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1
HEAT EXCHANGER

TECHNICAL FIELD

The present invention relates to a heat exchanger, and
more particularly to a heat exchanger which finds particular
utility, and usefulness, in the direct contact cooling of
processed food products.

BACKGROUND OF THE INVENTION

Direct contact cooling of processed food products has
been widely used in the food processing industry since the
1960s. The direct contact cooling units, or “plate freezers”
as identified within the industry, are traditionally constructed
of individual planks which are coupled together through
welding or other traditional means. Each of these planks
contain internal passageways, through which a volatile
refrigerant is introduced. The evaporation of the volatile
refrigerant absorbs ambient heat and cools the surface of the
planks, which in turn, cools the product which is resting on
the surface of the planks. Traditionally, multiple planks
forming the respective plates have been arranged in either
vertical or horizontal orientations for large scale freezing
operations.

Although somewhat effective in cooling various food
products for example, the traditional direct contact freezers
have fundamental performance, as well as potentially health
hazardous, deficiencies. When cooling performance defi-
ciencies manifest themselves in these prior art designs, the
traditional industry response, heretofore, has been in the
form of utilizing larger volumes of volatile refrigerant, with
corresponding low coefficients of freezing. The need for
large volumes of volatile refrigerant, as discussed above, has
been viewed as a potential health hazard in that traditionally
designed direct contact plate freezers have proven occasion-
ally to leak refrigerant during repeated freezing or process-
ing cycles.

Traditional direct contact plate freezers supply the volatile
refrigerant to the associated freezing planks through flexible
hoses or conduits. These flexible hoses are commonly con-
nected to an intake manifold. Further, individual flexible
hoses or conduits are typically coupled to a common suction
manifold which is used for refrigerant removal. The respec-
tive hoses are traditionally connected to the aforementioned
manifolds via a threaded stainless steel fitting. Inasmuch as
the freezer planks are constructed of aluminum, there exists
a difference in the linear coefficient of thermal expansion
between the stainless steel connections and the respective
aluminum planks. Because of this difference, the threaded
connections are unavoidably the source of refrigerant leak-
age, and therefore poses an imminent threat to human health
especially when refrigerants such as ammonia is employed.

Another issue facing manufacturers of frozen processed
products is the inability to obtain a uniform distribution of
the liquid refrigerant. Typically, the uniform distribution of
the liquid refrigerant is accomplished by the use of fixed
orifices which are mounted at each flexible hose connection.
While this arrangement seems to work well, when subcooled
liquid refrigerant is supplied to the common intake mani-
fold, any flash gas entering the common intake manifold will
rise to the top of the manifold and result in a restriction of
the flow of the liquid refrigerant to the top or more eleva-
tionally oriented direct contact plates. It should be under-
stood that flash gas is usually formed in the common intake
manifold at the end of the freezing cycle if the flow rate of
the refrigerant is reduced by throttling or the temperature of
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the refrigerant is permitted to approach its saturation tem-
perature. The formation of flash gas, and the resulting
non-uniform distribution of the liquid refrigerant causes
unintended consequences in the freezing process. For
example, as the top direct contact plates are “starved” of
liquid refrigerant, the bottom direct contact plates have an
abundance of liquid refrigerant. This situation results in an
unequal freezing of individual items or products which are
placed on the top direct contact plates (under-freezing),
versus those placed on the bottom direct contact plates
(over-freezing).

A similar problem associated with the non-uniform dis-
tribution of liquid refrigerant arises when the liquid refrig-
erant assumes a stratified or wavy flow pattern in the internal
passageways of the respective direct contact plates. This
stratified or wavy flow pattern is normally an artifact of the
traditional construction of the internal passageways within
the direct contact plates. The teachings of my U.S. Pat. No.
7,958,738 are incorporated by reference herein, and discuss
this same problem.

Traditionally, to overcome the aforementioned problem of
non-uniform distribution of the liquid refrigerant, and the
formation of stratified or wavy flow patterns within the
internal passageways of the direct contact plates, has been to
significantly increase the flow rate of the liquid refrigerant.
While increased flow rates of the liquid refrigerant will
appear to address or mask, to some degree, the adverse
effects of the non-uniform distribution of liquid refrigerant
and the stratified or wavy flow patterns, it can result in
overfeed ratios of the liquid refrigerant as high as 20:1. This
overfeed of the liquid refrigerant can result in a significant
waste of energy, the need for large volumes of liquid
refrigerant, and the associated, potential health hazards
posed by large volumes of a volatile liquid refrigerant, in the
event that a liquid refrigerant leak occurs.

As most frozen food products are high value-added prod-
ucts, direct contact freezing performance, and throughput is
critical to conducting a profitable operation. The problems
associated with non-uniform distribution of liquid refriger-
ant, the need for large volumes of liquid refrigerant, and the
associated human health hazards associated with a refriger-
ant leak, all potentially reduce the profitability of this
industry.

It has long been known therefore, that it would be
desirable to provide an improved direct contact plate freez-
ing system which may be utilized in the frozen food indus-
try, for example, and which avoids the inherent problems
associated with the prior art practices and substantially
reduces the potential for health problems for workers in
close proximity to the traditional direct contact plate freez-
ing systems discussed, above. Resolution of the above
discussed deficiencies is the subject matter of the present
invention, as will be described in greater detail hereinafter.

SUMMARY OF THE INVENTION

Therefore, a first aspect of the present invention relates to
a heat exchanger which includes a heat exchanger portion
defining a multiplicity of internal passageways, and wherein
at least one of the passageways is defined, at least in part, by
a wicking structure; and a source of an ammonia refrigerant
provided at a flow rate, and which is further supplied to the
respective internal passageways of the heat exchanger por-
tion, and wherein the source of refrigerant has a vapor and
liquid phase, and wherein the source of the ammonia refrig-
erant is supplied in predetermined amounts to each of the
internal passageways which are defined by the heat
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exchanger portion regardless of the liquid or vapor phase
condition of the ammonia refrigerant or the refrigerant flow
rate.

A second aspect of the present invention relates to a heat
exchanger which includes a plurality of heat exchanger
portions each defining a multiplicity of internal passage-
ways, and wherein at least some of the internal passageways
are defined, at least in part, by a wicking structure; a
refrigerant supply assembly having a weir, and which oper-
ably cooperates with at least one of the plurality of heat
exchanger portions, and wherein the refrigerant supply
assembly is coupled in fluid-flowing relation relative to at
least one of the multiplicity of internal passageways; a
refrigerant delivery conduit coupling the refrigerant supply
assembly in fluid-flowing relation relative to a source of a
refrigerant; and a bimetallic coupler which is coupled in
fluid-flowing relation relative to the refrigerant supply
assembly, and the refrigerant delivery conduit.

Still yet another aspect of the present invention relates to
a heat exchanger which includes a plurality of heat
exchanger portions, and which each has formed therein a
multiplicity of internal passageways that are defined by an
internal wall, and which individually allow for the move-
ment of a source of a refrigerant, having both liquid and
vapor portions, therethrough, and wherein the internal pas-
sageways are defined, at least in part, by a wicking structure
which is effective, by a capillary force, to draw the liquid
refrigerant up onto the internal wall, and which defines the
respective internal passageways; a refrigerant supply assem-
bly mounted on each of the heat exchanger portions, and
which is further coupled in fluid flowing relation relative to
the respective internal passageways which are defined by the
individual heat exchanger portions, and wherein each of the
refrigerant supply assemblies has a weir which controls the
flow of the liquid refrigerant which is supplied to the
respective internal passageways that are defined by the
individual heat exchanger portions; a plurality of refrigerant
delivery conduits each having a first, intake end which is
coupled in fluid receiving relation relative to the source of
refrigerant, and a second, refrigerant discharge end which is
coupled in fiuid delivering relation relative to each of the
respective refrigerant supply assemblies; and a bimetallic
coupler which is affixed to each of the respective refrigerant
supply assemblies, and to the respective refrigerant dis-
charge end of each of the individual refrigerant delivery
conduits.

