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Energy saving in buildings is one of the most important research directions in the building sector. Energy saving solutions should
not lead to decreased indoor environment quality. Because of the increased number of summer heat waves, cooling systems are
widely used to assure thermal comfort in buildings. In this paper, ceiling cooling and wall cooling systems were tested and com-
pared from the thermal comfort point of view using 24 subjects (12 women and 12 men). The cooling ceiling and wall surface and
the supply/return temperatures were similar. Analysing the obtained subjective answers, no significant differences were obtained
on average or by gender. However, significant differences were obtained between the subjective answers and the calculated PMV

values. Furthermore, the occupant’s reaction was different after switching off the ventilation and cooling systems.
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1. Introduction

In recent years, energy savings in buildings has be-
come one of the most important issues in the build-
ing sector. During the design and construction pro-
cess, the health and well-being of occupants must be
the primary goal of architects and building contrac-
tors. The available technologies allow the construction
of nearly zero or net zero energy buildings with a high
comfort level. However, large glazed areas can lead
to a high heat load during summer periods if shading
elements are not built in or used properly. Unfortu-
nately, the European climate change demonstrated by
Luterbacher et al. [1] especially in the summer peri-
od, has negative effects both on the energy saving ef-
forts and on the indoor thermal comfort in buildings.
According to Schir et al. the European summer cli-
mate might experience a pronounced increase in year-
to-year variability in response to greenhouse-gas forc-
ing [2]. The European continent was affected by ex-
tremely hot heat waves in the summer of 2003. Fischer

et al. looked for soil moisture-atmospheric interac-
tions and found that soil moisture perturbations can
affect continental-scale circulation and that there is a
positive feedback between the two [3]. The results of
Zampieri et al. showed that a difference in the initial
soil moisture over southern Europe increased the anti-
cyclonic conditions and atmospheric stability, inhibit-
ing wet convection and favouring the establishment of
stagnant weather [4]. Analysis of a long-term temper-
ature series at Prague-Klementinum revealed that the
July 2006 heat wave, covering 33 consecutive days,
was the longest and most severe individual heat waves
since 1775 [5]. Founda and Giannakopoulos analysed
the hot summer of 2007 in Athens, and they found that
Greece experienced the warmest summer of its histo-
ry, with record breaking temperatures observed at a
number of stations [6]. The heat wave in 2010 led to
record warmth at many locations in Central and East-
ern Europe. Finland experienced a stretch of record
warmth in July. Most of western Russia experienced
the hottest summer in recorded history [7]. According
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to Barriopedro et al. “mega-heatwaves”, such as the
2003 and 2010 events, likely broke the 500-year-long
seasonal temperature records over approximately 50%
of Europe [8]. The effects of extremely hot summer
heat waves had serious socio-economic consequences
and affected outdoor thermal comfort [9-11]. In such
weather conditions, the appropriate indoor conditions
in buildings can only be assured by cooling systems.
However, cooling contributes significantly to the en-
ergy use of buildings. Stetiu investigated the energy
use of radiant cooling and all-air cooling systems and
drew the conclusion that the simulated radiant cooling
system requires less energy and peak power to condi-
tion the base-case space than the simulated all-air sys-
tem [12]. The energy performance of the cooling ceil-
ing was simulated and analysed by Imanari et al., and
they proved that by using a radiant ceiling panel sys-
tem in one of the three floors of the simulated building,
energy consumption could be reduced by 10% [13].
Consequently, radiant cooling might be advantageous
from an energy point of view. Several authors investi-
gated the thermal comfort of occupants in closed spac-
es equipped with cooling ceiling systems [14—18].
Most of these studies found that radiant systems can
be very effective cooling terminal units, utilising fair-
ly high temperature cooling media and thus increas-
ing the efficiency of the cooling plant’s equipment. At
the same time, Oxizidis and Papadopoulos found that
the limited capacity of radiant cooling panels, together
with their inability to handle latent cooling loads, does
not allow them to ensure satisfactory thermal comfort

