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CEl LI:'NG MOUNTED APPARATUS FOR HEATI NG AND COOLI NG Backgro

Fnventi on This invention relates to heating or cooling appa ]

wi thin a suspended ceiling in a home, office, or other buil d W
rough such

particular, this invention relates to the processing of air
appar at us. N

CEILING MOUNTED APPARATUS FOR HEATING AND COOLING

Background of the Invention

This invention relates to heating or cooling apparatus mounted within a suspended ceiling
in a home, office, or other building space. In particular, this invention relates to the

processing of air through such apparatus.

It has been heretofore known to mount a heating or cooling apparatus in a suspended
ceiling of a room or space that is to be heated or cooled. The thus mounted apparatus
typically draws air in through an inlet provided in the apparatus. The thus drawn in air is

circulated through appropriate heat exchange elements before exiting through one or more

outlets provided in the apparatus.

The ceiling mounted apparatus typically includes a fan device for drawing in the air that is
to be processed and discharged. This fan device may create a significant suction pressure
at the air inlet. This suction pressure can draw the air being discharged from the ceiling
mounted apparatus back into the apparatus. Re-circulation of this discharged air back
through the heat exchange elements lowers the heating or cooling efficiency of the
apparatus. It may also affect the long term integrity of the heat exchange elements that are

being exposed to the re-circulated air that does not need to be further heated or cooled.

The potential for re-circulation of discharged air back through an air intake of a ceiling
mounted apparatus has been heretofore addressed by providing air outlets that direct the
discharged air away from the air intake. It has however been found that this directional

discharge is hard to achieve when the air outlets are relatively close to the air inlet.



It has been heretofore known to nount a heating or cooling apparatus in a
Susperided ceiling of a roomor space that is to be heated or cool ed. The

t hus nmounted apparatus typically draws air in through an inlet provided in
the apparatus. The thus drawn in air is circulated through appropriate heat
exchange el enents before exiting through one or nore outlets provided in

t he appar at us. The ceiling nmounted apparatus typically includes a fan
device for drawing in the air that is to be processed and di scharged. This
fan device may create a significant suction pressure at the air inlet. This
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t he heat exchange enents that are being exposed to the re-circulated air
t hat does not need to be further heated or cool ed. The potential for
re-circulation of djscharged air back through an air intake of a ceiling
nount ed appisranother phisctnf dhe muentionte providedicabager wplipg appaiatug fafimountinget s
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ceiling mounted apparatus.

Summary of the Invention

The above and other objects are achieved by a ceiling mounted heating or cooling

apparatus that draws air upwardly into an inlet and processes the air through heat exchange
elements before distributing the air downwardly. The air is preferably distributed
downwardly by air discharge structure surrounding the heat exchange elements. The airis
ultimately discharged through one or more air discharge ducts positioned relatively close to
the air inlet. Each discharge duct includes a rotatable louver mounted therein that guides

the air within the duct.

The rotatable louver in each air discharge duct preferably rotates between either of two
positions depending on whether warm or cool air is to be discharged. The position of the
louver when warm air is to be discharged produces a substantially downward air flow path
to the air exiting the duct. The position of the louver when cool airis to be discharged

produces a substantially lateral air flow path to the air exiting the duct.

The air is preferably discharged at a minimum distance from the ceiling so as to avoid any

smudging of the ceiling. This is accomplished by a gradually curved wall in each air duct
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2 It is an object of the invention to provide heating or cooling apparatus
mounted within a suspended. cei ling that naintains a proper distribution of
either heated or cooled air that does not interfere with the intake of air
into the sane apparat us. It is another object of the invention to provide
heating or cooling apparatus for nounting within a suspended ceiling that
defines two distinct air flow paths for conditioned air |eaving the
apparatus that achieve optinmal air flow for both heated and cooled air from

the ceili noun ed a ar atu of the .Inventio The above and
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minimum distance ﬁ'om the ceiling.

Another wall of each discharge duct preferably includes a smoothly curved bend of a
prescribed angular arc that directs the discharged air away from the air inlet of the

apparatus. This wall in each duct is relatively close to the air inlet.

Brief Description of the Drawings

Other objects and advantages of the present invention will be apparent from the following

description in conjunction with the accompanying drawings, in which:

Figure 1 illustrates a ceiling mounted heating and cooling apparatus having air discharge

slots located around the perimeter of a centrally located air intake grill;

Figure 2 illustrates the heating and cooling apparatus prior to being mounted in the ceiling

of Figure 1;

Figure 3 is an exploded view of the heating and cooling apparatus of Figure 2;

Figure 4 is a sectional view of the heating and cooling apparatus of Figures 2 and 3

illustrating how air is processed from the intake grill to the output of an air discharge duct;

Figure 5 is an enlarged cross-sectional view of the air discharge passage formed in the

bottom most piece of the heating and cooling apparatus of Figures 2 and 3; and

Figure 6 is an enlarged cross-sectional view of the air discharge passage of Figure 5 when

the rotated louver therein is in a position for distributing heated air.
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coollng apparatus that draws air upwardly into an inlet and processes the
air through heat exchange el ements before distributing the air downwardly.
The air is preferably distributed downwardly by air discharge structure
surroundi ng the heat exchange elenments. The air is ultimately discharged

t hrough one or nore air discharge ducts gpositioned relatively close to the
air inlet. Each discharge duct includes a rotatable | ouver nounted therein
that guides the air within the duct. A wall of each discharge duct includes
a snoothly curved bend of a prescribed angular arc that directs the

di scharged air away fromthe air inlet of the apparatus. This wall in each

duct is relgblveEmbelaamtto the air inlet. The rotatable | ouver in each
air dis a-r-g'e—o@t‘t—p'r-gﬁgr ably rotates between either of two positions
dependi ng on whether warmor cool air is to be discharged. The position of

the | ouver_ when warmair is_to be discharged produces a substantially
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smudgi ng of the ceiling. This is acconplished by a
space being heated or cooled. The heating and cooling apparatus also includes four air
discharge slots 16, 18, 20 and 22. These air discharge slots each form part of respective air
discharge ducts which distribute processed air from the apparatus back into the space being
heated or cooled. It is to be noted that each discharge slot is located relatively close to the

centrally located grill 14.

