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(57) ABSTRACT 

A gaseous fuel mixing device includes a body having an 
air/fuel passageway and a gaseous fuel passageway in fluid 
communication with the air/fuel passageway, a throttle valve 
pivotably coupled to the body and positioned in the air/fuel 
passageway, and an intake unit coupled to the body. The 
intake unit includes an inlet configured to be fluidly con 
nected with a source of gaseous fuel, a first jet fluidly com 
municating the inlet and the gaseous fuel passageway, a sec 
ond jet selectively fluidly communicating the inlet and the 
gaseous fuel passageway, and a selector valve operable to 
control a flow of gaseous fuel through the second jet. 
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1. 

GASEOUS FUELMIXING DEVICE 

RELATED APPLICATIONS 

This application claims priority to U.S. Provisional Patent 
Application Ser. No. 60/931,843 filed on May 25, 2007, the 
entire content of which is incorporated herein by reference. 

BACKGROUND 

The present invention relates to a mixing device for gas 
eous fuel. More particularly, the present invention relates to a 
gaseous fuel mixing device using a modified carburetor body. 

Typically, a liquid fuel carburetor includes at least one air 
intake passageway having a venturi and a fuel bowl that is 
configured to temporarily store a Supply of liquid fuel. The 
venturi is in communication with the fuel bowl such that, as 
air flows through the venturi, liquid fuel is drawn from the 
fuel bowl and into the intake passageway. The fuel mixes with 
the air to become a vapor and flows through the intake pas 
sageway or throat to a cylinder of an internal combustion 
engine. The vaporized fuel is combusted in the cylinder to 
drive the engine. 
Due to governmental regulations on emissions from Small 

engines, it has become more desirable to powerinternal com 
bustion engines with gaseous fuels (e.g., liquid propane and 
natural gas). However, these engines do not require typical 
carburetors that are configured to deliver vaporized gasoline 
to the cylinder. Rather, these engines require mixing devices 
that are capable of mixing the fuel with air, and Supplying the 
mixture to the engine. 

SUMMARY 

The present invention provides, in one aspect, a mixing 
device for use with a gaseous fuel internal combustion engine. 
To reduce cost, the mixing device uses a modified, existing 
carburetor body and a gaseous fuel reservoir or intake unit. 
The modified carburetor body includes an air intake passage 
way, a throttle valve coupled for rotation in the intake pas 
sageway, and at least one passageway in communication 
between the intake unit and the intake passageway. The intake 
unit includes a fuel chamber, a first jet, and an optional second 
jet. The intake unit may also include a valve operable to 
selectively close the second jet for different gaseous fuels. In 
other embodiments, the mixing device may have one or two 
jets, or could be designed for use with a single fuel (LP or NG) 
and thus would not require a selector valve. 
The present invention provides, in another aspect, a gas 

eous fuel mixing device including a body including an air/fuel 
passageway and a gaseous fuel passageway in fluid commu 
nication with the air/fuel passageway, a throttle valve pivot 
ably coupled to the body and positioned in the air/fuel pas 
sageway, and an intake unit coupled to the body. The intake 
unit includes an inlet configured to be fluidly connected with 
a source of gaseous fuel, a first jet fluidly communicating the 
inlet and the gaseous fuel passageway, a second jet selectively 
fluidly communicating the inlet and the gaseous fuel passage 
way, and a selector valve operable to control a flow of gaseous 
fuel through the second jet. 
The present invention provides, in yet another aspect, a 

gaseous fuel mixing device including a body having a first 
air/fuel passageway, a second air/fuel passageway, a first gas 
eous fuel passageway in fluid communication with the first 
air/fuel passageway, a second gaseous fuel passageway in 
fluid communication with the second air/fuel passageway, a 
first throttle valve pivotably coupled to the body and posi 
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2 
tioned in the first air/fuel passageway, a second throttle valve 
pivotably coupled to the body and positioned in the second 
air/fuel passageway, and an intake unit coupled to the body 
and in fluid communication with a source of gaseous fuel. 
Each of the first and second gaseous fuel passageways is 
configured to draw an amount of gaseous fuel, based upon 
individual demand of fuel through the respective first and 
second air/fuel passageways, from the intake unit. 
The present invention provides, in a further aspect, a gas 

eous fuel mixing device including a modified carburetor 
body, originally configured for use with a liquid fuel, having 
an air/fuel passageway, a gaseous fuel passageway having an 
inlet in communication with an exterior of the body and an 
outlet in communication with the air/fuel passageway, a 
closed liquid fuel passageway, a throttle valve pivotably 
coupled to the carburetor body and positioned in the air/fuel 
passageway, and an intake unit coupled to the carburetor 
body. The intake unit is configured to deliver gaseous fuel to 
the gaseous fuel passageway in the carburetor body. 
The present invention provides, in another aspect, a 

method of converting a carburetor from operating using a 
liquid fuel to operating using a gaseous fuel. The method 
includes providing a carburetor body including an air/fuel 
passageway, creating a gaseous fuel passageway through a 
portion of the body to fluidly communicate the gaseous fuel 
passageway with the air/fuel passageway, and closing a liquid 
fuel passageway in the body. 

Other aspects of the invention will become apparent by 
consideration of the detailed description and accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front perspective view of a gaseous fuel mixing 
device including a modified carburetor body and an intake 
unit. 

FIG. 2 is a rear perspective view of the gaseous fuel mixing 
device of FIG. 1. 

