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 CALOR ESPECIFICO: Btu/lbmºF o cal/g ºC
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 Appendix D-12. DENSITIES OF VARIOUS MATERIALS (1b)(By permission of Mc Graw-Hill, copyright 1950)(1 lb/ft3 = 16.08 kg/m3 )
 Densidad de varios materiales (lb) (1 lb/ft3= 16.018 kg/ m3) (a) Gases at 1 atm and 0 ºC
 Gas Formula Molecular Weight
 Density lb/ft3
 Acetylene Air Ammonia Argon Bitane Carbondioxide Chlorine Ethane Ethylene Helium Hydrogen Methane Methylchlotyde Nitrogen Oxygen Sulfur dioxide
 C2H2 - NH3 Ar C4H10 CO2 Cl2 C2H6 C2H4 He H2 CH4 CH3Cl N2 O2 SO2
 26.02 - 17.03 39.91 58.08 44.00 70.91 30.05 28.03 4.00 2.016 16.03 50.48 28.022 32.00 64.06
 0.0732 0.0808 0.0482 0.1114 0.1623 0.1235 0.2011 0.0848 0.0783 0.0111 0.0056 0.0448 0.1440 0.0782 0.0892 0.1828
 (b) Liquids at 20 ºC
 Liquids Density, lb / ft3
 Acetic acid Acetone Ammonia Benzene Carbon thetracloride Ethyl ether Ethyl alcohol Methyl alcohol Mercury Pentane (n) SAE 10 oil (21º API) Sodium Toluene Water
 65.4(-79ºC)
 49.4 51.0 54.8 99.5 44.2 49.2 49.4 849 39.2 57.8
 58.0(100ºC) 54.7(600ºF)
 54.0 62.3
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 Metals Density, lb / ft3
 Aluminium Copper Iron, cast Lead Nickel Steel, mild Tin Zinc
 165 556 450 710 537 489 459 440
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 APPENDIX D-9 VISCOSITIES OF LIQUIDS AS A FUNCTIONS OF TEMPERATURE AT 1 ATM (3) (1 cp =0.1 Ns/m2)
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 THERMAL CONDUCTIVITY OF VARIOUS MATERIALS [1 BTU / hr ft2(ºF/ ft) =1.7296 J/s m2(ºC / m)]
 (a) Gases and Vapors. k = Btu / hr-ft-ºF
 Substance T, ºF k Substance T, ºF k
 Acetone 32 0.0057 Ethylene -96 0.0064 115 0.0074 32 0.0101 212 0.0099 122 0.0131 363 0.0147 212 0.0161 Acetylene -103 0.0068 Heptane (n-) 212 0.0103 32 0.0108 392 0.0112 122 0.0140 Hexane (n-) 32 0.0072 212 0.0172 68 0.0080 Air -148 0.0095 Hydrogen -148 0.065 32 0.0140 -58 0.083 212 0.0183 32 0.100 392 0.0226 122 0.115 572 0.0265 212 0.129 Ammonia -76 0.0095 572 0.178 32 0.0128 Methane -148 0.0100 122 0.0157 -58 0.0145 212 0.0185 32 0.0175 Benzene 32 0.0052 122 0.0215 115 0.0073 Methyl alcohol 32 0.0083 212 0.0103 212 0.0128 363 0.0152 Methyl chloride 32 0.0053 413 0.0176 115 0.0072 Butane (n-) 32 0.0078 212 0.0094 212 0.0135 363 0.0130 Carbon dioxide -58 0.0068 413 0.0148 32 0.0085 Nitrogen -148 0.0140 392 0.0181 122 0.0160 572 0.0228 212 0.0180 Carbon tetrachloride 115 0.0041 Oxygen -148 0.0095 212 0.0052 -58 0.0119 363 0.0065 32 0.0142 Chlorine 32 0.0043 122 0.0164 Dichiorodifluoromethane 32 0.0048 212 0.0185 122 0.0064 Pentane (n-) 32 0.0074 212 0.0080 68 0.0083 302 0.0097 Propane 32 0.0087 Ethane -94 0.0066 212 0.0151 -29 0.0086 Sulfur dioxide 32 0.0050 32 0.0106 212 0.0069 212 0.0175 Water vapor, 32 0.0132 Ethyl alcohol 68 0.0089 zero pressure 200 0.0159 212 0.0124 400 0.0199 Ethyl ether 32 0.0077 600 0.0256 115 0.0099 800 0.0306 212 0.0131 1000 0.0495 363 0.0189 413 0.0209 For saturated vapor:
 psia 250 500 1000 1500 2000 T, ºF 401 467 545 596 636 k 0.0248 0.0299 0.0395 0.0486 0.0578
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 k = BTU / hr - ft - ºF
 Liquid T, ºF k Liquid ºF k Acetic acid, 100% 68 0.099 Kerosene 8 0.086 50% 68 0.20 167 0.081 Acetone 86 0.102 Mercury 2 4.83 Ammonia 167 0.095 Methyl alcohol, 100% 8 0.124 Benzene 5-86 0.29 122 0.114 86 0.092 Methyl chloride 0.111 Carbon tetrachloride 140 0.087 86 0.089 32 0.107 Octane (n-) 6 0.083 154 0.094 140 0.081 Dichlorodifluoromethane 20 0.057 Pentane (n-) 6 0.078 60 0.053 167 0.074 100 0.048 SAE 10 oil (21º API) (3) 0.074 140 0.043 100 0.071 Ethyl alcohol 100% 180 0.038 200 0.068 68 0.105 300 0.066 Ethyl Ether 122 0.087 Sodium 12 49 86 0.080 410 46 Ethylene glycol 167 0.078 Sulfuric acid, 90% 6 0.21 32 0.153 Sulfur dioxide 0.128 Glycerol, 100% 68 0.164 86 0.111 212 0.164 Toluene 6 0.086 Heptane (n-) 86 0.081 Water 2 0.343 Hexane (n-) 140 0.079 100 0.363 86 0.080 200 0.393 140 0.078 300 0.395 420 0.376 620 0.275
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 (c) Solids k = BTU / hr - ft - ºF
 Metals Density lb/ft3 T, ºC k Metals Density lb/ft3 T, ºC k
 Aluminium 165 0 117 Nickel 537 0 36 100 119 100 34 200 124 200 33 300 133 300 32 400 144 Steel, mild 489 100 26
 500 155 200 26 Copper 556 0 224 300 25 100 218 400 23 200 215 500 22 300 212 Tin 459 0 36 400 210 100 34 500 207 200 33 Iron, cast 450 54 27.6 Zinc 440 0 65
 102 26.8 100 64 Lead 710 0 20 200 62 100 19 300 59 200 18 400 54 300 18

Page 10
						

TRANSFERENCIA DE CALOR – VOLUMEN I
 Universidad Mayor – Dr. Carlos Martínez Pavez - Marzo 2002
 47
 ( c ) (continued) - Miscellaneous k = BTU / hr - ft - ºF
 Miscellaneous
 Apparent Density ( ρ ), lb/ft3 at
 Room Temperature T, ºC k
 Asbestos 29.3 -200 0.043 29.3 0 0.090 36 0 0.087 36 100 0.111 36 200 0.120 36 400 0.129 43.5 -200 0.090 43.5 2 0.135 Asphalt 132 20 0.43 Bricks: Alumina ( 92 – 99% Al2O3 by wt.) fused … 427 1.8 Alumina ( 64 – 65% Al2O3 by wt.) fused … 1315 2.7 115 800 0.62 115 1100 0.63 Building brick work … 20 0.4 Carbon 96.7 … 3.0 Chrome brick (32% Cr2O3 by wt.) 200 200 0.67 200 650 0.85 200 1315 1.0 Diatomaceous earth, natural, across strata 27.7 204 0.051 27.7 871 0.077 Diatomaceous earth, natural, parallel strata 27.7 204 0.081 27.7 871 0.106 Diatomaceous earth, natural, molded and fired 38 204 0.14 38 871 0.18 Diatomaceous earth and clay, natural, molded and fired 42.3 204 0.14 42.3 871 0.19 Diatomaceous earth, high burn, large pores 37 200 0.13 37 1000 0.34 Fire clay ( Missouri ) … 200 0.58 600 0.85 1000 0.95 1400 1.02 Kaolin insulating brick 27 500 0.15 27 1150 0.28 Kaolin insulating firebrick 19 200 0.050 19 760 0.113 Magnesite (86.8% MgO2, 6.3% Fe2O3, 3% CaO, 2.6% SiO2 by wt.) 158 204 2.2 158 650 1.6 158 1200 1.1 Calcium carbonate, natural 162 30 1.3 Carbon stock 94 -184 0.55 0 3.6 Cardboard, corrugated … … 0.037 Celluloid 87.3 30 0.12 Coke, petroleum … 100 3.4 500 2.9 Concrete ( cinder ) … … 0.20
 ( stone ) … … 0.54 ( 1:4 dry ) … … 0.44
 Cork board 10 30 0.025 Cork ( regranulated ) 8.1 30 0.026 ( ground ) 9.4 30 0.025 Diatomaceous earth powdered, coarse 20.0 38 0.038 20.0 871 0.082 fine 17.2 204 0.040 17.2 871 0.074 molded pipe covering 26.0 204 0.051 26.0 871 0.088
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 48( c ) (continued) - Miscellaneous
 k = BTU / hr - ft - ºF
 Miscellaneous
 Apparent Density ( ρ ), lb/ft3 at
 Room Temperature T, ºC k
 4 vol. calcined earth and 1 vol. Cement, poured and fired 61.8 204 0.16 61.8 871 0.23 Glass … … 0.2 – 0.73 Borosilicate type 139 30 - 75 0.63 Window glass … … 0.3 – 0.61 Soda glass … … 0.3 – 0.44 Granite … … 1.0 – 2.3 Graphite, longitudinal … 20 95 powdered, through 100 mesh 30 40 0.104 Gypsum ( molded and dry ) 78 20 0.25 Ice 57.5 0 1.3 Kapok 0.88 20 0.25 Leather, sole 62.4 … 0.092 Limestone ( 15.3 vol. % H2O 103 24 0.54 Magnesia ( powdered ) 49.7 47 0.35 Magnesia ( light carbonate ) 13 21 0.034 Magnesium oxide ( compressed ) 49.9 20 0.32 Marble … … 1.2 – 1.7 Mineral wool 9.4 30 0.0225 19.7 30 0.024 Paper … … 0.075 Porcelain … 200 0.88 Portland cement, see concrete … 90 0.17 … 21 - 66 0.14 Rubber ( hard ) … 0 0.087 ( soft ) … 21 0.075 – 0.092 Sand ( dry ) 94.6 20 0.19 Sandstone 140 40 1.06 Sawdust 12 21 0.03 Slag, blast furnace … 24 - 127 0.064 Slag, wool 12 30 0.022 Slate … 94 0.86 Snow 34.7 0 0.27 Wallboard, insulating type 14.8 21 0.028 Wallboard, stiff paste board 43 30 0.04 Wood ( across grain ): Balsa 7 - 8 30 0.025 – 0.03 Oak 51.5 15 0.12 Maple 44.7 50 0.11 Pine, white 34.0 15 0.087 Teak 40.0 15 0.10 White fir 28.1 60 0.062 Wood ( parallel to grain ): Pine 34.4 21 0.20 Wool, animal 6.9 30 0.021
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 CONDUCTIVIDADES CALORICAS, k Btu / (hr) (pie cuadrado) ( ºF / pie) *
 Temperatura ºF
 Metales -200º -100º 0º 100º 200º 300º 400º 500º
 Cobre 245 228 224 220 218 215 212 210 Aluminio 112 114 117 119 122 128 130 Latón (70-30) 54 56 57.2 59 61 63 65 Níquel 37.6 36.5 35.4 34.5 34.0 33.0 32.0 Acero dulce 27 26.6 26.2 26.0 25.7 25.5 25.2 Acero inoxid. (304) 7.7 8.1 8.55 9.0 9.5 10.0 10.4
 Materiales aislantes Madera contrachapada de pino abeto
 17 % de humedad 0.062 0.069 0.076 0.083 0 % de humedad 0.047 0.053 0.060 0.067
 Plancha de corcho 194 kg/m3 0.021 0.0235 0.026 0.0285 104 kg/m3 0.018 0.020 0.022 0.024
 Fibra de amianto 576 kg/m 3 0.082 0.097 0.11 0.115 0.12 0.125
 Fibra de vidrio 144 kg/m3 0.010 0.011 0.020 0.023 0.031 0. 043 48 kg/m3 0.013 0.015 0.025 0.035 0.047 0. 065
 Vidrio celular Densidad. 160 kg/m3 0.019 0.028 0.038 0.042 0.046 0.050 0.055 Lana mineral (Zeolita) Densidad. 240 kg/m3 0.016 0.021 0.024 0.028 0.032 0.035 0.038 Magnesia (85 %) 0.036 0.039 0.041 0.043 0.046 0.049 Conductividad equivalente a 25 mm de aire Entre materiales de emisividad ordinaria 0.052 0.078 0.104 0.130 Con aluminio en el lado caliente 0.037 0.038 0.039 0.041
 Líquidos Agua (líquida) 0.298 0.350 0.402 0.470 Amoníaco (líquido) 0.290 0.290 0.290 Tetracloruro de carbono 0.098 0.086 0.074 Acetona 0.108 0.103 0.0975 Gasolina 0.091 0.089 0.085 0.082 0.080 Destilado 37º API 0.082 0.079 0.076 0.075 0.072 Aceite lubr. SAE 10 (21º API) 0.074 0.071 0.068 0.066 0.64 Alcohol etílico (100) 0.109 0.103 0.0983 Benceno 0.10 0.09 0.08 n - Pentano 0.083 0.0775 0.072
 Gases Aire 0.006 0.0089 0.0108 0.0141 0.0162 0.0181 0.0197 0.0211 Amoníaco 0.0088 0.0118 0.0150 0.0185 0.0215 0.025 0.029 Dióxido de carbono 0.0057 0.007 0.0085 0.01 0.0126 0.0135 0.0156 Cloro 0.0049 0.0061 0.0075 Hidrógeno 0.072 0.095 0.113 0.127 0.14 0.153 0.168 Metano 0.0080 0.0125 0.0165 0.0205 0.025 0.0295 0.0347 0.0398 Oxígeno 0.0074 0.011 0.0126 0.0149 0.0171 0.019 0.0206 0.0221 Propano 0.0076 0.0105 0.0146 0.0190 0.024 0.029 n - pentano 0.0066 0.0093 0.0125 0.0160 0.0198 0.024 Vapor de agua 0.0115 0.0140 0.0165 0.0192 0.0225
 Materiales refractarios y aislantes Densidad en kg/m3 0º 500º 1000º 1500º 2000º Ladrillo
 300% de cromita 3200 0.56 0.70 0.81 0.89 0.96 Ladrillo refractario 2000-2080 0.47 0.55 0.66 0.76 0.86 Arcilla refractaria de Missouri 0.64 0.82 0.91 0.97
 Refractario moldeado A base de silicato de aluminio 1760 0.24 0.28 0.31 0.34 0.38 A base de silicato de poca densidad 1200 0.13 0.13 0.15 0.15 0.16
 Tierra de diatomeas Ladrillo moldeado 640 0.13 0.14 0.16 0.18 0.19 Ladrillo natural 448 0.07 0.08 0.10 0.11 0.12 Polvo 272 0.035 0.05 0.06 0.07 0.08
 *Multiplíquese por 1.488 los valores de la conductividad que da esta tabla, para obtener Kcal / (hr)(m2 )(ºC/m)
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 50Appendix D-1. Vapor pressures of common liquids
 (By permission of McGraw-Hill Copyright 1950)(TºF = 1.8TºC +32: 1 Lbf/in2 =6.8948 kN/m2)
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 Appendix C- 6b. METRIC STANDARD STEEL PIPE (steel tubes suitable for screwing, ISO R-65). By permission of the publisher.
