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ABSTRACT

A heat exchange conduit includes a conduit body extending along a longitudinal axis
between an inlet at one end thereof and an outlet at an opposed end. The conduit body
has at least one conduit wall. At least one of the conduit walls is a heat-exchange wall
shaped to be in heat exchange relationship with an object or fluid in contact therewith.
An elongated turbulence strip is disposed within the conduit body and extends along a
length thereof. The turbulence strip has longitudinally spaced-apart flow impact walls.
Each flow impact wall has a peripheral rim and is perpendicular to the longitudinal axis.
A flow gap for fluid flow is defined between at least a portion of the peripheral rim of

each flow impact wall and an adjacent inner surface of the conduit wall.
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HEAT EXCHANGE CONDUIT AND HEAT EXCHANGER
TECHNICAL FIELD

[0001] The application relates generally to fluid conduits and, more particularly, to

heat exchangers.
BACKGROUND OF THE ART

[0002] Heated water is often rejected to the surrounding environment while still
warm and thus becomes waste water. The heat in the waste water often has economic

value, as it can be used to heat another fluid and save on heating costs.

[0003] A number of heat exchangers are known, but typically suffer from limited
effectiveness with respect to heat transfer, relatively high cost and/or relatively large
volume. Furthermore, some heat exchangers reduce the pressure of the fluid flowing

through them.
SUMMARY OF THE INVENTION

[0004] There is accordingly provided a heat exchange conduit, comprising: a conduit
body extending along a longitudinal axis between an inlet at one end thereof and an
outlet at an opposed end thereof, a fluid flow passage extending between the Inlet and
the outlet for conveying a fluid therethrough, the conduit body enclosing the fluid flow
passage having at least one conduit wall forming a heat-exchange wall, an inner
surface of the conduit wall being in heat exchange relationship with the fluid within the
fluid flow passage and an outer surface of the conduit wall shaped to be In heat
exchange relationship with an object or fluid in contact therewith; and a turbulence strip
disposed within the fluid flow passage of the conduit body, the turbulence strip being
elongated and extending at least a majority of a length of the conduit body along the
longitudinal axis, the turbulence strip having a plurality of flow impact walls which are
longitudinally spaced-apart with respect to the longitudinal axis, each of the flow impact
walls being perpendicular to the longitudinal axis and having a peripheral rim, a flow
gap for the fluid being defined between at least a portion of the peripheral rim of each of

the flow impact walls and the inner surface of the conduit wall adjacent thereto.
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[0005] There is also provided a heat exchanger, comprising: a first elongated
conduit extending along a longitudinal axis between a first inlet at one end thereof and a
first outlet at an opposed end thereof, the first conduit including a first heat-exchange
wall; a plurality of second elongated conduits extending along and parallel to the first
condult, each of the second conduits being in fluid communication with a second inlet at
one end thereof and with a second outlet at an opposed end thereof, each of the
second conduits including a second heat-exchange wall having a shape complementary
to that of the first heat-exchange wall of the first conduit, each of the second conduits
being retained against the first conduit with the second heat-exchange walls of the
second conduits adjacent to the first heat-exchange wall of the first conduit and
disposed in heat exchange relationship therewith; and an elongated turbulence strip
disposed Iin each of the second conduits and extending along a length thereof, the
turbuience strip having longitudinally spaced-apart flow impact walls, each of the flow
impact walls being perpendicular to the longitudinal axis, a flow gap for fluid flow being
defined between at least a portion of a peripheral rim of each of the flow impact walls

and an adjacent inner wall of said second condutt.

[0006] There Is further provided a method of manufacturing a heat-exchange
conauit, comprising: providing a conduit body having at least one conduit wall enclosing
a fluid flow passage, at least one of said conduit walls being a heat-exchange wall
shaped to be In heat exchange relationship with an object or fluid in contact therewith;
forming an elongated turbulence strip including a plurality of flow impact walls
longitudinally spaced-apart along a longitudinal axis, each of the flow impact walls
extending perpendicularly to the longitudinal axis; and inserting the turbulence strip into
the fluid flow passage of the conduit body to define a flow gap for fluid flow between at
least a portion of a peripheral rim of each of the flow impact walls and an adjacent inner

surface of the conduit body facing the fluid flow passage.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Reference is now made to the accompanying figures in which:

