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2~TA.Pl~;~-f;{:\:_"":·:/' ;" 
Ma?E.._molar, constante de gas y propiedade,.=sc..!d~e<.!.I..lp!.!u!!.n,-"-to~cc!.!rr~t,i,-,,c~o ..,­ _ Calores especfficos de gas ideal de varios gases comunes 

Constanre 
__ ~~~?2~~~~_~~.~_~~~pun!~_crrtico a) A 3Q9-.!5.. _ 

Masa molar, de gas, Temperatura, Presi6n, Volumen, Constante de gas, R cp c, 
Sustancia • F6rmula 
-~ ---~._- _._---------_._­ M kglkmol RJ0..1<.LI<* __K ~~ . m3/k~ Gas--------_.-.--­ F6rmula ~.K- ____.J<,I!!<iL~ ___~g~J5_______k__ 

Agua H20 18.015 0.4615 647.1 22.06 0.0560 Aire 0.2870 1.005 0.718 1.400 
Aire 28.97 0.2870 132.5 3.77 0.0883 Arg6n Ar 0.2081 0.5203 0.3122 1.667 
Alcohol etilico C2H 50H 46.07 0.1805 516 6.38 0.1673 Butano C4H lO 0.1433 1.7164 1.5734 1.091 
Alcohol metilico CH30H 32.042 0.2595 513.2 7.95 0.1180 Di6xido de carbono COz 0.1889 0.846 0.657 1.289 
Amoniaco NH3 17.03 0.4882 405.5 11.28 0.0724 Etano C2H 6 0.2765 1.7662 1.4897 1.186 
Argon Ar 39.948 0.2081 151 4.86 0.0749 Etileno CZH 4 0.2964 1.5482 1.2518 1.237 
Benceno C6H 6 78.115 0.1064 562 4.92 0.2603 Helio He 2.0769 5.1926 3.1156 1.667 
Bromo 'i3r 2 -. 159.808 0.0520 584 10.34 0.1355 Hidr6geno Hz 4.1240 14.307 10.183 1.405 
n-Butano C.H lO 58.124 0.1430 425.2 3.80 0.2547 Metano CH4 0.5182 2.2537 1.7354 1.299 
Cloro CI2 70.906 0.1173 417 7.71 0.1242 Mon6xido de carbono CO 0.2968 . 1.040 0.744 1.400 
Cloroformo CHCI3 119.38 0.06964 536.6 5.47 0.2403 Ne6n Ne 0.4119 1.0299 0.6179 1.667 
Cloruro rnetil icc CHp 50.488 0.1647 416.3 6.68 0.1430 Nitr6geno N2 0.2968 1.039 0.743 1.400 
Cript6n Kr 83.80 0.09921 209.4 5.50 0.0924 Octano CaH18 0.0729 1.7113 1.6385 1.044 
Diclorodifl uorornetano (R-12) 
Diclorofluorometano (R-21) 

CCI 2F2 
CHCI2F 

120.91 
102.92 

0.06876 
0.08078 

384.7 
451.7 

4.01 
5.17 

0.2179 
0.19"13 "1. 

Oxfgeno 
Propano 

O2 
C3H8 

0.2598 
0.1885 

0.918 
1.6794 

0.658 
1.4909 

1.395 
l..126 

Di6xido de carbo no CO2 44.01 0.1889 304.2 7.39 0.0943 Vapor H2O 0.4615 1.8723 1.4108 1.327 
Di6xido de sulfuro S02 64.063 0.1298 430.7 7.88 0.1217 

Etano C2H 6 30.070 0.2765 305.5 4.48 0.1480 Nota: La unidad kJ/kg . K es equivalente a kJ/kg . "C. 

Etileno 
Helio 

C2H. 
He 

28.054 
4.003 

0.2964 
2,0769 

282.4 
53 

5.12 
0.23 

0.1242 
0.05/8 

Fuente: Chemical eao Process Tnermcovnsnvcs tercera edrclon. por Kyle. B.G., © 2000. Adaptado con perrniso de Pearson Education, Inc., Upper Saddle 
River, Nueva Jersey. 

n-Hexano C6H I • 86.179 0.09647 507.9 3.03 0.3677 

Hidrogeno (normal) H2 2.016 4.1240 33.3 1.30 0.0649 

Metano CH. 16.043 0.5182 191.1 4.64 0.0993 

Monoxide de carbone CO 28.011 0.2968 133 3_50 0.0930 

Neon Ne 20.183 0.4119 44.5 2.'13 0.0417 

Nitr6geno N2 28.013 0.2968 126.2 3.39 0.0899 

6xido nitroso N20 44.013 0.1889 3097 7.27 0.0961 

Oxigeno O2 31.999 02598 154.8 5.08 0.0780 

Propano C"Hs 44.097 0.1885 370 4.26 0.1993 

Propileno C3H 6 42.081 0.1976 365 4.62 0.1810 

Tetracloruro de carbona CCI4 153.82 0.05405 556.4 4.56 0.2759 

Tetrafluoroetano (R-134a) 
Triclorofluorometano (R-1l) 
Xenon 

CF3CH;F 
CCI3F 

Xe 

102.03 
137.37 
131.30 

0.08149 
0.06052 
0.06332 

374.2 
471.2 
289.8 

4.059 
4.38 
5.88 

0.1993 
0.2478 
0.1186 

~La urunad en kJ/kg . K es equwalente a kPa . m3/kg· K. La constante de gas se catcuta de R 0:: RuIM, donde Rj} = 8.31447 kJ/kmol . K Y M es la masa 
molar. 

Fuente. ~. A. Kobe y R. E.", Lynn. J.L, Ch~,rmcal Hevl~~' 52 (1953), pp. 117··2.16: y ASHHAE,. Handbook of Fundame'--ltdls ~'lJ.Janta, GA: Scciedad Americana 
de tngeruercs de Caletaccion. Rcfrigeracion 'J Acondicionanuentc de Alfe, lnc., 19(3), pp. 16.01 y 3£1 1. • 
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Apendice 1 BE
000 ranias ue promeuaues, figuras y diagramas (unidades $1) 

~~j~~l2',Y:;:'i' <.\'p?'>-~~.:~ :,:, ;,:.. .. tABLA ~:?.<:F? . 
Calores especrfic6s~ideal de var'ros gases comunes (continuaci6n) Calmes especfficos de gas ideal de varios gases comunes (conc/usi6n) 

b} A diversas temperaturas c) Como una funci6n de la temperatura . ._._. _ 
----.--------~-- --.--.-.-------- ---.-.----c----------------~-----T'--·-

kJ/kg . K kJ/kg . K k 

K A:re: 

cp c, 

Temperatura, 

cp c, 
~~/kg . K kJ/iI[,,'_K__k_ 

Di6xido de csrbono. CO 

Cp Cv 

kJ/kg .:._K_kJ/kg ·_K_~__ 

Mon6xido de carbona. CO 

250 1.003 0.716 1.401 0.791 0.602 1.314 1.039 0.743 1.400 
300 1005 0.718 1.400 0.846 0.657 1.288 1.040 0.744 1.399 
350 1.008 0.721 1.398 0.895 0.706 1.268 1.043 0.746 1.398 
400 1.013 0.726 1.395 0.939 0.750 1.252 1.047 0.751 1.395 
450 1.020 0.733 1.391 0.978 0.790 1.239 1.054 0.757 1.392 
500 1.029 0.742 1.387 1.014 0.825 1.229 1.063 0.767 1.387 
550 1.040 0.7-§3 1.381 1.046 0.857 1.220 1.075 0.778 1.382 
600 1.051 0.764 1.376 1.075 0.886 1.213 1.087 0.790 1.376 
650 1.063 0.776 1.370 1.102 0.913 1.207 1.100 0.803 1.370 
700 1.075 0.788 1.364 1.126 0.937 1.202 1.113 0.816 1.364 
750 1.087 0.800 1.359 1.148 0.959 1.197 1.126 0.829 1.358 
800 1.099 0.812 1.354 1.169 0.980 1.193 1.139 0.842 1.353 
900 1.121 0.834 1.344 1.204 1.015 1.186 1.163 0.866 1.343 

1000 1.142 0.855 1.336 1.234 1.045 1.181 1.185 0.888 1.335 

-_.._-- --_. 
ll'-..J_: __ ~_ H­
, IIUiUt;1 

250 14.051 9.927 1.416 1.039 0.742 1.400 0.913 0.653 1.398 
300 14.307 10.183 1.405 1.039 0.743 1.400 0.918 0.658 1.395 
350 14.427 10.302 1.400 1.041 0.744 1.399 0.928 0.668 1.389 
400 14.476 10.352 1.398 1.044 0.747 1.397 0.941 0.681 1.382 
450 14.501 10.377 1398 1.049 0.752 1395 0.956 0.696 1.373 
500 14.513 10.389 1.397 1.056 0.759 1.391 0.972 0.712 1.365 
550 14.530 10.405 1.396 1.065 0.768 1.387 0.988 0.728 1.358 
600 14.546 10.422 1.396 1.075 0.778 1.382 1.003 0.743 1.350 
650 14.571 10.447 1.395 1.086 0.789 1376 1.017 0.758 1.343 
700 14.604 10.480 1.394 1.098 0.801 1.371 1.031 0.771 1.337 
750 14.645 10.521 1.392 1.110 0.813 1.365 1.043 0.783 1.332 
800 14.695 10.570 1.390 1.121 0825 1.360 1.054 0.794 1.327 
900 14.822 10.698 1.385 1.145 0.849 1.349 1074 0.814 1.319 

1000 14.983 10.859 1.380 1.167 0.870 1.341 1.090 0.830 1.313 

c = a -i- bT + CT2 ". dT' 
p 

:c~s~!::J!·:mol.·~. _ .. .. 

Rango de ~ dei"."'. 
Sustancia F6rmula a b . ..~_c_ _~_._~_ct.._. ~m.Jl_~ K Max. Prom 

Acetileno C,H, 21.8 9.2143 x 10-' -6.527 X 10- 5 18.21 X 10- 9 273-1500 1,46 0.5" 
Aire 28.11 0.1967 x 10-' 0,4802 X 10.-5 -1.966 X 10-9 273-1800 0.72 03

0 

Amoniaco NH 27.568 2.5630 x 10-' 0.99072 X 10- 5 -6.6909 X 10-9 273 .. 1500 0.91 0.3f 
3 

Azutre S, 27.21 2.218 x 10'" -1.628 X 10- 5 3.986 X 10-9 273-1800 0.99 0.32 
Benceno C -36.22 48,475 x 10-' -31.57 X 10.5 77.62 X 10- 9 273-1500 0.34 0.20 

6H 6 
i-Bulano C.H lo -7.913 41.60 x 10-' -23.01 X 10'5 49.91 X 10-9 273-1500 0.25 0.13 
n-Butano C,H 3.96 37.15 x 10-' -18.34 X 10-5 35.00 X 10- 9 273-1500 0.54 0.2~

lO 

Cloruro de 
hidr6geno HCI 30.33 -0.7620 x 10-' 1.327 X 10-5 -4.338 X 10- 9 273-1500 0.22 0.08 

Di6xido de 
azutre SO, 25.78 5.795 x 1O-z -3.812 x 10-' 8.612 X 10.9 273-1800 0,45 0.24 

Di6xido de 
carbona CO, 22.26 5.981 x 10-' -3.501 X 10 7,469 X 10-9 273-1800 0.67 0.225 

Di6xido de 
nitr6geno NO, 22.9 5.715 x 10" -3.52 X 10- 5 7.87 X 10- 9 273-1500 0,46 0.18 

Elano C,H 6.900 17.27 x 10-' -6,406 X 10.5 7.285 X 10-9 273-1500 0.83 0.28
6 

Etanol C,H 0 19.9 20.96 x 10-' -10.38 X 10-5 20.05 X 10-9 273-1500 OAO 0.22
6

Etileno C,H, 3.95 15.64 x 10-2 -8.344 X 10.5 17.67 X 10-9 273-1500 0.54 0.13 
n-Hexano C.H 6.938 55.22 x 10-' -28.65 X 10- 5 57.69 X 10-9 273-1500 0.72 0.20

I
, 

Hidr6geno H, 29.11 -0.1916 x 10-' OA003 X 10-5 -0.8704 X 10-9, 273-1800 1.01 0.26 
Metano CH, 19.89 5.024 x 10-' 1.269 X 10-5 -11.01 x 10-" 273-1500 1.33 0.57 
Melanol CH.O 19.0 9.152 x 10-' -1.22 X 10-5 -8.039 X 10-9 273-1000 0.18 0.08 

Mon6xido de 
carbono CO 28.16 0.1675 x 10-' 0.5372 X 10- 5 -2.222 X 10- 9 273-1800 0.89 0.37 

Nitr6geno N, 28.90 -0.1571 x 10- 2 0.8081 X 10- 5 -2.873 X 10- 9 273-1800 0.59 0.3~ 
Oxide nltrico NO 29.34 -0.09395 x 10-2 0.9747 X 10- 5 ~4.187 X 10. 9 273-1500 0.97 O.3C 
Oxide nitroso N.,O 24.11 5.8632 x 10-' -3.562 X 10-5 10.58 X 10'9 273-1500 0.59 O.2f 
Oxigeno 0; 25A8 1.520 x 10-' -0.7155 X 10. 5 1.312 X 10- 9 2/3-1800 1.19 0.28 
n-Pentano C 6.774 45,43 x 10-' -22,46 X 10. 5 42.29 X 10.9 273-1500 0.56 0.21 

5H 12 
Propano C -4.04 30,48 x 10" -15.72 x 10' 31.74 X 10- 9 273-1500 0,40 0.12 

3H B 
I'ropileno C 3.15 23.83 x 10-' -12.18 X 10- 5 24.62 X 10-9 273-1500 0.73 0.17 

3H 6 

Trioxide detcente. Kenneth Wark, Thermodynamics, cuarta edtcron. Nueva York, McGraw·HIII, 1983, p. 783. T3~la A-4M. Pubucada origmatrnente en Tables of Ther­ azufre SO, 16,40 14.58 x 10" -11.20 x 10" 32,42 X 10-9 273-1300 0.29 013 
met Properties of Ga51'?~. NBS Circular 564, 1955 

Vapor de agua H,O 32.24 0.1923 x 10-' 1.055 X 10- 5 -3.595 X 10.9 273-1800 0.53 02~ 

Fuente. B. G. Kyle, Chemical and Process Thermodynamics, Engle .....ood Cliffs, Nueva Jersey, Prentice Hall, 1984. us.ada con permiso 
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Pr,~;OIedades'de; ':('.iii/do 

IIIHl ianras ce propredaues, figuras y diagramas (unidades $1) 

~1Mij:~4·\X .. ·:t; 
Propiedades de liquidos, s61idos y alimentos comunes 

a) Uquidos 

Dat0s de cbumciot, a lerrn Datos de coneetecio» 

Punto Calor latente de Punto Calor latente 
normal de vaporizaci6n de conge­ de fusi6n 

Sustancia ebullici6n, ·C h,g, kJ/kg laci6n, ·C h,r, kJ/kg 

Aceite (Iigero) 
Agua 100 2257 0.0 333.7 

Alcohol etilico 78.6 855 -156 108 
Amoniaco -33.3 1357 -77.7 322.4 

Arg6n -185.9 161.6 -189.3 28 
Bence no 80.2 394 5.5 126 
n-Butano -0.5 385.2 -138.5 80.3 
Di6xido de carbona -78.4 • 230.5 (a O·C) -56.6 
Elanol 78.2 838.3 -114.2 109 
Etilen glicol 198.1 800.1 -10.8 181.1 
Glicerina 179.9 974 18.9 200.6 
Helie -268.9 22.8 -
Hidr6geno -252.8 445.7 -259.2 59.5 
Isobutano -11.7 367.1 -160 105.7 
Mercurio 356.7 294.7 -38.9 11.4 
Metano -161.5 510.4 -182.2 58.4 

Metanol 64.5 1100 --97.7 99.2 
Nitr6geno -195.8 198.6 -210 25.3 

Octano 124.8 306.3 -57.5 180.7 
Oxigeno -183 212.7 -218.8 13.7 
Petr61eo - 230-384 
Propane -42.1 427.8 -187.7 80.0 

Queroseno 204-293 251 --24.9 
Refrigerante 134a -26.1 217.0 -96.6 
Salmuera (20% de 
cloruro de scdio 
por masa) 103.9 -17.4 

Temperatura, Densidad 

'c 
25 

0 
25 
50 
75 

100 
20 

-33.3 
--20 

0 
25 

-185.6 
20 
-0.5 

0 
25 
20 
20 

-268.9 
-252.8 
-11.7 

25 
-161.5 
-100 

25 
-195.8 
-160 

20 
-183 

20 
-42.1 

0 
50 
20 

-50 

20 
-26.1 

0 
25 

p, kglm 3 

910 
1000 

997 
988 
975 
958 
789 
682 
665 
639 
602 

1394 
879 
601 
298 
783 

1109 
1261 

146.2 
70.7 

593.8 
13,560 

423 
301 
787 
809 
596 
703 

1141 
640 
581 
529 
449 
820 

1443 

1150 
1374 
1295 
1207 

Apendice 1 

•. T~IJ~ ~.j. ·":·t';:~\,J,r';":?"~~~f~'; 
Propiedades de llquidos, s61idos y alimentos comunes (conclusion) 

.!J)~~~id~~~~.valoC~~~Jl~~_~:.mperatur~..a...~~~nt:~_e..xce~o_~LJe _______________se j!,!~~~y_a-,E.o_s."~'

Oensidad, Calor especifico, Oensidad, Calor especifrcc 
Sustancia p kglm3 cp kJ/kg . K Sustancia o kglm3 cp kJlkg . K Calor 

especifico 
cp ' kJ/kg· K 

1.80 
4.22 
4.18 
4.18 
4.19 
4.22 
2.84 
4.43 
4.52 
4.60 
4.80 
1.14 
1.72 
2.31 
0.59 
2.46 
2.84 
2.32 

22.8 
10.0 
2.28 
0.139 
3.49 
5.79 
2.55 
2.06 
297 
2.10 
1.71 
2.0 
2.25 
2.53 
3.13 
2.00 
1.23 

3.11 
1.27 
1.34 
1.43 

.. Temperatura de sublimacton. (A presiones per debajo de 1<.1 presion de puntc Inple de SiB }<J'a,(:1dioxide rte carbona existe como solido 0 como gas. Tambien. 
la temoe-atuea de ponte de congelarruento del dioxide de carbone t~S la temperatura de punto triple de ~·56. 5°C.) 

---- -~--------_._._----~-----~------ -----_.. 

Metales No metales 
---~---------------------_._-_._-~.-

Acero dulce 7,830 0.500 
Alurninio 

200 K 0.797 
250 K 0.859 
300 K 2,700 0.902 
350 K 0.929 
400 K 0.949 
450 K 0.973 
500 K 0.997 

Bronce(76% Cu, 2% In, 8,280 OAOO 
2% AI) 

Cobre 
-173'C 0.254 
-100°C 0.342 

-­ 50'C 0.367 
O°C 0.381 

27'C 8,900 0.386 
100'C 0.393 
200'C OA03 

Hierro 7,840 OA5 
Laton amarillo (65% Cu, 8,310 0.400 
35% In) 

Magnesio 
Niquel 
Plata 
Plomo 
Tungsteno-.-_.._-...__.--_.~ 

c) Alimentos 

Ccnterudo 
de ague. 

A!lIn~;',\.jS ":,,trr.ase) 
0--. ______ ..__

Broco!i 90 -0.6 3.86 1.97 301 
Camaron 83 -2.2 3.62 1.89 277 
Cune de polio 74 ~2.8 3.32 1.77 247 
Carne de res 67 - 3.08 1.68 224 
Cerezas 80 -1.8 3.52 1.85 267 
Esprnaca 93 -0.3 3.96 201 311 
Fresas 90 -0.8 3.86 1.97 301 
Huevo entero 74 -0.6 332 1.77 247 
Leche entera 88 -06 3.79 1.95 29<\ 
Lechuga 95 -0.2 4.02 2.04 317 
Mai' dulce 74 -0.6 3.32 1.77 247 

1,730 1.000 
8,890 0.440 

10,470 0.235 
11,310 0.128 
19,400 0.130 

Poren"C"lma-·POr-ciet-a\=l Calor 
Punta del punto del puntc tetente 
de conge­ de conge de conge­ de fUSion. 

___..._ ._, __________
laoon. -c 

" 
tacicn tee-en 

•"______ 
kJ'kg 

Arena 
Arcilla 
Asfalto 
Caucho(blando) 
Caucho(duro) 
Concreto 
Diamante 
Grafito 
Granito 
Hielo 

200 K
 
220 K
 
240 K
 
260 K
 
273 K
 

Ladrillo cornun 
Ladrillo refractario (500°C) 
Madera contrachapada 

(abeto Douglas) 
Maderasduras (maple, encino, etc.) 
Maderassuaves (abeto, pino, etc.) 
Marmo] 

Piedra 
Piedra caliza 
Yidrio para ventanas 
Yidrio pirex 
Yeso 0 tabla de yeso 

1520 
1000 
2110 
1100 
1150 
2300 
2420 
2500 
2700 

921 
1922 
2300 

545 
721 
513 

2600 
1500 
1650 
2700 
2230 

800 

0.800 
0.920 
0.920 
1.840 
2.009 
0.653 
0.616 
0.711 
1.017 

1.56 
1.71 
186 
2.01 
2.11 
0.79 
0.960 

1.21 
126 
1.38 
0.880 
0.800 
0909 
0800 
0840 
1.0 

POre-riclll'''' 'Por-'deSajo Calor 

comemoo Pvnto del punto de! prmlo I"lcnk 
de ague. de conge de conge de conge­ de lu'):o,,-, 

Alirnenlos % (mesal laclOrl, "C 
--­ ----_.,--­

1;)(,6n 
-'._.----_.-. 

rae.en 
~---.. 

kJfkg 

Helado 63 -56 295 1.63 210 
Mantequrlta 16 1.04 53 
Manzanas 84 -1.1 3.65 1.90 281 
Naranjas 87 -0.8 3.75 1.94 291 
Papas 78 -0.6 3A5 1.82 261 
Pavo 64 2.98 1.65 214 
Platanos 75 -0.8 3.35 1.78 251 
Queso suizo 39 --100 215 1.33 130 
Salmon 64 -2.2 2.98 165 214 
Sandia 93 -OA 3.96 2.01 311 
Tomates (rnaduros) 94 --0.5 3.99 2.02 314 

Fuente: l.os vatoecs han sido obtenidos de varies manuales y otr as tuentes. 0 se han celcutado. EI contenido de agua y los datos de punto de congelacrcn para 
alimentos provienen del ASHRAE, Handbook of Fundamentals, version 51, Atlanta, Georgia, Amencao Society of Heating. Refrigerating and Air-Conditioning 
Engineers, Inc.. 1993, Capitulo 30, Tabla 1. £1 punto de congelacion es 1<.1 temperatura a la que corrnenze la congetacron para trutes y verduras. a5i como la 
temperatura promedio de congetacien para otros alrrnentos. 

