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(54) CARBURETOR FOR MIXING A VAPORIZED LIQUID
FUEL WITH AIR FOR AN INTERNAL COMBUSTION ENGINE

(71)  We, FORD MOTOR COMPANY
LIMITED, of Eagle Way, Bremtwood, Essex
CM13 3BW, a British Company, do hereby
declare the invention for which we pray that
a patent may be granted to us, and the method
by which it is to be performed, to be par-
ticularly described in and by the following
statement © —

The present invention relates to a car-
burettor for mixing a vaporized liquid fuel
with air for an internal combustion engine.
The present invention is particularly con-
cerned with the delivery and metering of a
vaporised liquid fuel in an air stream to pro-
vide a combustible air/fuel mixture for an
internal combustion engine. Reference is
made to our ding application (Serial
No. 1,568,843) No. 2874/77 which discloses
a fuel delivery and metering system.

It is well known in the prior art to provide
a fuel in liquid form to a moving air stream
for delivery to the combustion chambers of
an internal combustion engine. The prior art
systems generally have utilized mechanical or
electromechanical fuel delivery and metering
apparatus to provide metered quantities of
liquid fuel in proximity to, and in some cases
into, the combustion chambers of internal
combustion engines. The prior art has also
taught that a quantity of liquid fuel may be
added to a quantity of moving air upstream
from, and for ultimate delivery to, a plurality
of combustion chambers through a plurality
of intake manifold conduits. The advent of
U.S. mandated internal combustion engine
exhaust emissions standards has resulted in
the adoption of techniques to substantially
reduce the quantity of pollutants produced
by an internal combustion engine. One
technique to reduce the quantity of atmos-
pheric pollutants generated by an internal
combustion engine has been the use of an
exhaust gas catalyst.

Exhaust gas catalysts which operate upon
the three principal pollutants, carbon mono-
xide (CO), hydrocarbons (HC), and the
oxides of nitrogen (NO,) are generally ex-

pensive devices. In addition, these devices
require that the input gases be within a fairly
tightly controlled and constrained range of
chemical constituents. The economically
most practical such devices require that the
input gases have a gross chemical composition
which very closely approximates stoichio-
metric conditions.

The advent of U.S. mandated internal
combustion engine exhaust emissions stan-
dards has also prompted detailed analysis of

the internal combustion as a converter of .

chemical energy to mechanical power (ie., as
a power source) as a source of atmospheric
pollutants. It has been determined that the
conventional fuel metering and delivery
systems which have been designed to utilize
a liquid fuel petroleum product are generally
not capable of providing the degree of control
of the air/fuel ratio of the combustion mix-
ture (which generates the exhaust gases) so
that the objective of the exhaust gas catalyst
is caused to be more difficult to achieve. This
problem is due in part to non-uniform dis-
tribution of the liquid fuel within the intake
manifold of the engine. Even in those fuel
systems which deliver liquid fuel to the intake
ports of the engine, manifold “wetting” can
cause the air/fuel ratio to vary from cylinder
to cylinder resulting in non-optimum exhaust
gas chemistry. Additionally, with a liquid
fuel, ignition and flame front propagation
problems leading to increased generation of
pollutants are encountered. It has been
suggested that this difficulty may be overcome
by the use of vaporized liquid fuel.

The typical liquid fuel used in internal
combustion engines is gasoline. Gasoline may
be expected to be completely vaporized at
temperatures of about 425°F. As is known,
commercially available gasoline is comprised
of a substantial number of petroleum product
fractions, each of which has a separate vapori-
zation temperature. With  commercially
available gasoline however, the vaporization
temperatures do not exceed about 425°F. In
order to achieve the benefits of a vaporized
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liquid fuel system, it is necessary to maintain
the liquid fuel in a vaporized state until the
fuel is delivered to the internal combustion
engine combustion chambers.

According to prior art techniques for
delivering vaporized liquid fuel to an air
stream for mixture therewith and delivery
to the combustion chambers of an internal
combustion engine, the vaporized liquid fuel
may be indiscriminatly allowed to contact
relatively cool engine components. This con-
tact can be expected to cause substantial
amounts of vaporized liquid fuel conden-
sation. To the extent that the vaporized liquid
fuel may be allowed to condense within the
fuel and air delivery system, the ability to
accurately control the air/fuel ratio of the
combustion mixture at a desired ratio is lost.
It is therefore a specific object of the present
invention to provide apparatus for promoting
the mixing of vaporized liquid fuel with air
while reducing direct contact between the
vaporized liquid fuel and any relatively cool
engine parts.

