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- DANIEL McGILL, OF WELLINGTON, NEW ZEALAND, AND FREDERICK
N WILLIAM TANNETT-WALKER, OF LEEDS, ENGLAND; B
~ REFRIGERATING-MACHINE.
- SPECIFICATION forming part of Letters Patent No. 654,789, dated J uly 31, 1900,
Application fled Jannary 31, 1899,  Serial No, 704,008. (No model) ; .
- To all whom tt may concern: - | one high and one low, one on each side of the
~_Be it known that we, DANIEL MCGILL, en- compression-cylinder and working together,
- gineer, residing at Iutt road, Petone, Wel- | or in the ease of gas-engines giving only one
~ lington, New Zealand, and FREDERICK WIL- impulse for each two revolutions the cylin- 55
5 LIAM TANNETT-W ALKER, engineer, residing | ders work alternately. On oneside, and:pref-
- at I—IunSleb;'Lee'ds;,__in_t}ie'cdunty-of York, Eng- | erably oneach side of the expansion-cylinder,
~land, subjects of the Queen of Great Brit- | is a hydraulic cylinder always in connection
aln, have invented certain new and useful Im- | with'an accumulator and havingits pistonrod
provements in. Refrigerating - Machines, of { or ram fixed to the cross-head. - During the 6o
1o which the following is a specification. -~ | outstroke of the power-cylinder air is drawn
~_Thisinvention relates to machines in which | into the compression-eylinder, expanded and
air (or other gas) is compressed and cooled | cooled air passes from one side to the other of
~and then expanded while doing work. ' | the piston of the expansion-cylinder, and wa-
- According to this invention the work of the | ter is forced into the aceumulator. The re- 65
15 power-cylinders and of the air-expansion cyl- | turn stroke is performed by the expansion of
- inder are utilized and more uniformly applied | compressed and cooled air in the expansion-
for effecting the work of compression. by | cylinder and by the pressare of the water
means provided for storing power, the ar- | in the acecumulator acting on the pistons of
rangement being such that gas is compressed | the hydraulic e¢ylinders. During the return 7o
20 in the compression-cylinder during the re- stroke air is compressed in the compression-
turn stroke of the power-cylinder by means cylinder (and toward the end of the stroke
of the expansion of gas in the expansion-cyl- | expelled into the usual cooling and drying
‘inderaided by the stored power.. In refrigerat- | apparatus) and expanded air is expelled from . _
- ing-machines also as usually constructed the | the'expansion-cylinder. The compressed air 75
25 suction and exhaust valves through which coming from.the cooling and drying appara: =
- the air is admitted into the compression-cyl- | tus enters the expansion-cylinder through a-
- inder and expelled from it into the com- | hollow casing or jacket surrounding it, so
pressed - air reservoir are ‘spring - loaded | that the incoming air is partially cooled by
o valves, the result being that during the suc- | the cold walls of the cylinder, and the loss of 8o
30 tion the pressure in the cylinder is less than cold by conduction is considerably dimin-
~ that of the atmosphere, while during the de- | ished. The expanded and extremely cold air -
livery the pressure in the cylinder is greater | issuing from the expansion-cylinder is mixed = g
~than that in the reservoir. Accordin 2 to this | with moderately-cold air drawn from the re-
- Invention we obviate the losses resulting from | frigerating-chamber, and the mixture is led 8s
35 such arrangements by opening and closing | back to the refrigerating-chamber. By this
- thevalves at the proper times, not by the air- | means the great loss of cold which results
pressure, but positively by some moving part | from leading the extremely-cold air through
of the machinery. In order also to avold | the connecting-pipes is considerably dimin- =
loss of cold between the expansion-cylinder | ished. We prefer to do this by making the go
40 and the storage-chamber, we mix the expand- | expansion-cylinder larger than 1s usual and
- ed and extremely cold air from that cylinder | with an earlier: cut-off, the formation of a
- with-the moderately-cold incoming air from partial vacuum toward the end of the stroke
the compressed-air cooler orfrom the storage- | being prevented by opening a communication o
chamber, or from both. The arrangement we | with the refrigerating-chamber, from which 95
45 employ'is as follows: The compression and | moderately-cold air is therefore now pumped.
- expansion cylinders are single acting and are | During the return stroke the mixture of ex-
- mounted in a line with each other, their pis- | tremely-cold air and moderately-cold air is
- lon-rods being fixed to a cross-head between expelled backinto therefrigerating-chamber, =
: them. The motive power is applied to the | The delivery-valve from the compression- 1co
50 cross-head by a single-acting steam or'other cylinder and the admission-valves to the ex-

~ceylinder or a pair of sin gle-acting cylinders,

pansion-cylinder are lift-valves, or, it may




 De, retary disk VELIVBS in the cylinder-covers.

~valve from the expanslon- -cylinder are simi- .
~ lar lift or disk valves in the pistons.
valves are worked by either sleeves on the

10

‘shaft of the engine.

These valves are worked. by suitable gearing

from a lay-shaft, and when gas-engines are

employed this may convemently be the valve-
The suction-valves to.
the compression- -cylinder and the ‘exhaust-

piston:rods or reds. passing along inside the

- piston-rods, and the ends of these sleeves or

rods are connected by suitable gearing to a
rocking shaft in the.cross-head, “whose ends

Figure 1 is a diagrammatic plan of a re-

frigerating plant arranged according to this

20

: _' 30
3

10

invention.:
- engines and pumps, and Fig. 3 is a vertical
Fln‘s 4,5, and
6 are local sections on the lines 4 4, 5 5, and .

'8 6, Figs. 2 and 3, most of the perts behlnd
the planes.of seetlon being omitted. Figs. 7 |

~alternately.

Fig. 2 is a sectional plan of the

section on theline 3 3, Fig. 2

and 8 are an elevation and plan to a la,rn'er
scale of the gear working the ad mlsmon -V elves
to the expansion- cylmder |

- a o are the cylinders of twe smﬂ‘le ectm o
- gas-engines of the Otto type, each oiving an

. explosion at every other out (or left to right)
‘stroke of their p1st0ns and arranged to act
o' o' are their piston-rods, and

One of -
~ these shafts is driven in the ordinary way-
from the erank—sheft and drives the other by
bevel-gear and a cross-shaft a°
engines are of an ordinary and very well-

known type it is unnecessary to show or. de-.

o? a? the shafts working their valves.

sembe them in detail.

b is the compression- cyhndeI, ¢, the ex- |

gansmn-eylmder, b’ ¢, their plston rods and
2 ¢* their pistons. -

rams

with an eeeumulator e, Fig. 1.