~ 



II.HJI(.l,J U(; pi upn:.uauc..'), II~UI d,) '1 U1d~1 c:llIlc:l,) \UllIUdUt:::. ~I} Apendice 1 

~~~B~;A~i\:\'; ~'. :., 'TABLAA~4);; '. 
Agua salurada. Tabla de ternperaturas Agua sa~urada, Tabla de temperatures (.::c.::onc.::c:.:/.::u5::;/.::'6n"'l'--_. ---.,._ 

Volumen especiiico. 
___ m \'k_g _ . 

Energia interne. 

k~__. 

IOnia/pia, 

kJJkg 
Entrap/a. 

__._",J.kg , K _ _ 
votumen esoocit«:o. 

~3/~_g _ _ . 
E';el'g,·.~ inteme. 

kJ/kg _ 
Er;ra:pld, 

kJlk~-._-------­ --~ 

Ertropi», 
____. kJ<g~ __ 

001 
5 

10 
15 
20 

Temp., 
TOC 

Pres. 
sat., 

P"'t kPa 

0.6117 
0.8725 
1.2281 
1.7057 
2.3392 

0.001000 
0.001000 
0.001000 
0.001001 
0.001002 

Liq. 
sat., 
v, 

206.00 
147.03 
106.32 

77.885 
57.762 

Vapor 
sat., 
vg, _ 

Liq. 
sat., 
u, 

0000 
21.019 
42.020 
62.980 
83.913 

Evap., 

U" 

2374.9 
23608 
2346,6 
2332.5 
2318.4 

2374.9 
2381.8 
23887 
2395.5 
2402,3 

Vapor 
sat., 
u. 

l.iq. 
sat., 
ti, 

0.001 
21.020 
42.022 
62.982 
83.915 

Evap. 

h,._ 
2500.9 
2489,1 
2477.2 
2465.4 
24535 

Vapor 
-sat., 

._~~. 

2500.9 
2510.1 
2519.2 
2528.3 
2537.4 

Liq, 
sal., 

~ 
0.0000 
0,0763 
01511 
0.2245 
0.2965 

Vapor 
Evap., sat., 

~_~i__ 

9.1556 9.1556 
8.9487 9,0249 
8,7488 8.8999 
8,5559 8.7803 
83696 8.6661 

Liq. 
sal, 
v, 

0.001164 
0.001173 
0.001181 
0.001190 
0.001199 

Pres. 
Ternp., sat., 
T·C P", kPa--.._-, -'---­
205 1724.3 
210 1907.7 
215 2105,9 
220 2319.6 
225 2549.7 

Vapor 
sat., 

.':£._­
0.11508 
0.10429 
0.094680 
0.086094 
0078405 

Liq. 
sat., 
u, 

872.86 
895.38 
918.02 
940.79 
963,70 

Evap., 

u" 
1723.5 
1702.9 
1681.9 
1660,5 
1638.6 

25 
30 
35 
40 
45 

3.1698 
4.2469 
5.6291 
7.3851 
9.5953 

0.001003 
0.001004 
0.001006 
0.001008 
0.001010 

43.340 
3287'1. 

"25'.205 . 
19.515 
15.251 

104.83 
125.73 
146.63 
167.53 
188.43 

2304.3 
2290.2 
2276,0 
2261.9 
2247.7 

2409,1 
24159 
2422,7 
2429.4 
2436.1 

104.83 
125.74 
146,64 
167.53 
188.44 

2441.7 
2429,8 
2417,9 
2406.0 
2394,0 

25465 
25556 
2564,6 
2573,5 
/582.4 

03672 
0.4368 
0.5051 
0,5724 
0,6386 

8.1895 
8.0152 
7,8466 
7,6832 
75247 

8.5567 
8.4520 
8.3517 
8.2556 
8.1633 

230 
235 
240 
245 
250 

2797.1 
3062.6 
3347.0 
3651.2 
3976,2 

0.001209 
0.001219 
0,001229 
0.001240 
0,001252 

0,071505 
0.065300 
0,059707 
0054656 
0.050085 

986.76 
1010,0 
1033.4 
1056.9 
1080.7 

1616.1 
1593.2 
1569.8 
1545.7 
1521.1 

50 
55 
60 
65 
70 

12.352 
15.763 
19.947 
25.043 
31202 

0.001012 
0.001015 
0.001017 
0.001020 
0.001023 

12.026 
9.5639 
7.6670 
6.1935 
5.0396 

20933 
230.24 
25116 
272.09 
293.04 

2233.4 
2219.1 
2204,7 
2190,3 
2175.8 

2442,7 
2449.3 
2455,9 
2462.4 
2468.9 

209.34 
230,26 
25118 
272,12 
293.07 

2382.0 
2369,8 
2357.7 
2345.4 
2333.0 

2591.3 
2600.1 
2608,8 
2617,5 
2626.1 

0,7038 
0.7680 
08313 
0.8937 
0.9551 

7,371 0 
7.2218 
7,0769 
6,9360 
6.7989 

8.0748 
7.9898 
7,9082 
7.8296 
7.7540 

255 
260 
265 
270 
275 

4322,9 
4692.3 
5085.3 
5503.0 
5945.4 

0,001263 
0,001276 
0.001289 
0,001303 
0.001317 

0.045941 
0,042175 
0.038748 
0.035622 
0,032767 

1104.7 
1128,8 
1153.3 
1177.9 
1202.9 

1495.8 
1469.9 
1443.2 
1415.7 
1387.4 

75 
80 
85 
90 
95 

38.597 
47.416 
57.868 
70.183 
84.609 

0.001026 
0.001029 
0.001032 
0.001036 
0.001040 

4.1291 
3.4053 
28261 
2.3593 
1.9808 

313.99 
334.97 
355.96 
376.97 
39800 

2161.3 
2146,6 
2131.9 
2117.0 
2102.0 

2475.3 
2481.6 
2487,8 
2494.0 
2500,1 

314.03 
335,02 
35602 
377.04 
398.09 

2320.6 
2308.0 
2295,3 
2282.5 
2269.6 

2634,6 
2643,0 
2651.4 
2659,6 
2667.6 

1.0158 
1.0756 
1.1346 
11929 
1.2504 

6,6655 
6,5355 
6.4089 
6,2853 
6.1647 

7,6812 
7.6111 
7.5435 
7.4782 
7.4151 

280 
285 
290 
295 
300 

6416.6 
6914.6 
7441.8 
7999.0 
8587.9 

0.001333 
0.001349 
0,001366 
0.001384 
0.001404 

0.030153 
0.027756 
0.025554 
0.023528 
0.021659 

1228.2 
1253,7 
1279.7 
1306,0 
1332.7 

1358,2 
1328.1 
1296.9 
1264.5 
1230.9 

100 
105 
110 
115 
120 

101.42 
120.90 
143.38 
169.18 
198.67 

0.001043 
0.001047 
0.001052 
0.001056 
0.001060 

1.6720 
1.4186 
1.2094 
1.0360 
0.89133 

419.06 
440.15 
461.27 
482.42 
503.60 

2087.0 
2071.8 
2056.4 
2040,9 
20253 

25060 
2511.9 
2517.7 
2523,3 
2528.9 

419,17 
440,28 
461.42 
482.59 
503,81 

2256.4 
2243.1 
22297 
2216.0 
22021 

2675.6 
2683.4 
2691.1 
2698,6 
27060 

1.3072 
1.3634 
1.4188 
1.4737 
1.5279 

6.0470, 7.3542 
5,9319 7.2952 
5.8193 7.2382 
5.7092 7.1829 
5.6013 7.1292 

305 
310 
315 
320 
325 

9209.4 
9865.0 

10,556 
11,284 
12,051 

0.001425 
0.001447 
0.001472 
0.001499 
0.001528 

0.019932 
0.018. 
0.016849 
0.015470 
0.014183 

1360.0 
1387.7 
1416,1 
1445,1 
1475.0' 

1195.9 
1159,3 
1121.1 
1080.9 
1038.5 

125 
130 
135 
140 
145 

232.23 
270.28 
313.22 
361.53 
415.68 

0.001065 
0.001070 
0.001075 
0.001080 
0.001085 

0.77012 
0.66808 
0.58179 
0.50850 
0.44600 

524.83 
546.10 
567.41 
588.77 
610.19 

2009.5 
1993.4 
1977.3 
1960,9 
1944.2 

2534,3 
2539,5 
25447 
2549.6 
2554.4 

525.07 
546,38 
567.75 
589,16 
61064 

2188,1 
2173.7 
2159,1 
21443 
2P9,2 

2713.1 
2720,1 
2726.9 
2733.5 
27398 

1.5816 
1.6346 
1.6872 
1.7392 
17908 

5.4956 7,0771 
5.3919 7.0265 
5,2901 6.9773 
51901 6.9294 
5.0919 6.8827 

330 
335 
340 
345 
350 

12,858 
13,707 
14,601 
15.541 
16,529 

0,001560 
0.001597 
0.001638 
0,001685 
0001741 

0.012979 
0011848 
0.010783 
0,009772 
0.008806 

1505.7 
1537,5 
1570,7 
1605,5 
1642.4 

993.5 
945.5 
893,8 
837.7 
775.9 

150 
155 
160 
165 
170 

476.16 
543.49 
618.23 
mO.93 
79218 

0.001091 
0.001096 
0.001102 
0.001108 
0.001114 

0.39248 
0.34648 
0.30680 
0.27244 
0.24260 

631.66 
653.19 
674.79 
69646 
718.20 

1927.4 
1910,3 
1893,0 
1875.4 
1857.5 

2559,1 
2563,5 
2567.8 
25719 
2575,7 

632,18 
65379 
675.47 
697.24 
71908 

2113.8 
2098,0 
2082,0 
2065.6 
20488 

27459 
2751.8 
2757,5 
2762.8 
2767.9 

1.8418 
1.8924 
1.9426 
19923 
2,0417 

4,9953 
4,9002 
48066 
4,7143 
46233 

6,8371 
6.7927 
6.7492 
6.7067 
6,6650 

355 17,570 
360 18.666 
365 19.822 
370 21.044 
37395 22,064 

0,001808 
0001895 
0.002015 
0,002217 
0,003106 

0.007872 
0,006950 
0,006009 
0.004953 
0,003106 

1682,2 
1726,2 
1777.2 
1844.5 
2015,7 

706.4 
625.7 
526.4 
385.6 

o 
175 
180 
185 
190 
195 
200 

892.60 
10028 
1123.5 
1255.2 
1398.8 
15549 

0.001121 
0.001127 
0.001134 
0.001141 
0.001149 
0.001157 

0.21659 
0.19384 
0.17390 
0.15636 
0.14089 
0.12721 

740.02 
761.92 
783.91 
806.00 
828.18 
850.46 

1839.4 
1820,9 
1802,1 
1783,0 
1763,6 
1743.7 

2579.4 
2582.8 
2586,0 
2589.0 
2591.7 
2594,2 

741.02 
763,05 
785.19 
807.43 
829.78 
852.26 

2031.7 
2014,2 
1996.2 
1977.9 
1959,0 
1939.8 

2772.7 
2777,2 
2781.4 
2785.3 
2788,8 
2792.0 

2.0906 
2,1392 
2,1875 
2.2355 
22831 
2.3305 

4.5335 
4,4448 
43572 
4,2705 
4.1847 
4.0997 

6.6242 
6.5841 
65447 
6,5059 
6.4678 
6.4302 

Fuente: Las tabtas A-4 a A-8 fueron generadas utilizandoel programa pararesolver ecuaciones de ingenlerla (EES) desarrollado porS. A. Krein y F. L. Alvara 
La rutrna utihzeda en losc alculos es la altamente precrsa Steam_IAPWS, que incorpora la Formutacicn 1995 para las Prop.edades Termodinamicasde ra 
Sustancia Agua Ordinaria para uso Cientifico y General, editada per The International Association for the Properties of WaterandSteam(IAPWS). Este 
Icrmulacicn reemplaza a la Iorrnufacion de '1984 de Haar, Gallagher y Kell (NBS/NRC Steam Tables, Hemisphere Pubfislung Co.. 1984), la cual esta tambie 
drsponibte en EES como la rutina STEAM. La nuevaformulaci6n se base en las corretacfoncs de Saul y Wagner (J. Phys Chern. Ref. Data, 16,893, 1987) c 
modifrcaciones para ajustarla ala Escafa lnternacionalde Ternperaturas de 1990. Las modificec.ones estan descntas porWagner y Pruss (J. Phys. Chern. R'C­
Data, 22, 783,1993). Laspropiedades del hielo estan basadas en Hyland y Wexler, "Formulations for the Thermodynamic Properties of the Saturated Phase 
H20 from 173.15 Ka 473.15 K", ASHRAf Trans.. Part 2A, Paper 2793, 1983. 
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Apendice 1Tablas de propiedades, ti~uras y diagramas (unidades SI) 

: A~LfA~~(~:/~l;./~': "~(::~~:'~t~ ~:.::;::. L:U··, l~~'~ 18:f~~~~1jJt£~~~r;%~1i~~~~~~rAd>~)~~":,~r/~~·?;'tJi'~i": ('~'(;;i7:::'~ ?~·~.eii~i~·' 
Agua saturada. Tabla de presiones (conclusiom 

,.	 ---.------- ­Agua saturada, Tabla de presiones
Entrcp.»,	 votutneo esrecittco, Er:erg.:a intems, [nfair/a, Entrcr.».[ntJ.lp;a,

V:~/uflien especifico, Energia ioterne. 
m:;/kg _______!d!kg __________.J'.f.~L_,_____k.:I0.Lr;..,...__ ___ _ r12~~_________ kJ/k£____ _ __ _	 ___~,J!~- - ~J!.~.:...~____ -"-­

Vapor L1q, Vapor	 Temp. Uq. Vapor Uq. Vapor Uq. Vapor Uq. VaporLiq.Temp, Uq. Vapor Uq. Vapor 
Evap., sat., sat., Evap., sat., Pres., sat., sat., sat., sat., Evap., sat., sat, Evap., sat., sat., Evap., sat.,

sat., sat., Evap., sat., sat,
Pres" 

" u hi ~1g ,'.,.. "hg ____s,_~--5g--- PkPa T""oC V, vg u, utg ug hi h'g hg 5, S'g _:L__ sat., sat., 
U, u ,g gp~~~.!", ·~__VI___~_ 

2513.7 0.1059 8,8690 8.9749 800 170.4 j 0.001115 0.24035 719.97 1856.1 2576.0 720.87 2047.5 2768.3 2.0457 4.6160 6.661.,23552 2384.5 29.303 2484.4
6.97 0.001000 129.19' 29.3021.0	 2524.7 0.1956 8.6314 8.8270 850 172.94 0.001118 0.22690 731.00 1846.9 2577,9 731.95 2038,8 2770.8 2.0705 4.5705 6.640:'54.688 2470.1

13,02 0.001001 87964 54.686 2338.1 2392.8
1.5	 2459.5 2532.9 0.2606 8,4621 8.7227 900 175.35 0.001121 0.21489 741.55 1838,1 2579.6 742.56 2030.5 2773.0 2.0941 4.5273 6.6212398.9 73,43317.50 0.001001 66.990 73.431 2325.52.0	 2451.0 2539,4 0.3118 8,3302 8.6421 950 177.66 0.001124 0.20411 751.67 1829.6 2581.3 752.74 20224 2775.2 2.1166 4.4862 6,602-;2403.8 88,42421.08 0.001002 54.242 88,422 2315.42.5 2443,9 2544.8 0,3543 8.2222 8,5765 1000 179.88 0,001127 0.19436 761.39 1821.4 2582.8 762.51 2014,6 2777.1 2.1381 4,4470 6,585C 
30 2!,08 0,001003 45.654 100.98 2306,9 2407,9 100,98 

2432.3 2553.7 0.4224 8.0510 8,4734 1100 184.06 0.001133 0,17745 779.78 1805.7 2585,5 781.03 1999.6 2780.7 2.1785 4.3735 6552C2293,1 2414.5 121.39
4.0 28,96 0.001004 34.7~1 121.39 

2423.0 2560.7 0.4762 7.9176 8,3938 1200 187.96 0.001138 016326 796.96 1790.9 2587.8 798.33 1985,4 2783.8 2.2159 4.3058 6.521 i2282,1 2419.8 137.7532,87 0.001005 28.185 137.7550	 168,75 2405.3 2574.0 0.5763 7,6738 82501 1300 191.60 0.001144 0.15119 813.10 1776.8 2589.9 814,59 1971.9 2786.5 2.2508 4.2428 6A93!2261.1 2429.840.29 0.001008 19.233 168.747.5 191.81 2392.1 2583.9 0.6492 7.4996 8,1488 1400 195.04 0.001149 0.14078 828,35 1763.4 2591.8' 829,96 1958,9 2788.9 2.2835 4.1840 6.467' 
10 lS,SI 0.001010 14.670 I'll.79 2245.4 2437.2 

2372.3 2598.3 0.7549 7.2522 8.0071 1500 198.29 0.001154 0.13171 842,82 1750.6 2593.4 844,55 19464 2791.0 2.3143 4,1287 6443C 
15 53,97 0001014 10.020 225,93 2222.1 2448.0 225.94 

2357,5 2608.9 0.8320 7.0752 7.9073 1750 205,72 0,001166 0.11344 876.12 1720.6 2596.7 878.16 1917.1 2795.2 2,3844 4,0033 6.387]
W,06 0.001017 7.6481 251,40 2204.6 2456.0	 251,42

20	 2345,5 2617.5 0.8932 6.9370 7.8302 2000 212.38 0,001177 0.099587 906,12 1693.0 2599.1 908.47 1889.8 2798.3 2.4467 3.8923 6.339C
64,96 0.001020 6.2034 271.93 2190.4 2462.4	 271.96 

2335.3 2624.6 0.9441 6.8234 7.7675 2250 218.41 0,001187 0.088717 933.54 1667.3 2600.9 936.21 1864.3 2800.5 2.5029 3.7926 6.295~25 
69.09 0.001022 5.2287 289.24 2178,5 2467.7 289.27

30	 2318.4 2636.1 1.0261 6.6430 7.6691 2500 223.95 0.001197 0.079952 958.87 1643.2 2602,1 961.87 1840.1 2801.9 2.5542 3.7016 6.255E317.6275.86 0.001026 3,9933 317.58 2158.8 2476.3
40	 34054 2304.7 2645.2 1.0912 6.5019 7.5931 3000 233.85 0.001217 0.066667 1004.6 1598.5 2603,2 1008.3 1794.9 2803.2 2.6454 3.5402 6.185[2142.7 2483.281.32 0.001030 3,2403 340.4950 

384.44 2278,0 2662,4 1.2132 6,2426 7.4558 3500 242.56 0.001235 0.057061 1045.4 1557.6 2603.0 1049,7 1753.0 2802.7 2.7253 3.3991 6.124~2111.8 2496.19U6 0.001037 2.2172 384.3675	 2257.5 2675.0 1.3028 6.0562 7.3589 4000 250.35 0.001252 0.049779 1082.4 1519.3 2601.7 1087,4 1713,5 2800.8 2.7966 3,2731 6.069f417,519361 0.001043 1.6941 417,40 2088.2 2505.6
100 2256.5 2675.6	 1.3069 6.0476 7.3545 5000 263.94 0.001286 0,039448 1148.1 1448.9 2597.0 1154.5 1639.7 2794.2 2.9207 3.0530 5.97372506.0 419.06101.325 99.97 0.001043 1.6734 418,95 2087.0 

2240.6 2684.9 1.3741 5.9100 7,2841 6000 275.59 0.001319 0,032449	 1205.8 1384.1 2589,9 1213,8 1570,9 2784.6 30275 2.8627 5.89022513.0 444.361fi597 0.001048 1.3750 444,23 2068.8125 2226.0 26931	 1.4337 5.7894 7,2231 7000 285,83 0.001352 0.027378 1258.0 1323.0 2581.0 1267.5 1505.2 2772.6 3.1220 2.6927' 5.8142 
150 111.35 0.001053 ._1.10694 466,97 2052.3	 2519.2 467.13 

2524.5 487.01 22131 2700.2 1,4850 5.6865 7,1716 8000 295.01 0.001384 0.023525	 1306.0 1264.5 2570,5 1317.1 1441.6 2758.7 3.2077 2.5373 5.7450
116,04 0,001057 1.0037 486,82 2037.7175 2201.6 27063	 1.5302 5,5968 7.1270 9000 303.35 0.001418 0.020489 1350.9 1207.6 2558.5 1363.7 1379.3, 2742,9 3.2866 2.3925 5.6791
12'0,21 0.001061 0.88578 504.50 2024.6 2529.1 504.71

200 520,71 2191.0 27117	 1.5706 5.5171 7.0877 10,000 311.00 0,001452 0018028 1393.3 1151.8 2545,2 1407.8 1317.6 2725,5 33603 2.2556 5.6159
123,97 0,001064 0.79329 520.47 2012.7 2533.2

225 2716.5	 1.6072 5 A4 53 7.0525 11,000 318.08 0,001488 0,015988 1433,9 1096.6 253004 1450,2 1256,1 2706.3 3.4299 2,1245 5.5544
127.41 0.001067 0.71873 535.08 2001.8 2536.8 535,35 2181.2 

250 2172,0 2720.9	 1.6408 5.3800 7.0207 12,000 324.68 0,001526 0.014264 1473.0 1041.3 2514,3 1491.3 1194,1 2685 A 34964 1.9975 5.4939 
275 " i3:J58 0.001070 0,65732 548.57 1991.6	 2540.1 548.86 

2543.2 561,43 2163.5 2724.9 1.6717 5.3200 6.9917 13,000 330.85 0.001566 0,012781 1511.0 985.5 2496.6 1531.4 1131.3 2662,7 3.5606 1.8730 5.4336
133,52 0.001073 0.60582 561.11 1982.1300 2155,4 2728.6	 1.7005 5.2645 6.9650 14,000 336,67 0.001610 0.011487 15484 928,7 2477,1 15710 1067,0 2637,9 3.6232 1.7497 5.37282545.9 573,19

325 2147.7 2732,0 1.7274 5,2128 6,9402 15,000 342,16 0001657 0,010341 1585.5 870.3 2455.7 1610,3 1000.5 2610,8 3.6848 1.6261 5.3108
13-:3.27 0.001076 0.56199 572.84 1973,1 

13.5.85 0,001079 0.52422 583.89 1964.6 2548.5 584.26
350	 5.1645 6,9171594,73 2140.4 2735,1 1.7526	 16,000 347.36 0.001710 0,009312 1622,6 809.4 2432.0 1649.9 9311 2581.0 3.7461 1.5005 52466 

,~:.30 0,001081 0.49133 594,32 1956.6 2550,9
375 604,66 21334 27381	 1.7765 5.1191 6.8955 17,000 352.29 0.001770 0,008374 1660.2 745,1 2405.4 1690.3 857.4 25477 3,8082 13709 5,1791

1.!351 0,001084 0,46242 604,22 19489 2553.1
400 

623.14 2120.3 2743,4 1.8205 5,0356 6,8561 18,000 356.99 0.001840 0007504 1699.1 6759 2375.0 1732,2 777.8 2510,0 3,8720 1.2343 5.1064 
l~ ~9:J 0,001088 041392 622.65 1934.5 2557.1

450 640,09 2108.0 2748,1	 1.8604 4.9603 6.8207 19,000 361.47 0.001926 0,006677 1740.3 598.9 2339.2 1776,8 689.2 2466,0 3,9396 10860 5,0256
IS:;l3 0,001093 0.37483 639.54 1921.2 2560.7500	 1.8970 4.8916 6.78862096.6 27524	 20.000 365.75 0,002038 0,005862 1785.8 509.0 2294.8 18266 585.5 2412.1 4,0146 0.9164 4.9310
i.:,:.J5 0001097 0.34261 655,16 1908.8 2563.9 655,77 

2085.8 2756.2 1.9308 4.8285 6.7593 21,000 369.83 0,002207 0.004994 1841.6 391.9 2233.5 1888,0 450.4 2338.4 4,1071 0.7005 4.8076550 
::'~.83 0.001101 0.31560 66972 1897.1	 25668 670.38

600 684.08 2075.5 2759.6	 1.9623 4,7699 6.7322 22,000 373.71 0,002703 0.003644 1951.7 140.8 2092,4 20 III 161.5 2172.6 4.2942 0.2496 4.5439 
650	 :6:93 0,001104 0.29260 683.37 1886,1 2569.4
 

1.9918 4,7153 6.7071
 22,064 373.% 0.003106 0.003106 2015.7 0 2015.7 2084,3 0 2084,3 4.4070 0 440702065.8 2762.80,001108 0,27278 696.23 18756 2571.8 697.00: f-!·.9:> 
:.:>'7.75 0.001111 0.25552 708.40 1865.6 2574.0

700 709,24 2056.4 2765.7	 2.0195 4,6642 6,6837 
750 

]1 

http:J'.f.~L_,_____k.:I0.Lr


------------ ----------------

894 Tablas de propiedades. figuras ydiagramas(unidades SI) Apendice 1 89 

TA~i.fA~~,;:'>; 
:~ . 

Vaj)or de agua sobrecalentado (continuaci6n)Vapor de agua sobrecalentado 

T v u h 's v u h s ~.•v..,; h s 3/kg 
u h 

T v kJ/kg kJ/kg'C (l13/kg kJ/kg kJ/kg kJ/kg . K m3/kg kJ/kg kJ/kg kJ/kg . K m3/kg kJ/kg kJ/kg kJ/kg . K °C m _ _ r- _ __ ...~_. . . _ 

.,~-:-:-- p ~ O.Q~ MPa (4581 C): . P = 0.05 MPa (81.32°C) . -~;~-··~.10 MP:(gM~ ____..f ~ 1.00 MPa (l7988"C) P = 1.20 MPa (l87.96'C) P = 1.40 MPa (l95'WC! 
-~ -_'----.---~~ ---~ -------'----------------- _.~---_._--- ---- I--

Sat' 14670 2437.2 ·25839 8.1488 3.2403 2483.2 2645.2 7.5931 1.6941 2505.6 2675.0 7.3589 Sat. 0.19437 2582.8 2777.1 6.5850 0.16326 2587.8 2783.8 6.5217 0.14078 2591.8 2788.9 6.4675 

50 14.867 2443.3 2592.0 8.1741 200 0.20602 2622.3 28283 6.6956 0.16934 261.2.9 2816.1 6.5909 0.14303 2602.7 2803.0 6.4975 

100 17.196 2515.5 2687.5 8.4489 0.19241 2704.7 2935.6 6.8313 0.16356 2698.9 2927.9 6.7488 

150 19.513 2587.9 2783.0 8.6893 
3.4187 2511.5 2682.4 7.6953 1.6959 2506.2 2675.8 7.3611 250 0.23275 2710.4 2943.1 6.9265 

0.21386 2789.7 3046.3 7.0335 0.18233 2785.7 3040.9 6.9553 

200 21.826 2661.4 2879.6 8.9049 
3.8897 2585.7 2780.2 7.9413 1.9367 2582.9 2776.6 7.6148 300 0.25799 27937 3051.6 7.1246 

0.23455 2872.7 3154.2 7.2139 0.20029 2869.7 3150.1 7.1379 

250 24.136 2736.1 2977.5 9.1015 
4.3562 2660.0 2877.8 8.1592 2.1724 2658.2 2875.5 7.8356 350 0.28250 2875.7 3158.2 7.3029 

0.25482 2955.5 3261.3 7.3793 0.21782 2953.1 3258.1 7.3046 

300 26.446 2812.3 3076.7 9.2827 

4.8206 2735.1 2976.2 8.3568 2.4062 2733.9 2974.5 8.0346 400 0.30661 2957.9 3264.5 7.4670 
0.29464 3123.4 3477.0 7.6779 0.25216 3121.8 3474.8 7.6047 

400 31.063 2969.3 3280:6- 9."6094 
5.2841 2811.6 3075.8 8.5387 2.6389 2810.7 3074.5 8.2172 500 0.35411 3125.0 3479.1 7.7642 

0.33395 3296.3 3697.0 7.9456 0.28597 3295.1 3695.5 7.8730 

500 35.680 3132.9 3489.7 9.8998 
62094 29689 3279.3 8.8659 3.1027 29683 3278.6 8.5452 600 040111 3297.5 36986 8.0311 

0.37297 3475.3 3922.9 8.1904 0.31951 3474.4 3921.7 r 8.1183 

600 40.296 3303.3 3706.3 10.1631 

7.1338 3132.6 34893 9.1566 3.5655 3132.2 3488.7 8.8362 700 0.44783 3476.3 3924.1 8.2755 
0.41184 3661.0 4155.2 8.4176 0.35288 3660.3 4154.3 8.3458 

700 44.911 3480.8 3929.9 10.4056 

8.0577 3303.1 3706.0 9.4201 4.0279 3302.8 3705.6 9.0999 800 0.49438 3661.7 41561 8.5024·· 
8.9813 3480.6 3929.7 9.6626 4.4900 3480.4 3929.4 9.3424 9(10 0.54083 3853.9 4394.8 8.7150 045059 3853.3 43940 8.6303 0.38614 3852.7 4393.3 85587 

800 49.527 3665.4 4160.6 10.6312 0.48928 4052.2 4639.4 8.8310 0.41933 4051.7 4638.8 8.7595 

900 54.143 3856.9 4398.3 108429 10.8280 3856.8 4398.2 10.1000 lJ5.4137 3856.7 4398.0 9.7800 1100 0.63354 4257.9 4891.4 91057 
9.9047 3665.2 4160.4 9.8883 4.9519 36650 4160.2 9.5682 1000 0.58721 4052.7 4640.0 8.9155 

0.52792 4257.5 4891.0 9.0212 0.45247 4257.0 4890.5 8.9497 

1000 58.758 4055.3 4642.8 11.0429 117513 4055.2 4642.7 10.3000 5.8755 4055.0 4642.6 9.9800 1200 0.67983 4469.0 5148.9 9.2866 0.56652 4468.7 5148.5 9.2022 0.48558 4468.3 5148.1 9.1308 
12.6745 4259.9 4893.7 10.4897 6.3372 4259.8 4893.6 10.1698 1300 0.72610 4685.8 "., t a a ."no __'l.E~Q_ Qc~186§.1100 63.373 4260.0 4893.8 11.2326 _.~_ _ __~~~;.=-J.~J-"":"......f~~5_~_:l.§.~?_~~.!.~ __.. ~_6.85.!......?~1J...3._....'l.c~~~ 

1200 67.989 4470.9 5150.8 11.4132 13.5977 4470.8 5150.7 10.6704 6.7988 4470.7 5150.6 10.3504 
____ P ~ )~2~1ra i?213l'C) .L__...£'..~_J:§.f) MPa (20711C)14.5209 4687.3 5413.3 10.8429 7.2605 4687.2 5413.3 10.5229
 

--------------------. ---- ­
1300 72.604 4687.4 5413.4 11.5857 

-_._--~------- -- ------- -- _ .._-------------. 
Sat. 0.12374 2594.8 2792.8 6.4200 0.11037 2597.3 2795.9 6.3775
 

P - 0.20 MPa (12G21'C) ~~!:.!_}C MP~~l~}.5~ P~~_O.40 MPcl.i143.61 'C_} _
 22!; 0.13293 2645.1 2857.8 6.5537 0.11678 2637.0 2847.2 6.4825
 

Sat. 0.88578 2529.1 2706.3 7.1270
 0.12502 2686.7 2911.7 6.6088
 

150 0.95986 2577.1 2769.1 7.2810
 
0.60582 2543.2 2724.9 6.9917 0.462422553.1 2738.1 6.8955 250 0.14190 2692.9 2919.9 66753 

0.14025 2777.4 3029.9 6.8246
 

200 1.08049 2654.6 2870.7 7.5081.
 

0.63402 2571.0 2761.2 7.0792 0.470882564.4 2752.8 6.9306 300 0.15866 2781.6 3035.4 6.8864 
0.15460 2863.6 3141.9 7.0120
 

250 1.19890 2731.4 2971.2 7.7100
 

0.71643 2651.0 2865.9 7.3132 0.534342647.2 2860.9 7.1723 350 0.17459 2866.6 3146.0 7.0713 
0.16849 2948.3 3251.6 7.1814
 

300 1.31623 28088 30721 7.8941
 
0.79645 2728.9 2967.9 7.5180 0595202726.4 2964.5 7.3804 400 0.19007 29508 3254.9 7.2394 

o 19551 3118.5 3470.4 7.4845
 

400 1.54934 2967.2 3277.0 8.2236
 
0.87535 2807.0 3069.6 7.7037 0.654892805.1 3067.1 7.5677 500 0.22029 ••3120.1 3472.6 7.5410 

0.22200 3292.7 3692.3 7.7543
 

500 1.78142 3131.4 3487.7 8.5153
 
1.03155 2966.0 3275.5 8.0347 0.772652964.9 3273.9 7.9003 600 0.24999 3293.9 3693.9 7.8101 

0.24822 3472.6 3919.4 8.0005
 

600 2.01302 33022 3704.8 8.7793
 

1.18672 3130.6 3486.6 8.3271 0.889363129.8 3485.5 8.1933 700 0.27941 3473.5 3920.5 8.0558 
0.27426 3658.8 4152.4 8.2284
 

700 2.24434 3479.9 3928.8 9.0221
 

1.34139 3301.6 3704.0 85915 1.005583301.0 3703.3 8.4580 800 0.30865 3659.5 4153.4 8.2834 
030020 3851.5 4391.9 8.4417
 

800 2.47550 3664.7 4159.8 9.2479
 

1.49580 3479.5 3928.2 8.8345 1.121523479.0 3927.6 8.7012 900 0.33780 3852.1 4392.6 8.4965 
1.65004 3664.3 4159.3 9.0605 1.237303663.9 4158.9 8.9274 1000 0.36687 4051.2 4638.2 8.6974 0.32606 4050.7 4637.6 8.6427
 

900 270656 3856.3 4397.7 9.4598 1.80417 3856.0 4397.3 9.2725 1.35298385c,.7 4396.9 9.1394 1100 0.39589 4256.6 4890.0 8.8878
