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(54) HEAT EXCHANGER

(57) A heat exchanger is provided of which the heat
exchange efficiency is significantly improved by provid-
ing a flat tube with an increased surface area and in-
creasing the flow speed of fluid that flows outside the flat
tube. The heat exchanger includes an outer case (2) de-
fining therein a tubular space (3), and a flat tube (4) re-
ceived in the tubular space (3). A first fluid and a second
fluid are fed through the tubular space, outside and inside
the flat tube, respectively, to exchange heat between the
first and second fluids. The flat tube (4), which defines a
flow passage (6) therein, includes a peripheral wall hav-
ing a surface increasing shape (15) which is in the form
of a longitudinally continuous helical corrugation, longi-
tudinally continuous corrugations, corrugations continu-
ous in section in a width direction, or longitudinally ex-
tending fins formed on an outer surface of the peripheral
wall of the flat tube so as to be spaced apart from each
other in the width direction. Fluid passages (5) are de-
fined by a large number of fluid flow rectifying grooves
(5a) formed parallel to each other in the inner periphery
of the tubular space (3) of the outer case (2).

Fig.1
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Description
TECHNICAL FIELD

[0001] This invention relates to a flat heat exchanger
used e.g. to supply hot water, and more specifically to a
heat exchanger capable of exchanging heat with signif-
icantly high efficiency.

BACKGROUND ART

[0002] Atypicalflattype heatexchangerusedtosupply
hot water includes a flat elongated outer case in which
at least one flat tube is mounted in the outer case with a
gap left between the outer surface of the flat tube and
the innerwall of the outer case as a fluid passage. Heated
fluid is fed through the fluid passage from one to the other
end, while fluid to be heated is fed through a flow passage
defined in the flat tube from the other end thereof to the
one end. Thus, heat is exchanged between the heated
fluid and the fluid to be heated, which flow outside and
inside of the flat tube, thus heating the fluid fed through
the flow passage defined in the tube.

[0003] The flat tube of a conventional such heat ex-
changer is made of a material having high heat conduc-
tivity in an attempt to improve heat exchange efficiency
between fluid fed through the fluid passage outside the
flat tube and fluid fed through the flow passage defined
in the flat tube.

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0004]

Patent document 1: JP Utility Model Registration
3133996

SUMMARY OF THE INVENTION
OBJECT OF THE INVENTION

[0005] Itis known that the efficiency of heat exchange
is influenced not only by the heat conductivity of the flat
tube, but also by the surface area of the flat tube and the
flow speeds of the fluids flowing inside and outside of the
flat tube. Conventional flat tubes have smooth inner and
outer surfaces, so that the heat exchange efficiency was
low.

[0006] An object of the present invention is to provide
a heat exchanger of which the heat exchange efficiency
is significantly improved by providing a flat tube with an
increased surface area and increasing the flow speed of
fluid that flows outside the flat tube.
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MEANS TO ACHIEVE THE OBJECT

[0007] In order to achieve this object, the present in-
vention provides a heat exchanger comprising an outer
case defining therein a tubular space, and a flat tube
received in the tubular space, wherein a first fluid and a
second fluid are fed through the tubular space, outside
and inside the flat tube, respectively, to exchange heat
between the first and second fluids, wherein the flat tube
has a peripheral wall having a surface area increasing
shape, wherein the tubular space has fluid passages
formed on an inner periphery of the tubular space through
which fluid can flow in a longitudinal direction outside of
the flat tube, the fluid passages being defined by a large
number of fluid flow rectifying grooves arranged parallel
to each other.

[0008] In one arrangement, the outer case comprises
alower half member and an upper half member disposed
over and joined to the lower half member, the lower and
upper half members having opposed recessed grooves
opposed to each other and defining the tubular space,
and the fluid flow rectifying grooves are formed in bottom
surfaces of the opposed recessed grooves.

