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ABSORPTION CAPACITY OF DUST-AIR FLOW

A. G. Blokh and A. I. Nosovitskiy, Candidates of Tech. Sciences.

Central Boiler and Turbine Imnstitute.

Results of the experimental research of the absorption capacity
of flow, carrying coal dust, are presented. The calculation
dependences for determining the beam attenuation factor in a dusty

volume are proposed.

In many heat-engineering problems there often appears the
necessity of the calculation determination of the amount of heat,
absorbed by a flow of dispersed substance, from the emission of
foreign substances. So, for exaample, problems about heat exchange in

the root of a coal-dust flase, drying, wvarsing up and gasification of

coal dust in suspended state amd others require knowledge of the
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absorption characteristics of flows, filled with dust of coal

particles.

Analytical sethods of calculation of the absorption capacity of
a flow of coal dust, proposed by Wohlenberg [ 1], Haslam and Hottel
[2), Malcor [3), were based on very rough assuaptions and could not

be used in practice.

A significant step forward in this region was the work of K. S.
Shifrin (4], in vwhich is given a deep, physical basis of the account
of the theory of scattering and absorption of electromagnetic wvaves
by suspended particles. Although this work does not contain
experimental data on the characteristics of absorption properties of
particles of coal dust, the general theoretical considerations

developed in it can be used for analysis of the gquestion of interest

to us.

Froa experimental investigations of radiation-absorbing
properties of coal-dust fiows there is known only the vork,
accomplished in All-Union Institute of Heat Engineering (VTI) under
the leadership of V. N. Timofeyev., The results of this work, howerver,
cannot be used for the estapblishment of qualitative dependences,
since the experiments were conducted at one temperature of radiator

2000°C, Furthermore, in these experiments took place separation of
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the dust particles on the turn before the measuring section, and also
considerable dust-coating of the protective glasses, installed in
front of the radiometer, makes the experimental data quite

unreliable.

The investigation of the radiating capacity of flows,
dust-coated with ash particles, conducted by the authors, and the
quantitative characteristics established in this article [ 5] could
not be distributed to coal dust, differing from ash dust both by

structural coamposition and by physical characteristics.

Thus, the setting of special experimental investigations was
required, wvhich would perait giviag recosmendations for the
quantitative evaluation of radiant heat exchange in volumes, filled

with coal particles.

In this article are discussed the main results of the conducted

invescigation, carried out under the guidance of A. M. Gurvich.

The seasurement of absorption was conducted under conditioms of
filling of airflovw with coal dust. The experisental imnstallation vas
made vwith closed scheme with respect to dust amd air. The measuring
section consisted of a vertical cylindrical tube 180 mm in diameter

and 1500 sa long, placed in a rectangular box. Through the dusty flow
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passed radiation froa foreiyn absolutely black sources with known

temperature and spectral composition of radiation. The amount of
passage vas measured depending on the temperature of sources,
concentration, fraction coaposition and type of dust. The small flow
of air between the box installation and the tube of the working

section eliminated the dust coating of the radiators and receivers.

The energy of radiation was measured by a radiometer specially
constructed and manufactured for this purpose. The description of the

experimental installation and the radiation instrument is provided in

{5].

The flov rate of air was deterained by the average planisetric
speed of the nondust-filled flow in the working sectiom of the
cylindrical tube. The velocity distribution in the tube was measured
vith the aid of a pneusatic-type meter tube. The average speed of
airflov in the wvorking section of the cylindrical tube in all

axperiments vas 11.6 a/s.

The flow rate of dust vas gravimetrically determined by the tinme
of passage of a known wveighed amount of dust through the feeder. The

vibration-type dust feeder provided feed of dust, uniform inm a rather

wide range of change of flow rates and stable in time.
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The experiments were conducted with dust of Pechora coal of
brand PZh and Donets anthracite, ontained in drum-ball mill, and also
vith dust of Donets gas coal, obtained in a medium-travel mill. Proa
the Donets coal dust were separated five fractions with different

fineness of grinding.

