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Abstract
This master thesis is a product development project that has been carried out between
Electrolux, KTH Royal Institute of Technology and Konstfack University College of Arts,
Crafts and Design. The purpose of the project was to explore the feasible opportunities within
the field of portable air conditioning.
User oriented studies were conducted where six key problem areas were found with the
existing portable air conditioner units. A majority of the users find the unit large, hard to
handle, noisy and inefficient. Furthermore, the connected exhaust air outlet that removes the
heat from the room is often complicated and inefficient to use. How can a new type of
portable air conditioner be developed in order to satisfy the user demands as well as
containing a realistic technology on the inside? Ideas were initially generated about the unit’s
overall shape and assembly. Thereafter the components were fragmented down in their own
categories in order to optimize them for the new design.
The result was a cylinder shaped portable air conditioner, with its air distribution in the top,
distributed in a radial half circular direction out in the room. It is designed to make the
handling easier for the user by using simplistic features and intuitive details. The inner
components are dimensioned by references from existing portable air conditioners and placed
favorably for both efficiency and maintenance.
The final proposal of this project was considered to be successful. The result delivers
proposals on all the six key problems, and a large part of the details in the entire air
conditioner unit has been taken into account. Furthermore, the result was considered to stand
out among existing portables which also contributed to the success.
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Sammanfattning
Detta examensarbete är ett produktframtagningsprojekt som har utförts i samarbete mellan
Electrolux, KTH Kungliga Tekniska Högskolan och Konstfack. Syftet med projektet var att
utforska möjligheter inom området portabel luftkonditionering för att kunna ta fram en ny
innovativ enhet. Projektet skulle arbeta med befintlig teknik.
Användarorienterade studier genomfördes i den inledande fasen av projektet där sex
övergripande problemområden hittades inom de befintliga portabla luftkonditioneringarna. En
majoritet av användarna finner enheten för stor, otymplig att hantera och högljudd. Dessutom
anser många att enheten kyler ineffektiv och att det påkopplade frånluftsröret som tar ut
värmen från rummet många gånger är komplicerad att använda. Utgående från studiens
resultat genererades idéer för hur den generella formen och sammansättningen av den nya
enheten skulle te sig. Därefter fragmenterades komponenterna ner till egna kategorier för att
optimera dem för den nya designen.
Resultatet var en cylinderformad portabel air conditioner, med dess luftdistribution placerad
högst upp på enheten. Luften distribueras i en radiell halvcirkulär riktning ut i rummet.
Enheten är designad för att förenkla handhavande för användaren genom att inneha enkla
features och intuitiva detaljer. De inre komponenterna är dimensionerade utifrån referenser
från existerande portabla enheter och placerade fördelaktigt för både effektivitet och
underhåll.
Resultat av detta projekt ansågs vara framgångsrikt. Den nya designen levererar förslag till
alla sex problemområden, och en stor del av detaljerna i hela enheten har tagits i åtanke.
Avslutningsvis kan det konstateras att resultatet står ut bland existerande portabla enheter
vilket bidrog till det framgångsrika slutkonceptet.
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1 Introduction
1.1 Background & Problem Description
In collaboration with Electrolux and industrial design student J. Selg from Konstfack, this
project will explore the feasible opportunities within the field of portable air conditioning.
According to Electrolux, the portable air conditioning systems of today’s market do not
satisfy their customer requirements. Often the portable versions of air conditioning systems
are considered to have a poor performance when compared with fixed cooling systems. They
are further considered to be hard to handle because of their size, weight and their requirement
to connect the hot air outlet to an opening in the house. Furthermore, consumers often dislike
the overall appearance of the units, due to their boxy and bulky look.
The need for a portable air conditioner is based on the more flexible life style of today, where
the demand for being able to choose when and where to use an air conditioner is becoming a
more important factor for the users. In multiple countries that experience climate differences
through the year around, it could be a benefit to be able to remove the air conditioner when
cooling is not necessary anymore. Also, a permanently installed air conditioner requires
modifications within the house which means extra effort and costs.

1.1.1 Electrolux
Electrolux is one of the world’s leading manufacturers of home appliances and corresponding
equipment for professional use. Consumers purchase more than 40 million Electrolux
products in 150 countries every year. The company focuses on innovative products that are
thoughtfully designed and based on extensive consumer insight, in order to meet the real
needs of consumers and professionals (Electrolux, Electrolux, 2013). Inspired by this, the
company uses a slogan that goes “Thinking of You”.
The company was founded in Sweden in the year 1919, and has its headquarter situated in
Stadshagen, Kungsholmen in Stockholm. Electrolux is sold under a variety of brand names
such as AEG, Husqvarna, Elektro Helios, Frigidaire and Zanussi. Electrolux sells portable air
conditioners under the brand name Frigidaire in North America, Kelvinator in Australia, and
will soon sell under their own name in Europe and Brazil (Alexanderson, 2013).
The product range looks different for every brand name and in each country, but the main
product fields are major appliances (refrigerators, freezers, ovens), dish care (dishwashers),
floor care (vacuum cleaners), small appliances (flat irons, coffee machines) and home comfort
(air conditioners, dehumidifiers).

1.1.2 Comfort Climate
The generation of people today exist in a time when ideal comfort and well-being constantly
are strived for and at the same time having the technology to achieve it. Smaller air
conditioner units and other air regulating appliances are continuously developed and
demanded from consumers who want to take control of their residence or working air climate.
Comfort climate is a term for the optimal climate; a climate where the majority of people feel
most comfortable (Bohgard, Akselsson, Holmér, Johansson, Rassner, & Swensson, 2008).
The comfort climate is as important in the home environment as in the working environment,
but many work environments have to work harder with achieving it since the number of
individuals to please is large. The complaints on the comfort climate in work environments
are a common appearance as of today, and this possibly has to do with a larger insight on the
comfort climate issues or that the individuals has a greater need to be able to change their own
climate (Bohgard, Akselsson, Holmér, Johansson, Rassner, & Swensson, 2008).
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The presence of unwanted air draughts is a common ground of complaints and inconvenience.
Local cooling caused from air draughts can cause muscle tensions and possible give rise to
pain in neck and shoulders (Bohgard, Akselsson, Holmér, Johansson, Rassner, & Swensson,
2008). The optimal climate occurs when the temperature is between 21-24 degrees Celsius.
Although, individual’s preferences regarding comfort climate varies widely, this enhances the
importance of giving the opportunity to individual control.

1.2 Goals & Boundaries
Electrolux sees this project as an opportunity to explore the possibilities to change the
common interpretation of portable air conditioners and also to obtain ideas to create a future
product. Although, the new concept that will be developed should use existing technology in
order to keep the ideas on a feasible level. Electrolux aims to achieve an air conditioning
product that is equivalent to how their product “Ergorapido” is received within the vacuum
cleaning area. The assignment and purpose of the project is therefore to make a proposal for a
new Electrolux portable air conditioner that uses existing technology. The proposal will be
based on knowledge gained by studies of existing portable air conditioners along with user
oriented studies. The result should support usability, sustainability and feasibility. The goal
markets are North America and Europe. To present this proposal there will be this written
report along with an oral presentation and a CAD-model. A physical model will be made of
the air conditioners housing to display the product appearance.
The project is a collaborative work between a design engineer and an industrial designer, and
the outcome will be a result of their shared ideas. The design engineer stands behind this
report, which presents the student’s collaborative work as well as explains more in depth of
the product’s technical development.
The main goal in the technical aspect of the project was to identify the required main
components and make them work with the air conditioner design, by planning their
placement, type and dimensions. Analysis of the components will be made in order to
optimize them for the new design. The electrical components will be assessed by their
performance and size in order to give a realistic suggestion of final assembly. A development
of a new air conditioner platform usually demands extensive time, knowledge and testing by
thermal engineers in order to get the platform production ready. In this project, the air
conditioner technology is going to be considered while designing the new platform, but
certain values on components and processes are not going to be finalized and production
ready since this demands extensive knowledge and testing within the field. The concept that
will be developed will be placed in an early stage of a product development, and the next
natural step would be to construct a functional model and perform testing. Only after the
testing, the performance and other characteristics can be finalized.
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1.3 Methodology
Generally the mechanical design process (Ullman, 2010) will be applied on the project. A
schematic picture of the method is shown in Figure 1-1. The project will be initiated with a
product discovery where Electrolux in this specific case has established a need for new
explorations within the portable air conditioner area.
This will be followed by a project planning where an overall project outline will be made
with problem description, purpose, goals and boundaries. Time and resource management will
be taken into account. A time plan and risk assessment for the project can be found in
Appendix A and B.
A product definition will then be made where a comprehensive investigation of the existing
products will take place in order to define the functions, requirements and product challenges.
The product definition will take place through observations and research of existing portable
air conditioners on the market and physical models that will be observed and disassembled.
Also a benchmarking analysis will be made in order to get an overview of the product market.
Finally user surveys will be performed in order to get valuable insight in user behavior and
opinions regarding the product. The user surveys will originate from taking part of
Electrolux’s comprehensive reports regarding user behavior of air conditioners. This will be
followed by an internet based questionnaire in order to gain further valuable quantitative
information from users. In addition user interviews will be made for qualitative input.
Interviews with relevant stakeholders and experts within relevant field will be held. The
product definition will end up with a compilation of interesting areas to focus on in order to
create a user fulfilling product.
The product definition phase will be followed by a conceptual design phase, known in this
project as the general concept. In this phase, brainstorming, sketching and mock-ups will be
made in order to come up with the general design outline of the new product. Simultaneously,
a general assembly for the main inner components will be made. Furthermore a workshop is
planned to be used in order to collect further design ideas for specific exploration areas within
the portable air conditioner.
When the general design is established, a product development of the new design will be
made. In this phase, the features and inner components of the air conditioner will be further
explored and developed in order to match the new concept. In order to develop a realistic
assembly and feasible components, literature will be studied focusing on the specific
component and interviews with relevant experts will be held.
In the final stage, product support, final ideas for the product’s maintenance and handling will
be presented. In order to finalize and assess the result, analysis of the result will be made in
the end in order to assess important aspects of the new product concept.

Figure 1-1 The mechanical design process
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2 Theory & Technology
Air conditioning is a collective expression for conditioning the air into a desired state. It could
be heating the air during cold periods, cooling the air during warmer periods or for clean the
air if it contains unwanted particles. Though, the expression air conditioning is most often
used when emphasizing cooling. As a product, air conditioners can look and be used in
various ways, but they all share the same basic technology. In this chapter, the theory and
technology behind air conditioners are going to be explained.

2.1 Heat Transfer Theory
Heat is defined as the energy exchange between two bodies caused by a temperature
difference (Jonsson, 1997). The denotation of the expression “energy exchange” emphasizes
the essentiality of the first law of thermodynamics (see Equation 1), which is the theory
behind the air conditioner technology.
(1)
[J]
[J]
[J]
The law states that the energy in a system can change into different forms, but the total
amount of energy can never decrease or increase but will always remain constant. By other
means, the energy is always conserved, but can be transformed into different stages, for
instance thermal, kinetic or chemical energy. In Figure 2-1 the law is illustrated further.

Figure 2-1 The first law of thermodynamics; Energy cannot be created nor destroyed

The heat added to an air conditioner system in the form of hot air flow,
, flows through a
heat exchanger where it cools down,
. In order to lower the temperature of the air, heat
needs to be removed from it, in Figure 2-1 illustrated as the work, .
Heat transfer can occur primarily through conduction or convection (Jonsson, 1997).
Conduction occurs in solid or stagnant media and describes the heat transfer in a material not
moving. Convection occurs when heat transfer takes place through a flowing medium. Both of
these two phenomena represent the basic theory behind the air conditioner technology.
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2.2 Air Conditioner Technology
To further apply the heat transfer theory on the actual air conditioning system, Figure 2-2
illustrates how the air conditioner system works. The main parts of the system are the
compressor, evaporator, condenser and fans. The compressor is connected in a circuit with the
condenser and the evaporator, and through them there are coils running containing a
refrigerant. The refrigerant has the ability to turn from liquid into vapor, and by that change in
temperature. The tempered refrigerant and the indoor air work in symbiosis to exchange heat
to each other.

Figure 2-2. The air conditioner system in theory

Stage 1 - Compressor

In the compressor, the refrigerant enters as a cool vapor. By experiencing a high pressure in
the compressor, the refrigerant receives a higher temperature, and thereby exiting the
compressor as a warmer vapor.
Stage 2 - Condenser

The refrigerant vapor enters the condenser which is known as the warm part of the air
conditioner. An air stream is flown over the condenser in order to cool the condenser down.
When the hot vapor refrigerant gets cooled down, it condensates and the heat of the
refrigerant is transferred to the air flow. The condensed refrigerant is then passing a capillary
tube where it experiences a reduction of pressure since the capillary tube internal diameter is
very small. This pressure reduction leads to that a part of the liquid refrigerant evaporates.
Stage 3 - Evaporator

The cool refrigerant enters the evaporator, known as the cool part of the air conditioner, where
hot indoor air is blown through by a fan. The indoor air then turns cooler while the refrigerant
evaporates further since it absorbs the heat from the hot air. When the air temperature
decreases it condensates and water is produced from it. This means that the air conditioner
actually dries the air while cooling it. After the evaporator, the cool vaporized refrigerant is
sucked into the compressor again where the cycle restarts.
16

2.3 Air Conditioner Types
Air conditioner units can differ a lot in their type, depending on the purpose and demand of
the user. Figure 2-3 shows the most common air conditioner types, for both residential and
working environment use.

Figure 2-3. Different types of air conditioner systems

Split Air Conditioner

The split type air conditioner is the most popular type on the market. The unit is split up in
two parts; one indoor part including the evaporator and a fan and one outdoor part containing
the compressor, condenser and fan. The two parts are connected through coils in the wall.
Ceiling (cassette) Air Conditioner

The ceiling type is a variation of the previous split air conditioner type, with one indoor part
and one outdoor part. However, this type is connected to the ceiling and thereby a bit more
discrete. Due to the shape, it is often called cassette type.
Window Air Conditioner

As the name refers to, this unit is mounted in the window (mainly in combination with sliding
windows). Here all the components are in one unit, but it is still internally split up with a
compressor, a condenser and a fan outdoors, and an evaporator and a fan in the indoor section.
Portable Air Conditioner

This air conditioner type will be explored in this project. As in the window unit, all the
components are assembled in one unit. Since the entire unit is indoors, it requires an exhaust
air outlet to remove the heat. An exhaust air hose is connected to outside usually through a
window. See further explanation on the portable air conditioner function in the next section.
17
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3 The Portable Unit
The purpose of a portable air conditioner is to cool a space with no need for modification or
major installation in the house. The unit is flexible in the matter that it can be moved from
areas to where the cooling is preferred without major effort for installment. In this section the
function and components of the portable air conditioner are being identified and explained in
more detail.

3.1 Outer Features
Figure 3-1 and Figure 3-2 shows an existing Electrolux model of a portable air conditioner. In
order to ensure portability, the unit is equipped with four wheels. In addition, the unit is
equipped with two handles on the side. The air intake occurs on two locations on the unit, at
the top and bottom, see Figure 3-2. The lower intake sucks the air over the condenser and then
expels it in the exhaust air hose. The upper intake sucks the air over the evaporator and then
out in the room through the air vents in the front. The unit is furthermore equipped with a user
interface panel, often placed on the top. The user panel most often consists of a display,
buttons, and feedback lights.

Figure 3-1. The portable unit from the front
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Figure 3-2. The portable unit from the back

Since the unit constantly sucks in indoor air, the air intakes are usually equipped with filters in
order to collect dust and particles from the air. This facilitates sustainability of the inner
components as well as cleans the indoor air. The filters are usually recommended to be
cleaned every two weeks. When the hot indoor air flows through the evaporator and becomes
colder, condensate is created in the evaporator and is often used to cool the condenser further.
Parts of the condense water will at that time be evaporated by the heat of the condenser and
the system is then called self-evaporating. The condense water that not get evaporated has to
be removed from the unit. This can either be done through water trays that have to be emptied
continuously or via water drainage outlets (as in the figure above) where a garden hose can be
connected.

3.2 Inner Components
The main inner components were identified as the compressor, the heat exchangers consisting
of the evaporator and the condenser, the correlated fans and the electronics box and can be
recognized in Figure 3-3 and Figure 3-4. All of them are mounted on a rectangular base. The
base and inner structure are divided into two levels, where the upper one includes the
evaporator, the evaporator fan and the electronics box, while the lower one includes the
condenser, the condenser fan and the compressor.
The inner structure also incorporates a water drainage system in order for the unit to be selfevaporative. The self-evaporative system uses the condense water to cool down the condenser
in order for the unit to be more efficient. This also reduces the amount of condense water that
needs to be drained from the unit. In order for the condense water to be distributed over the
condenser, the structure includes paths for the water to drain in along with a splashing fan in
the bottom, splashing up water on the condenser.

20

Figure 3-3. The inner front of the portable unit with the main components

Figure 3-4. The inner back of the portable unit with the main components
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3.3 Exhaust Air Outlet
An important component of the portable air conditioner is the exhaust air outlet. This outlet
functions as the exit for the heat that is removed from the indoor air. In order for the indoor
air to stay cool, the heat needs to be removed. This is possible due to an accompanying hose
that is connected to the back of the unit. The hose is most often connected to a window where
the hot air is exhausted as in Figure 3-5. A window mounting kit is included when the
portable units are purchased. The kit usually includes the hose, a sliding bar for insulation in
the window and connectors for mounting. Furthermore, the manual often suggests that the
unit is mountable in walls with premade outlet holes.

Figure 3-5. The exhaust air outlet connection (Kingersons, 2004)

Window mounting solutions for hinged windows are a rather unexplored area, and usually
consumers just hang the hose out the window. Sometimes they insulate the window with their
own equipment or just “simply” drill a hole in the wall.

