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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 canbe 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.



2-8CInitially, 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 aresult of frictional heating due
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 kl/kg
1000 m?/s?

Then the power generation potential becomes

Cmecn = P = 82 = (9.81 m/s”)(120 m)[ ]—1.177 kl/kg

= (1500 kg/s)(1.177 kJ/kg) [%J =1766 kW
s

Wmax = Emech = memech

Therefore, the reservoir has the potential to generate 1766kW 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



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

V2 (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

1 Btu/lbm

PE = mgz = (100 1bm)(31.7 ft/s>)(—20 ft)| ——————
gz=( X X )[25,037 > /s>

] =—2.53 Btu

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

1 kl/kg

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

] =19.6kJ



2-15 A water jet strikes the buckets located on the perimeter of a wheel at a specified velocity and flow rate. The power
generation potential of this system is 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:

e

V: (60 m/s)*( 1kl/kg

mech — ke =—= 2,2
2 2 1000 m*/s

W, . =E

max mech

]: 1.8 kl/kg
= memech

= (120 kg/s)(1.8 kJ/kg) [ﬂ] =216 KW
1KklJ/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 =V = (1000 kg/m>)(500 m*/s) = 500,000 kg/s
= (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.

Wmax = Emech = me,

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.



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. —_— A
Wind

Properties The density ofairis 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, and it can beconverted to work 2
entirely. Therefore, the power potential of the wind isits
kinetic energy, whichis V </2 perunitmass,and mV /2
for a given mass flowrate: _> N
2 2
1 1 kJ/k
€mech — ke = V_ = ( 0 m/S) [ i 2g 2 ] =0.050 kJ/kg
2 2 1000 m*/s
: D’ 60 m)”
= pVA = pV 12 = (1.25 kg/m*)(10 m/s)% — 35,340 ks
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.



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 abandoned in the middle of the nineteenth century afterit was shownthat

there is no such thingas the caloric.

2-19C Energy can cross the boundaries of a closed system in 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 thecooler air and 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 thetires 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.



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

1J/s][lN~m
1w 1]

(@) W>45w{ ]—SNmB

2
®) WzdmpmwNmW@mm

]:5kg~m2/s3
1w 1] 1N



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 concretebeamis 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 e Y .

1 Ibf

32.174 1bm - ft/s’
— 144,000 Ibf - ft |

1 Btu
778.169 1bf - ft

W = mgAz = (32000 Ibm)(32.174 ft/s )[ }(24 ft) 241t

= (144,000 1bf - 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 ofacardevelops 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



2-31 The work required to compress a spring s to be determined.

Analysis Since there isno preload, F = kx. Substituting this into the work expression gives

W:]Fds:]hdx:ijdx:g(xj—xf) F

1 1
_ 300 kN/m IZ‘N/ ™ (0.03 m)* —0?] Z ¥,
=0.135kN-m :

1kN-m



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 relativeto 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 massby 200mis

1kJ

W, =mg(z, —z )= (12,500 kg)(9.81 m/s*)(200 m)| ——————
c=mg(z —a)=( ) X )[lomkg.mz/sz

] =24,525k]

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, 245251
& At 360 s

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

=68.1kW

V =10 km/h)[ﬂ] — 2778 m/s
3.6 km/h
LAV _2778ms—0 o
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 /A= %(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

W, =mg(z, — 7, )/ At = (12,500 kg)(9.81 m/s*)(1.39 m)[

g L klke 2]/(5 5)=34.1 kW

1000 kg - m*/s
Thus,

W

total

=W, +W, =9.6+34.1=43.7kW



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, = lm(V22 -V}) ~ 500 kg) [w] oM o571
2 2 3600 s 1000 kg-m~/s
Thus the time required is
_ W“ _ 578.7kJ 7
W 75 kl/s

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

against the airdrag, friction, androlling 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

=W, +W,
(a) Zero.
(b) W, =0. Thus,

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

— (1200 kg)(9.8 Im/s’
( e\ 73600 5 ||1000 w2 /s

= 81.7 kW
(c) Wg =0. Thus,

W,

total

/(12 s) = 31.3kW

Wo=Lmz —viyrar=La00 k %0000 m 0 L Wik
f— =—m — I =— —
“ 2 V2 =¥ 2( & 3600 s 1000 m*/s*




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=o [dA=0(4, - 4)=cdr(; 1)

1
= 47(0.02 N/m)[(o.015 m)’> —(0.005 m)z]
=5.03x10° N-m
— (5.03%10°° N-m)|—
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 stretch the rod 3 cmis

(10 m) =1.963x10™* m’

V E
W:()T(aj—af)

_ (1963x10* m*)(21x10* kN/m”)|(0.03 m ? 0
2 10 m

=1.855x10"* kN-m =1.855x10"* kJ = 0.1855 J




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 +W/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 systemis 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



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,. ld """ =0 — E =E,
\—,—/

out system

Rate of net energy transfer Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
2 —
. . out P
=m_ke =m. —+ — = fan
air - out air Ai
Al —

W,

sh, in
where

. =N =(1.18 keg/m*)(9 m*/s) = 10.62 kg/s

air

Substituting, the minimum power input required is determined tobe

. 1% 2
W =i Yo — (10,62 kess) S| LIRS | 340 1 — 340w
' 2 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 powerrequired 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.



