WO 03/ 039604 PCT/ US02/ 34482 U traviolet D sinfecting 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 PltEaviplatlisinfesting Appa@ti§at e pat hogens. The
met hod can al so be applied to any nmass transport, including the 12
purification of water or other fluids containing naturally occurring toxins
or those REATERARPLIGATIOINgI cal and chemical 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 ppgliadiontit raoghintidonwit-part of the kiésPatenéApptcation sur f ace
and then again S rough t 8 after .reflectipn. The 7. ecting
sur f ace$, %‘l—%ﬂa& EIJ%I jB%ﬁq%gﬁeglegtcgﬁﬁéggﬁ(ﬁ%|qnder gﬁpﬂ%ﬁea?%qqqrggmﬂ éarmunt
of radi ati @iovilionafPatdHt @¢ipliesticy SEAAEN0S8G/B36881 'éd N erass ', ed1by
Hal | oran (US Patent 3,744,216) enploy extended-arc | ow pressure nercury
germ ci dal bodmpEwiMchrare incorpioraied éyneferenpani es such as Anerican 22
Utraviolet and Steril-Aire manufacture systens that use these |anps wthin
duct of a heating, ventilating, and air conditioning (HVAC) system
provi di ng BAQKGRQUNA OactilanNVENMWIN ehead, US 4, 260, 220, a square
cross-section hollow tube 26 wavegui de is constructed, operating under the
principle of total internal reflection -1

8 Technical Field

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
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WO 03/ 039604 PCT/ US02/ 34482 (TIR). Each wall section has a planar inner
surface and an outer surface having 2 90 angl e | ongitudi nal corrugations.
The wal | swarog/oawnst r uct ed of transparent diel ectric matePCalysoysuaB2 as
acrylic or optically clear glass. The Witehead device 4 is used to
transport visible light. A square cross section |light waveguide is known in
the art to maximum 6 flux honbgeneity in a short distance according to
Pritchard (US Patent 3,170,980). These devices are typically enployed in
proj ect i on (5%t drachBwplbseelion has ReplangHinneosurtaceand an dutersurtpagdavirg such

as for example. .l i i n ridl Pat en 2 8). 10 nmon
fo the fr op SoRMGREThAEL TR ER; e ey o8 Elsgicter of EfbsnPal et (v
radi ation toeleb@icanatebial, RucHissi aUrpt Goptitallg ldlae e They VWhlkheagefevide? t he
size, weight, and power of the resulting equipnment. There is a long-felt
need t o4i mpy B§ed i%gaﬁwqr&l/'éﬂ%@/hﬁlf‘t-such systens and also to provide a
portable efficient 14 UV disinfecting systemfor air. SUMVARY OF THE

I NVENTION 16 My invention is an apparatus and nmethod for disinfecting air

t hat channel s & squarecigss e@elicamiiphswayegoldeois knowal inythe mretormbkiynum

erer oy Pr ok WGPl B st AR 5T e 26 EBitard (S R8B5 i e Fr om
the other &nfr0,386). WBveidcéd SR fyBchfagy onslevsd Wﬁr{oﬁt&?ﬁ $stems

non- UV- absorbing material, such as rade fused s gl ass.

Advant ageostyeen adhadishbsoyrcgndprpienagio devisgysuchasioriexampdeis on t ot al
22 int | . ' . Il the input UV radiation i
22 oot Dotk AT I b us s ARl | e TR Y Ladiation Be

of the Several Views of the Drawing 26 FIG | depicts an apparatus for
O FLIT e D9 MeketB8 b HORY RALRY oAb ot dic Rasiytagee v th one

ultraviolet (UV) radiation to the air being disinfected, which necessarily increases

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.

-2.