These and other aspects of the present invention will be
described in greater detail hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a typical prior art plate freezer arrange-
ment.

FIG. 1A illustrates a typical fixed orifice arrangement as
used in prior art plate freezers as seen in FIG. 1.

FIG. 2 illustrates a prior art plate freezer having multiple
extruded planks which provide passageways for the flow of
refrigerant.

FIG. 2A illustrates a transverse vertical sectional view of
a prior art plate freezer and which is taken from a position
along line 2A-2A of FIG. 2.

FIG. 2B illustrates a second transverse vertical sectional
view taken from a position along line 2B-2B of FIG. 2.

FIG. 3 is a longitudinal vertical sectional view taken
through a prior art, smooth inside diameter, horizontal
evaporator tube and which shows the refrigerant flow pattern
exhibited by same.
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FIG. 3A-3E are transverse, vertical, sectional views taken
from various positions along lines 3A-3A, 3B-3B, 3C-3C,
3D-3D, and 3E-3E of FIG. 3.

FIG. 4 illustrates a fragmentary, environmental, side
elevation view of the present invention.

FIG. 4A is a longitudinal, transverse, vertical sectional
view taken through a refrigerant distributor which forms a
feature of the present invention.

FIG. 5 shows four exemplary, and non-limiting embodi-
ments of wicking structures which form a feature of the
present invention.

FIG. 5A is a transverse, vertical, sectional view taken
through one form of wicking structure which finds useful-
ness in the present invention.

FIG. 5A1 is a longitudinal, vertical, sectional view taken
from a position along line A1-A1 of FIG. 5A.

FIG. 5A2 is a longitudinal, vertical, sectional view taken
from a position along line A2-A2 of FIG. 5A.

FIG. 5B is a transverse, vertical, sectional view taken
through another form of the invention.

FIG. 5B1 is a longitudinal, vertical, sectional view taken
from a position along line B-B of FIG. 5B.

FIG. 5B2 is a greatly exaggerated, functional depiction of

~a portion of the structure as seen in FIG. 5B1, as indicated

by the arrow.

FIG. 5C is a transverse, vertical, sectional view of yet
another form of the present invention.

FIG. 5C1 is a longitudinal, vertical, sectional view taken
from a position along line C-C of FIG. 5C.

FIG. 6 is a great simplified, schematic, top plan view of
a portion of a plate freezer portion of the present invention,
and with some surfaces removed to show the structure
thereunder.

FIG. 6A is a top plan view showing an enlarged, frag-
mentary portion of the internal structure of the novel plate
freezer of the present invention.

FIG. 6B is an enlarged, transverse, vertical, sectional view
taken from a position along line 6B-6B of FIG. 6.

FIG. 6C is an enlarged, fragmentary, vertical, sectional
view taken from a position along line 6C-6C of FIG. 6.

FIG. 6D is again an enlarged, fragmentary, longitudinal,
vertical, sectional view taken from a position along line
6D-6D of FIG. 6.

FIG. 7 is a graphical depiction of the refrigeration per-
formance of the present invention with reported L/D per-
formance as compared to a prior art design.

FIG. 8 depicts a typical manifold coupling used tc connect
a source of refrigerant with a prior art plate freezer.

FIG. 8A depicts a transverse, vertical, sectional view
taken from a location along line 8A-8A of FIG. 8.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

This disclosure of the invention is submitted in further-
ance of the constitutional purposes of the U.S. Patent Laws
“to promote the progress of science and the useful arts”
(Article 1, Section 8).

Referring more specifically to the drawings, the present
invention provides a novel means, as will be discussed in
greater detail hereinafter, for mitigating the sometimes dis-
appointing refrigeration performance, and potential health
hazards which has been occasionally associated with the
prior art direct contact plate cooling units which have been
used, heretofore.

As was discussed previously in the background section of
the present invention, a well known deficiency of the cur-
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rently employed direct contact plate cooling units or devices
has been the non-uniform distribution of liquid ammonia
refrigerant within same, due to the formation of flash gas,
and the further development and/or existence of stratified or
wavy flow movement of the liquid ammonia refrigerant
within the internal passageways of the freezer planks which
form a part of the direct contact cooling plates. As noted
earlier, the traditional industry response to the aforemen-
tioned cooling performance shortcomings has been to
increase the load (volume) of liquid ammonia refrigerant
supplied to the direct contact cooling plates. As previously
discussed, this increased loading of the liquid ammonia
refrigerant, in conjunction with traditional fluid coupling
methods which are employed between the prior art refrig-
erant distribution units, and the direct contact cooling plates,
can lead to the leaking of liquid ammonia refrigerant and the
associated health hazards of the refrigerant exposure to
nearby workers.

Referring now to FIG. 1, a prior art plate freezer, as
employed in a prior art direct contact plate cooling system
is generally indicated by the numeral 10. The structure
includes a plurality of moveable, direct contact freezing
plates 11. The plurality of direct contact freezing plates 11
are fluid flowingly connected to a liquid ammonia refriger-
ant feed manifold 12 by a plurality of flexible hoses or
conduits 13. A source of liquid ammonia refrigerant 12A is
distributed to each of the flexible hoses 13 by the liquid
ammonia refrigerant manifold 12. Further, the flexible hoses
or conduits 13 are connected to both the liquid ammonia
refrigerant manifold 12, and the direct contact freezing
plates 11 by way of individual threaded stainless steel
fittings 14a and 14b, respectively.

Referring now to FIG. 1A, which shows an enlarged
depiction of an aspect of FIG. 1, a prior art threaded stainless
steel fitting 14q is depicted as fluid flowingly coupling the
flexible hose 13, and the liquid ammonia refrigerant mani-
fold 12. Also shown in FIG. 1A is a prior art fixed orifice 15.
The fixed orifice 15 has been used, heretofore, to control the
flow of the liquid ammonia refrigerant 12A, and to create a
substantially uniform distribution of the liquid ammonia
refrigerant 12A throughout the direct contact freezing plates
11.

In the prior art arrangement as shown in FIG. 1 it should
be noted that the respective prior art threaded stainless steel
fittings 145 are directly screw-threadably coupled with an
aluminum conduit. Due to the differences in the linear
coeflicient of expansion which exists between stainless steel
and aluminum, the prior art stainless steel threaded fittings
14b are unavoidably a source of liquid ammonia refrigerant
leaks in prior art structures as seen in FIG. 1.

