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INTRODUCCION

Como etapa previa a todo desarrollo de planta piloto o de produc-
cibén industrial es necesario realizar estudios biasicos sobre los métodos co-

rrespondientes y reunir toda la informacién experimental y tebrica disponible.

En el caso particular de la obtenci6n de agua pesada se decidié co-
menzar ese trabajo preliminar en lo referente a uno de los métodos de fabri-
cacibén industrial de mayor importancia, como es el de intercambio isotépico

sulfuro de hidrdgeno/agua, conocido como 'proceso G,S.',

En un primer estudio bibliogrdfico se constaté la abundancia de in-
formacién sobre los compuestos involucrados en dicho proceso, asi como sobre
los sistemas fisicoquimicos formados por los mismos. Esto estableci6 la posi-
bilidad de que muchos de los datos que deberfan obtenerse en investigaciones
de laboratorio o estudios tedricos previos a la etapa de planta piloto, ya

estuviesen publicados.

Por otra parte, las fuentes de informacién, ademis de numerosas,
son muy variadas, de diversa indole y en algunos casos se superponen parcial-
mente, de manera que es dificil en su forma original su evaluacién y aplica-
cién y no es posible detectar ficilmente deficiencias de datos en alglin area

de interés.

Es por ello que se considerd necesario la reunién en un solo volumen
de todo el material disponible en estos momentos, convenientemente selecciona-
do, revisado y ordenado.

Se intenta de esta manera proveer la base de datos indispensables
para encarar futuras etapas de desarrollo, primeramente en escala de labora-
torio, detectando puntos particulares en que se requiera, posteriormente de
planta piloto y finalmente de produccién 1ndustr1a1 Se supone que este volumen
serd de utilidad tanto dentro de la C.N.E.A,, como en otras Instituciones u
Organismos que puedan colaborar en nuestros planes de provisidén de agua pesada

para el programa nuclear argentino.

En general se ha incluido todoslos datos disponibles que se consi-
deraron de eventual interés. En el caso de agua ordinaria (HZO) y a veces del

SH,, teniendo en cuenta el grin nimero de datos existentes, se incluyen sola-
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mente los dmbitos de temperatura, presién, etc., compatibles con el citado
método industrial de produccidn de agua pesada.

Cuando existia mds de una fuente de informacién se consigné todas
las de origen independiente, ya que estd fuera de la indole de este trabajo
hacer una seleccidén y se consigue asi dar una idea del error de los datos.
Tampoco se hizo trascripcidén de sistemas de unidades, respetdndose el usado
por los autores originales y citdndose un mismo dato en distintas unidades
si asl se encontraba en la bibliografia. Se agregaron ademis propiedades de
interés analitico, como ser pardmetros &pticos, por estar relacionadas con el
control del proéeso.

La ordenaci6n se efectud dividiendo en 2 secciones (agua y sulfuro
de hidrdgeno) en cada una de las cuales se orden6 alfabéticamente, Los datos
referentes a sistemas formados por ambos compuestos (por ejemplo solubilidad,
constantes de equilibrio, etc.) se incluyeron en la seccién del sulfuro de
hidrégeno. El indice se confecciond reuniendo en orden alfabético ambas sec-
ciones.

El origen de los datos se indic6 mediante un nimero que identifica
la fuente bibliogridfica, seguido del ndmero de pigina correspondiente, ubica-

dos en el angulo inferior izquierdo de cada tabla 6 griafico,

Por dGltimo, aln siendo nuestra intencién realizar una recopilacién
de cardcter completo a la fecha, es necesario reconocer que ningtn trabajo
de esta indole puede considerarse final y exhaustivo, Creemos por lo tanto
que este serd el Volumen I de una publicacién que se completard en el futuro
con suplementos de acuerdo a la disponibilidad y requerimientos de nueva in-
formacidn.



DATOS FISICOQUIMICOS DEL HZO

Y SUS COMPUESTOS DEUTERADOS.



PROPIEDADES FISICAS DEL AGUA LIVIANA Y PESADA

1

Propiedad

Peso molecular

Punto de fusitn

Temperatura del punto triple
Temperatura de maxima densidad
Punto de ebullicidn

Mixima densidad

Densidad a 25°C

AH fusidn al P.F.

AS fusidén al P.F.

AH°vapor a 25°C
AG°vapor a 25°C
AS°vapor a 25°C

AH°f del 1liquido a 25°C
AGCE del liquido a 25°C
S° del liquido a 25°C

AH°f del gas a 25°C
AG°f del gas a 25°C
S° del gas a 25°C

Coeficiente de expansidn térmica:

S6lido al P.F.

Liquido al P.F.

Liquido a 25°C
Presidén de vapor del 1iq. a 25°C
Constante dieléctrica a 25°C
Tensidn superficial a 24°C
Viscosidad a 25°C

Vibraciones fundamentales

Constante de ionizacidén a 25°C

Calor de ionizacidn a 25°C

Unidad

12C escala
°C

°C

°C

°C

g cm-3

g am-3

Kcal mol-1

u.c.

Kcal mol-1

Kcal mol'1

u.ce.

Kcal mol-1

Kcal mol

u.e.

Kcal mol-!

Kcal mol~!

u.e.

oc-1
oc-1
oc-1

mm Hg
Debyes
dina cm”!
cpoises
cm- !

cm” |

CIn"]

Kcal mol-1

18.

H,0

015
.00

0.010
3.98

100.

10.
2.
28.

-68.
-56.
16.

-57
-54

45.

1
-5

26.2
23.
78.
71.

0.

13.

1
0.
1
5

.0000
99701
.436
.26

52
06
39

32
69
75

.80
.64
14

.39.1074
.9 .10-5
107
75 .
39

8903

3657.05
1594.59
3755.79

1.10°14

21

20.
78.

71

2671

1178.
2788.

14.

b,0

.028
.81
.82
.23
.42
.1059
.1044
.515
.42

.85
.14
.22

A1
.20
.19

.56
.06
41

.39.10°4
2 .107°
.8 .1073
51

06

.93

.107

.69
33
02
.95.10° 15
42

1-p.115



SOLUBILIDADES DE ALGUNAS SALES EN D,0 Y HZO A 252 C l

2
|
Solubilidad 2

X

H,0

X

sal X 0 X0 D,0

NaCl 5.76 6.145 1.060
KC1 4.38 4.80 1.088
KBr 5.10 5.71 1.109
KT 8.07 8.90 1.088
KMnO,, 0.379 0.483 1.272
TINO 0.347 0.440 1.264
TICIG, 0.415 0.511 1.229
AgCIO 0.751 0.890 1.182
LiCl-Taq 20.28 19.90 0.986
LiF 0.870
SrCl, 3.54 3.50 0.989
PbC15 0.0249 0.0301 1.570
Cuso; 1.29 1.39 1.075
CuS0, - 5aq 1.368 1.443 1.054

2 Jas solubilidades estdn expresadas en unidades de acuomolali
dad. Ej: moles de sal por 55,51 moles de solvente.

1-p.113

PROPIEDADES DEL AGUA
Propiedad HZO DZO
Densidad maxima 1.00000 1.10596
Temperatura de maxima densidad 3.98°C 11.23°C -
Punto de fusidn 0.00°C 3.813°C
Punto de ebullicidn 100.00°C 101,431°C
Temperatura Critica: 374.2°C 371.5°C
Presion 218.53 Atm 218.6 Atm
Densidad 0.325 g/ml 0.363 g/ml
Calor de vaporizacidn, cal/mol 10515 10846
Calor de fusidn, cal/mol 1436 1515
Capacidad calorifica, Cp, cal/mol/°C 18.0 20.1
Calor de formacidén, (25°C), cal/mol 68318 70414
Indice de refraccidn (20°C) 1.33300 1.32828
Tension superficial (25°C), dinas/cm 71.97 71.93
Viscosidad, centipoises, (20°C) 1.00 1.25

2-p.10



PROPIEDADES QUIMICAS MOLECULARES DEL HZO Y DZO
Propiedad HZO DZO
Constante de Ionizacién (25°C) 1 x 10-14 1.95 x 10°15
Valores de pH (pD) para:
Actividad 1,0 Molal H+ (D+) 0 0
Neutralidad 7.0 7.36
Actividad 1,0 Molal OH~ (OD7) 14.0 ©14.72
pK, para varios acidos:
Acético 4.74 5.26
Fosfdérico (primera disociacidn) 7.19 7.75
Cloroacético 2.76 3.20
2-p.11
CALOR LATENTE DE FUSION DE SOLUCIONES DZO-HZO
w o |Calor lat. de fusidn Pto. de fu-
o . -
= & [cal/g, ded. del peso IleoI{} segun
Densidad  [ontenido del|.8 S - : P.F ren
3 . ‘o |Al princi-|Al final “*» | Baker.
g/cm .0, mol% é"‘: pio de la |de la expet °C
G i |eXxperienc.jriencia.
A%
0.9980 (21° Q) — 94 79.32 79.45 — —
0.9980 (21° C) — 80 79.38 79.51 — —_
1.0304 (18> C) 29.67+0.05 | 94 79.09 79.16 1.45 —
1.0304 (18° C) 29.67+0.05 104 79.29 79.33 1.35 -
1.0304 (18° C) 29.67+0.05 90 79.10 79.14 1.40 1.20
1.0329 (16.6° C) 50.5140.05 90 78.54 78.66 2.05 —
1.0529 (i6.6°C) | 50.5+0.05 | 78 78.46 78.58 2.15 2.00
1.0800 (21° C) 76.364+0.05 90 77.20 77.34 3.05 —
1.0800 (21° Q) 76.364-0.05 96 77.42 77.57 3.00 3.00
1.1036 (18.5° Q) 97.7040.05 80 76.12 76.17 3.75 —
1.1036 (18.5° C) 97.70+0.05 90 76.11 76.16 3.80 —
1.1036 (18 5°C) | 97.70+0.05 — 76.44 76.49 3.70 3.75
100.00 Por extrapolacién A= 76,15 cal/g

15-p. 104




cal/g cal/motl
1 2 ]1530
800 <1 1520
'\J /
79.0 \*\ >/t 1520 |
o
\ ,
780 / \\ 1480 }
770 A 1460 f
\ !
+ :
76.0( 1440
|
W ,
750 1420

0 20 40 60 80 100%

Calor latente de fusidn de mez—i

clas DZO-HZO.

15-p.105

CALOR DE FUSION DEL D,0

2
Rango de tempera | Calor total | correccidn | Calor de
tura cal/mol fusién
247.07-288.43 1872.7 373.5 1499.2
273.84-285.43 1796.4 293.5 1502.9
274.97-287.06 1818.3 317.8 1500.5

15-p.106 Promedio: 1,501 + 3




CALOR DE

FUSION DEL DZO

Autores Calor de Método Afio
Fusidn
cal/mol
La Mer y Baker 1510 1 1934
Jacobs 1525 + 2 2 1935
Brown, Barness y Maass | 1486 + 4 3 1935
Bartholome y Clusius 1522 + 8 4 1935
Bridgman 1523 5 1935
Long y Kemp 1501 + 3 6 1936
Redlich y Zentner 1508 + 2 7 1936
Niwa y Shimazaki 1489 + 93 8 1936

.- Calorimetro.

CONNOUT NN
i

.- Presidén de vapor.

15-p.106

.- Calorimetro eléctrico.

CALOR DE MEZCLIA DE AGUA LIVIANA Y PESADA.

13-p.72

Calor de mezcla para una mezcla equimolecular:
q=7,92 + 0,25 cal/mol. en fase liquida (valor experimental):
de donde se deduce que el calor de formacidén de HDO a partir

de HZO + DZO:

.~ Depresidén del punto de congelacidn.
.- Calorimetro eléctrico.
.- Método calorimétrico indirecto.
.- Calorimetro de hielo.
Dependencia del punto de fusidén sobre la presidn.

q'= 16,7 + 0,5 cal/mol. en fase liquida.

En fase gaseosa:

q'= 34 cal/mol. (valor calculado a partir de la constante de

equilibrio de la reaccidn)




DATOS EXPERIMENTALES DE CALOR ESPECIFICO PARA DZO PURA

T°K Cg-cal/® H ngo

cal/mol;®
293 51.46 20.205
303 52.37 20.117
313 ‘ 53.01 20.046
323 53.65 19.994
333 54,18 19.956
343 54.98 19.89,,
353 55.87 19.846
363 56.76 19.799
373 57.39 19.788
383 57.84 19.800
393 58.25 19.808
398 58.60 19.830

13-p.46

CALOR ESPECIFICO A VOLUMEN CONSTANTE Cv

T (°K) Y
cal./mol/®
283 20,30
303 19,9
323 19,4
343 18,8
363 18,2
383 17,7

13-p.46




CALOR ESPECIFICO DEL DZO

o C. (D,0) C, (D,0) C, (D,0)
: 2
C, (H,0) 50 Kg/cm? 100 Kg/cm

20 1,006 1,002 1, 000

40 1,004 0, 998 0, 996

60 1,002 0,996 0,993

80 0, 997 0,996 0,995
100 0,992 0,995 0,992
120 0, 986 0,996 0,992
140 0, 980 0,998 0,994
160 0,972 1,004 1,000
180 0, 966 1,014 1,008
200 0, 962 1,030 1,023
220 0,958 1,051 1,043
240 0, 957 1,083 1,073
260 0,957 1,130 1,116
280 0, 957 - 1,178
300 0,958 1,294

13-p.47
CPnto 4
Chiso T

1,00

O’gg \

0,98 -

0.37 \ﬁ&KSQk\ﬁL¥

0595 o

0 50 700 150 200 250 ¢, °C

Calor especifico del D.0.

13-p.47




CALOR ESPECIFICO DEL DZO A LA PRESION
DE SATURACION (B.T.U./1b./2 F.)

T (°C) Valores calculados
395 1, 046
400 1,050
410 1,059
420 1,070
430 1,080
440 1,092
450 1,104
460 1,118
470 1,130
480 1, 144
490 - 1,159
500 1,175
510 1,190
520 i,209
530 1,228
540 1,249
550 - 1,270
560 1,292
570 1,318
580 1,346
590 1,38
600 1, 42
610 1,47
620 1,53
630 1,59
640 1,65
650 1,72
660 1, 80
670 1,88

13-p.49
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15-p.86 ‘
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13-p.49
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CALOR ESPECIFICO DEL D,0 A LA PRESION DE SATURACION (B.T.U/1b/2 F)

T (°F) Valores experimentales Valores mas probables
87, 58 1,0143 1,0048
89, 26 0,9970 1,0047
86,65 1,0078 1, 0046
90, 55 0, 9984 1,0046
92,14 1,0035 1,0044
95, 11 1, 0096 1,0041
95, 81 0,9998 1,0040
97, 54 1,0088 1,0039
99,10 0,9922 1,0037

104, 50 0, 9985 1, 0031

104, 54 1,0113 1,0031

104,68 1,0092 © 11,0031

105, 08 1,0148 1, 0031

106, 34 1,0125 1,0030

107,10 0, 9997 1,0029

113, 94 0, 9880 1,0021

115,75 1, 0005 1, 0019

120,67 0,9903° 1,0013

122,16 0, 9988 1,0012

139,39 0, 9887 0,9992

156,60 1,0075 0,9973

158,29 1, 0086 0,9971

160, 14 1, 0068 0,9969

173,62 '0,9813 0, 9955

175,68 0,9867 0, 9953

177,48 0,9972 0,9952

176, 00 0, 9975 0,9953

194, 00 0,9936 ° 0,9938

212,00 0,9914 0, 9928

230,00 0, 9939 0,9924

248,00 0, 9939 0,9028

266,00 0, 9958 0,9940

284,00 0, 9986 0,9963

302,00 1,0020 0,9998

320,00 1, 0053 1,0045

338, 00 1,0045 1,0107

356, 00 1,0151 1,0184

374,00 1,0279 1,0279

392,00 1,0427 1,0392

* Valores extrapolados.
13-p.48




1"

COMPARACION DE VALORES OBSERVADOS Y CALCULADOS DE LOS

CALORES ESPECIFICOS DEL D

2

oY H,0

AC=[C, (D;O) - C, (HO)!

T (°K) AC, (calc.) L\,C.p (Exp.)
3 R 3 R
20 0, 003 0, 007
30 0, 010 0,010
40 0, 020 0,010
50 0,027 0,014
60 0, 033 0,017
80 0,037 0,027
100 0, 054 0,042
120 0, 082 0,084
160 0, 160 0,160
200 0,220 0.219
240 _6,255 0,250
270 0,262 0,266
13-p.50

CALOR ESPECIFIQO Cp DEL HZO Y DZO Y SOLUCIONES DE AGUA SOLIDA EN EL PUNTO DE FUSION

Conc. del DZO %

29,67 + 0.5

50.51 ¢ 0.5

76.36 + 0.5

97.70 + 0.5

Dens. del H,0 g/an®

1.0304 ( 18°C )

1.0529 (16.6°C)

1.0800 (21°C)

1.1036 ( 18.5°C )

P. F., °C 1.45| 1.35] 1.40 2.05 2.15 3.05 ' 3.00 3.75] 3.80 |3.70
Calor esp. Cp del !

hielo Kcal/Kg® 0.41]0.47 1 0.41 0.54 0.51 0.54 ; 0.54 0.50 | 0.53 {0.49
Calor esp. Cp del .

lig. Kcal/Kg? 1.0611.07 1 1.08 1.08 1.06 1.05 | 1.06 1.06} 1.06f 1.07

15-p.73
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CALOR ESPECIFICO DEL D,O SOLIDA
> Kcal/kg. 2
t, °C D,0 H,0
0 0.579 0.4873
- 10 0.545 0.4770
- 20 0.514 0.4647
- 30 0.484 0.4504
- 40 0.457 0.4340
- 50 0.432 0.4160
- 60 0.410 0.3958
- 70 0.391 0.3737
15.p.73

CALOR ESPECIFICO DEL D,0O

2
t; P €,D,0 °" lre,p,0
T 2| *epH0 r.°K '—(E; B CpH,0
- N -
& ‘R‘__(
o 'w o
XL U A [
15 10.272 —_ 260 10.19( 1.179
20 10.532 1.086 270 10.54] 1.173
30 [1.043 1.060 |[276.92] Pto. de
fusidn
40 |1.524 1.040 280 (20.151 1.115
50 {1.977 1.043 290 19.91] 1.106
60 |2.403 1.043 295 19.781 1,100
70 12.821 1.044 — —_ —
80 13.234 1.052 — — —
90 13.629 1.052 — — —
100 |4.047 1.066 — — _—
110 {4.508 1.092 — — —_
120 14,931 1.112 —_ — —
130 [5.325 1.126 _— —_— —_
140 [5.709] 1.143 — — —
150 {6.100 1.159 —_— —_ —
160 {6.500 1.171 — — —
170 {6.895 1.174 —_ —_ —
180 |7.282 1.186 — —_— —
190 | 7.666 1.187 — — —
200 | 8.050 1.194 — —_ —
210 18.422 1.187 —_ —_ —
220 |8.802 1.191 — — —
230 19.158; 1.185 — — —
240 19.500 1.186 —_ — —
250 19.8421 1.178 _— — —_—

15-p.76
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CALOR ESPECIFICO DEL D.O

2
Ol [o]] (o]}
T, °K 8t 9| T.°K st S| T.°K at 3
E & £
. S P
ua' rc—‘d “a. 'c_é &.»QH
2 U 1+ U 3 8
14.81 3.652 0.243 99.32 5.340 4.005 247.69 5.671 9.785
17.56 2.189 0.403 104.57 5.051 4.254 253 .87 6.034 9,999
19.89 2.874 0.532 110.10 5.749 4.519 259.50 5.020 10.18
22.60 3.160 0.660 115.67 5.092 4.78] 264.81 5.159 10.36
25,97 3.645 0.831 121.44 6.276 4.996 270.52 5.756 10.69
29.56 3.115 1.027 127.51 5.736 5.236 276.92 Pto. de fusidn
32.98 3.114 1.194 133.17 5.313 5.428 279.46 3.561 20.17
37.07 4.685 1.376 138.40 4,932 5.634 283.9] 4.558 19.99
38.07 5.145 1.434 143.23 4.509 5.861 289.45 5.700 19.98
41.44 3.795 1.577 147.79 4.182 6.011 295.16 5.497 19.78
42.87 4.253 1.664 153,38 6.911 6.217 — —_ —
45.14 3.347 1.764 159.98 6.156- | 6.534 — — —
46.98 3.730 1.844 166.27 6.175 6.741 — —_ —_—
50.70 3.668 2.016 173.10 7.065 7.027 —_ — —
54.64 3.831 2.174 180.00 6.588 7.275 — — —
59.23 5.226 2.354 186.59 6.136 7.539 — — —
59.32 2.448 2.374 192.88 5.769 7.747 — —_— —_
62.37 3.307 2.504 199.19 5.875 8.029 —_ —_— —_
65.96 3.737 2.643 205.36 5.754 8.270 — — —_
69.77 3.773 2.813 211.45 5.934 8.456 — — —_—
73.99 4.535 2.938 217.19 5.641 8.711 — —_ —
78.61 4.612 3.179 223.11 5.401 8.894 — —_ -
83.16 4.345 3.359 229.34 5.538 S.138 — — —
87.92 4.860 3.541 | 235.39 5.681 9.324 —_ — —_—
93.51 6.211 3.776 241.57 5.594 9.519 — _ —_—
15"‘p.174
CALOR ESPECIFICO DEL AGUA
Cp(obs) Cp(calc)
T(°K) (cal/mol) (cal/mol) % error
273.15(p.£.) 18.15 17.40 -4.13
283.15 18.06 15.84 -12.3
293.15 17.99 16.61 -7.67
313.15 17.98 - 17.39 -3.28
353.15 18.06 18.94 -0.11
373.15(p-e.) 18.14 18.33 1.05
423.15 19.04 . e

6-p.1469
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CALOR ESPECIFICO DEL
C, Kcal/Kg ¢ (fase liquida)
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DZO A PRESION CONSTANTE

o~
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C. Kcal/Kg ? (fase vapor)
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150 200 . 250 300 350 400 450 510
0.998 0,995 | -0.993 0.990 0.987 0.984 0.982 0.930
0.994 0,991 0.989 0.986 0.983 0.930 0.977 0.974
0.991 0,988 0.986 (0.983 0.979 0.976 0.973 0.970
0.990 0,987 0.984 0.981 0.973 0.975 0.972 0.969
0.989 0.986 0.983 0.980 0.977 0.974 0.971 0.968
0.989 0.986 0.983 0.979 0.976 0.973 0.970 0.967
0.992 0.989 0.986 0.982 0.978 0.974 0.970 0.967
0.996 0.993 0.989 0.985 0.981 0.976 0.972 0.968
1.005 1.000 0.995 0.990 0.986 0.9381 0.976 0.971
1.02¢ 1.014 1.007 1.001 0.995 0.989 0.982 0.975
1.041 1.033 1.025 .07 1.009 1.001 0.993 0.985
1.069 1.059 1.049 1.039 1.029 1.019 1.009 1.000
1.107 1.096 1.084 1.072 1.061 1.049 1.037 1.027
1.167 1,150 1.134 1.119 1.105 1.092 1.079 1.065
1.257 1.255 1.199 1.178 1.160 1.143 1.128 1.113

340 360 380 400 420 410 460) 480 00 520 540
0.467 | 0.471 | 0.474-| 0.478 | 0.4R83 | 0.487 | 0.491 0.496 | 0.500 | 0.504 | 0.508
0.506 | 0.505 | 0.505 | 0.506 [ 0.508 | 0.5049 | 0.511 0.514 | 0.516 } 0.518 | 0.521
0.569 [ 0.555 | 0.545 | 0.538 { 0.535 1 0.533 1 0.532 | 0.533 | 0.533 | 0.534 | 0.535
0.655 | 0.519 1 0.595 | 0.578 | 0.567 | 0.500 [ 0.555 0.553 0.551 0.550 | 0,550
0.771 ] 0.703 | 0.658 | 0.628 | 0.607 | 0.592 | 0.582 | 0.576 | 0.571 0.567 | 0.566
0.903 | 0.820 { 0.743 | 0.691 | 0.657 | 0.631 ] 0.613 | 0.602 | 0.593 | 0.586 | 0.583
1.266 § 0.987 | 0.848 | 0.766 | 0.713 | 0.675 | 0,647 0.631 0.615 0.608 0.602

— 1,222 | 0.982 1 0854 [ 0.775 [ 0.721 | 0.686 | 0.664 & 0.647 | 0.632 [ 0.623

— 1.690 | 1.171 | 0.965 ] 0.849 1 0.775 | 0.731 0.701 0.677 | 0.658 | 0.645

— - 1.468 | 1,118 | 0.945 ] 0.841 | 0.782 | 0.741 0.710 | 0.686 | 0.668

—_ — 1.990 | 1.333 | 1.06R [ 0.924 | 0.841 0.785 | 0.747 | 0.717 | 0.693

— — 3.019 1 1,630 1.225 | 1,029 [ 0.910 0.837 0.785 0.748 0.719

— — 8.20 2,128 | 1418 | 1,143 | 0.4988 0,593 0.826 0.779 | 0.745

—_ — 6.41 2.003 1 1.662 7 1.272 1 1.070 { 0.951 0.868 0.811 0.771

- — 3.31 4.078 | 2.014 ] 1.416 ] 1,158 F.OI2 1 0.912 | 0.844 0.797

— — 2.51 5.458 1 2,382 | 1.594 | 1,254 1.077 | 0.953 | 0.878 | 0.824

— — — —_— 2.819 | 1.790 [ 1.358 1.145 1.007 0.914 0.852

— — — — 3.302 | 2.000 | 1.478 1.217 1.060 | 0.952 | 0.881

— — — — — 2.246 | 1.610 I.294 1161 0,993 | 0.9

— —_ — — — 2.442 1 |.748 1.379 1.175 1.035 | 0.942

— — — — — 2.632 | 1.806 1.470 1.237 1.079 0.975

— — — — —_— — 2.042 1.568 1.302 1.125 1.009

— — — — — — 2.174 1.675 1.372 1.173 1.045

-— — — — — — — I.784 1444 1.223 1.083

— — — — — — — 1.867 1.517 1.278 1.123

— — - — - — —_ — I.588 1.337 1.164
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CALOR ESPECIFICO DEL D.O

2
-
Tempera- cp.kcal/kg e
tura °C 21
10 1.009 2.5
15 1.007 N T T
20 1.006. " <
: 2 19.0
25 1.0051 1.5 Ay
30 1.0044 15.0 \
35 1.0038 17.5 \‘
] \f ¢
17.0
40 1.003, 7 20 97 60 47 100 7207
45 1.003, Calor especifico del
50 1.004, D,0.
15-p.84
15-p.78

Kcal/Kg ©

&0
&

g0

K /

T /7

92
- e
2 ‘75,0,/0/ ( o1 _’4/
Z%’kg/cnl — t e
,___r—-d)—-_""'o—-"o—_"—'""___ 4
7 Joo Jg J27 Ji0 740 750 J60 370 °c

Calor especifico del agua pesada.
15-p.9%6
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CALOR ESPECIFICO DEL DZO 99,87%

109 kg/(:rn2 150 kg/(:rnz 200 kg/cmz
t, °C ‘p, At,°C t, °C P, lat, oc t, °C ‘p. A, °C
Kcal/Kg © Kcal/Kg ¢ Kcal/Kg ¢
201.40 1.028 5.658 191.56 1.014 5.691 234.85 1.050 4.863
250.96 1.099 5.7621 251.39 1.090 5.852 || 276.68 1.136 4.604
275.33 1.164 4.7274 275.74 1.149 5.453 1 280.20 1.146 4.142
301.85 1.314 4.5201] 299.20 1.245 4.616 |} 298.16 1.206 4.434
306.73 1.359 4.340| 299.29 1.247 4.142|1 309.69 1.267 4.167
— — —_ 310.54 1.325 4.0901 315.29 1.302 3.983
— — —_ 319.68 1.413 3.946 || 320.41 1.342 4.077
—_ — —_— 324.51 1.483 3.339{ 330.54 1.446 3.910
—_ —_ —_ 332.14 1.622 3.124 11 339.05 1.593 6.303
- — — 336.96 1.843 5.453 | 340.61 1.625 3.614
—_— — — — — — 340.72 1.630 3.651
— —_— — — — — 350.30 1.954 3.088
— —_ — — — — 355.94 2.414 4.204
— - — —_ — — 359.40 3.031 1.999
225 kg/cm2 250 kg/c:mz
t, °C cr. At, °C {, °C p. Af,°C
Kcal/Kg 2 ' Kcal/Kg ¢
275.46 1.124 4.869 326.92 1.332 6.379
300.33 1.199 4.645 339.91 1.462 5.915
316.01 1.285 4,384 353.08 1.697 8.482
331.03 1.410 3.919 363.26 2.076 6.728
340.37 1.534 3.627 370.74 2.843 3.502
350.40 1.765 4.962 372.84 3.256 3.041
366.40 2.015 4.482 374.68 3.862 2.567
361.47 2.378 3.703 375.84 4.471 2,242
362.56 2.495 3.878 376.77 5.177 1.939
365.09 2.932 3.321 377.96 6.498 1.543
366.27 3.237 2.744 378.43 7.404 1.349
367.06 3.522 2.772 379.15 9.010 1.104
368.38 4.176 2.355 —_— " —_ —_
368.57 4.288 1 2.027 —_— —_ —_
369.20 4.899 2.063 — — —
369.75 5.692 1.774 —_ — —_—
369.96 6.047 1.672 —_ —_ —_

15-p.97
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CALOR ESPECIFICO DEL DZO 99,87% EN LA REGION SUPERCRITICA DE PRESION Y TEMPERATURA

295 kg/cmz 240 kg/cmz 250 kg/cmz
. p. at,°c || 1, °c ‘pr | a1, sc o P b at, °C
e kcal/kg- 2 kcal/kg. = e keal/kg.~
257.24 1.085 5.133 ] 364.31 2.326 2.400 333.30 1.385 3.864
285.07 1.147 4,862 368.77 2.965 1.977 345.38 1.637 3.581
308.18 1.238 1 4.501 [1372.26]  4.089 | 1.549 || 357.53 1.825 | 2 907
342.87 1.579 3.553 || 375.00 7.178 0.9700 {1 366.81 2.336 2.795
3567.74 2.098 3.267 376.48 14.08 0.5994 374.55 3.814 1.866
366.93 3.466 1.981 376.92 19.20 0.45051 376.30 4.792 1.466
368.76 4.460 1.524 377.25 23.01 0.3714 || 378.51 7.558 0.9158
370.41 7.034 0.9824 || 377.56 26.02 0.3320 (| 379.81 11.35 0.6032
371.23 | 10.94 0.6310{ 377.71|  26.44 0.3244 || 380.72 14.83 0.4582
372.10 67.44 0.0968 || 377.90 20.38 0.3275|| 381.07 15.81 0.4356
372.67 45.55 0.1512 378.20 23.38 0.3067 || 381.44 16.08 0.4280
374.23 10.33 0.7080 1} 378.58 19.88 0.4330] 381.63 16.06 0.4356
374.48 9.606 0.75104] 378.96 15.84 0.5430| 382.15 15.01 0.4685
3771.77 4,931 1.5006 380,72 9.025 0.9542 {1 382.62 13.48 0.5437
378.11 4.737 1.557 384.04 5.153 1.676 383.58 10.68 0.7016
380.10 3.878 1.937 386.55 4.054 2.142 385.34 7.392 1.047
382,13 3.318 2.180 || 391.94 2.911 2.650 387.93 5.105 1.535
387.70 2.504 2.963 398.88 2.212 3.654 390.85 3.996 2.012
392.28 2.130 3.627 409.63 1.712 4,930 347.81 2.705 3.034
401.00 1.717 4,407 — — - 407.03 2.010 3.354
412.67 1.417 4.300 — —_ — 417.90 1.603 4.298
424.78 1.214 4,825 —_ — — 431.97 1.314 5.461
435.8+4 1.002 5.821 — — —_ 442.86 1.176 6.040
454.6% 0.966 6.996 — —_ — 452.76 1.088 5.823
260 kg/cm? 275 kg/cm2 309 kg/cm’
. ‘p. o t,° ‘p. YA . €p. o .
f.5c kcal/kg- ° a.mc ¢ kcal/kg-* f.oc e kcal/kg- = o re
361.42 1.870 0.7521 | 328.99 1.303 3.097 332.89 1.310 4.170
365.52 '2.076 2.874 350.17 1.539 2.614 332.90 1.311 4.18]
371.73 2.613 3.846 365.02 1.896 2.700 344.73 1.408 3.888
373.97 2.954 3.354 371.83 2.205 2.770 361.85 1.663 3.292
376.51 3.487 2.898 376.64 2.730 2.256 372.98 2.009 2.717
378.20 4.151 2.452 380.87 3.538 1.754 375.76 2,136 3.053
379.79 5.132 2.010 | 384.70 5.082 1.252 381.75 2.568 2.529
381.68 7.238 1.511 387.31 7.105 1.217 386.45 3.170 2.328
382.68 8.933 1.218 388.16 7.824 1.123 391.10 4.245 1.714
383.68 10.87 1.019 389.14 8.360 1.049 393.10 4 836 1.502
384 .35 11.74 0.9403 || 389.65 8.539 0.9643 | 395.06 5.413 1.340
384.72 11.89 0.9226 || 390.11 8.558 1.039 396.18 5.695 1.263
385.22 11.88 0.92691) 390.66 8.460 1.056 397.30 5.892 1.243
385.79 11.48 0.9508 |1 391.43 8.197 1.097 398.23 5.935 1.232
386.47 10.60 1.029 392 .51 7.679 1.174 399.46 5.841 1.245
387.65 8.771 1.248 [} 394.88 6.058 1,505 400.44 5.712 1.272
388.88 7.305 1.501 396,28 5.333 1.572 401.58 5.485 1.331
391.56 5.312 2 155 || 401.69 3.640 2.519 j| 403.94 4.883 {.507
394.99 3.997 2.364 || 406.93 2.830 3.293 || 407.16 4,122 1.792
403.56 2.587 3.701 413.37 2.276 3.306 411.53 3.354 2.218
412.07 1.985 4.897 || 422.20 1.835 4.122 421.68 2.362 3.228
427.70 1.478 5.114 431.57 1.555 3.886 431.12 1.888 2.975
— — R 441.91 1.362 4.537 443.49 1.545 3.671
— — — 452.68 1.219 5.058 452.45 £.370 4.093

15-p.

98
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CALOR ESPECIFICO DEL DZO

Cp= calor especifico kJ/kg°K

Tend.
o c 1 2 3 4 5 £ 7 s 3
5,251 L, zhh L3k
10 L.239 L, 220 b zou h.zeT
23 L.221 RO L2100 4,50
50 L,28 L,o0s L.200 4.25G
Lo L8 Loae bz Boigy
50 L.age X185 13y 4,185 L k183
€0 5,183 4,373 . 179 b, 178 L 90 hrird
) L,176 §,173 i 1je IS 4§ 1,370
o] L 170 S T L, 156 b 145 Ik L,165
Ga h,16h L.1ED 4,152 L.181 b b, 2E0
100 159 L,ise b, 157 L,157 L 15y
¢ L1957 L.1%6 1,355 L, 135 4,196
126 L.1i55 4157 ,153 k158 L, 228
130 L,isg L.380 I,16% 4,18k L1535
140 k,167 h,16 Loih L, 176 Loi7v
150 L.180 L8 L,153 L.105
1£0 L. 2co L. 20% L.21 L, 222
17¢ L 222 L2 b, 252 4,850
150 h,284 272 L, 2353 b, 200
130 4,310 B5EC 4,348 4,354
200 iy 256 L. 372 4.378 L,255 [OANY 4,233 L,y11 4.kiZ
210 b 432 b 4i0 Y, 1455 L 4Gz 4970 L.LSs L,L53
220 k. 515 L.518 b, 526 4,535 &, sl b, 552 k. s70 L 5is
230 L.593 W deri 4,676 i, 626 L.&25 b, 645 L €85 4.57%
240 I 696 L,705 4,716 i, 727 i, 738 L3 k.77C b,731
250 L,803 L. 81k L ,826 L.837 L 545 L. 882 4,685 L.535
260 b,917 4,923 L. 940 L. o52 L,o5h k,o76 h.989 5.C01 5.0k
270 5.040 o 5.058 5.0521 5.0%5 5.11C 5.125 5.140 5,156
280 5.167 5.203 5.220 5.237 5.25% 5,272 5.230 5430 5.327
290 5.366 5.387 5.4C7 5.425 5.450 5.k72 5.Lsh 5.5% 5.551
360G 5.59C 5.£15 5. 642 5,869 5.69% 5.72% 5.75% 5.783 5.1l
3 5.578 5.911 7.94%5 5.532 6.0x7 6,055 6,04 6.13% 5,176
320 6.253 6,309 5,357 5,405 6.437 £.510 5.566 6.622 6.€82
330 6.809 6.877 6,248 7.022 7,10 7.181 7.286 7.356 7.451
340 T7.656 7.788 7.866 B.oc12 8.1h5 8.259 8.Lu7 8.604 8.785
350 9.183 9.L10 9,655 9.929 10.23 1C.53 10.92 11.35 11.82 12.355
360 12,94 13.62 1k.ko 15.31 15.k0 17.74 1547 21.80 25.19 30,65

12-p.35
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CALOR ESPECIFICO DEL D.O

2
Tempera- C_, Tempera- cp,
tura °C Kcal/Kg | tura °C . Kcal/Kg
11.97 1.0094 31.92 1.0044
13.88 1.0079 32.01 1.0041
14.66 1.0079 33.83 1.0038
14.78 1.0074 33.92 1.0042
16.72 1.0075 35.86 1.0041
18.76 1.0066 37.63 1.0042
19.56 1.0062 37.66 1.0036
19.75 1.0061 38.82 1.0038
19.86 1.0064 41.00 1.0033
21.53 1.0053 41.24 1.0034
21.75 1.0061 42.06 1.0037
21.75 1.0056 42.35 1.0031
23.56 1.0059 43,78 1.0035
24.69 l.OOS1 ' 47 .84 1.0042
25.53 1.005O 52.65 1.0049
30.03 1.0043 ----------
15-p.78
kcal/kg
Cp
1.009 o - Agua natural
Lot - DO
1.007
1.008
1.005
1.00%
1.003 +
1002 P
o} N
1000}
0933 ?
T A TR

Calor especifico del agua natural y D0

15-p.77
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CALOR ESPECIFIQO DEL AGUA PESADA

Cp(obs) Cp(calc)

T(°K) (cal/mol) (cal/mol) % error
276.98(p.f.) 20.40 18.22 10.7
293.15 20.20 16.64 17.6
313.15 20.06 17.74 11.6
333.15 19.94 18.16 8.93
353,15 19.84 18.50 6.75
374.57(p.e.) 19.79 18.85 4.75
423.15 19.71

6-p.1470

COMPARACION DE VALORES DE CALOR ESPECIFICO

OBTENIDO POR VARIOS AUTORES

uc uep,, cal/mol ¢
T°C Autores cal/mol? | de acuerdo a Eucken y Eigen
0 Jacobs 21.2 20.4 (extrapolado)
0-18 | Clusius y Bartholome 18.18 20.3
4-26 | Brown, Barnes y Maass 20.4 20.3
26-45 " 20.1 20.1
4-65 " 20.2 20.1
10 Long y Kemp 20.0 20.3 (extrapolado)
30 " 19.6 20.12
15 Cockett y Ferguson 20.18 20.26
40 " 20.10 20.05
50 " 20.11 19.99

.83
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CALOR ESPECIFICO A PRESION CONSTANTE DEL AGUA Y DEI VAPOR

.

¢p, Biu/tbin X 1°

Temp.
o

|
o Teng:.
¥ | i °F
Presién H 4 [ 8 10 15 20 30 0 60 &n 00 Presibn i
Agua Sat. | 0. LO%G 1932 1.003 1604 1,007 1.010 1001 1019 1.02¢ i.033  i.039 Agua Sat.
Vapor Sat. ) 0441 0265 0471 0473 0,485 04463 U505 0521 0513 U.a6i 0.5%2  Vapor Sat.