FIG.3 is an exploded perspective view of the gaseous fuel 
mixing device of FIG. 1. 

FIG. 4 is a rear view of the gaseous fuel mixing device of 
FIG 1. 

FIG. 5 is a top view of the gaseous fuel mixing device of 
FIG. 1, with portions removed. 

FIG. 6 is bottom view of the gaseous fuel mixing device of 
FIG. 1, with the intake unit removed. 

FIG. 7 is a top view of the intake unit of the gaseous fuel 
mixing device of FIG. 1. 

FIG. 8 is a perspective view illustrating the modified car 
buretor body separated from the intake unit of FIG. 1, illus 
trating the mixing device operating in a first condition with a 
first type of fuel. 

FIG. 9 is a perspective view illustrating the modified car 
buretor body separated from the intake unit of FIG. 1, illus 
trating the mixing device operating in a second condition with 
the first type of fuel. 

FIG. 10 is a perspective view illustrating the modified 
carburetor body separated from the intake unit of FIG. 1, 
illustrating the mixing device operating in the first condition 
with a second type of fuel. 

FIG. 11 is a perspective view illustrating the modified 
carburetor body separated from the intake unit of FIG. 1, 
illustrating the mixing device operating in the second condi 
tion with the second type of fuel. 
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FIG. 12 is a cross-sectional view of the gaseous fuel mixing 
device of FIG. 1, along line 12-12 in FIG. 4, illustrating the 
mixing device operating in the first condition with the first 
type of fuel. 

FIG. 13 is a cross-sectional view of the gaseous fuel mixing 
device of FIG. 1, along the same line 12-12 in FIG. 4, illus 
trating the mixing device operating in the second condition 
with the first type of fuel. 

FIG. 14 is a cross-sectional view of the gaseous fuel mixing 
device of FIG. 1, along the same line 12-12 in FIG. 4, illus 
trating the mixing device operating in the first condition with 
the second type of fuel. 

FIG. 15 is a cross-sectional view of the gaseous fuel mixing 
device of FIG. 1, along the same line 12-12 in FIG. 4, illus 
trating the mixing device operating in the second condition 
with the second type of fuel. 

FIG. 16 is a front view of an engine incorporating the 
gaseous fuel mixing device of FIG. 1. 

FIG.17 is a schematic of the intake unit of FIG. 1 including 
a fuel selector valve. 

DETAILED DESCRIPTION 

Before any embodiments of the invention are explained in 
detail, it is to be understood that the invention is not limited in 
its application to the details of construction and the arrange 
ment of components set forth in the following description or 
illustrated in the following drawings. The invention is capable 
of other embodiments and of being practiced or of being 
carried out in various ways. Also, it is to be understood that 
the phraseology and terminology used herein are for the pur 
pose of description and should not be regarded as limiting. 
The use of “including.” “comprising,” or “having and varia 
tions thereof herein is meant to encompass the items listed 
thereafter and equivalents thereofas well as additional items. 
Unless specified or limited otherwise, the terms “mounted.” 
“connected,” “supported,” and “coupled' and variations 
thereofare used broadly and encompass both direct and indi 
rect mountings, connections, Supports, and couplings. Fur 
ther, “connected” and “coupled are not restricted to physical 
or mechanical connections or couplings. 

FIGS. 1-3 illustrate a mixing device 10 that includes a 
modified carburetor body 14 and a reservoir or intake unit 18. 
In the illustrated embodiment, the mixing device 10 is con 
figured for use with a two-cylinder, horizontal shaft engine 
12, and may be disposed beneath a removable cover 21 of the 
engine 12 (see FIG. 16). Alternatively, the mixing device 10 
may be utilized with a vertical shaft engine. The engine 12 is 
powered by a gaseous fuel Such as, for example, liquid pro 
pane (LP) or natural gas (NG). In some embodiments, the 
gaseous fuel engine 12 may be used in a standby generator. In 
other embodiments, the gaseous fuel engine 12 may be used 
in other Suitable gaseous fuel applications, such as a lawn 
mower. Additionally, the mixing device 10 may be configured 
for use with a different number of cylinders, such as a single 
cylinder engine. 

In some embodiments, a first regulator (not shown) may be 
positioned upstream of the mixing device 10 to regulate the 
pressure of the gaseous fuel entering the mixing device 10. In 
one embodiment, the first regulator may be positioned near an 
LP tank or a NG source to reduce the relatively high pressure 
of the gaseous fuel prior to the gaseous fuel flowing into the 
intake unit 18. For example, the first regulator may be con 
figured to facilitate altering the fuel from a high-pressure 
liquid state to a lower-pressure gaseous state. Additionally or 
alternatively, a second regulator (not shown) may be posi 
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4 
tioned on or adjacent the engine 12 to reduce the pressure of 
the gaseous fuel as it enters the mixing device 10. 
As shown in FIGS. 1-3, the carburetor body 14 is from an 

existing V-twin carburetor, originally configured for use with 
a liquid fuel (e.g., gasoline), that is modified for use with a 
gaseous fuel. For example, the carburetor body 14 may be 
modified by closing off (e.g., blocking, plugging, etc.) 
unneeded passageways, removing a fuel bowl and float (not 
shown), and adding an input/chamber component (e.g., the 
intake unit 18) in place of the fuel bowl for use with the 
gaseous fuel mixing device 10. 