 Nominal Size Outside
 Diameter Wall Thickness, mm
 in mm mm Medium Weight Heavy Weight
 81 6 10.2 2.0 2.65
 41 8 13.5 2.35 2.9
 83 10 17.2 2.35 2.9
 21 15 21.3 2.65 3.25
 43 20 26.9 2.65 3.25
 1 25 33.7 3.25 4.05
 411 32 42.4 3.25 4.05
 211 40 48.3 3.25 4.05
 2 50 60.3 3.65 4.5
 212 65 76.1 3.65 4.5
 3 80 88.9 4.05 4.85
 4 100 114.3 4.5 5.4
 5 125 139.7 4.85 5.4
 6 150 165.1 4.85 5.4
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 52 Appendix C-7a. DIMENSIONS OF HEAT- EXCHANGER TUBESa
 (1 in = 25.4 mm; 1 in2= 645.16 mm2; 1 ft = 0.3048 m; 1 ft 2 = 0.0929 m2)
 Tube O.D. B.W.G. Thickness Tube I.D. Internal Ft2 External Surface Ft2 Internal Surface In Gage In In Area Sq. In Per Foot Length Per Foot Length
 1/4 22 0.028 0.194 0.0295 0.0655 0.0508 1/4 24 0.022 0.206 0.0333 0.0655 0.0539 1/2 18 0.049 0.402 0.1269 0.1309 0.1052 1/2 20 0.035 0.430 0.1452 0.1309 0.1126 1/2 22 0.028 0.444 0.1548 0.1309 0.1162 3/4 10 0.134 0.482 0.1825 0.1963 0.1262 3/4 14 0.083 0.584 0.2679 0.1963 0.1529 3/4 16 0.065 0.620 0.3019 0.1963 0.1623 3/4 18 0.049 0.652 0.3339 0.1963 0.1707 1 8 0.165 0.670 0.3526 0.2618 0.1754 1 14 0.083 0.834 0.5463 0.2618 0.2183 1 16 0.065 0.870 0.5945 0.2618 0.2278 1 18 0.049 0.902 0.6390 0.2618 0.2361 4
 11 8 0.165 0.920 0.6648 0.3272 0.2409 4
 11 14 0.083 1.084 0.9229 0.3272 0.2838 4
 11 16 0.065 1.120 0.9852 0.3272 0.2932 4
 11 18 0.049 1.152 1.042 0.3272 0.3016 2 11 0.120 1.760 2.433 0.5236 0.4608 2 12 0.109 1.782 2.494 0.5236 0.4665 2 13 0.095 1.810 2.573 0.5236 0.4739 2 14 0.083 1.834 2.642 0.5236 0.4801
 A more complete listing may be found in the Chemical Engineers Handbook, V, 11-10
 From Stds. Of TEMA VI ed; with permission of TEMA; Copyright 1978.
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 DIMENSIONS OF HEAT- EXCHANGER TUBES
 Tube O. D. in
 BWG Gage
 Thickness in
 Tube I. D. in
 Internal area, in2
 External surface
 per ft, ft2/ft
 Internal surface
 per ft, ft2/ft
 ⅝ 12 0.109 0.407 0.000903 0.1636 0.1066 ⅝ 14 0.083 0.459 0.00115 0.1636 0.1202 ⅝ 16 0.065 0.495 0.00134 0.1636 0.1296 ⅝ 18 0.049 0.527 0.00151 0.1636 0.1380 ¾ 12 0.109 0.532 0.00154 0.1963 0.1393 ¾ 14 0.083 0.584 0.00186 0.1963 0.1529 ¾ 16 0.065 0.620 0.00210 0.1963 0.1623 ¾ 18 0.049 0.652 0.00232 0.1963 0.1707 ⅞ 12 0.109 0.657 0.00235 0.2291 0.1720 ⅞ 14 0.083 0.709 0.00274 0.2291 0.1856 ⅞ 16 0.065 0.745 0.00303 0.2291 0.1950 ⅞ 18 0.049 0.777 0.00329 0.2291 0.2034 1 10 0.134 0.732 0.00292 0.2618 0.1916 1 12 0.109 0.782 0.00334 0.2618 0.2047 1 14 0.083 0.834 0.00379 0.2618 0.2183 1 16 0.065 0.870 0.00413 0.2618 0.2278
 1¼ 10 0.134 0.982 0.00526 0.3272 0.2571 1¼ 12 0.109 1.032 0.00581 0.3272 0.2702 1¼ 14 0.083 1.084 0.00641 0.3272 0.2838 1¼ 16 0.065 1.120 0.00684 0.3272 0.2932 1½ 10 0.134 1.232 0.00828 0.3927 0.3225 1½ 12 0.109 1.282 0.00896 0.3927 0.3356 1½ 14 0.083 1.334 0.00971 0.3927 0.3492 2 10 0.134 1.732 0.0164 0.5236 0.4534 2 12 0.109 1.782 0.0173 0.5236 0.4665
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 Table 1.3. Steel-Pipe dimensions
 Surface per lineal ft, ft2 Nominal pipe size,
 in
 OD, in Schedule N°
 ID, in Flow area per pipe,
 in2 Outside Inside
 Weight per lineal,
 lb steel
 ⅛ 0.405 401 802
 0.269 0.215
 0.058 0.036
 0.106 0.106
 0.070 0.056
 0.25 0.32
 ¼ 0.540 40 80
 0.364 0.302
 0.104 0.072
 0.141 0.141
 0.095 0.079
 0.43 0.54
 ⅜ 0.675 40 80
 0.493 0.423
 0.192 0.141
 0.177 0.177
 0.129 0.111
 0.57 0.74
 ½ 0.840 40 80
 0.622 0.546
 0.304 0.235
 0.220 0.220
 0.163 0.143
 0.85 1.09
 ¾ 1.05 40 80
 0.824 0.742
 0.534 0.432
 0.275 0.275
 0.216 0.194
 1.13 1.48
 1 1.32 40 80
 1.049 0.957
 0.864 0.718
 0.344 0.344
 0.274 0.250
 1.68 2.17
 1¼ 1.66 40 80
 1.380 1.278
 1.50 1.28
 0.435 0.435
 0.362 0.335
 2.28 3.00
 1½ 1.90 40 80
 1.610 1.500
 2.04 1.76
 0.498 0.498
 0.422 0.393
 2.72 3.64
 2 2.38 40 80
 2.067 1.939
 3.35 2.95
 0.622 0.622
 0.542 0.508
 3.66 5.03
 2½ 2.88 40 80
 2.469 2.323
 4.79 4.23
 0.753 0.753
 0.647 0.609
 5.80 7.67
 3 3.50 40 80
 3.068 2.900
 7.38 6.61
 0.917 0.917
 0.804 0.760
 7.58 10.3
 4 4.50 40 80
 4.026 3.826
 12.7 11.5
 1.178 1.178
 1.055 1.002
 10.8 15.0
 6 6.625 40 80
 6.065 5.761
 28.9 26.1
 1.734 1.734
 1.590 1.510
 19.0 28.6
 8 8.625 40 80
 7.981 7.625
 50.0 45.7
 2.258 2.258
 2.090 2.000
 28.6 43.4
 10 10.75 40 60
 10.02 9.75
 78.8 74.6
 2.814 2.814
 2.62 2.55
 40.5 54.8
 12 12.75 30 12.09 115 3.338 3.17 43.8
 16 16.0 30 15.25 183 4.189 4.00 62.6
 20 20.0 20 19.25 291 5.236 5.05 78.6
 24 24.0 20 23.25 425 6.283 6.09 94.7 1 Schedule 40 designates former standard pipe. 2 Schedule 80 designates former extra-strong pipe.
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 Table 11.2 Tubing Characteristics do, in BWG
 di, in Wall
 thickness, xw, in
 Inside cross sectional area, in2
 External surface
 per ft, ft2/ft
 Internal surface
 per ft, ft2/ft ¼ 22 0.194 0.028 0.0295 0.0655 0.0508 ¼ 24 0.206 0.022 0.0333 0.0655 0.0539 ¼ 26 0.214 0.018 0.0360 0.0655 0.0560 ⅜ 18 0.277 0.049 0.0603 0.0982 0.0725 ⅜ 20 0.305 0.035 0.0731 0.0982 0.0798 ⅜ 22 0.319 0.028 0.0799 0.0982 0.0835 ⅜ 24 0.331 0.022 0.0860 0.0982 0.0867 ½ 16 0.370 0.065 0.1075 0.1309 0.0969 ½ 18 0.402 0.049 0.1269 0.1309 0.1052 ½ 20 0.430 0.035 0.1452 0.1309 0.1126 ½ 22 0.444 0.028 0.1548 0.1309 0.1162 ⅝ 12 0.407 0.109 0.1301 0.1636 0.1066 ⅝ 13 0.435 0.095 0.1486 0.1636 0.1139 ⅝ 14 0.459 0.083 0.1655 0.1636 0.1202 ⅝ 15 0.481 0.072 0.1817 0.1636 0.1259 ⅝ 16 0.495 0.065 0.1924 0.1636 0.1296 ⅝ 17 0.509 0.058 0.2035 0.1636 0.1333 ⅝ 18 0.527 0.049 0.2181 0.1636 0.1380 ⅝ 19 0.541 0.042 0.2298 0.1636 0.1416 ⅝ 20 0.555 0.035 0.2419 0.1636 0.1453 ¾ 10 0.482 0.134 0.1825 0.1936 0.1262 ¾ 11 0.510 0.120 0.2043 0.1936 0.1335 ¾ 12 0.532 0.109 0.2223 0.1936 0.1393 ¾ 13 0.560 0.095 0.2463 0.1936 0.1466 ¾ 14 0.584 0.083 0.2679 0.1936 0.1529 ¾ 15 0.606 0.072 0.2884 0.1936 0.1587 ¾ 16 0.620 0.065 0.3019 0.1936 0.1623 ¾ 17 0.634 0.058 0.3157 0.1936 0.1660 ¾ 18 0.652 0.049 0.3339 0.1936 0.1707 ¾ 20 0.680 0.035 0.3632 0.1936 0.1780 ⅞ 10 0.607 0.134 0.2892 0.2291 0.1589 ⅞ 11 0.635 0.120 0.3166 0.2291 0.1662 ⅞ 12 0.657 0.109 0.3390 0.2291 0.1720 ⅞ 13 0.685 0.095 0.3685 0.2291 0.1793 ⅞ 14 0.709 0.083 0.3948 0.2291 0.1856 ⅞ 16 0.745 0.065 0.4359 0.2291 0.1950 ⅞ 18 0.777 0.049 0.4742 0.2291 0.2034 ⅞ 20 0.805 0.035 0.5090 0.2291 0.2107 1 8 0.670 0.165 0.3526 0.2618 0.1754 1 10 0.732 0.134 0.4208 0.2618 0.1916 1 11 0.760 0.120 0.4536 0.2618 0.1990 1 12 0.782 0.109 0.4803 0.2618 0.2047 1 13 0.810 0.095 0.5153 0.2618 0.2121 1 14 0.834 0.083 0.5463 0.2618 0.2183 1 15 0.856 0.072 0.5755 0.2618 0.2241 1 16 0.870 0.065 0.5945 0.2618 0.2278 1 18 0.902 0.049 0.6390 0.2618 0.2361 1 20 0.930 0.035 0.6793 0.2618 0.2435
 1¼ 7 0.890 0.180 0.6221 0.3272 0.2330 1¼ 8 0.920 0.165 0.6648 0.3272 0.2409 1¼ 10 0.982 0.134 0.7574 0.3272 0.2571 1¼ 11 1.010 0.120 0.8012 0.3272 0.2644 1¼ 12 1.032 0.109 0.8365 0.3272 0.2702
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 Table 11.2 Tubing Characteristics (continued)
 do, in BWG
 di, in Wall thickness,
 xw, in
 Inside cross sectional area, in2
 External surface
 per ft, ft2/ft
 Internal surface
 per ft, ft2/ft 1¼ 13 1.060 0.095 0.8825 0.3272 0.2775 1¼ 14 1.084 0.083 0.9229 0.3272 0.2838 1¼ 16 1.120 0.065 0.9852 0.3272 0.2932 1¼ 18 1.152 0.049 1.042 0.3272 0.3016 1¼ 20 1.180 0.035 1.094 0.3272 0.3089 1½ 10 1.232 0.134 1.192 0.3927 0.3225 1½ 12 1.282 0.109 1.291 0.3927 0.3356 1½ 14 1.334 0.083 1.398 0.3927 0.3492 1½ 16 1.370 0.065 1.474 0.3927 0.3587 2 11 1.760 0.120 2.433 0.5236 0.4608 2 13 1.810 0.095 2.573 0.5236 0.4739
 2½ 9 2.204 0.148 3.815 0.6540 0.5770 Standards of Tubular Exchanger Manufacturers Association.
