
I N T R O D U C T I O N  A N D
O V E R V I E W

Many engineering systems involve the transfer, transport, and conver-
sion of energy, and the sciences that deal with these subjects are
broadly referred to as thermal-fluid sciences. Thermal-fluid sciences

are usually studied under the subcategories of thermodynamics, heat transfer,
and fluid mechanics. We start this chapter with an overview of these sciences,
and give some historical background. Then we review the unit systems and
discuss dimensional homogeneity. We then present an intuitive systematic
problem-solving technique that can be used as a model in solving engineering
problems, followed by a discussion of the proper place of software packages in
engineering. Finally, we discuss accuracy and significant digits in engineering
measurements and calculations.
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CHAPTER

1
Objectives

The objectives of this chapter are to:

■ Be acquainted with the
engineering sciences
thermodynamics, heat transfer,
and fluid mechanics, and
understand the basic concepts
of thermal-fluid sciences.

■ Be comfortable with the metric
SI and English units commonly
used in engineering.

■ Develop an intuitive systematic
problem-solving technique.

■ Learn the proper use of software
packages in engineering.

■ Develop an understanding of
accuracy and significant digits
in calculations.
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1–1 ■ INTRODUCTION TO THERMAL-FLUID SCIENCES
The word thermal stems from the Greek word therme, which means heat.
Therefore, thermal sciences can loosely be defined as the sciences that deal
with heat. The recognition of different forms of energy and its transforma-
tions has forced this definition to be broadened. Today, the physical sciences
that deal with energy and the transfer, transport, and conversion of energy
are usually referred to as thermal-fluid sciences or just thermal sciences.
Traditionally, the thermal-fluid sciences are studied under the subcategories
of thermodynamics, heat transfer, and fluid mechanics. In this book we pre-
sent the basic principles of these sciences, and apply them to situations that
engineers are likely to encounter in their practice.

The design and analysis of most thermal systems such as power plants,
automotive engines, and refrigerators involve all categories of thermal-fluid
sciences as well as other sciences (Fig. 1–1). For example, designing the radi-
ator of a car involves the determination of the amount of energy transfer from
a knowledge of the properties of the coolant using thermodynamics, the
determination of the size and shape of the inner tubes and the outer fins using
heat transfer, and the determination of the size and type of the water pump
using fluid mechanics. Of course the determination of the materials and the
thickness of the tubes requires the use of material science as well as strength
of materials. The reason for studying different sciences separately is simply
to facilitate learning without being overwhelmed. Once the basic prin-
ciples are mastered, they can then be synthesized by solving comprehen-
sive real-world practical problems. But first we present an overview of
thermal-fluid sciences.

Application Areas of Thermal-Fluid Sciences
All activities in nature involve some interaction between energy and matter;
thus it is hard to imagine an area that does not relate to thermal-fluid sci-
ences in some manner. Therefore, developing a good understanding of basic
principles of thermal-fluid sciences has long been an essential part of engi-
neering education.

Thermal-fluid sciences are commonly encountered in many engineering
systems and other aspects of life, and one does not need to go very far to see
some application areas of them. In fact, one does not need to go anywhere.
The heart is constantly pumping blood to all parts of the human body, various
energy conversions occur in trillions of body cells, and the body heat gener-
ated is constantly rejected to the environment. The human comfort is closely
tied to the rate of this metabolic heat rejection. We try to control this
heat transfer rate by adjusting our clothing to the environmental conditions.
Also, any defect in the heart and the circulatory system is a major cause for
alarm.

Other applications of thermal-fluid sciences are right where one lives. An
ordinary house is, in some respects, an exhibition hall filled with wonders of
thermal-fluid sciences. Many ordinary household utensils and appliances are
designed, in whole or in part, by using the principles of thermal-fluid sci-
ences. Some examples include the electric or gas range, the heating and air-
conditioning systems, the refrigerator, the humidifier, the pressure cooker, the
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The design of many engineering
systems, such as this solar hot water
system, involves thermal-fluid
sciences.
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water heater, the shower, the iron, the plumbing and sprinkling systems,
and even the computer, the TV, and the DVD player. On a larger scale,
thermal-fluid sciences play a major part in the design and analysis of automo-
tive engines, rockets, jet engines, and conventional or nuclear power plants,
solar collectors, the transportation of water, crude oil, and natural gas, the
water distribution systems in cities, and the design of vehicles from ordinary
cars to airplanes (Fig. 1–2). The energy-efficient home that you may be living
in, for example, is designed on the basis of minimizing heat loss in winter and
heat gain in summer. The size, location, and the power input of the fan of
your computer is also selected after a thermodynamic, heat transfer, and fluid
flow analysis of the computer.
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FIGURE 1–2
Some application areas of thermal-fluid sciences.
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1–2 ■ THERMODYNAMICS
Thermodynamics can be defined as the science of energy. Although every-
body has a feeling of what energy is, it is difficult to give a precise defini-
tion for it. Energy can be viewed as the ability to cause changes.

The name thermodynamics stems from the Greek words therme (heat) and
dynamis (power), which is most descriptive of the early efforts to convert
heat into power. Today the same name is broadly interpreted to include all
aspects of energy and energy transformations including power generation,
refrigeration, and relationships among the properties of matter.

One of the most fundamental laws of nature is the conservation of energy
principle. It simply states that during an interaction, energy can change from
one form to another but the total amount of energy remains constant. That is,
energy cannot be created or destroyed. A rock falling off a cliff, for example,
picks up speed as a result of its potential energy being converted to kinetic
energy (Fig. 1–3). The conservation of energy principle also forms the back-
bone of the diet industry: A person who has a greater energy input (food)
than energy output (exercise) will gain weight (store energy in the form of
fat), and a person who has a smaller energy input than output will lose
weight (Fig. 1–4). The change in the energy content of a body or any other
system is equal to the difference between the energy input and the energy
output, and the energy balance is expressed as Ein � Eout � �E.

The first law of thermodynamics is simply an expression of the conser-
vation of energy principle, and it asserts that energy is a thermodynamic
property. The second law of thermodynamics asserts that energy has qual-
ity as well as quantity, and actual processes occur in the direction of
decreasing quality of energy. For example, a cup of hot coffee left on a table
eventually cools, but a cup of cool coffee in the same room never gets hot
by itself (Fig. 1–5). The high-temperature energy of the coffee is degraded
(transformed into a less useful form at a lower temperature) once it is trans-
ferred to the surrounding air.

Although the principles of thermodynamics have been in existence since
the creation of the universe, thermodynamics did not emerge as a science
until the construction of the first successful atmospheric steam engines in
England by Thomas Savery in 1697 and Thomas Newcomen in 1712. These
engines were very slow and inefficient, but they opened the way for the
development of a new science.

The first and second laws of thermodynamics emerged simultaneously in
the 1850s, primarily out of the works of William Rankine, Rudolph Clausius,
and Lord Kelvin (formerly William Thomson). The term thermodynamics
was first used in a publication by Lord Kelvin in 1849. The first thermody-
namic textbook was written in 1859 by William Rankine, a professor at the
University of Glasgow.

