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SEMI-FROZEN PRODUCT DISPENSING APPARATUS

Cross Reference To Related Application

[0001] This application claims priority to U.S. Provisional Patent

Application Serial No. 61/220,789 entitled "Semi-Frozen Product Dispensing

Apparatus," filed on June 26, 2009. The content of this application is incorporated

herein by reference in its entirety.

Field of the Invention

[0002] This invention relates generally to apparatus for freezing and

dispensing semi-frozen products and, more particularly, to an improved evaporator

configuration for removing heat from the product within the product freezing

chamber of the dispensing apparatus.

Background of the Invention

[0003] Soft-serve ice cream, yogurt, custard and other semi-frozen food

products, as well as semi-frozen drinks, sometimes referred to as slushes, are

commonly dispensed through a dispensing apparatus having a freezing cylinder.

The freezing cylinder, also referred to as a barrel, defines a longitudinally elongated

freezing chamber. Typically, unfrozen liquid product mix is added to the freezing

chamber at the aft end of the freezing cylinder and selectively dispensed at the

forward end of the freezing cylinder through a manually operated dispensing valve.

A rotating beater, typically formed by two or more helical blades driven by a drive

motor at a desired rotational speed, scrapes semi-frozen mixture from the inner wall

of the freezing cylinder and moves the product forwardly through the freezing

chamber defined within the freezing cylinder as the product transition from a liquid

state to a semi-frozen state. The product within the freezing chamber changes from

a liquid state to a semi-frozen state as heat is transferred from the product to a

refrigerant flowing through an evaporator disposed about the freezing cylinder. The

evaporator is operatively associated with and part of a conventional refrigeration

system that also includes a compression device and a refrigerant condenser arranged



in a conventional refrigerant cycle in a closed refrigerant circuit. Dispensing

apparatus of this type may have from a single freezing cylinder for dispensing a

single flavor of product or a plurality of freezing cylinders, each housing a selected

flavor of product, for dispensing each of the selected flavors and even a mix of

flavors. U.S. Pat. No. 5,205,129, for example, discloses a semi-frozen food

dispensing apparatus having a pair of freezing chambers.

[0004] As noted previously, heat is removed from the product within the

freezing cylinder and carried away by a refrigerant circulating through an evaporator

disposed about the freezing cylinder. In dispensing apparatus having more than one

freezing cylinder, an evaporator is disposed about each freezing cylinder. In

conventional apparatus for dispensing semi-frozen products, the evaporator is

typically configured either as a tube wound around and in contact with the outside

wall of the freezing cylinder or as an annular chamber from between the outside wall

of the freezing cylinder and the inside wall of an outer cylinder disposed coaxially

about the freezing cylinder.

[0005] For example, U.S. Pat. Nos. 4,580,905 and 4,732,013 each disclose

an evaporator formed of a single continuous round tube that is spirally wrapped

about the outer circumference of the freezing cylinder and defines a helical flow

passage about the freezing cylinder through which refrigerant is circulated. In a

commercial embodiment of a spiral-wound round tube evaporator, the tube has an

outside diameter of 3/8 inch (9.525 mm) and an inner diameter of 0.319 inch (8.1

mm). U.S. Pat. No. 6,619,067 discloses a cooling unit having a freezing pipe

helically would around an outer surface of a cylindrical freezer housing with

consecutive turns of the freezing pipe in contact with one another. The freezing pipe

is flattened against the freezer cylinder and defines a refrigerant flow passage having

a generally rectangular cross-section. The helically wound freezing pipe is covered

with a metallic surface layer membrane formed thereon and a metallic filler being

embedded in the spaces between the abutting turns of the freezing pipe and the

evaporator housing.

[0006] U.S. Pat. No. 6,253,573 discloses an evaporator suitable for use in

freezing food stuffs such as ice cream, ice, non-diary confectionary products and

other soft serve products. The evaporator includes an outer cylinder disposed



coaxially about and spaced from an inner cylinder that defines a freezing chamber.

To cool the product within the freezing chamber, refrigerant is passed through the

annular gap formed between the inner and outer cylinders. A plurality of fins extend

inwardly from the inner surface of the outer cylinder into the annular gap and form a

plurality of channels within the gap. In a disclosed embodiment, the fins have a

height of 1A inch (12.7 millimeters) and a thickness of approximately 1/16 inch (1.6

millimeters, with the slots between fins having a width of approximately 1/16 inch

(1.6 millimeters). The flow path formed between adjacent fins would therefore have

a hydraulic diameter of about 0.111 inches (2.82 millimeters). The outer cylinder,

in which the fins are machined, is made of a material having a greater thermal

conductivity than the thermal conductivity of the material of which the inner

cylinder is made.

