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Abstract. Multichannel optical pyrometer is described. Temperature measurement and emissiv-
ity definition methods are presented. Role of dispersed condensed phase of exterior torch layers is

discussed.
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BU3HAYEHHS CIEKTPAJIbHOI 3AJTEXKHOCTI BEJIMYUHU BUITPOMIHIOBAJIbHOT
3JIATHOCTI ®AKEJIA TBEPAOI CYMIIIIHOI CUCTEMHU

M. FO. Tpogpumenxo, I0. A. Hiuyx, T. D. Cmazaenxo, JI. 1. Paouyx

Anoraniga. OnrcaHo 6araToKaHaJIbHUM ONTUYHHI ITipOMETp, SIKUiI BUTOTOBJICHO aBTOpaMM, i
METOAMKU BU3HAYEHHSI 3 MOro JOMIOMOTI0OI0 TeMIIEpaTypy Ta BUIPOMiHIOBAJIbHOI 3MaTHOCTI Ha pi3-
HUX JOBXWMHAX XBWJIb ITOJIYM 5. 3BEPTAETHCS yBara Ha poJib KOHIIEHTpAaIlil IucIiepcHoi a3y 30B-
HIITHIX 1IapiB dakenra mpy BU3HAYCHHI TEMIIEpaTypH i BUIIPOMIiHIOBAJIbHOI 3IaTHOCTI IIOJIyM 5.

Kirouosi ciioBa: ropiHHsI, BUIIpOMiHIOBaJIbHA 3JaTHICTh, TeMIIEpaTypa, KOHIeHCOBaHa da3a,

MoIyM’ s

OIIPEIEJIEHUE CIIEKTPAJIbHOM 3ABUCUMOCTHU BEJINYNHBI N3JTYYATEJIBHOM
CIIOCOBHOCTHU ®AKEJIA TBEPION CMECEBOI CUCTEMBI

M. I0. Tpogpumenxo, 10. A. Huuyx, T. @. Cmazaenxo, JI. H. Paouyx

Annoramus. OnycaH MHOTOKAHAJIbHUI ONTUYECKUIA TTUPOMETP, KOTOPBIA M3rOTOBJIEH aBTO-
paMM, U METOIVKHU OIPEIeNIEHNsI C €ro MOMOILbIO TEMIIEPATYPhl M U3Ty4aTeIbHOM CITOCOOHOCTU
IUTaMEHU Ha pa3HbIX JrMHax BoyH. [lokasaHa pojib KOHLIEHTPALMU JUCIIEPCHOMR (pa3hbl BHELITHUX
ciioeB (hakesia IIpy oIpeneIeHUU TeMITepaTyphl M U3JTydaTeIbHOM CIIOCOOHOCTH (hakea.

KiioueBblie ciioBa: TOPpCHUEC, MU3JIy4daTC/IbHAasA CHOCO6HOCTL, TEMIICpaTypa, KOHACHCUPOBaAHHAaA

daza, miams

Introduction

The original multi-channel optical pyrometer,
developed by authors, and the methods of tempera-
ture and irradiating ability of a flame determination
at different wavelengths have been discussed. It is

necessary to pay attention to the concentration of
disperse condensed phase of outer layers of flame
during the determination of temperature and irra-
diation ability of the flame.

The existing experimental data of coefficient of
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flame irradiation ability € were obtained for metal
oxides or carbon parts [1-3]. In early papers [4]
for solid blended systems (SBS) flames based on
per-chlorate ammonia the € values were detected
for local fields of torch experimentally (2-0.3)mm?
at pressures of (4-6) MPa in the region of spectra
about (1-1.8) micrometers.

The use possibility of the SBS for welding dop-
ing and obtaining of light sources with determined
parameters was the important reason to detect the
¢ of full torch (or their extended parts) as well as to
determinate the flame brightness at the flame tem-
peratures. The measuring regions of working tem-
peratures for those SBS are in 2000-3000 K. The
major part of emitted energy of the torch is placed
in the wave region of less then 1 pm.

The spectra of SBS to be investigated at pres-
sures of 4 MPa and more have a continual character
[9] and consist of two components. The first com-
ponent is the emission of burning particles of initial
SBS and condensed products of their burning (K-
phase). Second component is the irradiation of gas
phase which is the enveloping curve of the molecu-
lar strips (in case of small spectral discrimination
of the measuring device) of their electron-rotating
structure, the intersection and self-reversal of dif-
ferent strips at high density of burning products.

Sometimes the SBS emission spectra at pressure
of 0.6 MPa except of continual irradiation of the
flame may be presented the lines and strips specific
to some elements or compounds placed in torch.
This fact can due to the increasing of probability of
entering the one of working wave of the pyrometer
to this line, and, hence, the violation the “gray”
condition (¢ = const) for flame emission. Analyz-
ing of registered flame emission at full number of
wavelengths as it is possible in experiment, may suf-
ficiently reduce these measurement errors.

