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FLUID HEAT EXCHANGER AND ENERGY
RECYCLING DEVICE

FIELD OF INVENTION

[0001] The present invention relates to heat exchanging
technology. In particular, the present mvention relates to a
heat exchanger, an energy recycling system, a fluid distribu-
tion manifold and a bafttle.

BACKGROUND OF THE INVENTION

[0002] In everyday life, people may use different washing
facilities for cleaning and washing. These facilities include,
for example, bathroom showers, sinks, washing tanks and the
like. However, 11 the washing facilities use hot water as a
washing medium, such wastewater discharged by the facili-
ties still contains a huge amount of heat, thereby resulting in
a waste of energy.

[0003] All along, people have tried various methods to
recover and utilize the energy lost 1n vain. For example, U.S.
Pat. No. 4,619,311 discloses an “equal volume, contra flow
heat exchanger”, which provides a heat exchanger and an
energy recovery device for improving heat energy recovery
from hot wastewater. As shown 1n FIGS. 1 and 1A, a heat
exchanger 430 includes an inner wastewater pipe 410 made of
copper or aluminum with smooth inner walls and an outer
pipe 412, the heat exchanger 430 1s installed vertically, and
the inner wastewater pipe 410 1s connected to a drain pipe 429
of a bathtub or sink 460 or the like, so that hot wastewater 432
passes through the mnner wastewater pipe 410 from the top
down and drains into sewers, cold feed water 426 enters the
heat exchanger 430 from a water inlet 417 through a cold
water pipe 416 and flows out from a water outlet 419 as
preheated water, and the preheated water flows into a water
heater 420 through a pipeline 418 to be further heated for
application or storage. As shown 1n FIG. 1A, the cold feed
water 426 passes between the mnner wastewater pipe 410 and
the outer pipe 412 from the bottom up and forms a “cold water
jacket” surrounding the inner wastewater pipe 410, and the
cold feed water exchanges heat with hot wastewater reversely
flowing 1n the 1nner wastewater pipe 410. As the inner diam-
cter of the inner wastewater pipe 410 1s greater than that of the
drain pipe 429, the hot wastewater will not fill the cavity of the
whole 1nner wastewater pipe 410 when passing through the
inner wastewater pipe 410, which can be attached to the inner
wall of the inner wastewater pipe 410 to form a thin film of the
hot wastewater 432 to tflow downwards spirally. The pre-
heated water flowing out from the water outlet 419 may
simultaneously flow 1into a mixing valve 434 through a pipe-
line 427, 1s mixed into tepid water with hot water from the
water heater 420 through a pipeline 444, and flows out from a
sprinkler 346 or a water tap 452 for use.

[0004] Although the heat exchanger and the energy recov-
ery device have a simple structure and can reduce the amount
of hot water use and heating energy consumption, the prob-
lem of low heat recovery efficiency still exists. As the “cold
water jacket” 426 exchanges heat with the hot wastewater
through a pipe wall of the inner wastewater pipe 410, due to
resistance of the pipe wall, most of the cold water may quickly
pass through a central portion between the inner wastewater
pipe 410 and the outer pipe 412 at a higher speed without
being fully heated, and with a laminar flow phenomenon of
water flow, the cold water quickly passed through 1s not fully
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mixed with preheated water that has been heated adjacent to
the pipe wall of the inner wastewater pipe 410, which causes
low recovery efficiency.

[0005] TheU.S. Pat. No. 4,619,311 1s incorporated into the
present invention by reference.

OBJECT OF THE INVENTION

[0006] Accordingly, it 1s an object of the present invention
to overcome or at least partially alleviate at least some of the
deficiencies associated with the prior art.

SUMMARY OF THE INVENTION

[0007] Broadly speaking, the present invention has
described a fluid heat exchanger and an energy recovery
device with high energy recovery efficiency, are simple to
install, convenient to use and easy to clean.

[0008] According to a first broad form of the present inven-
tion, there 1s provided a heat exchanger comprising a first
fluid tube through which a first fluid of a first temperature
flows, a second fluid tube through which a second fluid of a
second temperature flows, a baillle located 1n at least one of
said tubes for moderating flow of at least one fluid passing
therethrough, wherein the heat exchanger 1s configured for
communicating thermal energy between the first fluid and the
second fluid.

[0009] Preferably, the baflle may be configured to
exchange thermal energy between the first and second fluid.

[0010] Advantageously, the first tube and second tube may
be configured for exchange of thermal energy between the
first and second fluid.

[0011] Preferably, the heat exchanger may further com-
prises a passage between the first fluid tube and the second
fluid tube, the passage for recerving fluid leaking from the first
fluid tube or the second fluid tube.

[0012] Advantageously, the baille may be configured for
moderating the flow of fluid through at least one of the fluid
tubes, according to any one or more of the following configu-
rations: at least one elongate member extending 1n a direction
of radially or along at least one of the fluid tubes; at least one
protrusion extending radially from a wall of at least one of the
fluid tubes, wherein the protrusion 1s integrally formed or
detachably mounted on the wall; at least one protrusion
extending in a direction of along a wall of at least one of the
fluid tubes, the protrusion being integrally formed or detach-
ably mounted on the wall; at least one spiral guiding structure
extending along at least one of the fluid tubes; and at least one
sleeve extending along at least one of the tubes.

[0013] Preferably, the baffle may comprises at least one
clongate member extending in a spiral arrangement, wherein
the at least one elongate member extends 1n the direction of
around or about at least one of the fluid tubes, or along the

direction of the longitudinal axis of at least one of the fluid
tubes.

[0014] Preferably, the baifle may comprises at least one
clongate member, formed 1n one or more spiral elements
which extend around the mner circumierence of the tiuid
tubes or along the longitudinal axis of the fluid tubes for
moderating the flow of fluid through at least one of the tluid
tubes, and wherein the at least one elongate member extends
in the direction of around or about at least one of the fluid
tubes, or extends along the direction of the longitudinal axis
of at least one of the flud tubes.
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[0015] Preferably, the at least one elongate member may
extend about a core 1n an interengaged spiral arrangement, 1n
a longitudinal direction along at least one of the fluid tubes.

[0016] Preferably, the baffle may comprises at least one
clongate member extending in a direction of around or about
at least one of the fluid tubes, or along the direction of the
longitudinal axis of at least one of the fluid tubes, and said at
least one elongate member includes annular or spiral protru-
sions thereon.

[0017] Preferably, the baitle may includes at least one pro-
trusion extending radially from a wall of at least one of the
fluid tubes and wherein the at least one protrusion extends 1n
a annular or spiral arrangement.

[0018] Preferably, the protrusions may extend 1n an annular
or spiral arrangement along, about or within either or both of

the fluid tubes.

[0019] Preferably, the protrusions may extend 1n a spiral
arrangement include a plurality of spaces therebetween, the
spaces being substantially aligned to create a turbulent tlow
with the spiral flow.

[0020] Advantageously, the heat exchanger may further
comprises a plurality of elongate members having circumier-
ential helical grooves formed therein, and both the elongate

members and the grooves extend 1n a direction of along at
least one of the fluid tubes.

[0021] Preferably, the batile may includes at least one spiral
guiding structure extending along at least one of the fluid
tubes, the spiral guiding structure formed by a plurality of
members together define a spiral tlow path.

[0022] Preferably, the spiral guiding structure may include
a plurality of elements formed therein substantially aligned to
create a turbulent tlow with the spiral tlow path.

[0023] Preferably, the baftle may includes a sleeve which
extends along at least one of the fluid tubes.

[0024] Preferably, the sleeve may extend along, about or
within either or both of the fluid tubes and includes a plurality
of holes therein.

[0025] Preferably, the sleeve may extend in interengaged
spiral arrangements with a plurality of elongate members.

[0026] Preferably, the baille may include at least a first and
a further layer of elongate members, each of the layers com-
prising a plurality of elongate members each extending in a
common direction, the common direction of the elongate
members of the first layer being different from the common
direction of the elongate members of the further layer 20. A
heat exchanger according to claim 19, wherein the elongate
members of the first layer are configured so as to be 1n thermal
communication with the wall of at least one of the fluid tubes.

[0027] Advantageously, the baitfle may include a sleeve,
extending along at least one of the fluid tubes and located
between the first layer and the further layer.

[0028] Advantageously, the sleeve may include a plurality
ol holes therein.

[0029] Advantageously, at least one fluid tube may 1nclude
a plurality of elongate members wrapped about a common
longitudinal axis and along the at least one fluid tube, wherein
the tluid tube has generally elliptical cross sectional profile
formed by compression of a fluid tube having a generally
circular cross sectional profile.

[0030] Advantageously, the baille may include at least one
disc disposed within at least one of the tubes and wherein the
disc includes protrusions thereon which define a plurality of
flow paths.
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[0031] Advantageously, at least one of the fluid tubes of the
heat exchanger may be configured for recerving a cleaning
tube through an opening formed therein, the cleaning tube
directing a fluid stream for displacing deposits formed within
the heat exchanger.

[0032] Advantageously, a fluid distribution manifold may
have at least one protrusion which 1s located proximate the
inlet of at least one fluid tube of a corresponding heat
exchanger, wherein the fluid distribution manifold further
includes a vent therein.

[0033] Advantageously, the manifold may distribute fluid
into fluid tubes of the heat exchanger via at least one or more
passageways defined by the protrusion and manifold, wherein
the vent 1s 1n communication with at least one of the protru-
S1011S.

[0034] Optionally, the air flow to the fluid may be spaced
tube apart from the fluid flow by the vent.

[0035] Optionally, the protrusions of the manifold may be
spaced apart from the inlet of at least one or more of the fluid
tubes so as to direct the flow of air and fluid into the fluid
tubes.

[0036] Optionally, the protrusions of the manifold may
contact at least a portion of the 1nlet of at least one or more of
the fluid tubes.

[0037] According to a second broad form of the present
invention, there 1s provided an energy recycling system
including a heat exchanger and a fluid distribution manifold.
[0038] Preferably, the baflle may be according to any batile
in the embodiment of the heat exchanger above.

[0039] According to a third broad form of the present
invention, there 1s provided a kit for a heat exchanger includ-
ing a first flmd tube through which a first fluid of a first
temperature flows, a second tluid tube through which a sec-
ond fluid of a second temperature flows, and a baltle for
moderating the flow of fluid through at least one of the fluid
tubes according to any embodiment of the heat exchanger
above.

[0040] According to a fourth broad form of the present
invention, there 1s provided a kit for a heat exchanger accord-
ing to any embodiment above, and further including a clean-
ing tube according to any embodiment above, and/or a fluid
distribution manifold according to any embodiment above.
[0041] In a further aspect of an embodiment of the present
invention, there may be provided a kit for a heat exchanger
including a first fluid tube through which a first fluid of a first
temperature tlows, a second tluid tube through which a sec-
ond fluid of a second temperature flows, and a baftle for
providing resistance to the flow of tluid through at least one of
the fluid tubes according to the above.

[0042] In a further embodiment of the present invention
there 1s provided a fluid heat exchanger, including: a first fluid
collector having an opening, a cavity and a plurality of first
fluid outlets, where the opening covers all the first fluid out-
lets, for introducing a first flmd into the cavity, and then
exporting the first fluid out of the first fluid outlets in parallel;
a housing having a second fluid inlet, a second fluid outlet and
a second fluid cavity between the second fluid 1nlet and the
second fluid outlet; and a plurality of metal pipes each placed
in the second flud cavity, and forming a plurality of first fluid
channels through the second fluid cavity and the housing for
the first fluid to pass through 1n parallel, the first fluid chan-
nels separately communicate with the first fluid outlets of the
first fluid collector to recerve the first fluid exported from the
first fluid outlets, where the second fluid inlet 1s used for
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introducing a second fluid with a temperature different from
that of the first fluid, which flows through the second fluid
cavity, and exchanges heat with the first fluid passing through
in parallel within the first fluid channels by means of the
plurality of metal pipes to change the temperature of the
second fluid and then exported from the second fluid outlet.

[0043] In a further embodiment of the present invention
there 1s provided an energy recovery device, which icludes
the heat exchanger described above and an external means for
changing the temperature of the second fluid discharged from
the second fluid outlet to an appropriate temperature of use
and making the second fluid serve as the first fluid entered the
opening of the first fluid collector of the heat exchanger after
use.

[0044] The heat exchanger, the energy recovery device and
the energy recovery system according to the present invention
can elliciently recover energy in fluids, are simple to 1nstall,
convenient to use and easy to clean, which are suitable for use
in showers or sinks or other facilities.

[0045] According to an illustrative embodiment of the
present disclosure, a thermal conductive battle disposed 1n a
fluid channel, wherein the fluid channel 1s an annular channel
formed by internal and external tubular surfaces mutually
nested, at least one part of the two tubular surfaces 1s formed
by metal, the batlle clings to the two tubular surfaces and
maintains good thermal contact with the metal part of the
tubular surfaces, fluids passing through the annular channel
exchange heat with substances outside the annular channel by
means of the baitle and the metal part of the tubular surfaces,
the baille 1s formed by one or more metal strips having pro-
truding solid structures, and the centerline of the metal strip 1s
configured to surround the internal tubular surface.

