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AUTOMOTIVE VEHICLE POWER PLANT,
CHASSIS AND RUNNING GEAR

- Constantinos H. Viachos, Washington, D.C.
Application August 22, 1956, Serial No. 605,632
18 Claims. (Cl. 180—67)

This invention relates to transportation and more par-
ticularly to a power plant primarily designed to be in-
corporated in and drive an automotive vehicle and also
to a chassis for such vehicle. »

Many different types of automotive vehicles have
been proposed and utilized over the years and these have
ranged from the early steam-powered vehicles ‘to the
present-day highly developed automotive vehicle, the
great majority of which utilize a hydro-carbon fuel, such
as, gasoline or fuel oil in an internal combustion engine.
While the early vehicles, both of the steam-powered type
and the internal combustion engine driven type, were
relatively heavy in comparison to the horse-power sup-
plied by the power plant, the present day automotive
vehicle has reached a high degree of perfection and the
weight/horse power ratio is very favorable. However,
under certain conditions it may be desirable to provide
an automotive vehicle incorporating a power plant
which does not utilize a hydrocarbon fuel, such as, gas-
oline or fitel oil, and also one which is relatively light
and small.

In further consideration of the rough and difficult ter-
rain over which vehicles are required to operate, it is
sometimes advantageous that driving power be applied to
all of the ground engaging wheels of such vehicle and in
the past, this has been provided with considerable success
insofar as trucks or other heavy vehicles are concerned,
but in the smaller vehicles, such as passenger or pleas-
ure cars, the inclusion of four-wheel drive or drive to all
of the ground engaging wheels has usually not been in-
cluded because of the relatively high cost thereof. With
a ‘single prime mover, such as an internal combustion
engine, which is utilized in substantially all present day
automotive vehicles, it is necessary in order to provide
driving power to all of the ground engaging wheels to
include relatively complex and costly power transmis-
sion systems, including shafts, gearing, universal joints,
and the like, and this relatively complex mechanism has
materially increased the danger of failure due to wear
or breakage and, therefore, in addition to the relatively
high initial cost, the cost of maintenance is also relatively
high.

Briefly stated, the present invention contemplates the
provision of an automotive vehicle incorporating a
power plant in which a comparatively volatile liquid is
vaporized by the use of electrical energy to provide a
gas at a relatively high pressure which gas is supplied
to individual reversible motors mounted on each ground
engaging wheel and in which the exhaust gas from such
motors is returned to a condenser where the same .is
condensed and the liquid subsequently returned -to the
chambers within which the liquid is vaporized. A suit-
able gas driven pump for returning such liquid from the
condenser to the chambers is supplied as well as suit-
able controls for controlling the direction of movement
of the motors as well as the speed thereof. The inven-
tion further contemplates the provision of a chassis
made up of tubular members and in which certain of
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stuch tubular ‘membéers are utilized to provide gas pres-
sure chambers in which the liquid is vaporized to pro-
vide ‘the driving power for the motors.

Tt 'is accordingly an object of the invention to provide
an automotive vehicle of improved and economical
construction and incorporating -a power ‘plant which
serves to deliver power to individual motors mounted on
each ground engaging wheel.

A further object of the invention is the provision of
an automotive vehicle incorporating a .power plant uti- .
lizing 'a fluoro-carbon which is vaporized by electrical
energy to provide a high-pressure gas for driving indi-
vidual reversible gas motors mounted on each ground
engaging wheel of the vehicle.

‘A still further object of the invention is the provision
of an automotive vehicle incorporating -a power plant
utilizing ‘a fluoro-carbon liquid which is vaporized to
provide ‘high pressure gas for driving gas motors and in
which the exhaust from such motors is condensed and
the liquid returned to thée chambers in which the vapor-
ization of the Liquid takes place.

Another object of the invention is the provision of an
automotive vehicle incorporating a power plant utilizing
a fluoro-carbon liquid disposed in a pair of chambers
and incorporating electrical heating means for vaporizing
the ‘liquid in each chamber and in which the resulting
high pressure gas may be supplied from either or both
chambers to gas motors for driving the vehicle and with
the exhaust from such motors condensed and the liquid
returned to either or both chambers.

A further object of the invention is the provision of an
automotive vehicle incorporating a power plant utilizing
a liquid which is vaporized to provide high pressure gas
for driving individual gas motors located on the ground
engaging wheels of the vehicle and in which the liquid
is vaporized by ‘electrical heating <elements energized
from a stordge battery and in which electrical generator
means is provided for partially reéstoring energy to such
storage battery. ) :

A still further object of the invention is the provision
of an automotive vehicle incorporating a power plant
including chambers in which a liquid is vaporized to pro-
vide a high pressure gas for driving gas motors diréctly
connected to the ground engaging wheels of the vehicle
and in which suitable control means is provided for
controlling the direction of motion and the speed of
operation of the motors.

