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[57] ABSTRACT 

An apparatus is provided for positively warming a 
cooling medium and/or lubricating medium for gaso 
line-powered internal combustion engines of motor 
vehicles thereby to reduce concentrations of unburned 
hydrocarbons and carbon-monoxides in the engine ex 
haust gases emitted when the engine is running cold or 
being warmed up. The apparatus includes a combustor 
for combusting a supplied fuel into hot gases and a 
heat exchanging means which is in contact with por 
tions of the cooling and/or lubricating media. The 
combustor is controlled by an electric control means 
which is responsive to a variation in the temperature 
of the cooling or lubricating medium so that the hot 
gases are produced therein when the temperature of 
the medium is lower than a level which is predeter— 
mined empirically in consideration of the concentra 
tions of the unburned hydrocarbons and carbon 
monoxides which would otherwise be emitted before 
the temperature of the cooling or lubricating media 
reaches a satisfactory operating temperature. The fuel 
to be supplied to the combustor may be a lique?ed 
fuel gas stored in an independent container or a usual 
fuel supplied from a fuel circuit for the engine. 

21 Claims, 10 Drawing Figures 
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APPARATUS FOR WARMING COOLING AND/OR 
. LUBRICATING MEDIA OF INTERNAL 

COMBUSTION ENGINES 

This invention is generally concerned with gasoline 
powered internal combustion engines and has its par 
ticular reference to an apparatus which is speci?cally 
adapted to positively warm up either or both of the 
cooling and the lubricating media for the internal com 
bustionengine when the engine is running cold or being 
warmed up. The apparatus herein disclosed is expected 
to signi?cantly contribute to reducing concentrations 
of unburned hydrocarbons and carbon monoxide in the 
engine exhaust gases so as to aid in alleviating air pollu 
tion problems resulting from the use of the gasoline 
powered internal combustion engines. 
Experiments with water cooled internal combustion 

engines have revealed that'at least three mode cycles 
are required of the engine before the cooling water is 
warmed up to about 80°C, the mode cycles correspond 
ing to a driving time period of about 7 minutes and a 
running distance of about 4 kilo-meters. The term 
“mode cycle” as herein used is intended to refer to a 
cycle of a certain driving mode of the engine such as 
idling, accelerating, normal cruising and decelerating 
modes. Thus, for instance, the three mode cycles may 
consist of consecutive cycles of idling, accelerating and 
normal cruising modes or otherwise they may be made 
up of successive cycles of accelerating, normal cruising 
and decelerating modes. 
The experiments have‘ also indicated that the concen 

trations of the unburned hydrocarbons and carbon 
monoxide contained in the engine exhaust gases are 
closely related to the temperature of the engine cooling 
water and decrease abruptly once the temperature of 
the cooling water has reached about 50°C by which 
time usually the engine is driven in two mode cycles. 
Such concentrations become minimum when the tem 
perature of the cooling water reaches about 80°C and 
are maintained substantially unchanged thereafter. 
Other experiments have been conducted to deter 

mine relations‘between the concentrations of the un~ 
burned hydrocarbons and carbon monoxide and the 
temperature of the engine lubricating medium, reveal 
ing that such concentrations sizeably decrease as the 
lubricating medium becomes warmer. A low tempera 
ture of the lubricating medium is indirectly re?ected by 
a low temperature of the cooling water and for this rea 
son, again, the unburned hydrocarbons and carbon 
monoxide are emitted in relatively high concentrations 
before the engine lubricating medium is sufficiently 
warmed up. 

In order that the concentrations of the unburned hy 
drocarbons and carbon monoxide be reduced for air 
pollution preventive purposes, therefore, it is advanta 
geous to have either or both of the engine cooling and 
lubricating media warmed positively up to certain tem 
peratures as early as possible after the engine has been 
started. Warming the engine lubricating medium, if 
practised, will be conducive not only to solving the ve 
hicular air pollution problems but to enabling the en 
gine to be lubricated satisfactorily in a signi?cantly 
shortened period after the engine is started. 

It is thus desirable to provide an apparatus which is 
capable of positively warming at least one of the cool 
ing and the lubricating media for the gasoline-powered 
internal combustion engine when, and only when, the 
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engine is running cold or being warmed up thereby to 
reduce the concentrations of the unburned toxic com 
pounds in the exhaust gases of the engine. 
The apparatus devised to accomplish this object 

comprises a source of fuel, an injection nozzle which 
communicates with the fuel source, a combustor into 
which the injection nozzle open so as to have the fuel 
injected into the combustor and combusted into hot 