Since it is known that the dew point for a
mixture of vaporized fuel mixed with air is
substantially lower than the dew point of the
raw or unmixed vaporized liquid fuel, it is a
further and specific object of the present
invention to provide a means for rapidly
intermixing a vaporized liquid fuel with air.

According to the invention there is provided
a carburettor for mixing a vaporized liquid
fuel with air to establish a combustible air/
fuel mixture for delivery to an internal com-
bustion engine comprising: —

metering venturi means adapted to generate,
in use, a low pressure zone having a pressure
indicative of the rate of air flow therethrough;

vapor delivery nozzle means situated within
the low pressure zone defined by said venturi
means and having a vapor delivery orifice
operative to deliver a stream of wvaporized
liquid fuel to the low pressure zone in res-
ponse to air flow therethrough;

air swirl inducing means situated down-
stream from said venturi means operative to
cause air flowing through said venturi means
to acquire a component of motion at an angle
to the direction of flow whereby air flowing
therethrough may become a swirling air mass;

said air swirl inducing means including
means defining an aperture in alignment with
the vapor delivery nozzle operative to permit
a stream of vaporized liquid fuel issuing from
said delivery nozzle to pass therethrough
without substantial contact with the air swirl
inducing means; and mixing section means
downstream from said swirl inducing means
for fluid communication with the engine;

said mixing section means having surface
wall portions operative to define a mixing space
whereby the swirling air mass and the
vaporized liquid fuel may be mixed to estab-
lish a combustible air/fuel mixture prior to

introduction into the engine;

said swirling air mass being operative to
prevent contact between the vaporized liquid
fuel and the surface wall portions of the
mixing section means.

Further according to the invention there is
provided: — '

a carburettor for establishing an air/fuel
mixture for delivery to the intake manifold
of an internal combustion engine having a
throttle valve body for controlling the rate
of delivery of the combustible mixture to the
engine mixture to the engine, the carburettor
including a metering venturi means operative
to generate a low pressure zone upon passage
of air therethrough, the zone having a pres-
sure indicative of the rate of air passage,
therethrough, including:——

vapor delivery nozzle means for fluid com-
munication with a source of vaporized liquid
fuel;

said nozzle means having a vapor delivery
orifice situated within the low pressure zone
and arranged to provide a stream of vaporized
fuel into, and in the direction of air flow
through, the low pressure zone; and

swirler means situated downstream from
the metering venturi means operative to in-
duce swirling of any air mass flowing through
the metering venturi means;

said swirler means including defining an
unobstructed vapor aperture in alignment with
said vapor delivery nozzle means operative
to permit a stream of vaporized liquid fuel
to pass therethrough while avoiding any sub-
stantial contact between the vapor stream and
said swirler means.

The invention will now be described with
reference to the accompanying drawings, in
which : —

Figure 1 illustrates a vaporized liquid fuel
delivery and metering system with which the
present invention is of utility;

Figure 2 illustrates the present invention
in association with a vapor delivery nozzle
arranged within an otherwise conventional
metering venturi; and

Figure 3 illustrates the swirl inducing
member of the present invention in a per-
spective view.

Referring now to the drawing wherein like
numerals designate like structure throughout
the various views thereof, Figure 1 illustrates
a vaporized liquid fuel delivery and metering
system 10 with which the present invention is
of utility. The vaporized liquid fuel delivery
and metering system 10 is arranged to provide
a combustible mixture to the intake manifold
12 of an internal combustion engine 14. In-
ternal combustion engine 14 is provided with
combustion by-product eghaust gas conduit
means 16. Intake manifold 12 is provided with
throttle valve body 17. As illustrated, internal
combustion engine 14, intake manifold 12,
throttle valve body 17 and exhaust gas con-
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duit means 16 are substantially conventional.
For purposes of illustradon, it will be con-
sidered that internal combustion emgine 14
is of the type adapted for installation and
use in powering an automotive vehicle, not
shown.

System 10 is arranged to receive liquid
fuel from a conventional liquid fuel reservoir
or tank, not shown, through conduit 18. Con-
duit 18 communicates with intermediate liquid
fuel reservoir 20. The communication be-
tween conduit 18 and intermediate reservoir
20 may be controlled, for example, by a
pivoted float valve 22 in the conventional
maoner. As will be appreciated, liquid fuel
could be pumped through conduit 18 by con-
ventional pumping means such as the con-
ventional mechanical or electrical fuel pump
normally used in automotive vehicles.