[0046] Optionally, a plurality of annular projections 1is
spaced apart along a length direction of a surface of the metal
strip.

10047]

[0048] Optionally, a spiral center of the spiral spring-like
metal strip has another metal strip.

[0049] Optionally, the metal strip 1s formed by intertwining
of a plurality of metal wires.

[0050] Optionally, the metal strip 1s a spiral strip having a
non-circular cross-section.

[0051] Optionally, the centerline of the metal strip 1s paral-
lel to the centerline of the internal tubular surface.

[0052] Optionally, the centerline of the metal strip spirally
extends around the centerline of the internal tubular surtface.

[0053] Optionally, the centerline of the metal strip verti-
cally surrounds the centerline of the internal tubular surface.

[0054] According to another illustrative embodiment of the
present disclosure, a baitle having a thermal conductive baftle
disposed 1n a fluid channel, wherein the fluid channel 1s an
annular channel formed by internal and external tubular sur-
faces mutually nested, at least one part of the two tubular
surfaces 1s formed by metal, the baiile clings to the two
tubular surfaces and maintains good thermal contact with the
metal part of the tubular surfaces, fluids passing through the
annular channel exchange heat with substances outside the
annular channel by means of the baitle and the metal part of
the tubular surfaces, the baftle comprises a barrel structure
made of metal sheets and having a plurality of spiral pits on a
surface, and the pits form, 1n the annular channel, a plurality
of spiral channels surrounding the internal tubular surface to
allow the fluids to pass 1n parallel.

Optionally, the metal strip 1s spiral spring-like.
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[0055] Optionally, the spiral channels leave a straight-
through channel therebetween to allow part of the fluids to
directly pass through adjacent spiral channels, to increase
turbulence effects.

[0056] According to another illustrative embodiment of the
present disclosure, a baitle having a thermal conductive baitle
disposed 1n a fluid channel, wherein the fluid channel 1s an
annular channel formed by internal and external tubular sur-
faces mutually nested, at least one part of the two tubular
surfaces 1s formed by metal, the baitle clings to the two
tubular surfaces and maintains good thermal contact with the
metal part of the tubular surfaces, fluids passing through the
annular channel exchange heat with substances outside the
annular channel by means of the baitle and the metal part of
the tubular surfaces, and the baitle comprises two layers of
metal wires surrounding the iternal tubular surface, wherein
cach layer of metal wires comprises a plurality of metal wire
sections with gaps therebetween and arranged in parallel, and
at least part of the wire sections 1n the two layers of metal
wires are not parallel to each other.

[0057] According to another illustrative embodiment of the
present disclosure, a baitle having a thermal conductive battle
disposed 1n a fluid channel, wherein the fluid channel 1s an
annular channel formed by internal and external tubular sur-
faces mutually nested, at least one part of the two tubular
surfaces 1s formed by metal, the batlle clings to the two
tubular surfaces and maintains good thermal contact with the
metal part of the tubular surfaces, tfluids passing through the
annular channel exchange heat with substances outside the
annular channel by means of the batile and the metal part of
the tubular surfaces, the baille 1s formed by a plurality of
sheet-like objects superposed 1n the fluid channel with gaps,
the plurality of sheet-like objects each has an opening that
allows the fluids to pass, at least one part of the sheet-like
objects are spoilers, whose opening 1s configured such that
the fluids passing through the fluid channel need to circui-
tously pass between the spoilers, and at least one part of the
sheet-like object 1s made of metal and thermally contacts the
metal part of the tubular surfaces.

[0058] Optionally, openings of any two closest spoilers do
not overlap each other 1n a main surface direction and are
separately adjacent to the internal and external tubular sur-
faces forming the annular channel.

[0059] According to another illustrative embodiment of the
present disclosure, a baitle having a thermal conductive battle
disposed 1n a fluid channel, wherein the fluid channel 1s an
annular channel formed by internal and external tubular sur-
faces mutually nested, at least one part of the two tubular
surfaces 1s formed by metal, the batlle clings to the two
tubular surfaces and maintains good thermal contact with the
metal part of the tubular surfaces, fluids passing through the
annular channel exchange heat with substances outside the
annular channel by means of the baitle and the metal part of
the tubular surfaces, the baflle has a barrel structure made of
metal to partition the annular channel 1nto internal and exter-
nal annular channels mutually nested, and solid batile struc-
tures are formed 1n the two annular channels separately, and
separately thermally contact the barrel structure and the metal
part of the two tubular surfaces.

[0060] Optionally, the solid baille structures form, in the
annular channels, a plurality of spiral channels that allows the
fluids to pass 1n parallel.

[0061] Optionally, a straight-through channel 1s disposed
between the spiral channels to allow part of the fluids to pass
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through adjacent spiral channels by means of the straight-
through channel, to increase turbulence effects.

10062]

[0063] Optionally, the internal and external annular chan-
nels have the batile according to the present invention.

[0064] According to another illustrative embodiment of the
present disclosure, a baitle having a thermal conductive battle
disposed 1n a fluid channel, wherein the fluid channel 1s
tormed between two parallel sheet-like objects and a plurality
ol metal pipes passing through the two sheet-like objects, the
two sheet-like objects tightly nest the plurality of metal pipes,
the baille comprises a plurality of first metal wires parallel to
cach other and a plurality of second metal wires parallel to
cach other, which are superposed not 1n parallel to each other
to form a metal net, the metal net has a plurality of through
holes corresponding to the plurality of metal pipes so as to
tightly nest and thermally contact the plurality of metal pipes,
and fluids passing through the fluid channel pass through gaps
between the two layers of metal wires and the plurality of
metal pipes 1n disorder and exchange heat with substances in
the plurality of metal pipes by means of the net-like baftle and
the plurality of metal pipes.

[0065] According to another illustrative embodiment of the
present disclosure, a baitle having a thermal conductive baitle
disposed 1n a fluid channel, wherein the fluid channel 1s
formed jointly by an inner wall of a pipeline and outer walls
of a plurality of metal pipes disposed in the pipeline and
parallel to the centerline of the pipeline, the batile 1s formed
by parallel superposition of a plurality of sheet-like objects
whose surface 1s provided with a plurality of grooves, the
sheet-like objects have a plurality of through holes corre-
sponding to the plurality of metal pipes so as to tightly nest the
plurality of metal pipes, grooves on surfaces of two adjacent
sheet-like objects are not parallel to each other, the plurality
ol sheet-like objects each has an opening that allows tluids to
pass, at least one part of the sheet-like objects are spoilers,
configured such that openings of any two closest spoilers do
not overlap each other 1n a main surface direction, so that the
fluids passing through the tfluid channel need to circuitously
pass between the spoilers, at least one part of the sheet-like
objects 1s made of metal and thermally contacts the plurality
of metal pipes, and the fluids pass between the grooves 1n
disorder when passing through the fluid channel, and
exchange heat with substances 1n the metal pipes by means of
the metallic sheet-like object and the plurality of metal pipes
in thermal contact therewith.

[0066] According to another illustrative embodiment of the
present disclosure, a baitle having a thermal conductive battle
disposed 1n a fluid channel, wherein the fluid channel 1s
formed jointly by an inner Wall of a pipeline and outer walls
of a plurality of metal pipes disposed 1n the pipeline and
parallel to the centerline of the pipeline, the baitle 1s formed
by superposition of a plurality of net-like spoilers, each of the
net-like spoilers comprises a plurality of first metal wires
parallel to each other and a plurality of second metal wires
parallel to each other, the first metal wires and the second
metal wires are not 1n parallel to each other and the first metal
wires are superposed on the second metal wires, and each of
the net-like spoilers has a plurality of through holes corre-
sponding to the metal pipes so as to nest and thermally contact
the metal pipes, and fluids pass between the first and second
metal wires 1in turbulence, and exchange heat with substances
in the metal pipes by means of the battle and the metal pipes.

Optionally, the barrel structure 1s porous.
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[0067] Optionally, the net-like spoilers are constructed to
form rings having substantially the same width with the
through holes as centers, the rngs are connected with each
other, and except the part of rings, other parts of the net-like
spoilers form gaps.

[0068] Optionally, the net-like spoilers are constructed to
form rings having substantially the same width with the
through holes as centers, the rings are connected with each
other, and except the part of rings, the first metal wires and the
second metal wires 1n other parts of the net-like spoilers are
flattened to close meshes therebetween.

[0069] According to another illustrative embodiment of the
present disclosure, a thermal conductive batile disposed 1n a
fluid channel, wherein the flud channel has two parallel sur-
faces, at least one part of the two parallel surfaces 1s made of
metal, the batlle 1s formed by at least two layers of non-
parallel metal wires, which separately form two parallel sur-
faces of the fluid channel through contact and thermally con-
tact the metal part, and fluids passing through the fluid
channel pass between the metal wires, and exchange heat
with substances outside the channel through the metal wires
and the metal part forming the channel.

[0070] Optionally, each layer of metal wires comprises a
plurality of metal wire sections parallel to each other.

[0071] Optionally, part of metal wire sections of at leasttwo
layers of metal wires of the multiple layers of metal wires are
formed by the same metal wire and are connected through at
least one bend.

[0072] Optionally, the battle 1s formed through the follow-
Ing process: a. disposing one or more spiral spring-like metal
wires 1n a circular metal pipe with gaps; and b. flattening the
circular metal pipe to form two parallel surfaces, and making
the two parallel surfaces press against the plurality of metal
wires.

[0073] Optionally, the baitle comprises four layers of metal
WIres.
[0074] Optionally, the batile 1s formed through the follow-

ing process: a. curling a metal net formed by two layers of
non-parallel metal wires ito a cylindrical shape to be placed
in a circular metal pipe; and b. flattening the circular metal
pipe to form two parallel surfaces, and making the two par-
allel surfaces press against the layers of metal wires forming
the net-like cylinder.

[0075] According to another illustrative embodiment of the
present disclosure, a fluid heat exchanger, comprising: a
metal pipe, 1n which a first fluid channel that allows a first
fluid to pass 1s formed; and a second fluid channel surround-
ing the metal pipe, wherein a metal protruding spiral batile
structure 1n good thermal contact with the metal pipe 1s
formed on an mner wall of the metal pipe; 1 use, the metal
pipe 1s basically arranged vertically, and the first fluid passing
therein does not fill a cavity of the metal pipe, 1s attached to
the imnner wall of the metal pipe, 1s spirally downward along
the batlle structure, and exchanges heat with a second fluid
passing irom the bottom up 1n the second fluid channel
through the metal pipe and the protruding metal spiral struc-
ture.

[0076] Optionally, the spiral baille structure has a plurality
of open ends.
[0077] Optionally, open ends of the spiral baifle structure

are covered or form a slope to reduce accumulation of fouling
at the open ends.
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[0078] Optionally, the second fluid channel 1s an annular
channel jomntly formed by an mner wall of a second fluid
pipeline and an outer wall of a metal pipe disposed 1n the
second tluid pipeline.

[0079] Optionally, the annular channel has a metal baiile
thermally contacting the metal pipe, and a second tluid pass-
ing through the annular channel exchanges heat with the first
fluid passing through the metal pipe through the baitle and the
metal pipe 1n thermal contact therewaith.

[0080] Optionally, the annular channel has the batille
according the present invention.

[0081] Optionally, the second fluid channel 1s formed by
one or more flat metal pipes having two parallel surfaces, the
flat metal pipe spirally and tightly nests the metal pipe, and
one of the parallel surfaces clings to an outer wall of the metal
pipe.

[0082] Optionally, the flat metal pipe has the baille accord-
ing to the present invention.

[0083] According to another illustrative embodiment of the
present disclosure, a fluid heat exchanger, comprising: a first
fluid collector having an opening, a cavity and a plurality of
first fluid outlets, wherein the opeming covers all the first fluid
outlets, and a first fluid 1s collected and introduced to the
cavity, and then 1s exported out of the first fluid outlets 1n
parallel; a housing having a second fluid inlet, a second fluid
outlet and a second fluid cavity between the second fluid nlet
and the second tluid outlet; and a plurality of metal pipes each
placed 1n the second fluid cavity, and forming a plurality of
first fluid channels passing through the second fluid cavity
and the housing to allow the first fluid to pass 1n parallel, the
first fluid channels separately communicating with the first
fluid outlets of the first fluid collector to recerve the first fluid
exported from the first fluid outlets, wherein the second fluid
cavity has a metal baftle thermally contacting the plurality of
metal pipes; and the second fluid inlet 1s used for introducing
a second tluid whose temperature 1s different from that of the
first fluid, which passes through the second fluid cavity, and
exchanges heat with the first fluid passing in parallel 1n the
first fluid channels by means of the plurality of metal pipes
and the metal baille, so that the temperature of the second
fluid 1s changed and then the second fluid 1s exported from the
second fluid outlet.

