Glossary for Chapter 4

advective acceleration:  See convective acceleration. In order to reduce confusion of terminology in flows where buoyancy forces generate convective fluid motions, the term “convective acceleration” is often replaced with the term “advective acceleration.”
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.
continuum: Treatment of matter as a continuous (without holes) distribution of finite mass differential volume elements. Each volume element must contain huge numbers of molecules so that the macroscopic effect of the molecules can be modeled without considering individual molecules.
contour plot: Also called an isocontour plot, this is a way of plotting data as lines of constant variable through a flow field. Streamlines, for example, may be identified as lines of constant stream function in two-dimensional incompressible steady flows.
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).
convective acceleration: Synonymous with advective acceleration, this term must be added to the partial time derivative of velocity to properly quantify the acceleration of a fluid particle within an Eulerian frame of reference. For example, a fluid particle moving through a contraction in a steady flow speeds up as it moves, yet the time derivative is zero. The additional convective acceleration required to quantify fluid acceleration (e.g., in Newton’s second law) is called the convective derivative. See also Eulerian description, Lagrangian description, material derivative, and steady flow.
elocity profile: The spatial variation in a velocity component or vector through a region of a fluid flow. For example, in a tube flow the velocity profile generally defines the variation in axial velocity with radius across the tube cross section, while a boundary layer velocity profile generally defines variation in axial velocity normal to the surface. The velocity profile is part of a velocity field.
Eulerian description: In contrast with the Lagrangian description, an Eulerian analysis of fluid flow is developed from a frame of reference through which the fluid particles move. In this frame the acceleration of fluid particles is not simply the time derivative of fluid velocity, and must include another term, called convective acceleration, to describe the change in velocity of fluid particles as they move through a velocity field. Note that velocity fields are always defined in an Eulerian frame of reference.
extensional strain rate: The components of strain rate that describe elongation or compression of a fluid particle in one of the three coordinate directions. These are the three diagonal elements of the strain rate tensor. The definition of extensional strain depends on one’s choice of coordinate axes. Also called linear strain rate.
extensive property: A fluid property that depends on total volume or total mass (e.g., total internal energy). See intensive property.
field: The representation of a flow variable as a function of Eulerian coordinates (x, y, z). For example, the velocity and acceleration fields are the fluid velocity and acceleration vectors ([image: image1.jpg]


–>, a–>) as a functions of position (x, y, z) in the Eulerian description at a specified time t.
fluid particle/element:A differential particle, or element, embedded in a fluid flow containing always the same atoms and molecules. Thus a fluid particle has fixed mass δm and moves with the flow with local flow velocity [image: image2.jpg]
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particle = DV–>/Dt and trajectory (xparticle(t), yparticle (t), tparticle (t)). See also material derivative, material particle, material position vector, and pathline.
intensive property: A fluid property that is independent of total volume or total mass (i.e., an extensive property per unit mass or sometimes per unit volume).
Irrotational (region of) flow: A region of a flow with negligible vorticity (i.e., fluid particle rotation). Also called potential flow.
Kármán vortex street: The two-dimensional alternating unsteady pattern of vortices that are commonly observed behind circular cylinders in a flow (e.g., the vortex street behind wires in the wind is responsible for the distinct tone sometimes heard).
kinematics: In contrast with dynamics, the kinematic aspects of a fluid flow are those that do not directly involve Newton’s second law force balance. Kinematics refers to descriptions and mathematical derivations based only on conservation of mass (continuity) and definitions related to flow and deformation.
Lagrangian description: In contrast with the Eulerian description, a Lagrangian analysis is developed from a frame of reference attached to moving material particles. For example, solid particle acceleration in the standard Newton’s second law form, [image: image4.jpg]
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, is in a coordinate system that moves with the particle so that acceleration a–> is given by the time derivative of particle velocity. This is the typical analytical approach used for analysis of the motion of solid objects.
material acceleration: The acceleration of a fluid particle at the point (x, y, z) in a flow at time t. This is given by the material derivative of fluid velocity: D[image: image7.jpg]


(x, y, z, t)/Dt.
material derivative: Synonymous terms are total derivative, substantial derivative, and particle derivative. These terms mean the time rate of change of fluid variables (temperature, velocity, etc.) moving with a fluid particle. Thus, the material derivative of temperature at a point (x, y, z) at time t is the time derivative of temperature attached to a moving fluid particle at the point (x, y, z) in the flow at the time t. In a Lagrangian frame of reference (i.e., a frame attached to the moving particle), particle temperature Tparticle depends only on time, so a time derivative is a total derivative dTparticle(t)/dt. In an Eulerian frame, the temperature field T(x, y, z, t) depends on both position (x, y, z) and time t, so the material derivative must include both a partial derivative in time and a convective derivative: dTparticle(t)/dt = DT(x, y, z, t)/Dt = ∂T/∂t + [image: image8.jpg]