-2 WD 03/039604 PCT/ US02/ 34482 FIG 2 depicts a sectional view of the W
di sinfecting apparatus of FIG 1. 2 FIG 3 depicts a light pipe irradiation
zone W t hwo 0Bl0896WV di si nfecting apparatus of FIG 1, showca@shps4she
ultraviolet radiation is contained using total 4 internal reflection
(TTR). FIG 4 depicts an apparatus for disinfecting air using ultraviol et
radiation 6 (UV) 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 FFG:. B dépjits esestibhalckedicigha\odisiniecting awpmathofgi)a dm t hat
incorporates ny inventive UV disinfecting apparatus. 10 List of Reference
Nunmbers for the Major Elenents in the Drawing The following is a list of
the maj or el emrefi@. Bmielph:és drlighit piee imadiativaroral withia tioe dBf disinfectiigdence

I f t l.et . tub I t |
Fof | ect | oneRREIAUR PLFI Geti Sivdto peli el diravofs radlel R e iaishp R g s
fluid (40 l;}ﬁemﬁlréﬂ&@,bﬁg)-m%o 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 inl et pyaeqapdoticalofhaddorisiribip 2fudfgUMrhGelet fhdimg t ube

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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30 fluid contai nment vessel 2 31 ultraviolet mrror (fluid containnment
vessel internal surface) 32 air gap (fluid contai nnment vessel) 4 33 inner
tube (of WbuB#3wont ai nnent vessel) 35 ultraviolet inlet ®EEFrS0r/a4482 36

| ower ultraviolet wi ndow surface 37 upper ultraviolet w ndow surface 8 40
high intensity ultraviolet lanp 50 fluid outlet tube 10 71 first UV |ight
ray (exiting lower ultraviolet w ndow surface) 72 second W light ray
(exiting fluid) 12 73 third UV light ray (entering fluid inlet tube
internal surfac8) 74 foufluid ddvitdinglent vagsdlexiting fluid inlet tube
internal surface) 14 75 fifth UV light ray (entering fluid) 100 I|ight pipe
(formed, from flgqd, fluidultrividletmber (uid cmsiantant vesdd igtep)al S0ifase)y inl et
fan 18 102 air filter 103 catalytic filter 20 104 air outlet fan 105 air

(to be disinfecggd) 22 1599@prﬁ|um @ntgmhfgnl%sgélgrance end (air inlet
tube) 24 112 exit end (air 1nlet tube) 113 internal surface (fluid inlet

b
tube) 26 114 exgernal S“Hrﬂaﬁ’ﬁ tgeét #5@%%,35@?@?#[%%% total internal

reflecting features (of air surface (of total
internal refl ec%hng feat uﬁﬁ?e)wolet 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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-4 WD 03/ 039604 PCT/ USO02/ 34482 123 deflector mrror 2 130 air contai nment
vessel 131 ultraviolet mrror (air contai nnent vessel internal surface) 4
135 ul t r awDaBes96hNl et aperture 137 ultravi ol et wi ndow sur fPaxarsé2/ife2 hi gh
intensity ultraviolet lanp 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 DESCRI PTI ON OF THE

| NVENTI ON Mode(s) for Carrying Qut the Invention 16 Referring first to FIG
1, the basic corldructi on asfflegiorumitnoavi ol et (UV) water disinfecting device
i n accordance wi1 ta ny invention is s QU Ii ncluding a fluid 18 inlet tube
10 that 2acts as central q'ﬁ%a'ﬂ%@ V&R %pti cal cladding tube 20 around
the |ower portiomgqof flui dnﬂré\viéltethuh_@r@é?r@d]ﬂamémwgsélhﬁfeemltéurﬁaceg
concentric gap 15, 20 a fluid containnment vessel 30, a fluid outlet tube
50, and4a hi gh i1®¥ensity Witradaiet indet apaiiieas a flashl anp. 22 Referring
next to FIG 2, fluid Qi n 30 includes an internal
surface confi gur@geas an Mﬁt?%]@@qe&%'ﬁléw(;ﬁﬁ%%l for exanple, the fluid 24
contai ngent vessp my be Higmitensityedirbviomstadmpl num and t he internal
surface may be polished alum num A fluid 5 to be disinfected, such as
water, enters tHd1 26 f| uiutraviplet sep$ 10 t hrough an entrance end 11. The

fluid iglet tubggp0 may D& ;4 outiet 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.



