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1 
ENGINE INTAKE APPARATUS AND METHOD 

FIELD OF THE INVENTION 

5 The present invention relates to intake apparatus and to a method of delivering a 

fuel/gas mixture to an engine. In particular but not exclusively the invention relates to 

intake apparatus and a method for improving starting of an internal combustion engine. 

BACKGROUND 

10 
It is known to provide fuel injection apparatus for an internal combustion engine in 

which fuel is injected by means of an injector into a flow of intake air in order to form a 

fuel/air mixture. To aid starting of the engine from cold the intake air may be heated. 

15 The intake air may be heated before fuel is injected into the flow of air. Alternatively the 

mixture of fuel and air may be heated. 

In some known embodiments fuel is injected by an injector into a flowstream of intake 

air and is carried by the flow stream past a heater downstream of the injector. FIG. 1 

20 illustrates such an arrangement in a known engine intake apparatus 1. 

The apparatus 1 has a fuel injector 30 that is arranged to inject fuel into a conduit 10 

that is arranged to deliver a fuel/air mixture into an inlet port of a combustion chamber 

of an engine 5. A heater element 40 is provided in the conduit 10 downstream of the 

25 injector 30 to heat air and fuel in order to aid starting and initial running of the engine 5. 

An angle 0 between a cylinder axis CA of the conduit 10 and a direction in which the 

injector 30 initially directs fuel into the conduit 10 is set to be around 30° in the example 

shown. 

30 As shown in FIG. 1 fuel injected into the conduit 10 is carried in a flowstream of intake 

air through the conduit 10 in the direction of arrow FG. The fuel mixes with the air to 

form a fuel/air mixture which flows past the element 40. The mixture is thereby heated. 

When the engine 5 has warmed to a temperature at which heating of the fuel/air 

mixture is no longer required, the heater element 40 is switched off. 

35 
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2 
The present inventors have recognised that a problem with such arrangements is that 

fuel can condense on the heater element 40 when the heater element 40 is switched 

off. The fuel subsequently detaches from the heater element 40 in droplets causing 

uneven (or'rough') running of the engine. 

5 

It is an aim of embodiments of the present invention to at least partially mitigate the 

disadvantages of known fuel injection apparatus. 

STATEMENT OF THE INVENTION 
10 

Aspects of the invention may be understood by reference to the appended claims. 

In an aspect of the invention for which protection is sought there is provided intake 

apparatus for an engine comprising: 

15 injection means for injecting fuel into a flowstream of intake gas through the 

apparatus; and 

heating means for heating intake gas passing through the apparatus, 

the apparatus being operable to inject fuel into the flowstream of intake gas by 

means of the injection means such that when intake gas flows through the apparatus at 

20 a first flow rate injected fuel impinges on the heating means; and 

when intake gas flows through the apparatus at a second flow rate greater than the first 

a flowpath of injected fuel is deflected by intake gas such that substantially no fuel 

impinges on the heating means. 

25 It is to be understood that the fuel may vaporise as it is injected into the flowstream to 

form a gas/fuel mixture. 

In a further aspect of the invention for which protection is sought there is provided a 

method of delivering a fuel and intake gas to an engine comprising: 

30 injecting fuel into a flowstream of intake gas through engine intake apparatus; 

and 

heating by heating means intake gas passing through the apparatus, 

the method comprising injecting fuel into a flowstream of intake gas flowing at a 

first flow rate whereby the injected fuel impinges on the heating means; and 
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3 
injecting fuel into the flowstream of intake gas flowing at a second flow rate greater than 

the first whereby the injected fuel is deflected by the flowstream of intake gas whereby 

substantially no fuel impinges on the heating means. 

5 The method may comprise heating the intake gas by means of the heating means when 

the engine is being started whereby the flow of intake gas is such that the injected fuel 

impinges on the heating means, and subsequently terminating heating of the intake 

gas. 

10 The method may comprise increasing a flow rate of intake gas through the apparatus 

after starting the engine such that a flow rate of intake gas is sufficiently high to prevent 

impingement of injected fuel on the heating means. 

In an aspect of the invention for which protection is sought there is provided intake 

15 apparatus for an engine comprising: 

injection means for injecting fuel into a flowstream of intake gas through the 

apparatus; and 

heating means for heating intake gas passing through the apparatus, 

the apparatus being operable to inject fuel into the flowstream of intake gas by 

20 means of the injection means such that when intake gas flows at a certain flow rate 

injected fuel impinges on the heating means; and 

when intake gas flows through the apparatus at a greater flow rate a flowpath of 

injected fuel is deflected by intake gas such that substantially no fuel impinges on the 

heating means. 

25 

In a further aspect of the invention for which protection is sought there is provided a 

method of delivering a fuel and intake gas to an engine comprising: 

injecting fuel into a flowstream of intake gas through engine intake apparatus; 

and 

30 heating by heating means intake gas passing through the apparatus, 

the method comprising injecting fuel into a flowstream of intake gas flowing at a 

rate whereby the injected fuel impinges on the heating means; and 

increasing the flow rate of intake gas whereby the injected fuel is deflected by 

the flowstream of intake gas whereby substantially no fuel impinges on the heating 

35 means. 
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4 
In one aspect of the invention there is provided intake apparatus for an engine 

comprising: 

an intake conduit through which intake gas may flow into a combustion chamber 

of the engine; 

5 heating means for heating intake gas passing through the conduit; and 

injection means for injecting fuel into the conduit, 

the injection means being operable to inject fuel into the conduit in a direction 

such that when intake gas is flowing through the conduit at a first flow rate a trajectory 

of fuel is such that fuel is incident on the heating means and when intake gas is flowing 

10 through the conduit at a second flow rate different from the first flow rate the trajectory 

of fuel is modified by the flow of intake gas such that fuel is not incident on the heating 

means. 

