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ABSTRACT

Introduction. It has been previously known that for gas explosions in an unconfined chamber the following rule
applies: the larger the distance between gas ignition location and relief opening (window), the higher the explosion
pressure. This statement is based on results obtained by a number of researchers, including ourselves. However,
as demonstrated by recent physical experiments, it is valid only for window sizes comparable to those recom-
mended by guidelines to ensure certain safety conditions. For smaller window sizes, this relationship is leveled out
or even changes its sign.

Research objective is to determine the cause of inversed relationship between distance from the window to igniti-
on location and explosion pressure. Tackling this objective is of scientific and practical importance.

Research methods and tools. Two mathematical model variants for gas explosion development in an unconfined
chamber were employed to study the revealed phenomenon, i. e. simplified model and numerical model. The first
one, i. e. simplified model, is based on chamber representation as lumped volume, and using the Clapeyron equa-
tion in differential form. It was obtained that besides known factors, such as window size, properties of outflowing
gases, etc., explosion development is influenced by the area of flame front and the time when it approaches
the window. Unfortunately, this model does not take into account the dynamics of last factors development
altogether. This task can be handled by the other model, numerical, implemented in Vulkan-M software. Itis based
on solving the gas dynamics equation system using large-particle method in Eulerian representation with added
flame propagation conditions. Besides, Vulkan-M can visualize the physical process evolution, as well as record
how its parameters and indicators develop.

Research results. It was found that if the window size is comparable to regulatory values, such a strong influence of
window position on pressure is due not only to the difference of outflowing gas properties (initial mixture and com-
bustion products), but also due to the fact that in the initial period of explosion development the flame front area is
much larger for a further removed window than in case of a small distance between the window and ignition loca-
tion. For a smaller window, the pressure increase rate in the initial period is high and almost identical for both ex-
plosion scenarios. Therefore, combustion time becomes decisive for the maximum pressure value. If the window is
located far from the ignition, combustion time is shorter than in case of a smaller distance. As a result, maximum
pressure in the second case is higher than in the first case. This explains the revealed phenomenon.
Conclusion. The larger the window size, the stronger it affects the explosion pressure. This influence is determined
not only by gas outflow, but it intensifies, sometimes significantly, due to the influence on flame front develop-
ment. If the window size is decreased, its influence on flame front development is weakened and becomes
negligible. In this case, the explosion pressure is affected by combustion time, besides window size.

Keywords: deflagrational explosion, unconfined volume; explosion pressure; window size; window position; phy-
sical experiment; numerical experiment; flame front.
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Introduction

It is generally accepted, as well as proven by experi-
ment, that for gas explosions™ increasing the distance
between gas mixture ignition location and relief open-
ing, or pressure relief window (further referred to as
window), results in pressure rise, including its maxi-

* We consider a gas deflagrational explosion without flame-gene-
rated turbulence and resonant combustion.

mum value p,, **. This result is widely known, and
confirmed by us during tests in the chamber of 0.125 m’
in volume and 10 m® with cubic shape [1, 2], as well as
by our colleagues in the USA in a chamber of 63 m® in
volume [3], and by our British colleagues [4].
However, the most impressive results were obtained
on the Serjant plant [5], equipped with a chamber having

** We assume the maximum pressure value for the explosion.
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Fig. 2. Pressure course during explosions in a chamber with
the window diameter of 60 mm in pos. 1 (a) and pos. 3 (b)

alength of /= 1.5 m and diameter of d = 200 mm (Fig. 1).
This plant was used to study how window dimensions
and position affect the explosion development. The cham-
ber was filled by gas stoichiometric propane/air mix-
ture. Research results are shown in Fig. 2 and 3 that pro-
vide combined data of 10 test runs for each of the va-
riants. They demonstrate an acceptable level of results
reproducibility which makes it possible to state that
they are not random.

