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• You solution procedure should be legible and complete for full credit (use scratch paper as needed).

• You may use a calculator with simple arithmetic operations.
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1. Because of the drought, your neighbor Ted considers drilling a well to reach the Mocho Subbasin
aquifer located 18 m below ground level, and installing a pump in his backyard to bring water up
to his garden. Explain why Ted’s idea is bound to fail no matter how good his pump is.

18 m

2. What does Bernoulli’s equation represent, and what does each term mean? List the assumptions
that we have made to arrive at Bernoulli’s equation.
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3. Water flows out of a cylindrical tank of height H as shown. The top surface is static (velocity is
zero) since it’s filled at the same rate water exits. Due to the small size of the exit, surface tension
contributes to a non-negligible increase in pressure inside the fluid jet. Find the exit velocity.
Express your answer in terms of the surface tension coefficient σ, specific weight of the fluid γ, jet
diameter D, and fluid height H. You may assume viscosity is negligible and that the exit jet is
cylindrical in shape.

H

D
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4. Gate AB is 5 ft wide into the paper and opens to let fresh water out when the ocean tide is
dropping. The hinge at A is 2 ft above the freshwater level. At what ocean level h will the gate
first open? Neglect the weight of the gate.

2 ft
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5. Water exits a pipe with flowrate Q as a free jet and strikes a circular disk of radius R = 5(cm)
at elevation z = 20(cm) above the pipe. The jet exits from the sides of the disk horizontally with
layer thickness t = 4(mm), as shown. The flow geometry is axi-symmetric. The center of disk
has a hole where a manometer is installed. The water in the manometer rises up to height H and
remains static. Neglect viscous effects.

(a) Determine the flowrate Q in the pipe. (Hint: use Bernoulli and conservation of mass)

(b) Determine the manometer reading H.

V V

Thickness t = 0.04(cm)

Pipe

Free Jet

Flowrate Q

Circular disk

Manometer

Radius R = 5(cm)

Diameter D = 1(cm)

Elevation z = 20(cm)

Height H
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Summary of Equations:

Chapter 1:

determine the dimensions of common physical quantities.
determine whether an equation is a general or restricted homogeneous equation.
use both BG and SI systems of units.
calculate the density, specific weight, or specific gravity of a fluid from a knowledge of any
two of the three.
calculate the density, pressure, or temperature of an ideal gas (with a given gas constant)
from a knowledge of any two of the three.
relate the pressure and density of a gas as it is compressed or expanded using Eqs. 1.14
and 1.15.
use the concept of viscosity to calculate the shearing stress in simple fluid flows.
calculate the speed of sound in fluids using Eq. 1.19 for liquids and Eq. 1.20 for gases.
determine whether boiling or cavitation will occur in a liquid using the concept of vapor
pressure.
use the concept of surface tension to solve simple problems involving liquid–gas or liquid–
solid–gas interfaces.

Some of the important equations in this chapter are:

Specific weight (1.6)

Specific gravity (1.7)

Ideal gas law (1.8)

Newtonian fluid shear stress (1.9)

Bulk modulus (1.12)

Speed of sound in an ideal gas (1.20)

Capillary rise in a tube (1.22)h !
2s cos u

gR

c ! 1kRT

Ev ! "
dp

dV"#V"

t ! m 
du
dy

r !
p

RT

SG !
r

rH2O@4 °C

g ! rg

30 Chapter 1 ■ Introduction

fluid 
units 
basic dimensions 
dimensionally 

homogeneous 
density 
specific weight 
specific gravity 
ideal gas law 
absolute pressure 
gage pressure
no-slip condition
rate of shearing strain
absolute viscosity
Newtonian fluid 
non-Newtonian fluid
kinematic viscosity
bulk modulus 
speed of sound 
vapor pressure 
surface tension
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Go to Appendix G for a set of review problems with answers. De-
tailed solutions can be found in Student Solution Manual and Study
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Chapter 2:

Go to Appendix G for a set of review problems with answers. De-
tailed solutions can be found in Student Solution Manual and Study

Guide for Fundamentals of Fluid Mechanics, by Munson et al.
(© 2009 John Wiley and Sons, Inc.).