It is well known that a substance consists of a large number of particles
called molecules. The properties of the substance naturally depend on the
behavior of these particles. For example, the pressure of a gas in a container
is the result of momentum transfer between the molecules and the walls of
the container. However, one does not need to know the behavior of the gas
particles to determine the pressure in the container. It would be sufficient to
attach a pressure gage to the container. This macroscopic approach to the
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study of thermodynamics that does not require a knowledge of the behavior
of individual particles is called classical thermodynamics. It provides a
direct and easy way to the solution of engineering problems. A more elabo-
rate approach, based on the average behavior of large groups of individual
particles, is called statistical thermodynamics. This microscopic approach
is rather involved and is used in this text only in the supporting role.

1–3 ■ HEAT TRANSFER
We all know from experience that a cold canned drink left in a room warms
up and a warm canned drink left in a refrigerator cools down. This is
accomplished by the transfer of energy from the warm medium to the cold
one. The energy transfer is always from the higher temperature medium to
the lower temperature one, and the energy transfer stops when the two
mediums reach the same temperature.

Energy exists in various forms. In heat transfer we are primarily interested
in heat, which is the form of energy that can be transferred from one system
to another as a result of temperature difference. The science that deals with
the determination of the rates of such energy transfers is heat transfer.

You may be wondering why we need to undertake a detailed study on
heat transfer. After all, we can determine the amount of heat transfer for any
system undergoing any process using a thermodynamic analysis alone. The
reason is that thermodynamics is concerned with the amount of heat transfer
as a system undergoes a process from one equilibrium state to another, and
it gives no indication about how long the process will take. A thermody-
namic analysis simply tells us how much heat must be transferred to realize
a specified change of state to satisfy the conservation of energy principle.

In practice we are more concerned about the rate of heat transfer (heat
transfer per unit time) than we are with the amount of it. For example, we
can determine the amount of heat transferred from a thermos bottle as the
hot coffee inside cools from 90°C to 80°C by a thermodynamic analysis
alone. But a typical user or designer of a thermos bottle is primarily inter-
ested in how long it will be before the hot coffee inside cools to 80°C, and a
thermodynamic analysis cannot answer this question. Determining the rates
of heat transfer to or from a system and thus the times of heating or cooling,
as well as the variation of the temperature, is the subject of heat transfer
(Fig. 1–6).

Thermodynamics deals with equilibrium states and changes from one
equilibrium state to another. Heat transfer, on the other hand, deals with
systems that lack thermal equilibrium, and thus it is a nonequilibrium phe-
nomenon. Therefore, the study of heat transfer cannot be based on the prin-
ciples of thermodynamics alone. However, the laws of thermodynamics lay
the framework for the science of heat transfer. The first law requires that the
rate of energy transfer into a system be equal to the rate of increase of the
energy of that system. The second law requires that heat be transferred in
the direction of decreasing temperature (Fig. 1–7). This is like a car parked
on an inclined road which must go downhill in the direction of decreasing 
elevation when its brakes are released. It is analogous to the electric current   
flowing in the direction of decreasing voltage, or the fluid flowing in the  
direction of decreasing total pressure.
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FIGURE 1–6
We are normally interested in how
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determined from a thermodynamic

analysis alone.
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The basic requirement for heat transfer is the presence of a temperature
difference. There can be no net heat transfer between two bodies that are at
the same temperature. The temperature difference is the driving force for
heat transfer, just as the voltage difference is the driving force for electric
current flow and pressure difference is the driving force for fluid flow. The
rate of heat transfer in a certain direction depends on the magnitude of the
temperature gradient (the temperature difference per unit length or the rate
of change of temperature) in that direction. The larger the temperature gra-
dient, the higher the rate of heat transfer.

1–4 ■ FLUID MECHANICS
Mechanics is the oldest physical science that deals with both stationary and
moving bodies under the influence of forces. The branch of mechanics that
deals with bodies at rest is called statics, while the branch that deals with
bodies in motion is called dynamics. The subcategory fluid mechanics is
defined as the science that deals with the behavior of fluids at rest ( fluid sta-
tics) or in motion ( fluid dynamics), and the interaction of fluids with solids
or other fluids at the boundaries. Fluid mechanics is also referred to as fluid
dynamics by considering fluids at rest as a special case of motion with zero
velocity (Fig. 1–8).

Fluid mechanics itself is also divided into several categories. The study of
the motion of fluids that can be approximated as incompressible (such as
liquids, especially water, and gases at low speeds) is usually referred to as
hydrodynamics. A subcategory of hydrodynamics is hydraulics, which
deals with liquid flows in pipes and open channels. Gas dynamics deals
with the flow of fluids that undergo significant density changes, such as the
flow of gases through nozzles at high speeds. The category aerodynamics
deals with the flow of gases (especially air) over bodies such as aircraft,
rockets, and automobiles at high or low speeds. Some other specialized cat-
egories such as meteorology, oceanography, and hydrology deal with nat-
urally occurring flows.

You will recall from physics that a substance exists in three primary phases:
solid, liquid, and gas. (At very high temperatures, it also exists as plasma.)
A substance in the liquid or gas phase is referred to as a fluid. Distinction
between a solid and a fluid is made on the basis of the substance’s ability to
resist an applied shear (or tangential) stress that tends to change its shape. A
solid can resist an applied shear stress by deforming, whereas a fluid
deforms continuously under the influence of a shear stress, no matter how
small. In solids, stress is proportional to strain, but in fluids, stress is pro-
portional to strain rate. When a constant shear force is applied, a solid even-
tually stops deforming at some fixed strain angle, whereas a fluid never
stops deforming and approaches a constant rate of strain.

Consider a rectangular rubber block tightly placed between two plates. As
the upper plate is pulled with a force F while the lower plate is held fixed,
the rubber block deforms, as shown in Fig. 1–9. The angle of deformation a
(called the shear strain or angular displacement) increases in proportion to
the applied force F. Assuming there is no slip between the rubber and the
plates, the upper surface of the rubber is displaced by an amount equal to the
displacement of the upper plate while the lower surface remains stationary.
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FIGURE 1–8
Fluid mechanics deals with liquids and
gases in motion or at rest. 
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In equilibrium, the net force acting on the upper plate in the horizontal
direction must be zero, and thus a force equal and opposite to F must be
acting on the plate. This opposing force that develops at the plate–rubber
interface due to friction is expressed as F � tA, where t is the shear stress
and A is the contact area between the upper plate and the rubber. When the
force is removed, the rubber returns to its original position. This phenome-
non would also be observed with other solids such as a steel block provided
that the applied force does not exceed the elastic range. If this experiment
were repeated with a fluid (with two large parallel plates placed in a large
body of water, for example), the fluid layer in contact with the upper plate
would move with the plate continuously at the velocity of the plate no mat-
ter how small the force F. The fluid velocity would decrease with depth
because of friction between fluid layers, reaching zero at the lower plate.

