféct the: fluid ﬂOWS in in-
tersecting relationship- in' tandem so”that”there
are’ tWwo' or"more - zones: where the atomlzd on
and intermixing take plager” - SRR
VGtRer obgeots of ‘my 1nvent10n W111 in part
be obvlous and m part appear heremaftel

3

structeo m accordance
15 he employed" 1n “a'rocket'd
2 :
nozzle shown
a"'second’ nozzle unlt in’ tanderd W1th tw
nozzle un1t ‘ § =
I isures 3, 4 and 5 are detaﬂ sectlonal v1ews

modlﬁed nozzle cons uctmn and
“THigures Tand 8 : are detail sectional views ta oN,

genelally, along the 11nes T——'l and 3—-8'

spectrvely, ‘of! F1gure 6. = :
Referlmg now partlcularly to Flgure 1 of the

oK

character 18 des1gnates a Toad" devme such as
‘ trlc generator havmg a shart ll“whlch

be located in a housmé Wh
erally, at I5 The housmg 15 mp




23 connected thereto for supplying fluids which,
when intermixed properly, support combustion
in the chamber i4. Shutoff valves 24 and 28
may be provided in the conduits 22 and 23. They
are shown in the closed position and are arranged
to be opened simultaneously by a spring driven
drum 26 which is restrained by a pawl 21. When
the pawl 27 is released, the drum 26 rotates to
open the valves 24 and 25.

It will be observed that the conduits 22 and 23
extend into fluid tanks 28 and 29, respectively.
The tank 28 may contain a fuel such as aniline,
ammonia, gasoline, benzene, etc. ‘The tank 29
may contain an oxidizer such as nitric acid or
picric acid. Hydrogen peroxide or liquid oxygen
also may be used. - It will be understood that any
of the well known fluids, such as those specifically
mentioned, may be employed in practicing my
invention.

Referring now particularly to Figure 2 of the
drawing there is shown a fuel injector 21’ which
is similar to the fuel injector 2{ except that the
nozzle shank 21s is made up of two nozzle units
32 and 33 in tandem in place of a single nozzle
unit as shown in Figure 1.
inafter more than two of the nozzle units 32
and 33 can be added in tandem as desired de-
pending upon the power requirements. Since the
nozzle units 32 and 33 are, for the most part,
identical in construction, the same reference
characters will be used for both.

Each of the nozzle units 32 and 33 is con-
structed so as to provide a fluid or fuel flow
having g radial annular configuration or disc-
like discharge 34 that is arranged to-be inter-
sected by two fluid or oxidizer flows of conical
configurations or cone-like discharges 395, the
arrangement being that the conical configura-
tions 35 intersect the annular configuration 34 at
36. Since the configurations 34 and 35 intersect
in the manner described at 36, in reality, the
intersection thereof is a circle and it is around
this circle that the carefully metered and pro-
portioned quantities of fuids, i. e. fuel and oxi-
dizer, meet, are atomized, and completely inter-
mixed so that complete combustion thereof can
take place as mentioned hereinbefore. It will be
understood that the fluids from the tanks 28 and
29 flow in the configurations 34 and 35 under
pressure. For example a pressure may be main-
tained in the tanks 28 and 29 on the order of
600 pounds per square inch,

. The parts making up the fuel injector 21’ are
formed preferably of stainless steel. 'They will
be described now in detail.

