Summary 19

Formation of Shock Waves in gaseous medium

In any material medium there is a small disturbance speed “a” e.g.  sound speed at which ‘mechanical’ disturbances, such as pressure pulses, travel.

If there arises any motion within the medium with a speed that exceeds ‘a’, then a shock wave is launched. This shock wave moves AHEAD of the causative supersonic motion. This causative motion can be a body (e.g. supersonic plane flying through air), or plasma flow pushed by magnetic field.

Call the causative motion a piston with speed vp.

If vp<a, we say the piston is subsonic. A sub-sonic piston creates only small disturbances, and does not affect the value of ‘a’. We say that ‘a’ is linear.

If vp>a, the piston is supersonic. A supersonic piston creates a large disturbance, and a resultant non-linear small disturbance speed; ie  the small disturbance speed is not a constant; but is changed by the piston.

Thus, a supersonic piston drives ahead a shock wave. Between the piston and the shock wave is a layer (thickness L) of shock-heated gas, which is denser and hotter than the ambient gas.

Summary 20

Shock-jump equations

The shock front (SF) is a transition region between the ambient gas and the shock heated gas. The SF has a thickness of the order of one mfp of collisions.

The SF travels faster than the piston, thus as SF travels further and further, the distance L between SF and the piston increases.

To develop shock-jump equations, consider shock-fixed coordinates. In these coordinates :
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In these equations, 1, P1 and h1 are known ambient conditions. If we consider q1 (the SF speed) as a parameter, then the 5 unknowns in the 5 equations are:

2, P2, h2, q2 and T2. (and D are known functions of T2, ref earlier lectures). The 5 equations may be solved for the 5 unknowns. Thus the state of the shocked gas may be computed for any shock speed.

Summary 21

Equations for Strong Shocks

For strong shocks (defined as P2>>P1, h2>>h1)
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From these equns we can compute the density ratio = and temperature in the shocked gas as:
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Equipartition of Internal & Kinetic Energies

 From shock-jump equations, show uint=K2 .

Hence in a strong shock plasma, 50% of KE is converted into thermal energy.

A shock wave is very efficient in heating plasma.
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