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fourth to Elizabeth Puti Hmmelfarbe, all of
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11 Clalms

My mventmn relates to iiquid carburetor de-'
vices -and more partmularly ‘of ‘the type for use

in internal combustion engines. - One -of the
objects of this invention-isto prov1de an appara-

tus of the above mentionéd character which will

be capable of high ‘efficiency ‘of operation. An-
other object is to provide an apparatus' of the
above mentioned ‘character -in_ which' variable

speeds of an internal combustion engine may be

dependently achieved without saerifice -of econo-
my of operation. ‘Ancther object -is to provide
a device of the ‘above ‘mentioned  character in
which the liquid fuel'is ‘converted into a gas and
super-charged into the power plant in “proper
proportmns -depending ‘upon the requirements of
the engine. A Turther object’is to provide an air
control means which controls the -air supply in
measured amounts prior to the opening of the in-
take valves-in any one-of the eylinders.” -Other
objects will be in ‘part 0bv1ous or in part pomted
out hereinafter.

The invention accordingly con51sts in the fea~

tures of ¢onstruciion; ‘combination ‘of elements,

arrangements of parts as will be exemplified in:

the structure to be hereinafter described and the
scope of the application of which Wﬂl ‘be mdlcated
in the following -claims.

In the accompanying drawings two ‘of the vari-
ous possible embodiments are shown by the way
of Mlustration, in which Fig. 1 is a view in side
elevation, with certain’ parts broken away of an
internsl combustion engine with the carburetor
apparatus embodying the present invention:

Fig. 2 is & front énd view with certain parts
broken away of an air control mechamsm shown
in Fig. 1.

CPig. 3 is an en!arged vertxcal sectlon view of
my caiburetor device embodying the invention,

Fig. 4isan enlarged perspective view of a part
of my carburetor device shown'in Fig. 3.

"Fig. 5 is ‘an enlarged- sectional ‘view taken on
line'5—5 of Fig. 3 showing the nozzle construc-
tior of my carburetor device.

" Fig. 6 is a wiring diagram- showing a hea,ter and
manual control disgrammatically.

Fig. 7 is an end view similar fo Fig. 2 embody-'
ing 2 modified form of my invention..

Referring t0 the drawings, for a more- detalled
description of the inwvention, in Fig. 1 of the
drawings ‘there is shown-an oufline of an engine
10 having the usual intake manifold 11 to which
is secured the ‘carburetor appardtus 12. Adja-

cent to the carburetor ahd connected-théreto, as

by means of a conduit or pipe 43, is'a tompressor.
or pump unit 414 driven by a belt #8 from a crank-
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shaft i6of the engine li In*tegral with $he pump
unit {4 and‘tommunicating therewith is an air
reservoir 171,-and the gssociated valve mechanism,
generally indicated at 20, whxch will: be more
fully described hereinafter, =

Referring now to ¥Fig. 3, the carburetor 12 com-~
prises @ body or casing 21 provided with the usual
flange 22 for securing ssme to the infake mani-
fold-1 [ referred to above. "The lower-end of the
casing 21 has attacheéd: thereto, ‘as by means of
screws,” not -shown, the carburetor unit, gener--
ally indicated at 23; and is' provided with the
usual float chamiber 24 for controlling the flow of
fuel from the-supply pipe tine 25 by means of the
conventional needle valve 26 which is controlled
by the usual float 27 actuating the needle valve

“ by well known-esns, not shown. The ‘fue’l is

thus held at Yhe proper gperating level.
‘Communicating with the float chamber 24 is
2 passage 38 which feeds the fuel to-a hollow
needie- or fuel nozele 31, hereinafter referred to
as o fuel nowile. 'The passage is provided with a
pail check vaive menerally indicated at 32 to pre-
vent the return of Tuél tothe foat ¢hamber 24.
.“The fuel nozzle 31 takes the form of a tube for
the passage of Tuel and is vertically and centrally
d1qused in the lowermost part of the cylindrical
body 21. ~The lower &nd -of the tube forming the

