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t he modern health institutions, correctional institutions, and shelters for homeless indicates

however, that the known air purification systems are inadequate in controlling the spread of
airborne microorganisms. |
20 An other important field where the spread of microorganisms needs to be controlled is
- liquid, and particularly waterbased solutions.
The sterilization by ultraviolet radiation has been known more than fifty years.
Various methods and apparatus have been invented for ultraviolet irradiating fluids, air and
water in particular, in order to control the spread of microorganisms by destroying those
25 microorganisms with a sufficient dose of radiation.
Air purification by means of filtration and irradiation is widely practiced.
Conventional air cleaning systems commonly have a filtration and irradiation units.
* Irradiation is placed after filtration because the ultraviolet lamps used as a source of the
radiation readily attract dust which can accumulate on a surface of the lamp, block the UV
“30 radiation inside the lamp and interfere with their germicidal effect .
Commonly irradiation is placed before humidification because ultraviolet radiation is
most effective in an atmosphere with relative humidity less than 70% which promotes
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is when the lamp is placed halfway between the longest straight line length of the duct (L),
the maximum available way is only L/2), other beams, 94% are directed on much shorter
paths and could irradiate smaller volume on its way and hence less efficient.

20 The third shortcoming of previous art is nonuniform irradiation intensity in an
irradiated volume. In the device for sterilization according to US patent 5,200,156 the author
tried to achieve more uniform irradiation intensity than before by applying a flat oval cross
section light source with or without the reflectors. But this invention made limited progress
because the according to the US patent 5,200,156 can irradiate towards axis of pipe only 50%

25  of radiation and only 6% of the beams will have length equal to the length of the longest
available way. Other beams are short slanting beams. They irradiate smaller volume than
longest beams and are absorbed by the pipe walls. Due to the early absorption, the efficiency
of the use of short slanting beams is very low. As a result the efficiency of all previous art,
including the sterilizer according to US patent 5,200,156 is too low. .

30 The fourth shortcoming of previous art according to US patent 5,200,156 is that the
sources of radiation are installed inside the medium flow, liquid or gas, and create a
substantial pressure loss in the system. To retrofit an operating ventilation or other systeﬁ
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m cr oor gani s ﬁ)artlon of the flow path, the nethod has

r;al stralg
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provi di b§ aaBmgbﬂﬂﬁWiﬁgfabM thé surfios bthe hﬁahs/foﬁﬁﬁﬂsfdeﬁu% orrfiavihg adross thdsurface

secondary Tl ?\% gsrt]a.rl]:hglgng a substantially particulate free barrier environment maintaining the
immersed means for transferring clean, providing a means for orienting of the means for
killing microorganisms, the means for orienting is orienting the means for killing in an array
of substantially parallel germicidal beams aligned along the straight portion of flow path;

20 providing a means for energizing of the means for killing microorganisms and energizing the
means for killing microorganisms.

The advantage of the present invention is the prdvision of the secondary flow that runs
along the surfaces immersed in the fluid means for transferring and prevents accumulation on
the surfaces the particles suspended in the fluid medium. This advantage makes the reliability

25  of the method and apparatus according to the present invention high and predictable.

It is a further object of invention to provide filtering of the secondary flow.

It is a further object of invention to energize the means for killing microorganisms, by
the means for energizing, having one or more arcs of a ultraviolet lamps for emitting
ultraviolet germicidal beams.

. 30 It is a further object of invention to orient the emission of the ultraviolet beams into a
substantially parallel array of beams and to pass the fluid medium along a straight portion of

the flow path aligned with the array of parallel ultraviolet beams, the straight portion of the
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fl owi ng across the surface of the and establishing a substantially
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clean and provide maximum transfer of radiation to the fluid medium.
According to an other preferred embodiment a fluid impenetrable wall is provided as a
means for transferring which can allow the irradiation for the means for killing

20  microorganisms to pass or be transmitted. The wall imperviously separates the fluid medium
from the means for orienting and the means for energizing. This embodiment could be
applied when the fluid medium is liquid or gas. The additional advantage of this embodiment
is a safe and convenient maintenance of the lamps and reflectors because they are located
outside of the fluid medium .

25 It is a further object of invention to provide an apparatus for killing microorganisms in
the fluid medium, the apparatus having: the fluid medium; the means for passing the fluid
medium; the means for killing microorganisms; a means for transferring of the means for
killing of microorganisms in the fluid medium, at least one of the means for transferring been
immersed in the fluid medium; a means of energizing the means for killing microorganisms; a

30 means for passing a secondary flow of fluid medium, the secondary flow being substantially
particles free, the secondary flow running along or flowing across the means for transferring
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array of the beams provides most effective use of the ultraviolet energy.

Preferably the means of orienting the ultraviolet beams is a substantially parabolic
reflector with the arc of ultraviolet lamp situated in its focus.

20 Preferably a means for passing the fluid medium along a path aligned with the array of
parallel ultraviolet beams is provided, the path being of sufficient length to allow the array of
beams of ultraviolet radiation to kill microorganisms.

Preferably the means for passing the fluid medium is a straight prime conduit. The
means of orienting is situated at the end of the straight prime conduit and is faced at the

25  straight prime conduit.

