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Description

FIELD OF INVENTION

[0001] This invention relates generally to heat ex-
changers for freezing and dispensing semi-frozen prod-
ucts and, more particularly, to an improved heat exchang-
er for removing heat from the product within the product
freezing chamber of the dispensing apparatus.

DESCRIPTION OF RELATED ART

[0002] 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 dis-
pensed through a dispensing apparatus having a heat
exchanger in the form of a freezing cylinder. The freezing
cylinder, also referred to as a freezing barrel, defines a
longitudinally elongated freezing chamber. Typically, un-
frozen liquid product mix is added to the freezing chamber
at the aft end of the freezing cylinder and selectively dis-
pensed 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 prod-
uct 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 evap-
orator disposed about the freezing cylinder. The evapo-
rator is operatively associated with and part of a conven-
tional refrigeration system that also includes a compres-
sion device and a refrigerant condenser arranged in a
conventional refrigerant cycle in a closed refrigerant cir-
cuit. Dispensing apparatus of this type may have a single
freezing cylinder for dispensing a single flavor of product
or a plurality of freezing cylinders, each housing a select-
ed flavor of product, for dispensing each of the selected
flavors and even a mix of flavors.
[0003] 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 hav-
ing 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 out-
side wall of the freezing cylinder and the inside wall of
an outer cylinder disposed coaxially about the freezing
cylinder. Published international patent publication
WO2010/151390 discloses a freezing cylinder having an
evaporator including a plurality of channels disposed
about the outer surface of an inner cylinder. While this

design is well suited for it’s intended purposes, improve-
ments in such freezing cylinders would be well received
in the art.
[0004] EP1 035 387 A1 discloses an improved evap-
orator for a refrigeration system to reduce the tempera-
ture of a medium therein in which a first tube composed
of a first material having a first thermal conductivity is
surrounded by a body of a second material disposed in
intimate contact therewith, the second material having a
different thermal conductivity than the thermal conduc-
tivity of the first material. An evaporator refrigerator inlet
and outlet are disposed in the body and a refrigeration
path intermediate the inlet and outlet includes a plurality
of fins in the path to increase the surface area of the
second material in the path. A refrigeration system using
the improved evaporator and including a subcooler, is
described and a method of manufacturing the evaporator
is disclosed.
[0005] US 813 918 A discloses a tube composed of
tubular members, at least one of which has longitudinal
ribs or wings, said members being formed from two
skelps and being entirely welded together and the joints
formed by the edges of the two skelps being out of aline-
ment. The document discloses a heat exchanger accord-
ing to the preamble of claim 1.

BRIEF SUMMARY

[0006] The invention provides a heat exchanger ac-
cording to claim 1 and a method for making a heat ex-
changer according to claim 7.
[0007] Other aspects, features, and techniques of the
invention will become more apparent from the following
description taken in conjunction with the drawings.
[0008] Figures 1 to 8 illustrate technological back-
ground of the invention; figure 9 depicts an exemplary
embodiment of the invention.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS

[0009] Referring now to the drawings wherein like el-
ements are numbered alike in the several figures:

FIG. 1 is a schematic diagram illustrating an appa-
ratus for freezing and dispensing a semi-frozen prod-
uct;
FIG. 2 is a perspective view of a freezing barrel ;
FIG. 3 is a perspective view of the inner cylinder of
the freezing barrel of FIG. 2;
FIG. 4 is a sectioned side elevation view of the inner
cylinder of FIG.3;
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;
FIG. 6 is a magnified view of a segment of the freez-
ing barrel defined within line 6-6 of FIG. 5;
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FIG. 7 is a magnified view of a segment of another
freezing barrel ;
FIG. 8 depicts a welded heat exchanger; and
FIG. 9 depicts a welded heat exchanger in another
exemplary embodiment in accordance with the in-
vention.