> gases, heat exchanging means communicating with the 
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combustor and positioned substantially in contact with 
one or both of cooling and lubricating circuits of the 
engine for transferring a major portion of the heat of 
the hot gases therethrough, and an electric control 
means which is responsive to variation in the tempera 
ture of one of the engine cooling and lubricating media 
for actuating the combustor when the temperature of 
the cooling or lubricating medium is lower than a level 
which is predetermined in relation to the concentra 
tions of the unburned hydrocarbons and carbon mon 
oxide which would be emitted unless the apparatus ac 
cording to this invention is installed on the engine. 
Valve means is interposed between the fuel source and 
the combustor, controlled by the electric control 
means so as to be open when the temperature of the 
cooling or lubricating medium is lower than the prede 
termined level which is above mentioned. The fuel to 
be supplied from the fuel source may be a lique?ed fuel 
gas or a usual fuel for the engine. Where the fuel for the 
engine is to be utilized, the fuel source may include a 
fuel passage which is branched from a fuel circuit for 
the engine and an evaporator communicating with the 
fuel passage, the evaporator being supplied with the 
fuel from the engine fuel circuit and having heating 
means for heating and evaporating the supplied fuel 
into a combustible mixture of fuel and air. This heating 
means is also connected to the above-mentioned elec 
tric control means and actuated concurrently as the 
combustor and the valve means are actuated. Or other 
wise, the fuel source may include a fuel passage which, 
on the one hand, is vented from the open air through 
a restriction and, on the other hand communicates with 
a ?oat chamber of the engine through another restric 
tion whereby a combustible mixture of fuel and air is 
supplied therethrough. The apparatus according to this 
invention may further include an exhaust passage lead 
ing from the heat exchanging means for discharging an 
unconsumed portion of the heat in the hot gases drawn 
into the heat exchanging means. Such exhaust passage 
may preferably be positioned adjacent to an air inlet for 
the engine, a carburetor or an intake manifold of the 
engine so that air or a combustible mixture of fuel and 
air is warmed up when passing therethrough. Where, in 
particular, the engine fuel is fed to the apparatus ac 
cording to this invention, the exhaust passage may be 
led to the intake manifold either directly or through the 
carburetor downstream of a carburetor throttle valvei 

Various embodiments of this invention are illustrated 
in the accompanying drawings in which like reference 
numerals are alotted to corresponding parts and in 
which: 
FIG. 1 is a graph indicating variations of the tempera 

tures of the engine cooling water and the lubricating 
fluid in terms of the previously de?ned “mode cycle,” 
time in minutes and running distance in kilo-meters; 
FIG. 2 is a graph showing variations of the concentra~ 

tions of the unburned hydrocarbons and carbon 
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monoxided in the exhaust gases from a typical conven 
tional internal combustion engine, such variations 
being indicated in terms of the mode cycle, time and 
running distance similarly to FIG. 1; 
FIGS. 3 to 9 are schematic views showing various em 

bodiments of this invention, wherein FIG. 3 shows an 
apparatus adapted to warm up the engine cooling water 
through combustion of a lique?ed fuel gas, FIG. 4 
shows a modi?cation of the apparatus of FIG. 3, FIG. 
5 shows an apparatus in which the engine cooling water 
is warmed by combustion of the same fuel as that fed 
to the engine, FIG. 6 shows an apparatus intended to 
warm up the engine lubricating fluid through combus 
tion of a lique?ed fuel gas, FIG. 7 shows an apparatus 
by which the engine lubricating ?uid is warmed by 
co‘mbustionof the same fuel as that fed to the engine 
fuel, FIG. 8 is a modi?cation of the apparatus of FIG. 
7, and FIG. 9 shows an apparatus adapted to warm up 
both the engine cooling water and the engine lubricat 
ing ?uid through combustion of lique?ed fuel gas; and 

FIG. 10 is a sectional view showing, on an enlarged 
scale, a preferred construction of a combustor for use 
in the apparatus of FIG. 9. 
As previously noted, the engine should be operated 

in at least three mode cycles and the motor vehicle 
should be driven for about 7 minutes and over a dis 
tance of about 4 kilo-meters before the cooling water 
of the engine reaches about 80°C. This is clearly seen 
in FIG. 1, wherein the temperature of the cooling water 
is indicated by a curve a. The concentrations of the un 
burned hydrocarbons and carbon monoxide vary in 
close relation to the variation in the temperature of the 
engine cooling water, as will be understood from obser 
vation of FIG. 2 in relevance to curve a in FIG. 1. In 
FIG. 2, the concentrations of the hydrocarbons and 
carbon monoxide are indicated by curves c and d, re 
spectively, and in terms of percentage in which 100 
percent is assumed to be the lowest concentration at 
tained when the engine is satisfactorily warmed. As 
seen in FIGS. 1 and 2, the concentrations of the un 
burned hydrocarbons and carbon monoxide decrease 
as the temperature of the engine cooling water in 
creases beyond about 50°C by which time the engine 
has been operated in about two mode cycles. As the 
cooling water is warmed up to about 80°C, the concen 
trations of the unburned hydrocarbons and carbon 
monoxides are reduced to a minimum and are thereaf 
ter maintained substantially constant. 
The concentrations of the unburned hydrocarbons 

and carbon monoxide also vary in relation to the varia 
tion in the temperature of the engine lubricating ?uid, 
the variation being indicated by a curve b in FIG. 1. 
Thus, the invention proposes to reduce the concen 

trations of the unburned hydrocarbons and carbon 
monoxide by positively warming up one or both of the 
engine cooling water and the engine lubricating ?uid so 
as to provide a useful solution to the vehicular air pollu 
tion problems. 
A ?rst embodiment of this invention to achieve such 

purpose is now illustrated in FIG. 3, wherein the shown 
apparatus is adapted to warm up the engine cooling 
water with use of a lique?ed fuel gas which is isolated 
from the fuel circuit for the engine. 
Referring to FIG. 3, the apparatus according to this 