3.4 Market Analysis
A market analysis was performed in order to gain insight in the market share of portable air
conditioners; what models are out there, what features they preserve, what price range they
have and what affects the market.
Due to changed climate conditions, development in air conditioner technology and rising
consumer incomes, the worldwide air conditioner market is growing. Other factors that
contribute to the growth are an increasing awareness of energy efficiency and eco-friendly
product amongst the consumers. Also a demand for advanced air conditioning technology that
can provide sensible cooling due to people’s different needs. According to a study published
by Transparency Market Research (Research, 2013), the global portable air conditioner
market is expected to grow 10 percent every year between 2012 and 2018. The most popular
regions for portables are North America and Europe since the climate conditions in these
areas matches the cooling performance of these products. Portables are also the lowest priced
amongst the different residential air conditioning systems, but this is expected to grow due to
the increasing demand.
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A number of brands offering portable air conditioners were examined with the goal to gain
insight in what existing portables have to offer.
The most common capacity on a portable unit is around 12000 BTU/h (North American
standard). BTU/h is the general cooling capacity description of air conditioners. BTU is short
for British Thermal Unit and 1 BTU is equivalent to approximately 1055 Joules. It is the
amount of energy that is needed to heat one pound of water by one degree Fahrenheit.
It could be declared that multiple fan speed, remote control, dehumidifier mode and a display
were extra features that were most commonly shared between the brands. Except the
mentioned features, also low noise level, motorized louvers, cleaning filters and quick cooling
were features the brands boast the product specifications with. The common price is around
600 US dollars which is equal to approximately 4000 Swedish krona. In Appendix C a table
of the comparisons between the different brands is stated.
When looking into portable air conditioner appearances on the market, it can be stated that the
looks does not differ a lot, see Figure 3-6. The models often keep a white color along with a
boxy shape, with the air ventilation in the front or on the top. The second model from the left
in the lower row is Electrolux’s current model, sold under the brand Frigidaire.

Figure 3-6. A variety of different portable air conditioner models. Brand upper left to right: Danby, Sunpentown,
Midea, Whynter. Brand lower left to right: Sunpentown, Frigidaire, Premiere, Soleus

23

3.5 Findings of Product Investigation
After investigating existing portable air conditioners by looking into their functions,
appearance, inner assembly and market position some findings could be stated.
The main inner components could be established as the compressor, heat exchangers, two fans
and electronics. A general impression of the inner assembly was that it looked messy as the
components were random placed. It was also noticed that it was hard to reach all the parts
since they were mounted in such a way where they covered or blocked other components.
Furthermore, the noise and vibration insulation for the compressor is sometimes glued on
which complicates removal.
The portables mainly keep the same type of look through the different models on the market.
They are often boxy in their shape with air vents on the top and/or the front. They most often
share the same type of functions, such as dehumidifying mode, sleep mode and heater.
When exploring the market for portables, it can be stated that the demand is rising. In
countries in Europe where portables are not yet a common product, the requests are expected
to increase along with a warmer climate as well as the flexible life style of today where people
tend to move more often. This justifies the need for new explorations within the portable air
conditioner field.
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4 User Oriented Study
To gain insight in user’s experiences with portable air conditioners a study was performed
where the user opinions were identified. Electrolux has a very extensive user knowledge
which they embrace and value both in their products and promote out to the market. Therefore
a user study was a natural maneuver into discovering key findings for the new product.
The user survey consisted of taking part of comprehensive research reports made by
Electrolux, an internet based survey and also user interviews. The research reports made by
Electrolux on several continents came to be a very important foundation for the survey since
portable air conditioners are not so widely used in Sweden.

4.1 Electrolux Attitude & Usage Studies
During the last decade, Electrolux has conducted several extensive user surveys regarding air
conditioner usage (Consulting, 2011), (Electrolux, RAC and Dehumidifier - Attitude & Usage
Study, 2011), (Synovate, 2004). The project team got the opportunity to take part in the
findings of these reports. The studies, of both qualitative and quantitative type, were mainly
conducted in North America and Australia. These studies consisted of interviews and internet
based surveys. They covered user behavior and also stakeholder insights on different air
conditioner types. Below is a summary of the key findings from analysis of the research
reports. Mainly the portable air conditioner product category was considered when
summarizing the reports.
The first overall interpretation from the surveys was the descriptions of the consumers of
portable air conditioners. By understanding the user; who they are, their purchase objectives
and their usage attitude a greater insight of the product can be achieved. Figure 4-1 displays a
summary of the depicted user attitudes.

Figure 4-1. Description of the typical users and their behaviors
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Different patterns were detected in the user behaviors regarding their expectations,
requirements and preferences about the portable units. After listing their thoughts along with
their comments about perceived product issues, six different product categories could be
formulated; handling, appearance, features, performance, exhaust air outlet and pre purchase,
see Figure 4-2.

Figure 4-2. User opinions regarding the six different product categories

Overall, it can be stated that a lot of users are energy conscious and base both their purchase
and their usage amount around that. Therefore, energy saving features are used diligently by
those who have them. Although, many buyers are not well informed about what model and
capacity they need when they come to the store. Appearance is not a top priority, but this
probably mainly depends on that the options are so similar. Furthermore, many buyers are
unaware of the fact that the unit requires an exhaust air outlet, probably because many
advertised product pictures exclude the hose. It could also be stated that the remote control is
used frequently by those units which include one. A ranking of features when purchasing a
portable air conditioner is stated below:
1.
2.
3.
4.
5.

Energy Efficiency
Cost
Durability
Noise Level
Ease of Installation

The users also gave suggestions on details that would, according to them, lead to a better
product. The suggestions are displayed in Appendix D sorted in the six product categories that
were formulated earlier in this section.
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4.2 Internet Based User Survey
In addition to the comprehensive user studies made by Electrolux, an internet based
questionnaire was arranged for portable air conditioner users. Since a lot of information was
already covered in research of Electrolux, the project team decided to anyway conduct a
questionnaire. This was made partly due to the confidentially of the Electrolux reports and
partly to further explore the questions that the project team found interesting. The number of
respondents in the questionnaire was 13.
In this section, a summary of the result is presented. Also, some interesting comments made
by the users are presented here. The full questions, answers and comments can be found in
Appendix E.
Results of Internet Questionnaire

None of the respondents use the unit all year around. The usage frequency amongst the
respondents differs evenly between a few months, a few weeks and a few days per year.
According to the result, 54 percent of the respondents never move the unit around while they
use it (Figure 4-3). 38 percent claimed they seldom moved it around. Only one of the
respondents claimed that he/she moves the unit around many times per use.

Figure 4-3. The circle displays the share of the different user responds to the question to the right

Of the respondents, 62 percent claimed that they have been disturbed by the noise level of the
portable air conditioner unit; both during day time and night time (Figure 4-4).
-

“I haven’t used it during nighttime because of the noise level...”

Figure 4-4. The circle displays the share of the different user responds to the question to the right
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38 percent had experienced a difference in the air quality when using the unit. The rest of the
respondents never experienced any difference. All of the respondents use the unit in their
residence and not at a work place. On average, the respondents use their unit to cool an area
of 30 square meters.
Almost half of the respondents, 46 percent, keep their unit in the room where they also use it
during the time when it is not used (Figure 4-5). Approximately a quarter of the respondents
claim they store the unit in a closet, while the rest store it in the basement or attic.
-

“We store the unit in the storage room in the top of the building. So we don’t use it
anymore because it was so difficult to move it there. (Stairs and stuff.., and it is
heavy!)”

Figure 4-5. The circle displays the share of the different user responds to the question to the right

In the question of what features would add extra value to the product, it was quite evenly
divided between heater, air purifier, humidifier and Wi-Fi control. Although, most
respondents, 46 percent, preferred a heater.
The respondents also got to describe overall issues that they had experienced with their unit. It
was 4 out of the 13 respondents that claimed they never experienced a problem with the unit.
The issues that were mentioned by the majority of the respondents included too large size, too
heavy, poor window outlet construction, noise levels and energy consumption.
-

“Difficult to move around because it was so heavy, big and ugly to have in our home,
irritating sound level. That is why we stopped using it…”

4.3 User Interviews
In order to obtain valuable qualitative information from people who had experience with
portable air conditioners, the project team conducted interviews with users. In the interviews,
there was an opportunity to gain more information about the user behavior and their thoughts
about the product since it allows for more dialogue than in a questionnaire and internet based
survey.
The interviews were of an open type, in order to obtain as much essential information from
the users as possible. In total, four persons who handled a portable air conditioner were
interviewed. To gain further inspiration to the air conditioners aesthetical aspects an interior
architect was interviewed. Also a sales person from an air product store was interviewed in
order to obtain further insight in the market. The full interviews can be found in Appendix F.
Below a summary of these interviews is provided.
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User A, Woman, Sweden

This woman has experienced the use of a portable air conditioner at two different periods of
her life. She used it the first time when she lived alone in a one room apartment and the
second time where she lives now with her fiancée and 1-year-old son in a larger apartment.
None of the times she purchased the portable air conditioner herself but got it from other
people. She claims she would not purchase one on her own initiative.
In the first apartment she just placed the hose in the window (hinged type) without any
insulation, and in her current apartment the previous owner had already permanently installed
an outlet hole in the kitchen balcony door. However, she sees this as an issue because she and
her fiancée would rather use the unit in the bedroom, than in the kitchen. But due to the fixed
installation in the kitchen it is hard to use it somewhere else.
User B, Man, The Netherlands

This man came in contact with using a portable air conditioner unit, during summer months at
his friend’s family house in the central Netherlands. The family had bought an unit due to the
heat that was generated in the top floor rooms during the summer. The unit was mounted in a
permanent wall outlet in one of the bedrooms on the top floor. But during the night hours the
unit was always off due to the noise it generated. The portability of the unit was never really
used since it had to stand by the wall outlet.
When the unit was on, he was annoyed at the air flow that was experienced directed in an
uncomfortable way. He explains that even if he want the air to feel cooler around him, he still
do not want to feel an air stream coming towards him. He thinks that it would be an
advantageous idea to be able to choose the angle of the out coming air.
User C, Man, The Philippines, The United States of America

This man has experience with air conditioners from living in The Philippines, San Francisco
and the desert areas of New Mexico. He finds the portability factor good since it enables him
to use the unit in different rooms. But as of today he is skeptical towards he would actually
move it around that much. This is because of the hot air hose that needs to be set up.
Overall he thinks the portable air conditioners look too medical in their expression. They do
not look like what they are built for. He also believes that the noise level is a problem. Adding
a heater function is a good idea. He reflects on when he lived in New Mexico, then the days
were really hot but the nights got cold. A drop of 10 degrees Celsius was common. In these
situations the heating feature would add value.
User D, Woman, Greece

This woman, who is originally from Greece, claims that air conditioners during the summer
are a requirement since the air is so stagnant and warm. In Greece it is common to have both a
hinged window and a sliding window. Therefore it is important to have an exhaust air outlet
solution that can fit several types of windows. Regarding appearance, she thought that a tall
and thin product would work nicely since she could be able to have it in a corner and that it
would blend in with other furniture in the room as well.
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4.4 Findings of User Oriented Study
When analyzing all the data and information gathered in the user oriented survey, there were
clear issues in the current products that were more significant than others. In order to develop
something new and innovative within the portable air conditioner area, it was crucial to also
look at the demands from the users. Figure 4-6 shows the six problem areas that was found in
the user surveys and that will be explored in this project. Each problem area displays points of
improvements that will be considered through the project. The points of improvements were
chosen due to value for the consumer and feasibility since the project is focusing on existing
technology.

Figure 4-6. The six problem areas that were found in the user oriented study

It was clear that a majority of the interesting and feasible points of improvements belong to
the handling and performance of the unit. Many users pointed out that the unit size and unit
weight created obstacles for them when handling it, and that they did not move the unit
around that often when using it. To make the unit’s appearance suit the home environment
can seem as obvious, but for a product that is frequently used in homes, it does today not
express a homely atmosphere due to the medical and technical look. The unit often has too
many features, buttons, symbols and ventilation holes, which come across as a clutter for the
user. It was therefore decided work towards simplicity in the appearance as well as in the
features.
The unit performance was an important area to include in the development process since
many users choose and evaluate their unit based on the that. The performance include that the
unit is energy efficient and has a low noise level. The unit should further include a selfevaporative system and distribute the air in a comfortable way. The average room size that
most of the users cooled was 30 square meters, and the portable air conditioner in this project
will be optimized for that room size.
The exhaust air outlet was seen as a separate part of the unit, partly since many users do not
even know that an exhaust air outlet is required. Furthermore the exhaust air outlet system
today includes a lot of flaws. Counting that it does not fit different window types, it takes a lot
of time and effort to put up, some users even make permanent installments of it since they feel
it is more convenient.
Another problem was the pre purchase phase, when the consumer has to choose which unit to
buy. Often the purchase is an impulse and users are then not secure in what capacity to choose
and what would be the difference between them. Choosing the correct capacity for the
consumers need is important for the consumer’s wallet as well as for the environment.
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5 General Concept
From the foundation received in the previous chapters a development phase of a new concept
could start. Naturally the phase started with concept generation consisting of sketching
general shapes and appearances for a new design. After the general aesthetical concept was
finalized, it also had to merge into the function and component assembly.
In this chapter, the development of the general concept is described. Note that the
development of the exhaust air outlet is described in Chapter 6.7.

5.1 General Shape
The concept generation phase was initiated with sketching of different shapes and air flow
distributions (Figure 5-1) and followed by sketch models in scale 1:10 to further analyze
them. The sketches were mainly based on making the unit more suitable and easy to place in a
home environment.

Figure 5-1. Project team sketches of different concepts
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Figure 5-2. Scale 1:10 models based on some of the sketches

The squared sketch model in the middle of Figure 5-2 represents the dimensions of current
portable air conditioner models. The main shapes evolved around four different concepts;
-

a high, narrow unit
a wide, thin unit
a low, compact unit
a suspended unit (in ceiling or wall)

When analyzing these suggestions, it could be declared that a high, narrow unit was the more
interesting choice since it is easy to place in a room due to the small footprint it requires.
Also, a higher model would distribute the cool air from a more centered location in the room
which provides a better air flow due to rising heat. Here the assumption is made that the air
distribution would be placed in the upper area of the unit.
When looking into the other suggestions it could be stated that a wide, thin unit would place
discrete by a wall, but would in the same way be exposed even more than the existing unit
since it is wider.
A low, compact model would hypothetically be easier to handle, but would distribute the air
on a low level, which was assumed to be uncomfortable and disadvantageously due to rising
heat. Also this model would probably demand another piece of furnishing to be placed on,
which was assessed as a limitation of the portability.
A suspended unit would remove the footprint on the floor area and hypothetically be more
discrete in a room. But the unit would demand installment modifications on the wall or in the
ceiling, which decreases the flexibility and portability aspect of the product.
As a conclusion, the project team decided to choose the high narrow shape as a base for the
new air conditioner concept.
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5.2 Air Flow Direction
A crucial design aspect was the placement of the indoor air outlet. The placement will affect
the direction of the airflow as well as the aesthetical expression. Suggestions for the air flow
direction were formulated and presented below followed by their advantages and
disadvantages; this has been explained in Figure 5-3.

Figure 5-3. Different air flow outlet directions

1. Frontal Outlet

This suggestion is applied on multiple existing portable air conditioners today. It gives an
effective cool air distribution in the room since it is direction straight to the room. The
negative aspect is that it sometimes creates a pointed air flow towards the user which is
undesirable. Many air conditioners today use motorized louvers that change the air flow
direction continuously. This was stated as a good solution, but also an undesirable extra
motorized feature.
2. Radial Outlet

This suggestion allows the air to spread in a radius direction due to the half circular opening
and curved shield of the air conditioner top. It is advantageous since it spreads the air in a
wide increasing field and also has an effective direction of the air flow straight out in the
room. The shield also communicates a flow and that something would come out of it.
3. Top Outlet

In this suggestion the air flow is spread in an upwards direction, and aims for a better cool air
distribution in the room. This suggestion reduces the risk of an uncomfortable direct air
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stream towards the user since the air is distributed straight up. However, the suggestion has a
possibility of interpretation of a slower cooling process since the air is not spread directly into
the center of the room.
4. Diagonal Outlet

This suggestion is similar to the previous suggestion, but was determined to function better
since the air flow is distributed in a greater extent out in the room and towards the user which
provides a more effective cooling process. The disadvantage of this option is still that it
provides a pointed uncomfortable air stream towards the user since air is distributed from only
one side and direction.
5. Side Outlets

This suggestion divides the air distribution in two directions so that each air flow becomes
lighter but the total cooling efficiency stays the same. The issue that was found with this
suggestion was that it was naturally creating a so called air node in the front, where no cool
air distributes. Therefore this suggestion was assessed to be confusing for the user and harder
to place in a room since it has two air outlets.

5.3 Model Mock-ups
Comparing the different air flow direction suggestions, it was determined that the top outlet
and radial outlet (number 1 and 2 in Figure 5-3) had most benefits compared to the others.
Therefore they were constructed in 1:1 scale models. The mock-ups were made with the
purpose to provide a feeling of the shape and dimensions, see Figure 5-4. The dimensions of
the models were based on existing component volumes.

Figure 5-4. Mock-up models of the two concepts. Left figure: air outlet in the front, user interface on the top. Right
figure: air shield outlet in the top, user interface in the front

The front outlet concept was of a more squared shape since the air outlet was on one side. The
air shield concept had the air outlet at the top, where a shield directing the air to the sides.
After experiencing the mock-ups in 1:1 scale it was easier to see what concept felt more
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interesting. The project team came to the conclusion that the air shield concept was more
appealing to work further with since the air outlet is innovative and communicates air flow in
an efficient way. Also rounder shapes were preferred compared to squared shapes amongst
the respondents in the user survey. The front outlet concept was also perceived as more
similar to the existing units.
To elaborate with the size of the cylinder in order to find dimension preferences, two smaller
mock-ups were constructed. When putting them next to Electrolux existing unit, it could be
seen that all of them expressed more lightness than the existing one due their narrowness. The
project team also concluded that the goal dimensions for the unit would be a diameter of 24
centimeters and a height of 90 centimeters, model number 2 in Figure 5-5 below. This was
concluded since that model felt most easy to handle but yet appeared stable and robust.

