2-37 Water is being heated in a closed pan on top of a
range while being stirred by a paddle wheel. During the
process, 30 kI of heat is transferred to the water, and 5 kJ of
heat is lost to the surrounding air. The paddle-wheel work
amounts to 500 N - m. Determine the final energy of the sys-
tem if its initial energy is 10 kJ.  Answer: 35.5 kl

5k1

2-37 Water is heated in a pan on top of a range while being stirred. The energy of the water at the end of
the process is to be determined.

Assumptions The pan is stationary and thus the changes in kinetic and potential energies are negligible.

Analysis We take the water in the pan as our system. This is a closed system since no mass enters or leaves.
Applying the energy balance on this system gives

Ei.n _Eout = A‘ES}’SUEDI
Netenergy transfer  Change in internal, kinetic,
by heat, work, and mass potential. etc. energies
Oin W ain = Qo =AU =U, =T,
30kI+05kI-5kI=U, -10kT

U, =355 kJ

Therefore. the final internal energy of the system is 35.5 kJ.

2-39 A classroom that normally contains 40 people is to
be air-conditioned with window air-conditioning units of 3-
kW cooling capacity. A person at rest may be assumed to
dissipate heat at a rate of about 360 kJ/h. There are 10 light-
bulbs in the room, each with a rating of 100 W. The rate of
heat transfer to the classroom through the walls and the win-
dows is estimated to be 15,000 kJ/h. If the room air is to be
maintained at a constant temperature of 21°C, determine the
number of window air-conditioning units required. Answer:
2 units



2-39 A classroom is to be air-conditioned using window air-conditioning units. The cooling load is due to
people, lights, and heat transfer through the walls and the windows. The number of 5-kW window air

conditioning units required is to be determined.

Assumptions There are no heat dissipating equipment (such as computers. TVs, or ranges) in the room.

Analysis The total cooling load of the room is determined from

Qcooljng = Q].ighls + Qpe;ople + Oheat gain

where
Olights =10x100 W =1 kW /\

Qpeople

Oheat gain = 15.000 kT /h =4.17 kW

=40x360kI]/h=4 kW /

Substituting.
Ocooling =1 +4+417 =9.1T kW

Room

15,000 kT/h s 40 people ™

10 bulbs

> Qcoo]

Thus the number of air-conditioning units required is

0.17 kW .
—— =1.83 2 units
5 KW/unit

2—41 The lighting needs of a storage room are being met by
6 fluorescent light fixtures. each fixture containing four
lamps rated at 60 W each. All the lamps are on during operat-
ing hours of the facility, which are 6 AM to 6 PM 365 days a
year. The storage room is actually used for an average of 3 h
a day. If the price of electricity is $0.08/kWh, determine the
amount of energy and money that will be saved as a result of
installing motion sensors. Also, determine the simple pay-
back period if the purchase price of the sensor is 532 and it
takes 1 hour to install it at a cost of $40.

2-41 The lighting energy consumption of a storage room 1s to be reduced by nstalling motion sensors. The
amount of energy and money that will be saved as well as the simple payback period are to be determined.

Assumptions The electrical energy consumed by the ballasts 1s negligible.

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 of 9x365 = 3285 off hours per vear. Disregarding the ballast factor,

the annual energy and cost savings become

Energy Savings = (Number of lamps)(Lamp wattage)(Reduction of annual operating hours)

= (24 lamps)(60 W/lamp )(3285 hours/year)
=4730 kWhlyear
Cost Savings = (Energy Savings)({Umt cost of energy)
= (4730 kWh/year)($0.08/kWh)
= $378/year

The implementation cost of this measure is the sum of the purchase
price of the sensor plus the labor,

Implementation Cost = Material + Labor = $32 + 540 = §72
This gives a simple payback period of
Implementationcost ~ $72

Simple payback period = . =
Annual costsavings  $378/ year

Therefore. the motion sensor will pay for itself in about 2 months.

=0.19 year (2.3 months)



2—42 A university campus has 200 classrooms and 400 fac-
ulty offices. The classrooms are equipped with 12 fluorescent
tubes, each consuming 110 W, including the electricity used
by the ballasts. The faculty offices, on average, have half as
many tubes. The campus is open 240 days a year. The class-
rooms and faculty offices are not occupied an average of 4 h
a day, but the lights are kept on. If the unit cost of electricity
is 530.082/kWh, determine how much the campus will save a
year if the lights in the classrooms and faculty offices are
turned off during unoccupied periods.

2-42 The classrooms and faculty offices of a university campus are not occupied an average of 4 hours a
day, but the lights are kept on. The amounts of electricity and money the campus will save per year if the
lights are turned off during unoccupied periods are to be determined.

Analysis The total electric power consumed by the lights in the classrooms and faculty offices is
E lighting. classroom = (POWer consumed per lamp) x (No. of lamps) = (200x12x110 W) = 264.000 = 264 kW
E lighting. offices = (POWer consumed per lamp)x (No. of lamps) = (400 x 6 x110 W) = 264.000 = 264 kW

Eighiing. total = Elighting classroom T Elighting, offices = 264 +264 = 528 kW
Noting that the campus is open 240 days a year. the total number of unoccupied work hours per year is
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 = (E'lighm tota)(Unoccupied hours) = (528 kW)(960 h/yr) = 506.880 kWh
Cost savings = (Energy savings)(Unit cost of energy) = (506.880 kWh/yr)($0.082/kWh) = S41,564/yr

Discussion Note that simple conservation measures can result in significant energy and cost savings.

