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(57) Cette invention se rapporte au domaine de la
construction de machines motrices, et concerne un
dispositif qui consiste en un systeme d’alimentation pour
moteurs & combustion interne. Ce dispositif, qui permet
d’augmenter la proportion de carburant gazeux dans le
mélange de carburants, comprend un circuit
d’alimentation en carburant liquide, ainsi qu'un circuit
d’alimentation en carburant gazeux. Ce derier
comprend un réservoir de gaz (14) équipé d un dispositif
de remplissage (13), un filtre a plusieurs étages (15), une
unité de chauffage (16), un réducteur a un étage (18), un
clapet (19) équipé d’un circuit de commande (20) et,
enfin, une unité de distribution commandée (21) qui est
reliée au collecteur d’aspiration (9) du moteur (10). Ce
systtme d’alimentation peut étre utilis¢ pour
I’alimentation de n’importe quel type de moteur a
combustion interne.
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(57) The present invention pertains to the construction of
motor machines and relates to a device comprising a
supply system for internal combustion engines. This
device may be used to increase the gaseous fuel
proportion in the fuel mixture and comprises a liquid-
fuel supply system as well as a gaseous-fuel supply
system. The gaseous-fuel supply system comprises a gas
tank (14) fitted with a filling device (13), a multistage
filter (15), a heater (16), a single-stage reducer (18), a
valve (19) with a control circuit (20), and a controlled
distribution unit (21) connected to the suction manifold
(9) of the engine (10). This supply system may be used
in any internal combustion engine.
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BS O E _DISCIOSURE

The present invention pertains to the construction of
motor machines and relates to a device comprising a supply
system for internal combustion engines. This device may be
used to increase the gaseous fuel proportion in the fuel
mixture and comprises a liquid-fuel supply system as well as
a gaseous-fuel supply system. The gaseous-fuel supply system
comprises a gas tank fitted with a filling device, a
multistage filter, a heater, a single-stage reducer, a valve
with a control circuit, and a controlled distribution unit
connected to the suction manifold of the engine. The supply
system may be used in any internal combustion engine.
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FUEL SYSTEM OF INTERNAL COMBUSTION ENGINE
Field of the Invention

The invention relates to power-plant engineering and in
particular, to internal combustion engines, and more specifi-
cally, it concerns with a fuel system for an internal combus-
tion engine.

State of the Prior Art

A fuel system is known in the prior art to be used in a
carburettor internal combustion engine, said system comprising
a fuel tank and gas cylinders communicated by means of a pipe-
line having a multistage gas pressure reducer with an economi-
zer system provided with a supplementary fuel jet and a sole-
noid-operated valve having a spool, and a carburettor-mixer
having a main metering system provided additionally with a
fuel jet and a solenoid-operated valve having a shutoff ele-
ment (SU, A, No. 1370279).

This fuel system of prior art knowledge suffers a princi-
pal disadvantage consisting in the use of a pressure reducer
which is complicated both in the manufacture and for adjust-
ment - a factor thch leads to its limited service life.

An engineering solution is also known in the prior art,

wherein a fuel system for an internal combustion engine is

- disclosed (SU, A, No. 1607692), said system comprising a 1li-

quid fuel feeding circuit having a main fuel jet and a main
air jet, and a gaseous fuel feeding circuit having a gas cy-
linder.

This fuel system of an internal combustion engine accord-

ing to SU, A, No. 1607692 suffers a principal disadvantage
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consisting in that no more than 5-7% of gaseous fuel can be
added to combustible mixture, since adding it in greater
amounts will require an increase of pressure in the gas pipe-
line ;’a factor which, in the absence of a heater, will lead
to freezing of the gas pipeline and to making the engine’s
fuel system inopefative during defrosting.

