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The present invention, relates to.impx__‘.ovements
in fuel burners and particularly burners of -the.
type in which. fuel, e. g., fuel gas or atomized
oil, is burned within a combustion. chamber. and.

the products of the combustion are exhausted to

the atmosphere through a restricted port for de-
veloping 2 high velocity blast-of the products of
combustion. . )

“Such combustion chamber burners have been.
used in the production of fine glass fibers from.
streams of molten glass or from rods of solid glass.
They are, of -course, useful in other ways, par-.
ticularly where a high velocity intensely hot blast
of .gas is required.. For instance, burners of this
type find utility in the heat treatment of metals
or. other materials. -

"It is an important object of the present inven-
tion.to increase the velocity of the gaseous blast.
from a burner of combustion chamber type, and.
it is another object to increase the temperature of.
the gaseous blast.’

Tn burners of -this type the walls. of the com-
bustion chamber are usually formed to provide.
a streamlined flow of the products of combustion.
Combustion within the burner takes place along,
the heated walls of the chamber and at this high.
temperature expansion of the gas creates a cer-
tain amount of turbulence within the chamber as
the gas moves toward the orifice at & high rate
of speed. I have foundthat under certain con-
ditions there is' incomplete combustion of the
gas fed to the-burners and a portion of it is car-
ried unburned through-the combustion chamber:
to the orifice. -

As-a consequence,-it burns in the atmosphere
instead of -within-the :chamber- with -attendant-
loss of temperature and velocity-of the blast, and:
a reduction-in efficiency of the burner. Normally
the unburned or incompletely burned gases leave
the :burner orifice.along a path centrally -of the
blast issuing from the orifice to form a-cold streak,
that: is; an elongated region-of relatively low tem-
perature within the .center of the blast..

It is, therefore, a specific.object of the present
invention to provide in a fiber-forming process a
combustion. chamber: burner.-of  increased ' effi-:
ciency  achieved by complete combustion: within
the combustion chamber of -the gases fed thereto.
to prevent unburned gases from escaping into the.
atmosphere.

Burners of the present type are capable of nu~
merous; - applications, each -of which-may require
a .differently. .shaped -orifice:. or form-of burner;
The burner orifice may.-be-either: oblong, oval: or.

- round depending upon the shapesof :the flame de-
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sired "and the mannér in which it..is employed.
The shape of the burner orifice is an important
factor in the.design of the burner chamber sifice
it is desirable for obtaining the. highest desree
of operating efficiency to provide a combustion’
chamber and orifice of the .same general cross-.
sectional shape.. ’

This principle of burner ‘construction, is adapt-.
ablé 'to forming multiple combustion .chamher
burners having-a common orifice for the discharge
of the products of combustion. to the atmosphere..
The burner chamber may be divided info two or
more .combustion. compartments of .the. desired:
shape. which. may . be substantially cylindrical,
frusto coniecal or rectangular according to the
shape of the final discharge orifice. The products.
of combustion from each compartment combine.
before discharge. from the burner and produce a.
high degree.of turbulence and mixing of the gases
which results in a blast of extremely high temper-
ature issuing from the. orifice..

It is still another object of the invention to pro-.
vide a combustion chamber burner of a multiple:
chamber type having.a. discharge orifice. common

, t0.all chambers.. .

"It is.a further object of the invention to provide
a combustion chamber type burner in which the.
walls forming the.chamber are shaped to produce,
a maximum. turbulence .and mixing -of -ignited
gases within the-chamber; -

Other objects and advantages of the invention:
will become. apparent:.-during the course of the
following .-description, when. considered- in view-
of the accompanying drawings, in which: -

_Figure 1 is a.diagrammatic view of a-typical.
fiber forming apparatus depicting the. burner-of:
the present.invention. used. to form -fine glass
fibers; -

Figure 2 is.a-front elevation of a burner;

. Figure 3-is.a vertical longitudinal sectional view:
of the burner taken.on the:line 3—3 of Figure.2;

Figure 4 is a vertical transverse sectional view:
taken on the line.4-—4 of Figure 3; -

Figure.b is:a sectional view through a modified:
form.of the mixer-burner;-and -

Figure 6 is a sectional view through a modified-
form:of multi-chamber -burner.