manuf actured, for exanple from UV-grade fused silica. -5 WO 03/039604

PCT/ US02/ 34482 The fluid 5 travels through the fluid inlet tube 10 towards
t he hi gh wotoafsdsdy 2 UV | anp 40 and exits the fluid inlet Pcoahesodu4sr t he
exit end 12. The fluid 5 flow then is redirected by an ultraviolet (UV)
transm ssi ve wi ndow | ower surface 36, 4 which forns a portion of the |ower
end of fluid containment vessel 30. Next, the fluid 5 flowis redirected to
the fluid outlet tube 50, which is located in the upper 6 end of the fluid
contai nment vesTled ﬂami 5 Taeelks| thialigh the fkuhdwtrﬁétrtabevﬁmtbmmmthe‘ Ihighdntensity

t t | The . f t |
Fube 33, vHYdATHEAP Bad soHs tretiednier SHE IVAbMadiNT Bebd 2s 1T EHR ned
W thin anafPl%b% r@éll’{%&%@y%ﬁl raWoiéi @Vr) ?Fa'n%%ééf\?e M%dvmﬁﬁéros'urfdd)@fwe

defini ng mrror such as an air gap, between the
out er shel Whizhdotre ai m:maontaﬁtm MGrmmféhmcomtalmelmﬁM%ei 80e Nexxt, the are

i ndow uppBAd o EuresifSoie b B8 Rf by tdORY DPARICIs e R0 e babAY) &1

(W) vvabtere,qld%rﬂ{eeﬂula%ngéqﬁm@ﬁtvé@e\(got|cal so that the fluid 5 flow

approxi mates plug-flow, and the position of the 16 fluid outlet tube 50 is
at or near the highest p0| nt, allow ng for quick and efficient renoval of
undesirabl e airy R%ta R cdrﬂahﬂ?erft'vké‘sgelf‘s@aﬁhé%m 18
scattering sites ?*ﬁBI at;ﬁm tﬁ @tby degradi ng system efficiency.

These 4NV S@ratetmmemtg/ess%&o rr&ﬂuclets ammmérrtldm a3, whichanay bei qonstrugtegtfrongss

voacer i nt Bharaceeed sichhettaingdadish 2R oHter glmafun st G0 TP ISRz, o
86% r ef| eciirygorid Lﬁféﬁe il a‘UV Afrret ST Wi algihe32 Wudhaal ah Birsap)V

scattering sites folet radiation is dissipated rmstl%%vmthln
the fluid Betwseratheeuibt sln@fdam:the)mgeaﬂé)er%rTh@@@ﬁéﬁthQ@U’@éé 80of the

Lo 71 ol 5, o6 b ofigl” hstyonEh - BRRIGSH Bkl Puray he Bpflin g efere next

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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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
concentriwogap3®es 15 i s hydraulically isolated fromthe fIPairdiSe2/34482 or der
to allowthe light pipe 100 to operate. Light pipe operation is based on
the refractive index of the concentric 30 gap being |l ess than the
refractive index of the fluid 5. The refractive indices of -6 WO 03/039604
PCT/ US02/ 34482 fused silica and water in the WV region of the Li

spect r um tused silivaranchwatgslie the UV wgiovef thedight spe¢tedmave shawa ipSi a%k; Wt er
Wavel engt? %g)g% Refractive | ndex Wavel ength (nm Refractive Index 170
1.615 472! P 185 1.575 185 1.549 200 1.550 200 1.543 214 1.534 215
1.513 220 14904 220 _1.40°2 20214872 . .

