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UNITED STATES PATENT OFFICE.

JOHN P. BURNHAM AND OLIVER G. BURNHAM,

“

OF CHICAGO, ILLINOIS.

AIR-COOLING MACHINE.

SPECIFIC‘ATION forming part of Letters Patent No, 246,073, dated Augﬁst 23, 1881,

Avpplication filed May 6, 1881.

(No model.)

To all whom it may concern :

Beit knownthat we, JOEN P. BURNHAM and
OLIVER G. BURNHAM, both of Chicago, in the
State of Illinois, have invented certain new and
aseful Improvementsin Air-Cooling Machines;
and we do hereby declare that the following is
a full, clear, and exact description thereof, ref-
erence being had to the accompanylng draw-
ings, and to the letters of reference marked
thereon, which form a part of this specification.

This invention relates to single-chambered
machines for cooling airand othersimilar finids
by the method of suc(,es,sn'e compression and
expansion thereof.

It is a fault in a class of machines for cool-
ing air by compression and expansion that the
heat developed by compression of the air is
abstracted from a considerable part of the air-
body subsequently to its compression. As a

result, there is a tendency to expansion 1n the
air being compressed, which adds to the re-

sistance opposing the compressing foree, or, in
other words, which makes a greater power nec-
To remedy this
fault machines of another class have been de-
vised,1n which spraysof water are injected into
thecompressing-chamberduring the actof com-
pression. This method obviously produces a
moisture 1n the air which 1t 1s difiicult to re-
move, and which for many purposes 1s hlghl'g
olajectlonable

Another fault common in machines of this
general class, which have but a single cham-
ber, is that the air 1s expanded in contact with
the same surfaces upon which 1t 1s compressed
and cooled. In consequence, a considerable
part of the heat abstracted from the air while
it is under pressure is returned thereto while
itis being expanded,and in so far the effective-
ness and economy of the machine are 1impaired.

As primary objects.of our present invention
herein set forth, we seek, first, by purely me-
chanical means and 1n a smgle chamber, to

simultaneously compress the air and abstract

1ts heat; and, second, to expand the air in con-
tact With other .surffice.s than those through
which the cooling agent opemtes while 1 1s be-
ing compressed.

Further objects of our invenfion are to pro-

R

struction as will, in the expansion of the air,
Irecover very larﬂely the power expended in its
compression; to dispense with valves at the
openingsof the expansion-space, and generally
to produce a machine more simple 11 1ts ¢on-
structionand economical in its operation, while
not less effective 1n 1ts results, than the ma-
chines heretofore in use for cooling air by the

method mentioned.

To these ends our invention COIJthtS ih the

several novel features of construction and op-

eration and in the several combinations of de-
vices hereinafter described and claimed.

Ifigure 1 of the drawings is a central verti-
cal section of our machine. Ifig. 2 is an eleva-
tion thereof; and Iigs. 3 and 4 are fragmen-
tary views, intended to show certain IJOblthllS
of the moving parts by which compression and
expansion are successively effected.

H is the single chamber containing the work-
g parts. Said ehamber is here shown as be-
ing inclosed by the shell A B, of which A is a
cylinder, open at the top and bottom and sup-
ported on the frame If, and B is an extension

of A, cylindrical for a lower portion of its

len f"tll and havingits upperand principal por-
tion eonml and closed at the top.

C is a water-tank surrounding the part B of
the shell deseribed. Said tank 1s provided
with an inlet, C/, at the bottom and an outlet,
(C?, at the top, by which the water of the tallk

may be constantly changed as 1t becomes
heated.

Within the cylindro-conical chamber H two

moving parts effect the induction, the compres-
sion, the, expansion, and the expulision of the
air. One of these 1s a piston, I’, which works

in the eylinder A, and the other 15 4 cylindro-

conical plunger, L, fitted to the upper interior
of the chamber H, and having its lower or ¢y-
lindrie portion of less diameter than the cyl-
inder A. |

Kisan expansion-packing,of leather orother
suitable material, applied about the lower mar-
gin of the plunger and adapted by its ‘con-
trdctwn to allow air from above the plunger
to pass downward about the same at this point

“when the plunger rises, but by its expansion

to prevent its passage upward when the plun-

so vide in a single-chambered machine such a con- | ger falls.