According to preferred embodiment the substantially parabolic reflector having an
aperture open to the secondary flow is used as the means for orienting. The substantially
parabolic reflector preferably is open to the straight prime conduit at a first end, at a second
end, the substantially parabolic reflector is open for passing of the secondary flow of the fluid

30 medium. The secondéry flow is running along the substantially parabolic reflector and the
lamp located in the reflector cavity and establishing a substantially particulate free barrier
environment maintaining the surfaces of the substantially parabolic reflector and lamp clean.



means for transferring. Preferably the nmeans for passing the
secondary flow of the fluid mediumhas a filter, the filter being
sufficient to renove particles fromthe secondary flow. The secondary fl ow
is 5 asmll part of the fluid nmediumand the filter to renove particles

t he secondary wbowe7rss: al so smal | and i nexpensive. The fplc@uisddragizgh
the filter is very snmall and has the velocity 0.1-0.25 m sec, (20-50
FPM and its life tirre is afewtinmes longer than the life tine of a filter
whi ch conv nal | used for thefrltratron of the prine flow
with the velocit I wrﬁ%% the gvention cagbg feen in Tgb Féeamresvhefﬁe@mzarrseno

transfer renge inied ffBir RATBAMSH thy agds 0. b@m&UI 02 303.54 E}?ds'"wzﬂb”% 0°) g um

t he peri od between the mai ntenances is nuch |longer, and the relia |I|ty of

t he apiiriont $0:67 @hﬁgh $0000HZFM), mmﬂ&&ﬁﬁﬂ%ﬂt The source of gezmlcldal

ampe for  ABalRThe ! s tBTRE ya uhyicTBL i £ 8.0 ofr by Uk Sie.
radi atiorf i fhﬁﬂiﬁmﬂ&dhg@ &B%r&idﬁsmtmtht%ﬁ%wmaﬁiﬁs ﬁt?ﬁlléﬂla"‘c}osﬂdctﬁg%% pﬁw.

source of germicidal radiation. 15 Preferably the nmeans

t ransf er ri ngUnit? istee unitareordingde this inventioni ent i ng the eni ssion of the
ul travi ol et into a substantially parallel array of beans. The
substantial ly parall el array of the beans provides nost effective use
of the ultrayjioglet eneray. Preferably the neans of orienting

the ul traviql.et b ns. I S antially paraholic reflect wth the
arc of uItrg’\L} ﬁ’eét pbes srgﬁfé’?al? n‘&fﬁg% f otEréliver Relative &‘((iﬂt'éfﬁly a
means fdQ passi ng tgge fl Uinght,Tedi USFdle Qi 2aiPASW al i gn@ﬁcpﬁ? cfthERY of
paral l el ultraviolet beans is provided, the path being o uffr Cl ent | engt h

to all ow t heofdhe ay theflamps m peans Y, Wait r avesistanee r adi atthon t o lafiérione

m cr oor gani Preferably the neans fo ng fluid
mediumi s aslg?tr ai gﬁttheptrnrlrre conduit. The nmeans o?’e%rﬁrﬁ@htr nggirﬁté
situated at the end of the straight prinme conduit andofithe f aced ofithet he 25
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moment of operation. The efficiency is defined from the equation N/No where No is the

number of microorganisms in the medium before the treatment and N is the number of
inactivated microorganisms in the media after the treamtent. The units are the percentage.
The unit 2 is estimated to be about five times more efficient after one month of
operation, uses three times less ultraviolet lamps and energy, and has very low air flow
25 resistance. |
According to another preferred embodiment, the means for transferring have a fluid
impenetrable, germicidal radiative transmissible wall, imperviously covering the end of the
straight prime conduit, wherein the means for killing of microorganisms enter in and
separated the fluid flow from means for orienting and means for energizing. The fluid
30 impenetrable wall separates the compartment, wherein the substantially parabolic reflector
and lamp are located. This embodiment could be preferable when the fluid is liquid or when
fluid flow has to be separated from the means of energizing and the means of orienting. The
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The advantages of the invention can be seen in Table 1 as a result of a
conpari son of the units for air sterilization in the ducts 0.89m x
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radiation is the gernicidal |anps G36T6H wi th ultraviol et output 13.8 W per

lanp. Unit 1.is unit gccordipng.to the previous,art with two rows of
the |anps i RQY%SS%°%@F 8§e§e’1td“‘feﬂﬁ°‘h}sq}‘? PERY;ston of the |ggation-ofj rgeans; for gnesgizing

accor di ng t and Riefins for@4atisfeftihg outside of-ﬁ?@ﬂlﬁd How that is E/roHHiﬁE Ye cotVéHi&ice and ?afes' z€

of the Wattage Rel ati ve Rel ati ve Rel at

unit, W@%"Qﬁf & elecgrial ¢antagts of theflamps mdcsyrfacss of thé lampg and reflectofs. t he
the | anps at the after one

