WO 03/ 039604 PCT/ US02/ 34482 U traviol et Disinfecting Apparatus 2 RELATED
APPLI CATI ONS This application is a continuation-in-part of the US Patent
Appl i catiwo 0d/08sn4 al No. 10/268567, filed Cctober 9, 2002 pcarchboz/ad48es on
the disclosure of US Provisional Patent Application Serial No. 60/336381,
filed Novenber 2, 2001, 6 both of which are incorporated by reference.
BACKGROUND OF THE | NVENTI ON 8 Technical Field This invention relates to an
air purification system usi n? intense ultraviolet 10 irradiation to break
down chenical bonds in toxi VlEavipitidisiniegting ARpa@ti§at e pat hogens. The
nmet hod can al so be applied to any mass transport, including the 12
purification of water or other fluids containing naturally occurring toxins
or those RESATERARPLKATIOINGI cal and chenical agents used in warfare. 14
Background Art Prior art UV disinfecting systens are typically water

di sinfecting systens 16 where the water is exposed to UV radi ati on such
that the radi at iTovs ppgliadionhis awgpntinbatiomirepart of thk &S Ratest Pepticatiprsur f ace

dth h t f f t Th
o0 oo Pl RS I0 R 0oRy SBnbeni Al B0k BbufS g us
signifi camPr@V‘%mfal Pétérﬁd!@fllbé’t"bn 8kfiads] 66/836891, ¥S NVRmEHeh) 28911 hat 20
descri bed by Hall oran t ent 744,216) enploy extended-arc | ow

pressure rb@fth:ofwhg:@rafecnmmr%tﬁﬁ@yvﬁeferencan ai rstream Conpani es such as
American 22 Utraviolet and Steril-Aire manufacture systens that use these
| anps within duct of a heating, ventilating, and air conditioning (HVAC
system pr BACKGRAINGeOR THHANVANTION 26 I n Witehead, US 4,260,220, a
square cross-section holl ow tube waveguide is constructed, operating under
the principle of total internal reflection -1 WO 03/039604 PCT/ US02/ 34482
(TIR) . Eachesdnicsldteldbn has a planar inner surface and an outer surface
having 2 900 angle |ongitudinal corrugations. The walls are constructed of
t ranspar ent

This invention relates to an air purification system using intense ultraviolet

10 irradiation to break down chemical bonds in toxic compounds and to de-activate
pathogens. The method can also be applied to any mass transport, including the

12 purification of water or other fluids containing naturally occurring toxins or those

resulting from biological and chemical agents used in warfare.
14  Background Art

Prior art UV disinfecting systems are typically water disinfecting systems
16 where the water is exposed to UV radiation such that the radiation passes
through the water, strikes a reflecting surface and then again passes through the
18 water after reflection. The reflecting surfaces, typically polished stainless steel,
absorb a significant amount of radiation. Air disinfection systems, such as that
20  described by Halloran (US Patent 3,744,216) employ extended-arc low pressure
mercury germicidal lamps within an airstream. Companies such as American
22 Ultraviolet and Steril-Aire manufacture systems that use these lamps within duct
of a heating, ventilating, and air conditioning (HVAC) system, providing

24 germicidal action.

In Whitehead, US 4,260,220, a square cross-section hollow tube

26 waveguide is constructed, operating under the principle of total internal reflection

-1-



dielectric material, such as acrylic or optically clear glass. The

Wi tehead device 4 is used to transport visible light. A square cross
section |wolB/osmuegui de is known in the art to nmaxi num 6 PCTWSohdBYyeneity
in a short distance according to Pritchard (US Patent 3,170,980). These
devices are typically enployed in projection systens 8 between a the |ight
source and an imagi ng device such as for exanple is described in Magarill
(US Patent 5,625,738). 10 Common to the prior art UV disinfection systens

i s over dosdgiR)ofEach wvalkhseolien hasi)plana inneosuface ard anrouber suyfatieshavirgt ed,

whi ch nece A iz hgh n r.of the resulting
equi pme(r%t. hglngyel ?@ftﬁ@ﬁg%‘éﬁéﬂg"éﬁ %Wﬁb}ggfﬁem?%sgﬂ&%&gﬁﬂ%p%ﬁn uch
systens andigbsgictraaterial isdeh aspryladbeosidall g ichRidr gldes. Urhdlighiheeti dedige/st em
for air. SUMVARY OF THE | NVENTI 16 My invention is an apparatus and

net hod for IyHsehieiansRprhvisitiddighichannel s air through one end of a hol | ow
totally internally reflecting light conduit or 18 wavegui de and coupl es
ultraviolet (W) energy froma high intensity lanp through the conduit or
wavegui de from thequaredrosshaectimelighd veayegdisle isdeloivn i the@rcionsexioutred of a

Advant ageodury Dot ta se aRfngY 6Biins STt B2 &Bta on tora
22 inter na'3,T'ﬁU,98@).i'DIﬁbs(eW&)ice@QﬁéJngggg‘lﬂgﬁ’n&bi&d m&ﬂ%&ongﬁs&?ﬂé ation is

dissipated in the air. 24 BRIEF { : ( Descri ption
of the Sevdehvesn afbe dght srurpe aRdran Peagingdevicgapichtas fon exppwlaisus f or

di si nfecti . US) it i ilation (UV) in accordance with one
i|lustrati \%Sgﬁ%‘%i”@ﬁ@gﬁﬁ%%ﬁgéﬁ@|68§%8§ WO 03/ 039604 PCT/ US02/ 34482

FIG 2 depicts a sectional view of the UV disinfecting apparatus of FIG 1.

