Glossary for Chapter 10

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 layer: At high Reynolds numbers relatively thin “boundary layers” exist in the flow adjacent to surfaces where the flow is brought to rest (see no-slip condition). Boundary layers are characterized by high shear with the highest velocities away from the surface. Frictional force, viscous stress, and vorticity are significant in boundary layers. The approximate form of the two components of the Navier–Stokes equation, simplified by neglecting the terms that are small within the boundary layer, are called the boundary layer equations. The associated approximation based on the existence of thin boundary layers surrounded by irrotational inviscid flow is called the boundary layer approximation.
boundary layer thickness: The full thickness of the viscous layer that defines the boundary layer, from the surface to the edge. Defining the edge is difficult to do precisely, so the “edge” of the boundary layer is often defined as the point where the boundary layer velocity is a large fraction of the free-stream velocity (e.g., δ99 is the distance from the surface to the point where the streamwise velocity component is 99 percent of the free-stream velocity).
boundary layer thickness measures: Different measures of the thickness of a boundary layer as a function of downstream distance are used in fluid flow analyses. 
creeping flow: Fluid flow in which frictional forces dominate fluid accelerations to the point that the flow can be well modeled with the acceleration term in Newton’s second law set to zero. Such flows are characterized by Reynolds numbers that are small compared to 1 (Re << 1). Since Reynolds number typically can be written as characteristic velocity times characteristic length divided by kinematic viscosity (VL/v), creeping flows are often slow-moving flows around very small objects (e.g., sedimentation of dust particles in air or motion of spermatozoa in water), or with very viscous fluids (e.g., glacier and tar flows). Also called Stokes flow.
displacement thickness: A boundary layer thickness measure that quantifies the deflection of fluid streamlinesin the direction away from the surface as a result of friction-induced reduction in mass flow adjacent to the surface. Displacement thickness (δ*) is a measure of the thickness of this mass flow rate deficit layer. In all boundary layers, δ* < δ.
drag coefficient: Nondimensional drag given by the drag force on an object nondimensionalized by dynamic pressure of the free-stream flow times frontal area of the object. (Note that at high Reynolds numbers (Re >> 1), CD is a normalized variable, whereas at Re <<CD
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is nondimensional but is not normalized (see normalization). See also lift coefficient.)
inviscid (region of) flow: Region of a fluid flow where viscous forces are sufficiently small relative to other forces (typically, pressure force) on fluid particles in that region of the flow to be neglected in Newton’s second law of motion to good level of approximation (compare with viscous flow). See also frictionless flow.

momentum thickness: A measure of the layer of highest deficit in momentum flow rate adjacent to the surface as a result of frictional resisting force (shear stress). Because Newton’s second law states that force equals time rate of momentum change, momentum thickness o is proportional to surface shear stress. In all boundary layers, θ < δ*.
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.
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.
potential flow:  Synonymous with irrotational flow. This is a region of a flow with negligible vorticity (i.e., fluid particle rotation). In such regions, a velocity potential function exists (thus the name).
potential function: If a region of a flow has zero vorticity (fluid particle spin), the velocity vector in that region can be written as the gradient of a scalar function called the velocity potential function, or simply the potential function. In practice, potential functions are often used to model flow regions where vorticity levels are small but not necessarily zero.
stall: The phenomenon of massive flow separation from the surface of a wing when angle of attack exceeds a critical value, and consequent dramatic loss of lift and increase in drag. A plane in stall drops rapidly and must have its nose brought down to reestablish attached boundary layer flow and regenerate lift and reduce drag.
streamline:  A line that is everywhere tangent to a velocity vector in a fluid velocity field at a fixed instant in time. Thus, the streamlines indicate the direction of the fluid motions at each point. In a steady flow, streamlines are constant in time and fluid particles move along streamlines. In a nonsteady flow the streamlines change with time and fluid particles do not move along streamlines. Contrast with pathline.