With reference to FIG. 1, the carburetor body 14 includes a 
first air/fuel or intake passageway 22, a second air/fuel or 
intake passageway 26, and respective throttle plates or valves 
30 pivotably coupled for rotation in the intake passageways 
22, 26. The intake passageways 22, 26 are in communication 
with an external air source and the intake unit 18 to provide 
the gaseous fuel to corresponding cylinders of the engine 12. 
The throttle valves 30 are responsive to actuation by an engine 
governor or are manually actuated by a user, and rotate 
between an opened and a closed position to adjust the amount 
of gaseous fuel Supplied to the engine 12 in accordance with 
the engine speed or the applied load. 

In the illustrated embodiment, the gaseous fuel is drawn 
into the intake passageways 22, 26 by a vacuum pulse gener 
ated as air flows through a venturi 32 (i.e., the smaller diam 
eter portion) of the intake passageways 22, 26 (see FIGS. 
12-15). When the engine 12 requires more fuel, the throttle 
valves 30 rotate toward an open position to allow more air to 
flow through the intake passageways 22, 26, creating a larger 
vacuum pulse and drawing more fuel into the intake passage 
ways 22, 26. When the engine 12 requires less fuel, the 
throttle valves 30 rotate toward a closed position to restrict the 
air flow through the intake passageways 22, 26, creating a 
Smaller vacuum pulse and drawing less fuel into the intake 
passageways 22, 26. 
The original, unmodified carburetor body also includes 

various passageways for air and/or fuel flow. In the illustrated 
embodiment, some of the passageways have been blocked off 
or plugged such that the carburetor body 14 is suitably modi 
fied for use with a gaseous fuel. In the figures, passageways 
that have been blocked are generally indicated by an “X”. The 
passageways and holes may be plugged with epoxy or plugs, 
by removing corresponding core pins in the die used to form 
the original carburetor body, or by eliminating a machining 
process for the carburetor body. 

Prior to modification, the carburetor body includes a main 
liquid (e.g., gasoline) fuel passageway or inlet 34 exposed to 
an exterior surface 36 of the carburetor body 14, and internal 
vents 38 (see FIG. 6). The main gasoline fuel inlet 34 supplies 
gasoline to the fuel bowl in a gasoline engine. The main 
gasoline fuel inlet 34 is initially defined by a core pin in the die 
for the carburetor body and then machined (e.g., drilled) once 
the carburetor body is removed from the die. In the illustrated 
embodiment, the main gasoline fuel inlet 34 is plugged (e.g., 
by using an epoxy, etc.) because the gaseous fuel engine does 
not require gasoline for operation. 
The internal vents 38 vent the airspace above the liquid fuel 

in the original carburetor fuel bowl. The internal vents 38 are 
formed such that one end (FIG. 4) is downstream of an air 
cleaner/filter and the other end (FIG. 6) is in the airspace 
above the fuel in the fuel bowl. In some embodiments, the 
original carburetor body also includes a provision 42 for an 
additional or alternative internal vent. The provision 42 may 
be completely drilled through for use in lieu of the internal 
vents 38. However, in the illustrated embodiment, no fuel 
bowl is present and thus the internal vents 38 are not needed. 
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Therefore, both the existing internal vents 38 and the provi 
sion 42 for an internal vent are blocked off in the modified 
carburetor body 14. 

In addition, prior to modification, the carburetor body 
includes nozzles extending into the first and second intake 
passageways 22, 26 and emulsion tubes extending into the 
fuel bowl. In an unmodified carburetor, the nozzles are posi 
tioned within corresponding nozzle passageways 46 and are 
typically made of brass. The nozzles carry fuel between the 
fuel bowl and the intake passageways 22, 26 to supply the fuel 
during operation of the engine. In the illustrated embodiment 
of the modified carburetor body 14, the nozzles are removed 
and the nozzle passageways 46 are plugged. In some embodi 
ments, the nozzle passageways 46 remain unplugged, but are 
recalibrated (e.g., resized) for use with gaseous fuels. 
The emulsion tubes are made of brass and extend from 

corresponding emulsion passageways 50 positioned between 
the intake passageways 22, 26 (FIG. 4). In a standard liquid 
fuel carburetor, air enters the emulsion tubes and mixes with 
the liquid fuel. The mixture of fuel and air is then drawn 
through the nozzles and into the intake passageways 22, 26. In 
the modified carburetor body 14 used with the present inven 
tion, the emulsion tubes are removed and the emulsion pas 
sageways 50 are plugged because the fuel used with the 
illustrated modified carburetor body 14 is already a gas and 
does not require additional air to reach a gaseous state. 
As shown in FIG. 5, the original carburetor body also 

includes mixing chambers 54, or progression slots or holes, 
for use at idle speeds. The mixing chambers 54 communicate 
with air bleed inlets 58, fuel bleed inlets 62 (FIG. 6), and idle 
holes or slots 66. In a typical carburetor, the air bleed inlets 58 
provide entry points for air to enter the mixing chambers 54 
and break up (i.e., vaporize) fuel entering the mixing cham 
bers 54 through the fuel bleed inlets 62. This relatively small 
mixture of air and fuel then enters the first and second intake 
passageways 22, 26 through the corresponding idle holes or 
slots 66 So that the engine continues to run at idle speeds. In 
the illustrated embodiment of the modified carburetor body 
14, the fuel bleed inlets 62 are recalibrated and the air bleed 
inlets 58 are blocked (see FIG. 4) because the gaseous fuel 
does not require additional air. In addition, the idle holes 66 
are recalibrated for use with the gaseous fuel. In some 
embodiments, the mixing chambers 54 are entirely or par 
tially filled Such that only a small, direct passageway exists 
between the fuel bleed inlets 62 and the idle holes 66. 
As shown in FIG.3, the mixing device 10 includes a gasket 

