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-has  been
liguefying has been only attained by the con-
sumption ()f a greater amount of energy.
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To all wiom i may concern:

DBe 1t known that 1, Gourraowp Hilbe-
pradDT, 4 subject of the Emperor of Ger-
many, restding at Berlin, Germany, have
imvented au Improvement in Refrigerating
or Cooling Apparatus, of which the follow-
e 15 u -\pvufmatmn +

'T his mvention relates to refrigerating or
cooling and final liquefaction of gases Ly
means of the expansion of (;unqnhwd TASEeS
and apparatus therefor, and has particular
reference to an apparatus whereby gases
with low boiling points, such. for e\amp]e
as atmospheric air, can be utilized for this
purpose as efficiently as can gases with
hicher boiling points such, for e\ample as
ammonia. carbonic acid or the like.

Hitherto owing to the small heat- -capacity
of aiir and other srases having low boiling
points, thev have not been able to be used
with economy for the purposes of refriger-

ating aud liquefving gases GWINg - to “the |

fact that the compression cylinder Tiad nec-
essarily to be very large compared to that
ased with, =ay, aninonia. - |
According to this invention the gas is
compressed “and cooled in any well known

way, but mstead of then bemfr allowed to

t.\pmd through a Iwmlatmfr valve dlfettl\'
into  a I‘L‘f[‘l”t‘ldlol or *counter-current’
apparatus, it 1s Airst caused to effect a pre-
Innary cooling of the compre=sed gas flow-
g Low ard the valve.

As is well known, theoretical ('J]Lu]dtwn::
¢ive a much f“rleatu fall of temperature due
to the expansion of compressed alr than can
e ubtalned 1 practice, that is to say, the
expanded air from cold air compression ma-
chines 1s considerably warmer t} 1an 1t ought
to be 1n accordance with theory. For this
reason the use of alr and other gases with
low boiling pomnts for the purposes of re-
iriger ¢1tmfr or cooling and hquefying gases

has Leen Lntw]\ abandoned in favor of re--

frigerating -compressien machines employ-
g gases such as ammonia, carbonic acid,
sulfureus acid, ete. Or when for "\I')Q("ldi
purposes air or other low boiling peint gas
used, the final low coullnfr or

- In the dmwmtr Figrure 1 1s a central lon-

‘ﬂ]tm]uml crass section and Fig. 2 is a simi-
Jar view showing di l*flﬂ!ll:ll:ill(‘a]h’ forms
of refr irerating or mmlmfr .1ppamtub which

1

~expanded from ihe high-pressure

are central longitudinal sections illustrat-
ing wodified or different forms of a refrig-

erating or coolimg appamtua made 1 ac-

COY t]:il’](tﬁ with MYy

ﬁplebtmt 14 11100,
With reference

rst 1o Figs. 1 and 2, alr
1pe a
through the valve 7 and Vs
mitted by wav of a liquid-separator ¢ into a
clused counter-current apparatus or refrig-
erator ¢ where 1t cools the compressed air
admitted 1n the opposite direction, so that
the air thus cooled arrives at the expansion
valve 6 with a gradually decreasing tem-

perature. In suel; apparatus, which may be

taken as typleal of that hitherto used, the_
Important cooling

action of the e\pandmg
vas on the outlet nozzle itself has been neg-
lected, and importance attached chiefly to
the cooling effect of the expanded gas in

the counter-current apparatus alone. It 1s
neglect of this cooling action on the nozzle

it=elf which acesunts in areat measure for.
the difference between the treoretical and'

practical results above mentioned.