2-44 A fan is to accelerate quiescent air to a velocity of 10
m/s at a rate of 4 m¥s. Determine the minimum power that
must be supplied to the fan. Take the density of air to be 1.18
ke/m*. Answer: 236 W



2-44 A fan is to accelerate quiescent air to a specified velocity at a specified flow rate. The minimum
power that must be supplied to the fan is to be determined.

Assumptions The fan operates steadily.
Properties The density of air is given to be p=1.18 kg/m’.

Analysis A fan transmits the mechanical energy of the shaft (shaft power) to mechanical energy of air
(kinetic energy). For a control volume that encloses the fan. the energy balance can be written as

E, —-E = dE ey /d17° =Y =0 - E,=E,,

in out
Zin Tout,
%ﬂ'ﬂig net mg}ém“sf“ Rate of change in intemal. kinetic. I
v heat, work, and mass potential. etc. energies —
2 .
: o _ out — fan
Wsh__m _”"airkeout = My . ’
2 Air —=
—
where
—_—
S 3 300y — 4 77 ko! -
iy =pV =(1.18kg/m”)(4m’/s) =4.72 kg/s

Substituting, the minimum power input required is determined to be

' e L2 10ms)* ( 17k
Wshm =My OTm = (4!2 kg%) ( m S) L g

e J: 236/s =236 W

Discussion The conservation of energy principle requires the energy to be conserved as it is converted
from one form to another. and it does not allow 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—46 A water pump that consumes 2 kW of electric power
when operating is claimed to take in water from a lake and
purmp it to a pool whose free surface is 30 m above the free
surface of the lake at a rate of 50 L/s. Determine if this claim
is reasonable.



2-46 A water pump 1s claimed to raise water to a specified elevation at a specified rate while consuming
electric power at a specified rate. The validity of this claim 1s to be investigated.

Assumptions 1 The water pump operates steadily. 2 Both
the lake and the pool are open to the atmosphere, and the
flow velocities in them are negligible.

Properties We take the density of water to be p= 1000
ke/m’= 1kg/L.

Analysis For a control volume that encloses the pump-
motor unit, the energy balance can be written as

Eiu_Ew.r = dEs\rstun 'I‘dr&al:mady) =0
Rateof netenergy transfer  Rate fchange”m],hm
by heat, work, and mass ‘potential efc energies
‘Ei'u =Eour
rf’:i.n +Mpe) = mpe; - Tf’}u =mApe =mg(z; — 1)

since the changes in kinetic and flow energies of water are negligible. Also,
# = pV = (1kg/L)(50L/s) = 50 kefs
Substituting, the minimum power mnput required 1s determined to be
[ 1kTkg )
7,1
L1000 m*~/s” )
which 15 much greater than 2 kW. Therefore, the claim s false.

Discussion The conservation of energy principle requires the energy to be conserved as it is converted
from one form to another. and it does not allow any energy to be created or destroyed during a process. In
reality. the power required will be considerably higher than 147 kKW because of the losses associated with
the conversion of electrical-to-mechanical shaft and mechanical shaft-to-potential energy of water.

W, =mg(zy —z;) = (50 ke/s)(9.81m/s)(30 m) =14.7kl/s =14.TkW

247 The driving force for fluid flow is the pressure

@ difference. and a pump operates by raising the
pressure of a fluid (by converting the mechanical shaft work
to flow energy). A gasoline pump is measured (0 consume
3.2 kW of electric power when operating. If the pressure dif-
ferential between the outlet and inlet of the pump is mea-
sured to be 5 kPa and the changes in velocity and elevation
are negligible, determine the maximum possible volume flow
rate of gasoline.



2-47 A gasoline pump raises the pressure to a specified value while consuming electric power at a
specified rate. The maximum volume flow rate of gasoline 1s to be determined.

Assumptions 1 The gasoline pump operates steadily. 2 The changes in kinetic and potential energies across
the pump are negligible.
Analysis For a control volume that encloses the pump-motor unit, the energy balance can be written as

_f_‘.?in —.E;:mn i - e Ein = Em
Rate of nef energy transfer  Rapm of change b iternal it
by heat, work, anct mass Dpotamia]__ ﬁ{‘_ enermes -

W, +m(Pv), = m(Pv), — Ty =nm(P—B)v=UAP

since 77t = Vv and the changes in kinetic and potential energies of
gasoline are negligible, Solving for volume flow rate and
substituting, the maximum flow rate 15 determined to be

Wy 52Kls [1kpa-m3 )

- I=1.04m3.fs
AP 5kPa | 1kJ )

man

Discussion The conservation of energy principle requires the energy to be comserved as it 1s converted
from one form to another, and it does not allow any energy to be created or destroyed during a process. In
reality, the volume flow rate will be less because of the losses associated with the conversion of electrical-
to-mechanical shaft and mechanical shafi-to-flow energy.