 Standards of Tubulars Exchangers Manufactured Association, 5th. Ed, 1968
 Weights are based on low carbon steel with a density of 0.2833 lb/in3 for other metals multiply by the following factors
 Aluminium 0.35 A.I.S.I. 400 series stainless steels 0.99 A.I.S.I. 300 series stainless steels 1.02 Aluminium bronze 1.04 Aluminium brass 1.06 Nickel chrome iron 1.09 Admiralty 1.13 Cooper and cupronickels 1.14
 liquidof.gr.sChrpertubelbvelocityliquid
 ⋅= in ft/sec (sp. gr. of water a 60 ºF =1.0)
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 57ANALISIS DE CAMBIADORES DE CALOR DE CONTRAFLUJO Y DE TUBO Y CORAZA
 Los arreglos de flujo más complejos que los estudiados en la secciones anteriores, son mucho
 más difíciles de tratar analíticamente. Los factores de corrección que van a usarse con la ecuación (22-10) han sido presentados por Bowman, Mueller y Nagle, así como por tubular Exchanger Manufacturing Association en forma de tabla. Las figuras muestran factores de corrección correspondientes a seis tipos de configuración de cambiadores de calor. Los primeros tres son para diferentes configuraciones de tubo y coraza y las últimas tres para diferentes condiciones de flujo cruzado.
 Los parámetros de las figuras siguientes se calculan como sigue:
 tensen
 tentsal
 TTTTY
 −−
 =
 ( ) tentsal
 ssalsen
 s
 t
 p
 p
 TTTT
 CC
 corazamctubo)mc(
 Z−−
 ===
 donde los subíndices s y t se refieren a los fluidos que están del lado de la coraza y del lado
 del tubo, respectivamente. La cantidad que se lee en la ordenada de cada gráfica, para valores dados en Y y Z, y F, 0 sea, el factor de corrección que debe aplicarse en la ecuación (22- 10) y, por lo tanto, estas configuraciones más complicadas se pueden manejar en la misma forma que el
 R. A. Bowman, A. C. Mueller y W. M. Nagle, Trans. A.S.M.E., 62, 283 (1940). Tubular Exchanger Manufacturers Association, Standars, TEMA, Tercera Edición Nueva York, 1952.
 Gráfica de factores de corrección para cambiar con un paso de coraza y dos, cuatro o cualquier múltiplo, de pasos de tubos.
 a.
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 b.
 c.
 Gráfica de factores de corrección para cambiador con dos pasos de corazas y cuatro, ocho o cualquier múltiplo de cuatro pasos de tubo.Las figuras muestran los factores de corrección correspondientes a las configuraciones de tres cambiadores de calor y tubo y coraza. (a) Un paso en la coraza y dos o múltiplo de dos en el tubo. (b) Un paso en la coraza y tres o múltiplo de tres en el tubo. (c) Dos pasos en la coraza y dos o múltiplo de dos en el tubo (de R. A. Bowman, A. C. MuelIer y W. M. Nagle, Trans. A.S.M.E., 62, 284, 285 (1940). Factores de corrección, F, basados en contraflujo L.M.T.D.
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 59 Caso de doble tubo de un solo paso. Se hace notar al lector que debe tener cuidado de aplicar
 la ecuación (22-10), usando el factor como en la ecuación (22-14).
 q = UA (F∆ Tlm) (22-14)
 Calculando la diferencia logarítmica media de temperatura en base al contra-flujo.
 La ecuación para la resistencia total a la transferencia de calor en un intercambiador de haz
 tubular es la siguiente;
 dlmwwio0 h/1)d/OD/()k/x(h/1h/1U/1 +++=
 ntoensuciamiedefactorh)ID/ODln(/)IDOD(d
 )OD/ID(hih
 d
 lm
 io
 =
 −==
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 F is expressed in relations to the two terms
 12
 21
 11
 12 TTYandT
 Xθ−θ
 −=
 θ−θ−θ
 =
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 A Bayonet Type Heat Exchanger for a polyethylene plant. Tube Have finned sections near end.
 Shell and tube bundles of an order for 19 high pressure soap heaters. Double tube sheet construction.
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 Reactors for catalytic polymerisation unit. Design pressure 670 psi for shell side and 1,730 psi for tube side.
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 Figure 14-10 Disk and doughnut baffles.
 Table 3. Individual Heat-transfer Coefficient to Account for Fouling
 hd for water, Btu/(h)(ft2)(ºF) Temperature of heating medium: Up to 240ºF 240-400ºF Temperature of water 125ºF or less Above 125ºF Water velocity, ft/s 3 and less Over 3 3 and less Over 3 Distilled 2000 2000 2000 2000 Sea water 2000 2000 1000 1000 Treated boiler feedwater 1000 2000 500 1000 Treated make -up for cooling tower 1000 1000 500 500 City, well, great lakes 1000 1000 500 500 Brackish clean river water 1000 1000 330 500 River water: muddy silty 330 500 250 330 Hard (over 15 grains/gal) 330 330 200 200 Chicago sanitary canal 130 170 100 130
 hd for miscellaneous process services, Btu/(h)(ft2)(ºF) Organic vapours, liquid gasoline 2000 Refined petroleum fractions (liquids), organics liquids, refrigerating Liquids brine oil bearing steam 1000 Distillate bottoms (above 25 º API) gas oil or liquid naphtha below 500ºF, scrubbing oil, refrigerant vapors, air dust 500 Gas oil above 500ºF, vegetable oil 330 Liquid naphtha above 500ºf, quenching oils 250 Topped crude (below 25º API ), fuel oil 200 Cracked residuum, coke-oven gas, illuminating gas 100 ________________________________________________________________ Mississippi, Schuylkill, Delaware, and East rivers and New York Bay
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 Table 7.10. Thermal Resistance of Heat Exchanger Tubes
 Values of xw /kw (ft2hºF/Btu) Gauge(BWG) Thickness (in) Copper Steel Stainless Steel Admiralty Metal Aluminium
 18 0.049 0.000018 0.00011 0.00047 0.000065 0.000031 16 0.065 0.000024 0.00014 0.00062 0.000086 0.000042 14 0.083 0.000031 0.00018 0.0008 0.00011 0.000053 12 0.109 0.000041 0.00024 0.001 0.00026 0.000071 (mm) Values of xw/ kw (m2K / kW)
 18 1.24 0.0031 0.019 0.083 0.011 0.0054 16 1.65 0.0042 0.025 0.109 0.015 0.0074 14 2.10 0.0055 0.032 0.141 0.019 0.0093 12 2.77 0.0072 0.042 0.176 0.046 0.0123
 Table 7.11. Thermal Resistances of Scale Deposits from Water, etc.
 (ft2 h ºF/Btu) (m2K/kW) (ft2hºF/Btu) (m2K/kW) Water (3 ft/s velocity, temperatures less than50 ºC)
 Steam
 Distilled 0.0005 0.09 Good quality-oil free 0.0003 0.052 Sea 0.0005 0.09 Poor quality-oil free 0.0005 0.09 Clear river 0.0012 0.21 Exhaust from reciprocating Untreated cooling tower 0.0033 0.58 engines 0.001 0.176 Treated cooling tower 0.0015 0.26 Treated boiler feed 0.0015 0.26 Liquids hard well 0.0033 0.58 Treated brine 0.0015 0.264 Organics 0.001 0.176 (1 m/s velocity, < 320 K) Fuel oils 0.006 1.056
 tars 0.01 1.76 Gases Air 0.0015 0.26-0.53 0.003 Solvent vapours 0.0008 0.14
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 Table 7.13. Approximate Film Coefficients (hi or h0)
 Btu/h ft2 ºF W/m2K No change of state Water 300 -2000 1700 -11350 Gases 3 -50 17-280 Organic solvents 60 -500 340 -2840 Oils 10 -120 60 -680 Condensing Steam 1000 -3000 5680 -17030 Organic solvents 150 - 500 850 -2840 Light oils 200 - 400 1140 -2270 Heavy oils (vacuum) 20-50 115 -285 Ammonia 500 -1000 2840 -5680 Evaporation Water 800 -2000 4540 -11350 Organic solvents 100 -300 570 -1700 Ammonia 200 -400 1140 -2270 Light oils 150 -300 850 -1700 Heavy oils 10 -50 60 -285
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 68 Table 10-10. Typical Overall Heat-transfer Coefficients In Tubular Heat Exchangers
 Shell side Tube side Design U Includes total dirt
 Liquid-liquid media Aroclor 1248 Jet fuels 100-150 0.0015 Cutback asphalt Water 10-20 0.01 Demineralized water Water 300-500 0.001 Dhanol amine (MEA or DEA)10-25% solutions Water or DEA , or MEA solutions 140-200 0.003
 Fuel oil Water 15-25 0.007 Fuel oil Oil 10-15 0.008 Gasoline Water 60-100 0.003 Heavy oils Heavy oils 10-40 0.004 Heavy oils Water 15-50 0.005 Hydrogen rich reformer stream Hydrogen rich reformer stream 90-120 0.002 Kerosene or gas oil Water 25-50 0.005 Kerosene or gas oil Oil 20-35 0.005 Kerosene or jet fuels Trichlorethylene 40-50 0.0015 Lacket water Water 230-300 0.002 Lube oil (low viscosity) Water 25-50 0.002 Lube oil (high viscosity) Water 40-80 0.003 Lube oil Oil 11-20 0.006 Naphtha Water 50-70 0.005 Naphtha Oil 25-35 0.005 Organic Solvent Water 50-150 0.003 Organic Solvent Brine 35-90 0.003 Organic Solvent Organic Solvents 20-60 0.002 Tall oil derivatives, vegetable oil, etc Water 20-50 0.004 Water Caustic Soda solutions(10-30%) 100-250 0.003 Water Water 200-250 0.003 Wax distillate Water 15-25 0.005 Wax distillate Oil 13-23 0.005
 Condensing vapor-liquid media
 Alcohol vapor Water 100-200 0.002 Asphalt (450ºF) Dowtherm vapor 40-60 0.006 Dowtherm vapor Tall oil and derivatives 60-80 0.004 Dowtherm vapor Dowtherm 80-120 0.0015 Gas-plant tar Stream 40-50 0.0055 High boiling hydrocarbons V Water 20-50 0.003 Low boiling hydrocarbons A Water 80-200 0.003 Hydroncarbon vapors (partial condenser) Oil 25-40 0.004
 Organic Solvet A Water 100-200 0.003 Organic Solvet high NC, A Water or brine 20-60 0.003 Organic Solvet low NC, V Water or brine 50-120 0.003 Kerosene Water 30-65 0.004 Kerosene Oil 20-30 0.005 Naphtha Waters 50-75 0.005 Naphtha Oil 20-30 0.005 Stabilizer reflux vapors Water 80-120 0.003 Steam Feed water 400-1000 0.0005 Steam No. 6 Fuel oil 15-25 0.0055 Steam No. 2 Fuel oil 60-90 0.0025
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 Shell side Tube side Design U Includes total dirt
 Condensing vapor-liquid media (continued)
 Sulfure dioxide Water 150-200 0.003 Tall oil derivatives, vegetable oils (vapor) Water 20-50 0.004
 Water Aromatic vapor stream azcotrope 40-80 0.005
 Gas-liquid media
 Air, N2, etc (compressed) Water or brine 40-80 0.005 Air, N2, etc A Water or brine 10-50 0.005 Water or brine Air, N2, (compressed) 20-40 0.005 Water or brine Air, N2, etc A 5-20 0.005
 Water Hydrogen containing natural-gas mixtures 80-125 0.003
 Vaporizers
 Anhydrous ammonia Stream condensing 150-300 0.0015 Chlorine Stream condensing 150-300 0.0015 Chlorine Light heat-transfer oil 40-60 0.0015 Propane, butane, etc Stream condensing 200-300 0.0015 Water Stream condensing 250-400 0.0015
 NC = non-condensable gas present V = vacuum A = atmosphere pressure Dirt (of fouling factor) units are (hr.)(sq ft.)(ºF)/B.t.u
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 Table 15.1. TYPICAL OVERALL COEFFICIENTS OF HEAT TRANSFER
 Inside or Tube Outside or Shell
 Type of Exchanger Fluid Velocity, ft/s Fluid Velocity, ft/s Btu/hr ft2 ºF
 Shell and tube Brine 1 -3 Water 1-5 50-400
 Shell and tube Water 2 Gas oil 3.0 50-70
 Shell and tube Water 2 Lube oil 0.2 15
 Shell and tube Water 5 Gasoline Condensing 90