1300 0.533 059 1300
1480 0 14359
1160 14653

1440
1420

1100
1380
1400
1340
1420

e e e e O
1O e

5
B
.5
3
3

]
0
0
G
0
0
o]
0
o]
[
1300 0 C.312  0.542 0. 0.3
1280 4] 0.520 0541 0. o
1260 0 L3N 0034 0. G.5
1240 [ 7 0.537 Q. o]
1220 0.5° 33 0.335 Q. U..
1200 0 N.533  0.533 0. Q. 0. .
1180 0 ! 20532 0 .57 0 .
1160 0 ( C.530 0 ¢ [¢] V.
1140 0 ¢ 0.528 0. 0. ) Q.
1120 0 0 0.529  G. 0.5: 0. 0.
1100 0. f 0. 0.5 G. Q.3 525 0.1 0.
1050 0 Q 0. 4] 0. [\ 5324 0 0.
1080 [ [ Q. 0. 0. ¢ 2 o] 0.
1010 Q Q.5 6. 0. 0.5 0. C. 0 Q. 0.
1620 0 0587 0. 0. Q.. J. 0. 8 0. C.3
1000- 0.515 315 0.515 0.515 0. 0. 0.515  0.516 6,517 U519 0.
920 0.513 513 0.213 0513 0. Q.: 05314 0.514 515 0.317 0.5
960 0.511 o1l 0.511 0512 §. 0. 0.312 0513 313 0.515 0.5
940 0.509 .03 0.510 G.510 0. 0 0.310 Q.51 a1 0.514 0.
920 0.507 L5035 0.503  0.5¢8 0.5 G.. 0505 0.509 0.510 Q.512 0.
G o n A0S n.: n.: 0.0
IS4 0 0.504 0.3 L u.
A00 0 8503 it ¢ o
Si0 ¢ 0.501 ¢ (1R Q.
8§20 O, U430 0.+ 0. Q.
£00 0.4 2403 0308 ot n,
780 0. [s NIV . .
T60 Q. D.adf 4 2.
740 [LN 403 1 3.
720 0.4 thal 0 a.
700 0438 0. 0. <0 0.
630 0,438 1] Q. 33 0.1
6u0 0.435 9. 0. B .
610 0.153 g 0. S 0
620 0.131 0. 0.- S3 0.
€600 0.4%0 0. 0. 452 0.
580 0.475 0. 0. 481 0.4
550 0.477 0. Q. 7 0.
&40 0.475 0. 0. 478 0.
520 0474 0. 0. 7 Q.-
300 0. 0 a. 0. C478 0 €.308
480 0. R 1) D3 Q.77 R .51l
450 .- g, 1R 0 0.1 o,
410 0. 0. . O3 DTG G
420 0. 0. U. [ 0476 0.2
400 0. 0467 U452 0. 0. 0.476 0.
380 0. 0466  0.4u3 0.4¢ Q. 0.477 0.
360 0. Q.o 0.7 0. 0.4 G477 0.
340 0. C.453 Q167 Q.46 0. 0.178 0.
320 0. 0.t64 0467 0.409 0. 0.430 0.
300 . 0. 0.464 0.1L6  0.459 0.475 0.
280 . 0. 0.0t 0,267 0.463 0477 0.4
250 0.4 0. 0,481 (.37 0.470 0.473 0.
210 0.436 0.4 0.4¢1 - 0,468 0471 0431 0.4
220 0.455 0. C.i6+ 0.1635 0.173 0.1t 1L
200 0.434 9 0.465 0470 0.473 L0051 .
180 Q.45t .0 .00 1003 1 I .
160 451 0,453 R Lot a1 T .
140 A31 0,473 L LOOD ) 0. £
120 0.150 C.432 0.9y 0. 0.609 3 0. 0.4
100 0.698 0,998 0.908 0.99 0 0. 0.993 100
80 0.008 3.008 0998 0.993 0 0. 0.963 S0
50 1.000 L0000 1.000 t.000 L. L. 0.¢29 60
40 1.004  1.CO4  Lods 1.0 L. 1. .00 10
32 1.007  1.007 1.7 1007 L 1. 1.6V 32
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!

|

. .- -
Continuacidn
Tenp. | ¢p, Btu/Tom K F - Temp.
oF o
Presién | ! 150 200 300 400  #00  SON 1000 1500 2000 3050 1900 5090 S000 10000 150G Presin
Agua §“t- | LO5tE LOGT 1.003 1.1i8 1188 1.224 1.256 1.402 1.841 7.64¢ -— —_— — _— Agna Sat,
Vapor Sut. | 0.624 Omcl 0.729 0.732 0.0:5 1.0:0 L.i91 L6AT 2357 1406 — — — — - Vapor Sat.
1569 562 0. 0.501 0.868 1300
1480 561 0. 0.6501 0.87% 1430
1400 239 0. 0.601 0.88% 1400
1440 357 0. 0.6080 300 1440
1420 536 Q. 0.600 0.909 1420
1400 34 0.3 0.A00 1100
1350 3 0. [V} 1380
1350 31 0. 0 1350
1340 9 0. 4] 1340
1320 5 0. 0 1320
1309 6 C.518 0.530 (€.552 ; 0.3 1300
1289 5 G.318 0.540  0.332 [ 0.8 1250
1259 3 0.5+t 6517 0350 v 0.0 1260
1240 41 0.5i3 0.346 0.549 0. 2.9 1240
1220 0 0.541 0.344 0.548 0. 0.9 1220
1200 38 0.54 0.543 0.516 3 C.8¢ 1.0 1200
1150 36 0.233 0.511 0.34 2 0. 1.0:35 1150
1160 353 0. 0.54C  0.54% 1 0. 1.07 1160
1140 3 0.4 0.539 0.542 0 0, 1. 1130
1120 I 0. 0.337  0.5:41 3 0.862 0. 1. 1120
1100 0 0. 0.: 0.510 3 0.668 0. 1.220 1100
1080 5 0. 0. 0.538 7 0.675 0. 1,210 1090
1060 7 Q. 0.557 5 0.683 0. 1.280 1080
1010 3 0. 0.33% 5 0.5895 0. 1.282 1040
1020 3 0.: 0.535 45 9.707 0. 1.208 1020
1000 4 531 1 633 0.721 Q. 1.306 1000
950 3 533 4 640 0.737 0. 1.312 980
960 1 552 3 S48 0736 Q. 1310 963
940 Q 531 3 B58  0.778 Q. 1.299 910
920 9 .531 1 669 0.803 O 1.281 920
900 8 683 0. onn
830 [ . . 830
30 3 569
810 1 840
820 + S20
800 3 800
7»0 3 780
760 2 760
T4 2 7N
720 2 720
700 3 0.8¢ 125 1.08¢ 70
650 + 0. 1.217 107 83
660 5 1.1 1.137 107 660
640 7 1.13: 1.137  1.0x0 640
620 9 1.3 1.135 105 $20
600 382 1386 1.433 1118 1032 600
530 538 503 1.351 L102 1.036 580
560 611 1.309 1.281 1.087 1.039 250
540 .630 1.249  1.229 1.07% 1.031 540
520 633 1.20t 1.189 1.062 1.02¢ 320
500 0.530 0.150 1162 1157 1137 i.120 1.051  n17 500
480 0.337 0711 L1140 1131 1115 1101 1.041 1010 139
460 0.545 .0.573 0.755 LT L1100 1.09n 1.3t 1.033  1.00t 150
140 0.555  0.3u¢ 1.114 Ldud 1092 1.08) 1070 1.025 0599 410
420 0.568 0.61t LAy 1.0S1 1075 L0467 1L.038 1.218 0.49: 420
400 0.583 0.A337 1.070 1978 61074 .0t 1.055 1.047 1. EDN]
350 0.601 1.066 1083 1.663 3 101 .0 1.044 1038 1. 380
360 0.622 105t 1.085% 1.053 032 1Luou £ 1.035 L0300 1. 360
340 1.0t5 1044+ 1.044 1.043 1.042 1.040 .0 1.028 1.022 0. 310
320 1.036 1.035 1.035 1.034 1.033 1.032 .0 1.021 1.016 0. 320
300 1.028 1.028 1.028 1.027 1.026 1.025 .0z 1.015 1.010 1.00¢ X 0. 300
250 1.022 1.022 1.021 1021 1.020 1.019 0 1.009 005 0.998 0091 0. 280
260 1.016 1015 1.016 1.015 1.014 1.013 0 1.005 0.9u4 0.485 0, 260
240 1.012 1.011 1.01t 1011 1.010 1.609 . 1.G601t 0.891 0085 i) 210
220 1.003 1.008 "LOUT 1.007 1.006 1.n05 0.998 0488 .0.882 0. 220
200 1203 1.004 1.00% 1.00t 1.003 1.202 1.002 1.€00 0.508 0.903 0.985 0.080 0.4 200
189 1002 1.092 1.002 1001 1.0in 3 0.998  .996 RN 0.933% D478 0. 180
160 1.000 1000 1.000 0.999 0,009 70898 0t aQ Q931 G.OT6 0. 1650
14 0.999 00990 QUua  GOGS 0,097 0.997  0.505 Q.99 0.992 0.480 0074 0. 140
120 0.908 0.u98 0.997 0.097 0495 0.996 0995 0.403  0.991 0478 072 O, 120
100 0907 0.097 0.007 0496 0.906 0.995 0.991 0,402 0.000 0.9%6 0.083 Q.76 0.970 0. 100
80 0908 0.067 0.097 0NL0G 0.007 0.991 0061 DUl 0839 0.935 N.OS1 0.674 0.068 0.94 80
60 0.400  0.699 0.0903 0907 0.006 0,995 0.904 0.991 0081 0.951 0.670 0.963 0.93¢6 60
40 1.003 1.003 1.002 1001 1000 0.068- 0.997 0.603 0.080 0.0K3 o653 0031 C.UL 40
32 LODE  LOUS 1005 1004 1002 1000 0.509 G.O3¢ 0.030 0.083 0.062  0.949 04937 32

14-p. E18 y E19
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COEFICIENTE DE COMPRENSIBILIDAD
ISOTERMICA X PARA D,0 100%

2

T (°K)

X . 10° (atm.” D)

283
293
313
333
353
373

+

4,86
4,65
4,44
4,44
4,59
4,86

13-p.33

COEFICIENTE DE TERMODIFUSION EN EL SISTT%M.DZO Y H

0

1
D = 7.10°5 £ 3.10°5 temp.”]

13-p. 30

COEFICIENTE DE DIFUSION DEL HZO MEDIDO POR EL DEUTERIO
D x 10° ( en cm?/seg)

55,0 + 0,15

T °C Método del capilar Método del diafragma
0,0 + 0,1 1,00 + 0,011
5,2+ 0,1 1,23 + 0,017 1,29
16,1 + 0,05 1,65 + 0,035
17,5 1,77
25,00+ 0,01 2,14 + 0,032 2,12
35,00+ 0,02 2,76 + 0,037 2,75
45,0 + 0,05 3,45 + 0,024 3,52
4,12 + 0,074 4,39

13-p.27
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COEFICIENTE DE DIFUSION DEL HIELO

D= 1,0'10 cm? seg'1

13-p.27

0

DIFUSION DEL Hp'60, H2‘80 EN H,

D x 105 (en cm?/seg)

T °C Hp' o H, "0
1,11 1,44 + 0,097
4,9 1,55 + 062
5,0
10,0 1,57 + 0,04 1,90 + 04
15,0
18,0 2,06 + ,05 2,35 + ,16
25,0 2,34 + 08 2,66 + 12
35,0 3,49 + 15
45,0 3,87 + ,07 4,38 + 11
55,0 4,95 + 08 5,45 + 30
13-p.28

COEFICIENTE DE DIFUSION DEL H.,0 MEDIDO POR EL 180

2
T °C D x 10° ( en an/seg)

1,11 + 0,09 1,52 + 0,07
4,9 + 10 1,71 + ,027
10,0 + ,04 2,01 + ,09
18,0 + ,03 2,51 + ,20
25,0 + ,01 3,01 + 22
35,0 + ,01 3,87 + ,052
45,0 + ,02 4,68 + 12
55,0 + ,03 5,83 + 30

13-p.28
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226 2’259
22 .4

?étzznz

> 220

Q11.3
1.1 E-7°
10.9

0 002004 005003010012 0.14 0.15

Fraccidn molar del D,0

Variacidn del coeficiente de difusidn
con la fraccidn molar del D.O.

2
13-p.29

| ] i {

0 20 40 &0 80 100
17249 en %e
Referencia: 000000000180
————— D
Coeficiente de difusién' de las mezclas D,0 Y H,0,

medido por el 18g y D.
13-p.29
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COEFICIENTE DE DIFUSION DEL HZO’ MEDIDO POR EL HDO

D x 16° (cm2 seg.—1

11,28 a 1°C
22,61 a 25°C

)

13-p.28

COEFICIENIE DE DIFUSION DE MEZCLAS DE DZO Y H,0 MEDIDO POR EL DEUTERIO

D= 2,26 a 2,32 x 10-5> em? seg™! para T = 25,0 °C + 0,4 °C
13-p.29

COEFICIENTE DE DIFUSION MUTUO ENTRE HZO Y DZO %

1,295(1 - 0,2390 N + 0,0375 N2) + 0,001
a 25°C 10° D 2,272(1 - 0,1963 N + 0,0335 N2) + 0,003
a 45°C 105 D 3,532(1 - 0,1666 N + 0,0236 N2) + 0,003

N = Fraccidén molar de DZO en la mezcla

a 5°C 10° D

it
1+ 1+

it

D en cm?/seg.

13-p.30 '

O0Y H,0 VAPOR EN EL AIRE

COEFICIENTE DE DIFUSION DEL D, 7

Gas T (°C) Dy,°(am? seg™1)

H,0 - air 24,8 0,257

D0 - air 24,8 0,247

DO - air 40,0 0,227

D0 - air 45,0 0,288

DO - air 60,0 0,314

(D12 = coeficiente de difusibén corregido a 760 mm.)

13-p.30



COEFICIENTE DE
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DILATACION CUBICA DEL D,0

2

13-p.34

Ol

10

4

i

23,84 para H,0,

22,82 para D

2

0 99,85

EXPANSION TERMICA DEL AGUA PESADA
ENTRE 10 y 13 °C

2 ~8dp - 108

Rango de %

temperat. | s ‘ \ Promed.

|

10.0—10.2 {17.8| —3.5 | —3.5 —3.5
10.2—10.4 {18.4|—3.1 |—3.3 | —3.2
10.4—10.6 [19.1}| —2.3 | —2.4 —2.4
10.6—10.8 [19.5|{ —1.8 |—1.6 | —1.7
10.8—11.0 {20.1{—1.1 {—0.9 —1.0
11.0—11.1]10.31—0.201—0.25( —0.23
11.1—11.2°110.4}—0.15| —0.11| —0.13
11.2—11.3 (10.4} —0.03| —0.07| —0.05
11.3—11.4 {10.61+40.18| 4+0.16{ +40.17
11.4—11.5 {10.8] 4+0.36| +0.41| +0.38
11.5—11.6 110.9| 4+0.51 | +0.46{ -+0.49
11.6—11.7 110.9] 4+0.67{ +0.64}| -+0.65
11.7—11.8 [11.2}+0.81}+40.88} +0.85
11.8—11.9 {11.2{+1.01 [ 4+1.07] +1.04
11.9—12.0 {11.4|+1.25;41.21] 41.23
12.0—12.2 |23.1]+2.8 |+2.9 | +2.9
12.2—12.4 {23.6|+3.4 | 43.2 +3.3
12.4—12.6 |24.2| +4.1 |+3.9 | +4.0
12.6—12.8 |24.7| +4.8 | -+4.5 +4.6
12.8—13.0 | 25.1 | +5.2 |+5.0 | +5.1

15-p. 30




32

EXPANSION TERMICA DEL AGUA PESADA ENTRE 13 Y 27 °C

AN

Rango de | —ady o108 240,010
temp. ) 1 2 3 4 Promedio
13.0—13.5 64.9 17.0 16.8 17.6 17.6 17.3
13.5—14.0 67.9 20.6 20.4 21.3 21.0 20.8
14.0—14.5 70.9 24.9 24.2 25. 1 24.8 24.7
14.5—15.0 73.8 29.1 28.8 29.0 30.2 29.3
15.0—15.5 76.8 32.7 33.0 33.2 31.2 32.5
15.5—16.0 79.6 37.0 37.3 35.7 35.3 36.3
16.0—16.5 82.5 40.0 39.0 39.5 39.5 39.5
16.5—17.0 85.4 43.8 42, 43.1 43.3 43.1
17.0~—17.5 88. 1 46.7 46.6 46.5 46.8 46.6
17.5—18.0 90.9 49.0 50.4 49. 1 50. 1 49.7
18.0—18.5 93.7 54.9 55.0 52.7 52.7 53.8
18.5—19.0 96.4 57.4 56.5 56.6 55.9 56.6
19.0—19.5 99.0 59.8 60. 1 60.4 60.2 60. 1
19.5—20.0 |  101.8 63.6 63.6 64. 1 62.6 63.5
20.0—20.5 | 104.3 68.7 68.3 67.1 65.6 67.4
20.5—21.0 |  107.0 70.2 70.1 69.9 71.5 70.4
21.0—21.5 | 109.6 73.5 73.8 73.5 72.5 73.3
21.5—-22.0 | 112.1 74.7 76.3 77.7 76.7 76.4
22.0—22.5 | 114.7 80.7 79.3 79.7 78.7 79.6
22.5—-23.0 | 117.2 82.3 83.0 82.4 83.6 82.8
23.0—23.5 | 119.7 86.0 86.9 86.7 84.6 86.1
23.5—-24.0 | 122.1 86.3 90.1 89.3 88.4 83.4
24.0—24.5 | 124.6 91.8 9].2 92.2 92.6 92.0
94.5—25.0 |  127.1 96.7 95.8 94.7 95.5 95.7
95.0—25.5 | 129.4 97.5 99.0 97.9 96.3 97.7
25.5—26.0 | 131.7 101.2 101.8 101.5 101.8 101.6
26.0—26.5 | 134.2 104.4 104.7 103.7 . 104.5 104.3
26.5—27.0 | 136.5 105.5 106.9 107.9 105.1 106.4
IAd-10° 2861.9 1796.0 1801.0 1798, 1 1788.6 1795.9
15-p, 31

COEFICIENTE PIEZO OPTICO ADIABATICO.

D,0 99,8% : 10,51 . 107 por atm.
H,0 : 14,66 . 1070

13-p.9%
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100

90

80 b/ H,0

0,0

n70
¢ /
—
= \
]
3 \ /|
—
P 60
=
S
n 50 H,0 + 0,05 2HDO —
o Kasoc = 3.26
i
(e}
=
o\°40 \

30 /i N

HDO
20 / A i
o .
(¢] 10 20 30 70 80 30 100

40 50 60 .
$moles de deuterio

Concentraciones de equilibrio del HZO’ HDO y D,0 en
funcién de la concentracién total de deuterio en agua
3-p.128
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5,0
o
2
o W45 e
0N
LE; g5;0 'r/ ./
3 ,//L//’/> "
«
9]
— 145 M 4
q. 4
[an]
B /v /
e /
130
10 20 30 40 59 60
Conductividad térmica del DZO' t°C
13-p.17
CONDUCTIVIDAD TERMICA DEL AGUA PESADA
A
D,0
o A ) -
t, °C D50/ H,0 cal kcal
cm .seg® m . hr.®
10 0,973 13,66.10°% 0,492
20 0,973 14,06.10"4 0,506
30 0,973 14,35.1074 0,517
40 0,973 14,62.1074 0,526
50 0,973 14,87.10°4 0,535
60 0,973 15,10.1074 0,544

15-p.123
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RELACION DE CONDUCTIVIDADES

36

TERMICAS DEL D,O Y H.,0

y 2
Xp o
T (°C) 2
K
H,0
0 0,987
10 0,984
20 0.9806
30 0.9774
40 0,974
50 0,971
60 0.9676
70 0.9645
80 0,9613
90 0,958
100 0,955
13-p.18

|

t

1

1

I

!

0 50

100

150

200

250

300

Conductividad témica del DZO a la presidn de saturacién.

13-p.19
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CONDUCTIVIDADES TERMICAS DEL H,0 Y D,0 ( en joul.cm.cm 2. seg™l. ec-1

T(°C) 0 20 40 60 80

H,0 0,00561  0,00604 0,00632 0,00657  0,00673

D,0 0,00554 0,00579 0,00600 0,00620 0,00641

13-p.19

~3 '
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ﬂ
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Conductividad térmica

&

R

{ I l

] 20 40 60 80
t°C

Conductividad térmica del DZO y HZO

(en joules cm. an"? , seg™! . °C-1 x 104)

Ref. D,0 a 99,95 5.
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CONDUCTIVIDAD TERMICA DEL D,O Y H,0

O Y H,
T (°F) kozo k,120
105, 3 0, 345 0,374
142, 9 0,351 0, 382
160, 9 0, 355 0,387
178, 9 0, 360 0,390
201, 0 0, 368 0,394
217,0 0, 371 0,395
235, 0 0, 374 0,396
255, 9 0, 374 0,396
271, 2 0, 374 0,396
298, 9 0, 374 0,396
306, 0 0, 375 0,395
325, 9 0, 372 0,393
339, 3 _ 0,371 0,392

13-p.20

VALORES MEDIOS DE LA CONDUCTIVIDAD TERMICA DEL DZO A LA PRESION DE SATURACION (kcal m-1 h-1 °C-1)

T (°C) A T (°C) A T (°C) A T (°C) A
10 | 0,492 110 0,548 210 0,503 310 0, 382
20 0,501 120 0,547 220 0, 493 320 0, 365
30 0,510 130 0, 545 230 0, 483 330 0, 346
40 0,518 140 0, 543 240 0,472 340 0,325
50 0, 525 150 0, 540 250 0,451 350 0, 300
J 60 0,532 160 0,536 260 0, 449 360 0, 265
70 0,538 170 0,530 270 0,437
80 0,543 180 0,524 280 0, 424
90 0, 546 190 0,518 290 0,411
100 0,548 200 0,511 300 0,397

13-p.21



086

do3

%3

005

09¢

0c¢

1z d-¢1
"0%d £ 0% ToP ®OTUI9I PEPTATIONPUO)

081 01l 001 09

050

2570

750

9¢0

(e}
O
[y

(e
-t
(am)

Al

do ,3F "IY/°0°L°g BDTUI) PEPTATIONPUC)



CONDUCTIVIDAD TERMICA DEL D

40

2

VAPOR SATURADO

O EN EQUILIBRIO CON

Difer. |Difer.
de temp.ide temp.
en las |en la X,
p.  paredes |capa de]l Q. Keal -
ka/cm? DZO Kcal/h mh. 2 £.°C
at, °C XY,
N,0, °C
:
1 1.16 7.87 0.8282 0.506 25.3
1 0.84 5.61 0.5909 0.507 25.5
1 0.86 5.84 0.6155 0.507 25.6
1 0.83 5.62 0.5930 0.507 26.0
1 0.86 52.76 0.6117 0.511 28.1
I 0.88 5.90 0.6281 0.512 28.8
1 1.17 7.87 0.8365 0.511 29.6
1 0.85 5.68 0.6032 0.511 29.8
1 1.19 7.92 0.8461 0.514 32.9
1 1.19 7.94 0.8470 0.513 34.3
| 1.20 7.92 0.8772 0.533 64.1
15 1.03 6.62 0.7510 0.546 85.9
13 1.38 . 8.94 1.0104 0.544 88.2
15 1.25 8.16 0.9269 0.546 118.7
17 1.26 8.50 0.9522 0.539 149.1
33 1.26 8.92 0.9732 0.524 183.7
33 1.26 9.25 0.9312 0.509 204.0
33 0.79 6.13 0.6258 0.490 220.4
33 1.24 9.62 0.9335 0.491 221.8
37 0.79 6.61 0.6364 0.463 243.6
37 0.94 7.88 0.7537 0.460 246.9
71 0.51 1.55 0.4187 0. 441 264.4
67 0.52 4,83 0.4290 0.427 279.1
75 0.52 4.87 0.4277 0.422 286.4
114 0.54 5.32 0.4463 | 0.399 299.3
129 0.51 5.36 0.4343 0.385 310.3
137 0.44 5.04° 0.3734 0.355 325.3
207 0.27 3.40 0.2393 0.319 | 344.3
203 0.11 1.52 0.0950 0.282 ] 355.2

15-p. 128
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kea'/m-hre
055

0.50 \

a4s D,

740 -

\
\
\

0.25 £
; 50 00 750200 257 am 357 %

Conductividad témmica del DZO
15-p.128

03¢

COEFICIENTE DE PRESION (a) DE LA CONDUCTIVIDAD TERMICA DEL D.0.
1 23k
a =i G5
x 10 10
o a 1 . a x
T(°C) (atm™ ") T(*C) (atm )
80 0.77 180 1.22
100 0. 84 200 1.35
120 0, 92 220 1.49
140 1.01 240 1.65
160 1.11 260 1.84

13-p.23
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VALORES MEDIOS DE LA CONDUCTIVIDAD TERMICA DEL D,0 (10™% cal an’' °c™! sep™)

Presién Temperatura °C
{atm.)
80 100 120 140 160 180 200 220 240 260
100 15,352 15,686 15,60 15,43 15,20 14, 91 14, 33 14,09 13,53 12, 91
200 15,64 15,79 15,74 15,59 13, 36 15,09 14,73 14,29 13,75 13,15
300 15,176 15,93 15,39 15,74 15,53 15,27 14, 92 14, 50 13, 97 13,38
400 15, 87 16,06 16, 03 13,90 13,70 15,45 15,11 14,71 14,19 13,61
500 15,99 16,20 16,17 16, 05 13, 86 15,63 15,31 14,91 14,41 13,85
13-p.22
i
1074 cal/cm. °C. seg
19 LN L A L LA I St B MO L A Lt R M B B L B sy O
r 1]
18 - ]
- 11
C 71
F i
: il
6= 7 i
C 41
- 11
g5 7
g L 1
s [ _5
o N B
,g ﬂi:j ':l
R ul
e 1792 1o,
E 13 ;‘ . 97 —i
ll,_'-lix"1'11'1’4'111’111L111’111" 'lll"lLLlLll‘[ll‘!lll[141~
0 100 200 .. 300
Conductividad térmica del D0. ve
13-p.23
RELACION DE CONDUCTIVIDADES KHZO / KDZO
Presidn Temperatura o)
i
atm 80 100 120 140 160 180 200 220 240 260 ;
|
100 1,0453 | 1,0522 | 1,0811 | i,0727 | 1,0839}1,0936 | 1,1047 | 1,1121 } 1,1230] 1,1315
200 1,0463 1,0520 1,0621 {1,0727 | 1,0830}1,0917 1} 1,1015§1,1116 | 1,1253} 1,1325 %
300 1,0450 1,05138 1,0631 }1,0728 {1,0832{1,0915]1,1040 {1,1149 ) 1,1275] 11,1356 i
<00 1,0482 1,0516 1,0640 | 1,0746 | 1,0848 | 1,08501 11,1064 j1,1162 1,1297 11,1386 {
'
Valores 1,0462 | 1,0519 | 1,0626 |1,0732 {1,0839 | 1,0929 } 1,1041 | 1,1137 |1,1264 |1,1345
medios
Diferencias | 0,0012 | 0,0002 | 0,0011 |0,0008 |0,0006 | 0,0014 {0,0018 |{0,0019 |0,0025 |0, 0028

13-p.23
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CONDUCTIVIDAD TERMICA DEL DZO

Y

o~ v

E B2

0 @

+ . "UO!

. : o S8 | 8w

t, °C | p,atm %’) . o I
D < S8 199

= oo £ o cLé ] 8

= > Ze | >

@ ot B 0w

v Fas]

75.7 1 294 |15.73| 0.5663 5 0.031
75.8 24 115.31! 0.5512 7 0.036
82.5 97 [15.65] 0.5634 6 0.056
82.5 195 |15.74| 0.5666 5 0.045
82.5 294 [15.84| 0.5702 6 0.054
85.6 24 115.48] 0.5573 6 0.049
112.1 97 115.66) 0.5638 5 0.024
112.2 24 115.42] 0.5551 5 0.040
112.2 195 [ 15.69| 0.5648 6 0.029
112.2 { 294 [15.79] 0.5684 7 0.063
118.4 97 115.58] 0.5609 7 0.038
118.4 195 [ 15.68] 0.5645 5 0.025
118.4 294 115.83| 0.5699 6 0.057
118.5 24 [15.48| 0.5573 9 0.072
137.4 24 |15.42| 0:5551 6 0.086
137 .4 294 {15.81| 0.5692 6 0.692
153.2 97 115.27] 0.5497 4 0.039
153.3 24 15,091 0,5432 4 0.072
153.3 24 114.95| 0.5382 7 0.055
153.3 195 {15.35| 0.5526 6 0.070
153.3 1 294 115.39] 0.5540 6 0.0653
153.3 | 294 [15.55] 0.5598 4 0.048
178.0 97 115.01| 0.5404 5 0.044
178.0 97 {15.15| 0.5454 5 0,021
178.0 195 | 15.14} 0.5450 7 0.054
178.1 24 |14.85] 0.5346 6 0.061
178.1 294 (15.43 0.5555 6 0.14!
200.6 195 [ 14.79| 0.5324 5 0.022
200.7 97 |14.55| 0.5238 6 0.044
200.7 | 294 114.92{ 0.5371 4 0.042
212.0 97 {14.28] 0.5141 8 0.047
202,01 195 [14.36} 0.5170 5 0.025
212.0 | 294 |[14.55] 0.5238 6 0.045
228.6 97 113.89( 0.5000 6 10.077
259.6 195 |13.23| 0.4763 5 0.040
259.6 | 294 [13.42{( 0.4831 6 0.032
259.8 97 113.04] 0.4694 5 0.034
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Ax107%vatt /cm*C

65

Saturacién X

/ — CONDUCTIVIDAD TERMICA
[ __DE H,0 (LIQUIDA). . __
550
500
|
_____ Curva de saturacidn
——————_Curva de saturacidn de .
(Timrot y Vargai
450
O - 100 200 300

13-p. 25

T°C
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CONDUCT IVIDAD TERMICA DEL DZO EN Kcal/m.h.®

{ P, kg/cm2

t, °C ks

100 200 300 400 500
i
3.87 0.481 1 0.486 | 0.490 | 0.495 | 0.300 | 0.504
10 1 0.483 1 0.492 | 0.496 | 0.501 | 0.506 | 0.511
20 1 0.498 1 0.302 | 0.307 | 0.512 | 0.516 | 0.521
30 0.503 | 0.512 ] 0.517 | 0.522 | 0.526 | 0.531
40 0.518 ; 0.522 | 0.526 | 0.531 | 0.3535 | 0.540
50 0.527 | 0.531 1 0.335{ 0.540 | 0.544 | 0.548
60 0.535 ] 0.5339 | 0.543 1 0.5348 | 0.352 | 0.536
70 0.542 ] 0.546 | 0.350 ! 0.555 { 0.539 | 0.563
80 0.548 | 0.352 | 0.357 | 0.561 | 0.565 | 0.569
a0 0.552 1 0.556 | G.361 | 0.366 | 0.570 | 0.575
100 0.554 | 0.538 | 0.563 | 0.568 | 0.573 ] 0.578
110 0.554 ! 0.538 | 0.563 | 0.568 | 0.573 | 0.578
120 0.552 | 0.557 | 0.562 | 0.567 | 0.572 | 0.577
130 0.550 | 0.535 | 0.560 | 0.565 | 0.571 | 0.576
140 0.547 | 0.532 | 0.538 | 0.563 | 0.569 | 0.574
150 0.543 {1 0.549 | 0.535 | 0.560 | 0.366 | 0.572
160 0.539 | 0.545 | 0.551 | 0.557 ! 0.563 | 0.569
170 0.534; 0.540 ! 0.346 | 0.3552 | 0.539 | 0.365
180 0.528 | 0.534 | 0.340 | 0.547 | 0.55¢ ! 0.560
190 0.521 | 9.527 | 0.531 | 0.541 | 0.548 | 0.354
200 0.514 | 0.520 |} 0.527 | 0.534{ 0.541 | 0.548
210 0.506 | 0.512 ¢ 0.519§ 0.526 | 0.533 | 0.541
22 0.497 | 0.503 | 0.510 | 0.518 ! 0.515 | 0.533
230 0.487 | 0.493 | 0.300 { 0.508 | 0.516 | 0.524
240 0.477 | 0:482 | 0.490 | 0.498 | 0.506 | 0.514
250 ! 0.466 | 0.471 | 0.479 | 0.487 | 0.495 | 0.503
260 i 0.455 | 0.459 i 0.467 | 0.476 | 0.48% | 0.492
15-p. 136

DATOS DE CONDUCTIVIDAD TERMICA DEL AGUA PESADA

A A
t,°C cal kcal t,°C cal  kcal
cm.seg.% |{m.hr.2 cm.seg.? {m.hr.®
10 | 13.45.107%| 0.484 40 | 14.55.107% 0.524
20 | 13.85.1074} 0.499 50 | 14.94.107% 0.535
30 | 14.1.1074 0.512 60 |15.17.107% 0.545

15-p.124
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A5,

saturacion

satu

racidn

50 kg/ cm®
wWo

77

v Jo0

200
%/M kg/cm?
i

\\L saturacidon
0,450
A - C.F. Bonilla y S.J. Wang
x - F, Meyer y M. Eigen
# - A.R. Challoner y R.W. Powell
o - N.Vargaftik, 0.0Oleshchuk y P. Belyakova
A~ H. Ziebland y J.T. Burton
0.%09 o - " mueen "  (extrapolado) i
4
0.350
7 87/ 99 150 200 250 °c

Conductividad térmica del D.O.

15-p. 136

2

CONDUCTIVIDAD TERMICA DEL D.,O

2
A
DZO
T °C joules kcal

cm.sec. < m.hr.<

0 0.00554 0.476
20 0.00579 0.498
40 0.00600 0.516
60 0.00620 0.533
80 0.00641 0.551

15-p.125
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Ax10~* watt/cm* C

9
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500
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DATOS EXPERIMENTALES DE

CONDUCTIVIDAD TERMICA

i 4 0
DEL D,0, .3 2104 (Keal/mol h 2)
t °C At, °C A t, °C At, °C A f, °C at, °C by
p=1 kg/cm? 418.8 | 22.99 556 p=200 kg/cm?
‘ 4228 | 17.69 553 370 5 .
144.6 21.27 248 433’5 | 23.17 574 79.5 1.3l 1 080
160.4 | 12.89 | 262 | 455.9 | 15.80 | 593 || S80.5 | 2.32 | 1045
168.7 91.23 266 448.7 9.05 589 382.9 2.40 | 1014
194.0 2056 285 454.7 | 16.75 589 387.3 2,53 966
2293 19.72 310 501.7 4.52 661 390.5 4.43 949
231.6 20.50 319 504. 1 7.78 657 417.6 5.95 827
956.7 18.925 34] 426.7 12.79 820
9275.5 6.70 | 353 p=100 kg/c 4171 6.9 809
281.3 11.70 365 448.6 | 13.24 807
292.2 17.30 375 313.2 5.40 676 460.8 6.55 793
317.4 14.29 405 319.0 9.9] 648 466.1 14.90 786
351.5 15.79 437 347.0 | 21.08 579 498.4 6.47 802
357.7 14.50 451 356.7 | 16.49 580 oo
383.7 11.16 475 370.4 | 21.45 579 p=225 kg/c
389.1 13.63 487 387.6 15.22 580 389.4 1.89 1258
393.0 21.00 486 403.5 21.60 588 393.9 1.73 1 160
400.5 14.52 493 414.1 8.89 590 399.8 3.28 | 1036
415.9 10.13 518 420.7 | 16.47 598 404.8 2.25 | 1049
4938 18.75 518 447.3 8.59 623 409.5 3.58 988
427.0 13.87 5% 453.7 | 15.92 622 411.3 5.08 996
449.5 9.49 562 458.5 6.35 647 416.7 3.00 972
453.3 17.68 568 464.9 14.03 652 430.8 12.83 902
499.3 4.33 690 440.8 6.05 873
p=30 kyg/cm® 501.2 7.50 680 446.8 | 14.61 871
150 4591 6.07 855
271.3 8.93 475 p=150 kg/c 465.5 13.90 841
281.5 9.30 462 346.1 3.59 912 4921 3.59 844
2821 13.45 465 351.1 | 10.94 873 495.1 6.20 836
291.8 24.10 464 360.9 | 12.13 807 e 2
304.6 13.40 466 3766 | 13.57 735 p=250 kg/c
313.3 24.69 462 380.6 | 18.61 728 399.0 1.92 1 344
320.5 34.56 460 382.6 | 13.82 715 403.6 | 1.30 1 292
334.3 12.97 470 393.4 | 24.9] 712 404.6 1.98 1 228
343.7 95.39 479 395.3 | 15.83 707 407.3 | 2.09 1193
356.5 13.25 493 409.8 7.66 633 416.7 2.77 1109
369.3 2460 502 415.4 | 14.47 672 419.2 2.32 1 089
380.7 10.32 508 418.8 | 16.60 685 429.1 288 1 006
337 .4 12.84 516 453.8 7.73 697 4444 3.10 945
389.5 19.42 520 458.9 | 14.97 697 459.9 3.29 909
393.9 23.92 525 495.3 4.01 735 488.5 3.38 895
415.8 9.53 550 497.7 6.95 | 72 490.7 | 5.73 897

15-p. 137
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COMPARACION DE CONDUCTIVIDAD TERMICA DEL DZO EN EQUILIBRIO
CON VAPOR SATURADO

A A
D,0, D,0,
kcal/m-hr® kcal/m-hr®
=1 N R N - L T
whG R 8 562 R
40N o R I o
@ o — O o oo —~ O
gt ey R 2o 8L
© - O o~ 3 Q= O e 3
= O m N /A - OmMm N M
80 {0.543 0.554 2.0 180 0.524 0.531 1.3
100 [0.548 0.559 2.0 200 0.511 0.517 1.2
120 10.547 0.557 1.8 220 0.493 | 0.502 1.8
140 i0.543 0.550 1.3 240 0.472 0.482 2.1
160 [0.536 0.542 1.1 260 0.449 0.460 2.4
15-p.135
|
1.10
A%a
s
1.05 //
. //
‘Cﬁ\ ,/’///’,/’/,///,/”/// '
v SV . £<;;;;§§5
1.00 2 pz W ‘\(3“/ g%
| / 7S
‘\\s \*oo
Y
0.95 ¢
100 200 J00 Y90 . c

Relacién de conductividades del vapor de a-
gua pesada y liviana. '

15-p.138
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del DZO

15-p.138




53

RELACION DE CONDUCTIVIDADES DEL HZO Y DZO
(en fase gaseosa) |
i p. kg)/cm2

¢, °C !

I 350 100 150 200 225 250 i
150 | 0.935 — — — — — — |
160 | 0.989 — — — — _— —
130 | 0.997 —_ — — —_— — —_
200 | 1.003 — — —_— — —_ —
220 | 1.008 — — _ —_ — —_
24 1.013 — — —_ — — —
260 | 1.018 — —_— —_ — — —
280 | 1.022 [1.003] — — — — —
300 | 1.026 |{1.012] — — — — —
320 | 1.030 |1.018[0.997| — —_ — —
340 | 1.034 11.022/1.008] — — —_ —
360 | 1.038 |1.026]1.01510.997| — —_ — {
330 | 1.041 |1.03071.020(1.005]/0.975| — — !
400 | 1.044 |1.034{1.024:1.01210.99710.982| 0.965 _
420 1.047 | 1.037{1.028(1.019]1.006[0.999{ 0.990 !
440 | 1.050 {1.041!1.032}1.02311.013]1.007{ 1.001 !
460 1 1,052 11.043[1.035}1.02711.019!1.014] 1.008
480 | 1.054 |1.046i1.03301.03111.024]/1.018! 1.015
500 | 1.056 [1.04311.041{1.034|1.02711.023! 1.021

15-p. 139

CONDUCTIVIDAD TERMICA DEL AGUA Y DEL VAPOR

Temp. °F R A, (Biw/hr X ft. X F)Y X 108 -
Presién 1 2 5 10 20 30 100 £00 300 1000 2000 5000 7500
Agua Sat. 2640 3731 383.8 300.4 395.2 397.4 394.7 3%6.2 351.7 327.6 271.8 — —_
Vapor Sat. l |3 A 12.2 13.0 13.8 143 6.6 15.4 211 27.2 36.5 61.3 — —
1500 63.7 63.7 63.7 3 63.7 63.8 640 64.3 65.4 67.1 70.7 52.0 92.2
1450 61.4 61.4 61.5 b 51.5 61.6 61.8 62.1 63.2 64.0 63.5 50.1 90.5
1400 59.2 50.2 50.2 50.2 59.3 30.4 59.6 59.9 €0.9 62.7 66.3 73.2 55.2
1350 57.0 57.0 57.0 37.0 37.1 57.2 37.3 57.7 58.7 60.5 64.2 6.3 87.9
1300 54.8 5%.8 51.8 54.8 518 51.9 53.1 53.5 56.5 33.3 62.0 74.6 8€.9
1250 52.6 52.6 52.6 32.5 32.6 52.7 52.9 53.2 543 56.1 59.9 73.0 56.3
1200 50.4 50.4 50.4 30.4 30.% 50.5 50.7 31.0 52.1 33.9 57.8 716 Su.2
1150 48.2 18.2 45.2 48.2 48.2 18.3 18.5 438.9 49.9 51.8 55.7 0.5 87.0
1100 46.0 46.0 16.0 46.0 46.1 46.2 16.3 48.7 17.8 9.6 53.7 69.8 §9.0
1050 43.9 43.9 43.9 13.9 43.9 11.0 112 41.6 143.6 17.5 51.8 5o.7 93.4
1000 41.7 41.7 1i1.8 4.8 11.8 11.9 12.1 42.4 43.3 43.5 - 30.0 70.7 102.9
950 39.6 39.6 30.7 30.7 30.7 30.8 10.0 10.3 1.4 43.5 18.3 73.5 115.5
800 37.6 37.6 37.6 37.6 7.5 37.7 37.9 38.3 39.4 115 15.8 80.2 138.7
850 35.5 35.6 35.6 35.5 35.6 35.7 35.9 36.3 37.4 39.7 3.6 ¥ 96.7 178.8
800 33.6 23.6 33.6 33.6 3346 33.7 33.9 34.3 33.5 37.9 11.9 129.6 223.2
750 31.6 31.6 316 31.8 31.7 31.8 22.0 32.3 33.6 36.3 45.2 2.5 3
700 20.7 20.7 29.7 29.7 20.8 29.9 30.1 30.4 31.8 35.0 47.5 .8 .1
650 27.8 27.8 27.9 27.9 27.9 23.0 23.2 28.6 30.1 3t1 53.7 .3 7
600 26.0 26.9 26.1 26.1 26.1 26.2 2.4 26.9 238.7 341 - 3019 7 .3
550 24.3 24.3 213 24.3 24.4 24.5 24.7 25.2 27.5 36.1 333.7 .1 .
500 22.6 22.6 22.¢ 2.6 22.7 22.8 23.0 23.6 239 3503 357.4 .8 5
430 21.0 21.0 21.0 21.0 21.0 21.2 1.4 22.3 3531 370.5 375.3 .
400 10.4 10.4 19.4 10.4 19.5 19.6 20.0 21.3 .0 284.9 388.5 5
350 17.9 17.9 17.9 17.9 1£.0 18.2 .S 3ul0 9 . 3074 .1
300 16.5 16.5 16.5 16.5 L6 9 kG 367.2 .0 1020 .9
250 15.1 15.1 13.1 15.2 .0 307.3 1 102.1 .7
200 13.8 13.8 13.9 14.0 8 3021 K] 397.2 .9
150 12.7 12.7 3505 3303 .S 351.1 .1 386.7 7
100 3633 i 363.3 353.3 6 3063.5 0 360.8 3
30 339.1 336, 339.1 335.1 4 339.8 .8 345. .5
32 328.6 3:8.6 328.6 325.6 & 329.2 .3 335.1 .1
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A Conductividad del DZO :J/m

Presidn en bars
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A Conductividad del DZO :J/m s°K

Presidn en bars

°C Sqt 50 100 150 230 250
€0 L6276 .5238 £220 JoERL .53
61 L6233 L6205 632y .63k B3
62 6250 6313 L5355 L5397 o
63 L6238 L0320 H3ho LO3EL LShe
64 630l LE327 &349 ya RIS
65 L6311 LE33% 63355 6375 LBh23%
€5 L6318 5340 NS 63585 £hzo
Y, 6524 LBRL 6259 BESR LBhay
€8 63%0 6353 LOETE L8597 LW
69 6335 635 £382 £Los Eh51
70 L6%ho L6365 €355 Lo €Lzl LEUST
71 .63L8 L6371 B30k LT L64ho NGy
el L6353 376 €400 £u23 Gild LhTe
T3 L6358 6z82 ghos 6425 L8452 JBLvs
Th LE364 L6287 LBy N .chsB Loug
75 L6369 L6292 LEu%o L6463 L6487
16 6373 E357 LBuls .oLss Chge
7 6378 .6Lo2 éhso LBLh L4908
78 6352 6Lt Loss LELTo .H503
79 L6337 &bl 59 433 L6528
&o L6391 LEL15 LHUEL LoLes 2512
& 6395 L6419 LCL03 LON53 R sui
82 6399 LEh23 LE4T2 LC45T L6522
&3 L6403 Ny LEHTE .6501 .£526
Bl LOU05 LEL3L LEhE3D L6503 L6535
85 L6110 LEUSh LEL8Y L6509 €53
86 LEU13 L6438 .6488 63513 £538
87 L6416 LEll shel L6516 L65L2
&5 L6L19 LOhky 6Lgs L6520 L6345
89 Ehep L6l LE4s8 .6523 549
90 L6424 LE%50 .6501 L6526 L6552
91 LEho7 L6452 L6504 L6523 6555
g2 .6h2g .Ehss L6506 .65%2 .£553
93 L6432 .6Ls7 L6509 L6535 L6561
9l R .6lsg L6511 5537 6563
95 L6h3y Lou6L .651L L6sko 6586
96 LOU3T LEu63 L6516 6sko L6588
97 L€L39 .6h65 .6518 .65kl L6571
98 LBLLO .BL66 .6520 65k6 L6573
99 LElUh2 L6468 L6521 L6548 8575

120 L6LLs .BU69 .6523 L6550 657

101 qaann 470 6524 L6551 .6578
102 .okus N .6526 .6553 .6520
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) Conductividad del DZO :J/m s°K

Presién en bars

‘C Sat. 50 100 150 200 2570 %30
160 LA285 6326 6760 .5%95 LEh5h L5465
161 .0ez0 L5320 L5358 L6229 &4=5 453
162 628 Lorih £349 L6328 &us35 LBLER
163 L2718 L8308 6347 L6378 S L6uB3
164 6272 L6302 L6337 Lbrie JEllp LBuT77
165 LERES L6256 L6331 6257 LEhe2 2437 LShre
166 L6250 6230 6223 LE3a0 L6354 &hon LELES
167 625k Lbagh L6315 €355 L6390 €29 R3]
1€3 2L 6278 L8317 LHreg LS8 b1 LE455
189 Lo2h) o271 67307 .63h2 NiEris) &4y LEhisG
170 6235 L6065 .6300 6326 LSy R o) &Lh3
171 .6228 L6258 L6290l L£3%0 H2ES JBhor B
17z L6221 E25% €257 L6323 L5339 53255 N
173 621k .62uh L6280 L6517 L6353 L5339 STl
17l 6208 L6237 LBeh L6310 LGzhG L6282 L6419
178 L6201 T L6220 L6267 L6203 L6721 6378 L6412
176 .6193 .6223 L6280 G295 L637%% L6359 Lehel
177 L6185 £216 L6253 LE2ED L0226 L5353 L6383
176 617 .6209 Leous Rayats L6319 L5355 6303

79 6172 L6201 ez LB27S L6B312 LQEhg L8286
130 L6104 L61ch L5222 L6268 .6305 L6342 5375
181 6157 L6186 L6204 LB2EL RYasts: L6335 .by7e
182 61k9 L6179 L6216 L6253 €291 5328 53565
183 L6142 617 L6205 6246 .6283 L6201 L6333
184 613l 6163 L6201 L6238 OB L5313 G551
18 L6126 6155 .6193 L6231 L6288 L6306 634k
186 .6118 61T L6185 6223 L6261 .6299 6335
187 L6110 L6139 L6177 L6215 .6253 L6251 L6223
186 LE102 L6131 L6169 207 .62hs 6233 R3431
189 L6094 L6123 L6161 6159 6237 6278 621k
190 L6086 L611hL L6153 L6191 L6229 CL6268 . L6306
101 L6077 L6106 LOLisly L6183 6221 620 L6258
192 L6069 .6097 L6135 6175 L6213 6252 6250
193 -, 6060 .6089 6127 L6166. 6205 L62hl L6232
194 .6052 L6080 L6119 .6158 L6197 L6225 L6274
195 LEOLB L6071 L6110 L6119 .6183 o2 6258
196 L6034 L6062 L6101 6140 .6180 6219 .6258
197 .6025 L5053 L6092 L6122 LB17Y N Schlo) L6250
198 .6016 JEChl L6083 6123 L6162 .&z02 L6241
199 L6007 L6035 60Tk L6131k L6154 .6153 6233
200 .5998 .6026 L6065 L6105 L61Ls5 .6185 L6224
201 .5989 .6016 .6056 .6056 L6136 L6176 L6216
202 .5980 L6007 6ol .6c87 L6127 L6167 L6207
203 L5971 . 5997 L6037 L6078 L6118 L6158 L6168
204 L5961 . 5988 L6028 L6068 6159 .61k L6185
205 .5952 .5978 L6018 .6059 .6099 L6140 .6180
206 . 5942 . 5958 .6C09 .6clg L6290 613 L6171
207 . 5932 .5958 «5999 L6Ck0 LECBO 121 - JBaf2
208 .5923 L5048 .5983 L6030 L6071 bl1z L6153

209 .5913 .95938 L9597 LOUEU .60e1 b6loe LB1k3
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A Conductividad del D
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A Conductividad del DZO :J/m s°K

Presidn en bars

°C Sat. 50 165 150 200 250
260 L5307 L5902 . .slkol . 5152
2€1 L5253 L5029k . <5350 ShEh
250 .5279 L5273 . 5375 LSh23
263 .52€5 L5361 HOT
2Ll . 5250 . 5857 L53k6 .53G%
265 5235 L5253 L5371 5379
265 L5221 L5207 L5215 5305
267 . 5207 5252 L5301 25350
268 L5192 .52% . 5285 L5370
263 L5175 L522) L5270 .5318
270 .5153 L5206 .5255 L530h L5253
271 L5148 L3180 .52ho L5289 .5323
272 .51%3 L5175 522k L5273 .5323
273 L5113 L5159 L5208 L5258 L3557
27h .5103 L51hz L5152 .Sohe . 5292
275 L5083 L5127 5177 .5226 L5276
276 L5072 L5111 L5160 L5210 L3250
277 .5057 L509h I L5110k . 5o4Y
278 L5042 L5678 L5128 L5178 L5228
279 . 5026 L5052 5112 L8162 L5212
280 L5011 L5045 L5095 L51LG L5195
281 Lhoos L5020 L5079 L5125 L5180
282 979 L5012 .5062 .5113 L5163
233 k963 .Loos 5045 .5066 5147
2Cu gkt L4373 leiay; LEOTC 5120
285 b9z L1951 .5012 .5062 L5113
286 .bo1s L3k Jgon .5chks .500
287 L8608 Lo2d L4977 .5028 . 5079
288 L8622 k90 19560 L5011 . 5062
289 .Lass Lagi Lsu2 Jhogh . 5045
230 L1849 L87h Lko2s o716 .5028
291 1832 L4855 907 .4gs59 .5010
292 L4815 1838 L8co Lol 1993
293 Lb799 4820 L1872 .hgo3 1975
2ok 782 L4802 L85% 4905 ko957
295 L4765 L1783 4835 Lesy 1939
29 LTk L7685 L4817 L8689 g2l
297 U730 L7l 799 L8551 Loo3
298 A713% A28 4780 k832 .L88s
299 L4695 L4709 L7862 81k L8ss
300 L4678 690 LL7h3 795 LeLg
301 U660 JL672 iy f-108 L7756 429
302 LéEko 652 L1705 b758 k810
203 52k 633 U685 4739 Ritedoht
30k L4607 L1k L4667 4719 4772
305 L4589 L1595 L6kt L7600 L4753
306 L3570 L4575 4823 Lk Ry AN
307 hgso k555 Loos L4651 JTin
308 L1533 L4535 L5238 LEwD LE9S
309 L4515 L5515 hedg 622 L4675
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A Conductividad del DZO :J/m s°K

Presidn en bars

°C Sat. 50 10 150 ’ 200 257 36
21 Ao Lsfo Jhéoe 655 L7es
311 CSHTT 528 JDises LE35 01;6::58
312 Lh59 L4508 RIT1S) RAGE A8
51% LG LSS Sl 555 Leh>
314 L2y 467 Jis21 sl L4628
%15 Lkoe Oy 500 Jissh L1607
316 Ji=82 LLbe6 Ah79 553 Ls5E7
317 L3263 ko5 .kksg 512 566
318 h3h3 L35k L8 NRRd| Lshs
319 izek 4265 RANES Lbo Jisal
320 B30l RIS Aiz95 R EAES) 1303
321 JLask 4320 LzTh Lhho3 Lk
322 Lzén RIS 4352 L6 LBhEs E
303 Chall JAerh 4330 LazEl L4428 !
324 ooy Jesh 308 Jhzge k17

{
305 Logh , b2ze Lzg6 L4340 L4395 %

. !
12-p.39 a 45
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CONSTANTE DIELECTRICA DEL D,O.