Embodiments of the invention have the advantage that impingement of fuel on the 

15 heating means may be arranged only to occur at relatively low flow rates, for example a 

flow rate corresponding to an idle speed of the engine. Thus, when the engine is 

operating at a power setting higher than that corresponding to idle speed the intake 

apparatus is arranged to prevent impingement of fuel on the heating means. 

20 It is to be understood that if fuel impinges on the heating means when the heating 

means is not activated (heated), the fuel may condense on the heating means. This is 

undesirable since the fuel may subsequently detach from the heating means and cause 

a deviation of engine performance from a required performance, for example 

performance in respect of engine speed and/or power developed by the engine. 

25 

In many applications it is generally considered important that an engine respond quickly 

to control inputs from an operator and maintain a steady speed of rotation for a given 

flow rate of intake gas (and/or fuel). If fuel condenses on the heating means and 

subsequently detaches, a delay in delivery of fuel to a combustion chamber of the 

30 engine occurs. Thus the engine is less responsive to control inputs from the operator 

(which may be a person or an electronic controller). Furthermore if condensed fuel 

detaches from the heating means in droplets, uneven (or 'rough') running of the engine 

may result. 

35 The present inventor has recognised the problems associated with known intake 

apparatus. Embodiments of the present invention seek to overcome one or more of 
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these problems by allowing impingement of fuel on the heating means when intake gas 

flows at the first flow rate and not when it flows at the second flow rate (for example a 

rate which is higher than the first flow rate). The first flow rate may correspond to an 

idle speed of the engine and may be a flow rate that would be experienced under 

5 conditions in which the heating means would be switched on (for example when the 

engine is initially started and idling), and not when delivering power levels normally 

required of the engine when in service. The second flow rate may correspond to a flow 

rate expected when the engine is developing power levels that it is designed to develop 

in normal use (or normal service). In the case of an aircraft engine this may correspond 

10 to a cruise engine power or speed setting. Such a flow rate may be referred to as a 

cruise engine speed air flow rate. 

Advantageously the second flow rate may be greater than the first flow rate. 

15 Further advantageously the injection means may be arranged to inject fuel into the 

conduit in a direction towards the heating means. 

Thus the injection means may be directed such that in the absence of a flow of intake 

gas fuel is injected towards the heating means. Thus in the absence of a flow of intake 

20 gas, fuel will impinge on the heating means. 

The injection means may be arranged to inject fuel into the conduit in a direction 

upstream of the heating means with respect to a flow of intake gas through the conduit 

and not directly towards the heating means. 

25 

By upstream of the heating means is meant upstream with respect to the normal intake 

gas flow direction. 

Thus in the absence of a flow of intake gas fuel may be injected in a direction upstream 

30 of the heating means and not towards the heating means. 

It is to be understood therefore that in the absence of a flow of intake gas the injected 

fuel may fail to impinge directly on the heating means whereas when intake gas flows at 

the first flow rate the fuel does impinge on the heating means. 

35 
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6 
If intake gas flows at the second flow rate and the second flow rate is higher than the 

first, the fuel may be deflected in the flow stream of intake gas such that it fails to reach 

the heating means. 

5 Advantageously at least a portion of the heating means is provided at a location 

displaced outwardly from the conduit, for example outwardly from an internal wall of the 

conduit, optionally radially outwardly. 

By radially outwardly is meant a location displaced further from a longitudinal axis of the 

10 conduit than a corresponding portion of an interior wall of the conduit at the location of 

the heating means. Thus the heating means has at least a portion that is located out of 

a flowpath of intake gas when intake gas is flowing through the conduit. 

Further advantageously the heating means is substantially entirely provided at a 

location displaced outwardly from the flowstream of intake gas through the conduit. 

15 
Optionally the injector is arranged to inject fuel into the conduit from a location 

displaced outwardly from of an interior wall of the conduit. 

The heating means may be provided in a cavity, recess of like feature provided in or at 

20 a wall of the conduit. 

Optionally the heating means is provided in an auxiliary intake passage coupled to the 

intake conduit, the apparatus being operable to provide a flow of auxiliary intake gas 

through the auxiliary intake passage to the intake conduit. 

25 

Advantageously the auxiliary intake passage is provided with valve means upstream of 

the heating means operable to control a flow rate of intake gas through the auxiliary 

passage. 

30 Optionally the apparatus is arranged wherein auxiliary intake gas comprises gas drawn 

from the intake conduit. 

Alternatively the apparatus may be arranged wherein auxiliary intake gas may comprise 

gas drawn from an external intake gas supply. 

35 
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The external intake gas supply may for example be an ambient atmosphere, a gas 

storage tank or any other suitable supply. 

Advantageously the apparatus may comprise control means operable to activate the 

5 heating means and provide a flow of intake gas through the conduit when it is required 

to start an engine. 

Alternatively or in addition the control means may be operable to activate the heating 

means and provide a flow of auxiliary intake gas through the auxiliary intake passage 

10 when it is required to start an engine. 

The control means may be further operable to switch off the heating means when an 

engine has been started. 

15 Advantageously the control means is operable to switch off the heating means when an 

engine has been started and at least one further condition is met selected from the 

conditions that an engine has been running for a prescribed period of time following 

starting and an engine has achieved a prescribed operating temperature. 

20 An engine operating temperature may be determined for example by reference to an 

engine coolant temperature, an engine component temperature or by any other suitable 

means. 

Optionally the injection means is arranged to inject fuel into the conduit in a direction 

25 substantially upstream of the direction of flow of intake gas. 

Alternatively the injection means may be operable to inject fuel into the conduit in a 

direction substantially downstream of a direction of flow of intake gas. 

30 The injection means may be arranged to inject fuel into the conduit in a direction 

substantially parallel to a direction of flow of intake gas. 

35 

Still further alternatively the injection means may be operable to inject fuel into the 

conduit in a direction substantially normal to a direction of flow of intake gas. 
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The heating means may comprise one or more heating elements provided in a flowpath 

of intake gas through the conduit. 

Advantageously the heating means may comprise a plurality of heating elements 

5 provided in the flowpath of intake gas. 