DETAILED DESCRIPTION

[0010] Referring initially to FIG. 1, there is depicted
schematically an exemplary embodiment of an appara-
tus 10 for freezing and dispensing semi-frozen food prod-
ucts, such as by way of example, but not limited to, soft-
serve ice cream, ice milk, yogurt, custard, shakes, car-
bonated and/or non-carbonated ice slush drinks.
[0011] In the depicted embodiment, the apparatus 10
includes two freezing chambers C1 and C2 for dispens-
ing food products of different flavors or types. The freez-
ing chambers C1 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
flavors 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 res-
ident within the respective freezing chambers Cl and C2.
[0012] A beater 22 is coaxially disposed and mounted
for rotation within each of the chambers C1 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 beat-
ers 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 re-
spective beater. A respective product supply 24 is oper-
atively associated with each of the barrels 20-1, 20-2 for
supplying product to be frozen to the respective chamber
C1 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.
[0013] 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. It is
understood that multiple compressors may be used, with
an indiviudal compressor designated for each evapora-
tor. The compressor 62 is connected in refrigerant flow
communication by high pressure outlet line 61 connected

to the refrigerant inlet to the condenser 64 and the refrig-
eration 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 associ-
ated therewith. A respective refrigerant outlet of each
evaporator 50 is connected through a low pressure re-
frigerant return line 69 and an accumulator 68 to the suc-
tion side of the compressor 62. The refrigerant flow con-
trol 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 asso-
ciated evaporator 50 and a closed position blocking flow
of refrigerant to an associated evaporator. The valves 66
may be implemented using a variety of deivces including,
but not limtited to, pulse width modulated solenoid valves,
electronic motor operated valves, automatic expansion
valves, thermal expansion valves, ejectors, etc. Valves
74 and 76 connect the compressor outlet directly to eva-
paorators 50 to enable hot gas heating of product in bar-
rels 20-1 and 20-2. Four way valve 78 allows the system
to run in a reverse gas mode, where the evaporators 50
serve as condensers, the heat product in barrels 20-1
and 20-2.
[0014] Different products have different thermal trans-
fer rates and different freezing points. Therefore, opera-
tion of the refrigeration system 60 will vary dependent
upon the products being supplied to the freezing cham-
bers 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 mem-
ory, 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.
[0015] 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 selec-
tively 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 posi-
tionable in a first position to dispense product from cham-
ber Cl only, in a second position to dispense product from
chamber C2 only, and in a third position to dispense mix
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of the products from both chambers Cl and C2.
[0016] Briefly, in operation, product to be frozen is sup-
plied to each of the chambers C1 and C2 from the re-
spective 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 consisten-
cy. 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 tem-
perature of the product mix prior to delivery to the cham-
bers Cl and C2. The beaters 22 rotates within its respec-
tive 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 de-
signed to pass along the inner surface of the inner cylin-
der 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 C1 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.
[0017] 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 evapo-
rator 50 formed between the inner tube 30 and the outer
tube 40. The inner tube 30 comprises a cylinder extend-
ing longitudinally along a central axis 31 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 31 and coaxially
circumscribing the longitudinally extending inner cylinder
30. The outer tube 40 has an inner surface 42 facing the
outer surface 34 of the inner cylinder 30. The inner tube
30 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 cyl-
inder 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.
[0018] The outer surface of the inner tube 30 is provid-