Further, it is assumed that in numerical experiments
gas mixture is always ignited near the left flange®.
Whereby, window location near this flange would be
position 1, near the right flange it would be position 3,
and in the chamber center — position 2. Correspondingly,

* In the physical experiment (see Fig. 1), ignition was initiated on
the right-hand side.

Fig. 1. General view of Serjant
plant chamber and fragment of
experimental explosion: / —
pressure sensors; 2 — pressure
relief windows; 3 — ignition
device
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Fig. 3. Pressure course during explosions in a chamber with
the window diameter of 20 mm in pos. 1 (a) and pos. 3 (b)

we shall designate the course of pressure that develops
during explosion in a room with the window located in
position 1 as p,(¢), and with the window located in posi-
tion 3 as p;(?).

From Fig. 2 one can see that p,,, values for explo-
sions in chambers with the window diameter of 60 mm
installed in positions 1 and 3 will differ by more than
10 times, 1. €. P3pax > 109 max -

However, other results obtained using the same plant,
demonstrate that for the window diameter of 20 mm
the dependence of p,,,, on window position is inverted
(see. Fig. 3). Based upon the graphs in Fig. 2 and 3, one
can see that, firstly, p;(¢) pressure is significantly higher
as compared to p,(¢) (although it is evident, as the win-
dow size is reduced). Secondly, now p3,. < Pimax (S€€
Fig. 3), 1. e. the sign of inequality is now in the opposite
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direction. One should also note that pressure peaks
have moved closer to each other: p;,,,, occurs earlier
thanplmax'

Hence, the objective has been set to identify why
the influence of window location on gas explosion de-
velopment is inverted if its dimensions are modified.
Solving this objective is not only of scientific, but also
of practical significance.

Working hypothesis

Obviously, in a confined space (no window) the win-
dow’s influence on flame development is non-existent,
while in a chamber with a window it is present. Hence,
itis logical to formulate a premise that a larger window
size produces a stronger influence on the explosion pro-
cess. However, it is affected not only by the window
size but also by other explosion development condi-
tions. Primarily, this refers to the window position (in-
cluding distance) relative to the gas mixture ignition lo-
cation.

Still, it is impossible to explain the revealed pheno-
menon if only the window size and outflowing gas pro-
perties are known. Actually, even if one could interpret
the deviation between p,(¢) and p4(¢) with explosions in
a chamber with the window diameter of d = 60 mm as
caused by the difference between initial mixture and
combustion products properties, it is not possible for ex-
plosion results in a chamber with the window diameter
of d = 20 mm, when p;(¢) is greater than p (7). It only re-
mains to suppose that apart from window size and out-
flowing gas properties there are other factors that affect
the explosion process. Their range can be determined
by analyzing the mathematical models of explosion.

Simplified mathematical model

Due to the fact that the revealed dependence is pri-
marily typical of cylindrically-shaped chambers with
a high //d ratio (which equals 7.5 for the Serjant plant),
subsequent studies are conducted in this chamber.

Firstly, let us consider a widespread and in many
ways simplified model of indoor explosion on the as-
sumption that pressure is the same in all points of
the room or, as certain authors refer, on the assumption
of a quasi-static or quasi-stationary pressure in the room
[5, 6]. It should be noted that these terms are ill-suited
for this purpose, because they are already known in
physics and mechanics and are used in a different con-
text. Atthe same time, mechanics operates the notion of
distributed and lumped parameters, such as mass. Simi-
larly, in our case one could also refer to lumped volume,
represent the chamber volume as a point and assign gas
parameters to it. Besides the above-mentioned impor-
tant assumption, we shall also assume that gas compo-
sition remains unchanged despite the chemical reaction
that takes place during burning™, and that gas properties

are ideal. Then, the equation of state will be valid for
the gas mixture in the chamber

pV=MRT,,, (1)

where p is pressure, Pa;

V is the chamber volume, m>;

M is the mass of gases involved in the process, kg;

M = const;

R is gas constant, J/(kg'K);

T, is the mean temperature value of gases in the cham-

ber, K.