[0084] Optionally, the opening of the first fluid collector 1s
used for introducing the first fluid into the cavity of the first
fluid collector.

[0085] Optionally, the metal pipes are formed by mutual
nesting of internal and external metal pipes, the internal and
external metal pipes maintain good thermal contact therebe-
tween and are provided with a micro-channel that allows the
first or second fluid to pass when the internal or external metal
pipe breaks.

[0086] Optionally, the micro-channel 1s communicated to
the outlet above the plurality of metal pipes.

[0087] Optionally, the flow divider comprises a plurality of

battles for evenly introducing the first fluid into the plurality
of first fluid channels.

[0088] Optionally, the flow divider 1s detachably installed
to the opeming of the first fluid collector.

[0089] Optionally, the first fluid 1s a liquid, the bailles are

disposed adjacent to the first fluid outlet and are provided with
through holes, and each through hole communicates with an
air vent disposed 1n a higher position.
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[0090] Optionally, the through hole 1s communicated to the
air vent through a vent pipe and the collector 1s further pro-
vided with a filtration device which has a through hole nested
to the vent pipe.

[0091] Optionally, the bailles are spiral members disposed
in the first fluid channel, which facilitate the first fluid to
spirally pass 1n the first fluid channel.

[0092] Optionally, the baitles are detachable.

[0093] Optionally, inner walls of the metal pipes are pro-
vided with spiral protruding metal battle structures 1n thermal
contact with the metal pipes.

[0094] Optionally, upstream open ends of the spiral batile
structure are covered or form a slope to reduce accumulation
of fouling at the open ends.

[0095] Optionally, a plurality of second tluid annular chan-
nels separately surrounding each metal pipe to allow the
second flud to pass 1n parallel 1s formed 1n the second tfluid
cavity and the second fluid channel has the metal batile
according to the present invention, which thermally contacts
the metal pipes.

[0096] Optionally, the second fluid cavity has a batile
formed by parallel superposition of a plurality of sheet-like
objects with gaps, each ol the sheet-like objects has a plurality
of through holes corresponding to the metal pipes so as to nest
the metal pipes, at least one part of the sheet-like objects 1s
made of metal and thermally contacts the metal pipes, at least
one part of the sheet-like objects are spoilers, on which an
opening that allows the second fluid to pass 1s formed, and
openings of any two closest spoilers do not overlap each other
in a main surface direction of the spoilers, to facilitate the
second fluid to circuitously pass between the spoilers 1n the
second fluid cavity, and to exchange heat with the first fluid in
the metal pipes by means of the baille and the metal pipes.
[0097] Optionally, the sheet-like objects have the baille
according to the present invention therebetween, which ther-
mally contacts the plurality of metal pipes.

[0098] Optionally, the second fluid cavity has the batile
according to the present mvention.

[0099] Optionally, the first fluid 1s a liquid, and centerlines
ol the plurality of metal pipes are basically arranged horizon-
tally.

[0100] Optionally, a section of an mner wall of the metal
pipes 1s flat and has a major axis and a minor axis, and the
major axis 1s basically arranged horizontally.

[0101] Optionally, the inner wall of the metal pipes has two
parallel surfaces and the two parallel surfaces have the baitle
according to the present invention therebetween.

[0102] Optionally, a vertical height of the inner wall of the
metal pipes 1s not more than 6.5 mm.

[0103] According to another illustrative embodiment of the
present disclosure, an energy recovery device, comprising;:
the heat exchanger according to the present invention; and an
external temperature-varying apparatus, wherein the second
fluid after heat exchange 1n the heat exchanger 1s introduced
into the external temperature-varying apparatus, the tempera-
ture of the second fluid 1s changed to a suitable operating
temperature, and the second flwuid, after use, serves as the first
fluid mtroduced into the heat exchanger.

[0104] Optionally, the external temperature-varying appa-
ratus comprises a heater or a cooler.

[0105] Optionally, the external temperature-varying appa-
ratus comprises a fluid mixer mixing the second fluid after
heat exchange with an external preheated or precooled third
fluid to change the temperature.
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[0106] Optionally, the first fluid 1s wastewater, and the sec-
ond fluid 1s clean water.

[0107] Optionally, the heat exchanger 1s installed to the
bottom of a bathtub or a sink of a washing facility or a base of
a shower, or 1s integrally formed with the base of the shower
or the sink, to recerve hot wastewater generated 1n shower or
washing.

[0108] Optionally, a drain hole of the bathtub, the sink of
the washing facility, or the shower covers all first fluid outlets
in a horizontal direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0109] The basic structure of the present invention 1s 1llus-
trated below with reference to the accompanying drawings,
where:

[0110] FIG. 1 1s a schematic structural view of an equal
volume, contratlow heat exchanger and an energy recovery
device 1n the prior art;

[0111] FIG. 1A 1s a sectional view along Line 1A-1A 1n
FIG. 1, illustrating a cross-sectional structure of the heat
exchanger 1n the prior art;

[0112] FIG. 2 1s an exploded perspective view of a first
embodiment of a flmd heat exchanger according to the
present invention, illustrating a schematic structural view of a
first embodiment of a batile according to the present imven-
tion;

[0113] FIG. 2A 1s a schematic view showing that a protrud-
ing spiral structure 1n a wastewater channel covered by a ring
according to a first embodiment of the present invention;

[0114] FIG. 3 1s a sectional perspective view of the main
body of the fluid heat exchanger shown 1n FIG. 2;

[0115] FIG. 4 15 a sectional perspective view of an assem-
bling state of the fluid heat exchanger shown 1n FIG. 2;
[0116] FIG. S1saschematic view of ametal strip 1n the first
embodiment of the baitle according to the present invention;
[0117] FIG. 61s aperspective view of a second embodiment
ol the batlle according to the present invention;

[0118] FIGS. 7-9 are schematic views of a third embodi-
ment of the baltle according to the present invention;

[0119] FIG. 10 1s a perspective view ol a fourth embodi-
ment of the batile according to the present invention;

[0120] FIG. 11 1s a schematic view of a spiral spring-like
metal strip in the fourth embodiment of the batfle according to
the present invention;

[0121] FIG. 12 1s a perspective view of a fifth embodiment
of the baille according to the present invention;

[0122] FIG. 13 1s aperspective view of a sixth embodiment
ol the batlle according to the present invention;

[0123] FIG. 14 1s a schematic view of spiral spring-like
metal strips 1n the sixth embodiment of the bafile according to
the present invention;

[0124] FIG. 15 1s a perspective view of a seventh embodi-
ment of the batile according to the present invention;

[0125] FIG. 16 1s a schematic view ol metal strips of metal
wires 1n the seventh embodiment of the baitle according to the
present invention;

[0126] FIG. 17 1s a perspective view of an eighth embodi-
ment of the batile according to the present invention;

[0127] FIG. 18 1sa schematic view of a metal spiral strip 1n
the eighth embodiment of the baftle according to the present
invention;

[0128] FIG. 19 1s aperspective view of a ninth embodiment
of the batlle according to the present invention;
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[0129] FIG. 20 1s an exploded perspective view of the ninth
embodiment of the baille according to the present invention;

[0130] FIG. 21 1s a perspective view showing that the battle
shown 1n FIG. 19 1s mnstalled 1n the heat exchanger;

[0131] FIG. 22 1s aperspective view of a tenth embodiment
of the batlle according to the present invention;

[0132] FIG. 23 1s aperspective view showing that the batile
shown 1n FIG. 22 1s nstalled 1n the heat exchanger;

[0133] FIGS. 24-25 are schematic views ol an eleventh
embodiment of the baitle according to the present invention;

[0134] FIG. 26 1s a schematic view of a twelfth embodi-
ment of the baille according to the present invention;

[0135] FIG. 27 1s a perspective view of a metal strip for
manufacturing the baille shown in FI1G. 26;

[0136] FIG. 28 1s aperspective view showing that the battle
shown 1n FIG. 26 installed 1n the heat exchanger;

[0137] FIG. 29 1s a schematic view of a thirteenth embodi-
ment of the baiile according to the present invention;

[0138] FIGS. 30 and 31 illustrate spoilers of the batile
shown 1n FIG. 29;

[0139] FIG. 32 1llustrates a heat transfer sheet of the bafile
shown 1 FIG. 29;

[0140] FIG. 33 1s a schematic view of a fourteenth embodi-
ment of the baitle according to the present invention;

[0141] FIG. 34 1s a schematic view of a heat conducting
cylinder used 1n the baitle shown 1n FIG. 33;

[0142] FIG. 35 1s a perspective view showing the battle
shown 1n FIG. 33 1nstalled in the heat exchanger;

[0143] FIG. 361s aschematic view of a second embodiment
of the heat exchanger according to the present invention;

[0144] FIG. 37 1s a schematic view of a fifteenth embodi-
ment of the batile according to the present invention;

[0145] FIG. 38 1s a schematic view of a sixteenth embodi-
ment of the baille according to the present invention;

[0146] FIG. 39 1s a schematic view of a seventeenth
embodiment of the baitle according to the present invention;

[0147] FIG. 40 1s a schematic view of a circular fluid pipe-
line internally provided with a plurality of parallel spiral
metal wires clinging thereto which forms the batile of F1G. 37
or 38 after flattening;

[0148] FIG. 41 15 a perspective view of a third embodiment
of the heat exchanger according to the present invention;

[0149] FIG. 42 1s an exploded perspective view of the heat
exchanger shown 1n FIG. 41;

[0150] FIGS. 43 and 43A 15 a perspective view of a tlow
divider used in the heat exchanger shown 1n FIG. 41;

[0151] FIG. 44 1s a schematic view of a filtration device 1n
the heat exchanger shown 1n FIG. 41;

[0152] FIGS. 45 and 45A 1s a sectional perspective view of
the heat exchanger shown in FIG. 41;

[0153] FIG. 46 1s a sectional perspective view of the main
body of the heat exchanger shown 1n FIG. 41;

[0154] FIG. 47 1s an exploded perspective view of a nested
structure of a heat exchange pipe;

[0155] FIG. 48 1s a sectional perspective view of a heat
exchanger 1dentical to that of FIG. 45, illustrating an opera-
tion of removing fouling of the heat exchange pipe;

[0156] FIG. 49 15 a perspective view of a baitle forming the
second embodiment of the flow divider according to the
present invention;

[0157] FIG. 50 1s a perspective view showing the battle
shown 1n FIG. 49 1nstalled in the heat exchanger;
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[0158] FIG. 51 1s aperspective view of a situation where the
main body ofthe heat exchanger shown in FIG. 42 1s disposed
with an annular channel;

[0159] FIG. 52 15 a sectional perspective view of an eigh-
teenth embodiment of the bafifle according to the present
invention;

[0160] FIGS. 53-54 are perspective views of a spoiler 1in the
cighteenth embodiment of the baftle according to the present
imnvention;

[0161] FIG.551saperspective view of a heat transfer sheet
in the eighteenth embodiment of the present invention;
[0162] FIG. 56 1s a sectional perspective view of a nine-
teenth embodiment of the baflle according to the present
invention;

[0163] FIG. 57 1s a perspective view of a spoiler 1n the
nineteenth embodiment of the baitle according to the present
invention;

[0164] FIG. 58 1sasectional perspective view of a twentieth
embodiment of the baitle according to the present invention;
[0165] FIGS. 59-60 are perspective views of a spoiler 1n the
twentieth embodiment of the bafile according to the present
imnvention;

[0166] FIG. 61 1s a perspective view of a heat transfer sheet
in the twentieth embodiment of the baifle according to the
present invention;

[0167] FIG. 62 1s a sectional perspective view of a twenty-
first embodiment of the baille according to the present mnven-
tion;

[0168] FIG. 63 1s an exploded perspective view of the
twenty-first embodiment of the baftle according to the present
invention;

[0169] FIG. 64 1s a sectional perspective view of a twenty-
second embodiment of the baflle according to the present
invention;

[0170] FIG. 65 1s a perspective view of a spoiler 1n the
twenty-second embodiment of the baifle according to the
present invention;

[0171] FIG. 66 1s an exploded perspective view of the
twenty-second embodiment of the baifle according to the
present invention;

[0172] FIG. 67 1s a sectional perspective view of a twenty-
third embodiment of the batile according to the present inven-
tion;

[0173] FIG. 68 1s a perspective view of a spoiler in the
twenty-third embodiment of the present invention;

[0174] FIG. 69 1s an exploded perspective view of a fourth
embodiment of the heat exchanger according to the present
invention and a bathroom drain device;

[0175] FIG.701s aperspective view of an assembling state
ol the heat exchanger and the bathroom drain device shown in
FIG. 69;

[0176] FIG. 71 1s an exploded perspective view of the heat
exchanger shown 1n FIG. 69;

[0177] FIG.721s asectional perspective view of an assem-
bling state of the heat exchanger shown 1n FIG. 69;

[0178] FIG. 73 1s an exploded perspective view of the heat
exchange pipe shown in FIG. 69;

[0179] FIG. 74 1s a perspective view ol a nested state of the
heat exchange pipe shown 1 FIG. 73;

[0180] FIG.751saschematic view of a fifth embodiment of
the heat exchanger according to the present invention being,
placed on the bathroom floor;

[0181] FIG. 76 1s an exploded perspective view of the heat
exchanger and a water collector shown 1n FIG. 75;
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[0182] FIG. 77 1s an exploded perspective view of the heat
exchanger shown 1n FIG. 75; and

[0183] FIG. 78 1s a schematic view of an internal baffle
structure of a heat exchange pipe 1n the heat exchanger shown

in FIG. 75.

