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This invention relates to a nozzle and, more
particularly, to a nozzle construction for usages
requiring that the discharged fluids be released
with a swirling motion.

Such diffuser nozzles, although having many
applications, are particularly useful for inject~
ing liquid fuel into the burning compartments
of furnaces, engines, and the like. Normally
such nozzles are designed to provide a swirling
discharge under certain predetermined condi-
tions of fluid flow into the nozzle. In general,
however, the effeciiveness of the nozzle is limited
to the narrow range of flow conditions for which
it has been designed and it has been difficult to
design a nozzle which will properly discharge
the fluid when the nozzle is required to operate
over g wide flow range.

Accordingly, it is a genera] object of the pres-
ent invention to provide a nozzle which will im-
part a swirling motion to fluids forced through
the nozzle and which will discharge the Auids
with a swirling motion throughout a wide flow
range,

A more specific object is to provide a nozzle
which will induce a swirling motion to fluid and
discharge the fluid with a swirling motion and
which will permit wide variations in flow rate
without the need for excessive pressures,

A further object is to provide g nozzle having
means for varying the effective size of the nozzle
orifice responsive to fluid pressure and designed
to maintain a swirling discharge of fluid during
wide variations in flow rate and without the
need for excessive pressures.

Other objects will be in part obvious and in
Part pointed out more in detail hereinafter.

The invention accordingly consists in the fea-
tures of construction, combination of elements
and arrangement of parts which will be exempli-
fied in the construction hereafter set forth and
the scope of the application of which will be in~
dicated in the appended claims,

In the drawing:

Fig. 1 is a side elevational view of the nozzle
of this invention coupled to & fluid conduit;

Fig. 2 is an enlarged vertical cross-sectional
view of the nozzle of Fig, 1; :

Fig. 3 is a vertical cross-sectional view of the
nozzle of Fig. 2 taken on a transverse ‘plane and
viewed in the direction of the arrows 3—3 of
Fig. 2; and

Fig. 4 is a fragmentary view similar to Fig. 2
but showing a modified nozzle construction.

Referring to the drawing in detail, the nozzle
elements are housed within 2 casing 10 of gen~
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erally cup-shaped confisuration which closes the
open end of a fluid conduit 12, The conduit |2
receives fluid through a side duct 13 which is
conunected to a suitable reservoir or supply sys-
tem (not shown) of fluid under pressure. The
conduit 12 is closed at its other end by a cap 14
which is removably secured thereto in any con-
ventional manner. The form of the conduit 12
is exemplary only, and if desired, it may take
a variety of forms and may house auxiliary con-
trols such as valves and the like for operation
in connection with the inlet 13,

A core 1§ having a plurality of longitudinal
fluid passages {7 is disposed within the conduit
12 and projects therethrough to receive the cup-
shaped nozzle casing 10 in threaded relation.
A boss or shoulder 16-a on the core 16 adjacent
the conduit 12 receives a seal 18 therearound
against which the large diameter opening of .
the nozzle casing 10 abuts.

The casing {8 has a discharge opening 20 in
its end wall which diverges outwardly so that
swirling motion to discharged fiuid will not be
interrupted. The fluid is initially swirled after
passing through the core ducts 7 by means of
a swirl plate or disk 22 transversely disposed
a5 a wall in the casing 10 against an internal
shoulder {¢-¢ therein and forced thereagainst
by a nut {3 having an enlarged bore 18-a¢ to
provide an annular passage around the end of
the core {§ and which is externally threaded for
securement within the casing 8. The plate 22
has a plurality of diagonally directed passages
24 (shown eight) for creating the swirling mo-
ticn as the fuid passes from the core ducts (7 to
the other side of the plate 22.

A diaphragm 2§ of saucer-like configuration,
which may be formed of flexible sheet metal or
other inherentiy resilient material, is secured
at its peripheral porticn between the plate 22
and shoulder {8-a. The diaphragm 2§ and plate
22 cooperate to define a chamber C therebetween
for receiving swirling fluid from the passages
24 in the plate 22.

