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1. Introduction.

Wild fires are disastrous events damaging the environment. Numerous examples show that extinguishing the wild firesis a hard
line, which does not ever finish successfully. Let us remember, for example, the fire in the Los Alamos region in spring, 2000.

There is a method of extinguishing the wild fires by means of exploding of longitudina charge located before the flame front
[1,2]. Here, there is observed the amplifying of the shock wave after it passing through the flame zone. The effectiveness of the method
was experimentally demonstrated [3]. However, it is not put into practice.

According to the authors hypothesis [3] this extinguishing is due to blowing a flame off by a shock. Amplifying the shock is
considered in terms of additional explosion of a mixture consisting of air and pyrolysis products (PP) from crown fragments (pine
needles, small branches, and leaves). This additional explosion is supposed to follow a shock from initial explosion.

Thereis another hypothesis [4], which considers the process is due to growing the hydrodynamic instabilities.

On explosion of a cylindrical longitudinal charge, an expanding non-steady shock is generated. The substance accel erates on the
shock wave front, and, then decel erates. When the shock wave passes through the flame front, this corresponds to its propagation from a
substance with a more high density (PP-air mixture) into another of lower one (flame). As a result, we have conditions for occurrence of
instability induced by the shock wave [5,6], and then, the conditions of Rayleigh-Taylor instability arise for the flow behind the front of
shock wave because the acceleration directs from light to heavy substance [7,8].

Thus, the instability of flame front grows, and an intense mixing between flame and PP-air mixture should arise, so it should
effect the sharp combustion of this mixture. A rapid (or possibly, explosive) combustion of the mixture should result in generation of a
compression wave (or series of compression waves) overrunning and amplifying the shock wave generated by the charge explosion.

Experimental research with areal wild fire is rather complex, dangerous, and expensive. That is why the new methods for study
the interaction between non-steady shock with aflame front in cases close to a crown forest fires are of actua interest.
The results obtained at devel oping such method are presented below.
The most complex problem here isto create amodel even qualitatively related to peculiarities of crown fire propagation:
e generation of gaseous explosive mixtures before flame front due to its high temperature
*  highrate for the flame front propagation
For study the interaction between non-steady shock with a flame front we suggest a spatial model consisting of parallel (or
diverging from a point) threads or rods along which an inflammable substance able to be fume before a flame front is distributed.
A non-steady shock could be generated towards the flame front propagating through the model; so, one can observe the process
of the shock-flame interaction. The means for generating the non-steady shock could be different for different scales:
» éectrical explosion of awire tightened before the lame front;
*  shock tube with compressed gas or gaseous explosive mixture as adriver [9];
« explosion of alongitudinal HE (for example, detonation flex).

2. Experimental resear ch for the spatial thread model.

First stage dealt with laboratory experiments using asmall spatial model consisting of threads diverging from a point.

At first we performed experiments with one and two threads. The threads were saturated with combustible liquid. Such liquids
were alcohol, acetone, solvent 646, and kerosene. As it turned out kerosene was the most suitable. Kerosene as well as PP is a limiting
hydrocarbon.

The flame propagation was visualized by video.
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Figure 1. Flame propagation along a) a thread saturated with kerosene, b) two threads diverging from a point,
c) two parald threads



Figure 1 presents the frames of the flame propagation a) aong athread, b) along two threads diverging from a point, and c) along
two parallel threads. The frames show that in b) case the upper flame overruns the low — it was due to the dependence of flame rate on
slope tangent. We performed a series of tests varying the slope tangent. The results obtained were handled (Figure 2). Ought to note the
linear character for the dependence.
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Figure 2. Dependence in time't of the flame front propagation S Figure 3. Dependence of rate of flame propagation U aong a

along athread on its slope tangent a. The angle is counted from thread against its slope tangent o.

skyline, positive direction at propagation from below.

The measured rate of flame propagation for the testsis presented in Figure 3.

Figure 4 shows the frames for flame propagation in a model consisting of 25 threads diverging from a point. The ends of threads
were fixed in knots of agrid (5x5) with acell of 2 cm. The threads were saturated with kerosene.

Figure 5 shows the results of measurements for this model.

It should be noted that at recording the process from side one could find @) a weak acceleration of the flame front and b)
overrunning for the second thread from the top (Figure 4,a aframe at 3.15 s.) but not for the upper. Simultaneoudly, at recording from
above one could observe the overrunning in the middle region (Figure 4,b).