invention is mounted on a usual gasoline-powered in 
ternal combustion engine which is generally repre 
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4 
sented by reference numeral 10. The internal combus 
tion engine 10 has, as customary, an intake manifold 11 
leading from a carburetor l2, and an exhaust manifold 
13. The engine 10 also includes a cooling circuit 14 
which is branched from the engine as at 14a and leads 
to a pump 14b. The engine cooling water is circulated 
and recirculated through this cooling circuit 14. The 
construction and arrangement of such cooling circuit 
per se is well known and, as such, detailed discussion 
thereof is herein omitted. 
An apparatus is now provided which is adapted to 

warm up the cooling water in the cooling circuit 14. 
Such apparatus comprises a source or container 15 of 
a lique?ed fuel gas and an injection nozzle 16 commu 
nicating with the container 15 through a fuel passage 
17. The injection nozzle 16 opens into a combustor 18 
having an igniter 18a and an air inlet port 18b which is 
shown as formed around the nozzle 16. Heat exchang 
ing means 19 is connected to the combustor 18 and 
held in contact with a portion of the cooling circuit 14 
intermediate between the outlet 14a and the water 
pump 14b. The heat exchanging means 19 communi 
cates with an exhaust passage 20 through which an un 
consumed heat in the heat exchanging means 19 is dis 
charged therefrom. Normally closed valve means 21 
which may be a solenoid actuated valve is mounted in 
the fuel passage 17 so as to selectively deliver the lique 
?ed fuel gas to the injection nozzle 16 and into the 
combustor 18. The igniter 18a and the valve means 21 
are controlled by means of an electric control circuit 
having a source 22 of electric power. 
The electric control circuit includes, in addition to 

the power source 22, switch means 23 which is respon 
sive to the variation in temperature of the engine cool 
ing water through, for instance, a thermostat action. 
The switch means 23 is closed when the temperature of 
the cooling water is lower than a predetermined level 
which may be about 80°C for the reason previously dis 
cussed with reference to FIGS. 1 and 2. The electric 
control circuit further includes means 21a to control 
the valve means 21. Where the valve means 21 is a sole 
noid actuated valve, the means 21a may be a solenoid 
coil for moving a combination armature and valve 
member (not shown) which may form part of the valve 
means 21. The igniter 18a and the means 21a are con 
nected in parallel to each other and in series with the 
power source 22 and the switch means 23. An ignition 
switch 24 for an ignition distributor (not shown) of the 
ignition switch 24 for an ignition distributor (not 
shown) of the engine 10 may be connected between the 
power source 22 and the switch means 23, if preferred. 

When, in operation, the engine 10 is started with the 
ignition switch 24 closed and when the temperature of 
the engine cooling water circulated through the cooling 
circuit 14 is lower than the previously noted predeter 
mined level, then the switch means 23 is closed to make 
the electric control circuit complete, thereby energiz 
ing the valve means 21 and the igniter 18a. The valve 
means 21 is thus actuated to open so as to supply the 
lique?ed fuel gas to the injection nozzle 16 through the 
passage 17. The fuel gas is caused to discharge into the 
combustor 18 through the nozzle 16 and is mixed with 
air sucked in through the air inlet port 18b of the com 
bustor. At this instant, the igniter 18a is also actuated 
so as to ?re the mixture of the fuel and air in the com 
bustor 18, thereby producing hot gases. The hot gases 
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are supplied to the heat exchanging means 19 through 
which the cooling circuit 14 passes. A major portion of 
the heat in the hot gases is thus transferred to the cool 
ing water passed through the cooling circuit 14 and the 
warmed cooling liquid is fed to the water pump 14b. As 
soon as the temperature of the engine cooling liquid 
which is positively warmed in this manner reaches the 
predetermined level, the switch means 23 is opened so 
that the igniter 18a and the control means 21a are dis 

‘ connected from the power source 22. The valve means 
21 is thus closed to terminate the supply of the lique 
fied fuel gas and the igniter 18a is made inoperative, 
preventing the cooling water from over-heating. 
The exhaust passage 20 may be positioned and di 

rected in any desired manner but it is preferable that 
the same be positioned adjacent to an engine air inlet 
such as an air cleaner (not shown), the engine intake 
manifold 11 or the carburetor 12 whereby the hot gases 
discharged from the heat exchanging means 19 are 
used to warm the air or the combustible mixture pass 
ing therethrough. 

It may be mentioned that the apparatus which is ar 
ranged in a manner above described and shown can be 
actuated before the engine is started insofar as the igni 
tion switch 24 is closed. This will be bene?cial for 
warming up the engine in a relatively short while with 
the engine kept at rest. 
A modi?ed form of the apparatus of FIG. 3 is now 

shown in FIG. 4. The apparatus herein shown is essen 
tially similar in construction and operation to the appa 
ratus shown in FIG. 3, installed on an internal combus 
tion enginehaving an intake manifold 11 and a carbu 
retor 12. Designated by reference numeral 25 is an en 
gine air cleaner which is usually mounted on an air 
horn (not identified) of the carburetor 12. 
The engine 10 has a cooling circuit 26 which is 

branched from the engine through an outlet port 26a 
and led to a water pump (not shown) of the engine 
through an inlet port 26b. This cooling circuit 26 is es 
sentially similar to the counterpart 14 of the arrange 
ment of FIG. 3, serving to have the cooling water circu 
lated and recirculated therethrough so as to cool the 
heated engine during operations. Different from the 
cooling circuit 14 of FIG. 3, the cooling circuit 26 is 
partly clad in a water jacket 27 which is located in the 
intake manifold 11 of the engine 10, as illustrated. 
The engine 10 having the cooling circuit 26 thus con 

