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Abstract

Recently, a large number of standardized and non-standardized methods are used to test materials and building
constructions. We proposed a new method using which we were able to determine the course of temperatures and
heat flux depending on the voltage (V) for a ceramic infrared heater FTE-1000W-230V (Ceramix Ltd.). The course
of temperatures under the ceramic infrared heater corresponds to the temperature (10042 °C) at the heat flux of 15
kW-m2, (120 £2 °C) at the heat flux of 20 kW-m2, (135 +2 °C) at the heat flux of 25 kW-m-2 and (160 +2 °C) at
the heat flux of 30 kW-m2. The increase in heat flow values (15, 20, 25 a 30) kW-m is expressed in a linear
temperature increase. Based on determination of the selected parameters of the ceramic infrared heater (course of
temperatures and heat flux), the heater can be used to determine the weight loss, the burning rate, the charred layer
and the rate of charred layer formation.

Keywords: ceramic infrared heater, course of temperature, heat flux, materials testing

1 Introduction 1 Uvod

Standardized test methods are used Normalizované skusobné metody sa
especially to demonstrate compliance with the pouzivaji predovsetkym na ucely preukazania
requirements imposed on material or product by splnenia poziadaviek kladenych na material
applicable legislation. Non-standardized test alebo vyrobok platnymi pravnymi predpismi.
methods are used mainly in the field of science Nenormalizované skusobné metddy nachadzaju
and research. However, it should be mentioned uplatnenie predovSetkym v oblasti vedy
that a relatively large number of standardized a vyskumu. Je vSak potrebné pripomentt, ze
test methods was developed originally as non- pomerne velké mnozstvo normalizovanych
standardized methods in research laboratories skasobnych metéd vzniklo pdvodne vo
[1]. In terms of classification of test methods, vyskumnych laboratoriach ako
there is a breakdown to test methods for solid nenormalizované [1]. Z hladiska klasifikacie
flammable materials or products, flammable skusobnych metod je mozné uviest’ lenenie na
liquids, flammable gases and flammable dust. skuobné metoddy pre pevné horl'avé materialy
Determination of the fire-technical alebo vyrobky, horlavé kvapaliny, horlavé
characteristics of materials is a part of fire tests, plyny a skusobné metody pre horlavé prachy.
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which represent the key component used in the
process of proposing measures aimed at
ensuring fire safety of the environment.
Progressive methods of fire testing used in the
practice of fire engineering include analytical
methods for determination of the fire-technical
characteristics of materials, the knowledge of
which are used in the field of safety practice, i.e.
fire prevention, investigation of the fire causes
and safety and health at work.

Most of the test methods use a flame or
a radiant source of energy i.e. infrared heater as
a source of thermal loading of the samples. An
infrared heater is one whose primary function is
that of transferring heat to a target via the
emission of infrared radiation [2]. The scope of
application for radiant heaters is vast depending
on the technology used. In industry, radiant
heaters are used in process heating,
thermoforming, curing, drying and food
processing applications, to name a few [3-5].
They are also used in comfort heating for
domestic applications [6, 7] as well as in health
and medical applications ranging from
incubators to postoperative rewarming [8].
There exists very little available literature on the
topic of characterization of electric infrared
heaters, in particular those used in industrial
(commercial) and domestic applications. Of
those which are available, the radiant heat
output has been characterized by the total output
power which is derived from a 2-dimensional
heat flux distribution measured in a plane
parallel to the heater face [9, 10].

Bédard [9] has performed comprehensive
study of infrared heater characterization. In this
work, three types of experiments were
performed: radiant heat flux mapping, radiant
efficiency evaluation, transient behaviour
characterization and  spectral  emission
characterization.