Referring to Figure- 1 of the drawings, the fiber:
forming..-apparatus:includes: generally: a glass:

- melting unit 10 adapted te discharge fine streams

of molten glass-which may be attenuated by con-
tinuously, driven cooperating-rolls i I’ to the form:
of - continuous -primary -filaments. . 12. - The rolls:
t{ feed: the filaments into a guidemember 13 by:
which -they-are: supported :during the final' at-:
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tenuating or blowing operation. Attenuation of
the primary filaments 12 to fine short fibers is ac-
complished by means of a burner 15 or flame
blower which is capable of producing an intensely
hot gaseous blast of very high velocity. The ends
of the filaments are projected into the flame by
the feed rolls and are substantially instantane-
ously melted so that the molten tips of the fila-
ments are attenuated into extremely fine fibers
by the force of the flame cr blast. 'These fibers
when gathered together by suitable collecting
means (not shown), form a mass having a cot-
tony or wool-like texture which may be formed
into mats, bats, or rovings, or slivers from which
yarns or threads may be twisted, by any con-
ventional process.

The combustion chamber burner of the present
invention provides a substantial increase in both
temperature and flame velocity so that increased
production is realized as will be brought out in
detail presently.

The burner 15 as illustrated in Pigure 3 of the
drawings comprises a shell or casing 18 preferably
formed of metal and preferably of rectangular
shape, and adapted to support the burner strue-
ture therein, The shell is provided in one end
with a slot {8 through which the burner struc-
ture defining the burner orifice projects and is
open ab its other end. Flanges 20 at the upper
and lower edges of the open end of the shell pro-
vide means by which a cup-shaped closure cap
21 may be secured to the shell by means of bolts
22, A pipe connection 23 is provided in the cap
21 to supply a highly combustible fuel through
. & pipe 24 to the burner from a suifable source.
© Such a fuel may be a premixed fuel gas and air,

suitable fuel gases including ordinary manufac-
tured or natural fuel gas, methane, propane, or
other readily combustible gases. 'The gas-air mix.
ture is supplied to the burner at a pressure less
than 10 pounds per square inch and wpreferably
‘at pressures of from 1 to 3 pounds per square
“inch,

The fuel gas-air mixture has the advantage of
being readily obtainable and is more easily and
safely handled than, for instance, propane or
other highly compressed gases. Also, it is more
economical than oxygen-acetylene when burned
in sufficient volume to produce g biast having the
high velocity obtainable with the gas-air mix-
ture. ‘

The burner includes within the shell I8 an
elongated combustion chamber 25 divided by a
partition wali 26 or baffle to form in effect a pair
of chambers 27 and 28 or compartments com-
municating with a common narrow rectangular
discharge orifice 3§ through which the products
of combustion escape. The partition wall 26 may
be formed integral with the chamber or it may
be supported when formed separately in grooves
26a provided in the side walls of the burner cham-
ber.

The walls forming the chambers 27 and 28
may be formed of a suitable ceramic refractory
material capable of withstanding high tempera-
tures. The life of the refractory material is ex-

tended if a liner 32 of high melting point metal is

employed to cover the refractory wall as illus-
trated herein although the use of the liner is not
necessary.

In order to withstand the high temperatures
created within the burner the refractory mate-
rials from which the body of the burner may be
formed are, for example, the metal oxides or
carbides such as tungsten carbide, boron carbide,
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"which are developed within the burner,

4
silicon carbide or chromium, zirconium or beryl=
lium oxide. The entire burner body may be
formed of one or a suitable combination of some
of the above materials.

