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- chamber instead of being double or com-

.2_5

30

- having its members arranged in tandem, and

35

~ uniformity of the various materials used in

A0

- of moisture in the almosphere, since in such
- Processes a large amount of air is consumed

45
~ ties of aqueous vapor varying from .20 to 1.6

~gical operationsis injurious, not only because

50 _
- Hluctuations in the quantity of moisture car-

ratus adapted to the practice of my inven-
converter. Iig. 2 is a plan view thereof.

shown in Fig. 1. Fig. 4 is a vertical section
‘showing a modified construetion of refriger- |

of grids for pipes for breaking up the air-.
currents. Kig. 6 is a top plan view of Fig,
9, partially broken away. Fig. 7 is another

viewshowing a modified arrangement of three

JAMES GAYLEY, OF PITTSBURG, PENNSYLVANTA

AIR-DRYING PROCESS.

e

SPECIFICATION forming pa,i*t'.of Letters Patent No. 652,179, dated June 19, 1900.

Drigiml_ application filed November 1, 1897, Renewed May 3, 1900, Serial No, 15,412, Divided and this application filed
| October 30, 1899, Serial No, 785,151, (No specimens.) | |

To all whom it may concern: T
Beit knownthatI, JAMES GAYLEY,of Pitts-
burg, in the county of Allegheny and State of
Pennsylvania, have invented a new and use-
fulimprovement in drying air for use in blast-
furnaces and steel-converters and other pur-.
poses in the arts for which dry air is useful, of
which the following is a full, clear, and exact .
description, reference being had to the accom-
panying drawings, forming part of this speci-
fication, in which— - |
IFigure 1 is a side elevation of my appa-

tion, the same being applied to the work of
drying the air supplied to a blast-furnace and

Iig. 3 is a vertical section, on a larger scale,
of one of the double refrigerating-chambers

ating-chamber, modified in that it is a single

pound, as in Figs. 1, 2, and 3. Fig. 5 is a
view similar to Fig. 4, illustrating refriger-
ating apparatus modified by the substitution

modification of the construction of the re-
frigerating-chamber, wherein the air-inlet is
of smaller area than the outlet. Fig. 8 is a

groups of refrigerating-chambers, each group

IFig. 9 is a side elevation thereof. - -
T'he successful conduet of all metallurgical
operations depends to a great extent on the

theprocess. Inoperatingblast-furnaces and
steel-converters, cupolas, &e., one of the most
distnrbing influences is the varylng amount

for the purpose of oxidation or combustion.
The atmosphere holds in suspension quanti-

per cent., and its presence in these metallur-

it 18 decomposed in the apparatus, and thus
consumes and absorbs much heat, but the

ried by the air produce corresponding irreg-
nlarities in the conduct of the metallurgical
process and in the quality of the product.
Thus, in the State of Pennsylvania, from the
months of April to September, inclusive, the

alr contains at least fifty per cent. more mojs..

ture than the average for the other months of
the year, and often for shorter periods of time

the ratio of difference is very much greater.
When it is considered that when a blast-fur-

nace uses per minute one thousand cubic feet

of air containing one grain of moisture per
cubic foot one gallon of water enters every

hour and that the smaller blast-furnaces use

per minute eight thousand cubic feet of air
and the larger ones forty thousand cubic feeft,

55

6o

each cubie foot containing from two to eight,

grains of moisture, it becomes apparent that
uniform conduet of the process is rendered
practically unattainable. In consuming
thirty thousand cubic feet of air per minute

containing two grains of moisture per cubic

foot sixty gallons.of water per hour are de-

livered to the furnace, and when the aircon-
tains eight grains of moisture per cubic foot
two hundred and forty gallons are delivered

per hour. Asthedecomposition of this large
quantity of aqueous vaporis accomplished at

the expense of heat the varying conditions
caused by the atmosphere alone will bereadily

appreciated. Thus in the summer months,
because of the greater content of moisture in

the air, two hundred more pounds of fuel, on

an average, are required to produce a ton of

pig-iron than in the winter months. These

facts make it very difficult for the blast-fur-

75

30

1ace manager to secure uniformity of prod-

uct. Variations in the content of moisture

in the atmosphere produce irregularity in the
operation of the furnace and affect; the quan-

tity of fuel necessary to be used, and these _
varying conditions in turn make irregular

the chemical composition of the pig metal
with reference to their non-metallic constitu-.
| ents—carbon, silicon, &ec. The value of the
product is thus often impaired and the un-

certainty of the result which will be attained
In any given tapping of the furnaceis a mat-
ter of most serious inconvenience. In the

