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ABSTRACT The vote of acceptance of the thermal conditions of a built space varies with
the individual. The design of the space should consider the occupant's thermal cornfort
therefore the future users' opinion on thermal conditions People's opinion regarding the
acceptance of thermal circumstances of a room can be expressed by several indices the
PMV the scale being the most used for this purpose. The objective of this paper is to report
the results obtained in the comparison between values of calculated PMV and the users’
answers for the acceptance of the thermal circumstances of a room not conditioned
mechanically. The study confirms the vanability of the individuals’ opinions, the usefulness of
an index that expresses a median opinion and it alerts for the care that should be taken in
the interpretation of the data for its use in the design of spaces. The study was developed in
the Universidade do Vale do Rio dos Sinos - UNISINOS being part of the activities of
teaching of environmental comfort for undergraduate students in architecture.

1 Introduction

The minimum curriculum of the course of Architecture. in UNISINOS, was recently modified.
The hourly loads and contents of some disciplines were altered, to carry out the directives of
the Ministry of Education, Culture and Sports in Brazil At the same time, to satisfy an
expected demand, the Laboratory of Environmental Comfort (LACAM) was created. Initially,
the LACAM should give support to the undergraduate course and future programs of
professional specialisation. Secondly, it will provide services for the community in general. in
the areas of thermal, acoustic, luminous comfort. Parallel with the creation of the LACAM the
direction of research lines was to be established. This would then determine personnel
training and acquisition of equipment for the laboratory. A work proposal was presented and
approved in the line of "Thermal Comfort”. The work had the objective of motivating
undergraduate students for the need to investigate comfort conditions in the built
environment, and to consolidate the activities of LACAM in the University. The work proposal
was to investigate the concept of PMV and expiore it as a form of understanding users'
comfort in the built environment.

The present work summarises the teaching experience exploring the definition of PMV, with
architecture students in the Universidade do Vale do Rio dos Sinos within the program of
implementation of the Laboratery of Environmental Comfort. i -

2 Environment

The UNISINOS occupies an area of approximately 80 ha, in the

county of Sao Leopoldo, at some 35 km distance from Porto Alegre, -

the capital of the southern state of Brazil. Fig.1 Universidade do Vale
do Rio dos Sinos
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UNISINOS is about 40m above the sea level in the area of the Valley of Rio dos Sinos that is
surrounded by hills of a medium height of 50m. In the summer temperature and humidity
averages are a little high for comfort and the winter, although mild, can present very cold
days when the wind is dry and blows from the West. This wind is known as Minuano.

The following Table 1 presents the climatic data for the region.

Table 1Climatic data - Sado Leopoldo - latitude: 30.05°S, longitude: 51.20W

JAN FEB MAR _APR MAY JUN JUL AUG SEP OCY NOV DEC

TEMPERATURE
()
g4 7.7 9.0 :_!_§ 335 320 324 354 391 158 404 404 Extrems i
1 08 30 26 231 187 189 220 224 261 288  31.2  Mean maximum
4 44 23 F 20 168 141 134 155 167 9 221 244 Mean
20 99 L] 5.2 129 103 95 108 12 4 153 17.0 9.7  Mean minimum
16 1.8 04 7 2.1 1] 06 -0.5 40 &7 75 21 mini

RELATIVE HUMIDITY {%)

7173 7478 B\ B2 B0 77 77 73 63 69 Mean
RAIN FALL {mm)
17211388 134 83 163 160 132 154 163116110 Mean
06 83 66 87 B3 109 113 &7 110 B 50 B0 24 —hour
DAYLIGHT (h)
70213 210 209 183 158 140 188 199 186 226 272
SOLAR RADIATION
(kW

6013 5476 4628 3733 2756 2314 2338 2826 3838 4782 5664 60468 Mean

2 Methodology

The project consisted of monitering temperature and humidity in a classroom and circulation
spaces of one of the typical blocks of the University. The classroom is one closed space
without mechanical cooling or heating and the circulation space is covered with open sides.
The monitoring was carried out for 6 days, when the hourly vaiues of temperature and
humidity were registered with remote sensors TYNETALK'.