Advantageously the injection means may be operable to inject fuel into the conduit in a 

direction such that when intake gas is flowing through the conduit at a rate less than or 

substantially equal to the first flow rate the fuel impinges upon at least a portion of the 

10 heating means. 

Further advantageously the injection means is operable to inject fuel into the conduit in 

a direction such that when intake gas is flowing through the conduit at a rate greater 

than or substantially equal to the second flow rate the fuel does not impinge upon the 

15 heating means. 

In an aspect of the invention there is provided an engine comprising intake apparatus 

according to the preceding aspect. 

20 In a further aspect of the invention there is provided a method of delivering a fuel and 

intake gas to an engine comprising: 

passing or establishing a flow of gas along an intake conduit into a combustion 

chamber of an engine; 

injecting fuel into the conduit by means of injection means whereby when intake 

25 gas is flowing through the conduit at a first flow rate a trajectory of fuel is such that fuel 

impinges on the heating means and when intake gas is flowing through the conduit at a 

second flow rate different from the first flow rate the trajectory of fuel is modified by the 

flow of intake gas such that fuel does not impinge on the heating means. 

30 Advantageously the method comprises the step of heating by means of the heating 

means fuel and gas flowing therepast when intake gas flows through the conduit at the 

first flow rate. 

35 

In another aspect of the invention there is provided intake apparatus for an engine 

comprising: 
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an intake conduit through which intake gas may flow into a combustion chamber 

of the engine; 

heating means for heating intake gas passing through the conduit; and 

injection means for injecting fuel into the conduit, 

5 wherein the injection means is arranged to inject fuel into the conduit in a 

direction towards the heating means, being a direction having at least a component that 

is against the direction of flow of gas through the conduit. 

Some embodiments of the invention have the advantage that a distance travelled by 

10 fuel injected by the injection means in the upstream direction will be dependent on the 

flow rate of gas through the conduit. 

In an aspect of the invention there is provided a method of injecting fuel into an internal 

combustion engine comprising: passing or establishing a flow of intake gas through an 

15 intake conduit and into the engine; heating the gas by means of heating means as it 

passes through the conduit; and injecting fuel into the conduit by means of injection 

means, whereby the step of injecting fuel into the conduit comprises injecting fuel in a 

direction towards the heating means and in a direction having at least a component that 

is against the direction of flow of gas through the conduit. 

20 

In one aspect of the invention there is provided intake apparatus for an engine 

comprising: 

an intake conduit through which intake gas may flow into a combustion chamber 

of the engine; 

25 heating means for heating intake gas passing through the conduit; and 

injection means for injecting fuel into the conduit, 

the injection means being operable to inject fuel into the conduit in a direction 

such that when intake gas is flowing through the conduit at a first flow rate the fuel 

flows past at least a portion of the heating means and when intake gas is flowing 

30 through the conduit at a second flow rate different from the first flow rate fuel does not 

flow past the heating means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 Embodiments of the invention will now be described with reference to the 

accompanying figures in which: 
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FIGURE 1 is a schematic illustration of known intake apparatus for an internal 

combustion engine; 

5 FIGURE 2 is a schematic illustration of intake apparatus according to an embodiment of 

the present invention; 

FIGURE 3 is a schematic illustration of intake apparatus according to a further 

embodiment of the present invention when operated at (a) an intake air flow rate 

10 corresponding to an idle speed power setting of the engine and (b) an intake air flow 

rate corresponding to an in-use power setting of the engine being a power setting 

higher than the idle speed power setting; 

FIGURE 4 is a schematic illustration of intake apparatus according to a further 

15 embodiment of the present invention; 

FIGURE 5 is a schematic illustration of intake apparatus according to a still further 

embodiment of the present invention; and 

20 FIGURE 6 is a schematic illustration of intake apparatus according to a further 

embodiment of the present invention. 

DETAILED DESCRIPTION 

25 FIG. 2 shows intake apparatus 101 according to an embodiment of the present 

invention coupled to an engine 105. 

The intake apparatus 101 has a conduit 110 through which intake gas may flow from an 

inlet aperture 110IN at a first end of the conduit 110 to an outlet aperture 1100UT at a 

30 second end opposite the first. 

In the example shown the outlet aperture 1100UT is coupled directly to the engine 105 

and feeds a supply of a fuel/gas mixture into the engine 105. 
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It is to be understood that the intake gas will typically be air in many applications 

although other gases are also useful such as nitrous oxide and a mixture of air and 

nitrous oxide. Other gases are also useful. 

5 A heater element 140 is provided in the conduit 110 at the first end of the conduit 110. 

The heater element 140 is an electrically heated element arranged to heat intake gas 

as it flows through the conduit 110. The heater element 140 is attached to the conduit 

110 and electrical conductors for supplying electrical current to the element 140 pass 

through a wall of the conduit 110. 

10 
In some embodiments the heater element 140 is coupled to a frame forming a heater 

module that may be removably inserted into the conduit and secured therein. In some 

embodiments this improves an ease of installation of heating means in the conduit. In 

some embodiments heating means such as heater element 140 is provided in the form 

15 of a module having its own section of conduit that is coupled to the intake conduit. In 

some embodiments this further improves an ease of assembly of a vehicle and an ease 

with which the heating means may be replaced. 

A fuel injector 130 is provided downstream of the heater element 140 at a location 

20 between the heater element 140 and the outlet aperture 1100UT of the conduit 110. 

The fuel injector 130 is arranged to inject fuel into the conduit 110 towards the heater 

element 140. In the embodiment shown an angle 0 between a centreline of the injector 

130 (being the direction in which fuel exits the injector 130) and a cylinder axis CA of 

the conduit 110 is around 30° as shown in FIG. 2, the centreline of the injector 130 

25 being arranged to intersect the cylinder axis CA. Other angles and/or other 

arrangements are also useful. 

