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This invention relates’ to liguid: spraying noz-
zles- of the type in which an-suxiliary fluid such
as air or steam is used to-facilitate the atomiza-
tion ‘process,. particularly.to: such “a nozzle ‘as
used -to ‘spray: fuel in the combustor ‘of a gas
turbine:power plaxit.

In-power plants: of the! type described, it is,
of course; desirable to use the least expensive fuel
oil- possible, which:is ordinarily that known com-
mercially as “bunker C” oil, comprising the com-
paratively heavy residual fractions left from the
refining: processes whichi produce gasolines, diesel
fuels, etc. These-heavier’ oils are so viscous as
to: be difficult-of -atomiization by pressure’alone,
as:is’ readily accomplished in the case of kero-
sene: and-gasoline- and similar-light oils by‘means
of ‘the: so-called: pressure atomizirig or  “vortex-
type” nozzles. - The pressure atomizing nozzles
are customarily used in fuel injection systems for
diesel “engines, -while: the vortex nozzle is' most
commonly: used-in gas:turbine: combustors burn-
ing:-kerosene or gasoline.  While the ‘use of com-
paratively: ‘expensive fuels, 'such as' kerosene, s
acceptable in‘the case-:of ‘high performance-gas
turbine power - plants such -as jet- engines for
aircraft, in: land-based- power plants where fuel
cost-is important it is necessary to'find an effec-
tive 'way of atomizing the heavy bunker C type
fuel-oil. - The-problem is complicated by the fact
that the term “binker C” c¢overs a multitude of
substantially different commercial oils resulting
from various refining processes, this term being
a generic’ one-applicable- to- the heavy residual

oils commercially obtainable for burning in steam:
generating plants, locomotives, ships, etc. "In -a’

gas-turbine: power plant :for locomotive service,
it is, of ‘course, desirable that any of these readily
available’commercial ‘'oils ‘may be used with good
efficiency.

The nozzle 'known popularly as an “air atom-
izing mozzle,” in’ which an-auxiliary fluid under
pressure -(such as air, steam, -or-other suitable
gas) is used to facilitate breaking up the liquid
into discrete’ particles, seems to offer-the best
solution to the problem of providing an adequate
fuel-spray nozzle for use in'gas’ turbine’ power
plants burning heavy fuel oils. - With  conven-
tional nozzles of this type known to-the prior art,
two principal difficulties arvise: (1) it is -almost
impossible to- obtain ‘spray patterns sufficiently
symmetrical about the axis of the nozzle;:and (2)
the:spray: from ‘the -known nozzles containg ex-
cessively’large: droplets. . These: difficulties' with
the prior art:nozzles appear: to arise:from the
practice -of intrfoducing the oil-spray from a
plurality of discrete orifices, and the:fact that
with many of the prior art nozzles the oil tends
to.flowalong’ a-surface of-the nozzle until it is
blown -off' by the blast: of air in' comparatively
large particles;
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Having found the ‘nozzles known' to.-the: prior
art. unsatisfactory for high performsnce service
in asgas turbine locomotive power plant; the pres-
ent invention has’for its purpose the ‘provision
of an improved air atomizing type nozzle which
will, over a wide range of flow- rates; deliver the
spray in finely divided form, the spray pattern
being a conical sheet with an apex angle or “cone
angle” which shows substantially-no. variation
over an extremely wide range of ‘operaticn. To
produce the maximum atomizing effect, as re-
quired for spraying viscous liquids, the'air and
oil are brought into close contact’ when the dir
is-at the maximum’ possible velocity. A still

further object is to combine the featiires of -the

vortex and air atomizing ndzzle to produce-a
nozzle giving 'a conical spray with good. atom-
ization and having completely uniform’ distribi-
tion" of ‘the: fuel around-the: axis’ of the spray.
Another object is to provide a nozzle of the type
described” giving good atomization and the de-
sired spray angle at very low flow rates.

Other objects and advantages will be dppaieint
from' the: following" description taken in corriec-

-tion’ with the accompanying "drawings, in ‘which

Fig. 1 shows schematically a fuel nozzle in accoid-
ance with the invention ‘as applied to the com-
bustor of a gas turbine power plant, the power
plant being 'more specifically deseribed in the. co-
pending application of Alan Howard, Chester S.
Rice-and Bruce: O. Buckland, Serial No. 754,002,
filed June” 11, 1947, and assigned to. the -same
assignee-as the present application; Fig. 2 is a
detail view in’ section of the fuel nozzle itssif:
Fig. 3 is'a plan view partly in seetion of one'of
the elements of the nozzle taken at the plane 3—3
in Fig. 2; Fig. 4 is a plan view of another element:
of the nozzle taken at the plane 4—4 in' Fig, 2;
Fig. 5 is-a séctional view of a modified nozzle in-
corporating the invention; and Fig. 6 is' a sec-
tional'view of a still further modification.

In carryirg the invention into practice; a vortex
type-liquid spray nozzle is provided with a central
“pintle” cooperating with the conical sheet of
liquid produced: by the liquid-spray orifice to de-
fine an-annular atomizing gas orifice so that'a
shéath' of high-velocity gas is brought into inti-
mate contact with the conical sheet of liguid, the
rapid-acceleration of the gas at this point serving
to vigorously disriipt the sheet of liguid'and start:
the atomization process. In one form of the in-
vention, the gas sheath is provided at only one
side: of the liquid sheet, ‘while: in* another form
an atomizing gas sheath is brought into' contact
with both sides of the liquid cone.

