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Let’s look at a mixture of liquid water and steam which is used in a lot of applications.

Figure 1.

Whatever we study for the mixture of water and steam will also be applicable for mixtures of

other liquids and their vapour.

Consider a closed container as shown in Fig .1 which contains a mixture of liquid and vapour
at equilibrium (half of the container is invisible because of some display issue). The mass of
the vapour is myg and the mass of the liquid is mjig. The mass of the mixture is my,;, =

Myqp + Myq. OUr system is made of this liquid and vapour. For such a system, dryness

fraction or quality X is defined as x = ——%2 = %2 — fraction of the mixture that is in

MyapTMiiq Mmix

vapour phase. We had used the alphabet x to represent mole fraction when we studied ideal
gases. Be careful!

(Refer Slide Time: 03:03)



%= M'

"

332

* m=m¢+m,

s V=V,+Vg

V=MV + Mgy = (M-mgv; + Mgy,

. v:(l-mg/m)v',L mng/m

o= (1-)()Vf + X(V )/ ( N
v=: ¥ YA, *EU} = P = 1}{¢x[v‘.1},)/

{ 1 = % uw{; / ¥
* Saturated vapour / Dry saturated vapour

Figure 2.

In general, we use the alphabet f to represent liquid (fluid) and g to represent gas (these

notations are used in all the books). Now, the mass of the mixture m = m; + m, and the
quality x = %. The volume of the mixture V =V, +V,. Hence, mv = mpvy + myy, =

(m —my)vy + myv,, where v represents specific volume of the mixture. Dividing by m

MgVg

throughout, v = (1 - @) v +

— Hence, v = (1—x)v; +xv, = vy +x(v; —v7) =

m
Vr + XVpq, Where v, —vp is vg,. When we have a mixture of a liquid and vapour in
equilibrium, the liquid and vapour are called as saturated liquid and saturated vapour/dry
saturated vapour, respectively. All the properties with subscripts f and g are properties of
saturated liquid and saturated vapour, which are the states on a T-v diagram where an isobar
(with pressure less than critical pressure) cuts the liquid-vapor dome. The intersection of such
an isobar and the saturated liquid line represents the state where we have saturated liquid and
the quality x=0 here. The intersection of that isobar with the saturated vapour line represents
the state where we have saturated vapour/dry saturated vapour and the quality x=1 here. The
quality/dryness fraction is associated with only the two-phase region and those two states
where we have only liquid (x=0) and only vapour (x=1) at saturated conditions. It is not
associated with the subcooled region or the superheated region.
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+ Steam tables

Let’s look at steam tables (these are for water). We can obtain properties of liquid water,
steam and a mixture of water and steam from such tables. Similarly, we can have tables for

other liquids such as refrigerants or for gases such as nitrogen, oxygen, argon, etc.

(Refer Slide Time: 10:09)

Propertie of Saturated Water - Temperature Table
Temp | Pressue | vome(m'd/kg) | energy(kivkg) | enthalpy (ifkg) entropy (kg K)
degC | MPa | of w | o | uw | K hig by s |sfg | sg
001 00006117 0001000 20599 00| 23743 000 25009 25009 00000| 91555 91555
00008726] 0001000 14701 210, 20818 2102 24891 25101 00763| 8485 90248
10| oooizs ooowow| 10630 420 2886 4202 24772] 25192] 01s11| 8747] see
15| 000706 ooorom| 7788|630 20955 6298 24653 25283 02245| B5sss| 87803
2] 00023%| 0001002 5776 839 24023 8391 24535 25374 02965| 83695 86660
25 0003170 0001003  4334] 1048 24091 10483 24417 25465| 03672 818%4] 8556
30| 0004247 0001008 3288 1257 24153] 12573 24298 25555 04368| B01S3] 84520
35| 000629 0001006  2521] b6 24227 14663 24179 25645 05051 78466 83517
| ooo7aes| oooioos|  1952) 1675 2094 16753 24060 25733| 05724] 76831 82555
45 0009595 0001010 1525 1884 24361 18843 20940 25824 063%6| 75247 81633
TS| api3s| 0001012 1203 2093 24427 20934 23820 25913 0.7038] 73710] 80748
77@15% 0001015 9564 2302 24493 23026 23698 26001 07680] 7.2218 79898
60| 001995 0001017 7667 2512 24550 25118 23576 26088 08313 7.0768] 75081
65| 002504 0001020  6194] 2721 24624] 27212 23454 26175 08937 69360] 78296
70 003120] 0001023 5040 2030 24689] 20307 23330 26261 09551 67989] 77540
75| 003860 0001026 4129 310 24752 31403 23206 26346] 10158 66654 76812
8 004741 0001029 3405 3350 24816 33501 23080 26430] 10756 65355 76111
85 005787 0001032 2626 350 24878 35601 22953 26513| 11346 64088 75404
90| 007018 0001036 2359 3770, 24940 37204 22825 26895 11929 62852 74781