Another object of the invention is the provision of
an automotive vehicle incorporating a power plant utiliz-
ing a high pressure gas obtained from liquid in chambers
and in which such gas serves.to drive individual motors
mounted on the ground engaging wheels of the vehicle
and in which the chambers for vaporizing the liquid
constitute a part of the chassis of the vehicle.

A further object of the invention is the provision of
a 'vehicle incorporating a power plant utilizing a liquid
which is vaporized to provide high pressure gas such gas
in turn serving to drive a motor forming a prime mover
for the vehicle.

A still further object of the invention is the provision
of a power plant incorporating chambers -in which a
liquid is vaporized to provide a high pressure gas and
in which one or more gas motors are driven by such
high pressure gas to provide a -prime mover -and with
the exhaust from such motor ‘or motors condensed and
?hej liguid returnéd to the chambers for subsequent vapor-
ization.

Furthér objects and advantages of the invention will
be apparent from the foliowing description taken :in
conjunction with the accompanying -drawings wherein:

Figure 1-is.a diagrammatic plan view of an-automo-
tive vehicle constructed in accordance with the invention



and showing the structure of the chassis as well as the
structure and manner of installation of the power plant;

Figure 2 is a diagrammatic plan view to an enlarged -

scale of the front portion of the vehicle shown in Figure
1; and

Figure 3 is a diagrammatic plan view to an enlarged
scale and showing the rear portion of the vehicle shown
in Figure 1.

With continued reference to the drawings, there is
shown an automotive vehicle constructed in accordance
with this invention and which may well include a chassis
10 having rear ground engaging wheels 11 and steerable
front ground engaging wheels 12. The chassis 10 may be
provided with a front bumper 13 and with a rear bumper
14.
As shown the chassis may well comprise elongated
tubular side members 15 and 16 which are disposed in
spaced parallel relationship and these side members may
be connected by a plurality of tubular cross members 17
adjacent the front end of the chassis 18 and by a plurality
of tubular cross members 18 adjacent the rear end of
the chassis 1¢. - As shown the side members 15 and 16
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are provided intermediate the length thereof with enlarged .

elongated tubular portions 21 and 22 which serve to pro-
vide chambers, the purpose of which will be Ilater
described. )

As mentioned above, the tubular side members 15 and

4

mounted on the shaft 109 is an emergency brake 110 of
any suitable type, but as shown, an electric brake is
utilized which may be energized through an electric cable
111. The motor 106 is of the type described and claimed
in my prior patent, No. 2,725,013, issued November 29,
1955, and reference is had to this patent for a full descrip-
tion of the construction and operation of the motor.
Since such structure and operation forms no part of the
instant invention, any further detailed description thereof
is conmsidered nmnecessary, it being considered sufficient
to state that the motor 106 will be described in accord-
ance with the principles disclosed in the above mentioned
patent and will be of such a size as to provide the neces-
sary power for driving the ground engaging wheel. In
a similar manner a drive motor 112 is provided for the
other front ground engaging wheel 12 and motors 113
and 114 are provided for the rear ground engaging
wheels 11.

The motors 186 and 112 are connected by a conduit
115 which in turn is connected to the control valve 169
and the motors 106 and 112 are likewise connected by a
second conduit 116 which is also connected to the con-
trol valve 186. Conduit 115 may serve to supply gas to

" the motors 186 and 112 for operation of the same in a

25

16 of the chassis 10 include elongated tubular sections . -

21 and 22 of enlarged diameter and as best shown in
Figure 2, these sections provide gas pressure generator
chambers 87 and 88. These chambers 87 and 88 are
partially filled with a liquid, the nature of which will
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be later described, and disposed within the chamber 87 .

isi an electrical heating element 89, which may be sup-

ported at the closed end 90 of the chamber 87, as shown

in Figure 2, and the opposite end of the heating element
89 may be supported in a similar manner. A suitable
terminal 91 is provided for comnecting a source of elec-
trical energy to one end of the heating element 89 and,
of course, a similar terminal will be provided at the
opposite end of the heating element. In a similar manner,
an electrical heating element 92 is provided in the cham-
ber 88 and extends throughout the length thereof and the
element may be supported at one closed end of the cham-
ber 88, as at 93, and a suitable terminal 94 is provided
for connecting a source of electrical energy to the heating
element 92, A similar suitable terminal will likewise be
provided at the opposite end of the heating element 92.

