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the sanme assignee as is the present invention and

both of which are incorporated herein by reference,
tubul ar skylights are disclosed. Both of the skylights
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comerci al success. Briefly, a tubular skylight such
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in the above-nentioned 712 patent, while,the bottom

e nghnef assipeeetag be thegsesatt] ipvansior endebashl oﬁyvha:h are incorporated herein by
ceiling-munted diffuser plate. Wth this

c ofzburéint,i tabularRRylighalard digidsed XBah bAthe tloylighte chitusk ehersgylight dome
di rected through the tube assenbly into the interior

of 4ikN&seld it 1 91 Pifent RuinbdréHo8 2t BalkdEvred bPiht 8/me abifiek &is the present
sky i ghts use a reflective surface to transport
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covered by a roof-mounted dome or cover, such as the one disclosed in the above-mentioned

“712 patent, while the bottom end of the tube assembly is covered by a ceiling-mounted
diffuser plate. With this combination, natural light external to the building is directed
through the tube assembly into the interior of the building to illuminate the interior.
Tubular skylights use a reflective surface to transport sunlight down a tube from the
roof to the interior ceiling. The optical spectral response of the dome, tube, and diffuser and
the number of light reflections as light travels down the tube determines how much sunlight
will reach the interior of the building. These properties will also determine how much heat,

in addition to visible light, will be transported to the interior.



As recogni zed herein, it is desirable to maxim ze the

anount of visible light (light having wavel engt hs of
WRSIREBHSAr ound four hundred nanoneters and seVER/USRYN{P23208

nanoneters) that is transmtted down the tube while

m ni M zAswgcdghzed hereing it &f debiesble t6 intaxinhiee the amoordt of visible light (light

infrared |ight of greater than around seven hundred
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coatings that are used to maxim ze visible |ight
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into the roomand in which optical blocking devices in
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visible light. Accordingly, the present solutions are
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|nc udes” a transparent dome and a skylight shaft
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be associated with the substrate for conveying heat
fremvided. i nside surface to an outer surface of the
substrate. The nmeans for conveying heat nmay incl ude
an adhesi ve di sposed between a spectrally selective
filmand the substrate and bearing Carbon bl ack or

ot her | R-absor bi ng SUMMARYOFIHE INVENTIONd/ or it nmay
include a satin black 2
A skylight assembly includes a transparent dome and a skylight shaft substrate
extending away from the dome to convey light entering the dome through the shaft substrate.
A spectrally selective film or coating is juxtaposed with an inside surface of the shaft
substrate to substantially reflect visible light and to substantially transmit IR light.
If desired, means can be associated with the substrate for conveying heat from an
inside surface to an outer surface of the substrate. The means for conveying heat may include

an adhesive disposed between a spectrally selective film and the substrate and bearing

Carbon black or other IR-absorbing substance particles, and/or it may include a satin black
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the substrate with the outer surface of the substrate
WR2YPSaRddi zed. O, the substrate can have aHCE{HSé?WOZ”OS

surface of relatively low IR em ssivity, and the inner

s uinfide surface offthd subdras: vaiththgduterusae of thy subsichtdigedtg ansdized. Or, the

radiated in the tube and rises up and exits through
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s usubbtadei sabdtantinleyf te@edts vigiblei lighbingpihgigghén thesuntancd 44d substantially
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cross sectional view as seen along the line 3-3 in
Fi gur e Bhe defafspfghepresgntinvepipnsboathas tp gasiructpreApd gperafipn, can bestbe

al ternate enbodi ment as would be seen along the line
3- Bderstopl gy ragerpnce to the accompanying drawings, in which like reference numerals

refer to like parts, and in which:

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a side view in partial cross-section of the tubular skylight of the present
invention;
Figure 2 is a perspective view of the present tube with spectrally selective film or
coating;
Figure 3 is a cross-sectional view as seen along the line 3-3 in Figure 2;
Figure 4 is a cross-sectional view of an alternate embodiment as would be seen along

the line 3-3 in Figure 2;
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cross-sectional view of another alternate enbod nt
W73 be seen along the line 3-3 in Flgurgcgﬂmzmwmznos

