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Figure 1. Mass flux balance
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Bernoulli Equation
The total energy of a fluid in motion consists of the following
components: -

Potential Energy (PE)

This is the energy that a fluid has because of its position in the earth’s
field of gravity. The work required to raise a unit mass of fluid to a
height (z) above a datum line is (zg), where (g) is gravitational
acceleration. This work is equal to the potential energy per unit mass
of fluid above the datum line.

Kinetic Energy (KE)

This is the energy associated with the physical state of fluid motion. The
kinetic energy of unit mass of the fluid is (u2/2), where (u) is the linear
velocity of the fluid relative to some fixed body.

Pressure Energy (flow energy)

This is the energy or work required to introduce the fluid into the system without a
change in volume. If (P) is the pressure and (V) is the volume of a mass (m3) of fluid,
then (P V /m) is the pressure energy per unit mass of fluid. The ratio (V /m) is the

fluid density (1/p).

Bernoulli equation
The Bernoulli equation is an approximate relation between pressure,
velocity, and elevation, and is valid in regions of steady, incompressible
flow where net frictional forces are negligible.

E=zg+P/p+u2/2

Steady flow along a streamline
\

Derivation of the Bernoulli

Equation

Consider the motion of a fluid particle in a \
flow field in steady flow. Applying Newton’s 71 O |®
second law (which is referred to as the . i
linear momentum equation in fluid \/

mechanics) in the s-direction on a particle :
moving along a streamline gives

ZF; = ma, (1)
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ap V?

Steady flow: I— + -+ gz = constant (along a streamline)
p

: : A & ;
Steady, incompressible flow: ;- + 3 + gz = constant (along a streamline)

: , - .
Steady, incompressible flow: ; ¥ 1 +g, = ; + ry t &,
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Solving for V., and substituting,

-

V, = V2ez, = V2(9.81 m/s’)(5 m) = 9.9 m/s

Example 2: A piezometer and a Pitot tube

are tapped into a horizontal

water pipe, as shown in Fig. 2, to measure static and stagnation

pressures. For the indicated water colu
velocity at the center of the pipe

P, = pglh, + hy)

Py = pg(hy + hy + hy)
Noting that z, = z;, and point 2 is a stagnation point and thus v, = 0,
the application of the Bernoulli equation between points 1 and 2 gives

pfgl- < 5‘% + + iz -
Substituting the P, and P, expressions gives
ﬁzpz"Px =P3‘h1+h:+hs)—l’g(l’| +h1’=h
3 P8
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Solving for v, and substituting,

V, = V2gh, = V20981 i) 0.12 m) = 1.53 mis

mn heights, determine the

.’_E, "

— ¥,

Stagnation
point

Fig. 2




