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This invention relates to a fuel heater for in 
ternal combustion engines. This application is 
a continuation in part of copending application 
Serial No. 13,454, filed March 28, 1935. 
In the operation of the fuel heating device 

shown in the above-mentioned copending appli 
cation, it has been found highly desirable to con 
trol the temperature range of the fuel which is 
being heated within a very few degrees. The 
exact temperature and the permissible range 
Within which this temperature may vary will de 
pend upon the type of fuel that is being condi 
tioned. Where ordinary domestic fuel oil was 
heated preparatory to being passed through a 
carburetor installed as standard equipment on a 
Well-knoWn make of passenger car and then 
burned in the motor of this car, it was found 
that the most desirable temperature for this fuel 
oil when used in this motor was about 275° F. 
When this temperature of the heated fuel varied 
Only 5 F. above or below the desired temperature 
of 275 F. poorer performance on the part of 
the notor was noticeable. This indicates very 
clearly that a high degree of accuracy in the con 
trol of the temperature to which the fuel is 
heated before being passed through the carbu 
retor is very desirable. 
The patent to Gerli, et al. 1,323,264 shows a 

heater for use with internal combustion engines 
in which the exhaust gases are utilized for the 
purpose of raising the temperature of the fuel 
prior to the time the fuel is fed to the carburetor. 
The Structure shown by Gerli, et al. includes a 
housing and a conduit through the housing for 
the purpose of passing gas from the exhaust of 
the notor through the housing. The housing is 
partially filled with a liquid heat transferring 
Solution. Which serves to transfer heat from the 
exhaust conduit to an auxiliary chamber located 
Within the housing in contact with the heat trans 
ferring medium, which chamber is adapted to 
contain liquid fuel. The inventors contemplated 
the use of a water and alcohol Solution for the 
heat transfer liquid. A bypass for the exhaust 
is provided and cooperates With a butterfly valve 
So that the hot gases from the exhaust motor 
may have any desired portion thereof directed 
through the chamber to heat the heat transfer 
liquid. This butterfly valve is controlled by 
i:icans of a diaphragm, One Side Of Which is ex 
posed to the interior of the housing and conse 
quently, when the liquid Within the housing boils, 
the pressure of the Vapor therefrom acts upon 
the diaphragn. Which in turn actuates the but 
terfly Valve to reduce the proportion of the ex 

(C. 25-2) 
haust gases passing through the housing and con 
Sequently reduce the amount of heat applied to 
the heat transfer liquid. 
Whereas Gerli, et al. use vapor pressure to 

Control their bypass exhaust valve and thereby 
incur the dangers incident to the use of vapor 
pressure, the instant invention contemplates 
utilizing the expansion of the heat exchange 
liquid to hydraulically control the exhaust by 
pass valve. In order to heat their fuel to a differ 
ent tenperature Gerli, et al. have to change the 
proportion. Of his alcohol-Water mixture whereas 
in the instant invention it is merely necessary to 
increase or decrease the actual amount of heat 
exchange liquid used. Further, by using hy 
draulic pressure created by the expansion of the 
heat exchange liquid, the instant invention 
makes available considerable more power for op 
erating the exhaust control bypass and obtains a 
much more sensitive thernostatic control than 
could be obtained by the use of vapor pressure. 
This permits the controlling of the temperature 
of the fuel Within a nuch smaller temperature 
range than possible with the Gerli, et al. type of 
Vapor pressure controlled heater. 

It is an object of this invention to produce a 
device for heating fuel preparatory to being 
burned in an internal combustion engine to a 
temperature which will be accurately controlled 
under all Operating conditions. This object has 
been achieved by coordinating the temperature to 
which it is desired to heat the fuel with a pre 
determined volume of a liquid in heat exchange 
relation. With the exhaust gases, the said liquid 
having a sufficiently high boiling point So that it 
Will not Vaporize during the normal operating 
temperature ranges to Which it is Subjected, So 
that the expansion and contraction of the liquid 
itself incident to the rise and fall of the tem 
perature of the liquid is utilized to control the 
flow of exhaust gases through the heater and 
thereby maintain the temperature of the fuel 
approximately constant. In particular this ob 
ject has been achieved by utilizing the expansion 
and contraction of the liquid semi-insulator or 
heat conductor which conducts the heat from 
the hot exhaust gases to the fuel for effecting 
accurate control of the temperature to which the 
fuel is heated. The expansion and contraction 
of this Semi-insulator Operates through a bellows 
Which is connected with a by-pass valve in the 
exhaust line which regulates and controls the 
amount of exhaust gases permitted to pass 
through the heater. 
This invention also contemplates a fuel heat 
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2 
ing device for an internal combustion engine 
which accurately heats the fuel to a prede 
termined desired temperature under all operat 
ing conditions regardless of whether the motor 
is idling or Whether the car is being driven at 
a high speed. In other Words, the heater heats 
the fuel to an approximately constant prede 
termined desired temperature irrespective of 
Whether a large amount of heat is available in 
the exhaust gases for heat exchange as when the 
motor is running at high speed, or whether a 
lesser amount of heat is available for interchange, 
as When the motor is idling, and irrespective of 
the amount of air which is passing around the 
motor and heater to air cool the same. 

In the drawings: 
Fig. 1 shows the improved fuel heater assem 

bled With any Well-known type of internal com 
bustion engine having a conventional carburetor 
and fuel pump. ' 

Fig. 2 is a vertical Sectional view partly in 
elevation of the fuel heater. 