fuel nozzle is secured to-4 threaded shank 33 and

30

35

40

45

50

55

the upper tapered end is provided with a series
of holes:34, and Mot necessarily limited to three
in number. &3 stiown in Fig. 5. ‘The fuel nozzle is
further provided, intermediate of itsends, with a
flexible connection 38 the:inner: end -of which is
connected at 36 and: communicating with the
passage in ‘the fisel 1tozzle:. The outer end of the
flexible conneetion: 35 is brazed -or otherwise se-
cured within the passage ‘39, in’ the casting 37.
This provides a flexible connection for the fuel
noyzle for reasons to-be pointed out hereinafter. -
-+ Liocated just akdve the fexible connection and
sarrounding the fuel nozzle 31 is a heating ele-
ment 38. This healing element is received in a
bore 48 in an air cone 44 which is threaded into
the casting 31, The upper end of the air cone is
counterbored to provide & seat 42 for the fuel
nozzle, . The sest ds complementary to the tap-
ered enit of the fuel nozzie and co-acting there-
with to-normally «close all Holes 34, except hole
43, which is provided with a cut-away portion 44,
ax-shovn in Fig. 5. “This effectively allows fuel to
pass from within the fuel nozzle to fhe mixing
chamber 45, formed by the above mentioned
cylindrical-body 24, thus -enabling the engine 10
to idle when thefuel nozze is fully seated- agalnst
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the conical seat 82. The air cone 41 is further
provided with a conical cap 46 which with
the spiral grooves 41 form spiral passages
E0, communicating with an annular passage 51
which receives compressed air from the above
mentioned conduit. 3. . The upper end of the
spiral passages 50 fall:-short of the apex of the
cone, forming a conical chamber 52. The conical

cap 46 at its apex is provided with a cylindrical -

bore 53 which, surrounding the fuel nozzle, forms

an annular mixing chamber, and -an -effective.

one, because of the change of the direction the
compressed air must take, and the turbulent mo-’
tion of the compressed air, is given, by the spiral
passages 50.

Both the fuel and the compressed air are
heated to desired temperatures by the properly
designed heating element 38, and associated parts,

10

15

thus, as the liquid fuel passes through. the fuel’

nozzle, and at a point. substantially above the
heating element,. the fuel is transformed into
vapor. This vaporized fuel, upon further mixing
with the preheated compressed air, constitutes
s, fuel highly superior- to those produced. by
methods now in common: use.

The foregoing treatment of the fuel therefore
in light of this development, presents a vapor fuel
of very desirable characteristics.

‘Upon being transformed into heat energy in the
combustion chamber of: an -internal combustion
motor complete combustion is attained regard-
less of the R. P. M. of the engine. .

To regulate the R, P.-M.- of the engine. above
the idling speed, the fuel nozzle 31 is arranged to
turn on its vertical axis, and for this purpose an
internally -packed gland nut .54 is. provided
through which passes the threaded shank 33 co-
operating with internal threads of the gland nut
54, Secured to the lower and.projected end of
the shank 33 is an.arm 55 whose forked end is
secured to a rod 56, the. other end of which is
connected to the usual foot accelerator, not shown.
Thus it will. be seen, that upon. the respective
movements of the arm 55 the fuel nozzle is caused
to operate up and down in a semi-spiral motion
in accordance to the pitch of the threads on the
shank 33. The flexible connection 35 allows for
both the axial rotation of the fuel nozzle and also
the movement in:the vertical plane thereof, with-
out impairing the flow of fuel to the fuel nozzle.
A tension spring 57 is used-to return the arm 55
to the original or idling posmon dlagrammatlcally
shown in Fig. 6. -

An extension: 58, d1ametr1ca11y opposed to the
arm 58, is provided with a spring pressed contact
€0 which contacts turns or windings 61 of a re-
sistance unit mounted.securely on the casting 31.
The purpose of the variable resistance is to con-
trol the heat created in the heating element 38
in order to adapt it to the fuel requirement of the
internal combustion engine. 0. For example:
when the engine is idling: the vaporized fuel re-
quirement is low, therefore, the maximum resist-
ance in the:circuit is nécessary, to control the
amount of heat imparted to the liquid fuel, and
thereby control the heat of vaporization, as re-
quired by the engine.. This position of the ex-
tension 58 for the minimum vapor requirement,
is shown in Fig. 6. Now, as the arm 55 is turned
in the direction of the arrow the flow of vapor is
increased through the unseating of the fuel nozzle
which brings the auxiliary holes 34 into operation,
as best shown in Fig. 5. At the same time as the
number of turns in the resistance are cut the tem-
perature in the heating element is raised to a
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point where the increased heat of vaporization is
commensurate with the requirements of the in-
crease in the fuel.