In the embodiment shown in Fig. 2, the dia-
phragm 2§ has a central opening in which is
received a generally cylindrical orifice member
28 having an axial bore forming a through out-
let opening 88 in register with the nozzle casing
opening 28. The orifice member 23 is supported
entirely by the diaphragm 28 and secured there-
to as by swedging or the like so that it will shift
with the diaphragm 26. 'The interior of the
orifice member 28 is formed with a counterbore
29 and an outwardly diverging entranceway 21
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in communication with the discharge orifice 30.
In the normal position of the diaphragm, the
member 28 is held in abutting relationship against
the swirl plate 22 so that the latter closes off the
entranceway 31. 5

While the member 28 is held by the diaphragm
against plate 22, communication between the
chamber C and the outlet opening 30 is provided
by a plurality of tangentially directed passages
22 extendlnc ‘into the counterbore 29 of the body
of the-otifite mémber 28.

Thus, it can be seen that when the dlaphragm
28 is in normal position, the fluid passing through-
the nozzle is swirled under the inducement of the
diagonal openings 24 in the swirl plate 28 and i 1s
further swirled into the orifice meribér 23 i
through the tangentially directed passages 32,
The swirling continues as tHé ‘Aid s disehargéd
through the orifice discharge passage 3@ and the
reglstermg nozzle discharge passage 28. This
ent will be eﬁ’ectwe when
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ovérda predétermined low an'ée'
; ased beyond the

pressi r“e, of the )ﬁuld 1s’ suficient

‘deﬂect the d1a h*aom 26 towams the Z
opening. - An annular bead 27 may be ‘formed in
the dlaphragm for engagement agalnst ‘the cas-
1ng io to keep the fiexing of diaphragm 25 thh-
s'placed ‘position “of the
> member 28 is accord-
ﬁulq. from chamber C

thro the DS es 32 At ‘sich’ mcreased flow
raté, the fluid is adequatelg swirled by the swirl
plate 22 alone and the gr eat mcrease in'the effec-
tive ofifice ‘of ‘the nozzle permits the increased
rate of ﬂow to be attamed w1thout excesswe 1n-
crease m pressure

In‘ the modrﬁed structure illustrated in Fig. 4,
a stati nary orlﬁqe member 46 is substltuted for
' movakble, orlﬁce membgr 28 which shifts with
) dlaphragm 25 in the first embodiment. de-
seribed above tne member 46 being formed as a
centrally located boss on the modified swirl plate
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outwardly facmcr central well at the center 'of the

swrﬂ’plate D1agonal swirl passagns 50 extend—

jugh the plate 44 and which may be simi- -
lar in all respects to the prevrously descrlbed
swirl ‘passagés 24 of Frgs 2 and 3, are spaced
about the central boss 46. Inthe modlﬁed strie-
ture, ‘there Is also utilized a modified’ dxaphragm
(1] havmg a genérally conical central portion 41
deﬁmng a dlScharge or1ﬁce 42 in reg1ste1 w1th
th ‘Tozzle dlscharge 20" As in the prevmus
structure the draphragm 40 may move, relative
to the sw1rl plate 44 m response to chances in

sure. During periods when the ﬂow rate rs rela-
tlvely low, the diaphragm 40 presses agamst the
conical face 41 of the member 46, and when the
flow rate 1§ iner eased, the accompanying 1ncrease
in pressure will "eaiise the dlaphragm ‘to flex
outwardly away froni the face’ ‘47.  An annular 70
‘43 formed in the diaphragm 40 by abutment
ag inst the housmg lu will serve to limit ﬁexmg
of ‘the diaphragm’ to a safe limit. When dia-
phragm 4. “is in its normal posltlon against the
member 46 as shown m Flg 4, the sw1rhng ﬁu}d
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from the chamber C is permitted to pass to the
diaphragm orifice opening 42 and the well 48
by means of a plurality of tangential grooves 52
cut in the face 41. The fluid will thus receive
further swirl inducement as it passes through
the grooves 52 and the effective orifice of the
nozzle is relatively small.

