bce3e:d:a|">6t TAFO g J U L 2002 CEl LI NG MOUNTED APPARATUS FOR HEATI §@ AND 2002
" COOLI NG Background of the Invention This invention relates to heating or
‘cool i'ng apparatus nmounted within a suspended ceiling in a hone, office, or

ot her 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 injya suspended ceiling of a room or
space that is to be heated or cool ed. The thus nounted apparatus typically
draws air in through an inlet provided in the apparatus. The thus drawn in
air is circul at r appropL i 8 I t ore exiting

t hrough one or wore UJL.3f§1 cgfhgkgﬁiﬁfﬂgﬁéﬁﬂg' = giﬁgﬁiing nount ed
apparatus typically includes a fan device for drawing in the air that is to
be processed and di scharged. This fan device nmay create a significant
suction pressure at the air inlet. This suction pressurﬂmmwmum e air
bei ng di scharged fromthe ceiling nounted apparatus bac mﬂmmml
appar at usBacsground of theiIn¥eation t hi s di scharged air back througﬁwﬁﬁe heat
exchange el enents | owers the heating or cooling efficiency of the
apparatus. It may also affect the long termintegrity of the heat exchange

el ement s THiginvehtorbelae t©hpaieort ooliliapparatis molraddeithinra susgdnde@eslingt need
to be further heated or cooled, The potential for re-circulation of

di schar gl adiomep gfice: of Gheprbualding spageq tlp partighlap tiis inviepgomaslatescta thgpar at us
has been heret.of ore._addr e viding air outlets that direct the
di schargﬂoﬁﬁsﬁmﬁﬁgglrﬁgﬁﬁlé:qu?%ar?tﬁfg’ake. It has however been found that
this directional discharge is hard to achieve when the air outlets are

relatively close to the air inlet. ~gJ UL 2002 z It is an object of
t he i nvenlt hambaep heretafprpckriosar tomaount a easingreyg copipigrapparstusonasespendadni n a

o0l oq. o STIE ATGRE BraPatb R i AR oSy ERE G e aptRaR some

appar at usyhicafly dARQLRSH t2BLSE hn Hflettr;])_l?@vi&é?l"lﬁ Md SpatfisP RIS 28k g{;ﬂr far

cool ing apparatus for nmounting wthin a suspended ceiling that fines two
di stinct atculdtédothrqughhppfopriatednrdi dxichanzd ekmentsdmfaragxiting tlappg edeus rhdrat
achieve optimal air flow for both heated and cooled air fromthe ceiling
mount ed aPPRESRIOEdeEINREPPPBRUE-he | nvention The above and other objects are
achieved by a ceiling nounted heating or cooling apparatus that draws air
upwardly into an inlet and processes the air through heat exchange el enents
bef or e di Bl deblirig mguritbe agparatdotypivalid includehe fai device fpr drbwirgfih thelais that sut ed
downwardly by air discharge structure, surroundi ng the heat exchange

el enent s. foHepEocsstediand dischrged| Jhigifardryicgaren st AigBHicapy suRerPrEFsure

di schar ge .S BOSh| j 1 Q. =Y o o

di schar geat E%%f frﬁ%:)cl u esgﬁgg?%?gﬁgﬁ%%ﬁee%%ﬁ{lggmﬁagé&%&b ﬁ%{&g&lgdes t he
air wit himotrited dpiiratudbavkl ihtotthe epatol. SRheE@latidu @i this disoisiegedaisbarit hl y
curved bend of a grescribed angular arc that directs the discharged air
away fr onthrapehdhe heatpeshapge ¢lpments jowers the heatingsoncaplingeifigiencyiotthei s

ay fro e eRBCelp ot . neatte
i schar gesRntog ket Ao 3tes it Bt ok AthF s b BREls B afponai ng

on whet hesein@exposéd ©RE ratifculdted Sir iRt db3Gban@ddo bd RatHeeskdtedsr @blddne | ouver
when warmair is to be discharged

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.
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prodyces a substantially downward air flow path to the air exiting tt#% L 2002
duct. The position of the | ouver when cool air is to be discharged oduces
a substantially lateral air flow path tosthe air exiting the duct. The air

