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FOREWORD

The present book has evolved from the well-known Handbook of Physical Properties
of Liquids and Gases that has been published in four editions in USSR, USA, and Japan
within a period between 1963 and 1975.

Since the last edition, both the scope of the experimental material and the methods
of processing and compilation of data have undergone considerable changes. The ex-
perimentally studied regions of the reference parameters have been expanded to cover
higher pressures as well as the regions of both high and very low temperatures, in-
cluding the extreme states. Taking these changes into account, the book has been
substantially revised. In some cases, in an effort to avoid excessive increase in the
volume, a new approach to selection and presentation of the data was used.

The present edition contains about 60% of new data and has the following modifi-
cations:

o The list of the substances and the regions of the state parameters covered in the
Handbook have been extended.

o For a number of substances the property tables have been totally replaced

o In addition to the tabular material, the book includes extensive information in
the form of correlation equations.

o In order to update the reference data we have used the results obtained by such
authoritative scientific groups as the Institute for High Temperatures of Rus-
sian Academy of Sciences, Moscow Aviation Institute, Moscow Power Institute,
Central Aerchydrodynamic Institute (TsAGI), Khar’kov Physical and Technical
Institute, Sankt-Petersburg Technological Institute.

This edition incorporates the State Bureau of Standard and Reference Data of
USSR (GSSSD) tables and other materials issued by the State Standard and Reference
Data Service of Russia.

The improved system of data presentation allowed us to include the following new
features in this edition:

o the Handbook covers a number of new substances such as deuterium and other
isocompounds of hydrogen, helium-3, lithium hydride, sulfur hexafluoride, io-
dine, alkaline-earth and rare-earth metals liquid and gas, deutero-containing com-
pounds;

¢ the thermodynamic data for ionized states of a number of substances are given;

o the thermodynamic and transport property data for the critical region of a large
number of substances were replaced or updated;

¢ the property tabulations for noble gases, water substance, deuterium oxide, ni-
trogen, oxygen, a few organic compounds, halogens, CO, COs, alkali metals and
other substances were substantially enlarged;

o new experimental thermodynamic tables for potassium, rubidium, and cesium are
given, which allowed us to extend the pressure range of the tabulations from 1 to
10 MPa. The thermodynamic property tabulations for lithium and sodium were
based on the theoretical estimates made in accordance with the recent quantum
mechanical techniques;

¢ the Handbook incorporates an expanded coverage of diffusion and thermodiffu-
sion;

o where available, the accuracy estimates for the tabulated values are specified,
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The Handbook gives the data both in the form of the detailed tables and correlation
equations demonstrating the temperature and pressure dependences of the properties.
In some regions extrapolated values are given which, as a rule, are indicated in the
text. In a few extreme regions the property values were estimated theoretically.

The scope of the material included in the Handbook and its presentation make it a
valuable tool for engineers, designers, and technologists engaged in the field of power
engineering, nuclear and space technology, chemical and mechanical engineering, and
instrument manufacturing industries. The book can be also recommended for scientists,
post-graduate students, and students dealing with applied sciences.

‘We would like to acknowledge the staff of the Chair of Physics of Moscow Aviation
Institute for valuable help in preparing the manuscript of the Handbook.

N.B. Vargaftik

Yu.K. Vinogradov
V.S. Yargin

Moscow Aviation Institute
Moscow, Russia



Foreword to the English Translation—Second Edition

I am indeed pleased to write a foreword to this extensive work. This book is a transla-
tion of the second, most recent edition of Professor Vargaftik’s “Spravochnik po
Teplofizicheskim Svoitstvam Gazov i Zhidkostey,” which first appeared in this format in
1963. The primary contribution of the translated version comes from the author’s exten-
sive presentation, primarily from the Russian literature, on a wide range of materials of
technological importance, in the liquid, vapor, gaseous, dissociated and ionized states.
The thermodynamic and transport properties presented, often over a wide range of tem-
peratures and pressures, are basically reproductions from other data sources. In several
instances, the tabular material is unique, and this reasonably up-to-date compendium
would be most welcome by many in the English-speaking world to whom much of the
data would otherwise remain unobtainable.

In the absence of any evaluative commentary in the presentation of the data, those
who use this work will have to rely at this time on the author’s judgment in the selection
of the data and his internationally acknowledged reputation for his many valuable and
original contributions to the field. I very much hope, however, that this work, together
with others, may constitute the basis for future cooperative endeavors for the generation
of an internationally agreed-upon set of thermophysical properties tables for gases and
liquids such as that currently sponsored by special Task Groups within CODATA/ICSU,
TUPAC and the International Association for the Properties of Steam.

In this translation the corrections found on the errata page of the original work have
been incorporated as have additional corrections noted since it was published. As an
added feature the translated edition presents a thorough index to both the substances
and the properties covered in the volume. The reader will find these conveniences most
helpful in using this extensive reference work.

Y. 8. Touloukian, Director

Center for Information and

Numerical Data Analysis and Synthesis

and

Distinguished Atkins Professor of Engineering
Purdue University

West Lafayette, Indiana



Foreword to the Second Edition

Since the publication of the first edition of this Handbook (in 1963) a large amount of
material on thermophysieal properties of different substances have been published. The
following changes and additions have been incorporated in the present edition:

1. New, detailed data are given for two types of hydrogen, both in the liquid and in
the gaseous states. The present tables contain data up to 6,000°K and 1,000 bar, that is,
the data include the region of high temperatures where hydrogen exists in a dissociated
state. New tables of transport properties of hydrogen have been provided for both the
liquid and the gaseous states at different pressures up to a temperature of 2,000°K.

2. The thermophysical properties of nitrogen, oxygen, air and argon are given over a
much wider range of parameters. Detailed new data at high temperatures are given for
these substances, for both the liquid as well as for the gaseous states, ranging from ex-
tremely low to very high pressures (up to 1,000 bar).

3. The tables of thermophysical properties of carbon dioxide (CO2) have been re-
worked, expanded and rendered more accurate. This section contains new detailed data
for liquid carbon dioxide at high temperatures (up to 4,000° K) in the critical region,
where it exists in the dissociated state.

4. More detailed tables are given for alkali metals and mercury. Thermodynamic
properties have been determined on the basis of new, more accurate data on the disso-
ciation energy of diatomic molecules of alkali metals. The thermodynamic properties
tables have been expanded to 3,000°K, taking into account both dissociation and ioniza-
tion. Thermodynamic properties for ionized lithium at high temperatures are given in a
separate set of tables. Viscosity and thermal conductivity of alkali metals in the gas
phase are reported here for the first time.
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5. Information on thermophysical properties of monatomic substances has been sig-
nificantly expanded. In particular, new tables for helium include data for both liquid
and gas phases at extremely low and high temperatures (up to 3,000°K) at different
pressures. Thermophysical properties of neon, krypton and xenon are given for a wide
range of temperatures and pressures.

6. Thermophysical properties of water and steam are given here on the basis of new
international tables adapted in 1963—1964. For dissociated steam, data are given up to
6,000°K and 1,000 bar taking into account true properties of dissociated steam.

7. New data are given on diffusion in binary gas mixtures, on viscosity and thermal
conductivity of mixtures and solutions; data at different pressures are included.

8. The majority of tables for the remaining substances cite more accurate and newer
data over a wider range of parameters.

9. The editors have not included in the present edition data on thermophysical prop-
erties of compounds of boron, nitrogen oxide, gallium, deuterium and individual hydro-
carbons, due to the fact that almost no new information for these substances has been
published since the appearance of the original edition of the Handbook.

10. All thermophysical properties are given in SI units, with the exception of the data
for ionized hthlum, argon and nitrogen.

The author is grateful to the entire faculty of the Department of Physics at Moscow
Institute of Aviation for their help in the preparation of this Handbook. The author was
helped in many aspects of the preparation of the present edition by Prof. P. M.
Kesselman, Docents L. D. Volyak, Y. K. Vinogradov and N. D. Kosov and Assistant E. L.
Studnikov, to whom he wishes to express his appreciation.

The author is very grateful to Academician A. S. Predvoditelev and Professor L. P.
Filippov for valuable comments and to E. I. Gaydul for great help in the preparation of
the manuseript.

N. B. Vargaftik



FOREWORD TO THE FIRST EDITION

The requirements of modern science and technology necessitate the knowledge of
thermophysical properties of gases and liquids.

This area of science, in addition to experimental work, centers on research in diffusion,
thermal conductivity and viscosity of gases, as well as on the derivation of equations of
state for real gases. Over the recent years, a large amount of data on thermophysical
properties of gases and liquids have been collected; these data are of great practical in-
terest.

The present book attempts to provide a systematic presentation of data obtained over
the last 5 - 10 years. Most reliable data for pure substances, gas mixtures and solutions
are presented. The data are essentially based on experimental results. Most often, the
data are given for whole-number temperatures and pressures, and in the cases of mix-
tures for concentrations convenient for practical calculations,

The Handbook gives data for thermophysical properties of a number of gases: hydro-
gen, lithium, nitrogen, argon and steam; data are given at high temperatures and take
into account the dissociation of the given gas. Data on thermophysical properties of va-
pors of lithium, sodium and potassium up to 2,000°K take into account the dimerization
of these substances in the gaseous state. The book gives I-S [entropy-enthalpy] charts
for these substances in the range of high temperatures. ,

In the compilation of this Handbook, data reported in both monographic and periodical
literature have been cited.

The author would like to express his appreciation to the entire faculty of the Depart-
ment of Physics at the Moscow Institute of Aviation for their help in the preparation of
this book.

Special thanks are due to Docent L. D. Volyak who arranged and correlated the data
and compiled the tables on thermodynamic properties of potassium in the gas phase, to
Assistant Yu. D. Vasilevskaya who worked on diffusion in binary mixtures, to V. V.
Rybakov for thermodynamic properties of lithium at high temperatures in the gas phase.
Candidate of Technical Sciences, L. S. Zaytseva prepared the graphical presentation of
thermodynamic properties of air at high temperatures.

The author is deeply grateful to Academician A. S. Predvoditelev and Candidate of
Physical-Mathematical Sciences L. P. Filippov for their very valuable comments, and to
E. 1. Gaydul for great help in the preparation of the manuscript.

N. B. Vargaftik



NOTATION

¢ — thermal diffusivity z — compressibility factor (pV/RT)
Cp, cp — heat capacity at constant pressure  Cy, ¢y — heat capacity at constant volume
a — volumetric expansion B — coeflicient of thermal
coeflicient (lﬂ) compressibilit (——lé-‘—/—)
V), P YUV e
D — diffusion coeflicient 1 — viscosity
I, i — enthalpy A — thermal conductivity
K+ — thermodiffusion ratio A)N — coefficient of thermodiffusion
S,3 — entropy separation of the gas mixture
p — pressure v — kinematic viscosity
Pr — Prandtl number p — density
g — heat of melting o — surface tension,
R, r — heat of vaporization electrical conductivity
ri, Xi — volumetric component fractions u — velocity of sound
in a gas mixture V, v — specific volume
G, g — Gibbs potential

Subscript cr and superscript 0 refer, respectively, to critical and ideal states of the gas.
A prime and a double prime refer, respectively, to liquid and vapor at saturation. In all tables
a horizontal line indicates the separation of liquid and vapor states.

CONVERSION OF UNITS FROM Si
TO OTHER SYSTEMS

Units, Units, To convert from
Quantity Symbol in SI in other systems SI to other system,
multiply by
Pressure P N/m?(Pa) dyne/cm?® 10
bar 0.00001
atm (phys) 0.9869 - 10~°
bar = 10° N/m? atm (phys) 0.9869
‘ kg/cm? (atm. abs) 1.0197
mm Hg 750
Density p kg/m® g/cm® 0.001
Specific volume v m® kg cm®/g 103
Heat capacity c kl/kg-K Kcal/kg - deg 0.2388
Enthalpy i kJ/kg Kcal/kg . 0.2388
Entropy s kI/kg-K Kcal/kg - deg 0.2388
Latent heat of T kJ/kg Kcal/kg 0.2388
vaporization
Thermal A W/m-K calfcm -5 deg 2.388 - 1072
conductivity Kcal/m - hr-deg 0.86
Viscosity ] N-s/m? (Pa-s) g/cm -s (poise) 10
kg-s/m? 0.102
Kinematic y=1 m?/s cm?/s (stroke) 10*
viscosity s
Surface tension 4 N/m dyne/cm (erg/cm?) 10°




USEFUL CONVERSION TABLES AND SYMBOLS*

Conversion Table

To convert To Multiply by

Length inch cm 2.540

ft m 0.3048
Area ft? m? 0.0929
Volume ft3 m? 0.02832
Mass Ibm kg 0.45359

Slugs kg 14.594
Force Ibf Newtons 4.4482
Density lbm/1ft? kg/m® 16.02
Work ft - 1bf m - kgf 0.1383

hp-hr m - kgf 273700
Heat Btu kcal 0.2520

Chu Btu 1.800

Btu Joules 1054.35

Btu ft - Ibf 778.26

kW . hr Btu 3412.75
Specific heat Btu/lbm-°F } cal/g-°C 1.000

Btu/lbm-°F | W-s/kg-°C 4184.0
Pressure Ibf/in?, psi kgf/cm? 0.070309

psi atm 0.068046

psi bars 0.068948

psi dynes/cm? 68947.0
Surface tension | Ibf/ft dynes/cm 6.8519 - 107°

The following tables of conversion factors are convenient. In order to convert the numerical
value of a property expressed in one of the units in the left-hand column of the table to the
numerical value of the same property expressed in one of the units in the tow row of the table,

Conversion Factors

multiply the former value by the factor in the block common to both units.

