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To all whom vt may concern :

Be it known that'I, ALFRED SEALE HAs-
LAM, of Derby,.in the county of Derby, Eng-
land, engineer andiron-founder, have invented
new and usefal Improvementsin Refrigerators,
of which the following is a description.

This invention relates to a novel construc-
tion and arrangement of refrigerator for eool-
ing air on the dry-air system—that is to say,
without at any period of the cooling process
bringing the said air into direct contact with
the water used for such cooling. In thisim-
proved refrigerator the air to be cooled is first
passed intoa compressing-cylinder through imn-
proved suction-valves farnished with springs
on the outside of the covers, which springs
can be adjusted or replaced while the com-
pressor- is at work, the said cylinder aund its
valvés being cooled externally by water cir-
culating through helical passages formed in
the jacket and covers thereof, The air leaves

‘the compressing-cylinder by valves of special

coustruction, whieh, with the inlet-valves, will
be hereinaftermore fully deseribed, and passes
thence through two or more sets of tubes with-
in acondenser situateimmediately beneath the
said cylinder, around which tubes water is
constantly circulating, whereby the tempera-

ture of the compressed air is lowered, and the |

air is caused to yield up a large portion of its
watery particles. . The air next enters an air-
reservoir, and thence passes to a special appa-
ratus, called a “collector and separator,” situ-
ate below the air-reservoir and the condenser
above named. The collector and separator
consists of a series of tubes arranged in sets
within a ecasing, the’' interior of shich is
brought into connection with the cold air from
the meat-room or the expansion-cylinder, as
may be desired, by a system of pipes and
valves, The compressed air from the reservoir
passes through the sets of ‘tubes-in the col-
lector and separator, around which tubes the
cold air from the meat-room or the colder air
from the expansion-cylinder, as the case may
be, is caused to pass, whiel air, by impinging
upon them, greatly cools the compressed air
passing through them. The compressed air
next passes to the air-expansion cylinder,
which is fitted with a novel arrangement of
valves, allowing of adjustment, and a variable
cut-off, and which are, moreover, readily ac-

cessible. . The construetion of this part of the:
relrigerator will be more fally deseribed here-
inafter. Irom the expansion-cylinder thecold
air, at ordinary atmospheric pressure, passes
to the meat-room or other structure the con-
tents of which are to be cooled.

This improved refrigerator is specially de-
signed for use on board ship, and it is for this
purpose that its several parts, as well as the
engine for operating the same, are combined,
80 s to be self-contained, and mounted on one
bed -plate—an arrangement effectin g great
economy of space and the utmost efficiency in
working. It bas been found, however, that
after the engine has ceased to work the large
amount of energy stored in the compressed air
within the reservoir and other parts of the ap-
paratus is such that on slightly turning the
fly-wheel the said air will drive the fly-wheel
for some twenty revolutions. Thisstarting of
the fly-wheel, when at sea, is therefore at-
tended with considerable risk to life, and in
order to obviate this a novel arrangement of
starting-gear is provided, by which gear the
fly-wheel of this improved refrigerator may be
started at a safe distance therefrom.

In addition to the general combination and
arrangement of the several parts of the re-
frigerator in their relative positions, as above
mentioned, which combination and arrange-
ment are believed to be both new and useful,
the refrigerator is constructed with improved
devices for more effectually attaining the ob-
jeet in view, Thas the inlet and outlet valves
of the compressing-cylinder and its spirally-

channeled water- jacket, the collector and-

separator, the construction and arrangement
of the air-expansion cylinder and its aceesso-
ries, and the starting-gear for the fly-wheel of
the refrigerator are each and all believed tobe
new and useful improvements, all working to-
gether for the economical and safe production
of highly-eooled dry air, These several im-
provements will now be described in order,
reference ‘being made to the accompanying
drawings, in which the same letters of refer-
ence indicate like parts. .
Figure 1 is a side elevation of the improved

refrigerator, and Fig. 2 is a plan view thereof. .

