m
m EXAMPLE 3-1 Pressure of Saturated Liquid in a Tank

| |

m A rigid tank contains 50 kg of saturated liquid water at 90°C. Determine the r.°c

m pressure in the tank and the volume of the tank. T=90°C
SOLUTION A rigid tank contains saturated liquid water. The pressure and Sat. liquid

volume of the tank are to be determined.
Analysis The state of the saturated liquid water is shown on a T-v diagram
in Fig. 3-28. Since saturation conditions exist in the tank, the pressure
must be the saturation pressure at 90°C:

P =P, g ="70.183kPa (Table A-4)

The specific volume of the saturated liquid at 90°C is

V= Vgarc = 0001036 m¥kg  (Table A-4)

Then the total volume of the tank becomes

FIGURE 3-28

V = mv = (50 kg)(0.001036 m*/kg) = 0.0518 m* Schematic and T-v diagram for
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FIGURE 3-29

Schematic and P-v diagram for

Example 3-2.

Example 3-1.

EXAMPLE 3-2 Temperature of Saturated Vapor in a Cylinder

A piston—cylinder device contains 2 ft3 of saturated water vapor at 50-psia @
pressure. Determine the temperature and the mass of the vapor inside the cylinder. m

SOLUTION A cylinder contains saturated water vapor. The temperature and
the mass of vapor are to be determined.

Analysis The state of the saturated water vapor is shown on a P-v diagram
in Fig. 3-29. Since the cylinder contains saturated vapor at 50 psia, the
temperature inside must be the saturation temperature at this pressure:

T =Ty as0pma = 280.99°F  (Table A-5E)
The specific volume of the saturated vapor at 50 psia is
V=V, g sopia = 8.5175 ft/lbm (Table A-5E)
Then the mass of water vapor inside the cylinder becomes
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P, kPa

T

Sat. vapor
P = 100 kPa
Sat. liquid
P = 100 kPa

EXAMPLE 3-3 Volume and Energy Change during Evaporation

A mass of 200 g of saturated liquid water is completely vaporized at a con- g
stant pressure of 100 kPa. Determine (&) the volume change and (b) the m
amount of energy transferred to the water.

SOLUTION Saturated liquid water is vaporized at constant pressure. The
volume change and the energy transferred are to be determined.

Analysis (a) The process described is illustrated on a P-v diagram in
Fig. 3-30. The volume change per unit mass during a vaporization process
is Vigr which is the difference between Vg and v, Reading these values from
Table A-5 at 100 kPa and substituting yield

Vg = UV, — V= 1.6941 — 0.001043 = 1.6931 m’/kg

g

100 - - Thus,
I
! ! AV = my, = (0.2kg)(1.6931 m/kg) = 0.3386 m*
1 1
Ve Ve v (b) The amount of energy needed to vaporize a unit mass of a substance at a
given pressure is the enthalpy of vaporization at that pressure, which is h, =
FIGURE 3-30 2257.5 kl/kg for water at 100 kPa. Thus, the amount of energy transferred is

Schematic and P-v diagram for
Example 3-3.

EXAMPLE 34 Pressure and Volume of a Saturated Mixture

mhy, = (0.2kg)(2257.5 kl/kg) = 45L.5kJ

A rigid tank contains 10 kg of water at 90°C. If 8 kg of the water is in the g
liquid form and the rest is in the vapor form, determine (a) the pressure in m
the tank and (b) the volume of the tank.

SOLUTION A rigid tank contains saturated mixture. The pressure and the
volume of the tank are to be determined.