67 and a plate 68 coupled to the carburetor body 14 to seal the 
gasket 67 against the carburetor body 14. Specifically, the 
gasket 67 and plate 68 are positioned over the mixing cham 
bers 54 to substantially prevent entry of additional air into the 
mixing chambers 54. In the illustrated construction of the 
mixing device 10, fasteners (e.g., screws 69, etc.) are utilized 
to couple the plate 68 to the carburetor body 14. Alternatively, 
the plate 68 may be coupled to the carburetor body 14 in any 
of a number of different ways (e.g., by welding, brazing, by 
using adhesives, etc.). 

Referring to FIG. 6, gaseous fuel passageways or apertures 
70 are machined (e.g., drilled or bored) near an outer periph 
ery of the carburetor body 14 during the process of modifying 
the carburetor body 14. The apertures 70 include respective 
inlets 71, each exposed to the exterior surface 36 of the 
carburetor body 14, and respective outlets 72 exposed to the 
respective intake passageways 22, 26. The apertures 70 are 
appropriately sized to allow gaseous fuel to flow from the 
intake unit 18 and into the intake passageways 22, 26. The 
apertures 70 replace the flow passageway previously pro 
vided by the nozzle passageways 46. As discussed above, in 
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6 
some embodiments, the apertures 70 may be omitted and the 
nozzle passageways 46 may be recalibrated for use with gas 
eous fuels. 
As shown in FIG. 3, the intake unit 18 includes a housing 

74, a gaseous fuel chamber 78 at least partially defined in the 
housing 74, a hose connection 82 extending from the housing 
74 at least partially defining a gaseous fuel inlet 84 in the 
housing 74 (see FIGS. 12-15), a first jet 86 fluidly communi 
cating the inlet 84 and the fuel chamber 78, and a second jet 
90 fluidly communicating the inlet 84 and the fuel chamber 
78. In the illustrated construction of the intake unit 18, each of 
the jets 86, 90 is a separate and distinct component from the 
housing 74. Specifically, each of the jets 86, 90 is generally 
tubular (see FIGS. 12-15) and includes an orifice 92 cali 
brated for use with different gaseous fuels (e.g., NG or LP). In 
addition, the jets 86.90 are made from metal (e.g., brass), and 
are press-fit within respective apertures 93 in the housing 74. 
Alternatively, the jets 86, 90 may be omitted, and the respec 
tive apertures 93 in the housing 74 may be sized according to 
the orifices 92 in the jets 86,90 to provide a calibrated flow of 
gaseous fuel from the inlet 84 to the fuel chamber 78. As a 
further alternative, the fuel chamber 78 may be omitted from 
the intake unit 18, such that gaseous fuel is delivered to the 
carburetor body 14 via conduits interconnecting the carbure 
tor body 14 and the respective jets 86.90. 
As shown in FIG.3, the intake unit 18 also includes a flange 

94 having apertures 98 configured to align with correspond 
ing apertures 102 in the carburetor body 14 (see FIG. 6). 
Fasteners (e.g., a screw 104, a bolt, etc.) are utilized to couple 
the intake unit 18 to the carburetor body 14. In the illustrated 
embodiment, the intake unit 18 is machined or cast from 
aluminum. In other embodiments, the intake unit 18 may be 
composed of another Suitable material or combination of 
materials such as, for example, plastic, Steel, ceramic, or the 
like. In the illustrated embodiment, the fuel chamber 78 is a 
reservoir to temporarily hold a Supply of gaseous fuel. 

With reference to FIG. 3, the hose connection 82 extends 
from the intake unit 18 and is configured to communicate with 
a LP supply or NG supply. In some embodiments, the hose 
connection 82 may include threads, barbs or a quick-connect/ 
disconnect couplerto facilitate coupling with the gaseous fuel 
source. In the illustrated embodiment, the hose connection 82 
is a separate piece that is threaded, welded, press-fit, brazed, 
or cast, or otherwise attached to the housing 74. In other 
embodiments, the hose connection 82 may be formed or 
machined as a single component with the housing 74. 

With continued reference to FIG.3, the first and secondjets 
86, 90 are positioned within the fuel chamber 78 to allow 
gaseous fuel entering the intake unit 18 through the hose 
connection 82 to be temporarily stored within the fuel cham 
ber 78. In NG applications, both jets 86.90 are configured to 
be open and supply NG to the fuel chamber 78. In LP appli 
cations, only one jet (e.g., the first jet 86) is configured to be 
open and supply LP to the fuel chamber 78. The jets 86, 90 
may include different sized orifices 92, and are calibrated 
such that the jet 86 used to supply LP supplies the correct 
amount for optimal efficiency and performance. 

With reference to FIG. 3, the intake unit 18 includes a 
selector valve 106 to selectively close one of the jets (e.g., the 
second jet 90). As shown schematically in FIG. 17, a solenoid 
or lever 110 is coupled to the valve 106 to actuate the valve 
106. As such, the valve 106 may be automatically or manually 
operated to switch between NG and LP applications. Alter 
natively, the valve 106 may be set at an open or closed posi 
tion during manufacture of the intake unit 18. Alternatively, 
one of the jets (e.g., jet 90) and the selector valve 106 could be 
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eliminated if the mixing device 10 is designed to be used with 
a single type of fuel (e.g., LP). 