conditions, at least according to deterministic comfort
evaluation standards [18]. Heat exchange by radiation
plays an important role for human subjects in subjec-
tive thermal evaluation of the environment. Conse-
quently, cold surfaces can contribute efficiently to the
subjective thermal comfort improvement in buildings
during hot summer days. In this paper, a thermal com-
fort analysis was performed using ceiling cooling and
wall cooling in a test room. The subjective answers re-
lated to thermal comfort were compared with the ob-
jective PMV values calculated based on the measured
temperature, humidity and air velocity values in the
test room.

2. Materials and methods

At the Department of Building Services and Building
Engineering, University of Debrecen in the laboratory
of Indoor Environment Quality, a test room was built
to evaluate the thermal comfort of occupants under
various comfort parameters. The test room is placed
in a climatic (“adiabatic”) chamber built from 15 cm
thick PUR panels. In the space left between the walls
and ceilings of the two rooms, the air temperature can
be set between —15 °C and +34 °C. The internal di-
mensions of the test room are: 2.49x3.65x2.56 m
(Fig. 1). The 20 cm thick test room walls are built from
brick with vertical holes. In the floor, ceiling and one
wall of the test room, hydraulic circuits are placed to
permit surface heating or cooling of the room. Fresh
air can be introduced into the room either by mixing or
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Fig. 2. Operation schedule of the cooling systems

displacement ventilation. We chose the balanced mix-
ing ventilation mode. Fresh air was supplied under the
ceiling above the occupants. The exhaust air terminal
device was placed above the floor.

The main purpose of our research was to com-
pare the thermal comfort obtained in the test room
in the case of high heat loads using ceiling or wall
cooling. The heat load was chosen to obtain, without
cooling, a mean radiant temperature and air temper-
ature of 29 °C. The area of the cooling surface was
7.0 m2, both for the ceiling and wall cooling systems.
The duration of the measurements was 3.0 hours. For
the first 30 minutes, subjects sat in the test room, and
the ventilation and the cooling systems were switched
off. After the first half hour, both the ventilation and
the cooling system were switched on and kept in op-
eration for two hours. In the test room, two subjects
were sitting and solving specific tests simultaneously.
Fresh air flow was fixed at 100 m3/h (50 m3/h/person),
and the temperature was controlled at 29 °C. During
the last 30 minutes, both the ventilation and cooling
systems were switched off (Fig. 2).

The role of the first 30 minutes was acclimatiza-
tion to these relative high indoor temperatures. In the
last 30 minutes, the thermal comfort was analysed, as-
suming intermittent operation of the cooling system.
The measurements were performed with 24 subjects
(12 men and 12 women), the clothing was 0.5 clo, the

Table 1. Age, height and weight of subjects

Subjects Age [years]  Height [cm]  Weight [kg]
Women 22-26 153-170 48-66
Men 22-26 170-190 73-98

activity level was 1.0 met. Subjects were not allowed
to change clothes during measurements. The main pa-
rameters of the subjects involved in the measurements
are presented in Table 1.

In the test room, the expected starting value of
29 °C for the air and mean radiant temperatures were
obtained using a heat load of 6.0 kW in the space be-
tween the test room walls and the adiabatic chamber
(Fig. 1). The heat load was operating continuously
during the measurements.

During the experiments, the air temperature, the
mean radiant temperature, the air velocity, the rela-
tive humidity and the CO, concentration were meas-
ured at 1.1 m height. The measurements of the com-
fort parameters were performed with TESTO 435
and TESTO 480 instruments using an air temperature
probe (accuracy: (0.3 °C + 0.1 % of the measured
value)), globe temperature probe (accuracy: +(0.3 °C
+ 0.1 % of the measured value)), CO, probe (accuracy:
+(75 ppm CO, +3% of the measured value)), relative
humidity probe (accuracy: £2% RH) and air veloci-
ty probe (accuracy: +(0.03 m/s =5 % of the measured
value)). Two instruments and two probes of each type
were fixed in the test room, according to Fig. 1. Small
differences between the measured values were regis-
tered: 0.2 K for temperatures, 12 ppm for CO,, 2% for
relative humidity, and 0.02 m/s for air velocity. In the
calculation of the predicted mean vote, the measured
values of these parameters were taken into account for
each subject.