(he lamps = M BRIE F DESERIPMBN OF THE BRAWIRES® beqtnning

mﬁnt h \ 5 f The invention will now be explained by way of example only and with reference to of
t he 0

oper at i on %@awngﬂmmnssw@m 47 0. 89x1. 02x0. 91 662

47 100 Fr@. 1 hn%& f £ first 9&{2,

1 100 's a schepfittic view o ﬁrs ?reregg[egi\?renbgcllnrne?t]oﬁﬁ%(éxgl ance |rslg

rati o bet weén apparaigs &o:f lemrmmmbrgmsssunea fluidspedium withea vertical cross-settiamali

the rarro e uin BEEANE AARRER bl WP BligToodih B bl et o e

ef fici eh@y die dpperatusifér kalling hcrootidnisths; 20  nonent  of operat | on. The

efficiency is defined.fromthe equatjon N No where I's nunber

of i croor gani sn&i(?ngt“h%v 9 @Fﬁw&a&ﬂéwtt?l@&tmlnﬁﬁ@ %Ofgletmaﬁﬂﬁtfbr of
i nact i vat ed kiliifg RfdrecParSsnts th REFREY! flustdink e taednt fi2 gre
t he percent age. The unit 2 is estimated to be a |vet|mes

nore ef fi ci ERErEizingsompprentinfthe apparatus for killing midroorganismss t hr ee t | mes | ess
Accor ding to anof o e & sbma® oS K-iebond feRled cofbanpons, 91188 3rAIGRL o
a fluidl shongGwappahﬂueforgdhmg mioﬂadrgalmhsamhfmdlmplﬁmtssmé e wall, _
tho. means f or ki FIGiSGtSHPERS Rtk AF rdhish pEfored Ebaliment shopgRs, s FEEFTENe.
fluid flow #5qa)NE Merob@hnisthé Witk h S&haritch raBiative doftipa®R&ftoi zi ng. The fluid
FIG. § is a cross-sectional view of an fourth embodiment made in accordance to the
invention.
20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The present invention provides the apparatus for killing microorganisms, generally
referred to by reference 10, 100. First preferred embodiment of the invention is shown in FIG.
1 and FIG. 2. The means for passing the fluid medium is conduit 20, having the straight prime

conduit 22. The beginning portion of the straight prime conduit 22 is connected with dead end
25  chamber 21, by flanges 26. The dead end chamber 21 is open towards the flow of the fluid
medium 11, and faces towards the straight prime conduit 22.

The means for transferring are the parabolic reflector 40 and the envelope 50 of the
ultraviolet lamp 35. The lamp 35 includes the glass envelope 50, the arc 31, electrodes and
electrical contacts as is understood by those of ordinary skill of the art. In addition to that

30  parabolic reflector 40 is the means for orienting. The means for energizing is an arc 31 of the
ultraviolet lamp 35 enclosed in a transparent for ultraviolet radiation envelope 50. The
parabolic reflector 40 is located inside dead end chamber 21. The arc 31 of the ultraviolet



30 | npenetrabl e wall separates the conpartnment, wherein the substantially

parabolic reflector and | anp are | ocated. This enbodi nent coul d be
preferable when the fluid is liquid or when fluid flow has to be
separated fromthe neans of energizing and the neans of orienting. The
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advant ages of the present invention is thg provision of the |ocation.of
nmeans for energizing and nmeans for transferring outside of the fluid
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expl ai ned byhatity axis ozazisplage trpayallehio the wfis orekizplmeof the stralghtpriﬂmacohdukxtm ng
drawi ngs where FIG 1 is a schematic view of a first
preferred eﬁ%’SBF‘i"?’éﬂ’t‘”ﬁqw{"ﬁ@m% Wi ng an apparatus for

kKilling BicroorgaRiddig itd tiie fitst prbréfRal diBodinidnt %hé’%{éahsclfdé ﬁﬁ%fgimé%édn

view taken al ong axis of the means for passing the flu mto exp

t he conponedlow iggludan seeondarysonduit 2switlbe ﬁk¢r125|mﬁ§611¢d by Hongga A#.s Tl intake edof

FIG 2is a

appar at s § Alesebdily cGhfifezaSE ClrnaR skt GvS S g B prokiig e el pliin

t he neans fdﬂ Theaoutittnfthemgeandaryroendusit i connected with tier dpad embchambp@icThefilesr t he
apparatus fqQg.Killin .0 | sche, o
v!ogw of a s 56?18“ %ﬁ&??@ﬁc@ﬁg%ﬁ@w#ﬁéﬂﬂmfh@ £‘§ gaﬁ'ﬁ
appar at 40 f diltetsior elettBostiti6 ity @ald e/ tied biit thela Pﬁhdaﬁ&?ofdtﬁ!é}tﬁlé&% fidt limited.

FIG 4 is a schematic view of the third prefe rred enbodi nent show ng the

appar at us fisporing to the st profrgd rembrdiment, thea mathos andeappargtis fori killing
conpart ment zmcroorgamsmsmtgé:ﬁﬁdtﬂ:édiasiﬁ?eaﬁﬁéa%f oifofs! onal view of an fourth

enbodi nrent made 1I'n accordance to I nvention. 20 DETAI LED
DESCRI PTI ON The finidemediain HRRECorig ObbtghNte means for passing tliﬂthuquedmni, comiuiz 20i on