Let us perform a differentiation of equation (1) on
time. We shall also note that it is valid if the gas quantity
remains unchanged (mass is the same), although, at first
glance we are dealing with gases flowing out of the cham-
ber, 1. e. with variable mass. However, if we consider
that the outflowing gas is essentially the volume’s ex-
pansion and a part thereof, then the value of gas mass
remains conditionally constant. It is worth mentioning
that some authors believe that the explosion process
and gas expansion in the chamber take place according
to the adiabatic law [6, 7], whereas others agree that the
explosion results in varying mass of gases present in the
chamber [8]. In the first case, the authors’ error stems
from the fact that gas temperature increases not only
adiabatically but also as a result of combustion, i. e.
the explosion process is a polytropic one. The second
case violates the rule of invariable mass of gases involved
in the process. This is wrong because it precludes from
using the equation of gas state.

Let us proceed to the differential form of equa-
tion (1):

dp __pdV+MRdTaV

= . 2
dr Vodt Voode @

The first term on the right-hand side of equation (2)
uses the derivative value to express the intensity of vo-
lume expansion and is obtained via volume flow:

dv/dt = Fyw, 3)

where F|, is effective window area, m%;

w is outflowing velocity, m/sec.

Three cases can be differentiated for gases outflow
depending on chamber pressure. Outflowing velocity
will be determined for these cases using the following
formulas:

1) when p < 0,2p, (where p,, is atmospheric pressu-
re, Pa), outflowing gas can be assumed as incompres-

sible liquid:
w=y2Ap-p,)Pis (3.1

where p; = p, is initial gas mixture density in the cham-
ber, kg/m’;
p; = P, i1s combustion products density in the cham-
ber, kg/m’;

* The error introduced into the gas constant value is 3 % max.
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2) when 0,2p, <p <p,, (where p_, is the critical
outflow pressure, MPa; p_.~ 0.19 MPa), subcritical

outflow occurs:
k-1
2k p | Pa k
k+1p; p ’

where £ is the adiabatic value; k£ = C, /C,; k=14 for
the initial mixture, £ = 1.25 for combustion pro-
ducts;
the value of 2k/(k + 1) ratio varies insignificantly:
from 1.11 to 1.16 during combustion products and
initial gas mixture outflow, correspondingly;
3) when p > p,,., the outflow becomes critical:

(3.2)

2k
k+1p,

where B = +/2k/(k + 1) changes only slightly (between

0.64 and 0.68 during combustion products and ini-
tial gas mixture outflow, correspondingly).
Further. In the second term on the right-hand side of
equation (2) the mean chamber temperature value 7,
is defined as a weighted average due to the additivity of
gas mixture properties:
M\Ty + M,T, (M -M,)T, + M,T,

T = = =
av M M

M
=T, + -2, -T)),
1 M(Z 1)

=B, — (3.3)

l

where M, M, is the mass of initial gas mixture and
combustion products, correspondingly, kg;
T, T, is the temperature of initial gas mixture and
combustion products, correspondingly, K
Therefore, as 7 and T, are the energy characteristic
of this mixture, and their values are known:

T,-T=q/C,
derivative value d7,,/d¢ will be determined as
dTav _ T2 _Tl dM2 _ idM2
dr M A&t CM dt ’

where ¢ is gas mixture calorific value, J/kg;
C is gas mixture specific heat capacity, J/(kg'K).
Letus take into consideration that dM, /dt= U, Fyp;.
Then
7., _ ¢

a o e “)

where U, is normal combustion rate, m/sec;
F/-is flame front area, m>.
By applying values from (3) and (4) to equation (2),
we obtain:
dp P MR

q
P yp M4 g
a ety P

Letus rearrange this equation taking into account that
1k
p1 =P (/)"

then we obtain the final equation that connects the rate
of pressure rise (or fall) to the critical process indicators:

dp P R q p
Lo _Lyp 21 L1 UuF,, 5
ds VWO chla . nt'r (5

where p,, s initial mixture density under normal pre-
ssure, kg/m’; p,, = 1.22 kg/m’.

