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ABSTRACT 

Ventilation systems utilizing the displacement princi
ple had their breakthrough in the Nordic countries during 
the 1980s. In new office buildings these systems have a 
market share today of about 25%. What often has been 
neglected is to pay attention to the disadvantages which 
the system entails. This, however, is rather natural since 
research into the limitations of the systems has hitherto 
been neglected. 

Every new ventilation system introduced on the 
market first has to be very carefully analyzed regarding 
advantages as well as disadvantages. The limitations of 
the system have to be very clearly indicated. 

When discussing the function of the displacement 
ventilation system, there are three different parameters of 
interest: 

- air exchange efficiency 
- ventilation efficiency 
- thermal comfort. 

This paper discusses the current state of displace
ment systems with regard to these parameters. The 
trends in development of the systems are discussed. A 
bright future is predicted for this technique of supplying 
air at low velocity. 

INTRODUCTION 

Displacement ventilation began to be applied more 
generally in the early 1970s as a means of improving 
general ventilation in industrial facilities with contamination 
problems. Now no industrial ventilation system is designed 
without the displacement technique at least being taken 
Into consideration . The displacement system now has ap
proximately a 500/o share of the market for industrial appli
cations In Scandinavia. 

In offices, or more generally in the comfort context, the 
breakthrough of displacement ventilation came at the 
beginning of the 1980s. The encouraging results obtained 
in industry, using this type of ventilation system as a means 
of creating good air quality, were then translated into prac
tice in the comfort context as well. The displacement tech
nique has been highly successful and today it has about 
25% of the market for comfort applications. 

Experience in connection with comfort ventilation, 
however, points to a need for greater research into aspects 
of thermal comfort. Experience with the displacement tech
nique In connection with industrial applications has been 
highly encouraging. High air exchange and ventilation effi
ciency levels have been verified. Although heat loads on 
industrial premises can be very high, draft problems have 
not been very obtrusive. This is partly due to the greater 
height of facilities, which allows a greater accumulation of 
heat in the upper part of the building, thereby producing 
moderate temperature differences in the occupied zone. 
The good result on industrial premises has also been partly 
due to people's higher level of activity. Greater asymmetries 
are then accepted as regards both air velocities and 
temperatures. 

Since the displacement technique in connection with 
industrial applications has been relatively free from prob
lems and since it is familiar and documented, this paper will 
be confined to experience of comfort applications. 

Primarily, the technique Is used in order to improve air 
exchange efficiency and ventilation efficiency with regard 
to contaminants such as cigarette smoke, C02 , etc. 

Problems of air quality have been a highly topical point 
of discussion in the Nordic countries during recent years. 
Problems concerning sick buildings, tight buildings with 
negligible infiltration, growing numbers of allergic patients. 
etc .. have led to a growth of interest in achieving more effi
cient ventilation systems. 

Consequently, the marketing of the displacement 
technique has got off to a flying start. We have been able 
to show, through measurements, that, in the great major
ity of cases where displacement systems have been sub
stituted for mixing systems, air quality has improved as a 
result (Andersson et al. 1984). However, there been an ob
vious difficulty involved in making full use of the superior 
efficiency ratings because, for energy conservation 
reasons, the supply air has included a large proportion of 
recirculated air. 

In order to establish a better understanding of current 
developments in the Nordic area. a short summary will be 
given of the advantages and disadvantages observed with 
the two principles of mixing and displacement systems. 
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Advantages Disadvantages 

High co-<ojcction of room air, with the result High turbulence intensity in the occupied zone 
that large temperature differences can be augments the risk of draft problems. 
used between room and supply air. 

Heat loads of up to about 60 W /m2 can 
High av~e velocities in the occupied zone 

normaily be re1110ved without draft 
with cool air supply. 

problems. Low avcraf,e velocities in lhe occupied zone 

Small temperature diffemiccs in the 
when s~ y air is heated. which augments tho 
risk of on cin:uits. 

room. 

Air exchange efficiency 50% with com-
plete mixing. 

Measuring points for air flow measure-
ment can easily be arranged, due ro 
relatively hi(!li l.rcssW'C drops across 
the supply air evices. 

High sound attenuation achieved, be-
cause normally the devices are con· 
nectcd via connecting boxes. 