The design of the fuel nozzle 31 may be so pro-
portioned, with respect to the air pressure and
pipe {3, as well as the .spiral air passages 39,
conical chamber 52 and cylindrical chamber 53,
that an operative proportion of air and vapor is
accomplished under varying operating conditions,
the most efficient proportion being produced at
the normal usual speed of the engine. It may be
remarked that the engine may be a stationary one
where the proportion may be regulated once only
and practically permanently. It also is to be
noted that the regulating valve may be inserted
into the compressed air line (3, and the same may
be connected. with the fuel control means, as it is
well known in this art, whereby an increase or a
reduction. in the fuel fed will cause an increase
or a reduction in the quantity of air introduced
into my device, : This regulating valve has been
omitted from the drawmgs for the sake of clear-
hess, and also because» it is a-usual well known
device in this art. There may be:,temporary
phases in the operation of the engine when sec-
ondary air may be needed For such exceptional
condition, an auxiliary. air valve, generally indi-
cated at 62, see Fig. 3, is provided, which takes
the form of an inverted cup.63. It operates in a
cylindrical extension integral with; and communi-
cating, as by means of an air passage 64, with
the mixing chamber. 45. - Extendmg up from the
valve cup 63 and secured thereto is a shank 65
projecting through an adjustable bushing 66
threaded into a closure cap 67. Th1s bushing
limits the upward travel of the valve, which in
the closed idling position, shown in Fig. 3, cuts
off the auxiliary air supply passage 68. A spring
10 suwrrounding the shank 65 -is adjustable, as
by means of nuts threaded on the shank, and
serves to adjust the pressure which retains the
valve -against the above mentioned bushing 66.
Thus the secondary air which may be preheated
before entering the carburetor is closed off by the
valve 63 until under certain operating conditions
the air within the mixing chamber 45 drops below
atmospheric pressure in which case the valve 63
moves down and opens the passage 68, by the
aperture 63a.

Referring to Figs. 1, 2, the pump unit 14, and
the air reservoir 17, including the associated valve
mechanism generally indicated at 20, will now be
described.

In order o have a supply of air under pressure
for use in-the carburetor 12 an air reservoir 11
is provided, which receives air from a compressor
14.  An adjustable. relief. valve 11 is located at
the top of the reservoir and when set, g predeter-
mined air pressure is obtained. - The reservoir is
further provided ‘with a poppet valve 72 which
controls the amount of compressed air to be used
in the carburetor. 'The poppet valve is opened
by a rocker arm 73, the inner end of the arm
carrying - 5 cam roller 14. Four cam Iobes 15
mounted for rotation on the conventional engine
cam-shaft 16 actuate the rocker arm.  Thus it
will be seen that the cam shaft 76 will rotate once
for two revolutions of the engine crankshaft {6,
and opens the poppet valve 12 four times during
its revolution, that is, once for each suction stroke
of a four eylinder, four stroke cycle engine. For
engines having more or less cylinders, the number
of cam.lobes 15 will be 1ncreased or. reduced ac-
cordmg to the case. -

It will be understood tha,t the engine ‘is not



hrmted to four cylinder ensines bt also apphicalile
to ‘any multi-cylinder type, drrespective of their
firing ‘order, and #lso mmies twe stroke cycle
engine, -

Referring to the modification shewn in Fig. 7
an tlectrical means is ‘provided for activeting the
poppet, valve T2, This takes the form of a4 com-
mutator 80 secured to the engine cam shaft 16
and rotated therewith. Contaets 81 are spaced
equidistant apart and instilated one from the
other. Conbact ‘1 co-operates with a -contwot
arm 82 pivotally ‘movmted on an: adjustable
bracket 83. A collector ring 84 co-acts with 4
cortact brush 85 ‘which #n turn is wired -clec-
trically to-a solenoid #. “The other end -of the
gireuit ‘is grounded ‘through ‘the engine to the
bracket 83 and ‘thence to the contatt arm 32.
A-battery 81 provides the energy to actuate the
solenioid ‘86 ~ A rocker arm 78 operates poppet
valve 12,45 in the first embodiment.

- 'The operation of the poppet valve 4 similar-to
that shown in Fig. 2 and the -eontanets 31, four
in number, correspond o the fotr cam lebes 15
in the above mentioned Fig. 2.