 0.35188 4256.2 4889.6 8.8331
 

1000 2.93755 4054.8 4642.3 9.6599
 037766 4467.6 5147.3 9.0143
 

1100 316848 4259.6 4893.3 9.8497
 
1.95824 4054.5 4642.0 9.4726 1.468594054.3 4641.7 9.3396 1200 0.42488 4467.9 51477 9.0689 

0.40341 4684.5 5410.6 9.1872
 

1200 3.39938 4470.5 5150.4 10.0304
 

2.11226 4259.4 4893.1 9.6624 1.58414 4259.2 4892.9 9.5295 1300 n • ,<oR., ""84.8 5410.9 9.2418 
2.26624 4470.3 5150.2 9.8431 1.699664470.2 5150.0 9.7102 
2.42019 4686.9 5413.0 100157 1.815164586 7 '<Ill? R q RR?81300 3.63026 4687.1 5413.1 10.2029 _._-_._---- - ---_._---\-- ----~-_._-_.-.._--_._--_..-------------------- --.---------- ----- Sat 0.07995 2602.1 2801.9 6.2558 0.06667 2603.2 28032 61856 

_.. p.. --...O.6() Mf.l(j (1;)8.83 C,I P Q:8Cl..!,~Pa (lZiJ4LiJ. _F _~__ 9_._~l __~~~_?l~} C) _ 225 0.08026 2604.8 2805.5 6.2629
 

Sat. 0.37483 2560.7 2748.1 6.8207 0.31560 2',66.8 2756.2 6.7593 0.240352576.0 2768.3 6.6616 250 0.08705 2663.3 2880.9 6.4107
 0.07063 2644.7 2856.5 6.2893 005876 2624.0 2829.7 6.1764 

200 0.42503 2643.3 2855.8 7.0610 03,>212 2639.4 28506 6.9683 0260882631.1 2839.8 6.8177 300 0.09894 2762.2 3009.6 6.6459 008118 2750.8 2994.3 6.5412 0.06845 2738.8 2978.4 6.4484 

250 0.47443 2723.8 2961.0 7.2725 0.39390 2721.2 2957.6 7.1833 0.2932127159 2950.4 7.0402 350 0.10979 2852.5 3127.0 68424 0.09056 28444 3116.1 6.7450 0.07680 2836.0 3104.9 6.6601 

300 0.52261 2803.3 3064.6 7.4614 0.43442 2801.4 3052.0 7.3740 0.324162797.5 3056.9 7.2345 400 0.12012 2939.8 3240.1 7.0170 0.09938 29336 3231.7 6.9235 0.08456 2927.2 3223.2 6.8428 

350 0.57015 2883.0 3168.1 7.6346 0.47428 2881.6 3166.1 7.5481 0.354422878.6 31622 7.4107 450 0.13015 3026.2 3351.6 7.1768 0.10789 3021.2 3344.9 7.0856 0.09198 3016.1 3338.1 7.0074 

400 0.61731 2963.7 3272.4 7.7956 0.51374 29625 3270.8 7.7097 0384292960.2 3267.7 7.5735 500 0.13999 3112.8 3462.8 7.3254 0.11620 3108.6 3457.2 7.2359 0.09919 3104.5 3451.7 7.1593 

500 0.71095 3129.0 3484.5 80893 0.59200 3128.2 3483.4 80041 0.443323126.6 3481.3 7.8692 600 0.15931 3288.5 3686.8 7.5979 0.13245 3285.5 3682.8 7.5103 0.11325 3282.5 3678.9 7.4357 

600 0.80409 3300.4 3702.5 8.3544 066976 3299.8 3701.7 8.2695 0.501863298.7 3700.1 8.1354 700 0.17835 3469.3 3915.2 7.8455 0.14841 3467.0 3912.2 7.7590 0.12702 3464.7 3909.3 7.6855 

700 089696 3478.6 3927.0 8.5978 0.74725 3478.1 3926.4 8.5132 0.56011 3477.2 3925.3 8.3794 800 0.19722 3656.2 4149.2 8.0744 0.16420 3654.3 4146.9 7.9885 0.14061 3652.5 4144.6 7.9156 

800 098966 3663.6 4158.4 8.8240 0.82457 36632 4157.9 8.7395 0.6182036525 4157.0 8.6061 900 0.21597 3849.4 4389.3 8.2882 0.17988 3847.9 4387.5 8.2028 0.15410 3846.4 4385.7 8.1304 

900 1.08227 3855.4 4396.6 9.0362 0.19549 4047.7 4634.2. 8.4045 0.16751 4046.4 4632.7 8.3324 

1000 1.17480 4054.0 4641.4 9.23(,4 0.97893 4053.8 4641.1 9.1521 0.734114053.3 4640.5 9.0189 1100 0.25330 4254.7 48879 8.6804 
0.90179 3855.1 4396.2 8.9518 0.676193854.5 4395.5 8.8185 1000 0.23466 4049.0 4635.6 8.4897 

0.21105 4253.6 4886.7 8.5955 0.18087 4252.5 4885.6 8.5236 

1100 1.26728 4259.0 4892.6 0.22658 4465.3 5145.1 8.7771 0.19420 4464.4 5144.1 8.7053 

1200 1.35972 4470.0 5149.8 9.6071 
9.4263 1.05603 4258.8 4892.4 93420 0.791974258.3 4891.9 9.2090 1200 0.27190 4466.3 5146.0 8.8618 

0.24207 4682.6 5408.8 8.9502 0.20750 4681.8 5408.0 8.8786 

1300 1.45214 46866 5412.6 9.7797 1.21012 4686.4- 5412.5 9.6955 0.90761 4686.1 5412.2 9.5625 
1.13309 4469.8 5149.6 9.5229 0.849804469.4 5149.3 9.3898 1300 0.29048 4683.4 5409.5 9.0349 

. La temperatura entre oaremes!s es la temperatura de saturaci6n a ta presi6nespecrficada. 

, Proptcdades del vaporsaturado a la presion especifir ada. 



I\tJClItH\"C' tl~ 

:l~~LA);~::t}~:(~~;lrIF',:~'-.~' ':.:~'. '~L:~,p;~~;~T ;?~:~r~~?:.~1~~1t~~:~~.~· '~;"; ~ _...~~:~:' :.>~:;:~~~~~j0:t~~~~.~ ~'f;~~;::)~\~::·~-"i-::.ij~~~~;·~:~_:-:. '~~ ~i~.;f ~~ ~;l 
\@pordeaguasobrecalentado(conclusi6n) _,	 ~-.-----------'0jJor de agua sobrecalentado (continL!3.cion)	 ~____ -----

T v u h s v u h s -~- u h s T
 

DC m3i~ __!J0~ _ kJ!~g__ k~kL~ ~3/kL__ ~~_~J!~ __ kJ/kg K~/kg ~k_g_~J/kg ":l/kg~~ DC
 

F' c ~.O MPa ·:263.94'CI P -:;;' :':'.0 ~,P? (342.16~C) P -" 17.5 M?J '.':54.6/ (.~... p., 20,0 MPa (3~,~,,75"CJ
:l.S ;-w~Pa :,~:S} .!f4 _.__.._.	 ---_..__._--------~------- ---_._----~._---~--_.~--_._--- ~~--------~._~--F' c; 

003945 2597.0 2794.2 5.9737 Sat. 0.010341 2455.7 2610.8 5.3108 0.007932 2390.7 2529.5 5.1435 0.005862 2294.8 2412.\ 4.9310 
0.04144 2632.3 2839.5 6.0571 350 0.011481 2520.9 2693.1" 5.4438 

6.0696 0.04406 2599.7 2798.0 6.0198. Sat. 0.04978 2601.7 2800.8 
6.2312 0.04733 2651.4 2864.4 6.1429
 

300 0.05887 2726.2 2961.7
 
275 0.05.461 2668.9 2887.3 

0.04535 2699.0 2925.7 6.2111 400 0.015671 2740.6 2975.7 5.8819 0.012463 2684.3 2902.4 5.7211 0.009950 2617.9 2816.9 5.5526 
0.05197 2809.5 3069.3 6.4516 450 0.018477 2880.8 3157.9 6.1434 0.015204 2845.4 3111.4 6.0212 0.012721 2807.3 3061.7 5.9043 

6.3639 0.05138 2713.0 2944.2 6.2854 
6.5843 0.05842 2818.6 3081.5 6.5153
 

400 0.07343 2920.8 3214.5
 
350 0.06647 2827.4 3093.3 

0.05784 2907.5 3196.7 6.6483 500 0.020828 2998.4 3310.8 6.3480 0.017385 2972.4 3276.7 6.2424 0.014793 2945.3 3241.2 6.14466.7714 0.06477 2914.2 3205.7 6.7071 
0.06332 3000.6 3317.2 6.8210 550 0.022945 3106.2 3450.4 6.5230 0019305 3085.8 3423.6 6.4266 0.016571 3064.7 3396.2 6.33906.9386 0.07076 3005.8 3324.2 6.8770450 0.08004 3011.0 3331.2 
0.06858 3091.8 3434.7 6.9781 600 0.024921 3209.3 35831 6.6796 0.021073 3i92.5 3561.3 6.5890 0.018185 3175.3 3539.0 650757.0922 0.07652 3096.0 3440.4 7.0323500 0.08644 3100.3 3446.0 
0.07870 3273.3 3666.9 7.2605 650 0.026804 3310.1 3712.1 6.8233 0.022742 3295.8 3693.8 6.7366 0.019695 3281.4 3675.3 66593 
0.08852 3457.7 3900.3 7.5136 700 0.028621 3409.8 3839.1 6.9573 0.024342 3397.5 3823.5 68735 0.021134 3385.1 3807.8 6.7991 

7.3706 0.08766 3276.4 3670.9 7.3127600 0.09886 3279.4 3674.9 
(1.11098 3462.4 3906.3 7.6214 0.09850 3460.0 3903.3 7.5647700 0.09816 3646.9 4137.7 7.7458 800 0.032121 3609.3 4091.1 7.2037 0.027405 3599.7 4079.3 7.1237 0.023870 3590.1 4067.5 7.0531 

800 0.12292 3650.6 4142.3 7.8523 0.10916 3648.8 4140.0 7.7962 
0.10769 3841.8 4380.2 7.9619 900 0.035503 3811.2 4343.7 7.4288 0.030348 3803.5 4334.6 7.3511 0.026484 3795.7 4325.4 7.28298.0675 0.11972 3843.3 4382.1 8.0118900 0.13476 3844.8 4383.9 
0.11715 4042.6 4628.3 8.1648 1000 0.038808 4017.1 4599.2 7.6378 0.033215 4010.7 4592.0 7.5616 0.029020 4004.3 4584.7 7.4950 
0.12655 4249.3 4882.1 8.3566 1:.00 0.042062 4227.7 4858.6 7.8339 0.036029 4222.3 4852.8 7.7588 0.031504 4216.9 4847.0 7.6933 

"8":2698 013020 4043.9 4629.8 8.21441000	 0.14653 4045.1 4631.2 
"8.4612 0.14064 4250.4 4883.2 8.4060
 

1200 0.16992 4463.5 5143.2
 
1100	 0.1·5824 4251.4 4884.4 

0.13592 4461.6 5141.3 8.5388 1200 0.045279 4443.1 5122.3 8.0192 0.038806 4438.5 5]]7.6 7.9449 0.03;1'152 4433.8 5112.9 7.8802 
0.14527 4679.3 5405.7 8.7124 1300 0.048469 4663.3 5390.3 8.1952 0.04'1556 4659.2 5386.5 8.1215 0.036371 4655.2 5382.7 8.0574 

8.6430 015103 4462.6 5142.2 8.5880 
8.8164 0.16140 4680.1 5406.5 8.7616 - -----_.._---_.._-_._-_.-._-- ---_.._,---_.- ..-.~--- ._------~-~--_._--_._--~-------~-1300 0.18157 4680.9 5407.2 ----- _..-._---~------- .._--_._-~----~.- ,. 

_._-~'-'-

p O~ 25,0 Mfa	 P 00-: 30.0 \Il?a P ~ 3S.0 MPap = _?~..o_~~_~;~~_~J' cr__ [. .._. __ ~~'~.§~~~ (29 s·C21.:_~L _ - -------- --------------- ---------------- --_._._- ----------_. ­F' ­
0.023525 2570.5 2758.7 5.7450 375 0.001978 1799.9 1849.4 4.0345 0.001792 1738.1 17919 3.9313 0.001701 1702.8 1762.4 38724 

Sat. 0.03245 2589.9 2784.6	 5.8902 0.027378 2581.0 2772.6 5.8148 
0.024279 2592.3 2786.5 5.7937 400 0.006005 2428.5 2578.7 5.1400 0.002798 2068.9 21528 4.4/58 0.002105 1914.9 1988.u 4.2144 

300 0.03619 2668.4 2885.6 6.0703 0.029492 2633.5 2839.9 5.9337 
0.029975 2748.3 2988.1 6.1321 425 0.007886 2607.8 2805.0 5.4708 0.005299 2452.9 2611.8 5.1473 0.003434 2253.3 2373.5 4.77516.2305350 0.04225 2'190.4 3043.9 6.3357 0.035262 2770.1 3016.9 
0.034344 2864.6 3139.4 6.3658 450 0.009176 2721.2 2950.6 5.6759 0.006737 2618.9 2821.0 5.4422 0.004957 2497.5 2671.0 5.1946 

400 0.04742 2893.7 3178.3 6.5432 0.039958 2879.5 3159.2 6.4502 
0.038194 2967.8 3273.3 6.5579 500 0.011143 2887.3 3165.9 5.9643 0.008691 2824.0 3084.8 5.7956 0.006933 2755.3 2997.9 56331 

450 0.05217 2989.9 3302.9 6.7219 0.044187 2979.0 3288.3 6.6353 

500 0.05667 3083.1 3423.1 
0.041767 3065.4 3399.5 6.7266 5!50 0.012736 3020.8 3339.2 6.1816 0.010175 2974.5 3279.7 6.0403 0.008348 2925.8 3218.0 5.9093 

3531.6 6.9507 
6.8826 0.0~8157 3074.3 3411.4 6.8000 

0.045172 3160.5 3521.8 5.8800 600 0.014140 3140.0 3493.5 6.3637 0.011445 3103.4 3446.8 6.2373 0.009523 3065.0 3399.0 6.1229 
550 0.06102 3175.2 3541.3 70308 0.051966 3167.9 

600 0.06527 3267.2 3658.8 1.1693 0.048463 3254.7 3642.4 7.0221 650 0.015430 3251.9 3637.7 6.5243 0.012590 3221.7 3599.4 6.4074 0.010565 3190.9 3560.7 5.3030 
7.3487 

0.0~5665 3261.0 3650.6 7.0910 
0.054829 3443.6 3882.2 7.2822 700 0.016643 3359.9 3776.0 6.6702 0.013654 3334.3 3743.9 6.5599 0.011523 3308.3 3711.6 6.4623

700 0.07355 3453.0 3894.3 7,4247 0.Or,28'>0 3448.3 3888.3 
0.061011 3635.7 4123.8 7.5185 800 0.018922 3570.7 4043.8 6.9322 0.015628 3551.2 4020.0 6.8301 0.013278 3531.6 3996.3 6.74094128.5 7.5836800 0.08165 3643.2 4133.1 76582 0.059856 3639.5 
0.067082 3832.7 4369.3 7.7372 900 0.021075 3780.2 4307.1 7.1668 0017473 3764.6 4288.8 7.0695 0.014904 37490 4270.6 6.9853

900 0.08964 3838.8 43766 1.8/51 0.076750 38357 4373.0 7.8014 
0.073079 4035.0 4619.6 7.9419 1000 0023150 39915 4570.2 7.3821 0.019240 3978.6 4555.8 7.2880 0.016450 39658 4541.5 7..20698.0786 0.OR3571 40375 46225 8.00551000	 0.09756 4040.1 4625.4 
0.079025 4242.8 4875.0 8.1350 1100 0025172 4206.1 4835.4 7.5825 0.020954 4195.2 4823.9 7.4906 0.017942 4184.4 4812.4 7.4118 

1100 0.10543 4247.1 4879.7	 B.2109 0.090341 4245.0 4877.4 8.1982 
0.084934 4456.1 5135.5 8.3181 1200 0.027157 4424.6 5103.5 7.7710 0022630 4415.3 5094.2 7.6807 0.019398 4406.1 5085.0 7.6034

1200 0.11326 4459.8 5139.4	 8,4,,3~ 0.cJ97075 4457.9 ~137.4 8.3810
 

8.6713 0.103781 4676.1 5402.6 8.5551
 0.090817 4674.5 5401.0 84925 1300 0.029115 4647.2 5375.1 7.9494 0.024279 4639.2 5367.6 7.8602 0020827 4631.2 5360.2 7.7841-----------_.._--_._-_.._-- - .._--------_. _.. ---_._-- -_._- -~- .--_•.. _-~~._--_._._--_._------ - ---- _.._.._~ ----_ ..- - ~._-. --_._- ---~-.-----~_. ~--_.~ .....-.­1300	 0.12107 4677.7 5404.1 -- _ ..•_--­-_._--_._--_... ­~-

t" -=-- 1'J,C MP:)	 t' S('-J 'J \1 r'.] 
P =. 9.G M;' I 1.1:', i .) ~ __~~~_~2~ ~~ .( 311.~~ ~L__.___l ~_~__ t 2. 5_~~~:~~~~_~~~~ __~ _.­

2725.5 56159
 
-~.~,,-~ ~ 

0.013496 2505.6 2674.3 5.4638 375 0001641 1677.0 1742.6 3.8290	 0001503 1609.7 1699.9 3.7149
Sat	 0.0204892558.5 2742') :l.tl/'JJ 0.0lP.028 2545.2
 

00232842647.6 28,.71 ~).B/,m (1.019877 2611.6 2810.3 5.7596
 400 0.001911 1855.0 1931.4	 ~.1145 0.001633 1745.2 1843.2 3.9317
325 2924.0 5.9460 0.016138 2624.9 2826.6 5.7130 425 0.002538 2097.5 2199.0 4.5044	 0.001816 1892.9 2001.8 4.1630
350 0.0258162725U 29,,/3 (dL~rHl 0.0Z2~40 2699.6 

400 0.029960 2849.2 311B.8 (,./p. n, 0.0;'(;436 2833.1 3097.5 6.2141 0.020030 2789.6 3040.0 6.0433 450 0003692 2364.2 2511.8 4.9449	 0.002086 20551 2180.2 4~140 

3242.4 6.4219 0.023019 2913.7 3201.5 6.2749 500 0.005623 2681.6 2906.5 5.4744	 0.002952 2393.2 2570.3 4.93560.033524 2956.3 32:,8.0 6,4P,72 0.029782 2944.5450 
500 0.036793 3056.3 3387.4 33751 6.5995 0.025630 3023.2 3343.6 64651 550 0006985 28751 3154.4 5.7857	 0.003955 266~.6 2901.9 5.3517(,.(,\\03 (IOJ2R L1 3047.0 

3502.0 67585 0028033 31261 3476.5 6.6317 600 0.008089 302u.8 3350.4 6.0170	 0.004833 2866.8 3156.8' 5.6527
6.Rl6~ O.tH~l('~)S 3145.4550 0.0398853153.0 3512.fJ 

36258 69045 0.030306 3225.8 3604.6 6.7828 650 0.009053 3159.5 3521.6 6.2078	 0.005591 3031.3 3366.8 5.8867fi. ~l(j Oil 0.Cmn18 3242.0600 0.042861 3248.4 36341 
3748.1 7.0408 10.032491 3324.1 3730.2 6.9227 700 0.009930 3282.0 . 3679.2 6.3740 0006265 3175.4 3551.3 6.0814 
3870.0 7.1693 0.034612 3422.0 3854.6 7.0540 800 0.011521 3511.8 3972.6 6.6613 0.007456 3432.6 38800 6.4033 

7.cI'JS~ ()O~ lOW 3338.0650 0045755 3343.4 3755.2 
700 0.048589 3438.8 3876.1 unq (J()43~197 3434.0 

OO.lRC,Z9 3f,2K.2 4]]4.:' 7.4085 0.038724 3618.8 4102.8 7.2967 900 0.012980 3733.3 42525 6.9107	 0.008519 3670.9 4182.1 6.6725
800 0054132 3632.0 4119.2 7.46U~ 

900 0.059562 3829.6 4365.7 4362.0 1.6290 0042720 3818.9 4352.9 7.5195 1000 0.014360 3952.9 4527.3 7.1355	 0.009504 3902.0 4472.2 6.90997.r,80; O.()~d~v11 1EV6.b 
4613.8 7.8349 0.046641 4023.5 4606.5 7.7269 1100 0.015686 4173.7 4801.1 7.3425 0.010439 4130.9 4757.3 7.1255 

8.079\ O.Ob.nWJ 4738.:. 4870.3 8.0289 0.050510 4233.1 4864.5 7.9220 1200 0.0169/6 43969 5075.9 7.5357 0.011339 4360.5 5040.8 7.3248 
O.0',H391 4029.91000 0.0649194032.4 4616.7	 7.88::):) 

1100	 00702244240.7 4872.7 
1200 O.(}(.I'J38 ~~52.4 5131.7 8.2126 ~.0543~2 4447.7 5127.08.1065 1300 0.018239 4623.3 5352.8 7.7175	 0.012213 4591.8 5324.5 7.51110075492 4454.2 5133.6 8.2625
 

1300 0.080733 46729 5399.5 8.4371
 53980 83874 0.058147 4667.3 5394.1 8.2819O.IlI/Gf;7 4671.3 
.~----~------- ---- ­

tl	 :.: 

~ NYU __. _ _ csa -- • -, --­
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Agua Iiquida comprimida Hielo s~urado. Vapor de agua 

T V u h 5 V u h 5 V u h 5 votucion especitico, Er.£rgfa mtern», Entstpi», Entropte, 
m3/kg m3/kgm3/kg-c kJ/kg kJ/kg kJ/kg . K kJ/kg kJ/kg kJ/kg' K kJ/kg kJ/kg kJ/kg. K rnj/kg kJikg kJ,'kg------. --_~~~~~~-

p·o 5 MPa (263.94'·C) 
-------- .---­

P ~ 10 MPa (311.0QC) ". P ~ .15 MPa (34216'CI Pres. Hielo Vapor Hielo Vapor . Hielo Vapor Hielo Vapor 
Temp., sat., s~t'- ~:,'" sat., Subf., sat., sat., Sub!., sat., sat., Sub!., sat.,0.0016572 1385.5 -..1610.3- 3:6848
 

0 '0.0009977 0.04 5.03 00001
 
0.0014522 1393.3 1407.9 3,3Q(l3Sat. 0.0012862 1148.1 1154.5 2.9207 

0.0009928 . 0.18 '15.07 0.0004 TOG P';~ kPa v, vg U, urg Ug hi hig hg s, Srg Sg0.0009952 0.12 10.07 0.0003 --. 
0.0009951 83.01 97.93 0.29320.0009973 83.31 93.28 0.294320 0.0009996 83.61 88.61 0.2954 om 0.61169 0.001091 205.99 -333.40 2707.9 2374.5 -333.40 2833.9 2500.5 -1.2202 10.374 9.154 

40 0.0010057 166.92 171. 95 0.5705 0.0010013 165.75 180.77 0.56660,0010035 166.33 176.37 0.5685 0 0.61115 0.001091 206, I 7 -333.43 2707.9 2374.5 --333.43 2833.9 2500.5 -1.2204 10.375 9.154 
60 0,0010149 250.29 255.36 0.8287 0.0010105 248.58 263.74 0.82340.0010127 249.43 259.55 0.8260 -2 051772 0.001091 241.62 -337.63 2709.4 2371.8 -337.63 2834.5 2496.8 -1.2358 10.453 9.21E 
80 0,0010267 333.82 338,96 'I 0723 0.0010221 331.59 346.92 1.06590.0010244 332.69 342.94 1.0691 -4 0.43748 0.001090 283.84 -341.80 27108 2369.0 -341.80 2835.0 2493.2 -1.2513 10.533 9.282 

100 0.0010410 417,65 422.85 1.3034 0.0010361 414.85 430.39 1.29580.0010385 416.23 426,62 1.2996 -6 0.36873 0.001090 334.27 --345.94 2712.2 2366.2 --345.93 2835.4 2489.5 -1.2667 10.613 9.347 
120 0,0010576 501.91 507.19 1.5236 0.0010522 498,50 514.28 1.51480.0010549 500.18 510,73 1.5191 -8 030998 0.001090 394.66 -350,04 2713,5 2363.5 --350.04 2835.8 2485.8 -1.2821 10.695 9.413 
140 0,0010769 586.80 592.18 1.7344 0.0010708 582.69 598,75 1.72430.0010738 584.72 595.45 1.7293 -10 0.25990 0.001089 467.17 -354.12 2714.8 2360.7 -354.12 2836.2 2482.1 -1.2976 10.778 9.480 
160 0.0010988 672.55 678.04......1.9374 0.0010920 667.63 684.01 1.92590.0010954 670.06 681.01 1.9316 -12 0,21732 0,001089 554.47 -358.17 2716.1 2357.9 -358.17 2836.6 2478.4 -1.3130 10.862 9.549 
180 0,0011240 759.47 765.09 2.1338 0.0011160 753.58 770.32 2.12060,0011200 756.48 767.68 2.1271 -14 0.18121 0.001088 659.88 -362.18 2717,3 2355.2 -362.18 2836.9 2474.7 --1.3284 10,947 9.618 
200 0,0011531 847.92 853,68 2.3251 0.0011435 840.84 858.00 2.31000.0011482 844,32 855.80 2.3174 -16 0,15068 0.001088 787.51 --366.17 2718.6 2352.4 .-366.17 2837.2 2471.0 --1.3439 11.033 9.689 
220 0.0011868 938.39 944.32 2.5127 0,0011809 934.01 945.82 2,5037 0.0011752 929.81 947.43 2.4951 -18 0,12492 0.001088 942.51 -370,13 2719.7 2349.6 --370.13 2837.5 2467.3 --1.3593 11.l21 9.761 
240 0.0012268 1031.6 1037.7 2.6983 0.0012121 1021.0 1039.2 2.67740,0012192 1026.2 1038.3 2.6876 -20 0.10326 0.001087 1131.3 -374.06 2720.9 2346.8 -374.06 2837.7 2463.6 --1.3748 11209 9.835 
260 0,0012755 1128.5 1134.9 2.8841 0.0012560 1115.1 1134.0 2.85860.0012653 1121.6 1134.3 2.8710 --22 0.08510 0,001087 1362.0 -377.95 2722.0 2344.1 -377.95 2837.9 2459.9 -1.3903 11.300 9.909 
280 0.0013096 1213,4 1233.0 3.04100.0013226 1221.8 1235.0 3.0565 -24 0.06991 0.001087 1644,7 -381.82 2723.1 2341.3 -381.82 28381 2456.2 -1.4057 11.391 9,985 
300 0.0013783 1317.6 1338.3 3.22790.0013980 1329.4 13433 3.2488 -26 0.05725 0,001087 1992.2 --385.66 2724.2 2338.5 -385.66 2838.2 2452.5 -1.4212 11.484 10.063 
320 0.0014733 1431.9 1454.0 3.4263 --28 004G73 0.001086 2421.0 -389.47 2725.2 2335.7 -389.47 2838.3 2448.8 -1.4367 11.578 10.141 
340 0.0016311 1567.9 1592.4 3.6555 -30 0.03802 0.001086 2951.7 -393.25 2726.2 2332.9 --393.25 2838.4 2445.1 -1.4521 11.673 10.221_.,_.- -.-.__._--. ----------,-_._--- - -_...~-

-32 0.03082 0.001086 3610.9 --397.00 2727.2 2330.2 --397.00 2838.4 2441.4 --1.4676 11.770 10.303P ~ 50 MPa P ~ 30 MPap ~ 20 MPa (365.75 C) 
--------_._-.--_._~ .. ­ -------------------_. ---- --34 0.02490 0.001085 4432.4 --400.72 2728.1 2327.4 -400.72 2838.5 2437.7 -1.4831 11.869 10.386 

Sat. 0.0020378 1785.8 1826.6 4,0146 -36 0.02004 0.001085 5460.1 -404.40 2729.0 2324.6 -404.40 2838.4 2434.0 -1.4986 11.969 10.470 
0 00009904 0.23 20.03 0,0005 0.0009767 0.29 49.13 --0.00100.0009857 0.29 29.86 0.0003 -38 0.01608 0.001085 6750.5 -408.07 2729.9 2321.8 -tlO'-l.07 2838.4 2430,3 -1.5141 12.071 10.557 

20 0.0009929 82.71 102.57 0.2921 0.0009805 80.93 129.95 0.28450.0009886 82.11 111.77 0.2897 -40 0.01285 0,001084 8376.7 -411.70 2730.7 2319.0 -4)1.79 2838.3 2426,6 -1.5296 12.174 10.644 
40 0.0009992 165.17 185.16 0,5646 0.0009872 161.90 211.25 0.5528 -----.
 
60 0.0010084 247.75 267.92 0.8208
 

0.0009951 164.05 193.90 0.5607 
0.0009962 243.08 292,88 0.8055
 

80 0,0010199 330.50 350.90 1.0627
 
0,0010042 246.14 276.26 0.8156 
0.0010155 328.40 358,86 1.0564 0.0010072 324.42 374.78 1.0442
 

100 0.0010337 413.50 434.17 1.2920
 0.0010201 405.94 456.94 1.2705
 
120 0.0010496 496.85 517.84 1.5105
 

00010290 410.87 441.74 1.2847 
0.0010349 487.69 539.43 1.4859
 

140 0,0010679 580.71 602.07 1.719~
 

0.0010445 493.66 525.00 1.5020 
0.0010517 569.77 622.36 1.6916
 

160 0.0010886 665.28 687.05 1.9203
 
0.0010623 576.90 608,76 1.7098 

0,0010704 652.33 705.85 1.8889
 
180 0.0011122 750.78 773,02 2,1143
 

0.0010823 660.74 693.21 1.9094 
0.0010914 735.49 79006 2.0790 

200 0,0011390 83749 850.27 2,30%7 
0.0011049 745.40 778.55 2.1020 

0.00111~9 819.45 875.19 2.2628 
220 0.0011697 925.77 949.16 2.48f,7 

0001130~ 831.11 865.02 2.2888 
0,0011412 904.39 961.45 2.4414 

240 0.0012053 1016.1 10402 2.6676 
0.0011595 918.15 952.93 2.4707 

0.0011708 990.55 1049.1 2.6156 
260 0,0012472 1109.0 1134.0 2.8469 

0,0011927 1006,9 1042.7 2.6491 
n.00123H 1097.8 1134.7 2.8250 0.0012044 1078.2 1138.4 2,7864 

280 0.0012978 1205.6 1231.5 3.0265 0.0012430 1167.7 1229.9 2.9547
 
300 0.0013611 1307.2 1334.4 3.2091
 

0.0012770 1191.5 1229.8 3.0001 
0.0012879 1259.6 1324.0 3.1218 

320 0,0014450 1416.6 1445.5 3,3996 
00013322 1288.9 1328.9 3.1761 
O.OOHOI~ 1391.7 1433.7 3.3558 00013409 1354.3 1421.4 3.2888
 

3~0 0.0015693 1540.2 1571.6 3.6086
 0.0014049 1452.9 1523,1 3.4575
 

360 0.0018248 1703.6 1740, I 3.8787
 
0.001~932 1002.4 1547.1 3.5438 

0.0014848 1556.5 1630.7 3.6301 

380 ____________________________00018729 1838,2 .. 4.0026 1667.1 1746.5 3.8102 
0,0016276 1626.8 1675.6 3.7499 

1782.0 ___::...:......c..:..:..::_0.0015884 

):') 
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FIGURA. A-9 

Diagrarnu T-s para el agua. 

CopyriKh, ,.c.. JY84. De ;\,BSINRC Steam Iahtes/l pot Lester Hour. Jotm S, Gallagher v George S. Kelt. Reprodncido con permiso de Routledge/Taylor & Francis Books. 
Inc. . 
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t~~~:·~~~1~.~~1~~'~1;~:~;:,{~::~~::?;;~:-'~~i:-~~~·~~~'~~,~·.H:~:<,~"i,~·S,~,·j,±t,~2i2S~@~f;2;~IJ*}t;:Itl~(JD~~~5]tUffr.' 
C\efrigerante 134a saturado. Tabla de temperatura ~efrigercnte 134a saturado. Tabla de teITlperatura (conclu~i6n) _ 

volumen especitico, 
___m--'~fL__ 

Energia interne. 
_____kJ/kg . 

[nta/pia, 
~__ _ 

Entrop(a. 
---"~~L_K_. __ 

votumen especiiico. 
. ~~L _ _ 

[nergkl .rnetn». 
__. __ !L~kg 

Entett.i», 
___.__ kJikg ~ 

Entrspi«. 
_____~10LI\.. ~_ 

sat., 
'If 

0.0007054 
0.0007083 
0.0007112 
0.0007142 
0.0007172 

Vapor 
sat., 
vg 

-0.036 
2.475 
4.992 
7.517 

10.05 

Liq. 
sat., 
u, 

Evap., 
Urs 
207.40 
206.04 
204.67 
203.29 
201.91 

Vapor 
sat., 
ug 

207.37 
208.51 
209.66 
210.81 
211.96 

Uq. 
sat., 
h, 

0.000 
2.515 
5.037 
7.566 

10.10 

Evap., 

»: 
225.86 
224.61 
223.35 
222.09 
220.81 

.:¥-.;" 
.... -, 

;.~:/,:,.: 
0.035969 
0033828 
0.031834 
0.029976 
0.028242 

Uq. Vapor 
sat., sat., 
v.. vg 

Pres. 
Temp., sat., 
TOC psa, kPa 
-_._----_._-----~--

20 572.07 0.0008161 
22 608.27 0.0008210 
24 646.18 0.0008261 
26 685.84 0.0008313 
28 72731 0.0008365 

liq. 
sat., Lvap., 
u, ._.l~" 

/8.86 162.16 
81.64 160.42 
84.44 158.65 
87.26 155.87 
9009 155.05 

Vapor 
sat., 
~K 

241.02 
242.06 
243.10 
244.12 
245.14 

Uq. Vapor 
sat., Evap., sat., 
~~~__hL 

