Wy = —mg(y, - il
where v, and y; are heights of the center of the tube above some (arbitrary) refer-
ence level. In the case shown in Fig. 10-23, this term is negative since the motion
is uphill against the force of gravity. The net work W done on the fluid is thus

W =W +W, + W

W="PAAlL - PAAL — mgy, + mgy,.
According to the work-energy principle (Section 6-3), the net work done on a
system is equal to its change in kinetic energy. Hence

Lol — tmol = P A Al — P, A AL — mgy, + mgy,.
The mass m has volume A Al = A,AlL,. Thus we can substitute m =
p A AL = pA; AL, and then divide through by A Al; = A, AL, to obtain

1pvi — 3pvi = P — P, — pgyy + pgy,

which we rearrange to get
P, + Lpvi + pgy, = P, + $pvi + pgys. (10=-5) Bernoulli's equation

This is Bernoulli’s equation. Since points | and 2 can be any two points along a
tube of flow, Bernoulli’s equation can be written as

P + 1pv* + pgy = constant
at every point in the fluid, where v is the height of the center of the tube above
a fixed reference level. [Note that if there is no flow (v, = v, = 0), then
Eq. 10-5 reduces to the hydrostatic equation, Eq. 10-3b or c.]

Bernoulli's equation is an expression of the law of energy conservation,
since we derived it from the work-energy principle.

EXERCISE C As water in a level pipe passes from a narrow cross section of pipe to a
wider cross section, how does the pressure change?

S CUWIHRSR IR ES Flow and pressure in a hot-water heating system. @ PHYSICS APPLIED

Water circulates throughout a house in a hot-water heating system. If the Hot-water heating system
water is pumped at a speed of 0.50 m/s through a 4.0-cm-diameter pipe in the
basement under a pressure of 3.0 atm, what will be the flow speed and pres-
sure in a 2.6-cm-diameter pipe on the second floor 5.0m above? Assume the
pipes do not divide into branches.

APPROACH We use the equation of continuity at constant density to deter-
mine the flow speed on the second floor, and then Bernoulli’s equation to find
the pressure.

SOLUTION We take v, in the equation of continuity, Eq. 10-4, as the flow
speed on the second floor, and », as the flow speed in the basement. Noting
that the areas are proportional to the radii squared (A = mr?), we obtain

wA, vl (0,020 m)?
1 = —_ —_ ‘5 5 — & l"
7 4, s () (0.013 m)? e

To find the pressure on the second floor, we use Bernoulli’s equation:

o)

— P+ pgln - ) + boloh - %)

= (3.0 X 10°N/m?) + (1.0 % 10°kg/m?){(9.8 m/s?)(—5.0m)
+ H1.0 x 10°kg/m*)[(0.50 m/s)E - (1.2 m/.‘;]?]

= (3.0 x 10°N/m?) — (4.9 x 10*N/m?) — (6.0 x 10° N/m?)

=25 % 10°N/m? = 2.5 atm,

NOTE The velocity term contributes very little in this case,

SECTION 10-9 Bernoulli's Equation
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