A is the compressor, to which the air to be
compresséd passes alternately by the branch

pipes A/ A’ through the improved inlet-valves
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A? A? at either end of the cylinder, and from
which the compressed air issues by the outlet-
valves A®A3and branch pipes A*A*% by which
pipes it is conducted to and through two or
more sets of tubes in the condenser B, around
which tubes water entering by the pipe b is
constantly circulating. The covers of the said
coudenser B are divided by partitions to insure
the air passing from one set of tubes to the
other in succession, When two sets of tubes
are used one of the covers only need be di-
vided to guide the air through them; bat if
three sets are used- each cover will require a
division-plate for this purpose. The water,
after lowing around the tubes of the condenser
B, passes by an opening or a short vertical
pipe to the jacket of the compressor A, and
cirenlates around the eylinder and valves of
the said compressor through spiral passages
formed in the jacket and communicating with
channels formed in the cylinder-heads, by
which means the water is thoroughly turned
over and its cooling-power utilized toits high-
est degree. The water, after thus externally
cooling the compressor, passes off by the pipe
&'. The compressed air,after leaving the con-
denser B, passes to the eompressed-air reser-
voir C, situate immediately beneath the con-
denser B and compressor A. This reservoir
serves to insure regularity in working the ap-
paratus. Below the said air-reservoir is the
collector and separator D, which consists of a
box or casing fitted with a series of tubes in
sets, arranged substantially in the same man-
per as are those of the condenser B. The
compressed air, alter leaving the reservoir C,
passes-thence into one cover, D/, of the col-
lector D, which cover is divided to keep sepa-
rate the currents of air passing through the
two sets of tubes, after the manner already
explained with reference to the condenser B.
The air passes through one set of tubes and
back again through anothersetof tubes,around
which tubes cold air from the meat-room, or
from the expansion-cylinder I, is drawn by
the compressor A, the direction of the air be-
ing controlled by a suitable arrangement of
sliding valves. ,

D? is the return-pipe from the meat-room to
the collector, and D3 is the pipe from the col-

- Jector to the compressor, by which the cold air

6o

from the meat-room is drawn through the col-
lector D and around the tubes therein.

E is the expansion-cylinder, arranged mid-
way of one end of the base-plate, its valves
being worked by eccentrics on the crank-shaft
of the engine I¥, by the piston-rod of which the
compressor is worked. On the end of this
crank-shaft the fly-wheel G is mounted. This
fly-wheel of the refrigerator is provided with
improved safety starting-gear, which will be
more {ully described hereinatter. The com-
pressed air, baving been still further dried and
cooled within the tubes of the eollector D,
passes by the pipe L/ to the expansion-cylin-
der B, which cylinder it leaves by the main
cold-air tank E2 ‘

Teaves the cylinder by the outlet a’.

| open the valve,

Hand sliding valves E? and E* are pro- -

vided for regulating the direction of the cold
air, as follows: Should it become necessary to
admit extreme cold air to the interior of the
collector, so as to freeze the moisture contained
in the compressed air, it will only be necessary
to close the valves by which the air from the
meat-room is drawn into the ecollector D and
to open the sliding valve E? between the ex-
pansion-cylinder E and the said collector, at
the same time turning the ccck A® so as toopen
the pipe D% and close the pipe D’ During
this operation the valve E*may be partially
closed, if necessary. The compressor A will
then draw extreme cold air by the pipe D* from
the expansion-cylinder E through the collector
D, causing it to impinge on the tubes placed
therein; or, if desired, air may be drawn tothe
compressor from the outer air by a pipe, AS,
provided with a suitable cock or valve, which
will be ordinarily kept shut.

It will be observed that in this refrigerator
the air to be cooled is separated from the cool-
ing medium throughout its circulation through
the apparatus, and that all the parts are ar-
ranged with respect to each other, according
to the natural sequence of the several stages
of the process.

In some cases I may dispense with the air-
reservoir C, maintaining, however, the relative
positions of the other parts of the apparatus,

‘either in a vertical or a horizontal direction.

The special points of novelty in the com-
pressor A and its accessories will now be de-
scribed.

Tigs. 3 and 3% represent the compressor A
in side elevation (partly-in section) and end
view, respectively. A’designatesthe inletair-
pipes; A? the inlet air-valves; A3 the outlet
air-valves, and A4, Fig. 3%, the outlet for the
compressed air. The water for cooling the
compressor enters by the opening «,and,circu-
lating around the cylinder in a double spiral
direction, as elearly indicated in the drawings,
It will
be seen that the cylinder-covers are deeply
channeled to form passages which communi-
cate with the two spiral passages around the
cylinder, and that the valves A% and A’ are
thos brought into close proximity with the
cooling mediam.