During measurements, subjects filled out a short
questionnaire every 15 minutes. We asked subjects to
give answers to the following questions:

1. On the 7-point thermal comfort scale, mark your thermal comfort sensation
2. Is the air velocity acceptable? yes no
If not, how should it be changed? increase decrease
3. Do you feel a draught? yes no
If yes, please specify where you feel the draught
head neck arms back legs ankles
Are you content with the indoor air quality? yes no
5. Are you contend with the surface temperatures? yes no
If not, how should it be changed?
floor temperature: increase decrease
ceiling temperature: increase decrease
internal walls temperature: increase decrease
external walls temperature: increase decrease
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3. Results

The air temperature variation at 1.1 m during the 3.0
hour measurement can be seen in Fig. 3 for the wall
and ceiling cooling modes. Because of the hystere-
sis of the control system and the thermal inertia of the
heating and cooling systems, the air temperature has
small variations between different measurements, but
the maximum values of these deviations were £0.5 °C.

The mean radiant temperature variation can be
seen in Fig. 4. The variation of the mean radiant tem-
perature between different measurements was 0.3
°C. These deviations were lower than the deviations
of the air temperature. The thermal inertia of the build-
ing elements helps to maintain the mean radiant tem-
perature at the desired value.

The variation of the relative humidity in the test
room (measured at 1.1 m height) is shown in Fig. 5.

The CO, concentration of the indoor air is pre-
sented in Fig. 6.

The CO, and relative humidity diagrams show
the operation mode of the ventilation system.

The air velocity variation during measurements
(measured at 1.1 m height) can be seen in Fig. 7.

The air velocity values in the occupants’ zone
were low and similar in the case of wall and ceiling
heating; consequently, the microenvironment was
suitable for testing the effects of radiant cooling sys-
tems on subjective thermal comfort.

Using the above presented microclimate param-
eters, the PMV can be calculated with the equation
[19]:
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PMV =(0.303exp—0.036M +0.028)

x{(M —W)-3.05-10°[5733-6.99(M W - p,]
~0.42[(M W) -58.15]-1.7-10° M (5867~ p,) (1)
~0.0014M (34 —1,)—3.96-107" £, [(z, +273)*

(@ +273)' 1= £,h (2, ~1,)),

where ¢, is the indoor air temperature, [°C]; p,, is the
water vapour partial pressure, in [Pa]; and 7 is the
thermal resistance of clothing [m?K/W].

The clothing surface temperature can be deter-
mined using Eq. (2) [20].

t,=357-0.028(M -W)
_Id {hrfle_g [(tcl + 273)4
_(Z + 273)4] + f;lhc(tcl - ta )’

where M is the metabolic rate [W/m?] of the body sur-
face area; and W is the external work [W/m?], which is
equal to zero for most activities.

The radiative heat transfer coefficient 4, is given
by Eq. (3) [20]:

)

ho=5.67-10" e Ut 273)" - (1, +273)"
r A (tcl - t:)

where the ratio of the body’s 4r radiation area, A4, to
Ap, 18 0.67 for a crouching subject, 0.7 for sitting and
0.73 for the standing position; and ¢ is emittance of the
clothed human body.

The clothing area factor can be determined using

Eq. (4) [19]:

)

D

1.00+1.2901, for 1, <0.078 m’K/W,
1.05+0.6451 , for 1, >0.078 m*K/W.

Ja (4)

The convective heat transfer coefficient 4, can be
determined using equation (5) [19]:

)

c

X for X>7,
Y for X<Y7,

where X = 2.38[t, — t,]"4, Y = 12.1[v,,]"? and v,, is
the relative air velocity (relative to the human body),
in m/s.