Figure 5-5. Three mock-ups next to the existing Electrolux unit. Dimensions: 1: H = 90 cm, ø = 21 cm, 2: H = 90
cm, ø = 24 cm, 3: H = 100 cm, ø = 27 cm, 4: H = 80 cm, W = 50 cm

The final dimensions were yet to come, since the unit will be dimensioned originating from
the inner components. But a target height and diameter were now established. The next step
was to further determine the component assembly in the new shape.
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5.4 Main Component Assembly
Originating from the main components found in Chapter 3, the main assembly of the new
concept could be developed. Different assembly options were sketched and represented in
Figure 5-6.

Figure 5-6. Sketches of different component assemblies

After elaborating on different component assemblies, it was found that a cylindrical shape
would suit one assembly very well since most of the components are naturally round, like the
fans and the compressor. The heat exchangers could be possible to either bend or divide in
sections around the inside of the unit. Thereby, space would not be wasted and the volume
could be used more efficiently in the unit. The chosen component assembly was sketched up
and is shown in Figure 5-7 on the next page.
As in all air conditioner units, the unit needs to be divided into two main sections, one cool
and one hot section. The cool section will include the evaporator and the fan. The requirement
for the cool section is that indoor air could be sucked in through the evaporator and then out
in the room again. Since the concept originates in an air flow pointed upwards in a cylindric
shape, it was natural to choose an axial fan as the evaporator fan. The evaporator coils needs
to be placed in a position where both the indoor air and the fan has easy access to them, which
naturally is along the inner walls of the unit. Advantageously, the electronics of the unit is
placed in the cool air flow in order to prevent overheating. Also, an important factor is that the
electronics are shielded from condense water from the evaporator in order to prevent causing
fires, failures of the product or electric shocks.
The hot section of the unit was more complicated to plan since several voluminous
components had to place there. The compressor is naturally placed as the center base. By
placing the compressor here alone, the cylinder diameter can be minimized. The condensor
fan has the requirement to suck indoor air in through the condenser coil and then send the air
outdoors in a radial direction. This demanded a radial fan.
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Figure 5-7. A sketch of the inner component assembly with additional air flows

With this general component assembly, all the components evolve around the center of the
cylinder and will theoretically create a smaller, more compact air conditioner unit than the
existing one today. The next step was to further optimize the components for the new concept
and finalize the dimensions. Note that the self-evaporating system is not included in the main
component assembly figure, but will be explored in the next chapter.

37

38

6 Optimization of the Components
In this chapter, the major components are going to be explored and optimized for the new air
conditioner design. In order to develop and optimize a product with realistic dimensions,
values were assessed from an existing portable air conditioner from Electrolux. Important
values and specifications to this existing model can be found in Appendix G.
In order to find essential information about noise reducing methods when designing an
appliance, an open interview was made with a technical expert in acoustics at Electrolux. The
interview can be found in Appendix F.

6.1 Compressor
The most important dimensioning component of the air conditioner was found to be the
compressor, since it determines the capacity and the final acceptable diameter of the air
conditioner.
The compressor constitutes the base of the air conditioner, and works as an engine for the
refrigerant circulation in the tubes through the condenser and the evaporator. The compressor
exists of the compressor tube itself and a smaller tube attached on the side of it, referred to as
the accumulator. The vaporized, cooled refrigerant enters the main compressor tube where it
gets compressed into a vapor of higher temperature. The vapor of higher temperature then
continues into the condenser. The accumulator works as a gas storage space, in order to keep
the pressure in the compressor at an appropriate level. The used refrigerant is most often
R410A, which is advantageous due to its environmental benefits, since the refrigerant is not
ozone-depleting (Nydal, 2007).
According to the user study previously described in this report, the noise level of the portable
air conditioners was seen as one of the more important issues. After listening to running
portable air conditioners along with a dialogue with an acoustician, it was found that the
compressor constitutes as the highest source of vibrations and therefore noise in the air
conditioner. This is mainly due to the high pressures that the unit works with. It can be stated
that the total sound pressure level can never decrease unless the highest sound source decrease
(Andersson, 2013). An exploration in how to reduce the noise of the compressor as well as
optimize the compressor for the new design will be made in this section.

6.1.1 Type of Compressor
The majority of the existing portable air conditioner models use regular, fixed frequency
compressors. But when investigating other types of air conditioners, it is a fact that inverter
type compressors are used more frequently in residential air conditioners, but are still not
standard in portables. The reason is mainly depending on the inverter controller’s dissipation
of heat (Huang, 2013). According to compressor manufacturers, it is hard to install inverter
controllers in portable air conditioners since the controller dissipate a lot of heat that is
unwanted in a small, compact unit. Additionally, an inverter compressor would result in a
higher cost.
Since new opportunities in portable air conditioners are explored in this project, it was
evidently decided to look into the possibility of using an inverter compressor since it is
rewarding to use in many ways. In Figure 6-1 a conventional compressor is compared to an
inverter type.
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Figure 6-1. A graph showing the difference between a non-inverter compressor and an inverter compressor’s
workflow (figure based on graph by (Industries, 2011))

As shown in Figure 6-1, an inverter compressor keeps a more energy efficient work flow than
a non-inverter type. In an air conditioner with a conventional compressor, the compressor will
be turned off when the wanted room temperature is achieved. This means that the compressor
constantly switches from running for maximal capacity to being completely off, which is an
inefficient work method due to the energy consumption that is required in the switching on
mode as well as the maximum speed modes. The inverter compressor is able to control the
cooling output of the air conditioner through a variable-frequency drive with a power inverter
that changes direct current (DC) to alternative current (AC). The compressor motor can
therefore run at any frequency, providing an even work flow.
Due to the evenness of work flow, and the reducing of the number of on/off cycles for the
compressor, the noise level will decrease using an inverter compressor. An air conditioner
which uses a conventional compressor, the constantly on/off switching as well as the
maximum capacity mode will make distinct remarks in the total noise level of the air
conditioner.
From a dimension point of view, the inverter compressor and conventional compressor have
the approximately same compressor size, although the inverter compressor requires a slightly
larger accumulator than a conventional does. Also the inverter compressor requires an inverter
controller (power circuit board, PCB) that demands for additional space in the air conditioner.

6.1.2 Placement Optimization
Naturally, the compressor is placed on the air conditioners lowest point in order to minimize
vibration transitions to the rest of the structure. Also, the compressor constitutes as the
heaviest component which allows for a more stable construction with the compressor in the
bottom. By placing the main compressor tube in the center of the cylindrical air conditioner, it
allows for evenness of the incoming air flow since the distance between the condenser and
compressor will be even around it. This is illustrated in Figure 6-2.
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Figure 6-2. Cross section top view of the lower part of the unit showing that by placing the main compressor tube
in the middle of the air conditioner unit, the air flow from the condenser will be even incoming

Most compressor models use a triangular base with three feet. The stands are usually
equipped with rubber feet in order to insulate the vibrations from the compressor. To optimize
the compressor base for the new air conditioner design, a squared base is proposed. With a
squared base with four stands, placed over the air conditioners four stands consisting of two
wheels and two fixed stands, the vibrations from the compressor will be transferred directly
down to the ground (Figure 6-3). The base is also suggested to be constructed so that the
compressor is raised from the bottom, partly for using the height of the air conditioner. By
having an elevated base, it also creates an opportunity to use the space underneath for
condense water collection (see further in Chapter 6.4).

Figure 6-3. The compressor was given a new base design consisting of four stands in order to place above the
unit stands in order to transfer the compressor vibrations directly to the ground

The inverter controller will be placed along with the other electronics, in the cool part of the
air conditioner. Further development of the controller placement is found in Chapter 6.6.
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6.1.3 Dimensions & Model
From the user surveys, it was found that the most often used room size to cool was
approximately 30 square meters. This requires, assuming a standard ceiling height of 2.4
meters, a cooling capacity of 9000-12000 BTU/h (Sylvane, 2013). The capacity along with
the compressor type and refrigerant type were key factors when searching after suiting
compressors, see Table 6-1.
Table 6-1. The key factors that were guidelines for a suiting compressor model

Guidelines – Compressor
1 Type

Inverter

2 Refrigerant

R410A

3 Capacity

9000-12000 BTU/h

Naturally, the compressor width is preferable to be as narrow as possible in order to minimize
the total air conditioner width. After investigating different compressor models according to
the dimensioning parameters, the model QXA-A091ZC190 was chosen as the model to
represent the compressor in this air conditioner concept, and the model specifications are
presented in Table 6-2. Except fulfilling the guidelines shown in Table 6-1, it was the
narrowest model amongst the investigated ones (comparing the length L in Table 6-3 on the
next page).
Table 6-2. The chosen compressor’s specifications (Gu, Dimensions, 2013)

Compressor Specifications
Model

Type

QXA-A091ZC190

Inverter

Refrigerant Capacity
R410A

9500 BTU/h

Power Input Length L
920 W

196.3 mm

The chosen compressor model, modeled in CAD with a remodeled base, is shown below in
Figure 6-4.

Figure 6-4. The chosen inverter compressor model, with a remodeled base
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After finding the dimensions of the compressor, the final air conditioner diameter could be
established. The preferable total air conditioner diameter was, after the mock-ups, 24
centimeters. Figure 6-5 below shows what components were dimensioning for the air
conditioner diameter.

Figure 6-5. Top view cross section of the lower component assembly consisting of the compressor, compressor
insulation, compressor base, condenser and air conditioner housing. The figure illustrates how the final air
conditioner diameter was assessed.

For the components shown in Figure 6-5, assumptions were made according to Table 6-3.
Table 6-3. Assumptions made from Figure 6.5

Assumptions
Material Thickness (AC housing)

2 mm

Minimum Distance from AC Housing to Components

2 mm

Maximum Condenser Thickness (from Appendix G)

27 mm

Vibration Insulation Thickness

5 mm

Minimum Length C

20 mm

Assuming the main compressor is placed in the center and summarizing the lengths, the new
outer air conditioner diameter is 30.4 centimeter. That gives an inner diameter of 30.0
centimeter.

6.1.4 Noise & Vibration Insulation
When examining the existing portable air conditioner models, it was found that not only the
compressor represents the highest noise level of the entire air conditioner; also the vibration
insulation attached around them were poorly constructed and attached. Therefore a more
efficient insulation was developed, in order to minimize the noise and vibrations originating
from the compressor.
Requirements

In order to minimize noise, a crucial factor is that the entire sound source is sealed
(Andersson, 2013). Also, a high density material is important for insulation. Furthermore, a
flexible material is crucial for insulating vibrations.
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Furthermore the insulation should be possible to detach from the front in order to ease
maintenance. The maintenance personal should not be required to remove other air
conditioner parts in order to remove the insulation.
Except coil passages, there is a thermal cord exit from the thermostat on top of the
compressor, see Figure 6-6. This cord usually exits backwards or side wards from the
compressor top, assuming the accumulator is the front. This means that consideration for
varying cord passages should be taken in account.

Figure 6-6. Side view of the compressor top illustrating what coil/cord passages that exit the compressor

The material should also be resistant to water due to the risk of condense water coming in
contact with the cover. Naturally the cover should keep a minimal size in order to facilitate
space inside the unit. It was assumed that there is no risk of the compressor getting over
heated due to a completely sealing cover.
An ideal cover would suit all different compressor models and sizes. The reason why many
vibration pads today are poorly constructed and simple in shape most likely depends on cost.
When manufacturing vibration insulations, it is often an important consideration to make
them fit to different compressor models to reduce the cost of several manufacturing tools.
Therefore a preference is to design a universal cover, suitable for different compressor sizes.
The design of the cover should keep a simple shape in order to reduce manufacturing costs.
Material

The cover design is highly dependent on material choice. A study of different, suitable
material was therefore made, using Internet and CES EduPack 2012. While considering the
coils, it was decided to use a flexible material that easily could be attached and unattached
around the compressor. The optimal material choice regarding reducing noise is a high
density material, but since it is undesirable to add extra weight to the unit, lighter noise
insulating materials were looked into.
After looking into typical uses and material flexibility, it was decided to use neoprene which
is a flexible vibration damping material normally used as noise- and vibration insulations,
padding, wet suit material and laptop sleeves. Neoprene has a good resistance to water which
is advantageous due to the condense water that the cover will be exposed to.
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Cover Design

Taking the guidelines and investigations in consideration, a compressor cover concept was
developed, see Figure 6-7.

Figure 6-7. A sketch of the compressor cover concept

The concept is a molded neoprene cover, which has holes for the coils and a cut line in
between and along the sides to be able to remove it from the compressor. It also has a cut line
horizontally in order to enable passage of the thermal cord when mounting the cover. Around
the cover, there are two fabric straps that fixate and lock the cover in place by velcro. The
cover has an even material thickness of 5 millimeters.
The cover is adapted to suit different placements in vertical order of the accumulator. Also
varying thermal cap placements are considered due to the extra volume in the top of the cover.
Figure 6-8 shows the 3D-modelled cover placed around the compressor.

Figure 6-8. The CAD-modeled compressor cover placed around the compressor
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6.2 Heat Exchangers
The heat exchangers in an air conditioner consist of an evaporator and a condenser. These two
components are constructed in the same way, consisting of coils, usually made of copper, and
mechanically pressed on fins. The fins are made of a heat conductive material (often
aluminum) and their purpose is to enlarge the total surface area for the heat exchanger in
order to expose the air flow to more heat/coldness. In this chapter, the heat exchangers will be
investigated in order to optimize them for the new air conditioner design.

6.2.1 Coil Type
The heat exchanger coils usually stand for the majority of the heat exchanger weight; often
around 60 percent (Kelly, 2011). This is due to the high density material copper that they
most often are made of. Compared to lighter alternatives like aluminum and stainless steel,
copper keeps a much higher thermal conductivity which improves the heat exchanger
performance. Copper has approximately a 50 percent higher thermal conductivity than
aluminum (Sundén, 2006). To manufacture the coils from aluminum instead of copper would
also mean higher manufacturing costs and labor time since new manufacturing equipment and
employee training would be required. Therefore copper was determined to be the most
advantageous alternative for the coil material.
To optimize the coil performance, the structure of the surface inside of the coils can be
modified. By using a rifled inner surface (Figure 6-9) inside the tubes, the surface area on the
inner walls will increase, creating more heat transfer surface for the refrigerant. The rifles will
also induce a spiral shaped refrigerant flow which is tending to annular flow, creating a
centrifugal effect for the refrigerant (ISTM, 2011). This means that the refrigerant vapor will
flow in the tube profile center while the refrigerant liquid will be pressed against the inner
walls of the tube, and thereby experience a maximum exposure for the air side of the tube. By
this means, the heat transfer potential will increase since the temperature difference will
increase as the liquid is of lower temperature than the vapor.

Figure 6-9 Copper coils with a rifled (groove) inner surface (Sources, 2013)

6.2.2 Fin Type
When looking into heat exchanger performance, it can be stated that the fins and their design
are decisive. In this section the most important aspects of the fins are stated including fin
spacing, fin surface and fin material.
Fin Spacing

The fin spacing is an important parameter when designing heat exchangers. It is common to
express this value as the fin density, defined as the number of fins per inch (FPI). Usually the
fin spacing lays within 1 – 3 millimeter, which is translated to approximately 8 – 24 FPI. It is
also crucial to consider that the higher FPI value, the greater surface area. A greater surface
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area will, according to Equation 2, mean a higher amount of heat rejected that also means a
higher performance of the air conditioner. Equation 2 describes how much heat that the
condenser can reject (PentAir, 2012).
(2)
[W]
[

]
[°K]
[K/W]

In heat exchangers it is naturally preferable to have a high value on Q in order to maximize
the capacity. R is a function of the refrigerant flow rate as well as the air flow rate. Increasing
flow rates would mean a reduction of thermal resistance. This means that the crucial factors
for increasing Q are to increase surface area and air flow in order for the thermal resistance to
decrease.
In the new air conditioner design, the same air flow rates as in the corresponding existing
models will be kept in order to approximate the same capacity. Therefore, the same fin
density will also be assumed, in order to not interfere with the air flow, since a change in the
fin density will have impact on the air flow and pressure inside the unit. A higher fin density
will create a denser and more wall resembling heat exchanger that will create more
obstruction for the flowing air.
Fin Surface

As mentioned in the previous section, there are further ways of increasing the surface area
than increasing the fin density. Many heat exchangers use a processed surface profile in order
to increase the surface area. An uneven fin surface will create more turbulence in the air flow
which will force the air to stream against the fin walls, maximizing the air’s exposure of the
fins and thereby optimize the heat transfer between air and heat exchanger.
After an investigation of the market about different fin designs, the most common fin profiles
could be stated in Figure 6-10.

