Glossary for Chapter 9
axisymmetric flow: A flow that when specified appropriately using cylindrical coordinates (r, θ, x) does not vary in the azimuthal (θ) direction. Thus, all partial derivatives in θ are zero. The flow is therefore either one-dimensional or two-dimensional (see also dimensionality and planar flow).
boundary condition:  In solving for flow field variables (velocity, temperature) from governing equations, it is necessary to mathematically specify a function of the variable at the surface. These mathematical statements are called boundary conditions. The no-slip condition that the flow velocity must equal the surface velocity at the surface is an example of a boundary condition that is used with the Navier–Stokes equation to solve for the velocity field.
computational fluid dynamics (CFD): The application of the conservation laws with boundary and initial conditions in mathematical discretized form to estimate field variables quantitatively on a discretized grid (or mesh) spanning part of the flow field.
constitutive equations: An empirical relationship between a physical variable in a conservation law of physics and other physical variables in the equation that are to be predicted. For example, the energy equation written for temperature includes the heat flux vector. It is known from experiments that heat flux for most common materials is accurately approximated as proportional to the gradient in temperature (this is called Fourier’s law). In Newton’s law written for a fluid particle, the viscous stress tensor (see stress) must be written as a function of velocity to solve the equation. The most common constitutive relationship for viscous stress is that for a Newtonian fluid. See also rheology.
continuity equation: Mathematical form of conservation of mass applied to a fluid particle in a flow.
differential analysis: Analysis at a point in the flow (as opposed to over a control volume).
incompressible flow: A fluid flow where variations in density are sufficiently small to be negligible. Flows are generally incompressible either because the fluid is incompressible (liquids) or because the Mach number is low (roughly < 0.3).
Navier–Stokes equation: Newton’s second law of fluid motion (or conservation of momentum) written for a fluid particle (the differential form) with the viscous stress tensor replaced by the constitutive relationship between stress and strain rate for Newtonian fluids. Thus the Navier–Stokes equation is simply Newton’s law written for Newtonian fluids.
Newtonian fluid:  When a fluid is subjected to a shear stress, the fluid continuously changes shape (deformation). If the fluid is Newtonian, the rate of deformation (i.e., strain rate) is proportional to the applied shear stress and the constant of proportionality is called viscosity. In general flows, the rate of deformation of a fluid particle is described mathematically by a strain rate tensor and the stress by a stress tensor. In flows of Newtonian fluids, the stress tensor is proportional to the strain rate tensor, and the constant of proportionality is called viscosity. Most common fluids (water, oil, gasoline, air, most gases and vapors) without particles or large molecules in suspension are Newtonian.

non-Newtonian fluid: A non-Newtonian fluid is one that deforms at a rate that is not linearly proportional to the stress causing the deformation. Depending on the manner in which viscosity varies with strain rate, non-Newtonian fluids can be labeled shear thinning (viscosity decreases with increasing strain rate), shear thickening (viscosity increases with increasing strain rate), and viscoelastic (when the shearing forces the fluid particles to return partially to an earlier shape). Suspensions and liquids with long-chain molecules are generally non-Newtonian. See also Newtonian fluid and viscosity.
no-slip condition:  The requirement that at the interface between a fluid and a solid surface, the fluid velocity and surface velocity are equal. Thus if the surface is fixed, the fluid must obey the boundary condition that fluid velocity = 0 at the surface.
planar flow: A two-dimensional flow with two nonzero components of velocity in Cartesian coordinates that vary only in the two coordinate directions of the flow. Thus, all partial derivatives perpendicular to the plane of the flow are zero. See also axisymmetric flow and dimensionality.
rheology: The study and mathematical representation of the deformation of different fluids in response to surface forces, or stress. The mathematical relationships between stress and deformation rate (or strain rate) are called constitutive equations. The Newtonian relationship between stress and strain rate is the simplest example of a rheological constitutive equation. See also Newtonian and non-Newtonian fluid.
viscous stress: Flow creates stresses in the fluid that are in addition to hydrostatic pressure stresses. These additional stresses are viscous since they arise from friction-induced fluid deformations within the flow. For example, σxx = –P + (xx, σyy = –P + (yy, and σzz  = –P + (zz, where (xx, (yy, and (zz are viscous normal stresses. All shear stresses result from friction in a flow and are therefore viscous stresses. A viscous force on a surface is the viscous stress integrated over the surface. The viscous force per unit volume on a fluid particle for Newton’s second law, however, is the divergence (spatial derivatives) of the viscous stress at that point.