[0007] A commercial embodiment of a semi-frozen ice cream dispensing

apparatus marketed by the Taylor Freezer Company, the freezer shell includes an

inner cylinder surrounded by an outer cylinder disposed co-axially about the inner

cylinder so as to form an annular gap therebetween. Refrigerant is circulated

through the annular gap, with the refrigerant entering to the annular gap toward the

aft end of the shell and exiting the annular gap toward the forward end of the shell.

A pair of baffles is disposed within the annular gap in axially-spaced relationship.

Each baffle extends circumferently about the annular gap through an arc of less than

360 degrees. The baffles, which are formed by a cord compressed between the inner

and outer cylinders, are arranged relative to each other so as to define a generally

helical refrigerant flow path between the refrigerant inlet to the annular gap and the

refrigerant exit from the annular gap. The annular gap has a nominal depth of 0.389

inches (9.88 mm).

Summary of the Invention

[0008] In an aspect of the invention, a dispensing apparatus is provided for a

semi-frozen product, such as a semi-frozen comestible or a semi-frozen drink. The

dispensing apparatus has at least one freezing barrel defining a freezing chamber

having an inlet at one end for receiving a supply of product and an outlet, a product

dispensing valve operatively associated with the outlet of the at least one freezing



barrel for dispensing semi-frozen product, and a refrigeration system for circulating

chilled refrigerant in heat exchange relationship with the product within the freezing

chamber. The freezing barrel includes an inner cylinder extending longitudinally

along a central axis and a longitudinally extending outer cylinder coaxially

circumscribing the inner cylinder. A plurality of channels are provided in the outer

surface of the inner cylinder at circumferentially spaced intervals about the

circumference of the inner cylinder. A plurality of fins are formed in the outer

surface of the inner cylinder in alternating relationship with the plurality of channels

whereby each channel is formed between a respective pair of circumferentially

spaced fins. Each channel of the plurality of channels opens in fluid communication

to an inlet header at one end and opens to an outlet header at its other end. In an

embodiment, each channel of the plurality of channels extends longitudinally

parallel to the axis of the inner cylinder between the inlet header and the outer

header.

[0009] In an embodiment, each channel of the plurality of channels is

machined in the outer surface of the inner cylinder to a preselected depth and

thereby forming a plurality of the fins in the outer surface of and integral with the

inner cylinder that extend radially outwardly to abut the inner surface of the outer

cylinder circumscribing the inner cylinder. The inlet header may be defined by a

first recess formed in the outer surface of the inner cylinder, which recess extends

circumferentially about a first end of the inner cylinder. The outlet header may be

defined by a second recess formed in the outer surface of the inner cylinder, which

recess extends circumferentially about a second end of the inner cylinder. Each

channel defines a refrigerant flow passage extending between the inlet header and

the outlet header. The inlet header has at least one inlet opening for receiving

refrigerant from the refrigerant system and the outlet header has at least one outlet

opening for returning refrigerant to the refrigerant system.

[0010] Each channel of the plurality of channels may extend longitudinally

in parallel relationship to the axis of the inner cylinder. The plurality of channels

may be disposed at circumferentially equally spaced intervals about the

circumference of the inner cylinder. Each of the channels may define a flow passage

having a cross-sectional flow area having a generally rectangular cross-section.



Each of the channels may define a flow passage having a cross-sectional flow area

having a generally square cross-section. In an embodiment, each of the channels

defines a flow passage having a cross-sectional flow area having a hydraulic

diameter of about 0.0625 inch (1.5875 millimeters). Each of the channels defines a

flow passage having a cross-sectional flow area having a hydraulic diameter in the

range of about 0.02 inch to 0.10 inch (0.508 millimeter to 2.54 millimeters).

[0011] In an aspect of the invention, a heat exchanger is provided including

an inner cylinder extending longitudinally along a central axis and defining a

product chamber and a longitudinally extending outer cylinder disposed coaxially

about and circumscribing the inner cylinder. A plurality of channels are defined

between the inner surface of the outer cylinder and the outer surface of the inner

cylinder. Each channel of said plurality of channels defining a heat exchange fluid

flow passage extending between an inlet header at a first end of the channels and an

outlet header at a second end of the channels. The inlet header has at least one inlet

opening for receiving a heat exchange fluid and the outlet header has at least one

outlet opening for discharging the heat exchange fluid.