ed with a plurality of fins 52 and a plurality of channels
53 disposed at circumferentially spaced intervals in al-
ternating relationship with a plurality of fins 52 about the
circumference of the outer surface of the inner tube 30.
The fins 52 and channels 53 may be formed integrally
with the shell of the first tube 30, for example, by machin-
ing 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 out-
wardly between channels 53. The inner tube could also
be formed with the fins 52 being made integral therewith
by extrusion. In an embodiment, the inner tube 30 has
an outer shell diameter that nearly matches the inside
shell diameter of the outer tube 40, such that when the
channels 53 are machined in the outer surface 34 of the
inner tube 30 thereby forming the plurality of the fins 52
of the inner tube 30, the fins 52 extend radially outwardly
to abut the inner surface 42 of the outer tube 40 when
the barrel 20 is assembled by slip fitting the outer tube
40 over the inner tube 30.
[0019] The outer surface 34 of the inner tube 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 tube 30 at longitudinally spaced
end regions of the inner tube 30. In the depicted exem-
plary embodiment the first recess 56 is at the product
discharge end of the inner tube 30 and the second recess
58 is at the product feed end thereof. The first tube 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 cir-
cumferential intervals about the first recess 56 and four
refrigerant outlets 59 are provided at equally spaced cir-
cumferential intervals about the second recess 58.
[0020] Each channel 53 forms a refrigerant flow pas-
sage that extends between and establishes fluid flow
communication between the first recess 56 and the sec-
ond recess 58. In the depicted embodiment, each chan-
nel 53 of the plurality of channels extends longitudinally
parallel to the axis 31 of the inner tube 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 tube 30, in as-
sembly with the outer tube 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 tube 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 refrig-
erant line 69 for passing refrigerant from the evaporator
50. In the depicted embodiment, four inlets 57 are pro-
vided 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.
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[0021] In an embodiment, each channel 53 of the plu-
rality of channels is machined into the outer surface of
the inner tube 30 to define a flow passage having a de-
sired cross-section shape, such as for example a gener-
ally rectangular or square cross-sectional shape. The
channels 53 may be machined into the outer surface of
the inner tube 30. Additionally, each channel 53 may be
machined to a desired depth and a desired width to pro-
vide 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 hy-
draulic diameter in the range of about 0.02 inch to 0.10
inch (about 0.50 millimeter to 2.54 millimeters). For ex-
ample, in an embodiment, each of the channels 53 may
be machined to have a depth of 0.0625 inch (1.5875 mil-
limeters) 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 in-
tervals about the circumference of the inner cylinder. For
example, in an exemplary application of the semi-frozen
product dispensing apparatus 10, an inner tube 30 of a
freezing barrel 20 having an outer shell diameter of 4.1
inches (104 millimeters), a total of 128 equally circum-
ferentially spaced channels 53 might be disposed about
the circumference of the outer surface of the inner cylin-
der 30.
[0022] 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 extend-
ing radially. The cylindrically formed evaporator 50 is
them assembled over the inner tube 30, as illustrated in
FIG. 7, and brazed or soft-soldered in place over the outer
surface of the inner tube 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 inner tube 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 inner tube 30
forms a part of the refrigerant containment structure. In
alternate embodiments, the evaporator 50 is made from
an aluminim extrusion. The aluminim extrusion may be
plated with copper and brazed to inner tube 30. Alterna-
tively the extruded aluminum evaporator 50 may have its
inside surface plated with nickel to provide a food grade
surface.
[0023] The heat exchange efficiency of the evaporator
50 comprising a relatively large number of refrigerant flow
channels, each having a relatively small hydraulic diam-