Fig. 3 is a Section along the line 3-3 of Fig. 2. 
Fig. 4 is a detail of the bellows and lever arm 

for controlling the exhaust by-pass valve. 
Fig. 5 shows a view similar to Fig. 2 of a 

modified form of the heater. 
Fig. 6 is a section along the line 6-6 of Fig. 5. 
Referring more particularly to the drawings 

there is shown a conventional form of internal 
combustion engine having an exhaust manifold 
2 and a fuel intake manifold 3. The fuel intake 
manifold 3 is connected with a conventional 
carburetor 4. The motor is also provided with 
a fuel pump 5 which is connected with a fuel 
Supply line 6 leading to any suitable fuel supply 
reservoir. 
Inasmuch as the fuel heater or conditioner 

utilizes the heat of the exhaust gases, it is pref 
erably mounted between the exhaust manifold 2 
and the exhaust pipe 7. The conduit for con 
necting the exhaust manifold 2. With the exhaust 
pipe T is herein shown as a pipe in the form of a 
loop 8 having an inlet 9 and an outlet O. A 
butterfly valve is pivotally mounted in the 
pipe 8 on the pin f2 to control the ports 3 and 
E4. In the position shown in the full lines of 
Figure 2, the exhaust gases will pass from the 
manifold 2 through the inlet 9, then through the 
pipe 8 and the outlet to into the exhaust pipe 7. 
When the butterfly Valve is moved to the dotted 
line position, the port 3 will be opened and the 
port 4 closed thus cutting off the flow of exhaust 
gases through loop 8. Consequently the exhaust 
gases Will pass from the manifold through the 
inlet 9 and directly through the outlet O into 
the exhaust pipe 7. At this time, of course, 
Some of the gases will pass upwardly in a counter 
clockwise direction (Figure 2) in the loop 8, but 
the valve being closed the port 4 will prevent 
any appreciable circulation of gases through the 
loop 8. 
The heater comprises a casing 5 which is 

filled With any high boiling liquid 6 Such as 
paraffin or any other mineral Wax, corn oil, 
glycerin and the higher boiling alcohols and 
glycols, such as ethylene glycol. In selecting the 
heat conductor or semi-insulator for use in the 
casing 6 several factors must be considered; 
first, the conductor preferably should be a high 
boiling liquid that will not vaporize when brought 
in contact with the exhaust conduit and heated 
to a temperature Within the temperature ranges 
encountered during the normal operation of the 
heater; secondly, the conductor likewise should 
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not carbonize when brought in contact with the 
exhaust conduit; thirdly, the conductor should 
not conduct sufficient heat to the fuel in the heat 
ing coil at a temperature high enough to car 
bonize this fuel. Among the numerous liquids 
which will satisfy these conditions the above 
mentioned liquids have been found Suitable. It 
is, of course, understood that these liquids are in 
a liquid state when the vaporizer is in operation, 
that is, When the hot exhaust gases are passing 
through the conduit but when the engine is not 
running, the paraffin or other high boiling liquid 
may solidify if the same is of a Solidifying na 
ture at the atmospheric temperatures en 
countered. 

For heating the heat transfer liquid f6 within 
the casing 5, the casing has mounted therein a 
multi-tubular heating unit comprising a plurality 
Of parallel tubes 8 through which the hot ex 
haust gases pass. The tubes 8 are mounted 
in the head 9 at each end of the casing 5. The 
tubes 8 communicate with the exhaust gas 
conduit 8 but are sealed With a fluid-tight seal 
to the head 9 so that none of the liquid 6 
Within the Casing 5 will escape into the tubes and 
exhaust conduit. The liquid 6 Will circulate 
about the tubes in heat exchange relation there 
with. Such a multi-tubular heater effects a very 
rapid heating of the heat exchange liquid within 
the casing 5 and consequently rapidly heats the 
fuel Within the fuel line. 
The fuel may be conducted from the fuel tank 

into the heater in any suitable manner. As 
shown, the fuel line 6 is connected with the 
pump 5 which forces the fuel through the fuel 
line 20 into the heating coils 2 ?. The fuel line 
may be coiled about the multi-tubular heater 
in Spaced relation thereWith and in Spaced rela 
tion. With the casing 5 as many times as desired. 
As herein shown, the fuel line is coiled about the 
heater twice. The fuel enters the heating coil 
as at 22 and is exhausted from the heating coil 
at 23 where it is conducted by the pipe line 24 
to the carburetor 4. After being treated in the 
conventional carburetor 4, the fuel passes 
through the intake manifold 3 to the motor. 
where it is burned. 

For Controlling the temperature to which the 
fuel is heated and for maintaining the tempera 
ture of the fuel as it is exhausted from the heater 
approximately constant, it is proposed to utilize 
the expansion pressure of the heat exchange 
liquid 6 itself within the casing 5 to control or 
regulate the flow of the hot exhaust gases 
through the heater tubes 8. To this end the 
casing 5 is provided with a filler tube 25, the 
Outer end of which is closed by the removable 
threaded plug 26. The filler tube 25 is connected 
With a cylinder 27 by the tube 28. A bellows 29 
provided with a top 30 is mounted within the 
cylinder 27. 
to atmosphere through the port 3 and has a 
fluid-tight Seal around its bottom circumferen 
tial flange 33 with the cylinder 27 and the cylinder 
Support base 32. 
The top plate 30 of the bellows 29 supports a 

depending plunger 34, the outer end 35 of which 
takes the form of a screw so that the over-all 
length of the plunger 34 can be adjusted. The 
end 35 of the plunger engages a suitable seat 36 
on a lever 37 pivotally Supported as at 38 on the 
bracket 39. The bracket 39 is carried by the sup 
port bracket 32. The lever 37 is yieldably held 
against the end 35 of the plunger by a tension 
Spring 42, one end of which is connected to the 
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lever as at 43 and the other end of which is con 
nected as at 44 to a clamp about the exhaust pipe 
8. The spring 42 has sufficient strength so that 
the force of this spring acting through the lever 
37 against the plunger 34 will compress any 
entrapped gas or vapor in the system so that the 
same acts substantially as if there were no gas be 
tWeen the liquid 6 and bellows 29. The other 
end of the lever 3 is connected with a crank arm 
4 fixed upon the pin f2 which carries the butter 
fly Valve by a one-way lost motion connection 
in the form of a rod 6t, sleeve 62, and a rod 63 
fixed on the end of the sleeve. Rod 6 is pivot 
ally and adjustably connected to the lever 37 in 
any one of the holes 64, and the rod 63 is pivotally 
and adjustably connected to the crank arm 4 
in any one of the openings 65. The sleeve 62 
is provided with a pair of diametrically opposed 
slots 66 Which have a sliding engagement With a 
pin 67 fixed in the rod 6. The rod 6 also is 
provided With an annular shoulder 68. A coil 
spring 69 is mounted between the upper end of 
the sleeve 62 and the shoulder 68. The tension 
of the coil spring 69 yieldably holds the pin 67 
against the upper ends of the slots 66. Hence, 
When the bellows 29 expands, causing the end 35 
of the plunger 33 to rise, the Spring 42 Will pull 
upwardly on the rod 6 and the positive engage 
ment between the pin 67 and the upper ends of 
the slots 66 will turn the crank A. in a counter 
clockwise direction tending to move the valve 