[0012] Each channel of the plurality of channels may extend longitudinally

in parallel relationship to the axis of the inner cylinder. The plurality of channels

may be disposed at circumferentially equally spaced intervals about the

circumference of the inner cylinder. In an embodiment, the plurality of channels is

machined into an outer surface of the inner cylinder. Each of the channels may

define a flow passage having a cross-sectional flow area having a generally

rectangular cross-section. Each of the channels may define a flow passage having a

cross-sectional flow area having a generally square cross-section. Each of the

channels defines a flow passage having a cross-sectional flow area having a

hydraulic diameter in the range of about 0.02 inch to 0.10 inch (0.508 millimeter to

2.54 millimeters). In an embodiment of the heat exchanger, each of the channels

defines a flow passage having a cross-sectional flow area having a hydraulic

diameter of about 0.0625 inch (1.5875 millimeters).



Brief Description of the Drawings

[0013] For a further understanding of the disclosure, reference will be made

to the following detailed description which is to be read in connection with the

accompanying drawing, where:

[0014] FIG. 1 is a schematic diagram illustrating an exemplary embodiment

of an apparatus for freezing and dispensing a semi-frozen product embodying the

invention;

[0015] FIG. 2 is a perspective view of an exemplary embodiment of a

freezing barrel in accordance with the invention;

[0016] FIG. 3 is a perspective view of an exemplary embodiment of the

inner cylinder of the freezing barrel of FIG. 2 ;

[0017] FIG. 4 is a sectioned side elevation view of the inner cylinder of

FIG.3;

[0018] FIG. 5 is a cross-sectional elevation view of the inner cylinder of

FIG. 3 taken along line 5-5 with the outer cylinder assembled circumferentially

about the inner cylinder; and

[0019] FIG. 6 is a magnified view of a segment of the freezing barrel defined

within line 6-6 of FIG. 5.

[0020] FIG. 7 is a magnified view of a segment of another embodiment of a

freezing barrel in accordance with an aspect of the invention;

[0021] FIG. 8 is a sectioned cross-section view of another exemplary

embodiment of a freezing barrel in accordance with an aspect of the invention;

[0022] FIG. 9 is a sectioned cross-section view of a microchannel tube of the

evaporator of the freezing barrel illustrated in FIG. 8;

[0023] FIG. 10 is a plan view showing an assembly layout of a microchannel

tube evaporator; and

[0024] FIG. 11 is a side elevation view, partly in section, of the

microchannel tube evaporator of FIG. 10.

Detailed Description of the Invention

[0025] Referring initially to FIG. 1, there is depicted schematically an

exemplary embodiment of an apparatus 10 for freezing and dispensing semi-frozen



food products, such as by way of example, but not limited to, soft-serve ice cream,

ice milk, yogurt, custard, shakes, carbonated and/or no-carbonated ice slush drinks,

that embodies the present invention.

[0026] In the depicted embodiment, the apparatus 10 includes two freezing

chambers Cl and C2 for dispensing food products of different flavors or types. The

freezing chambers Cl and C2 are defined within the axially elongated cylindrical

barrels 20-1 and 20-2, respectively. Although shown as a dual barrel dispenser, it is

to be understood that the apparatus 10 may have only a single barrel machine for

dispensing a single product or may have three or more barrels for dispensing a

plurality of favors or types of products or a mix of flavors. Each of the barrels 20-1,

20-2 includes and inner cylinder 30, an outer cylindrical 40 circumscribing the inner

cylinder 30 and an evaporator 50 formed between the inner cylinder 30 and the outer

cylinder 40. Refrigerant is supplied from a refrigeration system 60 to the

evaporators 50 of the respective barrels 20-1, 20-2 for refrigerating product resident

within the respective freezing chambers Cl and C2.

