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Objectives 0

Introduce the concept of energy and define its various forms.
Discuss the nature of internal energy.

Define the concept of heat and the terminology associated with energy
transfer by heat.

Define the concept of work, including electrical work and several forms
of mechanical work.

Introduce the first law of thermodynamics, energy balances, and
mechanisms of energy transfer to or from a system.

Determine that a fluid flowing across a control surface of a control
volume carries energy across the control surface in addition to any
energy transfer across the control surface that may be in the form of
heat and/or work.

Define energy conversion efficiencies.

Discuss the implications of energy conversion on the environment.
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2-1. INTRODUCTION O

If we take the entire room—including
the air and the refrigerator (or fan)—
as the system, which is an adiabatic
closed system since the room is
well-sealed and well-insulated, the
only energy interaction involved is
the electrical energy crossing the
system boundary and entering the
room.

As a result of the conversion of
electric energy consumed by the
device to heat, the room temperature
will rise.

Well-sealed and
well-insulated room

FIGURE 2-1
A refrigerator operat

ing with its
door open in a well-sealed and
well-insulated room.

N
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2-1. INTRODUCTION O

Well-sealed and
well-insulated
room

A fan running in a well-sealed and
well-insulated room will raise the
temperature of air in the room.

N
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2-2. FORMS OF ENERGY oo

Energy can exist in numerous forms such as thermal,
mechanical, kinetic, potential, electric, magnetic, chemical, and
nuclear, and their sum constitutes the total energy, E of a
system.

Thermodynamics deals only with the change of the total
energy.

Macroscopic forms of energy: Those a system possesses as
a whole with respect to some outside reference frame, such as
kinetic and potential energies.

Microscopic forms of energy: Those related to the molecular
structure of a system and the degree of the molecular activity.

Internal energy, U: The sum of all the microscopic forms of
energy

SoaseBocs Nat, Wby, 5
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FIGURE 2-3

At least six different forms of
energy are encountered in bringing
power from a nuclear plant to your
home: nuclear, thermal, mechanical,
kinetic, magnetic, and electrical.
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2-2. FORMS OF ENERGY oo

Kinetic energy, KE: The energy that a system possesses as a result
of its motion relative to some reference frame.

Potential energy, PE: The energy that a system possesses as a
result of its elevation in a gravitational field.

FIGURE 24
The macroscopic energy of an object
changes with velocity and elevation.
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2-2. FORMS OF ENERGY 0

KE — ”,l (kJ) Kinetic energy

V2
(kJ/kg) Kinetic energy per unit mass

PE = mgz Potential energy

(kJ/kg) Potential energy per unit mass
; I, V? __ Total energy
E=U+KE + P& =1+ m—- + mgz (kD) of 5 system

s

pe = g3

f oz (fke) Energy of a system
: . per unit mass

e=u-+ke+pe=u-+

s

E = me (kJ/s or kW) Energy flow rate
Soanelion Nak.Unly. 8
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2-2. FORMS OF ENERGY oo

'\ A.=m7D¥4
Voo m=pAV...
D —
Steam E =me
: /S
FIGURE 2-5

Mass and energy flow rates associated
with the flow of steam in a pipe of
inner diameter D with an average
velocity of V.

Mass flow rate: m= pU = PA Y e (kg/s)

Energy flow rate: E = me (kl/s or kW)

Comb. & Propsbgion Lab.
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Molecular Molecular
translation rotation
/7,
{ @ < 1%
A
Electron Molecular
translation vibration

Electron Nuclear
spin spin
FIGURE 2-6

The various forms of microscopic
energies that make up sensible energy.

2-2. FORMS OF ENERGY oo

Some Physical Insight

to Internal Energy

Sensible energy: The portion of the
internal energy of a system associated
with the kinetic energies of the

molecules.

Latent energy: The internal energy
associated with the phase of a system.

Chemical energy: The internal energy
associated with the atomic bonds in a

molecule.

Nuclear energy: The tremendous
amount of energy associated with the
strong bonds within the nucleus of the

atom itself.

e N
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2-2. FORMS OF ENERGY oo

Thermal = Sensible + Latent
Internal = Sensible + Latent + Chemical + Nuclear

g
1. ,', Sensible
"’ and latent
f energy

Chemical
energy
FIGURE 2-7

The internal energy of a system
Nuclear 1s the sum of all forms of the
. Microscopic energies.
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2-2. FORMS OF ENERGY oo

The total energy of a system, can be contained or stored in a
system, and thus can be viewed as the static forms of energy.