from the dotted line position to the full line 
position shown in Figure 2. 
When the reverse of this movement takes place, 

that is, when the bellows 29 is collapsed due to 
the expansion of the heat exchange liquid f6, the 
clockwise movement of the lever 3 Will act 
through the rod 6, shoulder 68, coil spring 29, 
sleeve 62 and rod 63 to turn the crank 4 in a 
clockwise direction, thus tending immediately to 
move the butterfly valve from the full line 
position of Figure 2 to the dotted line position 
where the valve closes the port A. When the 
port 4 is closed the exhaust gases cease to flow 
through the heater tubes 8. However, the ex 
pansion of the heat exchange liquid 6 and the 
consequent collapsing of the bellows 29 may not 
stop immediately. If, after the valve closes the 
port 4, any further contraction of the bellows 29 
takes place, the One-Way lost motion connection 
between the crank if and the lever 3 comes into 
play, that is, the rod 6, owing to the slidable re 
lation of the pin 67 in the slots 66, will slide 
downwardly within the sleeve 62 compressing the 
coil spring 69 but without causing any further 
clockwise movement of the lever 4. This one 
way lost motion connection between the lever 
3 and crank 4 will take care of any excess ex 
pansion of the heat exchange liquid 6 after the 
port 4 is closed and before the liquid begins 
to contract. 

After the heater unit has been assembled to 
the motor, plug 26 is removed and a suitable heat 
exchange liquid such as glycerine poured through 
the mouth of the filler tube 25 until the casing 
f5, filler tube 25, pipe line 28 and cylinder 27 are 
completely filled with the liquid. Care should be 
taken so that no air pockets are left within these 
members. The motor is then Started and the ex 
haust gases passed through the heater 8. The 
temperature of the fuel being exhausted from the 
heater, as at 23, is taken. For this purpose a 
thermometer may be installed Somewhere in the 
line 24 between the heater and the carburetor. 
At this time, of course, the butterfly valve is 

3 
in the full line position shown in Figure 2 clos 
ing port 3 so that the exhaust gases pass through 
port 4, heater tubes 8, around the loop 8 and 
out through the outlet 0 into the exhaust pipe 
7. When the fuel reaches the temperature de 
sired, e.g. 275 F. in case of domestic fuel oil, the 
plug 26 is screwed or otherwise secured in the 
end of the filler tube 25. Touring the heating up 
process of the liquid f 6 some will have over 
flowed, due to the expansion of the liquid, out 
through the mouth of the filler tube 25 thus in 
Suring that the casing 5, filler 25, pipe line 28, 
and cylinder 27 are completely filled with the 
liquid. While the fuel is at the temperature de 
Sired, the end 35 of the plunger 34 is adjusted 
So that it contacts with the seat 36 of the lever 
3 and permits the valve f f to nicely close the 
port 3. The lever 37 will be yieldably held 
against the end 35 of the plunger by the spring 42, 
One end of Which is connected to the lever as at 
43 and the other end Supported from the exhaust 
loop 8 as at 44. 
As the hot exhaust gases continue to flow 

through the heater tubes 8, the temperature of 
the liquid 6 within the casing 5 and conse 
quently the temperature of the fuel will tend to 
rise. However, since the liquid 6 is trapped in 
the casing 5, filler tube 25, tube 28, and cylinder 
27, and Since the liquid 6 expands but does not 
vaporize, the hydraulic pressure created by the 
expansion of the liquid f6, due to this rise in ten 
perature, Will be exerted against the bellows 29 
causing the Same to collapse downwardly. It is, 
of course, understood that the liquid 6 will be 
between the bellows 29 and the inside Wall of the 
cylinder 27. As the bellows collapse downwardly 
the plunger 34 will exert its force against the 
lever arm 37 which, through the connection 40, 
will cause the arm 4 to swing clockwise as viewed 
in Figures 1 and 2, which in turn causes the but 
terfly valve to shift from the full line position 
(Figure 2) Where the port 3 is closed toward 
the dotted line position in Figure 2 tending to 
close the port f4. As the valve is shifted from 
the full line toward the dotted line position, the 
amount of exhaust gases which pass through the 
port 4 is decreased and eventually cut off thus 
decreasing the amount of heat exchanged between 
the exhaust gases, the heat exchange liquid 6 
and the fuel which is passing through the fuel 
coil 2. 

After the valve f l has moved to, or toward, the 
dotted line position where it closes the port f4, 
any drop in temperature of the heat exchange 
liquid 6 will cause the reverse of this operation 
to take place, namely, the heat exchange liquid 
within the casing 5, filler tube 25, tube 28, and 
cylinder 27 will contract. This in turn will permit 
the bellows 29 to expand. The force of spring 
42 acting through lever 27 and plunger 34 and in 
Some neaSure Supplemented by the Spring tension 
of the bellows itself, will cause the bellows to ex 
pand in a commenSurate degree to the decrease in 
Volume of the liquid 6 so that no air gap or vac 
uum will be formed in the heat exchange liquid 
f6 circuit comprising the casing 5, filler tube 25, 
tube 28, and cylinder 27 or between the bellows 
29 and the heat eXchange liquid as the liquid f6 
contracts. Of course, when the engine is shut 
off the heat eXchange liquid 6 will contract ap 
preciably and a vacuum will be formed in the cir 
cuit of the liquid 6, that is, in one or more of the 
following members: cylinder 27, tube 28, filler 
tube 25 and casing 5 depending upon the amount 
the liquid 6 contracts which, of course depends 
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upon the temperature to which the liquid f 6 falls 
When the engine is not operating. When the heat 
eXchange liquid 6 is glycerin, this glycerin usu 

