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1. Introduction

We spend 80–90% of our life in indoor environment. 
Nowadays, in new buildings, more and more glazed 
surfaces are used which lead to the higher summer 
heat load. Therefore, the cooling needs are drastical-
ly increasing if we do not pay attention to choose win-
dows with appropriate shadings and solar factor [1]. 
The operative temperature is signifi cantly infl uenced 
by the size of the windows and by the buildings time 
constant. Consequently, transparent surfaces are infl u-
encing considerably the evolving thermal comfort in a 
closed space. Naturally, beside of these thermal com-
fort also depends on many other factors [2].

Currently, in Hungary, buildings use 40% of all 
energy, more than two-thirds are used for heating and 
cooling. Unfortunately, that energy use is wasteful, 
because most buildings do not meet today’s require-
ments. 70% of Hungary’s population, approximately 
4.3 million homes do not meet the modern functional 
and thermal technical requirements, and the propor-
tion is similar for public buildings [3].

Already the European Parliament and its Council 
have a statement about the energy use in households 

from 2010. This statement includes: “The number of 
air conditioning systems in European countries has in-
creased in recent years. This causes signifi cant prob-
lems during peak periods, increasing electricity costs 
and destabilizing energy balance in these countries. 
Priority should be given to strategies that enhance the 
thermal performance of buildings during the summer 
period. To this end, priority should be given to meas-
ures to prevent overheating, such as providing shield-
ing and the necessary heat capacity of the building 
structure, as well as further developing and applying 
passive cooling technologies which improve indoor 
climatic conditions and the microclimate around the 
building.” [4]

Moreover, the Offi cial Journal of the European 
Union L 156/77 (15) has an article. “It is important 
to ensure that measures to improve the energy perfor-
mance of buildings do not focus only on the building 
envelope, but include all relevant elements and tech-
nical systems in a building, such as passive elements 
that participate in passive techniques aiming to reduce 
the energy needs for heating or cooling, the energy use 
for lighting and ventilation and hence improve thermal 
and visual comfort.” [5]
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Low energy technologies may reduce cooling 
energy needs. Natural ventilation is a traditional and 
cost-effective way for building cooling and ventila-
tion. One of the most obvious processes of cooling 
is night-time ventilation. We can determine when it 
is worth to use night-time ventilation with a light 
and heavy structure for different temperature con-
ditions to minimize the cooling energy consumption 
[6–8].

When windows and other passive ventilation 
openings are opened, in the early and late hours of the 
day, natural ventilation can be exploited to get the hot 
air out of the building and thereby cool the internal 
heat storage mass to make the days more comfortable 
[9, 10].

Many articles have shown the relationship be-
tween the thermal mass and night-time ventilation. 
Buildings which have curtain walls are becoming 
more and more popular, these walls are drastically 
increasing the excess heat load through the transpar-
ent surfaces in the buildings. Therefore, it is worth to 
consider how to reduce the internal air temperature by 
night ventilation and how the temperature attenuation 
will affect [11].

The effi ciency of night-time ventilation is in-
fl uenced by the outside air temperature. At the same 
time, when designing a large glazed surface, the heat 
transfer capacity of the glass is much higher than the 

wall which is surrounding the room. This may have a 
signifi cant infl uence on the room’s heat loads, in ex-
tremely warm weather conditions, greatly infl uenc-
ing the increase of indoor air temperature. During our 
study we observed that the number of hot days has a 
signifi cant impact on the use of air conditioning equip-
ment [12, 13].

Night-time ventilation is useful if the openings 
(doors and windows) are correctly placed in building 
structure, and the large airfl ow is guaranteed.

The actual rooms can be fl ushed with great effi -
ciency and cool the heat storage mass. Large air ex-
change can be created; it is especially useful for the 
night time to make sure that comfort is not compro-
mised by the optimal condition of the building. It is 
highly useful when the outside air is much cooler than 
the inside air, it is easier to use pressure differential 
and gravity fl ow [14].

Accordingly, Department of Building Services 
and Building Engineering, University of Debrecen 
created a microenvironment by various heat storage 
(with bricks, without bricks) in the PASSOL laborato-
ry, and night ventilation was also integrated.

2. PASSOL Laboratory

In the present article you can read a summarized pres-
entation of the PASSOL laboratory. In the above men-

Fig. 1. PASSOL Laboratory

Fig. 2. PASSOL Laboratory with and without heat storage mass
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tioned articles you can read a more detailed version of 
the laboratory description [15, 16].