Figure 6-10 Different fin profiles shown in their relation to the heat exchanger tube
A. Flat fins B. Rippled Fins C. Louvered Fins D. Sine Wave Fins

The flat fins in Figure 6-10-A are the simplest of the models, best for really low temperature
appliances like refrigerators and freezers, since they have the best possibility to reduce ice
accumulation on the fins (Lordan, Fins: Shapes & Applications, 2013). Ice accumulation is
not a scenario that is likely to happen in a portable air conditioner, since the temperatures will
not get that low. The louvered fins in design C have cutouts in the material that has been
bended to create obstacles for the air flow in order to facilitate turbulence. Design B – D, are
naturally more tending to accumulate dust than design A. Moreover, the air that flows through
the heat exchangers in a portable air conditioner will not contain a high amount of dust since
it has already been filtered by the air inlet filters.
Of the fin design options, design C has the highest resistance to air flow. It also has the
highest heat transfer factor between air and the fins of the alternatives (Lordan, Fins: Shapes
& Applications, 2013). This means that it demands a stronger fan, but it also provides a faster
cooling. Additionally, comparisons between a louvered fin design and other common fin
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designs show that the louvered fin design is most advantageous in questions of pressure drop,
size, weight and cost summed up together (Hall & Marthinuss Jr., 2004). The main
disadvantage with the louvered design is the manufacturing costs.
Fin Material

The fin material is usually a hydrophilic aluminum since the material is an efficient heat
conductor (EduPack, 2013) and also low of cost. Aluminum fins also have the ability to be
very thin and still keep a proper stability. However, if the fins are very thin, they can be
sensible for external impacts which can deform them and by that obstruct the air flow. Some
fins use copper which has even higher thermal conductivity than aluminum. Though, copper
will add to the weight as well as to the cost for the heat exchangers.
In order to prevent condense water to obstruct the air flow between the fins the material can
be coated with a hydrophilic material. The condense water layers should not prevent the air
flow by creating water droplets on the fin surface. Special coating material can help prevent
this phenomenon. Figure 6-11 shows how hydrophilic coating compared to uncoated flattens
water droplet layers.

Figure 6-11 Left: Water droplets on fins with hydrophilic coating. Right: Water droplets on uncoated fins
(Lordan, Fins: Special Coatings, 2013)

6.2.3 Heat Exchanger Design
In addition to the fin type and the coil type, the overall heat exchanger design will have an
effect on the performance and there are several crucial factors when improving the heat
exchanger efficiency. Several studies and written literature investigate efficiency increasing
factors in heat exchanger design, and some of them relevant for this project will be
summarized here.
Looking at the three figures in Figure 6-12, the heat exchanger thickness will affect the
performance (Nydal, 2007). Heat exchanger B and C have the double surface as heat
exchanger A. With the same air velocity, C will have a larger cooling effect than B. If the air
flow through C is the double as much as through A, the temperature difference on the two
sides is equal in A and C. Heat exchanger C will then have the double capacity as A.

Figure 6-12 Three different layouts of heat exchangers; A – thin and small frontal area, B – thick and small frontal
area, C – thin and large frontal area (Nydal, 2007)
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Heat exchanger A and B have the same frontal area for the air flow, but B has the double
surface area as A. With the same air flow through A and B, heat exchanger B will have less
than double the capacity as A. This example shows clearly that a larger but thinner frontal
area is more efficient than a smaller but thicker frontal area.
Another important factor in air conditioner design is to place the fan so that it can pull the air
through the heat exchanger rather than pushing the air onto the heat exchanger surface, since
the surface then will act like a wall and create misallocations in the air flow (Björk, 2013).
An even air flow over the heat exchanger surface improves the efficiency (Larsson &
Pihlquist, 2011) and was considered an important aspect of the new air conditioner assembly
since the fan position hypothetically will distribute an unevenness in air flow over the frontal
heat exchanger surface due to their positions relative to one another. It is important to fully
use the heat exchanger area, to maximize the air conditioner performance and not waste heat
exchanger surface and thereby material and efficiency. An even air flow is also important for
the sustainability of the heat exchanger, in order to keep an equal stress on the entire surface.
In cases when the air flow over the heat exchanger surface is uneven, studies have shown that
a proportional fin density in relation to the non-uniform air distribution can increase the
capacity with approximately 2 percent (Qiao, Singh, Aute, & Radermacher, 2010). This can
also mean savings in material cost.
Summarizing the crucial aspects for improvement in heat exchanger capacity from this
section and the previous coil- and fin aspect sections, following factors can be stated as
efficiency improving for heat exchangers;








Overall large surface area
- Louvered fins
- Inner groove coils
- High fin density
Thin and large frontal area rather than thick and small
Even distributed air flow
Proportional fin spacing in relation to air flow
Heat conductive fin and coil material
Hydrophilic coating on fins

6.2.4 Heat Exchanger Concepts
Different options in heat exchanger design were stated in order to optimize them for the new
air conditioner design. According to the new air conditioner concept, both the evaporator and
the condenser will be placed in the same framework, wrapped around the inner side of the air
conditioner chassis, with an air suction coming from above. Two main heat exchanger designs
were formulated that would suit the new air conditioner, see Figure 6-13 and Figure 6-14.
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Figure 6-13. The vertical fin concept where the heat exchanger is bended in a circular shape. Overall design to
the left and a close up on the fin position to the right.

This design is possible due to bended coils, curved in a circular shape. The fins are placed
vertically. The advantage with this design is that it maximizes and evens the exposure area of
the heat exchanger frontal area to the air inlet, since it does not have to be split up in sections
compared to the second alternative in Figure 6-14. Also it is the best alternative for dust and
water to drain off, giving the heat exchanger a better sustainability. The uncertainty lays in the
question if the vertical fins will give the air stream unevenness in vertical order over the
frontal surface of the heat exchanger.
This alternative will probably be the most expensive of the concepts due to higher shipping
costs since it is not possible to pack as many in one box. According to a heat exchanger
manufacturer, the cost could be approximately 20 percent higher than for straight,
conventional coil batteries (Waserman, 2013).

Figure 6-14. The horizontal fin concept where the heat exchanger is split up in sections. Overall design to the left
and a close up on the fin position to the right.

The horizontally placed fins require the heat exchanger to be split up in sections. The
advantage is that this design will be cheaper to manufacture than the bended coils since the
standard is straight coil batteries. Another advantageous theory is that the design will
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probably allow for a more even air flow over the heat exchanger surface than a vertical fin
placement. The disadvantage with the design is that dust and water easily can remain on the
fins. Furthermore, this concept is not as shaped optimized as the previous concept.
Looking at the efficiency improving factors in the previous section, evenness in air flow is
one of them, and was considered as an uncertainty regarding the two concepts. The hypothesis
is that the horizontally placed fins will distribute a more even air flow, and thereby using the
heat exchanger surface more efficiently than the vertical fin placement. The first step to
determine the best optimized design was therefore to test the evenness of air flow through the
two concepts.
Test: Evenness of Air Flow through Vertically and Horizontally Placed Fins

The test hypothesis claimed that the air velocity in the heat exchanger will always be higher
on areas closer to the fan, see Figure 6-15. Moreover, the horizontal fin design will probably
give a more even air flow than the vertical fin placement. This theory is based in that
horizontally placed fins would more likely split up the air in vertical order and direct it to the
middle of the air conditioner, where an under pressure will be occurring due to the suction
from the fan. The vertical fins does not direct the air straight into the air conditioner in the
same way since it is creating vertical gaps that leads the air up to the fan directly.

Figure 6-15. The hypothesis displaying that vertical fins would create an uneven air flow over the frontal surface
in a larger extent than horizontal fins
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A test model was created (Figure 6-16) and functioned as a simplified version of the heat
exchanger and fan relation in the new design. The model was constructed using a cardboard
box with a top cut out for the fan. An authentic coil-fin type heat exchanger was used; placed
horizontally and vertically. The detailed information about the test equipment can be found in
Appendix H.

Figure 6-16. Vertical fin placement and horizontal fin placement were tested (to the left). A schematic figure of
the test model that was constructed (to the right).

The test was conducted, using an air velocity meter on different positions on the heat
exchanger frontal area. Since the aim was to find how much the placement of the fins in
relation to the fan affects the evenness of air flow over the heat exchangers, it was decided to
only conduct measurements along a center, vertical axis on the heat exchanger frontal area.
There were five measuring points, as shown in Figure 6-16. To be able to get an accurate
result, the measurements were conducted four times on each measuring point, at the
horizontal and the vertical fin mode respectively. The results from the test are shown in
Figure 6-17.
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Figure 6-17 Air velocity as a function of the measuring point locations on
A. Horizontally placed fins B. Vertically placed fins

According to the result as well as the hypothesis, the horizontally placed fins provide a more
even air flow over the heat exchanger area, and therefore it can be stated that this design uses
the entire frontal area more efficiently than the vertical fin design does. From the charts, it can
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also be stated that the horizontal design allows for a higher air flow further from the fan,
which could be concluded that this fin design allows for a taller air conditioner design.
The vertical fin design allows for the highest as well as the lowest air flow, compared to the
horizontal design. The vertically fin design would allow for a shorter, more compact air
conditioner design.
As a conclusion from the air flow test, it can be stated that the horizontal fin design provide
the most even airflow over the heat exchanger. Still, the horizontal fin design has some
disadvantages. The design would have a harder time to let condense water drain off the heat
exchanger.
Final Heat Exchanger Design

Looking into the theoretical advantageous and disadvantages with the two mentioned designs,
a third heat exchanger design was proposed (Figure 6-18). By originating from the horizontal
heat exchanger design which provides an even air flow, but tilting the fins in order for
condense water to rinse off easier and also to direct the air flow towards the fan, the concept
could earn multiple advantages. When looking into tilted fin heat exchangers on the market in
can be stated that they are most common in roof top units for bus and trains since it lowers the
profile of the heat exchanger (Waserman, 2013). Furthermore, tilted fins would be cheaper to
manufacture than circular coils. They are estimated to cost 10 percent more than regular
straight coils, while circular would mean 30 percent higher (Waserman, 2013).

Figure 6-18. The tilted fin concept where the heat exchanger is split up in sections connected to each other.
Overall design to the left and a close up on the fin position to the right.
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By using tilted fins, the fin surface area will increase without increasing the depth, D, see
Figure 6-19. The fin pitch in the air flow direction, P, is kept constant. As the fins tilts, the fin
area and the heat exchanger height increases.

Figure 6-19. A figure displaying how a tilted fin construction (to the left), with the same fin pitch as the right
horizontal construction, provides more surface area: D/cos(w) > D

By geometric relations, it can be stated that the procentual surface gain, X, by tilting the fins
can be formulated as in Equation 3.
(3)
This would mean, that if the new heat exchanger design tilts with
degrees, a surface
gain of 40 percent would be achieved compared to a horizontal design with the same fin pitch.
Heat Exchanger Dimensions

When determining the dimensions for the new heat exchanger design, the dimensions
originated from the current heat exchangers (see Appendix G). With this heat exchanger size,
the approximately same performance as the reference portable air conditioner can be
achieved. The existing dimensions were translated into a volume. This heat exchanger volume
was assessed to be the required volume of the new heat exchanger formation. Logically, this
is not the dimensioning procedure that would be used when determining the final dimensions
in a heat exchanger, but was assessed to give a feasible estimation in an early product
development phase like this. The existing heat exchanger volume is shown in Table 6-4 and
originates from the values in Appendix G.
Table 6-4. The volume of the heat exchangers in the reference portable air conditioner, based on values in
Appendix G

Heat Exchanger

Volume [cm3]

Evaporator

2800

Condenser

3400

Also, the new dimensions originated from the existing evaporator depth, of 23 millimeters.
The new heat exchanger dimensions are shown below in Figure 6-20 and Figure 6-21, and are
as mentioned an estimation of the required size of the heat exchangers.
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Figure 6-20. The estimated dimensions of the heat exchangers

Figure 6-21. Top view of the estimated dimensions of the heat exchangers, placed in the air conditioner cylinder

The new design allows for a larger frontal area than the conventional portable models do.
Compared to the reference model, the evaporator frontal area is increased by 11 percent and
for the condenser increased by 40 percent.
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6.3 Fans
There are two fans in the air conditioner; the evaporator fan and the condenser fan. The
evaporator fan function is to force the hot indoor air over the chilled evaporator coils in order
to cool it and then distribute it to the room again. The condenser fan force indoor air through
the hot condenser in order to cool down the refrigerant and simultaneously give up the
refrigerant heat to the exhaust air flow. In this chapter, a further exploration of the fans will be
made in order to optimize them for the new air conditioner design.

6.3.1 Type of Fans
Fans can be split up into three major types, axial fans, radial fans and cross-flow fans, see
Figure 6-22. Axial fans, often called propeller fans, imbibe air on one side along its axis and
exhaust it on the other side. Radial fans imbibe air along its axis but exhaust it in a radial
direction. The radial fans are most often covered with a housing in order to direct the air
effectively. In a cross flow fan, the air flows across the impeller. In most portable air
conditioners, both the fans are of either radial or cross flow type.

Figure 6-22 A. Axial Fan B. Radial Fan C. Cross Flow Fan (HH, 2013)

In the new air conditioner design, an axial fan was the appropriate evaporator fan choice,
since it lets the air in from underneath and exhausts it upwards. Furthermore, the natural shape
of an axial fan in combination with the placement uses the cylindrical air conditioner shape
optimally. The condenser fan in the new design is of radial type since it was desired to imbibe
air from underneath and exhaust it from the air conditioner in a radial direction. As the
condenser fan is placed with its axis vertically, it uses the cylindrical shape of the air
conditioner in an efficient way.

6.3.2 Evaporator Fan Dimensions
When dimensioning the fans for the new air conditioner design, the given air flow in the
existing reference air conditioner were dimensioning. It could be stated that the evaporator fan
required a maximum air flow of 590
(Appendix G). This air flow, along with a fan
diameter maximum based on a 30 centimeter air conditioner diameter, is going to be initial for
the new fan model dimensions. The requirements for the evaporator fan are stated in Table 65
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Table 6-5. The stated requirements for the evaporator fan

Requirements – Evaporator Fan
1

Type

Axial

3

Diameter max,

4

Air Flow

590

When searching for a fan model, it was also considered to find a model with as low power
input as possible. This usually means that the fan has larger blades, which can absorb more air
flow. A low power input would also automatically mean less noise (Andersson, 2013).
Originating from the stated requirements the fan model A25089V2MBS was chosen with the
specifications shown in Table 6-6.
Table 6-6. The chosen evaporator fan model specifications (Nordicold, 2011)

Model

Impeller Diameter,

A25089V2MBS 24 cm

Power Input,

Rotational Speed,

28 W

1600 rpm

To further optimize the fan model to the new air conditioner design by maximizing the
diameter, the fan model was modified by using the affinity laws (Swifter, 2013). By using the
same values and only increasing the diameter of the fan model, the power input and rotational
speed can be decreased, demanding less power consumption. By giving the fan a slower
velocity, it will theoretically also obtain a lower noise level. The maximized diameter of the
new fan, , was determined to be 28 centimeter, assuming 1 centimeter attachment distance
on each side (30 centimeter inner diameter). The new rotational speed,
and power input,
, was calculated using Equation 4 and Equation 5 (assuming the same air flow).
(4)
(5)
[rpm]
[mm]
[W]
The equations above gives a new rotational speed of 1010 rounds per minute and a new power
input of 15 Watt. The final design of the evaporator fan is shown below in Figure 6-23.

Figure 6-23. The evaporator fan
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6.3.3 Condenser Fan Dimensions
As for the evaporator fan, requirements were set up for the condenser fan in Table 6-7. The
maximal impeller diameter of 16 centimeter was estimated from the new unit inner diameter
of 30 centimeter. The air flow originates from the reference air conditioner in Appendix G. As
for the evaporator fan, it was also important to find a fan with as low power input as possible.
Table 6-7. The stated requirements for the condenser fan

Requirements – Condenser Fan
1

Type

Radial

2

Diameter max,

16 cm

3

Air Flow

530

Originating from the requirements, the chosen fan model G2E 160-AS52-13 (Elfa, 2013)
specifications are stated in Table 6-8.
Table 6-8. The chosen evaporator fan model specifications (Elfa, 2013)

Model

Impeller Diameter

Power Input

Rotational Speed

Air Flow

G2E 160-AS52-13

12 cm

210 W

2150 rpm
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The chosen fan model specifications were guiding when designing a fan suitable for the new
air conditioner design. The new condenser fan design is shown below in Figure 6-24.

Figure 6-24. The condenser fan in a split view with its housing

6.3.4 Placement Optimization
By using an axial fan as the evaporator fan in the cylindrical air conditioner housing, the
space is optimally used, and amount of wasted space is minimal. The placement and fan type
allows for large fan blades, which constitutes to a lower required fan speed, and thereby less
energy consumption.
The radial condenser fan is optimally placed with its axis centralized in the air conditioner. By
centralizing the axis, the air flow over the condenser can be imbibed evenly. The shell
reminiscent housing is in favor to the design since it leaves required space for cords and coils
between the upper and lower air conditioner side (shown further in Figure 6-32, Chapter 6.6).
One of the disadvantages with the new air conditioner design was found here since the design
decreases the condenser fan, which requires a higher power input than the current condenser
fans does.
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6.4 Self-Evaporating System
Self-evaporative systems are becoming a more common feature in air conditioners today,
since the system increases the efficiency of the air conditioner and at the same time decreases
the amount of condense water that otherwise have to be emptied often. The system uses the
condense water that is created over the evaporator when the hot air becomes cold, for cooling
the condenser. This increases the efficiency of the unit. The condense water is usually
splashed onto the condenser from underneath by a small fan (Gu, Copper Coil Length, 2013).
When exposing the water for the warm condenser, the water evaporates and is sent to outside
by the exhaust air flow, which reduces the amount of condense water that has to be emptied
from the tray. An ideal self-evaporative system would evaporate the entire amount of
condense water so no water emptying is required at all.
A workflow for the self-evaporative system in the new air conditioner design was set up in
Table 6-9, in order to develop the system for the new design.
Table 6-9. The workflow of a self-evaporative system described in steps of 4

Workflow – Self-evaporative System
1

Collect the condense water from the evaporator

2

Distribute the condense water over the condenser

3

Collect the remaining condense water

4

Transport the remaining condense water back to step 2

Beyond the workflow tasks, it was a demand for the self-evaporative system to work as much
as possibly with the natural placement of the heat exchangers. This was decided partly to use
the design and height of the air conditioner in an optimized way, and also to reduce
unnecessary electronics.