You will recall from statics that stress is defined as force per unit area and
is determined by dividing the force by the area upon which it acts. The nor-
mal component of a force acting on a surface per unit area is called the nor-
mal stress, and the tangential component of a force acting on a surface per
unit area is called shear stress (Fig. 1–10). In a fluid at rest, the normal
stress is called pressure. A fluid at rest is at a state of zero shear stress.
When the walls are removed or a liquid container is tilted, a shear develops
as the liquid moves to re-establish a horizontal free surface.

In a liquid, groups of molecules can move relative to each other, but the
volume remains relatively constant because of the strong cohesive forces
between the molecules. As a result, a liquid takes the shape of the container it
is in, and it forms a free surface in a larger container in a gravitational field. A
gas, on the other hand, expands until it encounters the walls of the container
and fills the entire available space. This is because the gas molecules are
widely spaced, and the cohesive forces between them are very small. Unlike
liquids, a gas in an open container cannot form a free surface (Fig. 1–11).

Although solids and fluids are easily distinguished in most cases, this dis-
tinction is not so clear in some borderline cases. For example, asphalt appears
and behaves as a solid since it resists shear stress for short periods of time.
When these forces are exerted over extended periods of time, however, the
asphalt deforms slowly, behaving as a fluid. Some plastics, lead, and slurry
mixtures exhibit similar behavior. Such borderline cases are beyond the scope
of this text. The fluids we deal with in this text will be clearly recognizable
as fluids.

1–5 ■ IMPORTANCE OF DIMENSIONS AND UNITS
Any physical quantity can be characterized by dimensions. The magnitudes
assigned to the dimensions are called units. Some basic dimensions such as
mass m, length L, time t, and temperature T are selected as primary or fun-
damental dimensions, while others such as velocity V, energy E, and vol-
ume V are expressed in terms of the primary dimensions and are called
secondary dimensions, or derived dimensions.

A number of unit systems have been developed over the years. Despite
strong efforts in the scientific and engineering community to unify the world
with a single unit system, two sets of units are still in common use today: the
English system, which is also known as the United States Customary System
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TABLE 1–1

The seven fundamental (or primary)
dimensions and their units in SI

Dimension Unit

Length meter (m)
Mass kilogram (kg)
Time second (s)
Temperature kelvin (K)
Electric current ampere (A)
Amount of light candela (cd)
Amount of matter mole (mol)

(USCS), and the metric SI (from Le Système International d’ Unités), which is
also known as the International System. The SI is a simple and logical system
based on a decimal relationship between the various units, and it is being used
for scientific and engineering work in most of the industrialized nations, includ-
ing England. The English system, however, has no apparent systematic numeri-
cal base, and various units in this system are related to each other rather
arbitrarily (12 in � 1 ft, 1 mile � 5280 ft, 4 qt � gal, etc.), which makes it con-
fusing and difficult to learn. The United States is the only industrialized country
that has not yet fully converted to the metric system.

The systematic efforts to develop a universally acceptable system of
units dates back to 1790 when the French National Assembly charged the
French Academy of Sciences to come up with such a unit system. An
early version of the metric system was soon developed in France, but it
did not find universal acceptance until 1875 when The Metric Convention
Treaty was prepared and signed by 17 nations, including the United
States. In this international treaty, meter and gram were established as the
metric units for length and mass, respectively, and a General Conference
of Weights and Measures (CGPM) was established that was to meet every
six years. In 1960, the CGPM produced the SI, which was based on six
fundamental quantities, and their units were adopted in 1954 at the Tenth
General Conference of Weights and Measures: meter (m) for length,
kilogram (kg) for mass, second (s) for time, ampere (A) for electric current,
degree kelvin (°K) for temperature, and candela (cd) for luminous intensity
(amount of light). In 1971, the CGPM added a seventh fundamental quantity
and unit: mole (mol) for the amount of matter.

Based on the notational scheme introduced in 1967, the degree symbol
was officially dropped from the absolute temperature unit, and all unit
names were to be written without capitalization even if they were derived
from proper names (Table 1–1). However, the abbreviation of a unit was to
be capitalized if the unit was derived from a proper name. For example, the
SI unit of force, which is named after Sir Isaac Newton (1647–1723), is
newton (not Newton), and it is abbreviated as N. Also, the full name of a
unit may be pluralized, but its abbreviation cannot. For example, the length
of an object can be 5 m or 5 meters, not 5 ms or 5 meter. Finally, no period
is to be used in unit abbreviations unless they appear at the end of a sen-
tence. For example, the proper abbreviation of meter is m (not m.).

The recent move toward the metric system in the United States seems to
have started in 1968 when Congress, in response to what was happening in the
rest of the world, passed a Metric Study Act. Congress continued to promote a
voluntary switch to the metric system by passing the Metric Conversion Act in
1975. A trade bill passed by Congress in 1988 set a September 1992 deadline
for all federal agencies to convert to the metric system. However, the dead-
lines were relaxed later with no clear plans for the future.

The industries that are heavily involved in international trade (such as the
automotive, soft drink, and liquor industries) have been quick in converting to
the metric system for economic reasons (having a single worldwide design,
fewer sizes, smaller inventories, etc.). Today, nearly all the cars manufactured
in the United States are metric. Most car owners probably do not realize this
until they try an English socket wrench on a metric bolt. Most industries,
however, resisted the change, thus slowing down the conversion process.
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TABLE 1–2

Standard prefixes in SI units

Multiple Prefix

1024 yotta, Y
1021 zetta, Z
1018 exa, E
1015 peta, P
1012 tera, T
109 giga, G
106 mega, M
103 kilo, k
102 hecto, h
101 deka, da
10�1 deci, d
10�2 centi, c
10�3 milli, m
10�6 micro, m
10�9 nano, n
10�12 pico, p
10�15 femto, f
10�18 atto, a
10�21 zepto, z
10�24 yocto, y
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FIGURE 1–12
The SI unit prefixes are used in all branches of
engineering.

Presently the United States is a dual-system society, and it will stay that
way until the transition to the metric system is completed. This puts an extra
burden on today’s engineering students, since they are expected to retain their
understanding of the English system while learning, thinking, and working in
terms of the SI.

As pointed out, the SI is based on a decimal relationship between units.
The prefixes used to express the multiples of the various units are listed in
Table 1–2. They are standard for all units, and the student is encouraged to
memorize them because of their widespread use (Fig. 1–12).

