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UNITED STATES

2,153,108

PATENT OFFICE

2,153,108
" STEAM. HEATING SYSTEM

Arthur ¥F. Underwood, Detroit, Mich., assignor, by
mesne assignments, to General Motors Corpo-
ration, Detroit,  Mich., a corporation of Dela-

ware

Application December 30, 1932, Serial No. 649,495

- 5 Claims.

This invention relates generally to an improved
heating system, and more particularly to a heat-
Ing system for motor vehicles.in which the waste
heat from the exhaust gases of the internal com-
bustion engine is utilized to generate steam which
is supplied to one or more radiators in the vehicle
in which steam is ‘condensed and the condensate
returned to the steam generator.

"Orie of the prmcipal features of my invention
consists in the provision.of a simple control which
functions to automatically regulate the quantity
of steam generated by automatically varying the

: amount of lquid in. the steam generator or boiler
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50 as to maintain a substantially constant low
pressure regardless of changes in exhaust gas
temperatures which may vary from an average of
500° F.at low car speeds to 1350° F. at higher car
speéds,

As will-be more fully described hereinafter, this
control of pressure in the system consists in the
prov1sxon of a control or expansion tank which is
open to the atmosphere and is positioned above

- and connected to .the steam generator so that

_ when any pressure is developed. in the generator,

liquid .will be -forced, therefrom upwardly toward
or into this tank to thereby reduce the quantity
of liquid which is available in'the steam gen-
erator and thereby limit the maximum in pres-

. suré which may be-developed: anywhere in the:
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~ system so that it will never exeeed that pressure
" required to raise:the liquid from the generator
to the expansion tank.

- Other féatures of ‘my invention ‘and the par-
ticular advantages of the same will appear from
the following detailed deséription of the struc-
ture and operation of the embodiments illustrated
in the accompanying drawings, in which: »

Figure 1 is a side elevation with parts in sec-
tion of one embodiment of my heating system as
applied to an automotive vehicle.

Figure 2 is an cnlarged ‘'vertical sectional view
taken on the line 2—2 .of: Flgure 1,

Figure ‘3 i$ a side elevation ‘partly in section
of .the expansion tank and condenser taken on
line 3—3 of Figure 1; .

Figure 4 is a side ‘elevation similar to Flgure 1
but illustrating a further embodiment of my heat-
ing ‘system.

Figure 5 is an enlarged horizontal sectional
view taken on the line 5—5 of Figure 4.

Figure 6 is a sectional view taken on line 6-——6
of Figure 5.

Referring first to both' Figure 1 and Figure 4,
there has been shown diagrammatically only

(CL 237—12.3)

those portions of the usual automotive vehicle
which are necessary for an understanding of the
application of my improved heating system there-
to. The internal combustion engine is indicated
generally at | as located in the engine compart-

ment which is separated from the body compart-

ment by the usual dash 2 and floor board 3. This
engine includes the usual exhaust manifold 4
and the usual exhaust pipe of which there is
shown a portion 5. It will be understood that
the engine is also provided with the usual cooling

fan (not shown) and in this and other respects .

is generally similar te standard practice.
Referring now to the specific embodiment of
my invention which has been illustrated in Fig-
ures 1, 2 and 3, the principal parts of the heating
system consist of a steam generator or boiler
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unit 6, a heater unit indicated genérally at 7 and

an expansion tank and condenser unit 8.

The boiler 6 preferably consists of steel or alloy
tubing which is flattened and secured within the
exhaust pipe preferably beneath the point of at-
tachment thereof to the exhaust manifold. As
indicated, this portion of the exhaust pipe is

generally extended vertically so that the boiler .

may be placed in a substantially vertical position
to permit the attachment of a steam supply con-
duit adjacent its upper end and a condensate re-
turn conduit adjacent its lower end. To secure
the boiler to the exhaust pipe and provide for
the steam supply and condensate return thereto,
an externally threaded fitting T’ may be welded
to the boiler adjacent each end thereof and in
assembly the boiler may be inserted from the
upper end of the exhaust pipe and the fittings
passed outwardly through holes which are pro-
vided in the exhaust pipe and then clamped
thereto by means of a nut 8’ externally applied
to each fitting, such as is indicated with refer-
ence to the upper fitting or connection to the
boiler which is located below the upper end of
the boiler for a reason which will be given in the
description of the operation of the entire system.