DETAILED DESCRIPTION

[0184] The present invention relates to a thermal conduc-
tive baftle, a fluid heat exchanger and an energy recovery
device. Embodiments 1n which the thermal conductive baftle,
the fluid heat exchanger and the energy recovery device of the
present mnvention are combined with a bathroom shower and
a sink of a washing facility are described below only by way
of examples with reference to the accompanying drawings. It
should be understood that the present invention 1s not limited
thereto.

[0185] FIGS. 2, 2A, 3 and 4 1llustrate a structure of a first
embodiment of a fluid heat exchanger according to the
present invention. The heat exchanger 1 includes a heat
exchanger main body 11 and a battle 31. The heat exchanger
main body 11 includes a housing 13 and a metal pipe 15. The
housing 13 has a cold water (second fluid) mlet 17, a tepid
water (preheated second fluid) outlet 18 and a cold water
(second fluid) conduit 19 between the cold water inlet 17 and
the tepid water outlet 18. The metal pipe 15 15 vertically
disposed 1n the cold water conduit 19 and passes through the
housing 13, and a hot wastewater (first fluid) channel 21 for
hot wastewater (first fluid) to pass through i1s formed in the
metal pipe 15. A protruding battle structure 22 1s disposed on
an inner wall of the metal pipe 15. The battle structure 22 1s
formed by one or more solid metal spiral structures extending
along a length direction of the metal pipe 15, and maintains
good thermal contact with the inner wall of the metal pipe 15.
The baflle structure 22 can be assembled 1nto the metal pipe
15 1n the following manner:

[0186] a. spiraling and coiling one or more solid metal
wires on a straight bar with gaps, to such that overall outer
diameter thereot less than the inner diameter of the metal pipe
15;

[0187] b. placing the straight bar and the metal wires
together 1n a suitable position within the metal pipe 15;
[0188] c. looseming the metal wires, such that the metal
wires naturally rebound to press against the inner wall of the
metal pipe 15; and

[0189] d. removing the straight bar.

[0190] A cold water (second fluid) annular channel 23
(FIG. 3) surrounding an outer wall of the metal pipe 15 1s
formed between the metal pipe 15 and the cold water conduit
19. In the following description about various embodiments
of the present invention, the first fluid 1s hot wastewater and
the second fluid 1s cold water as an example for 1llustration,
but the present ivention 1s not limited thereto.

[0191] Durning the operation of the heat exchanger 1, the
cold water inlet 17 1s directly or indirectly connected to a cold
water source (not shown) of a building, the tepid water outlet
18 1s connected to a bathroom heater (not shown) or a mixing
valve (not shown), and the hot wastewater channel 21 1s
communicated to a drain pipe (not shown) of a shower device
or the like to recerve hot wastewater generated during shower.
The inner diameter of the hot wastewater channel 21 1is
designed such that hot wastewater generated generally by
shower 1s not sufficient to fill its cavity. The hot wastewater
attaches to an inner wall of the hot wastewater channel 21 to
slowly flow downwards. The battle structure 22 slows down
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the speed at which the hot wastewater flows downwards, and
tacilitates the spiral motion of the hot wastewater 1n the metal
pipe 15 to delay the time period of 1ts stay 1n the hot waste-
water channel 21. In the meantime, heat exchange surfaces of
the hot wastewater 1s also significantly increased. These all
elfectively enhance heat exchange eificiency of the heat
exchanger. To further enhance the efliciency of heat conduc-
tion between the battle structure 22 and the metal pipe 15 and
prevent the bafile structure 22 from shifting, a layer of solder
may be pre-coated on surfaces of the metal wires. After the
metal wires are placed in the metal pipe 15, relevant parts may
be placed 1n a high-temperature furnace for heating, so that
the solder melts to braze the batile structure onto the inner
wall of the metal pipe 15. Certainly, the batlle structure 1s
optional, which may be omitted 1n the following drawings and
description of embodiments.

[0192] Toreduce that fouling (such as hair) accumulated on
one or more open ends of the top (upstream) of the protruding
spiral structure 22 affecting the drainage effect, the open ends
may form a slope 10 (FIG. 2) that facilitates the fouling to

slide or may be covered by another ring 29 as 1llustrated 1n
FIG. 2a.

[0193] Meanwhile, the cold water 1s introduced from the
cold water inlet 17 to tlow through the cold water annular
channel 23 from the bottom up, and exchanges heat with hot
wastewater flowing through the hot wastewater channel 21 by
means of the metal pipe 15, so that the temperature of the cold
water 1s changed and the cold water becomes preheated water,
and then exported from the tepid water outlet 18 and provided
to the bathroom heater or the mixing valve (not shown) for
use.

[0194] As shown in FIGS. 2-4, the metal pipe 15 1s formed
by mutual nesting of two metal pipes, 1.¢., an external metal
pipe 25 and an internal metal pipe 26, and the external metal
pipe 25 and the internal metal pipe 26 maintain good thermal
contact therebetween, and leave a micro-channel 27 that can
allow the wastewater or cold water to pass through. The
micro-channel 27 1s formed between the external metal pipe
25 and the internal metal pipe 26 by having small concave-
convex structures on a surface of the internal metal pipe 26
through knurling or the like. Under normal conditions, no
cold water or wastewater seeps leak out from the micro-
channel 27 between the external metal pipe 25 and the inter-
nal metal pipe 26. However, when one of the external metal
pipe 25 or the internal metal pipe 26 1s damaged to cause
seepage ol cold water or hot wastewater, the cold water or hot
wastewater may flow out of the heat exchanger 1 through the
micro-channel 27 and alert the user. Certainly, the nested
structure 1s optional, and for the sake of simplicity, 1n the
tollowing drawings and description, the metal pipe 15 may be
illustrated and described in the form of a single piece.

[0195] The heat exchanger 1 1n the first embodiment of the
fluid heat exchanger according to the present invention fur-
ther includes a batile 31, to turther improve the heat exchange
eificiency. As shown 1n FIG. 4, the baille 31 surrounding the
metal pipe 15 1s disposed 1n the cold water annular channel 23
tformed by tubes, 1.e., the metal pipe 15 and the cold water
conduit 19. The batile 31 1s made of metal, which tightly
presses against on the imner wall of the cold water conduit 19
and maintains good thermal contact with the outer wall of the
metal pipe 15. A manner in which the batile 31 1s installed
may include welding, or after the battle 31 1s placed, the inner
diameter of the metal pipe 15 1s slightly expanded so that the

Jul. 28, 2016

outer wall of the metal pipe 15, the battle 31 and the inner wall
of the cold water conduit 19 pressed together.

[0196] FIGS. 2, 3 and 4 1illustrate a structure of a first
embodiment of a thermal conductive baille according to the
present invention. The batile 31 includes a plurality of solid
metal strips 33 (see FIG. §5). A plurality of solid annular
projections 34 1s spaced apart along a length direction of the
metal strips 33. The plurality of solid metal strips 33 1s adja-
cently configured around the outer wall of the metal pipe 15
with their centerlines parallel to the centerline of the metal
pipe 15. The cold water 1s blocked by the plurality of metal
strips 33 when passing through the cold water annular chan-
nel 23, and the cold water passes through between the outer
wall of the metal pipe 15, the metal strips 33, the annular
projections 34 and the inner wall of the cold water conduit 19
in turbulence, and exchanges heat with the hot wastewater
flowing through the hot wastewater channel 21 by means of
heat conduction of the baftle 31 and the metal pipe 15. The
thermal conductive baitle 31 significantly increases the heat
exchange surface with the cold water, and can constantly
change the flow direction of the cold water to generate a
turbulence effect, thereby improving the heat exchange effi-
ciency. The cold water conduit 19 may also be made of metal,
so that the inner wall of the cold water conduit 19 also
becomes the heat exchange surface with the cold water.

[0197] FIG. 6 1llustrates a structure of a second embodi-
ment of a thermal conductive batile according to the present
invention. The battle 41 1s made of one or more solid metal
strips 33 as shown in FIG. 5. The metal strips 33 spirally
extend with their centerlines around the outer wall of the
metal pipe 15. The function and the effect of the baitle 41 are
substantially the same as those of the baftle 31, which are not
repeated herein.

[0198] FIGS. 7-9 illustrate a structure of a third embodi-
ment of a thermal conductive batlle according to the present
invention. The baille 41' includes a plurality of solid metal
strips 36 made of metal. A plurality of solid annular projec-
tions 37 are spaced apart from each other along a length
direction of the metal strips 36. Each of the metal strips 36
surrounds the metal pipe with 1ts centerline perpendicular to
the centerline of the metal pipe 15, and the annular projec-
tions 37 of adjacent metal strips 36 are staggered. The func-
tion and the effect of the baftle 41' are substantially the same
as those of the baitle 31, which are not repeated herein.

[0199] To facilitate assembly of the plurality of metal strips
36, planes 38 back to each other may be formed on the solid
annular projections 37, and then the metal strips 36 are fixed
to a metal sheet 39 by means of the planes 38. Afterwards, the
metal sheet 39 1s bent 1nto a cylindrical shape (FI1G. 9) to be
nested onto the metal pipe 15, and another plane 38 of the
annular projections 37 1s pressed against the metal pipe 15. In
this way, a contact area of the baitle 41' and the metal pipe 15
1s increased, and the thermal conductive function 1s enhanced.

[0200] FIGS. 10-11 1illustrate a structure of a fourth
embodiment of a thermal conductive baille according to the
present invention. The battle 51 includes a plurality of spiral
spring-like metal strips 53 (see FIG. 11) made of solid metal
wires. The metal strips 33 are adjacently configured around
the outer wall of the metal pipe 15 with their centerlines
parallel to the centerline of the metal pipe 15. The function
and the effect of the batile 51 are substantially the same as
those of the baille 31, which are not repeated herein.

[0201] FIG. 12 1llustrates a structure of a fifth embodiment
of a thermal conductive baitle according to the present inven-
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tion. The baille 61 1s formed by one or more metal strips 53 as
shown 1 FIG. 11. The metal strips 53 spirally extend with
their centerlines around the outer wall of the metal pipe 15.
The function and the eflfect of the baitle 61 are substantially
the same as those of the batfile 31, which are not repeated
herein.

[0202] Similarly, the metal strips 53 shown 1n FIG. 12 may
also surround the metal pipe with their centerlines perpen-
dicular to the centerline of the outer wall of the metal pipe 15,

so as to construct a baille (not shown) similar to the batile
shown 1n FIG. 7.

[0203] FIGS. 13-14 illustrate a structure of a sixth embodi-
ment of the baille having a thermal conductive battle accord-
ing to the present invention. The battle 71 includes a plurality
of metal strip 75, each comprises a first spiral spring-like
metal element 73 (see FIG. 14) and a second metal strips 74
extending along the center of the spiral element 73 to increase
the heat exchange surface. The second metal strips 74 shown
in FIG. 14 are straight bars, but they may be various kinds of
metal strips described previously or below. The metal strips
75 are adj acently configured around the outer wall of the
metal pipe 15 with their centerlines parallel to the centerline
of the metal pipe 15. The function and the eflfect of the baiile
71 are substantially the same as those of the baftle 31, which
are not repeated herein.

[0204] Similarly, one or more metal strips 75 shown in FIG.
14 may spirally extend with their centerlines around the outer
wall of the metal pipe 15, or the plurality of metal strips
surrounds the metal pipe with their centerlines perpendicular

to the centerline of the metal pipe 15, so as to construct a baftle
(not shown) similar to the batile shown in FIGS. 6 and 7.

[0205] FIGS. 15-16 1illustrate a structure of a seventh
embodiment of a thermal conductive battle according to the
present invention. The batffle 81 includes a plurality of metal
strips 83 (see FI1G. 16), and each of the metal strips 83 1s made
by intertwining of two solid metal wires 84 and 85, on whose
surface there 1s a spiral concave structure. The metal strips 83
are adjacently configured around the outer wall of the metal
pipe 15 with their centerlines parallel to the centerline of
metal pipe 15. The metal strips may also be formed by inter-
twining of a plurality of metal wires. The function and the
cifect of the baftle 81 are substantially the same as those of the
battle 31, which are not repeated herein.