A gas supply manifold 95 connects the chambers 87
and 88 and disposed in the manifold 95 is a three-way
gas supply valve 96. The three-way valve %6 is pro-
vided with a valve plug 97 having a passage 98 therein
and a conduit 99 is connected to the valve 96 and may
receive gas from either or both chambers 87 and 88 de-
pending upon the setting of the valve plug 97. The con-
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duit 99 is connected to a combined forward, reverse and

throttle control valve 100 and such valve may be pro-
vided with an accelerator pedal 161 for controlling the
speed of the vehicle and the valve 100 may be actuated
for forward and reverse movements of the vehicle by a
control lever 162 mounted on a steering column 103 in a
position convenient to the operator of the vehicle. The
steering column 103 may be provided with additional con-
trol levers 104 for operating the brakes or for performing
other functions and there may also be provided a steer-
ing wheel 105 mounted on the upper end of the steering
column 163.

A gas driven reversible motor 106 is provided for driv-
ing one of the front ground engaging wheels 12 and as
shown in Figure 2, the casing 107 of the motor 106 is
mounted upon the wheel suspension means and is sta-
tionary except for up and down movements and the rotor
108 of the motor 106 is provided with a shaft 109 which
is secured to the hub of the wheel 12 and upon rotation
of ‘the rotor 108 serves to drive the wheel 12. Also
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forward direction during which operation the conduit
116 would serve as an exhaust. For operation in the op-
posite direction, gas will be supplied to the motors 106
and 112 through the conduit 116 while the conduit 115
will serve as an exhaust.

In a similar manner, the motors 113 and 114 on the
rear wheels 11 are connected by a conduit 117 which in
turn is connected through a conduit 118 with the control
valve 100 and the motors 113 and 114 are also connected
by a conduit 119 which is connected through a conduit
126 with the control valve 100. By means of this ar-
rangement, the motors 113 and 114 may be supplied
with gas for operation of the same in a forward direction
and during such operation, the conduits 219 and 120
will serve as an exhaust, while for operation in the oppo-
site direction, gas will be supplied to the motors 113 and
114 through the conduits 119 and 120 and conduits 117
and 118 will serve as a path for the exhaust gas flowing
from the motors 113 and 1i4. It will, therefore, be
seen that upon appropriate operation of the control valve
100 that all of the motors 166, 112, 113 and 114 may
be operated in either direction and that upon actuation
of the accelerator pedal 181, the speed of the motors may
be increased or decreased at the will of the operator.
It is to be understood that for normal operation that the
gas for operation of the motors will be supplied from
either one of the chambers 87 or 88 but where an addi-
tional volume of gas is required, the three-way valve 96
may be adjusted to provide gas simultaneously from both
chambers 87 and 8.

As will be seen from the above, the exhaust gas from
all of the motors is returned to the control valve 106
and leading from such control valve is a single exhaust
conduit 121 which is connected to a condenser 122. Con-
denser 122 may be of any desired type and will be
cooled by air-flow in order to condense the gas flowing
thereto through the exhaust conduit 121. If desired, fans
or other means may be employed to provide a sufficient
air flow to the condenser 122 to condense the entire
volume of gas flowing thereto through the conduit 121.

In order to provide protection against explosion or
damage due to excess gas pressure a conventional pres-
sure relief valve may be provided which will open at a
predetermined pressure to by-pass gas from the conduit
99 to the condenser 122.

A liquid return fitting 123 may be provided on the
condenser 122 and such fitting 123 may also be pro-
vided with a connection 124 for permitting convenient
charging of the system with the liquid to be vaporized
for producing the gas which is utilized to drive the motors
mounted on the wheels. Also connected to the return
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fitting 123 is a liguid return conduit 125 which is con-
nected to the intake of a liquid return pump 126. Pump
126 is driven by a gas motor 127 similar to the motors
utilized on the wheels of the vehicle and motor 127
is provided with gas through a conduit 128 connected
to the control valve 96 in the gas supply header 95.
The exhaust from the motor 127 is conducted through a
pipe 129 to the condenser 122.

A liquid return header 139 is connected between the
chambers 87 and 88 at the end opposite to the manifold
95 and the header 130 is provided with a three-way
control valve 131 provided with a valve plug 132 having
a passage 133 therein. Connected to the valve 131 is
a conduit 134 which in turn is connected to the discharge
outlet of the liquid return pump 126. It will be seen
that upon operation of the pump 126 that liquid will
be withdrawn from the condenser 122 and returned to
either or both of the chambers 87 and 88 through the
conduit 134 and liquid return header 130 depending upon
the setting of the three-way valve 131.

A storage battery 144 may be provided and serves
as a source of electrical energy for the electrical heat-
ing elements 89 and 92 disposed in the chambers 87
and 88 and also electrical energy may be obtained from
the battery 144 for operating the electric emergency
brake 110 and for any other purpose desired, such as,
lights, warning signals, and the like. If desired, a suit-
able control in the form of a rheostat or the like may
be connected between the battery i44 and the heating
elements 89 and 92 in order to control the operation
thereof. In order to partially restore the electrical energy
drained from the battery 144, there may be provided elec-
trical generators 145 and 146 mounted on the rear wheel
motor shaft and during coasting of the vehicle or running
downhill, the generators 145 and 146 will serve to par-
tially restore elecirical energy to the battery 144. Ob-
viously, the generators 145 and 146 cannot completely
recharge the battery 144 since there are numerous losses
present in the power plant and it will consequently be
necessary to recharge the battery 144 from an external
source at suitable intervals.

