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The present invention relates to spray nozzles
for producing a spray from a liquid that isforced
therethrough under pressure.  This application
is a continuation-in-part of application, Serial
No. 357,868, filed September 23, 1940,

According to present-day practice, the liguid
is discharged from the nozzle, usually in the
form of a thin conical expanding liquid sheet or
film. Due to the inherent instability of this ex-
panding sheet or‘film, and its impact on the air,
it breaks up into liquid drops of various sizes.
For some of the purposes for which spray nozzles
have heretofore been employed, such as for ex-
tinguishing fires, this variation -in drop size is
generally unobjectionable, Cases arise, however,
as in fog dissipation, the washing and cooling’ of
gases, and other uses, where it is desirable to
obtain as many liquid drops as possible within a
specified-size’ range. Even in humidifiers, a
greater proportion of the water would he evap-
orated if the drops were of more uniform and
small size.

An object of the present invention, therefore,
is ‘to increase the degree of umformlty of drop
size produced by spray nozzles.

The- reason for the large variation in size of
the drops produced by the-sprays of present day
nozzles is that a large proportion of -the liquid
sprayed is in-the form of drops that are of much
larger diameter than desired according to the
present invention. Only a fraction of the lquid
is discharged in the form of drops within the de-
sired-size range.

Another object of the present mventlon ac-
cordingly, is to reduce the number ‘of -drops -of
maximum size produced in the spray, or even to
eliminate such large-size drops altogether,

In researches leading to the present invention,
it has been discovered that the uniformity of
drop size may be increased and the number of
very large drops decreased if laminar flow. is
maintained in the fluid streams and the fluid
sheet of the spray nozzle. In laminar flow, some-
times ‘called viscous flow, all the fluid particles
move in substantially straight iines parallel to
the axis of the.stream or along the radii of a
circular or conical fluid sheet. Laminar streams
‘and sheets are easily recognized by the charac-

teristic that they aré perfectly-smooth angd trans-

parent (if the fluid is-transparent).

“In turbilent flow, on the other hand; the fluid
particles pursue very irregular and erratic paths.
‘Turbulent streams and sheets appear rough -ahd
are usually semi-opaque. )

"It has been found that 1f the Reynolds number,

which is‘equal to
The diameter of the stream times the veloctty of the stream
B The~ kmematlc v1sc081ty of the fluid
".1s less than' the critical value, _usually taken as
"about 2,300, the flow wil{ be laminar or will be-
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come laminar even though initially turbulent, if
sufficient -length of flow is permitted. On the
other hand, if the fluid is initially non-turbulent
and care is exercised, laminar flow may be main-
tained at Reynolds’ numbers somewhat in excess
of the-critical value.

In  present-day -nozzles of ordinary capacity,
operating -at the -usual fluid pressures, the Reyn-
0lds’ number is well above the critical value. -The
flow: through the nozzle, therefore, is ordinarily
rough or  turbulent, .producing turbulent liquid
sheets when discharged from the nozzle.  For
example,-in a nozzle with an orifice diameter of
0.10 -inch, spraying water at a pressure of 100
pounds per square inch, the Reynolds’ number
at the orifice is about :94,000. I is the turbu-
lence of the fluid sheet, as has been demonstrated
by researches leading to the present invention,
that is responsible for the -wide variation in drop
size.

If the Reynolds’ fnumber is less than the crit-
ical value, the flow will be laminar, or non-tur-
bulent, regardless of the construction of the noz-
zle. If, on the other hand, the Reynolds’ num-
ber is in excess of the critical value, the flow may
or may not be laminar, depending upon the noz-
It is under these circumstances
that the constiuction of the nozzle becomes jm-
portant. And as the Reynolds’ number increases
more and -more-above the critical value, it be-
eomes ‘more and more difficult to produce.a con-
struction of nozzle that shall maintain the lam-
inar flow. --.