[0206] Similarly, one or more metal strips 83 shown 1n FIG.
16 can spirally extend with their centerlines around the outer
wall of the metal pipe 15, or the plurality of metal strips 83
surrounds the outer wall of the metal pipe with their center-
lines perpendicular to the centerline of the metal pipe 15, so as

to construct a baftle (not shown) similar to the battle shown in
FIGS. 6 and 7.

[0207] FIGS. 17-18 illustrate a structure of an eighth
embodiment of a thermal conductive batile according to the
present invention. The battle 91 includes a plurality of metal
spiral strips 93 having rectangular or non-circular cross-sec-
tions, on whose surfaces there are spiral concave structures 95
(see FIG. 18). The metal spiral strips 93 are adjacently con-
figured around the outer wall of the metal pipe 15 with their
centerlines parallel to the centerline of the metal pipe 15. The
function and the effect of the baffle 91 are substantially the
same as those of the batile 31, which are not repeated herein.

[0208] Similarly, one or more metal spiral strips 93 shown
in FIG. 18 can spirally extend with their centerlines around
the outer wall of the metal pipe 15, or the plurality of metal
strips 93 surrounds the outer wall of the metal pipe with their
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centerlines perpendicular to the centerline of the metal pipe
15, so as to construct a batile (not shown) similar to the batile
shown i FIGS. 6 and 7.

[0209] FIGS. 19-20 1llustrate a structure of a ninth embodi-

ment of the baitle having a thermal conductive battle accord-
ing to the present mvention. The bafifle 101 has a barrel
structure made by stamping of metal, and 1s formed by two
semi-barrel structures 102 and 103, on whose surfaces there
are a plurality of spiral pits 104 and 103 to form a plurality of
spiral channels that allows the cold water to flow through 1n
parallel, and a plurality of straight-through through holes 106
and 107 1s further provided between the spiral pits 104 and
105 to allow part of the cold water to directly pass through
adjacent spiral channels with a non-circuitous straight-
through path to generate turbulence effects. FIG. 21 1llus-
trates a state 1n which the baitle 101 is installed 1n the heat
exchanger main body 11. The cold water exchanges heat with
the hot wastewater flowing through the hot wastewater chan-
nel 21 by means of heat conduction of the baitle 101 and the
metal pipe 15 when flowing through the plurality of spiral
channels 1n parallel.

[0210] FIG. 22 illustrates a structure of a tenth embodiment
of the thermal conductive baille according to the present
invention. The baftle 111 includes two layers of helically
configured un-parallel (preferably with reverse helical direc-
tion) solid metal wires 112 and 113 overlapping each other
that surround the metal pipe 15. Each layer of metal wires 112
and 113 includes a plurality of metal wires sections spaced
apart and parallel to each other where the metal wires 112 1n
the mner layer presses against and thermally contacts the
outer wall of metal pipe 15 along the majority of their length,
while the metal wires 113 1n the outer layers butts against the
inner wall of the cold water conduit 19. The cold water pass-
ing through the annular channel 23, tlows through gaps 114
(see F1G. 23) between the two layers ofwires 112 and 113 and
exchanges heat with hot wastewater 1n the wastewater chan-
nel 21. The baille 111 significantly increases the heat
exchange surface of cold water and constantly changes the
flow direction; these are helpiul to improve the heat exchange
eificiency of the heat exchanger.

[0211] The baille 111 with thermal conductive function as
illustrated 1n FI1G. 22 may be fabricated by method as 1llus-
trated 1n FI1G. 22 A:

[0212] 1. A plurality of metal wires 112A,112B,112C and
112D are spirally arranged about mandrel 114 with gaps and
in parallel, to form an inner metal wire layer 112;

[0213] 2. Upon spirally arranged about mandrel 114 for a
certain of length, the plurality of metal wire 112A, 112B,
112C and 112D are further spirally arranged about mandrel
114 1n counterclockwise direction with gaps and 1n parallel,
to form an outer metal wire layer 113;

[0214] 3. Prior to relieving or cutting the plurality of metal
wires 112A, 1128, 112C and 112D, the two metal wire layers
are welded 1n suitable position with suitable means (such as
spot welding) to form a rigid metal tubular mesh;

[0215] 4. The metal wires are removed from mandrel 114
and then cutting nto suitable length to form the batlle as

illustrated in FIG. 22.

[0216] In the aforementioned example, mandrel 114 may
also be replaced by metal tube 15 and directly weld the
plurality of metal wires 112A,112B, 112C and 112D thereon.

[0217] By using the method as above, baftle with more than
two metal wire layers may be fabricated to increase heat
exchange surface and enhance turbulence effect. FIGS. 24-25
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illustrate a structure of an eleventh embodiment of the ther-
mal conductive baifle according to the present mvention.
Structure of baille 121 1s basically same as batile 111 (FIG.
22) except that 1t 1s formed by curling a metal mesh 121" as
shown in FIG. 25. The metal mesh 121" includes two layers of
metal wires. Each layer includes a plurality of solid straight
metal wires 122' and 123" parallel to each other and spaced
apart. The two layers are superposed and welded with the
wires unparallel to form the mesh 121'. The function and
cifect of the batile 121 are substantially the same as those of
battle 111, which are not repeated herein.

[0218] FIG. 26 1llustrates a structure of a twelfth embodi-
ment of a thermal conductive batile according to the present
invention, FIG. 27 illustrates a shape of the metal strips 132
for manufacturing the baitle 131, and FIG. 28 illustrates a
state 1n which the baitle 131 1s installed in the heat exchanger
main body 11. The batile 131 has a barrel structure made by
cutting of metal strip 132 after curling. Multiple pairs of
mutually aligned solid spoilers 134 and 135 functioning to
battle flow are convexly formed on internal and external
surfaces of cylindrical walls 133 respectively, and the spoilers
134 and 135 maintain good thermal contact with the outer
wall of the metal pipe 15 and press against the inner wall of
the conduit 19. The cylindrical walls 133 and the spoilers 134
and 135 respectively form two groups of internal and external
spiral channels 136 and 137 1n the cold water annular channel
23. The cold water passes through the two groups of internal
and external spiral channels 136 and 137 1n parallel. Due to
heat conduction of the mutually aligned solid spoilers 134
and 135 of the battle 131 as well as the cylindrical walls 133
and the metal pipe 135, the heat exchange surface with the cold
water 1s significantly increased, thereby improving the heat
exchange efliciency. The spoilers 134 and 1335 are further
respectively provided with a plurality of substantially aligned
notches 138 and 139, to allow part of the cold water to directly
pass through two adjacent spiral channels 136 and 137 with a
non-circuitous straight-through path, thereby generating tur-
bulence effects.

[0219] FIG. 29 to FIG. 32 1illustrate a structure of a thir-

teenth embodiment of a thermal conductive batile according
to the present invention. The baitle 55 1s horizontally super-
posed 1n the annular channel 23 (FIG. 29) through sheet-like
objects as shown 1 FIG. 30 to FIG. 32 with gaps, and the
sheet-like objects 56,57 and 58 (FI1GS. 30-32) all have central
through holes (561, 581 and 571) for tightly nesting the metal
pipe 15 and openings that allow the fluids to pass, where the
opening 562 of the sheet-like object 536 (FI1G. 30) 1s formed 1n
adjacent to the central through hole 561, the opening 574 of
the sheet-like object 57 (FIG. 31) 1s formed by a gap between
a periphery 572 thereot and the inner wall of the cold water
conduit 19, and the sheet-like object 58 (FIG. 32) has two
openings, including an opening 582 formed adjacent to the
central through hole 581 and an opening 584 formed by a gap
between a periphery 383 thereof and the inner wall of the cold
water conduit 19. The sheet-like objects 56, 57 and 58 are at
least partially made of metal (1n the above example, the sheet-
like objects 56, 57 and 58 are all made of metal) and thermally
contact the outer wall of the metal pipe 15. The sheet-like
objects 56 and 57 are spoilers, and any two closest spoiler 56
and 57 when placed 1n the annular channel 23 (FIG. 29),
whose openings do not overlap each other in a main surface
direction, so that the cold water passing through the annular
channel 23 needs to circuitously flow between the baiile
spoiler 56 and 57 alternately from inside to outside and then
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from outside to inside so as to alternately pass through the
openings 562 and 574 to form turbulence effects, and increase
the rate of heat exchange.

[0220] To further increase heat transfer effects, one or more
metal heat transfer sheets 58 may be added between the
spoiler 56 and 57. When the cold water passing through the
annular channel 23 passes through any two closest spoiler 56
and 57, the cold water passes in parallel through two main
surfaces of the heat transfer sheets 58, and exchanges heat
with the hot wastewater passing through the metal pipe 15 by
means of the heat transtfer sheets 58 and the metal pipe 15. The
metal sheet-like object 56, 57 or 38 significantly increases the
heat exchange surface of the cold water; the spoiler 56 and 57
constantly change the flow direction of the cold water to
generate turbulence effects; these are all helpful to improve
the heat exchange etliciency of the heat exchanger 11.

[0221] FIGS. 33-35 1illustrate a structure of a fourteenth
embodiment of a thermal conductive batile according to the
present invention. The baille 141 1s similar to the baifle 111 in
the tenth embodiment, and includes two layers of un-paral-
leled solid metal wires 142 and 143 overlapping each other to
surround the metal pipe 15. The difference merely lies 1n that
a heat conductmg cylinder 144 1s dlsposed between the two
layers of metal wires 142 and 143 of the baitle 141. A plurality
of through holes 146 1s formed on cylinder walls 145 of the
heat conducting cylinder 144. FIG. 35 illustrates a state in
which the baitle 141 1s installed in the heat exchanger main
body 11. The heat conducting cylinder 144 partitions the cold
water annular channel 23 1nto internal and external annular
channels, the solid metal wires 142/143 thereby forming two
groups of cold water spiral channels. Part of the cold water
spirally passes through the two groups of cold water spiral
channels, and part of the cold water passes through the
through holes 146 on the heat conducting Cyhnder 144
between the metal wires, to generate turbulence eflects. The
baftle 141 significantly increases the heat exchange surface of
the cold water, thereby enhancing the heat exchange effi-
ciency of the heat exchanger. In this embodiment, the metal
wires 142 and 143 respectively constitute internal and exter-
nal baitles, and the internal and external bafiles may be any
one or a combination of any two of the battles in the first to
thirteenth embodiments. Due to the thermal conduction of the
heat conducting cylinder 144, the internal and external baitles
and the metal pipe 15, the heat exchange surface with the cold
water 1s significantly increased, thereby enhancing the heat
exchange efficiency.

[0222] Inthe foregoing embodiments, pipe 15 and the ther-
mal conductive baftles are made of metal, preferably they
should be made of good thermal conductors such as copper or
aluminium or its alloy to enhance heat exchange. Optionally,
cold water conduit 19 can also be made of metal so that 1ts
internal wall becomes a heat exchange surface to enhance
heat exchange.

[0223] Inthe foregoing embodiments, the thermal conduc-
tive ballles are placed 1n an annular channel formed by 2 tubes
(metal pipe 15 & cold water conduit 19) which includes at
least one metal wall (metal pipe 14) and 1s 1n thermal contact
with at least one metal wall (metal pipe 135) that form the
annular channel. Fluid (cold water) exchange heat with hot
wastewater (second fluid) outside the annular channel. But
optionally, other substance, such as electric heating wires, can
be placed outside the annular channel, for example, side
metal pipe 15 or outside cold water conduit 19, so that the heat
exchanger can serve as a fluid heater. If an electric heating
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wire 1s placed outside the cold water conduit, the metal pipe
15 may be replaced by a solid member.

[0224] FIG. 36 illustrates a second embodiment of the heat
exchanger according to the present invention. The heat
exchanger 32 includes a metal pipe 15 and a metal cold water
conduit 42 spirally surrounding the metal pipe 15, which
tightly nests and thermally contacts the metal pipe 15. A
section of the cold water conduit 42 1s flat, and a section on an
outer wall thereof has at least one straight side and clings to an
outer wall of the metal pipe 15 so as to increase a contact
surface with the metal pipe 15.

[0225] In use of the heat exchanger 32, an inlet 43 (cold

water ilet) of the cold water conduit 42 located 1n the bottom
1s directly or indirectly connected to a cold water source (not
shown) of the building; an outlet 44 (tepid water outlet) on the
top thereof 1s connected to a bathroom heater (not shown) or
a bathroom mixing value (not shown). Like the heat
exchanger 11 1n the first embodiment, the hot wastewater
channel 21 of the heat exchanger 32 1s communicated to a
drain pipe (not shown) of a shower device or the like to receive
hot wastewater generated during shower. The hot wastewater
passes through the metal pipe 15 1n a manner 1dentical to that
in the first embodiment, which is not repeated herein.