6.4.1 System Concept
A concept for a self-evaporating system was made, originating from the new air conditioner
design. A schematic picture of the concept is shown in Figure 6-25.
The self-evaporating system originates from the condense water that is created in the
evaporator. This water is collected in an integrated tray in the inner frame between the cold
and the warm section of the air conditioner. The tray is angled in order to direct the water to a
pipe that transports the water down to the warm side. From the pipe, the water is dripped
down to an aluminum tray. By using an aluminum tray with a thin material thickness the tray
can absorb heat from the condenser and by that facilitate the condense water evaporation and
the self-evaporative process will be further optimized. The aluminum tray is placed over the
condenser in order to absorb heat from it and to distribute the condense water over it. Due to
the shape of the aluminum tray, the water will be filled up before it starts to drip down on the
condenser. In the bottom of the air conditioner another tray is integrated in the base plate
where a water pump is mounted in the lowest point in order to pump up the remaining
condense water to the aluminum tray again.
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Figure 6-25. A schematic figure of the self-evaporating system

Even if the self-evaporating system would work ideally and evaporate the entire amount of
the produced condense water, the air conditioner would still require having a water outlet in
the bottom of the unit for the dehumidifier mode. This is due to the fact that the exhaust hose
is dismounted in this mode in order to avoid a temperature change in the room. This means
that a garden hose is required to be connected with the water tray outlet when using the
dehumidifying feature, see picture 4 in Figure 6-26.
Figure 6-26 on the next page shows a further developed figure of the self-evaporating system.
Picture 1 displays how the condense water is collected from the evaporator and then
transported down to the aluminum tray where the water is collected and then distributed over
the condenser. Picture 2 illustrates how a water pump, placed on the lowest point under the
compressor, pumps the water back up to the aluminum tray in picture 3. Picture 4 shows how
the pump also is connected to the unit back where a garden hose can be connected during the
dehumidifier mode.
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Figure 6-26. The evaporating system integrated in the new air conditioner design

The self-evaporating concept do not optimize the dehumidifying function since the concept is
based on the condense water being distributed automatically by the placement of the heat
exchangers. Even if the water pump is not on during the dehumidifying session, condense
water will still be distributed over the condenser and let partly humidified air back into the
room. Although, the fact that the condenser continues to get cooled down by the condense
water will still improve the air conditioner performance.
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6.5 User Interface
The user interface of the new portable air conditioner is naturally an important part of the
design since the interaction and communication with the user is controlled here. The
interfaces in conventional portables most often consist of a user panel, usually on the top or
on the front, and also an accompanying remote control. The user surveys in the beginning of
the project could confirm that a remote control was a mandatory feature that the majority of
the users used. It is also common that the interfaces contain several buttons including both
symbols and text. The initial impression when approaching the existing unit interfaces was a
cluttered and not really intuitive panel. This notion logically led into an analyzing of what
features are the key elements and what functions that the air conditioner really needs.
In the following sections, ideas will be provided considering the user interface design. The
user interface includes pre-purchase interface, unit features, unit interface, remote control
interface and mobile interface. The ideas were discussed and analyzed by the project team and
the pictures in the unit-, remote control- and mobile interface section are visualized by J. Selg.
The different design ideas were exposed to external people in order to get feedback.

6.5.1 Pre-Purchase Interface
In the user survey, it was shown that consumers often had difficulties when choosing the
proper unit capacity for their home. Many were unaware that they have to know the
dimensions on their room when they arrive to the store. Some people maybe want to use it in
different sized rooms, and the choice between the different capacities then becomes harder.
Generally, the BTU value is a complex value for many consumers and there is an opportunity
to ease the purchase choice for them. By buying the correct size for their particular rooms,
they can save costs for unnecessary energy consumption. The result was a disc, meant for
hanging in the appliance store as a guide for the customer (Figure 6-27).

Figure 6-27. The BTU-disc
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The disc consists of two discs jointed in the center so that the top one can rotate. By
identifying levels of room size, cooling speed and energy consumption, the customer can
rotate the smaller disc to match the preferences. When matching them (by putting together
two semicircles), a suggested capacity value will appear in the holes, with the capacity values
printed on the back disc. This can help the consumer to compare different room sizes in their
homes to different cooling speeds and energy consumptions in an interactive way.
The chosen categories of room size, cooling speed and energy consumption are well thought
out in order to provide an accurate and clear disc for the user. The knowledge of the room size
is crucial since it sets the volume to cool. The room volume was simplified to only concern
the room area, where a standard ceiling height if 2.4 meter is assumed. This was simplified in
order to cut down the mathematics for the consumer. The cooling speed category was chosen
because that is usually considered the unit performance and also something that people can
relate to. The choice of kilowatt-hours was advantageously since it gives both the energy
consumption perspective as well as the time perspective. It was found that the time
perspective was required to be displayed for an accurate disc. A slow cooling unit in a large
room can consume more energy than a fast cooling unit in a large room, if the small unit is
running for a longer time.

6.5.2 Unit Features
From the user surveys, it was found that the majority of the users appreciated the air
conditioner to not only include a cooling function, but also several additional functions. This
fact was considered while conducting an evaluation of what necessary features that the air
conditioner should include. The result of the evaluation follows in Table 6-10.
Table 6-10. The chosen features for the new air conditioner along with their description and technical requirement

Feature

Description

Technical Requirement

Cooler
(standard)

The standard air conditioner function where hot
indoor air becomes cooler, while also hot indoor air
is exhaust to outside

Standard air conditioner system.

Heater

Used when the user want to turn the indoor air
warmer. The cold indoor air becomes warmer, while
also cold indoor air is exhaust to outside

Exhaust hose must be used.

Dehumidifier

The indoor air is dehumidified without changing in
temperature

Exhaust hose is not required to be used. However,
an accompanying water collector tray or a garden
hose must be attached.

Fan Only

Only the evaporator fan is on

Exhaust hose is not required to be used

Exhaust hose must be used.

Reversing valve connected to compressor circuit.

Only evaporator fan is on and can be set on regular
mode or turbo mode
In order to save energy, the selected temperature
will increase gradually during the night and be kept
at the new temperature for approximately 7 hours
before it returns to the originally selected
temperature.

Exhaust hose must be used.

Turbo

The selected temperature will be reached sooner
since the fans and the compressor work harder

The compressor and the fans are at their maximum
performance mode

Timer

Set the time, duration and mode for the air
conditioner

Controller

Night

Controller

To optimize the night mode and further integrate the mobile phone of the user an idea was to
incorporate and connect the night mode with the user’s mobile alarm clock. Today, the night
mode has a predefined sleep period of usually 7 – 8 hours. An optimized night mode would
adopt the energy saving cycle to the user’s alarm and by that sustain the selected temperature
in time for the user’s awakening.
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6.5.3 Unit Interface
In order to avoid a cluttered and confusing unit interface the question was asked what in fact
was needed to be included on the unit, if most of the users anyway used the remote control.
To set the preferred temperature was considered as the key task on the unit, since adjusting
the temperature is the central mission of an air conditioner.
The main interface ideas revolved around a temperature knob since it was considered a
natural movement to turn something around when increasing or decreasing a value. The knob
was also considered simple and intuitive. The idea was to turn the knob to the desired
temperature. The concept for the temperature knob is shown in Figure 6-28.

Figure 6-28. The unit interface consisting of a temperature knob, which is turned to the desired temperature. The
interface also include an on/off button.

Considering the value of a remote control, it was stated that the unit interface perhaps did not
require all the features since the remote control already will provide them. If looking into
other home appliances like televisions and stereos, they are all moving towards less manual
control and more remotely and Wi-Fi control.

6.5.4 Remote Control Interface
The remote control unit has to include all the chosen features. It could also be declared that
the remote control required a display in order to provide all the features and timer settings. A
design was developed, using a display and simple buttons describing the functions, see Figure
6-29.

Figure 6-29. The design of the remote control displayed in different modes
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Figure 6-29 describes how the interaction with the remote will take place. By continuously
pressing the Mode button, different modes turns up on the screen. The modes include Cooler,
Heater, Dehumidifier, Fan Only and Night. When the user is satisfied with the mode, the user
can press the plus or minus in order to change the set temperature. If pressing the button
Turbo the fan will run faster and the cooling process will then be faster. When pressing the
button Timer the user can choose when to start a running cycle and for how long it will run.

6.5.5 Mobile Interface
In order to provide more flexibility to the user, it was decided to include a Wi-Fi control unit
in the air conditioner which will allow the user to set the air conditioner when not in the
residence. By this feature the user can monitor and control the room temperature from outside
the residence. A Wi-Fi controlled air conditioner would also bring value to the meaning of
portability. The technical requirement is a Wi-Fi station incorporated in the air conditioners
electronic assemblage. The general layout idea of the mobile interface is shown in Figure 630.

Figure 6-30. The layout of the mobile interface, displayed in three modes

Figure 6-30 describes the mobile interface layout and gives an example on the timer settings.
In the first picture to the left the main menu is displayed with a plus and minus button for
choosing the preferred temperature along with mode buttons underneath. In the right lower
corner there is a house displaying the actual temperature in the room where the portable is
placed at the moment. The small unit to the right of the house displays whether the unit is
online or not.
The choice of a Wi-Fi connection to the user’s phone led to the question whether a remote
control was even needed since a smart phone could replace the remote control. However, in
order not to exclude non smart phone owners or non-Wi-Fi owners, it was decided that both
components were necessary.
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6.6 Electronics Assemblage
The electronics assemblage gathers all the controls and other electronics in one unit in order
to have easy access to them in maintaining occasions. The required main content that needs to
be included in the electronics assemblage is a power PCB (Printed Circuit Board) and an
inverter PCB. The power PCB is connected to all the control elements of the unit, such as the
unit interface, the remote control and the Wi-Fi controller consisting of mainly a SIM-card
(Subscriber Identity Module). The power board also connects and controls the motorized
components of the air conditioner unit, such as the fans, the water pump and the compressor.
Since the new design includes an inverter compressor, the electronics also demands an
inverter controller that could be referred to as an extra PCB. A schematic figure of the
connected elements in the electronics unit is shown below in Figure 6-31.

Figure 6-31 A schematic picture of the connections between the electrical components in the unit

6.6.1 Placement Optimization
Since the electronics (especially the inverter controller) dissipates a lot of heat, the electronics
unit places best in the cool section of the air conditioner where the air flow from the
evaporator will pass the unit. The placement of the unit also merges well with the desirable
user interface placement in the front of the air conditioner.
Another advantageous aspect is that the electronics assemblage will not risk getting in contact
with moist since it will not be placed under any heat exchangers where condense water could
drip down on it.
Cords and coils from the lower part of the air conditioner will have to pass the condenser fan
in order to reach the evaporator and the electronics box. The passage space is displayed in
Figure 6-32 where the condenser fan and the inner frame is shown from above with marked
space for coil and cord passage.
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Figure 6-32. Top view cross section of the lower part of the air conditioner. Space for where the coils and cords
pass is marked by the blue dotted lines.

6.6.2 Box Design
As mentioned earlier, the inverter controller creates a lot of heat when the unit is running.
Therefore it is required to be cooled down, in order to not overheat itself or overheat other
electronic components so that a risk for unit failure occurs. Moreover, none of the electronic
components can be exposed to moisture in order to reduce risk of failure or electric shock.
Also, since the box will be placed adjacent to the user interface of the unit, it is important that
the heat from the electronics do not create a burn injury risk for the user.
The size of the electronics box was based on PCB measurements taken from the reference
portable (Appendix G), Wi-Fi module measurements from an existing Electrolux split air
conditioner and from dimensions from an inverter controller supplier (Huang, 2013). The
measurements are displayed in Table 6-11.
Table 6-11. The content of the electronics assemblage with their required dimensions

Element

Dimensions

Power PCB
Inverter PCB
Wi-Fi Module
Maximum Height
Total Required PCB Area

A design of an electronics box was made, with the purpose to accumulate the PCB’s, facilitate
cooling of the PCB’s and also protect from moist that can occur from the evaporator condense
water. The design originated from the dimensions in Table 6-11.
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It was decided to construct the box in two different materials in order to optimize the function.
The materials were determined to be a flame retardant ABS plastic (the same as the
electronics box use in Electrolux portable units today) in the box half facing the user interface
and an aluminum material in the box half facing the cool air flow in order to conduct cold
from the air flow and transfer it to the electronics. The aluminum part also has fins on the
outside in order to conduct more cold. Figure 6-33 shows the box construction, the assembly
of it and the materials.

Figure 6-33. The electronics box design consisting of one aluminum half and one ABS-plastic half

By using these two materials, the plastic will insulate the user interface from heat from the
electronics, while simultaneously the aluminum absorbs cold from the cool air stream and
distributes to the electronics. The final PCB of the new air conditioner will be custom made
for this particular product and attached on the metal part for maximum exposure of the cold
metal as shown in Figure 6-34.

Figure 6-34. The power circuit boards will be assembled on the aluminum box half

A picture showing the box placement in the air conditioner can be seen in Figure 6-35 on the
next page.
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Figure 6-35. The electronics box placement in the cool part of the air conditioner in order to absorb cold from the
air flow from the evaporator
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6.7 Exhaust Air Outlet
The exhaust air outlet system is an important component in the portable air conditioner since
it functions as an exit for the heat that is removed from the hot indoor air in order to make it
cooler. The indoor air is forced over the condenser, and the condenser will thereby get cooler.
Simultaneously the indoor air absorbs heat from the condenser and removes it to outside. The
air is removed outside by the air outlet system. Since the air outlet often is installed in a
window, it is important to seal the window gap in order to insulate it from hot air coming in
from outside, which would decrease the efficiency of the air conditioner.
From the user oriented study it was found that the exhaust air outlet was an issue for a lot of
users, especially to the ones only having hinged windows in their residence, that is more
common in Europe than in the US. Solutions for hinged window do not seem to exist. Many
of the hinged window owners usually just hang the hose right from the window or
permanently install them by drilling a hole in the wall. Generally, users experience the system
complicated, bulky and time consuming to install.
After considering the issues with the existing solution for the exhaust air outlet, it was decided
to explore the area further in order to improve the system and also integrate it with the new
portable air conditioner design. A guideline list was made in order to design the air outlet in a
proper way, see Table 6-12.
Table 6-12. A list of guidelines for the design of the new exhaust air outlet

Guidelines – Exhaust Air Outlet
Exhaust the condenser air from the portable AC unit to outside
Insulate the exhaust air flow from the indoor room
Insulate the outdoor air from the indoor air
Suitable for both sliding and hinged windows
Adaptable to different window sizes
Easy installation in window
Not require permanent modification in window/wall
Minimize number of parts
Discrete appearance

6.7.1 Idea Generation
Origination from the guidelines in Table 6-12, an idea generation phase was initiated in order
to explore new opportunities for the exhaust air outlet. The idea generation phase consisted of
a brainstorming conducted by the two project members and also a workshop session with
interdisciplinary teams of industrial design students and engineering students.
Brainstorming

A brainstorming session was conducted with the two project members. In order to produce as
many ideas as possible, concepts were brainstormed quickly using post-it notes, see Figure
6.36. Afterwards, the ideas were analyzed and discussed.
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Figure 6-36. Brainstorming concepts of the exhaust air outlet made by the project team

The categories that were generated included both solutions where the entire window frame
was covered along with ideas where only the open window gap was covered.
In order to explore the concepts and the system of the exhaust air outlet further it was decided
to organize a workshop for people not familiar with the subject, preferable from an engineerand/or design background. By this workshop a broader view of the subject could be achieved
and new ways of interpret the exhaust air outlet.
Workshop

A workshop was conducted during 8th of February 2013 at Electrolux iLab in Stockholm,
where eleven industrial design- and engineer students were participating. The goal was to
brainstorm ideas of how to improve the connection between the air conditioners exhaust air
outlet and the outlet in the residence. As little unnecessary input about the problem as possible
was informed to the participants in order to keep their minds open. They were informed about
the function of the portable air conditioner and that it is supposed to exhaust air to outside,
and still insulate the room.
The students were divided into four different groups, mixed with design- and engineer
students. The supplied material were small models of a wall with a squared opening made of
white foam board representing an outlet in the house, along with a white plastic cup
representing the air conditioner (Figure 6-37). The groups were also supplied with various
building material such as styrofoam, bubble wrap, cardboard, transparent plastic sheets,
straws, scissors and tape. Each group was further provided with sketching papers and pens.
The groups worked approximately during one hour with brainstorming, sketching and
modeling around the problem. Afterwards each group got to present their suggestions.
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Figure 6-37- Left picture: The materials that were supplied to the groups. Right picture: Work in progress.