[0027] A beater 22 is coaxially disposed and mounted for rotation within

each of the chambers Cl and C2. Each beater 22 is driven by a drive motor 23 to

rotate about the axis of its respective one of the barrels 20-1, 20-2. In the

embodiment depicted in FIG. 1, a single drive motor, when energized,

simultaneously drives each of the beaters 22 in rotation about the axis of its

respective barrel. However, it is to be understood that each beater 22 may be driven

by a motor dedicated solely to driving that respective beater. A respective product

supply 24 is operatively associated with each of the barrels 20-1, 20-2 for supplying

product to be frozen to the respective chamber Cl and C2 with which the product

supply is associated. The apparatus 10 is also equipped with a dispensing valve

system that is selectively operable for dispensing the semi-frozen product from the

barrels in a manner well known in the art.

[0028] The refrigeration system 60 includes a single refrigerant vapor

compressor 62 driven by a compressor motor 65 operatively associated with the

compressor 62, and condenser 64 connected with the evaporators 50 in a refrigerant

circuit according to refrigeration cycle. The compressor 62 is connected in

refrigerant flow communication by high pressure outlet line 61connected to the



refrigerant inlet to the condenser 64 and the refrigeration outlet of the condenser 64

is connected through a high pressure refrigerant supply line 63 to refrigerant flow

control valves 66, one of which being operatively associated with one of the

evaporators 50 of barrel 20-1 and the other being operatively associated with the

other of the evaporators 50 of barrel 20-2. Each of the valves 66 is connected by a

respective refrigerant line 67 to the refrigerant inlet of the respective evaporator 50

associated therewith. A respective refrigerant outlet of each evaporator 50 is

connected through a low pressure refrigerant return line 69 and an accumulator 68 to

the suction side of the compressor 62. The refrigerant flow control valves 66 may,

for example, comprise on/off solenoid valves of the type which can be rapidly

cycled between an open position passing flow of refrigerant to an associated

evaporator 50 and a closed position blocking flow of refrigerant to an associated

evaporator. The valves 66 may be pulse width modulated solenoid valves or

electronic motor operated valves.

[0029] Different products have different thermal transfer rates and different

freezing points. Therefore, operation of the refrigeration system 60 will vary

dependent upon the products being supplied to the freezing chambers Cl and C2.

Operation of the refrigeration system 60 may be controlled by a control system 70

that controls operation of the compressor drive motor 65, the beater motor 23, and

the flow control valves 66. The control system 70 includes a programmable

controller 72 that includes a central processing unit with associated memory, input

and output circuits, and temperature sensors for sensing the temperature of the

product within the chambers Cl and C2. For a more thorough discussion of the

design and operation of an exemplary control system 70 reference is made to U.S.

Pat. No. 5,205,129, the disclosure of which is hereby incorporated by reference in its

entirety.

[0030] In the depicted embodiment, each barrel 20 is equipped with a

selectively operable dispensing valve 11 disposed at the forward end of the barrel 20

for receiving product from the freezing chamber. However, as in some

conventional dual barrel dispensers, the dispensing valve system may include a third

dispensing valve selectively operable to dispense a mix of the two flavors or types of

products present in the mixing chambers Cl and C2. The dispensing valve system



may also comprise a single selectively operable valve that is selectively positionable

in a first position to dispense product from chamber Cl only, in a second position to

dispense product from chamber C2 only, and in a third position to dispense mix of

the products from both chambers Cl and C2.

[0031] Briefly, in operation, product to be frozen is supplied to each of the

chambers Cl and C2 from the respective product supply 24 associated therewith

from a supply tube 27 opening into the chamber at the aft end of each barrel 20. The

product supplies 24 are arranged, as in conventional practice, to feed as required a

liquid comestible product mix and generally, but not always, an edible gas, such as

for example, air, nitrogen, carbon dioxide or mixtures thereof, in proportions to

provide a semi-frozen food product having the desired consistency. The liquid

comestible product mix may be refrigerated by suitable apparatus (not shown) to

pre-cool the product mix to a preselected temperature above the freezing

temperature of the product mix prior to delivery to the chambers Cl and C2. The

beaters 22 rotates within its respective chamber Cl, C2 so as churn the product mix

resident within the chamber and also move the product mix to the forward end of the

chamber for delivery to the dispensing valve 11. The blades of the beaters 22 may

also be designed to pass along the inner surface of the inner cylinder 30 as the beater

rotates so as to scrape product from the inner surface of the inner cylinder 30. As

the product mix churns within the chambers Cl and C2, the product mix is chilled to

the freezing point temperature to produce a semi-frozen product ready-on-demand

for dispensing. If gas is added to the product mix, the gas is thoroughly and

uniformly dispersed through out the product mix as the beaters rotate.