[0008] Fig. 1A is a perspective view of a heat exchanger, according to an

embodiment of the present disclosure;
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[0009] Fig. 1B is a perspective view of part of a heat exchange conduit of the heat

exchanger of Fig. 1A;
[0010] Fig. 1C is an end view of the heat exchange conduit of Fig. 1B;
[0011] Fig. 1D is an exploded view of the heat exchanger of Fig. 1A;

[0012] Fig. 2 is a perspective view of a turbulence strip for a heat exchange condutt,

according to another embodiment of the present disclosure;

[0013] Fig. 3 Is a perspective view of a turbulence strip for a heat exchange condult,

according to yet another embodiment of the present disclosure;

[0014] Fig. 4A 1s a perspective view of a turbulence strip having foldable portions,

according to yet another embodiment of the present disclosure;

[00158] Fig. 4B is a perspective view of the turbulence strip of Fig. 4A, the foldable

portions being shown folded into flow impact walls;

[0016] Fig. SA is a perspective view of a heat exchanger, according to yet another

embodiment of the present disclosure;
[0017] Fig. 5B is an exploded view of the heat exchanger of Fig. 5A;

[0018] FIg. OA Is a perspective view of coiled heat exchange conduits, according to

yet another embodiment of the present disclosure; and

[0019] Fig. 6B Is a side view of the coiled heat exchange conduits of Fig. 6A.
DETAILED DESCRIPTION

[0020] Figs. 1A and 1D illustrates a heat exchanger 10 for capturing heat from a

waste fluid, such as waste water. Although shown in a substantially horizontal
orientation, the heat exchanger 10 can have any other suitable orientation as required.
The heat exchanger 10 has a first conduit 11 which extends along a longitudinal axis 12
between a first inlet 13 and an opposed first outiet 14. One or more of the walls of the

first conduit 11 (s a first heat-exchange wall 15. The first heat-exchange wall 15 is in
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heat exchange relationship with a fluid or object which contacts the first heat-exchange
wall 15. The first heat-exchange wall 15 allows heat to transfer towards and/or away
from the fluid within the first conduit 11. In the embodiment shown, the lower wall of the
first conduit 11 is the first heat-exchange wall 15 and is in contact with correspondingly-
shaped walls of multiple second fluid conduits 20, which are described In greater detall
below. The first conduit 11 is therefore able to engage in conductive heat transfer, via
ts first heat-exchange wall 15, with the second fluid conduits 20 and the fluid fiowing

therein.

[0021] The heat exchanger 10 shown in Figs. 1A and 1D may be fluidly connected to
a waste water system. For example, the first inlet 13 of the first conduit 11 can be
connected to a drain pipe which drains warm waste water from a sink, dishwasher,
shower, or other appliance which uses hot water. The warm waste water flows through
the first conduit 11 and along its first heat-exchange wall 15 toward the first outlet 14.
Colder water which needs to be heated can flow in an opposite direction through the
second conduits 20, which are in heat exchange relationship with the warm waste water
of the first conduit 11 via its first heat-exchange wall 15. The colder water Is thus
warmed as It travels through the second conduits 20. In the embodiment shown,
multiple second conduits 20 are joined together at each end by sealing along their
mating faces. This sealing can be done by welding, soldering, brazing, gluing or any

other suitable joining technique.

[0022] Figs. 1B and 1C show one of the second conduits 20 of the heat exchanger

10. The second conduit 20 has a conduit body 21 which extends along the longitudinal

axis 12 between an Inlet 22 and a spaced-apart outlet 23 of the conduit body 21. As will
be described in greater detall below, the conduit body 21 can have any suitable cross-
sectional shape, and is not limited to the shape shown in Figs. 1B and 1C. Similarly, the
conduit body 21, and thus each second conduit 20, may not be a linear elongated
object. The conduit body 21 can be curved, winding, or take other elongated forms
between its inlet 22 and outlet 23, as will also be described in greater detail below.
Each of the second conduits 20 of the heat exchanger 10 are the same as the second

conduit 20 shown In Figs. 1B and 1C. In an alternate embodiment, not all of the second

conduits 20 of the heat exchanger 10 are the same.
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[0023] The conduit body 21 has one or more conduit walls 24. The number of
conduit walls 24 will depend on the cross-sectional shape of the conduit body 21. In the
embodiment of Figs. 1B and 1C, the conduit body 21 has a cross-section shaped like a
‘D”, and thus has two conduit walls 24 — a curved conduit wall 24A, and a substantially
planar conduit wall 24B. More or fewer conduit walls 21 are also possible. In another
embodiment, the conduit body 21 has a circular cross-sectional shape, such as a circle
or an oval, and thus has only one conduit wall 24. In yet another embodiment, the
conduit body 21 has a rectangular cross-sectional shape, and thus has four conduit

walls 24. The conduit body 21 may be formed by a single metal or plastic extrusion.

