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2-2

Forms of Energy

2-1CThe macroscopicforms of energy are thosea system possesses as a whole withrespect to some outsidereference
frame. The microscopicforms of energy, on theotherhand, are those related to the molecular structure of a system and the

degree of the molecular activity, and are independent of outside reference frames.

2-2CThe sum of all forms of the energy a systempossesses is called total energy. In the absence of magnetic, electrical

and surface tension effects, the total energy of a system consists of the kinetic, potential, and internal energies.

2-3C The internal energy of a system is made up of sensible, latent, chemical and nuclear energies. The sensible intemal

energy is due to translational, rotational, and vibrational effects.

2-4CThermal energy is the sensible and latent forms of internal energy, and it is referred to as heat in daily life.

2-5CThe mechanical energyis the form of energy thatcan be converted to mechanical work completely and directly by a
mechanical device such as a propeller. It differs from thermal energy in that thermal energy cannotbe converted to work

directly and completely. The forms of mechanical energy of a fluid stream are kinetic, potential, and flow energies.

2-6ClIn electric heaters, electrical energy is converted to sensible internal energy.

2-7CHydrogenis also a fuel, since it canbe burned, butit is not an energy source since there are no hydrogenreserves in

the world. Hydrogen can be obtained from water by using another energy source, such as solar ornuclearenergy, and then
the hydrogen obtained canbe used as a fuel to power cars or generators. Therefore, it is more proper to view hydrogen is an

energy carrier than an energy source.
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2-3

2-8C Initially, the rock possesses potential energy relative to thebottom of the sea. As the rock falls, this potential energy is
convertedintokinetic energy. Part of this kinetic energy is converted to thermal energy as a result of frictional heatingdue
to airresistance, whichis transferred to the air and therock. Same thing happens in water. Assuming the impact velocity of
the rock at the sea bottom is negligible, the entire potential energy of the rockis converted to thermal energy in water and

air.

2-9 A hydraulicturbine-generator is to generate electricity from the water of a large reservoir. The power generation
potential is to be determined.
Assumptions 1 The elevation of the reservoir remains constant. 2 The mechanical energy of water at the turbine exit is

negligible.

—1{ Generator

Analysis Thetotal mechanical energy waterin a reservoir possesses is equivalent tothe potential energy of water at the free
surface, and it can be converted to work entirely. Therefore, the power potential of wateris its potential energy, whichis gz

perunit mass,and mgz foragivenmass flowrate.

1 kJ/kg
1000 m?/s?

Then the power generation potential becomes

e = P = g2 = 081 m/s>)(120 m)[ ]: 1177 Kirke

1 kW

= me —_—
1KklJ/s

Wmax =E mech mech

— (1500 kg/s)(1.177 kJ/kg)[ ] = 1766 kW

Therefore, the reservoir has the potential to generate 1766 kW of power.

Discussion This problem canalsobe solved by considering a point at the turbine inlet, and using flow energy instead of
potential energy. It would give the same result since the flow energy at the turbine inlet is equal to the potential energy at

the free surface of the reservoir.

2-10E The specific kinetic energy of a mass whose velocityis givenis to be determined.

Analysis According to the definition of the specific kinetic energy,

_ V2 (100 ft/s)* (1 Btu/lbm
2 2 25,037 ft*/s*

] =0.200 Btu /Ibm
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2-4

2-11 The specific kinetic energy of a mass whose velocity is givenis to be determined.
Analysis Substitution of the given datainto theexpression for the specific kinetic energy gives

_ V_2 (30 m/s)’
2 2

1 kl/kg

ke
1000 m? /s’

]:0.45 kJ / kg

2-12E The total potential energy of an objectthatis below a reference levelis to be determined.

Analysis Substituting the given data into the potential energy expression gives

=—2.53 Btu

1 Btu/l
PE = mgz = (100 1bm)(31.7 ft/s*)(—20 ft)[ tw/lbm ]

25,037 ft* /s’

2-13 The specific potential energy of an object is to be determined.
Analysis Thespecificpotential energyis given by

1 kJ/kg

e =gz=(9.8 m/s*)(50 m)| ————>—
pe =gz =( X )[1000 m?*/s’

]: 0.49kJ / kg

2-14 The total potential energy of an object is to be determined.

Analysis Substituting the given data into the potential energy expression gives

1kJ/kg

PE = mgz = (100 kg)(9.81 m/s*)(20 m)| ———=—
gz =( 2)( X )[1000m2/s2

] =19.6kJ
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2-15 A waterjet strikes the buckets located on the perimeter of a wheel at a specified velocity and flow rate. The power
generation potential of this systemis to be determined.

Assumptions Water jet flows steadily at the specified speed and flow rate.
Analysis Kinetic energy is the only form of harvestable mechanical

energy the water jet possesses, andit can be converted to work entirely.

Therefore, the power potential of the water jet is its kinetic energy,

whichis V%2 perunitmass,and mV %2 fora given mass flow rate:

2 2
€mech = ke :V_: (60 m/s) [ ! kJ/ng 2 ] =1.8 kJ/kg
2 2 1000 m~/s
Wmax = Emech = memech
= (120 kg/s)(1.8 kl/kg) [ﬂ] =216 kKW
1 kJ/s

Therefore,216kW of power can be generated by this water jet at the
stated conditions.

Discussion An actual hydroelectric turbine (such as the Pelton wheel) can convert over 90% of this potential to actual

electric power.

2-16 Ariveris flowing at a specified velocity, flowrate, and elevation. The total mechanical energy of the river water per
unit mass, and the power generation potential of theentire river are to be determined.

Assumptions 1 The elevation givenis the elevation of the free surfaceof the river. 2 The velocity givenis the average
velocity. 3 The mechanical energy of water at the turbine exit is negligible.
Properties We takethe density of waterto be p= 1000 kg/m’.

Analysis Noting that the sum of the flow energy and the
potential energyis constantfora given fluidbody, we can
take the elevation of the entire river water to be the elevation

of the free surface, and ignore the flow energy. Then the total

mechanical energy of the river water per unit mass becomes

v? ) G m/s)* | 1kI/kg
€ o = Pe+ke=gh+—=|(9.81 m/s")(90 m) +
" 2 2 {1000 m? /s>

] —0.887kJ / kg

The power generation potential of the river wateris obtained by multiplying the total mechanical energy by the mass flow
rate,

m = pV = (1000 kg/m>)(500 m*/s) = 500,000 kg/s
W =E

max mech me

= (500,000 kg/s)(0.887 kl/kg) = 444,000 kW = 444 MW

Therefore,444 MW of power can be generated from thisriverasit discharges into thelakeifits power potential can be
recovered completely.

mech

Discussion Note that the kineticenergy of wateris negligible compared to the potential energy, andit can be ignoredin the

analysis. Also, the power outputof an actual turbine will be less than444 MW because of losses and inefficiencies.
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2-17 Wind is blowing steadily at a certain velocity. The mechanical energy of air per unitmass and the power generation

potential are to be determined.

Assumptions The wind is blowing steadily at a constant

uniform velocity. —_— 0\
Wind

Properties The density of airis giventobe p=1.25kg/m’. Wind turbine

P ty g P g 3
Analysis Kinetic energy is the only form of mechanical 10 m/s

. . S 60 m
energy the wind possesses, andit can beconverted to work >
entirely. Therefore, the power potential of the wind is its
. . Y . . P 2 P . 2
kinetic energy, whichis V “/2 perunitmass,and mV /2
for a given mass flow rate: E— 7
2 2
1 1 kl/k
ey — ke =L — 10.0V/S) [ ke ] —0.050 kl/kg
2 2 1000 m~/s
: D’ 60 m)°
i = pVA = pV T = (1.25 kg/m®)(10 m/s)% = 35,340 kg/s
W =E_. =me_. =(35340 kg/s)(0.050 kJ/kg) = 1770 kW

Therefore, 1770 kW of actual power can be generated by this wind turbine at the stated conditions.

Discussion The power generation of a wind turbine is proportional to the cube of the wind velocity, and thus the power

generation will change strongly with the wind conditions.
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2-7

Energy Transfer by Heat and Work

2-18C The caloric theory is based on the assumptionthat heat is a fluid-like substance called the "caloric" which is a
massless, colorless, odorless substance. It was abandonedin the middle of the nineteenth century afterit was shownthat

thereis no such thingas the caloric.

2-19C Energy can cross the boundaries of a closed systemin two forms: heat and work.

2-20C An adiabatic process is a process during which there is no heat transfer. A system thatdoesnotexchange any heat

with its surroundings is an adiabatic sy stem.

2-21C The form of energy that crosses theboundary of a closed system because of a temperature differenceis heat; all

other forms are work.

2-22C(a) The car's radiator transfers heat from the hot engine cooling fluid to the cooler air. No work interaction occurs in
the radiator.

(b) The hot engine transfers heat to cooling fluid and ambient air while delivering work to the transmission.

(c) The warm tires transfer heat to thecoolerairand to some degree to thecoolerroad while no work is produced.
No work is produced since there is no motion of the forces acting at the interface between the tire and road.

(d) There is minor amount of heat transfer between the tires and road. Presuming that the tires are hotter than the
road, the heat transferis from the tires to theroad. There is no work exchange associated with the road since it cannotmove.

(e) Heatisbeing added to theatmospheric air by the hotter components of the car. Work is beingdone onthe air as

it passes over and through the car.

2-23C Itisa work interaction sincethe electrons are crossing the systemboundary, thus doing electrical work.

2-24C Itisa heatinteraction sinceitis due to the temperature difference between the sun and theroom.
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2-25C Compressinga gasin a piston-cylinder device is a work interaction.

2-26 The power produced by an electrical motoris to be expressed in different units.

Analysis Using appropriate conversion factors, we obtain

@ W= W)[%][IN'm]_sN-m/s
1wl 17

=5kg-m?/s®

2
®) W —(5 W)[IJ/S][IN-m][Ikg-m/s

1w 17 IN
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2-9

Mechanical Forms of Work

2-27C The work done (i.e., energy transferred to thecar) is the same, but the power s different.

2-28E A construction crane liftinga concrete beam is considered. The amount of work is to be determined considering (a)
the beam and (b) the crane as the system.

Analysis (a) The work is done on the beam and it is determined from Rt . —

L e e—eo - AN
W = mgAz = (3% 2000 Ibm)(32.174 ft/s* )[ 1 1bf - J(24 ft) 24 ft
32.174 Ibm - ft/s ? \A
T

— 144,000 Ibf - ft |

1 Btu

= (144,000 1bf - ft)| ——————
778.169 Ibf - ft

] = 185Btu

(b) Since the crane must produce the same amount of work as is required to lift the beam, the work done by the crane is

W = 144,000 Ibf - ft = 185 Btu

2-29E Theengine of a cardevelops 225 hpat 3000 rpm. The torque transmitted through the shaft is to be determined.
Analysis Thetorque is determined from

W, 225 hp [550 Ibf - ft/s

T: " =
2mi - 27(3000/60)/s(  1hp

]:394Ibf-ft

2-30E The work required to compress a spring is to be determined.

Analysis The forceat any point during the deflection of the springis givenby F = F, + kx, where F  is the initial forceand
x is the deflection as measured from the point where the initial force occurred. From the perspective of the spring, this force
actsin the direction opposite to that in whichthe springis deflected. Then,

2 2
W= [Fds= [(F, + ke)dx
fra- o .
k 2 2
0 ('x2 'x] ) 2 ('x2 'xl ) Tx
200 Ibffin _,

=(100 lbf)[(l—O)in]—&—T(l —0%)in?
=200 Ibf -in g

1 Btu 1ft
778.169 1bf - ft || 12 in

= (200 Ibf- in)[ ] —0.0214 Btu
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2-31 The work required to compress a spring is to be determined.

Analysis Since there isno preload, F = kx. Substituting this into the work expression gives
2 2 2 k
W:des:kadx:kfxdx:E(xj—xlz) F
1

1 1
:%[(003 m)* —0° Z Tx
=0.135kN-m :

1kN-m
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2-11

2-32 Askiliftis operating steadily at 10km/h. The powerrequired to operate and also to accelerate this ski lift fromrest to
the operating speed are to be determined.
Assumptions 1 Airdrag and friction are negligible. 2 The average mass of each loaded chairis 250 kg. 3 The mass of
chairs is small relative to the mass of people, and thus the contribution of returning empty chairs to the motionis
disregarded (this provides a safety factor).
Analysis Thelift is 1000 m long and the chairs are spaced 20 m apart. Thus at any given time there are 1000/20 =50 chairs
being lifted. Considering that the mass of each chairis 250kg, theload of the lift at any given timeis

Load = (50 chairs)(250kg/chair) = 12,500 kg

Neglecting the work done onthe systemby the returning empty chairs, the work needed to raisethis mass by 200mis

1 kJ

W, = —z,)= (12,500 kg)(9.81 m/s*)(200 m)| ————
L =mg(z—z)=( 2)( X )[IOOOkg-m2/52

] =24,525Kk]

At 10 km/h, it will take

__distance 1 km
velocity 10 km/h

to do this work. Thus the powerneededis

At =0.1h=360s

W, 2455k
& At 360 s

The velocity of the lift during steady operation, and the acceleration during startup are

=68.1kW

V =0 km/h)[ﬂ] — 2778 m/s
3.6 km/h
LAV _278mis—0 _ oo
At 5s

During acceleration, the powerneededis
1 kJ/kg
1000 m*/s*

Assuming thepower applied is constant, theacceleration will also be constantand the vertical distance traveled during

W, = %m(Vf — VA At= %(12,500 ke)((2.778 m/s)” — 0)[ ]/(5 s)=9.6 kW

acceleration will be

h= lazz sina = latz 200m _ l(0.556 m/s?*)(5$)%(0.2)=1.39 m
2 27 1000m 2

and

1 kJ/kg

W, =m —z,)/ At = (12,500 kg)(9.81 m/s*)(1.39 m)| ————=—
8(z—a) ( &) X )[1000kg-m2/sz

8

]/(5 s)=34.1kW

Thus,

W

total

=W, +W, =9.6+34.1=43.7kW
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2-12

2-33 The engine of acardevelops 75 kW of power. The acceleration time of this car fromrest to 100 km/h onalevel road

isto be determined.