;S preferably discharged at a m ni mum di stance f1' 0111 the ceiling so as to

avoi d any snudging .of th iling.. This is acc lished by a gradually
curved wal | i nqzaésgﬁga?érjegugf rllf%ét'cgitogntasprloéidé:?ha al“ﬁgo?ft \?\%%llﬂ]gyg%%argtgs
09JUL2~ 3 to defioneecdviearen bheisperndedxdesirg thapmuintansdugiropdr dibebation mtim

di stance fromthe ceili Brief Description of the Draw ngs O her objects

and advant ages T REEH Hs ERISH Miehel BES INBESAAR 6t FHSM L HE ! | owi ng

description in tﬁ@@irﬁ@ﬁ%ﬁ:ﬂﬂtu‘é"i th the acconpanyi ng drawi ngs, in which: Figure
In

1l illustrates a cel nount ed heating and cool i ng apparatus having air
di scharge slots |ocated around the perinmeter of a centrally |ocated air

intake grill Figure 2 illustrates the heatin d coolin aratus prior
to being mount dii' R QBIFGHAR R meRyaD & POYEROIRENE o SORHPREPREAEE Vi ew
of the heating fanechau@ohpnotidppataipasdaf cdiligytien Aefibgure dstirst arswvi onal
view of the heatin i aratus of Fi es.2 and 3 illustrating

g. and cool i ng. r
how air i proGElBadt FPBITIORES i (eRe e FPPEBSHEAGEREIE SBima) 2t fow
di scharge duct;foFb@utRafed sndaiboRitl AF &8 (HE QSiBing ACSUn@PApparavs Of the air
di scharge passage forned in the bottom nost piece of the heating and

cool ing apparatus of Figures 2 and 3; and Figure Gis an enlarged
cross-sectionalgvi e, fo_fttggm\i,erntgjnschar ge passage of F~gurc ~ when the
rotated | ouver iﬂ!e-r—er—z—r-s—r-n—a—p&sqtl on for distributing heated air
Preferred Enbodi mnent Referring to Figure 1) a ceiling nounted apparatus 10
for heating or 'lcl'\ocmabior\]/% 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 distmbuted 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 i each duct is

relatively close to the air inlet.

The rotatable louver in each air discharge duct preferably rotates berween
either of two positions depending on whether warm or cool air 1s to be
discharged. Thc 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 1s 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



.+ ~'g,J UL 200Z 4 air is illustrated in nounted position with respeBt8 ¢8L 2002
‘ceiling | ~ The apparatus is seen to Include a centrally |ocated air intake
grill 14 which allows air to be drawn in fromthe space being hated or
cool ed. The heating and cooling apparatus”al so i ncludes four air discharge
slots 16, 18, 2U end 22. These air .di scharge slots each form part of
respective an1dﬂgéﬂéWQé”HﬂEﬂécﬂﬂﬁ%ﬁ“ﬁﬁ?FI”ﬁdﬁ§‘ﬁ%8€b@§é@“§lﬁSﬁWGﬁﬁﬁﬁ%
appar atus back it Qefljlae. space being heated or cooled. It is to be noted
that each discharge sl6t is located relatively close to the centrally
| ocated grill 14. Referring to Figure 2 the heating and cool i ng apparat us

10 i s shown bef LOG hEJU: he ceiling 12. It is to be noted
that the heati noéﬂepﬁe?&I b'bEthet :m’lﬂ EcI udes a housing 24 containing the
vari ous conmponents for processing the air that is drawn into the apparatus
t hrough the air jntak rill 14, Referring to Figure 3, the heating and
cool i ng appar at Léthfgogggm andsdvapiages ‘hgthﬁ Pé%@ﬁI“dﬂé?f“Iﬂ”eW”f‘éﬁ?ﬂpmr}%‘ﬂt om
portion of the hgathngwapdd&enbiod iRBeFLALEE: WRhSREAcddnpiGiideRifgane 26
in which four air discharge ducts, such as duct 28, are fornmed Each

di scharge duct defthe’: one of the respective discharge slots 16, 18. 20 and
22 in the frane 26. A rotatable |ouver such as 30 is positioned within each
air discharge duct. The rotatable |louver 30 is seen to extend al ong the
entire | ength ofFighee Hulistags a cellngmouhicdtleatif® aad dooliveg appasdtes bavihg 14
preferably fit intqg.a,central ,opening i he franme 26 and e.appropriately
secured theret o.mﬁ'ﬁéscp?ﬁggﬁé&@rlf)?ﬁe# quu&gpﬁ%gfpéﬁglﬂt?f Q 66933“?% é?f%%g %ﬁd i's
curved slightly pitaroédlly toward its center fromall four sides a~JUlL
2D2 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 exchg I 3 : e n rnefet:ably
consist of a sepggg%o?'?(%&asr ?lefn];gguﬁgf?hgdéﬁ@ggpﬁiﬁ{e@ybg?pttﬁegélﬂ?
centrifugal fan mphetsd g gl aeiling 9§E1guigelat exchange medi um which transfers
heat to or froma series of heat exchange fins in thermal conducting
contact with the coils. The outwardly flowing air fromthe centrifugal flow
fan 32 is defl ecFigdred3wiswan cixpldagd aviewc bfinine hesidg ahdr soodi8 g agppabfaud oif
Figure 4. The aift. channel structure 38 is preferably nol ded out of