2—48 The 60-W fan of a central heating system is to circu-
late air through the ducts. The analysis of the flow shows that
the fan needs to raise the pressure of air by 50 Pa to maintain
flow. The fan is located in a horizontal flow section whose
diameter is 30 cm at both the inlet and the outlet. Determine
the highest possible average flow velocity in the duct.

2-48 The fan of a central heating system circulates air through the ducts. For a specified pressure rise, the
lughest possible average flow velocity 1s to be determined.

Assumprions 1 The fan operates steadily. 2 The changes in kinetic and potential energies across the fan are
negligible.

Analysis For a control volume that encloses the fan unit, the energy balance can be written as

L. 50 (otead L.
E, —E = dE o /dtTVE= o E _F

m ot

Rate of net fr Rl ;
of net energy frans Rate of change mn internal kmetic,
by beat, work, and mass Dpn‘rmn:ia]..zc.mgiﬂ B

Wi +1(PV); = (PV); — Wy =m(Py—P)v=V AP

since 7 = (/v and the changes in kinetic and potential energies AP =50 Pa
of gasohine are negligible, Sclving for volume flow rate and
substituting, the maximum flow rate and velocity are determined
to be

: Wy 60Js{1Pa-m’
Vi = o SO D2 |
AP 50Pal 11 |
v, v, 12m?s
p = fm ME  _47.0mis

A aDY/4 z(030m)/4

Discussion The conservation of energy principle requires the energy to be conserved as it is converted
from one form to another, and it does not allow any energy to be created or destroyed during a process. In
reality. the velocity will be less because of the losses associated with the conversion of electrical-to-
mechanical shaft and mechanical shaft-to-flow energy.



2—9E At winter design conditions, a house is projected to
lose heat at a rate of 60,000 Btwh. The internal heat gain
from people, lights, and appliances is estimated to be 6000
Biw/h. If this house is to be heated by electric resistance
heaters, determine the required rated power of these heaters
in kW to maintain the house at constant temperature.

2-49E The heat loss from a house is to be made up by heat gain from people. lights, appliances, and
resistance heaters. For a specified rate of heat loss, the required rated power of resistance heaters 15 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 house as the system. the energy balance can be written as

Em _Em = df.'mm ."’a::l'.l":m:| (steady)  _ 0 — Ein = Emt ouUs
Fate of net energy trasfor Mafdmjﬁmhmﬁg
by heat, work, and mass potential etc. energies / \
where E_, = 0, = 60.000 Brwh and - Ugh‘]i Oue
. . . . . . pa— - -
Eiy = Epogte + Ergree = Eppptisace = o = 6000 Btwh + Ey Encrgy =i - Appliance
- ers
Substituting, the required power rating of the heaters becomes
. [ 1kW ]
E = 60.000—-6000 = 54000 Btw'h| ———— | =15.8 KW
hester =7 ' rhl 3412 Bru/h

Discussion When the energy gain of the house equals the energy loss, the temperature of the house remains
constant. But when the energy supplied drops below the heat loss, the house temperature starts dropping.

2-51 Consider a 1400-kg car cruising at constant speed of 70
km/h. Now the car starts to pass another car, by accelerating to
110 km/h in 5 s. Determine the additional power needed to
achieve this acceleration. What would your answer be if the
total mass of the car were only 700 kg? Answers: 77.8 kW,
38.9 kW



2-51 A car cruising at a constant speed to accelerate to a specified speed within a specified time. The
additional power needed to achieve this acceleration is to be determined.

Assumprtions 1 The additional air drag, friction, and rolling resistance are not considered. 2 The road is a
level road.

Analysis We consider the entire car as the system. except that let’s assume the power is supplied to the
engme externally for simplicity (rather that internally by the combustion of a fuel and the associated energy
conversion processes). The energy balance for the entire mass of the car can be written in the rate form as

E -E, = dE__../dt -0 — E -dE_ /jdi=—"2"
Fate of net r transfer J' i ineti ) At
b st ok e ey e, Knetic
. AKE m(Fi-w)I2
W, = =

Af Af

since we are considering the change in the energy content of
the car due to a change in its kinetic energy (acceleration).
Substituting, the required additional power input to achieve the
indicated acceleration becomes

I

2 2 2 2
. Vi -7 110/3.6 m/s)? - (70/3.6 m/
i em P2 400 ke) ms)” - (7073.6 m/s)

”‘ 2AT 2(5s)

1kl/kg
1000 m%/s?

I =778kl/s=77.8 kW

I, J

since 1 m/s = 3.6 km/h. If the total mass of the car were 700 kg only. the power needed would be
3

‘: 38.9 kW
s

2

2 2 2
Vy -1 110/3.6 m/s)~ - (70/3.6 m/" 1klk
_m2Tn — (700 kg}( m/s)” -( m/s) [ g

2AL 2(5s) 1000 m>/s?

Wi

Discussion Note that the power needed to accelerate a car is inversely proportional to the acceleration tume.
Therefore, the short acceleration times are indicative of powerful engines.

