5-15

5-25 A piston-cylinder device contains air gas at a specified state. The air undergoes a cycle with three
processes. The boundary work for each process and the net work of the cycle are to be determined.

Properties The properties of air are R = 0.287 kJ/kg.K , k= 1.4 (Table A-2a).

Analysis For the isothermal expansion process:
.15kg)(0.287 kJ/kg. K 273K
v _mRT _ (0.15kg)(0.287 J/kg K)(350+273 ):0.01341m3
P (2000 kPa) .
Air
15kg)(0.287 kl/kg.K 273K 2 MPa
v, _mRT _ (0.15kg)(0.287 J/kg.K)(350+273 ):0.05364m3 150°C
P, (500 kPa)
3
W,,_, = PV 1n| 2 | = (2000 kPa)(0.01341 m*)In M =37.18kJ
’ Y 0.01341m

For the polytropic compression process:

P,V = PVt ——(500 kPa)(0.05364 m*)'? = (2000 kPa)ly* ——/; =0.01690 m*

PV, — P,V ) 3)— ) 3
W, ., b, _ (2000 kPa)(0.01690 m*) — (500 kP)(0.05364 m ):_3 4.86 K]

1-n 1-1.2

For the constant pressure compression process:
Wysy = Py(V, —Vy) = (2000 kPa)(0.01341-0.01690)m> =-6.97 kJ

The net work for the cycle is the sum of the works for each process

Wnet = Wb,172 + Wb,2*3 + Wb,3*1 = 37.18 + (_3486) + (_697) = '4.65 k\]
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Closed System Energy Analysis
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5-29 Saturated water vapor is isothermally condensed to a saturated liquid in a piston-cylinder device. The

heat transfer and the work done are to be determined.

Assumptions 1 The cylinder is stationary and thus the kinetic and potential energy changes are zero. 2
There are no work interactions involved other than the boundary work. 3 The thermal energy stored in the
cylinder itself is negligible. 4 The compression or expansion process is quasi-equilibrium.

Analysis We take the contents of the cylinder as the system. This is a closed system since no mass enters
or leaves. The energy balance for this stationary closed system can be expressed as

Ein _Eout = AE

system
— —
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Wyin = Oout =AU =m(u, —u;) (since KE =PE =0)
Oout =Wpin —m(uy —uy)
The properties at the initial and final states are (Table A-4)
T, = 2oo°c} v =v, =0.12721m"> / kg
x =1 uy =u, =25942kl/kg
P, =P, =1554.9kPa
T, = 200°c} v, =v,; =0.001157m” /kg

X, =0 u, =u, =850.46 kl/kg

The work done during this process is

2
Whout = L PdV = P(v, —v,) = (1554.9 kPa)(0.001157 — 0.12721) m3/kg(

That is,
Wb,in = 1960 kJ/kg

Substituting the energy balance equation, we get

Gout =Wpjin — (s 1)) =Wy +u g =196.0+1743.7 =1940 kJ/kg

Water
200°C
sat. vapor

T Heat

1kJ 3
1 kPa-m?

~196.0 kl/kg
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5-35 An insulated rigid tank is initially filled with a saturated liquid-vapor mixture of water. An electric
heater in the tank is turned on, and the entire liquid in the tank is vaporized. The length of time the heater
was kept on is to be determined, and the process is to be shown on a P-v diagram.

Assumptions 1 The tank is stationary and thus the kinetic and potential energy changes are zero. 2 The
device is well-insulated and thus heat transfer is negligible. 3 The energy stored in the resistance wires, and
the heat transferred to the tank itself is negligible.

Analysis We take the contents of the tank as the system. This is a closed system since no mass enters or
leaves. Noting that the volume of the system is constant and thus there is no boundary work, the energy
balance for this stationary closed system can be expressed as

Ein - Eout = AEsyslem
N N H,O
Net energy transfer Change in internal, kinetic, 2
by heat, work, and mass potential, etc. energies (/= const.
W, =AU =m(uy —uy) (since Q=KE = PE =0)

VIAt = m(u, —uy)

The properties of water are (Tables A-4 through A-6)

B =100kPa | v, =0.001043, v, =1.6941 m’/kg
=025 | u,=41740, u, =20882kJ/kg ;
v =V, +xv g, =0.001043+[0.25x (1.6941-0.001043)] = 0.42431 m’/kg 2
uy =u,+xu g =417.40+(0.25x2088.2) = 939.4 kl/kg

v, =y = 0.42431 m3/kg _ = :
sat.vapor Uy = Uy @oaniming =~ 25902 Kikg Y
Substituting,
(110 V)8 A)A = (5 kg)(2556.2 — 939.4)kJ/kg(%J
S

At =9186 s = 153.1 min
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5-42 Two tanks initially separated by a partition contain steam at different states. Now the partition is
removed and they are allowed to mix until equilibrium is established. The temperature and quality of the
steam at the final state and the amount of heat lost from the tanks are to be determined.

Assumptions 1 The tank is stationary and thus the kinetic and
potential energy changes are zero. 2 There are no work

interactions.