structed is provided with an apparatus including, simi 
larly to the apparatus of FIG. 3_, a source or container 
15 of a liquid fuel gas, an injection nozzle 16 communi 
cating with the container 15 through a fuel passage 17, 
and a combustor 18 into which the injection nozzle 
opens. The combustor 18 includes an igniter 18a and 
an air inlet port 18b. Normally closed valve means 21 
is interposed in the fuel passage so as to selectively sup-, 
ply the lique?ed fuel gas to the injection nozzle 16. 
The combustor 18 communicates with heat exchang 

ing means 28 through a passage 29 so that the hot gases 
produced in the combustor 18 are drawn into the heat 
exchanging means. The heat exchanging means 28 in 
cludes a chamber (not numbered) which is so located 
as to be in contact with the water jacket 27 of the en 
gine cooling arrangement. A major portion of the heat 
in the hot gases supplied into this chamber is trans 
ferred to the water jacket 27 which is consequently 
warmed up to warm up, in turn, the cooling water pass 
ing through the cooling circuit 26. The heat exchanging 
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6 
means 28 is vented to the open air through an exhaust 
passage 29a leading from the passage 29. This exhaust 
passage 29a is preferably opened adjacent the engine 
air cleaner 27, carburetor 12 or intake manifold 11 of 
the engine 10, for the reason previously set forth. 
The valve means 21 and the igniter 18a of the com 

bustor 18 are actuated under the control of an electric 
control circuit which is completed when the tempera 
ture of the engine cooling water is lower than a prede 
termined level. This electric control circuit is entirely 
similar to the control circuit of FIG. 3 and includes a 
power source 22, thermally actuated switch means 23 
and an ignition switch, and is connected to the igniter 
18a and control means 21a for the valve means 21. 
The arrangement shown in FIG. 4 is advantageous 

not only for warming up the engine cooling water at an 
earlier stage but for warming the combustible mixture 
flowing through the intake manifold 11 so as to pro 
mote the atomization of the mixture to accordingly im 
prove the combustion ef?ciency of the engine, eventu 
ally contributing to reduction of the concentrations of 
the unburned hydrocarbons and carbon monoxide in 
the exhaust gases. 
The embodiments shown in FIGS. 3 and 4 are useful 

where it is desired to use a liquefied fuel gas as the 
source of working fuel. If preferred, however, the 
working fuel may be the fuel for the engine. An appara 
tus adapted for this scheme is shown in FIG. 5. 
The apparatus shown in FIG. 5 is essentially similar 

to the apparatus of FIG. 3 except for the fuel supply ar 
rangement and, as such, description on the parts having 
their counterparts in FIG. 3 as designated by common 
reference numerals is herein omitted for brevity pur 
poses. 

Referring now to FIG. 5, the fuel for the engine 10 
is supplied through a fuel passsge 30 which leads from 
a ?oat chamber (not shown) and opens into the carbu 
retor 12, as customary. The fuel passage 30 is provided 
with a pump 31 for pumping off the liquid fuel to the 
carburetor 12. I 

A branch passage 32 leads from the fuel passage 30 
downstream of the pump 31 and communicates with an 
evaporator 33 through a normally closed valve means 
34 which is associated with control means 34a. The 
evaporator 35 includes an electrically actuated heater 
33a and a spring-loaded one-way check valve 33b for 
preventing the fuel from ?owing in the reverse direc 
tion. The evaporator 33 is thus adapted to atomize the 
fuel supplied thereto and the thus atomized fuel is sup 
plied to the fuel injection nozzle 16 through the passage 
17. 
The valve means 34 and the heater 33b of the evapo 

rator 33 as well as the igniter 18a of the combustor 18 
are operated by an electric control circuit which is es 
sentially similar to the control circuits of FIGS. 3 and 
4. In this instance, the igniter 18a, the control means 
34a of the valve means 34 and the heater 33a are con 
nected in parallel to the electric control circuit and are 
energized concurrently. The valve means 34 may be. a 
solenoid actuated valve, in which instance the control 
means 34a may be a solenoid coil. 
When, in operation, the temperature of the engine 

cooling water is lower than a predetermined level, then 
the switch means 23 of the electric control circuit 
closes with the result that the valve means 34 is opened 
and the heater 33a of the evaporator 33 and the igniter 
18a of the combustor 18 are caused to ?re. The fuel in 
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the fuel passage 30 is thus passed to the evaporator 33 
through the branch passage 32‘and the valve means 34 
and is heated and gasi?ed into atomized fuel through 
firing of the heater 33a. The atomized fuel is supplied 
to the combustor 18 through the injection nozzle 16 for 
being combusted therein. The resultant hot gases are 
passed to the heat exchanging means 19 to warm up the 
cooling water ?owing through the cooling circuit 14. 
When the cooling water is warmed up to the prede 

termined temperature, then the switch means 23 opens 
so that the valve means 34 is closed and the heater 33a 
and the igniter 18a cease ?ring. 

