UNIVERSIDAD DE LOS ANDES
FACULTAD DE INGENIERIA
ESCUELA DE INGEN!IERIA MECANICA

TABLAS Y DIAGRAMAS DE
TERMODINAMICA

(Recopilacién de tablas de propiedades Termodinamicas, Fuentes: Termodindmica, Van Wylen, 22Edc, 2002,

Limusa., Termodinamica, Yunus Cengel, 52Edc. 2006, Mc Graw Hiil}

Prof. Carlos G. Villamar L.
Dpto. de Ciencias Térmicas.

CONTENIDO | PAGINA
Tabla A-1 PM, R, Pcrit para diferentes sustancias 1

' Tabla A-2a R, Cp, Cv para varios gases comunes a 300K i
Tabla A-2b Cv, Cp, k para varios gases comunes a diversas temperaturas 2
Tabla A-2c Cp para varios gases comunes en funcion de la temperatura 2
Tabla A-3a Propiedades de diversos liquidos 3
Tabla A-3b Propiedades para diversos solidos 3
Tabla A-3¢ Propiedades para diversos alimentos ** 3
Tabla A-4 Propiedades del Agua Saturada, tabla de Temperaturas 4
Tabla A-5 Propiedades del Agua Saturada, tabla de Presiones 5
Tabla A-6 Propiedades del Agua como Vapor Sobrecalentado 6
Tabla A-7 Propiedaes del Agua como Liquido Comprimido 8
Tabla A-8 Propiedaes del Agua como Hielo y Vapor 8
Figura A-9 Diagrama T-s Para el Agua S
Figura A-10 Diagrama de Mollier para el Agua 9 ‘
Tabla A-11 Propiedades del Refrigerante 134a Saturado, tabla de Temperatura 10
Tabla A-12 Propiedades de! Refrigerante 134a Saturado, tabla de Presiones 11
Tabla A-13 Propiedades del Refrigerante 134a como Vapor Sobrecalentado 11
Figura A-14 Diagrama P-h para el Refrigerante 134a 12
Tabla A.2SI Propiedades del Amoniaco Saturado 13
Tabla A.2.2SI Propiedades del Amoniaco como Vapor Sobrecalentado 14
Tabla A.3Si Proipiedades del Refrigerante 12 Saturado 15
Tabla A.3.25! Proipiedades del Refrigerante 12 como Vapor Sobrecalentado 16
Tabla A.4S| Proipiedades del Refrigerante 22 Saturado 18
Tabla A.4.25] Proipiedades del Refrigerante 22 como Vapor Sobrecalentado 18 1‘
Tabla A.6S! Propiedades del Nitrégeno Saturado 21 |
Tabla A.6.25I Propiedades del Nitrégeno como Vapor Sobrecalentado 21
Tabia A.7SI Propiedades del Metano Saturado 22
Tabla A.7.25! Propiedades del Metano como Vapor Sobrecalentado 23
Tabla A.4.1 Propiedades del Oxigeno Saturado 24
Tabla A.4.2 Propiedades del Oxigeno como Vapor Sobrcalentado 24

| Diagrama Psicrométrico del Agua a 101.35 kPa 25 |




Propiadades del punto critico

Constanre =

Masa molar, de gas, Temperatura, Presién, Volumen,
Sustancia - Féormula M kg/kmol R kJ/kg - K* MPa m3/kmol
Agua H,0 18.015 0.4615 647.1 22.06 0.0560
Aire — 28.97 0.2870 132.5 3.77 0.0883
Alcohol etilico C,HsOH 46.07 0.1805 516 6.38 0.1673
Alcohol metilico CH,0H 32.042 0.2595 513.2 7.95 0.1180
Amoniaco NH; 17.03 0.4882 405.5 11.28 0.0724
Argon Ar 39.948 0.2081 151 4.86 0.0749
Benceno . CgHe 78.115 . 0.1064 562 4.92 0.2603
Bromo ~Br, 159.808 0.0520 584 10.34 0.1355
n-Butano CaHio 58.124 0.1430 4252 3.80 0.2547
Cloro Cl, 70.906 0.1173 417 7.71 0.1242
Cloroformo CHCly 119.38 0.06964 536.6 5.47 0.2403
Cloruro metilico CH,CI 50.488 0.1647 416.3 6.68 0.1430
Criptén Kr 83.80 0.09921 209.4 5.50 0.0924
Diclorodifluorometano (R-12} CCLF, 120.91 0.06876 384.7 4.01 0.2179
Diclorofiuorometano (R-21) CHCI,F 102.92 0.08078 451.7 5.17 0.1973
Dioxido de carbono co, 44.01 0.1889 304.2 7.39 0.0943
Dioxido de sulfuro S0, 64.063 0.1298 430.7 7.88 0.1217 .
Etano C,Hg 30.070 0.2765 305.5 4.48 0.1480
Etileno C,H, 28.054 0.2964 282.4 5.12 0.1242
Helio He 4.003 2.0769 53 0.23 0.0578
n-Hexano C:Hia 86.179 0.09647 507.9 3.03 0.3677
Hidrégens (normat) 2 2.016 4.1240 33.3 1.30 0.0649
Metano CH, 16.043 0.5182 191.1 4.64 0.0993
Mondxido de carbono co 28.011 0.2968 133 3.50 0.0930
Neodn Ne 20.183 0.4119 445 2.73 0.0417
Nitrogeno N, 28.013 0.2968 126.2 3.39 0.0899
Gxido nitroso N,O 44.013 0.1889 309.7 7.27 0.0961
Oxigeno 0, 31.999 0.2598 154.8 5.08 0.0780
Propano CiHg 44.097 0.1885 370 4.26 0.1998
Propileno CiHg 42.081 0.1976 365 4.62 0.1810
Tetracloruro de carbono CCl, 153.82 0.05405 556.4 4.56 0.2759
Tetrafluoroetano (R-134a) CFsCH,F  102.03 0.08149 374.2 4.059 0.1993
Triclorofluorometano (R-11) CCiF 137.37 0.06052 471.2 4.38 0.2478
Xenén Xe 131.30 0.06332 289.8 5.88 0.1186

Calores especificos de gas ideal de varios gases comunes

Constante de gas, R

C,

C,

Kl - K Kfkg - K Kifkg - K K
0.2870 1.005 0.718 1.400
0.2081 0.5203 0.3122 1.667
0.1433 1.7164 1.5734 1.091
Diéxido de carbono 0.1889 0.846 0.657 1.289
0.2765 1.7662 1.4897 1.186
0.2964 1.5482 1.2518 1.237
2.0769 5.1926 3.1156 1.667
4.1240 14.307 10.183 1.405
0.5182 2.2537 1.7354 1.299
Monéxido de carbono 0.2968 1.040 0.744 1.400
0.4119 1.0299 0.6179 1.667
0.2968 1.039 0.743 1.400
0.0729 1.7113 1.6385 1.044
0.2598 0.918 0.658 1.395
0.1885 1.6794 1.4909 1.126
0.4615 1.8723 1.4108 1.327

Nota: La unidad kl/kg - K es equivalente a klikg - °C.

“La unioad en kl/kg - K es equivatente a kPa - m¥fkg - K. La constante de gas se calcula de R = R,/M, donde R, = 8.31447 ki/kmol - Ky Mes la masa

molar.

Fuente. K. A. Kobe y R. £. Lyan. Jr., Cherical Review 52 (1953), pp. 117-236; y ASHRAE, Handbook of Fundamentals gﬂ&lanta, GA: Sociedad American2
de Ingenieros de Calefaccién. Refrigeracién y Acondicionannento de Awre, Inc., 1993), pp. 16.4 y 35 1. g

Fuente: Chemical and Process Thermodynamics tercera edicién, por Kyle, B.G., ©® 2000. Adaptado con permiso de Pearson Education, Inc., Upper Saddie
River, Nueva Jersey.
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Calores especificés de gas ideal de varios gases comunes (continuacion)
by A diversas temperaturas ‘

Calores especificos de gas ideal de varios gases comunes {conclusién)

¢) Como una funcién de la temperatura

T - . S —
¢ ¢, ¢, c, ¢ ¢, =g~ T2+ dT?
kilkg - K kiikg - Kk Kikg - K kkg - Kk kikg - K kikg - Kk Go=axbltcliad

Temperatura, - - (Ten K, c, en kikmol - K)

K__ Are Didxido de carbone, O, Monoxido de carbono. CO — = e
250 1.003 0.716  1.401 | 0.791 0602 1314 | 1.039 0.743  1.400 Rangode 22
ggg 1.085 0.718 1.400 | 0.846 0.657 1.288 | 1.040 0.744 1399 Sustancia Férmula  a b c d temp., K Méax. Prom

1.008 0. . : - ———
7el 1398 | 0895 0706 1.268 | 1.043 0.746 1398 Acetileno C,H 218 9.2143 x 1072 -6.527 x 1075 18.21 x 10-°  273-1500 1.46 0.5¢
400 1.013 0726  1.395 | 0.939 0.750  1.252 | 1.047 0.751  1.395 - 2 . - -9 :
450 1.020 0733 : . Aire - 2811  0.1967 x 1072 0.4802 x 1075 ~1.966 x 10 273-1800 0.72 0.3:
' : 1.391 4 0.978 0790 1239 |} 1.054 0.757  1.392 Amoniaco NH, 27568 2.5630 x 102 099072 x 10-5  -6.6909 x 10~  273-1500 091 0.3
500 . 1.029 0.742 1.387 1.014 0.825 1.229 | 1.063 0.767  1.387 Azufre S, 27.21 2.218 x 10-2 -1.628 x 1075 3.986 x 107 273-1800 0.99 0.32
550 1.040 0.7568 - 1.381 1.046 0.857 1.220 | 1.075 0.778 1.382 Benceno CeHs -36.22  48.475 x 1072 -31.57 x 105 77.62 x 1079 273-1500 034 0.20
600 1.051 0.764 1.376 1.075 . 0.886 1.213 1.087 0.790 1.376 i-Butano CHyp  —7.913 41.60 x 1072 ~23.01 x 107 49.91 x 107? 273-1500 0.25 0.13

650 1.063 0.776 1.370 1.102 0.913 1.207 1.100 0.803 1.370 n-Butano CeHio 3.96 37.15 x 1072 ~18.34 X 10°% 35.00 x 10"  273-1500 0.54 0.24
700 1.075 0.788 1.364 1.126 0.937 1.202 1.113 0.816 1.364 Cloruro de ’

750 1.087 0.800 1.359 1.148 0.959 1.197 1.126 0.825 1.358 hidrégeno HCI 3033 -0.7620 x 1072 1.327 x 107% -4.338 x 10°?  273-1500 0.22 0.0¢
800 1.099 0.812 1354 | 1.169 ) Diéxido de

900 1.121 0.834 1.344 1 ;84 ?'gﬁg Hgg Hgg 8'222 }gig azufre S0, 25.78 5.795 x 10-2 -3.812 x 1073 8612 x 10°9  273-1800 0.45 0.24
s ' ) ) : ’ . ' Diéxido de

1000 1142 0855 1336 | 1234 1045 1181 | 1.185 0888 1335 carbono co, 2226 598l x 1072 ~3.501 x 107 7469 x 109 273-1800 0.67 022
Hidrigeno. H- Nitrdgeno. N- Oxig 0- Diéxido de

ORI S S N e i xigene. S nitrégeno NO, 229 5715 x 10°2 -352 x 10°% 7.87 x 107°  273-1500 046 0.18

250 14.051 9.927 1416 1.039 0.742 1.400 | 0.913 0.653  1.398 Etano C.Hq 6.900  17.27 x 1072 ~6.406 x 1073 7.285% 109 273-1500 083 028

300 14.307 10.183 1.405 1.039 0.743 1.400 | 0.918 0.658  1.395 Ztanol CHO 199 20.96 x 1072 -10.38 x 1075 20.05 x 10-9  273-1500 0.40 0.22
350 14.427 10.302 1.400 1.041 0.744 1.399 | 0.928 0668  1.389 Etileno C,H, 3.95 15.64 x 102 ~8.344 x 10°5 17.67 x 10"¢  273-1500 0.54 0.13
400 14.476 10.352 1.398 1.044 0.747 1.397 0.941 0.681 1.382 n-Hexano CeHye 6.938 55.22 x 102 ~-28.65 x 1075 57.69 x 107° 273-1500 0.72 0.20
450 14.501 10.377 1.398 1.049 0.752 1395 | 0.956 0696 1373 Hidrogeno H, 29.11 ~0.1916 x 1072 0.4003 x 10-5>  ~0.8704 x 10-% ,, 273-1800 1.01 0.26
500 14,513 10.389 1.397 1.056 0759 1391 | 0972 0712 1365 Metano CH, 19.89 5024 x 1072 1.269 x 1073 ~11.01 x 10-*"  273-1500 1.33 0.57
550 14.530 10.405 1396 1.065 0.768 1387 | C9s8 0708 1358 Metanol CH,O  19.0 9,152 x 1072 ~1.22 x 1075 -8.039 x 10 273-1000 0.18 0.08

] ' ’ : : ‘ : : : Mondxido de -

228 13.21716 10422 1.396 { 1.075 0.778 1382 | 1.003 0.743  1.350 carboro co 28.16  0.1675 x 102 05372 x 10°5  -2.222 x 10°  273-1800 0.89 037

: 14.571 10.447 1.395 1.086 0.789 1376 | 1.017 0.758  1.343 Nitrégeno N, 2890 ~0.1571 x 1072 0.8081 x 10-5 -2873 x 10~  273-1800 0.59 0.34
00 14.604 10.480 1.394 1.098 0.801 1.371 1.031 0.771  1.337 Oxido nitrico  NO 29.34 -0.09395 x 1072 0.9747 % 103 ~4.187 x 107 273-1500 0.97 0.3¢

750 14.645 10.521 1.392 1.110 0.813 1365 | 1.043 0.783  1.332 Oxido nitroso N, 2411 58632 x 1072 -3562 x 1075 10.58 x 1079 273-1500 0.59 0.2¢
800 14.695 10.570 1.390 1.121 0.825 1.360 1.054 0.794 1.327 Oxigeno 0, 25.48 ©1.520 x 1072 ~0.7155 x 10°° 1.312 x 107° 273-1800 1.19 0.28
900 14.822 10.698 1.385 1.145 0.849 1.349 1.074 0.814 1.319 n-Pentano CsHiz 6.774 4543 x 1072 ~22.46 % 1073 42.29 » 109 273-1500 056 0.21

1000 14.983 10. P C3H ~4.04 30.48 x 10°2 ~15.72 x 10°% 31.74 % 10-%  273-1500 040 0.12

559 1380 | H1e7 0870 134l | 1090 0830 1.313 pféﬁiiﬁo c?,Hz 3.15 23.83 x 102 -12.18 x 1075 24.62 x 109 273-1500 0.73 0.17

Fuente. Kenmeth Wark, Thermedynamics, cuarta edicion, Nueva York, McGraw-Hiil, 1983, p. 783, T3b AM, it N . Trioxido de

B erta o s, NBe C|1cular/ 554? lrgsg icion, Nueva York, McGraw-Hi p. 783, Tabia A-4M. Pubiicada origmalmente en Tables of Ther- azufre 50, 16.40 14.58 x 10-2 -11.20 x 10°5 3242 x 10°° 273-1300 029 0.13

Vapor de agua  H,0 3224  0.1923 x 1072 1.056 % 10-° ~3595 x 107  273-1800 0.53 024

Fuente: B. G. Kyle, Chemical and Process Thermodynamics, Englewood Cliffs, Nueva Jersey, Prentice Hail, 1984, Usada con permiso
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Propiedades de liquidos, sélidos y alimentos comunes

lanias ae propiedades, figuras y diagramas (unidades SI)

a) Liquidos
Datos Je ebullicién a } atm Dalos de congelacion Fropredades del iquido
Punto  Calor latente de Punto  Caler latente Calor
normal de  vaporizacién  de conge-  de fusién Temperatura, Densidad  especifico
Sustancia ebullicion, °C e, kilkg lacién, °C h,;, kilkg °C p, kgm3  c, kikg- K
Aceite (tigero) 25 910 1.80
Agua 100 2257 0.0 333.7 0 1000 4.22
25 997 4.18
50 988 4.18
75 975 4.19
-_— 100 958 4.22
Alcohol etilico 78.6 855 -156 108 . 20 789 2.84
Amgniaco -33.3 1357 -77.7 322.4 -33.3 682 4.43
--20 665 4.52
0 639 4.60
25 602 4.80
Argén ~185.9 161.6 -189.3 28 -185.6 1394 1.14
Benceno 80.2 394 5.5 126 20 879 1.72
n-Butano -0.5 385.2 -138.5 80.3 -0.5 601 2.31
Di¢xido de carbono -78.4* 230.5(a 0°C) -56.6 0 298 0.59
Etanol 78.2 838.3 ~114.2 109 25 783 2.46
Etilén glicol 198.1 800.1 -10.8 181.1 20 110¢ 2.84
Glicerina 179.9 974 18.9 200.6 20 1261 2.32
Helio —268.9 22.8 — — -268.9 146.2 22.8
Hidrégeno -252.8 445.7 -259.2 59.5 -252.8 70.7 10.0
Isobutano -11.7 367.1 ~160 105.7 -11.7 593.8 2.28
Mercurio 356.7 294.7 -38.9 11.4 25 13,560 0.139
Metano -161.5 510.4 ~182.2 58.4 ~161.5 423 3.49
-100 301 5.79
Metanol 64.5 1100 -97.7 99.2 25 787 2.55
Nitrogeno -195.8 198.6 ~-210 25.3 ~195.8 809 2.06
~160 596 2.97
Octano 124.8 306.3 -57.5 180.7 20 703 2.10
Oxigeno -183 212.7 --218.8 13.7 -183 1141 1.71
Petréleo — 230-384 20 640 2.0
Propanc -42.1 427.8 -187.7 80.0 -42.1 581 2.25
0 529 2.53
50 449 3.13
Queroseno 204-293 251 ~24.9 — 20 820 2.00
Refrigerante 134a ~26.1 217.0 ~96.6 - ~50 1443 1.23
Salmuera (20% de
cloruro de sodio
por masa) 103.9 — -17.4 — 20 1150 3.11
-26.1 1374 1.27
0 1295 1.34
25 1207 143

* Temperatura de sublimacién. (A presiones por debajo de 13 presién de punto triple de 518 kPa, €l dibxido de carbono existe como sélido o como gas. También,

la temperatura de punto de congelamiento del didxido de carbono es la temperatura de punto triple de -56.5°C.)

Propiedades de liquidos, sdlidos y alimentos comunes (conclusion)

Apéndice 1 ! 8

b) Solidos (los valores son para temperatura ambiente, excepfo que se jndigye otra cosa) . .

