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FOR USE WITH AN AIR DISTRIBUTION SYSTEM

(57) L’ invention se rapporte a une unit¢ de ventilation
(30) qui ne necessite pas de gros conduits d air (16) et qui
est combinée a un systeme de chauffage ou de
refroidissement decentralise (37). Ce systeme comporte
au moins une admission d’air frais (16); un ventilateur
(21) fonctionnellement reli€ a ladite admaission d”air frais
de facon a amener de 1’air de 1’extérieur d 'un espace vers
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(57) A ventilation unit (30), which does not require large
air conduits (16) 1s combined with a decentralized
heating or cooling system (37). The system includes at
least one fresh air intake (16); a fan (21) operatively
connected to the at least one fresh air intake for drawing
air from outside of a space into the fresh air intake (16);
and at least one ventilation unit (30) located 1n the room
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I’admission d’air frais (16); et au moins une unit¢ de
ventilation (30) disposce dans la piece (3). Cette unite de
ventilation (30) comporte un conduit (31) definissant un
passage d’air ayant une premicre (32) et une seconde
(33) extrémite, un diffuseur (35) fonctionnellement reli¢
a 1’admission d’air frais (16) de facon a delivrer de 'air
frais a proximite de la seconde (33) extrémite du conduait
(31) et pour amener 1’air ambiant de la picce vers la
premicre (32) extrémite opposee. Cette unite de
ventilation (30) comporte ¢galement un ¢lément
chauffant (37) dispose en aval de la premicre extrémaite
opposce a l'mtérieur du conduit. L air ambiant est
entrain¢ vers l’¢lément chauffant qui chauffe cet air
ambiant, et 1’air chauff¢ est ventile dans la piece au
niveau de la seconde (33) extremite du conduit (31) sous
[’action d’un effet chemin¢e et du diffuseur d’air frais
(35). Le systeme assure une ventilation approprice grace
a 1’utilisation de petits conduits d’air (16) et du chautfage
centralise de 1" air.
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(3). The ventilation unit (30) includes a conduit (31)
defining an air passage having first (32) and second (33)
opposite ends, a diffuser (35) operatively connected to
the fresh air intake (16) for outputting fresh air near the
second opposite end (33) of the condwt (31) and for
drawing ambient air from the room through the first
opposite end (32). The ventilation unit (30) also includes
a heating element (37) located downstream from the first
opposite end (32) nside the conduit (31). The ambient
air 1s entramned towards the heating element (37) which
heats the ambient air, and the heated air 1s ventilated into
the room at the second opposite end (33) of the conduit
(31) by the action of a chimney effect and the fresh air
diffuser (35). The system provides for adequate
ventilation due to the use of small air conduits (16) and
the decentralized heating of the air.



CA 02315701 2000-06-20

4"(/,‘?‘*
l'gii;*‘&

NjaligV)Ava

OMPH
PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION Sl
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 0 : (11) International Publication Number: WO 99/35445
3126 Al

F24F 171, 1 (43) International Publication Date: 15 July 1999 (15.07.99)

(21) International Application Number: PCT/CA98/01206 | (81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,

BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GD,

(22) International Filing Date: 29 December 1998 (29.12.98) GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP,

KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK,

MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG,

(30) Priority Data: SI, SK, SL, TJ, TM, TR, TT, UA, UG, UZ, VN, YU, ZW,

09/001,149 30 December 1997 (30.12.97) US ARIPO patent (GH, GM, KE, LS, MW, 8D, §8Z, UG, ZW),

Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR,

(71) Applicant: HYDRO-QUEBEC [CA/CA]; 75, West GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF,
René-Lévesque, Montreal, Quebec H2Z 1A4 (CA). BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, |

| TD, TG).
(72) Inventors: BARIBEAULT, Jean; 2040 Rang St—-Marc,
St.—Mathieu—du~Parc, Quebec GOX INO (CA). DOSTIE, |
Michel: 5365 Cherbourg, Trois-Rivieres Ouest, Quebec | Published
G8Y 6R3 (CA). PARENT, Denis; 5605 rue Laflamme, With international search report.
Trois-Rivieres Quest, Quebec G8Y 6Y6 (CA).

