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"on line 4 4 of Fig. 3.
Numeral 1 denotes a frame or platform of
any suitable character supported upon thel
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UNITED STATES

CATENT

WILLIAM EDGAR PRALL, JR., OF WASIHINGTON, DISTRICT OF COLUMBIA,

ASSIGNOR TO WILLIAM E,

PRALL, OF SAME PLACEK.

SUPERHEATED-WATER MOTOR.

SPECITICATION forming part of Letters Patent No. 547,089, dated October 1, 1885,
Aypplication filed January 19,1895, Serial No, 535,477, Wo model.

To all whom &t may concerm: [

Beit knownthat I, WILLIAM EDGAR PRALL,
Jr., a resident of Washington, in the District
of Columbia, have invented certain new and
useful Improvements in Superheated-Water |
Motors; and I do hereby declare the follow-
ing to be a full, clear, and exact description
of the invention, such as will enable others
skilled in the art to which it pertains to make
and use the same.

The invention relates to the use of highly-
heated water as a motive power. In prior at-
temmpts to use heat stored in highly-heated
water for the production of work steam has
been taken from above the water and used in
a steam-engine. 'Theseexperiments havenot
succeeded for the reason, among others, that |
the pressure in the water-tank soon falls to
the minimum necessity for working by steam
and much of the pressure also was lost in
wire-drawing and but a small portion of the
heat of the water actually utilized. These
objections it has been proposed to obviate by
using water from the hot-water reservoir in-
stead of steam. Such attempts, however,
have failed of success by so far as the en-
gines devised have been patterned after
steam-engines in respect to the capacity of
their eylinders and inlet and exhaust ports,
since a steam-engine cannot be operated by
hot water nor, indeed, can a hot-water en- |
gine, stich as the improved engine herein de-
scribed, be worked by steam. |

The present invention therefore has for its
object to provide suitable means for taking
measured quantities of water and economi-
cally expanding them In an engine for the
production of work; and it consists in the art
and mechanism hereinafter described and |
particularly pointed out. I

In the accompanying drawings, which are
partially diagrammatic in character, Ifigure
1 is a side elevation. Fig. 2 1s a plan of a
frame or platform supporting an engine and |
accessories. Fie. 3 1s a plan, on an enlarged
scale, of a water-measuring cylinder and a
working or expansion cylinder and connected
parts. Kig.4 isavertical section of thesame

| lar range of temperature.

axles of a car., Upon thisframe is sustained
the body of a car, these parts being of any
known or convenient form.

2 denotes a pair of eylinders for holding 55

water heated preferably to from 400° to 500°
Fahrenheit, such temperature being prac-
ticable for the purposes of the invention,
which, however, is not limited to this particu-

ceptacle or receptacles are thoroughly pro-
tected against loss of heat by a non-conduct-
ing covering 3, as also may be the hot-water
pipes, engine-cylinders, and other parts.

4 denotes a pipe to convey superheated wa- 65

ter from the eylinders 2, or from one of them,
to a water-measuringeylinder 5. 'T'his meas-
uring-eylinder is provided with a suitable
valve-chest and valve for admitting the water

from the pipe to the cylinder, and the valve 7o

is provided with means for regulating its
movements to vary the opening of the inlet
port or ports for the admission of more or less
water, as desired. | - - +
Water having approximately the tempera- ;5
ture above named will have a pressure of
several hundred pounds and will in practice
be expanded from one to two thousand times.
Itis,therefore,of greatimportance that means
be
ble charges before utilizing them by expan-
sion in the engine-cylinders. For this pur-
pose I have discovered that a small cylinder
havinga diameter of about oneinch 18 practi-

cable. ¥rom this measuring-cylinder thefluid 8s
is admitted successively to other cylinders,

which, as illustrated in the present instance,
are three in number, and may have, respect-
ively, the diameters two and a half, three and

a half, and seven inches, though the num- go

ber and size of these c¢ylinders above given
need not be exactly followed. As many as
three expanding-cylinders,however,are neces-
sary to the best results, and it-s important

thatthe measuring-cylinderbesmalland have g5

a relative capacity, approximately, such as

above indicated. Kach cylinder has a piston.