 Shell and tube Crude oil 2 Gasoline Condensing 20-30
 Shell and tube Crude oil 10 Gas oil 6.0 80-90
 Shell and tube Water 4-6 Steam Condensing 400-800
 Double pipe Water 3-8 Brine 3-8 150-300
 Coil in box Gas oil Condensing Water Natural convection 8-20
 Tube bank Steam Condensing Air 10 9
 Basket evaporator Brine Boiling Steam Condensing 150-225
 Vertical tube evaporator Water Boiling Steam Condensing 400-1000
 Vaporizer Steam Condensing Organic Boiling 300
 Vaporizer Steam Condensing Acetic acid Boiling 450
 (With the permission of John Wiley; Copyright @ 1950, and the Amer. lnst. of Chem. Engrs., Copyright@ 1959)
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 Table 7.12. Approximate Overall Heat Transfer Coefficient U for Shell and Tube Equipment
 Overall U Hot side CoId side Btu/h f t2 ºF W/m2K Condensers Steam (pressure) Water 350-750 2000-4250 Steam (vacuum) Water 300-600 1700-3400 Saturated organic solvents (atmospherics) Water 100-200 570 -1140 Saturated organic solvents (vacuum some non-condensable) Water-brine 50-120 300-680 Organic solvents (atmospheric and high non-condensable) Water-brine 20-80 110-455 Organic solvents (vacuum and height non-condensable) Water-brine 10-50 60-300 Low boiling hydrocarbons (atmospheric) Water 80-200 455-1140 High boiling hydrocarbons (vacuum) Water 10-30 60-170 Heaters Steam Water 250-750 1420-4250 Steam Light oils 50-150 300-850 Steam Heavy oils 10-80 60-170 Steam Organic solvent 100-200 570-1140 Steam Gases 5-50 30-300 Dowtherm Gases 4-40 20-200 Dowtherm Heavy oils 8-60 45-340 Evaporators Steam Water 350-750 2000-4250 Steam Organic solvents 100-200 570-1140 Steam Light oils 80-180 455-1020 Organic solvents Heavy oils (vacuum) 25-75 140-425 Refrigerants 75-150 425-850 Refrigerants 30-100 170-570 Heat exchangers (no change of state) Water Water 150-300 850-1700 Organic solvents Water 50-150 280-850 Gases Water 3-50 17-280 Light oils Water 60-160 340-910 Heavy oils Water 10-50 60-280 Organic solvents Light oil 20-70 115-400 Water Brine 100 200 570-1140 Organic solvents Brine 30-90 170-510 Gases Brine 3-50 20 -280 Organic solvents Organic solvents 20-60 115-340 Heavy oils Heavy oils 8-50 45-280
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 Table 5. Order of Magnitude of Individual Film Coefficients Condition h, Btu/ (h) (ft2) (ºF) Dropwise condensation of steam 10,000-20,000 Film-type condensation of steam 1,000-3,000 Boiling water 300-9,000 Film- type condensation of organic vapors 200-400 Heating or cooling of water 50-3,000 Heating or cooling of organic solvents 30-500 Heating or cooling of oils 10-120 Superheated steam 5-30 Heating or cooling of air 0.2-20 (Low value for free convection- high value for forced convection)
 Table 6. Approximate Design Values of Overall Heat Transfer Coefficient The following values of overall heat transfer coefficients are based primarily on results obtained
 in ordinary engineering practice. The values are approximate because variation in fluid velocities, amount of non-condensable gases, viscosities, cleanliness of heat-transfer surfaces, type of baffles, operating pressure and similar factors can have a significant effect on the overall heat-transfer coefficient. The values are useful for preliminary design estimates or for rough cheeks on heat transfer calculations.
 Upper range of overall coefficient given for coolers may also be used for condensors. Upper range of overall coefficient given for heaters may also be used for evaporators.
 Units of coefficients are Btu/ (h) (ft2) (ºF) Hot fluid Cold fluid Fouling Overall
 coefficient coefficient hd Ud Coolers
 Water Water 1000 250-500 Methanol Water 1000 250-500 Ammonia Water 1000 250-500 Aqueous solutions Water 1000 250-500 Light organics-viscosities less than 0.5 CP(benzene, toluene, acetone, ethanol, Gasoline, light kerosene, and naphtha) Water 300 75-150 Medium organics-viscosities between 0.5 And 1.0 cP (kerosene, straw oil, hot gas Oil, hot absorber oil some crude oils ) Water 300 50-125 Heavy organics-viscosities greater than 1.0cP (cold gas oil lube oil fuel oils, reduced crude oils, tars, and asphalts ) Water 300 5-75 Gases Water 300 2-50 Water Brine 300 100-200 light organics Brine 300 40-100

Page 36
						

TRANSFERENCIA DE CALOR – VOLUMEN I
 Universidad Mayor – Dr. Carlos Martínez Pavez - Marzo 2002
 73
 Table 6. Approximate Design Values of Overall Heat-Transfer Coefficients (continued)
 Units of coefficients are Btu/ (h) (ft2) (ºF)
 Fouling Overall Hot fluid Cold fluid coefficient coefficient
 hd Ud Heaters
 Steam Water 1000 200-700 Steam Methanol 1000 200-700 Steam Ammonia 1000 200-700 Steam Aqueous solutions Less than 2.0 cP 1000 200-700 More than 2.0 cP 1000 100-500 Steam Light Organics 300 100-200 Steam Medium Organics 300 50-100 Steam Heavy Organics 300 6-60 Steam Gases 300 5-50 Dowtherm Gases 300 4-40 Dowtherm Heavy Organics 300 6-60
 Exchangers (no phase change) Water Water 1000 250-500 Aqueous solutions Aqueous solutions 1000 250-500 Light Organics Light Organics 300 40-75 Medium Organics Medium Organics 300 20-60 Heavy Organics Heavy Organics 300 10-40 Heavy Organics Light Organics 300 30-60 Light Organics Heavy Organics 300 10-40
 Table 7. Numbers of Tubes in Conventional Tubes Heat Layouts One-pass Two-pass Four-pass Shell
 ID, dS in
 Square Pitch
 Triangular Pitch
 Square Pitch
 Triangular Pitch
 Square Pitch
 Triangular Pitch
 ¾-in. OD tubes on 1-in pitch 8 32 37 26 30 20 24 12 81 92 76 82 68 76
 15¼ 137 151 124 138 116 122 21¼ 277 316 270 302 246 278 25 413 470 394 452 370 422 31 657 745 640 728 600 678 37 934 1074 914 1044 886 1012
 1-in. OD tubes on 1¼-in pitch 8 21 21 13 16 14 16 12 48 55 45 52 40 48
 15¼ 81 91 76 86 68 80 21¼ 177 199 166 188 158 170 25 260 294 252 282 238 256 31 406 472 398 454 380 430 37 596 674 574 664 562 632
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 Tube Counts for Split Ring Floating Head Exchanges
 Shell Inside Diameter
 Tube Bundle Circle Tube Size and Pitch 1 Pass 2 Pass 4 Pass 6 Pass
 8
 18 ” 6.8”
 5/8 ” 13/16 ” ∆ ¾ ” 15/16 ” ∆ ¾ ” 1” ¾ ” 1” ∆
 50 38 32 37
 46 32 26 30
 42 26 20 24
 40 24 20 24
 10” 8.77
 5/8 ” 13/16 ” ∆ ¾ ” 15/16 ” ∆ ¾ ” 1” ¾ ” 1” ∆
 88 62 52 61
 86 56 52 52
 74 47 40 40
 70 42 36 36
 12” 10 43 ”
 5/8 ” 13/16 ” ∆ ¾ ” 15/16 ” ∆ ¾ ” 1” ¾ ” 1” ∆
 137 109 80 90
 132 98 74 84
 112 86 68 76
 110 82 68 74
 13 41 ” 12”
 5/8 ” 13/16 ” ∆ ¾ ” 15/16 ” ∆ ¾ ” 1” ¾ ” 1” ∆
 181 127 95 110
 165 114 90 101
 150 96 81 90
 142 90 77 82
 15 41 ” 14”
 5/8 ” 13/16 ” ∆ ¾ ” 15/16 ” ∆ ¾ ” 1” ¾ ” 1” ∆
 244 170 138 163
 230 160 132 162
 216 140 116 136
 208 136 112 133
 17 41 ” 16”
 5/8 ” 13/16 ” ∆ ¾ ” 15/16 ” ∆ ¾ ” 1” ¾ ” 1” ∆
 339 239 188 211
 322 224 178 201
 298 194 168 181
 288 188 164 176
 19 41 ” 18”
 5/8 ” 13/16 ” ∆ ¾ ” 15/16 ” ∆ ¾ ” 1” ¾ ” 1” ∆
 410 301 236 273
 394 282 224 256
 376 252 216 242
 366 244 208 236
 21” 19 21 ”
 5/8 ” 13/16 ” ∆ ¾ ” 15/16 ” ∆ ¾ ” 1” ¾ ” 1” ∆
 478 361 278 318
 462 342 264 308
 442 314 246 279
 426 306 240 269
 23 41 ” 21 2
 1 ” 5/8 ” 13/16 ” ∆ ¾ ” 15/16 ” ∆ ¾ ” 1” ¾ ” 1” ∆
 578 442 341 381
 558 420 321 369
 530 386 308 349
 518 378 296 326
 25” 23 43 ”
 5/8 ” 13/16 ” ∆ ¾ ” 15/16 ” ∆ ¾ ” 1” ¾ ” 1” ∆
 698 532 413 470
 676 506 391 452
 640 408 370 422
 630 446 360 394
 27” 25 43 ”
 5/8 ” 13/16 ” ∆ ¾ ” 15/16 ” ∆ ¾ ” 1” ¾ ” 1” ∆
 824 637 465 559
 800 602 452 534
 766 550 427 488
 760 536 418 474
 28” 27 43 ”
 5/8 ” 13/16 ” ∆ ¾ ” 15/16 ” ∆ ¾ ” 1” ¾ ” 1” ∆
 966 721 554 630
 944 692 542 604
 904 640 525 556
 890 620 509 538
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 Table 11-3. TUBE-SHEET TUBE HOLE COUNT
 A. ⅝ ” o. d. tubes on 1316 ” square pitch
 TEMA P or S TEMA U Number of passes Number of passes
 Shell i. d., in. 1 2 4 6 2 4 6 8 55 48 34 24 52 40 32 10 88 78 62 56 90 80 74 12 140 138 112 100 140 128 108
 13¼ 178 172 146 136 180 164 148 15¼ 245 232 208 192 246 232 216 17¼ 320 308 274 260 330 312 292 19¼ 405 392 352 336 420 388 368 21¼ 502 484 442 424 510 488 460 23¼ 610 584 536 508 626 596 562 25 700 676 618 600 728 692 644 27 843 812 742 716 856 816 780 29 970 942 868 840 998 956 920 31 1127 1096 1014 984 1148 1108 1060 33 1288 1250 1172 1148 1318 1268 1222 35 1479 1438 1330 1308 1492 1436 1388 37 1647 1604 1520 1480 1684 1620 1568 39 1840 1794 1700 1664 1882 1816 1754 42 2157 2112 2004 1968 2196 2136 2068 45 2511 2458 2326 2288 2530 2464 2402 48 2865 2808 2686 2656 2908 2832 2764 54 3656 3600 3462 3404 3712 3624 3556 60 4538 4472 4310 4256 4608 4508 4426
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 B. ¾ ” o. d. tubes on 1516 ” triangular pitch
 TEMA L or M TEMA P or S TEMA U Number of passes Number of passes Number of passes
 Shell i. d., in. 1 2 4 6 1 2 4 6 2 4 6 8 64 48 34 24 34 32 16 18 32 24 24 10 85 72 52 50 60 62 52 44 64 52 52 12 122 114 94 96 109 98 78 68 98 88 78
 13¼ 151 142 124 112 126 120 106 100 126 116 108 15¼ 204 192 166 168 183 168 146 136 180 160 148 17¼ 264 254 228 220 237 228 202 192 238 224 204 19¼ 332 326 290 280 297 286 258 248 298 280 262 21¼ 417 396 364 348 372 356 324 316 370 352 334 23¼ 495 478 430 420 450 430 392 376 456 428 408 25 579 554 512 488 518 498 456 444 534 500 474 27 676 648 602 584 618 602 548 532 628 600 570 29 785 762 704 688 729 708 650 624 736 696 668 31 909 878 814 792 843 812 744 732 846 812 780 33 1035 1002 944 920 962 934 868 840 978 928 904 35 1164 1132 1062 1036 1090 1064 990 972 1100 1060 1008 37 1304 1270 1200 1168 1233 1196 1132 1100 1238 1200 1152 39 1460 1422 1338 1320 1365 1346 1266 1244 1390 1336 1290 42 1703 1664 1578 1552 1611 1580 1498 1464 1632 1568 1524 45 1960 1918 1830 1800 1875 1834 1736 1708 1882 1820 1770 48 2242 2196 2106 2060 2132 2100 1998 1964 2152 2092 2044 54 2861 2804 2682 2660 2730 2684 2574 2536 2748 2680 2628 60 3527 3476 3360 3300 3395 3346 3228 3196 3420 3340 3286 66 4292 4228 4088 4044 72 5116 5044 4902 4868 78 6034 5964 5786 5740 84 7005 6934 6766 6680 90 8093 7998 7832 7708 96 9203 9114 8896 8844 108 11696 11618 11336 11268 120 14459 14378 14080 13984
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 C. ¾” o. d. tubes on 1” square pitch
 TEMA P or S TEMA U Number of passes Number of passes
 Shell i. d., in. 1 2 4 6 2 4 6 8 28 26 16 12 28 24 12 10 52 48 44 24 52 44 32 12 80 76 66 56 78 72 70