The mean radiant temperature is given by Eq. (6)

[19]:
n /4
I= [Z } -273,
i=1

where Fp_, are the angle factors between the human
body and surface i.

The obtained PMV values are shown in Fig. 8.
At a certain moment of the measurement process, the
small variations of the calculated PMV values are
caused by the small variations of the microclimate pa-
rameters.

The subjective thermal comfort is presented in
Fig. 9.

F, T:

P-4, si

(6)

4. Discussion

When the measurements were started, the air temper-
ature and the mean radiant temperature were set at 29
and 29.5 °C, respectively, in the test room. After per-
forming 12 measurements for the ceiling cooling sys-
tem and 12 measurements for the wall cooling sys-
tem, because of the hysteresis of the control system
and the thermal inertia of hydraulic system, small dif-
ferences between the microclimate parameters were
registered. During the first 30 minutes, because of the
heat released by the occupants, the heat load in the
test room increased. The air and mean radiant temper-
atures also increased. The heat delivered by occupants
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Fig. 8. Predicted mean votes for ceiling and wall cooling
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Fig. 9. Subjective thermal comfort of occupants

was different because their body parameters were di-
verse. As a consequence, the temperatures and rela-
tive humidity in the test room had small differences
in the case of different groups. The relative humidi-
ty of the air at the beginning was approximately 45%
and was kept between 35% and 52% during measure-
ments. Because neither the ventilation nor the cool-
ing systems were in operation during the first and last
30 minutes of the measurements, the relative humidi-
ty and the CO, concentration in the air increased sig-
nificantly during these periods. The CO, concentra-

tion practically doubled in 30 minutes. Based on the
measured values, the calculated PMV was +1.8 and
decreased at a very small rate during the three hours
of measurements. The subjective thermal comfort of
occupants started at +2.0 and decreased slightly in the
first 30 minutes , even though the air and mean radiant
temperatures increased in this period of time. This de-
crease of thermal comfort can be caused by acclimati-
zation. After starting the cooling systems, the subjec-
tive thermal comfort decreased to almost 0 within two
hours (even negative values were registered). The an-

Table 2. Significance analysis between the calculated PMV and the subjective thermal comfort of occupants

(wall cooling, men)

Mean Diff SEM Alpha Sig LCL UCL Overall ANOVA
0:00 0.201 0.179 0.05 0 -0.170 0.571 No significant difference
0:15 0.538 0.199 0.05 1 0.126 0.951 Significant difference
0:30 0.739 0.258 0.05 1 0.205 1.273  Significant difference
0:45 0.813 0.244 0.05 1 0.307 1.319 Significant difference
1:00 0.988 0.306 0.05 1 0.353 1.623  Significant difference
1:15 1.035 0.298 0.05 1 0.416 1.653  Significant difference
1:30 1.114 0.284 0.05 1 0.524 1.703 Significant difference
1:45 1.428 0.302 0.05 1 0.801 2.055  Significant difference
2:00 1.451 0.295 0.05 1 0.840 2.062  Significant difference
2:15 1.486 0.285 0.05 1 0.895 2.077 Significant difference
2:30 1.403 0.278 0.05 1 0.827 1.979  Significant difference
2:45 1.431 0.295 0.05 1 0.820 2.043  Significant difference
3:00 1.449 0.296 0.05 1 0.836 2.063  Significant difference

Mean Diff — difference between means
SEM - standard error of means
Alpha — significance level

Sig — Sig equal to 0 indicates that the mean difference is not significant at the 0.05 level
Sig equal to 1 indicates that the mean difference is significant at the 0.05 level

LCL - lower confidence limit
UCL — upper confidence limit
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swers related to subjective thermal comfort were ana-
lysed by gender using repeated ANOVA, both for ceil-
ing and wall cooling systems, but no significant differ-
ences were observed. The answers given by the sub-
jects were compared with the calculated PMV values
using the repeated ANOVA method. The results are
presented in Tables 2—5.