The upper fitting of the boiler is provided with
a metal extension 8 to which is secured at its
outer end & section of rubber hose 10 which func-
tions both as a steam suppiy and condensate re-
turn conduit. Intermediate its ends the exten-
sion 9 is connected to a separate condensate re-
turn conduit {1 which extends downwardly to be
connected with the lower end of the boiler.
Within the extension 8 there is a short section of
metal tubing 12 extending from the fitting to a
point beyond the connection to the return con-
duit 11 so as to admit the steam supply to the
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common conduit 10 at a point beyond the sepa-

rate return conduit for the condensate, and to"
further prevent the steam from interfering with -

the return of eondensate, the tube 12 is shown as
located above the center of both the boiler fitting
1" and the extension 9. For convenience the
filling the system with only a predetermined

amount of liquid, there is provided a removable )
filling cap or plug 13 adjacent the upper end of.

the separate return conduit (1,

The lower fitting of the boiler has not been
shown in detail but it should be noted that the
lower end of the boiler and the fitting or exten-
sion ' 14 thereof is inclined downwardly and the
return conduit i1 is connected thereto adjacent
the boiler at a point intermediate the boiler and
the connection of the fitting or extension t4 to

- the control conduit 45 leading to the expansion
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‘and superposed condenser 22’

tank and condenser unit 8.

The heater unit T has been shown as gexierally_
similar to units now used in hot water car heater

systems, being mounted on the dash 2 within the,

body compartment and consisting of a radiator
18 with an electric motor 17 and fan 18 for creat-
ing a forced circulation of air through the radi-
ator, It will be readily inderstood that this par-
ticular type of heating unit is not an essential

feature of my heating system but any known type.

of radiator unit may be employed and located
either within the body compartment or outside
of the same with suitable distributing duets for

‘the heated air, and with or without forced cir-

culation. .

In the type of heater unit which has been illus-
trated, any conventional radiator core may be
used, but preferably -one in which the passages
are of fairly low restriction, since the condensate
must run downwardly through the same passages
through which the steam rises to the top of the

radiator, As clearly indicated in Figure 1, the

steam supply and condensate return conduit 10 is
connected to the lower end of the radiator 16
and the radiator is provided at its upper end with
an opening 19 which in the embodiment of my
invention illustrated in Figures 1 to 3 is connect-
ed to.the expansion tank and condenser unit 8
by conduit 20,

Within the upper end of the radiator is a
thermostatically operated valve to substantiadly

close the. opening 19 when the radiator becomes

fllled with steam. This valve is shown in Figure
2 as consisting of a flat disc 2i mounted beneath:
the opening 19 on the free end of a bi-metal arm
22 constituted by strips of metal of such different

characteristics of expansion that the dise 21 will

move to -substantially close the opening 19 at a
temperature within the radiator of approximately
210° P. - 'This valve has been described as sub-
stantially closing the opening in the upper end

of the radiator, since there is some small leakage -

past. the type of valve illustrated which has a
definite function which will be noted hereinafter

-1n the description of the operation of the entire

system, ’

.~ The expansion tank and condenser unit 8 is

shown in Figure 3 as consisting ‘of- the tank 2{’
within the casing
23. The condenser may comprise merely a small
section of radiator core open at its bottom to the

. tank 21’ gand opening at its top to the atmos-

75

phere through the casing 23 by means of the bent
tube 24,
control conduit 1§ from the boiler is-connected to
the bottom of the tank 21’ and the conduit 20

{

. 1s not In use,

- haust gases will soon thaw out

As shown in Figures 1 and 3, the flud

2,158,108

from the radiator is connected to the tank 2
adjacent its bottom.

. In describing the operation of the embodiment
shown in Figures 1 to.3, it is désired to first call
attention to the location of the Separate return
conduit 11 and the lower portion of the conduit
IS as adjacent to each other and to the exhaust
pipe 8, and also to the relative location of the

Tradiator unit T and expansion tank and con-

denser unit 8 horizontally above the boiler 6
so that complete drainage will be afforded to the
latter, Itis also preferable to position the expan-
sion tank and condenser unit 8 adjacent the for-
ward end of the engine { in proximity to the usual
engine cooling fan (not shown) so that. such unit
Wwill be cooled by the circulation of ‘engine cooling

‘air.