Some SI and English Units
In SI, the units of mass, length, and time are the kilogram (kg), meter (m),
and second (s), respectively. The respective units in the English system are
the pound-mass (lbm), foot (ft), and second (s). The pound symbol lb is
actually the abbreviation of libra, which was the ancient Roman unit of
weight. The English retained this symbol even after the end of the Roman
occupation of Britain in 410. The mass and length units in the two systems
are related to each other by

In the English system, force is usually considered to be one of the pri-
mary dimensions and is assigned a nonderived unit. This is a source of con-
fusion and error that necessitates the use of a dimensional constant (gc) in
many formulas. To avoid this nuisance, we consider force to be a secondary
dimension whose unit is derived from Newton’s second law, that is,

or

(1–1)

In SI, the force unit is the newton (N), and it is defined as the force required to
accelerate a mass of 1 kg at a rate of 1 m/s2. In the English system, the force
unit is the pound-force (lbf) and is defined as the force required to accelerate
a mass of 32.174 lbm (1 slug) at a rate of 1 ft/s2 (Fig. 1–13). That is,

 1 lbf � 32.174 lbm# ft>s2

1 N � 1 kg #m>s2

 F � ma

 Force � 1Mass 2 1Acceleration 2

 1 ft � 0.3048 m

 1 lbm � 0.45359 kg

FIGURE 1–13
The definition of the force units.

m = 1 kg

m = 32.174 lbm

a = 1 m/s2

a = 1 ft/s2

F = 1 lbf

F = 1 N
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A force of 1 N is roughly equivalent to the weight of a small apple (m �
102 g), whereas a force of 1 lbf is roughly equivalent to the weight of four
medium apples (mtotal � 454 g), as shown in Fig. 1–14. Another force unit
in common use in many European countries is the kilogram-force (kgf),
which is the weight of 1 kg mass at sea level (1 kgf � 9.807 N).

The term weight is often incorrectly used to express mass, particularly by the
“weight watchers.” Unlike mass, weight W is a force. It is the gravitational force
applied to a body, and its magnitude is determined from Newton’s second law,

(1–2)

where m is the mass of the body, and g is the local gravitational acceleration
(g is 9.807 m/s2 or 32.174 ft/s2 at sea level and 45° latitude). An ordinary
bathroom scale measures the gravitational force acting on a body. The weight
of a unit volume of a substance is called the specific weight g and is deter-
mined from g � rg, where r is density.

The mass of a body remains the same regardless of its location in the uni-
verse. Its weight, however, changes with a change in gravitational accelera-
tion. A body weighs less on top of a mountain since g decreases with
altitude. On the surface of the moon, an astronaut weighs about one-sixth of
what she or he normally weighs on earth (Fig. 1–15).

At sea level a mass of 1 kg weighs 9.807 N, as illustrated in Fig. 1–16. A
mass of 1 lbm, however, weighs 1 lbf, which misleads people to believe that
pound-mass and pound-force can be used interchangeably as pound (lb),
which is a major source of error in the English system.

It should be noted that the gravity force acting on a mass is due to the
attraction between the masses, and thus it is proportional to the magnitudes of
the masses and inversely proportional to the square of the distance between
them. Therefore, the gravitational acceleration g at a location depends on the
local density of the earth’s crust, the distance to the center of the earth, and to
a lesser extent, the positions of the moon and the sun. The value of g varies
with location from 9.832 m/s2 at the poles (9.789 at the equator) to 7.322 m/s2

at 1000 km above sea level. However, at altitudes up to 30 km, the variation
of g from the sea-level value of 9.807 m/s2 is less than 1 percent. Therefore,
for most practical purposes, the gravitational acceleration can be assumed to
be constant at 9.807 m/s2, often rounded to 9.81 m/s2. It is interesting to note
that at locations below sea level, the value of g increases with distance from
the sea level, reaches a maximum at about 4500 m, and then starts decreasing.
(What do you think the value of g is at the center of the earth?)

The primary cause of confusion between mass and weight is that mass is
usually measured indirectly by measuring the gravity force it exerts. This
approach also assumes that the forces exerted by other effects such as air
buoyancy and fluid motion are negligible. This is like measuring the dis-
tance to a star by measuring its red shift, or measuring the altitude of an air-
plane by measuring barometric pressure. Both of these are also indirect
measurements. The correct direct way of measuring mass is to compare it to
a known mass. This is cumbersome, however, and it is mostly used for cali-
bration and measuring precious metals.

Work, which is a form of energy, can simply be defined as force times dis-
tance; therefore, it has the unit “newton-meter (N·m),” which is called a
joule (J). That is,

(1–3)1 J � 1 N #m

W � mg 1N 2
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FIGURE 1–14
The relative magnitudes of the force
units newton (N), kilogram-force
(kgf), and pound-force (lbf).

10 apples
m ≈ 1 kg

4 apples
m ≈ 1 lbm1 apple

m ≈ 102 g

1 kgf

1 lbf1 N

FIGURE 1–15
A body weighing 66 kgf on earth will
weigh only 11 kgf on the moon.
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EXAMPLE 1–1 Electric Power Generation by a Wind Turbine

A school is paying $0.09/kWh for electric power. To reduce its power bill,
the school installs a wind turbine (Fig. 1–19) with a rated power of 30 kW. If
the turbine operates 2200 hours per year at the rated power, determine the
amount of electric power generated by the wind turbine and the money
saved by the school per year.

SOLUTION A wind turbine is installed to generate electricity. The amount of
electric energy generated and the money saved per year are to be determined.
Analysis The wind turbine generates electric energy at a rate of 30 kW or 
30 kJ/s. Then the total amount of electric energy generated per year becomes

Total energy � (Energy per unit time)(Time interval)
� (30 kW)(2200 h)
� 66,000 kWh

A more common unit for energy in SI is the kilojoule (1 kJ � 103 J). In the
English system, the energy unit is the Btu (British thermal unit), which is
defined as the energy required to raise the temperature of 1 lbm of water at
68°F by 1°F. In the metric system, the amount of energy needed to raise the
temperature of 1 g of water at 14.5°C by 1°C is defined as 1 calorie (cal),
and 1 cal � 4.1868 J. The magnitudes of the kilojoule and Btu are almost
identical (1 Btu � 1.0551 kJ). Here is a good way to get a feel for these
units: If you light a typical match and let it burn itself out, it yields approx-
imately one Btu (or one kJ) of energy (Fig. 1–17).

The unit for time rate of energy is joule per second (J/s), which is called a
watt (W). In the case of work, the time rate of energy is called power. 
A commonly used unit of power is horsepower (hp), which is equivalent
to 746 W. Electrical energy typically is expressed in the unit kilowatt-
hour (kWh), which is equivalent to 3600 kJ. An electric appliance with a
rated power of 1 kW consumes 1 kWh of electricity when running continu-
ously for one hour. When dealing with electric power generation, the units
kW and kWh are often confused. Note that kW or kJ/s is a unit of power,
whereas kWh is a unit of energy. Therefore, statements like “the new wind
turbine will generate 50 kW of electricity per year” are meaningless and
incorrect. A correct statement should be something like “the new wind tur-
bine with a rated power of 50 kW will generate 120,000 kWh of electricity
per year.”