[0009] In another arrangement, the outer case com-
prises a lower half member carrying mounting frames at
two ends thereof to which fluid supply and discharge
heads are mounted, respectively, and an upper half
member having a length such that it is received between
the mounting frames. The lower half member is formed
with three longitudinal recessed grooves on its top sur-
face, and the upper half member is formed with three
longitudinal recessed grooves on its bottom surface. The
upper and lower half members are joined together with
an annular packing disposed between the abutting outer
edges of the upper and lower half members. With the
upper and lower half members joined together, tubular
spaces are defined between the respective longitudinal
recessed grooves of the lower half member and the cor-
responding longitudinal recessed grooves of the upper
half members. Flat tubes are inserted in the respective
tubular spaces. A large number of longitudinally extend-
ing narrow fluid flow rectifying grooves are formed on the
bottom surface of each of the longitudinal recessed
grooves so as to be arranged parallel to each other in
the width direction. The fluid flow rectifying grooves de-
fine fluid passages for fluid that flows outside the respec-
tive flat tubes.

[0010] In a further preferred arrangement, the outer
case comprises a case body in the shape of a pipe, and
two fluid passage forming members in the form of split
members that are joined together into a tubular member
and received in the case body, the fluid passage forming
members being formed with opposed recessed grooves
on opposed surfaces of the respective fluid passage
forming members, the opposed recessed grooves defin-
ing the tubular space, in which the flat tube is received.
The fluid flow rectifying grooves are formed in bottom
surfaces of the opposed recessed grooves.
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[0011] The surface area increasing shape of the pe-
ripheral wall of the flat tube may be one kind selected
from the group consisting of a longitudinally continuous
helical corrugation or corrugations, longitudinally contin-
uous corrugations, corrugations continuous in section in
a width direction, longitudinally extending fins formed on
an outer surface of the peripheral wall of the flat tube so
as to be spaced apart from each other in the width direc-
tion.

[0012] In another arrangement, the heat exchanger
further comprises fluid supply and discharge heads wa-
tertightly fixed to the respective ends of the outer case,
respectively, each of the fluid supply and discharge
heads comprising a supply and discharge pipe for a first
fluid communicating with a flow passage defined in the
flat tube, and a supply and discharge pipe for a second
fluid communicating with the fluid passage of the outer
case.

[0013] The flat tube is made of a material having high
heat conductivity, and has a flat elliptical section that
snugly fits in the tubular space. Its length is determined
such that its ends protrude from the respective mounting
frames of the lower half member, and its interior serves
as the fluid flow passage. The peripheral wall of the flat
tube has the surface area increasing shape at its portion
located inside of the tubular space.

[0014] If the surface area increasing shape of the pe-
ripheral wall of the flat tube comprises longitudinally con-
tinuous helical corrugation or corrugations, the helical
corrugation or corrugations may be thread or threads
having an arcuate section. If the surface area increasing
shape comprises double helical corrugations, such dou-
ble helical corrugations may comprise two threads which
are inclined in opposite directions to each other.

[0015] If the surface area increasing shape comprises
longitudinally continuous corrugations, the flat tube has
a structure similar to an ordinary corrugated pipe. If the
surface area increasing shape comprises corrugations
continuous in section in the width direction, the corruga-
tions may comprise alternating arcuate recesses and
protrusions, or may consist only of continuous recesses,
or continuous chevron-shaped corrugations.

ADVANTAGES OF THE INVENTION

[0016] According to the present invention, the surface
area increasing shape of the peripheral wall of the flat
tube significantly increases the surface areas of both in-
ner and outer surfaces of the flat tube, which in turn mark-
edly improve the efficiency of heat exchange between
fluids that flow inside and outside of the flat tube.