79.32 182.27 261.59 
82.14 180.49 262.64 
84.98 178.69 263.67 
87.83 176.85 264.68 
90.69 174.99 26:,.68 

Liq. 
sat., 

s, . 
0.30063 
0.31011 
0.31958 
0.32903 
0.33846 

• Vapor 
Evap:, ·sat;i;l;:";·~· 

S'K sL_._._. 

0.62172 0.92234 
0.61149 0.92160 
0.60130 0.92088 
059115 0.92018 
0.58102 0.91948 

" 

0.0007203 0.22580 12.59 200.52 213.11 12.65 219.52 232.17 005301 0.90278 0.95579 30 770.64 0.0008421 0.026622 9293 15322 246.14 93.58 173.08 266.66 0.34789 0.57091 0.91879 
0.0007234 
0.0007265 
0.0007297 

0.20666 -i5.13 
0.18946 17.69 
0.17395 20.25 

199.12 
197.72 
196.30 

214.25 
215.40 
216.55 

1520 
17.76 
20.33 

218.22 
216.92 
215.59 

233.43 
234.68 
23592 

0.06344 
0.07382 
0.08414 

0.89012 
0.87762 
0.86527 

0.95356 
0.95144 
0.94941 

32 
34 
36 

815.89 
863.11 
912.35 

0.0008478 
0.0008536 
0.0008595 

0.025108 
0.023691 
0.022364 

95.79 
98.66 

101.55 

151.35 
149.46 
147.54 

247.14 
248.12 
249.08 

96.48 
9940 

10233 

171.14 
159.17 
167.16 

267.62 
268.57 
269.49 

035730 
0.36670 
0.37609 

0.56082 
0.55074 
0.54066 

091811 
0.91743 
0.91675 

0.0007329 0.15995 2282 194.88 217.70 22.91 214.26 5237.17 0.09441 085307 0.94748 38 963.68 0.0008657 0.021119 104.45 145.58 250.04 105.29 165:10 270.39 0.38548 0.53058 091606 

0.0007362 
0.0007396 

0.14729 
0.13583 

25.39 
27.98 

193.45 
192.0l 

218.84 
219.98 

25.49 
28.09 

212.91 
211.55 

238.41 
239.64 

0.10463 
0.11481 

0.84101 
0.82908 

0.94564 
0.94389 

40 
42 

1017.1 
1072.8 

0.0008720 
00008786 

0.019952 
0.018855 

107.38 
110.32 

143.60 
141.58 

250.97 
251.89 

108.26 
111.26 

16300 
160.86 

271.27 
272.12 

0.39486 
0.40425 

0.52049 
051039 

0.91536 
0.91464 

00007430 0.12542 30.57 190.56 221.13 30.69 210.18 240.87 0.12493 0.81729 0.94222 44 1130.7 0.0008854 0.017824 113.28 139.52 252.80 114.28 158.67 272.95 041363 0.50027 0.91391 
0.0007464 0.11597 33.17 189.09 222.27 33.30 208.79 242.09 0.13501 0.80561 0.94063 46 1191.0 0.0008924 0.016853 116.26 137.42 253.68 11732 156.43 273.75 042302 0.49012 0.91315 
0.0007499 0.10736 35.78 187.62 223.40 35.92 207.38 243.30 0.14504 0.79406 0.93911 48 1253.6 0.0008996 0.015939 119.26 13529 254.55 120.39 15414 27453 043242 0.47993 0.91236 

00007535 0.099516 38.40 186.14 224.54 38.55 205.96 244.51 0.15504 0.78263 0.93766 52 1386.2 0.0009150 0.014265 125.33 130.88 256.21 12659 149.39 275.98 0.45126 0.45941 0.91067 
0.0007571 0.092352 41.03 184.64 -225.67 41.19 204.52 245.72 0.16498 0.77130 093629 56 1529.1 0.0009317 0.012771 131.49 126.28 257.77 132.91 144.38 277.30 0.47018 0.43863 0.90880 
0.0007608 0.085802 43.66 183.13 226.80 43.84 203.07 246.91 0.17489 076008 0.93497 60 1682.8 0.0009498 0.011434 137.76 121.46 259.22 139.36 139.10 278.46 0.48920 041749 0.90669 
0.0007646 
0.0007684 

0.079804 
0074304 

46.31 
48.96 

181.61 
1BO.08 

227.92 
229.04 

46.50 
49.17 

201.60 
200.11 

248.10 
249.28 

0.18476 
0.19459 

0.74896 
0.73794 

0.93372 
0.93253 

65 
70 

1891.0 
2118.2 

0.0009750 
0.0010037 

0.009950 
0.008642 

145.77 
154.01 

115.05 
108.14 

260.82 
262.15 

147.62 
156.13 

132.02 
124.32 

27964 
280.46 

0.51320 
0.53755 

. 0.39039 
0.36227 

0.90359 
0.89982 

0.0007723 0.069255 51.63 178.53 230.16 51.86 19860 25045 0.20439 072701 0.93139 75 2365.8 0.0010372 0.007480 162.53 100.60 263.13 164.98 115.85 280.82 056241 0.33272 0.89512 

0.0007763 0.064612 54.30 176.97 231.27 54.55 197.07 251.61 0.21415 0.71616 0.93031 80 2635.3 0.0010772 0.006436 171.40 9223 263.63 174.24 106.35 280.59 0.58800 0.30111 0.88912 
0.0007804 0.060338 56.99· 175.39 232.38 57.25 . 195.51 252.77 0.22387 0.70540 0.92927 85 2928.2 0.0011270 0.005486 180.77 82.67 263.44 184.07 95.44 279.51 0.61473 0.26644 0.88117 
0.0007845 0.056398 59.68 173.80 233.48 59.97 193.94 25391 0.23356 0.69471 0.92828 90 3246.9 0.0011932 0.004599 190.89 71.29 262.18 194.76 82.35 277.11 0.64336 0.22674 0.87010 
0.0007887 0.052762 62.39 172.19 234.58 62.69 192.35 255.04 0.24323 0.68410 0.92733 95 3594.1 0.0012933 0.003725 202.40 56.47 258.87 207.05 6521 272.26 0.67578 0.17711 085289 

0.0007930 0.049403 65.10 170.55 23567 65.43 190.73 256.16 0.25286 0.67356 0.92641 100 3975.1 0.0015269 0.002630 21872 29.19 247.91 224.79 3358 258.37 0.72217 0.08999 0.81215 

0.0007975 
0.0008020 
0.0008066 
00008113 

0.046295 
0.043417 
0.040748 
0038271 

6783 
70.57 
73.32 
76.08 

168.92 
167.26 
165.58 
163.88 

236.75 
23783 
23890 
239.96 

68.18 
7095 
73.73 
76.52 

189.09 
187.42 
185.73 
184.01 

257.27 
258.37 
259.46 
260.53 

0.26246 
0.27204 
0.28159 
0.29112 

0.66308 
0.65266 
064230 
0.63198 

0.92554 
0.92470 
0.92389 
0.92310 

"uente. las tabtas A-ll a A-I3 se generaron utilizando et program a pararesolver ecuaciones de ingenieria (EES) desarrollado par S. A. Klein y F. L. Alvarado. La 
ut.ne utmzeoe en los calculos es ta R134.a, la cual esta beseda en Ia ecuacicn fundamental de estado dcserroltada por R. Titlner-Roth y H. D. Baehr, "An 
ntemactor.et Standard Formulation for the Trenncdynermc Properties de 1, 1,l,2-Tetrafluoretano (HFC-13.1a) for temperatures from 170 K to 455 K and 
.ressures up to 70 MPa", J. Phys. Ctiem Her. tvat>,VoL "/.3. No.5, 1994. los veto-es de entalpiay entropia para elliquido saturedo son cera a --40~C (y -40'r) 

...... 
o 



904 Tablas de propiedades, figuras ydiagramas (unidades 51) Apendice 1 

~1' ,~A~~·~.~~~~;?/:·;<\:·•. :. T.,,:/:t;'t·~·~:~:£~':~!'·~:~0;::'~~}t~!lF~t,~~;?~:;r;~ t~~S~t~'iI~&~l1Y0:'il;k;1*~:' ;,~;ti,~;g::;l'! 
£lefrigera~te 134a saturado. Tabla de presion__... Refrigerante 134a sobrecalentado ._---------­

Vc'!uman especii.co. [n'.Hg,a intt)rria. Enta!p!"a. Entn,-'}J/a, T 
v u h s v U h S v U h S<j

kJ,kg kJ/kg KJ/kf; . K ., °C 3/k!_ 
. . -.~-:----------:---_.----.-._--- ---~_._---_._-~-- -.-----...------~----'---- .._'""' :t'~:; ," mJ/kg kJ/kg kJ/kg kJ/~~~ K _m kJ/kg_.!J/kg . kJ/kL~ _r:'l3/kg. __~~k~_.'<J~~_.':!0g.~ 

Temp. Uq. Vapor' ·N Uq. "v'apor Uq. Vapor Uq. Vapor •. " 
_p_", 006~~.. .<I", ~ ·36::'J5·C~_..£'_":'.010 MPa (T.".2..-2637~~_ .__P_-:.!'-J.::'~/Pa (T,-,:.~J8.77 c__ .Pres., sat., sat., sat., sat., Evap., sat., sat., Evap., sat., sat., Evap., sat., 

