HW # 3
[image: image1.png]3-26 Complete the following table for Refrigerant-134a:

T. °C P, kPa i, kJ /] X Phase description
21.55 600 180 0.545 Saturated mixture
-10 200.74 162.13 0.6 Saturated mixture
-14 500 33.40 --- Compressed liquid
70 1200 300.61 --- Superheated vapor

44 1131 272.95 1.0 Saturated vapor.




[image: image2.png]3-50 Superheated water vapor cools at constant volume until the temperature drops to 120°C. At the final state, the

pressure, the quality, and the enthalpy are to be determined.

Analysis This is a constant volume process (v= V/n = constant), and the initial specific volume is determined to be

B =14MPa

T=2s0c } v, =0.16356 m* kg (Table A-6)

At 120°C, « = 0.001060 m’/kg and v, = 0.89133 m’/kg. Thus at the final state, the
tank will contain saturated liquid-vapor mixture since v < v < v, , and the final

pressure must be the saturation pressure at the final temperature,

P:Psm,lm’c =198.67 kPa

(8) The quality at the final state is determined from

b _27Ys _016356-0001060
*T v, 0.89133-0001060

=0.1825

(c) The enthalpy at the final state is determined from
h= h/ + xh/g =503.81+0.1825x2202.1=905.7 kJ/kg

H0
1.4 MPa
250°C




[image: image3.png]3-56 Heat is supplied to a piston-cylinder device that contains water at a specified state. The volume of the tank. the final
temperature and pressure, and the internal energy change of water are to be determined.

Properties The saturated liquid propertics of water at 200°C are: ¢=0.001157 n’/kg and = 850.46 kI kg (Table A-4).
Analysis (a) The cylinder initially contains saturated liquid water. The volume of the eylinder at the initial state is

V) =mu; = (1.4kg)(0.001157 m*/kg) = 0.001619 m*
The volume at the final state is

V =4(0.001619) = 0.006476 m*

Water
(b) The final state properties are 14kg 200°C | €
5 sat. lig.
_Y 00064761 _ ossasm kg
m lakg
0004626 kg 2~ T1:3°C
v2 71 - w g}g 21,367kPa  (Table A4 or A-5 or EES)
o=

uy =2201.5kT/kg
(€) The total internal energy change is determined from

AU =m(uy —u;) = (14kg)(2201.5 - 850.46) ki/kg = 1892 kJ



[image: image4.png]381 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=04615 kPam’/kg'K. T,=6471K. P, =22.06 MPa
Analysis (a) From the ideal gas cquation of state,

.m? B
o= R _(04615kPa m ke KYCBISK) _ 41917 m3jkg (67.0% error)

P 15,000 kPa
() From the compressibility chart (Fig. A-15).
pp= B 10MPa 5 HO
F, 2206MPa 72065 15 MPa
=L BK o 350°C
I, G4T1K

3

Thus,
U= Z0ygeq = (0.65)(0.01917 m*/kg) = 0.01246 m°/kg  (8.5% error)
() From the superheated steam table (Table A-6),

;’jgg‘.ﬁé”} ©=0.01148 m®/kg



[image: image5.png]3-108 The cylinder conditions before the heat addition process is specified. The pressure after the heat addition process is
to be determined.

Assumptions 1 The contents of cylinder are approximated by the air properties. Combustion
2 Airis an ideal gas. chamber
Analysis The final pressure may be determined from the ideal gas relation ! ;‘5}]"‘“];“
p-Lp- (71600 +273 K](moo KkPa)=3627 kPa
I 450+ 273K



[image: image6.png]3-127 The table is completed as follows:

P.kPa | I.°C vmkg | u kikg Condition description and quality. if
applicable

300 250 0.7921 27289 Superheated vapor

300 13352 | 03058 1560.0 X = 0.504, Two-phase mixture

10142 | 100 B B Tnsufficient information

3000 180 0.001127 | 761.92° Compressed liquid

" Approximated as saturated liquid at the given temperature of 180°C