Figure 6 is a side viewin partial cross-section of an

al t er natiguré 513wl cagss-sdcyibnad hiewof andter alpresaibodinveanis vasuld be seen

Figure 7 is a side viewin partial cross-section of

yanmgnﬁ§h§g3QM{E@m@Qe tubul ar skylight of the present
invention; Figures 8 and 9 are cross-sections of

respectp;yge 6TROSHSBY i RRiaPEER-RLRADS Elhﬁte?dafeq{lﬁllarﬁkﬁlght of the
in Figure 7. Figure 10'1s a side viewin parti al

cro of yet another alternate tubul ar
sk??§m§$$&#8€he present invention; and Figure 11 is a

Cross ction of the .tube substrate f F ure 10. )
DETA LE%% g PV r‘?ﬁé"éfh‘ﬁﬁ |ﬁ)‘i§r{f?“‘f“bulafskyhght

Referring initially to Figure 1, a tubular skyl'i ght

meRfdhs PresBCBYd4Ake with the present invention is

shown, generally designated 10, for lighting, with

nat ur alFigued§ agA P aregrosp-prclpRseHt respastive epgbormentsgs geen along the circle
ceiling dry wall 14 in a building, generally

desBgmBiged 716. Figure 1 shows that the building 16

has a roof 18 and one or nore joists 20 that support

the rodfigut8 1anda siieiviidwiéh piriialVsadsk-sdofion A8 yeth@bihet flternate tubular
Figure 1, the skylight 10 includes a rigid hard

plggﬁgﬁop&egk§§§“ﬁggﬂm,ggwnted cover 21. The cover 21
is optically transm ssive and preferably is

tr anqu{lgﬂé 11 {sl?i cro%ggecﬁg?g 'BI: subtsﬁlﬁ Spﬁglge gélcan be

the cover disclosed in ove nen I on
pat ent . , the cover 21 can be ot her suitable covers,
such as the covers nar ket ed under the trade nane

"Sol atube" by the present assignee.
DETAILED DES RIPTION OF THE PREFERRED EMBODIMENT

Referring initially to Figure 1, a tubular skylight made in accordance with the present
invention is shown, generally designated 10, for lighting, with natural sunlight, an interior
room 12 having a ceiling dry wall 14 in a building, generally designated 16. Figure 1 shows
that the building 16 has a roof 18 and one or more joists 20 that support the roof 18 and
ceiling dry wall 14.

As shown in Figure 1, the skylight 10 includes a rigid hard plastic or glass roof-
mounted cover 21. The cover 21 is optically transmissive and preferably is transparent. In
one embodiment, the cover 21 can be the cover disclosed in the above-mentioned 712
patent. Or, the cover 21 can be other suitable covers, such as the covers marketed under the

trade name "Solatube" by the present assignee.
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be nounted to the roof 18 by neans of a ring-Ilike
WR20W/05745dshi ng 22 that is attached to the roofCT#SBEN7/023208

means well-known in the art. The netal flashing 22 can

be andltedows 2hpqmrbeprouatee tofthe robfild by areansaff a tihg likométalifishing 22

to engage and hold the cover 21 in the generally

V ehhi i€ atkdciledup tHeGbdf 18 by aRhrtwellrkndhaWthe 45 Thembdte flash@d2 can be

in Figure 1, an internally reflective hollow shaft

aSgfpidal 2%, Ji@kdrithe S8 bOMBLEH 1840 chiagl MDA At dfer 21 in th
tha;n%fl asr?lpglg&gzt. Tr'hee Cross-secti onegfg%tghe assenbl y %r4 e

g 22" The on of the ‘asserbl
Ao Sy R AL oy Do Used” from

ti to, ti i.n..it istob d t aod (!

