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To all whom it may concerm:
. Beit known that I, CHARLES S. BRADLEY, a

citizen of the United States, residing at Avon, |
in the county of Livingston and State of New |

York, have invented certain new and useful
Improvements in Utilization of Liquefied Air

in the Production of Mechanical Energy, of

~which the following is a specification.
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‘delivered to an engine.

This invention relates to improvements in
fluid-pressure engines, and has especial ret-
erence to the utilization of liquefied air in the
production of mechanical energy.

When liquefied air is confined in a recep-
tacle and allowed to absorb heat without ex-

pansion until an ordinary temperature—say

15° centigrade—is reached, the pressure at-
tained and the ratio of expansion required fo

reduce it to substantially atmospherie pres-

sure will be far too great to be utilized inany
usual construetion of expansion-engine and

its use would in any case be dangercus and
To avoid this difficulty, I use the |

difficult.
liquefied air only or mainly as a refrigerating
agent for another fluid - pressure medium
which is used as the direct motive agent.
Thus gaseous air may be refrigerated by con-

tact with or preferably by conductive trans-
mission of heat to the liquefied air or to the |
air evaporated therefrom, and the air thus

refrigerated may be compressed by a pump
and then heated in any suitable manner and
The thermodynamic

eycle may be completed by allowing the ex-

haust-air from the engine to pass again to the |

refrigerator, the heater, engine, refrigerator,

and pump being thus connected in circult, or
such exhaust-air may be allowed to escape.

In any case the maximum pressure may by
the above manner of operation be setat any
convenient amount, and the drop in temper-
ature, and consequently the ratic of expan-

sion, can also be reduced to convenient limits .

by proportionate increase of the quantity ol 1
| air to the exhaust-pipe from the vent-pipe.

air used as the direet motive agent compared
to the quantity of refrigerating agent.

A farther feature of my invention is the
maintenance of the liquid-air supply at sub-

stantially atmospheric pressure and the in-
troduetion of same into the motor system |

withoutthe useof anyspecialinjecting-pump.

| such refrigerator or the heat-absorbing side

thereof being at substantially the same pres-
sure as the liguid-air reservoir. To thisend
it is desirable to use a refrigerator of the sur-
face-condenser type and to supply the liquid

air or the vapor thereof to the refrigerator

out of contact with the motive medium.
The accompanying drawing represents an
embodiment of my invention wherein the mo-
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tive fluid operates in a closed ecycle, the ex-

|
|

haust-air being returned to the refrigerator

to be used over again. |
- In sueh drawing, a represents the tank for

liguefied air, and b a pipe leading therefrom

to the refrigerator ¢. A valve d controls the

passage of the liquid air through pipe 6. The

refrigerator-tank ¢ may be of any construc-
tion usual for analogous apparatus, but 18
preferably of the surface-condenser type.

The form shown has a heat-absorbing side
‘comprising a plurality of tubes e, connecting
end spaces f f, and a heat-delivering side con-

stituted by thespace surrounding these tubes.

| The heat-absorbing side is connected at oppo-
site ends, respectively, to the liquid-air tank

aand to a vent-pipe ¢g.  That portion /i of the
refrigerator which surrounds tubes e is con-
nected by pipes 2 j, respectively, to the ex-
haust of engine or air-motor % and to the ad-
mission-point or valve-chest of apump /. A
heater m of similar construction to the re-

{ frigerator, but smaller, has its heat-absorbing

side connected at opposite ends by pipesn 010
thedelivery-outlet of pump/and tothe admis-
sion-point or valve-chest of air motor or en-

|-gine 4. The heat-delivery side of this heater

is connected at opposite ends, respectively,
to the blower or artificial-draft apparatus p
and to the outer air. A pipe connection ¢ is

‘'shown between exhaust-pipezand vent-pipeg,
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such connectionincludingan antomaticvalve

», which when the difference of pressure in
such pipes exceeds a certain amount admits

Valves s # # 4 may also be provided, respec-. .

tively, in such connection .in the vent-pipe,
in the exhaust-pipe, and in the pipe », lead-
ing to the heater m from the pump{. A pipe
connection w, with a valve «, is also shown

leading from liquid-air-supply pipe 0 to the

The liquefied air may flow to the refrigerator pump-delivery pipe n.  All pipes and parts
by gravity or by slight expansion-pressure,

containing ligquefied or very cold air are

ICO
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sheathed or insulated by snitable heat-insu-
lating material y except pipe n, which is
shown bare, as the absorption of heat there-
by 18 advantageous. |

- The eugine. £ and pump [ are preferably
connected together mechanically in any suit-
able manner, as by being connected to a main
shatt z, which also drives the blower p.