The forms of energy not stored in a system can be viewed as the
dynamic forms of energy or as energy interactions.

The dynamic forms of energy are recognized at the system
boundary as they cross it, and they represent the energy gained or
lost by a system during a process.

The only two forms of energy interactions associated with a closed
system are

- heat transfer
- work

The difference between heat transfer and work: An energy
interaction is heat transfer if its driving force is a temperature
difference. Otherwise it is work.

SoaseBocs Nab, Uesly, 12
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2-2. FORMS OF ENERGY oo

Microscopic kinetic
energy of molecules
(does not turn the wheel)

Macroscopic kinetic energy
(turns the wheel)

FIGURE 2-8

The macroscopic kinetic energy is an
organized form of energy and is much
more useful than the disorganized
microscopic kinetic energies of the
molecules.

Nat.
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2-2. FORMS OF ENERGY |«

More on Nuclear Energy

The best known fission reaction involves the split of the uranium
atom (the U-235 isotope) into other elements and is commonly
used to generate electricity in nuclear power plants, to power
nuclear submarines and aircraft carriers, and even to power
spacecraft as well as building nuclear bombs.

Nuclear energy by fusion is released when two small nuclei
combine into a larger one.

The uncontrolled fusion reaction was achieved in the early 1950s,
but all the efforts since then to achieve controlled fusion by
massive lasers, powerful magnetic fields, and electric currents to
generate power have failed.

SoaseBocs Nat, Uesly, 14
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2-2. FORMS OF ENERGY oo

Trani :
Uranium 39 % 10°11]
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J
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neutron

(a) Fission of uranium

FIGURE 2-9

The fission of uranium and the fusion
of hydrogen during nuclear reactions,
and the release of nuclear energy.

K@ neutron

51x 10713

'

(b) Fusion of hydrogen
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2-2. FORMS OF ENERGY

Mechanical Energy

Mechanical energy: The form of energy that can be converted to
mechanical work completely and directly by an ideal mechanical device such

as an ideal turbine.
Kinetic and potential energies: The familiar forms of mechanical energy.
g i : Mechanical energy of a flowing fluid per unit mass

Jmech - E + 7 23 8<

;

E . =ie. . = }}?(P e Ve 4 Q__> : Rate of mechanical energy of a flowing fluid
mech mec p 2 =
Mechanical energy change of a fluid during incompressible flow per unit mass
2 AE‘IHEC'] - p 3 s s g(:ﬁ o :1} (k]fkg}

Rate of mechanical energy change of a fluid during incompressible flow

= i s 3+ 975 — %) (kW)
p 2

9 AEmech — m A()mech

Sosselon Nat.Unly. 16
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FIGURE 2-11

Mechanical energy is a useful concept
for flows that do not involve signifi-
cant heat transfer or energy conver-
sion, such as the flow of gasoline from
an underground tank into a car.

Sosssehhon Nat. Usly. 17

Comb. & Propsbgion Lab.



2-2. FORMS OF ENERGY oo

Turbine

Generator

P-a_P_?. AP

273 W = riAe = = M—
= max mech
P P
— since V, = V,and z, = 74
Generator (b)

FIGURE 2-12
Mechanical energy is illustrated
by an ideal hydraulic turbine

W = WA, = Mg(Z, — 24) = High coupled with an ideal generator.
) In the absence of irreversible losses,
since Py = P, = Pypand V, =V, =0 the maximum produced power is pro-
(a) portional to (a) the change in

water surface elevation from the up-
stream to the downstream reservoir or
(b) (close-up view) the drop in water
pressure from just upstream to just
downstream of the turbine.

m Sossselbon Nat.Usly. 18
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Heat: The form of energy that is transferred between two systems (or
a system and its surroundings) by virtue of a temperature difference.

System boundary

Closed Heat

system

(/m = constant) Work

FIGURE 2-14

Energy can cross the boundaries
of a closed system in the form
of heat and work.

Room air
25°C

No heat 81/s
transfer

=

FIGURE 2-15
Temperature difference is the driving
force for heat transfer. The larger the
temperature difference, the higher is
the rate of heat transfer.

