
1. Introduction
Gas explosion accidents are highly concerning to

process industries due to the potential for domino effects
and serious consequences１）. Numerous studies have
focused on the correlation between the severity of the gas
explosion and flame speed２）―４）. Furthermore, it is well
known that the severity of such explosions is mainly
dependent on obstacle density levels５），６）. The prediction of
overpressures resulting from interactions with obstacles
has also been of great interest to make sure safer design of
installations６）.
For such predictions, computational fluid dynamics

(CFD) are being used in explosion assessments７），８）.
However, available CFD tools have been tested against
limited experimental data and should be verified against
sufficient experimental data to confirm their reliability as a
predictive tool８），９）. Therefore, additional experimental data

are required to develop turbulent combustion models of
CFD.
Over the last twenty years, many researchers10）―15）have

investigated the explosion characteristics between a
propagating flame and obstacles within chambers that
have a large length to diameter ratio (L/D). It has been
found that flame speed and peak pressure are sensitive to
the size and shape of obstacles. Masri et al.13）reported that
a square obstacle caused faster flame acceleration than
circular and triangular obstacles16）. The trend for flame
velocities obtained by Masri et al.13）was different from
that reported in the literature17）. This reason seems to be
associated with the obstructions of different obstacle types
used.
Little attention has been paid to examine the explosion

characteristics by increasing the number of obstacles for
different obstacle geometries in a vented explosion
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chamber. The main objectives of this study were to
investigate flame and pressure variations by increasing
the quantity of different obstacle geometries and to
investigate a consistency with those previously
reported17）.

2. Experimental
Figure 1 shows a schematic diagram of the

experimental setup. The explosion chamber dimensions
were 1000mm in length with 130 × 100mm２ cross-section.
The chamber rig was composed of 10mm thick
transparent polycarbonate to allow high-speed flame
visualization. Before entering the chamber, the flammable
gas (99 % C2H6O by volume) was premixed with air using
mass flow controllers (Tylan FC-280S) to provide a
stoichiometric mix, φ = 1. The flammable mixture was
ignited with an ignition energy of approximately 0.56mJ.
The equipment used in this study was the same as that
reported in previous study１）.
Three objects with differing geometries were chosen for

this study. The dimensions (in mm) of the triangular,
square, and cylindrical obstacles were L130×ES29, L130×S
30, and L130×D30, where L: Length, ES: Equal Side, S: Side,
and D: Diameter. The quantity of each obstacle within the
chamber was increased from one to five. The first obstacle
was located 100mm from the closed end of the chamber
and subsequent obstacles were located 200mm apart. Full
configuration details of all obstacles used in this study are
provided in Table 1. Each test was repeated at least five
times to make sure reproducibility, and the averaged

results are reported.

3. Results and discussion
Figure 2 presents differences in the flame front

structure as the number of obstacles for each obstacle
types increases. Four flame front structures taken at 5ms
intervals from 20―35ms at are presented in each case. It
was clear that the overall downstream flame propagation
speed increased as the number of obstacles increased from
one to five. The flame front structure and flame geometry
were independent of the number of obstacles, as the flame
impinged on the first obstacle. It took approximately 20ms
for the flame to reach the first obstacle, and at
approximately 25ms the flame propagated in the wake of
the obstacle as two uniform fronts. After approximately 30
ms, the flame geometries containing one to four obstacles
were similar; however, in the five obstacle case, the flame
front emerged from the gap between the second blockage
and the chamber walls. At approximately 35ms, the
differences between single and multiple obstacles became
more pronounced. The single obstacle flame propagated in
a laminar fashion toward the chamber exit. As the number
of obstacles increased from two to four, the distorted flame
front was more developed, with a much greater
downstream distance upon interaction with the obstacles.
The flame was fully developed within the chamber
containing five obstacles.
Figure 3 shows examples of the variations of flame

speed and pressure versus time within the chamber
containing five obstacles for each shape. The flame speed
was obtained by measuring the position of the
propagating flame front from the ignition point until the

Table１ All obstacle configurations used in the tests.

Variables Number of
obstacle

D*
Triangle Square Circle

T1 S1 C1 1 100

T2 S2 C2 2 300

T3 S3 C3 3 500

T4 S4 C4 4 700

T5 S5 C5 5 900

D*: Distance from the closed end of chamber to the middle point
of the obstacleFigure１ A schematic diagram of the experimental setup.

Figure２ A comparison of representative sequences taken from the flame propagation images
for different kinds of obstacles and various obstacles quantities.
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flame front exited the chamber. As shown in the figure,
the fastest flame speed was obtained with the triangular
obstacles (T 5), 28ms―１, and the slowest flame speed
occurred with the cylindrical obstacle (C 5), 26ms―１. Like
the flame speeds, the highest overpressure was obtained
with the triangular obstacle (T 5), 98 kPa at approximately
33ms, and the lowest overpressure was obtained with the
cylindrical obstacle (C 5), 31 kPa at approximately 36ms.
The data for peak overpressures for all the obstacles are
shown in Figure 4. The peak overpressures obtained from
one or two obstacles were less affected by the obstacle
types. However, with multiple obstacles, there were
significant differences in observed peak overpressure with
the triangular obstacles causing the highest peak
overpressure and the cylindrical obstacles causing the
lowest. For multiple obstacles, the peak overpressure was
highly sensitive to the obstacle geometry.
The main data trend showed that the pressure greatly

increased when more than three obstacles were present,
regardless of the obstacle type. It was found that the
triangular obstructions caused the highest overpressure
and the cylindrical obstructions the lowest. This reason
may be linked to the presence of surface edges on the
obstacle types used. As the propagating flame interacted
with the triangular obstacle, with more sharp edges than

the others, more large-scale eddies were formed in the
wake of the obstacle. The existence of such eddies can
significantly increase the turbulence level18）. Flame
acceleration and overpressure were mainly dependent on
the degree of turbulence. The data given from this study
are expected to enable important progress for the
validation of numerical models linked to gas explosion
predictions. However, further studies are required to
quantify the turbulent flow fields behind consecutive
obstacles of various shapes positioned ahead of a
propagating flame using advanced laser systems.

4. Conclusions
Experimental studies were performed to investigate

explosion characteristics by varying the number of
obstacles and using three kinds of obstacle shapes: square,
triangular, and cylindrical.
As the number of obstacles increased, the flame

structures generated in the wake of the obstacles were
more chaotic, with a much greater flame surface area. The
triangular obstacles caused the fastest flame development,
and the cylindrical obstacles the slowest flame
development. Like the flame developments, the pressure
increased as the number of obstacles increased. The
cylindrical obstacles caused the lowest overpressure, and
the highest overpressure was caused by the triangular
obstacles. The peak overpressure was highly dependent
on the obstacle type for multiple obstacles. This result
may be linked to the surface edges on the different
obstacle types. Large-scale eddies generated behind the
triangular obstacle, with more sharp edges in the
propagating flame path, caused higher turbulence than
the circular obstacle without any edges. The flame
propagation speed and deflagration pressure were
sensitive to the degree of turbulence. However, further
investigations are necessary to quantify the turbulent flow
fields in the wake of various obstacle types using
advanced three dimensional laser systems and to validate
numerical tools related to predictions of deflagration
explosions.
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