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To a1l whowm it ma Y concern:
Be it known thas I, JoaN STURGEO‘\I, a sub
Jject of.the Queen of Grreat Britain, and a resi-

dent of 3 Westminster (Jhambels, Yietoria-

street;in the city of Westminster,in the connty
of Mlddle%ex, in that partof the: United King-
dony of Great Britain and Ireland:called Lng

‘land; “engineer, have invented certain new

and. useml Improvements in. Apparatus. for
Cooling, Drying, and Puarifying Alr, (for which
I bhave obtained Letters Patent for Great
Britain, No. 4,363, bearing date 21st December,
1877;) and the fo]]owmg is a full, .clear, and
anct description ofmy inveuntion in such full,
clear, and ‘exact ‘terins as 'to enable any one

skilled iw the art to which it appertains oris.

mo§t-nearly connected to make and use the

--same, reference being had to the sheet of draw-
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ings annexed to this-specification, and to'tlie
figurés of reference marked thereon,

’\Iy invention has-for- its object improve-
ments in'and appertaining to machinery and
apparatus. for “cooling, drying, and purifying

: ‘d*xnospherlc air for. retrlgeratmg purposes.

“smaller spdce, the same quantity of heat that:

30

It'is Well known that when a volume of air
oceupying a- certam space at its normal tem-
perature and’ préssure is compressed into. a

was: distribnted through its original volume
and forming its natural temperatme beingcon-
centrated into less §pace, the air must:show a

“risein temperature above-that of the surround-

- ing atmosphere,

35

If the heatthus generated
by the compression of the air be absorbed and
carried off; so as to reduce the air.in its com-

pressed state to the same ‘temperature as the"

.surloundmn atuosphere, or nearly so, and tlie

““eompr essed air thus cooled be'made to do work

49

and allowed to egxpand back into-its original
space or volume, a considerable lowering of
the tempex atare will result, Thiswell-known

__principle is applied in all descriptions of ma-

45

chihery for refrigerating by the compression,

coo]mg down, and expansion of atmospherw
air, ‘the ‘compression ~and expansion’, being*

generally effccted by weans'of two cylinders—

one for coi:pressing and the other for' expand-’
1uv‘—-h1v ng thc v plstons 'md 1ods geared to- :

‘cylinder.

v-gether, 50 that the uomplessed au wln.e et
panding in the one eylinder,is 1etu1mu 9.4 por--
-tion-of the power employ ed i in commesmnw it

by assisting to drive the machine... To cool the

50

air while compre%ed by extracting .the.con-..

centrated heat, it has hitherto Deen the prac-

tice before passing the.compressed air -into
;and through the receiver and cooling-tank to .

inject water into ‘the: compressmg cylmder,

contact, aud in fact, mixing them.
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thus bringing theair and water into direct:
- The ob]ec--
tion“to this plau is that the expanded cold air.
is eharged with moistire; which rapidlyforms.

6o

large quantltles of ice and snow; rendering -

the cold air unfit for-direct application foy

most refrigerating purposes. - Heatis also ab-
stracted. from the compressed - air by surface-

contact with eold surfaces; such as mc*a‘ pxpesv i

and water-filled vessels.

My invention may be carried out’ bg, usmrr} ;T

compression-cylinders with a piston.ofthe fol—
lowing construction :.I makethe piston-hollow,

o

with openings carried entirely through its-pew

riphery bet“ eeu the packing or plstou rings:

Into the’Lollow piston I fix a pipe:tutrned:on.
the outside and long enough to pass through

a stuffing-box in the cylmder -cover- and. into

a cu’culatmg pump-cylinder which is fixed out- -

side i1 such & manuner that at each stroke of

75

-

the engine the pipe works-a single-acting ram- -

“punip and’ forces the water or its Sl‘lblhtltllte“
‘through into the hellow piston and through
‘the openings in its periphery and coming mto E

‘8o

contact with the interior surface of the.cylin=

der, the. water afterward eséaping through: L

another'pipe, passing through the same or the. |

opposite cylinder-caver; ‘or “the pipes may bé

applied ‘as ram- pumps at both ends of the C) 1=
.inder. .
~In 11eu of asingle hollow plston, the ‘same”

object 1ay be-attained Ly -using 4 «uplex

‘piston separated so as to form a chambex into
which the water can pass andat the same time"

be'in contact with “lie inside surface of the
The compressing - cylinder 18 'sai-
rounded with a waterjacket, throngh whicli &
constant circulation .of water is mmmtamed
The wate1 may be ﬁr st admitted into the 1nte

85

[¢]e]

95



2

I.‘iOI“ of the compressing-cylinder between the
two pistons, being-the center of tlie cylinder

- through an opening on the top and about the
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middle of theeylinder,and passing out through

another opening or openings into the water- |

jacket or elsewhere, sauch water in mo case
coming in direct contact or mixing with the

_air in the top. or bottom of the eylinder..

