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Abstract : Mine fires break out and continue in confined scopes , studying mine fire dynamics characteristics is very useful

to prevent and control fire . The judge ment index of fire chaos characteristics was introduced, chaos analysis of mine fire

process was described , and the reconstruction of phase space was also presented. An example of mine fire was calculated .

The computations show that it is feasible to analyze mine fire dynamic characteristics with chaos theory , and indicate that

fire process is a catastrophe , that is to say, the fire system changes from one state to another during mine fire .
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1 INTRODUCTION

Mine fire is one of the critical disasters in under
ground coal mining[l]. Once fire accidents happen,
they cause a large loss of livers , destroy generous coal
resources and equipment. If they are not handled
propetly and timely, they maybe induce more serious
consequences such as gas or/and dust combustion and
explosion leading to the further expansion disasters .
According to differences of fire causing, the mine
fires are divided into two types , breeding fire and ex-
oge nous onel2- 31,

Mine fires break out and continue in confined
scopes where the ventilation network is very compli-
cated. They have their own characteristics during
their starting, propagating, and fire fighting[4’5].
The burning objectives of mine fires are different
from those which are obvious in the surface . The tox-
ic and high te mperature fumes produced during mine
fire are fairly dangerous, in the meantime , the densi-
ty of O, declines quickly, so miners who inhale pol-
luted air can be poisoned and even die . Fire flame re-
duces visibility to shelters and itineraries for avoiding
fire , at the same time, they hinder miners from evac-
uating fire zones and fire fighting. Moreover, ther
modyna mics effects of high te mperature airflow disor-
der mine ventilation systems, when fire scopes attain
some extents, air quantities of galleries decrease
quickly , even cause the reversals of airflow directions
in some airways so that the spread scopes of fire
fumes may be eXpanded[6’ T,

In some reports and statistical figures, 95 % of
those who were killed by mine fires resulted from tox-

[5,8~10]

ic fumes Sometimes mine fires cause coal

dust and gas explosives so that fire risks and scopes
may be enlarged. This is one of the main reasons that
mine fires are very dangerous to miners! ! 71371, So,
studying mine fire dynamics characteristic is very use-
ful to prevent and suppress mine fire .

In this paper, we used deterministic chaos to an-
alyze the formation, happening and development of
mine fire , and to study system state changes .

2 ANALYSIS METHODS

Output information, such as pressure, te mpera-
ture and velocity, is very helpful to analyze mine
fires . Using time series of these variables, we can in-
vestigate the fire consequence. Extracting mine fire
characteristics from variables of time series is useful
for us to comprehend and understand continuous
changes of accident procedure, and system states
catastrophes . How tosurvey fire dynamic characteris-
tics using one or more variables of time series is the
key to understand the fire process. Deterministic
chaos theory is conductive to the solutions of the
problem, it can extract dynamic behaviors from a
variable of time series. Analyses methods of chaos
mainly include : 1) reconstruction attractor of phase
space from time series , the attractor represent syste m
dyna mic behaviors!'*+ 131 2) based on time series cal-
culation of Kol mogorov entropy and fractal dimension
which are important measure ment of chaos states in

phase Spaces[ el

2.1 Reconstruction attractor of phase space from
time series
Supposing an output variable of system is { vj} ,
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using ( n, J) window we can construct vectors x;,

T
Vit (n-1)]) (1)
The application of an ( 7, 1)- window to a time series

xi:(vil ’Ui*j’

of Ny datapoints results in a sequences of N = Nrp -
(n-1) vectors, { x€ER" i=1,2,.., N} in the
embedding space . Based on Takens’ Theorem, such
a sequence can be used to construct a trajectory ma-
trix, Y, here

Y={x, x, -, xy} (2)

State trajectory reconstructed re mains some ma-
jor characteristics of former trajectory. A time series
of measure ments made on a system, { vj} , must be
disturbed by some noise . Researches show that noise
weakens deterministic characteristics of mine fire out-
put information. In different bases of R", effects of
noise different. As the embedded space is multi- di-
mension , it is very difficult to plot its attractor by us-
ing common geometry methods. So we should deter
mine the problem that which basis the plane is made
from can correctly reflect syste m characteristics .

The trajectory matrix X is

X= N[ xf, x), 2} )

Using trajectory matrix , the covariance matrix,
&, is shown in the following,

N
1
F= X' X=" > xal (4)
i=1

where Zis a real, symmetric n X n matrix ,and
corresponding to a quadratic form. A real and
quadratic form can be exchanged into a standard form
using linear change of full rank. From the eigenvec
tors of the standard form, we can induce a set of or
thogonal basis which can be embedded in R". We
project attractor onto the plane spanned by the two
eigenvectors which are corresponding to the two
biggest characteristic values, and the plots contain
main dynamic characteristics of system . This is the
reason that geometric shape of the attractor in the
plane is the biggest, and the effect of noise is little in
the directions of the two eigenvectors. In practice, a
bigger n is used, then a lesser n can be gained using
characteristic values spectra .