[0226] In the meantime, the cold water 1s introduced from
the cold water 1nlet 43 to tlow through the spiral conduit 42
from the bottom up, and exchanges heat with hot wastewater
flowing through the hot wastewater channel 21 by means of
the metal pipe 15, so that the temperature of the cold water 1s
changed and the cold water becomes preheated water, and
then 1s exported from the tepid water outlet 44 and provided
to the bathroom heater or mixing valve (not shown) for use.

[0227] To increase the heat exchange efficiency, the spiral
protruding structure in the first embodiment (FIG. 2) can
optionally be added to the wastewater channel 21, the func-
tion of which 1s not repeated herein; meanwhile, a thermal
conductive baftle as shown 1n FIG. 37, 38 or 39 may also be
added to the cold water conduit 42.

[0228] As shown in FIG. 37, the batile 35 1s placed 1n a
metal fluid conduit 42', a fluid channel 45 formed on an 1nner
wall of the fluid conduit 42' has two parallel surfaces 47 and
48. The baille 1s formed by upper and lower layers of metal
wires 49 and 52, each layer of metal wires 1s formed by a
plurality of metal wire sections parallel to each other and
arranged with gaps, and each layer of metal wires (thermally)
contacts the two parallel surtaces 47 and 48 respectively. Part
of wire sections in the two layers ol metal wires are formed by
the same metal wire and are connected through bends 54 and
59. Fluids passing through the fluid channel 45 pass between
the two layers of metal wires 49 and 52 and between various
sections of parallel metal wires 1n turbulence, and exchange
heat with substances outside the channel 435 (for example, the
hot waste water 1n the metal pipe 15) by means of the two
layers of metal wires 49 and 52 and walls of metal channels 1n
thermal contact therewith.

[0229] Oneormoremetal fluid conduit 42" having the baiile
35 as shown 1n FIG. 37 may tightly be wound to the outer wall
of the metal pipe 15 to form the heat exchanger 32 (FI1G. 38).
The batile 35 in the fluid channel 45 significantly increases
the heat exchange surface of the cold water, and constantly
changes the flow direction of the cold water, to effectively
improve heat exchange effects.
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[0230] The fluid channel having the heat conducting batile
35 may be manufactured 1n the following manner:

[0231] a. coiling one or more metal wires on a straight bar

with gaps, such that an overall outer diameter thereof slightly
less than the inner diameter of a circular metal pipe;

[0232] b. placing the straight bar and the metal wires
together 1n a suitable position in the metal pipe;

[0233] c. looseming the metal wires, such that the metal
wires are naturally rebound to press against the inner wall of
the metal pipe;

[0234] d. removing the straight bar, to form a circular fluid

conduit having a plurality of parallel spiral metal wires cling-
ing thereto as shown 1n FIG. 40; and

[0235] e. flattening the circular metal pipe to form the fluid

pipeline of the baiffle having a thermal conductive batile as
shown 1n FIG. 37 or 38.

[0236] The difference between FIG. 37 and FIG. 38 lies 1n
that: for the baille 35 shown 1n FIG. 37, the upper and lower
layers of metal wires thereof are tightly pressed together, so
that heat can be rapidly transierred from one parallel surface
to the other parallel surface through thermal conduction
between the two layers of metal wires; and for the baitle 3%
(1n the sixteenth embodiment) shown 1n FIG. 38, the upper
and lower layers of metal wires thereof leave a gap therebe-
tween, to allow more fluids to pass through and result in
smaller pressure loss, and technicians can choose to use the
baftle according to situations.

[0237] FIG. 39 1llustrates a seventeenth embodiment of the
baitle according to the present invention. The batfile 62 1s
disposed 1n a metal fluid channel 45, and the fluid channel 45
has two parallel surfaces 47 and 48. The batile 1s formed by
superposition of four layers of metal wires 63, 64, 65 and 66
which are pressed together to provide thermal contact there
between, each layer of metal wires has a plurality of metal
wire sections parallel to each other and having gaps, and
metal wire sections 1n two adjacent layers of metal wires are
not parallel to each other. The metal wire 63 1n the top layer
(thermally) contacts the upper parallel surface 48 of the fluid
channel 45; the metal wire 66 1n the bottom layer (thermally)
contacts the lower parallel surface 47 of the fluid channel 45,
and part of sections of the metal wires 63 and 66 in the top
layer and the bottom layer are formed by the same metal wire,
and are connected through bends 67 and 67'. Part of sections
of two layers of metal wires 64 and 65 in the middle are
formed by the same metal wire and are connected through
bends 68 and 68'. The fluids passing through the fluid channel
435 pass through the four layers of metal wires and the parallel
metal wire sections in turbulence, and exchange heat with
substances outside the channel (for example, the hot waste
water 1n the metal pipe 15) by means of the metal wires and
metal walls of fluid channels 1n thermal contact therewaith.

[0238] One or more metal fluid channels 42' having the
baftle 62 as shown 1n FIG. 39 may tightly be wound to the
metal pipe 15 to form the heat exchanger 32 (FIG. 36). The
baftle 62 significantly increases the heat exchange surface of
the cold water, and constantly changes the flow direction of
the cold water, which are helpiul to improve heat exchange
ellects.

[0239] Thefluid channel having the batile 62 may be manu-
factured 1n the following manner:

[0240] a. placing the net-like metal cylinder shown 1n FIG.
22 or 24 into a metal circular pipe whose inner diameter 1s
slightly greater than that of the net-like cylinder; and
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[0241] b. flatteming the metal circular pipe and the net-like
cylinder together such that the circular pipe form two parallel
surtaces and tightly press the (four layers of) metal wires.

[0242] FIG. 41 1llustrates a third embodiment of the heat
exchanger according to the present invention. The heat
exchanger 160 1s installed below a sink 162 and a tabletop
163. As shown 1n FIG. 42, the heat exchanger 160 1includes a
wastewater collector 165, a main body 167 and a wastewater
connector 169. The wastewater collector 163 has an opening
172, a cavity 173 and a plurality of wastewater outlets 174.
The opening 172 1s located above the plurality of wastewater
outlets 174, and covers all the wastewater outlets 174 1n a
horizontal direction. The main body 167 includes a housing
177 and a plurality of heat exchange pipes 179. The waste-
water connector 169 has a plurality of wastewater recerving,
holes 182 and wastewater discharge ports 183. The opening,
172 of the wastewater collector 165 communicates with a
drain hole 161 of the sink 162, to receive hot wastewater
generated during washing. The drain hole 161 covers all the
wastewater outlets 174 1 a horizontal direction. The hot
wastewater flows into the cavity 173 through the opening 172
ol the wastewater collector and then flows out of the cavity
173 1n parallel from the plurality of wastewater outlets 174.
The plurality of wastewater outlets 174 separately communi-
cates with the plurality of heat exchange pipes 179, such that
the hot wastewater pass through hot wastewater channels 185
in parallel. The hot wastewater, enters the wastewater con-
nector 169 from the plurality of wastewater recerving holes
182 after passing through the main body 167, and 1s then
discharged from the wastewater discharge ports 183 to adrain
pipeline (not shown) outside the building.

[0243] To ensure the wastewater flow out from the plurality
of wastewater outlets 174 evenly and avoid that the wastewa-
ter only rapidly flows out from one or two wastewater outlets
to affect the heat exchange efficiency, a tlow divider 181 (see
FIG. 43) may detachably be disposed 1n the cavity 173. The
How divider 181 includes a chassis 1811, ariser 1812 extend-
ing upwards from the chassis 1811 and an upper cover 1813
covering an upper end of the riser 1812. The chassis 1811 1s
provided with a plurality of bailles 1814 corresponding to the
wastewater outlets 174. The baftles 1814 are adjacent to or
placed 1in 1nlet ends of the wastewater outlets 174 respectively,
so that the wastewater 1s blocked by the baftles 1814 to pass
through gaps 180 (see FIG. 45) between the baitles 1814 and
the wastewater outlets 174 with relatively even flow 1n enter-
ing the wastewater channels 183. The quantity of wastewater
flow 1s insutficient to fill the whole wastewater channels 185,
and thus the wastewater 1s attached to inner walls of the
wastewater channels 185 and tlows downwards around a cen-
tral air column of the wastewater channels 185.

[0244] The bafiles 1814 have through holes 1815, which
communicate with the riser 1812. An air vent 1817 1s formed
on the upper end of the riser 1812. The wastewater, when
passing through the bailles 1814, forms low pressure 1n the
vicinity of the through holes 1815, to suck air into the waste-
water channels 185 from the air vent 1817, so that the air can
still enter the wastewater channels 185 when the wastewater
floods the wastewater outlets 174 to maintain the state of
having the central air column.

[0245] Alternatively, as shown in F1G. 43 A, Baitles 1814 of
the flow divider 181 may include gaps 1818. When inserted in
the wastewater outlet 174 (FIG. 45A) the Bailles 1814 con-
tacts the waste water outlet 174 and the gap 1818 form pas-
sageway 182 for wastewater to evenly tlow through.
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[0246] The downward flowing wastewater, exchanges heat
with cold water tlowing reversely outside the heat exchange
pipes through the heat exchange pipes 179.

[0247] To reduce the fouling accumulated and clogged 1n
the wastewater channels 185, a strainer 64 as shown 1n FIG.
44 may be disposed in the cavity 173 of the wastewater
collector 165 for separating hair and other garbage. The
strainer 64 has a through hole 641 located in the center to
allow the riser 1812 to pass through and small holes 642
located in the periphery to allow the wastewater to pass
through. The strainer 64 and the flow divider 181 are detach-
ably installed in the cavity 173 of the wastewater collector
165 such that a user may remove the strainer 64 and the tlow
divider 181 at the opening 172 for cleaning.

[0248] As shown in FIG. 45, a protruding baftile structure
186 can be formed on the inner walls of the wastewater
channels 185 to improve the heat exchange efficiency, where
the function, effect, and assembly method are substantially
the same as those of the batile structure 22 shown 1n FIG. 3,

and thus are notrepeated herein. Similarly, the battle structure
1s optional, and such ballle structure may be omitted 1n the
following drawings and description for the sake of simplicity.

[0249] FIG. 46 1llustrates an 1nternal structure of the heat
exchanger 160. The housing 177 has a cold water inlet 192
and a tepid water outlet 193. The plurality of heat exchange
pipes 179 communicates with the plurality of wastewater
outlets 174 and the plurality of wastewater recerving holes
182 respectively, such that the hot wastewater pass through
from the hot wastewater channels 185 1n parallel. The hot
wastewater enters the wastewater connector 169 after passing,
through the main body 167. During operation, the cold water
inlet 192 1s directly or indirectly connected to a cold water
source (not shown) of the building, and the tepid water outlet
193 is connected to a heater (not shown) outside the sink 162
or mixing valve (not shown). Hot wastewater generated dur-
ing washing flows downwards in parallel in the plurality of
hot wastewater channels 185. Meanwhile, the cold water 1s
introduced into a cavity 194 of the housing 177 from the cold
water 1nlet 192 and flows through outer walls of the plurality
ol heat exchange pipes 179 from the bottom up, and 1s then
exported from the tepid water outlet 193. In the meantime, the
cold water exchanges heat with the hot wastewater flowing
through the hot wastewater channels 185 of the heat exchange
pipes 179, and 1s heated up as preheated water to reduce
energy consumption.

[0250] As shown 1n FIG. 47, the heat exchange pipes 179

are formed by mutual nesting of two metal pipes, 1.e., an
external metal pipe 195 and an internal metal pipe 196, the
external metal pipe 195 and the internal metal pipe 196 main-
tain good thermal contact therebetween, and leave a micro-
channel 197 for the wastewater or cold water to pass through.
The micro-channel 197 1s formed between the external metal
pipe 195 and the internal metal pipe 196 by having small
concave-convex structures on a surface of the internal metal
pipe 196 through knurling or the like. Under normal condi-
tions, no cold water or wastewater seeps out of the micro-
channel 197 between the external metal pipe 195 and the
internal metal pipe 196. However, when one of the external
metal pipe 195 and the internal metal pipe 196 1s damaged to
cause seepage of cold water or hot wastewater, the cold water
or hot wastewater may flow out of the heat exchanger main
body 167 through the micro-channel 197, for example, flow-
ing out of a gap 198 between the main body 167 and the
wastewater collector 165 or a gap 199 (FIG. 45) between the
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main body 167 and the wastewater connector 169, to send an
alarm. Certainly, the nested structure 1s optional, and the
metal pipe 179 may be illustrated and described in the form of
a single piece in the following drawings and description for
the sake of stmplicity.

[0251] Adfter operating for a period of time, 1t 1s 1nevitable
that fouling 1s accumulated on the inner walls of the waste-
water channels 185 and the batlle structure 186, which attects
elficiency of heat recovery. As the openming 172 and the drain
hole 161 are located above the plurality of wastewater outlets
174 and cover all the wastewater outlets 174 1n a horizontal
direction, as shown 1n FIG. 48, the user can wash away the
fouling only by using a straight pipe 202 to insert one end
thereol 1nto the wastewater channels 185 through the waste-
water outlets 174 of the wastewater collector 165, and con-
necting pressurized water from the other end of the straight
pipe 202 (for example, the other end 1s directly communi-
cated to the cold water source of the building).