 13¼ 104 90 70 80 96 92 90 15¼ 136 128 128 114 136 132 120 17¼ 181 174 154 160 176 176 160 19¼ 222 220 204 198 224 224 224 21¼ 289 272 262 260 284 280 274 23¼ 345 332 310 308 348 336 328 25 398 386 366 344 408 392 378 27 477 456 432 424 480 468 460 29 554 532 510 496 562 548 530 31 637 624 588 576 648 636 620 33 730 712 682 668 748 728 718 35 828 812 780 760 848 820 816 37 937 918 882 872 952 932 918 39 1048 1028 996 972 1056 1044 1020 42 1224 1200 1170 1140 1244 1224 1212 45 1421 1394 1350 1336 1436 1408 1398 48 1628 1598 1548 1536 1640 1628 1602 54 2096 2048 2010 1992 2108 2084 2068 60 2585 2552 2512 2476 2614 2584 2558
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 D. ¾ ” o. d. tubes on 1516 ” triangular pitch
 TEMA L or M TEMA P or S TEMA U Number of passes Number of passes Number of passes
 Shell i. d., in. 1 2 4 6 1 2 4 6 2 4 6 8 42 40 26 24 31 26 16 12 32 24 24 10 73 66 52 44 56 48 42 40 52 48 40 12 109 102 88 80 88 78 62 68 84 76 74
 13¼ 136 128 112 102 121 106 94 88 110 100 98 15¼ 183 172 146 148 159 148 132 132 152 140 136 17¼ 237 228 208 192 208 198 182 180 206 188 182 19¼ 295 282 258 248 258 250 228 220 266 248 234 21¼ 361 346 318 320 320 314 290 276 330 316 296 23¼ 438 416 382 372 400 384 352 336 400 384 356 25 507 486 448 440 450 442 400 392 472 440 424 27 592 574 536 516 543 530 488 468 554 528 502 29 692 668 632 604 645 618 574 556 648 616 588 31 796 774 732 708 741 716 666 648 744 716 688 33 909 886 836 812 843 826 760 740 852 816 788 35 1023 1002 942 920 950 930 878 856 974 932 908 37 1155 1124 1058 1032 1070 1052 992 968 1092 1056 1008 39 1277 1254 1194 1164 1209 1184 1122 1096 1224 1180 1146 42 1503 1466 1404 1372 1409 1378 1314 1296 1434 1388 1350 45 1726 1690 1622 1588 1635 1608 1536 1504 1652 1604 1560 48 1964 1936 1870 1828 1887 1842 1768 1740 1894 1844 1794 54 2519 2466 2380 2352 2399 2366 2270 2244 2426 2368 2326 60 3095 3058 2954 2928 2981 2940 2832 2800 3006 2944 2884 66 3769 3722 3618 3576 72 4502 4448 4324 4280 78 5309 5252 5126 5068 84 6162 6108 5964 5900 90 7103 7040 6898 6800 96 8093 8026 7848 7796 108 10260 10206 9992 9940 120 12731 12648 12450 12336
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 E. 1” o. d. tubes on 1¼” square pitch
 TEMA P or S TEMA U Number of passes Number of passes
 Shell i. d., in. 1 2 4 6 2 4 6 8 17 12 8 12 14 8 6 10 30 30 16 18 30 24 12 12 52 48 42 24 44 40 32
 13¼ 61 56 52 50 60 48 44 15¼ 85 78 62 64 80 72 74 17¼ 108 108 104 96 104 100 100 19¼ 144 136 130 114 132 132 120 21¼ 173 166 154 156 172 168 148 23¼ 217 208 194 192 212 204 198 25 252 240 230 212 244 240 230 27 296 280 270 260 290 284 274 29 345 336 310 314 340 336 328 31 402 390 366 368 400 384 372 33 461 452 432 420 456 444 440 35 520 514 494 484 518 504 502 37 588 572 562 548 584 576 566 39 661 640 624 620 664 644 640 42 776 756 738 724 764 748 750 45 900 882 862 844 902 880 862 48 1029 1016 984 972 1028 1008 1004 54 1310 1296 1268 1256 1320 1296 1284 60 1641 1624 1598 1576 1634 1616 1614
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 TEMA L or M TEMA P or S TEMA U Number of passes Number of passes Number of passes
 Shell i. d., in. 1 2 4 6 1 2 4 6 2 4 6 8 27 26 8 12 18 14 8 12 14 12 6 10 42 40 34 24 33 28 16 18 28 24 24 12 64 66 52 44 51 48 42 44 52 40 40
 13¼ 81 74 62 56 73 68 52 44 64 56 52 15¼ 106 106 88 92 93 90 78 76 90 80 78 17¼ 147 134 124 114 126 122 112 102 122 112 102 19¼ 183 176 150 152 159 152 132 136 152 140 136 21¼ 226 220 204 186 202 192 182 172 196 180 176 23¼ 268 262 236 228 249 238 216 212 242 224 216 25 316 302 274 272 291 278 250 240 286 264 246 27 375 360 336 324 345 330 298 288 340 320 300 29 430 416 390 380 400 388 356 348 400 380 352 31 495 482 452 448 459 450 414 400 456 436 414 33 579 554 520 504 526 514 484 464 526 504 486 35 645 622 586 576 596 584 548 536 596 572 548 37 729 712 662 648 672 668 626 608 668 636 614 39 808 792 744 732 756 736 704 692 748 728 700 42 947 918 874 868 890 878 834 808 890 856 830 45 1095 1068 1022 1000 1035 1008 966 948 1028 992 972 48 1241 1220 1176 1148 1181 1162 1118 1092 1180 1136 1100 54 1577 1572 1510 1480 1520 1492 1436 1416 1508 1468 1442 60 1964 1940 1882 1832 1884 1858 1800 1764 1886 1840 1794 66 2390 2362 2282 2260 72 2861 2828 2746 2708 78 3368 3324 3236 3216 84 3920 3882 3784 3736 90 4499 4456 4370 4328 96 5144 5104 4986 4936 108 6546 6494 6360 6300 120 8117 8038 7870 7812
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 G. 1¼ ” o. d. tubes on 1 916” square pitch
 TEMA P or S TEMA U
 Number of passes Number of passes Shell i. d., in. 1 2 4 6 2 4 6 8 12 12 4 0 4 4 6 10 21 12 8 12 12 8 12 12 29 28 16 18 26 20 12
 13¼ 38 34 34 24 36 28 15 15¼ 52 48 44 48 44 44 32 17¼ 70 66 56 50 60 60 56 19¼ 85 84 70 80 82 76 79 21¼ 108 108 100 96 100 100 100 23¼ 136 128 128 114 128 120 120 25 154 154 142 136 154 148 130 27 184 180 158 172 176 172 160 29 217 212 204 198 212 204 198 31 252 248 234 236 242 240 234 33 289 276 270 264 280 280 274 35 329 316 310 304 324 312 308 37 372 368 354 340 358 352 350 39 420 402 402 392 408 400 392 42 485 476 468 464 480 476 464 45 565 554 546 544 558 548 550 48 653 636 628 620 644 628 632 54 837 820 812 804 824 808 808 60 1036 1028 1012 1008 1028 1016 1008
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 H. 1¼ ” o. d. tubes on 1 916” triangular pitch
 TEMA L or M TEMA P or S TEMA U
 Number of passes Number of passes Number of passes Shell i. d., in. 1 2 4 6 1 2 4 6 2 4 6 8 15 10 8 12 13 10 4 0 6 4 6 10 27 22 16 12 18 20 8 12 14 12 12 12 38 36 26 24 33 26 26 18 28 20 18
 13¼ 55 44 42 40 38 44 34 24 34 28 30 15¼ 66 64 52 50 57 58 48 44 52 48 40 17¼ 88 82 78 68 81 72 62 68 72 68 64 19¼ 117 106 98 96 100 94 86 80 90 84 78 21¼ 136 134 124 108 126 120 116 102 118 112 102 23¼ 170 164 146 148 159 146 132 132 148 132 120 25 198 188 166 168 183 172 150 148 172 160 152 27 237 228 208 192 208 206 190 180 200 188 180 29 268 266 242 236 249 238 224 220 242 228 216 31 312 304 284 276 291 282 262 256 282 264 250 33 357 346 322 324 333 326 298 296 326 308 292 35 417 396 372 364 372 368 344 336 362 344 336 37 446 446 422 408 425 412 394 384 416 396 384 39 506 490 472 464 478 468 442 432 472 444 428 42 592 584 552 544 558 546 520 512 554 524 510 45 680 676 646 632 646 634 606 596 636 624 592 48 788 774 736 732 748 732 704 696 736 708 692 54 1003 980 952 928 962 952 912 892 946 916 890 60 1237 1228 1188 1152 1194 1182 1144 1116 1176 1148 1116 66 1520 1496 1448 1424 72 1814 1786 1736 1724 78 2141 2116 2068 2044 84 2507 2470 2392 2372 90 2861 2840 2764 2744 96 3275 3246 3158 3156 108 4172 4136 4046 4020 120 5164 5128 5038 5000
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 EVAPORACION As discussed, evaporation is the operation of concentrating a solution by boiling away the
 solvent. The concentration is normally stopped before the solute begins to precipitate from solution. Basically, then, an evaporator must consist of a heat exchanger capable of boiling the solution and a device to separate the vapour phase from the boiling liquid. In its most simple form, it might be a pan of liquid sitting on a hot plate. The surface of the hot plate is a simple heat exchanger, and vapour disengaging is obtained by the large area for vapour flow and its consequent slow rate of flow. In industrial operation the equipment is usually arranged for continuous operation, the heat exchange surface is vastly increased, boiling is much more violent, and vapour evolution is rapid. Such problems as foaming, scaling, heat sensitivity, corrosion, and space limitations are met. These problems have resulted in variations and refinements in evaporator design to meet different combinations of solution properties and economic conditions.
 Figure 19.2 cross sectional diagram of horizontal - tube evaporator Balance de materia en el evaporador
 Global: F = L + V Componente:
 FxF = LxL + Vyv Dado que el sólido no se evapora, yV = 0 FxF = LxL L = FxL /x L
 Balance de energía en el evaporador: FhF + SHS = LhL +VHV +ShS S = (VHV + LhL – FhF) λ Economía del evaporador: E = V/S Q = UA∆T = Sλ A= Q/U∆T
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 Table 16-1. Typical Over-All Coefficient in Evaporators
 Type Over-all coefficient, Btu/(ft2) (hr) (ºF)
 Long-tube vertical evaporators: Natural circulation 200-600 Forced circulation 400-2000 Short-tube evaporators: Horizontal tube 200-400 Calandria type 150-500 Coil evaporator 200-400 Agitated-film evaporator, Newtonian liquid, viscosity: 200-400 1 centipoises 400 100 centipoises 200 10,000centipoises 120 From G. G. Brown et al., ”Unit Operations “p.484 John Wiley and Sons, Inc., New York, 1950; and E. Lindsey, Chem. Eng., 60(4):227 , 1953).
 Figure 16-10 Triple-effect evaporator. I II III first, second and third effects D1, D2, D3 condensate valves. F1, F2, F3 feed or liquor control valves. S1 steam valve V1, V2, V3 vent valves. ps, p1, p2, p3 pressures. Ts, T1, T2, T3 temperatures.
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 Figure 19.2. Cross-sectional diagram of horizontal –tubes evaporator.
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 Figure 19.11 Dühring lines for the NaOH - H2O system.
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 Figure 19.13 Enthalpy-Concentration diagram for aqueous solutions of NaOH under a total pressure Of one atmosphere. The reference state for water is taken as liquid water at 32ºF under its own vapor Pressure. This reference state is identical with the one used in most steam tables (8). For sodium Hidroxide, the reference state is that of an infinitely dilute solution at 68ºF [from McCabe, W.L., Trans. A.I.Ch.E.,31,p.129 (1935 ) by permission of A.I.Ch.E., copyright (c) 1935.
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 Example 16.1. A solution of organic colloids in water is to be concentrated from 10 to 50 per cent solids in a single-effect evaporator. Steam is available at a gauge pressure of 15 lbf/in.2 (249'F). A pressure of 4 in. Hg abs is to he maintained in the Valor space; this corresponds to a boiling point for water of 125ºF. The feed rate to the Evaporator is 55,000 lb/hr. The over-all heat-transfer coefficient can be taken as 500 Btu/(ft 2)(hr)(ºF). The solution has a negligible elevation in boiling point and a negligible heat of dilution. Calculate the steam consumption, the economy, and the heating surface required if the temperature of the feed is: (a) 125 ºF, (b) 70 ºF, (c) 200 ºF. The specific heat of the feed solution is 0.90, and the latent heat of vaporisation of the solution may be taken equal to that of water. Radiation losses may be neglected.