The apparatus 101 is arranged whereby during operation at relatively low intake gas 

flow rates, such as those encountered whilst the engine 100 is being operated at an idle 

30 speed, fuel injected by the injector 130 flows a sufficient distance against the flow FG of 

intake gas to impinge upon the heater element 140 (flowpath FL). Thus the fuel as well 

as intake gas flowing over the heater element 140 is heated. 

Furthermore, the apparatus 101 is arranged whereby as the flow rate of intake gas 

35 increases, the distance travelled by fuel injected by the injector 130 towards the heater 

element 140 decreases until the fuel no longer impinges on the element 140. The 
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apparatus 101 is configured such that when the engine is operating at a power setting 

higher than idle in normal use, such as a cruise power setting, fuel will not impinge on 

the heater element 140, but rather follows a flowpath such as path FH of FIG. 2. 

5 As discussed above, it is to be understood that under certain conditions, fuel impinging 

on the heater element 140 can condense on the element 140. In particular when the 

heater element 140 is switched off, i.e. when it is not heated by electrical current, fuel 

impinging thereon may condense. 

10 As noted above, fuel that condenses on the heater element 140 may become detached 

and entrained in the flow FG of gas through the conduit 110 in the form of relatively 

large droplets. This is in contrast to the relatively fine vapour droplets entrained when 

the fuel is injected into the flow FG by the injector 130. 

15 The presence of relatively large droplets in the flow FG caused by detachment of 

condensed vapour typically results in uneven engine running. This is at least in part 

due to intermittent break-away of the condensed vapour droplets from the heater 

element 140. 

20 It is to be understood that intermittent supply of condensed vapour droplets in this 

manner can frustrate fine tuning of the precise times at which injection of fuel into the 

conduit 110 (and therefore the engine 105) takes place. This is at least in part because 

fuel droplets may enter the combustion chamber at moments when it is required that no 

fuel enter the combustion chamber in order to achieve peak fuel consumption and/or 

25 power performance figures. 

FIG. 3 shows intake apparatus 201 according to a further embodiment of the invention 

arranged to deliver a flow of a gas/fuel mixture into an intake port of an engine 205. 

Like features of the embodiment of FIG. 2 to those of the embodiment of FIG. 1 are 

30 provided with like reference signs prefixed numeral 2 instead of numeral 1. 

The apparatus 201 has a conduit 210 having three portions: a first portion 21 OA at an 

upstream end of the conduit 210, a second portion 210B downstream of the first portion 

21 OA and a third portion 210C downstream of the second portion 210B. The first and 

35 third portions 21 OA, 210C are each substantially straight and their longitudinal axes are 

oriented at an angle of substantially 30° with respect to one another. It is to be 
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understood that other angles are also useful in this and other embodiments. 

Furthermore the first portion 21 OA has a larger cross-sectional area than the third 

portion 210C. 

5 The second portion 21 OB is arranged to define a bend through an angle of substantially 

30° thereby to connect the first and third portions. The second portion 21 OB is also 

arranged to reduce in cross-sectional area to accommodate the difference in cross-

sectional area between the first and third portions 21 OA, 210C. It is to be understood 

that a speed at which intake gas flows over the heater element 240 in the first portion of 

10 the conduit 21 OA is less than that at which it flows through the third portion 210C due to 

the larger cross-sectional area of the first portion 21 OA. It is to be understood that this 

lower speed of intake gas flow over the heater element 240 has the effect that the 

intake gas is heated to a higher temperature. 

15 The fuel injector 230 is arranged to inject fuel into the second portion 210B of the 

conduit towards the heater element 240 in the first portion 21 OA. The injector 230 is 

arranged to inject fuel at an angle of substantially 30° with respect to a centreline of the 

first portion 21 OA. 

20 It is to be understood that in some embodiments a centreline of the injector is arranged 

to intersect a middle portion of the heater element 240. 

FIG. 3(a) shows a flowpath FL of fuel injected by the injector 230 into a flowstream of 

gas FG through the conduit at a relatively low intake gas flow rate. The flow rate of gas 

25 in this case corresponds to that required in order to maintain the engine 205 at a target 

idle speed following initial starting of the engine 205 from cold. It can be seen that the 

flowpath FL is such that fuel is injected by the injector 230 directly onto the heater 

element 240. The heater element 240 is arranged to heat gas that passes through the 

first portion of the conduit 21 OA as well as fuel that comes close to or in direct contact 

30 with it. 

FIG. 3(b) shows a flowpath FH of fuel injected by the injector 230 in the presence of a 

relatively high flow rate of intake gas FG corresponding to a normal operating speed of 

the engine 205. In the case of an engine 205 intended for powering an aircraft the flow 

35 rate may correspond to that required to maintain normal cruise engine power or speed. 
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It can be seen that the flowpath FH is deflected by the flow of gas FG by an amount 

sufficient to prevent impingement of fuel on the heater element 240. 

Embodiments of the invention have the advantage that fuel may be warmed by the 

5 heater element 240 to improve vaporisation during and immediately following initial 

starting of the engine 205. Once the engine has warmed, the engine speed may be 

increased the element 240 may be switched off. 

In some embodiments apparatus according to an embodiment of the invention is 

arranged to provide a flow of a fuel/gas mixture to a Wankel-type rotary engine. In 

some embodiments the apparatus is arranged to provide a flow of a fuel/gas mixture to 

a piston engine. In some arrangements the apparatus is configured to provide a flow of 

a fuel/gas mixture to another type of engine. The engine may be an engine of an 

aircraft, a motor vehicle, a vessel, a power generator, optionally a range extended, or 

any suitable system requiring to be powered. 

FIG. 4 shows intake apparatus 301 according to a further embodiment of the invention. 

Like features of the embodiment of FIG. 4 to those of the embodiment of FIG. 2 are 

provided with like reference signs prefixed numeral 3 instead of numeral 1. 

