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INTRODUCTION

The present paper presents a description and exemplary results of laboratory measurements of the
normal spectral emissivity of a steel sheet carried out within the temperature range from 400oC to
800oC. The heating process was carried out in a protective gaseous atmosphere. The results of the
measurements were used to work out recommendations concerning the adjustment of pyrometers
operating in the control system of a furnace1. The test stand is to be seen in Fig. 1. While the sample
was heated up (or cooled down), its temperature was measured by means of a thermocouple and a
pyrometer. Selected samples were measured twice, repeating the heating up and cooling of the
sample.
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Fig.1. Scheme of the measu-
rement stand; 1- sample of
steel, 2-bottom plate, 3-
thermocouples, 4-water
jacket, 5-measurement
capsule, 6-furnace chamber,
7,8-water outlet/inlet, 9-
inlet/outlet of protection gas,
10-pyrometers, 11-protection
gases, 12-eyehole, 13-
rotameters, 14-gas analysers,
15-data logger, 16-computer

DETERM INATION OF THE M ONOCHROM ATIC EM ISSIVITY AS A FUNCTION
OF TEM PERATURE AND WAVELENGTH

The real emissivity of the sample was calculated making use of the following relation:
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where: εε pr ,  - real emissivity of the sample and the emissivity adjusted on the pyrometer,

)( pc Te λ , )( rc Te λ  - spectral densities of the emission2 at the temperature of pyrometer pT  and the



real temperature rT , 21,λλ  - spectral range of the pyrometer. Exemplary values of the calculated
real emissivity of the investigated sample have been presented in Fig.2.
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Fig.2. Exemplary
measurement results
of emissivity for
various wavelength
of thermal radiation:
A-11 � m, B-5.1 � m,
C-1.6 � m, D-1.0 � m

Basing on these results, approximated relations were determined for each wavelength represented
by the applied pyrometers in the form of polynominals expressing the emissivity of the sample as a
function of the temperature T :
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where: a  - coefficients. In order to determine isothermal changes of the emissivity as a function of
the wavelength, through the points situated along the mentioned polynominal curves, curves were
passed expressing changes of the monochromatic emissivities as a function of the wavelength. The
theoretical equation describing the spectral emissivity of an ideally smooth surface of metals takes
the following form3:
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where: 1b  - constant coefficient, λ  - wavelength of thermal radiation. The emissivity of a real
surface is higher than that of an ideally smooth surface. One of the main reasons for this is the
roughness of the surface. The apparent increase of the emissivity of any surface caused by covering
its dimples may be expressed by the well-known formula2:
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where: n,λε  - spectral emissivity of the real surface, ϕ  - configuration factor taking into account the

self-radiation of the surface due to its roughness. After transformations of the relations (3, 4) a
general relationship (5) was obtained, expressing the real spectral emissivity of the surface as a
function of the wavelength:
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where: 32,bb  - constant coefficients. Applying the obtained polynominal relations, for successive

values of temperature within the range from 400oC to 850oC the values of the coefficients 32,bb  in

equation (5) could be determined. Fig. 3 shows exemplary curves determined in this way.
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Fig.3. Exemplary curves
presenting an influence
of wavelength on
spectral emissivity in
various temperatures

FINAL REM ARK S

According to literature, there is in the case of metals a characteristic wavelength, the so called X-
point3, at which the monochromatic emissivity does not depend on temperature. If the wavelength
of radiation is shorter than in the X-point, the monochromatic emissivity decreases with the rise of
temperature, and if the wavelength of radiation is longer, the emissivity grows with temperature. In
the case of iron (steel) the X-point occurs at the wavelength of 1 � m3. The obtained results of
measurements confirm this phenomenon, Fig. 3. In the course of taking measurements it was
observed that the emissivity measured during the heating of the sample differs from that measured
while it was cooled down. The most probable reason of this phenomenon is the removal of the
residue of iron oxides by means of reducing them with the hydrogen from the protective gas, these
iron oxides having been left in the microroughness of the surface of the sample although it had been
cleaned. The results of measurements taken in the course of cooling the sample may be considered
to be most representative.
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