Referring now more particularly to Fig. 1, the
fuel nozzle indicated generally at I is shown stip-
ported-on a suitable mounting pad in the outer
wall 2.of a gas'turbine combustor having a suit-
able compressor; for instance, a multi-stage axial
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flow compressor, a part of which is shown at 3,
arranged to supply air to the combustor through
a transition passage 4. The combustion space is
defined by an inner liner 5 consisting of a plural-
ity of telescoping sections having suitable air
inlet openings for the admission of combustion
air to the reaction space within liner 5 from the
air supply space or plenum chamber 6 defined
between the outer housing 2 and liner 5. The
mechanical details of the combustor are more
particularly described in the above-mentioned
application of Howard-Rice-Buckland, and the
theory of operation and arrangement of the air
inlet holes of the combustor are disclosed in the
copending application of Anthony J. Nerad, Serial
No. 750,015, filed May 23, 1947, and assigned to
the same assignee as the present application. It
will be seen that the nozzle { is arranged to pro-
duce a spray pattern in the form of a hollow cone
T coaxial with the liner 5. It will also be ob-
served that the igniting device, which may be
in the form of a spark plug 8, is so mounted that
the spark gap defined by the electrodes lies sub-
stantially in the spray cone 1 so that a suitable
fuel air mixture will be delivered to the spark gap
during the starting cycle.

Fuel is supplied to the nozzle 1, there being, of
course, one nozzle for each of the multiple com-
bustors in a gas turbine power plant, from either

a main oil tank 9 or a starting oil tank 10 by :

means of a manually controlled selector valve 1.
This arrangement is advantageous because of the
difficulty of heating heavy fuel oils, such as bunker
C, to make them fluid enough to be atomized
properly during the starting process.
this difficulty, the power plant is started on diesel
oil with the valve 11 in the starting position in-
dicated in the drawing. Afiter combustion is in-
itiated, the valve can be thrown to the running
position in which heavy fuel oil is supplied from
the main tank 9. The supply of the fuels to the
nozzle is effected by means of a suitable pump
12 which may be driven by a suitable power take-
off (not shown) from the main turbine shaft
which drives the compressor 3.

The atomizing air for the nozzle is supplied in
the following manner. In the outer wall of the
transition passage 4 are a plurality of circum-
ferentially spaced ouflets 4a¢ communicating with

an annular manifold 13 to which comparatively ;

hot air compressed by the compressor 3 is bled.
Air from manifold I3 is led by a conduit 14 fo a
suitable cooler 15, through which may be circu-
lated cooling air, cooling water, or even the fuel
on its way to the nozzle, in which case the heat
of compression extracted in the cooler 15 is uti-
lized to render the heavy fuel oil fluid enough
to be properly sprayed by the nozzle. From cooler
I8 the atomizing air goes by way of conduit (6
to an auxiliary atomizing air compressor, shown
in the drawing as being a two-stage centrifugal
compressor which may also be driven from the
main turbine rotor. The compressor delivers the
air at a pressure suitable for atomizing use in the
nozzle |. As will also be seen in Fig. 1, conduit
18 delivers air from compressor {7 to an annular
manifold 19 connected by suitable branch con-
duits 20 to the respective fuel nozzles. Since the
atomizing air delivered to the nozzle is at a pres-
sure in the neighborhood of 135 pounds per square
inch absolute, the cooler #5 is required in order
to limit the air temperature to a value which can
be conveniently handled by the compressor and
which will not be so high as to result in disso-
ciation or “cracking” of the fuel ¢il in the nozzle.

In view of :

4
Referring now to the mechanical details of the
nozzle proper, it will be seen in Fig. 2 that the

" nozzle comprises an outer housing or casing 21,
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which may consist of a supporting post 21a, to
which is welded a cylindrical nozzle casing 21b
having its axis coaxial with the axis of the com-
bustor. The supporting post 2la is provided with
an axial drilled hole 22 for the oil supply and a
larger parallel passage 23 for the air supply.

The nozzle casing 21b is provided with a central
recess comprising an end bore 24 and a main
cylindrical recess 25, the latter being threaded at
its forward open end to receive the end cap 26.
Cap 26 has at its forward end a radially inwardly
extending flange 26a and a plurality of circum-
ferentially spaced axially projecting “ears” 21
for protecting the pintle (described hereinafter)
from mechanical damage. .

Within the nozzle casing 2{b is an inner nozzle
body member 28 located in the recess 25 and hav-
ing at one end a radially extending flange 29
defining a circumferential groove in which is
located a compressible packing ring 39 adapted
to prevent leakage of fluid from passage 22 to
23, or vice versa. The mid-portion of inner noz-
zle body 28 is of roughly conical configuration
and defines a circumiferential groove 31 enclosed
by a fine mesh screen 32 which serves as a strainer
for the air entering through passage 23. As will
be apparent from Fig. 2, this strainer screen 32
is supported on circumferential shoulders of the
inner body 28 and may be secured in place by
means of circumferential clamping wires shown
at 33, 34 or any other suitable equivalent means.
The forward portion of the inner nozzle body 28
forms a circumferential flange 35 having periph-
eral portions engaging the central bore in the end
cap 26. End portion 35 is also provided with a
plurality of axially extending grooves 36, the
function of which will be seen hereinafter.