pr i i B e i Fisbtse 1 Gl SRS ARE ARG isdB, seneratty

limted to a cylinder per se unl le1$S ot herw se

s pleignted 24, Trronaseiadito the dashg 22 Ahe gogsngstiqnet flig@ssembly 24 can be
ceiling 14 of the interior room12. Per the present

i nepdindiieah rectangulsh dfiangules steh|Accodinglys while thejwysd “tubgytmay be used
enters the shaft assenbly 24 downwardly to a |ight

di fréma siere tatmehdytiy, it ig erienaddrstoaiabat ¢heatriacipR6of thdyatsentgnvention are
di sposed in the room 12 and that is nounted to the
Cendtitdge Hrditéd to ta@ylindeOpes be Alesa sthdedes spbefied. N t he
above-nmentioned 593 patent. In sone inplenentations

for "IieHatshiehdsemblyN? Hichidi®ahe eflify M s¥ahd In¥erio® room 12. Per the
omtted. The shaft assenbly 24 can be nade of a netal

2 g@gsﬁ’gf i/r@grgﬁ)ln! ¢ i AlbRUR (ﬂfecétl?gﬁ{ that ﬁrg?rg iR ﬁllaﬁfatssembly 24

can be nade of plastic or ot
LN the

appropri gt heal WL Isclo el.ow Th
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accordance with disclosure bel ow. @ﬁ ecogni zed .

he%%aq%,th%m requinfegihe G5l ordo # o 2L 45cteApHY tnha g mentioned

been provided that can be configured to reflect or

t r A& patent] Ingpame irsplementatipng for | light wellee thedéfiiser 26 edinarily iggmitted.

may be thought of as being spectrally selective.

Speci f i Belshaf} assemeblyp24eme he madeaametal such@ogmallog of altmminum or steel,

multi-layer polyneric reflective filnms can be

c otif the sliaicastednble 4 eqt besinadebdfepldstiglot other spppriatbynaterial within the
disclosure below. The interior of the shaft assembly 24 is rendered in accordance with
disclosure below.

As recognized herein, multi-layer polymeric reflective films have been provided that
can be configured to reflect or transmit light depending on its wavelength. Such films may
be thought of as being spectrally selective. Specifically, the present invention recognizes that
multi-layer polymeric reflective films can be configured to reflect visible light as shown by

the lines 30 while transmitting IR into the tube substrate (in the embodiment shown in Figure

1, the heat is transmitted across the tube substrate to the exterior of the skylight as shown by



the lines 30 while transmitting IR into the tube

substrate (in the enbodi nent shown in Figure 1,
WRESH8/458458r ansmi tt ed across the tube substrat ePFEF/I{SH@WOZ”OS

exterior of the skylight as shown by 5 WO 2008/ 057453

PCGhé Uitk 30,AV 232 OBer ehibedilienie desddbedwliowvehé ieatthdyatropagate up the tube

enbodi nents descri bed bel ow t he heat nmay propagate up

t h@ibbdts). OnslRSH-H iRy exdXje 5TQIcH a fllintid t'ﬁ@"%ﬁﬂ {r@ Filfn- DESHOOMA"
afilmis the "Dayl%ghtlng Film DF2000 Emr{%de

M RR&SRL Mt WE@%HH@ ng. Accordingly, as
shown 1I'n F|gure 2 multilayer Selective transm ssion
filmor coal s th

wavel ortytne gy Pt At FhEEly rseﬁgthvge?ﬁgsr%lg%onoﬁlm orcontng

bonded to ube ubstrate 4 it b

t h3ft W‘E“ﬁléfeﬂa"d%ﬁ%&‘ﬁ@ fevagle é’frb%mufé &awg onded to
t he above-descri bed tubes and/ or tube se nents ht

| i thesup i % RERE PRdseR RS thab e e suliraie 12 ey b ysed %oany one of

whereas light in the IR spectrumis transmtted
t hthe algrtvedheribéd tnbasend/brsubesbgmet®s. Light mhlwnsible wiielmgtbs @flects off
the nulti-layer film40 is adhered to the inside

