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UNITED STATES

-

JAMES J. MCTIGHE, OF

PITTSBURG, PENNSYLVANIA.

METHOD OF TRANSFORMING HEAT ENERGY INTO MOTIVE POWER.

S?EGIFIGATION forming part of T.etters Patent No. 411,805, dated September 24,1889,
| Application fled May 13,1889, Berial Neo. 310,631, (Ko model)

To all whom it nmway conceriv: |

Be it known that I, James J. McTIGHE, a
oitizen of the United States, residing ab Pitts
burg, in the county of Allegheny an d State of
Pernsylvania, have invented certain new and
useful Improvements in a Method of Trans-
forming Heat Energy 1o Motive Power;
and I do hereby declare the following 10 be &
full, clear, and exact deseription of the 1n-
vention, stich as will enable others skilled in
the art to which it appertains to make and
use the same. |

My invention relates to a novel methoed of
transforming the potentiai energy of heat

into motive power, whereby the energy stored
be utilized |
- MOore vapor.

in the ordinary form of fuel may
ander. econditions of high efficiency. Ior a
_ manner 1n
which this transformation can be effected 1
deem it proper to lay downsome well-known
principles. | - .

Tipst, If air at ordinary atinospheric press-

“ure be heated, it willgain in potential energy,

or, in other words, its pressurc will be 1n-
creased, and the rapidity of inerease of press-
are is in.proportion to the speed of the rise
in temperature. If air be Lrst compressed
and then heated, there will

markable gain in pressure, but.a large rela-

tive economy in the heat needed to increase

the temperature.

- Second. If the heateﬂ air he eooled, it will

lose the pressure due to its former high tem- |

X

perature, and the rapidity of this decrease o1

pressure will bs in direct ratio with thespeed |
 to its own vapor or to a superincumbent at-

of the fall of temperature. -

Third. Vapors,if healed considerably above
the point of saturation, are practically sub-
ject to the same laws of expansion as air or

oas.

T mourth. Air and other gases practically
hold toward vapors the place of vacua—i. &, 1
a given space 18 capable of containing a cer-

tain quantity of vapor, no matier whether it
be already occupied by a gas or bhe a perfect
vacuum.

Fifth. According to Dalton’s law, the
amount of vapor which
receive depends solely on the temperature
which the vapor will have when it occeupies
said space, irrespective of any gas which may
already occupy the same. A vessel of theca-

other words,

be not only a re- |

 vessel containing air or other

pacity of one cubic oot ean hold only a single
cubie foot of water or sand; but 1f a vapor
be heated enough the same vessel can receive
and eontain as much vapor as would expand
into an indefinite number of cubic feet, if not

| prevented by the walls of the vessel.  In
the density and tension of a va- .
and the

nor depend solely on 1ts temperature

' volume of space occupied by 1t.

Sixth. The capacity of air for absorbing
vapor dependsonthe temperature of the alr—

If the air lose heat, it deposits
vapor as dew. 'The degree of temperature at
which it deposits dew. is its point of satura-
tion—i. ., at that temperature 1t can hold no

Seventh: Airin expanding against resist-
ance occupies a greater space and falls in
temperature; hence, if the capacity for va-
por of the increased volume do not increase
Th exact inverse ratio with the loss of capacity

for vapor of the air, due 10 the fall of tem-
| perature, some of the vapor contained in the

air will be deposited as dew; hence, algo, if
the temperature of the air be sustained dur-
ing expansion not only no dew will be de-
nosited, but the eapacity tor absorbing vapor

will be increased.

Eighth. Vapor condensing to dew gives up

its latent heat of vaporization to any body in

{ contact with 1t.

“Ninth. A liguid will have its boiling-point
raised if the pressure on its surface be 1n-
creased, whether such pressure be that due
mosphere of gas or other vapor.