[0024] One or more of the conduit walls 24 is a second heat-exchange wall 25.
Similarly to the first heat-exchange wall 15 described above, each second heat-
exchange wall 25 facilitates heat transfer towards and/or away from the fluid within the
conduit body 21. Each second heat-exchange wall 25 Is in heat exchange relationship
with another object which is in contact therewith (e.g. the first heat-exchange wall 15),

or with a fluid flowing along an outer surface of the second heat-exchange wall 25.

[0025] The second heat-exchange wall 25 is therefore shaped to optimise the heat-
exchange relationship with another object or fluid, and the shape of the second heat-
exchange wall 25 can take many forms to achieve such functionality. For example, and
as shown in Figs. 1A and 1B, the second heat exchange wall 25 is the planar conduit
wall 24B which is in contact heat exchange relationship with the first heat-exchange
wall 15. The shapes of the first and second heat-exchange walls 15,25 are therefore

complementary, and in the illustrated embodiment, are substantially planar. In another
embodiment, where each second heat-exchange wall 25 1s In heat exchange
relationship with a fluid flowing along an outer surface thereof, an outer surface of each
second heat-exchange wall 25 may form a channel to allow the fluid to pool against
each second heat-exchange wall 25 as it flows therealong. Irrespective of the shape of
each second heat-exchange wall 25, the surface area of each second heat-exchange

wall 25 can be optimised to effect a larger heat transfer. It is observed that the amount
and/or rate of heat transfer can be affected by adjusting the surface area of the heat

transfer agent engaged with each second heat-exchange wall 25.

CAN_DMS: V1066738791 A
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[0026] Still referring to Figs. 1B and 1C, each of the second conduits 20 has an
elongated turbulence strip 30 (or “turbulator”) located within its conduit body 21 and

extending along some or all of the length of the conduit body 21. The turbulence strip
30 increases the turbulence of the fluid flowing through the conduit body 21 to
encourage heat transfer. More particularly, the turbulence strip 30 is used to increase
convection rates and heat transfer coefficients at heat exchange surfaces In fluid
passageways in order to provide high performance in compact heat exchange
assemblies, and to orientate fluids into a pre-defined direction often resulting in chaotic

paths.

[0027] The turbulence strip 30 is a single piece of material (e.g. plastic or metal)
having a unibody construction. The turbulence strip 30 is therefore a one-plece
construction. In the embodiment shown, the turbulence strip 30 can be physically
manipulated to achieve the desired form. More particularly, different portions of the
turbulence strip 30 may be bent, folded, stamped, or otherwise manipulated during or
after manufacturing the turbulence strip 30. This forms barriers which impede the flow
of fluid through the conduit body 21, thereby increasing the turbulence of the flow. The
barriers thus form flow impact walls 31, which are longitudinally spaced-apart along the

length of the turbulence strip 30.

[0028] Each flow impact wall 31 Is oriented perpendicularly to the [ongitudinal axis
12 of the conduit body 21 to obstruct the flow of the fluid within the conduit body 21,
forcing the fluid to deviate around the flow impact wall 31 to thereby Increase

turbulence. In so doing, each flow impact wall 31 increases the overall distance that the

fluid must travel through the conduit body 21. This increases the duration that the flow
remains in the conduit body 21, thereby providing a longer exposure to heat transfer via

the second heat-exchange wall 25.

[0029] [n an embodiment, the turbulence strip 30 is unattached to the conduit body

