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- the scheme proposed by Jouleis thereby made

30
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~celver into which the motor discharges.
ter compression it is delivered into a storage- .
receiver, whence it is led to a4 heating dewee,; |
{-air passing to the furnace is governed by the
‘weight of the floating valve 2* and the piston-
| valve attached to it and by the pressures of
the air above and below the floating.valve.
The pressure below the floating plbt{)[l Is sen-
| sibly the same as that supplied to the burner.
| The pressure of the air abovethe piston isthe
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lo all whom it may CONCern:

e it known that I, JOHN THOMAS NICOL-
SON, D. Se., a sub]eet of the Qneen of Great
Brltam resmmﬂ' at Manchester, in the eonnty |
of Lancaster Envland have in Venbed certain
new and useful Impmvemenm in Joule Mo-
tors, of which the following is a ful] eled.r |

&nd exact description.
Joule in 1851 suggested the productlon of
power by a scheme involving the use of com-

pressed air, a heating receiveror furnace, and
a motor, the motor being heated by heated-

eompressed alr from the receiver. A part of
the work done by the motor was to have been
employed to compress the air and the bal-

ance to have been utilized for driving any
suitable mechanism.

Since that date many
others have devoted much time and attention
to the development of the scheme; but me-
chanical difficulties have hither 1:0 rendered
fruitless all efforts to obtain commereial sue-
cess. By my present invention these me-
chanical difficulties have been over come, and

generally available, and pdrmcularly in the

production ot power for utilization in the pro-

pulsion of tram-cars, autocars, and the like.

My 1mproved system consists in, first, com-
pressing air to a high pressure by means of a
compressor actuated by a hot-air motor; sec-
ond, heating thé air so compressed, and, Lh1rd
the dellvery of the hot high-pressure air to
the motor and its utilization therein (a) for
compressing the air and (b) for external work.
The air to be compressed may be drawn either

from the atmosphere or from a cooling-re-
Af-

in Wthh it may be heated toabout 1, 500“ Fah-
renheit before admission to the motor
the motor is compound, the hot air may be

first led to the high-pressure cylinder, thence
to a reheater, emd finally to the low-pressure .

cylinder and to the external air or a eoohng
receiver for reuse.

I will deseribe my 1mpmvemenbs with ref-
erence to the aceompanying dmmngs in

which—

Figure 1 is a seetional elevation. of my ap--

pliance for heating the air; Fig. 1*, a partial
section of the Iedu(,mg va,lve, Fw 2, & Cross-

ton- vdlve b,

If

3% is a transverse section of an alternatwe

a diametrical admission-passage through the
same.
motor-compressor. Iig. 518 a plan, and Fig.
6 an elevation, of the whole apparatus. Fw
718 a lomrltudlnal section of the oil- 111]@0!3101:1

apparatus drawn to a larger scale, and Fw

818 a cross-section of the sarme. -
Referring to the apparatus for hea,l,mg the -

compressed air, as illustrated by Figs. 1 and

2, the eompressed air is qupphed from its re-
ceiver to the main valve 1, which iscontrolled

by the driver through suitable gearing or a
system of links or levers

Beyond this valve
the air-supply is divided, one part passing

pipe 5 and the injection-burner 6 7. One

function of the reducing-valve is to insure

that the pressure of air f-supplymﬂ'bhe burner
shall be greater than that in the furnace, so

that there shall be a constant flow or a tend-.

ency toward a constant flow from the burner.

A suitable reducing-valve may be one of the
known type, in which there is a floating pis-
ton 2%, carrying in a eylinder below it a pis-
There is a small by-passaround.

the floating piston, which when the floating.

- piston is in the position indicated in Fig. 1
puts the space above the piston into commu-
nication with the space below it.
further by-pass 2¢ from the space above the
floating piston to the pipe 3, this pipe being
controlled by a valve 24 between the IedHC*j
ing-valve and the by-pass junction.
“amhu’nh of reduction of the pressure of the

Thereisa

The.

| section throucrh the burner; Fig. 3, a longi-
tudinal secmon along thelmeaa Flg 4. F1

58
form of valve, showing a diagonal instead of

Fig. 4 is a sectional elevation of the

6o

70
through the reduemﬂ'-valve 2 and pipe 3 to
the flll nace 4 and the other part through the

