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1 Introduction 

1.1 Background 

Camfil is today a company that mainly focuses on high end air purifiers and air filters for 

industrial purposes. The company has set their sights on the commercial market and would 

like to gain a foothold in it. 

Their vision is to develop an air purifier that uses their patented solution and subsequently 

maintains their high end image. Camfil will target the commercial market with the new air 

purifier.  

1.2  Problem definition 

This project will focus on the development of an air purifier concept that will use Camfil’s 

existing patent and fulfills today’s need for clean air. Camfil will use this project as a 

foundation to decide if they want to proceed with targeting the commercial market. 

One of the main parts of the project will cover the designing and making the concept visually 

attractive. The secondary part will deal with how to design the product to meet the production 

and cost effectiveness demands. 

1.3 Goal 

To meet the demands of the commercial market and the costumer, the following goals were 

defined: 

 Use Camfil’s patent. 

 Production adapted design. 

 Be able to stand against a wall and under a table. 

 Usable together with remote control and sensor. 

 Use combinations of filters such as molecular and mechanical. 

 Use EC-fan. 

The goals regarding examination and documentation: 

 Deliver a full project report. 

 Present one final design concept to Camfil. 

 Life cycle analysis 
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1.4 Product requirements specification 

To maintain the high end performance that Camfil products are known for and to make the air 

purifier cost-effective, the following product requirements were made:  

Airflow  

 Front inlet velocity between 0,2-0,8 m/s 

 Airflow range between 300-500 m
3
/h 

 Run silent (32dba) when running at 100 m
3
/h 

Design  

 Must be able to upscale the unit. 

 Must utilize Camfil’s patent. 

 Nozzle on outlet to adjust speed and direction. 

 Must be able to be placed under a desk and a table. 

 Heat exchanging chamber in between the filters. 

 Must have the option to take in outdoor air or air from a different room to be cleaned 

and mixed with the air inside the room it stands in. 

Production 

 Price for production cannot exceed 2500 SEK including filters and fan. 

 Must be able to upscale the production of the unit. 

1.5 Solution methods 

To reach the goals, various information-gathering and decision making methods were used. 

This to achieve a structured work process and in an objective way, find the most suitable 

concept.  

The following methods and tools were used: 

 Searching in internet related databases such as KTHB Primo and other trusted sources. 

 Camfil research and development department.  

 Study the existing product range within Camfil. 

 Decision-making methods such as PUGH´S decision matrix. 

 Brainstorming  

 Computer aided design programs. 

 Graphical design tools.  

 Lifecycle Analysis. 
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1.6 Limitations 

 No testing or prototype making will occur during the project. However, after the 

project’s completion, Camfil might manufacture a prototype.  

 Calculating the exact production costs won’t be possible, therefore only a rough 

estimation will be made.  

 The lifecycle analysis will not cover the energy consumption in the processing, 

manufacturing and transportation. 

 Calculations will only cover the airflow and the velocity over the cross sectional filter 

area. 

1.7 Budget 

Any cost or expenses that might arise (e.g. traveling) during the project will be founded by 

Camfil.  
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2 Status report 
Camfil Farr AB is today the world’s leading air filtration specialist with 3400 employees in 

over 40 countries. They specialize in manufacturing and supplying filters for the use in 

ventilations and cleanrooms. Their main office is situated in Trosa just outside Stockholm. 

This project has been conducted independently in consultation with Camfil research and 

development department in Trosa. The four follow up meetings on the end of each phase has 

taken place on Camfil’s offices in Trosa and Stockholm. 
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3 Theoretical framework 
Undergoing this assignment has required the use of basic engineering methodology for the 

project planning and to achieve a structured work process.   

The design process, where the plan is to design a specified product has steered this project 

towards a user centered solution. 

Mechanical engineering courses such as manufacturing, dynamics, computer aided design 

modeling, integrated product development and design metodology came into use. Some 

knowledge beyond what the project members possessed such as air filtration technology and 

fan technology, needed to be obtained externally.  
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4 Fact finding 
In this chapter, information that was crucial to the development of the air purifier concept was 

gathered. It was important to gather as much information as possible to have a solid 

foundation to work from. This chapter will also cover what kind of air filtration technologies 

that exist in the market, the materials and components that are possible candidates for the air 

purifier concept.   

4.1 What is an air purifier? 

An air purifier is a device that purifies air from various pollutants and particles. Polluted air 

does not only affect the environment but also has a negative effect on the overall health. Air 

purifiers improve the indoor air quality to benefit the user and are used in hospitals, homes, 

offices and industrial workspaces. 

4.2 Air filtration technologies  

There are many ways of cleaning air from pollutants. They fall under the categories of 

mechanical filters, electric filtration, PCO cleaners and ozone generators. 

Mechanical filters 

Mechanical filters are filters made of woven glass fibers and they trap particles within the 

fibers. The woven materials can vary but the most common types are made of glass fiber and 

cellulose (Abel, 2013). As time passes and the filter is filled with trapped particles, the 

removal efficiency decreases and causes a pressure drop (Camfil, 2013). This indicates that it 

is time to change filters. 