Pgog;dszfgrgﬂgg&%atu%é‘gﬁﬁl i ngpg'aw an| S enera{ ?/]r%/’ér‘?ﬁ%hefe”ecj
shown i ASFI Gf the fluid medium 11 and goes through the means for passing the secondary flow, conduit
23 including the effective particulate filter 25. The filter 25 captures and arrests the particles
suspended in the secondary flow medium 12. The clean secondary flow medium, coming in
the end of the chamber 21 and through the aperture 42, contacts the reflector 40, and the lamp
envelope 50, fills up the cavity of the reflector 40 and protects the lamp envelope 50 and the
20  reflector 40 from the accumulation of the particles from the flow of the fluid medium 11.
At the same time the arc 31 of the ultraviolet germicidal lamp 35 emits the means for killing

microorganisms, the means being germicidal beams 30. The means for transferring, the lamp
envelope 50 transfers the germicidal beams 30 to the other means for transferring, the
parabolic reflector 40. Due to the parabolic shape and the situation of the arc 31 in the focus
25  ofthe parabolic reflector 40, the parabolic reflector is the means for orientation. The parabolic
reflector orients the germicidal beams 30 into a substantially parallel array of ultraviolet
beams 32. The straight prime conduit 22 pass the fluid medium 11 along a path aligned with

the array of the substantially parallel ultraviolet beams 32.
The substantially parallel array of the ultraviolet beams maximizes and uniformly
30  radiates the fluid 11 passing the straight prime conduit 22. The microorganisms suspended in
the fluid absorb the substantially parallel arrays of beams 32, are killed before passing the

' end of the straight prime conduit 22.



| and FIG 2. The neans for passing the fluid nediumis conduit 20, having

the straight prine conduit 22. The begi nning portion of the straight

prinme conduit 22 is connected with dead end 25 chanber 21, by flanges 26.
The dead end chanmber 21 is open towards the flow of the fluid medi um
11, and faceswmeva788 t he strai ght prinme conduit 22. PCT/US96ABA7EANS
for transferring are the parabolic reflector 40 and the envel ope 50 of the

ultraviolet lanp 35. The lanp 35 includeg the gl ass envel ope 50, the arc

31, electrodes md _ el ectrical contacts as is understood by those of
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met hod and gppar idlin - m croorgani,.sns jn t fluid nedia is
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for paski ndampentéloped S0ednd the refleutsts 40 Zdm accumulieh 8P R aRfblds Trdoh teStisidi ght
prime conduit,22.  The secondary flow nmedium 12 is a snall part 15 of the

fluid nedi m&malr]id goes through the neans for passing the secondary fl ow,
condui t At the same time the arcs 31 of the ultraviolet germicidal lamps 35 emit the

germicidal beams 30. The means for transferring, the lamp envelop 50 transfers the

germicidal beams 30 to the other means for transferring, the parabolic reflectors 40. Each

20  parabolic reflector 40 orients the germicidal beams 30 in the substantially paralle] array of the

ultraviolet beams 32. The straight prime conduit 22 passes the fluid medium 11 along a path
aligned with the array of the substantially parallel ultraviolet beams 32. ‘

The substantially parallel array of the ultraviolet beams 32 maximizes and uniformly

—

radiates the fluid 11 passing through the straight prime conduit 22. The microorganisms
25  suspended in the fluid absorb the substantially parallel arrays of beams, and are killed in the
straight prime conduit 22.

The third preferred embodiment is shown on Fig. 4 and includes the means for
passing the fluid medium, the conduit 20, having the straight prime conduit 22. The
beginning of the straight prime conduit 22 is éor_mected with the dead end chamber 21. The

30 dead end chamber 21 opens towards the flow of the fluid medium 11, and faces towards the
straight prime conduit 22, At the closed end of the dead end chamber 21 is a transmissible
wall 43, transferring the means for killing and impenetrable for the fluid medium 11. The



23 including the effective particulate filter 25. The filter 25 captures
and arrests the particles suspended in the secondary flow nedi um 12.
The cl ean secondary flow medium comng in the end of the chanber 21
and through the aperture 42, contacts the reflector 40, and the | anp

envel ope 50, fwobwosp the cavity of the reflector 40 and proper/usosnbazl anp
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uni formy 30 radi ates the fluid 11 passing the straight prime conduit 22.
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medi um 11. Hpeseelsildreddtduit 23 cormB@SP Ahd ¢ RhénRgns! fAPpdARhE BOthe TuiEnediGiO" S
40, the germ cidal l'anps 35 with arcs 3 situated i n focuses of the

refl ectors 20, The quiletofithe seogndaryonduit issennecied with shesdead endchambercdia The filter
flow 23. Th . of d. ' | it
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I S necessar nunber of ref
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secondary  chamber 21 and protects the transmissible wall 43 from accumulation of the particles from
the flow of the fluid medium 11. '
At the same time the arc 31 of the ultraviolet germicidal lamp emits the germicidal

20  beams 30. The means for transferring, the lamp envelopes 50 transfers the germicidal beams
30 to the other means for transferring, the parabolic reflectors 40. The parabolic reflector
orients germicidal beams 30 in the substantially parallel array of the ultraviolet beams 32. The
straight prime conduit 22 passes the fluid medium 11 along a path aligned with the array of
the substantially paralle] ultraviolet beams 32.