S utht &itre 4@ 4vheieas ligheintthdER spEctrum § tiaesndttéthiouglh hedilh hathe tube 42.
the film40 (which could be a coating as indicated in

the fi dAW @bwh$n Pigidedthk ehullthRyérd 403s atheRd téthe i8R surface 44 of
adhesi ve 46. The tube 42 may be nade of Al um num and

paﬁ]% hfpdlaar F%Ms@h%?@lﬁt RARRs Y ﬁv}hc“h dsiR%be tchﬁmg% ifdRated in

sur ace 44 be painted satin or ot herwse

atﬁgureL%Fy deg E%tlﬂgﬁltbf QP i fégcll élgzﬂ adﬁeglﬁg %r] teiﬂsta%e] br}ﬁag/ be made of

he"s rate era
ed or pain ot her wi tr.eated.so
oS Binitn e @aﬁﬁ&‘eﬁx T EEa iR Sied %evsaffﬁ Sufface 44 may be
|nS|de surface 44 to the outer surface 48, hus, the

oukaiited; satinlack o8 otheewise fpajed @mht&h&weteahswl%m. Lk conffast the outer

fromthe tube, whereas the inside surface 44 may have
hi syinfageRt Satf s substiate ARrpeeftrably isRnpdizddens painisé or otherwise treated so as to
characteristics. Alternatively, instead of rendering

t hieave ahéth cenduceciey td drasdfshegitfionethe anide parfice 44 toRhe outer surface 48.
absor bi ng) adhesive 50 may be interposed between the

MutHus] @Y Slitef surfite48 KaRAtHighlenfiflarRB e falAR heStiRshh thattebedwhereas the
as shown in Figure 4. The adhesive 50 may be a m xture

of indd€ L Bke AREPHME hRIR absorption and low IR reflectance characteristics.
Alternatively, instead of rendering the inner surface 44 absorptive, an opaque (IR-
absorbing) adhesive 50 may be interposed between the multilayer film or coating 40 and tube
substrate 42 as shown in Figure 4. The adhesive 50 may be a mixture of a clear adhesive and
Carbon black or other IR-absorbing substance particles, so that the opaque adhesive has high
IR absorption and low IR reflectance characteristics.
As yet another alternative, Figure 5 shows that a multi-layer coating 52 that is

spectrally selective in that it reflects visible light while transmitting IR can be deposited
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particles, so that the opaque adhesive has high IR
wapee¥457458n and | ow I R refl ectance charact eri s®CE3S2005/023208

yet another alternative, Figure 5 shows that a

muditectly ante an Reatsbupyvaiandrkatfack §4 ofspelbdtna!Sb withdighetiitamce outside

inthat it reflects visible light while transmtting

JRueface $evideRoRbiidty arfadW€ive0 Q8¢ Afb¢da56 shown in Figure 5 is in all other
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substrate 102 with a space 106 t herebetween up which
| RvhiakiIRartadiatioroan ppagsg atsbowiaby Ishdwes H)8. ibalical campropagate out the
108. The heat can propagate out the open top of the
sh&leh t0sF thaghell 104 dddeifttieedtop & dtdsed @t oftidles 010 forhedsinklfthshing or
formed in a flashing or other structure of the

S kdfthérgmxct@ﬁ SEADLIN1i 3 Qssebly 180. NDIhigh1o BinSivY o fﬁ)‘élelaﬁ)lastlc dome

clear plastic done 114 can be provided so that heat
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?3:ﬁﬁo lcligur?s% % hléowaelénsaed% t}ona fé)(glrn t%anyhgﬁtS %se

the follaw n tlo In hoth i tions

sHEWCE I+ ‘&"é‘g?lé%t {’I'QS 10 slpamygpy lgpreggqnﬁg{g%}oge\ylngpxqeﬁgons In

tube substrate 202 need not be hig em ssive to IR
THeth pdemaptiopstoyn dnFigues fand 9, ﬁl@ %1525 aurfiice B0 ofdhefupersubstrate

enbodi nents, preferably is.absorbent to IR and

r e¥02aeed nos be bighly sinfssiae foi IBhThe innet serfaca ares,lapwas theicase with the prior