(74) Agent: ROBIC; 55 St.-Jacques, Montreal, Quebec H2Y 3X2
(CA).

(54) Title: INTEGRATED HEATING AND FRESH AIR SUPPLY DEVICE FOR USE WITH AN AIR DISTRIBUTION SYSTEM

(57) Abstract

A ventilation unit (30), which does not require large air conduits (16) is
combined with a decentralized heating or cooling system (37). The system includes
at least one fresh air intake (16); a fan (21) operatively connected to the at least
one fresh air intake for drawing air from outside of a space into the fresh air intake
(16); and at least one ventilation unit (30) located in the room (3). The ventilation X[t
unit (30) includes a conduit (31) defining an air passage having first (32) and second
(33) opposite ends, a diffuser (35) operatively connected to the fresh air intake (16) 33
for outputting fresh air near the second opposite end (33) of the conduit (31) and 36
for drawing ambient air from the room through the first opposite end (32). The
ventilation unit (30) also inctudes a heating clement (37) located downstream from
the first opposite end (32) inside the conduit (31). The ambient air is entrained
towards the heating element (37) which heats the ambient air, and the heated air is
ventilated into the room at the second opposite end (33) of the conduit (31) by the
action of a chimney effect and the fresh air diffuser (35). The system provides for

adequate ventilation due to the use of small air conduits (16) and the decentralized
heating of the air.
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INTEGRATED HEATING AND FRESH AIR SUPPLY DEVICE FOR USE
WITH AN AIR DISTRIBUTION SYSTEM

The present invention relates to a ventilation unit providing fresh air and room

temperature control for use as part of a decentralized heating and cooling system.

DESCRIPTION OF THE PRIOR ART

Different methods and apparatuses have been proposed in order to ventilate a
space such as a room, a house or an office building. This is an important consideration
since an inhabited space will contain numerous pollutants, emanating from the space
itself, from the furniture, from the external environment, and from human activity (i.e.
breathing is a source of carbon dioxide (CO,), candles, etc.). By their nature, these
pollutants are impossible to eliminate completely; This is why it is necessary to replace
the ambient air with air in which pollutants are in smaller concentration.

The most basic system is simply natural ventilation, where fresh air is introduced
into a space through openings in the shell of a building. Vitiated air is exited from this
space through the same openings.

However, in geographical areas where the ambient temperature can vary
considerably, or when the temperature is either too hot or too cold for relatively long
periods of time, new design practices involving increased airtightness of buildings have
been implemented and mechanical ventilation has been introduced to better control the
fresh air supply.

Along with the ventilation systems, many heating systems have been used in
buildings. For instance, central heating systems have been proposed, hereinafter referred
to as «pulsed air systems», where air is heated in a furnace and then distributed to the
various areas of the space with large conduits. The disadvantage of these large conduits

1s mostly the loss of usable space due to the size of the conduits. It should be noted that
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similar systems have been proposed for central air conditioning, where the air is cooled
rather than heated. These systems can further be complemented with central
humidifiers, air filters, etc. These systems are, in a house, centrally controlled with a
thermostat, but buildings which are subdivided in many rooms can be locally controlled

only to a certain degree.

Another type of heating system is through the use of radiators wherein hot water

is circulated in order to heat the air around the radiator. The water is centrally heated

and dispatched to the radiators through conduits.

Similarly, electric radiators are also in use, where an electric heafing element is
located in a radiator and is supplied with electricity through wires. An electric radiator
will usually take the form of a naﬁow, rectangular housing in which a resistance is
housed. The temperature control is effected through thermostats which alternately open
and close the electrical circuit feeding the resistance. The advantage with an electrical
radiator is that control of the heat can be effected for each room in which a thermostat
1S present.