The pistons of the water-measuring cylinder
5 and of the cylinder 6 are faston arod 7, and

| the pistons of cylinders 8 and 9 are fixed to a 1co

singlerod 10. These piston-rods areconnected
by a cross-head and rods 11 to eranks on the

The hot-water re- 6o

provided for separating small and regula- 8o
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shaft 12 of a pinion 13, which drives a gear-
wheel 14, fast on the car-axle, as indicated.
15 15 denote boxes or casings tightly inclos-
ing the rods, cranks, and piston-rods.
5 17, 18,19,and 20 denote exhaust-pipes lead-
ing from the bottom, preferably, of the re-
spective cylinders to a succeeding cylinder.
Pipe 20, however, communicates with a con-
denser 21 instead of with another cylinder.

22 denotes a cold-water tank, which may be
carried above the car or elsewhere.

23 18 a pipe conveniently concealed in a post
of thecar-frame and leading tothe condenser,
and 24 is an automatically-controlled cock to
admit water to condense exhaunst-steam in
the condenser.

25 1s a diaphragm-chamber communicating
with the condenser, and 26 is a dmphra”m
held by a spring 27.

23 18 a diaphragm-stem having a jointed
connection with a lever 29 attached to the
plugof cock 24. Theapparatus isset to move
the diaphragm by an increase of a subnormal
pressure in the condenser. Thus, for exam-
25 ple, 1t may be set so that the spring and dia-

phragm will be moved to open the cock when-
ever the pressure in the condenser exceeds
three pounds—that is, when it is less than
twelve pounds below the atmospheric press-
30 ure. As the cylinder G exhausts into this
condenser, the exhaust-steam will be con-
densed by admission of cold water as soon as
the pressure in the condenser rises above that
desired and predetermined. A partialvacuum
35 18 thus maintained in the condenser, exhaust-
pipe 20,and exhaustendof ¢cylinder 6, whereby

10

20

a very complete expansion is secured and the |

large amount of heat in the water charged is
thoroughly utilized. |

50 denotes a pump operated from the car-
axle, removing water from the condenser to a
water-tank 31.

The various pipes are provided with sunit-
able cocks, and other parts of the apparatus
will have the usual accessories of steam-en-
oines and their connections.

In practice, lubricating-oil will be passed
through the cylinders with the water and
Steam and collected from the tank for con-
densed steam, and the boxes inclosing the
cranks and conneetmmrods will contam o1l.

In Figs. 3 and 4 is shown suitable valve-
gear for operating the valves of cylinders 5
and G, substantmllv similar devices (not
SLown) being used for the valves of cylinders

7 and 8, 32 and 327 denote slide-valves on
the inlet side, aud 33 34 and 33" 34’ coeks or
valves on the lower or exhaust side. The
plugs of the exhaunst-cocks of the cylinders
are provided with erank-arms connected by
rods 35 and 35', respectively, and the several
valves and cochs are suitftbly moved by the
oscillating-lever 36, which is connected by a
link 37 and rods 53 to eccentrics on the shaft,
65 which is driven by the nistons. The link is

moved in a well-known manner by a lever (in-

40

45

50

55

Yo

ortoreversethe engine. Asshown,the fourth
cylinder 6 is much larger than the water-
measuring cylinder 5. Thel wtter, in practice,
may have a diameter of about an inch, a
length of about five or six inches, and the
piston-rod a diameter of one-half inch or
more. The valve-ports will also be compara-
tively small and the valves and valve-gear

made regulable and set toopen the ports with
great mcety and accuracy.