Figure 1 Mixing systems, with supply air entering the room at high 
velocity 

Advantages Disadvantages 

Low turbulence intensities in the Large vertical temperature differences can 
occupied zone reduce the risk of cause draft problems. 
draft problems. 

Only small heat loads can be removed without 
Higher average velocities can be draft problems. 
accc~ted without any risk of draft 
prob ems. Metering poinlS for air flow meas~ment are 

Air exchange efficiency rates of bccwecn 
often lacking, due to small prcssW'C drops. 

50% and 60% arc obtfilned in practical Low sound anenuation in supply air terminal 
operations. devices. 

Better prospects here than with mixing 
systems of achieving high ventilation 

Only cool air can be supplied. 

efficiency. 

Figure 2 Displacement systems, with supply air entering the room 
at low velocity 

MIXING SYSTEMS WITH HIGH-VELOCITY 
AIR SUPPLY 

One of the main advantages of this ventilation princi
ple is that the indoor air is co-ejected very efficiently to the 
supply air jet. This produces a rapid equalization of tem
peratures between room and supply air. As a rule, the 
supply airtemperaturecan be 10°to12°C below the room 
temperature without necessarily causing any comfort 
problems. Heat loads of about 60 W/m2 floor space can 
often be removed without any difficulty, i.e., without ex
ceeding the very strict comfort limits present in the Nordic 
countries. 

The normal comfort limits are as follows: 

The temperature difference between levels: 

1.8 and 0.1 m above floor must not exceed 2° 
to 3°C, and 
1.5° to 2°C between levels of 1.2 and 0.1 m. 

Maximum air velocities in the cooling mode must not 
exceed 0.2 mis. 

High outlet velocities generate relatively powerful air 
movements in the room, as well as a fairly high turbulence 
intensity. A turbulence intensity of 30% to 35% (defined as 
the standard deviation divided by the average velocity) is 
not uncommon in the occupied zone. Research in recent 
years has suggested that high turbulence intensities 
adversely affect perceived draft. In facilities where supply 
air terminal devices have been badly chosen , or in facilities 

which have been incorrectly adjusted, causing high air 
velocities to be generated in the room, problems of draft 
are therefore very common. 

When cool air is supplied, an air exchange efficiency 
of 50% is normally obtained. In certain cases, for example 
due to draft problems, the supply air temperature has been 
raised above room temperature. If the supply air terminal 
devices are installed in the ceiling , a short circuit can then 
very easily occur between supply and exhaust air devices. 
Air exchange efficiency can then fall drastically to 20% or 
30%. If this happens, the supply air does not reach down 
to the occupied zone and stagnation zones occur. 

Experience has shown that devices fitted to ceilings 
and walls entail a general problem of maintaining a high 
level of air exchange efficiency when the air has to be both 
under- and overheated. The best solution in cases of this 
kind seems to be to supply the air underneath the windows. 
Other advantages and disadvantages of mixing ventilation 
are illustrated in Figure 1. 

DISPLACEMENT SYSTEMS WITH 
LOW-VELOCITY AIR SUPPLY 

Over the years, quite a few changes have been made 
to air supply terminal devices. Those of the first generation 
were designed to give a very even air distribution over the 
front of the supply device. It was common practice for the 
outlet of the device to be fitted with a filter mat to distribute 
the air evenly. The filter mat, of course. increases mainte
nance costs and this has been considered a definite disad
vantage. Moreover, experience has shown that perfect 
distribution is unnecessary. Variations of ±50% from a 
mean value may be perfectly permissible, but this is very 
much dependent on the shape and size of the air terminal 
device. 

Cylindrical and semi-cylindrical devices installed on 
floors, for example, require more even distribution than 
those installed in a wall. Countersunk devices can distrib
ute air quite well in a fan-shaped pattern from the wall face, 
with a minor proportion supplied at right angles to the 
device. 

First-generation wall-mounted devices were often 
positioned very close to floor level. The most conspicuous 
disadvantages of this type of installation have been: 

Unsatisfactory air distribution over the floor sur
face. For comfort reasons and in order to make 
the adjacent zones as small as possible, the en
tire floor surface must be used for air supply. 
Excessively low air temperatures at floor level. 