2 FIG 3 depicts.a liaght .pi irradiati. one within the UV disinfecting
appar at'ls of FI Eorfl]r,nogﬂ&kﬁ?\@%%mm%L'ﬁ"?ﬁggé?%%&emfdfﬁvle%%a@ec nt ai ned
usi ng tot alyltravidlat QIMptadigidreetthemid Jdify didihfected, dRtIS hecadsaABPRtAdsesf or
disinfecting air using ultraviolet radiation
12 the size, weight, and power of the resulting equipment. There is a long-felt need
to improve the efficiency of such systems and also to provide a portable efficient

14 UV disinfecting system for air.

SUMMARY OF THE INVENTION

16 My invention is an apparatus and method for disinfecting air that channels
air through one end of a hollow totally internally reflecting light conduit or

18 waveguide and couples ultraviolet (UV) energy from a high intensity lamp
through the conduit or waveguide from the other end. The waveguide itself is

20  constructed of a non-UV-absorbing material, such as UV-grade fused silica
glass. Advantageously, the use of light-pipe technology, which is based on total

22 internal reflection (TIR), ensures that all the input UV radiation is dissipated in

the air.
24 BRIEF DESCRIPTION OF DRAWINGS
Brief Description of the Several Views of the Drawing

26 FIG. 1 depicts an apparatus for disinfecting water using ultraviolet

radiation (UV) in accordance with one illustrative embodiment of my invention.
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6 (W) in accordance with one illustrative enbodi nent of ny invention. FIG
5 depicts a sectional view of the UV disinfecting apparatus of FIG 4. 8
FIG 6 depoass3mobl ock di agram of an air handling system PeatuSons@s8por at es
ny inventive WV disinfecting apparatus. 10 List of Reference Nunbers for
the Major Elements in the Drawing The following is a list of the major
elenments in the drawings in nunerical 12 order. 1 incidence angle
(refraction at fluid inlet tube internal surface) 14 2 internal reflection
angl e (reflecti GhGaR depidts ai sdcgonalntiewet tlee b disgiedtingegppagatisiofifile. (t o be
disinfected) 10 fluid inlet tube 18 11 entrance end (fluid inlet tube) 12
exit end (fluid inlet tube) 20 13 internal surface (fluid inlet tube) 14
ext ernak surf ac€&|Gf Bulepidte ladight phpe) in2diati®ncomeewithin chgdl)/ (isotfeeting i nl et

ggbgﬁngzo%ﬁ?égal u%lggE%n ﬁ%@@ﬁé@%@ t%% ucft%\lligl%lt racéigﬁgﬁ Psgcén%gﬁeg u%gofqgtgl:)’%od'
4 internal reflection (TIR).

FIG. 4 depicts an apparatus for disinfecting air using ultraviolet radiation

6 (UV)in accordance with one illustrative embodiment of my invention.
FIG. 5 depicts a sectional view of the UV disinfecting apparatus of FIG. 4.

8 FIG. 6 depicts a block diagram of an air handling system that incorporates

my inventive UV disinfecting apparatus.
10 List of Reference Numbers for the Major Elements in the Drawing

The following is a list of the major elements in the drawings in numerical

12 order.
1 incidence angle (refraction at fluid inlet tube internal surface)
14 2 internal reflection angle (reflection at fluid inlet tube external
surface)
16 5 fluid (to be disinfected)
10 fluid inlet tube
18 11 entrance end (fluid inlet tube)
12 exit end (fluid inlet tube)
20 13 internal surface (fluid inlet tube)
14 external surface (fluid inlet tube)
22 15 concentric gap (between in'let tube and optical cladding
tube)
24 20 optical cladding tube
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1273 74 1475 100 16 101 18102 103 20104 105 22110 111 24112 113 26114 120
28121 PCT/ US02/ 34482 fluid contai nnent vessel ultraviolet mrror (fluid
cont ai nmewD s@3®ed i nternal surface) air gap (fluid cont@cCansay/3sumessel )

i nner tube (of fluid containment vessel) wultraviolet inlet aperture |ower
ultravi ol et wi ndow surface wupper ultraviolet w ndow surface high
intensity ultraviolet lanp fluid outlet tube first UV light ray (exiting

| ower ultraviolet wi ndow surface) second WV light ray (exiting fluid)
third UV |ight 8Ay (enteriloig ddniaidmenit gessalbe i nternal surface) fourth W
light ray (exiting fluid inlet tube internal surface) fifth UV Iight ray

(entering fluidpq ultraviolet mirror (fluid containment vessel internal surface)

