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Chapter (4

ENERGY ANALYSIS OF
CLOSED SYSTEMS

SOLVED PROBLEMS
Dr. MUNZER EBAID



Boundary Work
Problems



Problem (4-7)

4-7 The boundary work done during the process shown in the figure 1s to be deternuned.

Assumprions The process 1s quast-equilibrium.
F

Analysis The work done is equal to the area under the
process line 1-2:

F+F
Wy o = Area = ] —(V, -1)
100+ 500)kPa 1 cJ
= w (4.0-2.0)m’ #
2 1kPa-m"~ .

—600kJ




Problem (4-12)

Given :
R —134a (saturated Liquid )

P, =P, =900kPa
V, =200L =0.2m"

Find Boundary Work?

7,

ot

— J;PJU = _Fi:[.-":-: —{!"ij = .”TPI::{-"E _{-"]_:]




Problem (4-12)

4-12 Refrigerant-134a i a cylinder 1s heated at constant pressure until its temperature rises to a specified
value. The boundary work done during this process 1s to be determuned.

Assumptions The process 1s quasi-equilibrium.

Properties Noting that the pressure remains constant during this process, the specific volumes at the mnitial

and the final states are (Table A-11 through A-13)

F =900 kP
! .. al Ui =Veoomye: = 0.0008580 ms]::g F i'*'t
Sat. liqud J C (kPa)

P, =900 kPa
T, =70°C

}u;_ =0.027413 m’ kg

1 2
900 > .
Amnalysis The boundary work 15 determuned from its definition to be / \
3
- v

_U]._ Em

~2331ke

L]

con <3
v1 0.0008580 m~ kg At P, = 900kPa, Tsat =35.51C

Wi = | PAV = P(Vs =) = mP(vy v}

N

(
= (233.1kg)(900 kPa)(0.027413 — 0.0008580)m’ kgl Lﬂ
| 1kPa-m™ |

=2271kJ




Problem (4-21)

4-21 CO; gas in a cvlinder 15 compressed until the volume drops to a specified value. The pressure changes

during the process with volume as P=al/  The boundarv work done during this process 1s to be

determined.
Assumptions The process 1s quast-equilibrium. P
e
Analysis The boundary work done duning this
process 1s determined from 2
2 2 g ) " A — or2
Ff},_m=j'}:wu:j' ‘igl"'”=‘“{J _UL P=all
' ! ! | Vi v
1Y 1k ) MI |
——(8kPa-m }[ 3 3 ‘
01m’ " 03m A 1kPa-m” > V

0.1 03 3
=533 kJ ()

Discussion The negative sign indicates that work 1s done on the system (work input).




Problem (4-25)

4-25 A saturated water mixture contained in a spring-loaded piston-cylinder device 1s heated until the
pressure and temperature rises to specified values. The work done dunng this process 1s to be determned.

Assumprions The process 15 quasi-equilibrium.

Analysis The mninial state 15 saturated mixture at 90°C. The
pressure and the specific volume at this state are (Table A-4).

P, =70.183kPa 800 kP oo fo N

V) =vp XV,
=0.001036+(0.10)(2.3593—0.001036)
=0.23686 m” kg

Py

=,
v

Teat@posoo =170.41°C

The final specific volume at 800 kPa and 230°C 15 (Table A-6)
PRl Superheated region

Since this 15 a linear process, the work done 1s equal to the area under the process line 1-2:

) A+FA
Wy ot = Area= ! . = m(v; —uvy)

I i 3
_(J0183+8000Pa |\ 20321023686 0m? | — L
~ x_ll-:P'a-mS A

_2452kJ




Closed System
Energy Analysis



Problem (4-30)

4-30 The table 15 to be completed using conservation of energy principle for a closed system.

Analysis The energy balance for a closed system can be expressed as

out system
Net energy transfar Change m intermzl, kinetic,
by heat, werk, and mass potential, ste. enerzies

O —Wou =E, —E, =mle; —¢;)

Application of this equation gives the following completad table:

O Wow E, E, m o — e
(k) (kT) (kT) (&I (kg) (kike)
280 440 1020 260 3 -53.3
-330 130 550 70 3 -96
-40 260 300 0 2 -150
300 550 730 500 1 -250
-400 -200 500 300 2 -100




Problem (4-32)

4-32 Motor o1l 1s contamned 1 a rigid container that 1s equipped with a stirning device. The rate of specific
energy increase 15 to be determmed.

Analysis This 1s a closed system since no mass enters or leaves. The energy balance for closed system can

be expressed as

E m E out
et enerzy transfar
by haat, work, and mazs

= AE system

——

Change m imternal, kmetic,

potential, stc enerzies

0, +7y, =AF
Then.
AE=Q, +T7,, =1415=25=25
Dividing this by the mass in the system gives
w22 25T 467 kg s
m  loke

Fa=1.5W




Closed System Energy Analysis
ldeal Gases



Problem (4-65)

Determine the internal energy change when the membrane is ruptured.