Hence, in order to increase the accuracy of mea-
surement according to [4] it is necessary to enlarge
the spectral region of &, and quantity of working
wavelength of the pyrometer and it would be neces-
sary to have a possibility to register the emission of
torch part.

Besides, the serial pyrometers which satisfied
the previously mentioned conditions, multichan-
nel and large scope in noted spectral region are not
manufactured.

So, it is necessary to produce the multichan-
nel pyrometer and measuring temperatures and &
of extended parts of optically solid torch. (Optical
solid torch contains the “K-phaze” in a quantity
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that makes it non-transparent for own irradiation
of flame reflected by outer mirror).

The temperature region of flames to be investi-
gated are (2+4)-10° K. Maxima of energy are placed
in (0.8+1.5) um according to Wien displacement
law. Moreover, the interesting spectra region of
(0.4-0.8) um because of methodologic error while
measuring the brightness temperature is low that in
the region of (0.8-1.5) um.

We produced the 7-channel optical pyrometer
with scope of ~8°. Working wavelengths for registra-
tion are determined by changeable interference fil-
ters of A, = 0.589 ym, A, = 0.621 um, A,=0.766 pm,
A,=1.165 ym, A, = 1.37 ym, A, = 1.55 pm, A, =1.8
um. We have measured the 7 brightness tempera-
tures, color temperature by spectral dots of con-
tinual spectra and as well the color temperatures
by two spectral dots. During the same experiment,
we calculated the emissive ability € for optical solid
flames in seven dots. The value of relative device er-
ror of color temperature in this region of spectra not
has not exceeded AT /T -100 %=1.75 % [10].

The burning of SBS samples based on ammo-
nia perchlorate reaction with elastic polyacrylates
binded with doping of spherical aluminum powder
ASD — 1, (dispersion of grains is 16 mm) have been
investigated. The burning of samples of 20 mm,
height — 20 mm was investigated at pressures of 0.6
MPa in the set of constant pressures (SCP) in ni-
trogen atmosphere. In order to provide the flat (by
layers) burning, the side was sealed by TSIATIM
grease.

The outer window of SCP has the round dia-
phragm diameter of 2.5mm. As far as combustion
of standard flame passes through a diaphragm light
from more remote of the flat surface of burning
samples of flame’s area. Building the graph of de-
pendence /n b,-A’=f( /) for five wave-lengths from
the area of continual spectrum, find the interesting
us temperature of initial area (diameter of 2.5 mm)
of flame in the set of torch section.

In composition, the explored standards of SBS
metals sodium and potassium are present. The
sensitiveness of the applied method is such that
the lines of radiation are due to the technological
admixtures of sodium and potassium, registered
by our device through channels with wave-lengths
A, = 0.621um and A, = 0.766 pm, accordingly. Val-
ues ¢ in the proper spectral points, the radiation of
the indicated metals occasionally approached the
value of 0.85. Temperatures of brightness, found at
such values of € near to the color temperatures of
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distribution. Thus, the possibility of comparison of
results appears got in the conditions of the experi-
ment (T =2250 K; T,=2205 K).

In the case, when a metal (for example, B) is
entered into the explored composition for the im-
provement of burning parameters of the radiation
of products of combustion of metal, it is possible
to draw conclusion about his role in the process
of burning (start, intensity and the end of reaction
with its participation).

Measurement was conducted using the method
described in [5]. The offered method, as specified
higher, settles in the same experiment simultane-
ously to define a temperature and estimate the value
of a flame radiating ability. The formula for calcula-
tion of & for wavelength A is shown below:

Cy

AT,
e —1

here ¢, = 1.4388-10* pm*K — second constant of
irradiation at Plank’s law, T —brightness tempera-
ture for wavelength A, T, is T_ detected for accord-
ing local-extended parts of the flame.

Measurement of € was conducted in the spatial
areas of torch near to the area, where the maximal
values of temperature of flame are achieved and, in
our case, maximal values of size of integral radia-
tion. Dependence € on a wave-length took low-re-
duced character with multiplying a wave-length (see
at Fig.1). The absolute value of a radiating ability
for this wavelength (¢,) depends on the site of inves-
tigated area in a torch [6]. It is stated that dispersion
of K-phase and its concentration (in particular in
the external cold layer of flame) is different along
a torch. Indicated absolute values ¢ (1+4)-10! and
motion of dependence ¢, at a change A, characteris-
tic as for P=0.6 MPa, so for P= 0.1 MPa. Advanc-
ing pressure up to P = 1.4 MPa type of dependence
¢ from A remains as formerly, and the absolute val-
ues diminish up to (2 +6)-10-3.