[0017] Sincethe fluid passagesformedintheinnersur-
face of the tubular space of the outer case are defined
by the large number of fluid flow rectifying grooves ex-
tending parallel to each other, the fluid flow rectifying
grooves rectify, and thus increase the speed of, the flow
of fluid that flows outside the flat tube. Thus, by feeding
a heating fluid through the fluid passages, it is possible
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to exchange heat with high efficiency between the heat-
ing fluid and a fluid that flows through the flow passage
defined in the flat tube.

[0018] The heat exchange efficiency further dramati-
cally increases due to the synergetic effect between the
surface area increasing shape of the flat tube and the
fluid flow rectifying grooves, which define the fluid pas-
sages.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

Fig. 1 is an exploded perspective view of a heat ex-
changer according to a first embodiment of the
present invention.

Fig. 2(a) is a perspective view of a lower half member
of the heat exchanger of the first embodiment ac-
cording to the present invention; Fig. 2(b) is its plan
view; and Fig. 2(c) is a side view of the lower half
member as viewed from one end thereof.

Fig. 3(a) is a perspective view of an upper half mem-
ber of the heat exchanger of the first embodiment
according to the present invention, shown with its
bottom up; Fig. 3(b) is its plan view; and Fig. 3(c) is
a side view of the upper half member as viewed from
one end thereof with its bottom up.

Fig. 4(a) is an enlarged sectional view of the upper
and lower half members, showing the state in which
the upper and lower half members are spaced from
each other and not yet assembled together; and Fig.
4(b) is an enlarged view of the upper and lower half
members, showing the state in which the upper and
lower half members have been assembled together.
Figs. 5(a) to 5(e) show various surface area increas-
ing shapes of a flat tube, of which: Figs. 5(a) and
5(b) are a plan view and an enlarged longitudinal
sectional view, of a longitudinally continuous helical
corrugation, respectively; Fig. 5(c) is a plan view of
a surface area increasing shape comprising double
helical threads which are inclined in opposite direc-
tions to each other and overlap with each other; and
Figs. 5(d) and 5(e) are a plan view and an enlarged
longitudinal sectional view, of a corrugated pipe hav-
ing continuously alternating arcuate protrusions and
recesses.

Fig. 6(a) to 6(d) are sectional views of flat tubes hav-
ing various surface area increasing shapes, as taken
along a place extending in the width direction, of
which: Fig. 6(a) is a sectional view of corrugations
comprising continuously alternating arcuate protru-
sions and recesses; Fig. 6(b) is a sectional view of
continuous U-shaped recesses; Fig. 6(c) is a sec-
tional view of continuous chevron-shaped corruga-
tions; and Fig. 6(d) is a sectional view of a large
number of protruding fins.

Fig. 7(a) is an exploded view of a heat exchanger
according to a second embodiment of the present



5 EP 2 573 494 A1 6

invention; and Fig. 7(b) is its vertical sectional view.
Fig. 8(a) is a perspective view of a heat exchanger
according to a third embodiment of the present in-
vention; and Fig. 8(b) is a perspective view of a fluid
passage forming member used in the heat exchang-
er of Fig. 8(a).

BEST MODE FOR EMBODYING THE INVENTION

[0020] Now the embodiments of the invention are de-
scribed with reference to the drawings.

[0021] Figs. 1to 6 show the heat exchanger according
to the first embodiment of the invention. This heat ex-
changer 1 includes a longitudinally elongated flat outer
case 2 formed with three tubular spaces 3 extending
through the entire length of the outer case 2 in parallel
to each other. Flat tubes 4 are received in the respective
tubular spaces 3. The tubular spaces 3 are each formed
with fluid passages 5 in its inner periphery through which
a first fluid can flow in the longitudinal direction, and the
interiors of the flat tubes 4 each define a flow passage 6
through which a second fluid can flow such that heat can
be exchanged between the first and second fluids.
[0022] Fluid supply and discharge heads 7 and 8 are
watertightly fixed to the respective ends of the outer case
2. The fluid supply and discharge heads 7 and 8 have
fluid supply and discharge passages 9 for the first fluid,
respectively, which communicate with the respective first
and second longitudinal ends of the fluid passages 5.
The fluid supply and discharge heads 7 and 8 further
include fluid supply and discharge passages 10 for the
second fluid, which communicates with the respective
first and second longitudinal ends of the flow passages
6, which are defined in the respective flat tubes 4. As a
whole, the heat exchanger 1 has a flat shape.