Tenth. 'The vapor arising from a liguid has

6o

| the higher the temperature, the more vapor -
it absorvs.
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approximately the temperature of the liquid

itself,and may thus serve asa carrier of heat
from the liquid to a cooler body.
Kleventh. The pressure on the walls of a
' oas and one or
more vapors is the sum of the pressure of ail
caseous bodies and vapors within the vessel.
Twelfth., The compression of alror gas pro-

duces heat, while the eompression of a satu-

any certain space can | rated vapor coincident with a reduction of
| its volume reduces it to the formn

if continued, to the form of liquid.

of mist and,

Thirteenth. The contact between the par-
ticles of .air and an absorbed vapor is 80 in-

100



) | 411,505

timate that it may practically be said to be a |

contact between the smallest particles—1. e.,

between the respective molecules. _
Fourteenth. If-while in such molecular con-

tact the vapor be either heated or cooled, the
heating or cooling effect produced on the ajr
will be practically instantaneous throughout

- the entire mass of the air.

10O

I5

Fifteenth. Air is heated very readily by
contact with a hot body of some kind, scarcely
at all by radiation, and only very slowly by
conduction. Consequently the heating of a
body of air will reach its maximum rapidity

when its every molecule is in contact with a

hot body.

Sixteenth. The moreminutely the heating

" or cooling body is divided the greater will be

20

its heating or cooling surface. A cube con-
taining .a pound- of water is about three
inches each way, giving an external surface

- offifty-foursquareinches. Dividedinto drops
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.01 of an inchin diameter, it will make about .

fifty million drops, each having a surface of
00031416 square inch, thus giving & total
heating or cooling surface of about fifteen
thousand and seven hundred square inches,
or about one hundred and ten square feet.

Seventeenth. A fortiori, the surface pre- .

sented by the thousands of millions of mole-
cules of a poundof water in the state of mist
Or vapor is enormously greater than and, in
fact, may be said to be infinite compared
with that of the same water in mass.
Eighteenth. When this mist or vapor re-
turns to the state of liquidity, the cnormous
heating-surface practically vanishes.
Nineteenth. Water evaporates rapidly
when wind blows across its surface, and of
course 1t will evaporate very rapidly if it be
cast in a minutely-divided condition—such
as a fine spray—into a body of air.-
Twentieth. Different liquids have different

“boiling-points, and a mixture of two liquids
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may be made such that in a closed vessel one
will boil and vaporize before the other, and

thus reacting by its pressure raise the boil-

ing-point of that other. |
Twenty-first. The cooling-surface of aspray

of cold liquid is very much greater than when

the liquid stands together as one body, and in
returning to thiscondition the cooling-surface

practically vanishes.

T'wenty-second. The vapor that arises from
any liquid below the temperature of its boil-
Img-point is considered as a gas; it is called
steam only when its pressure is equal to or
above that of the superincumbent atmos-
phere. In other words, steam is the vapor that
rises from a liquid in a.condition of boiling.

My invention is based upon the foregoing
principles; and it consists, fundamentally, in
the method of converting the heat energy of
fuel into the potential energy of air or other
gas and vapor, and, further, in the particular
steps of the method, all substantially as here-
inafter fully deseribed and el&im?d.

In the accompanying drawing, which forms
part of this specification, the figure is an ex-
planatory diagram, illustrating my invention
graphically. -

I use a heater of any suitable type—such
as, for instance, the form designated by 1,
having the furnace 2. I takean ordinary cyl-
inder 3, having a1
nected to the driving-shaft in the usual man-
ner. ‘I'ne ends of the cylinder are closed by
the globular heads 8 and 9, respectively..

In suitable proximity to the cylinder so as
to be controlled by the shaft, I locate a hot-
water pump 10 and a cold-water pump 11,
whose respective plungers are

piston 4, whose rod 5 is con-

operated by

70
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eccentrics on the shaft.” Each pump has an

inlet and an outlet at each end, and is pro-
vided with the usual check-valves. A pipe
12 connects the lower part of heater 1 with
the two inlets of hot-water pump 10, whose
outlets are connected by the respective pipes
L3 and 14 to the globular heads 8 and 9, as

shown, and terminate inside in suitable spray- -

nozzles 15 and 16. A pipe 17 connects the

i outlet of a hot-water cooler 18, with the two

inlets of the cold-water pump 11, whose out-
lets are connected by the respective pipes 19
and 20 to the globular heads 8 and 9, as
shown, and terminate in suitable Spray-noz-
zles 21 and 22. ‘I'he inlet 23 of cooler 18 has
a connection 24 branching to the two respect-
1ve three-way cocks 25 and 26.