In addition to this, the fuel system according to SU, A,
No. 1607692 suffers a further disadvantage consisting in that
saving of liquid fuel is insignificant because of the fact
that the flow section of the air jet is increased by 8-12%,
whereas the flow section of the main fuel jet is decreased by
the same amount. As a result, gaseous fuel when added to a
large quantity of leaned gasoline-air mixture, is used only
in small quantities. An increase in gas pressure higher than
0.002-0.003 MP3 will cause overenrichment of combustible mix-
ture.

The insignificant replacement of liquid fuel by gaseous
fuel does not allow also to reduce substantially toxicity of
exhaust gases.

Disclosure of the Invention

It is an object of the invention to provide a fuel sys-
tem for an internal combustion engine which would allow to
increase substantially the share of gaseous fuel in the com-
bustible mixture and, along with this, would ensure trouble-
free operation of the engine at all duties.

The above object is accomplished owing to that in a fuel
system of an internal combustion engine, said system compri-

sing a liquid fuel feeding circuit having a main fuel jet



10

15

20

25

CA 02261648 1999-01-13

and a main air Jjet, and.a gaseous fuel feeding circuit having
a8 gas cylinder, according to the invention, the gas cylinder
is provided with a means for taking off the liquid phase of
gaseous fuel, wherein the gaseous fuel feeding circuit cump;
rises, all arranged downstream the gas cylinder one after ano-
ther, a filter, a heater, an adjustable gas pressure reducer,
a shutoff valve having a control circuit, and a controllable
distributing unit communicated with an intake manifold of the
engine.

It is preferable for the controllable distributing unit
to have one outlet thereof communicated with an idling pas-
sage and to include a transient-duty and medium-load valve
having an outlet thereof connected to the intake manifold of
the engine through a tee-joint with a jet, and a maximum-load
valve having an outlet thereof connected to the intake mani-
fold of the engine through the other elbow of the tee-joint.

It is desirable for the gas cylinder}to be provided with
a charging device comprising two locking valves for gaseous
and liquid phases, said valves being located in the vicinity
of upper and lower generatrices of the cylindrical surface of
the cylinder so as to allow thereby to make use of both pha-
ses of the gaseous fuel - liquid and gaseous - wherein, when
using the gaseous phase, there is a possibility of utilizing
the gas cylinder as a refrigerator.

When operating with the liquid phase, the feed of gaseous

fuel is carried out practically at constant pressure until it

~is used up completely, and quality of the fuel does not vary

'in the process.
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It is possible to make the pressure reducer single-stage
and of membrane type.

In case when the pressure reducer is of membrane type,
it is desirable to make the membrane from an o0il and gasoline
resistant rubber of 2-5 mm in thickness, thus improving ope-
rational.feliability cf the membrane.

-The distinctive attributes of the pressure reducer con-
sist in simplicity of its design, low cost and long service
life.

It is desirable for the heating surface area of the li-
.quid- phase of gas fuel in the heater to amount to as much as
(7.0 + 1.0) - 107> m?.

To ensure better removal of impurities from liquid fuel,
it is advisable to use a multistage filter.

The fuel system of an internal combustion engine, if
made in accordance with the present invention, ensures im-
provement in homogeneity of the mixture, improvement in the
antiknock value of the engine, production of high-octane com-
bustible mixture while using a low-octane liquid fuel, reduc-
tion in consumption of liquid fuel by as much as up to 50%,
reduction in the content of toxic components in exhaust gases
down to 10 times as low as the ultimate allowable limit there-
of, improvement in service life of the engine and attainment
of supercharging effect without the use of any supplementary
devices.

Using the liquid phase of fuel gas (liquefied petroleum

‘gases) allows to utilize the fuel gas 100% - a factor which

eliminates such labour-consuming operations as: 1) periodical
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dismantling of the gas cylinder; 2) draining the gas conden-
sate off; 3) utilization of the gas condensate; 4) mounting
of the gas cylinder; and S) construction of stations for moun-
ting and dismaniling of gas cylinders. |
| Brief Description of the Drawings
»Hereinaftér, thevinvention will further be described by

wéy,df examples illustrating specific embodiment thereof with

reference to the accompanying drawings, in which:

Fig.'l shows a diagram of a fuel system for an internal
combustion engine, according to the invention;

Fig. 2 is a cross section of a multistage filter used in
the system shown in Fig. 1;

Fig. 3 is a cross section of a heater used in the system
shown in Fig. 1; and

Fig. 4 is a cross section of a pressure-operated electri-
cal unit used in the system shown in Fig. 1.