Filters such as HEPA (High efficiency particulate air) are the more reliable air filters (EPA, 

2008). It filters air from pollutants and particles. It has a minimum particle removal efficiency 

of 99, 97% of all particles that are 0, 3 µm in diameter (EPA, 2008).  Camfil mainly uses 

HEPA filters because of its high particle removal efficiency and because it is more reliable 

than the other filtration technologies. However, the disadvantage with this technology is that 

the filter must be replaced from time to time. 

Electrostatic Air filtration 

Air purifiers with electrostatic air filtration technology use electrostatic attraction to draw 

particles in. Another type of electrostatic air filtration is Ionizers that disperse ions and when 

they collide with the particles, the particles become charged and sticks to the closest surface. 

If the surface is charged to the opposite of the particle, the attraction to that specific surface 

gets stronger (EPA, 2008). 
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Figure 2 Carbon filter. Image taken 

from Camfil.se. 

Photo catalytic oxidation 

PCO (Photo catalytic oxidation) purifiers use a UV light 

along with a catalyst that reacts with the light. It is intended 

to destroy gaseous pollutant and make them harmless. 

However, the technology does not remove particulate 

pollutants (EPA, 2008). 

Ozone generators 

Ozone generators are purifiers that produce ozone to 

neutralize airborne impurities, chemical molds, viruses and 

bacteria’s. According to the environmental protection agency 

in USA, ozone has little potential to remove indoor air 

contaminants such as many odor-causing chemicals, viruses, 

bacteria, molds, and tobacco smoke; thus, ozone is generally ineffective in controlling indoor 

air pollution (EPA, 2008).  

However ozone is a gas that reacts with more than just bacteria and viruses, it reacts with 

almost everything it comes in contact with and should therefore not be used in residential 

areas because of its negative impact on the body. It can cause scarring to the lungs when 

exposed to high levels of ozone (EPA, 2008). 

4.3 Complements to mechanical filters 

Pre filter 

Pre filters are filters of varying quality; their main task is to stop large particles referred to as 

dust and pollen from clogging the finer filters. In similarity with the fabric or plastic pre filter 

that cover the front of speaker membrane they have to be cleaned frequently. Installing a pre 

filter will prolong the efficiency of the finer filter. 

Pre filter are relatively cheap and easy to clean and handle since they aren’t as sensitive in 

comparison to finer filters. You can without problem vacuum or dust off a pre filter without 

risking compromising its purpose. 

Carbon filter 

Carbon filters are filters made out of the active carbon; active 

carbon is defined as a micro pore absorbent that is produced out of 

various coal containing materials. Micro pore absorbents are 

materials that seem to be solid but actually aren’t. They consist of 

small cracks and pores that are so small that you can’t see them 

with your bare eye (Camfil, 2013). 

The cracks and pores vary in dimension; one pore can be 2 to 1000 

Nano meters small. This makes the inner area of the material 

very large (1000 m
2
/g).The small pores and the large inner area 

makes this material suitable for filtration of gaseous pollutants in 

the airflow such as toxic or corrosive gases and odors that may arise from certain activities.  

Figure 1 PCO Air purifier from 

Aerocide. Image taken from 

aerocide.com 
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Diffusion makes it possible for the gaseous pollutants to travel inside the small pores/tunnels 

and when the diameter of the spore/tunnel gets smaller and smaller, more and more particles 

wedges. Except in conjunction with air purifiers carbon filters are used in many applications 

but the most commonly recurring application is in kitchen fans where they neutralize smell  

(Nordén, 2013). 

Carbon filters are expensive but they are preferred as a complement to finer filters and they 

usually come in panel or cylindrical shapes. 

Ultraviolet/ Ultraviolet germicidal irradiation 

Ultraviolet germicidal irradiation is technology using ultraviolet irradiation for 

microbiological substance sterilization. The irradiation works ionizing on biological matter 

and can harm DNA, skin, eyes and give skin cancer. If contained or controlled this technique 

can be a supplement to mechanical filters (Björn, 2013). 

4.4 MERV Scale 

The various types of filters that are made for cleaning air from pollutants are typically ranked 

in a scale between 0-20 called MERV (Minimum efficiency reporting value). The higher 

MERV value the better efficiency the filter has (see appendix 4). The filter type with the 

highest MERV value is called HEPA/ULPA and falls into the category of mechanical filters 

(EPA, 2008).  

4.5 The Market 

There are many actors in the air purification market with different products, solutions and 

effectiveness. 

Due to the air purifier being a commercial product, consumer organizations rate and review 

them as any other product used by consumers. It was of interest to pick some of the highly 

rated air cleaners and compare them to each other (See appendix 5). To not only trust in what 

the rating says and get a more various collection of comparable information, some purifiers 

were chosen more or less randomly. 

The air purifiers that were presented have similar features as the required specification. 

Specifications such as airflow, room coverage and efficiency were key criteria’s. As seen the 

appearance of the air purifiers are different from one another; however they do have the same 

main task of purifying air. 
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4.6 Target group 

Since the air purifier is intended for the commercial market, the user range of this kind of 

product is wide. The intended target group would be recently formed families or single 

persons with medium to high income that are concerned about their health. The product can 

be used by everybody, from a person that has an overall good health to a person that is 

allergic to pollen.  

Persona 

A persona was made to specify the target group further. A persona is a generalized fictitious 

person that represents the target group. To provide such document, pictures and a short text 

were compiled to get the impression of the general person you are targeting (See appendix 1). 