Analysis (a) The state of the saturated liquid—vapor mixture is shown in
Fig. 3-35. Since the two phases coexist in equilibrium, we have a saturated mix-
ture, and the pressure must be the saturation pressure at the given temperature:

P=P_gorc = 70.183kPa  (Table A-4)

(b) At 90°C, we have v, = 0.001036 m¥kg and v, = 2.3593 m3/kg
(Table A—4). One way of finding the volume of the tank is to determine the
volume occupied by each phase and then add them:

V=V + V, =my + my,
= (8 kg)(0.001036 m*/kg) + (2 kg)(2.3593 m’/kg)
=473 m’

Another way is to first determine the quality x, then the average specific
volume v, and finally the total volume:



V= v+ v
= 0.001036 m¥/kg + (0.2)[(2.3593 — 0.001036) m*/kg]
= 0.473 m¥/kg
and
V = mv = (10kg)(0.473 m/kg) = 473 m’

Discussion The first method appears to be easier in this case since the
masses of each phase are given. In most cases, however, the masses of each
phase are not available, and the second method becomes more convenient.

T.°CA

»
»

v=0.001036 v, =23593 v mkg

FIGURE 3-35
Schematic and 7-v diagram
for Example 3—4.



|
m EXAMPLE 3-5 Properties of Saturated Liquid-Vapor Mixture

[ |

m An 80-L vessel contains 4 kg of refrigerant-134a at a pressure of 160 kPa.

m Determine (&) the temperature, (b) the quality, (c) the enthalpy of the refrig-
erant, and (d) the volume occupied by the vapor phase.

SOLUTION A vessel is filled with refrigerant-134a. Some properties of the
refrigerant are to be determined.

Analysis (a) The state of the saturated liquid—vapor mixture is shown in
Fig. 3-36. At this point we do not know whether the refrigerant is in the
compressed liquid, superheated vapor, or saturated mixture region. This can
be determined by comparing a suitable property to the saturated liquid and
saturated vapor values. From the information given, we can determine the
specific volume:

= 0.02 m/kg

LoV _oos0om
=S

4 kg
At 160 kPa, we read
v, = 0.0007435 mr'/kg
v, = 0.12355 m'/kg (Table A-12)

Obviously, v; < v < v, and, the refrigerant is in the saturated mixture region.
Thus, the temperature must be the saturation temperature at the specified
pressure:

I'=T.aie0w = —15.60°C

(b) Quality can be determined from

V-V _ 002 — 0.0007435
Vs 0.12355 — 0.0007435

£

= 0.157

=

(c) At 160 kPa, we also read from Table A-12 that A, = 31.18 kl/kg and
h,g = 209.96 kl/kg. Then,

h = h, + xhy,
= 31.18 ki/kg + (0.157)(209.96 kl/kg)
= 64.1 kJ/kg



P. kPaA
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vy=0.0007435 v, =0.12355 v, m'/kg
hy=31.18 h,=241.14  h kl/kg

FIGURE 3-36
Schematic and P-v diagram
for Example 3-5.

(d) The mass of the vapor is

m, = xm, = (0.157)(4 kg) = 0.628 kg

and the volume occupied by the vapor phase is

V, = my, = (0.628 kg)(0.12355 m*kg) = 0.0776 m* (or 77.6 L)

The rest of the volume (2.4 L) is occupied by the liquid.

EXAMPLE 3-6 Internal Energy of Superheated Vapor
Determine the internal energy of water at 20 psia and 400°F.

SOLUTION The internal energy of water at a specified state is to be
determined.

Analysis At 20 psia, the saturation temperature is 227.92°F. Since T =
T, the water is in the superheated vapor region. Then the internal energy
at the given temperature and pressure is determined from the superheated
vapor table (Table A-6E) to be

u = 1145.1 Btu/lbm



[
m EXAMPLE 3-7 Temperature of Superheated Vapor

[ |
m Determine the temperature of water at a state of P = 0.5 MPa and h =
B 2890 kJ/kg.

SOLUTION The temperature of water at a specified state is to be determined.
Analysis At0.5 MPa, the enthalpy of saturated watervapor is h, = 2748.1 kl/kg.
Since h > h, as shown in Fig. 3-38, we again have superheated vapor.
Under 0.5 MPa in Table A-6 we read

T,°C  h, kl/kg
200 2855.8
250 2961.0

Obviously, the temperature is between 200 and 250°C. By linear interpola-
tion it is determined to be

T = 216.3°C

T.°C4

liguid water are to be determined.