TEach of the air-inlet valves A? consists es-
sentially of a disk, a? having a hollow stem
working in a fixed sleeve, a°, and opening in-
ward. The outer end of the hollow stem is
screwed to receive a cap through which a spin-
dle is passed. The spindle passes through the
cover, and is surrounded by a coiled spring
contained within a hollow casting, a*, bolted
to the outside of the cover. A disk,d5 orits
equivalent, is passed over the end of the spin-
dle, which is threaded at its extremity to re-
ceive a nut, and by means of this nut the
coiled spring may be compressed to any re-
guired degree, and thus necessitate a greater
or less air-pressure to be exerted in order. to
A washer of rubber, prefer-

7o

75

8o

85

90

95

100

10§

110

I1§

20

T25

130



10

15

20

25

30

35

40

45

50

55

6o

65

261,708 . . 3

ably protected. Ly a metal rim, is seeured to

the inneriend of the ecap, and. thus- all shoek.

to the working parts of the valves is obvi-
ated. The outlet-valves A% each consist.of a
disk, a?, having a. hollow stem working in a
fixed sleeve, @ bolted to the outside of the
cover.. Into the center of this slesve airod is
serewed, and its inner end bears upon a coiled
spring contained within the hollow stem of
the valve-disk a?, which is thus kept upon. its
seat until the compressed.air foreces it outward.
An additional coiled spring is contained with-
in the sleeve o’ and surrounds the: fixed rod
above named, thus preventing the outer face of
thevalve-disk a® from coming violently in con-
tact with the end of the hollow sleeve a’. By
this constructionof theinlet and ontlet valves I
obtain greatstrength ofthe working parts, com-
bined with lightnessand simplicity of coustrue:
tion, a large bearing - surface for the valve-
stems, and easy aceess to the working -parts
from the outside. The compressed air from
the compressor A next passes to the sets. of
tubes within the condenser B, which hasbeen
already described, wherein it is cooled by the
flow. of water around the said. tubes, and with:
out coming into direct contact with-the cool-
ing medium. - From the condenser B the com-
pressed air passes to the air-reservoir C, which
reservoir, it should be remarked, is not abso-
Intely necessary to my invention of a refriger-
ator for producing cold dry air, but which is
preferably employed in combination with the
upper parts of the apparatus, as already de-
seribed with reference to Iigs. 1 and:2; and
serves.to increace the efficiency by insuring
the regular working of the machine. From-
the reservoir C the compressed air entersthe
collector and separator D, which consists.of
a casing fitted with a series of tubes through
which the compressed. air. passes.. This part
of the invention has already been sufficiently.

deseribed, and-its construction and:operation:

will be readily understood on refereuce to Fig,
1-and the aforesaid des¢ription.  Its obhjectis
to still farther dry and cool the compressed.
air, for which purpose it.is fitly placed below
the condenser B and. reservoir C, and imme-
diately before the expansion-cylinder E.

It should be especially noted that by the
above construction and arrangement of appa-
ratus the small amount of moistare in the air
may be allowed to deposit within the tubes of
the collector and separator D in the form-:of
ice or snow without risk of stopping them, in-
asmuch as the system of cooling the com-
pressor and the condenser tubes by the exter-
nal application of water does not. load the air
with so.much moisture as would, when passing
through the collector, choke the tubes thereof
with snow and cause a breakdown of the ap-
paratus. Should, however, the pipes collect
too much snow or ice, the current of air is re-
versed by the cock or valve A’ fresh air being
drawn into the machine and the circnlation of
cold air round the tubes being suspended.
The.air from the reservoir passing through the

tubes-at a higher temperature cleans the tubes
‘from-such.ice ‘'or-snow; and the: air- passing
through the tubesis-furthercooled in.its pas-
sage,
led by the pipe E/ to the expansion-cylinder E,.

the construction. and arrangement of which:

willnow:bedescribed.. The receiving-chest and
‘expansion-chest or snow-box: of this eylinder
are placed at opposite sides thereof, or, if pre-
ferred, one at the side and the otherat the front
or top. This arrangenient permits.of separate
valves being used for the supply and éxhaust,
and the supply-valve under these conditions
caibe fitted with a variable cat-off, and the
valves-may be reduced to asmall size, which
diminishes the-friction to a:minimnm and ef-

feets a saving: of power. . This arrangement.

permits of short straight: ports. being used in
all connections in. the exhaust—a matter of
great:importance. in: refrigerating apparatus.
Air.expanding under these conditions does not
permit snow or:ice to form. in the-said ports
‘and obstruct the passageof air. The exhaust-

valves:can. also: be, carefully adjusted to the:

face of the ports,.and by reason of the expan:
sion-chest not having to resist internal press-
ure- its.cover may Le-constructed of wood. or
any.light non-conducting -material, and made

_easily removable toclear.the chest of any snow

that:may form therein. The rods-which work

the valves for: admitting: the- air to. and: ex.-
hausting:it. from' the. expansion.cylinder ‘de--
rive their motion from:an eccentric comnion to-

both: through a. rocking shaft, arms: keyed:
thereon, and. link-rods. The shafti carrying
the .eccentric just mentioned.is furnished:with
a- second. eccentrie for working the cut:off
valve. This valve is.conuected by a link-rod
to.an arm of - a: rocking shaft, a.second arm
from.which is jointed to therod:of the second
eccentrie. * ;