‘While other liquids may be employed in the chambers
87 and 88, it has been found that the most suitable
liquid for use in a vehicle of this invention is a fluoro-
carbon which has a boiling point of approximately 135°
F. and it is proposed to utilize a gas pressure obtained
by vaporizing such fluoro-carbon liquid in the chambers
87 and 88 of the order of 100 to 500 pounds per square
inch, depending upon the power requirements of the
vehicle. While, as stated, other liquids may be employed,
it has been found that fluoro-carbon is the most satis-
factory since such liquid is non-inflammable, non-toxic
and is completely stable at the temperatures and pres-
sures contemplated. The fluoro-carbon liquid is a con-
ventiondl commercially available product. Since the
power plant of this invention utilizes a completely closed
system, once the same is charged with a suitable liquid,
such as the fluoro-carbon mentioned above, no additional
liquid will be necessary except to replace any which
may be lost as a result-of leakage or as a result of
damage which may cause a loss of such liquid. Conse-

quently, the only cost of operation insofar as the supply

of power is concerned is the recharging of the battery
144. '

In operating the vehicle of this invention, it is only
necessary to energize one or both of the electrical heating
elements 89 and 92 which will result in vaporizing the
liquid within the chambers 87 and 88 and upon setting
of the valve 96 gas under the desired pressure will be
supplied from either or both of the chambers 87 and 88
to the control valve 100." Depending upon the setting of
valve 100, the gas will be supplied through the conduits
115 and 117 to drive the vehicle in a forward direction
or upon another seiting of the valve 100; gas will be
supplied to the motors through the conduits 116 and 119
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to drive the vehicle in a reverse direction. Actuation
of the accelerator pedal 101 would serve to control the
speed of the wvehicle in either direction. Regardless
of the direction in which the vehicle s travelling, gas
exhausted from the wheel driving motors will be con-
ducted from the valve 100 through the conduit 121 to
the condenser 122 within which the gas will be con-
densed and the liquid will be withdrawn from the con-
denser 122 by means of a liquid return pump 126 and
depending upon the setting of the three-way valve 131
will be returned through the liquid return- header 139
to either or both of the chambers 87 and 88. There
is thereby provided a closed system in which liquid is
vaporized, utilized for providing power and thereafter
condensed and the liquid returned to the vaporizing cham-
bers to be re-used.

It is also to be noted that while the power plant has
been described in connection with an automotive vehicle,
the same power plant or one similarly consiructed could
be utilized in other vehicles, such as, aircraft or boats,
and also such a power plant could readily be utilized
in a generating station as a prime mover or for any other
desired stationary application.

By utilizing the principles and structures described
above, a relatively small, light-weight and highly efficient
automative vehicle may be provided and one in which
operating cost and upkeep is maintained at a minimum.
Furthermore, the various units utilized in the vehicle
may be supplied as separate assemblies which may be
conveniently assembled and installed to comstruct. the
entire vehicle.

It will be obvious to those skilled in the art that vari-
ous changes may be made in the invention, without de-
parting from the spirit and scope thereof, and, therefore,
the invention is not to be limited by that which is shown
in the drawings and described in the specification, but only
as indicated in the appended claims.

What is claimed is:

1. In an automotive vehicle, a chassis comprising spaced
side members and a plurality of cross members con-
necting said side members, said side members including
elongated tubular sections closed at their opposite ends
to provide a pair of gas pressure gencrator chambers,
a liquid in each chamber, heating means for each chamber
to vaporize said liquid, a gas supply manifold connecting
said chambers, a three-way gas supply valve in said mani-
fold, a liquid return header connecting said chambers,
a three-way return valve in said header, ground engaging
wheels rotatably mounted on said chassis, a reversible
gas operated motor for independently driving each wheel,
a combined forward, reverse and throttle control valve,
a gas supply conduit from said supply valve to said. con-
trol valve, gas supply and exhaust conduits from said
control valve to each of said motors, whereby upon
operation of said supply valve and said control valve
said motors may be supplied with gas from either or both
of said chambers, a condenser, a gas exhaust conduit from
said control valve to said condenser, a liquid return pump,’
a conduit connecting the inlet of said pump and said con-
denser, a conduit connecting the outlet of said pump
and said return valve, a gas motor for driving said pump
and means for supplying said pump drive motor with
gas from said supply valve and for exhausting gas there-
from to said condenser, whereby upon selectively setting
said return valve said pump will operate to return con-
densed liquid from said condenser to either or both
of said chambers.

