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Abstract

If the draught and the radiant thermal asymmetry caused by the warm ceiling appear simultaneously, will women and men be affected

in the same way? This research aims to answer this question, by clarifying the understanding of the joint mechanism of action of

the two local discomfort factors with the help of instrumental and human subject measurements. The most important result of

the present research is identifying that if PPD < 6%, radiant thermal asymmetry varies in the range of 5-15 °C and the draught rate

DR = 15% or DR = 25%, then at a given range of the interval men are significantly more dissatisfied with warm ceilings than women;

women's AMV votes are significantly lower than men's; In the case of DR = 15%, the work accuracy of women is significantly higher,

while in the case of men, the work accuracy is higher at DR = 25%.
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1 Introduction
A significant amount of most people's time is spent in
indoor spaces [1] — be it in their homes or at their work
places. The amount of time spent indoors makes it neces-
sary for these spaces to be as comfortable as possible [2]
and to provide an ideal frame for human activity [3].
Setting the ideal thermal comfort parameters for a public
building is not trivial, as many people with different pref-
erences and thermal environments may work together in a
given space. With this in mind, the ideal parameters for opti-
mal thermal comfort can be determined on a statistical basis,
with the goal of finding the minimum rate of dissatisfaction.
The PMV-PPD model is the most widespread method
used to describe thermal comfort [4]. Several local discom-
fort factors complete the beforementioned model, adding
to its relevance. The effect of local discomfort factors is
known separately [5, 6], but in a real situation, they occur
together. Although the joint study of some local discomfort
factors has been addressed [7—10] and the effect of draught
under different temperature parameters has also been inves-
tigated [11, 12], there is still a high research potential in the
field of the combined effect of draught and a warm ceiling.
The aim of the present research is to fill this gap and
increase the knowledge material, the primary aspect

being to investigate the combined effect of radiant ther-
mal asymmetry caused by warm ceilings and draught, in
the case of women and men. Fig. 1 shows the conceptual
design of the measuring chamber.

During the research, we were out to answering the
questions below:

 Is there significant difference between women's and

men's dissatisfaction with warm ceilings?

3000 mm

Fig. 1 Conceptual design of the comfort chamber
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* Do women and men give different AMV votes when
being exposed to the combined effect of radiation
asymmetry and draught?

» Is there a significant difference in the work effi-
ciency of women and men when the two local dis-
comfort factors occur simultaneously?

2 Methods

In order to answer the questions formulated in the intro-
duction, instrumental and human subject measurements
were performed in a thermal comfort chamber.

2.1 Description of the methodology

The thermal comfort measuring chamber which hosted the
measurements has two heat sources; the boundary struc-
tures of the chamber can be heated and cooled individu-
ally, so that any desired radiant thermal asymmetry can be
set between any structural element, and the mean radiant
temperature can also be precisely defined. The tempera-
ture, humidity and volume flow of the supply air can also
be controlled.

The effect that the warm ceiling and the draught
parameter pairs have on the thermal comfort, was exam-
ined through measuring the local discomfort parameters
jointly. Meanwhile, the thermal environment was main-
tained at a neutral value, within the frame given by the
PMV model. Throughout the measurements, the PPD
value always remained below 6% at the center of the mea-
suring chamber. An ideal thermal environment (according
to the PMV model) had to be kept constant throughout the
measurements. In the meantime, we also had to focus on
keeping the draught, as well as the radiant thermal asym-
metry at the value desired. To do so, the following steps
were needed:

* Defining the surface of the delimiting structures - a
step which allows setting the desired radiant thermal
asymmetry.

* Identifying and setting the temperature of the supply
air - the temperature and volume of the supply air
allows the measuring chamber to maintain a ther-
mally stationary state. However, both parameters
also influence the draught rate.

» Setting the air flow in the measuring chamber to a
rate which would ensure the achievement and main-
tenance of the desired draught rate.

During the measurements, the factors influencing ther-
mal comfort were examined in four planes: at the ankle
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level (0.1 m), at the knee level (0.6 m), at the head height
level of a sitting person (1.1 m) and at the head height level
of a standing person (1.7 m).

Figs. 2 and 3 show the position of the measurement
points in section and top view.

2.2 Instrumental measurements
During the instrumental measurements, the following
parameters were measured and recorded at the previously
described spatial points: the distribution in space of air
velocity, of temperature and of the humidity, of the aver-
age radiation temperature, of PMV, PPD, Tu and DR.
A total of 10 cases were examined, defined by five radi-
ant thermal asymmetries and two draught rates as follows:
 radiant thermal asymmetry values: 5 °C, 7 °C, 10 °C,
12 °C, 15 °C;
 draught rates: 15% and 25%.
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Every asymmetry and draught parameter pair meets the
following conditions: first of all, the PPD value is below
6%; second of all, the radiant thermal asymmetry can be
kept at the designed value, and so can the DR value (which
shows the draught rate).

In order to make the best possible evaluation of the
the dissatisfaction rate determined by the warm ceiling
at 15% and 25% draught, human subject measurements
were required.

2.3 Human subject measurements

Human subject measurements took place in the com-
fort chamber presented on Figs. 1 and 2. They took into
account the methodology used in the literature for subject
comfort measurements [13-21], the gender differences
observed in and as a result of similar research [22], as well
as the methodology and results of previous research on
productivity [23].