In the illustrated construction of the intake unit 18, a sole 
noid 114 is utilized to move the valve 106 relative to the jet 90 
to control the flow of gaseous fuel from the inlet 84 to the fuel 
chamber 78 via the jet 90 (see FIG. 3). The solenoid 114 
includes a plunger 118 upon which the valve 106 is supported, 
and a biasing member (e.g., a compression spring 122) bias 
ing the plunger 118 and valve 106 toward the jet 90. In 
operation of the intake unit 18, as will be discussed in greater 
detail below, the solenoid 114 is energized to move the 
plunger 118 and the valve 106 away from the jet 90, against 
the bias of the spring 122, to substantially open the jet 90 (see 
FIGS. 12 and 13). Alternatively, the solenoid 114 may be 
configured such that the valve 106 is biased away from the jet 
90, and energizing the solenoid 114 moves the plunger 118 
and the valve 106 toward the jet 90, against the bias of a 
tension spring, to substantially close the jet 90. 

With reference to FIGS. 1-3, the solenoid 114 includes a 
wiring harness 126 configured to be selectively connected to 
a source of electricity. An individual installing, for example, 
a household electrical generator incorporating the engine 12, 
need only connect the wiring harness 126 to a battery or other 
Source of electricity (e.g., the electricity generated by an 
engine alternator or the generator itself) to configure the 
engine 12 for operation with NG to maintain the valve 106 
displaced or unseated from the jet 90. Ofcourse, the engine 12 
must also be connected to the source of NG. Likewise, the 
individual need only leave the wiring harness 126 unplugged 
to configure the engine 12 for operation with LP (in addition 
to connecting the engine 12 to the Source of LP). As a result, 
the spring 122 biases the valve 106 against the jet 90 to 
substantially close the jet 90. Incorporating the solenoid 114 
and valve 106 with the intake unit 18 allows the mixing device 
10 to be packaged on the engine 12 beneath one or more 
shrouds or housings (e.g., cover 21; see FIG. 16), where it 
might otherwise be difficult to gain access to change or oth 
erwise modify the structure of the intake unit 18 at the instal 
lation site to adapt the engine 12 to operate using eithera NG 
fuel source or a LP fuel source. 

With reference to FIG. 3, an idle jet housing 130 is posi 
tioned between the intake unit 18 and the carburetor body 14. 
The idle jet housing 130 includes an upper surface 134 that, 
when the intake unit 18 is coupled to the carburetor body 14, 
engages the exterior surface 36 of the carburetor body 14 to 
define a gaseous fuel sub-chamber 138 within the fuel cham 
ber 78. In the illustrated construction, the idle jet housing 130 
is a separate and distinct component from the intake unit 18, 
and is coupled to the intake unit 18 via a plurality of fasteners 
(e.g., screws 142, etc.). Alternatively, the idle jet housing 130 
may be coupled to the intake unit 18 in any of a number of 
different ways (e.g., by welding, brazing, by using adhesives, 
etc.). As a further alternative, the idle jet housing 130 may be 
integrally formed as a single piece with the housing 74 of the 
intake unit 18. 

With reference to FIGS.9 and 13, the idle jet housing 130 
substantially surrounds the fuel bleed inlets 62, such that the 
fuel bleed inlets 62 are not directly exposed to the fuel cham 
ber 78, but instead are directly exposed to the sub-chamber 
138 in the idle jet housing 130. With continued reference to 
FIG. 13, the idle jet housing 130 includes an orifice 146 in a 
bottom surface 150 of the idle jet housing 130 in facing 
relationship with the jet 90, and another orifice 154 in a side 
surface 158 of the idle jet housing 130. As a result, gaseous 
fuel in the fuel chamber 78 must pass through the respective 
orifices 146, 154 to enter the sub-chamber 138 and the fuel 
bleed inlets 62. The orifices 146, 154 may be calibrated to 
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8 
meter different amounts of gaseous fuel into the sub-chamber 
138 (e.g., by having different diameters). Further, each of the 
orifices 146, 154 includes a diameter, and therefore a cross 
sectional area, less than that of the orifices 92 defined by the 
jets 86,90. In the illustrated construction of the idle jet hous 
ing 130, each of the orifices 146,154 is defined by a respective 
jet 162, 166 coupled to the idle jet housing 130. Specifically, 
each of the jets 162, 166 is a separate and distinct component 
from the idle jet housing 130, and is threadably connected to 
the idle jet housing 130. Alternatively, the jets 162, 166 may 
be omitted, and each of the orifices 146,154 may be defined 
by respective apertures created in the idle jet housing 130. 

With reference to FIGS. 7 and 9, the jet 162 is substantially 
coaxial with the jet 90 in the intake unit 18. In operation of the 
intake unit 18, as will be discussed in greater detail below, a 
tip 170 of the plunger 118 is engageable with the jet 162 to 
substantially close the jet 162 at about the same time that the 
jet 90 is closed by the valve 106 (see FIGS. 14 and 15). The 
plunger tip 170 may include any of a number of different 
shapes (e.g., a tapered shape) to facilitate sealing the plunger 
tip 170 against the jet 162 to substantially prevent flow of 
gaseous fuel through the jet 162 and into the sub-chamber 
138. 

