VK Mobile

Air Purifier & Virus Irradiation Unit
Dual Technology

A practical but aesthetic sterilization unit
suitable for both commercial and medical
applications to remove airborne particles and
help to destroy viruses including Coronavirus.

KEY FEATURES
■

Portable

■

Dual Technology

■

Electrostatic Filtration - UVGI Radiation

■

Highly Efficient

ESP TECHNOLOGY

UVGI TECHNOLOGY

Electrostatic filtration is a method of removing tiny
particles from the air, the system works by applying
a static charge of around 8000v to particles in the
airstream. These particles are then attracted to
collector plates which have the opposite electrical
potential resulting in them being stripped from the
air. Filtration capacity is at a very high efficiency (up to
99%) even with sub-micron sized contaminants such
as virus and bacteria.

UVGI inactivates micro-organisms by attacking
their DNA, permanently destroying and altering the
molecular structure, leaving them unable to replicate
or grow.

The filter components used are metal and can be
cleaned so there is no filter replacement necessary. A
further advantage is that using static force to filter the
contaminants provides a very low resistance to the
airstream which enables better overall performance.

Our technology incorporates:
■

High output lamps with enclosure designed to
achieve maximum irradiation.

■

ESP collector and UV lamps easliy removable for
cleaning or replacement.

■

Non Ozone producing lamps

Ultraviolet (UV) light is measured in wavelengths with the UVC wavelength within the range of 100 nanometer (nm) to 280
nm emitting highly effective sterilization power. UVC germicidal wavelength at around 260nm is the most effective to kill
harmful microorganisms in the air and on surfaces.
Germicidal lamps utilize powerful UVC wavelength to destroy disease causing germs including viruses, bacteria, fungi,
protozoa and algae, effectively sterilizing and purifying air, water and surfaces.

Dual Technology
ELECTROSTATIC TECHNOLOGY

VK Mobile

Air Purifier & Virus Irradiation Unit
• Eliminates up to 99% of particles

Dual Technology

• Filters particles down to sub-micron levels
• Modular in design
• Energy efficient

ELECTROSTATIC TECHNOLOGY
The Benefits:
■
■
■
■

Eliminates up to 99% of particles
Filters particles down to sub-micron levels
Modular in design
Energy efficient

The diagram shows, in a basic visual, how an
electrostatic precipitator works. As air passes
into the combined ioniser / collector cell, the
particulates in the air stream are polarised.
As they continue through the ioniser and
between the collector cell plates, the
polarised particulates are repelled away from
the positively charged plates and attracted to
the grounded plates where they stick and so
are filtered out of the air flow.
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The above diagram shows, in a basic visual, how an electrostatic precipitator works. As air passes into the combine

ioniser / collector cell, the particulates in the air stream are polarised. As they continue through the ioniser and betw
Technical Specifications
the collector cell plates, the polarised particulates are repelled away from the positively charged plates and attracte

Electrical Supply

220-240V single phase

Power Consumption

200W maximum
W: 23.6 in. (600mm)

Dimensions

H: 35.4 in. (900mm)
D: 23.6 in. (600mm)

Weight (approx.)

55 lbs. (25kg)

Area Capacity

861 sq-ft (80 sq-m)

Maximum Airflow

500 CFM (850 m3/h)

6850 N. Haggerty Road, Canton, Michigan 48187, U.S.A.
Phone: +1 (412) 405-8374 • Email: info@cleanetics.com • Website: www.cleanetics.com

VK Mobile

Air Purifier & Virus Irradiation Unit
Dual Technology

CALCULATING SYSTEM PERFORMANCE
We believe it is important to take a holistic approach to treating pollution in the air that we breathe. Typically, most particles
greater than 10 microns in diameter are deposited in the nose or throat and are unable to penetrate tissues further down
the respiratory tract. Particles smaller than 10 microns, however, can reach tissues deep in the lungs and may even enter
the bloodstream which transports them around the body where they can impair other tissues and organs. Particles smaller
than 2.5 microns, known as fine particles or PM2.5, pose great risk to human health.
The new coronavirus, SARS-CoV-2, is 0.12 microns
in diameter, (so classes as a PM2.5). The majority
of its transmission is through aerosols produced by
people when they breathe, talk or cough. The size
of these aerosol particles lies generally between 0.710 microns; particulate matter of this size range, are
invisible to the naked eye and may remain suspended
in the air for several hours. Please refer to figure 1
which gives the size of various harmful pollutants:
It is important to trap or filter all the pollutants that are
harmful to health, as well as applying other methods
such as UVGI to help deactivate or kill viruses
and bacteria. We have considered the particulate
pollutants that UVGI therapy is unable to deal with.