_ TANK A TANK B
Analysis (¢) We take the contents of both tanks as the system. 2kg 3kg
This is a closed system since no mass enters or leaves. Noting 1 MPa 150°C
that the volume of the system is constant and thus there is no 300°C x=0.5

boundary work, the energy balance for this stationary closed
system can be expressed as

/1N
7

E in E out - AE system
R e
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

~ Qo =AU 4 + AU g = [m(uy —uy)], +[m(uy —u;)];  (since W = KE =PE =0)
The properties of steam in both tanks at the initial state are (Tables A-4 through A-6)

B 4 =1000kPa |y, , =0.25799 m®/kg
T, =300°C  |u; , =2793.7 ki/kg

Iip= 150°C}uf =0.001091, v, =0.39248 m®/kg
X =050 | u;=631.66, u, =1927.4kI/kg
Vig =V, + X0 =0.001091+[0.50%(0.39248 - 0.001091)]= 0.19679 m" /kg
Uy g =, +XU 5 =631.66+(0.50x1927.4)=1595.4 ki/kg

The total volume and total mass of the system are

V=V,+Vy =m v, , +myv 5 =(2kg)(0.25799 m’ /kg) + (3 kg)(0.19679 m*/kg) =1.106 m’

m=my+mz=3+2=5kg
Now, the specific volume at the final state may be determined

1.106 m*
v, =L L0OM 197 mike
m S5kg

which fixes the final state and we can determine other properties
T, = Tsat@300kPa =133.5°C
P, =300 kPa L _YV2mvp 0.22127-0.001073
v, =0.22127 m*/kg Ty -v, 0.60582-0.001073

4
Uy =1y + X, =561.11+(0.3641x1982.1) = 1282.8 ki/kg

=0.3641

(b) Substituting,

= Qo =AU, + AU = [m(u2 ‘”1)]A + [m(uz _”1)]5
=(2kg)(1282.8 — 2793.7)kJ/kg + (3 kg)(1282.8 —1595.4)kJ/kg = —3959 kJ

or Qout =3959 kJ
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5-67 A student living in a room turns her 150-W fan on in the morning. The temperature in the room when
she comes back 10 h later is to be determined.

Assumptions 1 Air is an ideal gas since it is at a high temperature and low pressure relative to its critical
point values of -141°C and 3.77 MPa. 2 The kinetic and potential energy changes are negligible,
Ake = Ape = 0 . 3 Constant specific heats at room temperature can be used for air. This assumption results

in negligible error in heating and air-conditioning applications. 4 All the doors and windows are tightly
closed, and heat transfer through the walls and the windows is disregarded.

Properties The gas constant of air is R = 0.287 kPa.m’/kg.K (Table A-1). Also, ¢, = 0.718 kl/kg.K for air
at room temperature (Table A-2).

Analysis We take the room as the system. This is a closed system since the doors and the windows are said
to be tightly closed, and thus no mass crosses the system boundary during the process. The energy balance
for this system can be expressed as

Ein - Eout = AE

system
Net transft Ch L, ki
etenergy transter ange in internal, kinetic,
by heat, work, and mass potential, etc. energies ROOM
We in = AU
: 4mx6mx6m
We,in = m(uZ _ul) = mcu(TZ _Tl)

The mass of air is

V=4x6x6=144m’
BV _ (100 kPa)(144 m>) B
RT;  (0.287 kPa-m’/kg-K)(288 K)

2 kg

The electrical work done by the fan is
W, = W,At = (0.15 kJ / s)(10 x 3600 s) = 5400 kJ

Substituting and using the c, value at room temperature,
5400 kJ = (174.2 kg)(0.718 kJ/kg-°C)(T; - 15)°C
T,=58.2°C

Discussion Note that a fan actually causes the internal temperature of a confined space to rise. In fact, a
100-W fan supplies a room with as much energy as a 100-W resistance heater.
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5-72 Air in a closed system undergoes an isothermal process. The initial volume, the work done, and the
heat transfer are to be determined.

Assumptions 1 Air is an ideal gas since it is at a high temperature and low pressure relative to its critical
point values of 132.5 K and 3.77 MPa. 2 The kinetic and potential energy changes are negligible,
Ake = Ape = 0 . 3 Constant specific heats can be used for air.

Properties The gas constant of air is R =0.287 kJ/kg-K (Table A-1).

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

Ein - Eout = Msystem
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Qin _Wb,out :AU:mcv(TZ_Tl) Air ’\
Oin ~Wyou =0 (sinceT; =T,) e
Qin = Wb,out

The initial volume is

_ mRT, _ (2kg)(0.287 kPa-m?/kg-K)(473K)
P, 600 kPa

v, =0.4525 m*

Using the boundary work relation for the isothermal process of an ideal gas gives
2 2
P,
Wy o = mJ'Pdu - mRTJ'ﬂ = mRT 122 = mRT In -
' 1 T v 2

= (2kg)(0.287 kPa-m°/kg - K)(473 K)ln% =547.1kJ
a

From energy balance equation,

Oin =W o =547.1kJ
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5-96 Long cylindrical steel rods are heat-treated in an oven. The rate of heat transfer to the rods in the oven
is to be determined.

Assumptions 1 The thermal properties of the rods are constant. 2 The changes in kinetic and potential
energies are negligible.

Properties The density and specific heat of the steel rods are given to be p = 7833 kg/m’ and ¢, = 0.465
kl/kg.°C.

Analysis Noting that the rods enter the oven at a velocity of 3 m/min and exit at the same velocity, we can
say that a 3-m long section of the rod is heated in the oven in 1 min. Then the mass of the rod heated in 1
minute is

m=pV = pLA = pL(zD* / 4) = (7833 kg/m*)(3 m)[z(0.1m)* / 4] =184.6 kg

We take the 3-m section of the rod in the oven as

the system. The energy balance for this closed

system can be expressed as
Ein - Eout = AE

system

R —— N —
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Qin = AUvrod = m(MZ _ul) = mc(TZ - Ti)

Substituting,
O, = me(T, —T}) = (184.6 kg)(0.465 kJ/kg.°C)(700 —30)°C = 57,512 kJ

Noting that this much heat is transferred in 1 min, the rate of heat transfer to the rod becomes

O, = 0., /At = (57,512 kJ)/(1min) = 57,512 kJ/min = 958.5 KW
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