2-56 Consider a 3-kW hooded electric open burner in an
area where the unit costs of electricity and natural gas are
$0.07/kWh and $1.20/therm, respectively. The efficiency of
open burners can be taken to be 73 percent for electric burn-
ers and 38 percent for gas burners. Determine the rate of
energy consumption and the unit cost of utilized energy for
both electric and gas burners.



2-56 A hooded electric open burner and a gas bumer are considered. The amount of the electrical energy
used directly for cooking and the cost of energy per “utilized” kWh are to be determined.

Amnalysis The efficiency of the electric heater 15 given to be 73 percent. Therefore. a burner that consumes
3-kW of electrical energy will supply

Mo = 38%
Melecic = 13%
Qmﬂ = (Energy mput) x (Effictency) = (3KkW)(0.73) = 2.19 kW

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

proportional to the efficiency, and is determined from

Cost of energyinput  $0.07/kWh
Efficiency 0.73

Cost of utilized energy = =$0.096/kWh

Noting that the efficiency of a gas burner 1s 38 percent, the energy
input to a gas bumer that supplies utilized energy at the same rate
(2.19 kW) 15

- Ousitzeg _ L19KW
. = = =5.76 kW (=19,660Btuw'h
Qi g2 Efficiency 038 ( k)

since 1 kW = 3412 Btw'h. Therefore, a gas bumer should have a rating of at least 19,660 Btu'h to perform
as well as the electric unit.

Noting that 1 therm = 29.3 kWh, the unit cost of utilized energy in the case of gas burner is
determined the same way to be

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

Cost of utilized energy = = $0.108/KWh

2-59 A 75-hp (shaft output) motor that has an efficiency
of 91.0 percent is worn out and is to be replaced by a high-
efficiency motor that has an efficiency of 95.4 percent. The
motor operates 4368 hours a year at a load factor of 0.75.
Taking the cost of electricity to be $0.08/kWh, determine the
amount of energy and money saved as a result of installing
the high-efficiency motor instead of the standard motor. Also,
determine the simple payback period if the purchase prices of
the standard and high-efficiency motors are $5449 and
55520, respectively.



2-59 A worn out standard motor is to be replaced by a high efficiency one. The amount of electrical energy
and money savings as a result of mstalling the high efficiency motor mstead of the standard one as well as
the simple payback period are to be determined.

Assumptions The load factor of the motor remamns constant at 0.75.

Analysis The electric power drawn by each motor and their difference can be expressed as
Tf’elemiciq:m =Wyn ! Mondg = (Power rating){Load factor) / n,_ 4.4
 ectricin efficient = W ettt / Mefficiens = (POWer rating)(Load factor) / 7ggciens
Power savings = If’dem-,:m tandard — W electric . efficient
= (Power rating)(Load factor)[1/ f.angwd =1/ Metoient |

wherte T:angerg 15 the efficiency of the standard motor, and Tescen 15 the efficiency of the comparable high
efficiency motor. Then the annual energy and cost savings associated with the installation of the high
efficiency motor are determined to be

Energy Savings = (Power savings){Operating Hours)
= (Power Rating)(Operating Hours)(Load Factor) 1/Mmndsra- 1/Mefriciens)
= (75 hp)(0.746 kW/hp)(4.368 hours/year)(0.75)(1/0.91 - 1/0.954)
=9,290 kWhiyear new
Cost Savings = (Energy savings)(Unit cost of energy)
= (9,290 kWh/year)($0 08/kWh)
= $743lyear

The implementation cost of this measure consists of the excess cost the high
efficiency motor over the standard one. That 1s,

Implementation Cost = Cost differential = $5,520 - $5,449 =571

Mald = 91.0%
=05.4%

This gives a simple payback period of
Implementationcost ~ §71

Simple payback period = =0.096 year (or 1.1months)

Annual cost savings - $743/ year

Therefore, the high-efficiency motor will pay for its cost differential in about one month.

2-63 Consider a classroom for 55 students and one instruc-
tor, each generating heat at a rate of 100 W. Lighting is pro-
vided by I8 fluorescent lightbulbs, 40 W each, and the
ballasts consume an additional 10 percent. Determine the rate
of internal heat generation in this classroom when it is fully
occupied.



2-63 A classroom has a specified number of students, mstructors, and fluorescent light bulbs. The rate of
internal heat generation 1n this classroom 15 to be determined.

Assumptions 1 There 15 a mix of men. women, and children in the classroom. 2 The amount of light (and
thus energy) leaving the room through the windows 1s negligible.

Properties The average rate of heat generation from people seated in a room/office is given to be 100 W.

Analysis The amount of heat dissipated by the lamps 1s equal to the amount of electrical energy consumed
by the lamps, including the 10% additional electricity consumed by the ballasts. Therefore,

th]mng = (Energy consumed per lamp) x (No. of lamps)
= (40 W)(1.1)(18) =792 W ®
Opeople = (No.0f people) x Oy = 56 x (100 W) = 5600 W

Then the total rate of heat gain (or the internal heat load) of the
classroom from the lights and people become

Opotat = Oischiing + Dpacple = 792 + 5600 = 6392 W

2-65 Electric power is to be generated by installing a
hydraulic turbine—generator at a site 70 m below the free sur-
face of a large water reservoir that can supply water at a rate
of 1500 kg/s steadily. If the mechanical power output of the
turbine is 80 kKW and the electric power generation is 730
kW, determine the turbine efficiency and the combined tur-
bine—generator efficiency of this plant. Neglect losses in the

pipes.