2

t de 1 de
T dt T e dt
OC .
4 85.877 0.3974 4.627x10-3
5 85.480 .3956 4.628
10 83.526 .3862 4.624
15 81.618 L3771 4.620
20 79.755 .3681 4,615
25 77.936 . 3594 4,611
30 76.161 .3509 4.607
35 74.427 .3425 4,602
40 72.735 .3344 4,597
45 71.083 .3265 4.593
50 69.470 .3187 4,587
55 67.896 L3112 4,583
60 66. 358 .3038 4,578
65 64.857 .2967 4.575
70 63.391 .2898 4.571
75 61.959 .2830 4.567
80 60.561 .2765 4,565
85 59.194 .2701 4,563
90 57.859 . 2640 4.563
95 56.554 .2581 4,564
100 55.278 .2523 4,564

14-p.E-64
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CONSTANTE DIELECTRICA DEL HZO

t°C € t°C €
0 88.00 40 73,28
S 86.04 45 71.59
10 84.11 50 69.94
15 82.22 60 - 66.74
20 80. 36 70 63.68
25 78.54 80 60.76
30 76.75 90 57.98
35 75.00 100 55.33

{

14-p.E-64

PARAMETROS DE LA FORMULA DE RELAJACION DIELECTRICA

HZO sdlida T

t°C €, €oo ( x 10° seg)
- 0,1 91,5 3,10 2,2
- 10,8 95,0 3,08 6,0
- 20,9 97,4 3,10 16,4
- 32,0 100 -3,00 57
- 44,7 104 3,10 252
- 56,8 114 3,1 1200
- 65,8 133 3,1 4500

13-p.10

PARAMETROS DE LA FORMULA DE RELAJACION DIELECTRICA

DZO sblida T
t°C €0 € (x 10° seg)
- 1,2 90 3,06 3,4
- 2,7 89,0 | 3,06 5,0
- 10,4 92,0 | 3,03 9,15
- 21,7 95,5 | 3,06 33
- 27,3 97,9 | 3,03 48
- 33,0 100 3,03 01

13-p.10
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CONSTANTE DIELECTRICA DEL D20 DE 99,38 %

e = 87,48, - (0,40509) t + (9,638 . 107%) 2 - (1,333 . 107%) 3

13-p. 10

055¢ - §

050} )
0451 -
040 . ~

0,35} \ -

A€

030} .

0,25 .

0,20+ | i

0,15} » i

1 1 1 1 L [l i § 1 |

0 R0 40 60 80 100 |
tOC i

Diferencias entre las constantes dieléctricas del |
DZO y H20,= A€,

A: curva de WYMAN y INGALLS, (1936)
B: curva de MAIMBERG, C. G. (1958).

13-p.10
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DENSIDADvpt ( en g/Cm3 ) DEL DZO 100% CON LA COMPOSICION ISOTOPICA
NATURAL DE OXIGENO EN FUNCION DE LA TEMPERATURA

T

T T
ST=p /pN20

T (°C) p ! s!
20 1,10530 1,10726
25 1,10437 1,10762
30 1,10315 1,10795
35 1,10167 1,10825
40 1,09989 1,10849
45 1,09786 1,10868
50 1,09562 1,10885
13-p. 33
T (°C) p’ S,
55 1,09316 1,10899
60 1,09051 1,10910
65 1,08766 1,10919
70 1,08466 1,10927
75 1,08148 1,10934
80 1,07815 1,10940
85 1,07467 1,10945
90 1,07104 1,10950
95 1,06729 1,10954
100 1,06339 1,10957

13-p. 34
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DENSIDAD DEL DZO y HZO
Densidad Densidad Densidad Densidad Relacidon
T (°C) D,0 99,20 % D,0 99,20% HZO (a) D,0 10% T
. °D,0
(valores medios) (en g./cm3) (en g./cm3) calculada 2
(en g./cm3) 0670
30 1,1023 0,99564 1,1032 1,1080
34,3 1,1009 1,1009
40 1,0990 ,99221 1,0999 1,1085
50 1,0948 ,98804 1,0957 1,1090
51,1 1,0940 1,0939
60 1,0897 ,98321 1,0906 1,1092
70 1,0838 : ,97778 1,0847 1,1093
74,9 1,0806 1,0806
80 1,0773 ,97180 1,0782 1,1095
90 1,0700 ,90531 1,0708 1,1093
100 1,0622 ,95835 1,0630 1,1092
101,4 1,0611 1,0612
109,2 1,0549 1,0549
110 1,0539 ,9510 1,0547 1,1090
120 1,0451 ,9434 1,0459 1,1086
130 1,0358 ,9352 1,0366 1,1084
131,5 1,0344 1,0340
140 1,0260 ,9264 1,0268 1,1084
150 1,0159 ,9173 1,0167 1,1084
151,0 1,0145 1,0143
160 1,0050 ,9076 1,0058 1,1082
170 0,9942 ,8980 0,9950 1,1080
173,3 ,9899 0,9903
177,7 ,9840 ,9831
180 ,9818 ,8874 ,9826 1,1073
183,5 ,977 ,978
190 , 909 ,8761 ,970 1,107
200 ,956 ,8649 ,957 1,106
207,2 ,946 ,947
210 ,942 ,8528 ,943 1,106
220 ,927 ,8403 ,928 1,104
226,1 ,919 ,920
230 ,912 ,8273 ,913 1,104
240 ,896 ,8138 ,897 1,102
246,1 ,886 ,885
250 ,880 ,7991 ,881 1,102




00

DENSIDAD DEL HZO’ DZO Y VOLUMEN MOLAR

9] e Voluﬁen
T°C S; N b0
T (en g.cmJ) (en g.em™) }“g}gﬁ
95,0 1,10958 0,961875 1,06739 18, 7691
100, 0 958 58425 6345 18,8386
105,0 258 54761 5938 18,9110
110,0 856 50990 5518 18, 9863
115,0 954 47104 5085 19, 0645
120,0 950 43112 4639 19, 1457
125,0 946 39012 4180 . 19, 2301
130,0 941 34807 3708 18,3176
135, 0 935 30495 3224 19, 4082
140, 0 928 26081 27238 19,5019
145,0 920 21560 2220 19,5988
150,0 912 16936 1699 19,6992
155, 0 903 12206 1167 19, 8028
160, 0 894 07370 0622 19, 8101
13-p.36
tog
85 ‘(/() L‘\\ i
84 |
DB r i '\1\..\
92 + | \\‘
3N
90 + \\\
89
1,1088 = 4 . .
40 €0 80 100 120 o 160
T —
Relacidén de densidades del DZO y HZO B

13-p.37
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Densidad HZ 0
&

o o
=

Densidad en fyf/kﬂﬂj

<
o
(22}

084}—
G82—

psol 1 | | N S S A T\
20 40 60 80 [00 120 140 150 180 200 220 240

Temperatura °[
Oy H,0

Densidad del D

2 2

13-p.36

VALOR MEDIO DE LA DENSIDAD dZ DEL D_0

DZO conteniendo O del aire

D20 conteniendo O electrolitico

T (°c)]  30° 40° 50° T (°C) 30° 40° 50°
t t
dy |1,10323;11,09994, | 1,00570 | df | 1,10332, | 1,10003, 1,09575,

13-p.37
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VOLUMEN MDLAR DEL H,0 Y D,0 ( en an® )

T (°C) H,0 D,0 T (°C) H,0 D,0
20 18, 05302 18, 12532 65 18,37778 18,1928
25 18, 07402 18, 14058 70 18, 43003 18,47022
30 18,00944 ¢ 18, 16064 75 18, 48523 18, 52453
35 18,12875 18, 18504 80 18,54343 18, 58175
40 18, 16200 18,21447 85 18,60431 18, 64192
15 18, 19868 18,24815 90 18,66810 18, 70510
50 18,23865 18,28546 95 18, 73447 18, 77082
55 18,28195 18,32661 100 18, 80367 18, 83967
60 18,32825 18,37114

13-p. 34

DENSIDAD Y VOLUMEN MOLAR DEL HZO Y DZO

T (°C) SE p H,0 (g.cm"3) o D,0 (g.can"3) VOlu?gﬁsTolar
60 1,10923 0,983262 . 1,09066 18,3686
65 933 80634 8785 4161
70 941 77857 8484 4672
75 948 74941 8168 5211
80 954 71889 7835 5783
85 957 68708 7485 6388
90 958 65396 7118 7026
95 959 61970 6739 7691
100 959 58425 6346 8384

13-p.37

DENSIDAD DEL DZO CONTENIENDO
OXIGENO DEL AIRE

T (°C) 30° 40° 50°
d} 1,10324 1,09995 1,09569

13-p.38
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111000
980

860

940 | \

920
110900

y 880
860

840
820
110800
780

760 -
740
A 0 1 1 1 1 I i
M0720 52645 60 80 100 720 140 Te0
°C
Relacidn de densidades del H,0 y D,0,
en funcidén de la temperatura.

13-p.38

T

T

T

T

T

T

&

T

T

1

T

1 1 1 1 1 ;
030 4o 60 80 100 120 %d 160
¢

Diferencias de volimenes molares del
D0y H)0 en funcidn de la temperatura.

13-p.38
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DENSTDAD DEL D,0 LIQUIDO Y VAPOR ( en g/am3 )

Densidad ( g/cm3 )

T (°C) Vapor Liquido
175 0,004 0,989
180 , 005 , 983
190 , 006 , 970
200 , 007 , 957
210 ,009 , 943
220 ,010 » 929
230 ,013 ,913
240 ,016 , 898
250 ,020 , 881
260 ,024 , 864
270 ,029 , 847
280 ,034 , 829
290 , 040 , 809
300 ,048 , 187
310 ,058 , 163
320 ,070 » 135
330 , 087 , 7105
340 , 105 , 668
350 ,129 , 626
360 , 163 , 073
370 , 248 , 462
371.5 , 363 , 363 a

a- punto critico.

13-p.39




71

3
rém .
N o

Densidad "57
)
~

S
w
|

0.2\
0.1+

-2
Pl
-

!

Dl L L
175 200 50 300 250 375

Temperatura °C

Densidad del D.,O liquida y del vapor saturadc a
temperaturas e%evadas.

13-p.39
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RELACION DE DENSIDADES D0 / 1.0 A DIFERENTES TEMPERATURAS

2 2
T° C P o0 /szo T° C 9 /pHzo
50 1,10904 180 1,10862
60 1,10930 190 1,10834
70 1,10944 200 1,10802
80 1,10950 210 1,10772
90 1,10953 220 1,10740
100 1,10955 230 1,10704
110 1,10955 240 1,10660
120 1,10951 250 1,10610
130 1,10943 260 1,10552
140 1,10933 270 1,10484
150 1,10920 280 1,10405
160 1,10905 290 1,10315
170 1,10855 300 1,10210
13-p.42
P3;0
PHzo
11100
{1975 /
11050
11025 ’,
19800
0 50 100 150 280 20 teC

Relacidn de densidades del D0y HZO.
13-p.42
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DENSIDADES ORTOBARICAS DEL D,0 LIQUIDA 99,95% en g/cn3

r[‘ (OC) d] para E{ZO d—] para D2O
20 0,9982 1,106
40 0,9922 1,100
60 0,9332 1,089
80 0,9718 1,077
100 0, 9584 1,063
120 0,9434 1, 047
140 0, 9264 1,029
160 0, 9076 1,009
180 0,8874 0,986
200 0,8649 0,963
13-p.43
{.14
1.10
1.08
E 1.02
N
3 0.98
o
5
0.94
0.90 -
0.86

20 40 60 S0 100 120 140 160 180 200
Temperatura °C

Densidad del DZO y H,O0.

13-p.43

2
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DENSIDAD DEL H,O0 Y D,0

2 2
H,0 D,0 ]
T,g/cnfl t. °C 7.g/cnf | t, °C
0.157 364.0 0.158 356.7
0.244 373.1 0.159 356.8
0.271 374.0 0.271 370.2
0.288 374.0 0.281 370.7
0.317 374.0 0.282 370.7
0.322 374.3 0.299 371.2
0.329 374.2 0.311 371.3
0.343 374.2 0.326 371.5
0.344 374.2 0.328 371.4
0.354 374.2 0.352 371.5
0.392 373.9 0.365 371.4
0.398 373.7 0.382 371.5
0.402 373.4 0.389 371.5
0.409 372.9 0.403 371.6
0.410 373.4 0.418 371.3
0.440 371.8 0.425 371.2
0.478 307.2 0.438 370.8
0.481 366.5 0.443 370.6
0.490 365.4 0.477 3501
0.491 365.4 0.533 364.0
15-p.12

DENSIDAD DEL DZO 100%
t,°C p.g/dn3 t,°C p.g/cm3 t,°C p.g/cm3 t,°C p.g/camd
30 1.1032 90 1.0708 150 1.0167 210 0.943
40 1.0999 100 1.0630 160 1.0058 220 0.928
50 1.0957 110 1.0547 170 0.9950 230 0.913
60 1.0906 120 1.0459 180 0.9826 240 0.897
70 1.0847 130 1.0366 190 0.970 250 0.881
80 1.0782 140 1.0268 200 0.957 --- | me---

15-p.15
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DENSIDAD DEL AGUA PESADA 99,547

{.°c | et g/ml d; t. °C Peog/ml d;

4 1.10487 | 1.10487 28 1.10322 | 1.10736

5 1.10501 | 1.10502 29 1.10296 { 1.10742

6 1.10513 | 1.10516 31.1 1.10248 | 1.10758

7 1.10523 | 1.10531 32 1.10217 | 1.10765

8 1.10530 | 1.10544 33 1.10186 | 1.10770

9 1.10535 | 1.10556 34 1.10154 | 1.10774
10 1.10539 | 1.10569 35 1.10121 | 1.10779
11 1.10540 | 1.10581 36.1 1.10084 | 1.10785
12 1.10540 | 1.10593 37 1.10053 | 1.10789
13 1.10537 } 1.10603 37.9 1.10022 | 1.10794
14 1.10533 | 1.10614 39.2 1.09977 | 1.10786
15 1.10527 | 1.10624 40 1.09948 } 1.10807
16 1.10519 | 1.10633 40.8 1.09917 | 1.10810
17 1.10510 | 1.10643 41.3 1.09892 | 1.10807
18 1.10499 | 1.10651 42 1.09865 | 1.10810
19 1.10490 | 1.10663 42.7 1.09836 | 1.10806
20 1.10480 | 1.10676 45.3 1.09729 | 1.10825
21 1.10465 | 1.10684 46 1.09699 | 1.10827
22 1.10448 | 1.10692 46.7 1.09668 | 1.10828
25 1.10391 | 1.10715 49.3 1.09555 | 1.10843
26 1.10370 | 1.10723 50 1.09523 | 1.10845
27 1.10346 | 1.10729

'
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DENSIDAD DEL AGUA LIVIANA, g/ml ENTRE 0 Y 40°C
t, °C {, °C
0 0.999867, (1) 21 0.99302,, (23)
| 0.9999267 (0) 292 0.99779,, (27)
2 0.9999679 (0) 23 0.99756,, (29)
3 0.9999922 (0) 24 0.99732, (30)
4 1.0000000 (0) 25 0.99707,, (31)
5 0.999991, (1) 26 0.99681,, (30)
6 0.999968, (1) 27 0.99654,, (29)
7 0.999929, (2) 28 0.99626,, (28)
8 0.999876, (3) 29 0.99597,, (25)
9 0.999808, (5) 30 0.99567,, (23)
10 0.999727, (6) 31 0.99536,, (20)
11 0.999632, (2) 32 0.99505,, (19)
12 0.999324, (0) 33 0.99473,, (17)
13 0.999404, ') 34 0.99439,, (16)
14 0.999271, (1 35 0.99105,, (16)
15 0.999126, (2) 36 0.99371,, (18)
16 0.998970, (6) 37 0.99335.. (22)
17 0.998802, 9) 38 0.99299,, (28)
18 0.99862,, (14) 39 0.99262,, (35)
19 0.99843,, (18) 40 0.99224, (42)
20 0.99823,, (22)
15-p. 23
DENSIDAD DEL AGUA LIVIANA, g/ml ENTRE 40 Y 100°C
t, °C P {, °C P t, °C 4
40 0.9922, 61 0.9827, 82 0.9705,
41 0.9918, 62 0.9822 83 0.9699,
42 0.9914, 63 0.9816, 84 0.9693,
43 0.9910, 64 0.9811, 85 0.9686,
44 0.9906, 65 0.9805, 86 0.9680,
45 0.9902 66 0.9500, 87 0.9573,
46 0.9898, 67 0.9795, 83 0.9666,
47 0.9894, 68 0.9789, 89 0.9669,
48 0.9889, 69 0.9783, 90 0.9653,
49 0.9885, 70 0.9778, ai 0.9646,
50 0.9880, 71 0.9772, 92 0.9639,
51 0.9876, 72 0.9766, 93 0.9633,
52 0.9871, 73 0.9760, 94 0.9626,
53 0.9866, 74 0.9754, 95 0.9619,
54 0.9862 75 0.9748, 95 0.9612,
55 0.9857, 76 0.9742, 97 0.%05‘
56 0.9852, 77 0. 9736 98 0.9598,
57 0. 98475 78 0.9730, 99 0.9590,
58 0.9842 79 0.97244 100 0.9583,
59 0.9837 80 0.9718,
60 0.9832 81 0.9712,
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DENSIDAD DEL AGUA PESADA

t,°c | pH,0-8/ml}| pp,o0. g/ml : ‘df
3.8 1.00000 1.10533 1.10533
5 0.99999 1,10549 1.10560
10 0.99973 1.10588 1.10618
11.2 0.99961 1.10589 1.10632
15 0.99913 1.10577 1.10673
20 0.99823 1.10527 1.10723
25 0.99707 1.10440 1.10765
30 0.99568 1.10321 1.10797
35 0.99406 1.10172 1.10830
38 0.99299 1.10068 1.10845
39 0.99262 1.10032 1.10850
40 0.99225 1.09995 1.10854
4] 0.99186 1.09956 1.10658
42 0.99147 1.09917 1.10863
43 0.99107 1.09876 1.10866
45 0.99024 1.09792 1.10874
50 0.98807 1.09572 1.10895
15-p.34

s

DENSIDAD DEL AGUA PESADA

15-p.38

i

f, °C

Dato Valores
original |corregidos

3.8 1.10538 1.10547
5 1.10556 1. 10565
10 1.10625 1.10634
11.2 1.10639 1.10648
15 1.10678 1.10687
20 1.10726 1.10735
25 1.10764 1.10773
30 1.10798 1.10807
35 1.10827 1. 10836
40 1.10851 1.10860
45 1.10871 1.10880
50 1.10888 1.10897
55 1.10902 1.10911
60 1.10913 1.10922
65 1.10924 1.10933
70 1.10933 1.10942
75 1.10940 1.10949
80 C 110946 1.10955
85 1.10950 1.10959
90 1.10954 1.10963
95 1.10957 1. 10966
100 1.10950 1.10969
101.4 1.10950 1.10959

e s 2t g e
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DENSIDAD DEL AGUA PESADA

Conc. de la Densidad
Seriel muestra t,°C g/ml
mol% de p,0
I 99,87 25.00 1.10426
50.35 1.09534
55.36 1.00289
60.27 1.09027
65.35 1.08734
70.29 1.08439
75.66 1.08093
80.67 1.07761
85.82 1.07395
90.89 1.07030
05.98 1.06647
99,44 1.06370
11 99,84 25.00 1.10423
45.33 1.09758
50.38 1.09527
55.38 1.09281
60.33 1.09020
66.38 1.08675
70.38 1.08429
75.68 1.08088
85.84 1.07392
90,96 1.17022
96.08 1.16633
99.49 1.16357
1M 99.81 25.00 1.:10420
30.10 1.10295
35.10 1.10144
40.17 1.09966
45.31 1.09758
15-p.37
ml 5. A
g/ Fag Pudt g
01075
‘\\
2.7 : \\
0.1055 \\
0.1060 \
01058 \\
0.1050 S
W s 60w o

Diferencia entre las densida-
des del D,0 y agua liviana.

15-p. 38
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DENSIDAD DEL AGUA PESADA

d
t.°C t t.°C
original corregida original corregida
20 1.10726 1.10735 65 1.10919 1.10928
25 1.10762 1.10771 70 1.10927 1.10936
30 1.10795 1.10804 75 1.10934 1.10943
35 1.10825 1.10834 80 1.10940 1.10949
40 1.10849 1.10858 85 1.10945 1.10954
45 1.10868 1.10877 90 1.10950 1.10959
50 1.10885 1.10894 95 1.10954 1.10963
55 1.10899 1.10908 100 1.10957 1.10966
60 1.10910 1.10919
15-p. 40

Comparacién de los valores de K.Wirtz
con los de Chang Tin-Li y Tung Liu-hu

en la densidad del agua pesada.

t.°C at
t
De acuerdo aj De acuerdo a
Wirtz Chang y Tung
20 1.10735 1.10735
25 1.10774 1.10773
30 1.10802 1.10807
35 1.10830 1.10836
40 1.10856 1.10860
50 1.10889 1.10897

15-p.39
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DEPENDENCIA DE LA DENSIDAD DEL AGUA PESADA
CON LA CONCENTRACION DEL HIDROGENO LIVIANO

Densidad d25

Concentracidn de

25 hidrdgeno liviano
(Unidades arbitrarias)
1.107637 0.230
1.107632 0.234
. 1.107362 0.987
1.106881 2.250
15-p.41

DENSIDAD DEL AGUA PESADA EN FUNCION DEL
CONTENIDO DE DEUTERIO

Densidad d25 Concentracidn del |
25 D, %
1.107637 99.90 + 0.01
1.107586 99.85 + 0.01
1.107362 99.65 + 0.02
1.106881 99.16 + 0.02
15-p.42
Hpr IV' 11
i} 4 ]
nay: /‘ \\\
)
A N
UDS: \
1.1088

LT} [14

80

100 720 73 c

Densidad del DZO entre 40-160°C

15-p. 44
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DENSIDAD DEL AGUA PESADA

[e] t [ t

t, °C dt t, °C dt
95 11.10958 130 11.10941
100 |1.10958 135 ;1.10935
105 }1.10958 140 71.10928
110 {1.10956 145 11.10920
115 }1.10954 150 }1.10912
120 }1.10950 155 11.10903
125 |1.10946 160 11.10894

15-p.43

DENSIDAD dt DEL AGUA PESADA A 95 Y 100°C DE
ACUERDO A VARIOS AUTORES

Autores 95°C 100°C
Grossmann-Doerth............. 1.10958 1.10958
Chang y Tung.......cvvvu..... 1.10966 1.10969
Diferencia entre los valores.
Grossmann-Doerth............. 0.00008 0.00011
Schrader y Wirtz............. 1.10963 1.10966
Diferencia entre los valores.
Grossmamn-Doerth............. 0.00005 0.00008

15-p.43
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DENSIDAD DEL AGUA PESADA PURA

t,°C dt
60 1.10923
65 1.10933
70 1.10941
75 1.10948
80 1.10954
85 1.10957
90 1.10958
95 1.10959
100 1.10959
15-p. 44

DENSIDAD DEL D,0 a 25 °C

2
: 25

Autores d25
I. Kirshenbaum, J. Graff y H. Forstat........ 1.10775
R.J. Voskuil y B. Barash.......cevvvvivvnnnn 1.10774,
Chang Tin-Li y Tung Liu-hu............ EEEEEET 1.10773
A.L. Shatenshtein, L.M. Yakimenco, V.R.

- Kalinachenko, y E.A. Yakovleva............... 1.10770
K.V. Vladimirskii, M. Ya. Kats, y B.M,
StaseVICh.. it ettt iri it niieeeenesninnnns 1.10772
1.10774
P. Isberg y L. Lundberg......cocvveeeevienn. 1.10774
Promedio 1.10773

15-p.46




DENSIDAD DEL D

83

O A PRESION ATMOSFERTCA

2
te ' d t, e : d
¢ d g/ml l g/cnﬁ © d g/ml | g/cnﬁ
3.8 1,10545, 1.10545, 1.10541, 53 1.10906, 1.0042, 1.0942,
4 1.10548, 1.10548, 1.10544, 54 1.10908; 1.0937, 1.0937,
5 1.10564, 1.10563, 1.10560, 55 1.10911, 1,0932, 1.0932,
6 1.10580, 1.105764 1.105673, 56 1.10913; 1.0927, 1.0927,
7 1.10595, 1.10587, 1.10584, 57 1.10916, 1.0922 1.0922,
8 1.10609, 1.10595, 1,10592, 58 1.10918, 1.0917, 1.0916,
9 1.10622, 1.10600, 1.10597, 59 1.10921, 1.0811, 1.0911,
10 1.10634, 1.10603, 1, 10600, 60 1.10923, 1.,0906, 1.0906,
i1 1.10645, 1.10604, 1.10601, 61 1.10925, 1.0900, 1.0900,
12 1.106564 1.10603, 1.10600, 62 1.10927, 1.0895, 1.0894,
13 1.10667, 1.10601, 1.10598, 63 1.10929, 1.0889, 1.0889,
14 1.10677, 1.10596, 1,10593, 64 1.10931, 1.0883, 1.0883;
15 1.10687, 1.10590, 1,10587, 65 1.10933, 1.0878, 1.0877,
16 1.10697, 1.10583, 1,10580, 66 1.10935, 1.0872, 1.0871,
17 1.10707, 1.10574, 1.10571, 67 1.10936, 1.0866, 1,0865,
18 1.10717, 1.10564, 1.10561; 68 1.10938, 1.0860, 1.0860,
19 . 1.107264 1.10552, 1,10549, 69 1.10939, 1.0854, 1.0853,
20 1.10735, 1.10539, 1.10536, 70 1.10941, 1.0847, 1.0847,
21 1.10743, 1.10523, 1.10520, 71 1,10942, 1.0841, 1.0841,
22 1.10750, 1.10506, 1.10503, 72 1.10944, 1.0835, 1.0835,
23 1.10758, 1.10488, 1.10485; 73 1.10945, 1.0829, 1.0828,
24 1.10765; 1.10469, 1.10466, 74 1.10947, 1.0822, 1,0822,
25 1.10773, 1.10448, 1.10445, 75 1,10948, 1.0816, 1.0815,
26 1.10780, 1.10426, 1.10423, 76 1.10949, 1.0809, 1.0809,
27 1.10787, 1.10404, 1.10400, 77 1.10950, 1.0803, 1.0802,
28 1.10794, 1.10379, 1.10376, 78 1.10951, 1.0796, 1.0796,
29 1.10800, 1.10354, 1.10351, 79 1.10952, 1.0789; 1.0789,
30 1.10807, 1.10327, 1.10324, 80 1,10953, 1.0782, 1.0782,
31 1.10813, 1.10299, 1.10296, 81 1,10054, 1.0775, 1.07754
32 1.10819, 1.10271, 1.10267, 82 1.10955, 1.0769, 1.0768,
33 1.10825, 1.10241, 1,10237, 83 1.10956, 1.0762, 1.0761,
34 1.108304 1.10209, 1.10206, 84 1.109564 1.0754, 1,0754,
35 1.10836, 1.101774 1.10174, 85 1,10957, 1.0747, 1.0747,
36 1.10841, 1.10144, 1.10141, 86 1.10957, 1.0740, 1.0740,
37 1.10846, 1.10109, 1.101064 87 1.,10957, 1.0733, 1.0733,
38 1.10851, 1.10074, 1.10071, 88 1.10957, 1.0726, 1.0725,
39 1.10855;4 1,10037, 1.10034, 89 1.10858, 1.0718, 1.0718,
40 1.10860, 1.10000, 1.09997, 90 1.10958, 1.0711, 1.0710,
41 1.10864, 1.0996, 1.10995, 9] 1.10958, 1.0703, 1.0703,
42 1.10868, 1.0992, 1.0991, 92 1.10958, 1.0696, 1.0695,
43 1.10872, 1.0988, 1.0987, 93 1.10958, 1.0688, 1.0688,
44 1.10876, 1.0984, 1.0983, 94 1.10959, 1.0681, 1,0680,
45 1.10880, 1.0979, 1.0979, 95 1.10959, 1.0673, 1.0673,
46 1.10883; 1.0975, 1.0975, 96 1.i0959, 1,0665, 1.0665,
47 1.10887, 1.0971, 1,0970, 97 1.10959, 1.0657, 1.0657,
48 1.10890, 1.0966, 1.0966, 98 1.10959, 1.0649, 1,0649,
49 1.10894, 1.0962, 1.0961, 99 1,10959, 1.0642, 1.0641,
50 1.10897, 1.0957, 1.0957, 100 1.10959, 1,0634, 1.0633,
51 1.10900, 1.0952, 1.0952, 101 1.10959, 1.0626, 1.0625,
52 1.10903, 1.0947, 1.0947, 101.4] 1.10959, 1.0622, 1.0622,

NOTA: Los nlimeros subscriptos en los valores d% se han

15-p.45

aproximado a 0 & 5.
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DENSIDAD DEL DZO PURA
50° C 100° C 130° C 200° C 250° C 300° C

r. .. P. 1. . P 1., P T P 1. 2. i
Kg/am g/emd | Kg/am?{ g/am® {Kg/cem? | g/amd | Kg/am? | g/and | Kg/em?| g/cm” | Kg/emd g/cm

107.1 1.10085 | 70.2 | 1.08686 | 102.3 | 1.02285 | 102.30 | 1.02505 | 98.25 | 0.80145 | 111.95 | 0.79100

75.7 | 1.10938 13.5 | 106402 | 73.2 | 1.0213 | 70.55 | 1.02245 | 70.45 | 0.83789 | 93.95 | 0.78533
32.8 | 1.09784 | 6+.3 | 1.06552 | 44.1 | 1.01937 1 4470 | 1.02450 | 48.6u | 0.88308 | — —
11,5 | 1.09632 | 33.7 | 1.06523 13.9 | 1.01750 | 20.85 | 1.01815 | — - — —
— - 10.5 1.06385 —_— — —_ — — —_ — —
—_ — §6.5 | 1.06661 — — — — — - — —
— — 10.3 | 1.06385 — — — - — — — —
— — 62.9 }.066350 — —_ —_ - —_ —_ — —
— - 11.4 | 1.06390 — — — — — — — —_
- — 103.5 | 1.06855 - — — —_ — - — _
— — 9.7 1.06366 — — — — — — —_ _
— — 74.5 1.06705 —_ — —_ — — — — —_
- —_ 12.9 | 1.063% - — — - - - — —

15-p.52

VALORES CALCULADOS DE DENSIDAD SOBRE LA LINEA DE SATURACION
(g/ CII13) . COMPARACION CON DATOS EXPERIMENTALES

- —
Sl L |2
~ |88 F 1y
. EL|l &2 |8 »
o O B = L (o)
!, °C g m LS00 (o] S
> | Y] ~ U fo]
[ - 3 L . —
P ) o0 =N 0 =
= O (SR oY) O — 0
ESI|BE| &8 |88 9 | 5
oA |z~ C& v w2 8
20 — —_ 1.10530 -— 1.1050 P.10534
40 — 1.00Y9 1,09992 — 1.0098 1.09919
60 — .04996 1.09454 — 1.0905 1.0905]
il - 1.0782 1.075821 — I.0783 1.07828
100 1.06345 1.0630 1.06342 — 1.0635 1.06344
1.01639 1.0159 - - 1 .0465 1.04616
140 1.02728 1.0268 — - 1.0271 1.02712
160 1.00622 1.0058 - — 1.0062 1.00583
180 —_ 0.a826 — 0.9%3 I 0.9898 00,9828
200 — 0.0957 —_ 0.957 | 0,957 0.958
20 — ).928 —- 0.929 | 0.9v9 0.930
210 —_ 0.897 — 0.898 | U.898 0600
260 — _ — 0,861 | 0.564 0.863
280 — — —_ 0.829 | 0.82G 0.824
300 — —_ — 0.787 | 0.782 0.784
320 — — —_ 0.735 | 0.731 3.733
340 —_ — — 0.668 | 0.668 0.668
360 — — — 0.573 ] 0.572 0.571
Desv. 0.017 0.07 0.005 0.21 0.09

15-p.159




DENSIDAD A 252 C DEL DZO (g/cmS) CON COMPOSICION
ISOTOPICA DEL OXIGENO DEL AIRE.

Kirshenbaum y otros

Voskuyl, Barash

Shatenstein y otros
Wladimirski y otros

Steckel, Szapiro
Babeliowsky y otros

1.10449
1.10448,
1.10442,
1.10444
1.10446
1.10448
1.10444
1.104481

18-p. 106

TEMPERATURAS DE EQUILIBRIO DEL D

2O PURA

Y SUS CORRESPONDIENTES DENSIDADES

Flota-  Temperatura de
dor equilibrio Densidad
N2 2 C g/cm?

1 25.6179+5-10—4 1.104 344,+5-310¢
2 23.5194+5-10—4 1.104 785, % 5-10—¢
3 20.843 6=5-10—4 1.105 262,£5-10—%
4 17.6499+5-10—4 1.105 689,+5-10—%
S 14779 7+5-104 1.105 933, +5-10—%
6 12467 8+£5-10—4 1.106 039,+5-10—%
6 10.1286+5-10—4 1.106 047,+5-10—%
S 7.9332+5-10—4 1.165948,%5-10—¢

18-p.107



3

Densidad g/cm

\

110590~ ~——

110575}  —fr——{ o -

1105601 e

110545 | - |

1.10530 -t

110515

1105

110485

110470

110455 |- —

110440

110425

110410

&8

BN

_calculado por Shatenshteln,ﬂ

-—o——Calculado por Babeliowsky

\\
|
-
|
i

e

B 10

12

1416 18 20 2 24
[

Temperatura * C

Temperaturas de equilibrios del DZO pura y sus
correspondientes densidades.

18-p.108

26
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PROPIEDADES DEL VAPOR DEL DZO

REFERENCIAS.
V: volumen especifico
i: entalpia
L: calor latente de vaporizacidn
S: entropia
U: energia interna

El subindice s se refiere al liquido saturado, y el subindice

s con supraindice 1 se refiere a vapor saturado.



Pres.  Temp. Volumen Entalpia Entropia Energ. Interna
Bar °C m?/kg kJ/kg kJ/kg°K kJ/kg

T 7 71 . =1 1 1
\s AV Y S i L 1 s SS L/T SS u, Au  u <

Neoyd L 26, 0ua9cs5 162,37 = 2,51 2208.2 2207.5
Nees) 6.22 30305 142.5% 2 10.2% 219%.8 2210.0
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ENTALPIA DEL D,0 Kcal/kg
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Entropia de vaporizacidn del D
6-p.1470

0.