32 air gap (fluid containment vessel)

4 33 inner tube (of fluid containment vessel)
35 ultraviolet inlet aperture

6 36 lower ultraviolet window surface
37 upper ultraviolet window surface

8 40 high intensity ultraviolet lamp
50 fluid outlet tube

10 71 first UV light ray (exiting lower ultraviolet window surface)
72 second UV light ray (exiting fluid)

12 73 third UV light ray (entering fluid inlet tube internal surface)
74 fourth UV light ray (exiting fluid inlet tube internal surface)

14 75 fifth UV light ray (entering fluid)
100 light pipe (formed from fluid, fluid inlet tube, and concentric

16 gap)
101 air inlet fan

18 102 air filter
103 catalytic filter

20 104 air outlet fan
105 air (to be disinfected)

22 110 air inlet tube
111 entrance end (air inlet tube)

24 112 exit end (air inlet tube)
113 internal surface (fluid inlet tube)

26 114 external surface (fluid inlet tube)
120 total internal reflecting features (of air inlet tube)

28 121 internal surface (of total internal reflecting features)
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light pipe (formed fromfluid, fluid inlet tube, and concentric gap) air
inlet fan air filter catalytic filter air outlet fan air (to be

di si nf ectwa@)o3/0ad6p4 i nl et tube entrance end (air inlet tubepCTasor/3asd (air
inlet tube) internal surface (fluid inlet tube) external surface (fluid
inlet tube) total internal reflecting features (of air inlet tube)

internal surface (of total internal reflecting features) -4 WO 03/ 039604
PCT/ US02/ 34482 123 2130 131 4135 137 6140 141 8150 101 10102 103 12104 200
defl ector mirrorl23i r cont aeflestor migeosel ultraviolet mirror (air contai nnent

vessel internal rface , .
2 1%‘(5 ) air confainment vessel

131 ultraviolet mirror (air containment vessel internal surface)

4 135 ultraviolet inlet aperture
137 ultraviolet window surface

6 140 high intensity ultraviolet lamp
141 ultraviolet sensor

8 150 fluid outlet tube

101 air inlet fan

10 102 air filter
103 catalytic filter

12 104 air outlet fan
200 controller (for disinfecting system)

14  DESCRIPTION OF THE INVENTION
Mode(s) for Carrying Out the Invention

16 Referring first to FIG. 1, the basic construction of an ultraviolet (UV) water
disinfecting device in accordance with my invention is shown, including a fluid

18 inlet tube 10 that acts as a central light pipe, an optical cladding tube 20 around
the lower portion of fluid inlet tube 10 and defining therewith a concentric gap 15,

20  a fluid containment vessel 30, a fluid outlet tube 50, and a high intensity UV lamp

40, such as a flashlamp.

22 Referring next to FIG. 2, the fluid containment vessel 30 includes an
internal surface configured as an ultraviolet mirror 31; for example, the fluid

24 containment vessel may be constructed from aluminum and the internal surface
may be polished aluminum. A fluid 6 to be disinfected, such as water, enters the

26 fluid inlet tube 10 through an entrance end 11. The fluid inlet tube 10 may be

manufactured, for example from UV-grade fused silica.



ultraviolet inlet aperture ultraviolet wndow surface high intensity
ultraviolet lanp wultraviolet sensor fluid outlet tube air inlet fan air
filter ocaDaBysdso4filter air outlet fan controller (for @CIIUSOBEL4BNQY
systen) 14 DESCRI PTION OF THE | NVENTI ON Mode(s) for Carrying Qut the

I nvention 16 Referring first to FIG 1, the basic construction of an
ultraviolet (W) water disinfecting device in accordance with ny invention
is shown, including a fluid 18 inlet tube 10 that acts as a central |ight

pi pe, an opti carhe flaidds rgveisthra2@hahediuil inétdubeidrtopards tre kighfintendity nl et

P pt! carhe . | f .
veseel 20, Uy Tar 49 gog st fa Bulrienioe e A it 19 Tia B S48 “Such
as a flashiafns r&%r&‘%@F&'émlﬂ%iblétgyiﬁg@angmié%‘i‘e Wintsly b aduERRt g essel

30 includes an i1nternal s ace co ured as an ultraviolet mrror 31;
f or exanpl whichHerrhs ai pbriidn of theaiowesrendvefduid comipinreerioresselid®.eNext.dhe

be i 5 ni cliRd e adiagrtio e BnuBSeor Pies Bintha kb ougn

an ent ré’mC@n@B?‘th]elﬂuciafb%nféih%@n'tVé@el@gpe 10 may be manufactured, for
exanple from UV-grade fused silica. 5 WD 03/039604 PCT/ US02/ 34482 The fluid

S travels through the fluid inlet tube 10 towards the high intensity 2 W
| amp 40 and exi ¥oliiey bhdibohiaMertwiiRand fuf odfisinfidrit veageild. Thefitiai d 5
flowthen is redirected by an et ( transm ssi ve wi ndow | ower
sur f aces 36¢contdinthentiveisseh80 inghates amirvier tuilee B3yvwhichriday befdamstiueied:fs@mment
vessel 30 cted to th

50, whi ch' pygé%@gztﬂgeqi %lhf:*qgcx?m%{g%\g vi\/i%irrl%%i orueter aluminum s efllI vlvjiitrga%ﬁé&fvet ube

10 interior surface defining a UV mirror 31, with a gap 32, such as an air gap,

ultravio i I i

between the outer shell and the inner tube 33. Then ends of the outer tube 30
12 are closed off with the lower ultraviolet window surface 36 and an ultraviolet

window upper surface 37.