As a result, there were seven different concepts for an improved exhaust air outlet. In
Appendix I the concepts are presented in detail.
Conclusion

As a conclusion from the brainstorming and the workshop, similarities were seen in the ideas
that were generated. A common idea was to use an inflatable hose, which covers the window
gap. Also an overall aim was to minimize the window gap when the hose is placed through
the window. The disadvantages of many of the ideas included uncertainties regarding the
mounting of the outlet. In many cases their fixtures required permanent installation around the
window. This would complicate the ease of installing the air conditioner, which is one of the
main reasons why people tend to buy portables.
It was also discussed alternative ways to exhaust the air than using the window. Using a fix
installation in the wall or using a chimney (if available) could be options for an air exit. Also
the alternative of connecting the exhaust air outlet to the water pipe system in the kitchen or
bathroom was discussed. But all of the mentioned alternatives were rejected since they either
demand a modification in the residence and/or limiting the user of the user location of the air
conditioner.
From all the ideas that were gathered, the concepts could be further divided into four main
categories, presented further in Appendix I. Of these four categories, it was assessed that an
inflatable hose concept and an extendable plate concept were the most feasible in terms of
ease of installment, discretion and insulation. Below, the concepts are described further.
-

Inflatable Hose with Ventilation Holes

This concept uses an inflatable hose that also functions as the cover of the window gap.
On the outside part of the hose there are outlet holes for the hot air from the room. It is
fixated in the window gap when the hose is expanding.
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-

Extendable/Foldable Plates

This concept uses stiff plates that are expandable and/or foldable to seal the window gap.
It is reminiscent of the extendable plates that are used in sliding windows today. The
difference is that these will be even narrower so that the window requires a smaller gap,
and that they include stands in the edges in order for the plates to stand up in a vertical
window opening. The plates are fixated through pressure from the window when it closes
and also through the spring effect that the extendable plates offer. The concept can be
used in different window types as well.
During the analyzing of the concepts, Pugh’s Matrix was used to compare the concepts. The
matrix compares the two concepts with the current, common used solutions for both hinged
and sliding windows. The current solution for hinged windows is nothing but the hose
hanging out the window, while the window door is closed upon it. For the sliding window, the
reference solution is the plastic ledges that are supplied along with the portable air
conditioner. Pugh’s Matrix compares the new concepts with the current solution by ranking it
with the grades -1, 0 and 1, see Table 6-13 below.
Table 6-13. The ranking grades that were used in Pugh’s Matrix in Table 6-14

Ranking
-1
0
1

Criteria Fulfillment
Poorer than the standard solution
Equal as the standard solution
Better than the standard solution

The criteria that were set for the air outlet are stated in the matrix (Table 6-14). It was decided
to use the matrix with unweighted criteria since this is an early development phase. In the end,
the sum of the positives and negatives will give an assessment of the two concepts.
Table 6-14. Pugh’s Matrix is used in order to evaluate the two exhaust air outlet concepts towards each other
regarding the stated criteria

CONCEPTS
CRITERIA
Insulation
Discrete
Amount of Material Use
Number of parts beyond hose
Size window gap
Easy attachable
Innovative
Scalable/Portability
Stable
Sum of Positives
Sum of Negatives
Overall Score

Today’s solution

Inflatable hose

Extendable/
Foldable plates

Hinged
window

Hinged
window

Hinged
window

Sliding
window

0
0
0
0
0
0
0
0
0

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

Sliding
window

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

0
1
0
1
1
1
1
1
0
10
-4
6

Sliding
window

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

0
1
0
0
1
1
0
0
0
6
-6
0

It could be declared when comparing the concepts in the matrix that the inflatable hose was
the better choice to continue to explore. The next step was to test the concept with mock-ups.
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6.7.2 Concept Testing
The inflatable hose concept was tested using an existing portable air conditioner and a hose
constructed using black plastic bags and tape, see Figure 6-38. After formation into a
cylindrical hose, ventilation holes were cut on one side of the new hose top. Finally the hose
was attached at the nozzle of the air conditioner hose.

Figure 6-38. A mock-up of the inflatable hose concept

Three hoses with different diameters were constructed to be able to compare and estimate a
suitable diameter value. The different diameters that were tested were 20, 8 and 5 centimeters.
It was found that the 8 centimeter hose was the most suitable one, since it had a smaller and
manageable diameter than the existing one and also was able to fully inflate unlike the 5
centimeter one that was too small to create an effective air flow. The chosen hose diameter
provides a smaller gap in the open window than the existing solutions does, which is
preferable. However, this diameter will have to be further finalized in a later development
phase outside this project in order to declare that the unit performance will not be over heated
and kept in a sufficient efficiency level.
The new hose was placed in an open window to work as both the insulation and the air outlet
(Figure 6-39). A hinged window was used, which was opened inwards. The hose was fixed by
the pressure of the closing window.
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Figure 6-39. Left picture: Composition of the test equipment; portable air conditioner, 20 centimeter diameter
hose and window. Right picture: Test with the 8 centimeter diameter hose.

It was found that the inflatable hose isolated the window well, since no air draft was felt
around it. However, the top and bottom of the open window still had some air draught, but it
was barely noticeable since the gaps were so small. The concept was therefore determine to
suit both hinged and sliding windows.
An issue that was found during the testing was that the hose created a 90 degree bend where
the hose switches direction from the window to the air conditioner (Figure 6-40). This creates
a bend that obstructs the air flow. It was discussed whether a different material choice would
make a smoother transition in the corner, and also if an attachable, fixed bend would solve the
problem. It was further discussed if the hose might need a tip fixation, both to help the user
attach the hose in the correct position and also to stabilize it there.

Figure 6-40. The bend that was created in the transition between window and air conditioner
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6.7.3 Final Revision
When further revising the inflatable hose concept it was realized that an inflatable hose in the
window gap will create a problem when the compressor and condenser fan is off. During the
air conditioning process, the compressor and condenser fan shuts off when the desired room
temperature is reached and only the evaporator fan keeps running. This means that the
inflatable hose will collapse since no air is any longer filling it up. When the room
temperature raises again, the compressor and condenser fan switches on again.
It was discussed whether this problem could be solved using a fixation in the top of the
inflatable hose, so it will be fixed even when the air inside the hose goes out. This idea was
rejected since the hose will stop to insulate efficiently when the air goes out, even if it is
fixated in top of the window gap. The conclusion was that the hose cannot be completely
inflatable in the window gap, and that it has to be stiff by itself in order for it not to collapse
when the condenser fan is not on.
It was declared that the hose needed to be stiffer in between the window gap, but could still
use the inflatable hose from the window connection to the air conditioner in order to maintain
the discrete look that it will hold when not inflated. It was also decided to use an oval profile
through the entire hose system in order to minimize the window gap. Hypothetically a
narrower hose profile should not mean that the condenser fan would have to work harder as
long as it keeps the same profile area as the required circular profile.
The further revised concept is shown in Figure 6-41.

Figure 6-41. The revised final exhaust air outlet concept. Left figure: The extendable hose length can be adapted
to the window size. Right figure: The hot air is exhausted through holes on the outer side of the hose.

The revised concept uses an extendable hose, similar to the existing exhaust hoses but with a
narrower profile. The hose is closed in the top and has ventilation holes along the outdoor
side. The extendable hose uses an integrated spiral shaped metal wire which enables the use in
different window sizes. The extendable hose is connected to a stiff bottom that functions as an
adapter to the inflatable hose that connects to the air conditioner unit. Since the hose from the
window to the air conditioner is inflatable and also narrow in profile it will give a more
discrete expression when installed in the room. An idea was also to incorporate a layer of
fabric around the hose to further make in blend into the room. The concept is suitable for both
sliding and hinged window types, see Figure 6-42.
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Figure 6-42. The exhaust air outlet concept seen in two types of windows

The concept automatically solved the problem that occurred with the 90 degree bend that was
created when the entire hose was inflatable. Due to the adapter that connects the inflatable
hose and the extendable hose, no risk for air obstruction will occur other than the fact that the
air has to change direction. Hence, this was not considered a big problem since hoses today
require the air to turn up to 90 degrees.
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7 Product Support
After the final concept was established and the main inner components were developed,
suggestions for the product’s support including assemblage, maintenance and handling were
formulated.

7.1 Component Assemblage
The air conditioner components are dimensioned and placed in advance for the general
design. Figure 7-1 shows the final components and their placements.

Figure 7-1. The final assembly of the main components

To visualize the assembly of the components, an inner frame was suggested. The frame is
mainly made of injection molded plastic and functions both as a mounting connection for the
components as well as a part of the self-evaporating system.
Since the components are sealed in a cylinder, it was decided to design a frame that was
openable in order to ease assembly and maintenance. The openable halves are jointed in the
back and connected together in the upper and lower front with snap fits. Figure 7-2 shows
how the frame opens around the components.
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Figure 7-2. The figure displays how the inner frame can opens and how it integrate the components

7.2 Air Vents & Filter Removal
The air inlet holes were, instead of traditionally vent holes, equipped with a rough fabric on
the outside in order for the holes to blend in more and give an overall soft expression. The
fabric requires rather open cells in order to not create a large pressure drop, which would
mean that the fans have to work harder. Furthermore the fabric needs to be non-attractive to
dust, since it should not absorb dirt from the air flow and by that require more maintenance.
Preferably the fabric should have plastic integrated in order to retract dust better.
On the inner side of the fabric, there are filters placed in order to clean the incoming air. The
filters are mounted by a rail on the air conditioner housing. They are removed by dragging the
filter handles on the unit back, which will let the filters glide along the air conditioner
circumference, see Figure 7-3.

Figure 7-3. The figure displays how the filters are removed
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Since the handles for the vents are placed in a center line on the back of the unit, they are
discrete as well as communicating interaction. A picture of the air vents and the filter handle
in their final stage is shown in Figure 7-4.

Figure 7-4. The upper back of the unit displaying the unit handle, the air vents in fabric and the filter handles

7.3 Unit Mobility
The unit was equipped with a handle in the back in order to enable unit mobility. The bottom
includes two wheels in the back and two stands in the front. To move the unit, the unit is tilted
to the back by the handle, which makes the unit stand on only the wheels and by that the unit
can be moved, similar to a travel bag. The movement is showed in Figure 7-5.

Figure 7-5. The figure displays how the unit is moved by grabbing the unit and tilting it back so that only the
wheels are touching to the ground
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8 Analysis
After the development phase of the new design, an analysis was made of the result. Since one
of the main project goals was to propose a design that changes the common interpretation of
portable air conditioners, it was natural to compare the results with the current portable air
conditioner in order to find the key differences.

8.1 Unit Size
After establishing the placements and dimensions of the inner components, final dimensions
of the entire unit could be established in Figure 8-1. The unit height could be determined after
establishing all the main inner component dimensions and assembling them in the CADprogram. Assessment of heights of the wheel and air shield, the final unit height was set to
115 centimeters and a diameter of 30 centimeter.

Figure 8-1. The final dimensions of the air conditioner

Compared to the desired dimensions found in Chapter 5.3 (H = 90 cm, ø = 24 cm), the final
result was slightly larger, but still kept a lot smaller size than current models. This will be
shown further in this section.
The area the unit will require on the floor, also known as the unit foot print, could be
compared with the reference Electrolux unit from Appendix G. The result in Figure 8-2
showed the new unit requires a 60 percent smaller foot print than the current unit foot prints.
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Figure 8-2. The current air conditioner footprint (to the left) compared to the new air conditioner footprint (to the
right)

Also the volume of the new unit design was established and compared with the current
portable units in Figure 8-3. By reorganizing the components in the unit so they are optimized
for the overall shape, the amount of wasted space inside the unit could be minimized and a
reduction of unit volume could be achieved. Today’s units use round components in a squared
shape while the new concept uses round components in a circular shape, which is more space
efficient. The result showed that the new unit has a 40 percent less volume than the current
models.

Figure 8-3. The current air conditioner volume (to the left) compared to the new air conditioner volume (to the
right

8.2 Comfort Climate
According to the background of the investigated product, many problems with the comfort
climate originate from air draughts causing local cooling of the users. Also some of the user
survey respondents replied that the concentrated and directed air flow in current portable air
conditioners was uncomfortable for them.
The new air conditioner design allows for a more even air distribution in the room due to
several factors. Due to the higher design, the cool air will be distributed in a more vertically
centralized location of the room which means the cool air will reach the warm air faster, since
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warm air is lighter than cool air and by that localized higher up in the room. A higher design
will also constitute to a more efficient cooling to the user since the cool air flow will reach the
more sensitive body parts faster, such as head, shoulders and arms. Figure 8-4 compares the
height of the new design versus the height of the conventional portables compared with an
average man.

Figure 8-4. The new air conditioner model distributes the air higher up than a conventional model which would
mean the air reaches the sensitive part of the body faster

Also, due to the air shield on the top of the unit, the upcoming air will be directed out in the
room in a radial direction, creating a larger distribution angle than a conventional portable
does, see Figure 8-5. The unit will due to this not distribute the air as concentrated as the
conventional unit does, and therefore feelings of air draught can be reduced.

Figure 8-5. The new design distributes the air in a radial direction compared to conventional air conditioners that
distribute the air more concentrated and directed
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8.3 Unit Weight
The unit weight was considered as one of the significant issues with the existing products
since the heaviness created obstacles in the portable function. Because of this, it was
considered interesting to estimate the weight of the new air conditioner design, even if it will
only be estimation due to this early product phase. The values in Table 8-1 are estimations
along with values from the CAD-model. The compressor weight originates from the chosen
compressor model specification.
Table 8-1. The air conditioner’s components and their estimated weights

Component

Material

Compressor (including refrigerant)
Evaporator Fan
Condenser Fan
Fan Motors x 2
Heat Exchangers (including coils)
Electronics Box
Inner Frame
Housing
Compressor Cover
Other (cords, PCB, wheels, water pump, screws etc.)

Weight
[kg]
Steel
6.6
ABS
1.2
ABS
0.9
1.0
Aluminum, Copper
10.0
Aluminum, ABS (FR) 1.0
Polypropylene
0.7
Polypropylene
1.4
Neoprene
0.3
2.0
Total Weight: 25.1

The weight of the new portable air conditioner model was estimated to 25 kilos. The weight
of the current portable air conditioner models of the same capacity lies between 30-35
kilograms (Appendix G).

8.4 Noise Level
The noise level in air conditioners is generally a huge problem for the users. It is therefore
crucial to consider noise reducing factors when designing new units. In this project, it was
considered unfeasible to give an estimation of the new noise level of the unit since this value
most often is established when the noise level is tested in a produced product.
However, there are factors in the new unit that can contribute to a lower noise level;
-

Inverter Compressor

Since the inverter compressor works with a more even work flow, it does not require
noticeable on/off-cycles, and does not have to work as hard as a conventional compressor
which would give more noise.
-

Compressor Placement

The compressor was placed favorably in the bottom of the unit in order to stand as stable
as possible and not transfer vibrations to the rest of the unit. Furthermore, the compressor
base was designed to insulate vibrations by having four stands on top of the unit’s own
stands to directly transfer the vibrations to the ground. The base was also mounted with
rubber feet to effectively insulate the vibrations.
-

Noise & Vibration Cover

The compressor was supplied with a noise and vibration cover that will further help to
insulate sound and vibrations.
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-

Axial Fan

The choice of an axial fan as the evaporator fan choice was considered in favor for a less
noisy unit. Generally, axial fans are quieter than radial fans (Strömbäck, 2013). The
evaporator fan was also chosen after its large blades which will give the same air flow but
with a less speed and therefore less sound.
-

Component Assembly

When the overall assembly of the components were put together, account were taking into
air flow paths in order for the air to flow as freely and with as few obstacles as possible.
By basing all the placements of the components around the cylinder axis, the air can flow
more freely in the center of the unit, and expectantly create less noise.

8.5 Energy Efficiency
It was considered interesting to approximate how energy efficient the new air conditioner
design is. Naturally it is difficult to give a definite value this early in the production phase,
since usually tests are done in labs with the completely manufactured unit in order to define
the efficiency. By simplifying the new air conditioner system by taking the four main
electrical components and calculating the EER (Energy Efficiency Ratio), it is possible to get
an idea of how energy efficient the unit will be, see Figure 8-6. The condense water pump’s
power input were estimated to 16 W (Refco, 2013).

Figure 8-6. The main component’s power inputs give an energy efficiency ratio (EER) value of 8.2

American National Appliance standard requires room air conditioners to have an energy
efficiency from 8.0-9.8 or higher (Energy, 2012). It can therefore be considered that an EER
value of 8.2 is within the required standard and therefore the unit can be considered energy
efficient.

87

8.6 Life Cycle Assessment
An air conditioner is a product highly market dependent on the amount of energy it consumes,
both for the consumers wallet and for the environmental effects that a highly energy
consuming air conditioner compose. By analyzing the new air conditioners entire life cycle,
from raw material extraction to disposal, some conclusions could be made regarding the
environmental impact that the product will have. The material database CES Edupack’s Eco
Audit Tool was used to analyze the product, and the input data can be found in Appendix J.
Assumptions regarding manufacturing processes and disposal options were made for the
different main components. The usage time for the new unit was assessed to be three months
per year and eight hours per day, based on the user surveys.
Figure 8-7 shows the energy consumption during the air conditioner lifetime, divided in the
different life phases (with an estimated life time of ten years). It is clear that the usage phase
stands for most of the energy consumption. None of the other categories weights up to the 95
percent of the total energy that the unit will produce during the usage. This clearly displays
how important it is to take energy saving and efficiency improving factors into account when
designing an energy consuming product like a portable air conditioner.
Percentage of Energy Consumption in Life Cycle Phases
100
80

4.60%

60

0.40%

40

0.1 %

20

94.9 %

0

0.0 %
Material

Manufacture

Transport

Use

Disposal

Figure 8-7. Figure displaying the percentage of energy consumption in the unit’s life phases
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8.7 Concept in Context
To further analyze and also present the final result in its actual context, the new concept was
put in a home environment. The pictures below in Figure 8-8 are both from photographs of
the physical model of the unit that was made by J. Selg.
.

Figure 8-8. The final result presented in a home environment

Due to the simplicity of the design, the concept places well in a home environment as well as
working environment, and do not add to any bothering or unnecessary mechanical details.
Due to the height and the narrow silhouette, the unit is easily placed between furniture. Also
the radial air flow allows for more freedom in the placement since the air is spread in a larger
width.
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9 Conclusion
The result of the collaborative project presented in this report is a suggestion for a new,
differentiated design of a portable air conditioner for Electrolux. The design is presented with
both inner features and outer features as displayed in Figure 9-1. In this chapter it will be
concluded how the six main problem areas were solved.