We desiged atest apparatus for the
determination of selected fire-technical
characteristics of building materials, which
consist of several partial devices assembled into
one unit as a newly designed test facility for the
determination of selected fire-technical
characteristics of materials. In order to know
parameters of the heater, the source of the
thermal loading of materials (ceramic infrared
heater), it was necessary to determine the
voltage values for the respective value of heat
flux.
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Stanovenie poziarnotechnickych charakteristik
materidlov je sucastou poziarnych skusok,
ktoré¢ su klacovou zlozkou pouzivanou v
procese navrhovania opatreni zameranych na
zaistenie poziarnej bezpecnosti prostredia.
Medzi  progresivne metody  poziarneho
skuSobnictva pouzivané v praxi poziarneho
inzinierstva mozno zaradit’ analytické metody
na stanovenie poziarnotechnickych
charakteristik materialov, ktorych poznatky sa
uplatilujii v oblasti bezpecnostnej praxe, t. j.
oblast’ poziarnej prevencie, oblast’ zistovania
pri¢in vzniku poziarov a oblast’ bezpecnosti a
ochrany zdravia pri praci.

Pri viacsine testovacich metod sa ako zdroj
zatazenia vzoriek pouziva plamen alebo salavy
zdroj energie, najcastejSie infracerveny ziaric.
Infracerveny  ohrievaC je ziari¢, ktorého
primérnou funkciou je prenos tepla k ciel'u
prostrednictvom emisie infrac¢erveného Ziarenia
[2]. Rozsah aplikacii pre infraervené ohrievace
je velmi rozsiahly v zavislosti od pouzitych
technologii. V priemysle sa infraCervené
ohrievae pouzivaju pri procesnom ohreve,
tvarovani za tepla, vytvrdzovani, suSeni a pri
spracovani potravin, aby sme uviedli aspoii
niektoré [3-5]. PouZzivaju sa tiez na komfortné
vykurovanie a pre domace aplikacie [6, 7], ako
aj pre zdravotné a medicinske aplikacie od
inkubatorov po poopera¢né ohrievanie [8].
Existuje len vel'mi literarnych zdrojov na tému
charakterizacie elektrickych infracervenych
ohrievacov, najmé tych, ktoré sa pouzivaju v
priemysle (pre komercné aplikacie) a domace
aplikacie. Z tych, ktoré su k dispozicii, bol
salavy tepelny vykon charakterizovany ako
celkovym vystupnym vykonom, ktory je
odvodeny z dvojrozmerného rozdelenia
tepelného toku meraného v rovine rovnobeznej
s plochou ohrievaca [9, 10].

Bédard [9] vykonal komplexna Stadiu
charakterizacie infraCerveného ohrievaca. V
tejto praci boli vykonané tri typy experimentov:
mapovanie salavého tepelného toku, hodnotenie
ucinnosti salavého Ziarenia, charakterizacia
prechodné¢ho spravania a charakterizacia
spektralnej emisie.

Nami navrhnutd testovacia aparatira pre
stanovenie vybranych poZziarnotechnickych
charakteristik stavebnych materialov pozostava
z viacerych ¢iastkovych zariadeni zostavenych
do jedného celku ako novonavrhnuté testovacie
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The aim of the paper was to determine the
course of temperatures under the ceramic
infrared heater FTE-1000W-230V (Ceramicx
Ltd.) depending on the heat flux of the ceramic
infrared heater, which was used as the source of
thermal loading in the newly designed test
apparatus for assessment of selected fire-
technical characteristics of materials. The
respective values of heat flux 15, 20, 25 a 30
kW-m correspond to the voltage values V,
which had to be determined by calculation.

2 Material and Methods

The ceramic infrared heater is an effective
robust infrared heater, which produces long-
wave infrared radiation. It is used in cases
ranging from heat forming, preheating to drying
various coatings. Almost all materials to be
heated or dried have a maximum absorption 3 —
10 um. The ceramic infrared heater has been
made taking into account this fact and that is the
reason why it can be applied in several sectors
of industrial process. The ceramic infrared
heater is manufactured using special process, in
which the resistant spiral coil is embedded into
the ceramic body. This body is subsequently
glazed to protect against moisture. The glaze
protects also the infrared heater against
atmospheric and corrosive influences. The
ceramic element is thus optimised to maximum
absorption characteristic. It works at a
temperature of 300-750°C and produces a
wavelength of 3 — 6 um. The ceramic infrared
heater has been designed to offer high
efficiency 85% in properly designed systems
[12].