0
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operation of the Bessemer converters the

moisture of the atmosphere and its variations
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in amount are just as troublesome. 1ts pres-
ence in large quantities causes a cooling of
the metal-bath, whichinterferes with the uni-
form conduct of the process and often pro-

duces wasteful chilled heats. In order to
obviate these bad effects, it is necessary 1o

charge into the converter a pig-iron contaln-
ing a sufficiently-large content of silicon to

raise the temperature of the blow, and thus

10

20

I effect this by submitting the air to refriger-
ation, employing means to interrupt its flow.

Lknown.

neutralize the chilling effect of the moisture.
- Additional fuel in the blast-furnace 18 re- .
~ quired to produce such high-silicon metal.
My invention is designed to make 1t possible

to remove by refrigeration the moisture from
the air-blasts nsed in such metallurgical proc-

esses under the peculiar and difficult condi-
tions caused by the rapid flow and large vol-
ume of the air employed, which conditions

would cause difficulties in all apparatus and
methods of drying by refrigeration heretofore
rn. By my invention I can render the
air dry or so dry, at least, that the percentage

of moisture contained in it is small and prae-
tically uniform and is reduced to such per-
‘contage that it does not affect adversely the

results desired to be accomplished by its use.

through the refrigerating apparatus and sub-

jecting such air to rarefaction in contact with
“cooled surfaces, all of which steps may be
-~ used together or in part. DBy

these means

the moisture is condensed and is collected in

45

o '5:0

heating operation.

the form of water or snow, the air bein o then
fed to blast furnaces or converters or used

for other purposes in the arts.

- In order to reduce air from a high to a low
temperature, I have found thatit can be done
more. efficiently and economically through a.
number of operations than at one operation,
and I believe I am the first to introduce a.
- method of refrigerating air to" removeé the-

moisture contained which consists of a series

of interrupted operations and in which each
operation produces a lowering of the temper-
" ature. I am aware that methods are known
~ for producing cold dry air by allowing 1t to
expand, but in such methods the air 1s first
~compressed to a high pressure, which is a
| In the method I have de-
vised, the steps are cooling the air by con-
~ tact with cooled surfaces when the air is al- |
 ternately in motion and at rest. S
- Many forms of apparatus suitable to the
practice of this invention may be employed. -
. 1 have, however, devised special apparatus.

- for the purpose which possesses many advan-

 tageous qualities for refrigerating air and is
T claimed specif]
. 6o

- Referring now to the drawl

verter, a hot-blast stove, and a blast-furnace.

‘3.3 are conduit-pipes for conducting air from

- - therefrigerating-chambers to the engine. 4

¥ w1t vings, in Figs. 1, |
'2,.and 3, 2 represents the blast-engine or air- |
_eompressor, shown in connection with a con-

5 6 are reffigerating-chambers, each compris-
ing two or more parts4 4’ 55’ 6 6', placed one
above the other or end to end, inside of which

‘parts or chambers are coils of metal pipe 7,
‘arranged in any convenient and mechanical
form in order to obtain as much contact with

the air as possible, and through these coils I

caused to circulate a refrigerating substance

or fluid. Eaech of these chambers is covered
on the outside with a heat-insulating cover

or jacketed with a space 9, through which

circulates a refrigerating fluid, shown enter-

ingat 10, passing up around each lower cham-

ber 4/, 5, or 6' into the upper chamber 4, 9,
or 6 by pipes 11, and leaving the upper cham-
ber through a pipe 12. The upper and lower

chambers are connected by a neck or pipe 13,

in which is a valve 14, operated from the en-
oine by any suitable movement of the con-
necting-rod 15 or by means of a cam, for
which purpose various contrivances will oc-
cur to the skilled mechanic. On top of the
upper chamber is aninlet-pipe B, containing
a valve 16, operated by mechanism similar to
that of the valve 14 or from the same actuat-
ing-rod. The pipe3 may either communicate
directly with the atmosphere or with other
chambers, as, for example, in Ifigs. S and 9.
At the bottom of the lower chamber 4’ is a
pipe 17 for drawing off the condensed water,
which may be done by various meansadapted
to counteract the suction when the air in the
chamber is rarefied.
with but extends above the bottom of the up-
per chamber 4, so that the condensed water
may not flow down info the lower chamber,

‘but may be drawn off through a pipe 18. In
the conduit-pipes 3 3'I place grids or screens.