[0032] Referring now to FIGs. 2-6, in particular, each freezing barrel 20

includes an inner tube 30, an outer tube 40 circumscribing the inner tube 30 and an

evaporator 50 formed between the inner tube 30 and the outer tube 40. The inner

tube 30 comprises a cylinder extending longitudinally along a central axis 3 1 and

having an inner surface bounding the freezing chamber C and an outer surface 34.

The outer tube 40 comprises a cylinder extending longitudinally along the axis 3 1

and coaxially circumscribing the longitudinally extending inner cylinder 30. The

outer cylinder 40 has an inner surface 42 facing the outer surface 34 of the inner

cylinder 30. Both the inner cylinder 30 and the outer cylinder 40 may be made



from food grade stainless steel or other metal approved for use in connection in food

processing applications. A product supply tube 27 opens into the freezing chamber

C through a first end of the inner cylinder 30 of the barrel 20, which end is also

referred to herein as the feed end or aft end. The dispensing valve 11 is disposed at

the axially opposite end of the barrel 20, which end is also referred to herein as the

discharge end or forward end.

[0033] The outer surface of the inner cylinder 30 is provided with a plurality

of fins 52 and a plurality of channels 53 disposed at circumferentially spaced

intervals in alternating relationship with a plurality of fins 52 about the

circumference of the outer surface of the inner cylinder 30. The fins 52 and

channels 53 may be formed integrally with the shell of the first cylinder 30, for

example, by machining material from the outer surface of the inner cylinder 30

thereby simultaneously forming the channels 53 and the fins 52 that alternate with

and extend radially outwardly between channels 53. The inner cylinder could also

be formed with the fins 52 being made integral therewith by extrusion. In an

embodiment, the inner cylinder 30 has an outer shell diameter that nearly matches

the inside shell diameter of the outer cylinder 40, such that when the channels 53 are

machined in the outer surface 34 of the inner cylinder 30 thereby forming the

plurality of the fins 52 of the inner cylinder 30, the fins 52 extend radially outwardly

to abut the inner surface 42 of the outer cylinder 40 when the barrel 20 is assembled

by slip fitting the outer cylinder 40 over the inner cylinder 30.

[0034] The outer surface 34 of the inner cylinder 30 is also provided with a

first recess 56 and a second recess 58 formed in and extending circumferentially

about the outer surface 34 of the inner cylinder 30 at longitudinally spaced end

regions of the inner cylinder 30. In the depicted exemplary embodiment the first

recess 56 is at the product discharge end of the inner cylinder 30 and the second

recess 58 is at the product feed end thereof. The first cylinder 30 has at least one

inlet 57 opening to first recess 56 for receiving refrigerant from the refrigerant

system 60 and has at least one outlet 59 opening to the second recess 58 for

returning refrigerant to the refrigerant system 60. In the exemplary embodiment

depicted in FIGs. 3-6, four refrigerant inlets 57 are provided at equally spaced



circumferential intervals about the first recess 56 and four refrigerant outlets 59 are

provided at equally spaced circumferential intervals about the second recess 58.

[0035] Each channel 53 forms a refrigerant flow passage that extends

between and establishes fluid flow communication between the first recess 56 and

the second recess 58. In the depicted embodiment, each channel 53 of the plurality

of channels extends longitudinally parallel to the axis 31 of the inner cylinder 30

between the first recess 56 and the second recess 58. Thus, the first recess 56 forms

a refrigerant inlet header and the second recess forms a refrigerant outlet header

which together with the channels 53 formed in the inner cylinder 30, in assembly

with the outer cylinder 40, provides a heat exchanger, which in the embodiment

described herein defines the evaporator 50 of the freezing barrel 20 through which

refrigerant is circulated in heat exchange relationship with the product resident

within the freezing chamber C bounded by the inner surface of the inner cylinder 30

for chilling the product resident therein. The first recess 56 is connected in fluid

flow communication via at least one inlet 57 with the refrigerant supply line 63

through valve 66 and line 67 to receive refrigerant into the evaporator 50, while the

second recess 58 is connected in fluid flow communication via at least one outlet 59

with the refrigerant line 69 for passing refrigerant from the evaporator 50. In the

depicted embodiment, four inlets 57 are provided to the first recess 56 at

circumferentially spaced intervals of ninety degrees. Similarly, four outlets 59 are

provided to the second recess 58 at circumferentially spaced intervals of ninety

degrees.

