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8 Claims.

My invention relates to & method and means
for maintaining approximately a constant tem-
. perature within an inclosure, when the rate of
_ heat flowing into or developing within the inclo-
sure varies over a large range.

This action is accomplished by absoibing all
of the heat flowing into or generated within the
inclosure, in excess of that required to maintain
the temperature within the inclosure, approxi-
mately constant.

(=]

10 It is to be understood that the means em-

bodying the invention will operate, using a gas
or vapor as the circulating phase and either a
liquid or a solid as the static phase, and we shall
hereinafter designate the circulating gas or vapor

15 as the circulating phase and the stationary liquid.

or solid as the case may be, as the static phase.
"An example of ‘a liquid which might be used as
the static phase is liquid ammonia, and the con-
- comitant circulating phase in this case would be
- 20 gaseous ammonia. ~An example of a solid that
- might be used as a static phase is solid carbon
dioxide, and the concomitant circulating phase in

- this case would be gaseous carbon dioxide. It is
understood, however, that the apparatus is not -

26 restricted to the use of these above mentloned
examples.
The apparatus embodying the invention may
be divided into two parts, which I shall term g
high temperature ‘side and a low temperature
30 side. p
In the accompanying drawing, forming a part
of this specification, and in which like numerals

are employed to designate. corresponding parts -

- throughout the same, >

36  Fig. 1is a sectional plan view, generally sche-
matie, of apparatus embodymg the inventlon,
-and

Fig. 2 is a longitudinal sectional view taken on-

line 2--2 of Fig. 1. .
40 - The high temperature side of the apparatus
.. comprises an inclosure or chamber 5, and the

rate of heat flowing into or. generated within

the same, may vary over g large range. It is the
“function of the invention to maintain the tem-

456 perature within this inclosure, approximately

constant, notwithstanding the variation above re-

ferred to. Arranged within the inclosure 5 is a
number of separate heat absorbing units 6, in
50 the form of coiled pipes, or.other hollow heat ab-

sorbing surfaces, through which the circulating.

phase may pass, and thereby become warmed by
the heat flowing from- within the inclosure 5,
through the walls of the heat absorbing units 6
55 and into the circulating phase. These are the

(Cl 62—91.5)

ordinary heat absorblng units well’ known and
used by those versed in the art of refrigeration, .
and the number of them used will be determined
by a mathematical equation given in the theo-
retical discussion of this specification.

The low temperature side of the -apparatus 5
comprises an inclosure or casing T which holds
the static phase (l.  This inclosure 1T may be
located within or exterior to the inclosure 5.

This inclosure 1 has a removable cover 8 which
forms a gas tight joint when closed. Any suitable 10 .
means may be employed to hold this cover 8
closed. The entire inclosure 7 is thoroughly heat
insulated upon all sides, by any of the usual meth-
ods., The inclosure 7 hds an opening. formed
through one wall thereof, for receiving an outlet 15
pipe- 6’, and the entire inclosure 7 is so con-

structed that any circulating phase originating

within i, even under considerable pressure, can
pass from this inclosure only by way of the outlet
pipe 6’. Arranged within the inclosure 7 so as to gg-
be continually in intimate thermal contact with
the static phase {1 is & number of separate com-
pact heat radiating units 9, in the form of coiled
pipes or other hollow heat radiating surfaces,

through which the circulating phase may pass, 25

and thereby become cooled by discharging  its
heat through the heat radiating units 9 and di-
rectly into the static phase 1.

The units 9 'correspond in number to the units
6, and pipes connect the outlet ends of the units 3¢
6 with the intake ends of the units 9, and pipes
also connect the outlet ends of the units 9 with
the intake ends of the units 6, excepting the in-
take end of the first unit 6 which is connected
with the outlet pipe 6, and the outlet end of the 35 -
last unit 9-which is connected with the pipe 10.
In other words the above system is so connected
that any circulating phase originating within the
low tsmperature inclosure T will be forced to flow )
out of the inclosure through the outlet pipe 6 40
into successively a heat absorbing unit and then
a heat radiating unit, and so on until it is ﬁnally

'dlscharged through the pipe 0.