Calculation of maximum
explosion pressure

Physical experiments demonstrate that, generally
speaking, there are several scenarios when explosion
pressure arrives at its peak value p,,,, (sometimes lo-
cally). Firstly, this occurs when dp/df = 0, i. e. when sum-
mands in the right-hand side of equation (5) are equal;
secondly, when the outflowing initial gas mixture is re-
placed by combustion products; thirdly, when the flame
front area is abruptly changed (reduced).

Let us consider the first scenario, as it can be ap-
proached analytically, using equation (5). The other two
variants when p,,,, maximum pressure occurs will be
considered using specific examples in the analysis of
numerical experiment results.

When the maximum pressure is calculated with
the balanced right-hand side of equation (5), the expres-
sion for critical outflow is relatively simple (p = p,,.«
with the known value of k):

P max Pmax -1/k _R q —1/k
%B pLjpmaxFO_VEp aPa (]nEf’ (6)

whence
k
pmax{[g ﬁ%plaUnj ;l/"p?'s}wk_l- (7)
With k=14
T AP

According to this relationship, decrease in outflow-
ing gas mixture density from 1.22 to 0.17 kg/m’ (after
combustion) can result in the maximum chamber pre-
ssure dropping by 3.5 times. However, this is true only
when other conditions of explosion development are
identical for the cases being compared. This is hardly
possible as change in one parameter leads to changes in
other parameters.

One can also raise another question: if, with other
things equal, but with different outflowing gas tempe-
ratures, the chamber pressure is still the same, then
what should the ratio of flame front dimensions be in
both cases" From equation (8) it follows that F;, /F, =
= (pz/ pl) , hence in our case we obtain the ratio

2.65F_ -
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As far as subcritical outflow scenarios are concern-
ed, the relationship w = w(p;) assumes a more complex
form in these variants, hence its solution is not given
here. In principle, it is sufficient to analyze formulas
(3.1)—(3.3) that express the outflowing velocity. All of
them include the outflowing gas density in the form of
factor p;o.sj hence a relationship similar to (7) is to be
expected. Obviously, one should treat formula (7) as
an approximation, as many indicators it includes vary
during the explosion process, albeit slightly. Unfortu-
nately, conditions that allow to apply this formula, are
rarely met.

On factors that affect
flame front development

The influence of flame front area F; on explosion
development according to formula (5) is evident, hence
researchers give sufficient attention to this matter. Speak-
ing about the dynamics of this critical parameter, we
shall note that flame-generated turbulence is not taken
into account in line with the assumption made. More-
over, based on numerical experiment results it is not
observed in the chamber of Serjant plant. The notion
of how laminar flame develops is well known. Visible
flame front is formed due to its movement with the speed
determined by three processes: combustion itself, gas
expansion during heating, and gas flow movement to-
wards the window in order to be discharged.

Firstly, as early as in the 19™ century, since the time
of Russian scientist V. A. Mikhelson, it has been known

25 msec

37 msec

62 msec

100 msec

250 msec

Fig. 4. Explosion in Serjant plant confined volume

that for laminar flame the vector of combustion velocity
in gas is directed normally towards the front surface.
Propagation rate is typically a few tens of centimeters
per second. In our case, for propane/air mixture it is
between 0.38 and 0.42 m/sec.

Secondly, gas expands in the combustion area, and
contracts outside this area on both sides of it. This re-
sults in movement of gases away from the combustion
area, including movement of flame front. Front velo-
city modulus is the higher, the larger the volume of gas
layer located on the side that this vector is directed to.
This process is clearly observed during numerical gas
explosion modeling in the confined chamber of Serjant
plant. It is especially typical of the initial time of explo-
sion development (Fig. 4). One can see from the figure
that along the chamber axis front velocity assumes
a value larger than velocity towards the chamber wall,
forming a well-known semi-elliptical shape of flame.