In tables involving energy, cal denotes the thermochemical calorie; IT cal denotes the
International Steam Table calorie. The thermochemical calorie (cal) equals 4.184 joule. The
International Steam Table calorie (IT cal) equals 4.186 joule. The Btu is the International

Steam Table Btu and it equals 1055.04 joule.

Conversion Factors for Mass

Ibm slugs g kg ton
11bm 1 0.03108 453.59 0.45359 | 0.0005
1 slug 32.174 1 1.4594-10* | 14.594 0.016087
ig 2.2046-107%| 6.8521-107° 1 0.001 1.1023-107¢
1kg 2.2046 6.8521-107% | 1000 1 1.1023-107°
1ton | 2000 61.162 9.0718.10° | 907.18 1

SOURCE: Modified and extended from “Selected Values of Properties of Hydrocar-
bons,” National Bureau of Standards.

* The tables below were presented by Y.S. Touloukian for American edition of N.B. Vargaftik’s
“Handbook of physical properties of liquids and gases.”
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Conversion Factors for Density
Ibm/ft? stug/ft* | lbm/in® Ibm/gal g/cc
1 Ibm/ft? 1 0.03108 | 5.787-107*|  0.13368 0.01602
1 slug/it® 32.174 1 0.1862 4.3010 0.51543
1 lbm/in3 1728 53.706 1 231 27.680
1 lbm/gal 7.4805 { 0.2325 | 4.329-.1073 1 0.11983
1gfcc 62.428 1.9403 0.03613 8.345 1
SOURCE: Modified and extended from “Selected Values of Properties of Hy-
drocarbons,” National Bureau of Standards.
Conversion Factors for Specific Energy per Degree
abs joule/g-K | cal/g-K | IT cal/g-K | Btu/lbm -°F | W.s/kg K
1 abs joule/g - K 1 0.2390 0.2388 0.2388 1000
1 cal/g-K 4.184 1 0.9993 0.9993 4184
11T cal/g-K 4.186 1.0007 1 1 4186
1 Btu/lbm - °F 4.186 1.0007 1 1 4186
1W.s/kg-K 0.001 2.390-107*} 2.388 . 10™* 2.388.107* 1
Conversion Factors for Thermal Conductivity
cal/s-cm.°C | Btu/hr-ft.°F | Btu/hr-ft*> - °F/in | W/cm-°C
1 calfs.cm-°C 1 241.9 2903 4.183
1 Btu/hr -ft.°F 4.13.1073 1 12 0.0173
1 Btu/hr-ft2 . °F/in | 3.45.107* 0.833 1 1.44.107%
1W/cm.°C 0.239 57.8 694 1
Heat Flux, g/A
Multiplty — Btu w kcal cal
number of ft2 - hr cm? hr - m? s - cm?
To obtain] by,
Btu/ft2 -hr 1 3170.75 0.36865 13277.26
W /cm? 3.154.107* 1 1.163.10* 4.1868
kcal/hr - m? 2.7126 8,600 1 2.778-107°
cal/s-cm? 7.536-107° 0.2389 | 36000 1
Heat Transfer Coefficient, h
Multiplty — Btu w cal kcal
number of hr-ft2. °F | cm?.°C s-cm? . °C hr-m?. °C
To obtain] by
Btu/hr - ft? . °F 1 1761 7376 0.20489
W/em? . °C 5.6785.10~* 1 4.186 1.163.10™*
cal/s-cm?. °C 1.356-107* 0.2391 1 2.778.107°
kcal/hr - m?. °C 4.8826 8600 36000 1
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Thermal Conductivity, A

Multiplty — Btu w cal kcal Btu -in
number of | JTTHTSF | cm.oC | s.cm.°C | hr.m.°C | hr-ft2 oF
To obtain] by
Btu/hr-ft . °F 1 57.793 241.9 0.6722 0.08333
W/cm - °C 0.01730 1 4.186 | 0.01171 1.442.1072
cal/s.-cm-°C 4.134.107% | 0.2389 1 2.778.107° | 3.445.107*
kcal/hr-m -°C 1.488 86.01 360 1 0.1240
Btu-in/hr-ft? . °F} 12 693.5 2903 8.064 1
Viscosity, 5
Multiplty — Ibm Ibf-.s .. kg kgf - s
. number of ft - hr ft2 Centipoise m-hr m?
To obtain]  by\,
Ibm/ft - hr 1 116000 2.42 0.672 23733
Ibf - s/ft? 8.62.107° 1 2.086-107% | 5.79-107° 0.2048
Centipoise 0.413 47880 1 0.278 9807
kg/m - hr 1.49 172000 3.60 1 35305
kgf-s/m’ 4.21-107° 4.882 | 1.020-10"* | 2.84.107° 1
100 centipoise = 1 Poise = 1 g/s.cm = 1 dyne -s/cm?.
Kinematic Viscosity, v
Multiplty ~— ft2 m? m?
number of ' Strokes B Y
To obtain] by
ft? /hr 1 3875 10.764 38.751
Strokes 0.25806 1 2.778 10000
m? /hr 0.092903 0.3599 | 1 3600
m? /s 2.581.107° 0.0001 | 2.778.107* 1
Conversion Factors for Dynamic Viscosity
poise Ibm/ft-hr | lbm/ft-s
g/cm-s pdl-hr/ft?> | pdl.s/ft?
dyn -s/cm®
1 poise 1 242 0.0672
11bm/ft-hr | 4.13.107° 1 2.78.107*
11lbm/ft-s | 14.87 3600 1
Conversion Factors for Kinematic Viscosity
ft2/hr strokes m?/hr m?/s
1 t2/hr 1 0.25806 0.092903 | 2.58-107°
1 stroke 3.885 1 0.36 0.0001
1 m*/hr 10.764 2,778 1 2.778-107*
1m?/s | 38750 10t 3600 1
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PART 1
PURE SUBSTANCES

Chapter 1
HYDROGEN AND HYDROGEN COMPOUNDS

HYDROGEN (H,)
Molecular weight 2.01594

Parahydrogen (p — H2): Tiert = 13.8 K; Thon = 20.28 K at 760 mm Hg; Tcr = 32.98 K;
Per = 12.93 bar; per = 31.4 kg/m®.

Normal hydrogen (n — Ha: 25% p ~ Hz + 75% o0 — H2): Tien = 13.95 K; Thot = 20.38 K
at 760 mm Hg; Tor = 33.23 K; per = 13.16 bar; pr = 31.6 kg/m®.

Thermophysical Properties of Hydrogen

Molecules of hydrogen exist in two modifications, differing from each other by the ori-
entation of the nuclear spin of the atoms. At low temperatures (0 to 20 K) hydrogen is
practically in the form of pure paramodification {p — Hz). At somewhat higher temperatures,
parahydrogen undergoes partial isomerisation into orthohydrogen {o — H2) and remains in
equilibrium with the latter. The ratio of the concentration of the two forms of hydrogen is
basically temperature-dependent and is almost independent of pressure [1]. Figure 1 shows
the equilibrium concentration of parahydrogen as a function of temperature. In the absence
of catalists, the equilibrium composition corresponding to a given temperature is established
quite slowly, giving rise to possibility of
prolonged coexistence of components in

a mixture different from equilibrium [2]. mw

The most widely used compositions are

those reaching equilibrrium at 300 K &

(Fig. 1) and boiling temperature of liq-  ® \

uid hydrogen at a pressure of 1 atmos- §‘ P \

phere (20.3 K). The first is referred to 5 \

as (normal) hydrogen (n - Hp: 28% p- 2 \

H; 4+ 75% o — Hz), and the second rep- Ew

resents practically pure parahydrogen. § 257 P~
Experiments show [3] that the thermal o -

properties V = f(p, T') of the mentioned ‘§

compositions, while differing at low tem- £

peratures, become practically identical g ¥y W Y v &N W

at temperatures above Boyle tempera- Temperature, K

ture of 110 K. However, calorific prop- Fig. 1: Equilibrium concentration of parahydrogen as a
erties (heat capacity, enthalpy, entropy) function of temperatures.

above 110 K for both compositions differ at each temprature by a constant value. At tem-
peratures above 500 K both the thermal and the calorific properties of the both hydrogen
compositions become practically identical.
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Serdyuk and Kazavchinskii {3, 4] derived equations of state for parahydrogen and normal
hydrogen describing with sufficient accuracy the entire complex of thermodynamic properties
of those compositions over a range of temperatures from the triple point to the appearance
of the noticeable dissociation, and in the range of reduced densities w = V¢ /V from 0 to
2.8. These equations {3, 4] were used to compile detailed data of thermodynamic properties
of parahydrogen [5 6] which are used in the present book.

W
S
L
IRNYS
gﬂ Z/Mbﬂ

Temperature,

K

Fig. 2: Degree of dissociation of hydrogen as a
function of temperature at different pressures.

The tables below give thermodynamic prop-
erties of hydrogen at saturation, as well as val-
ues of V, I, and S from 14 to 1500 K and pres-
sures from 1 to 1000 bar. Below 500 K the
data for parahydrogen and normal hydrogen are
given separately.

For the first time, we are publishing here
the data on the thermodynamic properties of
dissociated hydrogen from 1500 to 6000 K at a
pressures ranging from 0.1 to 1000 bar as cal-
culated by Kesselman and Gorykin [8, 9]. The
curves in Figs. 2 and 3 describe the degree of
dissociation of and heat capacity of dissociated
hydrogen as a function of temperature at differ-
ent pressures.

The book includes the values of viscosity
and thermal conductivity for dissociated hydro-
gen as calculated by Vargaftik and Vasilevskaya
[13] in the range of temperatures from 1400 to
6000 K and pressures from 10™° to 200 bar
without taking ionization into account. Figures
4 and 5 give the viscosity and the thermal con-

ductivity as a function of temperature at different pressures.

A table is also given for viscosity af ionised hydrogen at temperatures ranging from 6000
to 30000 K and pressures from 0.001 to 10 bar. These data were compiled by Belov [14] on
the basis of the theoretical calculations.

Melting temperature of normal hydrogen and parahydrogen
as a function of pressure [7, 396, 399, 400]

p, bar p, bar
T, K normal para- T, K normal para-
hydrogen hidrogen hydrogen hydrogen

13.803* 0.0704* 25 457.2 463.1
13.947* 0.072* 26 509.4 5154
14 1.66 5.96 28 618.3 624.7
15 32.9 374 30 7334 740.0
16 66.5 71.1 35 1047 1055
17 102.3 107.1 40 1398 1405
18 140.1 145.1 45 1785 1794
19 180.0 185.1 50 2206 2215
20 221.8 227.1 55 2663 2672
21 265.4 270.8 60 3154 3164
22 310.8 3164 65 3679 3689
23 357.9 363.8 70 4238 4249
24 406.8 412.6 80 5460 5472

* Triple point
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Thermodynamic properties of normal hydrogen at saturation:

V (cm®/mole), I and R (J/mole), S and C, (J/(mole-K)) [1, 7]

T,K| pbar | V' | V" rfmrm|RrR|s|5|cC |G
14 0.07451 125.17 { 15380 425 | 1348 1923 | 16.4982.18} 13.411 20.90
15 0.1274 |26.44] 9564.5 | 438 | 1366 1928 {17.45|79.07| 14.10] 21.23
16 0.2054 |26.741 6269.0 | 453 {1384 |931 [ 18.35[76.31| 14.80} 21.56
17 0.3150 {27.05] 4204.6 | 468 | 1400 {932 {19.33173.95| 15.52| 21.91
18 0.4629 |27.40] 3052.7 | 485 }1416 | 931 120.27|71.81}| 16.48; 22.30
19 0.6561 {27.78 2237.7 | 502 {1429 {927 {21.18:69.84| 17.68| 22.77
20 0.9021 |28.20| 1682.6 | 522 {1443 | 921 |22.17168.10] 19.06] 23.35
21 1.209 |28.65] 1292.1 541 | 1453 [ 912 |23.0866.39| 20.56| 24.07
22 1.684 [29.15| 1009.5 | 563 | 1461 {898 |24.06|64.84| 22.13| 24.99
23 2.036 129.70] 800.1 587 | 1469 {882 |25.03|63.32] 23.81| 26.15
24 2574 130.32} 641.5 | 613 | 1474 | 861 [ 26.03|61.88| 25.62| 27.63
25 3.206 |31.02] 519.2 | 640 | 1476 | 836 |27.0960.50 | 27.67] 29.53
26 3.942 3181 423.2 | 670 | 1476 {806 |28.18|59.14] 30.08} 32.02
27 4789 |32.72| 346.9 | 701 | 1471 | 770 {29.27|57.75| 33.07{ 35.35
28 5.755 |33.80| 285.2 | 735 |1462 | 727 {30.43|56.36{ 37.01{ 40.01
29 6.848 |35.10] 2345 | 774 {1450 | 676 |31.66]54.92| 42.63] 46.93
30 8.077 |36.75 1919 | 819 | 1431 } 612 |32.99|53.37| 51.52| 58.21
30.56 8.747 37.79 173.0 | 842 1417 | 575 |33.70|52.52| 58.35| 67.03
31 9.455 |38.98 155.1 | 868 | 1400 {532 [34.46151.59} 68.23| 79.94
31.5 [10.20 40.49 138.1 898 | 1379 | 431 |35.33|50.58 | 83.88]|100.66
32 11.00 42.47 121.3 | 933 | 1352 [ 419 |36.32149.40{112.5 |139.29
33 12.73 51.15 83.01 1045 | 1245 | 200 |39.48({45.54|560.3 |817.7
33.23]13.16 63.86 63.86 | 1131 | 1131 0 741.99]41.99] oo 00
Thermodynamic properties of parahydrogen at saturation:

V (cm®/mole), I and R (J/mole), S and C, (J/(mole-K)) [1, 7]
T,K | p,bar | V'’ v r (iRl s |s|c|C
14 0.07880 | 26.26 | 14529 —623 | 285 | 908 | 10.05 | 74.80 | 13.25 | 20.90
15 0.1342 |26.54{ 90729 {—609 {303 {912 | 11.01|71.7513.9721.25
16 0.2154 126.84| 5968.9 | —594 | 321 ;915 }11.93|69.04 | 14.59 | 21.60
17 0.3291 |27.17{ 41025 | —-580 {337 | 917 |12.84 | 66.65 | 15.33 | 21.97
18 0.4820 |27.53 | 29245 | -563 {352 | 915 | 13.77 | 64.53 | 16.35 | 22.38
19 0.6812 |27.92| 21488 | —545 | 367 {912 | 14.69 | 62.60 | 17.61 | 22.87
20 0.9342 128.35| 16189 | —526 | 379 {905 { 15.71 | 60.91 | 19.04 | 23.47
21 1.249 28.82! 1245.2 | —506 | 389 | 895 | 16.62 | 59.21 | 20.56 | 24.24
22 1.633 29.34 974.1 | —484 | 398 | 882 [ 17.56 | 57.62 | 22.15 | 25.20
23 2.095 29.91 7727 | —460 {404 864 | 18.56 | 56.14 | 23.81 | 26.43
24 2.645 30.55 619.8 | —435 | 409 | 844 | 19.57 | 54.70 | 25.63 | 28.01
25 3.290 31.27 501.7 | —408 {410 } 818 |20.61 {53.90 { 27.69 | 30.05
26 4.039 32.10 409.0 | —378 [ 409 | 787 |21.70 | 51.94 | 30.18 | 32.73
27 4.901 33.05 335.0 | —3468 | 404 | 750 ) 22.79 | 50.54 | 33.27 | 36.37
28 5.883 34.18 275.1 | —310 [ 395 | 705 | 23.97 }49.14 | 37.45 | 41.52
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continued

T,K| pbar | VV | V' | I' |I" | R| S |S" | C |C

29 6.993 |35.57 | 225.7 | -272 | 380 |653 |25.15|47.63 | 43.61| 49.32
30 8240 |87.34184.2 |-228 |359 |587 |26.55|46.08| 53.64| 62.39
30.5 | 8.920 |38.45165.5 |—203 | 344 |547 |27.24 | 45.16

31 9.638 |39.81|147.8 | —176 |325 |501 |28.05]|44.19| 73.79| 89.25
31.5 |10.399 |41.53|130.7 | —144 | 301 | 445 |28.97 [ 43.12

32 |11.205 [43.90(113.6 |~—107 |269 | 376 |30.07 [ 41.82|136.04 | 174.52
325 |12.068 |47.77| 94.88| —56 | 220 | 276 | 31.50 | 39.99

32.98 | 12.933 |64 | 64 61 | 61| 034.90]34.90| oo | oo

Thermodynamic properties of normal hydrogen at different temperatures and pressures:

V (cm®/mole), I (J/mole), S and Cp (J/(mole-K)) [5, 7]

p, bar 14 I S Cp 14 I S Cp
T=14 K T=16 K
1 26.14 | 426 16.47 13.40 26.71 455 18.33 14.76
2 26.68 456 18.30 14.72
4 26.61 461 18.24 14.64
6 26.55 466 18.18 14.56
8 2648 | 470 18.12 14.49
10 26.42 474 18.07 14.41
12 26.38 479 18.01 14.34
14 26.30 | 483 17.96 14.27
16 26.24 | 488 17.90 14.21
18 26.19 | 492 17.85 14.14
20 26.13 496 17.80 14.08
30 25.87 518 17.55 13.79
40 25.62 540 17.32 13.54
50 25.40 563 17.10 13.32
60 25.19 585 16.90 13.11
’ T=18 K T=20 K
1 27.38 486 20.25 16.45 28.19 552 22.16 19.05
2 27.34 | 488 20.21 16.39 28.14 524 22.11 18.96
4 27.26 493 20.14 16.27 28.04 528 22.03 18.79
6 27.18 497 20.07 16.16 27.94 532 21.94 18.62
8 27.11 501 20.00 16.05 27.85 536 21.86 18.46
10 27.03 505 19.93 15.94 27.76 540 21.78 18.32
12 26.96 509 19.89 15.84 27.67 544 21.70 18.18
14 26.89 514 19.80 15.75 27.59 548 21.62 18.04
16 26.82 518 19.74 15.65 27.50 552 21.55 17.91
18 26.76 522 19.68 15.57 27.42 556 21.48 17.79
20 26.69 526 19.62 15.48 27.34 560 21.41 17.67
30 26,38 548 19.33 15.09 26.98 580 21.07 17.16
40 26.10 569 19.08 14.75 26.65 601 20.76 16.73
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continued

p, bar |4 I S Cp v I S Cp
50 25.84 591 18.81 | 14.46 26.35 622 20.48 | 16.36
60 25.61 612 18.58 | 14.19 26.08 643 20.22 | 16.04
80 25.18 655 18.18 | 13.74 25.60 685 19.74 | 15.51
100 24.80 698 17.78 | 13.35 25.18 727 19.32 | 15.08
150 ’ 24.33 833 18.43 | 14.26
200 23.64 938 17.70 | 13.67

T=22 K T=24 K
1 1690.5 1484 69.31 | 23.03 | 1875.8 1530 71.29 | 22.59
2 29.12 563 24.04 | 22.07 869.7 1497 64.60 | 25.30
4 28.99 567 23.94 | 21.79 30.19 614 25.95 | 25.28
6 28.89 571 23.83 | 21.54 30.02 617 25.81 | 24.83
8 28.75 574 23.73 | 21.30 29.86 620 25.67 | 24.43
10 28.63 577 23.63 | 21.07 29.70 623 25.50 | 24.07
12 28.52 581 23.54 | 20.88 29.56 626 25.45 | 23.74
14 28.41 585 23.45 { 20.69 29.42 629 25.33 | 23.43
16 28.31 588 23.36 | 20.48 29.28 632 25.22 | 23.15
18 28.21 592 23.27 | 20.31 29.15 636 25.12 | 22.89
20 28.11 596 23.19 | 20.15 29.03 639 25.02 | 22.65
30 27.69 615 22.79 | 19.44 28.47 657 24.55 | 21.64
40 27.28 635 22.44 | 18.87 28.00 675 24.14 | 20.89
50 26.93 655 22.12 | 18.40 27.59 694 23.77 | 20.26
60 26.62 675 21.82 | 18.01 27.22 713 23.44 | 19.75
80 26.07 716 21.29 | 17.36 26.59 753 22.84 | 18.96
100 25.60 758 20.83 | 16.88 26.08 798 22.33 | 18.36
150 24.66 862 19.85 | 15.95 25.02 896 21.27 | 17.30
200 23.32 966 19.08 | 15.32 24.22 998 20.42 | 16.60
250 23.31 | 1069 18.39 | 14.84 23.57 | 1001 19.71 | 16.08
300 23.02 | 1202 19.09 | 15.67
T=26 K T=28 K

i 2058.4 1575 73.09 | 22.29 | 2234.8 1619 74.74 | 22.05
2 970.5 1546 66.61 | 24.32 | 1067.4 1593 68.40 | 23.66
4 31.80 670 28.17 | 30.05 476.2 1533 61.21 | 28.84
6 31.54 671 27.99 | 29.15 33.74 735 30.40 | 36.73
8 31.30 673 27.82 | 28.88 33.32 735 30.14 | 34.75
10 31.07 675 27.65 | 27.71 32.94 734 29.90 | 33.22
12 30.88 677 27.50 | 27.15 32.61 735 29.68 | 31.97
14 30.69 680 27.36 | 26.61 32.31 736 29.48 | 30.94
16 30.48 682 27.22 | 26.14 32.03 738 29.30 | 30.07
18 30.31 685 27.09 | 25.72 31.76 739 29.13 | 29.31
20 30.14 687 26.96 | 25.34 31.52 740 28.98 | 28.65
30 29.43 703 26.39 | 23.64 30.57 752 28.30 | 26.27
40 28.84 718 2591 | 22.79 29.82 766 27.68 | 24,74
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continued

p, bar v I S Cp v I s |G
50 28.34 737 25.49 21.96 29.20 782 27.18 23.64
60 27.90 755 25.11 21.31 28.67 798 26.75 22.80
80 27.17 792 24.44 20.32 27.81 834 26.00 21.59
100 26.59 832 23.88 19.59 27.12 871 25.38 20.69
150 25.41 982 22.73 18.36 25.83 969 24.10 19.25
200 24564 | 1033 21.82 17.55 24,88 | 1068 23.16 18.33
250 23.85 | 1134 21.06 16.99 24.13 | 1168 22.35 17.68
300 23.26 | 1235 20.40 16.52 23.52 | 1268 21.68 17.19

T=30 K T=32 K
1 2411.2 1664 76.27 21.88 | 2588.1 1707 77.68 21.71
2 1161.8 1642 70.03 23.17 | 1254.1 1689 71.51 22.79
4 532.3 1590 63.14 26.89 585.1 1642 64.83 25.63
6 315.8 1527 58.29 33.95 358.2 1590 60.35 30.12
8 195.9 1439 | 53.58 56.18 239.9 1526 | 56.51 38.68
10 35.91 813 32.55 45.30 160.2 1434 52.40 64.59
12 35.23 809 | 32.18 41.29 40.82 917 | 35.67 80.97
14 34.67 806 | 31.88 38.49 38.93 899 | 34.86 59.68
16 34.19 805 31.58 36.38 37.72 889 34.31 50.61
18 33.78 804 31.33 34.75 36.83 882 33.89 45.33
20 33.41 804 31.10 33.42 36.12 878 33.50 41.80
30 31.99 809 30.18 29.26 33.80 871 32.19 33.28
40 30.98 819 | 2947 26.96 32.39 875 | 31.29 29.62
50 30.20 832 28.89 25.44 31.38 884 30.59 27.49
60 29.56 847 | 28.39 24.33 30.56 897 | 30.01 26.00
80 28.53 880 27.54 22.80 29.33 926 29.06 24.08
100 27.73 915 26.87 21.75 28.40 959 28.29 22.83
150 26.28 | 1009 25.50 20.06 26.78 | 1050 26.82 20.92
200 25.24 | 1109 24.43 19.05 25.63 | 1145 25.71 19.77
250 24.44 | 1204 23.61 18.33 24.78 | 1242 24.81 18.98
300 23.78 | 1304 22.88 17.79 24.03 | 1340 24.05 18.40
400 22.98 | 1534 | 22.77 17.62
=34 K T=36 K

1 2759.6 1751 79.01 21.59 | 2932.2 1794 80.22 21.48
2 1345.0 1733 72.90 2249 | 1434.8 1777 74.16 22.25
4 635.7 1693 66.38 24.75 684.7 1741 67.75 24.09
6 396.8 1648 62.12 27.93 433.1 1702 63.66 26.51
8 274.8 1597 | 58.67 32.87 305.8 1659 | 60.44 29.84
10 198.3 1535 55.47 41.79 227.8 1610 57.61 34.78
12 142.0 1451 52,01 63.66 173.7 1552 54.91 42.87
14 88.06 | 1293 46.68 | 210.04 132.5 1481 52.07 58.18
16 47.95 | 1044 39.00 | 142.32 98.08 | 1384 48.75 92.25
18 43.19 993 37.42 80.25 69.91 | 1257 44,75 | 138.79
20 40.96 978 36.55 62.25 54.62 | 1155 41.59 | 118.41
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continued

p, bar vV I S Cp 1’4 I S Co
30 36.27 943 34.39 | 39.18 39.89 | 1029 36.85 | 48.29
40 34.14 938 33.21 | 32.96 36.38 | 1007 35.19 | 37.21
b0 32.75 942 32.35 | 29.82 3442 | 1004 34.11 | 32.56
60 31.72 951 31.66 | 27.85 33.07 | 1008 33.29 | 29.90
80 30.22 976 30.58 | 25.43 31.22 | 1028 32.06 | 26.85
100 29.13 | 1006 29.73 | 23.94 29.94 | 1055 31.11 | 25.08
150 27.28 | 1093 28.14 | 21.77 27.84 | 1137 29.39 | 22.63
200 26.03 | 1186 26.95 | 20.51 26.46 | 1227 28.13 | 21.27
250 25.10 | 1281 26.00 | 19.66 25.45 | 1321 27.13 | 20.35
300 24.35 | 1378 25.20 | 19.03 24.66 | 1416 26.29 | 19.69
400 23.20 | 1570 23.88 | 18.21 23.44 | 1607 2492 | 18.82

T=38 K T=40 K
1 3104.0 1837 81.39 | 21.40 | 3275.0 1880 82.47 | 21.32
2 1523.7 1821 75.36 | 22.06 | 1611.8 1866 76.48 | 21.90
4 732.5 1789 69.05 | 23.59 779.5 1836 70.24 | 23.19
6 467.8 17564 | 65.07 | 25.50 501.4 1805 66.35 | 24.75
8 334.5 1717 62.01 | 27.95 361.8 1772 63.40 | 26.64
10 2563.6 1676 59.40 | 31.20 277.4 1737 60.93 | 29.00
12 198.7 1630 57.02 | 35.74 220.7 1698 58.74 | 32.00
14 158.3 1579 54.72 | 42.38 179.6 1657 b6.70 | 35.92
16 127.0 1519 52.39 | b2.51 148.3 1611 54.74 | 41.08
18 101.6 1448 49.94 | 67.60 123.5 1561 52.81 | 47.82
20 81.47 | 1370 47.39 | 84.48 103.5 1506 50.88 | 56.06
30 45.69 | 1138 39.79 | 60.16 54.56 | 1266 | 43.05 | 65.38
40 39.35 | 1087 37.34 | 42.40 43.33 | 1178 39.64 | 47.62
a0 36.47 | 1072 35.96 | 35.69 39.00 | 1148 37.86 } 39.01
60 34.66 | 1071 34.97 | 32.14 36.64 | 1138 36.67 | 34.50
80 32.34 | 1083 33.55 | 28.33 33.61 § 1142 35.04 | 290.85
100 30.83 | 1107 32.51 | 26.24 31.80 | 1161 33.87 | 27.40
150 28.43 | 1183 30.64 | 23.49 29.06 | 1232 31.86 | 24.33
200 26.92 | 1271 29.31 | 22.02 27.40 | 1316 30.44 | 22.75
250 25.83 | 1363 28.26 | 21.05 26.21 | 1406 29.34 | 21.73
300 24.97 | 1456 27.38 | 20.35 25.30 | 1498 2843 | 21.00
400 23.69 | 1645 25.97 | 19.43 23.94 | 1685 26.96 | 20.04
500 22.94 | 1872 25.77 | 19.52
T=50 K T=60 K

