Glossary for Chapter 5
.
adiabatic process:  A process with no heat transfer.
Bernoulli equation: A useful reduction of conservation of momentum (and conservation of energy) that describes a balance between pressure (flow work), velocity (kinetic energy), and position of fluid particles relative to the gravity vector (potential energy) in regions of a fluid flow where frictional force on fluid particles is negligible compared to pressure force in that region of the flow (see inviscid flow). There are multiple forms of the Bernoulli equation for incompressible vs. compressible, steady vs. nonsteady, and derivations through Newton’s law vs. the first law of thermodynamics. The most commonly used forms are for steady incompressible fluid flow derived through conservation of momentum.
conservation laws: The fundamental principles upon which all engineering analysis is based, whereby the material properties of mass, momentum, energy, and entropy can change only in balance with other physical properties involving forces, work, and heat transfer. These laws are predictive when written in mathematical form and appropriately combined with boundary conditions, initial conditions, and constitutive relationships.
conservation of energy principle: This is the first law of thermodynamics, a fundamental law of physics stating that the time rate of change of total energy of a fixed mass (system) is balanced by the net rate at which work is done on the mass and heat energy is transferred to the mass. (Note: To mathematically convert the time derivative of mass, momentum, and energy of fluid mass in a system to that in a control volume, one applies the Reynolds transport theorem.)
conservation of mass principle: A fundamental law of physics stating that a volume always containing the same atoms and molecules (system) must always contain the same mass. Thus the time rate of change of mass of a system is zero. This law of physics must be revised when matter moves at speeds approaching the speed of light so that mass and energy can be exchanged as per Einstein’s laws of relativity.
conservation of momentum: This is Newton’s second law of motion, a fundamental law of physics stating that the time rate of change of momentum of a fixed mass (system) is balanced by the net sum of all forces applied to the mass.
dynamic pressure: When the Bernoulli equation in incompressible steady flow and/or the conservation of energy equation along a streamline are written in forms where each term in the equations have the dimensions force/area, dynamic pressure is the kinetic energy (per unit volume) term (i.e., ½ ρV2 ).

efficiency:  A ratio that describes levels of losses of useful power obtained from a device. Efficiency of 1 implies no losses in the particular function of the device for which a particular definition of efficiency is designed. For example, mechanical efficiency of a pump is defined as the ratio of useful mechanical power transferred to the flow by the pump to the mechanical energy, or shaft work, required to drive the pump. Pump motor-efficiency is defined as the ratio of useful mechanical power transferred to the flow over the electrical power required to drive the pump. Motor pump efficiency, therefore, includes additional losses and is therefore lower than mechanical pump efficiency.
elevation head: The term in the head form of conservation of energy (see head) involving distance in the direction opposite to the gravitational vector relative to a predefined datum (z).
energy grade line: See grade lines. Line describing the sum of pressure head, velocity head, and elevation head. See head.
flow work: The work term in first law of thermodynamics applied to fluid flow associated with pressure forces on the flow.
frictionless flow: Mathematical treatments of fluid flows sometimes use conservation of momentum and energy equations without the frictional terms. Such mathematical treatments “assume” that the flow is “frictionless,” implying no viscous force (Newton’s second law), nor viscous dissipation (first law of thermodynamics). However, no real fluid flow of engineering interest can exist without viscous forces, dissipation, and/or head losses in regions of practical importance. The engineer should always identify the flow regions where frictional effects are concentrated. When developing models for prediction, the engineer should consider the role of these viscous regions in the prediction of variables of interest and should estimate levels of error in simplified treatments of the viscous regions. In high Reynolds number flows, frictional regions include boundary layers, wakes, jets, shear layers, and flow regions surrounding vortices.
grade lines: Lines of head summations.
head: A quantity (pressure, kinetic energy, etc.) expressed as an equivalent column height of a fluid. Conservation of energy for steady flow written for a control volume surrounding a central streamline with one inlet and one outlet, or shrunk to a streamline, can be written such that each term has the dimensions of length. 
hydraulic grade line: Line describing the sum of pressure head and elevation head. See head.
hydrostatic pressure: The component of pressure variation in a fluid flow that would exist in the absence of flow as a result of gravitational body force. This term appears in the hydrostatic equation and in the Bernoulli equation. See also dynamic and static pressure.
kinetic energy correction factor: Control volume analysis of the conservation of energy equation applied to tubes contains area integrals of kinetic energy flux. The integrals are often approximated as proportional to kinetic energy formed with area-averaged velocity, Vavg. The inaccuracy in this approximation can be significant, so a kinetic energy correction factor, α, multiplies the term to improve the approximation. The correction α depends on the shape of the velocity profile, is largest for laminar profiles (Poiseuille flow), and is closest to 1 in turbulent pipe flows at very high Reynolds numbers.
mechanical energy: The nonthermal components of energy; examples include, kinetic and potential energy.
Pitot-static probe:  A device used to measure fluid velocity through the application of the Bernoulli equation with simultaneous measurement of static and stagnation pressures.  Also called a Pitot-Darcy probe.
power: Work per unit time; time rate at which work is done.
pressure head: The term in the head form of conservation of energy (see head) involving pressure (P/ρg).
stagnation point: A point in a fluid flow where the velocity goes to zero. For example, the point on the streamline that intersects the nose of a moving projectile is a stagnation point.
static pressure: Another term for pressure, used in context with the Bernoulli equation to distinguish it from dynamic pressure.
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.
velocity head: The (kinetic energy) term in the head form of conservation of energy (see head) involving velocity (V2/2g).
work energy: The integral of force over the distance in which a mass is moved by the force. Work is energy associated with the movement of matter by a force.