 Solution: (a) The flow rate of thin liquor mf is 55,000 lb/hr. The amount of water evaporated is found by a
 material balance from the terminal concentrations and the flow rate of the thin liquor. The feed contains 90/10 = 9 lb of water per pound of solid; the thick liquor contains 50/50 = 1 lb of water per pound of solid. The quantity evaporated, therefore, is 9 - 1 = 8 lb of water per pound of solid, or
 8 X 55,000 X 0.10 = 44,000 lb/hr The flow rate of thick liquor m is 55,000 - 44,000 = 11,000 lb/hr.
 (a) Steam consumption An enthalpy balance is now written in accordance with Eq. (16-7). The quantities needed are λs = 946 Btu/lb (Appendix 6) λ = 1023 Btu/lb (Appendix 6) cpF = 0.90 Btu/lb- ºF TF = 125 ºF T = 125 ºF The steam requirement, from Eq. (16-7), is
 ( ) hr/lb580,47946
 01023000,11000,55ms =−−=
 Economy. The economy is 44,000/47,580 = 0.925. Heating surface. This is calculated from Eq. (16-1).
 ( ) ( )TTUm
 TTUqA
 s
 ss
 s −λ
 =−
 = = ( )2ft725
 125249500946X580,47 =
 −
 (b) Steam consumption The material balance is the same as in part (a). The only quantity in Eq. (16-7) which changes is TF, which is now 70 ºF. Thus
 ( ) ( ) lb/hr 50,460 946
 1257090.0X000,551023000,11000,55ms =−−−=
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 92 Economy. The economy is 44,000/50,460 = 0.872. Heating surface, A = 50,460 X 946 = 770 ft2 500(249 - 125) (c) Steam consumption, TF is now 200 ºF. ms= (55,000 - 11,000)1023 - 55,000 X 0.90(200 - 125) = 43,660 lb/hr 946
 Economy. The economy is 44,000/43,660 = 1.008. Heating surface.
 ( )2ft665
 125249500946X660,43A =
 −=
 Note that lowering the feed temperature increases the heating area required and reduces the
 economy. lf the feed enters appreciably above its boiling point, the heating area is considerably reduced from that needed with cold feed, and the economy may be greater than unity even in a single-effect evaporator.
 Example 16.2. A single-effect evaporator is to concentrate 20,000 lb/hr of a 20 per cent solution
 of sodium hydroxide to 50 per cent solids. The gauge pressure of the steam is to be 20 lbf /in.2 ;the absolute pressure in the vapour space is to be 100 mm Hg (1.93 lbf/in.2). The over-all coefficient is estimated to be 250 Btu/(ft2)(hr)(ºF). The feed temperature is 100 ºF. Calculate the amount of steam consumed, the economy, and the heating surface required.
 Solution. The amount of water evaporated is found from a material balance as in Example 16-1. The feed
 contains 8 0/2 0 = 4 lb of water per pound of solid; the thick liquor contains 5 0/5 0 = 1 lb of water per pound of solid.. The quantity evaporated is 4 - 1 = 3 lb of water per pound of solid, or
 3 X 20,000 X 0.20 = 12,000 lb/hr The flow rate of thick liquor is 20,000 - 12,000 = 8,000 lb/hr. Steam consumption. Since with strong solutions of sodium hydroxide the heat of dilution is not
 negligible, the rate of heat transfer is found from Eq. (16-4) and Fig. 16-9. The vaporisation temperature of the 50 per cent solution at a pressure of 100 mm Hg is found as follows.
 Boiling point of water at 100 mm Hg = 124 ºF (Appendix 6) Boiling Point of solution = 197 ºF (Fig. 16-5) Boiling-point elevation = 197 - 124 = 730 ºF
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 Feed, 20% solids, 100 ºF: hF = 55 Btu/lb Thick liquor, 50% solids, 197 ºF: hL = 221 Btu/lb
 The enthalpy of the vapor leaving the evaporator is found from steam tables. The enthalpy of superheated water vapor at 197 ºF and 1.93 lbf /in2 is 1149 Btu/lb; this is the Hv of Eq. (16-4).
 The heat of vaporisation of steam at a gauge pressure of 20 lbf/in2 is, from Appendix 6, 939 Btu/lb.
 The rate of heat transfer and the steam consumption may now be found from Eq. (16-4). q = (20,000 - 8,000)1149 + 8,000 X 221 - 20,000 X 55 = 14,456,000 Btu/hr
 hr/lb400,15939
 000,456,14ms ==
 Economy. The economy is 12,000/15,400 = 0.78. Heating surface. The condensation temperature of the steam is 259 ºF. The heating area required is
 2ft930
 )197259(250000,456,14A =−
 =
 lf the enthalpy of the vapor Hv were based on saturated vapor at the pressure in the vapor space,
 instead of on superheated vapor, the rate of heat transfer would be 14,036,000 Btu/hr, and the heating area would be 906 ft2. Thus this approximation would introduce an error of only about 3 per cent.
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 Tables 11A, 11B, 11C, 11D and 11E are adapted from the
 Abridged Calendar Steam Tables by permission of Messrs Edward Arnold (Publishers) Ltd.
 Table 11A. Properties of saturated steam
 Pressure Heat per unit mass Steam
 Temperature (kJ/kg) (Btu/lb)
 Entropy per Unit mass (kJ/kg K) Specific Volume
 (lb/in2) (kN/m2) Vacuum (in)
 (K) (ºF) Water Latent Steam Water Latent Steam Water Steam (ft3/lb) (m3/kg)
 0.5 3.45 28.99 299.38 79.6 110.7 2438.8 2549.5 47.6 1048.5 1096.1 0.387 8.329 643.0 40.14 0.6 4.14 28.79 302.73 85.3 123.7 2431.6 2555.3 53.2 1045.4 1098.6 0.430 8.463 540.6 33.75 0.7 4.83 28.58 305.44 90.1 135.1 2425.3 2560.4 58.1 1042.7 1100.8 0.468 8.407 466.6 29.13 0.8 5.52 28.38 307.83 94.4 145.1 2419.8 2564.9 62.4 1040.3 1102.7 0.501 8.361 411.7 25.70 0.9 6.21 28.17 309.96 98.2 154.0 2414.6 2568.6 66.2 1038.1 1104.3 0.529 8.319 368.7 23.02 1.0 6.89 27.97 311.90 101.7 162.1 2410.0 2572.1 69.7 1036.1 1105.8 0.555 8.282 334.0 20.85 1.1 7.58 27.76 313.68 104.9 169.6 2405.8 2575.7 72.9 1034.3 1107.2 0.578 8.248 305.2 19.05 1.2 8.27 27.56 315.33 107.9 176.5 2408.6 2578.1 75.9 1032.5 1108.4 0.600 8.219 281.1 17.55 1.3 8.96 27.35 316.86 110.7 183.1 2397.9 2581.0 78.7 1030.9 1109.6 0.621 8.190 260.5 16.26 1.4 9.65 27.15 318.30 113.3 189.1 2394.6 2583.7 81.3 1029.5 1110.8 0.639 8.165 243.0 15.17 1.5 10.34 26.95 319.65 115.7 194.7 2391.4 2586.1 83.7 1028.1 1111.8 0.657 8.140 228.0 14.23 1.6 11.03 26.74 320.93 118.0 200.0 2388.3 2588.3 86.0 1026.8 1112.8 0.674 8.117 214.3 13.38 1.7 11.72 26.54 322.14 120.2 205.2 2385.3 2590.5 88.2 1025.5 1113.7 0.691 8.096 202.5 12.64 1.8 12.41 26.33 323.29 122.2 209.8 2382.8 2592.6 90.2 1024.4 1114.6 0.704 8.076 191.8 11.97 1.9 13.10 26.13 324.38 124.2 214.2 2380.2 2594.4 92.1 1023.3 1115.4 0.718 8.057 182.3 11.38 2.0 13.79 25.92 325.43 126.1 218.6 2377.6 2596.2 94.0 1022.2 1116.2 0.732 8.039 173.7 10.84 3.0 20.68 23.88 333.99 141.5 254.5 2356.7 2611.2 109.4 1013.2 1122.6 0.841 7.900 118.7 7.41 4.0 27.58 21.84 340.39 153.0 281.5 2341.6 2623.1 121.0 1006.7 1127.7 0.921 7.801 90.63 5.66 5.0 34.47 19.80 345.54 162.3 302.9 2329.7 2632.6 130.2 1001.6 1131.8 0.983 7.724 73.52 4.59 6.0 41.37 17.76 349.88 170.1 321.2 2318.1 2639.3 138.1 996.6 1134.7 1.034 7.661 61.98 3.87 7.0 48.26 15.71 353.65 176.9 337.0 2307.9 2644.9 144.9 992.2 1137.1 1.081 7.610 53.64 3.35 8.0 55.16 13.67 357.00 183.9 351.2 2299.3 2650.5 151.0 988.5 1139.5 1.120 7.563 47.35 2.96 9.0 62.05 11.63 360.00 188.3 364.0 2291.6 2655.6 156.5 985.2 1141.7 1.156 7.523 42.40 2.65
 10.0 68.95 9.59 362.74 193.2 375.2 2285.3 2660.5 161.3 982.5 1143.8 1.187 7.488 38.42 2.40 11.0 75.84 7.55 365.26 197.8 385.9 2278.6 2664.5 163.9 979.6 1145.5 1.217 7.455 35.14 2.19 12.0 82.74 5.50 367.60 202.0 395.7 2272.3 2668.0 170.1 976.9 1147.0 1.243 7.429 32.40 2.02 13.0 89.63 3.46 369.78 205.9 404.5 2266.9 2671.4 173.9 974.6 1148.5 1.268 7.399 30.05 1.88 14.0 96.53 1.42 371.81 209.6 413.3 2261.3 2674.6 177.7 972.2 1149.9 1.292 7.374 28.03 1.75
 14.696 101.33 Gauge lb/in2 373.16 212.0 418.9 2257.6 2676.5 180.1 970.6 1150.7 1.307 7.358 26.80 1.673
 15 103.42 0.3 373.73 213.0 421.5 2256.2 2677.7 181.2 970.0 1151.2 1.313 7.350 26.28 1.641 16 110.32 1.3 375.56 216.3 429.2 2257.3 2680.5 184.5 967.9 1152.4 1.334 7.329 24.74 1.544 17 117.21 2.3 377.29 219.5 436.4 2246.3 2683.1 187.6 965.9 1153.5 1.353 7.308 23.38 1.460 18 124.11 3.3 378.94 222.4 443.3 2242.3 2685.6 190.6 964.0 1154.6 1.372 7.289 22.19 1.384 19 131.00 4.3 380.52 225.2 450.1 2238.1 2688.2 193.5 962.2 1155.7 1.389 7.272 21.07 1.315 20 137.90 5.3 382.03 228.0 456.6 2233.9 2690.5 196.3 960.4 1156.7 1.406 7.255 20.06 1.254 21 144.79 6.3 383.48 230.6 462.6 2230.2 2692.8 198.9 958.8 1157.7 1.422 7.237 19.19 1.198 22 151.69 7.3 384.87 233.1 468.5 2226.5 2695.0 201.4 957.2 1158.6 1.437 7.222 18.38 1.148 23 158.58 8.3 386.21 235.5 474.3 2222.7 2697.0 203.9 955.6 1159.5 1.452 7.208 17.68 1.101 24 165.48 9.3 387.50 237.8 479.9 2219.0 2698.9 206.3 954.0 1160.3 1.466 7.193 16.94 1.057 25 172.37 10.3 388.75 240.1 485.2 2215.5 2700.7 208.6 952.5 1161.1 1.480 7.180 16.39 1.018 26 179.27 11.3 389.96 242.2 490.3 2212.3 2702.6 210.8 951.1 1161.9 1.493 7.167 15.72 0.981 27 186.16 12.3 391.13 244.4 495.2 2209.0 2704.2 212.9 949.7 1162.6 1.505 7.153 15.17 0.947 28 193.05 13.3 392.27 246.4 500.5 2205.8 2705.9 215.0 948.3 1163.3 1.518 7.143 14.67 0.916 29 199.95 14.3 393.37 248.4 504.7 2202.7 2707.4 217.0 947.0 1164.0 1.530 7.131 14.19 0.886 30 206.85 15.3 394.46 250.3 509.4 2199.5 2708.9 219.0 945.6 1164.6 1.542 73119 13.73 0.857
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 95 Table 11A. Properties of saturated steam – cont´d Pressure Heat per unit mass Steam