Sat. 0.31121 209.12 227.79 0.9644 0.19254 215.19 234.44 0.9518 0.14014 219.54 239.16 0.944f
~I<P!_. ~~.~.~_~ .. "e ._~/ ~!g__.~~.. !_I ~/'!....._.!!.g SI __~"---._...!.L.__ -20 0.33608 220.60 240.76 1.0174 0.19841 219.66 239.50 0.9721 

-10 0.35048 227.55 248.58 1.0477 0.20743 226.75 247.49 1.003060 -36.95 0.0007098 0.31121 3.798 205.32 209.12 3.841 223.95 ?27.79 0.01634. 0.94807 0.96441 0.14605 225.91 246.36 0.972~o 0.36476 234.66 256.54 1.0774 0.21630 233.95 255.58 1.0332 
10

70 -33.87 0.0007144 0.26929 7.680 203.20 210.88 7.730 222.00 229.73 0.03267 0.92775 0.96042 0.15263 233.23 254.60 1.003: 
0.37893 241.92 264.66 1.1066 0.22506 241.30 263.81 1.062880 -31.13 0.0007185 0.23753 11.15 201.30 212.46 11.21 220.25 231.46 0.04711 0.90999 0.95710 0.15908 240.66 262.93 1.033 ' 20 0.39302 249.35 272.94 1.1353 0.;;>3373 24879 272.17 1.0918 0.16544 248.22 271.38 1.062490 -28,65 0.0007223 0.21263 14.31 199.57 213.88 14.37 218.65 233,02 0.06008 0.89419 0.95427 30 0.40705 256,95 281.37 1.1636 0.24233 256.44 280.68 1.1203 0,17172 255.93 279.97100 -26.37 00007259 0.19254 17,21 197.98 215.19 17.28 217.16 234.44 0.07188 0.87995 0.95183 1.091240 0.42102 264.71 289.97 1.1915 0.25088 264,25 289.34 1.1484 0.17794 263.79 288.70 1.119:50 0.43495 272,64 ?9874 1.2191 0,25937 272.22 298.16 1.1762 

60 
120 -22.32 0.0007324 0,16212 22.40 195.11 217.51 22.49 214.48 236.97 0.09275 0.85503 0.94779 0,18412 271. 79 297.57 1.1474 

0.44883 280.73 307,66 1.2463 0.26783 280.35 307.13 1.2035 
70

140 -18.77 0.0007383 0.14014 26.98 192.57 219.54 27.08 212.08 239.16 0.11087 0.83368 0.94456 0.19025 279.95 306.59 1.1749 
045269 288.99 316.75 1.2732 0.27626 288.64 316.26 1.2305160 -1560 0,0007437 0.12348 31.09 190.27 221.35 31.21 209.90 241.11 0.12693 0.81496 0.94190 0.19635 28828 315.77 1.202080 0.47651 297.41 326.00 1.2997 028465 297.08 325.55 1.2572 0.20242 296.75 325.09 1.2288180' -12.nC.0007487· 0:1104\ 34.83' 188.16 222.99 34.97 207.90 242.86· 0.14139 0.79826 0.93965 90 0.49032 306,00 335.42 1.3260 0.29303 305.69 334.99 1.2836 0.20847 305.38 334.57200 -- 10.09 0.0007533 0.099867 38.28 186.21 224.48 38.43 206.03 244.46 0,15457 0,78316 0.93773 JOO 1.2553 
0.50410 314.74 344,99 1.3520 0.30138 314.46 344.60 1.3096 0.21449 314.17 344.20 1.2814 

240 -538 0.0007620 0.083897 44.48 182.67 227.14 44.66 202.62 247.28 0.17794 0.75664 0.93458 
280 -1.25 0.0007699 0072352 49.97 179.50 229.46 50.18 199.54 249.72 0.19829 0.73381 0.93210 ~-£'-"---~~--~._:~~~..~~~-,~ __ ~~G_·~J~__ _ ~ __!~~ o.20 MP~_i!~1j__-=_.=J.I~Q~_~~~~ _ ~_~__~!.~~: __ .~!~_~._{.T .;' ~~ ~ l) 38",:: 

Sat. 011041 222.99 242.86 09397 0,09987 224.48 244.46 0.9377320 2.46 0.0007772 0.063604 54.92 176.61 231.52 55.16 196.71 25188 0.21637 0.71369 0.93006 0.08390 227.14 247.28 0.9346.. 10 0.11189 225.02 245.16 0.9484 0.09991 224.55 24454 0.9380360 582 00007841 0.056738 59.44 173.94 233.38 59.72 194.08 253.81 0.23270 0.69566 0.92836 
011722 232.48 253.58 0.9798 0.10481 232,09 253.05 0.9698 0,08617400 8.91 0.0007907 0.051201 63.62 171.45 235.07 63.94 191.62 255.55 0.24761 0.67929 0,92691 

o 231.29 251.97 0.9519
10 0.12240 240.00 262.04 1.0102 0.10955 239.67 261.58 1.0004 0.09026 238.98 ?60.65 0.9831 

450 12.46 0.0007985 0.045619 68.45 168.54 237.00 68,81 188.7l 257.53 02646:; O:~6059 0.92535 20 0.12748 247.64 270.59 1.0399 0,11418 247.35 270,18 1.0303 0.09423 246.74 269.36 1.0134 
500 15.71 0.0008059 0.041118 72.93 16582 238.75 73,33 185.98 259.30 0.28023' 0.64377 0.92400 30 0.13248 255.41 279,25 1.0690 0.11874 255,14 278.89 1.0595 I 0.09812 254.61 278.16 1.042940 0.13741 263.31 288.05 1.0975 0.12322 263.08 287.72 1.0882550 18.73 00008130 0.037408 77.10 163.25 240.35 77.54 183,38 26092 029461 0,62821 0.92282 0.10193 262.59 287.06 1.0718

50 0.14230 271.36 296.98 1.1256 0.12766 271.15 296.68 1.1163 0.10570 27071 296.08 1.1001;.~OO 21.55 0.0008199 0.034295 81.02 160.81 241.83 81.51 180,90 252.40 0.30799 0,61378 !}.'12177 60 0,14715 279.56 306.05 1.1532 0.13206 279.37 305.78 1.1441 0.10942 278.97 305.23 1.1280650 24.20 0.0008266 0.031646 84.72 158.48 243.20 85.26 178,51 263.77 0.32051 0.60030 0.92081 70 0.15196 287.91 315.27 1.1805 0.13641 287.73 315.01 1.1714 0,11310 287.36 314.51 1.1554
80700 26.69 0.0008331 0.029361 88.24 156.24 244.48 88.82 176.21 265.03 0.33230 0.58763 0.91994 0.15673 296.42 324.63 1.2074 0.14074 296.25 324.40 1.1983 0.11675 295.91 323.93 1.1825
90750 29.06 0.0008395 0.027371 91.59 154.08 245.67 92.22 173,98 266.20 034345 0.57567 0.91912 0.16149 305.07 334.14 1.2339 0.14504 304.92 333,93 1.2249 0.12038 304,60 333.49 1.2092

100 0.16622 313.88 343.80 1.2602 0.14933 31374 34360 1.2512800 31.31 0.0008458 0.025621 94.79 152.00 246.79 95.47 171.82 267.29 035404 0.56431 0.91835 0,12398 313.44 343.20 1.2356 
-----_._-----------~_._-----_ -_.~-_.._---._-_. .._-_. - .. - --------_._-------------­

-,_._---~_._._-_.-- ._---.----_.., -­

850 33.45 0.0008520 0.024069 97.87 14998 247.85 98.60 169.71 268.31 0,36413 0.55349 0.91762 
2cP r: ?~ \,::.~!- :._~~__22~1_ !.:> ::- ') .<~ \'PJ (--:-. 2.·~-S C ,'/;.:' 1 

900 35.51 00008580 0.022683 10083 148.01 248.85 101.61 167.66 269.26 037377 0,54315 0.91692 Sat. U.UIL,j~ a~.4b 249,72 0.9321 0.06360 231.52 251.88 0.9301 0,051201 235.07 255.55 0,9269 
950 37.48 0.0008641 0.021438 103.69 146.10 249,79 104.51 165.64 270.15 0.38301 0.53323 0.91624 o 0.07282 230.44 250.83 0.9362 

1000 3937 0.0008700 0.020313 106.45 144.23 250.68 107.32 163,67 27099 0.39189 0.52368 0.91558 10 0,07646 238.27 259.68 0,9680 0.06609 237.54 258.69 0,9544 0.051506 235.97 256.58 0.9305
20 0.07997 246.13 268.52 0.9987 0.06925 245.501200 46.29 0,0008934 0,0167] 5 11670 137.1 ! 253.81 117.77 156.10 273.87 0.42441 0.48863 0.91303 267.66 09856 0.054213 244.18 26586 0.9628
30 0.08338 254.06 277.41 1.0285 0.07231 253.50 276.65 1.0157 0055796 252.35 275.07 099371400 52.40 00009166 0.014107 125.94 130.43 256.37 127.22 148.90 27612 0.45315 0.45734 0,91050 
40 0,08672 262.10 286.38 1.0576 0.07530 261.60 285,70 1.0451 0.059292 26058 ?84.30 1.0236 

1600 57.88 0.0009400 0,012123 134.43 124.04 258.47 135.93 141.93 277.86 0.47911 0.42873 0.90784 50 0.09000 270.27 295.47 1.0862 0.07823 269.82 294.85 10739 0.061724 26890 293,59 1.0528 
ISDO 6287 00009639 0,010559 142,33 117.83 260,17 144.07 135.11 279.17 0.50294 0.40204 0.90498 60 0.09324 278.56 304.67 1.1142 0.08111 278.15 304.11 1.1021 0,064104 277.32 302.96 1.0814

70 0.09644 286.99 314.00 1.1418 0,08395 286.62 313.48.'000 67.45 0.0009886 0.009288 14978 111. 73 261.51 151. 76 12833 28009 0.52509 0.37675 0.90184 1.1298 0.066443 285,86 312.44 1.1094
80 0.09961 295.57 323.46 1.1690 0.08675 295,22 0.068747 294.53 322.02 1.1369."100 77.54 0.0010566 0.006936 166.99 96.47 253.45 169.63 111.16 280,79 057531 031695 0.89226 322.98 1.1571 
90 0.10275 304.29 333,06 1.1958 0,08953 303,97 332,62 1.1840 0,071023 30332 331.73 1.16401000 86.16 00011406 0005275 183.04 8022 26326 186.46 92.63 27909 0.62118 0.25776 0.87894 

100 0,10587 313.15 342,80 1.2222 0.09229 312.86 342.39 1.2105 0.073274 312.26 341.57 1.1907
110 0.l0897 322.16 352.68 1.2483 0.09503 321.89 352.30 1.2367 0.075504 321.33 351. 53 1.2171
120 0.11205 331.32 352.70 1.2742 0.09775 331.07 362.35 1,2626 0077717 330,55 361.63 1.2431
130 0.11512 340,63 37287 1.2997 0.10045 340.39 372.54 1.2882 0079913 339.90 371.87 1.2688
140 0.11818 350,09 383.18 1 ~?~n 0.10314 349.86 382.87 1.3135_---'-_="-_=="--'- . ..0.082096 349.41. 382.24 1.2942... 

-".. 
~ 
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906 Tablas de propiedades, figuras y diagramas (unidades SI) 
Apendice 1 

100 150 250 30020 . - .--- .~~ -,<JV J._V lJVV OJIJ tOO /j

II ifll!1 Vi ilill ill I Lilli II I '"I 'ill KL ihl I \ :III! 1111 rm 1J,III!1l In li/\ i vi I 

Refrigerante 134a sobrecalentado (conc!usi6n)
 

T v u h s
 10
 

__ "C__m3/~~___kJ/kL_~~kL.kJ/kLK _rTl..~L____kJ/~L __~L~L~J/~L!\ _ _--.rn_31'k~~__kJ/k~__ ~J/klL kJ/~g--=--~
 

_ P,= C.50 ~~2...LT<"" '" ~J 1 Tl...-~_
 

v u h sv u h s 

___P_~-:.-_O.7J MPa U~~._~ 26~ 9 C) p_=_.g.60~~~~"'- 21,:'5 Cl~_ 
4 ~fr-+tHI+II++Ii-+~-:J-j~H~-+J.+--I~Il.1+,l~LtiilElTn'l\cr'l~

0.029361 244.48 265.03 0.9199 40.034295 241.83 262.40 0.9218Sat 0.041118 238.75 259.30 0.9240 FtIi-!IOrt:1tttttlt:lttlit:tttttt:Tftt.i~.51L)li'n~t'-t.+t'N---lfl-WA'i t 
I20 0.042115 242.40 263.46 0.9383 I: U0.029966 247.48 268.45 0.931330 0.044338 250.84 273.Ql 0.9703 0.035984 249.22 270.81 0.9499 

0.031696 256.39 278.57 0.9641 20.03.7865 257.86 280.58 0.981640 0.046456 259.26 282.48 1.0011 
0.033322 265.20 288.53 0.995450 0.048499 267.72 291.96 1.0309 0.039659 266.48 290.28 1.0121 
0.034875 274.01 298.42 1.025660 0.050485 276.25 301.50 1.0599 0.041389 275.15 299.98 10417 

&'.0.036373 282.87 308.33 1.054970 0.052427 284.89 311.10' 10883 0.043069 283.89 309.73 10705 :E 
0.037829 291.80 318.28 1.08350.044710 292.73 319.55 lQ98780 0.054331 293.64 320.80 1.1162 

:~0.039250 300.82 328.29 1.111490 0.056205 302.51 330.61 _1-1436 0.046318 30167 329.46 1.1264 11 0.4 
0.040642 309.95 338.40 1.1389 c, 0-10.047900 310.73 339.47 1.1536100 0.058053 311.50 340.53 1.1705 
0.042010 319.19 348.60 1.1658110 0.059880 320.63 350.57 1.1971 0.049458 '319;9< 349.59 1.1803 
0.043358 328.55 358.90 1.1924 0.2120 0.061687 329.89 360.73 1.2233 0.050997 329.23 359.82 1.2067 

0.1 

140 0.065256 348.83 381.46 1.2747 
0.044688 338.04 369.32 1.2186130 0.063479 339.29 371.03 1.2491 0.052519 338.67 370.18 1.2327 
0046004 347.66 379.!l'6 1.24440.054027 348.25 380.66 1.2584 

0.10047306 357.41 390.52 1.2699150 0.067021 358.51 392.02 12999 0.055522 357.96 391.27 1.2838 
0.1

0.048597 367.29 401.31 1.2951160 0.06877 5 368.33 402.72 1.3249 0.057006 367.81 402.01 1.3088 -_._,--------------'_.-_._-­-~---------------_._._--------.­-_._----------~.~----

___ ~_O 90.!" Pa IT,. 3".51 .C- P '-'. 1.00 MPa (L.. 39.3 rei ____L ~ 06Q.!'1P~_(;,._: 3:31':"~_ 
--~-_.~---_._--_._----'--,-- _._--~_._- -

0.04 
0.020313 250.58 270.99 0.9156Sat. 0025621 246.79 267.29 0.9183 0.022683 248.85 269.26 09159 
0.020406 251.30 271.71 0.91790.023375 253.13 274.17 0.932740 0.027035 254.82 276.45 0.9480 
0021796 260.94 282.74 0.9525 0.020.024809 262.44 284.77 0.965050 0.028547 263.86 286.69 0.9802 

60 0.029973 272.83 296.81 1.0110 0.026146 271.60 2951.3 ,.0.9975 . 0.023068 270.32 293.38 0.9850 
70 0.031340 281.81 306.88 1.0408 0.027413 280.72 305.39 1.02~_ .··O/~9261 279.59 303.85 1.0160 

0.028530 289.86 315.63 1.0574 
90 0.033941 299.95 327.10 1.0981 
80 0.032559 290.84 316.97 1.0698 

0.029806 299.06 325.89 1.0860 
100 0.035193 309.15 337.30 1.1258 0.030951 308.34 336.19 1.1140 
110 0.036420 318.45 347.59 1.1530 0.032068 317.70 346.56 1.1414 
120 0037625 327.87 357.97 1.1798 0.033154 321.18 357.02 1.1684 
130 0.038813 337.40 368.45 1.2061 0.034241 336.76 367.58 1.1949 
140 0.039985 347.06 379.05 1.2321 0.035302 346.46 378.23 1.2210 
150 0.041143 356.85 389.75 1.2577 0.036349 356.28 389.00 1.2467 
160 0042290 366.76 400.59 1.2830 0.037384 366.23 399.88 1.2721 
170 0.043421 376.81 411.55 1.3080 0.038408 376.31 410.88 1.2972 
180 0.044554 386.99 422.6~ 1.3327 0.039423 386.52 422.00 1.3221 

---~_.--,.__.__._--_._.._._--_._-­
----_._----------------~--

F 140 ~,~f')a (T " - ::j:::.4C1"CI ___!~-_._1;'" ?.,.:,.1 r\~_~E __~_::~, ? CJi:..:"'. .____ - --_. --,_ ..-- ._--

Sat. 0016715 253.81 273.87 0.9130 0.014107 25637 276.12 0.9105 
50 0017201 257.63 27827 09267 
60 0.018404 267.56 289.6~ 0.9614 0.015005 264.46 28547 0.9389 
70 0019502 277.21 300.61 0.9938 0.016060 2/4.62 297.10 09733 
80 0.020529 286.75 311.39 1.0248 0.017023 284.:,1 30l1.34 1.005G 
90 0.021506 296.26 322.07 1.0546 0.017923 79428 31 ~).]7 1.0364 

100 0.022442 305.80 332.73 1.0836 0.018778 304.oJ :nruCJ U1661 
110 0.023348 315.38 343.40 1.J 118 0.019591 3U/f, 3.11.1 'J 1.1l44CJ 
120 0024228 325.03 354.11 1.1394 0.02CJ388 ]?~{5~1 J~l?(If) 1.1 :~30 

130 0.025086 334.77 364.88 11664 00211 :'0 3:n.41 :1(d.(V 1.1';04 
140 0.025927 344.61 375.72 1.1930 0021904 343.3~ 3/4.01 1.11/3 
150 0.02G753 354.55 386.66 1.7192 002263G 353.37 -·m~').()l 1./rnR 

160 0.027566 364.61 397.69 1.24'.9 0.023355 36301 .3%.2fj 1.//'H: 
170 0.028367 374.78 408.82 1.2703 CJ.024(1()] 373. /~) 40/AJ 1.:':)1)4 

180 0.029158 385.08 420.07 1.2954 0.024757 384.10 418./f. 1./80! 
._---_._--------.- ­

0.1)25398 288.86 314.25 1.045!l 
0.01.0.026492 298.15 324.64 1.07A8 750 

0.027552 307.51 335.06 1.1031 
0028584 316.94 345.53 1.1308 

FIGURA A-140.029592 326.4 7 356.06 1.1580 
0.030581 336.11 366.69 1.1846 Diagrama P-h para el refrigerante 134a. 
0031554 345.85 377.40 1.2109 
0032512 355.71 388.22 1.2368 Now: EI punro de referenda utilizado par" ln grafica cs difcrcntc al cnjplcado en las tablas de R-134.1. Por 10 ranro.Tos problemas dcbcrdn tcsolvcrsc 

0.033457 365.70 399.15 1.2623 utili lando rodos los datos de propicdack-s o/lh'lIitfo\, ya sea de fa.. tabla-, o de 1<1 grafica, pero no de ambas 

0.034392 375.81 410.20 1.2875 Rcimpr('Sfl COf!autoritncion df lu Alm"ricall Socictv oj Ih"llti'lg. Rf'!ngaatillg and Air-Conditioning E"giru'('n. Inc., At/nl/w. (/('orgid. 

0.035317 386.04 421.36 13124 
-~_._-~-----_._-,-~-----_. 

P - l.E,':1 :\~F';~ (7 ~,7 ~ -,"CI 
---.-._-_.-----_._-. 

0012123 25847 277.86 0.9078 

0.012372 7GO.fl9 280.69 0.9163 
0.013430 271.76 293.25 0.9535 
0.0 1436:~ 282.09 :10~,.O7 0.9875 
O.OJ S)! ~ 297.11 316.52 1.0194 
0.01(,014 307.14 3?l.76 1.0500 
0016'171 317.07 338.91 1.0795 
o.ol/~)OO :177.07 35(1.02 1.1081 
001 R:'1l1 332.00 %1.12 11360 
0.0 I HKfl? 342.0'> :10.26 1.16:12 
(J.Or9~)t1;1 :V,?ll 3R3.44 1.1900 
O.(L)()19·1 'Jf,2:11:: 394.09 1.2163 
nn;'ClWW ~\I;J.r/) 406.02 1.2471 
n.lJ~) I 4(1(, 'JKJ 11 417.4·1 1.7676 

.....­
\'...J 



TABLA A.2S1 Propiedades termodindmicas del amoniaco 
TABLA A.2.IS1 Amoniaco saturado (unidades Sf) 

Presion Volume" especifico, m~lkg Entalpfa, kJlkg Entr-opfa, kJlkg K 

Temp. 
'C 

abs. 
kPa, 

p 

Liquido 
saturado 

vI 

Evap, 

vh: 

Vapor 
saturado 

Liquido 
saturadn 

hi 

Vapor 
saturado 

,,~ 

Liquido 
saturado 

.1'1 

Evap, 

.1'/• 

Vapor 
saturado 

s. 

-50 40.86 0.001424 2.62524 2.62667 -43.76 1416.34 1372.57 ·-0 1916 

-48 45.94 0.001429 2.35297 2.35440 -35.04 1410.95 1375.90 -rJ1528 

-46 5L52 0.001434 2.! 1359 2.11503 -26.31 1405.50 1379.19 -0.:1142 

-44 57.66 0.001439 1.90262 1.90406 -17.56 \400.00 1382.44 '-0:0759 

-42 64.38 0'.001444 171625 171769 -8.79 . 1394.44 1385.65 -0.0378 

-40 71.72 0.001450 1.55124 \.55269 o i388.82 1388.82 . o 
-38 79.74 0.001455 1.40482 1.40627 . 8.81 1383.13 139\.94 00376 

-36 88.48 0.001460 \.27461 1.27607 17.64 1377.39 139503 OJJ749 

-34 97.98 0.001465 l.15~57 116004 2649 137158 1398.07 0.1120 

-32 108.29 0.001471 1.054% 1.05643 35.36 136570 1401.06 0.1489 

-30 119.46 0.001476 0.46226 0.96374 44.26 1359.76 1404.01 0.1856 

-28 131.54 0.001482 0.87916 0.88064 5317 . 1353.74 1406.92 0.2220 

-26 144.59 0.001487 0.80453 0.80602 62.11 1347.66 1409.77 0.2582 

-24 158.65 0.001493 0.73738 0.73887 7107 1341.51 \412.58 0.2942 

-22 173.80 0.001498 0.67685 067835 80.05 1335.29 1415.34 0.3301 

-20 190.08 0.001504 0.62220 0.62371 89.05 1329.00 141805 0.3657 

-18 207.56 0.001510 0.57277 0.57428 98.08 1322.64 1420.71 0.4011 

-16 226.29 0.001516 U.52800 0.52951 10/.12 13\6.20 1423.32 0.4363 

-14 246.35 0.001522 0.48737 0.48889 116.19 1309.68 1425.88 0.4713 

-12 267.79 0.001528 0,45045 0.45197 '125.29 1303.09 1428.38 0.5061 

-to 290.67 0.001534 0.41684 0.41837 134.41 1296.42 1430.83 05408 

-8 315.08 0.001540 038621 0.38775 143.55 1289.67 143322 n.S753 

-6 341.07 0.001546 0.35824 0.35979 152.72 1282.84 1435.56 06095 

I -4 368.72 0.001553 0.33268 0.33423 161.91 1275.93 1437.84 0.6437 

398.10Li-~ 0.001559 0.31084(U0Y28~_~ 171.12 ~ 1268.94 1440.06 0.6776 

6.3470 

6.2666 

6.1875 

6.1095 

6.0326: 

5.9568 

5.8820 

5.8082 

5.7353 

5.6634 

5.5924 

5.5223 

5.4530 

5.3846 

53170 

5.2501 

5.1840 

5.1187 

5.0541 

4. INOI 

4.9269 

4.8642 

4.8023 

4.7409 

6.1553 

6.1139 

6.0733 

6:0336 

5.9948 

5.9568 

5.9 }% 

5.8831 

5.8473 

5.8123 

5.7780 

5.7443 

5.71\3 

5.6n8 

5.6470 

5.6158 

5.5851 

5.5550 

5.5254 

5.4963 

5,4676 

5,4395 

5,4118 

53846 

4.6801 5.3577~~__----, 

•
 

reS i61l	 Entalpin, k.Jn<g Entropia , kJ!k~ K 

~abs. Liquido Vapor Liqulde Vapor Liquido Vapor
 
Temp. kPa, saturado saturado saturado saturado saturado saturado
 

,'C P v, ilf	 iI. 

o 0.001566 0.28783	 !80.36 126\.86 1442.22 (>.7114 4.61\)0 5..13! 3 

0.00157:1 0.268 I 5 O.2(,l)";':; 189.63 , 254.69 1444.32 0.7450 4.56U.1 5.3053
 
4 0.001579 0.25005 0.2:'163 198.93 1247.43 144635 0.7785 ..l.501~ 5.2796
 

6 534.39 0.001586 023341 U.2349'1 208.25 1240.08 1448.32 08118 4.4426 '.2~43
 

8 573.54 0.001593 0.21807 217.6U 1232.63 1450.23 IJ.8449 43845
 

10 614.87 U.001600 0.2IJ392 221>97 122510 \452.07 0.8779 4.3269
 

12 658.48 0.0016118 IJ.19IJ8(, /).19247 1217.46 1453.84 IJ.9108 4.2698'
 

14 704,43 000161' O.liS'S 0.18040 245.81 1209.72 /45553 U.9435 42131
 
1(> 752.81 0.001 (,23 O.167hl 0.\6923 ~55.2X 1201.88 1457.1() 0.9760 4.1568
 
18 803.71 (HIOI (,30 U.! :'125 0.15888 26477 11'13.94 1458.71 1.0085 4.1001)
 

20 X57.22 0.001638 0147(,4 0.14928 274.30 1185.89 1460.18 1.0408 4.0455
 
22 913.41 O.UD ~ 64(, O.DX"':: 0.14037 283.85 1177.73 141>1.58 IJ)730 3.9904
 

24 11.(101654 0.13043 0.1.1208 2<)3.44 I 1(,9.45 1462.89 1.1050 3.9357 ~o~c
 

1034.21 0.11111 (,I,., 0.12272 0.12438 30301 111,\.U6 146413 1.1370 3.8813 . 5.0182
 

1099.00 0.OOI6?1 0.11553 O.i 1720 312.72 1152.55 1465.27 . l.l (.88 38272 4.9960
 

30	 116683 0.001680 0.10883 0.11051 322.42 114392 1466.33 1.2005 3.7735 4.9740
 

1237.80 0.001688 0.10258 0.10427 3.12.14 1135.1 () 1467.30 1.2321 3.7200 4.9521
 

1312.00 0.001697 0.0l)675 0.09845 34\.9\ 1126.27 1468.17 1.2l>35 3.6669 4.93U4
 

1389.52 0.001707 0.09129 0.09300 351.7 , 1117.25 1468.95 1.2949 36140 4.9089
 

.IX 1470.46 0.00171(, 0.08(,19 008790 36\.55 1108.09 1469.64 1.32l>2 3.5613 4.8875
 

40 1554.92 0.001725 0.08141 0.08313 371,43 1098.79 1470.22 13574 3.50SS 4.1-:(,62
 

42 1642.98 O.l)O!?'5 0.07(,93 O.078M 381.35 1089.34 1470.69 1.3885 3.4506 4.8451
 

44 1734.75 0.001745 0.07272 0.07447 391.3 1 107975 147\.U6 1.4195 3,4045 4.X240
 

46 I x30.33 O.OO! 755 (UI6878 0.01053 401.32 1070.00 1471.32 14504 4.8030 /
 

48 1921).X~ O.0017M 0.06'07 0.06684 41l.38 1060.09 1471.46 1.4813 3.3009 47822
 

50 2033.32 IUIO1777 (UlbI5<) 0.0(".'6 421.48 1050.01 1471.49 1.5121 3.2493 47613
 

• .... .... 