The central portion of inner body 28 defines an
axial bore in which is received a pintle support
sleeve 371 which is pressed, shrunk or otherwise
suitably secured in the body 28. The left-hand
end of the pintle support sleeve 37 is provided
with a radially extending flange 38 adapted to
support a cylindrical strainer screen 39, the other
end of which is received on a cylindrical shoulder
of the inner nozzle body 28. Strainer screen 39
may be retained in place by means of clamping
wires 40. It will also be apparent that the strainer
39 may be made as an integral cylinder and as-
sembled between the pintle support sleeve 37 and
the inner body 28 at the time the two are pressed
together. It will now be apparent that oil from
the inlet passage 22 flows through the screen 39
into the annular chamber 4! defined within the
screen, whence it flows through a plurality of
circumferentially spaced drilled holes 42 extend-
ing longitudinally through the inner body 28. It
will also be seen in Fig. 2 that the forward end
of the drilled holes 42 are connected by an an-
nular groove 43 machined in the end face of inner
body 28.

The purpose of the slesve 37 is to adjustably
support a central pintle 44 having a portion
snugly fitting the bore of support sleeve 37 and
an end portion threaded at 45 to receive a lock
nut 46 which is in turn held by a suitable lock
washer 41, It will also be noted that the end
45 of pintle 44 is threadedly received in the end
portion 38a of sleeve 31. With this arrangement
the pintle 44 may be adjusted axially a limited
amount by turning the pintle so that it moves
longitudinally in the bore 38a. The nut 46 and
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lock:washer: 4T: then serve-to:hold the pintle in -

its 'desired : adjusted::position. The purpose:of

this: adjustment will. ‘be noted _hereinafter.
will. be: seen: in:Fig.:2, the forward-end of the

pintle ;support: sleeve: 3T. projects.into a,_central ..

bore 48 :0f body. 28, which bore forms.an. air sup-
ply: chamber:connected by g plurality of circum-

ferentially - spaced,: radially .extending passages.
The extreme -
forward-end of:pintle 44 carries an-end disk 44a.:

49: with ‘the:annular .chamber :31.

Between.the :inner body 28, and the end cap

flange 26a-is- a series -of. three disk members 59,

51,52, the arrangement and function of which

will: ‘now- be ‘considered. The-metering  disk-50 :

is-seenvin-cross-section in- Fig. 2:and:in-plan in
Fig: 4. - At its:extreme-outer periphery it is-pro-

vided with a plurality-of circumferentially spaced. :

square slots §3.adapted to communicate with the
axial grooves-36 by way of the:annular ‘groove
36a-machined in:the- outer-circumferential: por-.
tion- of - -inner ‘bodyend portion:35. It will be
apparent: from:'Fig. 2 that the groeves 53 com-
munieate with‘the  annular chamber defined be-
tween the end cap 26 and the outer circumference
of ‘the disk-member- 51." It should be particularly
noted-that the grooves 53 have an-aggregate cross
section-or-effective ‘area  which' presents-a sub-

. As
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stantial- restriction- to--the “flow “of- air there--

through. In other words, grooves 53 constitite

metering orifices-for limiting-the rate of flow"

of air;: as-pointed- out: more- particularly herein-
after. - ‘Spaced inwardly from the grooves: 53 is
3 circumferential fow of drilled holes 54 arranged

30:

to ecommunicate with the annular-groove 43 in -

the end-face of ‘hody:28. At the-center-of disk

50- is -a ~circular- -orifice “65 -having a smoothly
rounded entrance and cooperating with the adja-
cent portion-of-the pintle 44 to-define & restricted
annular-orifice which likewise meters-the flow of
air-from the chamber: 48.

The secorid ‘disk member 51-is'shown-in section
in Fig. 2 and-in plan view in Fig: 3. " It'comprises

an annular-rearward-portion-having-an annular -

groove 56 adapted to.communicate with the trans-
verse-holes 54 in-metering plate 50: The forward

35:

40:

45

portion-of-plate -§1 ‘defines -a-radially- inwardly

extending-portion - forming a -liquid “spray “dis-
charge orifice’51.” The rearward annular portion

of plate 5t and: the inwardly-extending forward

portion-with the conical forward surface 58 co-
operate-with the adjacent surface of meter plate

50 to form'the “vortex whirl chamber” from which’

the liquid~fuel* is; discharged through orifice 571.

The rearward-surface of disk'member §I is pro-

vided- with’ a -plurality- of tangentially -arranged

the present-case which communicate between the
annular supply-groove §6 and the whirl chamber.:
It will-be appreciated by those skilled in the art
that- these -grooves-59 are metering -orifices or
nozzles:for delivering liquid-into the whirl cham-
ber-at high' tangential:velocity' so' as ‘to produce
a strong vortex ‘whirl therein.

The forward portion of disk member 51 is pro-
vided-with radially-and: axially extending ‘drilled
holes 60, one: of-which:is. shown in the-cutaway

50

65
grooves 59, there ‘being four-of these grooves-in -

60

65"

sectional* portion of Fig. 3.- In the present case

there are-sixteeri‘of: these-holes-equally spaced
circumferentfally. It ‘should" be - observed that
these holes: 60 are not in
metering orificés-or nozz
erously-proportioned-p.
air with a-minimum pre!
chamber-defined between:-the nozzlé tip-plate-52
and:the:pintle:idisk 44a. . ’ :

but are metely ged~
e$- for- delivering the

ided to berestricted-

70

re drop to the annular:-

25 7 5

-Aswill be:readily.. apparent from-Pig. 2 the.:
nozzle:tip: plate 52 is a.simple circular. disk defin-
ing.:a :central. recess: 52¢ and: having anouter:-
circumferential: portion '52b  defining:.a rabbet:

fit: for:loeating the tip plate 52: relative to-the. -

disk 'member:51. 'The -outer -circumference of.
tip:plate 52 is also.provided with a beveled con-.
ical:surface adapted to be.engaged by the Hange -
26a:of the end cap.26.

