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INDOOR CLIMATE----------------------------------------------------------------------

WHY CREATE A GOOD INDOOR CLIMATE
Experienced indoor climate
Individuals experience the climate as a joint action of several
factors that affect our thermal comfort:
• Level of activity, the body’s heat production
• Clothing’s thermal resistance
• Ambient air temperature
• Surrounding surfaces’ temperature
• The air’s relative speed
• The air’s relative humidity 

According to professor P O Fanger the ideal indoor climate
has been attained when people perceive thermal comfort, i.e.
when a person is thermally neutral. However, one of the prob-
lems you always face when creating a good climate with the
help of a climate system is that people perceive the climate
differently.
No matter how well you succeed about 5% will still be dissat-
isfied. The percentage of those dissatisfied will then increase
for each degree of deviation from the average person’s most
ideal temperature.

Figure 1 shows the percentage of those dissatisfied when the
temperature deviates from the average ideal temperature.

Performance levels
What we consider to be the ideal indoor climate is always in-
dividual from person to person and studies show that per-
formance levels follow a person’s perception. During his time
with the research institute, Statens Institut för Byggforskning
(SIB), David Wyon undertook a number of studies of people in
different work situations.

Figure 2 shows that deviation from the ideal temperature is
significant. You can record a reduction in efficiency even after
a few degrees of deviation from the ideal. This means it is pos-
sible to make a calculation of what an indoor climate invest-
ment can mean and in doing so not only is that the perception
of comfort now positive but efficient.

Figure 1. Expected percentage of dissatisfied (PPD = Predict-
ed Percentage Dissatisfied) as a function of the thermal com-
fort perception (PMV = Predicted Mean Vote).
-2 = cold
-1 = slightly cold
±0 = neutral
+1 = slightly warm
+2 = hot 

Figure 2. Efficiency as a function of the deviation from the
ideal temperature.
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Heating and cooling requirement in a standard office
Here follows an example that illustrates the thermal balance
in an office. The room has windows with energy glass, U-val-
ue approximately 1.3 W/m2, K. Figure 3 shows how the rela-
tionship between the heating and cooling requirement
changes in the room due to the separate heat sources you
normally have in an office today.

The person emits approximately 100 W. When the lighting is
switched on a further 120 W is added. When the person,
lighting, computer and sun are included the load amounts to
approximately 650 W in the room. With an outdoor temper-
ature of –18°C the heating losses through the exterior walls,
window, etc. for the room are approximately 180 W to 300
W depending on where the room is located in the building.
The higher value relates to a corner room. Accordingly, the
room’s cooling requirement is nearly always greater in all in-
stances than the room’s heating requirement even when it is
-18°C outside.

Is comfort cooling required to create a good working 
environment?
Yes, we claim this at Swegon with the following examples.

Cost as a result of the loss of production
The cost due to loss of production will be 6 160 SEK per year
and employee. If each employee takes up 20 m2 incl. second-
ary areas, this gives a cost of approximately 310 SEK/m2

per year.

This should be set against the investment and the annual op-
erating costs.

The investment cost for the comfort cooling installation
The normal investment cost for the comfort cooling installa-
tion incl. room cooling amounts to 700-800 SEK/m2 office ar-
ea.

Based on relatively simple repayment calculations the repay-
ment period will be about 3 years for the investment in a good

indoor climate for the employees.

Operating cost
The additional operating cost for comfort cooling will be ap-
proximately 9 SEK/m2 year.
The saving for the lower air flow with comfort cooling will be
approximately 31 SEK/m2 year. Consequently, the flow reduc-
tion by 2.5 l/s m2 reduces the operating cost for the fans so
that it covers, by a good margin, the cooling installation’s op-
erating cost. 

Figure 3. Thermal balance in a standard office.A = SunB =
PCC = Lighting, 120 WD = Person, 100 WE = Transmission 

Conditions:
Working envi-
ronment: 

Office

Performance lev-
els: 

100% up to 25ºC over that a reduction by 
10% per ºC

Building: Heavy structure with concrete beams and 
brick facade

Ventilation with 
air-based cool-
ing:

4 l/s m2 operating at night during the sum-
mer

Ventilation with 
water-based 
cooling:

1.5 l/s m2 operating at night during the 
summer

Fan efficiency: 50%
Cooling require-
ment: 

35 W/m2

Salary costs: 350 SEK per hour and employee including 
lost percentage allowance to cover fixed 
costs

Equivalent oper-
ating period:

700 h/year

Electricity price: 0.8 SEK/kWh
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HEAT TRANSFER----------------------------------------------------------------------

HEAT TRANSFER
An individual’s heat exchange with the surroundings primarily
occurs in three ways, these are:
• heat emission through radiation to surrounding areas or to 

free space.
• heat emission through convection to the surrounding air.
• heat emission through the evaporation of fluid, which tak-

ers place mainly through us perspiring. 

A fourth form of heat exchange can also occur through con-
ducting to fixed or floating objects in direct contact with the
body. However, in normal cases this is so small it is completely
negligible.

Radiant heat
Radiant heat is constantly emitted from warmer to colder sur-
faces and increases with the temperature difference between
these. The radiant heat exchange is primarily dependent on
the following factors:
• the size and placement of the surfaces = solid angle rela-

tion to each other
• the individual temperatures of the surfaces 
• the character of the surfaces, which determines the emis-

sion and absorption factors, i.e.. the ability to emit and 
receive radiant heat

We make a distinction between two types of radiant heat:
• High temperature radiation from bodies with temperatures 

above approximately +500°C
• Low temperature radiation from bodies with temperatures 

below approximately +250°C 

The temperature limits above are only approximate.

As the room surfaces and conventional heaters have, relatively
low temperatures, a person’s heat transfer with surrounding
surfaces takes place indoors in the form of long wave, low
temperature radiation. The structure and colour of the surfac-
es have virtually no significance for low temperature radiation
as regards its capacity to emit and absorb thermal radiation
with the exception of untreated metal surfaces. Examples of
sources of low temperature radiation are panel radiators as
well as ceiling and floor heating systems. 

When calculating the indoor climate within the temperature
range -50 to + 100°C the heat transfer between the room’s
surfaces is made up of invisible long wave, low temperature
radiation. You can also completely disregard the radiation
transfer through emission and absorption from and to the
room air. Accordingly, with room thermal balance calculations
only the low temperature radiation between the room’s dif-
ferent surfaces, walls, floor, ceiling, furniture, heater etc
should be taken into consideration and any incoming high
temperature radiation from the sun.

Heat transfer via radiation between separate room surfaces is
normally expressed with the following equation:

PS = αS· A1 · (t1 - tm) [W]

PS = transfer of the heating effect in W between the surface
A1 in m2 that has the temperature t1 with all other room sur-

faces which combined have a mean surface temperature tm

αS = thermal exchange constant for radiation in W/m2 K

With good accuracy, (deviation less than approximately 2.5
%) aS within the temperature interval 0 to + 100°C for t1 and
tm can be noted.

αS= ε0 · (4.38 + 0.034 · (t1 + tm)) [W/m2 K]
ε0 = emissivity

Figure 4. Radiant transfer occurs between all surfaces that
have different temperatures irrespective of the direction.
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Convection
If a surface is warmer than the room air it emits heat to the
room air. In the same way, the room air emits heat to a sur-
face that is colder than the room air. This form of heat
transfer is called convection and is divided into:
• Natural convection
• Forced convection 

Natural convection is obtained through the differences in den-
sity in the different layers of air, which are created by the tem-
perature differences between the air and the different bodies
that the air flows against or around. The air closest to the
body surface has another temperature than the air outside of
its boundary layer, which in doing so gives the separate layers
a different density and types of flow occur with regard to the
body’s form, temperature deviations and location.