The Best Mode of Carrying out the Invention

The fuel system of an internal combustion engine shown
in Fig. 1 includes a liquid fuel feeding circuit comprising a
a gasoline tank 1 connected by a gasoline pipe line 2 through
a gasoline feed pump {(not shown in the drawing) to a float
chamber 3 of a carburettor 4, the float chamber being connec-
ted through fuel jets 5 (shown schematically in the drawing
is only one jet of a primary chamber) to corresponding nozzles
6 and 7 of primary and secondary chambers (shown schematically
in the drawing is only the brimary chamber) of the carburet-
tor 4.

The float chamber 3 is also connected to a passage 8
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to feed liquid fuel when idling. The passage 8 through which

liquid fuel is fed during idling is, in turn, connected to an

intake manifold ? of an engine 10 through a metering orifice
11 of a solencid-operated valve»(not shown in the drawing).
A fuel gas feeding circuit comprises a stationary gas

cylinder 12 connected to a charging device 13 and to a main

gas pipe line 14. Connected one after another downstream

thereof to the main gas pipe line are a filter 15, a heater
16 to which inlet and outlet conduits 17 are connected to en-
Sure the circulation of cooling liquid through the heater 16
from the cooling system of the engine 10.

Connected further downstream to the outlet of the heater

16 is an adjustable gas pressure reducer 18 which is provided

with a pressure gauge 18  and is made so that it is a single-stage

pressure reducer having a membrane made from an o0il and gaso-
line resistant rubber of (2-%) mm in thickness, and then to a
shutoff valve 19 having a control circuit 20.

The shutoff valve 19 is connected through the main gas

pipe line 14 to a controllable distributing unit 21 which has

one outlet thereof communicated with a passage 22 to feed com-
bustible mixture when idling and another outlet thereof commu-
nicated with the intake manifold 9 of the engine 10.

The control circuit 20 comprises a generator relay 23, a
a control relay 24 and a signalling lamp 25,

The controllable distributing unit 21 comprises an idling
gas pipe line 26 connecting the main gas pipe line to a first
outlet of the unit 21, a medium-load gas pipe line 27 connect-

ing the main gas pipe line 14 to a second output of the unit
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21 throughoa jet 28, and a maximum-loadjgas pipe line 29 connect-

ing the%ﬁain gas pipe line 14 to the second outlet through an
elbow 30 of a tee-joint 31. I

The controllable distributing unit 21”ihc1udes also a
transient-duty and medium-load valve 32 mounted in the gas
pipe line 27, a méximum-load valve 33 mounted in the maximum-
load gas pipe line 29, as well as microswitches 34 and 35 con-
nected to control inputs of the valves 32 and 33, respective-
ly, and electrically connected to an engine speed control pe-
dal (nat shown in the drawing) coupled with a throttle valve
36, and a pressure-operated electrical unit 37 mounted in the
gas pipe line 26. |

The fuel system, according to the invention, is made such
that the cross-sectional areas of the main fuel jets of the
carburettor are reduced 2.5-3.5 times and the cross-sectional
areas of the main air jets are reduced 4.0-6.0 times as com-
pared with traditional internal combustion engines using a
fuel system operating with gasoline-air mixture.

Fig. 2 shows a cross section of the filter 15 which con-
sists of a filter casing 38, covers 39, a sealing ring 40,
distance sleeves 41 and filter elements 42,

The multistage filter being included in the fuel gas
feeding circuit allows to carry out both coarse and fine clea-
ning of gases, thus removing impurities therefrom - a factor
which guarantees normal operation of the pressure reducer, en-
suring meanwhile a 100% utilization of the fuel gas. Accumu-
lation of various impurities in the filter in the form of dry

powder {upstream an evaporator) prevents the system from foul-
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ing with viscous gummy fractions which can be formed at ele-

'vated temperatures of fuel gas.