Fig. 1 shows an installation of the ceramic
infrared heater. The infrared heater is inserted
into the aluminium-steel reflector as shown by
arrow A. Then a steel spring is slide onto the
holder of the ceramic infrared heater (arrow B).
Finally, the infrared heater is fastened by steel
fork (arrow C). This kind of fixation allows the
infrared heater to expand and contract during
heating and cooling of reflector. Steel spring
and forks are supplied with each ceramic
infrared heater (dimensions of the mounting
hole — oval 40 mm x 14.5 mm) [12].

Supply voltage is 220/40 V, electrical
connections of the infrared heater are
terminated with pins, infrared heater is certified
according to the CE standard. The power of the

Delta 2020, 14(1):67-78

69

zariadenie  pre  stanovenie  vybranych
poziarnotechnickych charakteristik materialov.

Z doévodu poznania parametrov vyhrevného
telesa, zdroja pre tepelné zatazenie materialov
(keramicky infraziari¢) bolo potrebné stanovit’
hodnoty napidtia pre prislusnd hodnotu
tepelného toku.

Ciel'om prispevku bolo stanovenie priebehu
teplot pod keramickym infraziaricom FTE-
1000W-230V (Ceramicx Ltd.) v zavislosti od
tepelného toku keramického infraziarica
pouzittho ako zdroj =zataZzenia V NOVO-
navrhnutej testovacej aparatire pre hodnotenie
vybranych poziarnotechnickych charakteristik
materidlov. Prislusnym hodnotdm tepelného
toku 15, 20, 25 a30 kW-m? zodpovedaj
prislusné hodnoty napitia V, ktoré bolo
potrebné stanovit’ vypoctom.

2 Material a metédy

Keramicky infraziari¢ je ucinny robustny
infraziaric, ktory vyraba dlhovInné infracervené
ziarenie. PouZziva sa v aplikaciach v rozsahu od
tepelného formovania cez predhrievanie az po
vysuSanie roznych naterov. Takmer vSetky
materialy, ktoré maju byt vyhrievané alebo
suSené maju max. absorpciu v oblasti 3 — 10 pm.
Keramicky infraziari¢ bol vyrobeny s ohl'adom
na tato skutocnost’ a to je dovod, preCo moze
byt aplikovany v réznych odvetviach
priemyselného procesu. Keramicky infraziaric
je vyrabany pomocou $pecialneho procesu, pri
ktorom je odporova S$pirala =zaliata do
keramického tela. Toto telo je nésledne
glazované ako ochrana proti vniknutiu vlhkosti.
Glazira tiez chrani infraziaric  pred
atmosférickym a korozivnym vplyvom. Tymto
spdsobom je keramicky element
optimalizovany na max. absorp¢nu
charakteristiku. Pracuje pri teplote od 300 — 750
°C a emituje vlnovii dizku 3 — 6 um. Keramicky
infraziari¢ bol navrhnuty tak, aby poskytol
vysoku ucinnost’ 85 % v spravne navrhnutych
systémoch [12].

Na Obr. 1 je zobrazena inStalacia
keramického infraziari¢a. Infraziari¢ sa zasunie
do reflektoru z hlinikovanej oceli, ako ukazuje
Sipka A. Potom na keramicky drziak
infraziari¢a nasunieme ocel’'ovu pruzinu (Sipka
B). Nakoniec upevnime infraziaric ocelovou
vidlicou (Sipka C). Tento spOsob upevnenia
umoziuje infraziari¢u rozpinat’ sa a zmrst'ovat’
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infrared heater is 1000 W, the average surface
temperature 750 °C [11].

Reflector / Reflektor

~
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=

behom ohrievania a ochladzovania sa
reflektoru. Ocelova pruzina a vidlice st
dodéavané s kazdym keramickym infraziaricom
(rozmery otvoru pre montaz - oval 40 mm x
14,5 mm) [12].