Considerable improvements have been achieved in 
these respects by raising the devices about 0.5 m or more 
above floor level. The supply air then reaches the floor at 
a somewhat higher velocity. But above all, the supply to the 
floor is more perpendicular. This permits a virtually perfect 
distribution over the floor surface at the same time as im
pact losses cause a reduction of velocity and an increased 
admixture of room air to the primary air. 

These first-generation supply air terminal devices, 
however. have presented considerable problems in the 
removal of heat loads of 20 W/m2 or more. In order to ac
commodate cooling loads of up to about 30 or 40 W/m2 



TABLE 1 
Maximum Cooling Capacities for Cooled Ceilings 

In Combination with Mixing and Displacement 
Ventilation Systems 

Cooled Ceiling 
fype 

Radiation 
Convection 

Mixing 
Ventilation 

100W/m2 

70W/m2 

Displacement 
Ventilation• 

70W/m2 

SOW/m2 

• Minimum supply airflow 2 5 Us and m2• Maximum cooling capacity from the 
supply airflow: 20 W/m2 

without comfort problems, manufacturers have tried to 
develop devices with greater co-ejection of room air. 

By using these second-generation devices, we can 
remove heat loads of about 30 W/m 2 at normal room 
heights (2.70-2 .80 m) with no loss of comfort and with an 
air quality superior to that of mixing ventilation. With head
rooms of about 3.4 m, heat loads of some 40 W/m2 <::an be 
removed . These heat loads, however, are only about 50% 
of those that can be removed when using the mixing prin
ciple. If the displacement principle, therefore, is to be used 
for larger heat loads, most of the energy will have to be 
removed by another medium instead of the supply air. For 
this reason it has become common to combine displace
ment ventilation with cooling ceilings, using water as an 
energy carrier. 

There are just a few field measurements from these 
kinds of installations (Sk8ret 1987). Most of the measure
ments have been carried out in laboratory conditions. 

Two different kinds of cooled ceilings exist: horizontal 
cooling panels (heat transfer by radiation) and vertical cool
ing panels or convectors (heat transfer by convection). 

When combining displacement ventilation systems 
and cooled ceilings, the vertical temperature differences 
will Increase compared to the systems with the mixing 
ventilation principle. Therefore the maximum cooling loads 
will be reduced for the displacement systems. The cooling 
capacity supplied by the ventilation air may not exceed 20 
W/m2

. 

The maximum cooling capacities we can supply, 
given cooled ceilings, are shown in Table 1. 
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Fan coil devices have also been used together with 
supply air terminal devices for the displacement principle 
on the primary air side. Basically, two types of fan coil units 
have been installed: the more traditional type, installed 
underneath windows, and a new type positioned in cor
ridor ceilings. The fan coil principle allows heavy circula
tion flows to be generated in the room . This also makes it 
possible to reduce vertical temperature differences in the 
room. 

Fan coils installed in corridor ceilings supply both 
primary air and circulation air through a wall-mounted 
device for the displacement ventilation principle. The fan 
coil has been developed to facilitate a flexible installation 
arrangemant. Every room fitted with this wall-mounted 
device can subsequently be fitted with the fan coil unit 
when cooling requirements increase. Ducting is already in
stalled in the corridor ceiling at the construction stage. 
However, the principle requires relatively large circulating 
flows in order to restrict the vertical temperature dif
ferences. In order to restrict the temperature differences 
between the 1.8 and 0.1 m levels to 3 °C at loads of 50 to 
60 W/m2

, we have to have a circulating airflow of about 7 
Us and m2 at a primary airflow of 2 Us and m2

. For further 
details, see Figures 3 and 4 (Svensson 1988). These large 
circulating flows eliminate the original reason for the dis
placement principle. Both air exchange efficiency and ven
tilation efficiency are fully comparable with those obtained 
using the mixing principle. There remains, however, one im
portant advantage: air is supplied at low velocity. This 
means a low turbulence intensity (15% to 25%), which is 
good for comfort . 

Recently, air supply terminal devices for displacement 
ventilation have also begun to be used for VAV systems, 
with good results. The devices fit very well into systems of 
this kind, due to their great flexibility as regards variable 
airflows and constant airflow patterns. The main advan
tages and disadvantages of displacement ventilation are 
summarized in Figure 2. 

