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Problem 2.1

A baseball has a mass of 0.3 Ib. What is the kinetic energy relative to home plate of a 94 mile
per hour fastball, in Btu?

KE =% m V2
¥ relative to home plate

11bf
32.2 ft'lb/s?

1 Btu

2
_ . 2
}=28511 felbs? | P

=3 (0.3 I){ (442D |

5280 ft| | 1h
60s

1mi

= 0.114Btu =
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Problem 2.2

Determine the gravitational potential energy, in kJ, of 2 m® of liquid water at an elevation of
30 m above the surface of Earth. The acceleration of gravity is constant at 9.7 m/s> and the
density of the water is uniform at 1000 kg/m®. Determine the change in gravitational potential
energy as the elevation decreased by 15 m.

KNOWN: The elevation of a known quantity of water is decreased from a given initial value by
a given amount.

FIND: Determine the initial gravitational potential energy and the change in gravitational
potential energy.

. A N/
SCHEMATIC AND GIVEN DATA: g=97 m/s2

p = 1000 kg/m®
ENGINERING MODEL.:

(1) The water is a closed system. (2) The acceleration of Az=-15m
gravity is constant. (3) The density of water is uniform. 2=30m

ANALYSIS: The initial gravitational potential energy is

PE, =mgz, = (pWV) gz,

_ kg 5 m 1N 1KJ
= (1000-2) (2 m*) (9.73) (30 m) T [onm
=582k] <«

The change in potential energy is

APE = mg(z, — z;) = mgAz
B ke my 1N 1 K]
= (1000 m3) (9.752)( 15 m) 1kg_sgz |103N.m

= —1455KkJ <
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Problem 2.3

An object whose weight is 100 Ibf experiences a decrease in kinetic energy of 500 ft-1bf and an

increase in potential energy of 1500 ft-1bf. The initial velocity and elevation of the object, each

relative to the surface of the earth, are 40 ft/s and 30 ft, respectively. If g = 32.2 ft/s?, determine
(a) the final velocity, in ft/s.

(b) the final elevation, in ft.

KNOWN: An object experiences specified changes in kinetic and potential energy. The initial
velocity and elevation are known.

FIND: Determine the final velocity and the final elevation.

SCHEMATIC AND GIVEN DATA:

AKE =—-500 ft-1bf

APE = + 1500 ft-1bf ENGINEERING MODEL: (1) The object is a
V, = 40 ft/s closed system. (2) The acceleration of gravity is
7, =30 ft constant; g = 32.2 ft/s?. (3) Velocity and elevation

are measured relative to the surface of the earth.

Fgrav = mg = 100 Ibf

AN

ANALYSIS: (a) The change in kinetic energy is: AKE = 1/2 m(V.? — V1?). Solving for V,

V= [(59) ] 2

The mass is
Fgrav _ 1001bf |32.2 ftlb/s?

g 322ft/s? 1 1bf
So, inserting values into (1) and converting units

m= =1001b

2(-500 ft—Ibf) |32.2 ftlb/s?
(1001b) i Ibf

\V, = 202]"" = 3575 s <
2 +( S) . S <«

(b) The change in potential energy is: APE = mg(z; — z1). With mg = Fyray,

Zo = APE/Fgray + 21 = (1500 ft-1bf)/(100 Ibf) + (30 ft) = 45 ft
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Problem 2.4

A construction crane weighing 12,000 Ibf fell from a height of 400 ft to the street below during a
severe storm. For g = 32.05 ft/s?, determine mass, in Ib, and the change in gravitational potential
energy of the crane, in ft-1bf.

KNOWN: A crane of known weight falls from a known elevation to the street below.
FIND: Determine the change in gravitational potential energy of the crane.
SCHMATIC AND GIVEN DATA:

Fgrav = 12,000 Ibf
g = 32.05 ft/s?

=0

N A A A A A A A AN

%
¥
)é
i

P

ENGINEERING MODEL.: (1) The crane is the closed system. (2) The acceleration of gravity
IS constant.

ANALYSIS:
To get the mass, note that Fgrray = mg. Thus

F 12000 Ibf |32.174 1b-ft/s?
m = &Y ST 1204610 <

A

g 32.05 ft/s?2 1 1bf

The change in gravitational potential energy is

APE = mg(z, — 2;) = FygrayAz = (12000 Ibf)(—400 ft) = 4.8x 10 ft-Ibf <
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Problem 2.5

An automobile weighing 2500-Ibf increases its gravitational potential energy by 2.25 x 10* Btu
in going from an elevation of 5,183 ft in Denver to the highest elevation on Trail Ridge road in
the Rocky Mountains. What is the elevation at the high point of the road, in ft?

KNOWN: An automobile of known weight increases its gravitational potential energy by a
given amount. The initial elevation is known.

Fgrav = 2500 Ibf
APE =2.25 x 10* Btu
A 2= ?

S . S |
1 = 5183 ft
ENGINEERING MODEL.: (1) The automobile is the closed system. (2) The acceleration of

gravity is constant. (2) Velocity and elevation are each measured relative to a stationary observer
on the surface of the earth.

FIND: Determine the final elevation. I

ANALYSIS: The change in gravitational potential energy is: APE = mg(z; — z1). With
Fgrav = Mg, We get

Solving for z,

APE __ (2.25x 10* Btu) |778 ftlbf

Z, = | +5183 ft = 12,185 ft<

YA =
t 7 (2500 1bf) 1 Btu

Fgrav
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Problem 2.6

An object of mass 15 kg is at an elevation of 100 m relative to the surface of the Earth. What is
the potential energy of the object, in kJ? If the object were initially at rest, to what velocity, in
m/s, would you have to accelerate it for the kinetic energy to have the same value as the potential
energy you calculated above? The acceleration of gravity is 9.8 m/s.

KNOWN: An object has known mass and elevation and is initially at rest. The acceleration of
gravity is given.

FIND: Determine the initial potential energy and the final velocity if it were accelerated to have
Kinetic energy equal to the initial potential energy.

SCHEMATIC AND GIVEN DATA:

ENGINEERING MODEL.: (1) The object is a
closed system. (2) The acceleration of gravity is
constant: g = 9.8 m/s®. (3) The final kinetic energy
is equal to the initial gravitational potential energy.
z; =100 m (4) Velocity and elevation are each measured relative
to a stationary observer on the surface of the earth.

ANALYSIS: First, evaluate the initial potential energy.

1 K]

PE; = mgz; = (15 kg)(9.8 m/s?)(100 m) |1 kgm/sZ| |103N-m =147k) <
For KE;=PE; — % mV,*=PE,
_ |2PE; _ [2(14.7K]) 103N-m| |1 kg-m/s? P
Vz—\/ _\/ ko | 1m =44.27m/s <
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2.7 An automobile having a mass of 900 kg initially moves along a level highway at 100 km/h
relative to the highway. It then climbs a hill whose crest is 50 m above the level highway and
parks at a rest area located there. For the automobile, determine its changes in kinetic and
potential energy, each in kJ. For each quantity, kinetic and potential energy, specify your
choice of datum and reference value at that datum. Let g = 9.81 m/s’,

KNOWN: Data are provided for an automobile on the open road.

FIND: Determine the changes in kinetic and potential energy for the automobile and specify an
appropriate datum for each.

SCHEMATIC AND GIVEN DATA:

. V, =
stationary observer on 2=0
level road
V=0
z=0

\ m = 900 kg 22 =50m

9): Sy 1K l

ENGINEERING MODEL.: (1) The automobile is the closed system. (2) The acceleration of
gravity is constant; g = 9.81 m/s°. (3) Velocities and elevations are measured relative to the

stationary observer on the level road.

ANALYSIS: The change in kinetic energy is

AKEzl/zm()/{g—vf)

2 3,12

1 B ,| 1h |10m | 1N 1KkJ

72 (300 kg)[0 — (100 km/h) 3600 s 1 km 1kgm/sZ| [103N-m
= —347.2 kJ (decrease) <«

The change in potential energy is
APE = mg(z, —/5

= (900 kg)(9.81 m/s?)(50 o| LN LY |—+4415kJ'
=( 9)(9.81 m/s)(50 m — 0) Tkem/sz| [To3Nm| - . (increase)e———
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2.8 Vehicle crumple zones are designed to absorb energy during an impact by deforming to
reduce transfer of energy to occupants. How much kinetic energy, in Btu, must a crumple

zone absorb to fully protect occupants in a 3000 Ib vehicle that suddenly decelerates from
10 mph to 0 mph?

KNOWN: Vehicle crumple zone absorbs energy during impact.
FIND: Change in kinetic energy, in Btu, of 3000-1b vehicle decelerating from 10 mph to 0 mph.

SCHEMATIC AND GIVEN DATA:

State 1 | State 2
i V,ZlOmph i V, =0 mph

ENGINEERING MODEL:

1. The automobile is the system.

2. Crumple zone absorbs all kinetic energy of vehicle upon impact.
3. Weight of occupants can be neglected.

ANALYSIS:
Change in kinetic energy (AKE) is determined by

AKE =% m(V3*> = V%)
where m is mass of the vehicle and V is velocity of the vehicle relative to the roadway.

Substituting and applying appropriate conversion factors yield

8]

AKE 1(3000113{(0?1) (10_]2}{(528()&)2 11bf ‘i h? | 1Bw |

(o P g L

AKE =-12.9 Btu P

The negative sign indicates the energy of the moving vehicle is reduced and must be absorbed by
the crumple zone to protect the occupants.
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2.9 In a recent airline disaster, an airliner flying at 30,000 ft, 550 mi/h, lost power and fell to
Earth. The mass of the aircraft was 255,000 Ib. If the magnitude of the work done by drag
force on the plane during the fall was 2.96 x 10° Btu, estimate the velocity of the aircraft at the
time of impact, in mi/h. Let g = 32.08 ft/s°.

KNOWN: An airliner falls from a known elevation and velocity to the surface of the Earth. The
magnitude of the work done against drag force is specified, and the average acceleration of
gravity is given.

FIND: Estimate the velocity at the time of impact with the Earth.

SCHEMATIC AND GIVEN DATA:

G;eaurm o>

0

m = 255,000 Ib
g = 32.08 ft/s?

. |5280f h
V; = 550 m|/h| 280 t| | 11| = 806.7 ftis
1mi |13600s
z;=0 ENGINEERING MODEL.: (1) The airliner is a
7 =100 m closed system. (2) The acceleration of gravity is
1

|Warag| = 2.96 x 10° Btu constant: g = 32.08 ft/s%. (3) The only forces acting
on the airliner as it falls are the drag force opposing
z motion and the force of gravity.

T

ANALYSIS: The work done against drag is Farag — OPPOSite t0

direction of motion

— (52
Wdrag - fsl Fdrag . ds

\

Farag -ds is negative. ds - direction of
So motion

Warag = —2.96 x 10° Btu

The work done against drag equals the change in kinetic energy plus the change in potential
energy

Wdrag = fSSlz Fdrag -ds =% m(\/Z2 - V12) + mg(ZZ - 1)
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Problem 2.9 (Continued)

Solving for V;

2w
V, = \/%+ 29z, + v?

32.174 ft-l—g

778.17 ft-lbf|

_  |2(-2.96x 10%Btu) ft o fi2
_J oexio ‘+2(32.0852)(30,000ft)+(806.7)Sz

1 Btu 1 1bf
= 1412 fifs
i 600 .
= 1412 ft/s| 1 mi | |3 S| = 962.7 mith <
5280 ft 1h

COMMENTS: The work done against drag is reduces the final kinetic energy, so it is negative
in this case. Also, be careful in applying the English system units in this problem.
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Problem 2.10

Two objects having different masses are propelled vertically from the surface of Earth, each with
the same initial velocities. Assuming the objects are acted upon only by the force of gravity,
show that they reach zero velocity at the same height.

KNOWN: Two objects are propelled upward from the surface of Earth with the same initial
velocities and are acted upon only by the force of gravity.

FIND: Show that they reach zero velocity at the same height.

e-e V2=0
SCHEMATIC AND GIVEN DATA: C A
ENGINEERING MODEL.: (1) Each object is a closed system. I
(2) The acceleration of gravity is constant. (3) The only force
acting is the force of gravity. 2

V1 V1
ANALYSIS: For an object moving vertically under the T
influence of gravity only, Eq. 2.11 applies (f’m‘l‘zl @
z1=0 > =

~mg (V3 —VZ) +mg(z, —z,) = 0
ForV,=0andz; =0

—%mVl2 +mgz, =0
Thus

Zy :V12/29

Since the final height doesn’t depend on mass, both objects will reach zero velocity at the same
final height.
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Problem 2.11

An object whose mass is 100 Ib falls freely under the influence of gravity from an initial
elevation of 600 ft above the surface of Earth. The initial velocity is downward with a
magnitude of 50 ft/s. The effect of air resistance is negligible. Determine the velocity, in ft/s, of
the object just before it strikes Earth. Assume g = 31.5 ft/s°.

KNOWN: An object of known mass falls freely from a known elevation and with a given initial
velocity. The only force acting is the force of gravity.

,.==s. m=100Ib
FIND: Determine the velocity of the object just before it strikes Earth. W '? g = 31.5 ft/s?
SCHEMATIC AND GIVEN DATA:

V=50 ft/s
ENGINEERING MODEL.: (1) The object is a closed system. — 600 ft
(2) The acceleration of gravity is constant: g = 51.5 ft/s°. 2=
(3) The only force acting on the object is the force of gravity.
ANALYSIS: Since the only force acting on the object is the force of
gravity, Eq. 2.11 applies. Thus L BT 0

0
@) i%(vzz -V +%g5;?— 2) =0 l Vo

Solving for V;

V, =/VZ + 29z,

Inserting values

VZ_J502—+2 315 )(600ft)— 200.7 ft/s <«

1. Note that the mass cancels out. Any object falling freely under the influence of gravity, with
no effects of air resistance, would reach the same final velocity.
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2.12 During the packaging process, a can of soda of mass 0.4 kg moves down a surface inclined
at 20° relative to the horizontal, as shown in Fig. P2.12. The can is acted upon by a constant
force R parallel to the incline and by the force of gravity. The magnitude of R is 0.05 N.
Ignoring friction between the can and the inclined surface, determine the can’s change in
Kinetic energy, in J, and whither it is increasing or decreasing. If friction between the can

and the inclined surface were significant, what would effect would that have on the value of
the change in kinetic energy? Letg = 9.8 m/s*.

Known: Can moves down a surface that is inclined relative to the horizontal. The can is
acted upon by a constant force parallel to the incline and by the force of gravity.

Find: Can’s change in kinetic energy, in J, and whether it is increasing or decreasing. If
friction between the can and the inclined surface were significant, what effect would that

have on the value of the change in kinetic energy?

Schematic and Given Data:

Initial
location

Final o3 \ 5
location \/ et
,‘/'

Engineering Model:

(1) The can is a closed system.

(2) The acceleration of gravity is constant.

(3) The applied force R is constant.

(4) Ignore friction between the can and inclined surface.

Analysis:

Begin with Eq. 2.6

s Lt —) = ®

From the free body diagram in the schematic, the dot product can be expressed as
F.-ds= (R + (mg)sine20° )ds

Substituting into Eq. (1)

T %
~.ds= "R+(n
..

5 5

Since Az = As sine 20°, Eq. (2) becomes

I(R)ds + (mg)Az = (R)As + (mg)Az = AKE 3)
Evaluate As
Azz _1.5m

=439m

" sine20° 0.342
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Problem 2.12 (Continued)

Subsituting all known and calculated data into Eq. (3)

AKE = (0.05N)(4. 394% + (0.4kg(9 8— kg = |1N =

AKE=0.22J+5.88]=6.1] e
Which corresponds to an increase in Kinetic energy. -
If friction were significant, the magnitude of the net force acting in the direction of o

motion would be less, and thus the kinetic energy change would be less than calculat. ...

1. Observe that in the absence of the force R the can is acted on only by gravity, and the
can’s change in kinetic energy is 5.88 J.
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Problem 2.13

Jack, who weighs 150 Ibf, runs 5 miles in 43 minutes on a treadmill set at a one-degree incline
(Fig. P2.13). The treadmill display shows he has burned 620 kcal. For jack to break even
calorie-wise, how much vanilla ice cream, in cups, may he have after his workout?

e Exercise value = 620 kcal
e Calorific value; 1 cup of vanilla ice cream = 264 kcal

To break even calorie-wise, Jack may have

620 kcal

= 2.35 cups <«

264 kcal/cup
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Problem 2.14

An object initially at an elevation of 5 m relative to Earth’s surface and with a velocity of 50 m/s
is acted on by an applied force R and moves along a path. Its final elevation is 20 m and its
velocity is 100 m/s. The acceleration of gravity is 9.81 m/s>. Determine the work done on the
object by the applied force, in kJ.

KNOWN: An object moves along a path due to the action of an applied force. The elevation
and velocities are known initially and finally.

FIND: Determine the work of the applied force.