1. 460|550 Fwssl S¥bm WVAGmRdm(Si02)31 Table 1 - Refrad¥atgg | ndices of FuEed

Silicd and Water 4 As shown in Table 1 | water has-—about the sahe refract] ve

i ndex avaleggbluénmo;spd R§iﬁﬂ<‘dﬁ’%}ﬂ§§§ i In Wakelgngth (n&)et (R?\f}'acﬁﬁfq Inslexo

t he | ifght tm JHtr-avi OV—radiati s tTangsmtte onT t1Te]
hi gh |nten3|t ItraV| | et 1"%5401 passes th%%gh t he uItravilpoP{3 i nl ef

apertyre 35 gyl enters the Ipwes 8 ultiraviol e{gai ndow surf acet.8g9as shorvn

in FIG 2, It is desirable to nminimzelthe distance betlween |anp 40 and
apertyre 35 tZDQ)recI udg¢ UV abkbbption by fl ui d20Q_0 borne or sutH48e
cont arp-Rant-s- —certai-i—erbogi-pents—apetrture S

24 1,534 2 1.513

280 1.494 280 1.492

302 1.487 305 1.475

436 1.467 450 1.344

546 1.460 550 1.336

656 1.456 650 1.331

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



fashioned with one or nore lens elenents (to enhance the optical coupling
12 efficiency. Afirst U light ray 71 exits |ower ultraviolet w ndow
surface, we o604 by refraction, and enters the fluid 5, aefiusonst482 second
W light ray 72. The 14 second UV light ray 72 inpinges upon the internal
surface 13 of the fluid inlet tube 10, which is in contact with the fluid
5, at an incidence angle 1*where 16 incidence angle | is neasured with
reference to the surface normal of internal surface 13. As the second W
light ray 18, Enﬂ bemwmfmﬁahlandfredmectbdmt@ new éntetnab seflection@rgds 839604
PCT/ US02/ 34482 Z g? refraction and redirected at a new
internaP ré&f B'@Ql%W'rindV ' rayz efining a third UV light ray 73. The val ue

of angle 2, as defined by Snell's Law, is a function of incident 4 angle I
and the refractiye indices of the | uid,5 and the material., such.as UV-
grade silica, fFGﬁWH%HF?ﬂ%‘efq lﬁSquf'ﬁ‘legtbyt%'B‘gl SigaWS'Sc%mc}t'QEtcgde'%rét third
W Ti ght, Gahgbé ﬂ%nSQﬂé 'ré‘ﬁ‘ﬁ’n?ﬂvéeﬂb@%@?o?ﬂf‘efUIH'Gjar‘\qPH% mta't@%l 1 dmae Nl and

i pi nges upo extern ace he fluid inlet tube that is in
contact wi ghaddsilicarfoemtwhich @:aepﬂula inlet tukieelQ ki cahstpuctadyhThe dyird78Vilight

flected b tq th d fthfl | et, tube 10. def
fourth ov Faghs coagnses iiensh e nd et b | Gdediand notpoes GPoRbRE ol e
tube 10 maigfd rﬁéﬁc%&@‘ﬁ BPfh%eﬂUld ﬁrﬁeﬂﬁ@elﬁam% chftaat wﬁtﬂttﬁé e@hcimfub@@bl on

condi tions as Snell's Law. The refractive index of
concent 8i ¢ 1§aprtegthdid WY Il@ht rayeEB Isyreflnetedehankiiato beraidewalbof ietfiid bdekent ri ¢

wChin e tomdBnieung o486 UaRyncted 72 Wakp Ind R ifbiens oE R RlF 2

' ' ght P pe lﬂlgptdbégimmatéﬁal%ﬁ'tﬁ@%oh&emﬂc dgap 18 alectpitaraternbbjefiettory fr om Y
| ight source 40, exists for at |east part of the 16 length of the fluid

inl et tube cooditone ra@fctfrf@edl hy Brelfehawr ethe feffactive inday efdheconrgnisic 8e

of " 16 2he B ST HTAE SraBRa oo taREih 1R Eanti 46 B RS rhtaevR’ oo
fgcza { :Jg; eql%%egnﬁ % ibgc@ﬁlﬁgfm MaRedans &ontaliredawihiaftae rcedcentriedjapets. of ny