In lien of tlie pipes before referred to for sap-
plyivg the interior of the piston, the water or
its substitute may be taken in threugh the
piston-rod, which is made bollow for the pur-
pose. _ R o :
" My invention may farther be carried out by
constructing the cylinder - covérs and water-
containing piston of the compressing-cylinder
vith concentric projecting water-spaces,the
.water-spacesor projections on the piston fitting
into the female "spaces formed by the concen-
tric water-spae '
der-covers. . ‘

In farther carrying out my invention I may
fix the compression and expansion eylinders
horizontally, the one behind the other, and
geared together by continuation of the piston-

.rod from one to the other. The cylinders are

set upon an iron bed, forming at the same
time the cooling-tank or receiver for the air
hedted by eompression.
receiver is formed:into compartments, the end
compartments forming compressed-air cham-

bers and. the center compartment being the

cooling-taik, whichis constructed with.a num-
ber of tubes passing through it, connecting the
air-chambers, aroand- which tubes a circula-
tion.of cold water is maintained, The receiv-
ing dir-chambers. are- divided so that the air
when: compressed into the one has to pass
through one set of tubes to the otherair-cham-
ber, Teturning througl another set of tubes to

the last chamber, or vice versa. Thecircalation’

ofthecompressedairisthuseffected throngh the

-cooling-tubes, and the heat generated by com-

pression is thus further absorbed and carried
off. Theair, beingkept from dirset contact with
the water nsed -for cooling; will be free from
moistare, except that generally contained in
the atmosphere in the form of aquéouns vapor.
The-combined action of compression and of the

discharge of heat from the air will tend to con--

dense this-agueouns vapor,.and when most of it
is thuy discharged I.carry it off by means of

‘atrap.or traps applied to thelowest partsof the

compressed-airchambers wherethis condensed
‘moisture accamnlates. The trap consists of a
tubshapging vertically downwardandclosed at
1lié bottom by a valve weighted to open only
when the pressure upon it exceeds the pro-
posed pressure in the air.chambers. ‘When
sufficient water is collected in the tube or trap
toovercome byits additional weight the spring
or otherwiseretained valve, the valve will-open
andallow the waterto runoutuntilthe weight is

relieved sufficiently to allow the valve to close

again. To getirid of the rémaining moisture
in the air as far as possible, I apply in one or

8 or projectious on the eylin-

The cooling-tank or-

263,620

more of the compressed-air chambers, by pref-
_erence the second receiving-chamber,a wire-
worlk: cradle or equivalent contrivancs filled

plugs of earbon, which, besides -absorbing any
‘nogions particles, also absorbs the moisture
_from the air whife still uoder pressuré, and
consequently before such moistare can be pre-

when the air is expanded. = Coke, pumice-
stone, cinders, peat charcoal, or other suitable
substance may be used for absorbing the moist-
are, I provide a suitable -door to the cham-
ber to facilitate thé placing and removal of the
absorbent substance. o

" To apply this my invention to, say, a meat-
safe or refrigerator, I convey a pipe from the
refrigerator close:to the inlet-valves of the
compressing-cyliider. As the air is drawn
from the refrigerator or from the outside it is
compressed into ‘the air-receiving chamber,

tank and through-the absorbing apparatus in
the air-chamber back to the.other air-cham-
bers, from which’the expanding-cylinder is
supplied, and from the expanding-cylinder air
-is discharged to the refrigerator in a cold dry
state. By thesé means a continuous supply
of pure cold air can be delivered in a suffi-
ciently dry state and at a temperature which

speed of.the apparatus or-the grade of expan-
sion and the circulation of the water in- the
cooling-tank. AP '

The construction of apparatus according to

to the drawings, in which— S ,
Figure 1 represents a side elevation of a re-
frigerating or cold - producing machine con:

chambers in section. Fig. 2 is a plan of Fig.
1.
ing-tank. - Fig. 4is a cross-section through one.

cross-section of the-end covers of the compres-
sion - eylinder, ‘showing inlet and ~delivery
valves. - ' .

A is the compressing-cylinder, into which

or otherwise, through the pipe B, which hasa
valve attached at C for the admission of the
exterpal atmospheric air, which may be used
-when required. After compression in the cyl-

pipe D to the chamber E, whsic it meets the
baffle-plate E/, at which point much of the wa-
ter contained ip the air will be discharged,
and is drained off‘through the pipe-and trap

“the baffle-plate :E"iu a much drier state, and
.thence through’ the inner set of tubes G’ G to

tank, - Here it impinges on the baffle-plate H',

with ecarbon; or I use baffle-plates, tubes, or ¢

-cipitated in snow. or ice by the cold produced -

my invention will :be understood by. reference

of the end chambers. Fig. 5 is a longitudinal
section, on an enlarged scale, of the compres- ...
sion -and expansien cylinders. Fig. 6 is a.
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then passing through the tubes in the cooling-

go
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can be regulated at will by regulating the .
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structed 1n accordance with my invention; -
-showing "the cooling-tank and the two end .