TABLA A.2.2S1 Amoniaco sobrecalentado (unidades 51) 

Presion abs. 
kPa, 

(T saturaciom -20 -10 o 10 20 

Temperatura. 'C 

30 40 50 60 70 80 100 

50 

(-46.53) 

h 

s 

24463 

1434.6 

6.31 ~7 

2.5471 

1455.7 

64006 

2.6474 

1476.9 

6.4795 

2.7472 

1498.1 

6.5556 

2.8466 

1519.3 

6.6293 

2.9458 

1540.6 

6.7008 

30447 

1562.0 

6.7703 

3.1435 

1583.5 

6.8379 

3.2421 

1605.1 

6.9038 

3.3406 

1626.9 

6.9682 

3.4390 

1648.8 

7.0312 

75 

(-39.16) s 

1.6222 

1431.7 

6.1120 

1.6905 

1453.3 

6.1954 

1(582 

1474.8 

6.2756 

1.8255 

1496.2 

63527 

1.8924 

1517.7 

6.4272 

1.9591 

1539.2 

6.4993 

2.0255 

1560.7 

6.5693 

2.0917 

1"82.4 

6.6373 

2.1577 

1604.1 

6.7036 

f·2237 

\ 626.0 

0.7683 

2.2895 

1648.0 

6.8315 
• 

100 

(-33.59) 

h 

s 

1.2101 

1428.~ 

5.9626 

1.2621 

1450.8 

6.0477 

1.3136 

1472.6 

6.1291 

1.3647 

1494.4 

6.2073 

14153 

1516.1 

6.2826 

1.4657 

1537.7 

6.3553 

1.5158 

1559.5 

6.4258 

1.5658 

1581.2 

6.4943 

1.6156 

1603.1 

6.5609 

1.6652 

1625.1 

6.6258 

1.7148 

1647.1 

6.6892 

1.8 I 37 

1691.7 

6.8120 

125 

(-29.06) 

h 

s 

0.9627 

1425.9. 

5.8446 

1.0051 

1448.3 

5.9314 

1.0468 

1470.5 

6.0141 

1.0881 

14925 

6.0933 

1.1290 

1514.4 

6.1694 

1.1696 

1536.3 

6.2428 

1.2100 

1558.2 

6.3138 

1.2502 

1580.1 

6.3827 

1.2903 

1602.1 

6.4496 

1.3302 

1624.1 

6.5149 

1.3700 

1646.3 

6.5785 

1.4494 

1691.0 

6.7017 

150 

(-25.21) 

h 

s 

0.7977 

1422.9 

5.7465 

0.8336 

1445.7 

5.8349 

0.8689 

1468.3 

5.9189 

09037 

1490.6 

5.9992 

0.9381 

1512.8 

6.0761 

0.9723 

1534.8 

6.1502 

1.0062 

1556.9 

6.22\7 

1.0398 

1578.9 

6.2910 

1.0734 

1601.0 

6.3583 

1.1068 

1623.2 

6.4238 

1.140 I 

1645.4 

6.4877 

1.2065 

1690.2 

6.61\2 

ZOIl 

(_. IS.85) 

II 

s 

0.6193 

1440.6 

5.6791 

06465 

1463.8 

5.7659 

0.6732 

1486.8 

5.8484 

0.6995 

15094 

5.9270' 

0.7255 

1531.9 

6.0025 

0.7513 

1554.3 

6.0751 

0.7769 

1576.6 

6.1453 

0.8023 

1598.9 

6.2133 

0.8275 

1621.3 

6.2794 

0.8527 

1643.7 

6.3437 

0.9028 

1688.8 

6.4679 

250 

(-13.65) 

II 

s 

04905 

1435.3 

5.5544 

0.5129 

1459.3 

5.6441 

05348 

1482.9 

5.7288 

0.55(13 

15060 

5.8093 

0.5774 

1529.0 

5.8861 

0.5983 

1551.7 

5.9599 

0.6190 

1574.3 

6.0309 

0.6396 

1596.8 

6.0997 

O.MOO 

1619.4 

6\663 

0.6803 

1641.9 

6.2312 

0.7206 

1687.3 

6.3561 

300 

\ -9.22) 

II 

0.4238 

1454.7 

5.5420 

0.4425 

1478.9 

5.6290 

0.4608 

1502.6 

5.7113 

0.4787 

1525.9 

5.7896 

0.4964 

1549.0 

5.8645 

0.5138 

1571.9 

5.9365 

0.5311 

1594.7 

6.0060 

0.5483 

1617.5 

6.0732 

0.5653 

1640.2 • 

6.1385 

0.5992 

1685.8 

6.2042 

r 
~';:··'i r; n ~"•. 

kJ'". 
(T saluracit;n) 

v 

350 h 

(-5.34) 

400 h 

(-1.87) s 

-20 -10 o 

0.3601 

1449.9 

5.4532 

0.3\23 

1445.1 

5.3741 

10 

0.3765 

1474.9 

5.5427 

0.3270 

1470.7 

5.4663 

20 

0.3925 

1499.1 

5.6270 

0.34\3 

1495.6 

5.5525 

30 

04081 

\522.9 

5.7068 

0.3552 

1519.8 

5.6338 

40 

0.4235 

1546.3 

5.7828 

0.3688 

1543.6 

5.7111 

50 

0.4386 

\569.5 

5.8557 

0.3823 

1567.1 

5'.7850 

60 

0.4536 

1592.6 

5.9259 

0,3955 

1590.4 

5.8560 

70 

0.4685 

1615.5 

5.9938 

0.4086 

1613.6 

5.9244 

110 

0.4832 

\638.4 

6.0596 

0.4216 

\636.7 

5.9907 

100 

0.5124 

1684.3 

6.\860 

0.4473 

16828 

6.1179 

450 
( 1.27) 

500 

( 4.\5) 

II 

h 

20 

0.2695 

1488.3 

5.4244 

30 

0.2810 

\513.5 

5.5090 

40 

0.2923 

1538.1 

5.5889 

0.2885 

1466.5 

5.3972 

50 

0.3033 

1562.3 

5.6647 

0.3014 

1492.0 

5.4855 

60 

0.3141 

1586.1 

5.7373 

0.3140 

1516.7 

5.5685 

70 

0.3248 

1609.6 

5.8070 

0.3263 

1540.9 

5.6470 

80 

0.3353 

1633.1 

5.8744 

0,3384 

1564.7 

5.7219 

100 

0.3562 

1679.8 

6.0031 

0.3503 

1588.2 

5.7936 

120 

0.3768 

1726.6 

6.1253 

0.3620 

1611.6 

5.8627 

140 

0.3972 

1773.8 

6.2422 

0,3737 

1634.9 

5.9295 

160 

0.3967 

1681.3 

6.0575 

180 

600 

( 9.29) 

h 

0.2215 

1480.8 

5.3156 

0.2315 

1507.1 

5.4037 

0.2412 

1532.5 

5.4862 

0.2506 

1557.3 

5.5641 

0.2598 

1581.6 

5.6383 

0.2689 

1605.7 

5.7094 

0.2778 

1629.5 

5.7778 

0.2955 

1676.8 

5.9081 

0.3128 

1724.0 

6.0314 

0.3300 

1771.5 

6.1491 

700 
(13.81) 

II 

s 

0.1872 

1473.0 

5.2196 

0.196\ 

1500.4 

5.3115 

0.2046 

1526.7 

5.3968 

0.2129 

1552.2 

5.4770 

0.2210 

1577.1 

5.5529 

0.2289 

1601.6 

5.6214 

0.2367 

1625.8 

5.6949 

0.2521 

1673.7 

5.8268 

0.2671 

1721.4 

5.9512 

0.2819 

1769.2 

6.0698 

800 

(17.86) 

900 

(21.53) 

1000 

(24.91) 

II 

s 

h 

s 

v 

h 

s 

0.1614 

1464.9 

5.1328 

0.1695 

1493.5 

5.2287 

0.1487 

1486.5 

5.1530 

0.1321 

1479.1 

5.0826 

0.1772 

1520.8 

5.3171 

0.1558 

1514.7 

5.2447 

0.1387 

150~.5 

5.1778 

0.1846 

1547.0 

5.3996 

0.1626 

1541.7 

5.3296 

0.1450 

1536.3 

5.2654 

0.1919 

1572.5 

5.4774 

0.1692 

1567.9 

54093 

0.1511 

1563.l 

5.3471 

0.1990 

.\597.5 

5.5513 

0.1756 

1593.3 

5.4847 

0.1570 

1589.1 

5.4240 

0.2059 

1622.1 

5.6219 

0.1819 

1618.4 

5.5565 

0.1627 

1614.6 

5.4971 

0.2195 

1670.6 

5.7555 

0.1942 

1667.5 

5.6919 

0.1739 

J664.3 

5.6342 

0.2328 

1718.7 

5.8811 

0.2061 

1716.1 

5.8187 

0.1848 

1713.4 

5.7622 

0.2459 

1766.9 

6.0006 

0.2179 

1764.5 

5.9389 

0.1955 

1762.2 

5.8834 

0.2589 

18\5.3 

6.1150 

0.2295 

1813.2 

6.0541 

0.2060 

J811.2 

5.9992 

0.2164 

1860.5 

6.110" 

• 

I ~ 



TABLA A.2.2S1 (Continuaclon) Amoniaco sobrecalentado (unidades SlY 

Presion abs, Temperatura.fC
 
kPa,
 

(T saturacioni 40 60 70 80 100 120 140 160 180 200 220
 • 
0.1129 0.1 1~5 0.123~ 0.1289 0.1339 0.1435 0.1527 0.1618 0.1707 0.1795
 

1200 II 1495.4 1525.1 15"3.3 15805 1606.R 16580 1708.0 1757.5 1807.1 1856.9
 

( 30.95) 5.0564 5.1497 5.2357 5.3159 5.3916 5.5325 5.6631 5.7R60 5.903'1 6.0156 

0.0943 0.0994 0.1042 0.1088 0.1132 0.1217 0.1299 0.1378 0.1455 0.1532
 

1400 II 1481.6 1513.4 1543.1 1571.5 1598.8 1651.4 1702.5 1752.8 1802.9 1853.2
 

( 36.26) 4.9463 5.0462 5137D 5.2209 5.2994 5.4443 5.5775 57023 5.8208 5.9343 

0.0851 00895 0.0937 0.0977 0.1'054 0.1127 D.1197 0.1266 0.1334
 

1600 II 1501.0 15325 1562.3 1590.7 1644.8 1696.9 1748.0 1798.7 1849.5
 

( 41.03) 4.9510 50472 5.1351 5.2167 5.3659 5.5018 5.6286 5.7485 5.8631 

0.0738 0.0780 0.0819 0.0857 0.0927 0.0993 0.1057 0.1119 0.1180
 

IROO II 1487.9 1521.4 1552.7 1582.2 1638.0 1691.2 [743.1 1794.5 1845.7
 

( 45.37) 4.8614 4.9637 50561 5.141D 5.2948 5.4337 :\.:'624 5.6R38 57995 

0.0647 0.0687 0.0725 . 0.0760 0.0825 00~~6 00945 01002 01057
 

2000 h 1473.9 1509.8 1542.7 1573.5 1631.1 16855 1738.2 mO.2 1842.0
 

( 4936) 4.7754 4884~ 4.9821 5.0707 5.2294 5.3714 5.5022 5.6251 57420
 

( T/\OlJA A.3S1 Pr()pie~/"ade.\·lerl/ludil/(illlk:;;'~: d~(r~friK~~II(e--:J2-(di<:I(Jrodifluorollletano) 
TABLA A.3.ISI R-J2 saturado (unidades 81) i 

Volumcn especiflco, m-'/kg Entalpia, k.'/kg Entropla, kJ/kg K IPresion 
abs, Lf'luido Vapor Liquido Vapor Lfquido Vapor
 

Temp. MPa, saturado saturado saturado Evap, saturado saturado Evap. saturado
 
°C p vf v, /'f hf • h. ~f Sfg Sg' 

-90 0.00284 0000608 4.4149:17 4.415545 -43.284 189.748 146.464 -0.20863 1.03593 0.82730
 

-85 0.00424 0.000612 3.036704 ~.037316 - 39.005 187.737 148.731 -0.18558 0.99771 0.81213
 

-80 0.00617 0.000617 2.137728 2lJ8345 - 34721 \85.740 151.018 -0.16312 0.96155 0.79843
 

-75 0.00879 0.000622 1.537030 1537651 - 30.430 183.751 153.321 -0.14119 0.92725 0.78606
 

-70 0.01227 0.000627 1.126654 l.127~~O -26.128 181.764 155.636 -0.11977 0.89465 0.77489
 

-65 0.01680 0.000632 0.840534 0.841166 -21.814 , 179.774 J57.960 -0.09880 0.86361 0.76480 .
 

-60 0.02262 0.000637 0.637274 0.637911 -[7.485 177.775 160.289 -0.0782" 0.83397 0.75570
 

-55 0.02998 0.000642 0.490358 0.491000 -13.141 175.762 162.621 -0.05815 0.80563 0.74748
 

-50 0.03915 0000648 0382457 0.383105 -8.779 173.730 164.951 -0.03841 0.77848 0."400,
 

-45 0.05044 0.000654 0.302029 0.302682 -4.400 171.676 167.27b -0.01903 0.75241 0.7333:"
 

-40 0.06417 0.000659 0.241251 0.241910 o 169.595 1.69.595 o 0.72735 0.72735
 

-35 0.08071 0.000666 o 194732 0.195398 4.420 167.482 171.91J3 0.01871 0.70322 0.'72193
 

-30 0.10041 0.000672 0158703 0.159375 8.862 165.335 174.197 O.037!1 0.6'701.)3
 

-25 0.12368 0.000679 0.130487 0.131 [66 13.327 163.149 17('.476 O.05.:'~~ 0.65-·1:
 

- 20 0.15093 0.000685 0.108162 0.[08847 17.816 160')20 1787 ., (, 11.0,.106 0.63563 0.708(19
 

-15 0.18260 0.000693 0090326 0.091018 22.331 158.643 180.974 0.09063 0.61450 0.70513
 

-10 0.21912 0.000700 0075946 11.076646 26.874 156.314 183188 O.!O-% 059397 0.70194
 

-·5 0.26096 0.000708 0064255 0.064963 31.446 153.928 185.375 0.12506 0.57400 0.69907 

o 0.30861 0.000716 0.054673 0.055389 36.052 151.479 18'.53[ 0.14196 0.55453 0.69649
 

5 0.36255 0.000724 1J.()46761 IU)47485 40.694 148.%1 189.654 0.15865 0.53551 0.69416
 

10 0.42330 0.000733 0.040180 0.040914 45375 146.365 191.740 0.175[7 0.51689 0.69206
 

15 0.49137 0.000743 0.034671 0.03541J 50.100 143.(,84 J93.784 0.19154 0.49862 0.69015
 

20 0.56729 0.000752 0.030028 0.030780 54.:\74 140.909 IlJ5.7XJ 0.20777 0.48064 0.68841
 

25 0.65162 0.000763 0.026091 0.02b854 59.702 1:18.028 197.730 O.223RX 0.46292 0.68680
 

JO 0.74490 0.000774 00227:l4 0(2)5()& b4.592 135l)28 199.620 023991 0.44539 0.68530
 

J5 0.84772 0.000786 0.019855 0.020641 69551 131.8% 201.44(, 0.25587 0.42800 0:68~P
 

40 0.96065 0.000798 0.017373 0.018171 74.587 128.613 203.200 0.27179 0.41068 0.68248
 

45 1.08432 0.000811 0015220 0.01W32 79.712 125.160 204.872 0.28771 0.J9338 0.68109
 

50 1.2[932 0.000826 IUI13344 0.014170 1215 :4 2011.450 0.30366 0.37601 0.67967
 

55 1.3(,630 0.000841 0.01170 I IUI12542 '1 17.(,45 207.920 0.31%7 0.35849 ,0.67817
 

60 1.52592 0.000858 0.010253 O.IJII [II LJ5.7-U 113.521 209.264 0.3:;580 0.34073. 0.67653
 • 
65 1.69R84 0.0008n 0.008971 IJ.009847 101.J62 109.099 210.4611 (U5209 0.322(,2 0.67471 



TABI"A A.3S\(CO~tin~aciO~! Propiedades tcrmodincimicas del refrigerante-lZ tdiclorodifluorometaua;
 
TABLA A.3.ISI (Continuaclon) s.n saturado (unidades 51)
 

Volumen especlflco, m·l/kg Presion Entalpia, kJ/kg Entropia, kJ/kg K 
abs. Liquido Vapor Liquido Vapor Liquido VaporTemp. MPa, saturado Evap, saturado saturado Evap, saturadoof.: p saturado Evap. saturado


vf vf. v,
 iI,"f "f, Sf Sf, s, 
70 ISS:;7S 0000897 0.007S2S 0008725 107.155 10·13:'6 :' I US I O~(,S(ll 0.30401 0.6726:'
75 113.153 99.U6 212.:'88 o,s,.p
 :'OS745 o.ooovzo 0.00680:' 00077:'3 0.:'8474 0.6701780 :'.30460 0.000946 0.005S75 0.006S21 119394
 93437 212.832 OhO~6~ O:'M57 0.667:'2
85 :'.53802 0.000976 00050:'9 0.006005 1:'5.93:' 87.107 :'13.039 04:'040 0243:'0 •0.6636190 :'.78850 0.00101:' 0.00424(, 0.005258 13:'.841 79.961 21:'.802 0.43887 0.22018 0.659059:; 3.05689 O.QO 1056 0.003508 0004563 140.23:; 71.707 :'11.942· 0.45833 0.19477 065310100 3.34406 0.001113 000:'790 0.003903 148.314 61.810 :'10.1:'4 0.179:'8 0.16564 0.64492


105 3.65093 0.001197 00O:W45 0.003:'42
 157.521 49.047 :'0().:>68 0.50:'85 0.12970 0.63:'54
110 3.97846 0.001364 0.00109S 0.002462 169.550 :'8.444
 197.995 0.53334 0.07423 0.60758

112 4.11548 0.001792 0 0.001792
 I S3.418 0 183.418 0.56888 0 056888 

, TABI,A A.3.2SI (Continuaci6n) Refri/!erantc-12 sohrecalentado (lln/dadcs 81) 

Temp. .- 11 v
°C " kJ/kg K
m·l /kg kJ/kg kJ/kj! kJ/kg K mJ/kg kJ/kg K . 
0.05 MPa 0.10 Ml'a 0.15 MPa
 

-20 0.341859 181.170 0.7917:' 0.167702
 179.987 0.74064
 
-10 0.356228 186.889 0.81388
 0.175223 185.839 0.76331 0.1148:'6 184.753o (U70509 192.705 083557 0.182648 191.765 0.78541 0.119980 190.800

JO 0.384717 198.614 O.S5681 0.189995 197.770 0.80700 0.12:;0:;1 196.906
20 0.398864 204.617 0.87764 0.197:'77 203.855 0.g281:' o 130053 2030-­

30 0.412960 210.710 0.8980S
 0.:04507 210.018 0.84879 0.135{)(l0 209.3 :-: C'.Sl.:J:4 : 40 0.427014 216.891 0.91814 0.21] 602 216.262 0.86905 o 1399tHI C.33Y-) i50 0.441031 223.\60 0.93784 0.218839 222583 0.88892 0.14":~6' O.~59-:-5 !60 0.455018 229.512 0957:'0 0225956 228.982 0.90842 0.r94070 0.468980 235946 0.97!)23 0:':3045 :'15.457 0.92757 o. ''54391 o89X6780 0.482919 242.460 0.99494 0.240112 242.007 0.94638 0.159168 :':] .5~9 0.9175990 0.496839 249.050 1013:14 ~1.2'17160 248,629 0.96487 0.163926 248.204 0.93617 

Temp. 

°C 
v 

m'/kg 
h 

kJ/kg kJ/kg K 
v 

m'/kg 
II 

kJ/kg kJ/kg K 
.­

m:t,/kg 
h 

kJ·kg 
s 

kJ/kg K 

0.20 MPa 0.25 MPa 0.30'"iPa 

0 0.088609 189.805 0.73249 0.069752 188.779 0.71437 0.05'7150 18~.718 0.69894 
10 0.092550 196.020 0.75484 0.073024 195.109 0.73713 0.05998': 194.173 072215 

20 0.096419 202.281 0.77657 0.076219 201.468 0.75920 0.06T3S 200.636 0.74458 

30 0.100229 208.597 0.79775 0.079351 207.866 0,78066 0.065419 207.119 0.76633 

40 0.103990 214.971 0.81843 0.082432 214.309 0.80157 0.068049 213.635 0.78747 

50 0.107710 221.405 0.83866 0.085470 220.803 0.82198 0.070636 220.191 0.80808 

60 0.1 I 1397 227.902 0.85846 0.088474 227.351 0.84193 0.073186 226.793 0.82820 

70 0.115056 234.462 0.87786 0.091449 233.956 0.86147 0.075706 :33.~ O.S~7S'7 

80 0.118691 241.087 0.89689 0.094399 240.620 0.88061 0.078200 2':0.1~- 0.86-1 ~ 

90 0.122305 247.775 0.91556 0.097328 247.341 0.89937 0.0806~3 :.:D.9~ O. SS599 

100 0.125902 254.525 0.93390 0.100239 254.122 0.91779 0.083127 ~53."':6 0.9(4.:9 

110 0.129484 261.338 0.95191 0.103135 260.962 0.93588 0.085566 260.582 0.92265 i 

0.40 MPa 0.50MPa 0.60'"fPa 

20 0.045837 198.906 0.72043 0.035646 197.0n 0.70043 

30 0.047971 205577 0.74281 0.037464 203.963 0.72352 0.030422 :O~.263 C'.-:>IS-~ 

40 0.050046 212.250 0.76447 0.039215 210.810 0.74574 0.031966 20930­ '=I.-:~~~ 

50 0.052072 218.939 0.78549 0.040912 217.643 0.76722 0.033450 216.300 =1, -:: 62 

60 0.054059 225.653 0.80595 0.042566 224.479 0.78806 . 0.034887 223.26S --:~-

70 0.056014 232.401 0.82591 0.044185 231.330 0.80832 0.036286 23023 : t: -93..:.--: 

80 0.057941 239.188 0.84540 0.045775 238.206 0.82807 0.037653 237.20; =:. s:;~~ 

90 0.059846 246.017 0.86447 0.047341 245.112 0.84735 0.038996 244.188 = ~:.: ~~ 

100 0.061731 252.892 0.88315 0.048886 252.054 0.86621 0.040316 251.200 _' S~ :.. ~..: 

110 0.063601 259.815 0.90145 0.050415 259.035 0.88467 0.041619 258.242 ':1, ~ -.::,,: 

120 

130 

0.065456 

0.067299 

266.786 

273.806 

0.70 MPa 

0.91941 

0.93704 

0.051929 

0.053430 

266.057 

273.123 

0.80MPa 

0.90276 

0.92050 

0.042907 

0.044 I8 I 

265.3 I8 

272.43 I 

0.90MPa 

O.S,S~~'~ 

0.906-5 
~. 

e 
-
-

40 0.026761 207.732 0.71529 0.022830 206.074 0.70210 0.019744 204.320 0.68972 
.. 
~ 

50 

60 

70 

80 

90 

0.028100 214.903 0.73783 0.024068 

0.029387 222.017 0.7595 I 0.025247 

0.030632 229.099 0.78045 0.026380 

0.031843 :'36. ]71 0.80076 0.027477 

0.033028 243244 (I.S20'1 0.028545 
-------_._-~---------------------

213.446 

220.720 

227.934 

235.114 

~4:.~i9 

0.72527 

0.74744 

0.76878 

0.78940 
(}.~l)Q..1 : 

0.020912 

0.022012 

0.02306:' 

0.02407:1 
(1 0::'(1~' 

211.921 

219.373 

226.730 

234.028 
:..:.: .:~I_' 

0.71361 

0.73633 

0.75808 

0. 7790' 

~l ..... JQ:: 

;­
x 

~ 

• 
.....
-: 
-..J 



--

TABLA A.3.2SI (Continuaci6n) Refrigerante-Ti sobrecalentado (unidades Sf) 

Temp. 