It will be noted that a body member 40 is pro-
vided having threads 4! which permit it to be
screwed into the housing 15. The body member
40 also has a threaded passageway 42 for con-
nection to the fluid inlet conduit 23. In this case
the fluid oxidizer flows through the passageway
42 and also through longitudinally extending
apertures 43 in the body member 40 to an annular
distribution chamber 44. °

The body member 40 also has a central longi-
tudinal opening 45 in.which a stem 46 is posi-
tioned. The stem 46 has an axial passageway 47
through which the fuid fuel flows from the con-
duit 22.  The stem 46 is threaded at 48 to permit
connection of the conduit 22. “A nut 49 also is
provided on the threads 48 for holding the stem
47 in position with respect to the body member 40,
" "At its right hand end the stem 46 has a conical
flange 52 which serves, in part, to enclose the
distribution chamber 44.  The flange 52 “has

As will appear here- ¢
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transverse apertures 53 for placing an annular
groove 54 in a fitting 55 in communication with
the chamber 44. It will be noted that the fitting
55 has an axial passageway 56 which, in effect,
constitutes an extensmn of the axial passageway
47 in the stem 48.

Surrounding the fitting 59 is a pair of nozzle
rings 57 which, as shown more clearly in Figure
4, have spacing portions 58 to provide a radial
nozzle opening 59 the width of which is fixed.
In accordance with the present invention the
radial nozzle opening 59 has a width of 0.002
inch. Except for the spacing portions 88, which
constitute only a small portion of the circumier-
ential length of the nozzle opening &8, it con-
stitutes a radially opening passageway for direct-
ing the fluid fuel to flow radially outwardly in
the annular configuration previously described
and indicated at 34. It will be observed that
radial apertures 41’ serve to place the inside of
the radial nozzle opening 59 in communication
with the axial passageway 41. Similar radial

e

apertures- 471’ serve to place the radial _nczzle—

opening 59 of the nozzle unit 33 in commu ica-
tion with the axial passageway §6.

Now it will be noted that the forward end 60
of the hody member 48 is spaced slightly from
the adjacent shoulder of the adjacent nozzle ring
57 to provide a conical nozzle opening 6{. A

similar nozzle opening 61 is provided between

the corresponding forward shoulder of the next
nozzle ring 57 and an adjacent shoulder of a
spacing ring 62. Preferably the conical nozzle
openings 61 have a width of 0.003 inch and they

5 are opbositely inclined, as shown, to provide the

conical configurations 35 of fluid or oxidizer flow
previously described.

As shown in Figures 2 and 5. of the drawing,
the fluid reaches the conical nozzle opening 6
between the ring 57 and the ring 82 through a
distribution chamber 63 which communicates
through apertures 84 -with the annular groove
54 near the forward end of the fitting §5. Lon-
gitudinally extending apertures 65, Figure 4, ex-
tend between the grooves 54 in the fitting 55 to
place the same in communication.

It will be observed that the outer end of the
axial passageway 56 in the fitting 55 of the noz-
zle unit 33 is closed by a plug 6§ and that a cap
§7 is threaded over the projecting threaded por-
tion of the fitting 55. If it is desired to add
other: nozzle units, the cap 67 can ke removed
and -the plug 68 unscrewed.. Thereafter addi-
tional nozzle units can be added, as desired, with
the plug 66 being positioned in the outermost unit
and the cap 67 applied as will be understood
readily. '

From the foregoing description it will be ap-
parent now that the oxidizer fluid flow through
the passageway 42 in the body member 43 and
through the apertures 43 to the distribution
chamber 44. From this chamber 44 5 portion
of the fluid flows through the associated conical
nozzle opening 6{. The remaining portion of
the fluid flows. through the apertures 53 in the
conical flange 52 to the. annular groove 54 in
the fitiing 55 and thence through apertures 65
to the annular groove 54 in the forward end of
the fitting 55. A portion of this fluid flows
through the radial aperture 84 into the distri-
bution chamber 63, which is annular in form,
and thence out through the associated conical
nozzle opening 6. !

