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3 Claims,

This invention relates to improvements in re-
-frigerating methods and apparatus.

An object of the invention is to provide an
improved method of refrigerating fluid media.

‘A further object is to provide an improved -

method of rapidly withdrawing heat from a fluid

to be refrigerated while maintaining the fluid

above a predetermined temperature. :
Another object is to provide a method of the

above type wherein the sensible heat is trans-

ferred from the fluid to be refrigerated to an
intermediate medium, uniformly concentrated
through the intermediate medium, and uniform-
ly removed from the  intermediate medium
through a small area at high concentration,
vhereby the apparatus may be small in proportion
to the-speed of removal of sensible heat.

- Another object is to provide suitable apparatus.

for carrying out the above methods.

Still another object is to provide apparatus of
the above type which is compact, simple and
low in cost. . :

A still. further object is to provide apparatus
of the above type applicable to water coolers,
beer coolers and the like.

Other objects and advantages of the inven-
tion will become evident during the course of

- the following description in connection with the
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accompanying drawings, in which: .
Figure 1 is a view partly in section illustrating

. & form of the invention applied to a liquid cooler:
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Figure 2 is a detail view of a suitable suction

tube connection to the cooling coil;

‘Figure 3 is a fragmental longitudinal section
of the cooling coil; '

Figure 4 is a cross sectional view of the same;

Pigure 5 is a cross sectional view of an al-
ternative form of cooling device; o

Figure 6 is a diagrammatic view of a standard
refrigerating system; ,

Figure 7 is a similar diagrammatic view of a
system including the present invention;

Figure Te illustrates an alternative expansion
valve and switch arrangement; S

Figure 8 is a co-ordinate diagram illustrating
the removal of heat from water in a cooler by
standard refrigerating apparatus; :

Figure 9 is a similar diagram illustrating heat

" removal by means of the present invention; and

.66

Figure 10 is = graphical representation of com-
parative speeds of lowering fluid temperatures
by means of a standard system and by means of
the present invention. - E

Referring to Figure 1, the numeral ({ indi-
cates a reservoir having an outer shell 12, an

(CL 62—177)

insulating sheath {3 and an inner shell {4. The
device, as illustrated, represents a beer cooler, the
inner shell (4 containing 'a water bath {5 in
which may be suspended one or more beer coils
16. Also suspended or otherwise supported in
the bath 15 is a cooling coil 17 of a construction
hereinafter described, connected at one end to
an expansion valve or equivalent device {8 and
at the other end to a suction line 19, The valve
18 may be of the well known thermostatic type
having a control bulb 20 preferably attached to
the suction line {9 adjacent the latter’s connec~
tion to the coil 1T and connected to the valve {8
by means of the usual capillary fube 21. )

Referring to the diagrammatic Figure 7, the
suction line {9 is connected to a compressor 2%
having a discharge pipe 43 leading to a con-
denser 24. From the condenser 24 (which may
include in combination the usuail receiver) a
liquid line 25 is adapted to deliver liquified re-
frigerant to the expansion valve 8. -The com-
pressor 22 is operable by a motor 26 through a
belt 21, the motor being adapted to receive cur-
rent from current supply lines 28 and 29 through
a suitable pressure or thermostatic control de-
vice herein illustrated as a pressure switch 30
having the usual tubular connection 3f to the
suction line 19. . B

The construction of the cooling coil 17 is as
follows, referring to Pigures 1, 2, 3 and 4:

The coil proper consists of an outer tube 32
surrounding and spaced from an inner tube 33,
the space between the tube walls being filled in
the présent embodiment with a brine solution 34
or the like. The inner tube 33 is the expansion
element, and a suitable means of connecting tube
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33 to the suction line {T and of sealing the brine .

34 between the inner and outer tube walls is.
shown in Figure 2. The outer tube 32 has formed
thereon a conical flare 385 and is provided with
the usual flared union nut 36. ‘The inner tube
33 carries a conical ferrule 37 adapted to overlie
the flare 35, the ferrule 37 being soldered or
otherwise sealed at 38 to the tube 33 a short
space from the end of the latter.