The:disk. member. 51 and nozzle tip plate. 52f
are-illustrated as being formed separately:merely -
for-manufacturing convenience; . Those skilled in
the.art will appreciate that they can be formed
integral, or fabricated separately and brazed.or .

:welded together to form-a “nozzle tip member.”

The: method ‘of assembly and:relation of ‘the -
parts: will-now:be obvious.. The pintle: support
sleeve 31 is pressed into.place in the inner.body
28 with the screen 39 in assembled relation-after
which: the:disk members 50, 51, 52 may be placed .
adjacent: the inner-body" 28 and the: pintle- 44
thireaded into the support sleeve 31. The axial.
adjustment of the pintle 44 in the sleeve. 83T pro-
vides-a ready means for adjusting the effective
width of the annular orifice 6! defined between .
the pintle end disk 43¢ and the adjacent. portion
of tip'member 52. With the lock nut 46 and lock
washer ‘47 secured so -as to hold the pintle in.
desired: axial position, the entire  assembly :may:
be -positionéd . in - the nozzle housing 21b and
the end cap 26 assembled so as to-clamp: mem-
bers 52, 51, 50, 28 and sealing ring’ 30 into tight.
engagement with one another. The assembly now
provides-an oil passage from the inlet 22 by way -

‘of chamber 24, filter screen 39, annular chamber:

41, drilled holes 42, annular groove 43, drilled
holes 54,.annular groove 58, orifice slots 59. into
the whirl chamber 5ia.

The vortex whirl created in chamber 51a by the
nozzles 59 leaves an annular air passage between -
the pintle 44 and the whirling body of oil. Ato-
mizing air is supplied to this “air core” in the
whirl chamber by way of the metering orific' 55
and the communicating passages 48, 49, cham-
ber 31, filter screen 32 and annular air supply
space 25. Atomizing air from space 25 also passes
through- filter screen 32, chamber 3(, the axial
grooves 38, annular groove 38q, axial grooves 53
in metering .plate 56, thence through the 1ad1al
air supply holes 60.

In operation the whirling body of oil in the *
vortex-chamber spills continuously- in-a smooth
uniform conical sheet-over the edge of the dis-
charge orifice' 57. This liquid tends to leave
the discharge orifice 57 in'the form of a hollow -
conical sheet having a substantially fixed vertex:
angle, the value of which depends on the diam-
eter -of ‘the orifice, the velocities in the ‘whirl -
chamber, the viscosity of the liquid, and numer-
ous other factors with which those skilled in the
art-are thoroughly acquainted. ' It need:only: be )
noted here that, by well-known principles, the.-

.sizes’ 6f the orifices, nozzles and whirl chamber °

may‘ be: so-designed’ that: the spray pattern 1~
emerging from- orifice " 57 will“have -4 known' .
desired - vertex- -angle,” known as-the  "intrinsic:
angle’ of ‘the whirl chamber. In accordance:
with ' the -invention, . the design -of the:liquid -
discharging nozzle-57-is so related to the location

-and size of the annular-orifice 61 that the conieal :

liquid  sheet To- will normally- be directed ' sub=
stantially- at. the middle-of annular- orifice- 61.
It*may-be noted that the “cone-angle” of-the
atomized spray-Te-emerging from-orifice 6 I-need:
not-be-the-same as-the' “intrinsic-angle”-ofthe
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vortex whirl chamber 5la. By properly propor-
tioning the annular orifice 61 so that it is longer
(in the direction of flow) than it is wide, the angle

of spray cone Ta emerging from orifice 61 may -

be made to conform to the direction of the orifice

_81. Thus, a single set of nozzle parts forming
the vortex whirl chamber can be utilized to
provide a range of various ultimate discharge
angles, simply by substituting a tip plate 52 and
pintle 44a forming an orifice 61 of the proper
shape and direction.. In other words, the basic
nozzle parts are designed so the whirl chamber
5{a produces a spray cone Tb which intersects
the entrance to orifice.61, while the shape and
direction of orifice 6i determine the final cone
angle of spray pattern Ta, the two air streams 62,
63 serving to prevent the spray from contactmg
the surfaces of orifice 61.:

It may also be noted that the final splay cone
angle may be altered somewhat by changing the
size of the annulus 61 relative to the-size.of the
“free” spray cone 1b produced by the whirl cham-
ber 5la. If annular orifice 61 is smaller than the
“free” spray pattern at the location of the orifice
61, then the final.cone angle of spray pattern 1a
will be decreased. Conversely, making orifice 61
larger than the “free” spray results in an increase
in the final spray-angle. There is & substantial
annular air passage on either side of the sheet of
liquid 7. Thus, with the conical sheet of liquid
1b passing through the orifice 61, as shown in Fig.
2, there are provided two separate paths for
atomizing air, one indicated by the fiow arrows
62 on the outside of the cone of liquid, the other
being indicated By arrow 63 on the inside of the
liquid cone. It will be observed that while there
is a substantial pressure drop across the metering
orifices formed by the grooves 53 and the central
metering orifice 55 in meter plate 58, there is
also a -substantial further drop in pressure of
the atomizing air across the annular orifice 61.
This pressure drop, of course, produces a very
substantial increase in velocity of the air flowing
through orifice 61 on either side of the liquid cone.
Thus, the cone of liquid in which the particles
move at substantially uniform velocity after
leaving the discharge orifice 571 is surrounded
both inside and out by a stream of air which is
being rapidly:a‘ccelerated as it passes through the
orifice 61. This increase. in relative velocity of
the air and oil produ0°s = ve1y strong “shearing”
effect.on the oil particles, and this shearing effect
has a. powerful tendency to break up the solid
cone of: liquid into discrete atomized particles.
Thus, it will be seen that the air and oil are
brought together at a point where the velocity of
the atomizing air-is highest. For this reason, and
in view of the acceleration of the air through
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55

the orifice 61, there is a maximum “tearing effect”

produced by the air on the sheet of liquid.