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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20 tube 10 is constructed fromUV-grade silica glass, the fluid 5 to be
disinfected is water, and the concentric gap 15 contains dry air. 22
Anot her ewbodiosssmt of mnmy i nvention suitable for disinfectiPeg/Eie/34482 shown
in FIGS. 4-6. Referring first to FIG 4, an air contai nnent vessel 130

I ncludes an 24 internal surface configured as an ultraviolet mrror 131,
for exanple, the air contai nment vessel may be constructed from al um num
and the internal surface 26 may be polished alum num The air 105 to be
di si nfected ent Refert maw 1o RIGi ghair intetrtdbe 11 101candiiansghtcan seatiominciuding 111.

The |ight ndui t f | e d
fused P i io&af{@tﬁs g CUB eRates LR sl R &t 1Yo 2e ™
germ ci dal ¢ 140, &Qﬁémsta&%%maréwenﬁan@éeH@r1e|a|usrrﬁy|@nawsl -8
WO 03/ 039604 PCT/ USO /34482 Refer nowto FIG 5, air inlet tube 110

t ransi t i onsomet @Vaighéta lesk quiof aifiinlgt fibeot H) and déstrbutertBraushouhgir( TI R)

f eat ur 120 t d th 140

i ot ance. 1 GABIAIPREL WRPL A8 uhafe BRhbofiREnt e TR 58Tt Y20 M an 1 o T eak
out of gqir plurhity df phiemlightangdel, %irhilé)ﬂb&h@éémt@mlfmmmlecltgmm Wiiteheaessel
130. In one enbodinent, the TIR features 120 are a 6 pl uralltrvﬂp rism

i ght gui dédS Ratani 4260220 owbichdrgsribes the salichrrgleithraughnving (US
Patent 4, Zﬁgd‘ﬁéﬁalgﬁgzcﬂ:arﬁgﬁ%&d loteJ;ch?Péiaqn;?igg Ifehﬁtlﬂ{d?lﬂﬂ? e‘MUVrbéngﬁ/can 8

be mai nfai vegui or exa unco |nate ener gy

from a shofionRbGhoerene )fér@ﬁfﬂdshﬂ'anwwmmm aamualry apticopan be totmtlybe t ot al | y
10 contained via TIR out to a conical half angle of bout 2 Lﬁg r ees.

rays beyosantained &'ﬁgﬂg it tp enerricaldiall 3ngle ok 2PArAG eQF?@STI /8%t ur es 120
|nto the aif, &8ttﬁ9%n§f§w¥u hdoeRbbhASaRIRDASH 1R TIR EsatyRIC RO Of
vess

131. Advanta ousl maxi m zes the overa
syst emqef f OSantibit sd:nummnmthgr $umeacel 4utiVasdlV omitnog 134 mlmnmg:&mslmlalry to
interact with the air strﬁ%m Air .con alnme} vessel. 130 {;\Iso ave a

square cr o§entRMERhvesse: A3 medmizasthgpyerr) system efficacy by confairing tHie
14 UV, allowing it more opportunity to interact with the air stream. Air containment

vessel 130 can also have a square cross section, such as for maximum UV

16 beam homogeneity, or other shape 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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16 beam honogeneity, or other shape as required. The air 105 travels
through the air inlet tube 110 towards the high 18 intensity UV | anp 140
and exit swoha/0Bdeght conduit 110 at the exit end 112. The &CT/USLDH4B2 ow
strikes and is diverted around optional deflector mrror 123, which al so
20 functions optically to mnimze the anmount of UV radiation escaping air
cont ai nment vessel 130. 22 For enbodi nents that do not include mrror 123,
a portion of UV radiation fromthe lanp will exit the section of inlet
tube 110 hewinpgsds Bné emtmoredend @lenaents. ThechiRestrudigray fpethepnbodimesits

