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Abstract – In this study, a higher education
institution in Edirne (Trakya University Engineering
Faculty) is investigated for indoor thermal comfort
conditions of the classrooms (indoor temperature,
relative humidity, average radiant temperature,
“Satisfaction from thermal environment” (PMV) and
“Dissatisfaction from thermal environment” (PPD)).
The classrooms in the institution are heated by a
central heating system and utilise natural ventilation
system. Measurements were taken with the proper
devices at the same time of the weekdays during lecture
times in winter (heating season) in December. The
results obtained from measurements are given in
graphics and compared with the values given in
ASHRAE 55 and ISO 7730 standards.
Keywords – Thermal comfort, Thermal environment,
Education facilities, School buildings.

1. Introduction
Today, the lowest energy consumption is aimed
while the thermal comfort conditions are provided.
Concerns about the depletion of primary energy
sources, price increases and the contamination from
fossil fuels on environment makes the energy
efficiency in all sectors obligatory.
The students spend the most of their times indoors
in education facilities [1]. The thermal comfort
conditions must be provided in order to have healthy
DOI: 10.18421/TEM61-10
https://dx.doi.org/10.18421/TEM61-10
Corresponding author: Esma Mıhlayanlar,
Trakya University Faculty of Architecture, Edirne, Turkey
Email: emihlayanlar@trakya.edu.tr
© 2017 E. Mıhlayanlar, S. Öztuna,
K. Büyükakın ; published by UIKTEN. This work is licensed
under
the
Creative
Commons
AttributionNonCommercial-NoDerivs 3.0 License.
The article is published with Open Access at
www.temjournal.com

TEM Journal – Volume 6 / Number 1 / 2017.

and efficient working environments for the students.
These conditions are also related with their efficiency
and productivity together with the energy
consumption and sustainability [1, 2].
The standards for indoor thermal comfort
conditions are ASHRAE 55 and ISO 7730 [3, 4]. In
ASHRAE 55, the thermal comfort means the sense of
pleasure or comfort taken from the environment and
described with six factors given below;
Metabolic rate
Clothing resistance
Air temperature
Radiant temperature
Air velocity
Relative humidity
It is not easy to provide the proper thermal
conditions in an environment for everybody. People
show great difference on their physiological and
psychological behaviours. The comfort conditions
are not the same for everybody [3]. The method of
Fanger is used together with ASHRAE 55 and ISO
7730 to analyse and assess the thermal environment.
In the analysis, parameters for satisfaction (Predicted
Mean Vote /PMV) and dissatisfaction (Predicted
Percentage Dissatisfied / PPD) from the thermal
environment are used. The analysis is assessed for
seven different conditions which are hot (+3), warm
(+2), quite warm (+1), neutral (0), quite cool (-1),
cool (-2) and cold (-3). The optimum condition is
neutral (0). Generally, a point between quite warm
(1) and quite cool (-1) is accepted as the average vote
of the people [5].
The limit values in ASHRAE 55 and ISO 7730 for
PMV and PPD are given in Table 1.
Table 1. ASHRAE 55 and ISO 7730 Intervals for PMV and
PPD [3, 4]
ISO-7730
A
B
C
ASHRAE-55

PPD
(%)
6
 10
 15
 10

PMV
-0,2PMV+0,2
-0,5PMV+0,5
-0,7PMV+0,7
-0,5PMV+0,5

Operative
Temperature
C
(Winter season)
22,0 ± 1,0
22,0 ± 2,0
22,0 ± 3,0
20,0 - 24,0
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There are a lot of studies in the literature in both
national and international papers [6, 7, 8, 9, 10, 11,
12]. The thermal comfort is studied by researchers in
different countries and climate zones as well as for
different age groups. Humphreys investigated on the
thermal comfort in neutral ventilated classrooms for
12-17 age groups in England [13]. Wong et all.
studied students from 13-17 age group and teachers
[14].
Corgnati et all. investigated the environmental
comfort conditions in higher education and university
classrooms for age groups of 12-23 in Italy [15]. In
the studies, questionnaire studies and different
measurement studies were conducted for the
parameters such as ventilation techniques, facility
and classroom types together with the user variables.
Rupp et all. investigated 466 completed studies in
the last ten years about the thermal comfort and
concluded that the number of the studies about the
thermal comfort have increased and underlines the
different methods used in the studies together with
their drawback points (2015) [16].
In this paper, the thermal comfort conditions of the
classrooms of Trakya University which has
reinforced concrete system in its structure are
investigated under the climate conditions of Edirne.
2. Method and Diagnosis
First of all, obtained are the settlement, location
and sketch of the education facility in Edirne to be
investigated (Fig 1.). The classrooms of the
education facility in which the measurements are to
be performed are selected from different floors and
orientation (Fig 2).