14 The preferred orientation of the ultraviolet (UV) water disinfecting device
is vertical, so that the fluid 5 flow approximates plug-flow, and the position of the

16 fluid outlet tube 50 is at or near the highest point, allowing for quick and efficient
removal of undesirable air bubbles. Air bubbles present in the fluid 5 can form

18 scattering sites for the UV radiation thereby degrading system efficiency. These
UV scattering sites result in UV radiation being directed at less than optimum

20  angles causing reflections from the fluid containment vessel internal surface, the
ultraviolet mirror 31 that is approximately 86% reflective when composed of

22 aluminum tube. Without these UV scattering sites, the ultraviolet radiation is
dissipated mostly within the fluid 5, because all reflections are near loss-less

24 because of the total internal reflection (TIR) operation of a light pipe.

Referring next to FIG. 3, a light pipe 100 region is formed from the fluid 5,

26 such as water, the fluid inlet tube 10, such as a UV-grade fused silica tube, and

the concentric gap 15, such as an air gap or a vacuum gap. The concentric gap

28 15 is hydraulically isolated from the fluid 5, in order to allow the light pipe 100 to
operate. Light pipe operation is based on the refractive index of the concentric

30 gap being less than the refractive index of the fluid 5. The refractive indices of
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6 end of the fluid containment vessel 30. The fluid 5 is contained within
the fluid containnent vessel 30. The fluid 8 contai nment vessel 30 includes
an i nner wowa/03804 whi ch may be constructed from UV-grade PCogsd2/34482 ca,
contained within an outer alum numshell with a reflective 10 interior
surface defining a UW mrror 31, with a gap 32, such as an air gap, between
the outer shell and the inner tube 33. Then ends of the outer tube 30 12
are closed off with the lower ultraviolet w ndow surface 36 and_an

ul travi ol eisedwilicacancliyptar is the Bderegion altheHighp speetiya@reshewndni labldf t he

ul travi ol Itb UV) water disinfecting device is vertical, so that the fluid
5 rov@apﬁ & VYrates plug-flow, and the p05|t|on of the 16 fluid outlet t ube
50 is -

rermvcl
form |18 scattering sites for the LV radis

ef fi cileMégvelengte (nv) s ~aﬁeéraqtgfeslnd@§ reéNPt/eietﬁ‘g\tJW(P

at | egs—than Hrm—20—angt Ublllg reftect rs—fromrthe

cont aijnment veéssel internal cﬁ??g he uItrJa?/)élol et mjrror BJE ?ﬁat is
approyi matelyygip% refl écti ve Whes corrposed of 2gs5al um nym t ubeq 546t hout
these UV scattering sites, the ultravialet radiation is| dissipated nostly

Wit hi the fIZDQj 5, be,ause al.b50ef | ectli ons ar%OQtear Io<s-l ess"l 544 because
of thd—tetal—inpternad efHHeet4on (TI R} Uper at of—a—+i gIIL Ref bl | ng
next tlo FIG %1] a Ilght pi pe 1lég"’regl on is for l;\%l from the flur§1§

such gs Warersgg e TTuld i NI ef ;40€ 10,| SUCh aggg UV-gr ade T usedopi 11 ca

t ube, Jand the concentriic gap 15, such as an air gap or a vacuum gap. The
concerftric geg02 28 15 is hydradBvcally jisol ate80%rom thg fl uid1 575| n ord

to al Iaw_t_he_l_l?ht_pJ-pT 100t o—operat-e—Li-ght—pi-pe—oeperation ased u;
the rdfracti V38 ndex of the c’bﬁ@@ntnc 30 gap ‘ﬂ)@@ng | esq than iﬁéz

ref raqtive the—ui The Tefractiv ndi Ces 2837 0396p4
PCT/ U402/ 3448gzﬁi(used sillica §n§69at er ijn the U?/Bd?em on cf the T{| ght
spectrlum are gggpwn i n Table {R48%pbel ow.| Fused &bi ca UV |G ade {(.3302) Wat ef
Vavel GWWWHAMW Lodey

Table 1 - Refractive Indices of Fused Silica and Water

4 As shown in Table 1, water has about the same refractive index as UV

grade fused silica glass in the ultraviolet (UV) portion of the light spectrum.