It has been found that

certain disadvantages which accompany the use

of anti-freezing solutions, the present system has

Been so designed as to prevent injury and operate

properly even though freezing of the water should

oceur during periods in which the heating system
or in other words, when the engine
is not in operation. Let us assume, for instance,
that the heating system has Just been installed.
The filling plug 13 would be .removed and an

~amount of water introduced until over-flow oc-

curs through the flling ‘opening which would
thereafter be closed by the filling plug. It will
be noted that - this filling plug opening is so
located that the maximum amount of water
which may be introduced into the system will be
contained within the major portion of the boiler
within the exhaust pipe and those portfons of the
conduits If and {5 which are adjacent the ex-

15

water s preferably the =
* best medium for broducing steam, and in view of

haust pipe 6. Therefore, if this Hquid freezes, it -

-may expand slightly without injury to the system

and whenever the engine is started the hot ex-
the entire body
of liquid. . , :

In normal operation, when the engine is
started, the hot exhaust gases coming into con-
tact with the boller surface heats the liquid in
the boiler forming steam which passes through
the steam supply conduit 10 to the radiator {8,
where it is condensed by heat radiation which is
facilitated by:the air circulating fan. - This con-

densate returns through the conduit 10 to the .

over-flow pool formed within the extension 8
from where it is returned to the bottom of the
boiler through the return conduit (1.

The boiler § is constructed of a substantially

“vertical tube which has a sufliciently large passage
. When flattened to afford the.minimum restric~

tion, since if too restrictive, the sudden forma-
tion of steam at the entering point will push the
incoming liquid from the boiler instead of push-
ing the steam to the heater unit. Also the steam
outlet i3 located several inches from the top of
the boller ‘so that any liquid which might be

forced to the top of the.boiler -by rapid steam

formation will not pass into the steam supply

conduit: but will be turned into steam or Tall.

back to. the lower part of the boiler,

As the radiator 16 first becomes filled with -

steam, ‘the air within the radiator. is forced
through the conduit 20 and expelled through the
tank 21’ and condenser 22’ to the atmosphere,
When substantially all air

_has been ‘expelled,
-contact of the steam with the bi-metal arm-22

70 -

substantially closes the opening 19 in the upper - -

end of the radiator to prevent the escape of sub-
stantially all of the steam vapor in the radiator.

75
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As was noted in the description of the thermo-
. Statlcally operated valve, the same permits some
slight leakage. ‘This prevents the valve from re-
talning in the radiator such gas (as distinguished
from steam) which .may be generated in the
system. It has been found by -actual experiment
that even when using water with no anti-freeze
solution, a fixed gas was generated at high speeds
or high exhaust gas temperatures, and that this

gas would rise to the top of the radiator and

gradually decrease the steam capacity sufficiently
to seriously interfere with the heat radiation from
the radiator, making it necessary to provide some
means for escape of this gas. ' In addition to pos-
sible impurities in the water to produce this gas,
it has been primarily thought to be formed by
_liberation of hydrogen by the reaction of the
water with the iron of the boiler at high tempera-

~ tures. Regardless of the real source of this fixed

gas, it will be apparent that the provision of

some leakage past the thermostatic valve in the
upper end of the radiator permits this gas to

escape to the atmosphere through thé condenser
22’ which prevents such small amount of steam
as might also escape past the thermostatic valve

from being lost with consequent reduction in the

amount of liquid which would require the addi-

_tion. of more ‘liquid at indeterminate intervals.

%0

.88

It will be obvious that with.the exhaust tem-
peratutes which are available for steam genera-
tion, more stéam will be generated than can be
condensed in the radiator and the expansion tank
and condenser unit -8 is therefore connected to
the bottom of the boiler by -the. conduit 15 so
that the liquid level within .the boiler will be

. lowered automatically on the generation of any

pressure within the upper end of the boiler by

- forcing the liquid from the hottom of the boiler

upwardly toward or into the expansion tank; and
at high engine speeds, it. will be found that
there is very little liquid-in the boiler and most
of it will be in the expansion tank. ' Also it will
be readily seén that when the radiator is com-
pletely filled with steam, a pressure will bé main-
‘tained which is equial'to the head of liquid within
the expansion.tank .and the conduit from the
same to the boiler.” It will also be obvious that
whenever the pressure falls below this maximum,