Tt will-be observed, from the above formula,
that the Reynolds’ number is directly propor-
tional ‘to the diameter of the stream-and to its
velocﬂ:y “The -velocity, in-turn, increases with
the square root of the pressure.. It therefore fol-

“lows that there is no difficulty whatever involved

40

‘in producing -a. laminar stream, with almostany .

apparatus, provided only that the diameter of the
stream be kept low- enough, ‘and the pressure of
the ‘stream’ be kept also low, say, from 5 to- 15
pounds per square inch. But a laminar stream
of this charactér would find little or no practical

,apphcatlon Slmple computation will demon-
strate that the nozzle orifice would have to be
.50 -extremely .small that it could bproduce . only :a
“very small. d1scharge, and-would become contin=
~uadly: obstructed in use.
- of :thedrops, moreover, -produced by any spray

The degree of ﬁneness

nozzle:is. dependent upon the fluid pressure. At
low .préssures, only . minimum number :of drops

“of diguid- would: be ‘produced,. and .of relatively
very ‘large size.” To ‘obtain . the necessary:fine-

ness-of drOp size, the pressure must be substan-
tially ‘higher than the 15 pounds per square inch

“before mentioned; ‘for a commercial nozzle, ca-~

60

pable of dlschargmg, say, from 1% to 100 or more
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gallons per minute, the pressure would have to
be at least 50 to 200 pounds per square inch,

A further object of the invention, therefore, is
to discharge the fluid, under high bpressure,
through a large-size orifice, in the form of -a
smooth laminar or mnon-turbulent stream, at
Reynolds’ numbers up to 600,000.

It has further been demonstrated in researches
leading to the present invention that laminar

forming the sheet are laminar. A further :ob-

ject of the invention is to provide novel appa- -

ratus for producing a laminar fluid sheet from a
laminar fluid stream or streams.

The attainment of the results obtained by fbhe
present invention has not been possible hereto-
fore. = It has not been appreciated that, using
large-enough nozzle apertures, and high-enough
pressures, uniform-size drops could be attained
at all, whether or not with the aid of laminar
streams. No one has heretofore known that a
laminar fluid stream, sheet or cone could produce
drops of more uniform size than a turbulent fluid
stream, sheet or cone.. There is no g priori rea-
soning upon which it could have been predicted
that a laminar sheet would break up into drops
of uniform size:

- Another object of the mventmn is to produce
a maximum number of drops of a specified size
range.

A further obJect of the 1nventxon is to prowde
novel apparatus for producmg a novel disc-shaped
sheet.

The usual cause of failure of present-day noz-
zles in their erosion by the liquid flowing there-
through. In the case of laminar flow, on the
other hand, the velocity of flow, at the boundaries,
is substantially zero and erosion is thereby re-
duced to a minimum.

_ Still another object of the invention, accord-
ingly, is to reduce this erosion to a minimum.

- Other and further objects will be explained
hereinafter, and will be parncularly pointed out
in the appended claims. . .

The invention will now be more fully explamed
in connection with the accompanying drawing, in
which Fig, 1 is an end view of one form of spray
nozzle adapted to the formation of a laminar
liquid sheet in accordance with the present in-
vention; Fig. 2 is a longitudinal section. of the
.same, taken upon the line 2—2 of Fig, 1, looking
in the direction-of the arrows; and Fig. 3 is a
similar section. of a modification; parts of the
fluid system being shown in elevation. -~ The
fluid system is omitted from Figs. 1 and 2, for
clearness.

The improved nozzle | of the present inven-
-ton may be held by a packing nut 16 in a bush-
.ing 15, which is coupled to g liquid-supply pipe

tl. The nozzle | may, however, be coupled to
“the pipe 11, directly by means of screw threads 2.
Liquid is forced. under pressure from the sup-
‘ply pipe 11, through an entrance aperture 12 of
the nozzle, into a longltudmally disposed interior
‘Dassage M of the nozzle, toward a-discharge aper-
ture or orifice 5.  The stream of liquid in the pas~

“sage is-discharged through the orifice 5, either
agai'nst an enlarged extension end {0 of.a pin 8,
screwed or otherwise held at 9 in a terminal boss
or yoke T, as illustrated in Figs. 1.and 2, or against

- g, similar stream issuing from a. simil;ap orifice 5

. of ‘a similar: nozzle 13, as illustrated in. Fig. 3.

-The pin 8 and the said similar nozzle 13 are each

vopposn;ely disposed to the first-named nozzle {,

_along the same longitudinal center line or axis as

4
the longitudinal center line or axis of the nozzle
1. In the latter case, the orifices 5§ will be of
substantially the same diameter. In the former
case, the stream will be discharged against the
extension {0 of the pin 8. The sheet or film pro-
duced with the apparatus of Fig. 3 will be sub-

stantially in a plane at right angles to the line

"~ ’joining the longitudinal axes or center lines of

finid sheets can be formed only when the streams 10

20

25

30

35

40

50

b5

80

85

70

3

the passages #4 of the nozzles f. The liquid
streams, if they are suitably spaced apart, wil