4.7 Materials  

To get better overview of what alternative material options that was available, Material 

biblioteket was visited. Material biblioteket has a collection of two thousand different 

materials from various providers and manufacturers. These materials are for public view and 

are there to help find the specific material that suits any need. 

To find the suitable material options for the housing and the frame, the specifications made 

earlier where converted into keywords such as: 

 Cheap (in means of purchase)  

 Quality 

 Scalable production 

 Lightweight 

 Recyclable 

 Durable 

 Ductile 

 Manufacturing friendly 

 Sound absorbent 

 Look (in means of aesthetics) 

In consultation with Oliver Schmidt (Eventmanager, 2013) at Material biblioteket, alternative 

material options for the frame, the housing and protection of the filters, were provided.   

4.7.1 Material suggestions for the housing: 

Metal and plastic Composites 

Metal and plastic composites are materials that are compressed into a sandwich with the two 

outer layers made out of a metal and the material in the middle is made out of plastic. The 

advantages with these composites are the stability and the soundabsorning properties due to 

the thickness(Eventmanager, 2013).  There are at least three known brands that produce these 

composites.  
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VMZinc Composite 

Is a metal plastic composite consisting of zinc and polyethylene. Its outer layers are made out 

of 0.5 mm thick zinc plates. This material has a strong stability and comes in different colors 

(VMZinc, 2013).  

 

Figure 3 Image taken from vmzinc.com 

Dibond and Dilite composite 

Dibond and Dilite composites are other sandwich materials with aluminum and polyethylene. 

The sandwich material is layered, metal-plastic-metal and the only thing that keeps Dibond 

and Dilite apart from VMZ composite is that the metal layer is aluminum instead of zinc.  

 

Figure 4 Image taken from gop.se. 

These brands of sandwich materials can be processed just as any metal sheet when it comes to 

punching, drilling, milling and bending. They do have some limitations in bending since the 

outer metal layer can only be stretched to a certain degree depending on the modulus of the 

metal. 
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Metal colour Laminated Indoor 

Metal colour Laminated Indoor is also a sandwich based material but specialized in interior 

applications. This material is seen on doors for apartments and instrument panels. The core is 

made out of aluminum or steel and coated with a 150-300 µm thick plasticized PVC; this 

makes the material resistant to scratches and impacts(Metal colour, 2013)The coating can be 

made in a wide range of colors and patterns.  

 

Figure 5 Image taken from metalcolour.com. 

Metal colour Paint 

Metal colour Paint is a metal sheet coated in lacquer and is almost the same as a sandwich 

material except that the lacquer/coating doesn’t help support the design. This allows the same 

properties as a metal sheet and a free choice of color. The manufacturer claims that any color 

in NCS or RAL system is available. NCS and RAL are two standard systems for naming 

colors, in similarity with the RGD system (system, 2013).  

 

Figure 6 Image taken from ncscolour.com. 
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4.7.2 Materials suggestions for the Frame: 

Wood is a known material for different designs all over the world. It comes in many shapes 

and embodiments. There are the regular embodiments such as the plank and chipboard. The 

planks quality varies depending on the wood it’s made of while the chipboard is compressed 

chip and glue. The chipboard usually have a higher density but also a better strength. Both 

come in different appearances also depending on the wood. The appearance can also vary 

depending on coating and treatment. 

Medium density fiberboard (MDF) 

Medium density fiberboard is a fiberboard that is mainly used for making furniture’s such as 

kitchen cabinets. This material is also used in speakers because of its sound absorbing 

properties. The fibers are compressed in a warm pressing process making the material denser. 

By varying the pressure, different types of wood boards with high or low densities can be 

manufactured (Träguiden, 2013).  

4.7.3 Material suggestions for filter protection  

Perforated metal surface 

To hold and protect the filters from physical damage, different types of perforated surfaces 

where considered. At Material biblioteket a perception about what would protect the filters 

from a kick or other physical tamper that may occur, quickly established. The desired image 

and feel together with the withstanding of physical tamper in mind narrowed the range of 

suitable materials down to a few. This left only metal sheets with different perforations. The 

perforation does not only affect the strength of the sheet but also how much air that can pass 

through. 

 

Figure 7 Image taken at Material biblioteket. 

Depending on the shape and size of the holes in the sheet different inlet area is achieved. This 

inlet area is mainly measured in percent inlet area in proportion to the area of the sheet. That 

means that if 80% of the sheet is holes and 20% is metal, the ratio is 80% inlet area and 20% 

non-inlet area.  

With holes in different shapes and spacing it is easy to create almost any pattern or look. If 

the inlet ratio allows enough air to pass through, the pattern can be free of choice.   
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4.8 Filter options 

Megalam MD11 and Absolute MXSM in Camfil’s product range are filters made out of 

glasfiber and are classified as a HEPA filters (Camfil, 2013). The patented close pleat that 

both filters possess has two advantages compared to flat filters. For instance the filter area can 

be maximized despite a small frame perimeter. The conical pleats also ensure to keep the 

pressure drop loss to a minimum (Camfil, 2013). 

 

Figure 8 Image of the filter pleats taken from Camfil.se.  

Both filters have frames that hold them in place and make the design more stable. Micretain 

MXSM has a frame made out of MDF while the Megalam MD11 has a frame made out of 

extruded aluminum. 