In the arrangement shown in FIG. 5, the fuel pump 
31 may be an electrically operated pump which can be 
driven with the engine 10 kept inoperative, whereby 
the valve means 34 can be actuated even before the en 
gine is started. 
The embodiments which have heretofore been de 

scribed are adapted to achieve the purpose of reducing 
the concentrations of the unburned hydrocarbons and 
carbon-monoxides by warming up the engine cooling 
water in a relatively short while. Such purpose is invari 
ably achieved by positively warming up the lubricating 
fluid for the engine during engine warm-up operation, 
as previously discussed. An embodiment realizing this 
concept is now illustrated in FIG. 6. 

In FIG. 6, the engine 10 is shown as comprising an in 
take manifold 11, a carburetor 12, an exhaust manifold 
13, an air cleaner 25 and an oil pan 35 through which 
the lubricating ?uid or oil is circulated and recirculated 
during engine operations. This lubricating oil is 
warmed up during engine warm-up operation by an ap 
paratus including a heat exchanging means 36 by which 
heat is transferred to the lubricating oil when the tem 
perature of the lubricating oil is lower than a predeter 
mined level. 
The fuel for generating such heat is supplied from a 

valved source of container 37 of a lique?ed fuel gas. 
This container 37 communicates with an injection noz 
zle 38 through a passage 39 in which a normally closed 
valve means 40 is interposed. The injection nozzle 38 
extends into a combustor 41 having an igniter 41a and 
an air inlet port 41b. The combustor 41 is led to the 
heat exchanging means 36 which includes a passage 
passing through the oil pan 35 as illustrated. The pas 
sage of the heat exchanging means 36 is opened to the 
atmosphere through an exhaust passage 42. The ex 
haust passage 42 may be preferably located adjacent 
the air cleaner 25, carburetor 12 or intake manifold 11 
so as to have the combustible mixture warmed up be 
fore it is supplied to the engine 10. 
The valve means 40 and the igniter 41a are actuated 

by an electric control circuit which is responsive to the 
variation in the temperature of the lubricating oil. The 
electric control circuit comprises a power source 43 
and a switch means 44 which is mounted on the oil pan 
35 to the responsive to the temperature of the lubricat 
ing oil therein. The switch means 43 is normally open 
and is closed only when the temperature of the lubri 
cating oil is lower than a predetermined level. The elec 
tric control circuit also comprises control means 40a 
for actuating the valve means 40 and is connected to 
the igniter 41a of the combustor 41. Designated by ref 
erence numeral 45 is an ignition switch which may be 
interposed in the electric control circuit where desired. 
The valve means 40 may be a solenoid actuated valve 

8 
and, in this instance, the control means 40a associated 
therewith is a solenoid coil. 
With this arrangement, the switch means 44 closes 

when the temperature of the lubricating oil in the oil 
pan 35 is lower than the predetermined level which 
may be 80°C for instance. The control means 40a for 
the valve means 40 and the igniter 41a are thus ener 
gized. The valve means 40 is opened to cause the fuel 
gas to discharge into the combustor 41 through the in 

10 jection nozzle 38. The fuel gas is then combusted by the 
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?ring of the igniter 41a so that hot gases are supplied 
from the combustor 41 to the heat exchanging means 
40. A major portion of the heat in the hot gases intro 
duced into the heat exchanging means 36 is transferred 
to the lubricating oil in the oil pan 35 with the result 
that the lubricating oil is warmed up in a short while. 
The hot gases introduced into the heat exchanging 
means 36 are discharged out of the exhaust passage 42 
and may be utilized to aid in warming up the air or the 
combustible mixture. 
When the temperature of the lubricating oil reaches 

the predetermined level, then the switch means 44 
opens so that the valve means 40 closes and the igniter 
41a of the combustor 41 ceases ?ring, preventing the 
engine from being over heated. 
FIG. 7 illustrates a modi?cation of the apparatus of 

FIG. 6, wherein the fuel for warming the lubricating oil 
is supplied from a ?oat chamber 46 storing the fuel for 
the engine 10. 
The apparatus shown in FIG. 7 is constructed in a 

manner to warm up the lubricating oil which is circu 
lared through a lubricating circuit 47 which includes an 
oil ?lter 47a located anterior to the oil pan 35. The heat 
exchanging means used in this embodiment is consti 
tuted by a chamber 48 surrounding the oil filter 47a. 
Hot gases are drawn into this chamber 48 from a com 
bustor 41 in a manner described in connection with the 
apparatus of FIG. 6. Different from the apparatus of 
FIG. 6, the fuel passage 39 leading to the injection noz 
zle 38 is led from a space over the surface of the fuel 
in the ?oat chamber 46 through a passage 49 which is 
vented from the atmosphere preferably through an ori 
?ce 49a and which communicates with the ?oat cham 
ber 46 preferably through an ori?ce 49b as shown. A 
normally closed valve means 40 is mounted intermedi 
ate the passages 49 and 39 and is actuated by control 
means 40a of an electric control circuit. 
The chamber 48 constituting the heat exchanging 

means in the shown apparatus communicates with an 
exhaust passage 50. The exhaust passage is led through 
a passage 50 into the intake manifold 11 downstream 
of a throttle valve 12a. a of the carburetor 12. this in 
stance, a normally closed, electrically operated valve 
51 is interposed in the exhaust passage 50, as shown. 
The valve 51 is actuated by control means 51a which 
is connected to the electric control circuit. 
The electric control circuit of the apparatus of FIG. 