In operation of the engine 12, a user rotates the throttle 
valves 30 relative to the intake passageways 22, 26 (e.g., by 
pushing a pedal, pulling a lever, etc.), or the engine governor 
automatically positions the throttle valves 30 to adjust the air 
flow through the intake passageways 22, 26. When the throttle 
valves 30 are substantially parallel to the direction of air flow 
in the intake passageways 22, 26 (as shown in FIGS. 12 and 
14), the greatest amount of air flows through the intake pas 
sageways 22, 26. As the airflows through the intake passage 
ways 22, 26, the flow is slightly reduced at the venturis 32. At 
normal operating speeds, this creates a vacuum pulse that is 
capable of drawing gaseous fuel from the intake unit 18 into 
the intake passageways 22, 26 via the respective passageways 
or apertures 70. The gaseous fuel mixes and flows with the air 
toward the first and second cylinders of the engine 12 where 
it is combusted to power the engine 12. 

FIGS. 8 and 12 illustrate the mixing device 10 operating in 
a main or normal running circuit. The main circuit is used 
when the engine 12 is in a normal operating condition (e.g., 
full throttle), and not simply running at an idle speed. The 
mixing device 10 operates according to this main circuit when 
the vacuum pulses in the modified carburetor body 14 are 
Sufficiently strong to draw gaseous fuel through the apertures 
70 in fluid flow communication with the fuel chamber 78. 

While operating according to the main circuit, gaseous fuel 
flows through the hose connection 82, through the first and/or 
second jets 86.90, and into the fuel chamber 78 of the intake 
unit 18. The gaseous fuel in the fuel chamber 78 is drawn 
through the large apertures 70 and into the corresponding 
intake passageways 22, 26 (see FIG. 12). From the intake 
passageways 22, 26, the gaseous fuel flows to the respective 
cylinders of the engine 12 for combustion, based upon the 
magnitude of the respective individual vacuum pulses gener 
ated by each cylinder during the intake stroke of the engine. If 
the individual vacuum pulses in the intake passageways 22, 
26 differ, different amounts of gaseous fuel are drawn from 
the intake unit 18 into the respective passageways 22, 26 to 
suit the individual fuel demand for each of the cylinders in the 
engine 12. In the illustrated embodiment, the valve 106 is 
open such that the gaseous fuel flows through both jets 86.90. 
Such a configuration is desirable for NG applications. In other 
embodiments, the valve 106 may be closed such that the 
gaseous fuel can only flow through the first jet 86 (see FIG. 
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14). Such a configuration is desirable for LP applications. For 
single fuel applications, the valve 106 may be omitted. 
FIGS.9 and 13 illustrate the mixing device 10 operating in 

an idle or slow circuit, in which the throttle valves 30 are 
substantially closed. The idle circuit is used when the vacuum 
pulses in the modified carburetor body 14 and mixing device 
10 are not strong enough to draw gaseous fuel through the 
apertures 70, but instead draw the gaseous fuel through the 
fuel bleed inlets 62. While the engine 12 is using the idle 
circuit at idle speed, the individual vacuum pulses in the 
mixing device 10 draw the gaseous fuel through the Smaller 
fuel bleed inlets 62 in a sufficient quantity to keep the engine 
12 running at an idle speed. When the idle circuit is in use, the 
gaseous fuel in the fuel passageway 78 flows through the jets 
162, 166, into the sub-chamber 138, through the fuel bleed 
inlets 62, through the mixing chambers 54 and idle holes 66, 
and into the intake passageways 22, 26 (see FIG. 13). In the 
illustrated embodiment, the solenoid 114 is energized to 
maintain the valve 106 in a position spaced from the jet 90 
such that both jets 86, 90 supply gaseous fuel to the fuel 
chamber 78, which, as discussed above, is desirable for NG 
applications. In other embodiments, the solenoid 114 may be 
de-energized to allow the valve 106 to seat against and close 
the jet 90, and allow the plunger tip 170 to seat against and 
close the jet 162 in the idle jet housing 130, such that the 
gaseous fuel only flows through the first jet 86 and the jet 166 
in the idle jet housing 130, which is desirable for LP applica 
tions (see FIG. 15). For single fuel applications, the valve 106 
may be omitted. 
The mixing device 10 provides a low-cost structure and 

method to modify an existing carburetor body for use with a 
gaseous fuel. More particularly, unneeded passageways in the 
existing carburetor body may be quickly, inexpensively, and 
easily blocked without requiring a new mixing device body to 
be designed and tooled from Scratch. In addition, the existing 
carburetor body may be fitted with a low-cost, easy to manu 
facture intake unit to further minimize costs. Gaseous fuel 
engines may, thereby, become more available while minimiz 
ing additional costs that are generated when manufacturing 
specialized components. 
An important aspect of the present invention is that the 

individual vacuum pulse of each individual cylinder deter 
mines or regulates the amount of fuel drawn in by that cylin 
der without the need for a separate regulator or injector, and 
without an electronic controller. Each cylinder draws in an 
individualized quantity of fuel during its own intake stroke. 