A rotating laboratory, called PASSOL, was set 
up at the Department of Building Services and Build-
ing Engineering, Faculty of Engineering, University 
of Debrecen, next to the city center. The geographi-
cal location of Debrecen is 47 31.8' N and 21 37.8' E. 
This special facility was built up for internal temper-
ature fl uctuation measurement analysis, especially in 
summer period. The closed space has the above inner 
dimensions: 2.6 × 2.6 × 2.6 m. The same sandwich 
panels are built in the fl at roof covered with aluminum 
tables. A special mechanism permits the rotation of the 
whole laboratory around its own axes.

The laboratory is set up from prefabricated 
200 mm thick sandwich panels, used for refrigera-
tion chambers. The overall heat transfer coeffi cient 
is 0.146 W/m2K, with a 40 kg/m3 polyurethane foam 
density. In one of the external walls a 150 × 150 cm 
glazed surface was built in at a height of 0.9 m having 
1.4 W/m2K U value. There is also a special door built 
for chambers refrigeration.

During the measurements on the fl oor of the test 
room common brick was placed in different layers: 
one layer of brick which means 136 pieces having 

340 kg, two rows of bricks which means 272 pieces 
having 680 kg.

The brick’s thermal properties are: λ = 0.78 
[W/ mK], ρ = 1730 [kg/m3], c = 880 [J/kgK], hav-
ing the following dimension properties 120 × 64 × 
250 mm and 2.5 kg.

After the heat storage measurement, the PASSOL 
laboratory was equipped with air ventilation system. 
The air ventilation system contains: air duct, fan, air 
diffuser as it is shown in Fig. 4.

Using the air ventilation system, we examined the 
night ventilation effect of the operative temperature.

Before the experimental series the air tight-
ness measurements were carried out with a Remo-
tec 3300 Blower Door measuring equipment. In-
itially, a blower door test was conducted to verify 
the air tightness of the test room. The measurements 
showed that there is relatively no air change rate be-
tween the laboratory and the external environment, 
even at a pressure difference (indoor versus outdoor) 
of ±200 Pa.

Fig. 3. Common brick

Fig. 4. PASSOL Laboratory with air ventilation system

Fig. 5. The Testo Saveris measurement system
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3. The Testo Saveris measurement system

During the measurement series in the test room  Testo 
Saveris measurement system was used. This measure-
ment system can also be used for monitoring the build-
ing air conditioning.

With the measurement system, ambient or pro-
cess data for temperature and humidity in sealed rooms 
and/or during transportation is measured and recorded 
using probes. These measured values are transmitted 
by radio to the Saveris base and saved. The data is 
then called up from a computer by the Saveris base 
and saved to a database.

The NTC sensor measuring range of the Saveris 
T2/T2D is from –35 to +50 °C and the accuracy is 
±0.2 °C (–25 to +70 °C) [17].

4. Measurement results

In the PASSOL laboratory we measured the operative 
temperature in summer, hot and torrid days.

According to the Hungarian Meteorological Ser-
vice, days that have a maximum temperature:

 – Summer days Tmax > 25 °C,
 – Hot days  Tmax ≥ 30 °C,
 – Torrid days  Tmax ≥ 35 °C [18].

The requirements related to the operative tem-
perature in different building types are established in 
function with the comfort category [19, 20].

The operative temperature may be defi ned as the 
average of the mean radiant and indoor air tempera-
ture [21].

a) b) c)
Operative temperature in summer day

a) b) c)
Operative temperature in hot day

a) b) c)
Operative temperature in torrid day

Fig. 6. Measured operative temperature. a) without brick; b) 1 row of brick, containing 136 pieces, having 340 kg, c) 2 rows of 
bricks, containing 272 pieces, having 680 kg
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Due to the fact that in many standards the build-
ing types are typifi ed the operative temperature we in-
vestigated in different situations are the following:

 – without air ventilation system:
 ○ without brick, one row of brick, two rows of 

brick,
 – with air ventilation system

 ○ two rows of brick with night ventilation.

The minimum operative temperature in summer 
day with two rows of brick is 19.88 °C.

In Fig. 7 we presented the operative temperature 
in summer period where we used the night ventilation, 
4 hour and 3 [h–1] air change rate.

5. Calculations of the operative temperature

The PASSOL laboratory’s operative temperature was 
calculated fi rst of all using the European ISO 13790 
(2008) Standard methodology, secondly the input 
global solar radiation and also the hourly tempera-
tures in summer, hot and torrid days (provided by 
 Debrecen’s Agro-Meteorological Observatory). With 
Kipp and Zomen CMP-11 equipment (±1% accura-
cy) was measured the global radiation and Pt 100-1/10 
temperature sensor (±1% accuracy).