19 in order to collect any mist escaping from
the refrigerating-chambers. The deposited
moisture can run down and be drawn oft

The neck 13 is not flush

70
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through pipe 17 or may be drawn off through .

-special waste-pipes 18, set in the conduits.
In Fig. 2 the conduit-pipe 3 is shown leading
to the chambers 4 and 5, and the conduit-
pipe 3' leads to the chambers o and 6, suit-

able branch pipes being employed. Valves

are placed in the conduits, enabling any ot

the chambers to be cut off. The chamber 5 5’

11O

115

may be used as a spare or reserve chamber

and in such case is normally disconnected

from the conduits, or it may be used regu-

| larly and constantly to alternate in action

with the other two chambers, as hereinafter
explained. 3*representsopenings in the con-

“duit-pipes closed with lids, 1n which hydrome-
ters may be inserted to test the dryness of the

| ‘air passing from the chambers. |
] cally by me in another copend- |
ing application, Serial No. 15,412, of which
this application is a division. o

T shall now deseribe the method of carrying

out my invention in the apparatus above de-

scribed.

120

125

"The air can be drawn to the engine orcom-

pressor through two or more connecting-

1'30 |

chambers like 4 4', in which the valves 14 and
16 may be kept open to operate with refrig-
eration alone or actuated to make use of

rarefaction as an aid to refrigeration in pre-
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cipitating the moisture.  In Figs. 1,2, and 3 |

when the piston in the air-cylinder of the en-

- gine 2 is making the upstroke the engine ob-

10

tains air through the conduit 3 from one !

chamber 4 4, and on the downstroke it ob-
tains air through the conduit 3’ from another
chamber 6 6',and by this means an interrup-
tion in the flow of air through each chamber
in succession is produced, and the air therein
18 in stationary contact with the cooling
pipes and surfaces of the chamber for sub-
stantially the whole of each alternate stroke
of the piston. By means of this intermission
the heat is extracted much more rapidly and

efficiently than when the air is in motion.
The object is to have separate cooling-cham-

bers for each up-and-down, or forward-and-

- backward, stroke of the engine, as may make

20

_!25

_30

a revolution, in order to cause an interrup-
tion of the flow of air through such chambers
for a space of time longer than the mere mo-
ment which is required for the engine to turn
Its center. In the continued running of the
engine the air is thus maintained at rest and

In contact with cooling-surfaces not only dur-

ing this period, but for a considerable num-
ber of periods during its passage through the
cooling - chambers, o
quent periods of motion and rest of the airin
the cooling-chamber is imparted by Appro-

- priate antomatically-actuated valve mechan-
1sm; which may consist of special valves ap-
- plied to the cooling-chambers or of the air-

35

45

| 50

Inlet valves of the engine.

When each chamber is double and com-
prises two chambers or compound chambers,
like 4 and 4" or 6 6', I prefer to operate as
follows: The piston starting on the upstroke

~draws in air through the conduit 3 from the
40

lower chamber4’. The valve 14 being closed,
a portion of the air in the chamber 4’ is drawn

into the air-cylinder of the engine and ex-
~hausts or rarefies the air in the chamber by |
and to the extent of the air removed. The

chamber is of such size, being much larger
than the capacity of the pump-cylinder, that

one stroke exhausts only a portion of the air

contained in it. - During the upstroke of the

- piston the valve 16 is opened to supply air
to the upper chamber4. On the downstroke

of the piston, the air for which is obtained
from another double chamber similarly con-

- structed—namely, the chamber 6 6'—and

~ having similarly-operated valves, the. inlet- |

- 55 valve 16 of the chamber 4 is shut and the

- valve 14 is open, equalizing the pressure of

~theairin the chambers by the admission into
 the chamber 4’ of air from the upper cham-

~ ber 4, the air in both chambers then imme-
6o

diately assuming the same pressure, and the

~rarefied air is kept at rest in these chambers

~and in contact with cooled surfaces during
-the whole of the downstroke. On the next

upstroke of the pump-piston, the valve 16 be-
ing open and the valve 14 closed, the air in
the chamber 4’ is further rarefied and the

i the pipes I3 and 13.

