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ABSTRACT

This article presents part of the research results on the design and
manufacture of dust filtration, odor removal, and sterilization
equipment (the Equipment) for offices in Hanoi, Vietnam. The
Equipment integrates three functions: dust filtration (with two levels:
coarse and fine), odor removal, and sterilization. This Equipment is
designed based on the survey results of PM10 and PM2.5 dust
concentrations at several locations in Hanoi. The Equipment is
designed for offices with an area of 80 m2, where the dust filtration
module uses a two-layer filter, odor removal uses activated carbon

filters, and sterilization uses ultraviolet (UV) light.
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L. INTRODUCTION

Air pollution is a cause of increased risks of stroke,
neurological disorders, cardiovascular diseases,
cancer, and a range of respiratory diseases such as
asthma, pneumonia, and even lung cancer. Air
pollution is currently a global concern as it is
considered a leading factor causing serious impacts
on the environment and public health.

Indoor air quality has a significant impact on the
health and work efficiency of the community,
especially in offices. When windows are closed to
keep the room warm in winter or air conditioners are
used to cool in summer, the level of indoor air
pollution is often higher than outside.

Currently, dust filtration, odor removal, and
sterilization equipment have been widely researched
and produced in both industry and daily life. In
Vietnam, there are many commercially available dust
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filtration devices [1], [2] from various origins such as
China, South Korea, Japan, etc. However, each dust
filtration device is usually suitable for different
environmental conditions and locations. Therefore,
researching and manufacturing integrated dust
filtration, odor removal, and sterilization equipment
suitable for specific conditions is necessary and
highly practical.

IL SURVEY OF DUST CONCENTRATIONS
IN SOME OFFICE AREAS IN HANOI
Each dust filtration device will have different dust
filtration methods suitable for dust concentration and
particle size. In reality, each specific area in Hanoi
will have different dust concentrations depending on
its location: near highways, industrial zones, or areas
with many trees. Therefore, it is necessary to survey
and evaluate dust concentrations in various areas of
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TABLE I Exhaust Fan Specifications (Fig 2)
Noise

the city to develop appropriate models and technical
factors for dust filtration equipment. Below are some
images of measurements of total suspended particles
with an aerodynamic diameter of less than or equal to
10 pm (PM10) at offices on Le Duc Tho, Duong Dinh
Nghe, Pham Hung streets, and Nhon station (Fig 1).

Flgure 1. Results of PM10 Dust Concentration
Measurements at Several Points in Hanoi

The results show that the PM 10 dust concentration is
very high, significantly exceeding the permissible
standards for office areas. The measuring device used
is the handheld Airvom T dust concentration meter,
manufacturer: OEM, origin: South Korea [3].

III. EQUIPMENT DESIGN

The equipment is designed based on the following
technical specifications:

Filters dust > 0.5 um.

Removes 99.5% of common viruses and bacteria
in the output air.

Airflow > 600 m3h.

Noise level < 70 dB.

Power consumption < 200 W.

Removes common odors.

Suitable for rooms with an air volume of 240 m3.
Equipment dimensions: 500x420x280 mm.

A. Selection of Exhaust Fan

To calculate the selection of the fan, we base it on the
design parameters: Airflow (> 600 m%h); Noise level
(<70 dB); Power consumption (< 200 W). With the
requirement of circulating the air twice per hour for a
workspace with a volume of 240 m3, the air volume
pushed out in 1 hour is: 240x2 = 480 m3.

VVVVVY VYV

From there, we have the option to select the GF 120-2
fan (Figure 2) that meets the specified requirements

[4]:

Duct

Fan Airflow Power .. Pressure
No. name | (i/h) Level W) Diameter (Pa)
(dB) (mm)
GF
1 1202 633 65 90 150 112

Figure 2. Exhaust Fan

B. Design of Exhaust Fan Layout
* Option 1 (Fig. 3)

Aar Inlet

WVentilation Holes

Filtered
Adr Outlet

Figure 3. Exhaust Fan Layout Option 1
* Option 2 (Fig. 4)

WVentilation

Figure 4. Exhaust Fan Layout Option 2

Based on the structural shape of the exhaust fan as
shown (Figure 2) and the practical requirements when
using the equipment, the author proposes two design
options for the exhaust fan layout in the equipment as
follows:
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Through the images of the exhaust fan layout in the
equipment for the two options, the author chooses
Option 2 due to the following advantages:

» Easier to manufacture the casing

» Easier to arrange internal components

» Enhances the aesthetics of the equipment.

C. Design of the Number and Placement of Filters
To meet the requirement of filtering dust particles
larger than 0.5 pm and removing odors, the
equipment uses three filters. The filters are arranged
sequentially from the air inlet, including a coarse
filter, a fine filter, and an odor removal filter. The
filters are placed in front of the fan.