Liquid fuel contained in intermediate
reservoir 20 may be provided by coarse
liquid fuel delivery means 24 to primary
heating means 26. Coarse liquid fuel delivery
means 24 may include for example, an
electrical or mechanical liquid pump 28 and
a liquid control valve 30. An auxiliary heat-

‘ Emuns 32 is arranged in fluid serial flow

tionship with respect to the primary heat-
ing means 26 so that fuel provided from
intermediate reservoir 20 would flow serially
through the primary heating means 26 and
thence through auxiliary heating means 32.
The heating means are shown to be com-
municated via conduits 34 to a vapor storage
reservoir 36.

As jlhstrated in Figure 1, the pri and
suxiliary heating means 26, 32 are comnected
in serial fluid flow .relationship. In order for
efficient operation of the auxiliary heating
means 32, it should be designed for relatively
fow fuel flow consonant with operation of the
associated engine at idle. As such, however,
the auxiliary heating means 32 could present
a high impedance to fluid flow and could
impede engine operation under high fuel con-
sumption conditions. It is therefore contem-

" pated that the primary and auxiliary heating
‘means could be connected in parallel fluid

flow. It is also contemplated to provide a fluid

‘by-pass valve downstream from primary

heating means 26 and upstream from the

~auxiliary heating means 32 to place the pri-

mary heating means 26 in direct fluid com-
munication with the vapor reservoir 36 when
the auxiliary heating means 32 are not
required as a vapor supply source.

Vapor reservoir 36 is communicated by
way of conduit 38 with carburetor means 40
according to the present invention. As used
herein “carburetor” means the apparatus

‘according to the present invention for mixing
* fuel with air to establish a combustible air/

fuel mixture. As illustrated in Figure 1, the
vapor delivery nozzle 42 of vapor delivery
conduit 38 is positioned within the low pres-

sure zone formed by the metering venturi
means 44 of the carburetor means 40. A
movable pintle 46 is situated within the vapor
delivery nozzle 42 and is controlled by servo-
mechanism means 48. Carburetor means 40
includes mixing section 47 which inter-
communicates the metering venturi means 44
with the throttle body 17 upstream from the
intake manifold 12. The operation and
structure of carburetor means 40 and fuel
delivery nozzle means 42 is described herein-
below with reference to Figures 2 and 3.
Servomechanism 48 may be, for example,
a conventional servomotor operated electrically
or by electromechanical means. Servo-
mechanism 48 receives an input command
signal from servomechanism control means 50.
As here illustrated, servomechanism control
means 50 are arranged to be responsive to an
exhaust gas sensor 52 which may be for ex-
ample, a titania exhaust gas sensor according
to United States Letters Patent 3,886,785.

According to Figure 1, fuel delivery and.

metering system 10 is also provided with
vapor temperature control means 54. Tem-
perature control means 54 are arranged to be
responsive to the vapor temperature in vapor
delivery conduit 38 in order to control an
exhaust gas flow diverter valve 56. Valve 56
is operative to control the heating of primary
heating means 26.

Referring now to Figure 2, the carburetor
means 40 according to the present invention
is shown. Carburetor means 40 is provided
with means defining a substantially conven-
tional metering venturi 44. Vapor conduit 38
is provided with vapor delivery nozzle 42
which is situated within the metering venturi
44 of the carburetor means 40. Vapor conduit
38 is arranged to place the orifice of vapor
delivery nozzle 42 within the low pressure
region established by the metering venturi
44, In the preferred embodiment, metering
venturi 44 is arranged to define an air flow
passage which is rapidly convergent on its
upstream side and gradually divergent on its
downstream side. The terms “upstream” and
“downstream” relate to the direction of intake
air flow which is illustrated by arrow A.
Swirl inducing means 214 is situated down-
stream from metering venturi 44 upstream
from mixing section 47. Swirl inducing means
214 is described more fully hereinbelow with
reference to Figure 3. A mixing region 215
is disposed downstream from swirl inducing
means 214 within mixing section 47.