'c 
v . 

m'/kg 

II 

kJ/kg 
S 

kJ/kg K 
V 

m'/kg 

0.70 MPa 

100 

110 

120 

130 

140 

150 

0.034189 

0.035332 

0.036459 

0.037572 

0.038673 

0.039765 

250.330 

257.436 

264.568 

271.730 

278.925 

286.155 

0.83976 

0.85855 

0.87693 

089492 

0.91254 

0.92984 

0.029588 

0.030612 

0.031619 

0.032612 

0.033592 

0.034563 

1.00 MPa 

50 

60 

. 0.018366 

0.019410 

:!lO.317 

217.970 

0.70259 

0.72591 

0.014483 

0.015463 

70 

80 

90 

100 

J 10 

120 

130 

140 

150 

160 

0.020397 

0.021341 

0.022251 

0.023133 

0.023993 

0.024835 

0.025661 

0.026474 

0.027275 

0.028068 

225.485 

::'32910 

240.2"':'3 

24c~12 

::'54.931 

262.246 

2(19.567 

::'76.901 

284.::'55 

291.632 

0.i4~14 

0.7~U4(' 

0-9'004 

0.80996 

OXu31 

084816 

0)<6655 

0.88452 

09021 ! 

0.91933 

0.016368 

0.017221 

0018032 

0.018812 

(1.01°56­

0.020301 

(1.0:10]8 

0.0::'1721 

0.02241 ~ 

00230Q3 

1.60 MPa 

70 

80 

90 

100 

110 

120 

130 

140 

150 

0.011208 

0.011984 

0.012698 

0.013366 

0.014000 

0.014608 

0.015195 

0.015765 

()()i6320 

216810 

225.344 

233.563 

241.575 

249.448 

257.225 

264937 

272.606 

2~u.2Su 

0.69641 

0.72092 

0.74387 

0.76564 

0.78646 

0.80649 

0.82586 

084465 

a.M6293 

0.009406 

0.010187 

0010884 

0.01 1525 

0.012l26 

0012697 

0.01.1244 

0013772 

0.014284 

II 
kJ/kg 

0.80 MPa 

149.443 

256.616 

263,g06 

271.019 

278.259 

285.529 

I.2~MPa 

206.813 

214.964 

222.851 

::'30.568 

238.171 

245.699 

253.180 

260.632 

268.072 

275.509 

282.952 

290.408 

1.80.MPa 

213.208 

222.363 

231.007 

239.332 

247.446 

255.417 

263.288 

271.090 

278.847 

kJ/kg K 

081887 

0.84784 

0.86636 

088448 

0.90221 

0.91960 

.	 0:68165 

0.70649 

0.72982 

0.75198 

0.77321 

0.79366 

0.81344 

0.83265 

0.85133 

0.86955 

0.88735 

0.90477 

0.67992 

0.70622 

0.73036 

0.75297 

0.77443 

0.79497 

0.81474 

0.83385 

0.85240 

l' 

m'/kg 

0.026')05 

002~937 

0.027852 

0.O2875~ 
0.02963~ 

0.030515 

6.012579 

0.013448 

0.014247 

0.014997 

0.015710 

0.016393 

0.017053 

0.017695 

0.018321 

0.018934 

0.019535 

0.008704 

0.009406 

0.010035 

0.010615 

0.011159 

0.011676 

0.012172 

0.012651 

h· s 
kJ/kg kJ/kg K 

0.90 MPa 

248.537 0.81901 

255.781 0.83817 

263.Q32 0.85685 

270.298 0.87510 

277.585 6.89295 

284.8'96 0.91043 

1.40 MPa 

211.613 0.68806 

219.984 0.71281 

228.059 0.73601 

235.940 0.75802 

243.692 0.77907 

25\.355 079934 

258961 0.81893 

266.530 0.83795 

274.078 0.85fh.4 

281.618 0.8744~ 

289.158 0.89::'08 

2.00 MPa 

219.024 '\69'~: 
, 

228.226 r).""!: -: 3 

236.936 O.7~O"9 

245.336 076300 ! 
253.528 0.78411 

261.577 0.80433 

269.526 0.82380 

277.405 0.84265 

-..l 
-..l 

•
00 

;J> 
~ z 

~ 
;J> 

Temp. 
'c 

160 

170 

180 

90 

100 

110 

120 

130 

140 

J50 

160 

170 

180 

190 

200 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

v 

m'/kg 
h 

kJ/kg 

\.60 MPa 

0.016864 

0.017398 

0.017923 

28H80 

295.506 

303.J 36 

2.50 MPa 

0.006595 

0.007264 

0.007837 

0.008351 

0.008827 

0.009273 

0.009697 

0.010104 

0.010497 

0.010879 

0.011250 

0.0116\4 

219.736 

230.029 

239.453 

248.379 

256.986 

265.377 

273.616 

281.748 

289.802 

297.802 

305.764 

313.701 

4.00 MPa 

0.003736 

0.004325 

0.004781 

0.005172 

0.005522 

0.005845 

0.006147 

0.006434 

0.006708 

0.006972 

0.007228 

0.007477 

225.180 

238.691 

249.930 

260.124 

269.710 

278.903 

287.825 

296.552 

305.136 

313.614 

322.013 

330.352 
- -­

s 
kJ/kg K 

0.88076 

0.89816 

0.91519 

0.68284 

0.71081 

0.73573 

0.75873 

0.78035 

0.80091 

0.82062 

0.83961 

0.85799 

0.87584 

0.89322 

0.91018 

0.67769 

0.71 \64 

0.739J 8 

0.76357 

0.78596 

0.80694 

0.82685 

0.84590 

0.86424 

0.88197 

0.899l7 

0.91592 

v 
m'/kg 

0.0\4784 

0.015272 

0.015752 

-

0.005231 

0.005886 

0.006419 

0.006887 

0.007313 

0.007709 

0.008083 

0.008439 

0.008782 

0.009J 14 

0.009436 

0.001369 

0.002501 

0.003139 

0.003585 

0.003950 

0.004268 

0.004555 

0.004821 

0.005071 

0.005308 

0.005535 

0.005753 

h 
kJ/kg 

1.80 MPa 

286.574 

294.284 

301.988 

3.00 MPa 

-

220.723 

232.256 

242.398 

251.825 

260.818 

269.521 

278.024 

286.384 

294.640 

302.820 

310.946 

5.00 MPa 

176.303 

216.458 

235.004 

248.416 

259.910 

270.400 

280.276 

289.740 

298.916 

307.882 

316.690 

325.380 

s 
kJ/kg K 

0.87045 

0.88805 

0.90524 

0.67755 

0.70806 

0.73420 

0.75788 

0.77991 

0.80072 

0.82059 

0.83967 

0.85809 

0.87594 

089330 

0.54710 

0.64811 

0.69359 

0.72568 

075253 

0.77648 

0.79851 

0.81917 

0.83877 

0.85753 

0.87557 

0.89301 

v 

m3 /kg 

0.013116 

0.0135~0 

0.014013 

-

-

0004324 

0.004959 

0.005456 

0.005884 

0.006270 

0.006626 

0.006961 

0.007279 

0.007584 

0.007878 

II 
kJ!kg 

2.l)fJ \~P~ 

s 
kJ/kg K 

:~5.23'7 

::'93.037 

300.819 

0.86094 

0.87874 

0.89611 

350 MFa 

- -
- -

222.360 

235.086 

245.865 

::'55.728 

265.053 

274.027 

282759 

291.319 

299.752 

308.092 

0.67559 

0.70840 

0.73548 

0.75965 

0.78\95 

0.80291 

0.82284 

0.84194 

0.86035 

0.87816 

•
 

I 



I 
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L 

TABLA AAS! Propiedades termodindmicas del refrigerantc-Ts (clorodifluorometanm 
TABLA AA.lSI Refrigerante-Tl saturado (unidades Sf) 

Presion Entalpia. kJ/k~Volumen especfflco, mJ/kg 

abs, Liquido Vapor Liquido VaporTemp. MPa. saturado EVlIp. saturado saturado Evap. saturado'C p 
"gVf vII: V. Irf "fg 

-70 0.0205 0.000670 0.940268 0.940938 -30.607 249.425 218.818 
-65 0.0280 0.000676 07054720704796 -25.658 246.925 221.267 
-60 0.0375 0.000682 0.536470 0.537152 -20.652 244.354 223.702 
-55 0.0495 0.000689 0.414138 0.414827 -15.585 241.703 226.117 
-50 0.0644 0.000695 0.323862 0.324557 -10.456 238.965 228.509 
-45 0.0827 0.000702 0.256288 0256990 -5.262 236.132 230.870 
-40 0.1049 0.000709 0.205036 0.205745 0 233.198 233.197 
-35 0.1317 0.000717 0.165683 0.166400 5.328 230.156 235.484 
-30 0.1635 0.000725 0.135120 0.135844 10.725 227.001 237.726 
-25 0.2010 0.000733 0.111126 0.111859 16191 223.727 239.918 
-20 0.2448 0.000741 0.092102 0.092843 21.728 220.327 242.055 
-15 0.2957 0.000750 0.076876 0.077625 27334 216.798 244.132 
-10 0.3543 0.000759 0064581 0.065340 33.012 213.\32 246:144 
-5 0.4213 0.000768 0.054571 0.055339 '38.762 209.323 248.085 

0 0.4976 0.000778 0.046357 0.047135 44.586 205.364 249.949 
5 0.5838 0.000789 0.039567 0.040356 50.485 201.246 251.731 

10 0.6807 0.000800 0.033914 0034714 56.463 196.960 253.423 
IS 0.7891 0.000812 0.D29176 0.029987 62.523 192.495 255.018 
20 0.9099 0.000324 0.025179 0.026003 68670 187.836 256.506 
25 1.0439 0.000838 0.021787 0.022624 74.910 182.968 257.877 
30 1.I919 0.000852 0.018890 0.019742 81.250 177.869 259.119 
35 1.3548 0000867 0.016401 0.017269 87.700 172.516 260.216 
40 1.5335 0.000884 0.014251 0.015135 94.272 166.877 261.149 
45 1.7290 0000902 0.012382 0.013284 100.982 \60914 261.896 
50 1.9423 0.000922 0.010747 0.011669 107.851 154.576 262.428 
55 2.1744 0000944 0009308 0.010252 114.905 147.800 262.705 
60 2.4266 0.000969 0.003032 (LOU9OOl 122.180 140.497 262.678 
65 2.6999 0.000997 0.006890 0.007887 129.729 132.547 262.276 

---_.-- _-..------~---.-_.¥_.- -_.---

Vclumcn especfflco, mJlkg Entalpta, k.JlkgPresion 
abs. Liquido Vapor Liquido " 

Temp. MPa. saturado Evap. saturado saturado Evap. 
'C P vf VII: v. "f "fK 

70 2.9959 0.001030 0.005859 0.006889 137.625 123.772 

75 3.3161 0.001069 0.004914 0.005983 145.986 113.902 

80 3.6623 0.001118 0.004031 0.005\49 155.011 102.475 

85 4.0368 0.001183 0.003175 0.004358 165.092 88.598 

4.4425 0.001282 0.002282 0.003564 177.204 70.037 

4.8835 0.001521 0.001030 0.002551 196.359 34.925 

4.9773 0.001906 0 0.001906 212.546 019::~0~6_~~~_=~:-_-..::.... ......:::.::..=..:..:..::..::..._-=-:..::-....:.­

Vapor 
saturado 

Ill: 

261.397 

259.888 

257.486 

253.690 

247.241 

231.284 

212.546 ~----==-==== 
r ABLA A.4.2SI Refrigerante-22 sobrecalentado (unidades SIJ 

°C m'/kg kJ/kg" kJ/kg K 
Temp. v s 

0.05 MPa 

-40 0.440633 234.724 1.07616 

-30 0.460641 240.602 \.]0084 

-20 0.480543 246.586 1.J2495 

-10 0.500357 252.676 1.14855 

0 0.520095 258.874 1.J7\66 

10 0.53977\ 265.180 1.19433 

20 0.559393 271.594 1.21659 

30 0.578970 278.115 1.23846 

40 0.598507 284.743 \.25998 

50 0.618011 291.478 1.28114 

60 0.637485 298.319 1.30199 

70 0.656935 305.265 1.32253 

80 0.676362 312.314 1.34278 

90 0.695771 319.465 1.36275 

0.20MPa 

-20 0.115203 243.140 0.98184 

-10 0.120647 249.574 1.00676 

I 
0 0.\26003 256069 l.03098 

[0 0.131286 262.633 1.05458 

v 
mJ/kg 

0.: 16331 

0226754 

0.237064 

0.247279 

0.257415 

0.267485 

0.277500 

0.287467 

0.297394 

0.307287 

0.317149 

0.326986 

0.336801 

0.346596 

-

0.095280 

0.099689 

0.104022 

"kJ/kg 

0.10 MPa 

233.337 

239.359 

245.466 . 

251.665 

257.956 

264.345 

270.831 

277.416 

284.101 

290.887 

297.772 

304.757 

311.842 

319.026 

0.25 MPa 

-
248.492 

255.097 

261.755 

s 
kJ/kg K 

1.00523 

1.03052 

1.05513 

1.07914 

1.10261 

1.12558 

1.14809 

1.17017 

1.1918'7 

1.21320 

1.23418 

1.25484 

1.27519 

l.29524 

-

0.98231 

1.00695 

1.03089 

,­
m'/kg 

-

0.148723 

0.155851 

0.162879 

0..169R23 

0.176699 

0.183516 

0.190284 

0.197011 

0.203702 

0.210362 

0.116997 

0.223608 

0.230200 

-
0.078344 

0.082128 

0.085832 

"kJlkg 

0.15 \ti'a 

-
238078 

244.319 

250.631 

25'7022 

263.496 

270.057 

276.709 

283.452 

290.289 

297.220 

304.246 

311.368 

318.584 

0.30 MPa 

-
247.382 

254.104 

260.861 

s 
kJ/kg K 

-
0.98773 

1.01288 

1.03733 

l.06116 

1.08444 

1.10721 

1.12952 

1.15140 

l.17289 

1.19402 

l.21479 

1.23525 

1.25540 

-
0.96\70 

0.98677 

1.01106 • 
• 



TABLA AA.2S1 Refrigerante-Li sobrecalentado i unidades :',1) 

Temp. v s v v
 
°C m'/kg " kJ/kgK m'/kg kJ/kg" kJ/kg K m'/kg " kJ/kg K i
kJ/kg kJ/kg 

I
0.20 tv!Pa 0.25 MPa 0.30 MPa I 

20 0.136509 269.273 1.07763 0.108292 268.476 1.05421 0.089469 26-7.667 1.03468
 

30 0.141681 275.992 1.10016 0.112508 275.267 1.07699 0.093051 274.531 1.05771
 

40 0.146809 282.796 1.12224 0.116681 282.132 1.09927 0.096588 281.460 1.08019
 
...... 
ee50 0.151902 289.686 1.14390 0.120815 289.076 1.12109 0.100OS5 288:460 1.10220 

• 
tv 

60 0.156963 296.664 1.16516 0.124918 296.102 I: 14250 0.1035-~0 295.535 1.12376
 

70 0.161997 303731 1.18607 0.128993 303.212 1.16353 0.1069.86 302.689 1.14491
 

80 0.167008 310.890 1.20663 0.133044 310.409 1.18420 0.110399 309.924 1.16569
 

90 0:171999 318.139 1.22687 0.137075 317.692 1.20454 0.113790 317:241 1.18612
 

100 0.176972 325.480 1.24681 0.141089 325.063 1.22456 0.117164 324.643 1.20623
 

110 0.181931 332.912 1.26646 0.145086 332.522 1.24428 0.120522 332.129 1.22603
 

0.40 MPa •• 0.50 MPa 0.60 MPa 

0 0.060131 252.051 0.95359
 

10 0.063060 259.023 0.97866 0.049355 257.108 0.95223 0.040180 255.109 0.92945
 

20 0.065915 266.010 1.00291 0.051751 264.295 0.97717 0.042280 262.517 0.955 I7
 

30 0.068710 273.029 1.02646 0.054081 271.483 1.00128 0.044307 269.888 0.97989
 

40 0.071455 280092 1.04938 0.056358 278.690 1.02467 0.046276 277.250 1.00378
 

50 0.074160 287.209 1.07175 0.058590 285.930 1.04743 0.048198 284.622 1.02695
 

60 0.076830 294.386 1.09362 0.060786 293.215 1.06963 0.050081 292.020 1.04950
 

70 0.079470 301.630 1.11504 0.062951 300.552 1.09133 0.051931 299.456 1.07149
 

80 0.082085 308.944 1.13605 0.065090 307.949 1.11257 0.053754 306.938 1.09298
 

90 0.084679 316.332 1.15668 0.067206 315.410 1.13340 0.055553 314.475 1.11403
 

100 0087254 323796 1.17695 0.069303 322.939 1.15386 0.057332 322.071 1.13466
 

110 0.089813 331.339 1.19690 0.071384 330.539 1.17395 0.059094 329.731 1.15492
 

120 0.092358 338.961 1.21654 0.073450 338.213 1.19373 0.060842 33i458 1.17482
 

130 0.094890 346.664 123588 0.075503 345.963 1.21319 0.062576 345.255 1.19441
 

0.70 MPa 0.80 MPa 0.90MPa 

20 0.035487 260.667 0.93565 0030366 258.737 0.91787 0.026355 256.713 0.90132
 

30 0.037305 268.240 0.96105 0.032034 266.533 0.94402 0.027915 264.760 0.9283J
 I 
~O 0.039059_ 275769 0.98<;49 0.033632 274.243 ' 0.-96905 0:029397 -----2·n-:610 0:95198-1 I 

---~--_.-..---_.~~-- -" -~ -----."._" . _ ._..---- -_.,.- .. --_.-' 

.w_____ 0. ___._____ .-.____~. __ . - - - ..~- -'~ 

Temp.
 
°C
 

50
 

60
 

70
 

80
 

90
 

100
 

1I0
 

120
 

130
 

140
 

150
 

30
 

40
 

50
 

60
 

70
 

80
 

90
 

100
 

110
 

120
 

130
 

140
 

150
 

160
 

,. v h s v Iz 5
 

m'/kg kJ/kg kJ/kg K mJ/kg kJ/kg kJ/kg K m'/kg kJ/kg kJ/kg K
 
Iz s 

0.90 MPa0.70 tvlPa 0.80MPa 

~1_;-~5c0.040763 283.282 1.00910 0.035175 281.907 0.99314 0.030819 280.497 
'.,.-: ­: 0.032193 288.2780.042424 290800 1.03201 0.036674 289.553 1.01644 

• ~-'::" I. 

0.044052 298.339 1.05431 0.038136 297.202 1.03906 0.033528 296.042
 

0.045650 305.912 1.07606 0.039568 304.868 1.06108 0.034832 303.807
 _.:":' -5­

3J 2.565 1.08257 0.036108 311.590 .. _--- .
 

0.048778 321.192 1.11815 0.042359 320.303 1.10359 0.037363 319.401 .. '_'-;;"~'5:
 

0.050313 328.914 1.13856 0.043725 328.087 1.12417 0.038598 327.251 ~ :: .: ~
 

0.051834 336.696 1.15861 0.045076 335.925 1.14437 0.039817 335.14- ::3 ~ -;
 
~.:~~5~
 

0.047224 313.527 1.09732 0.040974 

0.053341 344.541 1.17832 0.046413 343.821 1.16420 0.041022 343.09": 

0.054836 352.454 1.19770 0.047738 351.778 1.18369 35109­0.042215 
. ~-...:.-

0.056321 360.435 1.21679 0.049052 359.799 1.20288 0.043398 359.159 

:.40 \~~::.1.00 MPa 1.20 MPa 

0.024600 262.912 0.91358
 
0.017120 ::~<~.~t:
 - ".::­

0.025995 271.042 0.93996 0.020851 267.602 0.91411 

0.027323 279.046 0.96512 0.022051 276.011 0.94055 001824~ :-:. -6f:1 ~ ~: SI:'SJ 

0.028601 286.973 0.98928 0.023191 284.263 0.96570 ·O.OJ 9:99 :S:..:.:< _J~j 

292.415 0.98981 0.O:0:9~ ~S9.35S '=.;lf9~:0.029836 294.859 1.01260 0.024282 

0.021248 29S.~0::: (-.0933"?0.031038 302.727 1.03520 0.025336 300.508 1.01305 

310.599 1.057 J8 0.026359 308.570 1.03556 0.02216'7 306~-:-3 : :)1~j0.032213 . ~ 

316.623 1.05744 0.0:3058 314.703 ! ,0388"+0.033364 318488 1.07861 0.027357
 

0.034495 326.405 1.09955 0.Q28334 324.682 1.07875
 0.023926 3c2.916 - LI)6056 

331.128 1.081-:b.035609 334.360 1.12004 0.029292 332.762 1.09957 0.024775 

0.036709 342.360 1.14014 0.030236' 340.871 1.11994 0.025608 339.354 1.1023S 

0.026426 347.603 1.122:'90.037797 350410 115986 0.031166 349.019 113990 ..,
0.027233 1.142400.038873 358.514 1.17924 0.032084 357.210 1.15949 355.885 

~ 
366.677 1.\9831 0.032993 365450 1.17873 0.028029 364.206 1.16183 ~0.039940 

-
2.00 MPa1.60 MPa 1.80 MPa 

'"~ 
50 0.015351 269262 0.89689 0.013052 265.423 0.87625
 

60 0.016351 278.358 092461 0.014028 275.097 0.90573 0.012135 271.563 088729
 
~ 

0.013008 281.310 0.91612 

• 
~70 0.017284 287.171 0.95068 0.014921 284.331 0.93304 

0.97546 0.015755 293.282 0.95876 0.01381 ! 290.64C 094292
80 0.018167 295.797 

302.046 0.983c3 0.014563 =Q~.69- '~'.96S: .
90 0.019011 304.301 0.99920 0.016546 

'-~ 
~ ~ I" '-, ~:::0.017303 : C:.6"3 . , 

100 0.019825 312.725 102209 ~ 



--

-

I~..QLA A.4.2SI (Contlnuacitin) Rcfrigerante-Ll sobrecalentado tunidades Sf) 

Temp. \" " S ,. 
"C m'/kg kJ/kg kJ/kg K m'/kg 

1.60 MPa 

110 0020614 321.103 1.04424 0.018032 

120 0.021382 329.457 1.06576 0.018738 

130 0.022133 337.805 1.08673 0.019427 

140 0.022869 346.162 l.l0721 0.020099 

150 0.023592 354.540 1.12724 0.020759 

160 0.024305 362.945 1.14688 0.021407 

170 0.025008 :171.386 1.16614 0.022045 

180 0.025703 379.869 1.18507 0022675 

2.50 MPa 

70 0.009459 272.677 0.87476 -

80 0.010243 283.332 0.90537 0.007747 

'10 0.010948 293.338 0.93332 0.008465 

100 0.011598 302.935 0.95939 0.009098 

110 0.012208 312.26\ 0.98405 0.009674' 

120 0.012788 :121.400 1.00760 0.010211 

130 0.013343 330.412 1.03023 0.010717 

140 0.0\3880 339.336 1.05210 0.011200 

150 0.014400 348.205 1.07331 0.011665 

160 0.014907 357.040 1.09395 0.012114 

170 0.015402 365.860 l.l1408 0.012550 

180 0.015887 374.679 113376 0.012976 

190 0.016354 383.508 1.15303 0.013392 

200 0.0]6834 392.354 1.17192 0013801 

4.00 MPa 

90 0.005037 265629 082544 -

100 0.005804 280.997 0.86721 0.003334 

110 0.006405 293.748 0.90094 0.004255 

120 0.006924 305.273 0.93064 0.00485 ] 

\30 0007391 316.080 095778 0.005335 

v Ir ,. 
Fp·'C m'/kg kJ/kg kJ/kg K m'/kg 

4.00 MPa 

140 0.007822 326.422 0.n312 0.005757 

150 0.008226 336.446 1.00710 0.006139 

160 0.0086\ 0 346.246 1.02999 0.006493 

170 0.008978 355.885 1.05199 0.006826 

180 0.009332 365.409 1.07324 0.007142 

190 0.009675 37·U53 1.09386 0.007444 

200 0.0 I0009 384240 1.11391 0.007735 

210 0.0 I0335 393.593 1.13347 0008018 

220 0.010654 402.925 1.15259 0.008292 

.. - ­

II 
kJ/kg 

1.80 MPa 

3 \9.239 

327.745 

336.224 

344.695 

353.172 

361.666 

370.186 

378.738 

3.00 MPa 

274.530 

286.042 

296.663 

306.744 

316.470 

325.955 

335.270 

344.467 

353.584 

362.647
 

37 J .679
 

380.695 

389.708 

5.00 MPa 

-

253.042 

275.919 

291.362 

304.469 

Ir 
kJ/kg 

5.00 MPa 

316.379 

327563 

338.266 

348.633 

358.760 

368713 

378.537 

38ft.268 

397.932 

- - -- - -----~--~._- . ­

S \" 

kJ/kg K m-'/kg 

1.02'132 0.015960 

1.05123 O.OJ 6619 

1.07253 0.017258 

1.09329 0.017881 

1.11356 0.0184'10 I 
1.13340 0.019087 

1.15284 0.019673 i 

\ .17\ 93 0.02025 I 

- ­ . ­

0.86780 0.005765 

0.89995 0.006597 

0.9288l 0.007257 

0.95547 0.007829 

0.98053 0.008346 

1.00435 0.008825 

1.02718 0.009276 

1.04918 0.009704 

107047 0.010] 14 

1.09] 16 0.010510 

1.11131 0.q10894 

1.13099 0.011268 

115024 0.011634 

- ­ ... 

