
WINDOW UNITS INCORPORATING VENTILATION SYSTEMS FOR BUIIDINGS    1. A. The
present invention relates generally to window units incorporating
ventilation systems for buildings, and more particularly ventilation
systems including ventilators having built-in heat exchangers. 5
There are known various ventilation systems for buildings of the type
described which include a ventilator having a built- in heat exchanger.
These known ventilation systems have effected a heat exchange simply
between the inside air and the outside air while they flow through the
ventilator, but have not rerealized 10   a heat exchange between a
heat-transferring medium flowing through hollow window frames of the
building and air introduced into or discharged from the ventilator. Such
known systems are disadvan- tageous in that the efficiency of heat exchange
between the two media is relatively low, and the distribution of air flows
in a 15   roan is irregular, so that the room interior becomes
uncomfortable. It is believed possible by means of the present invention to
provide a window unit incorporating a ventilation system for a building,
which provides a higher heat exchanging efficiency and a uniform
distribution of air flows in a room, and hence can 20   maintain the room
interior in comfortable air conditions. Another believed possibility of the
present invention is 



to provide a window unit incorporating a ventilation system for a building,
which realizes a heat exchange between a heat-trans- ferring medium flowing
through hollow window frames of a building 25   and air brought into or
driven out from a ventilator having a built-in heat    -2- exchanging
element. According to the invention there is provided a window unit
incorporating a ventilation system for a building, the window unit
comprising a window frame and a ventilator, 5    the window frame defining
a window opening, the window frame including a first internal passage in a
frame member thereof for conducting a heat-transferring medium, said frame
member further including a second internal passage for conducting air
disposed in heat-exchange relationship 10   to said first internal passage,
the ventilator being supported by the window frame and disposed adjacent to
said window opening and adapted to remove foul air from a room of the
building and to introduce fresh air into the room, the ventilator
comprising a heat exchange element within 15   the ventilator for effecting
a-heat exchange between the fresh air and the foul air as the fresh air and
foul air flow through the ventilator, the window unit having a fresh air
inlet and a fresh air outlet on an exterior 



side and an interior side respectively of the window unit 20   for the
fresh air flow through the ventilator, the window unit having a foul air
inlet and a foul air outlet on the interior side and the exterior side
respectively of the window unit for the foul air flow through the
ventilator, the ventilator communicating with said second internal 25
passage in such a way that the fresh air or the foul air flowing through
the ventilator also flows through said second internal passage either
upstream or downstream of the ventilator and is subject to heat exchange
with the heat-transferring medium in said first internal passage.    The
invention will be described by way of example with reference to the
accompanying drawings, wherein:- FIG. I is a schematic front elevational
view of a window unit of a building incorporating a ventilation 5  system
embodying the present invention, the view showing the window unit as seen
from the interior of a room; FIG. 2 is an enlarged fragmentary
cross-sectional view taken along line II-II of FIG. 1; 10        FIG. 3 is
a view similar to FIG. 1, showing another embodiment; FIG. 4 is an enlarged
fragmentary cross-sectional view taken along line IV-IV of FIG. 3; 



FIG. 5 is a view similar to FIG. 1, showing a further 15  embodiment; FIG.
6 is an enlarged cross-sectional view taken along line VI-VI of FIG. 5;
FIG. 7 is a view similar to FIG. 6, showing a modification; 20        FIG.
8 is a view similar to FIG. 1, showing a still further embodiment; FIG. 9
is an enlarged fragmentary cross-sectional view taken along line IX-IX of
FIG. 8;    FIC-. 10 is a view similar to FIG. I, showing another
embodiment; FIG. 11 is an enlarged cross-sectional view taken along line
XI-XI of FIG. 10; FIG. 12 is an enlarged fragmentary front elevational view
of a portion of FIG. 10, parts being taken away for clarity; *
FIG. 13 is an enlarged cross-sectional view taken along line XIII-XIII of
FIG. 10; 10           FIG. 14 is a view similar to FIG. 1, showing another
embodiment; FIG. 15 is an enlarged fragmentary cross-sectional view taken
along line XV-XV of FIG. 14; and *            FIG. 16 is an enlarged
fragmentary cross-sectional 