However, the disadvantage with these types of heating systems, i.e. both
electrical and hot water, is that they do not include any ventilation and/or mixing air and
the heat diffusion is only driven by free convection. Furthermore, since air is expelled
at low speed, it has a tendency to hug the wall against which the diffuser is placed, so
that air 1n the center of a room will not be heated adequately. This also results in loss
of energy, since a portion of the heat heats the wall, which is usually in contact with the
exterior.

It 1s also known to use a diffuser which functions similarly to the electric
radiator. This diffuser includes a conduit having two opposite ends, and heating means
located within the conduit at a lower opposite end. Ambient air is naturally drawn into
the conduit, heated and then expelled at the other opposite end. Because of its speed,
the air is pushed further off the wall, avoiding to overheat it. Experience shows that the
use of such a diffuser results in reduction of energy consumption for heating. The
problem with such a diffuser is that it does not introduce fresh air into the space being
heated. Furthermore, even if warm air does not hug the wall, it is still warmer than

ambient air and so has a tendency to go up quickly and does not reach the center of the
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room.

The concept of introducing fresh air into the space is quite important. As
mentioned above, due to energy considerations, new homes and buildings have an
increased airtightness. Therefore, fresh air will not naturally be introduced into the
space. The latest studies have found that in spaces where fresh air is not introduced,
pollution and contaminants can rise to dangerous levels. As an example, a recent study
by the Canadian Mortgage and Housing Corporation showed that in a bedroom where
the door and windows were closed and no fresh air was introduced, the CO, level could
exceed the maximum concentration of 3500 ppm allowed by Health and Welfare
Canada.

Accordingly, in the United States, norm ASHRAE 62-1989 requires a minimum
level of natural or mechanical ventilation for residential buildings. In Canada, the
National Building Code, in its 1990 version, requires a minimum of mechanical
ventilation for all new residences. In its 1995 version, the National Building Code (NBC
95) goes even further and requires a fresh air input in almost all of the rooms of a
residence. This is evidence of a tendency towards comfort and towards protecting the
health of the inhabitants.

There has also been proposed the use of independent ventilation systems. In
their most basic form, these systems extract air from a predetermined area in the
residence into the outside, replace the extracted air with fresh air and return a mixture
of extracted and fresh air into the residence. The purpose of “pre-heating” the air is to
avold condensation on the conduits, as well as to minimize any discomfort for people
near the fresh air output. More complex systems evacuate the totality of the air and
recuperate the heat therein with a heat exchanger. The fresh air, now slightly heated, is
then directed to the fresh air outputs. Most of these systems do not meet the NBC 95
since the distribution network does not reach into all of the rooms. These systems also
represent an added component to a residence which does not interact with the heating
system. These systems are also difficult to install in existing residences and the fresh

air is usually much colder than the ambient air, thereby creating discomfort for the

people in the residence.

Known in the art is Canadian Patent no. 1,263,052 which describes a method of
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ventiiating a room, where one or several jets of fresh air at high velocity are blown
Into an induction chamber and draw surrounding air into the chamber. In the
induction chamber, the fresh air and the surrounding an are mixed. The resulting
mixture is introduced substantially horizontally inta the room fo be ventilatad. One
particular characteristic of this method is that the surrounding air that is drawn into
the mduction chamber is taken from a higher level in the room than the leve! at which
the air mixture is introduced into the room.

Also known in the art is US patent no. 2,663 244 to MACDOWELL which
discloses a register outlct for warm air house-heating systems. This outlet however

does not include heatmg means for each outlet, the heat bei g provided by the large
feeder conduits and centrally heated.

US patent no. 4,712,611 to WITZEL describes g heating or air-conditioning
ventiation unit for motor vehicles. This patent teaches the use of a ventilator to feed

air to heating means. However, this patent 18 not concerned with optimizing the
distribution of heat in a room. Furthermore, this patent is directed specifically to

motor vehicles, and considerations for heating a residence are quite different from the
considerations in heating a car.

US patent no. 5,564,980 to0 BECKER, proposes a system for circulating air
within a room but without using air recirculation. Fresh air is introduced in the room
through a distribution network which brings the air to a ceiling ventilator. The system
may galso integrate heating or air-conditioning means, located in the fresh air conduit.
However, this system does not address the complete heating requirements of & room,
and the system needs 1o be supplemented with an Independent heater.