Referring now to FIG. 2, this drawing shows a top plan
view of a prior art direct contact plate freezer 11 and its
constituent individual portions, which are typically referred
to as “planks” 20. The individual planks 20 contain multiple
internal passageways 21, which can best be seen in FIG. 2A.
The multiple internal passageways which are generally
rectangularly shaped (FIG. 2A) are machined, molded or
cast to create a flow or refrigerant pathway 22 for the liquid
ammonia refrigerant 12A. The liquid ammonia refrigerant
enters the internal passageways 21 through a fixed liquid
intake connection or conduit 23 which is typically located at
one comer of the direct contact plate freezer 11. Further, the
refrigerant 12A exits the internal passageways 21 through a
fixed liquid suction or exhaust connection or conduit 24 that
is located at an opposite corner of the direct contact plate
freezer 11. While the liquid ammonia refrigerant 12A is
within the internal passageways 21 of the direct contact plate
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6

freezer 11, the flow pathway 22 channels the refrigerant in
a back and forth or serpentine like path of travel, as can best
be seen in FIG. 2. In this prior art design 10, the two phase
flow pattern of the liquid ammonia refrigerant 12(a) is
invariably stratified or wavy (FIG. 3). This results in the
separation of the liquid phase ammonia 25, and vapor phase
ammonia 26, within the internal passageways, as can best be
seen in FIG. 2B. This flow pattem will be discussed in
greater detail, hereinafter.

Referring now to FIG. 3, a multiplicity of two-phase
refrigerant flow patterns which may be experienced during
evaporation of the liquid ammonia refrigerant 12(a) in
smooth inside diameter, substantially horizontally disposed
evaporator tubes or substantially circular shaped fluid pas-
sageways, (not shown), is illustrated. When viewing FIG. 3,
it should be understood that the flow of the liquid ammonia
refrigerant is from the left side of the drawing to the right
side of the drawing. The flow of the refrigerant includes a
single phase liquid region 30; a bubble region 31; a plug
flow region 32; a slug flow region 33; a wavy flow region 34;
an annular flow region 35; and a dry wall flow region 36. Not
every region may be present at any one time depending upon
the design of internal passageway 21. As seen in this
drawing, and with a substantially smooth inside diameter
internal passageway 21, the highly desirable annular flow
pattern is generally indicated by the numerals 35 and 36,
respectively, and which are seen in FIGS. 3D and 3E,
respectively. This particular flow pattern is created by vapor
shear forces. Still further, the highly undesirable stratified-
wavy flow patterns, as seen in FIG. 3C, and which are
indicated by the numeral 34, unavoidably is generated by the
prior art direct contact plate freezing systems, as seen in
FIG. 1. In this regard, a prior art direct contact plate freezing
system operating at low temperatures operates predomi-
nantly in the stratified, wavy flow region 34. The stratified
wavy flow region, as seen in FIG. 3C, appears to severely
restrict the cooling performance and the effective use of
prior art direct expansion ammonia refrigeration systems
[direct contact plate freezing systems] as described earlier. A
comparison of the performance of the prior art plate freezer
arrangements and that of the present invention is graphically
depicted in FIG. 7.

Referring now to FIG. 8, this drawing illustrates a prior art
intake manifold coupling 40. As a general matter, this prior
art manifold coupling 40 includes an aluminum block 41
which is drilled and tapped 40A (FIG. 8A) to accept a
threaded stainless steel refrigerant tube 42. The aluminum
block 41 is connected to the direct contact plate freezer
manifold extrusion 43 by threaded bolts 44.

As can best be seen in FIG. 8A, and which shows a
transverse, vertical, sectional view taken from a location
along line 8A-8A of FIG. 8, the aluminum block 40 manifold
extrusion interface is coupled in fluid sealing relation to the
intake manifold extrusion 43 by means of an O-ring 45. As
discussed above, by reference to FIG. 1, the prior art method
of connecting stainless steel threaded fittings, as seen in FIG.
8, to an aluminum conduit, or an aluminum block 41, causes
problems because it is typically a source of liquid ammonia
refrigerant leaking. This leaking of liquid ammonia refrig-
erant in prior art structures utilizing stainless steel to alu-
minum interfaces is due to the differences in the linear
coeflicient of expansion between stainless steel and alumi-
num.

Referring now to FIGS. 4 and 4A, it should be understood
that the present invention 80 includes a liquid ammonia
refrigerant distributor which is generally indicated by the
numeral 50, and which forms a feature of the present
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invention. As seen in FIG. 4A, the liquid ammonia refrig-
erant distributor includes a tank 51, which is substantially
elongated and typically assumes a cylindrical shape. How-
ever, it should be recognized that while FIG. 4A shows a
tank 51 having a substantially cylindrical shape, other tank
shapes may be employed with equal success in the present
invention. The tank 51, as depicted in FIGS. 4 and 4A has
amain body 52, and is substantially horizontally disposed or
oriented. The tank 51 is defined by an outside facing surface
53, and an opposite inside facing surface 54. The inside
facing surface 54 defines an internal cavity 55 having a
given volume. The tank 51 includes opposite end walls 51A
and 51B, respectively. Additionally, as shown in FIG. 4A,
the main body 52 of the tank 51 is defined by a generally
longitudinally disposed axis 56, and a transversely disposed
axis 57.

A first aperture 58 is formed within end wall 51A of the
tank 51. This first aperture 58 is substantially coaxially
aligned relative to the longitudinal axis 56 of the main body
52. Still further, and formed in the main body 52 is an
enlarged second aperture 59 for receiving, at least in part, a
contaminant collection container 60. Additionally, as
depicted in FIG. 4A, there is formed within the main body
52 a plurality of spaced refrigerant distributor conduit aper-
tures 61 which permit individual refrigerant distributor
conduits 62 to extend therethrough. These structures are
discussed in greater detail below. Depending upon the form
of the invention, the plurality of refrigerant distributor
conduit apertures 61 may be oriented at given predetermined
distances along the main body 52.

Referring further to FIG. 4A, and as can be seen in that
drawing, the individual refrigerant distributor conduits 62
are operable to provide the source of liquid ammonia
refrigerant 12A to the liquid ammonia refrigerant feed
manifold 86, as will be discussed in greater detail, below. As
illustrated clearly in FIG. 4A, the plurality of refrigerant
distributor conduits 62 each have a first end 63 which is
received within the internal cavity 55. As can be recognized
by a study of FIG. 4A, the first ends 63 of each of the
individual refrigerant distributor conduits 62 are located in
substantially parallel, spaced relation, one relative to the
others, and are substantially vertically oriented within the
internal cavity 55 of the tank 51. The respective refrigerant
distributor conduits each have a second end 64, which is best
seen in FIG. 4, and which are further located outside of the
tank 51, and which, additionally, are coupled in refrigerant
delivering relation relative to a novel liquid ammonia refrig-
erant feed manifold 86, and which will be discussed in
greater detail in the paragraphs which follow. A multiplicity
of apertures 65 are formed within the first end 63 of each of
the refrigerant distributor conduits §2. These multiplicity of
apertures 65 each have a cross sectional or diametral dimen-
sion which diminishes in dimension when that cross sec-
tional or diametral dimension is measured from the first end
63 of the respective refrigerant distributor conduit 62, and in
the direction of the second end 64 thereof. These variably
sized multiplicity of apertures 65 facilitate the substantial
equal flow of liquid ammonia refrigerant 12A out through
the refrigerant distributor conduits 62 as the volume of
liquid ammonia refrigerant 12A increases within the tank 51.

