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8 Claims. 

This invention relates generally to a steam 
generator or boiler which is particularly adapted 
for use in heating Systems for motor vehicles in 
which the waste heat from the exhaust gases of 
the internal combustion engine is utilized to gen 
erate steam which is supplied to one or more 
heating units to heat the vehicle and in which 
the steam is condensed and the condensate re 
turned to the steam generator or boiler. 
One object of this invention is to provide a 

boiler which may be readily mounted in the 
engine exhaust pipe and function essentially as 
an integral part thereof for the passage of ex 
haust gases therethrough. 
A further object is to provide a boiler Which 

will withstand exhaust heat indefinitely and af 
ford a rapid transfer of heat from the exhaust 
gases to the heating medium in the boiler with 
out setting up any appreciable resistance to the 
paSSage of the exhaust gases. 
A still further object is to provide a universal 

boiler with adapters of varying sizes for installa 
tions in standard exhaust pipes of different diam 
eters. 
Other objects and the advantages of this in 

vention will appear from the following descrip 
tion of the embodiment of the invention which 
is illustrated by way of example in the accom 
panying drawing, in which: 

Figure 1 is a diagrammatic side elevation of a 
heating System as applied to an automotive ve 
hicle. 

Figure 2 is an enlarged vertical section taken 
on line 2-2 of Figure 1 showing one end of the 
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boiler and its mounting in the engine exhaust 
plpe. 

Figure 3 is a central vertical section of the 
boiler and its mounting taken on line 3-3 of 
Figure 2. 

Figure 4 is a fragmentary side elevation of the 
boiler with parts broken away on line 4-4 of 
Figure 2. 

Figure 5 is a fragmentary detail section on 
line 5-5 of Figure 2. 

Figure 6 is a perspective view of one of the 
adapters for mounting the boiler. 
The heating System in Figure has been illus 

trated as merely an example of one system in 
which the steam generator or boiler which con 
stitutes the present invention may be used for 
heating an automotive vehicle, and it will be 
obvious that the boiler not only is capable of use 
in other heating Systems of this general character 
but may be variously applied in any system 
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wherein it is desired to utilize heat from the 
engine exhaust gases for heating purposes. . . 
There has therefore been shown diagrammati 

cally only those parts of the usual automotive 
vehicle and the heating system which are neces- 5 
sary for an understanding of one application of 
the.steam generator or boiler. The internal com 
bustion engine is indicated generally at in the 
engine compartment which is separated from 
the body compartment in the usual manner by 10 
the dash 2 and floor boards 3. This engine in 
cludes the usual exhaust manifold 6 and exhaust 
pipe 5 and in this and other respects may be 
generally similar to standard practice. 
The principal parts of the heating system which 15 

is more fully described and claimed in my co 
pending application S. N. 714,365, filed March 7, 
1934, consist of the steam generator or boiler 
unit indicated generally at 6, which is the sub 
ject of the present invention, a heater unit indi- 20 
cated generally at 7 within the body compart 
ment, and a pressure control unit, indicated gen 
erally at 8 within the engine compartment. The 
boiler unit 6 is provided with a steam forming 
chamber in the form of a tube 9 in which steam is 
is generated by heat transfer from exhaust gases 
to the heating medium or liquid and this steam 
is Supplied to a radiator condenser in the heater 
unit through the steam supply conduit ( and 
the condensate returned to the tube 9 through 80 
the condensate return conduit which is of 
Smaller diameter than conduit 0 with a connec 
tion 2 between these conduits intermediate the 
boiler unit and heater unit to facilitate the proper 
circulation of the heating medium as is fully set 35 
forth in the copending application referred to 
above. As is also more fully described in said 
Copending application, the pressure control unit 
8 includes a closed chamber which is connected 
to the radiator of the heater unit by a conduit 40 
3 and functions to automatically regulate the 
amount of heating medium in circulation between 
the boiler and radiator to prevent the develop 
ment of excessive pressures in the heating system. 