[0023] The outer case 2 is formed by assembling to-
gether lower half and upper half members 2a and 2b
which are made of a synthetic resin or a metal. The lower
half member 2a is a longitudinally elongated flat strip hav-
ing mounting frames 11 at the respective longitudinal
ends thereof to which the respective fluid supply and dis-
charge heads 7 and 8 are mounted. The lower half mem-
ber 2a has in its top surface three recessed grooves 12
extending longitudinally parallel to each other.

[0024] Asshownin Figs. 3 and 4, the upper half mem-
ber 2b is a flat strip substantially equal in width to the
lower half member 2a and having a length such that it is
received between the mounting frames 11 at the respec-
tive longitudinal ends. The upper half member 2b has a
bottom surface located over the lower half member 2a
and formed with recessed grooves 13 facing the respec-
tive recessed grooves 12 of the lower half member 2a
so as to extend the entire length of the upper half member
2b. The upper half member 2b is placed on top of the
lower half member 2a with an annular packing 14 dis-
posed therebetween along their outer edges, and the two
members 2a and 2b are assembled into the outer case
2 by tightening screws at a plurality of locations.
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[0025] With the upper half member 2b disposed over
the lower half member 2a as shown in Fig. 4(a), the upper
half member 2b is placed on top of the lower half member
2a and the screws are tightened at the plurality of loca-
tions. In this state, as shown in Fig. 4(b), the recessed
grooves 12 of the lower half member 2a are located under
and communicate with the respective recessed grooves
13 of the upper half member 2b, defining the respective
three flat tubular spaces 3, which are arranged parallel
to each other, while being spaced from each other. The
tubular spaces 3 are surrounded, and watertightly sealed
from outside, by the annular packing 14, which are dis-
posed between the lower half member 2a and the upper
half member 2b along their outer edges placed one over
the other.

[0026] In order that the flat tubes 4 can be snugly re-
ceived in the respective tubular spaces 3, the recessed
grooves 12 and 13 have such cross-sectional shapes
that the recessed grooves 12 and 13 can be located right
under and right over the respective flat tubes 4. Thus,
the fluid passages 5 are defined in the inner peripheral
surface of each tubular space 3.

[0027] As shown in Figs. 4(a) and 4(b), the fluid pas-
sages 5 are defined by fluid flow rectifying grooves 5a
formed in the bottom surfaces of the recessed grooves
12 of the lower half member 2a and in the top surfaces
of the recessed grooves 13 of the upper half member 2b
so as to extend the entire length of the lower half member
2a and the upper half member 2b.

[0028] The fluid flow rectifying grooves 5a are narrow
grooves each having a relatively small cross-sectional
area, and a large number of them are arranged in the
width direction of each of the recessed grooves 12 and
13 atregular intervals. Narrow ribs 5b provided between
the adjacent grooves 5a and defining the grooves 5a
form, in cooperation with the grooves 5a, a rugged terrain
on the surface of each recessed groove 12, 13. With the
flat tube 4 received in each tubular space 3 defined by
the recessed grooves 12 and 13, the apexes of the ribs
5b are located close to or abut the outer surface of the
flat tube 4, with the open ends of the fluid flow rectifying
grooves 5a facing the outer surface of the flat tube 4.
[0029] When the first fluid is fed through the fluid pas-
sages 5, which are defined by the fluid flow rectifying
grooves 5b outside the respective flat tubes 4, the first
fluid flows in the longitudinal direction while kept in con-
tact with the flat tubes 4, so that the flow of the first fluid
is rectified along the longitudinal shape of the fluid flow
rectifying grooves 5. This speeds up the flow of the first
fluid.