SCHEMATIC AND GIVEN DATA: m =50 kg 20m
V1 =50 m/s. 2
ENGINEERING MODEL: (1) The object is a closed o T
system. (2) R is the only force acting on the object other , 71=5m
than the force of gravity. (3) g =9.81 m/s® and is constant. T
ANALYSIS: To find the work of force R we use
Work = flz R-ds = %‘m(Vz2 - V&) +mg(z, — z;)
Inserting values and converting units
Work = |2 (50 ke) (1002 — 505 ™ + (50 k )(9.8153) (20 - 5) N L
=12 g s2 BI\700 5z m 1kg-m/s?[[103N-m

=187.5+7.36 =194.9 kJ

A
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Problem 2.15

An object of mass 10 kg, initially at rest, experiences a constant horizontal acceleration of 4 m/s?
due to the action of a resultant force applied for 20 s. Determine the total amount of energy
transfer by work, in kJ.

KNOWN:
A system of known mass experiences a constant horizontal acceleration due to an applied force
for a specified length of time.

m =10 kg
FIND: Determine the amount of energy transfer by work. F @ L ax=4m/s’
x s/ At=20s

SCHEMATIC AND GIVEN DATA: Vi=0
|—> X

ENGINEERING MODEL.: (1) The object is a closed system.
(2) The horizontal acceleration is constant.

ANALYSIS: The work of the resultant force is determined using Eq. 2.6

0
1
[ Fodx = 2mvz - )
To find V>, use the fact that the acceleration is constant

dv \Y t
&= — —dV = a,dt - fvlz dV = ft: a, dt

or 0
(V2 >/1) = ax(tz - tl) = axAt
Thus
V, = (4 m/s?) (20 s) = 80 m/s
Finally, the work of the resultant force is

X2 _ l 2
fxl Fydx = -mV;

1N
1 kg'm/s2

1K
103N'm

=32 kJ

A

_1 2 Mm?
=1 (10kg)(80%) 2
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Problem 2.16

An object with an initial horizontal velocity of 20 ft/s experiences a constant horizontal
acceleration due to the action of a resultant force applied for 10 s. The work of the resultant
force is 10 Btu. The mass of the object is 55 Ib. Determine the constant horizontal acceleration,
in ft/s’.

KNOWN: Data are known for an object accelerating horizontally under the action of a constant
resultant force for a specified amount of time. The work of the force is given.

FIND: Determine the constant horizontal acceleration.

SCHEMATIC AND GIVEN DATA:

Initially Finally
At=10s
Work of force F is 10 Btu

ENGINEERING MODEL.: (1) The object is a closed system. (2) The resultant force is
constant over the time interval. (3) All forces and motions are horizontal.

ANALYSIS: The constant horizontal acceleration is a = dV/dt = (V2 — V1)/At. To find V;, = use
Eq. 2.6
fsf F-ds=%m(\V.?— V.9

Work, W, of the
resultant force F

So

778 ftlbf
1 Btu

V, = %_l_ V2 :\/2(10 Btu)

|32.2 ft-1b/s2
(55 1b)

fty, _
— 2P|+ (209)2 = 97.52 fifs

The acceleration is

a = (V,— Vi)/At = [(97.52 — 20)ft/s](10s) = 7.752 ft/s®
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Problem 2.17

A gas in a piston-cylinder assembly undergoes a process for which the relationship between
pressure and volume is pV® = constant. The initial pressure is 1 bar, the initial volume is 0.1 m®,
and the final pressure is 9 bar. Determine (a) the final volume, in m?, and (b) the work for the
process, in kJ.

KNOWN: A gas in a piston-cylinder assembly undergoes a process during which pV? =
constant. State data are provided.

FIND: Determine the final volume occupied by the gas and the work for the process.

SCHEMATIC AND GIVEN DATA:

e , p (bar)
1 [l 9 2
: Gas ! | T
:___2 _____ ! ENGINEERING MODEL.: (1) The
< oV2 = constant gas is a_closed system. (2) Volume
change is the only work mode. (3) the

b= 1 bar 3 process of the obeys pV? = constant.

Vi=01m

p2 =9 bar

g E— -
01 Vv(md
ANALYSIS:
(a) We have pV? = constant. Thus p;Vi% = p2V2%. Solving for Vs,
1/2 1/2
V,= [% Vi, = E] (0.1 m%) = 0.0333 m® «
2

(b) Using Eq. 2.17 to determine the work

_ 2 _Db2Vo—piVy
W= fl pdV—W

Inserting values and converting units

(See Example 2.1(a) for the integration)

_ (9bar)(0.033 m®)—(1 bar)(0.1 m?)
B (-1

10°N/m?
1 bar

1Kk

W
103N'm

=—-20k) =

\ Negative sign denotes energy transfer to the

gas by work during the compression process.
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Problem 2.18

Carbon dioxide (CO,) gas within a piston-cylinder assembly undergoes a process from a state
where p; = 5 Ibf/in.2, V1 = 2.5 ft* to a state where p, = 20 Ibf/in.%, V, = 0.5 ft. The relationship
between pressure and volume during the process is given by p = 23.75 — 7.5V, where V is in ft®
and p is in Ibf/in.? Determine the work for the process, in Btu.

KNOWN: CO; gas within a piston-cylinder assembly undergoes a process where the p-V
relation is given. The initial and final states are specified.

FIND: Determine the work for the process.

SCHEMATIC AND GIVEN DATA:

25

p: = 5 Ibf/in.? 2 p=23/75-75V

Vi=25f e . ?
! i 15

po=201bfin2 | CO2 | o 1
V=05 e ' . W

ENGINEERING MODEL.: (1) The CO; is the 0

closed system. (2) The p-V relation during the ©B iy 28
process is linear. (3) Volume change is the only

work mode.

ANALYSIS: The given p-V relation can be used with Eq. 2.17 as follows:

vz v2 7.512]"
W= pav= f [23.75 — 7.5V]dV = l23.75V - l
Vi 41 vy
75 5
= 23.75[V, = ;] — T[V2 e Zd
Ibf\ |144 in.? 7.51bf/in.2\ |144 in.?
=(23.75 — ) |———|[0.5 — 2.5]ft3 — | — .52 — 2.52](ft3)?
W (37Sin.2> 1ft2 [0.5 =251t <2 ft3 > 1 ft2 (0.5 ST
=-3600 ftIbf
= (—3600 ft - 1bf) |%:;bf = —4.63 Btu (negative sign denotes energy transfer in.) <+———

Alternative Solution
Since the p-V relation is linear, W can also be evaluated geometrically as the area under the
process line:

144 in?
1 ft2

Btu
778 ft - Ibf

p1 +p2

: (0.5 — 2.5)ft3

20 + 5) Ibf

)(VZ—V1):< 2

W = pae(Vs — V) = (
= -4.63 Btu

in?
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PROBLEM 2.19

KoowN: A J“‘ in & P,shm—calnnder stemb/‘y u:;dcrﬂoes a CQMFNSS“Oﬂ
process for wluch P'V’"= constant. State data i's pro vided .
FirD For en.cb\az n=o0, nz{,and n=10-3, detervsne +he Critr e

pressure, i bar, aand the wori, el T

SCHEIMATIC £ CIVEN DATA’

A EEEE 2 1)
q ' L 3 b
:. Qas ! ™~
' : g
oy % 4¢
LPV""—CDHS*“'L e k)
v S. IHQ ) 1(‘)
» L [ 3
Vo= 0 o+w\,fz 2 bar et - ¥ Vm )

ENGINZERING (MoDE:
4. The gas witbin tha Pisten - cgbnder /s +ho closed S/svlew‘.
2. Volome change & tha a\nl?r Cooric mode.

3. The Process of +he s5as obeys pV =conn‘md'/ where («) n=0, Ch) n=z 1,
€)n=i.3.

ARALT SIS

(«) n=04% Thus, pV°= Constant => p= constant.

S-o) g= Q_b‘r - ——

Using Bq. 2-LF w.th p= conmtiant,

T oy, a4 LA R i —
@ W = Sip av= pLV-Vi] = 2bar[ 004 -0.(] ™ Tht “ ISR N‘ 24
(b) n=14% Thus, V= congtant=>= (A Ve = R= ﬁ[%);%ar{%) =O.Ybar4—
2 9 3 L‘I 6.04
f’Pdv = g £dv= c/bm\__v/;,_ = P:\/i*"*:—,-ri‘ = @‘“{Ez}("'““)’lo’nv}% o-io
g ‘ : = -#33 kJ i o .90 T

(¢} nz= |.37 Twus, pV; -P;\J' where n=1-3, = P‘ =P -\r‘ = 2bar :?2

= 0.08 bar =—

L
W= Sfpdvz'r‘ _;_,“ A-V; M - See Ekdmp‘( Q.‘Cﬁ) {Or--f‘\g |'y|+f§y*g7l7'[/\4,

™ (l=-n)
W= (awetMnt)0. o) ~ (0-¢08 xs8" MO, 173 | fe3
. Ct=1. %) ]QaN'b\
= - b.4 kI

4. The nejahve Siym frr W deweotrs orke done o +he
34: dM"V\J c_ou.\‘pgpsso‘m_
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Problem 2.20

Nitrogen (N>) gas within a piston-cylinder assembly undergoes a process from p; = 20 bar, Vi =
0.5 m® to a state where V, = 2.75 m®. The relationship between pressure and volume during the
process is pV** = constant. For the N, determine (a) the pressure at state 2, in bar, and (b) the
work, in kJ.

KNOWN: N gas within a piston-cylinder assembly undergoes a process where the p-V relation
is pv**® = constant. Data are given at the initial and final states.

FIND: Determine the pressure at the final state and the work.

SCHEMATIC AND GIVEN DATA: ENGINEERING MODEL.: (1) The
N is the closed system. (2) The p-V
------------ relation is specified for the process.

pV %= constant \
N, I 01 = 20 bar, V; = 0.5 m® Eﬁg(:golume change is the only work
! ! V,=2.75m’ '

____________

n
ANALYSIS: (a) p VR =p,V —  p,=p, (%) :n=1.35. Thus

1.35
p, = (20 bar) (0'5 m’ ) = 2bar

2.75m3

&
<«

(b) Since volume change is the only work mode, Eq. 2.17 applies. Following the procedure of
part (a) of Example 2.1, we have

_ p2Vo—-pVi _ (2 bar)(2.75 m®—(20)(0.5) |10°N/m?

1-n 1-1.35 1 bar

1K

W
103N'm

=1285.7kJ =
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Problem 2.21

Air is compressed slowly in a piston-cylinder assembly from an initial state where p; = 1.4 bar,
Vi = 4.25 m®, to a final state where p, = 6.8 bar. During the process, the relation between
pressure and volume follows pV = constant. For the air as the closed system, determine the
work, in Btu.

KNOWN: Air is compressed in a piston-cylinder assembly from a known initial state to a
known final pressure. The pressure-volume relation during the process is specified.

FIND: Determine the work for the air as the closed system.

SCHEMATIC AND GIVEN DATA:

T < p1=14
T : Vi =4.25m?
! W=2?
""""""" : p2 = 6.8 bar
p
6.8 bar 2
pV = constant
/ ENGINEERING MODEL.: (1) The air is
a closed system. (2) The process is
1 polytropic, with pV = constant.
1.4 bar
3 Vv
3
V,=? 425 m

ANALYSIS: The work for the polytropic process can be determined by integrating
W= flzz pdV. The pressure-volume relation is pV = constant.

V, constant

W= f]ZZ pdV = fvl Y dV = (constant) In (V2/V1)

The constant can be evaluated from the given data as constant = p;V;, and V, can be determined
using p1Vi1 = p2Vo. Thus

Vs, = (p1/p2)V1 = (1.4/6.8)(4.25 m*) = 0.875 m°
And

W= (p1V1) In (Vz/Vl)
10°N/m?

N |- g404k) <

103N'm \

Negative — energy transfer by
work is in, as expected

W = (1.4 bar)(4.25 m% In (0.875/4.25)|

1 bar
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Problem 2.22

Air contained within a piston-cylinder assembly is slowly compressed. As shown in Fig P2.32,
during this first process the pressure first varies linearly with volume and then remains constant.
Determine the total work, in kJ.

KNOWN: Air within a piston-cylinder assembly undergoes two processes in series.

FIND: Determine the total work.

SCEMATIC AND GIVEN DATA: ENGINEERING MODEL.: (1) The air within the
piston-cylinder assembly is the closed system. (2) The
two-step p-V relation is specified graphically. (3)
Volume change is the only work mode.

150 — t <

100 —
(kPa)

0.015 0.055 0.07
V (m?3)

ANALYSIS: Since volume change is the work mode, Eq. 2.17 applies. Furthermore, the
integral can be evaluated geometrically in terms of the total area under process lines:

, ® @

p1tp
W= AV = paye(Vo = V1) + 0, (V3 = V3) = ( - 2 2) (Vo = V1) +p, (V5 = 13)
41
__[/100+150 3 103N/m?|| 1K]
- [(T) kPa(0.055 — 0.07)m3 + (150)(0.015 — 0.055)] | |

= (-1.875kJ) + (-6 k) =-7.875kJ (in) <

A
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Problem 2.23

A gas contained within a piston-cylinder assembly undergoes three processes in series:

Process 1-2: Constant volume from p; = 1 bar, V; = 4 m to state 2, where p, = 2 bar.

Process 2-3: Compression to Vs = 2 m®, during which the pressure-volume relationship is pV = constant.

Process 3-4: Constant pressure to state 4, where V; = 1 m°.

Sketch the processes in series on p-V coordinates and evaluate the work for each process, in kJ.

KNOWN: A gas contained within a piston-cylinder assembly undergoes three processes in
series. State data are provided.

FIND: Sketch the processes on p—V coordinates and evaluate the work for each process.

SCHEMATIC AND GIVEN DATA:

5 —
L E 4 -+ 4 3 pV = constant
i Gas :l Note: p2Va = p3Vs
: : 53 S0 ps = (Va/Va)ps
L .. : = = (4/3)(2 bar)
o 5 —+ 2 =4 bar
1 T 1
| | | — v (m°)
1 2 3 4

ENGINEERING MODEL.: (1) The gas in the piston-cylinder assembly is a closed system. (2)
The gas undergoes three processes in series, as illustrated. (3) Volume change is the only work
mode.

ANALYSIS: The work is evaluated using Eq. 2.17: W = [ pdV

Process 1-2: The volume is constant, so Wi; = 0. <

V3 constant

Process 2-3: Wa3 = [ dV = constant In (V3/V2) = (p2V2) In (V3/Vy)

V2 1%
: 3 10°N/m?| | 1Kk] | _ . ~
= (2 bar)(4 m®) In(2/4) | || = ssaski(in) <
Process 3-4: For the constant-pressure process
3 3 3 |10°N/m?| | 1Kk] | _ S
Wia = p(Vs — Vs) = (4 bar)(1 — 2)m | S | = =400k 3 in) <
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Problem 2.24

Carbon dioxide (CO,) gas in a piston-cylinder assembly undergoes three processes in
series that begin and end at the same state (a cycle).
Process 1-2: Expansion from State 1 where p; = 10 bar, V1 = 1 m®, to State 2 where V, =

4 m®. During the process, pressure and volume are related by pv** =
constant.

Process 2-3: Constant volume heating to State 3 where ps = 10 bar.
Process 3-1: Constant pressure compression to State 1.

Sketch the processes on p-V coordinates and evaluate the work for each process, in kJ.
What is net work for the cycle, in kJ?

KNOWN: Carbon dioxide gas undergoes a cycle in a piston-cylinder assembly. Data are
provided for the key states and the different process that make up the cycle.

FIND: Sketch the processes on p-V coordinates, and determine the work for each process and
the net work for the cycle overall.

SCHEMATIC AND GIVEN DATA:

------------- I Process 1-2: Expansion from State 1 where
p1 = 10 bar, V; = 1 m®, to State
2 where V, = 4 m®. During the
_____________ I process, pressure and volume

are related by pV**° = constant.
ENGINEERING MODEL.: (1) The COzisa Process 2-3: Constant volume heating to

closed system. (2) Processes 1-2 and 3-1 are State 3 where p; = 10 bar.
quasi-equilibrium processes. (3) Process 2-3 is Process 3-1: Constant pressure compression
at constant volume and Process 3-1 is at to State 1.

constant pressure.

0
S

ANALYSIS: First, for Process 1-2, pvV** = constant. Thus
PV = paVot® = pa = (ValVo)' pr = (1/4) (10 bar) = 1.25 bar

With ps = p2 = 10 bar, and Vs = V, = 4 m®, all states are known and the p-V diagram is

A

p (bar)

| | | | v (m’)
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Problem 2.24 (Continued)

Process 1-2 The work is W = f‘Zz pdV. For a polytropic process with pv*° = constant, the
integral becomes

1Kk

W
12 103N-m

_paVo—piVy _ [(1.25 bar)(4 m3)—(10 bar)(1 m3)] |105N/m2
T o1-15 (1-1.5) 1 bar

= 1000 kJ (out) <

Process 2-3 Since there is no volume change, Wo3 =0 <

Process 3-1 The work is W3; = f‘Zl pdV. Since the pressure is constant, the integral becomes

Wa1 = p3(V1— Va)

10°N/m? 1KJ

= (10 bar) (1 —4) m®

| = 3000 kJ (in) <

1 bar 103N-m

The net work for the cycle is:

Woycle = Wiz + Wag + Wy = (1000) + (0) + (— 3000) = — 2000 ki (in)
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Problem 2.25
Aiir contained within a piston-cylinder assembly undergoes three processes in series:

Process 1-2: Compression during which the pressure-volume relationship is pV = constant from
p1 = 10 Ibf/in.%, V1 = 4 ft* to p, = 50 Ibf/in.’