6 Ultraviolet (UV) radiation is transmitted from the high intensity ultraviolet
lamp 40, passes through the ultraviolet inlet aperture 35, and enters the lower

8 ultraviolet window surface 36 as shown in FIG. 2. It is desirable to minimize the
distance between lamp 40 and aperture 35 to preclude UV absorption by fluid-

10 borne or surface contaminants. In certain embodiments, aperture 35 is
fashioned with one or more lens elements (to enhance the optical coupling

12 efficiency. A first UV light ray 71 exits lower ultraviolet window surface, is bent
by refraction, and enters the fluid 5, defining a second UV light ray 72. The

14 second UV light ray 72 impinges upon the internal surface 13 of the fluid inlet
tube 10, which is in contact with the fluid 5, at an incidence angle 10where

16 incidence angle 1 is measured with reference to the surface normal of internal

surface 13. As the second UV light ray 72 enters a sidewall of the fluid inlet tube



1701. 6151721. 568 1851. 5751851. 549 2001. 5502001. 543 2141. 5342151. 513

2801. 4942801. 492 3021.4873051. 475 4361. 4674501. 344 5461. 4605501. 336

6561. 4566600383k0abl e 1 - Refractive |Indices of Fused SilpCaaisarishdst er 4
As shown in Table 1, water has about the sane refractive index as UV grade
fused silica glass in the ultraviolet (UV) portion of the light spectrum 6
Utraviolet (UV) radiation is transmtted fromthe high intensity
ultraviolet I|anp 40, passes through the ultraviolet inlet aperture 35, and
gnt er Sblt he 1Dpitds b&ntbyt refrdotibatandi redivectedreft acre\@ Srtamnad heflerction eFg® 22. 1t s
esirable to.mnimnmze |st ce between |anp 40 and aperture 35 to
precl udé UQGHB@Sragh'rg Qﬁ'gf‘? 10 borne or Ser’)f ace cont gm nants. In
certain enbodi nents, aperture 35 is fashioned with one or nore |ens

el enent t h th t I pl i 2 effici AT
Tay 71 exi s | oube e 8lABYE AR Red b Soels et Tinglon St EEEFR. “and
enters Ehe9§b}§ f and tRE e fthdfledndiRES Bt IUIH@énd i ﬁ%terﬁ!esM sepgnd W

i ght ray | npi nges upon the internal surface 13 of the fluid inlet tube
10, which igsadasiticatfearn which thenduitilinlet tube 0 lsaconslmwmhc'éhaﬁgrdeUllf\lmr e 16

e ras® ST S conkinusRETaR v il WGt RERrfo iytis A bR BRAN o
the fluid igg {%Flalt i cé mpﬁfem@@ﬂeﬁ%é@ﬁﬂ%é%é@ﬁta%@wnthtthé %oh@éﬁtnbgg
i ni ng

refraction an ected at a new internal reflection angle
a t hi r dsUV15L gFite thirg U8 lighheayw a3 wereﬁeot@dme:kzntm@e@dem@lhomhesfhw inlgt Law,

Is a functign |dent a efr f
fuid 5 andindoneing oua tELGh g akigy IRL T M EEE 1l g
inlet tybeid8t iubeCrNFiateddlphd theohbénticgép 15]h’feet total internal reflection
conditions as defined by Snell's Law. The refractive index of the concentric gap
12 15 is defined by the material contained in the concentric gap or by the refractive

index of a vacuum if no material is contained within the concentric gap 15.

14 It is a feature of my invention that a light pipe 100 region, as defined by an
initial optical trajectory from UV light source 40, exists for at least part of the

16 length of the fluid inlet tube 10. Therefore, it is required that the incidence angle
2 be limited to a predetermined range in accordance with the refractive indices of

18 the fluid 5, the material from which the fluid inlet tube 10 is constructed, and the
concentric gap 15. In a preferred embodiment of my invention, the fluid inlet

20 tube 10 is constructed from UV-grade silica glass, the fluid 5 to be disinfected is

water, and the concentric gap 15 contains dry air.

22 Another embodiment of my invention suitable for disinfecting air is shown
in FIGS. 4-6. Referring first to FIG. 4, an air containment vessel 130 includes an

24 internal surface configured as an ultraviolet mirror 131; for example, the air
containment vessel may be constructed from aluminum and the internal surface

26 may be polished aluminum. The air 105 to be disinfected enters the TIR light
conduit 110 through an entrance end 111. The light conduit 110 may be

28 manufactured, for example from UV-grade fused silica, especially grades that
are highly transmissive in the germicidal wavelengths of 200nm ~ 300nm, such

30 as Hereaus Suprasil.
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6 ray 73 continues through the fluid inlet tube 10 material and inpinges
upon the external surface 14 of the fluid inlet tube that is in contact
with the worgessend c gap 8 15. The third UV light ray 73 i ®cmafSoms44er back
into the sidewall of the fluid inlet tube 10, defining a fourth UV |ight
ray 74 when the refractive indices of the fluid 10 inlet tube 10 materi al
and the concentric gap 15 neet total internal reflection conditions as
defined by Snell's Law. The refractive index of the concentric gap 12 15
i s defined by tRefernewitaF@obtair intef thhe @ teansitinnsrinto gapciien eludieg

refractive C d t he

concent fi ctcﬂjagn%nalllﬁl?{f @Hé%’ir’]‘HF%s i)f(”ﬂft Mféﬁl %?Warﬁgm pi pe 100
region, as %%Ebﬂ%dampm domhé tar fobaird thekRirbAcY ehd aMUVTHis @lbwsour ce
40, exists for at | east part of the 16 length of the fluid inlet tube 10.