. then become transformed into a continuous dise-

shaped laminar sheet. Using the apparatus of
Figs. 1 and 2, however, the sheet or film will be
in the form of substantially a right-circular cone,
inclining away from the nozzle I, and with the
axis of the cone coinciding substantially with
the longitudinal center line or axis of the pas-
sage 14 of the nozzle I,

The entrance aperture 12 of each longitudinal-
1y disposed nozzle is shown relatively large com-
pared to the discharge orifice 3. These relative
dimensions result from the fact that, though the
diameter of the entrance aperture {2 is nearly
the same as that of the cylindrical exterior of the
major portion of the nozzle I, the orifice § is dis-
posed at the reduced small tip of an externally
conical extension 6 of the nozzle . It has been
found that if the interior surface 3 of the lon-
gitudinally disposed passage [4 of the nozzles |
and 13 be made conical and of small apex angle
for a relatively large distance, and that if these
nozzle passages extend uninterruptedly and un-
obstructed between the entrance aperture {2 and
the orifice 8, then the stream of fluid in these
passages will be laminar for g short distance from
the orifice 5. After leaving the orifice §, of course,
the stream is cylindrical.

It is not essential that the entire passage 14
be conical; a very small portion 4 thereof, near
the entrance aperture i2, indeed, is shown cy-
lindrical. The cylindrical portion 4, however,
and -the conical portion 3 form a continuous un-
interrupted surface between the entrance aper-
ture 12 and the discharge orifice 5.

The dimensicns of the nozzle may, however,
vary over wide limits. Nozzles embodying the
invention have been used with 0.030 inch-diame-
ter orifices, with a maximum cone diameter of
0.25 inch; or the nozzles may have 0.63 inch-
diameter orifices or more, with a maximum cone
diameter of 3 inches or more. As the size of the
nozzle increases, it becomes more and more dif-
ficult to produce a laminar stream, but this re-
sult may be attained with orifices between 0.030
inch and 0.63-inch diameter or more, and maxi-
mum- cone diameters of between 0.25 inch and 3
inches or more. In general, it is desirable to use
as-long a conical section, or as small an included
angle, as possible, but the larger the nozzle ori-
fice, the smaller should be the cone angle. As

.no exact law can be given, it is necessary to ex-

periment to determine the best dimensions in a
given- case, -It appears to be necessary that the
length of the conical surface 3 be large com-
pared to its maximum diameter, say, four to

.twenty or more times as large, and that the

maximum diameter of the conical surface be, say,
four to twenty or more times as large as the
diameter of the orifice 5.

The uninterrupted long narrow angle comcal
approach to the orifice 5 is an important feature
of the present invention, as it provides a very
efficient medium for producing ‘a laminar liquid
sheet. If the cone angle is too large, or if it is
not conical, but rounded, or if the conical angle
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5
is Separated from the orifice 5 by -a cylinder, it
becomes impossible to produce 5 laminay stream
{$suing thiough the orifice 5, or & laminar sheet
after it-leaves this orifice.
The yoke T is relatively: thln as shown in Figs.
1 afd 2,-so as to offera minimum of mterference
to the liquid sheetissuing from the orifice5. The
frée end of the extension 19 of the: pin 8, opposite
the orifice 5, is-carefully squared off and simoothly
finished, and may be constituted of any suitable
material that will resist the erosive action of the
liquid issuing thereon frem: ‘the orifice 5.
The separation of this. .pin extension L0:from
the orifice 5 should be adjusted so that thelami-

nar stream formed in the passage § shall remain 1

laminar at the time that it meets this pin -exten-
sion. It is not possible to calculate exactly the
position that the pin extension 1€ should occupy,
but it may readily be determined by adjusting
the pin 8 back and forth in the yoke 1, as-by
means of the thread 9, until the resulting sheet
or film of liguid issuing from the free end of the
“pin 10 is seen to be in true laminar form, as may
. be evidenced by its smoocthness and its trans-
parency.. .
It has been found that true axially alined com-
cal passages of the above-described character,
each 2% inches long, with the larger diameter
34 of an inch, and the smaller diameter 0.07 inch,
will operate efficiently if separated about -0.05
inch. The ratic of the spacing béetween the op-
posed orifices to the orifice diameter should de-
crease ‘as the orifice diamefer is increased. Por
orifices about 0.030 inch in diameter, the spacmg
‘may be from about 0.03.inch to 0. 06 ‘inch; for
orifices 0.63 inch in diameter, the spacing may
be about 0.32 inch or somewhat less.