Forced convection is obtained, for example, with delivery us-
ing a fan, i.e. the fan determines the air’s flow.
In this case the air is driven around the surfaces of the bodies
by forces other than differences in density.

In summary, the convected heat transfer is affected by the
air’s flow along the body surface, the size of the surface and
the temperature difference between the body and air.

The heat transfer per unit area increases with the increased air
velocity, reduced size of the surface and increased tempera-
ture difference between the body surface and the air.

Induction
Induction is a form of forced convection that occurs when an
air jet passes stationary air at a high speed and the air is then
drawn along with the air jet. The air jet then grows in volume.

The induction principle is utilized in active climate beams (cli-
mate beams with integrated supply air) as well as induction
units, see the section entitled COOLING THE PREMISES.

Evaporation
Evaporation heat is expended when a liquid changes to a gas
state. When a person perspires this evaporation heat is mainly
taken from the body surface which then cools. People give off
heat through evaporation. Heat transfer through evaporation
and convection also takes place during breathing.

Heat emissions due to evaporation are dependent on the
room air’s relative humidity. At normal temperatures between
approximately +18°C to +25°C and normal relative humidity
about 20-50% this effect is minimal.

If the moisture level is not kept at an acceptable level,
typically 45% at 25°C, but when rising to 60% RH and above
the skin surface becomes clammy. When this occurs it makes
evaporation difficult. It is therefore important that the climate
system is selected to maintain a moisture content in the build-
ing that is not too high. This is done by equipping the supply
air units and comfort cooling system with sufficient cooling
capacity to be able to dehumidify the supply air before it is
supplied to the rooms, also see the section Condensation
protection.

Figure 5. Heat emission from the body with different types of
work.

A = Convection (green)
B = Radiation (red)
C = Evaporative emission (yellow)
1 = Total rest
2 = Light office work
3 = Normal office work
4 = Computer work
5 = Light physical work
6 = Slow walk
7 = Painting 

Figure 6. Forced convection. 
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CLIMATE CONCEPTS----------------------------------------------------------------------

CLIMATE CONCEPTS
Temperature
The air temperature is the parameter that is the easiest to un-
derstand and where most people have their own experiences
of an individuals’ preferences.

Operative temperature
The operative temperature is an approximate mean value of
the surrounding room surfaces’ temperature and room air
temperature. Thus, the perception of temperature is affected
just as much by the surrounding surfaces’ temperature as by
the room air. As different room surfaces such as windows,
outside walls, inner walls, floor and ceiling, etc. have varying
temperatures and directions within the room, the operative
temperature can also vary in the different directions.

Directed operative temperature
You can perceive radiation that arises by a cold window at the
same time as you experience a slightly higher temperature to-
wards the room’s inner areas. The reason for this phenome-
non is because the radiant heat transfer to the cold window is
significantly greater than in towards the room.

If this results in the difference in directed operative tempera-
ture becoming large, we will get local cooling on body surfac-
es that face towards the window. This local lack of heat is felt
as draught. The reason for the draught sensations do not nec-
essarily need to be due to large air movements, but can also
be caused by local parts of our body being exposed to a large
radiant heat transfer to a cold room surface.

Temperature radiation asymmetry
We all know how uncomfortable it can be to spend a longer
period of time near a cold surface such as a large window of
poor quality, or a warm surface such as a warm radiator. This
state has been closely examined at the “Laboratory for Heat
and Climate Technology” at Denmark’s University of Technol-
ogy. Here they have subjected volunteers in climate chambers
to different unevenness in the thermal radiant field.

They have also discovered the limits where 5% of volunteers
experienced thermal discomfort, however, this is when they
are in thermal balance with the surroundings, i.e. when the
comfort equation has been met. These limits are shown in
Figures 7-10.

Radiation asymmetry is defined as the difference between the
level radiant temperature tpd on both opposite sides of a cross
section of a person’s physical centre. The figure shows
these ΔTpr values, which in typical situations will result in 5%
experiencing thermal discomfort due to the asymmetric radi-
ant field. The air temperature is calculated to be equal to the
surface temperature on the room’s other surfaces.

It emerges that individuals can accept large unevenness in the
form of cold radiation from above and warm radiation from
the side. One is less tolerant to cold radiation from the side
and extremely less tolerant with regard to warm radiation
from the ceiling.

Figure 7. Cold surface to the side.
Δtpr < 10 K.

Figure 8. Warm surface to the side.
Δtpr < 23 K.

Figure 9. Cold surface above the head.
Δtpr < 14 K.
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Figure 10. Warm surface above the head.
Δtpr < 5 K.
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Air humidity
The air’s humidity is the parameter that usually has the least
influence on the comfort experience. Sometimes it can even
happen that other parameters such as air contamination are
associated with humidity.

The air’s humidity can be a troublesome factor during the
summer, if the cooling installations’ capacity to dehumidify
the supply air is insufficient.

Clothing
Clothing is easy to understand, yet no less complicated to
handle. A normal situation on a summer’s day is that women
are more lightly dressed than men, for example, skirt and a
thin blouse compared with the man’s trousers and shirt and
this is a sufficiently strong parameter in itself to motive differ-
ent temperature levels in the building. Consequently, the
summer situation can be a direct source of conflict in an open
plan office where many work together.

Activity level
Activity level, or in simple terms, the work you do is also a very
important parameter. More vigorous work demands a lower
temperature than sedentary work and to combine several ac-
tivity levels in one and the same premises can be completely
inappropriate.

Air velocity
It is well known that air velocity has an effect on the experi-
enced indoor climate, but not how it acts in the
interaction between the air temperature and the air velocity.
A simple comparison can be made with stretching your arm
out of a side window and letting it be cooled by the breeze on
a hot summer day. The experience is not as pleasant if you try
the same experiment during the winter when it is -10°C in the
air. You can now see that it is not just the air velocity that is
of importance, but also the temperature. ISO 7730 shows this
by something called the draught index (DR index), a coeffi-
cient factor that is made up of:
• Air velocity
• Turbulent intensity
• Air temperature

The DR index is calculated for a given position in a room by
measuring the air temperature and air velocity over a period
of time (and calculate the turbulent intensity, as a measure-
ment of how much the air velocity varies during the measure-
ment sequence, how “restless” the air is). The result is, the
colder it is in a room the lower the air velocity that can be tol-
erated and vice versa a high air velocity can be tolerated if the
temperature is higher.

The above is usually the reason why demands on the maxi-
mum air velocity are different during the summer and winter.
It is preferable during the winter that the air velocity where
personnel are situated should not exceed 0.15 m/s. The corre-
sponding velocity during the summer should not exceed 0.25
m/s.

Figure 11. Clothing plays an important part in how you expe-
rience the climate. 

Figure 12. A persons perception of the indoor climate is
greatly affected by the activity performed. The greater the ac-
tivity the lower the preferred temperature. 

