Other Sources for Hand S

The enthalpy and entropy values for many gases of interest can
also be found in tabulated or figure format

OBJECTIVES

= Toillustrate the use of T-S and H-S figures (p226-227, inside
back cover)

= Toillustrate the use of tables (e.g. steam table p715-787)

= To introduce the Clausius-Clapeyron and Antoine equations
(p222-223)

= To introduce the concept of quality (p 225)

Where Else do You Find H and S?

Thermodynamic diagrams
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T-S diagram for water
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T-S diagram for water
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T-S diagram for water
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Table F.1. Saturated Steam, SI Units (Continued)
SPECIFIC VOLUME V INTERNAL ENERGY U ENTHALPY H ENTROPY S
t T P sat. sat, sat, sat.  sat sat. sat. sat.
c K kPa liq. evap. vap. liq. evap. vap liq. evap. vap. liq. evap. vap.
75 34815 8855 1.026 41331 41341 3130 21621 24760 3139 23215 26354 1.0154 66681 7.6835
76 34915 4019 1.027 39746 99757 3181 21592 2477.3 3181 23189 2637.1 1.0275 66418 7.6693
77 35015 4189 1.027 38233 38243 0223 21563 24785 3 20164 26387 1.0395 66156 7.6551
78 35115 4365 1028 36786 36796 9265 21533 24798 3265 23139 26404 10514 65896 7.6410
79 35215 4547 1 35403 35413 3307 21504 24811 723114 26421 1 6.5637  7.6271
80 35315 4736 1.020 34081 34001 3349 21474 24823 3349 23088 26438 10753 6.5380 7.6132
81 354.15 4931 1.030 32816 32826 3391 21445 24835 339.1 20063 26454 1.0871 65123 7.5995
82 355.15 51.33 1.031 31606 31616 3433 21415 24848 3433 8 26471 1 64868 7.5858
83 15 5342 1.031 8 58 347.5 21386 M75 23012 26487 11108 64615 7.5722
84 35715 5557 1.032 20339 29350 3517 21356 2487.3 3517 6 26504 11225 64362 7.5587
85 35615 5780 1.033 2827.8 26288 0559 21326 24885 355.9 2296.1 26520 1.1343 64111 7.5454
86 35915  60.11 1.083 27261 2727.2 9601 21297 24897 360.1 22935 26536 1.1460 63861 7.5321
87 36015 6249 1034 26288 26298 3643 21267 24909 364.3 22909 26553 1.1577 63612 7.5189
83 36115 64 1.035 25365 368.5 21237 24922 368.5 22884 26569 1.1693 63365 7.5058
89 1 6749 1.035 24460 2447.0 3727 21207 24934 3727 22858 26585 1.1809 63119 7.4928
90 36345 7011 1.036 20603 2361.3 9769 21177 24946 9769 22832 26601 1.1925 62873 7.4799
91 364.15 7281 1.037 2279.1 381.1 21147 24958 381.1 2280, 2661.7 1.2041 62629 7.4670
92 36515 7561 1038 21992 2 3853 21117 24970 3854 22780 26634 12156 62387 7.4543
93 36615 7849 1038 21235 21245 3895 21087 24982 389.6 22754 26650 1.2271 62145 7.4416
94 36715  B146 1039 20! 2051.9 7 21057 24994 8 22728 1.2 6.1805 7.4201
95  368.15 1.040 1981 2 3979 21027 0 2668.1 12501 6.1665 7.4166
% 1 8760 1.041 19143 10153 4021 20997 25018 4022 2267.5 26697 12615 6.1427 7.4042
97 37015 9094 1041 18500 1851.0 4063 20968 25030 4064 22649 26713 12728 61190 7.3919
98  371.15 1.042 17883 17893 4105 20936 2504.1 4106 22622 9 12842 60954 7.379
99 37215 9776 1.043 17200 17300 4147 20906 25053 414.8 22506 26744 12956 6.0719 7.3675
100 37315  101.33 1.044 16720 16730 4190 20875 25065 419.1 22569 26760 1.3069 6.0485 7.3554
102 37515 10878 1.045 15645 15655 4274 20814 25088 427.5 22516 2679.1 1.3204 60021 7.3315
104 37715 11668 1.047 14651 14662 4358 20753 2511.1 4359 22463 26822 1.3518 59560 7.3078
106 37915 12504 1.049 13731 13742 4443 20892 25134 4444 22400 26853 13742 59104 72845
108 38115 13390 1.050 1287.9 12889 4527 20630 25157 4529 22354 26883 58651 7.2615
110 38315 14327 1.052 12089 12099 4612 20568 25180 461.3 22300 26913 1.4185 58203 7.2388
112 38515 15316 1.054 11356 11366 4696 20506 469.8 22245 14405 57758 72164
114 387.15  163.62 1.055 1067.5 10685 4781 20443 25224 4783 22190 26972 14624 57318 7.1942
116 389.15  174.65 1057 10042 10052 4B6.6 20381 25246 4867 22134 27002 1.4842 56881 7.1723
118 39115 18628 1.059 9453 9463 4950 20318 25268 4952 2207.9 27031 15060 56447 7.1507
120 39315 19854 1061 8905 8915 5 20254 25200 5037 22022 27060 15276 56017 7.1203
122 39515 21145 1.082 4 8405 5120 20191 25311 5122 21966 27088 1.5491 55590 7.1082
124 397.15 22504 1.064 7918 7928 5 20127 25332 5207 21909 27116 15706 55167 7.0873
126 399.15 23933 1066 7473 7484 5200 20063 25353 5292 21852 27144 15918 54747 7.0666
128 401.15 254.35 1.068 8 7069 5375 19999 25374 5378 21794 27172 1.6132 54330 7.0462
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Steam Tables