15    view taken along line XVI-XVI of FIG. 14. FIGS. I and 2 show a
ventilation system which comprises a window unit 20 including a rectangular
window frame 21 mounted in an opening in a building (not shown). The window
frame 21 has a cair of top and bottom horizontal 20    frame members 22, 23
and a pair of vertical frame members 24,25 interconnecting the horizontal
frame members 22, 23. The window unit 20 has a transom  window or fanlight
portion 26 and a ventilator 27 disposed in the fanlight portion 26 at the
upper right corner of the window frame 21, the 25    ventilator 27 having a
built-in heat exchanging element (not shown).  A casement window 28 is
disposed adjacent to the ventilator 27 and is pivotable to project into the
interior of a room.  The window unit 20 further has a small fixed window 29
disposed in the fanlight portion 26 at the 30    upper left corner of
the.window frame 21, and a pair of    5. fixed and slidable windows 30, 31
disposed below the fanlight portion 26 in close juxtaposition.  A panel
member 32 is disposed below the windows 30, 31. As shown in FIG. 2, the
window frame 21 has a transom 5   or an intermediate horizontal frame
member 33 which defines the fanlight portion 26 together with the top
horizontal frame member 22, and respective upper portions of the 



vertical frame members 24, 25 (FIG. 1).  Each of the frame members 22 - 25,
33 is a thermally insulated frame member 10 comprising a pair of interior
and exterior frame pieces interconnected by connectors made of a thermally
insulating material. The frame member 33 is in the shape of a duct having a
hollow interior 34 and has a pipe 35 formed integrally with an interior
sidwall of the frame member 33 15  and projecting therefrom into the hollow
interior 34.  The pipe 35 extends along the length of the frame member 33
and defines a flow passage 36 for a heat-transferring medium (warm water in
winter and cold water in summer). The hollow interior 34 constitutes a flow
passage for air. The 20  frame member 33 further has, along the length
thereof, a series of air intake ports or slots 37 (only one shown) defined
in a lower wall of the frame member 33 at equal intervals.  The area of the
respective air slots 37 preferably is set to increase progressively   in
the 5 direction away from the ventilator 27, so that air can be brought
from the room uniformly through the air slots 37 into the hollow interior
or the flow passage 34 in the    frame member 33.  An air discharge opening
38 is defined in an upper wall of the frame member 33 for discharging the
air from the flow passage 34 in the frame member 33. The ventilator 27 is
disposed on the upper wall of 



5 the frame member 33 and is held in fluid communication with the flow
passage 34 in the frame member 33 through the opening 38.  The
heat-exchanging element built in the ventilator 27 is of the type which can
exchange both sensitive heat energy and latent heat energy.  The 10
ventilator 27 further has, on the exterior side, a pair of air inlet and
outlet ports 39, 40 opening to the atmosphere, respectively, for bringing
into fresh air into the ventilator 27 and for discharging foul air from the
ventilator 27.  The ventilator 27 also has, on the interior 15  side, an
air outlet port 41 opening to the room interior for driving out fresh air
into the room interior.  The internal structure of the ventilator 27 is
described hereinafter in detail. With this arrangement, fresh air
introduced through 20  the inlet port 39 into the ventilator 27 is
subjected to heat exchanging process by being contacted with the
heat-exchanging element and then is driven out the ventilator 27 through
the outlet port 41 into the room interior. Foul air is introduced through
the air slots 37 25  into the flow passage 34 in the frame member 33 and
then is brought into the ventilator 27, during which time the
heat-transferring medium flowing through the passage 36    7. 