21 along most of the length of the conduit body 21, and can be attached by mechanical
means to a bend at each end of the conduit body 21. The turbulence strip 30 may also
be attached to the interior of the conduit body 21 using any suitable technique such that
the flow impact walls 31 remain stationary relative to the conduit body 21. For example,

in the embodiment of Fig. 1B, each flow impact wall 31 has a peripheral rim 33. The
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peripheral rim 33 of each flow impact wall 31 has side segments 33A adjacent to the
curved conduit wall 24A of the conduit body 21, and an exposed segment 33B adjacent
to the planar conduit wall 24B. The side segments 33A and the exposed segment 33B
are different portions of the peripheral rim 33. The exposed segment 33B of each flow
impact wall 31 is exposed to fluid flowing through the conduit body 21 and allows fluid
to pass around each flow impact wall 31. The attachment of the turbulence strip 30 or
portions thereof to the conduit body 21 can take many forms. For example, a sealant
may be used to join it to the conduit wall 24. The sealant can be any suitable waterproof
sealing agent such as a silicon or polyurethane caulking agent, or a waterproof epoxy.
In another embodiment, welding or brazing Is used to join the turbulence strip, or some
part thereof, to the conduit wall 24. Irrespective of the attachment technique that is
used, the attachment forms an obstruction to the flow at the point of attachment, forcing

fluid within the conduit body 21 to flow around the obstruction.

[0030] In the embodiment of Figs. 1B and 1C, each flow impact wall 31 Is a planar,
solid wall body which prevents fluid from flowing through each flow impact wall 31. The
obstruction of the fluid flow path by each flow impact wall 31 forces the fluid to flow
around each flow impact wall 31 and through a flow gap 32. The flow gap 32 is a space
or void defined at each flow impact wall 31 between some or all of a peripheral rim 33 of
the flow impact wall 31 and an inner surface 24C of one or more of the conduit walls 24
adjacent to said flow impact wall 31. in the embodiment of Fig. 1B, the flow gap 32 is
defined at each flow impact wall 31 between the exposed segment 33B of each

peripheral rim 33 and the inner surface 24C of the second heat-exchange wall 25.

[0031] It can thus be appreciated that a fluid flow passage 34 extends through the
conduit body 21 of each second conduit 20. The fluid flow passage 34 defines a path
followed by a fluid flowing in the conduit body 21 between the inlet 22 and the outlet 23
thereof. More particularly, and as shown in Fig. 1B, the fluid flow passage 34 is formed
by the flow obstructions created by each spaced-apart flow impact wall 31 and their
point of attachment with the conduit walls 24, such that the fluid flow passage 34
extends through the conduit boay 21 along the series of flow gaps 32. The fluid flow
passage 34 of each conduit body 21 therefore has a length greater than that of the

conduit body 21. The cross-sectional area of the fluid flow passage 34, as defined In a
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plane that is transverse to the longitudinal axis 12, is smaller than the cross-sectional

area of the conduit body 21.

[0032] Sitill referring to Figs. 1B and 1C, the fluid flow passage 34 at the inlet 22 of
the conduit body 21 allows fluid to flow in a relatively uniform flow stream. Once the
fluid flow impacts the flow impact walls 31 of the turbulence strip 30, the fluid flow
passage 34 is partitioned in the embodiment of Fig. 1B into a first fluid flow passage
34A over the exposed segment 33B of each flow impact wall 31, and into a second fluid
flow passage 34B along the side segments 33A of the flow impact wall 31. In the
embodiment of Figs. 1B and 1C, the first fluid flow passage 34A is defined between the
side segments 33A of the peripheral rim 33 and the adjacent inner surface 24 of the
curved conduit wall 24A. The second fluid flow passage 34B Is defined between the
exposed segment 33B of the peripheral rim 33 and the adjacent inner surface 24 of the
planar conduit wall 24B, which is also the heat-exchange wall 25. The first and second
fluid flow passages 34A,34B reunite behind the flow impact wall 31 into the single fluid
flow passage 34. This process is repeated for each flow impact wall 31 until the fluid

exits the second conduit 20 at its outlet 23.

[0033] It can thus be appreciated that the turbulence strip 30 helps to form a fluid
flow passage 34 defined by the combination of the conduit walls 24 of the second
conduit 20, and the flow impact walls 31. Substantially all of the fluid flow is therefore
intended to pass through the flow gaps 32 between each flow impact wall 31 and the
conduit walls 24. In the depicted embodiment, there are no flow paths through each
flow impact wall 31 itself. In contrast, some conventional flow-obstructing bodies used
to increase turbulence within a conduit allow the fluid to flow though the flow-obstructing
bodies. The turbulence strip 30 shown In Figs. 1B and 1C does not allow such a
through flow, as most if not all of the fluid is intended to flow via the flow gaps 32 within

the second conduit 20.

[0034] Some embodiments of the turbulence strip 30 are now described Iin greater

detail with reference to Figs. 2 and 3.

