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Description
Related Applications

[0001] This application claims the benefit of U.S. Pro-
visional Application No. 61/427,822 filed December 29,
2010, which is hereby incorporated herein by reference.

Field of Invention

[0002] The presentinvention relates to aninternal heat
exchanger, and more particularly to a double pipe internal
heat exchanger for an automotive application wherein
the pipes are separated by a spring or spiral element
providing a helical outer fluid passageway. The invention
relates, in particular, to a heat exchanger corresponding
to the preamble of claim 1, as disclosed in DE 20 2009
009 910 U1.

Background

[0003] Heatexchangers are oftenusedin, forexample,
air conditioners that may used in motor vehicles, e.g. in
the form of C02 air conditioners. An internal heat ex-
changer serves to transfer heat from the refrigerant on
the high-pressure side to the refrigerant on the low-pres-
sure side, whereby the so-called coefficient of perform-
ance, i.e., the ratio of refrigeration capacity and input
power of the air conditioner, is significantly increased.
[0004] Efficiency and performance gains may be
achieved by the use of a coaxial heat exchanger where
the liquid refrigerant flows around the outside of the suc-
tiontube. Heatis transferred from the liquid to the suction
line which increases sub-cooling in the liquid line. How-
ever, known internal heat exchangers may not always
maximize the heat transfer in a short compact length of
suction line.

Summary of Invention

[0005] The presentinvention provides a heatexchang-
er having an inner tube forming an inner flow path and
having an inlet and an outlet; an outer tube radially sur-
rounding at least a portion of the inner tube and spaced
radially outwardly therefrom to form an annular space;
and a thermally conductive spiral element wound around
the inner tube and disposed in the space, wherein the
spiral element is a spring, held tightly against the outer
diameter of the inner tube by its inherent resiliency,
wherein the spiral element forms, in conjunction with the
inner tube and the outer tube, a helical flow path through
the space, the helical flow path in fluid communication
with an inlet and an outlet of the outer tube, and wherein
the outer tube is thermally isolated from the spiral ele-
ment.

[0006] The outer tube may be thermally isolated from
the spiral element by being spaced radially outwardly
from the spiral element, forming a bypass flow path.
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[0007] The bypass flow path may accommodate less
than about 5% of total flow through the bypass and helical
flow paths.

[0008] The bypass flow path may accommodate less
than about 1 % of total flow through the bypass and helical
flow paths.

[0009] The outer tube may be thermally isolated from
the spiral element by an insulation layer interposed be-
tween the spiral element and the outer tube.

[0010] The spiralelementis held tightly against the out-
er diameter of the inner tube such as by the inherent
resiliency of the spiral element which is be in the form of
a spring. More particularly, the spiral element may have
when not assembled to the inner tube (unsprung state)
an inner diameter less than the outer diameter of the
inner tube such that the spiral element can be resiliently
expanded to slip over the inner tube and then released
with the resiliency of the spiral element causing the spiral
element to contract around the inner tube and be held to
the inner tube under a radially inward biasing force.
[0011] The spiral element may be in contact with the
inner tube for substantially all of the length of the spiral
element.

[0012] Axial ends of the outer tube may be welded to
the inner tube. The outer tube may be connected to the
inner tube by collars at respective axial ends of the outer
tube.

[0013] The spiral element may be free to move axially
relative to at least one of the inner and outer tubes, and
particularly the outer tube, so that the heat exchanger
can be bent along its axial length without damaging the
heat exchanger.

[0014] The foregoing general features of the invention
may apply individually or collectively to a heat exchanger
according to another aspect of the invention, which heat
exchanger includes an inner tube forming an inner flow
path and having an inlet and an outlet; an outer tube
radially surrounding at least portion of the inner tube and
spaced radially outwardly therefrom to form an annular
space; and a thermally conductive spiral element wound
around the inner tube and disposed in the space, wherein
the spiral element surrounds the inner tube and forms,
in conjunction with the inner tube and the outer tube, a
helical flow path through the annular space, the helical
flow pathin fluid communication with aninletand an outlet
of the outer tube, and wherein the spiral element contin-
uously contacts the inner tube along a major length of
the spiral element, and the spiral element is resiliently
biased against the inner tube such that the spiral element
is tightly held against the inner tube.

[0015] The inner tube has an outer diameter surface
that is smooth.
[0016] The outer diameter surface is of uniform diam-

eter along the length thereof surrounded by the spiral
element.