5 

O 

3 5 

40 

5 5 

60 

75 

ally contains a Small percentage (usually 2-5%) 
of Water which vaporizes at the normal operating 
temperature of the glycerin. However, the im 
portant thing is that in the operation of the heat 
er after the heat exchange liquid 6 once arrives 
at the proper tenperature So that the fuel oil 
is being heated to the temperature desired, the 
Spring 42 must be of Sufficient strength. So that the 
force of the spring acting with considerable me 
chanical advantage through the lever 37 against 
the plunger 34 will compress any entrapped gas or 
Vapor in the System and act SubStantially as if 
there were no gas whatsoever between the liquid 

and the bellows 29. Thus, the slightest de 
crease or increase in the volume of the liquid f6 
will find an immediate response in the bellows 29, 
lever 3, arm 67, to control the valve and in 
crease or decrease the flow of exhaust gases 
through the heater. In other words, the bellows 29 
contracts and expands only, and in a like amount, 
as the liquid glycerin expands and contracts and 
the bellows 29 is not contracted or expanded by 
any increase or decrease of vapor pressure. This 
arrangement makes the hydraulically operated 
therinostatic control for the exhaust control valve 

very sensitive and enables the temperature to 
Which it is desired to heat the fuel to be controlled 
within a very limited range. This in turn will 
permit the spring 42, acting through lever 3 and 
plunger 34, to expand the bellows 29 withdrawing 
the plunger 34 upwardly and thus permitting the 
Spring 82 to rotate the lever 37 in a counter 
clockwise direction and through the connection 
40 turn the crank arm 4 in a counter-clockwise 
direction and shift the butterfly valve from 
the dotted position, Figure 2, to or toward the 
full line position. This will increase the amount 
of exhaust gases flowing through the heater 
tending to raise the temperature of the heat ex 
change liquid 6 and permit a greater heat inter 
change between the exhaust gases, the heat ex 
change liquid 6 and the fuel passing through the 
heater coil 2. This process continues automati 
cally and maintains the temperature of the fuel 
being exhausted from the heater into the line 24 
approximately constant. 

Since a fuel heater of this type will be subjected 
to varying heat conditions, provision must be 
made to accommodate such conditions, for in 
stance, in the winter the atmospheric tempera 
ture Will be much lower than in the Summer and 
at low driving speeds much less cooling air will 
be blown past the heater than at high driving 
speeds. To neutralize or negative these chang 
ing conditions, it is proposed to insulate the cas 
ing 5 with a suitable heat insulating arrange 
ment. Preferably this heat insulation arrange 
ment takes the form of a casing 50 which com 
pletely surrounds the casing 5. The end as 
well as the side walls of the casing 50 are spaced 
from the end and side Walls of the casing 5 to 
provide a dead air space 5 completely around 
the casing 5. Preferably the inside of the cas 
ing 50 is hermetically sealed against the outside 
atmosphere. It has been found that this insula 
tion against changing temperature conditions of 
the heating unit has played a vital part in mak 
ing the entire fuel heating System operable under 
all driving and Seasonal temperature conditions. 

It is proposed to start and initially operate the 
motor on gasoline. To this end the gasoline fuel 
pump i? is connected by a pipe line 70 with a 
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tank or Supply of gasoline and With the carbu 
retor 4 by the pipe line 2. A two-way valve 73 
having an operating handle 74 is mounted both 
in the gasoline pipe line 72 and in the fuel oil 
pipeline 6. In the position of the valve 73 shown 
the pipeline 6 is open whereas the pipe line A2 is 
closed. However, if the valve is turned 90° the 
gasoline feed line 72 to the carburetor Will be 
Opened and the oil fuel line 6 closed. After the 
engine is operated a short While on gasoline so 
that the heater is warmed up, the valve 3 is 
Operated to open the fuel oil line 6 and to close 
the gasoline line 72 whereupon the motor will be 
run. With fuel oil rather than gasoline. 

It is an object of this invention to render high 
boiling distillates suitable for use as fuel in inter 
nal combustion engines. The high boiling dis 
tillates referred to are petroleum and other dis 
tillates which have a higher boiling point than 
gasoline. More Specifically these high boiling 
distillates include the numerous fuel oils Which 
are burned both in domestic as Well aS in indus 
trial heating plants, including such fuels as kero 
sene, and fuel oil Nos. 1, 2 and 3. The boiling 
and flash points as well as the viscosity of these 
various fuels cover a wide and Well-known range 
In Figs. 5 and 6 there is shown a modified 

form of heater. In this arrangement a finned 
pipe 80 is connected at one end by the elbow 82 
to the exhaust pipe 8f which connects with the 
exhaust manifold 2 and at the other end by a 
pipe 8' which leads back to the exhaust pipe. 
The flow of exhaust gases through the finned 
tube 80 is controlled by a valve 83 mounted on a 
pin 84 which is journalled in the exhaust pipe 
8. An arm 85 is fixed to the pin 84 on the out 
side of the exhaust pipe 8 and is connected to 
the bottom end of a lever 86 by means of a rod 
87. One end of the rod 87 has a fixed pivotal 
connection with the arm 85 and the other end 
has a sliding connection With the lower end of 
the lever 86 and an expansion coil spring 88 is 
threaded over the rod 87 and mounted between 
the lower end of the lever 86 and a shoulder fixed 
on the rod 87. Coil spring 88 serves the same 
purpose as coil spring 69 in the principal form 
of the invention, that is, when the valve 83 is 
closed any further expansion of the heat ex 
change liquid 6 acting through the bellows 29 
and plunger 34, against the lever 86 will permit 
the lower end of the lever 86 to travel along the 
rod 87 against the tension of the spring 88 and 
thus prevent destruction of any of these parts 
or of the Valve 83 and arm 85. The finned tube 
80 is surrounded by a-liquid-tight casing 89 hav- : 
ing a liquid-tight seal at each end with the tube 
80. The casing 89 contains the heat exchange 
liquid fs. A casing 90 Surrounds the casing 89 
and is spaced therefrom to provide a dead air 
Space 9 or a space from which the air has been 
exhausted to provide heat insulation of the cas 
ing 9. 
The fuel chamber in this modified form com 