The fraction composition of all the investigated types of dust

are presented in Pig. 1.

Pig. 1. Praction composition of coal dust. See designations in the

: tableo I
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‘ The main characteristics of these dusts are presented in the table.

i Table. Nain characteristics of dust.
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DV oneunnh resoswfl yroas . . . . | 1,45 | 0,206 | 30.2
ov }J—l“‘““ cosoumd yrom . . . . . f,4¢ | 0,130 | 30,8
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Key: (a) Designation. (b) Fuel. (c) g/cm3. (d) m2/g. (e) uN. (f)

Pachora coal PZh. {(g) Dcnets anthracite. (h) Donets gas coal.

The average specific surface of dust P and the average diaseter of
particles d vere computed on the basis of distribution curves
presented in Pig. 1, obtained by sieve analysis and sedimentation,

according to relationships

600 dD — 6.1

vhere D = D(x) - percentage coatent of particles with dimensions less

than x3

x and «x - dimensions of smallest and largest particles;

Hun Naxe

v - specific veight of dust.

Experiments encompassed the £ollowing region of change of main

variables: temperature of radiation sources t changed from 400 to

e bl e ks
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1200°C; dust conceantration in tlow u - from 15 to 250 g/m3 and

average diameter of dust particles 4 - froam 3.5 to 30.6 uN.

TEST RESULTS AND THEIR AMNALYSIS

The conducted tests made it possible to reveal the effect of the
temperature source of radiation, the fraction composition and the

type of coal dust on the absorption properties of dust-filled flow.

As an example in Pig. 2 are provided the experimental values of

the coefficients of absorption a for dust of Pechora coal, obtained

at different temperatures of the radiator.

b Pig. 2. Dependence of the coefficient of absorption of dust-filled

L flov on i and temperature for Pechora coal dust PZh.
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Froa this graph is clearly visible the effect of the temperature of

radiation source on the absorption capacity of the dust-filled flow.

Similar data vere obtained for dust of Donets anthracite and

Donets gas coal,

FPig. 3 contains test data, characterizing the effect of the
fraction composition of dust on the absorption capacity of the
dust-filled flow, pertaining to dust of Donets gas coal at

temperature 1200°C.

FPig. 3. Dependence of the absorption coefficient of dust-filled flow

on pa for dust of Donets gas coali of various fraction compositions

at teaperature of radiator 12009cC.
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Proes the graph is seen a very coasiderable lowering of the absorption
capacity of coal dust in proportion to coarsening of the fraction
composition of the latter. Similar dependences are obtained at

temperatures 400 and 1000°C.

As the processing of exparimental material on ash and coal dust
showvwed, the absorption cosfficient of the dust-filled flow can be

calculated by a formula of the type:
—thI.

a=]—¢

vhere k - attenuation factor of bean:

Z - length of path of beam in turbid medium.

The beam attenuation factor k determines the dependence of the

A A S S <a ey e
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absorption coefficient of the dust-filled flow on the temperature of
the radiation source, size and physical properties of dust particles.
The theoretical determination of k for actual ash and coal particles
at present is not possible. However, from general consideration of
the problem about attenuation of monochromatic bundle of beasms in
turbid medium {4 ] it is possible to establish the main parameters,

determining the spectral absorption capacity of any dust-filled flow.

For this purpose we used the results of investigations of K. S.
Shifrin on the diffraction of eliectromagnetic vaves on a sphere,
which vere spread to the case of attenuvation of radiation from an

absolute black body [5].

The beam attenuation factor in this case is uniquely determined
by two main parameters: d/i, and A. The first of theam characterizes
the relationship between the sizes of particles 4 and the wave length

1,, at vhich the radiation of absolute black body reaches its
maximum value. The second considers the effect of the physical
properties of the substance of dust and the complexity of the shape
of the surface of dust particles on the absorption capacity of the

dust-filled flow,

Thus, the foramula for the attenuation factor of the bearm in

dusty volume can be writtan in the form:
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The final task of the experiment was the determination of index p and
the numerical value of parameter A for dust of the investigated

fuels.

rig. 8 shovs the dependence of the optical density of dusty
volume r=1ln(1-a) on the force of absorption p/ for dust of all

fuels investigated in the work ¢,

FOOTNOTE: * In Pig. U the curves, pertaining to different series of
experisents, for convenience are shifted with respect to each other

along the axis of ordinates by addition of constants, indicated near

the corresponding curve. END FOOTNOTE.