 

Figure 9 Megalam MD11, image taken from Camfil.se. 

After a comparison between the two material options for the frame, the obvious choice was 

the Megalam MD11 because it fulfilled the criteria of being lightweight in comparison to the 

MXSM. The extruded aluminum frame is also assumed to be more durable than MDF.  

4.9 Fans 

An air purifier usually contains a fan that sucks the air through the filter to achieve filtration. 

There are many types of fans but the ones that are commonly known are centrifugal fans and 

axial fans. Both are used in different applications.  

Centrifugal fans 

A centrifugal fan is a fan that uses the centrifugal force of rotation to accomplish a speed and 

pressure increase. The airflow comes in by the same axis the housing formed fan rotates 

around and gets slung out in radial direction due to the centrifugal force. These types of fans 

are usually found in ventilation systems (Dahlvig, 1998). 
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Axial fans 

Axial fans are fans that rotate around an axis. The blades of the fan are bent in such way that 

the airflow moves along its axis. To avoid increased noise at full speed, they can only operate 

in a pressure range between 0.01-0.3kPa (Dahlvig, 1998). 

EC technology 

One of the earlier specified goals where to use fans with EC-technology. Electrically 

commuted fans (EC fans) are powered by a brushless direct current motor that transforms an 

alternating voltage (AC voltage) into direct voltage (DC voltage) (EC fans , 2013). The 

advantage with this technology is that it allows higher efficiency; low power consumption and 

low noise level. EC fans also have an integrated control called a drive that controls the fan 

speed (EC fans, 2013). 

When considering the choice of fans, there were four main criteria’s that had to be observed: 

 Airflow 

 Noise 

 Power consumption 

 Weight 

In the product requirements it is specified that the airflow should be between 300-500 m
3
/h 

and that the noise should not exceed 32 dB while running at 100m
3
/h. In dialog with Camfil’s 

subcontractors, Ebm Papst, two fans that achieved the specified requirements were provided. 
 

Option A (D3G146-HQ01-01) 

This radial fan has two inlets and one outlet. It is slightly heavier than option B and demands 

a higher power input. This fan takes up more place than option B does. 

Nevertheless it has the advantage of having two inlets; this makes it possible to connect pipes 

or other fittings to each inlet. Consequently this might lead to a more even suction and better 

adaption of the patented solution that Camfil use. 

 Frequency: 50/60 Hz 

 Mass: 2, 4 kg 

 Fan diameter: 146 mm 

 Airflow: 1165 m
3
/h 

 Power input: 165w 

Figure 10 Double inlet radial fan from 

Ebm Papst. Image taken from ebmpapst.se 
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Figure 11 Single inlet radial fan. 

Image taken from embpapst.se. 

Option B (K3G250-RD43-03) 

The embodiment of this radial fan is almost the opposite of Option A. It has a smaller inlet 

and a bigger outlet, the outlet does not direct the air in any direction except in a radial 

direction from the fans axis. 

The advantage with this fan is that it is easily placed on the outside of the suction chamber. 

Furthermore the larger fan diameter might contribute to a lower noise level compared to 

option A. 

 Frequency: 50/60 Hz 

 Mass: 2,3 kg 

 Fan diameter: 250 mm 

 Airflow: 1170 m
3
/h 

 Power input: 80w 

4.10  Patented solution 

The patented solution allows the air purifier to take in air through two or more parallel filter 

inlets and then blow the purified air out through one or more outlets (Hedström, 2001). This is 

beneficial because you can multiply each cross sectional filter area times the amount of inlets. 

Furthermore this lowers the velocity of the airflow over the cross sectional filter areas which 

allow a higher effectiveness.  

To transport the air to and through the air purifier a fan is necessary; this fan is placed inside 

the suction chamber and is protected from any tamper. This typical setup also saves space and 

prolongs the life of the fan as it doesn’t come in contact with any dust or other particles that 

might clog the fan and cause noise.  

The air cannot only be taken from the room the purifier is standing in, but can also take air 

from outside the room. The patent allows transportation of supply air from outdoors or 

another room (Hedström, 2001). This means that filters can be used to filtrate the air from 

multiply rooms/locations at once, this allows mixing air with different or the same 

temperature and the same amount of oxygen. By adjusting the outlet/inlet and the fan speed 

the airflow can be controlled to desirable ventilation and air mix.  
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4.11 Airflow  

To estimate the cross sectional filter area needed, the equation for calculating airflow was 

used. The data from the requirement specification was used as input for the calculation. 

  [4:1] 

 

Where: 

 

 

 

According to the product requirement specification the air flow should be between 0, 2-0, 8 

m/s. It is preferred to have as low velocity of the air over the filters as possible therefore   

was set to 0,2m/s because it’s the lowest air velocity that could be chosen. However the 

volume flow rate should be as high as possible so qv was set to 500m3/h..  

The volume flow rate had to be converted into cubic meters per second in order for it to be 

compatible in the equation. 

 [4:2] 

This makes it possible to calculate an estimation of the cross sectional filter area that would 

be needed. 

 [4:3] 

The cross sectional filter area needed to provide a volume flow rate of 500m3/h with an 

airflow velocity 0, 2 m/s over the filter is 0,69m
2
. 