At the moment of the expansion of the
highly compressed air, heat is absorbed, for
the aas 1tself being cooled tends to absorb
heat from the near‘eﬂ,t heat-containing body,
that 1s the expansivn valve or the outlet noz-
zle, which in its turn draws heat from the
blIFI‘OUIldlnﬂ' insulating - material and from

the dd]OlilIIl‘»r metal-supply plpe and even

from the refrigerator to which that pipe 1s
connected. This action necessarily renders
the temperature produced by the expansion
of the compressed gas considerably higher
than 1t should be. Tt may be said that the
expansion of the compressed gas results in

two distinet cooling effects, one that pro-

duced 1n the f:,urmundmfr air at the moment
of expansion which may ‘be termed the “(]i:)rl-
mary effect,” and the uther that produced 1n

the regulating valve or in the expansion noz-

zle, uhl(‘h may be termed the “secondary
effect.” In apparatus hitherto used, the sec-
ondary effect has not contributed to the end
m view. for example refrigerating or cool-
ing or liquefying another fr*19~——b11t has sim-
plv been wasted by conduction and radia-
tfion in the apparatus.

IFor eflicient working it 1is nece&,ary to

prevent the lowering of temperature due to
-the secondary effect “from becoming distrib-

uted over hrtre areas of the nmtnlml or

| substance cooled. That is to say, this sec-

ure xwl] known 1n L]l(., art. Figs. 3, 4 and 5 | ondary Lﬁ&Lt must be localized m order to

thus cooled 1s ad-
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obtain greater difference of temperature
compared to the outer air, as such differences
of temperature react more quickly and re-

duce to the lowest possible extent the un- |

avoidable Joss by radiation. Tor example,
‘n order to manufacture ice, the water used
must be cooled considerably below zéro for
the purpose, not merely of attaining the de-
sired freezing temperature, but also of ab-
sorbinw its latent heat. 1f the cold pro-

duced by the secondary effect be distributed

over laree areas, then although it may be
possible to cool the water, 1t 1s impossible to
freeze it in a sufficient]ly short time, as owing
to conduction and radiation, the losses 1in-
crease with the increase of time occupied by

the process. The cfficiency of the process 1s

quite different when the cold produced by
{he secondary effect is concentrated 1n a
small space and caused to act first on the
freshly supplied ccmpressec air. In that
case the supply of water nearest to the source
of cold is very quickly frozen before the in-
tensity of the action 1s lost.

In order to liquefy cases with low boiling
points in a reliable manner, the cold pro-
duced by the expansion should be so con-
centrated that, for example, in the liquefac-
tion of atmospheric air, the temperature
should be at any rate as low as 140 C. If
the temperature be cven a few degrees
hicher, it Is insufficient for obtaining the re-
sult desired. But on the other hami 1f this
low temperature be obtained even 1f it be
but temporarily so as to cffect at one time
but a very small quantity of gas in a very
small space, it is possible to liquefy in con-
secutive steps and to accumulate any desired
quantity of air, while otherwise the lique-
faction either does not take place at all, or
takes place only after a long time, during
which a large proportion of the piping an
apparatus have been cooled in a useless
manner 1o a verv low temperature. |

The present invention consists, therefore,

in localizine or concentrating the secondary !

cooling effect preduced in the espansion noz-
zle, so that it acts in conjunction with the
primary cooling effect produced 1n the gas
itself.  For this purpose the gas at the mo-
ment of expansion 1s caused to act upon a
small hollow body such, for example, as a
small coiled pipe ¢ which, as shown in ITgs.
3, 4 and -5, surrounds the expansion valve
or an eutlet nozzie so closely that the gases
escaping must first come into contact with
it befere they are admitted 1nto counter-
current apparatus. The pipe bringing the
supply of compressed air is connected to this
low eooling coil e instead of being joined
directly to the expansion valve b. The coil

e thus placed is subjected to both the pri-.
mary and secondary cooling effects of the

expanding gas, and owing to this.double in-

fluence the freshly admitted compressed-gas | latter leads to the inlet orifice of the valve 0y

e - — - ——

passing through the coill 1s cooled more en-
ergetically than by methods hitherto known.
The smaller and more compact the arrange-
ment of the low cooling coil, the more sud-

den and lower is the fall of temperature ov-

tained, and the less the possible loss by ra-
diation. . -
The expanded gas which has thus cooled
the coil ¢ may then pass by way of a refrig-
erutor or a counter-current apparatus to
other compressed gas or to other substances
such as brine, ete. which 1t may be desired
to cool or to use for cooling purposes,