This succession of fre-

air. The air in the lower chamber 4/, con-
nected to the Dblast-engine, becomes thus
more and more rarefied at each upstroke,
and through mixing or equalizing after each
downstroke of the engine with the atmos-
bheric air-in the upper chamber a practical
equilibrium in the condition of the airin both
chambers is obtained. Eventually a prac-
tical mean is reached and remains the same
at each stroke of the engine. It is nedessary
to have the chambers constructed in such
manner that they shall be air-tight, and the
air only admitted to the chambers through
The valves 14 and 16
are operated so that when one is open the
other is shut. | B

It will be l’lIldﬁl‘StOOd that the opemt.ions _O'fl
the chambers 4 4" and 6 6 are alike, the air
‘being drawn from the chamber 4 4’ at each

upstroke of the piston and from the chamber
6 6" at each downstroke, or vice versa. Cor-

-respondingly at each downstroke the pressure
‘in the chambers 4 4" is equalized by the open-
‘Ing of the intermediate valve 14, while at
eachupstroke theinlet-valve 16into the cham-
‘ber 4 opens and the intermediate valve is

closed. Like actions occur in the chamber

6 6" at respectively alternate strokes of the
‘engine. By this method of operating the air
in one part of the chamber 4 4’ (the upper
chamber 4) is alternately at atmospheric

pressure and rarefied and in the other part 4’
of the chamber the air is alternately in a
greater and less state of rarefaction, and T
thus obtain with two chambers what may be

‘called **progressive” rarefaction. Imayadd
more chambers in the series, making the ar-

rangement ot each chamber 4 4' 6 6’ multiple

70
75

30

e

95

100

105

instead of double, as shown, and rendering

rarefaction progressive from one to the other.
By these means I effect substantial refrigera-

‘tion with only a limited use of refrigerants

or cooling agents, and I am able to maintain

‘a supply of rarefied air in the chambers and
supply one chamber with rarefied alr from

another, | o
- Theprinciple above described,consisting in
producing dry air by maintaining a supply of

rarelied air in a chamber and replenishing
the withdrawals therefrom with air from an-

IIC

rrg

other closed chamber, so as to maintain the

rarefaction of the first chamber, is new. I

therefore purpose claiming the same broadly.

- The process of rarefaction in the produc-

Izo

tion of dry air by refrigeration is of great as-

sistance in reducing the air to alow tempera-
‘ture and enables the process to be carried on
atb a less expense of apparatus and refriger-
' When air is exhausted from
a chamber, the air remaining expands, per-

ating material.

forms work, and becomes cool. The mois-
ture 1s precipitated in the form-of a mist,
which disappears on the admission of a fresh
supply of air; butif there are cooled surfaces

present when the mist is formed the mist will
condense on the cold surfaces, which I have

[0

~ chamber 4 is replenished with atmospheric | shown in the drawings, and can be withdrawn




~ in the form of water or be condensed on the:
cold surfaces into snow. The deposition of
mist is increased, and the temperature is low-!
ered as the rarefaction is increased. There
is an'advantage in having the inlet into the
chamber 4 at an elevated point above the:
~ground, where the air contains less moisture,’
and for this purpose the pipe B may be ex-?j
1 may, how-
ever, admit the air at the bottom and with-
draw it at the top to supply the engine by re-

I0

15

- 20

25

30

tended to any desired length.

versing the construction of the appamtus

In 0perat1nﬂ' the two chambers 44’ the valve'
16 may be left open,-and in this way I would:
secure in one chamber only (the lower cham-:
ber) the advantages of cooling with rarefac-
- The valves 14 16 may bcith beleft open,.
making practically one chamber, operated by:
simply refrigerating the air, which, however,
i interrupted in its flow through the cham-
“ber by the alternate periods of rest and mo-
tion caused by the drawing of the air to the ]
~-engine alternately throuwh the conduits 3

1ion.

a,nd 3.

‘From the foregmnﬂ' descl 1pt101:1 it is: plam?;
that the chambers 4 4" admit of great elas--
tieity in construction.
- of each chamber relative to the other or by

differently apportioning the size of the cham-!|
‘ber nearest to the engine relative to the en-:

oine-cylinder or addmn more chambers in se-

ries -a variety of deﬂ’rees of rarefaction or.

. progressive ralefactlon can be obtained and:

a low temperature reached, the degree of;
rarefaction being limited by the cost of pro-:
“ducing the same. relative to the beneficial re-;
sults obtained. This variation of operation
can be done without conflicting in any way.

o with the prmelple of my mvenmon

40

50

| e ihe.