[0036] In an embodiment, each channel 53 of the plurality of channels is

machined into the outer surface of the inner cylinder 30 to define a flow passage

having a desired cross-section shape, such as for example a generally rectangular or

square cross-sectional shape. Additionally, each channel 53 may be machined to a

desired depth and a desired width to provide a flow passage having a desired

hydraulic diameter. In an embodiment, each of the channels defines a flow passage

having a cross-sectional flow area having a hydraulic diameter in the range of about

0.02 inch to 0.10 inch (about 0.50 millimeter to 2.54 millimeters). For example, in

an embodiment, each of the channels 53 may be machined to have a depth of 0.0625

inch (1.5875 millimeters) and a width of 0.0625 inch (1.5875 millimeters) thereby



defining a flow passage having a cross-sectional flow area having a hydraulic

diameter of about 0.0625 inch (1.5875 millimeters). The plurality of channels 53

may be disposed at circumferentially equally spaced intervals about the

circumference of the inner cylinder. For example, in an exemplary application of

the semi-frozen product dispensing apparatus 10, an inner cylinder 30 of a freezing

barrel 20 having an outer shell diameter of 4.1 inches (104 millimeters), a total of

128 equally circumferentially spaced channels 53 might be disposed about the

circumference of the outer surface of the inner cylinder 30.

[0037] In an embodiment, as depicted in FIG. 7, the evaporator 50 is

extruded as an integral member having a plurality of channels 53 disposed at spaced

intervals about the evaporator 50. In the extrusion process, the channels 53 are

formed between fins 52 that are formed integrally with and extend between a pair of

spaced walls. The evaporator 50 may be formed in the flat and rolled into a

cylindrical shape with the fins 52 extending radially or extruded in a cylindrical

shape with the fins 52 extending radially. The cylindrically formed evaporator 50 is

them assembled over the inner cylindrical shell 30, as illustrated in FIG. 7, and

brazed or soft-soldered in place over the outer surface of the inner shell 30. Since

the structure of the extruded evaporator 50 provides for containment of the pressure

of the refrigerant passing through the channels 53, no outer shell is required.

Further, the shell 30 does not need to be designed to contain the high pressure of the

refrigerant flowing through the evaporator 50 and may be made of a thinner

thickness stainless steel than would be required in the case where the shell 30 forms

a part of the refrigerant containment structure.

[0038] Referring now to FIGs. 8-1 1, in particular, in the exemplary

embodiment of the freezing barrel 20 depicted therein, the evaporator 50 is formed

of a plurality of microchannels tubes 150 that extend longitudinally between a pair

longitudinally spaced apart end distribution tubes 156, 158. Each microchannel tube

150 defines a plurality of microchannels 153 that extend longitudinally in parallel

the entire length of the tube 150. Each microchannel 153 defines a flow passage that

extends in fluid flow communication between a flow distribution chamber defined

by the end distribution tube 156 and a flow distribution chamber defined by the end

distribution tube 158. The microchannels 153 may have a round cross-section as



illustrated in FIG. 9, or may have a rectangular of otherwise cross-section as desired.

In an embodiment, each of the microchannels 153 defines a flow passage having a

cross-sectional flow area having a hydraulic diameter in the range of about 0.02 inch

to 0.10 inch (about 0.50 millimeter to 2.54 millimeters). In an embodiment, each of

the microchannels 153 defines a flow passage having a cross-sectional flow area

having a hydraulic diameter of about 0.0625 inch (1.5875 millimeters).

[0039] The end distribution tube 156 extends circumferentially about the

outer surface of the aft end of the shell 30 and the end distribution tube 158 extends

circumferentially about the outer surface of the aft end of the shell 30. The

microchannel tubes 150 cover the outer surface 32 of the shell 30 which defines the

freezing chamber C and run the length of the inner shell 30 between the end

distribution tubes 156 and 158. The end distribution tube 156 includes at least one

inlet 157 which connects a flow distribution chamber defined within the end

distribution tube 156 in fluid flow communication with the refrigerant supply line 63

through valve 66 and line 67 to receive refrigerant into the evaporator 50. The end

distribution tube 158 includes at least one outlet 159 which connects a flow

distribution chamber defined within the end distribution tube 158 in fluid flow

communication with the refrigerant line 69 for passing refrigerant from the

evaporator 50. Thus, the end distribution tube 156 serves as a refrigerant inlet

header of the evaporator 50 and the end distribution tube 158 serves as a refrigerant

outlet header of the evaporator 50.