will through the medium of the pipe 35 gives up heat to, or extracts heat
from the foul air channeled through flow passage 34 in the hollow frame
member 33. In the ventilator 27, the foul air flows parallel to the fresh
air, when heat is exchanged between the two media in counter current.  The
foul air is finally discharged from the ventilator 27 through the outlet
port 40 to the outside of the room.  The directions of flow of the fresh
air and the foul air are indicated respectively by arrows A and B 10 in
FIG. 2. FIGS. 3 and 4 show a modified ventilation system including window
unit 42 which is similar to the one shown in FIG. 1 at the numeral 20 with
the exception that the window unit 42 comprises a top horizontal frame
member 43 15   having on its interior side a portion in the shape of the
'hollow duct, as shown in FIG. 4.  The frame member 43 has a pipe 44 formed
integrally with an interior sidewall of the frame member 43 and extending
in a hollow interior 45 in the frame member 43 along the length thereof.
The pipe 44 20    defines a flow passage 46 for the heat-transferring
medium, and the hollow interior 45 constitutes a flow passage for air. The
frame member 43 has a series of air outlet ports 47 (only one shown in FIG.
4)) defined in the interior sidewall and extending along the length of the
same at 25    equal intervals.  An intermediate hollow horizontal frame
member 48 has an integral pipe 49 disposed in the hollow interior 50 at the
lower right corner of the frame member 



8. 48.  A ventilator 51 is disposed between the top and intermediate
horizontal members 43, 48 and is held in fluid communication with the
hollow interiors 45, 50 of the frame members 43, 48.  The ventilator 51 has
on its exterior side 5 a pair of air inlet and outlet ports 52, 53 opening
to the outside air. With this arrangement, fresh air introduced through the
inlet port 52 into the ventilator 51 is subjected to a heat exchanging
process and then is forced into the flow 10  passage 45 in the top frame
member 43 where it receives heat from, or is extracted heat by the
heat-transferring medium flowing through the passage 46 in the pipe 44.
Finally, the fresh air is discharged from the top frame member 43 through
the outlet port 47 evenly into the room 15  interior.  Foul air is
introduced through the air slots 54 (only one shown in FIG. 4) in the
intermediate frame member 48 into the hollow interior 50 of the same where
the heat-transferring medium flowing through a passage 55 in the pipe 49
gives up heat to, or extracts heat from the 20  foul air channeled through
the intermediate frame member 48.  The foul air then passes through an
aperture 56 in the frame member 48 into the ventilator 51 where it is
subjected to an additional heat exchanging process. 



Thereafter, the foul air is discharged from the ventilator 25 51 through
the outlet port 53. FIGS. 5 and 6 show another modified ventilation system
in which a window unit 57 includes a window frame 58    9. having an
intermediate horizontal frame member 59 extending between a top and a
bottom horizontal frame member 60 and 61.  As shown in FIG. 6, the
intermediate frame member 59 has a hollow interior 62 constituting a flow
passage for 5  air, and a flow passage 63 for a heat transferring medium
extending along the flow passage 62, the passage 63 being defined by a pipe
64 formed integrally with and inside the frame member 59.  The frame member
59 has in its lower wall. an air inlet port 65 held in fluid communication
with the 10  ventilator 67 and in its upper wall a series of air outlet
ports 66 (only one shown) disposed along the length of the frame member 59
at equal intervals.  Each air outlet port 66 preferably comprises a
diffuser for effecting uniform distribution of air discharged therefrom. A
ventilator 67 15  is disposed between the intermediate and bottom
horizontal frame members 59, 62 and is held in fluid communication with the
the flow passage 62 in the intermediate horizontal frame member 59. A panel
member 68 is disposed on the exterior side of the ventilator 67 and extends
between the 



20 intermediate and bottom horizontal frame members 59, 61. The panel
member 68 has a pair of parallel separated air channels 69a, 69b having at
one end a pair of air inlet and outlet ports 70, 71, respectively, and held
at the opposite end in fluid communication with the ventilator 67. The 25
ventilator 67 has an air inlet port 72 opening to the room interior for
introducing therethrough foul air into the ventilator 67.    10. With this
arrangement, fresh air introduced through the air inlet port 70 into the
channel 69a flows into the ventilator 67 where it is subjected to a heat
exchanging process. Then the fresh air is forced into the flow passage 5
62 in the frame member 59 where it is cooled or heated by the
heat-transferring medium flowing through the flow passage 63 in the pipe
64.  Thereafter, the fresh air is discharged from the outlet ports or
diffusers 66 into the room interior.  Foul air introduced through the inlet
port 10  72 into the ventilator 67 is discharged therefrom through the air
outlet channel 69b to the outside of the room after being heat-exchanged in
the ventilator 67. The intermediate horizontal frame member 59 may has a
partition wall 73 dividing the hollow interior or the flow 15  passage
62into two separate air chambers 74, 75, as shown 