2-65 A hydraulic turbine-generator is generating electricity from the water of a large reservoir. The
combined turbine-generator efficiency and the turbine efficiency are to be determined.

Assumptions 1 The elevation of the reservoir remains constant. 2 The mechanical energy of water at the
turbine exit is negligible.
Analysis We take the free surface of the reservoir fo be poimnt 1 and the furbine exit to be point 2. We also
take the turbine exit as the reference level (z; = 0). and thus the potenfial energy at pomnts 1 and 2 are pe; =
£z1 and pey = 0. The flow energy P/p at both points is zero since both 1 and 2 are open to the atmosphere
{Py =P, = Pyy). Further, the kinetic energy at both points 1s zero (ke) = ke; = () since the water at point 1
15 essentially motionless, and the kinetic energy of water at furbine exit is assumed fo be negligible. The
potential energy of water at point 1 is
s
pe, =g = (9.81m/s” )(70 m) ijg‘] =0.687 klkg
V1000 m=/5
Then the rate at which the mechanical energy of
the fluid is supplied to the turbine become

|AZ et | = P(Crnechin — Econe) = 7122 — 0)
= 1iipg
= (1500 kg/s)(0.687 kKI'kg)
=1031kW

The combined turbine-generator and the turbine

efficiency are determined from their definitions,

2
=0727 or T2.7% O

Waeqoe _ T50KW
(AEmpogg| 1031KW

M iurbing-gen =

Wisgou  S00KW
|AE penama | 1031KW
Therefore, the reservoir supplies 1031 kW of mechanical energy to the turbine, which converts 800 kW of
it to shaft work that drives the generator, which generates 750 kW of electric power.

Discussion This problem can also be solved by taking point 1 to be at the furbine 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.

Mobine = =0776 or 77.6%

2-66 At a certain location, wind is blowing steadily at 12
m/s. Determine the mechanical energy of air per unit mass

and the power generation potential of a wind turbine with 50-
m-diameter blades at that location. Also determine the actual
electric power generation assuming an overall efficiency of
30 percent. Take the air density to be 1.25 kg/m".



2-66 Wind is blowing steadily at a certain velocity. The mechanical energy of air per unit mass, the power

generation potenfial. and the actual electric power generation are to be determined.

Assumptions 1 The wind is blowing steadily at a
constant uniform velocity. 2 The efficiency of the wind

ine ic i i M
turbine 1.5 mdepenﬂtnl. of the wmﬂ s?eai. ~ Wind
Prapfﬂ‘!ﬁ The density of air is given to be o= 1.25 Wind turbine
kg/m’. e
Analysis Kinetic energy is the only form of mechanical 12 m's 50m
energy the wind possesses, and it can be converted to
work entirely. Therefore. the power potential of the
wind is its kinetic energy, which is 77/2 per unit mass, E——
and ml’* /2 for a given mass flow rate:

72 (12ms)?( 1kVke .
—ke=__= : = kT
e = R0 =3 2 11000 1112.-"52] 0.072ke

el

an* . o 2
= pVA = oV = (125 kg/m)12 m-'s}@ — 29 450 kgs

W = Eec = Megecy = (29.450 kg/s)(0.072kJ/kg) = 2121 kW

The actual electric power generation is determined by nmltiplying the power generation potential by the

efficiency.,

Wogect = Mhvind nrbined? maee = (0-3M2121EKW) = 636 KW

Therefore, 636 KW of actual power can be generated by this wind turbine at the stated conditions.

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

thus the power generation will change strongly with the wind conditions.

268 A wind turbine is rotating at 15 rpm under steady
winds flowing through the turbine at a rate of 42,000 kg/s.
The tip velocity of the turbine blade is measured to be 250
km/h. If 180 kW power is produced by the turbine, determine
() the average velocity of the air and (b) the conversion effi-
ciency of the turbine. Take the density of air to be 1.31
kg/m®.



2-68 A wind turbine produces 180 KW of power. The average velocity of the air and the conversion
efficiency of the turbine are to be determined.

Assumptions The wind turbine operates steadily.
Praperties The density of air is given to be 1.31 kg/m’.
Analysis (a) The blade diameter and the blade span area are

- (zsmmfh){ Lm's ]
p-r=_ 3"1”“1_"“’ ~8842m
an . lmin
5L/min} ——
Q 60s ]
2 2
A D~ _ x(88.42m) —6140m?
4 4
Then the average velocity of air through the wind turbine becomes
it 42,000 kg/'s

=5.23mls

“al T (131kgm’)(6140m7)
(D) The kinetic energy of the air flowing through the turbine is

KE=% iV = %(42,000 kg/s)(5.23m/s)? = 5743 KW

Then the conversion efficiency of the turbine becomes
_ W 180kW
TTRE 3w

Discnssion Note that about one-third of the kinetic energy of the wind is converted to power by the wind
furbine, which is typical of actual turbines.