25 The substantially parallel array of the ultraviolet beams 32 pass through the
transmissible wall 43, maximizing and uniformly radiating the fluid 11 passing the straight
prime conduit 22. The microorganisms suspended in the fluid absorb the substantially parallel
arrays of beams are killed prior to passing the end of the straight prime conduit 22. For
additional increasing of efficiency in an outlet end of the straight prime conduit 22 a flat

30 reflector could be installed. The flat reflector should also be maintained clean by a secondary
flow of substantially particles free fluid 11 as described above; the secondary flow running



flow medium 12 is a smal | part of the fluid nedium 11 and goes through the
effective 10 particulate filter 25. The filter 25 captures and arrests

particles suspended in the secondary fl ow medi um 12. Cl ean secondary
fl ow medi um conmes in the receiver 27. The receiver 27 is a chanber

W th inpenetrabbdereredll s having input to the clean secondary frcowssssaire
fluid medi um and out put connected with the apertures 42 of the
parabolic reflectors 40. The clean . pedi um conmes through the aperture
42 fills up_the cavity of the reflector 40 and protects the 15 |anp.
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shown ob0Fi ghowh theHousing|60de in the forftbsfuchokthe filter 25 18 8mily'snd diighly\prédsedbigioum
the conduit ,20, havi g tHe ?tral ﬂé}t £r|_rre conduit 22. .The .. begi nni ng
of the stramjhl@“ﬁ’f’gn'g‘ &% oF therBilters2Y being compressed rpgaing walloreridescianb e 21.
The 30 de 0C R tHEWaythe PErRRStel QUR0f the'dEr &k Hph se&ie&At ta;l&e-ﬁgtc.ﬁlgse s 11,

and faces towards the straight prine conduit "2Z. end of

the dead entheshelfifis pndtheicover 64r 7 smpld opeping 70 allows\thg ir from a primary Slowi Hooft he
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PCT/ US9$3 1342.7This secondary flow is ducted to the filter 25 via a small chamber 72 facing the filfed25.
Lransn oS Dirfe Wl i SE0RAT 88w IF plashilp dni¥igh W Hhell Sy PHARRN' e
recommended to be like a “HEPA™ type, effective for capturing dust particles of a size 0.3
micron or bigger. This filtered air 12 then passes through the slit or running between the
walls 62 and fills the space defined by the reflector 40 by passing through the aperture 42 of
20  the reflector 40 and over the glass envelope 50 of the lamp 35 thus providing a particle-free
barrier of secondary flow 12 protecting the surfaces of these transferring means.

As shown the apparatus 100 further includes a ballast 66 which is attached to the
housing by the threaded fasteners 71. The ballast 66 assists in energizing the lamp 35. Not
shown is the associated wiring and connections needed to provide electricity to the ballast and

25  ultimately the lamp as these features are commonly understood by those of ordinary skill in
the art. The lamp itself is held in place by a pair of lampholders 33. The lampholders 33
provide both a mechanical means for securing the lamp 35 and electrical connectors for
energizing the lamp arc 31, the means for energizing of means for killing the microorganisms.

As shown one side panel- 34 holds each lampholder 33. The side panel 34 is

30 preferably welded to the housing 60 the lampholders 33 preferably are of a snap in type for

holding the lamp.
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one si d@0parel 34 hemtetimdadclin &) fithdrdRiraderizedde it stk gfanel 34 is 30
preferably V& ed t’8 t he, hoysi ng 60 the | anphol ders 33 preferably are of a
snap i n typerrorssat se°°ﬂ‘lﬁr36lh?1‘§ the | anp.

3. The method of claim 2 wherein the step of: providing a secondary flow includes the

step of supplying said secondary flow of substantially particulate free fluid from said primary

flow of the fluid medium, the secondary fluid being the same fluid as the primary fluid.

25 4. The method of claim 1 wherein the step of energizing said means for killing

S
-

afod

microorganisms is accomplished by a means for energizing having one or more arcs of

ultraviolet lamps for emitting ultraviolet germicidal beams.

5. . The method of claim 1 further characterized by the step of:

passing said fluid medium along a path aligned with said array of parallel ultraviolet beams,
30 said path being of sufficient length to allow said array of paralle]l ultraviolet beams to kill

microorganisms.

6. The method of claim 1 further characterized by the step of:
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surface. At the extremties the sur f REPLABED be elfl i ptical. As shown
the refl ector Wowe7dressed agai nst t at t hecaspénsaeg 42
| ocation and contacts the housing 60 internal surface creating a

close fitting arrangenment. The reflector ijg attached to the walls 62 by
means of spot | ds or t hregded, f ast eners. As shown, the
emitted beangrogém&awbw alllsfeﬂvd@g ¢ peflegionground eagh sd WirBGPlsHEmR! | y paral | el

bears 32 whigh Wi ite ol Grefif6 cHaibfisedy Sk oA Hiing abiP B Pleflbdife with

straight prine conduit 22 of the ductlng As previously discussed,

all of the fﬂmfww@ﬂwggafdmanpmqucondaryﬂoamf&ubamabymlpﬁgyed

i s st of PURdoRepind bt R BReR B s ebn B Ao G bRl e b

Al t hough § | Iﬂﬁamuimhmpémaﬂ&ew_he present i nvent i on have been

descri bed herei n h reference to the accorrpanyl ng_.drawi ngs, it_is
to be unders$ood *‘Nﬁ&th% Flata nk chasacterized by (the, gtep of; proyiding e, theempnns fo5 e
enbodi ment s, yaARRmidph HA iRPeneRbbIE tranbiAREGE WAl be
ef fected therein by one ski Ieed In the art V\nthoﬁfﬁgtfgpar? rosmsa!t1 reﬁ;&s{%ope

or spirit of medjum MMJNOMhmmgmdmeamMmammﬁgst t hrough third

preferred enpodi Ilast 66 and

ot her assomngt ed%&hpﬁ%miasn lg}llélg[uﬁfxggfgi%gxﬁggxcg%ﬂérynﬁov@of md&eélamb usipg a
convent i Hhal garmétidah beansst ascmlrnbanstﬂimlﬁﬂmgfmlerodtmmls ik btraight poftfonafithe flow of
Th|S|nvent|‘%§# o I|mtepltot e sjerilization of fluid nediym,  but can
be appli ed edhumn o crqogganising the apparays characterized biict i on