Napajacie napdtie je 220/240 V, elektrické
privody infraziarica st ukoncené koliCkami,
infraziari¢ ma certifikdciu podla normy CE.
Vykon keramického infraziarica je 1000 W,
stredna povrchova teplota 750 °C [11].
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Fig. 1 Installation of a ceramic infrared heater [12]

Obr. 1 Instalacia keramického infraziari¢a [12]

We used an element (solid rounded element)
with dimensions 245 mm x 60 mm as a source
of thermal loading of test samples in the
designed test apparatus. An integral part of the
infrared heater is its holder, to which it is fixed.
The holder is made of steel treated with
aluminium, i.e. steel sheet coated with
aluminium, while achieving a high surface
gloss. The use of aluminium for reflection
minimizes heat loss, while the steel ensures high
strength and stability of the entire holder. The
reflector is intended for installation of ceramic
infrared heater and is supplied together with a
two-pol ceramic terminal block and 300 mm
heat resistant lines. We use reflector R.A.S. 1
with dimensions of 100 mm x 62mm x 253 mm
[12].
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Pouzity element typu (plny zaobleny
element) s rozmermi 245 mm x 60 mm bol
pouzity ako zdroj zatazenia skuSobnych
vzoriek Vv navrhnutej testovacej aparatire.
Neoddelite'nou sucast'ou infraziarica je aj jeho
drziak, ku ktorému je namontovany. Drziak
ziaria je zocele upravenej hlinikom, t. j.
ocelovy plech potiahnuty hlinikom, pri¢om sa
dosahuje vysokého povrchového lesku. Pouzitie
hlinika pre reflexiu minimalizuje stratu tepla,
pricom ocel zaistuje vysoku pevnost’ a stalost’
celého drziaka. Tento reflektor je urCeny pre
montaz keramickych infraziariCov a dodava sa
vratane dvojpolovej keramickej svorkovnice
a 300 mm teplotne odolnych privodov. Nami
pouzity reflektor typu R.A.S. 1 o rozmeroch
100 mm x 62 mm x 253 mm [12].
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In the experiment we used measuring
apparatus designed by us (Fig. 2) which consist
of ceramic infrared heater, precise digital scale,
regulating device and device for measurement
of the temperature using thermocouples.

5
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Pri experimente bola pouzitd navrhnutd
meracia aparatira (Obr. 2), pozostavajica
z keramického infraZiariCa, presnych
digitadlnych vah, regulacného =zariadenia a
zariadenia na meranie teploty pomocou
termoclankov.

Ceramic infrared heater / Keramicky infraziari¢

. Infrared heater stand / Stojan infraZiarica

. Precious digital scale / Presné digitalne vahy

. Sample holder / Drziak vzorky

. Almemo measuring device / Meracie zariadenie Almemo
. Thermocouples - type "K" / Termo¢lanky - typ "K"

. Variable autotransformer / Regula¢ny autotransformator

8. Infrared heater power supply / Napajanie infraZiarica

9. Insulation board / Izola¢na platiia

i‘ 7

Fig. 2 Schematic illustration of apparatus for measurement the course of temperatures and heat flux of
ceramic infrared heater

Obr. 2 Schematické znazornenie aparatury pre meranie priebehu teplot a tepelného toku
keramického infraziaric¢a

3 Results and Discussion

In order to achieve standard heat flux values,
used by a number of laboratory equipment, it
was necessary to determine a heat flux for
ceramic infrared heater. The heat flux values
correspond to the respective voltage value V. It
was necessary to connect regulating auto-
transformer MERTEL HSNO0203 to the
apparatus in order to regulate and set the voltage
precisely on the heater terminals. Based on the
set voltage values at the output of the
autotransformer and measured data of voltage
(using digital multimeter UT71C) and heat flux
(using a radiometer, which is a part of a conical
calorimeter) we set the heat flux of the infrared
heater. Based on the measured values of the heat
flux we compiled a linear function graph with
the equation of reliability R?>= 0,9926 (see Fig.
3).
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3 Vysledky a diskusia

Aby sme dosiahli Standardné hodnoty
tepelného toku, ktoré vyuziva mnozstvo
laboratornych zariadeni, bolo potrebné stanovit’
tepelny tok pre keramicky ziari¢. Hodnotam
tepelného toku zodpovedad prislusna hodnota
napdtia V. Na reguldciu a presné nastavenie
napitia na vstupe, na svorkach ziarica, bolo
potrebné do aparatury zapojit’ regulacny auto-
transformator METREL HSNO0203. Na zaklade
nastavenych hodndt napédtia na vystupe auto-
transformatora a nameranych udajov napétia
(pomocou digitdlneho multimetra UT71C)
a tepelného toku (pomocou radiometra, ktory
tvori sucast konického kalorimetra) sme
stanovili tepelny tok infraziarica. Na zaklade
nameranych hodnot tepelného toku bol
zostaveny graf s linearnou funkciou s rovnicou
spolahlivosti R?2= 0,9926, vid’. Obr. 3.
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Fig. 3 Dependence of heat flux and voltage at the output of the autotransformer

Obr. 3 Zavislost’ tepelného toku a napétia na vystupe z auto-transformatora.