tai . 130. Onl hat,. { I, i at i i
Chat 1 92 hi Btre Bririant deviaed o diRer e saptis gy ot fRbtd%yeS e can
be further yfgf %‘érﬁg?cﬁﬁﬁféﬁtéﬂ’fé%a@@@?iﬁid?ﬂ&ﬁaésiéﬁéé% dikkFebdwaidit Fodtsd ng, for

exanple, a right angle fitting at the inlet "aperture 111. 28 Contjnuing to
refer to aembiodimeatstdesiped teediginfeat laém semei deggea of gptieahgaliineation’isy) wi ndow

135, which f ' f,the | d e '

130, Ao ai eevedaatelqibplofing BipaPhE br @Rt rfulind RiBLRE s Soli
03/ 039694 RFEhEIIR/r8diBA20c6MRbEsED. one or nore |ens el ements. The TIR
structure, for the enbodinents 2 that are primarily designed to disinfect

air, have nore limted contai nnent angles than the enbodinents that are

primrily desi gﬁﬁﬂauygﬂf&i &t "if)?‘ﬂbw)"@tr@ﬂire&@ﬂ 16 e 4ir ouled 5BWEicHeS ideaest t o

di sinfect air, sone degree of optical collimtion is advantageous,
al t hough t etherupmergng affthetadnchrdainetant vessel 138 gadvantageousistwhile the f or

the TIR ' 2Q of be .110.  Fi he .ai ' i

e air ouBreSBYREPSOP bR Soptilf (E'GaER it Do 7 1
cont ai NEeNfAASHM thhd hasAbeantagRUs) YV witrdre1 3handahus i&dnd & praetical | i ng
outside of the TIR section, it receives additional UV 10 irradiation that
has been t eapmeimint oha high efficiepey Whniradetiontsystam aAlrastivelw theddbodi ment
of & h'19h %];lfti'n(é'tﬁg?é’mbj\{:a'nrtgeag&hh%?eos%ﬁﬁ?ﬁré ~Ai7t 8«55\%%'6’0%&'& htah‘ean%, and

injected into a very long TIR guiding structure, thereby achieving extremely high

14 efficacy (i.e. the amount of disinfection 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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12 exiting the lanp can be collimted with the - 27 degree conical half
angle, and injected into a very long TIR guiding structure, thereby

achi evi ngwexageed y high 14 efficacy (i.e. the anount of pdirgisat/a@s: on per
electrical watt). In a preferred enbodi nent, a UV sensor 141 is used as a
feedback 16 elenment to ensure that proper irradiance |evels are being
applied. Apprise Technology (Duluth, MN), under the trade nanme UV C ean,
produces a suitable 18 UV sensor that can handl e conti nuous and pul sed WV
sour ces. Thkentdihmentwessel 30 where ddatrsadiatedhb\ahighdnieinsity ultesdelet ) but

i t hout direct v f UV | anp, 20 140. A Ly, thi i 1]
enabl 652t nivgeAddr Afrielafiined: i abTARSREE T oY opifaRBE esstl (& not
prone to V%b%ﬂr@u@ %Ptiér‘?@ da@él’?t STIRHIUE, which 8bsidrisheidriibadi e the air

streamis filtered; eaning o Ith_e sensor's i nFut aperture is mnimzed.
I n cert ai nbesatbablesntygensanchingllytexits éhrobigheait eilet fapAB4i Siesdbaek §osi nf ect ed

ir life-critical dant d 1,26
Rotor 11 g REURSTS depSd g6 ZohirpYesait kB AREn 5L BRI fhe STRMEYSINY s es
ny i nventiiptfoddéediigionfskl 190 Pl sy rate Vo meskethh il andlepilattfed 104i r to

