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Steam Tables

4.1 SATURATED LIQUID AND SATURATED VAPOR STATES:

Saturated liquid. Liquid at the saturation temperature
corresponding to the saturation pressure.

Saturated vapour. A term including wet and dry vapour

» The properties of saturated liquid and saturated vapor for
water are listed in Tables A—4 and A-5. Both tables give the
same information.

 The only difference is that in Table A—4 properties are listed
under temperature and in Table A-5 under pressure.

» Therefore, it is more convenient to use Table A—4 when
temperature is given and Table A-5 when pressure is given.

» Another subscript commonly used is “f g”, which denotes
the difference between the saturated vapor and saturated
liquid.

* The subscript f is used to denote properties of a saturated
liquid, and the subscript g to denote the properties of
saturated vapor.

V; = specific volume of saturated liquid
v, = specific volume of saturated vapor

Vg, = difference between v, and v; (that is, v, = v, — V)
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The quantity hfg is called the enthalpy of vaporization
(or latent heat of vaporization).

TABLE B.1 Saturated Water: Temperature Table 2

T P o fy i My b aho b i M

€ WaMh el wlly Wk Wy Bl Wiy Wk WAy BAK HAK WK
001 083 0001000 206122 000 W3 W3 000 JOL3 BOL3 0000 OISR 0156
5 OS2 000000 TLS 2007 2613 2302 2008 06 2105 0061 80406 0087
10 126 0001000 106377 410 2372 2D 4190 UTIT 35107 01510 BT 80WT
15 LTSI 0001001 TEB 626 21 BB0 K25 S0 280 02US  8FE0  ATAI
M AW 0002 SIW0 BI04 20100 24020 3G MB41 DORL 02066 83706 86671

31601 0001008 43350 1486 23049 24008 10487 24423 25472 03673 81005 85570
4. 2461 0001004 32603 12577 22008 24166 12577 4305 25562 04360 80164 84533
56250 0001006 25216 14665 22767 24234 14666 186 25653 05052 78118 83530
7387 0001008 19,523 16753 22626 24301 16754 06T 25743 05724 76845 82560
05004 0001010 15258 18841 2484 24368 18842 23048 23832 06366 7561 81647

12350 0001012 12082 W30 2ML M35 2031 BKAT  L02I 07037 7475 80762
15.758 0001015 0568 23019 22199 24501 23020 23707 26000 07679 72234 79012
10041 0001017 7671 BLO 2055 U66  BLI WW5 26006 08311 70784 70005
25,083 0001020 6197 200 20011 24631 27205 362 26182 08054 6975 78309
31188 0001023 5042 2020 2766 4605 20206 23338 26268 00648 6804 7852

38578 0001026 4131 31387 21620 U750 31301 204 26383 LOIS4 66670 76824
4730 0001020 3407 A48 2474 U822 MBS 20088 26437 10752 65369 76121
57834 0001022 2828 B5A2 20326 U884 388 2060 26519 L1342 64102 7544
70139 0001036 231 U682 2TT  AM5 7600 22832 26601 L1924 62866 74790
B4.554 0001040 1082 078 20027 25006 07O 2702 26681 12500 61659 74158

100 010135 000104 16720 41801 20676 25065 41002 2570 26760 13068 60450 73548
105 012082 000147 14104 “000 20723 123 M0I3 2T 26838 13620 50028 72068
110 014328 000102 12102 6112 0570 BIS1 46127 302 2015 14184 582 72366
115 016006 0001056 10066 48226 20414 23037 48246 2265 26000 14783 5700 71832
120 010853 0001060 0819 5348 2058 25202 50860 22006 27063 15215 56020 7125

125 02321 0001065 077050 5472 20000 23046  5A06 21885 27135 15812 54062 70774
130 02701 0001070 066850 54600 10089 25300 54620 21742 27205 16343 53035 70260
135 03130 0001075 088217 56734 10TTT 2450  S67T67 21506 27273 16869 52007 69777
140 03613 0001080 050885  BSST2 10613 25500 380Nl 21448 27330 17300 51008 69208
145 04154 0001085 044632 61016 1047 2540 61061 21206 27403 L7006 50026 68832

150 04750 0001000 030278 63166 10279 25505 63218 243 27464 1847 40060 68978
155 05431 0001006  0M676 65323 10108 2640 65382 20066 27524 18024 49010 67904
160 06178 0001102 0M0706 67445 18035 25684 67553 20826 27381 L0426 48075 67501
165 0.7005 0001108 027260 60655 18760 25725 60702 20662 27635 L4 4718 67078
170 07017 0001114 024283  TIB31 18581 25765  7I020 20405 27687 20418 4624 66663
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TABLEB.1 Continued