Figure 1

We recommend a dual unit that will, firstly, filter all the harmful particulate contaminants from the air using Electrostatic
Precipitation and, secondly, apply a stage of UVGI to initiate deactivation of bacterial and viral pathogens present in the air. It is
well known and documented that Electrostatic Precipitators can filter down to 0.01 microns with efficiencies greater than 99%.
The majority of testing for all filters is carried out down to 0.3 microns and the point is often raised that some of the pollutants
we are dealing with are smaller in size than this. What is not broadly discussed is that 0.3 micron-sized particles are the
most difficult to capture because at this size, the method of interception of particles no longer works as they are small
enough that they will simply pass through the filter, but they are not yet small enough to be captured by diffusion. This
crossover point between interception and diffusion makes it difficult to capture these sized particles and this is why nearly
all filter efficiency tests use efficiency at 0.3 microns as the benchmark.
It should be made clear that filters do capture particles smaller than 0.3 microns and, as mentioned above, it is the method
of diffusion that dominates in capturing particles of this size. Diffusion begins to occur when the size of the particles
falls below 0.3 microns because their mass becomes small enough that when gas molecules in the surrounding airflow
repeatedly collide with them, they are bounced around in an erratic random motion. This effect, known as Brownian Motion,
is vital for capturing these smaller particles because their resulting zig-zagging motion, greatly increases the probability that
the particles will be captured by the filter medium as they pass through the filter. A better understanding of diffusion can be
obtained through further reading on how Brownian Motion is linked to the size of particles by the Stokes-Einstein equation.
We recommend an air change rate of 4-6 per hour, constantly circulating the indoor air through a series of high efficiency
filters to reduce concentrations of pollutants in the air and, if required, using additional UVGI technology to irradiate viruses
and bacteria. Constant recirculation and filtration will ensure that pollution is kept to a minimum within the space.
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The following lays out how we calculate the performance of our units. The results are calculated using the lamp manufacturer’s
specifications and technical data. We couple this with design experience applied within our products relating to lamp
proximity and air speed, to work out an average ultra-violet (UV) dose for bacteria or viruses passing through our units.
Much of the general science is publicly available, the skill is in applying the known science within a specific product. We
generally work to a 1 log reduction to provide a 90% kill rate although we can work up to a 3 log reduction providing a 99.9%
kill rate by either applying greater irradiation or reduced airflows with the same products.

Calculating Average UV Dose in Purified Air UVGI Units
1 Lamp Intensity and Distance from Source
Intensity measured in, μW cm-2, is the rate at which the energy from the light is received at a one centimeter squared surface at
a distance D from the source. The value of intensity will decrease as distance from the source is increased because the light
becomes spread over a larger area. A way of illustrating the light propagating outwards is shown in figure 1a which gives the
view from one end of a single UVGI tubular lamp. Each band has a 25 mm width which decreases in intensity as the bands
move further from the lamp. Figure 1b then shows how these bands would look inside the confines of a UVGI 1500 unit.
The following lays out how we calculate the performance of our units. The results are calculated using the lamp manufacturer’s
specifications and technical data. We couple this with design experience applied within our products relating to lamp
proximity and air speed, to work out an average ultra-violet (UV) dose for bacteria or viruses passing through our units.
Much of the general science is publicly available, the skill is in
applying the known science within a specific product. We generally
work to a 1 log reduction to provide a 90% kill rate although we can
work up to a 3 log reduction providing a 99.9% kill rate by either
applying greater irradiation or reduced airflows with the same products.

Figure 2a

To understand how we tackle indoor air quality with UVGI;
Intensity measured in, μW cm-2, is the rate at which the energy
from the light is received at a one centimeter squared surface at a
distance D from the source. The value of intensity will decrease as
distance from the source is increased because the light becomes
spread over a larger area.
A way of illustrating the light propagating outwards is shown in figure
1a which gives the view from one end of a single UVGI tubular lamp.
Each band has a 25 mm width which decreases in intensity as the
bands move further from the lamp. Figure 1b then shows how these
bands would look inside the confines of a UVGI 1500 unit.
Moving outwards from the center of the lamp, the intensity at each
25 mm point will represent a lower intensity. The rate at which these
intensities decrease with distance can be shown graphically with an
example using a Purified Air UVGI lamp below in figure 2.

Figure 2a: Each line
separating the bands
represents a distance
from the lamp center
increasing in increments of 25 mm as
viewed from one end
of the lamp. Figure
2b: Shows the same
lamp as in figure 1a
but confined inside the
UVGI 1500 framework.

Figure 2b
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Figure 3: Graph illustrating how intensity decreases as distance from the center of the lamp is increased. This is the graph for a UVGI,
391 mm arc length, 19 W UV output lamp. Each data point corresponds to one of the 25 mm spaced lines from figure 1a.