In the accompanying drawings, Fig, 4is an

end, elevation of the: refrigerating apparatus,.
showing theexpansion-cylinder.. Fig.5shows-

on-an enlarged seale the:means: for adjusting
the cnt-off and the indicator forregulating the

extent of suech adjustment. TFig. 6.is a hori-

zontal section, and.Fig. 7 is:a vertical section
of.the cylinder and its accessories. ‘

In these figures, B is the eylinder to which

the compressed air.is-conducted from the col-
lector and separator through the pipe-l’. e is
the: receiving.-chest, and ¢ the expansion-
chest or snow-box, placed respectively on op-
posite sides of the'eylinder B, as shown in the
drawings; or it. may be one at the side and
the other at the front or top of the eylinder,
by which - means- separate valves are nsed.for
the supply and exhaunst, thus allowing.ofa va-
riable.eut-off for the supply-valve and the. tse
of valves. of small size. :

¢% is the supply-valve, ¢ the adjustable cut-
off valve, and ¢* the exhaust-valve.  The valves
¢-¢* are worked by an eccentrie, #, common to
both ou the crank-shaft«/, through the horizon-
tal rock-shaft ¢’ and arms keyed thereon, one of
thearmsbeing connected to the rod of the eccen-

The air, after leavingthecollectorD, is:
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trie, and the other two being connected to the
rodsof the supply and exhaust valves. Thecut-
off valvee*is worked by theeccentrica?, through
the rock-shaft ¢® and lever-arms keyed thereon,
one of which arms is counected to the cut-off:
valve rod by a suitable liuk, The cut-off-valve
rod, it will be seen, is threaded at two points
with right and left handed threads, respect-
ively, to receive correspondingly - threaded
blocks, which are made with recesses to carry
the removable pieces serving as valve-faces,
and together with them constitute the cut-off
valves. The rod of this cut-off valve, it will
be seen from TFig. 5, passes through a block,
€', to which is attached oue end of the link
whereby it is actnated. This block ¢’is secured
to the rod by means of the shoulder below it
and the nuts above it. On slackening these
nits the rod -may be rotated by a spanner ap-
plied to the hexagonal shoulder, and by its
rotation will cause the threaded blocks, which
carry the removable wearing-pieces serving
as the faces of ithe cut-off valves €%, to recede
fromn one another or to approach one another,
thus regulating the cut-off. Therelative posi-
tions of the wearing-surfaces of the said cat-oft
valves ¢ with respect to the inlet-ports of the
supply-valvese? may beascertained with exacti-
tude by the pointer ¢8, which protrudes through
a slot cut in the face of the block ¢, and
which is caused totravel up or down the gradu-
ated face of such block as the cut-off-valve
rod is rotated to the right or left. This trav-
erse motion of the pointer ¢ is effected by its
rear end being threaded (or formed with a
tooth)andlyingin closecontact with athreaded
portion of the cut-off-valve rod within the
block €7, as will be readily understood.

The exhaust-valves ¢! are also eapable of
easy adjustment upon their rod by means of
the nuts which bold the valve-surfaces in place
upon the rod which werks them. In order to
set up or adjust the wearing-surfaces. of the

exhaust-valves.to the face of the expaunsion--

chest against which they work, wedge-shaped
blocks ¢l¢, Fig. 6,are employed. These wedge-
shaped blocks are interposed between the
outer face of the valve-pieces ¢! and ineclined
surfaces formed in the walls of the expansion-
chest ¢/. The wedge-blocks .are slotted to al-
low of their vertical adjustment, and they are
then clamped securely by theclamping-boltse'.
By tbese means both the upper and lower
valve-pieces, ¢, can be forced against the face
of the expansion-chest with any desired press-
ure, Accesstotheseadjusting-nutsand wedge-
shaped blocks may be easily had by removing
the cover ¢° of the expansion-chest or snow-
box ¢/, which cover, by reason of there being
no intcrnal pressure of air to resist, is made of
wood or other light non-conducting material,

" and may be consequently handled with ease.