CALOR DE EVAPORACION (cal/ mol)

T (°C) - HO DZO |
10 10,64 11,00
25 10,52 10,85
40 10,36 10,64
60 10,15 10,41
80 9,94 10,17
100 9,72 9,93
Entropia 8298,16 en unidades de entropia
16,75 18,9
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PROPIEDADES TERMODINAMICAS DEL DZO EN EL ESTADO DE SATURACION COMO UNA ’

112

FUNCION DE LA TEMPERATURA

Simbolos y unidades de pardmetros en las tablas.

|

t — temperatura - °C v”, i, s” — magnitudes termodindmicas
P~ presidn ~ Ko/cmé para el vapor saturado
v — volumen especifico ~— mo/kg seco
i — entalpia — kcal/kg
s — entropia — kcal/kg @ r — calor de vaporizacidon — Kcal/kg
v, i, ' — magnitudes termodindmicas
para el liquido en ebulli-
ciobn. :
t P v’ l y'r- ! i’ | ire l r s’ st
3. 0.00681 0.0009047 172.2 0.0 Hh4.7 564.7 0.000(_) 2.0029
5 0.00734 | 0.0009045 160.4 1.2 905 . 1 553.9 0.0045 1.9959
6 0.00790 0.0009044 149.5 2.2 5H5.5 503.3 0.00%0 1.9902
7 0.00850 | 0.0003043 139.4 3.2 555.9 552.7 0.0115 ] 1.9815
8 0.00013 | 0.0009043 130.2 4.2 956.3 552.1 0.0150 | 1.9788
9 0.00980 | “0.0003042 121.8 5.2 H56.7 551.5 0.0185 1.9732
10 0.01050 | 0.0003042 11401 6.2 on7 .1 050.9 0,02':’0 l .967,1
1 0.01125 | 0.00090:42 106.9 7.2 957.5 550..'} 0.0256 1 .9625
12 0.01204 | 0.0009042 100,2 8.2 ah7.9 549.7 0.0291 1 .9.’:)()9
13 0.01289 | 0.0000042 93.92 9.2 058.3 549.1 0.0327 1.9516
14 0.01381 0.0000043 87.96 10.2 H08.7 . 548.5 0.0.:}6‘2 1.9463
15 0.01478 | 0.0009043 R2.48 11.2 559.1 517.9 0.0397 | .9f1|l
16 0.01530 | 0.0009043 77.43 12.2 209.5 547.3 0.04-’}2 1.9359
17 0.01689 | 0.0009044 72.70 13.2 559.9 5467 0.0{67 1 .9399
18 0.01803 | 0.0009015 68.31 14.2 560.3 5461 0.0502 1.9258
19 0.01923 | 0.0009046 64,25 15.2 560.7 545.5 0.0§§7 | .9‘2(_)7
20 0.02051 0.0000047 60.45 16.2 Hhl.t 5-’14.!’) 0.();}/2 1.9158
21 0.02188 | 0.0009%048 57.01 17.2 a61.5 544.3 0.0606 1.910
22 0.02331 0:0009050 53.58 18.2 561.9 543.7 0.0640 | 1.9060
23 0.02483 | 0.0009051 50.48 10.2 a62.3 5431 0.0674 1.0012
24 0.02643 | 0.0000052 47.59 20.2 oh2.7 542.5 0.0708 | 1.8964
25 0.0‘2“;]‘2 0. 0009054 44 8% 21.2 563.1 541.9 0.0743 1 .8917
26 0.02990 | 0.0009055 42 .36 22.2 563.5 541.3 0.0777 1.8871
27 0.03178 | 0.0009057 39.98 23.2 563.9 540.7 0.0811 1.8824
28 0.03376 | 0.0000059 37.75 24.2 064.2 540.0 0.08415 1.8777

\
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t P U' U" “l Ifl r 5! 5”
29 0.03584 | 0.0000061 | 35.68 25.2 564.6 539.4 0.0879 | 1.8731
-30 0.03804 | 0.0000063 | 33.71 26.2 565.0 538.8 0.0912 | 1.8685
3 0.04036 | 0.0000065 | 31.87 27.2 565.4 538.2 0.0945 | 1.8640
32 0.04279 | 0.0009068 | 30.15 28.2 565.8 537.6 0.0078 | 1.8596
33 0.04535 | 0.0009070 | 28.53 29.2 566.2 537.0 | 0.1011 1.8551
34 0.04304 | 0.0000073 | 27.01 30.2 566.6 536.4 0.1044 | 1.8307
35 0.050%8 | 0.0000075 | 25.59 31.2 567.0 535.8 0.1076 | 1.8463
36 0.05384 | 0.0000078 | 24.95 32.2 567.4 535.2 0.1109 | 1.8420
37 0.05697 | 0.0000081 | 22.99 33.2 567.8 534.6 0.1142 | 1.8378
38 0.06025 | 0.0003084 | 21.81 34.2 568.2 534.0 0.1175 | 1.8336
39 0.06368 | 0.0000087 | 20.70 35.2 568.6 533 .4 0.1207 | 1.8204
40 0.06728 | 0.0000091 19.66 36.2 564.0 532.8 0.1239 | 1.8252
41 0.07106 { 0.0000094 | 18.67 37.2 569 .4 532.2 0.1270 | 1.8210
42 0.07503 | 0.00000497 | 17.73 38.2 569.8 531.6 0.1302 | 1.8169
43 0.07918 | 0.0009101 16.85 39.2 570.1 530.9 0.1334 | 1.8128
44 0.08353 | 0.0009101 { 16.02 40.2 570.5 510.3 0.1366 | 1.8087
45 0.08808 [ 0.0000108 | 15.94 41.2 570.9 529.7 0.1308 | 1.8046
46 0.09284 | 0.0000112 | 14.50 42.2 571.3 529.1 0.1429 | 1.8006
47 0.09783 1 0.0009115 | "13.80 43.2 571.7 528.5 0.1460 | 1.7967
48 0.10304 1 0.0009119 | 13.14 44.2 572.0 527.8 0.1491 1.7927
49 0.10849 | 0.0009123 | 12.52 45.2 572.4 527.2 0.1522 | 1.7488
50 O.11418 1 0000027 | 11.93 46.2 572.8 526.6 0.1553 | 1.7849
51 0.12013 | 0.0000131 11.38 47.9 573.2 526.0 | 0.1584 | 1.7811
52 0.12634 | 0.0009135 | 10.85 48.2 573.6 525.4 0.1615 | 1.7773
53 0.13282 1 0.0.09139 | 10.35 49.2 574.0 524.8 0.1645 | 1.7736
54 0.13959 [ 0.0000144 9.877 50.1 R74.4 524.3 0.1675 | 1.7699
55 0.14664 | 0.0009148 9.431 51.1 574.8 523.7 1 01705 | 1.7662
56 0.15399 | 00009152 9.007 52,14 575.2 523. 1 0.1735 | 1.7626
57 0.16167 | 0.0000157 8.603 53.1 575.6 522.5 0.1765 1.7590
58 0.16966 | 0.0009161 8,922 54.1 576.0 521.9 0.1795 | 1.7554
59 0.17799 | 0.0009166 7.850 55.1 R76.4 521.3 0.1825 | 1.7518
60 0.18665 | 0.000917() 7.517 56.1 576.8 590.7 0.1855 | 1.7483
61 0.19570 | 0.000075 7.188 7.1 577.2 520. 1 0. 1884 1.7449
62 0.205] 00009120 6879 58.1 577.6 519.5 0.1914 1.7415
63 0.2048 | 0.0009185 6.586 59.1 H78.0 HIR.G ] 01944 | 1.7379
64 0.2250 00009100 6.300 60.1 578 4 518.3 0.1973 | 1.7345
65 0.2356 | 0.0009195 6.039°1 61.1 57R.8 517.7 | 0.2002 | L.7311
66 0. 2166 0.0001200 5.785 62.1 579.2 517.1 0.2032 | 1.7278
67 0. 2581 0. 00017205 5.513 63,1 579.6 516.5 | 0.2061 1.7245
68 0.2699 0.0009210 5.3156 64.1 5R0.0 515.9 0.2000 | 1.7212
69 0.2823 | 0.0009215 5.007 65.1 SR04 515.3 0.2119 | 1.7179
70 0.2951 0. 00007220 4,890 66.1 5408 514.7 0.2149 1.7146
71 0.308 0. 0009225 4.691 67.1 581 .1 514.0 0.2:79 { 1L.7113
79. 0.3243 00009230 4.501 68,1 n81 .4 513.3 0.2208 t 1.7080
73 0.336 | 00000236 4.322 69.1 nH.8 512.7 0.2237 | 1.7048
74 0.3514 0.0009241 4.15] 70.1 5R2.2 512.1 0.2265 | 1.7016
75 0.3669 0.0009216 3. 986 71.1 582.6 511.5 0.2204 | 1.6984
76 0.3828 | 0.0000752 3.831 72.1 5429 510.3 | 0.2323 | 1.6952
77 0.39914 0.0009257 3680 73.1 583.3 510.2 0.2352 | 1.6921
78 1 0.4166 | 0.0000263 | 3538 | 74.1 5837 509,65 | 0.2381 ) 1.6891
79 0.4343 0.0009268 3.403 75.1 584.0 5089 0.2410 | 1.6861
80 0.4527 (.0004274 3.273 76.1 SR HU8. 3 0.2438 | 1.6831
- 81 0.4718 | 0.0009280 3.149 77.1 S8R4T 507.6 0.2467 | 1.6800
82 0.4915 0.0009286 3.031 781 585.0 S06.9 0.2496 | 1.6770
83 0.5120 | 0.0009292 2.017 79.1 S85 .4 5063 0.2524 | 1.6740
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{ p v’ vt i i r s’ st
81 0.5332 0.0009298 2.809 80.1 585.8 506.7 0.2552 1.6710°
85 0.5550 0. 000930+ 2.705 81.1 586.2 5056.1 0.2580 1.6681
86 0.5775 0 0009310 | 2.606 82,1 H86.5 504.4 0.2603 1.6652
847 0.6008 0.0000317 2.512 83.1 586 8 o03.7 0.2636 1.6624
88 0.6250 0 0009323 2.420 84.1 587.2 503.1 0.2664 1.65U6.
89 0.6500 0.0009330 | 2,342 85.1 587.6 502.5 0 2692 1.6568
90 0.6757 | 0.0009336 2.249 86 .1 H87.9 501.8 0,2720 1.6540
91 0.7023 0.0009342 2.16Y4 87.1 688 3 501.2 0.2748 1.6512
092 0.7298 0. 00093438 2.002 88 .1 588.6 500.5 0.2776 1.6484
93 0.7582 0.0009355 2.018 89.1 589.0. 499.9 0.2804. | 1.6456
94 0.7875 0.0003362 1.947 90.1 6589.3 493.2 0.2832 1.6429
95 0.8177 0.0009369 1.880 91.1 H39.7 498.6 0.28560 1.6402
96 0. 8489 0.0009375 1.815 92.1 6590.0 497.9 0.2837 1.6376
97 0.8311 0.0009:382 1.752 93.1 590.4 | 497.3 0.2914 1.6349
98 0.9142 0.0009389 1.693 94,1 590.8 496.7 0.2941 1.6324
99 0.9184 0.0009396 1.636 95. 1 541 .2 496. 1 0.2967 1.6297
100 0.9836 0.0009103 1.582 96,1 591.5 495.4 0,2994 1.6270
101 1.0200 0.0009410 1.529 97 .1 591.9 494.8 | 0.3020 1.6244
102 1.0574 0.0009117 1.479 98.1 H92 2 494 .1 0.3047 1.6218
103 1.0960 | 0.0009424 t.430 99.2 592.6 493 .4 0.3074 1.6192
104 1.1358 0.0009431 1.384 100.2 593.0 492.8 0.3101 1.6167
105 1.1766 (.0002138 1.339 101.2 503.3 492.1 0.3128 1.6142
106 1.2187 0.000M46 1.296 102.2 593.6 491 .4 0.3155 1.GL17
107 1.2621 0.0009154 1.254 103.2 594.0 400.8 0.3182 1.6002
108 1.,3067 | 0.0000461 1.214 104.2 594.3 490.1 0.3208 1.6066
109 1.3526 0.0009 169 1175 105.2 504.6 489.4 0.3235 1.6041
10 1.3098 0.0000176 1.138 106.2 594.9 483.7 0.32i1 1.6016
1H l1.4483 3. 0009484 1.1Q2 107.2 595.3 488. | 0.3287 1.5991
112 14983 0.0003192 1.067 108.2 595.6 487.4 0.3313 1.5067
113 1.5497 | 0.0009499 1.034 109.2 506.0 486.8 0.3339 1.5943
114 1.G025 0.0009507 1.002 110.2 506.3 486.1 0.3365 1.5919
(B) 1.6067 0.0009515 0.9707 111.2 HI6 .6 485.4 0.3391 1.5895
116 1.7125 0. 0004523 0.9416 112.2 H97.0 484.8 0.3417 1.5871
117 1.7698 0.0009532 (0.9130 113.3 507.3 484.0 0.3143 1.58418
118" 1.8236 0 0009510 | "0.885+4 114.3 H07.6 483.3 0.3470 1.5825
119 1.8891 0.0009548 0. 8587 115.3 597.9 *482.6 0.3496 1.5802
120 19511 0 0009556 | 0.8326 116.3 508.2 441.9 0.3522 1.5779
121 2.0119 0.0009565 0.808+4 7.3 H98.6 481.3 0.3546 1.5756
122 2.0802 0.0009H73 0.7846 118.3 H98.9 480.6 0.3572 1.5733
123 2.1474 0.0009582 0.7615 119.3 599.2 479.9 0.3597 1.5711
124 2.2163 | 0.0009590 | 0.7392 120.3 599.5 479.2 0.3623 1.56689
125 | 2.2809 0.0009399 0.7178 121.3 599.8 478.5 0.3649 1.5667
126 2.3595 0. 0009608 0.6970 122.3 600.1 477.8 0.3675 1.5G45
127 2.4338 0.0009617 0.6770 123.3 600.4 477.1 0.3700 1.5623
128 2.5101 0.0009625 0.6577 124.3 600.7 476.4 0.3725 1.5601
129 2.5883 0.0009634 0.6391 125.3 601.0 475.7 0.3751 1.5580
130 2.6685 0.000%:43 0 6212 126,3 601.4 475.1 0.3776 1.5559
131 2.7506 0.0009652 0.6037 127.3 601.7 474.4 0.3801 1.5538
132 2.8349 0.0009661 0.5869 128.3 602.0 473.7 0.3826 1.5516
133 2.9214 0.0009670 0.5705 129.3 602.3 473.0 0.3851 1.5495
134 3.010 0.0009679 0.5549 130.3 602.6 472.3 0.3875 1.5474
135 3.100 0.0000688 0.5307 131.4 602.9 471.5 0.3900 1.5453
136 3.193 0.0009G97 | 0.5210 132.4 60:3.2 470.8 0.3925 1.5432
137 3,288 0.0009707 0.5106 133.4 601.5 470.1 0.3950 1.511
138 3.385 0.0009716 0.4969 134.4 603.8 469.4 0.3974 1.5390
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139 3,485 | 0.0009726 | 0.4834 135.4 604.1 468.7 0.3998 | 1.5370
140 3.587 | 0.0009736 | 0 4705 136.4 604.5 468.1 0.4021 1.5350
141 3.690 | 0.0009745 | 0.4580 137.4 604.8 467.4 0.4045 | 1.5330
142 3.798 | 0,0000755 | 0.4459 138.4 605.1 466.7 0.4069 | 1.5310
143 3.908 | 0:0000769 | 0.4340 139.4 605. 4 466.0 | 0.4092 | 1.5290
144 4.020 | 0.0009774 | 0.429G 140.4 605.7 465.3 0.4116 | 1.5270
145 4.13% | 0.0009784 | 0.41186 141.4 606.0 464.6 0.4139 | 1.5251
146 4.250 | 0.0009794 | 0.4010 142 4 | 605.4 464.0 | 0.4162 | 1.5232
147 4.370 | 0.0009804 | ©0.3906 143.4 606.7 463.3° | 0.4186 | 1.5213
148 4.492 | 0.0009815 | 0.3807 144.4 607.0 462.6 0.4210 | 1.5194
149 4.617 | 0.0009825 | 0.3710 145.4 607.3 461.9 0.4234 | 1.5175
150 4.745 | 0.0009835 | 0.3616 146.4 607.5 461 . 1 0.4257 | 1.5155
151 4.876 | 0.0009846 | 0 3594 147.4 607.8 460. 4 0.4280 | 1.5135
152 5.010 | 0.0009856 | 0.3435 148.4 608. | 459.7 | 0.4303 | 1.5115
153 5.146 | 0.0009866 | 0.3349 149.4 608. 4 459.0 0.4326 | 1.5096
154 5.285 { 0.0009877 | 0.3266 150, 4 G08.7 .| 458.3 0.4349 | 1.5078
155 5.427 | 0.0000888 | 0.3185 151.4 609.0 457.6 0.4372 | 1.5060
156 5.572 | 0.0009898 | 0.3107 152.4 609.3 456.9 | 0.4305 | 1.504]
157 5.721 | 0.0009909 | 0.3030 153 4 609.6 456.2 0.4418 | 1.5022
158 5.874 | 0.0009920 | 0.9956 154.4 609.9 455.5 0.4441 | 1.5004
159 6.028 | 0.0009931 | 0.9884 155.5 610.2 | .454.7 | 0.4464 | 1.4985
160 6.185 [ 0.0000942 { 0.25815 156.5 610.5 454.0 0.4487 | 1.4966
161 6.347 | 0.0009953 | 0.9747 157.5 610.7 453.2 | 0.4509 | 1.4948
162 6.512 § 0.0009064 | 0. 2681 158.5 611.0 452.5 0.4532 | 1.4930
163 |- 6.680 | 0.0009975 | 0.2618 159.5 611.3 451.8 0.4554 | 1.4911
164 6.851 0.0009986 1 0.92556 160.6 6i1.5 | 450.9 0.4577 1.4803
165 7.027 | 0.0009997 | 0.2495 161.6 611.8 450.2 | 0.4600 | 1.4875
166 7.205 | 0.0010009 | 0.2437 162.6 612.1 449.5 0.4623 | 1.4857
167 7.387 | 0.0010020 | 0.2380 163.6 612.3 448.7 0.4646 | 1.4840
168 7.573 | 0.0010032 | 0.2325 164.6 612.5 447.9 0.4669 1 1.4822
169 7.763 | 0.0010044 | g.2927] 165.7 612.8 447.1 0.4692 | 1.4804
170 7.956 1 0.0010055 | 0.9718 166.7 613.0 446.3 | 0.4715 | 1.4786
171 8.153 | 0.0010067 | 0.9167 167.7 613.3 445.6 0.4737 | | 4769
172 8.354 0.0010079 0.2117 168.7 613.5 444 8 0.4759 1.4751
173 '8.558 | 0.0010091 | 0.2069 169.7 613.7 444.0 | 0.4782 | 1.4733
174 8.767 | 0.0010103 | 0.2022 170.8 613.9 443 .1 0.4805 | 1.4715
175 8.980 | 0.0010115 | 0.1976 171.8 614.1 442.3 | 0.4828 | 1.4697
176 9.197 | 0.0010127 | ¢.193 172.8 Gl4.4 441.6 0.4850 | 1.4680
177 9.418 | 0 0010139 | 0 1888 173.8 614.6 440.8 0.4873 | 1.4663
178 9.643 | 0 0010151 | 0.1846. 174.9 614.7 439.8 0.4806 | 1.4645
179 9.873 | 0.0010163 | 0.1805 175.9 614.9 439.0 | 0.4019 | 1.4627
180 10.106 { 0.0010175 | 0.1765 177.0 615.0 438.0 | 0.4042 | 1.4609
181 10.344 | 0.0010188 | 0 1726 178.0 615.2 437.2 0.4965 | 1.4502
182 10.586 | 0.0010200 | 0.1689 179.0 615.4 436.4 0.4987 | 1.4575
183 10.833 | 0 6010213 | 0.1652 180.0 615.6 435.6 0.5009 | 1.4558
184 11.085 1 0.0010225 | 0.1616 181.0 615.8 434.8 0.5031 1.4541
185 11.341 | 0.0010238 | 0.1581 182.0 615.9 433.9 0.5054 | 1.4521
186 11.601 | 0.0010251 | 0.1548 183.1 616.0 432.9 0.5077 | 1.4507
187 11.866 | 0.0010264 | 0.1516 184.1 616.2 432.1 0.5100 | 1.4490
188 12.136 | 0.0010277 | 0.1484 185.) 616 3 431.2 0.5123 | 1.4473
189 12.411 | 0.0010290 | 0.1452 186.2 616.4 430.2 0.5146 | 1.4456
190 12.690 | 0.0010303 | (.1422 187.3 615.6 499.3 0.5168 | 1.4439
191 12.975 | 0.0010317 | 0.1392 188.3 616.7 428.4 0.5191 1.4422
192 13.264 | 0.0010330 | 0.1363 189.3 616.8 427.5 0.5213 | 1.4405
193 13.559 | 0.0010343 | 0.1334.{ 190.3 617.0 426.7 0.5235 | 1.4389
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194 13.859 0.0010357 | 0.1306 191 3 617.1 425.8 0.5207 1.4372
195 14.164 0.0010370 | 0.1279 192.3 617.2 424.9 0.5279 1.4355
196 14.474 0.0010384 | 0.1253 193. 4 G17.4 424.0 0.5302 1.4339
197 14.789 0.0010397 | 0.1227 194.5 617.5 423.0 0.5325 1.4323
198 15.109 0.0010411 | 0.1202 195.5 617.6 422.1 0.5347 1.4307
199 15.435 0.0010125 | 0.1177 196.6 617.8 421.2 0.5359 1.4201
200 15.766 0.0010139 | 0.1153 197.6 618.0 420.4 0.530 1.4276
201 16.104 0.0010453 | 0.1130 198.6 618.1 419.5 0.5414 1.4260
202 16.447 0.0010467 | 0.1107 199.7 618.2 418.5 0.54% 1.4244
203 16.794 0.0010482 | 0.1085 200.7 618.3 417.6 0.5458 1.4228
204 17.148 0.0010496 | 0.1063 201.7 618.4 416.7 0 5480 1.4212
205 17.508 0.0010510 | 0.1041 202.8 6i8.5 415.7 | 0 5502 1.4196
206 17.874 0.0010525 | 0.1020 203.8 618.6 414;8 0.5524 1.4180
207 18.246 0.0010539 | 0.1000 204.9 618.8 413 9 0.5546 1.4164
208 18.624 0.0010554 | 0.09804 206.0 618.9 412.9 0.5568 1.4149
209 19.0t0 0.0010569 | 0.0%08 207.0 619.0 412.0 00.5589 1.4133
210 19.402 0.0010584 | 0.09420 208.1 | 619.2 411.1 0.5611 1.4118
211 19.799 0.0010599 | 0.09233 209. 1 619.3 410.2 0.5631 1.4102
212 20.201 0.0010614 "{ 0.09051 210.2 6190.4 409.2 f}.965H3 1.4087
213 20.610 0.0010629 | 0.08876 211.3 619.5 408.2 0.5675 1.4071
214 21.023 0.0010044 § 0.0870+ 212.4 619.6 407.2 0.5697 1.4056
215 21.445 0.0010560 | 0.09534 213.4 619.7 406.3 0.5719 1.4041
216 21 872 0.0010675 | 0.08368 214.5 619.8 405.3 0.5740 1. 4026
217 22.307 0.0010691 | 0.08208 215.5 619.9 404 . 4 0.5762 1.4012
218 22.748 0.00t0707 | 0.08052 216.6 620.0 403.4 0.5784 1.3997
219 23.105 0.0010723 | 0.07398 217.7 620.1 402.4 0.5806 1.3982
220 23.650 0.0010749 1 0.07746 218.8 6£20.2 101 .4 0.5828 1.3967
221 24.111 0.0010755 § 0.07599 219.9 620.3 400.4 0.5850 I 3952
222 24.579 0.0010772 { 0.07456 221.0 620.4 390.4 0.5871 1.3937
223 25.003 0.0010789 | 0.07316 222.1 620.5 398.4 0.5892 1.3921
224 25.536 0.00108065 | 0.07177 223.2 620.6 397 .4 00,5913 1.3906
295 26.026 0.0010823 | 0.07042 224.3 620.7 396.4 0.5034 1.3891
226 26.522 0.0010830 | 0.066910 225.4 620.8 395.4 0.5956 1.3876
227 27.026 0.0010857 | 0.06781 226.5 620.8 304.3 0.5978 1.3861
228 27.538 0.0010874 | 0.06654 227.6 620.9 393.3 0.6000 1.3847
229 28.056 0.0010892 | 0.06531 228.7 620.9 392.2 0.6022 1.3826
230 28,583 0.0010910 | 0.001411 229.8 62t 0 J9.2 0.6043 1.3818
23t 29,115 0.0010028 | 0.06294 230.9 621.0 390. 1 0.6054 1.3803
232 29.656 0.0010%47 | 0.06179 232.0 621.1 389.1 0.6085 1.3788
233 30.205 0.0010966 | 0.06067 233.1 621.2 388.1 0.6107 1.3773
234 30.761 0.0010985 | 0.05956 234.2 621.2 387.0 0.6128 1.3759
235 31,326 0.0011005 | 0.00848 235.3 621.2 385.9 0.6150 1.3744
236 31.897 0.0011025 |0.00743 236.4 621.2 384.8 0.6172 1.3729
237 32 477 0.0011045 | 0.05639 237.6 621.2 383.6 0.6194 1.3714
238 33.065 0.0011065 | 0.05537 238.7 621.2 382.5 0.6215 1.3699
239 33.662 0.0011085 | 0.05436 239.8 621.2 381.4 0.6236 1.3685
240 34.267 0.0011106 | 0.05340 240.9 621.3 3R0.4 0.6257 1.3670
241 34.830 0.0011126 § 0.00245 242.0 | 621.3 379.3 0.6273 [.3655
242 35.501 0.0011147 | 0.05152 243.1 621.3 378.2 0.6300 1.3h41
243 36. 13} 0.0011168 | 0.05059 244.2 621.3 377.1 0.6321 1.3626
244 36.769 0.0011190 | 0.04971 245.4 621.3 375.9 0.6343 1.3611
245 37.415 0.0011212 { 0.01883 246.5 621.2 374.7 0.6365 1.3596
246 38.071 g.00t1235 } 0.04797 247.6 631.2 373.6 0.6386 1.3581
247 38.726 0.0011259 | 0.04713 248.8 621.2 372.4 0.6407 1.3566
248 39.409 0 0011282 | 0.04631 240.9 621.2 371.3 0.6428 1.35562




117

t P v’ v’ i’ it r s? st
2449 40.09 0.0011305 | 0.01500 251.0 621.1 370.1 0.6440 1.3537
250 40.73 0.001133 0.04470 2522 621 3680 0.6471 [.3H22
251 41.48 0.001136 0 01393 2534 H21.1 367.7 0.6493 1.3507
252 12014 0.0011:38 0087 2545 621.0 366.5 0.6514 1.3493
254 4241 0.001140 0 04242 255.7 621.0 365.3 0.6535 1.3473
254 13 .64 0.001143 0.04168 256.8 6209 3641 0,60Hd0 1.3463
205 14,38 0.001116 0.01000 257.9 620.98 3652.9 0.65H738 1.3449
200 '4.-}. 13 0.001118 0.04025 25901 G20.8 Jut.7 0.659Y 1.3434
20T 15,88 0.001151 0.03957 260.2 620.7 360.5 0.6620 1.3419
208 44 64 0.001154 0. 038589 261 .4 6:20.6 359.2 0.06641) 1:3404
250 47.42 1. 0.001156 0.03822 262 5 6205 358.0 0.6662 1.3389°
26t 48,21 0 001154 0 03756 203 7 620, 4 3567 0. 6684 1.3374
RIS 49,00 0.001102 0.036492 264.8 H20.3 355.5 0.6705 1,3360
262 49.8) 0.001164 0. 03628 261y .0 (20,2 354.2 0.6720 | 3345
RN 0H0.62 0.000167 0.03567 2072 6201 352.9 0.6748 1.3330
204 niL 44 0.001170 0. 03506 268 4 620.0 351.6 0.6769 1.3315
R{TH) H2.28 0.001172 003445 ’69.6 6199 350,38 0.6790 1.:3300
RN 5318 0,001175 0. 03387 270 7 G19.7 349 0 0.6812 | .3285
OLhT 300 0.00117%8 0.0:48324 201 4 619.6 347.7 0.6833 1.3270
I 54.85 0.001181 0.03272 273.0 G194 346.4 0.6854 1.3255
200 50,74 0.0011R8} 0.03216 274.2 619.3 340 1 0.6875 1 3240
270 W 0. 001186 0.03162 275.4 619,2 3138 (. HRO6 1 3225
271 N7.02 0.001189 0.0310% 2766 619.0 342.4 0.6918 [ 3210
272 Wb 0 o012 0.03055 277.8 G188 34120 0.6u340 1.3195
273 H.35 0.001195 0.0300.3 279.0 GIR.7 339.7 0.6960 1.3180
274 Oty 2% 0.001198 0.020953 280.2 G18.5 338.3 0.6981 1.31G4
275 .22 0 601200 0.02903 RETI G183 3369 0.7003 1.3148
276 G218 0).00]1203 (3.02353 PR2.G GIR. I 335.5 0.7024 1.3133
207 6315 0. 001206 (. 02805 283 8 617.9 33401 0.7045H 1.3118
273 Hh4.13 0.001209 0.02758 285.0 617.7 332.7 0. 7066, 1.3103
279 6GH. 12 0.001212 0.02712 286G.2 617 5 331 3 0.7087 1.3087
N T 0.001211 0 02667 287.4 617.3 3249.9 0.7108 1.3071
aN| YR 0.001217 0.020222 288 6 617.0 328 .4 0.7129 I 3053
Dy HRU1S 0.001220 ().02578 I8 .8 6168 327.0 0.7150 1.3010
) BINE 0.001:223 0.02534 291.1 616.6 325.5 0.7171 1.3024
RR 70.23 0.001226 0 02192 2023 616.3 324.0 0.7193 1.3008
NG 71.29 ().001229 0.02450 293.6 6160 322.4 0.7214 1.2992
I 7236 0.001232 0.02400 2048 H15.8 321.0 0.7235 1.2976
Is7 74,44 0.0012:35 0 023530 26,0 G105 319.5 0.7207 1.2960
INA 7104 0.00123% 0.02329 207.3 615.2 37.9 0.7279 1 2014
%) 75 55 ). 001240 0.02290 2085 G14.8 316.3 0.7300 [.2928
200 h 77 0 o2 0.02253 20997 6145 J14.8 10,7321 1.2912
20 77.490 (.001247 0.02216 401.0 G112 3132 0.7343 1.2845
RAR 79.04 0. 001250 0.02179 3022 6139 3.7 (). 7364 1.2879
RAR RO, 0 0 001253 0.02113 303.5 G13.6 3101 0.73R8H 1.9852
2491 Rl .38 0.0NN12506 0 02107 304.7 h13,2 3035 0.7406 1.2845
5 8205 0 012y 0.02072 306.0 6G12.9 3059 0,7127 1.2829
LD R Th 0. 001262 0. 0203% 307 .2 6G12.5 305 3 0.7444 1.2812
D97 S84 97 0001266 (). 02001 J08.H n12 1 303.6 0.7471 1.2795
2N 86,20 0 001269 0 01971 309.8 611 7 3019 0.7493 1.2778
ann w743 0001272 001938 SIRNN| 611.3 300.2 0.751¢ 1.2761
Son KR 0O 001276 0.01006 312, G108 2930 0.7535 | 2744
201 89975 0 ON]280) 001874 1 313.6 6104 200 R 0.7557 1.2726
RIEN 01 .23 BB IRAR (3.01812 311 6H10.0 2951 0.7578 1.2709
3034 2. 58 | 0001287 0.01811 6.3 6096 IR 0.7600 1.2642
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304 93.84 0.001290 {0.01781 J317.5 609.1 291.6 0,7622 1.2074
305, 95.16 0.001294 [0.01751 J18.8 608.6 289.8 0.7644 1.20656
306 9, 49 0.001298 10.01721 320.1 608. 1 288.0 0.7665 1.2638
307 07,84 0.001302 10.01692 321 .4 607.06 286.2 0.7687 1.2620
308 99.21 0 001306 10.01663 322.7 607.1 284 .4 0.7700 1.2602
300 100.59 0.001310 10.01635 324.0 606.6 282.6 0.7730 1,2084
310 101.98 0.001314  [0.01607 325.3 60650 280.7 0.7752 1,2566
311 103.39 0.001319 10.01579 326.6 605. 4 278.8 0.7774 1.2547
312 104,82 0.001324 10.01552 328.0 604.9 276.9 0.7796 1.2528
313 100L..26 0.001328 10.01526 329.3 604.3 275.0 0.7817 1.,2509
314 107.71 | 0.001333 [0.01500 330.6 603.7 273.1 0.7839 1.2489
315 109.18 0.001333 10.01474 331.9 603.0 271.1 0.7861 1.2470
316 110.67 0.001343  10.01449 333.2 602.3 269.1 0.7883 1.2450
317 112.18 0.001348 {0.01424 334.6 601.7 207. 1 0.7005 1.2430
318 113.70 0.001353 10.01399 J35.9 601.0 265. 1 0.7927 1.2410
319 115,24 0.001358 10.01375 337.3 600.3 263.0 0.7949 1.2390
320 116,79 0.001364 [0.01351 3387 699.6 260.9 0.7971 1,2370
321 118.35 0.001309  10.01327 340.0 HU8.9 258.9 0.79493 1,2350
322 119.04 0.001375 [0.01303 SRR 50981 256.8 0.8015 1.2330
323 121.54 0.0011358] 0.01280 342.7 597.3 254.6 0.8037 1.2309
324 123,16 0.001386 10.01257 J44.1 596.5 252.4 0.8059 1.2987
395 194.79 0.001392 10.01235 d15.5 505.7 250.2 0.R(082 1.2265
326 126,44 0.001398 10 01213 3160 594.9 248.0 0.8104 1.2243
327 128 .1 0.001404 10.01191 318.3 594.0 245.7 0.8126 1.2221
328 129,890 0.001411 0.01179 319.7 593.2 243.5 0.8149 -1.2199
329 131.50 0.001417 {0.01149 d51.2 592.3 241.1 0.8172 1.2176
330 133.22 0.001424 §0.01128 |- 352.7 H91.4 238.7 0.8195 1.2153
331 134,96 0.001430 10.01108 3nh4. ! 590.4 236.3 0.8217 1.2129
332 136.72 0.001447 0.01088 355.6 H849.5 233.9 0.8240 1.2105
333 1138.50 0.001444 |0 OLOGE 357.0 5848.5 231.5 0.82623 1.2081
334 140.30 0.001452 [0.01018 I58.5 6587.5 229.0 0.8286 1.2051
335 14211 0001459 |0 01028 360.0 o464 226.4 0.8300 1.2034
336 143,949 0.001466 10.01009 361 .4 85,2 223.8 0.8332 1.2006
337 146,79 0.001474 0.000902 362.9 K R | 221.2 0.8355 1.1980
338 147,606 0).001452 0.000712 3644 583.0 218.6 0.8377 1.1954
a19 149.55 0.001490 [ 0.009524| 365.9 5R1.8 215.9 0.8460 1.1027
310 151,46 0.001493 [0 0093361 367.4 580.6 213.2 0.8423 1.1900
341 173.39 0.001507  10.0091481  368.9 5794 210.5 0.8446 1.1R73
342 156.33 0.001515 | 0.0089521 370.5 578.1 207.6 0.8470 1.1815
343 157.30 0.00152¢ [0.008778| 372.1 576.7 204.6 0.8494 1.1815
344 159,30 0.001533 [0.008005 ] 1373.7 575.3 201.6 0.8518 1.1785
345 161.31 0.001543  [0.00%4131 275 .3 573.8 198.5 0.8543 1.1754
346 163,33 0.001553 0. 008239 37.0 H72.3 195.3° 0.8569 1.1723 .
W7 165.38 0.001563 10.00805G) 378.7 R70.7 192.0 0.8595 1.1691
348 167.45 0.001574 10.0078821 380.5H 569 1 188.6 0.8622 1.1659
349 169,55 0.001585 10.0n7709] 1382 3 5674 185.1 0.8650 1.1625
350 171.66 0.00159H 0.007537 384 .1 5.6 181.5 0.8678 1.1591
asl 173.78 0.001608 | 0.0073061 385.9 omnl3.8 177.9 0.8706 1.1556
352 175.93 0.001620 [0.007195] 2387.7 551.9 174.2 0.8734 1.1520
Jnd 178.10 0.001632 {0.00702¢} 3R9.G H539.9 170.3 0.8764 1.1483
354 180.29 0.001646  {0.006R5GT 391.6 1 557.8 166 2 0 87948 1.1445
305 182.50 0. 001660 0. 006692 3937 H535.6 161.9 0.8K828 1.1405
356 184.74 0.001676 (). 006028 395.9 533.2 157.3 0.8863 1.1363
157 187.00 0.001692 [0.006364] 3981 nh0.7 152.6 0.8894 1.1321
358 189.27 0 0.006199] 400.4 548.2 147.8 0.8935H 1.1277

001710




119

‘ P ul U" lt “ll r 3’ S"
359 191.57 | 0.001729 {0.000034| 102.8 515.3 142.5 | 0.8976 3
360 | .193.90 | 0.001750 ] 0.005860 | 105.3 542.3 137.0 oﬁuulé :::?53
361 196.26 1 0.00177  J0.0us70 | 407.9 539.0 1341 0.9062 { 1.1199
309 103.66 0.00180 000553 410.7 535. 4 124.7 0.9110 1.1073
363 201.10 | 0.00183 [0.00535 | 413.6 531.4 7.8 | 0.9162 | 1.1014
31%4 ‘201?.58 0. 00186 0.00516 416.7 H527.1 110.4 O.EJL’I‘S 1.0051
365 206,10 | 0.00189 |0 00197 | 420.1 592.3 102.2 | 00280 | 1.0381
366 208.64 | 0.00193  10.00477 | 493.8 517.1 93.3 | 09347 | 1.0807
367 201,19 | 0.00098  |0.00456 | 427.8 511.5 83.7 | 0.9420 | 1.0727
368 213.75 1 0.00203  10.00435 | 432.6 505. 1 72.5 | 0,9504 | 1.0635
369 216.33 | 0.00210 10 00410 | 438.2 497.9 59.7 | 0.9601 | 1.0531
370 218.91 0.00222  |0.00383 | 415.4 489 .4 44.0 | 0.9720 | 1.0404
571 221.49 | 0.00251 0.00343 | 456.4 179.2 22.8 | 0.9922 | 1.0276

15-p.166 a 173

PROPIEDADES TERMODINAMICAS DEL D,0 EN EL ESTADO DE SATURACION
P { v’ v’! l' ‘1[ Id s? 5’

0.010 9.276 | 0.0000042 | 119.5 5.5 56.8 551.3 7] 0.0197 | t.9717
0.015 | 15.212 | 0.0000043 81.33 1.4 559.2 547.8 | 0.0404 | 1.9401
0.020 | 19.601 | 0.0000047 | 61.91 15.8 560.9 5451 0.0558 | 1.9177
0.025 | 23.109 | 0.0009051 50.16 19.3 562.4 543.1 0.0679 | 1.9010
0.030 | 26.050 | 0.0009056 42.92 | 22.2 563.5 | 541.3 | 0.0779 | 1.8868
0.035 | 28.599 | 0.0004060 36.48 | 24.8 564.5 539.7 | 0.0866 | 1.8749
0.040 | 30.85 0. 000YVGS 32.14 27.0 565.4 538.4 | 0.0910 | 1.8647
0.045 | 32.86 006009070 28.73 | 29.1 566.2 537.1 0.1006 | 1.8558
0.050 | 34.60 0.0000074 26.01 30.9 566.9 536.0 | 0.1066 | 1.8475
0.055 | 36.38 0 0009079 23.77 | 32.6 567.5 534.9 | 0.1121 | 1.8406

- 0.060 | 37.92 0.0005084 21.00 | 34.1 5G8. 1 534.0 | 0.1172 | 1.8337
0.065 | 39.36 0. 0000088 20.31 35.6 5G8.7 533.1 0.1219 | 1.8277
0.070 40.73 0.0009093 18.94 36.9 569.2 532.3 0.1263 1.8220
0.075 | 41.99 0. 0009097 17.74 38.2 569.7 531.5 | 0.1302 | 1.8168
0.080 | 43.19 0.0009101 16.69 | 39.4 570.2 530.8 | 0.1340 | 1.8120
0.085 | 44.34 0.0n00105 | 15.76 | 40.5 570.6 5301 0.1376 | 1.8073
0.000 | 45.41 0. 0009109 14.93 | 41.6 571.0 529.4 | 0.1410 { 1.8031
0.0 | 46.45 0.0009113 14.19 | 42.6 571.4 528 8 | 0.1442 | 1.7989
0.10 47 .42 0.0000117 13.52 | 43.6 571.8 528.2 | 0.1473 | 1.7051
0. 11 49.98 0.0009124 12.36 | 45.5 572.6 527.1 0.1532 | 1.7876
0.12 50.98 0.0@09131 11.30 | 47.2 573.2 526.0 | 0.1584 | 1 7811
0.13 52.56 0.0009137 10.56 | 48.7 573.8 525.1 -1 0.1632 | 1.7750
0.14 54.05 0.0009144 9.849 | 50.1 574.4 524.3 | 0.1676 | 1.7696
0.15 55 46 0.0009150 9.233 51.6 575.0 523.4 0.1718 1.7645
0.16 56.79 0.0009156 8.688 | 52.9 575.5 522.6 | 0.1758 | 1.7507
0.17 58.04 0.0000162 8.206 | 54.1 576.0 521.9 | 0.179% | |.7553
0.18 59.23 0. 0009467 7.777 | 55.3 576.5 521.2 | 0.1832 | 1.7510
0.19 60.37 0.0009172 7.392 | 56.5 577.0 520.5 | 0.1866 | 1.7471
0.20 61.46 0.0009177 7.044.1 57.6 577.4 519.8 | 0.1898 | 1.7433
0.21 62.51 0.0009182 6.728 | 58.6 577.8 519.2 | 0.1929 | 1.7308
0.22 63.52 0.0009187 6.440 | 59.6 578.2 5186 | 0.1959 | 1.7364
0.23 64.48 0.0009102 6.176 | 60.6 578.6 5180 | 01988 | 1.7330
0.24 65.40 0.0000196 5034 | 61.5 579.0 517.5 | 0.2015 | . 7208
0.25 66.20 0.0009201 5712 | 62.4 579.3 516.9 | 0.2041 | 1.7267
0.26 67.16 0.0009205 5.505 | 63.3 579.6 516.3 | 0.2066 ||

7239
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0.27 68,01 0.0009210 5.314 64.1 H%0.9 516.8 0.2000 1.7212
0.28 68,82 0.0000214 H.136 64.0 Heo. 2 5153 0,2114 1.718H
0.29 69.60 | 0.0009218 4.970 65.7 h80 5 514.8 0,2133 1.7159
0.30 70.33 0.0009222 4.815 66 . 4 nky.8 514.4 0.2160 1.7133
0.32 71.84 0.0009230 4.531 67.9 H81.4 513.9 0.2204 1.7087
0.34 73.23 0. 0000237 4,281 69.3 H81.9 H12.6 0.2243 1.7043
0.36 74.56 0,0009214 4.058 70.7 H82.4 511.7 0.2282 1.6999
0.38 75.83 | 00009250 | 3.857 70.9 582.9 511.0 0.2319 1.6959
0.40 77.04 0. 0009257 3.676 73.1 683,13 510.2 0.2353 1.6921
0.45 79.85 | 0.0000273 3.202 75.9 584.3 508.4 0,2435 1.6834
0.50 82.42 | 0.0000288 | 2,983 78.5 585.2 506.7 0.2508 1.6755
0.55 8179 | 0.0009303 | 2,728 ®0.9 586.0 505, 1 0.2576 1.6688
0.60 86,98 | 0.0009317- 1 2.515 83.1 586.8 503.7 0.2637 1.6624
0.65 89,00 0. 0000330 2.332 85.1 687.5 502 .4 0.2694 1.6567
0.70 90.91 0.0009312 2.170 87.0 58y, 2 h01.2 0.2716 1.6513
0.75 92.72 | 0.0009354 2.0:3% 88.8 n8v.8 500.0 0.2797 1.6463
0.80 04.42 0.00003615 1.919 90.5 HR0 .4 498 .9 (). 2844 1.6417
0.85 496.04 0.0009376 1.813 92.1 500.0 497 .4 ). 2887 1.6375
0.90 97.57 | 0,0000386 1.719 93.6 500 .6 407.0 0.24928 1.6333
0.95 . 99.05 0. 00093396 [.634 a5.1 501.2 4961 0.2068 1.6205
1.0 100 .45 1 0.0000406 1.558 096.5 501.7 1495.2 0. 3006 1.6258
1.1 103. 11 0 0009425 1.425 99.3 502.6 4033 0.3076- 1.6189
1.2 105.56 1 0.0000443 1.314 101.8 5034 491 .6 03143 1.G125
1.3 107.85 | 0.0009460 1.220 104.0 504,92 490.2 0.3205 1.6068
1.4 110.01 0.000947H 1.138 106,92 504.4 489.7 0.3261 1.6017
1.5 112.04 0.0000492 1.066 103,2 595.6 187 .4 0.3315H 1.54965
1.6 H3.95 | 0.0009507 1.004 110.2 RNy, 2 486.0 0.:3364 1.5918
1.7 115.78 | 0.00014522 0.0180) 112.0 5065 R 181.8 0.3112 1.5R76
1.8 117.52 1 0.0000336 | 0 RORG 113.8 n7 .4 483.6 0.3457 1. 5836
1.9 11918 | 0.0000550 | 0.8542 115.5 508.0 482.5 0.3500 1.5797
2.0 120,77 0 0009563 0.8140 17,1 H98.5 481.4 0. 3540 1.57R9
2.1 122.730 0.0009576 0.7774 18,6 5990 180 .4 0.:35%0 1.5726
2.2 123,77 0. 0009588 0.7414 120.1 5994 479.3 0.3618 1.5693
2.3 125.19 | 0,0000600 0.7139 121.5 500 8 478 .3 -1 0.3654 |.5661
2.4 126.55 | 0.,00049613 0.6860 122.9 GN0.3 477 .4 0.3689 1.5632
2.5 127.87 0.0000625 | 0.6603 124.2 600 7 476.5 0.3722 1.5603
2.6 12015 | 00009637 | 0.6364 125.5 601 .1 175 .6 0.3755 1.5576
2.7 13039 0.00049047 0.6143 196.7 601.5 174.8 0.37806 [.5000
2.8 131.59 | 0.0000057 | 0.5938 197.9 6H01.9 474.0 0. 3816 1 5524
2.9 132.76 0.0000668 | 0.5746 129, 1 602.3 473.2 0.3845 1.5499
3.0 133.89 | 0.0009G78 | 0.5506 130.3 602.6 472.3 0.3873 1.5475
3.1 135,00 1 0.0000688 | 0.5397 1314 602.9 471.5 0.3900 1.5152
3.2 136,07 0.0000698 | 0.5238 132.5 603, 2 470,77 03927 1.5130
3.3 13713 | 0.0000708 | 0.5049 133.6 6036 470.0 0.0 1.5400
3.4 138.16 0.0000718 | 0, 4944 131.6 603.9 1693 0.3977 1.5388
3.5 13015 | 0.0000728 0. 1814 135.6 6042 1686 0.4001 1.5367
3.6 140,13 0.0009737 0. 4689 136.6 6045 167.9 0.4025 1.5347
3.7 10,00 | 0,0009746 0.4570 137.5 601 8 687 3 04018 .58
3.8 142.02 | 00000755 | 0.4456 1384 6051 466 7 04069 1.5310
3.9 142.93 | 0.0009764 0.4349 139.3 605, 4 56 1 0. 4000 1.5292
4.0 143.83 | 0.0000773 | 0.4247 140.2 60n .6 1654 0.4111 1.5274
4.1 144.71 0.00097R 0.4149 141.1 605.0 1.8 0.4132 1.5257
4.2 145,59 1 0.000979] 0.4005 142.0 606G .2 164.2 0.4153 1.5240
4.3 146,43 0.006097909 0,396 142.8 6on .5 1637 0,4173 | 5224
4.4 147,25 0.0009%07 143.6 6068 463 .9 0,412 1.5208