[0017] The foregoing general features of the invention
may apply individually or collectively to a heat exchanger
according to another aspect of the invention, which heat
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exchanger includes an inner tube forming an inner flow
path and having an inlet and an outlet; an outer tube
spaced radially outwardly of the inner tube and radially
surrounding at least portion of the inner tube at an overlap
region forming an annular space therein; a thermally con-
ductive spiral element wound around the inner tube and
disposed in the space of the overlap region; and a first
collar configured to secure the outer tube to the inner
tube at a first axial end of the outer tube, the first collar
including a first radial hole; wherein the spiral element
forms, in conjunction with the inner tube and the outer
tube, a helical flow path through the space of the overlap
region, and the helical flow path is in fluid communication
with the first radial hole.

[0018] The heat exchanger may further include a sec-
ond collar configured to secure the outer tube to the inner
tube at a second axial end of the outer tube, the second
collar including a second radial hole, wherein the helical
flow path is in fluid communication with the second radial
hole.

[0019] Thefirstcollarmayinclude a central bore having
a diameter substantially equal to an outer diameter of the
inner tube, a first counter bore with a diameter interme-
diate of the diameter of the central bore and a diameter
of a second counter bore, the diameter of the second
counter bore being substantially equal to outside diam-
eter of the outer tube, and wherein the central bore re-
ceives the inner tube and the second counter bore re-
ceives the outer tube therein.

[0020] The firstradial hole may be disposed in the first
counter bore.
[0021] The outer tube may be thermally isolated from

the spiral element.

[0022] The foregoing and other features of the inven-
tion are hereinafter described in greater detail with ref-
erence to the accompanying drawings.

Brief Description of the Drawings
[0023]

FIG. 1is a schematic view of an automotive air con-
ditioning system;

FIG. 2 is a perspective view of a heat exchanger in
accordance with the present invention including the
outer tube and collars shown in ghost lines;

FIG. 3 is a partial cross-sectional view of the heat
exchanger;

FIG. 3Ais an enlarged portion of FIG. 3, but showing
an adaption of the heat exchanger wherein an inner
spiral element is spaced from and thus relatively
thermally isolated with respect to the outer tube;

FIG. 4 is a side view of the heat exchanger;

10

15

20

25

30

35

40

45

50

55

FIG.5is a perspective view of another heat exchang-
erin accordance with the present invention including
the outer tube shown in ghost lines;

FIG. 6 is a partial cross-sectional view of the heat
exchanger of FIG. 5;

FIG. 7 is a side view of the heat exchanger of FIG. 5.
Detailed Description

[0024] A heat exchanger in accordance with the
present invention may be used in a number of applica-
tions, but, for ease of explanation and comprehension,
will be described hereinin reference to an air conditioning
system for use in an automobile. Further, the use of the
terms pipe and tube and the like (tubular members) are
used interchangeably and do not necessarily denote a
limiting definition unless the context demands otherwise.
Also, the term "spiral" is intended to encompass "helical"
and is used interchangeably therewith.

[0025] FIG. 1 is a schematic view of an example air
conditioning system 100 that may be used in accordance
with aspects of the presentinvention. A vehicle may have
an engine room 1 holding an engine 10 therein and a
passenger compartment 2 separated from the engine
room 1 by a dash panel 3. The air conditioning system
100 may have a refrigerant cycle device 100A including
an expansion valve 131 and an evaporator 141, and an
interior unit 100B. Components of the refrigerant cycle
device 100A (usually excluding the expansion valve 131
and the evaporator 141) may be disposed in a predeter-
mined mounting space of the engine room 1. The interior
unit 100B may be arranged in an instrument panel placed
in the passenger compartment 2.

[0026] The interiorunit 100B may include ablower 102,
the evaporator 141, a heater 103, and an air conditioner
case 101 housing the components of the interior unit
100B. The blower 102 may take in outside air or inside
air selectively and send air to the evaporator 141 and the
heater 103. The evaporator 141 is a cooling heat ex-
changer that evaporates a refrigerant used for a refrig-
eration cycle to make the evaporating refrigerant absorb
latent heat of vaporization from air so as to cool the air.
The heater 103 may use hot water (e.g., engine-cooling
water) for cooling the engine 10 as heat source to heat
air to be blown into the passenger compartment 2.
[0027] An air mixing door 104 may be disposed near
the heater 103 in the air conditioner case 101. The air
mixing door 104 may be operated to adjust the mixing
ratio between cool air cooled by the evaporator 141 and
hot air heated by the heater 103 so that air having a de-
sired temperature is sent into the passenger compart-
ment 2.