20 people, 10—10 healthy men and women, participated
in the human subject measurements. The subjects gave
their votes regarding the thermal environments they were
being exposed to. Throughout the course of the measure-
ments, they evaluated 10 thermal comfort environments,
defined by ceiling-floor temperature asymmetry (5, 7, 10,
12, 15 °C) and 2 draught rate (15%, 25%). During one
measurement occasion, there was only one constant ther-
mal environment. This could be guaranteed by the mea-
suring chamber being kept in a thermally stationary state.

Each measurement was three hours long and during
each session, the human subjects faced only one thermal
environment defined by one asymmetry and one draught
rate, respectively. These thermal settings were followed
in random order so that no upward and downward trends
could not be inferred.

The amount of supply air was 230 m*/h, an air exchange
rate high enough to ensure the subjects' satisfaction with
the air quality. Close attention was also paid to the elim-
ination of acoustic discomfort and the provision of ade-
quate visual comfort. Thus, the visual, acoustic and indoor
air comfort environment of the subjects was uncompro-
mised during the measurements.

Six repetitive measurement blocks were carried out
during each measurement session. Each of them lasted
for thirty minutes and consisted of free activity, measure-
ment of work efficiency, and thermal voting. The informa-
tion collected on paper was processed and analyzed using
mathematical methods.

2.4 Mathematical evaluation
While evaluating the results, we identified and examined
the correlations existing between the votes given under
different conditions. In the evaluation process, two sets
of values were always compared and the results evalu-
ated using two different mathematical approaches: the
Mann-Whitney exact test and the Welch test. Considering
the difference which exists between the nature of the two
methods, it was safe to accept the independence or depen-
dence of two sets of votes, provided that both methods led
to the same result.

During the Welch test, the significance level was set
to 0.05, and the confidence interval used in the Mann-
Whitney test was defined as 95% [24].

3 Discussion and results
To study the combined effect of draught and radiant ther-
mal asymmetry caused by warm ceilings, we examined
differences in gender, in terms of the voters” dissatisfac-
tion with the warm ceiling (PD), actual mean vote (AMYV),
and work efficiency. When processing the results, we com-
pared them using the two mathematical methods presented
in the Methods section. A finding was accepted if we have
reached the same result using both mathematical methods.

Figs. 4 and 5 show the dissatisfaction of women and men
with warm ceilings at 15% and 25% draught, respectively.

Dissatisfaction with the warm ceiling is shown as a
function of radiant thermal asymmetry.

With a draught rate of 15% (with the exception of the
7 °C asymmetry), there is a significant difference between
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Fig. 4 Dissatisfaction with the warm ceiling in function of radiation
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Fig. 5 Dissatisfaction with the warm ceiling in function of radiation

asymmetry, Women vs. Men, DR =25%

female and male votes over the entire interval, men being
more dissatisfied with the warm ceiling in cases. Based on
the Mann-Whitney and Welch statistical indicators, it can
be stated that the difference is pronounced for asymmetry
values above 10 °C.

At a draught of 25%, with the exception of the 10 °C
asymmetry value, there was also a significant difference
in the dissatisfaction votes of women and men over the
entire interval. In this case, too, after an asymmetry value
of 10 °C, there was an increased difference between the
votes of the genders — the dissatisfaction of men with
warm ceilings was higher.

Figs. 6 and 7 present the AMV values given by women
and men at 15% and 25% draught, respectively. It shows the
AMYV as a function of the radiation temperature asymmetry.

With a 15%, draught rate, the AMV vote of women and
men is different in the whole interval and the vote of women
is lower. The difference between the votes of the genders
increases in the case of temperature asymmetry above 10 °C.

Even in the case of 25% asymmetry, a statistically sig-
nificant difference can be detected between the female and
male votes by both mathematical methods, in this case
also the female votes are lower, the difference between the
gender votes increases above 10 °C radiation asymmetry.

Figs. 8 and 9 show the work efficiency of women and
men as a function of radiant thermal asymmetry caused
by warm ceilings with a 15% and 25% draught rate,
respectively.
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At 15% draught, the speed of work of women and men
is significantly the same over the entire interval (except
12 °C), the accuracy of work is significantly different
except for 5 and 10 °C, and the work accuracy of women
is higher.

At 25% draught effect, the speed of work shows smaller
differences between the genders, but the work speed dif-
fers significantly over the entire interval.
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4 Conclusion

In a joint study of radiant thermal asymmetry caused by
warm ceilings and draught, we studied whether there is
a significant difference between the PD, AMV votes and
work efficiency among the genders.

We found that gender of the study group had a signifi-
cant impact on PD, AMV and work speed. Dissatisfaction
with warm ceilings was higher in the case of men, the AMV
value was lower in the case of women. In the case of women
the speed of work was higher at a draught rate of 15%, while
in the case of men, it was higher at a draught effect of 25%.

During the study of the combined effect of draughts
and warm ceilings, it was noticeable that, in the radiant
thermal asymmetry range of 5-15 °C, for DR = 15% and
DR = 25%, the difference in gender had a significant effect
on the rate of dissatisfaction with the warm ceiling, on
work accuracy and on AMV:

e PD: In the temperature asymmetry range of

10—15 °C, men are significantly more dissatisfied

with warm ceilings than women;
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