Dimensional Homogeneity
We all know that apples and oranges do not add. But we somehow manage
to do it (by mistake, of course). In engineering, all equations must be
dimensionally homogeneous. That is, every term in an equation must have
the same unit (Fig. 1–18). If, at some stage of an analysis, we find ourselves
in a position to add two quantities that have different units, it is a clear indi-
cation that we have made an error at an earlier stage. So checking dimen-
sions can serve as a valuable tool to spot errors.

11
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FIGURE 1–16
The weight of a unit mass at sea level.

g = 9.807 m/s2

W = 9.807 kg·m/s2

 = 9.807 N
 = 1 kgf

W = 32.174 lbm·ft/s2

 = 1 lbf

g = 32.174 ft/s2

kg lbm

FIGURE 1–17
A typical match yields about one kJ 

of energy if completely burned.
Photo by John M. Cimbala.

FIGURE 1–18
To be dimensionally homogeneous,

all the terms in an equation must
have the same dimensions.

BLONDIE © KING FEATURES SYNDICATE.
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EXAMPLE 1–2 Obtaining Formulas from Unit Considerations

A tank is filled with oil whose density is r � 850 kg/m3. If the volume of the
tank is V � 2 m3, determine the amount of mass m in the tank.

SOLUTION The volume of an oil tank is given. The mass of oil is to be
determined.
Assumptions Oil is a nearly incompressible substance and thus its density is
constant.
Analysis A sketch of the system just described is given in Fig. 1–20. Sup-
pose we forgot the formula that relates mass to density and volume. How-
ever, we know that mass has the unit of kilograms. That is, whatever
calculations we do, we should end up with the unit of kilograms. Putting the
given information into perspective, we have

It is obvious that we can eliminate m3 and end up with kg by multiplying
these two quantities. Therefore, the formula we are looking for should be

Thus,

Discussion Note that this approach may not work for more complicated for-
mulas. Nondimensional constants also may be present in the formulas, and
these cannot be derived from unit considerations alone.

m � 1850 kg>m3 2 12 m3 2 � 1700 kg

m � rV

r � 850 kg>m3  and  V � 2 m3

We all know from experience that units can give terrible headaches if they
are not used carefully in solving a problem. However, with some attention
and skill, units can be used to our advantage. They can be used to check for-
mulas; sometimes they can even be used to derive formulas, as explained in
the following example.

12
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FIGURE 1–19
A wind turbine, as discussed 
in Example 1–1.
Courtesy of Steve Stadler, Oklahoma 
Wind Power Initiative.

The money saved per year is the monetary value of this energy determined as

Money saved � (Total energy)(Unit cost of energy)
� (66,000 kWh)($0.09/kWh)
� $5940

Discussion The annual electric energy production also could be determined
in kJ by unit manipulations as

which is equivalent to 66,000 kWh (1 kWh � 3600 kJ).

� 2.38 � 108 kJTotal energy � 130 kW 2 12200 h 2 a 3600 s

1 h
b a 1 kJ>s

1 kW
b

FIGURE 1–20
Schematic for Example 1–2.

V = 2 m3

ρ   = 850 kg/m3

m = ?

Oil
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You should keep in mind that a formula that is not dimensionally homo-
geneous is definitely wrong (Fig. 1–21), but a dimensionally homogeneous
formula is not necessarily right.

Unity Conversion Ratios
Just as all nonprimary dimensions can be formed by suitable combinations
of primary dimensions, all nonprimary units (secondary units) can be
formed by combinations of primary units. Force units, for example, can be
expressed as

They can also be expressed more conveniently as unity conversion ratios as

Unity conversion ratios are identically equal to 1 and are unitless, and
thus such ratios (or their inverses) can be inserted conveniently into any cal-
culation to properly convert units (Fig. 1–22). You are encouraged to always
use unity conversion ratios such as those given here when converting units.
Some textbooks insert the archaic gravitational constant gc defined as 
gc � 32.174 lbm·ft/lbf·s2 � kg·m/N·s2 � 1 into equations in order to force units
to match. This practice leads to unnecessary confusion and is strongly dis-
couraged by the present authors. We recommend that you instead use unity
conversion ratios.

N

kg # m>s2
� 1  and   lbf

32.174 lbm #ft>s2
� 1

N � kg 
m

s2
  and  lbf � 32.174 lbm 

ft

s2

13
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EXAMPLE 1–3 The Weight of One Kilogram

Using unity conversion ratios, show that 1.00 kg weighs 9.807 N on earth
(Fig. 1–23).

SOLUTION A mass of 1.00 kg is subjected to standard earth gravity. Its
weight in N is to be determined.
Assumptions Standard sea-level conditions are assumed.
Properties The gravitational constant is g � 9.807 m/s2.
Analysis We apply Newton’s second law to calculate the weight (force) that
corresponds to the known mass and acceleration. The weight of any object is
equal to its mass times the local value of gravitational acceleration. Thus,

Discussion The quantity in large parentheses in this equation is a unity con-
version ratio. Mass is the same regardless of its location. However, on some
other planet with a different value of gravitational acceleration, the weight of
1 kg would differ from that calculated here.

W � mg � 11.00 kg 2 19.807 m>s2 2 a 1 N

1 kg #m>s2
b � 9.807 N

CAUTION!

EVERY TERM IN AN
EQUATION MUST HAVE

THE SAME UNITS

FIGURE 1–21
Always check the units in your

calculations.

32.174 lbm·ft/s2

1 lbf
1 kg·m/s2

1 N

1 kJ
1000 N·m

1 kPa
1000 N/m21 J/s

1 W

0.3048 m
1 ft

1 min
60 s

1 lbm
0.45359 kg

FIGURE 1–22
Every unity conversion ratio (as well
as its inverse) is exactly equal to one.

Shown here are a few commonly
used unity conversion ratios.

Courtesy of Steve Stadler, Oklahoma Wind Power
Initiative. Used by permission.

FIGURE 1–23
A mass of 1 kg weighs 9.807 N on earth.
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When you buy a box of breakfast cereal, the printing may say “Net
weight: One pound (454 grams).” (See Fig. 1–24.) Technically, this means
that the cereal inside the box weighs 1.00 lbf on earth and has a mass of
453.6 g (0.4536 kg). Using Newton’s second law, the actual weight of the cereal
on earth is

1–6 ■ PROBLEM-SOLVING TECHNIQUE
The first step in learning any science is to grasp the fundamentals and to gain
a sound knowledge of it. The next step is to master the fundamentals by test-
ing this knowledge. This is done by solving significant real-world problems.
Solving such problems, especially complicated ones, requires a systematic
approach. By using a step-by-step approach, an engineer can reduce the solu-
tion of a complicated problem into the solution of a series of simple prob-
lems (Fig. 1–25). When you are solving a problem, we recommend that you
use the following steps zealously as applicable. This will help you avoid
some of the common pitfalls associated with problem solving.

Step 1: Problem Statement
In your own words, briefly state the problem, the key information given,
and the quantities to be found. This is to make sure that you understand the
problem and the objectives before you attempt to solve the problem.

