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PCT/US96/13417                           Method and apparatus for killing
microorganisms.                           FIELD OF THE INVENTION
The present invention relates to fluid purification and in particular
sterilization by      irradiation with an ultraviolet radiation source. 5
BACKGROUND OF THE INVENTION             The airborne transmission of
bacteria and viruses, chiefly respiratory disease      organisms is a
serious problem in health care. The control of airborne disease
transmission      has become increasingly important with an increasing
number of people growing older with      weakened immune systems more
vulnerable to airborne disease or infected with human 10  immunodeficiency
virus (HIV) or other airborne and difficult to cure diseases. This coupled
with antibiotic resistant strains of bacteria have created a need for
inexpensive, efficient air      purification systems. The spread of air
born infections can be reduced by killing the      infectious microorganism
by ultraviolet (UV) radiation. Ultraviolet radiation to destroy
airborne microorganisms can be used in ceiling fixtures suspended above the
people in the 15  room or inside ventilation system air duct.
The continuing spread of tuberculosis (TB) infection and other airborne
disease in       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
WO 97/07831
PCT/US96/13417                                                    2
oxidation. Ultraviolet germicidal radiation has been proven to be more
effective and      economically feasible than any other approach to
reducing the number of microorganisms in      the liquid or gas flow.
Conventional UV fluid sterilization systems have relied on exposure of
suspended  5   microorganisms to ultraviolet radiation by passing medium
over or around one or more       ultraviolet lamps. This method is used in
US patents 5,112,370 and 5,200,156. This method       has a number of
shortcomings.              The first shortcoming of the previous art is
their low reliability. The particles       suspended in the fluid
accumulate on the surface of the lamp or protective tubes, forming the 10
UV light absorption layer, which restricts or eliminates the germicidal
effectiveness. The       reliability and actual germicidal effectiveness
depend on the quality of the medium filtration       and come very small
and unpredicted if the medium is unfiltered or poorly filtered.
The second shortcoming of previous art of UV sterilization systems is that
they have       low efficiency of use of the UV energy, because their lamps
accumulate particles on the 15   surface from the beginning and because in
ducts or pipes with ratio length-L to diameter-D       L/D=10:1 only 6% of
beams have their path length equal to the longest available way(L/2 that
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 system                  WO 97/07831
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with known UV sterilization system it is necessary to replace a fan, pump,
electric motor by       more powerful ones. As a result capital and
operating expenses would increase.              The prior art therefore
suffers from number of disadvantages which can be improved       upon.  5
SUMMARY OF THE INVENTION              It is an object of the present
invention to provide a method for killing microorganism       in a flowing
fluid medium using germicidal beams as a means for killing the
microorganisms       in a straight portion of the flow path, the method has
the steps of:       providing a primary flow of fluid medium containing
particles and microorganisms; 10   providing a means for killing
microorganisms, the means being immersed in the fluid       medium
containing particles and microorganisms;       providing a plurality means
for a transferring of the means for killing of microorganisms, at
least one of the means for transferring being immersed in the fluid medium;
providing a secondary flow of substantially particle free fluid, the
secondary flow is running 



15   along or flowing across the surface of the means for transerring or
flowing across the surface       of the and establishing 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 provision 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                 WO 97/07831
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flow path being of sufficient length to allow the array of ultraviolet
beams to kill      microorganisms.               An other advantages of the
present invention is the maximum uniformity of the       irradiation
intensity in an irradiated volume, because the beams were oriented in a  5
substantially parallel array, which is parallel the fluid flow and will not
suffer from early       absorption by walls. The efficiency of use of
ultraviolet energy of the ultraviolet lamps will       reach the maximum
because according to the present invention the maximum amount of UV 



beams was oriented parallel and because they have the length equal to the
longest available       way. 10           According to the preferred
embodiment of the invention a substantially parabolic       reflector is
provided around each the ultraviolet lamp. The arc of the lamp is situated
in the       focus of the reflector. As a result the maximum amount of the
ultraviolet lamp emission is       oriented in the parallel array of beams.
According to the other preferred embodiment, each of       the reflectors
is provided with an aperture for accepting at least a portion of the
secondary 15   flow of substantially particulate free fluid; and passing
the portion of the secondary flow of       fluid through each reflector. As
a result, the surfaces of the reflector and the lamp will remain
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                  WO 97/07831
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and establishing a substantially particulate free barrier environment
maintaining clean the 