Ssssellon Nat.Unly. 19
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2-3. ENERGY TRANSFER BY HEAT @s

Heat transfer per unit mass

2 kJ
O Surround i thermal
g=— (kJ/kg) Surrounding ai enerey
m -
fHEEil

Amount of heat transfer when 2K
heat transfer rate is constant
2 kJ / !

thermal
energy

System
boundary

-

0 = [;Q'dr (KJ)
I

s T

Amount of heat transfer

when heat transfer rate FIGURE 2-16
changes with time Energy is recognized as heat transfer
+ only as it crosses the system boundary.
QO = QAr
Soacseloc Naxt, Ueaby,
m Comb. & Propebgion Lab, 20



2-3. ENERGY TRANSFER BY HEAT @s

Insulation
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During an adiabatic process, a system
exchanges no heat with its
surroundings.

FIGURE 2-18

The relationships among ¢. Q. and Q.
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2-3. ENERGY TRANSFER BY HEAT @k

Historical Background on Heat

Caloric theory: It asserts that heat is Contact

surface

a fluidlike substance called the
caloric that is a massless, colorless,
odorless, and tasteless substance
that can be poured from one body
into another

Kinetic theory: Treats molecules as
tiny balls that are in motion and thus
possess kinetic energy.

FIGURE 2-19

In the early nineteenth century, heat
was thought to be an invisible fluid
called the caloric that flowed from

warmer bodies to the cooler ones.

Heat: The energy associated with the
random motion of atoms and
molecules.

SoaseBocs Nakb, Uely, 22
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2-3. ENERGY TRANSFER BY HEAT @k

Heat transfer mechanisms

Conduction: The transfer of energy from the more
energetic particles of a substance to the adjacent less
energetic ones as a result of interaction between
particles.

Convection: The transfer of energy between a solid
surface and the adjacent fluid that is in motion, and it
involves the combined effects of conduction and fluid
motion.

Radiation: The transfer of energy due to the emission of
electromagnetic waves (or photons).

SoaseBocs Nab, Uely, 23
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2-4. ENERGY TRANSFER BY WORK | «'&

Work: The energy transfer associated
with a force acting through a distance.

A rising piston, a rotating shaft, and an
electric wire crossing the system
boundaries are all associated with work
interactions

Surroundings

Formal sign convention: Heat transfer
to a system and work done by a system
are positive; heat transfer from a system
and work done on a system are
negative.

Alternative to sign convention is to use

the subscripts in and out to indicate FIGURE 2-21
direction. Specifying the directions
This is the primary approach in this text. of heat and work.

Sosnchon Nat.Unly. 24
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2-4. ENERGY TRANSFER BY WORK | «'&

i = E (kJ/ke) Work done per unit mass
m =

W=6kW
w=15kJ/kg

FIGURE 2-20

The relationships among w, W, and W.

Sosselon Nat.Unly. 25
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2-4. ENERGY TRANSFER BY WORK | «'&

Heat vs. Work

Both are recognized at the boundaries of a system as they cross the
boundaries. That is, both heat and work are boundary phenomena.

Systems possess energy, but not heat or work.
Both are associated with a process, not a state.
Unlike properties, heat or work has no meaning at a state.

Both are path functions (i.e., their magnitudes depend on the path
followed during a process as well as the end states).

Properties are point functions i G dew

have exact differentials (). | dV=V, -V, =AV
Path functions have AHSW i (ot AW)
inexact differentials (o) ) 1 |

Nat.
@ m&uw‘ou at.Usnly. 26
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2-4. ENERGY TRANSFER BY WORK | «'&

AV,=3m’W,=8Kkl

AVg=3m}W,=12K

2

|

[

I >
2m? 5m’ V

FIGURE 2—-22

Properties are point functions; but
heat and work are path functions
(their magnitudes depend on the path
tollowed).

$ounelon Nat.Unby. 27
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2-4. ENERGY TRANSFER BY WORK | «'&

Electrical Work

Wf = VN Electrical work
[

W o= V] (W Electrical , ‘
= I’R |
— N2

When potential difference = VIR

and current change with time

W, = [ Vidt (k]) FIGURE 2-27

J1

Electrical power in terms of resistance

. . R. current I, and potential difference V.
When potential difference t

and current remain constant

W, = VIAt (k])

SoaseBocs Nakb, Ugly, 28
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..... -5. MECHANICAL FORMS OF WORK i <7

There are two requirements for a work interaction
between a system and its surroundings to exist:

- there must be a force acting on the boundary.

- the boundary must move.

Work = Force x Distance F -2 F
- IS i :-r---:-
W=Fs (KJ) e
< s s
When force is not constant
5 FIGURE 2-28
W = [ Fds (KJ) The work done 1s proportional to the
N1 force applied (F') and the distance

traveled (s).

