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UNITED STATES PATENT OFFICE. 
JoHN ISAAC THORNYCROFT, OF CHISWICK, ENGLAND. 

SPRAYING APPARATUS. 

957,014. Specification of Letters Patent. Patented May 3, 1910. 
Applica?ion filed January 4, 1907. Serial No. 359,825. 

To all whom it may concern. The invention also comprises various novel 
Be it known that I, JoHN ISAAG THORNY- features of construction and coalbinations CROFT, a subject of the King of Great Brit- and arrangerents of parts all as hereinfter ain and Ireland, residing at Chiswick, in, more particularly described and pointed out 8. 5 the county of Middlesex, England, have in- in the claims. 

vented Improvements, in or Relating to In the accompanying drawings, Figure 1 
Spraying Apparatus, of which the follow- shows, partly in central sectionid partly' in 
ing is a specification, side elevation, and Fig. 2 in rear end view, 
This invention has reference to apparatus one oonstruction of spraying apparatus oth. 65 10 for spraying liquid, more particularly for body the present invention and suitable for 

spraying liquid fuel into furnaces such as supplying oil to the furnage of a stealingen 
those of steam boilers and the like, in which erator. Fig. 8 is a side elevation and Fig. 4 
the liquid is caused to flow under pressure an end view, both to an enlarged scale, of . 
through one or more holes or passages of the moyable member or plug of the nozzle 78 15 comparatively small section and non-annu- shown in Figs, 1 and 3. Fig. 5 shows the 
lar shape, as distinguished from an annular nozzle in longitudinal section, Figs. 6 and 7 
passage formed between stationary and mov- are closs sections of the plug and nozzle cor able conieal members that are relatively mov- responding to the line AA of Figs. 8 and 5, able in an axial direction. Er rela- 75 - the two parts being shown in di. 20. In spraying apparatus of the kind re-tive positions in the two figures. 
ferred to as heretofore constructed, the holes: a, is the casing or body from which the oil or passages have usually been formed fuel, introduced through an inlet pipe , is through a solid head or plate and arranged to be discharged through the nozzle c, 
in an annular series around the axis of the d is the adjustable plug of the nozzle hav- 80 

25 apparatus and inclined thereto so that the ing its front end portion of truncated comical 
issuing streams will impinge upon one an- shape and its rear or base end portion of 
other. cylindrical shape, as shown. 'fhe conical In spraying apparatus of the type. re- end of the plugis, in the example, formed 
ferred to constructed according to the pres- with three helical surfaces feach terminating 85 30 ent invention, the liquid discharge hole or in a step g, that is inclined to a line it coi 
passage, or each hole or passage, is formed necting corresponding diameters at the base 
etween two relatively, movable members and apex end of the truncated cone and lying having adjacent parts thereof shaped to in- in an imaginary plane containing the axis 
tlock or engage with each other in such a 3. the plug. "Each helical surface f and step 90 35 inner that upon moving such linelnbers g can convépigntly be formed by mounting 
relatively to each other, there will be formed the plug in a holder by which it can be ro 
at the parts where the renbers interlock or tated in a step by step manner and simuli 'engage, one or more liquid discharge past taneously advanced to a small extent and 
sages the cross sectional area of which, or of causing a slotting tool to pass endwise over 95 

40 each of which, can be varied throughout its and Ei a eut from the conical end of the 
length within wide limits and can been plug in the required angular direction of 
tir the step after each rotary and forward move 
Ca ment, so that the successive strokes of the ... nozzle of the apparatus, and arranged to tool, the first of which commenees at the line 100 45 discharge the liquid more or less tangen- a lar, out deeper and deeper into the surface 
tially of the discharge orifice, so that the rate of the conical extremity of the plug thereby 
of supply of liquid can be varied without forming the helical surface f and finally fin throtting or wire-drawing and in the event ishing when a step f the required width . 
of the hole or passage, or any of them, be- of face is formed. In this way a portion of 105 50 ing obstructed by solid matter, the hole or metal of gradually inoreasing thickness from 

-passage, or holes or passages, can be sud- the linea, a to the step 9 in advance is re 
denly opened to a greater extent to enable noved from the conical end of the plug. 
the obstrueting matter to be readily removed The plug is then moved backward in an axial 
by the sudden rush of a greater quantity of direction and the operation repeated for 110 55 liquid. Spraying apparatus of this kind forming the next helical surface f and stepg, 
can be constructed in various forms. and soon for each holical surface and step, 

closed, and which or each of which 
e inclined to the axis of the discharge 
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of the nozzle e is similarly formed with cor 
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ing helical surfaces f, if on the plugid and 
nozzle a respectively, and consequently the 