The filtér is cleaned and its serviceability is restored

autcmaticallyias the locking element is opened in the charg-

ihg device {with the gas cylinder being disconnected) when

the accumulated powdery impurities are blown outside under
preséure. So the filter is cleaned by back pressure.

Fig. 3 shows a cross section of the heater 16 which com~
prises a heater housing 43, covers 44 and 45, inlet and out-
let pipe connections 46 and 47 to ensure théméirCUlation of
cooling 1iqdid therethrough from the cooling system of the
engine. The main gas pipe line 14 extends through the hous-
ing 43 of the heater. The heater has a fuel heating surface
area of as much as (7.0 £ 1.0) - 1077 m2,

The heating surface area for heating up the liquid phase
of fuel gas in the heater has been selected such that it is
possible to obtasin the gaseous phase of fuel gas having such
parameters which ensure an optimum composition of combustible
mixture.

The heater has a simpler design than the known heaters
of this type, and the technology of manufacturing this heater
is very simple.

Fig. 3 shows a cross section of the pressure-operated
electrical unit which comprises:

a3 metal body 48, a dielectric body 49, fixed contacts 50
and 51, an inlet union 52, an outlet union 53 having a meter-
ing orifice 537, a metal cover 54, a movable contact 55, a

spring 56, and a cavity 57 for fuel gas.
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The pressure-opersted electrical unit of Fig. 4 is de-

A éigned to cut out or in the solénoidfoperated valve of the
‘parbufettor, fhus.ensuring the feed of liquid fuel, when idl-
ing through the orifice 11 into the passage 22 for feeding
combustible mixture while idling; ~Vbltage is applied to the
'v~fiked contact 51. When there is fuel gas,uhder pressure of
0.1-0.2 MPa in the cavity 57, the movable contact 55 is re-

: léased, the circuit is open between the contacts 50 and 51,

no voltage is supplied to the solenoid-operated valve of the
carburettor, and it shuts off the feéd of iiquid fuel into
the idling system. With liquid fuel,being:absent, fuel gas
will flow through the union 53 having the metering orifice 53°
into the idling passage 22 to ensure stable idling of the en-
gine. When there is no fuel gas in the cavity 57, the spring
526 presses the movable contact 55 against the metal cover 54,
and the electric circuit is closed between the contacts 50
and 51. Voltage is then supplied to the solencid-operated
yalve of the carburettor, and the valve‘gets cut in, thus en-
suring the feed of liquid fuel into the idling passage 22
through the open metering orifice 11 to ensure thereby normal
idling of the engine with gasoline.

This fuel system of the internal combustion engine ope-
rates as follows.

Start-up and Heating of the Engine

With the locking valve of the gas cylinder 12 being open,
the liquid phase of fuel gas is fed under pressure of 1.2-1.6
MPa over the main gas pipe line 14 through the multistage fil-

ter 15 and the heater 16 where it is heated up to reach essen-
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4tia11y'thErtempératura ¢f cooling liquid in th¢ engine, into
»the~adjustéble gas pressure reducer 18, by means of which the
'start-up operating pressure is set which is equal to 0.02-0.1

~ilPa.

Ignition is switched on, the pedal-controlled throttle
valve 36 is slightly opened, the starter‘is sQitched on, and
the engine 10 is stafted up. When the engine loiis started
up, the generator which is not shown in the drawing begins to
generate voltage which is supplied ioythe cohtacts of the ge-
nerator relay 23 and to the control relay 24. when this oc-
curs, the shutoff valve 19 gets actuated. With the shutoff
valve being open, gas will flow simultaneously over the pas-
sage 26 through the metering orifice 5}’ of the pressure-ope-
rated electrical unit 37 into the passage 22 and therefrom in-
to the intake manifold 9, and over the gas pipe line 27 through
the jet 28 into the intake manifold 9 of the engine 10.