Referring to Figure 2, the heating and cooling apparatus 10 is shown before being mounted
within the ceiling 12. It is to be noted that the heating and cooling apparatus includes a
housing 24 containing the various components for processing the air that is drawn into the

apparatus through the air intake grill 14.

Referring to Figure 3, the heating and cooling apparatus 10 is illustrated in an exploded
view form. The bottom portion of the heating and cooling apparatus is seen to include a
frame 26 in which four air discharge ducts, such as duct 28, are formed therein. Each
discharge duct defines one of the respective discharge slots 16, 18, 20 and 22 in the frame
26. A rotatable louver such as 30 is positioned within each air discharge duct. The

rotatable louver 30 is seen to extend along the entire length of the duct 28.

An air filter 32 and the intake grill 14 preferably fit into a central opening in the frame 26
and are appropriately secured thereto. The intake grill 14 is preferably square in shape and

is curved slightly upwardly toward its center from all four sides.
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gradual ly: curved wall in each air duct that extends laterally outwardly so

as : . REPLACEVENT SHEET

3 to define where the air exists fromthe duct at the m ni mum di stance
fromthe ceiling. Brief Description of the Draw ngs O her objects and
advant ages of the present invention wlls be apparent fromthe foll ow ng

description in conjunction with the acconpanyi ng draw ngs, in which:

A centrifugal fan 34 draws air upwardly through the intake grill 14 and the air filter 32.
This fan distributes the drawn up air radially outwardly toward heat exchange elements 36.
The heat exchange elements preferably consist of a series of coils arranged around the
periphery of the centrifugal fan. These coils carry a heat exchange medium which transfers

heat to or from a series of heat exchange fins in thermal conducting contact with the coils.

The outwardly flowing air from the centrifugal flow fan 32 is deflected downwardly by air
channel structure 38 as shown in Figure 4. The air channel structure 38 is preferably
molded out of polystyrene so as to form a single light insulative piece that fits into the
housing 24. The air channel structure 38 is seen to extend inwardly along a top pbrtion 40
of the heating and cooling apparatus to a point beyond the inner perimeter of the fins of the
heat exchange elements. The air channel structure also extends downwardly along the
inner wall of the housing 24. The air channel structure 38 also is slanted toward the inner
wall of the housing 24 so as to define a continuously increasing radial spacing from the
heat exchange elements. The air channel structure 38 extends downwardly at this definable

slant to the top of a drain pan 42 that is more clearly shown in Figure 3.

Referring again to Figure 4, the bottoms of the fins of the heat exchange elements 36 rest
in the drain pan 42 so as to allow any condensate from the coils of the heat exchange
elements to be collected and drained away in a slot 44. A slotted hole 45 in the drain pan is
aligned with respect to the air channel structure 38 so as to define a continuous air channel
down to the air duct 28 formed in the frame 26. It is to be noted that similar slotted holes

in the drain pan define continuous air channels down to the other respective air discharge
ducts in the frame 26.

The cross-section of the frame in Figure 4 reveals that the frame consists of two different

structures. The frame includes an exterior portion 46 preferably molded of a hard plastic.



Figure 1 illustrates a ceiling nounted heating and cool i ng apparatus having
air discharge slots |ocated around the perimeter of a centrally |ocated air
i ntake grill; Figure 2 illustrates the heating and cooling apparatus
prior to being nmounted in the ceiling of Figure 1; Figure 3 is an

expl oded vi ew of the heating and coolinqsapparatus of Figure 2; Figure 4
Is a sectional view of the heating and cooling apparatus of Figures 2 and 3
illustrating how air is processed fromthe intake grill to the output of an
air di scharge duct; Figure 5 is an enlar?ed cross-sectional view of the

ai r di schahgdramestuphermase instnden a dightweight smaldadaolystaere dructuse 4habevethe and
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Referring again to the air channel structure 38, it is to be noted that this structure forms a
continuous, smooth, inner wall surface for deflecting the air downwardly. The upper
portion of this continuous, smooth, inner wall surface is preferably a curved arc having a
constant radius of curvature. The slanted portion of this inner wall is preferably three to
five degrees from the vertical. This smooth continuous inner wall assures that all air flows
smoothly down to the slotted hole 46 in the drain pan and hence to the air passage duct 28
formed in the frame 26.

.Referring to the heat exchange elements 36, it is to be appreciated that these elements will
either add heat or remove heat from the air passing over the fins depending on the state of
the heat exchange medium flowing through the coils of the heat exchange elements. In this
manner, the heating or cooling apparatus will either provide warm or cool air to the air
discharge ducts in the frame 26. Referring to the air discharge duct 28 in Figure 4, it is to
be noted that the louver 30 is attached at each end to rotatable members such as 48 which
rotates within a bracket 50. As will be explained in detail hereinafter, the louver 30 is
rotated to either of two positions depending on whether warm or cool air is flowing
through the air discharge duct 28. The rotation of the louver 30 may either be by a motor
or through manual adjustment. It is to be appreciated that similar louvers are rotatably

mounted and driven to respective positions in each of the other air discharge ducts formed
in the frame 26. '

Referring to Figure 5, the discharge duct 28 within the frame 26 is further illustrated in an
enlarged cross-sectional view. The air discharge duct 28 is seen to comprise two
continuous wall surfaces denoted as an inner wall surface 52 and an outer wall surface 54.

The inner wall surface 52 is relatively close to the intake grill 14 whereas the outer wall



Figures 2.and 3; and Figure 6 is an enlarged cross-sectional view of the
air di scharge passage of Figure 5 when the rotated |ouver thereinis in a
position for distributing hcatcd air. Preferred Enbodi nent Referring to

Figure 1, a ceiling nounted apparatus 10 for heating or cooling
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surface 54 is further away from the grill. The outer wall surface 54 is seen to be a part of
the frame 26 that extends outwardly in a lateral direction away from the portion of the
frame 26 that fits up into the ceiling. This portion of the frame forms a lip 56 that
generally fits up against the ceiling when the heating or cooling apparatus is mounted
thereto. It is to be noted that the outer wall 54 extends outwardly to a point located at a
distance “h” below the top of the lip 56. The distance “h” is preferably in the range of
fifteen to twenty millimeters. This height assures that no smudging will occur to the
ceiling when air flows out along the smoothly curved wall 54. It is finally to be noted that
the beginning of the outer wall surface 54 is substantially vertical before sharply curving to
a point where the lip 56 begins. This point is vertically below where the frame 26 fits into
the ceiling. The outer wall surface continues almost laterally from this point at a
substantially large radius of curvature until reaching the discharge point at the distance “h”

below the top of the lip 56 of the frame 26.