heads 8 and 9, and are adapted to be con-

nected to a pipe 27, leading back by gravity

to heater 1, according to the position of the
parts, which is automatically effected by
mechanism of suitable character connected
with the shaft. Now let it be suppoesed that
the apparatus, including pumps, cylinder,
heater, cooler, and connections, is so charged
with air under pressure that there are twen by
atmospheres behind the piston, or, say, three
hundred pounds per square inch, and ten at-

mospheres ahead of it, or one hundred and
Assuming that. the initial
‘movement to be given piston 4 isto bein the

fifty pounds.

direction of its arrow, (to the right,) the shaft-
connections will be such as to move the pis-

‘ton of the hot-water pump 10 to the left and

that of the cold-wa‘er pump 11 to the right.
Fire being started under the heater 1, the
contained water can be safel— raised under
said pressure to a temperature of atleast 350°
Fahrenheit without boiling. Suppose the
proportions are such that the cylinder con-
tains one pound of air on each side of the
piston, and that the pumps 10 and 11, respect-
1vely, spray into it one pound.of hot weter

. These cocks
_are conmnected, respectively, to the globular

Q0
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behind the piston and one pound of cold water

ahead of it at each stroke. Now,as the piston
moves to the right pump 10 sprays water at

said temperatureof 350° into globular head 8.

and pumpllsprayscold waterinto theglobular
head 9.

The hot-water spray heats by dirvect
- contact nearly every particle of the air be-
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hind the piston, and does so ata speed which
is very rapid.

surface of the numberless drops of hot water
at a very high rate of speed, and this vapor,

being yet of about the same temperature as |

the hot water, assists by its molecular contact

in making the heating of the air practically

- instantaneous. Now, applying the formula
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for common temperature of a mixture of

fluids of different temperatures—viz., M>S

(T —2) =M’S'(z—1"), in which MM’ are the
weights, S8’ the respective specific heats,
T’ the temperatures, and x the resultant
temperature, we find, supposing the air to be
at 100° Fahrenheit, that it is instantaneously

heated to a resultant temperature of 315°.

| hundred pounds. The mean resistance ahead

This heating of the alr ena- |
bles it to absorb hot vapor from the immense

At this temperature the pressure of the air

has increased about forty per cent. above its
initial pressure, this being, as before stated,
three hundred pounds. -The pressure will
now be four hundred and twenty pounds per
square inch. To this must be added, as &

working element, the pressure of the vapor |

absorbed by such heated air, which at sald
common temperature of 3815° is nearly one
hundred pounds per square inch, thus, mak-
ing a total initial pressure behind the pis-
ton of five hundred and twenty pounds per
square inch.
will then be the difference between this and
the pressure ahead of the piston. There-
fore, the resultant initial pressure will be
about 520 —150=370 pounds per square inch.
Under this pressure the piston moves for-
ward, and the loss of .pressure due 1o the
loss of heat consequenl on expansion. as

the piston moves is, by a complex series
condensations of the vapor and re-evapora-

heat of vapor to the air, partly compensated.

At the same time in front of the piston the

cold spray is entering and cold vapor 18 being

" absorbed, and therefore the heat due to com-
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pression as fast as

from the air. The position of valves 25 and
26 remains during this time, and the hot
water leaves the eylinder and returns Dy
gravity to the heater, and, similarly, the cold
water leaves the other end of the cviinder
and by gravity returns to the cooler. During

the stroke of the piston the pressure behind

it eventually decreases; but by proportioning

the volume of air to the stroke the decrease
of pressure may be predetermined, so as not to

fall below that necessary to prevent the water
from boiling in the heater. .
proportion such, for instance,as 1: 2,the final
pressure behind the piston will bein the case
given about two hundred and sixty pounds
persquare inch. Therefore, the mean press-
o e 1. §204-260 __
ure behind the piston will be _2i' — = 390
pounds per square inch. The ‘rate of de-
erease of volume in front of the piston being

inversely 2:1, the final pressure will be three *

The initial effective pressure.

cenerated is abstracted

By making this

+o0 the heater while still very not.