For the measurements related to ceiling cooling,
the air velocity was not acceptable in the first half
hour for 75-95% of subjects, who wanted a higher air
velocity. After switching the ventilation and cooling
system on, after 15 minutes of operation, 45% of sub-
jects declared that the air velocity was acceptable. The
share of positive answers increased further and, after
one hour of operation, reached 85-95%. For question

5 (related to indoor air quality), the same trend was ob-
served. Even though the ventilation system and cool-
ing system were switched off for the last 30 minutes of
measurements, 79.2—-87.5% of the occupants accept-
ed the air velocity and the indoor air quality. For the
question related to draughts, the subjects answer was
“Not” in a high percent during the whole measurement
period (the lowest share of negative answers was 75%,
the highest was 100%). For question 4 (related to the
surface temperature of the closing elements), the share
of dissatisfied persons was high only during the first
half hour of the measurements (approximately 62.5%
would like to decrease the surface temperatures). Af-
ter switching the ventilation and the cooling system
on, the share of dissatisfied subjects decreased every

Table 3. Significance analysis between the calculated PMV and the subjective thermal comfort of occupants

(wall cooling, women)

Mean Diff SEM Alpha Sig LCL UCL Overall ANOVA
0:00 —0.009 0.149 0.05 0 —0.318 0.299  No significant difference
0:15 0.301 0.165 0.05 0 —0.042 0.644  Significant difference
0:30 0.653 0.195 0.05 1 0.249 1.058  Significant difference
0:45 0.676 0.179 0.05 1 0.306 1.046  Significant difference
1:00 0.802 0.178 0.05 1 0.433 1.170  Significant difference
1:15 0.790 0.191 0.05 1 0.395 1.185  Significant difference
1:30 0.866 0.239 0.05 1 0.369 1.362  Significant difference
1:45 0.949 0.170 0.05 1 0.596 1.302  Significant difference
2:00 1.032 0.197 0.05 1 0.623 1.441  Significant difference
2:15 1.075 0.184 0.05 1 0.693 1.456  Significant difference
2:30 1.124 0.187 0.05 1 0.737 1.512  Significant difference
2:45 1.229 0.186 0.05 1 0.843 1.615  Significant difference
3:00 1.415 0.191 0.05 1 1.018 1.812  Significant difference

Table 4. Significance analysis between the calculated PMV and the subjective thermal comfort of occupants

(ceiling cooling, men)

Mean Diff SEM Alpha Sig LCL UCL  Overall ANOVA
0:00 0.293 0.198 0.05 0 —0.118 0.703  No significant difference
0:15 0.318 0.211 0.05 0 -0.120 0.755  No significant difference
0:30 0.442 0.274 0.05 0 -0.126 1.010  No significant difference
0:45 0.551 0.228 0.05 1 0.078 1.024  Significant difference
1:00 0.587 0.224 0.05 1 0.121 1.052  Significant difference
1:15 0.795 0.218 0.05 1 0.343 1.247  Significant difference
1:30 1.080 0.213 0.05 1 0.638 1.522  Significant difference
1:45 1.236 0.198 0.05 1 0.825 1.647  Significant difference
2:00 1.495 0.200 0.05 1 1.081 1.910  Significant difference
2:15 1.594 0.233 0.05 1 1.110 2.078  Significant difference
2:30 1.572 0.243 0.05 1 1.069 2.076  Significant difference
2:45 1.688 0.237 0.05 1 1.196 2.180  Significant difference
3:00 1.519 0.236 0.05 1 1.029 2.009  Significant difference
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Table S. Significance analysis between the calculated PMV and the subjective thermal comfort of occupants

(ceiling cooling, women)