80 |——
5 MPa = P,

U=ty yrc “ P =5MPa

FIGURE 3-40 T =80C

EXAMPLE 3-8 Approximating Compressed Liquid
as Saturated Liquid

FIGURE 3-38

At a specified P, superheated vapor
exists at a higher A than the saturated
vapor (Example 3-7).

Determine the internal energy of compressed liquid water at 80°C and B
5 MPa, using (a) data from the compressed liquid table and (b) saturated
liquid data. What is the error involved in the second case?

SOLUTION The exact and approximate values of the internal energy of

Analysis At 80°C, the saturation pressure of water is 47.416 kPa, and since
at» We obviously have compressed liquid, as shown in Fig. 3-40.

|
! (a) From the compressed liquid table (Table A-7)

} u = 333.82 k)/kg

Schematic and T-u diagram (b) From the saturation table (Table A-4), we read

for Example 3-8. U= g gre = 334.97 k)/kg

The error involved is

334.97 — 333.82

W )
333.82 100 = 0.34%

which is less than 1 percent.



[
m EXAMPLE 3-9 The Use of Steam Tables to Determine Properties

[ |
m Determine the missing properties and the phase descriptions in the following
m table for water:

T, °C P, kPa u, kllkg X Phase description
(a) 200 0.6
(b) 125 1600
(c) 1000 2950
(d) 75 500
(e) 850 0.0

SOLUTION Properties and phase descriptions of water are to be determined
at various states.

Analysis (a) The guality is given to be x = 0.6, which implies that 60 per-
cent of the mass is in the vapor phase and the remaining 40 percent is
in the liquid phase. Therefore, we have saturated liquid-vapor mixture at a
pressure of 200 kPa. Then the temperature must be the saturation tempera-
ture at the given pressure:

T =Ty oo, = 12021°C  (Table A-5)

At 200 kPa, we also read from Table A-5 that u, = 504.50 kJ/kg and v, =
2024.6 kl/kg. Then the average internal energy of the mixture is

U= u + Xilg,
504.50 kl/kg + (0.6)(2024 6 kl/kg)
1719.26 kl/kg

(b) This time the temperature and the internal energy are given, but we do
not know which table to use to determine the missing properties because we
have no clue as to whether we have saturated mixture, compressed liquid,
or superheated vapor. To determine the region we are in, we first go to the
saturation table (Table A-4) and determine the v, and u, values at the given
temperature. At 125°C, we read u, = 524.83 kl/kg and u, = 2534.3 kl/kg.
Next we compare the given u value to these u; and u, values, keeping in
mind that

it w<u we have compressed liquid
if U= u=u, we have sarurated mixture

if  u>u, we have superheated vapor

In our case the given u value is 1600, which falls between the v, and u, val-
ues at 125°C. Therefore, we have saturated liquid—-vapor mixture. Then the
pressure must be the saturation pressure at the given temperature:

P=P_gpec =23223kPa  (Table A-4)

The quality is determined from

Ut 1600 — 52483 _ .
X = = = o3>
uﬁa 2009.5

The criteria above for determining whether we have compressed liquid,
saturated mixture, or superheated vapor can also be used when enthalpy h or



T, °C4

151.83
75

u= Up @ 75°C u

FIGURE 341

At a given P and T, a pure substance
will exist as a compressed liquid if
r< Tsat @ P

specific volume v is given instead of internal energy u, or when pressure is
given instead of temperature.

(c) This is similar to case (b), except pressure is given instead of tempera-
ture. Following the argument given above, we read the u; and v, values at
the specified pressure. At 1 MPa, we have u, = 761.39 kl/kg and u, =
2582.8 kl/kg. The specified v value is 2950 kl/kg, which is greater than
the u, value at 1 MPa. Therefore, we have superheated vapor, and the tem-
perature at this state is determined from the superheated vapor table by
interpolation to be

T = 3952°C (Table A—6)

We would leave the quality column blank in this case since quality has no
meaning for a superheated vapor.