prises a pair of tubes 92 and 93 positioned one 
Within the other in spaced relation to provide a 
fuel chamber 94 and welded together at their 
ends as at 95 to provide a liquid-tight seal. The 
Outer tube is provided with a fuel inlet 96 and 
a fuel outlet 97, or vice versa. To prevent direct 
flow of the fuel from the inlet 96 to the outlet 
97, it is proposed to provide a circuitous passage 
Way. This has been accomplished by means of 
a helical coil wire 98 positioned over the tube 
93 and between this tube and tube 92. The wire 
from which the helix 98 is made has a diameter 
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approximately equal or slightly less than the 
distance between the inner tube 93 and outer 
tube 92. It is only necessary that the helix wire 
have sufficient diameter to provide sufficient 
in pedance to the flow of the fuel oil so that the 
major part of the fuel oil does not flow directly 
from inlet 96, through the chamber 94 to the 
Outlet 97. In other words, the helical wire 98 
acts as a baffle to prevent direct flow of oil 
through the chamber 94 from inlet to outlet 
and thus effects a more efficient heat exchange 
between the oil in the chamber 94 and the heat 
exchange liquid 6 in the casing 89. 
The operation of this modified form is sub 

stantially the same as that of the principal form. 
When the engine is not running, the fuel heater, 
of course, cools down to atmospheric tempera 
ture. At such temperature the glycerin con 
tracts considerably so that the bellows 29 ex 
pands against the stops 00 and the exhaust 
valve 83 is Wide open. As soon as the engine: is 
put in Operation the exhaust gases are deflected 
by the valve 83 and pass through the elbow 82 
and finned tube 80, then through the tube 8' 
back into the exhaust line 8. In passing through 
the heater the heat from the exhaust gases is 
taken up by the glycerin and transferred to the 
fuel oil in the chamber 94. As shown, the fuel 
oil. Within the chamber 94 has reached, and 
slightly exceeded, the desired temperature. At 
this time the heat exchange liquid 6, which 
preferably is glycerin, has expanded and caused 
the bellows 29 to collapse which projected the 
plunger 34 to the right and swung the lever 88 
about its pivot 99. The lever 86 acted through 
the rod 8 and arm 85 and swung the valve 83 
closed, thus cutting off the flow of exhaust gases 
through the tube 8. The temperature of the 
glycerin f6 will now begin to fall and thus 
cause a contraction of the glycerin. As the glyc 
erin Contracts, the Spring 42, acting against le 
Ver arm 86 and assisted somewhat by the tension 
of the bellows 29, causes the bellows to expand 
until the plate 30 reaches the stops OO. As the 
bellows 29 expands the spring 42 swings the lever 
86 counterclockwise and thus through the rod 
8 and arm 85 gradually opens the valve 83 per 
mitting a gradual increase in the flow of exhaust 
gases through the pipe 80. This flow of exhaust 
gases through the heater reaches a maximum 
When the bellows plate 30 abuts the stops OO. 
Preferably at the time the plate 39 reaches the 
stops 00, the temperature of the fuel oil in the 
chamber 94 reaches the desired temperature and 
the casing 89, filler tube 25, tube 28, and cylin 
der 94 are completely filled with glycerin or other 
heat exchange liquid f6. Any further rise in 
temperature of the glycerin will cause it to ex 
pand and thereby contract the bellows which, 
operating through the mechanism described, 
gradually closes the valve 83 and cuts of the 
flow of exhaust gases through the heater. 

In the modified form of the invention the 
spring 42 is positioned between the fulcrum 99 
of the lever 86 and the plunger 34 whereas in 
the principal form of the invention the plunger 
34 is positioned between the Spring 42 and the 
fulcrum 38 of the lever 3. Thus, in the modi 
fied form, the spring 42 acts with less mechanical 
advantage than the plunger 34 and also with 
less mechanical advantage than the spring 42 
in the principal form of the invention. There 
fore, the spring 42 in the modified form of the 
invention will have to be a Stronger spring than 
that of the principal form. The important thing 

in both cases is that the spring 42 must be of 
Sufficient strength so that the force of the spring 
acting through the levers. 37, 86 against the 
plunger 34 Will Compress any entrapped gas or 
vapor in the System and act substantially as if 
there were no gas between the liquid 6 and the 
belows 29. 

I claim: 
1. A heater for higher boiling distillates uti 

lizable as fuel for an internal combustion engine 
Comprising a conduit through which the hot ex 
haust gases from the engine are passed, a reser 
Voir containing a liquid in heat exchange relation 
With the Said conduit, a heating chamber through 
which the higher boiling distiliate is passed 
mounted Within the reservoir in Spaced relation 
With the conduit and in heat exchange relation 
With the said liquid whereby a heat exchange is 
effected between the hot exhaust gases in the 
conduit and the distillate in the heating cham 
ber, a valve for controlling the flow of hot ex 
haust gases through the said conduit, and heat 
responsive means for operating the said valve 
to control the flow of hot exhaust gases through 
the conduit, said heat responsive means includ 
ing a thermo-expandible liquid in heat exchange 
With said aforementioned heat exchange liquid, 
said thermo-expandible liquid having a prede 
termined volume at a predetermined tempera 
ture to which said fuel distillate is heated, a fluid 
pressure responsive element actuated by the hy 
draulic pressure created by the expansion of the 
said thermo-expandible liquid beyond the said 
predetermined liquid volume as the temperature 
of the said thermo-expandible liquid increases 
and Operative connections between said fluid 
preSSure responsive element and the Said valve 
Whereby the valve is actuated to control the flow i. 
of exhaust gases through said heater conduit. 