With the throttle valve 36 being open, the microswitch 34
will operate to open the transient-duty and medium-load valve
32, so that fuel will flow over the gas pipe line 27 through
the jet 38 of the tee-joint 31 into the space behind the throt-
tle valve in the intake manifold 9.

The fuel system allows to warm up the engine with an open
air throttle 58 even at below-zero temperatures.

With the engine 10 warmed up to reach its operating tem-
perature, the heated cooling liquid will flow from the cooling
system over the conduit 17 into the heater 16 through the pipe
connections 46;and 47, Fig. 3, to transfer the liquid phase of

fuel gas into a new consistency state. The pressure reducer
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13 will set the Qpetating pressure which is equal.to 0.086-0.2

ﬁPa.
'Operation Uncer Load
Hith-thezthroftle vajve 36 being open,’iﬁegSpeed of the
ehgine~10 will ih¢rease, vacuum will rise ih the’spéce“behind
the throttle valve in the intake manifold 9, and an enriched

gaSolinéféir‘mixtufe will flow into the space behind the

~throttle valve from the nozzle 6, the quantity of which mix~
ture being several times lower as compared withrthat of tradi-

“tional carburettor internal combustion engines, owing to a re-

duction in the cross-sectional area of the main air jets by as
much as 4.0-6.0 times and a reduction in the cross-sectional

area of the main fuel jets by as much as 2.5-3.5 times in both

chambers.

At the same time, the liquid phase of fuel gas heated up
in the heater 16 to reach a predetermined consistency state is
fed undefkpressureyof 0.08-0.2 MPa over supplementary gas pipe
lines 26'and 27 into the space bhehind the throttle valve in
the intake manifold, where it gets mixed wifh gascline-air

mixture, thus forming an optimum dual-fuel combustible mixture

-so that operation of the engine without drops is ensured at

all transient modes.

As the throttle valve continues to open {in excess of 30°),

the microswitch 35 will operate to open the maximuﬁ-load valve
33, so that fuel gas will flow through the tee-joint 31 under
pressure of 0.08-0.2 *Pa into the space behind the throttle
valve{fthus enriching additionally combustible mixture.

With the throttle valve open in excess of 48°, the secon-
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- dary chamber (not shown in the drawing) of~4he carburettor 4

cnmes 1ato aperatlon, and thls ‘ensures operatlon of the engine

‘at naxzmum loads.

If there is noc fuel gas, the4eﬁgine'will.run on liquid

'fﬁél, With the a1r throttle 58 heing parxlally closed.

Idling of the Enginea

When the‘ehgine is idling,jthe throttle valve 36 is com-
plétqu‘closed;‘ Gas will flow’bvet»theVSUDplementary gas pipe
lin3726 through 4he pressure-obetated»electrical unit 37. Fur-
ther on, gas: w111 flow over the passage 22 for feeding combus-
tible mixture at idle where it gets mixed with air into the
space behind the throttle valve in the intake manifold 9, thus
ensuring stable idling of fhe engine. As this takes place,
the toxicity of exhaust gasesadecreases considerably.

If there is no gas, the contacts 50 and 51 (Fig. 4) get

closed, voltage gets supplied to the solenoid-operated valve

which will open; and liquid fuel will pass through the orifice

11 so as to ensure thereby idling bf the engine on gasoline,

" The disclosed fuel system for engines has the follewing
main advantages: '

- reduction in consuﬁpticn of liquid fuel by as much as
up to 50

- reductlon in the tox1c1ty of exhaust gases 8-10 times
(as compared with‘that of the engines burning gasoline-air
mixtures);'aﬁd | |

- production of high-octane combustible mixture while
using a lowipcfaﬁa'liquid fual;

~1Inm addifion to this, use made of this system allows to




10

15

20

 CA'02261648 1999-01-13 .

13

""improvéjééfvice lifé;bf the;engihevand"tq extend:the;bil-change

period.