Thirdly, gas outflow also affects the flame shape.
It is known that gas flow in a cylindrical volume under
laminar conditions has a velocity profile resembling
a semi-ellipsoid elongated in the discharge direction.

In a gas explosion, all of these velocity vectors are
combined according to the superposition principle.

Gas explosion numerical modeling

A feature of describing gas explosions by means of
numerical methods is that they provide a possibility to
calculate gas parameters when distributed over volume.
This provides for tracking not only pressure and tempe-
rature variations in all computation cells which the vo-
lume is divided into, but also flow velocity and flow
paths. Besides, by modeling flame propagation condi-
tions from cell to cell, it is possible to observe the deve-
lopment of flame front, a fundamental parameter that
defines how an explosion evolves. For this purpose, we
revert to numerical explosion modeling in the Serjant
plant chamber. It was completed according to the input
data, using the domestically produced Vulkan-M soft-
ware [9, 10] developed on the basis of large-particle
method [11].

Explosion modeling in Serjant plant

confined volume

To analyze numerical modeling results, it is practi-
cable to take into account the outcomes of gas explo-
sion calculation performed on the Serjant plant with
the confined chamber volume. This numerical experi-
ment with flame front visualization acts as a homing ex-
periment. It may also be assumed as a control experi-
ment in terms of evaluating the performance of Vulkan-M
software tool. The process inside a chamber filled with
gas mixture of stoichiometric composition is being mo-
deled. Mixture ignition occurs on the left of flange with
reference to the chamber centerline. Trial results are
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givenin Fig. 4-6. The computational volume is divided
into approximately 50,000 cells of cubic shape with
the edge length of 1 cm. Flame front is represented by
burning cells shown in red color. Fig. 4 illustrated a ty-
pical pattern of front development. At first, it rapidly
expands into a semi-ellipsoidal shape. As aresult, it ac-
quires maximum area. Then, having grown to half
the volume, it degrades into a plane. This is explained
by the fact that in this case the chamber space on both
sides of the flame front, where compression occurs, has
the same dimensions. As aresult, their elasticity is iden-
tical. In the second half of the volume the front acquires
a shape that is for some reason referred to as “tulip”,
although it more likely resembles a funnel, whose drain
channel is directed towards the combustion products
side. Visible front traveling speed is much slower in
this part: it needs 60 msec to travel the first part, while
200 msec are needed for the second part.

Pressure and flame front area calculation results are
given in Fig. 5. The figure demonstrates that the front
area reaches its maximum value in 50 msec. This is in
line with “visual” data shown in Fig. 4. While the flame
front is moving in the first part of the volume, the pre-
ssure increases at a very high rate. As it approaches
the middle, it is falling fast. This is due to the fact that
initial gas mixture volume is compressed the more inten-
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Fig. 5. Dynamics of pressure and flame front area development
for a confined volume explosion
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Fig. 6. Dynamics of gas temperature for a confined volume ex-
plosion: “sensors” at the left flange (pos. 1), in the chamber
middle (pos. 2) and at the right flange (pos. 3)

sively, the larger its volume and the lower the chamber
pressure, as dV/dp = —V/(kP). This is characteristic of
the primary stage of flame front development. From
Fig. 6 one can see that the flame front area at point
50 msec starts decreasing after touching the chamber
walls, as the flame does not spread in the radial direc-
tion. At point 75 msec, the front crosses the chamber
middle line. Data shown in Fig. 5 and 6 clarify the video
frames on Fig. 4.