2. A heater for higher boiling distillates uti 
lizable as fuel for an internal combustion engine 
Comprising a conduit through which the hot ex 
haust gases from the engine are passed, a reser 
Voir Containing a high boiling liquid in heat ex 
change relation. With the said conduit, the said 
high boiling liquid having a boiling point above 
the normal operating temperatures to which it 
is raised in transferring the heat from the ex 
haust gases to the fuel distiliate, a heating cham 
ber through which the higher boiling distillate 
is passed mounted within the reservoir in spaced 
relation with the conduit and in heat exchange 
relation with the said liquid whereby a heat ex 
change is effected between the hot exhaust gases 
in the conduit and the distillate in the heating 
chamber, a valve for controlling the flow of hot 
exhaust gases through the said conduit, and heat 
responsive means for operating the said valve 
to control the flow of hot exhaust gases through 
the conduit, Said heat responsive means includ 
ing a thermo-expandible liquid in heat exchange 
relation. With Said aforementioned heat exchange 
liquid, Said thermo-expandible liquid having a 
boiling point above the temperature to Which the 
heat exchange liquid is raised in the normal Op 
eration of the heater and having a predetermined 
liquid Volume at a predetermined temperature to 
which said fuel distillate is heated, a container 
for said thermo-expandible liquid, a fluid pres 
sure responsive element in the container actu 
ated by the hydraulic pressure created by the 
expansion of the said thermo-expandible liquid 
beyond the said predetermined liquid volume as 
the temperature of the said thermo-expandible 
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6 
tWeen Said fluid pressure responsive element and 
the said valve whereby the valve is actuated to 
control the flow of exhaust gases through Said 
heater conduit. 

3. A heater for high boiling distillates Com 
prising a conduit through Which hot gases are 
passed, a reservoir containing a high boiling, 
heat-exchange liquid in heat eXchange relation 
With the said conduit, said liquid having a boil 
ing point above the normal operating tempera 
tures to which it is Subjected, a heating chamber 
through which the high boiling distillate is passed 
mounted within the reservoir in spaced relation 
with the conduit and in heat eXchange relation 
with the high boiling liquid whereby a heat ex 
change is effected between the hot gases in the 
conduit and the distillate in the heat chamber, 
the said high boiling liquid approximately filling 
the said reservoir when the high boiling distillate 
is at a predetermined desired temperature, and 
valve means responsive to the expansion of the 
high boiling liquid incident to a rise in tempera 
ture of the high boiling liquid as the temperature 
Of the distillate tends to exceed the predetermined 
desired temperature and responsive to the Con 
traction of the high boiling liquid incident to a 
drop in temperature of the high boiling, heat 
exchange liquid as the temperature of the dis 
tillate tends to drop below the predetermined 
desired temperature whereby the valve means is 
regulated to control the flow of hot gases through 
the said conduit and thereby maintain the ten 
perature to Which the high boiling distillate is 
heated within a predetermined desired range. 

4. A heater for high boiling distillates com 
prising a conduit through which hot gases are 
passed, a reservoir containing a high boiling, 
heat exchange liquid in heat exchange relation 
with the said conduit, a heating chamber through 
which the high boiling distillate is passed mount 
ed within the reservoir in Spaced relation. With 
the conduit and in heat eXchange relation. With 
the high boiling liquid. Whereby a heat exchange 
is effected between the hot gases in the conduit 
and the distillate in the heat chamber, the said 
high boiling liquid approximately filling the said 
reservoir when the high boiling distillate is at a 
predetermined desired temperature, a valve for 
controlling the flow of the hot gases through 
the said conduit, and a plunger Operatively con 
nected With the Said valve hydraulically actu 
ated by the expansion of the high boiling liquid 
incident to a rise in temperature of the high boil 
ing liquid as the temperature of the distillate tends 
to exceed the predetermined desired temperature 
and actuated by the contraction of the high boil 
ing liquid incident to a drop in temperature of 
the high boiling heat exchange liquid as the 
temperature of the distillate tends to drop below 
the predetermined desired temperature whereby 
the valve is regulated to control the fiOW of gases 
through the conduit to thereby maintain the tem 
perature to which the high boiling distillate is 
heated within a predetermined desired range. 

5. A heater for high boiling distillates con 
prising a conduit through which hot gases are 
passed, a reservoir containing a high boiling heat 
exchange liquid in heat exchange relation. With 
the Said conduit, a heating chamber through 
which the high boiling distillate is passed mount 
ed within the reservoir in spaced relation with the 
conduit and in heat eXchange relation. With the 
high boiling liquid whereby a heat exchange is 
effected between the hot gases in the conduit and 
the distillate in the heat chamber, the said high 

2,104,974 
boiling liquid approximately filling the Said res 
ervoir When the high boiling distillate is at a 
predetermined desired temperature, a valve in 
Open position permitting the hot gases to paSS 
through the conduit and in closed position pre 
wenting the hot gases fron foWing through the 
conduit, an expansible member in contact With 
the heat exchange liquid and operative connec 
tions, between the expansible member and the 
said valve, the expansion of the high boiling 
liquid while in a liquid state incident to a rise 
in temperature of the high boiling liquid as the 
temperature of the distillate tends to exceed the 
predetermined desired temperature creating hy 
draulic pressure Which contracts the expansible 
member and through its operative connections 
moves the valve toward closed position, and the 
Contraction of the heat exchange liquid while 
in a liquid State incident to a drop in tempera 
ture of the heat exchange liquid as the tempera 
ture of the distillate tends to drop below the pre 
determined desired temperature contracts the 
eXpansible member and through the operative 
connections tend to move the valve toward open 
position whereby the flow of the hot gases 
through the conduit is controlled and the tenn.- ... * 
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perature to which the high boiling distiate is . . . 
heated maintained within a predetermined de 
Sired range, 

6. A heater for high boiling distillates com 
prising a conduit through which hot gases are 
paSSed, a reservoir containing a high boiling 
liquid in heat eXchange relation with the said 
Conduit, Said liquid having a boiling point above 
the normal operating temperatures to which it is 
heated in effecting heat exchange between the 
exhaust gases and the high boiling distillate, a 
heating chamber through which the high boiling 
distillate is passed mounted within the reservoir 
in Spaced relation. With the conduit and in heat. 
eXchange relation with the high boiling liquid 
Whereby a heat eXchange is effected between the 
hot gases in the conduit and the distillate in the 
heating chamber, valve means for controlling 
the flow of hot gases through the said conduit, 
and means responsive to the hydraulic pressure 
Created by the expansion of said high boiling 
liquid incident to a rise in temperature below 
the boiling point of said liquid for operating the 
Said Valve to control the flow of hot gases 
through the conduit. 

