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This invention relates to refrigération systems
wherein a fluid refrigerant is mechanically circu-
lated through a closed refrigerating circuit, go-
ing through repeated liquid and gaseous phases
in the process, if required.

Such systems -customarily make use of brine
" a§ an intermediate agency for applying the re-
" frigerating action of the refrlgerant directly to
useful purpose.

Tt is common practice to so construct the heat-
exchange apparatus employed in the system for
transfer of heat from the brine to the fluid re-
frigerant, that a large -body of brine is necessary
compared. to the area of heat-interchange sur-
face separating the fluid refrigerant from the
brine. Accordingly, many conventionsal systems
are very slow in reaching required operating tem-
peratures, and their efficiency is far from. satis-
" factory. This is particularly true in instances of
brine tank equipment commorly ‘employed to
freeze various food items, such as. certain com-
mercial ice cream and water-ice products in the
nature of lollypops.

In connection. with these conventional sys-
tems it is usual to employ surge tanks for the
gaseous phase of the -operating cycle, so there
will be no undue occurrence of the condition
commonly known as “frost-back” along the line
leading from . the evaporator or heat exchange
" equipment, where gasification of the liquid Te-

frigerant occurs, to the compressor.  -Such frost-
back condition is a result of imperfect drying of
the fluid refrigerant vapors following the. evapo-
ration. -stage -of the- process. Droplets of the
. liquid refrigerant pass: into the line leading to
the compressor, -and these dissipate ‘their use-
fulness by creating a frost.along such line.

A principal object of the present invention is
..-t0 eliminate.the excessively large bodies. of semi-
~ stagnant brine employed by conventional sys-
tems of -the type .concerned, and. provide .for
a-more nearly equal ratio between .the quantity
of brine utilized and the extent of operable heat-
interchange surface in-the evaporator part of the
.-system. - .An. object is. to. provide -for. constant
positive . .circulation :of substantially the . entire
body of brine, to the end that freezing tempera-
tures are obtained in a small fraction of the
usual time.

An obJect is to eliminate the need for a con-~
" ventional surge tank.
© An’ object isto accomplish* the above by a
o s1mp1e and compact constructlon which is-com-

- ‘paratlvely Tow- in'cost " and economlcal to -op- -

erate and -maintain.-
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In the refrigeration system. of the inventioi,
a brine liquid is mechanically circulated through
a closed circuit. This circuit advantageously
includes, by way of equipment, principally, an
evaporator assembly consisting of a heat:ex-
changer embodying a plurality of elongate tubes.
The heat exchanger is provided with an entry
compartment or header ‘at one end thereof and
an exit compartment at the other ‘end. Both
the entry compartment and the exit compart-
ment open into a freezing conduit that desirably
surmounts the two compartments.

In one of the compartments, for example, the

exit compartment, is a circulation device, such
as a screw propeller, located ‘so ‘as to motivate a
brine liquid through the tubes of the heat ex-
changer, from entry compartment to exit com-
partment, and, thence, through the freezing con-
duit. A tray or other container for items to
be frozen is disposed:' in preferably coextensive,
intimate relationship with the freezing conduit,
as, for example, in-superimposed :position there-
on. - \
In operation, as the brine passes through the
tubes of ‘the heat exchanger the refrigerant ab-
stracts” heat  therefrom. As the- cooled liquid
flows back along the freezing conduit in the cir-
culation thereof, heat is abstracted from the
items to be frozen.

The tubes extend substantially horizontally
within a closed housing forming part of the re-
frigerant circuit. Liquid refrigerant enters at
the bottom of the housing, forming a body main-
tained, by means of suitable controls, at a depth
predetermined in accordance with the tempera-
Vaporized refrigerant rising in the hous~
ing passes in intimate contact with -the outer
surfaces of the heat exchanger tubes, thereby
continuing to abstract heat from the brine and
bhecoming more gaseous in the process.

The upper portion of the housing is free of
tubes, forming a drying or accumulator zone
wherein practically all remaining droplets of
liquid - vaporize. 'The dry, gaseous refrigerant
passes from the top of the housing ‘through a
line leading to the compressor of the system.

Accordingly, pursuant to ‘the-invention. there
are ‘two constantly active, closed- circuits -em-
bodying flowing fluid refrigerant and flowing
brine liguid, respectively. The brine cireuit is
so -constituted that substantially all the brine
liquid is. constantly ‘on the move; whereby: par-
ticularly efficient heat -exchange hetween. re-
frigerated brine, on the one hand, and brine and .
items to be:frozen, on the other, is achieved. In
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the present system, a far smaller ratio of brine
volume to heat-exchange area exists than in
former systems. For example, 1:1 for a pre-
ferred embodiment of the present invention as
compared to 1:10, or even greater, for certain
prior systems.