Figure 13. The air velocity influences how the indoor climate
is perceived.
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Air quality
Uncertainty is greater when it comes to person’s perception of
the air quality than for the thermal climate. Danish studies
show that the number of unsatisfied users is approximately
14% if everyone is exposed to a carbon dioxide content of
800 ppm. A carbon dioxide content of 1000 ppm has also be-
come a generally used demand level for air contamination,
but it is important to know that this only applies to human
generated air contamination. The carbon dioxide content is
therefore not suitable as a trace parameter for other types of
contamination, for example, those given off from building
material.

Sometimes it can occur that you feel the air quality is poor
when the problem is actually due to a too high temperature.

Lighting
As we get older our need of light increases. At sixty, for exam-
ple, a person needs double the illuminance compared to a
twenty year old. The demand levels for background lighting
from, e.g. a ceiling luminaire are normally set to 500 lux with-
in the reading field at the same time as the local lighting is
adapted to the user’s individual requirements.

Figure 14. The air quality is affected by many factors, such as
emissions from building materials, secretion from individuals,
etc. Smoking is an example of contamination that has a neg-
ative effect on the air quality. 

Figure 15. Lighting. 
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COMFORT COOLING----------------------------------------------------------------------

COMFORT COOLING
The excess heat that must be removed from a building to keep
the indoor temperature lower than a predetermined highest
permitted temperature is known as the cooling requirement.
The climate systems used to actively cool buildings can gener-
ally be divided up into three types.
• Systems with air based cooling
• Systems with water based cooling
• Combined systems (cooling is supply using both air and 

water)

It is important to differentiate between the sensible cooling
effect requirement and the total cooling effect including wet
cooling. The sensible cooling effect refers to the output deter-
mined by the temperature difference between the required
temperature and the temperature you would have without
comfort cooling. The total cooling effect should also include
the latent cooling requirement, which includes wet cooling.
This refers to the enthalpy difference that must be achieved in
order for the supply air to be dehumidified in the ventilation
unit’s cooling coil, see Figure 16. If you include the latent
cooling requirement, in general the total design cooling re-
quirement increases by over 100%.

System with air based cooling
In these systems the design air flow is determined by the cool-
ing requirement. That’s to say it is the thermal demands and
not the demands on the air quality that dictate the design.

In existing buildings it is normally both difficult and expensive
to change the duct system. If you cannot transport sufficiently
large air flows in the existing ducts to satisfy the cooling re-
quirement, you usually install a water based cooling system
during the renovation. The cooling system must have the ca-
pacity to take care of variations in the cooling requirement,
both during the day and over the year. The two basic types of
system with air based cooling are a constant flow system or a
system with a variable flow (a combination of the two meth-
ods is also available).

System with constant air flow – CAV system
The CAV systems (Constant Air Volume) is characterised by
the air flow being constant. The rooms with the greatest cool-
ing requirement normally determine the selection of the sup-
ply air temperature prepared in the central air handling
unit. In some rooms, such as conference rooms, it may be
necessary to reheat the supply air. This is done so that the oc-
cupants will not experience a chill because the room has been
vacant during a certain period.

Even if a CAV system supplies air at a constant flow some-
times fans with two-speed motors are used, this allows the
speed to be decreased when the cooling requirement in the
building so permits. The air flow reduces in proportion to the
speed.

The supply air temperature in a CAV system can be constant
or variable in relation to the outdoor temperature. When tem-
perature control takes place centrally or with a constant sup-
ply air temperature, a correction to the right room
temperature is made during the winter in individual rooms,
for example, using radiators.

Figure 16. The sum of latent and sensible cooling effects give
the total cooling effect. 

Figure 18. Principle of a CAV system.
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Systems with variable air flow – VAV system
In VAV systems (Variable Air Volume) the air flow supplied to
each room varies as required, yet the temperature of the sup-
ply air is kept constant, i.e. the supply air temperature does
not change with a change in load. On the other hand, season-
al control of the supply air temperature takes place, as a func-
tion of the outdoor temperature.

The airflow to each room is regulated by means of a damper
inside some form of terminal unit in direct connection to the
room, while central supply air and extract air fans are control-
led by means of guide vane control or speed-controlled fan
motors, usually frequency controlled.

Control normally occurs by maintaining constant static pres-
sure with sensors in the farthest branch ducts of the supply air
system. The flow varies from max. in the warmest day down
to approx. 20 % of max. during the coldest days of the year,
when the air only has the task of meeting the demands made
on air quality.

Systems with water based cooling
These types of system supply the individual rooms with water
based cooling. The air system used only satisfies the demands
on air quality.

In a conversion or refurbishment situation it is preferable to
use this type of cooling system. When installing the system
there is usually space in the existing suspended ceiling to in-
stall the required pipes needed for the distribution of
chilled water in the building.

Combined systems
Air based and water based cooling can be combined in many
different ways. One situation when the systems must be com-
bined is when the air based system does not have sufficient
cooling capacity.

It is also possible to combine air based systems so that in spe-
cific parts of a building, or in specific rooms, a VAV system is
used (by utilising VAV units on which the air flow can be con-
trolled), and in remaining parts of the building a CAV system
is used.

Figure 18. Principle of a VAV system. 

Figure 19. Principle of water based cooling.
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Conventional electrically driven compressor cooling
Cooling generation using a compressor cooler is the “classic”
method for cooling. When mechanical cooling for comfort
cooling is discussed this is usually considered to be the stand-
ard.

Using a compressor driven chiller gives you immense flexibility
with regard to the methods of supplying cooling to the build-
ing. As previously mentioned it is possible to deliver cooling
from chillers either to the cooling battery in an air treatment
unit or to cooling equipment placed directly in the room, for
example, chilled beams or fan coil units.

Evaporative cooling
Evaporative cooling of air utilises the fact that the air’s tem-
perature drops by making it moist with the help of water
evaporation from a wet area that the air passes. Cooling is
possible as long as the air is not saturated with water vapour.
The lowest temperature the air can take with this type of cool-
ing is limited by the air’s wet temperature, which is sometimes
called the air’s cooling limit.

Direct evaporative cooling refers to a process where the sup-
ply air is moistened and the temperature drops. At the same
time the air’s moisture content increases. With indirect evap-
orative cooling the exhaust air is moistened, whereby the ex-
haust air’s temperature drops. This is followed by a heat
exchange (without moisture transfer) between the exhaust
and supply air where the heat from the supply air can be
transferred to the exhaust air.

The possibility to cool is mainly determined by the current
condition of the outdoor air. The more moisture (the higher
twet value) it contains the poorer its ability to cool. Conse-
quently, the method is considered to have limited use in offic-
es and other commercial premises.

Sorptive cooling
In order to lower the temperature of the supply air as far as
possible, it is beneficial to have the driest possible air when
moistening starts. In the sorptive cooling process moistening
from the evaporative process is supplemented by drying of the
supply air before it is moistened, see Figure 22.

A sorption cooling unit consists of a dehumidifier section that
dries the air and a section that cools the air (the evaporative
part). The supply air is dehumidified using a moisture absorb-
ing rotor. On the exhaust air side the absorbed water is driven
out of the rotor. Heat is used for this. Accordingly a sorptive
cooling unit also needs to supply heat.

Figure 20. Principle for direct evaporative cooling. 

Figure 21. Principle for indirect evaporative cooling. 

Figure 22. Principle for sorptive cooling.
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District cooling
It is becoming increasingly common for energy companies to
offer their customers district cooling. Depending on the re-
quirements of each individual energy company concerning
the production possibilities and the layout and proximity of
customers, cooling is produced and distributed in different
ways in different districts. In a district cooling system produc-
tion units can be made up of everything from “free cooling”
(e.g. cold sea water that can be utilised directly for cooling
purposes), compressor coolers, to heat driven cooling ma-
chines.