During veriods when the flow rate is relative-
ly hlgh the draphradm is drsplaced toward the
nozzle opemng 20 s0 that ﬂuxd may pass di-

) rectl:,r from thé ¢hamber C to the orifice opening

42 in the diaphragm &0 without going through

.fhe grooves 52. At greater flow rates, the addi-

tlonal swirl inducement provided by grooves 52
is not requlred in order to produce the desired
switling ‘6f the fluid released through orifice 42
an 4 ¢ the materlal increase in effective orifice open-~

C.ing ‘5f the nozzle makes it possible to obtain the

desiréd greater flow rate without excessive in-
creagse in pressure.

It thus will be seen that therg has been pro-
vlded in a ordan e with the 1nvent10n an’im-
proved nozzle constructlon n whlch the eﬁ‘ec-
tive orifice ‘and the sw1r1 mdu.cmgr means are
d in accordance Wrth flow

rate through the zzle thus prov1d1ng & nozzle

\vlthout the need foi excessive

"'As many es could be made in the above
construction and many apparently Wid jely dif-
: ntion could he

of, if is inten b on ined,
above descripbion or shown in the aceompanymg
drawmgs shall be, mtexpreted as 111usr,rat1ve and
not m a hrmtnrrT 56 1
It is alsp to b undelstood that the language

aims is inténded to cover
d spec e ieatures of the 1n-

vention herein described and all statements of

‘the scope, of. the mventmn which, as.a matter of

I claun as rmz mventron

1. A diffuser nozzle construction comprising a
casing having a_ discharge opening, a first mem-
ber it said casing. having swirl inducing. pas-
sageways of predetermined: size, g second mem-
ber.in said.casing having swirl inducing. passage-
ways of. smaller size, and means including a
‘flexible. "diaphragm overlying the. downstrearm
ends of the passageways of-said.first member and
movable responsive.to.fluid pressure in said noz-
gle fraomi a first position for directing a. fluid
through said passageways in series and.a second
position. for permitting. the. fluid. to by-pass. the
passageways.of the. second member.

2. A dlﬁuser nozzle construction. comprising a
casing “having ‘a ﬂU.ld passage and a discharge
opening, apertured- meahs dxsposed in sard ﬂmd
passage, said means having passages of a pre-
determmed size for swrrhng ﬂu1d passmg there-
through resxhent means msposed in said ﬁu1d
passage ‘between said ﬁrst mentloned means and
said. dlscharge opening, and means assoelated
with i eans defining an orifice com-
mumc tmg w1th sald ( scharge openmg and de—
fihitig a *plurality of substantially transverse}y
d1sposed ﬂuld swirl passages of smaller, size con-
nectmg sa'd»apertures and_sard orifice, said re-
srllent means bemg responsive to 1ncreased ﬁu1d
ﬁow to sh1ft toward s a drscharge opemng and

SEA T




n e e — - ——

2,860,474

5

permit fluid to effectively by-pass said transverse
swirl passages to said orifice.

3. A diffuser nozzle construction comprising a
casing having an inlet opening and a communi-
cating discharge opening, wall means disposed in
said casing between said inlet and said outlet,
said wall means having a plurality of angularly
directed fluid passages of a predetermined size
to induce swirling movement to fluids moving
from said inlet to said outlet, resilient means
disposed in said casing between said first men-
tioned means and said outlet, and means asso-
clated with said resilient means having a cen-
tral opening in register with said outlet and hav-
ing a plurality of substantially transverse fluid
swirl passages of smaller size connecting said
opening with the angularly directed passages in
said wall means, said resilient means being re-
sponsive to variations in fluid flow to shift to-
ward said outlet and permit fluid to by-pass said
transverse swirl passages to said opening.