It is obvious that a vapor or gaseous fluid,
such as steam or air, could not bos made to
operate an engine such as described, for the
reason that sufficient fluid could not be passed
through the first eylinder to overcome the frie-
tion of the engine. My first eylinder will have
at most a holding capacity for water of from
about one-fourth to one-tenth of that ncees-
sary forasteamorairengine,andI have found
by experiment that a capacity of from onc-
fifteenth to one-twentieth and even lesg, as
compared with the first eylinder of ordinary
compound steam-engines, 1s an efficient and
practicable dimension. Dy the term *““water-
measuring cylinder or receptacle” is meant
herein a cylinder having substantially the
relative dimensions and capacity described,
and a measuring-eylinder having sufficient
capacity to supply an engine with an opera-
tive quantity of steam or compressed air is
excluded, the substantial reason being that
one could not be substituted for the other,
and my combination of such a water-measur-
ing cylinder with the working eylinders of a
compound engine is believed to be substan-
tially new, no one having before made or even
sug “"eE:tGd an engine embodying such combi-
natlon, notwithstanding 1its practical impor-
tance and utility.

The water-measuring cylinder and its pis-
ton being small, as stated, the connection of
the piston with a working piston of a larger
cylinder is of no importance as regards the
amount of work done, neither is it necessary
to place the exhaust-port in the lower part of
the water-measuring cylinder. As above in
eifect stated, such dimensions are required
because of the very high heat-pressure and
expansibility of the Wft,ter the quantity of
which must be small and re*yulable to permit
the successful utilization of the heat and its
conversion into work and to provide for ex-
hausting the water or steam from the engine.
I‘urther the situation of the exhaust- ports at
the lower parts of the eylinders is an impor-
tant aid to the exhaust operation, especially
in the larger ¢ylinders, for the reason thatin
practice only a [ractlon of the water used can
be vaporized, and provision must be made for
discharging from the eylinders from one-half
totwo-thirds ormore of the water used, which
could not be effected by means of the usual
steam-exhaust ports.

It has been found impraeticable to success-

fully drive an cngine by superheated water

with the use of a single cylinder, even when

dicated at 39) to vary the throw of the valves | such eylinder was provided with thé essential
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feature of an exhaust at or near its bottom,
for the reason that water heated to the tem-
perature proposed and having the consequent
pressure cannot be effectively converted into
stean nor the residue of water controlled and
passed out of the cylinder., The steam 1n
such eylinderdeveloped from the superheated
water upon opening the exhaust-port exceeds
many times the capacity of the cylinder and
resists the piston urged on its opposite side
bv the incoming hot-water charge, with the
effect to bring such an engine practically to
a standstill.

In a steam or air engine the volume of fluid
on the exhaust side is practically at its maxi-
mum when the exhaust is opened; but super-
heated water will develop so much steam that
the time required for exhausting would in-
volve a practical stoppage of the engine. If
it were attempted to develop and expand this
large volume of steam from superheated wa-
ter in a single eylinder, it would require a cyl-
inder capacity of from fifteen to twenty-five
times that of any ordinary steam-cylinder,
which would obviously be impracticable on
account of the large initial condensation and
also for mechanical reasons. Thisinitial con-
densation would greatly exceed that of a
steam-engine for the reason that under any
concelvable use of hot water it is required to
ve cut off mueh sooner than steam, giving by
the usual diagram a much longer expansion
curve, so that in a cylinder of the same di-
mension the initial condensation would be
greater in the use of water, which difference
would, of course, be magnified if an attempt
were made to provide for the expansion of all
the steam from superheated water by a cyl-
inder of unusual size. The difficulty of ex-

hausting waterand thelarge volume of steam

developed therefrom is also increased by the
incompressibility of the water.