Analysis The work needed to accelerate a body is thechange in its kinetic energy,

2
W, =2 m(V2 — V)= 21500 ke) [M] oM o571
2 2 3600 s 1000 kg-m~/s
Thus the time required is
Ar=Ne T8I _ 545
W 75 k/s

a
This answer is not realistic because part of the power will be used

against the airdrag, friction, and rolling resistance.

2-34 Adamaged carisbeingtowedby atruck. The extra powerneeded is to be determined for three differentcases.
Assumptions Airdrag,friction, and rolling resistance are negligible.
Analysis Thetotal powerrequired foreach caseis the sum of the rates of changes in potential and kinetic energies. That is,

L4

total

= Wu 4 W5
(a) Zero.
(b) W, =0. Thus,

Wml = WE =mg(z, —z)/ At = mg% =mgV = mgVsin30°
" z
50,000 m][ 1 Kl/kg ] :

— (1200 ke)(9.8 Im/s®
( &\ 3600 5 || 7000 m2ss? |’

=81.7kW
() W[g =0. Thus,

W,

total

/(12 s) =31.3 kW

W= Lmv2 vy ar=La200 k %000 m 0 L Wike
= =—m — t=— —
) Vo =) 2( g 3600 s 1000 m*/s’
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2-13

2-35 Asa spherical ammonia vapor bubblerises in liquid ammonia, its diameter increases. The amount of work produced
by thisbubble is to be determined.

Assumptions 1 The bubbleis treated as a sphericalbubble. 2 The surface tension coefficient is taken constant.

Analysis Executing the work integral for a constant surface tension coefficient gives

W=<IfdA:<I(A2—Al):U47r(r22 )

1
= 47(0.02 N/m)[(o.ms m)? — (0.005 m)z]
—5.03x10° N-m
— (5.03%10°° Nom)| — &
1000 N-m
—5.03x10°* kJ

2-36 The work required to stretcha steel rod in a specified lengthis to be determined.
Assumptions The Young’s modulus does notchange as the rod is stretched.

Analysis The original volumeofthe rod is

2 2
v = D I 7(0.005 m)
4 4

The work required to stretchthe rod 3 cmis

VE ,

(10 m) =1.963x10~* m’

W:()T(aj—al)
_ (1963x10"* m*)(21x10* kN/m”)|(0.03 m ’ o
2 10 m

=1.855x10"* kN-m =1.855x10"* kJ = 0.1855 J
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The First Law of Thermodynamics

2-37C Energy can be transferred to or from a control volume as heat, various forms of work, and by mass transport.

2-38C No. Thisisthe case for adiabatic systems only.

2-39C Warmer. Because energyis added to the roomairin the form of electrical work.

2-40 Waterisheatedin a pan ontopofarange whilebeingstirred. The energy of the water at the end of the process is to
be determined.

Assumptions The panis stationary and thus thechanges in kinetic and potential energies are negligible.

Analysis We takethe waterin the panas our system. Thisis a closed system since nomass enters or leaves. Applying the

energy balanceon this system gives

Ein - Eout = AEsyslem
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Qin +u/sh,in _Qout :AU:UZ _Ul
30kI+05kI-5kI=U, —12.5K]
U, =38.0kJ

Therefore, the final internal energy of the systemis 38.0 kJ.

2-41 The specific energy change of a system whichis accelerated is to be determined.

Analysis Since theonly property that changes for this system is the velocity, only the kineticenergy will change. The
change inthe specific energyis

Ake =

V) —V? (30 m/s)> —(0 m/s)’ [ 1 KJ/kg
2

=045k]/k
2 1000 m?/s ] 8
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2-15
2-42 Afanis to accelerate quiescent air to a specified velocity at a specified flow rate. The minimum power that must be
suppliedto the fan is to be determined.
Assumptions The fan operates steadily.
Properties The density ofairis giventobe p=1.18kg/m’.
Analysis A fan transmits the mechanical energy of the shaft (shaft power) to mechanical energy of air (kineticenergy). For

a control volume that encloses the fan, theenergy balance can be written as

E ~E.  =dE_ 1d" " =0 — £ =F_
%,—/

out system
Rate of net energy transfer Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
— -
2 —
W . =m ke =m, — — = fan
sh, in air out air 2 .
Alr —
where *
—
. _ / 3 3 _ i
m, = pV = (1.18 kg/m”)(9 m’/s) = 10.62 kg/s

Substituting, the minimum power input required is determined tobe

. V2 2
W, ., =m, —=(10.62 kg/s)m[#/kgz] =340J/s =340 W
' 2 1 m~/s

Discussion The conservation of energy principlerequires the energy to be conserved as it is converted from one form to
another, and it does notallow any energy to be created or destroyed during a process. In reality, the power required will be

considerably higher because of the losses associated with the conversion of mechanical shaft energy to kinetic energy of air.

2-43E Waterisheatedin acylinder on top of arange. Thechange in theenergy of the water during this process is to be
determined.

Assumptions The panis stationary and thus thechanges in kinetic and potential energies are negligible.

Analysis We takethe water in the cylinder as the system. This is a closed system since no mass enters or leaves. Applying

the energy balance onthis systemgives

Ein - Eou[ = AE‘syslem
%/_/
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Qin _Wout — Xout :AU:U2 _Ul
65 Btu—5 Btu — 8 Btu= AU
AU =U, —U, =52 Btu

Therefore, the energy content of the system increases by 52 Btuduring this process.
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2-16

2-44E The heat loss from a house is to be made upby heat gain from people, lights, appliances, and resistance heaters. For a
specifiedrate of heat loss, the required rated power of resistance heaters is to be determined.
Assumptions 1 The house is well-sealed, so no air enters or heaves the house. 2 All the lights and appliances are kept on.

3 The house temperature remains constant.

Analysis Taking the houseas the system, the energy balance canbe written as
; . o J0 (steady) __ ST
Ein - Eoul - dEsystem /dt =0 - Ein - Eout HOUS
%f_/
Rate of net energy transfer Rate of change in internal, kinetic, / \
by heat, work, and mass potential, etc. energies
- Lights
where People 0.
. . Energy = ™
E . =0, = 60,000 Btu/h - Appliance
and - Heaters

E = Epeople + Elights + Eappliance + Eheater = 6000 Btu/h + Eheater

Substituting, the required power rating of the heaters becomes
1 kW
3412 Btu/h

Discussion When the energy gain of the house equals the energy loss, the temperature of the house remains constant. But

E

heater

= 60,000 — 6000 = 54,000 Btu/h[ ] =15.8 kW

when the energy supplied drops below theheatloss, the house temperature starts dropping.

2-45E A water pump increases water pressure. The powerinputis to be determined.

70 psia +—

Water
15 psia

Analysis Thepowerinput is determined from
W=WVEP,—P)

= (0.8 ft*/s)(70 — 15)psia

1 Btu 1 hp
5.404 psia- ft> || 0.7068 Btu/s

=11.5hp

The water temperature at the inletdoes nothave any significanteffect onthe required power.
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2-46 The lighting energy consumption of a storage roomis to be reduced by installing motion sensors. The amountof

energy and money thatwill be saved as well as the simple payback period are to be determined.
Assumptions The electrical energy consumed by the ballastsisnegligible.
Analysis The plant operates 12 hours a day, and thus currently the lights are on for the entire 12 hour period. The motion

sensors installed will keep the lights on for 3 hours, and off for the remaining 9 hours every day. This corresponds to a total

0of 9x365 = 3285 off hours peryear. Disregarding the ballastfactor, the annual energy and costsavings become
Energy Savings = (Numberoflamps)(Lamp wattage)(Reduction of annual operating hours)
= (24 lamps)(60 W/lamp )(3285 hours/year)
= 4730 kWh/year
Cost Savings = (Energy Savings)(Unit costofenergy)
= (4730 kWh/year)($0.11/kWh)
=$520/year

The implementation costofthis measure is the sum of the purchase price of

the sensor plus the labor,
Implementation Cost=Material + Labor=$32 + $40=$72
This gives a simple payback period of

Implementation cost  $72

Simple payback period = =0.138 year (1.66 months)

Annual cost savings $520/ year

Therefore, the motion sensor will pay foritselfin less than 2 months.

2-47 The classrooms and faculty offices of a university campus are not occupied an average of4 hours a day, but the lights
are kept on. The amounts of electricity and money thecampus will save peryearifthe lights are turned off during

unoccupied periods are to be determined.

Analysis Thetotal electric power consumed by the lights in the classrooms and faculty offices is
E lighting, classroom — (POWer consumed per lamp) x (No. of lamps) = (200 x12x110 W) = 264,000 = 264 kW
Ehghﬁng, offices = (Power consumed per lamp) x (No. of lamps) = (400 x 6 x110 W) = 264,000 = 264 kW
Elighting, total — Elighling, classroom + Elighling, offices — 264 + 264 =528 kW

Noting that the campus is open240days a year, the total number of unoccupied work hours per yearis
Unoccupied hours = (4 hours/day)(240 days/year) =960 h/yr

Then the amount of electrical energy consumed per year during unoccupied work period and its cost are
Energy savings = (Ehghﬁng, tota J(Unoccupied hours) = (528 kW)(960 h/yr) = 506,880 kWh
Cost savings = (Energy savings)(Unit cost of energy) = (506,880 kWh/yr)($0.11/kWh) = $55,757/yr

Discussion Note that simple conservation measures canresultin significant energy and costsavings.
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2-18

2-48 Aroomcontains alightbulb,a TV set, a refrigerator, and an iron. The rate of increase of the energy content of the

room when all of these electric devices are on is to be determined.

Assumptions 1 The roomis well sealed, and heatloss from the roomis negligible. 2 All the appliances are kept on.

Analysis Taking the room as the system, the rate form of the energy balance can be written as

Ein - Eout = dEsystem /dt - dEroom /dt = Ein

%/—/
Rate of net energy transfer  Rate of change in internal, kinetic,

by heat, work, and mass potential, etc. energies
. . . . : ROOM
since no energy isleavingtheroomin any form, and thus E_,, = 0. Also,

Ein - Elighls + ETV + Erefrig + Eiron :
- Lights
=40+4110+30041200 W
Electricityl,. |- TV
=1650 W - Refrig
Substituting, the rate of increase in the energy content of the room becomes - Iron

dE . Idt=FE_=1650 W

room

Discussion Note that some appliances such as refrigerators and irons operate intermittently, switching onand off as
controlled by a thermostat. Therefore, the rate of energy transfer to the room, in general, will be less.
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2-49 Aninclined escalatoris to move a certainnumber of people upstairs at a constant velocity. The minimum power

required to drivethis escalatoris to be determined.
Assumptions 1 Airdrag and friction are negligible. 2 The average mass of each person is 75 kg. 3 The escalator operates
steadily, withno acceleration or breaking. 4 The mass of escalatoritselfis negligible.
Analysis At design conditions, the total mass moved by the escalator at any giventime is
Mass = (50 persons)(75kg/person) =3750 kg
The vertical component of escalator velocityis
Ve =V sin45° = (0.6 m/s)sin45°
Under stated assumptions, the power suppliedis used to increase the potential energy of people. Taking the peopleon

elevator as the closed system, the energy balancein therate form can be written as

. R . AE sys

Ein _Eout = dEsystem /dt =0 — Ein :dEsys /dt = At

N —
Rate of net energy transfer Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

APE mgAz
in — . — =mg vvert
At At

That is, under stated assumptions, the powerinputto theescalator mustbe equal tothe rate of increase of the potential
energy of people. Substituting, therequired power inputbecomes

W, =mgV, . = (3750 kg)(9.81 m/s*)(0.6 m/s)sin45°[%

1000 m?/s?

When the escalator velocity is doubledto V= 1.2 m/s, the power needed to drivethe escalator becomes

vert

] =125 kl/s=15.6 kW

Wi, =mgV,

vert

1 kJ/kg
1000 m? /s>

Discussion Note that the power needed to drive an escalator is proportional to the escalator velocity.

= (3750 kg)(9.81 m/s*)(1.2 m/s)sin45°[ ] =25.0 kl/s =31.2 kW
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2-20

2-50 Acarcruisingat aconstantspeed to accelerateto a specified speed within a specified time. The additional power needed
to achieve this acceleration is to be determined.

Assumptions 1 The additional air drag, friction, and rolling resistance are not considered. 2 The roadis alevel road.
Analysis We consider the entire car as the system, except that let’s assume the power is supplied to the engine externally for
simplicity (rather that internally by the combustion of a fuel and the associated energy conversion processes). The energy

balanceforthe entire mass of the carcan be writtenin the rateform as

. . . AE sys
J— —_ — ~ o0
Ey—Ew = dEgenldt =0 = Ey=dEy fdi=—"
%/—/ %f—/
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

W _ AKE _ m(Vy—-V32I2
A At
since we are considering thechange in the energy contentof the car dueto
a change in its kinetic energy (acceleration). Substituting, the required
additional power inputto achievethe indicated acceleration becomes

. V2 _y? ) 2 ) 2
W =m#:(2100kg)(110/36m/8) (70/3.6 m/s) [ 1kJ/k2g 2]:117 /s = 117 kW
24t 2(59) 1000 m*/s
since 1 m/s =3.6 km/h. Ifthe total mass of the car were 700 kg only, thepower needed would be
: v, -V} 110/3.6 m/s)® — (70/3.6 m/s)> [ 1
Wo=m2 (700 kg)( 0/3.6 m/s)” —(70/3.6 m/s) kJ/kzg _|=389kW
241 2(5%) 1000 m* /s

Discussion Note that the power needed to accelerate a car is inversely proportional to the acceleration time. Therefore, the

short acceleration times are indicative of powerful engines.

2-51E The highrolling resistance tires of a car are replaced by low rolling resistance ones. For a specified unit fuel cost, the

money saved by switchingto low resistancetires is to be determined.
Assumptions 1The low rolling resistance tires deliver 2 mpg overall velocities. 2 The caris driven 15,000 miles peryear.