[0252] FIG. 49 1llustrates a structure of baffles 1n a second
embodiment of the flow divider according to the present
invention. FIG. 50 illustrates a state 1n which the baffles are
installed i each heat exchange pipe separately. Batiles 211
include strips 214 of which surfaces forming a spiral diver-
s1on structure 213, and leave gaps 215 (see FI1G. 50) between
the batfles and the heat exchange pipes 179. When hot waste-
water flows through the hot wastewater channels 185, part of
the hot wastewater vertically passes through the gaps 215, and
the other part blocked by the spiral diversion structure 213
spirally passes through the hot wastewater channels 185, and
the two water flows 1nterfere with each other such that the hot
wastewater 1s Tully mixed and effectively exchange heat with

cold water flowing reversely outside the heat exchange pipes
179.

[0253] A filtration device (not shown) can be disposed 1n
the cavity 173 of the wastewater collector 165 to reduce
clogging. After operating for a period of time, 1t 1s 1nevitable
that fouling 1s accumulated on the inner walls of the waste-
water channels 185, and thus atl

ecting water drainage and
heat recovery efliciency. The user only needs to remove the
filtration device and the baitles 211 from the opening 172 of

the wastewater collector 165 for cleaning.

[0254] As shown in FIG. 51, to further improve the heat
exchange efficiency of the fluid heat exchanger 160 according
to the present invention, a tlow diverter 250 with a plurality of
through holes 252 1s disposed 1n the cavity 194 of the housing,
177, and a plurality of annular channels each surrounding
cach of the heat exchange pipes 179 1s formed 1n the cavity
194 of the housing 177. Various thermal conductive batile as
stated above can be configured 1n the annular channels.

[0255] FIG. 52 illustrates an eighteenth embodiment of a
thermal conductive batile according to the present mnvention.
The battle 221 1s formed by a plurality of sheet-like objects
222,223 and 226 (FI1GS. 33,54 and 55) disposed up and down
with gaps. The sheet-like objects 222 and 223 are spoilers,
which are alternately disposed horizontally 1n the cavity 194.

[0256] The spoiler 222 (FIG. 33) 1s disc-like, and has a
plurality of through holes 2221 corresponding to the heat
exchange pipes 179 for nesting the heat exchange pipes 179
and forms a central opening 2222 for cold water to flow
through, wherein edge 2223 clings to an mner wall of the
cavity 194. The spoiler 223 (FIG. 54) 1s also disc-like, and
also has a plurality of through holes 2231 corresponding to
the heat exchange pipes 179 for nesting the heat exchange
pipes 179, and an edge 2232 and the inner wall of the cavity
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194 leave a gap therebetween to form an opeming 224 on the
periphery for the cold water to pass through. A gap 225 1s
formed between any two closest spoilers 222 and 223, and the
openings 2222 and 224 do not overlap each other in the main
surface direction of the spoilers 222 or 223. After entering the
cavity 194 through the cold water inlet 192, the cold water 1s
blocked by the spoiler 222 to enter the gap 225 between the
battle plates/sheets 222 and 223 from the opening 2222, and
then the cold water flows from the center to the periphery, and
flows upwards through the spoiler 223 and the opening 224.
The cold water 1s once again blocked by the spoiler 222 in the
upper layer to flow from the periphery to the center, and tlows
upwards through the opening 2222 of spoiler 222. The pro-
cess 1s repeated until the cold water tlows out from the tepid
water outlet 193. In the meantime, the cold water circuitously
flows through the plurality of heat exchange pipes 179 and
exchanges heat with the hot wastewater tlowing reversely
therein, and the spoilers 222 and 223 constantly change the
flow direction of the cold water, to generate turbulence
elfects, which are helptul to improve the heat exchange effi-
ciency. To further improve the efficiency, one or more heat
transier sheets 226 as shown in FIG. 35 can optionally be
added between the spoilers 222 and 223. The heat transfer
sheets 226 are made of metal and are disc-like, which have a
plurality of through holes 2261 corresponding to the heat
exchange pipes 179 for nesting and thermally contacting the
heat exchange pipes 179 and form a central opening 2262 for
cold water to pass through, and an edge 2263 and the 1mnner
wall of the cavity 194 leave a gap therebetween to form an
opening 227 at the periphery for cold water to pass through.
When passing through the gap 225 between any two closest
spoilers 222 and 223, the cold water flows through two main
surfaces of the heat transier sheets 226 in parallel, and
exchanges heat with hot wastewater 1n the pipes by means of
the heat transter sheets 226 and the plurality of heat exchange
pipes 179 1n good thermal contact therewith. The heat transter
sheets 226 significantly increase the heat exchange surface of
the cold water, thereby improving the efliciency of the heat
exchanger 165. To further increase the heat exchange surface
ol the cold water, the spoilers 222 and 223 can also optionally
be made of metal and thermally contact the plurality of metal
pipes 179.

[0257] FIGS. 56-57 1illustrate a structure of a nineteenth
embodiment of a thermal conductive batile according to the
present invention. The baille 231 1s similar to the baifle 221 in
the eighteenth embodiment, and their difference merely lies
in that a net-like flow restrictor 232 1s disposed between two
adjacent parallel sheet-like objects 222, 223 or 226 of the
baitle 231, where the net-like flow restrictor 232 1s also disc-
like and 1s made by blanking a metal mesh as shown 1n FIG.
25 The net-like tlow restrictor 232 has a plurality of through
holes 2323 corresponding to the heat exchange pipes 179 for
nesting and thermally contacting the heat exchange pipes
179. The manner 1n which the cold water passes through the
baftle 231 1s substantially the same as that 1n which the cold
water passes through the baffle 221, but 11 the cold water
encounters the net-like flow restrictor 232 when passing
through a fluid channel formed by two adjacent parallel sheet-
like objects 222,223 or 226 and the plurality of heat exchange
pipes 179, the cold water may tlow through gaps between the
metal wires 2321 and 2322. Thus, the heat exchange surface
of the cold water can be increased and further generate tur-
bulence effects, which are helpiul to improve the heat
exchange efficiency.
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[0258] FIGS. 58-61 1illustrate a structure of a twentieth
embodiment of a thermal conductive batile according to the
present invention. The baille 241 1s similar to the baftle 221 in
the fifteenth embodiment, and their difference merely lies in
that a plurality of parallel grooves 2423, 2432 and 2443 are
disposed on upper and lower surfaces of sheet-like objects
242, 243 and 244 of the batile 241 respectively. Similarly, the
spoiler 242 includes a plurality of through holes 2421 corre-
sponding to the heat exchange pipes 179 for nesting and
thermally contacting the heat exchange pipes 179 and a cen-
tral opening 2422; the spoiler 243 also has a plurality of
through holes 2431 corresponding to the heat exchange pipes
179 for nesting the heat exchange pipes 179; the heat transfer
sheet 224 includes a plurality of through holes 2441 corre-
sponding to the heat exchange pipes 179 for nesting and
thermally contacting the heat exchange pipes 179 and also a
central opening 2442. The groove 2243 of the heat transfer
sheet 224 increases the heat exchange surface of the cold
water, and the grooves of the batlle sheet like objects 242, 243
and 244 constantly change the flow direction of the cold
water, to further generate turbulence effects, which are help-
ful to improve the heat exchange elliciency. To further
increase the heat exchange elliciency, the spoliers 242 and
243 can optionally be made of metal and thermally contact the
plurality of heat exchange pipes 179.

[0259] FIGS. 62-63 illustrate a structure of a twenty-first
embodiment of a thermal conductive baftle according to the
present invention. The batile 251 1s formed by superposition
of a plurality of net-like flow restrictor 232. The specific
structure of the net-like tlow restrictor 232 has been described
previously, which 1s not repeated herein.

[0260] FIGS. 64-66 1illustrate a structure of a twenty-sec-
ond embodiment of the thermal conductive baille according
to the present invention. The baftle 261 1s formed by super-
position of a plurality of net-like tflow restrictor 262. The
net-like flow restrictor 262 1s made by blanking a metal mesh
as shown 1n FIG. 25. The net-like flow restrictor 262 have a
plurality of through holes 2623 corresponding to the heat
exchange pipes 179 for nesting and thermally contacting the
heat exchange pipes 179. The net-like tlow restrictor 262 are
constructed to form rings having substantially the same width
with the through holes 2623 as centers, and further form a
central hole 2624 1n the center of the net-like tlow restrictor
262. Correspondingly, shapes coupled to the rings are formed
on the inner wall 264 of the cavity 194, such that the baitle 261
clings to the inner wall of the cavity when being assembled
into the cavity 194. In addition, a center rod 263 can be
inserted mnto the central hole 2624 of the battle 261 to prevent
the cold water from flowing through the central hole. Dis-
tances between portion of the batile 261 for the cold water to
flow through and the heat exchange pipe are substantially
uniform, thus avoid the situation where heat exchange of the
cold water 1n different portion of the baitle 261 1s non-uni-
form.

[0261] FIGS. 67-68 1llustrate a structure of a twenty-thlrd
embodiment of the baitle having a thermal conductive batile
according to the present invention. The baitle 271 1s formed
by superposition of a plurality of net-like spoilers 272, where
the structure of the net-like spoﬂers 2772 1s basically similar to
that of the net-like spoilers 232 1n the seventeenth embodi-
ment, and their difference merely lies 1n that, in the net-like
spoilers 272, metal wires 1n other peripheral parts 2721 and a
central part 2723 are flattened except the rings having sub-
stantially the same width center to the through holes 2722 to
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close meshes and prevent the cold water from flowing there
through. Therefore, distances between parts of the battle 271
for the cold water to flow through and the heat exchange pipe
are substantially uniform, and thus avoid the situation where
heat exchange of the cold water 1n different parts of the battle
271 1s non-uniform.

[0262] FIGS. 69-71 illustrate a fourth embodiment of the
heat exchanger according to the present invention. The heat
exchanger 280 1s detachably disposed 1n a drain hole 295 of a
bathroom floor drain device 283. The heat exchanger 280 has
a wastewater collector opening 291, a wastewater collector
cavity 292 and a plurality of wastewater collector outlets 293.
Hot wastewater generated after shower enters the wastewater
collector opening 291 and flows 1nto the wastewater collector
cavity 292 from the drain hole 295, then passes through the
heat exchanger 280 1n parallel 1n a plurality of wastewater
channels 298 formed 1n a plurality of heat exchange pipes
296, and 1s further discharged to a drain pipe (not shown) of
the building through a drain port 299 of the drain device 283.

[0263] FIGS. 70-72 1llustrate an assembly structure of the
heat exchanger 280. The heat exchanger 280 includes a main
body 301 and aleakproot shell 302. As shownin FI1G. 72, cold
water 1s mtroduced from a cold water inlet 303, passes
through a cavity 304, and then 1s exported from a tepid water
outlet 305. In the meantime, the cold water exchanges heat
with hot wastewater passing through the wastewater channels
298 through the plurality of heat exchange pipes 296. Any one
of the foregoing thermal conductive batlle can be disposed 1n
the cavity 304 to increase the heat exchange efficiency.

[0264] As shown in FIGS. 73 and 74, the heat exchange
pipes 296 are formed by mutual nesting of two metal pipes,
1.€., an imternal metal pipe 306 and an external metal pipe 307,
where a bottom outer wall of the internal metal pipe 306 1s in
a sealed connection with the leakproof shell 302, and the
bottom of an outer wall of the external metal pipe 307 1s 1n a
sealed connection with a bottom shell 308 of the main body
301. When there 1s leakage from the external metal pipe 307,
the cold water may flow 1nto a cavity formed between an outer
wall of the main body 301 and an 1inner wall of the leak proof
shell 302 through a micro-channel 309 formed between the
internal metal pipe 306 and the external metal pipe 307, and
then flows out from a leakage alarm hole 310 located above
the heat exchange pipes 296 and in adjacent to a wastewater
opening 301. The user can notice the leakage in the bathroom
and thus notily technicians for repair or replacement.

[0265] FIGS. 75-76 illustrate a fifth embodiment of the heat
exchanger according to the present invention. The heat
exchanger 380 1s installed to the bottom of a water catch 370,

and the water catch 370 has a platform 371, a periphery 372
and a water catch outlet 375. The water catch 370 1s disposed
on a shower room floor 378. During operation, a person
taking a shower stands on the platform 371, and hot waste-
water generated during shower 1s collected by the platform

3’71 and the periphery 372, and flows out from the water catch
outlet 375.