Sounehon Nat.Usnly. 29
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2-4. ENERGY TRANSFER BY WORK | «'&

Shaft Work

T .

T = By es o= A force F acting through a moment
r armrgenerates atorque T

s = (2@r)n  This force acts through a distance s

j i
W= Fs = (?){2wm) = 27nT (kJ) Shaftwork
L":";h:.z'ﬂ'ﬁT

The power transmitted through the shaft
is the shaft work done per unit time

W. =2maT (kW)

Torque = Fr

FIGURE 2-30

Shaft work is proportional to

the torque applied and the number
of revolutions of the shaft.

Ssnchon Nat.Usnlv. 30
o Comb. & Propebgion Lab,




Boat

Y - e
- e s
M b o e aUTT -

Engine

.
- E
"'A

FIGURE 2-29

Energy transmission through
rotating shafts 1s commonly
encountered in practice.
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2-4. ENERGY TRANSFER BY WORK | «'&

Spring Work

When the length of the spring changes = =
by a differential amount dx under the
influence of a force F, the work done is

OW g = Fid
Rest
For linear elastic springs, the displacement position Z
x is proportional to the force applied i 1
F=kx (kN) x F
k: spring constant (kN/m) _FIGURE 2-32
Spring work Elongation of a spring

under the influence of a force.

i 1702 A i
Woping = K03 — 33 (KJ)

X, and x,: the initial and the final displacements

A SoaseBocs Nab, Uesly, 32
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2-4. ENERGY TRANSFER BY WORK | «'&

Rest
position
Xy =2 mm
j Y

FIGURE 2-33
The displacement of a linear spring
doubles when the force 1s doubled.

Sosnehon Nat.Usnly. 33
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2-4. ENERGY TRANSFER BY WORK | «'&

Work Done on Elastic Solid Bars

Wosioie = [ Fdx = [ o,Adx (k])
)1 i

]

.J e
|
FIGURE 2-34

Solid bars behave as springs under the
influence of a force.

SoaseBocs Nab, Uely, 34
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2-4. ENERGY TRANSFER BY WORK | «'&

Work Associated with the Stretching of a Liquid Film

Rigid wire frame

Surface tension work Surface of film i—
i| Movable
" _ eI wire
- | F
1/V:?n.irfau:e o J U, dA (kJ ) |
1 ; :,
) (\?
g
dA = 2b dx |
B
F = 2bo ay
5
[ a. A
Liquid film ¥ Wire
FIGURE 2-35

Stretching a liquid film with a
U-shaped wire, and the forces acting
on the movable wire of length b.

Sounelon Nat,Usnky. 35
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2-4. ENERGY TRANSFER BY WORK | «'&

Work Done to Raise or to Accelerate a Body

Metbr 1. The work transfer needed

to raise a body is equal to

l the change in the potential
— energy of the body.
2. The work transfer needed
Elepptor to accelerate a body is
equal to the change in the
- kinetic energy of the body.
FIGURE 2-36

The energy transferred to a
body while being raised is equal
to the change in its potential energy.

Nat.
@ m&uw‘ou at.Usnly. 36
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2-4. ENERGY TRANSFER BY WORK | «'&

Nonmechanical Forms of Work

Electrical work: The generalized force is the voltage
(the electrical potential) and the generalized
displacement is the electrical charge.

Magnetic work: The generalized force is the
magnetic field strength and the generalized
displacement is the total magnetic dipole moment.

Electrical polarization work: The generalized force
is the electric field strength and the generalized
displacement is the polarization of the medium.

Sssnehon Nat.Usly. 37
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The first law of thermodynamics
(the conservation of energy
principle) provides a sound basis
for studying the relationships

among the various forms of energy

and energy interactions.

The first law states that energy
can be neither created nor
destroyed during a process; it can
only change forms.

First Law: For all adiabatic
processes between two specified
states of a closed system, the net
work done is the same regardless
of the nature of the closed system
and the details of the process.

PE, = 10kJ
KE, =0

PE, =7kl

ot KE,=3kJ

FIGURE 2-39
Energy cannot be created or destroyed;
it can only change forms.

Ssnehon Nat.Usnly. 38
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2-5. THE 1st LAW OF THERMODYNAMICS @

Potato
AF =95k

FIGURE 240

The increase in the energy of a
potato in an oven is equal to the
amount of heat transferred to it.