and the whole cooling process may be

divided into stages of which the first 1s 3

- represented by that which takes lplace in the

e —— -

above described low cooling coil ¢, and the
second by a repetition of similar apparatus

or by the counter-current apparatus. 'lhis

idea of cooling in stages may be further
developed by dividing the counter - current
apparatus itself into separate stages or sec-
tions as, for example, in the manner 1llus-
trated in Fig. 5. One section is formed by

the coil e arranged as previously described :

with reference to Fig. 3, and another by the
coil f situated in the lower part of the cas-

ing. These two sections are connected by a

supply pipe g which 1s of comparatively
small cross section so that the losses through
conduction along the metal pipe are very
small. The expanded gas first lmpinges
upon the coil ¢ and then passes down the
central space around the small pipe g and
enters the annular space in the lower casing
which contains the coil f. From the upper
part of this space it enters the coils d of the
counter-current apparatus proper.

The arrangement shown in Fig. 4 illus-
{rates an apparatus sultable for the manu-
facture of ice or the cooling of brine, the low
coaling coil e arranged between the counter-
current pipe d and the expansion valve ¥
having the effect of producing a greater
cooling of the casing which transmits the
cold to the liquid by freezing, the time of
freezing being therefore considerably re-

_dll(‘éd. -

As will be seen by reference to the draw-
ing. the apparatus constructed 1n accordanee
with my present invention may comprise u
vessel having a single compartment as indl-
cated in Figs. 3 and 4, or two compariments
as indicated in Fig. 5.

Referring particularly to Fig. 3, the coun-
ter curient coil indicated at & surrounds the
vessel 7 and enters the same at any stit-
able point as indicated at ¢’. The inlet coil
d for the compressed air is preferably made
concentric with this counter current coil /

passing from the same into the vessel ¢ form-
ing a loop A therein and

and passing upwardly
and surrounding the valve b in the outer
inlet coil e and the inner inlet coil ¢ which
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the valve 0 being pmvided with apertures 7

in such a position that the expanding gas as |

the same passes through and escapes from
the valve, impinges against the outer sar-
tace of both the coils ¢ and e.

A somewhat similar structure is shown in
F1g. 8, with the exceptions that the valve b is
mmverted and the counter current tube is a
straight pipe s instead of a coil, necessitat-
g of course an inlet connection pipe 7% of
the same shape; the valve b in both instances

being contamed within the compartment

tormed by the walls of the vessel.

Referring to Fig. 5, the vessel ¢ is Pro-
vided with two compartments indicated re-
spectively at o and p, having a dividing
wall 7 1n which there is a centrally disposed
aperture - to receive one end of the tube ¢
which extends therefrom to a point adja-
cent to the opposite end of the compartment
p as heveinbefore described. In the con-
struction shown in this figure, the inlet pipe
¢ 18 arranged in a double coil which extends
through the convolutions of the counter cui-
rent coil 2, closely surrounding the walls of
the compartment o and these inlet coils
enter the compartment p through the con-
nection therewith for the end of the counter
current coil /4 preferably at a point adja-
cent to the partition wall 7.

The mlet tube d extends through the com-
partment » in a double coil indicated at f
to a point adjacent to the end opposite the
partition wall » at which point the coils /
are united as indicated at s in a pipe or tube
incicated at ¢, which pipe ¢ extends through
the tube ¢ into the compartment o and
closely surrounds the valve b in the coils e
and ¢ in exactly the same relationship as
those hereinbefore described in connection
with Fig, 3.

In the use of the apparatus shown in Fig.
9, the compressed air or other gas is sup-
plied to the pipes or double coils d passing
through the same within the counter current
coll /%, passing thence through the double
coll / to the pipe ¢ and thence through the
cotls ¢ and  to the valve b where the gas is
expanded, it being liberated to pass through
the valve & and in so doing escapes through
the apertures / in the walls of the valve.
impinging on the outer surface of both coils
e and «, the liquefied portions of the gas
passing by way of the tube ¢ to the com-
partment p and the remalning gaseous por-
tions thereof escaping by way of the coun-
ter current coil 4 to the atmosphere or a
receptacle provided therefor.