The metallic liner 32 may be formed in any
suitable way, for instance, by the powder metal-
lurgy method of pressing finely divided metal to
the proper form and then sintering the particles
to consolidate them into an article of the desired
shape. Tungsten and tungsten alloys are ex-
amples of high melting point metals suitable for
this method of production and are adapted to
withstand the temperatures approaching 4000° P,
The
metal liner may be used alone to form the cham-
ber but since it is most economically formed rela.
tively thin it is preferable to reinforce the liner
by a backing of ceramic refractory material as
shown at 33, the refractory material acting also
to insulate the liner from the shell {8,

Complementary orifice plates 35 mounted with-
in the cap 2/ are adapted to register with the
chambers 2T and 28 and provide g, uniformly dis--
tributed flow of fuel to the combustion chambers.
The plates are preferably formed of a ceramic
material and are held in place against the liner
and wall members by the cap bolts 22.

In ordinary burners of the combustion chamber
type having a cross-sectional ares of the com-
bustion chamber of approximately two square
inches, chamber temperatures have been ob-
served to reachi the neighborhood of 3100° B, The
blast has a flame velocity through a one-eighth
inch orifice of approximately 500 to '700 feet per
second. In such burners, the orifice is located
equidistantly with respect to the side walls of
the combustion chamber and under certain con-
ditions incompletely burned gas from the center
of the chamber may be drawn through the ori-
fice, tending to produce g relatively cold area
within the flame.

The present burner overcomes this objection to
previous burners mainly by having the orifice 30
offset with respect to each chamber so that in-
completely burned gas does not pass directly from
the orifice plate 35 to the discharge orifice 30.
Also, higher temperatures are developed within
the present burner and cause combustion reac-
tion to take place more rapidly and completely.
The products of combustion from both cham-
bers combine at a high veloeity in the region
adjacent the rear of the orifice 30 to produce an
Increased turbulence and mixing before the gases
are discharged. Ridges 31 or other projections
may be formed on the chamber walls to aid in
mixing the gases and also for increasing the com-
bustion surface. Thus complete combustion of
the gas is obtained hefore it leaves the orifice.

As may be noted in Figure 4, the side walls of
the chambers are vertical and substantially par-
allel while the upper and lower walls (Figure 3
curve or taper toward each other in the direction
of the orifice. The partition wall 26 is provided
with a tapering forward edge and forms with the
top and bottom walls substantially restricted pas~
sages through which the gas passes before reach-
ing the orifice. This increases the velocity of
the products of combustion from each chamber
before the two streams of gas are combined. The
complementary converging outer walls of the
passages tend to direct the flames at a substan-
tial angle toward each other which results in the
increased turbulence previously mentioned. An
opening 36 may be provided in the partition wall



“neg ! ! "Tto"'{asfsﬁre'-édﬁaﬁzaﬂén
*_of.the pressures within the chambers. .

.. L’have ‘found that ‘the’ present burner may ‘e
" operated successfully ‘on .an increased ‘fuel con-
" sumption.of ‘about 80% above ‘the maximum for
" previous burners “of “this type and with greatly

increased results, ‘With a’fuel consumption rate

" for'the present burner of 200 cubic feef,per hour,

“the" temperaturs ‘adiacent the orifice within ‘the

“near-the orifice plates 35

“hurner.is. about 3600 to 3700° F. and'the tempera-

ture of the blast immediately outside ‘the “orifice
“igabout 3150° F. “With a discharge orifice five
“'thirty-seconds inch wide extending the full width
“ of the burner and with a.combined. cross-sectional
_area of the n ¢} «
“four square inches, a' flame velocity of from 1700
““t0 1800 fect per second has been ‘obtained, and

nth inch orifice a velocity ‘of

‘with a three-sixtee 8 Ve
1400 t0 1500 feet.Tesults. "The. increased internal

" ‘teriperatures of the present burner are believed to”

"be thé result of complete. combustion of ‘the fuel
“within the ‘burner together with increased gas
" consumption ‘per unit of time, both of which 'in
$iirn result in a higher.degree of expansion of the

combustion products with a consequent increase

.in velocity. L
The higher temperature and blast speeds per-
it feeding glass rads or filaments into the flame

" .at.a higher rate so that ‘attenuation of the fila-
" ments to fine fibérs is comparably increased. The’

volume of fine fibers .attenuated by the present
_burner is two to four times the volume a previous
“putner of this general type normally produces.

