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OF | NVENTI ON This invention relates to fuel injection systems for
i nt ernal conbustion engi nes 5 and neﬁhods of operation of such systemns.
BACKGROUND OF THE | NVENTI ON Li quird fuel s which can be injected using

fuel inj eCtlOnDEmEHMINRTIONNfF'FI'EATSOAKUESNDﬁ'IO‘NS”esem invention wll
be discussed mainly in relation to LPG can be al so applicable to

petrol and | ow boiling point or high vapour pressure 10 fuels. The _
I nvention is applicable to internal conbustion engi nes operating W th

a single fuel ETELID)EBNVQQ%S operating with dual fuels. Fuel

i njection systens for Internal conbustion engines can be adapted to
supply liquid fuels to the inlet manifold for each cylinder of an internal
conbust i on engThis.inVéntiors selates tofushivjection systémsfor internialcomblgtidon engines

I nj ection. ration of the injectors
achurate a unﬂgﬁaﬁbﬂg%Spgm%héfeﬁqjcga%%guppI ied to each cylinder
dependi ng upon engi ne conditions and demand characteristics.

K DOFT ION

Liquid fuels which can be injected using fuel injection are petrol, LNG and
LPG. This present invention will be discussed mainly in relation to LPG but
can be also applicable to petrol and low boiling point or high vapour pressure

10 fuels. The invention is applicable to internal combustion ehgir_xes operating
with a single fuel or to such engines operating with dual fuels.

Fuel injection systems for internal combustion engines can be adapted to
supply liquid fuels to the inlet manifold for each cylinder of an internal
combustion engine. This system is known as multi-point liquid fuel injection.

15 By suitable control of the operation of the injectors accurate amounts of liquid
fuel can be supplied to each cylinder depending upon engine conditions and
demand characteristics.

There is a problem, however, in that for liquid fuel injection to be accurate the
fuel in the injectors adjacent the injection point must be liquid at all times.

20 The environment around each cylinder, however, can at times during engine
- operation be very hot and such a temperature in this region is not conducive
- to injection of a liquid fuel which has a low boiling point.

LPG (propane and butane) is in equilibrium pressure state with both gas and
liquid being present inside a fuel tank of a vehicle because of its properties,

25 thatis its boiling point is usually lower than the ambient temperature (when
the temperature is above zero). Considering these properties of LPG, the
liquid will vaporise when the surrounding temperature is hlgher than the liquid
temperature.

In a practical situation, such as liquid LPG ﬂewing to a fuel rail and injectors of
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be seen therefore that from the instant that recirculation stops the liquid in the

fuel rail is replaced by dry gas and the temperature in the fuel rail injectors ‘

and valves start to rise steadily because of the heat transfer from the various

15 components and the under { bonnet conditions. The rise in temperature and
heating is a function of time and the surrounding temperature. The
surrounding temperature is also a function of previous engine loads, engine

~ speeds and running time.

These conditions may be referred to as heat soak conditions.

20 Starting the fuel pump after a heat soak condition will draw liquid LPG from
the bottom of the fuel tank and the liquid is transferred. into the fuel rail,
injectors and valves. As theliquid fills the fuel rail it starts to vaporise until the
surface temperature drops to that of the liquid temperature with a gradient
distribution due to flow. The,time taken for the fuel rail assembly to equalise in

25 temperature to that of the liquid is dependant on the temperature of the LPG in
the tank, fuel rail and injectot design, surface to volume ratio of the metal parts
and the absolute temperature of the fuel rail assembly.

It is an object of this invention, therefore, for efficient operation of a fuel
injected engine operating with low boiling point fuels, to be able to determine

30 by an easy method when such heat soak conditions occur so that suitable
action may be taken to overcome the heat soak conditions before starting the
engine or upon starting the engine.

it is a further object of this invention to provide an apparatus suitable for
determination of such heat spak conditions.
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15 afuel tank for the fuel and means to subtract the first temperature from the
second temperature, wherein heat soak conditions are present if the first
temperature minus the second temperature is greater than a selected value.

The fuel as discussed above may be petrol, LNG or LPG in a single fuel
vehic_:le or may be petrol and LPG or LNG with a dual fuel vehicle.

