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(57) Abstract

A shoe (1) having an active air—conditioning device (2) for maintaining the temperature inside the shoe (1) at a value selectively
above or below the temperature of the outside environment; the air—conditioning device (2) being integrated in the sole (3) of the shoe
(1), and having a main heat exchanger (4) for exchanging heat with the inside of the shoe (1); an air compressing device (5) for feeding
a pressurized air stream to the main heat exchanger (4); an auxiliary heat exchanger (10) located between the air compressing device (5)
and the main heat exchanger (4) to reduce the temperature of the pressurized air stream; an expansion valve (11) located immediately
downstream from the auxiliary heat exchanger (10) to rapidly expand and so cool the pressurized air stream; and a bypass conduit (12),
with a relative on—off valve (13), for connecting the main heat exchanger (4) directly to the air compressing device (5).
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SHOE WITH AN ACTIVE AIR-CONDITIONING DEVICE

TECHNICAL FIELD

The present invention relates to a shoe with an
active air-conditioning device.

In the following description, the term "shoe" is
used to indicate, indifferentiy, shoes, boots, hiking
boots, ski boots, army boots, and any other type of
footwear covering a wide range of uses.

BACKGROUND ART

As 1is known, numerous types of shoes are currently
marketed featuring a built-in ventilation device for
circulating a stream of air inside the shoe to air the
foot.

Currently used ventilation devices are normally
built into the sole of the shoe, and normally comprise: a
pump unit activated by the wearer as he or she walks; and
two connecting conduits for connecting the pump unit to
the inside of the shoe and to the outside environment
respectively. The pump unit is normally defined by a
variable-volume pumping chamber formed inside the heel of

the sole, which is obviously made of rubber, and by two
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one-way valves located at the inlets of the two
connecting conduits. The one-way valves may be so
oriented as to direct a stream of air inwards or outwards
of the shoe alongside cyclic variations in the volume of
the pumping chamber induced by the alternating weight
exerted on the sole.

A major drawback of ventilation devices of the above
type is that of simply circulating air inside the shoe to
maintain an acceptable 1level of humidity, but with
substantially no change in the témperature of the air
inside the shoe. /

DISCLOSURE OF INVENTION

It is an object of the present invention to provide
an air-conditioning device designed to eliminate ‘the
aforementioned drawbacks.

According to the ©present invention, there is
provided a shoe, characterized by comprising an air-
conditioning device for maintaining the temperature
inside the shoe at a value selectively above or below the
temperature of the outside environment.

BRIEF DESCRIPTION OF THE DRAWINGS

A non-limiting embodiment of the present invention
will be described by way of example with reference to the
accompanying drawings, in which:

Figure 1 shows a side view, with parts in section
and parts removed for clarity, of a shoe in accordance
with the teachings of the present invention;

Figure 2 shows a plan view, with parts in section
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and parts removed for clarity, of the sole of the Figure

1 shoe.

BEST MODE FOR CARRYING OUT THE INVENTION

Number 1 in Figure 1 indicates as a whole a shoe
having an active air-conditioning device 2 for so
regulating the temperature inside shoe 1 as to provide
for improved comfort of the foot inside shoe 1. More
specifically, depending on the requirements of the user,
air-conditioning device 2 provides for withdrawing or
yielding heat from or to the foot in shoe 1, so as to
maintain the temperature inside shoe 1 at a comfortable
value considerably above or below that of the outside
environment, as required.

Air-conditioning device 2 1is preferably, but not
necessarily, built into the sole 3 of shoe 1, and
comprises: a heat exchanger 4 housed inside sole 3 of
shoe 1, close to the upper surface 3a on which the sole
of the foot rests; an air compressing device 5 for
emitting a stream of pressurized air (at a pressure of a
few tens of bars); and a feed conduit 6 connecting the
outlet of air compressing device 5 to heat exchanger 4.

Air-conditioning device 2 also comprises an intake
conduit 7 connecting air compressing device 5 to the
outside environment; an exhaust conduit 8 connecting heat
exchanger 4 to the outside environment; and possibly a
known nonreturn valve 9 located along exhaust conduit 8
to prevent air from flowing back to heat exchanger 4.

With reference to Figures 1 and 2, in the example
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shown, heat exchanger 4 is defined by a layer 4a of good
heat-conducting material, inside which is formed a coil
4b along which the pressurized air from air compressing
device 5 flows. Layer 4a is preferably, but not
necessarily, made of elastically deformable material, and
is obviously built into sole 3 of shoe 1 so that coil 4b
extends as close as possible to upper surface 3a of sole
3, to maximize heat exchange with the foot inside shoe 1.

The rest of sole 3, on the other hand, is made of
poor heat-conducting (i.e. thermally insulating) material
so as to minimize heat exchange with the outside
environment.