(d) In this case the temperature and pressure are given, but again we cannot
tell which table to use to determine the missing properties because we do
not know whether we have saturated mixture, compressed liquid, or super-
heated vapor. To determine the region we are in, we go to the saturation
table (Table A-5) and determine the saturation temperature value at the
given pressure. At 500 kPa, we have T, = 151.83°C. We then compare the
given T value to this T, value, keeping in mind that

if T<T, we have compressed liguid

i@ given P
if T=T,@sweap Wehave saturated mixture
if T>T,egemp Wwehavesuperheated vapor

In our case, the given T value is 75°C, which is less than the T, value at
the specified pressure. Therefore, we have compressed liquid (Fig. 3-41),
and normally we would determine the internal energy value from the com-
pressed liquid table. But in this case the given pressure is much lower than
the lowest pressure value in the compressed liquid table (which is 5 MPa),
and therefore we are justified to treat the compressed liquid as saturated
liguid at the given temperature (nof pressure):

U= Ugqec = 313.99kl/kg (Table A-4)

We would leave the quality column blank in this case since quality has no
meaning in the compressed liquid region.

(e) The quality is given to be x = 0, and thus we have saturated liquid at the
specified pressure of 850 kPa. Then the temperature must be the saturation

temperature at the given pressure, and the internal energy must have the

saturated liquid value:
T=T_ass0w = 172.94°C

U= lpggsoppa = 191.00Kk]J/kg  (Table A-5)



EXAMPLE 3-10 Temperature Rise of Air in a Tire During a Trip

The gage pressure of an automobile tire is measured to be 210 kPa before a g
trip and 220 kPa after the trip at a location where the atmospheric pressure m
is 95 kPa (Fig. 3—-44). Assuming the volume of the tire remains constant
and the air temperature before the trip is 25°C, determine air temperature in
the tire after the trip.

SOLUTION The pressure in an automobile tire is measured before
and after a trip. The temperature of air in the tire after the trip is to be
determined.

Assumptions 1 The volume of the tire remains constant. 2 Air is an ideal gas.
Properties The local atmospheric pressure is 95 kPa.

Analysis The absolute pressures in the tire before and after the trip are

P =P + P, = 210 + 95 = 305 kPa

1 gage. 1
P,=P + P, =220+ 95 = 315kPa

gage 2

Note that air is an ideal gas and the volume is constant, the air tempera-
tures after the trip is determined to be

PV, PV, P, 315 kPa
= } TZ = —TI =

(25 + 273K) = 307.8K = 34.8°C

Therefore, the absolute temperature of air in the tire will increase by 6.9%
during this trip.

Discussion Note that the air temperature has risen nearly 10°C during this
trip. This shows the importance of measuring the tire pressures before long
trips to avoid errors due to temperature rise of air in tire. Also note that the
unit Kelvin is used for temperature in the ideal gas relation.

|

EXAMPLE 4-6 Unrestrained Expansion of Water |
m

A rigid tank is divided into two equal parts by a partition. Initially, one side g

of the tank contains 5 kg of water at 200 kPa and 25°C, and the other side m
is evacuated. The partition is then removed, and the water expands into the I



: entire tank. The water is allowed to exchange heat with its surroundings until
m the temperature in the tank returns to the initial value of 25°C. Determine
B (a) the volume of the tank, (b) the final pressure, and (c) the heat transfer
B for this process.

SOLUTION One half of a rigid tank is filled with liquid water while the other
side is evacuated. The partition between the two parts is removed and water
is allowed to expand and fill the entire tank while the temperature is main-
tained constant. The volume of the tank, the final pressure, and the heat
transfer are to be to determined.