Table F.2. Superheated Steam, SI Units (Continued)

TEMPERATURE: t C
(TEMPERATURE: T kelvins)

PlkPa sat sat. 150 175 200 220 240 260 280 300
/°c) liq. vap (42315)  (448.15)  (47315)  (498.15)  (513.15)  (533.15)  (553.15)  (573.15)
v 1.076 561.75 583.58 622.41 660.33 690.22 719.81 749.18 778.39 B807.47
305 U 572847 25457 2568.7 2609.6 26496 2681.2 2712.7 2744.0 27753 2806.6
(13620) H 573197 27283 2758.4 28119 2 2905.6 2046.6 2087.5 30282 3069.0
s 1.7004 6.9640 7.0363 7.1592 7.2729 7.3585 7.4400 7.5181 7.5933 7.6657
V1079 524.00 540.58 576.90 612.31 640.18 667.75 695.09 72227 749.33
350 U 583892 2548.2 25671 2608.3 26486 26804 27120 27434 27748 2806.2
(138.87) H 584270 27318 2756.3 28103 2863.0 29045 2945.7 2986.7 30276 3068.4
s 17213 6.9392 6.9982 7.1222 7.2366 7.3226 7.4045 7.4828 7.5581 7.6307
vV 1081 491.13 503.29 537.46 57069 506.81 622.62 648.22 673.64 698.94
375 U 504332 25606 2565.4 2607.1 2647.7 2679.6 2711.3 27428 27743 2805.7
(141.31) H 594737 27347 2754.1 28086 2861.7 4 4.8 20859 3026.9 3067.8
s 1752 6.9160 69624 7.0875 7.2027 7.2801 7.3713 7.4499 7.5254 7.5981
vV 1084 46222 470.66 502,93 534.26 558.85 583.14 607.20 631.09 654.85
400 U 604237 25527 2563.7 26058 2646.7 2678.8 27106 27422 27737 2805.3
(143.62) H 604670 27376 27520 28070 28604 .3 29439 2985.1 3026.2 3067.2
S 1.7764 6.8943 6.9285 7.0548 7.1708 7.2576 7.3402 7.4190 7.4947 7.5675
v 1.086 436.61 44185 47247 502.12 525.36 548.30 571.01 593.54 615.95
425 U 613667 25548 2562.0 2604.5 26457 2678.0 2709.9 27416 27732 2804.8
(145.82) H 614128 27403 2749.8 28053 2859.1 2901.2 29429 2084.3 3025.5 3066.6
s 1.7990 6.8739 6.8965 7.0239 7.1407 7.2280 7.3108 7.3899 7.4657 7.5388
vV 1088 41375 416.24 445.38 473.55 495.59 517.33 538.83 560.17 581.37
450 U 622672 2557 2560.3 26032 2644.7 2677.1 2709.2 2741.0 27727 2804.4
(147.92) H  823.162 27429 27477 28037 28578 2900.2 29420 20835 3024.8 3066.0
s 1.6204 6.8547 6.8660 69946 7.1121 7.1999 72831 7.3624 7.4384 75116
V1001 39322 30331 421.14 447.97 468.95 489.62 510.05 530.30 55043
475 U 631294 25585 2558.6 26019 2643.7 2676.3 2708.5 2740.4 21722 2803.9
(14892) H 631812 27453 27455 2802.0 28565 2899.1 2941.1 29827 3024.1 3065.4
s 18408 68365 68369 69667 7.0850 7.1732 72567 7.3363 7.4125 7.4858
vV 1003 37468 399.31 424.96 444.97 464.67 484.14 503.43 52258
500 U 639.569 2560.2 26006 2642.7 2675.5 2707.8 2739.8 277 2803.5
(151.848) H 640116 27475 28003 2855.1 2898.0 2940.1 2981.9 30234 3064.8
s 1.8604 6.8192 6.9400 7.0592 7.1478 72317 7.3115 7.3879 74814

Two-Phase Systems

Consider a liquid to vapour phase change at constant T and P (dot on line)

This line represents the
saturated vapour pressure
psat

sat
AH" :—RdIn—P Clausius-Clapeyron
a(r)

Sal B i i
In(P)=A T Antoine equation .



Example
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Estimate the entropy change of vaporization
of water at 50 °C. The Antoine equation for

water is : 3816.44

In(P** Hg))=18.3036 - ————
(™ (mmHg)) T(K)- 46.13

Quality, x

for a system consisting of a saturated vapor in equilibrium with its
saturated liquid :

M=(1-x)M'+xM"

where M is any specific state property (e.g., V [L/kg] or
[L/mol], S [J/K kg] or [J/K mol], H [J/kg] or [J/mol], similarly
for G, U, etc) and

X is the mass (or mole) fraction of vapour

M (no superscript) Is the welghted average of the property
Superscipts:

‘I” refers to liquid phase and ‘v’ refers to vapour phase

M !is the value of the property for the saturated liquid

MV is the value of the property for the saturated vapour
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A few words on quality ...

T

constant

¥ = constant
P= Constant
£ = consgan

Entropy for
example

h

Critical point

S = (1-X)(S") + X (SY)
H= (1-x)(H') + x (HY)

H' and S' are enthalpy and entropy of sat’d liquid
HY and SYare enthalpy and entropy of sat’d vapour

Example

The horizontal line represents a
constant pressure and constant
temperature line during phase
change.

It should be obvious if you recall
that water at atmospheric pressure
boils at 100°C and steam at 1 atm
condenses at 100°C. Quality is
just a measure of how much liquid
has turned to vapour.

We can use quality to calculate H
and S of partially condensed
vapours based on the sat’d values

It

For a reversible, adiabatic process, steam at 8600 kPa and 400 °C
is decompressed to a pressure of 10 kPa. Determine the quality of

steam at the outlet
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