With reference to Figure 1, air compressing device 5
is preferably, but not necessarily, located at the heel
of sole 3, and 1is driven by the mechanical stress to
which sole 3 1is subjected as the user walks. More
specifically, compressing device 5 is driven by the
weight exerted cyclically on sole 3 of shoe 1 as the user
walks.

It should be stressed that air compressing device 5
provides for substantially adiabatic compression of the
outside air, and emits a stream of pressurized air at a
higher temperature than that of the outside air.

In the example shown, air compressing device 5
comprises a lenticular, variable-volume chamber 5a formed
in the heel - obviously made of elastically deformable
material - of sole 3; an intake valve 5b located at the

connection between chamber 5a and intake conduit 7; and a
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delivery valve 5c located at the connection between
chamber 5a and feed conduit 6. Intake vale 5b, which is
of known type, only permits airflow from intake conduit 7
to chamber 5a when the pressure inside chamber 5a is less
than the outside pressure; whereas delivery valve 5c,
which is also of known type, only permits airflow from
chamber 5a to feed conduit 6 when the air pressure inside
chamber 5a reaches a given value P (a few tens of bars).

Air compressing device 5 may, obviously, also be
formed differently.

With reference to Figure 1, aif—conditioning device
2 also comprises, along feed conduit 6, a heat exchanger
10 for dissipating heat to the outside environment; and a
laminating valve 11 forgrapidly expanding and so sharply
reducing the pressure of the air stream from heat
exchanger 10.

Finally, air-conditioning device 2 also comprises a
bypass conduit 12 connecting air compressing device 5
directly to heat exchanger 4 so as to bypass heat
exchanger 10 and laminating valve 11; and an on-off valve
13 located along bypass conduit 12. On-off valve 13 is
movable between an open position permitting pressurized
airflow directly from air compressing device 5 to heat
exchanger 4, and a closed position closing bypass conduit
12 in fluidtight manner, so that, to reach heat exchanger
4, the pressurized air stream is forced to flow along
feed conduit 6 fitted with heat exchanger 10 and

laminating valve 11.
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With reference to Figures 1 and 2, in the example‘
shown, heat exchanger 10 is defined by a member 10a made
of good heat-conducting material, and in which is formed
a conduit 10b along which the pressurized air stream from
air compressing device 5 flows. Member 10a is fitted to
th@ heel of sole 3, with part of the surface of the
mehber facing the outside, so that the outside air
flowing over said surface withdraws heat from the
pressurized air stream flowing along conduit 10b.

Operation of air-conditioning device 2 will now be
described, firstly assuming on-off valve 13 is open, and
then assuming on-off valve 13 is closed.

As the user walks along with on-off valve 13 open,
the pressurized air stream from air compressing device 5
flows along bypass conduit 12 directly to heat exchanger
4 where, before being exhausted to the outside along
exhaust conduit 8, heat is yielded to and so heats the
foot inside shoe 1, on account of the pressurized air
stream from air compressing device 5, as stated, being at
a far higher temperature than the outside air.

With on-off valve 13 open, air-conditioning device 2
therefore provides for maintaining the foot inside shoe 1
at a far higher temperature than the outside environment.

As the user walks along with on-off valve 13 closed,
the pressurized air stream from air compressing device 5
flows along feed conduit 6 and successively through heat
exchanger 10, where the temperature of the air stream is

reduced by yielding heat to the outside, and through
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laminating valve 11 where rapid expansion produces a
sharp fall in temperature.

The fall in temperature produced by rapid expansion
(substantially adiabatic) reduces the pressurized air
stream to a temperature lower than that inside shoe 1, so
that, as it flows through heat exchanger 4, the
pressurized air stream withdraws heat from and so cools
the foot inside shoe 1.

With on-off valve 13 closed, air-conditioning device
2 therefore provides for maintaining the foot inside shoe
1 at a lower temperature than the outside environment.

The effect of air-conditioning device 2 may,
obviously, be regulated accurately by choking the opening
of on-off valve 13, so that the pressurized air streanm
can flow along both feed conduit 6 and bypass conduit 12.

Unlike currently marketed shoes, shoe 1 as described
and illustrated herein has the major advantage of air-
conditioning device 2 controlling the temperature inside
shoe 1 and so greatly improving comfort of the foot.
Moreover, the adjustments afforded by on-off valve 13
provide for regulating the local temperature inside shoe
1 according to individual users' requirements.

A further advantage lies in air-conditioning device
2 being integrated relatively cheaply inside sole 3.

Yet a further advantage lies in the fact that air
compressing device 5, by absorbing part of the mechanical
stress produced as the user walks along, considerably

reduces the mechanical stress transmitted from the ground
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to the foot.

Clearly, changes may be made to shoe 1 as described
and illustrated herein without, however, departing from
the scope of the present invention.

