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4-41 A rigid container that is filled with R-134a is heated. The temperature and total enthalpy are to be
determined at the initial and final states.

Analysis This is a constant volume process. The specific volume is R-134a
3 300 kPa
v, —vy =L 00EM G 014 m3 kg 10 kg
m  10kg 141,
The initial state is determined to be a mixture, and thus the
temperature is the saturation temperature at the given pressure. P
From Table A-12 by interpolation
T, =T @300kpa =0.61°C 2
and ‘}
v —v 0.0014-0.0007736) m> /k 1
x =AY« )m/ke 009321 v

Vig - (0.067978—0.0007736) m* /kg
hy =h¢ +Xhg =52.67+(0.009321)(198.13) = 54.52 kl/kg

The total enthalpy is then
H, =mh, = (10kg)(54.52 kJ/kg) =545.2 kJ

The final state is also saturated mixture. Repeating the calculations at this state,

T2 :Tsat@()ookpa =21.55°C

Vo=V (0.0014-0.0008199) m* /kg

X =
27 vy (0.034295-0.0008199) m® /kg

=0.01733

hy =hy +X,hyy =81.51+(0.01733)(180.90) = 84.64 kl/kg

H, = mh, = (10 kg)(84.64 kl/kg) = 846.4 kJ
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4-42 A piston-cylinder device that is filled with R-134a is cooled at constant pressure. The final
temperature and the change of total internal energy are to be determined.

Analysis The initial specific volume is

3
v, =L 1232M0 530 mike R-134a
m 100 kg 200 kPa
The initial state is superheated and the internal energy at this state . 71 2(; ;( gm 3
is .
P, =200 kPa
3 u, =263.08kJ/kg (Table A-13)
v, =0.12322m"” /kg p
The final specific volume is
3
. 1
v, :ﬂzwz().omanﬁ/kg 2
2 2
This is a constant pressure process. The final state is determined to

be saturated mixture whose temperature is

T, =To@a00kpa = ~10.09°C (Table A -12)

The internal energy at the final state is (Table A-12)
Vo =V¢  (0.06161-0.0007533) m’/kg

- —=-=0.6140
Vg (0.099867—0.0007533) m? kg

X2:

Uy =Ug +X,U gy =38.28+(0.6140)(186.21) = 152.61 kl/kg

Hence, the change in the internal energy is

Au=u, —u; =152.61-263.08 =-110.47 kJ/kg
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4-79 An automobile tire is inflated with air. The pressure rise of air in the tire when the tire is heated and
the amount of air that must be bled off to reduce the temperature to the original value are to be determined.

Assumptions 1 At specified conditions, air behaves as an ideal gas. 2 The volume of the tire remains
constant.

Properties The gas constant of air is R = 0.287 kPa.m’/kg.K (Table A-1).
Analysis Initially, the absolute pressure in the tire is

P =Py + Pym =210+100 = 310kPa

atm

Tire

25°C
Treating air as an ideal gas and assuming the volume of the tire to
remain constant, the final pressure in the tire can be determined from

A _R% p_lp 38K 510kpa) =336 kP
T T, | 298K

Thus the pressure rise is
AP =P, - P =336-310= 26 kPa

The amount of air that needs to be bled off to restore pressure to its original value is

3
m = RV _ @310 kPa)3(0.025 M) 00906 kg
RT, (0.287 kPa-m*/kg-K)(298 K)
RV _ (310 kPa)(0.025 m®)

m, = 836 kg

= =0.
RT, (0.287 kPa-m’/kg-K)(323 K)
Am=m; —m, =0.0906-0.0836 = 0.0070 kg
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4-84 A piston-cylinder device containing argon undergoes an isothermal process
be determined.

Assumptions At specified conditions, argon behaves as an ideal gas.
Properties The gas constant of argon is R = 0.2081 kJ/kg-K (Table A-1).
Analysis Since the temperature remains constant, the ideal gas equation gives
PV, PV
m=- 2Vo

RT  RT A =RV,

which when solved for final pressure becomes

% v,
P, =P, —L =P, —L =0.5P, =0.5(400 kPa) = 200 kPa
v, 20,

4-42

. The final pressure is to

Argon

0.2 kg
0.05 m’
400 kPa
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4-92 The specific volume of steam is to be determined using the ideal gas relation, the compressibility
chart, and the steam tables. The errors involved in the first two approaches are also to be determined.

Properties The gas constant, the critical pressure, and the critical temperature of water are, from Table A-1,
R =0.4615 kPa-m’/kg'K, T,=647.1K, P, =22.06 MPa

Analysis (a) From the ideal gas equation of state,

3
v = RT _ (04615 kPa - m'/kg - K)(T23K) _ 4 ho533 m3jkg  (3.7% error)

P 3500 kPa
(b) From the compressibility chart (Fig. A-15),
PR:i:w:()_wg HO
TR:L: 723K =1.12 450°C
T, 647.1K

Thus,
V=204, =(0.961)(0.09533 m®/kg) =0.09161m3/kg  (0.4% error)

(c) From the superheated steam table (Table A-6),

p= 2550§épa} v =0.09196 m*/kg
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4-95 Water vapor is heated at constant pressure. The final temperature is to be determined using ideal gas
equation, the compressibility charts, and the steam tables.

Properties The gas constant, the critical pressure, and the critical temperature of water are, from Table A-1,
R =0.4615 kPa-m’/kg'K, T, =647.1 K, P, =22.06 MPa

Analysis (a) From the ideal gas equation,

T, =T, %2 = 350+ 273K)(2) = 1246 K

Y

(b) The pressure of the steam is
Water 491N 0
350°C

sat. vapor

P, =P, = Py@ssoec =16,529 kPa

From the compressibility chart at the initial state (Fig. A-15),

T, 623K

" 5 . 3
RIT T, 647.1KR
Z,=0.593, vy =0.75
P,  16.529 MPa
R =— =——"—=0.749
P, 22.06 MPa
At the final state,
Pry = Pg, =0.749
R2TR Z,=0.88
Uy =2vg; =2(0.75)=1.50
Thus,
T, = Pvs _ Py Voo _16,529kPa (1SO)(647.1K) _ oo
Z,R Z, P, 0.88 22,060 kPa
(c) From the superheated steam table,
T, =350°C 3
« =1 v, =0.008806 m”/kg (Table A-4)
1 =

P, =16,529kPa

3 T, =477°C=750K  (from Table A-6 or EES)
v, =2v; =0.01761m" /kg
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