1 4123.8 2092 87.20 | 21.13 | 4966.0 2303 91.06 | 21.14
2 2045.2 2082 81.31 | 21.44 ) 24717 2296 85.21 | 21.34
4 1005.8 2062 75.27 | 22.11 | 12248 2281 79.27 | 21.74
6 659.4 2041 71.62 | 22.82 809.2 2264 75.72 | 22.19
8 486.2 2020 68.94 | 23.60 601.5 2250 73.14 | 22.61
10 382.2 1999 66.79 | 24.45 477.0 2235 71.11 | 23.08
12 313.0 1977 64.97 | 25.37 394.1 2214 69.41 | 23.54
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continued :

p, bar 1% I S Cy vV I S Co
14 263.5 1954 63.38 | 26.39 334.7 2203 67.94 | 24.03
16 226.4 1932 61.95 | 27.45 290.6 2189 66.65 | 24.53
18 197.8 1909 60.64 | 28.62 256.2 2174 65.48 | 25.06
20 174.8 1885 59.43 | 29.87 228.7 2158 64.42 | 25.59
30 106.6 1765 54.31 | 36.78 141.0 2082 60.12 | 28.43
40 75.43 | 1655 50.33 | 41.39 107.2 2010 56.02 | 31.14
50 59.77 | 1575 47.31 | 41.57 84.58 | 1946 54.17 | 33.11
60 51.19 | 1523 45.24 | 39.68 70.55 | 1893 52.01 | 34.06
80 42.53 | 1473 42.39 | 35.33 55.02 | 1823 48.78 | 33.82

100 38.18 | 1461 40.54 | 32.12 47.02 | 1788 46.51 | 32.58

150 32.87 | 1493 37.68 | 27.78 37.78 | 1781 42,93 | 29.45

200 30.17 | 1559 35.86 | 25.71 33.64 | 1826 40.71 | 27.36

250 28.41 | 1637 3451 | 24.48 31.00 | 1891 39.12 | 26.01

300 27.13 | 1722 33.42 | 23.64 20.25 | 1969 37.87 | 25.10

400 25.33 | 1899 31.72 | 22.53 26.90 | 2132 35.96 | 23.93

500 24.08 | 2079 30.39 | 21.84 25.33 | 2305 34.51 | 23.17

600 23.14 | 2261 29.30 | 2147 24.18 | 2482 33.33 | 22.63

700 23.29 | 2660 32.34 | 22.29

T=70 K T=80 K
1 5804.8 2515 04,32 | 21.31 | 6641.6 2730 97.19 | 21.64
2 2894.9 2509 88.50 | 21.45 § 3316.0 2726 91.38 | 21.75
4 1440.0 2497 82.61 | 21.79 1653.3 2716 85.53 | 21.95
6 955.3 2486 79.11 | 22.01 1099.2 2707 82.06 | 22.16
8 713.0 2474 76.60 | 22.30 822.2 2698 79.56 | 22.36
10 567.7 2462 74.62 | 22.60 656.2 2689 77.63 | 22.57
12 470.9 2451 72.98 | 22.89 545.5 2679 76.02 | 22.78
14 401.8 2439 71.57 | 23.20 466.5 2671 74.65 | 22.99
16 350.1 2428 70.34 | 23.50 407.3 2662 73.45 | 23.20
18 309.9 2417 69.23 | 23.81 361.4 2653 72.38 | 23.41
20 277.8 2405 68.24 | 24.13 324.5 2644 7142 | 23.62
30 182.1 2350 64.26 | 25.72 214.8 2602 67.62 | 24.67
40 135.0 2299 61.29 | 27.27 160.5 2563 64.81 | 25.69
50 107.3 2251 58.89 | 28.64 128.3 2527 62.57 | 26.62
60 89.51 | 2209 56.90 | 29.69 107.3 2494 60.70 | 27.43
80 68.52 | 2145 53.75 | 30.71 81.82 | 2440 57.70 | 28.54

100 57.06 | 2104 51.39 | 30.71 67.36 | 2403 55.38 | 29.02

150 43.53 | 2075 47.48 | 29.40 49.74 | 2367 51.36 | 28.74

200 37.46 | 2103 44,98 | 27.95 41.76 | 2383 48.72 | 27.95

250 33.96 | 2155 43.19 | 26.77 37.20 | 2425 46.80 | 27.13

300 31.62 | 2222 41.50 | 25.87 34.21 | 2483 45.30 | 26.38

400 28.61 | 2375 39.71 | 24.66 30.45 | 2625 43.04 | 25.23

500 26.67 | 2540 38.14 | 23.89 28.11 | 2783 41.36 | 24.45

600 25.29 | 2712 36.87 | 23.31 26.47 | 2948 40,02 | 23.88

800 23.40 | 3060 3492 | 22.50 24.26 | 3288 37.96 | 22.99

1000 22.84 | 3635 36.42 | 22.32




1: HYDROGEN AND HYDROGEN COMPOUNDS
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continued
p, bar |4 I S Cp |4 I S Gy
T=90 K T=100 K
1 7477.2 | 2949 99.76 1 22.09 8311.8 3172 | 102.11 | 22.63
2 3735.8 | 2045 93.96 | 22.17 41547 | 3169 96.32 | 22.69
4 1867.2 | 2938 88.13 | 22.33 2076.3 3163 90.50 | 22.82
6 1230.3 | 2930 84.69 | 22.49 1383.5 3156 87.08 | 22.94
8 930.2 2923 82.22 | 22.64 1037.3 3150 84.63 | 23.06
10 743.3 | 2916 80.30 | 22.80 829.5 3145 82.72 | 23.18
12 618.8 2908 78.71 | 22,96 691.1 3139 81.15 | 23.31
14 529.8 2901 77.36 | 23.12 592.3 3133 79.81 | 23.43
16 463.2 | 2894 76.18 | 23.27 518.2 | 3127 78.65 | 23.55
18 4114 | 2887 75.14 | 23.43 460.6 3122 77.61 | 23.67
20 370.0 | 2880 74.19 | 23.58 414.6 3116 76.68 | 23.79
30 246.2 | 2847 70.49 | 24.34 276.7 3090 73.06 | 24.37
40 184.7 | 2816 67.79 | 26.07 208.2 | 3065 70.42 | 24.93
50 148.2 | 2788 65.64 | 25.74 167.4 | 3043 68.33 | 25.44
60 124.1 2762 63.85 | 26.35 140.3 3023 66.60 | 25.92
80 94.64 1 2719 60.98 | 27.32 107.0 | 2988 63.82 | 26.73
100 77.55 | 2687 58.73 1 27.92 87.51 | 2962 61.63 | 27.31
150 56.13 | 2652 54.71 | 28.19 62.57 | 2931 57.66 | 27.88
200 46.28 | 2662 52.00 | 27.82 50.90 | 2939 54.93 | 27.78
250 40.65 | 2698 50.00 | 27.32 44.21 | 2971 52.88 | 27.50
300 36.98 | 2750 48.42 | 26.79 39.86 | 3019 51.26 | 27.17
400 32.42 | 2880 46.04 | 25.83 34.48 | 3141 48.80 | 26.46
500 29.64 | 3030 44.28 | 25.09 31.23 | 3284 46.95 | 25.81
600 27.71 | 3190 42.87 | 24.53 29.01 | 3438 45.49 | 25.30
800 25.16 | 3522 40.70 | 23.68 26.11 | 3762 43.24 } 24,53
1000 23.53 | 3861 39.07 | 22.93 24.26 | 4094 41.53 | 23.84
T=120 K T=140 K

1 9979.4 3637 | 106.35 | 23.80 | 11645 4124 | 110.11 | 24.92
2 4990.8 3635 | 100.57 | 23.84 5325.5 4122 | 104.33 | 24.96
4 2496.6 1 3631 94.77 | 23.93 2915.5 | 4120 98.54 | 25.02
6 1665.3 3627 91.36 | 24.01 1945.6 | 4117 95.15 | 25.08
8 1249.7 | 3623 88.93 | 24.09 1460.7 | 4114 92.73 | 25.14
10 1000.3 | 3619 87.04 | 24.18 1169.7 | 4112 90.85 | 25.20
12 834.2 | 3615 85.49 | 24.26 975.8 | 4109 89.30 | 25.25
14 715.5 1} 3612 84.17 | 24.34 837.3 | 4107 88.00 | 25.31
16 626.5 | 3608 83.02 | 24.42 733.5 | 4106 86.86 | 25.37
18 557.3 3604 82.01 | 24.50 652.7 | 4102 85.86 | 25.42
20 502.0 | 3600 81.10 | 24.58 588.1 4100 84.96 | 25.48
30 336.3 3583 77.55 | 24.96 394.5 | 4089 81.46 | 25.75
40 253.6 | 3568 75.00 | 25.32 297.9 | 4080 78.96 | 26.01
50 204.3 3554 72.99 | 25.66 240.0 | 4072 76.99 | 26.25
60 171.5 3551 71.33 | 25.97 201.6 | 4065 75.37 | 26.47
80 130.9 3520 68.67 | 26.54 163.8 | 4054 72.79 | 26.88
100 106.8 | 3505 66.58 | 27.01 125.3 | 4046 70.76 | 27.24




16 I. PURE SUBSTANCES
continued

p, bar |4 I S Cp Vv I S Cp
150 75.36 | 3488 62.73 | 27.76 87.86 | 4044 67.03 | 27.92
200 60.27 | 3498 60.02 | 28.02 69.55 | 4060 64.36 | 28.29
250 51.50 | 3527 57.95 | 28.03 58.83 1 4091 62.31 | 28.45
300 45.80 | 3571 56.30 | 27.96 51.81 | 4135 60.65 | 28.51
400 38.78 | 3684 53.75 | 27.72 43.19 | 4246 58.08 | 28.51
500 34.57 | 3818 51.81 | 27.40 38.04 | 4376 56.12 | 28.41
600 31.74 | 3968 50.27 | 27.07 34.53 | 4517 54.54 | 28.27
800 28.11 | 4273 47.89 | 26.52 30.18 | 4818 52.10 | 27.94
1000 25.81 | 4594 46.09 | 26.09 27.45 | 5132 50.24 | 27.67

T=160 K T=180 K
1 13311 4632 | 113.49 | 25.87 | 14975 5158 | 116.60 | 26.66
2 6659.2 | 4631 | 107.72 | 25.89 7492.4 5157 | 110.83 | 26.68
4 3333.5 | 4630 | 101.94 | 25.94 3751.0 | 5156 | 105.05 | 26.72
6 2325.0 | 4628 98.55 | 25.98 2503.9 | 5155 | 101.66 | 26.75
8 1670.8 | 4627 96.14 | 26.03 1880.3 5155 99.25 | 26.78
10 1338.3 | 4625 94.26 | 26.07 1506.2 | 5154 97.38 | 26.82
12 1116.6 | 4624 92.73 1 26.11 1256.8 | 5153 95.85 | 26.85
14 058.3 | 4622 91.43 | 26.16 1078.7 | 5153 94.55 | 26.89
16 839.6 | 4621 90.30 | 26.20 945.1 5152 93.43 | 26.92
18 747.2 | 4619 89.30 | 26.24 841.2 | 5151 92.44 | 26.95
20 673.4 | 4618 88.40 | 26.28 758.2 | 5151 91.65 | 26.98
30 452.0 | 4612 84.94 | 26.49 508.9 | 5148 88.11 | 27.14
40 3414 | 4607 82.47 | 26.68 384.4 | 5147 85.65 | 27.29
50 275.1 | 4603 80.53 | 26.86 3008 | 5146 83.73 | 27.43
60 231.1 | 4600 78.93 | 27.03 260.1 5146 82.16 | 27.56
80 176.2 | 4596 76.40 | 27.34 198.2 | 5147 79.65 | 27.80
100 143.4 | 4595 74.41 | 27.61 161.1 5151 77.70 | 28.02
150 100.1 | 4605 70.76 | 28.17 112.0 | 5171 74.10 | 28.47
200 78.72 | 4629 68.15 | 28.55 87.74 | 5202 71.53 | 28.81
250 66.11 | 4664 66.12 | 28.77 73.31 | 5242 69.54 | 29.04
300 57.82 | 4709 64.48 | 28.88 68.79 | 5290 67.91 | 29.18
400 47.61 | 4821 61.91 | 28.98 52.01 | 5404 65.36 | 29.33
500 41.53 | 4951 59.95 | 29.02 45.03 | 5535 63.40 | 29.41
600 37.46 | 5090 59.36 | 29.01 40.36 | 5675 61.82 | 29.46
800 32.30 | 5387 55.89 | 28.88 34.44 | 5971 59.33 | 29.47
1000 29.12 | 5697 54.00 | 28.71 30.80 | 6278 57.43 { 29.39
T=200 K T=220 K

i 16640 5697 | 119.43 | 27.29 | 18303 6248 | 122.06 | 27.79
2 8825.2 | 5697 | 113.66 | 27.31 9147.7 | 6248 | 116.29 | 27.80
4 4168.0 | 5697 | 107.89 | 27.33 4584.8 | 6249 | 110.52 | 27.82
6 2782.3 | 5696 | 104.50 | 27.36 3060.5 | 6249 | 107.14 | 27.85
8 2089.56 | 5696 | 102.10 | 27.39 2298.4 | 6249 | 104.74 | 27.87
10 1673.8 | 5696 | 100.23 | 27.42 1841.1 6250 | 102.87 | 27.89
12 1396.7 | 5696 98.71 | 27.44 1536.3 | 6250 | 101.35 | 27.91
14 1198.8 | 5696 97.41 | 27.47 1318.6 | 6250 § 100.06 | 27.93