The multiplicity of apertures 65 which are formed within
the first end 63 of the respective refrigerant distributor
conduits 62 includes first, second, third and fourth, pairs of
substantially coaxially aligned apertures. These respective
pairs of apertures are indicated by the numerals 71, 72, 73
and 74, respectively. With regards to these pairs of apertures,
they have individual cross sectional or diametral dimensions
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which lie in the range of about 1.0 mm to about 5.0 mm. As
can be best seen in FIG. 4A, it will be understood that these
pairs of apertures 65 are all located within the internal cavity
55 of the tank 51, and each of the pairs of apertures 65 are
located at a given distance from the first end 63 of the
respective refrigerant distributor conduits 62. In this regard,
the first pair of apertures 71 are located at about 0.25 inches
from the first end 63 thereof. The second pair of apertures 72
are located at about 0.625 inches from the first end 63
thereof. Further, the third pair of apertures 73 are located at
about 1.0 inch from the first end 63 thereof. Additionally, the
fourth pair or apertures 74 are located at about 1.3 inches
from the first end 63 thereof. A possible fifth, sixth and
seventh pair of apertures are possible, but not shown.

The first pair of apertures 71 each have a similar diametral
dimension of about 0.187 inches. Further, the second pair of
apertures, 72 each have a similar diametral dimension of
about 0.125 inches. Additionally, the third pair of apertures
73 each have a similar diametral dimension of about 0.0625
inches. Finally, the fourth pair of apertures 74 each have a
similar diametral dimension of about 0.0469 inches. The
applicant has discovered that the diametral dimensions as
provided, above, including the spacing between the respec-
tive pairs of apertures, provides a convenient means for
controlling the flow of the liquid ammonia refrigerant 12A
from the internal cavity 55 of the tank 51 in a manner not
possible, heretofore. The spacing between the pairs of aper-
tures 71-74, respectively, and the diametral dimensions of
the individual multiplicity of apertures 65 also provides a
convenient means whereby the refrigerant distributor 50
may be operated over a wider range of cooling loads not
possible with refrigerant distributors constructed in accor-
dance with prior art teachings.

The refrigerant distributor 50 further includes an inlet
conduit 66 which is operable to deliver the source of the
refrigerant 12A to the internal cavity 55 of the tank 51. The
inlet conduit 66 has a first, intake end 67, and an opposite,
second, exhaust end 68 which is located within the internal
cavity 55. The second, exhaust end 68, is defined by upper
and lower exhaust apertures 68A and 68B respectively. The
lower exhaust aperture is located in fluid delivering relation
relative to the containment collection container 60.

Referring now to FIG. 4, the present invention 80 is
illustrated in a typical operational arrangement. As can be
appreciated from a study of FIG. 4, the liquid ammonia
distributor tank 50, as shown in FIG. 4A, and discussed in
detail, above, distributes substantially equal amounts of
liquid ammonia refrigerant 12A, regardless of the physical
state of the refrigerant, to the individual freezer plates or
heat exchanger portions 81 of the present invention 80. As
can be seen from a study of FIG. 4, the present invention 80
has an external appearance similar to that of the prior art, as
shown in FIG. 1, inasmuch as the present invention 80
includes a plurality of flexible hoses or conduits 13 which
are coupled in fluid flowing relation to a novel direct contact
freezer plate or heat exchanger portion 81. Further, the
flexible hoses or conduits 13 are connected to the new, and
novel liquid ammonia refrigerant manifold 86, and the new,
direct contact freezer plates, or heat exchanger portions 81
through the use of stainless steel threaded fittings 14a and
14b, respectively. The plurality of new, direct contact freezer
plates 81, utilized in the present invention 80, are connected
through conventional means to form a continuous direct
contact freezing surface, such as by welding and other
fastening means. However, the similarities of the prior art
and the present invention 80 end with the external appear-
ance of the direct contact freezer plates 81.
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Referring now to FIG. 6, a greatly simplified, schematic,
top plan view of a portion of the freezer plate, or heat
exchanger portion 81 of the present invention 80 is illus-
trated. This structure includes a plurality of extruded alu-
minum planks 82 which are each defined by a multiplicity of
round, internal passageway 83, which are discussed in
greater detail, hereinafter. Each of the plurality of extruded
aluminum planks 81 has a first end 84 and a second end 85.
The structure of the present invention 80 further includes a,
novel header, or intake manifold, or refrigerant supply
assembly 86. The header plate, intake manifold or refriger-
ant supply assembly 86 is attached to the first end 84 of each
of the extruded aluminum planks 82 by conventional fas-
tening means, such as by welding (FIG. 6C) or the like. The
structure, as illustrated, further includes a bimetallic cou-
pling 90, which has a stainless steel portion 91, and an
aluminum portion 92 which are fused together by employing
means such as roll bonding or explosion welding. The
bimetallic coupler is coupled as by welding (FIG. 6C), to the
refrigerant supply assembly or intake manifold 86 and will
be discussed in greater detail, hereinafter. As can be appre-
ciated by a study of FIG. 6, the ammonia refrigerant 12A,
once introduced to the extruded aluminum planks 81, flows
back and forth through the round internal passageways 83 so
as to provide consistent and substantially even heat
exchange throughout the entirety of the direct contact freez-
ing surface of the plate 81 which defines a portion of the
present invention 80. This movement of the refrigerant is
most accurately characterized as stratified-wavy, but the
wicking structure now mitigates the effects of this type of
flow.

Referring now to FIG. 6A, which illustrates a top plan,
enlarged view of a portion of the internal structure of the
novel freezer plate 81 of the present invention 80, the
refrigerant supply assembly or intake manifold 86 is defined
by an elongated internal passageway 100. The internal
passageway has a lower portion 101 (FIG. 6C) which acts as
areservoir 102, and further defines a weir 103 which collects
the liquid ammonia refrigerant 12A which is being distrib-
uted or supplied by the bimetallic coupling 84, and which
further returns or directs the flow of the refrigerant 12A
through the round internal passageways 83 of each of the
extruded aluminum planks 82. The reservoir 102 further
operates to change the direction of the flow of liquid
ammonia refrigerant 12A about 180 degrees as the liquid
ammonia refrigerant 12A exits the round internal passage-
ways 83 of one of the extruded aluminum planks 82, and
enters the round internal passageways 83 of a neighboring
extruded aluminum plank 82, by utilizing a plurality of
baffles 104 which are located at predetermined, spaced
distances along the internal passageway 100 (FIG. 6A0. The
respective baffles 104, and the weir 103, ensure that sub-
stantially equal amounts of liquid ammonia refrigerant 12A
is distributed from the reservoir 102 to each of the round
internal passageways 83 of the extruded aluminum planks
82, regardless of the respective percentages of liquid phase
and vapor phase constituents 25 and 26 of the liquid ammo-
nia refrigerant 12A. The advantageous performance of the
present invention is seen in FIG. 7.