Referring now to the inner wall 52, it is to be noted that this wall begins within the frame
26 upstream of where the louver 30 is rotatably mounted within the duct 28. This wall
slants slightly from vertical to a point vertically below the horizontal plane containing the
axis of rotation of the rotatable member 48. The inner wall 52 thereafter comprises a
substantially curved arc before tangentially meeting a straight slanted wall surface

immediately upstream of the exit point of the air from the duct 28.

It is to be noted that the total angular change of the inner wall 52 from the first slanted
portion of this wall beginning where the duct 28 is formed in the frame 26 to the second
slanted straight wall portion ending where the air exits from the duct 28 is denoted by the
angle c. This angle is determined by the curved arc portion of the inner wall 52 that joins
the first and second slanted wall portions of the inner wall. This angular change in the
inner wall 52 is preferably within the range of one hundred ten to one hundred thirty

degrees. It has been found that when « is greater than one hundred thirty degrees, there is



4 air is-illustrated in nmounted position with respect to a ceiling 12. The
apparatus is seen to i.nclude a centrally located air intake grill 14, which
allows air to be drawn in fromthe space being heated or cool ed. The
heati ng and cooling apparatus al so includes four air discharge slots 16,

18, 20 and 22. These air discharge slotg each formpart of respective air

di scharge ducts which distribute processed air fromthe apparatus back into
t he space being heated or cooled. It is to be noted that each discharge

lot is | ted rel.ativel I to the . 1y | t i1l 14,
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for processing the air that is drawn into the apparatus through the air

intake grill 14. Referring to Figure 3, the heating and cooling apparatus
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defines an angle § between the two straight leg portions of the louver. The curved arc
portion preferably has a constant radius of curvature so that the angle p defines the total
angular measurement in degrees of arc defined by such a radius. The angle p is preferably

in the range of one hundred ten to one hundred twenty degrees.

The two straight leg portions of the louver 30 preferably define linear dimensions “A” and
“B”. These linear dimensions are defined by extending the center lines of these leg
portions until they intersect at a point in the vicinity of the curved arc portion. The
dimension “A” is measured from the tip of the upper leg portion along the center line of
this upper leg portion of the louver to the aforementioned point of intersection of the center
lines. The dimension “B” is measured along the center line of the lower straight leg
portion from the aforementioned point of intersection to the tip of the lower leg of the
louver, The ratio “A/B” of these dimensions is preferably in the range of 0.4 to 0.6. It has
been found that an A/B ratio of less than 0.4 produces poor discharge of air with the
potential for re-circulation problems with respect to the air intake grill 14. An A/B ratio

greater than 0.6 creates a louver that is too sensitive to rotational positioning.

It is to be noted that the louver 30 is shown in Figure § in its normal position for
processing cooled air within the air discharge duct 28. In this regard, the point of
intersection of the dimensioned lengths “A” and “B” of the louver is preferably at a lateral
distance “F” from the point of the inner wall 52 where the curved arc portion begins. The

point of intersection of the lengths “A” and “B” of the louver is also at a lateral distance



such as duct 28, are forned. Each di scharge duct defines one of the
Tespective di scharge slots-16, 18, 20 and 22 in the frame 26. A rotatable
| ouver such as 30 is positioned within each air discharge duct. The
rotatable |l ouver 30 is seen to extend along the entire | ength of the duct
28. An air filter 32 and the intake grgll 14 preferably fit into a
central opening in the frane 26 and are appropriately secured thereto. The
intake grill 14 is preferably square in shape and is curved slightly

Tgmwkgl 32/ Og%t)dm Itﬁestog %](;[S?pOIn{ e outeI' \%91{1 54! q‘ﬁe ratio of these dimensions, F/G, is

preferably between 0.8 and 1.2.

The lower leg of the louver 30 during cooling is preferably at an angle 7 of sixty to
seventy-five degrees from vertical. This angle allows for substantial air flow to either side
of the louver. This thus positioned louver produces a directional discharge of air from the
duct 28 defined by the angle 8. The angle § as measured from horizontal will be between

five and twenty degrees when the lower leg of the louver is at the angle y.

Referring now to Figure 6, the louver 30 is illustrated in the heating mode position. In this
regard, the louver 30 has been preferably rotated clockwise by twenty-five degrees from
the cooling mode position so that the lower leg portion moves toward the inner wall 52
whereas the upper leg portion moves towards the outer wall 54. The lower leg portion of
the louver 30 is now at a angle « of thirty-five to fifty degrees from vertical. The thus
positioned louver now tends to deflect the air from its otherwise normal outward flow
dictated by the slant of the inner wall 52 at the air exit point from the duct 28. In this
regard, the lower leg of the louver 30 tends to deflect the heated air substantially
downwardly with less of a lateral component than when the louver 30 is in the cooling
mode position. The angle of discharge, 6, is preferably in the range of forty to fifty-five
degrees from horizontal. It is to be noted that this angle has a lateral component that is

substantially less than the lateral component of the angle & defining the air discharge

direction in the cooling mode.

Referring to the inner wall 52 and, in particular, to the angular slope of this wall near the
exit point of the air from the duct 28. This angular slope is denoted as ¢ in Figure 6. This
angle as measured from vertical is preferably midway between a given value of x and a
given value of y used in a particularly designed duct. This normally results in the angle ¢

being in the range of fifty-five to sixty-five degrees. This allows the air flow closest to the



5 A centrifugal fan 34 draws air upwardly through the intake grill 14 and
the air filter 32. This fan distributes the drawn up air radially outwardly
toward heat exchange el enments 36. The heat exchange el enents preferably
consist of a series of coils arranged around the periphery of the
centrifugal fan. These coils carry a hegp exchange nedi um whi ch transfers
heat to or froma series of heat exchange fins in thermal conducting
contact with the coils. The outwardly flowi ng air fromthe centri fugal

flowfan32i d W |y by air ch I tur 38 as shown in
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the housing 24. The air "channel structure 38 is seen to extend inwardly

along a top portion 40 of the heating and cooling apparatus to a point

beyond the_inner perimeter the fins of the h at exchan el ements. The
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extends downwardly at this definab
and cooling. Ifthe angle a of the arc of the inner wall is however less than one hundred-
ten degrees, then the exit slope angle ¢ of this wall increases thereby producing excessive
pressure loss on the inner wall side of the louver during heating mode. On the other hand,
if the angle o is greater than one hundred-thirty degrees, then the exit slope ¢ decreases to

the point where discharged air may recirculate into the grill.