B 'head f, whichis connected by rods f' to cranks

50

- 55

- exactly the proper tunes, and the velvee be- lated that 1f no more alr were admltted there

~.g' on the crenk shaft g, on which 18 the fly-
The cross-head f has fixed to it

~ wheel g*
Dbearings, in which works a rocking shaft 2.

‘rods f'..
- f31s a deuble arm ﬁxed to the shaft f2 and
‘connected by links ¢ f7 to sleeves b3 c?, free

to move to and fro on the piston-rods b’ c' of
~ the compression and expansion eylinders.
 These sleeves carry arms or disks b* ¢, which |
~at the
‘of the valves b%c® in the pistons b? ¢? and,com-
~  pressing the springs 6° ¢% open the Valves
" wx By plecmg the valves in the pistons and: op-
. erating them as above desceribed several im-
'portant advantages are gained. The clear-
“ance-spaces are reduced to a minimum, the

proper times come against the stems

valves can be qmekly and widely opened at

are fixed to connecting-rods kamg on
“eranks on the fly-wheel Sheft

'As these.:

| rious ways..
These

‘when open being the same.
vious that the movement of the eenneetmcr—

and-b8 is its spring.

of eccentrics
cylmder ¢ is jacketed, and the Jaeket is di-

- f%is an arm fixed to the eha,ftj'”‘*‘a and con- {
~ nected by a hnk f‘1 te one of the conneetmtr-'

‘head back again from rlght to left.
| the whole ef the retum stroke the valves b°

inder ¢ expands.-

[ ing pemtwely opened and not by the pressure

of the air, as is usual, donot act as reducing-
valves, the pressure on both sides of them
It will be ob-

rod can be eommumcated to the valves in va-

instead of by a link. Fhe valves also might

| rotate instead of lifting, having radial ports,
(there being cerreepondmﬂ' porte in the pis-
| tons,) and be. eperated by bevel or ether oear

frem the shaft I*
‘b"is a valve in the end of the. cylmder b,
It is operated by a cam
at on the shaft a -
h and j are a pair of Valvee in the end of
the cylinder c. ‘They are operated by a pair
¢® on the crank-shaft g. The

70

Thus the rod f' and shaft f*
‘might be connected by ‘bevel or other gear

75

80.

vided into two chambers k' and 3’ by a par- .

tition %, as shown in Figs.-5 and 6. The
valves h and 7 put these chembers reepec-

| tively, into com mumcatlon W1th the msule of
| the eylinder. |

‘One end of- the cj*hnder b is eonnected by

a pipe ! to a refrigerating or cold -storage

chamber m, Fig. 1, and the other end is con-
nected by a pipe n to a cooling and drying
apparatus o, of ordinary eenstruetlon The

‘latter is connected by a pipe p to the cham-

ber A’ of the jacket of the ecylinder ¢. The
chamber ;' is connected by the pipe r to the
storage-chamber m, and the latter is also con-
nected by the pipe ¢ to the. other end of the

cylinder ¢, Figs. 1 and 2.

The action of - the appar atus is as follows
On an explosion taking place In one of the
cylinders a the cross—heed £ is moved from

"left to right, forcing water from the cylinders

L | d into the aceumulatm e, So storing power.
dindicates hydraulic cylinders, and d’ thelr -

The right-hand ends of these eyhn--
ders are alweys in communication by plpes d®

During the whole of this: stroke the valves b7,

h, and j are closed, while the valves b° ¢° are
open, so that the air in the eylinders b. and ¢

o | passes through the pistons b? ¢* from one side
The rods o' b’ ¢’ d’ are all fixed to a cross-'

tothe other ef them. At theend of thestroke

the valves b’ ¢® close and the valve h opens,
‘admitting compressed air:-from the cooling
and drying apparatus o to the cylinder ¢, and

the pressnre of this, tobethm with that of the
water in the accumuleter e, forces the Cross-
During

Q0
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105"
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120

and ¢® are closed. ~b71is. closed at the-com-

~mencement, but when the air is sufficiently
'__eempressed in the left-hand end of the eylin-
‘der b it is opened and the compressed air is

forced by the pipe n into the cooler o. Dur-

ing the wholeof the return stroke air isdrawn

by the pipe ! from the chamber m into the

right-hand end of the cylinder b. - 'When the

first, portion—say one-third—of the return

‘stroke has been completed, the valve A closes
~and the air in the right- hand end of the cyl-
ThIS cylinder is so propor- -

tioned and the timing of the valves so regu-

125

130




the return stroke—the valve 5 opens, and the

654,789 ' o R

would be a -partial vacuum at the end of _tl_ie
stroke; but after a time—say two-thirds of

cylinder ¢ then acts as a pump, drawing air

from the chamber m by the pipe 7, and this

air, which is only moderately cold, mixing

with the extremely-cold expanded air in the.

cylinder ¢, raises its temperature, so reduc-
~1ng loss of cold in the pipe ¢, leading back to

10
15
go
25
30
35
40
45
50

55

the chamberm. It will be observed that dur-
ing the time, or most of it, when the cylinder

c is acting as a pump the valve b7is open and
~ less power is required to move the cross-head.
~ In cases where it is desired to mix a large

proportion of moderately-cold air with the

extremely-cold expanded air the above-de-

seribed arrangement is replaced or supple-
mented by a pump or fan drawing air from

the chamber m and delivering it to the pipe

7 at or near to the cylinder c.
What we claim is— S
1. The combination of a single-acting com-

pression-cylinder closed at both ends by cyl-

inder-heads, a piston in it, delivery and suc-

tion valves in the eylinder end and piston, a
cooler receiving compressed gas from the

compression-cylinder, a single-acting power-

cylinder, a piston in it, a single-acting ex-
pansion-cylinder closed at both ends by cyl-
inder-heads receiving cooled and compressed

gas from the cooler, a piston in it, admission

and delivery valves in the cylinder end and

piston, and connections between the three

pistons. S o
- 2. The combination of a single-acting com-
pression-cylinder, its piston and delivery and

suctlon valves, a cooler receiving com pressed

gas fromw the compression-cylinder, a single-
acting power-cylinder, its piston, a single-
acting expansion-cylinder receiving cooled
and compressed gas from the cooler, its pis-
ton and admissionand delivery valves, means
for storing the energy of the outstroke of the