4. A diffuser nozzle construction comprising a
casing having a discharge opening and an inlet
opening in communication therewith, a trans-
verse wall in said casing having a plurality of
angularly directed fluid swirl passages of a pre-
determined size therethrough, g diaphragm
transversely secured in said casing between said
wall and the discharge opening, said diaphragsm
defining an orifice opening in register with the
discharge opening, and means defining a plu-~
rality of fluid swirl passages of smaller size an-
gularly directed toward said orifice opening, said
diaphragm being responsive to increased flow to
shift towards said discharge opening whereby
fluid may by-pass said angularly directed fluid
passages to said orifice.

5. A diffuser nozzle construction for injecting
fuel to a combination chamber and comprising
a casing defining a fluid passage having an out-
let through a wall of said casing into the com-
bustion chamber, a first means disposed in said
fluid passage to induce fluids therein to follow a
swirling path, a second swirl inducer in said pas-
sage to cooperate with said first means at low
rates of fluid flow through said passage to fur-
ther incite swirling of fuid therein, and by-pass
means in said casing responsive to the differ-
ential between fluid pressure in said passage and
fluid pressure in the combustion chambper for
causing fluid to by-pass said second swirl inducer
at relatively higher rates of fluid flow through
said passage, said by-pass means including a
diaphragm interposed between said first means
and said outlet, said diaphragm having an aper-
ture through which fluid is passed to said outlet.

6. A diffuser nozzle construction comprising
an open-ended casing, one of said open ends be-
ing an inlet and the other of said open ends
being an outlet, a plate disposed transversely of
said casing having a plurality of angularly di~
rected apertures therethrough to induce the
swirling of fluids passing through said casing, g
diaphragm transversely disposed in said casing
between said plate and the casing outlet, said dia-
phragm having a central opening in register with
the outlet, and means disposed in said diaphragm
opening having an opening in register with the
outlet, said means having g plurality of passages
connecting its opening with the angularly di-
rected plate apertures, and said diaphragm being
movable during increased fluid flow to permit
fluid to pass directly from said plate apertures to
said outlet.

7. A diffuser nozzle construction comprising
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a casing having a fluid inlet and a diverging fluid
outlet and a communicating passage therebe-
tween, a core disposed in said passage having a
fluld passage communicating said casing inlet
with said casing outlet, a disk dispesed in said
casing between the outlet thereof and one end
of the core, said disk having a plurality of dia-
gonally directed fluid passages whereby fuid re-
ceived from the core passage will be induced to
follow swirling movements into a chamber, an
orifice member having a central opening in reg-
ister with the casing outlet and a plurality of
spaced tangential passages connecting said cen-
tral opening and said chamber, and diaphragm
means engaging said orifice member and defin-
ing said chamber therearound, said diaphragm
means being movable in response to fluid pres-
sure to permit relatively free passage of fluid
from said chamber to said central opening in said
orifice member. :

8. A nozzle comprising a hollow casing having
an outwardly diverging discharge opening, means
in said casing defining a fluid bassage, a plate
disposed in said casing in one end portion of the
fluid passage, said plate defining a plurality of
diagonally directed swirl passages therethrough,
means on said plate defining a well and an orifice
in register with the discharge opening of said cas-
ing, a diaphragm disposed in said casing having
an aperture in register with said orifice and said
discharge opening, said  diaphragm and said
means co-operating to define a plurality of fluid
bassages communicating said swirl passages and
said orifice, said diaphragm being responsive to
increased fluid pressure to shift to g second posi-
tion whereby fluid may flow directly from said
swirl passages to said discharge opening.

9. A nozzle comprising a hollow casing hav-
ing an outwardly diverging discharge opening,
core means in said casing defining a fluid passage,
a plate retained in said casing adjacent the dis~
charge end of said core, means on said plate de-
fining a plurality of swirl passages, a boss on said
plate defining a well and an orifice in register
with the discharge opening of said casing, and a
diaphragm disposed in said casing having an
aperture in register with said orifice and said dis-
charge opening, said diaphragm and said boss co-
operating to define a plurality of fluid passages
between said diaphragm and said well, said dia-
phragm being responsive to increased fluid pres-
sure to shift toward said discharge opening
whereby fluid may flow directly from said swirl
passages to said discharge opening.
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