The fluid fuel flows through the axial passage-
way 41 and radial apertures -47 {o the radial
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noZzzle opening: 89 When more;than one. nozzle
unit.is employed; only.part.of the fluid-fuel fows
through the first: radial. nozzle .opening- 59, the
halance. of ‘the fluid fuel. flowing through the
axial passageway 86 for like distribution by the
additional nozzle ynit or units. . -

The fuel:injector 24’ has beea shown in Flgure
2. at the same scale that:a-sample thereof has
been constructed. .Figures 3, 4 and 5 show. the
construction at double sgale. The conical nozzle
openings Gl are illustrabed .as. inclined at. an
angle of £5° from ‘the horizontal.
stood, that other angles .of imclination can be
employed. - However, it is. essential that the con-
struction be such that: the configurations 24 and

35 intersect along a eircle.in order to insure comtr,

plete intermixing of the atoms of the two fuids.

In Figure ¢ of the drawing there is iliustrated
a slightly modified form of eonstruction of the
fuel injector.: It will lis..noted that the con=
struction there shown mcluues a. hody memier
10 which ‘corresponds to the body member &0
shown in Figure 2. The hody member 98 has
threads T to permit its assembly- in the housing
15.. It also has a passageway.12 for connection
to. the fluid inlet conduit 23.. Tt will be under-
stood that a. slightly differen$ :arrangement iof
the fluid inlet: conduit. 22 must be.made to accom-
modate the constructlon shown in Figure 6. The
body member. 10 Has apertisres 73 for placmg the
passageway,. 12 in communication with the antu-

lar distribution chamber 74 whieh.corresponds.

to the annular distribution chamber 44 shown in
Pigure 2.
Figure 8.

The body memper 10 also has a passageway 17
which corresponds to the axial passageway 47
in Figure 2. It will be understood that the pas-
sageway 17 is connected to the fluid fuel conduit

22 and a corresponding re-arrangement of the .

same is required from that shown in Figure 1
to agcommodate the construction shown in Fig-
ure 6.

The passageway 11 communicates with an axial
passageway 78 that extends through a fitting .19
whose length depends upon the number of nozzle
units that are required. “As shown in Figure 6,
two nozzle units may be employed but it will be
understood that, with a longer fitting 19, addi-
tional nozzle units may be accommodated. Radial
apertures 18’ in the fitting 19 serve to place the
axial passageway 78 in communication with the
radial nozzle openings 59 in each of the nozzle
units.

In order to distribute the fluid oxidizer from
the annular distribution chamber 74, apertures
80, shown more clearly in Figure 7, are provided
in the fitting 79 parallel to the axial passageway
18 and near the periphery of the fitting 79. Radial
apertures 8!, Figure 7, serve to place the dis-
tribution chambels 63 in communication with the
apertures 80 so as to direct the flow of fluid
oxidizer through the corresponding conical nozzle
openings 6.

At the outer end of the fitting 79 there is pro-~
vided a ring 82 which cooperates with the ad-
jacent shoulder of the adjacent nozzle ring 57
to provide the conical nozzle opening 6f{. The
ring 82 is held in place by =z head 83 that may be
formed integrally with the fitting 18.

It will be observed that the nozzle rings 57,-as
shown in Figures 4 and 7 of the drawing, have a
small radius surface at the periphery as indi-
cated at 84. This construction is provided in or-
der to obtain the desired radial annular con-

It s under-.

The apertures 78 are also shown-in..
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6
figuration .33 of the fluid fuel for proper inter-
mixing with the intersecting conical conﬁgura,
tions:of the fluid oxidizer.

It will .be understood. thati the coniecal nozzle
openings 6.l can be maintained at the proper: di-.
mension with respect to width by employing spac-:
ing portions thereon similar to the-spacing por~
tions 58 described in connection with the nozzle
rings 571 for maintaining the proper. spacing for
the radial nozzle opening 9. In lieu of these in-
teerally formed spacing porticns 58, pins may he
seti-into. the. nozzle rings 81 and ground off ac-
curately to provide the desxred spacing.