Figure 9-1. The final concept, from inner components to outer appearance

9.1 Handling
The new unit was concluded to have an easier handling ability than existing units. This was
achieved through the new shape which allowed for a narrower and higher unit which was
assessed to be more practical to handle. The unit’s handle and wheels eases the mobility.
Furthermore, the remote control along with the Wi-Fi makes the control of the unit flexible.
Due to the unit’s simplistic design, it is easy to find the interface areas such as the temperature
knob and the dust filters. The unit weight was assessed to 25 kilos, which is at least 5 kilos
lighter than the same existing capacity units.
Due to that all the inner components are facing the unit front, it is easy to maintain and repair
the unit from one side. The unit also uses a self-evaporating system that reduces the condense
water and no need for emptying any water tray is required during cooling.
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9.2 Features
The unit uses the basic features that were assessed to be the most important ones for the user.
These features are accounted for in the inner components, by addition of the technical
requirement for them in the assembly. The introduction of Wi-Fi lets the consumer use the
product more efficiently, even when the user is not in close proximity.

9.3 Appearance
The appearance of the unit was a slimmer and taller look, along with matte surface considered
suiting for the home environment. This makes it fit easier between furnishing and the matt
finish blends better with common surfaces in most residences. The overall simple look is
considered to give a calm feeling, which usually is desirable in a warm climate. The
appearance of the air shield was considered to communicate flow, which by that also
communicate the unit function.

9.4 Performance
The unit has a capacity of 9500 BTU/h which is profitable for a room size of 30 square meters
(Sylvane, 2013). Other design factors like larger frontal heat exchanger area, louvered fins,
horizontal heat exchanger fins and an integrated self-evaporative system should according to
theory improve the performance. The choice of inverter compressor increases the energy
efficiency and also lowers the noise level. The noise level can further be kept low due to
considerations in compressor base design and placement. Also a sealing compressor cover
will lower the noise level.
The total energy consumption of the unit was assessed to be within the required standard for
an energy efficient appliance. An analysis of the product’s life cycle shows that it is clearly
consuming most energy during the usage phase. The air distribution is considered to provide
an even and comfortable air flow since it is spread in a radial direction higher up.

9.5 Exhaust air outlet
The exhaust air outlet design is suitable for multiple window types and is installed easily in
the window by elongating the flexible hose. It creates a discrete appearance due to the oval
hose profile and the inflatable hose.

9.6 Pre Purchase
The consumer’s unit capacity choice is simplified by a disc meant for store usage in order for
the consumer to interact and compare different unit sizes before purchase. The consumer can
compare different room sizes to cooling speeds and energy consumptions in an interactive
way.
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10 Discussion
In this chapter the project as a whole is discussed. The discussion is divided into Purpose &
Results, Boundaries, Methodology and Interdisciplinary Team. In Appendix K
recommendations for future work will be discussed.

10.1 Purpose & Results
The result of this project was considered to be successful. According to the project purpose a
suggestion for a new portable air conditioner that uses existing technology was developed. It
can be stated that the result delivers proposals on all the problem areas that were presented in
the user survey, and a large part of the details in the entire air conditioner unit has been taken
into account. Furthermore, the result was considered to stand out among existing portables
which also contributed to the success.
Overall the result was considered to follow simplistic guidelines during the execution. Both
on the inside and outside of the unit, only the necessary and preferable functions have been
included. A minimal number of electronic components were added, for instance motorized
louvers and interface displays were not included in comparison with existing units. The
simplistic guidelines seem to have originated from the clutter feeling the existing unit gave. A
product like an air conditioner should express calm and cleanness. This was also considered
on the inside, where the assembly appears more ordered since all the components can be
reached from the front, and they are all assembled in a symmetrical way. Even though it can
be questioned if anyone will ever see the unit inside unless it breaks, it is still important to
have a well thought out inside that also expresses this once it is opened. This is important for
the product status. If the product can state to include noise reducing covers, or an extra quiet
compressor, the company can highlight this and promote the product as excellent within this
area. By acknowledging the main issues that users relate to portable air conditioners in the
user surveys, it can be encouraged towards Electrolux to use more issue solving components.
During the user surveys in the beginning of the project questions were raised about the
meaning of portability of the existing products. The common name for the product is portable
air conditioner but very few people actually move them around. Many users also permanently
install them anyway by drilling holes in the wall. The portability would in the existing unit
only refer to the ability to bring it back and forth every season. This was something that the
project team found interesting, and instead of getting stuck on the meaning of portability,
account was taking into how the user interpreted the handling of the unit. They claimed they
want something easy to handle but they yet do not move it around during use.

10.2 Boundaries
The main inner components of the air conditioner were identified, dimensioned and optimized
for the new design. Assessments and analyses were made for every component order to
establish the level of depth in each of them. To be able to limit the project and set reasonable
boundaries have been one of the apparent challenges during the product development. The
field within air conditioning is very well-established and there is a lot of knowledge in the
technology and products. During the project, it could constantly be stated that each
component could be investigated in more detail. This would of course have meant more time
and effort. In the end, the project result came to be an overall assembly concept, where every
component was researched and thereafter altered in order to suit the new design.
The level of component depth was set after researching each of them and establishing feasible
goals. Sometimes these methods lead to unnecessary time consumption, since a clear goal of
the development of that specific component was not made from the start other than suiting the
new design. For example techniques in noise reduction for fans were looked at since the fans
93

often stand for a large part of the total noise level. However, after finding that noise reducing
fans are a massive area it could be stated that a research into that would require too much time
from the overall goal with the project. An investigation in that area was considered to give
better results standing alone.
When discussing air conditioners capacity, many factors play an important role in which
capacity is the best suited one. Factors like number of windows in the room, angle to the sun,
number of people in the room and number of electrical appliances in the room all contributes
to the required cooling capacity. The project team narrowed the choice down to only be based
on room size based on the user preferences. This was a simplification that was seen
appropriate since exploration in more factors would be too time consuming.
Overall, many of the final specifications for the product are hard to determine in this early
stage of the product development since finalized values often require testing with produced
products. For example, the noise level of current units was a common complaint. It is hard to
say confidentially that the new unit has lowered the noise level and by how much. Although,
factors can be stated that according to theory will reduce the noise level. Also the final
capacity is hard to determine since it is based on the compressor capacity. Added design
factors like larger frontal heat exchanger area, louvered fins, horizontal heat exchanger fins
and an integrated self-evaporative system should according to theory improve the
performance. But to determine how much was not something that could be made in this
project.

10.3 Methodology
The mechanical design process was considered to suit this project very well, even though
occasionally some of the component development had to go through a design process their
self. For instance was the exhaust air outlet a bit separated from the rest of the unit and
explored as a separate system. This was considered logical and necessary due to the many
problems today’s exhaust air system has, and also the goal the project had of making a
solution working for both hinged and sliding windows (Europe and North America). A
uniform solution is something that does not exist today.
The project team took part of Electrolux conducted surveys as well as formulating their own
user surveys by an internet questionnaire and user interviews. Even though Electrolux’s
surveys were so extensive, it was still considered necessary to conduct own surveys. Partly
because of Electrolux’s confidentially and also to confirm and develop questions that were
found interesting. Summed up, it can be stated as one survey with several iterations. The
internet questionnaire was sent out to hundreds of potential users, mainly from Sweden and
North America. However, in the end the number of respondents came down to 13, which was
less than the project team had hoped for. It could be stated that it was hard to find portable air
conditioner users in Sweden since the weather conditions does not often require air
conditioners. Although, the response that was achieved by the questionnaire was considered
helpful and valuable to the overall research.
With some of the component choices, modifications were made of already existing models.
These modifications were made in order to suit the new design better. Furthermore, taking
into account that Electrolux is one of the biggest companies in the world within their field,
modifications in components for large scale manufacturing would not be considered a major
problem.
Since an air conditioner is such an energy consuming product, it was decided to look into
environmental aspects, such as energy consumption. This was done by adding the main
electrical component’s power input as well as doing a Life Cycle Assessment on the entire
unit. This gives a clear overview of how energy consuming the use of an air conditioner is,
and the importance of both energy efficiency and choosing the correct capacity.
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10.4 Interdisciplinary Team
This project has been a collaborative one between a design engineer and an industrial
designer. Overall it has worked really well, and the fact that the result is described in such
detail, from the appearance to the inner technology, is an evidence of a successful team work.
It was interesting to see how the product development process was processed, starting off with
more design and appearance features by choosing shape and overall look. This choice directly
set demands on the inner components and there the iteration process between the aesthetical
and technical starts.
A concern in the start was that the choice of a design engineer instead of a mechanical- or
thermal oriented engineer would mean a less accurate result, but in the end it could be stated
that the choice was positive considering a design engineers understanding for design and
details. In this project there were a lot of areas were both the team members could work
together when ideas were generated and developed.
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Glossary
Coil battery

Alternative word for a heat exchanger which can be
referred to as a gathering of coils.

Motorized louvers

Air conditioning outlet blinds which are powered by a
motor.

Louvered fins

Type of fins which contains cut-outs in order to improve
air turbulence and therefore heat transfer.

British Thermal Unit (BTU)

Unit of energy equal to approximately 1055 Joules. It is
the amount of energy needed to heat one pound of water
by one degree Fahrenheit.

Reversing valve

Type of valve that changes the direction of the
refrigerant flow. This allows the refrigeration cycle to
change between cooling and heating.

Compressor

Device that converts power into kinetic energy by
compressing and pressurizing air.

Impeller

Expression used to describe rotor blade or a rotor.
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Appendix A - Time Plan
A time schedule with different sections for the project phases, deliverables for KTH,
deadlines and also deliverables by J. Selg has been constructed. The time schedule is shown
below in Figure A.

Figure A. Time schedule for the master thesis project

The time schedule got altered during the project’s procedure. The final report deadline was set
to June 7, 2013 and the final presentation at KTH was completed on June 24, 2013. The
project team held an oral presentation at Electrolux on May 31, 2013.

Appendix B - Risk Assessment
In order to prevent problems and difficulties during the project, a simple risk assessment was
made in the planning report of this project by using the Risk Assessment Guidelines (RAG)
(Van der Cruyssen, 2007). In this method, all possible hazards that could occur during the
project was divided into three categories; Mechanical, Organizational and Legal. These
hazards were then assessed by their probability of occurring and also the severity of the
hazard if it occurs. They were assessed in a value between 1 and 5, where 5 is the most
severe. The final assessed risk value of the hazard is found by multiplying the two values. The
higher risk value, the more consideration should be taken to the risk and a clear prevention
method should be stated.
The highest risk values belonged to a deadline failure. If this hazard occurs, it could mean that
the projects planning fails and delays the result, which means delays in the students
graduation and company’s decisions about a possible production and launching. This should
be prevented with a detailed time schedule which is continuously updated and constantly
monitored by the supervisors.
Also the risk of not meeting the required specifications was another top ranked assessed risk.
If this occurs, the goal of the project is not met and the result does not fulfill the stakeholder’s
requirements. The hazard should be prevented with making a reasonable requirement list in
the beginning of the design phase. This requirement document will be continuously updated
throughout the entire project.

Appendix C – Market Analysis
The chosen compared companies are an extract from mentioned competitors to Electrolux in
their research reports investigated in the user oriented studies in Chapter 4.1. Notice that
Frigidaire is a brand name under Electrolux. The most common features on the units are also
stated in the table below.
Brand

Capacity
[BTU/h]

Frigidaire

Climachill

Kenmore

Nobo

Delonghi

Friedrich

Toshiba

Whynter

Sharp

Haier

349–519$

500–890$

600$

670$

450-700$

599-699$

620$

419-605$

305700$

270500$

5000
7000
8000
9000
10000
12000
13000
14000
15000
17000
18000

Timer
Self-evaporative
Multiple Fan Speed
Heater
Remote Control
Sleep Mode
Dehumidifier
Display on unit
Price

Appendix D. – User Design Suggestions

Appendix E – Internet User Survey
1.

In total, how often do you use the portable
AC in a year?
A few days
A few weeks
A few months
All year around

2.

When you use the portable AC, how often do
you move it around?

Never
Seldom
Many times per use

Have you ever been disturbed by the noise
level of the portable AC?
Yes, during daytime
Yes, during night time
No, never
Comments

Have you ever noticed any difference in the
air quality when using the portable AC?

Yes
No
Comments

5. Where do you use the portable AC?
At home
At work
Other (please specify)

6.

38.8 %
30.8 %
30.8 %
0.0 %
Responded questions
Skipped questions
Responses in %
53.8 %
38.5 %
7.7 %
Responded questions
Skipped questions

3.

4.

Responses in %

Responses in %

Responses
5
4
4
0
13
0
Responses
7
5
1
13
0
Responses

38,5%
5
46,2%
6
38,5%
5
Have some of operating sound but not that
too noisy.
it is too loud for use during sleeping
I haven't used it during nighttime because of
the noice level...
Responded questions 13
Skipped questions 0
Responses in %

Responses

38.5 %
5
61.5 %
8
The air in the room will get cooler.
It's cooled the air. That was why we used it.
The air is really dry
Responded questions 13
Skipped questions 0
Responses in %
100 %
7.7 %
0.0 %
Responded questions
Skipped questions

Responses
13
1
0
13
0

Approximately, how large is the room where the portable AC is used (in square feet)?
70
100
100
10 x 12
15 by 10
Comments
200 square feet, its in a bathroom that opens into a large open area of the home (approx..
800 square feet)
in square feet I don't know but approximately 9 square meters.
320 ft^2
38m2

376.74 ft^2 However, it was only meant to cool half of that size of the room.
20 x 25 ft
Less than 300
144
Responded questions 13
Skipped questions 0
7.

Where do you store the portable AC when not using it?
at the corner
out in the open
just place it there, not hide it.
I just leave it in the lounge room where it sits all the time.
I leave it up all year
in a closet
In our storage room in the top of the building. So we don't use it anymore because it was
Comments
so difficult to move it there. (Staires and stuff.. and it is heavy!)
basement
in its box in the closet
During the summer it remains in the room where it is needed. After that it got stored in the
attic.
In the basement or the attic
closet
on the floor of the room
Responded questions 13
Skipped questions 0
8.

What added features would you
be willing to pay more for?

None
Heater
Air Purifier
Humidifier
Remotely controlled via Wi-Fi
Other (please specify)
Comments

9.

Responses in %

Responses

15.4 %
1
42.2 %
6
30.8 %
4
30.8 %
4
30.8 %
4
23.1 %
3
daily timer so i can program to turn on and off during
different days of the week
Smaller, lighter, easier to move around, more quite etc..
A less bulky AC system
Responded questions 13
Skipped questions 0

Have you experienced any other problems with the portable AC?
Too big duct and consume space.
My windows slide from side to side, not up & down so I find this is annoying as they never
make the window block out long enough to cover the space
I have not had any problems with the Unit as of yet
lots of bugs get in thru the window vent and into the home, it needs a door that closes
when the unit is not turned on
As written above: Difficult to move around because it was so heavy, big and ugly to have
Comments
in our home, irritating sound level, that is why we stopped using it...
Comparing the energy it consumed to the effect it had on the, it was totally not worth it.
no
The large size is the largest problem. One other thing is that it can only be pointed in 1
direction (aside from the small movements which can be made by the outlet "windows")
No, not that I can think of!
not really
Responded questions 10
Skipped questions 3

Appendix F - Interviews
User Interviews
The interviewed people were persons who used or handled a portable air conditioner unit one
or more times. There were four interviewed persons. The countries where the handling of the
unit took place differed between Sweden, The Netherlands, Philippines, The United States of
America and Greece.

Interiew Questions
-

The interviews evolved around the following questions:
In what type of room did you often use the unit in?
How often did you use the unit?
How much did you use the portable function?
Did you experience dryer air when the unit was on?
Were you satisfied with the performance of the unit?
Did you experience any issues with the unit?
How did you store the unit?
What made you buy a unit?
Do you find extra functions, such as dehumidifier, humidifier, air purifier etcetera,
appealing to the unit?
What are your thoughts about the aesthetical appearance of the unit?
What are your thoughts about the exhaust hose outlet?

Woman A, Sweden
This woman has experienced the use of a portable air conditioner at two different periods of
her life. She used it the first time when she lived alone in a one room apartment in the
northern part of Sweden, where she got a unit as a gift from her parents.
Experience 1
She used the unit during a few hours, a few times during the summer. Since she lived in a one
room apartment, the unit was perfect to cool down the entire room. Therefore she also claims
that she did not use the portability of the unit since it cooled down the entire apartment from
where it was placed.
She only used the unit when she was home, since she had to keep the window open for the
exhaust air hose which she just hanged out the window. It felt unsafe to leave the window
open when she was not home. When not using the air conditioner, she just kept it standing in
the room since she had limited storage place in her apartment. She found this annoying since
she experienced the unit to be bulky and not appealing in appearance. She also claims that the
air did not feel any dryer when the unit had been on.
She found these last mentioned issues to be the most prominent ones. She claims it would be
better if the unit was more easy to handle and easy to store. She also claims the sound that the
unit produced was unpleasant. However, she was used to a noisy environment since she had a
washing- and dryer machine in her bathroom.
Experince 2
Nowadays she lives together with her fiancée and 1-year-old son in a bigger apartment
outside Stockholm in Sweden. Also this time she did not purchase the unit herself, but it was
accompanying with the apartment purchase from the previous owner. She claims that she
would not have owned any units if they would not have been given to her. However, since the

apartment of her family is placed high up in a tall apartment building, they experience the unit
quite useful during hot summer days.
The previous owner had made a permanent outlet hole in the balcony door in the kitchen,
where the exhaust air hose should be connected. She claims that this forces them to keep the
unit in the kitchen, but that they rather would use it in the bedroom before the sleeping hours.
However, the exhaust hose was not long enough. Furthermore, they mainly use the unit when
they are not home because of the noise level.
She and her boyfriend also experience that the unit do not blend in the home environment.
They also stated that they did not want to keep the unit around during the entire year, but that
it is bulky to take back and forth. She also discussed that the big hose would really be an issue
if they did not have the permanently installed outlet hole, since the hose is big and demand a
large opening of the window. For people living on ground level, it could be experienced as a
safety issue to be forced to have a wide window opening when using the unit.