Analysis Theannual amount of fuel consumed by this car on high- and low-rolling resistance tires are

__Miles driven per year 15,000 miles/year

Annual Fuel Consumption,,, =

- - =428.6 gal/year
Miles per gallon 35 miles/gal

Annual Fuel Consumption, = Miles driven per year _ 15,000 miles/year

- - =405.4 gal/year
Miles per gallon 37 miles/gal

Then the fuel and money saved per year become

Fuel Savings = Annual Fuel Consumption;,, — Annual Fuel Consumption,
= 428.6 gal/year — 405.4 gal/year = 23.2 gal/year

Cost savings = (Fuel savings)(Unit cost of fuel) = (23.2 gal/year)($3.5/gal) = $81.1/ year

Discussion Atypical tirelasts about 3 years, and thus thelow rolling resistance tires have the potential to save about $150

to the carownerover the life of thetires, whichis comparable to the installation cost of the tires.
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2-21

Energy Conversion Efficiencies

2-52C Mechanical efficiencyis defined as the ratio of the mechanical energy outputto the mechanical energy input. A
mechanical efficiency of 100% for a hydraulic turbine means that the entire mechanical energy of the fluidis converted to

mechanical (shaft) work.

2-53CThe combined pump-motor efficiency of a pump/motor systemis defined as the ratio of the increasein the

mechanical energy of the fluid to the electrical power consumption of the motor,

mech,in AE‘mech,ﬂuid _ Wpump

a W

_ _ Emech,out —E
Mpump-motor = Mpump Tmotor = W

elect,in Welecl,in elect,in
The combined pump-motor efficiency cannotbe greater than either of the pump or motor efficiency since both pump and

motorefficiencies are less than 1, and the product of two numbers thatare less thanone is less than either of the numbers.

2-54CNo, the combined pump-motor efficiency cannot be greater thateither of the pump efficiency of the motor

efficiency. Thisisbecause 7, moror andboth n, . and 7., arelessthan one,andanumber gets

= Mpump Imotor *
smaller when multiplied by a number smaller than one.
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2-22

2-55 Ahoodedelectric openburner and a gas burner are considered. The amount of the electrical energy used directly for
cookingand the costofenergy per “utilized” kWhare to be determined.
Analysis Theefficiency of theelectricheateris givento be 73 percent. Therefore, a burner that consumes 3-k W of electrical
energy will supply

Mas = 38%
=73%

Netectric
Qumized = (Energy input) x (Efficiency) = (2.4 kW)(0.73) = 1.7S kW

of useful energy. The unit cost of utilized energy is inversely proportional tothe

efficiency, andis determined from

Cost of energy input  $0.10 / kWh

— =$0.137 / kWh
Efficiency 0.73

Cost of utilized energy =

Noting that the efficiency of a gas burneris 38 percent, theenergy inputto a gas

burnerthat supplies utilized energy at the same rate (1.75 kW)is
Qulilized — 1.75 kW
Efficiency 0.38

since 1 kW =3412 Btu/h. Therefore, a gas burner should have arating of at least 15,700 Btu/h to perform as well as the
electric unit. Noting that 1 therm =29.3 kWh, the unitcostofutilized energy in the case of gas burneris determined the

=4.61kW (= 15,700 Btu/h)

Qinpul, gas =

same way to be

Cost of energy input  $1.20/(29.3 kWh)
Efficiency B 0.38 B

Cost of utilized energy = $0.108 / KkWh
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2-23
2-56E The combustion efficiency of a furnace israised from 0.7 to 0.8 by tuning it up. The annual energy and cost savings
as aresult of tuning up the boiler are to be determined.

Assumptions The boiler operates at fullload while operating.

Analysis Theheatoutputofboileris related to the fuel energy input to the boiler by

Boileroutput= (Boilerinput)(Combustion efficiency)

Boiler

or Qout = Qin Nfurnace 70%

The current rate of heatinputto the boileris givento be Q'in’ current = -3 X 10° Btu/h. 5.5x10"Btwh

Then the rate of useful heatoutputofthe boilerbecomes

Ouut = Qi Miurmace Jeurrent = (5.3 % 10% Btu/h)(0.7) = 3.85x 10° Btu/h

The boiler mustsupply useful heatat the same rate after the tune up. Therefore, therate of heat input to the boiler after the

tune up and the rate of energy savings become
Oin new = Dout ! Mrumace, new = (3-85x10° Btu/h)/0.8 = 4.81x10° Btu/h
Oin saved = Oin. current — Qi new = 3-5%10° —4.81x10° = 0.69x10° Btu/h
Then the annual energy and costsavings associated with tuning up the boiler become

Energy Savings = Q (Operationhours)

in, saved
= (0.69 x 10° Btu/h)(4200 h/year) = 2.89 < 10° Btu/yr
Cost Savings = (Energy Savings)(Unit costofenergy)
=(2.89x10’Btu/yr)($13/10° Btu) = $37,500/year

Discussion Notice that tuning up the boiler will save $37,500 a year, which is a significant amount. The implementation
cost of this measure is negligibleif the adjustmentcan be made by in-house personnel. Otherwiseit is worthwhile to have

an authorized representative of the boiler manufacturer to service the boiler twicea year.
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2-24

2-57E @ Problem 2-56E is reconsidered. The effects of the unit cost of energy and combustion efficiency on theannual
energy used andthe cost savings as the efficiency varies from 0.7 to 0.9 and the unit cost varies from $12 to $14 per million
Btu are the investigated. The annual energy saved and the costsavings are to be plotted againstthe efficiency forunitcosts
of $12,$13,and $14 permillion Btu.

Analysis Theproblemis solvedusing EES, and the solutionis givenbelow.

"Given"
Q_dot_in_current=5.5E6 [Btu/h]
eta_furnace_current=0.7
eta_furnace new=0.8
Hours=4200 [h/year]
UnitCost=13E-6 [$/Btu]

"Analysis"
Q_dot_out=Q_dot_in_current*eta_furnace_current
Q_dot_in_new=Q_dot_out/eta_furnace_new
Q_dot_in_saved=Q_dot_in_current-Q_dot_in_new
Energysavings=Q_dot_in_saved*Hours
CostSavings=EnergySavings*UnitCost

Mimacenen EnergySavings | CostSavings 6x109 : : : : :
[Btu/year] [$/year] - L ,
0.7 0.00E-+00 0 @ 510°
072 | 642E+08 8342 R ]
074 | 1.25E+09 16232 o 10
0.76 1.82E+09 23708 ® I ]
2 3x10°
0.78 2.37E+09 30800 £
0.8 2.89E+09 37538 Py ol ]
2 2x10
0.82 3.38E+09 43946 o i |
084  |3.85E+09 50050 E:: 1x10°
0.86 4.30E+09 55870 I ]
0.88 4.73E+09 61425 0 . . . . .
0.9 5.13E+09 66733 0.7 0.74 0.78 0.82 0.86 0f
Table values are for UnitCost=13E-5 [$/Btu] Tifurnace,new
70000””'”I””””””lI”””””I”
‘g‘ 60000
o I 14x10°° $/Btu ]
& 50000
- : 13x10°° $/Btus
o 40000
£ I
>
& 30000 12x10°® $/Btu
3 20000
o L |
10000
oWl v e e
0.7 074 0.78 0.82 0.86 0.<
Tlfurnace, new

PROPRIETARY MATERIAL © 2019 McGraw-Hill Education. Limited distribution permitted only to teachers and educators for course preparation.

If you are a student using this Manual, you are using it without permission.

Thermodynamics An Engineering Approach 9th edition Cengel Solutions Manual



https://testbank.online/books/9781259822674-solutions

2-25

2-58 A worn out standard motoris replaced by a highefficiency one. The reductionin the internal heat gain due to the

higherefficiency under full load conditions is to be determined.

Assumptions 1 The motor and the equipment driven by the motor are in the same room. 2 The motor operates at full load so
thatf, ,=1.

Analysis Theheatgenerated by amotoris due to its inefficiency, and the
difference between the heat generated by two motors that deliver the same shaft

poweris simply thedifference between theelectricpower drawn by the motors,

in, electric, standard = ‘/Vshafl / nmolor = (75 X 746 W)/091=61’484 W
. in, electric, efficient = v‘./shaﬂ /77mnlor = (75 X 746 W)/0954:58’648 W

Then the reduction inheat generation becomes

=61,484 — 58,648 = 2836 W

Qreduclion - u/in, electric, standard - M/in, electric, efficient

2-59 An electriccaris powered by an electric motor mounted in the engine compartment. The rate of heat supply by the

motorto the engine compartment at fullload conditions is to be determined.
Assumptions The motoroperates at fullload so that theloadfactoris 1.

Analysis Theheatgeneratedby amotoris due to its inefficiency, andis equal to the difference between the electrical energy

it consumesand the shaftpowerit delivers,

W/in. electric = W/shaft /nmotor = (90 hp)/091 = 9890 hp
Qgcncralion = W/m electric ‘/Vshafl out = 9890 - 90 = 890 hp = 6'64 kW

since ] hp=0.746 kW.

Discussion Note that the electrical energy notconverted to mechanical poweris

convertedto heat.

2-60 Several people are working outin an exerciseroom. Therate of heat gain from people and the equipment is to be
determined.

Assumptions The average rate of heat dissipated by peoplein an exercise roomis 600 W.

Analysis The 6 weight lifting machines do not have any motors, and thus they do notcontribute to the internal heat gain

directly. The usage factors of the motors of the treadmills are taken to be unity since they are used constantly during peak
periods. Notingthat 1 hp =745.7 W, the total heatgenerated by themotors is

Qmotors = (NO of motors) ><VVmolor ><fload X usage /nmotor

=Tx(2.5x746 W)x0.70 x1.0/0.77 =11,870 W
The heat gainfrom 14 people is

Qpeop]e =14 x (600 W) = 8400 W
Then the total rate of heat gain of the exercise room during peak period becomes
Quotat = Ormotors + Cpeopre = 11.870 +8400 = 20,270 W
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2-26

2-61 Aroomiscooled by circulating chilled water through a heatexchanger, and the airis circulated through theheat

exchangerby a fan. The contribution of the fan-motor assembly to the coolingload of the room s to be determined.

Assumptions The fan motor operates at fullloadso thatf, , =1.

Analysis Theentire electrical energy consumed by the motor, including the shaft
powerdeliveredto thefan, is eventually dissipated as heat. Therefore, the
contribution of the fan-motor assembly to the cooling load of the room is equal
to the electrical energy it consumes,

Qinternal generation - ‘/Vin, electric — VVshaft / nmotor

=(0.25 hp)/0.60 =0.463 hp = 311W

since ] hp=746 W.

2-62 A hydraulic turbine-generator is to generateelectricity from the water of a lake. The overall efficiency, the turbine
efficiency, and the shaft power are to be determined.

Assumptions 1 The elevation of the lake and that of the discharge site
remains constant. 2 Irreversible losses in the pipes are negligible.

Properties The density of water can be taken to be p=1000
kg/m’. The gravitational accelerationis g = 9.81 m/s”.

Analysis (a) We take thebottom of the lake as the referencelevel

for convenience. Thenkineticand potential energies of water are

zero, and the mechanical energy of water consists of pressure

energy only whichis

¢

=gh Generator
Neenerator =

A [—= m=35000kg/s
95%

emech,in - emech,out =

P

p

1 kl/kg

=(9.81 m/s>)(50 m [—]

( X ) 1000 m?/s>
=0.491 kJ/kg

Then the rate at which mechanical energy of fluid supplied to the turbine and the overall efficiency become

|AEmech,ﬂuid = m(e

mech,in

— mechin) = (5000 kg/s)(0.491 k)/kg) = 2455 kW

_ v"/elect,out o 1862 kW —0

., __" . —0.760
Noverall nturbme—gen lAEmech,ﬂuid | 2455 kW

(b) Knowingthe overall and generator efficiencies, the mechanical efficiency of the turbine is determined from

— N _ nturbine-gen o 0.76
nturbine-gen - nturbine’r]generamr nturbine — = 0 95
generalor °

=0.800

(¢) The shaft power outputis determined from the definition of mechanical efficiency,

AE

mech,fluid

= (0.800)(2455 kW) =1964 kW ~ 1960 kW

‘/Vshaft,out = nturbine
Therefore, the lake supplies 2455 kW of mechanical energy to the turbine, which converts 1964 kW of’it to shaft work that

drives the generator, which generates 1862 kW of electric power.
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2-27

2-63 Apump witha specified shaft power and efficiency is used toraise water to a higher elevation. The maximum flow rate

of wateris to be determined.

Assumptions 1 The flowis steady and incompressible. 2 The elevation difference

between the reservoirs is constant. 3 We assume the flow in the pipes to be -

frictionless sincethe maximumflow rate is to be determined, =

Properties We take the density of water to be p = 1000 kg/m’. %

Analysis Theuseful pumping power (the part converted to mechanical energy of

water)is

Wpump,u = npumprump, shaft — (082)(7 hp) =5.74 hp

The elevation of water and thus its potential energy changes during pumping, but it

experiences no changes in its velocity and pressure. Therefore, the change in the

total mechanical energy of water is equal tothe changein its potential energy, which
is gz perunit mass,and mgz fora givenmass flowrate. Thatis,

AEmech = n;lAemech = mApe = mgAZ = pVgAZ
Noting that AE, ., = Wpump, 4» thevolume flowrate of wateris determined to be
. : -m/s?
g Voumpa _ 35.74 hp : 7457 W [1 N m/s] kg m/s” | o1 m® /s
P8z, (1000 kg/m”)(9.81 m/s“)(15m){ 1hp 1w IN

Discussion This is the maximum flow rate since the frictional effects are ignored. In an actual system, the flow rate of water
will be less because of friction in pipes.
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2-28

2-64 Geothermal water is raised from a given depth by a pump at a specified rate. For a given pump efficiency,
the required powerinputto the pumpis to be determined.

