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Abstract: Paper is dedicated to the issue of heating otlibeed areas by using of a ventilation system ¥athed air
supply and heat recovery and floor convectors witlialled fans. Experiment and simulation modebtzd in system
ANSYS Fluent 14.0. In the simulation as additiorreveecondary gains included heat gains from thepotens and
monitors and heat gains produced by the servicgopat. The result of the experimental measurenmantsell as the
realized simulation confirms the possibility of tieg a room only with HRV as well as possibility béating of it
combination with floor convectors.

1 Introduction evaluation." People's satisfaction with temperature
Energy-efficient buildings are objects which mekt aconditions is also assimilated with the comforhafmans

the legislative requirements; however, they arel re@nd the thermal comfort is a factor should be reeko
effective only if they satisfy the requirement afibjective  With, while design the working environment or cdrutis
thermal comfort. If this subjective condition istrmet, Of the individual properties and buildings.
there is a risk of the deployment of other altdmeatvays The feeling of an individual comfort will be pleasa
of heating or cooling. An example is the instatiatiof ~When the body of human not overheating, but astiree
additional equipment such as space heaters, aniteragb time, in the case of active cooling are not feltalty
conditioning units that may have substantially lowedecreases the temperature and air flow. An impbrtan
efficiency than the already installed systems diting, aspect is the knowledge that, at the same time, the
ventilation and air conditioning (HVAC). This wapqrly —temperature of the skin is not |§jent|pal at qllaaref th_e
designed systems which on the one hand meet ARdy, according to the physiological point of view.
regulatory requirements, but on the other handnate Important aspect that affects the distribution fuérinal
subjective comfortable after installing further gument ~comfort perception is the level of thermal insuiati
significantly disrupt the energy balance of thedini. properties of the used clothing. A general ideattiermal
Accurate measurement of thermal comfort is a vel§omfort is a steady-state environment necessary to
difficult task, because it's very subjective meament. In Maintain a constant body temperature. So, it isseary to
General, thermal comfort depends on air temper,atur’tChieve a thermal balance, in which the environnm&nt
humidity, radiant temperature, air speed, the nudimb taken from the human body as much heat as bodypeod
processes of the individual human being, but alsedu The determining factors of the calculation and glesi
clothes, on the basis of the subjective sense nfcomfort ~ of thermal comfort include:
or of Physiology [1-5]. According to the standard *  The rate of metabolism: the energy produced by

ANSI/ASHRAE 55-2010, thermal comfort is defined as the human body
"condition of mind that expresses satisfaction wiitle * Insulating properties of clothing, the amount of
thermal environment and is assessed by subjective thermal insulation in clothing man
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«  Air temperature-ambient air temperature raise the temperature to the desired value, inwinger
«  Radiant temperature-weighted average of all theeriod. System of regulation and control is guaredtby
temperatures of surrounding surfaces the DESIGO program, Siemens, figure 2.
* Air velocity-the rate of speed of the air
movement
»  The relative humidity

temperature, relative humidity and velocity of th. ; DY
Personal factors are the level of activity (metabote) m e 1T w7 %l
and clothing. |
Thermal comfort is calculated as the energy balanc |
between the heat transfer from radiation, convactind . I
1

!

\

Environmental factors include temperature, radian / g AN

6300

conduction which are balanced by metabolism. Hee
transfer occurs between the outside environmenttiaed =
human body with the average calculated area of ?8lf
the heat transfers from the human to environmentmo —
than in the other direction, one sees it as a "cdidhe —] - | &
heat transfers from environment to the human ni@e in
the other direction, one sees it as a "warm" ot"'[610].
Literature [10] also defines the state of the tredroomfort /] /]
as such when body does not feel heat or cold. Fhaem
foregoing, in order to create suitable conditions the
well-being of a person, it is necessary to enstre t
required state of the environment. Among the paldic
factors affecting the thermal state of the envirentnin
relation to the person are: (1) air temperature, tii2
temperature of the surrounding areas, (3) humi¢ityair
speed. The feeling perceived from any single pBth®  eswim——— sal el v o = I |
body will depend on the time of exposure, the phéthe -
used clothing, as well as the ambient temperature.

2 Materials and methods

Experimental study was made in a laboratory c
renewable energy, Department of process engineating n‘
the Technical University in KoSice, Slovakia. THarpof §
the laboratory is shown in Figure 1. Air exchangehie
laboratory is provided with ventilation recuperationit.
Air injection and exhaust pipes are located atc#iking of
the room. Fresh air is supplied to the laboratorgugh the
pipes 1 of rectangular cross section with the grhduf®s
reduction of the cross-sectional area of the pipe to
ensure the necessary dynamics of air flow. The ustrer
is going out through the pipes 2.

. . i . Sal] 2 G @ =218l P
From Figure 1, it follows that the first air canhbsve Figure 2 Visualization of the monitoring data.

two diffusers, while the second has three. Diffasare

placed in such way to be in front of the axis & tentre The temperature in the lab according to EN 12831
of each window. HRV heat recovery unit (Sabiana ENY should be 20 °C.

is located in the next room. Configuration of thR&W Thermal characteristics of the building elements,

allows preheating of fresh air by using an integgiahot  Windows, walls, floor and ceiling have been sebading
water exchanger or an integrated electric heatdraitase to their technical documentation.

when the temperature of the intake fresh air fromside is e  The thickness of the inner walls is 200 mm and
low and recovery process itself would not be enotgh the temperature is 22 °C.
~2~
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e The outer wall has a thickness of 500 mm antemperature 19 ° C. For the outlet was selectedspre
the average temperature of the of the wall is 18utlet. All parameters were set according to tlohnecal

°C. documentation of HRV and thermal comfort standards.
«  The Windows are plastic with double glazingResearch of the parameters of heat recovery ENYasS w
the surface temperature is 12 °C. not the purpose of the current work. Figure 3 itlates the
. The ceiling and floor have a thickness of 30(streamlines" of fresh air flow and temperaturetoans of
mm and a temperature of 22 °C. the laboratory.