Densidad, Calor especifico, Densidad, Calor especiftcc
Sustancia p kg/m3 c, kdfkg - K Sustancia - pkgm® ¢, kiikg - K
Metales No metales
Acero duice 7,830 0.500 Arena 1520 0.800
Aluminio Arcilla 1000 0.920
200 K 0.797 Asfalto 2110 0.920
250 K 0.859 Caucho (blando) 1100 1.840
300 K 2,700 0.902 Caucho (duro) 1150 2.009
350 K 0.929 Concreto 2300 0.653
400 K 0.949 Diamante 2420 0.616
450 K 0.973 Grafito 2500 0.711
500 K 0.997 “Granito 2700 1.017
Bronce {(76% Cu, 2% Zn, 8,280 0.400 Hielo,
2% Al) 200 K 1.56
Cobre 220 K 1.71
-173°C 0.254 240 K 1.86
—-100°C 0.342 260 K 2.01
-50°C 0.367 273 K 921 2.11
o°c 0.381 Ladrillo comin 1922 0.79
27°C 8,900 0.386 Ladrillo refractario (500°C) 2300 0.960
100°C 0.393 Madera contrachapada
200°C 0.403 {abeto Douglas) 545 1.21
Hierro 7,840 0.45 Maderas duras (maple, encino, etc.) 721 1.26
Latén amaritlo (65% Cu, 8,310 0.400 Maderas suaves (abeto, pino, etc.) 513 1.38
35% Zn) Mérmol 2600 0.880
Magnesio Piedra 1500 0.800
Niguel Piedra caliza 1650 0.909
Plata Vidrio para ventanas 2700 0.800
Plamo Vidrio pirex 2230 0.840
Tungsteno Yeso o tabla de yeso 800 1.0
c) Alimentos
Far encima Por debaia  Calor Porencima  Por debajo  Calor
Centemdo Punto del punto  del punto  iatente Contenido Punto del punte  del punto  latente
de agua. de conga- de conge-  de conge-  de fusidn, de agua. de conge- de conge-  de conge-  de tusidn
Alimzatas %o {m:3sa) lacién, °C laci6n lacén ki'wg Atimentos % (masa) lacidn, °C tacién lacién kJkg
Brécoli S0 -0.6 3.86 1.97 301 Hetado 63 -5.6 2.95 1.63 210
Camarén 83 ~-2.2 3.62 1.89 277 Mantequilla 16 — — 1.04 53
Cerne de polio 74 -2.8 3.32 1.77 247 Manzanas 84 -1.1 3.65 1.90 281
Carne de res 67 — 3.08 1.68 224 Naranjas 87 -0.8 3.75 1.94 291
Cerezas 80 ~-1.8 3.52 1.85 267 Papas 78 -0.6 3.45 1.82 261
Espinaca . 93 -0.3 396 2.01 311 Pavo 64 — 2.98 1.65 214
Fresas 90 -0.8 3.86 1.97 301 Piatanos 75 -0.8 3.35 1.78 251
Huevo entero 74 -0.6 3.32 1.77 247 Queso suizo 39 -10.0 2.15 1.33 130
Leche entera 88 ~-0.6 3.79 1.95 294 Salmén 64 -2.2 2.98 1.65 214
Lechuga 95 -0.2 4.02 2.04 317 Sandia 93 -0.4 3.96 2.01 311
Maiz dulce 74 ~0.6 3.32 1.77 247 ~-0.9 3.99 2.02 314

Tomates (maduros) 94

Fuenfe: Los valores han sido obtenidos de varios manuales y otras fuentes, o se han caiculado. El contenido de agua y los datos de punto de congelacisn para
alimentos provienen del ASHRAE, Handbook of Fundamentals, version SI, Atlanta, Georgia, American Society of Healing, Refrigerating and Air-Conditioning
Engineers, Inc., 1993, Capitulo 30, Tabla 1. £I punto de congelacidn es la temperatura a la que comienza la congalacién para frutas y verduras, asi como la

temperatura promedio de congelacién para otros alimentos.
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ABLARA =
Agua saturada, Tabla de temperaturas’
Volumen especifice. Fnergia interna, Entalpia, Entropia.
mikg kJ/kg kJ/Kg _klkg - K
Pres. Lig- Vapor Liq. Vapor Lig. Vapor Lig. Vapor
Temp., sat., sat., sat., sat., Evap., sat., sat., Evap., -sat., sat., Evap., sat.,
T°C P kPa v, Vg u, U Uy hy g hg St Sg Sy
70.01 0.6117 0.001000 206.00 0.000 23749 23749 £0.001 25009 25009 0.0000 9.1556 9.1556
5 0.8725 0.001000 147.03 21.019 2360.8 23818 21.020 2489.1 25101 00763 8.9487 9.0249
10 1.2281 0001000 106.32 42.020 2346.6 23887 42.022 2477.2 25192 0.1511 87488 8.8999
15 1.7057 0.001001 77.885 62.980 23325 23955 62.982 2465.4 25283 0.2245 8.5559 8.7803
20 23392 0.001002  57.762 83.913 23184 24023 83915 24535 25374 0.2965 8.3696 8.6661
25 3.1692 0.001003 43.340 104.83 2304.3 2409.1 104.83 2441.7 25465 03672 B8.1895 8.5567
30 4.2469 0.001004 32.879. 125.73 2290.2 24159 125.74 24298 25556 0.4368 80152 8.4520
35 56291 0.001006 75,205 146.63 22760 24227 14664 2417.9 25646 05051 7.8466 8.3517
40 7.3851 0.001008 19.515 167.53 2261.9 24294 167.53 2406.0 25735 0.5724 7.6832 8.2556
45 9.5953 0.001010 15.251 188.43 22477 2436.1 188.44 2394.0 25824 0.6386 7.5247 8.1633
50 12.352 0.001012 12.026 209.33 2233.4 24427 209.34 23820 25913 0,7938 7.3710 8.0748
55 15.763 0.001015 9.5639 230.24 2219.1 24493 230.26 23698 2600.1 0.7680 7.2218 7.9898
60 19.947 0.001017 7.6670 251.16 20047 24559 251.18 2357.7 26088 0.8313 7.0763 7.9082
65 25.043 0.001020 6.1935 272.09 2190.3 24624 272.12 2345.4 2617.5 0.8937 6.9360 7.8296
70 31.202 0.001023 5.0396 293.04 21758 2468.9 293.07 2333.0 2626.1 0.9551 6.7989 7.7540
75 38.597 0.001026 4.1291 313.99 21613 24753 314.03 2320.6 2634.6 1.0158 6.6655 7.6812
80 47.416  0.001029 3.4053 334.97 21466 24816 33502 23080 26430 10756 65355 7.61l1
85 57.868 0.001032 2.8261 355.96 21319 24878 356.02 22953 26514 1.1346 6.4089 7.5435
90 70.183 0.001036 2.3593 376.97 2117.0 24940 377.04 20825 26596 11929 6.2853 7.4782
95 84,605  0.001040 1.9808  398.00 21020 2500.1 398.09 22696 26676 1.2504 6.1647 7.4151
100 101.42 0.001043 1.6720 419.06 2087.0 25060 419.17 2056.4 26756 1.3072 6.0470. 7.3542
105 120.90 0.001047 1.4186 440.15 2071.8 2511.9 44028 22431 26834 13634 59319 7.2952
110 143.38 0.001052 1.2094 461.27 2056.4 2517.7 461.42 22297 2691.1 1.4188 58193 7.2382
115 165.18 0.001056 1.0360 482.42 20409 2523.3 48259 22160 26986 1.4737 57092 7.1829
120 198.67 0.001060 0.89133 503.60 20253 25289 503.81 22021 27060 1.5279 5.601;‘} 7.1292
125 232.23 0.001065 077012 52483 2009.5 25343 52507 21881 27131 15816 54956 7.0771
130 270.28 0.001070 0.66808 546.10 1993.4 25395 546.38 21737 2720.1 16346 53919 7.0265
135 313.22 0.001075 0.58179 567.41 1977.3 25447 567.75 2159.1 27269 1.6872 5.2901 6.9773
140 361.53 0.001080 0.50850 588.77 1960.9 2549.6 589.16 21443 27335 1.7392 51901 6.9294
145 415.68 0.001085 044600 610.19 1944.2 25544 61064 21292 27398 17908 50919 6.8827
150 476.16 0.001091 0.39248 631.66 1927.4 2559.1 632.18 2113.8 27459 1.8418 4.9953 6.8371
155 543.49 0.001096 0.34648 653.19 19103 2563.5 65379 20980 27518 18924 4.9002 6.7927
160 618.23 0.001102 .0.30680 674.79 18930 2567.8 67547 2082.0 27575 1.9{12&_3 4.8066 6.7492
165 700.93 0.001108 0.07244 696.46 1875.4 25719 ©97.24 20656 27628 13923 4.7143 6.7057
170 792.18 0.001114 0.24260 718.20 1857.5 25757 719.08 20488 27679 20417 4.6233 6.6650
175 892.60 6.001121 0.21659 740.02 1839.4 25794 74102 20317 27727 2.0906 45335 6.6242
180 1002.8 0.001127 0.19384 761.92 18209 2582.8 763.05 20142 27772 21392 4,4€48 6.5841
185 11235 0.001134 0.17390 78391 1802.1 25860 785.19 19962 2781.4 21875 43572 65447
190 1255.2 0.001141 0.15636 806.00 17830 25890 807.43 19779 27853 22355 4.2705 6.5059
195 13988 0.001149 0.14083 828.18 1763.6 2591.7 829.78 19590 2788.8 22831 4.1847 6.(‘167’87
200 1554.9 0.001157 0.12721 17437 2594.2 85226 1939.8 27920 2.3305 40997 6.4302

850.46

Agua saturada. Tabla de temperaturas (concl/usion)

Apéndice 1

Volumen especifico, Erergia interna, Entaipia, Entropia,
milkg kJikg B kJkg kKJ'kg - K
Pres. Liq. Vapor Liq. Vapor = Lig. Vapor  Liq. -
Temp., sat., sat, sat., sat., Evap., sat., sat., Evap., sat., sat., Evap.,
T°C P kPa v, 75 u, Up U, hy hy hg s Sig
205 1724.3 0.001164 0.11508 87286 1723.5 2596.4 874.87 1920.0 27948 23776 4.0154
210 1907.7 0.001173 0.10429 895.38 17029 2598.3 897.61 1899.7 2797.3 24245 39318
215 21059 0.001181 0.094680 918.02 1681.9 2599.9 920.50 1878.8 2799.3 24712 3.8489
220 2319.6 0.001190 -0.086094 940.79 1660.5 2601.3 943.55 1857.4 2801.0 25176 3.7664
225 2549.7 0.001199 0.078405 963.70 1638.6 2602.3 966.76 18354 28022 25639 3.6844
230 2797.1 0.001209 0.071505 986.76 1616.1 26029 990.14 1812.8 28029 26100 3.6028
235 3062.6 0.001219 0.065300 1010.0 1593.2 2603.2 1013.7 1789.5 28032 2.6560 3.5216
240 3347.0 0.001229 0.059707 1033.4  1569.8 2603.1 1037.5 17655 2803.0 27018 3.4405
245 3651.2 0.001240 0.054656 1056.9 1545.7 2602.7 1061.5 1740.8 28022 2.7476 3.3596
250 3976.2 0.001252 0.050085 1080.7 1521.1 2601.8 1085.7 17153 2801.0 27933 3.2788
255 43229 0.001263 0.045941 1104.7 1495.8 2600.5 1110.1 1689.0 27991 28390 3.1379
260 4692.3 0.001276 0.042175 1128.8 1469.9 2598.7 11348 16618 27966 2.8847 3.1169
265 50853 0.001289 0.038748 1153.3 1443.2 2596.5 1159.8 16337 27935 29304 3.0358
270 5503.0 0.001303 0.035622 1177.9 1415.7 2593.7 1185.1 1604.6 2789.7 25762 2.9542
275 5946.4 0.001317 0.032767 1202.9 1387.4 2590.3 1210.7 15745 27852 3.0221 2.8723
280 64166 0.001333 0.030153 1228.2 1358.2 2586.4 1236.7 15432 27799 3.0681 2.7898
285 6914.6 0.001349 0.02775%6 1253.7 1328.1 25818 1263.1 15107 27737 3.1144 27066
290 74418 0.001366 0.025554 1279.7 1296.9 2576.5 1289.8 1476.9 27667 3.1608 2.6225
295 7999.0 0.001384 0.023528 1306.0 1264.5 2570.5 1317.1 14416 2758.7 3.2076 2.5374
300 8587.9 0.001404 0.021659 1332.7 1230.9  2563.6 13448 1404.8 27496 3.2548 24511
305 9209.4 0.001425 0.019932 1360.0 11959 25558 1373.1 13663 27394 3.3024 2.3633
310 9865.0 0001447 0.018. 1387.7 1159.3 2547.1 1402.0 13259 27279 33506 2.2737
315 10,556 0.001472 0.016849 1416.1 1121.1 2537.2 14316 1283.4 27150 3.3994 2.1821
320 11,284 0.001499 0.015470 1445.1 1080.9 2526.0 1462.0 12385 27006 3.4491 2.0881
325 12,051 0.001528 0.014183 14750 1038.5 2513.4 1493.4 11910 2684.3 3.4998 19911
330 12,858 0.001560 0.012979 1505.7 9935 2499.2 1525.8 11403 26660 3.5516 1.8906
335 13,707 0.001597 0.011848 1537.5 9455 2483.0 1559.4 1086.0 26454 3.6050 1.7857
340 14,601 0.001638 0.010783 1570.7 893.8 2464.5 15946 10274 2622.0 3.6602 1.6756
345 15,541 0.001685 0.009772 1605.5 837.7 24432 1631.7 963.4 2595.1 37179 1.5585
350 16,529 0.001741 0.008806 1642.4 7759 24183 1671.2 892.7 25639 37788 1.4326
355 17,570 0.001808 0.007872 1682.2 706.4 2388.6 1714.0 8129 25269 38442 1.2942
360 18,666 0.001895 0.006950 1726.2 6257 2351.9 1761.5 720.1 24816 39165 1.1373
365 19,822 0.002015 0.006009 1777.2 526.4 23036 1817.2 605.5 24227 40004 0.9489
370 21.044 0.002217 0.004953 18445 385.6 2230.1 1891.2 4431 23343 41119 0.68%0
373.95 22,064 0.003106 0.003106 2015.7 0 20157 2084.3 0 2084.3 44070 O

52114

51384
5.053't
4.949 :
4.80C¢;
4,407¢

Fuente: Las tabias A-4 a A-8 fueron generadas utilizando el programa para resolver ecuaciones de ingenieria (EES) desarrollado por S. A, Klein y F. L. Alvara
La rutina utilizada en fos célculos es la altamente prectsa Steam_IAPWS, que incorpora la Formutacién 1995 para las Propiedades Termodinamicas de la
Sustancia Agua Ordinaria para Uso Cientifico y General, editada por The International Association for the Properties of Water and Steam (JAPWS). Esta
formutacién reemptaza a la formulacién de 1984 de Haar, Gallagher y Kell (NBS/NRC Stean Tables, Hemisphere Publisturng Co., 1984), la cual ests tambie
disponible en EES como la rutina STEAM. La nueva formulacidn se basa er: las correlaciones de Saul y Wagner (J. Phys. Chem. Ref. Data, 16, 893, 1987) ¢
modificaciones para ajustarla a la Escala Internacional de Temperaturas de 1990. Las modificaciones estan descritas por Wagner y Pruss (J. Phys. Chem. R=
Data, 22, 783, 1993). Las propiedades del hielo estan basadas en Hyland y Wexler, “Formuilations for the Thermodynamic Properties of the Saturated Phasz
H,0 from 173.15 K 2 473.15 K", ASHRAE Trans., Part 2A, Paper 2793, 1983.
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Agua

Tablas de propiedades, figuras y diagramas (unidades S1)

turada. Tabla de presiones

225
250
275

300
325
350
375
400

450
500
550
600
650

700
750

Temp.
sat.,

T..°C

9i.76
9361
93.97
105.97
‘111.35

116.04
129.21
123.97
127.41

113358

Valimen aspecifice,

mkg . U S —
Lig. Vapor Liq. Vapor Lig.
sat., sat., sat., Evap., sat., sat,
vy v, u, Ug - " Ug h,
0.001000 129.19 29302 23552 23845 29303
0.001001 87.964 54686 2338.1 23928 54.688
0.001001 66.990 73.431 23255 23989 73433
0.001002 54.242 88.422 23154 2403.8 88.424
0.001003 45654 100.98 2306.9 2407.9 10098
0.001004 34791  121.39 2293.1 24145 121.39
0.001005 28.185 137.75 22821 24198 137.75
0.001008 19.233 168.74 2261.1 2429.8 168.75
0.001010 14.670 191.79 22454 2437.2 19181
0.001014 10.020 22593 2222.1 2448.0 22594
0.001017 7.6481 251.40 22046 2456.0 251.42
0.001020 6.2034 271.93 21904 24624 271.96
0.001022 52287 289.24 21785 2467.7 289.27
0001026 3.9933 317.58 21588 24763 317.62
0.001030 3.2403 340.49 2142.7 24832 340.54
0.001037 22172 38436 2111.8 2496.1 384.44
0.001043 16941 417.40 2088.2 2505.6 417.51
0001043 1.6734 41895 2087.0 2506.0 419.06
0001048 1.3750 44423 2068.8 2513.0 444.36
0001053 _1.¥594 466.97 20523 2519.2 467.13
0.001057 1.0037 486.82 2037.7 25245 487.01
0.001061 0.88578 504.50 2024.6 2529.1 504.71
0.001064 0.79329 520.47 2012.7 25332 520.71
0.001067 0.71873 535.08 2001.8 25368 535.35
0001070 065732 54857 1991.6 2540.1 548.86
0.001073 0.60582 561.11 1982.1 2543.2 561.43
0001076 0.56199 572.84 19731 25459 573.19
0001079 052422 583.89 1964.6 25485 584.26
0001081 049133 59432 1956.6 25509 594.73
0001084 0.46242 604.22 19489 2553.1 604.66
0001088 041392 622,65 19345 2557.1 623.14
0.001093 0.37483 639.54 1921.2 25607 640.09
0001097 0.34261 65516 19088 25639 65577
0.001101 0.31560 669.72 1897.1 25668 670.38
0001104 0.29260 683.37 18861 2569.4 684.08
0001108 027278 69623 18756 2571.8 697.00
0.001111 0.25552 708.40 1865.6 2574.0 709.24

Energia interna.

Fntalpia,
kJikg

Evap.,
fig =

2484.4
2470.1
2459.5
2451.0
24439

24323
2423.0
2405.3
2392.1
2372.3

23575
23455
2335.3
2318.4
2304.7

2278.0
2257.5
2256.5
2240.6
2226.0

22131
22016
2191.0
2181.2
21720

2163.5
2155.4
2147.7
21404
21334

2120.3
2108.0
2096.6
2085.8
2075.5

2065.8
2056.4

h

Vapor
sat.,

£

2513.7
2524.7
2532.9
2539.4
25448

2553.7
2560.7
2574.0
2583.9
2598.3

2608.9
2617.5
2624.6
2636.1
2645.2

2662.4
2675.0
2675.6
2684.9
2693.1

2700.2
27063
27117
2716.5
2720.9

2724.9
2728.6
2732.0
2735.1
2738.1

2743.4
2748.1
27524
2756.2
2759.6

2762.8
2765.7

Lig.

sat.,
Sy

0.1956
0.2606
0.3118
0.3543

0.4224
0.4762
0.5763
0.6492
0.7549

0.8320
0.8932
0.9441
1.0261
1.0912

1.2132
1.3028
1.3069
1.3741
1.4337

1.4850
1.5302
1.5706
1.6072
1.6408

1.6717
1.7005
1.7274
1.7526
1.7765

1.8205
1.8604
1.8970
1.9308
1.9623

1.9918
2.0195

Evap.,

S

0.1059 8.8690

8.6314
8.4621
8:3302
8.2222

8.0510
7.9176
7.6738
7.4996
7.2522

7.0752
6.9370
6.8234
6.6430
6.5019

6.2426
6.0562
6.0476
5.9100
5.7894

5.6865
5.5968
5.5171
5.4453
5.3800

5.3200
5.2645
5.2128
5.1645
5.1191

5.0356
4.9603
4.8916
4.8285
4.7699

4.7153
4.6642

8.8270
8.7227
8.6421
8.5765

8.4734
8.3938
8.2501
8.1488
8.0071

7.9073
7.8302
7.7675
7.6691
7.5931

7.4558
7.3589
7.3545
7.2841
7.2231

7.1716
7.1270
7.0877
:7.0525
7.0207

6.9917
6.9650
6.9402
6.9171
6.8955

6.8561
6.8207
6.7886
6.7593
6.7322

6.7071
6.6837

ThBLk
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Agua saturada. Tabla de presiones {conclusidn)

Apéndice 1

Entreo,2,

! t

Volumien especitico, Erergia interna, Fntalpia,
m3/kg klkg kg Kikg - K
Temp. Lig. Vapor Liq. Vapor Lig. Vapor Lig. Vapor
Pres., sat, sat., sat., sat., Evap., sat., sat, - Evap., sat., sat., Evap., sat.,
PkPa T,°C v Ve u, Uy Ug hy fiyg hy s, St S
800 170.41 0.001115 0.24035 719.97 1856.1 2576.0 720.87 2047.5 2768.3 2.0457 4.6160 6.661¢
850 172.94 0.001118 0.22690 731.00 1846.9 25779 731.95 20388 2770.8 2.0705 4.5705 6.64C"
900 175.35 0.001121 0.21489 74155 1838.1 2579.6 742.56 2030.5 2773.0 2.0941 4.5273 6.621
950 177.66 0.001124 0.20411 751.67 1829.6 2581.3 752.74 20224 27752 2.1166 4.4862 6.602°}
1000 179.88 0.001127 0Q.19436 761.39 1821.4 25828 762,51 2014.6 2777.1 2.1381 4.4470 6.585(
1100 184.06 0.001133 0.17745 779.78 1805.7 25855 781.03 1999.6 2780.7 2.1785 4.3735 6.552C
1200 187.96 0.001138 0.16326 796.96 1790.9 2587.8 798.33 19854 2783.8 2.2159 4.3058 6.521%
1300 191.60 0.001144 0.15119 813.10 17768 25899 81459 19719 27865 2.2508 4.2428 6.493¢
1400 195.04 0.001149 0.14078 828,35 1763.4 2591.8° 829.96 19589 27889 2.2835 4.1840 6.467:
1500 198.29 0.001154 0.13171 842.82 1750.6 2593.4 84455 19464 2791.0 2.3143 4.1287 6.443C
1750 205.72 0.001166 0.11344 876.12 1720.6 2596.7 878.16 1917.1 2795.2 2.3844 4.0033 6.3877
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
2250 21841 0.001187 0.088717 933.54 1667.3 2600.9 936.21 1864.3 2800.5 2.5029 3.7926 6.295¢
2500 22395 0.001197 0.079952 958.87 1643.2 2602.1 961.87 1840.1 2801.9 2.5542 3.7016 6.255¢
3000 233.85 0.001217 0.066667 1004.6 15985 2603.2 1008.3 17949 2803.2 2.6454 3.5402 6.185¢
3500 242.56 0.001235 0.057061 1045.4 1557.6 2603.0 1049.7 1753.0 2802.7 2.7253 3.3991 6.1244
4000 250.35 0.001252 0.049779 1082.4 1519.3 2601.7 1087.4 17135 2800.8 2.7966 3.2731 6.069¢
5000 263.94 0.001286 0.039448 1148.1 1448.9 2597.0 1154.5 1639.7 2794.2 2.9207 3.0530 5.9737
6000 275.58 0.001319 0.032449 12058 1384.1 2589.9 1213.8 15709 2784.6 3.0275 2.8627 5.8907
7000 285.83 0.001352 0.027378 1258.0 1323.0 2581.0 1267.5 1505.2 2772.6 3.1220 2.6927 ~5.814¢
8000 295.01 0.001384 0.023525 1306.0 1264.5 2570.5 1317.1 14416 2758.7 3.2077 2.5373 5.7450
9000 303.35 0.001418 0.020489 1350.9 1207.6 2558.5 1363.7 1379.3. 27429 3.2866 2.3925 5.6791
10,000 311.00 0.001452 0.018028 1393.3 1151.8 2545.2 1407.8 1317.6 27255 3.3603 2.2556 5.6159
11,000 318.08 0.001488 0.015988 1433.9 1096.6 2530.4 1450.2 1256.1 2706.3 3.4299 2.1245 5.5544
12,000 324.68 0.001526 0.014264 1473.0 1041.3 2514.3 14513 1194.1 26854 3.4964 1.9975 5.4939
13,000 330.85 0.001566 0.012781 1511.0 985.5 2496.6 1531.4 1131.3 2662.7 3.5606 1.8730 5.433¢
14,000 336.67 0.001610 0.011487 1548.4 928.7 2477.1 1571.0 1067.0 2637.9 3.6232 1.7497 5.3728
15,000 34z.16 0.001657 0.010341 1585.5 870.3 2455.7 1610.3 1000.5 2610.8 3.6848 1.6261 5.310¢
16,000 347.36 0.001710 0.009312 16226 809.4 2432.0 1649.9 931.1 2581.0 3.7461 1.5005 5.2466
17,000 352.29 0.001770 0.008374 1660.2 745.1 2405.4 1690.3 857.4 25477 3.8082 1.3709 5.1791
18,000 356.99 0.001840 0.007504 1699.1 - 6759 2375.0 1732.2 777.8 2510.0 3.8720 1.2343 5.1064
19,000 361.47 0.001926 0.006677 1740.3 598.9 2339.2 1776.8 689.2 2466.0 3.9396 1.0860 5.0256
20,000 365.75 0.002038 0.005862 1785.8 509.0 2294.8 1826.6 585.5 2412.1 4.0146 0.9164 4.9310
21,000 369.83 0.002207 0.004994 1841.6 391.9 2233.5 1888.0 450.4 2338.4 4.1071 0.7005 4.807%
22,000 373.71 0.002703 0.003644 1951.7 140.8 2092.4 2011.1 161.5 2172.6 4.2942 0.2496 45439
22,064 373.95 0.003106 0.003106 2015.7 0 2015.7 2084.3 0 2084.3 4.4070 0 4.4070
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Vapor de agua sobrecalentado