The nozzles | and-13 may be adjusted back and

forth relatively to each other by looseriing the

packing nuts (6, which are: fitted with threads 4

11, and sliding the nozzles within the sleeves 13
until the streams issuing from the orifices 5 are
‘observed to be in laminar form, thereby. produc-
ing a disc-shaped laminar shéet concentric with

and perpendicular to the common axis of the

_passages 14, ‘Leakage of fluid may be prevented
by filling the space 18 with suitable packing ma-
terial.

According to the modification of Figs. 1 and 2,
the lquid stream will hecome transformed “into
o continuous conical laminar sheet. The included
angle of this conical fluid sheet may be varied
by varying the diameter ‘of the free end of ‘the
pin extension 19; for this included -angle in-
-creases with the dlameter of the free end of this
pm extension 10.
7= ‘mxoeedingly small erosion is produced ‘with the
;apparatus of Fig. 8, because the streams issuihg
“from the orifices § engage against each other, and
‘niot “against any -additiohal surface. . The only
“engagement of the liquid is against the ‘walls of
“the long conical passages 3, ahd since’ the flow is
“Jgminar, the velocity ‘of the liguid against the
“walls of these passages, as before stated, is prac-
“tically zero, reducing erosmn of the nozzle by the °
11quld 16 g minimum.

" The laminar sheet produced by 1mpact1ng the
Jaminar ‘stream  issuing froin the long uninter-
“rupted conical passage 8 of the nozzle | against
the smooth coaxially disposed pin egtension 10,
posmoned close to'the orifice 5,as in Figs. 1 and 2

“or dgainst another sumlarly disposed sumla,rly
'posmoned coaxial stream, as in Fig, '3, breaks up
“in-g much- ‘more- umform manner than turbulent
“§heédts, resulting- in‘the ‘formation--of “a 'much

6

lafgér number of ‘diops of a given size from a

given total quantity of liquid. To obtain a maxi~

mium number of drops of predetermined size, it

is sometimes necessary to adjust also the pressure,
5 as by means of a valve 19, as higher pressures,
though involving increased cost of operation, pro-
duce usually smaller drops. At the same pres-
sure, however, the nozzles of the present inven-
tion will form ‘more -drops within a’ given-size
range than present- -day nozzles of the . same ca-
pacity. As appears from the following table,
from two to three times as many drops in a
desired-size range may be produced by the nozzles
of the present invention ‘as are obtainable from
conventional nozzles, using the same quantity of
liquid, at the same 11qu1d pressure. The tabletis
copied from page 36 of a paper by H. G. Houghton
and W. H. Radford, entitled, “On the Local Dis-
sipation of Natural Fog,” published as:-volume VI,
‘No. 3, of “Papers of Physical Oceanography and
Meteorology,” by the Massachusetts Institute of
Technology .and Woods Hole Oceanographic
Institution, October, 1938, and the results were
obtained ‘at a pressure of approxxmately 50

10

20

25 pounds per square inch.
TABLE IT
.Drop size distribution duta for the spray. nozzles
used
30 -

Number -of ‘drops ‘in_each
size group formed whena
total of 1 ce. of solution.is

Nommal diameter of drop group, sprayed
microns . o
85" Original Improved
nozzle nozzle
43,000 107, 000
22, 200 84,000
16,800 43, 500
10, 300 28, 600
6, 500 18, 900
4, 500 9, 900
2:300 4,250
2,000 2,700
1,900 1,400
1, 600 1, 100
900 550
-800 370
600 180
400
300} ooliil
150 | oo oozl

It has been stated above that laminar streams
may be produced with almost ‘any construction,
provided that the dimensions be small- enoughand
the fluid pressure low enough. The present-in-
 vention, on the other hand, is capable of opera-
‘55 tion, and has heen operated, under ‘conditions
yleldlng ‘very high Reynolds numbers——as high
“gs 600,000 has actually been atfained. 'The
‘Reynolds’ number may, however be as low as
20,000,

- It has ‘been stated above that the invention
finds- use in" fog -dissipation: It is by no means,
“however, limited thereto. It has: been successfully
‘gpplied also to the Wwashing and cooling of blast-
furnsce gas, and in other similar operations. It
65 has ‘been proven that drops:of uniform size afe

more ‘efféctive ‘for the washing and cooling of

gases than drops of a wide range of sizes. Both

‘of these operations depend on- exposmg ‘the maxi-

mum amount of surface for a given amount ‘of
‘mo-water, and as very small drops evaporate too

rapidly to be .of value, the drops should e of
fairly unlform size. The formation of very large
drops ‘a8 in present -day nozzles, is especially dis-
“advantageous. The laminar fluid sheet produced
“w5 with ‘the ‘aid-of  the nozzle of the present inven-

‘50

‘60
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tion, on the other hand, does not form these
large drops. Since continuocus operation of the
nozzles, over periods of several months, is re-
quired, moreover, it is essential that the erosion
of the nozzles be a minimum. ‘This result also fol-
lows from the laminar flow within the orifices of
the nozzle of the present invention. -

Further modifications will occur to persons
skilled in the art and all such are considered to
fall within the spirit and scope of the invention,
as defined in the appended claims.