Tt is preferred that the volume of brine in the
freezing .conduit portion of the brine circuit be
greater than in:the remaining portions of the
circuit, and that there be a differential between
the inside cross-sectional area of the freezing
conduit and the sum of the inside cross-sectional
areas of the tubes such that the flow velocity in

the former is appreciably less, say one-quarter.

of, the flow velocity in the latter. By providing
for a considerable quantity of brine to be con-
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stantly passing through the freezing conduit at a -
reduced velocity, while maintaining sufficient

velocity of the brine within the evaporator tubes

for effective heat transfer, freezing racks may ¢

be submerged in the brine flowing through the .

freezmg‘cbndmt without -causing'-undue turbu-~
“lence or splashing in instances where the- ton of
thé conduit is uncovered to afford free access to
the brine.

" Because of -the relatively small quanmty of
brine liquid utilized in the entire system and of
its confinement within the brine circuit, it is pos-
sible to provide 'a very compact assembly with-
in a jacket of insulation.

Further objects and features of the invention

will become apparent -as the description proceeds
‘with respect to the presently preferred embodi~
ment thereof, illustrated by way of example in
the accompanying drawings.

Inthe drawings:

Fig. 1 represents a side elevation of the evapor-
ator and freezing conduit, without insulation;

Fig. 2, a longitudinal, vertical, center section
taken on the line 2—2 in Fig. 3; and

Pigs. 3, 4 and 5, cross-sections, taken respec-
tively on the lines 3-—3, 4—4 and 5—5 in Fig. 2.

Referring to the drawing, the numeral 18 de-
notes a tubular evaporator having the cylindri-

‘cal shell i2 and a plurality of tubes 13 extending
longitudinally  through the shell.. The evapora-
. tor 10 further has the heads 14 and {5 in which
‘the . tubes terminate. - Such shell, heads and
tubes define, in effect, a housing for a fluid re-
frigerant, such as ammonia. At {6 is an entry
compartment or header in communication with
. the: tubes, while at {7 is an exit compartment
~'which -is also in commumcatxon with the tubes.
A screw propeller ié which draws brine from the
exit compar ument {1 through an upright conduit
19 dlscharges this brine into a hor1zontal freez~-
_ing-tank or conduit 28. The conduit 20 in‘turn
discharges into the entry compartment or header
16 -from which the brine is recirculated inde-
finitely. - .

A unique cons1derat1on of the invention is that
the plurality of tubes in the evaporator is so ar-
ranged that drying or accumulator space 22 is
provided above the tubes, from which the ac-
cumulation of gasecus refrigerant, such as am-
monia gas, is returned through a pipe 23 that ex-
tends to a compressor 24. The compressor dis-
chairges the compressed refrigerant into a re-
“ceiver-condenser 2%, from which liquid refrig-

“T ‘erant.is conducted through a pipe 26, controlled

by valve 21,'back into the lower part of the tubu-
“lar: evappra_tor {2.. (
‘means of which the level of the liquid refrig-

4

the tubes in the fourth row counting from the
bottom, may be manually, electrically, or ther-
mostatically controlled in any usual manner.
In case of electrical confrol, a float device may
be located, for example, as indicated diagram-
madtically in Fig. 3 at 28, while in case of a ther-
mostatic control, the thermostat may be located
as indicated diagrammatically in Fig. 3, in

_ proximity to the entrance to return pipe 23. An

oil drain for the evaporator is located at a suit-
able point, such as 30. The entire structure in
this instance is supported on legs 31, which are
attached to the cylindrical shell 12.

In operation, the screw propeller 18 is driven
by any suitable means, such as an electric mo-

-tor, not shown, through a shaft 32 on which the
-propeller is - mounted. The propeller draws brine

through the tubes 13 into and through the exit
compartment 17, and forces it through the con-
duit 19 into and through the freezing conduit 29
and into the entry compartment 16, from where

- it passes back to the tubes 13 for recirculation
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.The control valve 21," by

-indefinitely. - -

The . circulation of the brine
through the freezing conduit 29 accomplishes the

5 Ireezing of any liquids placed in a freezing tray

immediately above the conduit 20.
The evaporator and freezing conduit are in-

‘sulated in.any suitable ‘manner, in this instancs,

by placing the insulation as indicated at-34.
In this sysfem the efficiency of cooling ap-

-proaches that of a direct expansion system.

This result is impossible by the usual methods in
connection with an open tank.

In the present showing of the system of the
invention, approximately one-quarter of the total
quantity of brine is contained in the tubular
evaporator and its entry and exit compartments.
This means that one-quarter of the total quan~
tity of brine is located below the level of the bot-
tom of the freezing conduit, while three-quarters
of the volume of brine is contained in the freez-
ing conduit. Accordingly, the velocity of the flow
of brine through the tubular evaporator in:this
instance is approximately three times as fast as
its velocity of fiow through the freezing conduit.