175 08920  0.001121 0.21680 74016 18400 25802 74116 20024 27736 20000 435347 66256
150 10022 0001127  0.19405 76208 18216 25837 763.21 20150 27782 21395 44461  GS5S5T
185 11227 0.001134 0.17409 78408 18020  2587.0 78536 1970 27824 21878 43586 65464
190 12544 0001141 0.15654 80617 17838  2500.0 B07.61 19788 27864 22359 43720 65078
105 L3978 0001149 014105 82836 17644 25028 £20.906 1960.0 27900 22635 41863  6.4607
200 L5538 0.001156 0.12736 85064 17447 25053 85243 10407 27932 23308 4104 64322
205 L7230 0.001164 0.11521 57302 17245 25075 §75.03 19210 27960 237 40172 63951
210 19063 0001173  0.10441 80551 17039  2509.4 897.75 19007 27985 24247 39337 63584
215 21042 0.001181 000479 91812 16820  2601.1 92061 1879.9 25005 24713 38507 63221
220 23178 0001190 008619 04085 16615 26023 94361 18585 25021 25177 37683 6.2860
205 25477 0001199 007849 96372  1630.6 26033 06677 18365 25033 25630 36863  6.2502
230 2.7940 0.001209 007158 086.72 1617.2 2603.9 990.10 1813.8 2503.9 2.6090 3.6047 6.2146
205 30601 0001219 006536 100985 15942 2604.1 101361 17905 25041 26557 35203 61791
240 33442 0001229 005976 100319 15708 26039  1037.31 17865 25038 27015 34422 61436
245 36482 0001240 005470 105660 15467 26034 106121 174L7 28029 27471 33612 61083
250 39730 0.001251 005013 108037 15220 26024 108534 17162 28015 27927 32802 6.0729
255 43105 0001263 004508 110426 14967 26009  1100.72 1680.8 27905 28352 31002 60374
260 46886 0.001276 004220 113837 14706 25000 113435 16625 27060 28837 31181 60018
265 50813 0001250 003877 115272 14439 25066 1150.27 16343 27636 20203 30368  5.0661
2m 54987  0.001302 003564 117733 14163 25937 118440 16052 27507 20750 209551  5.9001
27 59418 0001317 003279 120223 1387.9  2500.2 121005 15749 27850 30208 28730 58037
250 64117 0001332 003017 122743 13587  2586.1 123507 15436 27TMS5 30667 27903 58570
285 60004 0001348 002777 125298 13284 25814 126220 15110 27733 31120 27060 58198
200 7430 0001386 002557 127880  1207.1 25760  1250.04 14771 2766 31508 26207 57821
205 70928 0.001384 002354 130521 12647  2560.9 131627 14418 27530 32061 25375 5743
300 85810 0001404 002167 133197 12310 25630 134401 14049 27489 32533 24511 57044
305 92018 0001425 001995 135022 11950 25552 137233 13664 27387 33000 23633 56642
310 98566 0.001447 001835 1387.03 1150.4 2546.4 1401.29 1326.0 27273 3.3492 22737 56220
315 10.547 0.001472 001687 141544 11211 25366 143097 12835 27144 33981 21821 55803
320 11.274 0.001400 001549 144455 1080.9 25255 146145 1238.6 2700.1 3.4470 20882 5.5361
330 12845 0.001561 0012996 150524 9937 24989 152520 11406 26658 35506 18900 54416
340 1455 0001638 0010797 157026 8943 24645 150415 10279 26220 36583 16763  5.3356
3% 16514 0001740 0008813 164181 7766 24184 167054  S034 25639 37776 14336 52111
360 18651 0.001592 0006945 172519 6263 23515 176048 7205 24810 30146 113W 50525
310 21.028 0002213 0004926 184384 3847 22285  1890.37 4418 23321 41104 06868  4.7972
374.04 22080 0003155 0003155 202058 0 20206 20026 0 2003 44207 0 4.4207

TABLE A-5

Saturated water—Pressure table

Specific volume, Internal energy, Enthalpy, Entropy,
m3/kg kd/kg kl/kg kJ/kg-K
Sat. Sat. Sat. Sat. Sat. Sat. Sat.  Sat. Sat.
Press., temp., liquid, vapor, liquid, Evap., vapor, liquid, Evap., vapor, liquid, Evap., vapor,
PkPa T,°C v Yy u; Uy U, hy hy h, S S S

1.0 6.97 0.001000 129.19 29.302 2355.2 23845 29.303 24844 25137 0.1059 8.8690 8.9749
15 13.02 0.001001 87.964 54.686 2338.1 2392.8 54.688 2470.1 2524.7 0.1956 8.6314 8.8270
20 17.50 0.001001 66.990 73.431 23255 23989 73.433 24595 25329 0.2606 8.4621 8.7227
25 21.08 0.001002 54.242 88.422 23154 24038 88.424 2451.0 2539.4 0.3118 8.3302 8.6421
3.0 2408 0.001003 45654 100.98 2306.9 2407.9 100.98 24439 25448 0.3543 8.2222 8.5765

