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1. Introduction

Air distribution system of air conditioning system or 
mechanical ventilation system in large university lec-
ture halls with big amount of students have infl uence 
on multiple parameters of the thermal comfort [1]. Po-
sition of supply air and extract air, direction of airfl ow 
and air velocity in large university lecture halls infl u-
ence selected parameters of the thermal comfort [2]. 
Incorrectly designed position of supply air and extract 
air, and excessive air velocity may cause disruption 
of the thermal comfort and formation of local thermal 
discomfort [3].

Providing the thermal comfort in the large uni-
versity lecture hall is very important because students 
spend the majority of their time in school in the school-
rooms. Thermal comfort in the small university lecture 
hall is defi ned as the state of mind that expresses sat-
isfaction with the surrounding environment. The fun-
damental quantities for the evaluation of the thermal 
comfort are internal air temperature, operative tem-
perature, globe temperature, air relative humidity and 
air velocity [4]. Then the thermal comfort is evaluated 
with index PMV (Predicted mean vote) and index PPD 

(Predicted percentage dissatisfi ed) [5, 6]. Not fulfi lling 
the parameters of the thermal comfort in the large uni-
versity lecture hall contributes to the high sickness rate 
of students, especially in the winter [7, 8].

The local thermal discomfort might arise when 
the parameters and air elements of air conditioning 
system or mechanical ventilation system are incor-
rectly designed. The incorrect operation of ventila-
tion system might also contribute to its creation. Lo-
cal thermal discomfort (the thermal dissatisfaction) 
can also be caused by unwanted cooling or heating of 
one particular part of the body [9]. The most common 
cause of the local thermal discomfort is the draught 
but local discomfort can also be caused by an abnor-
mally high vertical temperature difference between 
head and ankles, by too warm or too cool fl oor, or 
by too high radiant temperature asymmetry. People 
are most sensitive to radiant asymmetry caused by a 
warm ceiling, a cool wall (windows, glazed facade), 
a cool ceiling or by a warm wall. The major problem 
in the large university lecture hall is the draught that 
is caused by incorrect position, distance of supply air 
and extracts air from the fl oor, and the incorrect ve-
locity of the air fl ow.
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2. Analysis of air distribution systems
of large university lecture halls

One of the important factors of air conditioning sys-
tem or mechanical ventilation system in large univer-
sity lecture hall is the correct air distribution system 
[10]. Students have to feel pleasantly warm without 
the feeling of draught. Therefore, besides the air tem-
perature and air velocity in air vents the position of 
supply air and extract air in large university lecture 
hall is very important [11]. The most suitable solution 
is the air distribution from the bottom towards the top, 
which must be considered in architectural design of 
the interior of large university lecture hall. During this 
air distribution, air velocity in vents for supply air can 
be very low and thus a sitting student does not have a 
feeling of draught. It is not suitable to install inverse-
ly oriented air distribution from the top towards the 
bottom inside of modern university lecture halls. Also, 
the air distribution from the front to the back wall is 
not suitable. In both unsuitably distributed directions 
of air, a high air velocity is created in the place of stu-
dents’ seating which causes the feeling of draught, dis-

satisfaction and worse concentration during the lec-
ture. Therefore, the mutual interaction between archi-
tectural design and placement of vents for supply air 
in university lecture hall was closely analysed. The air 
distribution from the bottom to the top was analysed. 
Most often, the vents for supply air in university lec-
ture hall are located in the stepped fl oor which is built 
because of stepped seating.