In particular, according to a first variation not
shown, air-conditioning device 2 may be| designed solely
to heat or cool the foot inside shoe 1.

In the example shown, in the first case, air-
conditioning device 2 has no heat exchanger 10, no
laminating valve 11, no bypass conduit 12, and no on-off
vailve 13, so that the pressurized air sfream from air
compressing device 5 flows directly to heat exchanger 4.
In the second case, air-conditioning device 2 has no
bypass conduit 12 and no on-off valve 13, so that the
pressurized air stream from air compressing device 5 can
only reach heat exchanger 4 by flowing through heat
exchanger 10 and laminating valve 11.

According to a second variation not shown, heat
exchanger 4 may also be built into the upper of shoe 1.

According to a third wvariation not shown, intake
conduit 7 and exhaust conduit 8 are connected to each
other to form a closed circuit. In which case, a gas
other than air can be circulated inside air-conditioning

device 2.
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CLAIMS

1) A shoe (1), characterized by comprising an active
air-conditioning device (2) for maintaining the
temperature inside the shoe (1) at a value selectively
above or Dbelow the temperature of the outside
environment.

2) A shoe as claimed in Claim 1, characterized in
that said active air-conditioning device (2) comprises at
leaét one main heat exchanger (4) for exchanging heat
with the inside of the shoe; at least one air compressing
device (5) for emitting a pressurized air stream; and at
least one feed conduit (6) connecting said main heat
exchanger (4) to the outlet of said air compressing
device (5).

3) A shoe as claimed in Claim 2, characterized in
that said main heat exchanger (4), said air compressing
device (5), and said feed conduit (6) are built into the
sole (3) of the shoe (1).

4) A shoe as claimed in Claim 2 or 3, characterized
in that said active air-conditioning device (2)
comprises, along said feed conduit (6), an auxiliary heat
exchanger (10) for cooling the pressurized air stream
circulating inside; and an expansion valve (11) for
rapidly expanding and so sharply reducing the pressure of
the air stream from the auxiliary heat exchanger (10).

5) A shoe as claimed in Claim 4, characterized in

that said active air-conditioning device (2) comprises a
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bypass conduit (12) connecting the air compressing device
(5) directly to the main heat exchanger (4) so as to
bypass the auxiliary heat exchanger (10) and the
expansion valve (11); and an on-off valve (13) located
along the bypass conduit (12) to regulate passage of the
pressurized air stream along the bypass conduit (12).

6) A shoe as claimed in any one of the foregoing
Claims, characterized in that said main heat exchanger
(4) is defined by a layer (4a) of good heat-conducting
material, in which is formed a coil (4b) along which the
pressurized air stream from said air compressing device
(6) flows; said layer (4a) being integrated in the sole
(3) of the shoe (1) so that said coil (4b) extends close
to the upper surface (3a) of the sole (3).

7) A shoe as claimed in any one of the foregoing
Clains, characterized in that said active air-
conditioning device (2) comprises an intake conduit (7)
connecting said air compressing device (5) to the outside
environment; and an exhaust conduit (8) connecting said
main heat exchanger (4) to the outside environment.

8) A shoe (1) with an active air-conditioning device
(2), characterized in that said air-conditioning device
(2) comprises at least one main heat exchanger (4) for
exchanging heat with the inside of the shoe (1); and at
least one air compressing de&ice (5) for feeding a
pressurized air stream to said main heat exchanger (4);
said pressurized air stream having a temperature higher

than that of the outside environment.
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9) A shoe as claimed in Claim 8, characterized in
that said main heat exchanger (4) is defined by a layer
(4a) of good heat-conducting material, in which is formed
a coil (4b) along which the pressurized air stream from
said air compressing device (5) flows; said layer (4a)
being integrated in the sole (3) of the shoe (1) %o that
said coil (4b) extends close to the upper surface (3a) of
the sole (3).

10) A shoe as claimed in Claim 8 or 9, characterized
in that said active air-conditioning device (2) comprises
an intake conduit (7) connecting said air compressing
device (5) to the outside environment; and an exhaust
conduit (8) connecting said main heat exchanger (4) to
the outside environment.

11) A shoe (1) with an active air-conditioning
device (2), characterized in that said active air-
conditioning device (2) comprises at least one main heat
exchanger (4) for exchanging heat with the inside of the
shoe (1); at least one air compressing device (5) for
feeding a pressurized air stream to said main heat
exchanger (4); at least one auxiliary heat exchanger (10)
interposed between said air compressing device (5) and
said main heat exchanger (4) to cool the pressurized air
stream from the air compressing device (5); and at least
one expansion valve (11) for rapidly expanding and so
sharply reducing the pressure of the air stream from said
auxiliary heat exchanger (10); the pressurized air stream

entering said main heat exchanger (4) having a
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temperature lower than that inside said shoe (1).

