Home

Search

Collections

Journals

About

Contact us

My IOPscience

On temperature determining by maximum spectral radiation isothermal system of opaque
bodies

This content has been downloaded from IOPscience. Please scroll down to see the full text.
2016 J. Phys.: Conf. Ser. 774 012021
(http://iopscience.iop.org/1742-6596/774/1/012021)
View the table of contents for this issue, or go to the journal homepage for more
Download details:
IP Address: 109.252.53.191
This content was downloaded on 29/11/2016 at 14:12
Please note that terms and conditions apply.

You may also be interested in:
Thermal equilibrium of black di-rings
Hideo Iguchi and Takashi Mishima
The young astrophysicist: a very inexpensive activity to discuss spectroscopy
Guilherme Brockington, Leonardo André Testoni and Maurício Pietrocola
New Method for Determining the Shock Temperature of Metals
Tang Wenhui, Jing Fuqian, Hu Jinbiao et al.
Temperature determination of high-pressure optically thick gas discharges by a modified Bartels'
method
G Wesselink, D de Mooy and M J C van Gemert
Optimum Identifications of Spectral Emissivity and Temperaturefor Multi-Wavelength Pyrometry
Yang Chun-Ling, Dai Jing-Min and Hu Yan
Dynamic Zeeman effect at microwave frequencies
I Ciccarello, M Guccione and M Li Vigni
Peltier’s and Thomson’s coefficients of thermoelectric phenomena in the observableformulation
Javier Garrido
Equation of state in a small system: Violation of an assumption of Maxwell's demon
T. Hondou
Spectroscopical Measurements of Ablation Plasma Generated by an Excimer Laser from Functionally
Graded Materials
Yoshihisa Uchida, Jun Yamada and Yoshiyuki Uchida

XXXI International Conference on Equations of State for Matter (ELBRUS2016)
IOP Publishing
Journal of Physics: Conference Series 774 (2016) 012021
doi:10.1088/1742-6596/774/1/012021

On temperature determining by maximum spectral
radiation isothermal system of opaque bodies
S P Rusin
Joint Institute for High Temperatures of the Russian Academy of Sciences, Izhorskaya 13
Bldg 2, Moscow 125412, Russia
E-mail: sprusin@yandex.ru
Abstract. It is shown that, for the temperature determination of the isothermal opaque bodies
system, one can use the same techniques those are used to determine the temperature of a
free-radiating opaque body. For an isothermal system of opaque bodies, a relationship was
obtained, which relates the wavelength of maximum spectral radiation, the spectral effective
emissivity and the thermodynamic temperature. In particular, this relationship can be used as
an additional condition to determine the thermodynamic temperature of the isothermal system
of bodies by the thermal radiation spectrum of the target surface, when the effective emissivity
of the radiation source is unknown.

1. Introduction
The thermodynamic (true) temperature T is an important parameter of state of matter [1].
The source of thermal emission is the target (target surface) for which the temperature is to be
measured. In determining this temperature by radiation thermometry methods, it is commonly
assumed that the target surface radiates freely [2]. As is known, the radiation thermometer
records the effective spectral intensity Ief (λ, M, sM ), which is the sum of the spectral intensity
Iem (λ, M, sM ) of emitted radiation and the spectral intensity Iref (λ, M, sM ) of reflected radiation
at point of M , in the direction of sM and fixed wavelength of λ, i.e.
Ief (λ, M, sM ) = Iem (λ, M, sM ) + Iref (λ, M, sM ).

(1)

In this paper, it is shown that the methods presented in [3] can be extended to an isothermal
system consisting of n opaque bodies. It is assumed that all bodies have the same temperature
T.
For this purpose, resolvent angular factors (radiative exchange factor [4]) offered in [5, 6]
are used. A detailed derivation of resolvent angular factors for diffusely reflecting and radiating
bodies is presented in [7]. For an isothermal system of opaque bodies, the relationship is obtained,
which relates the wavelength of maximum spectral radiation, the spectral effective emissivity
and thermodynamic temperature of the target surface. In the particular case of black or gray
radiation, this relationship is identical to the Wien displacement law.
2. Basic relationships
Previously [8, 9], it was demonstrated that, for free-radiating body, one can obtain the
relationship similar to the Wien displacement law for blackbody spectral radiation maximum. In
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the present paper, it is shown that a similar relationship can also be obtained for an isothermal
system of n bodies separated by a transparent medium.
Before deduction of the temperature calculation relationship on an intensity maximum, one
should accept following assumptions:
(i) isothermal system consists of n radiating opaque isothermal bodies with the same
temperature and optical properties;
(ii) in the selected spectral range, the spectral emissivity ǫ of material is a continuous and
monotonic function on λ;
(iii) in the selected spectral range, the spectral distribution of Ief (λ) has only a single maximum.
In this case, radiative exchange is convenient to consider between n surfaces of these bodies.
Let the surface element dFMi belongs to the i-th body. Then according to [6] (1) can be written
in more detail (Mi ∈ Fi , Nj ∈ Fj , i = 1, . . . , n)
Ief (λ, Mi , sMi ) = Iem (λ, Mi , sMi ) +

n Z
X
j=1

Ω(λ, Mi , Nj , sNj Mi , sMi )I0 (λ, Nj )dFNj ,

(2)