[0028] The refrigerant cycle device 100A may include
acompressor 110, acondenser 120, the expansion valve
131 and the evaporator 141. Tubes 150 may connect
those components of the refrigerant cycle device 100A
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to form a closed circuit. Atleast one double-wall tube 160
of the present invention may be placed in the tubes 150.
The condenser 120 (for example a refrigerant radiator,
gas cooler, or the like) may serve as a high-pressure heat
exchanger for cooling high-pressure high-temperature
refrigerant. The evaporator 141 may serve as a low-pres-
sure heat exchanger and may be disposed to cool air
passing therethrough. The expansion valve 131 is a pres-
sure reducer, such as a throttle or an ejector.

[0029] In the illustrated example, the compressor 110
is driven by the engine 10 to compress a low-pressure
refrigerant to provide a high-temperature high- pressure
refrigerant in the refrigerant cycle device 100A. A pulley
111 is attached to the drive shaft of the compressor 110.
A drive belt 12 is extended between the pulley 111 and
a crankshaft pulley 11 to drive the compressor 110 by
the engine 10. The pulley 111 is linked to the drive shaft
of the compressor 110 by an electromagnetic clutch (not
shown). The electromagnetic clutch connects the pulley
111 to or disconnects the pulley 111 from the drive shaft
of the compressor 110. The condenser 120 is connected
to a discharge side of the compressor 110. The condens-
er 120 is a heat exchanger that cools the refrigerant by
outside air to condense the refrigerant vapor into liquid
refrigerant. The expansion valve 131 reduces the pres-
sure of the refrigerant discharged from the condenser
120 and makes the refrigerant expand. The expansion
valve 131 may be a pressure-reducing valve capable of
reducing the pressure of the liquid refrigerant in an isen-
tropic state. The expansion valve 131 included in the in-
terior unit 100B usually is placed near the evaporator
141. The expansion valve 131 may be a temperature-
controlled expansion valve having a variable orifice and
may be capable of controlling the flow of the refrigerant
discharged from the evaporator 141 and flowing into the
compressor 110 so that the refrigerant is heated at a
predetermined degree of superheat. As described
above, the evaporator 141 is a cooling heat exchanger
for cooling air to be blown into the passenger compart-
ment. The discharge side of the evaporator 141 is con-
nected to the suction side of the compressor 110.
[0030] The double-wall tube 160 may be formed by
combining a part of a high- pressure tube 151 and a part
of a low-pressure tube 152 in the tubes 150. The high-
pressure tube 151 extends between the condenser 120
and the expansion valve 131 to carry the high-pressure
refrigerant before being decompressed.

[0031] The low-pressure tube 152 extends between
the evaporator 141 and the compressor 110 to carry a
low-temperature low-pressure refrigerant after being de-
compressed and cooled.

[0032] For example, when the above-described air
conditioning system is implemented, the following proc-
ess may occur: when a passenger in a passenger com-
partment desires to operate the air conditioning system
100 for a cooling operation, an electromagnetic clutch
may be engaged to drive the compressor 110 by the en-
gine 10. Then, the compressor 110 sucks in the refriger-
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ant discharged from the evaporator 141, compresses the
refrigerant and discharges the high-temperature high-
pressure refrigerant into the condenser120. The con-
denser 120 cools the high-temperature high-pressure re-
frigerant into a liquid refrigerant state with a substantially
totally liquid phase. The liquid refrigerant from the con-
denser 120 flows into the expansion valve 131 through
the liquid tube 164 connected to the double-wall tube
160, and through the annular space formed between the
inner tube 162 and the outer tube 161 of the double-wall
tube 160. The expansion valve 131 reduces the pressure
of the liquid refrigerant and allows the liquid refrigerant
to expand. The evaporator 141 evaporates the liquid re-
frigerant into a substantially saturated gas refrigerant.
[0033] The refrigerant evaporated by the evaporator
141 absorbs heat from air flowing through the evaporator
141 to cool the air to be blown into the passenger com-
partment. The saturated gas refrigerant evaporated by
the evaporator 141, that is, the lower-temperature low-
pressure refrigerant, flows through the suction tube, the
inner tube 162 and the suction tube into the compressor
110.

[0034] Heatis transferred from the higher-temperature
higher-pressure refrigerant (up to about 600 Psi, for ex-
ample) flowing through the double-wall tube 160 to the
lower-temperature lower-pressure refrigerant flowing
through double-wall tube 160. Consequently, in the dou-
ble-wall tube 160, the higher- temperature higher-pres-
sure refrigerant is cooled and the lower-temperature low-
er-pressure refrigerant is heated. The liquid refrigerant
discharged from the condenser 120 typically is sub-
cooled and the temperature thereof drops while the liquid
refrigerant is flowing through the double-wall tube 160.
The saturated gaseous refrigerant discharged from the
evaporator 141 typically is superheated into a gaseous
refrigerant having a degree of superheat.