Referring now to the details of the boiler unit 43 
6, the cylindrical metal cases 4 for the tube 9 is 
adapted to be mounted in the manner hereinafter 
described between sections of the exhaust pipe 
5 so as to constitute, in effect, an integral part 
of the exhaust pipe for the passage of exhaust 
gases and the contact thereof with the boiler tube 
9. As shown in Figure 3, this case & may be 
conveniently constituted by two parts welded to 
gether at abutting flanges 5 and each of these gs 
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2 2,048,882 
parts is provided with an end wall is having a 
central opening of substantially the same diam 
eter as the exhaust pipe, 

It should be noted that the diameter of the 
cylindrical boiler case f4 is somewhat greater 
than that of the exhaust pipe 5 so that the boiler 
tube 9, which is formed into a double coil to pro 
vide a large surface contact with the exhaust 
gases, does not cause excessive back pressure in 
the exhaust line. The ends of the tube 9 are ex 
tended through outwardly flared openings in One 
of the end walls 6 of the case 4 for the Connec 
tion of the conduits O and , and the tube may 
be anchored in these openings by the tapered steel 
bushings which are slotted for a portion of 
their length and adapted to be forcibly Wedged 
between said openings and the tube 9 as shown in 
Figure 4, and then preferably welded within said 
Openings. 

It is not essential that the tapered steel bush 
ings be used and it is contemplated that the 
outwardly flared openings in the end Wall may 
be made only large enough to receive the tube 9 
which may then be secured directly to the end 
wall by silver Soldering around said openings. 
The boiler tube 9 is mounted in the case 4 by 

a plurality of Support rods 8 riveted at their ends 
to the end walls 6 of the case. The rods 8 are 
preferably tapered slightly from One end to the 
other and are forced or wedged between the inner 
and Outer coils of the boiler tube 9 to function 
both as a support and a spacer between the coils 
of the boiler tube, which may be initially formed 
With the Space between the inner and Outer cois 
slightly smaller than the diameter of rods 8. 
To prevent heat radiation, the cylindrical Wall 

of the boiler case 4 is surrounded by insulation 
9, such as asbestos board, which is enclosed by a 
thin sheet metal jacket 20 Secured thereon by 
a crimped joint 2. 
Within each end wall 6 of the boiler case 

is secured, as by Spot-welding, a flanged reinforc 
ing bracket 22 through which the reduced ends of 
the support rods 8 may extend as shown in Fig 
ure 5. As will appear from Figure 3, each of the 
brackets 22 is formed with a central opening cor 
respondirig to the opening in the adjacent end 
wall 6 and opposite enlarged portions of each 
bracket are provided with openings for the re 
duced ends of screw-threaded nuts 23 which may 
be welded to the bracket and extend through 
similar openings in the adjacent end Wall to re 
ceive the mounting bolts 24. 

the mounting bolts 24 pass through Openings 
in a separate mounting flange Or adapter 25 at 
each end of the boiler case 4. Each mounting 
flange or adapter 25 is formed with a central 
opening and provided with a sleeve 26 which may 
be integral therewith or Welded thereto at 27 as 
shown in Figures 3 and 6. The sleeve 26 is adapt 
ed to fit around the adjacent end of the exhaust 
pipe 5 and is provided with slots 28 whereby the 
same may be contracted into tight engagement 
with the exhaust pipe by the split band or clamp 
29 which fits around the slotted sleeve 26 with 
the bolt 30 and nut 3 to draw the free ends of 
this clamp towards one another. 
A copper covered asbestOS gasket 32 is prefer 

ably interposed between each adapter 25 and the 
adjacent end wall of the case 4, and spacers 33 
may be provided on the mounting bolts 24 to poa 
sition the heads of these bolts outside the adapter 
flanges where they may be readily engaged by a 
wrench. To take care of minor variations in ex 
haust pipe diameters, a thin, slotted bushing 84 

may be interposed between the adapter sleeve 2 
and the exhaust pipe 5. 