20 Asignificant difference in the temperature between the fuel tank and the fuel
rail may be in the range of 2°C to 5°C or greater, depending upon the actual
construction of the fuel rail and fuel tank, the positions of the sensors in or on
the fuel rail and fuel tank, the type of sensor used, the heat capacity of the rail
and the type of fuel being used.

25 The type of sensor may be a liquid probe temperature sensor or a surface
contact temperature detector.

it will be seen that by this invention there is provided a cost effective method

and apparatus for detecting the under bonnet heat soak conditions by piacing

a temperature sensor on the fuel rail and a temperature sensor in or on the
30 fuel tank.

The location of the temperature sensor on the rail and tank is relative, that is,



It is a further object of this i nvention to provi de an apparatus suitable

for j nati on of such heat soak conditions. 5/ 35442
beT/ AUos B : 5 PHAUSId3G8 oF
THE | NVENTI ON In one formtherefore although this may not

'broaglest formthe invention is said to
n of heat soak conditions in an
nding upen thevlecatign of the:sensare e one of

rails due to high epgine tenpe ﬁgﬁéiﬁ'@%ﬁ%@%@mﬁﬁgﬁ%ﬂg uel

of neasuring i%&'ﬁ%ﬂ?@%&@[ﬂl@ noS AJRE“WS&V éﬁﬁ'ﬁﬁ?&n,se QF isrRyetereed ond

]E_erfpterature atbédmréwmpairidicmifbn \Thpﬂ'rmj Suehd ?éﬁsmt d_dfn?fhma the

irs n ecQ -enper at ur e erein a significan i fference

I ndi cat esshear?s&iie 9ggbé'dtn 1% PBH r_'nd. In angal ternative formthe

i nvention is said to reside in an{apparatus to enabl e t he

determnatio 1L ' [ ' |

oper at ed by r(eRERLrR Bneenalis s8RRet tn M b R phRoEY HicBRPld fhe

t enperature lastinjector en theciuel egil where thefuplline retums: tortherfueltanko Qheeer ni ne

a second te s o i sl L | dl?'h ubt ract

the first tmgﬁﬁ@gl#mrﬁ%@u ta.kgem(?‘%egigdeﬁgtef_ra uFEaﬁl\if:\/ﬁ@ra&%r?‘ eazt soak

condi ti ons arRoipt dawn sufficiently for . liquid LPG to remain useable as a fuel at the
10 operating pressure. |

necessarily be the only or
reside in a nethod of determ nati

i nternal conbiBetqalipration will vaty dg
the fuel s usegbrisorichA either B8 d E%l;ﬁ

A method by which the heat soak determination may be done is as follows. ‘
On turning on the ignition key an electronic control unit for the fuel injection
reads the two temperature inputs from the fuel rail and the fuel tank and
calculates a temperature difference (A T). The temperature difference is then
15 entered into a look - up table and an engine state is determined. If the
temperature difference is greater than a predetermined value, typically 2° to 5°
C then it is determined that there are heat soak conditions present.
Depending on the value of the temperature difference a time of running on
some alternative fuel supply system will be obtained from the iook - up table.

20 During the period that heat soak conditions are present the engine can only
run by other means. Such gther means may be by use of an alternative fuel
such as petrol or by injection of fuel into an air intake line at a position remote
from the engine where the temperature is not so high.

Alternatively, starting of the lengine may be prevented and only pumping of
25 fuel may occur until such time as the heat soak condition has been alleviated.

During the period that the engine is running by such other means the fuel
pump for instance the LPG pump may be pumping liquid in the fuel rail
assembly and maintaining recirculation until the fuel rail is cooled and A T
becomes equal to or less than the predetermined value. The actual time

30 taken to cool the fuel rail assembly depends upon various factors such as the
actual temperature and the heat capacity of the fuel rail and typically it may
vary from 2 to 15 seconds or longer.
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This generally describes the invention but to assist with understanding of the
invention reference will now be made to a preferred embodiment of the
invention as shown in the accompanying drawings.