Many modern large university lecture halls were 
analysed in terms of air distribution system. Particu-
lar examples of modern large university lecture halls 
were closely analysed in terms of placement of vents 
for supply air. The air distribution from the bottom to 
the top was analysed. Most often, the vents for supply 
air in large lecture hall are located in the stepped fl oor 
which is built because of stepped seating. From all of 
the analysed large university lecture halls, the main 
hall of Vienna University of Economics and Business 
was chosen for the research purposes, Fig. 1. Figure 2 
depicts the position of rectangular continuous vents 
for supply air in the stepped fl oor in the large lecture 
hall of Vienna University of Economics and Business. 
It is main large lecture hall which has interior signifi -
cantly segmented. The interior is harmonized with the 
continuous vents for supply air in the stepped fl oor. 
Shape of the hall is signifi cantly segmented which is 
harmonized with vents for supply air in stepped fl oor. 
Modern look of large lecture hall is harmonized with 
unobtrusive and modern vents for supply air, which 
does not disturb architectonic appearance of the interi-
or. Suppressed design of vents for supply air contrasts 
interestingly with bright red armrests and seats. Vents 
for extract air are placed under the wooden slotted 
ceiling. In the back glassed wall, window sill fan coil 
units are placed creating continuous strip, Fig. 3.

Fig. 1. Main large lecture hall of Vienna University of 
Economics and Business

Fig. 2. Rectangular continuous vents for supply air in the 
stepped fl oor Fig. 3. Window sill fan coil units in the back glassed wall
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3. Methodology of experimental 
measurements

Experimental measurements were carried out in the 
large university lecture hall – Figure 1 at the Vienna 
University of Economics and Business in the end of 
March. The aim of the measurements was to record the 
parameters of the thermal comfort: air temperature, air 
relative humidity, air velocity, index PMV and index 
PPD.

The measurements were carried out in the large 
university lecture hall in eight standpoints in the 
height of 1.1 m above the fl oor level, Fig. 4. Stand-
point A was in the right segment of the seating, in the 
third row from above on the left side near aisle, Fig. 
5a. Standpoint B was in the middle of the back door 
which leads to the exterior, Fig. 5b. Standpoint C was 
in the middle of the back glazing, Fig. 6a. Standpoint 
D was in the right segment of the seating in the last 
row on the right side near aisle, Fig. 6b. Standpoint E 

Fig. 4. Ground-plan of large university lecture hall with standpoints

a) b)
Fig. 5. Measurements in standpoint A and standpoint B
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was in the right segment of seating in the seventh row 
(centre) on the right side near aisle, Fig. 7a. Stand-
point F was in the right segment of seating in the 
seventh row (centre) on the left side near aisle, Fig. 
7b. Standpoint G was in the central segment of seat-
ing in the last row on the left side near aisle, Fig. 8a. 
Standpoint H was in the left segment of seating in 
the eighth row (centre) on the right side near aisle, 
Fig. 8b.

The parameters of the thermal comfort were re-
corded with the device Testo 480. Input data in meas-
urements were: metabolic rate 1.0 met, clothing insu-
lates 1.0 clo. Twenty measurements with time delay 
(one by one) were carried out in each standpoint. Sta-
tistical mean was calculated from measured values. 
Measurements were carried out one by one in individu-
al standpoints. Outdoor air temperature and air relative 
humidity were measured and recorded by the separate 

a) b)
Fig. 6. Measurements in standpoint C and standpoint D

a) b)
Fig. 7. Measurements in standpoint E and standpoint F

a) b)
Fig. 8. Measurements in standpoint G and standpoint H
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seating on the right side. This zone would be regulated 
depending on insulation. It is obvious from this exam-
ple that mutual cooperation of specialists of these two 
professions has not brought desired effect. The HVAC 
(heating, ventilating, air conditioning) designer would 
be needed who is able to perceive modern architec-
tural challenges and is also able to react on them with 
technology. On the other hand, there should be an ar-
chitect who is signifi cantly more educated in technol-
ogy. In standpoints E, F, G, H, the values of air tem-
perature were slightly increased but the values among 
themselves were relatively equal. This balance of val-
ues shows that this modern air conditioning system 
of large university lecture hall is suitable and the de-
sign of big part of the interior was technically well de-
signed.

