COMPRESSIBLE FLOW – FUNDAMENTALS

In physics, fluid dynamics is a sub-discipline of fluid mechanics that deals with fluid
flow—the natural science of fluids (liquids and gases) in motion. It has several subdisciplines
itself, including aerodynamics (the study of air and other gases in motion) and hydrodynamics
(the study of liquids in motion). Fluid dynamics has a wide range of applications, including
calculating forces and moments on aircraft, determining the mass flow rate of petroleum through
pipelines, predicting weather patterns, understanding nebulae in interstellar space and reportedly
modeling fission weapon detonation. Some of its principles are even used in traffic engineering,
where traffic is treated as a continuous fluid.
Fluid dynamics offers a systematic structure that underlies these practical disciplines, that
embraces empirical and semi-empirical laws derived from flow measurement and used to solve
practical problems. The solution to a fluid dynamics problem typically involves calculating
various properties of the fluid, such as velocity, pressure, density, and temperature, as functions
of space and time.
Historically, hydrodynamics meant something different than it does today. Before the
twentieth century, hydrodynamics was synonymous with fluid dynamics. This is still reflected in
names of some fluid dynamics topics, like magnetohydrodynamics and hydrodynamic stability—
both also applicable in, as well as being applied to, gases.a
The foundational axioms of fluid dynamics are the conservation laws, specifically,
conservation of mass, conservation of linear momentum (also known as Newton's Second Law
of Motion), and conservation of energy (also known as First Law of Thermodynamics). These
are based on classical mechanics and are modified in quantum mechanics and general relativity.
They are expressed using the Reynolds Transport Theorem.
In addition to the above, fluids are assumed to obey the continuum assumption. Fluids are
composed of molecules that collide with one another and solid objects. However, the continuum
assumption considers fluids to be continuous, rather than discrete. Consequently, properties such

as density, pressure, temperature, and velocity are taken to be well-defined at infinitesimally
small points, and are assumed to vary continuously from one point to another. The fact that the
fluid is made up of discrete molecules is ignored.
For fluids which are sufficiently dense to be a continuum, do not contain ionized species,
and have velocities small in relation to the speed of light, the momentum equations for
Newtonian fluids are the Navier-Stokes equations, which is a non-linear set of differential
equations that describes the flow of a fluid whose stress depends linearly on velocity gradients
and pressure. The unsimplified equations do not have a general closed-form solution, so they are
primarily of use in Computational Fluid Dynamics. The equations can be simplified in a number
of ways, all of which make them easier to solve. Some of them allow appropriate fluid dynamics
problems to be solved in closed form.
In addition to the mass, momentum, and energy conservation equations, a
thermodynamical equation of state giving the pressure as a function of other thermodynamic
variables for the fluid is required to completely specify the problem. An example of this would
be the perfect gas equation of state:
where p is pressure,
temperature.

ρ is density, Ru is the gas constant, M is the molar mass and T is

Compressible vs incompressible flow
All fluids are compressible to some extent, that is changes in pressure or temperature will
result in changes in density. However, in many situations the changes in pressure and
temperature are sufficiently small that the changes in density are negligible. In this case the flow
can be modeled as an incompressible flow. Otherwise the more general compressible flow
equations must be used.
Mathematically, incompressibility is expressed by saying that the density ρ of a fluid
parcel does not change as it moves in the flow field, i.e.,
where D / Dt is the substantial derivative, which is the sum of local and convective
derivatives. This additional constraint simplifies the governing equations, especially in the case
when the fluid has a uniform density.

For flow of gases, to determine whether to use compressible or incompressible fluid dynamics,
the Mach number of the flow is to be evaluated. As a rough guide, compressible effects can be
ignored at Mach numbers below approximately 0.3. For liquids, whether the incompressible
assumption is valid depends on the fluid properties (specifically the critical pressure and
temperature of the fluid) and the flow conditions (how close to the critical pressure the actual
flow pressure becomes). Acoustic problems always require allowing compressibility, since sound
waves are compression waves involving changes in pressure and density of the medium through
which they propagate.
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