What is claimed is:

1. A spray nozzle having a liquid discharge
orifice of about 0.030 inch diameter, a liquid en-
trance aperture of diameter relatively large com-
pared to the diameter of the orifice, and a longi-
tudinally disposed interior passage uninterrupt-
edly connecting the aperture and the orifice, the
passage being conical of relatively small” apex
angle and having a maximum cone diameter of
about 0.25 inch, and the distance of the conical
passage in the region of the discharge orifice
being large compared to the said maximum di-
ameter of the conical passage, whereby the liquid
will issue from the orifice in the form of a lami-
nar stream.

2. A spray noZzzle having a liquid discharge
orifice of about 0.63 inch diameter, a liquid en~
trance aperture of diameter relatively large com-
pared to the diameter of the orifice, and a lon-
gitudinally disposed interior passage umnterrupt-
edly connecting the aperture and the orifice, the
passage being conical of relatively small apex
angle and having a maximum cone diameter of
about 3 inches, and the distance of the conical
passage in the region of the discharge orifice
being large compared to the said maximum diam-~
eter of the conical passage, whereby the liguid
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‘will issue from the orifice in the form of a lami- -

nar stream.

3. A spray nozzle having a liquid discharge
orifice, a liquid entrance aperture of diasmeter
about four to twenty times as large as the diam-
eter of the orifice, and a longitudinally disposed

interior passage uninterruptedly connecting the:;

aperture and the orifice, the passage being coni-
‘cal of relatively small apex angle for a length
in the region of the orifice that is about four to
twenty times as large as the maximum diameter

of the conical passage, whereby the liquid will.

issue from the orifice in the form of a laminar
liquid stream. ) .

4. A spray nozzle having-a liquid discharge
orifice, a liquid entrance aperture of diameter
about four to twenty times as large as the diam-
eter of the orifice, and a longitudinally disposed
interior passage uninterruptedly connecting the
aperture and the orifice, the passage being coni-
cal of relatively small apex angle for a length in

the region of the orifice that is about four to.

twenty times as large as the maximum diameter
of the conical passage, whereby the liquig will
issue from the orifice in the form of a laminar
stream, and a pin disposed opposite to the ori-

fice against which the liquid. is adapted to im-;

pinge as it issues.from the orifice, the axis of
the pin being substantially along the axis of the
passage, and the pin being positioned at a dis-
fance from the orifice such that the liquid shall
‘impinge upon it in laminar form to produce a
laminar liquid sheet.

5. A spray nozzle having a liquid entrance aper-
ture of relatively large diameter, a liquid dls-
charge orifice of relatively small diameter and a

longitudinally disposed interior passage uninter-.
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ruptedly connecting the aperture and the orifice,
the passage being conical of relatively small apex
angle for a length in the region of the discharge
orifice that is large compared to the maximum
diameter of the conical passage, and the dimen-
sions of the nozzle being such that when liquid
is supplied under pressure at the entrance aper-
ture the liquid will issue from the orifice in the
form of a laminar stream under conditions such
that

The diameter of the stream times the velocity of the stream

The kinematic viscosity of the flnid
yvields a value between about 20,000 and 609,000
at the orifice.

6. A spray nozzle having a liquid entrance aper-
ture, a liquid discharge orifice, and a longitu-
dinally disposed interior passage uninterruptedly
connecting the aperture and the orifice, the pas-
sage being conical of relatively small apex angle
for a length in the region of the discharge orifice
that is about four to twenty times as large as the
maximum diameter of the conica] passage, the
said maximum diameter of the conical passage
being about four to twenty times as large as the
diameter of the orifice, and the dimensions of the
nozzle being such that when liguid is supplied
under pressure at the entrance aperture the lig-
uid will issue from the orifice in the form of a
laminar stream under conditions such that

The diameter of the stream times the velocity of the stream

The kinematic viscosity of the stream
yields a value between about 20,000 and 600,000
at the orifice.