It will be noted by reference to Fig. 1

‘that the compressed air after being admit-

ted to and passing through the valve b or
so much thereof as 1s still in the vapor form
passes directly to the counter current coil
and does not 1mpinge previously to so doing

on any part of the inlet pipe for the com- |

3

pressed air, whereas in Fig. 2, after PasSIng
through the valve 0, the compressed air is
conveyed to the tank ¢ from which so much
of the compressed air as is still in a 0ASLOS
condition, passes from the tank ¢ to the
counter current coil.

What I do claim, and desire to secure by
Letters Patent, is—

1. In an apparatus for refrigerating or
cooling by means of the expansion of com-
pressed gases, the combination with a regu-
lating valve or expansion nozzle, of sepa-
rate coil sections e f, a pipe of relatively
small cross section connecting the said coils
¢ /, and a casing having separate compart-
ments 1n which the said separate coil sec-
tions are placed, one of said coils surround-
ing the said regulating valve or expansion
nozzle and there being provided a means of
communication between the said compart-
ments and through which the expanded gas
flows.

2. An apparatus for refrigerating or cool-
ing by means of the expansion of compressed
gases, comprising a vessel, a valve or ex-
pansion nozzle located within the said ves-
sel and being provided with apertures
through which the expanded gas escapes

~after passing through the said valve, an in-

let pipe for compressed gas leading to the
said valve closely surrounding the same and
against the exterior of which double coil
the expanded gas impinges after passing
through the said valve, and a counter cur-
rent coil leading from the said vessel.

3. An apparatus for refrigerating or cool-
mg by means of the expansion of com-
pressed gases, comprising a vessel, a wall
within the said vessel dividing the same
into two compartments, a valve or expan-
sion nozzle located within the first of said

compartments and being provided with

apertures through which the expanded gas
escapes after passing through the said valve,
a coil 1nlet pipe for compressed gas leading
to the said valve closely surrounding the
same and against the exterior of which
couble coil the expanded gas impinges after
passing through the said valve and a counter
current coil leading from the said vessel.

4. An apparatus for refrigerating or cool-
g by means of the expansion of compressed
gases, comprising a vessel, a wall within the
sald vessel dividing the same into two com-
partments, a valve or expansion nozzle
located within the first of said compart-
ments and being provided with apertures
through which the expanded gas escapes
aiter passing through the said valve, a tube
passing through the said partition wall of
the vessel and extending from the same to
a point adjacent to the opposite end of the
salcd second compartment, a coil inlet pipe
tor compressed air surrounding the said
tube within the said second compartment
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.

extending through the said tube and termi-
nating in a double coil closely surrounding
the said valve to which the said inlet pipe
leads, and a counter current coil leading
from the said second compartment.

5. An apparatus for refrigerating or cool-
ing by means of the expansion of compressed
oases, comprising a vessel, a wall within the
said vessel dividing the same into two com-
partments, a valve or expansion nozzle lo-
cated within the first of said compartments
and being provided with apertures through
which the expanded gas escapes aiter pass-
ing through the said valve, a tube passing
through the said partition wall of the vessel
and extending from the same to a point

adjacent to the opposite end of the said
second compartment, a counter current coil
Jeading from the said second compartment |

963,555

and 'closely surrounding the wall of the said 20

first compartment, and a double coil inlet
pipe extending through the convolutions of

the said counter current coil into the said -

second compartment at a point adjacent to
the said partition wall, the said double coil
inlet pipe closely surrounding the said tube
and exténding to a point adjacent to the
opposite end of the said second compartment
where these coils are connected to a common
pipe extending through the said tube into
the first compartment where the sald pipe
is connected to a double coil closely sur-
rounding the said valve and leading thereto.

GOTTHOLD HILDEBRANDT.

Witnesses:
Hexry HASPER,
WorpeEmMAR HAaUPT.
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