.
80

55

Qo0

same as or. greater than the pressure of the

alr in the furnace, according as the by- pass
‘When itis

-closed, the floating piston drops and its by-

valve 29 is opened or closed.

pass eq1mlwes the pressure above and below

| 16. At the sametime the plston-valve 2° drops

100
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ends 4® and 4¢

i

and closes the passage to the furnace, so that
the maximum quantity of air then goes
through the burner and the maximum heat-
ing effect is produced. When the valve 2¢
begins to open, 1t allows the pressure above
the floating piston to become less than the
pressure below it, and the piston thereupon
rises, opening the piston-valve ports, dimin-
ishing the difference of pressure, and pro-

- dueing a reduction in the flow of air to the

burner and a less consumption of otl in the
furnace.
the valve-ports are wide open and but little
oil is burned. The reducing-valve therefore
not ouly produces a tendency to make the air
flow throngh the burner, but controls 1t also
when it is itself controlled through the valve
2¢,  The flow of air through the furnace be-
ing divided between the burner and the pipe
3, 13he heat. is under better control, since a
U‘chLf@l flow through the pipe 3 reduces the
temperature, and the reverse.

I overcome the great difficulty of getting a
smokeless flamne from oil fuel fromm a moder-
ate-sized burner and the further difficulty
arising from the clogging up of the oil-pas-
sages by the burnerillustrated by Figs. 1 and
2. In the fairway 9°¢, throngh which the otl
passes to the injection-nozzle 7 of the burner,
I arrange a -small perforated disk 9¢ which
has a toothed edge in gear with a small tan-
gent screw 9 fixed on the spindle of a fan
98, which is contained in the passages 5* and
5* of the pipe 5. Hence the speed of rota-
tion of the disk is proportional to the speed
of the air passing to the burner. With this
arrangement of oil - supply there is a di-
vergence in the oil-passage it the disk be cen-
trally arranged, and the passage 1s entirely
closed by the dlbl{, but if the disk be perfo-
rated, as at 99, in the line of passage oil will
continue to flow S0 long as it takes for the per-
foration to travel across the passage, once in
each revolution. Consequently an increase
in air-flow to the burneris followed by an ex-
actly-proportionate increase of oil-flow. The
oil is contained in the reservoir 9, through
which 1t passes to the burner by the pipe ()ﬂ-,
where it is controlled by the valve 9°. The
reservoir 9 is in communication, through the
pipe 9%', with the compressed-air supply, so
that it flows under that pressurve. The air-
supply pipe 5° before finally reaching the
burner 6 connects with the coiled pipe 51
around the furnace 4, so that the air on its
passage to the burner is highly heated. The
air issues from the coil at 49 to the space sur-
rounding the injection-tube 7%, into which it
passes at the nozzle 7. |

The furnace may be of steel, with dished
On the end 4¢there is bolted
the hot-air-exit pipe 11, which may have a
protective lining 11* and air-space 11°. At
the end of the air-pipe there is a sluice-valve
11¢, which is opened and closed simultane-
ously with the valve 1 through the agency of

suitable gearing.

—_ - -

When the valve 29 is fully open,
Y open,

¢60.996

The valve 29, already described, may be
operated by any suitable thermostat ar-
ranged in a position where it will be exposed
to the heat of the heated air issuing from the
furnace 4. As illustrated by the drawing

~Fig. 1, this thermostat 10 may consist of an

annular chamber 102, filled with a fusible
alloy. This chamber has a vertical cylin-
drical branch containing a plunger 10% on
the top of which rests a heavy cap 10° con-
nected by the links and levers 10¢ 10° 10°
with the handle of the valve 2% This valve
is thus operated by the varying expansion of
the fusible alloy under changes of tempera-
ture in the compressed air which may or may
not be issuing from the furnace.

In Fig. 1, 12 represents a section through
the umled 1{;td,nnu* plug-valve of the motor
in the casing 12°%, whlch is connected with the
pipe 11, a 1eilaet01}.f non-conducting mate-
rial 12° being interposed in the joint. When
the motoris compound, the air may be heated
between the high and the low pressure cyl-
inders by passing it through the pipes 1313,
connected with a second coilled pipe around
the furnace 4. The flame from the burner
may impinge upon a perforated cup 5%, of re-
fractory material, containing the stemmed
protuberance 8, which becomes intensely
hedated and insures the ignition of the inter-
mittent injections of oil. 4'isa metallining,
4¢ is a refractory lining, and 4% is an air-
space acting as a heat-insulator. 4"isa plag
with a hollow end 4' projecting into the fur-
nace for the purpose of holding oil and -
wick for lighting up at the start. Ailr at at-
mospheric pressure may be supplied to thein-
terior of the furnace whilelighting up through
the branch 4 in the pipe 11.