Step 2: Schematic
Draw a realistic sketch of the physical system involved, and list the rele-
vant information on the figure. The sketch does not have to be something
elaborate, but it should resemble the actual system and show the key fea-
tures. Indicate any energy and mass interactions with the surroundings.
Listing the given information on the sketch helps one to see the entire
problem at once. Also, check for properties that remain constant during a
process (such as temperature during an isothermal process), and indicate
them on the sketch.

Step 3: Assumptions and Approximations
State any appropriate assumptions and approximations made to simplify the
problem to make it possible to obtain a solution. Justify the questionable
assumptions. Assume reasonable values for missing quantities that are nec-
essary. For example, in the absence of specific data for atmospheric pres-
sure, it can be taken to be 1 atm. However, it should be noted in the analysis
that the atmospheric pressure decreases with increasing elevation. For exam-
ple, it drops to 0.83 atm in Denver (elevation 1610 m) (Fig. 1–26).

Step 4: Physical Laws
Apply all the relevant basic physical laws and principles (such as the con-
servation of mass), and reduce them to their simplest form by utilizing the
assumptions made. However, the region to which a physical law is applied

W � mg � 1453.6 g 2 19.81 m>s2 2 a 1 N

1 kg #m>s2
b a 1 kg

1000 g
b � 4.49 N

14
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FIGURE 1–24
A quirk in the metric system of units.

Net weight:
One pound 
(454 grams)

Solution

H
ar

d 
w

ay

Easy
 w

ay

Problem

FIGURE 1–25
A step-by-step approach can greatly
simplify problem solving.
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must be clearly identified first. For example, the increase in speed of water
flowing through a nozzle is analyzed by applying conservation of mass
between the inlet and outlet of the nozzle.

Step 5: Properties
Determine the unknown properties at known states necessary to solve the
problem from property relations or tables. List the properties separately, and
indicate their source, if applicable.

Step 6: Calculations
Substitute the known quantities into the simplified relations and perform the
calculations to determine the unknowns. Pay particular attention to the units
and unit cancellations, and remember that a dimensional quantity without a
unit is meaningless. Also, don’t give a false implication of high precision by
copying all the digits from the screen of the calculator—round the results to
an appropriate number of significant digits (see p. 18).

Step 7: Reasoning, Verification, and Discussion
Check to make sure that the results obtained are reasonable and intuitive,
and verify the validity of the questionable assumptions. Repeat the calcula-
tions that resulted in unreasonable values. For example, insulating a water
heater that uses $80 worth of natural gas a year cannot result in savings of
$200 a year (Fig. 1–27).

Also, point out the significance of the results, and discuss their implica-
tions. State the conclusions that can be drawn from the results, and any rec-
ommendations that can be made from them. Emphasize the limitations under
which the results are applicable, and caution against any possible misunder-
standings and using the results in situations where the underlying assump-
tions do not apply. For example, if you determined that wrapping a water
heater with a $20 insulation jacket will reduce the energy cost by $30 a year,
indicate that the insulation will pay for itself from the energy it saves in less
than a year. However, also indicate that the analysis does not consider labor
costs, and that this will be the case if you install the insulation yourself.

Keep in mind that the solutions you present to your instructors, and any
engineering analysis presented to others, is a form of communication.
Therefore neatness, organization, completeness, and visual appearance are
of utmost importance for maximum effectiveness (Fig. 1–28). Besides, neat-
ness also serves as a great checking tool since it is very easy to spot errors
and inconsistencies in neat work. Carelessness and skipping steps to save
time often end up costing more time and unnecessary anxiety.

The approach described here is used in the solved example problems with-
out explicitly stating each step, as well as in the Solutions Manual of this
text. For some problems, some of the steps may not be applicable or necessary.
For example, often it is not practical to list the properties separately. How-
ever, we cannot overemphasize the importance of a logical and orderly
approach to problem solving. Most difficulties encountered while solving a
problem are not due to a lack of knowledge; rather, they are due to a lack of
organization. You are strongly encouraged to follow these steps in problem
solving until you develop your own approach that works best for you.

15
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Given: Air temperature in Denver

To be found: Density of air

Missing information: Atmospheric
pressure

Assumption #1: Take P = 1 atm
(Inappropriate. Ignores effect of 
altitude. Will cause more than 
15% error.)

Assumption #2: Take P = 0.83 atm
(Appropriate. Ignores only minor 
effects such as weather.)

FIGURE 1–26
The assumptions made while solving

an engineering problem must be
reasonable and justifiable.

Energy use:

Energy saved
by insulation:

IMPOSSIBLE!

$80/yr

$200/yr

FIGURE 1–27
The results obtained from an

engineering analysis must be checked
for reasonableness.

FIGURE 1–28
Neatness and organization are highly

valued by employers.
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Engineering Software Packages
You may be wondering why we are about to undertake an in-depth study of
the fundamentals of another engineering science. After all, almost all such
problems we are likely to encounter in practice can be solved using one of
several sophisticated software packages readily available in the market
today. These software packages not only give the desired numerical results,
but also supply the outputs in colorful graphical form for impressive presen-
tations. It is unthinkable to practice engineering today without using some
of these packages. This tremendous computing power available to us at the
touch of a button is both a blessing and a curse. It certainly enables engi-
neers to solve problems easily and quickly, but it also opens the door for
abuses and misinformation. In the hands of poorly educated people, these
software packages are as dangerous as sophisticated powerful weapons in
the hands of poorly trained soldiers.

Thinking that a person who can use the engineering software packages
without proper training on fundamentals can practice engineering is like
thinking that a person who can use a wrench can work as a car mechanic.
If it were true that the engineering students do not need all these funda-
mental courses they are taking because practically everything can be done
by computers quickly and easily, then it would also be true that the
employers would no longer need high-salaried engineers since any person
who knows how to use a word-processing program can also learn how to
use those software packages. However, the statistics show that the need for
engineers is on the rise, not on the decline, despite the availability of these
powerful packages.

We should always remember that all the computing power and the engi-
neering software packages available today are just tools, and tools have
meaning only in the hands of masters. Having the best word-processing
program does not make a person a good writer, but it certainly makes the
job of a good writer much easier and makes the writer more productive
(Fig. 1–29). Hand calculators did not eliminate the need to teach our chil-
dren how to add or subtract, and the sophisticated medical software pack-
ages did not take the place of medical school training. Neither will
engineering software packages replace the traditional engineering educa-
tion. They will simply cause a shift in emphasis in the courses from mathe-
matics to physics. That is, more time will be spent in the classroom
discussing the physical aspects of the problems in greater detail, and less
time on the mechanics of solution procedures.