Assumptions 1 The pump operates steadily. 2 Frictional losses in the pipes
are negligible. 3 The changes in kinetic energy are negligible. 4 The

geothermal wateris exposed to the atmosphere and thus its free surface is at

atmospheric pressure.

Properties The density of geothermal wateris given to be p=1050kg/m’. 200m

Analysis Theelevation of geothermal water and thus its potential energy @

changes, but it experiences nochanges in its velocity and pressure.

Therefore, the changein the total mechanical energy of geothermal wateris — pump\

equal to thechange in its potential energy, which is gz perunit mass, and oy —_- —

mgz foragiven mass flowrate. Thatis, —

AEmech = mAemech = mApe = mgAZ = pVgAZ
— (1050 kg/m*)(0.3 m*/5)(9.81 m/s*)(200 m)| — 5 [ LW ]
1 kg-m/s” J\1000 N - m/s
=618.0 kW
Then the required power inputto the pumpbecomes
AE .,  618kW
pump, elect = b= =835kW

pump-motor

Discussion The frictional losses in piping systems are usually significant, and thus a larger pump will be needed to overcome

these frictional losses.
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2-29

2-65 Wind is blowing steadily at a certain velocity. The mechanical energy of air per unitmass, the power generation

potential, and the actual electric power generation are to be determined.

Assumptions 1 The windis blowing steadily at a constant

N
uniform velocity. 2 The efficiency of the wind turbine is _—> Wind
independentofthe wind speed. Wind turbine
Properties The density ofairis giventobe p=1.25kg/m’". 7m/s
Analysis Kinetic energy is the only form of mechanical energy the > I 80m
wind possesses, andit can be converted to work entirely. Therefore,
the power potential of the wind is its kineticenergy, whichis V*/2 per
unit mass,and 7,V * /2 foragivenmass flow rate: g \A

Vi (7mhs) [ 1 kl/kg ]
ey = k€ =—= =0.0245 kJ/k
meeh 2 2 (1000 m*/s* £
. D2 2
= pVA = pV = = (1.25 ke/m*)(7 m/s)”(gon)z 43,982 kg/s

W =E =me

max ~ “mech

= (43,982 kg/s)(0.0245 kJ/kg) = 1078 kW
The actual electric power generation is determined by multiplying the power generation potential by the efficiency,

W,

elect

mech

= Nywind turbine Wanax = (0-30)(1078 kW) = 323 kW
Therefore,323kW of actual power can be generated by this wind turbine at the stated conditions.

Discussion The power generation of a wind turbine is proportional to the cube of the wind velocity, and thus the power

generation will change strongly with the wind conditions.
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2-30

2-66 @ Problem 2-65 isreconsidered. The effectof wind velocity and the blade span diameter on wind power

generation as the velocity varies from 5 m/s to 20 m/s in increments of 5 m/s, and the diameter varies from 20 mto 120 min
increments of 20 mis to be investigated.

Analysis Theproblemis solvedusing EES, and the solutionis givenbelow.

"Given"

V=7 [m/s]
D=80[m]
eta_owverall=0.30
rho=1.25 [kg/m"3]

"Analysis"

0=9.81 [m/s"2]

A=pi*D"2/4

m_dot=rho*A*V
W_dot_max=m_dot*V"2/2*Convert(m"2/s"2, kJ/kg)
W _dot_elect=eta_owverall*W_dot_max

D v m W, 16000
(m) | (m/s) | (kg/s) | (kW) 14000 I
20 |5 1963 | 7.363

20 10 3927 | 589 12000
20 15 5890 | 198.8 e i
20 20 7854 | 4712 < 10000
40 |5 7854 | 29.45 3 2000
40 10 15708 |235.6 2z

40 15 23562 | 7952 6000
40 |20 31416 | 1885 i
60 |5 17671 | 66.27 4000
60 10 35343 | 530.1

60 |15 53014 | 1789 2000
60 20 70686 | 4241 o'
80 |5 31416 |117.8

80 10 62832 | 9425 V [mis]

80 15 94248 | 3181
80 20 125664 | 7540
100 |5 49087 | 184.1
100 | 10 98175 | 1473
100 | 15 147262 | 4970
100 | 20 196350 | 11781
120 | 5 70686 [ 265.1
120 | 10 141372 | 2121
120 | 15 212058 | 7157
120 | 20 282743 | 16965
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2-67 Wateris pumped from a lowerreservoir to a higherreservoir at a specified rate. For a specified shaft powerinput, the

power that is converted to thermal energy is to be determined.

Assumptions 1 The pump operates steadily. 2 The elevations of

the reservoirs remain constant. 3 The changes in kinetic energy @
arenegligible. e
Properties We takethe density of waterto be p=1000 kg/m’. Reservoir

45m | -

Analysis The elevation of water and thus its potential energy Pump

changes during pumping, but it experiences no changes in its

velocity and pressure. Therefore, the change in the total -
i i ini i -Reservoir

mechanical energy of wateris equal to the‘change in its potential Roseor

energy, which is gz per unit mass, and mgz for a given mass

flowrate. Thatis,

AE.'mech = MAemech = mApe = mgAZ = PVgAZ

= (1000 kg/m*)(0.03 m*/s)(9.81 m/s?)(45 m)[ IN ][ LKW

. ]:13.2 kW
1 kg-m/s” {1000 N-m/s

Then the mechanical power lost because of frictional effects becomes

W. =W AE . =20—13.2 kW =6.8 kW

frict pump, in mech
Discussion The 6.8 kW of poweris used to overcome the friction in the piping system. The effectof frictional lossesin a
pump is always to convert mechanical energy toan equivalent amountof thermal energy, whichresults in a slightrise in
fluid temperature. Note that this pumping process couldbe accomplishedby a 13.2kW pump (rather than20 kW) if there
were no frictional losses in the system. In this ideal case, the pump would function as a turbine when the wateris allowed to

flow from the upperreservoirto thelower reservoir and extract 13.2 kW of power from the water.
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2-68E Wateris pumped from a lake to a nearby pool by a pump with specified power and efficiency. The mechanical power

used to overcome frictional effects is to be determined.

Assumptions 1 The flowis steady and incompressible. 2 The elevation difference between the lake and the free surface of

the poolisconstant. 3 The average flow velocity is constant since pipediameteris constant.

Properties We take the density of water to be p = 62.4 Ibnv/ft’.

Analysis The useful mechanical pumping power delivered to water s

Wpump,u

= NpumpWoump = (0.80)(20 hp) =16 hp
The elevation of water and thus its potential energy changes during pumping, but it experiences no changes in its velocity
and pressure. Therefore, the change inthe total mechanical energy of wateris equal to the change in its potential energy,

which is gzperunit mass, and mgz foragiven mass flowrate. That s,

AEmech =mlAe,  , =mApe=mgAz= p\/ gAz

Substituting, the rate of change of mechanical energy of water becomes

AE, = (62.4 1bm/ft’)(1.5 ft*/s)(32.2 ft/s*)(80 ft) 1 1bf 1hp =13.63 hp
32.2 1bm-ft/s* J| 550 1bf - ft/s

Then the mechanical powerlost in piping because of frictional effects becomes

=16—-13.63 hp =2.37 hp

W, =W__ —AE
Tict pump, u mech

Discussion Note that the pump mustsupply tothe water an additional useful mechanical power of 2.37 hp to overcomethe

frictional losses in pipes.
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2-69 Wateris pumped from alake toa storagetank at a specified rate. The overall efficiency of the pump-motor unit and
the pressure difference between the inletand the exit of the pump are to be determined.
Assumptions 1 The elevations of the tank and the lake remain constant. 2 Frictional losses in the pipes are negligible. 3 The

changesin kineticenergy are negligible. 4 The elevation difference across the pumpis negligible.

Properties We takethe density of waterto be p= 1000 kg/m’.

@

S

Storage
tank

Analysis (a) We take the free surface of the laketo be point 1 and the free surfaces of the storage tank to be point 2. We also
take the lake surfaceas the referencelevel (z, =0), and thus the potential energy at points 1 and 2 are pe, =0 and pe, = gz,.
). Further, the kinetic
energy at both pointsis zero (ke, =ke, = 0) since the water at bothlocations is essentially stationary. The mass flow rate of

The flow energy at both points is zero since both 1 and 2 are open to the atmosphere (P, = P, = P

atm

water and its potential energy at point 2 are
m = pV = (1000 kg/m*)(0.070 m>/s) = 70 kg/s

1 kJ/kg
1000 m?/s*

Then the rate of increase of the mechanical energy of water becomes

AE

pe, =gz, = (9.81 m/s?)(15 m)[ ] —0.1472 kl/kg

= 1M(€pechout — Cmechin) = M(pey —0) =mpe, = (70 kg/s)(0.1472 kI/kg) =10.3 kW

mech,fluid

The overallefficiency of the combined pump-motor unit is determined from its definition,

AE .
Mmooy =~ 103kW _ 1669 or 66.9%
pump w 15.4 kW

elect,in

(b) Now we consider the pump. The change inthe mechanical energy of wateras it flows through the pump consists of the
changeinthe flowenergy only since the elevation difference across the pump and thechange in the kinetic energy are
negligible. Also, this change mustbe equal to the useful mechanical energy supplied by the pump, whichis 10.3 kW:

. . . P,—P, :
AEmech,ﬂuid = m(emech,out - emech,in) =m 2 1= VAP
p
Solving for AP and substituting,
AE 4 m?
AP — me.ch,ﬂmd _ 10.3 kJéS 1 kPa-m —147 KPa
v 0.070m>/s| 1KkJ

Therefore, the pump must boostthe pressureof waterby 147kPain orderto raise its elevationby 15 m.

Discussion Note that only two-thirds of theelectricenergy consumed by the pump-motoris converted to the mechanical

energy of water; theremaining one-thirdis wasted because of the inefficiencies of the pump and the motor.
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2-70 Alarge wind turbine is installed at a location where the wind is blowing steadily at a certain velocity. The electric

power generation, the daily electricity production, and the monetary value of this electricity are to be determined.

Assumptions 1 The windisblowing steadily ata constantuniform velocity. 2 Theefficiency of the wind turbine is independent
of the wind speed.

Properties The density ofairis giventobe p=1.25kg/m’.

N
> Wind
Wind turbine
= >
8m/s I 100 m
7
D
> N4

Analysis Kinetic energy is the only form of mechanical energy the wind possesses, andit can be converted to work entirely.
Therefore, the power potential of the wind s its kinetic energy, whichis V %2 perunit mass,and V%2 fora given mass
flowrate:

2 2
emech = ke = V— = (8 m/S) [ 1 k-]/k2g 2 ] == 0032 kJ/kg
2 2 11000 m*/s
] D2 2
= VA = v T2 = (1.25 kg/m*)8 m/s)w — 78,540 ke/s
Wooo = Epeen, = 1100 = (78,540 kg/s)(0.032 kJ/kg) = 2513 kW

The actual electric power generation is determined from

W eteet = Tind rurbine Womax = (0.32)(2513 kW) = 804.2 kKW
Then the amount of electricity generated per day and its monetary value become
Amount of electricity = (Wind power)(Operating hours) = (804.2kW)(24h)= 19,300 kWh
Revenues = (Amount of electricity)(Unit price) = (19,300 k Wh)($0.09/kWh) = $1737 (perday)

Discussion Note that a single wind turbine can generate several thousand dollars worth of electricity every dayata
reasonable cost, which explains the overwhelming popularity of wind turbines in recent years.
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2-71 The available head of a hydraulic turbine and its overall efficiency are given. The electric power output of this tutbine

isto be determined.
Assumptions 1 The flow is steady and incompressible. 2 The elevation of the reservoir remains constant.
Properties We takethe density of waterto be p = 1000 kg/m’.

Eff.=91%

Generator

Analysis The total mechanical energy the waterin areservoir possesses is equivalent to the potential energy of water at the
free surface, and it can be converted to work entirely. Therefore, the power potential of wateris its potential energy, which s
gzperunit mass,and mgz foragivenmassflowrate. Therefore, the actual power produced by theturbine canbe expressed

as
Wturbine = nturbinem 8 hturbine = Tturbine P Vg hturbine
Substituting,
IN
1 kg- m/s?

Discussion Note that the power output of a hydraulic turbine is proportional to theavailable elevation difference (turbine

W,

turbine

[ 1 kW

=190 kW
1000 N -m/s

=(0.91)(1000 kg/m?)(0.25 m*/5)(9.81 m/s*)(85 m)

head)and theflowrate.

2-72 The mass flow rate of water through the hydraulic turbines of a damis to be determined.

Analysis Themass flow rate is determined from

W = rig(z, — 2,) P A— 50000 ks = 24700kg/s
8@ =) (9.8 mis?)206—0) m[fz]
1000 m? /s
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2-73 Apump is pumping oilat a specifiedrate. The pressure rise of oil inthe pumpis measured, and the motor efficiency is
specified. The mechanical efficiency of the pump is to be determined.

Assumptions 1 The flow is steady and incompressible. 2 The elevation difference across the pump is negligible.

Properties Thedensity of oil is givento be p =860 kg/m’.

®

Analysis Then the total mechanical energy of a fluid is the sum of the potential, flow, and kinetic energies, and is expressed
perunit massas e

mech = 81+ Pv+ V?/2. To determine the mechanical efficiency of the pump, we needto know the
increase in themechanical energy of thefluid as it flows through the pump, which is

. V2 V2
AEmech, fluid — m(emech,out ~ €mech, in) =m (PV )2 + 72 - (Pv)l - j

=%

V2 —v?
(P2*P1)+;0 E 2 ! ]

since m = pV = V/v, and there is no change in the potential energy of the fluid. Also,

1% 1% im’

v=Vo Vo 0ImE g9 0y
A, 7D2/4  7(0.08 m) /4
. . \

v2:V v O1m'/s ¢ eq s

A, 7DX/4  m(0.12m) /4
Substituting, the useful pumping poweris determined tobe
W pumpu = AE

mech,fluid

2 2
— (0.1 m*/s)| 500 KN/m? + (860 kg/m?)- &34 m/s)” = (19.9 m/s) LN
2 1000 kg - m/s

[ 1 kW ]
1kN-m/s

=363 kW

Then the shaft power and the mechanical efficiency of the pumpbecome

Wpump,shaft = nmotorWelectric = (090)(44 kW) =39.6 kW

Wompu  36.3kW
’r] = " =
P 396KW

=0.918=91.8%

Discussion The overall efficiency of this pump/motor unitis the productof the mechanical and motor efficiencies, whichis
0.9 x 0.918=0.826.
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2-74 A wind turbine produces 180k W of power. The average velocity of the air and the conversion efficiency of the turbine
are to be determined.
Assumptions The wind turbineoperates steadily.