‘two’ combustion ¢hambers of about’’]

3

: 6
“from ‘ini ‘the direction ot ‘the: opposite wall to'be
“met "in ‘turn”by-céunter currents of flow. This
“gétion causes a High“degtee of turbulence within
“the chamber which excites combustion of the gas
~and prodices maximum expansion thereot so'that

“the-products ‘of comibustion ‘are discharged from

“the burner-at an extremely High temperature and

Cvelocity. ,
~ ‘Figure 6 illiistrates-a ‘further “embodiment of
‘the” present” invention in “which- the burner -68

“gomiprises ;a casing 61 for"supporting a burner

“body ‘82" thiérein. ‘ The burner may be generally

—
=

90"

“oval or cylindrical in cress-section and the body
"2 formied of ‘refractory-material or a metal in
“aécordance withthe-preferred form of disclosure.

_The burner body-is provided with a plurality of
‘substantially concenttic-combustion chambers §3,
64 and 65, each having 4 substantially restricted
discharge orifice ‘66, 67 and 88 respectively ar-
ranged, in longitudinal alignment for- discharging
~the products of combustion to"the atmosphere.

“As in the ‘form of the invention shown in ‘Figures

25

‘1 to 4, the ends of’the ‘¢ghambers €3, 64 and §5
are of decreased cross-sectional area.

An orifice plate ‘63 at ‘the inner ends of the
‘¢hambers is arranged-to introduce fuel gas and
air mixture from o suitable source to the cham-

" Ders,

30°

Thé 'g‘as'.burﬁ‘s wit‘hin“the chambers and as it
“expands it is discharged from the respective ori~

" fices, the products of combustion from the cham-

“Ber §3 combining with.the discharging gases from

"the chamiber 64 which in turn mix with gases

" Figure 3 further illustrates specifically the

“manner in which the primary filaments are intro-
‘duced into the flame. Sinice the flame velocity is
" highest as it issues ffom the orifice, it has been
found expedient to introduce the fiber into the

_ flame as close as possible fo the orifice. 'This is
‘accomplished by forming the fiber guide 13 with

“& cutout portion adjacent the tip so that it closely
approximates the shape of the burner. The man-
“ner of feeding the primary.filaments into the
Jlast from the burner is ‘described in more detail
in my copending .application Sérial No. 533,046,
“filed April 27, 1944. ] )

 Pigure 5 illustrates a modified form .of burner
““that is also adapted to produce complete com.-

“bustion of the .

5§ holted to the open end thereof and through
~“which fuel is supplied to the burner. An orifice
“plate 52 of ceramic material mounted within the
.cap provides for a uniform flow -of fuel into a
"~.combustion chamber 55 for
'§6. The walls forming the chamber §5 may be in
" the form of a liner.of high softening point metal
" .or ceramic materials. The upper and lower walls

iia,tiﬁ;g or serpentine chamber gradually decreas-
‘ing in cross-sectional area o a discharge orifice
or port 56 in the closed end of the shell 50.

The liner is supported within the shell by a

“refractory insulating material 57 so that contact

" petween the shell and liner is prévented and heat

“ radiation held to a minimum. It is also to be
“understood that the combustion chamber walls
“Inay be formed entirely of ceramic material.