 Temperature (kJ/kg) (Btu/lb)
 Entropy per Unit mass (kJ/kg K) Specific Volume
 (lb/in2) (kN/m2) Vacuum (in)
 (K) (ºF) Water Latent Steam Water Latent Steam Water Steam (ft3/lb) (m3/kg)
 32 220.6 17.3 396.5 254.0 518.0 2193.7 2711.7 222.7 943.1 1165.8 1.564 7.097 12.93 0.807 34 234.4 19.3 398.5 257.6 526.4 2188.1 2714.5 226.3 940.7 1167.0 1.585 7.078 12.21 0.762 36 248.2 21.3 400.4 260.9 534.3 2182.9 2717.3 229.7 938.5 1168.2 1.605 7.059 11.58 0.723 38 262.0 23.3 402.1 264.1 541.9 2178.1 2720.0 233.0 936.4 1169.4 1.624 7.041 11.02 0.688 40 275.8 25.3 403.9 267.2 549.2 2173.4 2722.6 236.1 934.4 1170.5 1.643 7.024 10.50 0.655 42 289.6 27.2 405.5 270.3 556.1 2168.5 2724.6 239.1 932.3 1171.4 1.660 7.007 10.30 0.643 44 303.4 29.3 407.1 273.1 562.9 2163.9 2726.8 242.0 930.3 1172.3 1.676 6.992 9.600 0.599 46 317.2 31.3 408.6 275.8 569.6 2159.2 2728.8 244.9 928.3 1173.2 1.692 6.977 9.209 0.575 48 330.9 33.3 410.1 278.5 575.9 2154.8 2730.7 247.6 926.4 1174.0 1.707 6.963 8.848 0.552 50 344.7 35.3 411.5 281.0 581.9 2150.6 2732.5 250.2 924.6 1174.8 1.722 6.949 8.516 0.532 52 358.5 37.3 412.9 283.5 587.8 2146.7 2734.5 252.7 922.9 1175.6 1.736 6.936 8.208 0.512 54 372.3 39.3 414.2 285.9 593.6 2142.5 2736.1 255.2 921.1 1176.3 1.750 6.923 7.922 0.495 56 386.1 41.3 415.5 288.3 599.1 2138.5 2737.6 257.6 919.4 1177.0 1.763 6.911 7.656 0.478 58 399.9 43.3 416.8 290.5 604.5 2134.8 2739.3 259.9 917.8 1177.7 1.776 6.899 7.407 0.462 60 413.7 45.3 418.1 292.7 609.9 2131.1 2741.0 262.2 916.2 1178.4 1.789 6.887 7.175 0.448 62 427.5 47.3 419.3 294.9 615.0 2127.4 2742.4 264.4 914.3 1179.0 1.801 6.876 6.957 0.434 64 441.3 49.3 420.5 296.9 619.9 2123.8 2743.8 266.5 913.1 1179.6 1.813 6.866 6.572 66 455.1 51.3 421.6 299.0 624.8 2120.4 2745.2 268.6 911.6 1180.2 1.825 6.855 6.560 0.410 68 468.8 53.3 422.7 301.0 629.7 2116.9 2746.6 270.7 910.1 1180.8 1.836 6.845 6.378 0.398 70 482.6 55.3 423.8 302.9 634.3 2113.6 2747.9 272.7 908.7 1181.4 1.847 6.836 6.206 0.387 72 496.4 57.3 424.8 304.8 638.7 2110.6 2749.3 274.6 907.4 1182.0 1.858 6.826 6.044 0.377 74 510.2 59.3 425.8 306.7 643.1 2107.4 2750.5 276.5 906.0 1182.5 1.868 6.817 5.890 0.368 76 524.0 61.3 426.8 308.5 647.6 2104.1 2751.7 278.4 904.6 1183.0 1.878 6.808 5.743 0.359 78 537.8 63.3 427.8 310.3 651.9 2100.8 2752.7 280.3 903.2 1183.5 1.888 6.799 5.604 0.350 80 551.6 65.3 428.8 312.0 656.2 2097.8 2754.0 281.1 901.9 1184.0 1.898 6.791 5.472 0.342 82 565.4 67.3 429.7 313.7 660.4 6094.8 2755.2 283.9 900.6 1184.5 1.908 6.782 5.346 0.334 84 579.2 69.3 430.7 315.4 664.3 2092.0 2756.3 285.6 899.4 1185.0 1.917 6.775 5.226 0.326 86 592.9 71.3 431.6 317.1 668.3 2089.0 2757.3 287.3 898.1 1185.4 1.926 6.766 5.110 0.319 88 606.7 73.3 432.6 318.7 672.2 2085.9 2758.1 289.0 896.8 1185.8 1.935 6.758 5.000 0.312 90 620.5 75.3 433.5 320.3 676.2 2082.9 2759.1 290.7 895.5 1186.2 1.944 6.751 4.896 0.306 92 634.3 77.3 434.4 321.9 679.6 2080.1 2760.0 292.3 894.3 1186.6 1.953 6.743 4.796 0.299 94 648.1 79.3 435.2 323.3 683.6 2077.4 2761.0 293.9 893.1 1187.0 1.961 6.736 4.699 0.293 96 661.9 81.3 436.0 324.8 687.3 2074.5 2761.9 295.5 891.9 1187.4 1.969 6.729 4.607 0.288 98 675.7 83.3 436.8 326.6 690.8 2072.0 2762.8 297.0 890.8 1187.8 1.977 6.722 4.519 0.282 100 689.5 85.3 437.6 327.8 694.3 2069.4 2763.7 298.5 889.7 1188.2 1.985 6.715 4.434 0.278 105 723.9 90.3 439.6 331.3 702.9 2062.9 2765.8 302.2 886.9 1189.1 2.005 6.699 4.230 0.264 110 758.4 95.3 441.4 334.8 711.1 2056.6 2767.7 305.7 884.2 1189.9 2.023 6.683 4.046 0.252 115 792.9 100.3 443.2 338.1 719.2 2050.4 2769.6 309.2 881.5 1190.7 2.041 6.668 3.880 0.292 120 827.4 105.3 445.0 341.3 726.9 2044.3 2771.2 312.5 878.9 1191.4 2.059 6.653 3.729 0.233 125 861.9 110.3 446.7 344.4 734.4 2038.5 2772.8 315.7 876.4 1192.1 2.076 6.639 3.587 0.224 130 896.3 115.3 448.4 347.3 740.5 2032.9 2774.4 318.8 874.0 1192.8 2.092 6.625 3.456 0.216 135 930.8 120.3 450.0 350.2 748.7 2027.1 2775.8 321.9 871.5 1193.4 2.108 6.612 3.335 0.208 140 965.3 125.3 451.5 353.0 755.7 2021.5 2777.2 324.9 869.1 1194.0 2.123 6.600 3.222 0.201 145 999.8 130.3 435.0 355.8 762.5 2016.2 2778.7 327.8 866.8 1194.6 2.138 6.587 3.116 0.195 150 1034.2 135.3 454.5 358.4 769.0 2010.8 2779.8 330.6 864.5 1195.1 2.152 6.575 3.015 0.188
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 96 Table 11B. Total heat H of dry
 P Saturation Degrees of superheat (K) p (lb/in2abs) (kN/m2) θθθθ(K) Hs 10 20 30 40 50 60 70 (kN/m2)
 15 20 30 40 50 60 70 80 90
 100 120 140 160 180 200 250 300 400 500 600 700 800 1000 2000
 103.4 137.9 206.8 275.8 344.7 413.7 482.6 551.6 620.5 689.5 827.3 965.3 1103 1241 1378 1724 2068 2758 3447 4137 4827 5516 6895 13790
 373.8 382.1 394.5 403.9 411.5 418.1 423.8 428.8 433.5 437.6 445.0 451.5 457.4 462.7 467.5 478.1 487.3 502.4 514.9 525.5 534.9 543.3 558.0 608.6
 2677 2690 2709 2723 2733 2742 2749 2754 2760 2764 2771 2778 2783 2787 2790 2798 2801 2803 2804 2801 2796 2790 2795 2643
 2703 2712 5732 2745 2755 2763 2770 2777 2782 2787 2795 2802 2808 2813 2817 2824 2829 2835 2835 2836 2835 2831 2820 2728
 2719 2732 2752 2765 2776 2785 2792 2799 2806 2813 2822 2829 2835 2840 2844 2850 2857 2863 2865 2867 2868 2866 2861 2794
 2739 2752 2772 2786 2797 2806 2814 2821 2827 2832 2842 2849 2856 2862 2866 2876 2884 2893 2897 2900 2902 2902 2899 2850
 2759 2772 2792 2807 2818 2828 2836 2843 2850 2857 2867 2874 2881 2887 2892 2902 2910 2920 2926 2930 2932 2933 2935 2900
 2779 2793 2813 2828 2839 2849 2857 2864 2871 2876 2887 2895 2902 2908 2914 2925 2934 2946 2954 2960 2963 2966 2968 2946
 2799 2813 2883 2848 2860 2870 2878 2886 2893 2900 2911 2919 2926 2932 2938 2950 2959 2972 2981 2988 2992 2996 3001 2998
 281928332854286928812891289929072914292029312940294729542960297329832997300730153020302530313027
 103.4 137.9 206.8 275.8 344.7 413.7 482.6 551.6 620.5 689.5 827.3 965.3 1103 1241 1378 1724 2068 2758 3447 4137 4827 5516 6895 13790

Page 60
						

TRANSFERENCIA DE CALOR – VOLUMEN I
 Universidad Mayor – Dr. Carlos Martínez Pavez - Marzo 2002
 97 Table 11C. Total Heat H of dry (ºF)
 P Saturation Degrees of superheat (K) P (lb/in2abs) θθθθ(K) Hs 20º 40º 60º 80º 100º 120º 140º (lb/in2abs)
 15 20 30 40 50 60 70 80 90 100 120 140 160 180 200 250 300 400 500 600 700 800
 1000 2000
 213.0 228.0 250.3 267.2 281.0 292.7 302.9 312.0 320.3 327.8 341.3 353.0 363.6 373.1 381.8 401.0 417.3 444.6 467.0 486.2 503.1 518.2 544.6 635.8
 1151.2 1156.7 1164.6 1170.5 1174.8 1178.4 1181.4 1184.0 1186.2 1188.2 1191.4 1194.0 1196.1 1198.0 1199.5 1202.1 1203.8 1205.5 1205.4 1204.2 1202.2 1199.6 1192.8 1136.1
 1161.2 1167.0 1175.1 1181.0 1185.5 1189.3 1192.5 1195.2 1197.5 1199.3 1202.8 1205.8 1208.3 1210.3 1212.1 1215.3 1217.3 1219.9 1220.8 1220.7 1220.0 1218.7 1214.5 1176.1
 1170.91176.7184.9 1190.91195.71199.51202.81205.61208.01210.21214.01217.11219.71222.01224.01227.61230.31234.11235.71236.51236.61236.11233.91206.6
 1180.51186.31194.71200.81205.71209.71213.01215.91218.51220.91224.91228.21231.01233.51235.61239.71242.91247.51250.01251.71252.21252.21251.61232.9
 1190.01195.81204.41210.71215.61219.81223.21226.21228.91231.41235.71239.11242.11244.71247.01251.71255.11260.51263.61266.01267.01267.41268.41256.0
 1199.51205.31214.01220.61225.51229.71233.31236.51239.31241.81246.31249.91253.11255.91258.21263.41267.21273.11277.01279.71281.31282.11283.91273.7
 1208.9 1214.8 1223.6 1230.3 1235.3 1239.6 1243.3 1246.7 1249.6 1252.2 1256.8 1260.6 1263.9 1266.8 1269.3 1274.9 1278.9 1285.3 1289.7 1292.7 1295.0 1296.3 1298.9 1295.6
 1218.4 1224.3 1233.2 1240.0 1245.1 1249.5 1253.4 1256.8 1259.8 1262.5 1267.2 1271.2 1274.6 1277.7 1280.2 1286.2 1290.3 1297.2 1302.1 1305.5 1308.1 1309.9 1313.2 1313.5
 15 20 30 40 50 60 70 80 90 100 120 140 160 180 200 250 300 400 500 600 700 800
 1000 2000
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 Steam (superheated) (kJ/kg K)
 P Degrees of superheat (K) P (lb/in2abs) kN/m2 80 90 100 120 140 160 180 200 kN/m2
 15 20 30 40 50 60 70 80 90 100 120 140 160 180 200 250 300 400 500 600 700 800
 1000 2000
 103.4 137.9 206.8 275.8 344.7 413.7 482.6 551.6 620.5 689.5 827.3 965.3 1103 1241 1378 1724 2068 2758 3447 4137 4827 5516 6895 13790
 7.742 7.642 7.499 7.398 7.318 7.257 7.207 7.162 7.123 7.088 7.025 6.973 6.928 6.887 6.850 6.759 6.721 6.621 6.545 6.483 6.429 6.383 6.305 6.036
 7.786 7.684 7.541 7.439 7.360 7.298 7.247 7.202 7.163 7.128 7.066 7.013 6.969 6.928 6.892 6.820 6.762 6.664 6.588 6.525 6.472 6.426 6.349 6.086
 7.827 7.725 7.582 7.480 7.400 7.339 7.287 7.242 7.203 7.168 7.105 7.053 7.008 6.968 6.931 6.860 6.802 6.705 6.629 6.566 6.522 6.469 6.392 6.132
 7.909 7.807 7.662 7.558 7.478 7.416 7.363 7.319 7.278 7.244 7.182 7.129 7.085 7.044 7.007 6.937 6.878 6.781 6.706 6.644 6.592 6.547 6.472 6.217
 7.988 7.885 7.738 7.634 7.553 7.490 7.437 7.392 7.352 7.317 7.255 7.202 7.157 7.118 7.081 7.010 6.951 6.854 6.779 6.717 6.666 6.622 6.547 6.297
 8.064 7.960 7.812 7.707 7.626 7.563 7.509 7.463 7.423 7.388 7.325 7.272 7.277 7.187 7.151 7.080 7.021 6.294 6.849 6.788 6.738 6.698 6.619 6.372