7 thus includes the control means 51a in addition to the 
power source 43, switch means 44 which is closed 
when the temperature of the lubricating oil is lower 
than the predetermined level, control means 40a for 
actuating the valve means 40 when energized, and igni 
tion switch 45. 
When the temperature of the lubricating oil circu 

lated through the oil pan 35 is lower than the predeter 
mined level, the switch means 44 mounted thereon is 
closed to actuate the igniter 41a and valve means 40 
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and 51. The valve means 40 is accordingly opened so 
that a combustible mixture of the evaporative fuel ex 
isting over the surface of the liquid fuel in the ?oat 
chamber 46 and the air supplied through the ori?ce 
49a is passed over to the injection nozzle 38 through‘ 
the passages 49 and 39 by the aid of a suction draw 
from the intake manifold 11 through the exhaust pas 
sage 50, chamber 48 and combustor 41. The combusti 
ble mixture of the evaporative fuel and air is injected 
into the combustor 41 and is therein combusted by the 
firing of the igniter 41a so as to produce hot gases. The 
hot gases are passed to the chamber 48 by the suction 
from the intake manifold 11 to warm up the lubricating 
oil flowing through the oil ?lter 47a of the lubricating 
circuit 47. The hot gases which are introduced into the 

' exhaust passage 50 from the chamber 48 are drawn 
into the intake manifold 11 through the valve 51 in the 
open condition to warm up the combustible mixture 
which is supplied to the engine 10 therethrough. When 
the lubricating oil in the oil pan 35 is warmed up to the 
predetermined temperature, then the switch means 44 
opens to render the igniter 41a and the valve means 40 
and 51 inoperative. The hot gases thus far supplied to 
the chamber 48 of the heat exchanging means is thus 
cut off to prevent the engine from being overheated. 

If desired, the combustor 41 may be formed with an 
air inlet port 41c which is located adjacent an outlet of 
the combustor. With this arrangement, the hot gases 
produced in the combustor 41 are diluted with the air 
sucked in through the air inlet port 41c and are thereby 
cooled to a reasonable temperature. This is advisable 
because the combustible mixture in the carburetor 12 
is prevented from being heated to its ?ring temperature 
by the hot exhaust gases discharged from the exhaust 
passage 50. 
Introduction of the hot gases into the carburetor may 

lean out the combustible mixture to be supplied to the 
engine, inviting an unstable engine performance during 
the engine warm-up operation. To avoid this difficulty, 
the carburetor 12 may be arranged in a manner to pro 
duce a relatively richer combustible mixture. 
FIG. 8 shows another modi?cation of the apparatus 

adapted to warm up the lubricating oil during engine 
warm-up operation. The apparatus herein shown uses 
the same heating and control systems as are used in the 
apparatus of FIG. 5. The discussion made on the heat 
ing and control systems in connection with FIG. 5 en 
tirely applies to the counterparts of FIG. 8 and, there 
fore, common reference numerals 10 to 13, 16 to 20, 
22, 23, 25, 26 and 32 to 38 are assigned to correspond 
ing parts. The apparatus shown in FIG. 8 is however, 
constructed to be adapted to warm up the engine lubri 
cating oil and is thus associated with an engine lubricat 
ing circuit which is now designated by reference nu 
meral 52. 
The lubricating circuit 52 is led to an oil pump 52a 

which is indicated by broken lines and an inlet port 52b 
led into the engine. The lubricating circuit 52 is passed 
through the heat exchanging means 19 of the heating 
system so as to be warmed up by the hot gases pro 
duced in the combustor 18 when the temperature of 
the lubricating oil in the oil pan (not shown) is lower 
than a predetermined level. The temperature of the lu 
bricating oil is responded to by switch means 44 which 
is mounted on the oil pan and which is closed when the 
temperature of the lubricating oil is lower than the pre 
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determined level, similarly to its counterparts in FIGS. 
6 and '7. _ 

The combustor 18 of the apparatus shown in FIG. 8 
is shown to be provided with an annular partition 18d 
formed around the injection nozzle 16 to de?ne a pri 
mary air inlet port 18b for sucking in air for the com 
bustion of the combustible mixture and a secondary air 
inlet port 180 for sucking in air for diluting and cooling 
the hot gases produced in the combustor. The inlet 
ports 18b and 18c are herein shown to be located con 
centrically on the upstream side of the combustor 18 
but the secondary air inlet port 18c may be located on 
the downstream side as is the case with the air inlet port 
41c provided in the combustor 41 of the apparatus 
shown in FIG. 7. 
The embodiment shown in FIG. 8 is adapted for 

warming up the engine lubricating oil with use of the 
fuel to be supplied to the engine. 

FIG. 9 now illustrates an embodiment whereby both 
the cooling water and the lubricating oil the engine are 
warmed up during engine warm-up operation. The en 
gine 10 is thus illustrated to be equipped with a cooling 
circuit 26 and an oil pan 35 in addition to an intake 
mmanifold 11, a carburetor l2 and an air cleaner 25. 
The cooling circuit 26 is shown to be similar to the 
cooling circuit used in the apparatus of FIG. *4, 
branched from the engine 10 through an inlet port 26a 
and led to a water pump (not shown) through an inlet 
port 26b. The cooling circuit 26 is partly clad in a water ' 

30 jacket 27 which is located in the intake manifold 11. 