In making the joint, a reducing union 39 is
inserted in the nut 36 and screwed into the latter
until the conical end 48 of the union engages the
ferrule 31. When the nut and the union are
screwed tightly together, the ferrule 37 and flare
35 are compressed together between the conical
surfaces of the nut and union. It will thus be
seen that by means of the structure shown tight
seals are provided both for the refrigerant in the
Inner tube 33 and the brine 34 between the tubes
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by use of a single standard nut and union. The
suction line I8, which is preferably of smaller
diameter than the outer coil tube 32, may be
secured with the usual flared type of joint by
means of s flared union nut 41 of proper size
screwed to the upper end 42 of the reducing
union 39. - N

The joint at the expansion valve end of the coil

1T may be made in the same manner as described
10 €xcept that instead of the union 39 a shank 43 is
provided on the expansion valve itself, the shank

being shaped in the same manner as the lower

end of the union 38 and adapted to cooperate

with the flared union nut 36a on the outer tube
15 32 as shown in Figure 1. s

~ The operation of the device is as follows, as-

suming the bath 15 to be initially at or about

room temperature: :

Current being turned into the supply lines 28

o9 and 29 by closing of a master switch or the like

(not shown) the motor 26 drives the compressor

22, tending to exhaust the interior of the inside

tube 33 through the suction line I1. Due to the -

small size and comparative shortness of the tube
33, the pressure therein is reduced very.rapidly
“%. until the automatic expansion valve I8 is opened,
admitting liquid refrigerant to the interior of tube
33.. The diameter and length of tube 383 being
small, as noted above, the refrigerant travels
rapidly through it, lowering its temperature and
refrigerating the surrounding brine sheath 34.
Exit of liquid refrigerant from the coil proper is
arrested in the usual manner by the action of the
thermostatic bulb 20 and connected apparatus
which respond to the lowering in temperature
of the suction tube {7 to reduce the opening of
the expansion valve I8 and cause a further lower-
ing of temperature throughout the tube 33.
As the temperature of the tube 33 is lowered,
the entire brine sheath 34 is refrigerated and in
. turn absorbs heat from the water bath 15§ through
the wall of the outer tube 32, thereby refrigerat-
ing the water and setting up convection currents
within the bath to cause substantially uniform
lowering of the latter’s temperature.+ Due to the
constriction and confinement of the brine sheath
34, heat from the water passes through the outer
tube 32 and brine 34 to the inner tube 33 largely
by conduction in a radial manner as illustrated
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50 by the arrows in Figure 4, and without appreciable
convection within the brine, the latter thus com-"

prising a. static sheath.
Thus the heat entering through the compara-
tively large area of the outer tube 32 is concen-~
85 sheath 34 and passes to the refrigerant through
the small area of the inner tube. Due to the small
area of tube 33, a comparatively large tempera-~
ture difference exists between the brine and re-
go frigerant in order to effect passage of the heat.
On the other hand, the larger area of the outer
tube 32 causes the heat to pass from the water 15
to the brine with a comparatively small tem-
perature difference. As the heat is concentrated
g5 radially in the brine, as noted above, a tempera-
ture gradient is maintained radially throughout
the brine between the large inner area of outer
tube 32 and the small outer area of inner tube
33. The tesult of the action described is that
70 the temperature within the tube 33 may be kept
well below the freezing point of water while the
- temperature of the outer tube 32 remains slightly
above the freezing point and therefore remains
. free from ice formations. Thus, while the outer
ws tube rapidly absorbs heat from the water, the

trated radially in its passage through the brine

heat absorbed is all sensible heat tending to lower
the water’s temperature, no latent heat being
absorbed as occurs with ordinary cooling coils
upon which ice formation takes place. All extrac-
tion of heat by. the refrigerating system being 5
utilized solely to lower the temperature of the
water, the bath temperature falls steadily and
rapidly, the temperature and corresponding pres-
sure ih the inner cooling coil 33 also being lowered
by action of the thermostatic valve I8 until by 10
action of the pressure switch 30 the circuit of the
motor 26 is broken to stop the motor and com-
pressor 22. Heat continues to be absorbed from
the water 15 into the brine 34, thus gradually re-
ducing the temperature gradient in the latter and 15
allowing the temperature and pressure of the in-
ner coil 33 to rise until the pressure switch 30
recloses to restore the motor and compressor to
operation, and quickly refrigerate the entire tube
33 at low temperature. The temperature of the go
water continues to fall steadily until it reaches
the required temperature for properly refrigerat-
ing the beer coils 16. .

The areas of the outer and inner tubes 32 and
33 and the size of the brine sheath 34 are so pro- o
portioned that while the running temperature in
tube 33 is maintained at a low value, such as —4
degrees Fahrenheit, the outer surface of the tube
32 does not fall entirely to the freezing point, -

being normally maintained at slightly- above gg =

freezing. - It is evident, therefore, that no ice can -
form on the cooling coil 17, so that its entire sur-
face is effective at all times for the removal of
sensible heat from the water.

