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AHortanisi. Y poOoTi BUBYAIOTHCSI METOAM OE3KOHTAKTHOrO BHMIDIOBAHHS TEMIEPaTypH, TOUHICTh SIKMX OOMEXYEThCS
6araTbMa YMHHUKAMH, TOJOBHUM 3 SKHX BBaXKAIOThb KOE(iliEHT YOPHOTH KOHTPOJILOBAHOI MOBEpXHi 00’ ekra. CamMe HE3HAHHS
1poro (hakTopa BU3HAUA€ METOAUYHY CKJIAJIOBY ITOXMOKM BUMiproBaHHs. BoOHa mpuramMaHHa He JMIIE MiPOMETPHUYHHM 3ac00aM,
aJie i TeIUIoBI3iMHMUM, SIKi caMe TOMY HaJIeXKaTh JI0 SIKICHUX 3ac00iB BUMIPIOBAHHS TeMIlepaTypyu. BoHM € OCHOBHMMHU IpHiIafaMu
JUISL TIPOBEJICHHS €HEPreTHYHOro ayauTy OyaiBelb Ta CIOpYH, CTaHAapTu3alii Ta ceprudikauii TEIUIOTeXHIYHUX Marepiais.
3aBISIKM  JTOCII/KEHHIO PO3pOOJIIETBCS METOA BHU3HAUYEHHs Koe(illieHTa BHUIIPOMIHIOBAIBHOI 3JaTHOCTI Marepialy, IIo
YMOXIUBIIIOE BUCOKOTOYHE BHMIPIOBAHHS TEIUIOBUX IIOTOKIB. A 1€, CBOEI0 YEProlo, JA€ 3MOTY XapaKTepH3yBaTH 3 BHCOKOIO
JIOCTOBIPHICTIO TEIUIOI3ONALINHI, OyZiBesbHI MaTepianu i CTBOPUTH IIiJICTAaBM ULl BCTAHOBJICHHS INPUIATHOCTI OyiBeIbHHX
KOHCTPYKIIH Ta CIopy/l Ha BiANOBIJHICTb A€p>KaBHUM 1 MiXKHapOAHUM cTaHgapraMm. KpiM Toro, 3aBIsky BUKOHaHii po6oTi MOXXKHA
3MIHUTH KOHCTDYKLiIO TEXHIYHMX MipOMETpiB, a caMe HipOMETpiB BHUIPOMIHIOBaHHs, y c(epi BHCOKOTOUHHMX BHMIpPIOBAaHb
TEMIIEpaTypyu y NPOMHUCIOBUX Ta JIA0OPaTOPHUX YMOBAaX, OCKIJIbKM BH3HA4YEHHs KOe(]illieHTa BHIIPOMiIHIOBAIBHOI 3/1aTHOCTI
CIIpUsi€ TOYHOMY BUMIPIOBaHHIO TEIJIOBUX IIOTOKIB.

Pe3ynbrary nocsAratoTh 3a paxyHOK BH3HAUEHHS 3raJlaHoro koegilieHTa PEYOBHHU 3a JOMNOMOIOK MOBTOPHUX BHMIPIOBaHb
Ti€l caMoi IOBEPXHI Tijla 3 LJIbOBOIO 3MIHOO TEMIIEPATyPH YyTIUBOrO €JI€MEHTa 3200y BUMIPIOBaHHS, BUKOPHCTOBYIOUH HE3AICIKHE
Jukepeno Teria. Lle iae 3Mory miiBUIIMTH TOYHICTb BUMIPIOBaHb TEILUIOBOI'O IIOTOKY, BUIIPOMiHIOBAHOTO OY/Ib-SIKUM TiJIOM.

Kurouosi ci10Ba: BUMiproBaHHS TeMIiepaTypH, KoedillieHT YOPHOTH BUIIPOMIHIOBAaHOI IIOBEPXHi, TOUYHICTh BUMiPIOBAHH,
IpOMeTp, TEIIOBI30p.

Abstract. The mgjor error of temperature measurements of different objects is due to uncertainty of their emissivity factor
value. And vice versa, for correct determination of a true temperature, using conventiona temperature means (pyrometers, thermal
image cameras), one has to know in advance the emissvity factor of the studied object’s surface or better to set its value in place
immediately before a measurement. The latter is proposed by authors to significantly increase the accuracy of temperature
measurement. Namely, it needs to change previoudy the temperature of the sensitive element of a measuring mean and carry out
measurements. The similar procedure is performed under the unchanged temperature condition. The difference between
temperature readings of the same point of the studied surface gives the possibility to compute an emissivity factor. It improves the
measurement accuracy. Derived equations allow fulfilling the specified operation at different temperature differences of the
sensitive element.