Tablas de propiedades, figuras y diagramas (unidades Si)

Sat.
200
250
300
350
400
500
600
700
800
900

10C0
1100
1200
1300

v u h s | v u h s v’ u h s
m¥kg  kikg kikg kikg K| mifkg  kikg  kilkg  kikg K| m¥kg kikg klkg kikg-K
P = 0.01 MPa(4581°C): P =0.05MPa (81.32°C) P 0.10 MPa (33,68:C)
14.670 24372 25839 81488 3.2403 2483.2. 26452 7.5931 | 1.6941 25056 2675.0 7.3589
14.867 24433 25920 8.1741 :
17.196 25155 2687.5 8.4489| 3.4187 2511.5 26824 7.6953 | 1.6959 2506.2 26758 7.3611
19.513  2587.9 2783.0 86893 | 3.8897 25857 27802 7.9413 | 1.9367 25829 2776.6 7.6148
21.826  2661.4 28796 8.9049| 43562 2660.0 2877.8 81592 | 21724 2658.2 28755 7.8356
24136 27361 29775 9.1015| 4.8206 27351 29762 83568 | 24062 27339 29745 80346
26446 28123 30767 9.2827| 52841 2811.6 30758 85387 | 26383 28107 30745 82172
31.063  2969.3 32808~ 95094 | 62094 2968.9 3279.3 88659 | 3.1027 29683 3278.6 85452
35680 31329 34897 9.8998( 7.1338 3132.6 34893 9.1566 | 3.5655 3132.2 3488.7 B8.8362
40.296 33033 37063 10.1631| 80577 3303.1 37060 9.4201 | 4.0279 33028 3705.6 9.0999
44.911 34808 39299 104056| 8.9813 3480.6 3929.7 9.6626 | 4.4900 34804 39294 9.3424
49527 36654 41606 106312 9.9047 36652 41604 9.8883 | 4.9519 36650 41602 9.5682
54.143 38569 4398.3 10.8429| 10.8280 3856.8 4398.2 10.1000 ; 5.4137 3856.7 4398.0 9.7800
58758 40553 4642.8 11.0429| 11.7513 4055.2 46427 10.3000 | 5.8755 4055.0 4642.6 9.9800
63.373 42600 4893.8 11.2326| 12.6745 4259.9 4893.7 104897 | 6.3372 4259.8 4893.6 10.1698
67.989  4470.9 5150.8 11.4132| 13.5977 4470.8 5150.7 10.6704 | 6.7988 4470.7 5150.6 10.3504
72.604  4687.4 5413.4 115857 | 14.5209 4687.3 5413.3 10.8429 | 7.2605 4687.2 5413.3 10.5229
P - 0.20 MPa (120.21°C) P=030MP2{13352°C; | P =040 MPa(14361°C)
0.88578 2529.1 27063 7.1270| 060582 2543.2 27249 6.9917 | 0.462422553.1 27381 6.8955
0.95986 2577.1 2769.1 7.2810| 0.63402 2571.0 2761.2 7.0792 | 04708825644 2752.8 6.9306
1.08049 2654.6 2870.7 7.5081| 0.71643 2651.0 2865.9 7.3132 | 0.53434 2647.2 28609 7.1723
1.19890 2731.4 2971.2 7.7100| 0.79645 2728.9 2967.9 7.518C | 0.595202726.4 2964.5 7.3804
1.31623 2808.8 3072.1 7.8941| 0.87535 2807.0 3069.6 7.7037 | 0.65489 2805.1 3067.1 7.5677
1.54934 2967.2 3277.0 82236 103155 29660 32755 80347 | 0.772652964.9 3273.9 7.9003
1.78142 3131.4 3487.7 85153| 1.18672 3130.6 3486.6 83271 | 0.889363129.8 34855 81933
2.01302 33022 37048 87793| 1.34139 3301.6 3704.0 85915 | 1.00558 3301.0 3703.3 8.4580
2.24434 34799 3928.8 9.0221| 149580 3479.5 3928.2 88345 | 1121523479.0 39276 87012
2.47550 3664.7 4159.8 9.2479| 1.65004 3664.3 4159.3 9.0605 | 1.237303663.9 41589 89274
2.70656 3856.3 4397.7 9.4598| 1.80417 3856.0 4397.3 9.2725| 13529838557 4396.9 9.1394
2.93755 4054.8 46423 96599 | 1.05824 4054.5 4642.0 9.4726 | 1.468594054.3 4641.7 9.339
3.16848 4259.6 48933 9.8497| 2.11226 4259.4 48931 9.6624 | 1.58414 4250.2 48929 9.5295
3.39938 4470.5 5150.4 10.0304| 2.26624 4470.3 5150.2 9.8431 | 169966 4470.2 5150.0 9.7102

3.63026 4687.1 5413.1 10.2029

F = 0.50 MPa (15183 ¢}

0.37483 2560.7

6.8207

2748.1
0.42503 2643.3 28558 7.0610
0.47443 2723.8 2961.0 7.2725
0.52261 2803.3 30646 7.46l4
0.57015 2883.0 3168.1 7.6346
0.61731 2963.7 32724 7.7956
0.71095 3129.0 3484.5 8.0893
0.80409 3300.4 37025 8.3544
0.89696 3478.6 3927.0 8.5978
0.98966 3663.6 4158.4 8.8240
1.08227 38554 4396.6 9.0362
1.17480 4054.0 46414 9.2304
1.26728 4259.0 48926 94263
1.35972 4470.0 51498 9.6071
1.45214 46866 54126 9.7797

2.42019 46869

Pz 0RO MPa (15883 Cy

0.31560
0.35212
0.39390
0.43442
0.47428
0.51374
0.59200
0.66976
0.74725
0.82457
0.90179
0.97893
1.05603
1.13309
1.21012

2566.8
2639.4
2721.2
2801.4
2881.6
2962.5
3128.2
3299.8
3478.1
3663.2
3855.1
4053.8
4258.8
4469.8
4686.4

5413.0 100157

1.81516 4686.7

54128 9.8828

6.7593
6.9683
7.1833
7.3740
7.5481
7.7097
8.C041
8.2695
8.5132
8.7395
8.9518
9.1521
9.3420
9.5229
9.6955

2756.2
28506
2957.6
3062.0
3166.1
3270.8
34834
3701.7
3926.4
4157.9
4396.2
4641.1
4892.4
5149.6
5412.5

0.24035 2576.0
0.26088 2631.1
0.29321 27159
0.32416 2797.5
0.35442 2878.6
0.38429 2960.2
0.44332 3126.6
0.50186 3298.7
0.56011 3477.2
0.61820 3662.5
0.67619 3854.5
0.73411 4053.3
0.79197 4258.3
0.84980 4469.4
0.90761 4686.1

£:080MPa(l70A4170)

6.6616
6.8177
7.0402
7.2345
7.4107
7.5735
7.8692
8.1354
8.3794
8.6061
8.8185
9.0189
9.2090
9.3898

2768.3
2839.8
2950.4
3056.9
3162.2
3267.7
3481.3
3700.1
39253
4157.0
4395.5
4640.5
4891.9
5149.3
5412.2

“La terperatura entre parériesis es la temperatura de saturacién a la presién especificada.

' Propiedades de! vapor saturado a la presion especificada.

9.5625

Apéndice 1

TABLA M6 i
Vapor de agua sobrecalentado (continuacion)
T v u h s v u h s v u h s
°C_ mikg kikg  klikg  kikg-K|m¥kg klkg  kifkg  kifkg - K |m¥kg kilkg  kJkg  klkg-K
P =100MPa(179.88°C) P = 1.20 MPa (i87.96°C) P = 1.40 MPa (195.04°C)
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
200 0.20602 2622.3 28283 6.6956 |0.16934 2612.9 2816.1 6.5909 0.14303 2602.7 2803.0 6.4975
250 0.23275 27104 2943.1 6.9265 |0.19241 2704.7 29356 6.8313 0.16356 2698.9 29279 6.7488
300 0.25799 2793.7 3051.6 7.1246 [0.21386 2789.7 3046.3 7.0335 0.18233  2785.7 3040.9 6.9553
350 0.28250 2875.7 3158.2 7.3029 [0.23455 2872.7 3154.2 7.2139 0.20029 2869.7 3150.1 7.1379
400 0.30661 29579 32645 7.4670 |0.25482 29555 3261.3 7.3793 0.21782 2953.1 3258.1 7.3046
500 0.35411 3125.0 3479.1 7.7642 [0.29464 3123.4 3477.0 7.6779 0.25216 3121.8 3474.8 7.6047
600 0.40111 3297.5 36986 8.0311 |0.33395 3296.3 3697.0 7.9456 0.28597 3295.1 3695.5 7.8730
700 0.44783 34763 3924.1 8.2755 |0.37297 34753 39229 8.1904 0.31951 3474.4 3921.7-8.1183 .
800 0.49438 3661.7 4156.1 8.5024 |0.41184 3661.0 41552 84176 0.35288 3660.3 4154.3 8.3458
900 0.54083 3853.9 43948 8.7150 [0.45059 3853.3 4394.0 8.6303 0.38614 3852.7 4393.3 8.5587
1000 0.58721 4052.7 4640.0 8.9155 [0.48928 4052.2 4639.4 8.8310 0.41933 4051.7 4638.8 B8.7595
11C0  0.63354 42579 4891.4 9.1057 |0.52792 4257.5 4891.0 9.0212 0.45247 4257.0 4890.5 8.9497
1200 0.67983 4469.0 51489 9.2866 |0.56652 4468.7 51485 9.2022 0.48558 4468.3 5148.1 9.1308
1360 0.72610 46858 5411.9 9.4593 |0.60509 46855 5411.6 9.3750 0.51866 4685.1 5411.3 9.3036
P =182 MPa (201.37°C) £ = 1.80 MPa (207.11°C) P = 2.00 MPa (212.38°C)
Sat. 0.12374 25948 2792.8 6.4200 |0.11037 2597.3 27959 6.3775| 0.09959 2599.1 2798.3 6.3390
225 0.13293 2645.1 2857.8 6.5537 |0.11678 2637.0 2847.2 6.4825) 0.10381 2628.5 2836.1 6.4160
250 0.14190 2692.9 29199 6.6753 |0.12502 2686.7 2911.7 6.6088| 0.11150 2680.3 2903.3 6.5475
300 0.15866 2781.6 30354 6.8864 |0.14025 2777.4 3029.9 6.8246( 0.12551 2773.2 3024.2 6.7684
350 0.17459 2866.6 3146.0 7.0713 |0.15460 2863.6 3141.9 7.0120| 0.13860 2860.5 3137.7 6.9583
400 0.19007 29508 32549 7.2394 |0.16849 2948.3 3251.6 7.1814] 0.15122 2845.9 3248.4 7.1292
500 0.22029 _3120.1 3472.6 7.5410 |0.19551 3118.5 34704 7.4845| 0.17568 3116.9 3468.3 7.4337
600 0.24999 32939 36939 7.8101 |0.22200 3292.7 3692.3 7.7543| 0.19962 3291.5 3690.7 7.7043
700 0.27941 3473.5 39205 8.0558 |0.24822 3472.6 3919.4 8.0005| 0.22326 3471.7 3918.2 7.9509
80C 0.30865 3659.5 4153.4 8.2834 |[0.27426 3658.8 41524 8.2284| 0.24674 3658.0 4151.5 8.1791
900 0.33780 3852.1 43926 8.4965 |0.30020 3851.5 4391.9 8.4417| 027012 3850.9 4391.1 83925
1000 0.36687 4051.2 4638.2 8.6974 |0.32606 4050.7 4637.6 8.6427| 0.29342 4050.2 4637.1 85936
110G  0.39589 4256.6 4890.0 8.8878 |0.35188 4256.2 4889.6 88331 0.31667 42557 4889.1 8.7842
1200 0.42488 44579 5147.7 9.0689 [0.37766 4467.6 5147.3 9.0143| 0.33989 4467.2 5147.0 89654
1300 0.45383 4684.8 5410.9 9.2418 [0.40341 4684.5 54106 9.1872| 0.36308 4684.2 5410.3 9.1384
= 2.50 MFP2a (223.95°C) P = 300 MPa (233.85C) P = 350 MPa (24255 C)
Sat. 0.07995 2602.1 28019 6.2558 |0.06667 2603.2 28032 6.1856| 0.05706 2603.0 2802.7 6.1244
225 0.08026 2604.8 28055 6.2629
250 0.08705 2663.3 28809 64107 |0.07063 2644.7 28565 6.2893| 0.05876 2624.0 2829.7 6.1764
300 0.09894 2762.2 3009.6 6.6459 {0.08118 27508 29943 6.5412| 0.06845 2738.8 2978.4 6.4484
350 0.10879 28525 3127.0 6.8424 |0.09056 28444 31161 6.7450( 0.07680 2836.0 3104.9 6.6601
400 0.12012 2939.8 '3240.1 7.0170 |0.09938 2933.6 3231.7 6.9235| 0.08456 2927.2 3223.2 6.8428
450 0.13015 3026.2 3351.6 7.1768 |0.10789 3021.2 33449 7.0856| 0.09198 3016.1 3338.1 7.0074
500 0.13999 31128 34628 73254 [0.11620 3108.6 3457.2 7.2359| 0.09919 3104.5 3451.7 7.1593
600 0.15931 32885 3686.8 7.5979 |0.13245 3285.5 3682.8 7.5103| 0.11325 3282.5 3678.9 7.4357
700 0.17835 3469.3 39152 7.8455 |0.14841 3467.0 3912.2 7.7590| 0.12702 3464.7 3909.3 7.6855
800 0.19722 3656.2 4149.2 8.0744 |0.16420 3654.3 41469 7.9885| 0.14061 3652.5 4144.6 7.9156
900 0.21597 3849.4 4389.3 8.2882 |0.17988 3847.9 43875 8.2028| 0.15410 3846.4 43857 8.1304
1000 0.23466 4049.0 46356 8.4897 |0.19549 4047.7 4634.2. 8.4045{ 0.16751 4046.4 4632.7 8.3324
1100 0.25330 4254.7 48879 8.6804 |0.21105 4253.6 4886.7 8.5955| 0.18087 4252.5 4885.6 8.5236
1200 0.27190 4466.3 5146.0 8.8618 |0.22658 44653 51451 8.7771| 0.19420 4464.4 5144.1 8.7053
1300 0.29048 46834 5409.5 9.0349 |0.24207 4682.6 54088 8.9502| 0.20750 4681.8 5408.0 8.8786



APCHUILE | By

Vapor de agua sobrecalentado (continuacion) Vapor de agua sobrecalentado (conc/usién)

T v u h s T v u h s W u h s ’ T v u h s v u h
c_ ,,_"'.1,3/@-4_‘(3&(5“_ !‘Jf’ig‘~,k~l/k&_’( E?('{SE_,,,Q/,“L;H_/@_,,E‘.J/kg,‘}iﬂa(!‘&_,_,,,‘9/,'5_8 kﬂg_l‘!ﬁ‘_g_’ﬂ °C m3/kg kd/kg_ kikg ki/kg - K | m3/kg kkg  kl/kg L/kg-dr‘:ﬁ/kg : Jikg :J/K& i Jika - K
] y | F=asupeasieds ) FnS0Mra2edddll P= 150 VPR (342,15°C) £ =175 MPa (33457 O P 200 MPa (365 75°C) .
" Sat. 2800.8 6.0696 | 0.04406 2599.7 27980 6.0198 |003945 2597.0 27942 5.9737 Sat. 0. S — T
275 005461 2668.9 2887.3 62312 |0.04733 26514 28644 6.1429 | 004144 2632.3 28395 6.0571 350 g.gi?igi 2205 Sonr sada | o onE 23907 20295 B14% 0005862 22548 24121 49310

300 005887 2726.2 29617 6.3639 | 0.05138 2713.0 29442 62854 |004535 2699.0 29257 6.2111 400 0.0 7 s