=0.313=31.3%

2—-6%  Water is pumped from a lake to a storage tank 20 m
above at a rate of 70 L/s while consuming 20.4 kW of elec-
tric power. Disregarding any frictional losses in the pipes and
any changes in kinetic energy, determine (a) the overall effi-
ciency of the pump-motor unit and (b) the pressure differ-
ence between the inlet and the exit of the pump.

Storage tank




2-69 Water 15 pumped from 2 lake to a storage tank at a specified rate. The overall efficiency of the pump-
motor unit and the pressure difference between the mlet and the exit of the pump are to be determined ¥

Assumprions 1 The elevations of the tank and the lake remam constant. I Frictional losses m the pipes are
neglipible. 3 The changes m kinetic energy are neghmble. 4 The elevation difference across the pump 15
neghgible.

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

Analysis {a) We take the free surface of the lake to be
point 1 and the free swfaces of the storage tank to be
point 2. We also take the lake smiface as the reference
level (z; = 0}, and thus the potential energy at points 1
and 2 are pe, = 0 and pe, = gz;. The flow energy at
both poants 15 zero since both 1 and 2 are open to the
atmosphere (P, = P, = P ). Further, the kinetic energy
at both points 15 zero (key = kez = ) since the water at
both locations 15 essenfially stationary. The mass flow
rate of water and its potential energy 2t point 2 are

= oW = (1000 kg/m?)(0.070 m*/s) = T0 ke/s

. [ 1kIkg
ey =gz, = (98 ]lms W2 m)l —m8——
pey =gz =( i ]'|‘ To00

t =0.196kTkg

m*-fs°
Then the rate of increase of the mechanical energy of water becomes

i"Em-:h.ﬂ:ﬁﬂ = M8 mecp gy — Fpgenin } = MPe — 0} =mpe; = (T0kg/s)0.196 kT kg) =13.7 kW
The overall efficiency of the combmed pump-motor unit 15 determmed from 1tz defintion,

CAE nga  13TEW

= = = i
 —— oy V672 o 67.2%

i-’:-'.n]n-t:,t..i:n
(5) Now we consider the pump. The change in the mechamical energy of water as it flows through the
pump consists of the change in the flow energy only since the elevation difference across the pump and the
change m the kinetic enerzy are neghmble. Also, this change mmst be equal to the useful mechamical
energy supplied by the pump, which 15 13.7 kW:

P] -

Solving for AP and substtufing,

'

1kPa-m® |
1kT

\, A

AE F TEklis
AP = —medifuid _ 13.7kJ

. =196 kPa
v 0.070m*/s

Therefore, the pump must boost the pressure of water by 196 kPa in order to raise ifs elevation by 20 m.

Discussion Note that only two-thirds of the electne energy consumed by the pump-motor 15 converted fo
the mechameal energy of water; the remaiming one-third 15 wasted because of the mefficiencies of the

" pump and the motor.

2-7T0 A geothermal pump is used to pump brine whose den-
sity is 1050 kg/m? at a rate of 0.3 m%/s from a depth of 200
m. For a pump efficiency of 74 percent, determine the
required power input to the pump. Disregard frictional losses
in the pipes, and assume the geothermal water at 200 m depth
to be exposed to the atmosphere.



2-70 Geothermal water 1s raised from a given depth by a pump at a specified rate. For a given pump
efficiency. the required power input to the pump 1s 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 water 15 exposed to the
atmosphere and thus its free surface 1s at atmospheric pressure.

Properties The density of geothermal water 15 given to be o=

1050 kg/m’. 200 m
Analysis The elevation of geothermal water and thus its
potential energy changes. but it experiences no changes i 1ts @

velocity and pressure. Therefore, the change in the total —
mechanical energy of geothermal water 1s equal to the change — Pump \
in 1ts potential energy. which 1s gz per umit mass. and mgz for _

a given mass flow rate. That 1s, —

ﬂ.E'mEdl =mAe, g = MApe=mghz = pVeAz

s .
- 7
= (1050 kg-’m3)(0_3m3.fs)(9_31nh"5‘}(200111){ 1N [ LW J=613_0k‘w
lkg -m/s~ L1000 N -mfs.

.

A

Then the required power mput to the pump becomes

AE o _ 618 kW _835KW

TV ump, elect =
nm:mp—mnM'
Discnssion The frictional losses in piping systems are usually significant. and thus a larger pump will be
needed to overcome these frictional losses.

2-71 Consider an electric motor with a shaft power output of
20 kW and an efficiency of 88 percent. Determine the rate at
which the motor dissipates heat to the room it is in when the
motor operates at full load. In winter, this room is normally
heated by a 2-kW resistance heater. Determine if it is neces-
sary to turn the heater on when the motor runs at full load.

2-71 An electric motor with a specified efficiency operates in a room. The rate at which the motor
dissipates heat to the room 1f 1s in when operating at full load and if this heat dissipation 1s adequate to heat
the room in winter are to be determined.

Assumptions The motor operates at full load.