;);dlr gmog ﬁl Of miRadsHoFIPisSing Bﬁ&bﬁﬂiaﬁl fi6v9 Bt @iid A2 medim, R Rleard Vot pdsSifly hidiss a
straight prime conduit; a means for killing microorganisms; a means for orienting the means
for_killing microorganism, the means for killing microorganisms being oriented in an array of

15  substantially parallel germicidal beams aligned along the flow path of the fluid medium in the
straight prime conduit; a plurality of means for transferring of said means for killing of
microorganisms in said fluid medium, at least one of said means for transferring being
immersed in said fluid medium;

a means of energizing said means for killing microorganisms;

20  a means for passing a secondary flow of a substantially particle free portion of said fluid
medium; wherein said means for passing causes said secondary flow to run along or flow
across the surface of said means for transferring to establish a substantially particulate free
barrier environment maintaining clean said means for transferring.

10.  The apparatus for killing microorganisms in a fluid medium of claim 9 wherein said

25 means for passing said secondary flow of said fluid medium has a filter, said filter being
sufficient to remove particles from said secondary flow.

11.  The | apparatus for killing microorganisms of claim 9 wherein said means for
energizing are one or more arcs of ultraviolet lamps which emit ultraviolet beams.
12.  The apparatus of claim 11 wherein said means for transferring have a means for

30  orienting the emission of the ultraviolet beams into a substantially parallel array of beams.

13.  The apparatus of claim 12 wherein said means for orienting said ultraviolet beams is a

substantially parabolic reflector.
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%gr Killing m croorgani.sm; ina fl J"m”m”""ﬂmmbwﬁm ng gerlﬁi Ci dQI method
s

beans as a neans for killing the m croocrgani straight portion of
t he fl ow pat h,wobwo7s31 met hod characterized by the steps ofpcTasesi3sr?
providing a primary flow of a fluid medium containing particles and

—_—_

m croor gani sms; providing a pgans for killing m croorganisns,
sai d neans ing.jnmersed in said . fluid nmedium containing particles
and ni cr oor d%ni s%e, apparatus of claim lzpwléﬁi?lﬂi H& alemslfpapﬂsﬁyg sAid primasy flqyy ofsaid

transferri nguff mediuth ﬁeﬁﬁﬁai%lgrliﬂéi ditettish 6f flow alond'h %ﬁm%?ﬁﬁﬁ%htl pritnd

one of said nmeans for transferring being inmersed in
medi um conduit, the styaight iptimegconduit being aligned . with shidsartayt ofsubsthntially aparalle! e

free fluid, ' candar vy, fl .S rupnin o) or.,fl ow ng,acros
the surf aceugéﬁq}\%ebzf%"g’eﬁ%q psﬁ\é\f)edx?g ofs ﬂirﬂfgﬂ%engg’r ?0[ F@%’%fs@ﬂrm °pbeamm ch
i s i mrer §ed ultfavivlét dadidtion do Kilidhidivorpadis@s! abl i shing a substantially -
particul ate free barrijer, environnment maintaining the i mersed neans

for transf e_rlﬁ‘i ng Q}eéapﬁm@sofc_laim 14 whergip 63i negps fop Bassing sfid Spidemedivgg bas theyj d
means for KighdibhOprith e hid Heans 37 RAfSg the means for killing microorganisms

situated at the end of said straight prime conduit and being faced at the straight prime conduit
so that the array of_germicidal beams are directed down the length of the straight prime
10  conduit.
16.  The apparatus of claim 15, wherein said means for passing said secondary flow have a
secondary conduit, the inlet of said secondary conduit connected to said prime conduit and
open for entrance of said fluid medium. |
17.  The apparatus of claim 14 wherein said means for orienting situated at the end of said
15  straight prime conduit and being turned in the direction of said straight prime conduit.
18.  The apparatus of claim 15 wherein said means for orienting being open to the straight
prime conduit at a first end at a second end, said means of orienting is open for passing said
secondary flow of fluid medium:
19.  The apparatus of claim 13, wherein said substantially parabolic reflector has an
20  aperture open to said secondary flow.
20. A method for killing microorganisms in a flowing air medium using germicidal beams
as a means for killing the microorganisms in a straight portion of the flow path, the method
characterized by the steps of:
providing a primary flow of an air containing particles and microorganisms;
25 providing a means for killing microorganisms, said means being immersed in said air
containing particles and microorganisms;
providing a plurality of means for a transferring of said means for killing of
microorganisms, at least one of said means for transferring being immersed in said air;
providing a secondary flow of substantially particle free air, said secondary flow is
30 runmng along or flowing across the surface of the at least one of said means for transferring
which is immersed in said air and establishing a substantially particulate free barrier

