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Combustion Problem for Reaction of v-order
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ABSTRACT

The problem of defining the conditions of spontaneous combustion of powdered materials under oxida-
tion for reaction of v-order and a wide range of heat and mass exchange parameters has been solved

in this paper. The mathematical model tested on

the laboratory apparatus and the test rig allows

to calculate and to predict the behaviour of bulk powdered porous stuff of any dimensions and shape

during its processing, transportation or storage.

Self-ignition of small-dispersal organic materi-
als is a widely-spread fenomenon in practice of stor-
age, processing and transportation of substances and
materials. Self-ignition is characterized by the fact
that it does not require outer impulse or high tempera-
ture to start. Self-ignition comes into existence by the
reaction of heterogeneous oxidation in large volumes
of the product under relatively small temperature of
* environment and it is accompanied by foundation of
gaseous products of the reaction. Because of low heat-
conductivity of small-dispersed material mass, heat
accumulation in the volume, growth of temperature,
speed of the chemical reaction and, in the long run,
ignition of the material come into existence.

Practical interest to processes of heat explosion
depends on principal oppotunity to calculate in proper
time fire safe conditions of processing and storage of
dispersed materials under which self-ignition is impos-
sible.

In classical theory, mathematical formulation of
the task with heat-explosion consists of the following
[1-4]: some volume is considered, and inside it there is
a reactant. Physico-chemical constants characterizing
heat-exchange and reaction of burning, heat-emission
inside the volume, initial and boundary conditions are
considered to be known.

This paper is an attempt to find an approximate
solution of powdered materials self-ignition problem
under their oxidation in the reaction of v-order and
change of parameters of heat-mass-exchange in large
diopason. The task comes to known equations of heat-
conductivity with a distributed source of heat and
speed of chemical reaction.

_ L0 or  n T\,
“Par T pdt+)‘(6:r.2+x 32:)’ (1)

dq . m _4a\’ _E/rr
dt - KOCOQ(I Q) e . (2)

41

Boundary and initial conditions are:

r=o0 if 0—1_:0; (3)
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z=r if ——/\Eza(T—To); (4)

t=o and L =0 if T=Tu; ¢=0. (5)
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Equation(1) is an equation of heat-conductivity
with distributed source of heat in a bulk of a material,
and equation(2) characterizes speed of the chemical re-
action. Boundary conditions fomulate absence of heat

~ stream on the axis of symmetry of considered volumes

and heat-exchange with the environment according to
Newion’s law. Three symmetrical volumes are con-
sidered in the task: flat-parallel (n = 0), cylindrical
(n = 1), and spherical (n = 2), and the following sym-
bols are taken: Ty, 7o, T - initial temperature, tem-
perature of the environment and current temperature
in the reaction zone correspondingly; z, r - current
coordinate and typical dimension, correspondingly; ¢
- time, @ - heat effect of the reaction, F - energy
of activation, Ky - exponential factor; A, ¢, p - heat-
conductivity, heat-capacity and density of substance
correspondingly; a - heat-emmision coefficient, R - gas
contstant, Cp - concentration of oxidant in the envi-
ronment; ¢ - quantity of heat educing in the reaction
per unit of solid phase; m, v - order of the reaction
according to oxidant and fuel, a - heat-emmision coef-
ficient.

Let us define the average temperature according

to volume
- 14n [ .
T= 1‘1+"L Tz"dz (6)

and approximately take into account distribution of
temperature on the parabola of the second order,
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where A and B - coefficients (time function) defined
from the boundary conditions (3)-(5).
Then the average temperature is:

- 1+mn [T 22\
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Let us express equations ( I ) and (2) through the
average temperature. To do this, let us multiply all

members of these equations by z™ - dr integrate from
0 till co

cp% = pKoCh'Q (1 - %)v ¢ E/RT
2(1 41
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Let is define product AB through the average temper-
ature T. From (4) and (10) we shall find the following

g%AB = a[A(1 - B) - T]. (10)
Let us change (8) till it looks like
T=A (1 - 1+—"B)
3+n
2
= A(1+n)B+ mAB, (1])
now we have that
- 2
-B)=T- ——AB.
A1-B)=T-=-4 (12)
Putting (13) into (11) we find that
T —

- (3+r)A] "
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Taking into account (14) and equalty of critearia B; =

ar/), system of equations (1) and (2) will look like
(averaging sign is omitted)
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A(1+n)(3 +n)(T - To)
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To come the received system to the task solved in pa-
per (6), Let us change expression (1 — ¢/Q) in the
exponent
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(1 - %) ~ et (16)
where
p= % (17)

When taking into consideration (17), equations (1)
and (2) with dimensionless variables will be rewritten
in the following way if

[ 4Q _ o pr14pe _ Y.
dr

ps
) %=76""'39/1+59; (18)
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where
n = pg if 0=-6 (19)
o = E(T_;z—t;g@; (20)
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System of equations (19) strictly coinsides with
the analogical system given un paper [6]. Critical con-
dition found in this paper is defined by the expression

Lop — 31 =

, e
Taking into account (22) and (23) and symbols given
above, we have '
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This critical condition differs from that deduced in pa-
per [6] by member
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It takes into account heterogeneity of temperature dis-
tribution in the sample.