350 006647 2827.4 30933 65843 | 005842 28186 308L5 65153 |005197 2809.5 30693 6.4516 450 001477 28808 31979 2'?23;3 8:8115383 Sotn4 s11id 60212 |001273 28073 20657 5900
200 007343 2920.8 32145 67714 |0.06477 2914.2 32057 67071 1005784 2907.5 3196.7 6.6483 500 0020828 23984 33108 63480 | 0017385 29724 32767 S ooaa) 2oy oas ohoas
450 008004 3011.0 33312 69386 |0.07076 30058 33242 68770 |0.06332 30006 3317.2 6.8210 250 002345 31062 4504 £3230 | 0019308 0865 34756 64266 |0016571 30647 33962 63360
500 008644 31003 34460 70922 | 007652 30960 34404 7.0323 006858 3091.8 34347 6.9781 800 0054021 30095 331 Corss | 0021073 30925 25613 59450 001818 I18s 35390 65075
€00 009886 3279.4 36749 7.3706 | 0.08766 3276.4 36709 7.3127 (007870 32733 3666.9 7.2605 650 0076804 33101 37131 68233 | 0022742 32965 34938 61366 0010605 32014 36753 cesss
700 011098 3462.4 39063 7.6214 |0.09850 3460.0 39033 7.5647 |008852 3457.7 3900.3 7.5136 700 0028621 34098 3839.1 69573 | 0.024342 3397.5 3823.5 68735 002113 33851 26078 691
800 012292 3650.6 41423 7.8523 |0.10916 3648.8 41400 7.7962 |009816 36469 4137.7 7.7458 800 0032191 36093 40911 72037 | 0.027405 35997 4070.3 7.123 0021134 3385.1 3807.8 67991
900 013476 38448 43830 B.0675 |0.11972 38433 43821 80118 |0.10769 3841.8 43802 7.9619 500 0.03803 38115 43037 74288 | 0030348 39035 43346 73511 0.026454 37957 T
1000 0.14653 40451 46312 “€2698 |0.13020 4043.9 46298 82144 |0.11715 4042.6 46283 8.1648 ‘ 1000 0.038808 4017.1 4599.2 7.6378 | 0.033215 4010.7 459 5 72016 0009020 0045 aunts 7050
1100 0.15824° 4251.4 48844 -8.4612 | 0.14064 4250.4 48832 84060 012655 4249.3 48821 8.3566 * 1300 0.042062 42277 4858.6 7.8339 | 0.036029 42223 4 e Trets |ooaton ases anire yeam
1200 016992 4463.5 51432 86430 | 015103 4462.6 51422 BS5880 | 013592 44616 51413 8.5388 1700 004375 4431 S1325 50152 | 0.039806 44353 51176 75449 | 0033082 44333 o0 T
1300 018157 46809 54072 88164 |016140 46801 54065 BIGI6 |014527 ¢679.3 54057 81124 1300 0045469 4663.3 3390.3 035 | 0041956 46592 53865 8215 |0.03637; 46352 5387 6078
. coMm@asG | P-70WPaesaso | PrBOMPRS50I0 o 250 P o o L s BT S
sl 003245 2580.0 27846 58902 |0027378 2681.0 27726 58148 (0023525 2570.5 27587 57450 375 o ’ e IR
300 003619 2668.4 28856 60703 | 0.029492 26335 2839.9 59337 |0024279 2592.3 2786.5 57937 200 0006008 Zare dure7 51400 | G.002ven 20865 2152 44758 |o00ZIOS 19150 19886 42144
350 004225 27904 30439 63357 | 0035262 2770.1 30169 6.2305 | 0029975 2748.3 2988.1 6.1321 425 0007886 76078 78050 54708 | 0005799 24529 76118 51473 (000334 2259.3 23735 471751
200 004742 28937 31783 65432 | 0039958 2879.5 3159.2 64502 |0.034344 2864.6 3139.4 6.3658 150 000070 uoly 29506 56799 | 0006757 26150 28210 54422 |0.004957 o7 seri 6 1oac
450 005217 2989.9 33029 67219 |0.044187 2979.0 32883 66353 0038194 2967.8 3273.3 6.5579 500 0011143 28873 31659 509643 | 0.008691 2824.0 308 0 54422 10.004957 2497.5 2671.0 5.1946
500 005667 3083.1 34231 6.8876 | 0.048157 3074.3 3411.4 68000 |0.041767 3065.4 3399.5 6.72C6 ‘ 350 001273 30208 33392 61816 | 0010175 25748 3797 o o 2 Pee aaat
550 006102 31752 35413 7.0308 | 0.051966 3167.9 3531.6 69507 |0.045172 3160.5 3521.8 6.8800 . B00 0014140 31400 34935 63637 | 001,445 31034 34468 6.2373 |0.009523 30855 33990 6.1226
600 0.06527 3267.2 36588 7.1693 | 0.0n566b 3261.0 3650.6 7.0910 |0.048463 3254.7 3642.4 70221 ‘ 650 0015430 32519 36377 65243 | 0.012500 3221.7 3 os waors |00t0ees Booe 3a0S tioa
700 007355 3453.0 38943 7.4247 | D.OGP850 3448.3 3888.3 7.3487 |0.054829 3443.6 38822 7.2822 700 0.016643 33509 3776.0 66702 | 0.013654 33343 599.4 6.4074 |0.010565 3190.9 3560.7 6.3030
800 0.08165 3643.2 41331 76582 |0.069856 3639.5 41285 7.5836 |0.061011 38357 41238 75185 - BOO 0018922 35707 40438 69322 | 0015628 3254» 27439 6.5599 | 0.011523 33083 37116 6.4623
900 0.08964 38388 43766 78751 | 0076750 38357 4373.0 7.8014 |0067082 3832.7 4369.3 77372 900 0021075 37802 43071 71668 | 0017473 376}‘2 4020-0 6.8301 10.013278 35316 3996.3 6.7409
1000 009756 40401 46254 80786 | 0083571 4037.5 46225 80055 (0073079 4035.0 4619.6 7.9419. . 100 0023150 J99le 45702 73801 | 001020 30766 45558 72880 |0.016450 30658 G0 oo
1100 0.10543 42471 4879.7 £2/09 | 0.090341 4245.0 4877.4 81982 |0079025 4242.8 4875.0 81350 1100 0055172 42061 43954 75805 | 0020954 4198.2 43239 74906 o190 mieas aoise yaves
1200 011326 4459.8 51394 £4534 | 0097075 4457.9 5137.4 83810 | 0084934 4456.1 5135.5 83181 T o T O Al AB238 1000 (001900 A dsias TS
1300 0.12107_4677.7 54041 86773 | 0.103781 4676.] 54026 85551 |0090817 . 1500 0050115 46s75 5375; 79454 | C.opearo 45392 53676 75602 002007 46912 naten 77841
L P=R0NMELE P l0DMPN (100G | P 12ONPR327BI0 1.6 1993 o
Sot 0.020489 2558.5 27420 50/91 | 0.018028 25452 27255 56159 10.013496 2505.6 2674.3 54638 375 00 Yy - O R
525 0.023284 2647.6 2857.1 b3 | 0.019877 26116 28103 5759 ‘ B e A SIS B S IR tis i AT S Il B S i
350 0.025816 27250 29573 60380 | 0.022440 2699.6 2924.0 59460 |0.016138 2624.9 2826.6 57130 475 000293 20073 21950 43084 | 0002005 16603 2060.7 42745 S ooeay 1Tane oasl el
200 0.020060 28492 3186 GrR/H | 0.025436 2833.1 30975 62141 |0020030°2789.6 3040.0 6.0433 450 0003692 23642 25118 4.9449 | 0.002487 2160.3 St aomoe | 0002080 setes Zis0s 4 dido
450 0033524 2956.3 32580 64872 | 0.029782 29445 3242.4 64219 10023019 29137 3201.5 6.2749 500 0.005623 2681.6 2906.5 54744 | 0.003890 25281 ot £ ies 0 00a00s 23035 aeo02 woree
500 0036793 30563 33874 6003 | 0.012811 3047.0 33751 65995 {0.025630 3023.2 3343.6 6.4651 550 0006985 28751 31544 57857 | 0005118 2769, 2722.6 51762 | 0.002952 23932 2570.3 4.9356
260 003988531530 35120 685164 | 0.01965% 31454 35020 6.7585 [0.028033 3126.1 3476.5 66317 600 0008089 30268 33504 60190 | 0008108 092 3025.4 55563 10.003955 2664.6 29019 5.3517
600 0042851 32484 36341 6.060h | 0.0383/8 32420 36258 6.9045 |0.030306 3225.8 3604.6 6.7828 650 0009053 31505 3521.6 62078 | 0.005957 §g 7.1 3252.6 58245 |0.004833 2866.8 3156856527
050 0045755 33434 37552 7.0954 | 0.041018 3338.0 3748.1 7.0408 |0.032491 3324.1 3730.2 6.9227 700 0.009930 3282.0 . 3679.2 6.3740 0‘00;717 3232'3 34435 60373 10.005591 3031.3 33668 5.8867
700 0.048589 3438.8 3876.1 72079 | 0.0A307 34340 3870.0 7.1603 |0.034612 3422.0 3854.6 7.0540 800 0011671 35118 3726 66613 | 0.009073 34722 39258 65276 |0.007458 34356 3800 Fren
800 0.0541323632.0 4119.2 7.460b | 0.04RG29 36282 41145 7.4085 |0.038724 36188 4102.8 72367 900 0012980 37333 42525 69107 | 0.010296 34722 39258 6.5225 |0.007456 34326 33800 6.4033
900 0050562 3820.6 43657 7.6807 | 0.053547 38265 4362.0 7.6290 |0.042720 38189 43529 7.5195 1000 0014560 9330 4573 31395 | 0011443 26374 4490.4 70131 0009504 39020 44755 6000
1000 0.064910 4032.4 46167 7.8855 | 0.0%8301 4029.9 46138 7.8349 10046641 40235 4606.5 7.726 00 aora e A e | hooeas i 4499.4 7.0131 |0.009504 3902.0 44722 6.9099
1100 0070224 42407 48727 80791 |0.0ui183 42385 48703 B8.0289 |0.050510 42331 48645 79220 . 1200 0.0169/6 43969 55759 72357 | 0013990 45’2-2 4778.9 7.2244 |10.010439 41309 4757.3 7.1255
1260 0075492 44542 51336 8.2626 | 0.00/93% 4452.4 51317 B.2126 10054342 44477 5127.0 8.1065 1300 0018235 46233 53528 77175 | o 8.6 5058.1 7.4207 10.011339 4360.5 5040.8 7.3248
1300 0.080733 46729 53995 8437 Lo.(wam 16713 53980 8.3874 t).ossuw 4667.3 5394.1 82819 . ——  — i A 0014620 4607.5 5338.5 7.6048 |0.012213 45918 5324.5 7.5111
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Hielo saturado. Vapor de agua

Apéndice 1

Yolumen especifico,

mi’kg

Hielo

sat,
Vv,

'

Vapor
saf:,

Ve

Hieto

- sat;,

crntropia,

Hielo
sat.,
s

g

_Klig - K

Subl,,

Sg

Vapor
sat.,

(4

T v u h s v u h s v u h
°C m3/kg ki/kg  kllkg  kdkg - K| m3/kg klkg  kitkg  klikg - K| m3/kg kitkg  klkg  klkg- K
N P = 5 MPa (263.94%C) P =10WMPa (311.00°C) , P =15 MPa (342.16°C)
Sat.  0.0012862 1148.1 1154.5 2.9207 | 0.0014522 13933 1407.9 .3.3603 (0.0016572 1585.5 ~.1610.3 - 3:6848
T 0 --0.0009977 - 0.04 5.03 0.0001 ‘| 0.0009952 0.12  10.07 0.0003 |0.0009928 0.18 1507
20 0.0009996 83.61 88.61 0.2954 | 0.0009973 83.31 93.28 0.2943 | 0.0009951 83.01 97.93
40  0.0010057 166.92 171.95 0.5705 | 0.0010035 166.33 176.37 0.5685 |0.0010013 165.75 180.77
60  0.0010149 250.2% 25536 0.8287 | 0.0010127 249.43 259.55 0.8260 |0.0010105 24858 263.74
80  0.0010267 333.82 33896 '1.0723 | 0.0010244 33269 34294 1.0691 |0.001022] 331.59 346.92
100  0.0010410 417,65 422.85 1.3034 | 0.0010385 416.23 426.62 1.2996 [0.0010361 414.85 430.39
120 0.0010576 501.91 507.19 15236 | 0.0010549 500.18 51073 15191 |0.0010522 498.50 514.28
140 0.0010769 586.80 592.18 1.7344 | 0.0010738 584.72 595.45 1.7293 |0.0010708 582.69 598.75
160  0.0010988 672.55 678.04..1.9374 | 0.0010954 670.06 681.01 19316 (0.0010920 667.63 684.01
180  0.0011240 759.47 765.09 2.1338 | 0.0011200 756.48 767.68 2.1271 |0.0011160 753.58 770.32
200 0.0011531 847.92 853.68 2.3251 | 0.0011482 84432 85580 2.3174 [ 0.0011435 840.84 858.00
220  0.0011868 938.39 944.32 25127 | 0.0011809 934.01 945.82 2.5037 |0.0011752 929.81 947.43
240  0.0012268 1031.6 1037.7 2.6983 | 0.0012192 1026.2 1038.3 2.6876 {0.0012121 1021.0 1039.2
260 0.0012755 11285 11349 2.8841 [ 0.0012653 1121.6 11343 2.8710 |0.0012560 1115.1 11340
280 0.0013226 1221.8 12350 3.0565 |0.0013096 1213.4 1233.0
300 0.0013980 1329.4 13433 32488 [0.0013783 1317.6 1338.3
320 0.0014733 1431.9 1454.0
340 0.0016311 1567.9 1592.4
P = 20 MP3 (365.75°C) P = 30 MPa P = 50 MPa

Sat.  0.0020378 1785.8 1826.6 4.0146

0 0.0009904 0.23  20.03 0.0005 | 0.0009857 0.29 29.86 0.0003 |0.0009767 0.29 49.13
20 0.0009929 82.71 102.57 0.2921 | 0.0009886 82.11 111.77 0.2897 | 0.0009805 80.93 129.95
40  0.0009992 165.17 185.16 0.5646 | 0.0009951 164.05 193.90 0.5607 |0.0009872 161.90 211.25
60  0.0010084 247.75 267.92 0.8208 | 0.0010042 246.14 27626 0.8156 |0.0009962 243.08 292.88
80 0.0010199 330.50 350.90 1.0627 [ 0.0010155 32840 358.86 1.0564 |0.0010072 324.42 374.78
100 0.0010337 413.50 434.17 1.2920 | 0.0010290 410.87 441,74 1.2847 ]0.0010201 40594 456.94
120 0.0010496 496.85 517.84 15105 | 0.0010445 493.66 525.00 1.5020 |0.0010349 487.69 539.43
140 0.0010679 580.71 602.07 1.7194 | 0.0010623 576.90 608.76 1.7098 | 0.0010517 569.77 622.36
160 0.0010886 665.28 687.05 1.9203 | 0.0010823 660.74 693.21 1.9094 |0.0010704 652.33 705.85
180  0.0011122 750.78 773.02 2.1143 | 0.0011049 74540 77855 2.1020 |0.0010914 735.49 790.06
200 0.0011390 837.49 860.27 23027 | 0.0011304 83F.11 865.02 2.26888 {0.0011149 81945 87519
220 0.0011697 925.77 949.16 2.4867 | 0.0011595 918.15 952.93 2.4707 }0.0011412 904.39 961.45
240  0.0012053 1016.1 10402 2.6676 | 0.0011927 1006.9 1042.7 2.6491 |0.0011708 990.55 1049.1
260 0.0012472 1109.0 11340 28469 | 0.0012314 1097.8 1134.7 2.8250 | 0.0012044 1078.2 11384
280  0.0012978 1205.6 1231.5 3.0265 | 0.0012770 11915 12298 3.0001 |0.0012430 1167.7 12299
300 0.0013611 1307.2 1334.4 3.2091 | 0.0013322 1288.9 13289 3.1761 |0.0012879 1259.6 1324.0
320 0.0014450 1416.6 14455 3.3996 | 0.0014014 1391.7 1433.7 3.3558 |0.0013409 1354.3 1421.4
340 0.0015693 1540.2 1571.6 3.6086 | 0.0014932 1502.4 1547.1 3.5438 |0.0014049 1452.9 1523.1
3160 0.0018248 1703.6 1740.1 3.8787 | 0.0016276 16268 16756 3.7499 |0.0014848 1556.5 1630.7
380 ’ 0.0018729 1782.0 1838.2 4.00@ 0.0015884 1667.1 17465

0.001091
0.001091
0.001091
0.001090
0.001090
0.001090
0.001089
0.001089
0.001088
0.001088
0.001088
0.001087
0.001087
0.001087
0.001087
0.001086
0.001086
0.001086
0.001085
0.001085
0.001085
0.001084

205.99
206.17
241.62
283.84
334.27
394.66
467.17
554.47
659.88
787.51
942.51

1131.3
1362.0
1644.7
1992.2
2421.0
2951.7
3610.9
44324
5460.1
6750.5

83767
— &

—-333.40
~333.43
—337.63
~-341.80
~345.94
—350.04
-354.12
-358.17
-362.18
-366.17
~370.13
-374.06
—377.95
—381.82
-385.66
-389.47
—393.25
-397.00
-400.72
—404.40
--408.07
-411.70

—1.2202
-1.2204
-1.2358
-1.2513
—1.2667
-1.2821
~1.2976
-1.3130
-1.3284
-1.3439
-1.3593
--1.3748
-1.3903
—-1.4057
-1.4212
~1.4367
—1.4521
-1.4676
~1.4831
-1.4986
-1.5141
-1.5296

10.374
10.375
10.453
10.533
10.613
10.695
10.778
10.862
10.947
11.033
11.121
11.209
11.300
11.391
11.484
11.578
11.673
11.770
11.869
11.969
12.071
12.174

9.154
9.154
9.21¢
9.282
9.347
9.413
9.48C
9.54¢
2.618
9.68%
9.761
9.83%
9.909
9.985

10.063
10.141
10.221
10.303
10.386
10.470
10.557
10.644
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s o g UG, UEULGY Y UIaR( IS LIHUABES 31} Apéndice 1 I 503

TS B SRR
1Y I oy 3ot xS
"ﬂ S Al 3 ke 3§

T Kk 3 i RSO 2 L . 2 H % 2y i
Refrigerante 134a saturado. Tabla de temperatura . Refrigerante 134a saturado. Tabla de temperatura (conclusién)
Volurnen especifico, Energia interna, Entalpia, Enfra;):';, ‘ Volumen especifico, Energra iriterna, Entalpia, Entropia,
m>rkg e kikg o Wkg 0 KikgrK - L mkg ke Wkg kikg - K
) Pres. Liq. Vapor Liq. Vapor  Liq. Vapor  Lig. Vapor Pres. Lig. Vapor Lig. Vapor  Lig. Vapor  Lig. b Vapor
emp., sat., sat., sat., sat., Evap., sat.,  sat, Evap., sat, sat., Evap., sat., o Y Temp., sat., sat., sat., sat., Evap., sat., . sat, Evap, sat,. sat, Evap., -satipia
C FAakPa v Ve Ye Upg U Ay hyg g S¢ Sig S T°C P, kPa v v ur Up, Uy h, hyg h, St S S,

20 57207 00008161 0035969 /8.86 16216 241.02 79.32 18227 261.59 0.30063 0.62172 0.92234
22 60827 00008210 0033828 8164 16042 24206 82.14 18049 26264 031011 061149 0.92160
24 64618 00008261 0031834 8444 15865 243.10 84.98 17869 26367 031958 060130 0.92088

40 51.25 0.0007054 0.36081 -0.036 207.40 207.37 0.000 225.86 225.86 0.00000 0.96866 0.96866
-38 56.86 0.0007083 0.32732 2475 206.04 20851 2515 224.61 227.12 0.01072 0.95511 0.96584
36 6295 0.0007112 0.29751 4992 204.67 209.66 5.037 223.35 22839 002138 094176 0.96315

34 69.56  0.0007142 0.27090  7.517 20329 210.81 7.566 222.09 229.65 003199 092859 0.96058 26 68584 0.0008313 0029976 87.26 156.87 244.12 87.83 176.85 264.68 0.32903 059115 0.92018
32 7671 00007172 0.24711 1005 20191 211.96 10.10 220.81 23091 004253 091560 0.95813 28 72731 00008365 0.028242 90.09 15505 245.14 90.69 17499 265.68 0.33846 0.58102 0.91948
30 8443 0.0007203 0.22580 1259 20052 213.11 12,65 219.52 23217 0.05301 0.90278 0.95579 30 770.64 0.0008421 0.026622 92.93 153.22 246.14 93.58 173.08 266.66 0.3478% 057091 0.91879
28 9276  0.0007234 0.20666 —15.13 199.12 214.25 1520 21822 23343 006344 089012 0.95356 32  §15.89 0.0008478 0025108 9579 151.35 247.14 9648 171.14 267.62 035730 0.56082 0.91811
26 101.73  0.0007265 0.18946 17.69 19772 21540 17.76 216.92 234.68 0.07382 087762 0.95144 34 863.11 0.0008536 0.023691 98.66 149.46 24812 99.40 169.17 26857 0.36670 0.55074 0.91743
24 111.37  0.0007297 0.17395 2025 19630 216.55 20,33 21559 23592 0.08414 0.86527 0.94941 36 912.35 0.0008595 0022364 101.55 14754 249.08 10233 167.16 269.49 037609 0.54066 0.91675
22 121.72 0.0007329 0.15995 2282 194.88 217.70 22.91 214.26 s237.17 0.09441 0.85307 0.94748 38 963.68 0.0008657 0.021119 104.45 14558 250.04 -105.29 165710 270.39 0.38548 0.53058 0.91606
20 13282 0.0007362 0.14729 2539 19345 218.84 25.49 21291 23841 0.10463 0.84101 0.94564 ‘ 40 1017.1 0.0008720 0.019952 107.38 14360 250.97 108.26 163.00 271.27 0.39486 0.52049 091536
18 144.69  0.0007396 0.13583 2798 19201 21998 28.09 211.55 239.64 0.11481 0.82908 0.94389 42 1072.8 0.0008786 0.018855 110.32 141.58 251.89 111.26 160.86 272.12 0.40425 0.51039 0.91464
16 157.38 00007430 0.12542 3057 19056 221.13 30.69 210.18 24087 0.12493 0.81729 0.94222 44 1130.7 0.0008854 0.017824 113.28 13952 252.80 114.28 158.67 272,95 041363 050027 091391
14 17093  0.0007464 0.11597 33.17 189.09 222.27 33.30 208.79 24209 0.13501 0.80561 0.94063 46 1191.0 0.0008924 0016853 116.26 137.42 253.68 117.32 15643 27375 042302 0.49012 0.91315
12 18537 00007499 0.10736 3578 187.62 223.40 35.92 207.38 243.30 0.14504 0.79406 0.93911 : 48 1253.6 0.0008995 0.015939 119.26 13529 254.55 120.39 154.14 27453 043242 047993 0.91236
10 200.74 00007535 0.099516 3840 186.14 224.54 38.55 20596 244.51 0.15504 0.78263 0.93766 52 1386.2 0.0009150 0.014265 125.33 130.88 256.21 12659 149.39 27598 045126 0.45941 0.91067
-8 217.08  0.0007571 0.092352 41.03 184.64 22567 41.13 204.52 24572 0.16498 0.77130 0.93629 56 1529.1 0.0009317 0.012771 131.49 126.28 257.77 13291 144.38 277.30 047018 0.43863 0.90880
6 234.44  0.0007608 0.085802 4366 183.13 226.80 43.84 203.07 246.91 0.17489 0.76008 0.93497 60 1682.8 0.0009498 0.011434 137.76 121.46 259.22 13936 139.10 278.46 0.48%20 0.41749 0.90669
4 25285 0.0007646 0.079804 46.31 181.61 227.92 46.50 201.60 248.10 0.18476 0.74896 0.93372 65 1891.0 0.0009750 0.009950 145.77 115.05 260.82 147.62 132.02 279.64 051320 -0.39039 0.90359
2 27236 0.0007684 0074304 4896 180.08 229.04 4317 200.11 24928 0.19459 0.73794 093253 70 2118.2 0.0010037 0.008642 154.01 10814 262.15 156.13 124.32 280.46 0.53755 0.36227 0.89982
0 29301 0.0007723 0.069255 51.63 178.53 230.16 51.86 19860 25045 0.20439 0.72701 0.93139 76 23658 0.0010372 0.007480 16253 100.60 263.13 164.98 11585 280.82 056241 0.33272 0.89512
2 31484 00007763 0.054612 54.30 176.97 231.27 54.55 197.07 25161 021415 0.71616 0.93031 80 26353 0.0010772 0.006436 17140 92.23 263.63 174.24 106.35 280.59 0.58800 0.30111 0.88912
4 33790 0.0007804 0.060338 56.99. 17539 23238 57.25° 19551 252.77 0.22387 0.70540 0.92927 85 29282 0.0011270 0.005486 180.77 82.67 263.44 18407 9544 27951 061473 0.26644 0.88117
5 36223 0.0007845 0.056398 59.68 173.80 23348 59.97 193.94 25391 023356 0.69471 092828 90 32469 0.0011932 0.004599 190.89 71.29 262.18 19476 8235 277.11 0.64336 0.22674 0.87010
8 387.88 0.0007887 0.052762 62.39 172.19 234.58 62.69 19235 255.04 0.24323 0.68410 0.92733 95 3594.1 0.0012933 0.003726 20240 56.47 258.87 207.05 6521 27226 0.67578 0.17711 0.85289
0 41489 00007930 0.049403 65.10 170.556 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 22479 3358 25837 072217 0.08999 0.81215
? 44331 0.0007975 0.046295 67.83  168.92 236.75 68.18 189.09 257'27 0.26246 066308 092554 Fuente: Las tablas A-11 a A-13 se generaron utilizando el programa para resolver ecuaciones de ingenieria (EES) d2sarrollado per S. A. Klein y F. L, Alvarado. La
'j 473.19 0.0008020 0.043417 70.57 167.26 23783 70.95 187.42 25837 0.27204 0.65266 0.92470 utina Qmizadagn los calculos es ta R134a, 1a cual estd basada en laecuacic)nfundamentaldeestadodesarrol:adapbr R. Tillner-Roth y H. D, Baehr, “An

5 504.58  0.0008066 0.040748 73.32 16558 23890 73.73 18573 25946 0.28159 0.64230 0.92389 Aternacioral Standard Formulation for the Thermodynarmic Properties de 1.1,1,2-Tetrafluoretano (HFC-1342) for temperatures from 170 K to 455 K and