Third-generation devices are now beginning to see 
the light of day. These are fitted with special ejector parts, 
so that even larger quantities of room air can be co-ejected 
to the primary air. The ejector can either be built into the 
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supply air terminal device or into the supply air duct in such 
a way that it is room air in the occupied zone that will be co-
ejected to the primary air. . 

This development trend, i.e., the construction of 
devices for mixing in the occupied zone, has thus been 
prompted by the occurrence of comfort problems. It is i.m
portant to give priority to comfort when selecting a ventila
tion principle. In the case of mixing, this 1s done at the ex
pense of air exchange and ventilation efficiency rates. If, 
however, mixing is restricted to the occupied zone, greater 
efficiency rates can still be achieved than with complete 
mixing. 

As a result of these developments in Nordic countries, 
we are now in the habit of speaking in terms of low-velocity 
ventilation instead of displacement ventilation. This is 
because the displacement effect has become a secondary 
consideration. Comfort comes first. 

LESSONS TO BE LEARNED 

For several years we have gathered knowledge of mix
ing ventilation systems, and in recent years we hav~ a.Isa 
acquired extensive knowledge of displacement vent1lat1on 
systems. This makes it important, in my opinion, for us 1n 
the industry to learn from the experience thus gained. By 
tradition, we have been very bad at learning from our 
mistakes, which is regrettable. By learning from experience 
we will have a much better chance of continuously proving 
our system solutions. . 

In the light of the experience that has been gained, we 
can see that: 

Displacement ventilation systems are going to 
be the most natural system of ventilation for in
dustry, department stores, large public build
ings, etc. 
The displacement system, pure and simple, will 
not be very successful in the comfort ventilation 
context, due to the limited cooling power it 
supplies. 
The low-velocity technique is going to take a 
relatively large share of the Nordic market. 

Using low-velocity technology, we aim to: 

Achieve mixing in the occupied zone, so as to 
minimize vertical temperature differences. 
Supply air at low velocity to minimize turbu
lence intensity in the airstreams, which is good 
for comfort. 

Using low-velocity techniques, we can: 

Supply cooled air from terminal devices fitted in 
walls or ceilings. 
Maintain an air exchange efficiency rate of be
tween 50% and 60% in practical operations. 
Maintain a high level of ventilation efficiency 
(> 100%) with regard to cigarette smoke, etc. 

Heated air should not be supplied by the low-velocity 
technique. It is important here to make sure of a very power
ful co-ejection of room air. It is also important to ensure 
good distribution of the heated air. The simplest way of do
ing this is by means of high-velocity technology, i.e., when 
supply air is introduced at high velocity. 

CONCLUSIONS 

Ventilation systems using the displacement principle 
have achieved a breakthrough in the Nordic countries, 
both in industry (at the beginning of the 1970s) and in the 
comfort context (in the early 1980s). The displacement 
system has taken large market shares, about 50% for 
industrial installations and 25% for comfort installations. 

The supply air terminal devices used for comfort in
stallations have developed continuously during the 1980s. 
Devices for industrial installations have undergone only 
minor changes over the years. The development of com
fort devices has been prompted by a desire to extend the 
principle to rooms with large internal heat loads. 

The experience of the displacement technique in con
nection with industrial applications has been highly en
couraging. High levels of both air exchange and ventilation 
efficiency have been observed. Although heat loads can 
be very high in industrial facilities, draft problems have not 
been very obtrusive. This is due to the greater roof height 
of facilities and to the higher level of activity among 
personnel. 

In comfort installations, too, the displacement princi
ple has been found to have a positive impact on air qual
ity. In several cases, displacement systems have been 
substituted for mixing systems in response to widespread 
complaints of poor air quality. The change has been follow
ed by substantial improvements. 

Drafts, however, have been the dominant problem in 
comfort installations where heat loads exceeding 30 or 40 
W/m 2 have to be removed. The current development of 
third-generation supply air terminal devices, therefore, is 
moving toward a progressively greater co-ejection of room 
air to the primary air. 

that: 
In view of these development trends, it is fair lo say 

Displacement ventilation systems are going to 
predominate in industrial and similar premises. 
The displacement system will not be a very 
great success in connection with comfort 
ventilation. 
Displacement systems as used in comfort in
stallations tend to employ more mixing in the 
occupied zone. For this reason, "low-velocity 
ventilation" is a more appropriate expression 
than "displacement ventilation." 
The low-velocity technique has come to stay. 
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