The spray pattern Tb is prevented from col-
lecting on the surfaces of orificé 61 and-is main-
tained substantially centered in the orifice in the
following manner, As mdicated above, the in-
herent design- character_xsﬁgs of  the liquid dis-
charging parts of the nozzle determine the in-

60

8"
plate 52 is decreased and the flow of air as indi-
cated by the arrow 62 is decreased. The result
of this is that the static pressure of the atomizing
air tends to build up in the passages 60 and the
annular space defined between the conical sheet
of liquid 7 and the adjacent portions of tip plate .
52. At the same time, the correspondingly in-
creased passage for the flow of air indicated by
arrow 63 results in a decreased static pressure
between the conical sheet of liquid and the pintle
end disk 44a. Thus, there is established across
the conical sheet a static pressure differential in
a direction to force the cone of liquid inwardly
to its original position. The converse action takes
place if the conical sheet should tend to collapse
so as to decrease the cone angle. Thus, it will be
seen that the two streams of air on the inside and
outside of the conical sheet of liquid have a very
definite stabilizing action tending to maintain the
conical sheet of liquid substantially in the center
of the annular orifice 64. It has been found that
this arrangement produces a uniformly finely
divided spray, with a substantially constant spray
angle.

It will be apprecmted that there are a number -
of design factors which must be carefully watched
in the construction of a nozzle in accordance with
the invention. In the first place, the air supply"
passages are generously proportioned so that the
pressure of air supplied to the metering grooves
53 and the central metering orifice 55 in meter-
plate 50 is approximately the same. Likewise the -
air passages in the disk member 51 are generously
proportioned so that the pressure of the air sup-
plied to the upstream side of annular orifice 61
on either side of the liquid sheet is equivalent to
that existing at the downstream sides of the
orifices 53, 55. Then the rate of air flow to the
opposite sides of the liquid sheet may be ac- -
curately controlled by careful design of the ef- .
fective size of the orifices 53, 55. These sizes may
be so selected that an equal rate of flow of air to
the inside and outside of the conical. sheet of
liquid is provided. The result of this arrange-
ment is that the static pressure inside and out-
side the liquid cone 7 at the upstream side of -
orifice 61 is equalized, as is also the rate of flow
of air indicated by arrows 62, 63 through the -
orifice 61. If, for some reason, the rate of air
flow to the inside and outside of the liquid cone
should become unbalanced, the result will merely
be that the cone will not be maintained exactly
in the center of the annular orifice 61, but will be
maintained stable in some equilibrium position
with the air paths 62, 63 of unequal size corre---
sponding to the unequal rates of flow. The
stabilizing effect of the two streams of air on the -
cone angle will be the same -as described above.-
It is desirable that the rates of flow in the two -
streams of air be equal so that the liquid cone will
be centered approximately in the orifice 61. ,

“With respect to the pressures existing in this

- improved nozzle, it may be noted that the com- .

85.

trinsic angle of the spray, which will tend to .

deviate somewhat from the desired design value
in various parts of the range of operation. As-
sume, for instance, that the conical sheet should
tend to deflect outwardly so that the cone angle
increases, with the result that the sheet ap-
proaches closer to the perimeter of the orifice in
tip plate 52. The result is that the size of the
air passage between the conical sheet and tip

70

(]

bustion chamber pressure will, during operation,
vary from zero to a value in the neighborhood of
70 pounds per -square inch gage. Since the

atomizing air compressor 17 is driven from the. = -
main turbine rotor,-the atomizing air pressure -

will likewise vary with speed of the power plant,
the maximum air supply pressure being in the
neighborhood of 140 pounds per square inch; The
orifices in the metering plate 50 are so designed
that the atomizing air pressure ratio across the
whole nozzle can vary in a wide range up to 2 -
or more. During starting, the atomizing air pres-



2,505,759

-9
sure ratio isusually about-1.05, while the air pres-
sure ratio-during running-is.about 1.6.  The pres-
- sure drop-through-metering- orifices ‘53, 55 isin
the neighborhood of 7 per cent of the total -pres-

. ‘sure drop across the nozzle.
The-oil.nozzles formed by the slots 59 in disk
. member 51 are designed. to give liquid velocities
. in the whirl chamber sufficiently high to produce
good -symmetrical distribution  of liquid. in the
spray cone at the lowest desired operating speed.
Also, the diameter of the air metering orifice 55
is somewhat less than that of the oil discharge
orifice 57, the difference.being sufficiently. great

that there will be no tendeney for oil in.the whirl’

chamber to spill over the edge of the orifice §5
into the air supply.chamber 48.

Representative. values of the. more .critical
dimensions.of .a.sample -nozzle are.as follows:

Table of dimensions of . a:representative: nozzle

‘[For delivering maximum- flow-of 90 gal./hr. at oil supply
pressure-of 450 1b./in:3:and air:pressure of:1201h./in.?]