Figure 8 a nulti-layer film204 nmay be applied to the

I nanéyod sukmisaprefecdblytibigbssthbrgtte B and 2R ctiseitogsibreright, and so as shown in

| R-absor bi ng adhesi ve 206, or the elenent 204 may be a

MUFifihre 8 aYiilti-GOatfilM@0s May bd pplied to the inner surface of the substrate 202 using

%b(ib that, 1 1]'_1] all material

Pour

an IR-absorbing adhesive 206, or the element 204 may be a multi-layer coating that is
deposited onto the substrate 202, in which case the element 206 could be the inner surface
itself, rendered even more absorptive by, e.g., being painted Carbon black or other IR-
absorbing substance. This latter implementation is shown in greater detail in Figure 9.

In any case, referring back to Figure 7, heat absorbed by the substrate 202, owing to
the low emissivity outer surface 201, mostly propagates up the assembly 200 through

openings or holes 210 that may be formed in a skylight dome 212 or between the dome 212



deposited onto the substrate 202, in which case the
el ement 206 could be the inner surface itself,

WP even nore absorptive by, e.g., bei ngPGAIUS2¢/023208
Car bon bl ack or other IR absorbing substance. This
| adnderfldshipg @ et liictothe idsme B t2xis mountgd e &fr,a10 lpdes aiedd berprovided, in
Figure 9. In any case, referring back to Figure 7,

heghicia B&e tiRedbny 2 INSre BB s Alghly2dssiv@Wo MR sb @hat hba? chi®propagate
en1SS|V|ty outer surface 201, nostly propagates up the

%t@&%hmr&mfand BREITHRARY1 tss@éne@ 20 that may
d i1n a skylight done 21 betmeen t he done

2?2 7%%2918&% 7|40 wtalgre(dg{‘ﬁggg ggl%g’tgg%al ﬂpgsé}nb d{ 300 that in all

f1 ashi
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propagate _upwardly through_the d out of

s k§HCPRIenS- a@@éﬁﬁ!nlﬂyﬁ%ﬂloﬂng%?‘é%wiw ag‘ﬁdi?gef @WBW‘&W p astic substrate
addi tional alternate skylight assenbly 300 that in al

ned08r the linsidesyyefecesof] whiphy israoverad by @ rawE-layss Blmjoy cqaging 304 that is
shown in Figure 1 with the follow ng exceptions. The
asspecthilly s@6@ive matat is mfldeisginitgs lighd whileltrarbmittisg BR. The film or coating
transparent plastic substrate 302 the inside surface

of 308Nina} be SadBE¥E 1€ BhedJubstraR! bl i - tlagteddhésivenBOH ifCdigirdd1g With this
304 that is spectrally selective in that is reflects

Vi Gnttifitibh Hrudiie! \ﬁSlEl’é ﬁ@ﬁt% o114 db®n thERgbefvlithiA 188 tube as shown by
a

coating 304 may be hered to the substrate by
I f
o PRSP 930 e B A s

s he tube as shown by |ines 308 in Figure 10,
mm¥ﬂé IRis transmitted through the tube to its

St R RS i PR e
shown and described in detail, the invention is to

be
| | heireie ghctyyn andtdesonigedsinedesil, the dnveninnein dhobe lanisedrhy, noghing except the

appended claims.
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1. A skylight assenbly, conprising: a transparent
""96[%953/0(5?%3 114, 212); at |east one skylight sh&ff/US2007/023208
substrate (42, 102, 202, 302) extending away from the
dowHARIS CLMMEILES: to convey |light entering the done

(21, 114, 212) through the shaft substrate (42); and

a spectyr al | W &eligshiv@blvi dompgikingoat i ng (40, 52, 204,
304) j uxt aposi(g %ﬁth an]fy |ns’?ide§surface of the shaft

substrate (%%ran%)Q%ntd%%( f%@%ﬁ* antially reflect

visible Iight to su stantlalytransmt IR |ight.