Thus ‘one revolution of the cmnmutator 88 will
send four impulses through the solenoid 86 ener-
gizing same which ‘throueh the rocker arm 73
opens the ‘poppet velve T2. A spring 88 Teturns
the poppe‘t valvé ‘to its sest closing theair supply
to the -engine-when the solenoid is de-energized.

The -eyele of -operation is the same for this
modified form as for the form previously :de-
scribed. ‘However it différs in respeet to the ad-
justment of the contaet arm 82 which is done
by a threaded shark 8. Adjusment can be
achieved to retard or advance the epen&ng aind
elosmg of the poppet valve.

Tt will be ‘seen from the herein *speeiﬁcmon in
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I reserve my rights to such changes, variations
and uses, as are within the spirit of thisspecifica-
tion and the scope «of the claims hereunto ap-
pended. T also may offer the following remarks:

- It may be noted that in the drawings the pump

and ‘the compressed air reserveir 17 ‘are shown
as being ‘relatively 'small ccompared to the engine
to which they are attached. However; T do not

‘want it to be understood ‘that such proportion

is the one used in the actual practice of my in-
vention.. The drawing is:only a dlagram and has
been made ‘with a view of clarity of ‘showing.
Those versed:in-this art, if they desire to practice
thisinvention, will be-able to'make the pump and
the compressed air reservoir of such size, -de-

- livery, capacity, and pressure,-as will be reguired

25

connection ‘with the drawings, thet T provided -

a device of the character in view, ifv‘which-the
intake of a liguid fuel into a combustion devite,
and pariicularly into an internal combustion en-
gine, is greatly improved -over the methods now
in use. “The liquid fuel being exposed through
a needle valve -or ‘the like, ‘o @ stream -of com-

pressed air, will ‘be provided - with ‘means Tor more
perfect cembustion not knewn or wused before,
and ‘particularly will this combustion be effected
in view 'of the perfect mixing due tothe wh*grlmg‘
turbulent motion imparted tothe tompressed air.

These factors, ‘obviously, also will grea.ﬂy aid
in the vaporization iof the fuel.

The blowing -of the compressed ®ir ‘may be
entirely timed %o the work cycle -of ‘the engine,
and the mixture may #lso be pre-prepared, a
reserve amount of it may be ready Tor the intake
of ‘the -engine, another factor for more r=e'm'eiént
operation.

I.provide a minimum amount-of feeding-of fue“l
even when the motor is idling, inwhich case at
présent the combustion is very ‘imperfect, while
with my device, it will receive ample oxygen and
the engine will tun with the least consumption
of fuel -and with more perfect combustion,

I also provide heating means Tor the Yiguid
fuel preliminary to the mentioned Blowing ‘in,
miging, and ‘vaporizing of -it, anether factor for
more perfect operation, and -alse ‘provide simple
regulation of the gmount of fuel fed, and provide
means to simultaneonsly -and automatically ad-
just the heating to the amount of the fuel. . -

_While I have shown preferred embodiments :of
my invention, it is'fo'be understood that changes
and variations may be resorted e in the #lé-
ments, -construction or use of @y invention, and

b
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by the engine in view. ' It-also will be understood
that more: than one pump cylinder may- be
operated by the engine feeding it to .one suffi-
ciently large reservoir 47 ior possibly .even each
into s separate reserveir, which then may. jointly
feed into the cempressed air line 13. .

- What I-claim as new and want to protect -by
Letters ‘Patent-of the United -States, is:

1. In a lquid fuel carburetor, a needle valve,
having -a bore :connected with a source -of liquid
fuel, said Jbore having communicating openings
for the exit of the fuel -at the end of the vilve,
a:hollow member surrounding said iend of the
valve, ‘means to:feed g compressed oxidizing
medium under pressure, like air, through said
hollow member, whereby :said medium will carry
and vaporize the fuel passing threugh said exit
opening,. and will be thoroughly mixed with it,

s said device feeding the ready fuel! mixture into

the intake -mamnifold ‘of ;an internal -combustien

engine, means fo normaily close the communica~

tion  between . the -source of said compressed
oxidizing  fluid . medium . and .said device, ~and
means actuated by -an element. of said engine to
intermittently permit the passing of said .com-
pressed fuid medium through said device, in ac~
corda.nce with.the operation of the engine.

