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HIGH EFFICIENCY ULTRA-VIOLET REACTOR

CROSS-REFERENCE TO RELATED APPLICATION

[0001 ] This application claims priority to U.S. provisional application no. 61/941,398 filed

February 18, 2014, the disclosure of which is incorporated by reference herein.

BACKGROUND

[0002 ] Ultraviolet (UV) light is well known for its ability to destroy microorganisms.

Certain wavelengths of UV light in the UV-C spectrum are very effective in destroying bacteria,

viruses, mold spores, protozoa, etc. Many of these organisms can be airborne and are hazardous

to human health. As such, UV light in the germicidal range is well suited for purifying air that

humans breathe. Many air purification systems are on the international market that incorporate a

UV light for this purpose.

[0003 ] UV light in the UV-C spectrum is not visible to the human eye. However, exposure

to UV-C light even in small doses and for short periods of time is harmful to the health of human

beings and animals. Specifically, eyes and skin will be damaged when exposed to UV-C light.

This is also true to a lesser degree for exposure to the UV light in the UV-A and UV-B range.

Furthermore, UV light negatively affects the integrity of many different materials, especially

plastics. As such, UV compatibility of materials is an important part of the design and

construction of any device that produces UV light. Furthermore, any device that incorporates

UV light must be designed in such a way that no UV light can escape and endanger the health of

humans and animals.

[0004] Some conventional UV air purification applications consist of a UV reaction

chamber, which has high intensity UV light inside and a method to move the air to be purified



through this reaction chamber. Typically, this is done with some sort of a fan, compressor, or in

some cases, convection flow. The overall UV intensity within that UV reaction chamber

determines how long the air must remain in this chamber in order to reduce harmful microbes

that are present in the air to a desired level. For instance, in a very high UV intensity chamber,

airborne viruses may require an exposure of 1 second for a 99.9% reduction. In a lower intensity

environment, the exposure may require several seconds to achieve the same reduction.

[0005] A typical UV air purifier would include A UV reaction chamber through which the

air flows. This chamber often times is cylindrical but can also be a cube or other shape. This

chamber can be made of a material that is somewhat UV reflective, which will increase the

overall UV dose. As an alternate, the UV chamber can be coated with a reflective material.

[0006] Inside the UV reaction chamber is a UV light source. Typically, this would be a low-

pressure mercury vapor lamp designed to generate UV light in the germicidal range. These

lamps can be made in a number of different shapes, but the most common are straight tubular

lamps or variations in which the tube is twisted into different shapes. Such a design could be a U

lamp where the tube is twisted into a U shape, or a spiral design where the tube is twisted into a

spiral shape. UV reaction chambers also include a fan or other air moving mechanism that blows

the air to be purified through the UV reaction chamber where it is exposed to UV light.

[0007] A design where air needs to flow through a UV reactor chamber presents a number of

challenges. First, the air needs to flow freely through the chamber where it is being exposed to

ultra-violet light. The chamber needs to be designed in such a way that there is very little

restriction to airflow. Ideally, a chamber such as a cylindrical chamber would have to be opened

on both ends so a relatively small fan can freely move the air through the cylinder at a relatively

high flow rate.

[0008 ] Second, the chamber needs to be designed in such a way that no UV light exits the

chamber in order to prevent damage to eyes, skin and construction materials such as plastics.

Such a design would generally require a UV light barrier on the inlet and outlet side of the UV



chamber. In order for the barrier to be effective, it would have to create a rather tortuous path for

the light to travel before the light reaches the outside. In the tortuous path, the barrier would

have to absorb the UV light to prevent it from exiting.

[0009] The above two criteria appear to work against each other. A design that creates a

tortuous path for the UV light also creates a tortuous path for the airflow. As such, a good UV

light barrier becomes a great restrictor for airflow requiring larger fans, which by their nature

create more noise. For an application such as a residential air purifier, conventional methods

have proven to be unsuitable because the large fan requirements for overcoming the high airflow

restrictions create unacceptable noise levels.

SUMMARY

[0010 ] A high efficiency, ultra-violet (UV) air purification system, apparatus, and method

are disclosed. A system includes an apparatus for purifying air. The apparatus includes a

chamber having a hollow interior and having an inlet and an outlet, the chamber having an inner

reflective surface. The apparatus further includes an ultraviolet (UV) light source mounted

within the hollow interior of the chamber between the inlet and the outlet. The apparatus further

includes a honeycomb structure mounted to each of the inlet and the outlet of the UV chamber.