3 537.52 0.0008113 0038271 76.08 163.88 23996 7652 18401 26053 0.29112 0.63198 0.92310 wassuras up to 70 MPa”, J. Phys. Chern, Ref, Data, Val. 23, No, 5, 1994, Los valores de entalpia y entropia para el liquido saturado son cero a —40°C (y -40°F).

al



304 | Tablas de propiedades, figuras y diagramas (unidades SI) Apéndice 1 E

TN Sk et e 4 . "\
Bffligerante 134a sobrecalentado

. Rfrigerante 134a saturado. Tabla de presién

— o Crorz 3 internia Entropia ’ _ T v u h s v u h s v u h s
ciumen aspacifico. NS a e nia. te ’ . .
yeiumen ESpaciice . ke Kk K e, - € m¥g  kikg kikg kikg-K| m¥kg  kikg  klikg Kikg K| m¥kg  kikg_ kikg kikg -
Temp. ‘Vapor - *1iiq. - T wapor  Lig. Vapor  Lig. " Vapor 77 P = 0.06 MP3 (T, = -35.95°C) P =0.10 MPe (7, = —25.37°C) P 014 WP IT, « 18772
Pres., sat., sat,  Evap., sat, sat,  Evap., sat, sat., Evap.,  sat., Sat.  0.31121 209.12 227.79 0.9644 0.19254 21519 23444 09518 0.14014 21954 239.16 0.944¢
PkPa T, °C Uy Ugg U, hy hy hy Sy Stg Se —~20  0.33608 220.60 240.76 1.0174 0.19841 219.66 23950 0.9721
A : = — -10  0.35048 227.55 24858 10477 | 0.20743 22675 24749 1.0030 0.14605 22591 24636 0.972%
94807 0.96441
-36.95 0.0007098 031121  3.798 205.32 209.12  3.841 223.95 227.79 0.01634 0.9480 : : :
70 358 00007144 02659 763020370 21088 1730 22300 22973 003067 052775 096042 0 037895 a5 soids 10k | oatess sarse seye tomz | Gi%e3 23323 zsaco Lo
80 -31.13 00007185 0.23753 1115 201.30 21246 11.21 220.25 23146 0.04711 0.90999 095710 20 039302 24935 27294 11353 | 023373 24875 27217 1096 016544 24822 27138 1069e
90 -28.65 0.0007223 021263 14.31 199.57 213.88 14.37 21865 233.02 0.06008 089419 0.95427 30 040705 256.95 28137 11635 | 024233 256.44 28068 11203 017172 25593 27997 10910
100 -26.37 0.0007259 0.19254 17.21 197.98 215.19 17.28 217.16 234.44 0.07188 0.87995 0.95183 40 042102 264.71 289.97 1.1915 0.25088 264.25 289.34 1.1484 0.17794 263.79 28870 1.119%
— R 50 043495 27264 29874 12191 | 025937 27222 29816 1.1762 018412 27179 297.57 1.1474
85503 0.94779
120 -22.32 0.0007324 016212  22.40 19511 217.51 22.49 21448 23697 0.09275 O. . A
o 7 oo ol Gy i mim damon onw ome dnas @ hom RD 0k o | dow o wn el o R M
160 ~15.60 0.0007437 0.12348  31.09 190.27 221.35 31.21 209.90 241.11 012693 0.81496 0.94190 80 047651 297.41 32600 12997 | 028465 297.08 32555 12572 | 020242 29675 32500 12288
180" 1273 '0.0007487- 0:11041 ~ 34.83° 188.16 222.99 34.97 207.90 24286 0.14139 079826 093965 - - 90 049032 30600 33542 13260 | 0.29303 305.69 334.99 1.2836 0.20847 30538 334.57 1.2553
200 -10.09 0.0007533 0.099867 38.28 186.21 224.48 3843 20603 244.46 0.15457 078316 0.93773 100 050410 31474 34499 13520 | 030138 31446 34460 1.309% 0.21449 31417 34420 12814
240  -538 0.0007620 0083897 4448 182.67 227.14 4466 20262 247.28 0.17794 0.75664 0.93458 _POASMPAT, = -1273C | e o2oupar, B Y e e
280 -1.25 0.0007699 0072352 49.97 179.50 229.46 50.18 199.54 249.72 0.19829 0.73381 0.93210 st 011041 22299 24286 09397 | 009987 20048 sasde Gosrs 08350 29714 24728 o5m1e
320 246 0.0007772 0.063604 5492 17661 23152 55.16 196.71 251.88 0.21637 0.71369 0.93006 0 011180 29505 sdete Oovs | oemos Z2ta8 21446 09377 4 227, 28 o
360 582 00007841 0056738 59.44 173.94 23338 59.72 19408 25381 0.23270 0.69566 0.92836 O 011722 23248 75358 09798 | 010481 23209 25308 G ouen 008617 23129 251.97 0.9519
400 891 00007907 0.051201 6362 171.45 23507 63.94 19162 25555 024761 067929 0.92691 10 0.12240 240.00 262.04 10102 | 0.10955 239.67 261.58 10004 0.09026 238.98 260.65 0.9831
- X 5 20 012748 247.64 27059 10399 | 0.11418 247.35 270.18 10303 0.09423 246.74 269.36 1.0134
5 46 0.0007985 0.045619 68.45 168.54 237.00 6881 18871 257.53 0.26465 0,66065 0.9253
500 12.71 0.0008059 0.041118 72.93 165.82 238.75 73.33 18598 259.30 0.28023° 0.64377 0.92400 o oyakes zonal Seaan 1 oo%0 Olrom 2ox b ey Lo Parorst ey Lisle [z
550 18.73 0.0008130 0.037408 77.10 163.25 240.35 77.54 183.38 26092 029461 0.62821 0.92282 50 014230 271.36 296.96 11256 | 012766 27115 29668 11163 0.10570 27071 296.08 11001
;400 21.55 00008199 0034295 81.02 160.81 241.83 81.51 180.90 262.40 0.30799 061378 0.92177 60 014715 27956 30605 11532 | 013206 27937 30578 11441 010942 27897 30523 11280
650 2420 0.0008266 0.031646 84.72 158.48 243.20 8526 17851 263.77 0.32051 0.60030 0.92081 70 015196 287.91 31527 11805 | 0.13641 287.73 31501 11714 011310 28736 31451 11554

763 0.91994 80 0.15673 296.42 324,63 1.2074 0.14074 296.25 324.40 1.1983 0.11675 29591 323.93 1.1825
700 26.69 0.0008331 0.029361 8824 156.24 244.48 88B.82 176.21 26503 0.33230 0.58

91 154.08 245.67 92.22 173.98 266.20 034345 0.57567 0.91912 90 ] 0.16149 30507 334,14 12339 0.14504 304.92 33393 1.2249 304.60 333.49 1.209%
750 29.06 0.0008395 0.027371 .59 . . . 100 “ 016622 31388 343.80 12602 ae Saaa9 1m0%2
800 31.31 0.0008458 0.025621 94.79 152.00 246.79 95.47 171.82 267.29 0.35404 0.56431 0.91835 AR 44 3 2350

850 33.45 C.0008520 0.024069 97.87 149.98 247.85 98.60 16971 268.31 036413 0.55349 0.91762 P2 C2AMPa(T - -12500 P eanwEeT o wa
900  35.51 0.0008580 0.022683 100.83 148.01 248.85 101.61 167.66 269.26 0.37377 0.54315 0.91692 Sat. 8.0;;35 ;igzj 228.72 8.232 0.051201 23507 255.55 0.9269
950  37.48 0.0008641 0.021438 103.69 146.10 249.79 104.51 16564 270.15 0.38301 0.53323 0.91624 18 0487632 ey 259»23 0'9280 006505 237.54 25865 0.954 0051506 23597 25658 05305
1000 39.37 0.0008700 0.020313 106.45 144.23 250.68 107.32 163.67 270.99 0.39189 0.52368 0.91558 20 007957 7a6 13 sescy ooemd 0‘06;25 22550 60t oomer oo . oo o
; ' ‘ — 3711 25 117.77 156.10 273.87 0.42441 0.48863 0.91303 : 4613 268.52 0. : 20 267, 9855 0.054213 24418 265.86 0.9
1200 46.29 0.0008934 0016715 11670 137.11 253.81 117. © 30 0.08338 254.06 277.41 10285 0.07231 253.50 276.65 1.0157 0.056796 252.36 275.07 0.9937
1400  52.40 0.0009165 0.014107 12594 130.43 25637 127.22 148.90 276.12 0.45315 0.45734 0.91050 40 008672 26210 28638 10576 0.07530 261.60 28570 10451 0059252 26058 28430 10236
1600  57.88 0.0009400 0.012123 134.43 124.04 258.47 13593 141.93 277.86 047911 0.42873 0.90784 50 0'02080 27027 29547 1.0862 0.07823 269.82 294.85 10739 0061724 26890 29359 1.0523
1800 62.87 0.0009639 0.010559 14233 117.83 260.17 144.07 13511 279.17 0.50294 0.40204 0.90498 60 009324 278.56 304.67 1.1142 0408151;1 g;g;g 304.11 1.1021 0.064104 277.32 30296 1.0314
"jk . . 6151 151.76 12833 280.09 0.52509 0.37675 0.90184 70 0.09644 286.99 314.00 1,14’118 0.08395 . 13.48 1.1298 0.066443 285.86 312.44 1.109
7000 67.45 0.0009886 0.009288 149.78 111.73 2 , 296 80  0.09961 29557 323.46 1.1690 0.08675 29522 32298 1.1571 0.068747 294.53 322.02 1.1369
J50C  77.54 0.0010566 0.006936 166.99 9647 263.45 169.63 111.16 280.79 057531 0.31695 0.89 50 010275 30429 33306 11958 008953 303.97 33262 11840 0071023 30332 33173 11640
000 86.16 0.0011406 0.005275 183.04 80.22 263.26 186.46 92.63 279.09 0.62118 0.25776 0.87894 100 010587 313.15 342.80 12299 009229 312.86 34239 12105 0.073274 31226 34167 11907
110 0.10897 322.16 352.68 1.2483 0.09503 321.89 352.30 1.2367 0.075504 32133 35153 1.2171
120 011205 331.32 362.70 1.2742 0.09775 331.07 36235 1.2626 0.077717 33055 361.63 1.2431
130 0.11512 340.63 372.87 12997 0.10045 340.39 37254 1.2882 0.079913 33590 371.87 1.2688
140 0.11818 350.09 383.18 1.3250 0.10314 34986 38287 1.3135 0.082096 349.41 382.24 1.2942

v/



906 i Tablas de propiedades, figuras y diagramas (unidades S1) . . ) Apéndice 1 ,
- : ice i

100
: ; ;. 20 T it ’ A
Refrigerante 134a sobrecalentado {conclusién) ., iy T 71 20
T v u h s v u h s v u h s 10 8, T8S: l;
_°C_miRg  kikg kikg kikg- K| m¥kg  kikg kikg  klkg oK | m¥kg  kilkg  kikg kikg - K R |1
o 1 i
P = .50 MPa (T, =157i0) - P =060 MPa(l, =2i55C) P~ 073 MPail, = 26590 - i IS ’l ‘ ]
Sat.  0.041118 23875 259.30 0.9240 | 0.034295 241.83 26240 09218 | 0029361 244.48 265.03 0.9199 T : - 7 Tt 4
20 0.042115 24240 263.46 0.9383 . . u ! b‘& AT
30 0.044338 250.84 273.01 0.9703 | 0.035984 249.22 270.81 0.9499 | 0.029966 247.48 268.45 0.9313 R | 1 ot isor
40 0.046456 259.26 282.48 1.0011 | 0.037865 257.86 280.58 0.9816 | 0.031696 256.39 27857 0.9641 : , BB RIVARE 7
50 0.048499 267.72 291.96 10309 | 0.039659 266.48 290.28 1.0121 | 0.033322 26520 288.53 0.9954 . S\pLETY
60  0.050485 276.25 30150 1.0599 | 0.041380 275.15 299.98 1.0417 | 0034875 274.01 298.42 1.0256 - 1 A4y
70 0.052427 284.89 311.10° 1.0883 | 0.043069 283.89 309.73 1.0705 | 0.036373 282.87 308.33 1.0549 & . Y i walee
80  0.054331 293.64 320.80 1.1162 | 0.044710 292.73 319.55 10987 | 0037829 291.80 318.28 1.0835 R i) V. A A
90  0.056205 302.51 330.61_1.1436 | 0.046318 301.67 329.46 1.1264 | 0039250 300.82 328.29 1.1114 2 0. ' e s A
100 0.058053 311.50 340.53 1.1705 | 0.047900 310.73 339.47 1.1536 | 0.040642 309.95 338.40 1.1389 & % L
110 0.059880 320.63 350.57 1.1971 [ 0.049458 --319.91 - 349.55 1.1803 | 0042010 319.19 348.60 1.1658 : FF&FH }/_ AT
120 0061687 329.89 360.73 1.2233 | 0.050997 329.23 359.82 1.2067 | 0043358 328.55 358.90 1.1924 0.2 i 1A e AT
130 0.063479 339.29 371.03 1.2491 | 0.052519 338.67 370.18 1.2327 | 0.044688 338.04 369.32 12186 ,g%!lc L4 WiRE
140 0.065256 348.83 381.46 1.2747 | 0.054027 348.25 380.66 1.2584 | 0.046004 347.66 379.86 1.2444 : I3 '{;2' o/ 8 A IKS J{ -
150  0.067021 35851 392.02 12999 | 0.055522 357.96 391.27 1.2838 | 0047306 357.41 390.52 1.2699 0.1 | ﬁ i3 i ) Yl
160  0.068775 368.33 402.72 1.3249 | 0.057006 367.81 402.01 13088 | 0048597 367.29 401.31 12951 Ty S ad e et TR
_ F=080MPa(F, =3131'C; |  pP=o090MPa(l.-3551C | P = 1.00 MPa (T, ~39.37°C oo ‘L jtﬁﬁé: - HH i 4'/ / 7 o
Sat.  0.025621 246.79 267.29 0.9183 | 0.022683 248,85 269.26 0.9169 | 0.020313 250.68 270.99 0.9156 fl »ﬂg{ A e o
40 0.027035 254.82 276.45 0.9480 | 0.023375 253.13 274.17 0.9327 | 0020406 25130 271.71 0.9179 T I8 Y } .
50  0.028547 263.86 286.69 0.9802 | 0.024809 262.44 28477 09660 | 0.021796 260.94 282.74 0.9525 0.02 JI i iy ) RS
60 0.029973 272.83 296.81 1.0110 | 0.026146 271.60 295.13 ,0.9976 | 0.023068 270.32 293.38 0.9850 _1,.,‘1,4, nrs ; ﬂf
70 0.031340 281.81 306.88 1.0408 | 0.027413 280.72 305.39 1028 | ~00%4261 279.59 303.85 1.0160 _L i i [ i
.*T 80  0.032659 290.84 316.97 1.0698 | 0.028630 289.86¢ 315.63 10574 } $025398 288.86 314.25 1.0458 001 &5 S : i
© 90 0.033941 299.95 327.10 1.0981 | 0.029806 299.06 325.89 1.0860 | 0026492 298.15 324.64 1.0748 156 200 250
100 0.035193 309.15 337.30 1.1258 | 0.030951 308.34 336.19 1.1140 | 0027552 307.51 33506 1.1031 Entalpia, ki/kg .
110 0.036420 318.45 347.59 1.1530 | 0.032068 317.70 346.56 1.1414 | 0.028584 31694 34553 1.1308
120 0037625 327.87 357.97 1.1798 | 0.033164 327.18 357,02 1.1684 | 0029592 326.47 356.06 1.1580 FIGURA A-14
130 0.038813 337.40 368.45 12061 | 0.034241 33676 367.58 1.1949 | 0030581 336.11 36669 1.1846 - Diagrama P-#h para el refrigerante 134a.
140 0039985 347.06 379.05 1.2321 | 0.035302 346.46 37823 12210 | 0031554 34585 37740 1.2109 Mot B ponto de eferenci o
150 0041143 356.85 389.76 1.2577 | 0.036349 356.28 389.00 12467 | 0032512 35571 388.22 12368 ora: El punto de referencia utilizado para la grdfica e diferente al empleado en Ias tablas de R-134. P : in resaly
160 0.042290 366.76 400.59 1.2830 | 0.037384 366.23 399.88 1.2721 | 0.033457 365.70 399.15 1.2623 Wilizando odos Jos datos de propicdades obtcuidos, yﬂmdﬂhmhh?odcIugréﬁca.Lcrgkr\gdlc}:r:{;a:”omm'Iosm(‘hmmdmm“mhm
170 0.043427 376.81 411.55 1.3080 0.038408 376.31 41088 1.2972 0.034392 375.81 410.20 12875 R""’”f‘"""""”“U“’"'iif“‘m"llf’tl/\!rl:'ri('(m.Tnm’rfyujllvulr'ng. Refrigerating and Air-Conditioning Engincers. Inc.. Atl G 2
180 422.64 1.3327 | 0039423 386.52 42200 1.3221 | 0035317 38604 42136 13124 # st e, Atlanta. Georgla

F= 140 NPalT .

P
0.014107 256.37 276.12 0.9105

0.012123 25847 277.86

57 8%

Sat. 0.016715
50 0.017201 257.63 278.27 0.9267
60 0.018404 267.56 289.64 0.9614 0.015005 264.46 285.47 0.9389 0012372 26089 280.69 09163
70 0.019502 277.21 300.61 0.9938 0.016060 274.62 237.10 09733 0.013430 27t.76  293.25 0.9535
80 0.020529 286.75 311.39 1.0248 0.017023 284.51 308.34 1.0050 0.014362 28209 30507 09875
90 0.021506 296.26 322.07 1.0546 0.017923 294.28 319.37 1.0264 0.015215  »92.17 31652 1.0194

100 0.022442 305.80 332.73 1.0836 0.018778 304.01 33030 1.0661 0.016014 30214 327.76 1.0500

110 0.023348 315.38 343.40 11118 0.019597  313.76  341.1G L0919 0.016773 31207 338.91 10795

120 0.024228 325.03 354.11 1.1394 0.020388 373.9% d62.0 1.1230 0.017500 322.02 350.02 1.1081

130 0.025086 334.77 36488 1.1664 0.021155 333,41 363.02  1.1504 0018701 33200  361.12 11360

140 0.025927 344.61 375.72 1.1930 0.021904 343.34 374.01 11773 0018887 34205 372.26 1.1632

150 0.026753 354.56 386.66 1.2192 0.022636  353.37 3BL.07 12038 0.0I9545 35217 38344 1.1900

160 0.027566 364.61 397.69 1.2449 0.023355 363.51 396.20 12298 0.020190 36238 394.69 1.2163

170 0.028367 374.78 408.82 1.2703 0.024061 373.7% A07.43 1..7554 1020830 3/2.69 406,02 1.2421

180 0.029158 385.08 420.07 1.2954 J 0.024757 384.10 41876  1.807 0.021456 38311 417.44 1.2676




TABLA A.2SI Propiedades termodindmicas del amoniaco

TABLA A.2.1SI Amoniaco saturado (unidades S1)