It was stated hereabove that the ends of the 
boiler tube 9 extend through one of the end walls 

of the case 4 for the connection of the con- 5 
duits 0 and . As is shown in Figure 4, the ends 
of the boiler tube terminate outside of the end 
wall 6 where they are connected together by the 
single fitting 35 which is provided with the screw 
threaded terminals 36 and 37, respectively, for 10 
the connection of the conduits O and by 
means of the nuts 38 adapted to draw flared ends 
on these conduits into leak-proof engagement be 
tween angular seats on the nuts and the termi 
nals. The tube ends are preferably secured to 15 
the fitting by Silver Soldier 39 and are placed in 
communication with the conduits O and by 
passages through the fitting of which that lead 
ing to conduit is reduced in cross section to 
correspond with the smaller diameter of this 20 
conduit. w 

It should be noted that the fitting 35 serves to 
distribute any strain between both ends of the 
boiler tube Such as might be placed thereon dur 
ing tightening of the conduit connections, and 25 
that the ends of the boiler tube are vertically 
spaced with the terminal connection to the steam 
supply conduit to above the terminal connection 
to the condensate return conduit so as to fa 
cilitate the proper circulation of the heating me- 80 
dium through these conduits. 
The boiler tube 9 is formed into the double coil 

from a single length of seamless tubing of oxy 
gen-free or deoxidized copper having a soft tem 
per. A copper tube with these characteristics 
may be readily coiled and has been found to with 
stand exhaust heat and the corrosive effect of ex 
haust gases indefinitely without leakage or any 
appreciable change in the amount of heat trans 
fer from the exhaust gases to the heating medium. 40 

It will be apparent that a single coil of tubing 
may be used but this would require a much great 
er Overall length of the boiler unit to obtain the 
Same Surface area as is afforded by the double 
coil. It should be noted that the inner coil of 45 
the boiler tube in the illustrated form is of Smaller 
diameter than the exhaust pipe so that it lies 
partly in the direct path of the exhaust gases 
which expand within the boiler case into contact 
with the outer coil. If desired, however, a bafie 50 
plate in the form of a disc or cone may be located 
within the inner coil to prevent the direct passage 
of exhaust gases therethrough and positively de 
flect gases outwardly through both coils of the 
boiler tube. 55 
The boiler described above may be assembled 

and mounted in the exhaust pipe in the manner 
to be now described. The reinforcing brackets 22 
With attached nuts 23 are first welded within the 
ends of the two parts of the case 4 and the sup 
port rods 8 riveted to the end wall 6 of that 
part of the case through which the ends of the 
tube 9 are to extend, after which this part of the 
case may be assembled with the tube 9 by forcing 
the rods 8 between the outer and inner coils of 
the tube until the ends of the tube extend through 
the end Wall of the case and may be either ane 
chored thereto by the tapered bushings or 
welded directly thereto. The other part of the case may then be assembled, the abutting flánges 0 
5 on the two case parts welded together and the 

rods 8 riveted to the end wal- 6 of said other 
part. The fitting 35 is then silver soldered on the 
ends of the boiler tube 9, and the insulation 9 
and jacket 20 placed around the boiler case 4. 
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To install the boiler, a horizontal section of the 

exhaust pipe of slightly greater length than the 
boiler case 4 is first removed by sawing at the 
proper points, and preferably as close as possible 
to the curved portion of the exhaust pipe leading 
to the exhaust manifold. The mounting flanges 
or adapters 25 with their split bands or clamps 
29 are then placed over the adjacent ends of the 
cut-off exhaust pipe facing in opposite directions, 
after which the boiler case, etc., is placed be 
tween these ends with the larger terminal 36 on 
the fitting 35 at the top and the adapters 25 are 
moved towards the end Walls of the boiler case 
and connected thereto (after inserting the gas 
kets 32) by the bolts 24, and the slotted sleeves 
26 of the adapters clamped on the exhaust pipe 
by contracting the split bands or clamps 29. The 
boiler unit may then be connected to the heating 
System by securing the conduits O and to the 
respective terminals 36 and 3. 
The mounting fanges 25 have also been called 

adapters because they may be provided in several 
sizes for installation in exhaust pipes of different 
diameters without requiring any change in other 
elements of the boiler unit, in which the aligned 
central Openings in the reinforcing brackets 22, 
end walls 6 of the case f4, and gaskets 32 should 
be substantially the same diameter as the largest 
exhaust pipe in which the unit may be installed. 
The adapters 25 for installation in different ex 
haust pipes would be identical with that shown 
in Figure 6 of the drawing except for the diam 
eter of the sleeves 26 which are adapted to be 
clamped about the exhaust pipe, and to reduce 
the number of adapter sizes that might be neces 
Sary for all installations, the relatively thin bush 
ings 34 may be used for minor variations in di 
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ameter. 
The present boiler unit has been particularly 