7. A heater for high boiling distillates used as 
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fuel for an internal combustion engine compris 
ing a COInduit through which the hot exhaust 
gases Of the internal combustion engine are 
passed at a temperature above the carbonizing 
temperature of the fuel distillate, a reservoir 
containing a high boiling, heat exchange liquid 
for maintaining the high boiling, heat exchange 
liquid in heat Conducting relation with the ex 
haust conduit, said liquid having a boiling point 
above the temperature to which it is heated in 
transferring heat from the exhaust gases to the 
fuel distillate, a conduit through which the fuel 
distillate is passed mounted within the reservoir 
in Spaced relation with the exhaust conduit 
and in heat conducting relation with the high 
boiling liquid in the reservoir whereby the heat 
from the exhaust gases is conducted by the high 
boiling liquid in the reservoir to the fuel distillate 
in the Second mentioned conduit to heat the fuel 
distillate to a temperature below the carbonizing 
temperature of the fuel distillate, a valve for 
controlling and cutting off the flow of exhaust 
gases through the conduit, and means including 
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the heat exchange liquid within the reservoir 
responsive to a change in temperature of the 
heat exchange liquid for operating the Said valve 
to control the flow of exhaust gases through the 
conduit whereby the temperature to which the 
fuel is heated may be kept Within a desired 
predetermined range. 

8. A heater for high boiling distillates used as 
fuel for an internal combustion engine compris 
ing a conduit through Which the hot exhaust 
gases of the internal combustion engine are 
passed at a temperature above the carbonizing 
temperature of the fuel distillate, a reservoir 
containing a high boiling liquid for maintaining 
the high boiling liquid in heat conducting rea 
tion. With the exhaust conduit, Said liquid having 
a boiling point above the normal temperature 
to Which it is raised in heating the said fuel dis 
tillate, a conduit through which the fuel dis 
tiliate is passed mounted within the reservoir 
in Spaced relation with the exhaust conduit and 
in heat conducting relation with the high boil 
ing liquid in the reservoir whereby the heat from 
the exhaust gases is conducted by the high boil 
ing liquid in the reservoir to the fuel distiliate 
in the second mentioned conduit to heat the 
fuel distillate to a temperature below the car 
bonizing temperature of the fuel distillate, means 
responsive to the expansion and contraction of 
the heat exchange liquid while in a liquid con 
dition operatively connected with the said valve 
Whereby the said valve is actuated by the ex 
pansion and contraction of the heat exchange 
liquid to control the flow of exhaust gases 
through the exhaust conduit Whereby the ten 
perature to which the fuel is heated is main 
tained Within a predetermined range. 

9. A heater for high boiling distillates used 
as fuel for an internal combustion engine con 
prising a conduit through which the hot exhaust 
gases of the internal combustion engine are 
passed at a temperature above the carbonizing 
teinperature of the fuel distillate, a valve for 
controlling the flow of exhaust gases through 
said conduit, a reservoir containing a high boil 
ing, heat exchange liquid for maintaining the 
high boiling liquid in heat conducting relation 
with the exhaust conduit, said high boiling liquid 
having a boiling point above the normal operating 
temperatures to which it is heated in effecting 
heat exchange between the exhaust gases and 
the fuel distillate, a conduit through which the 
fuel distillate is passed mounted within the res 
ervoir in spaced relation with the exhaust con 
duit, and in heat conducting relation with the 
high boiling liquid in the reservoir whereby the 
heat, from the exhaust gases is conducted by the 
high boiling liquid in the reservoir to the fuel 
distillate in the second mentioned conduit to heat 
the fuel distillate to a temperature below the 
carbonizing temperature of the fuel distillate, a 
bellows in liquid-tight sealed relation with the 
heat exchange liquid, operative connections be 
tween the bellows and the said valve including 
a lever and a spring operatively connected with 
the said bellows and the said lever whereby as 
the high boiling liquid expands the bellows con 
tracts and swings the said lever about its full 
crum against the resistance of the said coil spring 
to close the said valve and when the Said high 
boiling liquid contracts the said spring Swings the 
said lever and expands the Said bellows Com 
mensurately with the decrease in volume of the 
high boiling, heat exchange liquid, the connec 
tion between the spring and the lever and the 

connection between the bellows and the said e 
ver being such that the spring has a greater power 
arrin than the said bellows. 

10. A heater for high boiling distiliates used 
as fuel for an internal combustion engine Con 
prising a conduit through which the hot exhaust 
gases Of the internal combustion engine are 
passed at a temperature above the carbonizing 
temperature of the fuel distillate, a valve for 
controlling the flow of exhaust gases through 
Said conduit, a reservoir containing a high boil 
ing, heat eXchange liquid for maintaining the 
high boiling liquid in heat conducting relation 
With the exhaust conduit, said high boiling liq 
luid having a boiling point above the normal 
Operating temperatures to which it is heated in 
effecting hea", exchange between the exhaust 
gases and the fuel distillate, a conduit through 
which the fuel distillate is passed mounted with 
in the reservoir in spaced relation with the ex 
haust conduit and in heat conducting relation 
With the high boiling liquid in the reservoir 
Whereby the heat from the exhaust gases is con 
ducted by the high boiling liquid in the reser 
Voir to the fuel distillate in the second men 
tioned conduit to heat the fuel distillate to a tem 
perature below the carbonizing temperature of 
the fuel distillate, a bellows in liquid-tight 
Sealed relation with the heat exchange liquid, 
Operative connections between the bellows and the 
Said valve including a lever and a spring oper 
atively connected with the said bellows and said 
lever whereby as the high boiling liquid expands 
the bellows contracts and swings the said lever 
about its fulcrum against the resistance of the 
Said Col Spring to close the said valve and when 
the Said high boiling liquid contracts the said 
Spring Swings the said lever and expands the said 
bellows commensurately with the decrease in vol 
lume of the high boiling, heat exchange liquid, 
the connection between the spring and the said 
lever being positioned a greater distance from 
the fulcrum Cf said lever than the distance the 
Said connection between the bellows and the said 
lever is positioned from said fulcrum whereby 
the Spring operates to expand the bellows with 
a great mechanical advantage and the bellows 
acts against the lever and the resistance of the 
Said Spring with a high mechanical disadvantage 
So that the valve is actuated solely during the 
€xpansion and contraction of said high boiling, 
heat eXchange liquid and is substantially irre 
Sponsive to any entrapped vapor pressure. 