[0030] The depth, width and intervals of the fluid flow
rectifying grooves 5a formed on the surface of each re-
cessed groove 12, 13 are not particularly limited. For ex-
ample, the grooves 5a may extend longitudinally in
straight lines as viewed from top, or as shown in Figs.
2(b) and 3(b), the grooves 5a may extend longitudinally
in a zigzag manner, as viewed from top. The grooves 5b
extending in a zigzag manner increases the length of
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contact of the first fluid with the outer surface of the flat
tubes 4, thus improving the efficiency of heat exchange.
[0031] The flattubes 4 are made of e.g. a metal having
high heat conductivity, and have aflat elliptical cross-sec-
tion such that they can be snugly fitted in the respective
tubular spaces 3, which are defined by the recessed
grooves 12 and 13. The flat tubes 4 each have their re-
spective ends protruding by a predetermined length from
the respective mounting frames 11, which are provided
at both ends of the lower half member 2a. The flat tubes
4 each have a peripheral wall having a surface-area-in-
creasing shape 15 at its longitudinal portion located in-
side the tubular space 3.

[0032] Figs. 5(a) to 5(e) and Figs. 6(a) to 6(d) show
different surface area increasing shapes 15. The shape
15 shown in Fig. 5(a) and 5(b) comprises a single or
multiple longitudinally continuous helical corrugations or
threads having an arcuate section and formed on the
peripheral wall of each flat tube 4. The shape 15 shown
in Fig. 5(c) comprises two helical threads formed on the
peripheral wall of each flat tube 4 so as to be inclined in
the opposite directions to each other and overlap with
each other.

[0033] Theshape 15shown in Figs. 5(d) and 5(e) com-
prises longitudinally continuous corrugations, i.e. alter-
nating circular recesses and protrusions formed on the
peripheral wall of each flat tube 4. This flat tube of this
embodiment is therefore similar to a well-known corru-
gated pipe.

[0034] The surface area increasing shapes 15 of Figs.
6(a) to 6(d) each comprise bent shapes formed on the
top and bottom surfaces of the peripheral wall of each
flat tube 4 so as to be continuous in the width direction,
the peripheral wall having a flat rectangular widthwise
section. The shape 15 of Fig. 6(a) has a corrugated sec-
tion comprising alternating arcuate recesses and protru-
sions that are continuous with each other. The shape 15
of Fig. 6(b) comprises, in section, a plurality of continuous
U-shapedrecesses. The shape 15 of Fig. 6(c) comprises,
in section, a plurality of continuous chevron-shaped cor-
rugations.

[0035] The surface area increasing shape 15 of Fig.
6(d) comprises alarge number of fins 15a protruding from
the top and bottom outer surfaces of the peripheral wall
ofeach flattube 4 so astobe arranged at regular intervals
in the width direction, the peripheral wall having a flat
rectangular cross-section.

[0036] Any one of the shapes shown in Figs. 5(a) to
5(e) and Figs. 6(a) to 6(d) may be selected as the surface
area increasing shape 15 formed on the peripheral wall
of each flat tube 4.

[0037] By forming the rugged outer surface, i.e. the
surface area increasing shape 15 on the peripheral wall
of each flat tube 4, the depth of each of the fluid passages
5, which surround the flat tubes 4, varies in the longitu-
dinal direction. But since its depth never decreases below
the depth of the fluid flow rectifying groove 5a, the first
fluid can reliably flow through the respective fluid pas-
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sages 5.