[0040] The microchannel tubes structurally contain the pressure of the

refrigerant passing through the channels 153. Therefore, the shell 30 does not need

to be designed to contain the high pressure of the refrigerant flowing through the

evaporator 50 and may be made of a thinner thickness stainless steel than would be

required in the case where the shell 30 forms a part of the refrigerant containment

structure. Additionally, in the design, the outer shell 40 may be eliminated.

[0041] The microchannel tubes 150 may be attached to the outer surface of

the freezing shell 30 by various methods, including for example soft soldering,

brazing, or clamping. In a construction method, the microchannel tubes 150 and the

end distribution tubes 156, 158 are laid out flat in assembly, for example as

illustrated in FIGs. 10 and 11, and then brazed or soft soldered in a furnace. The



completed assembly of the microchannel tubes 150 and the end distribution tubes

156, 158 may then be rolled unto and brazed or soft-soldered to the outer surface 34

of the shell 30 to form the freezing barrel 20 as illustrated in FIG. 8. The surfaces of

the microchannel tubes 150 and the end distribution tubes 156, 158 that are in

contact with the outer surface of the shell 30, as well as the outer surface 34 of the

shell 30, have may be plated with copper to facilitate brazing or soft-soldering.

Alternatively, the microchannel tubes 150 or tube segments and the end distribution

tubes 156, 158 may formed into a cylindrical shape prior to being brazed or soft-

soldered into an assembly.

[0042] The heat exchange efficiency of the evaporator 50 comprising a

relatively large number of refrigerant flow channels, each having a relatively small

hydraulic diameter, is significantly higher than that of prior art evaporators

described herein before. Heat exchange is increased in part due to the increase in

the effective heat transfer area between the refrigerant and the inner cylinder 30 due

to the fins 52 flanking the channels 53 and in part due to the increased heat transfer

effectiveness associated with the very small hydraulic diameter flow passages

defined by the respective channels 53.

[0043] The terminology used herein is for the purpose of description, not

limitation. Specific structural and functional details disclosed herein are not to be

interpreted as limiting, but merely as basis for teaching one skilled in the art to

employ the present invention. While the present invention has been particularly

shown and described with reference to the exemplary embodiments as illustrated in

the drawing, it will be recognized by those skilled in the art that various

modifications may be made without departing from the spirit and scope of the

invention. Those skilled in the art will also recognize the equivalents that may be

substituted for elements described with reference to the exemplary embodiments

disclosed herein without departing from the scope of the present invention.

[0044] Therefore, it is intended that the present disclosure not be limited to

the particular embodiment(s) disclosed as, but that the disclosure will include all

embodiments falling within the scope of the appended claims.



We Claim:

1. A semi-frozen product dispensing apparatus having at least one

freezing barrel defining a freezing chamber having an inlet at one end for receiving a

supply of product and an outlet, a product dispensing valve operatively associated

with the outlet of the at least one freezing barrel for dispensing semi-frozen product,

and a refrigeration system for circulating chilled refrigerant in heat exchange

relationship with the product within the freezing chamber; said freezing barrel

having an inner cylinder bounding the freezing chamber and extending

longitudinally along a central axis and a longitudinally extending outer cylinder

disposed coaxially with and circumscribing in radially spaced relationship said inner

cylinder, characterized in that said inner cylinder has an outer surface comprising a

plurality of channels disposed at circumferentially spaced intervals in alternating

relationship with a plurality of fins about the circumference of said inner cylinder.

2. A semi-frozen product dispensing apparatus as recited in claim 1

further comprising a first recess formed in and extending circumferentially about the

outer surface of said inner cylinder at a first end of said inner surface and a second

recess formed in and circumferentially extending about the outer surface of said

inner cylinder at a second end of said inner cylinder.

3. A semi-frozen product dispensing apparatus as recited in claim 2

wherein the first recess has at least one inlet opening for receiving refrigerant from

the refrigerant system and the second recess has at least one outlet opening for

returning refrigerant to the refrigerant system;

4. A semi-frozen product dispensing apparatus as recited in claim 3

wherein each channel of said plurality of channels extends longitudinally in parallel

relationship to the axis of said inner cylinder between and opens in refrigerant flow

communication with the first recess and the second recess.