Inches
Orifice 55, diameter .. __________________ 30
Pintle 44 at orifice ‘55, diameter _________ 156
Vortex chamber 5i¢, max. diameter _____ 875
Orifice 51, diameter ___.__ .. __________ 375
Pintle -end disk’ 44a, diameter ___________ 5
Width of annular orifice 64 —.___.________ 036

Oil-nozzle slots 59, square cross section with
each side o _ 031

In starting the power plant of Fig. 1, the main
turbine rotor is turned over by means of a suit-
able starting motor with the fuel selector valve
in the starting position so that diesel oil is.sup-
plied . from tank . 10. to the nozzles. At -low
speeds, the auxiliary.atomizing  air:compressor
supplies comparatively low-pressure air, but. the
inherent nozzle design will insure sufficiently

good and even distribution of particles in .the

liquid spray cone to fire.the. power plant at oil
supply pressures-as low.as perhaps 3.pounds.per
square inch. At a-speed of about 10 per-cent.of
full rated speed, the igniting:device 8§ is -ener-

gized and combustion begins. - As.the speed in~-

creases, the pressure of the atomizing. air. in-
creases, and, of course, the. discharge- pressure
of the fuel pump increases correspondingly. At
idling speed, which may be.approximately -70

per cent of the full rated speed, the fuel selector -

valve may be switched so that heavy fuel. oil is
supplied from the main tank 9.

With. this improved. fuel nozzle,.the use of
the. vortex type: of liquid spray..nozzle: insures

—.an..even. circumferential . distribution. of the-

liquid. . The. use of an.auxiliary.-atomizing -gas
insures good atomization. of heavy liquid-fuels,
and - the novel arrangement . of - the atomizing
air on both the .inside and outside of the spray

cone pattern serves to give. still better :atomiza--

tion and. at. the same time- provides:the -novel
stabilizing effect .on the.‘cone angle.- Thus the
invention ~achieves . a - particularly :effective- ar-
rangement. for: spraying -heavy: fuel. oils: -with

satisfactory  operation over:an-extremely wide"

operating range,-.as: required ' in .gas ‘turbine
_ power plants.

While :a :preferred. form of the invention. has
been described -above in- connection with Figs.
1-4, it should be-understood -that many modifi-
cations. are  possible, including: the following:
Fig. 5 illustrates.an arrangement-in: which-the
atomizing alr is supplied:-only to the -outer sur-
face of: the fuel spray cone. ~In the construction
shown, the-nozzle body 16 defines a:central bore

<t
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T1..forming the.oil. supply passage, a plurality
of -circumferentialy -spaced -air supply passages
72:.and a-thread at 13 on.the outer surface for

~receiving.the end cap T4. Secured between end

cap- 14-and body -10-are-a nozzle tip -member .15
and an: intermediate member T6.

Member .19 -defines -a' central liquid discharge
orifice- 77, &' cylindrical recess .18 -forming- the
vortex ' whirl .chamber, the -0il--nozzle slots 719
and .an annular oil supply -passage-89. -As will
be apparent. from the drawing, member- 15 has
an - axially -extending portien - T5¢ surrounding
the outer.circumference of -member: 16 -so- that -
the two -are held in- proper:coaxial relation.

- The forward surface:of the -nogzle tip member
75 is.provided -with -axially rextending ribs-15b
which: cooperate with the .adjacent conical sur-
face of .cap 74 to. provide.axially -and radially
inwardly. extending. air :supply passages.

The intermediate member -71§-defines a plural-
ity of -circumferentially: spaced -drilled holes 81
through -which oil passes from: the supply bore

- 11 .to the nozzle slot supply - groove 80. Mem-
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ker 16 has a threaded portion 76a engaging an
axial extension 10a of the nozzle body. The end
portion .18a also includes- a .radially ‘extending
flange having. a -conical sealing surfaces .at T6b
engaging a similar conical surface formed in
the nozzle body 10.

A plurality -of -axially extending -openings 76c
convey air from the supply passage 72 to the an-
nular chamber formed between the end-cap 14
and the outer surface:of nozzle tip member 715.

From the. above description:of the structure,
it will be apparent that air is-supplied through
the passages. 12, 16¢c -and 15b: to the annular

space--surrounding the nozzle spray. orifice 117,

the air leaving .in:the manner . .indicated by the
arrow -Tc through the small annular - space de-
fined between the-spray cone T -and the:adjacent
perimeter of the central -orifice in nozzle cap 14.
Here -again it will ke apparent that any:tend-
ency of the spray cone T to open up -so-as to in-
crease the cone.angle and bring the spray pat-
tern nearer- to the. annular: edge of -the nozzle
cap 14 will' result in. an increase in .static pres-
sure.fo the-atomizing-air, tending to deflect the
cone back to its original condition so as to main-
tain substantially constant the size of the an-
nular air .gap -surrocunding -the .spray - pattern.
Here, of -course, there is no. corresponding tend-
ency to prevent: decrease of -the spray - cone
angle; as .was.described in connection -with Fig.
2. With..some .nozzles; and.for some. applica-
tions,. this type. of nozzle may ke -adequate since
it obtains the same symmetrical distribution of
the- liquid spray with good. atomization and a
substantially stable.spray cone angle.

The -converse arrangement, in-which atomiz-
ing air is supplied-only to-the inside cf the spray
cone is illustrated -in Fig. 6.- Here :the nozzle

-hody 85 has at 'one 'end :a ‘central opening de-

fined by a radially inwardly-extending flange
85c¢.  The other end.cof the central bore through
the nozzle:body:is iclosed by a threaded plug 84.
The nozzle body -85 also defines a first bore por-
tion 87 forming an annular air inlet passage
and a second -bore portion 88 forming the oil
inlet.