All these marvelous and powerful tools available today put an extra bur-
den on today’s engineers. They must still have a thorough understanding
of the fundamentals, develop a “feel” of the physical phenomena, be able
to put the data into proper perspective, and make sound engineering judg-
ments, just like their predecessors. However, they must do it much better,
and much faster, using more realistic models because of the powerful
tools available today. The engineers in the past had to rely on hand calcu-
lations, slide rules, and later hand calculators and computers. Today they
rely on software packages. The easy access to such power and the possi-
bility of a simple misunderstanding or misinterpretation causing great
damage make it more important today than ever to have solid training in

16
INTRODUCTION AND OVERVIEW

FIGURE 1–29
An excellent word-processing program
does not make a person a good writer;
it simply makes a good writer a more
efficient writer.
© Vol. 80/PhotoDisc/Getty RF.
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the fundamentals of engineering. In this text we make an extra effort to
put the emphasis on developing an intuitive and physical understanding of
natural phenomena instead of on the mathematical details of solution pro-
cedures.

Engineering Equation Solver (EES)
EES is a program that solves systems of linear or nonlinear algebraic or
differential equations numerically. It has a large library of built-in thermo-
dynamic property functions as well as mathematical functions, and allows
the user to supply additional property data. Unlike some software pack-
ages, EES does not solve engineering problems; it only solves the equa-
tions supplied by the user. Therefore, the user must understand the problem
and formulate it by applying any relevant physical laws and relations. EES
saves the user considerable time and effort by simply solving the resulting
mathematical equations. This makes it possible to attempt significant engi-
neering problems not suitable for hand calculations, and to conduct para-
metric studies quickly and conveniently. EES is a very powerful yet
intuitive program that is very easy to use, as shown in Example 1–4.

17
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EXAMPLE 1– 4 Solving a System of Equations with EES

The difference of two numbers is 4, and the sum of the squares of these two
numbers is equal to the sum of the numbers plus 20. Determine these two
numbers.

SOLUTION Relations are given for the difference and the sum of the squares
of two numbers. They are to be determined.
Analysis We start the EES program by double-clicking on its icon, open a
new file, and type the following on the blank screen that appears:

which is an exact mathematical expression of the problem statement with x
and y denoting the unknown numbers. The solution to this system of two
nonlinear equations with two unknowns is obtained by a single click on the
“calculator” icon on the taskbar. It gives

Discussion Note that all we did is formulate the problem as we would on
paper; EES took care of all the mathematical details of solution. Also note
that equations can be linear or nonlinear, and they can be entered in any
order with unknowns on either side. Friendly equation solvers such as EES
allow the user to concentrate on the physics of the problem without worrying
about the mathematical complexities associated with the solution of the
resulting system of equations.

x � 5 and y � 1

x^2 � y^2 � x � y � 20

x�y � 4
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A Remark on Significant Digits
In engineering calculations, the information given is not known to more
than a certain number of significant digits, usually three digits. Conse-
quently, the results obtained cannot possibly be accurate to more significant
digits. Reporting results in more significant digits implies greater accuracy
than exists, and it should be avoided.

For example, consider a 3.75-L container filled with gasoline whose den-
sity is 0.845 kg/L, and try to determine its mass. Probably the first thought
that comes to your mind is to multiply the volume and density to obtain
3.16875 kg for the mass, which falsely implies that the mass determined is
accurate to six significant digits. In reality, however, the mass cannot be
more accurate than three significant digits since both the volume and the
density are accurate to three significant digits only. Therefore, the result
should be rounded to three significant digits, and the mass should be
reported to be 3.17 kg instead of what appears in the screen of the calculator.
The result 3.16875 kg would be correct only if the volume and density were
given to be 3.75000 L and 0.845000 kg/L, respectively. The value 3.75 L
implies that we are fairly confident that the volume is accurate within �0.01 L,
and it cannot be 3.74 or 3.76 L. However, the volume can be 3.746, 3.750,
3.753, etc., since they all round to 3.75 L (Fig. 1–30). It is more appropriate
to retain all the digits during intermediate calculations, and to do the round-
ing in the final step since this is what a computer will normally do.

When solving problems, we will assume the given information to be
accurate to at least three significant digits. Therefore, if the length of a pipe
is given to be 40 m, we will assume it to be 40.0 m in order to justify using
three significant digits in the final results. You should also keep in mind that
all experimentally determined values are subject to measurement errors and
such errors will reflect in the results obtained. For example, if the density of
a substance has an uncertainty of 2 percent, then the mass determined using
this density value will also have an uncertainty of 2 percent.

You should also be aware that we sometimes knowingly introduce small
errors in order to avoid the trouble of searching for more accurate data. For
example, when dealing with liquid water, we just use the value of 1000 kg/m3

for density, which is the density value of pure water at 0°C. Using this value
at 75°C will result in an error of 2.5 percent since the density at this tem-
perature is 975 kg/m3. The minerals and impurities in the water will intro-
duce additional error. This being the case, you should have no reservation in
rounding the final results to a reasonable number of significant digits.
Besides, having a few percent uncertainty in the results of engineering analysis
is usually the norm, not the exception.

18
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In this chapter, some basic concepts of thermal-fluid sciences
are introduced and discussed. The physical sciences that deal
with energy and the transfer, transport, and conversion of
energy are referred to as thermal-fluid sciences, and they are

studied under the subcategories of thermodynamics, heat
transfer, and fluid mechanics.

Thermodynamics is the science that primarily deals with
energy. The first law of thermodynamics is simply an expression

SUMMARY

Given:

Also, 3.75 × 0.845 = 3.16875

Volume:
Density:

Find:
Mass: m = V = 3.16875 kg

Rounding to 3 significant digits:

m = 3.17 kg

(3 significant digits)

V = 3.75 L
= 0.845 kg/L

FIGURE 1–30
A result with more significant digits

than that of given data falsely implies
more accuracy.
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of the conservation of energy principle, and it asserts that
energy is a thermodynamic property. The second law of ther-
modynamics asserts that energy has quality as well as quan-
tity, and actual processes occur in the direction of decreasing
quality of energy. Determining the rates of heat transfer to or
from a system and thus the times of cooling or heating, as
well as the variation of the temperature, is the subject of heat
transfer. The basic requirement for heat transfer is the pres-
ence of a temperature difference. A substance in the liquid or
gas phase is referred to as a fluid. Fluid mechanics is the sci-
ence that deals with the behavior of fluids at rest (fluid statics)
or in motion (fluid dynamics), and the interaction of fluids
with solids or other fluids at the boundaries.

In engineering calculations, it is important to pay particular
attention to the units of the quantities to avoid errors caused
by inconsistent units, and to follow a systematic approach. It
is also important to recognize that the information given is
not known to more than a certain number of significant dig-
its, and the results obtained cannot possibly be accurate to
more significant digits.

When solving a problem, it is recommended that a step-
by-step approach be used. Such an approach involves stating
the problem, drawing a schematic, making appropriate assump-
tions, applying the physical laws, listing the relevant properties,
making the necessary calculations, and making sure that the
results are reasonable.