Referring now to FIG. 5, various wicking structures 200
which constitute a feature of the present invention 80 are
shown. As illustrated, one aspect of the present invention 80
relates to a plurality of round passageways 83 which are
formed in the new novel, direct contact freezer plate or heat
exchanger portions 81 as earlier described. It should be
understood, the round passageways 83 define a cavity 202
which allows a source of the liquid ammonia refrigerant 12A
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to pass therethrough. Referring now to FIGS. 5A and 5A1,
a first form of the present invention is illustrated and which
includes two possible wicking structures. The inside facing
surface 204 which defines the round passageways 83 are
individually coupled in fluid receiving relation relative to a
source of a liquid ammonia refrigerant 12A. The first
wicking structure which enhances the cooling performance
of this structure is indicated by the numeral 206, and is
illustrated as helical grooving which is formed in the inside
facing surface 204. In this arrangement, capillary action,
facilitated by the wicking structure 206, causes the liquid
ammonia refrigerant 12A to be drawn up onto, and along-
side, the inside facing surface 204 which defines the round
passageways 83 of the direct contact plate freezer 81. This
capillary action substantially mitigates the negative effects
of the stratified and/or wavy flow patterns 34 of the liquid
ammonia refrigerant 12A within the respective round pas-
sageway 83. The wicking structure 206 as seen in this form
of the invention comprises a multiplicity of helical grooves
having a depth of about 0.005 to about 0.05 inches; a spacing
of about 0.01 to about 0.10 inches; and a lead angle of about
15° to about 90° respectively. Referring now to FIG. 5A2, a
second form 207 of the wicking structure 200 is shown. The
round passageway 83, in this form of the invention includes
a wicking structure which is again formed into the inside
facing surface 204, and which comprises a multiplicity of
cross-hatched knurls 207 which are formed into the inside
facing surface 204 of the respective round passageways 83.
These cross-hatched knurls 207 are dimensioned so as to
generate the desired capillary action as discussed, above. In
the arrangement as seen in FIG. 5A2, the respective cross-
hatch knurls 207 have a length of about 0.005 to about 0.05
inches; a spacing of about 0.01 to about 0.10 inches; and a
lead angle of about 15° to about 90° respectively.

Referring now to FIGS. 5B, 5B1 and 5B2 a third form 208
of the wicking structure 200 comprises a feature of the
present invention. In this form of the invention the present
invention includes a plurality of passageways 83 which are
formed in the direct contact plate freezer 81, and which have
a wicking structure 208 which comprises a sintered metal
coating which is deposited upon the inside facing surface
204 of the respective round passageways 83. This sintered
metal coating 208 is effective in drawing the liquid ammonia
refrigerant 12A, by capillary action, up onto the inside
facing surface 204 of the respective round passageways 83.
In the arrangement as seen in FIGS. 5B, 5B1 and 5B2, the
sintered metal coating is formed from a metal selected from
the group comprising stainless steel, nickel, copper and/or
aluminum. Still further in this arrangement[FIG. 5B2], the
sintered metal coating 208 is formed to have a plurality of
pores 209 having a pore radius of about 0.001 to about 0.04
cm. In yet another form of the wicking structure 200 of the
present invention, and as seen in FIGS. 5C and 5C1, the
wicking structure 200 comprises a wire mesh which is

5 generally indicated by the numeral 210. The wire mesh has

a size ranging from about 60 to about 450 openings per
square inch. Again, the wire mesh 210 is formed from metal
selected from the group comprising stainless steel; nickel,
copper; and/or aluminum. All forms of the invention as seen
in FIG. 5 produce an effective capillary action so as to
facilitate the advantageous operation of the present inven-
tion.

A feature of the present invention relates to the advanta-
geous formation of the respective plurality of round pas-
sageways 83 in the direct contact plate freezer plates or heat
exchanger portions 81. In this regard, it should be under-
stood that the direct contact freezer plates or heat exchanger
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portions 81 comprise metal plates formed of individual
metal planks 82 which are fastened together, and wherein the
internal passageways 83 formed in the respective individual
planks 82 are substantially circular in cross section and have
a predetermined diametral dimension as indicated in FIG.
6B. In this arrangement the internal passageways 83 are
further located at a predetermined distance or pitch from an
adjacent internal passageway 83 labeled L in FIG. 6B. The
ratio of the L/D is greater than about 1.3. It has been found
that this pitch versus diametral relationship provides advan-
tageous cooling for the new and novel invention 80 as
depicted. The advantageous performance relative to the
prior art assemblies is graphically depicted in FIG. 7.

OPERATION

In its broadest aspect, the present invention comprises a
heat exchanger 80 which includes a heat exchanger portion
81 defining a multiplicity of internal passageway 83, and
wherein at least one of the passageways 83 is defined, at
least in part, by a wicking structure 200. In this broadest
aspect of the invention, a source of an ammonia refrigerant
12A is supplied to the internal passageways 83 of the heat
exchanger portion 81 at a flow rate. The source of refrigerant
12A is has a liquid and a vapor phase condition 25 and 26,
respectively. The source of refrigerant is supplied in prede-
termined amounts to each of the internal passageways 83 of
the heat exchanger portion 81 regardless of the liquid or
vapor condition 24 or 25 respectively of the ammonia
refrigerant 12A, or the refrigerant flow rate which is sup-
plied to the refrigerant distributor 50.

Another aspect of the present invention relates to a heat
exchanger 80 which includes a plurality of heat exchanger
portions 81 each defining a multiplicity of internal passage-
ways 83. At least some of the internal passageways 83 are
defined, at least in part, by a wicking structure 200. The
invention includes a refrigerant supply assembly 86 having
a weir 103 which is mounted on each of the respective heat
exchanger portions 81. Further, the refrigerant supply
assembly 86 is further coupled in fluid flowing relation
relaiive to at leasi one of the multipiicity of internal pas-
sageways 83. The invention 80 further includes a refrigerant
delivery conduit 13 which couples the respective refrigerant
supply assemblies 86 in fluid flowing relation to a source of
a refrigerant 50. Further, the invention includes a bimetallic
coupler 90 which is affixed in fluid flowing relation relative
to the refrigerant supply assemblies 86, and one of the
refrigerant delivery conduits 13.

In the present invention 80, the multiplicity of the internal
passageways 83 are defined by an internal wall 204, and
wherein the respective internal passageways 83 allow for the
movement of the source of the refrigerant 12A. The wicking
structure 200 is made integral with the internal wall 204. In
the arrangement as shown in the drawings the wicking
structure 200 is selected from the group comprising helical
grooves 206, knurling, 207, sintered metal 208, and wire
mesh 210, and which are respectively, individually, located
on, or in contact with, the internal wall 204, and which
defines the respective internal passageways 83. The various
wicking structures 200 are effective, by capillary force, to
draw the liquid refrigerant 12A up onto the internal wall 204
which defines the respective internal passageways 83. In the
arrangement as seen in the drawings, the respective heat
exchanger portions 81, and the refrigerant supply assembly
86 are fabricated from aluminum. Still further, the weir 103
extends along at least a portion of a length dimension of the
refrigerant supply assembly 86, and wherein the weir 103
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controls the flow of the liquid refrigerant 12A which is
supplied to the respective internal passageways 83 of each of
the heat exchanger portions 81. Additionally, in the inven-
tion 80 as disclosed, a multiplicity of baffles 104 are located
in predetermined spaced relation along the length of the
refrigerant supply assembly 86, and which are individually
effective to change a direction of movement of the liquid
refrigerant 12A which is moving along the respective inter-
nal passageways 83 which are defined by the heat exchanger
portions or direct contact freezer plates 81.