"In considering the operation of the apparatus,
assume a quantity of the static phase 11 to be 46
placed within the inclosure 1, and to be in inti-
mate thermal contact with the heat radiating

“units 9, and to be at the temperature which such
-static phase transforms, under the existing pres-

sure, into the circulating phase, when such static g0

phase absorbs heat. The heat absorbing units
6, the heat radiating units 9, and the space with-

- in the inclosure 1 not occupied by the static phase
- 1, is filled with the circulating phase. Now, if s
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the temperature of the inclosure § is sufficiently

- higher than the transformation temperature of

10

the static phase I, and a very small initial
amourit of heat is imparted to the static phase
{i, by any means whatsoever, and since the
static phase {1 is at ifs transformation tempera-
ture, ‘this hest will then generate a quantity of
the circulating phase from the static phase if,
which circulating phase, flowing out of the in-
closure 17, through the pipe 6’ will, obviously,

" cause the warm circulating phase in the several
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heat absorbing units 6, to be displaced, and pass
into. the heat radiating units 9, and the cold cir-
culating phase in the several heat radiating units
9, to be displaced, and pass into the several heat

absorbing units 6, except, of course, the circu- .
lating phase in the last heat radiating unit,.

which will be displaced or d1scharged through
the pipe 10.

The cold circulating phase passing into the
heat absorbing units §, will absorb heat through
the walls of the units 6, thereby cooling the in-
closure 5, and the heat carried by means of the
circulating phase into the heat radiating units
9, will be absorbed through the walls of the units
8 by the static phase {{, thereby generating from
the static phase if a further quantity of the cir-
culating phase, which, flowing out through the
pipe 6’, will cause the circulation to continue

‘at an accelerated rate, until thermal equilibrium
is established. When this occurs, the quantity

of heat per unit time being absorbed from the
circulating phase by the static phase i, is just
sufficient to generate enough new circulating
phase to maintain the thermal equilibrium. -

- It will be shown in the theoretical dxscussion of
the invention, and it has been verified by actual
practice, that when this thermal equilibrium
condition is reached, the positive difference be-
tween the temperature of the circulating phase
flowing out of any heat absorbing unit, and the
temperature of the circulating phase flowing into
any heat absorbing unit, is approximately con-
stant, no matter how fast heat is being absorbed
from within the inclosure 5. Also it will be
shown in the theoretical discussion, and it has
been verified by actual practice, that if the areas
and the thermal conduct1v1ty of the heat ab-
sorbing units 6 and the heat radiating units 9,
are large enough, the positive difference between
the temperature within the inclosure 5 and the
transformation temperature of the static phase
11, will be approximately constant, no matter
how fast heat is flowing into or generated within
the inclosure 5. The transformation temper-
ature of the static phase {{, under the existing
approximately constant pressure, will be ap-
proximately constant, and therefore, the tem-
perature within the inclosure § will be approxi-
mately constant, and any increase in the rate of.
heat flowing into or generated within the in-
closure 5, will only serve to increase the rate of
circulation of the circulating phase and to de-
crease the all over temperature of the heat ab-
sorbing units 6, and will not appreciably raise the
temperature within the inclosure 5.

If the transformation temperature of the
static phase it is below the temperature of the
media surrounding the inclosure 7, the above cir-
culation will start automatically because of the
small amount of heat flowing into the inclosure
7, through its walls, However, if the transfor-
mation temperature of the static phase (I is
above the temperature of the media surrounding
the inclosure 1, then a small amount of heat must

2,081,118

be imparted to the static phase {f, in order to

‘start the circulation of the circulating phase

This starting of the circulation may be accom-
plished by the use of any small heating unit,
arranged interiorly or exterlorly of the mclo-
sure 1.

The following themetlcal dlscussmn is pre-
sented as a further explanation of the invention.
In this discussion we will use these symbols:—

01—Temperature within the inclosure (5).

#>—Temperature of the circulating phase flow-
ing out of the heat absorbing units.

¢3—Temperature of the circulating phase ﬁow-
ing into the heat absorbing units.