It is to be appreciated that the thus shaped air duct passage 28 in combination with the thus
shaped louver 30 defines two separate distinct air paths to either side of the louver. These
paths produce a first directional air discharge for cooling versus cooling a second
directional discharge for heating. The air discharge path for cooling moves the air
substantially laterally outwardly from the apparatus so as to avoid creating a cold draft on
people within the room being cooled by the ceiling apparatus. In contrast, the air discharge
in heating is substantially more downward to counteract the tendency of heated air to

normally rise and thereby not circulate toward the people in the room.

It is to be finally appreciated that a preferred embodiment of the invention has been
described. Alterations, modifications and improvements thereto will readily occur to those
skilled in the art. Accordingly, the foregoing is by way of example only and the invention

is to be limited only by the following claims and equivalents thereto.



slant* to the top of a drain pan 42 that is nore clearly shown in Figure 3.
Referring again to Figure 4, the bottons of the fins of the heat exchange
el ements 36 rest in the drain pan 42 so as to allow any condensate fromthe
coils of the heat exchange elenents to be collected and drained away in a
slot 44. A slotted hole 45 in the drain pan Is aligned with respect to the
air channel structure 38 so as to definé a continuous air channel down to
the air duct 28 fornmed in the frane 26. It is to be noted that simlar
slotted holes in the drain pan define continuous air channels down to the
ot her respective air discharge ducts in the frane 26. The cross-section

of the fr i-n Flqure 4 reveals that the frane consists of two different
structure?ﬁaltﬁgclfir"gﬁtéelgi ncl udes an exterior portion 46 preferably nol ded of
a hard plastic.

L. Ceiling mountable apparatus for heating or cooling air, said
apparatus comprising:

an external housing;

a frame containing an air inlet, said frame fitting into said external housing;

, a fan within the external housing for drawing air up through the air inlet in

said frame and for subsequently distributing the drawn in air radially outwardly;

a plurality of heat exchange elements positioned radially outwardly of said
fan for heating or cooling the radially distributed air from said fan;

air channel structure positioned within the external housing relative to said
fan so as to deflect the radially distributed air from said fan downwardly; and

at least one air discharge duct in said frame containing the air inlet, said
discharge duct having a first wall located near at least one edge of the air inlet and a second
wall opposite said first wall which is located further outwardly from the edge of the air
inlet than said first wall, wherein said first and second walls are smooth, continuous walls

formed in said frame.

2. The apparatus of claim 1 wherein said first wall in said discharge
duct comprises a first straight wall portion followed by a curved wall portion followed by a

second straight wall portion terminating where air is discharged from the discharge duct.

3. The apparatus of claim 2 wherein the curved wall portion of said
first wall defines an angular arc in the range of one hundred ten to one hundred thirty

degrees between said first and second straight portions of said first wall.
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6 The frame furthernmore includes a |ightweight nolded pol ystyrene
structure 47 above the-exterior portion 46. Referring again to the air
channel structure 38, it is to be noted that this structure fornms a

conti nuous, snooth, inner wall surface for deflecting the air downwardly.
The upper portion of this continuous, sppoth, inner wall surface is
preferably a curved arc having a constant radius of curvature. The slanted
portion of this inner wall is preferably three to five degrees fromthe

vertical. This snoot,h corgl ' [. AS Sl t Lr 1 ows
snoot hly down to thé’ sl _otlzlih ggﬂﬁ%ﬁtg’sggtﬁﬁﬁ\? huél efcvl‘?'ﬁﬁﬁ%%%)ﬁlggha%mﬁg%p?%mflhe air
passage dusniraingQitERélait i difthafged M the dischiaheidt idatlaa ahBR MR bedganange
elenents 36, it I's to be appreciated that these elenents will either add
heat or r ¢reoanghebfifty-fiveta $ixtyafive ¢egesesng over the fins depending on the
state of the heat exchange nmedium flow ng through the coils of the heat
exchange elenents. In this manner, the heating or cooling apparatus wl|l

ei ther provide warmgr c birakQ of PGird B futies O3 ucts in the franme 26.
Referring to the air di sgﬂiaeragg 3u§t° r?n F%éure L’.Hﬁln? is to be noted that
the | ouver 30 is attaotatablalouearahownet withinghidtdidchargedatiesad sotathbladod@r Whi ch

having first and second straight leg portions which are joined together by a curved arc

portion therebetween.

6. The apparatus of claim 5 wherein said curved arc portion between
said first and second straight leg portions comprises an arc in the range of one hundred ten

to one hundred twenty degrees.

7. The apparatus of claim 6 wherein the centerlines of said first and
second straight leg portions intersect at a point so as to define a first linear dimensional
length “A” along the centerline of the first leg from the point of intersection to the tip of
said first leg and a second linear dimensional length “B” along the centerline of the second
leg from the point of intersection to the tip of the second leg and wherein the ratio of A/B

is within the range of 0.4 to 0.6.

8. The apparatus of claim 7 wherein the rotatable louver is rotatable to
a first position when the air is being cooled by said heat exchange elements whereby the
point of intersection of said first and second center lines is at a horizontal distance, “F”,
from the point of the first wall where the first straight wall portion ends and the curved
wall portion begins and at a horizontal distance, “G”, from the top point of the second wall

formed in the frame wherein the ratio of F/Gis 0.8 to 1.2.
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rotates wi.thin a bracket 50. As will be explained in detail hereinafter,
the l'ouver 30 is rotated to either of two positions depending on whet her
warmor cool air is flowi ng through the air discharge duct 28. The rotation
of the Iouver 30 may either be by a notor or through manual adjustnent. It
Is to be appreciated that simlar |ouverg are rotatably nounted and driven
to respective positions in each of the dther air di scharge ducts formed in
the frame 26. Referring to Figure 5 the discharge duct 28 within the
frame 26 is further illustrated in an enlarged cross-sectional view The
air discharge duct 2B | s Bwppwmsmfplalmé whereiodhe seqomdistraigtitllegsportion ef
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outer wal |when said rotatable louver is in the first position.