Presién Yolumen especifico, m*/kg Entalpia, kJ/kg Entropia, kl/kg K
abs. Liquido Yapor Liquido Yapor Liquido Yapor
Temp. kPa, saturado Evap. saturado saturado Evap. “saturado saturado Evap. saturado
°C . P \7: Vre v, ke Iye hy sy Sre Sg 3
=50 40.86 0.001424 2.62524 2.62667 —43.76 1416.34 1372.57 ~-0,1916 6.3470 6.1553 <
—48 45.94 0.001429 235297 2.35440 -35.04 1410.95 1375.90 *01.]528 6.2666 6.1139 =
—46 51.52 0.001434 - 2.11359 211503 =26.31 1403.50 1379.19 —0;1142 6.1875 6.0733 E
—44 57.66 0.00143y 1.90262 1.50406 —17.56 1400.00 1382.44 —0.0759 6.1095 6:0336 §
—-42 64,38 0.001444 1.71625 1.71769 -—8.79 © 1394 .44 1385.65 -0.0378 6.032(;: 5.9948 :
—40 71.72 0.001450 1.55124 1.55269 0 1388.82 138882 0 5.9568 5.9568
~-38 79.74 0.001455 1.40482 1.40627 T 8.81 1383.13 1391.94 0.0376 5.8820 5.9196
~36 88.48 0.001460 1.27461 1.27607 17.64 1377.39 1395.03 0.0749 5.8082 5.8831
-34 97.98 0.001465 15857 1.16004 26.49 1371.58 1398.07 0.1120 5.7353 5.8473
-32 108.29 0.001471 1.0549¢6 1.05643 35.36 1365.70 1401.06 0.1489 5.6634 5.8123
-30 119.46 0.001476 0.96226 0.96374 44.26 1359.76 1404.01 0.1856 5.5924 S.7780
—-28 131.54 0.001482 0.87916 0.88064 53.17 "1353.74 1406.92 0.2220 5.5223 5.7443
~26 144.59 0.001487 0.80453 0.80602 62.11 1347.66 1409.77 0.2582 5.4530 57113
—24 158.65 0.001493 0.73738 0.73887 71.07 1341.51 1412.58 0.2942 53846 5.6788
=22 173.80 0.001498 0.67685 0.67835 80.03 133529 141534 0.3301 53170 5.6470
=20 190.08 0.001504 0.62220 0.62371 89.05 1329.00 1418.05 0.3657 5.2501 5.6158
—-18 207.56 0.001510 0.57277 0.57428 98.08 1322.64 1420.71 0.4011 5.1840 5.5851
—16 226.29 0.001516 0.52800 0.5295! 107.12 1316.20 142332 0.4363 5.1187 5.5550
—14 246.35 0.001522 0.48737 0.48889 116.19 1309.68 1425.88 04713 5.0541 5.5254
-12 267.79 0.001528 0.45045 0.45197 '125.29 1303.09 1428.38 0.5061 4.9901 5.4963
—10 290.67 0.001534 0.41684 0.41837 134.4] 1296.42 1430.83 0.5408 4.9269 5.4676
-8 315.08 0.001540 0.38621 0.38775 143.55 1289.67 1433.22 0.5753 4.8642 5.4395
-6 341.07 0.001546 0.35824 0.35979 152.72 1282.84 1435.56 0.6095 4.8023 54118 “
-4 368.72 0.0013553 0.33268 0.33423 161.91] 1275.93 1437.84 0.6437 4.7409 L3846
-2 398.10 0.001559 0.30928 0.31084 171.12 1268.94 1440.06 0.6776 4.6801 33577
Presion o Volumen especifico, mY/kg Entalpia, kJ/kg Entropia, kJ/kg K
abs. Liquido Vapor Liquido Yapor Liquide Vapor
Temp. kPa, saturado “Evap. saturado saturado Evap. saturado saturado Evap. saturado
°C r vy Ve Vg Iy e he 4 Ste g
0 429.29 (0.001566 0.28783 0.28940 180.36 1261 86 1442.22 0.7114 J.6190 .33
2 402.34 0.001573 0.20815 0.26972 189.63 1254.69 1444.32 0.7450 45603 5.3053
4 497335 0.001579 0.25003 0.25163 198.93 1247.43 1446.35 0.7785 4.5012 5.2796
6 33439 0.001586 0.2334] 0.23499 208.25 7 1240.08 1448.32 08118 4.4426 82343
N 573.54 0.001593 0.21807 0.21966 217.60 1232.63 1450.23 0.8449 4.3845 2294
1o 61487 0.001600 0.20392 0.20553 22697 1225.10 1452.07 0.8779 4.3269 52048
12 658.48 (LOOLGOY (.19080 019247 236.38 1217.46 1453.84 0.9108 4.269%: RN
14 704.42 0.001615 01787 0.18040 245.81 1209.72 1455.53 0.9435 4.2131 SA3nE
16 75281 0.001623 016761 0.16923 25528 1201.8% 1457.16 0.9760 4.1568 SN
1R 803.71 0.001630 (15725 0. {5888 264.77 119294 1458.71 1.00K8S 4.100v Sy
20 857.22 0.001638 014764 0.14928 274.30 118580 1460.18 1.0408 4.0455, S.OR6R
22 91341 0.001640 0.13%72 0.14037 283.85 1177.73 1461.58 1.0730 3.9904 S.0638
24 972.38 0.001654 013043 0.13208 293.44 116945 1462.89 1.1050 3.9357 2046
26 103421 0.0071063 0.12272 0.12438 303.07 1oel.006 1464.13 11370 38813 3.0182
2% 1099.00 0.001671 0.11553 0.11720 31272 1152.55 1465.27 1.1688 3.8272 4.9960
30 1166.83 0.001680 0.10883 0.11051 322.42 1143.92 1466.33 1.2008 3.773S 4.9740
32 1237.80 0.001688 0.10258 (1L10427 33214 113516 1467.30 1.2321 37200 49521
34 1312.00 0.001697 0.09675 0.09845 34191 1126.27 14068.17 1.2635 3.06069 4.9304
36 1389,52 0.001707 0.00129 0.09300 33171 1117.25 1468.95 1.2949 36140 4.9089
38 1470.46 0.001710 0.08619 0.08790 361.55 1108.09 1469.64 1.3202 3.5613 48875 =
40 155492 0.001725 0.08141 0.08313 371.43 1098.79 1470.22 1.3574 3.5088 48662 §
42 164298 0.001733 0.07693 0.07866 381.35 1089.34 1470.69 1.3885 2.4566 4.8451 ;
44 173475 0.001745 0.07272 0.07447 391.31 1079.75 1471.06 1.4195 3.4045 4.8240 i
16 1830.33 0.001755 0.06878 0.07053 401.32 1070.00 1471.32 1.4504 3.3526 4.8030 Z
48 1929.82 0.001766 0.06307 0.06684 411.3% 1060.09 1471.46 14813 3.3009 4.7822 2
50 2033.32 000177 006159 0.06336 42148 . 1050.01 1471.49 1.5121 3.2493 4.7013 §

ILL A
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TABLA A.2.281 Amoniaco sobrecalentado (unidades SI)
> el
! resklg: abs. Temperatura, °C
(T saturacién) -20 -10 0 10 20 30 40 50 60 70 80 100
) v 24463 25471 26474 27472 28466 29458 3.0447 31435 32421 33406  3.4390 =
s 43
50 h 14}4.6 14557 14769  1498.] 15193 15406 1562.0 15835 16051 16269 16488
(—46.53) s 63187 64006 64795 65556  6.6293 67008 67703 68379 69038 69682  7.0312 —
_ v 16222 16905 17582 18255 1.8924 19591 20255  2.0917 . 2.1577 2237 22898 -
75 ‘ b 14317 14533 14748 14962 15177 15392 1560.7 15824 16041 foze.o 1648.0 —
(-39.16) s 61120 61954 62756 61527 64272 64993 65693 66373 67036 07683 68318 —
" v 12101 1.2621 13136 13647 14153 14657 L5158 15658 1.6156  1.6652 17148 1.8137
v ; B 14288 14508 14726 14944 18161 15377 1559.5 15812 1603.1 16250  1647.0  1691.7
(<33.59) s 59626 60477 61291 62073 62826 63553 64258 64943 65609 66258 66892 68120
B v 09627 1.005] 10468 10881 11290 1.16%6 12100 12502 1.2903 13302 13700 1.4494
|-; B 14259. 14483 1470.5 14925 15144 15363 15582 1580.1 16021 16241 16463 16510
(-29.06) s 58446 59314 60141  6.0933 61694 52428 63138 63827 64496 65149 65785  6.7017
. v 07977 08336 08689 09037 09381 09723 10062  1.0398 © 1.0734  1.1068  1.1401 12065
1,(1 ho14226 14457 14683 14906 15128 15348 1556.9 15789  1601.0° 16232 16454 16902
(=2521) s 57465 58349 59189 59992 60761 61502 62217 62910 63583 64238 64877 66112
. ; — 06193  0.6465 06732 0.6995 07255 07513 07769 08023 08275 0.8527  0.9028
z g — 1440. 3.8
(~18.85) s - %467(1)(1) :4(3: [SG.R 15094 15319 1854315766 13989 16213 16437 e8RS
A3 5 57659 58484 59270 60025 60751 61453 62133 62794 63437 64679
. — 5 2. -
- ; 0.4905 0.5129 0.5348 0.5503 0.5774 0.5983 0.6190 0.6396 0.6600 0.6803 0.7206
0 g - 14353 14593 14829 15060  1529.0 15517 15743 15968 16194 16419 16873
(-13.65) s - 55544 56441 57288 58093 58861 59599 6.0309 60997 61663 62312 63561
“ v - - 04238 04425 04608 04787 04964 05138 053i1 05483 © 05653  0.5992
0 h — - 14547 14789 15026 15259 15490 15719 15947 16175 16402 . 16858
1=922) s — — 55420 56290  S.7113 57896 S.8645 59365 6.0060 60732  6.1385 62642
Presion abs. - 0 - —Femperatura, °C- e sz = PR
kPa, B
(T saturacicn) -20 -10 0 10 20 30 40 50 60 70 80 100
v — — 03601 03765 03925 04081 04235 0433 04536 04635 04832 03124
350 h — - 14499 14749 14991 15229 15463 15695 15926  lelss 16384 1684.3
(-534) s — - s4532 55427 56270 S7068 57328 58557 59259 59938 60596 61860
v — - 03123 03270 03413 03552 03688 03823 03955 04086 04216 04473
| 400 h - - 14451 14707 14956 15198 15436 15671 15904 16136 16367 16823
(-187) s — — 53741 54663 55525 56338 57111 57850 58560 59244 59907 61179
v — — — 02885 03014 03140 03263 03384 03503 03620 03737  0.3967
450 A — — — 14665 14920 15167 15409 15647 15882  161L6 16349 16813
(127 s — — — $3972 54855 55685 56470 57219 57936 58627 59295  6.0573
20 30 40 50 60 70 80 100 120 140 160 180
02695 02810 02923 03033 03141 03248 03353 03362 03768 03972 — —
500 B 14883 15135 15381 15623 1586l 1609.6 16331 16798 17266 17738 — —
(415) s 54244 5509 55889 56647 57373 58070 58744 60031 61253 6.2422 — —
, 02215 02315 02412 02506 02598 02689 02778 02955 0318 0.3300 — —
600 A 14808 1507.1 1532.5 15573 15816 1605.7 1629.5 16768 17230 17715 — -
(929) s 53156 54037 5482 S35641 56383 57094 57778 59081  6.0314  6.1491 — —
. 01872 01961 02046 02120 02210 02289 02367 02521 02671 0.2819 — —
700 B 14730 15004 15267 15522 15771 16016 16258 16737 17214 17692 — —
(1381) s 52196 53115 5398 54770 5.3529 se2s4 56949 58268 59512 6.0698 — -~
» ol6l4 01695 01772 01846 01919 01990 02059 02195 02328 02459  -0.2589 -
800 B 14649 14935 15208 15470 15725 15975 16221 16706 17187 17669 18153 —
(1786) s 51328 52287 53171 5399 54774 55513 5.6219 57555 58811 60006 61150 »  —
v — 01487 01558 01626 01692 01756  0.1819 01942 02061 02179 0.2295 —
900 h — 1486.5 15147 15417 15679 15933 16184 16675 17161 17645 18132 —
(21.53) s — $1530 52447 53296 54093 54847 55565 56919 58187 5.9389 6.0541 —
1
|
v — 01321 01387 01450 01511 01570 01627  0.1739  0.1848 01955 02060  0.2164
1000 h — 1479.1 15085 15363 15631 1589.1 16146 16643 17134 17622 18112 18605
(2491) s — S0%26  S1778  S2654  S3471 54240 54971 56342 57622 58834 59992 61103
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TABLA A.2.281 (Continuacién) Amoniaco sobrecalentado (unidades SI)
Presién abs. Temperatura, °C
kPa, )
(T saturacién) 40 50 60 70 80 100 120 140 160 180 200
v 0.1129 0.1185 0.123% 0.1289 0.1339 0.1435 0.1527 0.1618 0.1707 0.1795 —
1200 h 1495.4 1525.] 15533 1580.5 1606.8 1658.0 1708.0 1757.5 1807.1 1856.9 —
(3095 5.0564 5.1497 5.2357 §.3159 3.3916 5.5325 5.6031 5,7860 5.9031 6.0150 —
v 0.0943 0.0994 0.1042 0.1088 0.1132 0.1217 0.1299 0.1378 0.14558 0.1532 -
1400 h 1481.6 15134 15421 18715 1598.8 1651.4 1702.5 1752.8 1802.9 1853.2 -
(36.26) « 49463 5.0462 5.1370 22209 5.2994 5.4443 5.577s 5.7023 5.8208 5.9343 —
v — 0.0851 0.0895 0.0937 0.0977 0.1054 0.1127 0.1197 0.1266 0.1334 —
1600 h 1501.0 15325 1562.3 1590.7 1644.8 1696.9 1748.0 1798.7 1849.5 —
(41.03) & 49510 5.0472 5.1351 5.2167 5.3659 5.5018 5.6286 5.7488 5.8631 —
v — 0.0738 0.0780 0.0819 0.0857 0.0927 0.0993 0.1057 0.1119 0.1180 —
1800 h — 1487.9 1521.4 1552.7 1582.2 1638.0 1691.2 1743.1 1794.5 1845.7 —
(4537) s — 4.8614 4.9637 5.0561 5.1410 5.2948 5.4337 5.5624 5.6838 5.7995 —
v - 0.0647 0.0687 0.0725 . 0.0760 0.0825 0.0886 0.0945 0.1002 0.1057 —
2000 h — 14739 1509.8 1542.7 1573.5 1631.1 1685.5 1738.2 1790.2 1842.0 —
(4936) « — 4.7754 4.884% 49821 5.0707 5.2294 5.3714 $.5022 5.6251 5.7420 —
( TABLA A3SI Propiedades termodindmicas del refrigerante-12 (diclorodifluorometano)
TABLA A3.181 R-12 saturado (unidades SI)
Presion Volumen especifico. m™/kg Entalpia, kJ/kg Entropia, kJ/kg K
abs. Liquido Vapor Liquido Vapor Liquido
Temp. MPa, saturado Evap. saturado saturado Evap. saturado saturado Evap,
°C P v Vg Ve Iy Ny Iy Sre
=90 0.00284 0.000608 4.414937 4415545 —43.284 189.748 146.464 —0.20863 1.03593
—85 0.00424 0.000612 3.036704 3037316 -39.005 187.737 148.731 —0.18558 0.99771
—80 0.00617 0.000617 2.137728 2138345 ~34.721 185.740 151.018 ~0.16312 0.96155
=75 0.00879 0.000622 1.537030 1.537651 -30.430 183.751 153.321 -0.14119 0.92725
=70 0.01227 0.000627 1.126654 1.127280 —26.128 181.764 155.636 —0.11977 0.89465
=035 0.01680 0.000632 0.840534 0.841166 -21.814, 179.774 157.960 —0.0988¢0 0.8636!
—60 0.02262 0.000657 0.637274 0.637911 —17.485 177.775 160.289 —0.07827 0.83397
—~55 0.02998 0.000642 0.490358 0.491000 —13.141 175.762 162.621 —0.05815 0.80563
-50 0.03915 0.000648 0.382457 0.383105 —8.779 173.730 164.951 —0.03841 0.77848
—45 0.05044 0.000054 0.302029 0.302682 —4.400 171.676 167.276 —0.01903 0.75241
-40 0.06417 0.000659 0241251 0.241910 0 169.595 169.595 0 0.72733
=35 0.08071 0.000666 0.194732 0.195398 4.420 167.482 171.903 0.01871 0.70322
-30 0.10041 0.000672 0.158703 0.159375 8.862 165.335 174.197 0.03711 0.67993
—-25 0.12368 0.000679 0.130487 0131166 13.327 163.149 176476 0.08522 0.65742
=20 0.15093 0.000685 0.108162 0.108847 17.816 160.920 178.73¢0 0.07306 0.63563
~-15 0.18260 0.000693 0.090326 0.091018 22331 158.643 180.974 0.09063 0.61430
=10 0.21912 0.000700 0.075946 0.076646 26.874 156.314 183188 0.10796 0.59397
-5 0.26096 0.000708 0.064255 0.064963 31.446 153.928 185.375 0.12306 0.57400
0 0.30861 0.000716 0.054673 0.035389 36.052 151.479 187.531 0.14196 0.55453
S 0.36255 0.000724 0.046761 0047485 40.094 148,961 189.654 0.15865 0.53551
10 0.42330 0.000733 0.040180 0.040914 45.375 146.365 191.740 0.17517 0.51689
5 0.49137 0.000745 0.034671 0.035413 50.100 [43.684 193.784 0.19154 0.49862
20 0.56729 0.000752 0.030028 0.020780 54874 140,909 195.783 0.20777 0.48064
25 0.65162 0.000763 .026091 0.020854 §9.702 138.028 197.730 0.22383 0.40292
30 0.74490 0.000774 0.022734 0.023508 64.392 135,028 199.620 0.23991 0.44539
35 0.84772 0.000786 0.019855 0.020041 69.551 131.896 201.446 0.25587 0.42800
40 0.96065 0.000798 0.017373 0.018171 74.8%7 128.613 203.200 0.27179 0.41068
45 1.08432 0.000811 0.015220 0.016032 79.712 125.160 204.872 0.28771 0.39338
50 1.21932 0.000826 0.013344 0.014170 81936 121.514 200.450 0.30366 0.37601
55 1.36630 0.000841 0.011701 0.012542 90.274 117645 207.920 0.31967 0.35849
60 1.52592 0.000858 0.010253 0.0 95743 113,521 209.264 0.33580 0.34073.
05 1.69884 0.000877 0.008971 0.009847 101.362 109.099 210,460 0.33209 0.32262
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TABLA A 3S1 (Continuacién) Propiedades termodindmicas del refr
TABLA A3.181 (Continuacién) R-12 saturado (unidades SI)

igerante-12 (diclorodifluorometano)

Volumen especifico, m*/kg

Presién Entalpia, k]/kg Entropfa, kJ/kg K
abs. Liquido Vapor Liquido .
Tecr(l;p. M;’a. satl:'ado Evap. satufado sat?xrado Evap. s:::f‘):;o qt:gl:ﬁ% Evap, ' sa‘;zx[":;o
'y Vrg Vs hy Jpe he 5 5% S¢
80 230460 0.000946 000587 0.00682] ! :9191 e 22 O'ﬁxm 028474 067017
s 3502 0000970 0-00;;);; 0'00(;)& ﬂ;" j 93.437 212.832 040265 026457 0.66722
90 278850 0001012 0004246 0.005)95; ::';'Zi- 87'(1 o 213'039 0:42040 024320 0.66361
os T osess 04001o<(~» 0 0042ic vo04;6; 12(-):11 79.361 flh.xoz © 043887 022018 0.65905
o0 Voo aa0s Doonss 000463 o023 71.707 21 149:12 : 0.45823 0.19477 065310
e s bomt 12 pouz70 0003903 1;;'21‘: 63 810 310. 124 047928 0.16564 0.64492
o T orsae S ootsen Do 0~00:;6; 752 ;uo47 206,568 0.50285 012970  0.63254
- o b ° 0002462 1(:).. 5(3 28.444 197.995 0.53334 0.07423 0.60758
S : 001792 183418 0 183,418 0.56888 0. 0.5688%
‘ TABLA A3.2SI (Continuacién) Refrigerante-12 sobrecalentado (unidades S1)
Temp. y h § v It s )
°C m/kg Kd/kg KJ/kg K mYkg Kd/kg kifkg K m,“,ko M’/'ku o
2 g g KJ/kg K |
0.05 MPa 0.10 MPa 0.15 MPa
—-20 0.341859 [81.170 0.79172 0.167702 179.987 0.74064 . — — _
- lg 8;3:((;;2)3 :Siiz‘: 82;23: 8]1;’3(222 1(85,839 0.76331 0.114826 184.753
S. 856§ 1189995 197.770 0.80700 0.125051 196.90¢ 1TTAGD
38 gz‘;;&zzé 2(1)3;»:; gzzzgj ().1‘9:’_;71' 203.855 0,152‘%12 (),1300$3 203077 ToNaz ‘
- Do 210'29{ 0.:)1‘31\4 o.:(',w_fo/ 210.018 0.84879 0.135010 (31924
e & . 0.211602 216.262 0.86905 0.1399010) 08397 |
28 3:1::8?; Eii :T(z) 3:2;&:3 0.31?339 332’58? 0.88892 0 142476! e 085975 |
" ().4(;.8980 ;15;46 0.9; ;1 U::;QSf :;b 182 0.90842 01393538y 2Ia 236 0.87940
. 0.4879“) 2;).;‘60 0,9939; OZA )-’1; ; 5.457 0.027_j7 0.15439] 231043 0.39%67
o 0.49;“() 74;.(]50 ]‘0 o “.;n()l 12 242.007 ()?46{8 0.15016% v 241359 0.91759
49683 249, 013] 0.247160 248.629 0.96487 0.163926 248.204 0.93617
- r
Temp. v h s 3 h s v h s
°C m¥/kg KkJ/kg KJ/kg K mY/kg KJ/kg Ki/kg K m’/kg KJ kg kJkg K
0.20 MPa 0.25 MPa 0.30 MPe
0 0.088609 189.805 0.73249 0.069752 188.77% 0.71437 0.057180 187.718 0.69894
10 0.092550 196.020 0.75484 0.073024 195.109 0.73712 0.05998+ 194.173 0.72215
20 0.096419 202.281 0.77657 0.076219 201.468 0.75920 0.062732 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 213.638 0.78747
50 0.107710 221.405 0.83866 0.085470 220.803 0.82198 0.070636 220.191 0.8080C8
60 0.111397 227.902 0.85846 0.088474 227.351 0.84193 0.073186 226793 0.82820
70 0.1135056 234.462 0.87786 0.091449 233.956 0.86147 0.075706 22342 0.84787
80 0.118691 241.087 0.89689 0.094399 240.620 0.88061 0.078200 2200147 n0.86712
90 0.122305 247.775 0.91556 0.097328 247.341 0.89937 0.080672 246.90< 0.88399
100 0.125902 254.525 0.93390 0.100239 254.122 0.91779 0.083127 252718 0.90429 "
110 0.129484 261.338 0.95191 0.103135 260.962 0.93588 0.085566 260.582 092265 <
0.40 MPa 0.50 MPa 0.60 MP2
20 0.045837 198.906 0.72043 0.035646 197.077- 0.70043 — — —
30 0.047971 205.577 0.74281 0.037464 203.963 0.72352 0.030422 202.263
40 0.050046 212.250 0.76447 0.039215 210.810 0.74574 0.031966 209.207
50 0.052072 218.939 0.78549 0.040912 217.643 0.76722 0.033450 216.30C
60 0.054059 225.653 0.80595 0.042566 224.479 0.78806 - 0.034887 223.268%
70 0.056014 232.401 0.82591 0.044185 231.330 0.80832 0.036286 230231
80 0.057941 239188 0.84540 0.045775 238.206 0.82807 0.037653 237.201
90 0.059846 246.017 0.86447 0.047341 245.112 0.84735 0.038996 244,188
100 0.061731 252892 0.88315 0.048886 252.054 0.86621 0.040316 251.200
110 0.063601 259.815 0.90145 0.050415 259.035 0.88467 0.041619 258.242
120 0.065456 266.786 04d‘l941 0.051929 266.057 0.90276 0.042907 265.318
130 0.067299 273.806 0.93704 0.053430 273.123 0.92050 0.044181 272.431
0.70 MPa 0.80 MPa 0.90 MPa
40 0.026761 207.732 0.71529 0.022830 206.074 0.70210 0.019744 204.320 0.68972 1
50 0.028100 214.903 0.73783 0.024068 213.446 0.72527 0.020912 211921 0.71361 l
60 0.029387 222.017 0.75951 0.025247 220.720 0.74744 0.022012 219.373 0.73633
70 0.030632 229.099 0.78045 0.026380 227.934 0.76878 0.023062 226.730 0.75808
80 0.031843 236.171 0.80076 0.027477 235,114 0.78940 0.024073 234,028 0.77905
90 0.033028 243.244 0.82051 0.028545 242,279 URULEES, ARSI 210280 07303
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TABLA A.3281 (Continuacién) Refrigerante-12 sobrecjentada (unidades SI)