Assumptions 1 The system is stationary and thus the kinetic and potential
energy changes are zero, AKE = APE = 0 and AE = AU. 2 The direction
of heat transfer is to the system (heat gain, Q). A negative result for Q,
indicates the assumed direction is wrong and thus it is a heat loss. 3 The
volume of the rigid tank is constant, and thus there is no energy transfer
as boundary work. 4 There is no electrical, shaft, or any other kind of work
involved.

Analysis We take the contents of the tank, including the evacuated space,
as the system (Fig. 4-15). This is a closed system since no mass crosses the
system boundary during the process. We observe that the water fills the entire
tank when the partition is removed (possibly as a liquid-vapor mixture).

(a) Initially the water in the tank exists as a compressed liquid since its pres-
sure (200 kPa) is greater than the saturation pressure at 25°C (3.1698 kPa).
Approximating the compressed liquid as a saturated liquid at the given tem-
perature, we find

Vi = Vig ase = 0.001003 m¥kg = 0.001 m*/kg  (Table A—4)
Then the initial volume of the water is
V, = mv, = (5 kg)(0.001 m¥kg) = 0.005 m*
The total volume of the tank is twice this amount:
Ve = (2)(0.005 m*) = 0.01 m*
(b) At the final state, the specific volume of the water is

Vy, 001 m?
= —= = 3
vp = Ske 0.002 m’/kg

which is twice the initial value of the specific volume. This result is expected
since the volume doubles while the amount of mass remains constant.

At25°C: v, = 0.001003 m¥kg and v, = 43.340 m'kg (Table A—4)

Since vy < v, < v, the water is a saturated liquid-vapor mixture at the final
state, and thus the pressure is the saturation pressure at 25°C:

P, =P g, = 31698 kPa  (Table A—4)

sat

(c) Under stated assumptions and observations, the energy balance on the
system can be expressed as
Ein - Eoul = AEsysnem
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc., energics

Oy, = AU = mlu, — uy)

System boundary

/

Partition

T. = 25°C Qin

P.kPa

317+

-
v

FIGURE 4-15
Schematic and P-v diagram for
Example 4-6.



Vacuum
P=0
W=0

Heat

FIGURE 4-16
Expansion against a vacuum involves
no work and thus no energy transfer.

MNotice that even though the water is expanding during this process, the sys-
tem chosen involves fixed boundaries only (the dashed lines) and therefore
the moving boundary work is zero (Fig. 4-16). Then W = 0 since the system
does not involve any other forms of work. (Can you reach the same conclu-
sion by choosing the water as our system?) Initially,

Uy = g e = 10483 kl/kg

The quality at the final state is determined from the specific volume
information:

Vo — Vg _0.002 — 0.001

= =23 X107}
Ve 4334 — 0.001

Xy =

Then
Uy = U+ Xylty,
= 104.83 kl/kg + (23 X 107°)(2304.3 kl/kg)
= 104.88 kl/kg
Substituting yields
0, = (5kg)[(104.88 — 104.83) kl/kg] = 0.25 k]

Discussion The positive sign indicates that the assumed direction is correct,
and heat is transferred to the water.
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FIGURE 4-30

Schematic and P-V diagram for
Example 4-8.

EXAMPLE 4-8 Heating of a Gas in a Tank by Stirring

An insulated rigid tank initially contains 1.5 Ibm of helium at 80°F and
50 psia. A paddle wheel with a power rating of 0.02 hp is operated within
the tank for 30 min. Determine (&) the final temperature and (b) the final
pressure of the helium gas.

SOLUTION Helium gas in an insulated rigid tank is stirred by a paddle
wheel. The final temperature and pressure of helium are to be determined.
Assumptions 1 Helium is an ideal gas since it is at a very high temperature
relative to its critical-point value of —451°F. 2 Constant specific heats can
be used for helium. 3 The system is stationary and thus the kinetic and
potential energy changes are zero, AKE = APE = 0 and AE = AU. 4 The
volume of the tank is constant, and thus there is no boundary work. 5 The
system is adiabatic and thus there is no heat transfer.