The apparatus 301 has a conduit 310 through which a flow of intake gas FG may pass 

into an engine 305. The conduit 310 has a heater element 340 past which gas passing 

along the conduit 310 must flow. An injector 330 is provided downstream of the heater 

element 340 within the flowstream of intake gas and is arranged to inject fuel into the 

conduit 310 towards the heater element 340. In the embodiment of FIG. 4 the injector 

330 is provided substantially coaxial of the conduit 310 and is supported in the 

flowstream by support elements 332. One or both of the support elements 332 may be 

arranged to deliver a supply of fuel to the injector 330. 

30 In a similar manner to apparatus according to the embodiments of FIG.'s. 2 and 3, the 

apparatus of FIG. 4 is arranged such that when a flow rate of intake gas FG through the 

conduit 310 is similar to a flow rate upon initial starting of the engine, fuel injected by 

the injector travels along flowpath FL a sufficient distance in a direction against the flow 

of intake gas that it impinges on the heater element 340 and is warmed by the heater 

35 element 340 sufficiently to assist starting of the engine 305. It is to be understood that 

mounting the injector 330 within the flowstream in the manner illustrated may improve a 

10 

15 

20 

25 
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uniformity of distribution of fuel vapour in the flow of intake gas FG through the conduit 

310, thereby enhancing one or more engine performance characteristics. 

At higher flow rates of intake gas FG fuel injected by the injector 330 does not reach the 

5 heater element 340. Rather, a flow path FH of the fuel is deflected such that a direction 

of flow of fuel reverses before it reaches the heater element 340. The fuel therefore 

flows in the opposite direction to that in which it is injected by the injector 330, i.e. it 

flows in substantially the same direction as the flow of intake gas FG. 

10 FIG. 5 shows intake apparatus 401 according to a further embodiment of the invention. 

Like features of the embodiment of FIG. 5 to those of the embodiment of FIG. 1 are 

provided with like reference signs prefixed numeral 4 instead of numeral 1. 

The apparatus 401 is similar to that of the arrangement of FIG. 2 with regard to the 

orientation of the injector 430 with respect to a cylinder axis CA of a primary gas intake 

conduit 410 of the apparatus. That is, the injector 430 is arranged to inject fuel into the 

primary conduit 410 at an angle of substantially 30° to the cylinder axis CA and in a 

direction having a component that is against the flow of gas FG through the conduit 410. 

In the embodiments described herein the cylinder axis CA of the primary conduit 410 

and a longitudinal axis of the injector 430 are substantially coplanar. Other 

arrangements are also useful. 

In contrast to the embodiments of FIG.'s. 2 to 4, in the embodiment of FIG. 5 the heater 

element 440 is provided outside of the flowstream FG of gas through the primary conduit 

410. The heater element 440 is provided in an auxiliary conduit 415 that is coupled to 

the primary conduit 410 at an angle of substantially 90°. The apparatus 401 is operable 

to allow a flow of auxiliary intake gas F'G through the auxiliary conduit 415 from an 

auxiliary gas inlet 415IN. A valve 415V is provided between the inlet 415IN and the 

heater element 440. The valve 415V is operable to control a flow rate of the auxiliary 

intake gas F'G through the auxiliary conduit 415. 

The apparatus 401 is arranged wherein when it is required to start the engine 405, 

valve 415V is set to allow a flow of auxiliary intake gas through the auxiliary conduit 415 

and therefore over the heater element 440. The heater element 440 is energised and 

35 air flowing through the auxiliary conduit 415 is heated by the element 440. 

15 

20 

25 

30 
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In some arrangements the apparatus 401 may also allow a flow of intake gas FG 

through the primary conduit 410 from primary conduit inlet 410IN during starting. 

The flow rate of intake gas past the injector 430 when starting the engine 405 is 

5 arranged to be sufficiently low to allow fuel injected by the injector 430 to impinge on 

the heater element 440 whereupon the fuel is heated. Thus the fuel may follow a 

flowpath FL during starting. 

However once the engine 405 has started and is sufficiently warm not to require 

10 continued heating of fuel and intake gas, the heater element 440 may be switched off. 

Valve 415V may be closed so as to reduce the amount of auxiliary intake gas passing 

along the auxiliary conduit 415, and the amount of intake gas flowing through inlet 

410IN may be increased as required. 

15 In some arrangements the valve 415V may be closed so that flow of air through the 

auxiliary inlet 415IN is substantially prevented. 

The feature of providing the heater element 440 such that it is out of the flowstream of 

gas FG through the primary conduit 410 has the advantage that an amount of drag 

20 imposed on gas in the flowstream FG may be reduced. This has the advantage that a 

greater amount of intake gas may be passed through a conduit 410 of a given cross-

sectional area. Thus the conduit 410 may be made of reduced cross-sectional area for 

a given value of maximum required gas flow rate through the conduit 410 compared 

with an arrangement in which the heater element is provided in the primary conduit 410, 

25 as in the embodiments of FIG. 2 to FIG. 4. 

The apparatus 401 is arranged such that when the flow rate of gas FG through the 

primary conduit 410 corresponds to that required at idle engine speed during starting 

and warming of the engine 405 from cold, a flowpath of fuel injected by the injector 430 

30 follows a flowpath whereby fuel does not impinge on the heater element 440, such as 

that shown by arrow FH. Thus a risk that fuel condenses on the heater element 440 

and becomes detached during engine operation when the heater element 440 is not 

heated is reduced. 
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FIG. 6 shows intake apparatus 501 according to a further embodiment of the invention. 

Like features of the embodiment of FIG. 6 to those of the embodiment of FIG. 5 are 

provided with like reference signs prefixed numeral 5 instead of numeral 4. 

5 In the embodiment of FIG. 6 the apparatus 501 is arranged in a similar manner to the 

apparatus 401 of FIG. 5 except that the direction of flow of intake gas FG through the 

conduit 510 is the reverse of that of the embodiment of FIG. 5. Thus, fuel is injected by 

the injector 530 into the conduit 510 in a direction having a component parallel to and in 

the same direction as the flowpath of intake gas FG through the conduit 510. 