40 2896 0.001004 34.791 121.39 2293.1 24145 121.39 24323 2553.7 0.4224 8.0510 8.4734
50 32.87 0.001005 28.185 137.75 2282.1 2419.8 137.75 2423.0 2560.7 0.4762 7.9176 8.3938
7.5 4029 0.001008 19.233 168.74 2261.1 2429.8 168.75 24053 2574.0 0.5763 7.6738 8.2501
10 4581 0.001010 14.670 191.79 22454 2437.2 191.81 2392.1 2583.9 0.6492 7.4996 8.1488
15 53.97 0.001014 10.020 225.93 2222.1 24480 22594 2372.3 25983 0.7549 7.2522 8.0071

20 60.06 0.001017 7.6481 251.40 2204.6 2456.0 251.42 2357.5 2608.9 0.8320 7.0752 7.9073
25 64.96 0.001020 6.2034 271.93 21904 24624 27196 23455 2617.5 0.8932 6.9370 7.8302
30 69.09 0.001022 5.2287 289.24 21785 2467.7 289.27 23353 2624.6 0.9441 6.8234 7.7675
40 75.86 0.001026 3.9933 317.58 21588 2476.3 317.62 23184 2636.1 1.0261 6.6430 7.6691
50 81.32 0.001030 3.2403 340.49 2142.7 2483.2 34054 2304.7 26452 1.0912 6.5019 7.5931
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1.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 ratio of the mass of vapor to the
total mass of the mixture:

Mg
X = =
my m, +mg

Mg

Where mis the mass of vapor (kg)
mgis the mass of liquid (kg)

m,is total the mass of mixture (kg)

For saturated liquid line x = 0 (which is said to have a quality of
0%).

For dry saturated vapor x = 1 (which is said to have a quality of
100%).

For mixed region0<x <1

For (1 kg) of wet vapor, there are (x kg) of vapor, and (1 — x) kg
of liquid. Hence to calculate the specific volume at this point:
v=(1-x)vr+ xy,

1K =’l?f + xvfg
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The volume of the liquid is negligibly small compared to the volume

v = XUy

The enthalpy of a wet vapor is given by the sum of the
enthalpy of the liquid plus the enthalpy of the dry vapor:
h = (1 — x)hs + xh,

h = hy + x(hy — hf)

h=hf + xhsg

Similarly the internal energy equation is:
U= U + Xugg

And the entropy equation is:
S =S¢+ XS¢g

Example (1): A rigid tank contains (50 kg) of saturated liquid
water at (90 °C). Determine the pressure in the tank and the
volume of the tank.

Solution:
Saturated water @ T =90 °C = Table = P = Py,; = 70.139 kPa

Saturated water @ T = 90 °C = Table = v = vy = 0.001036 kg/m3
Then the total volume of the tank becomes

V =vym = 0.001036 * 50 = 0.0518 m3

T =90°C

Sar. liquid
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Example (2): A rigid tank contains (10 kg) of water at (90 °C). If
(8 kg) of the water is in the liquid form and the rest is in the
vapor form, determine (a) the pressure in the
tank and (b) the volume of the tank.

Solution: e

a) The state of the saturated liquid—vapor
mixture is shown in Figure below. Since the
two phases coexist in equilibrium, we have a
saturated mixture, and the pressure must be the /|-
saturation pressure at the given temperature:

1
v=0.001036 v, =2361 m’/kg

Saturated water @ T = 90 °C
= Table (A — 4)

= P = P,,, = 70.139 kPa

(b)
Saturated water @ T = 90 °C = Table (A — 4)

= vy = 0.001036 m*/kg ~ and v, = 2.3593m3/kg
V=V +V, =mevs + myy,
V =8%0.001036 + 2 * 2.361 = 4.73 m®

Example (3): A rigid tank contains saturated liquid water at (95
°C). Determine the pressure in the tank and the specific volume
of the water.

Solution:
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Saturated water @ T = 95 °C = Table (A—4) = P = Pgy,;
= 84.554 kPa

Saturated water @ T = 95 °C = Table (A —4) = v = vf
= 0.001040 kg/m3

2.Superheated Vapor

Compared to saturated vapor, superheated vapor Table
(A-6) is characterized by

Lower pressures (P < P, at a given T')

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

Higher specific volumes (v > v, at a given P or T)
Higher internal energies (u > u, at a given P or T')
Higher enthalpies (h > h, at a given P or T)
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TABLE A-6

Superheated water

T v u h s v u h s

°C m3/kg kilkg klkg  klkg:K | mikg kl/kg  klkg klkgK
P = 0.01 MPa (45.81°C)* P = 0.05 MPa (81.32°C)