The honeycomb structure has an array of hexagonal passages that are orthogonal to the inner

reflective surface of the chamber, each hexagonal passage being at least partly coated with a UV

catalyst and a UV light absorption coating.

[0011 ] In another aspect, an apparatus include a chamber having a proximal opening and a

distal opening, and an ultraviolet (UV) light source mounted within the chamber between the

proximal opening and the distal opening. The apparatus further includes a UV light absorbing

member coupled to each end of the UV light source near the proximal opening and the distal

opening of the chamber.



[0012 ] The details of one or more embodiments are set forth in the accompanying drawings

and the description below. Other features and advantages will be apparent from the description

and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013 ] These and other aspects will now be described in detail with reference to the

following drawings.

[0014 ] FIG. 1 illustrates a high-efficiency UV reactor, in accordance with implementations

described herein.

[0015 ] FIG. 2 shows a UV reactor and fan attached to one end of the reactor chamber.

[0016] FIG. 3 is a cutaway view of a UV reactor chamber.

[0017 ] FIG. 4 is a cutaway view of the UV reactor chamber with the UV source activated.

[0018 ] FIG. 5 shows the UV source and honeycomb funnels connected at either end of the

UV source to shield a user from direct UV light.

[0019] FIG. 6 shows top-down views of the honeycomb funnels.

[0020 ] FIG. 7 is a cutaway view of the UV reactor chamber and honeycomb funnels, with

the UV source activated.

[0021 ] FIG. 8 shows a top-down view of a honeycomb funnel with a UV source activated

underneath.

[0022 ] FIG. 9 is an alternative view of a top-down view of a honeycomb funnel with a UV

source activated underneath.



[0023] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

[0024 ] This document describes a high-efficiency UV reactor that can be used, among

various applications, in a high- intensity air purifier (HIAP), such as those described in U.S.

Patent Application No. 12/628,180, entitled "High Intensity Air Purifier" and the contents of

which are incorporated by reference herein for all purposes.

[0025 ] The high-efficiency UV reactor is a solution to all the above problems in addition to

other benefits. The high-efficiency UV reactor creates a virtually wide-open airflow with no

restriction, and yet eliminates any harmful UV exposure to a person looking into the reactor.

Prototypes have been built and tested, both for their airflow characteristics and their ability to

absorb UV light.

[0026] In some implementations, as shown in FIG. 1, a high-efficiency UV reactor 100

includes a substantially hollow UV chamber 102 that has an inlet 106 and an outlet 108, with a

straight UV lamp 104 mounted inside of the UV chamber 102. In some implementations, the

UV chamber 102 is cylindrical, and the UV lamp 104 is mounted in the center of UV chamber

102, although the UV chamber 102 can have any shape and/or cross-section, and the UV lamp

104 can be mounted in any position or orientation within the UV chamber 102. In some

implementations, the UV chamber 102 includes the UV lamp 104 within a tube formed by the

UV chamber 102. The tube of the UV chamber 102 can include aluminum, as aluminum is a

fairly good reflector of UV light. As such, a portion of the UV light that strikes the UV chamber

102 is reflected inward rather than being absorbed by the wall of the UV chamber 102

[0027 ] There are some basic differences between UV-C light and visible light. UV-C light

has a higher frequency and shorter wavelengths than visible light. UV-C is not visible to the

human eye, so when a person looks into a UV-C light source, the light seen is not in the UV-C



spectrum, but rather in the visible spectrum. One major difference between UV-C and visible

light is its reflectivity. Most materials and surfaces that readily reflect visible light reflect very

little UV-C light. For instance, a common mirror that we use daily reflects nearly 100% of

visible light yet it absorbs nearly 100% of UV-C light. Another example would be a white wall,

which reflects mostly visible light yet virtually no UV-C light. The high absorption of UV-C

light by most surfaces of the UV chamber 102 is a key to the success of the high-efficiency UV

reactor 100.

[0028 ] Another aspect of the high-efficiency UV reactor 100 described herein is the pattern

by which most UV-C lamps radiate UV-C light. Such as in the case of the HIAP described

above, the UV lamp 104 is a tubular lamp that consists of a quartz body 110 from which UV-C

light is generated, and a ceramic end cap 112 on each end of the lamp 104 that is opaque to UV

light. The quartz body radiates UV-C light outwardly, while the end caps, which are constructed

of an opaque material, do not transmit any light. As such, the lamp 104 emits light radially, not

axially. In other words, light is emitted at a positive angle away from the longitudinal axis of the

UV-C lamp. FIG. 1 illustrates how a light beam may actually travel within the UV chamber 102.