Still another aspect of the present invention relates to a
heat exchanger 80 which particularly includes a plurality of
heat exchanger portions 81, and which each has formed
therein a multiplicity of internal passageways 83 that are
defined by an internal wall 204, and which individually
allows for the movement of a source of refrigerant 12A
having both liquid and vapor portions 25 and 26 respec-
tively, therethrough. The internal passageways 83 are
defined, at least in part, by a wicking structure 200 which is
effective, by capillary force, to draw the liquid refrigerant
12A up onto the internal wall 204, and which defines the
respective internal passageways 83. The plurality of heat
exchanger portions 81 further include metal plates which are
formed of individual metal planks 82 and which are fastened
together. The internal passageways 83 formed in the respec-
tive planks are substantially circular in cross section, and
have a predetermined diametral dimension D as seen in FIG.
6B, and wherein the internal passageways 83 are further
located at a predetermined distance or pitch from an adjacent
internal passageway [L], and wherein the ratio of the L/D is
greater than about 1.3. The present invention 80 includes a
refrigerant supply assembly 86 which is mounted on each of
the heat exchanger portions 81, and which is further coupled
in fluid flowing relation relative to the internal passageways
83 which are defined by the individual heat exchanger
portions 81. Each of the refrigerant supply assemblies 86 has
a weir 103 which controls the flow of the liquid refrigerant
12A which is supplied to the respective internal passage-
ways 83 that are defined by the individual heat exchanger
portions 81. The refrigerant supply assembly 86 further has
a main body 87 with opposite first and second ends 88 and
89, respectively, and which defines an internal cavity or
passageway 100 that extends between the opposite first and
second ends. The internal cavity or passageway 100 defines
a reservoir 102 for receiving the liquid refrigerant 12A
which is delivered to the liquid supply assembly 86 by a
refrigerant distributor 50. The weir 103 is made integral with
a refrigerant supply assembly 86, and is operable to control
the flow of the liquid refrigerant 12A which is supplied to the
reservoir 102 and to the respective internal passageways 83.
A plurality of bafiles 184 are mounted within the internal
cavity 100 of the refrigerant supply assembly 86, and which
are located in predetermined spaced relation between the
first and second ends 88 and 89 thereof. The respective
baffles 104 are individually operable to redirect the flow of
the source of the refrigerant 12A and which is flowing along
the respective internal passageways 83. The present inven-
tion 80 further includes a refrigerant distributor 50 which
supplies substantially equal amounts of the source of the
refrigerant 12A to each of the respective refrigerant supply
assemblies 86. The refrigerant distributor includes a tank 50
which defines an internal cavity 55 for receiving the source
of the refrigerant 12A which has both a liquid and a vapor
portion 25 and 26, respectively. The refrigerant distributor
50 further has an inlet conduit 66 for delivering the source
of the refrigerant 12A to the internal cavity 55 of the tank 51.
The inlet conduit has a first intake end 67, and a second
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exhaust end 68, which is located within the internal cavity
55 of the tank 51. The second exhaust end 68 is defined by
an upper and lower exhaust aperture 68A and 68B respec-
tively. Still further the refrigerant distributor 50 includes a
contaminant collection container 60 which is coupled in
fluid receiving relation relative to the internal cavity 55 of
the tank 51. The second exhaust aperture 68B of the inlet
conduit 66 is disposed in fluid delivering relation relative
thereto. The present invention also includes a plurality of
refrigerant distributor conduits 61 which are coupled in fluid
receiving relation relative to the internal cavity 55 of the
tank 51. Each of the refrigerant distributor conduits has a
first intake end 63, and a second exhaust end 64. The first
intake end 63 of the respective refrigerant distributor con-
duits 61 are substantially vertically oriented within the
internal cavity 55 of the tank 51. Further, a multiplicity of
apertures 65 are formed in each of the first end 63 of the
respective refrigerant distributor conduits 61. The multiplic-
ity of apertures 65 each have a cross-sectional dimension
which diminishes when the cross-sectional dimension is
measured from the first intake end of the respective refrig-
erant distributor conduit 61, and in the direction of the
second exhaust end 64, thereof. The second exhaust end 64
is coupled in fluid flowing relation relative to the respective
refrigerant supply assemblies 86. Further the present inven-
tion 80 includes a bimetallic coupler 9¢ which is affixed to
each of the respective refrigerant supply assemblies 86, and
to the respective second exhaust end 64 of each of the
individual refrigerant distributor conduit 61.

Therefore it will be seen that the present invention pro-
vides a convenient means whereby high value food products
may be chilled and otherwise refrigerated to a convenient
amount in a manner not possible heretofore. Still further, the
present invention avoids many of the shortcomings associ-
ated with the prior art teachings, and additionally provides
a convenient means for refrigerating objects of interest by
utilizing highly volatile refrigerants in a more effective
manner and at lower refrigerant volumes thereby preventing
or eliminating dangers associated with using such refriger-
ants.

In compliance with the statute, the invention has been
described in language more or less specific as the structural
and methodical features. It is to be understood, however, that
the invention is not limited to the specific features shown
and described since the means herein disclosed compromise
preferred forms of putting the invention into effect. The
invention is, therefore, claimed in any of the forms or
modifications within the proper scope of the appended
claims appropriately interpreted in accordance with the
Doctrine of Equivalents.

What I claim is:

1. A heat exchanger, comprising:

a heat exchanger portion defining a multiplicity of internal
passageways, and wherein at least one of the passage-
ways is defined, at least in part, by a wicking structure;
and

a source of an ammonia refrigerant provided at a refrig-
erant flow rate, and which is further supplied to the
respective internal passageways of the heat exchanger
portion, and wherein the source of the ammonia refrig-
erant has a vapor and liquid phase, and wherein the
source of the ammonia refrigerant is supplied in pre-
determined amounts to each of the internal passage-
ways which are defined by the heat exchanger portion
regardless of the liquid or vapor phase condition of the
source of the ammonia refrigerant or the refrigerant
flow rate.
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2. A heat exchanger as claimed in claim 1, and further
comprising:

a refrigerant supply assembly mounted in fluid flowing
relation relative to each of internal passageways of the
heat exchanger portion, and is further coupled in fluid
receiving relation relative to a refrigerant distributor,
and wherein the refrigerant supply assembly has a weir
which controls the flow of the ammonia refrigerant
which is supplied to the respective internal passage-
ways of the heat exchanger portion, and wherein the
refrigerant supply assembly distributes substantially
equally amounts of the ammonia refrigerant to each of
the internal passageways.

3. A heat exchanger as claimed in claim 2, and further

comprising:

a refrigerant delivery conduit coupling, in fluid flowing
relation, the refrigerant distributor, and the refrigerant
supply assembly, and wherein the refrigerant supply
assembly is fabricated from a first metal substrate, and
the refrigerant delivery conduit is fabricated from a
second metal substrate.

4. A heat exchanger as claimed in claim 3, and further

comprising:

a bimetallic coupler which defines a fluid passageway
which extends therethrough, and which couples the
refrigerant delivery conduit in fluid flowing relation
relative to the refrigerant supply assembly, and wherein
the bimetallic coupler has a first and a second portion
which are joined together by roll bonding or explosion
welding, and wherein the first portion of the bimetallic
coupler is fabricated of the first metal substrate, and the
second portion is fabricated of the second metal sub-
strate.

5. A heat exchanger as claimed in claim 4, and wherein the
wicking structure is selected from the group comprising
helical grooves; knurling; sintered metal; and wire mesh,
and which are respectively, individually, located in at least
one of the internal passageways, and wherein the wicking
structure is effective, by capillary force, to draw the liquid
refrigerant up onto the internal wall which defines the
respective internal passageways so as to reduce a stratified-
wavy flow pattern associated with the ammonia refrigerant
as the ammonia refrigerant flows along the individual pas-
sageways at a low mass flux rate, and a low temperature.

