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A purpose of this submission is a dynamic analysis of indoor environment on the suitably
chosen classrooms, which are situated in the loft spaces of Civil Engineering Faculty in Kosice. The
evaluation was doing by using energy simulation tool and is oriented on evaluation of heat load
during summer period. The subject of analysis is to consider influence of selected mode of natural
and mechanical ventilation on a modification of operative temperature in classrooms. The purpose
of the whole submission is to obtain a dynamic view of indoor environment changes that are
determined by internal and external factors, to compare the suitability of evaluated ventilation
modes and possibility of their application in these areas.
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3niiicHeHO [MHAMIYHHH AaHATI3 BHYTPIIHBOIO cepeNOBMINA BHOPAHHUX KJIACIB,
po3TalmIOBaHUX B MaHcapai OyniBeiabHoro ¢gakynabrery B Kommune. AHajii3 BHKOHYBaBCSl 3
BHKOPHCTAHHAM iHCTPYMEHTIB MOJECIIOBAHHSA 1 TNPOBOAWBCA JUIA OWIHKH TeIJIOBOIO
HABaHTa)KeHHsI B JiTHI 4ac. Ilpeamerom aHami3y € oOLiHKAa BIUVIMBY OKpPEeMHX PpeKHMIB
NPHUPOIHOI TAa MeXaHIYHOI BEeHTUJIsILII Ha 3MiHy po0o4oi TeMnepaTypu B Kjaacax. Mera anaiizy
NOJIAITa€ B OTPHMAaHHi JWHAMIYHOI KAPTHMHH 3MiH y BHYTPIlIHbOMY CepeMOBHIN Mix Ai€io
BHYTPIlIHIX i 30BHIMIHIX (aKTOpiB, a TaK0XK A NOPIBHAHHSA NPHIATHOCTI OLIHIOBAHMX
PeKUMIB BEHTHJIALII Ta MOKJIHBOCTI iX 3aCTOCYBaHHS.

Kiro4doBi cjioBa: TMHAMIYHHI aHaATI3, TeNJIOBe HABAHTAKEHHS, BEHTHJISIIIIS.

Introduction

Since 2003 Civil Engineering faculty in Kosice has had the loft spaces at its disposal, which have
developed from the reconstruction of loft spaces at that time. At this time these spaces are used as lecture-
halls and classrooms within the education process. An architectural, constructional and material design of
the whole loft reconstruction causes high heat gains in following months May and June each year. The
subject of analysis is to consider the impact of selected mode of natural and mechanical ventilation on
operative temperature in these spaces. For analysis purposes there was selected the reference classroom
with south-west orientation (classroom SW, Fig. 1, Fig. 2) where are significant heat gains from solar
radiation mainly afternoon. Results are output from dynamic energy simulation tool DesignBuilder.

Fig. 1. Loft construction of CEF with highlighting of analysed classroom with south-west orientation
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Creation of geometric model and definition of boundary conditions

There was modeled the object section of Civil Engineering Faculty (Fig. 3 left). In this section there
was created block with defined boundaries of individual spaces like classrooms (SW, NE) and corridor.
This way of modelling allows to define conditions of indoor environment (occupancy, activity, lighting,
HVAC) and parameters of building construction (U-value, global heat gain coefficient) and their
connections to adjacent building constructions for created block. The modelled block was located with
real orientation to cardinal points and situated in the height 15 m above the level of surrounding ground
what is the level of the 4-th floor. Further the block was divided to particular zones: classroom SW with
windows orientation to south-west, classroom NE with orientation to north-east and corridor (Fig. 3 right).
Floor area of one classroom is 66 m? volume of classroom is 210 m® and max capacity is 30 people per
room. Full height by gradient of roof plain 23° is range from 1,9 to 4,5 m. The basic parameters of
transparent and non-transparent building constructions are shown in next table (Table 1). The whole loft
space is constructed like construction with poor accumulated effect (Fig. 1); there were used materials like
plaster boards, mineral thermal insulation and wood-based panels on floors [1].