eter, is significantly higher than that of prior art evapora-
tors 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 tube 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.
[0024] FIG. 8 illustrates a heat exchanger 100 in an
alternate embodiment. Heat exchanger 100 is similar to
that shown in FIGs. 4-7, and includes a inner tube 30
having fins 52 defining channels 53 and an outer tube
40. In FIG. 8, the outer tube 40 is welded to the fins 52
of inner tube 30 at a plurality of circumferential weld lo-
cations 102. The weld locations 102 in FIG. 8 are spaced
on the outer tube 40 along a longitudinal axis of the outer
tube 40 and orthogonal to the longitudinal axis of the
outer tube 40. Weld locations 102 may be equally spaced
or non-equally spaced. Weld locations 102 join the inside
surface of the outer tube 40 to a distal end of fins 52.
Headers are welded to outer tube 40 to form a pressure
tight assembly. Exemplary types of welding that may be
used include resistance welding, electron beam welding,
or laser beam welding.
[0025] FIG. 9 illustrates the heat exchanger 100 in an
alternate embodiment. As shown in FIG. 9, weld locations
104 are located on a helix traversing the outer tube from
a first end of the outer tube 50 to a second end of the
outer tube 50. Multiple parallel helixes may be used. The
embodiment of FIG. 9 provides an advantage that no
weld locations overlap, reducing the potential for metal
fatigue caused by overlapping weld locations.
[0026] The method of making the heat exchanger 100
includes forming the inner tube 30 with fins 52 using tech-
niques described herein (e.g., extrusion, hobbing, ma-
chining). The outer tube 40 is then positioned over the
inner tube 30. The outer tube 40 is then welded to the
inner tube 30. The weld penetrates the outer tube 40 to
fuse the outer tube 40 to a distal end of fins 52. No fusing
of metal occurs at the channels 52.
[0027] By welding the inner tube 30 to the outer tube
40 along the length of the heat exchanger 100, the pres-
sure carrying capability of the heat exchanger 100 is
greatly increased. As a result, much higher pressures
may be achieved, or thinner walls for the inner tube 30
and/or outer tube 40 may be used. From a pressure
standpoint, the welded heat exchanger acts like a plural-
ity (e.g., 128) tubes each with an inner diameter of 1/16".
Existing designs act as an inner tube with a diameter of
3.85" and an outer tube with a diameter of 4.6". Hoop
stress is a function of the diameter of the pressure vessel.
As an example, if the outer diameter of a pressure car-
rying tube is decreased from 4.6" to 0.0625", the hoop
stress is reduced approximately 30 times. This means
that the shell may be able to hold 30 times more pressure.
If needed, the strength of the headers may also be im-
proved by adding weld points within the headers.
[0028] Pressure testing has been performed on a mi-
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crochannel laser welded assembly and existing tube-in-
tube assemblies. The laser welded assembly in embod-
iments of the invention held more than 1,000 psi, and up
to 3,000 psi without failure. Existing assemblies with an
inner tube and an outer tube are capable of holding in
the range of 700 psi. The pressure carrying capability of
both assemblies is dependent on design (diameter,
length, and wall thickness) and material used.
[0029] By improving the pressure carrying capacity of
the heat exchanger 100, a number of benefits are real-
ized. Heat exchanger 100 may use less material than
existing designs to support the same pressure require-
ments, resulting in a lower material cost. Furthermore,
higher pressure refrigerants (e.g., carbon dioxide) may
be used to improve efficiency. The welded heat exchang-
er 100 also allows the heat exchanger to sustain pres-
sures experienced when the heat exchanger is used for
heating in a reverse gas mode. There are situations
where it is desirable to heat the food product in heat ex-
changer 100 to reduce bacteria. Existing systems use
electrical resistance heating or hot gas heating to heat
the food product (e.g., to 150 F). The welded heat ex-
changer 100 may be used as a condenser in reverse gas
applications to heat the food product more efficiently.
[0030] The terminology used herein is for the purpose
of description, not limitation. Specific structural and func-
tional 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 de-
scribed 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 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.
[0031] Therefore, it is intended that the present disclo-
sure not be limited to the particular embodiment(s) dis-
closed as, but that the disclosure will include all embod-
iments falling within the scope of the appended claims.