95 oosi61| 0001040 1981 3980 25000 39809 22695 26676 12504] 61647 74151 N

100 01014 0001048] 1672 419 25060 4197 22564 26756 13072 60469] 73541 o ?\\

10 01434 0001052 1209 4613 25177 46142 22297 26911 141e8| 58193 72381 .

120 01987 0001060] 08912 5036 25289 s03s| 22021 27059 15279| 56012 71291 i .

1] 02703 0001070] 06680 5461 2595 54638 21737 27201 16346 53918 7.0260 RIS

10 03615 0001080] 05085 588 25496 Se9t6 21442 27334 17392 51901 69293 1 o |

)

"

Figure 3.

Figure 3 shows a snippet of steam tables for saturated water listed by temperature. For
saturated water (only water, no vapour), x = 0. For saturated vapour (only vapour, no water),

x=1. For a mixture of saturated water and saturated vapour, 0 < x < 1.
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L Temperature Table
Temp | Presswe | volume (m"3/kg) energy (kilkg) enthalpy (kJ/kg) entropy (kJ/kg K)
degC | MPa v vg of ug | hf hig hg st | sfg 59

001 00006117 ooot000] 20599 00| 23749 000 25008 25009| 00000| 9.1555| 91555
s| oooos726| 0001000 14701 210] 20818] 2102] 24891 25101] 00763| 69485 90248
10 0001228) 0001000 10630 420 23886 4202 24772 25192| 0511 87487 88998
15 0001706 0001001 7788 630 23955 6298 24653 25283 02245| 85558] 87803
20 00023 0001002 5776 839 24023 8391 24535 2537.4] 02965 83695 86660
25| 0003170] 0001003 4334 1048 24091 10483 24417 25465 03672) 81894] 85566
30 00042¢7) 0001004 3288 1257 24158 12573 24298 25555 04368] 80153 84520
35| 0005620] 0001006 2521 1466 24227 14663 24179 25645 05051 78466 83517
0007385] 0001008 1952 1675 24294 16753 24060 25735 05724 76831 82555
0009595 0001010 1525 1884, 2431 18843 23940 2562| 06386| 75247 8163

1235 0001012 1203 2093 24427 20934 23820 29913| 07038 73710 80748
QISN 0001015 9564 2302 24493 23026 23698 26001 07660 7.2218] 7.9898

40

45

50

55 ¥

60| 001995/ 0001017] 7667| 2512 24559 251.18] 23576/ 26088| 08313 7.0768| 7.9081
65| 0.02504| 0001020 6194 2721 24624 27212) 23454 26175 08937 69360 7829
0

75

80

85,

90

003120 0.001023 5.040| 2930 24689 29307| 23330/ 2626.1| 09551 67989| 77540
003860| 0.001026 4129| 3140, 24752 31403 23206 26346 10158 6.6654 7.6812
004741) 0001029  3405| 3350 24816 33501 23080 26430 10756 65355 76111
005787| 0.001032 2826 3560 24878| 35601 22953 2651.3| 1.1346| 64088 75434
007018) 0001036  2350| 3770 24940, 37704 22825 26595 1.1929| 62852| 74781
95/ 0.08461/ 0.001040; 1981) 3980/ 25000, 398.09 22695 26676] 12504 61647 7.4151
100 0.1014| 0.001044 1672)  419.1) 25060, 41917 22564 26756 13072 6.0469 7.3541
110 0.1434|  0.001052 1209) 4613 2517.7) 46142 22297 26911 14188| 58193 7.2381
120! 01987/ 0001060,  08912| 5036 25289 50381 22021 27059| 15279| 56012 7.1291
130! 02703| 0001070, 06680 5461 25395 54638 21737 27201| 16346 53918/ 7.0264)
140, 03615 0001080 05085 5888 25496 589.16] 21442 27334| 17392) 51901 69293




Figure 4 shows a snippet of steam tables for saturated water listed by pressure.