65

The invention relates, lastly, to a simple ar-
rangement of starting-gear for putting the en-
gine of the refrigerator in motion when it has
stopped on a dead-center. - This arrangement
consists in the use of teeth or notches cast on

261,708

the side or, by preference,.on the periphery of
the fly-wheel G, as shown in Fig. 8, taking
into which teeth is a pawl, g, mounted on a
rocking piece, ¢’, cut or formed in one with a
socket, into which a band-lever, g%, is inserted,
which lever serves to operate the rocking piece
g’ and pawl! g, thus starting the fly-wheel. The
pawl g is thrown into gear (whben in action)
with the teeth of the fly-wheel G by the up-
ward pressure of a spring, ¢°; but when the
hand-lever is dropped the pawl will drop out
of gear. The rocking piece ¢’ and the hand-
lever g% connected therewith, may be mounted
upon a stud-axle carried by a bracket-bearing,
as shown in the drawings; or it may be upon a
standard bolted to the ﬂoormw or to the deck
of the vessel.

Having now set forth the natare of my saldb

invention of improvements in refrigerators,
and having explained in what manner the
same .may be carried into practical effect, T
wish it to be understood that I ¢laim—

1. A refrigerator in which the air to be
cooled passes, first, into a compressor, A, cooled
externally by water flowing around its spirally-
channeled cylinder and around the valves in
its covers; secondly, into and through two or
more sets ot tubes in a condenser, B situate
immediately beneath the said compressor A,
within which tubes the moisture in the air is
condensed by the action of the water flowing
around theimn; thirdly, to an air-reservoir—
such as C—the greater part of which reservoir
is situate immediately beneath the said con-
denser B, and serves also as a bed-plate for
the engine I'; fourthly, into and through the
tubes of a collector and separator, D, the space
within the said collector and around the said
tubes being connected by pipes with the air-
expansion eylinder I, the cold room, and the
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compressor A, as and for the purpose speci-

fied; fifthly, mto ah ajr-expansion cylinder, E,
suuate midway of the end of the retrmeratmg
apparatus and vertically beneath the crank-

shaft of the motive-power engine I, which en-:

gine is arranged on a ]evel WIth the com-
pressor A, and above the condenser B and air-
reservoir C, the whole of theseveral partsabove
named bemg arranged snbstantially as and f01
purpose specified.

2. The combination of the compressor A,
condenser B, collector D, expansion- cyllnder
E, and engine' T, in the manner and for the
purpose herein specified.

3. Anair-compressor baving spiral channels
around its cylinder for the circulation of the
water, whereby it is cooled, and channels in its
end covers around the inlet and outlet valves
of the compressor, whereby they may be cooled
by the said water, the said inlet and outlet
valves being constructed and arranged as and
for the purpose set forth. -

4. In an air-compressor, an inlet-valve con-
sisting substantially of a valve-disk having a
central stem (preferably m
strength and lightness) working within a fixed
sleeve, and connected by means of a buffed
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cap-piece and a rod, or its equivalent, with a

spiral spring contained within a casting situ-
ate on the outside of the eylinder-cover, the
whole arranged and operating as and for the
purpose specified.

5. In an air-compressor, an air-outlet valve
consisting substantially of a valve-disk having
a hollow stem working within a fixed sleeve
fitted in the eylinder-cover, and accessible from
the outside thereof, in combination with a rod
situate within the hollow sleeve, one end of
said rod bearing against a spiral spring ‘con-

- tained within the hollow stem of the valve-

15

20

disk, and a second spiral spring or an eqaiva-
lent elastic medinm placed around the rod sis-
uate centrally within said sleeve, whereby
shock to the working parts is prevented, all
substantially as and for the purpose specified.

6. In combination with the condenser of a
refrigerating-machine, in the tubes of which
condenser the compressed air is cooled by wa-

* ter eirculating around them, a collector and

25

separator wherein the compressed air is fur-
ther cooled and freed from moisture, such col-
lector and separator being eonstructed and-
connected by pipes and valves with the com-
pressor, the expansion-cylinder, and the cold

room in the manner and for the purpose speci-
fied.
7. In arefrigerating machine, an expansion-

-eylinder—such as E—fitted on one side or face

with a sapply-valve, and a cut-off valve made
adjustable in the manner described, and on the
opposite or an adjacent side or face with an
exhaust-valve, which allows the expanded air
to pass off through short straight ports, the
said- exhaust-valve being capable of adjust-
ment in the manner shown and readily acces-
sible from the snow-box, which is fitted with
a cover of wood or other light non-conducting
material, all substantially as and for the pur-
pose specified. :

8.2 In combination with the toothed fly-wheel
of a refrigerator, the safety starting device
hereinabove described, consisting substan-
tially of a lever, ¢ in combination with a short
arm or rocking piece, ¢/, carrying a pawl, g,
and a spring, ¢ as and for the purpose speci-

fied.
A. SEALE HASLAM.
Witnesses: o
H. K. WHITE,
A. 8. Bisuop,

66 Chancery Lane, Lordon.
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