o
150—!——5}00__225
2
pounds; hence the total mean effective press-
ure on the piston will be:300—225, or 165
pounds, and this pressure willin the given case
vesult from the Toss of only a few degrees of
temperature from the hot wazger, which returns
{onversely
the cold water ahead of the piston i8 heated
only a few degrees, gaining even less than the

f.

hot water loses, the difference being spent in

of the piston will therefore be

 useful work. On completion of the stroke

the'pumps 10 and 1 ond . cocks 20 and 26 are
reversed from the shaft, so that the hot spray

is now thrown into globular head 9 and the

¢oid spray into globularhead 8. Instantane-
ously the pressure at the right of the piston

rises to five hundred and twenty pounds and .

the pressure at the left falls to one hundred
and fifty pounds per square inch,and for the
stroke again the mean offective pressureisas

above shown. . The ren{ai_ning hot water now -

returns to the heater through cock 26 and the
cold water returns to the cooler through ‘the
cock 25, as hefore, and this return of the het
and cold water to their respective reservoirs
or supply-points is invariably effected by
aravity. HEconomy is thus secured by the
sthall amonnt of fuel reguired to heat water

through a differential temperature of 35°, in-

stead of, as is'usual in steam-engines, wast-

ing nine hundred and sixty-six heat-units per

of |

-1

tions of the same and surrender of the latent

bhe obtained at all.

pound of water before the working-fluid can
Eeonomy is also secured
by the small amount of running water around
the cooler required fo abstract
amount of heat imparted to the cold spray by
the hot air and vapor. |

" For the sake of clearness I have purposely
omitted from the drawing certain valve ar-

rangements automatically operating from the
shaft to prevent the hot water from being

sprayed ahead of the piston, as such features

the small
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of mechanical construction do not form any -

essential part of the present application. 1t

is to be noted that the air has the hot water
sprayed into it when the air itself is at its
point of maximum density; and it is further
to be noted that since the working-body of
air is confined within the cylinder on each
side of the piston, when the spray of hot wa-

ter is pumped into the globular head the en-

tire body of air which is 1o
heated at once. o
Instead of water, other liquids may be used
in the heater, and other gases may be used
instead of air, or two liquids of different boil-
ing-points—one of which is by the high heat
of the other to be first turned into the work-
ing-fluid—may be adopted without departing
from the spirit of the invention. |
Obviously the operation of the engine may
require a means for preventing excessive ac-

be heated becomsas

ewmulation of condensed vapor in the cooler.

IT1§
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This can be done by a pump or other device,
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which takes the excess accumulatin o)

and re-
turns 1t to the heater, as required. o

It is evident that an air-pump may be used

in connection with the apparatus for the pur-

pose of compressing the air and compensat-

ing for leakage. .

1 do not herein lay any claim to the special
form of apparatusor engine which I have con-
trived for the purpose of carrying out the fore-

going method of conversion of energy in a

practical way, as such will form the subject
of other applications. | |
in using the expression “liquid” through-
out this specification, I desirve to be under-
stood as including not merely ordinary lig-

uids-——such as water, various kinds of oil, |

dc.—since in some cases it will be found that
the purposes of the invention can be accom-

plished by using the heater for the purpose

of therein melting various normadlly - solid
substances, whether the same e in the form
of metals or otherwise. In such modifica-
tions 1t will be necessary to take the precau-
tion to substitute, instead of air, a gasof such
character as would not abstract energy from

the liguid by chemical union therewith. In

other words, the gas should be chemically
inert, in any given case, with reference to the
hiquid with which it would come in contact
in the apparatus. The substance used for
cooling in such cases must likewise be chosen

with a proper discretion.. |
~The method of heating and cooling herein-
before set forth has an additional feature of
distinction and advantage, in that the heat-
ing and cooling surfaces both change in

-amount between the limits of the stroke. At

the beginning of the stroke the heating and
cooling surfaces are both at a maximum, at
the end of the stroke both are ata minimum,
and between these two limits both decrease
In extent. This reduction of surface takes

‘place in a way which does not detract from

55
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the economic efficiency of the conversion, but -

rather assists it, since the reduction of sur-
face takes place just in proportion to the de-
Cretasing need of heat or cold; and further,
congidering only the space on one side of the
piston during an entire stroke, the heating-
surtface gradually reduces and finally van-
ishes fthe instant it meets the cold spray,
whose surface is then maximum, and it in
turn reduces and vanishes in
next hot spray.