Explosion in Serjant plant
with the window diameter of 60 mm

Fig. 7 and 8 demonstrate numerical experiment re-
sults of gas explosions in a chamber with Serjant-type
geometry. Experiments were carried out with the window
successively located in two points — near ignition lo-
cation (position 1) and on the opposite side (position 3).
Fig. 9 shows the behavior of pressure curve p,(¢) with
the window in position 1 and p;(#) with the window in
position 3. Let us compare them with the results of phy-
sical experiments (see Fig. 2). Performance of a mathe-
matical model is confirmed not only by the qualitative
agreement on numerical and physical experiment results,
but to a large extent by their quantitative concurrence. It
is clear that not only is the process duration almost iden-
tical, but the behavior of curves in general is very close-
ly matched. Thus, we can quite safely accept the data
obtained in the numerical experiment on flame front de-
velopment and use them for analysis (see Fig. 7 and 8).

Window position 1. As shown in Fig. 7, after touch-
ing the chamber wall, the flame front very quickly re-
aches the window. Combustion products are also dis-
charged, hence initial mixture is finally combusted in
the window and outside the chamber. Due to this fact
and to almost identical velocities which the front tra-
vels with to the right side (by compressing the unburnt
part of the mixture) and to the left side (due to the velo-
city of gases rushing towards the window), front posi-
tion and size somewhat stabilize and remain practically
unchanged up to = 200 msec. At this time the front area
remains as small as possible, i. e. close to the chamber
cross-section area.

At the lapse of 200 msec the front detaches from
the window and slowly moves to the right, growing in area,
that achieves its maximum value at point # = 450 msec.
The front area decreases when it touches the right end.

As shown in Fig. 9a, pressure p,(#) has two peak va-
lues. The first one is produced due to intense flame
front expansion, typical for the initial stage of its pro-
pagation, that results in the growth of chamber pre-
ssure. Then, when the front simultaneously reaches
the chamber walls and window, combustion products
along with a part of the flame start discharging through
the front. As a result, pressure drops abruptly. The se-
cond peak is also related to a variation in flame front
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Fig. 7. Flame front development dynamics with the window of d = 60 mm in pos. 1

area. In this case, the area is growing within the time in-
terval of 250 to 500 msec. Having reached its peak,
it decreases (see Fig. 7 and Fig. 12 further).

Window position 3. In this case, the pattern of flame
front development is completely different (see Fig. 8).
Here, velocities of combustion, gas compression and
gas mixture flow movement towards the window are
combined. As a result, the flame front that initially has
an ellipsoidal shape, is strongly elongated and drawn to
the window which the initial mixture is flowing through.
Despite the fact that it flows at a lower speed than com-

™ 40 msec

bustion products do, the front moves towards the win-
dow very rapidly, and itreaches the window in 80 msec.
After that the front velocity slows down, and it takes
the same 80 msec to cover the final 10 % of space.
At this time, the pattern of flame front development re-
presented in Fig. 7 for the initial period is repeated. This
observation is further confirmed by the graph in Fig. 12.

In Fig. 95, it is evident that pressure p(f) increases
up to point 70 msec; in this period of time the initial
mixture is outflowing. After combustion products are
discharged through the window, pressure drops and it is

Fig. 8. Flame front development dynamics with the window of d = 60 mm in pos. 3
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Fig. 9. Dynamics of pressure development with the window of d = 60 mm in pos. 1 () and pos. 3 (b)

Fig. 10. Dynamics of flame front development for explosion in the chamber with the window of d = 20 mm near left end (« ) and
right end ()

almost equal to zero within the time period of 120 to
180 msec. In this case, the duration of explosive process
is much less than in the first case. The mathematical model
demonstrates that in the scenario with the window po-
sitioned near the ignition location the initial mixture
is combusted almost completely. However, when
the window is positioned at the far flange, more than
90 % of'initial mixture is discharged from the chamber.

Explosion in Serjant plant
with the window diameter of 20 mm

Reducing window diameter to 20 mm results in
a qualitative change in the way it affects the explosive

process (Fig. 11). With the smaller window size, the pat-
tern of flame front development becomes closer to its
behavior in a confined chamber. This is noticeable when
comparing the frames in Fig. 10 and 4 to each other. This
is also demonstrated by how close the process duration
values are for window positions 1 and 3 (see Fig. 12).

