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Table 1 Experimental conditions of shock-induced
combustion

Fig. Projectile To Vo M,
No. noise shape  [K] fkm/s}
*3(a) 3011 198005 484
*3(b) 3009 178x002 435
*3(c) 2051 192002 474
*3(d) 3009 176002 430
*3(e) 2959 175x=002 431
5 (a) 3042 238007 578
5(b) 3047 231006 561
*5(c) 3053 203x007 492

*Standard condition : Hemisphere 10 mm diameter
projectile and 0.75 atm initial gas pressure.

Hemisphere
Hemisphere
Hemisphere
Hemisphere
Hemisphere
Cone-76"
Cone-120°
Hemisphere
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Fig. 4 The dependence of oscillation periods on the
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Fig. 6 Typical oblique detonation waves around a
hypersonic projectile
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wave around hypersonic projectile
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Fig. 10 Rarefaction waves from projectile shoul-
der (Shadowgraph picture)
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Fig. 11 The dependence of detonation ignition on the
initial gas pressure and the nose angle of a
projectile
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Shock-induced combustion and detonation waves around hypersonic projectiles
Jiro KASAHARA®, Takuma ENDO;‘ and Toshitaka FUJIWARA**

Projectiles were fired at hypersonic speeds into stoichiometric Hz-Air and H.-O: pre-
mixed mixtures. The flowfield around the projectiles was visualized using a shadowgraph
and a Schlieren technique with a gated CCD camera and a multi-frame camera. We made a
comprehensive study of shock-induced combustion and detonation waves around hypersonic
projectiles. In the case of a H»-Air mixture (low Damkéhler number), we could categorize
the combustion cells into five modes composed of three fundamental modes (Normal Cell
Oscillation, High-frequency Cell Oscillation, and Envelope Oscillation). The other two consist of
the Envelope Oscillation superimposed on each the normal and high-frequency modes. The
mode where the Envelope Oscillation is combined with the High-frequency Cell Oscillation
was observed for the first time in the present experiment. In the case of a Hx-O. mixture
(high Damkdhler number), a steady-state detonation wave was generated around the pro-
jectile. The whole detonation wave was classified into four parts, based on the flow Mach
number behind the wave front : (i) strong overdriven detonation wave, (ii) weak over-
driven detonation wave, (iii) quasi C-J detonation wave, and (iv) C-J detonation wave. It
has been found that the rarefaction wave generated at the projectile shoulder has a significant
effect on the structure of the detonation wave. We show the evolution this phenomenon as a
function of the projectile flight length from the diaphragm location.

(*Muroran Institute of Technology, Muroran 050-8585, Japan

**Nagoya University, Nagoya 464-8603, Japan)
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