Properties Thedensity of airis givento be 1.31 kg/m’.
Analysis (a) The bladediameter and the blade span area are

(250 km/h)[3l6mls]
™ r(15/min) mm]
60 s
2 2
A D _ 7(88.42 m) — 6140 m>

4 4
Then the average velocity of air through the wind turbine becomes

y=""_ 42’0(20 kefs —=523m/s
pA  (1.31 kg/m”)(6140 m~)

(b) The kineticenergy of theair flowing through the turbine is

KE = %mv2 = %(42, 000 kg/s)(5.23 m/s)> = 574.3 kW

Then the conversion efficiency of the turbine becomes

_ W _ 180kW
KE 5743 kW

Discussion Note that about one-third of the kinetic energy of the wind is converted to power by the wind turbine, whichis

n =0.313=31.3%

typicalofactual turbines.
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Energy and Environment

2-75CEnergy conversion pollutes the soil, the water, and the air, and the environmental pollutionis a serious threat to
vegetation, wild life, and human health. The emissions emitted during the combustion of fossil fuels are responsible for
smog, acid rain, and global warming and climatechange. The primary chemicals that pollute the air are hydrocarbons (HC,
also referred to as volatile organic compounds, VOC), nitrogen oxides (NOx), and carbon monoxide (CO). The primary

source of these pollutants is the motor vehicles.

2-76CFossil fuels include small amounts of sulfur. The sulfurin the fuel reacts with oxygen to form sulfur dioxide (SO,),
which is an air pollutant. The sulfur oxides and nitricoxides react with water vapor and other chemicals high in the
atmosphere in the presence of sunlight to form sulfuricand nitric acids. The acids formed usually dissolve in the suspended
water dropletsin clouds or fog. Theseacid-laden droplets are washed from the air on to the soilby rainor snow. Thisis

known as acidrain.Itis called “rain” since it comes down with raindroplets.

As a result of acid rain, many lakes and rivers in industrial areas have become too acidic for fish to grow. Forests in
those areas also experience a slow death due to absorbing theacids through their leaves, needles, and roots. Even marble

structures deteriorate dueto acidrain.

2-77C Carbon monoxide, whichis a colorless, odorless, poisonous gas thatdeprives the body's organs from getting enough
oxygenby binding withthe red blood cells that would otherwise carry oxygen. At low levels, carbon monoxide decreases
the amount of oxygen supplied to thebrain and other organs and muscles, slows body reactions and reflexes, and impairs
judgment. It poses a serious threat to people with heart disease because of the fragile condition of the circulatory system and
to fetuses because of the oxygenneeds of the developing brain. At highlevels, it canbe fatal, as evidenced by numerous

deaths caused by cars that are warmed upin closed garages or by exhaust gases leaking into the cars.

2-78C Carbondioxide (CO,), water vapor, and trace amounts of some other gases such as methane and nitrogen oxides act
like a blanketand keep the earth warm at nightby blocking theheatradiated from the earth. Thisis known as the
greenhouse effect. The greenhouse effect makes life on earth possible by keeping the earth warm. But excessive amounts of
these gases disturb thedelicatebalance by trapping too muchenergy, which causes the average temperature of the earth to
rise and the climate at somelocalities tochange. These undesirable consequences of the greenhouse effectare referred to as
global warming or global climate change. The greenhouseeffect canbe reduced by reducing the net production of CO, by

consuming less energy (forexample, by buying energy efficient cars and appliances) and planting trees.
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2-79C Smog isthe brownhazethatbuilds upin a large stagnant air mass, and hangs over populated areas on calm hot
summer days. Smog is made up mostly of ground-level ozone (O,), but it also contains numerous other chemicals, including
carbon monoxide (CO), particulate matter such as soot and dust, volatile organic compounds (VOC) such as benzene,
butane, and other hydrocarbons. Ground-level ozone is formed when hydrocarbons and nitrogen oxidesreact in the
presence of sunlight in hot calm days. Ozone irritates eyes and damage theair 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, nausea, and aggravate respiratory problems such as asthma.

2-80E A householduses fuel oil forheating, and electricity for otherenergy needs. Now the householdreduces its energy
use by 15%. The reductionin the CO, production this household is responsibleforis to be determined.

Properties Theamount of CO, producedis 1.54 lbm perkWh and26.41bm per gallon of fuel oil (given).
Analysis Noting that this household consumes 14,000k Wh of electricity and 900 gallons of fuel oil per year, the amount of

CO, production this householdis responsible foris
Amount of CO, produced = (Amount of electricity consumed)(Amount of CO, per kWh)
-+ (Amount of fuel oil consumed)(Amount of CO, per gallon)
= (14,000 kWh/yr)(1.54 Ibm/kWh) + (900 gal/yr)(26.4 1bm/gal)
=45,320 CO, lbm/year

Then reducing the electricity and fuel oil usage by 15% will reduce the annual amount of CO, production by this
household by

Reduction in CO, produced = (0.15)(Current amount of CO, production)
= (0.15)(45,320 CO, kg/year)
= 6798 CO, Ibm / year

Therefore, any measurethatsaves energy alsoreduces the amountof pollution emitted to the environment.

2-81 A powerplant that burns natural gas produces 0.59 kg of carbon dioxide (CO,) perkWh. The amountof CO,

productionthatis due to the refrigerators in a cityis to be determined.
Assumptions The city uses electricity produced by a natural gas power plant.
Properties 0.59kg of CO, is produced per kWh of electricity generated (given).
Analysis Noting that there are 300,000 households in thecity and each household consumes 700k Wh of electricity for
refrigeration, the totalamount of CO, producedis
Amount of CO, produced = (Amount of electricity consumed)(Amount of CO, per kWh)
= (300,000 household)(700 kWh/year household)(0.59 kg/kWh)
=1.23x10° CO, kglyear
=123,000 CO, ton/ year

Therefore, the refrigerators in this city are responsible for the production of 123,000 tons of CO,.
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2-82 A powerplant that burns coal, produces 1.1 kgofcarbon dioxide (CO,) perkWh. The amount of CO, production that
isdue to the refrigeratorsin a cityis to be determined.
Assumptions The city uses electricity produced by a coal power plant. l g Jf\
Properties 1.1 kgof CO, is produced per kWh of electricity generated (given).

Analysis Noting that there are 300,000 households in thecity and each
household consumes 700 kWhofelectricity for refrigeration, the total amount
of CO, producedis

Amount of CO, produced = (Amount of electricity consumed)(Amount of CO, per kWh)
= (300,000 household)(700 kWh/household)(1.1 kg/kWh)
=2.31x10° CO, kg/year
= 231,000 CO, ton/year

Therefore, the refrigerators in this city are responsible for the production 0f231,000 tons of CO,.

2-83 Ahousehold has 2 cars, a natural gas furnace for heating, and uses electricity for other energy needs. The annual
amount of NO_ emission to the atmosphere this householdis responsible foris to be determined.

Properties Theamount of NO, producedis 7.1 g perkWh, 4.3 g pertherm ofnatural gas,and 11 kg percar (given).

11 kg NO,
per year

Analysis Noting that this household has 2 cars, consumes 1200 therms of natural gas, and 9,000k Wh of electricity per year,
the amount of NO, production this householdis responsible foris

Amount of NO, produced = (No. of cars)(Amount of NO_ produced per car)
+ (Amount of electricity consumed)(Amount of NO_ per kWh)
+ (Amount of gas consumed)(Amount of NO, per gallon)
= (2 cars)(11 kg/car) 4+ (9000 kWh/yr)(0.0071 kg/kWh)
+ (1200 therms/yr)(0.0043 kg/therm)
=91.06 NO_ kg / year

Discussion Any measure that saves energy will also reduce the amountof pollution emitted to the atmosphere.
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2-84E A person trades in his Ford Taurus for a Ford Explorer. The extra amountof CO, emitted by the Explorer within 5
yearsis to be determined.
Assumptions The Exploreris assumedto use 850 gallons of gasolinea year compared to 650 gallons for Taurus.
Analysis The extra amountof gasoline the Explorer willuse within5 yearsis
Extra Gasoline = (Extraperyear)(No.ofyears)
= (850-650 gal/yr)(5 yr)
= 1000 gal
ExtraCO, produced = (Extra gallons of gasoline used)(CO, emission per gallon)
= (1000 gal)(19.7 1bm/gal)
=19,700 Ibm CO:

Discussion Note that the car we choose to drive has a significant effect onthe amountof greenhouse gases produced.
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Special Topic: Mechanisms of Heat Transfer

2-85C The three mechanisms of heattransfer are conduction, convection, and radiation.

2-86C Diamond has a higher thermal conductivity than silver, and thus diamondis a better conductor of heat.

2-87C In forced convection, thefluidis forced tomoveby external means suchas a fan, pump, orthe wind. The fluid

motion innatural convectionis due to buoyancy effects only.

2-88C Ablackbodyis an idealized body that emits the maximumamountofradiation at a given temperature, and that

absorbs all theradiationincidenton it. Realbodies emitand absorb less radiation thana blackbody at the same temperature.

2-89CEmissivity is the ratio of the radiation emitted by a surface to theradiationemitted by a blackbody at the same
temperature. Absorptivityis the fractionofradiationincident ona surface thatis absorbed by the surface. The Kirchhoff's
law of radiation states that theemissivity and the absorptivity of a surface are equal at the same temperature and

wavelength.

2-90C No.Itis purely by radiation.
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2-91 The inner and outer surfaces of a brick wall are maintained at specified temperatures. The rate ofh
the wall is to be determined.

Assumptions 1 Steady operating conditions exist since the surface

temperatures of the wall remain constant at the specified values. 2 Thermal

2-43

eattransfer through

properties of the wall are constant. Brick
wall
Properties Thethermal conductivity of the wall is givento be k = 0.69 W/m-°C.
[
Analysis Under steady conditions, the rate of heat transfer through the wall is <30 cm—*>
0. —ia2L _ 0.69 Wim-°C)5x6 m)Z2=IC _ 1o3sw 7 00
L 3m 20°C

5°C

2-92 The inner and outer surfaces of a window glass are maintained at specified temperatures. The amount of heat

transferred through the glass in 5 his to be determined.

Assumptions 1 Steady operating conditions exist since the surface temperatures of the glass remain con
values. 2 Thermal properties of the glass are constant.

Properties The thermal conductivity of the glassis given to be k =0.78 W/ m-°C.

Analysis Under steady conditions, the rate of heat transfer through the glass by conduction is

: AT 15-6)°
O.ong = kKA—=(0.78 W/m-°C)(2 x 2 mz)M =5616 W
L 0.005 m
Then the amount of heattransferred over a period of 10 h becomes /
15°C

0=0.,.4At = (5.616 kI/s)(10 X 3600 5) = 202,200 kJ

stant at the specified

|_—— Glass

N— 6°C

If the thicknessof the glassis doubled to 1 cm, then the amount of heat transferred will
go down by halfto 101,100 kJ.

K 0.5cm
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glass surface temperatures is to be investigated.

Analysis Theproblemis solvedusing EES, and the solutionis givenbelow.

FUNCTION klookup(material$)
If material$='Glass' then klookup:=0.78
If material$="Brick' then klookup:=0.72

If material$="Fiber Glass' then klookup:=0.043

If material$="Air' then klookup:=0.026

If material$="Wood(oak)' then klookup:=0.17

END

L=2 [m]
W=2 [m]

material$='Glass'

T in=15[C]

T out=6[C]
k=0.78 [W/m-C]
t=10 [hr]

thickness=0.5 [cm]

A=L*W

Q_dot_loss=A*k*(T_in-T_out)/(thickness*convert(cm,m))
Q_loss_total=Q_dot_loss*t*convert(hr,s)*convert(J,kJ)

Thickness Q.o K1
[cm]

0.2 505440
04 252720
0.6 168480
0.8 126360
X 101088
1.2 84240
14 72206
1.6 63180
1.8 56160
2 50544

total [kJ]

Qloss

600000

2-44

=1 Prob.2-92 isreconsidered. Using appropriate software, theeffect of glass thickness on heat loss for the specified
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300000

200000

100000

(0]

o,

N

~

®
\Q\ °
® .\._‘

0.2

0.4 0.6
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2-94 Heat is transferred steadily to boiling water in the pan throughits bottom. Theinner surface temperature of the
bottom ofthepan is given. The temperature of the outer surfaceis to be determined.
Assumptions 1 Steady operating conditions exist since the surfacetemperatures of the panremain constant at the specified
values. 2 Thermal properties of the aluminum pan are constant.
Properties The thermal conductivity of the aluminum s given tobe k = 237 W/m-°C.
Analysis Theheat transfer surface area is

A=7r'=7n(0.1m)’=0.0314m°

Under steady conditions, the rate of heat transfer through thebottom of the panby conductionis

o=kl _ja 2=l _
L L
Substituting,
105°C
T, —105°
700 W = (237 W/m-°C)(0.0314 n12)2—0SC /
0.006 m
which gives 700 W b6 om
T, = 105.6°C

2-95 The inner and outer glasses of a double pane window with a 1-cm air spaceare at specified temperatures. The rate of

heat transfer through the window is to be determined.
Assumptions 1 Steady operating conditions exist since the surface temperatures

of the glass remain constant at the specified values. 2 Heat transfer through the
/ Air \
18°C 6°C

window is one-dimensional. 3 Thermal properties of the air are constant. 4 The

air trapped between the two glassesis still, and thus heat transferis by

conduction only. >
Properties The thermal conductivity of air at room temperature is k = 0.026 W/m-°C :

cm
(Table 2-3). «—>

Analysis Under steady conditions, the rate of heat transfer through the window

by conductionis

: AT

Qcong = kA=~ = (0.026 W/m- °Cy2x2 m?)U8=0C

m

=125W =0.125 kW
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2-96 Two surfaces of a flat plate are maintained at specified temperatures, and therate of heat transfer through theplate is
measured. The thermal conductivity of the plate material is to be determined.
Assumptions 1 Steady operating conditions exist since the surfacetemperatures of the plateremain constant at the specified

values. 2 Heat transfer through the plateis one-dimensional. 3 Thermal properties of the plate are constant.