Review Problems

Note: Unless otherwise indicated, use the values of fluid prop-
erties found in the tables on the inside of the front cover. Prob-
lems designated with an 1*2 are intended to be solved with the
aid of a programmable calculator or a computer. Problems des-
ignated with a 1 2 are “open-ended” problems and require crit-
ical thinking in that to work them one must make various
assumptions and provide the necessary data. There is not a
unique answer to these problems.

Answers to the even-numbered problems are listed at the
end of the book. Access to the videos that accompany problems
can be obtained through the book’s web site, www.wiley.com/
college/munson. The lab-type problems can also be accessed on
this web site.†

Problems

78 Chapter 2 ■ Fluid Statics

determine the magnitude, direction, and location of the resultant hydrostatic force acting on
a curved surface.
use Archimedes’ principle to calculate the resultant hydrostatic force acting on floating or
submerged bodies.
analyze, based on Eq. 2.2, the motion of fluids moving with simple rigid-body linear motion
or simple rigid-body rotation.

Some of the important equations in this chapter are:

Pressure gradient in a stationary fluid (2.4)

Pressure variation in a stationary incompressible fluid (2.7)

Hydrostatic force on a plane surface (2.18)

Location of hydrostatic force on a plane surface (2.19)

(2.20)

Buoyant force (2.22)

Pressure gradient in rigid-body motion (2.24)

Pressure gradient in rigid-body rotation (2.30)
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Chapter 3:

Several applications of the Bernoulli equation are discussed. In some flow situations, such
as the use of a Pitot-static tube to measure fluid velocity or the flow of a liquid as a free jet
from a tank, a Bernoulli equation alone is sufficient for the analysis. In other instances, such
as confined flows in tubes and flow meters, it is necessary to use both the Bernoulli equation
and the continuity equation, which is a statement of the fact that mass is conserved as fluid
flows.

The following checklist provides a study guide for this chapter. When your study of the
entire chapter and end-of-chapter exercises has been completed, you should be able to

write out meanings of the terms listed here in the margin and understand each of the related
concepts. These terms are particularly important and are set in italic, bold, and color type
in the text.
explain the origin of the pressure, elevation, and velocity terms in the Bernoulli equation
and how they are related to Newton’s second law of motion.
apply the Bernoulli equation to simple flow situations, including Pitot-static tubes, free jet
flows, confined flows, and flow meters.
use the concept of conservation of mass (the continuity equation) in conjunction with the
Bernoulli equation to solve simple flow problems.
apply Newton’s second law across streamlines for appropriate steady, inviscid, incompress-
ible flows.
use the concepts of pressure, elevation, velocity, and total heads to solve various flow prob-
lems.
explain and use the concepts of static, stagnation, dynamic, and total pressures.
use the energy line and the hydraulic grade line concepts to solve various flow problems.
explain the various restrictions on use of the Bernoulli equation.

Some of the important equations in this chapter are:

Streamwise and normal 
acceleration (3.1)

Force balance along a streamline
for steady inviscid flow (3.6)

The Bernoulli equation (3.7)
Pressure gradient normal to 
streamline for inviscid flow in (3.10b)
absence of gravity
Force balance normal to a 
streamline for steady, inviscid, (3.12)
incompressible flow
Velocity measurement for a 
Pitot-static tube (3.16)

Free jet (3.18)

Continuity equation (3.19)

Flow meter equation (3.20)

Sluice gate equation (3.21)

Total head (3.22) 
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steady flow
streamline
Bernoulli equation
elevation head
pressure head
velocity head
static pressure
dynamic pressure
stagnation point
stagnation pressure
total pressure
Pitot-static tube 
free jet 
volume flowrate 
continuity equation 
cavitation
flow meter 
hydraulic grade line 
energy line
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