10.  The apparatus of claim 9 wherein said rotatable louver is rotatable to
a second position when the air is being heated by said heat exchange elements wherein the
second straight leg portion of said rotatable louver is at an angle from vertical of between

thirty-five and fifty degrees.

11.  The apparatus of claim 6 wherein said rotatable louver is rotatable to
a first position when the air is being cooled by said heat exchange elements wherein the
second straight leg portion of said rotatable louver is at an angle from vertical between

sixty and seventy-five degrees.

12.  The apparatus of claim 11 wherein said rotatable louver is rotatable
to a second position when the air is being heated by said heat exchange elements wherein
the second straight leg portion of said rotatable louver is at an angle from vertical of

between thirty-five and fifty degrees.

13.  The apparatus of claim 1 wherein the second wall in said discharge
duct includes a continuously curved portion extending laterally outwardly toward an outer
edge of said frame, said curved portion defining the closest air exit point to a ceiling

surface when the ceiling mountable apparatus is mounted to a ceiling,.

14.  The apparatus of claim 13 wherein the closest air exit point to a
ceiling surface is at a vertical distance from the ceiling surface that is within a range of

fifteen to twenty millimeters.
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surface 54 is further away fromthe grill. The outer wall surface 54 is
seen t'o be a part of the franme 26 that extends outwardly in a |ateral
direction away fromthe portion of the frame 26 that fits up into the
ceiling. This portion of the frane forns a |lip 56 that generally fits up
agai nst the ceiling when the heating or cooling apparatus is nounted
thereto. It is to be noted that the outelr wall 54 extends outwardly to a
point |ocated at a distance "h" below the top of the |ip 56. The distance
"h" is preferably in the range of fifteen to twenty mllinmeters. This

hei ght assures that hb sniiagappgrains of chadmul wheseiniseidads dhangelwtractuzei r f | ows
out along the.smeot.hly. .curved |I. 54. 1t is finally to be noted that the
begi nni ng %(}S?‘H?gg(‘ﬂv Mﬂ\f/ﬁﬁe%%‘é%%g AR ubst antial |y vertical before
sharply curving to it i i j i | .

verti cally bel ow wher g&%ug'?#gﬁn’;chggg‘%ri}dt“g‘duﬁ’gts%a%gseé‘&ﬁﬂg%Swg%s e radially |
sur f ace cospacettherefiompattindredsagodatiial disancdshk saith oontinuats stneubs epehdsal | y | ar ge
radi us of ‘furvat g{e until reaching the discharge point at the distance "h"

bel ow t he $OPvErdbyEomapoisy abeve saed heahprechamge elenmgntsiors printhelew said heati nner

wal | 52, if, . ted that this wall begins within the franme 26
upstream o%xc\kl{ﬁéwneéeceél‘?ﬁ%xﬁ ‘ouver 30 is rotatably nmounted within the duct 28.
This wall slants slightly fromvertical to a point vertically below the
hori zontal plane containing the axis of rotation of the rotatable nmenber
48. The inner .wal | 5. he?gaamr@ratemﬁﬂlmme@ whereip saidreontimuops stmetert ar c-

O RSB B HA L B SRR e 6 LAY

smooth curved air channel beginning above said heat exchange elements.
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It is'to be noted that the total angular change of the inner wall 52 from
'the flirst slanted portion of this wall beginning where the duct 28 is
formed in the frame 26 to the 'second slanted straight wall portion ending
where the air exits fromthe duct 28 is denoted by the angle a. This angle
is determned by the curved arc portion,of the inner wall 52 that joins the
first and second slanted wall portions b the inner wall. This angul ar
change in the inner wall 52 is preferably within the range of one hundred
ten to one hundred thirty degrees. It has been found that when [err] is
greater than one hundred thirty degrees, there is

8 the potential for re-ciu* i i into the inlet gril
14. It has al so been found t han one hundred ten
degrees, there is a poor discharge of heated air.

CEILING MOUNTED APPARATUS FOR HEATING AND COOLING

A ceiling mounted apparatus draws air upwardly through an inlet and processes the air
through heat exchange elements before distributing the air downwardly. The air is
preferably distributed downwardly by air discharge structure surrounding the heat
exchange elements. The air is ultimately discharged through one or more air discharge
ducts positioned relatively close to the air inlet. Each air discharge duct includes a
rotatable louver mounted therein that in conjunction with the walls of the duct defines

particular paths for the conditioned air in heating versus cooling.

Figure 4



Refierriing now to the rotatably nmounted [ouver 30, it is seen that this

| ouver conprises two | eg portions joined together by a curved arc portion

t her ebet ween. The curved arc portion defines an angle [err] between the two
straight leg portions of the |ouver. The curved arc portion preferably has
a constant radius of curvature so that tizg angle [err] defines the total
angul ar neasurenent in degrees of arc defined by such a radius. The angle
[err] is preferably in the range of one hundred ten to one hundred twenty
degr.ees. The two straight |eg portions of the |ouver 30 preferably define
| i near dinensions "A" and "B". These |inear dinensions are defined by
extending the center lines of these leg portions until they intersect at a
point in the vicinity of the curved arc portion. The dinmension "A" is
measured fromthe tip of the gpper leg portion along the center |ine of
this upper Ieg portion of-fie (| ouver to the aforenentioned point of
intersection of the cenl &F S ~ah "B" is measured along the

) } )t he af orenenti oned point
uver. The ratio "A/B"

of |ntersect|0n to the tlp af the T.ower - Ieg
of these di erably in the fang: of - 0.4\to 0.6. It has been
found that gm G di scharge of air
with the potentﬁ- . _gb '= mtth re pect to the air

i ; AL | C Greates'a | ouver that is too

FIGA




It ,is to be noted that the lIouver 30 is shown in Figure 5 in its nornal
position for processing coaled air within the air discharge duct 28. In
this regard, the point of intersection of the dinensioned | engths "A" and
"B" of the louver is preferably at a |la 6{a| di stance "F" fromthe point of
the inner wall 52 where the curved arc %F tion begins. The point of