Based on the equation (1) we calculated the Na zaklade vztahu (1) bola vypocitana
real voltage value required to achieve the skutotna  hodnota  napdtia,  potrebna
prescribed heat flux which was set at 15, 20, 25 k dosiahnutiu predpisaného tepelného toku,
and 30 kW-m2, ktory bol stanoveny na 15, 20, 25 a 30 kW-m2,

x+20,894
T 0215 (1)
Where: y — is voltage (V), Kde: y - je napitie (V),
x — is heat flux (kW-m). X - je tepelny tok (kW-m2).

Tab. 1 shows resulting values of the voltage Nasledne su v (Tab. 1) uvedené vysledné
at the output of the autotransformer required to hodnoty  napdtia na  vystupe  auto-
achieve the heat flux of 15, 20, 25 and 30 kW-m" transformatora, potrebné na dosiahnutie
2

tepelného toku 15, 20, 25 a 30 KW-m™2,

Tab. 1 Calculated values of voltage and heat flux of ceramic infrared heater.

Tab. 1 Vypocitané hodnoty napitia a tepelného toku keramického infraziarica.

Voltage (V) / Napiitie (V) Heat flux (kW-m) / Tepelny tok (KW-m~)
166,95 15
171,60 16
176,25 17
72
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Tab. 1 continue

Tab. 1 pokracovanie

Voltage (V) / Napitie (V) Heat flux (kW-m=2) / Tepelny tok (KW-m2)
180,90 18
185,55 19
190,20 20
194,86 21
199,51 22
204,16 23
208,81 24
213,46 25
218,11 26
222,76 27
227,41 28
232,07 29
236,72 30
Based on the measurement it was possible to Priebeh teplot pod infraziariCom pre
determine the course of temperatures under the prislusny tepelny tokoch 15, 20, 25 a 30

ceramic infrared heater for the respective heat
flux of 15, 20, 25 and 30 kW-m2. The heat flux
values correspond to the respective calculated
voltage wvalue V (Tab. 1). We used
thermocouples “K” with the thickness of 0.5
mm to measure the temperatures under the
infrared  heater.  Tolerance  for  “K”
thermocouples (Omega Engineering, Inc.)
range up to 1.1°C or 0.4% (depending on
temperature). We used Data logger
ALMEMO® 710 as the recording device. The
thermocouple was placed at a distance of 30 mm
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kW-m?2, bolo mozné stanovit na zaklade
merani. Hodnotam tepelného toku zodpoveda
prislusna vypocitand hodnota napétia V (Tab.
1). Na meranie teploty pod keramickym
infraziariCom boli pouzité termoclanky typu
LK hrobky 0,5 mm. Tolerancie pre
termoc¢lanky typu ,,K“ (Omega Engineering,
Inc.) sa pohybujt v intervale do 1,1 °C alebo 0,4
% (v zavislosti od teploty). Ako zaznamové
zariadenie sme pouzili Data logger
ALMEMO®  710. Termoclanok bol
umiestneny Vo vzdialenosti 30 mm od povrchu
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from the surface of the infrared heater. The
measurement took place for 1920 sec since the
thermocouple was placed under the ceramic
infrared heater. To determine the average
course of temperatures under the infrared
heater, the measurement was conducted 10
times. The resulting values of the average
course of temperatures under the ceramic
infrared heater for the respective heat flux is
shown on Fig. 4.