‘power-cylinder, and connections between the

three pistons such that the outstroke of the

compression and power pistons and the in-

stroke of the expansion-piston take place si-
multaneously, whereby the energy of the
stored power is applied for the instroke of
the piston of the compression-cylinder. |

3. The combination of a single-acting com-

i)_l*es_si_on_-c}?linder, a piston in it, delivery and

suction valves in the cylinder end and piston,
a cooler receiving compressed gas from the
compression-cylinder, a single-acting power-
cylinder, a piston in it, a single-acting ex-

‘pansion-cylinder receiving cooled and com-
- pressed gas from the cooler, a piston in it, ad-

mission and delivery valves in the cylinder

end and piston, means for storin g powerfrom
Lh.e..-:a._u.ts.tmke---e-f---t-he---si-n-gle--a_-e-ti_n-g---pg-w-e-p;eyl;----

inder, and connections between the three pis-

tons such that the outstroke of the compres-

sion and power pistons and the instroke of

the expansion-piston take place simultane-

ously.

- 4. The combination of a single-acting com-

—

-

pression-cylinder, a piston in it, delivery and
suction valvesin the cylinder end and piston,
a cooler receiving compressed gas from the

compression-cylinder, a single-acting power-

cylinder, a piston in it, a single-acting ex-

pansion-cylinder receiving cooled and com-
pressed gas from the cooler, a piston in it, ad-

mission and delivery valves in the cylinder
end and piston, an accumulator, a hydraulic
cylinder in constant communication with it,
a ram 1n the cylinder, and connections be-

‘tween the three pistons and ram such that

the outstroke of the compression and power

75

30

pistons and the instroke of the expansion-

piston take place simultaneously. |
9. Thecombination of a single-acting com-

pression-cylinder, a piston in it, delivery and
suction valves, a cooler receiving compressed

gas from the compression-cylinder, a single-
acling power-cylinder, a piston in it, a single-

‘acting expansion-cylinder receiving cooled
and compressed gas from the cooler, a piston

init,admission and delivery valves toit,means
for storing power, and connections between
the three pistons such that the outstroke of
the compression and power pistons and the
instroke of the expansion-piston take place
simultaneously. - -
- 6. The combination of a single-acting com-

pression-cylinder, a piston in it, delivery and _

suctlon valves, a cooler receiving compressed
gas from the compression-cylinder, a single-
acting power-cylinder, a piston in it, a single-
acting expansion-cylinder receiving cooled

and compressed gas from the cooler, a piston

In 1t, admission and delivery valves to it, an
accumulator, a hydraulic cylinder in con-

| stant communication with it, a ram in the

cylinder, and connections between the three
pistons and ram such that the outstroke of
the compression and power pistons and the
instroke of the expansion-piston take placé
simultaneously. . S S
7. 'I'he combination of a single-acting com-

pression-cylinder, a piston in it, delivery and
suction valves in the cylinder end and pis-
ton, a cooler receiving compressed gas from

the compression-cylinder, a single - acting
power-cylinder, a piston in it, a single-acting
expansion-cylinder receiving cooled and com-

| pressed gas from the cooler, a piston in it, ad-

mission and delivery valves in the eylinder

end and piston, means for storing power, con-

nections between the three pistons such that

the outstroke of the compression and power
pistons and the instroke of the expansion-pis-
‘ton take place simultaneously, a crank-shaft,
-a crank on it, a cross-head, a rocking shaft

on the cross-head, a connecting-rod pivoted

to the crank and cross-head actuating the ,
rocking shaft, and means actuated by the o
rocking shaft for working the valves in the

‘pistons of the compression and expansion cyl-

inders.

90
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105

110

115

120

123

133

8. The combination of a single-acting com-

pression-cylinder, a piston in it, delivery and

suction valves in the cylinder end and pis-




ton, a cooler receiving compressed gas from
the .compression- cylinder, a single-acting

power-cylinder, a piston in if, a single-acting

- expansion-cylinder receiving cooled and com-

5 .

-

pressed gas from the cooler, a piston-in it, ad-
mission ‘and delivery valves in the cylinder
- end and piston, an accumulator, a hydraulie

~cylinder in constant communication with it,

10

a ram in the cylinder, connections between
the three pistons and ram such that the out-

- stroke of the compression and power pistons

and the instroke of the expansion-piston take

- place simultaneously, a crank-shaft, a crank
~on it, a eross-head, a rocking shaft on the

20

“cross-head, a connecting-rod pivoted to the
- cerank and cross-head actuating the rocking
shaft, and means actuated by the rocking

shaft for working the valves in the pistons of
the compression and expansion cylinders. -

- 9. The combination of a single-acting com-
- pression-cylinder, a piston in it, delivery and
~ suection valves in the eylinder end and pis-

‘ton, a cooler receiving compressed gas from

- pressed gas from the cooler, & piston in it, ad-
mission and delivery valves in the cylinder
end and piston, means for storing power, con-

30

the compression-cylinder, a single-acting

power-cylinder, a piston in it, a single-acting

expansion-cylinder receiving cooled and com-

nections between the three pistons such that

‘the outstroke of the compression and power

pistons and the instroke of the expansion-

~ piston take place simultaneously, and a-hol-

‘Tow jacket to the expansion-cylinder supplied
‘with gas from the cooler and from which the

35

admission-valve leads. | I
.- 10. Thecombination of a single-acting com-

~ pression-cylinder, a piston in it, delivery and

- guection valves in the cylinder end and piston, |

40

45

the eylinder, connections between the three

a cooler receiving compressed gas from the
compression-cylinder, a single-acting power-