In the pressure table, the first column lists pressure (unit is megapascal). Other columns list
properties such as temperature, specific volume, specific internal energy, specific enthalpy,
and specific entropy. Temperature is in °C. v represents specific volume of saturated water,
while vy represents specific volume of saturated vapour (unit — m?>/kg). us represents specific
internal energy of saturated water, while ug represents specific internal energy of saturated
vapour (unit — kJ/kg). hs represents specific enthaply of saturated water, while hq represents
specific enthalpy of saturated vapour (unit — kJ/Kg), and hy = hg-hs = latent heat of
vaporization. Similarly, s; represents specific entropy of saturated water, while sq represents
specific entropy of saturated vapour (unit — m*/kg) and Sfg = Sg - St (we will look at the
concept of entropy when we look at the second law of thermodynamics). Let’s read a row

shown in the table shown in Fig.4.

For a pressure of 0.1 MPa, the saturation temperature is 99.6 °C. The specific volume of the
saturated liquid (x=0) is 0.001043 m*/kg and the specific volume of saturated vapour (x=1) is
1.694 m®/kg. Similarly, us = 417.4 kd/kg and Ug = 2505 kJ/Kg, hs = 417 kJ/kg, hy = 2674.9
ki/kg and h¢g = 2257.4 kJ/kg. Similarly, we can find property values at other pressures. For
example, at 0.2 MPa, the saturation temperature is 120.2 °C. The specific volume of the
saturated liquid (x=0) is 0.001061 m*/kg and the specific volume of saturated vapour (x=1) is
0.8857 m*/kg. Similarly, us= 504.5 kJ/kg and ugq = 2529.1 ki/kg, hs = 504.7 k/kg, hy = 2706.5
ki/kg and hgg = 2201.5 kJ/kg. The latent heat of vaporization has reduced at higher pressure.

The last value in the pressure column is that of critical pressure; p. = 22.064 MPa and



T,=373.95 °C. At the critical point, the specific volume of the liquid and the specific volume
of the gas are the same. Similarly, the specific internal energy and specific enthalpy of the

liquid and the vapor are the same.
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Properties of Saturated Water - Pressure Table
Pressure | Temp | volume (m*3/kg) energy (kJ/kg) enthalpy (kJ/kg)
MPa degC | vf vg uf ug hf hig/ | hg

0.001 7.0/ 0001000 1292 293 23845 293]  24844| 25137
0.0012 9.7/ 0001000 1087 406 23882) 406| 24780| 25186
00014| 120/ 0001001 9390, 503 23913 503] 24725 25228
00016, 140, 0001001 8274|  588| 23941 588| 24677 25265
0.0018] 158/ 0.001001 7401 66.5| 2396.6| 66.5 24634| 25299
0002/ 175/ 0001001 6699 734 23989 734 24595 25329
0003]  241| 0001003 4565/ 1010/ 24079 1010/ 24438 25448
0004 290/ 0001004 3479 1214) 241450 1214  24323| 25837
0006/ 362 0001007, 2373 1515 24242) 1515]  24151| 25666
0008] 415/ 0001009 180 1738| 24314 1738  24024| 25762
001 458/ 0.001010 1467 1918 24372) 1918  2392.1| 25839
0012 494| 0001012 1236/ 2069| 24420 2069  23834| 25903
0014] 525/ 0001013 1069) 2200 24461 2200| 23758| 25958
0016/  553| 0.001015| 9431| 2316 24498| 2316 2369.0 26006
0018| 578 0001016 8443 2420, 24530, 2420| 23630 26050
002/  60.1/ 0001017 7648 2514| 24560/ 2514 23575 26089
003 691 0001022 5228 2892 24677) 2893 23352| 26245
004/ 759/ 0.001026 3993| 3176| 24763 3176 23185 26361
006/  859| 0001033 2732 3598| 2489.0| 3599 22930 26529
008| 935 0.001039| 2087| 3916 24982 3917| 22735 26652
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. Properties of Saturated Water - Temperature Table
Ternp | Pressure | volume (m*3/kg) energy (kJkg) | enthalpy (kVkg) entropy (kg K)
dgC | MPa W W o w | M hg s | s %