Nat.
@ m&uw‘ou at.Usnly. 39
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2-5. THE 1st LAW OF THERMODYNAMICS @‘

(Adiabatic)
Wi, =5k]
e
AE=5k]
FIGURE 2-41 FIGURE 2-42
In the absence of any work interactions. The work (electrical) done on an
the energy change of a system is equal adiabatic system is equal to the
to the net heat transfer. increase in the energy of the system.

Sssncllon Nat.Unly. 40
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2-5. THE 1st LAW OF THERMODYNAMICS @s

(Adiabatic)

Wonin= 8 kJ

AE=8kJ N
ﬂt  E= 2
\A

FIGURE 243 (Adiabatic)
The work (shaft) done on an adiabatic
FIGURE 244

system is equal to the increase in the

energy of the system. The work (boundary) done on an
adiabatic system is equal to the
increase in the energy of the system.

Ssnchon Nat.Unlv. 41
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2-5. THE 1st LAW OF THERMODYNAMICS @

Energy Balance

( Total energy ) ( Total energy ) ( Change in the total )
entering the system leaving the system energy of the system

1 ‘ Qout =3 }"
Ein Emn R AEs}them
The net change (increase or AE=(15-3)+6 ——
. — 18 kJ shin = ©
decrease) in the total energy %: S
of the system during a process <
Is equal to the difference
0., =15kl
between the total energy
entering and the total energy MEURE S 19 o
. . The energy change of a system during
IeaV|ng the SyStem durlng that a process is equal to the nef work and
process. heat transfer between the system and

its surroundings.

A SoaseBocs Nab, Ugly, 42
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2-5. THE 1t LAW OF THERMODYNAMICS 0

Energy Change of a System, AE,

ystem
Energy change = Energy at final state — Energy at initial state

AE = B — I

system final

initial — Lo — I

g A
W, o
-

AE = AU + AKE + APE A

Stationary Systems

L1=2— APE =0
Vi=V,— AKE=0
AE =AU

Internal, kinetic, and
potential energy changes

AU = m(u, — uy)

y N JI

AKE = 3 m(V: — V3)
FIGURE 2-46
APE = mg(z, — z;) For stationary systems,

AKE = APE = 0; thus AE = AU.

Nat.
- M ) Sunchon Nat. G, 43
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2-5. THE 1st LAW OF THERMODYNAMICS 0

Mechanisms of Energy Transfer, E;, and E

out
Energy balance for any system undergoing any kind of process can be
expressed more compactly as

Ein o Emu[ - ‘AEsyslem ( ]\JJ (2-35)
l___‘\"--'_'
Nel energy transfer Change in internal, Kinetic,
by heat, work, and mass potential, etc., energies
or. in the rate form. as
E, —E, = dE.Jd& &W) (2-36)
——— — e —
Rate of net energy transfer Rate of change in internal,

by heat. work, and mass  kinetic, potential, etc., energies

For constant rates, the total quantities during a time interval At are related to
the quantities per unit time as

QO =0QAt, W= WAt. and AE = (dEldt) At (K)) (2-37)

The energy balance can be expressed on a per unit mass basis as

{)in o Laﬂui . Sl{r}&;'_-.-'salem (k‘]"{l\g) (2_38}

which is obtained by dividing all the quantities in Eq. 2-35 by the mass m of
the system. Energy balance can also be expressed in the differential form as

oL, — 0FE,; = dE

system or 6€in o D‘{:‘ml = dﬁsyslem {2_39)

Souneon Nat.Usnly. 44
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2-5. THE 1t LAW OF THERMODYNAMICS 0

Mechanisms ° Heat transfer
of energy « Work transfer
transfer: . Mass flow

A closed mass involves only
heat transfer and work.

Ein B Ec:rut = {Qin B let} F {Win o L’ng) + (Emass.in B EI]]HSS.DUI-) - JLEi%:«r’ii;b:-:m
LVHELDHI == Qnet.in or u/net.ﬂul . Qnel.in (for a C}"Clﬁ‘)
PA
—1—2-
Miill:ﬁ _"’E W
Control N0
volume
Mass
out
FIGURE 247 7
The energy content of a control
volume can be changed by mass flow FIGURE 248
as well as heat and work interactions. For a cycle AE = 0, thus Q = W.
Sounchon Nat.Unly. 45
# (Y @omé.2 Propstsion Lab.



2-6. ENERGY CONVERSION EFFICIENCIES [+

Efficiency is one of the most frequently used terms in
thermodynamics, and it indicates how well an energy
conversion or transfer process is accomplished.