Ther ef os e, sbmei §Vilightita leakiavdof elvdniehBibgettband gisdribgtedroughovtaint o a

predetermned range in a e i i 18 th
Fluia ot he e Bear sl IR0n ML Ao Mot e TR AV IS 262082, vt ca.
and _t heg Copfgaltyict paiem lidht Juides, @rmﬂwtbeﬁom@hmrtvmblmnghtriwwmtebmadt he
fluid inlef 20 fube 10 is constructed from UVC?rade silica ﬁlpgﬁlﬁg the fluid

5 to be di §VafRaieat4i2s0, M)e\r\/hloﬁrﬂﬁﬂcﬁbe%mﬁzéﬁﬂ aeglgdprosghcw Qﬁﬂ/ air.

hown” P PEGRAMATEEA e Vi BRI ot o IthERd 00 ol o

130 i ncl Ud%rﬁa shoft- ar@tﬁmlﬂa%hrlémmmﬁtlwﬂ@dy aptleencanh beavfatiyet nirror
131; for exanple, the air contai nnent vessel be construc ﬁ\d from

al umi num aﬁ@n aiRed WﬁeT'ﬁa‘PUtstgrq ernicaldglianoleof BBPP%%EQGQT% 'a¥he air 105
1o be di st Blechgshient Vlvglfwec@ Sailygbhic 1fiBd o THOHANRUIRRMENS afce end

111. The I|g con manu red or exanpl e

UV- gr ade fd9sdirgil Itlsd:ra(esear]ixﬁhemlhrﬁa@, adels asHaY mlaDe1BrIgchamtazgmmsgs iaire in
t he germ ci dal wave| engt hiﬁgf 200nm - 300nm

il
8 WD 03/ o3§90tﬁl'ri‘e¢m$%ﬁ§eé in%ﬁ@e%%qvc?@l @/S(i%m %f?Pa%F‘gE’SEe“ %rbeaSI
transitjongpy ﬁ%b%%ﬂ!ﬁlﬁ%ﬂa mt%ré bh ﬂh@taﬁf &?éarhefAnﬁéémamnﬁéfdtR)

features 120 't tend fr exit e 110 closest to | anmp 0, sone
di stance t weasel ’taﬂecwmatsarimeemelquaﬂa Ccrogs seaidmwslchzass‘onmawnlm‘gldv to | eak

out of al r inlet tube 110 andg, di i bute throughout air
beam homogeneity, or other s ape as required.

The air 105 travels through the air inlet tube 110 towards the high
18 intensity UV lamp 140 and exits the light conduit 110 at the exit end 112. The air
105 flow strikes and is diverted around optional deflector mirror 123, which also
20 functions optically to minimize the amount of UV radiation escaping air

containment vessel 130.

22 For embodiments that do not include mirror 123, a portion of UV radiation
from the lamp will exit the section of inlet tube 110 having TIR features 120, and

24  enter the upper portion of containment vessel 130. Only that fraction of UV
radiation from the lamp that is highly collimated will reach inlet aperture 111.

26  These rays can be further deflected back into containment vessel 130 by

introducing, for example, a right angle fitting at the inlet aperture 111.

28 Continuing to refer to airflow path 105, the air then strikes an ultraviolet
(UV) window 135, which forms a portion of the lower end of air containment

30 vessel 130. As discussed earlier, in certain embodiments, window 135
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cont ai nment vessel 130. In one enbodiment, the TIR features 120 are a 6
plurality of prismlight guides, simlar to those taught for visible Iight

i n Whi t ehwad3/ogdddt Pat ent 4, 260, 220), whi ch descri bes the aiusozasngBe

t hrough which TIR can 8 be maintained for an air wavegui de. For exanpl e,
the uncollimated UV energy froma short-arc xenon flash |anp w thout
auxiliary optics can be totally 10 contained via TIR out to a conical half
angl e of about 27 degrees. WV rays beyond this angle will necessarily | eak
t hrough t heor'ﬁbFisésaneroesndmdensneternmisaﬁme TR stoscturs, ifor the efnbodisendsot her

f ch as W t { 130
e m ks e 2B BRI SHERPEH? ATy i QU AT AHIT ARG COLFTE E T OaT ng 1 1
mor e oppor nyHhaié fh¥ bbb thatidrd phiffarfy BeSigheadm di%fe@mawrnrmmm vessel

130 can al ve a square cross section, such as for maxi num UV 16 beam
honogenei t gmbodiroehtsrdesigss tesdisiafrgt mird somecdegree phsptieahasilnationisgh t he

l et tybe ,110 t rd 8 4 th
1 gnt " condtivaniggearS boughieRireips ohHERERp equtes F otl PRESeEHbA T
di verteg afund TORtrbgidal12ebf ©ekor1om rror 123, which also 20 functl_ons
optically to mnimze the anount of UV radiation escaping air containnent

vessel 130. 22 For enbodinents that do not include mrror 123, a portion of

W radi ati on gﬂ'@”khﬁlel AR o¥ibly |§>?é8|ré:’ﬂ§d $6 e an ovtict M@ whidhes [bl:@tétﬁVl ng

