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Abstract

Shock waves may be produced during detonation of high explosives. Their focusing is used to concentrate a high energy source at a particular point which is used for ignition and burning. This has implications for the design of trigger (fission), production of shocks, their propagation, interaction, hydrodynamics, focusing mechanism, fusion device and its output. This study details their formation and analysis in air and gases. Methods for shock waves are particularly discussed originating from general one-dimensional treatment of discontinuities. 
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	Shock waves



Shock waves are abrupt, intense disturbances that propagate through a medium (like air, gases or water) at supersonic speeds, characterized by a sudden jump in pressure, density, and temperature. They may be produced when a high energy source is detonated, an object is accelerated at high speed or a supersonic or hypersonic phenomena occurs [1]. They are distinctively different from their counterpart sound waves characterized by aforementioned phenomena. They have applications in automotive, aerospace, space, nuclear, medical (e.g. biosensors [2-8], wearables [5, 7, 9-14]) [15-18] and manufacturing (e.g. powder metallurgy [19-24]) industry [20, 25, 26]. They can be used to predict various astronomical phenomena as well as design machinery (devices [27-29]) and equipment for a particular critical application (such as hypersonic targets, stone removal [15-18]). They were first observed in mid of 19th century and were investigated but their real research started in early part of 20th century. The interest originated from the fact that discontinuities [30-48] were observed in the fluid motion. Careful studies were made of the conditions in the fluid in the neighborhood of discontinuities. Upon inclusion of heat conduction and viscosity, a finite width is obtained in which the pressure and density of the fluid changes very rapidly but not discontinuously. This is called shock wave [49, 50]. A mild shock wave, such as in front of the nose of a bullet, has a width of the order of cm. For a violent shock, the width is much less. Their focusing has important implications. It may be focused in different ways such as vertical annular shock tube [50], water inside convergent structures [51], logarithmic spiral duct [52, 53], two dimensional ducts [54]), shock dynamics in two and three dimensions [55-59]. They may form blast waves [60-74] and can be used to understand their behavior in different environments (air, underground and water).   


	Formation of shock waves – methods and analysis 	RIEMANN METHOD





Riemann was the first to observe shock waves back in 1860. His treatment led to further research in 1890 (Hugoniot), 1910 (Rayleigh and Taylor) and till date, discussed here. This treatment constitutes hydrodynamics of compressible fluids. In the applications in which we are most interested, the motions are so rapid that there is insufficient time to transfer an appreciable amount of momentum or energy across streamlines. Therefore, viscosity and heat conductivity is neglected. Neglecting heat conductivity assumes that 
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Where, k = Coefficient of heat conductivity 

J = Mechanical equivalent of heat (Amount of heat) 

T = Temperature 

g = Gravitational constant  

u = Velocity of fluid and

ρ = Density of fluid

This approximation is satisfactory in almost all applications being considered here. For example, if iron were selected from rest to 105 cm / sec velocity in 10 cm, and if temperature gradient were 1000oC / cm2, then the best conduction term would only be 1 / 500 th the value of kinetic term. However, it is somewhat more difficult to neglect viscosity. This corresponds to neglecting μ d2u / dx2 in comparison with the pressure gradient. Here μ is usual coefficient of viscosity. If pressure gradient is 105 bars / cm and velocity gradient is 104 / sec / cm, then for water neglect of viscosity corresponds to neglecting a term of the order of 200 in comparison to a term of the order of 1011.

Eulerian and Lagrangian form of equations.

There are two ways to describe a hydrodynamic ensemble. Eulerian system consider constant conditions of pressure, p, density ρ, temperature T, of the fluid passing a fixed point to space. While Lagrangian system, these conditions of fluid are observed to change with time when the motion of individual particles is followed. Let us drive the one-dimensional equations of motions for the two systems. 

Lagrangian form of equation of motion. 