7C
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The motor and compressor are shown by

Figs. 3and 4. In the construction illustrated
there ave three cylinders; but any other con-
venient number may be employed. Hach cyl-

inderis fitted with a double-acting trunk-pis-

ton connected with the shaft by a connecting-
rod in the usual manner. That end of the cyl—
inder farther from the crank-shaft acts as the
motor-cylinder and the nearer end as the com-
pression -eylinder. By this arrangement a
great economy in spaceand weight is effected
and there is also a great reduaction in fric-
tional waste. The valves for both the com-
pressors and the motors are of the rotary
type. The rotating motor-valve 12 is shown
in Fig. 3 to be constructed with straight
through-ports leading direct from the pipe
11 to the inside of the cylinders 14 14* 14°,
With these straight through-ports thereis an
admission twice for each revolution of the
valve. If, however, the ports are made di-
agonally throuwh the valve, as shown in Fig.

3%, there may be an admission once only in each
1*61?01[113101:1 The ports are indicated at 12¢,

124, and 12°¢, 12f,
iary exhaust-ports, and 12' the exhaust-chan-
nel in one of the ecylinders 14. The circulat-

| ing water enters the valve 12 by the pipe 12

- -
=
-y

128, and 12" show subsid—_
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from the cylinder- ]acket 14‘3 and leaves by
the holes 12%, escaping into the valve-casing
jacket 12, and finally from the pipe 121,
One of the pistons and trunks is shown in
elevation al 15 and 15* in Fig. 3 and in sec-

“tion at 15" in Fig. 4. The holes or slots 14¢

constitute the main exhaust-portsof the mo-

tor-cylinders and are fully opened by the mo-

tion of the piston when close to the bottom
or end of its stroke. By means of the sub-

sidiary exhaust-port 12! the back pressureis

diminished to give efficiency and smooth run-
ning. 1l6isoneof the connecting-rods,17,172,

::LIld 17" are the cranks, and 18 the main d_uv--

ing-pinion, fixed on the crank-shaft.

T'he rotary compressor-valve 19 has three
suction- pmts 19% and three discharge-ports
19°.  The air forsuetion enters at 20 shrou oh

the chain-wheels 20 and 20° or alterna,telv.

by a branch pipe and passes along the an-
nular channel19°and through the three ports

| 9a by way of the inlet- pmt in the cylinder

199, The discharged air delivered through
lhe ports 19° passes along the central ecwltv
of the valve 19¢ and out thteuoh the branch
19, Cooling-water is supplied alonfr the pipe
198, entermﬂ' at 19" and leaving at 191 by way
of t,he casing 19'. - The Va,lves are positively

rotated, the compressor-valve by the chain-

wheels 20* and 20°® and a connecting-chain

and the motor-valve by the chain- w_heels 20

and 20° and a connecting-chain. The wheel
20 1s fast with the wheel 20*, and conse-
quently moves therewith. Lubrication of
the motor-valve is provided for by recesses,
such as 12™, tarned on the valve and being in
COm mumeahmn with a lubricator 21 thmugh
the tube 212,

~have its upper interior in communication

40

45

50
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with the compressed-air reservoir through a
The bottoms of the compressor-

pipe 21°.
cylinders commmunicate through the cocks 22,
of which there is one for e&eh cylmder

These cocks can be simultaneously opened
and closed by a common link connected at

22%, 80 as to put them into communication or
to isolate the cylinders. When the motor is
started, these cocks are opened, with the re-
sult that no compression -takes place and the
whole of the work of the motor is utilized in
starting the vehicle. After the motors have

come well into action the cocks are clos'ed and

¢Ompression Commences.