2. In: g liguid fuel carburetor, :a needle valve,
having. a bore conneeted with a source of liguid
fuel, said -bore having -communicating openings
for the exit .of the: fuel at the end of the valve, a
hellow member surreunding said end-of the valve,
means to feed a compressed. oxidizing medinm
under pressure, like .ajr, through .said hollow
member, whereby said medium will carry and
vaporize the fuel passing through said exit -open-
ings -and will be thoroughly mixed with it, said
device feeding the ready fuel mixture into the
intake manifold of . an -internal combustion
engine, means to normally close the communica~
tion between the -source. -of -said. .compressed
oxidizing fluid -medium and :said ‘device, - and
means actuated by -an element of said engineto
intermittently permit the passing :of said com-
pressed fluid medium through said device, in ac-
cordamce with the operation of the: engine, said
element of -the .engine being .a shaft therein, and
said means to intermittently permit aecess of the
compressed fluid medium to the device including
a .cam operated by said shaft, a valve normally
closing. the  conduit between the source of the
compressed fluid and the device, and =a lever
adapted to open said valve at desn'ed phases of
the-cam operation.

3. In.a liguid fuel zcarburetor 2 needle va,lve
having a: bore connected with a source of Hguid
fuel, ‘said ‘bore-having communicating :openings
for the exit of the fuel-at ftheend of the valve, a

75 holiow member ;surmundmgsa‘rd end of the valve,
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means” to -feed a compressed -oxidizing -medium
under pressure, like air, through said hollow
member, whereby said medium will carry and
vaporize the fuel passing through said exit open-
ings and will be thoroughly mixed with it, said
device feeding the ready fuel mixture to an in-
ternal combustion engine, means to normally
close the communication between the source of
said compressed oxidizing fluid medium and-said
device, electrical means to open said conduit at
desired intervals in accordance with. the opera-
tion of the engine, and a rotating intermittent
switch device on-said engine to close the electric
circuit for the electrlcal device at said. desired
intervals.

4., In a liguid fuel converter dev1ce a needle
valve, having a bore connected with a source of
liquid fuel, said bore having communicating
openings for the exit of the fuel at the end of
the valve, a hollow member surrounding said end
of the valve, means to feed a compressed oxidiz-
ing medium under pressure, like air, through said
hollow member and over said openings, whereby
said medium will carry and vaporize the fuel
passing through said exit openings, and will ‘be
thoroughly mixed with it, said device feeding
the ready fuel mixture into the intake manifold
of an internal combustion engine, means to nor-
mally close the communication between the
source of said compressed oxidizing fluid medium
and said device, and means actuated by an ele-
ment of said engine to intermittently permit the
passing of said compressed fuid medium through.
said device, in accordance with the operation of
the engine,

5. In & liquid fuel converter device, a needle
valve, having a bore connected with a source-of
liquid fuel, said bore having communicating
openings for the exit of the fuel at the end of

the valve, a hollow member surrounding said end

of the valve, means to feed a compressed oxidiz-
ing medium under pressure, like air, through said
hollow member and over said openings, whereby
said medium will carry: and vaporize the- fuel
passing through said exit- openings, and will be
thoroughly mixed with it, said device feeding
the ready fuel mixture into the intake manifold
of an internal combustion engine, means to nor-
mally close the communication between the
source.of said compressed oxidizing fluid medium
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and said device, and means actuated by an ele-

ment of said engine to intermittently permit the
passing of said compressed fluid medium through
said device, in accordance with the operation of
the engine, said element of the engine being a
shaft therein, and said means to intermittently
permit access. of the compressed fluid medium to
the  device including a cam operated by said
shaft, a valve normally closing the conduit be-
tween the source of the compressed fluid and
the device, and a lever adapted to open said
valve at desired phases of the cam operation.

6. In a:liquid fuel converter device, a needle
valve, having a bore connected with a source of
liquid fuel, said -bore having communicating
openings for the exit of the fuel at the end of
the valve, a hollow member surrounding said end
of the valve, means to feed a compressed oxidiz~
ing medium under pressure, like air, through said
hollow member and over said openings, whereby
said medium will carry and vaporize the fuel

passing .through said. exit openings, and will be.

thoroughly mixed with it, said device feeding the
ready fuel .mixture to an internal combustion
engine, means to normally close the communica~

60-

65

70

75

tion- between. the source of .-said compressed
oxidizing. fluid medlum and sald device, electrical
means-to open said-conduit. at desired intervals
in accordance with the operation of the engine,
and a rotating -intermittent switch device on said
engine ‘to -close the electric circuit for the elec-
trical device at said desired intervals.