_________________
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V V are vah es in the upper end of the shell | of the piston’s upstroke.

A B, arranged to open downward and to close

by sprmgs s,and A’1s a ‘lateral opening in the

cylinder A, leading out of the chamber H. The
piston I” has long bemm g-surface, and closes
the outlet A’, except when at the bottom of
its stroke. The piston P and planger L de-
scribed are driven out of time in the Manner:
and by the means next described.

S is a drive-shaft mounted in plllow blocks
K/, and provided with a heavy drive-pulley
and balance-wheel, . Said shaft is also pro-
vided atits extremity with the eccentric gear-

“wheel K, having a crank-pin, I. A pitman, J;

Lonneets this crank-pin with the piston P, as
clearlyshownin Fig.1. Beneaththe shaftS the
shaft & is mounted in suitable bearings, carry-
ing the eccentric gear-wheel B/, whieh has an
equal number of cogs with I, meshes therewith,
andisdriven thereby. A]ong crank-pin, I’ pm
jects from the wheel 1%/, (being suitably braced
to give strength, as shown in Ifig. 2,) to the
extremity of which is attached the pitman J'.
This pitman similarly connects with the arm R
on the rod L/ of the plunger L, and is of such

- length as to carry the plunﬂ‘er In 1S upbtroke
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to the top of the chamber H, as seen in Fig. 1
The relative movements of the plunger and
piston will be understood from the sectional
Ifigs. 1, 3, and 4, wherein it will be first no-
ticed that the crank-pin I is set somewhat in
advance of the pin I/, so that the changes of
direction of movement by thé piston are made
before those of the plunger. Otherwise the
parts are connected so that the plunger and
piston proximate at the beginning of the up-
stroke of the plunger at a point in the eylin-
der A about opposite which the center of the
outlet A’ is located. From this point upward
they continue near together until the piston
has completed 1its upstroke—say opposite the
top of the cylinder A. Here the plungerleaves
the piston and rises tothe top of the chamber
H, while the piston reverses its motion and is
brought nearly half its stroke downward, as
seen in Fig. 1, before the plunger ben*ms to
follow. The lowest positions of the plungel
and piston-are shown by dotted lines in Fig.

1. 'Yhe unequal lengths of the pitmen J and |

J’, as shown, contribute to give a nearly uni-
form upward speed of the piston and plun-
ger from their positions shown in Fig. 3 to

those shown in Fig. 4, and also increase the |

rapidity of the Sepamtlon of these parts in
their downstroke.

In the descent of the planger from its high-
est position (shown in Fig. 1) it is plain that
the check-valves V will be opened inward and
air admitted above the plunger. In Fig.3 the
plunger is at rest at the boftom of its stroke,
the space above it is filled with air just ad-
mitted, and the spring-valves have automati-
cally closed. As the plunger and piston sub-
sequently rise together the bod y ot air referred
to 18 compressed, the compression thereof be-

!

246,093

stands above and about the plunger, exposed

in a thin body to contact with the coolmg Sur-
face of the shell B, embraced within the water
of tank C, as seen 111 Fig. 4. When the plun-
ger here leaves the pIStOI_l to complefe its up-
strokethe air passes downward past the pack-
‘ing K 1nto the space between the adjacent
faces of the plunger and piston.
‘be noted that as the air, while under severe

Thus i1t will

compression, is confined within cooling-sur-

faces, to which it is exposed in a thin body,

the generation and abstraction of heat are

practically simultaneous, and that therefore

little or no tendency to expansion from in-
creased temperature can be present to aug-
ment the resistance to the compressing force
of the machine. When the planger has forced

the compressed air from above and around to

beneath itself, as above deseribed, or, 1n other

At this time the air

75

words, when the plunger has reached the end |

of 1ts upstroke, the piston has commenced to
move rapidly downward, producing a space
above it and within the cylmdel A, in which
the air 1s expanded. The proportlons of the

parts are preterably so contrived as to make

this space equal to the original volume of un-

compressed air admitted l(,s.s, its reduction by
lowered temperature, when the top of the pis-

ton reaches the top of the outlet A, so that
sald air is expelled under normal pre&asure of
one atmosphere. The airis forced out through
the passage A’ mainly by the plunger in its
further descent, and in small part by the pis-
ton, which rises to meet or proximate the plun-

ﬂer at a point about opposite the center of
said outlet, as before stated, and as shown in
g, 1.