The air purifiers will need two or more inlets for it to implement the patent. This means that 

following equation can be used to calculate the filter area needed for every inlet if they have 

the same cross sectional filter area.  

  [4:4] 
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5 Concept generation 
In this phase, concept generation and concept development were the main focus. Camfil 

requested three concepts on design and different options for air inlets and outlets. The idea 

was to present the different designs, air inlet and outlet so they can choose one from each field 

to combine into a single concept. Each concept on design, air inlet and outlet were first 

sketched then 3D modeled in Creo parametric and rendered in Keyshot.  

5.1 Function analysis  

To identify the main function of each part of the air purifier a function analysis was made. 

The function analysis was divided into three groups, air purifier, design and main 

components. Every group was analyzed and sub-functions where identified. These sub-

functions where ranked by whether they were a necessary, desirable or the main function (see 

appendix 3). 

5.2 Filter and fan combinations 

In the early brainstorming phase, a list of the different filters and fans that were compatible 

with each other were compiled. The reason behind this was because it would serve as a base 

for the brainstorming by creating different housing designs around each combination. 

Combination 1 

 One dubble inlet fan 

 Two cylindrical filters 

 Two carbon panel filters 

Combination 2 

 One dubble inlet fan 

 Panel filters 

 Two carbon panel filters 

Combination 3 

 One single inlet fan 

 Two cylindrical filters 

 One carbon panel filter 

Combination 4 

 One single inlet fan 

 Two panel filters 

 One carbon panel filter 

Figure 15 Combinationer 4. 

Figure 14 Combination 3. 

Figure 12 Combination 1. 

Figure 13 Combination 2. 
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5.3 Brainstorming  

The idea generating method used was brainstorming in which the participants gave his/hers 

idea of a solution. Important aspects that had to be utilized were the patented solution (at least 

two air inlets and one air outlet) and the filter combinations above. With the perimeters set up, 

the brainstorming phase started. 

5.4 Concepts on design 

Out of the four compatible filter and fan combinations came twelve concepts (see appendix 6 

and 7). To decide which three of them that met the product specification requirements and 

that were most suitable, PUGHS- decision matrix was used to sift out the concepts and narrow 

them down to the three that scored highest.  

5.5 PUGHS-decision matrix 

Pugh’s-decision matrix is a tool that allows you to rank design options and weigh them 

against each other.  By establishing important criteria’s that are weighted, you can see which 

one of the concepts that are most suitable (Pugh, 1990).  The advantage with this tool is that 

you get unbiased and objective results.   

The weighted criteria’s that were established were: 

 Durability 

 Cost 

 Feasibility 

 Filter combination 

 Mobility/Portability 

 Service 

 Weight 

According to these weighted criteria’s; the three concepts that scored highest were concepts 

five, nine and ten. (See appendix 2). 

Concept 5 

Concept five uses four smaller panel filters with a single inlet fan. 

The idea is to use this air in the middle of the room as it has 360 

degrees filtration.  The material choice for this concept is mainly 

Dibond and a frame made out of MDF.  

Figure 16 Design concept 6. 
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Concept 9 

Concept nine uses 2 panel filters with a double inlet fan. It is small 

enough to be placed under a table. The primary material for the 

housing is Dibond with a frame made out of MDF. 

Concept  10 

This concept is utilizing 2 filter panels and a single inlet radial 

fan. It can be used as an ornament in the living room. By tilting the inlet surfaces, you 

increase the filter size. 

5.6 

Figure 17  Design concept  9. 

Figure 18 Design concept 10. 
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Concepts on outdoor air inlet 

As mentioned on the concept specification requirements, the air purifier had to have the 

option to take supply air from another room or air from outside to be cleaned and mixed with 

the air inside the room it stands in. With this in mind, the following concepts were generated.  

AIR INLET CONCEPT 1 

 

Figure 19 Air inlet 1. 

This concept is based on using a smaller air filter. By opening the hatch, you can easily 

connect the air hose and clean air from another room or take air from outside. When not used, 

it can simply be closed and the inlet is concealed.  

AIR INLET CONCEPT 2 

 

 

Figure 20 Air inlet 2. 

Concept two is provided with a perforated frame that allows air to be sucked in. When the 

inner frame that also works as a lid is pulled out, the holes in the outer frame is opened and 

when it is shoved in, the perforated holes are closed. This allows the user to regulate where to 

take air from, from outside, another room or mix with the air in the room where it is standing.  
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AIR INLET CONCEPT 3 

 

Figure 21 Air inlet 3. 

Air inlet concept three is inspired by the garage door; this enables you to control how much 

air that flows in from the room the air purifier stands in and how much that is taken from the 

outside or another room. When the jalousie is pulled down, the airflow is throttled and 

redirected. The frame is where the supply air should be connected in any suiting way.  

5.7 Concepts on Air outlet 

The air outlets function is to distribute the clean air in the room its stands in. One of the 

product specification requirements that needed to be fulfilled was that the purifier should have 

a nozzle that could adjust speed and direction. With those aspects in mind, the following 

concepts were produced.  

AIR OUTLET CONCEPT 2 

 

Figure 22 Air outlet 1. 