Analysis The motor efficiency represents the fraction of electrical energy consumed
by the motor that 1s converted to mechamical work. The remaining part of electrical
energy 1s converted to thermal energy and 1s dissipated as heat.

Qcspated = (1= Manotor Wi, slecric = (1-0.88)(20 kW) =2.4 KW

which is larger than the rating of the heater. Therefore, the heat dissipated by the motor alone 15 sufficient
to heat the room 1n winter, and there is no need to turn the heater on.

Discussion Note that the heat generated by electric motors 1s significant, and it should be considered in the
determination of heating and cooling loads.



2-74  Water is pumped from a lower reservoir to a higher
reservoir by a pump that provides 20 kW of shaft power. The
free surface of the upper reservoir is 45 m higher than that of
the lower reservoir. If the flow rate of water is measured to
be 0.03 m'/s, determine mechanical power that is converted
to thermal energy during this process due to frictional effects.

2-74 Water 1s pumped from a lower reservoir to a higher reservoir at a specified rate. For a specified shaft
power mput, the power that is converted to thermal energy is to be determined.

Asswmptions 1 The pump operates steadily. 2 The
elevations of the reservoirs remain constant. 3 The changes
in kinetic energy are negligible.

Properties We take the density of water to be g = 1000 T
kg/m’.

Analysis 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 1s equal to the —
change i 1ts potential energy. which 1s gz per unit mass, -Rfffﬂﬁ'
and mgz for a given mass flow rate. That is.

AE s, = MAC e = MApe = mghAz = plVeAz

) rd r .
=(1000kga’ms)(D.OSms.f's)(g_ﬁlmfs‘](451]1)1 L .,[ LW ]:13_21-;w
lkg-m/s- L1000 N-ms.

A

e

Then the mechanical power lost because of frictional effects becomes
it = Wonamp i — A ey = 20— 13.2kW = 6.8 kW

Discussion The 6.8 kW of power 1s used to overcome the friction in the piping system. The effect of
frictional losses in a pump is always to convert mechanical energy to an equivalent amount of thermal
energy, which results in a slight mise in fluid temperature. Note that this pumping process could be
accomplished by a 13 2 KW pump (rather than 20 kW) if there were no frictional losses in the system. In
this ideal case, the pump would function as a turbine when the water 15 allowed to flow from the upper
reservoir to the lower reservoir and extract 13.2 kW of power from the water.



2-76 A hydraulic turbine has 85 m of elevation difference
available at a flow rate of 0.25 m3/s, and its overall turbine—
generator efficiency is 91 percent. Determine the electric
power output of this turbine.

2-76 The available head of a hydraulic turbine and its overall efficiency are given. The electric power
output of this turbine is to be determined.

Assumprions 1 The flow is steady and incompressible. 2 The elevation of the reservoir remains constant.
Properties We take the density of water to be p = 1000 kg/m’.

Analysis The total mechanical energy the water
1 a feservoir possesses 1s equivalent to the
potential energy of water at the free surface, and —
1t can be converted to work entirely. Therefore, —
the power potential of water i1s its potential
energy. which is gz per unit mass. and mgz fora — (ll/r
given mass flow rate. Therefore, the actual _ _ Eff =91%

power produced by the turbine can be expressed — -

as

W ewbine = 7 ourbine & Mturbine = M urbine V8 turbine

Substituting,

1N \n.f

1kW
1kg-m/s’ /L 1000N-m/s

]=19I}kw

A

Woysine = (0.91)(1000 kg/m?)(0.25m>/s)(9.81m/s7)(85 m}[

Discnssion Note that the power output of a hydraulic turbine is proportional to the available elevation
difference (turbine head) and the flow rate.

2-77 An oil pump is drawing 35 kW of electric power
while pumping oil with p = 860 kg/m” at a rate of 0.1 m'/s.
The inlet and outlet diameters of the pipe are 8 cm and 12 cm,

respectively. If the pressure rise of oil in the pump is mea-
sured to be 400 kPa and the motor efficiency is 90 percent,
determine the mechanical efficiency of the pump.




2-77 A punp 1s pumpmg ol at a specified rate. The pressure nise of oil in the pump is measured. and the
motor efficiency 15 specified The mechamical efficiency of the punp i3 to be determined

Assumprions 1 The flow 15 steady and incompressible. 2 The elevation difference across the pump is
negligible.

Propersies The density of oil is given to be p =860 kg/m®.

Analysis Then the total mechameal energy of a fluid 13 the sum of the potenfial. flow, and kinefic ensrgies,
and 15 expressed per unit mass as ey, = gh+Pv+F> /2. To determine the mechanical efficiency of the
punp, we need to know the increase m the mechanical energy of the fhnd as 1t flows through the pump,
which is

. . | iRy Fi -2
A i = M08 et o — S ) = 1] (PY), +T“—(P-,-)1—Tl'=v (P, —P1}+p—]'

2

b8

since m = oV = /v, and there is no change in the potential
energy of the fluid Also,
7 =£= v _ 0.1m’s

—= — =199m/s
4 Ay 4 a(0.08m)” 4

v v 0.lms
Py = == = ——=58.84m/'s
A, mDii4 m012m)” 4

Substituting, the useful pumping power is deternined to be
w; AF s i

pexpu

={'|}.1m3-"s)| 400 KN/m? + (860 kg/m)

4,

B8ms)?-(199ms)? [ 1kN ] [ 1KW ]
2 | 1000kg-mfs* | | 1KN-mfs
=263kW
Then the shaft power and the mechanical efficiency of the punp become
W o s = Menotoe W atpcze = (0.90)(35 kW) =315 kW

_ Ppmpa _263KW

L— ——
P W piaz | 310 W

Discussion The overall efficiency of this pump/moter wnit is the product of the mechanical and motor
efficiencies, which is 0.9=0.836=0.75.