In the treneml arrangement illustrated by
I*ltrq 5 and 6, 23 is a ﬁlter through which air
enters the _emnpressor—valve 19. After being
compressed in the eylinder24 it isdischar u*ed
through the pipe 25, into the coolmw-reser-
volr 26 whence 1t passes by way of the pipe
27 to the next stage compressor 28 through
the valve 2
discharged at its highest pressare to the res-
ervoirs 31 and 31°, eonneeted by the pipe 31°,

which 18 in eommumcdtwn with the main

valve 1, whence its course to the furnace 4

has already been deseribed. After leaving

the furnace the hot air passes to the high- |

Each of the lubricators may

29.  From this compressor it is

pressure mofm*evlmder 283 thmu ah the rotary'

valve 32, 1s dixeharged through pipe 33, to be
leheﬁtted in the 0011 13, Fig. 1, whence 1t
passes oy the pipe 34 to the Iuw -pressure mo-
tor-cylinder 24 through its valve 35, and is
finally discharged through the pipe 36.
means of the srarting- lmndle 37 and the shaft

38 giving motion to the bevel-wheels 39 the
driver is enabled to open the stop-valve 1.

By

75

The cocks 22, Fig. 4, are then opened, ar- '

resting compression. As soon as the motor
is well started the cocks 22 are closed. A

‘braking action may be introduced by increas-
ing the pressure of the air on the discharge

side of the compressors. This may be done

by means of equilibrium - valves 44 and 44®,

operated by the handle 41 and the connect-
ing-rods 42, 42*, and 42°. In the general ar-
rangement the compression is showu to be

effe(,ted in two stages; but three or more may
‘be employed, thus dividing this work. |

Having now described my invention, 1 de-+
clare tha,b what I claim is—

1. The combination of a plurality of low- °

8o

9‘3,"

pressure motor - compressors, a plurality of

high-pressure motor-compressors, a furnace

for reheating the air between the high- -pres-
sure and t‘ne low- -pressure motors, a receiver.

in which the air is cooled between the low-
pressure and the high-pressure compressors,
a second receiver f01 the fully-compressed
alr a furnace for heating the fully - com-
pressed air, a reduemn'-valve through which

05

100

the high-pressure air is supphed to the last- -

named furnace, and pipes connecting the

said parts with eaeh other, subsmntlally as

deseribed.-

2. In an appdmtus of the class descubed
the combination with the furnace for heatmcr
the compressed air, of a reducing-valve in-
tercalated between the furnace a,nd thesource

of compressed air the said reducing - valve

having a- floating piston with & chamber

105

ITO

above 113 a4 ther mo&taﬁr a'tube connecting the

leducmw-valve chamber with h the air-pipe on
the furnace side of the valve, and a cock in
the connecting-tube eontmlled by the ther-
mostat, substantlally as set forth.

3. In an apparatus of the class desembed

II5

& main valve controlling the adimission of the :

compressed air, a fumace provided with a
hqmd fuel bumer for heating the compressed
air, a reducing-valve mter'edla,ted In a pas-
sage from the main valve to the interior of the
furnace, and a tube coiled around the fur-
nace and communicating at one end with the
liquid-fuel burner and at the other end with
the main valve, substantially as set forth.

4. In anapparatus of the class described, a

‘pluarality of motor-compressors each contain-

ing a trunk-piston connected with a common
cmnk shaft, a rotary valve admitting com-
pressed air to the side of each plston away

120

125

I30

from the trunk, a rotary compressor-valve

adapted to work synchronously with the mo-
| tor-valve controlling the admission toand de-

livery from the brunk side of the cylinder, a
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pipe communicating through branches with
the trunk side of each cylinder, a cock inter-
calated in each of the branch pipes, a link by
which all the cocks can heopened and closed
stmultaneously, and an air-heating furnace
communicating on one side with the com-
pressed-airsupply and on the other side with
the motor-valve, substantially as set forth.
5. In an apparatus of the class described,
a furnace provided with a liquid-fuel injec-
tor-burner, a perforated cup containing an

axial stemmed projection therein, a thermo- |

-
!

| stat in the furnace-outlet for controlling the

air-supply, a removable oil and wick holder
for lighting up, and a coil around thefurnace
for preliminarily heating the compressed air,
substantially as set forth.

In witness whereof I subscribe my signa-
ture Iin presence of two witnesses.

JOHN THOMAS NICOLSON.

Witnesses:
WILLIAM GEO. HEYS,
ARTHUR MILLWARD.
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