(. 31R82
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4.5 148,06 0.0009815
4.0 148.87 0 0002
4.7 149.65H 0. 000832
4 R 150,42 0. 0009340
4.9 151,18 0.000v3 18
5.0 51.92 0 00pORHH
h.2 53.39 0. 000487
5.4 151,81 (. Gunsssh
5.0 150,19 0. 0000900
6.8 157.52 0.0009914
6.0 158 .82 00009928
6.2 160.09 000099 12
6.4 161.33 - 0 0009955
6.6 162,53 (0. 00070
6.8 163.70 0. 0009933
7.0 ttrt. 85 0. 0009994
7.2 165,98 0 vufounY
7.4 167.08 0.001002]
7.6 168,14 00010033
7.8 164320 0.0010016
8.0 170.23 00010058
8.2 171, 0.0010070
8.4 172.23 0.0010082
8.6 174.20 0. 0010093
8.8 174.15 {. 0.0010105
9.0 17509 0.0010116
4.2 176.01 0.0010127
9.4 176- 92 0.0010138
9.6 177 .81 0.0010149
9.8 178.6Y 0.0010159
10.0 179.54 0.0010170
10.5 I81.65H 0.0010196
11.0 183 .66 0.001022]
11.5 I8RO .60 0.0010245
12.0 187.49 0.0010270
12.5 189,392 0.0010204
13.0 101.09 0.0010318
13.5 102 80 0.001034%
14 0 104,46 0.0010363
14.5 19607 | 0,0010.384
15.0 197 .67 0.0010406
15.5 199.20 0.0010128
16.0 200 .69 0. 0010419
16.5 20216 0.0010470
17.0 200359 0. 0010190
17.5 204,99 0.0010510
18.0 206,35 0.0010530
18.5 207 6B 0.0010519
19.0 208 97 0.0010568
19.5 210.25 0.00100K87
20.0 211.50 0.0010606
20.5 212.74 0.0010625
21 0 213,95 0.0010644
21.5 215.15 0.0010662
22.0 216.30 0. 0010680

vl i i’ r s’ st

- !
0. 3800 144.4 607.0 462.6 0.4211 1.5192
0.3722 145.2 607 .2 462.0 0.420 1.5176
0.3648 1460 607.5 461.5 0.4248 1.5161
0.3577 146.8 ui7. 8 461.0 0. 4206 1.5146
U 3H08 147.6 608.0 460, 4 0.4284 1.5133
(.34 148.3 603.2 459.9 0.4300 1 5118
0.3316 149.8 6HO8.6 158.38 0.4335 1.5000
U 3201 151.2 0y 0 457.8 0.4368 1.5063
03002 152.6 604 .4 4068 0.4400 1.5034
0.20491 151.0 609.8 455.8 0.4430 1.6013
0. 2808 155,3 610 .2 454.9 0.4460 1.4989
0 2804 156.6 610.5 453.9 0.4188 1.49656
0.272 167.9 610.8 452.9 0.4516 1.4943
0,2648 159.1 611.1 452.0 0.1543 1.4921
0. 2574 1603 6G11.4 451.1 0.4570 1.4899
0.2505 161.5 6Ly 7 450.2 0.4596 1.4878
0.2434 162.6 6G12.0 449 .4 0.4622 1.4857
(. 2376 16:3.7 612.3 448.6 0. 4647 1.4838
(),2317 16-1.8 612.6 447.8 0,467 1.4819
0.2261 165.9 - 612.9 447.0 0.4696 1.4801
(), 2207 166,90 613.2 446.3 0.4720 1.4783
0.2155 167 9 613.4 4145.9 0.4743 1.47606
0.2106 168.9 613.6 444.7 0.4765 1.4747
). 20549 169.9 613.8 443.9 0.4787 1 4730
0.2011 170.9 6G14.0 4431 0.48049 1.4713
0.1972 171.9 614.2 442.7 0.4830 1.4696
0. 193} 172.8 6144 t41.6 0.48H1 1.4680
0.1892 173.8 614.5 440.7 0.4872 1. 4664
(0. 185:4 174.7 614.7 410.0 0 1892 1.4643
0.1818 175 7 614.8 439 0.4012 1.4633
0.1783 176.7 615.0 438.3 0.4932 1.4618
0.1702 178.7 615.3 436.6 0.4979 1.4582
0.16038 1807 615.6 434.9 0.5024 1.4516
0.1561 182.7 615.9 433.2 0.5068 1.4512
0.1499 184.7 616,2 431.5 0.5111 1.4480
0.1443 186.5 616.5 430.0 0.5152 1.4449
0.1:300 IHR.: 616 7 128 .4 0.a192 1.4419
0.1:340 1901 617.0 4264 0.5230 1.4391
0 1291 191.,9 617.2 425.3 0.5268 1.4364
0.1251 193.6 617.4 423.8 0.5304 1.4337
0.1211 105.2 617 6 492 .4 0.5310 1.4312
0.1172 1968 617.8 421.0 0.5374 14287
0.1137 1908.4 GIR.0 419.6 0.5408 1.4264
0.1104 199.9 618.2 418.3 0.5441 }.4241
0. 1072 201 .4 618.4 417.0 0.5472 1.4218
0, 1012 202.8 618.5 415.7 0.5502 1.4196
0.1014 204.3 618.7 414.4 0.5532 1.4174
(1. 09369 200.7 6H18.8 4131 0.5561 1.4153
0.09515 207.0 619.0 412.0 0.5580 1.4133
0.00373 208.3 619.2 410.9 0.5616 1.4114
0.00141 200.6 G19.4 400 8 0.5643 1.4006
008412 201.0 610.5 4085 0.5669 1.4076
0.08713 212.3 6G19.6 A07 .3 056497 1.4057
_oss12 213.6 619.8 A0G 9 0.5722 1.4039
0.08.322 214.8 619.9 405 1 0.5747 1.4022




p l t v v’ l v l R r l s’ ‘ s’
22.5 217.44 | 0.0010698 | 0.08138 | 216.0 620.0 404.0 0.5771 1.4005
23.0 218.67 | 0.0010716 | 0.07964 | 217.3 620.1 402.8 0.5795 | 1.398%
23.5 219.68 | 0.0010734 1 0.07795 | 218.5 $620.2 401.7 0.65820 | 1.3971
24.0 990.76 | 0.0010752 | 0.07634 | 219.7 620.3 400.6 0.5844 1.3955
24.5 991.83 1 0.0010769 | 0.07478 | 220.8 620.4 399.6 0.5867 | 1.3939
25.0 292 89 | 0.0010787 | 0.07330 | 222.0 620.5 398.5 0.5%00 | 1.3923
95.5 993 .93 | 0.0010804 | 0.07188 { 223.1 620.6 397.5 0.5912 | 1.3907
26.0 99.0.095 | 0.0010822 | 0.07049 | 224.3 620.7 346G 4 0.5934 1.3892
26.5 995.97 | 0.0010839 | 0.06916 | 2925.4 620.8 395. 4 0.5956G | 1.3877
27.0 296.96 | 0.0010856 | 0.06787 | 226.5 620.8 394.3 0.5978 | 1.3862
27.5 207 .94 | 0.0010873 | 0.06664 | 227.5 620.9 393.4 0.599% | 1.3848
28.0 298.9( 0.0010890 | 0.06544 | 228.6 621.0 392 .4 0.6018 | 1.3834
28.5 294 84 | 0.0010907 | 0.06429 1 220.6 621.0 391 .4 0.6038 | 1.3820
29.0 930.79 | 0.0010924 | 0.06319 | 230.6 621.0 390. 4 0.6059 | 1.3808
29.5 231.71 | 0.0010041 | 0.06212 | 231.7 621.1. 389.4 0.6079 | 1.3792
30 232 G2 | 0.0010058 | 0.06108 | 232.7 621.1 34884 0.6099 | 1.3778
31 934,42 1. 0.0010994 | 0.00910 | 234.7 621.2 386.5 0.6137 | 1.3751
32 9236.18 | 0.0011028 | 0.00724 | 236.7 621.2 384.5 0.6177 1.3724
33 9237 .89 | 0 0011062 | 0.05548 | 238.6 621.2 382.6 0.6213 1.3700
34 239.56 | 0.0011006 | 0.05382 | 240.5 621.3 380.8 0.6248 | 1.3676
35 241.10 | 0.0011130 | 0.05227 | 242.2 6G21.3 379.1 0.6282 | 1.3652
36 9242.79 | 0.0011164 | 0.05079 { 244.0 621.3 377.3 0.6316 1.3629
37 9244.36 1 0.00'1198 { 0.04930 | 245.8 621.3 375.5 0.6350 | 1.3607
38 9245.89 | 0.0011232 | 0.01806 | 247.6 621.3 373.7 0.6:384 1.3582
39 247.40 1 0.0011268 | 0.01680 | 219.3 621.2 371.9 0.6416 1.3561
40 218.87 | 0.0011302 | 0.04560 | 251.0 621.2 370.2 0.6447 1.3539
41 250.32 | 0.001134 0.04446 | 252.6 621 .1 368.5 0.6478 | 1.3517
42 251.73 | 0.001138 0.04337 | 254.2 621.0 366.8 0.6508 1.3496
43 253,12 | 0.00114} 0.04332 255.8 621.0 365.2 0.6538 1.3476
44 254.49 | 0.001144 0.04132 1 257.4 620.9 363.5 0.6567 1.3456
45 255.84 | 0.001148 0.01037 { 258.9 620.8 361.9 0.6596 1.3436
46 957.16 | 0.001152 0.03045 | 260.5 620.7 360.2 0.66G24 1.3416
47 258.47 | 0.001155 0.038h7 | 262.0 620.6 368.6 0.6652 1.3397
48 259.74 | 0.001158 0.03773 | 263.5 620.5 357.0 0.6679 1.3378
49 261.00 | 0.001162 0.03602 | 264.9 620.4 355.5 0.6705 1.3360
50 262.24 | 0.001165 0.03614 | 266.3 620.2 353.9 0.6731 1.3341
51 263.46 | 0.001168 0.03538 | 967.8 620.1 352.3 0.6758 | 1.3322
52 264.66 | 0.001172 0.03165 | 269.2 619.9 350.7 0.6784 | 1.3304
53 965.85 | 0.001175 0.03396 | 270.6 619.8 349.2 0.6809 | 1.3286
54 267.01 | 0.001178 0.03328 | 272.0 619.6 347.6 0.6834 1.3269
55 268.17 | 0.001181 0.03263 | 273.3 619.4 346.1 0.6858 | 1.3252
56 269.30 | 0.001184 0.03200 | 274.6 619.3 344.7 0.6882 | 1.3235
57 9270.42 | 0.001188 0.03130 | 275.8 619.1 343.3 0:6905 | 1.3228
58 271.54 | 0.001191 0.03080 | 277.2 618.9 341.7 0.6929 | 1.3201
59 972.62 | 0.001194 0.03023 | 278.6 618.7 340.1 0.6953 | 1.3184
60 273.70 | 0.001197 0.02068 | 280.0 618.6 338.6 0.6976 | 1.3168
61 274,77 | 0.001200 | 0.02014 | 281.2 618.4 337.2 | 0.6998 | 1.3152
62 275.82 | 0.001203 0.02863 | 282.4 618.2 335.8 0.7020 | 1.3136
63 276.85 | 0.001206 0.02813 | 283.7 618.0 334.3 0.7042 | 1.3120
64 277.87 | 0.001209 0.02764 | 285.0 617.8 332.8 0.7064 | 1.3104
65 278.89 | 0.001212 0.02717 | 286.2 617.6 331.4 0.7086 | 1.3090
66 279.89 | 0.001214 0.02671 | 287.4 617.8 320.9 0.7107 | 1.3074
67 280.88 | 0.001217 0.02627 | 288.6 617.1 328.5 0.7128 | 1.3058
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68 281.86 0.001220 {0.02584 289.7 616,8 327.1 0.7148 1,3043
69 282,82 0.001222 [0.02542 290.9 616.6 325,7 0.7168 1,3027
70 283.78 0.001225 |0.02501 292, 1 616.4 324.3 0.7189 1.3012
71 284.72 0.001228 |0.02462 293.2 616.1 322.9 0.7209 1.2997
72 285.68 0.001231 }0.02423 294.4 615.9 321.5 0.7229 1.2982
73 286.59 0.001234 0.02385 295.6 615.7 320.1 0.7249 1,2967
74 287.51 0.051236 10.02349 296.7 615.4 318,7 0.7268 1,2952
75 288,42 0,001239 [0.02313 297.8 615.1 317.3 0.7287 1,2937
76 289.32 0.001242 10.02279 298.9 614 8 315.9 0.7306 1,2922
77 290.21 0.001244 [0.02245 300.0 614.,5 314.5 0.7325 1,2907
78 291.09 0.001247 10.02212 3011 614.2 313.1 0.7344 1.2893
79 291.97 0.001250 }0.02180 302.2 614,0 311.8 0.7363 1.2879
80 292,83 0.001252 10.02149 303.3 613.7 310.4 0.7382 1,2865
81 293,68 0.001255 10.02118 304 .4 613.4 309.0 0.7400 1,285
82 .294.53 0.001258 {0.02088 305. 4 613.0 307.6 0.7418 1,2837
83 +{ 295.37 0.001260 10.02060 306.5 612.8 306.3 0.7436 1.2823
84 206,20 0,001263 10.02031 307.5 612.4 304.9 0.7454 1.2809
85 297.02 0.001266 10.02003 308.6 612.1 303,5 0.7472 1,2795
86 297.83 0.001208 10.01976 309.6 611.8 302.2 0.7490 1.2781
87 298.65 0.001271 |0.01949 310.7 611.5 300.8 0.7507 1.2767
88 299.46 0.001274 |0.01923 311.8 611,2 299.4 0.7524 1.2753
89 300.25 0.001276 ]0.01898 312.8 610.8 298.0 0,7542 1.2740
90 301.04 0.001280 }0.01872 313.7 610,4 296.7 0,7559 1,2727
91 301.82 0.001282 {0.01818 314.7 610.1 295,4 0.7575 1.2713
92 302.60 0.001285 10.01824 315.7 | 609.8 204, 1 0.7591 1.2699
93 303.36 0.001288 {0.01800 316.7 609.4 202,7 0.7608 1.2685
94 304.12 0.001291 0.01777 317.7 609.0 291.3 0.7625 1.2671
95 304.89 0.001294 {0.01754 318.7 608.7 290.0 0.764! 1,2658
96 305.63 0.001297 (0.01732 319.6 608.3 288,7 0.7657 1.2645
97 306,38 0.001300 [0.01710 320.6 608.0 287.4 0.7673 1.2632
08 307.11 0.001303 {0.01n89 321.6 607.6 286.0 0,7689 1.2619
99 307.84 0.001306 ]0.01668 322.5 607.2 284.7 0,7705 1.2606
{00 308.57 0.001309 [0.01647 323.6 606.8 283.3 0.7721 1.2590
102 310.02 0.001314 0.01607 325.3 606.0 280.7 0.7752 1.2565
104 311.43 0.001321 |0.01568 327.2 605.2 278.0 0.7782 1.25348
106 312,83 0.001328 |0,01531 329,0 604.4 275 .4 0.7812 1.2512
108 314.20 0.001334 |0.01495 330.9 603.6 - 272.7 0,7842 1.2486
110 315,55 0.001340 }0.01460 332.7 602.7 270,0 0,7872 1.2459
112 316.88 0.001347 10.01427 334.5 60!.8 267.3 0,7902 1.2432
114 318,20 0.001354 0.01394 336.2 600.9 264.7 0.7931 1.2406
116 319.50 0.001361 [0.01362 338.0 600.0 262.0 0.7960 1.2380
118 320.77 0.001368 10.01331 339.7 599.1 259,4 0,7988 1.2354
120 322.04 0.001375 [0.01302 341.4 598.1 256.7 0,8016 1.2328
122 323.28 0.001382 }0.01274 343.1 507.2 254.1 0,8043 1.2302
124 324.52 0.001390 |0.01246 344.8 596.2 251.4 0.8070 1.2276
126 325.73 0.001397 |0.012]9 346.5 595.2 248,7 0.8097 1.2250
128 326,93 0.001405 10.01193 348.2 594,2 246,0 0.8124 1.2223
130 328.12 0.001412 ]0.01168 349.9 593.2 243.3 0.8151 1,2196
132 329.29 0.001419 0.01143 3£1.6 592.1 240.5 0.8179 1.2169
134 330.45 0.001426 [0.01119 £3.3 591.0 237.7 0,8206 1.2142
136 331.59 0.001434 [ 0.01096 3£5.0 590.0 235.0 0,8231 1.2115
138 332.72 0.001442 10,01073 356.6 588.8 232.2 0.8256 1.2088




124

P ¢ v’ vt i i r s’ s’
140 333.84 0.001450 10.01051 358.2 587.6 229.4 0.8281 1,2061
142 334.94 0.001458 [0.01029 359.8 586.4 226.6 0.8306 1.2033
144 336.03 0.001466 {0.0100Y 361.5 585.2 223.7 0.8332 1.2005
146 337,11 0.001475 10.0098791 363.1 584.0 220.9 1 0.8357 1.1977
148 338.18 0.001483 0.009677] 364.7 582.8 218.1 0.8382 | 1.1949
150 339724 0.001492 ]0.0094801 366.3 581.6 215.3 0.8406 | 1.1921
152 340.28 0.001500 ]0.009283] 367.9 580.3 212.4 0.8430 1.1893
154 341.32 0.001509 ]0.009091] 369.5 579.0 209.5 0.8454 1.1864
156 342,34 0.001518 {0.008899¢ 371.0 577.6 206.6 0.8479 | 1.1835
158 343.35 0.001527 [0.008715| 372.6 576.2 203.6 0.8503 | 1.1804
160 344.35 0.001536 |0.008531| 374.3 574.8 200.5 0.8528 | 1.1774
162 345.35 0.001546 10.008362) 376.0 573.3 197.3 0.8553 | 1.1744
164 346.32 0.00{5566 [0.008176] 377.6 571.8 194.2 0.8578 | 1.1713
166 347.30 0.001566 j0.008002| 379.3 570.3 191.0 0.8604 1.1682
168 348.27 0.001576 10.007836( 381.0 568.6 187.6 0.8630 1.1650
170 349.21 0.011586 10.00766G9| 382.7 566.9 184.2 0.8656 1.1618
172 350. 16 0.001597 [0.007006}| 384.4 565.2 180.8 0.8682 1.15685
174 351.11 0.001608 [0.0073451 386.1 563.5 177.4 0.8709 1.1552
176 352.05 0.001620 10.007188| 387.9 551.8 173.9 0.8736 1.1518
178 352.98 0.001632 [0.007030| 389.7 560.0 170.3 0.8764 1.1484
180 353.91 0.001645 10.006880] 391.6 558,0 166. 4 0.8793 1.1449
182 3h4.83 0.001658 [0.0067301 393.5 H556.0 162,5 0.8823 1.1412
184 356,75 0.001672 [0.0060821 395.5 553.9 158.4 0.8854 1.1375
186 356.65 0.001686  10.0064351 397.5 551.7 154.2 0.8886 1.1338
188 357.51 0.001701 0.0062921 399-4 549.5 150.1 0.8918 1.1300
190 358.36 0.00171¢ 10.006147| 401.4 547.2 145.8 0.8957 1, 1261
192 359,21 0.001733 10.006003] 403.5 544.8 141.3 0.8985 1.1221
194 360.06 0.00175 0.005861 1 405.6 542.2 136.6 0.9020 1.1178
196 360.90 0.00177 0.00572 407.7 539.4. 131.7 0.9057 1.1134
198 361.73 0.00179 0.00558 409.8 536.4 126.6 0.909 1.1088
200 362.56 0.0018l1 0.00544 412.3 533.2 120.9 0.9138 1.1040
202 363.37 0.00183 0.00529 414.8 529.9 115.1 0.9183 1.0991 -
204 364.17 0.001806 0.00514 417.4 526.5 109.1 0.9230 | 1.0940
206 36:4.97 0.00189 0.00498 420.1 522.5 102.4 | 0.9279 1.0883
208 365.75 0.00192 0.0083 122.9 518.3 95.4 0.9332 1.0825
210 366.53 0.00195 0.00466 425.7 514.0 88.3 0.9388 1,0764
212 367.32 0.00199 0.00450 429.2 509.4 80.2 0.9446 | 1.0698
214 368.11- ] 0.00204 0.00432 433.1 504.3 71.1 0.9515 | 1.0624
216 368.88. 1 0.00200 0.00413 437.6 498.9 61.3 0, 9589 1.0544
218 369.65 0.00217 0.00393 443.0 492.7 49.7 | 0.9677 { 1.0450
220 370.43 0.00230 0.00368 449.0 485.4 36,4 0.9778 | 1,0344
222 371.22 0.00262 0,00332 460.2 477.2 17.0 09925 | 1.0189

Temperatura critica = 371,5 -°C

Presidon critica
Volumen critico

15-p.173 a 178

nn

222,75 atm
2,955 an3/g
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PROPIEDADES DEL VAPOR DE AGUA Y DEL AGUA SATURADA

Pres. Volumen, fts/lbm Entalpia,Btu/lbm. Entropia,Btu/lbm XF Tgmp .
Psia Agua Evap. Vapor Agua Vapor Agua Evap. Vapor ®
vi vig vg hf hg sf sfg sg

3208.2 0.00000 0.05078 94,0 0.0 9.0 1.0612 Q.GONG 1.0612 T03.47
3198.3 00130 0.05739 »73.0 61.4 G34.4 1.0329 0.0527 1.0855 703.0
3!87.8 0.01822 0.060355 RUTH.] 35.3 REPIL 1.0234 0.0732 1.0957 704.5
3177.2 0.02192 0.06300 Bh.2 102.0 $55.2 16114 0.0876 11046 704.0
31658 0.02489 0.06301 548.2 115.2 w35 1.0115 1.1109 703.5
3156.3 0.0608 4 $13.2 126.4 a59.65 1.00706 1.1163 703.0
31439 0.00°47 S 135.1 97 4.9 1.1210 702.5
3135.5 0.05197 8 1467 a7a.7 1.1252 702.0
3125.2 0.07 1 8 152.5 931.0 1.120% 701.5
31149 0.07: 8. 159.8 533.0 1.1326 7010
3101.6 J. §2: 001.7 1.1359 700.5
3004.3 0. 3 993.2 1.1390 70.0
3073.9 0. 8 )01.5 11447 649.0
3033.6 0.067 81 2 1.1499 €8S.0
3033.5 0. 8 4 L1347 697.G
3013.4 - 0.038 1.15391 696.2)
2903.5 0.085 1.1632 6$95.0
2973.7 0.087 1.1671 £04.0
2654.0 0.05: 1.1708 643.0
2434.5 0.0 1.174: 662.0
2805.7 0.00439 7845 1040.6 1 €90.0
2857.4 0.02759 7788 1047.0 1. 688.0
2819.5 .0¢ 0.10133 T34 1052.9 1. 636.0
2782.1 0.03114 . 0.10463 T68.2 1053.4 1. 684.0
27451 0.0307¢ 0.10790 763.3 1063.6 1.2 65‘_".0
2708.6 0.03037 0.11117 758.5 31 16585 1. 680.0
2672.5 0.03202 0.11442 733.8 319, 1.2 678.0
2636.8 0.02970 0.11759 749.2 32 1.: $78.C
2601.5 0.02939 0.12096 7407 33 1. 674.0
25666 0.02911 0.12424 740.2 34 1 672.0
2532.2 0.028. 0.00871 0. 3. 334.0 09174 1. 670.0
2493.1 0.0: 0.10229 0. 3 362.1 0.9157 1. 663.0
Z4iad v. U.1USGo . 370 Vi i 2400
24311 Q. 1.10047 0. 37T 0.906+ 1. aREn
2398.2 0. 0. . 383.1 0.4028 1.: 6520

a. a. .0 0.8965 1. 6n0 0

0. 0. 1 n.san3 1.2 #38.0

1. 0. . L.

0. o, 9 1

0. 0. n 1.
2208.4 0. 0.13199 1121+ 0.8837 N.3530 1.2 650.0
217S.1 0. 0.13576 1210 0.880% 0.3593 1. 612.0
2148.0 0. 0.14258 1125.6- 0.8776 0.3054 1.3 646.0
21153 0. 0.145414 11200 0.8715 0.4015 1 614.0
2085.9 0. 0.153033 , - 11314 0.571% 0.4075 1. 612.0
2059.9 0. 0.15427 1133.7 ). 0.1131 1.282 6:0.0
2031.2 Q. 1136.0 0. 0.4103 1.283 633.0
2002.8 0. 1135.1 0. 0.4251 1.28 G36.0
1974.7 0. 1140.2 0.8 0.4307 1.29 634.C
1947.0 0. 1142.2 0.8. 0.4364 1.26 632.0

0. 141.2 0.8542 0.1419 1.2062 £30.0

0. [EN 0.351t 0.4174 1.2088

0. i43.0 2.54505 0.4329 1.3015

0. 140.3, 0.%:53 0.4583 1.3041

0. 131.5 U513y *0.463% 1.306¢

0. 505.3 1153.2 0.3403 0.4689 09:

0. 511.0 11543 0.8375 C.4742 21

0. .2 315.6 1150.4 . 0.8343 0.479¢

0. 0.20976 520.2 1158.0 0.8421 0.458435

0. 0.21442 5247 1159.5 0.82914 0.4896

0. 0.21915 520 1160.9 0.8267

0. 0.22394 533 1162.4 0.8210

0. 0.22881 337 1163.8 0.5214
1539.7 0. 0.23374 342 1165.1 0.3157
1566.3 0. 0.23875 546. 1156.4 0.3161
1543.2 0. 0.24384 3 7 0.5134
1520.4 0. 0.219C0 3 .0 0.5108
1497.8 0. 0.25425 3. 2 9.5082
1475.1 0. 0 5 3 4 1.8050
1433.3 0. 0.26499 36 b 0.3%:30
1431.5 0. 0.27019 2. 0.2004
1410.0 0. G.27603 00. 0.7978
1328.6 0. . 7. 0.7953
1367.6 0. 0.31048 501.6 0.7927 .538
1346.7 0. 0.31827 301.8 0.7902 06.5627
1324.2 0. 0.20037 0.32216 S580.t 0.5376 0.5673 1.3550




126

Temp. Pres. Volumen,ft’/lhm Entalpia,Btu/lbm. Entropia,Btu/ibm XF Temp.
°F. Psia Agua Evap. Vapor Agua Evap. Vapor Evap. Vapor £
vg hf hfg hg sfg sg
. 580.0 1179.0 . 0.557: 1.
. 503.6 1174.9 . 0.5720 1.
0. 597.2 1180.9 . 0.5766 1.
0. 600. 1181.8 ). 0.5813 1.
0. 60t.5 11827 0. 0.5859 1.
1226.83 0. 0.32079 608.0 1183.5 0. 0.59C5 1.
1207.72 0. G.33741 611.5 11845 0. 0.5359 1.5
0. 0.3;414 615.0 1155.3 0. 0.5996 1.3695
70.10 0. 0.25099 618.5 1136.1 0. 0.6011 1.3716
1151.63 0.0 0.35797 621.9 1136.9 0. 0.6037 1.3736
X 1133.38 0.02207 0.36507 625.3 1187.7 0. 0.6132 1.3757 .
558. 1115.36 6.02201 0.37230 628.6 1188.4 0. 0.617 1.3777 38.0
556.0 1047.55 0.02194 0.37936 632.0 1159.2 0. 0. 1.3707 36.0
531.0 1079.96 0.021S8 0.08715 635.3 1180.0 0. 0.6 1.3817 54.0
552.0 10£2.50 0.02182 0.39479 638.5 1160.6 0. 0. 1.3837 2.0
550.0 1043.43 0.02176 0.40255 641.8 1191.2 0. 0.6355 1.3836 3350.0
£48.0 1028.19+ G.02159 0.1103 645.0 1191.9 0. 0.6150 1.3876 348.0
516.0 1011.75 0.02163 0.41855 648.1 1192.5 0. 0.6415 1.3396 516.0
541.0 002157 0.42677 651.3 1193.1 0. 0.6189 1.3015 544.0
512.0 0.02151 043514 654.4 1193.7 0. 0.6533 1.3933 542.0
512.0 0.02146 0. 657.5 1194.3 0. 0.6577 1.39514 .0
525.0 0.02140 0. 660.6 1194.8 0. 0.6621 1.3971 3.0
536.0 0.0213% 0. 663.6 1195.4 0. 0.61565 1.3993 5.0
534.0 0.0:129 0. 665.6 1195.9 0. 0.6708 1.1012 1.0
532.0 0.02123 0. 669.6 1195.4 0. 0.67352 1.4032 .0
530.0 0.02118 .  0.1888% 672.6 1196.9 0.7255 0.6796 1.105! 0
528.0 0.02112 0.19843 675.5 1197.3 0.7231 0.829 14070 .0
526.0 0.02107 0.5C819 678.4 1197.8 0.7205 0.6883 1.40S9 .0
524.0 0.02i02 ' 0.51814 681.3 1168.2 0.71%2 0.6926 1.4108 4.0
522.0 0.02097 6.52829 684.2 1198.6 0.7158 0.6969 14127 Ki]
520.0 0.0209? 0.53854 687.0 1199.0 0.7133 0.7013 1.4146 0
518.0 L0208 0.54¢ 659.9 1109.4 0.7107 0.7056 1.4185 .0
516.0 0.55 602.7 1199.8 0.7083 0.7009 1.4183 .0
514.0 . 59.3. 4. 1200.2 0.7610 0.7142 1.4202 0
512.0 0. 602 2 120003 0.7356 0.71383 14221 X
519.0 . 700.9 0.7012 0.7228 1.421C .0
508.0 0. 703.7 0.C0ST 0.7271 14238 0
506.0 0. 706.3 0.6553 07314 1.4277 2
301.0 0.¢: 709.0 0.6039 0.7357 1.1206
302.0 ne TILT duuls 0.7100 L4314
300.0 0.65 4483 714.3 0. 1.4333
135.0 0.85733 T18.9 0. 1.4352
40,0 0.65065 719.5 0. 1.4370
494.0 . 0.59115 722.1 0. 1.4389
1020 633.03 €.70794 724.6 0. 1.4107
400.0 621.43 0.92021 0. 727.2 0. 1.4425 460.0
188.0 610.10 0.02017 0. 720.7 0. 14451 488.9
486.0 508.87 0.02013 0. 752.2 0. 14473 454.0
184.0 587.81 0.02009 0.7651¢ 734.7 0. 1.4481 184.0
182.0 376.90 0.02004 0.78 737.2 0. 1.4500 482.0
480.0 566.15 0.02000 0.79716 729.6 0. 1.4518 480.0
478.0 555.55 0.01938 0.8l 742.1 0. 1.4537 478.0
476.0 545.11 0.01692 0.8295 7415 0. 1.4335 176.0
471.0 534.81 0.0198S -0.816 7406.9 0.7 14574 174.0
472.0 524.67 0.01954 0. 719.3 0. 1.4332 172.0
170.0 514.57 0.01980 0. 751.6 0.8084 1.4611 170.0
$55.0 3083 0.01976 0. 754.0 0.5127 14029 363.0
165.0 405,12 0.01073 0. 756.3 0.5170 i.4648 166.0
404.0 483,56 0.01469 0 758.6 0.8213 1.4667 164.0
162.0 176.11 0.01985 0. 761.0 12048 0.8256 1.4685 462.0
160.0 465.87 0.01961 763.2 1204.8 0.8209 1.4704 460.9
153.0 457.73 0.01958 765.5 1201.8 0.8342 1.4722 458.9
$56.0 448.73 0.01951 757.8 1204.8 0.8235 1.4741 156.0
454.0 439.87 0.01950 770.0 1204.8 0.8128 1.1750 454.0
452.0 431,14 0.01947 7723 1204.8 0.8471 1.4778 152.0
430.0 422,55 0.01543 . 7745 1204.7 0.8514 1.4707 450.0
+18.0 114.09 0.91y40 . TT6T 120t.7 0.8557 1.4815 41%.0
146.0 405.76 0.01936 - 7 T78.9 1204.6 0.3600 1.4834 14A.0
414.0 397.56 0.01933 5 731.1 1204.8 0.8543 1.4853 141,06
2.0 389.40 0.01929 3 783.2 1204.5 0.S636 1.4872 142.0
140.0 381.54 0.01626 1.21687 110.0° T85.4 1204.4 0.8729 14890 110.0
438.0 373.72 0.01923 1.24216 116.8 787.5 1204.3 0.877 1.4903 438.0
437.0 366.03 0.01419 1.26805 114.6 739.7 1204,2 0.8316 1.4928 135.0
431.0 358.40 9.01916 75 129450 4124 791.8 1204.1 0.8359 14947 434.0
132.0 35109 0.01913 1.30266 152179 410.1 793.9 1204.0 0.8903 1.1956 432.0
430.0 313.67 0.01909 1.33935 1.34965 407.9 796.0 1203.9 0.8946 1.4933 130.0
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Temp. Pres. Volwnen,fts/lbm Entalpia,Btu/1bm. Entropia,Btu/lbm XF Temp.
°F. Psia Agua Evap. Vapor Agua Evap. Vapor Agua Evap. Vapor °F
vi vig vg hf hig hg sf sfg sg

130.0 0.01902 1.3206 1.3495 107.9 Ty 1203.9 0.603% Q.8¢16 14685 130.0
428.0 0.01675 1.3501 1.3752 105.7 798.0 1203.7 06011 0.5396 13001 125.0
426.0 0.01903 1.3854 14075 103.5 80f.1 1203.6 L3480 0.003 ¢ 15023 126.0
124.0 0.01900 1.4184 1.437¢ 401.3 802.2 1203.5 0.5077 1.5042 1219
422.0 0.01897 1.1492 1.1682 399.1 8012 1203.3 0.0121 1.5061 122.0
20.0 308.780 0.0180% 1.1808 396.9 8046.2 1203.1 0.9165 1.5080 120.0
118.0 302,113 0.018u0 1.5131 3017 308.2 1202.0 0.9209 500 118.0
416.0 295.617 0.01S87 1.5463 3025 1202.8 0. 3 416.0
414.0 289.201 0.018%1 1.5803 300.3 1202.6 G. 1.513 1140
412.0 282.801 0.01881 1.6152 38811 1202.4 0. 1.5137 412.0
410.0 276.604 0.01878 1.6510 335.0 12021 0. 110.0
408.0 270.600 0.01875 1.6877 331.8 1201.0 0. 408.0
106.0 264.611 0.01872 1.7253 3316 12617 Q. 105.0
101.0 258.72; 0.01870 1.7810 370.4 12015 0. 1010
4n2.0 232, 0.01857 1.8037 377.3 1201.2 0. 402.0
400.0 247.259 0.0186¢ 1.8444 1.8A30 375.1 1201.0 400.0
368.0 241.677 Q.01851 1.8362 1.0048 372.9 1200.7 338.0
3965.0 236.193 0.01858 1.9291 1.9477 370.8 1200.4 396.0
394.0 230.807 0.01835 1.0731 1.0017 308.6 12¢0.2 394.0
392.0 225.516 0.01853 2.0184 2.0362- 355.5 11009 392.0
3950.0 220.321 0.01850 2.0649 2.0353 3643 0.9831 1 300.0
383.0 £15.220 0.01347 2.1126 21311 362.2 0.9576 1 38R0
386.0 210.211 0.01844 2.1516 2.1501 360.0 0.0921 1 336.0
351.0 203.294 0.01842 2.2120 2.2304% 357.9 0.9946 1 3340
232.0 200.267 0.01839 2.2638 2.2821 355.7 1.0012 1 3582.0
380.0 195.729 0.01836 2.3170 2.3353 333.6 1.0057 1 386.0
373.0 131.080 0.01834 23716 2.3900 351.4 1.0103 1 378.0
376.0 185.517 .01831 2.4279 2.4162 3103 1.0148 1 374.0
374.0 182,010 0.01829 2.4857 2.5039 347.2 1.01u4 1 374.0
372.0 177.643 0.01326 2.5451 2.5533 313.0 1.0240 1 372.0
370.0 173.339 0.01823 2.6062 2 342.9 1.0236 370.0
368.0 169.113 0.01321 2.6601 2 310.8 1.0352 Bb3.
366.0 161968 0.01818 2.7337 2. 3:18.7 1.0378
364.0 160.903 0.0i816 2.8002 2. 3 1.012%
362.0 156.917 0.01813 2.86587 2, 3344 1.0471
360.0 103.010 J.01611 2.6392 3 Kt5
358.C 143,170 0.01806 3. 3! YK
356.0 145424 0.01506 3. 3 0%
2510 141,744 0.61801 3. o .0
3320 138.138 0.01301 3. 078
330.0 1314.60¢ 0.01709 3. .
34S.6 131.142 0.01707 3. .
315.0 127.751 0.01734 3. Ki
3+4.0 121,430 0.017u2 3. .C
342.0 121.177 0.017v0 3. .0
310.0 117,992 0.01787 3. .0
338.0 114.873 0.01785 3. .0
235.0 111.820 0.01733 T3 .0
331.0 108.832 0.01781 1. .
332.0 105.907 0.0177 4.
330.0 103.045 0.01776 4. 1.6003 330.0
328.0 100.245 0.01774 4. 1.6025 328.0
326.0 97.506 0.01772 4. 1.6048 326.0
324.0 91.826 0.01770 4. 1.A071 3240
322.0 92.205 0.01758 ER 1.5033 322.0
320.0 80.613 0.01766 $.30€1 48138 200.4 0.16040 1. 1.6116 320.0
318.0 87.137) 001761 5 3.0471 288.3 0 1 1.AIR9 318.0
316.0 SL6S 0.01761 51810 2503 0.45% 1. 1.6152 318.0
314.0 82, 0.01759 3.5 5.3272 2832 0.4 1.1i 1.6185 3140
3i2.0 79.933 0.01757 5.4366 34742 232.1 U.4333 1. 1.6209 312.0
310.0 77.667 0.01755 5.6085 5.6260 280.0 0.4505 1.1726 1.6232 310.0
308.0 75.433 0.01753 5.7653 5.7830 278.0 0.417) 1.1776 1.6256 303.0
306.0 73.251 0.01751 5.09277 5.0152 275.9 0.4453 1.1827 1.6279 306.0
304.0 71.119 0.01749 6.09533 6.1130 273.8 0.1420 1.1877 1.6303 30+.0
302.0 69.038 0.01747 6.2689 271.8 0.4399 1.1928 1.6327 302.0
300.0 67.005 0.01745 6.4483 0.4372
253.0 65.021 0.01743 6.6330 04345
296.0 - 63.03¢ 0.01741 6.5259 0.4317
294.0 61.194 0.01739 7.0245 0.4290
292.0 59.350 0.01733 7.2301 0.1263
290.0 57.530 0.01736 7430 .8 N.1236
2885.0 55.795 0.01734 7.6634 .2 0.1208
236.0 54.053 0.01732 7.8916 6 0.1181
2584.0 32.414 0.01730 £.12580 .0 0.t15¢
282.0 350.786 0.017238 8.3729 4 0.4126
250.0 49.200 0.01726 3.62067 $.6439 924 1173.8 0.4008
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Temp Pres Volunen,£:”/1bm Fntalpia,Fru/lhw. Frtropia,Ptn/1bm XF I [cmp
°F.  Psia Aua Evap. Vepor| Age B Vwer | awm R vapor
vE vig vg ht hty hg sf sfg \

5.807 S04t 21907 1t 0.1078 1.2

8.%530 8§.607 247.13 1 0.107! 1.

G162 3.180 215.0% 11 01913 1

9.445 9.452 213.03 i1 0.4013 1.

9.738 .755 240,99 11 1
1170.6 i 1.
H170.0 ] 1.
1160.5 1 1.
116887 1.2033 Ly
1118.0 1.2088 1.6
11674 13043
t mu‘% 1.3008
1168, 1.315
1165.4 1.%:
11557 i
1151.0 L. L7 250
1163.4 1. 1.7 218
11527 1 L 246
1162.0 L 17 211
1iol.3 1 1. 242,

Bl

384
263
025
&
5

8.
8.
8
8.
8.0
7.850
7579
7.

1
—
—

0.016925
0.01 910

0()!.\&\{)
0.016864

0.015849

0. Olt)b-l’.
I

0.0i0n754
0.016747

0.0167-10
0.016732
0.018728
0.016719
0.016712

0.016705
0.0lu6uS
0.0165491
0.016684
0.016577

0.016670
0.016A64
0.016657
0.016650
0.016643

0.015637
0.016630
0.01062 4
0.01u517
0.0166110

0.016u04
0.01634

0. 016048 .

0.016572
0.016366

63
0. Olb 16
0.016510

21
2
21
22
22

35.613
315.348

37.089
37.808
38.564
39.337-
40.130

40.941
41771
42.621
43,492
41,333

45.207
46,232
47.100
48,172
49.178

50.208

21,545

3.
3.
+.
i
1.