Fj

where I0 (λ, Nj ) is the spectral blackbody intensity; Ief (λ, Mi , sMi ) is the effective spectral
intensity in direction of sMi ; Iem (λ, Mi , sMi ) is the emitted spectral intensity in direction of
sMi ; Ω(λ, Mi , Nj , sNj Mi , sMi )dFNj is the resolvent angular factors that characterizes radiation
exchange between two surface elements dFMi and dFNj .
For an isothermal system, temperature TMi = TNj = T . Therefore, I0 (λ, Nj ) ≡ I0 (λ, Mi ) ≡
I0 (λ, T ). If divide (2) termwise by I0 (λ, T ), one can write:
ǫef (λ, Mi , sMi ) = ǫ(λ, Mi , sMi ) +

n Z
X
j=1

Ω(λ, Mi , Nj , sNj Mi , sMi )dFNj ,

(3)

Fj

where ǫef (λ, Mi , sMi ) is the effective spectral emissivity in point Mi in direction sMi ; ǫ(λ, Mi , sMi )
is the emitted spectral emissivity in point Mi in direction sMi .
From equations (2) and (3), one has
Ief (λ, Mi , sMi ) = ǫef (λ, Mi , sMi )I0 (λ, T ).

(4)

According to (3) at TMi = TNj = T value 0 < ǫef (λ, Mi , sMi ) < 1.
As is well known, for free-radiating element surface dFMi ,
Iem (λ, Mi , sMi ) = ǫem (λ, Mi , sMi )I0 (λ, T ).

(5)

Formally, (4) is identical to (5), if in (4) the index of ef replaced by the index of em. In principle,
the relations (4) and (5) can be close together and from the physical point of view, for example,
if the emitting surface roughness is significant, and therefore the surface radiates onto itself. In
this case, for the analysis of radiative exchange, it is necessary to use relations (4), which take
into account multiple reflections.
Thus, to determine the thermodynamic temperature T in an isothermal system of bodies,
one can use the same methods as for the free-radiating element dFMi of surface Fi .
It is demonstrated that, for the isothermal system of bodies, as well as for free-radiating body,
can be obtained the relationship similar to the Wien displacement law for blackbody spectral
radiation maximum. This approach is based on the use of information about peak-wavelength
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λmax determined experimentally, when intensity Ief = Ief (λ, Mi , sMi ) = ǫef (λ, Mi , sMi )I0 (λ, T )
of dFMi is maximal, and its derivative with respect to λ equals zero. In this case, one has
(Ief )′λ=λmax = (ǫef I0 )′λ=λmax = 0.

(6)

If divide (6) termwise by ǫef I0 at λ = λmax , one can write:
(Ief )′λ=λmax /Ief (λmax , T ) = (ln Ief )′λ=λmax = (ln ǫef )′λ=λmax + (ln I0 )′λ=λmax = 0.
Then, according to the Planck formula and expression x = c2 /(λT ), one can write:


x
(ln I0 )′λ = [ln(C1 /π) − 5 ln λ − ln(exp x − 1)]′λ =
− 5 λ−1 .
1 − exp(−x)

(7)

(8)

From equations (7) and (8), one has
ρef +

x
− 5 = 0,
1 − exp(−x)

(9)

where ρef = λ(ln ǫef )′λ = λ(ǫef )′λ /ǫef .
For black (or gray) radiation, (ǫef )′λ ≡ 0 and the relationship (9) reduces to the known
equation for determination of the Wien displacement law constant. Equation (9) was written in
the form convenient for determination of desired value x by the method of simple iteration
x = (5 − ρef )[1 − exp(−x)].

(10)

The value of ρef is unknown. To determine the temperature T , dependence of ǫef (λ) is proposed
to use the method presented in [8]. Then the value of λmax can be calculated according to
equation (10). On the other hand the value of λmax can be estimated on the basis of experimental
data analysis. In this case, the equation (10) performs the role of an additional check the
proposed approach. Expressions (4) and (5) have the same structure. Therefore, the analysis
of the temperature uncertainty by means (10) can be carried out using freely-radiating body
data [9].
3. Conclusion
It is shown that for the temperature determination of the isothermal opaque bodies system can
be used the same techniques that are used to determine the temperature of a free-radiating
opaque body.
The relationship (9), which relates the parameters T , ǫef (λmax , Mi , sMi ) and λmax for any
fixed values Mi ∈ Fi and sMi is found. In the relationship (9), each of these parameters can be
determined, if known are the other two parameters. In particular, the relationship (9) can be
used as an additional condition to determine the thermodynamic temperature of the isothermal
cavity by the thermal radiation spectrum of the target surface when the effective emissivity of
the radiation source is unknown.
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