It is relatively common to utilise cooling from existing heat
pumps that are already used to deliver heat to the district
heating system. Initially it was usual that users with a relatively
large cooling requirement were connected to the district cool-
ing system. This typically could be a hospital area or a shop-
ping centre. However, it is becoming more common that
individual properties are being offered the opportunity of be-
ing connected.

“Chilled water” is delivered to the customer in a substation,
in principle the same way as a subscriber centre for district
heating. From here secondary water is distributed to the
building or buildings to be cooled as set out in Figure 23.

In the same way as for district heating, it is important to be
aware of the conditions provided by the supplier of the district
cooling. It is normal for suppliers to state the following condi-
tions:
• Temperatures: for example, tsupply - treturn = 6-16 or 7-17, 

i.e.  Δt = 10 K.
• Flow charge: which increases in those cases the tempera-

ture difference decreases in relation to that agreed. 

Free cooling
There is a possibility with water based cooling systems to use
what is known as free cooling. Here it is necessary to install
some form of heat exchanger to the outdoor air. This is usually
integrated in the comfort cooling unit, see Figure 24. A heat
exchanger is connected between the liquid cooler unit’s re-
frigerant and cooling medium circuits.

In connection with the utilisation of free cooling when using
water based cooling it is common that at a predetermined
outdoor temperature you allow all water to be cooled against
the outdoor air. Accordingly, at lower temperatures than this
temperature the cooler is not used. The outdoor temperature
at which switching occurs normally lies around 10°C.
It is also common to utilize free cooling by installing heat ex-
changers and reversing valves between the building’s brine
system from the liquid cooling unit and the cooling medium
system, from the cooling unit’s cooling medium cooler.

Figure 23. Principle for district cooling. 

Figure 24. Cooler with free cooling.
1. Condenser
2. Heat exchanger for the cooling medium
3. Outdoor air
4. Cooling medium return
5. Cooling medium supply
6. Evaporator
7. Compressor 
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COOLING ROOMS----------------------------------------------------------------------

COOLING ROOMS
The room can be cooled in a number of different ways. Below
we describe how chilled beams, cooling panels, comfort mod-
ules, fan coil units and induction units operate in general and
what characterizes each system.

Chilled beams
A chilled beam primarily gives off its cooling effect through
convection, i.e. circulating indoor air that flows through the
cooling battery, see Figure 25.

The chilled beam can also be combined with a supply air con-
nection to simultaneously work as a supply air device and in
many cases, due to the induction effect, increase the cooling
effect in the beam, see the section Induction units. At Swe-
gon, we call units of this type: ”active” climate beams be-
cause the function can be utilized both for the cooling and
heating of premises.

The chilled beam’s cooling is usually regulated by a control
valve, which sometimes controls several chilled beams de-
pending on the required cooling capacity and flexibility.

Chilled beams work according to the principle “dry” cooling
(above the dew point). The cooling medium’s supply temper-
ature should always be higher than the dew point tempera-
ture for the air in the room, see the section Condensation
protection.

Characteristic of active climate beams
• Cost efficient solution with supply air and room cooling in 

the same unit
• Relatively high cooling effect
• Important that the supply air is dehumidified so that con-

densation and thus reduced capacity are avoided
• Can also be used for heating as an alternative to radiators 

Cooling panels
A horizontal under tempered area that is suspended from the
ceiling is called a cooling panel, see Figure 26. Cold water
passes through a pipe connected to an aluminium sheet in the
cooling panel. Heat is transported from the sheet to the cold
water. Cooling panels then cool the warm room air as well as
absorb heat from the room through low temperature radia-
tion. These can be surface mounted against the ceiling, indi-
vidually suspended or integrated in the suspended ceiling.
They essentially work as a radiant cooler.

The cooling power of the cooling panels is usually on/off-con-
trolled by a control valve that, among others, controls several
cooling panels depending on the cooling capacity and degree
of flexibility desired.

Cooling panels work according to the principle “dry” cooling
(above the dew point). The cooling medium’s supply temper-
ature should always be higher than the dew point tempera-
ture for the air in the room, see the section Condensation
protection below.

Typical properties of cooling panels
• Discreet solution

• Provides cooling in the form of radiation

• The cooling effect is limited to approximately 100 W/m2 of 
the active area. 

Figure 25. Principle of the chilled beam. 

Figure 26. Principle of the cooling panel.
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Fan coil units
A unit via which both heating and cooling are delivered to the
room (however, not simultaneously). An outline diagram is
shown in Figure 27.

A fan coil unit is equipped with a fan that circulates room air
through the unit. The air is heated or cooling inside the unit
in a combined heating and cooling coil with two separate liq-
uid circuits. Hot or chilled water is supplied to the coil from a
central unit in the building. Of all the room cooling units, fan
coil units have the greatest cooling capacity, but they also
generate the highest noise level.

Typical properties of fan coil units
• Large cooling effect
• Can handle latent cooling if a drainage system is fitted
• Relatively high noise levels (at high output)
• High operating and maintenance costs (for changing the 

filter and fan, cleaning the drainage system, for instance) 

Induction units
A unit via which both heating and cooling is delivered to the
room (however, not simultaneously). An outline diagram of
an induction unit is shown in Figure 28.

When an induction unit is used, the ventilation air is supplied
to the room via the induction unit. The ventilation air flows
with high velocity through a nozzle which causes room air to
be entrained by the supply air through a combined heating
and cooling coil with two separate water circuits. In this way
it is possible to heat or cool the room using one and the same
unit without having to use a fan.

Typical properties of induction units
• Relatively high cooling outputs
• Contains a function for supply air
• Important that the supply air is dehumidified so that 

condensation and thus reduced capacities are avoided
• Low operating and maintenance costs 

Comfort modules
The comfort module is a completely new type of product that
that can be described as a hybrid between a climate beam, a
supply air diffuser and a radiator.

A comfort module combines the high cooling power of a cli-
mate beam when primary air is discharged at low velocity with
the supply air diffuser’s capacity for quickly mixing the chilled
air with room air. This creates opportunities for generating
great cooling power with a considerably smaller unit than
with a climate beam. The same function creates better condi-
tions for heating the premises from the ceiling. A diagram-
matic illustration of a comfort module is shown in Figure 29.

Characteristic of comfort modules
• Small overall dimensions enable more free space for other 

installations in the ceiling
• Four-way air distribution enables a larger mixing zone and 

a high standard of comfort 
• Tempers and ventilates rooms for a high standard of com-

fort whatever time of year (ventilation, cooling and heat-
ing) 

• No moving parts, this means low maintenance costs 

• Immense flexibility throughout its useful life 
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Figure 27. Principle of the fan coil units. 

Figure 28. Principle of the induction units. 

Figure 29. Principle of a comfort module. 
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DESIGN----------------------------------------------------------------------

DESIGN

Selection key
Selection data:
• Cooling requirement (use Swegon climate calculation soft-

ware, ProClim)
• Heating requirement (use Swegon climate calculation soft-

ware, ProClim)
• Air flow required (use Swegon diffuser calculation soft-

ware, ProAir) 

Other factors affecting the system selection:
• Maximum permitted air velocity in the occupied zone (use 

Swegon diffuser calculation software, ProAir)
• Acoustic requirements (use Swegon sound calculation 

software, ProAc)
• Requirements for directional operative temperature (use 

Swegon climate calculation software, ProClim) 

Calculation procedure
1) Calculate the supply air’s cooling effect [W]
Pl = ql •1.2 • Δtl where ql is the supply air flow [l/s]
Δtl is the temperature difference between the room tempera-
ture and the supply air [K]
Guide tables for the primary air’s cooling capacity are also
documented with the product’s cooling capacities, see
relevant sections.