10 
The embodiment of FIG. 6 also has an auxiliary conduit 515 containing a heater 

element 540 and is employed in a similar manner to the conduit 415 of the embodiment 

of FIG. 5. A flowpath of fuel injected by the injector 530 during starting and initial 

warming, when the gas flowrate FG is relatively low (or zero) and during which phase 

15 auxiliary intake gas is supplied by means of the auxiliary conduit 515, is represented by 

trace FL. The corresponding flowpath during normal operation at relatively high intake 

gas flow rates through the primary conduit 510 when little or no gas flows through the 

auxiliary conduit 515 is represented by trace FH. 

20 It can be seen that fuel following path FL impinges on heater element 540 and is 

therefore warmed thereby together with intake gas flowing through the auxiliary conduit 

515 over the heater element 540. However at higher engine speeds the flow of intake 

gas through the primary conduit 510 is such that the fuel is deflected from flowpath FL in 

a direction downstream of the flow of gas through the primary conduit 510, following a 

25 path that may be similar to path FH. 

It is to be understood that in some embodiments having an auxiliary conduit 415, 515 in 

which the heater element 440, 540 is provided the apparatus may be operable in a 

manner such that when the heater element 440, 540 is not energised, a relative amount 

30 of airflow through the auxiliary and primary conduits is arranged to be such that fuel 

does not impinge on the heater element even when the engine is operated at a speed 

(such as an idle speed) corresponding to that during or shortly after starting. This is in 

addition to operation in a manner in which the relative airflows are such that fuel does 

impinge on the heater element 440, 540 when the engine is operated at idle speed 

35 during or shortly after starting. This feature has the advantage that when the engine 

has warmed, and the heater element is no longer required to be energised, the engine 
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may still be operated at an idle speed without impingement of fuel on the heater 

element, allowing enhanced engine stability and control even at relatively low engine 

speeds. 

5 It is to be understood that an amount of intake gas flowing through the primary conduit 

410, 510 during starting may be substantially zero or a finite value depending on the 

overall configuration of the apparatus in order to obtain conditions in which fuel 

impinges on the heater element. 

10 It is to be understood that a precise engine speed or power setting at which fuel 

impinges on the heater element may be set to correspond to any suitable speed or 

power setting. 

In some arrangements the injector may be arranged such that it does not inject fuel 

15 therefrom in a direction directly towards the heater element. Rather the injector may be 

arranged to inject fuel therefrom in a direction such that during starting of the engine, 

when the intake gas flow rate is relatively low, fuel that is injected into the conduit 

follows a flowpath such that a path of the fuel is deflected by a flow of intake gas such 

that fuel impinges on the heater element, whilst at higher flow rates fuel is further 

20 deflected such that it no longer impinges on the heater element. In some such 

embodiments, if fuel is injected whilst substantially no intake gas is flowing in the 

conduit the fuel may not impinge on the heater element. 

Embodiments of the present invention have the advantage that the problem of 

25 condensation of fuel on a heater arranged to heat fuel entrained in a flow of engine 

intake gas when the heater is switched off may be reduced or substantially eliminated. 

Embodiments of the invention are useful in a range of engine applications including 

rotary engines and piston engines in aeronautical, automotive and maritime 

applications. 

30 

Embodiments of the present invention may be understood by reference to the following 

numbered paragraphs: 

35 

1. Intake apparatus for an engine comprising: 

an intake conduit through which intake gas may flow into a combustion chamber 

of the engine; 
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heating means for heating intake gas passing through the conduit; and 

injection means for injecting fuel into the conduit, 

the injection means being operable to inject fuel into the conduit in a direction 

such that when intake gas is flowing through the conduit at a first flow rate a trajectory 

5 of fuel is such that fuel impinges on the heating means and when intake gas is flowing 

through the conduit at a second flow rate different from the first flow rate the trajectory 

of fuel is modified by the flow of intake gas such that fuel does not impinge on the 

heating means. 

10 2. Apparatus as described in paragraph 1 wherein the second flow rate is greater 

than the first flow rate. 

3. Apparatus as described in paragraph 1 or paragraph 2 wherein the injection 

means is arranged to inject fuel into the conduit in a direction towards the heating 

15 means. 

4. Apparatus as described in paragraph 1 or paragraph 2 wherein the injection 

means is arranged to inject fuel into the conduit in a direction upstream of the heating 

means and not directly towards the heating means with respect to a flow of intake gas 

20 through the conduit. 

5. Apparatus as described in any preceding paragraph wherein at least a portion of 

the heating means is provided at a location displaced radially outwardly from the 

conduit. 

25 

6. Apparatus as described in paragraph 5 wherein the heating means is 

substantially entirely provided at a location displaced outwardly from the flowstream of 

intake gas through the conduit. 

30 7. Apparatus as described in any preceding paragraph wherein the injector is 

arranged to inject fuel into the conduit from a location displaced outwardly from of an 

interior wall of the conduit. 

35 

8. Apparatus as described in any preceding paragraph wherein the heating means 

is provided in an auxiliary intake passage coupled to the intake conduit, the apparatus 
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being operable to provide a flow of auxiliary intake gas through the auxiliary intake 

passage to the intake conduit. 

9. Apparatus as described in paragraph 8 wherein the auxiliary intake passage is 

5 provided with valve means upstream of the heating means operable to control a flow 

rate of intake gas through the auxiliary passage. 

10. Apparatus as described in any one of paragraphs 8 or 9 wherein the auxiliary 

intake gas comprises gas drawn from the intake conduit. 

10 
11. Apparatus as described in any one of paragraphs 8 to 10 wherein the auxiliary 

intake gas comprises gas drawn from an external intake gas supply. 

12. Apparatus as described in any one of paragraphs 8 to 11 comprising control 

15 means operable to activate the heating means and provide a flow of auxiliary intake gas 

through the auxiliary intake passage when it is required to start an engine. 

13. Apparatus as described in paragraph 12 wherein the control means is further 

operable to switch off the heating means when an engine has been started. 