Consider each particle is designated by a value of symbol ζ. Here ζ can correspond with the position of the particle at the time zero, or with any other arbitrary convention. At any time, t, position of this particle is designated by x (ζ, t). The motion of particle must satisfy Newton’s equations. 
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Here, our particle consists of fluid elements lying between ζ and ζ + d ζ

The mass of this particle is M = ρo d ζ. The force acting on it in the x direction is the pressure at ζ minus the pressure at d ζ or 
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and equation 1 becomes.
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Here, the usual hydrodynamical convention of letting the total derivative with respect to time is used corresponding to the motion of individual particles is followed. 

Eulerian form of hydrodynamical equation 

Eulerian form of hydrodynamical equations is convenient when the properties of fluid passing a fixed point are considered. Let u(x, t) be the velocity of fluid relative to the fixed point. Then u = dx / dt and 
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In order to derive the equation of motion, consider the fluid elements lying between x and x + dx at the time t as particles. This particle has mass, M = ρ dx. The force acting on this particle in the x direction is the pressure at x minus the pressure at x + dx or F = - ([image: ] dx. Substituting these relations into Newton’s equation.
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To derive equation of continuity, consider a fluid entering and leaving a little amount of volume lying between x and x + dx. In a length of time, dt, the mass of material entering from the left is ρu dt and the material leaving from right is [ρu + [[image: ](ρu)/x] dx] dt. Thus, the net increase of material in this element, [image: ])dx dt, is - [image: ]and the equation of continuity is 
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To derive conservation of energy, the work done in unit time on fluid flowing between x and x + dx is equal to pressure times the velocity at x minus the pressure times the velocity at x + dx or – ([image: ]. Therefore, the work done on a unit volume of gas in unit time is – ([image: ]. However, a unit mass of material occupies a specific volume, V = 1 / ρ. Thus, the work done on a unit mass of material in unit time is – V ([image: ]. By conservation of energy, this work must be equal to the rate of change of kinetic plus internal energy of unit mass of material. The energy of system, ∑ (per unit mass) is given by relation, 
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Thus, the equation of conservation of energy is expressed by 
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Behavior of entropy, relation with mechanics, thermodynamics, and irreversibility 

In addition to the equation of motion and continuity, equations of state and equation of conservation of energy are obtained. These four equations should be sufficient to determine four variables p, ρ, T and u as a function of position and time. However, there was a considerable confusion until recently as to whether the fourth equation should be the conservation of energy or constancy of entropy. It is observed as long as the fluid motion involves no abrupt changes in pressure or velocity, the conservation of energy implies constancy of entropy and vice versa. But if, and when an abrupt change, or shock wave, occurs the conservation of energy leads to a definite change in the entropy. 

Constancy of entropy with time for a fluid element (assuming no shock wave)

In fluids whose elements remain in thermodynamic equilibrium during the motion, changes in state are reversible and entropy of a fluid element will remain constant with time. The fluid elements do not remain in equilibrium during the motion in which the fluid passes through a shock or when the motion is too rapid to maintain either chemical equilibrium or equilibrium in the rotational and vibrational degree of freedom of molecules. The fact that entropy is conserved whenever the changes in the state are reversible may be verified as below. The internal energy can be expressed in terms of specific volume and the entropy, S (per unit mass). Thus, the equation of conservation of energy becomes 
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And carrying out the indicated operations

[image: ]

But from equation of motion (Euler)
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And equation of continuity 
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Then remembering that for a reversible change the internal energy is the unusual energy, E, of thermodynamic system. It must have the properties,
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Thus Eq 4, becomes
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Or
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From Eq. 5, it is apparent that the entropy of each particle does not change with time. If the entropy had same value throughout the whole fluid at a time. It must maintain this value for all subsequent times. 


	REINMANN’S METHOD OF INTEGRATION (ONE DIMENSIONAL AND ISENTROPIC)



Reinman developed a very useful method of integrating motions of equations for one dimensional isentropic problem. Consider initially, the specific entropy throughout the   fluid is a constant, S0, Then, from the theorem of last section, we know that for all subsequent time the specific entropy of system remain S0. This is not true after a shock wave has developed but such cases will be considered later. 

Since the entropy is constant, equation of state can be written in the form of adiabatic
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The equation of motion




























	RIEMANN METHOD APPLIED TO GENERAL CASE AND IDEAL ONE DIMENSION GAS
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