 8.137 8.032 7.884 7.778 7.697 7.633 7.579 7.532 7.492 7.456 7.394 7.341 7.295 7.255 7.219 7.147 7.089 6.990 6.917 6.856 6.804 6.761 6.687 6.443
 8.208 8.102 7.953 7.847 7.765 7.701 7.647 7.600 7.560 7.523 7.460 7.406 7.360 7.319 7.283 7.211 7.153 7.055 6.982 6.922 6.872 6.828 6.753 6.510
 103.4 137.9 206.8 275.8 344.7 413.7 482.6 551.6 620.5 689.5 827.3 965.3 1103 1241 1378 1724 2068 2758 3447 4137 4827 5516 6895 13790
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 Steam (superheated) (Btu / lbºF)
 P Degrees of superheat (ºF) P (lb/in2abs) 160º 180º 200º 240º 280º 320º 360º 400º (lb/in2abs)
 15 20 30 40 50 60 70 80 90 100 120 140 160 180 200 250 300 400 500 600 700 800 1000 2000
 1.8584 1.8340 1.8000 1.7755 1.7577 1.7422 1.7299 1.7192 1.7099 1.7015 1.6870 1.6744 1.6636 1.6539 1.6449 1.6280 1.6142 1.5905 1.5724 1.5574 1.5448 1.5338 1.5151 1.4522
 1.8694 1.8450 1.8108 1.7865 1.7675 1.7529 1.7406 1.7298 1.7204 1.7120 1.6974 1.6848 1.6740 1.6343 1.6554 1.6384 1.6246 1.6011 1.5831 1.5682 1.5558 1.5449 1.5264 1.4648
 1.8802 1.8556 1.8213 1.7969 1.7778 1.7628 1.7503 1.7397 1.7302 1.7220 1.7073 1.6947 1.6840 1.6743 1.6655 1.6485 1.6349 1.6114 1.5935 1.5785 1.5664 1.5557 1.5374 1.4768
 1.9015 1.8770 1.8422 1.8176 1.7980 1.7829 1.7702 1.7595 1.7500 1.7418 1.7270 1.7144 1.7036 1.6939 1.6854 1.6684 1.6547 1.6313 1.6133 1.5986 1.5864 1.5759 1.5579 1.4988
 1.9220 1.8973 1.8621 1.8374 1.8175 1.8023 1.7895 1.7787 1.7691 1.7607 1.7460 1.7333 1.7224 1.7128 1.7042 1.6872 1.6734 1.6501 1.6320 1.6176 1.6056 1.5951 1.5771 1.5191
 1.9415 1.9166 1.8812 1.8563 1.8363 1.8210 1.8080 1.7970 1.7874 1.7789 1.7639 1.7512 1.7402 1.7305 1.7220 1.7050 1.6914 1.6679 1.6502 1.6358 1.6236 1.6133 1.5954 1.5380
 1.9604 1.9352 1.8996 1.8745 1.8546 1.8392 1.8261 1.8150 1.8054 1.7969 1.7818 1.7690 1.7579 1.7482 1.7395 1.7225 1.7086 1.7851 1.7675 1.6532 1.6410 1.6306 1.6129 1.5557
 1.9786 1.9529 1.9173 1.8920 1.8724 1.8569 1.8437 1.8325 1.8228 1.8142 1.7990 1.7861 1.7749 1.7652 1.7563 1.7390 1.7250 1.7016 1.7842 1.6698 1.6578 1.7472 1.6296 1.5720
 15 20 30 40 50 60 70 80 90 100 120 140 160 180 200 250 300 400 500 600 700 800 1000 2000
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 Table 11D. Entropy S of dry
 P Saturation Degrees of superheat (K) P (lb/in2abs) kN/m2 θθθθ(K) S 10 20 30 40 50 60 70 kN/m2
 15 20 30 40 50 60 70 80 90 100 120 140 160 180 200 250 300 400 500 600 700 800 1000 2000
 103.4 137.9 206.8 275.8 344.7 413.7 482.6 551.6 620.5 689.5 827.3 965.3 1103 1241 1378 1724 2068 2758 3447 4137 4827 5516 6895 13790
 373.8 382.1 394.5 403.9 411.5 418.1 423.8 428.8 433.5 437.6 445.0 451.5 457.4 462.7 467.5 478.1 487.3 502.4 514.9 525.5 534.9 543.3 558.0 608.6
 7.350 7.255 7.119 7.024 7.949 6.887 6.836 6.791 6.751 6.715 6.653 6.600 6.553 6.512 6.475 6.396 6.329 6.220 6.132 6.057 5.991 5.931 5.823 5.383
 7.407 7.310 7.173 7.076 6.999 6.938 6.886 6.842 6.803 6.767 6.705 6.651 6.604 6.562 6.525 6.449 6.385 6.281 6.195 6.119 6.058 6.003 5.903 5.516
 7.457 7.360 7.223 7.126 7.048 6.987 6.936 6.892 6.853 6.818 6.756 6.703 6.656 6.615 6.578 6.503 6.440 6.337 6.253 6.181 6.122 6.068 5.976 5.623
 7.557 7.410 7.272 7.174 7.097 7.035 6.984 6.940 6.902 6.867 6.805 6.752 6.705 6.664 6.627 6.553 6.491 6.390 6.308 6.238 6.181 6.130 6.041 5.713
 7.557 7.459 7.320 7.222 7.144 7.082 7.031 6.987 6.949 6.914 6.852 6.800 6.754 6.713 6.675 6.601 6.541 6.440 6.359 6.293 6.236 6.186 6.101 5.792
 7.606 7.507 7.367 7.268 7.190 7.128 7.078 7.033 6.994 6.959 6.897 6.845 6.799 6.758 6.721 6.648 6.589 6.489 6.410 6.343 6.288 6.240 6.156 5.862
 7.653 7.553 7.412 7.312 7.234 7.172 7.121 7.077 7.038 7.004 6.941 6.889 6.843 6.802 6.765 6.693 6.634 6.535 6.954 6.391 6.337 6.289 6.208 5.924
 7.699 7.599 7.456 7.355 7.276 7.215 7.164 7.120 7.081 7.046 6.984 6.931 6.886 6.845 6.808 6.737 6.678 6.579 6.501 6.438 6.384 6.337 6.258 5.981
 103.4 137.9 206.8 275.8 344.7 413.7 482.6 551.6 620.5 689.5 827.3 965.3 1103 1241 1378 1724 2068 2758 3447 4137 4827 5516 6895 13790
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 Table 11E. Entropy S of dry
 P Saturation Degrees of superheat (ºF) P (lb/in2abs) θθθθ S 20 40 60 80 100 120 140 (lb/in2abs)
 15 20 30 40 50 60 70 80 90 100 120 140 160 180 200 250 300 400 500 600 700 800 1000 2000
 213.0 228.0 250.3 267.2 281.0 292.7 302.9 312.0 320.3 327.8 341.3 353.0 363.6 373.1 381.8 401.0 417.3 444.6 467.0 486.2 503.1 518.2 544.6 635.8
 1.7556 1.7327 1.7004 1.6776 1.6597 1.6450 1.6327 1.6219 1.6124 1.6038 1.5891 1.5762 1.5652 1.5554 1.5466 1.5276 1.5117 1.4857 1.4646 1.4466 1.4308 1.4165 1.3909 1.2857
 1.7706 1.7475 1.7148 1.6912 1.6729 1.6580 1.6459 1.6353 1.6261 1.6176 1.6031 1.5903 1.5791 1.5690 1.5598 1.5417 1.5264 1.5015 1.4810 1.4632 1.4486 1.4353 1.4119 1.3206
 1.78441.76101.72811.70451.68611.67131.65931.64881.63961.63111.61661.60381.59261.58251.57351.55571.54081.51641.49591.47931.46541.45291.43071.3481
 1.79691.77421.74101.71721.69871.68391.67191.66151.65241.64401.62961.61691.60581.59581.58651.56901.55451.53021.51071.49431.48071.46771.44771.3710
 1.810117867.1.75341.72951.71091.69611.68401.67361.66451.65611.64171.62901.61791.60801.59901.58181.56751.54341.52401.50841.49501.48321.46301.3908
 1.82301.79911.76551.74161.72281.70841.69621.68551.67631.66801.65371.64111.63011.62031.61111.59391.57981.55601.53721.52161.50851.49691.47721.4082
 1.8353 1.8110 1.7773 1.7531 1.7344 1.7200 1.7078 1.6971 1.6878 1.6795 1.6652 1.6526 1.6416 1.6318 1.6228 1.6057 1.5918 1.5680 1.5594 1.5341 1.5211 1.5099 1.4906 1.4241
 1.8470 1.8227 1.7887 1.7644 1.7457 1.7312 1.7189 1.7082 1.6989 1.6906 1.6762 1.6635 1.6527 1.6429 1.6339 1.6169 1.6031 1.5794 1.5612 1.5459 1.5333 1.5221 1.5031 1.4387
 15 20 30 40 50 60 70 80 90 100 120 140 160 180 200 250 300 400 500 600 700 800 1000 2000

Page 65
						

TRANSFERENCIA DE CALOR – VOLUMEN I
 Universidad Mayor – Dr. Carlos Martínez Pavez - Marzo 2002
 102
 Steam (superheated) (kJ /kg)
 P Degrees of superheat (K) P (lb/in2abs) (kN/m2) 80 90 100 120 140 160 180 200 (kN/m2)
 15 20 30 40 50 60 70 80 90 100 120 140 160 180 200 250 300 400 500 600 700 800 1000 2000
 103.4 137.9 206.8 275.8 344.7 413.7 482.6 551.6 620.5 689.5 827.3 965.3 1103 1241 1378 1724 2068 2758 3447 4137 4827 5516 6895 13790
 2838 2853 2874 2889 2901 2911 2920 2928 2936 2942 2952 2962 2969 2976 2983 2996 3006 3023 3034 3042 3048 3053 3061 3063
 2858 2873 2894 2909 2921 2931 2940 2948 2955 2961 2971 2981 2988 2995 3002 3015 3025 3046 3058 3067 3074 3081 3089 3097
 2877 2892 2913 2929 2942 2952 2961 2970 2977 2984 2995 3005 3014 3021 3028 3042 3053 3071 3084 3094 3102 3108 3118 3131
 2917 2932 2953 2969 2983 2993 3002 3011 3019 3026 3038 3048 3057 .3065 3071 3087 3099 3118 3132 3143 3153 3161 3171 3194
 2957 2972 2994 3010 3023 3033 3042 3051 3059 3066 3078 3088 3097 3105 3112 3128 3140 3161 3176 3187 3198 3207 3219 3254
 2997 3013 3035 3051 3064 3075 3085 3094 3102 3110 3122 3133 3142 3151 3159 3175 3188 3210 3227 3239 3251 3262 3275 3311
 3036 3052 3075 3092 3105 3117 3127 3136 3143 3151 3164 3175 3185 3194 3202 3219 3223 3255 3273 3287 3299 3311 3325 3366
 3076 3092 3115 3133 3147 3158 3168 3177 3185 3193 3206 3217 3228 3237 3245 3262 3277 3301 3319 3334 3347 3359 3374 3419
 103.4 137.9 206.8 275.8 344.7 413.7 482.6 551.6 620.5 689.5 827.3 965.3 1103 1241 1378 1724 2068 2758 3447 4137 4827 5516 6895 13790
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 103
 Steam (superheated) (Btu/lb)
 P Degrees of superheat (ºF) P (lb/in2abs) 160º 180º 200º 240º 280º 320º 360º 400º (lb/in2abs)
 15 20 30 40 50 60 70 80 90 100 120 140 160 180 200 250 300 400 500 600 700 800 1000 2000
 1227.7 1233.7 1242.8 1249.7 1254.9 1259.4 1263.4 1266.9 1270.0 1272.7 1277.5 1281.7 1285.2 1288.3 1291.0 1297.1 1301.6 1308.9 1314.0 1317.9 1320.9 1323.2 1326.8 1330.1
 1237.0 1242.1 1252.3 1259.3 1264.7 1269.3 1273.3 1276.9 1280.1 1282.9 1287.8 1292.0 1295.7 1298.8 1301.6 1307.7 1312.6 1320.3 1325.8 1330.1 1333.5 1336.2 1340.0 1346.0
 1246.2 1252.5 1261.8 1268.9 1274.4 1279.1 1283.1 1286.8 1290.1 1293.0 1298.0 1302.3 1306.0 1309.2 1312.1 1318.5 1323.4 1331.6 137.5 1342.1 1345.9 1349.0 1353.2 1361.4
 1265.0 1271.5 1281.1 1288.3 1293.9 1298.7 1302.8 1306.5 1309.9 1313.0 1319.2 1322.6 1326.3 1329.7 1322.9 1340.0 1345.1 1353.9 1360.5 1365.5 1369.9 1373.6 1378.5 1390.4
 1284.0 1290.6 1300.5 1307.7 1313.4 1318.3 1322.5 1326.2 1329.7 1332.9 1338.2 1342.8 1246.6 1350.2 1353.7 1361.2 1366.5 1375.9 1383.4 1388.6 1393.4 1397.5 1402.8 1417.9
 1303.1 1309.8 1319.9 1327.2 1332.9 1338.0 1342.3 1346.0 1349.5 1352.7 1358.1 1362.9 1366.9 1370.7 1374.3 1382.0 1387.6 1397.5 1405.3 1411021416.3 1420.9 1426.9 1444.4
 1322.3 1329.1 1339.3 1346.7 1352.6 1357.8 1362.1 1365.8 1369.3 1372.6 1378.1 1383.0 1387.2 1391.1 1394.9 1402.6 1408.6 1418.7 1427.0 1433.5 1438.8 1443.7 1450.2 1469.7
 1341.5 1348.5 1358.7 1366.3 1372.4 1377.6 1382.0 1385.7 1389.2 1392.5 1398.0 1403.0 1407.5 1411.5 1415.3 1423.1 1429.4 1439.8 1448.3 1455.3 1460.9 1465.8 1473.1 1494.0
 15 20 30 40 50 60 70 80 90 100 120 140 160 180 200 250 300 400 500 600 700 800 1000 2000
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