As can be seen, some light travels directly from the UV lamp 104 to both the inlet 106 and the

outlet 108 openings of the UV reaction chamber 102. Other light strikes the reflective wall of

the UV chamber 102 and then travels to the inlet 106 or outlet 108 side of the UV chamber 102.

Accordingly, all light that reaches the inlet 106 and/or outlet 108 of the UV reaction chamber

102 reaches it at an angle relative to the longitudinal centerline of the chamber 102. No light

attempts to leave the chamber parallel to the centerline.

[0029] The inlet 106 and outlet 108 of the cylindrical UV chamber include a UV light

absorber as a honeycomb structure 116. The honeycomb structure 116 has a large number of

very small passages. Due to the nature of the honeycomb, these passages are hexagonal in

shape. As indicated in FIG. 1, all light that strikes this honeycomb disc does so at an angle. As

such, no light can travel through the honeycomb in a straight line without touching or bouncing

off the walls of the passages, or cells, of the honeycomb structure 116. Light rays have to



bounce through each honeycomb cell several times before they can exit. In order words, light

rays are reflected off the walls of each honeycomb cell several times before exiting the cell.

[0030 ] In some implementations, as shown in FIGS. 2-9, a honeycomb structure made of

natural aluminum is used. In a preferred exemplary implementation, the cell size is

approximately 1mm, but can have a cross-sectional diameter or spacing of between 0.5 to 2mm

or more. Assuming that natural aluminum reflects 90% of visible light, but only 30% of UV-C

light. This would mean that as light "bounces" through a honeycomb cell, 70% of all UV-C light

is absorbed with each reflection by the aluminum and 10% of all visible light. Further, in a given

cell, a light ray can be reflected four or more times, only 1% of the UV-C light will actually exit

the chamber since with each reflection, and 70% of the UV-C light is absorbed by the aluminum.

Further, black anodizing dramatically reduces the reflectivity of aluminum. Therefore, in the

example mentioned, a black anodized honeycomb structure absorbs the majority of the UV-C

light to a point where it no longer presents a danger to eye or skin and is no longer destructive to

plastic materials. As can be seen, visible light still exits the UV chamber since the aluminum

honeycomb only absorbs a small portion of it. Furthermore, the honeycomb used and shown has

an open area of more than 90%, which presents an insignificant resistance to open airflow

allowing the use of a small quiet fan.

[0031 ] In some implementations, a black anodized aluminum honeycomb structure is used,

since it is readily available on the market. However, any material that is resistant and absorbs a

large portion of UV-C light can be used. Also, the individual cells do not have to be hexagonal;

they can be round, square, rectangular, triangular or any other shape. They could even be a

series of individual tubes or rods. Of importance is the size of the cells. The smaller and longer

the cell, the more often the light has to be reflected, and consequently the more UV-C light is

absorbed.

[0032 ] The UV light absorber has applications wherever air needs to be moved through a UV

reaction chamber and UV light has to be retained within this chamber. Other shapes of lamps



can be used as long as they do not radiate light longitudinally within the chamber. In the case of

U lamps, H lamps, spiral lamps, spherical lamps, a shield would have to be incorporated on two

sides of a lamp, which would serve the same purpose of the end caps in a tubular UV lamp.

[0033 ] FIGS. 2-9 show a funnel connected to the aluminum honeycomb, which can be

incorporated in production air purifiers for the purpose of guiding the UV lamp through the

chamber during installation. Since the UV reactor chamber is a solid enclosure, the consumer

would have difficulty replacing the lamp without this funnel that will naturally guide and center

the lamp through the honeycomb.

[0034 ] A honeycomb structure has a very large surface area. Because of this, honeycombs

can be used as a substrate for a catalyst. Such catalysts can be applied for the reduction of

chemical and microbial compounds. Such catalysts can include the following: manganese

dioxide converts ozone into oxygen. Platinum-based catalysts convert ozone into oxygen and

carbon monoxide into carbon dioxide.