1: HYDROGEN AND HYDROGEN COMPOUNDS 17
continued

p, bar 14 I S Cp Vv I S Cy
16 1050.3 | 5696 96.39 | 2750 | 1155.3 | 6251 08.94 | 27.96
18 934.9 | 5696 95.30 | 2752 | 1023.3 | 6251 97.95 | 27.98
20 842.5 | 5696 04.41 | 27.55 926.7 | 6252 97.06 | 28.00
30 565.5 | 5697 90.99 | 27.67 621.9 | 6254 93.65 | 28.10
40 427.1 | 5697 88.55 | 27.79 469.6 | 6258 91.22 | 28.20
50 344.2 | 5699 86.64 | 27.90 378.3 | 6261 89.32 | 28.29
60 288.9 | 5701 85.08 | 28.01 3174 | 6265 87.77 | 28.38
80 219.9 | 5707 82.60 | 28.21 2415 | 6275 85.30 | 28.54
100 178.6 | 6715 80.66 | 28.38 196.0 | 6286 83.38 | 28.68
150 123.8 | 5743 77.11 | 28.75 135,56 | 6321 79.86 | 28.99
200 96.64 | 5780 74.57 | 29.04 1054 | 6363 77.35 | 29.24
250 80.43 | 5825 72.60 | 29.26 87.48 | 6412 75.40 | 29.43
300 69.70 | 5876 70.98 | 29.40 75.57 | 6466 73.80 | 29.58
400 56.42 | 5993 68.45 | 29.57 60.79 | 6587 71.28 | 29.75
500 48.51 | 6125 66.51 | 29.66 51.98 | 6721 69.34 | 29.84
600 43.24 | 6267 64.93 | 29.73 46.11 | 6864 67.77 | 29.91
800 36.58 | 6563 62.44 | 29.82 38.73 | 7162 65.30 | 30.09
1600 32.50 | 6870 60.54 | 29.81 34.21 | 7469 63.40 | 30.08

T=240 K T=260 K

1 19967 6807 | 124.48 | 28.18 | 21681 7375 | 126.76 | 28.53
2 9990.0 | 6808 | 118.71 | 28.19 | 10822 7375 | 120.99 | 28.53
4 5001.3 {6808 | 11294 | 28.20 | 5417.8 | 7376 | 115.22 | 28.55
6 3338.5 | 6809 | 109.57 | 28.22 § 3616.3 | 7377 | 111.84 | 28.57
8 2507.1 | 6810 | 107.17 | 2824 | 27156 | 7378 | 109.45 | 28.58
10 2008.2 | 6811 | 105.80 | 28.26 | 2175.2 | 7379 | 107.59 | 28.60
12 1675.7 | 6811 { 103.78 | 28.28 | 1814.9 | 7381 | 106.06 | 28.61
14 1438.1 | 6812 | 102.49 | 28.30 1557.6 | 7382 | 104.78 | 28.63
16 1260.0 | 6813 | 101.37 | 28.31 1364.6 | 7383 | 103.66 | 28.64
18 11214 | 6814 | 100.39 | 28.33 12145 | 7384 | 102.67 | 28.66
20 1010.6 ] 6815 99.50 | 28.35 1094.4 | 7385 | 101.79 | 28.67
30 678.1 | 6819 96.10 | 28.48 734.2 | 7391 98.39 | 28.74
40 511.9 | 6824 93.67 | 28.51 554.1 | 7398 95.97 | 28.81
50 412.3 | 6829 91.78 | 28.59 446.1 | 7404 94.09 | 28.87
60 345.8 | 6835 90.24 | 28.66 374.1 | 7411 92.55 | 28.94
80 262.9 | 6848 87.79 | 28.90 2842 | 7426 90.11 | 29.05
100 213.2 | 6862 85.87 | 28.92 230.3 { 7443 88.21 | 29.16
150 147.1 | 6902 82.38 | 29.18 1585 | 7488 84.73 | 29.38
200 114.1 | 6949 79.89 | 29.39 122.8 | 75639 82.26 | 29.56
250 94.47 | 7001 77.95 | 29.56 101.4 | 7594 80.83 | 29.71
300 81.40 | 7058 76.36 | 29.70 87.18 | 7653 78.75 | 29.84
400 65.14 | 7182 73.86 | 29.87 69.46 | 7781 76.27 | 30.01
500 55.48 | 7318 71.98 | 29.97 58.87 | 7919 74.34 } 30.10
600 48.98 | 7462 70.37 | 30.08 51.83 | 8064 72.78 | 30.17
800 40.86 | 7763 67.91 { 30.15 42.99 | 8368 70.33 | 30.27
1000 35.90 | 8072 66.01 | 30.28 37.60 | 8678 68.44 | 30.37




18 I: PURE SUBSTANCES
continued
p, bar 14 I S Cy 1% I S Cy
T=280 K T7=300 K
1 23294 7946 | 128.37 | 28.70 | 24958 8522 | 130.86 | 28.85
2 11654 7946 | 123.41 | 28.71 | 12466 8523 | 125.09 | 28.86
4 5834.0 7948 | 117.34 | 28.72 | 6250.2 8524 | 119.33 | 28.87
6 3894.0 7949 | 113.96 | 28.73 | 4171.6 8526 | 115.95 | 28.88
8 2924.0 7950 | 111.57 | 28.75 | 3132.3 8528 | 118.55 | 28.89
10 2342.0 7952 | 109.71 | 28.76 | 2506.8 8529 | 111.70 | 28.90
12 1954.0 7953 | 108.19 | 28.77 | 2093.1 85631 | 110.18 | 28.92
14 1676.9 7955 | 106.90 | 28.78 1796.1 8533 | 108.89 | 28.93
16 1469.0 7956 | 105.78 | 28.80 1573.4 8534 | 107.77 | 28.94
18 13074 7958 | 104.80 | 28.81 1400.2 8636 | 106.79 | 28.95
20 1178.1 7959 | 103.92 | 28.82 | 1261.7 8538 | 105.91 | 28.96
30 790.1 7966 | 100.52 | 28.88 846.0 8546 | 102.52 | 29.01
40 596.2 7974 98.11 | 28.94 638.2 8555 | 100.11 | 29.07
50 479.8 7982 96.23 | 20.00 513.5 8564 98.53 | 29.11
60 402.3 7990 94.69 | 29.05 4304 8573 96.70 | 29.15
80 305.4 8007 92.26 | 29.15 326.5 8592 94.37 | 29.24
100 247.3 8025 90.37 {1 29.24 264.3 8612 92.39 | 29.32
150 170.0 8075 86.91 | 29.43 181.4 8665 88.94 | 29.51
200 1314 8129 84.45 | 29.59 140.0 8742 86.49 | 29.68
250 108.3 8187 82.58 | 29.69 115.2 8783 84.58 | 29.75
300 92.94 1 8249 80.96 | 29.82 98.67 | 8877 83.02 | 29.85
400 73.77 1 8380 78.48 | 30.00 78.06 | 8981 80.55 | 30.00
500 62.30 | 8520 76.57 | 30.09 65.72 | 9153 78.65 | 30.09
600 54.67 | 8667 75.01 | 30.16 57.51 | 9271 77.09 | 30.15
800 45.10 | 8972 72.57 | 30.26 47.22 | 9578 74.66 | 30.24
1000 39.29 { 9284 70.69 | 30.35 40.98 | 9892 72.78 | 30.33
T=350 K T=400 K

i 29116 9971 | 135.34 | 29.09 | 33273 11428 {139.33 | 29.19
2 14565 9972 | 129.57 | 29.09 | 16645 11429 | 133.47 | 29.19
4 7290.4 9974 | 123.81 | 29.10 | 8390.3 | 11432 | 127.70 | 29.20
6 4866.4 9976 | 120.43 | 29.11 | 6558.8 | 11434 | 124.33 | 29.20
8 3652.8 9978 | 118.04 | 29.12 | 4172.1 | 11436 | 121.94 | 29.21
10 2925.3 9980 | 116.18 | 29.13 ] 3341.6 | 11439 | 120.08 | 29.21
12 2440.3 0082 | 114.66 { 29.13 | 2787.3 | 11441 | 118.56 | 29.22
14 2093.9 9985 | 113.38 { 29.14 | 2301.1 | 11444 | 117.28 | 29.22
16 1834.1 0087 | 112.27 | 29.15 | 2094.5 | 11446 | 116.17 | 29.23
18 1632.0 9989 | 111.28 | 29.16 1863.5 | 11449 | 115.19 | 29.23
20 1470.3 9991 | 110.40 | 29.16 1678.8 | 11454 | 114.31 | 29.24
30 935.4 { 10002 | 107.02 | 29.20 11245 | 11463 | 110.93 | 29.27
40 742.9 | 10012 | 104.62 | 29.24 847.3 | 11476 | 108.58 | 29.29
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continued

p, bar |4 I S Cy 1% I S |G
50 597.4 | 10023 | 102.75 | 29.27 681.0 | 11488 | 108.66 { 29.32
60 500.0 | 10035 | 101.22 { 29.30 570.2 | 11501 | 105.14 | 29.34
80 379.2 | 10057 98.80 | 29.37 431.7 | 11526 | 102.73 | 29.39
100 306.5 | 10080 96.93 | 290.43 348.5 | 11552 | 100.86 | 29.44
150 209.6 | 10141 93.51 | 29.55 237.7 | 11618 97.45 | 29.53
200 161.2 | 10204 91.07 | 29.66 182.3 | 11686 95.03 | 29.61
250 132.2 | 10281 89.18 | 29.75 149.1 11756 93.15 | 29.68
300 112.9 | 10338 87.63 | 29.82 127.0 | 11826 91.61 | 29.74
400 88.72 | 10479 85.19 | 29.95 99.30 | 11974 89.18 | 29.84
500 74.23 | 10626 83.29 1 30.03 82.68 | 12124 87.30 | 29.92
600 64.57 | 10777 81.65 | 30.09 71.60 | 12278 85.76 | 29.97
800 52.47 | 11088 79.33 | 30.17 60.49 | 12513 83.89 | 30.04
1000 45.17 | 11405 74.46 | 30.22 51,10 | 12832 81.92 | 30.08

T=450 K T=500 K

1 37431 12883 | 142.66 | 29.24 | 41588 14350 | 145.756 | 29.27
2 18724 12889 | 136.90 | 29.24 | 20803 14352 | 139.97 | 29.27
4 0369.9 | 12892 | 131.13 | 29.25 | 10410 14355 | 134.21 | 29.27
6 6252.1 12894 | 127.76 | 29.25 6945.2 | 143568 | 130.85 | 29.27
8 4693.1 12897 | 125.37 | 29.26 5213.0 | 14360 | 128.45 | 29.28
10 3757.7 | 12900 | 123.51 | 29.26 | 4173.7 | 14363 | 126.60 | 29.28
12 3134.2 | 12902 | 121.99 | 29.27 3480.9 | 14366 | 125.08 | 29.28
14 2688.7 | 12905 | 120.71 | 29.27 2986.0 | 14369 | 123.80 | 29.29
16 2354.7 | 12908 | 119.60 | 29.27 2614.8 | 14372 | 122.69 | 29.29
18 20949 | 12911 | 118.62 | 29.28 2326.1 14375 | 121.71 | 29.29
20 1887.0 | 12913 | 117.74 | 29.28 2095.1 14378 | 120.83 | 29.30
30 1263.4 | 12927 | 114.36 | 29.30 1402.3 14392 | 117.45 | 29.31
40 951.6 | 12940 | 111.97 | 29.32 1055.8 14406 | 115.06 | 29.33
50 764.6 12954 | 110.10 | 29.34 848.0 14421 | 113.20 | 29.34
60 640.0 | 12967 | 108.58 | 29.36 709.4 | 14435 | 111.68 | 29.36
80 484.0 | 12995 | 106.18 | 29.40 536.2 14464 | 109.28 | 29.39
100 390.4 | 13022 | 104.31 | 29.43 432.2 | 14494 | 107.42 | 29.41
150 265.7 | 13093 | 100.92 | 29.51 293.6 14587 | 104.03 | 29.48
200 203.4 | 13164 98.50 | 29.57 224.3 | 14642 | 101.62 | 29.53
250 166.0 | 13237 96.63 | 29.63 182.7 | 14717 99.75 | 29.57
300 141.0 | 13312 95.10 | 29.65 155.0 | 14794 98.22 | 29.61
400 109.8 | 13468 92.68 | 29.76 120.3 | 14948 95.81 | 29.68
500 91.10 | 13617 90.80 | 29.82 99.48 | 15105 93.94 | 29.73
600 78.59 | 13773 80.27 | 29.87 85.57 | 15264 9242 | 29.77
800 62.93 | 14090 86.87 | 29.93 68.13 | 15584 90.02 | 29.83
1000 53.48 | 14412 85.01 | 29.96 57.63 | 15907 88.16 | 29.85
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I: PURE SUBSTANCES