In the present modified type of burner the fuel
“‘mxiture is supplied at a relatively low pressure
“‘and when ignited within the chamber expands at
" 2 high velocity and escapes through the discharge
~“orifice. The heated walls of the chamber increase

the rate of ignition of the gas. As the gas flows
- glong the undulating walls it is"deflected there-

formed within the shell

35‘"

from the ¢chamber 65 with a High Qegree of turbu-
derice.. ' This provides-for .a blast of high velocity
‘in which the gases are.completély burned as they

" discharge from the ottet orifice.

40

~ The orifices miay be round, oval or oblong and
preferably correspond substantially to the cross-
sectional shape of the chambers. Burners of this
“type.are useful when a flame of high temperature
‘and velocity ‘within a localized area are desired.

Modifications may be resorted to within the
_spirit of ‘the invention and the scope of the ap-

5 pended claims.

Lelaim:
1. A combustion chamber burner of the charac-

"ter described comprising a hollow shell substan-

] gaseous . fuel. . The burner com-
_prises a hollow rectangular shell 50 having a cap

) 0P
:'fOI,'

tially rectangular in cross section and having an
ning in one end defining a discharge orifice
the products.of combustion escaping from the

““burner, a cap closing the opposite end of said shell

“through which a combustible fuel is suppiied
‘under low pressure, a liner deflning a chamber
within the shell insulated from the walls thereof
‘and having -one ‘end open to the atmosphere

through said-orifice, the upper and lower opposite
~walls of said liner tapering toward said orifice, a

.of the chamber 55 are shaped to create an undu-
60

longitudinally dispesed dividing wall in align-
;ment’ with the orifice and -equally dividing said
chamber into two cempartments, said wall ter-

“minating short of said orifice and forming with
- said liner walls a restricted passage from each

(=2}
o

‘compartment, and orifice plates within the cap
registering with each compartment through which

" fuel is supplied, said dividing wall provided with

70

an aperture to equalize the pressures built up
within said compartments.

9. In an apparatus for forming fine glass fibers
in which glass is fed into the path of a stream of

" high temperature products of combustion flowing

«at sufficient velocity to attenuate the glass to fine
fibers, a burner having a chamber within which
a combustible mixture of gases is burned, said

75 chamber having an inlet port through which the
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contbustible mixturé 61 gases is introduced into
the chamber and also having a discharge orifice
through which the products of combustion are
discharged in the form of a high temperature
blast, the walls of the chamber at opposite sides
of the discharge orifice converging toward the
discharge orifice, and a wall extending from a
point adjacent the inlet port toward but shors
of the discharge orifice and from side to side of
the chamber to partition the chamber into two
compartments, the end of said wall adjacent the
discharge orifice being so related with respect to
the opposite converging walls of the chamber as
to form restricted outlets from the two compart~
ments so that the turbulence of the products of
combustion from the two compartments is in-
creased prior to passage of the products of com-~
bustion through said discharge orifice.

3. In an apparatus for forming fine glass fibers
in which glass is fed into the path of a stream of
high temperature products of combustion flowing
at sufficient velocity to attenuate the glass to fine
fibers, a burner having a chamber within which
a combustible mixture of gases is burned, said
chamber having an inlet port through which the
combustible mixture of gases is introduced into
the chamber and also having g discharge orifice
through which the products of combustion are
discharged in the form of a high temperature
blast, the walls of the chamber at opposite sides
of the discharge orifice converging toward the
discharge orifice, and a wall extending from a
point adjacent the inlet port and toward but
short of the discharge orifice and from side to
side of the chamber to partition the chamber
into two compartments, the end of said wall ad-
jacent the discharge orifice being so related with
respect to the opposite walls of the chamber as
to form restricted outlets from the two compart-
ments so that the turbulence of the products of
combustion from the two compartments is in-
creased prior to passage of the products of com-
bustion through said discharge orifice.