20 

14. Apparatus as described in paragraph 12 or paragraph 13 wherein the control 

means is operable to switch off the heating means when an engine has been started 

and at least one further condition is met selected from the conditions that an engine has 

been running for a prescribed period of time following starting and an engine has 

25 achieved a prescribed operating temperature. 

15. Apparatus as described in any preceding paragraph wherein the injector is 

arranged to inject fuel into the conduit in a direction substantially upstream of the 

direction of flow of intake gas. 

30 

16. Apparatus as described in any one of paragraphs 1 to 14 wherein the injector is 

operable to inject fuel into the conduit in a direction substantially downstream of a 

direction of flow of intake gas. 
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17. Apparatus as described in any preceding paragraph wherein the injector is 

arranged to inject fuel into the conduit in a direction substantially parallel to a direction 

of flow of intake gas. 

5 18. Apparatus as described in any one of paragraphs 1 to 14 wherein the injector is 

operable to inject fuel into the conduit in a direction substantially normal to a direction of 

flow of intake gas. 

19. Apparatus as described in any preceding paragraph wherein the heating means 

10 comprises one or more heating elements provided in a flowpath of intake gas through 

the conduit. 

20. Apparatus as described in paragraph 19 wherein the heating means comprises 

a plurality of heating elements provided in the flowpath of intake gas. 

15 
21. Apparatus as described in any preceding paragraph wherein the injection means 

is operable to inject fuel into the conduit in a direction such that when intake gas is 

flowing through the conduit at a rate less than or substantially equal to the first flow rate 

the fuel impinges upon at least a portion of the heating means. 

20 

22. Apparatus as described in any preceding paragraph wherein the injection means 

is operable to inject fuel into the conduit in a direction such that when intake gas is 

flowing through the conduit at a rate greater than or substantially equal to the second 

flow rate the fuel does not impinge upon the heating means. 

25 

23. An engine comprising intake apparatus as described in any preceding 

paragraph. 

24. A method of delivering a fuel and intake gas to an engine comprising: 

30 passing a flow of gas along an intake conduit into a combustion chamber of an 

engine; 

injecting fuel into the conduit by means of injection means whereby when intake 

gas is flowing through the conduit at a first flow rate a trajectory of fuel is such that fuel 

impinges on the heating means and when intake gas is flowing through the conduit at a 

35 second flow rate different from the first flow rate the trajectory of fuel is modified by the 

flow of intake gas such that fuel does not impinge on the heating means. 
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25. A method as described in paragraph 24 comprising the step of heating by 

means of the heating means fuel and gas flowing therepast when intake gas flows 

through the conduit at the first flow rate. 

5 

Throughout the description and claims of this specification, the words "comprise" and 

"contain" and variations of the words, for example "comprising" and "comprises", means 

"including but not limited to", and is not intended to (and does not) exclude other 

moieties, additives, components, integers or steps. 

10 
Throughout the description and claims of this specification, the singular encompasses 

the plural unless the context otherwise requires. In particular, where the indefinite 

article is used, the specification is to be understood as contemplating plurality as well as 

singularity, unless the context requires otherwise. 

15 
Features, integers, characteristics, compounds, chemical moieties or groups described 

in conjunction with a particular aspect, embodiment or example of the invention are to 

be understood to be applicable to any other aspect, embodiment or example described 

herein unless incompatible therewith. 

20 
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CLAIMS: 

1. Intake apparatus for an engine comprising: 

injection means for injecting fuel into a flowstream of intake gas through the 

5 apparatus; and 

heating means for heating intake gas passing through the apparatus, 

the apparatus being operable to inject fuel into the flowstream of intake gas by 

means of the injection means such that when intake gas flows through the apparatus at 

a first flow rate injected fuel impinges on the heating means; and 

10 when intake gas flows through the apparatus at a second flow rate greater than 

the first a flowpath of injected fuel is deflected by intake gas such that substantially no 

fuel impinges on the heating means. 

2. Apparatus as claimed in claim 1 wherein the injection means is operable to inject 

15 fuel into a flowstream of intake gas through a conduit of the apparatus. 

3. Apparatus as claimed in claim 2 wherein the injection means is operable to inject 

fuel into the conduit of the apparatus in a direction towards the heating means. 

20 4. Apparatus as claimed in claim 2 wherein the injection means is operable to inject 

fuel into the conduit in a direction upstream of the heating means with respect to a flow 

of intake gas through the conduit and not directly towards the heating means. 

5. Apparatus as claimed in any one of claims 2 to 4 wherein the injection means is 

25 operable to inject fuel into the conduit from a location displaced outwardly with respect 

to an interior wall of the conduit out of a flowpath of gas through the conduit. 

6. Apparatus as claimed in any one of claims 2 to 5 operable wherein the heating 

means is provided directly in a flowpath of intake gas through the apparatus when the 

30 engine is being started. 

7. Apparatus as claimed in claim 6 wherein the heating means is provided in the 

conduit. 

35 8. Apparatus as claimed in any one of claims 2 to 6 wherein the heating means is 

provided in an auxiliary intake passage coupled to the intake conduit, the apparatus 
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being operable to provide a flow of intake gas through the auxiliary intake passage to 

the intake conduit. 

9. Apparatus as claimed in claim 8 wherein the auxiliary intake passage is provided 

5 with valve means operable to control a flow rate of intake gas through the auxiliary 

passage. 

10. Apparatus as claimed in claim 9 wherein the valve means is provided upstream 

of the heating means. 

10 
11. Apparatus as claimed in any one of claims 8 to 10 operable wherein the intake 

gas that flows through the auxiliary intake passage comprises gas from the intake 

conduit. 

15 12. Apparatus as claimed in claim 11 operable wherein the intake gas that flows 

through the auxiliary intake passage is drawn substantially wholly from the intake 

conduit. 

13. Apparatus as claimed in any one of claims 8 to 11 operable wherein the intake 

20 gas that flows through the auxiliary intake passage comprises gas drawn from an intake 

gas supply not being gas from the intake conduit. 

