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To all whom it may concern :

Be 1t known that I, THOMAS BELL LIGHT-
FOOT, a citizen of England, residing at Dart-
tord, in the county of Kent, England, have in-
vented a new and useful Improvement in Air-
Refrigerating Apparatus, (for which 1 have
obtained a patent in Great Britain, No. 4,065,
bearing date October 6, 1880,) of which the fol-
lowing is a specification.

In apparatus for effecting refrigeration Ly
compressing, cooling, and afterward expand-
ing air while it is performing work, serious
difficulties arise from deposition of moisture
in the form of ice and snow, causing obstruc-
tion of pipes and passages, and also affecting
the chamber in which the cold air is employed.

My invention relates to means of overcom-
ing these difficulties, which I effect in the fol-
lowing manner: Instead of allowing the com-
pressed and cooled air to expand to its full ex-
tent in one cylinder, I employ two or more ¢yl-
inders of different sizes, in whieh it expands
by stages, introducing between the successive
cylinders suitable vessels or passages, in which
moisture is deposited in liqud form, and from
which it can be run or blown off. Thus, by the
first stage of its expansion, the temperature of
the air may be sufficiently reduced to effect
condensation of the greater partof its moisture
without freezing it, the more intense cold be-
ing produced in the subsequent stages of ex-
pansionsatfter the condensed moisture has been
removed. In most cases two stages of expan-
sion suffice for the object in view, and in such
cases, instead of employing two separate cyl-
inders, one cylinder with a trunk or differen-
tial piston may be employed, the first expan-
sion taking place in the annular space of the
cylinder and the second expansion in its full
capacity. |

The accompanying drawings represent a
combined steam-engine and refrigerating ap-
paratus arranged according to my invention.

Figure 1 is a side elevation, and Fig, 2 a

plan, of the whole apparatus. Fig. 3 is a lon-

gitudinal section of the expansion-cylinder,
and Fig.4is alongitudinal section of the cham-
bers for deposition of moisture. ; |

A 1s the steam-cylinder, and B the expan-
sion-cylinder, arranged in line with it, their
pistons being fixed on one rod, which is con-

Another crank on the shaft is connected to

the piston of a double-acting alr-compressing
pump, D.  This pump is supplied with air by
the piped, compresses it, and dischargesit into
thecoolers I, which are conveniently arran ged,
as shown, under the engine-bed, and which
may be of any known constraction—as, for ex-
ample, a number of tubes, round which water
1s caused to circulate, so as to abstract from
the air a large portion of the heat developed
by its compression. From the coolers E the
cooled compressed air passes to the front slide-
case, IY, of the expansion-cylinder B, which
has a trunk-piston, as shownin Fig.3." A cer-
tain portion of the air is, at each stroke, ad-
mitted to actin the front annular space of the

cylinder B and expands therein, performing

worlg, amd becoming counsiderably redaced in
temperature. The exhaust-air from this annu-
lar space passes, by the pipe £, to a set of
chambers, G, in which it is caused to travel
upward and downward, as indicated by the ar-
rows 1n lig. 4, depositing the moisture sus-
pended 1n it. -

For more effectually securing deposit of the
moisture & number of inclined screens, ¢, of
wire, are placed in the descending channels, so
that the air-current is broken up and subdi-
vided, the particles of moisture being more or
less retained by the wires and gliding down
along them. The moisture that collects at the
bottom of the vessels Gris from time o time run
off or blown off by opening a stop-cock, ¢/, in
2 pipe communicating with the bottoms of the
deposit-vessels. Ifrom these vessels the air,
which is still under considerable pressure,
passes to the hinder-slide case, H, of the ex-
pansion-cylinder B, and a portion of it is at
each stroke admitted to act in the full capac-
ity of B, expanding and performing work, and
thereby having its temperature cooled to a
very low degree. The exhaust-air thus refrig-

erated 18 conveyed by the pipe % to the cham-

ber or chambers where it is employed for re-
frigerating purposes.
Such being the general construction and ac-

tion of the apparatus, I will now refer to cer-

tain details which I find of advantage.

The suction-valves of the alr-compressing
pump D, instead of being self-acting, are worked
from cams ¢ on the fly-wheel shaft. An eccen-

nected to a crank on the fly-wheel shaft C. | tric, &, works a force-pump, K, for causing
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