As a coarse measure of air/fuel ratio
control, the ratio of the area of the metering
venturi 44 in the plane of the orifice of vapor
delivery nozzle 42 when compared to the
area of the orifice of the vapor delivery nozzle
42 should be slightly less than that which
would produce the desired air/fuel ratio. We
have determined that the air/fuel ratio is
approximately equal to seven tenths (.7) of
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the ratio of the air delivery area compared to
fuel delivery area. This relationship is an
approximation and is based on air at 70°F.
and commercially available gasoline, as the
fuel, vaporized at 400°F. By modulating the
actual area of fuel delivery through use of
a movable pintle and needle valve, for ex-
ample, the actual air/fuel ratio may be
modulated and a desired air/fuel ratio may
be precisely attained. In view of the fact that
fuel vapor is provided to the moving air
stream with substantially the same pressure
differential through the orifice of vapor
delivery nozzle 42 as is experienced by the
air stream in flowing from the upstream: side
of metering venturi 44 to the plane of the
orifice of nozzle 42 and is delivered to the
low pressure region defined by the air stream
moving through metering venturi 44, the mass
of vaporized liquid fuel can be precisely con-
trolled to match the mass of air being con-
sumed by the associated engine to maintain
a preselected and desired air/fuel rato for
all mass ratios of air flow.

Referring now to Figures 2 and 3, the
swirl inducing means 214 are illustrated in a
perspective view. Air swirl inducing means
214 are comprised of a substantially annular
insert member having a solid rim portion 216
and a plurality of upstanding fin members
218. Fin members 218 are connected at their
radially inwardmost point by a further sub-
standially annular rim 220 which is arranged
to define a circular aperture 222 at the central
portion of swirl inducing means 214. Aper-
ture 222 is sized and positioned with respect
to vapor delivery nozzle 42 to permit the
unhindered passage of a vapor stream from
vapor delivery nozzle 42 through the air swirl
inducing means 214 without contact of the
vapor stream with swirl inducing means 214.
Fin members 218 are cooperative to induce
a swirling movement of the air stream as it
passes over the fin members 218 into mixing
region 215 of the mixing section 47. This
swirl is operative to promote intermixing of
the vapour stream from vapor delivery nozzle
42 with the air passing through the mixing
region 215. Further, and meore importantly,
the swirl is operative to prevent the vapor
stream from coming into contact with the
side walls of the mixing section 47 to thereby
further reduce any opportunity for contact
of the vaporized liquid fuel with a relatively
cooler surface and resultant condensation.

With reference to Figures 1 and 2, mixing
section 47 is shown to be vertically disposed
above the throttle valve body 17 and is opera-
tive to provide an unobstructed mixture flow
conduit therebetween. It will be appreciated
that the vertical orientation of mixing section
47 is arbitrary and for purposes of illustration.
Mixing section 47, in an automotive instal-
lation could also be disposed horizontally
across the top of engine 14.

The “raw” vaporized fuel will have a dew
point dependent upon the various fractions
which make up the vapor. However, the fuel
vapor per se can begin to condense as its
temperature drops below the temperature of
complete vaporization, for example 425°F.
The dew point of an air/fuel mixture having
a vaporized liquid fuel such as gasoline is
approximately 125°F. (at atmospheric pres-
sure), again depending upon the fuel fractions
present in the fuel vapor. As the pressure
drops to subatmospheric levels, the dew point
of the fuel vapor within the air/fuel mixture
will be further lowered. Thus, once the fuel
vapor has been mixed with air, the dew point
of the fuel vapor will drop dramatically. The
condensation problem is therefore substantially
lessened and contact with engine components
will not have an adverse effect on the vapor
form of the fuel. Additionally, the high vapor
inlet temperatures and the short residence
time of the vapor in the region downstream
from air swirl inducing means 214 will
virtually preclude any opportunity for con-
densation to occur.

The precise area of the orifice of fuel
delivery nozzle 42 may be varied by the
movement of pintle 46 in order to vary the
area of the fuel delivery nozzle and hence the
quantity of vaporized lquid fuel being provided
to the engine through vapor delivery conduit
38. A throttle valve situated within throttle
valve body 17 may be operative to vary the
rate of delivery of the combustible air/fuel
mixture to the intake manifold of engine 14
from the carburetor means 40. The throtde
valve may be operated in the conventional
manner. As discussed hereinabove, the throttle
valve will not cause or promote any substan-
tial amounts of vaporized fuel condensation
since it will be positioned below the mixing
section 47 and hence sufficiently downstream
from vapor delivery nozzle 42 to be in the
mixture where the dew point of the vaporized
fuel has been lowered. Additionally, the
throttle valve will normally be at a relatively
elevated temperature due to its proximity to
the heated components of the engine 14. Pre-
ferably, the orifice of vapor delivery nozzle
42 will be placed within the region defined
by metering venturi 44 at or within the zone
of maximum depression (minimum pressure)
in order to provide the greatest pressure
differential across the orifice. However,
accurate placement within the low pressure
zone is not critical since the vapor pressure is
referenced to substantially the same pressure
as exists upstream from the metering venturi
44 and the size of the minimum pressure zone
defined in the direction of flow (arrow A) is
variable.

