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ABSTRACT
In a displacement ventilated room the non-uniform contaminant distribution causes an
improved indoor air quality in the occupied zone compared with conventional mixing
ventilation. This has been demonstrated in numerous studies by chemical measurements . In
this study the air quality in a displacement ventilated room was determined directly by asking
humans about how they perceived the air quality. A trained sensory panel comprising 12
subjects assessed the perceived air quality immediately after entering a climate chamber. The
experiments showed that the perceived air quality in the displacement ventilated chamber was
substantially better than in the case of mixing ventilation.

INTRODUCTION
In displacement ventilated rooms subcooled air is supplied in the lower part of the room with
a low momentum. The cool air fills the room from below while "old" air is displaced upwards
(I ,2). Assisted by the convective currents from heat sources in the room, a stratified flow is
created. A vertical temperature gradient will arise, which enables removal of exhaust air at
ceiling level several degrees above the temperature in the occupied zone. If the pollution
sources in the room are also heat sources the displacement ventilation system can have a high
ventilation effectiveness. In this case the stratified flow implies that the room is separated in a
lower, cleaner part and an upper, more contaminated part. The non-uniform contaminant
distribution causes an improved indoor air quality in the occupied zone compared with
conventional mixing ventilation. This has been demonstrated in numerous studies by chemical
measurements (3,4,5,6). The chemical measurements are usually performed at steady-state
conditions with stationary models of humans. Consequently, the results apply mainly for midterm and long-term exposure assessments.
However, the perceived air quality is defined as the immediate impression of the indoor air
quality experienced by the people entering a room (7). In that case it is crucial to consider the
transient phenomena which occur when people are entering a room causing disturbances while
they are inhaling room air and judging the air quality.
The objective of the study was to determine the indoor air quality in a displacement ventilated
room directly by asking humans about how they perceived the air quality. The perceived air
quality in the displacement ventilated room is then compared with conventional mixing
ventilation to see if the indoor air quality is improved.

METHODS
Facilities
2

The study was performed in a climate chamber of stainless steel with a floor area of 9 m and
a height of 2.5 m (see Figure I) . Subcooled air was supplied through a perforated floor and
exhausted through four openings in the ceiling. The supply air temperature was controlled to
keep the air temperature in the breathing zone height close to 22°C during the experiments.
Five light bulbs of 100 W located 0.1 m above the floor constituted heat sources.
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Figure I . Location of heat sources (H) and pollution
sources (P) in the climate chamber. Measurement
location for the vertical concentration profile (C). The
route of the subjects is shown by the dotted line. The
bold line on the route shows where the subjects did the
assessment. Measurements in m.
The contaminant distribution in the room was generated by two pollution sources. The
pollution sources consisted of 2-propanone supplied via tubes just above the light bulbs 0.5 m
above the floor (see Figure 2) . The 2-propanone was entrained and transported to the upper
part of the room by the convective air current above the hot light bulbs. The vertical
concentration profile of 2-propanone as well as the exhaust concentration was measured
chemically by means of a gas analyser.

Sensory panel
A panel of I2 judges was trained to assess perceived air quality directly in the sensory unit,
decipol (7). The panel was trained to assess the air quality in comparison with five known 2propanone references ranging from 1 to 20 decipol. The contaminant concentration, cPP"" was
measured by means of a gas analyser in ppm 2-propanone and converted to perceived air
quality, Cdp, in decipol by using the following formula (8)

2

Cdp

= 0.84

+ 0.22 · Cppm

The same formula is used for calibrating the references used by the sensory panel.

Test cases
Three test cases were examined in the study (see Table 1). The cases correspond to different
concentration distributions generated by changing the air flow rate and the heat load, while the
supply of pollution was kept approximately constant.
Table 1. Specification of the three test cases. In case C only the light bulbs below the two
pollution sources were switched-on.
Case

No. of subjects

A
B

12
11
12

c

Heat load
(W)
500
500
200

Air flow rate
(m3/h)
263
473
572

The heat load and the air flow rate were chosen to obtain different stratification heights, i.e.
the height separating the room in the lower, cleaner zone and the upper, more contaminated
zone. The aim was to obtain stratification heights below as well as above the breathing zone
height. The average height of the panel was 1.79 m corresponding to a breathing zone height
of 1.6 m.