Process 2-3: Constant volume from state 2 to state 3 where p = 10 Ibf/in.?
Process 3-1: Constant pressure expansion to the initial state.

Sketch the processes in series on a p-V diagram. Evaluate (a) the volume at state 2, in ft, and (b)
the work for each process, in Btu.

KNOWN: Air within a piston-cylinder assembly undergoes three processes in series.

FIND: Sketch the processes in series on a p-V diagram. Evaluate (a) the volume at state 2, and
(b) the work for each process.

SCHEMATIC AND GIVEN DATA:

Air
Do pV = constant

Process 1-2: Compression during which the /
pressure-volume relationship is pV = constant
from p; = 10 Ibf/in.2, V; = 4 ft* to p, = 50 Ibf/in.

Process 2-3: Constant volume from state 2 to state
3 where p = 10 Ibf/in. 3 1

Process 3-1: Constant pressure expansion to the

initial state. V

ENGINEERING MODEL.: (1) The gas is the closed system. (2) Volume change is the only
work mode. (3) Each of the three processes is specified.

ANALYSIS: (a) For process 1-2; pV = constant. Thus p;V1 = p,V2, and

_ (P1\, _ (10Ibf/in?2 - .
Vz - (pz) Vl - (Solbf/in_z) (4 ft ) =0.8 ft <

(b) Since volume change is the only work mode, Eq. 2.17 applies.

Process 1-2: For process 1-2, pV = constant = p;V1. Thus

V Vo C V V
Wy, = f,7pdv = [,>Cdv = CIn (V—l) = (p,V)In (7)
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Problem 2.25 (Continued)

Inserting values and converting units

1bf 144 in.?

Wir = (10 ) (4 %) In (22 “3)

1 Btu

= -11.92 Btu (in) <

4 ft3 1 ft2 778 ftIbf

Process 2-3: Constant volume (piston does not move). Thus W3 =0 <«
Process 3-1: Constant pressure processes (ps = p1): Wiy = fél pdV =p,(V; —V3)

Noting that V3 =V,

Ibf 144 in.2

=5.92 Btu (out) =

Wy = (10-3) (4 — 0.8)ft? |

in2.

| 1 Btu
778 ftlbf

1 ft2

1. The net work for the three process is

Whet = Wi + Wo3z + W3y = (-11.92) + 0 + (5.92)) = - 6 kJ (net work is negative - in)
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PROBLEM 2.26

A 0.15-m-diameter pulley turns a belt rotating the driveshaft of a power plant pump. The torque
applied by the belt on the pulley is 200 N - m, and the power transmitted is 7 kW. Determine the
net force applied by the belt on the pulley, in kN, and the rotational speed of the driveshaft, in
RPM.

Known: Pulley turns a belt rotating the driveshaft of a power plant pump with known
torque and power transmitted.

Find: Determine the net force applied by the belt on the pulley, in kN, and the rotational
speed of the driveshaft, in RPM.

Schematic and Given Data:

\[ FT=F2-F|=?

D=0.15m
W=7
7=200 Nem
F, F; £ >F, W = TkW
Due to belt tension

To driveshaft

Engineering Model:
(1) The rotational speed of the pulley and drive shaft are assumed to be equal.

(2) Net tangential force (F1) on the pulley is due to belt tension (see schematic).

Analysis:

The net force, in kN, applied by the belt on the pulley is calculated using the torque and
the diameter of the pulley as follows

D 27 _ 2(200N-m)| 1 kN |

T:FT(E\J or F =—

=2.67 kN —
D 0.15m [1000N

Using Eq. 2.20, the rotational speed of the driveshaft, in RPM, is determined using
assumption 1, power transmitted, and torque as follows:

’IOO(FJ
s

: Woan __ TKW

|1N-m|| 60s rev
Wy =T@0 O @@= =
T 200N - m

- - =3342 RPM <+——
kW ‘l 1J ||1m1n 27 radians|



https://testbanks.ac/product/9781119391432-SOLUTIONS-5/

[CLI cK HERE TO ACCESS THE COMPLETE Sol uti ong

Problem 2.27

A 10-V battery supplies a constant current of 0.5 amp to a resistance for 30 min. (a) Determine the
resistance, in ohms. (b) For the battery, determine the amount of energy transfer by work, in kJ.

KNOWN: Operating data are given for a 10-V battery providing current to a resistance.
FIND: Determine the resistance and the amount of energy transfer by work.

SCHEMATIC AND GIVEN DATA:

.

10-V battery R

ENGINEERING MODEL.: (1) The resistor is
----1- the closed system. (2) The current is constant
with time.

1=0.5amp
At =30 min

ANALYSIS: For current flow through a resistor: Voltage = Resistance * Current (Ohm’s Law)
Thus

. 1 ohm
Resistance =

Voltage _ 10 amps

|:200hm <

Current 0.5 volts |1 volt/amp

With Eq. 2.21applied to the battery which is discharging

1 watt/amp

|Welec| = (voltage)(current) = (10 volt)(0.5 amp)| Tvolt

| =5 watt
So, for 30 min of continuous operation, the energy transfer by work to the resistor is
t . .
Welec = ft:lWelecldt = |I/Velec|At

60s
1 min

1]/s
1 watt

= 9kJ <

= (5 watt)(30 min)|

|1k]
103]



https://testbanks.ac/product/9781119391432-SOLUTIONS-5/

[CLI cK HERE TO ACCESS THE COMPLETE Sol uti ong

Problem 2.28

An electric heater draws a constant current of 6 amp, with an applied voltage of 220 V, for 24 h.
Determine the instantaneous electric power provided to the heater, in kW, and the total amount
of energy supplied to the heater by electrical work, in kW-h. If electric power is valued at
$0.08/kW-h, determine the cost of operation for one day.

KNOWN: An electric heater draws a constant current at a specified voltage for a given length
of time. The cost of electricity is specified.

FIND: Determine the instantaneous power provided to the heater and the total amount of energy
supplied by electrical work. Determine the cost of operation for one day.

SHEMATIC AND GIVEN DATA:

ENGINEERING MODEL.: (1) The heater is a closed
system. (2) The current and voltage are constant.

___________

s
ANALYSIS: The constant power input to the heater is
given by Eq. 2.21
Wi, = £1 = (220 V)(6 amp) |1W/amp| |“‘W = 1.320kW

103W

Thus, the total energy input is

L= fttlz Wi, dt = Wi At = (1.320 kW)(24 h) = 31.68kW-h <

Using the specified cost of electricity

Cost per day = (31.68 kW-h) ($0.08/kW-h) = $2.53 <«
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Problem 2.29

K NOWN !

S————

An expression for tue power dewlopeq{ bg an automeoble engc'ng
in teems of torque and rotahion ol speed s given.
Frop !

Fr power , inhp, -l-urqve)w: f1-1bf, and rotmhrmel speed,
W, RPM, evaivate +ha value and Qurts O‘f‘f‘" congimnt
d.pﬂ(o\v‘c‘nj L e j:V?m €ex pas s3ionm,

ANALYSIS: The qwven eypusiimu W= Tw/c. When W winhp,

g W ;{-“of ) ond te ¢n RPM) bU '.*\SPOQI"M +ho owity
°of C are [G*'lb{ X "C"/W“i]

hp
Begmm‘nj w4 W = T w

e

)51-7--7-‘)) and ﬁP’(jl"l? vt
Cmversim factors fm ¥ godoct T, we aef

. ad || 4w ihp
W = Tk w50 | 2| | mas
.‘® : 1oV Lhp

= T Ibf) w('“",‘ ! [5251(#1»{)(“\//""‘)]

oW = TUFkB) (G2

i

C = 5252 (MM»)
hp
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Problem 2.30

5 ‘ne.
KN oW NG OPcraﬁnj date are prov.ded for a V-6 autoncbile €ngin

the develo Ped pewer +hat iy
D Det ine +he percentage of :
e +ia::;:'rcd +o the drs/vesheft and digewss |

SCHEMATIC ® GIVEN P ATA:

Drive
-

ir i 1 Y hatft:
Air in AN Sy, P rive
T e
| L g gas out S & ft-lof
- s Fuel in ©Torque = 2%
= g p/

Engine develops zu.ip

AMALYSIS:  Usi 5

delivered +o +ha drive shaft w
€9.2.20, +he power

W= Te&r ) .
v wain - —
L (48 £t (4700 e ) | 2Ered|| 920 | S s
= 22.4 \f\p

e+ sk
The percentege of tha power developed by tts -cna‘,\e.,.
J¢ deriveved T the d'f-wskr{.d’ao

o . 221.9hp _ oq5 (18%)
A - 216 hp

Frichonal and hike -C-F-Rc‘-{-s QAcc o unt -@0" +ha &-F—((reﬂq.
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Problem 2.31

Figure P2.31 shows an object whose mass is 5 Ib attached to a rope wound around a pulley. The
radius of the pulley is 3 in. If the mass falls at a constant velocity of 5 ft/s, determine the power
transmitted to the pulley, in hp, and the rotational speed of the shaft, in revolutions per minute
(RPM). The acceleration of gravity is 32.2 ft/ s°.

KNOWN: An object attached to a rope wound around a pulley falls at a constant velocity.
FIND: Find the power transmitted to the pulley and the rotational speed.
SCHEMATIC AND GIVEN DATA:

ENGINEERING MODEL.: (1) The object falls at a constant
speed. (2) The acceleration of gravity is constant.

ANALYSIS: The power is obtained using Eq. 2.13

W =F-V=(mg)V

1 Ibf
32.2 Ib-ft/s?

_(51b)(322 )

2

=25 ft-lb/s

Converting to horsepower

- (25 ft- f) |5501fthlI:)f/s

The rotational speed of the pulley is related to the velocity of the object and the radius by
V =Rw. Thus

\'% (Sft/s)
w=—-=
R 3/12 ft

= 0.0455 hp <

60 s

1 min

lrev

4

=191 rev/min <
21
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Problem 2.32

KNOWN': A wire x..qudu Verh‘c..ll-’ s Stretchad ba an arpla'eJ #rcq i
E(ND: Obtein an EXpresss on for tha work dove om wire and evalvate,
Ho work f oo yiven vet of dota .

SCHE MATIC £ GIVENM D ATA! ENGR. MODEL:
Cm,rma sivess Pota set: I. Tha wire 's tha cloged fﬁ*M'
Shain i .
| Wire O...‘: Cér—- o= (0 4% 2',m W\av-r\a hﬂm“rv L
' Y= to.ol ft omly work wede.
| Cross-section €= ﬂf C=48 ,uo’lbf 3. Tha chonax i arecl A Ly
area=A R i Tk negliqgiole.
wi :':u?lu: A= 0.1in* 4 Tha rnormeX stress and rlug
R o—rp).'gd {-er:_c. vari'es
. l-'nem\'a with strain,
~—H-—x
F Fig. P2.39
ANMNSIS : @) The work done on the wire s 9weM by E? 2.18
W= f aAdx
'D

From Hhe 3L’Ven shress - shraiv relation
T=ce = e ()
Where C is a tonstaut ( Young's modutlus),. From +his express[ow
de = CR 5 dye X,dE

Xo
Substituting info the work expression

€ 3
Wz-J (Ce)A(x,dE) = - chofgde

Fi hattj

W= _ GAXE® work
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Problem 2.32 (Continued)

() Subsh'lvb'nj Given dato ‘nty tha Werk Sxpwuiad i

"_.L
(21" ) (018 roge) [ 224 = 2.5 ftlbf
# il

W -

The dewnward -Furcc Vayres T Seain o..cc.w-d.mc]f-o
F-oA = CEA = Ac[x__-*o]
Xo

(W "%KQJ F:Q . Wwhan X-¥g= D-.Ol'f-t)

.0l __
F= (oimt)(2$ m‘?_'?";f:.-)( °—ID—£-) = QS‘oolLF

ih
F 2 /
(1of)
01 i

0 (x=%¥p) 0.0l
(§¢)
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Problem 2.33

KNowN Date. o providad Fw- a. S‘prn:wj stretehad bt;) o force 0~pplu'e¢ at Jgend,

EIND'.  Olbiwin an expution fur the werk done wt siveching Ha TP7ing
and evawedts tha work viing g iven data.

SeHEMATIC § ISR DATA: ENGR. MoDEL:
I Tha spring & tha Cloted 5y Steme
—n F k [4-40) 2. Tha weving boundey ht only Work mede,
by il;isxtlrgemhed g3 3. Hoote's law epplies,
! memmmmmee S R = bem ARALTIIL: (a)Tha wor i< done v shretelivy
2,:: "::;/M o sprng o gventy
‘ W= —S Fdl
F Fig. P2.41 Lething o= R-Ro , Hit beammso

W: - Sthd% T -K [*;;Nlj
|
2 --g[ (lz-lo)"‘(“t'-‘o\\'] -

(5) WW (/QL'XO) —‘:gCW\ and (,Q,. '/eo): 76;«)

13

W= ("M [ F e 3’." U""){H 7:7?"\‘\ o
C

= ~-207
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Problem 2.34

A fan forces air over a computer circuit board with a surface area of 70 cm? to avoid
overheating. The air temperature is 300 K while the circuit board surface temperature is 340
K. Using data from Table 2.1, determine the largest and smallest heat transfer rates, in W,
that might be encountered for this forced convection.

KNOWN: A fan forces air to flow over a circuit board to avoid overheating.
FIND: Largest and smallest heat transfer rates associated with this forced convection.
SCHEMATIC AND GIVEN DATA:

0,
Air .
1

7,=300K

Circuit Board
T,=340 K
A =70 cm?

ENGINEERING MODEL:
1. The circuit board is the system.
2. The system is at steady state.

ANALYSIS:

Newton’s Law of Cooling is Q, = hA(T}, — T), where Q, is the rate of cooling heat transfer, h is
the convection heat transfer coefficient, A is area of the surface, 7} is temperature of the surface,
and 7t is temperature of the flowing fluid (air).

From Table 2.1 for forced convection using gases, the largest and smallest values for the
convection heat transfer coefficient are

(Largest) h =250 W/(m2-K)

(Smallest)  h =25 W/(m*K)

Substituting into Newton’s Law of Cooling yields

2
0, = (250 __2w_)(70 G e
m-°-K (100 cm)

and

. W 3 m’
Lo = (25 m? - K)(m o 1(100 cm)?

(340K —300 K )= 70 W (largest heat transfer rate)

(340 K —300 K)= 7 W (smallest heat transfer rate)
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Problem 2.35

A 6-in. insulated frame wall of a house has an average thermal conductivity of 0.04 Btu/h-ft-°R.
The inner surface of the wall is at 68°F and the outer surface is at 40°F. Determine at steady
state the rate of heat transfer through the wall, in Btu/h. If the wall is 20 ft x 10 ft, determine the
total amount of energy transfer in 10 hours, in Btu.

KNOWN: The inner and outer temperatures, thermal conductivity, and thickness of a frame
wall are specified. The wall area is also known.

FIND: Determine the rate of energy transfer by heat through the wall and the total amount of
energy transferred in 10 hours.

SCHEMATIC AND GIVEN DATA:

ENGINEERING MODEL.: (1) The wall is a
closed system at steady state. (2) Conduction
follows Fourier’s law. (3) The temperature
Assume a linear profile through the wall is linear.

temperature profile.

x = 0.04 Btu/h-ft-°R

ANALYSIS: For conduction through a plane wall with constant thermal conductivity and
assuming a linear temperature profile

Note: AT (°R) = AT (°F)

Bt
 KA(Tin—Tour) _ (0.04 —ow)(20 x 10 ft?)(68-40)°R
B L B (6/12 ft)

=448 Btu/h <

Q

The total amount of energy transfer by heat is

Q= [ Qdt = QAt = (448 Btu/h)(10 h) = 4480 Btu <

COMMENTS: Note that the temperature difference has the same value in °F and °R. Also,
since the heat transfer rate is constant for steady state conduction, the integral reduces to QAt.
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Problem 2.36

As shown in Fig. P2.36, an oven wall consists of a 0.635-cm-thick layer of steel (xs = 15.1
W/m-K) and a layer of brick (xp = 0.72 W/m‘K). At steady state, a temperature decrease of 0.7°C
occurs over the steel layer. The inner temperature of the steel layer is 300 K. If the temperature
of the outer surface of the brick must be no greater than 40°C, determine the thickness of brick,
in cm, that ensures this limit is met. What is the rate of conduction, in kW per m? of wall surface
area?

KNOWN: Steady-state data are provided for a composite wall formed from a steel layer and a
brick layer.

FIND: Determine the minimum thickness of the brick layer to keep the outer surface
temperature of the brick at or below a specified value.

SCHEMATIC AND GIVEN DATA:

Steel Brick
Wt "
T,=300K | ] i T,<40C
e
ENGINEERING MODEL.: (1) The wall is AT =-0.7°C i.‘. ‘: K = 15.1 W/m-K
the system at steady state. (2) The temperature | [ 7
varies linearly through each layer. il ' K = 0.72 W/m-K
_ ' i
ANALYSIS: Using Eq. 2.31 together with s =0-635¢cm  —He—5 ==
model assumption 2 H ' l S
(O, = =] o (9, = 2]
A/ steel L A/ brick Ly,

where Tr, denotes the temperature at the steel-brick interface.