2) The water’s required cooling effect is obtained by subtract-
ing the cooling effect of the supply air from the total cooling
requirement. If the product required only provides water cool-
ing (i.e.: passive beam), go to point 3a. If the product includes
supply air (i.e.: active beam), go to point 3b.

3a) Use the tables that show the water cooling effect per
chilled beam as a function of the mean temperature differ-
ence and select a suitable chilled beam with a capacity corre-
sponding to the calculation in point 2 or the number of chilled
beams if one is not sufficient.

3b) Use the tables that show the cooling effect per chilled
beam as a function of the mean temperature difference. Se-
lect the nozzle configuration that matches the preferred air
volume. Select a ceiling unit with the preferred air flow or in-
terpolate between close air flows. Check that the sound level
is acceptable.

4) The water flow at the chosen Δt on the cooling water is ob-
tained from the diagrams “Water flow - cooling effect”.

5) The pressure drop on the cooling water circuit in the prod-
uct is then calculated with the help of the formula Δpk = (qk/
kpk)

2 where kpk is documented in the table as the cooling ca-
pacity.

6) Heating. Use the corresponding method as set out in points
3-5 above.

Figure 30. Selection key.
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System design

Cooling system
The cooling system should be constructed as an indoor evap-
orator. The surplus heat is led away either through outdoor
condensers, or via a brine system and cooling fluid grids
placed outdoors.

If instead an outdoor cooling appliance is chosen, i.e. the
evaporator is placed outside, the placing of indoor auxiliary
exchangers is recommended This is in order to avoid an anti-
freeze fluid (brine) in the cooling water circuit. There are two
reasons why brine should be avoided in the cooling water cir-
cuit. The pressure drop is increased by 15-25% depending on
the strength of the brine solution. The cooling effect is also re-
duced by approx. 15% due to the fact, that the heat transmis-
sion factor becomes lower on the water side.

The most common system is one with water tube boiler evap-
orators in which the cooler’s cooling fluid takes up energy
from the cooling water circulating in the building. For environ-
mental reasons, this solution must be preferred despite the
loss of effect in the exchanger.

Regulation of room units
Chilled beams and perimeter systems are almost exclusively
connected through two-way valves. The advantages com-
pared to a three-way union are lower costs and simpler design
and adjustment. Overpressure valves are positioned in a few
areas of the system to prevent high pressure at low loads. The
fact that pressure regulated pumps can now be installed to a
reasonable cost, contributes towards the preference for a
two-way system.

Condensation protection
On hot days in late summer, the air humidity can be high. The
higher the humidity in the air, the higher the dew point tem-
perature for condensation on surfaces. A Mollier diagram
(moisture-enthalpy-diagram) will show the relationship, see
Figure 34. At, for example, 25°C and 50% relative
humidity the dew point is 14°C (applicable to normal atmos-
pheric pressure, 101 kPa), i.e. it starts to condense on surfaces
whose temperature is 14°C or lower. On some late summer
days after a rain shower the dew point temperature can
sometimes rise to 15°C and in extreme cases up to 17°C.

In order to avoid condensation problems, measures should be
taken to ensure that the system prevents condensation on the
room units. The supply air should always be chilled in order to
prevent condensation in the cooling battery on the supply air
unit.

Another method is to use a sensor that measures the relative
humidity of the exhaust air, see Figure 33. The shunt group
valve is controlled to hold the water temperature above the
dew point temperature.

In order to ensure the drying of the air at high outdoor tem-
peratures and high relative humidity the supply air tempera-
ture should be weather compensated as set out in Figure 32.
The engagement point of +5°C can vary a little from installa-
tion to installation. See the dashed alternative curve. Howev-

er, it is important, at outdoor temperatures around + 22°C
and above, to achieve dehumidification after the air
handling unit so that the supply air’s dew point temperature
is lower or equal to the supply temperature of the cool ceil-
ing’s cooling medium.

Figure 31. System solution.
1 = Water tank
2 = Water cooler
3 = Air treatment unit
4 = Controller
5 = Differential pressure valve
6 = Chilled beams 

Figure 32. Supply air compensation in relation to outdoor air
temperature. 
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Figure 33. Condensation protection control via the shunt
group.
1 = Evaporator/condenser
2 = Circ. pump
3 = Shunt
4 = Exhaust air duct
5 = Chilled beam
RC = Controller
GX = humidity sensor
GT = Temperature sensor

GX GT
RC

1

2

3

5 4



DESIGN --------------------------------------------------------------

20
Water-based Indoor Climate Systems, 2007

www.swegon.com

Design of condensation protection
Proposals are given here for suitable pipe system designs with
associated control and adjustment valves to provide interac-
tion between the air treatment’s drying of the supply air
through condensation and the chilled water temperature to
the chilled room unit to counteract condensation.

The system has been selected for the state DUT = +25°C and
RH = 50% which corresponds to a dew point of +14°C. The
cooling medium side’s selected temperature to the cool ceil-
ing is set to +13°C on the supply and +17°C on the return, see
Figure 34.

On the air treatment side the cooling battery is selected for
+8°C on the supply temperature and +13°C on the return
temperature. These are the temperatures that provide good
conditions even with district cooling. Here an installation of
1000 m2 with a supply air flow of 1.5 l/s m2 has been as-
sumed.

With district cooling a return temperature preferably higher
than +16°C is wanted, which is achieved for installations with
combined air and chilled unit conditioning. It is then impor-
tant to also maintain the return temperature from air treat-
ment so that it does not lower the return temperature to the
district system’s heat exchanger.

As is evident from the Mollier diagram’s curve for the above
selection data an enthalpy difference Δi of 16 kJ/kg is ob-
tained.

PTL = qTL · pTL · Δi [kW]
PTL = 1.5 · 1.2 · 16 = 28.8kW

PTL = requisite effect for cooling the supply air with associated
condensation precipitation at DUT
ρTL = density of the supply air in kg/m3

qTL = the supply air’s flow in m3/s

The above gives a selected chilled water flow qw at ΔTW = 5
K (+8°C to +13°C), and PTL = 28.8 kW

qw = PTL / (ΔTW · cp) = 1.72 l/s

qw = 28.8 / (5 · 4.187) = 1.72 l/s
ρw = the density of the water kg/m3

cp = the water’s specific heat in kJ/kg °C
4.187 = ρw · cp / 1000

In the equivalent way, for the chilled room unit section 1000
m2 · 40  W/m2 = 40 kW is obtained in the required cooling ef-
fect.
qwk = 40 / (4 · 4.187) = 1.38 l/s.

Try the bypass flow 0.09 l/s to the three-way valve SV1 past
the air cooler. With the help of the separate flows and their
temperatures the mixing temperatures in the pipe system’s
separate parts are then calculated. From the calculated mixing
temperatures it is evident that they interact well in the design
instance. The adjustment valves should be measured with the
control valve’s port fully open against respective adjustment
valves when the established flow for the RV valve is adjusted

to the calculated value. The resulting flows and temperatures
are evident from Figure 35.

Figure 34. Condensation protection operating instance 1.
Change of state for the supply air. 