2. In an automotive vehicle, a chassis comprising
spaced side members and a plurality of cross members
connecting said side members, said side members includ-
ing elongated tubular sections closed at their opposite ends
to provide a pair of gas pressure generator chambers,
a liquid in each chamber, heating means for each chamber
to vaporize said liquid, a gas supply manifold connecting
said chambers, a three-way gas supply valve in said mani-
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fold, a liquid return header connecting said chambers,
a three-way return valve in said-header, ground engag-
ing wheels rotatably mounted on said chassis, a reversible
gas operated motor for independently driving each wheel,
control means for said motors, a gas supply conduit from
said supply valve to said control means, gas supply
and exhaust conduits from said control means to each of
said motors, whereby upon operation of said supply valve
and said control means said motors may be supplied
with gas from either or both of said chambers, a con-
denser, a gas exhaust conduit from said control means to
said condenser, a liquid return pump, a conduit con-
necting the inlet of said pump and said condenser, a con-
duit connecting the outlet of said pump and said return
valve, a gas-motor for driving said pump and means for
supplying said pump drive motor with gas from said sup-
ply valve and for exhausting gas therefrom to said con-
denser, whereby upon selectively setting said return valve

said pump will operate to return condensed liquid from .

said condenser to either or both of said chambers.

3. In an automotive vehicle, a chassis comprising spaced
side members and a plurality of cross members connecting
said side members, said side members including elongated
tubular sections closed at their opposite ends to -provide
@ pair of gas pressure generator chambers, a liquid in
each chamber, means to vaporize said liquid, a gas sup-

*ply manifold connecting said chambers, a three-way gas
supply valve in said manifold, a liquid return header con-
necting said chambers, a three-way return valve in said
header, ground engaging wheels rotatably mounted on said
chassis, a reversible gas operated motor for independently
driving each wheel, control means for said motors, a
gas supply conduit from said supply valve to said con-
trol means, gas supply and exhaust conduits from said
control means to each of said motors, whereby upon op-
eration of said supply valve and said control means said
motors may be supplied with gas from either or both of

said chambers, a condenser, a gas exhaust conduit from -

said control means to said condenser, a liquid return
pump, a conduit connecting the inlet of said pump and
said condenser, a conduit connmecting the outlet of said
pump and said return valve, a gas motor for driving said
pump and means for supplying said pump drive motor
with gas from said supply valve and for exhausting gas
therefrom to said condenser, whereby upon selectively
setting said return valve said pump will operate to re-
turn condensed liquid from said condenser to either or
both of said chambers. :

4.1In an-automotive vehicle, a chassis comprising spaced
side members and a plurality of cross members connect-
ing said side members, said side members including elon-
gated tubular sections closed at their opposite ends to
provide a pair of gas pressure generator chambers, a
liquid in each chamber, means to vaporize said liquid, a gas
supply manifold connecting said chambers, a gas supply
valve in said manifold, a liquid return header connecting
said chambers, a return valve in said header, ground en-
gaging wheels rotatably mounted on said chassis, a re-
versible gas operated motor for independently driving
each wheel, control means for said motors, a gas supply
conduit - from said supply valve to said control means,
gas supply and exhaust conduits from said control means
to.each of said motors, whereby upon operation of said
supply ‘valve and said control means said motors may
be supplied with gas from either or both of said cham-
bers, a condenser, a gas exhaust conduit from said con-
irol means to said condenser, a liquid return pump, a
conduit connecting the inlet of said pump and said ¢on-
denser, a conduit connecting the outlet of said pump and
said return valve, a gas motor for driving said pump
and-means for supplying said pump drive motor with gas
from said supply valve and for exhausting gas therefrom
‘to said condenser, whereby upon selectively setting said
return valve said pump will operate to return condensed
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liguid from -said condenser to -either -or both -of said
chambers. )

3. In an automotive vehicle, a chassis comprising spaced
side members and a plurality of cross members connecting
said side members, said side members including elongated
tubular sections closed at their opposite ends to provide
a pair of gas pressure gemerator chambers, a liquid in
each chamber, means to vaporize said liquid, a gas supply
manifold connecting said chambers, a gas supply valve
in said manifold, a liquid return header connecting said
chambers, a return valve in, said header, ground engag-
ing wheels rotatably mounted on said chassis, a reversible
gas operated motor for independently driving each wheel,
control means for said motors, a gas supply conduit from
said supply valve to said control means, gas supply and

-exhaust conduits from said control means to each -of

said motors, whereby upon operation of said supply valve
and said control means said motors may be supplied with
gas from either or both of said chambers, a condenser, a
gas exhaust conduit from said control.means to said con-
denser, and means to return liquid from said condenser
through said return header to either or both of said
chambers. -