· V–>T. See also field.
material position vector: A vector [xparticle(t), yparticle(t), zparticle(t)] that defines the location of a material particle as a function of time. Thus the material position vector in a fluid flow defines the trajectory of a fluid particle in time.

particle image velocimetry (PIV): A technique for measuring a velocity component locally in a flow based on tracking the movement of small particles in the flow over a  short time using pulsed lasers. Unlike hot-wire and hot-film anemometry and like laser Doppler velocimetry, there is no interference to the flow.
pathline: A line mapping the trajectory of a fluid particle as it travels through a flow over a period of time. Mathematically, this is the line through the points mapped out by the material position vector [xparticle(t), yparticle(t), zparticle(t)] over a defined period of time. Thus, pathlines are formed over time, and each fluid particle has its own pathline. In a steady flow, fluid particles move along streamlines, so pathlines and streamlines coincide. In a nonsteady flow, however, pathlines and streamlines are generally very different. Contrast with streamline.
profile plot: A graphical representation of the spatial variation of a fluid property (temperature, pressure, strain rate, etc.) through a region of a fluid flow. A profile plot defines property variations in part of a field (e.g., a temperature profile might define the variation of temperature along a line within the temperature field).
Reynolds transport theorem: The mathematical relationship between the time rate of change of a fluid property in a system (volume of fixed mass moving with the flow) and the time rate of change of a fluid property in a control volume (volume, usually fixed in space, with fluid mass moving across its surface). This finite volume expression is closely related to the material (time) derivative of a fluid property attached to a moving fluid particle. See also conservation laws.

rotation rate: The angular velocity, or rate of spin, of a fluid particle (a vector, with units rad/s, given by 1/2 the curl of the velocity vector). See also vorticity.
rotational flow: Synonymous with vortical flow, this term describes a flow field, or a region of a flow field, with significant levels of vorticity.
schlieren technique:  An experimental technique to visualize flows based on the refraction of light from varying fluid density. The illuminance level in a schlieren image responds to the first spatial derivative of density.
shadowgraph technique:  An experimental technique to visualize flows based on the refraction of light from varying fluid density. The illuminance level in a shadowgraph image responds to the second spatial derivative of density.
shear layer: A quasi two-dimensional flow region with a high gradient in streamwise velocity component in the transverse flow direction. Shear layers are inherently viscous and vortical in nature.
shear strain rate: The components of strain rate that describe deformation of a fluid particle in response to shear changing an angle between planes mutually perpendicular to the three coordinate axes. These are the off-diagonal elements of the strain rate tensor. The definition of shear strain depends on one’s choice of coordinate axes.

strain rate:  Strain rate can also be called deformation rate. This is the rate at which a fluid particle deforms (i.e., changes shape) at a given position and time in a fluid flow. To fully quantify all possible changes in shape of a three-dimensional fluid particle requires six numbers. Mathematically, these are the six independent components of a second-rank symmetric strain rate tensor, generally written as a symmetric 3 x 3 matrix. Strain is time-integrated strain rate and describes deformation of a fluid particle after a period of time. See stress.
streakline: Used in flow visualization of fluid flows, this is a line defined over time by the release of a marker (dye or smoke) from a fixed point in the flow. Contrast with pathline and streamline. In a steady flow, streamlines, pathlines, and streaklines all coincide. In a nonsteady flow, however, these sets of lines are each different from one another.
streamtube:  A bundle of streamlines. A streamtube is usually envisioned as a surface formed by an infinite number of streamlines initiated within the flow on a circular circuit and tending to form a tubelike surface in some region of the flow.
system: Usually when the word system is used by itself, closed system is implied, in contrast with a control volume or open system.
timeline: Used for visualization of fluid flows, this is a line defined at some instant in time by the release of a marker from a line in the flow at some earlier instant in time. The timeline, often used to approximate a velocity profile in a laboratory flow, is very different from streaklines, pathlines, and streamlines.
volumetric strain rate: Rate of change of volume of a fluid particle per unit volume. Also called bulk strain rate and rate of volumetric dilatation.
vorticity: Twice the angular velocity, or rate of spin, of a fluid particle (a vector, with units rad/s, given by the curl of the velocity vector). See also rotation rate.
