Flow of Gases

viscous vs inviscid flow
Viscous problems are those in which fluid friction has significant effects on the fluid motion.
The Reynolds number, which is a ratio between inertial and viscous forces, can be used to
evaluate whether viscous or inviscid equations are appropriate to the problem.
Stokes flow is flow at very low Reynolds numbers, Re<<1, such that inertial forces can be
neglected compared to viscous forces.
On the contrary, high Reynolds numbers indicate that the inertial forces are more significant than
the viscous (friction) forces. Therefore, we may assume the flow to be an inviscid flow, an
approximation in which we neglect viscosity completely, compared to inertial terms.
This idea can work fairly well when the Reynolds number is high. However, certain problems
such as those involving solid boundaries, may require that the viscosity be included. Viscosity
often cannot be neglected near solid boundaries because the no-slip condition can generate a thin
region of large strain rate (known as Boundary layer) which enhances the effect of even a small
amount of viscosity, and thus generating vorticity. Therefore, to calculate net forces on bodies
(such as wings) we should use viscous flow equations. As illustrated by d'Alembert's paradox, a
body in an inviscid fluid will experience no drag force. The standard equations of inviscid flow
are the Euler equations. Another often used model, especially in computational fluid dynamics, is
to use the Euler equations away from the body and the boundary layer equations, which
incorporates viscosity, in a region close to the body.

The Euler equations can be integrated along a streamline to get Bernoulli's equation. When the
flow is everywhere irrotational and inviscid, Bernoulli's equation can be used throughout the
flow field. Such flows are called potential flows.
Steady vs unsteady flow
When all the time derivatives of a flow field vanish, the flow is considered to be a steady
flow. Steady-state flow refers to the condition where the fluid properties at a point in the system
do not change over time. Otherwise, flow is called unsteady. Whether a particular flow is steady
or unsteady, can depend on the chosen frame of reference. For instance, laminar flow over a
sphere is steady in the frame of reference that is stationary with respect to the sphere. In a frame
of reference that is stationary with respect to a background flow, the flow is unsteady.
Turbulent flows are unsteady by definition. A turbulent flow can, however, be
statistically stationary.
The random field U(x,t) is statistically stationary if all statistics are invariant under a shift
in time.
This roughly means that all statistical properties are constant in time. Often, the mean
field is the object of interest, and this is constant too in a statistically stationary flow.
Steady flows are often more tractable than otherwise similar unsteady flows. The
governing equations of a steady problem have one dimension fewer (time) than the governing
equations of the same problem without taking advantage of the steadiness of the flow field.
Laminar vs turbulent flow
Turbulence is flow characterized by recirculation, eddies, and apparent randomness. Flow
in which turbulence is not exhibited is called laminar. It should be noted, however, that the
presence of eddies or recirculation alone does not necessarily indicate turbulent flow—these
phenomena may be present in laminar flow as well. Mathematically, turbulent flow is often
represented via a Reynolds decomposition, in which the flow is broken down into the sum of an
average component and a perturbation component.

It is believed that turbulent flows can be described well through the use of the Navier–Stokes
equations. Direct numerical simulation (DNS), based on the Navier–Stokes equations, makes it
possible to simulate turbulent flows at moderate Reynolds numbers. Restrictions depend on the
power of the computer used and the efficiency of the solution algorithm. The results of DNS
have been found to agree well with experimental data for some flows[4].
Most flows of interest have Reynolds numbers much too high for DNS to be a viable option[5],
given the state of computational power for the next few decades. Any flight vehicle large enough
to carry a human (L > 3 m), moving faster than 72 km/h (20 m/s) is well beyond the limit of
DNS simulation (Re = 4 million). Transport aircraft wings (such as on an Airbus A300 or Boeing
747) have Reynolds numbers of 40 million (based on the wing chord). In order to solve these
real-life flow problems, turbulence models will be a necessity for the foreseeable future.
Reynolds-averaged Navier–Stokes equations (RANS) combined with turbulence modeling
provides a model of the effects of the turbulent flow. Such a modeling mainly provides the
additional momentum transfer by the Reynolds stresses, although the turbulence also enhances
the heat and mass transfer. Another promising methodology is large eddy simulation (LES),
especially in the guise of detached eddy simulation (DES)—which is a combination of RANS
turbulence modeling and large eddy simulation.
Newtonian vs non-Newtonian fluids
Sir Isaac Newton showed how stress and the rate of strain are very close to linearly related for
many familiar fluids, such as water and air. These Newtonian fluids are modeled by a coefficient
called viscosity, which depends on the specific fluid.
However, some of the other materials, such as emulsions and slurries and some visco-elastic
materials (e.g. blood, some polymers), have more complicated non-Newtonian stress-strain
behaviours. These materials include sticky liquids such as latex, honey, and lubricants which are
studied in the sub-discipline of rheology.
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