Determine the final air pressure when the membrane is ruptured.

Assumptions 1 Air 15 an 1deal gas since 1t 15 at a ngh temperature and low pressure relative fo ifs critical

point values of 132, Kand 3.77 MPa. 2 The kinetic and potential enerzy changes are negheble,
Ake = Ape = (). 3 Constant speciftc heats at room temperature can be used for air. This assumption results

1n neghgible error in heating and atr-condrtioning applications. 3 The tank 15 msulated and thus heat
transfer 1s neghgible

Adiabatic Process




Problem (4-65)

Analysis We take the entire tank as the system. This 15 a
closed system since no mass crosses the boundaries of the
system. The energy balance for this system can be expressed
as

E-E, = A

our

" — —

system

_'.I: N— —
h '-hz.tlenm% m“d-‘fﬂ - Change m mtemal, kistic,
¥ hRan Work, AAMATS  notentia] efe enermies

0=AU=me,(I,-T;)

Since the mternal energy does not change, the temperature of
the air will also not change. Applyng the 1deal gas equation
gives

V

AV, =RV, —P =R —=H v, -"'ZzﬂzTDDkPa
Y v, 12

=350kPa



Problem (4-69)

4-69 Argon 1n a piston-cylmder device undergoes an ssothermal process. The mass of argon and the work
done are to be determined.

Assumpfions 1 Argon 1s an 1deal gas snce 1t 15 at a hugh temperature and low pressure relative to 1fs crifical
potnt values of 131 K and 4.86 MPa. 2 The kinetic and potential energy changes are negligible,

Ake = Ape=0.

Properties The gas constant of argon 1s R =0.2081kI ke K (Table A-1).

Given:
p, =200kPa ,p, =50kPa

T, =T, =50C(Isothermal process) reon
Q =1500kJ 100°C




Problem (4-69)

Analysis We take argon as the system. This 1s a closed svsfem since no mass crosses the boundanies of the
system. The energy balance for this system can be expressed as

Ein - Ec—ut - ﬂEa}'stem
;

Netenergy transfer  Change in intermal, kinetic,
by heat, work, and mass potantial, atc. energles

Qin _ﬁ}'b:m.'l.‘t =AU :”EEL-'(TE _.T]_)

R = 1 =i~ Q
O =Wy =0 (since]; =T) =1500 kJ
Qj =H?b:-::-ut

Wy o = 0w = 1500 kJ

Using the boundary work relation for the 1sothermal process of an 1deal gas gives

2 2
Wy out = mj'P.:fu - mRTIi—U — mRTIn
1 1

) P
Y o RTIn =2

¥ P

Solving for the mass of the system,

H:_?’
o .E:-,uu;} _ 1500 &7 __13.94kg
RTIn=L (0.2081kPa-m’ ke - K)373K)n= a
P ( a-m”/kg-K)(3 }HED]::Pa




Closed System Energy Analysis
Solids and Liguids



Problem (4-82)

Given :

T, =20C, T, =80C

4-81 An tron block 1s heated. The mternal energy and enthalpy changes are to be determined for a given
temperature change.

Assumptions Iron 15 an mncompressible substance with a constant specific heat.

Properties The specific heat of won 15 043 kI’kg K (Table A-3b).

Analysis The internal energy and enthalpy changes are equal for a solid. Then,

AH = AU =meAT = (1ke)(0.45 kD ke-K)(80- 200K = 27kJ



Problem (4-86)

4-86 Carbon steel balls are to be annealed at a rate of 2500/h by heating them first and then allowmg them
to cool slowly mn ambient air at a specified rate. The total rate of heat transfer from the balls to the ambient
air 15 to be determined.

Assumptions 1 The thermal properties of the balls are constant. 2 There are no changes i kinetic and
potential energies. 3 The balls are at a umform temperature at the end of the process

Properties The density and specific heat of the balls are given to be p = 7833 l-:g.-"l:rl3 and ¢, = 0.463
klkg °C.

Steel Balls are heated to - and then cooled to - at an air
temperature of -




Problem (4-86)

Analysis We take a single ball as the
system. The energy balance for this Furnace

closed system can be expressed as

E.-E,. = AE

ont system

A, 35°C

Steel balls, 900°C

e | —
Net energy transfer Change i internal, kmetie,
byheat work, andmass  potential, efc. energies

— 0, =AU g = mluy — 1)

ouf

O =me(ly = 1)

(&) The amount of heat transfer from a single ball 15

D’ 7(0.008 m)’

m=p = p——= (7833 keg/m’) =0.00210ke

Q= me, (I;-1,) = (0.0021 kg )(0.465 kl/kg "C)(900 -100)°C =0.781 kJ (per ba]llll
Then the total rate of heat transfer from the balls to the ambient air becomes

0, = ity 0,, = (2500 balls/h) x (0.781 kI/ball) = 1953 kI/h = 542 W




THE END
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