" Hquid will be returned to the boiler from the ex-

pansion tank and its conrecting conduit and a

“point-of préssure equilibrium will be almost con- -

stantly maintained. - :

" In addition to preventing the escape of any

0

i

steam vapors which msay leak past the thermo-
statically operated valve in the radiator, the con-

denser 22’ is provided above the expansion tank

21’ to prevent the loss of any vapors which may
be.given off by the liquid within this tank, and as
‘has ‘been noted hereabove, the efficiency of the
condenser is preferably increased by locating the
‘same adjacent the éngine cooling fan. Ordinar-
ily, the liquid in the expansion tank is at a suffi-
ciently low temperature that no vapors would be
produced therein, but if the engine is first started
at high speeds, substantially all of the liquid in
the boiler would be heated and on generation of

steam, a large proportion of this heated liquid

would be suddenly forced to the expansion tank.
Under these conditions, however, the condenser
would function to substantially entirely prevent
vapor loss. The escape of vapor is further pre-
vented or reduced by returning the highly heated
‘condensate from. the radiator to the boiler at a
point between the boiler and the connection to

3

the condult to the expansion tank below the
lowermost end of the boller.

Referring now to the embodiment {llustrated in
Flgures 4, 5 and 6, the construction and opera-
tion thereof is similar to the embodiment of Fig-
ures 1, 2 and 3 except for the elimination of the
vent condult from the upper end of the radiator

to the expansion tank and condenser tnit and the -

provision of a small leakage tank 30 and con-
denser 31 mounted directly on the top of the
heater unit 1. There has also been provided an
accessory reserve tank 32 {o facilitate filling or
replenishing the supply of liquid in the system.
With reference to the small leakage tank 38 and
condenser 31, which is open to the atmosphere,
the same functions in conjunction with the ther-
mostatically operated valve within the upper end
of the radiator to provide for the escape of air
from the radiator until the latter becomes filled
with steam and thereafter functions to receive
and condense such small leakage as there may be
past the thermostatically operated valve and per-
mits the escape of any gas which may be gener-

- ated in the system. Such steam vapors &s may

leak past.the thermostatically operated valve and

.be condensed by the small condenser 31 will be
retained in the leakage tank 30 and returned to

the system whenever the upper end of the radi-
ator cools sufficiently to permit any substantial
opening of the thermostatically operated valve.
The reserve tank 32 is preferably located on
the dash within the engine compartment and is

-connected to the system by conduit 33 at a point

in the condensate return conduit {1 correspond-
ing to the location of the filling opening and
plug in the embodiment of my invention shown
in Figure 1. A valve unit 34 is provided in the
conduit 33 adjacent the connection to conduit
It. This valve unit 34, as shown in detail in
Figures 5 and 6, includes in addition to the liquid

passage 35 leading to the conduit {{, a further.

passage 36 opening to the atmosphere. Both the
passage 35 and the passage 36 are adapted to be
opened simultaneously by manual rotation of the
plug valve 31 which is screw-threaded on the
valve unit as at 38, As will be apparent, when
the valve is operated to admit liquid to the sys-

tem, the liquid will run out of the passage 36 as

soon as the system becomes filled to the proper
level. )

It should be understood that the accessory re-
serve tank and filling valve illustrated in. the
system of Figure 4 could of course be substituted
for the filling opening and plug in the system of
PFigure 1, and vice-versa. If a reserve tank is em-
ployed, it would no doubt be necessary to employ
some anti-freeze solution therein, but after in-
troduction of this solution to the heating system,

10
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any gas caused by decomposition and which might -

eventually interfere with proper operation of the
system by restricting the heating capacity of the
radiator would not be retained in the system but
would be exhausted by leakage through the ex-
pansion tank and condenser unit of Figure 1 or
the small leakage tank and condenser unit of
Figure 4.

No means has been provided in either of the
illustrated systems to entirely stop operation
thereof, since this is considered unnecesary with
the type of heating unit shown in which substan-
tially no heat is dissipated by the radiator with-
out the forced air circulation afforded by the fan
which may be turned off or its speed regulated in
accordance with usual practice. If found desir-
able, however, with this or other {ypes of heating

70
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units, a manually operable shut-off valve could be
provided and located, for instance, in the steam
supply and condensate return conduit.