[0035] Turing now to FIGS. 2 and 3, the double-wall
tube heat exchanger 160 is shown in accordance with
the invention. In FIG. 2, the outer tube 161 is shown in
ghost-lines so that interior components of the heat ex-
changer can be seen as well.

[0036] A helically wound spring or other spiral element
170 may be wound around the inner tube 162 and de-
fines, along with the inner surface of the outer tube 161
and the outer surface of the inner tube 162, a helical
passageway for flow of fluid (for example, liquid refriger-
ant). The spiral element 170 may be tightly wound or
otherwise in direct or indirect thermal contact with the
inner tube162 in order to improve thermal conductivity
therebetween. Forexample, the outer surface of the inner
tube 162 may be smooth in order to maximize the contact
area with the spiral element 170 wrapped around it. The
inner, outer and spiral element each may be of uniform
diameter at least over the axially coextensive portions
thereof.

[0037] As noted, the spiral element may be held tightly
against the outer diameter of the inner tube, such as for
example by the inherent resiliency of the spiral element
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which may be in the form of a spring. More particularly,
the spiral element may have when not assembled to the
inner tube (unsprung state) an inner diameter less than
the outer diameter of the inner tube such that the inner
tube such that spiral element can be resiliently expanded
to slip over the inner tube and then released with the
resiliency of the spiral element causing the spiral element
to contract around the inner tube and be held to the inner
tube under a radially inward biasing force.

[0038] The spiral element 170 may be made from a
material having a high thermal conductivity, for example
metallic material such as, for example, aluminum. Inner
and outer tubes 162 and 161 may also be made of ther-
mally conductive materials, for example metallic materi-
als such as, for example, aluminum.

[0039] The outertube 161 has aninlet 180 and an out-
let 181. The inlet 180 may be connected to, for example,
the condenser 120 of the air-conditioning system100.
The liquid is therefore forced to sweep the outer surface
of the inner tube 162 and the spiral element 170 along a
helical path. This flow path may have a reduced cross-
sectional area as compared with a double-wall heat ex-
changer without a spiral element of corresponding size.
This reduced cross-sectional area flow path increases
the velocity of fluid flow and, therefore, increases the ef-
fectiveness of the convection cooling. Further, the helical
flow path increases the length of the flow path, as com-
pared with a double-wall heat exchanger without the spi-
ral element, while using the same amount of physical
space. The increased length of the flow path may also
increase the efficiency of the heat transfer occurring in
the heat exchanger 160.

[0040] The spiral element 170 may be thermally iso-
lated from the inner surface of the outer tube 161 as il-
lustrated in FIG. 3A. This thermal isolation may be ac-
complished by, for example, an annular gap 175 between
the outer tube 161 and the spiral element 170. This gap
may thus forma bypass flow path. Preferably, the bypass
flow path may account for less than about 5% of the total
flow between the inner and outer tubes 162, 161. More
preferably, the bypass flow path may account for less
than about 1 % of the total flow between the inner and
outer tubes 162, 161. This thermal isolation may exhibit
surprising performance by, for example, preventing con-
duction from the outer tube 161 to the spiral element 170
and the inner tube 162.

[0041] Alternatively, the thermal isolation may, for ex-
ample, be accomplished by one or more layers of insu-
lating material 185. The insulating material 185 may ex-
tend along substantially the entire inside surface of the
outer tube 161, may extend along only the spiral element,
or may be intermittently disposed along the length of the
inside surface of the outer tube so as to act as a spacer.
[0042] The outer tube 161 may be attached indirectly
to the inner tube 162 by, for example, one or more end
collars 190, as shown in FIGS. 2-4. An end collar190 may
be, for example, a cylindrical piece including a central
bore 191 sized to fit around the outer surface of the inner
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tube 162. The end collar 190 may further include a first
counter bore (or counter sink) 192 sized to be larger than
the inner tube 162 but smaller than the outer surface of
the outer tube 161. Finally, the collar 190 may include a
second counter bore 193 sized to fit the outer surface of
the outer tube 161. The collar 190 may have a radial hole
or passage 195, 196 for acting as an inlet and/or outlet
to the collar and the helical flow path. The radial hole may
be located at the first counter bore 192.

[0043] Alternatively, the outer tube 161 may be directly
attached tothe inner tube by, for example swaging and/or
welding as is shown in FIGS. 5-7. The outer tube 161
may include a first and second radial hole 197, 198 for
acting as an inlet and/or outlet to the helical flow path.
[0044] Although the flow through the outer helical path
has been shown and described as being in the same
direction as flow through the inner pipe, the flow may also
be reversed, resulting in a counter-current flow of the gas
and liquid phase refrigerant. Such a counter-current flow
may be desirable in some cases and may result in differ-
ent heat transfer efficiency.