6. A heat exchanger as claimed in claim 5, and wherein the
heat exchanger portion comprises a plurality of heat
exchanger portions, and wherein the plurality of heat
exchanger portions each comprise metal plates formed of
individual metal planks which are fastened together, and
wherein the internal passageways formed in the respective
metal planks are substantially circular in cross-section, and
have a predetermined diametral dimension (D), and wherein
the internal passageways are further located at a predeter-
mined spacial distance or pitch from an adjacent internal
passageway (L), and wherein the ratio of L/D is greater than
about 1.3, and wherein the internal shape and spacing of
internal passageways reduces the amount of ammonia refrig-
erant supplied to the respective heat exchanger portions.

7. A heat exchanger as claimed in claim 6, and further
comprising:

a multiplicity of baffles located in predetermined, spaced
relationship along a length dimension of the refrigerant
supply assembly, and which are individually effective
to change a direction of flow of the liquid refrigerant
moving along the respective internal passageways.

8. A heat exchanger as claimed in claim 2, and wherein the

refrigerant distributor further comprises:
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a tank having an interior facing surface, and which defines
an internal cavity for receiving the source of the
refrigerant which has both the liquid and vapor phase
condition;

an inlet conduit penetrating the internal cavity, and which
delivers the source of refrigerant to the internal cavity
of the tank, and wherein the inlet conduit has a first,
intake end, and a second exhaust end, and wherein the
second, exhaust end is located within the internal cavity
of the tank, and wherein the second, exhaust end is
defined by an upper and a lower aperture in the shape
of a T, and wherein the T-shaped exhaust end is
substantially vertically oriented within the internal cav-
ity; and

a contaminant collection container coupled in fluid flow-
ing relation with the internal cavity, and which collects
the liquid phase refrigerant for distribution, and which
is received from the second exhaust end of the inlet
conduit, and wherein the source of the refrigerant has
a contaminant therein, and wherein the contaminant
settles-out of the liquid phase refrigerant, over time,
and under the influence of gravity, in the contaminant
collection container, and is later removed therefrom,
and wherein the first, intake end of each of the respec-
tive refrigerant distribution conduits are received
within, and vertically oriented relative to, the internal
cavity of the tank, and wherein each of the respective
first, intake ends have formed therein a multiplicity of
apertures which each have a predetermined cross-
sectional dimension, and wherein the cross-sectional
dimension of the respective apertures diminishes when
the cross-sectional dimension is measured from the
intake end of the refrigerant distribution conduit, and in
the direction of the second discharge end thereof, and
wherein the multiplicity of apertures facilitates the
substantially equal supply of the source of the refrig-
erant to each of the refrigerant distribution conduits.

9. A heat exchanger as claimed in claim 8, and wherein the
multiplicity of apertures formed in the first intake end of the
respective refrigerant distributor conduits each have a
diametral dimension which lies in a range of about 0.0469
inches to about 0.187 inches.

10. A heat exchanger as claimed in claim 9, and wherein
the first portion of the bimetallic coupler and the first metal
substrate are each fabricated from aluminum, and wherein
the second portion of the bimetallic coupler, and the second
metal substrate are each fabricated from stainless steel.

11. A heat exchanger, comprising:

a plurality of heat exchanger portions each defining a
multiplicity of internal passageways, and wherein at
least some of the internal passageways are defined, at
least in part by a wicking structure;

a refrigerant supply assembly having a weir, and which
operably cooperates with at least one of the plurality of
heat exchanger portions, and wherein the refrigerant
supply assembly is coupled in fluid-flowing relation
relative to at least one of the multiplicity of internal
passageways;

a refrigerant delivery conduit coupling the refrigerant
supply assembly in fluid-flowing relation relative to a
source of a refrigerant; and

a bimetallic coupler which is coupled in fluid-flowing
relation relative to the refrigerant supply assembly, and
the refrigerant delivery conduit.

12. A heat exchanger as claimed in claim 11, and wherein

the multiplicity of internal passageways are defined by an
internal wall, and wherein the respective internal passage-
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ways allow for the movement of the source of refrigerant,
and wherein the source of the refrigerant has a liquid and
vapor phase portion, and wherein the wicking structure is
made integral with the internal wall, and wherein substan-
tially equal amounts of the source of the refrigerant are
supplied to each refrigerant supply assembly.

13. A heat exchanger as claimed in claim 11, and wherein
the wicking structure is selected from the group comprising
helical grooves; knurling; sintered metal; and wire mesh,
and which are respectively, individually, located on the
internal wall which defines the respective internal passage-
ways, and wherein the wicking structure is effective, by a
capillary force, to draw the liquid refrigerant up onto the
internal wall which defines the respective internal passage-
ways.

14. A heat exchanger as claimed in claim 11, and wherein
the plurality of heat exchanger portions comprise metal
plates formed of individual metal planks which are fastened
together, and wherein the internal passageways formed in
the respective metal planks are substantially circular in
cross-section, and have a predetermined diametral dimen-
sion (D), and wherein the internal passageways are further
located at a predetermined distance or pitch from an adjacent
internal passageway (L), and wherein the ratio of L/D is
greater than about 1.3.

15. A heat exchanger as claimed in claim 11, and wherein
the respective heat exchanger portions, and the refrigerant
supply assembly are fabricated from aluminum, and wherein
the weir extends along at least a portion of a length dimen-
sion of the refrigerant supply assembly, and wherein the weir
controls the flow of the liquid refrigerant which is supplied
to the respective internal passageways of each of the heat
exchanger portions.

16. A heat exchanger as claimed in claim 15, and further
comprising:

a multiplicity of baffles located in predetermined, spaced
relationship along the length of the refrigerant supply
assembly, and which are individually effective to
change a direction of flow of the liquid refrigerant
moving along the respective internal passageways.

17. A heat exchanger as claimed in claim 15, and wherein
the bimetallic coupler comprises:

a mounting block which is mounted in fluid flowing
relation relative to the refrigerant supply assembly, and
wherein the mounting block is formed of an aluminum,
first portion, which is coupled to the refrigerant supply
assembly, and a stainless steel second portion, and
which is located in spaced relationship relative to the
refrigerant supply assembly, and wherein the second,
stainless steel portion is joined to the first aluminum
portion by explosive welding or roll bonding, and
wherein a fluid passageway extends through the first
and second portions of the mounting block.