Mean Diff SEM Alpha Sig LCL UCL Overall ANOVA
0:00 0.172 0.146 0.05 0 —0.130 0.474  No significant difference
0:15 0.374 0.142 0.05 1 0.079 0.669  Significant difference
0:30 0.699 0.165 0.05 1 0.357 1.040  Significant difference
0:45 0.660 0.178 0.05 1 0.292 1.028  Significant difference
1:00 0.849 0.176 0.05 1 0.485 1.214  Significant difference
1:15 1.095 0.195 0.05 1 0.690 1.499  Significant difference
1:30 1.040 0.149 0.05 1 0.731 1.348  Significant difference
1:45 1.337 0.192 0.05 1 0.938 1.735  Significant difference
2:00 1.236 0.200 0.05 1 0.821 1.651 Significant difference
2:15 1.575 0.219 0.05 1 1.121 2.029  Significant difference
2:30 1.519 0.238 0.05 1 1.025 2.013  Significant difference
2:45 1.447 0.229 0.05 1 0.972 1.923  Significant difference
3:00 1.148 0.225 0.05 1 0.682 1.614  Significant difference

15 minutes and reached 12.5% after one hour of op-
eration.

For wall cooling, the air velocity was not ac-
ceptable in the first 30 minutes for 62.5% of the sub-
jects (they wanted to increase the air velocity). After
switching the ventilation and cooling system on, the
percent of dissatisfied persons decreased. Neverthe-
less, the highest share of satisfied persons was 87.5%,
and after switching the ventilation and cooling system
off, the subjects reacted promptly. The share of satis-
fied persons decreased to 70% within 30 minutes. The
trend was similar in the case of the last question (re-
lated to indoor air quality). At the start of the measure-
ments, the share of satisfied persons was 20.8%. After
switching the ventilation and cooling system on, this
percent increased and reached 91.7% before switch-
ing the systems off. At 30 minutes, the share of per-
sons satisfied with the indoor air quality decreased to
79.2%. The highest share of subjects who felt draughts
was 20.8%. The share of subjects who did not feel
draughts reached 100% for longer periods compared
with ceiling cooling. At the beginning, approximately
50% of subjects were content with the surface temper-
ature. After switching the ventilation and wall cool-
ing system on, the share of satisfied persons increased
to 87.5% (the highest value). After switching the wall
cooling system and the ventilation system off, the oc-
cupant’s reaction was prompt. The share of satisfied
persons decreased to 75%.

5. Conclusion
The aim of our research was to analyse ceiling cool-
ing and wall cooling systems from a thermal comfort

point of view. The measurements were performed in
the Laboratory of Indoor Environment Quality, Fac-

Int. Rev. Appl. Sci. Eng. 8, 2017

ulty of Engineering, University of Debrecen. Because
of the use of the same cooling surface and same sup-
ply and return temperatures, the obtained subjec-
tive thermal comfort was similar. No significant dif-
ferences between the answers were found. However,
when testing the environment with a high heat load,
the subjective answers were lower than the calculated
PMV values. Significant differences were found be-
tween the subjective answers and the calculated PMV
values. Furthermore, after decoupling the ventilation
and cooling systems, the share of satisfied persons de-
creased by a small amount in the case of ceiling cool-
ing, whereas in the case of the wall cooling system, the
percentage of dissatisfied occupants increased signif-
icantly. This phenomena needs to be tested further in
detail in the future.

Acknowledgements

The work is supported by the EFOP-3.6.1-16-2016-
00022 project. The project is co-financed by the Euro-
pean Union and the European Social Fund.

References

[1] Luterbacher J., Dietrich D., Xoplaki E., Grosjean M.,
Wanner H. (2004), European seasonal and annual temper-
ature variability, trends, and extremes since 1500. Science,
303, 1499-1503.

[2] Schir Ch., Vidale P. L., Liithi D., Frei Ch., Haberli Ch.,
Liniger M. A., Appenzeller Ch. (2004), The role of in-
creasing temperature variability in European summer
heatwaves. Nature, 427, 332-336.