6. In an automotive vehicle, a chassis comprising
spaced side members and a plurality of cross members
connecting said side members, said members including at
least two elongated tubular. sections closed at their oppo-
site ends to provide a pair of gas pressure generator
chambers, a liquid in each chamber, means to vaporize
said liquid, a gas supply manifold connecting said cham-
bers, a gas supply valve in said manifold, a liquid return
header connecting said chambers, a return valve in said
header, ground engaging wheels rotatably mounted on
said chassis, a reversible gas operated motor for independ-
ently driving each wheel, contro! means for said motors,
a gas supply conduit from said supply valve to said con-
trol means, gas supply and exhaust conduits from said
control means to each of said motors, whereby upon
operation of said supply valve and said control means
said motors may be supplied with gas from either or
both of said chambers, a condenser, a gas exhaust con-
duit from said control means to said condenser and means
to return liquid from said condenser through said header
to either or both of said chambers.

7. In an automotive vehicle, a chassis comprising
spaced side members and a plurality of cross members
connecting said side members, at least one of said mem-
bers including an elongated tubular section closed at its
opposite ends fo provide a gas pressure generator cham-
ber, a liquid in said chamber, means to vaporize said
liquid, ground engaging wheels rotatably mounted on
said chassis, a reversible gas operated motor for inde-
pendently driving each wheel, control means for said
motors, a gas supply conduit from said chamber to said
control means, gas supply and exhaust conduits from
said control means to each of said motors, a condenser,
a -gas exhaust conduit from said control means to said
condenser, .and means to- return liquid from said con-
denser to said chamber.

8.-In a vehicle, a frame, said frame including at least
two eclongated  tubular sections closed at their opposite
ends to provide a pair of gas pressure generator cham-
bers, a fluorocarbon liquid in each chamber, an elec-
trical heating element in each chamber, a source of elec-
trical energy for energizing said heating ‘elements. to
vaporize said liquid, a gas supply manifold. connecting
said chambers, a three-way gas supply valve in said mani-
fold, a liquid return header connecting  said chambers,
a three-way return valve in said header, a reversible gas
operated motor for driving said vehicle, a combined for-
ward, reverse and throttle control valve, .a gas supply
conduit from said supply valve to said confrol valve, gas
supply ‘and exhaust conduits from said control valve ‘to
said motor, ‘whereby upon operation of -said supply valve
and-said control valve said motor may be supplied. with
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gas from -either-or both of daid ‘chambers,-a condenser,
a gas -exhaust conduit from -said control valve to:said
condenser, a liquid return :pump, ‘a conduit :connecting
the inlet of ‘said pump and -said -condenser, a ‘conduit
connecting the outlet of 'said pump and said return valve,
a gas motor for driving said. pump and means for supply-
ing said pump drive motor with-gas from-said supply
valve and for exhausting gas therefrom:to said condenser,
whereby upon selectively sétting -said’ return valve said
pump will operate to return- condensed liquid from.said
condenser to either or both of said chambers.

9. In a vehicle, a frame,-said frame.including at least
two elongated -tubular sections closed ‘at their - opposite
ends to provide a pair of gas préssure generator cham-
bers, a liquid in each chambeér, an electrical heating ele-
ment in each chamber, a source of electrical energy for
energizing said ‘heating elemenis to vaporize said liquid,
a gas supply manifold ¢onnecting said chambers, a three-
way gas supply valvé in-said ‘manifold, a -liquid return
header connécting said chambers, a three-way return
valve in said header, a reversible gas operated motor for
driving said vehicle, a combined -forward, reverse and
throtile control valve, a gas supply conduit from said
supply valve to said control valve, gas supply and ex-
haust conduits from said control valve ‘to 'said motor;
whereby upon operation of said supply valve and said
control valve said motor may be supplied with .gas from
either or both of said chambers, a condenser,-a gas €x-
haust conduit from said control valve to said condenser,
a liquid return pump, a conduit connecting the inlet of
said pump and said condenser, a conduit connecting the
outlet of said pump and said return valve, a. gas motor
for driving said pump and means for supplying said pump
drive motor with gas from said supply valve and for ex-
hausting gas therefrom to said condenser, whereby upon
selectively setting said return valve said pump will oper-
ate to return condensed liquid from said-condenser to
either or both of said chambers. - .