27.816
23.341
28.878
20.128
29.939

30.564
31.151

- 31.752

32.367
32,996

49.191

50.225

208.45
200,42
204,40
202.38
200.35

198.23
107.22
10v.31
105.39
194.29

193.28
19227
191.26
190.25
189.24

133.23

Lo

165.00
157.08
106,08
155.07
161.06

163.06
162.05
161.05
160.05
159.04

9528

983.5

984.1
984.7
985.3
985.0
986.5

987.1

1159.6
1 .9
11
1158.5
1137.8

1157.1
1186.7
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T Pres. Volumen,ft:'/lbm Entalpia,Btu/lbm. Entropia,Btu/lbm XF Temp.
°F. Psia Agua Evap. Vapor Agua Evap. Vapor Agus Evap. Vapor °

vf vig hf hig hg sf sfg
180,93 7.5110 0.01 145.00 a4g.2 18.0
179.0 7.3160 0.0i i17.00 0008 179.0
178.0 7.1810 0016 $43.99 4 178.0
177.0 700250 0.01% . 0 177.0
176.0 1.5600 0.015136 .5 176.0
175.0 6.7159 0.015482 3.2 1.8 175.0
174.0 5.5656 0.015414 3.8 1.3 171.0
172.0 £.4182 0.016:63 A i. 175.0
172.0 6.2746 0.015163 0 1. 172.0
171.0 6.1318 0.016457 5.6 1. 171.0
170.0 5.0920 0.016451 .2 1133.2 1. .0
169.0 5.8! 0.0164:3 .S 1133.8 IR .0
163.0 5.7 0.015110 4 1133.3 i. .0
167.0 0.015434 5.0 1133.0 1. T.0
156.0 0.01:428 .0 1132.6 . 5.
165. 5.3361 0.016423 9.2 32.2 1.
164.0 5.2124 0.016417 a.s 1318 i.
163.0 5.0911 0.016112 0.1 1 1.
162.0 4.9722 0.015406 1.0 310 1.
161.0 +.8556 0.016401 .6 30.9 1.
160.0 4.7414 0.016395 v7.27 1002.2 1130.2 ! .
159.0 $.6201 0.616330 75.02 1002.8 1120.8 1.8 .0
158.9 4.5107 0.016331 %0.32 1003.4 1125.4 i .0
157.0 4.4122 0.016379 S2.66 W00 1120.0 1 .0
15¢.0 4.3068 0.016374 81.36 1004.6 1123.6 1.83 .0
155.0 4.2036 0.016369 1035.2 2 1. .0
154.0 4.1025 0.016363 1005.8 N 1.5 .0
153.0 1.0033 0.016358 10064 3 1. 3.9
152.0 3.0033 0.014353 - 1087.0 9 1.8 -0
151.0 3.8114 0.0102348 W78 R 1. .0
130.0 3.718¢ 0.016343 87.05 1003.2 t.1 1.5685 150.0
149.0 3.6273 ¢.018337 G033 104 7 1.8707 149.9
148.0 3.5381 0.016332 101.638 101. 10 3 1 Y 148.0
147.0 3.4508 0.016327 104.10 1043 .9 i. 147.0
146.0 3.3533 0.016522 106.58 106.57 .3 1. 146.0
1£5.0 0.616317 10414 1.8 1450
144.0 0.015312 LILT ! L0
143.0 0.016303 114.45 1. 143.0
142.0 0.0143y3 11702 1 1320
141.0 0.015293 20,07 1. 1410
140.0 0.016203 5 . Ki] 0.1935 140.0
139.0 0.0162%8 S5 X .6 0.1 1389
13%.0 0.01n284 5 2 1 [TETRE 1380
137.0 0.01627y .95 .3 7 s ¢
136.0 00165274 103.95 5.k 3 0.11313 1:
135.0 0. 1016.9 9 1.0002 135.
134.0 0. 10175 3 5.0924 131
133.0 0. 1018.1 1 Long 133.
132.0 0. 1018.7 5 LO08S 132.
131.0 0. 1010.3 2 1.0 131.
130.0 0. 157.33 1019.8 .8 130.0
129.0 0. 161.31 1020.4 4 129.0
128.0 0. 165.47 1021.0 .0 128.9
127.0 0 1659.72 10216 .5 127.9
126.0 0.016229 174.09 1022.2 .1 126.0
125.0 Q. 173.59 82,45 It 7 125.0
123.0 0. 153. 3 1240
122.0 DR 13>, 9 124.0
1£2.0 o. R 3 1220
121.0 0. 1 5.0 121.0
120.0 0.0162 120.9
119.0 0.01¢ 119.0
118.0 0.015186 118.0
117.0 0.016192 117.0
116.0 0.01618% 116.0
115.0 0.01618¢ 1111.5 115.0
114.0 0.016:80 11110 114.0
113.0 0.016177 1110.6 113.0
112.0 0.015173 1110.2 112.0
111.0 0.016169 1109.5 111.0
110.0 0.016165 . 1109.3 1. 116.0
109.0 0.016162 272,71 1103.9 X 100.0
108.0 : 0.016158 250.28 1108.3 1. 103.0
107.0 1.1634 0.016154 38.00 1108.1 I. 107.0
106.0 11347 0.016151 6 11076 1 106.0
105.0 11017 0.016117 304.49 304.50 72.99 1107.2 1. 103.0




130

Tem Pres. Volumen,fts/lbm Entalpia,Btu/1bm. Entropia,Btu/lbm XF Terp .
2F. Psia Agua Evap. Vapor Agua Evap.  Vapor Agua Evap. Vapor ¢
v vig ve hf hfg hg sf sfg sg
105.0 1. 1017! 0.0i6147 s 1.3 1. ‘)/()l) 103.0
1610 S [INUIAEE! 3 1.5 1.972 104.0
192.0 0.0:61 m ' 1.8 . 103.0
102.0 -1 nm i 193 .0 1.8 1.47753 102.0
101.0 0.07818 10265 1.8 1.4300 | 101.0
130.0 0.01924 1.8 1.4923 100.0
20.0) 0.92103 1.8 1.4%51 G0
98.0 Q.8 wres Py 19570 G480
57.0 0.85679 0.016120 1.% 19002 97.0
95.0 G.81072 0.014117 1§ 1.499°8 46.0
65.0 0.51534 0.016114 T 53.008 1030.0 1.8 1.60334 85.0
Q1.0 0.719962 0.01:111 62,010 ST 1. 1,0980 $1.0
93.0 0.761: 0.01510S 61.012 LG 1.8 2,000 43.0
02.0 0. 0.018 105 GO0 10:1n 1.5 2.0033 Q2.0
91.0 0. 0.015102 50,015 10422 180926 2.0052 aLe
€0.0 0. 0.614099 10227 1.8670 2.0085
89.0 0. 001606 1043.3 JRUGE 2.0132
88.0 0. 0. OAMI’H 1015.9 1.0040 2.0139
870 0.6 . S0 10441 1.9105 2.0166 87,
35.0 0. 0.016087 1045.0 19151 2.00193 St5.
85.0 0.: 0.0160S5 10336 1.9146 e,
8:.0 0.: 0.0160682 1051 10242 Si.
85.0 G. 0.016079 10467 1.9233 2, a3,
82.0 0. 0.016077 10173 1.8331 210303 8.
$1.0 0. 0.U16074 1017.8 1.4380 2.0331 81.
80.0 0. 0.017°072 K]
79.0 0. 0.014 'h“ .
75.0 0. 0.016 6.0 40
770 0. 0.014¢ 15.042
74.0 0. 0.016063 44913
73.0 0.0: 6(‘60 13.045 7o,
74.0 0.016¢ 12,016 74
73.0 0. f)lnfhu; 11018 73.
72.6 0.018654 1).049 72,
71.0 0.016052 30,030 71
70.0 0.014059)
[RERY) 0.015014s ; ?
eop C0Lu 36.054
67.0 [AXEITE R 23055
©5.0 0.0 33056
65.0 0.01401]
64.0 N.016030
63.0 0.01 S
G2.0 [CNEI MRS
0 0.01003)
.0 . 0.016033 1050.7
9.0 217 0.016032 1230, ! 1002
.0 233 0.010031 2 10603
0 L2300 0.015029 12 1051,5
.0 0.22183 0.015028 13 1051.9
.0 0.21392 0. 0100’ 5] 1085 2.1102 35.0
.0 0.20025 5 3.1 1633 2.1134 540
.0 0.19883 1053.6 10814 21165 53.0
.0 0.19165 10642 1084 2,107 32.0
.0 0.18469 1047 104 2.1230 al.n
30.0 o, 2. 30.0
1.0 . 2. 13,0
8.0 o 52 4.0
47.0 3019 2.1 2,136 7.0
46.0 11017 2. 2.1303 16.0
45.0 0.016020 20- 13.011 2, 2.1426 45.0
41.0 0.016019 : 12.011 2. 21150 41.0
43.0 0.015019 11038 2. 2.1493 13.0
42.0 0.016019 10.025 2. 2.1527 42.0
11.0 0.016019 9.031 2. 2.1560 41.0
40.0 0.016019 8.027 2.1432 o, 10.0
39.0 0.016010 7.023 2.1157 2, 32.0
38.0- 0.016019 5.018 5 2. 38.0
37.0 0.010.0:0 3.013 2. 37.0
36.0 0.016020 L0035 2, 36.0
35.0 0.016020 204%,1 20481 1073.8 n07e.s .00 2. 33.0
350 0.011021 30510 30619 10744 10754 At 2. 310
33.0 Q.016021 31507 )lo’) ) a T 0,630 2. 33.0
32.018 0.016022 33024 324 7 0.6030) 2, - 32.013
32.0 0.016022 3304.7 3404.7 —0.0050 2. 32.0

14-p. E-12 a E-17



FUNCIONES TERMODINAMICAS DEL DZO EN ESTADO DE GAS IDFAL
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! cPo iy So t Cl’o iy So
3.8 0.4053 554.75 2.0029 410 0.4800 733.70 2.3958
10 0.4062 557.22 2.0119 420 0.4821 738.51 2.4028
20 0.4078 506128 2.0260 430 0.4841 743.35 2.4097
30 0.4098 565,37 2.039%7 440 0.4862 748.20 2.41066
40 0.4109 569.47 2.0530 450 0.4882 753.07 2.4233
50 0.4124 573.59 2.0659 460 0.4903 757 .96 2.4300
60 0.4140 577.72 2.0785 470 0.4923 762.87 2.4367
70 0.4157 58I.87 2.0908 480 0.4944 767.381 2.4433
o0 0.4173 586,08 2.1027 490 0.4954 772.76 2.44498
90 0.4189 540,22 2.1144 500 0.4081 773.73 2.4563
100 0.4206 504 .42 2.1258 510 0.5005 782.73 2.4627
110 0.4223 593-03 2.1370 520 0.5025 787.75 2.4691
120 0.4240 602.80 2.1479 530 0.0045 792.78 2.47H4
130 0.4257 607.11 2.1586 540 0.5065 707.83 2.,4817
140 0.4275 611,37 2.1691 550 0.5085 802.90 2.4879
150 0.4292 615.66 2.1793 560 0.5105 807.99 2.4940
160 0.4310 619.96 2.1893 570 0.5125 813.10 2.5001
170 0.4328 621.28 2.1092 580 0.5145 818.23 2.5062
180 0.4347 628.61 2.20849 590 0.5164 823.39 2.5122
190 0.4365 632.97 2.2184 60O 0.5183 828.56 2.5182
200 0.4384 637.35 2.2277 610 0.5203 833.75 2.5241
210 0.4402 641.74 L 2.2369 620 0.5222 8138.96 2.5299
220 0.4421 646.15 2.2460 630 0.5241 844.190 2 .5357
230 0.4440 650.58 2.2548 640 0.5260 819.44 2.5415
240 0.4459 655.03 2.2636 650 0.5279 851.71 2.5473
250 0.4478 659.50 2.2722 660 0.H297 859.99 2.59530
260 0.4498 663.99 2.2807 670 0.5315 865.30 2.5587
270 0.4518 668.50 2.2891 (R0 0.5333 870.63 2.5643
280 0.4537 673.02 2.2074 690 0.53561 875.97° 2.5699
290 0.4357 677.57 2.3056 700 0.5369 881.33 2.5754
300 0.4577 0682.14 2.3135 710 0.5387 886,71 2.5809
310 0.4597 686.72 2.3215 720 0_5404 892.10 2.5863
320 0.4617 691.33 2.3293 730 0.5421 897 .51 2.5917
330 0.40637 695.96 2.3370 740 0.5438 a02.93 2.5971
340 0.4657 700.60 2.3447 750 0.5451 908.38 2.6025
350 0.4677 . 705.27 2.3522 760 0.5470 913.84 2.6078
360 0.4697 709.96 2.35497 770 0.548) 019,32 2.6131
370 0,4718& 714.67 2.3671 780 0.5502 024 81 2.6183
380 0.4739 719.39 2.3744 790 0.5513 930,32 2.6235
390 0.4759 724 15 2.3816 800 0.55314 935.84 2.6287
400 0.4780 728.92 2.3887
Cp, = Calor especifico a presidén constante.
i = Entropia
s = Entalpia.

15-p. 261
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DETERMINACION EXPERIMENTAL DEL FACTOR DE SEPARACION DE MEZCLAS SOLIDIFICADAS
DE AGUA PESADA Y LIVIANA.

o . (D/H) hielo
" (D/H) agua

= 1,0211 + 0,0007

13-p.52

%B§S% i?éﬁ?%é CALCULADO A PARTIR DE DATOS TERMODINAMICOS

FACTOR DE SEPARACION

« = 1,0195 a - 2°C,
@ =1,0192a 0°C

13-p.52

FACTOR DE SEPARACION o, DE MEZCLAS DZO—HZO -

o Determinacidn directa de la composicidn del
liquido y del vapor. ,

¢ Puntos calculados a partir de la aproximacidn:

o =\/ P

o
HZO / DZO

13-p.56
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FACTOR DE SEPARACION DE ISOTOPOS POR DESTILACION FRACCIONADA.

Factor de separacidn o para HDO deducido de una columna de destilacidn.

o= 1,038 + 0,003 para P = 250 a 350 mm Hg.

13-p.52.
FACTOR DE SEPARACION o DE MEZCIAS D,0-H,0 E\ PRESENCIA DE DIFERENTES SOLUTOS,
Fraccién molar Temperatura x Variacién de la
Soluto . .. temperatura de 4«
del soluto de inversidn menor SR
' inversidn, A
220 0,897
AgF 0,100 208 ,908 12 0.009
K¥ , 00 190 , 990 .30 , 007
KCl1 , 101 146 ,988 74 , 008
KRBr , 101 152 , 987 68 ,010
KI ,103 139 , 992 81 ,005
Nal . 092 ‘ 153; , 990 67 , 007
Lif , 130 106 . 965 114 , 032
Lil , 143 124 , 969 96 .028
Lil , 100 170 , 983 50 .014
Lil , 0005 220 . 997 0 , 000
Znl, , 100 174 , 986 46 ,011
Na, SO, , 100 220 ,9885 0 .012
K, PO, , 100 83 , 966 137 , 031

15-p.57 .
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1.050
1.025

¥ 1000

03975
0.950

i | ]
100 200 300 400
Temperatura 0&7
Factor de separacién de mezclas D,0 /HZO
en presencia de ILi, de fracciones molares:
0,0005 (0), 0,100 (@), 0,150 (8) y 0,143 (#).!
13-p.57

INDICE DE REFRACCION n PARA LA LINEA D DEL SODIO.

T; °C n
HZO 23,1 1,3320
DZO (99,8%) 22,0 1,3283

13-p.9

INDICE DE REFRACCION n DE MEZCLAS DE AGUA PESADA Y LIVIANA.

- an . 107 = 48662 x - 143 x% para A = 5461 A°
- an . 107 = 52960 x - 174 x% para A = 4538 A°
donde A n = nD20 - nHZO R

y x = relacién de concentraciones DZO/HZO

13-p.9
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PRESIONES EXPERIMENTALES DE SATURACION

DEL D,0 99,87%
P. Lobs, AT °C t‘ ' ];ﬁ)czmz t()bS: M; I‘ ‘
kg/sz oC , ;! r. Kg : o(s C
|
18.72 208.21 | —0.141 J 7133 [ 285.0510.703
22.11 206.65 | —0.047 1 BE68  [206.7710.832
22,62 | 219.92 1 —0.010 1 U534 | 300,80 0. 027
23.90 220.55 | —0.007 & 100.88 | 309.21870.952
23,96 220,66 | ~-0.003 4 11212 IBI6.06 1003
23.97 220,68 0.000 4 126,00 {323.74|1.150
24,06 220.39 0.00% 4 126,50 | 326,04 | 1. 162
24.27 221,34 0.008i§ 142,19 335.04]1.268
24.65 222,15 0.019 1 155,76 342,24 [ 1.343
24.95 222.78 0.023 1 175.20 {35167 ] 1,468
25.32 2235.55 0.033 & 19241 359,301 1.575
25.63 224.19 0.035 1 203.40  {3655.85|1.68
26.08 225,11 0.049 b 213,36 367’7170
26.47 | 225.90 o.oQ}ii 216,95 1369121 175
27.07 227,09 0.063 § 220,20 870,41 1,72
27. 14 227.22 0.065 1 220.63 |370.51(1.73
28,82 230,45 0.107 4 222,04 | 370.752.0%
20.13 231.12 0.115 § 223.3) 3709 ig.fw
42.94 253.05 0 5625  224.30 {370.9 2.71
56.95 270.39 0.514 4220, 8%--0.7 | 370.9 k.s.z
1
15-p.9

VALORES DE LAS CONSTANTES CRITICAS DEL AGUA PESADA

TC(°K) Pc(atm) Vc(cc)
Obs 644.6 218.6 55.2
{
Calc 720.0 360.4 59.0
% error 11.7 64.8 6.88
6-p.1470

TEMPERATURA CRITICA.

D,0 : 370,9 + 0,1°C

13-p.56

D,0 : 371,5 °C

HZO 1 374,2 °C

13-p.57
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PRESION DE SATURACION PARA DO

2
T (°C) 300 350 360 369 371
P. media
88,70 | 171,75 | 193,92 | 216,38 | 221,44
(atm.abs)
13-p.58

DIFERENCIAS ENTRE LAS PRESIONES DE
SATURACION DEL D,O Y H,0

2 2
TTOY exp.
¢, °c | PDOTPHLO: Pp,0. | estimado,
mm Hg mm Hg mn Hg
10 —1.46 7.75 4-0.1
20 —2.48 15.00 1-0.1
30 —4.01 27.81 0.1
40 —6.19 49.13 3-0.1
50 —9.14 83.37 +0.1
60 —12.97 13641 402
70 —17.8 215.9 0.3
80 —23.5 331.6 -1-0.3
90 —30.2 495.6 0.4
100 —37.7 722.3 30.4
110 —45.7 1028.9 0.7
120 —54.1 14351 41.0
130 —62.5 1953.8 1.0
140 —70.4 2640. 4 j:l )
150 —77.3 31493 .4 -1+-2.0
160 —82.6 1553.9 2.0
170 —85.6 5834, 1 2.0
180 —85.1 7436.9 +2.0
190 —80.1 9336.3 2.0
200 —68.9 11596.3 12,0
210 —49.1 142625 42.0
220 —17.9 17384.6 +2.0
230 4-28.8 | 21014.6 F2.0
210 -+96.2 25207.3 +5.0
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VALORES EXPERIMENTALES DE LAS DIFEREN
CIAS ENTRE PRESIONES DE SATURACION DE
AGUA Y AGUA PESADA

Q Q, o}
g g g
N [ |
o = c O
S| B ¢ fE| | £E
o ], < 0, < m
21.8 2.51116.5 02.3 179.2 8§2.9
29.4 3.6 {119.6 54.7 183. 8 75.8
35.4 4.4 11925.3 59.8 186.8 77.8
40.9 9.6 1131.4 64.8 189.0 76.1
45.2 6.7 1139.5 70.9 190.2 74.0
50.8 8.1 1140.8 71.8 194.2 04.9
62.0 1 12.9 }150.1 77 .4 195.7 09.4
70.0 { 16.2 ]151.0 78.2 200, 4 658.2
74.1 1 18.5 [ 160.1 81.4 201.5 52.4
76.6 1 20.1 1163.0 81.8 206.0 55.4
80.9 | 23.3 ]164.0 82.6 201.71 . 37.0
87.1 27.2 1167.92 81.7 214.2 35.5
93.3 ] 32.4 1167.6 83.6 219.5 17.5
96.2 | 34.5 1 170.1 82.5 220.7 13.2
97.5 1 35.7 [ 171.1 82.0 221.6 12.2
99.5 1 3.8 1172.3 81.5 224.7 3.6
100.6 | 38.8 1174.5 £2.3 220.11—14.9
107.5 1 43.91178.2 79.9 231 1 [—13.5
114.0 1 49.7 1 178.6 80.9 232.51—32.4
]
15-p.5 ‘
i |
TEMPERATURAS CRITICAS DE SOLUCIONES DE DZO-HZO A DIFERENTES CONCENTRACIONES
N 0.00012* 0.221 0.456 0.709 0.980 0.991
tcr medidas en 360.1 359.6 358.9 357,9 357.3 357.4
tubos indiv.°C 360.1 | 359.3 | 358.5 | 358.0 | 357.5 357.5
360.2 359.3 358.9 358.0 357.6 357.8
359.9 | 359.2 | 358.8 | ~---- 357.5 | 357.4
360.1 | ~---~ | mmeao | ool 357.4 357.5

ter, promed. en 360.1 | 359.4 | 358.8 | 358.0 | 357.5 357.5
todos los tubos, °C

ter, COTTER. para | 374 2 | 3735 | 3729 372.1 | 371.5 | 371.%
tCI’HZO, °cC

(*) Agua practicamente pura.
15-p. 11



DATOS EXPERIMENTALES DE PRESIONES DE SATURACION DEL HZO Y DZO
Pi1,0 PH,0—"D,0 ‘ 0,0 A
t' OC ? 2 Pll?o
atm | kg/am? mm Hg atm | ke/cm?
3.8 0.007915 0.008178 0.96 0.00666 0.000688 0.841
10 0.01212 0.01252 1.3 0.01035 0.01069 0.854
20 0.02307 0.023841 2.3 0.02009 0.02076 0.871
30 0.04187 0.04326 3.7 0.03705 0.03828 0.885
40 0.7279 0.07521 5.7 0.00520 0.067406 0.897
50 0.1217 0.1257 8.5 0.1105 0.1142 0.908
60 0.1966 0.2031 12.2 0.1805 0.1865 0.918
70 0.3075 0.3177 17.1 0.2850 0.2945 0.027
80 0.4672 0.4827 23.1 0.4368 0.4513 0.935
90 0.6918 0.7148 30.0 0.6523 0.6740 0.943
10C 1.0000 1.0332 37.8 0.9503 0.9819 0.9503
11¢C 1.4139 1.4609 46.5 1.3527 1.3976 0.9567
120 1.9595 2.0246 55.2 1.8369 1.9496 0.9629
130 2.6662 2.7518 63.6 2.5825 2.06683 0.9686
140 3.5669 3.6854 71.1 3.4733 3.5887 0.9738
150 4.6982 4.8543 77.2 4.5966 4.7493 0.9734
160 6.1003 6.3030 81.3 5.9033 6.1024 0.9325
170 7.8169 8.0766 82.6 7.7082 7.9643 0.9861
180 9.8949 10.2237 80.3 9.78492 10.1145 0.9393
190 12.385 12.796 73.5 12.288 12.696 0.9922
200 15.341 15.851 61.3 15.260 15.767 0.9947
210 18.819 19.4.144 42.6 18.763 19.386 0.9970
220 22.881 23.641 - 16.5 22.859 23.619 0.9990
225 25.151 25.087 0.0 25.151 25.987 1.0000
230 27.591 28.508 18.1 27.615 28.533 1.0009
371.5 211.615 218.647 5 309 218.6 225.86 1.033
15-p.5
VALORES CRITICOS DEL AGUA
o
TC( K) Pc(atm) Vé(CC]
Obs 647.2 218.3 56.3
Calc 746.0 377.5 58.6
% error 15.27 72.83 4.09

6-p.1468
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0o 20 60 100 140 180
Temperatura ¢ C
Presidn de vapor del D,0 en funcidn de la tem-
peratura.
\ 6-p. 1470
VOLUMEN MOLAR Y PRESION DE VAPOR DEL AGUA
T(°K) V calc, % P calc, P obs. %
(coO error (atm) (atm) erroTr
273.15(PF) 17.923 - 0.53 0.006051 0.006030 - 0.35
277.15 17.888 - 0.71 0.008036 0.008007 - 0.36
283.15 17.891 - 0.72 0.01210 0.01218 - 0.66
293.15 17.961 - 0.48 0.02298 0.02307 - 0.39
313.15 18.171 0.08 0.07234 0.07279 - 0.62
353.15 18.673 0.73 0.4623 0.4672 - 1.05
373.15(PE) 18.959 0.85 0.9852 1.0000 - 1.48
423,15 19.800 0.81 4.549 4.698 - 3.17
6-p. 1468.
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A
/+ ®| Niwa y Skimazaki
1~ R
~ *| Johannin, Gilles y
4 Johannin.
s
-30 -20 ~10 0 T°C
Presidén de vapor del H,0'y D,0 sblidos.
13-p. 51
PRESION DE VAPOR DEL D,0 SOLIDO (m de Hg)
> pH, O . pH.O

T (°C) pD,0 oH,0 S50 T(°C) { pbO | pH,O 5.0
- 32..... 0,34, | 0,23, 0,67 - 14,0 ) 1,13, | 1,36, 1,20
-30..... 0,37, | 0,28, 0,76 - 12... | 1,33, | 1,863, 1,22
-28..... 0,12, | 0,33, 0, 83 -10... | 1,57, | 1,95 | 1,235
- 26..... 0,46, | 0,43, 0,92 - 8...| 1,85, | 2,32, | 1,25
-24..... 0,52, 0,52 1,00 - 6.. 2,200 2,76, 1,26
- 22 0,61, 0,64, 1, 04 - 4., 2,58, 3,28, 1,27
-20..... 0,71, 0,77. 1,08 - 2. 3,03, 3,88, 1,28
- 18..... 0,832 0, 939 1,12 - 0.. 3,615 4,57, i,26
- 16, ... 0,973 0, 132 1,17 + 2 4,28, 5,29, 1,23

13-p.51
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PRESION DE VAPOR DEL [IZO Y DZO Y DE MEZCLA EQUIMOLECULAR EQUILIBRADA DE DZO

Y HZO (designada como HDO)

°C

Diferencia de los p.e.en

Presién T (°C) T(°C) 4T (H,O - HDO)
(psia) ‘H, O "HDO" (°C)
161, 36 184,57 184,78 - 0,216
219, 40 198,68 198, 81 - 0,132
265, 85 208, 00 208, 08 - 0,084
325, 97 218, 34 218, 36 - 0,023
367, 54 224,66 224,64 0,018
420, 51 231, 95 231, 89 0, 058
472, 14 238,41 238,31 0, 102
514,24 243, 28 243,15 0,126
619,38 254,24 254, 05 0,187
1607, 7 318,62 318, 09 0,532
3017,5 369,01 368, 04 0,969
3143, 3 372,42 371,26 1, 164
3144, 1 372,45 371,29 1,152
13-p.53
Punto de ebullicién del HZO, °C
st e 271; — 292 gfz7 _ _ 2523
, . 7 1 : -— o ,

T
| S
ST e

R

- : ;
! R . P
T t T T T HE SR S A S S H
: S S T DUV T PRI T T L L O T N
R T N
i I HEER ».C;‘
1

ry IR

- . Doy
to de inversién a 220,7°t_

1 L i I . s ’ ; : ] T
T iﬁi_ E_ﬁ_ HERRN _Z”»iﬂw4_+_ TR O T T RN ‘
s T TR T L ENE TR NN N
100 200 300 400 500 600
, Presién

Presiones de vapor de H,0, DZO v de mezclas equimoleculares equilibradas.
13-p.53
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PRESION DE VAPOR Y FACTOR DE SEPARACION PARA MEZCLAS DZO/HZO

T (°C) % D,0 (mmi{g) o v 11?,20
020
.9,84 48,23 8,45 1, 1003 1,094
20,00 45,97 16, 30 1,0873 1,082
25,00 45,97 22,19 1,0815 1,076
20,00 45,97 29,91 1,0747 1,071
30,01 48, 24 29, 87 1, 0749 1,071
40,01 48,22 52,31 1, 0629 1,063
50, 00 48,21 87, 86 1,0510 1, 055
13-p.54
PRESION DE VAPOR DEL DZO
T O Pup/ Pop A o g

10, 00 1,196 9,21 7,70

14,98 1,183 12,79 10, 81

20, 01 1,171 17, 54 14, 98

25,08 1, 158 23,76 20, 51

30,01 1, 148 31,82 27,172

35,00 1,137 42,18 37,11

40, 03 1,130 55,32 49,0

44,99 1,119 71,88 64,2

50, 01 1,112 92,5 83, 2

© 55,00 1, 107 118, 0 106,6

13-p.54
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111 112 113 114 1,55 1.16 1.17 1.18 1.19
PH0/p L0

Relacidn de presiones de vapor del 1,0 y D,0.

13-p.54

PRESION DE VAPOR DEL D,0 Y DIFERENCIA ENTRE LOS PUNTGS DE EBULLICION DEL H,0 Y D,0
Presién T. observada AT, Presién T. observada aT,
(psia) 9 ) (psia) o (C)

266,21 208,21 - 0,141 1014, 7 285,05 0,708

314,54 216,35 -, 047 1204,5 286,77 . 832

335,94 219,92 - ,010 1370, 4 303, 89 , 927

340,00 220,55 - ,007 1433, 0 309,23 » 952

340,79 220,66 - ,003 194,09 316, 96 1,063

340, 82 220,58 , 000 17582,3 325,74 1,150

342,27 220,89 , 004 1799,5 326,04 1,162

345,29 221,34 , 008 2022,86 3353, 04 1,268

350,71 222,15 L0189 2215,6 342,24 1,343

354,91 222,78 , 023 2402.3 351,67 1,468

360,18 223,35 , 033 2737,0 359,30 1,375

364,53 224,10 , 035 2964, 5 365,85 1,68

371,00 225,114 , 048 3037,9 367,87 1,70

376, 16 225,80 . 051 3086, 2 369,12 1,73

385,03 227,009 , 063 3132,3 370,41 1,72

386,03 227,22 . 065 3138, 4 370, 531 1,78

410, 00 230,45 , 107 3158,5 370,75 2,08

115, 04 231,12 s 115 3176,5 370,9 2,39

610,89 253,05 , 362 3190,6 370,9 2,71

810, 15 270,39 , 214 3270 = 10 370,9 3,2

EJT =temperatura de ebullicién del H,O - temperatura de ebullicién del D,0.

13-p.55
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/;4*
3000 v /
7/ /(
7 /'j/’
2900 }
366 368 370 372 374
. Temperatura®C
Punto de ebullicidn del D,0 Yy H,0 en las vecin-
dades del punto critico.
13-p.55
mm Hg
100
92.6 Pt “Payt
7 - | ot prog
40
0 »—-_—'—M
-qo L X )
g’ $0° 60° 159° 1:6° 200° 2257 T

Valores experimentales de _diferencias de presiones de
agua y agua pesada.

15-p.6
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PRESION DE VAPOR SOBRE HIELO (mm de Hg)

oG 0 2 4 6 8
—00 | .000070] 000048 0000331 000022 000015
— &80 O0010) 0029 00020 0 0001 OO0
—70 00104 OO0 00100 AXWNYTT OO0
— 60 O0R08 R SO 0004y 00261
—50 02955 L0230 0178 01538 0100
—40 09686 0788 1 060y L0481 L0378
—30 2859 ..2318 | 1873 1507 1209
oC 0.0 0.2 0.4 0.6 0.8
—29 O 317 0. 311 0 504 0.208 0.2902 |
— 28 0.351 0 34 O 357 0 330 0.:324
—27 0.389 0.351 (y 37t (). 300 0.359
—26 | 0.430° | 0.422 0. 414 0.405 +0.397 |
—25 | 0.476 0.467 0.457 1 0.448 0.439 {
—24 | 0.526 0.515 0.505 0. 495 0.488
—923 | 0.580 0.569 0. 538 0.547 0.53
—22 | 0.640 0.627 0.615 | 0.603 0.592
—21 | 0.705 0. 691 0.678 | 0.665 0.652
—20 | 0.776 0.761 0.747 1 0.733 0.719
o 0.0 0.2 0.4 0.6 08
—19 | 0 854 0. 838 0§22 0 ROG 0.791
—18 | ©.039 0 421 0 G04 0.887 0.870
-17 2 1.031 1.012 O 0993 0.975 0.956
— 16 1132 1.111 1 041 1.070 1.051
—15 1.241 1.219 1.196 11175 1 153
—14 | 1.361 1.336 1.312 | 1.9288 1.264
—13 | 1.490 1.464 1.437 1.411 1.386
—12 | 1.622 1.602 | 1.574 1546 1.518
—11 1.785 1.753 1.722 1.691 1.661
—10 | 1.950 - | 1.916 1 <83 1.849 1.817
— 9 {2131 2 003 2 057 2 021 1.985
— 8 ] 2326 2 OR5 2246 2 207 2 168
— 7 | 2. 537 2403 2 450 2 408 2 367
-6 | 2765 2 718 2672 2.626 2 581
— 5 | 3.013 2 062 2 912 2. 862 2.813
— 4 | 3.280 3.225 3171 3117 3.065
— 3..] 3.568 3.509 3451 3 393 3.336
— 2 | 3.8%0 3.816 3.753 3.691 3.630
— 1 | 4.217 4. 147 4 079 4012 3.946

| — 0 | 4.579 4 504 4 431 4 339 4 287

14-p.D-108
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PRESTON DE VAPOR'DEL AGUA EN am de lg

Teme- 1 0.0 0.2 0.4 0.6 0.8 Temp- | 0.0 c.2 0.4 0.6 0.8
—15 | 1.436 1.414 1.200 1.368 1.345 42 ) 61.30 62.14 62.80 63 46 64.12
—14 1.560 1.534 1.511 1.485 1.460 43 64.%0 65.48 66.16 66.56 67.56
—13 1.691 1.665 1.637 1.611 1.585 44 6S.26 68.97 0Y.69 70.41 71.14
—12 | 1.834 1.804 1.776 1.748 1.720
—11 | 1.987 | 1.955 | 1.924 } 1.893 | 1.8G3 L4560 71.88 | 72.62 | 73.36 | 74.12 74.88
45 | 75.65 76.43 77.21 78.00 78.
—10 2.149 2.116 2.084 2.030 2.018 47 7;.00 §0.41 £1.23 33.85 Sg.gg
-9 2.326 2.289 2.254 2.219 2.184 48 1 83.71 84.56 85.42 25,928 §7.14
— 8 | 2.514 2.475 2,437 2.399 2,362 49 | 88.02 33.90 $9.79 90.69 91.59
-7 | 2715 2.674 2.633 2.593 2,533
6 2.931 2.887 2.843 2.800 2.757 50 02.51 93.5 04.4 95.3 96.3
: 51 7.90 98.2 9.1 100.1 101.1
— b6 | 3.163 3.115 3.069 3.022 2.976 52 | 102.09 | 103.1 184.1 105.1 136.2
— 4 3.410 3.359 3.309 3.259 3.211 53 | 107.20 10S.2 109.3 110.4 111.4
-3 3.673 3.620 3.367 3.514 3.461 34 | 112.51 113.6 114.7 115.8 116.9
— 2| 3.956 3.898 3.841 3.785 3.730
— 1 4.258 4.196 4.135 4.075 1.016 55 | 118.0¢ 119.1 120.3 121.5 192 .8
56 | 123.8 125. 126.2 127 .4 128.
-0 4.579 4.513 4.448 4.383 4.320 37 }Qg.gg 1318 135.3 123.5 133?
58 | 136.08 37 38.5 39. 41.2
o | 4579 | 4687 | 4715 | 4785 | 1.855 A I SO B S B
1| 4.926 4.998 5.070 5.144 5.214
21 5.202 5.370 5.447 5.525 5.605 80 | 149.38 | 150.7 152.1 153.5 155.0
3 1 5.635 5.766 5.848 5.031 6.015 6! | 156.43 }157.8 159.3 160.8 162.3
4 | 6.101 6.187 | 6.274 | 6.363 | 6.453 62 | 163.77 | 165.2 166.8 168.3 169.8
63 | 171.35 | 172.9 174.5 176.1 177.7
6 | 6.543 6.635 6.728 6.822 6.917 64 | 179.31 | 180.9 152.5 184.2 185.8
6 | 7.013 7.111 7.209 7.300 7.411
7 | 7.53 7 817 7.722 7.878 7.036 85 | 187.54 1180.2 190 9 192.6 104.3
8 8.045 8.155 S.957 Q.380 S.404 69‘ 196.0Y 197.3 vy, d 1.3 2us. i
9 8.609 8.727 8.845 8.965 9.086 67 | 204.96 | 200.3 203.9 210.9 212.5
_ 6% | 21417 | 2160 213.0 210.9 221.8
10 g9.209 9.333 9 458 9.585 9.714 Oy | 223.73 o257 2277 222.7 231.7
11 | 9.841 9.976 | 10.109 | 10.244 | 10.530 1 aan = s o o ony 7 o
12 | 10.518 | 10.653 | 10.799 | 10.941 | i1.085 0 Suh 58S ;gg'g ;fi'f
13, | 11,231 § 11.379 | 11.528 | 11.630 | 11,833 13316 12568 %m0 loslz |34
14°] 11,087 | 12.144 | 12.302 | 12.462 | 12.624 =3 | 2057 5080 5902 5 G 571’8
7 277 i 25 R4 9 293 .6
15 | 12,788 | 12653 {13121 | 15,200 | 13.461 412772 12094 | 2518 2342 250.6
16 | 13.634 | 13.809 | 13.987 | 14.166 | 14.547 75 |250.1 2015 201.0 206.4 3.5
17 | 14.530 | 14.715 | 14.003 | 15.002 | 15.284 76 |301.4 203.8 5064 308.9 $11.4
18 | 15.477 | 15.673 | 15.871 | 16.071 | 16.272 77 {3141 316.6 319.2 322.0 3246
19 | 16.477 |16.685 | 16.894 | 17.105 | 17.319 78 1327.3 330.0 332.8 535.6 338.2
7 3 i 10 52
20 | 17.535 |17.753 | 17.974 | 15.197 | 18.422 79 |341.0 | 343.8 7} 346.6 3494 ) 352.2
21 | 18.650 | 18.830 | 19.113 ] 19.349 | 19.587 80 [355.1 358.0 361.0 363.8 566.8
22 [ 19.827 | 20.070 [ 20.316 | 20.505 | 20.815 ST 1 560.7 372.6 373.0 373.8 351.8
23 | 21.068 | 2t.324 | 21.533 | 2i.845 | 22.110 32 8819 3580 3012 3044 307 .4
24 | 22.377 2.648 | 22,022 | 23.108 | 23.476 83 ] 300.6 103.8 157.0 4i0.2 413.8
‘ 34 1416.8 420.2 4236 426.8 $70.2
5 X 21 3328 o, 2
33. 32-238 3§~233 53-3;2 gé'?}; sé'gﬂg 85 |433.6 437.0 4104 444.0 447.5
2 57 05s 2951 {97 e 5a 05 S6 | 450.9 454.4 158.0 161.6 465.2
27 | 26.7390 | 27.035 | 27.37¢ |27.696 | 28021 0 40U, 9.4 2o 1098 195 1
28 | 28.319 | 28.6%0 | v9.015 |29.354 | 29.697 ST |dus.v | 424 ) 400 0.8 s34
290 | 30,043 | 30.392 | 30.745 |31.102 | 31.461 §8.1457.1 | 491.0 14047 ) 498.5 § 503.2
59 1506.1 510.0 513.9 517.8 521.8
30 ] 31.824 | 32.191 32.561 | 32.934 33.312 90 [525.76 | 529.77 | 533.80 | 537.86 | 541.93
31 133.695 .| 34.082 |} 34+.471 | 34.864 | 55.261 91 1546.05 | 350.18 | 554.35 | 338.53 | 562.75
32 135.663 | 35.068 | 36.477 | 36.891 37.308 02 1366.99 | 571.26 375.55 | 579.87 584,22
33 ]37.720 135.155 | 38.581 |39.01S | 39.457 94 1538.60 | 503.06 | 507.43 | 601.80 | 60G.38
34 139.898 | 40.344 | 40.796 |41.251 | 41.710 01 1g10.00 | 615.4¢ | 620.01 |624.61 | 629.21
36 | 42.175 | 42.644 | 43.117 |43.505 | 44.078 95 |633.90 | 638.50 | 643.30 |643.05 | 652.82
36 | 44.563 | 45.054 | 45.549 [ 46.050 | 46.556 o6 los7.62 | 6o2 45 | eeT 31 fer2o0 677012
7 1 47.067 | 47.552 | 45.102 | 48.627 | 49.157 07 o207 losTor {oeo2 05 |eo7.10 | 70217
38 | 49.692 | 50.231 | 30.77+ |51.323 | 51.879 08 {707.27 | 71246 | Tt7.50 | 72275 1 727.08
39 | 52.442 | 53.009 | 33.580 | 54.156 | 54.737 99 [733.24 1 738.53 171385 | 749.20 | 7515
s as - - 100 |60 00 176545 | 770 03 | 77641 | 782.00
40 55.324 55.91 56.51 57.11 57.72 fmw G0 e QO WL e 210 9
41 33 31 53 06 30.53 6022 50 56 10! YT 79518 TUS. 82 Su+. 5t 810.21

14-p. D-109
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PRESION DE VAPOR DEL AGUA

Presidn Temp. BTemp. Presidn HTemp. Presion Terp. iTemp. Presidn Temp.
Libra °C Libra °C Libra °F °C Libra | °F
i} por it por nwn por l m por
pul pulg. pulg.? pulg.?
..{ o
100 | 760. o 0 & w10 10§ 30 1451.300| 500 0
101 7587 51 36 ) 2 241 g i st 031 501 .8
102 | 81586 56 & 5 d Bun B 512 o7l 3085
103 | 84512 4 18 9% 4 H a1 205} 595.4
104 | 57508 2 sS4 2 d uis 1.453) 397 2
1 o t :
1 3 S 2 9
107 6 ¥ R o 2
108 4t 25 4 2is i 5
109 2k 2 g 24 2 .2
110 0 & o ol 0
111 8y 8 1] S 7 K
12 3.6 i 5t 8 6
113 g i b Sy 4
114 2 ol 2 B 2
21 2 t
115 5.¢ & 5.0 | 3 0
116 08 1] A 2 3
17 2.6 *H 58 ° ‘6 £
118 1.4k i 54 4
119 2 oy 2 2
120 KR o 4 o0 4 r
121 ] A O 5 13 5 3
122 6 i b 6 3 %
323 4 $ B 1 25} 19; 4
124 2 2§ 72 i 334 |101531.60] 1951.267] 6332
125 0 o & 2 o & 235 lioeser 20l 1050 36s) 635.0
126 8 { R oH ‘s H 336 1121196 00f 2014, 5220 6358
27 6 3 e P 2'g 5337 1103526.00] 2040.510! 638.6
128 4 .6 & z 8 338 : 52 1
129 2 " . __ 2 i iu .2
130 0 9 o I .0
132 6 i > 6 £ S 4
133 1 T H oY 4
B T t : H .
.13-5 .2 § 2 H 2 ‘{ .2
{:%5 e E) oo 0 -§ 10
35 504 S 8 8
137 s d S R 5
133 4 b . 4
135 2} 54 B .2
; 2 L
140 n 'i i . 0
141 R 94 (s) b -8
142 6 " 3 6 6
145 4 5.4 8 i 3
144 2 2 5 2 g -2
145 0 : o - .0
146 S § 5 e ; ‘s & -8
147 6 o 28 q 6
148 4o vt 4 5.4
145 2 - o :"} i
150 20 ¢ k 3 0
151 3.8 ¢ 2 g - .8
152 5 2o Sy 6
153 4 F tU Ty 4
* 154 2 g 12 2 3 2
155 1.0 ﬂ 0 ‘} 59091 10 30 f° -0
156 .g 3 5 b 60360. S0 3 g 0.8
}gg e b 0.6 § 61742 10 6.6 4 ; jg
159 2} 3 ohhe 0.2 § 36v [155315.20| 50121671] 606 2
160 Q¥ o B o0 o 1 370 |157502 40f 3040.273] 608.0
161 S 7 00 204 2 0 9
162 3.6 S 02 38 W 6
162 : . 4 fi 13 houd R 4
164 | 5126.0¢ | 99.139 | 327.2 | R ot P i : 2
4 ]
165 } 5256.16 | 101.633 0 ¢ 5305 | 60114 + 0§
166 | 5386 sS | 103 155 s f SR RNV 39
167 | 552140 | 105.766 | 332.6 K 8 4 307 | 71052 40 6 4
168 | 5653.20 | 109 412 4 i § B 12015 00 o4 b
189 | 5798.04 | 112.)16 2 E 4 3 399 | 13004 & <a 3‘:
b~ X
i i

14-p.D-110
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PUNTO DE EBULLICION DEL AGUA (ESCALA HIDROGENO)