The classrooms have different student capacities as
well. Three classrooms directed to the north, the
south and the north-west with different ground area
and volume are selected (Table 2). The
measurements are performed during different activity
conditions (Passive/Semi Passive/Active) [17].

Figure 1. Engineering Faculty Settlement Plan

The photographs of the facility and the data
obtained from the measurements are transferred to
the computer. The indoor thermal temperature, the
radiant temperature, the relative humidity, the air
velocity, PMV and PPD values are measured by
Testo 480 (Table 3). The measurements were
performed three times a day in weekdays in
December 2015 for a period of two weeks. The
structure elements that constitute the building shell
and the coating material together with the finishing
materials used in the classrooms are given in Table 2.

Table 2. Details of the Classrooms

Details
Location
Direction
Area, m2
Volume, m3
Student Capacity
Wall (Masonry, plastic painted), m2
Windows (PVC Doube Glazing), m2
Door (Wallboard), m2
Activity
Flooring
Ceiling
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A
Ground Floor
South
90,50
301,36
78
14,58
101,73
8,4
Classroom
Ceramic
Gypsum Plaster
Plastic Painted

Classrooms
B
First Floor
North
90,50
301,36
40
14,58
101,73
8,4
Workplace
Ceramic
Gypsum Plaster
Plastic Painted

C
Second Floor
Northwest
90,33
293,58
104
10,08
101,62
3,36
Classroom
Ceramic
Rough Rendering
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Table 3. The Measurement Device Details

Parameter
Temperature
Relative Humidity
Radiant Temperature
Air Flow Velocity

Measurement Interval
0.… +50C
% 0-100 RH
0…. 120 C
0….+ 5 m/sn

Accuracy
± 0,5C
± (%1,8 RH + % 0,7)
Class 1 0,1 C
± (0,03 m/sn + %4 Measured Value

Figure 2. Engineering Faculty Floor Plan and the Classrooms to Be Investigated

A

B

C

Figure 3. The Photographs from the Classrooms
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The results obtained from the measurements
performed for two weeks in the classrooms of Trakya
University, Engineering Faculty are given in graphics
below in Fig. (4-10). First of all, the calculated
operative temperature and relative humidity values
with respect to the measured values are signed on
ASHRAE 55 comfort zone (winter / heating season)
on the graphical method. The operative temperature
are defined as the mean value of the inside
temperature and the radiant temperature. In the
classroom “A”, the measurement results falling out
of the comfort zone with respect to the operative
temperature change and the relative humidity change
are determined. It is understood from the
measurements that the comfort conditions for winter
season are provided in the classroom “B” and “C”.
The measurement results falling out of the comfort
conditions are mostly the ones which are high for the
operative temperature (with 1,5- 2C difference)

(Fig.4). Changes for the indoor temperature values of
the classrooms and the outdoor temperature values
are drawn in Fig. (5). Temperature values in the
classrooms to be investigated fluctuate between
20,7C and 26,4C. Only two measurements in the
classroom “A” which is on the ground floor and
directed to the south give results higher than the
operative temperature value. (Fig.5).
The relative humidity values in the classrooms and
the outdoor are shown in Fig. (6). The relative
humidity values in the classrooms to be investigated
change between %22 and %57. Minimum relative
humidity value measurement in the classroom “A”
which is on the ground floor and directed to the
south. Indoor air flow velocity measurements are
given in Fig. (7). The air flow velocity values in the
classrooms to be investigated fluctuate between 0,04
m/s and 0,16 m/s. Maximum value measurement in
the classroom “C” results (Fig.7).