With respect to potassium and sodium, it was
found by us in the same experiment, the radiate
ability is proper to their lines in flame being higher,
than in the nearby areas of continuous spectrum.
Thus, as far as moving of measured area toward the
top of torch there is at first an increase ¢ (e.g. the
intensification increase of the reaction with metals
participation) transition of the curve 1 to the curve 2,
then fading of reaction (curve 2-5). It is explained,
that the admixtures of sodium and potassium are
contained in initial composition as connections

and appearance of their lines in the spectrum of
radiation talks about decomposition of these con-
nections, freeing of the indicated metals and their
readiness to react.
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Fig. 1. Spectra dependence of ¢ for the STS-flame at
pressure P = 0.6 MPa.

Numbers of curves are growing accordingly to the
distance between the object and sample’s flat end.
1—T=2220K;2—T=2250K;3—T=2914K;
4 —T=2742K;5—T=2417 K.

It is necessary to mark the complicated structure
of SBS torch [4,6], consisting of hot radiative cen-
tral part and more cold external area from the con-
siderable concentration of particles of K—phase.
As the influence of the particles is specified in the
paper [7], the influence of K — phase particles on
the form of distribution £ on wave-lengths can be
deciding, and a change dispersion of particles of K-
phase change ¢ in short-wave and long-wave parts
of spectrum differently.

That in the conditions when size of particles of d
of the condensed phase (appearing particles of not
reacted carbon and being in flame, reactive par-
ticles of initial SBS) of d ~ A, the € depends on a
change A slightly, the insignificant change of d (ad-
vancement is higher on a torch, change of pressure,
blowing, reserving, technologically entered additive
in the complement of standard) could change both
inclination of the got curve and its form (increasing
dependence could become decreasing).

At comparison of papers [4, 6] statements,
where measurement of ¢ conducted at pressure of
P =4 MPa and 6 MPa and the present work (P =
0.6 MPaand 1.4 MPa), it is necessary to mark as the
general conformities of € law conduct and the dif-
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ferences. To general conformities to the law behav-
ior detail that with the increase of pressure in both
cases, the absolute value of € diminishes, and the
principal reason of it, being as we get the increase of
concentration of K-phase and change its dispersion
in a torch.

The size of absolute value of a radiate ability de-
pends on a location in the torch of measured area,
terms of burning of standard and formation of K-
phase.

So in [6] the terms of combustion SBS in SCP
at 4 MPa is such, that in the overhead area of torch
more homogeneous distributing of temperatures is
achieved on the diameter of torch, the concentra-
tion of particles of K-phase is less. All of it results in
diminishing of radiation dispersion influence of hot
kernel in more cold layers of torch.

In the real experiment and, in particular, the
measurement € conducted in area of torch, where
the maximal values of size of optical radiation of
flame and maximal values of his temperature are
achieved. At P = 0.6 MPa, this area could be suf-
ficiently extensive, with the large difference of
temperatures between central and external parts
of torch. After passing the area of maximal tem-
perature (higher on a torch) intensity of radiation
of flame not immediately diminishes and it results
in active education and accumulation in the torch
of K-phase, that causes its large concentration and
small sizes of particles. All of the results, in mul-
tiplying the influence of radiation dispersion and
diminishing of value ¢ as far as advancement of the
explored area upwards at the torch area of maximal
temperature. Detailed information about the spatial
distributing of temperatures and change of struc-
ture of torch SBS presented in paper [9], K-phase
flames SBS on the basis of ammonium perchlorate,
presented in [8].

To provide the needed values, the complicated
calculation was done, if the task decided in gen-
eral, and the experimental methods of information
receipt are so important on the size and frequency
dependence € in every case.

Conclusions:

The experimental results’ discussion have shown
that:

1. The original optical pyrometer gives the pos-
sibility to extend the spectral region of optical de-
scriptions (parameters) of flame measurement.

2. The offered method lets us to determine
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the absolute values € and distribution € on wave-
lengths in different parts of torch at decompressed
from the locally extensive (& 2.5 mm) areas of
flame with the same precision of the temperature
measurement.

3. Presence of large number of working wave-
lengths in the original optical pyrometer enables to
involve part of them for registration of radiation in
lines characteristic for a reaction with certain ele-
ments or connections (the potassium and sodium in
our case), and to conclude about their role in burn-
ing and to specify a place in a torch, where their in-
fluence is maximal, specifying the same the mecha-
nism of burning SBS.

4. The experimental results specify the complex
structure of torch HUSH and considerable role of
K-phase (dispersion and concentration) at optical
description of flame determination.

5. Size of absolute value of a radiate ability ¢
depends on a concentration and dispersion of K-
phase and area of maximal change & observed on
wave-lengths near to the sizes dispersive particles of
K-phase of external layer of torch.
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