Pig. 8. Dependence of la(1-a) on 4 and the temperature of flow.

a - dust of Donets anthracite and Pechora coal; b - dust of

Donets gas coal.
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As the parameter is selected the temperature of the radiation source.
Prom these graphs were established the experimental values of the
effective section of attenuation

kF:F%ln(l—a)
for all fractional compositions of dust at prescribed temperatures of

black radiator.

The effective section of attenuation im the temperature range
from 400 to 1200°C for all fractional compositions of dust turned out

to be independent of the force of absorption /. The linearity of

e ————
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change of 1n(1-a) depending on the force of absorption ¢/ shows,
furthernore, the uniforaity of distribution of dust along the section

of the aeasuring section, available in experiments.

Thus, values of p/ can be taken constant outside the

dependence of

; By changing to establishment of the dependence of the
attenuation factor on the teamperature of radiation source, it is

1 necessary to bear in mind that the absorption properties of any

L s one

tarbid medium depend not only on its own characteristics, but also on
the spectral composition and the intensity of incident radiation. In |
viev of the fact that in our tests as radiation source there wvas used |
1 a physical model of absolutely black body, the spectral composition

: of incident radiation wvas clearly determined by the teaperature of

} the radiation source.

; As seen from the provided graphs, the effective section of
attenuvation #4F 1s deterained for all fractional compositions of
1 dust of given fuel by assignment of the temperature of radiation

source and the average diaseter of dust particles.

In all the conducted tests the value of &F grew im proportion

to increase of temperature of the radiation source and decrease of




.- USRS g et A 0B b AR e gy _...__m—‘-‘

DOC = 1353 PAGE ¢
the size of dust particles.

Pig. 5 shows the dependence of attenuation factor of a bean,

pertaining to average specific surface of dust, on value 21./4.

Pig. 5. Dependence of attenuation factor of beas on paraseter %n

AT T

[
(1174 \\
s ® fevapenui AN . |)
Qo = o Aowewssi sassboi | b )
aul A

A O T T T T T T TR

Key: (a) Pechora PZh. (b) Donets gas.

4 The absorption capacity of dusty flow substantially depends on
the type of fuel (Fig. 5). The cause of this is not yet established, ‘

1 however, it can be assumed that the difference of the absorption
capacity is basically connected with deviations in the value of

| effective specific surface of dust, actually participating in the

3 attenuation of incident radiatioa.

In Pig. 6 dependence k=f(2,d) is represented in logarithamic

anasorphisa. ﬁ
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Pig. 6. Dependence of 1g k on lg%’ for different types of coal dust.

Designations are the same as in PFig. 5.
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Prom this graph was established the value of index p for all test

fractions and types of dust.

This value turned out to be constant for all types of dust and

equal to 1/3. This same value of p was obtained earlier in numerous

tests with ash dust.

Thus, the attenuation factor of the beam in flow, filled with
coal particles, can be deteramined tfros relationship
Y
k_A‘/g,
in which for dust of Donets gas coal A=0,06, for dust of Pechora coal

A=0.08 and for dust of Donets anthracite A=0. 14,

By changing to effective section of attenuation and by replacing

We can write

Ao by the temperature,
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The obtained foraula estabiishes the dependence of the effective
section of attenuvation #F o the temperature of the radiation
Source and the average diameter of Particles and can be Tecommended

for estimation of the absorption capacity of dust-air flov.

Due to the fact that the tests vere conducted on a linmited
gquantity of types of fuel, the probles of further investigation is
the accumnlation of test data about the effect of the type of dust on

the absorption Capacity of the dust-filled tlow,
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