environment maintaining the immersed means for transferring clean;



fdr orienting is orienting said Killing in an array of

substantially parallel germcidal beans al igned al ong the straight
portion of flow path; Jm i or energizing of said
means for killing mcroorganisns and ﬂ!’”ﬂ"'ﬂ”ﬁww g said neans for
killing m croowgeniossss. 20 2. The met _hd‘bl of elaim 1, furddimarsensar?
characterized by the step of: filtering said secondary fl ow. 3.
The met hod of claim2 wherein the step of ;jgproviding a secondary fl ow

i ncludes the sia.eg of sfgggxlaé/lngg aj d secgndary flow of substantially
particul ate free FPUFHE MR P means forkillijg wicreqiganisms; saidyneans m

t he secondar for bidhitide Bedriedit ; ; f i .
The net hod of l.cI ai mg 1 mg{ﬁ@?@g@ﬁg%@:ﬁg&g%%&gl J&'h%gl%egg?%nrlédal

killing beapss gligned glong thesstraightporionyififfomepatty a neans for energi zi ng

havi ng one or nor, | traviplet, |ams for.emtting ultravioplet
ger ni ci dal beams.p%‘;ﬂii(fig @Lans foﬁ'h?mapﬁudcfnﬁ?% for; %W‘E?ng% P‘i‘gd
by the stlep afergizing said measiforkiliag ehidrbotpshisidi um al ong a path aligned with
said array of parallel ultraviolet beans, 30 said path being of
'sufficient length to allow said array of parallel ultraviolet beans to kill

m cr oor gani sns. 6. The nmethod of claim1l further characterized by
the step of: WO 97/ 07831

PCT/ US96/ 13417 14 :
provi ding a substantially parabolic reflector around each said ultraviolet
| anp. 7. The nmethod of claim®6 characterized by the step of
provi di niP each ‘said reflector with an aperture for accepting at | east
a portion of said secondary flow of substantially particle free fluid
medi um and passing said portion of said secondary flow of substantially
particle free 5 fluid mediumthrough each said reflector. 8. A
nmet hod of claim 1 characterized by the step of: providing as the neans for
transferring a fluid inpenetrable transm ssible wall, inperviously
separates said fluid medi um from said nmeans for orienting and said

means for energi zi ng.
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9. An apparatus for killing mcroorganisms in a primary flow of a fiuid
——BeH-HA~t —a—1 0 germ ci dal beans as:a neans for Ki j)i SITE
Aﬁﬂﬁm'rtion of the flow of the fluid mummlmnmmm

artTTres and jmjcroorgani sns, the apparatus characterized®byt * s a neans
\[%Eggigi.@g? Sg primary flow of said flufdl nedium the neans for passing

ha wp sito7esight prinme condui AMENBEDTEBAIMST or ki | | i ng RCTAUSRVIGENTI sns;
b-Banrs—f-e+—ei gnti ng t he neans for killing mcroorganism the neans
for killing mi.Ereasiverhpy ihepintarnasionalt Bureaw aan2édanuaryf1993 (28$Q|b§ﬁmt|ally

)

parattetr—germcr Qei9ipahraln qumad%q.owaﬂwgf chimp anghapged Hd PagR)d nedi um

in the pro%ﬁ@' mbstﬂitiall??&%ﬂélkéﬂecﬁr &buﬁcﬂédch)tm@fﬂtﬁﬁal&ﬁ [ transferring
of said rreans for killin m croorg%nl sms in_ said fluid nedium_ at

| east one of- sai Ghemethed pﬁﬁlmm%ww%bb itep of providingepchesgid reflecsorawith ui d
medi um a&fem &}ﬂ? h,?gs
20 a rreans or pasgl ng gﬁgﬁé?gﬁtﬁ%ﬁﬁ gfwﬁg%@?}ng%st an%qsgﬁténtﬁby 8 ree
portion of faiddnédiumn;cand passingnsnifi mmlomﬁmms&mdﬁmmafkﬁbstqmdlyl pagticle free s
sai d secgnd flow n flow across the surface of said
means fo$ ﬁﬁ% Yt“’&"igg"'@‘g’ts&@q‘f’@?‘f' - substantially particulate free
barrier envgr onnMAniethBl rBfaéliiinnﬂ chhraigterised by RARep foPr: #rbﬁﬂﬁlkeisr thé9means for

10. . The apparatus for Kkilli m croorganisns in a fluid nmediumof claim?9

wher ei n sai gapsgerringa fiuid imp trappmissible well oirwanviously osepasntes said fipid megtium -
medi um has cient to renove particles
fromsaid s%@é{%ﬁeﬁ %n%&%i?ﬁ&%ﬁébgﬁglﬁ%%s for killing P

o C-LS?regar“'cf”Ef et ol o L rDe it e T tl T B oler oo an s Sne
The appd at ngltbﬁ‘?'ﬂﬁ 351 TREADS mﬂlmﬁagﬂ%rmfﬁ%%wpﬂmﬁw af‘%‘ééns
for 30 o ifap héfiurh GEntSfng W&e@indtxﬁﬁrdé}éﬂﬁt.%@ﬁppﬁﬁw&&&t@ﬁt inside

substantially parall el ar;m;/ he apparatus of claim
12 wher ei n @ameangdon pasying pmnmwﬂgwsaf w%ﬂmﬂm%tthmm fog pagsing having a