Within- the bore -portion 87 is a casing mem-
ber .89 defining a: central air supply chamber 99
with a:plurality of circumferentially spaced holes

81, _The left-hand end of the central recess 90
~is threaded to receive an end cap  $2 which may

have a hexagonal socket at 83 for inserting a
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hexagonal wrench for assembly purposes. A
suitable air strainer screen 94 may be formed as
an integral cylinder supported on shoulders
formed on the member 89 and the end cap 92,
respectively. It will be apparent that this screen
may be assembled on member 89 and the end
cap member 92 then threaded into place. The
right-hand end of the inner casing member 89
forms a rather thin annular extension 95 having
a conical sealing surface for engaging a similar
cooperating surface on the adjacent end of the
second inner casing member 96. Member 86 has
a central bore receiving the pintle 97 and is
threaded at 98 so that the pintle may be adjusted
longitudinally as described above in connection
with Fig. 2. The lock nut 99 and lock washer 100
are similarly arranged and perform the same
functions as the corresponding elements 46, 47
in Fig. 2. The second inner casing member 96
also defines a plurality of circumferentially
spaced axially extending drilled holes 16§ com-
municating with a passage 102 formed in the end
wall of casing member 96. The outer circum-
ference of casing 96 is recessed to form an an-
nular oil supply passage {03 enclosed by a strainer
screen 104 in a manner which will be apparent
from the drawing. - From the supply space 103,
oil is carried by a plurality of drilled holes 185
to an annular oil nozzle slot supply ¢chamber 186
defined between the end of casing 96, the end cap
85, and the outer circumference of the nozzle tip
member 107. Oil is supplied through the four
tangential nozzle slots 108 to the whirl chamber
defined in the tip member (07 and the adjacent
end face of the inner casing member 95. Here
the pintle 97 is provided with an end disk 97a
which defines an annular orifice 107¢ with the
adjacent circumference of the nozzle tip mem-
ber (8T in the same manner described in connec-
tion with Fig. 2. 'The difference is that oil from
the whirl chamber spills over the edge of the noz-
zle tip member through the annular orifice i87a,
atomizing air being supplied through the pas-
sages 81, 99, 101, 102, to the air core within the
vortex chamber, thence between the inner sur-
face of the spray cone and the adjacent surface
of the pintle and disk 87«, as indicated by ar-
row 10Tb.

This arrangement also provides good atomiza-
tion of heavy fuel oils with the desired even dis-
tribution of oil symmetrically about the axis of
the nozzle, while maintaining a substantially
stable cone angle. The modifications of Figs. 5
and 6 may have some advantages over the struc-
ture of Fig. 2 from the standpoint of mechanical
complexity.

It will be apparent to those skilled in the art
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fice of substantially larger diameter than and co-
axial with the first and spaced axially forward
therefrom, the second orifice surrounding the
normal spray pattern from the first orifice and
defining a restricted annular passage there-
with, a central pintle supported on the nozzle
body and having an end disk member disposed
within the spray pattern, the circumference of
said disk forming a restricted annular passage
with the inner surface of the normal spray cone
pattern, said second discharge orifice and pintle
end disk defining an annular gas and ligquid dis-
charge orifice spaced axially forward and radially
outward from said first orifice, and walls defin-
ing passages for supplying an atomizing gas un-
der pressure to both the inside and the outside
of the spray cone pattern so that a conical sheet
of atomizing gas flows through said annular ori-
fice on both sides of the spray cone.

2. In a liquid spray nozzle of the type employ-
ing an auxiliary gas to facilitate atomization, the
combination of a nozzle body having walls defin~
ing a vortex whirl chamber with a first central

- circular discharge orifice, walls defining passages
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that an-almost infinite number of mechanical -

modifications may be made in the three types of
nozzles illustrated herein, and we desire to cover
by the appended claims all such changes and
modifications as fall within the true spirit and
scope of the invention.

What we claim as new and desire to secure by
Letters Patent of the United States is:

‘1. In a liquid spray nozzle of the type employ-
ing an auxiliary gas to facilitate atomization, the
combination of a nozzle body having walls defin-
ing a vortex whirl chamber with a first central
circular discharge orifice, walls defining passages
for supplying liguid at high tangential velocities
to the outer circumferential portion of the whirl
chamber whereby liquid is discharged from said
orifice with a spray pattern in the form of a hol-

low cone, walls defining a second discharge ori--
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for supplying liquid at high tangential velocities
to the outer circumiferential portion of the whirl
chamber whereby liquid is discharged from said
orifice with a spray pattern in the form of a
hollow cone, walls defining a second discharge
orifice of substantially larger diameter than and
coaxial with the first and spaced axially forward
therefrom, the second orifice surrounding the
normal spray pattern from the first orifice and
defining therewith a restricted annular passage,
a central pintle supported on the nozzle body and
having an end disk member disposed inside the
spray pattern, the circumference of said disk
forming a restricted annular passage with the
inner surface of the normal spray cone, said sec-
ohd discharge orifice and pintle end disk defin-
ing an annular gas and liquid discharge orifice
spaced axially forward and radially outward from
said first orifice, walls defining passages for sup-
plying an atomizing gas under pressure to both
the inside and the outside of the spray cone pat-
tern so that a conical sheet of atomizing gas flows
through said annular orifice on both sides of the
spray cone, and means defining a metering ori-
fice associated with at least one of said air sup-
ply passages for equalizing the rate of flow of
atomizing air to the inside and outside of the
spray cone pattern,