Fig. 8 is a cross-section throagh the cool- .-

110

115

the air passes from the refrigerating-chamber, -

120

inder A:the compressed air passes through the

125

- I, the air passing round to the other side of .

130

the chamber H at‘the other end of the cooling-. -
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and any further water discharged is drained
oft by.a trap, similar to that shown at F, placed

thus further dried then passes to the other side
of ‘the baffle-plate H’, then through the wire-
work cage I, filled with charcoal or other suit-
able substance, which further absorbs the
damp and abgtracts deleterious particles from
the air. The air now passes over the baffle-
plates H? to the outer annular space of the
chamber, nieeting the baffle-plates H? and the
wire-gauze or perforated covering H, all of
which assist in further drying the air, which
then passes through the outer range of/pipes
G’ to the chamber E?, where it is received in a
dried, purified, and cooled state througl its
treatment in the fank pipes and chambers, the
pipes G G’ being surroiinded with cold water,
and the sarface-contact cooling the air in its
passage through the pipes. I'rom the cham-
bers E? the air is admitted to the expansion:

cylinderd through the stop-valve J’. The air, .

“after performing work in the expansion-cylin-
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der J, passes through the exhaust-pipe, and
the expanded air is led to. the refrigerator in
an intei:sely cold, dry, and pure state, the air
cireulating through the refrigerator and back
to the compressing-cylinders, .or otherwise.
The cooling tank and chambers H may. be
provided. with drain-tubes atall thelow points
where the moisture discharged from the com-
pressed air is likely to collect. The chamber
H is provided with a hinged ddor, K, to en-
able the wire-work cage I to be readily re-
moved and replaced when the carbon or other
absorbing and purifying material with which .
it is filled requires renewal. The air-cylin-
ders A and J are driven Ly means of the
steam-cylinders I I’ through the crank-shaft
M, the whole being mounted on and carried
by the cooling-tank G2, as shown. S
A counstant circulation of cold water througl
thie hollow piston O of the eompression-cylin-
der may be maintained . through the pipe P,
the check-valve P/, and the outlet-pipe P2
The water circulating througn the hollow pis-
ton comes in contact with the interior surface
of the cylinder A through the openings p, and
effects the necessary lubrication without com:

ing into direct contact with the air, and also

serves to furtber c¢ool the cylinder and air.
Fig. 7 is a sectional elevation of acylinder,
showing avother mode of internal cooling of
the eylinder, and thereby the air under com-
pression. In this example two pistons are
used, fastened to one rod at sufficient distance

‘apart to allow of the full piston travel without

overrunning the openings p, through which
water is admitted into the space O. The cool-
ing-surface may be further increased Ly ar-
ranging the piston and covers in the form

tion, I claim— -

3

-~

shown by the dotted lines, or Ly corrugating

| the piston and covers, as shown at Fig. 8.
at the point marked X, The compressed air |.

Having now described my invention and
shown how the same may be put into opera-

1. The process of cooling, drying, and puri-

fying atinospheric air for refrigerating pur-

poses, which consists in'compressing the air
and :passing it while still under eompression

through chambers provided with baffie-plates

and absorbents, in combination with a nest of

 pipes and a water-tank and expanding the air’

through an.expansion-cylinder, where it per-
forms work, all substantially as described.

2. In the cooling, drying, and purifying of
atmospherie air for refrigerating purposes by
means. of compression, surface-cooling, and,
aftér expansion,.the process of extracting the
heat and moistare. Ly, surfacé.cooled tubes,
baftle-plates, and absorbents while the air is
still under compression, substantially as de-
seribed. .

3. The combination, in a cold-air-producing

.wachine, of acompression-cylinder with a cool.

ing-tank baving air-chambers provided with
baffle-plates and moisture-absorbing devices,
such chambers . being connected: by a nest of
pipes and one chamber communicating with
the expansion-cylinder, ail substantially as de-,
scribed. ! R

4. The construction and arrangement of the
compressing-cylinder A, the cooling-tank, and
accessory parts G% the expansion-cylinder J,

‘aud the steam-cylinders L I/, substantially as

shown, for the purpose specified. .

5. In an air-compressing cylinder, the cow-
bination of the hollow piston O with the wa.
ter-circulating pipes P % and the opening p,
all substantially as set forth. . i

6. In an air-compressing eylinder, the con-
struction of the piston O’ and the cylinder A/,
substantially as shown, and. for the purposes
specified. , o .

‘7. In an air-compressing eylinder, the con-
struction of the piston O? and the cylinder A2,

_substantially as-shown, and for the purposes

speeiied, .

8. The arrangement. and construction of
cylinder and piston, consisting of corrngating’
the ends of the eylinder and corrugating’ the
top and bottom of the water-piston, asherein
deseribed,
drawings, : i

In witness whereof I, the said JOHN STUR-
GEON, have hereunto set my hand and seal this
25th day of March, 1882.

JOHN STURGEON.

Witnesses: . . .

EpENEzER ErLior,
WILLIAM POLLARD,
- Both of 14 Scaside Road, Eastbourne.
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and substantially as shown in® the -