¢ylinder, a piston in it, a single-acting expan-
sion-cylinderreceiving cooled and compressed
gas from the cooler, a piston in it, admission |
and delivery valves in the cylinder end and |
piston, an aceumulator, a hydraulic cylinder

in constant communication with it, a ram in

pistons and ram such that the outstroke of

50

"""" o 5 5

- pression-cylinder, a piston in it, delivery and |

Valveleads. """""" T

the compression and power pistons-and the
instroke of the expansion-piston take place |
“simultaneously, and a hollow jacket to the
~expansion-cylinder supplied with gas from

the cooler and from which the admission-

~11. "The combiuatioﬁ of asin gle-actin o c'o'm-

“suction valves, a cooler receiving compressed

'60

‘gas from the compression-cylinder, a single-
acting power-cylinder, a piston in it, a single-
~acting expansion-cylinder receiving cooled
and compressed gas from the cooler, a piston
in it,. admigsion and delivery valves to it,
means for storing power, connections between
the three pistons such that the outstroke of
‘the compression and power pistons and the

—tf

simultaneously, and a hollow jacket to the
expansion-cylinder: supplied with gas from

the cooler and from which the admission-
valve leads. o .

o

"12. Thecombination of asingle-actingcom-

pression-cylinder, a piston in it, delivery and

suction valves, a cooler receiving compressed

| eas from the compression-cylinder, a single-
acting power-cylinder, a piston in it, a single-
“acting expansion-eylinder recelving cooled

and compressed gas from the cooler, a piston

in it, admission and delivery valves to 1t, an-

accumulator, a hydraulic cylindferfi;n_consmnt
communication with it, a ram in the cylinder,

connections between the three pistons and
‘ram such that the outstroke of the .compres-
sion and power pistons and the instroke of
the expansion-piston take place simultane-

ously, and a hollow jacket to the expansion-

70

Y5

80

cylinder supplied with gas from the cooler -

and from which the admission-valve leads.

18. Thecombination of asingle-acting com-
pression-cylinder, a piston in it, delivery and
suction valvesin the ¢ylinder end and piston,
a cooler receiving compressed gas from the

90

compression-cylinder, a single-acting power-

cylinder, a piston in it, a sin gle-acting expan-
sion - eylinder receiving cooled and. com-

‘pressed gas from the cooler, a piston in it, ad-

95

mission and delivery valves in the cylinder

end and piston, means for storing power, con-

nections between the three pistons such that

the outstroke of the compression and power
pistons and the instroke of the expansion-

shaft, a crank on it, a cross-head, a rocking

‘shaft on the cross-head, a connecting-rod piv-
oted tothe crank and cross-head actuating the

100

piston { ake pla’ée Simulta‘ne{)uS]rY: a -G;I'Elfﬂk__ N

105

rocking shaft, means actuated by the rocking -

shaft for working the valves in the pistons of

the compression'and expansion cylinders, and

ahollow jacket to the expansion-cylinder sup-
plied with gas from the cooler and from which
the admission-valve leads. S |

14, Thecombination of asin gle?acti'n'g_c(i'ln-

‘pression-cylinder, a piston in it, delivery and
“suction valves in the cylinder end and piston,
“a cooler receiving compressed gas from the

compression-cylinder, a single-acting power-
cylinder, a piston init, a single-acting expan-

sion - ¢ylinder receiving cooled and  com-
pressed gas from the cooler, a piston in 1%, ad-
mission and delivery valves in the cylinder

end and piston, an accumulator, a hydraulic

a-ram in the cylinder, connections between

‘the three pistons and ram such that the out-
‘stroke of the compression and power pistons
“and the instroke of the expansion-piston take

place simultaneously, a crank-shaft, a crank

on it, a cross-head, a rocking shaft on the
“cross-head, a connecting-rod pivoted to the
crank and cross-head actuating the rocking
‘shaft, means actuated by the rocking shaft
for working the valves in the pistons.of the
compression and expansion eylinders, and’ a

“instroke of the expansion-piston take place | hollow jacket to the expansion-cylinder sup-

LIO
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-eylinder-in-constant-communication with.it, ...
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plied with gas from the coolerand from which | eylinder, a piston in it, a single-acting ex-
pansion-cylinder receiving cooled and com-

the admission-valve leads.

- 15. Thecombination of asingle-acting com-
pression-cylinder, a piston in it, means for
actuating the piston, delivery and suction

‘valvesin thecylinderend and piston, a cooler

receiving compressed gas from the compres-

- slon-cylinder, an expansion-e¢ylinder receiv-

10

- plied with gas respectively from

20

ing compressed and cooled gasfrom the cooler,
a piston in it connected to.the piston of the
compression-cylinder,admission and delivery
valvestoit, arefrigerating-chamberreceivin o
gas from the delivery-valve of the expansion-
cylinder, a hollow jacket to the expansion-
cylinder divided into two compartments, sup-
| the cooler
and the refrigerating-chamber,the admissio n-
valve leading from the first compartment, a
second admission-valve leading from the sec-
ond compartment, and means for opening the
latter valve toward the end of the outstroke.

16, The combination of a compression-cyl-

- 1inder, a piston in it, means for actuating the

30

35

~ Inent, a second admission-valve leading from

40

o

55

6o

piston, delivery and suction valves, a cooler

receiving compressed gas from the compres-

sion-cylinder, a single-acting ex pansion-cyl-
inder receiving cooled and compressed gas
from the cooler, a piston in it connected to
the piston of the compression-cylinder, ad-
mission and delivery valves in the cylinder

end and piston, a refrigerating-chamber re- |

celving gas from the delivery-valve of the ex-
pansion-cylinder, a hollow jacket to the ex-
pansion-cylinder divided into two compart-

mentssupplied with gas respectively from the |
cooler and the refrigerating-chamber, the ad-

mission-valve leading from the first compart-

thesecond compartment, and means foropen-

ing the latter valve toward the end of the out-

stroke. o | A
17. Thecombination of a single-acting com-

pression-cylinder, a piston in it, means for

actuating the piston, delivery and suction

valves in the eylinderend and piston, a cooler

recelving compressed gas from the compres-
sion-eylinder, a single-acting expansion-cyl-
inder receiving cooled and compressed gas
from the cooler, a piston in it connected to

‘the piston of the compression-cylinder, ad-

mission and delivery valves in the c¢ylinder
end and piston, a refrigerating-chamber re-
celving gas from the delivery-valve of the ex-

‘pansion-cylinder, a hollow jacket to the ex-
pansion-cylinder divided into two compart-

ments, supplied with gas respectively from

the cooler and the refrigerating-chamber, the

admission-valve leading from the first com-
partment, a second admission-valve leading
from the second compartment, and means for

- opening the latter valve toward the end of

the outstroke.