Claims

1. A heat exchanger (20) comprising:

an inner tube (30) extending longitudinally along
a central axis (31) and having an inner surface
bounding a product chamber and an outer sur-
face having a plurality of channels (53) disposed
at circumferentially spaced intervals in alternat-
ing relationship with a plurality of fins (52) about
the circumference of the outer surface of the in-
ner tube (30); and
a longitudinally extending outer tube (40) dis-
posed coaxially about and circumscribing the in-

ner tube (30) in radially spaced relationship, the
outer tube (40) having an inner surface contact-
ing the plurality of fins (52) of the inner cylinder,
wherein the inner surface of the outer tube (40)
is welded to the fins (52) at a plurality of weld
locations (104) characterized in that the plu-
rality of weld locations follow a substantially hel-
ical path from a first end of the outer tube (40)
to a second end of the outer tube (40).

2. The heat exchanger (20) of claim 1, further compris-
ing:

an inlet header defined by a first recess (56)
formed in and extending circumferentially about
the outer surface of the inner tube (30) at a first
end of the inner tube (30); and
an outlet header defined by a second recess (58)
formed in and circumferentially extending about
the outer surface of the inner tube (30) at a sec-
ond end of the inner tube (30);
wherein each channel (53) of the plurality of
channels (53) defining a heat exchange fluid
flow passage extending between the inlet head-
er and the outlet header.

3. The heat exchanger (20) of claim 1, wherein the inner
tube (30) and the outer tube (40) are cylindrical.

4. The heat exchanger (20) of claim 1, wherein each
channel (53) of the plurality of channels (53) extends
longitudinally in parallel relationship to the axis (31)
of the inner tube (30).

5. The heat exchanger (20) of claim 1, wherein the plu-
rality of channels (53) are disposed at circumferen-
tially equally spaced intervals about the circumfer-
ence of the inner tube (30).

6. The heat exchanger (20) of claim 1, wherein the plu-
rality of channels (53) are machined into the outer
surface of the inner tube (30).

7. A method of making a heat exchanger (20) compris-
ing:

obtaining an inner tube (30) extending longitu-
dinally along a central axis (31) and having an
inner surface bounding a product chamber and
an outer surface having a plurality of channels
(53) disposed at circumferentially spaced inter-
vals in alternating relationship with a plurality of
fins (52) about the circumference of the outer
surface of the inner tube (30);
positioning an outer tube (40) over the inner tube
(30), the outer tube (40) being disposed coaxi-
ally about and circumscribing the inner tube (30)
in radially spaced relationship, the outer tube
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(40) having an inner surface contacting the plu-
rality of fins (52) of the inner cylinder; and
welding the fins (52) to the inner surface of the
outer tube (40) at a plurality of weld locations
(104) which follow a substantially helical path
from a first end of the outer tube (40) to a second
end of the outer tube (40).

8. The method of claim 7, wherein the inner tube (30)
and the outer tube (40) are cylindrical.

9. The method of claim 7, wherein each channel (53)
of the plurality of channels (53) extends longitudinally
in parallel relationship to the axis of the inner tube
(30).

10. The method of claim 7, wherein the plurality of chan-
nels (53) are disposed at circumferentially equally
spaced intervals about the circumference of the inner
tube (30).

11. The method of claim 7, wherein the plurality of chan-
nels (53) are machined into the outer surface of the
inner tube (30).

Patentansprüche

1. Wärmetauscher (20), der Folgendes umfasst:

ein inneres Rohr (30), das sich in Längsrichtung
entlang einer Mittelachse (31) erstreckt und eine
Innenfläche, die eine Produktkammer begrenzt,
und eine Außenfläche mit einer Vielzahl von Ka-
nälen (53), die in abwechselnder Beziehung mit
einer Vielzahl von Rippen (52) in umfänglich be-
abstandeten Intervallen um den Umfang der Au-
ßenfläche des inneren Rohrs (30) angeordnet
sind, aufweist; und
ein sich in Längsrichtung erstreckendes äuße-
res Rohr (40), das in radial beabstandeter Be-
ziehung koaxial um das innere Rohr (30) ange-
ordnet ist und dasselbe umschreibt, wobei das
äußere Rohr (40) eine Innenfläche aufweist, die
die Vielzahl von Rippen (52) des inneren Zylin-
ders berührt,
wobei die Innenfläche des äußeren Rohrs (40)
an einer Vielzahl von Schweißstellen (104) an
die Rippen (52) geschweißt ist, dadurch ge-
kennzeichnet, dass die Vielzahl von
Schweißstellen von einem ersten Ende des äu-
ßeren Rohrs (40) zu einem zweiten Ende des
äußeren Rohrs (40) einem im Wesentlichen spi-
ralförmigen Pfad folgen.