[0035 ] Photo catalysts are a new family of catalysts that have emerged in recent years. Photo

catalysts such as titanium dioxide require UV-A, B or C irradiation to be activated. When

irradiated with ultra-violet light, a photo catalytic coating will generate hydroxyl radicals, which

will very affectively oxidize microbial and chemical compounds. In some implementations, a

photo catalytically coated honeycomb will not only absorb the UV light but add this additional

benefit.

[0036] In some implementations, a UV reaction chamber 202 as described above can be

combined with an axial fan 204, as shown in FIG. 2 . Axial fans by themselves have a design

drawback in the fact that they do not move air in a linear axial fashion. Instead, while they do

push the air forward due to the deflection of the angled fan blades, they also rotate the air spirally

with the direction of the fan blade rotation. As such, a portion of the fan motor's energy is used

to rotate the air rather than pushing the air forward. A honeycomb structure 206, on the other

hand, will only allow linear airflow through its individual cells. Therefore, attaching a



honeycomb structure to the outlet side of an axial fan, as shown, forces the air from the axial fan

to flow in a linear axial direction. This actually increases the efficiency of an axial fan 204.

Accordingly, the addition of a honeycomb structure 206 creates the synergistic effect of serving

as a UV light absorber, an airflow director and potentially a catalyst.

[0037 ] Although a few embodiments have been described in detail above, other

modifications are possible. Other embodiments may be within the scope of the following claims.



CLAIMS

1. An apparatus comprising:

a chamber having a proximal opening and a distal opening;

an ultraviolet (UV) light source mounted within the chamber between the

proximal opening and the distal opening; and

a UV light absorbing member coupled to each end of the UV light source near the

proximal opening and the distal opening of the chamber.

2 . The apparatus in accordance with claim 1, wherein the UV light absorbing

member includes a honeycomb structure.

3. The apparatus in accordance with claim 2, wherein the honeycomb

structure includes an array of passages that are coated with a UV catalyst.

4 . The apparatus in accordance with claim 3, wherein each passage of the

array of passages has a cross-sectional diameter of 0.5 to 2mm.

5. The apparatus in accordance with claim 1, wherein the UV light source

includes a quartz lamp to generate UV-C light, and an opaque end cap on each end of the quartz

lamp.

6. The apparatus in accordance with claim 5, wherein the opaque end cap of

the UV light source is formed of ceramic.

7. An apparatus comprising:

an ultraviolet (UV) chamber having an inlet and an outlet, the UV chamber being

coated with a reflective material;



a UV light source mounted within the UV chamber between the inlet and the

outlet; and

a honeycomb structure mounted to each of the inlet and the outlet of the UV

chamber, the honeycomb structure having an array of hexagonal passages, each hexagonal

passage being at least partly coated with a UV catalyst and a UV light absorption coating.

8. The apparatus in accordance with claim 7, wherein each hexagonal

passage has a maximum cross-sectional diameter of 0.5 to 2mm.

9. The apparatus in accordance with claim 7, wherein the UV light source

includes a quartz lamp to generate UV-C light, and an opaque end cap on each end of the quartz

lamp.

10. The apparatus in accordance with claim 9, wherein the opaque end cap of

the UV light source is formed of ceramic.

11. The apparatus in accordance with claim 7, further comprising a fan

mounted at the outlet of the UV chamber, the fan being adapted to pull air into the inlet, through

the UV chamber, and out through the outlet.

12. An apparatus comprising:

a chamber having a hollow interior and having an inlet and an outlet, the chamber

having an inner reflective surface;

an ultraviolet (UV) light source mounted within the hollow interior of the

chamber between the inlet and the outlet; and

a honeycomb structure mounted to each of the inlet and the outlet of the UV

chamber, the honeycomb structure having an array of hexagonal passages that are orthogonal to



the inner reflective surface of the chamber, each hexagonal passage being at least partly coated

with a UV catalyst and a UV light absorption coating.

13. The apparatus in accordance with claim 12, wherein each hexagonal

passage has a maximum cross-sectional diameter of 0.5 to 2mm.

14. The apparatus in accordance with claim 12, wherein the UV light source

includes a quartz lamp to generate UV-C light, and an opaque end cap on each end of the quartz

lamp.

15. The apparatus in accordance with claim 14, wherein the opaque end cap of

the UV light source is formed of ceramic.

16. The apparatus in accordance with claim 12, further comprising a fan

mounted at the outlet of the chamber, the fan being adapted to pull air into the inlet, through the

hollow interior of the chamber, and out through the outlet.
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