In the drawings

15 FIG1 shows a schematic view of an engine and single fuel supply system:
embodying the present invention, and

FIG2  shows a schematic view of an engine and dual fuel supply system
embodying the present invention

In Fig 1 an engine 1.shown schematically has four cylinders 2. Each cylinder
20 isfed inlet air through inlet pipe 3 from inlet manifold 4. An injector 6 injects
“the necessary fuel as determined by an injector controller 7 into the inlet pipe
3. Fuel is supplied via a fuel rail 8 from a fuel line 9 extending to a fuel tank
10. A fuel return rail 12 and line 11 allows excess fuel to be returned to the
fuel tank 10.

25 When there is an attempt to star: the engine incorporating the present
invention the controller 7 measures the temperature at the fuel tank 10 by
means of a temperature probe 15 and on the fuel rail 8 by means of
temperature probe 16. The temperature in the tank is subtracted from the
temperature in the rail and if the temperature difference is gréater than

30 perhaps 2 to 5°C then the system assumes that there is at least some heat
soak conditions present in the fuel rail and injectors and the controller 7



sensor can either be a liquid probe or a surface contact external detector

I nsul at edwfd's%@swe surroundings. A relatively fast response sensor is
preferred 0 ensure pronpt indication of tenperaturePCHASHOIS8NSsOr

should have a 5 response of about one sec nd. Preferably the
temperature sensor.on the fuel rail isgpositioned adjacent to the

| ast injector on the fuel rail where the fuel line returns to the fuel
tank. Once  activatesia fusther injettar ROdodnjachfuel intbthe irdéemiaaiioldss af & pafit t O

t hat point an i poiint down sufficiently for the liquid LPG
to remain usegg'lq@%fsrba ee?ng(;rt\e.th 10 operating pressure. A net hod

by which the heat soak determ natiion nay be done is as foll ows. On

! he camid . ) e
h ection | FIG'Z aepseiniel Sl et &t erdié (s SopiaR Wit ine, g ¢ ne
fuel tank andSame iterpghaying the sarpe fptarence sumeralss ence ([err] T). The

tenperature difference is then 1 % entered into a Iogk f up table and ?n

. : : i '
RS o i, I SR ot bR S <t Tk S s
detern} ned ]Ehbbilihgqroinﬁuel hﬂdfh SaU! dCW'ta_riI@asftﬂS@ﬁigﬂ')er boiling [ﬁtﬁl‘;@%ng on
h . o | e Lynnin n_. .
al Lernat | ve ﬁg%ﬁ@‘%ﬁgﬁ@#?ﬁh Pl T eyl ol Y Pt bine 3130501 .
2 0 During tBxcess lstMmaddo e tanlc30 dytrmeans of outietfaehtailt f2amd getam can
gln![ gr nati\v r]th Ehe*“ngtdfrg%h .as t'p%]e ro'fé(g;?g Bgaﬁlr@e@hgﬁmgr y?'ﬁéi%yﬁﬁlﬁgﬂéﬁ* "HPr
i nt ake |i1r!§ aBd andexaess fueldssetumed to the tanki3feby means ofutiet fued rail 12

nperature i s AA# réfum figdl-line 34. Al ternatively, starting of the engine may ‘
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heat soak condition has been all eyi at ed.
If upon engine starting the temperature difference between the temperature

caiculated in the fuel tank 30 by means of probe 36 and the temperature
calculated in the fuel rail byl means of probe 37 then the engine is operated on

15 the higher boiling point fuel from the tank 35 and fuel is pumped to the
auxiliary injector 40 by means of fuel line 41 which branches off fuel inlet line
33 from the tank 35. The auxiliary injector is mounted on the inlet manifold 4
at a position remote from the engine.

o

We have seen that by this iLvention the presence of heat soak conditions can
20 be determined when it is intended to start an engine by comparison of
temperatures in two critical points.

It will be realised of course that if the temperature difference is less than a
selected value then the en%;e could be operated using the main injectors 6
with either the low boiling point fuel or the high boiling point fuel.

25 This present invention therj:'ore provides a convenient method and apparatus
by which heat soak conditions in an internal combustion engine may be
detected.
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to a preferged rBUHdE Mok up used to determine a time for which heat soak
conditions are deemed to be present.

3. A method of determining the presence of heat soak conditions in an

internal combustion engine as in Claim 1 wherein the measurement is done

continuously and heat soak conditions are deemed to be present while the
15 temperature difference is greater than a selected value.