2. Wärmetauscher (20) nach Anspruch 1, der ferner
Folgendes umfasst:

einen Eintrittssammler, der durch eine erste
Ausnehmung (56) definiert ist, die an einem ers-
ten Ende des inneren Rohrs (30) in der Außen-
fläche des inneren Rohrs (30) gebildet ist und
sich umfänglich um dieselbe erstreckt; und
einen Austrittssammler, der durch eine zweite
Ausnehmung (58) definiert ist, die an einem
zweiten Ende des inneren Rohrs (30) in der Au-
ßenfläche des inneren Rohrs (30) gebildet ist
und sich umfänglich um dieselbe erstreckt;
wobei jeder Kanal (53) der Vielzahl von Kanälen
(53) einen Wärmeaustauschfluidströmungs-
durchlass zwischen dem Eintrittssammler und
dem Austrittssammler definiert.

3. Wärmetauscher (20) nach Anspruch 1, wobei das
innere Rohr (30) und das äußere Rohr (40) zylind-
risch sind.

4. Wärmetauscher (20) nach Anspruch 1, wobei sich
jeder Kanal (53) der Vielzahl von Kanälen (53) in
paralleler Beziehung zur Achse (31) in Längsrich-
tung des inneren Rohrs (30) erstreckt.

5. Wärmetauscher (20) nach Anspruch 1, wobei die
Vielzahl von Kanälen (53) in umfänglich gleich be-
abstandeten Intervallen um den Umfang des inneren
Rohrs (30) angeordnet sind.

6. Wärmetauscher (20) nach Anspruch 1, wobei die
Vielzahl von Kanälen (53) in die Außenfläche des
inneren Rohrs (30) eingearbeitet sind.

7. Verfahren zum Herstellen eines Wärmetauschers
(20), das Folgendes umfasst:

Erhalten eines inneren Rohrs (30), das sich in
Längsrichtung entlang einer Mittelachse (31) er-
streckt und eine Innenfläche, die eine Produkt-
kammer begrenzt, und eine Außenfläche mit ei-
ner Vielzahl von Kanälen (53), die in abwech-
selnder Beziehung mit einer Vielzahl von Rip-
pen (52) in umfänglich beabstandeten Interval-
len um den Umfang der Außenfläche des inne-
ren Rohrs (30) angeordnet sind, aufweist;
Positionieren eines äußeren Rohrs (40) über
das innere Rohr (30), wobei das äußere Rohr
(40) in radial beabstandeter Beziehung koaxial
um das innere Rohr (30) angeordnet ist und das-
selbe umschreibt, wobei das äußere Rohr (40)
eine Innenfläche aufweist, die die Vielzahl von
Rippen (52) des inneren Zylinders berührt; und
Schweißen der Rippen (52), die von einem ers-
ten Ende des äußeren Rohrs (40) zu einem
zweiten Ende des äußeren Rohrs (40) einem im
Wesentlichen spiralförmigen Pfad folgen, an ei-
ner Vielzahl von Schweißstellen (104) an die In-
nenfläche des äußeren Rohrs (40).
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8. Verfahren nach Anspruch 7, wobei das innere Rohr
(30) und das äußere Rohr (40) zylindrisch sind.

9. Verfahren nach Anspruch 7, wobei sich jeder Kanal
(53) der Vielzahl von Kanälen (53) in paralleler Be-
ziehung zur Achse in Längsrichtung des inneren
Rohrs (30) erstreckt.

10. Verfahren nach Anspruch 7, wobei die Vielzahl von
Kanälen (53) in umfänglich gleich beabstandeten In-
tervallen um den Umfang des inneren Rohrs (30)
angeordnet sind.

11. Verfahren nach Anspruch 7, wobei die Vielzahl von
Kanälen (53) in die Außenfläche des inneren Rohrs
(30) eingearbeitet sind.