7. A spray nozzle having a liquid entrance aper-
ture of relatively large diameter, a liquid dis-
charge orifice of relatively small diameter and a
longitudinally disposed interior passage uninter-
ruptedly connecting the aperture and the orifice,

‘the passage being conical of relatively small apex

angle for a length in the region of the discharge
orifice that is large compared to the maximum
diameter of the conical passage, the dimensions
of the nozzle being such that when liquid is sup-
plied under pressure at the entrance aperture

the liquig will issue from the orifice in the form

of a laminar stream under conditions such that

The diameter of the stream times the velocity of the stream
The kinematic viscosity of the stream .

vields a value between about 20,000 and 600,000
at the orifice, and means disposed opposite to the
orifice against which the liquid is adapted to im-
pinge as it issues from the orifice, the means being
positioned at a distance from the orifice such
that the liquid shall impinge upon it in laxmnar
form to produce a laminar sheet. .

8. A spray nozzle having a liquid discharge
orifice of about 0.030 to.0.63 inch diameter, g
liquid entrance aperture of diameter relatlvely
large compared to the diameter of the orifice, and
a longitudinally disposed interior passage unin-

terruptedly connecting the aperture and the ori-

fice, the passage heing conical of relatively small
apex angle and having a maximum cone diameter
of about 0.25 to 3 inches, and the length of the
conical passage in the region of the discharge
orifice being large compared to the said maxi-
mum diameter of the conical passage, whereby
the liquid will issue from the orifice in the form
of g laminatr stream.

9. A spray nozzle having. a liquid discharge

‘orifice of about 0.030 to 0.63 inch diameter, a lig-

uid entrance aperture of diameter relatively large

compared to-the diameter of the orifice, and a

longltudma,lly disposed interior passage uninter-
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9
ruptedly connecting the aperture and.the orifice,
the passage’being conical of relatively small apex
.angle and having & maximum: cone diameter of
about 0.25 to- 3 inches, the length of the conical

passage in the region of’ the discharge orifice .

being large compared to the said maximum di-
ameter of the conical passage, whereby the. lig-
uid will issue from the orifice in the form of a
laminar stream, and a . pin disposed opposite to
the orifice against which the liquid is adapted
to impinge. as it issues from the orifice; the axis
of the pin being substantially along the axis of

10

upon it in laminar:form to produce a laminar

~sheet; . - : :

13, A spray- nozzle ‘having a liquid discharge

orifice, a liquid entrance aperture of diameter

relatively large compared to the diameter of the
orifice, -and a longitudinally disposed interior

- passage uninterruptedly connecting the aperture

10

the passage, and the pin being positioned at a

distance from the orifice such that the liquid
shall impinge upon it in laminar form to produce
g laminar sheet.. '

10. A spray nozzle having a liguid discharge

15

orifice of about 0.030 to 0.63 inch diameter, & lig-~ -

uid entrance aperture of diameter relatively large
compared to the diameter of the orifice, and a
1ongitudinally dispesed interior passage uninter-
ruptedly connecting the aperture and the orifice,
the passage being conical of relatively small apex
anegle and having a maximum cone diameter of
about. 0.25 to 3 inches, the length of the conical
passage in the region of the discharge orifice
being large compared to the said maximum di-
ameter of the conical passage, and means dis-
posed opposite to the orifice against which the
liguid is adapted to impinge as it issues from the
orifice, the means being positioned at a. distance
from the orifice such that the liquid shall impinge
upon it in laminar form to produce a laminar
sheet.

11. A spray hozzle having a liguid - entrance
aperture of relatively large diameter, a liquid dis-
charge orifice of relatively small diameter and a
longitudinally. disposed {nterior passage uninter-
ruptedly connecting the aperture and the orifice,
the passage being coniecal of relatively small apex
angle for a length in the region of the discharge
arifice that is large compared to the maximum
diameter of the conical passage, the dimensions
of the nozzle being such that when liquid is sup-
plied under pressure at the entrance aperture the
liquid will issue from the orifice in the form of a
laminar stream under conditions such that

The diameter of the stream times the-velocity of the-stream

The Kinematic viscosity of the fluid

yields a value between about 20,000 and 600,000,
at the orifice, and a pin disposed opposite to the
orifice against which the liquid is adapted to
impinge as it issues from the orifice, the axis
of the pin being substantially along the axis of
the passage, and the pin being positioned at a
distance from the orifice such that the liquid
shall impinge upon it in laminar form to produce
a laminar sheet.