I ntersection of the lengths "A" and "B" of the louver is also at a | ateral
di st ance -9 "G' from
the top nost point of the outer wall 54. The ratio of these dinensions,

FIG is preferably between 0.8 and 1. 2. The |l ower | eg of the | ouver 30
during cooling is preferably at an angle y of sixty to




seventy-five degrees fromvertical. This angle allows for substantial air
flowto either side of .the louver. This thus positioned | ouver produces a
di rectional discharge of air fromthe duct 28 defined by the angle [err].
The angle 8 as neasured from horizontal will be between five and twenty
degrees when the lower leg of the |ouver 3/ at the angle vy. Referring now
to Figure 6, the louver 30 is illustrated in the heating node position. In
this regard, the |ouver 30 has been preferably rotated cl ockwi se by
twenty-five degrees fromthe cooling node position so that the | ower |eg
portion noves toward the inner wall 52 mhereas the upper |eg portion noves

towards the outer wal . e - f the louyer 30 is now at
a angl e K of thi ey fies = gaehi cal . The thus
positioned | ouverFnow t ¢nds tlp defl ect Yhe ail¥e \ts otherw se norna
outward flow dictjated by the gl ant of the| inner AFAIANS2 at fhe air exit
point fromthe duct 28.11n this regard, jJtjhe | opeky Nyof the |ouver 30
tends to deflect |th¢ haatled allff substantli Iy alfdly with less of a

| at eral conmponent| t _Ahen thie 1ouver 30 is f !.-e$ .olgpg node position.
The angl e of disdharge, |[EFFFfiFTs prefenapry- el forty to
fifty-five degregs fromhorizoptal. It i's togbelin Jit hat this angle has a
| at eral component} th S ME .Fh' 38er pl conponent of
the angle 8 defi m{ng e alr dischdyge directionliin/t je cooling node.

Referring to the iNper ( Ll . : it he apgul ar sl ope of -

this wall near t he A

{
i
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exit, point*of the air fromthe duct 28. This angular slope is denoted as
[err] in Figure 6. This angle as neasured fromvertical is preferably

m dway between a given value of [err] and a given value of y used in a
particul arly designed duct. This nornmally results in the angle [err] being
in the range of fifty-five to sixty-fipe degrees. This allows the air flow
cl osest to the 10
inner wall to have a substantial |ateral conmponent in both heating and
cooling so as to reduce the risk of any recirculating air to the air intake
grill 14. Referring again to the angles [err] and [err], denoting the
angul ar arc of curvature of the inner wall surface 52 and the | ouver 30,
respectively. It is to be noted that ghese angular arcs allow for a
substantial air flow along the inner7$3Il 52 of the air ductg?8 in both

heat i ng 2
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and,quling. If the angle a of the arc of the inner wall is however |ess

t han one hundred- ten degrees, then the exit slope angle [err] of this wall
i ncreases thereby producing excessivqwgressure | oss on the inner wall side
of the |l ouver during heating node. On'the other hand, if the angle [err] is
greater than one hundred-thirty degrees, then the exit slope [err]
decreases to the point where dischargethair may recirculate into the grill
It is to be appreciated that the thus aped air duct passage 28 in

conbi nation with the thus shaped | ou Q0 defines two|separate distinct
air paths to either side of the |ouve
directional air discharge for cooling
di scharge for heating. The air disghals
substantially laterally outwardly #?0
creating a cold draft on people wt
apparatus. In contrast, the air disc
downward to counteract the tendency
thereby not circulate toward the peo
appreci ated that a preferred enhod
described. Alterations, nodifti®ation
occur to those skilled
exanple only and the i
cl ai mrs and equi val ent

sUs cooling alsecond directional

mat h for coo i pg froves the air
€\ apparatus s 0 avoid
oom bei ng

)

substantially nore
mally rise and
It is to be finally
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12 MAR 2004 What is clained is: 1. Ceiling nountable apparatus for

heating or cooling air, said apparatus conprising: an external
housi ng; a frane containing an air inlet, said frane fitting into
sai d external housing;- a fan wi thjg the external housing for draw ng

air up through the air inlet in said frame and for subsequently

distributing the drawn in air radially gutwardly; a plurality of

heat exchange el enents positioned radi outwardly of said fan for

heating or cooling the radially distri ad air fromsaid fan; air

channel structure positioned within tTe v‘iirnal housing relative to said
15

bl

fan so as to deflect the radially dis ed air fromsaid fan

X

AN
%
FIG.6

N
— 1
L

AN

li




downwar dl y; and at |least one air discharge duct in said frane
containing the air inlet, said discharge duct having a first wall |ocated
near at | east one edge of the air inlet ard a second wall opposite said
first wall which is |ocated further outwardly fromthe edge of the air
inlet than said L€ nmoot h,
conti nuous wal | sflIl osf%lr%\c,iﬁjlr]ém ngffrngﬁrzt% tJ F?\Jlggl g ?&g?%\/\gﬁhé%ﬁ%ﬁf‘%

di scharge duct cmqamlteziemthnfarsa$peadechcghng\1\hdtImqmtamsompfaplet dvsmblhgonaofcurved

wal | portion follog b Str ht wa orti.on,ter where
air is di scharge&‘tg\eg?ﬁa%lqﬁgord?@gﬂg? éh‘gLE@Fs “g%\‘i“&er%é%ﬁvﬁ@‘ bg foga ‘F\P \‘)Véqf‘
portion being at g @0icarahative to said first straight wall portion so
as to direct air scharrgJ d fromthe discharge duct away fromthe air

inlet. 2. The appar at us of claim1 wherein the curved wall portion of
said first wall eflne r.arc.in the eof one hundre
one hundred thi r?tylsci‘élﬁ bbeg? ﬁtg}? 'gg?lb"qnl troﬁrmé' SRS %qol}lé‘lggqﬂ’gﬁg‘fs[ i ons

of said first for mountmg within a suspended ceiling that defines two distinct air flow
paths for conditioned air leaving the apparatus that achieve optimal air flow

for both heated and cooled air from the ceiling mounted apparatus.