At steady state, the rate of conduction to the interface through the steel must equal the rate of
conduction from the interface through the brick: (Q/A) . = (Q/A), ., Thus

—Ky [TmL:Ti] = —Ky [To;bTm]
And solving for Ly, we get / (300 -0.7) =299.3°C
Kb To—Tm]
Ly = K [Tm— ; Ls
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Problem 2.36 (Continued)
_ (0.72W/mK)\ [299.3- T,
Ly = (15.1 W/m-K) [ ] (0.635 cm)

Since T, <40 °C

Ly 2 (32) [ (0.635 cm)

L, >11.22 cm <

The rate of conduction is

e
or
(%)brick = e[| = —0.72 W/m - k) [22222] |20 |1 4 664 kW /m? «—

The slight difference is due to round-off.
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Problem 2.37

A composite plane wall consists of a 3-in.-thick layer of insulation (x; = 0.029 Btu/h-ft-°R) and a
0.75-in.-thick layer of siding («s = 0.058 Btu/h-ft-°R). The inner temperature of the insulation is
67°F. The outer temperature of the siding is -8°F. Determine at steady state (a) the temperature
at the interface of the two layers, in °F, and (b) the rate of heat transfer through the wall in Btu
per ft? of surface area.

KNOWN: Energy transfer by conduction occurs through a composite wall consisting of two
layers.

FIND: Determine the temperature at the interface between the two layers and the rate of heat
transfer per unit area through the wall.

SCHEMATIC AND GIVEN DATA:

Ti=67°%F ~_ -~ ! T;=-8°F
ENGINEERING MODEL: (1) The wall is ™ -
the system at steady state. (2) The temperature T2=?

varies linearly through each layer. xi = 0.029 Btu/h-ft-°R

ANALYSIS: With Eq. 2.17, and recognizing that . ) | xs=0.058 Btu/h-ft-°R
at steady state the rates of energy conduction must be | insulation | siding

equal through each layer

e_ . Tz-Tl] — _ [_Ts-Tz] " « L =3in—»
A K [ Li Ks Ls ) T Ls=0.751in.
Solving for T
K; K
S 5),
27 (i/Li)+(res/Ls)

i 0.029 Btu/h-ft:R |12 in. 0.058 Btu/h-ft:R |12
Ki_ u/ | - 0116 Bwh°R = == u/ |— = 0.928 Btu/h-°R
Li 3in. 1ft Lg 75 1in. 1
Thus

_(0.116)(527)+(0.928)(452)
- (0.116)+(0.928)

T, = 460.3°R=0.33°F <«
Thus, using Eq. (*)

tu . |(0.33-67)R

' T,—T.
2= —K; [Q] = (~0.029 =%y |82 ]z 7.73 Btu/ft?

A

e _ _ Ts—Tz] _ Bru _ [(-8-033)R| _ ,
A "s[ | = (70058 -7 [ ]—7.73Btu/ft

2 12
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Problem 2.38
Complete the following exercise using heat transfer relations:

(a) Referring to Fig. 2.12, determine the rate of conduction heat transfer, in W, for x = 0.07
W/mK, A=0.125m? T, =298 K, T, = 273 K.

(b) Referring to Fig. 2.14, determine the rate of convection heat transfer from the surface to the
air, in W, for h = 10 W/m?, A = 0.125 m?, T, = 305 K, Tr = 298 K.

(a) Referring to Fig. 2.12, determine the rate of conduction heat transfer, in W, for x = 0.07
W/mK, A=0.125m% T; =298 K, T, = 273 K.

—

Using Eqg. 2.31 and noting that the temperature varies linearly

= through the wall
| |

ol I I _

- N Qr = —rA [TZ L Tl]
’VV\’”.\:

! "2 w (273-298)K

e = - (0.07—) (0.125 m?) [—] =1.722W <«—
| |+ Area, A m-K (0.127 m)
| |

—I.Ei—> X

(b) Referring to Fig. 2.14, determine the rate of convection heat transfer from the surface to the
air, in W, for h = 10 W/m? A = 0.125 m? T, = 305 K, Ty = 298 K.

Cooling air flow

Using Eq. 2.34
Qc =hA[Ty - Tq

= (10 %) (0.125 m?)[305 — 298]K

Transistor

“ Circuit board = 8.75W <«


http://www.wiley.com/college/moran/0470495901/ig/Ch2/pages/fig_02_13.htm
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Problem 2.39

At steady state, a spherical interplanetary electronics-laden probe having a diameter of 0.5 m
transfers energy by radiation from its outer surface at a rate of 150 W. If the probe does not
receive radiation from the sun of deep space, what is the surface temperature, in K? Let ¢ = 0.8.

KNOWN: Steady-state operating data are provided for a spherical interplanetary probe.
FIND: Determine the surface temperature of the sphere.

SCHEMATIC AND GIVEN DATA:

ENGINEERING MODEL.: (1) The probe is at
steady state. (2) The probe emits but does not
receive radiation.

D=05
e=0.8

ANALYSIS: In this case, Eq. 2.32 applies:
Q. = €0AT*,
where A =7 d?=0.7854 m?

The Stefan-Boltzmann constant is o = 5.67 x 10 W/m?K*. Thus

. 1/4
_[Qe]1/4_ 150 W CoELTK <
S = - —_ - .
E0A (0.8)(5.67 xlr‘r)lzi‘:’)(o.7854 m2)
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Problem 2.40

A body whose surface area is 0.5 m?, emissivity is 0.8, and temperature is 150°C is placed in a
large, evacuated chamber whose walls are at 25°C. What is the rate at which radiation is emitted
by the surface, in kW? What is the net rate at which radiation is exchanged between the body
and the walls, in kW?

KNOWN: Data are provided for a body placed in a large, evacuated chamber.

FIND: Determine the rate at which radiation is emitted from the surface and the net rate at which
radiation is exchanged between the body and the chamber.

SCHEMATIC AND GIVEN DATA:

Body at surface

mperature T,
temperature Ty ENGINEERING MODEL: (1) The area of

body is much less than that of the chamber
walls. (2) The chamber is evacuated.

A=0.5m?
Chamber ¢=0.8
surface at T, T, =150°C = 423 K

Ts=25°C =298 K
ANALYSIS:

The rate radiation is emitted from the surface is given by Eq. 2.32, where ¢ = 5.67 x 107
W/m?-K* is the Stefan-Boltzmann constant. That is

Qe = coATy" = (0.8)(5.67 x 10" W/m*K* )(0.5 m?)(423 K)* = 726 W <

With the assumptions in the Engineering Model, the net rate at which energy is exchanged by
radiation between the body and the chamber walls is given by Eq. 2.33. Thus

(Qe)net = EUA(Tb4 - Ts4)

= (0.8)(5.67 x 10 W/m?-K* (0.5 m?)[(423 K)* — (298 K)*]

=547 W <
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Problem 2.41

The outer surface of the grill shown in Fig. P2.41 is at 47°C and the emissivity is 0.93. The heat
transfer coefficient for convection between the hood and the surroundings at 27°C is 10 W/m? - K.

Determine the rate of heat transfer between the grill hood and the surroundings by convection
and radiation, in kW per m? of surface area.

KNOWN! Data are Prov{deJ f~ o gqritl heod.
FinD:  Deternuna +ha et rate of heat trans fer bethueen the hood and the JUrround,

-
h‘b comvechom and radlah o Hper vit aree. of heoed sUTface . J
SCHIMATIC ¥ 6IVEN DATA! ENGR. MODEL !

T, =27°C 1. Radiative hest tuufer he tseen Yha heod
h=10W/m? - k

ond l'u.frbuvu“hjt o e Lntodl o9
Qe e&c.l—.»a,._ between & varduce o
Ty and a much /LlV‘Jer .ru/rouml‘nj
Sur foce at Ty .

ANALYTSLY!

us.aj E1 2.34, convechan heat h*omsf‘v'v-\

Qc \r\[TS‘lo

o"W
4___—-
= 0.2 KW/'\M o
U:-'\j €y 2- 33) radoahvwe MMMS{'V
C—Q-—e = GT(_qu T4]
A
= oa3ls (.’l-xco X ]‘. @) (3°°‘3.]

a
= usgw 1“‘” :o-‘3""’/*h a
03w

Total = (@/a) + (@'/ﬂ % AR

W/Ml -
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Problem 2.42

Each line of the following table gives data for a process of a closed system. Each entry has the
same energy units. Determine the missing entries.

Process Q W E; E, AE
a +50 -20 +70
b +20 +50 +30
c -60 +40 +60

d -40 +50 0

e +50 +150 -80

Process Q W E; =) AE

a +50 -20 -20 +50 +70

b +50 +20 +20  +50 +30

c -40 -60 +40 +60 +20

d -90 -90 +50 +50 0

e +50 +150 +20 -80 -100

Process a:

W=Q-AE=+50-(+70)=-20 <+—

AE = Ez — El

E;=AE+E;=+70 + (-20) =+50 ——

Process b:

Q=AE+W=+30+ (+20) =+50 *+—

AE = Ez — El

E;=E,~ AE=+50— (+30) = +20 «—

Process c:
AE =E; - E; =+60 — (+40) =+20 +——
Q=AE+ W =+20 + (-60) = -40 —

Process d:

W=Q-AE=(-90)-0=-90 —
AE=E,—E;

E;=AE+E; =0+450=+50 «——
Process e:

AE =Q— W = +50 — (+150) = -100 «———
E;=E,— AE = (-80) — (-100) = +20 +———
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Problem 2.43

Each line of the following table gives data for a process of a closed system. Each entry has the
same energy units. Determine the missing entries.

Process Q W E; E, AE
a - 25 +15 +30

b +27 +7 +15
c -4 +10 +6

d -10 +10 +20
e +3 -8 0
Process Q W E; =) AE

a -10 -25 +15 +30 +15

b +27 -12  +7 +22 +15

c -4 +10 +6 -8 -14

d +10 -10 -10 +10 +20

e +3 +3 -8 -8 0

Process a:

AE=E,—E;=+30-(+15) = +15 +———
Q=AE+W=+15+(-25)=-10 +——

Process b:

W=AE —Q=+15- (+27)=-12 «—
AE = E2 — El

Eo=AE+E; =+15+ (+7)=+22 <—
Process c:

AE=Q-W=(-4)-(+10)=-14 —
AE = Ez — E1

Eo=AE+E;=(-14)+(+6) =-8 *+——
Process d:
Q=AE+W=(+20) + (- 10) = +10 +—
AE=E, - E;

E;=E,—-AE=(+10) - (+20) = - 10 «—
Process e€:

W=Q-AE =(+3)-(0) =+3 —
AE = Ez — E1

Ei=E, AE=(-8)-(0)=-8 <+—
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Problem 2.44

A closed system of mass of 10 kg undergoes a process during which there is energy transfer by
work from the system of 0.147 kJ per kg, an elevation decrease of 50 m, and an increase in
velocity from 15 m/s to 30 m/s. The specific internal energy decreases by 5 kJ/kg and the
acceleration of gravity is constant at 9.7 m/s>. Determine the heat transfer for the process, in kJ.

KNOWN: Data are provided for a closed system undergoing a process involving work, heat
transfer, change in elevation, and change in velocity.

FIND: Determine the heat transfer for the process. Au = -5 kJ/kg
. | 223V, = 15 mis W/m =+ 0.147 kJ/kg
SCHEMATIC AND GIVEN DATA: (\G—/—b
50 m o 223N
' G V= 30 m/s
z
ENGINEERING MODEL: (1) The system is a T m =10 kg/
closed system. (2) The acceleration of gravity is g=9.7m/s
constant.
ANALYSIS:

AU+APE+AKE=Q-W — Q=AU+ APE + AKE - W
W =m [W/m] =10 kg [-0.147 kJ/kg] = -1.47 kJ
AU =mAu = 10 kg [- 5 kJ/kg] = -50 kJ

1K

_m 10 kg —
AKE =2 (V3 - v}) = 12 [(30 - ] |1kg e | ey ERRICIY
APE = mg(zz — 21) = (10 kg) (9.7 m/s?)(-50 m)|1kg — 9| = 4,85 K]

= (-50) + (-4.85) + (3.38) — (-1.47) = -50 kJ (OUt) <
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Problem 2.45

KNowN: A gas contmined in e piston - cylender asrembly vadergoes &
Comnrphant - puasiure expansion while barng slowly heated. Sta+<
data are previded:

Fi D¢ FRr +he 545, eva lvatfe wrark and heat ~ansfRvr. For thce F::'f"'/

RQualuvete wwork and ckMJc ‘n Potenfiedt €uergy,
scHIm ATIC ? G(tEN DATA" ENGINITRING MODEL!

As showwn in +bke tr_kemﬁc) 1t wo
closed sysieums ore conrvidered: +he
ﬂar and -Hra pivton .

Piston

2. Tha g9as u»dcr3¢¢; a. congtunt—
presswre proces .

p=2bar . i

Vl=0.lm33 3. for+a gqas there w no change L

V,=0.12

((Z—U,)l:o.zsu potenh ol enerqy (seec Example 2.3)

and vwo oueratl CkMJ( ws kine h'C

1% energy.

4 for tha p-r}m,+ﬁ¢re 5 o k.;.m’-
trancfer Also, there is no change in
internad CnerS‘a, Moverq_.il change
in Kinethc energy, and ne fercthon,

ANALYTSIS: (4) T&h‘hy e S54s &5 +he Tyﬁku«.) +he woork 5 o_bﬁ.'ncd o

€. 2070 W= [(pdV= pIVi V] = @i, Youz 0. ) | Se | = 4%T =

103 No»m

Redvcing an emv‘gt} balance, AU+ SOKE + OPF = Q-W =, Q@ =W + /T

£ QT 4T 4025 kT T 4.25eT -~

(b) Tal-s'-\J tia piston as “+bs ty;-l-ehq’ ah enersy Preiing for bs) werk @CCUrsS
on +hhe bottorm swurfmca o the gas. At +bhr 4o vsurfece +a

piston does (work on +ha atrre b o J'g‘wA
wpn*on’ IF“'Z - (P‘*"'A" PA) A% =(P“'N_P) (AAI) ;l prston r‘ (No {r-‘ch’e-)
= @dw—F)Av D e —-':'
r@
. PA
= C1=-)(io _a/__J(o,,,_-o,,)u. ey o
= -2 k] :
An €nevgy balance o r +a pistori reducer as follows:
(o35 + &)E+APE] piston = Spistem BN
® = APElpiston = ~Wpisten
= 2ed "
4. ©Overall energy *walance sheet™ (n +erms of magutudes:
Thput: XR= ¢25kT Disposihon of +the energy input: &
® Sltoread a1 20 in the 9as: 0.235¥
© Stored aa APE in +ha pisten’, 2.00k]J
@ Trancier by work to +ha- 2.00 J
atmosphere

4.257
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Problem 2.46

KNowN! A gqas contnived ‘a a pistar-cylinder assembly uvndergoes “+wn
processes , A and B, between +he. Same end States. State data

are pProvided .
For each process, and evglvate

FioD sketch (£ on p-V ceordinglers
+he work and heat 'Jvan:{ef,cack w kT,

SCHEMATIC £ GIVEN) DATA:

10 |-

BT

- .

e Coar)
=1 bar, 'V'-lh U} = 4oox]
7, = V0 bar, v;',c,...,)v = 450x T

EMGINII RING M ODEL:
I. The gas is Hhs clesed syvien: i
7. Volome change is the only : v(‘“.)

work. mode-

3. Kineh'c and pol‘rnfudl
are 45norcd

energy effects
ANALYSIS: Red-u.a.nj an energy balance for +he gas: AU-";)RE/&FE @ -W
w» Q=AU 4+ W = @50 ~400)kT + W
Ga)

S Q= SokTI+ W
Eql) opplies to cach of tha proc.e%&e:‘, A and B.

E\/Ql\)ﬁhﬂj work ‘ﬁfm« E‘l 2. l? w Ipdv

W= M+ Waz = P2LVa-Vi]
AxT \:-‘7005;.34—-

Process Al 1
Loxw )(o:-a) T
Then, with 61.(,:) |
Qp = SOrT t (-q00 KU‘): —-8sokVJ M,
2
&ﬁ:ssg-' W5=S;P4V=IV4V“CJ""¥,= p'\};k\/‘%
LT | --230.3xT =—

(o722 ) 2m7) 2L 2] [ 55

Tk‘h) u,.-"ts E’. (')
Qg = soeT +(-2303 £T) = —180.3 KT
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Problem 2.47

An electric motor operating at steady state draws a current of 20 amp at a voltage of 110 V. The
output shaft rotates at a constant speed of 2000 RPM and exerts a torque of 9.07 N-m.
Determine

(a) the magnitude of the power input, in W.

(b) the output power, in W.

(c) the cost of 24 hours of operation if electricity is valued at $0.09 per kW-h.

KNOWN: An electric motor operates at steady state. The input current and voltage are known
and the rotational speed and torque of the exit shaft are specified. The cost of electricity is also
specified.

FIND: Determine (a) the magnitude of the power input, (b) the output power, and (c) the cost of
24 hours of operation.

SCHEMCATIC AND GIVEN DATA:

. =9.07 N'm
—

2000 RPM

ENGINEERING MODEL.: (1) The motor operates at steady state.