pol ystyrene so aS'8td f-orma single light insulative piece that fits into
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 t he i nnerFlgurd it @ pecsionghuepi disheheating sndagooding ippaiatus| fnltiguss The
air channel strug @l X I I 1 I t he
housi ng 24. The ‘élgllrﬁ gﬁlgif\]%ceélngg%?ﬁﬁg%%@gfys%o’?s&gP{g%#:%fdtl ggwg]rcgﬁltré]ué%{fnner
wal | of the housimgrdkchargadut® define a continuously-increasing radial
spacing fromthe heat exchange el enents. The air channel structure 38
extends downwardly at this definable slant to the top of a drain pan 42

that is nore clebighye Shewn énlafgedWiessIectiomdehedw idTRha0R BistRarkk Pakqugd. the
bottons of the fins of the heat exchange el enents 36 rest in the drain pan

42 so as to al | oRTEAY 'BIRESREQMeMOsORICER O b heatyTe ik cpeling arparalg el
elements to be cpjghegteshendndrained anay in a slot 44. A slotted hole 45
in the drain pan is aligned wth respect to the air channel structure 3 8
so as to define a continuous air channel down to the air duct 28 fornmed in
the frame 26. Itgj, t Skl ar, d..hol i, the drain pan
define conti nuoug"’gir% @éﬁg%gglfagéégoﬁqgst%k%’gﬁgtl%%g%}ges%lggtlsﬁ\%lggipraggl"sc%ar ge
ducts in the frakmguR65 when the rotated louver therein is in a position for distributing

hecated air

Preferred Embodiment

Referring to Figure 1, a ceiling mounted apparatus 10 for heating or cooling



, The 'cress-secti on of the franme in Figure 4 reveals that the frane cof§i s 2002
of two different structures. The frame includes an exterior portion 46
preferably nol ded of a hard pl astic. Qg ,i UL Q2 6 The frame
furthernore includes a |ightweight nol ded pol ystyrene structure 47 above
the exterior portion 46. Referring again to the air channel structure 38,

it is to be noted iksatatechis rseynied Positborwsh gespeat inwoes|ingnidot A hei nner
wal | surface eflectin ir do Theupe7 p rlof this
cont i nuous, 'I ofdﬁtlm angleteern %af (FUG% #acrétv‘{{]}é"a[g(é!; Sraébl‘“‘a’g Ir”vg{'i chhhaw ng a
const ant I’adIJJBJVQ;f 218 UoViad utrrewnThetrsdnarhtetaq)ap@rot:n@nh@j‘ted hjrScdoﬂmEr Thal | is
preferably three to five degrees fromt vertlcal i S spoot h nti nuous
i nner wal | 2@%?[“5% apﬁeﬁoogig‘%gp?raﬂs a& hlt?/*rdﬁti\ﬁ’sfgart:ﬁé%g? h@t g hol e 46
in the drain panmangh hengget grtdigratde PR&ESRAS Bl pa Bprré?p@ct'nrk bhe franme
26. Referring to the heat exchange elenents 36, it |s to pErem ated
that these el@penrgs didts vaiethdistrhide peesessed arreﬁnwdhheapammm entgi r

passi hg over h a h - _medi um
flow ng thr ougE%P%éerbiee&? \g& ?ﬂ% %%t Ee‘icaéaenrbogg%ml?“& Sls%gtﬁggﬁrsranner,

t he heating olocatedkr¢ingvepparsattosherddniraly tdvatedyrivli4dle 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 rmtehﬁtgep@traez,&hsqtekh@gsar&ﬁcdmghppataatseﬁ) W dhBi Befbreacket 50.
As will be explained in detail hereinafter | ouver 30 is rotated to

ei ther of twobdesmausiesd withanth cr@ﬂmg Whelthisrto marnetest thes she heatngangd| owj ng

t hrough t he t f u y either
be by a ot or S ERFERGAS, ki noifie 28 Bhiaffing o IO R Mpcl BT Tt
simlar | ouvefos paveessiog aheabﬂryhammdtaeﬂt amal thér dpperariothresgiettei areinpdei ti ons in
each of the otger a|r di scharge ducts forned in the franme 26. Referring to