The fuel syStem;‘QCCording»td fﬁe'prESenffiﬁvéntion, has

been testéd in a hrde] VA7 210c car.;zThe:distanCe'fun without
'<£8fU8111ﬂJ (3° 11ters of . A16 gaaolxne “and 40 11terb of propane-

. 'butawe.gdq; is ~ \;GO-BSb):km 1n,01ty,servxce, and -~ (950—1000)

km on highway. Time for standing—étart acbeletétion to a

‘vspeed of 100 Km/hour w1~h a load of ~ 250 kg (a drlver and two

passengers) is 14~ 15 s.
Use made of high—OCtane COmbdstible:mixthre {gas + A76)

in the fuel system, according to the invention, allows also to

~increase the ratio of compression in the engines of trucks

(from 7 to 9). This factor will donfribute'to a sharp improve-
ment of ecological situation - if ensures better hrotection of
cities and other inhabited localities against air pollution.
Industrial Applicability
~The fuel system for an internalicombuétion engine, accor-
ding to the present'invention can be used for the*feed of any
internal combustion engines; and preferably - for carburettor

engines.
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Plalmvb‘”

_l;ff & LUGI systev of an 1ntvrnal combust1on engine said

-j'systtn Umprisxrg a Ilquld fael feedlng 61rcu1t havxng a main
H'fuel ﬁet awd a m311 air Jet, and a fuel qas Ieedlng circuit

-havlﬁg a Baq cyllner ’12) Sald system bexng c-h arac t -

e r i zed in t . a’ t ~said gas cyllnder (12) is provided
WIth 8. meaqs for ta&an off the 11qu1d phase of fuel gas,
wherexn sald fuel gas feed1ng 51rcu1t comprlses, all being ar-
ranged downstream salﬂ gas cyllnder one after another, a fil-
ter 15), a heatpr ’16) an adjustiable gas pressure reducer

518)'~a shutoff~va1veA(19) having a control circuit, and a

;controllable dlstrlbutxng un1t (21) communlcated with an in-

tahe manifold (9) of the eng1ne (10) |

2. The fuel system of an engine as Plalmed in claim 1,
said system being characterized in that said
contrdllab]e-distriouting unit (21) has one outlet thereof
qumuqicated with @ nasssape (22) for feeding ccmbustlble mix-
»ure at 161e and 1ncludes a transxent duty angd medlum load
valvQ {32) hav1ng an outlet thereof connected to the intake
manifold (9) of tne_englne (10) through a tee-joint (31) with
a jet,(?ﬁ), and a maximum-load valve (33) having an outlet
tﬁereofvcohnected.to the intake manifold (9) of the engine (10)
through the other 9150w of said tee-joint (31).

3. The system as claimed in claim 1 or claim 2, said
system‘bcing charascterized in tﬁat said gas cy-
lxnner fl ) is 0ro»14°d with a charging device (13) comprising
two locking valves for the gaseous and liquid phases, said

valxua being locsted in the vicinity of upper and lower gene-
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‘t:ateieés f the cyllndriual surface thereof

‘e,};” QTﬁe sys»em as claxmed in any one of claims 1, 2 and

”that Sdld’

ge}pressure reducer (1 ) is made as a8 szngle-qtage pressure re-

”Qfducer of membrane type.m

:f]$£>5;The system as clalmed in clalm A sald system being

*L;jc h 3 T a < t er iz e d in that said- pressure reducer (18)

10

*kfxs af membrane type, and a membrane thereof 1s made from an

1011 and gasollne resistant rubber of 2- 5 mm . in thlckness.

‘6.}fﬂThe system as clalmed in any one of the\ptecedlng

o jclalms, said system being charac te rzi\z»efdk in that

- . the heating surface_area of the liquid phase of gas fuel in

said heater (16) amounts to as much as (7.0 X 1.0) . 107°n2,
7. The system,as claimed in any one of the preceding

clalms, saxd system belng charac t erize: d in that

i said filter (15) is made as a multistage fllter.'“\'
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