Real state Classroom model in DesignBuilder

Fig. 2. View of analyzed classroom

Fig. 3. Geometric model of loft space created in simulation tool DesignBuilder
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Table 1

Parametric characteristic of constructions

1 | External wall: U = 0,29 W/(m?.K)

External windows: U = 2,5 W/(m?.K),

2 19=072,t=078

3 | Roof: U =0,2 W/(m*.K)

Roof windows: U = 2,0 W/(m?.K),

4 19=06,1t=077

5 Internal wall (part over internal windows):
U = 0,68 W/(m*.K)

g | Internal windows: U = 2,9 W/(m?.K),

g=0,75,1=0,82

A | Adiabatic constructions (walls and floor)

The object of analysis was to compare influence of natural and mechanical ventilation on profile of
operative air temperature in selected classroom SW. Influence of natural ventilation for given model of
classroom was analysed yet and the results were published on conference EnviBUILD 2012 [1]. In case of
natural ventilation (Variant V1) there were under consideration these border conditions for analysed
classroom SW:

e space occupancy (2,0 m?/person, metabolic rate 108 W/person) during education process since
7.30 a.m. till 6.20 p.m.,

e 25 9% area of windows in external wall opened in time since 6.00 a.m. till 6.20 p.m.,

e closed roof windows due to installed light internal shade roll (solar transmittance = 0,4) [1].

For these defined boundary conditions of natural ventilation there was achieved average air
exchange intensity 3 1/h what represents ventilation rate for person on level 5,8 I/s per person. The
operative temperature in classroom achieved values in interval from 18 °C in the morning hours till 32 °C
in the afternoon (Fig. 4). The achieved ventilation rate per person fulfils the demand for suggests air
exchange intensity that is given in Il. category of indoor environment by standard STN EN 15251:2007
Indoor environmental input parameters for design and assessment of energy performance of buildings
addressing indoor air quality, thermal environment, lighting and acoustics [2]. On the other hand the values
of operative temperature in classrooms don’t fulfil the demands for suggest operative temperature in this II.
category of indoor environment. And the next question is what the efficiency of classroom ventilation is by
using only natural ventilation across the opened windows.

For comparison with natural ventilation of space there were proposed and analysed following 3
variants of mechanical ventilation:

e Variant V2 — mechanical ventilation in time since 6.00 a.m. till 6.20 p.m., average air exchange
intensity about 6,0 1/h, space occupancy 30 people/room (2,0 m*/person, metabolic rate 108 W/person)
during education process since 7.30 a.m. till 6.20 p.m., light internal shade roll (solar transmittance = 0,4)
on roof windows,

e Variant V3 — mechanical ventilation in time since 6.00 a.m. till 6.20 p.m., average air exchange
intensity about 6,0 1/h, space occupancy 15 people/room (2,0 m%person, metabolic rate 108 W/person)
during education process since 7.30 a.m. till 6.20 p.m., light internal shade roll (solar transmittance = 0,4)
on roof windows,

e Variant V4 — mechanical ventilation in time since 6.00 a.m. till 6.20 p.m., average air exchange
intensity about 20,0 1/h, space occupancy 30 people/room (2,0 m%person, metabolic rate 108 W/person)
during teaching from 7.30 a.m. till 6.20 p.m., light internal shade roll (solar transmittance = 0,4) on roof
windows.
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Results analysis from simulation of natural and mechanical ventilation

In the first step, the simulation of the about variants (V1 to VV4) was realised during since 1* till 15"
May in order to gain operative temperature profiles in classroom SW. The gained results from analysed
classroom SW for selected interval 12" and 15" May are shown below in the picture Fig. 4. From
presented results it is possible to see clear growth of operative temperature on the level that overhangs
recommended value 26 °C for internal environment of classrooms by standard STN EN 15251 [2] in the
case of natural ventilation. Application of mechanical ventilation with raising air exchange intensity (6 1/h)
brought drop of operative temperature in average about 2 K in analysed classroom (variant VV2). The next
option how to solve the drop of operative temperature in classroom is to reduce the heat gains from
occupants namely by reduction of occupancy from initial 30 person on 15 person in classroom but at
conservation of air exchange intensity 6 1/h (variant VV3). The air exchange intensity in classroom in
average 6 1/h represents ventilation rate for person on level 11,5 I/s per person at space occupancy with 30
persons and ventilation rate for person on level 23 I/s per person at space occupancy with 15 persons. It is
possible to see that in the case of mechanical ventilation the operative temperature is above the level 26 °C
in afternoon too. Only by application of variant V3 with raising air exchange intensity (in average 20 1/h)
it is possible to keep operative temperature under level 26 °C [2] during education process with soft growth
in some days (e.g. 15" May).
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Fig. 4. Operative temperature profiles in the analyzed classroom for selected variants