In Fig. 4

cooling fiuid. .

of the

demee of dryness required.

use-of a mme intense refrigerant.

I have shown in Fig. 7 a construection of:
“chamber which will produce rarefaction with-:
- outthe use of an inlet-valve, wherein the in-
- let- plpe B is smaller than the outlet 3 Lo the

By chan O‘inn‘ the size:

4,20 is a single chamber provided:
with a. eoolmﬂ' or 1nsulatm g jacket and con-
taining coils “of pipe for the circulation of’
It is provided at the air-inlet’
with ‘a valve 16, which being closed during:
the stroke-of the piston when drawing mr"%‘
~ from this chamber causes the production of:

“a partial vacuum. During the next stroke
o piston the valve 16'is opened for a mo-:
" ment to admit a fresh supply of air 'to that:
already -contained in the chamber and the:
- . chamber full of air at atmospheric pressure!
- is in quiet contact with the cold pipe until:
| completion of that stroke, wherein the:
~air-cylinder of the engine 1is receiving air
from-another similar chamber arranged asis
. the chamber 6 6’ in Fig. 2,
~am enabled to produce a very low tempera-
tureand to condense the moisture in the air:
in the form-of water or snow, according to the-
This chamber;
- 20 can likewise be operated without the in-:}
- let-valve 16'; but in such case it requires the:

By this means 1

| J&P]{et
‘interpose grids in the chamber for the mois-
ture to eondense upon and from which the
‘moisture is conducted to the bottom of the
chamber, whereit can beremoved. Thegrids
| that are here interposed soon become qmte
1 cold by contact with the cold rarefied airand
serve to cause the pr eclpltatlon of the mois-

ture.

L | ' ' 652,179

‘engine and is of such size shat it will not sup-
'ply air to the chamber as rapidly asitis with-

“drawn, so that a rarefaction ensues at each
-stroke in which the engine is drawing air

from that chamber—:. e., at each altema,te
stroke of the piston.
without an inlet-valve, only the same degree
of rarefaction can be obtamed at each stroke,

"but I prefer to provide the chamber with an

70

‘When operated thus

75

adjustable valve or damper 21, which being '

more or less open renders the den'ree of rare-
‘| faction variable, aceordingly as it is adjusted
to canse a greater or less disproportion be-

tween the size of the air-inlet and the outlet.

The air, as in the other forms of apparatus,

isin eontact with the cooling-surfaces, while
its flow 18 mterrupted and the moisture 1s
thus most efficiently removed.

In Figs. 5 and 6 I show another construc-
fion of ehamber Jaeketed with a surrounding
space in which circulates a cooling fluid and

~adapted to be 0perated with or without an
inlet-valve; but in the use of this form of
‘| chamber, as well as 'in the others, I employ
‘the same provision for interruption of the -
flow of air by the use of two or more cham-

bers or groups of chambers connected by con-

‘duits 3 3' to the engine, as described above.

This chamber is of such size relative. to the
air-cylinder that the rarefaction shall pro-

8o

Qo0

duce a low temperature without other refrig- |

erating means t,h::m the cooled surtface of the |

Instead of internal eoohno'-p1pes T

There are many devices for getting rid of

the condensed water which wﬂl not ﬁow into
the-atmosphere out of a chamber containing

rarefied air; but I prefer to make use of a
barometric: column, Fig. 5, whereby the pipe
17, leading from the bot,tom of the chamber,
extends mto a 1eceptacle 22 and has its dis-
charge end immersed in a body of liquid held
therein. The length of sald pipe is regulated

accordmn‘ to the: deﬂ'ree of rar efaetlon 01)-
‘tained.in the chambm | |
- Whileit is necessaryto have two cha,m bers
or groups-of chambers for the upstroke and -
‘the-downstroke of the engine in-order-to get
an interruption to the ﬂow of air therem it

is advisable also to have a spare chamber

which is ready for use in case of derange-
ment-of any pa,rt of the chamber appmatus,
‘or when the conversion of the -water into

- ICO

1035
110
115 .
120

125

snow in the chambernecessitates the discon-

| tinuance of its use for'the purpose of remov-
| ing the snow the third chamber will prevent

mterruptwn of the process.