by a proper arrangement of slide-valves,
cut-offs, d&e., usually adopted in the best
steam-engines, the times for spraying both
hot and cold liquid can be so nicely governed
that an enginé constructed and working ac-

cording to the methods above explained will

preve to be very econominal in the expendi-
ture of heat. In addition itssize¢ will be very
small for a given power, and since only a few

~gallons of water will be needed in the heater,

should explosion occur the dreadful accidents

and great lossof life due to the sudden liber- |

presence of the

411,605

ation of many tons of boiling water needed in

the present forms of motive power from.steam
will be entirely avoided. Finally, there be-

Ing no escape of steam, the engine will be

nearly noiseless. . |
What I claim as my invention is— -
1. The method of transforming heat energy
into the energy of tension of a vapor, con-

sisting in heating a liquid and pumping it in

a divided state into a body of air or other
gas or vapor of lower temperature. -
2. The method of transforming heat enevey

1nto the energy of tension of vapor, consist-
1ng in heating a liquid under pressure and
pumping it in a subdivided state into a body

of air or gas or vapor also: under pressure,
but of lower temperature. -

3. 'The¢ method of transforming heat energy
into the energy of tension of a vapor, con-
sistingin heating a liguid under pressure suf-
ficient to prevent ebullition and pumping
such liquid in an atomized form into a body
of air, gas, or vapor. ‘ |

4. The method of transforming heat en ergy

into the energy of tension of a vapor, con-
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sisting in heating a liquid under pressure in-

dependent of that due to its own vapor and
sufficient to prevent ebullition, and injecting
such liquid into a body of
having a pressure above that of such boiling-
point of said liquid. - |

-~ 5. Themethod of transforming heat energy
into motive power in a piston-engine, consist-
Ing in maintaining a working-body of air, gas,
or vapor behind the piston in said engineand

Injecting at once into the whole body of such

air, gas, or vapor a liquid heated to a nigher
temperature, and thereby increasing the ten-
sion of such atmosphere and moving the Pis-
ton. | .

0. The method of transforming heat energy

‘1Into motive power in a piston-engine, consist-

Ing in maintaining a working-body of air, gas,
or vapor behind the piston in said engine and

injecting atonce into the whole body of such
air, gas, or vapor a liquid heated to a higher
temperature and in a subdivided state.

/. The method of transforming heat energy
into motive power in a piston-engine, consist-
ing in maintaining a working-body of alr, gas,
or vapor behind the piston in said engine and

alr, gas, or vapor

95 .
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injecting at once int6 the whole body of such

alr, gas, or vapor a spray of liquid heated to
a higher temperature. |

8. The method of transforming heat energy

into motive power in a piston-engine, consist-
Ing inmaintaining a working-body of air, gas,

or vapor under préssure behind the piston in

said engine and injecting at once into the
whole body of air, gas, or vapor a spray of

Jliquid heated to a higher ‘emperature.

J. The method of transforming heat energy
Into motive power in a piston-engine, consist-

Ing in maintaining two separate working- 1
bodies of air, gas, or vapor—one ahead of the -

piston, the other behind it—and Injecting into

120-

125
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~ consisting in maintaining two separate work-

o

‘the piston a spray or siream of cooler liquid.

411,605

the body of Iair, gas, Or vapor behind the pis-

ton a spray or stream of heated . liguid and
into the body of air, gas, or vapor ahead of

10. The method of transforming heat en-

+

ergy into motive power in. a piston-engine, |

ing-bodies of air, gas, oT vapor—one ahead of
the pistopr, the other behind it—and inject-
ing into the body of air, gas, Ot Yapor behind

_the piston a spray or stream of heated liquid |

b

and into ihe body of air, gas, or vapor abead
of the piston a spray or stream of cooler lig-
uid, and then reversing the hot and cold sprays.
relatively to the two Dodies . of air, gas, Or I5
vapor on the respective sides of the piston.

In testimony whereof lafix my signature in

presence of two witnesses. |

~ JAMES J. MCcTIGHE.
- Witnesses:. | - .
R. J. STONEY, J 1.,

T. H. LEWIS.
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