18. Thecombination of a single-acting com-

pression-cylinder, a piston in it, deliveryand
suction valves in the eylinder end and piston,

a cooler receiving compressed gas from the

compression-cylinder, a single-acting power- |

pressed gas from the cooler, a piston in if,

‘admission and delivery valves in the eylin-

der end and piston, connections between the
three pistons, a refrigerating - chamber re-

celving gas from the delivery-valve of the ex-

pansion-cylinder, a hollow jacket to the ex-

pansion-cylinder divided into two compart-

ments, supplied with gas respectively from
the cooler and the refrigerating-chamber, the
admission-valve leading from the first com-

‘partment, a second admission-valve leading

from the second compartment, and means

70

/5

80

for opening the latter valve toward the end =~

of the outstroke. |

- 19. Thecombination of asin gle-acting com-

pression-cylinder, a piston in it, delivery and
suction valvesin the eylinder end and .pis-
ton, a cooler receiving compressed gas from
the compression -eylinder, a single -acting
power-cylinder, a piston in it, a single-act-
ing expansion-cylinder receiving cooled and
compressed gasfrom the eooler, a piston in

‘it, admission and delivery valves in the cyl-

der end and piston, means for storing power,
connections between’ the three pistons such
that the outstroke of the compression and
power pistons and the instroke of the expan-
sion-piston take place simultaneously, a re-
frigerating-chamber receiving
delivery-valve of the expansion-cylinder, a
hollow jacket to the expansion-cylinder di-

vided into two compartments, supplied with
gas respectively from the cooler and the re-

frigerating - chamber, the admission -valve
leading from the first compartment, a sec-
ond admission-valve leading from the second

Q0

95

gas from the -

100

I05

compartment, and means for opening the 1at~__ _

ter valve toward the end of the outstroke.

- 20. Thecombination of asingle-acting com-
| pression-cylinder, a piston in it, delivery and

suction valves in the cylinder end and pis-
ton, a cooler receiving compressed gas from

11O

the compression-cylinder, a single-acting

power-cylinder, & piston in it, a single-acting

expansion-cylinder receiving cooled and com-

pressed gas from the cooler, a piston in it,
admission and delivery valves in the cylin-
der end and piston, an accumulator, a hy-

“draulic cylinder in constant communication

with it, a ram in the eylinder, connections
between the three pistons and ram such that
the outstroke of the compression and power

‘pistons and the instroke of the expansion-

piston take place simultaneously, a refriger-
ating-chamber receiving gas from the deliv-
ery-valveof the expansion-cylinder, a hollow
jacket to the expansion-cylinder divided into
two compartments, supplied with gas respec-
tively from the cooler and the refrigerating-

chamber, the admission-valve leading from
‘the first compartment, a second admission-

valve leading from the second compartment,
and means for opening the latter valve to-
ward the end of the outstroke. -
- 21. Thecombination of a single-acting com-

115

120

130
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- pression-cylinder, a piston in it, delivery and | sion-valve, leading  from the first compart-
suetion valves, a cooler receiving compressed | ment, a second admission-valve leading from
- gas from the compression-cylinder, a single- | the second compartment, and means forepen- 70
‘acting power-cylinder, & piston in it, a sin- | ing the latter valve toward the end of the out-
5 gle - acting expansion - eylinder receiving | stroke. S
» cooled and compressed gas from the cooler; | 24.. The combination of a compression-cyl-
- a piston in it, admission and delivery valves | inder, a piston in it, means for actuatingthe
"~ to it, means for storing power, connections | piston; delivery and suction valves, a cooler 75
~ Dbetween the three pistons such that the out- | receiving compressed gas from the compres-
‘10 stroke of the compression and power pistons sion-cylinder, a single-acting expansion-cyl-
- and the instroke of the expansion-piston take !.inder receiving cooled and compressed gas
~_place simultaneously, a refrigerating-cham- | from the cooler, a piston in it connected to
- ber receiving gas from the delivery-valve of | the piston of the compression-cylinder, ad- 8c
" the expansion-cylinder, a hollow jacket to | mission and delivery valves in the eylinder
15 the. expansion-cylinder divided intotwo com- | end and piston, -a erank-shaft, a crank on 1%,
- partments, supplied with gas respectively | a cross-head, a rocking shaft on the-ceross-
~ from the: cooler. and ‘the refrigerating-cham- | head, a connecting-rod pivoted to the crank
~° ber, the admission-valve leading from the ‘and cross-head actuating the rocking shaft, 35
- first, compartment, a second admission-valve | means actuated by the rocking shaft for
- 20 leading from the second compartment, and | working the valve in the piston of the expan-
- means for .opening the latter valve toward | sion-cylinder,arefrigerating-chamber receiv-
~ the.end of the outstroke. | ing gas from the delivery-valve of the ex-
92, Thecombination of asingle-acting com- pansion-cylinder, a hollow jacket to the ex- Qo
~ pression-cylinder, a piston in it, delivery and | pansion-cylinder divided into-two compart-
S—1 suction valves, a cooler receiving compressed | ments, supplied with gas respectively from
| gas from the compression-cylinder, a single- | the cooler and the refrigerating-chamber, the
' acting power-cylinder, a piston in it, a single- admission-valve leading from the first com- .
. acting expansion -cylinder receiving cooled | partment, a second admission-valve leading 95
- and-compressed gas from the cooler, a piston | from the second compartment, and meansfor
30 init, admission and delivery valves to it, an | opening the latter valve toward the end of
- _accumulator,ahydrauliccylinderin constant | the outstroke. - IR
communication with it, aram in the cylinder, | 25. Thecombination of asingle-actingcom-
~ connections between the three pistons and pression-cylinder, a piston -in it, means for 100
- ram-such that the outstroke of the compres- actuating the piston, delivery-and suction
35 sion and power pistons and the instroke of the | valves in the cylinder end and piston,a cooler
| expansion-piston take place simultaneously, receiving compressed gas from the compres-
a refrigerating-chamber receiving gas from sion-eylinder, a single-acting expansion-cyl-
~ thedelivery-valve of the expansion-cylinder, | inder receiving cooled and compressed- gas 105
- a'hollow jacket to the expansion-cylinder di- | from the cooler, a piston in it connected to
40 vided into two compartments, supplied with | the piston of the compression-cylinder, ad-
gas respectively from the cooler and the re- | mission and delivery valves in the cylinder
- frigerating - chamber, the admission - valve | end and piston, a crank-shaft, a crank on it,
. leading from the first compartment, a second | a cross-head, a rocking shaft on the cross- rio
- admission-valveleading from the second com- head, a connecting-rod pivoted to the erank |
45 partment, and means for opening the latter | and cross-head actuating the rocking shaft,
valve toward the end of the outstroke. means actuated by the rocking shaft for work-
. 93. Thecombination of asingle-acting com- | ing the valves in the pistons of the compres-
pression-cylinder, a piston in it, means for | sion and expansion cylinders, a refrigerating- 115
actuating the piston, delivery and suction chamber receiving gas from the delivery-
so valvesin thecylinder end and piston, a cooler | valve of the expansion -ecylinder, a hollow
~receiving compressed gas from the compres- | jacket to the expansion-gylinder divided into
sion-cylinder,an expansion-cylinderreceiving | two compartments, supplied with gas respec-
compressed and cooled gas from the cooler, a | tively from the cooler and the refrigerating- 120
| piston in it connected to the piston of the | chamber, the admission-valve leading from
g5 compression-cylinder,admission and delivery | the first compartment, a second admission-
-7 vyalves toit, a crank-shaft, a crank on 1t, a valve leading from the second compartment,
cross-head, a rocking shaft on the cross-head, | and means for opening the latter valve toward
~ a connecting-rod pivoted to the crank and the end of the outstroke. -~~~ - 125
cross-head actuating the rockin oshaft,means 26. Thecombination of asingle-acting com-
6o actuated by the rocking shaft for working | pression-cylinder, a piston in it, delivery and
~ the valve in the piston of the compression- ‘suection valvesin the cylinder end and piston,
cylinder, a refrigerating-chamber receiving | a cooler receiving compressed gas from the
~ gasfrom the delivery-valve of the expansion- | compression-cylinder, a single-acting power- 139
~ cylinder, a hollow jacket to the expansion- “eylinder, a piston in it, a single-acting expan-
65 cylinderdivided intotwo compartments, sup- “sion-cylinder receiving cooled and compressed
- plied with gas respectively from the cooler | gas from the cooler, a piston in-if, admission
“and- the refrigerating-chamber, the __'_adm_is-.lfja,nd delivery valves in the cylinder end and