ANALYSIS: (a) The magnitude of the input power is

1 kW

|Welec| = (20 amp) (110 V)

1 volt: amp| |103W = 2.2 kW (input)

(b) The shaft power is

|Wshaft| =. X
=(9.07 N- m)(2000 — ) (271:

1 min

1K] ||1kW
103N-ml 11 KkJ/s

)| =1.90 kKW (outye——
rev 60s

(c) For steady operation (constant with time) the total amount of energy transferred in by
electricity is

Wetee = [ |Wetec|dt = |[Weje| At= (2.2 Kw)(24 h) =52.8 kW-h <
Cost = (52.8 kW-h)($0.09/kW-h) = $4.75 (per day)

COMMENT: Note, for steady state operation the inputs and outputs are constant with time.
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Problem 2.48

An electric motor draws a current of 10 amp with a voltage of 110 V, as shown in Fig. P2.48.
The output shaft develops a torque of 9.7 N-m and a rotational speed of 1000 RPM. For
operation at steady state, determine for the motor

(a) the electric power required, in kKW.

(b) the power developed by the output shaft, in kW.

(c) the average surface temperature, T, in °C, if heat transfer occurs by convection to the
surroundings at T¢ = 21°C.

KNOWN: Operating data are provided for an electric motor at steady state.

FIND: Determine (a) the electric power required, (b) the power developed by the output shaft,
and (c) average the surface temperature.

=21°C
%, 7=97Nm
t Wahar 4,\ 1000 RPM
J
\ Q = hA(Tt — T)
hA = 3.9 W/K

ENGINEERING MODEL.: (1) The motor is the closed system. (2) The system is at steady
state.

ANALYSIS: (a) Using Eqg. 2.21

= -1.1 kW (in) <«—

Welecmc = - (voltage) (current) = - (110 V)(10 amp)|1 W/amp| | 1 kW

03w
(b) Using Eq. 2.20
Wenage = (torque) (angular velocity)

1 kw
103N-m/s

2mrad

= (9.7 N-m) (1000 re")

min

|1 min
60 s

=1.016 KW (out) «———

rev

(c) To determine the surface temperature, first find the rate of energy transfer by heat using the
energy balance

d . . . . .
/{z Q-W=0Q- (Welectric + Wshaft)
Q = Weeetric + Wenage) = (1.1 kW) + (1.016 kW) = -0.084 kW

The surface temperature of the motor is

= (Q/hA) + Ty = (-0.084 kW)/(3.9 W/K)|1° w

+ 294 K

=3155K=425°C <
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Problem 2.49

A gas is contained is a vertical piston-cylinder assembly by a piston with a face area of 40 in.?
and a weight of 100 Ibf. The atmosphere exerts a pressure of 14.7 Ibf/in.? on top of the piston. A
paddle wheel transfers 3 Btu of energy to the gas during a process in which the elevation of the
piston increases. The change in internal energy of the gas is 2.12 Btu. The piston and cylinder
are poor thermal conductors, and friction between them can be neglected. Determine the
elevation increase of the piston, in ft.

KNOWN: A rotating shaft transfers a specified amount of energy to a gas contained in a vertical
piston-cylinder assembly and the piton elevation increases. Data are provided for the piston and
the change in internal energy of the gas.

FIND: Determine the elevation increase of the piston.

SCHEMATIC AND GIVEN DATA:

State 1 Pam = 14.7 Ibffin.? State 2
Az r ;
ist v
Ap=40in?  laz===ooo-o i ! I
1 |
Fyrav, pist = 100 Ibf : ; T E Gas |
1 |
Wn, &% . | AU, =212Bt
Q=0 ! : [ :> i b
e\ ' Process = :
Wpw =—3 Btu

ENGINEERING MODEL.: (1) The gas and the piston are the closed system. (2) Energy
transfer by heat is negligible; Q = 0. (3) Kinetic energy effects are negligible. (4) The potential
energy change of the gas is negligible, but the potential energy change of the piston in
considered. (5) The change of internal energy of the piston is negligible. (6) Friction between
the piton and the cylinder wall is neglected.

ANALYSIS: The change in elevation of the piston is related to its change in potential energy by
APEpist = (mpist g) AZpist = (Fgrav, piston) AZpist (*)

To evaluate the change in internal energy of the piston, we apply the energy balance to the
system consisting of the gas and the piston:

AEgaS + AEpist = Q — W
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Problem 2.49 (Continued)

For the piston: AEp;st = % + %i“ + APEpist
For the gas: AEgas = AUgas + A}Q{gas + A}h/gas

There are two mechanisms for mechanical work for the system chosen: the paddle wheel work
and the work of the piston against the atmospheric pressure: W = Wy, + Wam

Since the atmospheric pressure is constant: Wam = ParmApist AZpist
Combining these results

AUgas + (Fgrav, piston) AZpist = % — (Wpw + PatmApist AZpist)
Solving for Azps

— AUgas—Wpw

AZpist =
grav,piston+patmApist

Inserting values and converting units

— (2.12 Btu)—(-3 Btu) 778 Btu

=0.995ft <«

AZpist =
pist 1 ft-1bf

(100 Ibf)+(40 in.2)(14.7 Ibf/in.2)
COMMENTS: Note that the gas and the piston can be considered individually as closed
systems. With this approach, the work done by the gas on the piston must be considered, which
involves evaluating the change in volume of the gas and the gas pressure. The approaches are
algebraically equivalent, but the approach chosen leads to a simpler analysis.
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Problem 2.50

A gas undergoes a process in a piston-cylinder assembly during which the pressure-specific
volume relation is pv™? = constant. The mass of the gas is 0.4 Ib and the following data are
known: pz1 = 160 Ibf/in.2, V; = 1 ft*, and p, = 390 Ibf/in.? During the process, heat transfer from
the gas is 2.1 Btu. Kinetic and potential energy effects are negligible. Determine the change in
specific internal energy of the gas, in Btu/lb.

KNOWN: A gas is compressed in a piston-cylinder assembly. The pressure-specific volume
relation is specified.

FIND: Determine the change in specific internal energy. p 2 12
pov—“ = constant

SCHEMATIC AND GIVEN DATA:

Q=-21BYy>

p1 = 160 Ibf/in.?
V= 1f6 1
p, = 390 Ibf/in.?

ENGINEERING MODEL.: (1) The gas is a closed system.
(2) The process follows po™? = constant. (3) Kinetic and
potential energy effects are negligible.

ANALYSIS: The change in specific internal energy will be found from an energy balance.
First, determine the work. Since volume change is the only work mode, Eq. 2.17 applies:

V, const Vo—p1 V-
fz dV:(P22P11)

— (V2 -
w= fVl pdV == vy viz 1-1.2

Evaluating V;

Y o\ 1/
_(p\ /12, _ (1601bf/in2\ /12 o 5
Ve = (Pz) V= (390 lbf/in.z) (1ft°) =0.4759 ft

Thus

1 Btu
778 ft1bf

W= [(390 lbf/in.z)(0.4759ft3)—(160)(1)] |144 in.2
o 1-1.2 1 ft2

= -23.69 Btu (in)

Now, writing the energy balance: A/KE +/A/f"E +AU=Q—-W

With AU = mAu

=540Btu <«

@ Q-w (=2.1 Btu)— (—23.69 Btu)
AU = =
m 0.41b

1. The amount of energy transfer in by work exceeds the amount of energy transfer out by heat,
resulting in a net increase in internal energy.
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Problem 2.51

Four kilograms of carbon monoxide (CO) is contained in a rigid tank with a volume of 1 m®. The tank
is fitted with a paddle wheel that transfers energy to the CO at a constant rate of 14 W for 1 h.

During the process, the specific internal energy of the carbon monoxide increases by 10 kJ/kg. If no
overall changes in kinetic or potential energy occur, determine (a) the specific volume at the final
state, in m%/kg. (b)the energy transfer by work, in kJ. (c) the energy transfer by heat, in kJ, and the
direction of the heat transfer.

Known: Carbon monoxide (CO) is contained in a rigid tank with a paddle wheel that
transfers energy to the air at a constant rate of 14 W for 1 h. During the process, the
specific internal energy of the carbon monoxide increases.

Find: Determine the specific volume at the final state, in m3/kg; the energy transfer by
work, in kJ; and the energy transfer by heat transfer, in kJ, with direction.

Schematic and Given Data:
V=1m3
m=4kg
Au =10 kJ/kg
w =-14W
At=1h

Engineering Model:

(1) The carbon monoxide within the tank is the closed system.

(2) The tank is rigid, therefore V) = V5.

(3) The system experiences no change in potential and kinetic energy.

Analysis:
(a) The mass and volume remain constant in the process due to assumptions (1) and (2),
therefore
3 3
o gy
m 4kg kg R rr————.

(b) To evaluate W, in kJ, integrate the following
J

\3600s| "5 | KT |_ oo 0g ’
1 1n |’1W‘|IOOOJ|

1

lh

[war = l}(—14 W)dr =(-14 W)l h

The minus sign for /¥ indicates that energy is added to the system by work, as
expected.

(c) To evaluate Q, in kJ, use the closed system energy balance
AKE + APE+AU =Q-W

Q:AU+W=mAu+W=(4kg{10§]+(—50.4kj):—10.4kJ e
g

Energy is removed from the system through heat transfer. e
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Problem 2.52

Steam in a piston-cylinder assembly undergoes a polytropic process. Data for the initial and
final states are given in the accompanying table. Kinetic and potential energy effects are
negligible. For the process, determine the work and heat transfer, each in Btu per Ib of steam.

State p (Ibfin% v (ft¥/lb) u (Btu/lb)
1 100 4.934 1136.2
2 40 11.04 1124.2

KNOWN: Steam undergoes a polytropic process in a piston-cylinder assembly. Data are
known at the initial and final states.

FIND: Determine the work and heat transfer, each per unit mass of steam. P

po" = constant

’

...................

State  p(Ibfiin® o (f¥lb)  u (Btu/lb)
— 1 100 4.934 1136.2
2 40 11.04 1124.2

"2

ENGINEERING MODEL.: (1) The steam is a closed system. (2) The process is polytropic,
and volume change is the only work mode. (3) Kinetic and potential energy effects are
negligible.

ANALYSIS: Since the process is polytropic, Eq 2.17 applies for the work:

_ (V2 __ vz const _ (pav2—p1v1)
W/m = fvl pdv = fvl —n dv = R
The pressures and specific volumes are known at each state, but n is unknown. To find n, pv" =
constant , as follows:

n
n _ n b1 _ 2) _ In(p1/pz) _ _In(100/40) _
pivi = P2tz (v1 - In(v,/v;) In(11.04/4.934) 11371
Thus
W/m = (40 1bf/in.?)(11.04 ft3/1b)—(100)(4.934) |144 in2| | 1Btu - 69,63 Btu/Ib (out) ———
1-1.1377 1ft2 | [778 ft1bf

The heat transfer is obtained using the energy balance.
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Problem 2.52 (Continued)

AU+ AKE+APE=Q-W — Q=AU+W

With AU = m Au = m(uz — uz)

Q/m = (Up — uy) + (W/m) = (1124.2 — 1136.2) Btu/lb + (69.63 Btu/lb)

57.63 Btu/lb (in) <
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Problem 2.53

Air expands adiabatically in a piston-cylinder assembly from an initial state where p; = 100
Ibf/in.?, v, = 3.704 ft*/Ib, and T, = 1000 °R, to a final state where p, = 50 Ibf/in.? The process is
polytropic with n = 1.4. The change in specific internal energy, in Btu/lb, can be expressed in
terms of temperature change as Au = (0.171)(T, — T1). Determine the final temperature, in °R.
Kinetic and potential energy effects can be neglected.

KNOWN: Air undergoes a polytropic process with known n in a piston-cylinder assembly. Data
are known at the initial and final states, and the change in specific internal energy is expressed as
a function of temperature change.

FIND: Determine the final temperature.

SCHEMATIC AND GIVEN DATA:

I | p1 = 100 Ibf/in.?
| o vy = 3.704 ft¥/Ib
Al | = _ T,=1000°R
| p2 = 50 Ibf/in.?
S— f Au = (0.171Btu/lb-°R)(T, — Ty)

pv'* = constant

ENGINEERING MODEL.: (1) The air is a closed system.

2 T j polytropic with n = 1.4 and volume change
is the pnly work mjode._(3) The process is adiabatic: Q = 0.
(4) Kinetic and p tential energy effects are negligible.

AN, emperature, we will use the energy balance with the given
explessiun 1o vianye nspeuinc internal energy as a function of temperature change. First,
determine the work using Eq. 2.17

vy v, const (P2v2—P1v1)
W/m = dv = —dv =
fvl p fvl pla 1-1.4

For the polytropic proess, p;vi* = p,v3*. Thus

1

1
= & 14 = M 14 3 _ 3
V2 = (pz) V1= (Solbf/in_z ) (3.704 ft>/lb) = 6.077 ft*/lb

So, the work is

1 Btu
778 ft-1bf

_ (501bf/in.2)(6.077 ft3/1b)—(100 )(3.704) |144 in.?

— — = 30.794 Btu/lb

W/m

The energy balance is: AU + AKE + APE = - W. With AU = m(uz — uy)
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Problem 2.53 (Continued)

(uz—u1) =—W/m
Inserting values
(0.171 Btu/Ib-°R)(T, — 1000 °R) = — (30.794 Btu/lb)

Solving; T, = (-30.794 Btu/Ib)/(0.171 Btw/Ib-°R) + 1000 = 819.9 °R <
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Problem 2.54

kKhoowrd: A gqas contoined in Apiston-cylinder asfeubly /s slowly heated.
Stwte data and operating data are provided.

EinD: Deternasvie +he work done kg tha thaft movnted onthks ToP
of ¥ P-i)"m and wert. done ia d..':Pla “ng +ta Q‘!‘M:Phr.re/
each po lc T. Al3o, dedernune +he heat tranfertes ko gas, wi kJ)

ond develop an accountng of +ha heat Fran gl
ScHZMATIC £ GIveN DATA: Bnc/nzIRING MODEL:

T ' 1. Theclosed system (s +he gas plus tha
it pieton and attached Shaft.

A =0.8 cm? A ermedic
Z Piston- Shaft 2. There /s noe overall c.kgn:e P

m= 25 K9 energy - For +ha F.s-/-a,,__ sheft ATU=O0,
APE=0.2xd For +he gas, QAPE=O,
= 2
D =10cm 3. 3" 1.81 h/s
ANALYSIS ®
= The werk <on be evalvated ©3'NY
I Faz , where &Z /s the change m

eleva b of +ha piston -shaft Hovnd
as fellows:
APE=mYg AZ EAERNRE N
_ APE. 0.2 KJ ——"T
= Az= my usns)(q.s'l-/s‘S 41kl

= O. B2 rm
Thus, +ha werk done by thoe S"\O—éi to

1k3 |_ T
Wi = Fs 22 =334 N)(O-&Zw-')l man_m|_t.0"14- K 5 i i

The work done in ut‘pladhj +ho atroy phereis wa*}m = (Paim Anet)4L Z,
wheve Anet » +he het area: Areo of piston fmce levs area. of fhe xk«f.—}fha’l‘d)

t S d 1 Thus .
Avet = [ 7D"_ a1 = [ Gocw) -0, 8wz TRF4Cm .
net [:. A] [—T‘ i

e Ly e e e o e T

An cnergy balance fov +he syskewn reads
{[:QK/E-A-APG +97J‘]‘:ﬁ?t_ +[4/eé+%{e+4'v‘]3“.& = @-W

- U)aas + W ,
=b Q = (APE)P'E’°“ -+ (A gas
= (o 7.;;;%4- (o i k¥ + [1-014k] + O-Uﬁ-K?j =204 K] <«+—0nn

EN ERGY “oalance sheet :

ENERCY TN/ Dis PosiTioN OF THE EMchY-I‘M RRCRRTIE
TORED S (AU)gas O ’

qezonry 25553‘{ s;'rwkzev: (QPE) pizton; O-20kJ (1-3742

EMERCY OUT BY WORK! - l.oa+ked (5}31015)

A 0.63FKT (31-%%)

2.031 kJ
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Problem 2.55
KROWNL: A sysiem vndergoe®s & pewer cycle chs--.r-Hm.? of fou
pPrecesses in yerJes.

Fio D Complets the +ebla of S MES e Valyes prowdeel for +he cycle
and evaluoate the thovrimer? 2ffhcleun <.

SCHEMATC 3 G IVIN DATA:

Process AE Q w
1-2 -1200 0
2-3 800
3-4 -200 -200
4-1 400 400
ABALYTIR:
(6) Process \-2: AL = ® W, = WE Q- 4AF = 0 ~(~1200) = + 1200
Process 3-4° AE = QW = AE = (-200)-(-200) = O

Process 4 -1~ Ae-_-_coﬂ-wﬁrb cgﬂ: AE+W,= 400 t6oo =1000

Processy 2-3 ¢
Method 1: Use Z (AE)=0D Ho ge+

(~12006) + (E3-E2) + (o) « (400) = ©

= E;-6; ) = 8c0
Then , AE = Q‘; I = “-i_?: (Z;AG = 800-8c -0

Me thod 2 * Use 2(Q) = T(W) o ge+
O+ 800+ (-200) +(1oee) = 1260 + Wiy + (~200) + (€o0)
ool 7 8 e i
1¢eo = leoo -+ W1 => Wszxzz=0
Then (E3-E2) * Qagy-Wi3 =800

(L) Thaeymet tf{,'o."n(),_‘ ‘.V\: chc?&
~ Q@in
Weycle = (+1z00) & (0)+ (- 200) +(Goo) = 1600
Gy, = GE00) 4 (+lo0e)= 1800
M deo0 - o 37 (28.9%) -
| Poo
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Problem 2.56

A gas within a piston-cylinder assembly undergoes a thermodynamic cycle consisting of three
processes:

Process 1-2: Constant volume Vi = 2 m®, py = 1 bar, to p, = 3 bar, U, — U; = 400 kJ.