[0038] As shown in Fig. 1, the fluid supply and dis-
charge heads 7 and 8 each include a U-shaped mounting
portion 17 watertightly fitted around the mounting frame
11 through a packing 16 fitted around the mounting frame
11. The fluid supply and discharge passage 9 for the first
fluid and the fluid supply and discharge passage 10 for
the second fluid are provided outside the mounting por-
tion 17. With the heads 7 and 8 mounted to the respective
mounting frames 11, the fluid supply and discharge pas-
sages 9 for the first fluid watertightly communicate with
the respective ends of the fluid passages 5 of the outer
case 2, while the fluid supply and discharge passages
10 for the second fluid watertightly communicate with the
respective ends of the flow passages 6 defined in the
respective flat tubes 4, which are received in the respec-
tive tubular spaces 3 of the outer case 2.

[0039] Figs. 7(a) and 7(b) show a heat exchanger ac-
cording to the second embodiment of this invention. El-
ements identical to those of the first embodiment are de-
noted by identical numerals and their description is omit-
ted.

[0040] The heat exchanger 1 of the second embodi-
ment does not include the annular packing 14 and the
screws, which are used in the outer case 2 of the first
embodiment. The heat exchanger of this embodiment
includes a case body 21 in the form of a monolithic pipe
having a flat rectangular cross-section, and a plurality of
pairs of fluid passage forming members 22 mounted in
the case body 21.

[0041] The mounting frames 11 are mounted on the
outer surface of the case body 21 at the respective end
portions thereof. The interior of the case body 21 is par-
titioned into four tubular chambers 24 arranged in parallel
to each other and each having a slightly larger sectional
area than that of the flat tubes 4, by partitioning walls 23.
[0042] Each pair of fluid passage forming members 22
are longitudinally split thin strips having a length equal
to the length of the case body 21 and forming a square
tube which can be snugly received in one of the tubular
chambers 24. When each pair of fluid passage forming
members 22 are formed into the square tube, a tubular
space 3 is defined by opposed recessed grooves of the
respective fluid passage forming members 22 in which
a flat tube 4 can be snugly received. With the pairs of
fluid passage forming members 22 received in the re-
spective tubular spaces 3, bent pieces 25 at both ends
of the respective members 22 are fixed to the respective
mounting frames 11 by screws 26.

[0043] Alarge number of longitudinally continuous thin
fluid flow rectifying grooves 5a similar to those of the first
embodiment are formed on the bottom surface of the
recessed groove of each fluid passage forming member
22 so as to be arranged in parallel to each other in the
width direction of the fluid passage forming member 22.
[0044] With the pairs of fluid passage forming mem-
bers fixed in position in the outer case 2, the flat tubes 4
are inserted through the respective tubular spaces 3. In
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this state, fluid passages 5 are defined outside the re-
spective flat tubes 4 by the respective fluid flow rectifying
grooves 5a.

[0045] The flattubular heat exchanger 1 of the second
embodiment is assembled as follows: The respective
pairs of fluid passage forming members are combined
together and inserted into the respective tubular cham-
bers 24; the flat tubes 4 are inserted through the tubular
spaces 3 defined between the respective pairs of fluid
passage forming members 22; and the fluid supply and
discharge heads 7 and 8 are fixed to the respective
mounting frames 11 at the respective ends of the case
body 21 such that the fluid supply and discharge passag-
es 9 for the first fluid of the respective heads 7 and 8
watertightly communicate with the respective ends of the
fluid passages 5 of the outer case 2, and the fluid supply
and discharge passages 10 for the second fluid of the
respective heads 7 and 8 watertightly communicate with
the respective ends of the flow passages 6 defined in the
respective flat tubes 4.

[0046] Fig. 8 shows the heat exchanger of the third
embodiment, of which the outer case 2 includes, as in
the second embodiment, a case body 21 and fluid pas-
sage formingmembers 22. The third embodimentis char-
acterized in that the case body 21 can be easily formed
by molding of synthetic resin and can be made long.
[0047] The fluid passage forming members 22 of this
embodiment are similar to those of the second embodi-
ment in that each pair are longitudinally split strips. With
the respective pairs combined into square tubes, the fluid
passage forming members 22 are set in a mold for form-
ing the case body 21, which is in the shape of a square
tube, and aresin is injected into the mold to form the case
body 21 with the pairs of fluid passage forming members
22 embedded in the resin. The case body 21 is thus
formed by insert molding.