>

¥
~
¢

o)

’
5

/ Teplota (°C)

Temperature

keramického infraziari¢a. Meranie prebiehalo
po dobu 1920 s od vloZenia termoclanku pod
keramicky  infraziari¢. @ Na  stanovenie
priemerného priebehu tepldt pod keramickym
infraziariCom bolo meranie realizované 10 krat.
Vysledné hodnoty priemerného priebehu tepldt
pod keramickym infraziaricom pre prislusny
tepelny tok mézeme vidiet’ na Obr. 4.

- [y
I; =}
© =}

Fig. 4 Course of temperatures under the ceramic infrared heater for the respective heat flux

Obr. 4 Priebeh tepldt pod keramickym infraziari¢om pre prislusny tepelny tok

Fig. 4 shows individual courses of
temperatures until the achievement of the so
called steady state of radiation where the lowest
temperature values (100 £2 °C) were measured
at the heat flux of 15 kW-m, temperature
values (120 £2 °C) were measured at the heat
flux of 20 kW-m2, temperature values (135 £2
°C) were measured at the heat flux of 25 kW-m"
2 and temperature values (160 +2 °C) were
measured at the heat flux of 30 kW-m=2. The
ambient temperature in the vicinity of the test
apparatus was recorded as a control
measurement. In this case temperature values
(31 £2 °C) were measured.

Heat flow of infrared heaters measured using
radiometer was carried out by Butturini and
Ngo, 2005 [10], who mapped temperature fields
of four commercially used infrared heaters with
a power of 1000 V and 1500 V, at a distance of
2, 5 and 10 cm from the centre of the heater.
They recorded the heat flow in an interval from
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Na Obr. 4, mdézeme vidiet jednotlivé
priebehy teplét az po dosiahnutie tzv.
hodnoty teplot (100 £2 °C) boli namerané pri
tepelnom toku 15 KW-m, pri tepelnom toku 20
kW-m2 boli namerané teploty (120 +2 °C). Pri
tepelnom toku 25 kW-:m? boli namerané
hodnoty teploty (135 £2 °C) a pri tepelnom toku
30 KW-m boli namerané teploty (160 £2 °C).
Ako kontrolné meranie bola zaznamenavana aj
teplota prostredia v okoli skisobnej aparatury,
kde boli namerané hodnoty teploty (31 £2 °C).

Tepelny tok infraziaricov  pomocou
radiometra merali aj Butturini a Ngo, 2005 [10],
kde mapovali teplotné polia Styroch komercne
vyuzivanych infraziariCov s vykonom 1000
V a 1500 V, vo vzdialenosti 2, 5 a 10 cm od
stredu telesa ziarica. Kde zaznamenali tepelny
tok v intervale od 1,1 W-cm? (vzdialenost’ 10
cm od Ziari¢a) az po 2,53 W-cm? (vzdialenost’
2 c¢m od Ziarica).
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1.1 W-cm2 (distance of 10 cm from the heater)
to 2.53 W-cm? (distance of 2 cm from the
heater).

Brown et al. [13] created a spherical heat
flow map of white FTE ceramic heater element
operating with an electrical input power of 600
W, and then a 3D map of heat flow of ceramic
heater. In their paper, they pointed out, that the
heat flow decreases linearly with increasing
distance where the power decreases from 47%
at the distance 10cm to 15% at the distance of
50 cm from the infrared heater. Similar course
can be seen also in our measurements (see Fig.
4), the temperature decreases with decreased
values of heat flow.

Based on the determination of the basic
parameters of the ceramic infrared heater
(course of temperatures and heat flux), which
correspond to the respective voltage values V,
we can apply the ceramic infrared heater FTE-
1000W-230V (Ceramicx Ltd.) in our designed
laboratory equipment for measurement of the
weight loss, the burning rate, the thickness of
charred layer and the rate of charred layer
formation. The mentioned fire-technical
characteristics of materials are a part of fire
tests, which are the key component used in the
process of proposing measures aimed at
ensuring fire safety of the environment.

Progressive methods of fire testing used in
the practice of fire engineering include
analytical methods for determination of the fire-
technical characteristics of materials, the
knowledge of which are used in the field of
safety  practice, i.e. fire prevention,
investigation of the fire causes and safety and
health at work.