18. A heat exchanger as claimed in claim 17, and wherein
the refrigerant delivery conduit has a first, intake end, which
is located in fluid receiving relation relative to a refrigerant
distributor, and a second discharge end which is fluid
flowingly secured to the fluid passageway which is defined
by the mounting block, and is further affixed to the second
portion of the mounting block, and wherein the refrigerant
delivery conduit is fabricated from stainless steel, and
wherein the source of the refrigerant is supplied to the
refrigerant distributor at a flow rate, and the refrigerant
distributor delivers substantially equal amounts of the source
of the refrigerant to each refrigerant supply assembly regard-
less of a liquid or vapor phase of the refrigerant or the flow
rate of the refrigerant delivered to the refrigerant distributor.
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19. A heat exchanger as claimed in claim 18, and wherein
the refrigerant distributor further comprises:

a tank having an interior facing surface, and which defines
an internal cavity for receiving the source of the
refrigerant;

an inlet conduit penetrating the internal cavity, and which
delivers the source of refrigerant to the internal cavity
of the tank, and wherein the inlet conduit has a first,
intake end, and a second exhaust end, and wherein the
second, exhaust end is located within the internal cavity
of the tank, and wherein the second, exhaust end is
defined by an upper and a lower aperture in the shape
of a T, and wherein the T-shaped exhaust end is
substantially vertically oriented within the internal cav-
ity; and

a contaminant collection container coupled in fluid flow-
ing relation with the internal cavity, and which collects
the liquid phase refrigerant for distribution, and which
is received from the second exhaust end of the inlet
conduit, and wherein the source of the refrigerant has
a contaminant therein, and wherein the contaminant
settles-out of the liquid phase refrigerant, over time,
and under the influence of gravity, in the contaminant
collection container, and is later removed therefrom,
and wherein the first, intake end of each of the respec-
tive refrigerant distribution conduits are received
within, and subsequently vertically oriented relative to,
the internal cavity of the tank, and wherein each of the
respective first, intake ends have formed therein a
multiplicity of apertures which each have a predeter-
mined cross-sectional dimension, and wherein the
cross-sectional dimension of the respective apertures
diminishes when the cross-sectional dimension is mea-
sured from the intake end of the refrigerant distribution
conduit, and in the direction of the second discharge
end thereof, and wherein the multiplicity of apertures
facilitates the substantially equal supply of the source
of the refrigerant to each of the refrigerant distribution
conduits.

20. A heat exchanger as claimed in claim 19, and wherein
the multiplicity of apertures formed in the first intake end of
the respective refrigerant distributor conduits each have a
diametral dimension which lies in a range of about 0.0469
inches to about 0.187 inches.

21. A heat exchanger, comprising:

a plurality of heat exchanger portions, and which each has
formed therein a multiplicity of internal passageways
that are defined by an internal wall, and which indi-
vidually allow for the movement of a source of a
refrigerant, having both liquid and vapor portions,
therethrough, and wherein the internal passageways are
defined, at least in part, by a wicking structure which is
effective, by a capillary force, to draw the liquid
refrigerant up onto the internal wall, and which defines
the respective internal passageways;

arefrigerant supply assembly mounted on each of the heat
exchanger portions, and which is further coupled in
fluid flowing relation relative to the respective internal
passageways which are defined by the individual heat
exchanger portions, and wherein each of the refrigerant
supply assemblies has a weir which controls the flow of
the liquid refrigerant which is supplied to the respective
internal passageways that are defined by the individual
heat exchanger portions;

a plurality of refrigerant delivery conduits each having a
first, intake end which is coupled in fluid receiving
relation relative to the source of refrigerant, and a
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second, refrigerant discharge end which is coupled in a
fluid delivering relation relative to each of the respec-
tive refrigerant supply assemblies; and

a bimetallic coupler which is affixed to each of the
respective refrigerant supply assemblies, and to the
respective refrigerant discharge end of each of the
individual refrigerant delivery conduits.

22. A heat exchanger as claimed in claim 21, and wherein
the plurality of heat exchanger portions comprise metal
plates formed of individual metal planks which are fastened
together, and wherein the internal passageways formed in
the respective planks are substantially circular in cross-
section, and have a predetermined diametral dimension (D),
and wherein the internal passageways are further located at
a predetermined distance or pitch from an adjacent internal
passageway (L), and wherein the ratio of L/D is greater than
about 1.3.

23. A heat exchanger as claimed in claim 21, and wherein
the wicking structure is selected from the group comprising
helical grooves; knurling; sintered metal; and wire mesh, all
of which are individually located on the internal wall which
defines the respective internal passageways.

24. A heat exchanger as claimed in claim 21, and wherein
the refrigerant supply assembly has a main body with
opposite first and second ends, and which defines an internal
cavity that extends between the opposite first and second
ends, and wherein the internal cavity defines a reservoir for
receiving the liquid refrigerant delivered to the liquid supply
assembly by a refrigerant distributor, and wherein the weir
is made integral with the refrigerant supply assembly, and is
operable to control the flow of the liquid refrigerant supplied
to the reservoir to the respective internal passageways, and
wherein the refrigerant distributor supplies substantially
equal amounts of the source of the refrigerant to each of the
respective refrigerant supply assemblies.

25. A heat exchanger as claimed in claim 24, and wherein
the refrigerant discharge end of the respective refrigerant
delivery conduits are coupled in fluid flowing relation rela-
tive to the internal cavity of the respective refrigerant supply
assemblies, and wherein the respective refrigerant discharge
ends of each of the refrigerant delivery conduits are welded
to the respective bimetallic couplers.

26. A heat exchanger as claimed in claim 25, and wherein
the refrigerant supply assembly further comprises:

a plurality of baffles which are mounted within the
internal cavity of the refrigerant supply assembly and
which are located in predetermined spaced relation
between the first and second ends thereof, and which
individually operate to redirect the flow of the source of
the refrigerant flowing along the respective internal
passageways.

27. A heat exchanger as claim in claim 21, and wherein
the metal planks, and the refrigerant supply assembly are
each fabricated from aluminum, and wherein the respective
refrigerant delivery conduits are fabricated from stainless
steel, and wherein the bimetallic coupler comprises a cou-
pler which is formed from a substrate having an aluminum
portion, and a stainless steel portion, which are roll bonded
or explosion welded together, and wherein the stainless steel
refrigerant delivery conduits are welded to the stainless steel
portion of the bimetallic coupler, and wherein the aluminum
portion of the bimetallic coupler is welded to the refrigerant
supply assembly.

28. A heat exchanger as claimed in claim 24, and wherein
the refrigerant distributor further comprises:
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a tank defining an internal cavity for receiving the source
of refrigerant which has both a liquid and vapor por-
tion;

an inlet conduit for delivering the source of the refrigerant
to the internal cavity of the tank, and wherein the inlet
conduit has a first intake end, and second exhaust end
which is located within the internal cavity of the tank,
and wherein the second, exhaust end is defined by an
upper and lower exhaust aperture;

a contaminant collection container coupled in fluid receiv-
ing relation relative to the internal cavity of the tank,
and wherein the second exhaust aperture of the inlet
conduit is disposed in fluid delivering relation relative
thereto, and wherein the first intake end of the respec-
tive refrigerant distributor conduits are substantially
vertically oriented within the internal cavity of the tank,
and a multiplicity of apertures are formed in each of the
first ends of the respective refrigerant distributor con-
duits, and wherein the multiplicity of apertures each
have a cross-sectional dimension which diminishes
when the cross-sectional dimension is measured from
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the first intake end of respective refrigerant distributor
conduits, and in the direction of the second exhaust end
thereof, and wherein the second, exhaust end is coupled
in fluid flowing relation relative to the respective refrig-
erant supply assemblies.

29. A heat exchanger as claimed in claim 28, and wherein
the multiplicity of apertures formed in the first intake end of
the respective refrigerant distributor conduits each have a
diametral dimension which lies in a range of about 0.0469
inches to about 0.187 inches.

30. A heat exchanger as claimed in claim 29, and wherein
the respective metal planks are supplied with substantially
equal amounts of the source of the refrigerant by way of the
refrigerant supply assembly and the action of the weir, and
wherein the wicking structure draws the liquid refrigerant up
onto circular shaped internal walls of the individual pas-
sageways so as to provide substantially uniform cooling of
the respective heat exchanger portions, and which further
reduces the volume of the refrigerant required to achieve a
predetermined amount of cooling.

* * * * *