5. A semi-frozen product dispensing apparatus as recited in claim 1

wherein said outer cylinder has an inner surface in facing relationship with the outer

surface of said inner cylinder and disposed in contact with the plurality of fins of the

outer surface of the inner cylinder.

6. A semi-frozen product dispensing apparatus as recited in claim 1

wherein said plurality of channels are disposed at circumferentially equally spaced

intervals about the circumference of said inner cylinder.

7. A semi-frozen product dispensing apparatus as recited in claim 1

wherein said plurality of channels are machined into the outer surface of the inner

cylinder.

8. A semi-frozen product dispensing apparatus as recited in claim 1

wherein each channel of said plurality of channels defines a flow passage having a

cross-sectional flow area having a hydraulic diameter in the range of about 0.02

inch to 0.10 inch.

9. A semi-frozen product dispensing apparatus as recited in claim 1

wherein each channel of said plurality of channels defines a flow passage having a

cross-sectional flow area having a hydraulic diameter of about 0.0625 inch.

10. A heat exchanger comprising:

an inner cylinder extending longitudinally along a central axis and having an

inner surface bounding a product chamber and an outer surface having a plurality of

channels disposed at circumferentially spaced intervals in alternating relationship

with a plurality of fins about the circumference of the outer surface of said inner

cylinder;

a longitudinally extending outer cylinder disposed coaxially about and

circumscribing said inner cylinder in radially spaced relationship, said outer cylinder

having an inner surface contacting said plurality of fins of said inner cylinder;



an inlet header defined by a first recess formed in and extending

circumferentially about the outer surface of said inner cylinder at a first end of said

inner cylinder; and

an outlet header defined by a second recess formed in and circumferentially

extending about the outer surface of said inner cylinder at a second end of said inner

cylinder; each channel of said plurality of channels defining a heat exchange fluid

flow passage extending between the inlet header and the outlet header.

11. A heat exchanger as recited in claim 10 wherein each channel of said

plurality of channels extends longitudinally in parallel relationship to the axis of said

inner cylinder.

12. A heat exchanger as recited in claim 10 wherein said plurality of

channels are disposed at circumferentially equally spaced intervals about the

circumference of said inner cylinder.

13. A heat exchanger as recited in claim 10 wherein said plurality of

channels are machined into the outer surface of the inner cylinder.

14. A heat exchanger as recited in claim 10 wherein each of said

channels defines a flow passage having a cross-sectional flow area having a

hydraulic diameter in the range of about 0.20 inch to 0.10 inch.

15. A heat exchanger as recited in claim 10 wherein each of said

channels defines a flow passage having a cross-sectional flow area having a

hydraulic diameter of about 0.0625 inch.

16. A semi-frozen product dispensing apparatus having at least one

freezing barrel defining a freezing chamber having an inlet at one end for receiving a

supply of product and an outlet, a product dispensing valve operatively associated

with the outlet of the at least one freezing barrel for dispensing semi-frozen product,

and a refrigeration system for circulating chilled refrigerant in heat exchange



relationship with the product within the freezing chamber; said freezing barrel

having an inner cylinder bounding the freezing chamber and extending

longitudinally along a central axis and an evaporator disposed about at least a

portion of an outer surface of said inner cylinder, characterized in that said

evaporator comprises a plurality of channels disposed about the outer circumference

of said inner cylinder, each channel defining a cross-sectional flow passage having a

hydraulic diameter in the range of about 0.02 inch to 0.10 inch (about 0.50

millimeter to 2.54 millimeters).

17. A semi-frozen product dispensing apparatus as recited in claim 16

wherein each channel of said plurality of channels defines a flow passage having a

cross-sectional flow area having a hydraulic diameter of about 0.0625 inch (about

1.5875 millimeters).

18. A semi-frozen product dispensing apparatus as recited in claim 16

wherein said plurality of channels is defined by at least one microchannel tube

disposed about the outer circumference of said inner cylinder.

19. A method of constructing a heat exchanger comprising the steps of:

connecting a plurality of microchannel tubes in fluid communication to and

between a first flow distribution tube at a first ends of said plurality of microchannel

tubes and to a second flow distribution tube at a second end of said plurality of

microchannel tubes to form an heat exchange subassembly; and

assembling the heat exchange subassembly about an outer circumferential

surface of a cylinder.
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