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Saturated Liquid and Saturate
States

* The properties of saturated liquid and saturated
water are listed in Tables A-4 and A-5. Both tables
same information.

* The only difference is that in Table A-4 properties a
under temperature and in Table A-5 under pressure.
* Therefore, it is more convenient to use Table A-4 wh
temperature is given and Table A-5 when pressure is gi
» The subscript f is used to denote properties of a satur
liquid, and the subscript g to denote the properties of
saturated vapor.

» Another subscript commonly used is fg, which denot
difference between the saturated vapor and satura
values of the same property. For example,



* v, = specific volume of saturated liquid
* v, = specific volume of saturated vapor
* vy, = difference between v, and vy (that is v, = v, - V)

* The quantity #, is called the enthalpy of vaporization
heat ot vaporization).

TABLE A-4

saturated water—Temperature table

Specific volume, Internal energy, Enthalpy, Entropy,
m3/kg kJ/kg kJ'kg klikg-K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Temp., press., liguid, vapor, liquid, Evap., vapor, liquid, Evap., vapor, liguid, Evap., vapor,
T°c P kPa v, Vg U, U, u, h; by, hy S Sk L

0.01 0.6117 0.001000 206.00 0.000 23749 23749 0001 25009 25009 0.0000 91556 9.1556
5 08725 0.001000 147.03 21.019 23608 23818 21.020 2480.1 25101 0.0763 B.9437 9.0249
10 1.2281 0001000 106.32 42.020 23466 23837 42022 24772 25192 0.1511 B8.74EE B.20409
15 1.7087 0.001001 7835 62.980 23325 23055 62982 24654 25283 0.2245 B5LR50 R.7303
20 2.3392 0.001002 &§7.762 83.913 23184 24023 83.915 24535 25374 0.29065 B.3696 B.6661
25 3.1698 0.001003  43.340 10483 23043 2409.1 104.83 2441.7 25465 0.3672 B8.1895 B.5567
30 42469 0.001004 32879 125,73 2290.2 24159 12574 24208 25556 0.4368 B8.0152 8.4520
35 5.6291 0.001006  25.205 146.63 2276.0 24227 14664 24179 25646 05051 7.8466 B.3517
40 7.3851 0.001008 19.515 16753 22619 24204 167.53 2406.0 25735 05724 7.6832 B.2556

45 9.5953 0.001010  15.251 188.43  2247.7 2436.1 18844 23940 7.5247 8.1633




TABLE A-5

saturated water—Pressure table

Specific volume, Internal energy, Enthalpy, Entropy,
m3/kg kJikg kJ/kg klikg-K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press., temp., liquid, vapar, liquid, Evap., vapor, liquid, Evap., vapor, ligquid, Evap., wvapor,
PkPa T_,°C v, Vg U, U, U, h; hy h, 5 Sig 5
1.0 6.97 0.001000 125.19 29.302 23556.2 23845 29.303 2484.4 2513.7 0.1059 B8.8690 8.9749
1.5 13.02 0.001001 87.964 h4.686 2338.1 23928 h4.688 2470.1 2524.7 0.1956 B8.6314 8.8270
2.0 17.50 0.001001 66.990 73.431 23255 2398.9 73.433 24596 25329 0.2606 B.4621 8.7227
2.5 21.08 0.001002 5b4.242 88.422 23154 2403.8 88.424 2451.0 2539.4 0.3118 8.3302 B8.6421
3.0 24.08 0.001003 4b.6b4 100.98 2306.9 2407.9 100.98 2443.9 25448 0.3543 8.2222 8.5765
4.0 28.96 0.001004 34.791 121.39 2293.1 24145 121.39 2432.3 2553.7 0.4224 8.0510 8.4734
5.0 32.87 0.001005 28.1856 137.75 2282.1 24158 137.75 2423.0 25660.7 0.4762 7.9176 8.3938
7.5 40.29 0.001008 19.233 168.74 2261.1 24298 168.7b 2405.3 2574.0 0.5763 7.6738 8.2501
10 4581 0.001010 14.670 191.79 22454 2437.2 191.81 2392.1 25839 0.6492 7.4996 8.1488
15 53.97 0.001014 10.020 225,93 2222.1 24480 22594 2372.3 2598.3 0.7549 7.2522 8.0071
20 e0.06 0.001017 7.6481 251.40 22046 2456.0 25H1.42 2357.5 26089 0.8320 7.0762 7.9073
2h 64.96 0.001020 6.2034 271.93 21904 24624 271.96 2345.5 2617.5 0.8932 6.9370 7.8302
30 €9.09 0.001022 h.2287 289.24 2178, 2467.7 289.27 2335.3 26246 0.9441 6.8234 7.7675
40 75.86 0.001026 3.9933 31/.68 2158.8 2476.3 317.62 2318.4 2636.1 1.0261 6.6430 7/.6691
50 81.32 0.001030 3.2403 340.49 21427 2483.2 340.54 23047 2645.2 1.0912 6.5019 7.5931