The following outlet concept directs the air in one direction, but is made to be retractable 

inside the housing of the air purifier. The more the outlet is retracted the less the airflow is 

directed, if the outlet is fully precipitated the air is directed in 90 to 45 degree angle 

depending on which outlet is used. 
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AIR OUTLET CONCEPT 3 

 

Figure 23 Air outlet 2. 

This outlet is made to fit concepts that use the double inlet fans.The triangle shape under the 

the fan splits the airflow in two and across the room. This not only to direct the airflow but 

also to show the function of the air purifier. The space where the air comes out can also be 

used together with light or other indicators to tell when to change filters or what power level 

the fan is running at. 

AIR OUTLETY CONCEPT 4 

 

Figure 24 Air outlet 3. 

This concepts is based on a converging outlet, this allows the air to be distrubited evenly over 

a large open space.  
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AIR OUTLET CONCEPT 4 

 

 

Figure 25 Air outlet 4. 

This typical air ventilation outlet allows the air to be distibuted evenly. You can also make it 

adjustable like the air ventilations that are placed in cars. In this way you can make the air 

directable.  

AIR OUTLET CONCEPT 5 

 

 

Figure 26 Air outlet 5. 

This concept has an adjustable nozzle placed on the bottom of the air purifier. By adjusting 

the nozzle up and down like a jalousie, you can increase or decrease the speed in which the air 

comes out with. 
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5.8 Concept selection 

Each concept was presented and Camfil decided to go with concept nine because of its 

feasibility and from its economic advantage, Camfil already have access to the tools in 

manufacturing it. Camfil wanted to combine the appearance of concept nine with the 

advantages of concept six. The Advantage with concept six is that it has the ability to either 

be used as a foot stool or a sofa stand.  

 

Figure 27 Design concept 9.  Figure 28 Design Concept 6. 

As for the concepts on air inlet and air outlet, Camfil decided that it was up to the members of 

the project group to decide which air outlet that was going to be used. As for the air inlet 

concepts, Camfil realized that adding this feature would only make the production more 

expensive and not every user would find this beneficial.  
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Implementation 
This chapter will cover the designing of the final air purifier concept. The components that 

were chosen was used as a foundation when creating the housing, this means that each of the 

components hade to be placed in the right position in relation to the housing. This chapter will 

also cover the modeling of the air purifier in computer aided design.   

5.9 Cross sectional filter Area 

An estimation of filter size, air flow and velocity was calculated in the information gathering 

phase but those calculations were independent of the filter standards that Camfil uses. Camfil 

made the request of sticking to the filter sizes they produce in order to keep the manufacturing 

costs down. The results that were obtained in the previous calculation were recalculated and 

rounded upwards. 

Megalam MD11 in Camfil’s product range has the following specifications: 

H=0,610m 

B=0,305m 

D=0.66m 

It was important that the filter would allow an air flow between 300-500m3/h and a velocity 

between 0, 2-0, 8 m/s. To make sure of this, the equation for calculating air flow, filter area 

and velocity was used. 

  [6:1] 

 

 

 

 

The first step was to calculate the cross sectional filter area of the chosen standard size. It has 

a height of 0,610m and width of 0,305m which gives a cross sectional filter area of 0,186 m
2
.  

To utilize the patent (2 air inlets), two filter panels were going to be used in the air purifier. 

This means that the filter area calculated was going to be multiplied with two, giving a total 

cross sectional filter area of 0,3721m
2
. 

 

The air velocity over the cross sectional filter area had to be relatively low and the lowest that 

it could go was 0,2m/s. However when using this value, the air flow went below the minimum 

required airflow (300m
3
/h).With some experimenting the final value of the air velocity was 

set to 0,4m/s which gave a high air flow.  

Figure 29 from Camfil.se 
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When the air velocity is inserted into the equation, the air flow (qv) is answered in cubic 

meters per second but when it is multiplied with 3600 seconds (one hour) qv is answered in 

cubic meters per hour. 

  [6:1] 

   [6:2] 

When the numbers provided by the equation were compared to the requirements, it was clear 

that they were well within the boundaries. 

 

 

 

 



Air Purifier - Bachelor thesis  VT 2013 

33 

5.10 Computer aided design (CAD) 

Before making the design, a small sketch was made to specify where the components were 

going to be placed in relation to each other. One important factor was the distance between 

the air inlet of the fan and the filter panel itself. In order for booth to work with each other, the 

minimum distance had to be set to 8 cm (Camfil, 2013). 

A wooden frame that would serve as the foundation and support the housing was modeled. 

The frame would also hold the components.  

 

Figure 30 The frame made out of MDF. 

One of the biggest problems that were faced was the ability insert and keeping the filter panel 

in place. The members of the group tackled this problem by applying a “railing” system that 

aligned the whole filter panel and kept it in place. As a compliment, an adjustable flap at the 

end of each “rail” would keep the filter panels from repositioning themselves. The “railing” 

system and the adjustable flaps were integrated on to the wooden frame. 

 

Figure 31The flap keeps the filter from repositioning itself. 
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Since the ability for the air purifier to be used as a footstool or a sofa stand was appealing, the 

air outlet had to be functional when it standing up or laying down. None of the previous 

concepts on air outlets could achieve this request; another concept had to be generated. 

 

Figure 32 The final concept with two of the outlets open. 