4, A method of determining the presence of heat soak conditions in an
internal combustion engine as in Claim 1 wherein the temperature sensors
are liquid probe temperature sensors.

5. A method of deterrhinihg the presenée of heat soak conditions in an
20 intemal combustion engine as in Claim 1 wherein the temperature sensors
are surface contact temperature sensors.

6. A method of determining the presence of heat soak conditions in an
internal combustion engine as in Claim 1 wherein the engine is a single low
boiling point fuel engine and further including the step of switching to an

25 auxiliary injector upon starting when heat soak conditions are detected.

7. A method of determining the presence of heat soak conditions in an
internal combustion engine as in Claim 1 wherein the engine is a dual fuel
engine and further including the step of switching from a low boiling point fuel
to a high bomng point fuel upon starting when heat soak conditions are
30 detected. . :
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t enper at ur®e ainje¢torf uel tank 10 b means of a tenperature probe 15
and on the fuel rail 8 by means o t enperat ure probe 16. The

tenperature in the tank is subtracted fromthe nperature in the
rail and if tBe tenpdnapRaragisiio nﬂh!eth%dgteémn@aﬂmfrihs preseageahheat t o
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condi tions present H raill and an the control’l
ompnsmg a first tempera re sensort de ermme a first temperature o a fuel
rail for the fuel injector, a second temperature sensor to determine a second
10 temperature in a fuel tank for the fuel and calculation means to subtract the
first temperature from the second temperature, wherein heat soak conditions
are deemed to be present if the first temperature minus the second ‘

temperature is greater than a selected value.

10. An apparatus to enable the determination of the presence of heat
15 soak conditions in an internal combustion engine as in Claim 9 wherein the
calculation means includes|a look - up table.

11. An apparatus to epable the determination of the presence of heat

soak conditions in an interrial combustion engine as in Claim 9 wherein the

calculation means includes/means to cohtinuously compare the temperatures
20 and to determine if heat soak conditions are present.

12. An apparatus to ehable the determination of the presence of heat
soak conditions in an internal combustion engine as in Claim 9 wherein the
temperature sensors are liquid probe temperature sensors.

13. An apparatus to ehable the determination of the presence of heat
25 soak conditions in an internal combustion engine as in Claim 9 wherein the
temperature sensors are surface contact temperature sensors.

14. An apparatus to enable the determination of the presence of heat

soak conditions in an internal combustion engine as in Claim 9 further

including an auxiliary injector for the fuel for use when heat soak conditions
30 are detected.
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liquid probe tenper el fueCmignal S%mbystloé engine umﬁp'fﬁ%hﬁﬂecég bSFéﬂHE 3% boiling

the presence of heat soa ron engin
as in Oaim1 whereipoinhiel gspdinthe éng@egsrwsceptlbleatoelaponsatz@n doatfuekrail due to

tenperature sensors. hlpﬁ"'—ég@%e temperafuﬂ@t gféjnféfthﬁfrﬁ;‘idﬁlﬁ @sobleﬁ%ﬁgﬁnﬁé a first

heat soak condltlons : E ern conmbustion e gl ne

wherein the stepJof SRR&IAIUNG inadkank for the lo nebmbngmnt.fugl PRPARUIMEA SeE0Rte

hi gher boi ling poi ntteh{férattﬁéraﬁhémelrranlVﬁ\ﬁértalmng thé‘ﬁﬂ‘feréﬁé‘éf b@ﬁﬂ@éﬁ Wt first and

are detected al so incl ud%s E g w g ;% d )i_‘

i nj ect or. secon tempera ure, w ereln a igni icant difference indicates heat soak
conditions, and switching from the low boiling point fuel to a higher boiling
point fuel upon starting the engine when such heat soak conditions are

10 detected.

2. A method of determining the presence of heat soak conditions in an
internal combustion engine as in Claim 1 wherein the measurement is done
once and a look - up is used to determine a time for which heat soak
conditions are deemed to be present.

15 3. A method of determining the presence of heat soak conditions in an
internal combustion engine as in Claim 1 wherein the measurement is done

continuously and heat soak conditions are deemed to be present while the

B temperature difference is greater than a selected value.