Other systems mixing fresh air are disclosed in F R-A-1 494 (90,
GB-A-1 038 144 and BE-A-553,798, but the systems there do not have the same goals

and some are complicated structures.

It 1s an object of the invention to provide a heating and ventilation system that

s decentralized, satisfies air quality requirements and does not require large conduits.

AMENDED SHEET
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In accordance with the invention, this object is achieved with a ventilation untt
located in a space to be ventilated and heated. The ventilation untt includes a conduit
cefining an air passage having a first and second opposite ends, the first opposite end
lying proximate a floor, the second opposite end extending in & direction oppostte the

o  first end, heating m=ans located within the conduit near the first opposite end, g fresh
alr diffuser located behind the conduit and having an outlet proximate the second end.

The conduit has a central portion between the two opposite ends that is substantially
vertical, and the second opposite end lies in & plane substantially perpendiculer to the

floor. The ventilation unit draws ambient air through the first opposite end due to a

1G  chimney effect created by the conduit, duc to the heating means which heat the
ambient air and force the heated ambient air 1o rise and due to the fresh air diffuser
which propels the heated air out of the conduit at the second end at an angle with
respect to vertical into the space and entrains the ambient air through the conduit. The

way the heated and the fresh air are propelled into the room improve the distribution

15 of heat therein. This improvement resuits in more energy savings and in increased
comfort.

The ventilation unit can be part of a complete ventilation system. In addition,
because the ventilation svstem does not have to carry all the warm air needed for
heating but only fresh air for air quality, air conduits of small dimensions are

20  sufficient to carry the amoumt of air needed, about 5 to 10 litres per second for each
room. This feature makes the system easier to install in new constructions and makes
retrofit easier in existing houses. Furthermore, since each of the ventilation units
InCludes heating means, the heating provided by each of these ventilation units may

be individually controlled to provide the desired degree of comfort in any given room.
25

the need for large conduits, the advantage of bringing fresh air in each heating space

and the advantage of the individual and selective control of each unit such as with
clectric baseboard heaters.

AMENDED SHEET
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The present invention and its advantages will be more easily understood after

5 reading the following non-restrictive description of preferred embodiments thereof
made with reference to the following drawings, in which:

Figure 1 is a cross-sectional view of a ventilation unit for use with the
mvention;

Figure 2 is a front plan view of the ventilation unit of Fig, 1;

10 Figure 3 is a schematic representation of a ventilation system according 1o a

AMENDED SHEET
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preferred embodiment of the invention, for use in a house; and

Figure 4 is a schematic representation of a central unit.

DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION

The present invention is concerned with an integrated heating and fresh air
supply device for use with a decentralized air distribution system. The device will be
hereinafter referred to as a “ventilation unit”. A ventilation unit 30, shown in more
detail in Figs. 1 and 2 is located in a room 3 in a space such as a house or an office
building, although there may be more than one per room 3, and includes a conduit 31
defining an air passage which has a first 32 and second 33 opposite ends. The
ventilation unit 30 also includes a fresh air diffuser 35, operatively connected to a fresh
air intake 20 through small diameter conduits 16, for outputting fresh air into the conduit
31. The diffuser 35 is preferably located near the second opposite end 33 of the conduit,
as better shown on Fig. 2. The diffuser 35, by diffusing fresh air into the conduit 31,
also draws ambient air from the room 3 into the conduit 31, as shown by arrow 36.

The ventilation unit 30 further includes heating means 37, such as a common
electric heating element, located inside the conduit 31 near the first opposite end 32.
Accordingly, the ambient air is pulled towards the heating means 37 through convection
and through a chimney effect created by the conduit 31 and the heating means 37 (the
heating means create a buoyancy force, which pulls the air upwardly). The heated air
Is further pulled towards the second opposite end 33 of the conduit 31 by the fresh air
diffuser 35, which entrains the heated air out of the conduit 31 and 1nto the room. The
advantage of placing the diffuser 35 at this point is that the mixed fresh and heated air
1s projected further into the room as opposed to following the wall vertically, since the
colder fresh air will prevent the heated air from rising too quickly. This results in better
heat distribution in the room and less energy wasted through heating the wall, which can
often be an outside wall.