[0045] Tubes made of a material other than aluminum,
such as steel or copper, may be used instead of the tubes
161 and 162 made of aluminum. As will be appreciated,
the spiral element may be free to move axially relative to
at least one of the inner and outer tubes, and particularly
the outer tube, so that the heat exchanger can be bent
along its axial length without damaging the heat exchang-
er.

[0046] Although the double-wall tube 160 of the inven-
tion has been described as used to the refrigerant cycle
device 100A of the automotive air conditioning system
100, the presentinventionis notlimited thereto in its prac-
tical application. The double-wall tube 160 may be suit-
ably used for domestic air conditioners. When the double-
wall tube 160 is used for the domestic air conditioner, the
temperature of the atmosphere around the outer tube
161 is lower than that of air in the engine room 1. There-
fore, the lower-pressure refrigerant can be set to pass
through the space between the inner tube 162 and outer
tube 161 and the higher-pressure refrigerant can be set
to pass through the inside passage of the inner tube 162
when the heat transferring condition between the higher-
pressure refrigerant and the lower-pressure refrigerant
permits.

[0047] The refrigerant that flows through the double-
wall tube 160 is not limited to the refrigerant employed
in the refrigerant cycle device 100A, a refrigerant having
physical properties different from those of the refrigerant
employed in the refrigerant cycle device 100A may be
used. For example, refrigerant flowing in different direc-
tions, refrigerants respectively having different tempera-
tures or refrigerants respectively having different pres-
sures may be used in combination. Furthermore, different
fluids other than the refrigerant of the refrigerant cycle
device 100A can be used in the double-wall tube 160.
[0048] Although the invention has been shown and de-
scribed with respect to a certain embodiment or embod-
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iments, it is obvious that equivalent alterations and mod-
ifications will occur to others skilled in the art upon the
reading and understanding of this specification and the
annexed drawings. In particular regard to the various
functions performed by the above described elements
(components, assemblies, devices, compositions, etc.),
the terms (including a reference to a "means") used to
describe such elements are intended to correspond, un-
less otherwise indicated, to any element which performs
the specified function of the described element (i.e., that
is functionally equivalent), even though not structurally
equivalent to the disclosed structure which performs the
function in the herein illustrated exemplary embodiment
or embodiments of the invention. In addition, while a par-
ticular feature of the invention may have been described
above with respect to only one or more of several illus-
trated embodiments, such feature may be combined with
one or more other features of the other embodiments, as
may be desired and advantageous for any given or par-
ticular application.

Claims
1. A heat exchanger (160) comprising:

an inner tube (162) forming an inner flow path
and having an inlet (180) and an outlet (181);
an outer tube (161) radially surrounding at least
portion of the inner tube (162) and spaced radi-
ally outwardly therefrom to form an annular
space; and

a thermally conductive spiral element (170)
wound around the inner tube (162) and disposed
in the space,

wherein the spiral element (170) forms, in con-
junction with the inner tube (162) and the outer
tube (161), a helical flow path through the space,
the helical flow path in fluid communication with
an inlet (195) and an outlet (196) of the outer
tube (161), and

wherein the outertube (161) is thermally isolated
from the spiral element 170), the heat exchanger
being characterized in that the spiral element
(170) is a spring held tightly against the outer
diameter of the inner tube (162) by its inherent
resiliency.

2. The heat exchanger (160) of claim 1, wherein the
outer tube (161) is thermally isolated from the spiral
element (170) by being spaced radially outwardly
from the spiral element (170), forming an annular
gap (175) defining a bypass flow path.

3. The heat exchanger (160) of claim 2, wherein the
bypass flow path accommodates less than about 5%
of total flow through the bypass and helical flow
paths.
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4.

10.

1.

12.

13.

14.

The heat exchanger (160) of either of claims 2 or 3,
wherein the bypass flow path accommodates less
than about 1 % of total flow through the bypass and
helical flow paths.

The heat exchanger (160) of any preceding claim,
wherein the inner tube (162) has an outer diameter
surface that is smooth.

The heat exchanger (160) of any preceding claim,
wherein the outer diameter surface is of uniform di-
ameter along the length thereof surrounded by the
spiral element (170).

The heat exchanger (160) of any of the preceding
claims, wherein the outer tube (161) is thermally iso-
lated from the spiral element (170) by an insulation
layer (185).