Analysis We take the contents of the tank as the system (Fig. 4-30). This
is a closed system since no mass crosses the system boundary during the
process. We observe that there is shaft work done on the system.

(a) The amount of paddle-wheel work done on the system is
2545 Btu/h
L hp

Under the stated assumptions and observations, the energy balance on the
system can be expressed as

E,—E, = AE

system

W, = W,Ar = (0.02 hp)(0.5 h}( ) = 2545Bu

_ [——
Net energy transfer Change in internal, kinetic,
by heat, work, and mass |pofential, cic., encrgics

Woiin = AU = m(uy — wy) = mc, (T, — T))

I(,uvg(



As we pointed out earlier, the ideal-gas specific heats of monatomic gases
(helium being one of them) are constant. The ¢, value of helium is deter-
mined from Table A-2Ea to be ¢, = 0.753 Btu/lbm-°F. Substituting this and
other known guantities into the above equation, we obtain

25.45 Btu = (1.5 1bm)(0.753 Btw/Ibm-°F)(T,, — 80°F)

T, = 1025°F
(b) The final pressure is determined from the ideal-gas relation
‘FI |I"'Irl Plul
TI - Tz

where V, and V), are identical and cancel out. Then the final pressure
becomes

50 psia _ P,
(80 + 460)R ~ (1025 + 460)R

P, = 52.1 psia

Discussion Note that the pressure in the ideal-gas relation is always the
absolute pressure.



P kPa
2 3
350 f--- -
1
150 - - -
|
|
l L.
04 08 V.m
FIGURE 4-32

Schematic and P-V diagram for

Example 4-10.

EXAMPLE 4-10 Heating of a Gas at Constant Pressure

A piston—cylinder device initially contains air at 150 kPa and 27°C. At this
state, the piston is resting on a pair of stops, as shown in Fig. 4-32, and the
enclosed volume is 400 L. The mass of the piston is such that a 350-kPa
pressure is required to move it. The air is now heated until its volume has
doubled. Determine (a) the final temperature, (b) the work done by the air,
and (c) the total heat transferred to the air.

SOLUTION Air in a piston—cylinder device with a set of stops is heated until
its volume is doubled. The final temperature, work done, and the total 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. 2 The system is stationary and
thus the kinetic and potential energy changes are zero, AKE = APE = 0
and AE = AU. 3 The volume remains constant until the piston starts mov-
ing, and the pressure remains constant afterwards. 4 There are no electrical,
shaft, or other forms of work involved.

Analysis We take the contents of the cylinder as the system (Fig. 4-32).
This is a closed system since no mass crosses the system boundary during
the process. We observe that a piston-cylinder device typically involves a
moving boundary and thus boundary work, W,. Also, the boundary work is
done by the system, and heat is transferred to the system.

(a) The final temperature can be determined easily by using the ideal-gas
relation between states 1 and 3 in the following form:

PV, PV, (150 kPa)(V,) (350 kPa)(2V,)
—_——_—— =
T, T, 300 K T,

T, = 1400 K



(b) The work done could be determined by integration, but for this case it is
much easier to find it from the area under the process curve on a P-V dia-
gram, shown in Fig. 4-32:

A = (V, — V)P, = (0.4 m*)(350 kPa) = 140 m* kPa
Therefore,
W, = 140 kJ

The work is done by the system (to raise the piston and to push the atmo-
spheric air out of the way), and thus it is work output.

(c) Under the stated assumptions and observations, the energy balance on the
system between the initial and final states (process 1-3) can be expressed as

E'irl - Euut = '&ES}'EI.CTD

— —— — —
MNet energy transter Change in internal, kinetic,
by heat, work, and mass potential, etc., energics

O = Wy = AU = m(uy — u,)

The mass of the system can be determined from the ideal-gas relation:

PV (150 kPa) (0.4 m?)