To fully bring out the advantages of the present g
invention, it is pertinent to set forth the normal
operation of a typical system not employing the
present method and apparatus, such a system
being illustrated diagrammatically in Figure 6,
in which a direct expansion coil 44 is operatively
connected between an expansion valve 18a and
a suitable compressor 22a operable by a motor
2%a in the usual manner. 'To attempt {o refrig-
erate water in a cooler of the type illustrated by
means of a direct expansion coil having an out-
side area equivalent to or greater than that of ap-
plicant’s tube 32 while maintaining the coil above
the freezing point of water would require large
compressor capacity to operate successfully with
the high back pressure which would be necessary.
The large compressor capacity entails large ini-
tial cost. Furthermore, if the direct expansion
coil, which has practically no heat storage capac-
ity such as is supplied in the present invention by
the brine sheath 34, is to be maintained at nearly ',
constant temperature slightly above the freezing
point of water, the necessarily close setting of
the pressure switch 30 and expansion valve {8a
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“and the large capacity of the compressor would

cause “short cycling”, that is objectionably fre- 4,
quent starts and stops of the compressor.

To overcome the foregoing objections it is cus-
tomary to supply & comparatively long coil 44 and
set the expansion valve 18a to give & normal coil
temperature considerably below freezing. Due to g5
the long coil of comparatively large tubing, the
initial or starting back pressure must be kept
fairly low if very large compressor capacity is to
be avoided. As a result, when the system is start- .
ed, the end portion of the coil 44 next the expan- 79 .
sion valve 18a is quickly brought to low tempera-
ture and ice forms thereon as illustrated at 45,
Figure 6, while little or no evaporation occurs in -
the remainder of the coil which instead operates
as a super-heater for the gas passing through 75
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it. The ice formation on the forward portion of

the tube throws an insulating blanket around

10

. In service, the usual result is that the thickness of.-
15

that portion and the area of evaporation moves
ahead through the coil, building an ice blanket
as it advances, until the entire coil is coated with
an increasingly thick mass of ice which prevents
any direct absorption of heat from the water.
Removal of heat from the water must thereafter
occur through the ice sheet, and as it is a prac~
tical impossibility to provide exactly sufficient
compressor capacity and regulation to maintain
a constant thickness of ice under the varying
loads imposed by -operation of the cooling device

ice continues fo grow, thus further increasing the
insulating effect about the coil and decreasing
the amount of water available for circulation
around the beer or other liquid coils, as well as

" interfering with ecirculation about both liquid
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coils and cooling coil by bridging the space be-
tween adjacent turns of the latter and gradual
building up of an obstructing ice dam. This fre-
quently leads to the fracturing of the coils. -
It is obvious that uniform cooling of the liquid
coils'in a bath cannot be maintained by. a sys-
tem operating as described above, and the inter-
ference with proper convection currents is cumu-
lative, as the greater the obstructing ice mass

becomes and the less water remaining liquid, the -

greater the tendency to further ice formation.
Unless the system is periodicaly shut down to al-
low the ice to melt it becomes practically inop-

erative as a proper liquid -cooler, and it is a

cemmon occurrence with drinking water coolers
in soda fountains and the like for the ice to bﬂdgg
entirely to the liquid coils and cause the water
therein to freeze.. )

It is thus evident that uniform and continu-
ously proper operation of liquid coolers and the
like of the type deseribed can not be acconi-
plished by the use of coils upon which ice for-
mation takes place, and it has not been found

practical with direct expansion coils as described -

to maintain water temperatures below approxi-
mately 39 degrees Fahrenheit without the forma-
tion of ice. :

With the present invention, due to the fact
that the gradient between water temperature and
the low refrigerant temperature occurs in the
brine sheath 34 rather than in a film of water

surrounding the refrigerant pipe, it is possible to -

maintain the water bath 15 as low as 33 degrees
Fahrenheit without any appreciable ice forma-
tion.

The difference in operation of a cooler system

by the methed and apparatus of the present in-
vention and by the usual system is set forth
graphicaly in Figures 9 and 8 in which the ordi-
nates represent refrigerating capacity of the sys-
tem and abscissas represent time of operation.
. In Figure 8, referring to the usual system, the
total rectangular area, that is A+B, represents
the total heat removed in bringing the water bath
temperature down from any given value such as
room temperature to normal operating temper-
ature. Due to the progressive formation of ice
45, Figure €, on the coil 44 a large proportion of
the heat removed, that is area B, is latent heat
of freezing, so that only area A, a fraction of the
total removed, is sensible heat extracted in cool-
ing the water, ) )

The latent heat B is impounded and can only

be recovered by shutting down the system to melt

the ice, at which time refrigeration of the water

3

bath is not sufficiently rapid or steady for proper

“cooling of the liquid coils.