Various features of the invention are set forth in the follow 
ing claims. 
What is claimed is: 
1. A gaseous fuel mixing device configured for use with an 

internal combustion engine, the mixing device comprising: 
abody including an air/fuel passageway, and a gaseous fuel 

passageway in fluid communication with the air/fuel 
passageway, 

a throttle valve pivotably coupled to the body and posi 
tioned in the air/fuel passageway; 

an intake unit coupled to the body, the intake unit including 
an inlet configured to be fluidly connected with a source 

of gaseous fuel; 
a first jet fluidly communicating the inlet and the gas 

eous fuel passageway; 
a second jet selectively fluidly communicating the inlet 

and the gaseous fuel passageway; and 
a selector valve operable to control a flow of gaseous fuel 

through the second jet. 
2. The gaseous fuel mixing device of claim 1, wherein the 

intake unit includes a gaseous fuel chamber in fluid commu 
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10 
nication with the gaseous fuel passageway, wherein the first 
jet is configured to transfer gaseous fuel from the inlet to the 
gaseous fuel chamber, and wherein the second jet is config 
ured to transfer gaseous fuel, upon actuation of the selector 
valve, from the inlet to the gaseous fuel chamber. 

3. The gaseous fuel mixing device of claim 2, further com 
prising an idle jet housing at least partially positioned within 
the gaseous fuel chamber, wherein the idle jet housing 
includes a second gaseous fuel chamber in fluid communica 
tion with the gaseous fuel passageway, and at least one orifice 
selectively fluidly communicating the first gaseous fuel 
chamber in the intake unit with the second gaseous fuel cham 
ber. 

4. The gaseous fuel mixing device of claim 3, wherein the 
selector valve is configured to control the flow of gaseous fuel 
through the second jet and the orifice in the idle jet housing. 

5. The gaseous fuel mixing device of claim 3, wherein the 
body includes a second gaseous fuel passageway in fluid 
communication with the air/fuel passageway, and wherein the 
second gaseous fuel passageway directly fluidly connects the 
first gaseous fuel chamber in the intake unit with the air/fuel 
passageway. 

6. The gaseous fuel mixing device of claim 5, wherein the 
second gaseous fuel passageway is configured to receive gas 
eous fuel from at least one of the first and secondjets when the 
throttle valve is substantially open. 

7. The gaseous fuel mixing device of claim 5, wherein the 
first gaseous fuel passageway is configured to receive gaseous 
fuel from at least one of the first and secondjets, via the orifice 
in the idle jet housing, when the throttle valve is substantially 
closed. 

8. The gaseous fuel mixing device of claim 3, wherein the 
orifice has a cross-sectional area less than a cross-sectional 
area of the first jet, and wherein the cross-sectional area of the 
orifice is less than a cross-sectional area of the second jet. 

9. The gaseous fuel mixing device of claim 1, wherein the 
selector valve is configured to be moved between a first posi 
tion, in which the second jet is at least partially closed, and a 
second position, in which the second jet is substantially open. 

10. The gaseous fuel mixing device of claim 1, wherein the 
body includes a second air/fuel passageway and a second 
gaseous fuel passageway in fluid communication with the 
second air/fuel passageway, and wherein each of the first and 
second gaseous fuel passageways is configured to draw an 
amount of gaseous fuel, based upon individual demand of 
fuel through the respective first and second air/fuel passage 
ways, from the intake unit. 

11. The gaseous fuel mixing device of claim 1, wherein the 
body includes a modified carburetor body originally config 
ured for use with a liquid fuel, wherein the gaseous fuel 
passageway has an inlet in communication with an exterior of 
the body and an outlet in communication with the air/fuel 
passageway, and wherein the body includes a closed liquid 
fuel passageway. 

12. A gaseous fuel mixing device configured for use with 
an internal combustion engine, the mixing device compris 
ing: 

a body including 
a first air/fuel passageway; 
a second air/fuel passageway; 
a first gaseous fuel passageway in fluid communication 

with the first air/fuel passageway; 
a second gaseous fuel passageway in fluid communica 

tion with the second air/fuel passageway; 
a first throttle valve pivotably coupled to the body and 

positioned in the first air/fuel passageway; 
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a second throttle valve pivotably coupled to the body and 
positioned in the second air/fuel passageway; and 

an intake unit coupled to the body and in fluid communi 
cation with a source of gaseous fuel, wherein each of the 
first and second gaseous fuel passageways is configured 
to draw an amount of gaseous fuel, based upon indi 
vidual demand of fuel through the respective first and 
second air/fuel passageways, from the intake unit. 

13. The gaseous fuel mixing device of claim 12, wherein 
the intake unit includes 

an inlet configured to be fluidly connected with the source 
of gaseous fuel; 

a first jet fluidly communicating the inlet with the first and 
second gaseous fuel passageways; 

a second jet selectively fluidly communicating the inlet 
with the first and second gaseous fuel passageways; and 

a selector valve configured to control a flow of gaseous fuel 
through the second jet. 

14. The gaseous fuel mixing device of claim 13, wherein 
the intake unit includes a gaseous fuel chamber in fluid com 
munication with the first and second gaseous fuel passage 
ways, wherein the first jet is configured to transfer gaseous 
fuel from the inlet to the gaseous fuel chamber, and wherein 
the second jet is configured to transfer gaseous fuel, upon 
actuation of the selector valve, from the inlet to the gaseous 
fuel chamber. 

15. The gaseous fuel mixing device of claim 14, further 
comprising an idle jet housing at least partially positioned 
within the gaseous fuel chamber, wherein the idle jet housing 
includes a second gaseous fuel chamber in fluid communica 
tion with the first and second gaseous fuel passageways, and 
at least one orifice selectively fluidly communicating the first 
gaseous fuel chamber in the intake unit with the second gas 
eous fuel chamber. 

16. The gaseous fuel mixing device of claim 15, wherein 
the selector valve is configured to control the flow of gaseous 
fuel through the second jet and the orifice in the idle jet 
housing. 