6s—Transformation temperature. of the static
phase.

v»—Velocity of the cxrculatmg phase.

s—Specifie heat of the circulating phase.

p—Density of the circulating phase.

h—Heat of transformation of the static phase
per unit mass.

g—Rate of heat flowing into the inclosure (5).

k—Thermal conductivity of the heat radiating
and heat absorbing surfaces.

n—Number of heat absorbing units and also

number of heat radiating units.
When thermal equilibrium as explalned above
is established, it is evident that the heat ab-

-sorbed from a unit mass of the circulating phase

by the static phase must be equal to the heat
required to generate a further unit mass of cir-
culating phase, therefore:—

ns(02—63) =h
(B — ¢))

This shows that the difference between the tem-

h
63) = =constant -

- perature of the circulating phase flowing out and

the temperature of the circulating phase- flowing
in any heat absorbing unit is approximately
constant and independent of the rate of heat
flowing into inclosure (5.

For purposes of theory.it will be reasonable to
assume the heat absorbing units and the heat
radiating units to be pipes each of length I radius
r and surface area a. We will consider an in-
finitesimal volume #7r2dzx of the circulating phase
and derive an equation which will determine its
temperature ¢ at any point z along the length
of the heat absorbing pipe. The infinitesimal
amount of heat flowing through the surface ele-
ment 27rdz in time dt will be: .

2rrk(61—0) dzdl
The infinitesimal amount of heat absorbed by the

-volume element =72dz in time di will be:

=T2psdxds

These two expressmns must. be equal, conse-
quently:
2k(61—0) dt=rpsde

J" J‘e dg
rps jo 301—‘0

2kt Bt
Tos  CB¢G g
2kt
0 —8= (91—93)6"7};‘5
but
X
t=-=
. v
therefore

—2kz

f1—0={(8;—0y)e P )
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This equation determines the temperature of the
circulating phase at any point-along the length
of the pipe. Now applying this equation to the
full length of the pipe we obtain:—
—2k!
01— 0= (61— 03)e P80

-and since it is evident that

g=rrvhp and v= and 27rt1—

zh

" the above exponential equation will take the form
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. —kah
6i—0,=(0,—0r)e ®
An expression similar to the above equation but
applying to the circulating phase flowing in the
heat radiating pipes may be 1mmed1ately written
—kah
03— 8,=(0;—0,)¢ %7 : (4)
Adding Equations three (3) and four (4) we ob-

tain -
—kah

91—02+9af94=(01+02—93—04)679_
but from Equation one (1) we have
0, —8; =;1

-substituting this in the above equation and solv-
ing for 6:—6s we obtain

—kak
b 1+e 87

—kah

l—e 8
Now if kan is large compared to sq then
—kah -
€ 8

will be very small and we obtain to a high degree

6—8;= (5)

- of approximation the relation .

45
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o 91—-04=ll-=constant
sn

This shows that if the areas and the thermal

conductivity of the heat absorbing units and the .

heat radiating units are large enough, the differ-
ence between the temperature within the inclo-
sure (5) and the transformation temperature of
the static phase will be approximately constant.
Since the transformation temperature of the

static phase -under the ex1sting epproximately .

constant pressure will be approximately constant,
therefore the temperature within the. inclosure
(5) will ‘'be approximately constant and inde-
pendent of the rate of heat flowing into the in-
closure (5). .

Solving, Equation six (6) for # we obtain

ne=— B
~8(6:—6s)

. which shows that the number of heat radiating
- units and the number of heat absorbing units
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necessary to maintain any desired constant tem-
verature within the inclosure (5) may be deter-
mmed by dividing the heat of transformation of
the ‘static phase by the product of the specific
heat of the circulating phase and the difference
between the desired temperature and the trans-
formation temperature of the static phase.