After combustion of fiuids, such as nitrie acmu
and-a hydrocarbon, if the products.of combustion.
do not leave the combustion chamber at the same.
time, a deposit .of carbon or nitrogen will re-
main, . Hydrocarbon fumes may pass backward
into. the nozzie openings 61 or nitric acid fumes

- may. pass backward inio the.nozzle opening 59,

Small amounts of nitric acid or hydrocarbon may.
adhere. to the walls of these nozzle openings and
incomplete combustion results  in. carbon. and
nitrogen. deposits.  Since. the . fuel injector 217
constructed as shown herein, can be removed.and,
completely dismantled, the parts thereof -can- be
cleaned readily. and reasgembled This permlts
reuse of the same injector.

Sinee -certain further changes can be made ln,

. the foregoing constructions and different, .ems,

bodiments. of :the invention.can: be made Wxthout
departing from the spirit and scope thereof, it is
intended that all matter shown in the accom-
panying drawing and described hereinbefore shall
be interpreted as illustrative and not in a limiting

“sense.

Iclaim as my invention:

1. In a.fuel injector of the class described, the
combination of a supporting member, a nozzle
shank of substantially cylindrical form exiend-
ing therefrom, two separate: fluid passageways
extending through said nozzle-shank for feeding
two sepdrate fluids adapted to be intermixed, a
radial nozzle opening of substantially continuous
circular form encifeling said nozzle shank and
connected with one of said-fluid passageways to
project one of said fluids in the form of a disc-
like discharge, and two conical nozzle openings
of substantially continuous circular form en-
circling said nozzle shank and connected with
the other of said fluid passageways to project the
other of said fluids in the form of two cone-like
discharges, said conical nozzle openings being
disposed on opposite sides of said radial nozzle
opening and pointed to cause their cone-like dis-
charges to intersect said disc-like discharge from
opposite sides thereof.

2. In a fuel injector of the class described, the
combination of a supporting member, a nozzle
shank supported thereby, two separate passage-
ways: extending through said nozzle shank: for
feeding two separate fluids adapted to be inter-
mixed, said nozzle shank comprising stem means,
and a plurality of nozzle rings carried by said
stem means and defining therebetween a radial
nozzle opening of substantially continuous cir-
cular form encireling said nozzle shank and con-
nected with one of said fluid passageways to
project one of said fluids in the form of a disc-
like discharge, and also defining therebetween a
conical nozzle opening of substantially continu-
ous circular form encircling said nozzle shank
and connected with the other of said fluid pas-
sageways -to project-the other of said fluids in
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the-form .of a céoné-like discharge which . inter-. combination of s supporting member, 4 tiozzle:
sects:said disc-like discharge. - . - shank of substantially cylindrical form extend-

3. In a fuel injector for injecting tWo fluids into _ing therefrom, two separate fluid  passageways:

the ‘combustion chamber. of & rocket device to extending through said nozzle shank for feed-
atomize and intermix the same, the combination 5 ing two separate fluids adapted to be inter-

of'a.‘supporting member, a substantially .cylin- niixed, a radial nozzle opening of substantially:

drical. nozzle shank -supporfed thereby for. ex-  continuous circular: form encircling said nozzle

tending - into --said-- combustion chamber, -said shank and connected with one of said fluid pas--

nozzle shank -comprising stem means; a first fluid: sageways to project one of said fluids in the form
- passageway extending substantially axially -of 10 of o disc-like discharge, and a conical nozzle
said stem -means for feeding one of ‘said; fluids; opening  of -substantially. continuous ecircular
a-second fluid passageway extending longitudi orm encircling said nozzle shank and connected
nally of said-stem means in spacéd- relatlon ‘to
said first fluid passageway for feeding: the other::
of-said- fHuids, -and a series of nozzle and:spacing: 15
rings assembled over said stem means-and:.de-
fining therebetween a plurality of nozzle: sets ar-
ranged in-tandem relation - along--said: nozzle
shank, each of said nozzle: sets comprising a. sub-
stantially ‘radial nozzle opening of - substantmlly 20

shich- intersects said disc-like discharge at a
nt spaced apart from the.perimeter of said
k A T .
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