Figure 5, t he® charge duct 28 within the frame 26 is further illustrated
in an enl arged cross- secti onal view. The air discharge duct 28 is seen to
conprise two €O ti.nuou h S“F rfaces dgnot ed as an igge surface 52
and an outer WM&, lgé”% HE2f 1RGP GAPINE: 3RS 55 15 4l Seméﬁdl WYely cl ose

to the int akear%kéllodéd’f v\ttéwrfeaﬁ L8 BultSh f!\’ﬂ“an oFothg heaghﬁzﬂt%l docithgl ace 54

is further away fromthe grill. The outer wal!l surface 54 is seen to be a
part of the faw@ﬁtﬁm texmehxds aoframar2dl w whncta foat erradus@harrei:du@n away

fromthe portlo the ane 26 t fit into t cellln hIS
portion of thseuc as d ?Ens i It?[ﬁn%% Er‘f’ng %éﬁgf%ﬁ Idi'/'c %anasp 8 © the

cei ling when rteb@:clfl&&tdxf@atg’c ﬂeﬁl iga 8a|a|0a:rnattusm sheThbmieel. t hefcﬁﬁt@btcl t isto
be not ed that t he outer @/al xtenﬁls warddlg chl po;r{tt ocated at a
di st ance VO S UERES £8° B?S’t’ RR°q VEnBsack Al dchpregauc f EBPR erably in
t he range of fouf tre3nistseed veaitgndralohf s @it ge leﬁ@tmombgthb::a&sures that no
smudging will occur to the ceiling when air flows out along the snoothly
curved wall 54. It is finally to be noted that the beginning of the outer
wal | surface l; fii fLar I 0 a point
where the |1 p 8 bunne Srhre inkt ERHIYTre BELEY fr S nat bR b, 2 708
fits into thethceﬁrdmﬂQG ziﬁuiearetaperopmalltctlysumfra@elwromt i Thesntakergsid! 14iseral |y
fromthis poi nt.eal @ substanhl a I dIar rad%{ﬂs of ¢ rvat uhcg unt|I reachi ng
t he di schar geP’ & tfyétqut"ﬁe' di's s 'SHHY HBVEEDY SPVPTe't FY''S6 of the
frame 26. Ref&bmlzﬂgfdu@wdtc@. the |nner vvaII 52, it is to be noted that this
wal | begins within the frane 26 upstream of where the |ouver 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 nenber 48. The inner wall 52 thereafter
conprises a substantially curved arc before tangentially neeting a straight
slanted wall surface i medi ately upstreamof the exit point of the air from
the duct 28. It is to be noted that the total angul ar change of the inner
wall 52 fromthe first slanted portion of this wall begi nning 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. Thi's angle is determned by the curved arc portion of the inner wall 52
that joins the first and second slanted wall portions of the inner wall.
Thi s 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
ais greater than one hundred thirty degrees, there is 0 9J UL 2002 8



the. potential for re-circulation of the air back into the inlet gril$ JPk 2002
1t has al so been found that when a is | ess than one hundred ten degrees,
there.is a poor discharge of heated air. Referring nowto the rotatably
mounted | ouver 30, it is seen that this |ouver conprises two | eg portions
j oi ned together by a curved arc portion therebetween. The curved arc
portion defines an angle ~ between the two straight |eg portions of the

| ouver. The curved arc portion preferabl% has a constant radius of
curvature so that the angle (3 defines the total angul ar neasurenment in
degrees of arc defined by such a radius. The angle ~3 is preferably in the
range of oAeettuficyaéhnt3drirsves ainepwandtl thebugheing intaite griddd .and ke dimfiltatI2ai ght