14. Apparatus as claimed in any preceding claim comprising control means operable 

to activate the heating means and provide a flow of intake gas through the apparatus 

25 when it is required to start the engine wherein as the engine is started the flow of intake 

gas flows at a rate whereby fuel injected by the injector impinges on the heating means. 

15. Apparatus as claimed in claim 14 wherein the control means is further operable 

to switch off the heating means when the engine has been started. 

30 

16. Apparatus as claimed in claim 14 or claim 15 wherein the control means is 

operable to switch off the heating means when the engine has been started and at least 

one further condition is met, optionally the at least one condition being selected from 

the conditions that the engine has been running for a prescribed period of time following 

35 starting and the engine has achieved a prescribed operating temperature. 
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17. Apparatus as claimed in any one of claims 14 to 16 depending through claim 8 

wherein the control means is operable to provide a flow of auxiliary intake gas through 

the auxiliary intake passage when it is required to start the engine. 

5 18. Apparatus as claimed in claim 17 wherein the control means is operable to 

reduce or substantially terminate flow of intake gas through the auxiliary intake passage 

when the engine has been started, optionally when the engine has been started and at 

least one further condition is met, optionally the at least one condition being selected 

from the conditions that the engine has been running for a prescribed period of time 

10 following starting and the engine has achieved a prescribed operating temperature. 

19. Apparatus as claimed in claim 2 or any one of claims 3 to 18 depending through 

claim 2 wherein the injection means is operable to inject fuel into the conduit in a 

direction having at least a component directed substantially upstream of the direction of 

15 flow of intake gas, optionally in a direction substantially wholly upstream of the direction 

of flow of intake gas. 

20. Apparatus as claimed in claim 2 or any one of claims 3 to 18 depending through 

claim 2 wherein the injection means is operable to inject fuel into the conduit in a 

20 direction having at least a component directed substantially downstream of the direction 

of flow of intake gas, optionally in a direction substantially wholly downstream of the 

direction of flow of intake gas. 

21. Apparatus as claimed in claim 2 or any one of claims 3 to 20 depending through 

25 claim 2 wherein the injection means is arranged to inject fuel into the conduit in a 

direction substantially parallel to a direction of flow of intake gas. 

22. Apparatus as claimed in claim 2 or any one of claims 3 to 18 depending through 

claim 2 wherein the injection means is operable to inject fuel into the conduit in a 

30 direction substantially normal to a direction of flow of intake gas. 

23. Apparatus as claimed in any preceding claim wherein the heating means 

comprises one or more heating elements. 

35 24. Apparatus as claimed in claim 23 wherein the heating means comprises a 

plurality of heating elements. 
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25. Apparatus as claimed in claim 2 or any one of claims 3 to 24 depending through 

claim 2 wherein the injection means is operable to inject fuel into the conduit in a 

direction such that when intake gas is flowing through the conduit at a rate less than or 

5 substantially equal to the first flow rate the fuel impinges upon at least a portion of the 

heating means. 

26. Apparatus as claimed in claim 2 or any one of claims 3 to 25 depending through 

claim 2 wherein the injection means is operable to inject fuel into the conduit in a 

10 direction such that when intake gas is flowing through the conduit at a rate greater than 

or substantially equal to the second flow rate the fuel does not impinge upon the 

heating means. 

27. Apparatus as claimed in any preceding claim wherein the injection means 

15 comprises at least one injector. 

28. An engine comprising intake apparatus as claimed in any preceding claim. 

29. A method of delivering a fuel and intake gas to an engine comprising: 

20 injecting fuel into a flowstream of intake gas through engine intake apparatus; 

and 

heating by heating means intake gas passing through the apparatus, 

the method comprising injecting fuel into a flowstream of intake gas flowing at a 

first flow rate whereby the injected fuel impinges on the heating means; and 

25 injecting fuel into the flowstream of intake gas flowing at a second flow rate 

greater than the first whereby the injected fuel is deflected by the flowstream of intake 

gas whereby substantially no fuel impinges on the heating means. 

30. A method as claimed in claim 29 comprising heating the intake gas by means of 

30 the heating means when the engine is being started whereby the flow of intake gas is 

such that the injected fuel impinges on the heating means, and subsequently 

terminating heating of the intake gas. 

31. A method as claimed in claim 30 comprising increasing a flow rate of intake gas 

35 through the apparatus after starting the engine such that a flow rate of intake gas is 

sufficiently high to prevent impingement of injected fuel on the heating means. 
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32. Intake apparatus for an engine comprising: 

an intake conduit through which intake gas may flow into a combustion chamber 

of the engine; 

5 heating means for heating intake gas passing through the conduit; and 

injection means for injecting fuel into the conduit, 

the injection means being operable to inject fuel into the conduit in a direction 

such that when intake gas is flowing through the conduit at a first flow rate a trajectory 

of fuel is such that fuel impinges on the heating means and when intake gas is flowing 

10 through the conduit at a second flow rate different from the first flow rate the trajectory 

of fuel is modified by the flow of intake gas such that fuel does not impinge on the 

heating means. 

33. Apparatus as claimed in claim 32 wherein the second flow rate is greater than 

15 the first flow rate. 

34. A method of delivering a fuel and intake gas to an engine comprising: 

passing a flow of gas along an intake conduit into a combustion chamber of an 

engine; 

20 injecting fuel into the conduit by means of injection means whereby when intake 

gas is flowing through the conduit at a first flow rate a trajectory of fuel is such that fuel 

impinges on the heating means and when intake gas is flowing through the conduit at a 

second flow rate different from the first flow rate the trajectory of fuel is modified by the 

flow of intake gas such that fuel does not impinge on the heating means. 

25 

35. A method as claimed in claim 34 comprising the step of heating by means of the 

heating means fuel and gas flowing therepast when intake gas flows through the 

conduit at the first flow rate. 

30 36. Apparatus, an engine or a method substantially as hereinbefore described with 

reference to the accompanying drawings. 

35 