It will be understood that the pump [ is of

smaller capacity—for example, has a smaller
piston—than engine %, as it acts upon the air
in a less expanded condition.

Theoperation of theapparatusisas follows:
The tank a is charged with liquefied air, {rep-

resented at 1,) the said tank being left open

at the top, as indicated at 2, so that the air
is free to evaporate, and thus accumulation
of pressure in the tank is prevented. The

valve d being opened, liquefied air passes |

from tank a to refrigerator ¢, the quantity of
liquid admitted being sufficient to reduce the
refrigerator to the proper degree of cold and
to maintain it at that point.
the liquid air may take place wholly at the
point where it leaves pipe b, or the liquid may
be allowed to accumulate in the refrigerator,
as indicated at 3. In case of small loads, re-
quiring only a small difference of pressuare,
the system will operate as soon as the refrig-
erator 18 thus cooled, provided that valve s is
closed, so that a vacuum may be produced
In the connection between the exhaust of the
engine and the admission-valve of the pump.
The piston of the engine being larger than
that of the pump, the apparatus will be set
In motion, provided that the load is not too
heavy, and on such light loads the machine
will continue to operate as follows: The cold
air passing from the pump through pipe » is
heated and expanded in the heater m, it be-
ing understood that the word ‘“heated” is
here used in a relative sense, since the heat-
ing apparatus shown would only heat it to
about atmospheric temperature. If desired,
however, special means of any kind may be
provided for heating the heater and the air
passing through same to any desired extent
above atmospheric temperature. The heated
or warmed air passes through the engine I,
which 18 provided with the usual valve mech-
anism to cut off and expand the air, the air
during its admission and expansion in the
engine developing the certain amount of me-
chanical energy which is applied to the shaft
2. 'The air is cooled in thus expanding, and
it then passes to the heat-delivery side of. the
refrigerator ¢, where it is further cooled by
the absorption of heat therefrom by the liq-
uid air or by the cold air evaporated from
such liquid air. Inthus cooling it contracts,
and 1t passes in this contracted condition to
the pump /, which pumps it back to pipe n,
absorbing in this operation a certain amount
of mechanical energy, which is less than the
amount of energy furnished by the engine
k. The energy which is not expended in the

="

KEvaporation of

< ' 790,778

be utilized for any purpose. It will be ob-
served that the system would be operative if

i the pipe n were opened to the outer air, as by

a valve 4, or were omitted altogether; but I

prefertoconnect the delivery end of the pump

to the heater, as shown, so that the same air
1s used over and over agaim, thus avoiding
trouble due to condensation of moisture. To
increase the capacity of the system, it is de-
sirable that the fluid-pressure delivered to
the engine should be of some considerable
amount, and to this end I may provide any
suitable means, such as a hand-pump, (indi-
cated at 5,) for accumulating pressure in the
pressure end of the apparatus. A more con-
venient way of acecomplishing the same result
18, however, to admit a definite amount of
liquid air to the pipen, as by the valve «, the
valve then being closed and the air being al-
lowed to evaporate and produce pressure in
the heater. |

After the engine is once started the pres-
sure in the heater may be regulated by ad-
mitting air at valve s to the *“vacuum?” side
of the instrument, it being clear that the
greater the pressure or the less the vacuum
of the air-that passes to the pump the greater
will be the pressure of the air delivered from

the pump. This regulation may be effected

automatically by the valve r, which admits
alr from the atmosphere or from the vent-pipe
g to the vacuum side of the system when the
vacuum falls below a certain amount, the
heat-absorbing side of the refrigerator con-
stituting a vacuum-chamber which commu-
nicates by a connection including pipe ¢ and
g and valve r» with a part of the system Dbe-
tween the exhaust of the engine and the in-
take of the pump—that is, with the low-pres-
sure side of the system. Thusassuming that
the pump and the engine have expansion and
compression ratio of thirty, then if the en-
gine be started with the valves s ¢ closed and
a pressure of one atmosphere (fifteen pounds
per square inch) in the heater the action of
the pump will draw air from the refrigerator
until the pressure therein is reduced to one-
half pound persquare inch. Then by admit-
ting air at s ¢ the pressure in the refrigerator
may be raised to any desired extent—say to
five pounds per square inch—and if valve 4
be closed the pressure will correspondingly
increase in the heater to about one hundred
and fifty pounds per square inch, and by
proper adjustment of regulator » this pres-
sure may be maintained, a safety-valve 6 be-
1ng provided to relieve any excess of pressure
over this amount.