In Pigure 9, referring to the present inven-
tion, there is no removal of latent heat, and the
entire area .C, which is equivalent to ares A, is
sensible heat removed from the water. . Thus it

will be seen that while the capacity ordinate of -

Figure 9 may be substantially smaller than that
of Figure 8, the time abscissa of area C is also
much smaller than that of Figure 8 due to the
absence of latent heat in Figure 9. The effect of
the foregoing is shown comparatively in graphi-
cal Figure.10, in which ordinates represent water
temperatures and abscissas time units. - With op-
eration of the usual system as shown in Figure 8,
the water temperature follows curve D, requiring
6 time units to reach the base temperature. With
the present invention wherein all heat removed
is sensible heat, the temperature follows curve
E, reaching the base temperature in two time
units. In other words, the present invention is
adapted to lower the water temperature much
more rapidly than prior systems having greater
refrigerating capacity. ‘

An evident practical and commercial advan-
tage of the present invention as made clear by
the foregoing description is the fact that it per-
mits the use of a smaller compressor and shorter
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coil than the prior systems, resulting in lower -

cost of apparatus and maintenance, saving in

S0

space both outside and in the cooling bath, while -

operation is. improved due to the fact that the
smaller amount of apparatus is operated at all
times to the best advantage, without shut-downs,
losses and irregularity in action resulting from
the formation of ice. ) .
The improvements and advantages set forth,
as well as others which will become evident to
those skilled in the art, are accomplished by the
pethod of absorbing heat from the. medium to
be cooled through a pre-determined area at com-
paratively high temperature, uniformly concen-
trating the heat in a second medium, and trans-
ferring it to a third medium, that is the refrig-
erating fluid, at comparatively low temperature.
In the preferred form, as previously stated, the
sheath 34 consists of a brine solution lying prac-
tically dead between the inner and outer tube
walls, brine being advantageous because of its
high specific heat together with sufficiently low
conductivity to prevent too rapid heat transfer
and consequent lack of sufficiently wide tempera-
ture gradient such as occurs with finned tubing
or thick metal piping. In certain cases, wherein
it may be desired to slightly increase the storage
or hold-over capacity of the sheath 34 the latter
may consist of an eutectic luid which allows an
additional storage due to extraction of a small
amount of latent heat adjacent the inner tube
33. In certain other cases the concentration of
heat may be accomplished through a shesth of
semi-insulating material such'as rubber, as shown
at 46, Figure 5. the outer area and thickness of
the sheath 46 being so proportioned as to main-
tain the desired gradient in combination with

_broper setting of the expansion valve and cut-

off control.

Figure 7a illustrates the fact that the device
instead of operating with a thermostatic valve
and pressure switch, may be equipped with a con-
stant-pressure automatic expansion valve 41 and
a thermostatic switch 48. the latter’s bulb 49
being attached to the suction line f9 adjacent

the outlet coil 11 as previously described. The’

operation with this arrangement is substantially

70
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the same as described, the thermostatic switch
‘stopping the motor when the suction tube tem-
perature falls to a pre-determined point. In all
forms of the device the use of the small expan-
sion tube within its concentrating sheath allows
almost instantaneous utilization of the entire ex-

_pansion surface with high internal velocity and

comparatively small compressor capacity, and
without formation of liquid slugs or “cold spots”.

The method and apparatus have been illus-
trated as applied to a liquid cooler having a wa-
ter bath, but it is obvious that it may be applied
to many other purposes for cooling other media,
whether gaseous, liquid or of other character, the

- cooling coil 1T being made in any desired shape.

In other words, while the invention has been de-
scribed in preferred form as illustrating the
method, it is not limited to the precise structure
shown, as various modifications may be made
without departing from the scope of the ap-
pended claims.

- What is claimed is:

1. The method of extracting sensible heat from
water which comprises the step of refrigerating
an element at a temperature below the freezing
point of water, radially transferring heat to said
element from g static heat transferring substance
in heat exchange relation with said water and

-
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element, and maintaining a uniform temperature
gradient in said substance therebetween whereby
heat exchange between said water and substance
occurs above the freezing point of waiter. '

2. The method of extracting sensible heat from
a fluid which comprises the step of absorbing
heat from said fluid into a static medium by con-
duction at a temperature above the freezing point
of said fluid, the second step of uniformly con-
centrating said heat through said .medium, and
the third step of transferring said concentrated
heat from said medium to a refrigerating element
at a temperature below the freezing point of said
fluid.

‘3. A method of extracting sensible heat from
a fluid which comprises the step of intaking the
sensible heat from said fluid to an intermediate
static medium of predetermined length and cross
section, uniformiy concentrating the heat in said

- intermediate medium- throughout the length and

cross section thereof, uniformly removing said
heat from said intermediate medium throughout
a small area at approximstely the center of the
cross section thereof, said removal or outtake of
heat being effected at a relatively high concen-
tration per unit of area as compared, ‘with a like

‘mtake area of the intermediate medium:

CHARLES HERBERT DOYLE.
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