From the above detailed description, it will be

g seen that a very simple and yet highly effective’

heating system has been provided which has been
illustrated as particularly adapted for motor ve-
hicles., My invention, however, is not limited to
use on motor vehicles which includes automobiles,
buses, trucks and airplanes, but certain features
therein may dlso be found suitable for other ap-
plications and are also not limited to use of ex-
haust gases of an internal combustion engine as
the steam generating medium.

10

18
statutes I have illustrated and described herein
two embodiments of my invention, it will be ap-

parent that changes may be made in the form of.

the systems disclosed without distinguishing from
the spirit of my invention as set forth in the ap-
pended claims.-
certain features of my invention may be used to
advantage without a correspondmg use of other
features.

o8 What I claijm as my invention is:

1. A steam heating system for motor vehicles
comprising in combination with the vehicle en-
gine and its exhaust pipe, a radiator for the
vehicle, a steam generator adapted to contain

90 & vaporizable liquid and associated with said ex-
haust pipe so as to be heated by the exhaust gases
passing therethrough, means connecting said gen-

. erator to said radiator for the supply of steam.

to the radiator and thé return of condensate to

the generator, and means to automatically con-

trol the quantity of steam generated by auto-

matically varying the amount of liquid in- said

generator comprising a vented expansion tank,

means connecting siid generator to said expan-
40 sion tank into which liquid will be forced by steam
pressure developed in said generator, said expan-
sion tank being continuously vented to the at-
mosphere through an air cooled condenser to
condense any vapors from the liquid in said tank
and return the condensate to the system.

2. In a steam heating system, the combination
with a boiler adapted to contain. a vaporizable
liquid and generate steam on application of heat
thereto, -a radiator, means connecting said boiler
to said radiator for the supply of stcam to the
L radiator and the return of condensate to the
boiler, an expansion tank, means connecting said
tank to said boiler to receive liquid therefrom, a
vented condenser on said eéxpansion tank to re-
ctive steam and return the condensate to the
system, and means connecting said radiator to
said condenser with & thermostatically operated

45

While in accordance with the provismns of the.

It will also be apparent that

2,158,108

valve in said radiator which is adapted to sub-
stantially close sald connecting means to said
condenser when said radiator becomes filled with
steam.

3. A steam heating system for motor vehicles
" comprising in combination with the vehicle en-:

gine and its exhaust pipe, a radiator for the
vehicle, a steam generator adapted to contain a
vaporizable liquid and associated with said ex-

‘haust pipe so as to be heated by the exhaust
“gases passing therethrough, means connecting
Said generator-to said radiator for the supply of

steam-to the radiator and the return of con-
densate to the. generator, and means to auto-
matically control the quantity of steam generated
by automatically varying the amount of liquid in
sald generator, comprising an expansion tank and
condenser unit connected to said generator to
receive liquid therefrom, said expansion tank and
condenser unit being positioned adjacent the
front end of the vehicle engine so as to be cooled
by the circulation of air thereover.

4. In a steam heating system, the combination
with a boiler adapted to contain a vaporizable
liquid and generate steam on application pf heat
thereto, a radiator, means connecting said boiler
to said radiator for the supply of steam to the
radiator and the return of condensate to the

‘boiler, a vented expansion tank connected to said

boiler, and means to supply liquid to said system
comprising a separate reserve tank and means in-
cluding. & manually operable valve for connect-
ing sald reserve tank with said system, said valve
being provided with an overflow passage which
is opened to the atmosphere when said reserve
tank is placed in communication with said system
to limit the amount of liquid which may be sup-
plied to said system to that which may be con-
tained therein below.the horlzontal level of said
valve passage. :

5. In a steam heating system, the combination
with & boiler adapted to contain a vaporizable
liquid and generate steam on application of heat
thereto, a radiator; means connecting said boiler
to said radiator for the supply of steam to the
radiator and the return of condensate to the
boiler, a_vented expansion tank so connected to
sald boiler as to Treceive liquid therefrom and
automatically control the amount of liquid avail~
able for steam generation therein, a. relatively
restricted connection from a normal point of air
accumulation in said radiator to said expansion
tank, and a thermostatically operated valve in
said radiator to substantially close the connection
of said radiator to said expansion tank when said

radiator becomes filled with steam.

ARTHUR F. UNDERWOOD.
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