Desired output

Efficiency = ——
Required input

Efficiency of a water heater:
The ratio of the energy
delivered to the house by hot
water to the energy supplied to
the water heater.

Type Efficiency
Gas, conventional 55%
Gas, high-efficiency 62%
Electric, conventional 00%
Electric, high-efficiency 949%

Typical efficiencies of conventional §
and high-efficiency electric and
natural gas water heaters.

Water heater

Sosselon Nat.Unly. a6
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2-6. ENERGY CONVERSION EFFICIENCIES [ +'&

Heating value of the fuel: The amount of heat released when a
unit amount of fuel at room temperature is completely burned and
the combustion products are cooled to the room temperature.

Lower heating value (LHV): When the water in the combustion
gases is a vapor.

Higher heating value (HHV): When the water in the combustion
gases is completely condensed and thus the heat of vaporization
is also recovered.

Combustion equipment efficiency

_ O efu _ Usetul heat delivered by the combustion equipment
M comb. equip. — HV o

Heating value of the fuel burned

Sosselon Nat.Unly. a7
o ﬂ Comb. & Propubgion Lab,



2-6. ENERGY CONVERSION EFFICIENCIES [+

Combustion gases
25°C  CO,, H,0, N,, etc.

1

Eﬂ LHV = 44,000 kl/ke
>

| kg

Air : Gasoline
" Combustion e

25°C 89

— chamber Gl —

FIGURE 2-34

The definition of the heating
value of gasoline.

Sosselon Nat.Unly. 48
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2-6. ENERGY CONVERSION EFFICIENCIES [+

The efficiency of space heating systems of residential and
commercial buildings is usually expressed in terms of the annual
fuel utilization efficiency (AFUE), which accounts for the
combustion equipment efficiency as well as other losses such as
heat losses to unheated areas and start-up and cooldown losses.

The AFUE of most new heating systems is about 85 percent,
although the AFUE of some old heating systems is under 60
percent.

The AFUE of some new high-efficiency furnaces exceeds 96
percent, but the high cost of such furnaces cannot be justified for
locations with mild to moderate winters.

Such high efficiencies are achieved by reclaiming most of the heat
in the flue gases, condensing the water vapor, and discharging the
flue gases at temperatures as low as 38°C (or 100°F) instead of
about 200°C (or 400°F) for the conventional models.
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Overall efficiency of a power plant

1%

net, electric
}?OVE‘I"iH = ’t?mmh equi ” M ” erator —
¢ . equip.”f thermal’/ generator .
HHV X m,_,

Generator: A device that converts mechanical energy to electrical
energy.

Generator efficiency: The ratio of the electrical power output to
the mechanical power input.

Thermal efficiency of a power plant: The ratio of the net shaft
work output of the turbine to the heat input to the working fluid.

The overall efficiencies are about 25-30 percent for
gasoline automotive engines, 35—40 percent for diesel
engines, and up to 60 percent for large power plants.
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Lighting efficacy: The amount of light

The efficacy of different lighting

yeerns output in lumens per W of electricity
Efficacy,  consumed.
Type of lighting lumens/W
Combustion
Candle 0.3
Kerosene lamp 1-2
Incandescent
Ordinary 6-20
Halogen 15-35
Fluorescent
Compact 40-87
Tube 60-120
High-intensity discharge
Mercury vapor 40-60
Metal halide 65-118

High-pressure sodium  85-140

— DT
|ow.iwessie sodiifn 70200 This value depends on the spectral distribution

of the assumed ideal light source. For white light

Solid-State sources, the upper limit is about 300 Im/W for
LED 20-160 metal halide, 350 Im/W for fluorescents, and
OLED 15-60 400 Im/W for LEDs. Spectral maximum occurs

Thenretical limit 300" at a wavelength of 555 nm (green) with a light

output of 683 Im/W.
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FIGURE 2-35

A 15-W compact fluorescent lamp
provides as much light as a 60-W
incandescent lamp.

Comb. & Propsbgion Lab.
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Using energy-efficient appliances
conserve energy.

It helps the environment by
reducing the amount of pollutants
emitted to the atmosphere during the
combustion of fuel.

The combustion of fuel produces

« carbon dioxide, causes global Breigsy il
Warming R Energy .~;up|;liec| to appliance
* nitrogen oxides and =AW cn
hydrocarbons, cause smog 2w
: : FIGURE 2-56
* carbon monoxide, toxic The efficiency of a cooking appliance

represents the fraction of the energy
: supplied to the appliance that is
raif. transferred to the food.