When supplying air for use in bldst-fur-
naces and converters, it is of utmost-impor-
tance that the mmstme in the air be 1educed

13_43':
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to the very lowest point, and in order to do |

In temperature to about 5° above zero Fahren-

this I prefer to condense the moisture on the | heit without congealing. I prefertouse very
pipes in the form of snow. I desire particu- | cold brine, whiech, being admitted to the pipe 70
larly to prevent the formation of ice in the | 26, is sprayed over the coils and on the sides

5 chambers. By having an intense refriger- | of the chamber and melts the snow. When
ant and interrupting the flow of air, so that | the temperature of the air in the chambers is
1t shall remain statlonary in contact with the reduced to a low degree and with brine at a

~cooled surfaces, Tamable to deposit the mois- | low temperature, there would be very littleor 75
ture in the form of snow, and preferably that | no absorption of moisture from the brine by

1o form in which it adheres to the pipes in the | the air and a current of brine could, if de-
shape of shreds or ““whiskers,” which per- sired, be kept running over the cooled sur-

‘mits the circulation of air through it and | face to prevent the adhesion of snow without
around the pipes and gives substantial re- necessitating the interruption of use of the 8o
frigeration even after the pipes are to all ap- | chamber. This plan eliminates all possibility |

15 pearances heavily incrusted with snow. By | of the pipes being insulated by a covering of
these means I avoid removing the moisture | snow and obtains the maximuin of refrigerat-

- speedily, but collect and retain it, and when | ing effect. o |
it reaches such thickness of coating as to in- In Figs. Sand 9Ishowa construction which 8 5
terfere either with the refrigeration or pas- | gives great elasticity in the method of opera-

20 sage of air it can be removed. In order to | tion. There are two or more series of cham-
remove the snow, I may use either of the fol- | bers. In Fig. 8 1 show three series C D L.
lowing two methods, by which I am enabled The members C ¢’ C? of each series may be
to. prevent any interruption to the constant Placed either in horizontal or vertical line or go
supply of dry air to the engine or compressor, | otherwise arranged. The size of the cham-

25 1t being necessary to avoid such interrup- | bers of each series relative to the others of
tion in supplying air to blast-furnaces or eon- | the same series may be varied to suit the con-
verters: . | | ditions. The chambers are jacketed and cool-

In Fig. 2 the chambers 44’ and 6 6 are ing pipes or surfaces are placed within them. 05
| ‘putin connection with the engine by opening | In the pipes-connecting the members of the

30 the conduit-valves 23 24, the valves 25 25' be. series with each other are valves 14', 14*, and

-~ Ingclosed. Whenthe cooling-surfacesinone | 16*, operated from the engine by a connection
of these chambers—say the chamber 4 4'— 15%, and other valves 232 242, 25 and 25*
becomes coated with snow of such thickness | are placed in the pipes or boxes connecting 100
that its removal is desirable, the valves 24 | the several series with the conduits 3 8'. It

35 and 25 are opened and the valves 23 and 25' | the alr is only moderately humid, the valves

| closed, and the operation of drawing the cold- | 14’ and 162 may be disconnected from the
alr supply is carried on through the cham- | mechanism 15*and thus kept constantly open,

bers § 5"and 6 6. When another chamber— thereby operating chambers O and ¢’ as one 105
say the chamber 6 6'—is in turn coated with | chamber in which air is rarefied. 'With an

40 snow, reversion is made to the use of the | increase in humidity the inlet-valve 16® may
chambers 4 4 and 5 5, and the valves 24 and | be put in operation, thus enabling benefit to
25 are closed, the valves 23 and 25 being | be derived by rarefying the air in the cham-
open. In orderto remove the snow from the | ber C? before admitting it into the chambers 110
disconnected chamber, I force through the | C' C.. When the atmosphere is excessively

45 cooling-pipes and through the jacket heated humid, all the valves 14, 14*, and 16* may be
ammonia-gas when using an ammonia-ma- operated, thus securing rarefaction progress-
chine, and the heat of such gas quickly thaws | ively in all three chambers, or I may join
the snow and converts it into water,in which | the chambers ¢’ and (2 together by keeping 1135
condition it is removed. For the same pur- | open the valve 14*, thus producing the great-

50 pose I may use a flow of steam or hot air or | est rarefaction in the chamber C, which is

- other material of proper temperature. As | constructed of such size that the rarefaction
soon as the water is removed the chamber is | shall be sufficient in degree to produce a very
ready for therefrigerating fluid, which should | low temperature, and thusinsure the removal 120
be promptly introduced to have the surfaces | of the moisture. During periods when the