Thermodynamic properties of parahydrogen at different temperatures and pressures:

V (cm®/mole), I (J/mole), S and Cp (J/(mole-K)) [5, 7]

p, bar vV I S Cp vV I S Cy
T=14K T=16 K
1 26.23 | —621 | 10.02 | 13.23 26.82 | —-593 | 11.90 | 14.57
2 26.20 | —618 9.99 | 13.21 26.78 | —-591 | 11.87 | 14.52
4 26.14 | —614 9.96 | 13.17 26.71 | —-586 | 11.81 | 14.44
6 : 26.64 | —582 | 11.75 | 14.36
8 26.58 | —578 | 11.69 | 14.28
10 26.51 | —573 | 11.63 | 14.20
12 26.45 | —-569 | 11.57 | 14.13
14 26.39 | —564 | 11.52 | 14.06
16 26.33 | —560 | 11.46 | 13.99
18 26.27 | —566 | 11.41 | 13.92
20 26.21 | —551 | 11.35 | 13.86
30 25.94 | ~529 | 11.10 | 13.57
40 25.68 | ~507 | 10.86 | 13.31
50 25.45 | —465 | 10.64 | 13.08
60 25.23 | —463 | 10.43 | 12.87
T=18 K T=20K
1 27.561 | ~562 | 13.75 | 16.32 28.35 | —526 | 15.71 | 19.03
2 27.47 | -560 | 13.71 | 16.25 28.29 | —-524 | 15.66 | 18.94
4 27.38 | —556 | 13.64 | 16.13 28.19 | —520 | 15.57 | 18.75
6 27.30 | —552 | 13.56 | 16.01 28.09 | —516 | 15.49 | 18.58
8 27.22 | -548 | 13.49 | 15.90 27.99 | -512 | 15.40 | 18.42
10 27.14 | —543 | 1342 | 15.79 27.89 | —-508 | 15.32 | 18.27
12 27.07 | —539 | 13.36 | 15.69 27.80 | —504 | 15.24 | 18.12
14 27.00 | 535 | 13.29 | 15.59 27.71 | -500 | 15.16 | 17.98
16 26.92 | —531 | 13.23 | 15.50 27.62 | —496 | 15.08 | 17.85
18 26.85 | —526 | 13.16 | 15.40 27.54 | —492 | 15.01 | 17.72
20 26.79 | -522 | 13.10 | 15.32 27.46 | —488 | 14.94 | 17.61
30 26.46 | —501 | 12.60 | 14.92 27.08 | —468 | 14.58 | 17.08
40 26.17 | —480 | 12.53 | 14.58 26.74 | —447 | 14.28 | 16.64
50 25.91 | —458 | 12.28 | 14.28 26.43 | —426 | 13.99 | 16.27
60 25.66 | —437 | 12.04 | 14.01 26.15 | —405 | 13.72 | 15.95
80 2522 | —393 | 11.61 | 13.55 25.66 | —363 | 13.24 | 15.42
100 24.84 | —350 | 11.23 | 13.17 25.23 | —321 | 12.81 | 14.99
150 24.35 | —215 | 11.91 | 14.17
200 23.66 | —110 | 11.17 | 13.58
T=22 K T=24 K
1 1609.7 422 | 62.41 | 23.03 | 18755 468 | 64.40 | 22.59
2 29.31 | —484 | 17.54 | 22.09 | 869.8 434 | 57.73 | 2531
4 29.17 | —480 | 1743 | 21.79 3042 | —433 | 19.47 | 25.29
6 29.04 | —477 | 17.32 | 21.52 30.24 | —431 | 19.33 | 24.82
8 28.91 | —473 | 17.22 | 21.27 30.06 | —428 | 19.20 | 24.39
10 28.79 | —470 | 17.12 | 21.04 20.90 | —425 | 19.08 | 24.01




1: HYDROGEN AND HYDROGEN COMPOUNDS

21

continued
p, bar Vv I S Cp Vv I S Cy
12 28.67 | —466 17.02 | 20.82 20.74 | —422 18.95 | 23.66
14 28.56 | —462 16.93 | 20.62 29.59 | —419 18.84 | 23.35
16 28.45 | —459 16.83 | 20.43 2045 | —415 18.72 | 23.05
18 28.35 | —455 16.75 | 20.25 29.32 | —412 18.62 | 22.78
20 28.25 | —451 16.66 | 20.08 29.19 | —409 18.51 | 22.53
30 27.78 | —432 16.26 | 19.36 28.61 1 =391 18.03 | 21.50
40 27.38 | —413 15.80 | 18.78 28.12 | 373 17.61 | 20.72
50 27.02 | —-393 15.57 | 18.31 2769 | —354 17.24 | 20.11
60 26.70 | ~372 15.27 | 17.91 27.31 | 335 16.90 | 19.60
80 26.13 | —331 14.73 | 17.27 26.66 | —295 16.30 | 18.81
100 25.66 | —290 14.25 | 16.77 26.12 | —255 15.78 | 18.21
150 24.69 | —186 13.27 | 15.87 25.05 | —153 14.71 | 17.17
200 23.94 —82 12.47 | 15.25 24.24 —50 13.85 | 16.47
250 23.32 21 11.79 | 14.77 23.59 52 13.13 | 15.96
300 23.03 153 12.50 | 15.55
T=26 K T=28 K
i 2056.6 513 66.22 | 22.29 | 2235.0 558 67.88 | 22.05
2 970.6 483 59.74 | 24.33 | 1067.6 532 61.54 | 23.66
4 414.7 410 52.07 | 32.45 476.4 472 54.34 | 28.86
6 31.82 | =377 21.51 | 29.21 34.15 | =311 23.95 | 37.32
8 31.56 | —-375 21.33 | 28.38 33.68 | —-312 23.67 | 35.07
10 31.32 | —373 21.16 | 27.67 33.27 | 312 23.42 | 33.36
12 31.09 | =371 21.00 | 27.04 3291 | -312 23.19 | 32.00
14 30.89 | —369 20.85 | 26.49 32.59 | 311 22.98 | 30.89
16 30.69 | —366 20.71 | 26.01 32.29 | =310 22.79 | 29.95
18 30.51 | —-364 20.57 | 25.57 32.02 | —308 22.61 | 29.16
20 30.33 | -361 20.44 | 25.17 31.77 | =307 22.44 | 28.47
30 29.58 | —346 19.86 | 23.63 30.75 | —296 21.72 | 26.00
40 28.97 | —330 19.37 | 22.54 29.96 | —282 21.13 | 24.44
50 2845 | —312 18.94 { 21.72 29.32 | —266 20.63 | 23.33
60 28.00 | —294 18.55 | 21.07 28.78 | —250 20.19 | 22.49
80 27.25 | —2h6 17.88 | 20.09 2790 | -214 19.43 | 21.26
100 26.63 | —-217 17.31 | 19.37 2719 | —-177 18.80 | 20.39
150 2545 | —118 16.15 | 18.15 25.87 -79 17.54 | 18.97
200 24.57 -16 15.23 | 17.36 24.91 20 16.567 | 18.06
250 23.86 85 14.47 | 16.78 24.15 120 15.76 | 17.43
300 23.27 185 13.81 | 16.34 23.53 220 15.06 | 16.94
T=30 K T=32 K
1 24114 602 69.42 | 21.87 | 2586.2 645 70.83 | 21.71
2 1161.9 579 63.17 | 23.17 | 125643 625 64.66 | 22.79
4 532.5 528 56.28 | 26.90 585.2 580 57.98 | 25.64
6 316.0 465 51.44 | 33.96 358.4 528 53.50 | 30.13
8 196.4 374 46.74 | 55.66 240.2 464 49,66 | 38.60
10 36.46 | —234 26.11 | 46.67 160.9 373 45.59 | 63.42
12 35.69 | —239 25.71 | 41.93 42.07 | —-125 29.40 | 92.89




22 I: PURE SUBSTANCES
continued

p, bar vV I S Cy |14 I S Cp
14 35.07 | —242 | 25.37 38.77 39.69 | —147 | 2845 62.67
16 34.54 | —244 | 25.08 36.47 38.30 | -159 | 27.83 51.79
18 34.09 | —245 | 24.82 34.71 37.30 | —-167 | 27.36 45.83
20 33.70 | —245 | 24.58 33.30 36.52 | —-172 | 26.98 41.96
30 32.19 | —241 | 23.63 28.96 34.05 | ~180 | 25.62 32.99
40 31.14 | =231 22.91 26.61 32.57 | ~176 | 24.71 29.25
50 30.33 | —-218 | 22.32 25.08 31.51 | ~166 | 24.00 27.07
60 29.67 | —203 | 21.81 23.97 30.68 | —154 | 23.41 25.61
80 28.62 | —170 | 20.96 22.44 2942 | 125 | 2245 23.69
100 27.80 { —135 | 20.27 21.40 28.48 -92 | 21.68 22.44
150 26.32 -41 18.90 19.75 26.81 -1 20.20 20.55
200 256.27 57 17.86 18.74 25.66 94 19.09 19.42
250 24.46 155 17.00 18.03 24.78 191 18.19 18.65
300 23.80 254 16.27 17.50 24.08 289 17.42 18.07
400 22.97 483 16.14 17.30

T=34 K =36 K
1 2759.8 689 | 72.13 21.50 | 29324 732 | 73.36 21.48
2 1345.2 670 | 66.02 22.49 | 1435.0 715 | 67.30 22.25
4 635.8 630 | 59.50 24.75 684.8 680 | 60.89 24.09
6 397.0 586 | 55.25 27.94 433.3 640 | 56.80 26.51
8 275.0 535 | 51.79 32.85 306.0 598 | 53.58 20.84
10 198.6 473 | 48.60 41.63 228.0 549 | 50.76 34.73
12 142.7 390 | 45.18 62.40 174.0 492 | 48.06 42.65
14 91.25 245 | 40.22 | 171.37 133.1 421 45.26 57.23
16 50.25 7 | 32.83 { 160.93 99.25 328 | 42.03 87.80
18 44.22 —-46 | 30.98 83.42 71.81 209 | 38.24 | 128.34
20 41.66 =70 1 30.04 63.49 56.14 110 | 35.14 | 115.08
30 36.58 | —108 | 27.78 38.91 40.30 -21 30.24 47.97
40 34.35 | —114 | 26.57 32.57 36.62 —44 | 28.55 36.79
50 3291 | —-110 | 25.70 29.40 34.60 —48 | 27.46 32.13
60 31.85 | —101 25.01 27.43 33.22 —~44 | 26.63 29.47
80 30.32 76 | 23.92 25.02 31.33 —24 | 2540 26.44
100 29.21 —45 | 23.06 23.54 30.02 3 | 2444 24.68
150 27.33 41 21.46 21.39 27.89 85 22.71 22.25
200 26.07 134 | 20.28 20.15 26.50 176 21.45 20.90
250 25.12 230 19.33 19.30 25.48 269 | 20.45 20.00
300 24.37 326 18.52 18.69 24.67 364 19.61 19.34
400 23.21 518 17.19 17.86 23.45 555 18.23 18.47
T=38 K T=40 K

1 3104.1 775 | 74.54 21.39 | 3275.2 818 | 75.63 21.34
2 1523.8 759 | 68.52 22.05 | 1611.8 803 | 69.63 21.91
4 732.7 727 | 62.20 23.59 779.6 774 | 63.39 23.21
6 468.0 692 | 58.22 25.50 501.5 743 59.50 24.76
8 334.7 655 | 55.16 27.94 361.9 710 | 56.55 26.65




1: HYDROGEN AND HYDROGEN COMPOUNDS 23
continued

p, bar |4 I S Cy |4 I S Cy
10 253.8 614 52.55 | 31.18 277.6 674 54,08 | 29.00
12 198.9 569 50.18 | 35.66 220.8 636 51.87 | 31.98
14 158.7 517 47.89 | 42.14 179.8 595 49.86 | 35.84
16 1275 458 45.58 | 51.85 148.5 550 47.92 | 40.87
18 102.3 390 43.18 | 65.93 123.9 500 46.00 | 47.36
20 82.41 313 40.69 | 81.37 104.0 446 44,09 | 55.19
30 46.20 86 33.16 | 59.36 55.08 211 36.36 | 54.08
40 39.62 37 30.68 | 41.89 43.64 123 32.98 | 46.97
50 36.66 20 29.29 | 35.24 39.21 93 31.17 | 38.52
60 34.81 17 28.30 | 31.71 36.90 83 29.98 | 34.07
80 32.45 30 26.87 | 27.92 33.72 87 28.34 | 29.46
100 30.91 53 25.83 | 25.85 31.88 106 27.17 |} 27.03
150 28.48 130 23.96 | 23.12 29.12 178 25.16 | 23.90
200 26.95 218 22.63 | 21.66 27.44 262 23.74 | 2242
250 25.85 310 21.57 | 20.70 26.24 352 22.64 | 2141
300 24.99 403 20.69 | 20.00 25.32 444 21.72 | 20.66
400 23.70 592 19.26 | 19.09 23.96 631 20.25 | 19.72
500 20.95 813 19.08 | 19.20