A compound engine and a water-measurer
to exactly limitthe quantity of water charged
therein are therefore essential for the utiliza-~
tion of superheated water; but compound en-
gines adapted for steam, air, or the like could
net be thus used fer the reason that none of
them are provided with means for charging
heated water into a cylinder in an operative
and manageable quantity. Kither the clear-

ance necessary in a steam-cylinder cr the

valve-ports alone would eontain much more
space than my measurer. Hverysuch engine,
therefore, lacks proportions that are essential.
Such prior engines also lack a suitable situa-
tion of the exhaust-port, which should be at
or near the bottom of the several cylinders.
Notwithstanding the special provisions
herein described for expanding and atilizing
the steam produced by the superheated water
it will be necessary to exhaust from the last
cylinder one-half to three-fourths of the water
emmployed. This could not be effected by any

engine known prior to my invention, and no
prior steam or air engine could be adapted to
the uses of my invention without destroying

1ts capacity as a steam or air engine, sinee, if

the radically new proportions were given to

such prior engine, and especially to the first
cylinder thereof,toadaptittothe use of water,
1t could not then be operated with steam or the
like, for not enough high-pressure steam or
air could bethen introduced into such engine
to moveit. The dimensions herein deseribed
are appropriate for an engine of about fen-
horse power and suitable to run a street-car.

-For engines of higher power larger dimen-

sions will be required, though substantially

| the same proportions will be used, a larger

rather than a smaller extent of expansion be-
Ing preferred.

Having thus fully described my invention,
what I claim is— |

1. The improvement in the art of convert-
ing heat into work which consists in ¢charging
a water-measuring cylinder with superheated
water in regulable quantities, successively
expanding the fluid in a series of engine c¢yl-
inders, substantially as set forth.

2. The improvement in the art of convert-
ing heat into work which consists in charging
a water measuring cylinder with superheated
water in regulable quantities, successively
expanding the fluid in a series of engine eylin-
ders, and exhausting the last eylinder into a
partial vacuum, substantially as set forth.

3. The improvement in the art of convert-
ing heat into work which consists in charging
a water measuring cylinder with superheated
water in regulable quantities, successively
expanding the fluid in a series of engine cylin-
ders, and exhausting the last cylinder into a
partial vacuum, condensing steam 1n said
vacuum by the admission of cold water to the
chamber and removing the water of conden-
sation from the vacuum chamber to a holder,
the whole apparatus being carried on a car or
like vehicle, substantially as set forth.

4. The ecombination of a reservoir forsuper-
heated water, a water-measuring cylinder,and
a series of engine ¢ylinders connected to ex-

| haust in succession from the measuring cyl-

inder and from each other to the last in the
series, substantially as set forth,
5. The combination of a reservolr for super-

heated water, a water-measuring ¢ylinder, and

a series of engine c¢ylinders connected to ex-
haust in succession from the measuring cyl-
inder and from each other to the last in fhe
series, and a condenser provided with means
for maintaining therein a partial vacuum to
receive the exhaust from said last ¢ylinder of
the series, substantially as set forth.

6. Thecombination of a reservoir for super-
heated water,a water-measuring ¢ylinder, and

‘a geries of engine cylinders connected to ex-

haust in succession from the measuring cyl-
inder and from each other to the last in the
series, 2 condenser, & cold water tank, and a
tank for receiving the exhaust waterfrom the
condenser, substantially as set forth.

7. The combination of a reservoir for super-
heated water carried on or with a sireet or
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passenger car, a water measuring cylinder,
and a series of engine cylinders connected
to exhaust in succession from the measuring

c¢ylinder and from each other until the last in

the series provided with cocks or valves to
control the admission of water to said cylin-
~ders, and the exhaunst of the water from said
cylinders, and a condenser provided with
means for maintaining therein a partial vacu-

|

47,089

um to receive the exhaust from said last cyl-
inder of the series, substantially as set forth.
In testimony whereof I have signed this
specification in the presence of two subserib-
Ing witnesses.
WILLIAM EDGAR PRALL, JR.
Witnesses: .
A. LANSING BAIRD,
W. K. PRALL.
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