10. In a vehicle, a frame, said frame including at least
two elongated tubular sections closed -at their opposite
ends to provide a pair of .gas pressufe.generator .cham-
bers, a liquid in each chamber, means to vaporize said
liquid, a gas supply manifold connecting said chambers,
a three-way gas supply valve in said manifold, a liquid
return header connecting said chambers, a three-way re-
turn valve in said header, a reversible:-gas operated motor
for driving said vehicle, a combined forward, -reverse
and throttle conmtrol valve, a .gas supply conduit from
said supply valve to said control valve, gas supply and

~exhaust conduits from . said control valve to said motor,
whereby upon operation of said ‘supply valve and said
control valve said motor may be supplied with -gas/from
either or both of said chambers, a condenser, a gas ex-
haust conduit from said control valve to said condenser,
a liquid return pump, a conduit connecting the inlet of
said pump and said condenser, a conduit connecting the
outlet of said pump and said return vélve, a gas motor
for driving said. pump and means for supp.ying said
pump drive motor with gas from said supply ‘valve ‘and
for exhausting gas therefrom to said condenser, whereby
upon selectively setting said return valve said pump will
operate to return condensed liquid from sa1d condenser
to either or both of said chambers.

11. In a vehicle, a frame, said frame including at least
two elongated tubular sections closed at their opposite
ends to provide a pair of gas pressure generator cham-
bers, a liquid in each chamber, means to vaporize said
liquid, a gas supply manifold connecting said chambers,
a gas supply valve in said manifold, a liquid Teturn
header connecting said chambers, a return valve in said
header, a reversible gas operated motor for driving said
vehicle, a combined forward, reverse and throttle con-
trol valve, a gas supply conduit from said supply valve
to said control valve, gas supply and exhaust conduits
from said control valve to said motor, whereby upon op-
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10

eration of said-supply :valve -and 'said control ‘valve ‘said

. motor :-may be supplied with gas-from either or:bothof

said chambers, a condenser, 2 gas exhaust conduit' from
said control valve to isaid condénser, a liquid -return
pump, a conduit connecting the -inlet of said pump and
said condenser, a conduit connecting the outlet of said
pump and said return valve, a gas'motor for driving said
pump and means for supplying said pump drive. motor
with gas from said supply valve.and for exhausting gas
therefrom to said condenser, whereby upon. selectively
setting said return valve said pump will operate to return
condensed liquid from said condenser to either or both
of said chambers.

12. In a vehicle, a fraime, said frame including-at least
two elongated tubular sections closed at their opposite
ends to provide a: pair of gas pressure generator cham-
bérs, a liguid 'in each chamber, means to vaporize ‘said
liquid, a gas supply ‘manifold connecting said chambers,
a gas supply valve in said manifold, a liquid return head-
er connecting said chambers, a return valve in said head-

er, a reversible :gas operated motor for driving said ve- -

hicle, control means. for said moter, a gas supply con-
duit from said supply valve to said control means, gas
supply and exhaust conduits from said control means to
said motor, whereby upon opération of said supply valve
and said control means said motor may be supplied with
gas from either or both' of said chambers, a condenser;
a gas exhaust conduit from said control means to said
condenser, a liquid return pump, a conduit connecting
the inlet of said pump and said condenser, a conduit con-
ecting the outlet-of said pump and said return valve, a
gas motor for driving said pump and means for supply-
ing said pump -drive motor with gas from said supply
valve and -for exhausting gds therefrom to said condenser,
whereby -upon selectively -setting said ‘return valve - said
pump will-operate -to return ¢ondensed liquid from said
condenser to either or ‘both of-said chambers.

13. In-a vehicle,-a frame, said frame incliiding at least
two ~elongated tubular .sections closed -at their opposite
ends to .provide a -pair of -gas pressure -generator cham-
bers, -a -liquid in -each -chamber, means to vaporize said
liquid, -a gas supply manifold connecting said chambers,
a gas supply valve in said-manifold, a liquid return head-
er connecting said chambers, a return valve in said head-
er, a reversible gas operated motor for ‘driving said ve-
hicle, control means for ‘said motor, -a gas supply con-
duit from said supply valve to -said ‘control -means, :gas
supply and exhaust conduits -from said control means ‘to

- said motor, whereby upon-operation of said supply valve

and said control ‘means-said motor may be supplied with
gas from either or both of said chambers, a condenser,
a ‘gas ‘exhaust conduit from said control means to said
condenser- and meéans to -return liquid from -said ' con-
denser through -said 'header -to -¢ither or both of said
chambers.