« sulfur dioxide, causes acid
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TABLE 2-2

Energy costs of cooking a casserole with different appliances®

[From J. T. Amann, A. Wilson, and K. Ackerly, Consumer Guide to Home Energy Savings, 9" ed.,
American Council for an Energy—Efﬂcient Economy, Washingtnn, D.C., 2007, p. 163.]

Cooking Cooking Energy Cost of
Cooking appliance temperature time used energy
Electric oven 3507F (17776) 1h 2.0 kWh $0.19
Convection oven (elect.) 325°F (163°C) 45 min  1.39 kWh $0.13
Gas oven 350°F (1L 77°0) 1h 0.112 therm  $0.13
Frying pan 420°F (216°C) 1h 0.9 kWh $0.09
Toaster oven 425°F (218°C) 50 min  0.95 kWh $0.09
Crockpot 200°F (93°C) 7 h 0.7 kWh $0.07
Microwave oven “High” 15min  0.36 kWh $0.03

*Assumes a unit cost of $0.095/kWh for electricity and $1.20/therm for gas.
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Efficiencies of Mechanical and Electrical Devices

Mechanical efficiency

Mechanical energy output  Epech ou K et Sovee

:—:l—

M mech . o
Mechanical energy input | e

The effectiveness of the conversion process between the mechanical
work supplied or extracted and the mechanical energy of the fluid is
expressed by the pump efficiency and turbine efficiency,

Mechanical energy increase of the fluid  AE ccnmuia Wpumpa
npump = : a = . — :
X ) al i i “r\/ AS A _,:'T
Mechanical energy input Wi s Womp
Mechanical energy output Wit ot W iusbine
Nturbine — : 5 e : =i
S ~ i i E - [l e A - = = [ p J.'T
Mechanical energy decrease of the fluid AB aaidl Wi
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»
50.0 WI F — 4, = 0.506 ke/s

(1) —> ot ::-@

—_—>
—_—>
— —
— >
7 —_—

Vi=0,V,=12.1 m/s

21=%

Pi=~Pyn,and Py= Py,

. o FIGURE 2-58
AE : mVs/2 . —
b = Wme’"’“' L = - The mechanical efficiency
S shafl, of a fan is the ratio of the rate of

_(0.506 kg/s)(12.1 m/s)%/2
50.0 W

=0.741

increase of the mechanical energy
of air to the mechanical power input.
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. Mechanical power output W s i
Motor: Miisics: = : : = —
Electric power input 2
elect.in
. ; Electric power output L= T
TE€REerdlior. Wscnviiitor = 9 = .
Mechanical power input Wi s io
B B "erunlp.u B AEjm*-:h.l'luii_l Pump-l\/lotor
nlﬂll“{_‘!_ﬂlfﬂﬂl' . T?I)lll'l'li'_'ﬁnl'ﬂf_ﬂi}r S H} | - 1:‘1:; - Overa” efﬁciency
elect.in elect,in
elect, out elect, out Turbine-Generator
Tlturbine —gen —  Thurbineleenerator — ¢ = : 11
=g geaen overall efficienc
W turbine, e ‘ AEmffh. I1Li'id| y
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FIGURE 2-39

The overall efficiency of a turbine—
generator 1s the product of the
efficiency of the turbine and the
efficiency of the generator, and
represents the fraction of the
mechanical power of the fluid
converted to electrical power.

TNturbine — 0.75 Neenerator — 0.97

W

elect. out

l nlurbine—gen = nturbinengeneraiur
= (0.75 X 0.97

=0.73
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The conversion of energy from one form to another often
affects the environment and the air we breathe in many
ways, and thus the study of energy is not complete without
considering its impact on the environment.

Pollutants emitted during the combustion of fossil fuels are
responsible for smog, acid rain, and global warming.

The environmental pollution has reached such high levels
that it became a serious threat to vegetation, wild life,
and human health.
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FIGURE 2-62

Energy conversion processes are often
accompanied by environmental
pollution.

FIGURE 2-63

Motor vehicles are the largest

source of air pollution.

Sounehon Nat.Usnly. 60

Comb. & Propsbgion Lab.