T=50 K T=60 K

1 4123.9 1030 80.37 | 21.25 | 4966.1 1244 84.27 | 21.59
2 2045.2 1020 7447 | 21.56 | 2471.8 1236 78.42 | 21.79
4 1005.9 1000 68.44 | 22.22 1224.8 1221 74.48 | 22.20
6 659.5 979 64.79 | 22.94 809.3 1206 68.93 | 22.62
8 486.3 958 62.12 | 23.72 601.6 1191 66.35 | 23.06
10 382.3 937 59.96 | 24.57 477.1 1176 64.32 | 23.51
12 313.1 915 58.14 | 25.48 394.1 1170 62.62 | 23.99
14 263.6 893 56.55 | 26.48 335.0 1145 61.16 | 24.47
16 226.5 870 55.12 | 27.55 290.7 1130 59.86 | 24.98
18 197.7 847 53.81 | 28.71 256.3 1115 58.70 | 25.59
20 174.7 824 52.60 | 29.95 228.8 1099 57.64 | 26.04
30 106.8 704 47.49 | 36.74 147.1 1024 53.33 | 28.85
40 75.60 596 43.54 | 41.25 107.3 952 50.06 | 31.53
50 59.91 516 40.60 | 41.39 84.66 888 47.40 | 33.48
60 51.32 464 38.46 | 39.48 70.63 835 45.24 | 34.40
80 42.63 415 35.62 | 35.14 55.09 766 42.02 | 34.14
106 38.26 403 33.78 | 31.94 47.07 731 39.75 | 32.88
150 32.92 436 30.92 | 27.63 37.82 725 36.18 | 29.75
200 30.20 503 29.10 | 25.56 33.58 770 33.97 | 27.66
250 28.44 582 27.75 | 24.34 31.03 836 32.38 | 26.32
300 27.15 666 26.66 | 23.53 29.27 912 31.13 | 25.42
400 25.35 843 24.96 | 22.43 26.91 | 1077 29.22 | 24.25
500 24.09 | 1024 23.63 | 21.70 25.34 | 1250 27.76 | 23.50
600 23.15 | 1205 22.55 | 21.36 24.19 | 1427 26.59 | 22.96




24 I: PURE SUBSTANCES
continued
p, bar |4 I S Cp v I S Cp
T=70K T=80 K
1 5804.9 1464 87.65 | 22.14 | 5641.7 1694 90.73 | 23.72
2 2894.9 1458 81.83 | 22.57 { 3316.0 1689 84.92 | 23.83
4 1440.1 1445 75.94 | 22.85 1653.3 1680 79.06 | 24.03
6 955.3 1434 72.44 | 23.13 | 1099.2 1671 75.60 | 24.23
8 713.0 1423 69.93 | 23.42 822.3 1662 73.11 | 24.44
10 567.7 1411 67.95 | 23.71 656.2 1652 71.17 | 24.65
12 471.0 1400 66.31 | 24.01 545.6 1643 69.56 | 24.86
14 401.8 1388 64.90 | 24.31 466.6 1634 68.19 | 25.07
16 350.2 1377 63.67 | 24.62 407.4 1626 66.99 | 25.23
18 310.0 1365 62.57 | 24.93 361.4 1617 65.92 | 25.49
20 277.9 1354 61.57 | 25.24 324.6 1608 64.96 | 25.70
30 182.2 1299 57.59 | 26.82 214.9 1566 61.15 | 26.74
40 135.0 1248 54.62 | 28.36 160.5 1527 58.35 | 27.75
50 1074 1201 52.23 | 29.72 128.4 1491 56.11 | 28.68
60 89.56 { 1159 50.24 | 30.77 107.3 1456 54.24 | 29.48
80 68.57 | 1094 47.09 | 31.78 81.85 | 1405 51.24 | 30.59
100 57.11 | 1055 44,74 | 3L.77 67.40 | 1367 48.92 | 31.06
150 43.57 | 1027 40.82 | 30.44 49.76 | 1333 4491 | 30.78
200 37.49 | 1054 38.34 | 28.98 41.79 | 1349 42.27 | 29.98
250 33.98 | 1107 36.55 | 27.81 37.22 | 1391 40.35 | 29.15
300 31.64 | 1179 35.16 | 26.91 34.23 | 1450 38.85 | 28.41
400 28.62 | 1327 33.07 | 25.70 30.47 | 1591 36.60 | 27.26
500 26.68 | 1492 31.49 | 24.93 28.13 | 1749 34.92 | 26.48
600 25.30 | 1663 30.23 | 24.36 26.47 | 1915 33.58 | 25.91
800 23.41 | 2012 28.28 | 23.55 24.26 | 2255 31.51 | 25.03
T=90K T=100 K

1 7477.2 1939 93.61 | 25.33 | 8311.2 2201 96.37 | 27.07
2 3735.8 1935 87.81 | 25.41 | 4154.7 2198 90.58 | 27.13
4 1865.2 1928 81.98 | 25.57 | 2076.3 2192 84.76 | 27.26
6 1241.8 1920 78.53 | 25.72 1383.6 2186 81.33 | 27.38
8 930.2 1913 76.07 | 25.88 1037.3 2180 78.88 | 27.51
10 743.3 1906 74.15 | 26.04 829.6 2174 76.97 | 27.63
12 618.8 1898 72.56 | 26.19 691.1 2168 75.40 | 27.75
14 529.9 1891 71.21 | 26.35 592.3 2162 74.07 | 27.87
16 463.2 1884 70.03 | 26.51 518.2 2157 72.90 | 27.99
18 4114 1877 69.99 | 26.66 460.6 2151 71.87 | 28.11
20 370.1 1870 68.04 | 26.82 414.6 2145 70.94 | 28.23
30 246.2 1837 64.34 | 27.57 276.8 2119 67.31 | 28.81
40 184.8 1807 61.64 | 28.29 208.2 2095 64.68 | 29.36
50 148.2 1778 59.50 | 28.97 167.4 2072 62.59 | 29.88
60 124.2 1753 57.71 | 29.58 140.4 2052 60.86 | 30.35
80 94.67 | 1710 54.83 | 30.54 107.1 2018 58.07 | 31.16
100 77.67 | 1678 52.58 | 31.13 87.63 | 1992 55.89 | 31.73




1: HYDROGEN AND HYDROGEN COMPOUNDS 25
continued
p, bar 14 I S Cy Vv I S Cy
150 56.15 | 1643 48.57 | 31.41 62.59 | 1962 51.92 | 32.30
200 46.30 | 16563 45.86 | 31.03 50.92 | 1970 49.19 | 32.20
250 40.67 | 1690 43.86 | 30.52 44,23 | 2002 47.15 | 31.92
300 36.99 ; 1742 42,29 | 29.99 39.87 | 2050 45.53 | 31.58
400 32.43 | 1873 39.91 | 29.03 34,49 | 2172 43.06 | 30.88
500 29.65 | 2023 38.14 | 28.29 31.24 | 2316 41.22 | 30.23
600 27.72 | 2183 36.73 | 27.74 29.02 | 2470 39.76 | 290.72
800 25.17 | 2514 34.56 | 26.90 26.12 | 2793 37.561 | 28.96
1000 23.53 | 2854 32.93 | 26.15 24.26 | 3126 35.81 | 28.27
' T=120 K T=140 K

1 99794 | 2775 | 101.59 | 30.19 | 11645 3402 | 106.37 | 32.11
2 4990.8 | 2773 95.81 | 30.23 | 5825.5 | 3400 | 100.59 | 32.15
4 2496.6 | 2769 90.01 { 30.32 § 29155 | 3398 94.80 | 32.21

6 1665.3 | 2765 86.60 | 30.40 1945.6 | 3395 91.41
8 1249.7 | 2761 84.17 | 30.48 1460.7 | 3392 88.99 | 32.33
10 1000.3 | 2757 82.28 | 30.57 1169.7 | 3390 87.11 | 32.39
12 834.2 | 2753 80.73 | 30.65 975.8 | 3387 85.56 | 32.44

14 715.5 | 2750 79.41 | 30.73 837.3 | 3385 84.26
16 626.5 | 2746 78.26 | 30.81 733.5 | 3383 83.12 | 32.56

18 557.3 | 2742 77.25 | 30.89 652.7 | 3380 82.12
20 502.0 | 2738 76.34 | 30.97 588.1 | 3378 81.22 | 32.67
30 336.3 | 2721 72.79 | 31.35 3945 | 3367 77.72 | 32.94
40 253.6 | 2706 70.24 | 31.71 297.9 | 3358 75.22 | 33.20
50 204.9 1 2692 68.23 | 32.05 240.0 | 3350 73.25 | 33.44
60 171.5 | 2689 66.57 | 32.36 201.6 | 3343 71.63 | 33.66
80 130.9 | 2658 63.91 | 32.93 153.8 | 3332 69.05 | 34.07
100 106.8 | 2643 61.82 | 33.40 126.3 | 3324 67.02 | 34.43
150 75.36 | 2626 57.97 | 34.15 87.86 | 3322 63.29 | 35.11
200 60.27 | 2636 55.26 } 34.41 69.55 | 3338 60.62 | 35.48
250 51.50 | 2665 53.19 | 34.42 58.83 | 3369 58.57 | 35.64
300 45.80 | 2709 51.54 | 34.35 51.81 | 3413 56.91 | 35.70
400 38.78 | 2822 48.99 | 34.11 43.19 | 3524 54.34 | 35.69
500 34.57 | 2956 47.05 } 33.79 38.04 | 3654 52.38 | 35.60
600 31.74 | 3101 45.51 | 33.46 34.58 | 3795 50.80 | 35.46
800 28.11 | 3411 43.13 | 32.91 30.18 | 4096 48.36 | 35.13
1000 25.81 | 3732 41.33 | 32.48 27.45 | 4410 46.50 | 34.86

T=160 K T=180 K

1 13311 4045 | 110.74 | 32.89 | 14975 4712 | 114.64 | 32.82
2 6659.2 | 4044 | 104.97 | 32.91 7492.4 | 4711 | 108.87 | 32.84
4 3333.5 | 4043 99.19 ] 32.96 § 3751.0 | 4710 | 103.09 | 32.88

6 2225.0 | 4041 95.80 2503.9 | 4709 99.70
8 1670.8 | 4040 93.39 | 33.05 1880.3 | 4709 97.29 | 32.94
10 1338.3 | 4038 91.51 | 33.09 1506.2 | 4708 95.42 | 32.98
12 1116.6 | 4037 89.98 | 33.19 1256.8 | 4707 93.89 | 33.01

14 958.3 | 4035 88.68 1078.7 | 4707 92.59




26 I: PURE SUBSTANCES
continued
p, bar vV I S | G 14 I S Cp

16 839.6 | 4034 87.55 | 33.22 945.1 | 4706 91.47 | 33.08

18 747.2 | 4032 86.55 841.2 | 4705 90.48
20 673.4 | 4031 85.65 | 33.30 758.1 | 4705 89.59 | 33.14
30 452.0 | 4025 82.19 | 33.51 508.9 | 4702 86.15 | 33.30
40 341.4 | 4020 79.72 | 33.70 384.4 | 4701 83.69 | 33.45
50 275.1 | 4016 77.78 | 33.88 309.8 | 4700 81.77 | 33.59
60 231.1 | 4013 76.18 | 34.05 260.1 | 4700 80.20 | 33.72
80 176.2 | 4009 73.65 | 34.36 198.2 | 4701 77.69 { 33.96
100 143.4 | 4008 71.66 | 34.63 161.1 | 4705 75.74 | 34.18
150 100.1 | 4018 68.01 | 35.19 112.0 | 4725 72.14 | 34.63
200 78.72 | 4042 65.40 | 35.57 87.74 | 4756 69.57 | 34.97
250 66.11 | 4077 63.37 | 35.79 73.31 | 4796 67.58 | 35.20
300 57.82 | 4122 61.73 1 35.90 63.79 | 4844 65.95 | 35.34
400 47.61 | 4234 59.16 | 36.00 52.01 | 4958 63.40 | 35.49
500 41.63 | 4364 57.20 | 36.04 45.03 | 5089 61.44 | 35.57
600 37.46 | 4503 55.61 | 36.03 40.35 | 5229 59.86 | 35.62
800 32.30 | 4800 53.14 | 35.90 34.44 | 5525 57.37 | 35.63
1000 29.12 | 5110 51.256 | 35.73 30.80 | 5832 55.47 | 35.55

T=200 K T=220 K

1 16640 5367 | 118.10 | 32.41 | 18303 | 6004 | 121.15 | 31.76
2 8325.2 | 5367 | 112.33 | 32.43 9157.7 | 6004 | 115.38 | 31.77
4 4168.0 | 5367 | 106.56 | 32.45 4584.8 | 6005 | 109.61 | 31.79

6 2782.3 | 5366 | 103.17 3060.5 | 6005 | 106.23
8 2089.5 | 5366 | 100.77 { 32.51 22084 | 6005 | 103.83 | 31.84
10 1673.8 | 5366 98.90 | 32.54 1841.1 | 6006 | 101.96 | 31.86
12 1396.7 | 5366 97.38 | 32.56 1536.3 | 6006 | 100.44 | 31.88

14 1198.8 | 5366 96.08 1318.6 | 6006 99.15
16 1050.3 | 5366 94.96 | 32.62 1153.3 | 6007 98.03 | 31.93

18 934.9 | 5366 93.97 1028.3 | 6007 97.04
20 842.5 | 5366 93.08 | 32.67 926.7 | 6008 96.15 | 31.97
30 565.5 | 5366 89.66 | 32.79 621.9 | 6010 92.74 | 32.07
40 427.1 | 5367 87.22 | 32.91 469.6 | 6014 90.31 | 32.17
50 3442 | 5369 85.31 | 33.02 378.3 | 6017 88.41 | 32.26
60 288.9 | 58371 83.75 | 33.13 317.4 | 6021 86.86 | 32.35
80 219.9 | 5377 81.27 | 33.33 241.5 | 6031 84.39 | 32.51
100 178.6 | 5385 79.33 | 33.50 196.0 | 6042 82.47 | 32.65
150 123.8 | 5413 75.78 | 33.87 135.5 | 6077 78.95 | 32.96
200 96.64 | 5450 73.24 | 34.16 105.4 | 6119 76.44 | 33.21
250 80.43 | 5495 71.27 | 34.38 87.48 | 6168 74.49 | 33.40
300 69.70 | 5546 69.65 | 34.52 75.57 | 6222 72.89 | 33.55
400 56.42 | 5663 67.12 | 34.69 60.79 | 6343 70.37 } 33.72
500 48.51 | 5795 65.18 | 34.78 51.98 | 6477 68.43 | 33.81
600 43.24 | 5937 63.60 | 34.85 46.11 | 6620 66.86 | 33.88
800 36.58 | 6233 61.11 | 34.94 38.73 | 6918 64.39 | 34.00
1000 32.50 | 6540 59.21 | 34.93 34.21 | 7225 62.49 | 34.05