: number of oil passages k, can be varied to 

45 

effected by securing the same to a rotary 
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plug d.forward into the nozzle c. The outer 
end of the spindle o is provided with a hand 

the oil supply is arrested, will recede one R y 

exit passages k will vary with the extent of 

in the plug so that the p 

through a stuffing box a", and gland a to the 

As the cutting is effected in a direction in 
clined to the said line h, each helical surface 
f will of course, be slightly concave as seen 
in a longitudinal section of the cone contain 
ing the axis of the plug. The inner surface 
responding helical surfaces f and steps g' 
so that the surfaces and steps on the one part 
closely fit those on the other. The forward 
end of the plug dis preferably formed with 
a central cavity d", and the nozzle c is formed 
with a centrally arranged exit aperture c' 
of circular section. iis a cap or ring 
screwed onto the casing a so as to hold the 
nozzle c in place therein. The arrangement 
is such that as the plug dis partially rotated 
in the nozzle c, the stepped portions g of the 
plug and g of the nozzle, which are nor 
mally in contact, as shown in Fig. 6, when 
from the other and form longitudinally ex 
tending exit passages, as shown in Fig. 7, 
through which the oil will flow in an in 
clined or tangential direction from the cas 
ing a of the apparatus to the exit aperture c 
where it willimpinge at an angle against 
the wall of such aperture so that a rotary 
motion will be imparted to it and will thence 
escape over the outer edge of the aperture in 
the form of a thin hollow body and finally. 
break up into a finely divided state or spray. 

It will be understood that by reason of the 
helical formation of the surfaces f, f, the 
plug d while being partly rotated, is simul 
taneously retracted and that the size of the 

such rotation, In the example illustrated 
the maximum effective rotation is confined 
to an angle of 120. The number of steps 9, 9 and correspond 

suit requirement. There may be only one or 
two of each, or more than three. 

Rotary movement of the plug d can be 
spindle oconveniently by a pino fixed to 
the spindle and . 

lug can move in an 
endwise direction while the spindle is pre 
vented from moving endwise. In the ex 
Ep the plug discarried by the forward 
end of the spindle upon which it can slide 
to a small extent. The spindle o extends. 
exterior of the casing a and may beformed 
with a collar o having a part spherical sur 
face at o arranged to bear against a similar 
surface in the casing a. p is a coiled spring 
arranged between the plug., d and the collar 
o' on the spindle so that it tends to force the 

lever q adapted to hear against an adjust 

through a slot d 

orifice extendin 

orifice and is completely boun 

957,014 

able stop r. This stop is shown as a pin car 
ried by a plates that is, capable of being ad 
justed on the casing a and of being fixed 
thereto by a bolt t extending through a seg 
mental slot: u in a flange on the casing. 
The hand lever q is formed with a finger or 
indicator w arranged to work in proximity 
to a scale a on the flange , so that the con 
dition of oil supply prevailing at any time 
can be again restored after having been once 
disturbed. . 

The spindle o and plug d can, when re 
quired be rotated by the hand lever q and 
caused to move backward against the action. 
of the spring p to open the exit passages k. 
and plug being held in place by the stop 7' 
which is adjusted to bear against the lever 
and prevent its return. The lever is how 
ever free to be turned to a further extent, limited by a stop 'in order to temporarily 
increase the size of the discharge passages, k 
and so assist in removing any matter which 
may have become lodged therein or impede 
the flow of the oil therethrough, in which 
case as soon as the hand lever is released, the 
spring p will cause the plug d to automatic 
ally return to the proper operative position. 
By the construction described it will be 

seen that upon removal of the screw cap or 
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to the required amount, the lever spindle 
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95 
ring i, the spindle o, plug d, and nozzle c. 
can be easily put in place or removed. 
The details of construction can be vari 

ously modified. . . . . . ." 
: What I claim is: 1. Liquid spraying apparatus. comprising 4 
coacting main nozzle elements, the outer of which is provided with a tubular discharge 