* Coarse Filter: The coarse filter is the first layer that
comes into contact with dust and dirt, capable of
removing large dust particles larger than 10 pm and
hazardous solid substances. Additionally, the coarse
filter protects the subsequent filters (fine filter and
odor filter), helping to extend their lifespan. The
material of the coarse filter is usually synthetic fibers.

- With a fan duct diameter of 150 mm, the cross-
sectional area of the fan duct is 17662.5 mm?2. The
author will select a filter with a filtration area larger
than the cross-sectional area of the fan duct. To
optimize the filtration of air passing through the filter
and for technical considerations, the author selects a
filter with a cross-sectional area of 255x385 mm.
Similarly, the other two filters, the fine filter and the
odor filter, will also have a cross-sectional area of
255x385 mm (Fig 5).

Figr 5. Coarse itedr
* Fine Filter: High Efficiency Particulate Air (HEPA)
filters are standard air filters that can filter particles
larger than or equal to 0.3 micrometers (um). The
filtration efficiency is 99.97% according to U.S.

standards or 99.95% according to European
standards.

- Essentially, a HEPA filter is a mesh of randomly
arranged fibers. The fibers, usually made of fiberglass
or non-woven fabric, have diameters ranging from 0.5
to 2.0 micrometers. Important factors affecting
filtration efficiency include fiber thickness and face
velocity. The gaps between HEPA fibers are typically
larger than 0.3 pum. Unlike thin-film filtration
technology, where particles larger than the gaps in the

filter are blocked, HEPA filters can block particles
smaller than the gaps (Fig 6).

Figure 6. Fine Filter

* Odor Removal Filter: The odor removal filter is
made from carbon cotton or fine granular activated
carbon pressed into paper and fitted into a pre-cut
frame to form a sheet.

- The operating principle of the activated carbon filter
is that when the odorous air passes through this
carbon sheet, it absorbs and removes the odor.
Therefore, if the odor concentration is high, multiple
layers are required to fully absorb the odor.

Figure 7. Odor Removal Filter

- The required dimensions of the equipment are
500x400x280 mm, and the estimated length of the fan
is about 210 mm, so the total length for installing the
filters in the equipment should not exceed 290 mm.

The author chooses to place the filters at equal
distances to ensure the equipment’s required
dimensions and the effectiveness of the filters (Fig 7).

D. Selection and Arrangement of UV Light for
Sterilization

Based on the design specifications, with the
requirement to remove 99.5% of common viruses and
bacteria, the authors choose LED lights for their long
lifespan. The UV light model is UV GL14520, and
the LED lights are arranged in front of the fan inlet to
ensure that all air passing through is exposed to UV
light (Fig 8).

Technical specifications of the light [5]:
Power: 2.5W

Voltage: 12V

Current: 500mA

Dimensions: 145x20x2 mm
Wavelength: 265-285 nm

Number of chips: 5 pcs

YVVVVYY
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» Materials: aluminum/copper PCB and UVC LED
diode

Figure 8. Pén led UV GL14520

IV. 3D DESIGN AND CONSTRUCTION OF

EQUIPMENT ASSEMBLY DRAWING
Any mechanical product must go through a rigorous
design process to ensure quality and functionality.
Mechanical products are designed in 3D using
software tools that are considered powerful aids for
engineers in the design and manufacturing process.
These tools help design and develop products with
greater accuracy and speed, facilitating assembly,
inspection, and alignment to ensure all parts fit
together perfectly in the final stage. Based on the
above design analysis results, the authors designed
the 3D model of the equipment as shown below (Fig
9).
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Figure 9. 3D Drawing of the Equipment

V. RESULTS OF MANUFACTURING AND

TESTING THE EQUIPMENT
Based on the assembly drawings and detailed
drawings of the equipment, the authors have
manufactured the components according to technical
requirements, assembled the equipment as required,
and arranged the components as per the design. They
connected the power and control systems for the
equipment (the control system is not presented in this
paper). The fully assembled equipment is described in
Fig 10.

After assembly, the authors conducted trial runs and
adjustments, then tested the equipment to evaluate its
dust filtration, odor removal, and sterilization criteria
in the field. The evaluation results showed that the
equipment met the set requirements.

Figre 10. Equipment after Manufacturing

VI. CONCLUSION

In summary, the authors have presented the process
of designing, manufacturing, assembling, and testing
the dust filtration, odor removal, and sterilization
equipment. This equipment is suitable for office
environments with an area of about 80 m? in Hanoi,
Vietnam. The equipment is designed and
manufactured with the following basic specifications:
filters dust > 0.5 pm; removes 99.5% of common
viruses and bacteria; power consumption < 200W;
removes common odors; equipment dimensions
500x420%280 mm. This equipment is suitable for
working environments with high levels of air
pollution (dust, odors, bacteria, mold). The equipment
was tested and evaluated to meet the design
requirements.
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