The impact of internal and external factors on change of operative temperature in analysed
classroom SW by mechanical ventilation (variant VV2) is shown in the next picture (Fig. 5). The profile of
passive solar gains classroom is given by actual availability of solar radiation and by thermo-optical
parameters of transparent constructions (external and roof windows). The local drops of heat gains from
people are caused by regular breaks for 10 minutes and lunch break for 70 minutes during education
process since 7.30 a.m. till 6.20 p.m. The whole profile of heat gains from people has decreasing character
because it was thought over dynamic simulation that makes provision for interaction between metabolic
rate of people and parameters of surrounding environment. Negative heat load values of external air
demonstrate heat load removal from classroom by natural ventilation (opened external windows) in time
since 6.00 a.m. till 6.20 p.m. when external air temperature is lower than internal air temperature.
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Fig. 5. Data profiles of indoor environment changes determined by internal and external factors (variant V2)

Possibilities for application of mechanical ventilation in analyzed classroom

From the results of operative temperature profiles in classroom (Fig. 4) is clear that natural
ventilation is not effective in the case of heat load dissipation, operative temperature exceeds the value 26
°C. It is possible to achieve the required operative temperature only by application of mechanical
ventilation with the high air exchange intensity in average 20 1/h what represents the total volume airflow
of outdoor air 4 200 m*h by given parameters of analysed classroom. If we will think over the supply of
air through large area inlets in number 4 pieces what represents airflow 1050 m%h through one inlet then
the velocity 0,3 m/s will be achieved in distance 4,5 m from inlet. That solution of mechanical ventilation
is not realised in this classroom.

It is realised the variant of mechanical ventilation with air exchange intensity in average 6 1/h what
represents the total volume airflow of outdoor air 1260 m*h. If in this case too we will thing over the
supply of air through large area inlets in number 4 pieces what represents airflow 315 m*h through one
inlet then the velocity 0,3 m/s will be achieved in distance 1,5 m from inlet. In the case of that mechanical
ventilation by using only outdoor air it is needed to suck outdoor air from just non dazzle (colder) side of
building facade (Fig. 6, Fig. 7).

Fig. 6. The mechanical ventilation through large area inlets
(the sun in the east, the supply from west side of facade)
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Fig. 7. The mechanical ventilation through large area inlets
(the sun in the west, the supply from east side of facade)

Conclusions

Our goal was to gain image about changes in indoor environment in consequence of internal and
external factors and to consider the using of mechanical ventilation without additional air treatment in
order to removal of heat load in classroom. On the base of presented results it is possible to state that
application of mechanical ventilation brought some drop of operative temperature. In order to achieve the
required value of operative temperature by standard STN EN 15251 it is needed to install cooling system in
these spaces.

Acknowledgement

This work was funded by projects VEGA 1/0748/11 “Theoretical and experimental analysis of
Building services and HVAC systems from the point of view of microbiological risk and regarding to
effective use of renewable sources” and by project ITMS 26220120037 “Centre excellent research
advanced building structures, materials and technologies”.

1. Kovac M. Knizova K.: Indoor Environment State of Classrooms Situated in the Loft Spaces of
Civil Engineering Faculty TU in Kosice — Dynamic Analysis Using DesignBuilder. Advanced Materials
Research. Vol. 649, 2013, pp. 77-80. 2. STN EN 15251:2008. Indoor environmental input parameters for
design and assessment of energy performance of buildings addressing indoor air quality, thermal
environment, lighting and acoustic, 2008. 3. DesignBuilder EnergyPlus Simulation Documentation.
Available on the Internet: http://www.designbuilder.co.uk.

100