45 

65 

The engine cooling water passed through the water 
jacket 27 and the lubricating oil in the oil pan 35, are 
warmed up by hot gases which are produced from a liq 
ue?ed fuel gas with use of heating and control systems 
which are practically similar to their counterparts in 
the apparatus shown in FIG. 4. 

In the apparatus shown in FIG. 9, however, the hot 
gas passage 29 leading from the combustor 18 is ar 
ranged to merge into heat exchanging means 28a and 
28b which are separate from each other. The heat ex 
changing means 28a is actually a passage which is 
passed through the oil pan 35 of the engine 10 so as to 
warm up the engine lubricating oil drawn thereinto. 
The heat exchanging means 28b, on the other hand, is 
made up of a chamber which is in contact with the 
water jacket 27 thereby to warm up the engine cooling 
water circulated through the cooling circuit 26. 
With this arrangement, when the temperature of the 

engine cooling water is lower than a predetermined 
level during engine warm-up operation, then the switch 
means 23 closes to complete the electric control cir 
cuit, causing the valve means 21 and igniter 18a to be 
actuated concurrently. The normally closed valve 
means 21 for the container 15 of lique?ed fuel gas is 
opened to deliver the fuel gas to the injection nozzle 16 
through the passage 17. The fuel gas is discharged into 
the combustor l8 and is combusted by the igniter 18a. 
The resultant hot gases are passed through the passage 
29 ?rst to the heat exchanging means 280. A portion of 
the heat in the hot gases is thus transferred to the lubri 
cating oil in the oil pan 35 so that the lubricating oil is 
warmed up. The hot gases are further passed to the 
heat exchanging means 28b through the passage 29' 
whereby the heat in the hot gases is transferred to the 
water jacket 27 to warm up the engine cooling water in 
the cooling circuit 26. The hot gases from the heat ex 
changing means or chamber 28b are discharged 
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through the exhaust passage 29 which may preferably 
be opened adjacent the intake manifold 11, carburetor 
12 or engine air cleaner 25 for the reason previously 
discussed. When the hot gases are passed through the 
second heat exchanging means 28b, the heat trans 
ferred to the water jacket 27 is imparted not only to the 
cooling water but to the combustible mixture ?owing 
through the intake manifold in which the water jacket 
27 is located. The combustible mixture is thus warmed 
up and atomized in a satisfactory condition so as to 
contribute to improvement of the engine combustion 
ef?ciency. 
The combustor 18 may be provided with an air inlet 

port which is formed around the injection nozzle 16 as 
is the case with the inlet port 18b of the combustor in 
the apparatus of FIG. 4. If desired, however, the com 
bustor 18 may be provided with a ?ame holder serving 
to balance the flame in the combustor whereby the 
combustion performance can be stabilized over a rela 
tively broad range of the air-fuel ratio. In this instance, 
the ?ame holder is made up of an annular passage 53 
which is formed around the injection nozzle 16 and 
which is led to a blower 54 through an air passage 55. 
The blower 54 is driven by a motor 56 which, in turn, 
is connected to the electric control circuit in paralle 
with the igniter 18a and is powered from the power 
source 22. Where an air injection pump is mounted on 
the engine for air pollution preventive purposes, the air 
injection pump may be utilized as the blower 54. Or 
otherwise, the blower 54 may be a fan for an air condi 
tioner mounted in the motor vehicle. Provision of the 
?ame holder thus constructed will prove useful for reg 
ulating the temperature of the hot gases produced in 
the combustor 18 through combustion of the lique?ed 
fuel gas. 

If further desired, the combustor for use in the appa 
ratus of FIG. 9 may be constructed as illustrated in FIG. 
10. The combustor, designated by reference numeral 
18, includes inner and outer chambers 57 and 58, re 
spectively, both leading from the passage 62. The injec 
tion nozzle 16 and the igniter 18a extend into the inner 
chamber 57 and a primary air inlet port 57a is formed 
around the nozzle 16. The outer chamber 58 communi 
cates with the inner chamber 57 through a secondary 
air inlet port 58a which is located on the downstream 
side of the combustor 18 as illustrated. The secondary 
air inlet port 58a may be so calibrated as to cool the hot 
gases to a controlled temperature. 
The apparatus shown in FIG. 9 may be modified in 

numerous manners insofar as the intent of warming up 
both the cooling water and the lubricating oil during 
engine warm-up operation can be maintained. For in 
stance, the fuel supply may be provided using the fuel 
for the engine as in the apparatus shown in FIG. 5, 7 or 
8. Likewise the heat exchanging means 28a and/or 28b 
may be constructed similarly to any of those used in the 
apparatus shown in FIG. 3, 5, 7 and 8. 

It will now be appreciated from the foregoing de 
scription that the apparatus according to this invention 
is adapted to reduce the concentration of the uncon 
sumed hydrocarbons and carbon monoxide in the ex 
haust gases by warming up at least either of the engine 
cooling water and the engine lubricating oil during en 
gine warm-up operation. The apparatus herein dis 
closed is thus expected to contribute to solution of the 
vehicular air pollution problems resulting from the use 
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of the gasoline-powered internal combustion engines. 