The heat exchanger (160) of claim 7, wherein the
insulating layer (185) extends along substantially the
entire inside surface of the outer tube (161), extends
along only the spiral element (170), or is intermittent-
ly disposed along the length of the inside surface of
the outer tube (161) so as to act as a spacer.

The heat exchanger (160) of any of the preceding
claims, wherein the turns of the spiral element (170)
are axially spaced apart.

The heat exchanger (160) of any one of claims 1 -4
or 7-9, wherein the spiral element (170) is in contact
with the inner tube (162) for substantially all of the
length of the spiral element (170).

The heat exchanger (160) of any of the preceding
claims, wherein axial ends of the outer tube (161)
are welded to the inner tube (162).

The heat exchanger (160) of any of the preceding
claims, wherein the outer tube (161) is connected to
the inner tube (162) by collars (190) at respective
axial ends of the outer tube (161).

The heat exchanger (160) of any of the preceding
claims, further comprising a first collar (190) config-
ured to secure the outer tube (161) to the inner tube
(162) at a first axial end of the outer tube (161), the
first collar (190) including a first radial hole (195) and
the helical flow path is in fluid communication with
the first radial hole (195).

The heat exchanger (160) of claim 13, further com-
prising a second collar (190) configured to secure
the outer tube (161) to the inner tube (162) at a sec-
ond axial end of the outer tube (161), the second
collar (190) including a second radial hole (196),
wherein the helical flow path is in fluid communica-
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tion with the second radial hole (196).

The heat exchanger (160) of claim 14, wherein the
first collar (190) includes a central bore (191) having
a diameter substantially equal to an outer diameter
ofthe inner tube (162), a first counter bore (192) with
adiameter intermediate of the diameter of the central
bore (191) and a diameter of a second counter bore
(193), the diameter of the second counter bore (193)
being substantially equal to outside diameter of the
outer tube (161), and wherein the central bore (191)
receives the innertube (162) and the second counter
bore (193) receives the outer tube (161) therein.

The heat exchanger (160) of claim 15, wherein the
first radial hole (195) is disposed in the first counter
bore (192).

Patentanspriiche

1.

Warmetauscher (160), der Folgendes umfasst:

ein inneres Rohr (162), das einen inneren Stro-
mungspfad ausbildet und einen Einlass (180)
und einen Auslass (181) aufweist;

ein duleres Rohr (161), das mindestens einen
Abschnitt des inneren Rohrs (162) radial umgibt
und davon radial nach auf3en beabstandet ist,
um einen ringférmigen Raum zu bilden; und
ein thermisch leitfahiges Spiralelement (170),
das um das innere Rohr (162) gewickelt und in
dem Raum angeordnet ist,

wobei das Spiralelement (170) zusammen mit
dem inneren Rohr (162) und dem &uferen Rohr
(161) einen spiralférmigen Strémungspfad
durch den Raum bildet, wobei sich der spiralfor-
mige Stromungspfad in einem Fluidaustausch
mit einem Einlass (195) und einem Auslass
(196) des auleren Rohrs (161) befindet, und
wobei das duRRere Rohr (161) von dem Spirale-
lement (170) thermisch isoliert ist, wobei der
Warmetauscher dadurch gekennzeichnet ist,
dass das Spiralelement (170) eine Feder ist, die
durch ihre inharente Elastizitat fest gegen den
AuBendurchmesser des inneren Rohrs (162)
gehalten wird.

Warmetauscher (160) nach Anspruch 1, wobei das
auflere Rohr (161) dadurch thermisch von dem Spi-
ralelement (170) isoliert ist, dass es vom Spiralele-
ment (170) radial nach auRen beabstandet ist, wobei
es einen ringférmigen Spalt (175) ausbildet, der ei-
nen Umgehungs-Strémungspfad definiert.

Warmetauscher (160) nach Anspruch 2, wobei der
Umgehungs-Strdomungspfad weniger als etwa 5 %
der Gesamtstrémung durch den Umgehungs- und

10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

12
den spiralférmigen Strdmungspfad aufnimmt.

Warmetauscher (160) nach Anspruch 2 oder 3, wo-
bei der Umgehungs-Strémungspfad weniger als et-
wa 1 % der Gesamtstromung durch den Umge-
hungs- und den spiralférmigen Strémungspfad auf-
nimmt.

Warmetauscher (160) nach einem der vorangehen-
den Anspriiche, wobei das innere Rohr (162) eine
AuBendurchmesseroberflache aufweist, die glatt ist.

Warmetauscher (160) nach einem der vorangehen-
den Anspriiche, wobei die Aulendurchmesserober-
flache entlang ihrer Lange von einem einheitlichen
Durchmesser ist, umgeben von dem Spiralelement
(170).

