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Observation of the Flowfield and Flame around the Ram-Accelerator Projectile Traveling near

the CJ Detonation Speed
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Abstract : The combustion and thrust characteristics of a ram accelerator in a case where the projectile speed was close to

the Chapman-Jouguet (CJ) detonation speed were experimentally investigated.

Methane-air mixtures with different

equivalence ratios were used in the experiments. In the case of the fuel-lean condition, positive net thrust was not obtained

although the combustion region was kept behind the projectile.

That is to say, the combustion near the projectile was

extremely weak. In the case of the equivalence ratio of unity, a flamelet attached to the projectile shoulder was observed.

The flamelet generated the secondary shock wave. The secondary shock wave induced the ignition of the mixture, and the

combustion occurred near the tube wall, thus enhancing the combustion of the nearby projectile. The results indicate that the

appropriate configuration of the flame can drastically enhance the thrust.
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Fig.2 Details of the observation region and the cross section of the acceleration tube. Dimension in mm.
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Table 1 Experimental conditions and results

Shot # 1181 1158 1277 1184
Ram acceleration tube
Mixture N2 CH4 + Air
ER - 0.45 1.00 1.55
D¢y [m/s] - 1439 1826 1815
Ocy (qci/epTy) - 4.1 8.2 6.8
Sound Speed [m/s] 350 348 351 354

Initial conditions po = 0.4MPa, T, = 290-300K
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CH4 + Air
045 1.00 1.55
Po = 0.3MPa, T, = 290-300K

Mixture
ER
Initial conditions
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2nd Pressure
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mirror (ST4) \ Height [mm] 13 13 10 13
Mass [g] 3.4 3.1 2.6 3.3
Experimental results
1st Vp at ST2 [m/s] 1489 1566 1612 1535
. . concave
Dichroic mirror mirror Vp at ST4 [m/s] 1416 1539 1710 1613
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Fig.4 Optical system of co-axial and simultaneous shadowgraph and
self-emission observation.
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(ER: Equivalence Ratio)
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Fig.5 Pressure history and shadowgraph image around the projectile in N> gas. (Shot # 1181)
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Fig.6 Experimental results on start and unstart as a function of
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Fig.7 Pressure histories, shadowgraph images, and self-emission images in combustion conditions.
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Fig.8 Configuration for analytical calculation of shock heating around
the projectile
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Fig.9 Temperature behind regularly reflected shock waves and normal
shock wave

Secondary shock wave Shock induced ignition
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Fig.10 Details of combustion flowfield around the projectile in the case
of ER = 1.00 shown in Fig.7(b)
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5. ¥
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