Analysis Thethermal conductivity is determined directly from the steady Plat
ate
one-dimensional heatconductionrelationto be e
O/ A)LL (500 W/m?)(0.02 m) 100°C — v 0°c
k= = . =0.1 W/ m.°C
T, -T, (100-0)°C >
500 W/m’

2-97 Hotairisblown overa flat surface at a specified temperature. The rate of heat transfer from the airto the plateis to be

determined.
Assumptions 1 Steady operating conditions exist. 2 Heat transfer by radiation
é (o)
isnot considered. 3 The convection heat transfer coefficient is constant and —_ 80°C
. —> Air
uniform overthe surface. —_
-

Analysis Under steady conditions, the rate of heattransfer by convectionis

. 30°C
Qconv = hAAT
= (55 W/m? - °C)(2 x 4 m*)(80 — 30)°C

=22,000 W =22 kW

2-98 Aperson is standing inaroom at a specified temperature. The rate ofheat
transfer between a person and the surrounding airby convectionis to be
determined.

Assumptions 1 Steady operating conditions exist. 2 Heat transfer by radiation is

not considered. 3 The environment is at a uniform temperature.
Analysis Theheattransfer surface area of the personis
A=7DL=7(03m)(1.75m)=1.649m"

Under steady conditions, the rate of heat transfer by convectionis

Oy = MAAT = (10 W/m®* - °C)(1.649 m*)(34 —20)°C = 231 W
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2-99 A spherical ball whose surface is maintained at a temperatureof 1 10°Cis suspended in the middle of aroomat 20°C.

The total rate of heattransfer from the ballis to be determined.

Assumptions 1 Steady operating conditions exist since the ball surface and the surrounding air and surfaces remain at
constant temperatures. 2 The thermal properties of the ball and the convection heattransfer coefficientare constantand

uniform.

Properties Theemissivity of the ball surface is givento bec=0.8.

Analysis Theheattransfer surface areais
A=7D’=m(0.09m) =0.02545m’
Under steady conditions, the rates of convection and radiation heat transfer are
Q.ony = PAAT = (15 W/m?* - °C)(0.02545 m*)(110 — 20)°C = 34.35 W
0.4 = €0 AT} —T)=0.8(0.02545 m?)(5.67x10® W/m? - K*)[(383 K)* — (293 K)*1=16.33 W
Therefore,

Ot = Qeony +0rag =34.35+16.33=50.7W
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=1 Prob.2-99isreconsidered. Effects of convectionheat transfer coefficient and surface emissivity onthe heat

transferrate from the ball are to be investigated.

Analysis Theproblemis solvedusing EES, and the solutionis givenbelow.

"Given"

D=0.09 [m]
T_s=ConvertTemp(C,K,110)
T_f=ConvertTemp(C,K,20)
h=15 [W/m"2-C]
epsilon=0.8

"Analysis"

sigma=5.67E-8 [W/m"2-K"4]

A=pi*D"2

Q_dot_conv=h*A*(T_s-T_f)
Q_dot_rad=epsilon*sigma*A*(T_s"4-T_f"4)
Q_dot_total=Q_dot conv+Q_dot_rad

h Q..

[W/m'-C] | [W]

5 27.8

7.5 33.53

10 39.25

12.5 4498 3

15 50.7 2

175 56.43 ]

20 62.16

22.5 67.88

25 73.61

273 7933 5 1 1’ 20 2 a0
30 85.06 o,
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2-101 A1000-W iron is left on the ironboard withits base exposed tothe airat 23°C. The temperature of the baseofthe
iron is to be determined in steady operation.

Assumptions 1 Steady operating conditions exist. 2 The thermal properties of the iron base and the convection heat transfer
coefficient are constant and uniform. 3 The temperature of the surrounding surfaces is the same as the temperature of the

surrounding air.

Properties Theemissivity of the base surfaceis givento be e =0.4.

Iron

1000 W
-_ Air
—
-_ 23°C
—
—

Analysis At steady conditions, the 1000 W of energy supplied tothe iron will be dissipated to the surroundings by
convection andradiation heat transfer. Therefore,

Ot = Ouony + Org =1000 W

where
Ouomy = MAAT = (20 W/m* - K)(0.02 m*)(T, — 296 K) = 0.4(T, — 296 K) W
and
Q.4 = €0 A(T} —T})=0.4(0.02 m*)(5.67x10™® W/m? - K*)[T,* — (296 K)*]
=0.04536 10 [T — (296 K)* W
Substituting,

1000 W = 0.4(T, —296 K) + 0.04536 x 10_8[7}4 — (296 K)*]
Solvingby trial and error gives
T, =1106 K =833°C

Discussion We note thatthe iron will dissipateall the energy it receives by convection and radiation whenits surface
temperature reaches 1106 K.
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2-102 Ahot water pipe at 80°Cis losing heat to the surrounding air at 5°C by natural convection with a heat transfer
coefficient of 25 W/ m’.°C. The rate of heat loss from the pipe by convectionis to be determined.
Assumptions 1 Steady operating conditions exist. 2 Heat transfer by radiation is notconsidered. 3 The convection heat

transfer coefficient is constant and uniform over the surface.

80°C
Analysis Theheat transfer surface area is |
-_— }D =7cm
A =(mD)L = m(0.07 m)(18 m)=3.958 m’ A \\
L=18
Under steady conditions, the rate of heat transfer by convectionis m Q
Air, 5°C

O..py = MAAT = (25 W/m* -°C)(3.958 m*)(80 — 5)°C = 7422 W = 7.42 kW

2-103 The backside of the thinmetal plate is insulated and the frontside is exposed to solarradiation. The surface
temperature of the plateis to be determined whenit stabilizes.
Assumptions 1 Steady operating conditions exist. 2 Heat transfer through the insulated side of the plate is negligible. 3 The

heat transfer coefficient is constant and uniform over the plate. 4 Heat loss by radiation isnegligible.

Properties The solar absorptivity of the plate is givento be «=0.8. Q

Analysis When theheatloss from the plate by convection equals the solar

radiation absorbed, the surface temperature of the plate can be determined from

) ) 450 W/m’
Osotarabsorbed = Leony
0, = AT, ~T,) h08
0.8 x Ax 450 W/m® = (50 W/m” - °C)A(T, — 25) 25°C
Canceling thesurfacearea A and solving for 7', gives —>

T, =32.2°C
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A Prob. 2-103 isreconsidered. Effect of convection heat transfer coefficienton the surfacetemperature of the

plateisto be investigated.

Analysis Theproblemis solvedusing EES, and the solutionis givenbelow.

"Given"

alpha=0.8
g_dot_solar=450 [W/m"2]
T =25 [C]

h=50 [W/m"2-C]

"Analysis"
g_dot_solarabsorbed=alpha*q_dot_solar
q_dot_conv=h*(T_s-T_f)
g_dot_solarabsorbed=q_dot_conv

h T,
Wm-C] | [C]
10 61 85 . i , . . , . .
15 49 " '
60

20 43 3 i
25 39.4 55
30 37 sof \ -
35 35.29 o I \ ]
40 34 ?—"" 45- | ]
45 33 40 \-

_ ~ :
50 32.2 35 | |

\.\.

55 31.55 - TE—n_y |
60 31 | ey
65 30.54 %6 20 30 40 50 e 70 8 9
70 30.14 h (W/m2-°C)
75 29.8
80 29.5
85 29.24
90 29
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2-52
2-105 A spacecraft in space absorbs solarradiation while losing heat to deep spaceby thermalradiation. The surface

temperature of the spacecraft is to be determined when steady conditions are reached.

Assumptions 1 Steady operating conditions exist since the surface temperatures of the wall remain constantat the specified

values. 2 Thermal properties of the spacecraft are constant.

Properties Theouter surfaceof a spacecrafthas an emissivity of 0.6 andan absorptivity of0.2.

Analysis When theheatloss from the outer surface of the spacecraftby O
radiation equals the solar radiation absorbed, the surface temperature can
be determined from I 1000 W/m’
Qsolar absorbed — Qrad
. =02
Alolar = EO—A(T;‘ - Ts;tace) “
2 —8 2 4 4 4 e=0.6
0.2xAx(1000 Wm~)=0.6xAX(5.67x107° W/m~-K")[T;" — (0 K)"] —

Canceling the surfacearea A and solving for 7', gives -

T, = 276.9K
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A Prob. 2-105 isreconsidered. Effects of the surface emissivity and absorptivity of the spacecraft on the

equilibriumsurface temperature are to be investigated.

Analysis Theproblemis solvedusing EES, and the solutionis givenbelow.

"Given"

epsilon=0.6

alpha=0.2

g_dot_solar=1000 [W/m"2]
T_f=0 [K] "space temperature"

"Analysis"

sigma=5.67E-8 [W/m"2-K*4]
g_dot_solarabsorbed=alpha*q_dot_solar
q_dot_rad=epsilon*sigma*(T_s"4-T_{M)
q_dot_solarabsorbed=q_dot _rad

€ TS 650 L L L R B B

(K] 600 1

0.1 648 F .

550 j- ]

0.2 5449 » ]

03 492.4 5001 E

0.4 4582 € ssof E

= I ]

05 4334 400 :_ —:

0.6 414.1 C 1
350 |

0.7 398.4 :\ a=05 \.\0 ]

. _ \.\_

0.8 385.3 300 F ‘{T :

09 374.1 250 :— . | . | . f.\f . L . | . | . _:

1 364.4 o1 02 03 04 05 06 07 08 09 1

Table for o = 1
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2-107 Ahollow spherical ironcontaineris filled withiced water at 0°C. The rate of heat loss from the sphere and therate
at which ice melts in the container are to be determined.

Assumptions 1 Steady operating conditions exist since the surfacetemperatures of the wall remain constantat the specified
values. 2 Heat transfer through the shell is one-dimensional. 3 Thermal properties of the iron shell are constant. 4 The inner
surface of the shell is at the same temperature as theiced water, 0°C.

Properties Thethermal conductivity of iron is k = 80.2 W/m-°C (Table 2-3). The heatof fusionof wateris at 1 atmis333.7
kl/kg.

Analysis This spherical shell can be approximated as a plate of thickness 0.4 cm and surface area

3°C
=

A=7D* =7 (04m)’ =0.5027 m’

0.4cm
Then the rate of heat transfer through the shell by conductionis

3-0)°C

. AT ,
= kA——=(80.2 W/m- °C)(0.5027 =30,235W
Qcond L ( m )( m ) 0.004 ’

m
Considering thatit takes 333.7kJ ofenergy to melt 1 kg ofice at 0°C, the rate at whichice melts in the container can be

determined from

QO 30.235KJ/s

1, = =0.0906 kg /s
h,  333.7kl/kg

i
Discussion We should pointoutthatthis resultis slightly in error for approximating a curved wall as a plain wall. The error
in this case is very small because of the largediameter to thickness ratio. For better accuracy, we could use theinner surface

area (D = 39.2 cm) orthe mean surface area (D =39.6 cm)in the calculations.
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2-55
Review Problems

2-108 A gravity drivenlighting device requires that a sand bagisraisedin every 20 minutes. The velocity of thesand bag as

it descends and the overall efficiency of the device are to be determined.

Analysis (a) It takes 20 min for the sand bag to descend from a 2-m height. Then, the velocity is

V—g— 2m 1000 mm
1m

= = =1.67mm/s
At (20x60) s
(b) The energy storedin thesandbag at a higherelevationis stored in the form of potential energy, which is equal to energy
input to the device. Therefore,
E, = APE = mgAz = (10 kg)(9.81 m/s”)(2 m)[l1 Vke

————=196.21J
m?*/s’ }
Fora time period of 20 min, the input power to thedevice is

. E.
E =" —_ 777
" At (20x60) s

196.27 [1 W] —0.1635 W

11/s

The LED bulb provides 16 lumens of lighting. For an efficacy of 150 lumensper watt, the corresponding outputelectric

poweris

Elighling _ 16 lumens

E, =—2" = =0.1067 W
" Efficacy 150 lumens/W

The overallefficiency of the deviceis the ratio of the output power to the input power:

E, 0.1067W

out

= = —(0.652 = 65.2 percent
Mot =" 70 1635 W P

Discussion One can double the amount of lighting from 16 lumens to 32 lumens by doubling the weightofthe sandbag.

However, this requires lifting of a 20-kg weight by a strong person availableon thesite.
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2-109 A classroom has a specified number of students, instructors, and fluorescent light bulbs. The rate of internal heat
generationin this classroomis to be determined.
Assumptions 1 There is amix of men, women, and childrenin the classroom. 2 The amount of light (and thus energy)
leaving theroom through the windows is negligible.
Properties Theaveragerate of heat generation from people seated in aroom/office is givento be 100 W.
Analysis Theamount of heat dissipated by the lamps is equal to the amountof electrical energy consumed by the lamps,
including the 10% additional electricity consumed by the ballasts. Therefore,

Q.lighﬁ“g = (Energy consumed per lamp) x (No. of lamps)

=(40 W)(1.1)(18)=792 W

0, pe = (No. of people)x Q. = 56x (100 W) = 5600 W

Then the total rateof heat gain (or the internal heat load) of the

classroom from the lights and people become

Qlolal = Qlighling + Qpeople = 792 + 5600 = 6392 W
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2-110 A decisionis to be made between a cheaper butinefficient natural gas heater and an expensivebutefficient natural
gasheaterforahouse.