Graph of Intensity Charge Over Distance for a 19 W UV Output UVGI Lamp
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The amount of ultra-violet (UV) radiation incident on an area per unit time is called the radiation dose, measured in μWs μW
cm-2. This is simply the intensity received over a given period.
Dose (μW cm-2 )=Intensity (μW cm-2 )×Exposure Time (s)
The dose is the most important figure when dealing with UVGI because it provides the amount of radiation the microbes
in the airflow will be exposed to. Figure 3 and 4 below, show the doses for each UVGI unit at different airflows. This graph
demonstrates how the airflow can be used to control the average dose inside the unit. Decreasing the airflow increases the
exposure time which in turn increases the dose received.

Average Dose vs Airflow
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Figure 4: Graph showing how intensity changes with airflow change in each UVGI unit.
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Average Dosage in Unit (μWs/cm2):
Airflow (m3/s)

UVC 1500

UVO 1000

UVC 3000

UVC 4500

0.2

16552

19911

42968

72943

0.3

11035

13274

28645

48628

0.4

8276

9955

21484

36471

0.5

6621

7964

17187

29177

0.6

5517

6637

14323

24314

0.7

4729

5689

12277

20841

0.8

4138

4978

10742

18236

0.9

3678

4425

9548

16209

1.0

3310

3982

8594

14589

1.1

3620

7812

13262

1.2

3318

7161

12157

1.3

3063

6610

11222

1.4

2844

6138

10420

1.5

5729

9726

1.6

5371

9118

1.7

5055

8581

1.8

4774

8105

1.9

4523

7678

2.0

4297

7294

2.1

4092

6947

2.2

3906

6631

2.3

3736

6343

2.4

3581

6079

Figure 5: Table showing the intensity of each UVGI unit at different airflows. The minimum required dose is 6000 μWs cm-2.

The minimum required dose for the unit will be dependent on the application of the UVGI units. The application is important because different microbes require different doses to deactivate them. For example, the table below (figure 5) shows
the SARS-CoV-P9 strain of coronavirus requires 4000 μWs cm-2 for a 90% kill rate, while a dose of 8000 μWs cm-2 will
produce a kill rate of 99%.
A dose of 6000 μWs cm-2 has been chosen as a minimum for the Purified Air UVGI units because this is high enough to
cause a 1 log reduction in the microbes that would be present in most of the applications the units are designed for. This
required dose can be increased if necessary.
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The dosage of UVC (254 nm) required to generate lethal log reductions in microbial
populations of multiple coronaviruses and airborne disease agents.
Fluence/dosage level (μWs/cm2)
Organism

1 log reduction
(90%)

2 log reduction
(99%)

3 log reduction
(99.9%)

Reference

Berne virus (Coronaviridae)

750

1250

2100

Weiss & Horzineck (1986)

Pseudomonas aeruginosa

1300

2700

4300

McKinney, et al. (2012)

Murine Coronavirus (MHV-2)

1500

3000

4750

Hirano, et al. (1978)

Corynebacterium diptheriae
(Diptheria)

2167

4333

6500

ProLampSales (2020) **

Salmonella typhimurium

1800

4800

6400

Wilson, et al. (1992)

Staphylococcus aureus

3900

5400

6500

Chang, et al. (1985)

Hantavirus

2800

5600

8400

Meunier, et al. (2017)

Poliovirus (Type 1 Mahoney)

3000

7000

14000

Sommer, et al. (1989)

Legionella pneumophila

3100

5000

6900

Oguma, et al. (2004)

Mycobacterium tuberculosis
(TB)

3333

6667

10000

ProLampSales (2020) **

Hepatitis A

4000

8000

12000

Battigelli, et al (1993)

SARS-CoV-P9

4000

8000

12000

Duan, et al. (2003)

Influenza A

4500

9000

13500

Meunier, et al. (2017)

Citrobacter freundii

5000

9000

13000

Giese and Darby (2000)

5710

11420

17130

Kariwa, et al. (2004)

6120

12240

18360

Walker & Ko (2007)

E.coli

6000

6500

7000

Sommer, et al. (2000)

Streptococcus faecalis

6600

8600

9800

Chang, et al. (1985)

Human Parainfluenza Virus
(HPIV)

14300

28600

42900

Meunier, et al. (2017)

Hand, foot and mouth disease
virus (HFMD)

22200

44400

66600

Meunier, et al. (2017)

2.3

3736

6343

2.4

3581

6079

SARS-CoV

Figure 6: Log reduction table for each microorganism.
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Pricing: UVO 1000- $2,865.00 / UVC 1500- $2,966.00 / UVC 3,000- $3,133.00 / UVC 4500- $4,950 / 10+ units equals an 8% discount