[0048] The case body 21 canbe formed by insert mold-
ing using a mold including upper and lower split mold
members. Since no draft is necessary as in the case with
a monolithic pipe, a long case body 21 can be formed
from synthetic resin. Since the fluid passage forming
members 22 are longitudinally split members, they can
also be formed using split molds. By using such molds,
a large number of thin fluid flow rectifying grooves 5a can
be easily formed on the fluid passage forming members
22, even if they are non-straight complex-shaped
grooves such as zigzag grooves.

[0049] In the second and third embodiments, instead
of resin molding, the fluid passage forming members 22
can also be formed easily by cutting or pressing a metal.
[0050] In the third embodiment, shown in Fig. 8, the
case body 21 is formed by insert molding with two pairs
of the fluid passage forming members 22 set in the case
body 21 in parallel to each other. During insert molding,
the mounting frames 11 are integrally formed at the re-
spective ends of the case body 21, and a large number
of reinforcing ribs 27 are formed on the outer periphery
of the case body 21 at predetermined intervals. Two or
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more of such case bodies 21 are connected together at
their abutting ends through the mounting frames 11 and
a connecting member 28 to form a long heat exchanger.
[0051] Now the heat exchange operation of the heat
exchanger of the first embodiment is described with ref-
erence to Figs. 1 to 6.

[0052] As shown in Fig. 1, the outer case 2 is formed
by combining the lower half member 2a and the upper
half member 2b. The flat tubes 4 are inserted into the
respective tubular spaces 3 defined in the outer case 2.
A supply pipe 29 for heating fluid is connected to the fluid
supply and discharge passage 9 for the first fluid of the
fluid supply and discharge head 7, which is mounted at
one end of the outer case 2. A discharge pipe 30 for
heating fluid is connected to the fluid supply and dis-
charge passage 9 for the first fluid of the fluid supply and
discharge head 8, which is mounted at the other end of
the outer case 2.

[0053] A discharge pipe 31 for fluid to be heated is
connected to the fluid supply and discharge passage 10
forthe second fluid of the fluid supply and discharge head
7. A supply pipe 32 for fluid to be heated is connected to
the fluid supply and discharge passage 10 for the second
fluid of the fluid supply and discharge head 8.

[0054] In this state, heating fluid is fed into the fluid
passages 5, which are formed in the inner peripheries of
the tubular spaces 3 of the outer case 2, from the supply
pipe for heating fluid. Simultaneously, fluid to be heated
is fed into the flow passages 6 defined in the respective
flat tubes 4 from the supply pipe 32 for fluid to be heated.
Thus, the heating fluid and the fluid to be heated flow in
the opposite longitudinal directions, outside and inside
of the respective flat tubes 4. As a result, heat is ex-
changed between the two fluids through the peripheral
walls of the flat tubes 4. In other words, the fluid to be
heated is heated, while flowing through the flow passag-
es 6 of the flat tubes 4, by the heat of the heating fluid,
which is flowing through the outer fluid passages 5, and
the thus heated hot water is discharged from the dis-
charge pipe 31.

[0055] While heat is being exchanged between the
heating fluid and the fluid to be heated through the pe-
ripheral walls of the flat tubes 4, the surface areaincreas-
ing shape 15 on the inner and outer surfaces of peripheral
wall of each flat tube 4 provides a larger surface area
and thus a larger contact area for both the heating fluid
and the fluid to be heated. The heat exchange efficiency
thus improves corresponding to an increase in surface
area due to the provision of the surface area increasing
shape 15, which makes it possible to efficiently heat the
fluid to be heated.