| eg portions qof the |ouver, 30 prefera define linear dinensions "A' and

. . bl y
"B". Thesellis fndistabriss ficshavm e ag sadigbaowy askt Ofardkeat eiehargp dements 36 of
t hese | eg [ti I I ect .. i i L CL N of the
curved ar ce‘g‘g?‘%’ @%ﬁc%%@é%lgﬁ%ﬁ%g é(;l%]&b&"&%%@n%%ssggée ffCP gsm%]%g\é{i :ilt)or&é? ¥1%ehe upper
| eg porti OferipheRGhiitheceneifugdl fhi. MEhddt chily GantyRiteht d@Baripe nidddim &fhidtgarseuy er
to the aforenentioned point of intersection of the center |ines. The
di mensi on he@t tq or framm e gereas ofherigxehnnge dns iy thpimad corfducting canast withrthe egils. | eg
portion fromthe aforenentioned point of intersection to the tip of the
| ower | eg of the louver. The ratio "A/B" of these dinensions is preferably
in the rangg &Itw@rdzy Howihghir frém MRScheeRlgd FRAfh RAts ddflebRd d8iwnWarily bpas t han
0.4 produces poor discharge of air wwth the potential for re-circulation
probl ens wihtahnelsgpewte Rmstshewniin Figurerk eThy ait channel spmctuyeB &riaprafergblyat er t han

0.6 creates l,ouve hat is to ensitive.tp rotational positioning. It is
Lo b not coRLAM el BRTERe seriS e TEHURADHE HenbBRdas s ese o T 1A MBosi ¢ f on
for proc esmdgglgczao'm o dhaMfid) Birie /3 8ak Seellits ERBEDRIWARGY al%ﬁﬁ 3'tdh Bﬁ&‘rién ugoard,
the point of 1ntersection of the dinensioned |engths "A" and "B" of the

| ouver is @ffitaé aeaingyandtoaidgappamtusdo 8pamet beyord thie innertpeeinesdr of thef finshd thenner
wall 52 where the curved arfwggrtion begi ns. The ggint of intersection of

the | engt hieat gchapge elgmenss. F ghapasl STacarsYsougxtends dpwpyprdly dogate o 9
1 UL 2~29. "G i A ° 29
these i moRaroal O RERbREng 08, TRy SR ShehiPUPULE sl Rare e bR 0 2

t he | ouver w3l ofltheilogsiag Qk so1@s iosdefihe hevatidupusiv-imoneinglrediyt phciag oyn the

seventy-five d%g{ees fromvertical. This angle allows for substantial air
flow to eihepeexcdiapge Jemenfe Tt diechannpl ssruchige3hedends dawavrplly ar thigrdsfoelle a

R T e R N

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 node position. In this
£

regard, thBefeoingegagutodagurpdethepoiems abthy fingohthedeay exehaniss slementsidmest f i ve

degrees fromthe.cool|j sition he .| ower_ | e rfion noves
toward t he‘%qhﬁgfa”\’/\ﬁﬂ A%% a\ﬁnﬁgggg‘g afiggﬂdﬁggarté Hg‘é té%??‘lsoo _ t\lleggc’g)c %s the
outer wal | elethent§ie bé BoMRKtedREd BedihiddodwaYin bR&t UAUNEotRQ Hote AW tBE dripal 8 K
of thirty-five to fifty degrees fromvertical. The thus positioned | ouver

now t ends aligngdwithcrespektoghe aif ehannil strugtuned bases tadefied 2 owrttimapds it chvennel

dictated by th | ant, of i || 52 at t i i.t .point th
duct 26, 1 ovRie el 24 Rempditihe Baesp”ufl  BEoded 46t rini PlechiRc
the heat edipht dsdi#R §4rPddfindlchitikl@VRWa cHAnheW dovnl t6 $tfe QfierdedRE@FAir &9 nt
than when the louver 30 is in the cooling node position. The angle o

di schar ge, dets insthpfrafer28bly in the range of forty to fifty-five degrees
fromhorizontal. It is to be noted that this angle has a | ateral conponent
that is substantially less than the |ateral conponent of the angle 8
defini ng t hrge didss-Sdctiehar ﬂﬁ_tfﬂrﬁeeiﬁtf'i?ﬁehﬁe&éa% tRRGhd AEEBSRstfof ol diftreh© the
inner wall 52 and, in particular, To the angular slope of this wall near
the exit petirmture$. Thefrane irfchusies tinextdnert poi@on Fthprefeaatdy heldes afpchardpldeinot ed
as ~ in Figure 6. This angle .as neasured fromvertical is preferably m dway
bet ween a given value of k 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
pg,f UL 2002 10 inner wall to have a substantial l|ateral conponent in
bot h heating and cooling so as to reduce the risk of any recirculating air
to the air intake grill 14. Referring again to the angles a and ~3,
denoting the angular arc of curvature of the inner wall surface 52 and the
| ouver 30, respectively. It is to be noted that these angular arcs all ow
for a substantial air flow along the inner wall 52 of the air duct 28-in
both heating and cooling. If the angle a of the arc of the inner wall is