_a crank-shaft, a crank on it, a cross-head, a
~rocking shaft on the cross-head, a conneectin o
rod pivoted to the crank and cross-head actu-
ating the rocking shaft, means actuated by
- the rocking shaft for working the valves in
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piston, connections between the three pistons,

the pistons of the compression and expansion
cylinders, a refrigerating-chamber receiving
gas from the delivery-valve of the expansion-
cylinder, a hollow jacket to the expansion-
cylinder divided into two compartments, su p-
plied with gas respectively from the cooler

and therefrigerating-chamber, the ad mission-
valve leading from the first compartment, a

second admission-valve leading from the sec-
opening the
latter valve toward the end of the outstroke. ;

ond compartment, and means for

27. Thecombination of asingle-acting com-

pression-cylinder, a piston in it, delivery and.

suction valves in thecylinder end and piston,

a cooler receiving compressed gas from the
compression-cylinder, a single-acting power-
- ¢ylinder, a piston in it, a single-acting expan-

sion-cylinderreceiving cooled and compressed

gas from the cooler, a piston in it, admission -
and delivery valves in the eylinder end and:

piston, means for storing power, connections
between the three pistons such that the out-
stroke of the compression and power pistons

and the instroke of the expansion-piston take
place simultaneously, a crank-shaft, a ecrank .

on 1t, a cross-head, a rocking shaft on the

cross-head, a connecting-rod pivoted to the

crank and cross-head actuating the rocking
shaft, means actuated by the rocking shafr

for working the valves in the pistons of the
compression and expansion cylinders, a re-
frigerating-chamber recelying gas from the
delivery-valve of the expansion-cylinder, a

bollow jacket to the expansion-cylinder di-
vided into two compartments, supplied with
gas respectively from the cooler and the re-

frigerating - chamber, the admission -valve _

leading from the first compartment, a second

admission-valveleading from th e second com-

partment, and means for opening the latter
valve toward the end of the outstroke. .

28. Thecombinationof asingle-acting com-

pression-cylinder, a piston in it, delivery-and
suction valvesin the cylinder end and piston,

8 cooler receiving compressed gas from the

compression-cylinder, a single-acting power-
cylinder, a piston in it, a single-acting expan-

- sion-cylinderreceiving cooled and com pressed

55

gas from the cooler, a piston in it, admission

and delivery valves in the cylinder end and
piston, an accumulator, a hydraulie cylinder
in constant communication with it, a ram in
the cylinder, connections between the three
pistons and ram such that the outstroke of
compression and power pistons and the in-
stroke of the expansion-piston take place si-
multaneously, a crank-shaft, a crank on. it,
a cross-head, a rocking shaft on the cross-
head, a connecting-rod pivoted to the crank
and cross-head actuating the rocking shaft,

7

ing the valves in the pistons of lthe eompres-

sion and expansion eylinders, a ref rigerating-

chamberreceiving gas from the delivery-valve
of the expansion-cylinder, a hollow jacket to
the expansion-cylinder divided into two com-
partments, supplied with gas respectively
from the cooler and the refrigerating-cham-
ber, the admission-valve leading from the
first compartment, a second admission-valve
leading from the second compartment, and
means for opehing the latter valve toward the
end of the outstroke. @~ L

29. The combination of a compression-cyl-

inder, a piston in it, means for actuating the

piston, delivery and suction valves, a cooler

80

receiving compressed gas from the compres-

sion-cylinder, an expansion-cylinder receiv-

ing compressed and cooled gas from the cooler,

& piston in it connected to the piston of the

means actuated by the rocking shaft for work- L

expansion-cylinder with
refrigerating-chamber.

ery valves to if, a refrigerating-chamber. re-
celving gas from the delivery-valve of the ex-

pansion-cylinder, a hollow jacket to the ex-
pansion-cylinder divided into two compart-

compression-cylinder, admission and deliy- .