Temp. v h s v h s v h - H
°C mkg kJ/kg kifkg K m’/kg kJ/kg kJ/kg K m/kg kd/kg kJ/kg K
0.70 MPa 0.80 MPa 0.90 MPa
100 0.034189 250.330 0.83976 0.02958% 249.443 0.82887 0.026005 248.537 0.81901
110 0.035332 257.436 0.85855 0.030612 256.616 0.84784 0.026937 255.781 0.83817
120 0.036459 264.568 0.87693 0.031619 263.806 0.86636 0.027852 263.032 0.85685
130 0.037572 271.730 0.89492 0.032612 271.019 0.88448 0.02875{1 270.298 0.87510
140 0.038673 278.925 0.91254 0.033592 278259 0.90221 0.029639 277.585 0.89295
150 0.039765 286.155 0.92984 0.034563 285.529 0.91960 0.030515 284.896 0.91043
1.00 MPa 1280MPa 140 MPa
50 ° 0.018366 210.317 0.70259 0.014483 206.813 . 0:68165 — — —
60 0.019410 217.970 0.7229] 0.015463 214.964 0.70649 0.012579 211613 0.68806
70 0.020397 225,485 0.74%14 0.016368 222.851 0.72982 0.013448 219.984 0.71281
80 0.021341 232910 N.74046 0017221 230.568 0.75198 0.014247 228.059 0.73601
90 0.022251 240278 0.79904 0.018032 238171 0.77321 0.014997 235.940 0.75802
100 0.023133 247612 0.86996 0018812 245.699 0.79366 0.015710 243.692 0.77907
110 0.023993 254931 0.%2931 0.019567 253,180 0.81344 0.016393 251.355 0.79934
120 0.024833 262.24 0.84%16 0.020201 260.632 0.83265 0.017053 258.961 0.81893
130 0.025661 269.567 0.86653 0.021018 268.072 0.85133 0.017695 266.530 0.83795 ‘
140 0.026474 276.902 0.88452 0.021721 275.509 0.86955 0.018321 274.078 0.85644 |
150 0.027275 284.235 0.90211 0.022412 282.952 0.88735 0.018934 281.618 0.87447 ;
160 0.028068 291.632 0.91933 0.023093 290.408 0.90477 0.019535 289.158 0.89208
1.60 MPa 1.80 MPa 2.00 MPa :
70 0.011208 216.810 0.69641 0.009406 213.208 0.67992 — - —
80 0.011984 225.344 0.72092 0.010187 222363 0.70622 0.008704 219.024 0aGIey !
90 0.012698 233.563 0.74387 0.010884 231.007 0.73036 0.009406 228226 0,773
100 0.013366 241575 0.76564 0.011525 239.332 0.75297 0.010035 236.936 0.74079
110 0.014000 249.448 0.78646 0.012126 247.446 0.77443 0.010615 245.336 0.76300
20 0.014608 257.225 0.80649 0.012697 255.417 0.79497 0.011159 253.528 0.78411
130 0.015195 264.937 0.82586 0.013244 263.288 0.81474 0.0114676 261.577 0.80433
140 0.015765 272.606 0.84465 0.013772 271.090 0.83385 0012172 269.526 0,823%0
150 0.016320 280.250 0.86293 0.014284 278.847 0.85240 0.012651 277.405 0.84265J
Temp. v h s v h s v h s
°C m*/kg kl/kg kJ/kg K m*/kg kJ/kg kJ/kg K m'/kg kJ/kg kJikg K
1.60 MPa 1.80 MPa B 2.0 MPa
160 0.016864 287.880 0.88076 0.014784 286.574 0.87045 0.013116 285237 0.86094
170 0.017398 295 506 0.89816 0.015272 294 284 0.88805 0.013570 293.037 0.87874
180 0.017923 303.136 0.91519 0.015752 301.988 0.90524 0.014013 200.819 0.89611
2.50 MPa 3,00 MPa 2.50 MPa
90 0.006595 219.736 0.68284 — — — — — —
100 0.007264 230.029 0.71081 0.005231 220.723 0.67755 — — —
110 0.007837 239.453 1.73573 0.005886 232.256 0.70806 0.004324 222360 0.67559
120 0.008351 248379 0.75873 0.006419 242.398 0.73420 0.004959 235.086 0.70840
130 0.008827 256.986 0.78035 0.006887 251.825 0.75788 0.005456 245865 0.73548
140 0.009273 265.377 0.80091 0.007313 260.818 0.77991 0.005884 255728 0.75965
150 0.009697 273.616 0.82062 0.007709 269.521 0.80072 0.006270 265.053 0.78195
160 0.010104 281.748 0.83961 0.008083 278.024 0.82059 0.006626 274.027 0.80291
170 0.010497 289.802 0.85799 0.008439 286.384 0.83967 0.006961 282.759 0.82284
180 0.010879 297.802 0.87584 - 0.008782 294.640 0.85809 0.007279 291.319 0.84194
190 0.011250 305.764 0.89322 0.009114 302.820 0.87594 . 0.007584 299.752 0.86035
200 0.011614 313.701 091018 0.009436 310.946 0.89330 0.007878 308.092 0.87816
4.00 MPa 5.00 MPa
120 0.003736 225.180 0.67769 0.001369 176303 0.54710
130 0.004325 238.691 0.71164 0.002501 216.458 0.64811
140 0.004781 249.930 0.73918 0.003139 235.004 0.69359
150 0.005172 260.124 0.76357 0.003585 248.416 0.72568
160 0.005522 269.710 0.78596 0.003950 259.910 0.75253
170 0.005845 278903 0.80694 0.004268 270.400 0.77648
180 0.006147 287.825 0.82685 0.004555 280.276 0.79851
190 0.006434 296.552 0.84590 0.004821 289.740 0.81917
200 0.00670& 305.136 0.86424 -0.005071 298.916 0.83877
210 0.006972 313.614 0.88197 0.005308 307.882 0.85753
220 0.007228 322013 0.89917 0.005535 316.690 0.87557
230 0.007477 330.352 0.91592 0.005753 325.380 0.89301
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fTABLA AASI Propiedades termodindmicas del refrigerante-22 ( clorodifluorometano) T
TABLA A A4.1SI Refrigerante-22 saturado (unidades ST
Presion Volumen especifico, m™/kg Entalpia, kJ/kg Entropia,kJkg K
abs. Liquido ; {qui .o
Temp. MPa, sat?xrudo Evap. szxﬁl::;o slal(?::s;’o Evap. s::?x‘::(rlo slz;:?:::loo Evap s:;:‘;:;o
°C Id vy Vry Ve Iy Ny h, sp Sig ’ Sp
| ~70 0.0205 0.000670 0.940268 (.940938 —30.607 249.425 218818 —0.1401 1.2277 1.0876
-05 0.0280 0.000676 0.704796 0.705472 —25.658 246.925 221.267 —0.4161 1.1862 1.0‘7}01 §
=60 0.0375 0.000682 0.536470 0.537152 -20.652 244.354 223.702 —0,8924 1.1463 120]540
=55 0.0495 0.000689 0.414138 0.414827 —15.585 241.703 226.117 —0.0689 1.1079 lA03'90 -
—-50 0.0644 0.000695 0.323862 0.324557 —-10.456 238.965 228.509 —0.0457 1.0708 1.0251 L?‘;*
p —45 0.0827 0.000702 0.256288 0.256990 —5.262 236.132 230.870 -0.0227 1.0349 1.0122 é
—40 0.1049 0.000709 0.205036 " 0.205745 0 233.198 233,197 0 1.0002 1.0002 ;
—35 0.1317 0.000717 0.165683 0.166400 5.328 230.156 235.484 0.0225 0.9664 0.9889
—30 0.1635 0.000725 0.135120 0.135844 10.725 227.001 237.726 0.0449 0.9335 0.9784
=25 0.2010 0.000733 0.111126 0.111859 16.191 223.727 239918 0.0670 0.9015 0.968s
—-20 Q.2448 0.00074] 0.092102 0.092843 21.728 220.327 . 242,055 0.0890 0.8703 0.9593
=15 0.2957 0.000750 0.076876 0.077625 27334 216.798 244.132 0.1107 0.8398 0.9505 ?
=10 0.3543 0.000759 0.064581 0.065340 33.012 213.132 246:144 0.1324 0.8099 0.9422 ‘
-5 0.4213 0.000768 0.054571 0.055339 38.762 209.323 248.085 0.1538 0.7806 0.9344 J
0 0.4976 0.000778 0.046357 0.047135 44.586 205364 . 249.949 0.1751 0.7518 0.9269 |
5 0.5838 0.000789 0.035567 0.040356 50.485 201.246 251.731 0.1963 0.7235 0.9197 ‘
10 0.6807 0.000800 0.033914 0.034714 56.463 196.960 253423 0.2173 0.6956 09129 \
15 0.7891 0.000812 0.029176 0.029987 62.523 192,495 255.018 0.2382 0.6680 0.9062 J
20 0.9099 0.000824 0.025179 0.026003 68.670 187.836 256.506 0.2590 0.6407 0.8997 "
25 1.0439 0.000838 0.021787 0.022624 74910 182.968 257.877 0.2797 0.6137 0.8934
30 1.1919 0.000852 0.018890 0.019742 81.250 177.869 259.119 0.3004 0.5867 0.8871 |
3 1.3548 0.000867 0.016401 0.017269 87.700 172.516 260.216 0.3210 0.5598 0.8809 \
40 1.5335 0.000884 0.014251 0.015135 94.272. 166.877 261.149 0.3417 0.5329 0.8746 F
45 1.7290 0.000902 0.012382 0.013284 100.982 160914 261.896 0.3624 0.5058 0.86X2 l
50 1.9423 0.000922 0.010747 0.011669 107.851 154.576 262.428 0.3832 0.4783 0.8615 ; .
55 21744 0000944 0.009308 0.010252 114.905 147.800 262.705 0.4042 0.4504 08536 |
60 24266 0.000969 0.008032 0.065001 122.180 140.497 262.678 0.4255 0.4217 0.8472 |
3 65 2.6999 0.000997 0.006890 0.007887 129.729 132.547 262.276 0.4472 (.3920 0.839
[ Presion Volumen especifico, m™/kg Entalpia, k}/kg Entropia.kJ/’kg K e
abs. Liquido Vapor Liquido . Vapor Liquido Vapor
Temp. MPa, saturado Evap. saturado saturado Evap. saturado saturado Evap. saturado
°C P vy Vf Ve Iy by h, sy Sre g
70 2.9959 0.001030 0.005859 0.006889 137.625 123.772 261.397 0.4695 0.3607 0.8302
75 3.3161 0.001069 0.004914 0.005983 145.986 113.902 259.888 0.4927 0.3272 0.8198
30 3.6623 0001118 0.004031 0.005149 155.011 102475 257.486 0.5173 0.2902 0.8075
85 4.0368 0.001183 0.003175 0.004358 165.092 88.598 253.690 0.5445 0.2474 0.7918
90 4.4425 0.001282 0.002282 0.003564 177.204 70.037 247.241 0.5767 0.1929 0.7695
95 4.8835 0.001521 0.001030 0.002551 196.359 34,925 231.284 0.6273 0.0949 07222
96.006 4.9773 0.001906 0 0.001506 212.546 0 212.546 0.6708 0 0.6708
TABLA A 4251 Refrigerante-22 sobrecalentado (unidades SI)
Temp. v h s v h s v h s
°C m’/kg kJ/kg kJ/kg K m’/kg kJ/kg kJ/kg K mkg kJ/kg kJ/kg K
0.05 MPa (.10 MPa 0.15 MPa
—40 0.440633 234.724 1.07616 0.216331 233.337 1.00523 — —_ -
-30 0.460641 240.602 1.10084 0.226754 239.359 1.03052 0.148723 238.07% 0.98773
-20 0.480543 246.586 1.12495 0.237064 245.466 . 1.05513 0.155851 244319 1.01288
-10 0.500357 252.676 1.14853 0.247279 251.665 1.07914 0.162879 250.631 1.03733
0 0.520095 258.874 1.17166 0257415 257936 1.10261 0.169823 257.022 1.06116
10 0.539771 265.180 1.19433 0.267485 264.345 1.12558 0.176699 263.496 1.08444
20 0.559393 271594 1.21659 0.277500 270.831 1.14809 0.183516 270.057 1.10721
30 0.578970 278115 1.23846 0.287467 277.416 1.17017 0.150284 276.709 1.12952
40 0.598507 284743 1.25998 0.297394 284.101 1.19187 0.197011 283452 1.15140
50 0.618011 291.478 1.28114 0.307287 290.887 1.21320 0.203702 290.289 1.17289
60 0.637485 298319 1.30199 0.317149 297.772 1.23418 0.210362 297.220 1.19402 =
70 0.656935 305265 1.32253 0.326986 304.757 1.25484 0.216997 304.246 1.21479 ,=>E
&0 0.676362 312314 1.34278 0.336801 311.842 1.27519 0.223608 311.368 1.23525 Z
90 0.695771 319465 1.36275 0.346596 319.026 1.29524 0.236200 318.584 1.25540 g
0.20 MPa 0.25 MPa 0.30 MPa z
n
-20 0.115203 243,140 0.98184 — — — — . — — E
-10 0.120647 249.574 1.00676 0.095280 248.492 0.98231 0.078344 247.382 0.96170 &
0 0.126003 256.069 1.03098 0.099689 235.097 1.00695 0.082128 254.104 0.98677 [ |
L 10 0.131286 262.633 1.05458 0.104022 261.755 1,03089 0.085832 260.861 1.01106* 3




'TABLA AA28] Refrigerante-22 sobrecalentado (urmidades 51,
Temp. v h s v h s ¥ h £
°C m/kg kd/kg kd/kg K m>/kg kJ/kg kJ/kg K m3/kg kJ/kg kJ/kg K I
0.20 MPa 0.25 MPa 0.30 MPa
20 0.136509 209.273 1.07763 0.108292 268.476 1.05421 0.089469 267.667 1.03468
30 0.141681 275.992 1.10016 0.112508 275.267 1.07699 0.093051 274.531 1.05771t
40 0.146809 282.796 1.12224 0.11668! 282.132 1.09927 0.096588 281.460 1.08019
50 0.151902 289.686 1.14390 0.120815 289.076 1.12109 0.100085 .288:460 1.10220
60 0.156963 296.664 1.16516 0.124918 296.102 1:.14250 0.103550 295.535 1.12376
70 0.161997 303.731 1.18607 0.128993 303.212 116353 0.106986 302.689 1.14491
80 0.167008 310.890 1.20662 0.133044 310.409 1.18420 0.110399 309924 1.16569
90 0.171999 318.139 1.22687 0.137075 317.692 1.20454 0.113790 317:241 1.18612
100 0.176972 225.480 1.24681 0.141089 325.063 1.22456 0.117164 324.643 1.20623
110 0.181931 332912 1.26646 0.145086 332.522 1.24428 0.120522 332.129 1.22603
0.40 MPa ¥ oM ‘ 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 097717 0.042280 262.517 0.95517
30 0.068710 273.029 1.02646 0.054081 271.483 1.00128 0.044307 269.888 0.97989
40 0.071455 280.092 1.04938 0.056358 27%.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 254,386 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 1.09132 0.051931 299.456 1.07149
80 0.082085 308.944 1.13605 0.065090 307.949 1.11257 0.053754 306938 1.09298
90 0.084679 316.332 1.15668 0.067206 315.410 1.13340 0.055553 314.475 1.11403
100 0.087254 323.796 1.176%5 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 0.055094 329.731 1.15492
120 0.092358 338.961 1.21654 0.073450 338.213 1.19373 0.060842 337.458 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 0.90 MPa
20 0.035487 260.667 0.93565 0.030366 258.737 091787 0.026355 256.713 0.90132
30 0.037305 268.240 0.96105 0.032034 266.533 0.94402 0.027915 1264.760 0.9283]
40 0.03905% = 275769 0.98549 0033632 274243 096905 0.029397-——272:670— 095398
T emp. ¥ h s v h K v h s
°C m'/kg kJd/kg kd/kg K m'/kg kJ/kg kJ/kg K m/kg ¢ kJ/kg kJ/kg K
0.70 MPa 0.80 MPa 0.90 MPa ‘
50 0.040763 283.282 1.00910 0.035175 281.907 0.99314 0.030819 280.497 s
60 0.042424 290.800 1.03201 0.036674 289.553 1.01644 10032193 28R.278 T
70 0.044052 298.339 1.05431 0.038136 297.202 1.03906 0.033528 296.042
80 0.045650 305912 1.07606 0.039568 304.868 106108 0.034832 303.807 ,
90 0.047224 313.527 1.09732 0.040974 312.565 1.08257 0.036108 311.590
100 0.048778 321.192 1.11815 0.042359 320.303 1.10359 0.037363 319.401
110 0.050313 328914 1.13856 0.043725 328.087 1.12417 0.038598 327251
120 0.051834 336.696 1.15861 0.045076 335.925 1.14437 0.039817 335,147
130 0.053341 344,541 1.17832 0.046413 343.821 1.16420 0.041022 343.09+ 38
140 0.054836 352.454 1.19770 0.047738 351.778 1.18369 0.042215 331.08° Tl
150 0.056321 360.435 1.21679 0.049052 359.799 1.20288 0.043398 339139 B
1.00 MPa 1.20 MPa 40 MPs
30 0.024600 262912 0.91358 — — — - — —
40 0.025995 271.042 0.93996 0.020851 267.602 091411 0.017120 2R2RED
50 0.027323 279.046 0.96512 0.022051 276011 0.94055 0.018247 A 3
60 0.028601 286.973 0.98928 0.023191 284.263 0.96570 .0.019296 R
70 0.029836 294.859 1.01260 0.024282 292415 0.98981 0.020293 289.35%
80 0.031038 302.727 1.03520 0.025336 300.508 1.01305 0.021248 298.202
90 0.032213 310.599 1.05718 0.026359 308.570 1.03556 © 0.022167 306.473 -0 3 ‘,
100 0.033364 318.488 1.07861 0.027357 316.623 1.05744 0.023058 314.703 103884 ‘
110 0.034495 326.405 1.09955 0.028334 324.682 1.07875 -0.023926 322916 T 06038 f
120 0.035609 334.360 1.12004 0.029292 332.762 1.09957 0.024775 331.128 1.08172 ‘
130 0.036709 342.360 1.14014 0.030236° 340.871 1.11994 0.025608 339.354 1.10238 1
140 0,037797 350.410 1.15986 0.031166 349.019 1.13990 0.026426 - 347.603 1.12259
150 0.038873 358.514 1.17924 0.032084 357.210 1.15949 0.027233 355.885 1.14240
160 0.039940 366.677 1.19831 0.032993 365.450 1.17873 0.02802¢9 364.206 1.16183
1.60 MPa 1.80 MPa 2.00 MPa
50 0.015351 269.262 0.89689 0.013052 265.423 0.87625 -— — —
60 0.016351 278.358 0.92461 0.014028 275.097 0.90573 0.012135 271.563 0.88729
70 0.017284 287.171 0.95068 0.014921 284.331 0.93304 0.013008 281.310 091612
80 0.018167 295.797 0.97546 0.015755 293.282 0.95876 0.013811 290.640 0.94292
90 0.019011 304.301] 0.99920 0.016546 302.046 0.98323 0.014563 289,697 0.9RRZT
| 100 0.019825 312,725 1.02209 0.017303 I106R3 Timss DT IR Teilil
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| TABLA A.4.251 (Continuacion) Refrigerante-22 sobrecalentado /uni{lakiex 513

]