The parameters of the temperatures course
under the ceramic infrared heater are used by a
number of authors in their papers. Chrebet et al.
[14] dealt with the burning rate of spruce wood
samples, who used an apparatus for the
determination of flash point and spontaneous
ignition temperature. Zachar [15], Zachar et al.
[16] in their work state the course of the burning
rate depending on the changing distance (30, 35,
40, 45 and 50 mm) of the test sample from the
ceramic infrared heater. Kac¢ikova a Makovicka
[17] determined the average burning rate of
spruce wood under a ceramic infrared heater at
a distance of 30mm from the heater surface.
Also Mitterova, Garaj [18] and Mitterova,
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Brown et al. [13] vytvoril sféricki mapu
tepelného toku z bieleho FTE keramického
prvku ziarica s vykonom 600 W, a 3D mapu
tepelného toku keramického Ziaric¢a. VO svojej
praci d’alej poukazuju na to, Ze tepelny tok klesa
linearne so vzrastajlicou vzdialenostou, kde
pokles vykonu je zo 47 % pri vzdialenosti 10 cm
na 15 % pri vzdialenosti 50 cm od
infraéerveného  ziari¢a. Podobny priebeh
modzeme vidiet' aj pri nasSich meraniach (vid'.
obr.4), s klesajiicimi hodnotami tepelného toku
klesa aj teplota.

Na  zéklade stanovenia  zdkladnych
parametrov keramického infraziari¢a (priebeh
teploty a tepelny tok), ktoré zodpovedaju
prislusnym hodnotdm napitia V mozeme
uplatnit’ dany keramicky infraziari¢ FTE-
1000W-230V  (Ceramicx  Ltd.) v nami
navrhnutom laboratornom zariadeni pre
meranie  hmotnostného ubytku, rychlosti
odhorievania, hrubky zuholnatenej vrstvy
arychlosti  tvorby  zuholnatenej  vrstvy.
Uvedené poziarno-technické charakteristiky
materidlov su sucastou poziarnych skusok,
ktoré su klacovou zlozkou pouzivanou v
procese navrhovania opatreni zameranych na
zaistenie poziarnej bezpecnosti prostredia.

Medzi progresivne metddy poziarneho
skuSobnictva pouzivané v praxi poziarneho
inzinierstva mozno zaradit’ analytické metody
na stanovenie poziarno-technickych
charakteristik materialov, ktorych poznatky sa
uplatiiuji v oblasti bezpecnostnej praxe, t. j.
oblast’ poziarnej prevencie, oblast’ zistovania
pri¢in vzniku poziarov a oblast’ bezpecnosti a
ochrany zdravia pri praci.

Stanovené parametre priebehu teploty pod
keramickym infraziariom vo svojich pracach
vyuziva mnozstvo autorov. Rychlost'ou
odhorievania vzoriek smrekového dreva sa vo
svojej praci zaoberal aj Chrebet et al. [14]., kde
pouzil aparaturu pre stanovenie teploty
vzplanutia a vznietenia. Zachar [15], Zachar et
al. [16] vo svojich pracach uvadza priebeh
rychlosti  odhorievania  pofas  merania
Vv zavislosti na meniacej sa vzdialenosti
skusobnej vzorky od keramického infraziarica
(30, 35, 40, 45 as50 mm). Kacikovd a
Makovicka [17] stanovovali priemernu rychlost’
odhorievania smrekové dreva, pod keramickym
infraziaricom, pri vzdialenosti 30 mm od
povrchu ziari¢a. Taktiez Mitterova, Garaj [18]
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Racko [19] in their papers describe the weight
loss of fire-retardant-treated spruce wood and
OSB boards loaded with a ceramic infrared
heater with a power of 1000 W. Spilék et al. [20]
determined the thickness of the charred layer of
wooden beams of various shapes and cross-
sections loaded with an infrared heater with a
power of 50.5 kW:m?2 and a maximum
temperature of 935°C. Standards STN EN
1995-1-2 (Eurocode 5) [21] and NFPA 921:
2017 [22] state that the burning rate, as one of
the most important parameter of fire
development, can be determined by laboratory
methods, in which we know the heat flux of the
load source of test samples, which was achieved
with our measurement for the ceramic infrared
heater FTE-1000W-230V (Ceramicx Ltd.).