= = 0.697 k
RT, _ (0.287 kPam’/kgK) (300 K) -

m

The internal energies are determined from the air table (Table A-17) to be
Hy = Ugyox = 214.07 kl/kg

My = Uguok = 1113.52 kl/kg

Thus,
Q. — 140kJ] = (0.697 kg)[(1113.52 — 214.07) kI /kg]

0, = 767kJ

Discussion The positive sign verifies that heat is transferred to the system.



EXAMPLE 4-11 Enthalpy of Compressed Liquid

Determine the enthalpy of liquid water at 100°C and 15 MPa (a) by using
compressed liquid tables, (b) by approximating it as a saturated liquid, and
(c) by using the correction given by Eq. 4-38.

SOLUTION The enthalpy of liquid water is to be determined exactly and
approximately.

Analysis At 100°C, the saturation pressure of water is 101.42 kPa, and
since P > F_,, the water exists as a compressed liquid at the specified state.

(a) From compressed liquid tables, we read

P = 15MPa

= 100°C } h = 430.39k)/kg  (Table A-7)

This is the exact value.

(b) Approximating the compressed liquid as a saturated liquid at 100°C, as
is commonly done, we obtain

h=hg e = 419.17 k)/kg

This value is in error by about 2.6 percent.
(c) From Eq. 4-38,

hepr =har + Via P — Pyar)

1kJ
= (419.17 kl/kg) + (0.001 m* k 15,000 — 101 42) kPa|| ———
( g + (0.001 m* kg)[(15, ) a](lkl:"a~m3)

= 434.07 kJ/kg

Discussion Note that the correction term reduced the error from 2.6 to
about 1 percent in this case. However, this improvement in accuracy is often
not worth the extra effort involved.

EXAMPLE 4-12 Cooling of an Iron Block by Water

A 50-kg iron block at B0O°C is dropped into an insulated tank that contains
0.5 m? of liquid water at 25°C. Determine the temperature when thermal
equilibrium is reached.

SOLUTION An iron block is dropped into water in an insulated tank. The
final temperature when thermal equilibrium is reached is to be determined.
Assumptions 1 Both water and the iron block are incompressible substances.
2 Constant specific heats at room temperature can be used for water and the
iron. 3 The system is stationary and thus the kinetic and potential energy
changes are zero, AKE = APE = 0 and AE = AU. 4 There are no electrical,
shaft, or other forms of work involved. 5 The system is well-insulated and
thus there is no heat transfer.



FIGURE 4-35

Schematic for Example 4-12.

Analysis We take the entire contents of the tank as the system (Fig. 4-35).
This is a closed system since no mass crosses the system boundary during
the process. We observe that the volume of a rigid tank is constant, and
thus there is no boundary work. The energy balance on the system can be
expressed as

Ein - Eum = AEsysl:m

o SEEVEE

Net energy transfer ‘Change in internal, kinetic,

by heat, work, and mass potential, ctc., energics

0 =AU

The total internal energy U is an extensive property, and therefore it can be
expressed as the sum of the internal energies of the parts of the system.
Then the total internal energy change of the system becomes

AUy, = AUy, + AU, = 0

[me(Ty — T))ion + [me(Ty — T e =0

The specific volume of liquid water at or about room temperature can be
taken to be 0.001 m¥kg. Then the mass of the water is

v 0.5 m*

=-=—"0 __ _ 500k
Mwater = 7 0,001 m¥/kg =

The specific heats of iron and liquid water are determined from Table A-3 to
be ¢,,, = 0.45 kJ/kg-°C and c, ., = 4.18 kl/kg-°C. Substituting these values
into the energy equation, we obtain

(50 kg)(0.45 kI /kg-°C)(T, — 80°C) + (500 kg)(4.18 k) /kg-°C)(T, — 25°C) = 0
T, = 25.6°C

Therefore, when thermal equilibrium is established, both the water and iron
will be at 25.6°C.

Discussion The small rise in water temperature is due to its large mass and
large specific heat.