0.78005 -
084064 0.002432 

0.88045 0.003333 

0.91337 0.003899 

\" 

kJ/kg K m'/kg 

0.94256 0.004345 

0.96931 0.004728 

0.99431 0.005071 

1.01797 0.005386 

1.04057 0.005680 

1.06230 0.005958 

108328 0.006222 

1.10363 0.006477 

1.12343 0.006722 

_.~---_._-

s"kJ/kg kJ/kg K 

2.00 MPa 

317.322 ,1.01546 

325.991 1.03780 

334.610 1.05944 

343.201 1.08049 

351.783 1.10102 

360.369 l.l2107 

368.970 1.14070 

377.595 1.15995 

3.50 MPa 

- . ­

262.739 0.82489 

277.268 0.86548 

289.504 0.89872 

300.640 0.92818 

31l.l29 0.95520 

321.196 0.98049 

330.976 1.00445 

340.554 1.02736 

349.989 1.04940 

359.324 1.07071 

368.590 1.09138 

377.810 1.11151 

387.004 1.13115 
. 

6.00 MP" 

- -

- -
243.278 0.74674 

272.385 0.82]85 

290.253 0.86675 

j ;' 

h -s 

kJ/kg kJ/kg K 

6.00 MPa 

304.757 0.'10230 

317.633 0.93310 

329.553 0.96094 

340.849 0.98673 

351.715 1.01098 

362.271 1.03402 

372.602 1.05609 

382.764 1.07734 

392.801 1.09790 

•
 

.J 

20 



I TABLA AiiSI Propiedades termodindmicas del nitrogen" 
ITABLA A.6.1S1 Nitrogeno saturado (unidades Sl) 

I	 .~ 
Volumen especiflco, mSlkg Entalpia, kJlkg	 Entropia, kJlkg K 

I 
I Presidn 

abs, Liquido Vapor Liquido Vapor Liquido Vapor 
Temp. MPa saturado Evap. saturado . saturado Evap. snturado saturado .Evap. sarurado 

K p vf vf. v. I'J hf • h. sf sfx c 
< 

63.148 0.01252 0.001150 1,480099 1.481249 -150.911 215.392 64.482 2.4234 3.J~O~ 5.S342 
65 001741 0.001160 1.092665 1.093825 -147.172 213.384 66.212 2,4816 _3.2829 5.7646 
70 0.03858 0.001191 0.525015 0.526206 -137.088 207.788 70.700 2.6.307 29683. 5.5991 
75 0.07610 0001223 0.280499 0.281722 -'-126.949 201.816 74.867 ::."':'-OC\ 2.6909 5.4609 
77.348 0.101325 0.001240 0.215145 0.216385 -122.150 198.839 76.689 :8326 2.5707 5.4033 
80 0.13699 0.001259 0.162485 0.163744 -116.689 195.319 78.630 :.9J:"; 2.4415 5.3429 
85 0.22903 0.001299 () 100204 0.101503 -106.252 188.149 81.898 .'0266 2.2136 5.2401 
90 0.36066 0.001343 0.064803 0.066146 -95.577 180.137 84560 .'.1~66 2.0016 .5.1482 
95 0.54082 0.001393 0.043398 0.044792 -84.593 171.075 86,482 3.2627 -1.8009 5.0636 

100 0.77881 0.001452 0.029764 0.031216 -73.199 160.691 87.493 3.3761 1.6070 4.9831 
105 1.08423 0.001522 0.020673 0.022195 -61.238 148.597 87.359 3,4883 1.4153 4.9036 , 
110 1.46717 0.001610 0.014342 0.015952 -48.446 134.165 85.719 3.6017 1.2197 4.8215 
115 1.93R75 0.001729 0.009717 0.011445 -34.308 116.212 81904 3.7204 1.0106 4.7310 
120 2.51248 0.001915 0.006083 0.007998 -17.605 91.930 74.32'+ 3.8536 .0.7661 4.6197 
125 3.20886 0.002353 0.002530 0.004883 6.677 48.762 55..s3S 4.0395 0.3901 4.4296 
126.193 3.39780 0.003194	 ,0 0.003194 29.791 0 29791 4.2193 0 4.2193 

" 

..... 

• 
~ 

rA~~A A.6.2S1 Nitrogeno sobrecalentado tunidrules Sl) 

Preslon nbs. 
MPa 100 125 150 

v 0.291030 0.367236 0.442612 

0.1 101.938 128.423 154.695" 
5.6944 5.9308 6.1225 

0.142521 0.181711 0.220007 

0.2	 h 100.238 127.294 153.876 

5.4775 5.7191 5.9130 

0.053062 0.070328 0.086429 

0.5	 h 94.460 123.776 [51.376 

5.1660 5.4282 5.6296 

v 0.033064 0.041876 

1.0	 h 117.397 147.062 

s 5.1872 5.4039 

v 0014030 0.019541 

2.0	 101.541 137.779" 
s	 4.8887 5.1541 

v	 0.008231 

4.0	 h 115595 

s 4.8379 

175 

0.517577 

180.860 

6.2838 

0.257878 

180.236 

6.0755 

0.102059 

178.349 

5.7959 

0.050120 

175.156 

5.5772 

0024153 

168584 

5.3443 

0.011185 

154.()72 

5.0797 

Temperatura, K 

200. 

0.592311 

206.967 

6,4232 

0.295515 

206.476 

6.2157 

0.117442 

204.998 

5.9383 

0.058093 

202.522 

5.7234 

0.028436 

197.528 

5.4989 

0.013650 

187.417 

5.2548 

225 

0.666904 

233.039 

6.5461 

0.333008 

232.644 

6.3390 

0.132677 

231.458 

6.0629 

0.065911 

229.482 

5.8504 

0.032548 

225.543 

5.6310 

0015912 

217.740 

5.3978 

250 

0.741404 

259.090 

6.6559 

0.370408 

258.766 

6.4491 

0.1478t7 

257.799 

6.1740 

0.073631 

256.1~4 

5.96,30 

0.036558 

253.014 

5.7467 

0.018063 

24680Q 

5.5203 

;[ 

275 300 

0815839 0.890229 

285.128 311.160 

6.1551 6.8457 

0.407743 0.445033 

284.861 310.938 

6.5486 6.6393 

0.162892 0.177921 

284.063 310.276 

6.2741 6.3653 

. 0.081285 0.088893 

282.743 t • 309.182 

6.0642 6.1562 

0.040500 0.044395 

280.140 307.034 

5.8502 5.9438 

0.020145 0.022179 

275.098 302.898 

5.6282 5.7250 

;:l 
~ 

~~ 
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TABLA A.6.251 (Contlnuacion) Nitrogeno sobrecalentado (unidades SI) 

Presion abs, 
MPa 150 175 200 225 

0.004421 0.006909 0.00~771 0.010412 

6.0	 11 ~7.29~ 139945 177.293 210.125 

s 4.5685 4.~956 5.0955 5.2503 

v 0.002914 0.004861 0.006387 0.007701 

8.0	 h 61.924 125.326 167.469 202.833 

4.3522 4.7460 4.9717 5.1385 

0.002388 0.003752 0.005014 0.006112 

\0.0 h 48.659 J 12.363 158.353 196.022 

4.2290 4.6233 ·18(,97 5.0474 

v 0.001955 0.002598 0003365 0.004109 

15.0	 11 36.~05 91.928 140599 181.908 

4.0790 4.4191 4.6796 4.8745 

v 0.0017R2 0002187 0.002687 0.003213 

20.0	 '11 33.644 ~3.J 17 130168 172324 

3.9%0 4.3024 4.5529 4.7517 

Temperatura, K 

250 

0.011937 

240.~22 

5.3797 

0.008905 

235.145 

5.2748 

0.007113 

229.841 

5.1901 

0.004804 

218.586 

5.0292 

0.003729 

210.434 

4.9124 

275 

0.013393 

270.294 

5.4921 

0.010042 

265.761 

5.3916 

0.008053 

261.532 

5.3109 

0.005461 

252.470 

5.1585 

0.004226 

245.699 

5.0469 

300 

0.014803 

298.988 

5.5920 

O.OJ 1135 

295.31 S 

5.4945 

0.00~952 

291.902 

5.4167 

0.006088 

284.565 

5.2702 

0.004704 

279.007 

5.1629 

350 400 

0.Q.17532 0.020187 

354.951 409.83 

5.7646 5.9112 

0.013236 0.015264 

352.511 408.237 

5.6709 5.8197 

0.01067 0.01232 

350.260 406.790 

5.5967 5.7477 

0.007280 0.008416 

345.466 403.791 

5.4581 5.6139 

0.005617 0.006487 

341.856 401.649 

5.3568 5.5166 

...... 

•
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N 
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TABLA A.7SI Propiedades termodintimicas del metano 
TABLA A.7.lSI Metano saturado (unidades SI) 

Volumen espeeifieo, mJlkg Presion 
abs, Li'luido Vapor 

,. 
Temp. MPa saturado Evap, saturado 

K P vf l'h: v. ." 
90'()~5 0.01169 0.00221 3.97955 3.98176 
95 0.01983 0.00224 2.44824 2.45048 

100 0.03441 0.00228 1.47657 1.47885 
105 0.05643 0.00231 0.93791 0.94022 
110 0.0~820 0.00235 0.62219 0.62454 
I J 5 0.13232 0.00239 OA2R08 0.43048 
120 0.1915~ 0.00244 0.30371 0.30615 
125 0.26896 0.00249 022110 0.22359 
130 0.36760 000254 0.16448 0.16702 
135 0.49072 0.00259 o 12457 oJ2717 
140 0.64165 0.00265 009574 0.09839 
145 0.82379 0.00272 0.07444 0.07716 
150 1.04065 0.00279 0.05~38 0.06117 
155 1.29580 0.00288 0.04604 004892 
160 1.59296 0.00297 00363~ 0.03935 
165 1.93607 0.00309 0.02868 0.03176 

I
I 170 2.32936 0.00322 0.02241 0.02563 
I 175 2.77762 0.00339 0.0\718 002058 

180 3.28655 0.00362 0.01266 0.01628I 185 U6361 0.00398 0.00845 0.01243
I 190 4.52082 0.00499 0.00298I	 - 0.00796 

I 190551 4.59920 0.006 J5 0 0.00615 

Entalpla, kJlkg 

Liquido
 
saturado Evap.
 

hf hf .• , ,. 
-358.1 543.1 

-343.7 537.2 

-326.8 529.8 
-309.7 521.8 

-292.3 513.3 

-274.7 504.1 

-257.0 494.2 

-239.0 483.4 

-220.7 471.7 

-202.1 458.9 

-183.2 444.8 

-163.7 429.4 

-143.7 412.3 

-123.1 393.3 

-101.6 372.0 

-79.1 347.8 

-55.2 320.0 

-29.3 2X7.2 

-0.5 246.8 

33.8 192.1 

92.2 79.8 

129.7 0 

Vapor 
saturado 

h. 
x 

185.1 

193.4 

202.9 

212.2 

221.0 

229.4 

237.2 

244.5 

251.0 

25.6.8 

261.7 

265.7 

268.5 

270.2 

270.3 

268.7 

264.8 

257.9 

246.2:: 

225.9 

172.0 

129.7 

Entropia, kJlkg K 

Liquido Vapor 
saturado Evap, saturado 

Sf Sf. s• , ,. x 

4.226 5.989 10.216 
4.381 5.654 10.Q35 
4.554 5.298 9.851 
4.721 4.970 9.691 
4.882 4.666 9.548 
5.037 4.384 9.421 

5.187 4.118 9.305 
5.332 3.868 9.200 
5.473 3.629 9.102 

5.61! 3.399 9.01 I 

5.746 3.177 8.924 
5.879 2.%1 8.841 
6.011 2.748 8.759 
6.14\ 2.537 8.679 

6.272 2.325 . 8.597 
6.405 2.108 8.512 
6.540 1.882 8.422 
6.681 1.64 I 8.322 
6.833 1.371 8.204 
7.009 1.038 8.048 

7.305 0.420 7.725 
7.500 0 7.500 

• 
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IITABLA A.7.lSI Metana sobrecalentado (unidades SI) 

Temperatura, K . 
Presion abs. .
 

MPa 150 175 200 225 250 275 300 350 400 450
 -..l 
~t ... 

v 1.5433 1.8054 2.0665 2.3270 2.5872 2.8472 3.1069 13.6262 4.1451 

0.05	 h 308.5 360.8 413.2 465.8 5189 572.9 628.1 742.9 865.4 • 
s 10.5170 10.8399 I I.J 196 11.3674 11.5914 11.7972 11.9891 12.3429 12.6697 

0.7659 0.8984 1.0299 1.1609 1.2915 1.4219 1.5521 1.8123 2.0721 

0.10	 h 306.0 359.6 4122 465.0 518.3 572.4 627.6 742.6 865.1
 

.1' 10.1504 10.4759 10.7570 11.0058 11.2303 11.4365 IJ.~86 11.9829 J2.3099
 

0.1433 0.1726 0.2006 0.2280 0.2550 0.2817 0.3083 0.361 I 0.4137 

0.50	 h 292.3 349. ] 404.1 458.5 512.9 567.8 623.7 739.6 862.8
 

9.2515 9.6021 989:'9 10.1520 10.3812 10.5906 10.7850 11.1422 11.4710
 

v 0.0643 0.0815 00968 0.1113 0.1254 0.1392 0.1528 0.1798 0.'2064 

1.00	 h 270.6 334.9 393.5 450.1 506.0 562.0 618.8 735.9 . 860.0 

8.7902 9.1~71 9 :'006 9.7672 10.0028 10.2164 10.4138 10.7748 11.1059 

v 0.0508 00621 0.0724 0.0822 0.0917 0.1010 0.1193 0.1373 
7;-' ..,1.50	 31 S.8 3823 .441.4 499.0 556.2 613.8 , _"_ • .J 857.2
" 8.9121 92514 9.5303 9.7730 9.9911 10 \916 105565 10.8899
 

v 0.0350 0.0446 0.0529 0.0606 0.0680 0.0751 00891 ·Il.!027 

2.00	 Ir 300.0 370.2 43~.4 491.8 550.3 608.9 728.6 . 854.3
 

8.6839 9.0596 9.3532 9.6036 98266 10.0303 10.3992 10.7349
 

TABLA A.7.2SI (Cuntinuackin) Metano sobrecalentado tunidades SI) 

Pre~ion abs, 
MPa 100 125 200 225 

3.00 

0.0269 

342.7 

87492 

0.0333 

413.3 

9.0823 

v	 0.0176 0.0235 

4.00	 h 308.2 392.4 

'S 84675 8.8653 

v	 0.0114 0.0175 

5.00	 h 258.3 369.3 

s 8.1459 8.6728 

v	 0.0061 0.0135 

6.00	 160.3 343.7" 
s	 7.6125 8.4907 

v	 0.0041 0.0085 

8.00	 h 88.5 285.0 

s 7.2069 8.1344 

I 
0.0033 0.0059 

h 72.2 229.3 

7.0862 78245l"OO 
,. 

Temperatura, K 

250 275 .300 350 400 ~ 0.0390 

477.1 

9.35\2 

0.0442 

538.3 

9.5848 

0.0492 

598:8 

9.7954 

0.0589 

721.2 

10.1726 

0.0682 

848.8 

10.5.130 

0.0774 

983.5 

10.8303 

I 

I 
0.0281 

461.6 

9.1574 

0.0324 

526.1 

9.4031 

0.0363 

5881'7 

9.6212 

0.0438 
713.9 

10.0071 

0.0510 

843.2 

10.3523 
.' 

0.0580 

979.2 

10.6725 

0.0216 

445.6 

8.9945 

00252 

513.6 

9.2540 

0.0286 

578.6 

9.4802 

0.0348 

706.7 

9.8751 

0.0406 

837.8 

10.2251 

0.0463 

975.0 

10.5483 

0.0173 

428.8 

8.8502 

0.0205 

500.9 

9.1253 

0.0234 

568.4 

9.3601 

0.0288 

699.5 

9.7643 

0.0338 

832.4 

10.1192 

0.0386 

970.9 

10.4453 

0.0120 

393.9 

8.5954 

0.0089 

358.6 

8.3716 

0.0147 

475.4 

8.9064 

0.0113 

<150.1 

8.7210 

0.0171 

548.1 

9.1598 

0.0133 

528.4 

8.9936 

0.0213 

685.4 

9.5831 

00169 

671.8 

9.4362 

0:'0252 

• 822.0 

9.9477 

0.0201 

811.9 

9,8'104 

0.0289 

962.9 

10.2796 

0.0231 

955.3 

10.1480 

-I 
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~ 
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>rable A.4 
. Thermodynamic Properties of Oxygena Propiedades Ter.llodinamicas del OXIGENO 
Table A.4.1 

5~\~~~:~:erlO: ' Vapor Saturado o'Humedosaturated Oxygen 

Specific Volume 
m'/kg 

Press. Sat.	 Sat. 
MPa Liquid Evap, VaporTemp. 

p V,	 VaV'"1<. 

50507 ; 0,00015 0.000765 92.9658 92.9666
 
60 ! 0,00073 0,00'0780 21.3461 21.3469
 
70 : 0.00623 0.000808 2.9085 2.9093 
80 I 0.03006 0.000840 0.681 04 0.681 88 

"'-	 90 ' 0.09943 0.000 876 0.226 49 0.227 36 
JOO 0.25425 0.000917 0.094 645 0.095 562 
1r(1 0.54339 0.000966 0.045855 0.046821 
120 1.0215 0.001 027 0.024336 0.025363 
130 1.74.78 0.001 lOB 0.Ol3488 0.014596 
140 2.7866 0.001 230 0.007 339 0.008569 
150 4.2190 0.001 480 0.003 180 0.004660 

5.00127 0.002 293 0.000 000. 0.002 293 154.576 

Enthalpy Entropy 
kJ/kg kJ/kg K 

Sat. Sat. I Sat. Sat. 
Liquid Evap, Vapor Liquid Evap. Vapor 

h, h", hp S, Sf'J Sp 

-193.432 242.553 49,121 2.0938 4.45 I4 6.5452 
-184.029 238.265 54.236 2.2585 3.9686 6.2271 
-167372 2~0,527 63.155 2.5151 3.2936 5,8087 

1-150.646 222.289 71,643 2.7382 2.7779 5.5161 
\ -133.758 213.070 79.312 2.9364 2.3663 5.3027 
-lJ6.557 202.291 85.734 3.l161 2.0222 5.1383 

-98.829 
-80.219 

189.320 
173.310 

90.491 
93.091 I 

3.2823 
3.4401 

1.7210 
J.4445 

5.0033 
4.8846 

-60.093 152.887 92.794 
-37.045 125.051 88.006 

-7.038 79.459 72.421 
32.257 0.000 32.257 

3.5948 1.1766 4.7714 
3.7567 0.8935 4.6502 
3.9498 0.5301 4.4799 
4.1977 0.0000 4.1977 

Table A.4.2 " 

Superheated .Oxygen ~il'*,~~~~~?:i:vap~i;c,SObrecalentado 

Temp. T) h 
m3/kgK	 kJ/kg 

0.10 MPa 

100 0.253 503 88.828 
125 0.320717 112.214 
150 0.386914 135.301 
175 0.452645 158.255 
200 0.518 127 181.145 
225 0.583465 204.007 
250 0.648 711 226.869 
'275 0.71389,? 249.769 
300 0.779036 272,720 

i.OO MPa 

125 0.027869 99,653 
150 0.035976 127.112 
175 0.043 341 152.269 
200 0.050394 176.508 
225 0.057 282 200.280 
250 0.064068 223.795 
275 0.070790 247.185 
300 0.077 467 270.516 

6.00 MPa 

175 0.005051 107.496 
200 0.007027 147.232 
225 0.008589 l78.304 
250 0.00999 J 206.340 
275 0.011 306 232.848 
300 0.OJ2570 258.464/ -_ ....-_.. " 

20.00 MPa 

175 0.001 343 24.551 
200 0,001 727 75.3J8
2<)0
~:J 0.002 236 122.595 

250 0.002755 163.J09 
275 0.003 241 198.021 
300 0.0.03 700 229.655 

S 

kJ/kg K 

5.40l6 
5.6107 
5.7787 
5.9202 
6.0427 
6.1502 
6.2468 
6.3369 
6.4J40 

4,9431 
5,1433 
5,2986 
5.4283 
5.5401 
5.6394 
5.7314 
5.8098 

4.6431 
4.8565 
5.0029 
5. J2 J4 
5.2253 
5.3116 

4.0086 
4.2798 
4.5024 
4.6739 
4.8069 
4.9174 

TI 

rn'/kg 

0.123 394 
0.158268 
0.192016 
0.225 276 
0.258 282 
0.291 140 
0.323 906 
0.356610 
0.389 271 

0.016270 
0.020 544 
0.024 395 
0.028051 
0.031 597 
0.035 073 
0.038502 

0.003002 
0.004864 
0.006 181 
0.007 316 
0.008360 
0.009 351 

h S 

kJ/kg kJ/kg 1<. 

0.20 MPa 

86.864 5.2083 
110.988 5,4241 
134.440 5,5947 
157.609 5.7376 
180.638 ~.8609 

203.596 5.9688 
226.529 6.0657 
249.483 6.1560 
272.475 6.2332 

2.00 MPa 

116.476 4.9130 
145.112. 5.0899 
171.150 5.2293 
196.052 5.3464 
220.348 5.4491 
244.309' 5.5433 
268.076 5.6263 

8,00 MPa 

79.513 4.4384 
133.760 4.7308 
169,069 4.8973 
199.317 5,0251 
227,219 5,1344 
253.797 5.2240 

z: 

v 
m'/kg 

h 

kJ/kg 
S 

k.J/~g K 

0.50 MPa 

0.060674 107.093 5.1650 
0,075039 131.788 5.3448 
0.088842 155.643 5.4919 
0.102371 179.105 5.6175 
0.115746 202.359 5.726R 
0.129 025 225.506 5.8246 
0.142242 24R.62l 5.9156 
0.155415 271.740 5.9932 

4.00 j\-IPa 

0.005526 81.48 j 45475 
0.009029 l28.618 4,8414 
o.ou 376 159,715 5.0080 
0.013444 J87.333 5.1380 
0.015378 213.374 5.2480 
0.017 233 238.560 5.3469 
0.019039._.- ­ ---- . 

263.234 5.4300 

10.00 MPa 

0.002020 . 52.661 4.2573 
0.003603 119.767 4.6189 
0.004 757 159.686 4.8072 
0.005 730 192.401 4.9455 
0.006606 221.685 5.0572 
0.007432 249.262 5,1533 

""------~-,-~ 
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