The values of air velocity in the height of 1.1 m 
above the fl oor level in all standpoints were in range of 
values 0.00 and 0.02 m·s–1, which means satisfactory 
values. It confi rms the suitability of air conditioning 
system with vents for supply air in the stepped fl oor.

Figure 10 shows the values of air relative humid-
ity in the height of 1.1 m above the fl oor level in all 

device. Outdoor air temperature increased from value 
20.1 °C to value 21.8 °C. Outdoor air relative humidity 
decreased from the value 48.1% to the value 45.2%.

4. Results and analysis of measurements

Figure 9 shows the values of air temperature in the 
height of 1.1 m above the fl oor level in all standpoints. 
In standpoints A and B, the air temperature was in-
creased which was caused by insulation through glaz-
ing in the back part of large university lecture hall. 
Air temperature in standpoint C was the highest and 
in standpoint D, it was very high meaning that the val-
ues in both standpoints were inadmissibly high. Stand-
point D was the most critical since it is the place of 
students’ seating. The architectural act to open part of 
the back wall of the lecture hall and place there glaz-
ing is questionable. The intention of the architect to 
create visual contact between students passing by and 
the action in the lecture hall is evident but it is ques-
tionable in terms of ensuring thermal comfort. Tech-
nically, it would be needed to create independent reg-
ulated air-conditioned zone for the last four rows of 

Fig. 9. Values of air temperature in all standpoints

Fig. 10. Values of air velocity in all standpoints
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standpoints. Optimal value of air relative humidity is 
around 40%, suggested value is 50%. Health prob-
lems arise if the relative humidity decreases to 20% 
or exceeds 60%. The values of air relative humidity 
were acceptable; to achieve optimal values, it would 
be needed to slightly moisture the air. The lowest val-
ue is in standpoint C where students do not sit. There 
are no vents for supply air; therefore the air exchange 
is minimal there.

Figure 11 shows the values of index PMV in the 
height of 1.1 m above the fl oor level in all standpoints. 
The highest value of index PMV was in standpoint 
C; it was caused by insolation through glazed surface 
– students do not sit here so it is not a problem. The 
second highest value was in standpoint D where stu-
dents sit; it was also caused by insulation. This value is 
considered as bearable; it can be improved by creating 
independently regulated air-conditioned zone for last 
four rows of seating on the right side. This solution 
would also help in standpoint A. In standpoints E, F, 
G, H where students were sitting, the values were in 
range of optimal values, which confi rms the quality of 
air conditioning system.

Figure 12 shows the values of index PPD in the 
height of 1.1 m above the fl oor level in all standpoints. 

In the place of students’ seating, the highest value of 
index PPD was in standpoint D; this can be improved 
by creating independent air-conditioned zone.

5. Conclusion

Ensuring optimal values of parameters of the thermal 
comfort in large university lecture hall is very impor-
tant for students. Scientifi c analysis showed that the 
most modern large university lecture halls use vents 
for supply air in the stepped fl oor. Experimental meas-
urements showed suitability of this air conditioning 
system for large university lecture halls. Parameters 
of thermal comfort in large part of university lecture 
hall were satisfactory. The problem arose by modern, 
atypical, architectural touch in the back part of the lec-
ture hall where the large glazed surface was built. In-
solation on this glazed surface signifi cantly infl uenced 
parameters of thermal comfort in the last rows of stu-
dents’ seating which are in front of the glazing. This 
modern, architectural intention created visual contact 
between students passing by and the action in the lec-
ture hall but it was not thought-out in terms of thermal 
comfort. In this case, the solution would be to create 
independently air-conditioned zone for the last four 

Fig. 12. Values of index PPD in all standpoints

Fig. 11. Values of index PMV in all standpoints
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rows of seating on the right side which would be reg-
ulated depending also on the insolation. In general, it 
can be stated that an HVAC designer should under-
go more education to tackle modern architectural chal-
lenges. On the other hand, an architect should be sig-
nifi cantly more educated in technology.
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