forwardly beyond the in 
ner element, said nozzle elements having in 
ter-engaging parts arranged to form by and 
between them the walls of a narrow liquid 
discharge S. that is arranged to dis 
charge liquid obliquely against the inner 
surface of the wall of said discharge prifice, 
is completely bounded all arpund its contour 
by the said interengaging parts, which can 
be opened to varying extents by axial move 
ment of one of said nozzle elements rel. 
atively to the other nozzle element, and 
which can be closed by ity axial move-. 
ment of said nozzle eleme 
direction. . . . . . . . . 2. Liquid spraying apparatus comprising 
coactingrfiain nozzle elements that are con 
stantly in contact with each other and the 
outer of which is provided with a forwardly 
extending discharge orifice, said nozzle ele: 
ments having inter-engaging parts arranged 
to form by and between them the walls of a 
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ts in the opposite 

120 

lurality of separate liquid discharge pas EC past Sages each of which is arranged to discharge 
liquid in an inclined direction again 
inner surface of the wall of said 
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its contour by the said inter-engaging parts 
and all of which can be opened simultane 
ously to yarying extents by axial movement 
of one of said nozzle elements relatively to 
but while still maintained in contact with 
the other nozzle element and which can be 
closed by relative axial movement of said 
nozzle elements in the opposite direction. 3. Liquid spraying apparatus comprising 
co-acting main nozzle elements that are con stantly in contact with each other and the 
oater of which is provided with a forwardly 
extending tubular discharge orifice, said 
nozzle elements having inter-engaging parts 
arranged to form by and between them the walls of a narrow f discharge passage 
that is inclined inwardl toward said dis. 
charge orifice but obliquely to the axis there 
of and is completely bounded all around its 
contour by the said inter-engaging parts, the 
cross sectional area of sai "E.E. pas 
sage being varied by axial movement of one 
of said nozzle elements relatively to but 
while still maintained in contact with the 
other nozzle element and which can be 
closed by relative axial movement of Said elements in the opposite direction. 4. Liquid spraying apparatus comprising 
co-acting main nozzle elements that are con stantly in contact with each other and the 
puter of which is provided with a contracted forwardly extending tubular discharge ori 
fice, the inner surface of whose E. of 
curved shape in longitudinal section at its 
inner end-Said nozzle elements having inter engaging parts arranged to, form by and be 
tween them the walls of a plurality of sep arate liquid discharge passages, each of 
which is inclined obliquely across the axis of 
the orifice, so as to SR liquid in an 
inclined direction against the inner surface 
of the wall of said discharge orifice, and 
each of which passages is completely bound 
ed all around its contour by the said inter 45 engaging parts and can be opened and closed 
tovarying extents by axial movement of one of said, nozzle elements relatively to but 
while still maintained in contact with the other nozzle element. 

5. In liquid spraying apparatus, a liquid 
discharge nozzle comprising a fixed element having a forwardly extending, discharge 
orifice and a maovable element, said elements having parts arranged to at all times fit one 

55 into the other and form between them a liquid, discharge passage inclined obliquely 
across the axis of the discharge nozzle so as 
to discharge liquid in an inclined direction 
against the inner surface of the wall of said 

60 discharge orifice and closed in all around by the inter-engaging parts, said inter-engag: 
ing parts being arranged to move toward 
each other and close said discharge passage 
by combined rotary and axial movement of toward the inner surface of the wall of said. 

3. 

direction and to move apart to open the said 
passage to varying extents by combined ro 
tary and axial movement of the said mov 
able element in the opposite direction. 6. In liquid spraying apparatus, a liquid 
discharge nozzle comprising a fixed element 
having a contracted forwardly extending 
discharge orifice, and a movable element, 
said elements having parts arranged to at 
all times fit one into the other and form be 
tween them a plurality of liquid discharge 
passages each inclined forwardly, in Yardly 

70 

7 

and across the axis of the discharge nozzle 
so as to discharge liquid in an inclined direc 
tion against the inner surface of the wall of 80 said discharge orifice and closed in all around 
by the inter-engaging segmental parts and 
capable of being collectively closed by con 
bined rotary and axial movement of the 
movable element of the nozzle in one direc 
tion and of being opened to various extents. 
by combined rotary and axial movement of 
the said movable element in the opposite direction. 