in FIG. 7.  The pipe 64 is disposed in the upper chamber 74 which
communicates with the lower chamber 75 through an aperture 76 in the
partition wall 73. With this arrangement, an increased amount of heat
energy can be 20  given up to, or extracted from the fresh air as it flows
successively through the lower and upper air chambers 75, 74. Another
advantage attained by such arrangement is that streams of the fresh air
discharged from the outlet ports 66 have the same speed. 25        A
modified ventilation system shown in FIGS. 8 and 9 is similar to the system
shown in FIG. 7 but differs therefrom in that a window unit 77 comprises a
window frame    11. 78 including a hollow bottom horizontal frame member
79. The frame member 79 has a flow passage 80 for a heat-transferring
medium and an airflow passage 81 adjacent to the passage 80.  The flow
passage 80 is divided into two 5 chambers 81a, 81b by a vertical partition
wall or block 82, one of the chambers 81a being longer than the other 81b.
A panel member 83 has a pair of parallel separated, air intake and
discharge channels 84, 85 opening at one end to the outside air and held at
the opposite side in fluid 10 communication with the chambers 81a, 81b,
respectively. A ventilator 86 is disposed between the bottom horizontal 



frame member 79 and a hollow intermediate horizontal frame member 87.  The
ventilator 86 has on its interior side an inlet port 88 and is held in
fluid communication with both 15  the intermediate frame member 87--via an
intake opening 90 -in a lower wall of the frame member 87, and the chambers
81a, 81b in the bottom frame member 79. The hollow interior 89 of the frame
member 87 is divided into two chambers 89a, 89b by a horizontal partition
wall 91.  The 20  frame member 87 further has a flow passage 92 adjacent to
the upper chamber 89a for the heat-transferring medium, and a series of air
outlet ports 93 (only one shown in FIG. 9) along the length of an upper
wall of the frame member 8 at equal intervals. The partition wall 91 has an
aperture 94 25  communicating with the chambers 98a, 89b. With this
arrangement, fresh air frowing through the air intake channel 84 receives
heat from, or is extracted    12. heat by the heat-transferring medium
channeled through the passage 80 in the frame member 79 as it flows through
the longer chamber 81a in the frame member 79, prior to the heat exchange
between itself and a heat-exchanging element 5  (not shown) in the
ventilator 86.  The fresh air further cooled or heated by the
heat-transferring medium flowing through the passage 92 as it flows through
the chamber 89a. 



Thereafter, the fresh air is discharged uniformly from the outlet ports 93
into the room interior.  Foul air brought 10  through the inlet port 88
into the ventilator 86 is immediately discharged from the discharged
channel 85 to the outside of the room through the shorter chamber 81b in
the bottom frame member 79. FIGS. 10 to 13 show another modified
ventilation 15  system.  This system comprises a window frame 95 including
a hollow intermediate horizontal frame member 96 which has on its interior
side a passage 97 for a heat-transferring medium and an airflow passage 98
adjacent to the passage 97,  The horizontal frame member 96 also has on its
20  exterior side a series of air inlet ports 99 (only one shown in FIG.
11) along the length thereof at equal intervals.  A series of air outlet
ports 100 (only one shown in FIG. 11) is defined on the interior side of
the frame member 96 along the length thereof at equal 25  intervals.  A
ventilator 101 is disposed between the intermediate frame member 96 and a
hollow bottom horizontal frame member 102.  The ventilator 100 is held in
fluid    13. communication with the flow passage 98 and has an air inlet
port 103 opening to the room interior.  A panel member 104 is disposed on
the exterior side of the ventilator 101 