2-44E The heat loss froma 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
: . _ J0 (steady) __ ST
Ein - Eoul - dEsystem /dt =0 - Ein - Eout HOUS
%/_/
Rate of net energy transfer Rate of change in internal, kinetic, / \
by heat, work, and mass potential, etc. energies
- Lights
where People 0.
. . Energy i I
E . =0, =60,000 Btu/h - Appliance
and - Heaters

Ein = Epeople + Elights + Eappliance + Eheater = 6000 Btu/h + Eheater
Substituting, the required power rating of the heaters becomes

B 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

heater

= 60,000 — 6000 = 54,000 Btu/h[ ] =158 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.



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 costof this 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 than2 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
E.hghﬁng, 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 = (Eﬁghﬁng, tota )(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.



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 ldt = 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 Licht
- L1 S
— 4041104300 +1200 W °
Electricity. -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 someappliances 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.



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

. . . AE sys
j— — — ~Y

Ein _Eout - dEsystem /dt =0 — Ein _dEsys /dt = At

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

APE mg/Az
in :—:—:mgvven
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

W, =mgV,

vert

1 kl/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



2-50 Acarcruisingat a constantspeed 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— —_— — ~J o
Ey—E = dEgenldt =0 = Ey=dEy fdi=—"
S —
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 powerinputto achievethe indicated acceleration becomes

. V2 _y? ) 2 ) 2
W = m 2V (2100 kg (LLOB-6 mAs)” — (70/3.6 mis) [ 1 kJ/k2g : ] 17 K — 117 kW
2At 2(5s) 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
. V2 _ V2 . 2 ) 2
W= m-2 1 (700 kg)(110/3 6 m/s)” —(70/3.6 m/s) 1 kl/kg _ 38.9KW
241 2(5's) 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

High —

Annual Fuel Consumption = 428.6 gal/year

Miles per gallon 35 miles/gal

__ Miles driven per year 15,000 miles/year

Annual Fuel Consumption, = =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,

High

= 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.



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.

2-53C The 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,

— AE-‘mech,ﬂuid _ Wpump
W w

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

E

mech,in

_ _ Emech,out —
npump—motor - 77pump77motor - W
elect,in

elect,in elect,in

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, motor andboth i, . and 7., arelessthan one,andanumber gets

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



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%

Nelectric
Qutilized = (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
burner that supplies utilized energy at the same rate (1.75 kW)is

0 ~ Quiiea 175 kW
nput 2 T Bfficiency  0.38

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

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
same way to be

Cost of energy input  $1.20/(29.3 kWh)

— = $0.108 / kWh
Efficiency 0.38

Cost of utilized energy =




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 Nurnace 70%

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

Then the rate of useful heatoutputofthe boilerbecomes

Ouut = Qi Miurmace eurrent = (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 = Qout ! Mturmace. new = (3:85x10° Btw/h)/0.8 = 4.81x10° Btu/h
Oin saved = Oin. current — Qi new = 3-5%10° —4.81x10° = 0.69x 10° Btu/h

Then the annual energy and costsavings associated with tuning up the boiler become

Energy Savings = 0, ,..q (Operationhours)
= (0.69 x 10° Btu/h)(4200 h/year) = 2.89x 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.



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 $12to $ 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/yeatr]
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_savwed=Q _dot_in_current-Q_dot_in_new
Energysavings=Q_dot_in_saved*Hours
CostSavings=EnergySavings*UnitCost

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

Tlfurnace, new

0.78 0.82

Tfumace,new

0.86



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)/Og 1 =61’484 W
. in, electric, efficient = w/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

motor to the engine compartment at full load conditions is to be determined.
Assumptions The motor operates at fullload so that theloadfactoris 1.

Analysis Theheatgenerated by 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
W —-W

Qgenemlion ~ "Vin, electric shaft out

since 1 hp=0.746 kW.

= (90 hp)/0.91 = 98.90 hp
=98.90 —90 = 8.90 hp = 6.64 kKW

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 themotorsis

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

Oorat = Ormotors + Ppeople = 11,870 +8400 = 20,270 W