be 28 disinfected enters, for exanple, through inlet fan 101 and passes
t hrough ai Additianadly, fopthase emhodinersathatiusera pulseddamp Ul spuier 40he

system effica b 0. absgor bi T il ter i . LshLf ect ed
et 11 bus PRS00 Yy iiod 5 e R oo fffind! b e ehgRoRRIEL o3

where it i D00rdathias rollde Rl Wakengs, fyr exdrmple, alhen (eiépr 241 altectd0. After
being irradiated, the air flows fromthe air containpent vessel JT

. 30,
t hr ougho optebeaemalbatoay WV igragiatioarin chambwti18R. emassionFiBednedeediiRt o 4

br eat habl e i y exits through air outlet fan 104. Feedback
from senséﬁ%yagﬁét(?(@g r{ah%ggébntrol | er 200 which then can regul ate the

amount of WV 6 introduced into vessel 130, and the flowrate via inlet fan

égllsggd?gﬁé_lie OWQ%'QL,\?% l%%l H maébgciﬁfc%ﬁohhose enbodi ments that use a

The following is a list of the acronyms used in the specification in

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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8 controller 200 varies the pulse repetition rate. In further enbodi nents
controller 200 can also provide al armwarnings, for exanple, when sensor
141 det ecw® 0303®mbnormal |y [ow UV irradiation in chanber 13QT/yser/baps
signaling the need for the lanp to be replaced. 12 List of Acronyns used
in the Specification The followng is a list of the acronyns used in the
specification in 14 al phabetical order. HEPA high efficiency particul ate
air (filter) 16 HVAC heating, venting, and air conditioning TIR total
internal refpggsion 18 UV ultraviolet Alternate Enbodi nents 20 Alternate
enbodi nrents may be devised without departing fromthe spirit or the scope
of the invention. For exanple, this sane system can be adapted for 22 a
dual - use apM4dtGaicigimedereby multiple fluids (e.g. air and water) can be
purified. 24 -11 WD 03/039604 PCT/US02/ 34482 CLAIMS What is clained is: 1.
A systemto disinfect prefiltered air using ultraviolet radiation 2 (U,
said systemconprising: (a) an air inlet tube (110) conprising an entrance
end (111), a 4 distally opposing exit end (112), an internal surface (121)
in contact wth said air, and an external surface; 6 (b) total . internal

reflecting features difspysien tophisintact peafitered gisusinsnultigvioletdadiationnal
surface2 of said air U\'/Bl, gg&%?em comprising:

(@)  an air inlet tube (110) comprising an entrance end (111), a
4 distally opposing exit end (112), an internal surface (121) in contact

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.
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s (c) an air containment vessel (130) disposed around said air inlet tube;
10 (d) an ultraviolet inlet aperture (135) optically penetrating said air
cont ai nmewD se3®el ; 12 (e) a high intensity ultraviol et | 2ep/UséD}44p2 ovi di ng
ultraviolet radiation that passes through said ultraviolet inlet aperture
and 14 inpinges upon the internal surface of said air inlet tube; and (f)
an air outlet (150) extending fromsaid air contai nnment vessel. 2. The
systemof claim1l wherein said air inlet tube is constructed 2 from
UV-grade silica ¢l assTh. syEhemsyfsteem bfurttesiconiprisirey iUV saesori (JHd) 8sadui t
conprises a 2 plurali of prismlight guides. -12 WO 03/ 039604

PCT/ US(2/ 34482 4.1%ﬁghé9§ﬂgﬁ$épBgPain1l further conprising a UV sensor
(141) as a 2 feedback nechanism 5. The system of claim 1l wherein ozone
generation is suppressed 2 by use of a |lanmp enploying UV absorbing gl ass
6. The systemof claim11, further conprising a catalytic filter (103) to 2
convert ozone into oxygen. -13

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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