14, In a power -plant at least two -elongated tubular
members closed at ‘their opposite ‘erids to provide a -pair

-of -gas pressure generator chambers, -a fluorocarbon lig-

uid-in each chambér, ‘an eléctrical -heating -elemént ‘in

.each chamber, a source of electrical energy for ener-

gizing said heating elements to vaporize said liquid, a
gas supply manifold connecting said chambers, a three-
way gas supply valve in said manifold, a liquid return
header connecting said chambers, a three-way return
valve in said header, a gas operated motor providing a
prime mover, a throttle control valve, a’ gas supply con-
duit from said supply valve to said control valve, a gas
supply conduit from said control valve to said motor,
whereby upon operation of said supply valve and said
contro] valve said motor may be supplied with gas from
either or both of said chambers, a condenser, a gas ex-
haust conduit from said motor to said condenser, a lig- -
uid return pump, a conduit connecting the inlet of said
pump and said condenser, a conduit connecting the out-
let of said pump and said return valve, a gas motor for



2,9 18;982

11
driving said pump and means for supplying said pump
drive motor with- gas from said supply valve and for ex-
hausting gastherefrom to said. condenser, whereby upon
selectively setting said return valve said pump will op-
erate to return condensed liquid from said condenser
from either or both of said chambers.

15. In a power plant at least two elongated tubular
members closed at their opposite ends to provide a pair.
of gas pressure generator chambers, a liquid in each
chamber, an electrical heating element in each cham-
ber, a source of electrical energy for energizing said heat-
ing elements to vaporize said liquid, a gas supply mani-
fold connecting said chambers, a three-way gas supply
valve in said manifold, a liquid return header connect-
ing said chambers, a three-way return valve in said head-
er, a gas operated motor providing a prime mover, a
throttle control valve, a gas supply conduit from said
supply valve to said control valve, a gas supply conduit
from said control valve to said motor, whereby upon op-
eration of said supply valve and said control valve said
motor may be supplied with gas from either or both of
said chambers, a condenser, a gas exhaust conduit from
said motor to said condenser, a liquid return pump, a
conduit connecting the inlet of said pump and said con-
denser, a conduit connecting the outlet of said pump
and said return valve, a gas motor for driving said pump
and means for supplying said pump drive motor with gas
from said supply valve and for exhausting gas therefrom
to said condenser, whereby upon selectively setting said
return valve said pump will operate to return condensed
liquid from said condenser from either or both of said
chambers.

16. In a power plant at least two elongated tubular
members closed at their opposite ends to provide a pair of
gas pressure generator chambers, a liquid in each cham-
ber, means to vaporize said liquid, a gas supply manifold
connecting said chambers, a three-way gas supply valve
in said manifold, a liquid return header connecting said
chambers, a three-way return valve in said header, a gas
operated motor providing a prime mover, a throttle con-
trol valve, a gas supply conduit from said supply valve to
said control valve, a gas supply conduit from said control
valve to said motor, whereby upon operation of said sup-
ply valve and said control valve said motor may be sup-
plied with gas from either or both of said chambers, a
condenser, a gas exhaust conduit from said motor to said
condenser, a liquid return pump, a conduit connecting the
inlet of said pump and said condenser, a conduit connect-

ing the outlet of said pump and said return valve, a gas-

motor for driving said pump and means for supplying said
pump drive motor with gas from said supply valve and for
exhausting ‘gas therefrom to said .condenser, whereby
upon selectively setting said return valve said pump will
operate to return condensed liquid from said condenser
from either or both of said chambers.

i17. In a power plant at least two elongated tubular
members closed at their opposite ends to provide a pair
of gas pressure generator chambers, a liquid in each

chamber, means to vaporize said liquid, a gas supply
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mamfold connecting said chambers, a gas supply valve
in said manifold, a liquid return header connecting said
chambers, a return valve ‘in said header, a gas operated
motor providing a prime mover, a throttle control valve,
a gas supply. conduit from: said supply valve to.said con-
trol ‘valve, a gas supply conduit from said control valve
to said .motor,. whereby ‘upon operation of said supply
valve and said control valve, said motor may be supplied
with gas from .either or both of said chambers, a con-
denser, a gas exhaust conduit from said motor to said
condenser, a liquid return pump, a conduit connecting the
inlet of said-pump and said condenser, a conduit connect-
ing the outlet of said pump and said return valve, a gas
motor for driving said pump and means for supplying
said pump drive motor with gas from said supply valve
and for exhausting gas therefrom to said condenser,
whereby upon selectively. setting said return valve said
pump will operate to return condensed liquid from said
condenser to either or both of said chambers.

18. In a power plant at least two elongated tubular
members closed at.their opposite ends to provide a pair
of gas ‘pressure generator chambers, a liquid in each
chamber, means to vaporize said liquid, a gas supply
manifold connecting said chambers, a gas supply valve
in said manifold, a liquid return header connecting said
chambers, a return valve ‘in said header, a gas operated
motor providing a prime mover, a throttle control valve,
a gas supply conduit from said supply valve to said con-
trol valve, a gas supply conduit from said control valve
to said motor, whereby upon operation of said supply
valve and said control valve said motor may be supplied
with -gas from either or both of said chambers, a. .con-
denser, a gas exhaust. conduit from said -motor to said
condenser and means to return liquid from said con-
denser through said header to either or both of said
chambers.
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