designed for ready installation in the manner set 
forth above with separate adapters of different 
sizes for the majority of present cars which have 
exhaust pipes varying in diameters from 134 to 
2% inches. With larger exhaust pipe sizes, such 
as the standard 2% inch diameter, it has been 
found that the increased size of the sleeves 26 
on the adapters 25 with the clamps 29 around 
these sleeves makes it practically impossible to 
use the mounting bolts 24, so instead of providing 
Separate adapters and installing the boiler unit, 
as heretofore described, the mounting flanges 
may be Secured to the end walls of the boiler 
case, as by Welding, prior to installation. Then 
to insert the boiler unit in a cut-out portion of 
the exhaust pipe, it is necessary to disconnect one 
of the exhaust pipe sections from either the ex 
haust manifold or the usual muffler and separate 
these Sections sufficiently to place the boiler in 
position and then move the sections towards one 
another to slide the adjacent cut ends into the 
sleeves 26 on the mounting flanges and then con 
tract these sleeves by the clamps 29. 
The above described mounting detail has not 

been Specifically shown in the drawing, but it 
Should be understood that in this detail and other 
details, the structure and mounting shown and 
described may be variously changed and modified 
without departing from the spirit and scope of my 
invention as set forth in the following claims. 

I claim: 
1. The combination with an exhaust pipe, of a 

3 
boiler adapted to be interposed therein having 
a casing for the passage of exhaust gases there 
through, and a boiler tube in said casing ex 
tending in a double coil around the longitudinal 
axis of Said casing with the inner coil of said 5 
boiler tube of Smaller diameter than the exhaust 
pipe in which said boiler is interposed. 

2. The combination with an exhaust pipe, of 
a boiler adapted to be interposed therein having 
a Casing for the paSSage of exhaust gases there 
through, a boiler tube in said casing with its ends 
extending through flared openings in said casing 
to provide for external connections thereto, and 
tapered friction bushings between said tube and 
the openings in said casings. 

3. The combination with an exhaust pipe, of 
a boiler adapted to be mounted therein including 
a Casing With end Walls having openings for the 
passage of exhaust gases therethrough, a boiler 
tube in said casing, and reinforcing means on 
Said end Walls to receive detachable means for 
mounting the boiler. 

4. The combination with an exhaust pipe sec 
tion, of a boiler including a casing and a boiler 
tube in Said casing, and means to secure said 
boiler to the end of said exhaust pipe section to 
provide for the passage of exhaust gases through 
Said Casing including an adapter which may be 
detachably secured to said boiler asing and is 
provided with a clamping sleeve of the proper di 
ameter to fit closely around said exhaust pipe 
Section. 

5. The elements set forth in claim 4, in which 
Said boiler casing is so formed as to provide for 
the Connection thereto of any one of a plurality 
of adapters having clamping sleeves of different 
diameters to be Secured to exhaust pipe sections 
of different diameters. 

6. The combination of an exhaust pipe, of a 
boiler adapted to be interposed therein having 
a Casing for the passing of exhaust gases there 
through and a steam generating chamber in said 
Casing comprising a reentrant coiled tube hav 
ing both of its ends extending outside of the cas 
ing adjacent each other at One end thereof and 
reinforcing means connecting the Said two ends 
Outside of the end Wall to Space and reinforce the 
ends and to support the coil Within the chamber. 

7. The combination of an exhaust pipe, of a 
boiler adapted to be interposed therein having a 
casing for the passing of exhaust gases there 
through and a steam generating chamber in said 
Casing Comprising a reentrant coiled tube having 
both of its ends extending outside of the casing 
adjacent each other at One end thereof and 
means on the end of the tube for connecting con 
duits thereto of different diameters. 

8. The combination of an exhaust pipe, of a 
boiler adapted to be interposed therein having a 
Casing for the passing of exhaust gases there 
through and a steam generating chamber in said 
Casing comprising a reentrant coiled tube having 
both of its ends extending outside of the casing 
adjacent each other at one end thereof and means 
connecting the ends of said tube outside the end 
Wall, Said means providing terminals for the con 
nection of conduits thereto and with passages 
placing said conduits in communication with the 
tube. 

RAYMOND F. MULLEN. 
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