Eé.lb./s tugg%'/ %Wm Eghdhﬁ fti:eefﬁpglratus characterized by: a meany\gr %fqu ﬁ'ﬁo’c}oorgfgsms, a

14. The appeansifor oriedting [the weahe fortldiling micrdurgamisan thef meany fos kil micrabrganismsr vy

flow of 1331 4 ine oriented in an array of substantially parallel germicidal beams aligned along the flow path
of the fluid medium in the straight prime conduit; a plurality of means for transferring of said
means for killing of microorganisms in said fluid medium, at least one of said means for
transferring being immersed in said fluid medium;

_ a means of energizing said means for killing microorganisms;

20  a means for passing a secondary flow of a substantially particle free portion of said fluid
medium: wherein said means for passing causes said secondary flow to run along or flow
across the surface of said means for transferring to establish a substant:a]]y pamculate free
barrier environment mamtmmng clean said means for transferring.

10.  The apparatus for killing microorganisms in a fluid medium of claim 9 wherein said
. 25 means for passing said secondary flow of said fluid medium has a filter. said filter being

sufficient to remove particles from said secondary flow.

11.  The apparatus for killing microorganisms of claim 9 wherein said means for energizing

are one or more arcs of ultraviolet lamps which emit ultraviolet beams.

12.  The apparatus of claim 11 wherein said means for transferring. bave a means for

30 orienting the emission of the ultraviolet beams into a substantially paraliel array of beams.

13.  The apparatus of claim 12 wherein said means for orienting W_ﬁﬁ_—

substantially parabolic reflector. AMENDED SHEET (ARTICLE 1) - This Sheet Has Beeft Re“ird )
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fluid mediumin a straight line direction of flow along a path through the
straight prine conduit, the straight: prime conduit being aligned with
said array of substantially parallel ultravi ol et beans, said path
being of sufficient length to allow said array of beans of 5 ul travi ol et
radi ation to kO 970m83¢r oor gani sns. 15. The appar at us PET/GS96MIIM T4
wherein said neans for passing said fluid nedium has the strai ght
prime conduit, said neans for orienting the nmeans for killing

m cr oor gani sns situated at the end of said straight prime conduit and
being faced at the straight prinme conduit so that the array of

germ cidal beans are directed down the |erig8h of the straight prine 10
condui t. 16. The apparat @ of claim]15, wherein said nmeans for
passi ng said secondary fl ow have ["‘ dary conduit, the inlet of
sai d secondary conduit connected tQ $aid prinme duidland 21 open for
entrance of said f|UId nedlun1 M17. The auparanus of ¢laim14

vvherel n said T Clg L e e W1 Sar U sl strai ght

conduit

orienting bei at
a second end,

secondary fl oY

wherein said § ‘to
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m croorgani sns 2@ a N of the rovﬁQath3Qhe4’ﬂet hod
characterized by the -—---4-EQOV|d|ng a primry Haofl an
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particle free air, said seconda‘u flow i égmnng
across the surface of the at | east™e sai d neans rt ?psfer

which is imrersed in said air and establishing a substa&atial’ly partlculate
free barrier envi ronnment nai ntai ni ng the i mersedlneans for

transferring clean;
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provi ding nmeans for orienting of said neans for killing m croorganisns,
sai d nmeans for orienting is orienting said nmeans for killing in an
array of subswadrioassay parall el germ cidal beans al i gnecredoempiit he
straight portion of flow path; provi di ng neans for energi zing
of said neans for killing mcroorganisns and 5 energi zi.ng said nmeans for
killing m croorgani sms. 10 15 20
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AVENDED CLAI M5 PCT/ US96/ 13417 recei ved
by the International Bureau on 28 January 1997 (28.01.97);

original claim9 amended; remaining clains unchanged (1 page)]

providing a sweewTsilal | y parabolic reflector around each sapdrusdsnaaiol et
| anp. 7. The nmethod of claim6 characterized by the step of
provi ding each said reflector with an aperture for accepting at
| east a portion of said secondary flow of substantially particle free
fluid nedium and passing said portion of said secondary flow of

substantially particle free 5 f B3 d medi um t hrough each said
reflector. : 8. A nmethod of claiml characterized by the step
of : providing a e S ' d
| npenetrable trinsm ssible wall. inperviously separates said fjuid nmedi um
from sai d neansjf or orienting and said neans for energizing. 9.
An apparatus foff killing mcroorganisns in a primary flow of affluid medi um
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. A method and apparatus (10, 100) for kilting microorganisms in a fluid medium (11) are disclosed. This method has the steps of
prov:ldq\g a g.ennmdal radiation for killing microorganisms (30) and reflector (40) for transferring and orienting of the gemicidal radiation
for killing microorganisms (30); providing a secondary fiow (12) of a substantially particle free fluid; the secondary flow (12) is running

the A ishing a substantially particulate free barrier environment maintaining clean the reflectors (40); orienting

an emission of the germicidal radiation in a parallel array of beams (32), and passing the fluid medium (11) along a path aligned with

; ocan arranged 80 that the maximum efficiency of use of germicidal energy achieved, energy
consumption for sterilization will decrease, reliability and period between maintenance wi :
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