Man A, The Netherlands
This man came in contact with using a portable air conditioner unit, during summer months at
his friend’s family house in the central Netherlands. The family had bought a unit due to the
heat that was generated in the top floor rooms during the summer. During the time he spent
there, the unit was always on for most of the day. Even though he never felt that the air was
any dryer after usage.
The unit was mounted in a permanent wall outlet in one of the bedrooms on the top floor. But
during the night hours the unit was always off due to the noise it generated. And the
portability of the unit was never really used since it had to stand by the wall outlet.
When the unit was on, he was annoyed at the air flow that was experienced directed in an
uncomfortable way. He explains that even if he want the air to feel cooler around him, he still
do not want to feel an air stream coming towards him. He thinks that it would be an
advantageous idea to be able to choose the angle of the out coming air. Further, he felt that the
most significant issues were the noise level and big size of the unit. He explains he would not
buy a unit himself due to more disadvantages than advantages.

Man B, The Philippines, The United States of America
This man has experience with air conditioners from living in The Philippines, San Francisco
and the desert areas of New Mexico. He claims that probably almost all middle class families
in The Philippines own an air conditioner unit of some kind and that the units are really
important for the daily life there. He never owned a portable unit by himself, but often came
in contact with environments where they were used.
He finds the portability factor good since it enables him to use the unit in different rooms. But
as of today he is skeptical towards if he would actually move it around that much. This is
because of the hot air hose that needs to be set up. He thinks that he would only use the air
conditioner in his bedroom during night. He had an idea of instead leading down the hot air in
the basement or maybe let it go out through the sewage.
Overall he thinks the portable air conditioners look too medical in their expression. They do
not look like what they are built for as he says. He also believes that making the unit smaller
is important, since placing it in a room would be easier and also storing it under a bed or in
the basement for example. He also believes that the noise level is a problem.
When asking about extra features he finds adding a humidifier or air purifier feature to the
unit not necessary. He thinks that the indoor air is bad as it is, so it is no use of cleaning it.
Although he thinks that adding a heater functionality is a good idea. He reflects on when he
lived in New Mexico, then the days were really hot but the nights got cold. A drop of 10

degrees Celsius was common. Then the heating feature would come in handy. He also
explains that in The Philippines, the split air conditioners are everywhere and are “so ugly”.
They ruin the aesthetics of houses in general, with all the ventilation units mounted on the
facades. The portable air conditioners are then a better choice, because no outside unit is
needed.

Woman B, Greece
This woman is originally from Greece, where she claims people use air conditioners a lot. She
states that during July and August the air conditioner is a must, especially in Athens where the
air is more stagnant and warm. During that period it is common that she never shut the unit
off due to the heat. She did never own a portable unit herself, but came in contact with
environments where they were used, at friend’s houses or working environments.
It was discussed how it could be possible to mount the hot air hose to a window. She states
that it is common in Greece to have both a hinged window and a sliding window. Therefore it
is important to do a solution that can fit several types of windows. One idea she discussed was
that the connection to the window could be a soft screen that could be dragged down, almost
as a blind. Another idea she had was that the unit could be more of a multifunctional piece,
for example work both as an air conditioner and a table. She also thought it should have a
more integrated feel and to be more human in the appearance. Also regarding appearance, she
thought that a tall and thin product would work nicely since she could be able to have it in a
corner and that it would blend in with other furniture in the room as well. It would be more
discreet.
When it was asked about adding extra features she stated that it would be good for some
cases. The unit is easy to use if she just wants to heat a room for a limited time. But she is not
sure how often she would use it though. Regarding the portability aspects of the unit she
thought that she would move it around for example when she is going to her summer house.
Then she would bring it with her, allowing her to just own one air conditioner, and that would
save her money.

Stakeholder Interviews
In order to get inspiration for the physical shape and expression an interior architect was
interviewed. She was exposed to the unit and got to freely talk about her opinions about the
essentials in integrating such a product in an interior environment. Moreover, a sales person
from Luftmiljöbutiken in Stockholm, Sweden, was interviewed in order to obtain further
insight in the market.

Interview with an Interior Architect
What the interior architect thought of spontaneously when she looked at a portable air
conditioner was that it should blend in and have a very abstract form, in order to be more of a
function, than to be visible. The form could be very simple with straight shapes in
monochrome color, but with carefully designed details that don’t stand out too much.
It should be simple to use with an easily understandable user interface. Maybe it could even
be built into a fixed storage? On the other hand, the unit could be a statement. It could be
something that is more visible and work as a decoration, bringing more attention to it. For
example a subtle relief pattern on the front could work. One final option could be to do these
two different versions and then merge them together to a final product.
When the product is placed in its context, the question is how it could interact with that
environment. Maybe it could be flexible, hang or that enable the unit to lie on the side. To do
something that is simple usually works.

Interview with a Salesman, Luftmiljöbutiken
The store Luftmiljöbutiken in Stockholm that specializes on air products, such as portable air
conditioners, was visited and a sales person was interviewed. He claimed that the store sell
quite a lot of portable air conditioners during summer, if it is hot outside. The sales are closely
linked to weather.
He also informed that the hot air outlet should not be longer than 1.5 meters, in order to not
overload the air conditioner, and decrease the life time of the machine. That is something to
have in mind when looking at the hose.
He further talked about that some buyers do not want a heating function on their air
conditioner, since many consumers believe that the unit is too big to have in the room all year
around. Maybe if making the unit smaller, adding a heating function could work? The
smallest portable unit they had in the store could cool down 20-25 square meter.

Interview with an Acoustician
An open interview with the technical expert in acoustics Tommy Andersson, whose work
includes noise improvements in vacuum cleaners on Electrolux, was made in order to gain
ideas for noise reduction in the new design.
According to him, it is crucial to identify the highest sound source, since the total noise level
can never decrease unless the highest sound source decrease. After discussing portable air
conditioners, he also suggested that the compressor probably counts as the highest sound
source in an air conditioner. As the motors in vacuum cleaners, the compressor constitutes the
motor in an air conditioner and it is important that it is completely sealed so that no noise can
get away. It is also important that vibrating parts are softly mounted in order for the vibrations
to be insulated. Vibrating parts are also advantageously mounted on top of the units own
supports in order for the vibrations to be transferred to the ground and not to the rest of the
unit.
Regarding the fans, it is a fact that larger blades provides a quieter fan since the fan then can
provide the same air flow but with a lower speed. Lower speed usually means quieter
operation. Tommy suggested the fan manufacturer company Noctua, who has specialized in
quiet fan design. Also the company RotoSub works with active noise control (ANC) and
integrate their technology in customer’s fans.

Appendix G - Reference Portable Air Conditioner
When approximating the dimensions for the new design, the measurements originated from a
current Electrolux portable air conditioner in order to approximate the same capacity. Also,
the specifications were crucial when analyzing the new design and comparing it to a
conventional model. Table G is a summary of measurements and specifications from a 12000
BTU/h Electrolux model.
Table G. The measurements and specifications from the reference Electrolux portable air conditioner model

General

Unit Size (Length x Height X Width)

cm

46.5 x 76.4 x 39.7

Unit Weight

kg

34

Maximum Input

W

1600

Dehumidification

Pints/h

2.5

EER

W/W

2.6

Sound Power Level

dB(A)

53

PCB Box Area

cm2

200

Number of Rows

Evaporator

Condenser

2

Tube Pitch x Row Pitch

mm

21 x 13.37

Fin Spacing

mm

1.3

Fin Type

Hydrophilic Aluminum

Coil Outer Dia. and Type

mm

Ø7, Inner Groove Tube

Coil Length x Height X Width

mm

355 x 294 x 26.74

Number of Circuits

2

Number of Rows

3

Tube Pitch x Row Pitch

mm

19.5 x 11.6

Fin Spacing

mm

1.2

Fin Type

Non-Hydrophilic Aluminum

Coil Outer Dia. and Type

mm

Ø5, Inner Groove Tube

Coil Length x Height X Width

mm

273 x 371 x 23.2 + 273 x 351 x 11.6

Number of Circuits

2

Indoor Air Flow

/h

Type

Evaporator Fan

Radial

Diameter

mm

120

Length

mm

330

Power Input

W

57

Rotational Speed

rpm

1280

Indoor Noise Level

dB(A)

53

Outdoor Air Flow

/h

Type
Condenser Fan

590

530
Radial

Diameter

mm

210

Length

mm

93

Power Input

W

128

Rotational Speed

rpm

1180

Type
Compressor

Capacity
Refrigerant

R410A

Appendix H. – Air Flow Test Model
Method
The model was constructed using a cardboard box (
) with a
top cut out for the fan. The used fan was a table fan, (
) with two speed options. A
front hole (
) was cut out for the heat exchanger that was attached on the inside.
The coil – fin type heat exchanger dimensions was, in a horizontal fin position,
. The air flow was measured using a velocity meter. The test model and
the used velocity meter are shown in Figure H.
There were five measuring points marked on the cardboard. The air velocity meter had a mark
on the measuring rod in order to keep the same horizontal distance on each measuring point.
On each mark, the rod was held against the cardboard. To be able to get an accurate result, the
measurements were conducted four times on each measuring point, at the horizontal and the
vertical fin mode respectively.

Figure H. The test model (to the left). The used velocity meter (to the right)

Discussion
According to the result as well as the hypothesis, the horizontally placed fins provide a more
even air flow over the heat exchanger area, and therefore it can be stated that this design uses
the entire frontal area more efficiently than the vertically fin design does. This will also
provide a longer durability of the heat exchanger since the air flow do not stress the surface in
unnecessary amounts on certain parts. From the charts, it can also be stated that the horizontal
design has a slightly lower air velocity closer to the fan, which probably depends on the
thickness of the heat exchanger. Since the fins are put horizontally, there has to be a metal
barrier on the top, which inhibit the air flow closest to fan. This means that the horizontal fin
design allows for a taller air conditioner design.
The vertical fin design has clearly higher air velocity at the top and at the bottom. The
explaining theory for this would be that the vertically placed fins create slots that lead the air

out easier at the endings. The hypothesis that the air velocity would be higher closer to the
fan, matches this fin design. Also, the vertical fin design allows for the highest as well as the
lowest air flow, compared to the horizontal design. The vertically fin design would allow for a
shorter, more compact air conditioner design.
As a conclusion from the air flow test, it can be stated that the horizontal fin design provide
the most even airflow over the heat exchanger. Still, the horizontal fin design has some
disadvantages. For example, it is disadvantageous in a self-evaporative air conditioner. A selfevaporative system, helps the condense water to evaporate, which improves the performance
of the condenser as well as decreasing the amount of water that needs to be removed by the
user. The condense water would, advantageous be provided over the condenser from the top
to let it drain down through it. Naturally a design with vertical fins would provide the most
efficient water drain channels in the heat exchanger. In a horizontal design, most of the water
would get stuck on the top, or the system would need to use a splash fan providing water from
underneath. Also the horizontally fins would easily accumulate any dust entering the fin
surface than the vertical fans.

Appendix I – Exhaust Air Outlet Concepts
From the work shop, there were seven concepts for the exhaust air outlet developed. These are
presented below.
Concept 1 – Extendable Nozzle
This concept uses a remodeled air conditioner (the cardboard box) that reaches up to the
window so that a long hose is no longer necessary. To cover up the window opening the
concept uses an extendable nozzle in a soft material that can be extracted when placed in the
window opening. It uses an extension technology that many camping tents uses in order to
keep a very thin, small size while not in use and when it is unfolded (in an 8-shape) it extracts.
In this case it covers up the window opening when unfolded. The concept model is shown in
Figure I-1

Figure I-1. Concept 1

Concept 2 – Inflatable hose
This concept uses an inflatable hose that also work as a cover for the window opening. The
hose is placed and fixated in the window opening. Along the outside of the hose, there are
holes which functions as the outlet of the hot air. This model was made as a function model
with a straw so that air could be blown in, in order to display the inflatable hose. The concept
model is shown in Figure I-2.

Figure I-2. Concept 2

Concept 3 – Curtain Hose
This concept takes the aesthetical aspect in function. The idea is to integrate the hose to
appear like a curtain or an attractive detail around the window. The concept model is shown in
Figure I-3.

Figure I-3. Concept 3

Concept 4 – Balloon Cover
This concept works best in sliding windows. The idea is that the hose transferees into a
balloon like form, which functions as both the cover and the hot air outlet. It can either use a
ledge to fixate the balloon, or use the balloons flexibility itself to press the window towards
the balloon until it is fixated. The concept model is shown in Figure I-4.

Figure I-4. Concept 4

Concept 5 – Sun Feather Cover
This concept uses a rubber material that is fixated between the window and the window
frame. The material is folded in order to be able to expand when the window opens. The hose
could either be integrated in the rubber material itself, or has an outlet hole somewhere on the
“feather”. The concept model is shown in Figure I-5.

Figure I-5. Concept 5

Concept 6 – Window Mounted Curtain
This concept consists of an air conditioner mounted directly on the window sill. It also has an
extendable curtain that is supposed to be dragged upwards to cover up the window opening.
The concept model is shown in Figure I-6.

Figure I-6. Concept 6

Concept 7 – Divided hose
This concept uses a hose that is divided in multiple smaller hoses in order to oblige a smaller
window opening. The concept model is shown in Figure I-7.

Figure I-7. Concept 7

From the seven work shop concepts and the brainstorming, four different concept categories
could be established. These categories are described in Table I-1 below.
Table I-1. The four concept categories that could be established from the work shop concepts

Concept
Inflatable hose with
ventilation holes

Description
Uses an inflatable hose that also functions as the cover of the
window gap. On the outside part of the hose there are outlet holes
for the hot air from the room. It is fixated through the sealing that
is created when the hose is expanding.

Covering carpet

Uses an extendable, transparent carpet that covers the entire
window frame. An opening for the hose is integrated in the carpet.
The concept still needs to explore the opportunity to be mounted
without permanent installation requirements.

Half covering carpet

Same as the previous concept but covers only the gap that the
open window creates.

Extendable/Foldable
plates

Uses stiff plates that are expandable and/or foldable to seal the
window gap. Reminds a lot of the extendable plates of today that
is used in sliding windows. The difference is that these will be
even narrower so that the window requires a smaller gap. The
plates are fixated through pressure from the window when it
closes and also through the spring effect that the extendable
plates offer. The concept can be used in different window types as
well.

Appendix J. – Life Cycle Assessment
The life cycle assessment inputs are shown in Table J-1 below.
Table J-1 Life cycle assessment inputs
Component

Material

Mass
[kg]

Process

End of
Life

Compressor

Steel

6.6

Casting

Landfill

Evaporator Fan

ABS

1.2

Molding

Recycle

Condenser Fan

ABS

0.9

Molding

Recycle

Fan Motors

Fan¹

1.0

Incl. in material value

Landfill

Heat Exchangers (Coils)

Copper

7.0

Wire Drawing

Recycle

Heat Exchangers (Fins)

Aluminum

3.0

Extrusion, Foil Rolling

Recycle

Electronics Box (Metal)

Aluminum

0.4

Extrusion, Foil Rolling

Recycle

Electronics Box (Plastic)

ABS

0.5

Polymer Molding

Recycle

Inner Frame

Polypropylene

0.7

Polymer Molding

Recycle

Housing

Polypropylene

1.4

Polymer Extrusion

Recycle

Compressor Cover

Neoprene

0.3

Polymer Molding

Landfill

Cords

Cable¹

0.4

Incl. in material value

Landfill

PCB

PCB Assembly¹

0.4

Incl. in material value

Landfill

Remote Control

Small (hand held)
Electronics¹

0.3

Incl. in material value

Landfill

Power Supply

Power Supply Unit¹

0.5

Incl. in material value

Landfill

Transport
Countries

China – Germany

Transport Type

Sea Freight

Distance [km]

20 000

Use
Product Life [years]

1 - 10

Country Electricity Mix

World

Energy Input and Output

Electric to Thermal

Power Input [W]

1160

Usage [days per year]

90

Usage [hours per day]
¹Pre described material by CES Edupack

8

Assumptions regarding manufacturing processes and disposal options were made for the
different main components. The manufacturing location is assumed to be made in China, the
same as of today. The transport will, as of today as well, be made by sea freight to Germany.
The transport route in this assessment only goes to Germany, since this was considered as
central Europe. North America would require a shorter distance from China by sea freight,
considering west coast approach, and Germany would therefore symbolize an average
transport distance. The distance from China to Germany by sea freight was set to 20000
kilometers (Sea-Rates, 2013). The usage time for the new unit was assessed to be three
months per year and eight hours per day, based on the user surveys.

Appendix K – Future Work/Recommendations
The next step in the new portable air conditioner concept implementation would be to go back
to the consumers and get further input about the new product. Does it satisfy the aesthetical
requirements? Would the unit feel natural to place in their homes? Does the unit features
satisfy the demand? By doing this, further details can be improved and the product can be
even more user satisfying. Furthermore, the inner component platform needs to be
investigated by thermal engineers and later on tested in a produced model in order to give
final specifications.
Overall, there are several areas of the new concept that has not been deeply investigated in
this project and can be further analyzed in order to get a more fulfilling product. To mention a
few; exact attachment of the components in the inner frame, inner frame stability, strength
and exact design, air pressure measurements in the unit, transition between radial fan and
exhaust air system, lightweight materials for reducing total weight, noise reducing fan models
etcetera. Furthermore, exact measurements of the exhaust hose in order to make it suitable to
the most common window sizes will have to be looked in to.
A detected disadvantage with the new air conditioner design was the fact that the condenser
fan had to be so small, and thereby demanding large amount of power. Methods of decreasing
the power consumption or looking into extra low power consuming fans could be a further
development area.
The new concept got very well received amongst the Home Comfort design team at
Electrolux and is going to be further investigated in order to see the opportunities for an
implementation on the market.