3. In a wide-range atomizing nozzle for spray-
ing viscous liquids, the combination of a nozzle
support member having a liquid inlet passage and
an atomizing gas inlet passage, a body secured
to the support member and having a central
longitudinal bore of circular cross section includ-
ing a first end portion communicating with the
liquid inlet passage and an intermediate portion
communicating with the gas inlet passage, a nog-
zle end cap of circular cross section threadedly
engaging the nozzle body to define a forward con-
tinuation of the central recess in the nozzle body,
a first inner nozzle body member of circular cross
section located in said intermediate recess and
having a central bore supporting a sleeve mem-
ber with an end portion projecting into said first
bore portion, said projecting sleeve end portion
having a radially extending flange, a cylindrical
filter screen member supported at one end on
said end flange and at the other end on a circum-
ferential shoulder formed on the adjacent end
portion of said inner nozzle body, a central pintle
member having a stem portion supported in said
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sleeve with a threaded end portion projecting
from the sleeve and having at the other end a
pintle end disk member axially spaced from said
sleeve, the threaded end of the pintle stem being
threadedly received in said sleeve whereby the
pintle may be adjusted axially, lock nut means
engaging the projecting end of said threaded
pintle stem for securing the pintle in a desired
axially adjusted position, a circular metering
plate member supported in said end cap and
abutting the end face of the inner nozzle body
member, said metering plate defining a first cen-
tral circular orifice of larger diameter than the
pintle stem so as to define therewith a restricted
annular metering orifice, the metering plate hav-
ing also a circumferential row of axia] passages
of restricted cross-section area forming second
metering orifices, and a circular nozzle tip mem-
ber located within the end cap, the end cap hav-
ing a radially inwardly extending flange clamp-
ing said nozzle tip member in abutting relation
with the forward face of said metering disk mem-
ber, said nozzle tip member forming a cylindrieal
vortex whirl chamber coaxial with the pintle stem
and a third circular liquid discharge orifice form-
ing an annular passage with the pintle stem, said
nozzle tip member also defining a fourth coaxial
discharge orifice of g substantially larger diame-
ter than said third orifice and spaced axially
away therefrom, the circumference of the pintle
end disk being adjacent and cooperating with
said fourth orifice to form a restricted annular
discharge passage of a width which is adjustable
by axial adjustment of the pintle member, the
inner nozzle body member, metering plate and
nozzle tip member cooperating to define passages
for supplying liquid from the annular chamber
defined between said first filter screen and the
bintle support sleeve to the outer circumferential
portion of said vortex whirl champer with high
tangential velocity component whereby a strong
vortex whirl of liquid is created, the inner nozzle
body member, metering plate and nozzle tip
member defining passages for supplying atomiz-
ing gas from said inlet passage to the annular
spaces formed at either side of the normal spray
pattern by the pintle end disc and fourth ori-
fice respectively, the restricted gas bassages in
said metering plate being of such a size as to
supply gas substantially uniformly to both sides
of the spray cone, whereby the atomizing gas
flows through the annular discharge orifice on
both sides of the normal spray cone pattern so
that the gas and liquid are brought into close
contact where the gas acceleration and velocity
are a maximum,

4. In a wide range atomizing nozzle for spray-
ing viscous liquids, the combination of a nozzle
body member with a liquid inlet port adjacent
the rearward end thereof and a gas inlet port in
an intermediate portion thereof, said body defin-
ing a central longitudinal bore of circular Cross
section including a first rearward end portion

communicating with said liquid inlet port and.

an intermediate portion communicating with said
gas inlet port, a nozzle end cap of circular eross
section secured to the forward part of the noz-
zle body to define a forward continuation of the
central recess in the nozzle body, a first inner
nozzle body member of circular cross section 1o-
cated in said intermediate recess and having a
central bore, a central pintle member having a
stem portion adjustably secured in the bore of
said inner nozzle body member and having at the
forward end thereof a pintle end disk member,
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a circular metering plate member supported in
said end cap and abutting the forward end face
of the inner nozzle body member, said metering
plate defining a first central circular orifice of
larger diameter than the pintle stem so as to de-
fine therewith a restricted annular metering ori-
fice, the metering plate having also a circumfer-
ential row of axial passages of restricted cross-
section area forming second metering orifices,

7 and a circular nozzle tip member located within

the end cap, the end cap having a radially in-
wardly extending flange clamping said nozzle tip
member in abutting relation with the forward
face of said metering disk member, said nozzle tip
member forming a cylindrical vortex whirl cham-
ber coaxial with the pintle stem and a third ori-
fice forming an annular liquid discharge open-
ing with the pintle stem, the outer diameter of
said vortex whirl chamber being substantially
greater than the diameter of said third orifice
and said third being at least slightly greater
in diameter than said first orifice, said nozzle
tip member also defining a fourth ceaxial dis-
charge orifice of g substantially greater diameter
than said third orifice and spaced axially forward
therefrom, the circumference of the pintle end
disk being adjacent and cooperating with said
fourth orifice to form a restricted annular dis-
charge passage of a width which is adjustable by
axial adjustment of the pintle member, the inner
nozzle body member, metering plate, and nozzle
tip member cooperating to define passages for
supplying liquid from the liquid inlet port in the
body to the outer circumferential portion of said
vortex whirl chamber with a high tangential ve-
locity component whereby a strong vortex whirl
of liquid is created having an air core of a diame-
ter greater than said first orifice and less than
that of said third orifice, the inner nozzle body
member, metering plate, and nozzle tip member
defining passages for supplying atomizing gas
from the gas inlet port to the annular spaces
formed at either side of the normal spray pat-
tern formed by said third orifice, the orifices in
said metering plate being of such size as to sup-
ply gas substantially uniformly to both sides of
the liquid spray cone, whereby atomizing gas
flows through the snnular discharge orifice on
both sides of the normal liquid spray cone pat-
tern so that gas and liquid are brought into close
contact at the point where gas acceleration and
velocity are a maximum.

BRUCE O. BUCKLAND.
DONALD C. BERKEY.
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