7. Iliquid spraying apparatus comprising 
a stationary nozzle having interior passage 
way. Feet and a tubular discharge portion t w 

way components and the cross sectional area 
of which gradually decreases in a forward 
direction for part of its length and then 
continues of substantially constant cross sec tion, an interior plug in constant engage 
ment with said nozzle and having thereon exterior passage - way components, and 
means for retracting and advancing the plug 

85 

90 

at extends beyond said passage- . . 
95 

00 

within the nozzle to alter the relative posi. tion of the respective. passage-way compo 
nents and thereby vary the cross sectional 
area of the passage-ways formed by and be 
tween said components. . . . " . . . . 

8. Liquid spraying apparatus comp 
a nozzle having a SEESS ex tending discharge orifice and a plurality of 
segmental passage - Way components ar 

1) 

rising 

110 ranged obliquely to the axis of said orifice, 
a nozzle plug arranged within and in con stant engagement with the nozzle and pro 
vided with segmental exterior passage-way 
components, and means for retracting the 
plug to alter the position of the plug pas 
sage-way components with respect to the 
nozzle passage-way components in accord 
ance with the said retractive movement, and 
thereby vary the cross sectional area of the 
passage-ways formed by and between said 
components. - 

9. Liquid spraying apparatus comprising 
an inclosing member E. a contracted forwardly extending tubular discharge ori 
fice and a recessed portion constituting one 
wall of a liquid discharge passage that ex 
tends forwardly and inwardly and obliquely 
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as the movable element of the nozzle in one discharge orifice, an inner member having 180 
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a projecting portion constituting the re-ented conical extremity from the surface of 
mainder of the liquid passage wall and ar 
ranged to extend into and engage the said 
recessed polition, and means for axially 
moving the inner member within the inclos 
ing. member to vary the distance between the 
passage walls. 10. Liquid spraying apparatus compris 
ing an inclosing member having recessed 
portions therein and a contracted discharge 
orifice common to and extending beyond 
Said recessed portions, an inner member hav ing projecting portions thereon arranged 
to enter and engage the recessed portions 
of sail inclosing member, and means for 
axially moving the inner member within. 
the inclosing member so that opposite parts 
of the recessed and projecting portions are 
in continuous contact in one position and 
are separated from each other by retraction 
of the inner member to produce independent 
discharge passages that extend forwardly 
and inwardly and olliquely across the axis 
of the apparatus. 11. Iliquid spraying apparatus connpris 
ing Yeltsy rotatable members one 
within the other, stepped portions on the 
inner surface of the outer, member, corre Sjonding stepped portions on the outer sr 
face of the inner member, and means for 
rotating one member with respect to the other...so that the stepped portions of the 
inner member recede from the stepped por 
tions of the outer member with one direc 
tion of rotation and produce passages which 
collectively are variable in cross sectional 
area throughout their length in accordance 
with the extent of rotation while rotation of 
the inner member in the opposite direction 
closes said passages. 12. In liquid spraying apparatus, the 
combination with a fixed nozzle part having 
a discharge orifice of circular section of an 
interior plug capable of a combined axial 
and rotary movement with respect to the 
fixed part, the co-acting surfaces of the said plug and fixed part being stepped to permit 
of there being formed between them while 
in contact, a passage the cross, sectionial area of which is lependent upon the extent of 
said combined-hovement. i: 13. In liquid spraying: a paratus, the 
combination with a fixed nozzle part haying 
a discharge orifice of circular section of an 
interior plug capable of a combined axial 
and rotary movement with respect to the 
fixed part,the co-acting surfaces of the said 
plug and fixed part being stepped to admit 
of there being formed between them while 

60 

65 

in coitact a plurality of separate passages 
that can be opened a sys6d. in accordance 

th the said movement. . . 14. In iquid spraying apparatus, the 
combinatignyith a fixed nozzle having a 
discharge irifice, of a, plug having a trun 

which a part has been removed to constitute 
a helical surface and step, the fixed nozzle part being shaped to correspond so that rela 
tive rotary motion between the two parts 
will cause a passage of varying size to be 
produced between the steps on the said parts. . 15. In liquid spraying apparatus, the . 
combination with a fixed nozzle part having a discharge orifice, of a plug having a trun 
cated conical extremity froin the surfage of: 
which a part has been removed to constitute 
a helical surface and a step that is inclined 

7. 