Example (1)
A rigid tank contains 50 kg of saturated liquid water
Determine the pressure in the tank and the volume o

Example (2)
A piston-cylinder device contains 2 ft3 of saturated wat
at 50-psia pressure. Determine the temperature and th
of the vapor inside the cylinder.

Example (3)
A mass of 200 g of saturated liquid water is completely
aporized at a constant pressure of 100 kPa. Determine (a)
olume change and (b) the amount of energy transferred
ater.




Saturated Liquid-Vapor Mixture

To analyze this mixture properly, we need to know the proportions
of the liquid and vapor phases in the mixture. This is done by defining
a new property called the quality x as the raftio of the mass of vapor fo 1
of the mixture.

mvap-nr
I p—
Where Migtal
Mg = mliquid T mvapu:-r = mf + mg

Consider a tank that contains a saturated liquid—vapor mixture. The volus
occupied by saturated liquid is V,, and the volume occupied by saturatea
vapor is V,. The total volume V is the sum of the two:

V=V+V,
V=mv —>mV,, = mVv,+ m,V,

me=m, —m, ——> mV, = (m, — m)vV, + mV,




Dividing by m, yields

Ve = (I — 0V, + XV,

since x = m,/m,. This relation can also be expressed as

Ve = Yp T2V, (m/kg)

avg

where v, = v, — V. Solving for quality, we obtain

and enthalpy with the following results:

Uyyy = Uy + Xidg,

h, .= hf + Ihfg

avg




All the results are of the same format, and they can be sum
single equation as

¥ — p ¥
Javg }f + I}fg
where y is v, u, or h.

The values of the average properties of the mixtures are always

the values of the saturated liquid and the saturated vapor proper
IS,

PorTA

= =y

Jf :”Tavg < B




Example (4)
A rigid tank contains 10 kg of water at 90 °C . If 8 k
water is in the liquid form and the rest is in the vapo
determine (a) the pressure in the tank and (b) the vo
the tank.

Superheated Vapor

Compared to saturated vapor, superheated vapor Table
characterized by

Lower pressures (P < P, at a given 1)

Higher tempreatures (7" > T, at a given P)

at
Higher specific volumes (v > v, at a given P or T')
Higher internal energies (4 > u, at a given P or T)

Higher enthalpies (h > h, at a given P or T)




TABLE A-6
Superheated water

T v u h 5 v U h 5
“C m3/kg kllkg  kl/kg klikg-K | m3/kg kJ/kg klikg  klikg-K
P = 0.01 MPa (45.81°C)* P = 0.05 MPa (81.32°C)

Sat.! 14.670 2437.2 2583.9 B.1488 3.2403 2483.2 2B45.2 7.5931
50 14.867 24433 2592.0 B8.1741