Warmetauscher (160) nach einem der vorangehen-
den Anspriiche, wobei das duere Rohr (161) von
dem Spiralelement (170) durch eine Isolations-
schicht (185) thermisch isoliert ist.

Warmetauscher (160) nach Anspruch 7, wobei sich
dieisolierende Schicht (185) entlang vonim Wesent-
lichen der gesamten inneren Oberflache des dulRe-
ren Rohrs (161) erstreckt, sich nur entlang des spi-
ralférmigen Elements (170) erstreckt, oder unterbro-
chen entlang der Lénge der inneren Oberflache des
aulleren Rohrs (161) angeordnet ist und so als ein
Distanzstiick agiert.

Warmetauscher (160) nach einem der vorangehen-
den Anspriiche, wobei die Windungen des spiralfor-
migen Elements (170) axial beabstandet sind.

Warmetauscher (160) nach einem der Anspriiche
1-4 oder 7-9, wobei sich das spiralférmige Element
(170) fir im Wesentlichen die gesamte Lange des
spiralférmigen Elements (170) im Kontakt mit dem
inneren Rohr (162) befindet.

Warmetauscher (160) nach einem der vorangehen-
den Anspriiche, wobei die axialen Enden des aulie-
ren Rohrs (161) an das innere Rohr (162) ge-
schweilt sind.

Warmetauscher (160) nach einem der vorangehen-
den Anspriiche, wobei das dufere Rohr (161) mit
dem inneren Rohr (162) an entsprechenden axialen
Enden des duReren Rohrs (161) durch Biinde (190)
verbunden ist.

Warmetauscher (160) nach einem der vorangehen-
den Anspriiche, der ferner einen ersten Bund (190)
umfasst, der dazu ausgelegt ist, das dulRere Rohr
(161) an dem inneren Rohr (162) an einem ersten
axialen Ende des dufleren Rohrs (161) zu sichern,



14.

15.

16.

13 EP 2 659 215 B1 14

wobei der erste Bund (190) ein erstes radiales Loch
(195) beinhaltet und sich der spiralférmige Stro-
mungspfad in einem Fluidaustausch mit dem ersten
radialen Loch (195) befindet.

Warmetauscher (160) nach Anspruch 13, der ferner
einen zweiten Bund (190) umfasst, der dazu ausge-
legtist, das dulRere Rohr (161) an dem inneren Rohr
(162) an einem zweiten axialen Ende des aufleren
Rohrs (161) zu sichern, wobei der erste Bund (190)
ein zweites radiales Loch (196) beinhaltet, wobei
sich der spiralférmige Strémungspfad in einem Flu-
idaustausch mit dem zweiten radialen Loch (195)
befindet.

Warmetauscher (160) nach Anspruch 14, wobei der
erste Bund (190) Folgendes beinhaltet: eine zentrale
Bohrung (191), deren Durchmesser im Wesentli-
chen einem Auflendurchmesser des inneren Rohrs
(162) gleicht, eine erste Gegenbohrung (192) mit ei-
nem Durchmesser zwischen dem Durchmesser der
zentralen Bohrung (191) und einem Durchmesser
einer zweiten Gegenbohrung (193), wobei der
Durchmesser der zweiten Gegenbohrung (193) im
Wesentlichen gleich dem Aufendurchmesser des
aulleren Rohrs (161) ist, und wobei die zentrale Boh-
rung (191) das innere Rohr (162) aufnimmt und die
zweite Gegenbohrung (193) das auRere Rohr (161)
darin aufnimmt.

Warmetauscher (160) nach Anspruch 15, wobei das
erste radiale Loch (195) in der ersten Gegenbohrung
(192) angeordnet ist.

Revendications

1.

Echangeur de chaleur (160) comprenant :

un tube intérieur (162) formant une voie d’écou-
lement interne et ayant une entrée (180) et une
sortie (181) ;

un tube extérieur (161) entourant radialement
au moins une partie du tube intérieur (162) et
espacé de celui-ci radialement vers I'extérieur
pour former un espace annulaire ; et

un élément spiralé (170) thermoconducteur en-
roulé autour du tube intérieur (162) et disposé
dans I'espace,

danslequel I'élément spiralé (170) forme, en as-
sociation avec le tube intérieur (162) et le tube
extérieur (161), une voie d’écoulement hélicoi-
dale atravers I'espace, la voie d’écoulement hé-
licoidale étant en communication fluidique avec
une entrée (195) et une sortie (196) du tube ex-
térieur (161), et

dans lequel le tube extérieur (161) estisolé ther-
miguement de I'élément spiralé (170), I'échan-
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10.

geur de chaleur étant caractérisé en ce que
I'élément spiralé (170) est un ressort maintenu
fermement contre le diameétre extérieur du tube
intérieur (162) par son élasticité inhérente.