00

ments, supplied with gas respectively from

the cooler and the refrigerating-chamber, the

admission-valve leading from the first coni-
partment, a second admission-valve leading
from the second compartment, and means for
opening the latter valve toward the end of
the outstroke. - E

- 80. The combination of a compression-cyl-
inder, a piston in it, means for actuating the
piston, delivery and suction valves, a cooler
recelving compressed gas from the compres-
sion-cylinder, an expansion-cylinder receiv-
ing compressed and cooled yas from the cooler,
a piston in it connected to the piston of the
compression-cylinder, admission and deliv-
ery valves to it, a refrigerating-chamber re-

celving gas from the expansion-cylinder, and

means for mixing the gas expanded in the
expansion-cylinder with gas drawn from the
refrigerating-chamber. =~

ol. Thecombination of asingle-acting com-

‘pression-cylinder, a piston in it, means for ac-
| tuating the piston, deliveryand suction valves

in the eylinder end and piston, a cooler receiv-
ing compressed gas from the compression-cyl-
inder, an expansion-cylinder receiving com-

pressed and cooled gas from the cooler, a pis-
“ton in it connected to the piston of the com-

pression - cylinder, admission and delivery
valves to it, a refrigerating-chamber receiv-
ing gas from the expansion-ecylinder, and
means for mixing the gas expanded in the

82, The combination of a compression-cyl-
inder, a piston in it, means for actuating the
piston, delivery and suction valves, a cooler
receiving compressed gas from the compres-
sion-cylinder, a single-acting expansion-cyl-
inder receiving cooled and compressed gas
from the cooler, a piston in it connected to
the piston of the compression-cylinder, ad-

gas drawn from the.
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mission and delivery valves in the eylinder
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~end and piston, a refrigerating-chamber re-
‘ceiving gas from the expansion-cylinder, and
means for mixing the gas expanded in the

10
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20

'35

40

expansion-cylinder with gas drawn from the
refrigerating-chamber. I

L

suction valves in the cylinder end and pis-

ton, a cooler receiving compressed gas from .
the compression-cylinder, a single - acting
power-cylinder, a piston in it, a single-acting
expansion-cylinder receiving cooled and com-
pressed gas. from the cooler, a piston in it,

admission and delivery valves in the cylin-
der end and piston, connections between the
three pistons, arefrigerating-chamberreceiv-

ing gas from the expansion-cylinder, and

means for mixing the gasexpanded in the ex-
pansion-cylinder with gas drawn from the re-

frigerating-chamber. |

- 85. Thecombination of asingle-acting com-

pression-cylinder, a piston in it, delivery and
suction valves -in the cylinder end and pis-

ton, a cooler receiving compressed gas from
the  compression - cylinder, a single - acting
power-cylinder, a piston in it, a single-acting ;
expansion-cylinder receiving cooled and com-

~ pressed gas from the cooler, a piston in it,

- 45

~that the outstroke of the compression and
- power pistons and the instroke of the ex-

50

pansion-piston take place simultaneously, a

refrigerating-chamber receiving gas from the

expansion - eylinder, and means for mixing

- the gas expanded in the expansion-cylin-

der with gas drawn from the refrigerating-

chamber. - e

'36. Thecombination of asingle-acting com-
pression-cylinder, a piston in it, delivery and
suction valves in the eylinder end and pis-
ton, a cooler receiving compressed gas from

~ the compression - cylinder, a single - acting

l6o

power-cylinder, a piston in it, a single-acting
expansion-cylinder receiving cooled and com-
pressed gas from the cooler, a piston in it,

admission and delivery valves in the eylin-

65

der end and piston, an accumulator, a hy-
draulic cylinder in constant communication
- with" it, a ram in the cylinder, connections

- from the expansion-cylinder, and means for

- mixing the gas expanded in the.expansion-.
cylinder with gas drawn from the refrigerat-
ing-chamber. - - | EEE
- 84, Thecombination of asingle-aeting com--
pression-cylinder, a pistonin it, delivery and

| refrigerating-chamber. -

| 2:654,’(8‘9

between the three pistons and ram such that
the outstroke of the compression and power
pistons and the instroke of the expansion-
piston take place simultaneously, a refriger-

I | ating-chamber receiving gas from the expan-
33. Thecombinationof asingle-acting com-
pression-cylinder, a piston in it, means for
‘actuating the piston, delivery and suction
valves in the eylinder end and piston, a cooler.
receiving compressed gas from the compres-
sion-cylinder,a single-acting eXpansion-cylin-
der receiving cooled and compressed gas from
the cooler, a piston in it connected to the pis-
ton of the compression-cylinder, admission
and delivery valves in the ¢ylinder end and
piston, a refrigerating-chamber receiving gas

sion-cylinder, and means for mixing the gas

‘expanded in the expansion-cylinder with gas

drawn from the refrigerating-chamber.
-~ 87. Thecombination of a single-acting com-
pre-sion-cylinder, a piston init, delivery and

suction valves, a cooler receiving compressed

as from the compression-cylinder, a single-
acting power-cylinder, a piston init, a single-
acting expansion-cylinder receiving cooled
and compressed gas from the cooler, a piston

.in it, admission and delivery valves to 1f,

‘means for storing power, connections between
‘the three pistons such that the outstroke of

the compression and power pistons and the

| instroke of the expansion-piston take place

simultaneously, a refrigerating-chamber re-
ceiving gas from the expansion-cylinder, and
means for mixing the gas expanded in the
expansion-cylinder with gas drawn from the

388, Thecombination of asingle-acting com-
pression-cylinder, a piston in it, delivery and
suction valves, a cooler receiving compressed
oas from the compression-cylinder, a single-

‘acting power-cylinder, a piston in it, a single-
acting expansion - cylinder receiving cooled

75

90

95

and compressed gas from the cooler, a piston

in it, admission and delivery valves to it, an
accumulator,a hydraulie eylinderin constant
communication with it, a ram in the cylinder,