The analysis of equation (26) shows that it quite

. coinsides with Semenov’s condition [1] and gives too
high values in comparison with Frank-Kamenetsky’s
solution. By introducing coordinating function ®(B;)
(its values are calculated according to data given by
Mirdzanov and collaborators in paper [3, 5]) into equa-
tion (26) (figure 1), quite satisfying agreement with
Semenov’s and Frank-Kamenetsky’s solution of the
task may be achieved in all diopason of parameter B;

change (from 0 till oo)

F(B) (26)

Q@ (B)

QECT pr2e-FEIRT (1 + %ﬁ)
MRTZ, A+ n)B+n)2(B))
3ucRT? 1
G5 "¢ @
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Figure 1: Dependense of function ®(B;) on B;

1 — a plate, 2 — a cylinder, 3 — a sphere.
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To decrease inexactitude appearing as a result
of approximation of temperature distribution in com-
bustible system by parabole of second order, function

®(B;) must be taken into account in equation (28).

To calculate critical values of temperature (7T,.)
and typical dimension (r) in equation (28), we need
values of kinetic parameters: E,K, and v. Definition
of these parameters is fulfilled grapho-analylically us-
ing thermal analysis [3, 7] from experimental curves
» AT-time” (figure 2).

The mathematical model deduced above allows
to calculate self-ignition conditions and to predict the
behaviour of a bulk of powered material of any dimen-
sions and shape.

Results of calculations for wide choice of veg-
etable stuff are shown in table 1. Period of induction
for the stuff given in the table was calculated accord-
ing to correlations given in paper [3].

AT

Figure 2: Kinetic curves of waining—up :
1— 447K ; 2 — 450K ; 3 — 456K ; 4 — 458K .
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Data from table 1 show that owing to the pro-
posed scheme of calculation of heat self-ignition condi-
tions it is possible not only to ascertain some potential
anger of various combustible powered stuff but also to
predict critical conditions of their storage (time of in-
duction, dimension of the bulk).

Necessity to process a great number of thermal
curves makes this method rather labour-intensive and
hampers its use to get necessary information quickly.
That is why some algorithms and a programm for cal-
culation of critical parameters was worked out on the
computer. It allows to calculate fast critical parame-
ters of powered combustible stuff self-ignition and to
predict their behaviour during processing, transporta-
tion and storage.

Exactness of the chosen model for calculation of
powered combustible stuff thermal self-ignition condi-
tions was tested both on laboratory and field levels
8.

Warming-up of a material was investigated in
laboratory conditions to get dependance T = f(t) and
to determine kinetic characteristics. Field testing was
carried out to investigate self-ignition in conditions
close to real storage of materials.

The results of comparison of the calculation with
the experiment are shown in table 2. Possibility to
predict conditions of heat self-ignition by using the
method described above (with precision enough for
practical purposes) is clear from the table.

Table 1: Critical conditions of storage of various raw materials.

No | Name of QK, E, v, r=1m r =5m r = 10m Ters
product J-kg7t-s7! | kJ -mol~t | 102 [ T, K | t,days | Tor,K | t,days | 1o, K | t,days | m
1 | Grass
powder 1.21. 10 117 | 1.75 | 357.73 — | 329.45 — | 318.53 - 36
2 | Sunflower
solvent cake 3.79. 108 43.2 | 2.27 | 267.61 2.4 | 225.92 2.2 | 211.84 2.2 1039
3 | Sunflower
oilcake 1.51-10°8 4201 12| 274.44 4.0 | 229.48 3.6 | 214.50 351 05
4 | Soy-bean
oilcake 4.36-10° 47.3 | 1.85 | 292.61 13.0 | 247.03 9.2 | 231.64 91| 038
5 | Wheat flour 1.94.101° 81.2 | 3.02 | 348.88 — | 310.45 —. 1 296.42 | 1387.6 8.4
6 | Wheat bran 4.1-10° 60.9 | 2.27 | 303.05 — | 264.66 17.7 | 251.01 172 | 1.12
7 | Barley flour 2.04 - 10° 73.6 | 2.61 | 344.91 — | 303.61 — | 288.76 | 548.1 | 5.63
8 | Fodder yeast 7.9-10™ 83.4 | 3.35 | 340.15 — ] 304.53 — 129141 | 650.6 | 6.25
9 | Mixed fodder
for pigs 8.89 . 10! 93.5 | 1.41 | 352.05 — | 317.92 — | 305.18 -1 81
10 | Mixed fodder
for birds 3.79-10° 71.6 | 1.78 | 326.35 — | 288.31 | 136.0 | 27457 | 1206 | 2.8
Table 2:
Name of material Size of sample, m Temperature, °C |At
calc,t, exper,tge
Shatura peat 0.05 128.0 139.0 11.0
Cotton solvent cake 0.05 147.0 150.0 2.5
Pinewood sawdust 0.05 166.0 170.0 34
Wheat flour, high qual 0.05 1734 178.0 4.6
Soy-bean solvent cake 0.8 57.1 59.0 1.9
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