It will again be noted that while the com-
pression and cooling are effected within the
shell B, the expansion is accomplished in the
cy]mder A. There is therefore no possibility
of returning to the air in its expansion anyv ap-
preciable part of the heat taken therefrom, as
would be the case were the expansion and com-
pression etfected wholly or in considerable part
within the cooling-walls B.

In order to more effectwel y cool the airin the
act of compression, the plunger L and its rod
I/ are made hollow, as Indlcated in Fig. 1, the
rod being continued to the bottom of the plun
oer., A current of water 1s maintained through
sald plunger by means of thefollowing devices:
The plunger-rod I/ may be a tube, havmg in-
serted therein a central diaphragm, m, divid-

| Ing said tube into two passages, Za,nd I/, which

are continued through the lateral arms L3 13,
projecting ifrom the tubular rod near its top.
The inlet to the interior of the plunger is here
shown to be the passage I, which opens at <,
near the bottom of the plunger and the out-
let is shown to be I/, which opens within the
plunger, near the top, at 0. Flexible tubes 14,
one of them connected with a source of water-
supply and the other directed to a proper point

ing substantlally completed on the termmatwn | of dlscharge, are continnations of the passages
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[ and !/, and permitthe constant change of . the ] stroke, into which enlargement the air would

water W1thm the plunger while the latter is 1n-

motion. The rod L/ is.steadied above the arm
R by the guide-frame D, and runs in a suitable

‘stuffing- box, I2, in the top of the shell b.

As a result of the construction de&:cmbed
wherein the compression and expansion of’ the'
air are effected in one and the same chamber
and against the same piston, no loss of: power

is suffered by friction in the passage of the air
through narrow and valved apertures usually

employed in this class of machines. 150, also,
by the direct connection of the parts, as bhOW’[l
in addition to thefeature of a single (.,hamber

mentioned, the entire expansive force of the

air, after the abstraction of its heat, is avail-

able as a compen%tlou for that expended in .

its compression. The piston P operating, as

described, to open and close the outlet. A’ no .
valves .:11*6 required at this point, and the f;

trouble and . inconvenience fmm-freezmﬂ and

other causes attending the use of suchsvalves-~

are wholly obviated.

The plunger L may be a c_;lm(ler for its en-

tire length, working within a cylindric shell,
B, of 1arﬂ'er Size ; hut such construction would
not be 50 effectwe as the conical form of these

parts shown, because a less proportion of the.
air above said cylinder would be exposed to

the (,oolmﬂ' surface, and the tendency to ex-
pansion in the air being compressed would

not, thercfore, be so Lﬁectn ely counteracted
| The plunger
~may also be made of a series of.short eylin--

as in the construction shown.

ders, successively narrowing. toward the top,

like a cone - pulley, running within a corre- |

- spondingly- formed SIIE‘H B bub such form of
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shell and plunger w ould bb open to the same

objection -as the wholly eylindric form men-
tioned.
forms a much larger body of compressed air
would remain about the

valves V,

The p]unﬂer mfw be conical for a ﬂreater
part of its length than is shown 1n th(, draw-
Ings, or Wholly conical ; butthere is an advan-
tage in the cylindro-conical forms here given

it—namely, to thereby confine the air admit-

ted above the cylinder more completely with-
in the coolmg shell B in the act of compress-
Ing it.

It may be added that but for the purpose of
recovering, through the expansion of the air,
power expended in its compression, the piston
I’ might be dispensed with and a practical
cooler would still remain. Ia this case the
expansible packing K might be made to yield
only to such pressure from above as would
oive the desired compression to the air above
the planger; or, instead of the expansible
packing K as a means of releasing the com-
pressed air, an annular enlargement may be
provided in the chamber H, above the lower
margin of which the bottom of the plunger

than those hereshown.