Pressure in the chamber grows in the same manner
with both window position options until the flame front
touches the chamber walls. After that the graphs diverge,
so that chamber pressure with the window position 1
will always be higher than with position 3, i. e. p;(¢) >
> p,(#), which is explained by the influence of outflow-
ing gas properties. However, at p,(f) the flame front
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Fig. 11. Dynamics of pressure development with the window of
20 mm in pos. 1 and pos. 3

reaches the far end earlier than at p,(7), as the effect of
velocities combination is manifested. By the point of
180 msec combustion stops and the chamber starts
emptying.

At the same time, with the window in position 1,
the flame front moves at a slower speed. Combustion
continues even after it has completely stopped in the case
with window position 3. Hence, pressure p,(#) conti-
nues to grow after p;(¢) has already started falling. As are-
sult of a longer combustion time, maximum value p,,,,.(¢)
is greater than ps, .. (¢). Having touched the right end,
the flame front at p,(¢) starts abruptly contracting. Com-
bustion stops and the chamber starts emptying at almost
the same rate as in scenario with p;(#). Pressure maxi-
mums are produced in the same manner in both cases:
pressure in the chamber grows during combustion and
falls after it has stopped, thus forming a pressure peak.

Dynamics of flame front areas
development

The numerical model also provides for assessment
of flame front area. The model assumes that flame front
thickness is defined by the linear cell dimension, while
its area S (m?) is calculated based on the cell edge area.
Then

S:nSl,

where 7 is the number of burning cells;

S| is the edge area of a computational cell, cm’;

in our case S, = 1 cm”.

Fig. 12 compares the dynamics of flame front areas
development occurring in each of the four above-men-
tioned experiments. From Fig. 12, one can see that in
all scenarios at the beginning of front development
(up to the time point 5 msec) pressure rise occurs in
the same manner. All graphs concur, but further they
start to separate. The first one to decrease is the front
area with the window diameter of 60 mm located in po-
sition 1. This is due to the fact that the flame front re-
aches the window and a part of the flame front starts

S, cm?
— 20 mm pos. 1
2500 —— 20 mm pos. 3
: — 60 mm pos. 1
2000 60 mm pos. 3
1500 —
1000 —— =
3 # 8
500 ¥
!
0 150 300 450 t, msec

Fig. 12. Dynamics of flame front development with the window
of 20 mm and 60 mm in pos. 1 and pos. 3

flowing out through the window along with combus-
tion products. At the same time, flame with the window
diameter of 60 mm in position 3 acquires maximum
area. Finally, a small window size has little effect on
flame front development. Therefore, the curves that
correspond to window position 1 and position 3 are very
close to each other.

The least explosion duration naturally occurs with
the window diameter of 60 mm located in position 1.
Combustion area in the second part of the process is
fairly large as compared to other explosion scenarios.
However, due to the fact that combustion products are
discharged in this case, the chamber pressure is low.

It is evident that with the window diameter of 20 mm
the curves of flame front area behavior are close to each
other and approach the confined volume curve. With
the window diameter of 60 mm, dynamics of flame front
development is fundamentally different for different
window positions.

Conclusion

Two critically important factors affect how a gas ex-
plosion develops in a chamber with a window. They are:
window size and its position relative to the ignition lo-
cation. Previously their combined effect on the process
has been interpreted as follows: the larger the window
size and the smaller the distance between the window
and gas mixture ignition location, the lower the maxi-
mum explosion pressure. However, only the first part of
the statement proves to be valid: the larger the window
size, the lower the explosion pressure. As far as the ef-
fect of window location on explosion pressure is con-
cerned, it is ambivalent. For larger window sizes, this
well-known statement remains true, but reducing its size
results in leveling out its location effect. Moreover,
it turns out that with the window position located close
to the ignition point, the pressure is even slightly higher
than with a window positioned remotely. The explanation
of this phenomenon lies in the specifics of flame front
development, its area and visible movement velocity.
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