[0035] Referring to Fig. 2, the turbulence strip 130 includes planar flow walls 135

each of which extends between two spaced-apart flow impact walls 131. Each planar
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flow wall 135 is parallel to the longitudinal axis 12 and aligned along a direction of fluid
flow through the conduit body 21. Each planar floor wall 135 includes a first surface
135A, and an opposed second surface 135B. In this embodiment, the turbulence strip
130 is not symmetric. Instead, the turbulence strip includes longitudinally-spaced apart
and parallel flow impact walls 131, each of which is interconnected by planar flow walls
135 which extend perpendicularly to the flow impact walls 131. This configuration of the
turbulence strip 130 helps to create a divergent fluid flow passage 34. More particularly,
when this turbulence strip 130 is positioned within a horizontally-oriented second
conduit 20, an upper fluid flow path 134A is formed above and to the sides of the flow
impact walls 131. Turbulent flow is expected along this upper fluid flow path 134A as
the fluid fills the low pressure area created on the back side of each flow impact wall
131. A bottom fluid flow path 134B is formed beneath the planar flow walls 135. The
fluid flow passage 34 therefore extends along both sides of the planar flow walls 135.
The bottom fluid flow path 134B is relatively straight and is defined by the bottom
conduit walls of the second conduit and the flat bottom of the planar flow walls 135. In
contrast to the upper fluid flow path 134A, substantially laminar flow Is expected along
the bottom fluid flow path 134B.

[0036] Another embodiment of the turbulence strip 230 is shown In Fig. 3. The
turbulence strip 230 is symmetric, and has planar flow walls 235 extending between
longitudinally spaced-apart flow impact walls 231. Each planar floor wall 235 includes a
first surface 235A, and an opposed second surface 235B. Each flow impact wall 231
extends away from one of the first or second surfaces 235A,235B. Each planar flow
wall 235 is offset from an adjacent planar flow wall 235 in a direction that is
perpendicular to the longitudinal axis. The parallel planar flow walls 235 therefore
alternate between being on the bottom and the top of the conduit body of the second
conduit, when it is oriented substantially horizontally. The turbulence strip 230 helps to
create a divergent fluid flow passage 34. More particularly, when the turbulence strip
230 is positioned within a horizontally-oriented second conduit 20, a turbulent fluid flow
path 234A is formed about the sides of the flow impact walls 231. Turbulent flow Is
expected along this turbulent fluid flow path 234A as the fluid fills the low pressure area
created on the back side of each flow impact wall 231. Top and bottom fluid flow paths

234B,234C are formed between the planar flow walls 235 and upper and lower conduit
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walls. The top and bottom fluid flow paths 234B,234C are relatively straight and are
defined by the top and bottom conduit walls of the second conduit and the flat surfaces

of the offset planar flow walls 235. In contrast to the turbulent fluid flow path 234A,
substantially laminar flow is expected along the top and bottom fluid flow paths
234B,234C. The turbulent fluid flow path 234A mixes with the top and bottom fluid flow
paths 234B,234C on the back side of each flow impact wall 231, and the combined flow

path is expected to be turbulent.

[0037] Another embodiment of the turbulence strip 330 Is shown In Figs. 4A and 4B.
Referring to Fig. 4A, the turbulence strip 330 has longitudinally spaced-apart foldable
portions 336. Each of the foldable portions 336 is bent, folded, stamped, or otherwise
manipulated during or after manufacturing the turbulence strip 330 to form a
corresponding flow impact wall 331 as shown In Fig. 4B. Each flow impact wall 331
includes a fold line 332 about which two fold portions 334 of the foldable portions 336
are folded. The turbulence strip 330 is a single piece of material. The turbulence strip
330 and its folaable portions 336 can be precut to have different widths along its length
so that the flow impact walls 331 formed from the foldable portions 336 create the
desired fluid flow path through the second conduit upon being inserted therein, and
attached thereto. In the embodiment shown, each foldable portion 336 is shaped to be
inserted within a second conduit having a “D’-shaped cross-sectional shape. Each
foldable portion 336 can also be shaped to form a circular flow-impact wall 331 to

substantially fill a second conduit having a circular cross-sectional shape.