Key wor ds: Temperature measurement, Emissivity factor, Measurement accuracy, Temperature measurement, Pyrometer,
Thermal image camera

Introduction However, the value of emissivity factor is
unknown or known with a certain uncertainty, and

The thermal energy radiated by the warmed body  respectively the readouts of pyrometers (thermal image
surface depends on the emissivity factor. Each object, camera) are characterized with uncertainty caused by
whose temperature to be measured, has its material’s  gmjsgvity factor as well as the set of other factors (for

surface with its inherent emissivity factor. Adjustment of instance, heterogeneity of temperature distribution on a
the emissivity factor in a pyrometer or thermal image measured surface) [1].

camera is essentia in order to measure the actud
temperature_lt has to be done manL_JaIIy and match the Goal of thework
measured object. Pyrometer always fixes the temperature

of a measuring point, and a conversion based on the Aim of the current issue is the creation and
emissivity factor is performed. development of the method for determining the emis-
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svity factor of a materid's surface at the moment
immediately preceding the temperature measuring stage.
That it can be considered as a prerequisite for the correct
contactless temperature measurement of the object.
Further, the determination of the emissivity factor allows
using the elaborated expression to measure exactly the
radiation temperature, and in the next step to compute
the thermodynamic temperature of the sample.

Method resear ch

Specifics of the researched method belong to the
theory and technique of optical thermometry, heat
engineering, audit and certification of heat engineering
materials.

Since we study the underpinning pillars of
contactless thermometry (pyrometry), let's consider the
known method for determining the integral value of the
radiant properties of materials. For instance, the basic
method is the one, based on the Stefan-Boltzmann law. It
is readlized [2] on the basis of the dependence
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perature of the tested sample; T is the thermodynamic
temperature. The thermocouple is applied for measuring
temperature of the surface. It rises a significant error of
the temperature measurement due to substantial heat
withdraw through the thermos dectrodes that is
strengthening with temperature difference.

So we suggest below the improved method of
determining the integra value of the radiation properties
of the surface. It is based on the Stefan—-Boltzmann law
and consists in the measurement of intensity of the
radiation heat exchange between the object surface and a
sensitive element of the measuring instrument at known
temperature of the latter. The exchange is expressed in
the radiation temperature attributed to the scale marks of
the measuring instrument (e.g., pyrometer) during
calibration. At the same time, the calibration of radiation
pyrometersis carried out using the blackbody model, for
which it is assumed that the emissivity factor is close to
1. Since the real samples of the studied materials are
characterized by certain values of factors, different from
1, the significant error of more than 10 % arises in the
readouts of pyrometers.

Asaresult, for one group of radiation pyrometers,
it is assumed in advance that they are operated at the
same value (0.95) of the emissivity factor of the material
under measurement, or at a reduced factor of the
thermodynamic system “pyrometer — measuring surface’
(it is introduced below). For ancther group of more
complex types of radiation pyrometers this factor can be

where Tr is the surface radiation tem-

adjusted manually by a metrologist on the instrument
panel within thelimitsof 0.1 (0.3) ... 1.0.

It is clear that for the first and for the second
groups, as a result of neglection of the real value of the
emissivity factor of the measured surface, there exists a
significant error of method. To a greater extent, the
abovementioned applies to thermal image cameras,
which, as a result, show only a qualitative picture, for
example, of heat loss of a building. In order to avoid the
mentioned error, the application of specia tables with
the emissivity factors for various materials and the
degree of surface treatment is recommended [3]. For
instance, the emissivity factor of oxidized stedl is equal
to 0.85 and of polished stedl is 0.075. The problem is
solved by analyzing the heat exchange peculiarities in
the system “pyrometer (thermal image camera) — object
with its measured surface”.

To understand the essence of the proposed
method, let's consider the flow of energy E,, radiated
from the measured surface to the pyrometer (more
precisdly to its blackened plate, on which the thermopile
or bolometer receiver of energy is deployed). According
to the Sefan-Boltzmann law, it equas to:

et _~®T 8

Ey=sT7, EO_CO%lTOE , Where G
[W/m?K“] isthe radiation factor of the black body. When
the body is not black, but, for example, "gray", the
emissivity factor ¢ < 1 isimplemented. It describes how
much radiation of this body is less intense than that of
the black body. The radiation heat exchange between two
bodies (the measured surface of area S and the
complicated construction of the pyrometer with its ep,
that includes, as the major, the sensitive eement of
temperature Tg) is determined by the difference of 2
flows of effective radiation as:
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here the factor:
e —o L +i- 19
> Carf  €x B , (2)

is adjusted for the two-bodies system (measured object
surface with its eq, and directly sensitive lement with
its es) and depends on the ratio of areas of reciprocally
radiating objects.