Moreover,in either of these suggested

plunger than 1n the-
form shown, pleventmn the quick action ot the

be first compressed, and from which it would

“be finally 1eleased both by the upstroke of

the plunger. These elements, therefore, may
withont the plbton constltute an opelatwe
mechanism,

We do not wish to limit Ourselveb to the ec-
centrie gear-wheels It and K/ as means of giv-
g the requisite movements to the plunger

“and piston, as cams orcranks actuated byother
arrangements of eccentric gears may be em-
ployed- for this purpose;

nor 1s it essential to
our invention that the plun oer and piston have

the precise relative movements in all respects
as herein at length described. These gears

‘have advantages 01‘ perfect certainty of actiou
“andofallowingahighspeed,ifrequired, which,
with their less cost,
There are advantages in the conical or tapered 8j5

malies them desirable.

form of planger and its inclosing shell that

would appear it said plunger and shell were

combined with other features of construction
in air-cooling and air-compressing mechanism
Thus by thisform of the
parts named 1t 18 obviously practicable to move
the plunger without friction of surface contact,
and at the saine time to wholly exclude _the
air from its apex and about its sides. This

form of plunger and shell will be useful 1n ap-

paratus for merely compressing air for power

purposes, the.planger being rigidly connected
.with the piston, (with a space between them,)

and the conical shell being attached to the
piston-cylinder in extension thereof.

We c¢laim as our invention—

1. In an air-cooling machine, the shell in-
closing the chamber H, provided with an inlet-

valve, V and a suitable outlet, the surround-
ng cooler and the 1"ec_1proca,tmg plungersmall-
erthan and arrau ged within the shell, combined
with each other and with suitable actuating

mechanism, substantially as described, where-
by air is admitted at the valve V, 18 com-
pressed and cooled about the plunger, and is
discharged at the end of the plunger opposite

“that at which it is admitted, as set forth.

2. In an air-cooling machine, the shell A B,
inclosing a chamber, H, having a valved inlet
and an outlet passage suitably arranged, com-
bined with the piston P and plunger L, and
with actuating mechanism, whereby the piston
and planger are given differential movement
within the chamber, substantially as and for

the purposes set forth.

3. In the air-cooler described, wherein the
alr is compressed about the plunger and is
passed from one end to the other thercoif, the
valved shell A B, having its upper portion

conical or tapering, combined with the plan-

ger of corresponding torm, substantially as de-
scribed, and for the purposes stated.

- 4. In the air-cooler described, wherein the
air is compressed and passes about the plun-
oer {from one end to the other thereof, the
planger L, made hollow and provided Wlth a

will be carried near the completion of its up- | rod, L h.:wmg passages [ and I/, connected as
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shown and desecribed, and for the purposes set |

torth.

5. Combined with the planger L, having the
rod L/ and the piston I” together itl‘anﬂed to
work in the common chdmber H, the acthtlnn'
mechanism ﬂeb(}l‘lbﬁ‘,d (,011818131110 of the eccen-
tric gear-wheels E mld I, smta,bly mounted
and driven, and (:ounectiug:-rocl:s J and J’, ar-
ranged and connected as shown, whereby said

planger and piston are differentially impelled,
~substantially as described.

0. In the air-cooling machine dmeubed the
cylinder A, having the outlet A’, combmed
with the elong&ted piston P, arran ged to open
andclosesaid outlet, substantially as described.

7. In an air-cooling or alr-compressing ma-
chine, the conical or tapering plunger L, com-
bined with the valved shell B, of form corre-
sponding with the plunger, and having an ex-
tension, A, of uniform diameter, substantially
- as described. | |

In testimony that we claim the foregoing
as our invention we affix our signatures in pres-
ence of two witnesses. -

JOHN P. BURNHAM.
OLIVER G. BURNHANM.

Witnesses:
M. E. DAYTON,
JESSE CoOX, Jr.
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