The quantity of air passing through the en-
gine during a given time in the operation of
this system may be greater in any desired
proportion than the quantity of air evapo-

| rated from the liquefied air during the same

time, with the result that while the range of
working temperature is decreased the work-
1Ing capacity of the system may be greatly in-

pump /, in the blower p, and in friction may | creased.
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Inasmuch as the power of this engine de- | pressure partof the eircuit to admit air there-
to, and means responsive to excess of pressure

pends on the confraction of the working air
by the liquefied air before it passes into the
pump, the apparatus may be considered as
utilizing this contraction of the gaseous air
to produce mechanical energy.

Having thus described my invention, what

I claim as new therein, and desire to secure by

Letters Patent, is— _
1. An apparatus for the production of me-

chanical energy comprising an expansion-en-

gine adapted to operate by the expansion of
a gaseous medium, a refrigerator into which

‘said engine exhausts, a pump connected to

said refrigerator to draw the gaseous medi-

nm therefrom, a source of liquid air con-

nected to said refrigerator to cool the gaseous

medium, heating means for passing atmos-

pheric air in heat-conductive relation to the
gaseous medium after it leaves the pump,
and a communiecation for leading the gaseous
medium from such heating means to the ex-
pansion-engine. | |

2. Anapparatus for the utilization of lique-
fied air in the production of mechanical ener-
¢y comprising a heater, an expansion-engine
having its admission side connected thereto,

a refrigerator connected to the exhaust of

stuch expansion-engine, a pump having its in-

take connected to such refrigerator, liquid-

air-supply means for supplying liquid air to

1]

at the high-pressure part of the system fo re-

move air therefrom, and means for supplying

liguid air to the refrigerator, out of contact

with the motive medium. | o
4. An apparatus for the utilization of lique-

fied air in the production of mechanical ener-

oy, comprising a source of liquid air, an ex-
pansion-engine and a pump, a refrigerator
havingaheat-delivering side connected to the
exhaust side of said engine and to the intake

i of the pump and a heat-absorbing side con-

such refrigerator, and a connection from the !

liguid-air-supply means to the expansion-en-
oine. | |
o

3. Anapparatus forthe utilization of ligne-

fied airin the produection of mechanical ener-
oy, comprising a heater,an expansion-engine,
a refrigerator of the surface-condenser type

and constituting a vacuum-chamber and a
pump, all sach parts being connected in a.

closed cirecuit and containing gaseous air as
a motive medium, a valve connected to the
vacuum-chamber and provided with control-
ling means tending to hold it closed against
the pressure of the external air and respon-
sive to a deficiency of pressure at the low-

nected to the source of liguid air, a connec-
tion including a valve, leading from the heat-

absorbing side of the refrigerator to a point
in the system between the exhaust of the en-

gine and the intake of the pump, a heater
connected to the ontlet of the pump and to
the inlet of the engine. - o

- 5. Anapparatus for the utilization of ligue-
fied airin the production of mechanical ener-
oy, eomprising an expansion-engine, a refrig-
erator into which said engine exhausts, a

pump connected to said refrigerator to draw

air therefrom, and a source of liquid air ex-
posed to the atmosphere so as to be at atmos-
pheric pressure, and having asupply connec-
tion leading to said refrigerator.

6. Anapparatus for the utilization of ligue-

fied air in the production of mechanical ener-

gy, comprisinga heater, an expansion-engine,
a refrigerator of the surface-condenser type,
and a pump, all such parts being connected
in closed circuit and containing a gaseous mo-
tive medium, and means for supplyingliquid
air to the refrigerator, out of contact with the

motive medium, such means comprising a
liquid-air-supply tank communicating with

the atmosphere so as to be at atmospherie
pressure. -

CHARLES 8. BRADLEY.

- Witnesses: |
M. V. BIDGOOD,
A. P. ANIGHT.
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