These effects could be related to the heating of the threads before the flame front and evaporating of the combustible liquid from
the threads. A more intensive heating of the threads should be realized in the middle region of the front. Due to the more intensive
heating a more intensive evaporation of the combustible liquid is realized that corresponds to a more rapid propagation of the flame
front.

These effects are weakly found here owing to the small sizes of the model; apparently, increasing the scale of these effects should
follow increasing the model sizes.

3. Shock wave and flameinteraction. Preliminary tests.

We have performed afew preliminary tests for the shock wave and flame interaction. There were two types of the tests:

1. The shock wave was induced by electrical explosion of athin metal wire (nickel-chrome, 0.05mm) through which there was
realized a discharge from a capacity of 0.1mcF at 60kV. It was followed by a cylindrical shock wave.

The shadow pattern of the interaction between the shock wave and the flame propagating along a thread saturated with kerosene
was visualized with a high-speed camera.

The thread and wire were located in the same plane; the axis of the thread was normal to the wire's.

The frames for the interaction process are presented in Figure 6. One can find the following stages of the process:

«  some displacement of the flame under shock wave

e generation of a part of the shock wave passed through the flame and overrunning the main part of the front (Shw,)

e growth of perturbations on the initially smooth, laminar flame front with its further turbulence. In this test the flame was
more probably extinguished due to blowing it off. But it is a fact that the flame being initially laminar with a rather
smooth front got unstable and turbulent.

2. In test (Figure 8) the shock wave was generated through detonation of a layer (8x8x2 cm) of gaseous explosive mixture of
acetylene and oxygen. Initially, the mixture filled the volume of a shock tube [9] with rigid lateral and back walls; the output window
was closed with athin mylar film of 0.9mm - thickness.

In this case the flame was generated on a spatial model with 25 parallel threads saturated with kerosene. Figure 8 shows the
frames of shadow pattern for the interaction process. The shock wave was stronger (2-3 Mach) in this case. The flame was extinguished
with the wave. There were observed both the perturbation growth and sufficient displacement of the flame under the wave.
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Figure 4. Flame propagation along spatial model consisting of 5x5 threads diverging from a point a) side view, b) from above view
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Figure 5. Dependence of flame propagation Saong diverging threads saturated with kerosene on time t
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Figure 6. Frames for interaction between a shock wave generated by electrical explosion of athin wire and flame propagating along a
thread saturated with kerosene. Notations: F — flame; W — electrically exploded wire (its axes is normal to plane of picture); Shw; —
shock wave, that passed region of flame; ShW, — that spread in air (outside flame); Th — thread; TP — turbulized products of burning.
Timeis counted from the moment of wire explosion.

Figure 7 Experimenta assembly



Figure 8. Frames for interaction between shock wave and flame propagating through spatial model of 25 parallel threads saturated
with kerosene. Notations: F — flame; ShW — shock wave; Th — thread. Timeis counted from the moment of gas explosive mixture
detonation.

4.Summary and conclusion

A method for study the interaction between non-steady shock wave and the flame front at conditions close to crown fire is on
progress.
An experimental, laboratory model for generating a quasi-flat flame front propagating along a spatial structure of threads
saturated with combustible liquid (kerosene), was supposed.
A series of experiments for study the flame propagation both along 1-2 threads and along a spatia structure of 5x5 = 25 threads
diverging from a point, was performed.
A series of experiments for the interaction between flame front and the non-steady shock generated by a) electrical explosion of a
wire and b) explosion of athin layer of a gaseous explosive mixture was performed.
The obtained results for the shock-flame interaction show:
e theflame displacement under shock wave
* apart of shock, that has passed through the flame, overruns the main front
» aflamefront being initially smooth gets turbulent
Further steps in developing this method should be done by increasing the model scale and applying the improved methods of
recording. The development of a model with agrid of 1-2 m sizeis supposed to be the next step; in this case the most suitable generation
of a shock could be done with a longitudinal HE. In the case of favorable results with using the model it could be done a device with
characteristic sizes close to real — of several tens of meters.
The development of the method for study the interaction between shock and flame could develop new methods for fighting the
forest fires or could improve the existing ones.
Besides, the study in terms of the described above models could be used for checking the corresponding numerical methods.
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