[0038] Figs. 5A and 5B show an embodiment of the heat exchanger 110 having an
upright and/or vertical orientation. The heat exchanger 110 has an upright first conduit
111 extending along an upright longitudinal axis 112 between an upper first inlet 113
and a |lower first outlet 114. The first conduit 111 has a circular cross-sectional shape,
and thus has a single conduit wall which forms the first heat-exchange wall 115.
Multiple upright second conduits 120 extend along and are parallel to the first conduit
111. Each of the second conduits 120 extends between a second inlet 122 at one end
thereof and a second outlet 123. A second heat-exchange wall of each second conduit

120 has a shape that is complementary to that of the first heat-exchange wall 115. Each

of the second conduits 120 Is retained against the first conduit 111, with the second
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heat-exchange walls of the second conduits 120 being curved to mate with the curvea

outer surface of the first heat-exchange wall 115.

[0039] Figs. 6A and 6B show another embodiment of the second conduits 220. The
conduit body 221 of each second conduit 220 is coiled between its inlet 222 and its
outlet 223. Each heat-exchange wall 225 is substantially planar and is shaped to be In
heat exchange relationship with a fluid flowing down the coil shape along an outer
surface of the heat-exchange wall 225. A heat exchanger is thus formed by the second
conduits 220, in that the second conduits 220 are arranged in a coll where warm water
travels downward along the flattened heat-exchange walls 225 to heat the fluid flowing
within each second conduit 220. In Figs. 6A and 6B, the planar heat-exchange wall 225
contributes to each second conduit 220 having a substantially “D"-shaped cross-
section. It can thus be appreciated that the flattened heat-exchange wall 225 of each
second conduit 220 forms a descending track. Warm waste water, such as “grey” water
from a dishwasher, can flow along the outer surface of the heat-exchange walls 225 to

neat the cooler water inside the second conduits 220.

[0040] In light of the preceding, it can be appreciated that the turbulence strip
30,130,230,330 provides walls that are perpendicular to the flow direction. These flow
Impact walls force a fluid, such as water, to travel around, over, and/or under the flow
Impact walls, and on the backside create an area of low pressure. As water fills that
area, It creates turbulence. The flow then returns to its normal flow pattern until it
iImpacts the next flow impact wall. It can thus be appreciated that by dividing the flow
Into different paths, the turbulence strip 30,130,230,330 helps to lower pressure losses.
Where muitiple second conduits are disposed parallel to one another in low flow
appiications, the flow impact walls help to create back pressure and ensure even flow
among the second conduits. Such a turbulence strip 30,130,230,330 may prove to be
particularly suitable for second fluid conduits which have Iirregular cross-sectional
shapes (i.e. those which are flat on one side, or curved to match the radius of another
conduit engaged therewith). Such a turbulence strip 30,130,230,330 may also improve
the turbulence for fluids flowing at low flow rates. This compares favourably to some

conventional flow-obstructing bodies used to increase turbulence, because these are
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less effective at creating turbulence for low flow rates. Flow-obstructing bodies which

provide for a helical motion of fluid are examples of these.

[0041] The turbulence strip 30,130,230,330 disclosed herein can also be
manufactured relatively easily from a single strip of material, such as a metal. This
facilitates insertion of the turbulence strip 30,130,230,330 within the second condult,
and its attachment thereto. In some instances, the turbulence strip 30,130,230,330 can
be positioned inside the second conduit when welding, without taking some of the usual
precautions associated with welding, as may be the case with flow obstruction devices
made from plastic. This may help to lower the cost of manufacturing the second

conduits, as well as increase the speed at which they can be made.

[0042] Some configurations of the turbulence strip 30,130,230,330 may use about
50% less material than some conventional fluid-obstructing bodies. When the
turbulence strip 30,130,230,330 is made from copper, for example, the second conduit
can be manufactured more quickly because a complex cooling system is not required
during the welding of the turbulence strip 30,130,230,330 to the second condult. This
compares favourably to conventional flow-obstruction bodies made from plastic, which

would melt at standard welding temperatures.

[0043] As used herein the term “fluid” is intended to mean gas or liquid. Examples of
liquids suitable for use with the heat exchangers described herein include, but are not
limited to, water, hydraulic fluid, petroleum, glycol, chemicals, oil and the like, and
steam. One example of a gas includes combustion engine exhaust gases. As used

herein, the term “water” is illustrative and not intended to limit the scope of the

functioning of devices described within. In any given usage, the term water can be

replaced with the term fluid.