2. The asse

associ at ed \nﬂﬁf’%t ?Wesgyl gé’?f’té tﬁgjz g@zn%izg@gétﬁ'ﬁfngway from
conveyi ng rom an inside surface to an_ ou

surfac éheociomet(%b léwé%)rtaf@vewzght qrijering Shgdomg §h, 1143212mgough the
assenbly of Caim2, wherein the nmeans for conveying

heat i rbafhanbstrain(42liandsi ve (50, 206) disposed between

a spectrally selective film (52, 204) and the

substrate @4psctr2liPyeleanct filenor cogfir@aAB G2, 204a804) anddposed with an
ot her | R-absorbing substance particles. 4. The

assenbliysidd suffhaioithe shaffsebseriate (42)€027260) %o Jubstarttially &¥leA disible light
heat includes a satin black and/or other IR absorbing

i nsi de 38k A6QadtiAfly u@snit R 1gHPStrate (42, 102, 202).
5. The assenbly of Caim4, wherein the neans for

conveyi ng heat includes an anodi zed or other high
enissivity outer surface (48) of the substrate (42

102). 08/ Q5 7/ 023208 6. he
asserrbl y of %%f assem%@ (\%h(g?lg} n’sffzuﬁte Ineans e eglcl)sn?/ssomat%d with the

2w ole: DAt W EaiTEi o n i fEpaytict s utr sufaceof

the substrate (42, 102, 202, 302).

3. The assembly of Claim 2, wherein the means for conveying heat includes an
adhesive (50, 206) disposed between a spectrally selective film (52, 204) and the substrate

(42, 202) and bearing Carbon black and/or other IR-absorbing substance particles.

4, The assembly of Claim 2, wherein the means for conveying heat includes a

satin black and/or other IR absorbing inside surface (44) of the substrate (42, 102, 202).

5. The assembly of Claim 4, wherein the means for conveying heat includes an

anodized or other high emissivity outer surface (48) of the substrate (42, 102).



7. The assenbly of Caim1l, wherein the substrate
é has an outer surface (201) of relativel

Sy, and heat propagates upwardly thro8 ﬁn§ﬁgwmznos
substrate (202) and tube interior. 8. The assenbly of
A ai m 1. whdhehsemblg of Kldith ghwheréiatlie raeabs for adrereyidg)Rdat ingludes a
transparent. 9. A skylight shaft assenbly, conprising:

a Hettdysabaivt csdiag (3220®4, 668 defdirted atfdlthe &Q%bratel @le) ni ng

an inside surface and an outer surface; and
substance (40, 52, 204, 304) associated wth the
i nside surface that substantially reflects visible

l'i ght ipi nghp gﬁgﬂbltyl?ﬁ CHRSE @fﬂgrgllnaﬂn?suﬁaﬁ?atte %82) has an ogtﬁr surface

substantlally oes'not reffec

conBDl STRGNAY loi B (oo %é)p?%na?ﬁ%‘%@avgawa%ﬂwﬁ thggbstat

substance and the substrate (42) and bearing Carbon
bl @R A dbsintetidier | R- absor bi ng substance particl es.
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8. The assembly of Claim 1, wherein the skylight shaft substrate (302) is

transparent.

9. A skylight shaft assembly, comprising:

a hollow shaft substrate (42, 102, 202, 302) defining an inside surface and an
outer surface; and

a substance (40, 52, 204, 304) associated with the inside surface that
substantially reflects visible light impinging on the substance and that substantially

does not reflect IR light impinging on the substance.
10. The assembly of Claim 9, further comprising an adhesive (50, 206) disposed

between the substance and the substrate (42) and bearing Carbon black and/or other IR-

absorbing substance particles.
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