2-7. ENERGY AND ENVIRONMENT 0

Ozone and Smog

Smog: Made up mostly of ground-level ozone (Oj;), but it also contains numerous

other chemicals, including carbon monoxide (CO), particulate matter such as soot
and dust, volatile organic compounds (VOCs) such as benzene, butane, and other
hydrocarbons.

Hydrocarbons and nitrogen oxides react in the presence of sunlight on hot calm
days to form ground-level ozone.

Ozone irritates eyes and damages the air sacs in the lungs where oxygen and
carbon dioxide are exchanged, causing eventual hardening of this soft and spongy
tissue.

It also causes shortness of breath, wheezing, fatigue, headaches, and nausea, and
aggravates respiratory problems such as asthma.

The other serious pollutant in smog is carbon monoxide, which is a colorless,
odorless, poisonous gas. It is mostly emitted by motor vehicles.

It deprives the body’s organs from getting enough oxygen by binding with the red
blood cells that would otherwise carry oxygen. It is fatal at high levels.

Suspended particulate matter such as dust and soot are emitted by vehicles and
industrial facilities. Such particles irritate the eyes and the lungs.
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FIGURE 2-64

Ground-level ozone, which is the
primary component of smog, forms
when HC and NO, react in the
presence of sunlight in hot calm days.

Sssnehon Nat. Uy, 62
o ﬂ Comb. & Propebgion Lab,



2-7. ENERGY AND ENVIRONMENT |«

Acid Rain

The sulfur in the fuel reacts with oxygen to form sulfur dioxide (SO,),
which is an air pollutant.

The main source of SO, is the electric power plants that burn high-
sulfur coal.

Motor vehicles also contribute to SO, emissions since gasoline and
diesel fuel also contain small amounts of sulfur.

The sulfur oxides and nitric oxides react with water vapor and other
chemicals high in the atmosphere in the presence of sunlight to form
sulfuric and nitric acids.

The acids formed usually dissolve in the suspended water droplets in
clouds or fog.

These acid-laden droplets, which can be as acidic as lemon juice, are
washed from the air on to the soil by rain or snow. This is known as
acid rain.
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FIGURE 2-65

Sulfuric acid and nitric acid are
formed when sulfur oxides and nitric
oxides react with water vapor and
other chemicals high in the
atmosphere in the presence of
sunlight.

Nat.
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The Greenhouse Effect: Global Warming

and Climate Change

Greenhouse effect: Glass allows
the solar radiation to enter freely but
blocks the infrared radiation emitted
by the interior surfaces. This causes
a rise in the interior temperature as
a result of the thermal energy
buildup in a space (i.e., car).

The surface of the earth, which
warms up during the day as a result
of the absorption of solar energy,
cools down at night by radiating part
of its energy into deep space as
infrared radiation.

Greenhouse gases e o

Some infrared
radiation emitted

by earth 1s
absorbed by
greenhouse
gases and
emitted back

Solar radiation
passes through
and is mostly
absorbed by
earth’s surface

FIGURE 2-66

The greenhouse effect on earth.

e N

A SoaseBocs Nat, Ueslv, 65

Comb. & Propsbgion Lab.



2-7. ENERGY AND ENVIRONMENT 0

Carbon dioxide (CO,), water vapor, and trace
amounts of some other gases such as methane and
nitrogen oxides act like a blanket and keep the earth
warm at night by blocking the heat radiated from the
earth. The result is global warming.

These gases are called “greenhouse gases,” with
CO, being the primary component.

CO, is produced by the burning of fossil fuels such as
coal, oil, and natural gas.
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A 1995 report: The earth has already warmed about 0.5°C during
the last century, and they estimate that the earth’s temperature will
rise another 2°C by the year 2100.

A rise of this magnitude can cause severe changes in weather
patterns with storms and heavy rains and flooding at some parts
and drought in others, major floods due to the melting of ice at the
poles, loss of wetlands and coastal areas due to rising sea levels,
and other negative results.

How to minimize global warming?
* Improved energy efficiency
* energy conservation

e using renewable energy sources

SoaseBocs Nakt, Uely, 67
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FIGURE 2-67

The average car produces several times
its weight in CO,, every year (it is driven

20,000 km a year, consumes 2300 liters
of gasoline, and produces 2.5 kg of CO,
per liter).
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FIGURE 2-68

Renewable energies such as wind are
called “green energy” since they emit
no pollutants or greenhouse gases.
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Summary

Forms of energy

Energy transfer by heat

Energy transfer by work
Mechanical forms of work

The first law of thermodynamics
Energy conversion efficiencies

Energy and environment
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