12. A spray nozzle having 2 liquid- entrance
aperture of relatively large diameter, a liquid
‘discharge orifice of relatively-small diameter, and
a longitudinally. disposed interior passage unin-
terruptedly connecting the aperture and the ori-
fice, the passage being conical of relatively small
apex angle for a length in the region of the dis-
charge orifice that is large compared to the maxi-
mum diameter of the conical passage, the dimen=-
sions of the nozzle and.the length of the conical
passage being such that the nozzle will produce
2 laminar stream under g pressure substantially
higher than 15 pounds per square inch, and means
disposed. opposite to the orifice against which the
liquid is adapted to impinge as it issues from the
~ orifice, the means being positioned at a distance

from the orifice such that the liquid shall impinge
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and the orifice; the passage being conical of rela-
tively small apex angle for a length in the region
of the discharge orifice large compared to the
maximum diameter of the .conical passage, the
dimensions of the nozzle and the length of the
conical passage being such that the nozzle shall
produce g laminar stream- under g pressure sub-
stantially higher than 15 pounds per square inch.

14. A spray nozzle having a liquid discharge
orifice, a-liquid- entrance aperture of diameter
relatively large compared to-the diameter of the
orifice, and a longitudinally disposed interior pas-
sage uninterruptedly connecting the aperture and
the orifice, the passage being conical of relatively
small-apex angle for a length in the region of the
discharge orifice large compared to the maxi-
mum diameter of the conical passage, the dimen-
sions of the nozzle and the length of the conical
passage being such that the nozzle shall produce
a laminar stream under a pressure substantially
higher than 15 pounds per square inch; and a. pin
disposed opposite to the orifice against which the
liquid is adapted to impinge as it issues from the
orifice, the axis- of the pin being substantially
along the. axis of the passage, and the pin being
positioned at a distance from the orifice such that
the liquid shall impinge upon it in laminar form
to produce a laminar liquid sheet.

15. A spray nozzle having a liquid discharge
orifice of about 0.030 to 0.63 inch diameter, a lig-

q1id entrance aperture of diameter relatively large

compared to. the diameter of the orifice, and a
longitudinally - disposed interior passage unin-
terruptedly. connecting the aperture and the ori-
fice, the passage being conical of relatively small

-apex angle and having a-maximum cone diameter

of about 0.25:to 3 inches, and the length of the
conical passage in the region of the discharge
orifice being large compared to the said maximum
diameter of the-conical passage; the dimensions
of the nozzle and the length of the conical pas-
sage being such that the nozzle shall produce a
laminar: stream under g pressure substantially
higher than 15 pounds per square inch..

16. A spray nozzle having a liquid discharge
orifice of about 0.030 to 0.63 inch diameter, a lid-
uid entrance aperture of diameter relatively large
compared to the diameter of the orifice, and a
longitudinally disposed interior passage uninter=
ruptedly connecting the aperture and the orifice,
the passage being conical of relatively small apex
angle and having a maximum cone diameter of
about 0.25 to 3 inches, the length of the conical
passage in the region of the discharge orifice
being large compared to the said maximum di-
ameter of the conical passage, the dimensions:of
the nozzle and the length of the conical passage
being such that the nozzle shall produce a laminar
stream under a-pressure substantially higher than
-15. pounds. per square. inch, and means disposed
opposite to the orifice against which the liquid is
adapted to impinge as it jssues from the orifice,

7o the means being positioned at a distance from

7%

the orifice such that the liquid shall impinge upon
it in laminar form to produce 2 laminar sheet.

17. Apparatus of the character described com-
prising two nozzles each having a liguid dis-
charge orifice, a liquid entrance aperture of di-
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‘ameter about tour to twenty times as large as
the diameter of the orifice, and g longitudinally
disposed interior passage uninterruptedly con-
necting the aperture and the orifice, the nozzles
being disposed with their orifices adjacent to
each other and with the axes of their passages
substantially coincident, each passage being coni-
cal of relatively small apex angle for a length
in the region of the orifice that is about four to
twenty times as large as the maximum diameter
of the conical passage, whereby the liquid will
issue from the orifices in the form of laminar
streams, the orifices being separated from each
other by a distance such that the liquid streams
will impinge upon each other in laminar form
_to produce a laminar liquid sheet. .