TIR features 12 d 24 enter the upper portion of containnent vessel
130. Onby trhiite dpreestenciofdhe @i crcmjalﬂmem vesoeh 130 Advantageeusly wihilghing
collimated w ] |

ach inl et 1 26, These r n further
def | ect ed BENO5 'ﬁ&@ @B‘r’f‘geﬁ% \t} g'gfl's?g%owt raCREP 8@%@%03“% or exanple, a
right apgl ﬁ'rédléﬁdrﬂﬂwa@hafs%énrt@ép@w Uy @irtdr1 3 R @nGants If(bhrﬂikgatp%(ftﬁiaer to
airflow path 5, the air then strikes an ultraviol et (W) wi ndow 135,

whi ch forrrerrﬁoqghmsnbcnf ahighhefficieney Wbhirastatignisystsm ohliereatively, th@slé\é 130. As

pcTi Usds/ s ereo0dbiPedE i EafPRL TR e S Andelies SRR (o

the enbodi ifﬁ@ét@dano@t/e@ngngrmmguudnm @ﬁabumedthb@etty aééany extremdhahighmor e
limted contai nnent angles than the enbodi nents that are primrily

desi gned t 6ffiflasy ik e dhevameunt gfslisipigstion per electrical watt).

In a preferred embodiment, a UV sensor 141 is used as a feedback

16 element to ensure that proper irradiance levels are being applied. Apprise
Technology (Duluth, MN), under the trade name UV Clean, produces a suitable

18 UV sensor that can handle continuous and pulsed UV sources. The UV sensor
141 is located with a view into vessel 130, but without direct view of UV lamp

20 140. Advantageously, this position enables the sensor to measure the
integrated cavity irradiance, and is not prone to variations in the lamp's output

22 distribution. Since the air stream is filtered, cleaning of the sensor's input
aperture is minimized. In certain embodiments, such as those where the

24 provision of disinfected air life-critical, redundant UV sources and sensors are

employed.

26 Referring now to FIG. 6, an ultraviolet air disinfecting system that uses my
inventive UV disinfecting apparatus, is schematically depicted. Airto be

28 disinfected enters, for example, through inlet fan 101 and passes through air
filter 102 to remove contaminants that would degrade the system efficacy by

30 absorbing UV. The filtered air 105 to be disinfected next flows into air
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4 enbodi nents designed to disinfect air, sone degree of optical collimation
is advantageous, although the principle of etendue requires a |larger cross
section WwWofoe3whe TIR region 120 of tube 110. Finally, tReTAIS02/3A82flow is
redirected to the air outlet 150, which is located 8 in the upper end of
the air containnent vessel 130. Advantageously, while the air 105 is
travelling outside of the TIR section, it receives additional UV 10
irradiation that has been trapped by W mrror 131, and thus forns a
practical centaitherinvessiel 30 hhre éfiiincadiated hyvhighrinigasity nltegvicleiiUV)

Al ternatively, the 2. exiti the lanp can be collimted wih the - 27
degr ee %onf%ép 1?‘?’@} fALl%f eéf‘é(:‘;‘lfﬂlfﬂgtleﬂjﬁﬁ@gﬁ?‘?ﬁgrogn%er@'r:CBH "’rrf‘\éﬁ’gﬁ?ﬁeﬁg

structure, 1%b?{rﬁ8ugﬁspii§f{élr&téﬂyﬁé e 403) vich ddnwirfd 6ae bacl€intd he armount
of disinfection per electrical "watt). In a preferred enbodi nent, a W

sensor 141 brsathakle axygenfaredinglly exits thioggbrair ewleiiand 84t trgedpask &iom

irradi ance | evel s are bein | i rise Te ,
under the F?Hﬁ@sﬁéﬁéewﬁacgaﬁgﬁ%ﬁ%&Wﬁﬁ@""?ﬂﬁaga’?gu%%{? é'ﬁé@# B{ Hg/{\b can
handl e gonjitryRiedantd Ridseed3d\arfPtHeoRsy rdtbeidivisEaado drloitetifandodd with
a viewinto vessel 130, but without direct view of UV | anp 20 140.