The idea is to have three separate air outlets on the bottom of the air purifier when it is 

standing up. Two of the air outlets are meant to be used simultaneously while the third is 

closed. When the air purifier is standing up, the air outlets on the edges are meant to be used 

and the one in the middle is closed. When the air purifier is laying down, the outlet on the 

middle and the one furthest to the ground are used.  

The fan was placed on a wooden platform that would also serve as an air distributing 

chamber, a place where the air would be compressed before going out through the air outlet.  

 

Figure 33 The wooden platform with the fan mounted on. 

When the frame and all the components were in place, the modeling of the actual housing 

began. It was important to have all the dimension of the wooden frame correct to avoid going 

back and altering the whole design which would complicate the modeling of the design.  

 

Figure 34 One of the housing halves. 
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6 Results 
This chapter will cover the final concept specifications, the assembly and the lifecycle 

analysis of the materials used. 

6.1 Concept specification  

 Height:0,648 m 

 Width:0, 600 m 

 Depth :0,344 m 

 Capacity: Up to 540 m
3
/h 

 Main filter :  2 Megalam MD11 panels 

 Filter class: HEPA E-11  

 Filter compliment: 2 Carbon filters and 2 

prefilters. 

 Design: Dibond aluminum and plastic 

composite with a MDF frame. 

The final concepts resulted in an air purifier 

concept that could be used as a sofa stand or a footstool if desired. For more pictures on the 

final concept (see appendix 8). 

6.2 Assembly 

The housing of the air purifier is made out of two sheets of milled and bent sheets of Dibond 

that are held together by screws and two small wood or plastic panels on the top and bottom. 

The housing is supported by a wooden frame made out of MDF. The frame is glued into the 

milled tracks on the inside of the first housing half. 

 

Figure 36 The final concept without one of the housing halves. 

The idea is to mount the wooden frame and the air distributing chamber in the first half of the 

housing and then slide the second half on to the part of the frame that is exposed. The Fan is 

then mounted on top of the air distribution chamber. 

 

Figure 35 The final concept. 
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Figure 37 The final concept with all the filters mounted. 

The filters are mounted in from both sides in the order, carbon-filter, HEPA panel and then 

the perforated surface together with the pre-filter to protect the main HEPA panel filter. 

6.3 Lifecycle Analysis  

A life cycle analysis was made to assess the environmental impact the suggested materials 

had. This analysis will not cover the energy consumption in the processing, manufacturing 

and transportation nor the waste handling of the fan. 

The frame of the filter panel Megalam MD11 and the Dibond’s two outer layers are both 

made out of aluminum. Aluminum is known for its low density and is 100% recyclable. When 

recycling, it only needs 5% of the energy used when manufacturing new aluminum (Zeller, 

2013).  

The filter media that its made out of glasfiber is burnt and energy is extracted. Handling the 

wase disposal of the filter only accounts for 5% of the total life analysis costs of the filter 

(Camfil, 2013).  

The plastic in-between the two aluminum sheets in Dibond is polyethylene. This plastic can 

primarily be recycled to be used in other products and in second hand be used to extract 

energy. When polyethylene is burned, water and carbon dioxide are obtained (Draknet, 2013).  

The Medium density fiberboard suggested for the frame is a wooden board made out of 

compressed wooden fibers. This material is naturally occurring and does not contribute to the 

greenhouse gas. MDF can be recycled at the local waste station or become fuel.  

This project was undertaken with sustainable development in mind.  
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7 Conclusion 
Concepts on design, air inlet and outlet were presented to Camfil. Two concepts on design 

were then combined and developed further into a single final concept.  

It was developed in consultation with Camfil research and development department with 

aspects such as the user, material options, production and the environment in mind. 

The development of the final air purifier concept wasn’t as easy as thought. A lot of time went 

to the dimensioning of the air purifier concept. One thing that the project members learned 

was that the components governed how the housing would be formed; in this case the profile 

of the air purifier had the shape of the filter panel with slightly rounded edges.  

It was important to have the measurements and the placements of the components in order 

before the actual dimensioning of the housing began. In some cases both the frame and the 

housing were concurrently worked on.  

The members of the project group developed an air purifier concept that that met the goals of: 

 Utilizing Camfil’s Patent. 

 Having production customized design. 

 Being able to stand against a wall and under a table. 

 Being able to be used together with remote control and sensor. 

 Having the ability to use combinations of filters such as molecular and mechanical. 

 Using EC-fan. 

Since most of the components and manufacturing suggested for the final air purifier concept 

are already being used by Camfil except the Dibond material, the members of the project 

group assume that the costs of manufacturing the air purifier won’t exceed 2500 SEK. 

As for the product specifications, requirements such as the ability to take air from another 

room and the adjustable nozzle, Camfil together with the project members decided that these 

two features would not be necessary as it would only increase the costs for production. Every 

requirement specification goals apart from them were me 
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8 Continued work 
In the early stages of the project, it is mentioned that the air purifier concept was going to 

serve as a basis to decide whether Camfil would target the commercial market or not. The 

next step into deciding it is for Camfil to manufacture a prototype that would be tested in 

Camfil’s testing labs before making a test series to sell. This would be done after the project’s 

completion. 

There are many ways to improve the air purifier concepts to be more user-friendly. One way 

of doing this is by installing a pressure meter that is connected to a light indicator. When the 

pressure meter records a significant pressure drop, the light indicator could for example turn 

red which would indicate that it is time to change filters. This light indicator could also 

indicate air quality and fan speed level. 