Summary of the Invention

The above and other objects are achieved by a ceiling mounted heating or
cooling apparatus that draws air upwardly into an inlet and processes the air
through heat exchange elements before distributing the air downwardly.
The air is preferably distributed downwardly by air discharge structure
surrounding the heat exchange elements. The air 1s ultimately discharged
through one or more air discharge ducts positioned relatively close to the air
inlet. Each discharge duct includes a rotatable louver mounted therein that
guides the air within the duct. A wall of each discharge duct includes a
smoothly curved bend of a prescribed angular arc that directs the discharged
air away from the air inlet of the apparatus. This wall in each duct is

relatively close to the air inlet.

The rotatable louver in each air discharge duct preferably rotates between
either of two positions depending on whether warm or cool air is to be
discharged. The position of the louver when warm air is to be discharged
produces a substantially downward air flow path to the air exiting the duct.
The position of the louver when cool air is to be discharged produces a

substantially lateral air flow path to the air exiting the duct.

The air is preferably discharged at a minimum distance from the ceiling so
as to avoid any smudging of the ceiling. This is accomplished by a

gradually curved wall in each air duct that extends laterally outwardly so as
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12 MAR 2001 3. The apparatus of claim2 wherein the second straight
wal | portion‘term nating where air is dischar gedffrom t he di scpar gedduct S
at an angle from i | he. range.of fifiy-five to.sixty-five _degrees.
4. Thg appar attégie?)ifl gyi(;iélr%tge %l.rj re%ﬁgsr frgwpic@%h@g the mnimym, g‘?ﬁ‘f"éﬁb!r@"?ouver
mount ed w t hi n sahelcélliaghar ge duct, said rotatable |ouver having first and
second straight leg portions which are joined together by a curved arc
portion therebetween. 5. The apparatus of claim4 wherein said curved

arc portion betwggq ' | o] straight |leg portions conprises
an arc in the ra efPedtriptictt o one hundred twenty degrees.
Other objects and advantages of the present invention will be apparent from

the following description in conjunction with the accompanying drawings,

i which:

Figure | 1llustrates a ceiling mounted heating and cooling apparatus having
air discharge slots located around the perimeter of a centrally located air
intake grill;

Figure 2 illustrates the heating and cooling apparatus prior to being
mounted in the ceiling of Figure 1;

Figure 3 is an exploded view of the heating and cooling apparatus of
Figure 2;

Figure 4 is a sectional view of the heating and cooling apparatus of Figures

2 and 3 illustrating how air is processed from the intake grill to the output of
an air discharge duct;

Figure 5 is an enlarged cross-sectional view of the air discharge passage
formed in the bottom most picce of the heating and cooling apparatus of
Figures 2 and 3; and

Figure 6 is an enlarged cross-sectional view of the air discharge passage of

Figure 5 when the rotated louver therein is in a position for distributing
hcated air.

Preferred Embodiment

Referring to Figure 1, a ceiling mounted apparatus 10 for hcating or cooling
REPLACEMEN™ © ™!
A 2MAR 2001
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6. The apparatus of claim 5 wherein the centerlines of said first and
second straight leg portions intersect at a point so as to define a first
| i near dinensional Iength "A" along the cgnterline of the first leg from
the point of intersection to the tip of said first | eg and a second |inear

di mensi onal |en Se6ON fip0 e
poi nt of int ersgiz |lsoﬁh’fS%la?‘%p '{ rfou%?&{ ﬁ%é secon g @ vmceeflg l?hg]r{;’gt I o of
AB is wthin thgpaain@eisobeed. té itnehﬂeaa centrally locﬂ'tb& appdlat peil of4, ovldcin 6

wherein the rotatable Jouver is rqotatable to a rst posj tion en_the air
i s being cool ed #PWsatl Reb dé%é’&%dﬁ é‘”’@l‘g ehspted, gr |§8ng ﬁ‘

nter section of jaidyfahk tooffil apAARN a?s%nf‘nﬁfudle alﬁd@ﬂ\ Ot L,

di stance, "F", from poi nt~ o e first vva ere i rst st’rarght
wal | portion end20 and 221e Tthase eadr whdcharger slpisneasbgform padl oft respemsiviezaint al

distance, "', {gomLhe,9p ROk Rl DG SERORY: Bl o OLNEah thlEirhh 2
REPLACEMENT SHEEthe space being heated or cooled. It is to be noted that each discharge slot is

located relatively close to the centrally located grill 14.

Referring to Figure 2, the heating and cooling apparatus 10 is shown before
being mounted within the ceiling 12. It is to be noted that the heating and
cooling apparatus includes a housing 24 containing the various components
for processing the air that is drawn into the apparatus through the air intake
grill 14,

Referring to Figure 3, the heating and cooling apparatus 10 is illustrated in
an exploded view form. The bottom portion of the heating and cooling
apparatus is seen to include a frame 26 in which four air discharge ducts,
such as duct 28, are formed. Each discharge duct defines one of the
respective discharge slots 16, 18, 20 and 22 in the frame 26. A rotatable
louver such as 30 is positioned within each air discharge duct. The rotatable

louver 30 is seen to extend along the entire length of the duct 28.

An air filter 32 and the intake gnill 14 preferably fit into a central opening in
the frame 26 and are appropriately secured thercto. The intake grill 14 is

preferably square in shape and is curved slightly upwardly toward its center
from all four sides.