It should be borne in mind that the apparatus de 
scribed and shown herein can be modified and changed 
in various manners within the scope of the claims so far 
as either or both of the engine cooling and lubricating 
media are positively warmed up during engine warm-up 
operation for the purpose of reducing the unconsumed 
hydrocarbons and carbon monoxide. 
What is claimed is: 
1. An apparatus for positively warming at least one 

of cooling and lubricating media for an automotive 
gasoline-powered internal combustion engine having 
cooling and lubricating circuits, comprising: a source of 
fuel; an injection nozzle communicating with said 
source of fuel; valve means interposed between said 
source of fuel and said injection nozzle actuatable to 
open and closed positions for controlling fuel ?ow from 
said source to said injection nozzle; a combustor into 
which said injection nozzle opens for delivery of fuel 
thereto and combustion of fuel therein and conversion 
of fuel to hot gas, said combustor being in association 
with at least one of said cooling and lubricating circuits 
through a passage for transferring heat from the hot gas 
to at least one of said cooling and lubricating media; 
and an electric control circuit including switch means 
responsive to the temperature of one of said cooling 
and lubricating media movable to a closed position 
when the temperature is lower than a predetermined 
level to complete said electric control circuit, control 
means connected to said switch means to actuate said 
valve means, and another control means connected to 
said switch means to ?re fuel delivered to said combus» 
tor. 

2. An aparatus according to claim 1, wherein said 
source of fuel comprises a container storing a lique?ed 
fuel gas. 

3. An apparatus according to claim 1, wherein said 
source of fuel comprises means cooperative with a fuel 
supply system of said engine for supplying a combusti 
ble mixture to said injection nozzle when said valve 
means is open. 

4. An apparatus according to claim 3, wherein said 
last-mentioned means comprises a branch passage 
branched from a fuel passage of said fuel supply system 
of the engine for drawing an engine fuel into said 
branch, said valve means being interposed in said 
branch passage, and an evaporator communicating 
with said branch passage and having a heating means 
connected to said electric control circuit, said heating 
means being actuated to atomize said engine fuel into 
said combustible mixture when said electric control cir 
cuit is completed. 

5. An apparatus according to claim 4, wherein said 
evaporator further has a one-way check valve for pre 
venting said combustible mixture from ?owing back 
into said branch passage. 

6. An apparatus according to claim 3, wherein said 
last-mentioned means comprises a mixture passage 
opened into a space over the surface of a liquid fuel in 
a ?oat chamber of said fuel supply system and into the 
open air and communicating with said nozzle, said 
valve means being interposed in said mixture passage, 
and an exhaust passage leading from said passage of 
said combustor and communicating with an intake 
manifold of said engine for drawing a suction into said 
mixture passage to pass the combustible mixture into 
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said nozzle and for warming up the engine combustible 
mixture with the gases discharged from said exhaust 
passage. 

7. An apparatus according to claim 6, wherein said 
last-mentioned means further comprises a valve inter 
posed in said exhaust passage and controlled by said 
electric control circuit to be actuated to open when the 
switch means is closed to complete the electric control 
circuit. 

8. An apparatus according to claim 1, wherein said 
passage includes a chamber through which at least one 
of said cooling and lubricating circuits is passed. 

9. An apparatus according to claim 1, wherein said 
passage includes a chamber with which at least either 
of said cooling and lubricating circuits is held in 
contact. 

10. An apparatus according to claim 9, wherein said 
cooling circuit is partly clad in a water jacket which is 
located in an intake manifold of said engine and which 
is held substantially in contact with said chamber. 

11. An apparatus according to claim 1, wherein said 
control means includes an igniter directed into said 
combustor and connected to said electric control cir 
cuit for being caused to ?re when the switch means is 
closed to complete said electric control circuit. 

12. An apparatus according to claim 11, wherein said 
combustor further includes means de?ning an air inlet 
port extending around said injection nozzle for supply 
ing air into said combustor. 

13. An apparatus according to claim 11, wherein said 
combustor further includes means de?ning primary 
and secondary air inlet ports which are separate from 
each other for supplying primary and secondary air into 
said combustor. 
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14. An apparatus according to claim 13, wherein said 

air inlet ports are vented directly from the open air. 
15. An apparatus according to claim 13, wherein said 

air inlet ports communicate with a blower driven by a 
motor which is connected to said electric control cir 
cuit and which is actuated when said electric control 
circuit is completed for forcedly supplying air into said 
combustor through said primary and secondary air inlet 
ports. 

16. An apparatus according to claim 13, wherein said 
primary and secondary air inlet ports are formed con 
centrically around said injection nozzle. 

17. An apparatus according to claim 13, wherein said 
primary air inlet port extends around said injection 
nozzle and said secondary air inlet port is located on 
the downstream side of said combustor. 

18. An apparatus according to claim 1, further com 
prising an exhaust passage leading from said combustor 
and opened adjacent one of an intake manifold, a car 
buretor and an engine air cleaner. 

19. An apparatus according to claim 1, wherein said 
electric control means has interposed therein an igni 
tion switch for said engine. 

20. An apparatus according to claim 12, wherein said 
air inlet port communicates with a blower driven by a 
motor which is connected to said electric control cir 
cuit and which is actuated when said electric control 
circuit is completed for forcedly supplying air into said 
combustor through said air inlet port. 

21. An apparatus according to claim 3, wherein said 
electric control means has interposed therein an igni 
tion switch for said engine. 

* * * >l< * 