‘connections between the three pistons and
ram such that the outstroke of the compres-

sion and power pistons and the instroke of
the expansion-piston take place simultane-
ously, a refrigerating-chamber receiving gas
from the expansion-cylinder, and means for
mixing the gas expanded in the expansion-

| eylinder with gas drawn from the refrigerat-
- admission and delivery valves in the cylin- |

der end and piston, means for storing power,
“connections between the three pistons such

ing-chamber. = o

~39. The combination of a single-acting com-
pression-cylinder, a piston in it, means for
actuating the piston, delivery and suction

valvesin the eylinder end and piston, a cooler

receiving compressed gas from the compres-

| sion-cylinder, an expansion-cylinder receiv-

ing compressed and cooled gas from the cooler,

| a piston in it connected to the piston of the

compression-cylinder,admission and delivery
valves to it, a crank-shaft, a crank on 1it, a

10D

rcs

110

115

I120

cross-head, a rocking shaft on the cross-head,

a connecting-rod. pivoted to the crank and
‘cross-head actuating the rocking shatt, means
actuated by the rocking shaft for working

the valve in the piston of the compression-
cylinder, a refrigerating-chamber receiving

125

gas from the expansion-cylinder, and means

for mixing the gasexpanded in the expansion-

cylinder with gas drawn from the refrigerat-
ing-chamber. o S
40, The combination of a compression-cyl-

| inder, a piston in it, means for actuating the

r-3ci
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Diston, delivery and suction valves, a cooler |
from the compres-

recelving compressed gas fr _
sion-cylinder, asingle-acting expansion-cylin-

derreceiving cooled and compressed gas from

the cooler, a piston in it connected to the pis-
ton of the compression-cylinder, admission

and delivery valves in the ¢ylinder end and

piston, a crank-shaft, a crank on it, a eross-

head, a rocking shaft on the cross-head, a
connecting-rod pivoted to the crank and eross-
head actuating the rocking shaft, means ac-
tuated by the rocking shaft for working the
valve in the piston of the expansion-eylinder,
a refrigerating-chamber receiving gas from

the expansion-cylinder, and means for mix-

1Ing the gas expanded in the expansion-eylin-

der with gas drawn from the refrigerating-
chamber. =~ ; o

41. The combination of asingle-acting com-
pression-cylinder, a piston In it, means for

actuating the piston, delivery and suction

- valvesin the cylinder end and piston, a cooler

25

recelving compressed gas from the compres-
sion-cylinder, a single-acting expansion-cyl-
inder receiving cooled and compressed gas
from the cooler, a piston in it connected to

" ‘the piston of the compression-cylinder, ad-

30

35

mission and delivery valves in the cylinder
end and piston, a crank-shaft, a crank on it,
a cross-head, a rocking shaft on the Cross-
head, a connecting-rod pivoted to the erank

and cross-head actuating the rocking shaft,
‘mmeansactuated by the rocking shaft for work-

Ing the valves in the pistons of the compres-
sionand expansion eylinders, a refrigerating-
chamber receiving gas from the expansion-

~ ¢ylinder, and means for mixing the gas ex-

40

panded in the expansion-cylinder with zas

drawn from the refrigerating-chamber., ~
42. The combination of a single-acting com-

pression-cylinder, a piston in i, delivery and
suction valves in the eylinder end and pis-
ton, a cooler receiving compressed gas from

the compression -cylinder, a sin gle - acting
power-cylinder, a piston in 1t, a single-acting
expansion-cylinder receiving cooled and com-

pressed gas from the cooler, a piston in it,

admission and delivery valves in the cylin-

~der end and piston, connections between the

55

? cylinder,

three pistons, a crank-shaft, a crank on it, a
cross-head, a rocking shaft on the cross-head,

& connecting-rod pivoted to the crank and
cross-head actuating the rockingshaft, means

actuated by the rocking shaft for working N

the valves in the pistons of the compres-

sion and expansion cylinders, a refrigerating-
gas from the expansion-
and means for mixing the gas ex- |

chamber receiving

654,786 ' 3
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panded in tiw éiﬁansion-cylinder With'gas-

drawn from the refrigerating-chamber.
43. The combination of asingle-acting com-
pression-cylinder, a piston in it, delivery and

suction valvesin the cylinder end and piston,
a cooler receiving compressed gas from the

compression-cylinder, a single-acting power-
cylinder, a piston in it, a single-acting ex-

pansion-cylinder receiving cooled and com-

pressed gas from the cooler, a piston in it, ad-
mission and delivery valves in the cylinder

- end and piston, means for storing power, con-

60

7

nections between the three pistons such that =~

the outstroke of the compression and power

Pistons and the instroke of the expansion-pis-

ton take place simultaneously, a erank-shaft,

a crank on it, a cross-head, a rocking shaft on

the cross-head, a connecting-rod pivoted to

the crank and cross-head actuating the rock-

1ng shaft, means actuated by the rocking

shaft for working the valves in the pistons of

‘the compression and expansion cylinders, a
refrigerating-chamber receiving gas from the
‘expansion-cylinder, and means for mixing the
‘8as expanded in the expansion-cylinder with

gas drawn from the refrigerating-chamber.
44. Thecombination of asin gle-acting com-

- pression-cylinder, a piston in it, delivery and
suctionvalvesin the eylinder end and piston,

& cooler receiving compressed gas from the
compression-cylinder, a single-acting power-
cylinder, a piston in it, a single-acting ex-
pangion-cylinder receiving. cooled and com-

‘pressed gas from the cooler, a piston in i,

admission and delivery valvesin the cylinder
end and piston, an accumulator, a hydraulic
cylinder in constant communication with it,
& ram In the cylinder, connections between
the three pistons and ram such that the out-

stroke of the compression and power pistons
-and the instroke of the expansion-piston take

place simultaneously, a crank-shaft, a crank
on it, a cross-head, a rocking shaft on the
cross-head, a connecting-rod pivoted to the
crank and cross-head actuating the rocking
shaft, means actuated by the rocking shaft
for working the valves in the pistons of the

comnpression and expansion cylinders,a refrig-

erating-chamberreceiving gas from the expan-
| sion-cylinder, and means for
expanded in the expansion-cylinder with

mixing the gas
oas
drawn from the refrigerating-chamber. .

DANIEL McGILL. - o
- FREDERICK WILLIAM TANNETT-WALKER,

Witnesses: _
'  ROBERT B. RANSFORD,
- ARTHUR CARPWALL.

75

80

93

100

105




	Drawings
	Front Page
	Specification
	Claims