Figure 35.  Condensation protection operating instance 1.
System principle with flows and temperatures.

1000m2 x 1,5 l/s m2 = 1,5 m3/s

1,72 l/s, 13,0 ˚C

SV

1,72 l/s, 8,0 ˚C

0,09 l/s, 8,0 ˚C RV
RV

RV

SV

2,38 l/s, 17,0 ˚C

2,38 l/s, 13,0 ˚C

0,09 l/s, 17,0 ˚C

1,82 l/s, 17,0 ˚C

1,82 l/s, 8,0 ˚C

1,82 l/s, 12,75 ˚C

1000m2 x 40 W/s m2 = 40 kW
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Temperatures
The temperatures given below serve merely as a guide.
Differences are likely to occur.

Recommended temperatures

Room adjustment
Regulation of the room temperature normally takes place in-
dividually in each room via a room temperature
controller. The room unit controls cooling and (where rele-
vant) the heating valve in sequence so that the room does not
receive heating and cooling simultaneously if the building is
new.

In older buildings with inferior insulation, it should not be
assumed that cooling and heating should always occur in se-
quence. Here it is recommended that the directed operative
temperature is be checked. It may be the case that you need
to have heating by the perimeter wall at the same time, as
there is a cooling requirement in the internal zones.

Supply temperature, cooling: >13°C (see section
Condensation protection)

Temperature increase
cooling: 2-4K
Ventilation air when cooling: see Figure 32
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SWEGON WATER BASED CLIMATE SYSTEMS----------------------------------------------------------------------

DESIGNING WITH SWEGON CLIMATE BEAMS
The principle of Swegon climate beams is that the primary air
creates an even mixing effect in the space for the fresh air and
additionally, via induction, to circulate the room air through
the integrated batteries and thus cool the room air. Different
air patterns can be created allowing adaption to different ar-
chetectual designs and layouts of the building, the placement
of the heat loads and ceiling units.

Corridor – facade (perpendicular to facade)
This installation alternative is well suited for use in cellular of-
fices. The product can be located in any position either cen-
tred in the middle of the room or somewhere along one of the
wall partitions. Central placement is the conventional alterna-
tive that is appropriate for all beams, both with or without
supply air and/ heating. Products with or without supply air
can be located somewhere along a partition wall. In supply air
applications, it may be appropriate to utilize asymmetrical air
discharge.

Advantages: Easy connection of water and air to the corridor.

Back (parallel to facade)
The rear edge solution is well suited for use in cellular offices
and open-plan offices. Symmetrical or asymmetrical air dis-
charge can be selected depending on the volumes of supply
air to be discharged. Keeping in mind that the greatest per-
centage of the heat loads are normally present in the nearest
perimeter wall, the air discharged downward acts together
with the heat load and this results in excessive air velocity
along the floor. At least 50% of the supply air should there-
fore be aimed toward the perimeter wall and be controlled by
means of Anti-Draught Control. Products that radiate heat
should normally not be installed at the rear edge of the room.
To obtain a small degree of radiant asymmetry, it is advisable
to install radiators or radiant heating along the perimeter wall.

Advantages: Easy connection of water and air to the corridor.

Front (parallel to facade)
The front edge solution is well suited for use in cellular offices
and especially in open-plan offices. This location is extremely
well suited for products with cooling, supply air and heating
function. If the nozzle or disc pressure is high and air is dis-
charged to the zone near the perimeter wall, it is appropriate
to use asymmetrical air discharge. If the unit is located nearer
to the centre of the room, uniform air discharge works best.

Advantages: All the climate functions in a unit are simple to
design into the project and install. In an open-plan office, this
solution usually enables the fitter to install the products with
greater distance from one another than if they are installed
aligned in a corridor-to-perimeter wall direction, which may
increase opportunity for higher cooling capacities. Allowing
space between the short sides of the units offer considerable
flexibility when it is time to erect or move partition walls with-
out interfering with the standard of comfort in the room.

Cellular office
In a cellular office, there is always a long mixing zone before
the air below room temperature that leaves the ceiling unit
reaches the persons in the occupied zone. 

From the climate beam position, the air can follow the ceiling,
wall and part of the floor and mix with room air along this
stretch and increase the temperature in the circulated air to in
this manner provide a comfortable indoor climate in the
premises without risk of draught. Thanks to the long mixing
zone, the air volume and impulse can vary within a large range
without the risk of draught in the occupied zone becoming
too high. This is why the disc configuration need not neces-
sarily be changed if the rate of airflow is changed.

Figure 36. Corridor–perimeter wall-oriented climate beams in
cellular offices. 

Figure 37. Climate beams installed at the rear edge in cellular
offices. 
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Figure 38. Climate beams installed at the front edge in cellu-
lar offices.
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Large open-plan rooms

Typical open-plan rooms are shops or open-plan offices. The
conditions for climate beams in an open-plan room are differ-
ent than in an individual office room. In this case, there usually
are not any wall surfaces along which the lower-than-room-
temperature air currents can flow, other than the perimeter
walls, see Figure 39. This is why Anti-Draught Control is al-
ways advisable and then particularly in corridor – perimeter
wall oriented installations with units that discharge air to-
wards one another. The front-edge placement can also be
recommended, see the section above.

With a mixing system there can be a vertical movement be-
tween the room air and the cooled supply air. The system
must be designed in such a way from the outset to eliminate
the risk of draught due to requirements of flexibility relating

to furnishings, partition wall placement, etc that are generally
required for modern open plan offices. The Swegon calcula-
tion software for climate beams, ProSelect, includes all essen-
tial data necessary to carry out the design.

Advantages: Products with supply air offer excellent air dis-
charge and mixing performance without disturbing noise and
without draught.

To consider: Passive beams should be arranged in the direc-
tion of the convection currents, otherwise there is a risk of re-
duced capacity. In the same way, diffusers should be placed
so that they distribute air along the chilled beams. Always
specify ADC for the active units.

Figure 39. Locations of climate beams in large open-plan
rooms.
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DESIGNING WITH SWEGON COMFORT MODULES

A comfort module is a hybrid between a traditional chilled
beam, disc air diffuser and a radiator, and combines the fol-
lowing qualities:
• The chilled beam’s high cooling and heating capacity when 

air is supplied at low velocity 
• The disc air diffuser’s capacity for quickly mixing supply air 

with room air 
• The radiator’s heating capacity 
This unique combination offers completely new capabilities.
The distribution of supply air in four directions (see Figure 40)
creates a large mixing zone. This makes it possible to provide
high cooling capacities with a product that requires less space
in the ceiling.

Cellular offices
A comfort module can be located anywhere in a cellular office
without causing draught. By adjusting the air discharge direc-
tions of the comfort module based on where the unit is in-
stalled, the fitter can optimize the comfort in the room from
case to case. A good example of this is a comfort module sus-
pended from the ceiling near the rear-edge of the room (see
Figure 41). 4-way air discharge makes it possible to utilize the
corridor wall, ceiling and partition walls for mixing supply air
with room air. In contrast to traditional two-way air discharge,
this provides lower air velocities, especially at floor level.

Benefits: The same product provides optimal comfort regard-
less its location in the room.

