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Fig.1 Schematic of test section
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Fig.2 Schematic of schlieren system

1 He-Ne #ot#t; 2 AFHWORE; 3 BMPANH; 4 BB 5
FRAE; 6 PREE; 7 RUE; 8 fHRER 9 LWE; 10
£9; 11 MImKRSTE; 12 7105 13 Wths 14 BHEYE; 15
WAL, 16 HMAFECRR; 17 RERER
1 He-Ne laser; 2 ruby laser; 3 light intensity adjustor;
4 pellicle mirror; 5 beam adjustor; 6 beam expander;
7 turning mirror; 8 transducer; 9 test section; 10 windows;

11 concave mirrors; 12 knife edge; 13 filter; 14 object lens;

15 camera; 16 charge amplifier; 17 delay generator
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exit section
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B 3 FRNZBEREZLER (75% (2H2+02) + 25%Ar,
po = 13.33kPa)

Fig.3 Schlieren images of detonation flow field at different

time (75% (2H2+02) + 25%Ar, po = 13.33kPa)
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shot 20 shot 22

B4 REEZRE B HHEOEE (75% (2Ha+02) + 25%Ar,
po = 16.00 kPa)

Fig.4 Schlieren images of detonation flow field at different

time (75% (2H2+02) + 25%Ar, po = 16.00 kPa)
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B 5 ANEEZREBHHEOEE (75% (2H2+02) + 25%Ar,
po = 26.67 kPa)

Fig.5 Schlieren images of detonation flow field at different

time (75% (2H2+02) + 25%Ar, po = 26.67 kPa)
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experimental schlieren
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Fig.6 Numerical results and experimental schlieren image at
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pressure temperature
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Fig.7 Numerical results and experimental schlieren image at
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experimental schlieren  pressure
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Fig.8 Numerical results and experimental schlieren image at
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Fig.9 Numerical results and experimental schlieren image at
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experimental

B 10 BEALE ML (po = 8.00kPa)

Fig.10 Numerical and experimental cellular pattern at

po = 8.00kPa

B 11 sk (po = 8.00 kPa)
Fig.11 Experimental cellular pattern at pg = 8.00 kPa
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£ 1 po=28.00kPa HIEE K EHHE
Table 1 Average detonation speed at po = 8.00 kPa

Average detonation speed /(m-s~1)

entrance section Part 1 Part 2 Part 3 exit section
1 2135.0 2084.8 2072.0 2058.3 2136.7
11 2135.0 2240.9 2239.2 2234.9 2162.3

e T BRI PR, T A Ay MR T P
Note: I and II denote the average speeds along the

convex wall and the concave wall, respectively.
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SCHLIEREN VISUALIZATION AND NUMERICAL SIMULATION ON
GASEOUS DETONATION PROPAGATION THROUGH A BEND TUBE"Y

Wang Changjian®1?)  Xu Shengli*t Fei Lisen* Guo Changming*
*(Department of Mechanics and Mechanical Engineering, University of Science and Technology of China, Hefei 230026, China)
T(State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract Gaseous detonation propagation through a semi-circle bend tube was experimentally and numer-
ically investigated. The laser schlieren system was employed to obtain the images of detonation front at the
different position. The 2nd additive semi-implicit Runge-Kutta method and 5th order WENO scheme were
respectively used to discretize the time and space terms of reactive Euler equations. Detailed chemical reac-
tion model was utilized to describe the processes of detonation chemical reactions. The contours of pressure,
temperature, OH mass fraction, numerical cellular pattern and average detonation speed were obtained. Ex-
perimental and numerical results show that, influenced by the rarefaction waves and compression waves, the
detonation front is distorted. Due to the shallow curvature of the bend tube, the detonation front is not so
seriously distorted and there is no evidence of detonation failure. The leading shock along the concave wall is
much stronger than that along the convex wall. The reaction zone along the convex wall is also wider than that
along the concave wall. The triple-point number decreases in the process of detonation propagation through the
bend tube, and therefore the detonation wave is degenerated. However, it can be recuperated to self-sustaining
cellular detonation at the exit section. The computed detonation flow field, cellular pattern and average speed

are qualitatively consistent with those from the experiments.

Key words  gaseous detonation wave, detailed chemical reaction model, numerical simulation, schlieren

photograph

Received 29 November 2004, revised 2 September 2005.

1) The project supported by the National Natural Science Foundation of China (10172083), Joint Fund of NSFC and China
Academy of Engineering Physics (10076018) and Open Foundation of State Key Laboratory of Explosion Science and Technology
of Beijing Institute of Technology (KFJJ03-2).

2) E-mail: chjwang@ustc.edu.cn