means for transferring.              Preferably the means for passing the
secondary flow of the fluid medium has a filter,       the filter being
sufficient to remove particles from the secondary flow. The secondary flow
is  5   a small part of the fluid medium and the filter to remove particles
the secondary flow is also       small and inexpensive. The flow through
the filter is very small and has the velocity 0.1-0.25       m/sec, (20-50
FPM) and its life time is a few times longer than the life time of a filter
which       conventionally is used for the filtration of the prime flow
with the velocity 1.27 m/sec(250       FPM). As a result the means for
transfer remain clean independently of the purity of the fluid 10   medium,
the period between the maintenances is much longer, and the reliability of
the       apparatus is higher than previously known arts.
Preferably the means for energizing has one or more arcs of ultraviolet
lamps for       emitting ultraviolet beams. The lamps emit an ultraviolet
radiation in the medium and are       well known as the most effective
source of germicidal radiation. 15           Preferably the means for
transferring further have a means for orienting the emission       of the
ultraviolet beams into a substantially parallel array of beams. The
substantially parallel       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
secondary 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.      
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The advantages of the invention can be seen in Table 1 as a result of a
comparison of       the units for air sterilization in the ducts 0.89m x
1.02m x 2.54 m (35"x 40"x100") with       airflow 50.67 m3/sec ( 10000
CFM), temperature 26.6 C (80[err]F). The source of germicidal
radiation is the germicidal lamps G36T6H with ultraviolet output 13.8 W per
lamp. Unit 1 is  5   a unit according to the previous art with two rows of
the lamps installed across to the air flow.       Unit 2 is the unit
according to this invention.       Table 1         Number  Number      Size
of the  Wattage    Relative    Relative    Relative 10              of
unit,       of the unit  air flow    efficiency  efficiency       of the
the lamps    m          UV, Watt     resistance  at the      after one
unit    in the unit                                          beginning
month                                                                    of
the      of the
operation   operation 15    1       47        0.89x1.02x0.91   662
47          100            20       2        16       0.89x1.02x0.41   226
1           100           100       The relative air-flow resistance is the
ratio between the coefficient of pressure losses in the       unit 1 and
the coefficient of pressure losses in the unit 2. Relative efficiency is
the ratio       between the efficiency of the unit at present time and the
efficiency of the unit at the initial 20   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 treatment. 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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advantages of the present invention is the provision of the location of
means for energizing       and means for transferring outside of the fluid
flow that is providing the convenience and safe       maintenance of a
electrical contacts of the lamps and surfaces of the lamps and reflectors.
BRIEF DESCRIPTION OF THE DRAWINGS  5           The invention will now be
explained by way of example only and with reference to       the following
drawings wherein:              FIG. 1 is a schematic view of a first
preferred embodiment of the invention showing       an apparatus for
killing microorganisms in a fluid medium with a vertical cross-sectional
view taken along axis of the means for passing the fluid medium to expose
the components of 10  the apparatus for killing microorganisms;
FIG. 2 is a vertical cross-sectional view taken along lines 2-2 of the
apparatus for       killing microorganisms shown in FIG. 1, illustrating
the means for transferring and means for       energizing components of the
apparatus for killing microorganisms;              FIG. 3 is a schematic
view of a second preferred embodiment of the invention 15   showing the
apparatus for killing microorganisms with two lamp light source;
FIG. 4 is a schematic view of the third preferred embodiment showing the
apparatus       for killing microorganisms with a separated radiative
compartment              FIG. 5 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. 



I 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                   WO 97/07831
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lamp 35 is situated in the focus of the parabolic reflector 40 by the
lampholders 33. The       lampholders 33 are mounted on the side panels 34.
The parabolic reflector 40 is installed such       that its axis or axis
plane is parallel to the axis or axis plane of the straight prime conduit
22.       The parabolic reflector 40 has an aperture 42.  5
According to the first preferred embodiment, the means for passing the
secondary       flow include a secondary conduit 23 with a filter 25
installed by flanges 24. The intake end of       the secondary conduit 23
is connected and open to the means for passing of the fluid medium
20. The outlet of the secondary conduit is connected with the dead end
chamber 21. The filter       25 is an effective particulate filter. In case
of the air filtration the high efficiency particulate 10   filters or
electrostatic filter could be used but the application of other filters is
not limited.               According to the first preferred embodiment, the
method and apparatus for killing       microorganisms in the fluid media is
realized as follows:       The fluid medium 11 is coming through the means
for passing the fluid medium, conduit 20       and entering in the straight
prime conduit 22. The secondary flow medium 12 is a small part 15   of 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   of
the 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.                  WO 97/07831
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The second preferred embodiment is shown in Fig 3. The apparatus 10 has the
dead       end chamber 21, which is installed inside the flow of the fluid
medium 11. The dead end       chamber 21 contains two parabolic reflectors
40, the germicidal lamps 35 with arcs 31       situated in focuses of the
reflectors 40, a receiver 27 and the means for passing the secondary  5
flow 23. The number of lamps and reflectors 40 is not limited to two. If it
is necessary a       larger number of reflectors 40 could be situated in
the dead end chamber 21. The fluid       medium 11 flows in the apparatus
for killing microorganisms 10, runs along outside the dead       end
chamber 21 and continues to move along the straight prime conduit 22. The
secondary 