Open-plan rooms
The comfort modules’ 4-way air discharge really shows to ad-
vantage in open-plan rooms. Utilizing the built-in ADC (Anti-
Draught Control) in the “Fan shape” setting (Figure 40), cre-
ates a totally all-round spread pattern. In contrast to the
chilled beams’ tendency to locally cause slightly higher air ve-
locities in open-plan rooms, comfort modules distribute air
more uniformly throughout the premises. This means less risk
of possible draught and better comfort. Since the useful life
of the product normally is longer than the intervals between
rebuilding or refurbishing buildings, high demands are made
on flexible systems. Thanks to the built-in nozzle control func-
tion and ADC, there is good chance that you can keep the ex-
isting installation even though the indoor comfort
considerations change.

Benefits: Highly uniform air distribution and air velocity in the
premises. Enormous flexibility in response to airflow rate
changes and possible altered room conditions.

Figure 40. 4-way air distribution with the ADC in the Fan-
shape setting. 

Figure 41. Comfort module located at the rear edge in an of-
fice room.
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Heating function
New building nowadays involves the construction of perime-
ter walls with extremely low U value. At the same time, the
quality of the windows installed has improved immensely in
recent years. This means higher surface temperature on the
inside of the window resulting in less radiant cooling energy
emission and a minimum of cold downdraught. A much bet-
ter perimeter wall also reduces the heating requirement in the
winter and this means that heat seldom needs to be conveyed
to the premises while the room is in use. Internal heating
sources are most often sufficient for heating the room during
the day. When less radiant cooling energy is emitted from
windows, this reduces the need for traditional radiators for in-
creasing the operative temperature.

Since the comfort modules mix supply air faster than a chilled
beam, the temperature difference also decreases faster. This
in combination with improved structural engineering makes it
possible to heat rooms with comfort modules in a better way
than with traditional chilled beams. In fact, it is even possible
to heat rooms with comfort modules even in many housing
improvement projects. The operative temperature and other
variables can be calculated very effectively by means of Swe-
gon ProClim software. ProClim is available at Swegon home
page www.swegon.com. Detailed full-scale reports that give
you an idea of what it may look like in an office room heated
by a comfort module are available for you to study.  Figure
42 shows an excerpt from an article dealing with simulated
winter conditions.

Figure 42. Illustration from full-scale tests involving heating
with a comfort module.
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DESIGNING WITH SWEGON PERIMETER WALL UNITS

Installation along the perimeter wall
Just as the name implies, the system is mainly intended for lo-
cation along a perimeter wall. Swegon PRIMO perimeter wall
system always includes cooling, heating and ventilation func-
tions. The system provides excellent comfort both while cool-
ing and heating.

Benefits: Complete indoor climate system including control
equipment. Well suited for rooms with low ceilings. Little
maintenance and low service costs. Offers flexible room solu-
tions that make it possible to move partition walls without up-
setting the degree of comfort in the room.

Recessed in floors
Can also be installed horizontally recessed in a raised floor if
one exists.

Benefits: Complete indoor climate system including control
equipment. Enables solutions with windows that extend
down to the floor (so-called glazed facades) yet the installa-
tion will not have any effect on the room’s general appear-
ance.

Installation in ceilings
Another alternative involves installing a unit in the front or
rear edge of the room.  A typical example of this is an instal-
lation in a hotel room. In this example, the normal hall section
with a suspended ceiling transforms into a room without sus-
pended ceiling. A perimeter wall unit can be installed horizon-
tally in the space above the suspended ceiling in the hall. This
unit will provide the room with ventilation, cooling and heat-
ing.

Benefits: Complete indoor climate system including control
equipment.

Recommended limit values
Recommended limit values for the product are specified at the
bottom of the last page of every product section. On the wa-
ter side, limits are specified for operating pressure and pres-
sure for pressure testing a completed installation. The
specified pressures refer to the operating and test pressures of
the coils. In most cases, the pipe fittings and valves are the
components that limit the total pressure of the system.

The min. permissible water flow is specified for the cooling
and heating coil circuits. This refers to the minimal flow re-
quired for ensuring that any air remaining in the circuit will be
entrained by the liquid. The lowest flow temperature is deter-
mined by the dew point temperature and must always be
sized so that the system will operate without condensation
forming on coil and pipework surfaces. See also the section
entitled Condensation protection.

The max. permissible flow temperature indicates the highest
temperature recommended for continuous operation. Note
that substantial and rapid temperature fluctuations, especially
in radiant ceilings but also to a certain degree in climate
beams with flanged coils, may give rise to clicking sounds due
to linear expansion in components and fitting. High flow tem-

peratures (60-80°C) are only permissible if the need for heat-
ing is great and must always follow the outdoor temperature
so that the flow temperature will drop as the need for heating
diminishes. This is also preferable from an energy-saving point
of view since the losses in the pipe system will then be lower.

High temperature systems should be avoided if their room
temperature control method involves products continuously
being heated up and cooled down.
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Figure 43.  Perimeter wall units installed below windows in a
cellular office. 

Figure 44. Ceiling-mounted perimeter wall unit in a hotel
room.
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Full-scale test in a laboratory
Swegon has well-equipped ventilation engineering laborato-
ries at its production facilities in Tomelilla, Arvika and Kvä-
num. Extensive research development work is carried out in
the development and production of new products to clarify
and substantiate the function and performance of the prod-
ucts. An important part of this work involves full-scale tests to
simulate indoor climate conditions. The purpose of these tests
is to find out what the practical limits are for using the prod-
ucts and what recommendations are required for advising and
guiding clients through the planning phase of a building
project.

Simulating a room and room conditions in a laboratory envi-
ronment requires a layout and furnishings that resemble those
of the relevant room as much as possible.

To achieve correct levels of heating and cooling needed, an in-
door climate calculation should always be the basis for sizing
an indoor climate system. An ideal method is to make use of
Swegon ProClim calculation program (see www.swe-
gon.com) or seek the help of your nearest Swegon sales rep-
resentative.

When you have determined the design considerations of the
premises, get in touch with our sales representative and plan
a test to be carried out at any of the company’s laboratories.
You will then have the opportunity to observe the test and
study what results are attainable.

As an alternative to full-scale testing, Swegon can also offer
advanced computer simulations (CFD). This may be especially
of interest in cases when it is not practical to physically build
up the topical premises. Typical examples of this are sport
halls, concert halls and other large rooms. CFD simulation
gives a good idea of the sequence of events in a room and can
easily be visualized in various colour ranges. 

Nozzle configuration
The capacity data for ceiling units is usually presented for var-
ious nozzle configurations. The configurations provide indi-
vidual product-unique coefficients of performance that
enable the designer to optimize the airflows, nozzle pressures
and flow direction for each type of room and product place-
ment. Two-way symmetrical air discharge is used in climate
beams in most applications (50-50%) but they can also be
configured for asymmetrical two-way discharge with greater
airflow to the right or left (75-25%), for instance. The selected
configurations can be changed at a later phase by removing
plugs from the plugged nozzles.

Comfort modules are also equipped with nozzles yet with a
simplified use. By making a simple modification, the units’
nozzle setting can be individually changed for discharging
more or less airflow on all four sides. This gives the user every
opportunity to adapt the airflow and the direction of airflow
to current needs throughout the useful life of the product.

ADC air deflectors
The spread patterns of the various ceiling units are presented
in the ProSelect calculation program. The purpose is to be able
to provide source data to enable the designer to determine
the distance to the wall or some other obstacle, as well as the

distance between units discharging air toward one another.
The specified distances between units and to walls are refer-
ence parameters based on extensive laboratory measure-
ments and many years of experience.