4 Conclusions

Using our proposed method, we could
determine the course of temperatures and the
heat flux depending on the voltage V for the
ceramic infrared heater FTE-1000W-230V
(Ceramicx Ltd. Gortnagrough, lIreland). The
voltage values V for the respective heat flux
kW-m2 were determined based on the linear
function graph with the equation of reliability
R? = 0,9926 and calculated based on the
equation (1). The heat flux of 15 kW-m?
correspond to the voltage of 166.95 V, the heat
flux of 20 kW-m2 correspond to the voltage of
190.20 V, the heat flux of 25 kW-m correspond
to the voltage of 213.46 V and the heat flux of
30 kW-m2 correspond to the voltage of 236.72
V. The course of temperatures under the
ceramic infrared heater correspond to the
temperature of (100 2 °C) at the heat flux of 15
kW-m=2, (120 £2 °C) at the heat flux of 20
kW-m=2, (135 £2 °C) at the heat flux of 25
kW-m2 and (160 £2 °C) at the heat flux of 30
kW-m2. The increase in heat flow values (15,
20, 25 a 30) kW-m? is expressed in a linear
temperature  increase. Based on the
determination of the basic parameters of the
ceramic infrared heater (course of temperatures
and heat flux), the ceramic infrared heater can
be used to determine the weight loss, the
burning rate, the thickness of the charred layer
and the rate of charred layer formation.

Delta 2020, 14(1):67-78

76

a Mitterova, Racko [19] vo svojich pracach
popisuji  ubytok na hmotnosti retardacne
upraveného smrekového dreva a OSB dosiek
zatazenych keramickym ZiariCom s vykonom
1000 W. Spilak et al. [20] stanovili hrabku
zuhol'natej vrstvy drevenych nosnikov ré6zneho
tvaru  aprierezu  zatazenych  pomocou
infraziari<a ~ svykonom 50,5  kW-m?
a maximalnou teplotou 935 °C. V norme STN
EN 1995-1-2 (Eurokod 5) [21] a v NFPA 921:
2017 [22]je uvedené ze, rychlost’ zuholnatenia
dreva, ako jeden z najdolezitejSich parametrov
rozvoja poziaru je mozné stanovit pomocou
laboratornych metod, pri ktorych pozname
tepelny tok zdroja =zatazenia skuSobnych
vzoriek, ¢o sa ndm nasimi meraniami podarilo
dosiahnut’ pre keramicky infraziari¢ FTE-
1000W-230V (Ceramicx Ltd.).

4 Zaver

Pomocou nami navrhnutej metéody sa nam
podarilo stanovit’ priebeh teplot a tepelny tok
v zavislosti od napdtia V pre keramicky
infraziaricom FTE-1000W-230V (Ceramicx
Ltd. Gortnagrough, frsko). Hodnoty napitia V
pre prislusny tepelny tok KW-m2 boli stanovené
na zaklade grafického priebehu (linearna
funkcia) s rovnicou spolahlivosti R?= 0,9926 a
vypocitané na zaklade rovnice (1). Tepelnému
toku 15 kW-m? zodpoveda napitie 166,95 V,
tepelnému toku 20 kW-m? zodpoveda napitie
190,20 V, tepelnému toku 25 kW-m?
zodpoveda napétie 213,46 V a tepelnému toku
30 kW:m? zodpovedd napitie 236,72 V.
Priebeh teplot pod keramickym infraZiaricom
zodpoveda teplote (100 £2 °C) pri tepelnom
toku 15 KW-m2, (120 £2 °C) pri tepelnom toku
20 KW-m?2, (135 £2 °C) pri tepelnom toku 25
kW-m2 a (160 +2 °C) pri tepelnom toku 30
kW-m2, Narast hodnot tepelného toku (15, 20,
25 a 30) kW-m? sa prejavuje linedrnym
narastom teploty. Na zaklade stanovenia
zakladnych parametrov keramického
infraziarica (priebeh teploty a tepelny tok),
mdéze byt keramicky infraZiari¢ pouZzity
pri stanoveni hmotnostného ubytku, rychlosti
odhorievania, hrabky zuholnatenej vrstvy
a rychlosti tvorby zuhol'natenej vrstvy.
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