o " I o . Y



It is to be finally appreciated that a preferred enbodi nent of the 038 JUL 2002
“invention has been described. Alterations, nodifications and inprovenents
thereto will readily occur to those skilled in the art. Accordingly, the
foregoing is by way of exanple only and the invention is to be |imted only
by the follow ng clainms and equival ents thereto. pgJ UL 2002 Wiat is
claimed is; |I. Ceiling nountabl e apparatus For heating or cooling air, said
appar atus conprising. an external housirfg; 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 framne and for
subsequentTihy fehinfd faithetrongirichrlesls Aghtweighainfoldedioystytetim@iugé ¥7 afovelthg al i ty
of heat exchange el enments positioned radially outwardly of said fan for
heati ng orEX&€oor PergorKe. radial ly distributed air fromsaid fan; air channel
structure positioned within the external housing relative to said fan so as
to deflect the radially distributed air fromsaid fan dowwardly; and at

| east one Iéb'férriﬁ% asdRkOte AuChanit] SRAGurb 38R iCOMedoldNHatl e stlidtutetbfths 2 Sai d

di scharge duct having a first wall |ocated near at |east one edge of the

ai r inlet cantthwus,esomoth, waler wafl posfacecfos defiecfing tte anaddwnwardlly. iThe uppet ed
further outwardly fromthe edge of the gir Jinlet th said first wall,

wher ef n_ S@PHL G5pis SRETISNS EPOgH Farien Mall SHESRHSHS PEESATN BUS Hdra B e fed | n
said fra j t Qi dnhat lslani [ i+ J ' a first
Strai ght oo T rtdhs] OB shanted R CEE Ml ol e R B <
second st naveglegresmfrbmpbe vertivalt 8his saadotingontinaoes iaher wall afsweh dragaltl aft flomst he

di scharge duct, said second straight wall portign being at an angle

rel ative tBo8HilYdeyR & theslogied peledd in thadreinganagd fgnqedo e adtpasgige drsthar ged
fromthe %ﬁ&m g§e§%£2 i3"?~ - away fromthe air inlet 2 The apparatus of
clam 1 wherein the curve%' wal | 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 0O9 UuUL
~. t? wal IReferriygéo tehanrtaxghange etamants 36, iiHe rebaappresiatedbadtheseredgrpents wall |

port1 o LALNRA Wik EhSvEhdar bontthE SHHAREL LVePMe AR SR GPudiBhe bP

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
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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 . 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 o 1s greater than one hundred thirty degrees, there is
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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 5 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
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“G” from the top most point of the outer wall 54. The 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 y 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 k 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, 0, 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
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inner wall to have a substantial lateral component 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 o and B, denoting the angular arc of curvature of the inner
wall surface 52 and the louver 30, respectively. It is to be noted that these angular arcs
allow for a substantial air flow along the inner wall 52 of the air duct 28 in both heating
and cooling. If the 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

1s to be limited only by the following claims and equivalents thereto.
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[ chhﬁg mountable apparatus for heating or cooling air, said
apparatus comprising.
an external housing;
a frame containing an air inlet, said frame fitting nto said external
housing;
a fan within the external housing for drawing air up through the air
inlet in said frame and for subsequently distnbuting 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
arr 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 1s 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

R ) .
. away from the airenlet.

2 The apparatus of claym | wherein the curved wall portion of said first
wall dcfines 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
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terminating where air is discharged from the discharge duct is at an angle

from vertical 1n 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 claitm 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 up 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 thc 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 15 0.8 to 1.2.
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@o% & () > 8. ()I"hc upparatus()of claim 7 wherem the second straight leg portion of
said rotatable louver s at an angle from vertical of between sixty and

seventy-five degrees when said rotatable louver is in the first position.

9. The apparatus of claim 8 wherein said rotatable louver 1s rotatabie to
a second positton 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 being cooled by said heat exchange elements
wherein the second straight leg portion of said rotatable louver 1s at an angle

from vertical between sixty and seventy-five degrees.

1.  The apparatus of claim 10 wherew said rotatable louver is rotatable
to a second position when the air 1s being heated by said heat exchange
elements wheretn 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
air exit point to a ceiling surface when the ceiling mountable apparatus is

mounted to a ceiling.

[3. The apparatus of claim [2 wherein the closest air exit point to a
ceiling surface is at 2 vertical distance from the ceiling surface that 1s within

a range of fifteen to twenty millimeters.
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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.