18. Apparatus of the character described com-
prising two nozzles each having a liquid entrance
aperture of relatively large diameter, a liquid
discharge orifice of relatively small diameter and
a longitudinally disposed interior passage unin-
terruptedly connecting the aperture and the ori-
fice, the nozzles being disposed with their orifices
adjacent to each other and with the axes of their
passages substantially coincident, each passage
being conical of relatively small apex angle for a
length in the region of the corresponding dis-
charge orifice that is large compared to the maxi-
mum diameter of the conical passage, the dimen-
sions of each nozzle being such that when liquid
is supplied under pressure at the corresponding
entrance aperture the liquid will issue from the
orifices in the form of laminar streams under con-
ditions such that

The diameter of the stream times the velocity of the stream
The kinematic viscosity of the fiuid

yields a value between about 20,000 and 600,000
at the orifice, and the orifices being separated
from each other by a distance such that the lig-
uid streams shall impinge upon each other in
laminar form to produce a laminar sheet.

19. Apparatus of the character described com-
prising two nozzles each having a liquid entrance
aperture of relatively large diameter, a liquid
discharge orifice of relatively small diameter, and
‘a longitudinally disposed interior passage unin-
terruptedly connecting the aperture and the ori-
fice, the nozzles being disposed with their ori-
fices adjacent to each other and with the axes of
their passages substantially coincident, each pas-
sage being conical of relatively small apex an-
gle for a length in the region of the discharge
orifice that is about four to twenty times as
large as the maximum diameter of the conical
passage, the said maximum diameter of the coni-
cal passage being about four to twenty times as
large as the diameter of the corresponding ori-
fice, and the dimensions of each nozzle being
such that when liquid is supplied at the entrance
aperture the liquid will issue from the orifices
in the form of laminar streams under conditions
such that

The diameter of the stream times the velocity of the stream
The kinematic viscosity of the fluid

vields a value between about 20,000 and 600,000
at the orifice, and the orifices being separated
from each other by a distance such.that the lig-
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uid streams shall impinge upon each other in

laminar form to produce a laminar sheet.

20. ‘Apparatus of the character described com-
prising two nozzles each having a liquid discharge
orifice of about 0.030 to 0.63 inch diameter, a

-liquid entrance aperture of diameter relatively

large compared to the diameter of the orifice,
and a longitudinally disposed interior passage
uninterruptedly connecting the aperture and the
orifice, the nozzles being disposed with their
orifices adjacent to each other and with the axes
of their passages substantially coincident, each
passage being conical of relatively small apex
angle and having a maximum diameter of about
0.25 to 3 inches, the length of the conical pas-
sage in the region of the discharge orifices being
large compared to the said maximum diameter of
the conical passage, whereby the liquid will issue
from the orifices in the form of laminar streams,
and the orifices being separated from each other

‘by a distance such that the liquid streams will

impinge upon each other in laminar form to
produce g laminar sheet.

21. Apparatus of the character described com-
prising two nozzles each having a liquid entrance
aperture of relatively large diameter, a liquid
discharge orifice of relatively small diameter,
and a longitudinally disposed interior passage un-
interruptedly connecting the aperture and the
orifice, the mnozzles being disposed with their
orifices adjacent to each other and with the axes
of their passages substantially coincident, each

‘passage being conical of relatively small apex

angle for a length in the region of the corre-
sponding discharge orifice that is large compared
to the maximum diameter of the conical pas-
sage, the dimensions of the nozzles and the
lengths of the conical passages being such that
the nozzles shall produce laminar streams under
a pressure substantially higher than 15 pounds
per square inch, and the orifices being separated
from each other by a distance such that the lig-
uid streams shall impinge upon each other in
laminar form to produce a laminar cheet.

22. Apparatus of the character described com-
brising two nozzles each having a liguid dis-
charge orifice of about 0.030 to 0.63 inch diam-
eter, a liquid entrance aperture of diameter rel-
atively large compared to the diameter of the
orifice, and a longitudinally disposed interior pas-
sage uninterruptedly connecting the aperture and
the orifice, the nozzles being disposed with their
orifices adjacent to each other and with the axes
of their passages substantially coincident, each
passage being conical of relatively small apex
angle and having g maximum diameter of about
0.25 to 3 inches, the length of the corical pas-
sage in the region of the corresponding discharge
orifice being large compared to the said maximum
diameter of the conical passage, the dimensions
of the nozzles and the lengths of the conical pas-
sages being such that nozzles shall produce lami-
nar streams under a pressure substantially high-
er than 15 pounds per square inch, and the ori-
fices being separated from each other by a dis-
tance such that the streams shall impinge upon

-.each other in laminar form to produce a laminay

sheet.
HENRY G. HOUGHTON.