between the intermediate and bottom frame members 96, 102. 5   The panel
member 104 has an air duct 105 communicating at opposite ends with the air
inlet ports 99 in the frame member 96 and the ventilator 101.  A hollow
vertical frame member 106 has on its exterior side a series of air outlet
ports 107 along the length thereof at equal intervals. 10         The
ventilator 101 has upper and lower chambers 108a, 108b separated by a
partition wall 109, as shown in FIG. 12.  A rotor 110 is mounted on a drive
shaft for corotation therewith and extends across the partition wall 109
into the chambers 108a, 108b.  The rotor 110 has a 15   heat-exchanging
element llOa which is capable of  exchanging both sensitive heat and latent
heat at the same time.  The heat-exchanging element 110a effects a heat
exchange between fresh air from the outside of the room and foul air from
the room interior upon rotation of the rotor 110. The 20   ventilator 101
also has a blower or fan 111 disposed in the upper chamber 108a for flowing
air into the room interior, and a blower 112 disposed in the lower chamber
108b for flowing air outside the room. With this arrangement, fresh air
introduced through 25   the air inlet ports 99 in the frame member 96 flows
through the duct 105 into the upper chamber 108a of the ventilator 101
where it is subjected to a heat exchanging process by    



14. being contacted with the heat-exchanging element llOa.  The fresh air
further cooled or heated by the heat-transferring medium flowing through
the passage 97 as it flows through the passage 98 in the frame member 96.
Thereafter, the 5  fresh air is discharged uniformly from the outlet ports
100 into the room interior.  Foul air flows through the inlet opening 103
into the lower chamber 108b of the ventilator 101 where the heat-exchanging
element llOa effects a heat exchange between itself and the foul air.  The
foul air is 10  discharged from the outlet ports 107 in the vertical frame
member 106 to the outside of the room. A modified ventilation system shown
in FIGS. 14 to 16 comprises a window- frame 113 having a hollow
intermediate horizontal frame member 114 and a hollow vertical frame 15
member 115.  Each of the frame members 114, 115 has a flow passage 116 for
a heat transferring medium and an airflow passage 117 adjacent to the
passage 116.  The intermediate horizontal frame member 114 has a series of
air outlet ports or diffusers 118 (only one shown in FIG. 15) opening 20
to the room interior.  A series of air outlet ports 119 (only one shown in
FIG. 15) is further defined in the frame member 114 at equal longitudinal
intervals and opens to the outside of the room.  The vertical frame member
115 has on its exterior side a series of air inlet ports 120 (only two 25
shown in FIG. 16) at equal longitudinal intervals.  A ventilator 121 is
disposed between the intermediate 



horizontal frame member 114 and a bottom horizontal frame    15. member 122
adjacent to the vertical frame member 115.  The ventilator 121 is held in
fluid communication with the flow passages 117 in the frame members 114,
115, and has an air inlet port 123 opening to the room interior.  A panel
124 5  is disposed on the exterior side of the ventilator 121 and extends
between the horizontal frame members 114, 122.  An air duct 125 is defined
in the panel 124 and communicates at opposite ends with the air outlet
ports 119 and the ventilator 121. 10         With this arrangement, fresh
air is cooled or heated as it flows through the flow passage. 117 in the
vertical frame member 115, across  a heat-exchanging box 126 disposed
between the vertical frame member 115 and the ventilator 121, into the
ventilator 121, and through the 15   flow passage 117 in the horizontal
frame member 114.  The heat-exchanging box 126 is composed of a pipe 127
for the passage therethrough of the heat-transferring medium and a jacket
or cover 128 surrounding the pipe 127, there being defined between the pipe
127 and the jacket 128 an annular 20   chamber 129.  The fresh air thus
heat-exchanged is discharged from the outlet ports 118 into the room
interior.  Foul air is introduced through the air inlet 



port 123 into the ventilator 121 for being heat exchanged, and then flows
through the air duct 125 outside the room. 25         Preferably, the
ventilator 121 and the heat-exchanging box 126 are covered with a layer of
thermally insulating material. Concentrated water are    16. discharged
through a draining pipe 130 outside the toom.  As shown in FIG. 16, the
pipe 127 has radiator fins 131 for increasing the efficiency of heat
exchange. Throughout the embodiments mentioned above, each of the 5
window units has a thermally insulated structure which comprises a
thermally insulated window frame, a thermally insulated panel, and a pair
of panes of glasses. With the window units thus constructed, heat loss can
be reduced to a minimus.  The ventilation systems are 10    very
advantageous- -when they are incorporated in an air temperature control
system for rooms in a building. Such air temperature control system can be
overcome the problem of so-called radiation holes, i.e. a wall region of  a
room the temperature of which differs 15    substantially from the average
room temperature.    