12) A shoe as claimed in Claim 11, characterized in
that said main heat exchanger (4) is defined by a layer
(4a) of good heat-conducting material, in which is formed
a coil (4b) along which the pressurized air stream from
said expansion valﬂe (11) flows; said layer (4a) being
integrated in the sole (3) of the shoe (1) so that said
coil (4b) extends close to the upper surface (3a) of the
sole (3).

13) A shoe as claimed in Claim 11 or 12,
characterized in that said active air-conditioning device
(2) comprises an intake conduit (7) connecting said air
compressing device (5) to the outside environment; and an
exhaust conduit (8) connecting said main heat exchanger

(4) to the outside environment.



PCT/IT99/00384

WO 00/30484




PCT/1T99/00384

WO 00/30484

2/.2

1Ca

5b

~—




INTERNATIONAL SEARCH REPORT

inberma | Application No

PCT/IT 99/00384

A. CLASSIFICATION OF SUBJECT MATTER

IPC7  A43B7/02

According to intemational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classtfication system followed by classification symbols)
IPC 7 A43B

Documentation searched other than minimum documentation to the extert that such documents are inckided in the fleids searched

Blectronic data base consuited during the intemational search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Chtation of document, with Indication, where appropriate, of the relevent passages

Relevent to claim No.

X US 5 606 806 A (O’DWYER JAMES M)

4 March 1997 (1997-03-04)

column 8, line 40 - Tine 50

column 9, line 66 -column 10, Tine 5;
figures 4 5

X FR 2 469 886 A (PEREZ CONDE JOSE)
29 May 1981 (1981-05-29)

page 1, line 1 - Tine 4

figure 2

P,X FR 2 777 637 A (BERNIER JACQUES)
22 October 1999 (1999-10-22)

page 6, line 26 -page 11, line 25
figures 1-5

-f—

1,2,8

1-3,6-10

m Further documents are listed In the cortinuation of box C. E Patent family members are lsted In annex.

° Special categories of clited documents :

™ Iaterdowmmtptuld'\ed after the intemational filing date

. date and not in conflict with the application but
A" document defining the general state of the art which s not or portty
idered to be of particular rel abdbmdemandhepanbleormory underlying the
"E" earller document but published on or after the intemational o doamemofparﬁedenelevmmeehlmed nvention
filng date be considered novel of cannot be considered to
b documgt mwmy throw dowb bagd% d;kn(s) or hvdveanlnverllveaepmemhedowmemls taken alone
which establish another v doamemo!pemmlarmlevmﬁ\edalmed Invention
Mm“mwm(ﬂ specified) be considered to Involve an Inventive step when the
“0" document refening to an oral disclosure, use, exhibition or doelmemlsoonbhed with one or more other such docu—
other means meids, such combination being obvious to a person skilled
P doeunentptbld'uedm«tomeknqnaﬂom! filing date but i the art.
later than the priortty date clal *&" document member of the same patent famlly
Date of the actual compietion of the iIntemational search Date of malling of the Intemational search report
31 March 2000 10/04/2000
Name and malling addrees of the ISA Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rljswik

Fax: (+31-~70) 340-3018

Tel. (+831-70) 3402040, Tx. 31 851 epon, van E1k, M

Form PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

imem:  ai Application No
PCT/IT 99/00384

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

MAUV) 29 April 1993 (1993-04~29)
page 5, paragraph 4 -page 6, paragraph 1
figures

Category ° | Citation of document, with Indication,where appropriate, of the relevant passages Relevant to claim No.
A US 4 736 530 A (LAKIC NIKOLA ET AL) 8
12 April 1988 (1988-04-12)
column 4, line 8 - line 45
figures 1-4
A WO 93 07773 A (PROTAGON SPORTPRODUKTE DR 11

Form PCT/18A/210 (continuation of second sheet) (July 1982)

page 2 of 2




INTERNATIONAL SEARCH REPORT interm:

al Application No
PCT/IT 99/00384

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5606806 A 04-03-1997 us 5860225 A 19-01-1999
DE 69228708 D 22-04-1999
EP 0647104 A 12-04-1995
JP 10508208 T 18-08-1998
AT 177601 T 15-04-1999
Wo 9307774 A 29-04-1993
AU 699032 B 19-11-1998
AU 2365997 A 28-08-1997
AU 6053494 A 16-06-1994
CN 1098887 A 22-02-1995
DE 4414636 A 03-11-1994

FR 2469886 A 29-05-1981 NONE

FR 2777637 A 22-10-1999 WO 9953784 A 28-10-1999

US 4736530 A 12-04-1988 NONE

W0 9307773 A 29-04-1993 DE 4134565 A 22-04-1993

Form PCT/ISA210 (petent famly annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