4. In an apparatus for forming fine elass fbers
in which glass is fed into the path of a stream
of high temperature products of combustion flow-
ing at sufficient velocity to attenuate the glass
to fine fibers, a burner having a chamber within
which a combustible mixture of gases is burned,
said chamber having an inlet port through which
the combustible mixture of gases is introduced
into the chamber and also having a discharge
orifice through which the products of combustion
are discharged in the form of g high temperature
blast, the walls of the chamber at opposite sides
of the discharge orifice converging toward the
discharge orifice, and a wall extending from a
point adjacent the inlet port and toward but
short of the discharge orifice and from side to
side of the chamber to partition the chamber
into two compartments, the wall being in sub-
stantial alignment with said discharge orifice so
that the compartments are offset laterally with
respect to the orifice, whereby the turbulence of
the products of combustion from the two com-
partments is increased prior to passage of the
products of combustion through saig discharge
orifice.

5. In an apparatus for forming fine glass fibers
In which glass is fed into the path of g stream of
high temperature products of combustion flowing
at sufficient velocity to attenuate the glass to
fine fibers, a burner having a chamber within
which a combustible mixture of gases is burned,
said chamber having an inlet port through which
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the combustible mixture of gases is introduced
into the chamber and also having a discharge
orifice through which the products of combustion
are discharged in the form of a high temperature
blasi, the opposite walls of said chamber converg-

. ing toward each other adjacent said discharge

orifice, and a wall extending from the inlet port
and toward but short of the discharge orifice and
from side to side of the chamber to partition the
chamber into two compartments, the wall being
in substantial alignment with the discharge ori-
fice and the end of said wall adjacent the dis-
charge orifice being so related with respect to
the opposite converging walls of the chamber as
to form restricted outlets from the two com-
partments, whereby the turbulence of the prod-
ucts of combustion from the two compartments
is increased prior to passage of the products of
combustion through said discharge orifice.

6. In an apparatus for forming fine glass fibers
In which glass rods are fed across the outlet
end of an exhaust orifice to melt and attenuate
the reds by the heat and force of 1 blast of hot
broducts of combustion emitted from said orifice,
& burner having a plurality of combustion cham-
bers therein, said chambers provided at one end
with inlet ports through which combustible gase-
ous fuel is fed into the chambers to be burned
therein and an exhaust orifice common to and
communicating with the other ends of said cham-
bers from which orifice the stream of hot prod-
ucts flows, said chambers being offset laterally
from said common orifice so that gases passing
through said chambers must deviate from a
straight path to pass through said orifice to as~
sure uniform combustion of the gases.

7. In an apparatus for forming fine glass fibers
in which glass rods are fed across the outlet end
of an exhaust orifice to melt and attenuate the
rods by the heat and force of a blast of hot
products of combustion emitted from said orifice,
a burner having a plurality of combustion cham-
bers therein, said chambers provided at one end
with inlet ports through which combustible gase~
ous fuel is fed into the chambers to be burned
therein and an exhaust orifice common to and
communicating with the other ends of said
chambers from which orifice the stream of hot
products flows, passages of less transverse dimen-
sions than said chambers connecting said cham-
bers with said common orifice, said chambers be-
ing offset laterally from said common orifice so
that gases passing through said chambers must
deviate from a straight path to pass through said
orifice to assure uniform combustion of the gases.

. 8. In an apparatus for forming fine glass fibers

in which glass rods are fed across the outlet end
of an exhaust orifice to melt and attenuate the
rods by the heat and force of a blast of intensely
hot gases emitted from said orifice, a burner hav-
ing a plurality of combustion chambers therein,
said chambers provided at one end with inlet
ports through which combustible gaseous fuel is
fed into the chambers and an exhaust orifice
common to and communicating with the other
ends of said chambers from which orifice the
stream of hot products flows, at least one of said
chambers being offset laterally from said com-
mon orifice so that gases passing through said
chamber must deviate from n straight path to
pass through said orifice so that any straight-line
flow of the gases from the chambers and through
the orifice is disturbed and uniform combustion
of the gases is assured.