Furthermore, the placing of the fresh air diffuser at this point results in a more

efficient heat exchange at the location of the heating means 37, since the ambient air

travels faster over the heating means.
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Referring now to Figure 3, the ventilation unit 30 according to the invention is
particularly suited for use with a complete ventilation system 10. The system 10 1s
designed to ventilate a space 1 which has at least one room 3 and where the space 1 has
an 1nside 5 and an outside 7.

The system 10 basically comprises at least one fresh air intake 20, means 21
operatively connected to the at least one fresh air intake 20 for drawing air from outside
7 the space 1 into the at least one fresh air intake 20, such as a fan, and at least one
ventilation unit 30.

‘As can be seen on Figure 3, the system 10 illustrated therein includes three
ventilation units 30 in two separate rooms 3. It should be noted that the system may
include valves 28 which can be used to regulate the amount of fresh air fed to the
various units 30.

The system is further complemented by at least one evacuation air conduit 40,
also located in the room 3, for evacuating vitiated air from inside 5 the room into the
outside 7. Preferably, if the space 1 is divided into a plurality of rooms 3, each room 3
includes at least one evacuation air conduit 40. The evacuation air conduit 40, although
able to function due to natural ventilation, is preferably connected to means 41 for
drawing vitiated air from the room into the outside, such as a fan.

Preferably, the fans 21, 41 for drawing air from the outside 7 and for drawing air
from the inside S are enclosed in a single, central unit 50, as shown on Fig. 4, where the
unit 50 also includes an energy recuperation device 51, which is well known in the art.
This allows for the possibility of pre-heating the fresh air with heat recuperated from
inside air, prior to dispatching the fresh air to the various ventilation units 30. This
reduces the heating load imposed on the heating means 37 and provides for more
constant heat in the room 3. It should also be understood that the energy recuperation
device may also be used to pre-cool the fresh air, when the ventilation unit 30 works to

cool the air.

In another alternative configuration, the unit 50 housing the two fans 21, 41 may
further include filters 52, and may include humidifying means 53. Both of these means
are well known in the art, particularly with respect to central pulsed air systems.

Should a user desire cooling of the air, the central unit 50 may also be provided
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with air-conditioning means 54. Obviously, if the air-conditioning system is enabled,
the heating means will be disabled.

One of the advantages of the invention is that since the control of the heating is
effected at each of the ventilation units 30 through individual thermostats which can be
located on a wall in the room or integrated into the ventilation unit 30, the conduits 16
which dispatch the fresh air to the various ventilation units 30 can be of small size. This
permits easy assembly into an existing structure (i.e. a retrofit), and does not
compromise space in a new structure. By small conduits it is understood that the
conduits can have a diameter in the order of a few centimeters, preferably between 5 and
10 centimeters, although the size for a complete ventilation system can be modified
according to the ventilation needs. The expression small diameter is used to contrast
with the large conduits that are used in pulsed air systems.

One of the problems associated with dispatching air through smaller conduits is
the noise so produced because of the relatively high velocity of the air. This is due to
the fact that previous «small conduit» systems included central heating means, resulting
In a high volume of air needed to heat a room or a very high temperature of the air. The
use of small conduits is an impediment to high volume of air because losses increase
dramatically with speed of the air. On the other hand, high temperature air requires
additional insulation, which increases the diameter of the conduits and defeats the
purpose of having small conduits. This problem is obviated with the present invention,
since the air that travels in the small conduits is not heated — it is only fresh air.
Consequently, there is no need for insulation or larger conduits.