It is to be understood that the form of my in-
vention herewith shown and described, is to be
taken as & preferred example of the same, and
that various changes in the shape, size and ar-

rangement of parts, may be resorted to without

3

departing from the spirit of the invention or the
scope of the subjoined. claims.
What I claim is:—

1. In a refrigerating apparatus of the charac-

ter described, a refrigerating compartment, a

heat insulated refrigerant containing compart-

ment adapted to contain a refrigerant which

- forms a cold gas upon the absorption of heat, a

tubular conduit communicating at one end with
the refrigerant containing compartment and
adapted to convey the cold gas therefrom, said
tubular conduit thereafter passing alternately
and repeatedly in heat exchanging relation with
the refrigerating compartment and the refriger-
ant and having a discharge end communicating

with the atmosphere whereby gas evolved from

the refrigerant will pass alternately and repeated-
ly in heat exchanging relation with the refriger-
ating compartment and the refrigerant.

2. In a refrigerating or cooling system, a re-
frigerant chamber, a region to be cooled, heat in-

. sulating means between said chamber and said

region, a substantially fluid-tight sealing member
for closing said chamber, thereby to maintain a
pressure upon a fluid generated by the refrig-
erant in said chamber, and means for passing
fluid generated by the refrigerant successively
and repeatedly through said region and said
chamber, said last-named means comprising a
conduit passing in successive loops through said

"~ region and said chamber,

3. In a refrigerating or cooling system, a refrig-
erant chamber having a door opening communi-
cating with the interior thereof and a substan-
tially fluid-tight. closure therefor, a region to be
cooled, heat insulating means between said cham-
ber and said region, and means for passing a fluid
generated by the refrigerant in successive differ-
ent paths through said region and said cham-
ber, said last-named means comprising a conduit
passing in successwe loops in heat absorbing re-
lation to said region and in heat ra.dlatmg rela-
tion to said chamber.

4.-In an apparatus of the character described,
a refrigerant chamber, a region to be cooled, heat

Insulating means separating said chamber from
" said region, a heat exchange member connecting

said chamber and said region and comprising a
conduit having an open end communicating with

‘the interior of said chamber and-adapted to con-

duct from said chamber a heat transferring fluid
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generated by a refrigerant therein and to convey

said fluid through successive loops alternately
passing through said region in heat absorbing re-

-lation thereto and through said chamber in heat

radiating relation thereto after each passage
through said region.

‘5. A method of maintammg an approxunate
thermodynamic balance between a ‘plurality of
insulated chambers having different temperatures
in the interiors thereof, said method comprising
converting a heat transferring medium from its
static to its circulating phase in a refrigerant
chamber, conveying the circulating phase of the
heat transferring medium into a chamber to be
cooled, and thereafter conveying said circulating
phase of said heat transferring medium alter-
nately and successively in heat radiating rela-
tion with the heat transferring medium in its
static phase in said refrigerant chamber and in
heat absorbing relation to said chamber to be
cooled, thereby to control the rate of conversion
of the heat transferring medium from its static
to its circulating phase substantially by tempera-
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ture changes occurring in said chamber to be .

cooled. ) -

6. A method of refrigeration or cooling, which
consists in passing fluid generated by a refrig-
erant in successive different paths through one

‘or more regions to be cooled and a chamber con-
taining the refrigerant, while varying the rate of

fiow of the fluid in accordance with changes in

“the temperature of a region to be cooled.

7. In a refrigerating apparatus of the charac-
ter described, a relatively high temperature in-
closure, a relatively low temperature heat insu-
lated inclosure for receiving a static. phase of
the refrigerant and holding the same under suit-
able pressure, circulating apparatus comprising
a conduit adapted to receive a refrigerant in its
circulating phase, said conduit having its intake

- 2,061,118

end in communication with the interior of the
hesat insulated inclosure and formed with a series

of . loops leading to said relatively high tempera-. '

‘ture inclosure and alternately and successively

returning to said relatively low temperature in-
closure and having its outlet end discharging out-

. side of the apparatus.

8. A method of refrigeration or: cooling which

" ¢onsists in passing a heat transferring fluid gen-

erated by a refrigerant in successive . paths
through one or more regions to be cooled and a
chamber containing the refrigerant, thereby to
control the rate of generating the refrigerant in
response to relatively small variations of tem-
perature within said regions to be cooled.

JAMES K. THORNTON.
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