11. A heater for high boiling distillates used 
as fuel for an internal combustion engine com 
prising a conduit through which the hot exhaust, 
gases of the internal combustion engine are 
passed at a temperature above the carbonizing 
temperature of the fuel distillate, a valve con 
trolling the flow of exhaust, gases through said 
conduit, a reservoir containing a high boiling, 
heat exchange liquid for maintaining the high 
boiling liquid in heat conducting relation with 
the exhaust conduit, a conduit through which 
the fuel distillate is passed mounted within the 
reServoir in Spaced relation. With the exhaust 
conduit and in heat conducting relation with the 
high boiling liquid in the reservoir whereby the 
heat from the exhaust gases is conducted by the 
high boiling liquid in the reservoir to the fuel 
distillate in the second mentioned conduit to heat 
the fuel distillate to a temperature below the 
carbonizing temperature of the fuel distillate, a 
bellows in liquid-tight sealed relation. With the 
heat exchange liquid, operative connections be 
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tween the bellows and the said valve whereby the 
change in volume of the said heat exchange liq 
uid operates through the bellows to regulate the 
said valve to control the flow of exhaust gases 
through the exhaust conduit whereby the tem 
perature to which the fuel is heated is main 
tained within a predetermined desired range. 

12. A heater for high boiling distillates com 
prising a conduit through which hot gases are 
paSSed, a reservoir containing a high boiling liq 
luid in heat exchange relation with the said con 
duit, said liquid having a boiling point above the 
normal operating temperatures to which it is 
heated in effecting heat exchange between the 
exhaust gases and the high boiling distillate, a 
heating chamber through which the high boil 
ing distillate is passed mounted within the reser 
Voir in spaced relation with the conduit and in 
heat eXchange relation with the high boiling liq 
uid whereby a heat exchange is effected between 
the hot gases in the conduit and the distillate in 
the heating chamber, valve means for controlling 
the flow of hot gases through the said conduit, 
neanS responsive to the hydraulic pressure creat 
ed by the expansion of said high boiling liquid 
incident to a rise in temperature below the boil 
ing point of said liquid for operating the said 
Valve to control the flow of hot gases through the 
conduit, and heat insulating means surrounding 
the reservoir for the high boiling liquid. 

13. A heater for high boiling distillates con 
prising a conduit through which hot gases are 
passed, a reservoir containing a high boiling liq. 
luid in heat exchange relation with the said con 
duit, said liquid having a boiling point above the 
normal Operating temperatures to which it is 
heated in effecting heat exchange between the 
exhaust gases and the high boiling distillate, a 
heating chamber through which the high boiling 
distillate is passed mounted within the reservoir 
in Spaced relation with the conduit and in heat 
exchange relation with the high boiling liquid 
Whereby a heat exchange is effected between the 
hot gases in the conduit and the distillate in the 
heating chamber, valve means for controlling the 
flow of hot gases through the said conduit, means 
responsive to the hydraulic pressure created by 
the expansion of said high boiling liquid incident 
to a rise in temperature below the boiling point 
of said liquid for operating the said valve to con 
trol the flow of hot gases through the conduit, 
and a closed casing completely Surrounding the 
reservoir for the heat exchange liquid and in 
spaced relation with the Walls of the said reser 
Voir whereby a heat insulating dead air Space is 
provided completely Surrounding the said reser 
WOI. 

14. A heater for higher boiling distillates utiliz 
able as fuel for an internal combustion engine 
comprising a conduit through which the hot ex 
haust gases from the engine are passed, a reser 
voir containing a high boiling liquid in heat eX 
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change relation with the said conduit, the said 
high boiling liquid having a boiling point above 
the normal operating temperatures to which it is 
raised in transferring the heat from the exhaust 
gases to the fuel distillate, a heating chamber 
through which the higher boiling distillate is 
passed mounted within the reservoir in Spaced re 
lation. With the conduit and in heat exchange re 
lation with the said liquid whereby a heat ex 
change is effected between the hot exhaust gases 
in the conduit and the distillate in the heating 
chamber, a valve for controlling the flow of hot 
exhaust gases through the said conduit, heat re 
Sponsive means in contact with the high boiling, 
heat eXchange liquid, and operative connections 
between said heat responsive means and the said 
valve whereby whenever the high boiling liquid 
reaches a predetermined temperature range the 
Said heat responsive means actuates the said 
Valve to control the flow of hot exhaust gases 
through the conduit and maintain the tempera 
ture of the fuel distillate within a predetermined 
range. 

15. A heater for high boiling distillates used as 
fuel for an internal combustion engine compris 
ing a conduit through which the hot exhaust gases 
Of the internal combustion engine are passed at 
a temperature above the carbonizing temperature 
of the fuel distillate, a valve for controlling the 
flow of exhaust gases through said conduit, a 
reservoir containing a high boiling, heat ex 
change liquid for maintaining the high boiling 
liquid in heat conducting relation with the ex 
haust conduit, said high boiling liquid having a 
boiling point above the normal operating temper 
atures to which it is heated in effecting heat 
eXchange between the exhaust gases and the fuel 
distillate, a conduit through which the fuel dis 
tillate is passed mounted within the reservoir in 
Spaced relation with the exhaust conduit and in 
heat conducting relation with the high boiling 
liquid in the reservoir whereby the heat from the 
exhaust gases is conducted by the high boiling 
liquid in the reservoir to the fuel distillate in the 
Second mentioned conduit to heat the fuel dis 
tillate to a temperature below the carbonizing 
temperature of the fuel distillate, a bellows in 
liquid-tight sealed relation with the heat ex 
change liquid, operative connections between the 
bellows and the said valve including a lever and 
a Spring operatively connected with the said bel 
lows and the said lever whereby as the high boil 
ing liquid expands the bellows contracts and 
SWings the said lever about its fulcrum against 
the resistance of the said coil spring to close the 
said valve and when the said high boiling liquid 
contracts the said spring Swings the said lever 
and expands the said bellows commenSurately 
With the decrease in volume of the high boiling, 
heat exchange liquid. 
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