The problem of noise is attenuated in the present invention by the use of an -
adequate diffuser. Preferably, the diffuser 35 has an outlet 71 having a width equal to
a width of the conduit, as shown in Fig. 2. Furthermore, the diffuser 35 has a generally
triangular shape, also shown in Fig. 2. In tests performed to evaluate the efficiency of
the system, air was delivered to the diffuser at two different rates, i.e. 5 liters per second
and 10 liters per second, which are in the range of values recommended by NBC 95 and
are not values which are absolutely required by the invention. At either of these rates,
the noise generated by the ventilation system is similar, or lower, than the noise
produced by a standard central pulsed air system. Furthermore, since the diffuser 35 has
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the cross-sectional shape of that shown on Fig. 2, the plume outputted by the ventilation
unit is stronger, and further away from the wall, than with that produced by an electric
baseboard heater or by a convector unit, thus increasing the efficiency of heating and

improving comfort for the occupants.

5 Although the present invention has been explained hereinabove by way of a

preferred embodiment thereof, it should be pointed out that any modifications to this
preferred embodiment within the scope of the appended claims is not deemed to alter

or change the nature and scope of the present invention.
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]. A ventilation unit (30) for use with a system for heating and ventilating an
enclased space, said ventilation unit (30) including a conduit (31) defining an
air passage having a first (32) and second (33) opposite end, said first opposite
end (32) lying proximate a floor, said second opposite end (33) extending 1n &
direction opposite said floor, heating means (37) located inside said conduit
(31) proximate said first opposite end (32),
characterized in that:
said conduit has a central portion between said two opposite ends that 15

substantiaily vertical and where said second opposite end lies in a plane substantally

perpendicular to said floor; and in that
said ventilation unit (30) further includes a fresh air diffuser (35) located
behind said conduit (31) and having an outlst (71) proximate said second opposite end

(33), said ventilation unit (30) drawing ambient air through said first opposite end

(32) due to a chimney effect created by said conduit (31), due to said heating means
(37) which heat said ambient air and force said heated ambient air to rise, and due to
said fresh air diffuser (35) which propels said heated air out of said conduit (31) at
said second opposite end (33) and at an angle with respect to vertical into said space
and entrains said ambient air through said conduit (31).

2. A ventilation unit according to claim 1, characterized in that said fresh air
diffuser (35) feeds fresh air into said unit (30) at a rate between 5 and 10 litres per
gecond.

3. A ventilation unit according to claim 2, characterized in that said conduit (31)
has a length and a width, said length being greater than said width, and wherein said
fresh air diffuser outlet (71) has a width equal to the width of the condwuit (31).

-3 A ventilation unit according to claim 3, characterized in that said fresh air
diffuser (35) further includes a small diameter inlet.

AMENDED SHEET
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5. A method for heating & room, comprising the steps of:

providing a ventilation unit (30) in said room, said ventilation unit (30)
including & conduit {31) defining an air passage having a first (32) and second (33)
opposite end, said conduit having a central portion between said two opposite ends
that is substantiaily vertical, said first opposite end (32) lying proximate a floor, said
second opposite end (33) extending in a direction opposite said floor and lying in a
plane substantially perpendicular to said floor, heating means (37) located inside said
conduit (31) proximate said first opposite end (32), a fresh air diffuser (35) located
behind said conduit (31) and having an outlet (71) proximate said second end (33),
said ventilation unit (30) drawing ambient air through said first opposite end (32) due
to 8 chimney effect created by said conduit (31), due to sald beating means (37) which
heat said ambient air and force said heated ambient air to rise, and due to said fresh air
diffuser (35) which propels said heated air out of said conduit (31) at said second end
(33) and at an angle with respect to vertical into said space and entrains said ambient
air through said condust (31); and

conpecting said diffuser (35) to a fresh air source (20).

6. A method according to claim 5, further including the step of evacuating
vitiated air from said recom through an evacuation conduit {(40).

7. A method according to claim 6, further including the step of preheating said
fresh air prior to delivering said fresh air to said diffuser (35).

8. A method according to clairm 6, further comprising the step of feeding fresh air
through said fresh air source through a small diameter conduit (16), and with a rate
between 5 and 10 liters per second.
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