13 12 MAR 2001 J 8. Theappat gg:t‘i,ii;__p‘r claim
7 wherein the second straight |eg portion of said ré}ﬂ’éﬁié@;@:!f:fé’?fﬁﬂ“;uf\'f-éiﬂ'_iEITial at an
angle fromvertical of between sixty and sgventy-fijvg “dégr ees wheT]sai d
rotatable louver is in the first position. 9. THe qPMARbYG of ¢laim8
wherein said rot @al%l.e | ouver is rotatable to a secaﬂd position whenfthe
air is being heat B§/°l§éﬂ1 Keat exchange el enent s |wherei-a—t ng
straight leg portion of said rotatable louver is aff an angle fromveftical
of between thirty-five and fifty degrees. 10.  The apparatus—of—Tf aim 5
wherein said rotatabl €elligvQhodrablet apphhis t fora hbatiyd ROLLOHM) yPeRaighe air
i s being cooled by said heat exchange el ements wherein the sepond’ strai ght
| eg portion of sapparawsagbaiprisinigouver is at an angle from verftlcal bet ween
si xty and seventy-five deggﬂeaiﬁ. . 11 The apparatus of claim 10 wherein
said rotatable | ouver3p&xfE awiies;

a frame containing an air inlet, said frame fitting into said external
housing;

a fan within the external housing for drawing air up through the air
inlet in said frame and for subsequently distributing the drawn in air radially
outwardly;

a plurality of heat exchange elements positioned radially outwardly
of said fan for heating or cooling the radially distributed air from said fan;

air channel structure positioned within the external housing relative
to said fan so as to deflect the radially distributed air from said fan
downwardly; and

at least one air discharge duct in said frame containing the air inlet,
said discharge duct having a first wall located near at least one edge of the
air inlet and a second wall opposite said first wall which is located further
outwardly from the edge of the air inlet than said first wall, wherein said
first and second walls are smooth, continuous walls formed in said frame
wherein said first wall in said discharge duct comprises a first straight wall
portion followed by a curved wall portion followed by a second straight
wall portion terminating where air is discharged from the discharge duct,
said second straight wall portion being at an angle relative to said first

straight wall portion so as to direct air discharged from the discharge duct

away from the air inlet.

2. The apparatus of claim 1 wherein the curved wall portion of said first
wall defines an angular arc in the range of one hundred ten to one hundred

thirty degrees between said first and second straight portions of said first

) O O



to a second position when the air is being heated by said heat exchange
el enents wherein the second straight |eg portion of EE ALt guver
is at an angle fromvertical of between thlizrty-five o i_-__‘_mw_"_____'érgr
12. The apparatus of claiml wherein the“second '} in said dischalge
duct includes a continuously curved portion extendi fgf{l gt 2MAR g00qut pay dl y
toward an outer é‘@@e of said frane, said curved porfion defining the
closest air exit point to a ceiling surface when the Té‘i“ﬁ“ng‘-mm-m—&bl
apparatus is nounted to a ceiling. 13. The appafatus _of tcI aim 1 I
wherein the cl osqst ai | [ Lt rfrca
§St afrpe %ﬁg%rraﬁgctgt g[:lhg'g[l 3 %‘e*énrﬁ hes HbRG esn‘a%h? fvi/zg[ égﬁ}o[n c

di stance fromthe ceiling Is wthin a range
twenty mlli et etdiminating where air is discharged from the discharge duct%¢ at an angle

from vertical in the range of fifty-five to sixty-five degrees.

4. The apparatus of claim 2 further comprising;
a rotatable louver mounted within said discharge duct, said rotatable
louver having first and second straight leg portions which are joined

together by a curved arc portion therebetween.

5. The apparatus of claim 4 wherein said curved arc portion between
said first and second straight leg portions comprises an arc in the range of

one hundred ten to one hundred twenty degrees.

6. The apparatus of claim 5 wherein the centerlines of said first and
second straight leg portions intersect at a point so as to define a first linear
dimensional length “A” along the centerline of the first leg from the point of
intersection to the tip of said first leg and a second linear dimensional length
“B” along the centerline of the second leg from the point of intersection to

- the tip of the second leg and wherein the ratio of A/B is within the range of
0.4 to 0.6.

7. The apparatus of claim 6 wherein the rotatable louver is rotatable to a
first position when the air is being cooled by said heat exchange elements
whereby the point of intersection of said first and second center lines is at a
horizontal distance, “F”, from the point of the first wall where the first
straight wall portion ends and the curved wall portion begins and at a
horizontal distance, “G”, from the top point of the second wall formed in

the frame wherein the ratio of F/G is 0.8 to 1.2.

* [ L M S *



14. The apparatus of claim 1 wherein said air channel
positioned within the external housing conprises: alconti nuous
structure surrounding said heat exchange ¢ ements and radifal §p MARQEG
i ncreasing radi al distances as said contingoys structure
extends downwardly froma point above said heat exchange '
poi nt bel ow said heat exchange el enents. 15. The apparatus of claim
e

wherein said confinueys, %ﬁ%‘iﬁé’{){ecfaﬂﬁt'}h\%g%&ﬁh@gd&% i ﬂt' fé:éré/dmgw

above sai d heat €xchange €l
channel begi nni ng; pbeuaibEAISLIRERE #XGNaREIE RORMPEH Sl of between sixty and 15

t heref rom at
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seventy-five degrees when said rotatable louver is in the first position.

9. The apparatus of claim 8 wherein said rotatable louver is rotatable to
a second position when the air is being heated by said heat exchange
elements wherein the second straight leg portion of said rotatable louver is

at an angle from vertical of between thirty-five and fifty degrees.

10.  The apparatus of claim 5 wherein said rotatable louver is rotatable to
a first position when the air is beirig cooled by said heat exchange elements
wherein the second straight leg portion of said rotatable louver is at an angle

from vertical between sixty and seventy-five degrees.

[1.  The apparatus of claim 10 wherein said rotatable louver is rotatable
to a second position when the air is being heated by said heat exchange
elements wherein the second straight leg portion of said rotatable louver is

at an angle from vertical of between thirty-five and fifty degrees.

12.  The apparatus of claim | wherein the second wall in said discharge
duct includes a continuously curved portion extending laterally outwardly
toward an outer edge of said frame, said curved portion defining the closest
alr exit point to a ceiling surface when the ceiling mountable apparatus is

mounted to a ceiling.

13. The apparatus of claim 12 wherein the closest air exit point to a
ceiling surface is at a vertical distance from the ceiling surface that is within

a range of fifteen to twenty millimeters.

AN
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14.  The apparatus of claim 1 wherein said air channel structure
positioned within the external housing comprises:

a continuous structure surrounding said heat exchange elements and
radially spaced therefrom at increasing radial distances as said continuous
structure extends downwardly from a point above said heat exchange

elements to a point below said heat exchange elements.

15.  The apparatus of claim 14 wherein said continuous structure
furthermore curves radially inwardly above said heat exchange elements so
as to define a smooth curved air channel beginning above said heat

exchange elements.
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