M. Ina device, as set. forth in claim 4, said com-
pressed fluid: medium being fed before:the suction
stroke of the engine, whereby the mixture will be
ready in said intake manifold at the start of the
suction : stroke in any of the .cylinders of the
engine.

8. In a: 11qu1d fuel converter dev1ce a needle

valve, havmg a bore -connected with a source of
liquid fuel, said bore havmg communicating open-
ings for the exit of the fuel .at the end of the
valve, a hollow member surrounding said end-of
the valve, means to feed a compressed oxidizing
medium under pressure, like. air,.through -said
hollow member: and over: said openings, whereby
said medium - will. carry and vaporize -the fuel
passing through, said- exit openings, and will be
thoroughly mixed with it, said device -feeding
the ready fuel mixture into the intake manifold
of an internal combustion engine, means to nor-
mally .close . the ~communication between the
source of said compressed oxidizing fluid medium
and said device, and means actuated by an ele-
ment of said engine to-intermittently. permit the
passing of-said compressed fluid medium through
said device, in accordance with the operation of
the engine, said element of the engine being a
shaft therein, and said means.to. intermittently
permit access of the compressed fluid medium to
the device including a valve normally closing the
conduit between the source of the compressed
fluid ang the device, and -means petween said
shaft and said: valve adapted to open said valve
when desired.
9. In a 11qu1d fuel convelter dev1ce, a. needle
valve, having a bore .connected with a. source of
liquid fuel, said bore-having communicating open-
ings for the exit of -the fuel.at the end of the
valve, a hollow member surrounding said end of
the valve, means to feed .a compressed oxidizing
medium under . pressure,. like air, through said
hollow member and over said openings, whereby
said- medium -will carry and vaporize the fuel
bassing through said exit openings, and will be
thoroughly mixed with it, said device feeding the
ready fuel mixture to an internal combustion
engine, means to normally close the communi-
cation between the source of said compressed
oxidizing fluid medium and said device, electrical
means to open said: conduit at desired intervals
in accordance with the operation of the engine,
and a switch device on said engine to operate
said electrical means at said desired intervals.

10. .In a liquid fuel converter device, means to
feed liquid fuel to the same, means to feed com-
bressed QxidiZing medium under .pressure, like
air, through said: device whereby said- medium
will carry and vaporize the fuel fed to the device
and will be thoroughly mixed with it, said device
feeding the ready fuel mixture into the intake
manifold of an internal combustion engine, means
to normally .close.the -communication between
the source of said:compressed oxidizing fluid
medium and said- device, and means actuated by
an element of said engine to. intermittently permit
the passing: of: said ‘compressed fluid medium
through said device, in -accordance Wlth the op-
eration of the engine.

11. In combination, with an. mternal combus-
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tion engine, having an intake manifold, of a fuel
mixture preparing and feeding device, comprising
a source of oxidizing gaseous medium compressed
‘under pressure, a fuel feeding element, a fuel
carburetor, means to blow said oxidizing medium
under pressure through said carburetor in suffi-
cient quantity for the total requirements of fuel
mixture for operating the engine, and means in
said carburetor to cause the fuel to be atomized
by and mixed with said medium, and a connec-
tion from saig carburetor to the manifold of
the engine, whereby sufficient fuel mixture will
be produced and introduced into the manifold
before and independently of the suction stroke of
the engine, means to intermittently stop and start
the blowing of said oxidizing medium, said means
being controlled by an element in the engine in
accordance with its operation, said controlling
means in the engine for intermittent operation
of the oxidizing medium being electrical.
GUSTAV NEMNICH.
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Lombard . ____ Aug. 19, 1921
Plush oo Oct. 25, 1921
DuPont oo Jan. 10, 1922
Lovejoy —ooemo July 3, 1923
Smith _ e Oct. 28, 1924
Hebert oo Jan. 12, 1926
Thomas _..—————-_- Dec. 14, 1926
Portail __. Apr. 1, 1930
Mullen, Jr. ___—__._. July 14, 1931
ROSS oo July 26, 1932
Whiteman ___..______ Apr. 18,1933
Paasche __ .. Aug. 9, 1938
FOREIGN PATENTS
Country Date

Great Britain ..—— Aug. 19, 1920

149,772