Process 2-3: Constant pressure compression to V3 =1 m°.

Process 3-1: Adiabatic expansion, with W3; = 150 kJ.

There are no significant changes in Kinetic or potential energy. Determine the net work for the
cycle, in kJ, and the heat transfers for Processes 1-2 and 2-3, in kJ. Is this a power cycle or
refrigeration cycle? Explain.

KNOWN: Data are provided for a gas undergoing a thermodynamic cycle consisting of three
processes.

FIND: Determine the net work for the cycle and the heat transfers for processes 1-2 and 2-3.
Explain whether it is a power cycle or a refrigeration cycle.

SCHEMATIC AND GIVEN DATA:

=== === , p

! 1

: 1 3 2

AENCE N e = 3 T

1

S .=
ENGINEERING MODEL.: (1) The gas is a closed L+ * 1
system. (2) Kinetic and potential energy effects are
neglected. (3) Volume change is the only work mode. | | Vi
(4) Process 3-1 is adiabatic, so Qz; = 0. 1 2

ANALYSIS:
Beginning with Process 1-2, the volume is constant, so Wi, = 0. The energy balance reduces to AUj, =
Q12— W12, Thus

Q12 = AU, =400 kJ (In) <
Process 2-3 is at constant pressure. So, with Eq. 2.17

10°N/m?
1 bar

1KkJ
103N'm

Was = [ pdV = pa(Vs — V) = (3 bar)(1 - 2)m’| =300 kJ (in)

The energy balance becomes AU,z = Q23 — Was. S0

Q23 = AU23 + Wo3
To get AUy, let’s consider that for a cycle, AUcycle = 0. SO

AU + AU +AUz; =0 — AUz = —AUp —AU3
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Problem 2.56 (Continued)

Now, for Process 3-1: Q31 =0, so AU3z; =— W3, =— 150 kJ
And
AUy =— AUy — AUz = — (400 kJ) — (— 150 kJ) =—-250 kJ

Finally
Q23 =AUz + Wy3 = (— 250 k J) + (- 300 kJ) =_-550k] =

The net work for the cycle is

chcle =Wy +Wy+Ws3 =0+ (— 300 k J) + (150 kJ) =150 kJ (|n) <

From the p-V diagram, we see that the cycle is executed in a counter clockwise fashion. And, the
net work is in. So, the cycle is a refrigeration cycle. <
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Problem 2.57

A gas undergoes a cycle in a piston-cylinder assembly consisting of the following three
processes:

Process 1-2:  Constant pressure, p = 1.4 bar, V; = 0.028 m*, Wy, = 10.5 kJ
Process 2-3: Compression with pV = constant, Uz = U,

Process 3-1:  Constant volume, U; — U; = -26.4 kJ

There are no significant changes in kinetic or potential energy.

(a) Sketch the cycle on a p-V diagram.

(b) Calculate the net work for the cycle, in kJ.
(c) Calculate the heat transfer for process 1-2, in kJ

KNOWN: A gas undergoes a cycle consisting of three processes.

FIND: Sketch the cycle on a p-V diagram and determine the net work for the cycle and the heat
transfer for process 1-2.

SCHEMATIC AND GIVEN DATA:
Process 1-2:  Constant pressure, p = 1.4 bar, V, = 0.028 m®,
Wi, =10.5 kJ

Process 2-3:  Compression with pV = constant, Uz = U, Gas —

Process 3-1:  Constant volume, U; — U3 =-26.4 kJ

ENGINEERING MODEL: (1) The gas is a closed system. (2) Kinetic and potential energy
effects are negligible. (3) The compression from state 2 to 3 is a polytropic process.

ANALYSIS: (a) Since Wi, > 0, the process is an expansion. Thus

P
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Problem 2.57 (Continued)

0
(b) The net work for the cycle is Weycle = W12 +Wo3 + W;l. W12 = 10.5 kJ, so we need Wos.

V- V-
Was = [, pdV = [* <02V = (po)In (1) = (r¥2)In () *)

2 74

where V3 = V; has been incorporated. But, we still need to evaluate V,. For Process 1-2 at
constant pressure

v
Wi, = fV: pdV =p(V, — V1)
or

Wi, _ (10.5K))
v th= (1.4 bar)

2= =7 +0.028 m*=0.103 m®

103N-m| | 1 bar
1Kk] 105N/m?2

Thus, with Eq. (*)

10°N/m?
1 bar

Wos = (1.4 bar) (0.103 m3)In (0'028) = -18.78 kJ

| 1K
0.103

10°N'm

Thus

Woeycle = 10.5 kJ + (-18.78 kJ) + 0 = -8.28 k] <
0 0
(c) To get Qi2, we apply the energy balance to process 1-2: AKE + A?ﬁ +(Uz—Up) = Q2 — Wy

With Uz = U3,

Q12 =(Us—Ug) + Wi, = (+26.4 kJ) + (10.5kJ) =369 k]
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Problem 2.58

The net work of a power cycle operating as in Fig. 2.17a is 10,000 kJ, and the thermal efficiency
is 0.4. Determine the heat transfers Qi, and Qout, €ach in kJ.

4R
__d
[ Hot y
\ body |
/
( \ Weycle Weycle
\, ) = —_ Qin =

| £
I
|
|
I
I
I\
Q
=
=

Qin = (10,000 kJ) / (0.4) = 25,000 kJ

A

§ i Weycle = 10,000 kJ Woeycle = Qcycle = Qin = Qout
|

n=04 Thus

Qout = Qin — Weyele = 25,000 — 10,000 = 15,000 ki +——
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Problem 2.59

For a power cycle operating as shown in Fig. 2.17a, the energy transfer by heat into the cycle,
Qin, 15 500 MJ. What is the net work developed, in MJ, if the cycle thermal efficiency is 30%?
What is the value of Qqy, in MJ?

//( \\

_N

[ Hot / w

\ body I‘/ n= —gde

( \ in

< ) Weyete = 70in = (0.3)(500 MJ) = 150 MJ <
I |
[ o
: $ Qin= 1500 MJ chcle = Qcycle = Qin - Qout

|

I| System el
: § | “’\ yele Thus
|
] S— = 30% Qout = Qin — Weyele = 500 MJ — 150 MJ = 350 MJ +———
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Problem 2.60

For a power cycle operating as in fig. 2.17a, Qi, = 17 x 10° Btu and Qo = 12 x 10° Btu.
Determine Weycie, in Btu, and #.

/// \\\
_— )
Hot |
'(\\ b:dy | chcle = Qcycle = Qin — Qout
=(17x10% - (12x 10°) =5 x 10° Btu +————
|
| w 6B
i p=—yde = SXI0 BN _ () 594 (29.4%) +—————
I| System i Qin 17 x 106Btu
l | Weyete
{ ’i ! Alternatively

Qout = 12 x 10° Btu _ Qout _q _ 12x10°

Qin 17 x 106

n=1 =0.294

Cold
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Problem 2.61

A system undergoing a power cycle develops a steady power output of 0.3 KW while receiving
energy input by heat transfer of 2400 Btu/h. Determine the thermal efficiency and the total
amount of energy developed by work, in kW - h, for one full year of operation.

The thermal efficiency, based on constant rates of energy
transfer, is 7 = Weyc1e/Qin

3.413 Btu/h| |103W

= [(0.3 KW)/(2400 Btu/h)]| TKW

—0427(427%) P

For one year of steady operation

W= chycle dt = cycle At

= (0.3 k W) (365 days) (24 h/day) = 2628 kW -h ~&——
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Problem 2.62

KNOWN: Operatng data are provided for asyshm Under‘g»oa'nj o [owey
cycle.

e ey

FinD: Deternune +he thermed e fh'ven r:’.
SCHEMATIC T, GIVEN DATA! ENGINEIRING MoDIL:
HOT RodY
1 1. Thasyskem undergoes e power cycle,
in ) 4
?. Qin - |O4- B\:,'“ T Ener,7 fransfers are Po:ah’\/t ‘h
Systeww—) ! v —]: e K tha divecton of arrowis om tha
’N — chc.le schawmotc.

Amermea

!
Qoux
cod Boof

ANALYSIS! Tha +hsrim ot {{—:{1-“{““‘ & YL= chcle .

Qi
Wit qrven de ten | /_(See vmt conversions: AW= 3.413 B+“/l")
YL—_ | — Lol B‘:: =z 03413 (34.:3%) T
loq’ b*(& 1 KN.

w®W:h
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Problem 2.63

A concentrating solar collector system, as shown in Fig. P2.63, provides energy by heat transfer
to a power cycle at a rate of 2 MW. The cycle thermal efficiency is 36%. Determine the power
developed by the cycle, in MW. What is the work output, in MW-h, for 4380 hours of steady-
state operation? If the work is valued at $0.08/kW-h, what is the total dollar value of the work
output?

Receiver

Atmosphere

T

Molten salt m

or oil

— Pump

The power developed is
Weycle = 1Qin = (0.36) (2 MW) = 0.72 MW
For 4380 hours of steady-state operation

Weycle = WeycleAt = (0.72 MW)(4380 h) = 3153.6 MW-h

A

The total dollar value is

103kW
1 MW

$ Value = (3153.6 MW-h)($0.08/kW'h)| =$252,300 <
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Problem 2.64

KNOWN:

Power cycles A and B operate i/n series,
t it

Deternune an expressrion Hor the thermel efficiency of
an overall cycle Consishng ef A andB Hvgecther in
terms o, Mo and 71B.
SCHTMATIC T CIVEN DATA:

E 6 IREERING MODEL:

1. Cycles A;B and the overet?
¢ycle are power cycles .

7 B Energn travic For « por.‘ﬁ'w
un Hiar Lirechions of the

arrowe onthe schemah'c.
W, + Wy

(a) A and B in series (b) Overall cycle

ANMALTSIS:
= WA . |- Q2 % - ’
A Q, ! @ == O @, ( Na) )
MNg= WB _|_ @2 o @3- ©®©-(1-Mg) (z)
= < 2 @, (1-Va)(1-M8g) (3)

= (Wa+wg) @3
= JATVEI) ., )~ N3 &
T =) . ()
T"h“hlﬂq (3) i (.4'))

WM Te @, (+-va) (I-1g)

@
- L= Ct-maXL-18)

=1 = (4-Mar-Mg~+ Mavig)

@ S0 VL = Y ig— VIa MR

4. Somgle Colewlah on: Na= 0.25, Mg = 0.32

Y= 025+ 032 - (027 0.%2)
= 0.49 (49%)
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Problem 2.65

A refrigeration cycle operating as shown in Fig. 2.17b has Qg = 1000 Btu and Wy =
300 Btu. Determine the coefficient of performance for the cycle.

Solution:

Schematic and Given Data:

Qou= 1000 Btu

Weyeie =300 Btu

Analysis:
Using the following, determine [3

=
ﬂ_W

cycle

PV;:ycle = Qoui - Qin

Qin = Qout - chclc = (l 000 - 300) Btu = 700 Btu
700 Btu

B = -

e — . e
300 Btu
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Problem 2.66

A refrigeration cycle operating as shown in Fig. 2.17b has a coefficient of performance 8
= 1.8. For the cycle, Qou = 250 kJ. Determine Oy, and Weyie, €ach in kJ.

Solution:

Schematic and Given Data:

Q0ut=250Kk]

W, cycle

Analysis:

Using the following, determine Q,,; and Weyele, €ach in kJ

p=Le andw,. =0, -0,

cycle
cycle

N %
ﬁ Qﬂul—Qin
_ _0 )= J5) _ 1.8 _ .
Qin _IB(Qout Qm) Qom(l’i'ﬂ] 250k][1+18) 16lkJ
W.:;=%=161k]=89m -—
B 1.8
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Problem 2.67

Steady —gtate operatng data are provided o, rrﬁcyemfon

(&Aoo
Determane the rate energy /v removed by heat trans fer

Fi(ND:
frova T rcfnﬂfrakd tpace ;i KW, and ths coefficiend

of performance.

ScHIMATIC T Givzh DATA - ENGI/INEIRING MoDECL:

I. Tha syctea, un.d.ergoer o

Surrouw“n’;/_\
1 @oust = 0.6 kKW ro{v;,; rad CyC/C.
\ __:) - " : 2. Energy francfers ore porihve L
Systam . ‘__: Weycle= darechan of +hs arrowy o0h t+he
; \-“: ' 04SsKkW schenahc.
- - __'g_ - 3. The cycle opevrates S‘I'QAC{."I’ s
é.t'n
Refngerated
Space
AN ALY SIS
APP‘T“S Eqg - 2.94 o o~ hwe rate basry:
W<7de z Qout — Qin
= @n = @ out — Weycle
= 0.eW-—0U§F W
= 0.45kW ..5__6')'_"‘___.

§

Twen, Lotk E?- 2.945 on o tHwra rate base y

T R
é \;Vm,ok.

—~ O.45 W
O. I W

= -
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Problem 2.68

For a refrigerator with automatic defrost and a top-mounted freezer, the electric power required is
approximately 420 watts to operate. If the coefficient of performance is 2.9, determine the rate
that energy is removed from its refrigerated space, in watts. Evaluating electricity at $0.10/kW - h,
and assuming the units runs 60% of the time, estimate the cost of one month’s operation, in $.

KNOWN: Data are provided for steady operation of a refrigerator-freezer.

FIND: Determine the rate that energy is removed from the refrigerated space, and estimate the cost
of one month’s operation.

SCHEMATIC AND GIVEN DATA:

Q.ue  Kitchen
% (Hot body)
%

7

1L

Refrigerator

components —

ENGINEERING MODEL.:
(1) The refrigeration components

. =420 W .
Q=7 &4 p=29 execute a refrigeration cycle.
Z (2) Data are given for steady
> operation.
Refrigerated space
(Cold body)

ANALYSIS: The coefficient of performance for steady operation is f = —— Cin . Thus
cycle
Qin = B Weycle = (2.9)(420 W) = 1218 W <

The total amount of electric energy input for one month’s operation is determined for steady
operation as
Welec = Vi/cycleAt
Where
At = (0.6)(30 days/month)(24 h/day) = 432 h/month
And

= 181.4 kW - h/month

k
Weree = (420 W)(432 h/month)l L

1

Cost =($0.1/kW - h) (181.4 kW - h/month) = $18.14 / month <
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Problem 2.69

A window-mounted room air conditioner removes energy by heat transfer from a room and
rejects energy by heat transfer to the outside air. For steady operation, the air conditioner cycle
requires a power input of 0.434 kW and has a coefficient of performance of 6.22. Determine the
rate that energy is removed from the room air, in kKW. If electricity is valued at $0.1/kW-h,
determine the cost of operation for 24 hours of operation.

KNOWN: Steady-state operating data are provided for an air conditioner.

FIND: Determine the rate energy is removed from the room and air the cost of 24 hours of

operation.
SCHEMATIC AND GIVEN DATA: ENGINEERING MODEL.:
(1) The system shown in the schematic
\ _________________ undergoes a refrigeration cycle.
Room air Outside air (2) Energy transfers are positive in the
directions of the arrows.
O /\/r\‘> Air /V\.> Qout 3) 'rl;gﬁr(;ycle operates steadily for 24
Conditioner w (4) Electricity is valued at $0.1/kW-h.
________ 4 |
I \ Refrigeration
_ Cycle, p=6.22
Wi, = 0.434 kW

Electric cost:
$0.1/kW-h

ANALYSIS: Using Eg. 2.45 on a time rate basis

Qin

== Qin = BWeyate = (6.22)(0.434 KW) = 270 kKW
chcle

The total amount of electric energy input by work for 24 h of operation is

Weycle = WeycleAt = (0.434 kW)(24 h) = 10.42 kW-h

Thus, the total cost is

Total cost = (10.42 kW-h)($0.1/kW-h) = $1.04 (for 24 hours) <
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Problem 2.70

KEnownN: Operating and cost date are provided fFor a heqf/auw-’c.

F/arQ: Deternune the coeffrcient of pcr{ormauc-(-fn«--l-k( hewtr
and “Hha cost G~F C.‘.CCHJ'C""‘J “Un an Waonthy

POMP
tohen +ha heat ponip operates for 200 hours,
SCHEIMATIC ¥, GIVIN DA7H: ENGINEIR/MNG MODEL!