220

Temp. ¥ $ » It s ¥ I s
°C m/kg kJ/kg kJ/kg K m'/kg kJ/kg kJ/kg K mY/kg kJ/kg kJ/kg K
1.60 MPa 1.80 MPa 2.00 MPa
110 0.020614 321103 1.04424 0.018032 319.23% 1.02932 0.015960 317.322 .1.01546
120 0.021382 329.457 1.06576 0.018738 327.745 1.05123 0.016619 325991 1.03780
120 0.022133 337.805 1.08673 0.019427 336.224 1.07253 0.017258 334.610 1.05944
140 0.022869 346.162 1.10721 0.020099 344.695 1.09329 0.017881 343.201 1.08049
150 0.023592 354.540 1.12724 0.020759 353.172 1.11356 0.018490 351.783 1.10102
160 0.024305 362.945 1.14688 0.021407 361.666 1.13340 0.019087 360.369 1.12107
170 0.025008 371.386 [.16614 0.022045 370.186 1.15284 0.019673 368.970 1.14070
180 0.025702 379.869 1.18507 0.022675 37R.738 1.17193 0.020251 377.595 1.15995
250 MPa 3.00 MPa 3.50 MPa
70 0.009459 272.677 0.87476 — . — — — — —
80 0.010243 283.332 0.90537 0.007747 274.530 0.86780 0.005765 262.739 0.82489
950 0.010948 293.338 0.93332 0.008465 286.042 0.89995 0.006597 277.268 0.86548
100 0.011598 302.935 0.95939 0.009098 296.663 0.92881 0.007257 289.504 0.89872
110 0.012208 312.261 0.98405 0.009674° 300.744 0.95547 0.007829 300.640 0.92818%
120 0.012788 321.400 1.00760 0.010211 316.470 0.98053 0.008346 311,129 0.95520
130 0.013343 330412 1.03023 0.010717 325.955 1.00435 0.008825 321.196 0.98049
140 0.013880 339.326 1.05210 0.011200 335.270 1.02718 0.009276 330976 1.00445
150 0.014400 348.205 1.07331 0.011665 344.467 1.04918 0.009704 340.554 1.02736
160 0.014907 357.040 1.09395 0.012114 353.584 1.07047 0.010114 349.989 1.04940
170 0.015402 365.860 1.11408 0.012550 362.647 1.09116 0.010510 359.324 1.07071
130 0.015887 374.679 1.13376 0.012976 371.679 111131 0.010894 368.590 1.09138
190 0.016354 383.508 1.15303 0.013392 380.695 1.13099 0.011268 377.810 1.11151
200 0.016824 392.354 1.17192 0.013801 389.708 1.15024 0.011634 387.004 1.13 1‘15
4.00 MPa 5.00 MPa 6.00 MPa
90 0.005037 265.629 0.82544 — — — — — —
100 0.005804 280.997 0.86721 0.003334 253.042 0.78005 — — —
110 0.006405 293.748 0.90094 0.004255 275919 0.84064 0.002432 243.278 0.74674
120 0.006924 305273 0.93064 0.004851 291.362 0.88045 0.003333 272385 0.82185
-‘ 130 0.007391 316.080 0.95778 0.005335 304.469 0.91337 0.003899 290.253 0.86675
';lp. v h s v It s ¥y h -5
°C m¥/kg kJ/kg kJ/kg K m*/kg kJ/kg kJ/kg K m*/kg kJ/kg kJ/kg K
4.00 MPa 5.00 MPa 6.00 MPa
140 0.007822 326422 0.98312 0.005757 316.379 0.94256 0.004345 304.757 0.90230
130 0.008226 336.446 1.00710 0.006139 327.563 0.96931 0.004728 317.633 0.93310
160 0.008610 346.246 1.02999 0.006493 338.266 0.99431 0.005071 329.553 0.96094
170 0.008978 355.885 1.05199 0.006326 348.633 1.01797 0.005386 340.849 0.93673
180 0.009332 365.409 1.07324 0.007142 358.760 1.04057 0.005680 351715 1.01098
190 0.009675 374853 1.09386 0.007444 368.713 1.06230 0.005958 362.271 1.03402
200 0.010009 384240 1.11391 0.007735 378537 1.08328 0.006222 372.602 1.05609
210 0.010335 393.593 1.13347 0.00801% 388268 1.10363 0.006477 382.764 1.07734
0.010654 402928 1.15259 0.008292 397932 1.12343 0.006722 392.801 1.09790
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TABLA A.6SL Propiedades termodindmicas del nitrégena

[
l TABLA A.6.181 Nitrégeno saturado (unidades SI)
|

Presion Yolumen especifico, m"/kg - Entalpia, kJ/kg B ; Entropia, kJ/ke K
abs. Liquido Yapor Liquido ' Yapor Liquido Vapor
Temp. MPa saturado Evap. saturado . . saturado LEvap. saturado saturado Evap saturado
K P v, Vs v, "ok by, h, s S r
63.148 0.01252 0.001150 1.480099 1.481249 -150.911 215.392 64,482 2.4234 34108% 58542
65 0.01741 0.001160 1.092665 1.093825 - =147.172 213.384 66.212 2.4816 22829 3.7646
70 0.03858 0.001191 0.525015 0.526206 -137.088" 207.788 70,700 2.6207 2.9683, 5.5991
75 0.07610 0.001223 0.280499 0.281722 =126.949 201.816 74.867 27T 2.6909 5.4609
77.348 0.101325 0.001240 0.215145 0.216385 ~122.150 198.839 76.689 . 2.8326 23707 5.4033
80 0.13699 0.001259 0.162485 0.163744 -116.689 195.319 78.630 295314 2.4415 5.3429
| 8§ 0.22903 0.001299 0.100204 0.101503 -106,252 188.149 81.898 20266 2.2136 5.2401
) 0.36066 0.001343 0.064803 0.066146 ~95.577 180.137 84.560 3.1466 2.0016 .5.1482
95 0.54082 0.001393 0.043398 0.044792 —84.593 171.075 86.482 22627 1.8009 5.0636
100 0.77881 0.001452 0.029764 0.031216 ~73.199 160.691 87.493 . 1.6070 4.9831
1035 1.08423 0.001522 0.020673 0.022195 —61.238 148.597 87.359 3.4883 1.4'153 4.9036
110 146717 0.001610 0.014342 0.015952 —-48.446 134.165 85.719 3.6017 1.2197 4.8215
115 1.93875 0.001729 0.009717 0.011445 —-34.308 116.212 81.904 3.7204 1.0106 4.7310
' 120 2.51248 0.001915 0.006083 0.007998 —17.605_ 91.930 74324 " 3.8536 0.7661 4.6197
o125 3.20886 0.002353 0.002530 0.004883 6.677 " 48.762 55,438 4.0395 0.3901 4.4296
1 126.193 3.39780 0.003194 0 0,003194 29.791° 0 29.791 4.2193 0 42192 |
—
TABLA A.6.2S] Nitrigeno sobrecalentado (nnidades SI)
Presion abs. Temperatura, K
MPa 109 125 150 175 200, 225 250 275 300
v 0.291030 0.367236 0.442612 0.517577 0.592311 0.666904 0.741404 0.815839 0.890229°
0.1 I 101.938 128.423 154.695 180.860 206.967 233.039 259.090 285.128 311.160
K 5.6944 5.9308 6.1225 6.2838 6.4232 6.5461 6.6559 6.7551 6.8457
v 0.142521 0.181711 0.220007 0.257878 0.295515 0.333008 0.370408 0.407743 0.445033
02 h 100.238 [27.294 153.876 180.236 206.476 232.644 258.766 284.861 310.938
s 5.4775 5.7191 59130 6.0755 6.2157 6.3390 6.4491 6.5486 6.6393
v 0.053062 0.070328% 0.086429 0.102059 0.117442 0.132677 0.147817 0.162892 0.177921
05 h 94.460 123.776 (81.376 178.349 204,998 231458 257.799 284.063 310.276
, K 5.1660 5.4282 5.6296 5.7959 5.9383 6.0629 6.1740 6.2741 6.3653
— 0.033064 0.041876 0.050120 0.058093 0.065911 0.073631 " 0.081285 0.088893
1.0 h — 117.397 147.062 175.156 202.522 229482 256.194 282.743 '+, 309.182
K — 5.1872 5.4039 5.5772 5.7234 5.8504 5.9630 60642 - 61562
v — 0.014030 0.019541 0.024153 0.028436 .- 0.032548 0.036558 0.040500 0.044395
2.0 I — 101.541 137.779 168.584 197.528 225543 253.014 280.140 307.034
K — 4.8887 5.154] 5.3443 5.4989 5.6310 5.7467 5.8502 5.9438 | -
v — — 0.008231 0.011185 0.013650 0.015912 0.018063 0.020145 0.022179
4.0 h — - 115.595 154.672 187.417 217.740 246.800 275.098 302.898
s — — 4.8379 5.0797 5.2548 5.3978 5.5203 5.6282 5.7250
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. TABLA A.6.281 (Continuacién) Nitrégeno sobrecalentado (unidades SI) . ’
' Temperatura, K ' E
Pre:;);:bs‘ 150 175 200 25 2% 275 300 350 a0
v 0.004421 0.006909 0.008771 0.010412 0.011937 0.013393 0.014803 0.Q~l7532 0.020187 ‘
6.0 h 87.298 139.945 177.293 210125 240.822 270.294 298.988 354.951 409.83 j
s 4.5685 4.8956 5.0955 5.2503 5.3797 5.4921 5.5920 5.7646 5912
v 0.002914 0.004861 0.006387 0.007701 0.008905 0.010042 0.011135 0.013236 0.015264 }
8.0 n 61.924 125.326 167.469 202.833 235.145 265.761 295318 352.511 408.237
s 43522 4.7460 " 49717 51385 5.2748 53916 5.4945 5.6709 5.8197
v 0.002388 0.003752 0.005014 0.006112 0.007113 0.008053 0.008952 0.01067 0.01232
10.0 ir 18.659 112,363 158.353 196.022 229.841 261.532 291.902 350.260 , 406.790
$ 4.2290 4.6232 1.8697 5.0474 5.1901 53109 54167 5.5967 5.7477
v 0.001955 0.00259% 0.003365 0.004109 0.004804 0.005461 0.006088 0.007280 0.008416 |
15.0 h ‘ 36.805 91.928 140.599 181.908 218.586 252.470 284.565 345.466 403.791
s 1.0790 4.4191 4.6796 4.8745 5.0292 5.1585 52702 5.4581 5.6139
v 0.001782 0.002187 0.002687 0.003213 0.003729 0.004226 0.004704 0.005617 0.006487
20.0 “h 33.644 R3.317 130.168 172.324 210.434 245.699 275.007 341.856 401.649
N 3.9960 4.3024 4.5529 4.7517 4.9124 5.0469 5.1629 53568 5.5166
’ TABLA A.7S1 Propiedades termodindmicas del metano T '
TABLA A.7.181 Metano saturado (unidades Si)
Presién Volumen espeeifico, m¥kg Entalpfa, kj/kg Entropia, kJ/kg K
abs. Liquido Yapor i Liquido Vapor Liquido Vapor
Temp. MPa saturado Evap. saturado saturado Evap. saturado saturado Evap. saturado
{ K p vr Vrx v Iy hyy Iy Sr Srg Sg
90.685 0.01169 0.0022] 3.97955 398176 -358.1 543.1 185.1 4.226 5.989 10.216
95 0.01983 0.00224 244824 245048 -343.7 5372 193.4 4.381 5.654 10.035
100 0.03441 0.00228 1.47657 1.47885 -326.8 529.8 202.9 4.554 5.298 9.851
108 0.05643 0.00231 0.93791 0.94022 -309.7 521.8 212.2 4.721 4.970 9.691
110 0.08820 0.00235 0.62219 0.62454 -292.3 5133 221.0 4.882 4.666 9.548
115 0.13232 0.00239 0.42808 0.43048 -274.7 504.1 2294 5.037 4384 9.421
| 120 0.19158 0.00244 0.30371 0.30615 -257.0 494.2 2372 5.187 4.118 9.305
125 0.26896 0.00249 0.22110 0.22359 -239.0 4834 2445 5332 3.868 9.200
130 0.36760 0.00254 0.16448 0.16702 -220.7 471.7 251.0: 5.473 3.629 9.102
135 0.49072 0.00259 0.12457 0.12717 -202.1 458.9 256.8 5.611 3.399 9.011
140 0.64165 . 0.00265 0.09574 0.09839 -183.2 4448 261.7 5.746 3.177 8.924
145 0.82379 0.00272 0.07444 0.07716 -163.7 429.4 265.7 5.879 2.961 . 8.841
150 1.04065 0.00279 0.05838 0.06117 -143.7 4123 268.5 6.011 2.748 8.759
1SS 1.29580 0.0028% 0.04604 0.04892 -123.1 393.3 270.2 6.141 2.537 8.679
160 1.59296 0.00297 0.03638 0.03935 -101.6 372.0 270.3 6.272 2.325 . §.597
165 1.93607 0.00209 0.02868 0.03176 -79.1 347.8 268.7" 6.405 2.108 8.512
170 2.32936 0.00322 0.02241 0.02563 -55.2 3200 264.8 6.540 1.882 8.422
175 2.77762 0.0033¢9 0.01718 0.02058 =293 2%7.2 2579 6.681 1.641 8322
180 3.28655 0.00362 001266 0.01628 -0.5 246.8 246.2: 6.833 1.371 8.204
185 3.86361 0.00398 0.00845 0.01243 33.8 192.1 225.9. 7.009 1.038 §.048
' ! 190 4.52082 0.00499 0.00298 - 0.00796 92.2 79.8 172.0 7.305 0.420 .7.725
u‘)O.SSI 4.59920 0.00615 0 0.00615 129.7 0 129.7 7.500 0 7.500
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.| TABLA A.7281 Metano sobrecalentado (nnidades S1)

., Temperatura, K
Presion abs. ;
MPa 150 175 200 225 250 275 300 350 400 450
T
v 1.5433 1.8054 2.0665 . 2.3270 2.5872 2.8472 3.1069 5.6262 4.1451 —
0.05 h 308.5 360.8 413.2 465.8 5189 572.9 628,! 7429 865.4 —
K 10.5170 10.8399 11.1196 11.3674 11.5914 11,7972 11.9891 12.3429 12.6697 —
v 0.7659 0.8984 1.0299 1.1609 1.2915 14219 1.5521 1.8123 2.0721 —
0.10 h 306.8 359.6 4122 465.0 5183 572.4 6?7.6 742.6 865.1 —
K 10.1504 10.4759 10.7570 11.0058 11.2303 11,4365 1 14&86 11.9829 12.3099 —
v 0.1433 0.1726 0.2006 0.2280 0.2550 0.2817 0.3083 0.3611 04137 —
0.50 h 2923 349.1 404.1 458.5 5129 567.8 623.7 739.6 862.8 —_
s $.2515 9.6021 9.8959 10.1520 16.3812 10.5906 10.7850 11.1422 11.4710 —
v 0.0643 0.0815 0.0968 0.1113 0.1254 0.1392 0.1528 0.179& 02064 —
1.00 h 270.6 3349 393.5 450.1 506.0 5620 618.8 7359 ©.860.0 —_—
) s 8.7902 9.1871 95006 9.7672 10,0028 10.2164 10.4138 10.7748 11.1059 —
v — 0.0508 0.0621 0.0724 0.0822 0.0917 0.10t0 0.1193 0.1373 —
1.50 [} — 3188 38232 L4414 499.0 556.2 613.8 7323 8572 —
K — R9121 92514 9.5303 97730 9.9911 10.19i6 10.5565 10.8899 —
v — 0.0350 0.0440 0.0529 0.0606 0.0680 0.0751 0.0891 '_9.1027 —
2.00 It — 300.0 370.2 432.4 491.8 550.3 6089 728.6 8543 —
s — 8.6839 9.0596 9.3532 9.6036 9.8266 10.0303 10.3992 10.7349 —
TABLA A.7.281 (Continnacion) Metany sobrecalentado (unidades S1)
Presion abs. : Temperatura, K »
MPa 100 125 200 225 ] 250 275 300 350 400 450
3 — — 0.0269 0.0333 0.0390 0.0442 0.0492 0.0589 0.0682 0.0774
3.00 h — — 342.7 4133 4771 538.3 598.8 7212 848.8 983.5
s — — 8.7492 9.0823 9.3512 0.5848 9.7954 10.1726 10.51 30‘ 10.8303
. v — — 0.0176 0.0235 0.0281 0.0324 0.0363 0.0438 0.0510 0.0580
4.00 h — — 308.2 3924 461.6 526.1 5887 713.9 843.2 979.2
c s —_ — 84675 £.8653 9.1574 9.4031 96212 10.0071 10.3§23 __10.6725
. .
Y — — 0.0114 00175 0.0216 0.0252 0.0286 0.0348 0.0406 0.0463
5.00 h — — 2583 369.3 445.6 513.6 578.6 706.7 837.8 975.0
K] — - 8.1459 8.6728 8.9945 9.2540 9.4802 9.8751 10.2251 10.5483
v — — 0.0061 0.0135 0.0173 0.0205 0.0234 0.0288 0.0338 . 0.0386
6.00 h — 160.3 343.7 428.8 500.9 568.4 699.5 832.4 970.9
K — — 7.6128 8.4907 8.8502 9.1253 9.3601 9.7643 10.1192 10.4453
v — — 0.0041 0.0085 0.0120 0.0147 0.0171 0.0213 01‘&52 0.0289
8.00 h —- — 885 285.0 393.9 4754 5481 685.4 - 82’2.0 . 9629
K] — — 7.2069 8.1344 8.5954 8.9064 9.1598 9.5831 99477 10.2796
v — — 0.0038 0.0059 0.0089 0.0113 0.0133 0.0169 0.0201 0.0231
10.00 A — s 722 229.3 358.6 450.1 528.4 671.8 81 1.9 9553
ki — — 7.0862 7.8245 8.3716 8.7210 8.9936 £ 9.4362 9,8i104 10.1480
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Table A4 ) . - e '
" Thermodynamic Properties of Oxygen* Propiedades Terwmodinamicas del OXIGENO
Table A.4.1 T ~ Saturad Hamed
saturated Oxygen Kigeno: Vapor : :aﬁura_ 0 0 Humedo
- Specific Volume Enthalpy Entropy
m*/kg kJ/kg kj/kg K
Press. Sat. Sat. Sat. Sat. Sat. Sat.
Temp. MPa Liquid Fvap. Vapor Liquid Evap. Vapor | Liquid Evap.  Vapor
K | 3 vy U Yg hy by Ay 5 Sy o
54,3507 ,I 0.00015 0.000 765 92.9658 92.9666 —193.432 242.558 49.121 | 2.0938 4.4514 6.5452
60 ! 0.00073 0.000 780 21.346! 21.8469 —184.029 238.265 54.236 | 2.2585 3.9686 6.227]
70 : 0.00628  0.000 808 2.9085 2.9093 —167.372 280.527 63.155 | 2.5151 3.2936 5.8087
80 0.03006 0.000 B40 0.681 04 0.681 88 | —150.646 222289 7].643 2.7382 2.7779 5.5161
>~ 90 0.09943 0.000 876 0.226 49 0.227 36 —~133.758 213.070 79.312 | 29364 2.3663 5.3027
100 0.25425 0.000 917 0.094 645 0.095 562 | —116.557 202.291 85.734 | 3.1161 2.0222 5,1383
110 0.54339 0.000 966 0.045 855 0.046 821 —98.829 189.320 90.481 ; 3.2823 1.7210 5.0083
120 1.0215  0.001 027  0.024 836  0.025 363 | —80.219 173.310 03.091 | 3.4401 ).4445 4.8846
130 | 1.7478 0.001 108  0.018488  0.014 596 | —60.093 152.887 02.794 | 3.5948 1.1766 4.7714
140 |2.7866  0.001 230  0.007 339  0.008 569 | —37.045 125.051 88.006 | 3.7567 0.8935 4.6502
150 |4.2190  0.001 480  0.003 180" 0.004 660 | ~—7.038  79.453 72.421 | 3.5498 0.5301 44799
154.576 | 5.0427 0.002 293 0.000 000 0.002 293 32.257 0.000 32.257 L4.1977 0.0000 4.1977
Table A.4.2 AU C
Superheated Oxygen #Vapor:-Sobrecalentado *
‘ Temp. v h ) v h s v h s
: K m3/kg kJ/kg  kJ/kg K mi/kg kJ/kg  kjkg K mi/kg kKj/kg  kj/kg K
0.10 MPa 0.20 MPa 0.50 MPa
i
¢ 100 0.253 503 88.828 5.4016 0.123 394 86.864 5.2088
i 125 0.520 717 112.214 5.6107 0.158 268 110.988 5.4241 (0.060 674 107.093 5.1650
g‘ 150 0.386 914 135.301 5.7787 0.192 016 184.440 5.5947 0.075 039 131.788 5.3448
3 175 0.452 645 158.255 5.9202 0.225 276 157.609 5.7376 0.088 842 155.643 54919
4 200 0.518 127 181.145 6.0427 0.258 282 180.638 5.8600 0.102 371 179.105 56175
z; 225 0.583 465 204.007 6.1502 0.291 140 203.596 5.9688 0.115 746 202.359 5.7268
230 0.648 711 226.869 6.2468 0.323 906 226.529 6.0657 0.129 025 225.506 5.8246
3 275 0.713 895 249.769 6.3369 0.356 610 249.483 6.1560 0.142 242 248.621 59156
g 200 0.779 036 272.720 6.4:40 0.389 271 272.475 6.2332 0.155 415 271:740 5.9932
3 1.00 MPa 2.00 MPa 4.00 MPa
% 125 0.027 869 99.653 4.9431
1 150 0.035 976 127,112 5.1433 0.016 270 116.476 4.9130 0.005 526 81.481 4.3475
» 175 0.043 341 152.269 5.2986 0.020 544 145.112. 5.0899 0.009 029 128.618 48414
200 0.050 394 176.508 5.4283 0.024 395 171.150 5.2293 0.011 876 159.715 5,0080
225 0.057 282 200.280 5.5401 0.028 051 196.052 5.3464 0.013 444 187.33% 5.1380
250 0.064 068 223.795 5.6394 0.031 597 220.348 5.449] 0.015 378 213.374 5.2480
275 0.070 790 247.185 57314 0.035 073 244.309°  5.5433 0.017 233 238.560 5.3469
300 0077467 270516 58098 | 0.038502  268.076  5.6263 | 0019039  263.234  5.4300
6.00 MPa 8.00 MPa 10.00 MPa
175 0.005 051 107.496 4.6431 0.003 002 79.513% 4.4384 0.002 020 ~ 52.861 4.2573
200 0.007 027 147.232 4.8565 0.004 864 133.760 4.7308 0.008 603 119.767 4.6189
225 0.008 589 178.304 5.0029 0.006 181 169.069 4.8973 0.004 757 159.686 4.8072
250 0.009 991 206.340 5.1214 0.007 316 199.317 5.0251 0.005 730 192.401 4.9455
275 0.011 306 232.848 5.2253 0.008 360 227,219 5.1344 0.006 606 221.685 5.0572
y 300 . (_).012 570 258.464 53116 0.009 351 253.797 5.2240 0.007 432 249.262 5.1533
20.00 MPa
175 0.001 343 24.551 4.0086
200 0.001 727 75.318 4,2798
225 0.002 236 122.595 4.5024
250 0.002 755 163.109 4.6739
275 0.003 241 198.021 4.8069
300 0.003 700 229.655 49174
e ‘ o



Diagrama Sicrometrico
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