Figure 4 The Comfort Zone in the Classroom (for winter season)
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Figure 6. The Indoor and Outdoor Relative Humidity Change
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Figure 7. The Air Flow Velocity Change in the Classroom
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The average radiant temperature values measured in
the classrooms are shown in Fig. (8). The indoor
radiant temperature values show similarity with the
indoor temperature values. However the radiant
temperature values averagely have a higher trend (Fig.
5 and Fig. 8). The radiant temperature is affected by
the surface temperature values and its higher trend
than the ambient temperature means a positive impact
on the thermal comfort.
In Fig. (9) and Fig. (10), PMV (Predicted Mean
Vote) and PPD (Predicted Percentage Dissatisfied)
parameters measured in the classrooms are given).
PPD intervals which are given in three groups as A, B,
C in ISO 7730 have the same values in ASHRAE 55,

A

27

while they have the same value in B group in ISO
7730 (Table 1). The results of the measurements for
PPD and PMV generally fall in the zone of the
standards. It is determined that the second
measurement in the classroom “C” and the sixth
measurement in the classroom “A” fall out of the zone
of the standard. It is noted that the classroom “A” is
directed to the south, while the classroom “C” is
directed to the north-west. Both classrooms have equal
widths, but the classroom “C” is quite smaller than
“A” whiles the classroom “C” has more habitants. The
results obtained from the measurements are given in
Table 4.
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Figure 8. The Average Radiant Temperature Change in the Classrooms
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Figure 9. PMV Values Measured
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Table 4. Numerical Values Obtained from the Measurements.

Classrooms
Minimum
Number of Maximum
the students. Average
Standard deviation
Minimum
Temperature Maximum
(°C)
Average
Standard deviation
Minimum
Relative
Maximum
Humidity
Average
(%)
Standard deviation
Minimum
Air Flow
Maximum
Velocity
Average
(m/s)
Standard deviation
Minimum
Average
Maximum
Radiant
Temperature Average
(°C)
Standard deviation
Minimum
Operative
Maximum
Temperature
Average
(°C)
Standard deviation
Minimum
Maximum
PMV
Average
Standard deviation
Minimum
Maximum
PPD (%)
Average
Standard deviation

TEM Journal – Volume 6 / Number 1 / 2017.

A
1
36
10
12,52
21,63
26,43
24,38
1,65
21,57
57,16
37,74
9,03
0,04
0,09
0,08
0,02
21,64
25,84
24,30
1,41
21,63
26,02
24,34
1,53

B
1
39
21
14,26
21,79
23,57
22,38
0,51
33,25
52,35
43,45
6,59
0,06
0,15
0,09
0,02
21,84
23,66
22,49
0,56
21,90
23,62
22,44
0,52

C
2
75
51
19,67
20,72
23,16
21,77
0,78
45,01
54,97
50,97
3,04
0,06
0,16
0,10
0,03
20,52
23,58
21,92
0,88
20,62
23,37
21,84
0,82

