Glossary for Chapter 7
Buckingham Pi theorem: A mathematical theorem used in dimensional analysis that predicts the number of nondimensional groups that must be functionally related from a set of dimensional parameters that are thought to be functionally related.
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.
dimensional analysis: A process of analysis based solely on the variables of relevance to the flow system under study, the dimensions of the variables, and dimensional homogeneity. After determining the other variables on which a variable of interest depends (e.g., drag on a car depends on the speed and size of the car, fluid viscosity, fluid density, and surface roughness), one applies the principle of dimensional homogeneity with the Buckingham Pi theorem to relate an appropriately nondimensionalized variable of interest (e.g., drag) with the other variables appropriately nondimensionalized (e.g., Reynolds numbers, roughness ratio, and Mach number).
dimensional homogeneity: The requirement that summed terms must have the same dimensions (e.g., ρV2, pressure P, and shear stress τxy are dimensionally homogeneous while power, specific enthalpy h, and Pm. are not). Dimensional homogeneity is the basis of dimensional analysis.
dimensions: The required specification of a physical quantity beyond its numerical value. See also units.
dynamic similarity:  If two objects are geometrically and kinematically similar, then if the ratios of all forces (pressure, viscous stress, gravity force, etc.) between a point in the flow surrounding one object, and the same point scaled appropriately in the flow surrounding the other object, are all the same at all corresponding pairs of points, the flow is dynamically similar.
Froude number: An order-of-magnitude estimate of the ratio of the inertial term in Newton’s law of motion to the gravity force term. The Froude number is an important nondimensional group in free-surface flows, as is generally the case in channels, rivers, surface flows, etc.
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).
geometric similarity: Two objects of different size but having the same geometry are geometrically similar.
kinematic similarity: If two objects are geometrically similar, then if the ratios of all velocity components between a point in the flow surrounding one object, and the same point scaled appropriately in the flow surrounding the other object, are all the same at all corresponding pairs of points, the flow is kinematically similar.
nondimensionalization: The process of making a dimensional variable dimensionless by dividing the variable by a scaling parameter (a single variable or a combination of variables) that have the same units. For example, the surface pressure on a moving ball might be nondimensionalized by dividing it by ρV2, where ρ is fluid density and V is free-stream velocity. See also normalization.
normalization: A particular nondimensionalization where the scaling parameter is chosen so that the nondimensionalized variable attains a maximum value that is of order 1 (say, within roughly 0.5 to 2). Normalization is more restrictive (and more difficult to do properly) than nondimensionalization. For example, P/(ρV2) discussed under nondimensionalization is also normalized pressure on a flying baseball (where Reynolds number Re >>1), but is simply nondimensionalization of surface pressure on a small glass bead dropping slowly through honey (where Re << 1).

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.
scaling parameter: A single variable, or a combination of variables, that is chosen to nondimensionalize a variable of interest. See also nondimensionalization and normalization.
similarity: The principle that allows one to quantitatively relate one flow to another when certain conditions are met. Geometric similarity, for example, must be true before one can hope for kinematic or dynamic similarity. The quantitative relationship that relates one flow to another is developed using a combination of dimensional analysis and data (generally, experimental, but also numerical or theoretical).

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.