Another way of making it user friendly is by giving the air purifier the ability to learn from 

the user. The air purifier would run itself and for example, run at full speed when no one is 

home. An addition this idea is to make it controllable by an application that could be 

downloaded your smartphone. In this way, the user can control the air purifier even when they 

are not home, as long as the air purifier and the phone are connected to a WIFI-hotspot with 

an internet connected.   

One optional feature that can be added to the air purifier is fragrance. By inserting fragrance 

capsules in the air purifier, the user could get clean and fragrant air. The fragrance capsules 

would come in different fragrances depending on the users preferences.  
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Appendix 1 

A persona was created to specify the general user and to get an overall feeling that the air purifier concept could convey. 
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Appendix 2 

 With the help of the PUGHS decision making matrix, the three concepts that scored highest emerged.

  
Concept alternatives 

Importance REF Con 1 Con 2 Con 3 Con 4 Con 5 Con 6 Con 7 Con 8 Con 9 Con 10 Con 11 Con 12 

Durability 5 

 

0 0 -1 -1 0 0 -1 0 0 -1 -1 0 

Cost 4 

 

-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 

Feasibility 4 

 

1 1 -1 -1 1 1 1 1 1 1 -1 1 

Filter 

combination 4 

 

0 0 -1 1 1 0 1 0 0 1 0 0 

Mobility/ 4 

 

0 0 0 -1 1 1 0 0 1 0 1 0 

Upscaleable 4 

 

0 0 0 0 0 0 0 0 0 0 0 0 

Service 2,5 

 

0 0 -1 -1 -1 -1 0 -1 0 0 -1 1 

Weight 2 

 

0 0 1 0 0 1 -1 0 1 0 1 0 

Adaption 2 

 

0 0 -1 0 1 0 0 0 0 0 0 0 

  

  

0 0 -14,5 -10.5 7,5 3,5 2 -2,5 6 4 -4,5 2,5 



 

4 

 

Appendix 3 

Function analysis of the air purifier and its design.  

 

Air purifier 
Classification: Mainfunction = HF         Necessary = N         Desirable = D 

  
  

  

Function/Attribute Class Functional limit/Comment 

Verb Substantiv     

        

Purify Air MF   

Permit  Mobillity D   

Own Self-explanatory D   

Ventilate Room N   

Posses Portability D   

Facilitate Service N Filter change 

Posses Expandability D   

Withstand Operation N   

Design 
Classification: Mainfunction = HF         Necessary = N         Desirable = D 

  
  

  

Function/Attribute Class Functional limit 

Verb Substantiv     

        

Show Function D   

Deck Room N   

Permit Production N   

Minimize Weight D   

Facilitate Repair D   

Maximize Durability D   

Maximize Environmentall friendlyness D   

Withstand Surroundings N   

Permit Installation N In factory and in Possession 
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Appendix 3 continued 

Function analysis for the components. 

Main components   

Classification
: Mainfunction = HF         Necessary = N         Desirable = D   

  
  

    

Function/Attribute 
Clas

s Functional limit/Comment Component 

Verb Substantiv       

          

Protect 
Component
s N   Housing 

Hold 
Component
s N   Housing 

Power Fan N   Fan 

Transport Air N 
air from outside the housing through 
filter  Fan 

Purify Air N Hepa 11 Filter 

Prevent Leakage D   Housing/Filter 

Posses Remote D   
Remotcontrol/Senso
r 

Hold  Bioeffluents N Inside filter Filter 

Facilitate Movement D   Wheels/Stand 

Control Airflow N   Housing/Fan 

 

.
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Appendix 4 

The MERV-scale ranks different air purification technologies. 

 

Picture taken from epa.gov. 



 

8 

 

Appendix 5 

This list was compiled to see what the competitors looked like. 

Name: Blue Air Austin Air Healthmate 

  

  

Unit dimensions: 55,8Hx50,8Wx27,94D 58,42Hx36,83Wx36,83D 

Filter option: HEPA/Active carbon HEPA/carbon (15lbs) 

Airflow in cubic meter per H (m
3
/h) 407,8 679,6 

Airflow in cubic feet per minute(CFM) 240 400 

Room covrage (Sq.Ft) 365 1500 

Room covrage (m
2
) 33,9 139,4 

Name: Aller Air 5000 Exec IQ AIR Health Pro 

  

  

Unit dimensions: 52,09Hx38,1Wx38,1D 71Hx38Wx41D 

Filter option: HEPA/carbone (18lbs) Hyper HEPA 

Airflow in cubic meter per H (m
3
/h) 679,6 560,0 

Airflow in cubic feet per minute(CFM) 400 329,6 

Room covrage (Sq.Ft) 1500 1125 

Room covrage (m
2
) 139,4 104,0 

Name: Light Air Airocide 
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Unit dimensions: 66Hx19Wx19D 17,5Hx49.5Wx15,24D 

Filter option: Ionization Photocatalysis 

Airflow in cubic meter per H (m
3
/h) No info No info 

Airflow in cubic feet per minute(CFM) No info No info 

Room covrage (Sq.Ft) 540 Any room size 

Room covrage (m2) 50,2 Any room size 

Pictures and data are taken from airpurifiers.com 
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