The present system represents a reversal of
the usual practice. This is brought about by the
fact that the fluid refrigerant 'is ecirculated
through the housing of the evaporator in the
space which surrounds  the tubes externally
thereof, while the brine passes through- the in-
side of the tubes:

It is preferable in practice to maintain the
liquid refrigerant level in the tubular evaporator
at approximately one-third the total height
thereof, though this may vary slightly below and
up to as much as approximately one-half the
total height, dependent upon the desired tem-
perature.

The provision of an unobstructed accumulator
space or zone within and'aleng the npper part of
the tubular evaporator; above the tubes thereof,
is a decided advantage and an important feature
of the invention in preventing undue frost-back.
Nevertheless, other features of the invention may
be utilized independently of the specified feature.
It should be kept in mind that a primary fea-

“ture of the invention is the construction whereby

3 minimum of brine ig present in the refrigerant-
to-brine heat exchanger.portion of the system.

The illustrated embodiment of the invention
has an open freezing conduit for the brine, so

.. that freezing racks for items to be frozen may

erant in the evaporator 10 is maintained approx- .

“imately.as indicated in Fig. 3, namely just above,

75

_be wholly or partially submerged in the flowing

brine. However, such conduit may have 1ts top
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closed. Purthermore, the freezing brine may be
employed to useful purpose in other ways, for
example, by connecting an auxiliary freezing cir-
cuit to such conduit and pumping a portion of
the flowing brine therethrough. If such g circuit
has sufficient capacity, it may even replace the
illustrated freezing conduit in the brine circuit
proper.

While this invention. is here illustrated and de-
seribed with respect to a presently preferred
form thereof, it should be understood that var-
ious changes may be made therein and various
other forms may be constructed on the basis of
the teachings hereof, by those skilled in the art,
without departing from the protective scope of
the following claims.

Iclaim:

1. In a refrigeration system utilizing a fluid
refrigerant and having a closed conduit circuit
for said refrigerant which eircuit includes a com-
pressor and a fluid reserve chamber; an evapora-
tor assembly forming part of the fluid refrigerant
- circuit, said assembly comprising, in combina-
tion, a tubular heat exchanger made up of a hori-
zontally disposed and elongate housing contain-
ing a plurality of longitudinally disposed tubes
arranged in closely spaced relationship lowerly
in the housing so as to leave an open accumu-
lator zone for gaseous refrigerant along and
within the upper part of the housing, said heat
exchanger being connected in said circuit so that
liquid refrigerant enters the housing at the bot-
tom thereof and the gaseous discharge from the
housing leaves at the top thereof; meang defin-
ing a closed channe] circuit for brine, said cir-
cuit including the said plurality of tubes and a
product freezing tank having a brine capacity
greater than the combined brine capacities of
the other portions of said brine circuit; insulat-
ing material substantially isolating said tank
from . said heat exchanger; circulating means
within said brine circuit; and control means
for maintaining the fluid refrigerant at a prede-
termined level within said heat exchanger hous~
ing.

2. The combination recited in claim 1, wherein
the product freezing tank is superimposed upon
the housing of the tubular heat exchanger.
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3. The combination recited in claim 1, wherein
the housing of the said heat exchanger is cylin-
drical and is capped at opposite ends by head
plates through which the heat-exchange tubes
pass; wherein walls define a common entry
header for said tubeg at one end of said heat ex-
changer, and walls define a common exit header
for said tubes at the other end of said heat ex-
changer; and wherein the freezing tank opens
at one of its ends into the said entry header and
at its other end into said exit header.

4. In a refrigeration system utilizing a fluid
refrigerant and having a closed conduit cireuit
which includes a compressor and a fluid reserve
chamber; an evaporator assembly forming part
of the fluid refrigerant circuit, said assembly
comprising, in combination, a tubular heat ex-
changer made up of a substantially horizontally
disposed and elongate housing containing a plu-
rality of longitudinally disposed heat exchange
tubes arranged in substantially horizontal tiers,
one above another, said heat exchanger being
connected in said cireuit; 1g closed channel cir-
cuit for brine, said circuit including the said plu-
rality of tubes, an entry header, an exit header,
and a freezing tank connecting said headers, said
freezing tank having a brine capacity greater
than the combined brine capacities of the other
portions of said brine ecircuit; insulating mate-
rial substantially isolating said tank from said
heat exchanger; circulating means within said
brine circuit; and confrol means for maintain-
ing the liquid refrigerant at a predetermined
level within said heat exchanger housing.

CASPER W. MERRILL.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
1,151,985 Yeatman .. ___.._ Aug, 31, 1915
1,321,230 Miles - Nov. 11, 1919
2,117,505 Reinhardt — ... May 17, 1938
2,147,788 GAY e Feb. 21, 1939
2,214,009 Boester wommem e Sept. 10, 1940