55 cold when broughtinto use. Iconsider three | tem perature of the air is very low, with a cor-
chambers to be sufficient; as the snow can be respondingly-low humidity, all the valves 14/,
readily removed from one chamber and the | 14*, and 16* may be left open, so that the air
chamber brought into use quickly. can be drawn through to the engines with- 125

The other method of removing snow is | out rarefaction, the cooling pipes and sur- |

60 shown in Fig. 3 and does not necessitate the faces in the chambersin such case being suf-
disconnection of any of the chambers during | ficient to condense and collect, the moisture.
the removal. A perforated pipe 26 is placed | I am thus enabled to adapt the apparatus to
in position above a row or series of the cool- meel the varying conditions of. humidity of 130
Ing-pipes and is connected with a tank or | the atmosphere with much greater efficiency

65 pumpsupplyingbrine. Salthas longbeen used |"than if only one or two chambers were in use

- to thaw snow and ice, and when brine con- | ata single time. Asshown in Fig. S, I prefer

- tains a large amount of salt it can be reduced |

to use several series of chambers, as in Figs,
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20

1 and 2, to secure an interruption of the flow
of air therein and for eonvenience in remov-
ing snow, making repairs, &e. Inany of the
forms of apparatus which I have shown 1
may regulate the refrigerating effect to suit
the varying conditions of the atmosphere by

recgulating the supply of ammonia or other

refrigerating fluid to the cooling-surfaces by
manipulation of an expansion-valve. Dy

means of such valve I may cause the refrig-
erating effect to be greater or less, as may be
required. - | |

By the methods I have described the airis
rendered practically dry and the moisture 1s

reduced to a small and uniform percentage.
While there may be variations from time to
time, vet they will be exceedingly slight and
will have no material effect in the conduct of
the operations for which the air is used, so

thatinstead of the greatand frequent changes

" naturally occurring in the air supplied to far-

30

- butmay constructinseries an unlimited num-
| whereby a condition of rarefaction in said

35

40

naces and converters there will-be such uni-

formity as to eliminate from such metal-

lurgical processes the uncertainty hitherto

caused by the condition of the atmosphere.
T am the first in a continuous operation of

supplying dry air to collect the condensed
1 sistsin successively withdrawing from a cham-

moisture on cooled surfaces in the form of

snow and convert it back into water for the

purposes of removal and shall claim the same
broadly. In the use of chambers whereby I

produce and maintain a supply of rarefied

air I do not confine myself to two chambers,

ber thereof as I find occasion therefor.
- While the methods I have described for

producing dry air are specially valuable in
“connection with blast - furnaces, steel - con-

verters, cupolas, &e., yet I do notconfine my-

self thereto, as they may be used tor many

other purposes in the arts.
- Ielaim—

1. The method of drying air, which con-
sists in passing the air through a cooling-

flow therethrough, whereby the air is caused
to have alternate periods of rest and motion,
cooling the air in contact with the cooled sur-
faces, and delivering the air so dried to a fur-

| chamber and intermittently interrupting its 45

nace or converter; substantially as described. 5o

2. The method of drying air, which con-
sists in passing the air through a cooling-
chamber and intermittently interrupting its
flow therethrough, whereby the confined air

is cansed to have alternate periods of rest 55

and motion, cooling and rarefying the said
air in contact with the cooled surfaces, and
delivering the air so dried to a furnace or
converter; substantially as described.

3. The method of drying air, which con- 60

sistsin successively withdrawingfrom acham-
ber a portion of the air contained therein, and
thereby rarefying the remainder of such air,
cooling the air, and successively replacing

the air so withdrawn byincrements of airin- 65

sufficient to produce in the chamber an air-
pressure as great as that of the atmosphere,
whereby a condition of rarefaction in said
chamber is maintained, substantially as de-
scribed. -
4. The method of drying air, which con-

70

bera portion of the air contained therein, and

thereby rarefying the remainder of such air,
cooling the air, and stuccessively replacing
the air so withdrawn by increments of air in-
sufficient to produce in the chamber an air-
pressure as great as that of the atmosphere,

chamber is maintained, and the flow of the
air through the chamber intermittently in-
terrupted; substantially as described.
In testimony whereof I have hereunto set
my hand. | |
| - JAMES GAYLEY.

Witnesses:
H. M. CORWIN,
G. B. BLEMMING.
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