flow medium 12 is a small part of the fluid medium 11 and goes through the
effective 10   particulate filter 25. The filter 25 captures and arrests
particles suspended in the secondary       flow medium 12. Clean secondary
flow medium comes in the receiver 27. The receiver 27 is       a chamber
with impenetrable walls having input to the clean secondary flow of the
fluid       medium and output connected with the apertures 42 of the
parabolic reflectors 40. The clean       medium comes through the aperture
42 fills up the cavity of the reflector 40 and protects the 15  lamp
envelopes 50 and the reflectors 40 from accumulation of the particles from
the fluid       medium 11.              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 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 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 connected 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
WO 97/07831
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transmissible wall 43 separates the fluid medium 11 from the parabolic
reflectors 40, lamp 



envelopes 50 and electrical connectors located in the radiative chamber 28.
The means for transferring are the parabolic reflector 40 and the envelope
50 of the       ultraviolet lamp. In addition to that parabolic reflector
40 is the means for orienting. The  5   means for energizing is the arc 31
of the ultraviolet lamp enclosed in a transparent for       ultraviolet
radiation envelope 50. The parabolic reflector 40 is located inside the
radiative       chamber 28. The arc 31 of the ultraviolet lamp is situated
in the focus of the parabolic       reflector 40. The parabolic reflector
40 is installed such that its axis or axis plane is parallel       to the
axis or axis plane of the straight prime conduit 22. 10           According
to the third preferred embodiment the means for passing the secondary
flow include a secondary conduit 23 and a filter 25 installed by flanges
24. The intake end of       the secondary conduit 23 connected and open to
the means for passing of the fluid medium       20. The outlet of the
secondary conduit is connected with the dead end chamber 21. The filter
25 is effective particular filter. The filter 25 captures and arrests
particles suspended in the 15   secondary flow medium 12. Clean secondary
flow medium coming in the dead end chamber       21 and through the
aperture 42 runs along the transmissible wall 43, fills up the dead end
chamber 21 and protects the transmissible wall 43 from accumulation of the
particles from       the flow ofthe 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
parallel 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       
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along or flowing over the surface of the reflector, creating a barrier of a
particle free media or       flow.              As shown in FIG. 5, a
fourth preferred embodiment is disclosed. This apparatus 100       has a
compact size and is suitable for placing in the ducting 80 of heating,
airconditioning,  5   and ventilation systems.              The apparatus
100 has a housing 60, a pair of walls 62, the walls 62 being spaced
apart a small distance thus providing an air path or slit for the secondary
flow of air to pass       through, a filter holder bracket 63, a filter
shelf 65, a removable cover 64, the cover 64 being       adapted to hold
the filter 25 firmly and air tightly against the shelf 65 of the appratus
100. As 10   shown the housing 60 is in the form of a box, the filter 25 is
snugly and airtighly pressed into       the housing, the ends of the filter
25 being compressed against walls or sides 67 of the       housing 60. In
this way the perimeter sides of the filter are tightly sealed against the
sides 67,       the shelf 65 and the cover 64. A small opening 70 allows
the air from a primary flow 11 of       fluid medium containing
microorganisms and particles to be separated into a secondary flow 15   12.
This secondary flow is ducted to the filter 25 via a small chamber 72
facing the filter 25.       The air of this secondary flow 12 passing
through this particle filter of a filtration size       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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As shown, the reflector 40 is substantially parabolic over most of its
surface. At the       extremities the surface may be elliptical. As shown
the reflector 40 is pressed against the       walls 62 at the aperture 42
location and contacts the housing 60 internal surface creating a
close fitting arrangement. The reflector is attached to the walls 62 by
means of spot welds or  5   threaded fasteners.              As shown, the
emitted beams 30 will be arranged into an array of substantially parallel
beams 32 which will be directed along a straight path portion of the
straight prime conduit 22       of the ducting 80. As previously discussed,
all of the features of this fourth embodiment       apparatus are employed
in the same way as the first, second and third embodiment to achieve 10
this most effective and efficient method to kill microorganisms.
Although illustrative embodiments of the present invention have been
described       herein with reference to the accompanying drawings, it is
to be understood that the invention       is not limited to those precise
embodiments, and that various other changes and modifications       may be
effected therein by one skilled in the art without departing from the scope
or spirit of 15  the invention. Although not shown on fist through third
preferred embodiment it is       understood that similar ballast 66 and
other associated wiring and electrical connections are       used as is
conventional and understood by those of ordinary skill in the art
This invention is not limited to the sterilization of fluid medium, but can
be applied also for       other purposes, for example, for the destruction
or removal of hazardous chemicals from air 20   or water by ultraviolet
radiation.      
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13                                              CLAIMS       1.    A method
for killing microorganisms in a flowing fluid 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:  5
providing a primary flow of a fluid medium containing particles and
microorganisms;              providing a means for killing microorganisms,
said means being immersed in said       fluid medium 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 fluid 10
medium;              providing a secondary flow of substantially particle
free fluid, said secondary flow is       running along or flowing across
the surface of the at least one of said means for transferring       which
is immersed in said fluid medium and establishing a substantially
particulate free       barrier environment maintaining the immersed means
for transferring clean; 15           providing means for orienting of said
means for killing microorganisms; said means 