- e - - -
décimas de mm P | décimas de mm
7 T i~

o a2 s 4jsle s s jo] M j o0 | | 2] 3] « | 5] s
i N : 750 99.630 | 633 | 637 ; 6il | G135 618 | 652
97.714 | 718 | 722 | 725 | 720 | 733 | 7a7 | 741 | 745 | Ta0| 791 657 | 671 | 674 | 678 | G52 | 655 | £xD
753 | 757 | 701 | 765 | 769 1 773 1 777 | 781§ 785 | 739 752 704 { 708 | 712 | 715 1 710 | 723 | 728
702 | 706 | S00 | S0t | SO | 812 | 316 | 820 | 821 | s23} 753 741 ] 745 | 740 | 752 | 756 | 700 | 704
&32 | 836 | 810 | Sit | 8171851 1 855 | 856 | 863 | sur| 754 | - 778 | 782 | 736 | 790 | 793 | 797 | su1

BTL § 875 | 879 | 383 | 837 | 801 i 825 | 899 | 302 | 96
755 99.815 | 819 | 823 | 827 | §30 834 | 833

i
i
|
97.010 [ 914 | 918 | 022 1 926 | 930 ! 934 | 933 | 942 | 916 756 852 | 836 | 860 | 863 | S67 71 875 |
949 1 033 | 957 | 951 1 0651 94 § 973 | 077 | 081 | 953 757 839 | 503 1 $07 | 900 | 604 908 | o11 |
939 | 993 | 9us | 000 | 0N | 008 i -012 ;016 | 020 ;-024 - 758 626 | 030 | 934 | 937 | 941 045 ] 043 !
08.023 | 032 1 035 | 010 | 033 | 0i7 ! 051 | 035 | 020 | ous 759 963 | 957 | 970 | U7+ | 978 932 | 635 |
067 | 071 | 075 | 070 1 052 ] 0s5 { 090 | 00t | 008 | 102 i
7R0 100.000 { 004 | 007 | 011 | 015 018 | 022 |
98.106 | 110 | 114 | 118§ 121 | 125§ 129 | 133 | 137 .741 761 037 | 040 | 044 | 043 | 052 055 | 039 ¢ 03
145 1 149 | 153 1 157 | 160 | 164 | 168 { 172 | 176 | 150 762 o074 | 077 1 031 | 035 | 058 .| 092 | 096 |
188 | 188 | 192 | 195 | 190 | 203 | 207 | 211 | 215 | 219 763 110 ) 114 ) 118 ] 121 | 125 129 | 132
223 | 227 | 230 ] 234 ! 233, 2121 236 ) 230 | 254 | 233 764 147 | 151 | 154 | 153 | 162 165 | 169 |
261 | 265 | 269 i 273 | 277 | 251 | 235 1 239 | 202 | 206 [
765 100.184 | 187 | 191 | 195 | 198 202 1 206
93.300 | 304 | 308 § 312 | 316 327 | 331 | 325 766 220 | 224 | 227 | 231 | 235 238 | 242!
339 | 313 | 347 | 351 { 335 366 | 370 1 374 767 257 | 260 | 264 | 263 | 271 275 | 279 ! o8
378 | 382 | 335 | 339 | 393 105 | 409 1 412 763 203 | 297 | 300 | 304 | 308 311} 315 |
416 | 420 | 421 | 423 1 432 113 | 17 | 451 769 330 | 333 | 337 | 341 | 344 318 | 352 i
435 | 439 | 483 | 467 | 470 432 | 486 | 400 ‘
770 106.266 | 370 | 373 | 377 | 3S1 354 | 388
08.493 | 407 | 501 | 505 | 509 52 | 524 4 528 771 403 | 406 | 410 | 414 | 417 421 {424
3321 536 | &40 | 34t ! 547 559 | 563 & 367 772 439 | 412 1 446 | 450 | 453 457 | 461
570 | 574 | 578 | 382 ;°3%6 597 | 601 1 603 773 475 1 470 | 433 | 435 | 499 493 1 497
609 | 613 | 617 | 620 | é2¢ 630 | 640 ! 613 74 511 | 515 | 519 | 522 | 526 530 | 532
647 | 651 | 633 | 639 | 642 74 | 678 | 682 :
775 100.548 | 551 | 555 | 550 | 502 566 ) 560
98.656 | 639 | 693 | 697 | TO1 712 | 716 | 720 776 534 | 538 | 591 | 595 | 598 602 | 606
724 1 708 | 7321 785 1 729 751 | 735 | 758 Ti7 620 | 624 | 627 { 631 | 634 635 | vi2
762 | 766 L 770 TTa i 77T 780 | 103 1 707 778 €55 | €50 | 663 | 657 | 671 674 | 67s
800 | 80+ | 803 ! s12 ) 518 27 | 831 | 835 779 692 | 696 | G639 | 703 | 707 710 | 714
83S | 812 | 818 | 830 | &3¢ 863 | 869 | 573
730 100.728 1 732 | 735 | 739 | 743 746 | 750
98.877 | 850 | 864 | 838 | &2 903 | 907 | 911 751 764 | 768 [ 772 1 775 | 779 | 782 ! To6
915 | 918 | 922 | 926 | 930 911 | 645 | 910 752 800 | 804 | 807 | 811 | S15 §1S | 822 3
933 | 956 | 960 | 951 ! 96S 079 1 983 | 987 753 &30 1 840 | 843 | 847 | 851 851 | 53
991 | 994 ] 998 pCO2 006 017 321 | 025 754 §72 | 876 | 879 636 890 | $94
99.029 | 032 | 036 | 010 , 01t 033 | 039 | 063
: 783 100.903 | 912 | 015 | 910 | 922 926 ; 929 ; 933 | 037 | 940
99.067 | 070 1 074 1 078 * 032 ol 003 750 914 1047 1651 1052 P oag  Poagd boss tara haty dons
lut | 303 | 112 | 116 § 1y | 27 | 181 757 979 | 933 { 957 | 900 1 604 1997 . 009 1 605 F00R 112
21 146 | 150 | 133, 157 5 1o 753 101.015 | 019 | 022 | 026 | 023 033 | 037 | Ui § LI | O47
190 | 184 | 187 | 191 | 195 203 | 204 759 031 | 054 | 058 | 052 i Cus 0u9 | €72 | Uio 079 1 033
213 1 221 1 225 ' 220 7 232 : 24t | ' i :
l ; " | 790 101.057 | 0%0 | 094 | 097 | 101 104-] 10% 7 1124 115 | 119
99.255 | 250 1 963 ! og7 P ovg ) o7y 1 275 | 282 ! 70] 122§ 126 0129 133 1 125 ) 140 1 124 147 0511 134
203 | 297 { 300 | 30¢ , 303 | 512 | 316 1 3101 702 138 | 101 § 165 | Lis | 172 176 | 179 ¢ 133 | 136 | 190
331 | 331 {333 ! 312 318 319} 333 ! 357, 793 103 ! 187 | 200 ; 201 ° 207 | a1 {215 213 22 025
368 | 872 1 BTG 1 379 - 3331 337 @ 3ul 1 304 794 023 1232 | 256 239, 243 | 246 | 230 ) 254 ; 257 | 201
405 | 40D | 413 | 417§ 420 | 423 | 423§ 432 | | - ! i i i
| ! | i 795 11.264 | 26s | 271 | 275 1 27 282 | o3¢ ! 299 ) 203 | 299
99.443 | 447 | 451 | 434 | 438 | 462 | 466 | 469 | 796 300 | 323 1 307 1 310 | 314 317 | 321 ] 324 1 323 ¢ 332
481 I 481 § 483 | 492 1 495 1 409 | 503 | 507 797 335 1339 ! 342 ' 345 | 349 353 | 355 1 360 - 363 | 367
518 | 522 | 325 1 520 ! 533 | 537 | 510 | 54t 795 370 ¢ 374 ; 377§ 351, 355 3~3 1 362 0305 399 | 402
555 1 53¢ ! 3531 3¢5 1 570 | 574 | 578 | 531 | 709 405 | 409 | 413 | 418 l 420 403 1427 | 430 | 434 | 437
532 1 506 1 eon i cot t eo7 | 611 1 615 1 619 1 g0 lioramn ! HT T I O I
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VARIACION DE LA TENSION SUPERFICIAL DEL D,0 CON LA TEMPERATURA

Temperatura Tensidn superficial Temperatura | Tensién superficial
°C del D,O dinas/cm °C del D,0 dinas/cm
99,0 58,5 174,6 42,4

110,8 56,0 184,8 39,9
124,0 53,8 193,8 38,0
145,6 48,7 216,0 32,8
160,8 45,3 I ----- ————
13-p.11
60 |
|
56 —
ST
~
O
52 o
a Agua ordinaria
5 -
&
=8 -
(3]
3 99,2% D,0
W [ '
~
Q
54— ;
w)
8 |
ot ;
& :
§U«O — ‘
pr———— '
o—99.2% D,0 |
S . s !
36 X — Agua ordinaria f
- |
19 L1 l I . "
60 100 140 180 220

Variacidn de la tensidn superficial del D,0

con la temperatura.

13-p. 11

- Temperatura °C
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VISCOSIDAD ABSOLUTA DEL D,0 Y AGUA LIVIANA ( EN CENTIPOISE)

Temperatura Agua liviana Agua pesada | Valores extrapolados

°C 99,56 % 100 %

5 1,5230 _ 1,9858 1,9878

20 1,0050 1,2503 1,2514

40 0,6551 0,7866 0,7872

60 0,4679 0,5509 0,5513

80 0,3558 0,4138 0,4141

95 0,2985 0,3452 v 0,3454
13-p.12

oSooo ..
> 30O Vo

o
(74

<
&~

~

A~
[’

<
&

Viscosidad (Centipoises) -

/1§ N W SN WU SN I N S U N W
20 40 60 80 100 120 140 160 180 200 220 240

Temperatura °C

Viscosidad del DZO y HZO en funcién de la tempera-
tura.
13-p.13 ’




152

RELACION DE VISCOSIDADES DZO/HZO

T ) DZO a DZO a
emperatura 99,565 1005

5 1,3038 1,3052

20 1,2441 1,2452

40 1,2008 1,2017

60 _ 1,1774 1,1782

80 1,1630 1,1637

95 1,1563 1,1570

13-p.12

VISCOSIDAD DEL Dzo'(99,2%), N

DZO

Np,0

Temp. NDZO
N

HZO
30 1,21 0,969
45 1,19 0,713
60 1,18 0,552
75 1,17 0,445
90 1,15 0,365
100 1,14 0,323
125 1,13 0,252
150 1,12 | 0,208
175 1,11 0,175
200 1,11 0,151
225 1,10 0,135
250 1,10 0,124

13-p.12
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VISCOSIDAD CINEMATICA v (EN CENTI-STOKES)

T °C v .105
25,5 1004
32,0 842
45,4 654
51,0 591
63,0 491
84,6 344
13-p.14
V103
AU R
gl
)
0°C
[
61 f
[}
- o M
| P
80°C B
3L
: 1
0 50

100 |
% DZO (en peso) : .

Viscosidad cinemdtica (en centi- stokes)
13-p.14



VALORES MEDIOS DE LA VISCOSIDAD DEL DZO A LAS PRESIONES DE SATURACION

154

10°

T °C U ooy - H oo, T °C Uog - 10° Ko,0
(en kg/seg /m?) o, (en Kg/ seg / r?) :
10 M0
15 140, 5 1,258 150 21,6 1,137
20 127,7 1,247 160 20,0 1,133
30 103, 3 1,228 170 18, 8 1,130
10 80, 7 1,212 180 17,6 1,128
50 67,1 1,199 190 16, 5 1,125
60 56, 9 1,188 200 15,6 1,123
70 18, 8 1,179 210 14,9 1,122
80 12,4 1,172 220 14,2 1,119
90 37, 4 1, 165 230 13,6 1,118
100 33,4 1,159 240 13,1 1,117
110 30, 4 1,153 250 12,5 1,115
120 27,8 1,148 260 12,0 1,113
130 25, 4 1,143 270 11,5 1,110
140 23, 4 1,139 280 11,1 1,109
13-p.15
10,0
0
16
13
o
d;\\\\“\v -
12
! \ﬁ'o\.
11
o
0 50 100 150 200 250 tC

Relaciones de viscosidad de H,0 y DZO

13-p.15
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RELACIONES DE VISCOSIDADES DE LOS

VAFORES DEL D,0 Y H,0
T (°K)
353 1.05;
373 1.06¢
405 1.07,
13:p.16

™o
LY [s)
——

N
N
/

N
L

v

~
N

Viscosidad del 1iquido w (LB/Ft.Hr)
N

o~
<

=
(e

o=
o

N

.

AN
<~

‘\~\4\\~‘\§~‘-‘

AS)
(4N

&

100

Viscosidad del D
13-p.13

2

150 200 250 300

Temperatura °F

0 a la presidn de saturacidn

350

400

£50
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VISCOSIDADES DE LOS VAPORES DEL HZO Y DO

A LA PRESION ATMOSFERICA ( EN y POISES)

T (°0) ¥ H,0 ¥ D0
0 88 ,4b S
50 106,4D ——--
100 124 ,5b -
150 142,5b ——--
200 157,9 161,6
250 176,5 180,9
300 195,4 201,0
400 234,4 241,5
500 273,2 282,2
600 313,1 321,9
700 351,5 360,7
800 388,5 397,5
900 424,9 432,4
1000 460,0 466 ,0
1100 490,3 - 496,2
1200 517,4 523,1
1300 542,1 546,5
1400 564,1 569,6
1500 584,5 590,2
1600 606,1¢ 611,44
1700 626,0¢ 631, 8d
1800 645,3C 651 ,4d
13-p.16
Nota:
Los valores obedecen a las relaciones:
®) W= 88,4 + 0,361 t
TS/Z
(c) " = 16360+ 0066756 T2
, TS/Z
(d) W=

17062 + 0,065926 T2
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-

VISCOSIDAD DEL AGUA PESADA 100%

VISCOSIDAD DE MEZCLAS H

0-D,0 REFERIDAS A LA VISCOSIDAD

2 2
DE AGUA PURA A 25°C
B H H H
NDZO' sol/ HZO NDZO sol/ HZO
0.000 1.000 0.709 1.161
0.206 1.046 0.848 1.195
0.368 1.082 0.980 1.226
0.550 1.123 1.000 (1.232)

15-p.112

t, °C 5 10 15 20 25 30 35
!
uDZO/uHZO 1.309 | 1.286 | 1.267 | 1.249 | 1.232 ' 1.215 | 1.198
»HO,cp |1.519 | 1.310 | 1.145 | 1.009 | 0.895 . 0.800 | 0.721
HD,0,cp |1.988 | 1.685 | 1.451 | 1.268 | 1.103 | 0.972 | 0.864
15-p.111
VISCOSIDAD DE SOLUCIONES DE H,0-D,0 a 25°C
25 d te dc Por energ.
453 di [ fe.seg. i fa. SEQ. Zdo cinética Hrel
0.99998, 0.99998, 539.00 539.01 0.99996 0.00000 0.99996
© 1,00061 1.00061 533.88 - 533.50 1.00132 0.00000 1.00132
1.02368 1.02371 547.12 533.73 1.04939 0.00029 1.04968
1.04591 1.04597 559.46 533.70 1.09647 0.00056 1.05703
1.05783 1.05790 566.26 533.99 112134 0.00071 1.12255
1.07556 1.07565 575.33 533.56 1.15986 0.00092 1.16078
[.03903 1.08913 582.23 533.50 [.18860 0.00109 1. 18959
1.10495 1.10503 550.35 533.63 1.22253 0.00127 1,22380
15-p. 112




158

VISCOSIDAD DEL D

20 99,65%
“’ U’ 3
t,°C t,°C t,°C "

cP cP cP
4 2.25% 10 1.67 16 1.37
) 2.10 11 1.61 17 1.33
6 1.99 12 1.56 18 1.29%
7 1.90 13 1.51 19 1.25%
8 -1.81 14 1.46 20 1.22%
9 1.73 15 1.41

* Valores obtenidos por extrapolacién

15-p.113

cp

RN

15

‘0 + - G.N. Lewis y R. MacDonald™)

! o - Selwood y Frost
o - H. Lemonde

0 s 10 4 4/ °c
Viscosidad del agua pesada.
15-p. 114
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VISCOSIDAD EXPERIMENTAL DEL AGUA PESADA Y COMUN

t,°C Wi OP n cp u :
’ H,0, D,0, D,0 / u1120
5 1.5230 1.9878 1.3052
20 1.0050 1.2514 1.2452
40 0.6551 0.7872 1.2017
60 0.4679 0.55153 1.1782
80 0.3558 0.4141 1.1637
S0 0.3158 0.3658 1.1583
95 0.2985 0.3454 1.1570
100 0.2830 ’ 0.3265 1.1538
110 0.2557 002941 1.1504
120 0.2328 0.2669 1.1467
125 0.2227 0.2551 1.1456
15-p.115
0.7§
Ay /
0.50 /{/
Hy0
0,0
025 ,//
0.00
8,u o - Bingham viscosimetro
Au °-0Ostwald viscosimetro
~0.25
4
=0.50 ¢
14 30 700 A

Viscosidades experimentales del
agua pesada y liviana.

15-p.116
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VISCOSIDAD EXPERIMENTAL DEL AGUA PESADA

] | . o G,. T, o;, . v-108, ) up 0o-108, ' rH,0-10°% qu/uH o)
hre }(g/cmzkg-segz/m“ g peg/mm| g |seg/mm mz/seg kg:seq/ m2| kg-seg/m® !
15.2 1 46.01 113.0 400 8.841 200 17.94 1130 147 117 1.256
16.0 | 47.5| 113.0 100 | 36.88 50 80.00 128 144 114 1.263
16.5 | 47.9} 113.0 400 8.50 | 200 17.52 1123 139 113 1.230
18.1 | 97.2| 113.2 200 15.68 | 100 30.27 (122 138 109 1.266
18.3 | 97.51 113.2 400 7.78 | 200 15.46 | 117 132 107 1.234
18.3 1 97.5; 113.2 200 | 15.48 ) 100 30.32 118 134 107 1.252
18.8 1 99.0| 113.2 200 | 15.32 | 100 29.86 |[118 134 105 1.264
19.1 } 55.0] 113.0 400 7.88 1 200 16.18 {115 130 105 1.238
19.2 | 51.5¢ 113.1 400 7.62 | 200 15.17 |14 130 105 1.238
20.6 | 57.0f 113.0 400 7.38 | 200 14.70 | 110 125 101 1.238
47.4 1 70.8] 113.1 200 8.45 | 100 16.92 62.4 70.6 59.0 1.197
56.01 75.8] 112.0 200 7.69 | 100 15.97 54.9 61.5 51.3 1.199
68.3 | 89.7| 111.2 200 5.95 1 100 11.43 45.5 50.6 42.7 1.185
96.9 | 100.0¢ 109.2 100 8.34 50 16.26 31.4 34.3 30.0 1.143
98.7 1 103.1 109.1 100 8.51 50 17.11 31.0 33.8 29.4 1.150

101.0 {120.0} 109.0 100 8.75 50 18.23 30.9 33.7 28.7 1.174
109.2 {100.0| 108.2 150 4.92 75 9.16 23.0 31.4 26.9 1.167
148.7 | 86.0| 104.3 80 7.10 40 13.53 21.5 22.4 19.4 1.155
201.2 [ 111.2 93.3 80 5.38 40 10.10 16.0 15.7 14.0 1.121
2053 {242.0 99.8 80 6.14 40 13.20 16.1 15.9 14.1 1.128
206.4 { 53.6 97.1 80 6.00 40 12.94 15.6 15.2 13.6 1.118
246.7 | 321.8 93.7 80 5.44 40 11.30 14.4 13.5 12.1 1.116
247.2 1325.0 93.6 80 5.43 40 11.30 14.4 13.5 12.1 1.116
288.0 | 111.5 84.7 60 5.85 30 10.71 13.2 11.2 10.1 1.109
|
15-p. 119
DATOS EXPERIMENTALES DE VISCOSIDAD DEL DZO VAPOR
{
.H L H . H
t, °C micro- t, °C micro- t, °C micro- |
cp cp cp

200 161.6 700 360.7 1300 546.5 |

250 180.9 800 397.5 1400 569.6 | |

300 201.0 . 900 432.4 1500 590.2 ‘

400 241.5 1000 466.0 1600 611.4 '

500 282.2 1100 496.2 1700 631.8 i

600 321.9 1200 523.1 1800 651.4 !

15-p.122
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VALCRES DE VISCOSIDAD DEL D0
A TA PRESION DE SATURACION

vl oo | ol o
= re =
g | & g o T
- @ O T Z
I Q 9 a § c vl Q
. @) bo o - &) ) ()
~ i N -~ ERER EY
15 | 140.5 [1.258% 150 | 21.6 | 1.137
20 | 127.7 |1.2471 160 | 20.0 | 1.133
30 | 103.3 {1.2981l 170 | 18.8 | 1.130
40 | 80.7 [1.2121 180 | 17.6 | 1.1928
50 | 67.1 [1.199)] 190 | 16.5 | 1.125
60 | 56.9 {1.188| 200 | 15.6 | 1.123
70 | 48.8 [1.179]| 210 | 14.9 | 1.122
80 | 42.4 [1.172] 220 | 14.2 | 1.119
90 | 37.4 |1.165! 230 | 13.6 | 1.118 |
100 | 33.4 [1.1594 240 | 13.1 | 1.117 !
110 | 30.4 |1.153(] 250 | 12.5 | 1.115 |
1 27.8 [1.148{ 260 | 12.0 | 1.113
130 | 25.4 |1.14310 270 | 11.5 | 1.110
140 | 23.4 |1.139]] 280 | 11.1 | 1.109
15-p. 120
— eXxp.
--- calc.
al
i =="" 75°C
'2..;:'/:” ot L 1 t 1 . I 2
0 ! 2 3 4 5 5 4 8 9
3

Presisn Ke/cm® x 10

Viscosidad relativa del HZO.
6-p. 14063
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VISCOSIDAD DEL AGUA

H,"0 D,'*0
t,°C Mexots CP Mit» CP A% n (1), cP n2), P Meel?), cP 2%
15 1.138; 1.139 -0.04 1.4764 1.4732 1.4595 -0.92
20 1.0024 1.0020 +0.04 1.2898 1.2797 1.2754 -0.34
25 0.8907 0.8904 +0.03 1.1245 1.1250 1.1132 -1.04
30 0.7975 0.7975 0.00 0.9974 0.9945 0.9879 ~0.66
35 0.7191 0.7194 -0.04 0.8928 0.8897 0.8846 -0.57
17-p.273
VISCOSTDAD DEL Dz‘so
I
'
p,g cm™
t, °C (muestra 1)  (muestra 2) 100% D.'*O
15 1,202798 1.195212 1.216786
20 1.202203 1.194598 1.216223 '
25 1.201216 1.193599 1.215256 !
30 1,199879 1.192253 1.213930 l
35 1.198226 1.190598 1.212282 !
j
17-p.273 'I
!
VISCOSIDAD DE ESPECIES ISOTOPICAS DEL AGUA
n, cP j
¢, °C D,'®0 D,'*0 H,'*O H,''0 H,'%0
15 1.5057 1.4347 1.2008 1.1633 1.139
20 1.3150 1.2471 1.0564 1.0246 1.0020
25 - 1.1441 1.0866 0.9381 0.9105 0.8904
30 1.0140 0.9732 0.8400 0.8153 0.7975
35 0.9072 0.8710 0.7568 0.7353 0.7194

17-p.274
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VALORES EXPERIMENTALES DE VOLUMENES ESPECIFICOS DEL D.O

2
250° C 3we C 350° C 360° C
p.kg/cm? u.CIna/g p,kg/cm2 u,cxna/g p,kg/tﬂ“z u,cxna/g p_kg/cn]z U,Clna/g
81.87 1.123 86.61 19,21 89.38 24.02 74.29 31.11
194.87 1.100 88.71 4.092 147.61 11.12 155.68 13.88
300.03 1.092 88.67 2.412 171.62 4.784 167.66 9.392
397.57 1,081 B8.72 1.618 171 .66 3.583 191.88 6.113
497.25 1.070 103.78 1.268 171.80 2.060 193.90 4.005
— — 17316 1.243 171.80 1.647 193.92 2.501
— — 242.28 1.223 186.63 1.560 193.93 1.822
— — 310.33 1.205 222,30 1.498 216.07 1.645
—_ —_ 400.41 1.185 262,28 1.4561 251.64 1.559
— — — —_ 312.37 1.409 291.23 1.501
— — —_ — 374.03 1.370 341.92 1.449
—_ — — — 425.96 1.343 384.90 1.416
— —_— — - 496.75 1.313 432.82 1.386
— — — — — - 496.43 1.353
369° C e e 372° C du0° C
p.kg/cm2 u.clna/g p,kg/cm2 u,cnxa/g u,kg/cm2 u.clna/g p.kg/cm2 U,cl“g/g
77.87 30.14 120.84 17.42 93.94 24.24 91.37 25.68
126.25 | 16.21 171.85 9.912 152,19 12.40 143.14 14.23
184.76 8.306 209,33 5.809 194,95 7.047 198.71 7.980
212.61 4.946 220,24 4.019 221.33 4,338 232,12 4.889
215.70 3.742 221.42 2.976 224,14 2.819 244.06 3.140
216.13 2.858 221.46 2.542 227.25 2.089 201.82 2.270
216.36 2.416 221.56 2,405 252,15 1.774 270.63 1.918
216.40 2.277 221 .62 2.289 282,64 1.659 202.49 1.781
217,69 2.012 223.81 2.051 332,97 1.5061 325.95 1.673
233.08 1.794 237 .69 1,834 378,14 1.505 354.94 1.612
254.03 1.683 280.35 1.648 433.30 1.453 391.66 1,568
2496 88 1.585 330.89 1.551 496.514 1.412 447.306 1.497
3138.28 1.523 106.33 1.468 — - 497 .95 1.455
385.75 1.473 496.27 1. 405 — — — —
436.16 1.433 — — — — — —
498.64 1.393 — - — - — —
400° C 450° C 509° C
p.kg/cm2 u.cnﬂ/g p.kg/cmz v, Cnﬁ/g p,kg/(:ln2 v.cnﬁ/g
91.87 26,91 91.17 30.37 83.12 36.80
142.24 15.58 138.21 18.81 149.74 19.23
190.19 10.13 172.81 14.27 201.73 13 52
246.46 6.030 226.64 9.884 250.27 10.31
279.40 4.034 274.08 7.382 293.13 8.334
297.71 3.031 314.01 5.826 328.61 7.090
316.39 2.410 345.15 4.848 364.07 6.091
351.38 1.992 394.29 3.651 395.86 5.350
378.03 1.855 452 .41 2.754 422.01 4,832
418.64 1.730 482.81 2.469 449.34 4.363
460.14 1.649 504.02 2.322 474.53 3.989
509.32 1.582 — —_ 500.74 3.652

15-p.57
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VOLUMEN ESPECIFICO REDUCIDO DEL AGUA PESADA

[+]
t,°C 5 10 15 20 25 30 35 40
t
vy 0.99987 0.99948 0.99958 1.00016 1.00111 1.00243 1.00415 1.00605
15.p.24
/
!
VOLUMENES ESPECIFICOS DEL D,0 (cm/g)
o o~ Temperatura f.°C
S 35
3 =
Q= 150 200 250 300 339 400 430 509 539 600 650
S

1 1780 1993 2 208 2 421 2634 2 843 3058 3 271} 3 482 3 694 39%%

5 — 39).4 435.5 | 479.5 523.0 566.2 679.1 632.0 694.8 737 .4 782.0
10 - 189.3 213.8 | 236.9 259.3 281.2 333.0 324.7 346.4 357.9 389.3
25 — ~— 8).19{ 91.03 102.9 110.2 119.4 128.3 137.3 146.1 154.8
30 — — - 41.79 47.8) 53.12 58.13 62.94 67.57 72.13 76.62
75 — — - 24.63 29 .89 33.99 37.67 41.08 44.32 47,49 50.39
100 - — - —_ 20.76 24.37 27.39 30.12 32,70 35.17 37.57
125 — —_— — —_ 15.00 18.50 21.20 23.56 25.71 27.77 29.76
150 - —_ — — 10.75 14.3) 17.03 19.19 21.07 22.86 24.25
175 — — — — —_ 11.38 14.05 16.03 17.73 19.33 20.84
200 - — — — —_ ©.208 11.78 13.66 15.24 16.68 18.05

230 — —_ — — — 5.8)6 8.548 10.32 11.73 12.99 14.14
370 —_ - - — - 2.93) 6.325 8.17 9.385 10.54 11.57
350 —_ — - - —_ 2.000 4.707 6.457 7.717 §.774 9.731
400 —_ - - -— — —_ 3.540 5.260 6.460 7.465 8.340
430 — -— - - - —_ 2.782 4.33 5.495 6.449 7.265
500 - — — — — —_— 2.347 3.638 4.751 5.644 6.423
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VOLUMENES RELATIVOS DE AGUA LIVIANA Y AGUA PESADA EN LAS
CERCANIAS DE LA TEMPERATURA DE MAXIMA DENSIDAD.

- (vt - 1. 107
t tmax tHZO tDZO t max
H,0 DZO
-1.2 2.78 10.03 117 117
-0. 3.28 10.53 40 39
-0.2 3.78 11.03 3.6 3.4
-0 3.98 11.23 0 0
+0.2 4.18 11.43 3.4 2.9
+0.7 4.68 11.93 38 40
+1.2 5.18 12.43 113 116
+1.7 5.68 12.93 227 229
+2.2 6.18 13.43 377 396
Nota: El1 volumen relativo V%Amax es la relacidn entre
el volumen especifico del agua a la temperatura
t y este volumen especifico a su temperatura de
maxima densidad.
15-p. 32

120 r M en?
v -=1)x10
\\ mg‘(—-‘max ) /
50
s &0 74
NEEW v
N pa ‘
N 20 4 |
| L f-tinax |

1008 06 0¥ 02 0 02 49 05 08 D T |
Dependencia de vt en los valores

t max
(t-tmax) para agua liviana y pesada.
15-p.33
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COMPARACTON DE LOS VALORES CALCULADOS DE VOLUMENES ESPECIFICOS DEL DZO

350° C 380° C
p. kg/cm? Yexp Ycale 5 % P kg/cm2 Yexp Yeale % %
89.38 24 02 24.04 -+0.08 74.29 31.11 3i.11 0
147.61 11.12 11.15 +0.27 135.68 13.88 13.92 +0.28
186.63 1.560 1.562 +0.13 167.66 9,392 9.410 +0.20
— — — 191.89 6113 | 6.119 | +0.10
— — — — 251.64 1.559 | 1.557 | —0.13
369° C 3t C
P kg/cnlz vexp ucglc L % P kg/Clﬂz ) uexp vcglc 3%
77.87 30.14 30.15 +0.03 120.84 17.42 17.43 +0.05
125.25 16.2! 16.25 +4-0.25 171.85 9,112 9.930 +0.18
184.76 8.305 8.326 +-0.24 209 .38 5.&09 5.875 +4+0.10
2(2.61 4.946 4 954 +0.16 220 24 4,019 4.023 +4-0.10
217.69 2.012 2.010 —0.10 223 81 2.031 2.050 —0.05
233.08 1.794 1.791 —0.16 237.69 1.834 1.833 —0.06
254.03 1.683 1.681 —0.12 280.35 1.648 1.647 —0.06
296.88 1.585 1.584 | —0.06 — — = -
3r2° C 380° C
p. kg/cm* Yexp Yeale b % p. kg/cm? Yexp Ycalc % %
93.94 24.94 24.25 | +0.04 91,37 25,68 25.69 | 40.04
152.19 12.40 12.43 -+0.25 143.14 14.23 14.24 +-0.08
199.95 7.047 7.062 +0.21 198.71 7.980 7.993 +0.16
221.33 4.338 4.343 +0.12 232.12 4.889 4 894 +0.10
22414 2.819 2.822 0.1t 244.06 3. 140 3.139 —0.03
227.25 2.089 2.09%0 +-0.05 251.82 2.270 2.209 —0.04
252.15 1.774 1.772 —0.11 270.63 -1.9018 1.917 —0.05
282 .64 1.659 1.659 —0.06 292 .49 1.781 1.780 —-0.06
332.97 1.561 1.560 —0.07 325.95 1.673 1.671 —0.12
—_ — — —_ 154,94 1.612 1.611 —0.06
- — —_— — J91.66 1.558 1,557 —0.06
400" G a50° C
P, kg/cm2 “exp Veale 3, % r kg/cm2 Yexp Yeale 3 %
91.87 26.91 26.92 +0.04 91.17 30.37 30.38 4-0.03
142.24 15,58 15.57 —0.06 138.21 18.81 18.83 +0.10
190.19 10.13 10.12 —0.10 172.81 14.27 14.28 +40.07
246.46 6.030 6.029 —0.02 226,64 9.884 9.888 +-0.04
279.40 4.034 4.035 +0.03 274,08 7.382 7.380 —0.03
297.71 3.031 3.032 -+40.03 314.01 5.826 5.823 —0.05
316.39 2.410 2.411 +-0.04 345.15 4.848 4.846 —0.04
351.38 1.992 1.993 +0.05 394.29 3.651 3.649 —0.06
378.03 1.855 1.856 -+0.06 452.41 2.754 2.753 —0.04
418.64 1.730 1.730 0.00 482 .81 2.469 2.467 —0.08
460.14 1.649 1.650 +0.06 504.02 2.322 2.321 —0.04
500.32 1.582 1.582 10.00 — — — —

15-p.154
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continuacidn

500° C
p. kg/am?|  Cexp “calc . %
83.12 36.80 36,80 0.0
149.74 19.23 19.22 —0.05
201.73 13.52 13.51 —0.07
250.27 10.31 10.30 —0.10
293.13 8.334 8.326 —0.10
328.61 7.090 7.085 —0.10
364.07 6.091 6.053 —0.05
395.86 5.3530 5.349 —0.02
422,01 4.832 4.834 +0.04
449.34 1.363 1.364 +-0.03
474.53 3.939 3.990 —+0.03
500.74 3.652 3.630 —0.05

v — U
= _caJ'_c_ezq;) 1002,
“calc

15-p.154 y 155

COMPARACION DE VALORES CALCULADOS DE
VOLUMENES ESPECIFICOS DEL H.,0

2

» Temperatura °C
kg/em? 100 | 200 | s | a0 59 60
1 1730 {2215 2 690 3163 3635 {4107
1729 | 2215 2691 3163 3635 4106

10 210.3] 263.2 312.6 361.2 409.1
210.3] 263.3 312.7 361.0 408.9
50 46.40 59.04 70.01 80.23
46.42 59.05 69.05 80.19
100 27,05 33.54 39.11
27.07 33.51 39.10
150 16.12 21.32 25.40
16.14 21.31 25.40
200 10.29 15.16 18.52
10.31 15.15 18.54
250 6.358 11.43 14.41
6.362 11.42 14.43
300 3.066 8.934 11.69
3.0068 8.930 11.70
350 7.145 | 9.749
7.139 9.751
400 5.807 8.286
5.802 8.291
450 4.792 1 7.149
4.788 7.157
500 4.026 | 6.248
4.022 6.256
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COMPARACION DE VALORES CALCULADOS DE VOLUMENES ESPECIFICOS DEL DZO
CON LOS VALORES EXPERIMENTALES

& s0° C 100° C 150° C mp° C E . 2500 C

2

—‘:;‘ Y.g/Cﬂla 5 % 1. g/Cﬂ13 b % T.g/cm3 3 % ’ T.g/cm3 3 % 7. g/cma 3. %

10 {| 1.09610 |—0.01} 1.06395 [40.02{1 1,01705 |— 0.04 — — — —
1.09623 1.06370 1.01743

20 || 1.09656 |—0.01{| 1.06416 {--0.02{| 1.01767 |-—0.03}} 0.95830 {-—0.01 — —
1,09671 1.06420 1.01802 0.95844 :

30 {1 1.09701 {—0.02}| 1.06496 |4-0.02|| 1.01827 [—0.03]] 0.95913 [—0.01 — —
1,09719 1.06476 1.013861 0.95923

40 || 1.09746 |—0.02|| 1.06547 [4-0.01]| 1.01888 {—0.03;; 0.95994 1—0.01 — —
1.09767 1.06538 1.01921 0.96003

50 1| 1.09791 |—0.02! 1.06597 |40.02|| 1.01948 |—0.03|] 0.96073 |--0.01}| 0.88495 |—0.19 :
1,09816 1.06580 1,01980 0.96081 0.83686

60 || 1.09837 |—0.03|| 1.06648 [4-0.02|| 1.02003 |--0.03}| 0.96151 |-—0.01}] 0.83679 —0.15

- 1.09865 1.06632 1.02040 0.96161 0.88809

70 || 1.09882 |—0.03}i 1.06698 |40.01]| 1.02069 [—0.03}| 0.96231 {—0.01{ 0.88349 —0.09 |
1.09912 1.06684 1.02098 0.96241 0.88932

80 || 1.09927 |—0.03! 1.06749 |40.01|{ 1.02129 {—0.03l] 0.96309 [—0.01 0.89003 |—0.06
1.09961 1.06733 1.021 8 0.96319 0.89055

90 || 1.09973 |—0.03}l 1.06799 |40.0t]| 1.02189 |—0.03|| 0.95386 |—0.01|} 0.89146 |—0.04
1, 10009 1.06790 1.02217 0.96399 0.89178 '

100 {| 1.10018 |—0.04!| 1.06849 |-+0.01}{ 1.02250 {—0.03}} 0.96465 {—0.01}| 0.89282 1—0.02 1
1.10058 1.06842 1.02277 0.496478 0.89302

15-p. 158




177

VOLUMENES MOLARES DEL DZO’ and/mol

t. °C
S —20 | —15 | —10 | —s5 0 20 40 50 60 80 102
p.xg/em”
1 — - — — | 18.122 | 18.125 | 18.200 | 15.270 | 18.353 | 18.570 -
500 - — —_ — | 17692 17.739 | 17.835 | 17.904 | 17.985 | 15.174 | 18.400
100 — — — }17.305{17.328 | 17.40% | 17.512 | 17.585 | 17.6565 | 17.850 | 18.048
1399 - — 1 16.974 | 16.093 | 17,014 | 17.110 | 17.235 | 17.325 | 17.385 | 17.552 | 17.753
2690 — | 16.680 | 16.635 | 16.712 | 16.741 | 16.854 | 16.052 | 17.054 | 17.130 | 17.302 | 17.435
5 550 15.38) | 16.410 | 16.440 | 16.468 | 16.501 | 16.620 | 16.751 | 16.527 { 16.995 | 17.067 | 17.250
3000 16.155 | 16.188 | 16.221 | 15.235 | 16,957 | 16.411 | 16.543 | 16.617 | 16.693 | 16.850 | 17.028
33500 Tl is.ea7 | 16.025 | 16.05] | 16.094 | 16.215 | 16.353 | 16.495 | 16.503 | 16.657 | 16.804
1050 — | 15.807 | 15.843 | 15.879 | 15.915 | 16.040 | 16.178 | 16.252 | 16.330 | 16.477 | 16.634
5000 — ~ — | 15.587 | 15.600 | 15.730 | 15.870 | 15.939 | 16.015 | 16.150 | 16.330
& 030 — — — 7 | 15.352 | 15.465 | 15.597 | 15.671 | 15.743 | 15.875 | 16.003
7 070 - — — — — | 15.215 | 15.358 | 15.427 | 15.494 | 15.625 | 15.763
8 09 - — - — — | 15.001 | 15140 { 15.207 | 15.272 | 15.402 | 15.533
9020 - — — — — | 14.803 | 14.944 { 15.010 { 15.074 | 15.198 | 15.328
19 090 — — — - - — | 14767 | 13.827 | 14.885 | 15.007 | 15.137
11 090 — — — - — — | 14.605 | 13.663 | 14.718 | 14.835 | 14.951
12000 — — — — — — 114452 1 14,508 | 14.563 | 14.677 | 14.807
15-p.48
VOLUMEN MOLAR DEL AGUA PESADA .
T(°K) V calc (CC) V obs (CC) % error
276.98 (PF)  18.130 18.118 - 0.07
284.39 18.093 18.111 - 0.10
293.15 18.144 18.125 0.10
313.15 18.355 18.200 0.85
333,15 18.600 18.363 1.29
353.15 18.870 18.570 1.62
374,57 19.189 .o ..
423.15 20.049 .o .

6-p.1469




DATOS FISICOQUIMICOS DEL SH2

Y SUS COMPUESTOS DEUTERADOS.
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PROPIEDADES FISICAS DEL SH2

Punto de fusidn - 85.60°C

A H (fusion) 0.5676 Kcal/mol

Punto de ebullicidn - 60.75 °C

A H (vaporizacidn) 4.463 Kcal/mol

Temperatura de transicidn - 169.6 °C y -145.0 °C

Temperatura critica 100.4 °C

Presidn critica 89 atm

Calor de formacidn + 4.80 Kcal/mol

Densidad ' 0.993 g/cm3 (-60 °C)

Constante dieléctrica ~10 (-60 °C),~6 (0°C)

Momento dipolar 1.10 x 10-18 yu(fase gaseosa)
1-p.836

CALOR DE COMBUSTION DEL‘SHZ.

136,71 cal/mol a p= cte.
10-p.125

CALOR DE DISOLUCION DEL SHZ.

1 mol SH2 / 900 vol. HZO 4,75 cal

10-p.125




180

Q\a eeo Wright y Maass
o es2 Selleck y otros

. o
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[\] ra -0 o »0 100 20 (2] ”o Bho

Temperatura = C

Calor de disolucibn del SH

11-p.518

7 en HZO'

CALOR DE DISOLUCION DEL SH. EN AGUA

2
AR 1In c) de

t,°C| T,°K |1/Tf x 103 [-RInc |{TaT+ 10°%K A(l/Tk) AH, x 103

5 278.1 | 3.59582 3.429 0.594 0.12481 4.759
10 283.1 | 3.53232 3.730 0.550 0.12052 4,563
15 288.1 | 3.47101 4.023 0.514 0.11626 4.421
20 293.1 | 3.41180 4,280 0.484 0.11256 4.2995
25 298.1 | 3.35457 4,537 (227,AT=5°) 1(0.05533) (4.10)
30 303.1 | 3.29924 4,764 0.394 0.10538 3.739
40 313.1 | 3.19386 5.158 0.338 0.09885 3.419
50 323.1 | 3.09501 5.496 0.285 0.09291 3.067
60 333.1 | 3.00210 5,781 |  m-m-=- | mmemee- 0 mmme-

11-p.519
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CALOR DE FORMACION DEL HIDRATO SOLIDO.

16,34 Cal/mol

10-p. 125

CALOR DE FUSION DEL SHZ'

568,3 Cal/mol

16-p.972

CALOR DE FORMACION DEL SH

2.
= AH =
S sol + H2 gas SH2 gas H = 4,510 Kcal
AH = 4,820 Kcal
— A -
H2 + S gas SH2 gas H = 7,200 Kcal
10-p. 125
Hygas + s = 2H,S 8H = -40,62 Kcal/mol
g 2 gas 2% gas 298°1 ’
AF398°1 = =35,085 Kcal/mol

16-p.865
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CALOR ESPECIFICO A PRESION CONSTANTE Cp DEL SH2 (GAS,

; ]
T°K 216 224 228 229 278 &
|
(<]
Cpcal/M 2 9,98 9,72 9,52 9,56 8,92
®
Cpo (*) 9,62 9,39 9,21 9,26 8,75
(*) para presiones muy pequefias.
16-p.961
CALOR ESPECIFICO DEL SH, SOLIDO
T°K i1,14 12,44 13,3, 14,9, 15,85 17,4, 17,5¢
C, cal/mol.® 0,249 0,414 0,524 0,67y 0,75, 0,885 0,94,
T 18,5¢ 20,0 21,4 26,0 29,9 33,3 36,7 40,2
S 1,045 1,213 1,38, 1,98, 2,48 2,89 3,295 3,669
T 44,0¢ 48,4 53,6 59,5 63,5 65,1 70,6 71,6
¢ 4,105 4,51g 5,06 5,568 5,88g 6,01g 6,519 6,551
T 79,4 86,9 90,8 91,7 94,2 96,6 97,9 107,8
c 7,217 7,815 8,25, 8,364 8,659 9,035 9,21, 11,43
T 110,1 111,0 116,7 17,2 121,4 121,7 134,8 144,35
G 11,61 11,765 12,43y 12,705 13,48 13,599 13,423 13,50
T 152,3 160,5 177,8 182,8
G 13,605 13,61 13,92 14,18 H.S liquido a 187,60 ¢

16-p.968 y 969

CALOR DE SUBLIMACION DEL SH2 (CAL/MOL) .