N 4

[0044] As used herein, the term “close thermal contact”, “tight thermal contact” or
“thermal contact” is intended to mean a joint between two surfaces that is close enough
for direct conduction heat transfer to take place. This can be achieved by solder,
brazing, or welding the two surfaces together. It can also be achieved by gluing with a
thermally conductive adhesive or gel. It can also be achieved by ensuring a sufficient

clamping force, and that the mating surfaces are flat and clean.
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[0045] Referring to Figs. 1B and 1C, there is also disclosed a method of
manufacturing a heat-exchange conduit 20. The method includes providing a conduit
body 21 having at least one conduit wall 24. One of the walls 24 is a heat-exchange
wall 24 shaped to be in heat exchange relationship with an object or fluid in contact
therewith. The method includes forming longitudinally spaced-apart flow impact walls 31
in an elongated turbulence strip 30. Each flow impact wall 31 is perpendicular to a
longitudinal axis 12 of the conduit body 21. The method includes inserting the
turbulence strip 30 and its flow impact walls 31 into the conduit body 21 to define a flow
gap 32 for fluid flow between at least a portion of a peripheral rim 33 of each flow

impact wall 31 and an adjacent inner surface 24 of the conduit boay 21.

[0046] The above description is meant to be exemplary only, and one skilled in the
art will recognize that changes may be made to the embodiments described without
departing from the scope of the claimed invention. Still other modifications which fall
within the scope of the present invention will be apparent to those skilled in the art, In
light of a review of this disclosure, and such modifications are intended to fall within the

appended claims.
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CLAIMS:

1. A heat exchange conduit, comprising:

a conduit body extending along a longitudinal axis between an inlet at one end thereof
and an outlet at an opposed end thereof, a fluid flow passage extending
between the inlet and the outlet for conveying a fluid therethrough, the conduit
body enclosing the fluid flow passage having at least one conduit wall forming a
heat-exchange wall, an inner surface of the conduit wall being in heat exchange
relationship with the fluid within the fluid flow passage and an outer surface of
the conduit wall shaped to be in heat exchange relationship with an object or
fluid in contact therewith; and

a turbulence strip disposed within the fluid flow passage of the conduit body, the
turbulence strip being elongated and extending at least a majority of a length of
the conduit body along the longitudinal axis, the turbulence strip having a
plurality of flow impact walls which are longitudinally spaced-apart with respect
to the longitudinal axis, each of the flow impact walls being perpendicular to the
longitudinal axis and having a peripheral rim, a flow gap for the fluid being
defined between at least a portion of the peripheral rim of each of the flow

impact walls and the Inner surface of the conduit wall adjacent thereto.

2. The heat exchange conduit as defined in claim 1, wherein each flow impact wall

defines a planar solid surface shaped to obstruct fluid flow therethrough.

3. The heat exchange conduit as defined in claim 1 or 2, wherein the turbulence
strip Includes planar flow walls each extending between two of the flow impact walls,
each ptanar flow wall having a first surface and an opposed second surface and being
parallel to the longitudinal axis, the flow impact walls extending from both the first and

second surfaces of the planar flow walls.

4. The heat exchange conduit as defined in claim 3, wherein each planar flow wall
s offset from an adjacent planar flow wall in a direction being perpendicular to the

longitudinal axis.

CAN_DMS: \106673879\1 14
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<) The heat exchange conduit as defined in any one of claims 1 to 4, wherein the
fluid flow passage Is defined by the flow gaps and spaces between the longitudinally

spaced-apart flow impact walls, the fluid flow passage having a length greater than a

length of the conduit body.

6. The heat exchange conduit as defined in claim 5, wherein the fluid flow passage
has a cross-sectional area that is smaller than a cross-sectional area of the conduit
body.

/. The heat exchange conduit as defined in any one of claims 1 to 6, wherein the
tfluid flow passage is divided by each flow impact wall into a first fluid flow passage
being defined between a first portion of the peripheral rim and an adjacent inner surface
of the at least one conduit wall, and a second fluid flow passage being defined between
a second portion of the peripheral rim and an adjacent inner surface of the at least one

conduit wall, the first and second portions being different portions of the peripheral rim.

8. The heat exchange conduit as defined in claim 7, wherein the conduit body has
a cross-section shaped as a "D, the at least one conduit wall including a first curved
wall and a second substantially planar wall being the heat-exchange wall, the first fluid
flow passage being defined between the first portion of the peripheral rim and the
adjacent inner surface of the first curved wall, and the second fluid flow passage being
defined between the second portion of the peripheral rim and the adjacent inner surface

of the heat-exchange wall.

