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@ Delivery of fuel to working chambers of internal combustion engines.
Liquid fuel from a controlled supply is delivered to a
delivery tube {147) under a pressure which is too low to
deliver a charge of fuel under static conditions. During an
induction stroke however, air entering a cylinder of an
engine is drawn through a venturi-type constriction (156) and
thereby draws air from a duct (154) by-passing the engine
throttle. This air is drawn through a convergent passage to
pass the delivery end of the tube (147) at supersonic velocity
to draw therefrom a charge of fuel. The tubes {147) for each
inlet passage are in permanent communication with the
same metered supply so each cylinder draws its appropriate
charge in turn.
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ELLVERY OF FUEL TU WORKLING CUAMBRRS OF INIoinAl COMBUSTION ENGINGS

rhis inveation relates to apparatus ror delivering charges of

fuel to working chambers ot internal combustion engines.

More specitically, the invention is concerned with apparatus
for delivaring successive charges of fuel to a working chamber of an
internal combustion engine from a liquid fuel supply line the flow
rate to which is controlled in accordance with operating conditions
of the engine, comprising a nozzle mounted in tne side wall of an
inlet duct leading to the working chamber, the nozzle comprising a
small bore fuel delivery tube connected to the supply line and

mounted in an air passage connected to receive air from a supply by

passing the engine throttle, the air passage belng convergent to an

outlet for delivering fuel and air into the inlet duct.

Such apparatus is described im GB 1,246,851 and GB 1,330,181 in

which the flow rate from the supply line is controlled by the length
of pulses fed to solenoid—operated valves which periodically and
simultaneously open and close the inlets to the fuel delivery tubes,

which in turn discharge fuel into the inlet manifold.

Apparatus according to the invention is characterised in that

the delivery tube is continuously connected to the supply line and

‘in that the pressure maintained in the supply line in relation to

the dimensions of the delivery tube is insufficient to discharge a
charge of fuel from the delivery tube in the absence of air movement
in the air passage so that a charge of fuel is delivered by the

delivery tube only during induction of a charge of air into the

combustion chamber,

Thus, ére;ferably, for liquid fuel, the nozzle has a
capillary fuel delivery tube within an air passage
connéctt_ad to receive unthrottled air, the air passage
b‘éing convergent around the outlet end of the fuel '

delivery tube and leading to an outlet in a wall of
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the inlet passage to the working chamber in a position
wvhere each successive charge of air drawn into the
combusﬁion chamber will reduce the static pressure and
thus draw in air ffom the nozzle air passage. This in
turn reduces the static pressure at the fuel delivery

tube outlet and draws off and atomises fuel from the

tube. At other stages in the enginé cycle, the surface

tension of the fuel prevents any substantial flow of
fuel  Where the fuel is supplied under pressure, this

should be insufficient to overcome the surface tension

when air is not being drawn past the nozzle.

Preferably, the passage around the tube is
gradﬁally convergent over é sufficient length to
eénsure that the-velocity of the air drawn past the end
of the fube is effectively supersonic under all funning
conditionst thexreby évoiding sudden charges and
instabilities in the operation of the nozzle.

Advantageously, the air inlet duct'leading from
the throttle towards the combustion chamber is formed
with a constriction to reduce the static pressure
adjacent the nozzle. This constriction should.howevéf
not be so narrow és to cause sonic flow conditions

under maximum power or engine speed conditions.

'Accofdingly, the constriction design should ensure that

the mean flow velocity during intake of a charge of

air should not appreciably éxceed 125 metres/sec.
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When the engine has a plurality of working
chambers, the fuel delivery apparatus will have a
separate nozzle for eéch air inlet duct (which may serve
one or more working chambers), the remainder of the
fuel delivery apparatus being common to all nozzles
which are effectively connected in parallel. With the
usual phaée differences between the various working
chambers, each.nOZzle in turn will be caused to deliver

" fuel as a charge of air is drawn through its
associated air inlet passage during the induction phase,
thereby helpinoc to ensure that fuél canﬁot escape from?

[}

the other nozzles. ' ; p

Embodiments of the invention will now be described by way of
example with reference to the accompanying drawings, in which :— f

Figure 1 shows diagrammatically the air and fuel delivery ;

systems of a four stroke spark—ignition internal combustion engine;
Figure 2 shows a fuel delivery nozzle of Figure 1 on an

enlarged scale; and - I

Figures 3 and‘4 are fiews cnrreépondiné.fdﬂm"
Figures 1 gna 2 of a modified system;
Figure 1 shows a portion of the cylinder head i of
~an internal combustion engine. During an induction
stroke, air is drawn in from the atmosphere through a
conventional air filter assemblylz into én induction
pipe 3 pést a butterf;y throttle 4 and into an inlet
manifold 5. The air is drawn through the appropriate
branch of the ménifold 5 into an intake passage 6 in

the cylinder head 1 and thence through a valve seat 7
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(controlled by a poppet valve, not zhown) into the
combustion chamber 8. During all othecr stag#s of the
operating cycle, the valve seat 7 is closcd by the
poppet valve and no air flow will occur in the passage

6.