001 00006117 Dooi0|  208%3 00 23749) 000, 25009 2%009] 00000, 91588| 9185
5| 0006726 0001000 w701| 210 2ane| 2102 24891 25101 00763| 89488] 902484l
10| oonzs| ocoros] 1063 420 2386 4202 24m2| 26192] oasn| a7usr| asve
18| oomre| oootoar|  7res| 630 2m8s 6208 24683 26283] o02268] sss| 6790

/0] /000230, 000i02] 5776 839] 24023 ,8391] (30809 25974] 02965| 83695| a6660
25 0009170, 0001003, 4334 1048 20091 10483 24417 25465] 03672 81804 85566
| 0004247 000104 3288 1257 24159 12573 24298 25555, 0438 80153 84520
35 000529 0001006 2521 1466 24227 14663 24179 2545| 05051 78486 83517
W) 000738S| 0001008 1952 1675 2494 16753 24060, 25735 0S724| 76831 82585
45| 000959S| 0001010 1525 1884 24361 16843 20940, 25024 06386 75247 81633
© 001238 0001012 1203 2093 24427 20934 23820 26913 07038 73710 80748
55| 001576 0001015, 9%6d| 2002 24403 20026 23698 26001 076K 72218] 79998
| 001998 000101 7647 2812 24889, 28118 23576 26088] 08313 70768 79081
o8 oo2soi| 0001020, &1 2721 24624] 21212 2484] 26175| 08937 69360 78296
7 003120 0001023 04 2930 24689, 20307  23330| 26261] 0956 67983 77540
75| 00360] 000N26 41| 3140 24152 IAW[ 29206 2636 101SH] 6665|6812
) 000741 0001029] 3408 330 24816 33801 20080, 2430) 107%| 65388 7611
85 005787 0001032 2826 350 24878 35601 22953 26513 11346 64088 75434
9| 007018 0001036  23%| 3770 24940, 3704 22825 26505 11929| 62852 74781
95 008d61| 000040 1981 3980] 25000 39609  22095] 26676] 12504 61647, 74150

/10 010M] ocotow]  vem| 193] 25060 41917 (EBA] 26756| 13072] 60469| 73541

[Tl ova| oootosa  vaoe| 4613 25177 eerdz| 2297, 26911 14188 58193 7238

120] 01987 0001060 08972 6036 25289, 0081 22021 27089] 1829 86012 71290 =
10| 02704 000107] 0eas0| 8461 26995 638] 21797 27201] 1638 5398 70264 | .
10| 03618 0001080 05085 SG88 25406 58916 21442] 27334] 17392 51901 69293 ;

=

Figure 5.
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(Source of able data NIST Chemistry WebBook -kcn\«l m:z‘w'

Figure 5 shows the snippet of the steam tables listed by temperature. Here, the first column is
of temperature. The properties can be read in a similar way we discussed in the case of the
tables listed by pressure. The choice of the tables listed by pressure or temperature depends
on convenience. If the properties at temperature and pressure we are looking for are not
listed, then we can use linear interpolation to find properties at the required temperature and
pressure. The last entry in the tables listed by temperature is the critical point.

Using these tables, we can find properties of liquid water and vapour at saturation, and using
these properties we can also find properties of a mixture of liquid water and vapour.
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Figure 6.

Progerten of Sepesesd Wit

There are tables to find properties of superheated vapour. Figure 6 shows tables for
superheated steam. Let’s look at the table in the top left corner of Fig .6. The first row reads
the pressure and the corresponding saturation temperature; p=0.01 MPa and T = 45.8 °C. This
table is for a pressure of 0.01 MPa and temperatures larger than the saturation temperature
corresponding to p=0.01 MPa which is 45.8 °C. At T > 45.8 °C, we will have only the
superheated vapour. Hence, we can’t see properties of liquid in this table. The table mentions
the volume, internal energy, enthalpy and entropy of vapour only. So, this table is for p=0.01
MPaand T > 45.8 °C (T=45.8 °C is the saturation temperature for p=0.01 MPa). Similarly, we



have tables for different pressures and the properties are mentioned only for temperatures
greater than the corresponding saturation temperatures.
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