17 CLAIMS:- 1.  A window unit incorporating a ventilation system for a
building. the window unit comprising a window frame and a ventilator, the
window frame defining a window opening, the window frame including a first
internal passage in a frame member thereof for conducting a
heat-transferring medium, said frame member further including a second
internal passage for conducting air disposed in heat-exchange relationship
to said first internal passage, the ventilator being supported by the
window frame and disposed adjacent to said window opening and adapted to
remove--foul air from a-room of the building and to introduce fresh air
into the room, the ventilator comprising a heat exchange element within the
ventilator for effecting a heat exchange between the fresh air and the foul
air as the fresh air and foul air flow through the ventilator, the window
unit having a fresh air inlet and a fresh air outlet on an exterior side
and an interior side respectively of the window unit for the fresh air flow
through the ventilator. the window unit having a foul air inlet and a foul
air outlet on the interior side and the exterior side respectively of the
window unit for the foul air flow through the ventilator, the ventilator
communicating with said second internal passage in such a way that the  



fresh air or the foul air flowing through the ventilator also flows through
said second internal passage either upstream or downstream of the
ventilator and is subject to heat exchange with the heat-transferring
medium in said first internal passage.    2.    A window unit according to
claim 1, said window frame including a pair of top and bottom horizontal
frame members, a pair of vertical frame members.interconnecting said
horizontal frame members, and an intermediate horizontal 5    frame member
extending between said top and bottom horizontal frame members, said
ventilator being disposed between said intermediate horizontal frame member
and one of said top and bottom horizontal frame members, one of said
vertical and horizontal frame members being the frame member in 10   which
said first and second internal passages are provided. 3.    A window unit
according to claim 2, said intermediate horizontal-frame member having said
first and second passages. 4.    A window unit according to claim 3, said
ventilator being disposed between said intermediate and top 



horizontal frame members, said top horizontal frame member having said
first and second passages. 5. A  window unit        according to claim 4,
said 5 intermediate horizontal frame member having said air inlet on the
interior side of said window unit. 6. A  window unit        according to
claim 5, said ventilator having said air outlet onthe interior side of said
window unit and said pair of air inlet and outlet on 10 the exterior  side
of said window unit. 7. A. window unit        according to claim 5, said
top horizontal frame member having air outlet on the interior side of said
window unit, said ventilator having said pair of air inlet and outlet on
the exterior side of 15 said window unit. 8. A  window unit
according to claim 3, said ventilator being disposed between said
intermetiate and bottom horizontal frame members, said bottom horizontal
frame member having said first and second passages. 20        9. A window
unit         according to claim 8, said ventilator having said inlet on the
interior side of said window unit. 10. A  window unit        according to
claim 9, said intermediate horizontal frame member having said outlet on 25
the interior side of said window unit. 11. A   window unit       according
to claim 10, including a panel member disposed on the exterior side of  



f                                 21 said ventilator and extending between
said intermediate and bottom horizontal frame members. 12. A  window unit
according to claim 11, said pannel member having said air inlet on the
exterior side of 5 said window unit. 13. A window unit         according to
claim 12, said pannel member further having said air outlet on the exterior
side of said window unit. 14. A window unit         according to claim 13,
said 10 ventilator having a pair of air intake and discharge openings
communicating with said pair of air inlet and ' outlet on the exterior side
of said window unit. 15. A  window unit        according to claim 13, said
bottom horizontal frame member having a pair of air intake 15  and
discharge openings communicating with said pair of air inlet and outlet on
the exterior side of said window unit. 16. A  window unit        according
to claim 13, said intermediate horizontal frame member having said air
outlet on the interior side of said window unit, one of said 20  vertical
frame member having one of said pair of air inlet and outlet. 17. .A
window unit       according to claim ll  one of said vertical frame members
having said first and second passages and said air inlet on the exterior
side of said 



25 window unit. 18. A   window unit       according to claim 12, said
intermediate horizontal frame member having said outlet on    22 the
exterior side of said window unit. 19.   A window unit according to claim
18, said pannel having air discharge channel communicating with said
outlet.    