=0.836 =83.6%

295 The inner and outer surfaces of a 5-m % 6-m brick wall
of thickness 30 cm and thermal conductivity (.69 W/m - “C are
maintained at temperatures of 20°C and 5°C, respectively.
Determine the rate of heat transfer through the wall, in W.

_.--""‘—-—..\___._.______]
Brick
wall

200C 50
30 om




1-95 The mmner and outer swrfaces of 2 brick wall are maintamed at specified temperatures. The rate of heat

transfer through the wall 15 to be determmed.

Assumprons 1 Steady operating conditions exist smee the surface

temperatures of the wall remain constant at the specified valnes 2

Thermal properties of the wall are constant.

Propernes The thermal conductivity of the wall 1s given to be k=

0.69 Wim-*C.

Analysis Under steady condifions, the rate of heat transfer through

the wall 1= 0°C

. AT 20-5)°C

lemﬂ. = IE-'{T = {D'ﬁg Wi - "C}(S! 3] m!j%

3°C

=1035 W

2-102 Hot air at 80°C is blown over a 2-m * 4-m flat sur-
face at 30°C. If the convection heat transfer coefficient is 55
W/m?® - °C, determine the rate of heat transfer from the air to
the plate, in KW,

1-102 Hot air 1s blown over a flat surface at a specified temperature. The rate of heat transfer from the am
to the plate 1s to be determined.

Assumprions 1 Steady operating condifions exist. I Heat transfer by — gpeC
radiation 15 not considered. 3 The convection heat transfer coefficient Ela. Air
15 constant and uniform over the surface. :Z;

Amnalysis Under steady condifions, the rate of heat transfer by convection 15 _

0. = RAAT = (55 Wim® - *C)2 %4 m®)(80 - 20)°C = 22,000 W = 22 kW

2-103 A 1000-W iron is left on the ironing board with its
base exposed to the air at 20°C. The convection heat transfer
coefficient between the base surface and the surrounding air
is 35 W/m? - °C. If the base has an emissivity of 0.6 and a
surface area of 0.02 m?, determine the temperature of the
base of the iron.




2-103 A 1000-W iron is left on the iron board with its base exposed to the air at 20°C. The temperature of
the base of the iron is to be determined in steady operation.

Assumptions 1 Steady operating conditions exist. 2 The Tron

thermal properties of the iron base and the convection heat 1000 W

transfer coefficient are constant and uniform 3 The
temperature of the surrounding surfaces 1s the same as the
temperature of the surrounding air.

Properties The emissvity of the base surface 1s givento be g =
0.6. |
Analysis At steady conditions, the 1000 W of energy supplied

to the iron will be dissipated to the surroundings by convection

and radiation heat transfer. Therefore,

Ootat = Qs + Orag = 1000 W
where Q. =h4AT =(35 Wim” -K)(0.02 m>)(T, —293K) = 0.7(T, —293 K) W

VY

and
Opa = s0A(T - T2) = 0.6(0.02m*)(5.67 x 10 W/m? -K¥)[T} - (293 K)*]
= 006804 x107°[T* - (293 K)*1W
Substituting. 1000 W = 0.7(T, —293 K)+0.06804x10 [T —(293 K)*]
Solving by trial and error gives T, =947 K =674°C

Discussion We note that the iron will dissipate all the energy 1t receives by convection and radiation when
its surface temperature reaches 947 K.

2-104 A thin metal plate is insulated on the back and
exposed to solar radiation on the front surface. The exposed
surface of the plate has an absorptivity of 0.6 for solar radia-
tion. If solar radiation is incident on the plate at a rate of

f

\

- >\ /w
/

700 Wim?

a =106
25°C




2-104 The backside of the thin metal plate 15 msulated and the front side 1s exposed to solar radiation. The

surface temperature of the plate 1s to be determined when it stabilizes.
Assumptions 1 Steady operating conditions exist. 2 Heat transfer through the insulated side of the plate is

neghgible. 3 The heat transfer coefficient 1s constant and uniform over the plate. 4 Heat loss by radiation 1s

neghgible.

Properties The solar absorptivity of the plate 1s given to be oo = 0.6. O
Analysis When the heat loss from the plate by convection equals the solar
radiation absorbed. the surface temperature of the plate can be determined

from 700 W/m®
O-otarabserbed = Qcony
aQ. o = hA(T, -T,) a=06
0.6x Ax 700W/m? = (S0W/m?-° C) A(T, —25) 25°C
Canceling the surface area 4 and solving for T gives —
T, =33.4°C