[3] Fischer E. M., Seneviratne S. 1., Vidale P. L., Liithi D.,
Schir C. (2007), Soil moisture—atmosphere interactions
during the 2003 European summer heat wave. J. Climate,
20, 5081-5099.

161



G. L. SZABO, F. KALMAR

[4] Zampieri M., D’Andrea, F., Vautard R., Ciais Ph., de
Noblet-Ducoudré N., Yiou P. (2009), Hot European sum-
mers and the role of soil moisture in the propagation of
Mediterranean drought. J. Climate, 22, 4747-4758.

[5] Kysely J. (2010), Recent severe heat waves in central Eu-
rope: How to view them in a long-term prospect? Int. J.
Climatol., 30, 89—109.

[6] Founda D., Giannakopoulos C. (2009), The exceptionally
hot summer of 2007 in Athens, Greece — A typical summer
in the future climate? Global and Planetary Change, 67,
227-236.

[7] Grumm R. H. (2011), The Central European and Russian
heat event of July—August 2010. Bull. Amer. Meteor. Soc.,
92, 1285-1296.

[8] Barriopedro D., Fischer E. M., Luterbacher J., Trigo R. M.,
Garcia-Herrera R. (2011), The hot summer of 2010: Re-
drawing the temperature record map of Europe. Science,
332,220-224.

[9] Pantavou K., Theoharatos G., Mavrakis A., Santamouris
M. (2011), Evaluating thermal comfort conditions and
health responses during an extremely hot summer in Ath-
ens. Building and Environment, 46, 339-344.

[10] Nikolopoulou M., Lykoudis S. (2006), Thermal comfort in
outdoor urban spaces: Analysis across different European
countries. Building and Environment, 41, 1455-1470.

[11] Theoharatos G., Pantavou K., Mavrakis A., Spanou A.,
Katavoutas G., Efstathiou P., Mpekas P., Asimakopou-
los D. (2010), Heat waves observed in 2007 in Athens,
Greece: Synoptic conditions, bioclimatological assess-
ment, air quality levels and health effects. Environmental
Research, 110, 152-161.

[12] Stetiu C. (1999), Energy and peak power savings potential
of radiant cooling systems in US commercial buildings.
Energy and Buildings, 30, 127-138.

162

[13] Imanari T., Omori T., Bogaki K. (1999), Thermal comfort
and energy consumption of the radiant ceiling panel sys-
tem. Comparison with the conventional all-air system. En-
ergy and Buildings, 30, 167-175.

[14] Kitagawa K., Komoda N., Hayano H., Tanabe Sh. (1999),
Effect of humidity and small air movement on thermal
comfort under a radiant cooling ceiling by subjective ex-
periments. Energy and Buildings, 30, 185-193.

[15] Miriel J., Serres L., Trombe A. (2002), Radiant ceiling
panel heating—cooling systems: experimental and sim-
ulated study of the performances, thermal comfort and
energy consumptions. Applied Thermal Engineering, 22,
1861-1873.

[16] Tian Zh., Love J. A. (2008), A field study of occupant ther-
mal comfort and thermal environments with radiant slab
cooling. Building and Environment, 43, 1658-1670.

[17] Memon R. A., Chirarattananon S., Vangtook P. (2008),
Thermal comfort assessment and application of radiant
cooling: A case study. Building and Environment, 43,
1185-1196.

[18] Oxizidis S., Papadopoulos A. M. (2013), Performance of
radiant cooling surfaces with respect to energy consump-
tion and thermal comfort. Energy and Buildings, 57, 199—
209.

[19] ISO 7730-2005: Ergonomics of the thermal environment
— Analytical determination and interpretation of thermal
comfort using calculation of the PMV and PPD indices
and local thermal comfort criteria.

[20] ISO 7933-2004: Ergonomics of the thermal environment —
Analytical determination and interpretation of heat stress
using calculation of the predicted heat strain.

Int. Rev. Appl. Sci. Eng. 8, 2017




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive true
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