L= 6040 - 1,88 T - 0,012 T2

16-p.972
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CALOR ESPECIFICO A VOLUMEN CONSTANTE C,, DEL SHy GAS

T°, K 216° 224° 228° 229° 278°
o 7,75 7,51 7,33 7,37 6,81
C,/Cy 1,29 1,29 1,30 1,30 1,31
Cyo (%) 7,63 7,40 7,23 7,27 6,76
Cpo/Cyo 1,26 1,27 1,28 1,28 1,30

(*) para presiones muy bajas.
16-p.962
RELACION DE CALOR ESPECIFICO A VOLUMEN
Y PRESION CONSTANTE DEL SH2 (GAS)
t Cp/CV Autores
18° 1,340 Capstick (1895)
20° 1,337 Thibaut (1910-1911)
20° 1,315 Preuner y Schupp (1910)
25° 1,321 Felsing y Drake (1936)
16-p.963
CALOR ESPECIFICO DEL SH2 LIQUIDO
T°K . 193,6  197,0  203,3  208,9
Cp cal./mol ° 16,24 16,20 16,51 16,49

16-p. 965
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-

\LIG =082
L/G-0%0

~~ L/0~0 a8

. \\ L76-0 48
' L/6-0 44

Capacidad térmica relativa y

| S O | i__ 1 I A | S

[Y SRR Y 3 e %0 a2 LY 48

~
»
-
-
~

Temperatura ¢ C

Variacidén de la capacidad térmica relativa y con la tem-
peratura.

11-p.521.

COEFICIENTE DE DILATACION DEL SH2 LIQUIDO.

174 x 10-5

16-p. 966

QOEFICIENTE DE DILATACION DEL SH, SOLIDO.

0,00053

16-p.967
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COMPRENSIBILIDAD DEL SHZ

P 746,872 370,877 248,987
Vv 166,646 337,310 502,269
p.v 124463,5 125100,6 125307,6
10-p.123
Punto de convergencia
100
= 5o 150 °C
140 °C \
130 °C \
0.95 120 °C T |
no °¢ \
100 °C \
90 °C \\

0.90

Factor de compresibilidad 'Z

T

o
=)
[}

¥

R

50 100 50 200

N
W

Presidn, PSIA

Compresibilidad del SH2 (2).

3-p.139

14
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CONSTANTES DE J.D. VAN DER WAALS

referidas a 1 vol. | referida | referida
inicial de gas a mol-g a gramos
a 0,00887 4,4 x 109 3780
b 0,00191 42.5 0,870
10-p.123

CONDUCTIVIDAD TERMICA DEL SH, a 0°:

0,03045 _cal
an. seg

10-p. 124

CONDUCTIVIDAD TERMICA DEL SH2 GAS

335 x 1077 __cal

o]

can. seg

16-p.964

CONSTANTE EBULLOSCOPICA DEL SH, LIQUIDO

0,63 a 0,72

10-p.125

DENSIDAD DEL SH, SOLIDO.

1,16

16-p.967.
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Temperatura °C
Densidad y presidén de vapor del SH, .
3-p.89

DENSIDAD DEL SH2 LIQUIDO.

T°K 190° 192° 194° 196° 198° 200°
D 0,9888  0,9854  0,9816  0,9784  0,9748  0,9714

T°K 202° 204° 206° 208° 210° 212°
D 0,9680  0,9644  0,9609  0,9574  0;9539  0,9504

16-p.965.
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DENSIDAD DEL SH2 Y SD, LIQUIDO
SH, SD,
Masa Temp. Densidad Masa Temp. Densidad
() (°C) (g/an’) @ O (g/cn?)
14.9745 -79.35 -0.98249 15.8016 -79.18 1.03684
-79.31 0.98246 -79.24 1.03684
-79.58 0.98291 -79.12 1.03677
-79.70 0.98311 -79.07 1.03671
-79.67 0.98310 -79.03  1.03657
-79.65 0.98306 -79.04  1.03662
14.9522 -79.00 0.98170 15.8130 -79.06 1.03696
-79.00 0.98176 -79.02  1.03681
-78.90 0.98162 -78.94  1.03667
-78.77 0.98136 -78.97  1.03671
-78.76 0.98129 -78.98  1.03674
-78.77 0.98125 -78.93  1.03664
-78.72 0.98122 -78.89  1.03656
15.3462 -79.21 0.98227 15.8170 -79.27 1.03714
-79.33 0.98247 -79.18 1.03700
-79.31 0.98210 -79.02  1.03678
-79.01  1.03673
Ave. -79.00 0.98180 -78.96  1.03669
¢ = 0.00007 -78.99  1.03667
-78.92  1.03661
-78.93  1.03658
-78.92  1.03655
Ave -79.00  1.03667
¢ = 0.00008

7-p.766
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DENSIDAD DEL SH2 GAS.

1 litro de gas SH, a 0°C y 760 mm de Hg pesa 1,5223 g.

1 litro de gas SH, a 0°C y 760 mm de Hg pesa 1,5392 g.
10-p.123

DENSIDAD CRITICA DEL SH,.

0,3103

16-p. 971

DENSIDAD DEL SH, GASEOSO EN RELACION AL AIRE.

1,1895 + 0,0004

16-p.959

DENSIDAD DEL SH. GASEOSO EN RELACION AL OXIGENO.

2
Densidad Autores
1,0762 Leduc
1,0772 Baume y Perrot
1,0f7 Klemenc y Bankowski
1,07662 Moles, Toral y Escribano

16-p.959.
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ENTALPIA DE VAPORIZACION DEL SHZ.

4230 cal/mol
4585 cal/mol

10-p.125

CALOR DE VAPORIZACION DEL SH2 EN EL PUNTO DE FUSION.

4680 + 4 cal/mol

16-p.972

VARIACION DE LA ENTALPIA DEL SH2 GASEOSO SECO, CON LA PRESION

Entalpia
Temp. Presidn Presion B.t.u. Cal. por

°F. °C. - P.S.I. Atm. por 1b. Mol

80 26.67 14.7 1.0 273.7 5182.5

80 26.67 147 10.0 265.5 5027.2
80 26.67 294 20.0 ces -
100 37.78 14.7 1.0 277.7 5258.2
100 37.78 147 10.0 270.3 5118.1
100 37.78 294 20.0 262.2 4964.7
120 48.89 14.7 1.0 282.5 5349.1
120 48.89 147 10.0 275.5 5216.6
120 48.89 294 20.0 267.7 5068.9

1-p.517 |
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PROPIEDADES DEL SH, SATURADO

(cm?,

2
Temp. Presidn v,
°C) (atm) (cm?/ mol)
—80.0 0.32746 47990
—75.0 0.44504 36140
—~70.0 0.591463 27650
~65.0 0.78214 21470
—60.275 1.0000 17110
—00.176 1.0030 17030
—60.0 1.0140 16900
~55.0 1.2972 13450
—50.0 1.6391 10830
—45.0 2.0476 8811
—40.0 2.5310 7234
—35.0 3.0979 5990
—30.0 3.7572 4999
—25.0 4.5182 4205
—20.0 5.3903 3561
—15.0 0.3834 3034
—10.0 7.5072 2600
— 5.0 8.7720 2239
0.0 10.188 1938
5.0 11.766 1685
10.0 13.515 1471
15.0 15.448 1289
20.0 17.574 1134
25.0 19.905 1000
30.0 22.452 885.3
35.0 25.225 785.9
40.0 28.237 099.7
45.0 31.500 624.9
50.0 35

.024

559.9

3

b

Al{sul

!
mol) (cal/ mo1)
.65 4640
.96 4596
.27 4552
60 4507
.91 4464
91 4463
93 4401
26 4413
ol 4363
97 4310
.34 4256
.73 4199
13 4140
54 4081
.97 4020
42 3957
88 3891
36 3823
86 3753
h 3681
.93 3605
.50 3528
A 3448
.76 3366
.45 3282
20 3196
.01 3109
91 3021
.90 2932
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PROPTEDADES DEL SDZ SATURADO
Temp. Presidn 124 v, AH,,
O (atm) (cm3; mol) (cm3/ mol) (cal/mol)
—80.0 0.32201 48810 34.75 4694
—75.0 0.43916 36630 35.07 4648
—70.0 0.58860 27940 35.38 4600
—65.0° 0.77637 21630 35.71 4552
—60.275 0.99498 17200 36.02 4506
—60.176 1.0000 17120 36.03 4505
—60.0 1.0090 16980 36.04 4503
—55.0 1.2937 13470 36.38 4452
—50.0 1.6380 10840 36.73 4399
—45.0 2.0500 8801 37.09 4344
—40.0 2.5380 7213 37.47 4287
—35.0 3.1110 5964 37.86 4227
—-30.0 3.7780 4970 38.26 4166
—25.0 4.5486 4175 38.68 4105
—20.0 5.4324 3532 39.11 4041
—15.0 6.4394 3006 39.56 3976
—10.0 7.5798 2573 40.03 3908
- 5.0 -8.8639 2214 40.52 3838
0.0 10.302 1915 41.02 3765
5.0 11.906 1663 41.55 3690
10.0 13.685 1450 42.11 3613
15.0 15.651 1270 42.69 3533
20.0 17.815 1116 43.31 3451
25.0 20.188 983.4 43.96 3367
30.0 22.782 869.6 44 .67 3281
35.0 25.609 771.2 45.43 3192
40.0 28.681 686.0 46.27 3103
45.0 32.009 612.1 47.18 3013
50.0 35.606 547.9 48.19 2922




Presién

10

-

S+L

: H,S hidrato

2

: Sol. rica en SHZ

Sol. rica en HZO

: (as.

Equilibrio de fases del sistema SHZ

4-p.502

40 60

Temperatura °C

-HZO.



DIAGRAMA P, t PARA EL SISTEMA SH
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2

-H,0.

2

Ref: b= liquide rico en SHZ; L7= Liguido rico en Hzﬂ; H= hi-

drito detl SHZ: GL= hielo; V= vapor.

Vg i

(ST

194
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2,2
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)

17.3
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17,3
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[ BN\
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13,80
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.
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0.0
20,0
AN
.2
0.4
M1LTH
210
2.3

e 13 83 1 1L
- P I Nt
Zn o

[ I
< <

"ots
b3
-

12
Py
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e
-

P {atin)

[THRM
170
17,00
17,2
17,6
18,0
(R
18,4
15,0
14,3
19,45
1,0
200
0.7
210
KNI
200
20,8

22,1

[
16,4
17,9
19,7
Lo

[ O A

p(atin)

10,7
120
1,0
171
105
203

1
1,0, 1

o

298

p{atim)

32

16-p.1037




202

RN, W

COEFICIENTE DE SEPARACION PARA LA REACCION

HZS-HZO A VARIAS TEMPERATURAS E

§

t, °C 3 t, °C e
0 2.52 80 1.94

10 2.39 90 1.90
20 2.30 100 1.86
30 2.22 110 1.82
40 2.15 120 1.79
50 2.09 130 1.76
60 2.04 140 1.73
70 1.99 150 1.71

5-p.31

K flogK - 107
2504 ,

23

£ Bigeleisen

x Clusius

o Spevack
Varshavskii-
Vaisberg- C.E.A.

17 2 x 3 1700
180 ) 10¢ R R T S S
Factor de separacidn para la reaccidn:

HDS (gas) + H,0 (1iq.) = SH2 (gas) + HDO (1iq.)

4-p.501
VALORES TIPICOS DE LA CONSTANTE DE EQUILIBRIO K; Y DEL

FACTOR DE ENRIQUECIMIENTO B.
B

T Ky S H a Xy =0 X;=20.5 Xy =

30°C 2.17 0.0302 0.0031 1.066| 2.27 2.26 2.23

100°C 1.91 0.0119 0.066 1.026| 1.85 1.86 1.88

130°C 1.83 0.0098 0.170 1.016| 1.65 1.69 1.72

19-p.10
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HUMEDAD DEL SH

2
Temp. Presion Humedad, h,
°C. °K. P.S.I.A. Mol H,0/Mol H,S
37.8 310.9 100 0.01071
200 0.00602
244 0.00520 (interpolado)
250 0.00512
300 0.00462
71.1 344.2 100 0.05340
200 0.02817
250 0.02343
244 0.0238 (interpolado)
300 0.02030
11.p-517

VIBRACIONES FUNDAMENTALES DEL SH, (GAS) SHD (GAS) Y SD, (GAS) (em™ )

w3 (V) w)y
SH,  2614,56  1182,68  2627,48
SHD 1901 1032 2620
SD, 1892 855 1908
20-p. 335
INDICE DE REFRACCION PARA EL SH,

A (A°)  (n-1).107 X (A°)  (n-1).107
5792,26 6408,3 4801,25  6519,8
5771,20 6409,9 4679,46  6539,2
5462,25 6437,9 4359,56  6599,4
5087,23 6479,8 4047,70  6674,6

16-p.977



INDICE DE REFRACCION DEL SHZ.

209

a) Indice de refraccidn del SH, gas.

1,000641
1,000639
1,000619
1,0006509
1,0006440
1,0006412
1,0006362
1,000636

b) Indice de refraccidn del liquido.

1,374
1,380
1,390

10-p.125

para luz blanca
de Na

" (2]

>

i

It

I

846,1 nu
546,1 uu
579 wwu
656,3 Hu

para luz de sodio
" a 12,5 °C

" i

1t t

del sol

a 18,5 °C

INDICE DE REFRACCION DEL SH, (CAS) Y SD, (GAS)

A A° (n-1) . 105 (para H,S)

(n-1) .

100 (para DZS)

3802,72
3342,44
2926, 25
2894,45
2760,54
2753,60
2675,78
2577,07
2464,81
2447,65
2380,74
2346,17

675,216
695,516
726,963
730,310
746,415
747,314
759,033
777,456
806,25
811,98
837,3
879

671,874
691,998
722,962
726,226
742,036
742,962
754,328
771,949
799,06
804,16
828,0
847

16-p.977
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PESO MOLECULAR DEL SHZ (GAS)

Blﬂ Autores
32,063 Moles, Toral, Escribano
32,065 + 0,001 Klemenc y Bankowski
32,070 Baume y Perrot
16-p.960

PRESION Y TEMPERATURA CRITICA DEL SHZ

tC°C P atm

100,2 92,0
100 + 0,5 88,7 +1
100 + 0,5 90 £ 1
99,6 . 88,3

100,40+ 0,10 89,05 + 0,10
100,43

100,40+ 0,10 88,90 + 0,10
100,4 : 88,9

100,1 + 0,3

16-p.971

PRESION Y TEMPERATURA CRITICA DEL SH

2
Pc atm tc
---- 100.4 °C
- 100.43°C
92 . 100.2 °C
88,7 ' 100 °C
90 100 °C
88,3 99,6 °C
89,05 100,4 °C

10-p.125
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PRESION DE VAPOR DEL SH

2
Presibn . .
Temperatura Frror calcu-
Observado Calculado Diferencia lado sobre 1la
&) (atm) (atm) (% presién 3%
29.982 22 .443 22.442 1-0.006 0.014
29.963 22.436 22,432 4-0.020 0.014
24.997 19.903 19.903 -0.001 0.010
24.990 19.891 19.900 ~0.047 0.010
20.037 17.582 17.591 —0.048 0.008
14.975 15.440 15.438 40.015 0.008
14.954 15.439 15.429 4+ 0.061 0.008
14.935 15.430 15.422 +0.053 0.008
9.989 13.508 13.511 —0.020 0.008
9.988 13.511 13.511 +0.003 0.008
4,992 11.760 11.763 ~0.025 0.008
4.955 11.747 11.751 —-0.029 0.008
0.018 10.192 10.193 —0.009 0.008
— 0.004 10.186 - 10.187 —-0.004 0.008
— 5.016 8.769 B.768 +0.012 0.008
— 9.901 7.532 7.531 +0.015 0.008
— 14,868 6.412 6.411 +0.010 0.009
—19.996 5.390 5.391 -~0.016 0.011
~24.974 4.523 4.522 +0.013 0.014
—28.515 3.972 3.972 —0.010 0.016
~77.080 0.3926 0.3926 +0.007 0.011
—~77.260 0.3883 0.3883 +0.003 0.011
—77.422 0.3845 0.3844 +0.007 0.011
—77.568 0.3810 0.3810 +0.0006 0.011
~77.741 0.3770 0.3770 —0.007 0.0t11
~77.873 0.3739 0.3739 —-0.015 0.011
7-p.767
PRESION DE VAPOR DEL SDZ'
Presién
Temperatura Error calcu-
Observado Calculado Diferencia 1lado sobre la
(e O (atm) (atm) %) presion %
30.023 22.789 22.795 —0.026 0.027
25.020 20.196 20.198 -~0.010 0.018
20.024 17.827 17.826 +4-0.005 0.013
14.948 15.637 15.629 +0.052 0.011
14.899 15.613 15.609 4+0.028 0.011
14.470 15.440 15.433 +0.043 0.011
9.996 13.688 13.683 +0.033 0.010
9.508 13.492 13.501 —0.070 0.011
5.014 11.905 11.910 —0.045 0.011
4.973 11.901 11.896 +0.0318 0.011
4.943 11.884 11.886 —-0.018 0.011
— 0.009 10.295 10.300 —-0.047 c.011
— 0.013 10.303 10.298 +0.043 0.011
- 0.022 10.292 10.295 —0.031 0.011
— 5.034 8.850 8.855 —0.055 0.0t
- 9997 7.581 7.581 +0.610 0.011
—15.166 6.4006 6.404 +0.036 0.013
—19.826 5.467 5.465 +0.023 0.015
—24.953 4.557 4.556 +0.017 0.019
—28.194 4.043 4.044 —-0.030 0.022
—77.0063 0.3872 0.3872 +0.001 0.016
—~77.258 0.3827 0.3826 4+0.016 0.016
~77.457 0.3779 0.3779 —~0.011 0.016
—T7.660 0.3732 0.3732 +0.017 0.0t7
—T77.863 0.3684 0.3685 —~0.023 0.017
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RELACION DE PRESIONES DE VAPOR ENTRE SHZ Y SDZ
Relacién de presidn de vapor: P[Py,

Error calc.

Temp. Diferencia  sobre la re-

O FExperimental Calculado (%) lacidn. (9
30.023 1.0144 1.0147 —0.024 0.028
25.020 1.0141 1.0142 —0.005 0.019
20.024 1.0142 1.0137 +0.055 0.014
14.948 1.0135 1.0131 +0.037 0.011
14.899 1.0128 1.0131 —0.033 0.011
14.470 1.0130 1.0131 —0.010 0.011
9.996 1.0131 1.0125 +0.053 0.011
9.508 1.0117 1.0125 —0.074 0.011
5.014 1.0117 1.0119 —0.021 0.011
4.973 1.0126 1.0119 +0.064 0.011
4.943 1.0120 1.0119 -+0.009 0.011

~ 0.009 1.0108 1.0112 —0.040 . 0.012
— 0.013 1.0117 1.0112 +0.044 0.012
- 0.022 1.0110 1.0112 —0.026 0.012
-~ 5.034 1.0098 1.0105 —0.0069 0.012
— 9.997 1.0096 1.0097 —0.007 0.012
—15.166 1.0090 1.0088 - 4+0.024 0.013
—19.826 1.0082 1.0078 +0.038 0.016
~24.953 1.0068 1.0067 +0.005 0.021
—~28.194 1.0058 1.0060 —0.019 0.024
—77.063 0.9853 0.9854 —0.007 0.017
—77.258 0.9854 0.9853 +0.012 0.017
—77.457 0.9850 0.9852 —~0.019 0.017
—77.660 0.9852 0.9850 +0.023 0.018
~77.863 0.9848 0.9849 —0.009 0.018

7-p.769
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PRESION DE VAPOR DEL Sii,
log Py = - 965.423/T + 4.53330

t, °C' P., atm. PK’ atm, d, atnm.
-60.19 1.00 1.000 .0
60 1.01 1.009 -0.003
55 1.30 1.282 .015
50 - 1.64 1.611 .030
45 2.05 2.004 .042
40 2.52 2.469 .055
35 3.09 3.017 .073
30 3.74 3.655 .090
25 4.50 4.394 .105
20 5.36 5.245 .15
15 6.33 6.217 .110
10 7.42 7.322 .095
-5 8.64 8.571 .070
0 10.01 9.976 -0.030
+5 11.54 11.548 +0.010
10 13.23 13.298 065
15 15.11 15.238 130
20 17.19 17.381 190
25 19.47 19.738 .265
30 21.98 22.321 .340
35 24.72 25.142 .420
40 27.71 28.211 .500
45 30.96 31.541 .580
S0 34.48 35.142 .660
55 38.30 39.025 .730
60 42.41 43,201 .790
65 46.84 47.681 .840
70 51.60 52.474 .870
75 56.71 57.590 .880
80 62.17 63.039 .870
85 68.02 68.830 .810
90 74.27 74.971 .700
95 80.98 81.470 .490
100 88.28 88.335 .060
100.4 88.90 88.901 001

9-p.92
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PRESICN DE VAPOR DEL SH,

Terperatura {-110° -99,7° -20,6° -87,7° -80,9° -72° -64,7° -60,1° -58,1°
Presidn de 18 13 91 112 188 383 573 732 822

vapor €n 1T,

_ Temperatura it 16° 20° 40° 60°  80° 100° 104°

Presibn de 10,20 15,34 17,24 27,80 4
vapor en atm.

(2]
[
b

61,58 88,32 88,92

10-p.124
PRESION DE VAPOR DEL SH, SOLIDO
T°K 164,904 168,470 173,308 177,888 182,844
Pcm. Hg int. 2,405 3,417 5,356 8,003 12,041
T 187,61 188,350 190,506 193,840 196,980
P 17,389 18,289 21,078 26,084 31,644
T 199,909 203,400 206,575 210,176 213,166
P 37,670 46,056 54,893 66,500 77,545

16-p.970
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SOLUBILIZADO EN AGUA

2

( P 2 1 Hys
(°C) (atm) (atm) (atm) Y2 x; x 10% x3 x 10¢  (atm)
©.001 0.53985 0.53084 0.00601 0.98864 2.0189 1.14 263.18
0.001 0.64663 0.63635 0.00601 0.99048 2.4198 1.25 263.16
0.000 0.81496 0.80220 0.00601 0.99240 3.0497 1.40 263.01
4.956 0.49205 0.48108 0.00857 0.98228 1.5515 1.11 310.51
4.958 0.57457 0.56275 0.00857 0.98478 1.8146 1.20 310.21
4.955 0.69533 0.68202 0.00856 0.98738 2.1988 1.32 310.43
4.955 0.89032 0.87404 0.00856 0.99008 2.8171 1.50 310.11
10.019 0.46154 0.44737 0.01211 0.97334 1.2365 1.09 362.21
10.018 0.54041 0.52551 0.01211 0.97717 1.4522 1.18 362.01
10.019 0.65667 0.64048 0.01211 0.98115 1.7697 1.31 362.25
10.019 0.84654 0.82772 0.01210 0.98529 2.2864 1.49 361.94
15.008 0.57265 0.55280 0.01680 0.97010 1.3234 1.24 418.17
15.008 0.70044 0.67914 0.01680 0.97546 1.6255 1.37 418.11
15.006 0.91275 0.88843 0.01679 0.98105 2.1258 1.57 417.65
20.010 0.49456 0.46925 0.02304 0.95265 0.9847 1.16 477 .44
20.011 0.58325 0.55711 0.02304 0.95975  1.1689 1.27: 476.72
20.011 0.71673 0.68910 0.02304 0.96712 1.4456 1.41 477.10
20.009 0.94115 0.91036 0.02303 0.97479 1.9091 1.62 476.32
25.018 0.55244 . 0.51844 0.03122 0.94250 0.9616 1.25 540.07
25.016 0.66766 0.63249 0.03122 0.95227 1.1729 1.38 ~ 539.74
25.015 0.85319 0.81570 0.03121 0.96245 1.5122 1.56 538.73
25.018 0.58192 0.54764 0.03122 0.94536 1.0162 1.28 539.64
25.017 0.71834 0.68258 0.03122 0.95557 1.2663 1.43 539.79
25.017 0.95039 0.91146 0.03121 0.96620 . 1.6904 1.65 538.32
25.030 0.55377 0.51974 0.03124 0.94259 0.9645 1.25 539.12
25.029 0.68442 0.64903 0.03124 0.95338 1.2042 1.39 539.07
25.031 0.90833 0.87002 0.03123 0.906465 1.6137 1.61 539.49
29.995 0.56822 0.52353 0.04175 0.92521 0.8680 1.27 603.29
29.992 0.70403 0.65794 0.04175 0.93942 1.0907 1.43 604 .07
29.995 0.93731 0.88816 0.04174 0.95421 1.4719 1.66 603.09
39.991 0.49072 0.41580 0.07250 0.84998 0.5616 1.17 741.34
39.991 0.61249 0.53649 0.07250 0.87943 0.7245 1.33 740 .86
39.992 0.82651 0.74812 0.07249 0.91016 1.0100 1.57 740.57
49 .987 0.54699 0.42269 0.12099 0.77499 0.4801 1.22 880.80
49.984 0.68605 0.56039 0.12099 0.82000 0.6364 - 1.40 882.07
49.985 0.93305 0.80438 0.12097 0.86687 0.9132 1.68 08

880.

8-p.694



216

/ PRESION, FUGACIDAD Y COMPOSICION DE LAS FASES PARA EL SD2 SOLUBILIZADO EN DZO

¢ P 2 1 Hp,s
°C) (atm) (atm) (atm) Y2 x2 X 10% x3 x 106  (atm)
4.954 0.46205 0.45286 0.00709 0.98441 1.4489 0.56 313.07
4.953 0.53869 0.52876 0.00709 0.98659 1.6916 0.61 312,58
4.954 0.65058 0.63937 0.00709 0.98886 2.0451 0.67 312.84
4.953 0.83037 0.81661 0.00708 0.99122 2.6113 0.76 312.70
4.969 0.48660 0.47716 0.00711 0.98514 1.5266 0.58 312.86
4.969 0.56686 0.55661 0.00711 0.98721 1.7806 0.63 312.61
4.971 0.68365 0.67200 0.00711 0.98935 2.1493 0.69 312.96
4.970 0.87050 - 0.85607 0.00710 0.99159 2.7373 0.78 312.76
10.012 0.49623 0.48372 0.01016 0.97917 1.3152 0.59 368.17
10.011 0.58177 0.56841 0.01016 0.98219 1.5453 0.64 367.82
10.011 0.70846 0.69360 0.01016 0.98531 1.8853 0.71 368.35
10.011 0.91626 0.89831 0.01016 0.98857 2.4409 0.8t 367.92
10.016 0.49103 0.47857 0.01016 0.97895 1.3017 0.59 368.13
10.017 0.57614 0.56285 0.01016 0.98201 1.5308 0.64 367.86
10.017 0.70225 0.68747 0.010t6 0.98519 1.8694 0.71 368.07
10.015 0.90982 0.89199 0.01016 0.98849 2.4248 0.80 367.60
14.996 0.49292 0.47636 0.01430 0.97051 1.1202 0.60 425,51
14.995 0.58044 0.56305 0.01430 0.97489 1.3239 0.65 425,58
14.994 0.71133 0.69245 0.01430 0.97943 1.6278 0.72  425.82
14.992 0.92970 0.90768 0.01429 0.98416 2.1331 0.83 425.35
14.998 0.50118 0.48455 0.01430 0.97098 1.1375 0.60 426.70
14.999 0.58946 0.57197 0.01430 0.97526 1.3425 0.66 426.27
14.998 0.72127 0.70226 0.01430 0.97970 1.6480 0.73 426.45
14.997 0.94014 0.91795 0.01429 0.98433 2.1535 0.83 425.75
20.015 0.47451 0.45258 0.01987 0.95748 0.9288 0.59 488.06
20.017 0.56008 0.53739  0.01987 0.96388 1.1027 0.65 487.12
20.018 0.68930 0.66523 0.01987 0.97054 1.3647 0.72 487.94
20.017 0.90742 0.88041 0.01986 0.97748 1.8056 0.83 487.52
25.002 0.53870 0.50893 0.02718 0.94869 0.9207 0.64 552.92
25.001 0.65900 0.62804 0.02717 0.95792 1.1360 0.71 553.61
25.000 0.85875 0.82531 0.02717 0.96752 1.4924 0.82 552.78
25.003 0.55844 0.52849 0.02718 0.95048 0.9577 0.65 551.90
25.003 0.68292 0.65169 0.02717 0.95936 1.1807 0.73 552.79
25.003 0.88929 0.85541 0.02717 - 0.96861 1.5494 0.83 551.86"
25.004 0.46306 0.43391 0.02719 0.94042 0.7867 0.59 552.79
25.005 0.54848 0.51861 0.02719 0.94958 0.9401 0.65 551.67
25.006 0.67873 0.64754 0.02718 0.95911 1.1736 0.72 552.34
25.005 0.90170 0.86763 0.02718 0.96902 1.5721 0.84. 551.19
29.991 0.55882 0.51929 0.03676 0.93309 0.8361 0.66 621.27
29.991 0.69356 0.65267 0.03675 0.94589 1.0506 0.74 622.10
29.991 0.92605 0.88218 0.03674 0.95922 1.4196 0.86 621.08
29.998 0.62235 0.58221 0.03675 0.93982 0.9373 0.70 621.17
29.997 0.77226 0.73045 0.03675 0.95130 1.1757 0.78 622.14
29.996 1.03080 0.98533 0.03674 0.96326 1.5853 0.91 621.18
39.984 0.43164 0.36483 0.06494 0.84752 0.4797 0.57 761.39
39.982 0.51421 0.44676 0.06493 0.87173 0.5874 0.63 759.73
39,983 0.64240 0.57379 0.06493 0.89699 0.7543 0.7 761.57
39.983 0.86778 0.79658 0.006492 0.92331 1.0469 0.84 761.47
49,991 0.54232 0.42928 0.10994 0.79389 0.4746 . 0.64 905.21
49.991 0.68071 0.56635 0.10993 0.83525 0.6260 - 0.73 904.75

49.990 0.92773 0.81043 0.10992 0.87840 0.8956 0.87

905.

8-p.695
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REACCIONES DE FORMACION DEL SH,.

2
_ _ _ dc |
t°C 2342 2832 310°

K 0,0000018 0,0000329 0,000122

H)S gas = 12 gas S romb. ~ ¢ I\‘p

a 20° K, = 3,8x 1076
50¢ K = 8,3 --
807 Kp 15,6
o b = 15,
ZH2 gas ¥ SZ gas - ZHZS gas Q
e K x 10% Q cal
7502 0,98 38.500
830° 35,8  40.900
9452 24,5 39.900
1065° 118 41.300

1132¢ 260 -—--

16-p.862, 863 y 864

PUNTO TRIPLE DEL SH

3562
0,00280

2
T°K p mm de Hg
187,60¢ + 0,011 173,7 + 0,05 Kruis y Clusius
187,60 + 0,009 173,70+ 0,05 Clusius y Frank
187,61 173,89 Giauque y Blue

16-p.972
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CONSTANTE DE EQUILIBRIO PARA LA REACCION S (GAS) + H2 = SH,

T abs. Log10 Kp Autores

1023 2,025 Preuner y Schupp

1103 1,710 Preuner y Schupp

1218 1,305 Preuner y Schupp

1338 0,964 Preuner y Schupp

1362 0,902 Randall, Russell, Bichowsky

1405 0,793 Preuner y Schupp

1473 0,643 Randall, Russell, Bichowsky

1537 0,490 Randall, Russell, Bichowsky

1667 0,257 Randall, Russell, Bichowsky

16-p.947
SOLUBILIDAD DEL SH2 (GAS) EN HZO'

1 vol. de HZO absorbe 1,08 vol. de gas SH2 a 10°C
‘l " 1" 1" T 2,53 " T f1 A3} 1" ‘ISOC
‘I 12 13} 1" 12} 3’0 1" " 1t 1" " 110(‘:
‘l 1" 1" tt 1" 3’66 " " 1 " " Ten’l}). arnb.
‘] " " " 121 4 1" " 1" " 1" OOC y p = 760 mm
’] e r Tt t ‘100 1) 13} " 1 te o1y ot p = 820 nm
1

litro de H,0 disuelve 0,1004 mol de SH, a 0°Cy p = 760 mm

10-p.130

VOLUMEN DE HZO A T° QUE ABSORBEN S VOL. DE SH2 REDUCIDOS A 0°C-760 mm.

T 0= 52 10° . 152 20° 252 30¢ 35¢ 402

S 4,3706 13,9652 3,5858 3,2326 2,9053 2,6091 2,3290 2,0799 1,8569

10-p.131
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340 290°F. 2207,
1Ty*C, 1328C.  104.4°C,
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180°F.
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100 °F,

3r8°C,

Solubilidad del SH
11-p.520
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PUNTO DE EBULLICION DEL SH
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2

Punto de ebullicidn

Autores

- 61,8°C (755 mm)
- 60,4°C (755,2 mm)
- 61 °C (773 mm)

Regnault (1862)
Ladenburg y Krugel (1900)
De Forcrand y Fonzes-Diacon (1902)

- 60,1°C Mc Intosh y Steele (1904)

- 60,2°C Mc Intosh y Steele (1906)

- 60,2°C Beckmann (1912)

- 60,2°C Cardoso y Arni (1912)

- 60,2°C Baume y Perrot (1914)

- 59,4°C Maass y Mc Intosh (1914)

- 60,7°C Klemenc y Bankowski (1932)
212,77°K -Giauque y Blue (1936)
212,7°K Clusius y Frank (1936)

16-p. 969

PUNTO DE EBULLICION DEL SH

2
P mm Hg. t°C
760 - 73
755 - 61.8
--- - 63.5
755.2 - 60.4
760 - 61.6
--- - 60.1
--- - 59.8
773 - 61
760 - 60.2
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TEMPERATURA DE FORMACION DEL SH2 LIQUIDO Y SU HIDRATO

Temperatura °C
Presidn en psia HZS Hidrato HZS liquido
T VNISNM_J-— 1.1 - - -
30 7.5 - - -
50 12.2 - - -
100 18.6 - - -
200 25.0 - - -
300 28.9 - - -
325 29.5 29.5
400 - - - 38.6
500 - - - 48.3
600 - - - 56.1
3-p.39

TEMPERATURA DE LIQUEFACCION DEL SHZ'

10

t liquefac. -702 -402 -3,332 0% 11,112 182

50° 1002

P atm. 1,09 2,8 6,36 10,25 14,60 16,95

35,56 88,7

10-p.124

TEMPERATURA DE FUSION DEL SH2

t°c  -85; -83; -83,6; -82,9; -86

10-p.125

t°K  187,6

16-p. 967
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VISCOSIDAD DEL SH. GAS

16-p.967 y 10-p.123

2
t°C n107 Poises Autores
02 1154 Meyer (1871 a 1899)
202 1300 Meyer (1871 a 1899)
0% 1184 Graham (1849) y Eucken (1913)
0¢ 1175 Frankine y Smith (1921)
17¢ 1251 Frankine y Smith (1921)
1002 1610 Frankine y Smith (1921)
23° 1470 Knudsen y Fricke (1940)
02 1170 Andrussow (1952 y 1953)
16-p.964
TENSION SUPERFICIAL DEL SH2 LIQUIDO
T°K 189,02 191,32 194,62 197,42  199,7°
vdinas/cm 33,418 32,902 32,126 31,645 31,020
y(M) 23 ergs. 349,5 345,3 338,0 334,1 328,3
T°K 201,5¢ 203,92 206,92 210,82
ydinas/cm 30,813 30,448 29,631 28,783
YO 23 ergs. 326,6  324,7  316,7  308,6
16-p. 966
VISCOSIDAD DEL SH2 LIQUIDO.
T°K  191,0° 193,32 198,22 201,22 206,12 209,82
n 0,547 0,528 0,510 0,488 0,470 0,454
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VOLUMEN CRITICO DEL SH,.

2
0,00490
0,00413

10-p.125

VOLUMEN MOLAR DEL SH,,.

Volumen molecular del SH2 al p.e.

1" 1A 1 r

10-p.123
16-p. 966

1iquido :

: 35,2

39,53



226

LA 510 | 00ST
_ tojusTu | 0OT0 | 000T
*g110n) *03 |TO0UOD 18P | (080° 008
TUstwidouod Top |  EPTPIad | 0.0°0 | 00L
EPTPId - 0sdBT0) osderod | 090°0 | 009
“o330mu A PRPTT|o3lonul 9P SOSED *oUaTW | 090°0 | 009
Tqop UBID’SOPEPIWSIL| SOJ0J UQZBIOD -o0sde10) {TO0UOD TSP
Yo op JOTquIe]'0jUSTU| SP UQISBITCTR{ ‘500 op uQId |epIPIad oS
Tooucasaq ezaqed A| ‘sofo op uQrd | ¥ITiaAI'sorzoler| de1o)°sol
so{o op 20TOp OI9ASS| ~ ®ITIIT BTLISS TdSel SOTQINISTQ| &P ©SADV | 0S0°0 | 00S
CER SN *OTOUCTSUE) "s03 9p Sy0‘0 | OSY
*UQTOBITIIT *BZOQED 9D Op 0$3D0Y "UQTD *01B3
Sp 0JUSWSIDUT| 10§ JIOTOJ *TtSeu o1} BI1dsal op pEl 7o T9p ODPTIUSS
"pEPTT1q9Q 03| DBX1 £ Sofo 9p UQTd| TNnOTITQ "Sof0 (T3P ePTPIdd 'sOf
+5310myy| USTWTDSUBASS(|BITAIT 9P OJUSWGIDU | Sp UQTOBITIIT ! O 9P UQTOBITAI] cco‘o | ose
*ugToRITdSal ‘01e3y S€0‘0 | 0S¢
‘3ja9mut| 9p PEITMOIIIQ *01D TO Top opIIuUSS
A ®18|°s0l0 Ud IOTOJ| UBSUB) ‘SBUTISPT 8P ‘sofo| 1op ®BpPTPIgd sof
Ti1I0WOH! TRSBU OIIBIR)| UQTIDAIDIS BSOIOTOJ| Op UQIOLITIIL (-0 3p UQTOBITII] S70°0 | 0%7
OTD
*o3a8mmi{ -BITIIT| *BSOIIOQ UQTS i h] 0z0°0 - | 007
A BT8{5p 501053 | TA UOTORITASAT ‘gquedae8 | ueSies £ solo| o3ejTo I8P Opla
TIIOWSH| © SOTISG| op PeITNOTITI(L SOL0 Op UQTOLITIAT | SP UQTOBITII] Uss Teop EpIpiad STO‘0 | OST
*sS03 op ‘o3B3
‘sewy  0sadde ‘sofo *oTU| TO TSP oprIues
97100 |03UTS SOT |ue I0TOp opnde Wosuy*sofo ap| ToOp BPTPAdd  sof ST0°0 | 0ST
£ e18 UBJUSU| ‘BATTES A BSOD *p1{ JOTO( "BPERIS1| O Op UQTOBITII]
Brrousy| S1ouT og|nw op BS1edsS] [Up8ieS Op UOTOE1ITIIT | T UOTOBITdSSY| SO 9p 0S8V 0T0‘0 | 00T
— orxo3eIlldsal ¢3
de13 Top UQIDBRITIII 0700 | 00T
" STITATIUNLUOD 9AST S00‘0 | 0S
sy 8p-8 | ‘SU 8-¥ SeI0y p-1 BIOY T-UTW O¢ ‘utur 0¢-StT ‘utw ST-2 Uutw 7-0 SCH % |twdd

THEWOH T3 AT

H 150 ODIXOLl 0l0ddd



10.

11.

12.

13.

14.

15.
16.

229

BIBLIOGRAFIA

Bailar, J.C. y otros. Comprehensive Inorganic Chemistry. Editorial Board
(1973).

Barr, F.T.. Heavy Water. AECD 2871 (1949).

Production of Heavy Water Savannah River and Dana Plants, technical manual
Jul. (1959). D.P. 400.

Roth, E., Stouls, L., Dirian, G., Lazard, B. y Nief, G.. Production of
Heavy Water in France. Proceedings of the Second United Nations Internatio-
nal Conference on the Peaceful Uses of Atomic Energy, Geneve (1958). Session
15 P/1261, 499.

Ayres, J.A.. Production of Heavy Water. BNLW 884 (Mar. 1969).

Jhon, M.S., Grosh, J., Ree, T. y Eyring, H.. Significant-Structure Theory
Applied to Water and Heavy Water. The Journal of Chemical Physics, 44, N°4,
1465 (1966).

Clark, E.C.W. y Glew, D.M.. Deuterium and Hydrogen Sulfides: Vapor pressures,
molar volumes, and thermodynamic properties. Canadian Journal of Chemistry,
48, 764 (1970). '

Clarke, E.C.W. y Glew, D.N.. Deuterium and Hydrogen Sulfides Solubilities in
Deuterium Oxide and Water. Canadian Journal of Chemistry, 49, 691 (1971).

Edwards, D.G.. Pressure of 30 Inorganic Liquids between One Atmosphere and
the Critical Point. UCRL 7167 (Jun. 1963).

Mellor, J.W.. A Comprehensive Treatise on Inorgenic and Theoretical Chemistry
Vol. X (1952).

Pohl, H.A.. Thermodinamics of the Hydrogen Sulfide-Water Sistem Relevant to
the Dual Temperature Process for the Production of Heavy Water. Journal of
Chemical and Engineering Data, 6, N° 4, 515 (Oct. 1961).

Elliot, J.N.. Thermodynamic and Transport Properties of Heavy Water. AECL
1673.

Dirian, J.. Constantes Physyques des Variétés Isotopiques de L'Eau
("70-180-D-T) CEA Bib. N® 15 (1962).

Handbook of Chemistry and Physics; 49th edition 1968-1969. Published by the
Chemical Rubber Co.

Kazavchinskil , YA.Z. y otros. Heavy Water, Thermophysical Properties. (1963).

Pascal, P.. Nouveau Traité de Chimie Minerals; T. XIII. MASSON et Cie
Editeurs. (1960).



17.

18.

19.
20.

230

Kudish, A.I. y Wolf, D.. Absolute Viscosity of D2180 between 15 and 35°.
The Journal of Physical Chemistry, 79, N® 3, 272 (1975).

Brulmans, J. , Verdonck, J. y Eschbach, H.L.. Thermal Expansion of Heavy
Water between 7 and 262 C. Zeitschrift fur Naturforschung Band 30a, N21,
103 a 108 (1975).

Walker, P.T. y otros. Heavy Water. Part. VI AERE-CE-R 2348 (1958).

Morozov, V.P. y otros. Vibrational Spectra of Deuterium and Tritium
Substitution Products of Nonlinear Triatomic Hydrides. Optics and Spectros -
copy, vol XV, N°5, 335, nov. (1963).



231

INDICE ALFABETICO DE MATERIAS

Calor de combustidn del SHZ’ 179.

Calor de disolucidn del SH2 en agua, 179.
Calor de formacidn del HZO y DZO’ 1-2.

Calor de formacidn del hidrato s6lido del SH
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Temperatura de fusidn del H,0 y D,0, 1-2.
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Volumenes relativos del HZO y D0, 171,

Volumen molar del H