4, A method of determining the presence of heat soak conditions in an
20 internal combustion engine as in Claim 1 wherein the temperature sensors
are liquid probe temperature sensors.

5. A method of determining the presence of heat soak conditions in an
internal combustion engine as in Claim 1 wherein the temperature sensors
are surface contact temperature sensors.

25 6. A method of determining the presence of heat soak conditions in an
internal combustion engine as in Claim 1 whérein the step of switching from
the low boiling point fuel to the higher boiiing point fuel upon starting when
heat soak conditions are detected also includes the step switching to an

R auxiliary injector.

ik
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8 7. An apparatus to enable the deternination of the presence
of heat soak conditions-in a dual fuel internal co ﬁi gn eygmﬁas
.operated by fuel injection of either a | ow boiling pornt fﬁe 6
“"high boilin ' ] mlm‘mL conprising a first tenmperBEGEIGERECT & JAN 1996
determ ne aﬂ“m‘;mm m of a fuel rail for the fuel injector, a
second tenperat Uretsefsof to deternine a second tenperature in a fuel
tank for the low boiling point fuel and gal cul ati on neans to.subtract
the first tenperature fromthe second tenperature, wherein heat soak

conditions are deened to be present if the first tenperature mnus the 1 0
second tenperature is greater than a selected value and neans to switch

o o)

from the |l ow boiling point fuel t he high boiling point fuel en
the heat soak /- confn@ afé‘ﬁéoc%@ﬁ%th%d%@?wmo Wesﬁ‘f&ﬁ?f‘%of‘ﬁgat
engi ne. - 8:;,oak corditiond & aéc_u?l fweldntehal c_sdntabd@ﬁ(lfﬁ Bhgine! ?p‘erﬁfed bg fuel
presence of heat. .. oak conditjans in. i nt ernal, cofbusti.on. engi ne as
P araim 7 whor Bisstionsiether aio bafiRg peidnel b tion BalinaRRt gl op) o
9. An appareoraprisingenfitst terhperaletecsensoato determihba first tmnperatdrehefad fuel

Sk eondt LT ons o hd Ml Bt 4 RUBbA TSy AR Y ol
and to det erni ntemperature in@fuet tank fardhe lew doilingpaoint fuedana ealeulation means
to subtract the first temperature from the second temperature, wherein heat
soak conditions are deemed to be present if the first temperature minus the
10 second temperature is greater than a selected value and means to switch from
the fow boiling point fuel to the high boiling point fuel when the heat soak
conditions are deemed to be present on starting the engine.

8. An apparatus to enable the determination of the presence of heat
soak conditions in an internal combustion engine as in Claim 7 wherein the
15 calculation means includes a look - up table.

9. _An apparatus to enable the determination of the presence of heat
soak conditions in an internal combustion engine as in Claim 7 wherein the
calculation means includes means to continuously compare the temperatures
and to determine if heat soak conditions are deemed to be present.

20 10. An apparatus to enable the determination of the presence of heat
soak conditions in an internal combustion engine as in Claim 7 wherein the
temperature sensors are liquid probe temperature sensors.

11. An apparatus to enable the determination of the presence of heat
soak conditions in an internal combustion engine as in Claim 7 wherein the
25 temperature sensors are surface contact temperature sensors.

12. An apparatus to enable the determination of the presence of heat

soak conditions in an internal combustion engine as in Claim 9 further

including an auxiliary injector for the high boiling point fuel for use when heat
30 soak conditions are detected upon starting.
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(54) Title: DETERMINATION OF HEAT SOAK CONDITIONS \/

(57) Abstract

A method and an arrangement for determining the presence of heat soak conditions in an internal combustion engine (1) of a type

using fuel injection. Particularly useful when the or one of the fuels

due to high engine temperatures. The method includes the steps of measuring a first temperature in a tank (10) for the fuel, measuring a
second temperature at the fuel rail (8), ascertaining the difference between the first and second temperature, wherein a significant difference
indicates heat soak conditions. If heat soak conditions are detected then an auxiliary injector (20) may be operated or in dual fuel engines

a higher boiling point fuel may be used.

used in the engine (1) is susceptible to vaporisation in a fuel rail (8)




