Glossary for Chapter 1

.

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.
closed system: A volume specified for analysis that encloses always the same fluid particles. Therefore, no flow exists across any part of the volume surface and a closed system must move with the flow. Note that Newton’s law analysis of solid particles is generally a closed system analysis, sometimes referred to as a free body. See also system.
control volume: A volume specified for analysis where flow enters and/or exits through some portion(s) of the volume surface. Also called an open system (see system).
derived (or secondary) dimensions: Combinations of fundamental dimensions. Examples of derived dimensions are: velocity (L/t), stress or pressure (F/L2 = m/(Lt2), energy or work (mL2/t2 = FL), density (m/L3), specific weight (F/L3), and specific gravity (unitless).
dimensionality: The number of spatial coordinates in whose direction velocity components and/or other variables vary for a specified coordinate system. For example, fully developed flow in a tube is one-dimensional (1-D) in the radial direction r since the only nonzero velocity component (the axial, or x-, component) is constant in the x- and o- directions, but varies in the r-direction. Planar flows are two-dimensional (2-D). Flows over bluff bodies such as cars, airplanes, and buildings are three-dimensional (3-D). Spatial derivatives are nonzero only in the directions of dimensionality.
dimensions: The required specification of a physical quantity beyond its numerical value. See also units.
dynamics: When contrasted with statics the term refers to the application of Newton’s second law of motion to moving matter. When contrasted with kinematics the term refers to forces or accelerations through Newton’s law force balances.
flow separation: A phenomenon where a boundary layer adjacent to a surface is forced to leave, or “separate” from, the surface due to “adverse” pressure forces (i.e., increasing pressure) in the flow direction. Flow separation occurs in regions of high surface curvature, for example, at the rear of an automobile and other bluff bodies.
fluid mechanics/dynamics: The study and analysis of fluids through the macroscopic conservation laws of physics, i.e., conservation of mass, momentum (Newton’s second law), and energy (first law of thermodynamics), and the second law of thermodynamics.
fluid: A material that when sheared deforms continuously in time during the period that shear forces are applied. By contrast, shear forces applied to a solid cause the material either to deform to a fixed static position (after which deformation stops), or cause the material to fracture. Consequently, whereas solid deformations are generally analyzed using strain and shear, fluid flows are analyzed using rates of strain and shear (see strain rate).
forced flow: Flow resulting from an externally applied force. Examples include liquid flow through tubes driven by a pump and fan-driven air flow for cooling computer components. Natural flows, in contrast, result from internal buoyancy forces driven by temperature (i.e., density) variations within a fluid in the presence of a gravitational field. Examples include buoyant plumes around a human body or in the atmosphere.
fundamental (primary, basic) dimensions: Mass (m), length (L), time (t), temperature (T), electrical current (I), amount of light (C), and amount of matter (N) without reference to a specific system of units. Note that the force dimension is obtained through Newton’s law as F = mL/t2 (thus, the mass dimension can be replaced with a force dimension by replacing m with Ft2/L).
gas dynamics: The study and analysis of gases and vapors through the macroscopic conservation laws of physics (see fluid mechanics/dynamics).
hydraulics: The hydrodynamics of liquid and vapor flow in pipes, ducts, and open channels. Examples include water piping systems and ventilation systems.
hydrodynamics: The study and analysis of liquids through the macroscopic conservation laws of physics (see fluid mechanics/dynamics). The term is sometimes applied to incompressible vapor and gas flows, but when the fluid is air, the term aerodynamics is generally used instead.
hypersonic: An order of magnitude or more above the speed of sound (Mach number >> 1).
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).
inviscid (regions 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 a good level of approximation (compare with viscous flow). See also frictionless flow.
laminar flow: A stable well-ordered state of fluid flow in which all pairs of adjacent fluid particles move alongside one another forming laminates. A flow that is not laminar is either turbulent or transitional to turbulence, which occurs above a critical Reynolds number.

Mach number: Nondimensional ratio of the characteristic speed of the flow to the speed of sound. Mach number characterizes the level of compressibility in response to pressure variations in the flow.
mechanics: The study and analysis of matter through the macroscopic conservation laws of physics (mass, momentum, energy, second law).
normal stress: A stress (force component per unit area) that acts perpendicular to the area. Therefore σxx, σyy, and σzz are normal stresses. The normal force over a surface is the net force from shear stress, given by integrating the shear stress over the surface area. The normal stresses are the diagonal elements of the stress tensor.
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.
open system:  A volume specified for analysis where flow exists across at least part of the volume surface. Also called a control volume.
pressure stress:  In a fluid at rest all stresses are normal stresses and all stresses act inward on a surface. At a fixed point, the three normal stresses are equal and the magnitude of these equal normal stresses is called pressure. Thus, in a static fluid σxx = σyy = σzz  = –P, where P is pressure. In a moving fluid, stresses in addition to pressure are viscous stresses. A pressure force on a surface is the pressure stress integrated over the surface. The pressure force per unit volume on a fluid particle for Newton’s second law, however, is the negative of the gradient (spatial derivatives) of pressure at that point.