9. In the process of forming fine glass fibers in
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which an elongated body of glass is introduced
endwise into an intensely hot blast of the prod-
ucts of combustion of a gaseous fuel adjacent the
point of discharge of the blast into the atmos-
phere to soften and attenuate the body to fine
fibers, the steps which consist in passing a gase-
ous fuel mixture through a highly heated zone in
which it is burned, directing the products of com-
bustion into a second zone laterally offset from
said first zone, thereby creating a high turbulence
in the products of combustion in the second zone,
discharging said highly turbulent products of
combustion into the atmosphere to form a blast
of high velocity and intense heat, by which the
body of glass is softened and attenuated.

10. In the process of forming fine glass fibers in
which a small rod of glass is introduced endwise
into an intensely hot blast of the products of
combustion of a gaseous fuel adjacent the point
of blast discharge to substantially simultaneously
soften and attenuate the rod to fine fibers, the
steps which consist in passing a gaseous Cuel
mixture through separate highly heated zones in
which it is burned, directing the products of
combustion into a common region laterally off-
set from said zones, thereby creating a high tur-
bulence in said region, discharging said highly
turbulent products of combustion into the atmos-
phere in the form of a single blast of high velocity
by which the rod of glass is softened and atten-
uated. :

11. In an apparatus for forming fine glass
fibers in which glass is fed into the path of a
stream of high temperature products of combus-
tion flowing at sufficient velocity to attenuate the
glass to fine fibers, a burner having a chamber
within which a combustible mixture of gases is
burned, said chamber having an inlet port
through which the combustible mixture of gases
is introduced into the chamber and also having
a discharge orifice through which the products
of combustion are discharged in the form of a
high temperature blast, the walls of the chamber
at opposite sides of the discharge orifice converg-
ing toward the discharge orifice, a wall extending
from a point adjacent the inlet port toward but
short of the discharge orifice and from side fo
side of the chamber to partition the chamber into
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two compartments, the end of said wall adjacent
the discharge orifice being so related with respect
to the opposite converging walls of the chamber
as to form restricted outlets from the two com-
partments so that the turbulence of the products
of combustion from the two compartments is in-
creased prior to passage of the products of com-
bustion through said discharge orifice, and a
passage through said wall adjacent the inlet port
establishing communication between the two com-
partments.
CHARLES J. STALEGO.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date

571,076 Seigle o Nov. 10, 1896
1,128,175 MOTf oo Feb. 9, 1915
1,157,984 Herkenrath — - Oct. 26, 1915
1,175,224 Blacker oo Mar. 14, 1916
1,328,446 Adam __ Jan. 20, 1920
1,409,433 Wass eb al. oo Mar. 14, 1922
1,600,712 Buttner - —_—__ Sept. 21, 1926
1,689,551 Hammond . Oct. 30, 1928
1,702,642 Caldwell o Feb. 19, 1929
1,704,875 Vaughn oo Mar. 12, 1929
1,769,181 Jackson - July 1, 1930
1,822,518 Duggan et al, - —_ Sept. 8, 1931
1,938,982 Smith . __ Dec. 12, 1933
1,981,976 Wem e Nov. 27, 1934
2,015,934 Hepburn e icmcceee Oct. 1, 1935
2,044,511 Ryschkewitsch ... June 16, 1936
2,104,311 Russell . Jan. 4, 1938
2,133,235 Slayter — e Oct. 11, 1938
2,228,150 Norman —————__ Jan. 7, 1941
2,241,295 Clark ceomeme o May 6, 1941
2,269,459 Kleist - Jan. 13, 1942
2,269,528  GallUD - oo Jan. 13, 1942
2,367,119 HesSS oo Jan. 9, 1945
2,402,045 HesSS cm e June 11, 1946

FOREIGN PATENTS
MNumber Country Date
254,966 Great Britain .- July 15, 1926




	Page 1 - Drawings
	Page 2 - Bibliography/Abstract/Description
	Page 3 - Description
	Page 4 - Description/Claims
	Page 5 - Claims
	Page 6 - Claims