[0056] The flow of heating fluid through the fluid pas-
sages 5, which are located outside the flat tubes 4, is
rectified by the thin fluid flow rectifying grooves 5a formed
on the inner peripheries of the tubular spaces 3 in the
longitudinal direction of the flat tubes in straight lines or
in a zigzag pattern. Since the flow of the heating fluid is
rectified and guided in the desired direction by the fluid



11 EP 2 573 494 A1 12

flow rectifying grooves 5a, the heating fluid flows at an
increased speed, which quickens displacement of the
heating fluid in the fluid passages 5, thus improving the
heat exchange efficiency.

[0057] The operation of the heat exchanger 1 of the
second or third embodimentis the same as the above-de-
scribed operation of the heat exchanger of the first em-
bodiment.

[0058] In any of the embodiments, the number of the
flat tubes 4 used, which is equal to the number of the
tubular spaces 3 defined in the outer case 2, is not limited
to two to four, as shown, and may be one or larger than
four.

DESCRIPTION OF THE NUMERALS

[0059]
1. Heat exchanger
2. Outer case

2a. Lower half member
2b.  Upper half member
3 Tubular space

4. Flat tube

5. Fluid passage

6 Flow passage

7 Fluid supply and discharge head

8. Fluid supply and discharge head

9. Fluid supply and discharge passage
10.  Fluid supply and discharge passage
11.  Mounting frame

12. Recessed groove

13. Recessed groove

14.  Annular packing

15.  Surface area increasing shape

16.  Packing

17.  U-shaped mounting portion

21. Case body

22.  Fluid passage forming member

23.  Partitioning wall

24.  Tubular chamber

25. Bent piece

26. Screw

27.  Reinforcing rib

28. Connecting member

29.  Supply pipe

30. Discharge pipe

31.  Discharge pipe

32.  Supply pipe

Claims

1. A heat exchanger comprising an outer case defining
therein a tubular space, and a flat tube received in
the tubular space, wherein a first fluid and a second
fluid are fed through the tubular space, outside and
inside the flat tube, respectively, to exchange heat
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between the first and second fluids,

characterized in that the flat tube has a peripheral
wall having a surface areaincreasing shape, wherein
the tubular space has fluid passages formed on an
inner periphery of the tubular space through which
fluid can flow in a longitudinal direction outside of the
flat tube, the fluid passages being defined by a large
number of fluid flow rectifying grooves arranged par-
allel to each other.

The heat exchanger of claim 1, wherein the outer
case comprises a lower half member and an upper
half member disposed over and joined to the lower
half member, the lower and upper half members hav-
ing opposed recessed grooves opposed to each oth-
er and defining the tubular space, and wherein the
fluid flow rectifying grooves are formed in bottom sur-
faces of the opposed recessed grooves.

The heat exchanger of claim 1, wherein the outer
case comprises a case body in the shape of a pipe,
and two fluid passage forming members in the form
of split members that are joined together into a tu-
bular member and received in the case body, the
fluid passage forming members being formed with
opposed recessed grooves on opposed surfaces of
the respective fluid passage forming members, the
opposed recessed grooves defining said tubular
space, in which the flat tube is received, and wherein
the fluid flow rectifying grooves are formed in bottom
surfaces of the opposed recessed grooves.

The heat exchanger of any of claims 1 to 3, wherein
said surface area increasing shape of the peripheral
wall of the flat tube is one kind selected from the
group consisting of a longitudinally continuous heli-
cal corrugation, longitudinally continuous corruga-
tions, corrugations continuous in section in a width
direction, and longitudinally extending fins formed
on an outer surface of the peripheral wall of the flat
tube so as to be spaced apart from each other in the
width direction.

The heat exchanger of any of claims 1 to 4, further
comprising fluid supply and discharge heads water-
tightly fixed to two ends of the outer case, respec-
tively, each of the fluid supply and discharge heads
comprising a supply and discharge pipe for a first
fluid communicating with a flow passage defined in
the flat tube, and a supply and discharge pipe for a
second fluid communicating with the fluid passage
of the outer case.
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