-0,53
0,73
0,23
0,44
5,22
16,06
9,71
3,56

-0,44
0,34
-0,12
0,28
5,00
9,18
6,86
1,28

-0,81
0,29
-0,15
0,33
5,06
18,66
7,57
4,29
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The indoor temperature for the classroom “A” is
variable between 21,63°C and 26,43°C, while the
average temperature value and the standard deviation
are 24,38 °C and 1,65, respectively. Meanwhile for
the classroom “B”, the indoor temperature varies
between 21,79°C and 23,57°C. The average indoor
temperature value for the classroom “B” is 22,38°C
and the standard deviation is 0,51. For the classroom
“C”, the indoor average temperature varies between
20,72°C and 23,16°C while it has an average at
21,77°C and a standard deviation at 0,78.
The indoor relative humidity for the classroom “A”
is variable between %21,57 and %57,16, while the
average indoor relative humidity value and the
standard deviation are %37,74 and 9,03, respectively.
Meanwhile for the classroom “B”, the indoor relative
humidity varies between %33,25 and %52,35. The
average relative humidity value for the classroom
“B” is %43,45 and the standard deviation is 6,59. For
the classroom “C”, the indoor relative humidity
varies between %45,01 and %54,97 while it has an
average at %50,97 and a standard deviation at 3,04.
The air velocity for the classroom “A” is variable
between 0,04 m/s and 0,09 m/s, while the average air
velocity value and the standard deviation are 0,08
m/s and 0,02, respectively. Meanwhile for the
classroom “B”, the air velocity varies between 0,06
m/s and 0,15 m/s. The average air velocity value for
the classroom “B” is 0,09 m/s and the standard
deviation is 0,02. For the classroom “C”, the air
velocity varies between 0,06 m/s and 0,16 m/s while
it has an average at 0,1 m/s and a standard deviation
at 0,03.
The radiant temperature for the classroom “A” is
variable between 21,64°C and 25,84°C, while the
average radiant temperature and the standard
deviation are 24,30°C
and 1,41, respectively.
Meanwhile for the classroom “B”, the radiant
temperature varies between 21,84°C and 23,26°C.
The average radiant temperature value for the
classroom “B” is 22,49°C and the standard deviation
is 0,56. For the classroom “C”, the radiant
temperature varies between 20,52°C and 23,58°C
while it has an average at 21,92°C and a standard
deviation at 0,88.
For the classroom “A”, the operative temperature
is variable from 21,63°C to 26,02°C and it has an
average at 24,34°C and a standard deviation at 1,53.
In the classroom “B”, this value varies from 21,90°C
to 23,62°C and has an average at 22,44°C and a
standard deviation at 0,52. The operative temperature
varies from 20,62°C to 23,37°C in the classroom “C”
and has an average at 21,84°C and a standard
deviation at 0,82.
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For the PMV values, it changes between -0,53 and
0,73 in the classroom “A” with an average at 0,23
and a standard deviation at 0,44. Meanwhile, it
changes from -0,44 to 0,34 in the classroom “B” and
has the average value at -0,12 and the standard
deviation at 0,28. In the classroom “C”, it changes
between -0,81 and 0,29 while the average value and
the standard deviation are -0,15 and 0,33,
respectively.
For the PPD values, it changes between %5,22 and
%16,06 in the classroom “A” with an average at
%9,71 and a standard deviation at 3,56. Meanwhile,
it changes from %5,00 to % 9,18 in the classroom
“B” and has the average value at %6,86 and the
standard deviation at 1,28. In the classroom “C”, it
changes between %5,06 and %18,66 while the
average value and the standard deviation are %7,57
and 4,29, respectively
3. Conclusion
An experimental study was conducted for the
thermal comfort conditions of three different
classrooms of Trakya University, Engineering
Faculty in Edirne. The classrooms have different
dimensions, locations and directions from each other.
The ambient temperature, the radiant temperature,
the relative humidity and the air flow velocity were
measured simultaneously in winter months / heating
season. Meanwhile PMV (Predicted Mean Vote) and
PPD (Predicted Percentage Dissatisfied) were
measured and determined. Following conclusions
achieved from the measurements in the classrooms of
Trakya University, Engineering Faculty;
- It is seen that indoor ambient and operative
temperature values are generally in the zone
proposed by ASHRAE (Fig. 4, Table 1). Only the
classroom “A” gives a result which is higher than the
comfort zone. This classroom is directed to the south.
Similar results are obtained for the indoor and the
outdoor relative humidity values. It is to be noted that
the ambient air temperature values are low for the
results obtained (Fig.5,6).
- The average air flow velocity values measured
indoor are proper for the thermal comfort conditions.
- It is observed that PMV and PPD values exceed
the limit values in the classroom “A” and the
classroom “C” only once (Fig 8, Fig 9). These results
are obtained correspondingly with the outdoor and
indoor temperature change. The temperature
measurement results which are close to the upper and
lower limit values effect PMV and PPD values as
well [17].
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The results obtained mostly in the zone proposed
by ASHRAE and ISO standards for the thermal
comfort conditions. The effects of location and
direction of the classrooms can be seen on the
variation of the numerical results obtained. The
present work here focuses on indoor comfort
conditions from the point of the thermal comfort
only. The other comfort conditions such as acoustic,
lighting, air quality and smell can also be included in
the paper so that a wide ranging thermal comfort
study can be conducted.
Indoor comfort conditions are very important for
the students in terms of their health, perception and
efficiency. By improving the productivity of the
students, the benefits can also be gained from the
point of the facility energy consumption and
environmental impacts.
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