Advant ageodsidjtionatly sfopdwras embediatgris thatdiseempuliset dampasudY savece At egr at ed

cavity irradiance, d.is t i atil i ' 22
Grete) b onnra ] Valdy P pBES Riretfipl oty WinbDoirBal AR oRltbReY .

i nput aper tZQO_Ebeirﬁal% rp!r@@ié@@larhﬂwﬁﬁ’ﬁh?é,ﬁoﬁ@*ﬁ_lﬁbl@‘;mn sansbr 441 tdetsats wher e
the 24 provision of disinfected air life-critical, redundant UV sources and

sensor soar @nerpaly ey U¥siragiationiinghasher 438 eerhgpssionalingdde sieed 1ar r

di si nfecti s ny inventive WV disinfecting apparatus, is
schemat i calrilllg?/ %ﬁ%?@ég@b%@& o0 be 28 disinfected enters, for exanple,
through inlet fan 101 and passes through air filter 102 to renpbve

contam nant,s_t h woul rade,t h | fficacy by 30 absorbing UV.
The fil'er édsé?f}\‘ib%m{"gsgg&cfﬁ &\ ecEPEATIEANPN | oue i nte air -10 VO 03/ 039604
PCT/ US02/ 34482 cont ai nnment vessel 30 where it is irradiated by high
intensity ult ra\z[_ln%l @hﬂ@%iﬁé&kﬁ%;@%gt;ro%%n%rus%% iHQ{h'ersED% ffi%éﬁcgr‘l int he air

flows fromthe 4ai
14 alphabetical order.

HEPA high efficiency particulate air (filter)
16 HVAC heating, venting, and air conditioning
TIR total internal reflection
18 uv ultraviolet

Alternate Embodiments

20 Alternate embodiments may be devised without departing from the spirit
or the scope of the invention. For example, this same system can be adapted for
22 adual-use application, whereby multiple fluids (e.g. air and water) can be

purified.

24 E 2 A
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130, through optional catalytic filter 103, which converts ozone back into
4 breathabl e oxygen and finally exits through air outlet fan 104. Feedback
from senworos/ozgeed fed into controller 200 which then can reguisar/a4she
amount of UV 6 introduced into vessel 130, and the flowrate via inlet fan
101 and outlet fan 104. Additionally, for those enbodi nents that use a
pul sed | anp as UV source 40, 8 controller 200 varies the pulse repetition
rate. In further enbodi nents controller 200 can al so provide al arm
war ni ngs, €palganpl e, when sensor 141 detects 10 abnormally | ow UV
irradiation in chanber 130, perhaps signaling the need for the lanp to be
replaced. 12 List of Acronyns used in the Specification The following is a
i st of thyymR@ieYdamnaedasd in the specification in 14 al phabetical order.
HEPA high efficiency particulate air (filter) 16 HVAC heating, venting,
and air conditioning TIR total internal reflection 18 UV ultraviol et

Al ternate Enbodi nents 20 Alternate enbodi nents nay be devi sed w t hout
departing fromthe spirit or the scope of the invention. For exanple, this
same system can be adapted for 22 a dual -use application, whereby nmultiple
fluids (e.g. airland Wesystemdarigiafechprefiiteses am&tsmgﬂltr\m%ﬁj/@@@@@a CLAI M8

What I d t to di f ect filt d

using o traviol et 1A ashBrVSR P Syt em compr i st ng: (a) an atr o
exi  end (112 ardynt b 2o ERedt PaEegRPREng Hedahid SEL P OLNY
external surface; 6(e}stélgla&pdsﬁwéﬁ%nd@Has:tahnmeh@atswm&emmaemnwmn at

| east a portion o
with said air, and an external surface;

6 (b) total internal reflecting features disposed upon at least a portion

of the external surface of said air inlet tube;

8 (c)  an air containment vessel (130) disposed around said air inlet
tube;
10 (d)  an ultraviolet inlet aperture (135) optically penetrating said air

containment vessel;

12 (e)  a high intensity ultraviolet lamp (40) providing ultraviolet
radiation that passes through said ultraviolet inlet aperture and

14 impinges upon the internal surface of said air inlet tube; and

) an air outlet (150) extending from said air containment vessel.

2. The system of claim 1 wherein said air inlet tube is constructed
2 from UV-grade silica glass.

3. The system of claim 1 wherein the light conduit comprises a
2 plurality of prism light guides.

-12-



of the external surface of said air inlet tube; s(c)an air containnent
vessel (130) disposed around said air inlet tube; 10(d)an ultraviolet inlet
aperture Wo3s)p3wpti cally penetrating said air contai nnment Peadset/34482(e) a
high intensity ultraviolet lanmp (40) providing ultraviolet radiation that
passes through said ultraviolet inlet aperture and 14(f)i npi nges upon the
internal surface of said air inlet tube; and an air outlet (150) extending
fromsaid air contai nnent vessel. 2. The systemof claim1l wherein said air
inlet tube i s codstrudhedsysierhrobeidiv- Hfather sohiprising adsy sansam@44yss ém of
claiml wherein the light conduit conprises a 2 plurality of prismlight
gui des.2-12 WD 03/ J@@ggﬂcb@ﬁc’%§6§%4482 4. The systemof claim| further
conprising a UV sensor (141) as a 2 feedback mechanism 5. The system of
claiml1l wherein ozone generation is suppressed 2 by use of a lanp

enpl oyi ng W absorbing glass 6. The systemof claim11, further conprising a
catalytic filter (103) to 2 convert ozone into oxygen.

5. The system of claim 1 wherein ozone generation is suppressed
2 by use of a lamp employing UV absorbing glass

6. The system of claim 1, further comprising a catalytic filter (103) to
2 convert ozone into oxygen.
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