Liquid fuel for the engine is stored in a tank 11.

Fuel is drawn from the tank 11 by an electrically driven-

pump 12 and is deli&ered to a line 13 the preésure in
whic: is maintained at about eighteen pounds per square
inch by a relief valve 14 which spills excess fuel back
into the tank 11 through a spill line 15.

The line 13 leads to a solenoid operated valve

15 and a variable-orifice valve 16 which are connected

in series in either order by a line 17. An electronic
control unit 18 receives signals from an engine driven
tachometer 19 and delivers to the solenoid 20 of the

valve 15 pulses of normally constant length, at a

frequency-proportional to the engine speed registered
by.ﬁhe tachometer 19. Typically, each pulse has a
durationnin the range 3-10 milliseconds and the Qalve
15 is effectively fully opéned during this period.

The metering valve 16 defines a variable area
coﬁstrictibn 22 which is defined conveniently by the
regiéteriﬁg areas of a slot %3 aﬁd a triangular opening
24 iA twg adjacent relatively movable members. In this

embodiment, the membef 25 formed with the triangular

slot 24 is interconnected through a 1inkagé 26 with
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the throttle 4 in such a manner that opening movement
of the throttle 4 (hereby an accelerator pedal 27 and
linkage 28) causes the member 25 to move downwards
relative to the slot 23 so that the width, and thus
flow area, of the orifice 22 is increased.

By suitable choice of the characteristics of the
linkage 26 (which may fpr example include a non—iinear
cam) and by appropriate shaping of the opening 24, the
required characteristics can be obtained. In general,
the resistance to flow of the opening 22 should be
similar to that of the appropriate jet or jets of a
conventional carburettor which would be used with the
engine.

" Fuel which has passed through the valves 15 and
16 is;delivered through a line 29 to an accumulator
and distributor valve assembly 30. The fuel from the
iine 29 is supblied to the interior of a tubular valve

seat 31 against which bears the underside of a

diaphragm 32 under the pressure of a compression
spring 33, the tension of which caﬁ be adjusted by
means of a screw 34 with lock nut 35. |

.Tﬁe tension in the épring 3371s adjusted so as
to arrange that the pressure in an annular outlet
chamber 36 and in the line 29 is-normally about eight
pounds pe? square inch.

The outlet chamber 36 is permanently connected

by outlet ports 37 to lines 38 leading to fuel delivery
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nozzles 39, there being one such nozzle 39 for each
inlet passage 6.

As shown in Figure 2, each nozzle 39 has a
hollow body 41 mounted in a bore 42 in the inlet manifold
S5by means of screw threads 43. At its dischérge end, an
O-ring 44 is located in a groove 45 to form a seal
against the wall of the bore 42.

A'ferrule 46 is engaged in the hollow body 41 and
connect2d to the line 38.' A long capillary tube 47 is
engaged in the ferrule 46 and has its outlet end 48
adjacent an outleﬁ 6rifice 50 in an orifice member 49
which is pressed into the interior of the body 41 and

has a frusto-conical surface 51 converging towards the

" orifice 50.

An annular air space 52 surrounds a reduced

portion of the body 41 and cbmmunicates with the

-interior of the body 41 through holes 53 and with an

‘air supply duct 54 by way of a short passage 55. The

~o

duct 54 is connected to receive air from the outlet of

the air filter 2 upstream of the throttle 4.
Adjacent £he nozzle 39, the inlet manifold 5 is

formed with a venturi-like constricfion 56 the effect of

which is to reduce the static component of pressure

adjacent the nozzle outlet orifice 50 when a charge of

air is being drawn into the combustion chamber 8. This

pressure‘geduction, coupled with the pressure reduction

created by the throttle 4 and inlet manifold 5 draws air
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from the duct 54 into the interior of the nozzle body

41 and through the space between the capillary tube tip
48 and the conical surface 51. BAs a result of the air
flow in this region, the static pressure component is
reduced and the fuel pressure in the line 38 is able

to overcome the surface tension at the tube tip 48 wiﬁh
the resulf that fuel is drawn from the éapillary tube 47
and atomized. The resulting mixture of air and fuel
travels adjacent the axis of the inlet passage 6 into the

combustion chamber 8 with little risk of wetting the

walls of the passage 8.

Towards the end of the induction stroke in the

chamber 8, another chamber will be undergoing itsr

induction stroke under higher speed flow conditions than
the first combustion chambers. BAccordingly, the nozzle

associated with this second combustion chamber will take

-oVer and will atomize all thé fuel flow available from

the accumulator and distributor vaive 30. As a result,

thé last part of the charge entering the first combustion

chamber may consist essentially of air alone with the

result that a stratified charge ﬁay be possible within
the combustion chamber.