Assumptions The two heaters are comparable in all aspects other thantheinitial cost and efficiency.

Analysis Other things being equal, the logical choice is the heater that will cost less during itslifetime. The total cost ofa

system during its lifetime (the initial, operation, maintenance, etc.) can be determined by performing a life cycle cost

analysis. A simpleralternativeis to determine the simple payback period.

The annual heating costis given tobe $1200. Noting that the existing heateris 55%

efficient, only 55% of that energy (and thus money)is delivered to the house, and the Gas Heater
rest is wasted due to the inefficiency of the heater. Therefore, the monetary value of the m= ggz)
n= 0

heatingload of the house is

Costofuseful heat = (55%)(Currentannual heating cost)

= 0.55x($1200/yr) = $660/yr

Thisishowmuch it would cost to heat this house with a heater that is 100% efficient. For heaters
that are less efficient, the annual heating cost is determined by dividing $660by theefficiency:

82% heater: Annual costofheating = (Cost of useful heat)/Efficiency = ($660/yr)/0.82 = $805/yr
95% heater: Annual costofheating = (Cost of useful heat)/Efficiency = ($660/yr)/0.95 = $695/yr
Annual costsavings with the efficientheater=805-695 =$110
Excessinitial costofthe efficientheater=2700 - 1600=$1100
The simple payback period becomes

E initial 11
Simple payback period = Xcess Initia C_OSt = $1100 =10 years
Annaul cost savings  $110/yr

Therefore, the more efficient heater will pay for the $1100 cost differentialin this case in 10years, which is more than the

8-year limit. Therefore, the purchase of the cheaper andless efficientheateris a better buy in this case.
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2-111 Ahome owneris considering three different heating systems for heating his house. The system with thelowest
energy costis to be determined.
Assumptions The differences in installation costs of different heating systems are not considered.

Properties The energy contents, unitcosts, and typical conversion efficienciesof differentsystems are givenin the problem

statement.
Analysis The unitcostofeach Btuofusefulenergy supplied to thehouse by each system can bedetermined from

Unit cost of energy supplied

Unit cost of useful energy = _ -
Conversion efficiency

Substituting,
Natural gas heater: Unit cost of useful energy = $1.24/therm [ 1 therm =$13.5x10°/kJ
0.87 105,500 kJ
Heating oil heater: Unit cost of useful energy = 222818l | ¢y 11076 /1y
0.87 138,500 kJ
Electric heater: Unit cost of useful energy = $0.12/kWh) [ LkWh ] =$33.3x10"°/kJ
1.0 3600 kJ

Therefore, the system with the lowestenergy cost forheating the house is the natural gas heater.

2-112 Itisestimated that 570,000 barrels of oil would be saved per day if the thermostat setting in residences in winter were
lowered by 6°F (3.3°C). The amount of money that would be saved per yearis to be determined.
Assumptions The average heating seasonis given tobe 180days, and the costofoil to be $40/barrel.

Analysis Theamount of money that wouldbe saved per yearis determined directly from

(570,000 barrel/day)(180 days/year)($55/barrel) = $5.64 x 10°

Therefore, the proposed measure will save morethan 5.6-billion dollars a yearin energy costs.

2-113 The heating and cooling costs of a poorly insulated housecan be reduced by up to 30 percent by adding adequate
insulation. The timeit will take for the added insulation to pay foritself from the energy it savesis to be determined.

Assumptions tis giventhatthe annual energy usage of ahouseis $1200a year, and 46% of it is

used forheating and cooling. The costofaddedinsulationis given to be $200. Heat loss

Analysis Theamount of money that wouldbe saved per yearis determined directly from
Money saved =($1200 / year)(0.46)(0.30) = $166/yr
Then the simple payback period becomes

. Cost $200
Payback period = = =1.2yr
y P Money saved ~ $166/yr y House

Therefore, the proposed measure will pay foritselfin less than one anda halfyear.
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2-114 A diesel engine burninglightdiesel fuel that contains sulfuris considered. Therate of sulfur that endsup in the
exhaustand the rate of sulfurous acid given off to the environment are to be determined.

Assumptions 1 All ofthe sulfurin thefuel ends upin the exhaust. 2 For one kmol of sulfurin the exhaust, one kmol of
sulfurous acid is added to theenvironment.

Properties Themolar mass of sulfuris 32 kg/kmol.

Analysis Themass flow rates of fuel and the sulfurin the exhaust are

My, (336 kg air/h)

air

AF (18 kg air/kg fuel)

=18.67 kg fuel/h

Mpye] =

g = (75010 i, . = (500 x107°)(18.67 kg/h) = 0.00933 kg / h

The rate of sulfurous acid given off to the environment is

Mypos _ 2x1432+3x16

Mysso3 = v Mguifar = %)
Sulfur

(0.00933 kg/h) =0.0239kg /h

Discussion This problem shows why the sulfur percentagein diesel fuel must be below certain value to satisfy regulations.

2-115 The work required to compress a spring is to be determined.

Analysis (a) With the preload, F = F | + kx. Substituting this into the work integral gives

W:j’)%:](hﬁ;,)@ 1F

zg(xi—xf)—FFO(xz—xl) ; Tx
:M[a cm)? —02]+(100 N[ em)—0] S

=250N-cm =250 N-m =2.50 J = 0.0025 kJ

2-116 The work required to compress a gas in a gas spring is to be determined.
Assumptions All forces except that generated by the gas spring will be neglected.
Analysis When theexpression given in the problem statement is substituted into the work integral relation, and advantage is

taken of the fact that the force and displacement vectors are collinear, theresultis

]‘ Constant

2
_ _ F
W—L[FdS—1 7 dx | _Lx

_ C(irft;mt (x;”‘ _xll,k)
1.3
= %[(03 m) = (0.1 m) *?

=1867 N-m =1867 J =1.87k]J
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2-117 ATV setis kept on a specified number of hours perday. The cost of electricity this TV set consumes per monthis to
be determined.
Assumptions 1 The monthis 30 days.2 The TV set consumes its rated power when on.
Analysis Thetotal number of hours the TV is on per monthis
Operatinghours = (6 h/day)(30days)=180h
Then the amount of electricity consumed per month and its cost become
Amount of electricity = (Power consumed)(Operating hours) = (0.120kW)(180h) =21.6 kWh
Cost of electricity = (Amount of electricity)(Unit cost) = (21.6 kWh)($0.12/kWh) = $2.59 (per month)
Properties Notethatan ordinary TV consumes more electricity that a large light bulb, and there should be a conscious effort

to turn it off when notin use to save energy.

2-118E Thepowerrequired to pump a specified rate of water to a specified elevation is to be determined.
Properties The density of wateris taken to be 62.4 1bm/ft’ (Table A-3E).

Analysis Therequired power is determined from
W = Mg(zz - Zl) = pVg(Zz - Zl)
35.315 ft’ /s
15,850 gal/min

1 kW
737.56 1bf - ft/s

= (62.4 Ibm/ft*)(200 gal/min)

(32.174 ft/s*)(300 ft)[ 1 1bf ]

32.174 Ibm - ft/s*

= 8342 Ibf - ft/s = (8342 lbf~ft/s)[ ] =11.3kW

PROPRIETARY MATERIAL © 2019 McGraw-Hill Education. Limited distribution permitted only to teachers and educators for course preparation.

If you are a student using this Manual, you are using it without permission.

Thermodynamics An Engineering Approach 9th edition Cengel Solutions Manual


https://testbank.online/books/9781259822674-solutions

2-61

2-119 The weightofthe cabinofan elevatoris balanced by a counterweight. The power needed when the fully loaded

cabin isrising, and when the empty cabin is descending at a constantspeed are to be determined.
Assumptions 1 The weightofthe cablesisnegligible.2 The guiderails and pulleys are frictionless. 3 Airdrag is negligible.
Analysis (a) Whenthecabinis fully loaded, half of the weightis balanced by the counterweight. The power required to raise
the cabin at a constantspeed of 1.2 m/sis

IN
1 kg- m/s*

W= 8z

A, =gV = (400 kg)(9.81 m/s?)(1.2 m/s)[

[ 1 kW

=4.71kW
1000 N - m/s

If no counterweight is used, the mass would double to 800 kg and the power
wouldbe2x4.71=9.42kW.

(b) When the empty cabin is descending (and the counterweight is ascending)
there is mass imbalance of 400-150 = 250 kg. The power required to raise this Counter Cabin
mass at a constant speedof 1.2 m/sis weight
W= T82 eV = (250 ke)(9.81 m/s®)(1.2 m/s)| — LKW |5 94 kW
At 1 ke-m/s* || 1000 N-m/s

If a friction force of 800 N develops between the cabin and the guide rails, we will need
1 kW
1000 N - m/s

of additional power to combat friction which always actsin the opposite direction to motion. Therefore, the total power needed

‘/Vf _ FfﬁctionZ —F

riction — At fn'ctionV = (800 N)(lz m/s)[ ] =0.96 kW

in this caseis

vvtotal =W + ‘/Vfriction

=2.94+0.96 =3.90 kW

2-120 The power that could be produced by a water wheel is to be determined.
Properties Thedensity of wateris taken to be 1000 m'/kg (Table A-3).
Analysis Thepower productionis determined from

W =rg(z, —z) =V g(z, — )

= (1000 kg/m*)(0.480/60 m>/s)(9.81 m/s*)(14 m)[ =—
1000 m? /s

1 kl/kg ]

=110 kW
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2-121 The available head, flow rate, and efficiency of a hydroelectric turbine are given. The electric power outputis to be

determined.
Assumptions 1 The flowis steady. 2 Waterlevels at the reservoir and the discharge siteremain constant. 3 Frictional losses

in pipingare negligible.

Properties We takethe density of waterto be p= 1000 kg/m’ = 1 kg/L.

Noveran = 34%

Generator

Analysis Thetotal mechanical energy the waterin a dam possesses is equivalentto the potential energy of water at the free
surface of the dam (relative to free surface of discharge water), and it can be converted to work entirely. Therefore, the

power potential of wateris its potential energy, which is gz perunitmass,and mgz foragivenmass flowrate.

1 kJ/kg

— % _1-0.8829 kl/k
1000 mz/sz] g

€mech — P€ = 82 = (981 rr1/82)(90 m)[

The mass flow rate is
m = pV = (1000 kg/m>)(65 m*/s) = 65,000 kg/s

Then the maximum and actual electric power generation become
1 MW
1000 kJ/s

max ~— ~mech

W, = E, o =me, . = (65,000 kg/s)(0.8829 kJ/kg)[ ] = 57.39 MW

Welectric = noveralleax = 084(5739 MW) =48.2MW
Discussion Note that the power generation would increase by more than 1 MW foreach percentage point improvement in

the efficiency of the turbine—generator unit.
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2-122 An entrepreneuris to builda large reservoir abovethe lake level, and pump water from the lake to the reservoir at
night using cheap power, and let the water flow from the reservoir back to thelakeduring theday, producing power. The
potential revenue this system can generate per yearis to be determined.

Assumptions 1 The flowin eachdirection is steady and incompressible. 2 The elevation difference between the lake and the
reservoircan be takento be constant, and theelevation change of reservoir during charging and discharging is disregarded.

3 Frictionallosses in piping are negligible. 4 The systemoperates every day of the year for 10 hours in each mode.

Properties We take the density of water to be p = 1000 kg/m’.

NI D)

Pump- 40m
turbine

Analysis Thetotal mechanical energy of waterin an upperreservoirrelative to waterin a lowerreservoiris equivalent to the
potential energy of water at the free surface of this reservoir relative to free surface of the lower reservoir. Therefore, the
power potential of water is its potential energy, which is gz per unit mass, and mgz for a given mass flow rate. This also

represents the minimum power required to pump water from the lower reservoir to the higher reservoir.

Wmax, turbine — Wmin, pump = Wideal = AEmech = n;lAemech = mApe = mgAZ = pVg AZ

:(1000kg/m3)(2m3/s)(9.81m/sz)(40m)[ IN ][ LKW ]

1 kg-m/s* J|1000 N - m/s
=784.8 kW
The actual pump and turbine electric powers are
: W, 784.8 kW
W pump. clect =~ — = — 1046 kW
pump-motor
W./turbine = nturbine—genv‘-/ideal = 075(7848 kW) =588.6 kW

Then the power consumption cost of the pump, the revenue generated by the turbine, and thenet income (revenue minus

cost) peryearbecome

Cost =W At x Unit price = (1046 kW)(365 x 10 h/year)($0.05/kWh) = $190,968/year

pump, elect

Revenue =W At x Unit price = (588.6 kW)(365 x 10 h/year)($0.12/kWh) = $257,807/year

Netincome = Revenue — Cost = 257,807 — 190,968 = $66,839/year

turbine

Discussion It appears that this pump-turbine system has a potential to generatenet revenues of about $67,000 per year. A
decision onsucha system will depend onthe initial costofthe system, its life, the operating and maintenance costs, the

interest rate, and thelength of the contract period, among other things.
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2-123 The pump of a water distribution system is pumping water at a specified flowrate. The pressure rise of waterin the
pump is measured, and the motor efficiency is specified. The mechanical efficiency of the pumpis to be determined.

Assumptions 1 The flowis steady. 2 The elevation difference across the pump is negligible. 3 Wateris incompressible.

15 kW

N

Pump
inlet

Analysis From thedefinition of motor efficiency, themechanical (shaft) power delivered by thehe motoris

Wpump, shaft — nmolorVVelectric = (090)(1 5 kW) =13.5kW

To determine the mechanical efficiency of the pump, we need to know the increase in the mechanical energy of the fluid as
it flows through the pump, which is

AEmech,ﬂuicl = m(emech, out emech, in) = m[(PV)Z - (Pv)l] = m(PZ - Pl)v = V(PZ - Pl)
= (0.050 m>/s)(300-100 kPa) [&3] =10kJ/s = 10 kW
1 kPa-m

since m = pV =V/v andthereisno changein kineticand potential energies of the fluid. Then the pump efficiency becomes

AE‘mech, fluid 10 kW

Moo et 135 KW

=0.741 or 74.1%

Discussion The overall efficiency of this pump/motor unit is the product of the mechanical and motor efficiencies, whichis
0.9x0.741 =0.667.
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2-124 An automobile movingat a given velocity is considered. The power required to move the car and thearea of the

effective flow channel behind the car are to be determined.