Echangeur de chaleur (160) selon la revendication
1, dans lequel le tube extérieur (161) est isolé ther-
miquement de I'élément spiralé (170) en étant es-
pacédel’élémentspiralé (170) radialementvers I'ex-
térieur, en formant un espace annulaire (175) défi-
nissant une voie d’écoulement de dérivation.

Echangeur de chaleur (160) selon la revendication
2, dans lequel la voie d’écoulement de dérivation
recoit moins d’environ 5 % de I'écoulement total a
travers les voies d’écoulement de dérivation et héli-
coidale.

Echangeur de chaleur (160) selon la revendication
2 ou 3, dans lequel la voie d’écoulement de dériva-
tion regoit moins d’environ 1 % de I'écoulement total
atravers les voies d’écoulement de dérivation et hé-
licoidale.

Echangeur de chaleur (160) selon I'une quelconque
des revendications précédentes, dans lequel le tube
intérieur (162) a une surface de diameétre extérieur
qui est lisse.

Echangeur de chaleur (160) selon I'une quelconque
des revendications précédentes, dans lequel la sur-
face de diamétre extérieur est de diametre uniforme
le long de salongueur entourée par I'élément spiralé
(170).

Echangeur de chaleur (160) selon I'une quelconque
des revendications précédentes, dans lequel le tube
extérieur (161) estisolé thermiquement de I'élément
spiralé (170) par une couche isolante (185).

Echangeur de chaleur (160) selon la revendication
7, dans lequel la couche isolante (185) s’étend sen-
siblement le long de toute la surface intérieure du
tube extérieur (161), s’étend seulement le long de
I'élément spiralé (170), ou est disposée de maniére
intermittente le long de la longueur de la surface in-
térieure du tube extérieur (161) de maniére a faire
office d’élément d’espacement.

Echangeur de chaleur (160) selon I'une quelconque
desrevendications précédentes, dans lequel les spi-
res de I'élément spiralé (170) sont espacées axiale-
ment les unes des autres.

Echangeur de chaleur (160) selon I'une quelconque
des revendications 1 a4 ou 7 a 9, dans lequel I'élé-
ment spiralé (170) est en contact avec le tube inté-
rieur (162) sur sensiblement toute la longueur de
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I'élément spiralé (170).

Echangeur de chaleur (160) selon I'une quelconque
des revendications précédentes, dans lequel les ex-
trémités axiales du tube extérieur (161) sont sou-
dées sur le tube intérieur (162).

Echangeur de chaleur (160) selon I'une quelconque
desrevendications précédentes, dans lequel le tube
extérieur (161) est relié au tube intérieur (162) par
des colliers (190) au niveau d’extrémités axiales res-
pectives du tube extérieur (161).

Echangeur de chaleur (160) selon I'une quelconque
des revendications précédentes, comprenant en
outre un premier collier (190) congu pour fixer le tube
extérieur (161) au tube intérieur (162) aune premiére
extrémité axiale du tube extérieur (161), le premier
collier (190) comportant un premier trou radial (195)
et la voie d’écoulement hélicoidale étant en commu-
nication fluidique avec le premier trou radial (195).

Echangeur de chaleur (160) selon la revendication
13, comprenant en outre un deuxiéme collier (190)
congu pour fixer le tube extérieur (161) au tube in-
térieur (162) a une deuxiéme extrémité axiale du tu-
be extérieur (161), le deuxiéme collier (190) com-
portant un deuxieme trou radial (196), dans lequel
la voie d’écoulement hélicoidale est en communica-
tion fluidique avec le deuxiéme trou radial (196) .

Echangeur de chaleur (160) selon la revendication
14, dans lequel le premier collier (190) comporte un
alésage central (191) ayant un diamétre - sensible-
ment égal a un diamétre extérieur du tube intérieur
(162), un premier contre-alésage (192) doté d’'un dia-
metre intermédiaire entre le diameétre de 'alésage
central (191) et un diamétre d’'un deuxiéme contre-
alésage (193), le diamétre du deuxiéme contre-alé-
sage (193) étant sensiblement égal au diameétre ex-
térieur du tube extérieur (161), et dans lequel I'alé-
sage central (191) regoit le tube intérieur (162) dans
celui-ci et le deuxiéme contre-alésage (193) recoit
le tube extérieur (161) dans celui-ci.

Echangeur de chaleur (160) selon la revendication
15, dans lequel le premier trou radial (195) est dis-
posé dans le premier contre-alésage (192).
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