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1 Instructions

There are two kinds of flames in nature: the deflagration waves and the detonation waves. The fla
me speed of deflagration waves is 0.1-0.7m/s(laminar flame speed) or tens meters per second(turbulen
t flame speed). The detonation velocity can reach to thousands of meters per second. The deflagration
can be transformed into detonation in the right condition, that called deflagration-to-detonation transiti
on(DDT).

DDT problem has been studied for about one hundred years. The earlier work of Chapman and W
heeler[1] and Shchelkin[2] demonstrated that a flame initiated at the closed end of a duct can accelerat
e more rapidly toward the open end and if it passes through an array of turbulence-generating baffles.
Bradley[3] proposed a methodology for determining whether a DDT might occur for flame propagatio
n along a duct with baffles, of which the turbulent flame velocity was the key factor. Oran, Khokhlov
and Gamezo[4~7] performed the numerical simulations of DDT and analyzed the shock-flame interact
ions, hotpots, and obstacles and boundary layers. Mayer[8] investigated the mechanism, speed and loc
ation of DDT for different enhancement techniques, including the effect of equivalence ratio. Farinacc
i0[9] studied the turbulent flow effects on DDT run-up distance.

In this study, flame acceleration and deflagration-to-detonation transitions are explored through e
quivalence ratios and obstacles in detail. Flame velocity is determined by the equivalence ratio. Six eq
uivalence ratios of acetylene-air mixture are discussed corresponding to different styles of flames. The
tube is closed at ignition end. Staggered obstacles are arranged to accelerate flames. The external flow
fields can be captured by high-speed camera.

2 Experimental setup

A sketch of the experimental apparatus is shown in Fig. 1. The experiments are performed in a 2.2m
long steel tube. The tube is composed of 50mm internal diameter pre-combustor and 100mm internal
diameter main combustor. The expanding section connects pre-combustor and main combustor. The
length of the pre-combustor and the expand section added is 0.5m. The test section of main combustor
is 1.7m long. Several staggered obstacles of 25mm are distributed along the main combustor. The
igniton end is closed and the other end is open. The time of arrival of shock front and the pressure
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variations along the main combustor could be measured by pressure transducers embedded on the
sidewall at six positions Schlieren optical system is used to obtain external flow visualization. The
diameter of parabolic mirror is 110mm. The diameter of external viewing field is about 100mm. High-
speed digital imaging at rates up to 5000 frames-per-second (fps) was employed using IDT high-speed
camera.

Figure 1. Sketch of experimental apparatus

Six kinds of acetylene-air mixture were tested. Table 1 shows the experimental conditions. The
unburned gases were mixed well before entering into pre-combustor, and sent to main combugrce):[Caotngtbus,[or
constant velocity. All the sections are initially evacuated to approximately 1athpark plug

Table 1: Experimental conditions

C2H2+air Case 1| Case 2 | Case3 | Case 4 | Case 5 | Case 6
Equivalence ratio ¢ | <0.27 | 027 ]038 |05 075 1091
£
e Obastacle
3 Results and discussion 0.5m

For the casel, ¢ <0.27 and the ignition was failed in the experiment. All the values of relative
pressures are zero, and not any flame is appeared in the external flow field. For the other cases,
different flames were found in the external flow field, the pressure profiles are showed in Fig. 2 at
PT6 (the sixth pressure transducer). Fig.3 shows the schlieren photographs of case2 to case5. For the
case6, schlieren optical system was disturbed by the shake of detonation in the experiment and the
photographs are not clear .
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Figure 2 Pressure profiles for case2 to case6 at PT6
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Figure 3 Schlieren photographs for case2 to case5. The number on right upper picture is the shooting end
time. The left number is the interval before the shooting end time.

The pressure value of ¢ =0.27 at PT6 is nearly zero in Fig. 2a. and the turbulent flame is appeared in
the external flow field ( Fig.3a). It can be considered the general Iso-pressure combustion. The flame
velocity can not calculate by the pressure profile.

For ¢ =0.38, there are two high-pressure regions in the pressure profile. The deflagration wave velocity
is 362.5m/s between PTland PT2, and low to 227 m/s between PT5 and PT6.The shock velocity
between PT1and PT2 is created by small pre-combustor, but ¢ =0.38 is not enough to keep the shock.
At the end of tube, the deflagration wave is composed of weak precursor compression wave and
turbulent flame. For that the position of schlieren field-of-view is close to PT6 at the open end, the
external flow field is closely related with PT6. Two high-pressure regions in Fig.2b and two typical
photographs in Fig.3b are corroponding to precursor compression wave and turbulent flame.
For ¢ =0.5, the deflagration wave velocity is 381.8m/s between PTland PT2, and up to 405 m/s
between PT5 and PT6. The flame is kept steady by the equivalence ratio of 0.5 and obstacles. The
deflagration wave is composed of precursor shock and turbulent flame at the end of tube. Two clear
high-pressure regions in Fig.2c and two typical photographs in Fig.3c are corroponding to the shock
and turbulent flame. The precursor shock is weakened with thickening wave front in external flow
field, and the precursor shocks and flame are separated outside the tube.

For ¢ =0.75, the deflagration wave velocity is 401.1m/s between PTland PT2, and up to 502 m/s
between PT5 and PT6. The flame id strengthened by obstacles and compressed and accelerated by the
precursor shock. This incident shock reaching the tube wall and obstacles create complicated reflect
shocks. The reflect shocks strengthen the incident shock and flame wave at the same time. The flame
pressure peak at PT6 has risen to 3.0Mpa in Fig.3d which can be considered as detonation flame
pressure. The deflagration wave is composed of precursor shock and turbulent flame at the end of tube.
Three typical photographs in Fig.3d are corroponding to shock, reflect shocks and turbulent flame.

For & =0.91,the flame velocity is increased to 1720m/s between PT5 and PT6 . At the end of tube,
precursor shock and turbulent flame are coupled (Fig.2e), and the detonation is performed. Fig.4 shows
the whole process of DDT for ¢ =0.91.
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Figure 4. Pressure profiles =0.91 Figure 5. Velocities for different cases

From all the cases, it can be seen that the equivalence ratio and obstacles play the important roles in
DDT. The flame velocity trend is showed in Fig.5 for different cases. The external field flame velocity
is calculated by the photographs. We can see that flame velocity is decreased ¢ =0.38 , almost steady
for ¢=0.5, and increased for ¢ =0.75, 0.91. For the enough equivalence ratio, the obstacles accelerate
the flame to detonation.

4 Concluding remarks

In conclusion, an experimental study on the flame acceleration and deflagration-to-detonation
transition of acetylene-air mixtures has been performed.

The flame acceleration process can be separated to five stages: turbulent flame, compression pressure
waves and turbulent flame, precursor shock and turbulent flame, precursor shock and reflect shocks
and turbulent flames, detonation.

The equivalence ratios and obstacles play the important roles in deflagration-to-detonation transition.
The flame velocity is decreased ¢ =0.38, almost steady for ¢ =0.5. For the enough equivalence ratio,
the obstacles enhance deflagration to detonation.
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