A certain value of the radiation temperature is
assigned for each value of g while cdibrating the
pyrometer. It is due to a specific structure of each
pyrometer with its characteristic coefficient A of
converting the energy flux into heating of the senditive
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element, as well as further processing of the signa
received from the latter. Note that coefficient A should
aso take into account the value C,S. Then the

calibration is carried out on the blackbody modd, trying
to achieve the condition s, — 1. As a result, one can
obtain the equation of the conversion function of the
particular pyrometer, expressed in terms of radiation heat
exchange between its sendgitive element and the

measured surface: Tp =Tx (Tsurf ;Tse;ese). There are 2

unknowns in it, such as Tg,s and es. The equation can be
solved only by taking that . — 1. However, such a path
leads to the significant error of method.

Therefore, in the developed method, conditions
are created for the preliminary determination of the
reduced emissivity factor &, in order to obtain an actua
conversion function of the pyrometer in the form of
Te =Te(T.

when the values of

surf )|Tse=Const; e, =Const

temperature and the emissivity factor for the sensing
element are known. For this purpose, we consider the
system of 2 equations with 2 mentioned unknowns, and
here the 2™ equation describes the state of heat exchange
between the surfaces of the measured object and
sensitive  dement of the measuring instrument,
previously heated up on afew degrees (AT):
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Subtracting equation (4) from (3), we obtain

Tro =€ A

(4)

5 4 40
DT =¢, A= *DT 0 & 0y
& 100 5 &1005 g

()

Let's take into account that the measuring
junctions of the pyrometer’'s thermopile consist of a
number (>100) consistently connected thermocouples.
They are preferably located on a platinum lobe covered
with platinum black, redlizing the condition of
achievement the Te— 1. Therefore as it can be seen
from (2), the equdity takes place; & = eqr. Then
equation (5) is transformed into the following equation:

10°DT = ey AYUT’DT +6T,,*(DT)? +
+4T,(DT)° +(DT)*Y. (6)

For practical calculations, it is enough to use the
first two terms of a polynomial, since each next

component in a bracket is approximately at 2 orders of
magnitude smaller than the previous one:

10°DTp =€q1CoSEITL DT +6T. (DT)?H.  (7)

From here we obtain an expression for calculating
the emissivity factor of the measured object’s surface:

_ 10°DT,
AT, DT +6T.2(DT)*Y

(8)

esurf

I mplementing the proposed method

Let's assume that in order to ensure efficiency of
the method and simplicity of further calculations, an
increase in the temperature of the sensitive element 4T,
equal to 1 % from T, is set. Then the equation (8) is
simplified to:

10°DT, DT,
esurf = 0 O406><AF>)<T 4 = PT L4 (9)
’ e 0,0406A% = O
%100

When the measuring device together with the
sensitive element is hold at 293 K, the simple expression
can be obtained for the further calculations:

22,9924 DT,

Caurf = K4 A (10)

here A [V/K] isthe factor of conversion of radiation flow
into the pyrometer’s readings under the conditions given
in the specifications for the device.

The proposed method is implemented by using a
pre-calibrated pyrometer (thermal image camera) with a
known value of factor A. The measuring device was
equipped with an eectricd heater of the sensitive
element with its power supply. Temperature measuring
block was provided with the thermistor switched in the
leg of the bridge circuit. It alows set the given
temperature increment for the sendtive element, equal to
3 K. In this away we have checked the emissivity factor
of the studied surfaces, by setting its value have
eliminated the uncertainty (or more correctly eliminated
the methodic error) in pyrometer’s readouts and as a
consequence have performed the measuring instrument
significantly more exact.

This is especially valuable for establishing the
state of energy saving of housing and communal services
by conducting energy audits of the built and
reconstructed houses, especially in connection with the
implementation of European standards for energy
efficiency [4].
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Conclusion

Due to the development of the method for
determining the emissivity factor of a heated object, it
becomes possible to carry out an accurate measurement
of radiation flows. This, in turn, alow determining the
heat insulation of building materials and products with
high reliability and, thus, create the basis for defining the
suitability of building components and structures on
compliance with state and international standards.

In addition, the considered work can be used for
calibrating the technical pyrometers, namely radiation
pyrometers, in the field of exact temperature
measurements in industrial or/and laboratory conditions,
since the more accurate measurements of radiation flows
are guaranteed by following the previous determination
of the emissivity factor of studied object.
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