WHAT WE CLAIM IS:—
1. A carburetor for mixing a vaporized
liquid fuel with air to establish a combustible
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air/fuel mixture for delivery to an internal
combustion engine comprising:—

metering venturi means adapted to gener-
ate, in use, a low pressure zome having a
pressure indicative of the rate of air flow
therethrough;

vapor delivery nozzle means situated within
the low pressure zone defined by said venturi
means and having a vapor delivery orifice
operative to deliver a stream of vaporized
liquid fuel to the low pressure zone in res-
ponse to air flow therethrough;

air swirl inducing means situated down-
stream from said venturi means operative to
cause air flowing through said venturi means
to acquire a component of motion at an angle
to the direction of flow whereby air flowing
therethrough may become a swirling air mass;

said air swirl inducing means including
means defining an aperture in alignment with
the vapor delivery nozzle operative to permit

‘a stream of vaporized liquid fuel issuing from

said delivery nozzle to pass therethrough
without substantial contact with the air swirk
inducing means; and ' i

mixing section means downstream from said
swirl inducing means for fiuid communication
with the engine;

said mixing section means having surface
wall portions operative to define a mixing
space whereby the swirling air mass and the

ized liquid fuel may be mixed to estab-
ish a combustible air/fuel mixture prior to
introduction into the engine;

said swirling air mass being operative to

t contact between the vaporized Hquid
and the surface wall portions of the
mixing section means.

2. A carburettor according to Claimy 1,
wherein said air swirl inducing means com-
prise a plurality of fin members arranged
about the aperture defining means.

3. A carburettor according to Claim 2,.

wherein said means defining an aperture
comprise: )

an outer rim portion; and an inner annular
rim having an aperture extending therethrough
in a vapor flow direction;

said plurelity of fin members being attached
to said outer rim portion and said inner

rim.
4. A carburetor for establishing an air/fuel

mixture for delivery to the intake manifold
of an internal combustion engine having a
throttle valve body for controlling the rate
of delivery of the combustible mixture to the
engine, the carburetor including a metering
venturi means operative to generate a low
pressure zone upon passage of air there-
through, the zone having a pressure indicative
of the rate of air passage therethrough,
including :

vapor delivery nozzle means for fluid com-
munication with a source of vaporized liquid
fuel;

said nozzle means having a vapor delivery
orifice situated within the low pressure zone
and arranged to provide a stream of vaporized
fuel into, and in the direcdon of air flow
through, the low pressure zone; and

swirler means situated downstream from
the metering venturi means operative to in-
duce swirling of any air mass flowing through
the metering venturi means;

said swirler means including means defining
an unobstructed vapor aperture in alignment
with said vapor delivery nozzle means opera-
tive to permit a stream of vaporized liquid
fuel to pass therethrough while avoiding any
substantial contact between the vapour stream
and said swirler means. '

5. A carburetor according to Claim 4, in-
cluding further:

mixing section means having side wall por-
tions downstreamy from said swirler means
operative to define an unobstructed mixing
zone and further operative to communicate
any air flowing through said metering venturi
with the throttle valve body;

said swirler means cooperative with said
mixing section means to promote mixing of
the vaporized liquid fuel with the swirling
air mass while the swirling air mass con-
strains the vaporized liquid fuel stream to
prevent contact of the ;:ﬂorized liquid fuel
stream with the side I portions of the
mixing section means.

6. A carburetor for mixing a vaporized
liquid fuel with air substantially as herein-
before described with reference to and as
shown in the accompanying drawings.

PETER ORTON,
Chartered Patent Agent.

Printed for Her Majesty’'s Stationery Office by the Courier Press, Leamington Spa, 1980.
Published by the Patent Office, 25 Southampton Buildings, London, WCg2A 1A%?: from
which copies may be obtained.
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This drawing is a reproduction of
1 SHEET the Original on a reduced scale
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