[0266] FIG. 77 illustrates a structure of the heat exchanger
380, including a wastewater collector 381 and a heat
exchanger main body 386. The wastewater collector 381 has
an opening 382, a cavity 383 and a plurality of wastewater
outlets 384, where the opening 382 is located above the plu-
rality of wastewater outlets 384, and covers all the wastewater
outlets 384 in a horizontal direction; the main body 386
includes a housing 387 and a plurality of metal pipes 391,
where the housing 387 has a cold water (second fluid) inlet
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395, a tepid water (preheated second fluid) outlet 396 and a
cold water conduit 390 between the cold water mlet 395 and
the tepid water outlet 396, the plurality of metal pipes 391 are
disposed 1n the cold water conduit 390 of which the plurality
of metal pipes 391 passes through the housing 387 and forms,
in the cold water conduit 390, a plurality of wastewater (first
fluid) channels 392 for the hot wastewater to pass through 1n
parallel. The plurality of wastewater channels 392 communi-
cates with the plurality of wastewater outlets 384 of the waste-
water collector 381 respectively. Wastewater, after flowing
out from the water collector catch 375, enters the cavity 383
through the opening 382 of the wastewater collector 381, then
passes through the plurality of wastewater channels 392 in
parallel, and finally flows from a gap 376 (FIG. 75) to a
bathroom drain port 377 in the bottom of the water catch 370.

[0267] Inuse ofthe heat exchanger 380, the cold water inlet
395 1s directly or indirectly connected to a cold water source
(not shown) of the building, and the tepid water outlet 396 1s
connected to a bathroom heater (not shown) or a mixing valve
(not shown).

[0268] In the meantime, the cold water 1s introduced from
the cold water inlet 395 to flow through a cold water channel
400 fromright to left, and exchanges heat with hot wastewater
flowing through the hot wastewater channels 392 by means of
the metal pipes 391, such that the temperature of the cold
water 1s changed and the cold water becomes preheated water,
and then 1s exported from the tepid water outlet 396 and
provided to the bathroom heater or the mixing valve (not
shown) for use.

[0269] As shown 1n FIG. 77, waste water channels 392 1s
flat, and has a major axis and a minor axis, where its center-
lines are basically arranged horizontally, and the major axis 1s
also arranged horizontally. The vertical height (minor axis) 1s
designed so that wastewater flowing therein 1s in contact with
both 1ts upper and lower surfaces. In one example, when a
vertical height (minor axis) of the wastewater channel 392 1s
less than 6.5 mm, even 1f the wastewater 1s tlowing at an
extremely low flow rate or even 1s almost stationary, due to
resistance of the pipe wall and surface tension of the water, the
wastewater passing through may still simultaneously contact
two surfaces on the top and 1n the bottom of the waste water
channel 392. This ensures that the hot wastewater still has a
suificient heat exchange surface even if at a low flow rate.

[0270] Optionally, the metal pipes 391 as shown 1n FIG. 77
may be formed by mutual nesting of an internal metal pipe
and an external metal pipe as 1llustrated 1n the third embodi-
ment (FIG. 48). The internal and external metal pipes main-
tain good thermal contact therebetween, and leave a micro-
channel for the cold water to pass through. Under normal
conditions, no cold water flows through the micro-channel
394; however, when the external metal pipe 1s damaged, the
cold water may enter the leak proof shell 398 through the
micro-channel 394, and flow out from an alarm hole 401
(FI1G. 77), located above the metal pipes 391, of the water
catch 370 through a connecting pipe 399 (FI1G. 76) to alert the
user.

[0271] Adter operating for a period of time, it 1s inevitable
that fouling 1s accumulated on the mnner walls of the waste-
water channels 392, which aflfects efficiency of heat recovery.
As the opening 382 of the collector covers all the wastewater
outlets 384 in a horizontal direction, the user can wash away
the fouling by removing a battle plate 502 and 1nsert straight
pipe 202 connecting pressurized water (For example, the
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other end 1s directly communicated to the cold water feed of
the shower) as shown 1n the third embodiment (FIG. 9) mto
the wastewater outlets 384.

[0272] As shown in FIG. 78, a protruding baille structure
402 may be formed on the inner walls of the wastewater
channels 392 to improve the heat exchange eificiency,
whereas the function and manufacturing method are substan-
tially the same as those of the baftle structure shown 1n FIG.
38, and hence are not repeated herein.

[0273] To further improve the efliciency of the heat
exchanger 386, various described a thermal conductive batile
can be added to the cold water cavity 400, which 1s not
repeated herein.

[0274] An energy recovery device of the present invention
including various heat exchangers stated above 1s described
below.

[0275] The energy recovery device further includes an
external temperature-varying apparatus (not shown), where
cold clean water (second tluid) after heat exchanged in the
heat exchanger 1s mtroduced into the external temperature-
varying apparatus, such that the temperature of the second
fluid 1s changed to a suitable operating temperature, and the
second fluid, after use, serves as hot wastewater (first fluid)
introduced into the heat exchanger.

[0276] The external temperature-varying apparatus
includes a heater or a cooler (not shown). The external tem-
perature-varying apparatus includes a fluid mixer for mixing
the cold water (second fluid) after heat exchanged with an
external preheated or pre-cooled third fluid to change the
temperature.

[0277] The heat exchanger can be installed to the bottom of
a bathtub or a sink of a washing facility or a base of a shower,
or 1s integrally formed with the base of the shower or the sink,
to receive hot wastewater generated in shower or washing.

1-34. (canceled)
35. A heat exchanger comprising:

a first fluid tube through which a first fluid of a first tem-

perature tlows;

a baitle located 1n the first fluid tube for moderating flow of
the first fluid passing therethrough;

wherein the heat exchanger 1s configured for communicat-
ing thermal energy between the first fluid and an envi-
ronment external of the first fluid tube having a different
temperature to the first flud.

36. A heat exchanger according to claim 35, wherein the
battle 1s configured to include at least one formation selected
from a group comprising,

at least one elongate member extending 1n a direction of

radially to or along said at least one first fluid tube;

at least one protrusion extending radially from a wall of
said at least one first fluid tube, wherein the protrusion 1s
integrally formed or detachably mounted thereon;

at least one protrusion extending in a direction of along a
wall of said at least one first fluid tube, the protrusion
being integrally formed or detachably mounted thereon;

at least one spiral guiding structure extending along said at
least one first tfluid tube; and

at least one sleeve extending along said at least one first
fluid tube.

377. A heat exchanger according to claim 35, wherein the
baitle comprises at least one elongate member extending
around or about said at least one first tluid tube or along the




US 2016/0216045 Al

direction of the longitudinal axis of said at least one first flmd
tube, and said elongate member(s) 1s selected from the group
of configurations comprising;

an at least one elongate member including annular or spiral
protrusions thereon;

an least one clongate member arranged 1n one or more
spiral elements which extend around the mner circum-
ference of said at least one first fluid tube or along the
longitudinal axis of said at least one first fluid tube;

at least one elongate member arranged in one or more spiral
clements which extend around the inner circumierence
of said at least one first fluid tube or along the longitu-
dinal axis of said at least one first fluid tube, and extends
about a core 1n an mterengaged spiral arrangement, 1n a
longitudinal direction along said at least one first fluid
tube;

at least one elongate member extending 1n a spiral arrange-
ment,

at least one elongate member including circumierential
helical grooves formed therein, and both the elongate

member and the grooves extending in a direction of
along said at least one first fluid tube;

at least one elongate member wrapping about the longitu-
dinal axis and along said at least one first fluid tube,
wherein the first fluid tube has generally elliptical cross
profile formed by compression of a fluid tube having a
generally circular cross section profile; and

at least one elongate member forming two layers 1n said at
least one first fluid tube, wherein each of the layers
comprising a plurality of elongate members each
extending 1n a common direction, the common direction
of the elongate members of the two layers are different
from each other, at least one end of the elongate member
1s covered or forms a slope to reduce accumulation of
fouling thereon.

38. A heat exchanger according to claim 37, wherein the
battle further includes at least one sleeve extending along said
at least one first fluid tube.

39. A heat exchanger according to claim 35, wherein the
baftle includes at least one disc disposed within said at least
one first fluid tube, the disc including protrusions thereon to
define a plurality of flow paths.

40. A heat exchanger according to claim 37, wherein the
battle includes at least one disc disposed within said at least
one first fluid tube, the disc including protrusions thereon to
define a plurality of tlow paths.

41. A heat exchanger according to claim 35, wherein at
least one 1nlet of one of the fluid tube of the heat exchanger 1s
configured for receiving a cleaning tube through an opening
tormed therein, the cleaning tube directing a fluid stream for
displacing deposits formed within the heat exchanger.

42. A heat exchanger according to claim 33, further com-
prising;:
at least one second fluid tube through which a second fluid

of a second temperature flows and including a batile
therein for moderating flow of the second fluid passing

therethrough;

wherein the heat exchanger 1s configured for communicating,
thermal energy between the first fluid and environment exter-
nal thereof.

43. A heat exchanger according to claim 42, wherein the
battle 1s configured to include at least one formation selected
from a group comprising:
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at least one elongate member extending 1n a direction of
radially or at least along at least one of the fluid tubes;

at least one protrusion extending radially from a wall of at
least one fluid tubes, wherein the protrusion 1s integrally
formed or detachably mounted thereon;

at least one protrusion extending in a direction of along a
wall of atleast one of the fluid tubes, the protrusion being
integrally formed or detachably mounted thereon;

at least one spiral guiding structure extending along at least
one of the fluid; and

at least one sleeve extending along at least one of the fluid
tubes.

44 . A heat exchanger according to claim 42, wherein the at
least one baille comprises at least one elongate member
extending around or about the axis of at least one of the fluid
tubes or along the direction of the axis of the fluid tubes, and
said elongate member(s) 1s selected from a group comprising:

at least one elongate member including annular or spiral
protrusions thereon;

at least one elongate member formed 1n one or more spiral
clements extending around the inner circumierence of at

least one of the fluid tubes or along the longitudinal axis
of at least one of the fluid tubes:

at least one elongate member formed in one or more spiral
clements extending around the inner circumierence of at
least one of the fluid tubes or along the longitudinal axis
of at least one of the fluid tubes, and extending about a
core 1n an interengaged spiral arrangement, 1n a longi-
tudinal direction along at least one of the fluid tubes;

at least one elongate member extending 1n a spiral arrange-
ment,

at least one elongate member having circumierential heli-

cal grooves formed therein, and both the elongate mem-
ber and the grooves extending 1n a direction of along at
least one of the fluid tubes:

at least one elongate member wrapped about the longitu-
dinal axis and along at least one of the fluid tubes,
wherein the first fluid tube has generally elliptical cross
profile formed by compression of a fluid tube having a
generally circular cross section profile; and

at least one elongate member forming two layers 1n at least
one of the fluid tubes, wherein each of the layers com-
prising a plurality of elongate members each extending
in a common direction, the common direction of the
clongate members of the two layers are different from
cach other, at least one end of the elongate member 1s
covered or form a slope to reduce accumulation of foul-
ing thereon.

45. A heat exchanger according to claim 44, wherein the

baftle turther includes at least one sleeve extending along at
least one of the fluid tubes.

46. A heat exchanger according to claim 42, wherein at
least one baitle includes at least one disc disposed within one
of the said fluid tube, the disc including protrusions thereon to
define a plurality of flow paths.

47. A heat exchanger according to claim 42, wherein at
least one 1nlet of one of the tluid tube of the heat exchanger 1s
configured for recerving a cleaning tube through an opening
formed therein, the cleaning tube directing a stream of fluid
for displacing deposits formed within the heat exchanger.

48. A heat exchanger according to claim 47, further com-
prising a fluid collector, wherein the fluid collector includes
an opening for collecting tluid, and at least one inlet of one of
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the first and/or second fluid tubes 1s configured for recerving,
the cleaning tube through the opening of the fluid collector.

49. A heat exchanger according to claim 35, wherein the
baftle includes at least one protrusion extending radially from
a wall of at least one of the fluid tubes 1n an annular or spiral
arrangement,

wherein the protrusions extend in an annular or spiral

arrangement along, about or within at least one of the
fluid tubes; and

wherein the protrusions extending 1n a spiral arrangement
to include a plurality of spaces therebetween, the spaces

being substantially aligned to create a turbulent flow
with the spiral flow.

50. The heat exchanger according to claim 35 further com-
prising a liquid distribution manifold having at least one
protrusion which 1s located proximate the inlet of said first

fluid tube,
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wherein the liqud distribution manifold includes a vent 1n
communication with said at least one of the protrusions
for communicating a gas flow spaced apart from the
liquad flow by the vent, and

wherein the manifold distributes liquid mto the first fluid

tube via at least one or more passageways defined
therein.

51. The heat exchanger according to claim 41 further com-
prising a liquid distribution manifold having at least one
protrusion which 1s located proximate the inlet of said first
fluid tube,

wherein the liquid distribution manifold includes a vent 1n

communication with said at least one of the protrusions
for communicating a gas flow spaced apart from the
liquad flow by the vent, and

wherein the manifold distributes liquid into the first fluid

tube via at least one or more passageways defined
therein.
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