By means of the ADC (Anti-Draught Control) function, both
the spread pattern and the depth of penetration can individ-
ually be changed on every ceiling unit. This capability makes
them highly flexible. The number of setting combinations is
vast and the most common spread patterns are specified in
each product datasheet. The Swegon ProSelect sizing pro-
gram is well-suited for use in calculating the recommended
minimal permissible distance between units and to walls.

Rotatable supply air discs
Swegon climate beams must be able to offer an optimal sup-
ply of primary air and circulated air below room temperature
with low air movement in the occupied zone, regardless of
the volume of the primary airflow. Certain products can there-
fore be equipped with built-in supply air discs. The distribution
of air is then variable in that the discs are rotatable. This type
of supply air disc is of the same design as those of Swegon
disc diffusers. The supply air discs are well-suited for use in
rooms where more air is needed than a normal climate beam
can handle, for example in a conference room.

Figure 45. Example of ADC with various settings.
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BSA flush-mounted in suspended ceilings
It is important to arrange circulated air openings in the sus-
pended ceiling so that the BSA will obtain the correct circulat-
ed airflow. Circulated air openings having a net area of at
least 0.1 m2 in the suspended ceiling are required for each lin-
ear metre of climate beam.

If possible, the circulated air openings must be arranged along
the short sides of the unit. Where this is not possible, locate
the circulated air openings at a distance (L) of at least half the
recommended distance between the two units. See Figure
46.

Distance between climate beams
Detailed recommendations about the correct distance be-
tween units can be obtained using the ProSelect sizing pro-
gram available at www.swegon.com. 

Maintenance 
Swegon ceiling units, chilled beams, comfort modules and pe-
rimeter wall units are characterized, among other attributes,
by the fact that they do not contain any moving parts. There-
fore, they do not require maintenance other than cleaning.
The interval for cleaning varies depending on the type of
product, where the product is installed and the nature of the
activities conducted in the room. However, under normal op-
erating conditions, chilled beams, ceiling units and comfort
modules should be cleaned every 5 years and perimeter wall
units every 2 years. In rooms where higher dust concentra-
tions can be expected in the air, the units should be cleaned
more often. This is typical in hotel rooms.

Clean painted surfaces with a mild soap solution. Never use a
cleaning solvent as doing so may damage the painted surface.

Air ducts (wherever applicable) are cleanable from an opening
in the duct after removing the cleaning cover.

Vacuum clean coils by moving the nozzle over the external
surfaces of the coils. To clean some products, you can vacuum
out the dust through the perforated bottom section without
having to remove the face plate.

In general, coils mounted above a suspended ceiling seldom
require cleaning because the circulated air gives rise to ex-
tremely low air velocities.

Inspect the condition of suspension parts and visible soldered
points while cleaning. If any part is loose or if you find water
droplets on soldered points, you must closely examine the unit
and remedy any defects.

Figure 46. Recommended locations of circulated air openings
in the suspended ceiling for the BSA. 

L

L



G
U

ID
ELIN

ES

31
Water-based Indoor Climate Systems, 2007

www.swegon.com

GUIDELINES----------------------------------------------------------------------

GUIDELINES
Test methods for water-based indoor climate systems 
Test standards are needed to be able to compare products
from different suppliers. It is only then that product data will
be of equal value, comparable and unambiguous.

The standards that have been applicable in Europe have been
the Nordtest method NT VVS 078 "Ceiling Cooling Systems"
and the so-called V Method in Swedish Association of Air
Handling Industries V Publication 1996:1 (mainly in Sweden).
At the same time in Germany, a DIN Standard has been drawn
up for flat chilled ceilings, which is also used for passive chilled
beams (chilled beams without supply air).

Nordtest and V Publication
The Nordtest and V methods are relatively similar. The V
Method is a slightly revised version of the Nordtest method
and was produced by the Swedish Testing and Research Insti-
tute and the then Swedish Association of Air Handling Indus-
tries (now: Svensk Ventilation, also called SwedVent) together
with some suppliers from Sweden and Finland. The main dif-
ference between the two methods is at which water flow the
products should be tested. In the Nordtest method, the water
flow is fixed and related to the pipe diameter in the heat ex-
changer, i.e. all products are tested with the same water flow
irrespective of the cooling capacity.

The purpose of the V Method was to allow products to be
tested using an operating scenario that reflected true condi-
tions and it was then chosen to steer towards the water flow
that provides a temperature difference of two degrees
through the heat exchanger.  This means that if two products
have a different cooling capacity, then they should be tested
at different water flows.

The test room consists of two rooms, as in Figure 47, where
heat is indirectly supplied to the inner test chamber via the
floor and walls.  The heating balances the supplied cooling ca-
pacity during the measurement sequence on the test object so
that the test chamber’s temperature is constant.

DIN 4715 
In the German DIN 4715, the test room is somewhat different,
Figure 48. Here, the test chamber consists of an insulated
room. Inside the test chamber, the test object’s cooling capac-
ity is balanced by means of "dummies" (occupant simulators)
that emit heat directly in the room.

EN Standards 
As chilled beams are now starting to be used in other parts of
Europe, work was started in 1996 to produce common Euro-
pean Test Standards. Since the start, Swegon has been an ac-
tive party in this joint European effort that is now in the
process of being finalised with three new Standards. Today,
there is a new standard for flat chilled ceilings, EN 14240, one
for passive chilled beams, EN 14518 as well as one draft (pre-
liminary standard) for active chilled beams, prEN 15116. Both
types of test rooms (Figure 47-48) can also be used from now
on for testing chilled beams according to the new EN Stand-

ards.

At EuroVent, work is also in progress for the certification of
chilled beams and this will probably be implemented some-
time in 2007. The suppliers that participate in this work,
among them: Swegon, will then refer to the new EN Stand-
ards for determining capacity data for cooling applications.

To consider
Regardless of whatever standard referred to, there is an un-
derlying test method for producing product performance da-
ta. The new EN Standards are very similar to the old and the
difference is first and foremost how the reference tempera-
ture in the test room is measured. Previously, it was calculated
at a level of 1.1 metres above the floor whereas the new
standards for chilled beams always refer to the “on coil” tem-
perature, i.e. a temperature near the chilled beam. Previously
it has been discussed whether chilled beams constitute a fully
mixing air distribution system or if it is warmer up by the ceil-
ing. When we use ”on coil” temperature as a reference, this
discussion becomes uninteresting.
The product details for active chilled beams will probably re-
main unchanged. Passive chilled beams, based on natural
convection, may on the other hand be affected since the test-
ing is carried out without supply air and this causes a stratifi-
cation in the test room. This stratification has previously not
been taken into account.

Note that the test methods in question do not necessarily cor-
respond with the operating scenarios that may come into
question when designing an indoor climate system. In the
standards, the cooling water system is designed for a two de-
grees temperature difference in the inlet and outlet pipework,
while most such systems are designed for a three to four de-
gree difference. To determine the correct cooling perform-
ance, the cooling capacity must therefore be recalculated for
the appropriate cooling water flow. In Swegon documenta-
tion, all capacity data is based on a fixed water flow to make
it possible to easily correct the preferred water flow.  These
correction curves are always available in connection to each
product data specification. For reasons of simplicity, the Swe-
gon ProSelect, BeamSelect and ProPipe calculation software is
recommended for products with water cooling. This automat-
ically corrects the cooling capacities to the relevant preferred
water flow.
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Figure 47. V-method. 

Figure 48. DIN 4715. 