Thermodynamics, Heat Transfer, and Fluid Mechanics

1–1C An office worker claims that a cup of cold coffee
on his table warmed up to 80�C by picking up energy from
the surrounding air, which is at 25�C. Is there any truth to
his claim? Does this process violate any thermodynamic
laws?

1–2C One of the most amusing things a person can experi-
ence is that in certain parts of the world a still car on neutral
goes uphill when its brakes are released. Such occurrences
are even broadcast on TV. Can this really happen or is it a
bad eyesight? How can you verify if a road is really uphill or
downhill?

1–3C How does the science of heat transfer differ from the
science of thermodynamics?

1–4C What is the driving force for (a) heat transfer, (b)
electric current, and (c) fluid flow?

1–5C Why is heat transfer a nonequilibrium phenomenon?

1–6C Can there be any heat transfer between two bodies
that are at the same temperature but at different pressures?

1–7C Define stress, normal stress, shear stress, and pressure.

Mass, Force, and Units

1–8C In a news article, it is stated that a recently developed
geared turbofan engine produces 15,000 pounds of thrust to
propel the aircraft forward. Is “pound” mentioned here lbm
or lbf? Explain.

1–9C Explain why the light-year has the dimension of
length.

1–10C What is the net force acting on a car cruising at a
constant velocity of 70 km/h (a) on a level road and (b) on an
uphill road?

PROBLEMS*

REFERENCES AND SUGGESTED READINGS

1. American Society for Testing and Materials. Standards
for Metric Practice. ASTM E 380-79, January 1980.

2. Y. A. Çengel and M. A. Boles. Thermodynamics. An Engi-
neering Approach. 7th ed. New York: McGraw-Hill, 2011.

3. Y. A. Çengel and John M. Cimbala. Fluid Mechanics:
Fundamentals and Applications. 2nd ed. New York:
McGraw-Hill, 2010.

4. Y. A. Çengel and A. J. Ghajar. Heat and Mass Transfer:
Fundamentals and Applications. 4th ed. New York:
McGraw-Hill, 2011.

* Problems designated by a “C” are concept questions, and
students are encouraged to answer them all. Problems with the 

icon are solved using EES, and complete solutions together with
parametric studies are included on the enclosed DVD. Problems
with the icon are comprehensive in nature, and are intended to
be solved with a computer, preferably using the EES software that
accompanies this text.
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1–23 Solve this system of two equations with two
unknowns using EES:

1–24 Solve this system of three equations with three
unknowns using EES:

1–25 Solve this system of three equations with three
unknowns using EES:

1–26 Specific heat is defined as the amount of energy
needed to increase the temperature of a unit

mass of a substance by one degree. The specific heat of water
at room temperature is 4.18 kJ/kg�°C in SI unit system.
Using the unit conversion function capability of EES,
express the specific heat of water in (a) kJ/kg�K,
(b) Btu/lbm�°F, (c) Btu/lbm�R, and (d) kcal/kg�°C units.
Answers: (a) 4.18, (b) (c) (d) 0.9984

Review Problems

1–27 A lunar exploration module weighs 4000 N at a loca-
tion where g � 9.8 m/s2. Determine the weight of this mod-
ule in newtons when it is on the moon where g � 1.64 m/s2.

1–28 The weight of bodies may change somewhat from one
location to another as a result of the variation of the gravita-
tional acceleration g with elevation. Accounting for this varia-
tion using the relation in Prob. 1–14, determine the weight of
an 80-kg person at sea level (z � 0), in Denver (z � 1610 m),
and on the top of Mount Everest (z � 8848 m).

1–29 What is the weight of a 1-kg substance in N, kN,
kg·m/s2, kgf, lbm·ft/s2, and lbf?

1–30 Consider the flow of air through a wind turbine whose
blades sweep an area of diameter D (in m). The average air
velocity through the swept area is V (in m/s). On the bases of
the units of the quantities involved, show that the mass flow
rate of air (in kg/s) through the swept area is proportional to
air density, the wind velocity, and the square of the diameter
of the swept area.

x � y � z � 2

 x � 3y0.5 � xz � �2

x2y � z � 1

xy � 2z � 8

 3x2 � 2y � z � 2

2x � y � z � 5

 3xy � y � 3.5

 x3 � y2 � 7.75
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1–11 Determine the mass and the weight of the air con-
tained in a room whose dimensions are 6 m � 6 m � 8 m.
Assume the density of the air is 1.16 kg/m3. Answers: 334.1 kg,
3277 N

1–12 At 45� latitude, the gravitational acceleration as a func-
tion of elevation z above sea level is given by g � a � bz,
where a � 9.807 m/s2 and b � 3.32 � 10�6 s�2. Determine the
height above sea level where the weight of an object will
decrease by 0.5 percent. Answer: 14.770 m

1–13 What is the weight, in N, of an object with a mass of
200 kg at a location where g � 9.6 m/s2?

1–14 The constant-pressure specific heat of air at 25°C 
is 1.005 kJ/kg.°C. Express this value in kJ/kg.K, J/g.°C,
kcal/kg.°C, and Btu/lbm.°F.

1–15 A 3-kg rock is thrown upward with a force of
200 N at a location where the local gravitational

acceleration is 9.79 m/s2. Determine the acceleration of the
rock, in m/s2.

1–16 Solve Prob. 1–15 using EES (or other) software.
Print out the entire solution, including the

numerical results with proper units.

1–17 While solving a problem, a person ends up with the
equation E � 25 kJ � 7 kJ/kg at some stage. Here E is the
total energy and has the unit of kilojoules. Determine how to
correct the error and discuss what may have caused it.

1–18 A 4-kW resistance heater in a water heater runs for 
2 hours to raise the water temperature to the desired level.
Determine the amount of electric energy used in both kWh
and kJ.

1–19 The gas tank of a car is filled with a nozzle that dis-
charges gasoline at a constant flow rate. Based on unit con-
siderations of quantities, obtain a relation for the filling time
in terms of the volume V of the tank (in L) and the discharge
rate of gasoline V

.
(in L/s).

1–20 A pool of volume V (in m3) is to be filled with water
using a hose of diameter D (in m). If the average discharge
velocity is V (in m/s) and the filling time is t (in s), obtain a
relation for the volume of the pool based on until considera-
tions of quantities involved.

Solving Engineering Problems and EES

1–21C What is the value of the engineering software 
packages in (a) engineering education and (b) engineering
practice?

1–22 Determine a positive real root of this equation
using EES:

 2x3 � 10x0.5 � 3x � �3
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velocity, and the frontal area of the car. That is, FD � func-
tion (CDrag Afront, r, V). Based on unit considerations alone,
obtain a relation for the drag force.

Design and Essay Problems

1–32 Write an essay on the various mass- and volume-
measurement devices used throughout history. Also, explain
the development of the modern units for mass and volume.

1–31 The drag force exerted on a car by air depends on a
dimensionless drag coefficient, the density of air, the car

Air
V

FIGURE P1–31
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