1. The sy st Shown fntlhe schamatron

’/\'\ operatls u. lhost ponp cycle.
71(4!\4»\2 # 25 EHEI‘?‘: frangﬁr; ar<e PO&‘-‘"’V! e

= o = 6 +he direchom 4 the arrvaws.
\.chelt l#. o QM 3. Tha wpum‘p oparates
i ql;f ll S“GA.A-:I .
L ¥ === 4. Tleckrendy & valued ot #O0.D
chdee Shop P‘,c‘w.b

Qan = 500 Btu/nun
well water
55°F

Elechricshy vt
cost= ¥ ©.10 per
kWl

AnAaLYsis:
@) Using €9. 2.47F ot o Bime ratz 545‘“‘,
Y - Qod (l)
W‘jdc
+o1¢+ln.er' WPt e °7clc energy bu(anctj Ef-Z.“A‘) o . THure ra =
bascs: chclc= C.Qou-— Cf)inJ we 9g=et:

. ; : 2548 Phu, s00 Bha
@ ot = Weycle + Ri, = (5"‘?)! ihp hu 60“:] i wein
N

B
21 2.1 Biw/harn

© Qout = Fil.l Bre/nwin

Eq. (1) gives ,

Y = i.‘}_iﬁwm: = 3.36C e
212.0 Rbw/wu ;:u"i‘v?w;w;‘swik
3 P, w
(o) = nz ! Bh:)[%;;‘] [‘ﬁg‘\j\,“:][ e "“ ;4:3 wulhl

:Illl.?b/w-on“\
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Problem 2.71

A heat pump delivers energy by heat transfer to a dwelling at a rate of 11.7 kW. The coefficient
of performance is 2.8.

(a) Determine the power input to the cycle, in KW.
(b) Evaluating electricity at $0.1/kW - h, determine the cost of electricity during the heating
season when the heat pump operates for 1800 hours.

KNOWN: Operating data are provided for a residential heat pump.
FIND: Determine the power input to the cycle, and the seasonal operating cost.

SCHEMATIC AND GIVEN DATA:

Seasonal hours of ENGINEERING MODEL.: (1) The closed
operation = 1800 h . system undergoes a heat pump cycle. (2) The
Qin cycle operates steadily for 1800 h during the
heating season. (3) Electricity is valued at
S $0.1/kW - h.
! ! at =117 kW
chcle =? ! ﬁ>28 \/:V\/\_go '

ANALYSIS:
(a) The coefficient of performance for steady operation of the heat pump cycle is: y = Qout/chcle-

Thus

. Q 11.7 KW P
Weyele = —‘;‘“ =———=4179kw <
(b) Based upon modeling assumptions, the cost to operate the heat pump is estimated to be

Cost = (4.179 kW) (1800 h/season) ($0.1/kW - h)

=$752.22/season <
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ANSWERS TO SELECTED PROBLEMS

Fundamentals of Engineering Thermodynamics
9" Edition by Moran, Shapiro, Boettner, and Bailey, 2018

Chapter 2

2.3

2.15
2.19
2.23
2.27
2.30
2.39
241
2.45
2.51
2.54

2.62
2.67
2.71

35.75, 45
9.54

(@) 2, -12. (b)0.8, -7.33, (c) 0.608, -6.4
Process 1-2: 0, Process 2-3: -554.5, Process 3-4: -400
(@) 20, (b) 9

98

255

convection: 0.2, radiation: 0.13

(@) 4, 4.25, (b) -2, 2

(a) 0.25, (b) -50.4, (c) -10.4 (out)

(a) 1.094, (b) 0.637, (c) 2.031

0.3413

0.45, 3

(@) 5.61, (b) $711
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WileyPLUS-Only Problems Solutions: Chapter 2
Reserve Problem 2.001

A flywheel whose moment of inertia | = 200 Ib-ft? is spinning at 200 RPM. For a flywheel, KE =
lw?/2, where o is the angular velocity, rad/s. Let g = 32.2 ft/s?.

Step 1

How high above the surface of the earth, in ft, would a 50 Ib mass have to be raised to have its
potential energy equal to the kinetic energy of the flywheel?

h=..ft

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.
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Known:The moment of inertia of a flywheel as well as its angular velocity, in RPM, is known.
Find: Determine the height required to store an equivalent amount of energy in a 100 b mass.

Schematic and Given Data:

200 RPM

Engineering Model:
1. The acceleration of gravity is constant, g = 32.2 ft/s".
2. The datum for KE and PE is embedded in the axis of rotation of the flywheel.

Analysis:
The kinetic energy of the flywheel is:

Iw? 1
KE = % = (E) (2001b - ft*) | (200 RPM)

|'1 min| | 21 rad

2 .
] 1 Ebf
32174 1p- L%
5

| 605 | lrotation

KE = 1363.3 ft - lbf
The potential energy of the mass is:
PE = mgh

Equating to the kinetic energy of the flywheel and solving for h:

t
h— KE  (1363.3 ft-lbf) |32.1?4:b {_zl
™3 (100 1b) (32,25_5) | 1 1b, |

< Height of

Step 2
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How high above the surface of the earth, in ft, would a 140 Ib mass have to be raised to have its
potential energy equal to the kinetic energy of the flywheel?

h=..ft

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.
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Known: The moment of inertia of a flywheel as well as its angular velocity, in RPM, is known.
Find: Determine the height required to store an equivalent amount of energy in a 100 Ib mass.

Schematic and Given Data:

200 RPM

Engineering Model:
1. The acceleration of gravity is constant, g = 32.2 ft/s".
2. The datum for KE and PE is embedded in the axis of rotation of the flywheel.

Analysis:
The kinetic energy of the flywheel is:

|'l min| | 2mrad

2 .
] 1 Ebf
32.174 1b f—g
5

2
KE = % = (1) (200 Ib - ft*) [(200 RPM)

2 | 605 | lrotation

KE = 1363.3 ft - lbf
The potential energy of the mass is:
PE = mgh

Equating to the kinetic energy of the flywheel and solving for h:

t
_KE _ (1363.3 ft-lby) |32-1?435":—2|
™9 (100 Ib) (32.2{—3” Lib; |

Height of
h=1362ft * mass
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Reserve Problem 2.002

An object whose mass is 90 Ib is projected straight upward from the surface of the earth and
reaches a height of 900 ft when its velocity reaches zero. The only force acting on the object is
the force of gravity. The acceleration of gravity is g = 32.2 ft/s?. Determine the initial kinetic
energy of the object, in ft-1br, and the initial velocity of the object, in ft/s.

Step 1

Determine the initial kinetic energy of the object, in ft-Ibs.

KE = ... ft:Ibs

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.

Known: An object of known mass reaches a given height when projected vertically with gravity as t}
only force acting on it.

Find: Determine the initial kinetic energy of the object and the initial velocity.

Schematic and Given Data:

£ s Engineering Model:
“].f 1. The acceleration of gravity is constant, g = 32.2 ft/s”.
| t Farov = Mg 2. The object is a closed system.
25= 300 ft g =32.2 ft/s? 3. Gravity is the only force acting on the object.

Analysis:
Since gravity is the only force acting on the system, a balz
can be established between the initial and final states for

total energy in the system:

1
Emvf +mgz; = Emvf + mgzg

Since z; = 0, the initial kinetic energy is:

1 2
KE = E?m:'f = Mgz

ft ] | 1 Ebf
KE = (50 1b) (32.2 —2) (300 ft) ft
s |32.1?4 -
Initial kinetic
KE = 150121 ft-!bf < energy

Step 2

Determine the initial velocity of the object, in ft/s.
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vi= ... ft/s

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.

Solving for v;:

v =JE=\[2(32.2§) (300 ft)

L iar .
v = 139_{}% « Initial velocity

Reserve Problem 2.003 Sl

Beginning from rest, an object of mass 200 kg slides down a 10-m-long ramp. The ramp is
inclined at an angle of 60° from the horizontal. Air resistance and friction between the object and
the ramp are negligible. Let g = 9.81 m/s2. Determine the kinetic energy of the object, in kJ, and
the velocity of the object, in m/s, at the bottom of the ramp.

Step 1

Determine the kinetic energy of the object, in kJ, at the bottom of the ramp.

KE =...kJ

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.
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Known: Beginning from rest, an object of known mass slides down an inclined plane. The length of 1
ramp is given.

Find: Determine the kinetic energy and the velocity of the object at the bottom of the ramp.

Schematic and Given Data:

Engineering Model:
1. The acceleration of gravity is constant, g = 9.81 m/s”.

2. The object is a closed system.
3. Gravity is the only force acting on the object.

Analysis:
Since gravity is the only force acting on the system, a balance can be established between the initia
final states for the total energy in the system:

1
Emvlz +mgz, = Emvzz + mgz,

Since v, = 0 and z,= 0, the kinetic energy at the bottom of the ramp is:

1,
KE = Emvz = mgz
m 1N | 1kJ
KE = (200 kg) (9.81— ) (10 in (30 ‘
( ‘9)( 52){ W B 1 kg-m/s2[ 11000 N -m
Final kinetic
KE =981k *
energy

Step 2
Determine the velocity of the object, in m/s, at the bottom of the ramp.
Vo =..m/s

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.
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Solving instead for v.:

v, = [2gz, = \{2 (9.81 ;n—z) (10 m) sin(30°)

py = 9.90 M 4 Final velocity
s

Reserve Problem 2.004 SI

A system with a mass of 6 kg, initially moving horizontally with a velocity of 40 m/s,
experiences a constant horizontal force of 25 N opposing the direction of motion. As a result, the
system comes to rest. Determine the amount of energy transfer by work, in kJ, for this process
and the total distance, in m, that the system travels.

Step 1

Determine the amount of energy transfer by work, in kJ, for this process.

W=_.kJ

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.
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Known: A system of known mass and initial velocity experiences a constant deceleration due to the
action of an opposing force and comes to rest.

Find: Determine the amount of energy transfer by work and the total distance the system travel:
the process.

Schematic and Given Data:

State |
- m=8kg
vi=25m/is
F=-25N

X

g7 7T 77T 7T 77T

Engineering Model:

1.The initial velocity and all motion of the system is horizontal (+x).
2. The object is a closed system.

3. The opposing force is the only force acting on the object.

Analysis:
Since the opposing force is the only force acting on the system, the work of the force is found by:

1 1 my 2 1N || 1k
[ 2 _ .2 = — - -
w_zm(vz vi) Z{Bkg)[ (255)] lkg_sﬂzlhﬂﬂﬂﬁ-m

Energy transfe

W=-25k
/ by work

Step 2
Determine the total distance, in m, that the system travels.
AX=..m

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.
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The net work done by a force over a given distance is:

W = FAx
Solving for Ax:
1000 N -m
W (_2'5”)| 1k] |
Ax=p= —25N
Axr = 100 m + Total distance

Reserve Problem 2.005

The drag force, Fq, imposed by the surrounding air on a vehicle moving with velocity V is given
by Fe= Ca A p V?/ 2 where Cq is a constant called the drag coefficient, A is the projected frontal
area of the vehicle, and p is the air density. An automobile is moving at V = 30 miles per hour
with Cq = 0.28, A = 25 ft2, and p = 0.075 Ib/ft3. Determine the force, in Ibs, and the power, in hp,
required to overcome aerodynamic drag.

Step 1
Determine the force, in Iby, required to overcome aerodynamic drag.
Fa = ... lbs

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.
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Known: Drag characteristics are provided for an automobile moving at 30 mph.

Find: Determine the force and power required to overcome the aerodynamic drag force at the given
speed.

Schematic and Given Data:

Cs=0.28 pair=0.075 Ib/ft
A=251t

v =30 mph

”
Engineering Model:
1. The automobile is the system.

2. The aerodynamic drag is the only force acting on the system.

Analysis:
The aerodynamic drag force is:

1 2
Fd = CdA (EPU )

At 30 mph:
£, = 029)(25 )2 (0.075-%) [0 mphy [ L1| 220/} LUy
a = (028)(237t7) 13\ ft3 (30mph) |3 00 sl M Tmi 32.1741b - ft/s*
P Force to overcome
Fq = 15.801b; aerodynamic drag

Step 2
Determine the power, in hp, required to overcome aerodynamic drag.
W, =..hp

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.
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The power required to overcome the drag force is:

| 1h 15280 ft| 1hp
[ t-lb
|36UDS| 1mi |55Uf 5 ¥

W; = Fyv = (15.80 Ib)(30 mph)

, < Power to overcon
Wy = 1.264 hp aerodynamic drag

Reserve Problem 2.006

A closed system consisting of 10 Ib of air undergoes a polytropic process from p; = 65 Ibf/in?, vy
= 4 ft3/Ib to a final state where pz = 20 Ibf/in?, v = 11 ft¥/Ib. Determine the polytropic exponent,
n, and the amount of energy transfer by work, in Btu, for the process.

Step 1

Determine the polytropic exponent, n, for the process.

n=..

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.
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Known: Air undergoes a polytropic process between two specified states.
Find: Determine the polytropic exponent, n, and the work for the process.

Schematic and Given Data:

tate |
my = 10 [b ; \:. Polytropic process : \ ™ :jm lb"_ .
py = 63 Ibffin? | pv' = constant | '\ pp=201btin.
v, =4 ft¥flb

| =11107b

Engineering Model:
1. The air is a closed system.
2. The system undergoes a polytropic process, pv'= constant.

Analysis:
Since pV'= constant:

piVi' = po V9 = constant
and,

p1V] = paVy = constant

Solving for n:
65 b /in®
n(5) I“(zﬂ .Ibf,.fmz)

n(2) D)

n

n = 1.165 «——— Polytropic exponent

Step 2
Determine the amount of energy transfer by work, in Btu, for the process.
W=_..Btu

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.
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To solve for work:

2 2
W=fpdV=rnfpdv=m
1 1 1

% (constant) p
i v

(constant)vi™™ — (constant)vi™" _ (@ i — (pyv)vd

-1 .
P2V — 11y
m—

W=m

1—n 1—n 1—n
Iy 2 Ib
|(205%) (1125 - (655) (4T 78] 2
L=l (1— 1.165) |??8 ft- by
W = +448.3 Btu % Work

The positive sign for work denotes energy transfer out of the system.

Reserve Problem 2.007

As shown in the figure, an exterior wall of a building has an average thermal conductivity of
0.32 Btu/h-ft-°R and a thickness of L = 6 in. At steady state, the temperature of the wall
decreases linearly from T1 = 70°F on the inner surface to T» on the outer surface. The outside
ambient air temperature is To = 30°F and the convective heat transfer coefficient is 5.1

Btu/h-ft>°R.

I‘ Wall

x =032Bwh-ft -°R

T h=5.1Bwh-fi>- R

5

<
gl
. A

Determine the temperature T in °F, and the rate of heat transfer through the wall, in Btu/h per ft?

of surface area.
Step 1

Determine the temperature T in °F.
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T, =1...°F.

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.
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Known:Data are provided for an exterior wall undergoing heat transfer at steady state. The therm:
conductivity of the wall, the convective heat transfer coefficient are given, as well as the
interior and the outside ambient temperatures.

Find: Determine the outer surface temperature and the rate of heat transfer through the wall.
Schematic and Given Data:
[Wﬂu Engineering Model:

1. The wall is at steady state.

2. The temperature varies linearly through tl
k=032Bwwh-ft-°R

Tp=25°F e _
T, =T0°F h=51Bmuh.f2. R 3- Heat transfer at the outer wall surface is &
convection only.
L=4in Analysis:
- From Fourier’s Law, with a constant temper:
L3
kI gradient:
2 i 3 . kA dT kA Tz = T]_
e Ge =k =-ka(Z )

and from Newton’s Law of Cooling:
‘jcanp = M(TZ - Tﬂ)
At steady state:
':?.r = ':?cunu

or,

TZ - Tl

Solving for Ta:

_ RLTy+KT, _ (5-1%) (4 ft) [(25 + 460)°R] + (n.sz %) [(70 + 460)
- _
hL+k (5_1%) (5 )+ (0.32 %)

T, = 492.1°R (32.1°F) «—— Temperature, T,

Step 2
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Determine the rate of heat transfer through the wall, in Btu/h per ft? of surface area.
Q,/A =..Btu/h-f?

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.

Then, from the established Fourier's Law relation:

Qx T,—T Btu 492.1°R — [(70 + 460)°R]
_k(z 1)=_(ﬂ'32h-ft-“}?) 1
(1z/?)

Q,/A =36.4 Btu/h- ft* «—— Rate of heat transfer

Reserve Problem 2.008 SI

A composite plane wall consists of a Li = 50 mm thick layer of insulation (ki = 0.05 W/m-K) and
a Ls= 25 mm thick layer of siding (ks = 0.10 W/m-K). The inner temperature of the insulation is
20°C. The outer temperature of the siding is -10°C. Steady state conditions apply.

Determine the temperature at the interface between the two layers, in °C, and the rate of heat
transfer through the wall, in W per m? of surface area.

Step 1
Determine the temperature at the interface between the two layers, in °C.
T,=..°C

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.
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Known: Energy transfer occurs by conduction through a composite plane wall consisting of two lay

Find: Determine the temperature at the interface between the two layers and the rate of heat
transfer through the wall.

Schematic and Given Data:

L==5ﬂmm‘ —+"L5=25 min Engineering Model:

Siding 1. The wall is at steady state.
k= 0.10W/m-K ) The temperature varies linearly through each la

r :.EC\ 3. Heat transfer at the outer wall surface is by
T;=? convection only.
T:=-10"C

Analysis:

From Fourier's Law, with a constant temperature

gradient:
); T, —T.
Q: _ —ks( 2 1)
A L,

and,
= = _ks

./ A L,
Insulation
k= 0.05 Wm-K
At steady state:
Q; = Qs
or,
T; —T Ty — T
k, ( 2 1) _ ks( 3 2)
LI' LS

Solving for Ta:

Considering:
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and,

w
ke 0105—p W

L. 0025m m?-K

Solving for T, and converting T, and T; from Celsius to Kelvin:

(1 %} (293 K) + (4m2—“’_rﬁ,) (263 K)
(17775) + (4527%)

T, =269 K (—4°C) <— Interface temperature

Step 2
Determine the rate of heat transfer through the wall, in W per m? of surface area.