The main sources of heat in the laboratory are flo¢
convectors with axial-radial fans, which are insthin the
line below the windows. The surface temperatur¢hef |
heating elements in the heating period is 42-45Cd@htrol e
panel of the convectors allows you to regulate thm
performance by the three-gear system; fans capdrated §
also in passive mode. This mode allows you to tak-<i""**
advantage of convectors as the conventional radiablo
the laboratory installed three storage tanks (figrfor
the solar system and the boiler for biomass. Tla loses
form storage tanks represented as thermal gairtbeto
laboratory. The tanks are insulated with minerabhwaith
a thickness of 100 mm. Surface temperature duniegay,
in the first tank (located at the corner of themdas
approximately 24.5 ° C, the second — 23,5 ° Cihird —,
22 ° C. The average temperature of the water intside
containers is about 37.5 ° C in the first tank;,32in the
second and 25 ° C in the third. The laboratorylse the |§:
workplace consisting of six tables with computersl a ™
monitors. Location of the computers is on the flaoder
the desk. Due to the fact that the PC workstatimve
significantly higher consumption of energy, théietmal
gains is around -100 W/m2. This parameter was dedu
to the simulation model. Heat gains from the monét@
50 W/m2.

=

BT 002
B00+002

3D model of the laboratory was created by usin|
ANSYS design modeller, which provides a stabl{:
calculation and eliminates inaccuracies in the gsom
which can arise when importing from another CAL
software. To achieve better quality of the caldatatesh
has been selected ANSYS mesh solver. For calcolati
were used ,proximity and curvature advanced sinetfan

with fine relevance centre, active assembly indliaé seed, ' wal

high smoothing and slow transition“. According teet e

settings model has 2 958 471 elements. A simulatiodel Figure 3 Simulation results

also includes simplified models of human bodieshwit

average surface temperatures of 36 °C. The shape of the canal (pipe) and air diffusonsels
as the air speed causing turbulent flow of air esss

3 Simulation major part of the laboratory space. The maximunedué

A simulation model of the heating and ventilati@sh the fresh air is 0.36 m/s, which is much lower ttreamax
been created in the program of ANSYS Fluent 14dd. Fvalue provided at EN 12831.
complex simulation were selected models for energy
calculation, flow calculation - K-epsilon model and The lower part of Figure 3 shows the heat flow and
radiation model p1. The air input was chosen ascitgl temperature on the surface of the walls, windovesfinor.
inlet with the input speed of 0.2 m/s and mediunkntering fresh air acts as a thermal barrier batwibe
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windows and the rest area of the laboratory. Tkis
possible due to the difference of the temperatofethe
inlet air and the walls.

Fresh air, after entering give certain amount at he
the exterior and drops to the floor surface, wher
convectors are located. After heating the air gipesvhere 25
it mixed with the original air and subsequentlyided into
two streams. The first stream is circulated witslr air.
The second is exhaust to the canal with the badla& air
circulation in the laboratory is in terms of thendynics of
the streams is time-stable, and as result hasiveliat
constant temperature of the mixture in each ofvtileme
parts of the room.

The internal air temperature according to th(
measurements by the thermometers and installed hi
sensors is 22 °C. According to the simulation teratoee S
is 21.8 °C, which is 99% accuracy of the resulte Th™
difference between the results is affected by siyipy
the heat transfer through the wall. Simulationh#f wall
heat transfer does not account with the paramefdisn
layers, such as colour. The surface temperatdteafwas
lower versus the upper half of the laboratory doyy0.4
°C.

Also, was made simulation of the laboratory heatin|
only with HRV (fig. 4). To do it, the temperaturé the
inlet air was increased to 22 ° C (the correspandelue
according to EN 12831). It follows from the reswdfghe
simulation and figure 4, floor convectors havegm#icant
effect on temperature and air flow masses in therktory.

The temperature change is visible in a verticadlsy

The temperature of the floor layers is lower by @ ° el
compared to the temperature in the upper parteofagbm. ———S

Reduction of the temperature has changed the aiFigure 4 The results of the simulation with theatlied floor
circulation in the room floor. The average internal convectors

temperature has remained unchanged of approx.°20.8

According to studies are confirmed conclusions{#lof Conclusions

the convenience of using multithreading systems for  The result of the experimental measurements as well

reaching better thermal comfort conditions. Asgpaent as the realized simulation confirms the possibilify

from the implemented measurements and simulatizers e heating a room only with HRV. A side effect of thisove

small changes in the thermal equipment layout hevesolutions is the vertical gradient of temperatumgolit.

significant impact on the temperatures map of tea.a This layout is inappropriate, especially in its gebry,
with a drop to down, which can significantly affect
subjective thermal comfort. According to the resuait the
simulation the temperature in the lower half of the
laboratory was about 2 °C lower than in the upget pf
the room, where the temperature of the exhaustasr22
°C. Heating with floor convector, shows a 60% dasesin
the temperature difference, i.e. the room tempegatu
differential felt to 0.4 °C. It also follows fromhe
simulations that the decrease of the floor tempegat
reduces the circulation in the whole room, as alres
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which the efficiency of the air exchange, whichdeto its
quality reduction.

Building and Environmentvol. 94, December 2015,
p. 676-682, 2015.
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