9. The heat exchange conduit as defined in any one of claims 1 to 6, wherein the
conduit body has a substantially horizontal orientation and has a D-shaped cross-
section, the at least one conduit wall including a first curved wall and a second
substantially planar wall, the second substantially planar wall being the heat-exchange

wall, the heat-exchange wall being an uppermost wall of the conduit body.

CAN_DMS: \106673879\1 15
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10. The heat exchange conduit as defined any one of claims 1 to 9, wherein the

turbulence strip Is a one-piece construction.

1. The heat exchange conduit as defined in any one of claims 1 to 10, wherein

each of the flow impact walls is a folded portion of the turbulence strip.

12. The heat exchange conduit as defined in any one of claims 1 to 11, wherein the
conault body is coiled between the inlet and the outlet, the heat-exchange wall being
shaped to be in heat exchange relationship with fluid flowing along the coil-shaped

conduit body along an outer surface of the heat-exchange wall.

13. A heat exchanger, comprising:

a first elongated conduit extending along a longitudinal axis between a first inlet
at one end thereof and a first outlet at an opposed end thereof, the first conduit
Including a first heat-exchange wall;

a plurality of second elongated conduits extending along and paraliel to the first
conduit, each of the second conduits being in fluid communication with a second inlet at
one end thereof and with a second outlet at an opposed end thereof, each of the
second conduits including a second heat-exchange wall having a shape complementary
to that of the first heat-exchange wall of the first conduit, each of the second conduits
being retained against the first conduit with the second heat-exchange walls of the
second conduits adjacent to the first heat-exchange wall of the first conduit and
disposed in heat exchange relationship therewith; and

an elongated turbulence strip disposed in each of the second conduits and
extending along a length thereof, the turbulence strip having longitudinally spaced-apart
flow impact walls, each of the flow impact walls being perpendicular to the longitudinal
axis, a flow gap for fluid flow being defined between at least a portion of a peripheral rim

of each of the flow impact walls and an adjacent inner wall of said second conduit.

14 The heat exchanger as defined in claim 13, wherein each second conduit

Includes a fluid flow passage extending therethrough, the fluid flow passage being

CAN_DMS: \106673879\1 16
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defined by the flow gaps and spaces between the spaced-apart flow impact walls, the

fluid flow passage having a length greater than a length of said second conduit.

15. The heat exchanger as defined in claim 13 or 14, wherein the first and second
conduits have a substantially horizontal orientation, and at least one second conduit
has a cross-section shaped as a “D”, said second conduit including a first curved wall
and a second substantially planar wall being the second heat-exchange wall, the
second heat-exchange wall being an uppermost wall of said second conduit and the

first heat-exchange wall being a lowermost wall of the first conduit.

10. The heat exchanger as defined in any one of claims 13 to 15, wherein each
turbulence strip includes planar flow walls each extending between two spaced-apart
flow impact walls, each planar flow wall having a first surface and an opposed second
surface and being parallel to the longitudinal axis, the flow impact walls extending from

both the first and second surfaces of the planar flow walls.

17. The heat exchanger as defined in claim 16, wherein each planar flow wall is
offset from an adjacent planar flow wall in a direction being perpendicular to the

longitudinal axis.

18. A method of manufacturing a heat-exchange conduit, comprising:

providing a conduit body having at least one conduit wall enclosing a fluid flow
passage, at least one of said conduit walls being a heat-exchange wall shaped to be In
heat exchange relationship with an object or fluid in contact therewith;

forming an elongated turbulence strip including a plurality of flow impact walls
longitudinally spaced-apart along a longitudinal axis, each of the flow impact walls

extending perpendicularly to the longitudinal axis; and

inserting the turbulence strip into the fluid flow passage of the conduit body to
define a flow gap for fluid flow between at least a portion of a peripheral rim of each of

the flow impact walls and an adjacent inner surface of the conduit body facing the fluid

flow passage.

CAN_DMS: \106673879\1 17
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19. The method as defined in claim 18, wherein forming the flow impact walls
includes manipulating longitudinally spaced-apart foldable portions of the turbulence

strip to form the flow impact walls.

20. The method as defined in claim 18 or 19, wherein inserting the turbulence strip
includes inserting the turbulence strip to define a fluid flow passage extending through
the conduit body, the fluid flow passage being defined by the flow gaps and spaces

between the spaced-apart flow impact walls.

CAN_DMS: \106673879\1 18
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