75 

in direction to a line joining correspondi 
diameters at the base and apex, end oft 
truncated conical extremity, the "fixed-noz. . zle part being shaped to correspond so that 
relative rotary movement between the two 
E. will cit use a passage of varying size to 
be produced between said paits. . . . . . . ft. In liquid spraying apparatus, the 
combination witl a fixed nozzle having a 

85. 

truncated cone provided with helical sur. 

pling with respect to the nozzle will 

discharge orifice formed as an extensioli Öfi. 
surface which in general is that of a hollow, 
faces and steps extending from the apex to 
the base, of a plug having a truncated coil., 
ical extremity profonged at the lase aidi cylindrical form ineffrom which conica 
jart, portions have been removed. to form.g. 
helic: surfaces and, steps ... . . . . . . 

the helical surfaces and stepsi - - - 
nozzle pait so that rotary notion pf the 
passages the inlet ends of Y 

slocated in the cylindrical surface afores:iii. . . 17. In liquid spraying apparatusa nozzle. 
and coacting plig each formed with a heli... . . 
clist face and a step inclined to the length. of thiplug, said nozzle and plugbeing capa-105 
ble of relative rotation to formal discharge 
passage of varying cross section between the steps thereof, ani means adapted to auto-' 
natically cause relative. movement of the 
plug and nozzle in a direction to close said 
passage. . . . . . . . 18. in liquid spraying apparatus a nozzle. 
having a discharge orifice of circular section, 
a plug mounted to rotate relatively 
nozzle, and means acting to force sai 
into said nozzle, an ug eac having a plurality of similar helical suf faces and a plurality of steps located bé 
tween said surfaces and inclined to the eel 
mon axis of the nozzle and plug. . . . . . . . 

19. In liquid spraying Eith bination with a fixed nozzle part hay 
discharge orifice, of Aplug ... ar. 
bined axial and roy nozzle and stepped tof 
uid exit passage. the Wii can be varied at willisirii 
ed to. Ege the opening movenient of plug, and a spindle capable of rota 
not of endwise movement and to which sid 

110 
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of endwise motion and engaged with said 

21. In liquid spraying apparatus, the coin 

-enable a plurality of independent forwardly 
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plug is connected so as torturn therewith but 
to move endwis? independently thereof. 20. In liquid spraying apparatus, the cam 
bination with a fixed nozzle having a dis 
charge orifice of circular section, of a plug 
capable of a combined axial and rotary 
movement in said nozzle and stepped 
form therewith an exit passage the cross 
sectional area of which can be varied. at 
will, a spindle capable of rotation but not 
plug, a spring arranged to oppose the axial 
opening movement of said plug, and an ad 
justable stop for limiting the extent of ro 
tary movement of said plug and spindle in 
one direction. . . . . . 

bination with a fixed nozzle having a cylin 
drical discharge orifice, of a plug capable of 
a combined axial and rotary movement with 
respect to Said nozzle, the co-acting surfaces 
of said plug and nozzle being stepped to 

extending liquid exit passages to be formed 
between them which can be opened and 
closed in accordance with the movement 
aforesaid, a spring acting to oppose move 
ment of the plugin one direction, means 
whereby said plug can be manually, moved 
to enable the liquid exit passages to be tem 
porarily varied in size, and an adjustable 
stop for limiting the extent of movement in 

One. direction of said manually operated 
means and 'E, 22. Liquid fuel spraying apparatus com 
prising incombination, a body or casing, an 

5 

inlet for liquid under pressure, a fixed noz 
zle having a truncated conical orifice ter 
minating at the apex end in a central dis 
charge orifice, a plug having a truncated 
helical extremity prolonged at the base end 
in cylindrical form, forwardly extending 

O 

steps on the helical surfaces, inclined to a line joining corresponding diameters at the 
base and apex end and formed by removal 
of parts of the conical surface of the plug, correspondingly shaped steps and helical 
surfaces in the interior of the fixed nozzle, a spindle connected to the plug, a spring ent 
circling said spindle and acting against said 
plug, a handle by which the spindle and plug can be moved to temporarily vary the 
size of the passages formed by and between 
the stepped portions of said nozzle and plug, 
an adjustable stop for limiting the angular 
movement of said spindle and 
direction, and an indicator and scale for set tig the parts in any predetermined position. 
Signed at London England this 15th day 

of December 1906. . . . . . 
JOHN ISAAC THORNYCROFT. 

Witnesses: -. 
H.D. JAMESON, . , 
R. WESTACOTT. 
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