Sat.! 14.670 2437.2 2583.9 8.1488 3.2403 2483.2 2645.2 7.5931
50 14.867 24433 2592.0 8.1741
100 17.196 2515.5 2687.5 8.4489 3.4187 2511.5 26824 7.6953
150 19.513 2587.9 2783.0 8.6893 3.8897 2585.7 2780.2 7.9413
200 21.826 2661.4 2879.6 8.9049 | 4.3562 2660.0 2877.8 8.1592
250 24.136 2736.1 2977.5 9.1015| 4.8206 2735.1 2976.2 8.3568
300 26.446 2812.3 3076.7 9.2827 5.2841 2811.6 3075.8 8.5387
400 31.063 2969.3 3280.0 9.6094 6.2094 2968.9 3279.3 8.8659
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
700 44911 3480.8 3929.9 10.4056 8.9813 3480.6 3929.7 9.6626
800 49.527 3665.4 4160.6 10.6312 9.9047 3665.2 4160.4 9.8883
900 54.143 3856.9 4398.3 10.8429 | 10.8280 3856.8 4398.2 10.1000
1000 58.758 4055.3 4642.8 11.0429 | 11.7513 4055.2 4642.7 10.3000
1100 63.373 4260.0 4893.8 11.2326 | 12.6745 42599 4893.7 10.4897
1200 67.989 44709 5150.8 11.4132 | 13.5977 4470.8 5150.7 10.6704
1300 72.604 4687.4 5413.4 11.5857 | 14.5209 4687.3 5413.3 10.8429

Example (4): Determine the temperature of superheated steam at
a state of (0.05 MPa) and enthalpy (2780.2 kJ/kg).

Solution:

@P = 0.05 MPa & h=2585.7k]/kg = Table (A—6) =T
=150 °C
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COMPRESSED (SUBCOOLED) LIQUID:

When water is in the compressed liquid phase, Table (A-4)
or Table (A-5) is used to get the required properties (of fluid). To
use this table, two properties must be known. So the same rules
as with the superheated vapor are applied here.

We can identify the state of water using the saturation
tables, i.e. Table (A-4) and Table (A-5). Two known properties
are required to identify the state of water as follows:

@T = given > P < Psyt or @P = given =T >
TSClt

then

v > v, @T or P = water is in the superheated vapor
u > u; @T or P = water is in the superheated vapor
h > h; @T or P = water is in the superheated vapor
s > s, @T or P = water is in the superheated vapor

@T = given > P > Py or @P = given =T <
Tsat

v < vr @T or P > water is in the compressed liquid
u < ur @T or P> water is in the compressed liquid

h <hf @T or P = water is in the compressed liquid
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s < s @T or P = water is in the compressed liquid

If the property equals the saturation value, then the water is in the
saturated state (vapor or liquid).

If (propertyy < property < property,), then the water is in
the wet vapor state.

TABLE A-7

Compressed liquid water

i v u h S v u h S
5 0] m3/kg kl/kg klkg  klkg-K | mikg klkkg klkg  klkg-K
P = 5 MPa (263.94°C) P = 10 MPa (311.00°C)

Sat. 0.0012862 1148.1 1154.5 2.9207 | 0.0014522 1393.3 1407.9 3.3603
0  0.0009977 0.04 5.03 0.0001 | 0.0009952 0.12 10.07 0.0003
20 0.000999 83.61 88.61 0.2954 | 0.0009973 83.31 93.28 0.2943
40 0.0010057 166.92 171.95 0.5705 | 0.0010035 166.33 176.37 0.5685
60 0.0010149 250.29 255.36 0.8287 | 0.0010127 249.43 259.55 0.8260
80 0.0010267 333.82 338.96 1.0723 | 0.0010244 332.69 342.94 1.0691
100 0.0010410 417.65 422.85 1.3034 | 0.0010385 416.23 426.62 1.2996
120 0.0010576 501.91 507.19 1.5236 | 0.0010549 500.18 510.73 1.5191
140 0.0010769 586.80 592.18 1.7344 | 0.0010738 584.72 595.45 1.7293
160 0.0010988 672.55 678.04 1.9374 | 0.0010954 670.06 681.01 1.9316
180 0.0011240 759.47 765.09 2.1338 | 0.0011200 756.48 767.68 2.1271
200 0.0011531 847.92 853.68 2.3251 | 0.0011482 844.32 855.80 2.3174
220 0.0011868 938.39 944.32 25127 | 0.0011809 934.01 945.82 2.5037
240 0.0012268 1031.6 1037.7 2.6983 | 0.0012192 1026.2 1038.3 2.6876
260 0.0012755 1128.5 11349 2.8841 | 0.0012653 1121.6 11343 28710
280 0.0013226 1221.8 1235.0 3.0565
300 0.0013980 1329.4 1343.3 3.2488
320