The calculation method uses the RC network of 
the heat fl ows, as shown in Fig. 8 [22].

Heat transfer by ventilation, Hve, is directly con-
nected both to the air temperature node, θair, and to 

summer day hot day torrid day
Fig. 7. Measured operative temperature used night ventilation

Fig. 8. RC network heat fl ows [22]
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the node representing the supply temperature, θsup. 
Heat transfer by transmission is split into the window 
segment, Htr, w , which is assumed to have zero ther-
mal mass, and the remainder, Htr, op , which contains 
the thermal mass is split into two parts, Htr, em and Htr, 

ms. Solar and internal gains are distributed over the 
air node, θair , the central node θs (a mix of θair and 
mean radiant temperature) and the node representing 
the mass of the building zone, θm. The thermal mass 
is represented by a single thermal capacity, Cm, that 
is located between Htr, ms and Htr, em. A coupling con-
ductance is defi ned between the internal air node and 
the central node. The heat fl ow rate given by internal 
heat sources, Φint , and solar heat sources, Φsol, is split 
among the three nodes [22]. The internal heat capacity 
of the building zone, Cm, [J/K], was calculated for a 
maximum thickness of 10 cm.

The solution model is based on a Cranck–Nichol-
son scheme, considering a time step of one hour.

The air temperature is given by Eq. (1) [22]:

 sup
air ,tr,is s ve ia HC,nd

tr,is ve

H H
H H

θ θθ + +Φ +Φ
=

+
 (1)

where Htr, is is the transmission heat transfer coeffi -
cient, [W/K]; Hve is the ventilation heat transfer coef-
fi cient, [W/K]; and ΦHC, nd – is the cooling need of the 
building, [W].

 Φia = 0.5 Φint , (2)

where Φint is the heat fl ow rate from internal heat 
sources [W].

The node temperature, θs, is given by Eq. (3) [22]:
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where θe is the temperature of the external environ-
ment [°C].

 Htr, 1 = [1/Hve + 1/Htr, is ]–1, (4)

 int sol1 (0 5 ) ,
9 1
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st

t t

A H .
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⎝ ⎠

 (5)

where At is the area of all surfaces facing the building 
zone [m2].

The coupling conductance between nodes m and 
s, [W/K], is given by Eq. (6) [22]:

 Htr, ms = hms + Am , (6)

where hms is the heat transfer coeffi cient between 
nodes m and s [W/m2K] and Am is the effective mass 
area [m2].

The operative temperature is obtained using 
Eq. (7) [22]:

 θop = 0.3 θair + 0.7 θs . (7)

summer day hot day torrid day
Fig. 9. Calculated operative temperature

Fig. 10. Calculated operative temperature with 1 and 2 rows 
of bricks

The calculated operative temperature values 
in the PASSOL laboratory considered for different 
heat storage mass in summer, hot and torrid days are 
shown in Fig. 9.

In summer, hot and torrid days the maximum 
 external temperature is 28.2 °C, 31.9 °C, 35.1 °C.

The maximum difference between the calcu-
lated operative temperature with 1 row of brick and 
2 rows of brick is 0.165 °C, which is presented in 
Fig. 10.
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6. Conclusion

The measurement equipment with high accuracy per-
mits an exact measurement of the operative tempera-
ture in the PASSOL laboratory.

The PASSOL laboratory permits the measure-
ment of operative air temperatures for different heat 
storage mass and night ventilation in summer period 
(summer, hot, torrid days).

The differences between the external average 
temperature and measured average operative tempera-
ture in different case studies are:

In summer days without brick the difference is 
1.6 °C, with 1 row of brick the difference is 2.25 °C 
and with 2 rows of bricks is 2.19 °C.

In hot days without brick the difference is 1.89 
°C, with 1 row of brick the difference is 0.22 °C and 
with 2 rows of bricks is 2.32 °C.

In torrid days without brick the difference is 
2.68 °C, in case of 1 row of brick there are no collect-
ed data and with 2 rows of bricks it is 0.54 °C.

Using the night ventilation in PASSOL laboratory 
in summer days with 2 rows of bricks the difference 
is 0.84 °C, in hot days 0.66 °C, in torrid days 0.74 °C.

In this article the results of the measurement have 
proven that the operative temperature in the labora-
tory in hot, torrid days in many cases is higher than 
in comfort standards presented for different building 
functions.

In the future we plan to continue the measure-
ments and to use the calculation method in order to 
analyse the cooling load and cooling energy in differ-
ent building comfort category and function.
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