2.2 Computation of Kolmogorov entropy of chaotic

infor mation

Kol mogorov entropy is one of important mea-
sure ments of chaos, and using it regular move ments,
chaos move ments , and random move ments can be dis-
tinguished. The computation of Kol mogorov entropy
is related to correlation di mension .

The correlation dimension is defined as follows :

=-lim[InC,(r)/Inr] (5)
r=0
N
C(r = YH{r- llx- 21} (6)
N 5 i
where  H{*} is Heaviside function, and Il = Il is

norm . So Kol mogorov entropy, K, , is in the follow-

ing
R Cu(1)
Ky=lim| —ln—= 7
T G "
where C,(r) = rDeXp( - nJKy), n—=o, r=0.

K, is one of important measure ments of chaos. K, is
o in random system, but in regular move ments K,
=0, and in chaos system K, >0. The larger K, is ,

the more chaos characteristic of fire syste m it

3 EXAMPLE ANALYSIS OF MINE FIRE

An example of mine fire is given in the follow-
ing . At the 660 m mark, the drivage struck the goaf
of old stall and heading workings in a seam, which
was 84 cm thick, with a strong shale roof and hard
fireclay floor. The old workings were passed through
in a total distance of 109 .73 m and the old roads were
filled with rubbish for approximately 1 .8 m on either
side of the drivage , where timber cogs were erected
for extra support. In the length of roadway that
passed through the seam goaf, it was expected that
there would be an in-leakage of air from the west re-
turn through the old workings ; in fact some 8 .49 ~
9.43 m’/s entered the heading . After ten days
methane was ignited and the mine fire continued in
the colliery . During the period of fire fighting , some
atte mpts to control the fire by sealing the area and us-
ing airlock were unsuccessful . Finally , mine fire was
eliminated with nitrogen gas .

Using the above methods , we select two time se-
ries of [ CHy] and [ O, ] to analyze the fire. The time
series are illustrated in Fig .l . First, the phase space
dimension must be determined, so 4 observing win-
dows, which are (15,1),(20,1),(25.,1) and (30,
1) , are used to calculate the character values spectra
of time series of [ CH,; ] and [ O, ]. Based on their
spectra, the embedded space dimensions of [ CHy ]
and[ O,] are 7, 8 respectively . The correlation frac
tal dimensions of [ CH;] and [ O, ] are 0.55 ~1 .03
and 0.3 ~1 .01 respectively . At the mean time, Kol-
mogorov entropy is larger than zero, so the catas-
trophic system of mine fire is a chaos system .

The two time series of [ CH;] and[ O, ] are e m-
bedded into R’ and R® respectively , their trajectories
are projected onto plane spanned by vectors ( G ,
;) , which is corresponding to the two bigger char
acter values, 4 and A, , of covariance matrix. The
attractors are illustrated in Fig.2. Embedding ex-
change may change geometric shapes of attractors,
but their dynamic characteristics can not be changed.
So some conclusions reached are as follows :

1) The trajectory of fire procedure shows obvious
chaos characters , and the attractor has global stability
and local instability (or no periodicity) . No periodici-
ty shows that the syste m trajectory never intersects or
overlaps at any time, so the attractor must be
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fractal . Fractal dimension is one of key measure ments
fires .
Simultaneously , no periodicity states that it is impos-

which can be wused to describe mine
sible to make long term forecast of mine fire acci-
dents .

2) The dim area of attractor, which is surround-
ed in dotted lines , presents the states where system is
preserved. In different times of mine fire, system
states show catastrophic characters . At the beginning
of fire , its state is S, . With the fire expansion, its
state is S, . Once the fire is regulated and eliminated
timely , its state is S; . So the procedure of mine fire
is catastrophe of mining system . Therefore , mine fire
can be described in catastrophe models, and deter
ministic chaos theory can describe the changes of mine
fire system among multtstates .

3) During the period of mine fire, the trajectory
of system state is strongly dependent on the initial
conditions , so we can not repeat one mine fire in lab-
oratory or field completely[ 17
acteristic curve is the output of fire zone, generally,

the curve can be determined only after each fire pro-

. Fire propagating char-

cess .

Using the proposed method, we also analyzed
fire fumes of [ CO], [ CO,] and [ H, ] in the mine
described

and make the conclusions

(61

fire ,
above

same

4 CONCLUSIONS

To study dynamical characteristics of mine fire
using chaos is an attempt to explore the catastrophe
laws of mine fires . From the analysis above , the fol-
lowing conclusions can be reached.

1) Using chaos theory, we proposed chaos anal-
ysis of fire dynamics, and introduced fractal dimen-
sions and Kol mogorov entropy to describe the change
law of fire dynamics characteristic .

2) An example of mine fire was calculated using
deterministic chaos analysis and the dynamic behav-
iors law was investigated .

3) Analysis proved that mine fire process shows
chaos and fractal characteristic and is a catastrophe,
so it is feasible to analyze mine fire based on fractal
dimensions and catastrophe models .
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