for orienting is orienting said means for killing in an array of
substantially parallel germicidal       beams aligned along the straight
portion of flow path;              providing means for energizing of said
means for killing microorganisms and       energizing said means for
killing microorganisms. 20   2.    The method of claim 1, further
characterized by the step of:       filtering said secondary flow.       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       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 parallel ultraviolet beams to kill
microorganisms.       6.    The method of claim 1 further characterized by
the step of:                  WO 97/07831
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providing a substantially parabolic reflector around each said ultraviolet
lamp.       7.    The method of claim 6 characterized by the step of
providing each said reflector with       an aperture for accepting at least
a portion of said secondary flow of substantially particle free       fluid
medium; and passing said portion of said secondary flow of substantially
particle free  5   fluid medium through each said reflector.       8.    A
method of claim 1 characterized by the step of: providing as the means for
transferring a fluid impenetrable transmissible wall, imperviously
separates said fluid       medium from said means for orienting and said
means for energizing. 



9.    An apparatus for killing microorganisms in a primary flow of a fluid
medium using a 10   germicidal beams as a means for killing microorganisms
in a straight portion of the flow of       the fluid medium containing
particles and microorganisms, the apparatus characterized by:       a means
for passing said primary flow of said fluid medium, the means for passing
having 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.                  WO 97/07831
PCT/US96/13417                                                    15
14.   The apparatus of claim 12 wherein the means for passing said primary
flow of said 



fluid medium in a straight line direction of flow along a path through the
straight prime       conduit, the straight prime conduit being aligned with
said array of substantially parallel       ultraviolet beams, said path
being of sufficient length to allow said array of beams of  5   ultraviolet
radiation to kill microorganisms.       15.   The apparatus of claim 14
wherein said means for passing said fluid medium has the       straight
prime conduit, said means for orienting 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   running 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;      
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providing means for orienting of said means for killing microorganisms,
said means       for orienting is orienting said means for killing in an
array of substantially parallel germicidal       beams aligned along the
straight portion of flow path;              providing means for energizing
of said means for killing microorganisms and  5   energizing said means for
killing microorganisms.         10         15         20  
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providing a substantially parabolic reflector around each said ultraviolet
lamp.             7.    The method of claim 6 characterized by the step of
providing each said reflector with             an aperture for accepting at
least a portion of said secondary flow of substantially particle free
fluid medium; and passing said portion of said secondary flow of
substantially particle free         5   fluid medium through each said
reflector.             8.    A method of claim I characterized by the step
of: providing as the means for             transferring a fluid
impenetrable transmissible wall. imperviously separates said fluid medium
from said means for orienting and said means for energizing.             9.
An apparatus for killing microorganisms in a primary flow of a fluid medium
using a 



10   germicidal beams as a means for killing microorganisms in a straight
portion of the flow of the              fluid medium containing particles
and microorganisms. the apparatus adapted to fit inside              a
means for passing said primary flow of said fluid medium. the means for
passing having a              straight prime conduit the apparatus
characterized by: a means for killing microorganisms; a              means
for orienting the means for killing microorganism. the means for killing
microorganisms        15   being 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 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 beam  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.    


