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Chapter 1






Gas Dynamlcs Equations




We set up gas dynamics equations and neglect the effect of the force of gravity and also (see below) that of viscosity and thermal conductivity. For the sake of simplicity we shall write the equation for the one-dimensional case; generalization to two and three-dimensional cases will then not be difficult.

We begin with the continuity equation, i.e., the equation that expresses the law of conservation of matter. We denote, as usual, by 
  
    
      
        d
        
          /
        
        d
        t
      
    
    {\displaystyle d/dt}
  
[image: {\displaystyle d/dt}] the substantial derivative in time, i.e., the derivative taken for the given particle along its path, and by 
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or
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Both formulas are, of course, completely equivalent. To derive the first formula we observe the motion of the layer of matter that comprises a constant amount of that matter. The second formula is derived by observing the change in density at the given point in space.

The equation of motion does not differ from the equation of motion for incompressible fluids:
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    {\displaystyle \rho {\frac {du}{dt}}=\rho {\frac {\partial u}{\partial t}}+\rho u{\frac {\partial u}{\partial x}}=-{\frac {\partial p}{\partial x}}.}
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Finally, the third equation is substantially new; it represents a characteristic feature of gas dynamics. This is the equation of the change of state.

In the hydromechanics of Incompressible fluids we added the incompressibility equation 
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[image: {\displaystyle \rho =}] const to the first two equations. How do we find the relation between density and pressure in a compressible fluid?
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