In order to supply enriched fuel for acceleration,
a device.Gl sensitive to rapid mévement of the throttle
linkéée 28 in the opening direction may feéd a signai

to the electronic control unit 18 to cause the latter

to operate the solenoid—operated valve 20 continuously
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for a short time so as to grecatly increase, temporarily,
the fuel supplicd to the nozzle 39.

In the systcm shown in Figures 3 and 4, elements
corresponding to the system shown in Figures 1 and 2
are indicated by the same reference numerials increased“
by 100. In this system, the variable constriction
116 is upstreanm, in the directicn of fuel flow, of pulser
valve 115. Fuel filtersF are advantageously included
in the fuel supply lines.

The nozzle construction shown in Figure 4 may also

be used in the system of Figures 1 and 2. 1In the

"arrangements shown in.Figure 4, the nozzle 139 is

retained in position by a clamping plate 161 secured
by a screw 162. An additional sealing O-ring 163 is
located in a groove 164 in the nén—screw threaded shank
165 of the nozzle. | .

"The orifice member 149 has-i£s frusto-conical
surface 151 extending for suéstantially the whole length

of the orifice member at a semi-vertical angle of 15°,

'If A is the diameter of the outlet orifice, B is the

internal diameter of the portion of the orifice member

.surrounding the end of the capillary tube 147 and C
is the spacing between the end of the capillary tube
147 and the end of the cylindrical portion of diameter
B, tﬁé following tests results were obtained using a

capillary tube of internal diameter 0.6 mm and

external diameter 0.89 mm, the flow rates
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corresﬁqnding to continuous'opération of the nozzle;
1. A;’S = 0.381 nm ¢ and B¢ = 1.2 mm C = 0.381 mm.

Very good atomisation at low flows, (30-80cc/
min) but at flows over 80cc/min start to form a .jet
and at 100cc/min it becomes a pure jet.

2. 2% =0.380 mu ® and 3% = 1.1 mn C = 0.381 mx.

Just as good atomisation as above but can-flow
up to 1l00cc/min before we can see the jet start, it
becomes a pure jet at around 120/130cc/min.

3. 2% = 0.381 mn B® = 1.2 and C = 2.54 mn.

A'very narrxow cone with good atomisation and
shut-off point but starts to form a jet at around
100cc/min and forms a pure jet at 150 cc/min. |
a? = 0.381 mn B® ='1.2 and ¢ = 1.524 mm.

Not such a narrow cone as above and around the
same shut—bff—point as wéll as flows with producs a

jet.

4. 2% =0.381 mm B® = 1.3 and C. = 0.381 mm.

Good atomisation to aiound 200 ¢c/min then starts

to become a jet. Shut-off-point is around (70/80

“cc/min) .

* Further details of the fuel delivery system and its

electronic control unit are disclosed in our parent

" application no. 82901977.7 - 0083348.

'y

. —— i a ey 4w
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1. Apparatus for delivering successive charges of tuel to a
working chamber of an internal combustion engine from a Liquid fuel
supply line (38,13%) tne rlow rate to which is controlled in
accordance with operating conditions of the engine, comprising a
nozzle (3Y,13Y) mounted in the side wall of an inlet duet (5, 105)
leading to the working chamber (&), tne nozzle comprising a small
bore fuel de;ivery tube (47,147) connected to the supply line and
mounted in an air pgésage (52,152) connected to received air from a
supply (54,154) by passing the engine throttle, the air passage
beingz convergent to an outlet (50, 150) for delivering fuel and air
into tne inlet duct (5, 105), characterised in that tne delivery
tube (47,147) is continuously connected to the supply line (36,138)

and in that the pressufe'maintained in the supply line (38,138) in

relation to the dimensions of the delivery tube is insutfficient to

discharge a charge of fuél from the delivery tube in the absence of-

air movement in the air passage so that a charge of fuel is

delivered by the delivery tube only during induction of a charge of -

air into the. combustion chamber.

2. Apparatué according to claim 1, characterised in that the air
passage (52,152) is convergent around the end of the delivery tube
(48,148).

3. Apparatus according to claim 1 or 2, characterised in that the -

inlet end of the small bore delivery tube (47) is obligque.

4, Apparatus according to claim 1 or 2, characterised in that the

éonvergent pértion (151) of the air passage is surficiently
gradually convergent over a suificient length to ensure acceleration
of the airflow therethrough during an induction stroke to a
supersonic velocity. .

5., Apparatus according to any of the preceding claims,
characterised in that the air inlet duct (5) is formed with a

venturi-like constriction (56, 156) adjacent the nozzle.
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6. Apparatus according to claim 5, characterised in gh‘!itst?u-:' 82
constriction (b5b,156) is insullicient to cause supersonic air

velocities therein.

7. Apparatus according to aay of the preceding claims for a
muilticylinder engine naving an inlet maniiold defining a plurality
of inlet ducts and a said nozzle (3Y, 13Y) in each said duct
characterised in that the supply lines (38,138) for all the nozzles
are continously connected to the same said source (30,130) of fuel.

3
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