Figs.2 and 3 show the places where the sensors were installed. Inside of the classroom the
sensors were hung 20cm below the ceiling, at the geometric centre of the room. In the
circulation space the sensors were positioned on the top of a pillar in front of the classraom
in a shaded place. In the afterncon and night of one day (31/8) 40 questionnaires were
appled to identify the acceptance of the thermal atmosphere in the classroom. The
questionnaire registered the activity (metabolic rate). the insulation level of the clothing and
the students vote of thermal acceptance of in the classroom.,

A o :
Fig.2 Circulation space at UNISINCS Fig.3 Classroom at UNISINOS
3 Results

From the 40 questionnaires applied, 20 were in the afternoon {15:00 hours) and 20 at night
(20:00 hours). The internal air temperature and relative humidity at 15.00 h were registered
as 22 0°C and 54 8% respectively. while externally the air temperature and relative humidity
were 23.0°C and 40.8%. At 20:00 h, the air temperature inside was 20.9°C and the relative

" TYNETALK - Orion Components Ltd . Chichester, UK
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‘humidity 58.5% and in the circulation space the registered air temperature was 15.6 °C and
the relative humidity was 73.3%.

n{f:llh
i

Fig4 Questionnaire - Activity ~ Fig.5 Questionnaire - Clothing  Fig.6 Questionnaire - Vote
for the thermal environment

For PMV calculations the software ANALYSES 1.5 was used. The software is based on
Fanger’s equation. The inputs are: air temperature, metabolic rate, level of insulation of the
clothing, mean radiant temperature, relative air velocity and relative humidity. The air
temperature and relative humidity data obtained in the monitoring were used. Clothing and
metabolic rate were given by the questionnaire. The other parameters were assumed as
follows: (1) the mean radiant temperature was considered equal to the air temperature and
(2) the relative air speed was taken as 0,5 m/s.

malerreiey.
e ww vty

Fig.7 (overpage) shows the graph of temperature and humidity monitored (classroom and
circulation) in the period from 29/07 to 03/8 and Table 2 below presents tabulated answers of
the acceptance of the thermal environment and values for the calculated PMV.

Table 2 Caiculated PMV and occupants opinion on thermal environment - 15:00 h
# 9

1

5
=

1,910 -1 081009 1018

7 12

Table 2 above shows that 25% of the people answered that the atmosphere was cold
comfortable against 35% calculated PMV. Following, 45% interviewee voted for a neutral
condition against 60% calculated PMV. Finally, 35% of the occupants found the thermal
environment comfortable hot and 5% hot.

The following Table 3 presents the results for calculated PMV and answers of occupants.

Table 3 Calculated PMV and occupants opinion on thermal environment - 20:00 h
# 3 12 4 1

opinion

PV 3 29t0-2 A8to-1 091009 1to19 2t02,9 3
ANALYSIS

# 10 10

At night, as demonstrated in the table 3, 15% of the people answered that the environment
was cold comfortable against 50% calculated PMV. While 50% voted for a neutral
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environmental condition against 50% calculated PMV. And 20% of the people found the
environment comfortable hot and 5% voted for hot environment.

T

T

e ok "!‘_:.L e
Fig.7 Monitored temperature and humidity - classroom and circulation

4 Conclusion

The results in Tables 2 and 3 show that the calculation of PMV, as it was done in the
evaluation, was quite different to the votes that tended for the condition of heat in the
perception of the thermal environment.

The reasons for this tendency of identification of a cold condition given by PMV can have
several origins. One reason can be the description of the clothing. The values used for the
description of tropical clothing can be other than the values to describe the same clothing in
cold climates. That is to say the values of Clo used in Fanger's equation do not correspond
to the reality of warm climates. Another possibility is that PMV calculation really tends to
reflect condition of colder environment.

The interviewees for the comparison of the vote of acceptance of the atmosphere with the
calculation of PMV were students of the undergraduate course in architecture. This way, the
understanding of the thermal environment, the objective of the exercise was fulfilled.

Recently, the LACAM bought a datalogger of 18 channels. The system allows the installation
of morel sensors for the monitoring of the environment. The work will be continued using this
logger. In the next stage, a more consistent assessment of the mean radiant temperature
and air movement inside of the rooms will be made. When this is possible, a refinement in
the referring data for clothing will be done. Also we will examine statistically data results for
PMV in comparison to the occupants' answers.
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