Reynolds number: An order-of-magnitude estimate of the ratio of the following two terms in Newton’s second law of motion over a region of the flow: the inertial (or acceleration) term over the viscous force term. Most but not all Reynolds numbers can be written as an appropriate characteristic velocity V times a characteristic length scale L consistent with the velocity V, divided by the kinematic viscosity v of the fluid: Re = VL/v. The Reynolds number is arguably the most important nondimensional similarity parameter in fluid flow analysis since it gives a rough estimate of the importance of frictional force in the overall flow.
shear stress: A stress (force component per unit area) that acts tangent to the area. Therefore, σxy, σyx, σxz, σzx, σyz, and σzy are shear stresses. The shear force over a surface is the net force from shear stress, given by integrating the shear stress over the surface area. The shear stresses are the off-diagonal elements of the stress tensor.
sonic: At the speed of sound (Mach number = 1).
specific weight: The weight of a fluid per unit mass, i.e., fluid density times acceleration due to gravity (specific weight, γ=/ ρg).
statics: The mechanical study and analysis of material that  is fully at rest in a specific frame of reference.
steady flow: A flow in which all fluid variables (velocity, pressure, density, temperature, etc.) at all fixed points in the flow are constant in time (but generally vary from place to place). Thus, in steady flows all partial derivatives in time are zero. Flows that are not precisely steady but that change sufficiently slowly in time to neglect time derivative terms with relatively little error are called quasi-steady.
stress: A component of a force distributed over an area is written as the integral of a stress over that area. Thus, stress is the force component dFi on a differential area element divided by the area of the element dAj (in the limit dAj→0), where i and j indicate a coordinate direction x, y, or z. Stress σij = dFi/dAj is therefore a force component per unit area in the i direction on surface j. To obtain the surface force from stress, one integrates stress over the corresponding surface area. Mathematically, there are six independent components of a second-rank symmetric stress tensor, generally written as a symmetric 3 x 3 matrix.
subsonic: Below the speed of sound (Mach number < 1).
supersonic:  Above the speed of sound (Mach number > 1).
system: Usually when the word system is used by itself, closed system is implied, in contrast with a control volume or open system.
transient period: A time-dependent period of flow evolution leading to a new equilibrium period that is generally, but not necessarily, steady. An example is the start-up period after a jet engine is switched on, leading to a steady (equilibrium) jet flow.
transitional flow: An unstable vortical fluid flow at a Reynolds number higher than a critical value that is large relative to 1, but is not sufficiently high that the flow has reached a fully turbulent flow state. Transitional flows often oscillate randomly between laminar and turbulent states.
turbulent flow: An unstable disordered state of vortical fluid flow that is inherently unsteady and that contains eddying motions over a wide range of sizes (or scales). Turbulent flows are always at Reynolds numbers above a critical value that is large relative to 1. Mixing is hugely enhanced, surface shear stresses are much higher, and head loss is greatly increased in turbulent flows as compared to corresponding laminar flows.
units: A specific system to quantify numerically the dimensions of a physical quantity. The most common systems of units are SI (kg, N, m, s), English (lbm, lbf, ft, s), BGS (slug, lb, ft, s), and cgs (g, dyne, cm, s). See also dimensions.
unsteady flow: A flow in which at least one variable at a fixed point in the flow changes with time. Thus, in unsteady flows a partial derivative in time is nonzero for at least one point in the flow.
velocity: A vector that quantifies the rate of change in position and the direction of motion of a material particle.
viscous (or frictional) force: As applicable to Newton’s second law, this is the force acting on a fluid particle that arises from spatial gradients in viscous (or frictional) stresses within the flow. The viscous force on a surface is the viscous stress integrated over the surface. See also stress, viscous stress.
viscous (regions of) flow: Regions of a fluid flow where viscous forces are significant relative to other forces (typically, pressure force) on fluid particles in that region of the flow, and therefore cannot be neglected in Newton’s second law of motion (compare with inviscid flow).