17. The gaseous fuel mixing device of claim 15, wherein 
the body includes 

a third gaseous fuel passageway in fluid communication 
with the first air/fuel passageway; and 

a fourth gaseous fuel passageway in fluid communication 
with the second air/fuel passageway, wherein the third 
gaseous fuel passageway directly fluidly connects the 
first gaseous fuel chamber in the intake unit with the first 
air/fuel passageway, and wherein the fourth gaseous fuel 
passageway directly fluidly connects the first gaseous 
fuel chamber in the intake unit with the second air/fuel 
passageway. 

18. The gaseous fuel mixing device of claim 17, wherein 
the third and fourth gaseous fuel passageways are each con 
figured to draw gaseous fuel from at least one of the first and 
second jets when the throttle valve is substantially open. 

19. The gaseous fuel mixing device of claim 17, wherein 
the first and second gaseous fuel passageways are each con 
figured to draw gaseous fuel from at least one of the first and 
second jets, via the orifice in the idle jet housing, when the 
throttle valve is substantially closed. 

20. The gaseous fuel mixing device of claim 15, wherein 
the orifice has a cross-sectional area less than a cross-sec 
tional area of the first jet, and wherein the cross-sectional area 
of the orifice is less than a cross-sectional area of the second 
jet. 
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21. The gaseous fuel mixing device of claim 13, wherein 

the selector valve is configured to be moved between a first 
position, in which the second jet is at least partially closed, 
and a second position, in which the second jet is Substantially 
open. 

22. The gaseous fuel mixing device of claim 12, wherein 
the body includes a modified carburetor body originally con 
figured for use with a liquid fuel, wherein each of the first and 
second gaseous fuel passageways has an inlet in communi 
cation with an exterior of the body, and wherein the body 
includes a closed liquid fuel passageway. 

23. A gaseous fuel mixing device configured for use with 
an internal combustion engine, the mixing device compris 
1ng: 

a modified carburetor body, originally configured for use 
with a liquid fuel, including 
an air/fuel passageway; 
a gaseous fuel passageway having an inlet in communi 

cation with an exterior of the body and an outlet in 
communication with the air/fuel passageway; 

a closed liquid fuel passageway; 
a throttle valve pivotably coupled to the carburetor body 

and positioned in the air/fuel passageway; and 
an intake unit coupled to the carburetor body, the intake 

unit configured to deliver gaseous fuel to the gaseous 
fuel passageway in the carburetor body. 

24. The gaseous fuel mixing device of claim 23, wherein 
the intake unit includes 

an inlet configured to be fluidly connected with a source of 
gaseous fuel; 

a first jet fluidly communicating the inlet with the gaseous 
fuel passageway; 

a second jet selectively fluidly communicating the inlet 
with the gaseous fuel passageway; and 

a selector valve operable to control a flow of gaseous fuel 
through the second jet. 

25. The gaseous fuel mixing device of claim 24, wherein 
the intake unit includes a gaseous fuel chamber in fluid com 
munication with the gaseous fuel passageway, wherein the 
first jet is configured to transfer gaseous fuel from the inlet to 
the gaseous fuel chamber, and wherein the second jet is con 
figured to transfer gaseous fuel, upon actuation of the selector 
valve, from the inlet to the gaseous fuel chamber. 

26. The gaseous fuel mixing device of claim 25, further 
comprising an idle jet housing at least partially positioned 
within the gaseous fuel chamber, wherein the idle jet housing 
includes a second gaseous fuel chamber in fluid communica 
tion with the gaseous fuel passageway, and at least one orifice 
selectively fluidly communicating the first gaseous fuel 
chamber in the intake unit with the second gaseous fuel cham 
ber. 

27. The gaseous fuel mixing device of claim 26, wherein 
the selector valve is configured to control the flow of gaseous 
fuel through the second jet and the orifice in the idle jet 
housing. 

28. The gaseous fuel mixing device of claim 25, wherein 
the body includes a second gaseous fuel passageway in fluid 
communication with the air/fuel passageway, and wherein the 
second gaseous fuel passageway directly fluidly connects the 
first gaseous fuel chamber in the intake unit with the air/fuel 
passageway. 

29. The gaseous fuel mixing device of claim 28, wherein 
the second gaseous fuel passageway is configured to draw 
gaseous fuel from at least one of the first and second jets when 
the throttle valve is substantially open. 
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30. The gaseous fuel mixing device of claim 26, wherein 
the first gaseous fuel passageway is configured to draw gas 
eous fuel from at least one of the first and second jets, via the 
orifice in the idle jet housing, when the throttle valve is 
Substantially closed. 

31. The gaseous fuel mixing device of claim 26, wherein 
the orifice has a cross-sectional area less than a cross-sec 

tional area of the first jet, and wherein the cross-sectional area 
of the orifice is less than a cross-sectional area of the second 
jet. 

32. The gaseous fuel mixing device of claim 24, wherein 
the selector valve is configured to be moved between a first 
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position, in which the second jet is at least partially closed, 
and a second position, in which the second jet is Substantially 
open. 

33. The gaseous fuel mixing device of claim 23, wherein 
the body includes a second air/fuel passageway and a second 
gaseous fuel passageway in fluid communication with the 
second air/fuel passageway, and wherein each of the first and 
second gaseous fuel passageways is configured to draw an 
amount of gaseous fuel, based upon individual demand of 
fuel through the respective first and second air/fuel passage 
ways, from the intake unit. 