100 17.196 2515.5 2687.5 B.4489 3.4187 2511.5 26824 7.6953
150 19.513 25879 2783.0 B.6893 3.8897 25857 2780.2 7.9413
200 21.B26 2661.4 2B79.6 B.90449 4.3562 2660.0 28778 B8.1592
250 24.136 2736.1 2977.5 9.1015 48206 2735.1 2976.2 B8.3568
300 26.448 2812.3 3076.7 9.2827 h.2841 28l11.6 3075.8 B8.5387
400 31.063 2969.3 3280.0 9.e094 6.2094 29889 3279.3 B.865H9
500 35.680 3132.9 3489.7 9.8998 7.1338 3132.6 3489.3 9.1566
600 40.296 3303.3 3706.3 10.1631 8.0577 3303.1 3706.0 9.4201
J00 44911 3480.8 39299 10.4056 8.9813 3480.6 3929.7 9.6b626
800 49527 3665.4 4160.6 10.6312 9.9047 3665.2 4160.4 9.8883
900 54.143 3856.9 A4398.3 10.8429 | 10.8280 3856.8 4398.2 10.1000
1000 58.758 4055.3 46428 11.0429 | 11.7513 4055.2 4642.7 10.3000
1100 63.373 4260.0 48938 11.2326 | 12.6745 42599 4893.7 10.4897
1200 &7.989 44709 5150.8 11.4132 | 13.5977 4470.8 5150.7 10.6704
1300 72.604 4687.4 54134 11.5857 | 14.5209 4687.3 5413.3 10.8429




Example (5)
Determine the internal energy of water at 200 kPa an

Example (6)
Determine the temperature of water at a state of P =
and h = 2890 kJ/kg.

Compressed Liquid

Compressed liquid tables are not as commonly availab
Table A-7 is the only compressed liquid table in this te
format of Table A-7 is very much like the format o
superheated vapor tables. One reason for the lack of compr
iquid data is the relative independence of compresse
properties from pressure. Variation of properties of co
iquid with pressure is very mild. Increasing the
times often causes properties to change less than




In the absence of compressed liquid data,
approximation is fo treat compressed liguid as satur
the given temperature . This is because the comp
properties depend on temperature much more strong|
do on pressure. Thus, .
Y=DYrer

for compressed liquids, where y is v, v , or h. Of th
properties, the property whose value is most sen
variations in the pressure is the enthalpy h. Although th
approximation results in negligible error in v and u, the er
may reach undesirable levels. However, the error in h at
oderate pressures and temperatures can be re
ignificantly by evaluating it from

h=higt Vg (P — P

faT sal @T}



In general, a compressed liquid is characterized by

Higher pressures (P = P

sat

ata given T)
Lower tempreatures (I" << T, at a given P)

Lower specific volumes (v < Vyat a given P or T)
Lower internal energies (¢ < ugat a given P or T)
Lower enthalpies (h < hyata given P or T)

Example (7)
Determine the internal energy of compressed liquid water a
and 5 MPa, using (a) data from the compressed liguid table

b) saturated liquid data. What is the error involved in the se




TABLE A-7

Compressed liquid water

T v u h 5 v 7] h 5
“C m/kg kl'kg kl/kg kJ/kg-K | mi/kg klikg kJ/kg kJ/kg-K
P =5 MPa (263.94°C) P = 10 MPa (311.00°C)
Sat. 0.0012862 1148.1 11545 29207 | 0.0014522 13933 1407.9 3.3603
0 0.0009977 0.04 5.03 0.0001 | 0.0009952 0.12 10.07 0.0003
20 0.0009996 8361 8861 0.2054 | 0.0000973 83.31 093.28 0.2943
40  0.0010057 166.92 171.95 0.5705 | 0.0010035 166.33 176.37 0.5685
60  0.0010149 250.29 25536 0.8287 | 0.0010127 24943 25955 0.8260
80  0.0010267 33382 133806 1.0723 | 0.0010244 33269 34204 1.0691
100  0.0010410 417.65 42285 1.3034 | 0.0010385 416.23 426.62 1.2996
120  0.0010576 501.91 5KO07.19 1.5236 | 0.0010549 &0D0.18 510.73 1.5191
140  0.0010769 586.B0 592.18 1.7344 | 0.0010738 584.72 5O545 1.7203
160  0.0010988 67255 67804 1.9374 | 0.0010954 &70.06 6B1.01 1.9316
180  0.0011240 759.47 76500 2.1338 | 0.0011200 75648 76768 2.1271
200 0.0011531 847.92 85368 23251 | 0.0011482 84432 85580 2.13174
220  0.0011868 93839 904432 25127 | 0.0011809 93401 94582 2.5037
240  0.0012268 1031.6 1037.7 2.6983 | 0.0012192 1026.2 1038B.3 2.6876
260 0.0012755 11285 11349 28841 | 0.0012653 11216 11343 2.8710
280 0.0013226 1221.8 1235.0 3.0565
300 0.0013980 13204 13433 32488
320