Q /A =..W/m?

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.

Solving for the rate of heat transfer:

); T> — T w w
%=—k5(2 1)=—(1 )(259:{—293:{):24—
A L; m?-K m2

Alternatively:

e (B8~

Q/A =24 W/m? <«——— Rate of heat transfer

m2 - R’) [(263 K) — (269 K)] = 24 %

Reserve Problem 2.009 SI

A gas is compressed in a piston—cylinder assembly from p: = 2 bar to p2 = 8 bar, V2 = 0.02 m®in
a process during which the relation between pressure and volume is pvV*’ = constant. The mass
of the gas is 0.2 kg. The specific internal energy of the gas increases by 50 kJ/kg during the
process. Kinetic and potential energy changes are negligible. For the gas as the system,
determine the work, in kJ, and the heat transfer, in kJ.

Step 1

Determine the work for the process, in kJ.
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W=..kJ

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.

Known: A gas of known mass is compressed in a piston-cylinder assembly from a specified initial
pressure to a known final state. The pressure-volume relationship for the process is given, :
the specific internal energy change is known.

Find: Determine the heat transfer for the process.

Schematic and Given Data:

State | State 2

=3 Process | — 2 T )

~ ———

T s pV'3 = constant Mot

Au =50 klkg
m =02kg
Py = 2 bar p, = 8 bar
V, = 0.02 m*

Engineering Model:
1. The gas is a closed system.

2. The system undergoes a polytropic process in which pV*= = constant.
3. Kinetic and potential energy effects are negligible.
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Analysis:
From the polytropic relationship:

pvi? =p Va7
Solving for the volume at state 1:

1
- p.Vi3\I? _ [(8 bar)(0.02 m?)'3
7, B (2 bar)

1.3
l = 0.058m?3

The work done by the gas on the piston during the process is:

VZ
W=| pdv
VJ.
Since the process is polytropic:

V2 v JVZ (constant) av (constant)Vi ™" — (constant)Vi™  (p,V3Vi ™ — (p, V")
pdv = = B

v, v, vn 1—n 1—n
L v, —p, V.
pdlf:pzz P1Vy
v 1—n
1

Solving for the work:

N
, _ (8bar)(0.02m?) — (2 bar)(0.058 m’) |1ﬂ5 221 1k
1—1.3 | bar |110® N-ml

W=—146k] * Work

Step 2
Determine the heat transfer, in kJ.
Q=..kJ

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.
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The heat transfer can be determined from the energy balance:

AKE+APE+AU=Q —W

Neglecting changes in kinetic and potential energy, and solving for heat transfer:
kJ
Q=AU+ W =mAu+ W = (0.2 kg) (Eﬂk—) —14.6 k]
g

Q=—46Kk] = Heat transfer

The heat transfer is negative, denoting energy transfer by heat from the gas to the environment as
compresses.

Reserve Problem 2.010

Steam in a piston—cylinder assembly undergoes a polytropic process, with n = 2, from an initial
state where V1 = 1.75440 ft3, p1 = 500 Ibf/in?, and u1 = 1322.4 Btu/lb to a final state where u, =
1036.0 Btu/lb and v, = 3.393 ft¥/Ib. The mass of the steam is 1.0 lb. Changes in kinetic and

potential energy can be neglected. Determine the change in volume, in ft3, the energy transfer by
work, in Btu, and the energy transfer by heat, in Btu.

Step 1
Determine the change in volume, in ft2.
AV =, ft®

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.
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Known: Steam in a piston-cylinder assembly undergoes a polytropic process. Initial and final state
property data isspecified.

Find: Determine the change in volume, in ft*, and the work and heat transfer, each in Btu.

Schematic and Given Data:

Process 1— 2
i_"_':: e

Steam pV? = constant
u; = 1036.0 Buwlb
my= 101b vo = 3.393 fi*/lb
V,=1754 £}

py = 450 Ibf/in?
u; = 1322 4 Buu/lb

Engineering Model:

1. The gas is a closed system.

2. The system undergoes a polytropic process in which pV° =constant.
3. Kinetic and potential energy effects are negligible.

Analysis:
The final volume is:

rz
Vo, = mv, = (1.0 1b) (3.393 f;—b) = 3.393 ft?

The change in volume from 1-2 is:

AV =V, —V; = (3.393 ft* — 1.754 ft3)

Chang
volum

AV = 1.639 ft*

Step 2
Determine the energy transfer by work, in Btu.
W=_..Btu

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.
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For the polytropic process:
pLVE = poV7

Solving for p;:

_ pVE (450 1By /in®)(1.754 ft3)?

_ 1203
P2="y2 (3.393 ft3)? T 2

The work done by the gas on the piston during the process is:

W=| pdVv
VJ.

Since the process is polytropic:

V2 v J‘Vz (constant) . (constant)Vy™" — (constant)VE™™  (p,V3Vi™" — (p, V1)
pay = T~ yn &7 -

v, v, vn 1—n 1—n
V2 Vs — py Vi,
pdV:Pzz P1iva
v, 1—n

Solving for work:

by ATE
(12ﬂ.3 m_Z) (3.393 ft3) — (4.-5::: m_Z) (1.754 ft3) |144 in?
1—2 | 17t2

1 Btu
778 ft- Ibf

W =

W = 70.57 Btu+ Wor

Step 3
Determine the energy transfer by heat, in Btu.
Q=..Btu

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.
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The heat transfer can be determined from the energy balance:
AKE +APE+AU=Q - W
Neglecting changes in kinetic and potential energy, and solving for heat transfer:
Q=AU+W =mAu+W = (11b) ('1(]36.:]%— 1322.4%) + 70.57 Btu

Q = —215.8 Btu * Heat transfe:

1. The increase in volume for this expansion process is consistent with the positive sign for work,
denoting energy transfer out of the system by work.
2. The negative quantity for Q denotes an energy transfer out of the system by heat.

Reserve Problem 2.011 Sl

A vertical piston—cylinder assembly with a piston of mass 35 kg and having a face area of 60
cm? contains air. The mass of air is 2.5 g, and initially the air occupies a volume of 2.5 liters. The
atmosphere exerts a pressure of 100 kPa on the top of the piston. The volume of the air slowly
decreases to 0.001 m? as energy with a magnitude of 1 kJ is slowly removed by heat transfer.
Friction between the piston and the cylinder wall can be neglected and g = 9.8 m/s?. Determine
the work done by the air on the piston during the process, in kJ, and the change in specific
internal energy of the air, in kJ/kg.

Step 1
Determine the work done by the air on the piston during the process, in kJ.
W=_.kJ

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.
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Known: A vertical piston-cylinder assembly contains air of known mass. The initial and final volume:
air and the heat transfer are specified

Find: Determine the work done by the air on the piston, in kJ, and the change in specific internal
energy of the air during the process, in kl/kg.

Schematic and Given Data:

State 1 Pax = 100 kPa State 2

.*.II:_I_“:n = ':.:I_U'.Ji lII: _/,-"- E........._......... S—

1 VY
! Vy=0.001 m*
Mg issan =20kg i ! ) i
: Alr i
mu=25g=00025kg || Process 1 — 2 i o
F=25L=00025m || — = H
. - ‘| Constant pressure process |
O0==1kl

Engineering Model:

1. The air within the piston-cylinder assembly is the closed system.
2. There is no friction between the piston and the cylinder wall.

3. Kinetic energy effects are negligible.

4. The process occurs slowly with no acceleration of the piston.

5. The acceleration of gravity is constant.
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Analysis:

Faim = Pum pision

- e .2
— Apigion = 0.005 m

Fu.u _.r"-"iLu-"Ipn[un -'Flplsl._-.;k!,_’

From the free body diagram above, summing the forces:
Z F, = pair‘qu’smn - parm‘qpismn — Myisrond = 0

Solving for the pressure of the air contained in the piston, pg:

m
+ Zeistond _ 100 kpa + e (QIBF] | 1N | 1 kPa 139.2 kP
air = Patm T 4 ton 0.005 m? |1 kg ;_"; |1ﬂ3%
The work done by the gas on the piston during the process is:
Vz
W=\ pdv
Vi
Since the pressure is constant:
v 108 Y 1k
W=p| dV=p(V,—V,)=(139.2 kPa)(0.001 m*® — 0.0025 m?*) m?f | /
v, 2 ) ] | |1ffPa [103 N -m
W = —0.2089 kJ < Net work

Step 2
Determine the change in specific internal energy of the air, in kJ/kg.
Au = ... k/kg

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.
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The internal energy can be determined from the energy balance:

AKE +APE+AU=Q—-W
Neglecting changes in kinetic and potential energy, and solving for the change in internal energy:
AU=Q —W =—1kJ — (—0.2088 kJ) = —0.7912 kJ
Considering that AU = m{us-uz) or {us-uz) = AU/m

—0.7912 k] 3165 k_f Change ir

Au=———"F"F—=
0.0025 kg kg internal e

1. The negative value for work is consistent with the reduction in volume during compression.

Reserve Problem 2.012 S|

A gas within a piston—cylinder assembly undergoes a thermodynamic cycle consisting of three
processes in series, beginning at state 1 where m = 0.40 kg, p1 = 1 bar, V1 = 1.5 m?, as follows:

Process 1-2: Compression with pV = constant, Wiz = -104 kJ, uy = 424 kJ/kg, uz = 780 kJ/Kg.
Process 2-3: W23 = 0, Q23 =-150 kJ.

Process 3—1: Wz1 = 52 kJ.

There are no changes in kinetic or potential energy. Determine Q12 and Qss, each in kJ.

Step 1

Determine Q12, in kJ.

Qu2=..kJ

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.
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Known: A gas within a piston-cylinder assembly undergoes a thermodynamic cycle consisting of thi
processes in series.

Find: Determine the heat transfer from 1 to 2 and from 3 to 1.

Schematic and Given Data:

1

| I
I gas | 0
. m=035kg

1-2: Compression, pV = constant, W2 =-104 kJ
up =424 kl'kg, u: =780 kI 'kg
p=1bar, =15m’
2-3: =0, Q22 =-150 kT
3-1: Wuy=+350KJ
Engineering Model:
1. The gas within the piston-cylinder assembly is the closed system.
2. The volume change is the only work mode.
3. Kinetic and potential energy effects are negligible.

Analysis:
(a) The energy balance between states is:

AKE+APE+AU=Q—W
Neglecting kinetic and potential energy changes:

Q=AU-W
Considering AU = mAu:

k] k]
Q5 = mAu,, + Wy, = (0.35 kg) (?BGE = 4245) — 104 kJ
Heat transfer

from 1-2

Q2 = 20.6 kJ <

Step 2
Determine Qaz, in kJ.
Qa1= ... kJ

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.
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Applying the energy balance for process 2-3:

mAuy; = m(uz —u;) = Qq3

Solving for us:
Q3 —150kJ kJ kJ
=— =———4780—=3514—
“a m T 0.35kg * kg kg

Applying the energy balance again for process 3-1:

kJ kJ
Heat transfe
Qa1 =754k 4 from 3-1

As a check for these calculations, consider that the internal energy is a property. For a closed syster

undergoing a cycle:
ﬂUC_}"ﬂEF =0= m(ﬂulz +ﬂ.u23 + ﬁugl]

B kJ k] k] kJ k] LAY
AUyee = (0.35 kg) [(?sn P 424 kﬂ) + (424 i 351.4 kg) + (351.4kg — 780 kg)] =

Reserve Problem 2.013

For a power cycle operating as shown in the figure, Weycie = 600 Btu and Qout = 1800 Btu.

H.;:'_l.rcle = Qm - Qaut

What is the heat input, Qin, in Btu, and what is the cycle thermal efficiency?
Step 1

What is the heat input, Qin, in Btu?
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Qin = .. Btu

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.

Known: The work and heat rejection of a cycle are provided.
Find: Determine the heat input, Q;, and the cycle thermal efficiency.

Schematic and Given Data:

I'-
| \

Hot |
| body \xl
}_-__{___-_l
vo. |

|

I
|
|
|
I System sl
|
|
|

b

rrc}'c:e = Qm - Quut
]T;q_'{fe = ﬁ{}D B'[‘Ll
Opwe = 1800 Btu

Engineering Model:
1. The system is specified and outlined by the dashed lines.
2. Energy transfers are positive in the direction of arrows on the schematic.

Analysis:
The energy balance for the cycle is:

Wc_vcle = Qin — Qour
Solving for Qi

Qin = Qour + Weyee = 1800 Btu + 600Btu

Qin = 2400 Btu Heat addition

Step 2
What is the cycle thermal efficiency?
n=..%

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.
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The cycle thermal efficiency is:

W, 600 Btu
cyvele _ — 0.25
Q;, 2400 Btu

n=25% * Thermal efficiency

Reserve Problem 2.014 S|

A heat pump cycle operating at steady state receives energy by heat transfer from well water at
10°C and discharges energy by heat transfer to a building at the rate of 1.2x10° kJ/h. Over a
period of 14 days, an electric meter records that 1620 kW-h of electricity is provided to the heat
pump. These are the only energy transfers involved.

Determine the total amount of energy transfer by work into the heat pump over the 14-day
period, in GJ.
Determine the amount of energy that the heat pump receives by heat transfer from the well water

over the 14-day period, in GJ.
Determine the heat pump’s coefficient of performance.

Step 1
Determine the total amount of energy input by work for the 14-day period, in GJ.
chcle: .. GJ

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.
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Known: Operating data are provided for a heat pump cycle operating at steady state while receivis
energy by heat transfer from well water.

Find: Determine the total amount of work, in GJ, the amount of energy received from the well v
in GJ and the coefficient of performance.

Schematic and Given Data:

Building
Q&u: =1.2x108kTh

e p——— J———

2

SYSIEM  <—

3'@1&

= 1490 kW-h

over 14 days

Engineering Model:

1. The heat pump is the system.

2. The building and the well water play the roles of hot and cold bodies, respectively.
3. The heat pump operates at steady state.

4. All energy transfers are positive with the directions of the arrows.

Analysis:
Converting the work to GJ: _
3600s|| 1k [|107°G)
W.. ..= (1490 kW - h
cycte = ( ) 1n H1kw-sl| 1kJ
W,yae = 5.364 G] Total we

Step 2

Determine the amount of energy that the heat pump receives by heat transfer from the well water
over the 14-day period, in GJ.

Qin = 1l GJ

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.
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The energy balance for the cycle is:
Wc}rcie = Qin — Qour

The heat rejection to the building over the 14 day period is:

0 (12><'1l’.]5 kj)| 1h (14 d _]| 24 h ‘36UDS| 107¢ GJ 40326J
= = o ays = ) T
out h /(3600 s YNidayl 10 || 10
Solving for Q;,:
Qin = Qour + Weyere = 40.32 G] — 5.364 GJ
Qin = 34.96 G] * Heat additi
Step 3

Determine the heat pump’s coefficient of performance.
COP=..

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.

The coefficient of performance is:

_ Qour _40326]
" Weyee 5.364GJ

¥

y =7.52% Coefficient of performa

Reserve Problem 2.015 SI

An electric motor operating in steady state draws a current of 11 amp at a voltage of 120 V. The
output shaft develops a torque of 8.4 N-m and a rotational speed of 1200 RPM. Determine the
electric power, in kW, the power developed by the output shaft, in kW, and the rate of heat
transfer, in kKW.

Step 1

Determine the electric power, in KW.

We]ectrjc = .. kw
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SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.

Known: Operating data are provided for an electric motor operating at steady state.

Find: Determine the electric power required by the motor, and the power developed by the output
shaft.

Schematic and Given Data:

+_ | | =102 N-m
i=10A e E@' = 1000 RPM
E=120v— |

. ——|

- -

Engineering Model:
1. The motor, as outlined in the schematic, is a closed system.
2. The system is at steady state.

Analysis:
The electric power input to the motor is:

Weiectrac =—&l = {120 V)(]-U A) ‘

1W/A[| 1EW |
1000 wi

W —1.200 kwe&——— Electric power input

electric —

Step 2

Determine the power developed by the output shaft, in kW.

Wanatt = | KW

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.

The power developed by the rotating shaft is:

i | 2 rad ||1min 1kW |
Wenase = Tw = (10.2 N - m)(1000 RPM) : ‘ ‘
lrotationl| 60 s |1lJU|J N
Winase = 1.068 ki Power developed
by shaft

Step 3

Determine the rate of heat transfer, in kW.
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Quysem = kw

SOLUTION Please Note: This solution shows the solution to the problem with one particular
set of values. These values may not match those in the problem you have been given to solve.

The energy balance for the system at steady state is:

stsrem — Wher = ﬂES_].-’SE‘Qm =0
Where:

Wner = Wshafr + Welecrric

The rate of heat transfer is:

Qsystem = Wee = —1.200 kW + 1.068 kW

'jsysrem = —0.132 kW<4— Rate of heat transfer

**Note: Power loss within the system occurs in the form of electric resistance within the motor circuit
and friction. At steady state, the energy from these losses is carried out of the system by heat transfer.
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