Analysis Theabsolute pressure of the airis -

Flow
channel

0.1333 kPa

P = (700 mm Hg)[ ]:93.31 kPa
1 mm Hg

and the specific volumeofthe airis

, _ RT _ (0287 kPa-m’/kg-K)(293 K)

=0.9012 m’/kg
P 93.31 kPa
The mass flow rate through the control volume is
V : .
AV GmOUIOMS) _ gs 5 o
% 0.9012 m’ /kg
The powerrequirementis
: V:—v; : P — . :
W= Y2 _ g3 kg/s)(90/3 6 m/s)” —(82/3.6 m/s) 1 kJ/k2g | =da2xw
2 2 1000 m~ /s
The outletareais
AV, j : . }
AV, A= v _ (8322 ke/s)0.9012 m'/kg) _ 4 g
v v, (82/3.6) m/s

2-65
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Fundamentals of Engineering (FE) Exam Problems

2-125 A2-kW electric resistance heaterin aroom s turned onand kept on for 50 min. The amount of energy transferred to

theroomby the heateris

(@)2kJ (b) 100KkJ (c)3000kJ (d) 6000 kJ (e) 12,000kJ

Answer (d)6000kJ
Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES

screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

We= 2 [kJ/s]
time=50"60 [s]
We_total=We*time

"Some Wrong Solutions with Common Mistakes:"
W1_Etotal=We*time/60 "using minutes instead of s"
W2_Etotal=We "ignoring time"

2-126 Consider a refrigerator thatconsumes 320 W of electric power whenit is running. If the refrigerator runs only one

quarter of the time and the unit costofelectricity is $0.13/kWh, the electricity costof this refrigerator per month (30 days)
is

(a) $4.9 (b)$5.8 (c)$7.5 (d)$8.3 (e) $9.7

Answer (¢)$7.5

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

W_e=0.320 [KW]

Hours=0.25*(24*30) [h]

price=0.13 [$/kWh]
Cost=W_e*Hours*price

"Some Wrong Solutions with Common Mistakes:"
W1_cost=W_e*24*30*price "running continuously"
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2-127 A75 hp (shaft) compressorin a facility thatoperates at full load for 2500 hours a yearis powered by an electric
motorthat has an efficiency 0f93 percent. If the unitcost of electricity is $0.1 1/kWh, the annual electricity cost of this
compressoris

(a) $14,300 (b) $15,380 (c)$16,540 (d) $19,180 (e) $22,180

Answer (¢)$16,540
Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES

screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

W_comp=75 [hp]

Hours=2500 [h/yr]

Eff=0.93

price=0.11 [$/kWh]
W_e=W_comp*Convert(hp, kW)*Hours/Eff
Cost=W_e*price

"Some Wrong Solutions with Common Mistakes:"
W1_cost=W_comp*0.7457*Hours*price*Eff "multiplying by efficiency"

W2_cost= W_comp*Hours*price/Eff "not using conversion”
W3_cost=W_comp*Hours*price*Eff "multiplying by efficiency and not using conversion"
W4 _cost=W_comp*0.7457*Hours*price "Not using efficiency”

2-128 In ahot summer day, the airin a well-sealed room is circulated by a 0.50-hp (shaft) fan driven by a 65% efficient
motor. (Note that the motor delivers 0.50 hp of net shaft power to thefan). The rate of energy supply from the fan-motor

assembly tothe roomis

(@) 0.769kl/s (b) 0.325kl/s (c) 0.574KkJ/s (d)0.373kl/s (e)0.242KkJ/s

Answer (¢) 0.574Kkl/s
Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES

screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

W_fan=0.50*0.7457 [KW]
Efi=0.65
E=W_fan/Eff

"Some Wrong Solutions with Common Mistakes:"
W1_E=W_fan*Eff "Multiplying by efficiency"
W2_E=W_fan "Ignoring efficiency"
W3_E=W_fan/Eff/0.7457 "Using hp instead of kW"
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2-129 Afanisto accelerate quiescentairto a velocity to 9 m/s at arate of 3 m’/min. If the density of airis 1.15 kg/m’, the

minimum power that mustbe supplied to the fan is

@41WwW (b) 122 W (c)140W (d)206 W (e)280W

Answer (¢) 140 W
Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES

screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

V=9[m/s]
V_dot=3 [m"3/s]
rho=1.15 [kg/m"3]
m_dot=rho*V_dot
W_e=m_dot*V"2/2

"Some Wrong Solutions with Common Mistakes:"
W1_W_e=V_dot*V"2/2 "Using volume flow rate"
W2_W_e=m_dot*V/2 "forgetting the 2"
W3_W_e=V"2/2 "not using mass flow rate"

2-130 A900-kgcarcruising at a constantspeed of 60 km/his to accelerateto 100km/hin 4 s. The additional power needed

to achieve this acceleration is

(a) 56 kW (b) 222 kW (€)2.5kW (d) 62 kW () 90 kW

Answer (a)56 kW
Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES

screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

m=900 [kg]

V1=60 [km/h]

V2=100 [km/H]

t=4s]
Wa=m*((V2/3.6)"2-(V1/3.6)"2)/2000/t

"Some Wrong Solutions with Common Mistakes:"
W1_Wa=((V2/3.6)"2-(V1/3.6)"2)/2/t "Not using mass"
W2_Wa=m*((V2)"2-(V1)"2)/2000/t "Not using conversion factor"
W3_Wa=m*((V2/3.6)"2-(V1/3.6)"2)/2000 "Not using time interval"
W4_Wa=m*((V2/3.6)-(V1/3.6))/1000/ "Using velocities"
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2-131 The elevator of a large buildingis to raise a net mass of 550 kg at a constantspeed of 12 m/s using an electric motor.

Minimum power rating of the motor shouldbe

(@) 0kW (b) 4.8kW (c) 12kW (d)45kW (e) 65 kW

Answer (e) 65 kW
Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES

screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

m=550 [kg]

V=12[m/s]

0=9.81 [m/s"2]
W=m*g*V*Convert(kg-m"2/s"3, kW)

"Some Wrong Solutions with Common Mistakes:"
W1_W=m*V "Not using g"
W2_W=m*g*V"2/2000 "Using kinetic energy"
W3_W=m*g/V "Using wrong relation"

2-132 Electricpoweris to be generated ina hydroelectric power plant that receives water at a rate of 70 m’/s from an
elevationof 65 musinga turbine—generator with an efficiency of 85 percent. When frictional losses in piping are

disregarded, the electric power outputofthis plantis

(@)3.9MW (b) 38 MW ()45 MW (d) 53 MW (e) 65 MW

Answer (b)38 MW
Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES

screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

V_dot=70[m"3/s]

z=65[m]

Eff=0.85

0=9.81[m/s"2]

rho=1000 [kg/m"3]
We=rho*V_dot*g*z*Eff*Convert(W, MW)

"Some Wrong Solutions with Common Mistakes:"
W1_We=rho*V_dot*z*Eff/10"6 "Not using g"
W2_We=rho*V_dot*g*z/Eff/1076 "Dividing by efficiency"
W3_We=rho*V_dot*g*z/10"6 "Not using efficiency"
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2-133 A2-kW pump isusedto pump kerosene (p =0.820 kg/L) from a tank on the ground to a tank at a higher elevation.
Both tanks are open to the atmosphere, and theelevation difference between the free surfaces of the tanks is 30 m. The
maximum volume flow rate of keroseneis

(a)8.3L/s (b)7.2L/s (¢)6.8L/s (d)12.1L/s (e)17.8L/s

Answer (a)8.3L/s

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

W=2 [kW]

rho=0.820 [kg/L]

z=30[m]

0=9.81 [m/s"2]

W=rho*Vdot*g*z*Convert(W, kW)

"Some Wrong Solutions with Common Mistakes:"
W=W1_Vdot*g*z/1000 "Not using density"

2-134 A glycerin pumpis powered by a 5-kW electric motor. The pressure differential between the outletand the inletof
the pump at full loadis measured to be 211 kPa. If the flow rate through the pumpis 18 L/s and the changes in elevation

and the flow velocity across the pump are negligible, the overall efficiency of the pumpis

(a) 69% (b) 72% (c)76% d)79% (e)82%
Answer (¢)76%
Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES

screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

We=5[kW]

Vdot= 0.018 [m"3/s]
DP=211 [kP4q]
Emech=Vdot*DP
Eff=Emech/We
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The following problems are based on the optional special topic of heat transfer

2-135 A 10-cmhigh and 20-cm wide circuit board houses on its surface 100 closely spaced chips, each generatingheatat a
rate 0of 0.08 W and transferring it by convection to the surrounding air at 25°C. Heat transfer from the back surface of the
board is negligible. If the convection heat transfer coefficient on the surface of the board is 10 W/m’-°C andradiation heat

transferis negligible, theaverage surface temperature of the chipsis

(a)26°C (b)45°C (c)15°C (d)80°C (e)65°C

Answer (€)65°C

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

A=0.10%0.20 [m"2]

Q= 100"0.08 [W]

Tair=25 [C]

h=10 [W/m"2-C]

Q= h*A*(Ts-Tair)

"Some Wrong Solutions with Common Mistakes:"

Q= h*(W1_Ts-Tair) "Not using area"

Q= h*2*A*(W2_Ts-Tair) "Using both sides of surfaces"

Q= h*A*(W3_Ts+Tair) "Adding temperatures instead of subtracting"
Q/100= h*A*(W4_Ts-Tair) "Considering 1 chip only"

2-136 A50-cm-long, 0.2-cm-diameter electric resistance wire submerged in water is used to determine theboiling heat

transfer coefficient in water at 1 atm experimentally. The surface temperature of the wire is measured tobe 130°C when a

wattmeterindicates the electric power consumptionto be 4.1 kW. Then the heat transfer coefficient is
(a)43,500W/m*°C (b)) 137 W/m*-°C (c) 68,330W/m*°C  (d) 10,038 W/m’-°C
(e) 37,540 W/m*-°C

Answer (a)43,500 W/m’-°C
Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES

screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

L=0.5[m]

D=0.002 [m]

We=4100[W]

Ts=130[C]

Tf=100 [C] "Boiling temperature of water at 1 atm"
A=pi*D*L

We= h*A*(Ts-Tf)

"Some Wrong Solutions with Common Mistakes:"
We=W1_h*(Ts-Tf) "Not using area"

We= W2_h*(L*pi*D"2/4)*(Ts-Tf) "Using volume instead of area"
We=W3_h*A*Ts "Using Ts instead of temp difference"
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2-137 A3-m’hot black surface at 80°Cis losing heat to the surrounding airat 25°C by convection with a convection heat

transfer coefficient of 12 W/m’-°C, and by radiation to the surrounding surfaces at 15°C. The total rate of heat lossfrom the

surfaceis

(a) 1987 W (b) 2239 W (c)2348W d)3451W (e)3811W

Answer (d)3451 W
Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES

screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

A=3[m"2]

Ts=80[C]

Ti=25 [C]

h_conw=12 [W/m"2-C]

Tsurr=15[C]

sigma=>5.67E-8 [W/m"2-K*4]

eps=1

Q_conv=h_conv*A*(Ts-Tf)
Q_rad=eps*sigma*A*((Ts+273)"4-(Tsurr+273)"4)
Q_total=Q_conv+Q_rad

"Some Wrong Solutions with Common Mistakes:"

W1_QI=Q_conv "Ignoring radiation"

W2_Q=Q_rad "ignoring convection"
W3_Q=Q_conweps*sigma*A*(Ts™4-Tsurr™4) "Using C in radiation calculations”
W4 _Q=Q_total/A "not using area"

2-138 Heat is transferred steadily through a 0.2-mthick 8 mby 4 m wall ata rate of 2.4 kW. The innerand outer surface

temperatures of the wall are measured to be 15°Cto 5°C. The average thermal conductivity of the wallis

(@)0.002W/m-°C  (b)0.75W/m-°C  (c) 1.0 W/m-°C (d) 1.5 W/m-°C (€)3.0 W/m-°C

Answer (d) 1.5 W/m.°C
Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES

screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

A=8*4[m*2]
L=0.2[m]
T1=15[C]
T2=5[C]
Q=2400 [W]
Q=k*A*(T1-T2)/L

"Some Wrong Solutions with Common Mistakes:"

Q=W1_k*(T1-T2)/L "Not using area"

Q=W2_k*2*A*(T1-T2)/L "Using areas of both surfaces"

Q=W3_k*A*(T1+T2)/L "Adding temperatures instead of subtracting"

Q=W4_k*A*L*(T1-T2) "Multiplying by thickness instead of dividing by it"
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2-139 The roof of an electrically heated house is 7 mlong, 10 m wide, and 0.25 m thick. It is made of a flat layer of
concrete whose thermal conductivity is 0.92 W/m-°C. During a certain winter night, the temperatures of the inner and outer

surfaces of the roof are measuredto be 15°Cand4°C, respectively. The averagerate of heat loss through the roof thatnight

was

@) 41W b)177TW (c) 4894 W ) 5567W (e) 2834 W

Answer (e)2834 W
Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES

screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

A=7*10 [m*2]
L=0.25 [m]

k=0.92 [W/m-C]
T1=15[C]

T2=4[C]
Q_cond=k*A*(T1-T2)/L

"Some Wrong Solutions with Common Mistakes:"

W1_Q=k*(T1-T2)/L "Not using area"

W2_Q=k*2*A*(T1-T2)/L "Using areas of both surfaces"
W3_Q=k*A*(T1+T2)/L "Adding temperatures instead of subtracting"
W4 _Q=k*A*L*(T1-T2) "Multiplying by thickness instead of dividing by it"
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