Procedure
The experiment was performed over three days, one
case a day, where the subjects of the panel assessed
the perceived air quality one by one. There was an
interval of approximately 15 minutes between each
assessment to ensure that the flow field and the
contaminant distribution were reestablished. The
subjects were told to walk in a usual, calm speed and
to follow a certain predetermined route in the
chamber indicated on Figure 1. When they passed a
certain location in the middle of the room they did the
assessment and went out of the room again. The door
to the climate chamber was operated by another
person to ensure a minimum disturbance of the flow
field before entering the room.
The vertical concentration profile of 2-propanone in
the climate chamber was measured chemically both
during the assessments as well as over a longer period
with the same setup but without the panel (see Figures
3- 5).
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Figure 2. Photo of a heat source ( 100
W light bulb) and a tube delivering 2propanone above the light bulb.

RESULTS
Figures 3 - 5 on the next page show the vertical contaminant concentration in the three test
cases. The concentration profiles are expected to be representative for the whole room except
in the close vicinity of the pollution sources and in the air current just above, i.e. no
significant horizontal concentration gradient is expected to prevail in the displacement
ventilated room (2). Table 2 shows the results of the assessments of the panel and the exhaust
air quality.
Table 2. Perceived air quality assessed by the sensory panel and concentration in the exhaust
air measured by means of a gas analyser and converted to decipol using the above formula.
Case
A

B

c

Exhaust air quality
(decipol)
47
23
29

Perceived air quality
(decipol)
18
8
6

DISCUSSION
The concentration measurements show a highly stratified flow with a very low concentration
at the floor level increasing strongly with the height. A significant separation of the cleaner,
lower part of the room and the upper, more contaminated part is found. The stratification
height is seen to range from a level below the breathing zone height (case A, Figure 3) to a
level above the breathing zone height (case C, Figure 5).
If the measurements without the panel in the room are compared with the measurements
where the subjects visited the room one by one, a good correspondence is seen. This indicates
that the flow field has been stable during the experiments and that the subjects have been
exposed to almost the same indoor environment in the climate chamber.
This is a typical example of concentration distributions in a displacement ventilated room. If
the chamber had been ventilated after the mixing principle, the concentrations would be
uniform and equal to the exhaust concentrations mentioned in Table 2 in the ideal case. This
reveals a high ventilation effectiveness in the occupied zone with a local concentration
significantly below the exhaust concentration.
The objective of the study was to see if the high ventilation effectiveness measured chemically
also applied when humans were asked directly about how they perceived the air quality. The
experiments showed that the perceived air quality in the displacement ventilated room was
substantially better than in the case of mixing ventilation. The concentration measured in
decipol was assessed to be 3 - 5 times lower than the case of mixing ventilation, for instance
in case C the panel assessed the air quality to be 6 decipol when the concentration in the
exhaust air was 29 decipol. This difference exceeds the usual ventilation effectiveness found
in displacement ventilated rooms (9) .
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Figure 3. Concentrations measured chemically for case A.
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In this study the disturbances of the flow field in the chamber was minimized. Apart from the
subjects of the panel and the door operation no disturbances took place. In a real room there
will be frequent disturbances from occupants, opening of doors, cold down draught from
windows etc. At the same time the efficiency of the ventilation system will presumably be
lower than in this case where the clean air was supplied through the entire perforated floor.
The combined effect of these parameters will be a lower ventilation effectiveness and thereby
a worse perceived air quality. More research on this topic is obviously needed
Despite the inevitable differences between climate chamber measurements and the conditions
in a real ventilated room the results are promising, indicating that the improved indoor air
quality found in displacement ventilated rooms using chemical measurements may be
confirmed by asking humans directly.
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