Revendications

1. Echangeur de chaleur (20) comprenant :

un tube interne (30) s’étendant longitudinale-
ment le long d’un axe (31) central et ayant une
surface interne délimitant une chambre de pro-
duit et une surface externe ayant une pluralité
de canaux (53) disposés à des intervalles espa-
cés en circonférence en relation alternée avec
une pluralité d’ailettes (52) sur la circonférence
de la surface externe du tube interne (30) ; et
un tube externe (40) s’étendant longitudinale-
ment, disposé de manière coaxiale autour du
tube interne (30) et le circonscrivant en relation
radialement espacée, le tube externe (40) ayant
une surface interne en contact avec la pluralité
d’ailettes (52) du cylindre interne,
dans lequel
la surface interne du tube externe (40) est sou-
dée aux ailettes (52) au niveau d’une pluralité
d’emplacements de soudure (104), caractérisé
en ce que la pluralité d’emplacements de sou-
dure suivent un chemin sensiblement hélicoïdal
d’une première extrémité du tube externe (40)
à une deuxième extrémité du tube externe (40).

2. Echangeur de chaleur (20) de la revendication 1,
comprenant en outre :

un collecteur d’entrée défini par un premier évi-
dement (56) formé dans la surface externe du
tube interne (30) et s’étendant en circonférence
autour de celle-ci au niveau d’une première ex-
trémité du tube interne (30) ; et
un collecteur de sortie défini par un deuxième
évidement (58) formé dans la surface externe
du tube interne (30) et s’étendant en circonfé-
rence autour de celle-ci au niveau d’une deuxiè-
me extrémité du tube interne (30) ;

dans lequel chaque canal (53) de la pluralité de
canaux (53) définit un passage d’écoulement de
fluide d’échange de chaleur s’étendant entre le
collecteur d’entrée et le collecteur de sortie.

3. Echangeur de chaleur (20) de la revendication 1,
dans lequel le tube interne (30) et le tube externe
(40) sont cylindriques.

4. Echangeur de chaleur (20) de la revendication 1,
dans lequel chaque canal (53) de la pluralité de ca-
naux (53) s’étend longitudinalement en relation pa-
rallèle à l’axe (31) du tube interne (30).

5. Echangeur de chaleur (20) de la revendication 1,
dans lequel la pluralité de canaux (53) sont disposés
à intervalles espacés de manière égale en circonfé-
rence sur la circonférence du tube interne (30).

6. Echangeur de chaleur (20) de la revendication 1,
dans lequel la pluralité de canaux (53) sont usinés
dans la surface externe du tube interne (30).

7. Procédé de fabrication d’un échangeur de chaleur
(20) comprenant :

l’obtention d’un tube interne (30) s’étendant lon-
gitudinalement le long d’un axe (31) central et
ayant une surface interne délimitant une cham-
bre de produit et une surface externe ayant une
pluralité de canaux (53) disposés à des interval-
les espacés en circonférence en relation alter-
née avec une pluralité d’ailettes (52) sur la cir-
conférence de la surface externe du tube interne
(30) ;
le positionnement d’un tube externe (40) sur le
tube interne (30), le tube externe (40) étant dis-
posé de manière coaxiale autour du tube interne
(30) et le circonscrivant en relation radialement
espacée, le tube externe (40) ayant une surface
interne en contact avec la pluralité d’ailettes (52)
du cylindre interne ; et
le soudage des ailettes (52) à la surface interne
du tube externe (40) au niveau d’une pluralité
d’emplacements de soudure (104) qui suivent
un chemin sensiblement hélicoïdal d’une pre-
mière extrémité du tube externe (40) à une
deuxième extrémité du tube externe (40).

8. Procédé de la revendication 7, dans lequel le tube
interne (30) et le tube externe (40) sont cylindriques.

9. Procédé de la revendication 7, dans lequel chaque
canal (53) de la pluralité de canaux (53) s’étend lon-
gitudinalement en relation parallèle à l’axe du tube
interne (30).

10. Procédé de la revendication 7, dans lequel la plura-
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lité de canaux (53) sont disposés à intervalles espa-
cés de manière égale en circonférence sur la circon-
férence du tube interne (30).

11. Procédé de la revendication 7, dans lequel la plura-
lité de canaux (53) sont usinés dans la surface ex-
terne du tube interne (30).
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