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Abstract: Shock waves are nonlinear compressive disturbances that propagate through a medium at
speeds exceeding the local speed of sound. Classical gas dynamics often assumes an ideal gas model;
however, many practical situations involve gases that deviate from ideal behavior due to intermolecular
forces, finite molecular volume, and high pressure—temperature conditions. These deviations significantly
influence the propagation characteristics of shock waves. This review summarizes theoretical
developments related to shock wave propagation in non-ideal gases, including governing equations,
Rankine—Hugoniot conditions, and analytical solutions for weak and strong shocks. The influence of
non-idealness parameters on thermodynamic variables, shock strength, and wave structure is also
discussed. Applications in astrophysics, aerospace engineering, explosion dynamics, and plasma physics
are highlighted.
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I. INTRODUCTION
Shock waves represent one of the most important nonlinear phenomena in compressible fluid dynamics. They appear in
many physical processes such as supersonic flight, astrophysical explosions, nuclear detonations, combustion systems,
and gas discharge phenomena. A shock wave is characterized by abrupt changes in pressure, temperature, density, and
velocity across a very thin region of the medium.
Classical gas dynamics often assumes an ideal gas equation of state, which simplifies theoretical analysis. The ideal gas
relation is given by[ 1-3]
p=pRT
where p is pressure, p is density, R is the gas constant, and T is temperature. However, in many real physical
situations—especially at high pressure and density—gases deviate from ideal behavior. These deviations arise due to
intermolecular attraction forces and the finite size of molecules.
Therefore, the study of shock wave propagation in non-ideal gases has become an important area of research in
theoretical and applied fluid dynamics. Understanding these effects helps in improving models used in aerospace
engineering, astrophysics, and high-energy gas dynamics[4].

Shock Waves in Compressible Flow
Shock waves arise when compressive disturbances propagate through a compressible medium and gradually steepen
due to nonlinear effects. When the speed of a disturbance exceeds the local speed of sound, pressure information cannot
travel ahead of the disturbance, resulting in the formation of a shock front.
Across the shock front, the fundamental conservation laws of mass, momentum, and energy must be satisfied. These
relations are known as the Rankine—Hugoniot conditions[5].
Mass conservation:

p1l1 = p2uz
Momentum conservation:

p1 T p1us’ = p2 + pau’
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Energy conservation:

hy + (us%2) = h + (u2%/2)
These equations relate the upstream and downstream flow properties across the shock. In the case of non-ideal gases,
the thermodynamic relations within these equations must be modified according to the chosen equation of state.

Non-Ideal Gas Behavior
The ideal gas model assumes that molecules occupy negligible volume and that no intermolecular forces exist between
them. However, these assumptions break down at high pressures or low temperatures.
To represent real gas behavior more accurately, modified equations of state are introduced. One of the earliest and most
widely used models is the van der Waals equation[6]:

(p +a/v¥)(v—b)=RT
Here, parameter a accounts for intermolecular attraction, while b represents the finite molecular volume.
Another simplified non-ideal gas relation often used in shock wave analysis is

p=pRT(1 + bp)

where b is the non-idealness parameter. As the density increases, the deviation from ideal gas behavior becomes more
significant.
These non-ideal corrections influence thermodynamic properties such as compressibility, internal energy, and sound
speed, all of which affect shock wave propagation.

Rankine—Hugoniot Relations for Non-Ideal Gas

When real gas effects are considered, the jump conditions across the shock must be modified. The conservation
equations remain valid, but the equation of state introduces additional terms that affect the relationships between
pressure, density, and temperature.

In non-ideal gases, the compression ratio behind the shock front often differs from that predicted by ideal gas theory.
The presence of intermolecular forces alters the internal energy distribution and may lead to stronger or weaker shock
waves depending on the thermodynamic state.

Researchers have shown that the non-idealness parameter plays an important role in determining shock strength,
entropy generation, and temperature rise behind the shock front[5-8].

Weak and Strong Shock Waves

Shock waves can be classified as weak or strong depending on the magnitude of the pressure increase across the shock
front.

Weak shocks involve relatively small pressure differences. In such cases, perturbation techniques can be used to
analyze the propagation characteristics. Weak shocks often arise in acoustic disturbances and atmospheric wave
propagation.

Strong shocks occur when the pressure ratio across the shock front is very large. Such shocks are produced in
explosions, astrophysical phenomena, and high-energy gas flows. For strong shocks in non-ideal gases, the density and
temperature increases behind the shock can be significantly greater than those predicted by ideal gas models.
Theoretical analysis of strong shocks often requires similarity methods or numerical computation.

Self-Similar Shock Wave Solutions

Self-similar solutions provide powerful methods for analyzing blast wave propagation. These solutions assume that the
flow variables depend on a similarity variable that combines space and time.

The Sedov—Taylor blast wave solution is a classical example describing the propagation of a spherical shock wave
generated by an explosion. When non-ideal gas effects are included, the similarity relations are modified to incorporate
the non-idealness parameter.

Such solutions are useful in describing shock propagation in astrophysical environments, high-energy explosions, and

expanding plasma systems[9,10].
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Numerical and Analytical Methods

In addition to analytical solutions, numerical methods play an important role in studying shock waves in non-ideal
gases. Computational fluid dynamics (CFD) techniques allow researchers to simulate shock propagation under complex
physical conditions.

Finite difference, finite volume, and finite element methods are commonly used numerical techniques in gas dynamics.
These methods help analyze situations involving variable thermodynamic properties, multidimensional flows, and
chemically reacting gases.

Numerical simulations provide detailed information about shock structure, temperature distribution, and flow field
evolution that may be difficult to obtain from analytical theory alone.

Effects of Non-Ideal Gas Parameters

The presence of non-ideal gas properties significantly influences the behavior of shock waves.

* Shock velocity may change depending on the equation of state.

» Compression ratio generally increases as the non-idealness parameter increases.

» Temperature rise behind the shock may deviate from predictions of ideal gas theory.

* Entropy generation becomes larger due to increased irreversibility.

* The thickness and internal structure of the shock layer may also change.

These effects are particularly important when modeling high-energy gas flows and astrophysical shock waves.

Applications
Shock wave propagation in non-ideal gases has many practical applications.
e Acrospace Engineering: Shock waves influence supersonic aircraft design, nozzle flows, and high-speed
propulsion systems.
e Astrophysics: Many cosmic events such as supernova explosions and stellar wind interactions involve shock
waves propagating through non-ideal plasma environments.
e Explosion Dynamics: Blast wave modeling requires accurate descriptions of shock propagation in dense gases.
e Plasma Physics: Magnetohydrodynamic shocks in plasma environments often exhibit non-ideal gas
characteristics.

II. CONCLUSION
The propagation of shock waves in non-ideal gases represents an important extension of classical gas dynamics. Real
gas effects significantly influence shock strength, propagation velocity, and thermodynamic properties behind the shock
front.
Theoretical developments, similarity solutions, and numerical simulations have improved the understanding of these
phenomena. Nevertheless, many complex problems—such as chemically reacting gases, dusty plasmas, and
magnetohydrodynamic shocks—still require further investigation.
Future research combining theoretical analysis, computational modeling, and experimental observations will help
improve predictive models for shock wave propagation in realistic environments.
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