1: HYDROGEN AND HYDROGEN COMPOUNDS

27

continued
p, bar Vv I S Co Vv I S Cp
T=240 K T=260 K
1 19967 6631 | 123.88 | 31.16 | 21631 7248 | 126.41 | 30.67
2 9990.0 6632 | 118.11 | 31.17 | 10822 7248 | 120.64 | 30.67
4 5001.3 6632 | 112.34 | 31.18 5417.8 7249 | 114.87 | 30.69
6 3338.5 6633 | 108.97 3616.3 7250 | 111.49
8 2507.1 6634 | 106.57 | 31.22 2715.6 7251 | 109.10 | 30.72
10 2008.2 6635 | 104.70 | 31.24 2175.2 72562 | 107.24 | 30.74
12 1675.7 | 6635 | 103.18 | 31.26 1814.9 7254 | 105.71 | 30.75
14 1438.1 6636 | 101.89 1557.6 7255 | 104.43
16 1260.0 | 6637 | 100.77 | 31.29 1364.6 7256 | 103.31 | 30.78
18 1121.4 6638 99.79 1214.5 7257 | 102.32
20 1010.6 6639 98.90 | 31.33 1094.4 7258 | 101.44 | 30.81
30 678.1 6643 95.50 | 31.41 734.2 7264 98.04 | 30.88
40 511.9 6648 93.07 | 31.49 554.1 7271 95.62 | 30.95
50 412.2 6653 91.18 | 31.57 446.1 7277 93.74 | 31.01
60 345.8 6659 89.64 | 31.64 374.1 7284 92.20 | 31.08
80 262.9 6672 87.19 | 31.78 284.2 7299 89.76 | 31.19
100 213.2 6686 85.27 | 31.90 230.3 7316 87.86 | 31.30
150 147.1 6726 81.78 | 32.16 158.5 7361 84.38 | 31.52
200 114.1 6773 79.29 | 32.37 122.8 7412 81.91 { 31.70
250 94.47 | 6825 77.35 | 32.54 101.4 7467 79.98 1 31.85
300 81.40 | 6882 75.76 | 32.68 87.18 | 7526 78.40 | 31.98
400 65.14 | 7006 73.26 | 32.85 69.46 | 7654 75.92 | 32.15
500 55.43 | 7142 71.33 | 32.95 58.87 | 7792 73.99 | 32.24
600 48.98 | 7286 69.77 | 33.01 51.83 | 7937 72.43 | 32.31
800 40.86 | 7587 67.31 | 33.13 42.99 | 8241 69.98 | 32.41
1000 35.90 | 7806 65.41 | 33.21 37.60 | 8551 68.09 | 32.51
T=280 K T=300 K
1 23294 7851 | 128.65 | 30.27 | 24958 8466 | 130.70 | 29.94
2 11654 7851 | 122.89 | 30.28 | 12466 8467 | 124.93 | 29.94
4 5834.0 | 7853 | 117.12 { 30.29 6250.2 8468 | 119.17 | 29.95
6 3894.0 7854 | 113.74 4171.6 8470 | 115.79
8 2924.0 7855 | 111.35 | 30.32 3132.3 8472 | 113.39 | 29.97
10 2342.0 7857 | 109.49 | 30.33 2506.8 8473 | 111.54 | 29.98
12 1954.0 7858 | 107.97 | 30.34 2093.1 8475 | 110.02 | 30.00
14 1676.9 7860 | 106.68 1796.1 8477 | 108.73
16 1469.0 7861 | 105.56 | 30.37 1573.4 8478 | 107.61 | 30.02
18 1307.4 | 7863 | 104.58 1400.2 8480 | 106.63
20 1178.1 7864 | 103.70 | 30.39 1261.7 8482 | 105.75 | 30.04
30 790.1 7871 | 100.30 | 30.45 846.0 8490 | 102.36 { 30.09
40 596.2 7879 97.89 | 30.51 638.2 8499 99.95 | 30.15
50 479.8 | 7887 96.01 | 30.57 513.5 8508 98.37 | 30.19
60 402.3 7895 94.47 | 30.62 430.4 8517 96.54 | 30.23
80 3054 7912 92.04 | 30.72 326.5 8536 94.21 | 30.32
100 247.3 7930 90.15 | 30.81 264.3 8556 92.23 | 30.40




28 I: PURE SUBSTANCES
continued
p, bar v I S Cy 14 I S Cp
150 170.0 7980 86.69 | 31.00 181.4 8609 88.78 { 30.59
200 1314 8034 84.23 | 31.16 140.0 8686 86.33 | 30.71
250 108.3 8092 82.31 | 31.29 115.2 8727 84.42 | 30.83
300 92.94 | 8154 80.74 | 31.41 98.67 | 8791 82.86 | 30.93
400 73771 8285 78.26 | 31.57 78.06 | 8925 80.39 | 31.08
500 62.30 | 8425 76.35 | 31.66 65.72 | 9097 78.49 | 31.17
600 54.67 | 8572 74.79 | 31.79 57.51 | 9215 76.93 | 31.23
800 45.10 | 8877 72.35 | 31.82 47.22 1 9522 74.50 | 31.32
1000 39.29 | 9189 70.47 | 31.92 40.98 | 9836 72.62 | 31.41
T=350 K T=400 K

1 29116 9950 ] 135.28 | 29.50 | 33273 11420 § 139.20 | 29.34
2 14565 9951 | 129.51 | 29.50 | 16645 11421 | 133.44 | 29.34
4 7290.4 9953 | 123.75 | 29.51 8330.3 | 11424 | 127.67 | 29.35

6 4866.4 9955 | 120.37 55568.8 | 11426 | 124.30
8 3652.8 9957 | 117.98 | 29.53 4173.1 11428 | 121.91 | 29.36
10 2925.3 9959 | 116.12 | 29.54 3341.6 | 11431 | 120.05 | 29.36
12 2440.3 9961 | 114.60 | 29.54 2787.3 | 11433 | 118.53 | 29.37

14 2093.9 9964 | 113.32 23914 | 11436 | 117.25
16 1834.1 9966 | 112.21 | 29.56 2004.5 | 11438 | 116.14 | 29.38

18 1632.0 9968 | 111.22 1863.5 | 11441 | 115.16
20 1470.3 9970 | 110.24 | 29.57 1678.8 | 11443 | 114.28 | 29.39
30 985.4 9981 | 106.96 | 29.61 11245 | 11455 | 110.90 | 29.42
40 742.9 9991 | 104.56 | 29.65 847.3 | 11468 | 108.50 | 29.44
50 597.4 | 106002 | 102.69 | 29.68 681.0 | 11480 | 106.63 | 29.47
60 500.0 | 10014 | 101.16 | 29.71 570.2 | 11493 | 105.11 | 29.49
80 379.2 | 10036 98.74 | 29.78 431.7 | 11518 | 102.70 | 29.54
100 306.5 | 10059 96.87 | 29.84 348.5 | 11544 | 100.83 | 29.59
150 209.6 | 10120 93.45 | 29.96 237.7 | 11610 97.42 | 29.68
200 161.2 | 10183 91.01 | 30.07 182.3 | 11678 95.00 | 29.76
250 132.2 | 10259 89.12 { 30.16 149.1 11748 93.12 | 29.83
300 112.9 | 10317 87.57 | 30.23 127.0 | 11819 91.58 | 29.89
400 88.72 | 10458 85.13 | 30.36 99.30 | 11966 89.15 | 29.99
500 74.23 | 10605 83.23 | 30.44 82.68 | 12116 87.27 | 30.07
600 64.57 | 10756 81.69 | 30.50 71.60 | 12270 85.73 | 30.12
800 52.47 | 11067 79.27 | 30.57 57.71 | 12584 83.32 | 30.19
1000 45.17 | 11384 77.40 | 30.63 49.33 | 12904 81.46 { 30.23

T=450 K T=500 K

1 37431 12884 | 142.58 | 29.29 | 41588 14349 | 145.74 | 29.29
2 18724 12885 | 136.82 | 29.29 | 20803 14351 | 139.97 | 29.29
4 9369.9 | 12888 | 131.056 | 29.30 | 10410 14354 | 134.21 | 29.29

6 6252.1 12890 | 127.68 6945.2 | 143567 | 130.84
8 4693.1 12893 | 125.29 | 29.31 5213.0 | 14359 | 128.44 | 29.30
10 3757.7 | 12896 | 123.43 | 29.31 4173.7 | 14362 | 126.59 | 29.30
12 3134.2 ] 12898 1 121.91 { 29.32 3480.9 | 14365 | 125.07 { 29.30

14 2688.7 | 12901 | 120.63 2986.0 | 14368 | 123.79




1: HYDROGEN AND HYDROGEN COMPOUNDS

29

continued
p, bar vV I S Gy vV 1 S C,
16 2354.7 12904 | 119.52 | 29.32 | 2614.8 14371 | 122.68 | 29.31
18 2094.9 12907 | 118.54 2326.1 14374 | 121.70
20 1887.0 12909 | 117.66 | 29.33 | 2095.1 14377 | 120.82 | 29.32
30 1263.4 12923 | 114.28 | 29.35 | 1402.3 14391 | 117.44 | 29.33
40 951.6 12936 | 111.89 | 29.37 | 1055.8 14405 | 115.05 | 29.35
50 764.6 12950 | 110.02 § 29.39 848.0 | 14420 | 113.19 | 29.36
60 640.0 12963 | 108.50 | 29.41 709.4 | 14434 | 111.67 | 29.38
80 484.0 12991 | 106.10 | 29.45 536.2 | 14463 | 109.27 | 29.41
100 390.4 13018 | 104.23 | 29.48 432.2 | 14493 | 107.41 | 29.43
150 265.7 13089 | 100.84 | 29.56 293.6 14586 | 104.02 | 29.50
200 203.4 13160 98.42 | 29.62 224.3 14641 | 101.61 | 29.55
250 166.0 13233 96.55 | 29.68 182.7 | 14716 99.74 | 29.59
300 141.0 13308 95.02 | 29.73 155.0 14793 98.21 | 29.63
400 109.8 13459 92.60 | 29.81 120.3 14947 95.80 | 29.70
500 91.10 | 13613 90.72 | 20.87 99.48 | 15104 93.93 | 29.75
600 78.59 | 13769 89.19 { 29.92 85.57 | 15263 9241 | 29.79
800 62.93 | 14086 86.79 | 29.98 68.13 | 15583 90.01 | 29.85
1000 53.48 | 14408 84.93 | 30.01 57.63 | 15906 88.15 | 29.87
Thermodynamic properties of hydrogen at high temperatures:
V (cm®/mole), I (J/mole), S and Cp (I/(mole-K)) [5, 7]
p, bar 1% 1 S Cy |4 1 S Cy
T=500 K T=600 K
1 45746 16815 | 148.54 | 29.30 | 49903 17280 | 151.09 | 29.34
2 22881 15816 | 142.78 | 29.30 | 24960 17281 { 145.32 | 29.34
4 11449 15819 | 137.01 } 29.30 | 12788 17284 | 139.56 | 29.34
6 7638.2 | 15822 | 133.64 | 29.31 8331.2 | 17287 | 136.19 { 29.34
8 5732.9 | 15825 | 131.25 | 29.31 6252.6 | 17291 | 133.80 { 29.34
10 4589.6 | 156828 | 129.39 | 29.31 5005.5 | 17294 | 131.94 | 29.34
12 3827.5 | 15831 | 127.87 | 29.31 4174.0 | 17297 | 130.42 | 29.35
14 3283.1 | 15834 | 126.59 | 29.31 3580.2 | 17300 | 129.14 | 29.35
16 2874.8 | 15837 | 125.48 | 29.32 31347 | 17303 | 128.03 | 29.35
18 25567.2 | 15840 | 124.50 | 29.32 2788.3 | 17306 | 127.05 | 29.35
20 2303.2 | 15843 | 123.63 | 29.32 | 2511.2 | 173090 | 126.17 | 29.35
30 1541.0 | 15858 | 120.25 | 29.34 1679.7 | 173256 | 122.80 | 29.36
40 1159.9 | 15873 | 117.86 | 20.35 1264.0 | 17340 | 120.41 | 29.37
50 931.3 | 15888 | 116.00 | 29.36 1014.5 | 17356 | 118.55 | 29.38
60 778.8 | 15904 | 114.48 | 29.37 848.2 | 17371 | 117.03 | 29.39
80 588.3 | 15934 | 112.08 | 29.40 640.2 | 17403 | 114.64 | 29.41
100 474.0 | 15964 | 110.22 | 29.42 515.6 | 17434 | 112.78 | 29.43




30 I. PURE SUBSTANCES
continued

p, bar 14 I S Cy 14 I S Cy
150 321.5 16041 | 106.84 | 29.47 349.3 17513 | 109.40 | 29.47
200 245.2 16118 | 104.44 | 29.51 266.1 17592 | 107.00 | 29.51
250 199.5 16195 | 102.57 | 29.55 216.2 17671 | 105.14 | 29.54
300 169.0 16274 | 101.05 | 29.58 182.9 17751 | 103.62 | 29.57
400 130.8 16431 98.64 | 29.64 141.2 17911 | 101.22 | 29.61
500 107.8 16590 96.78 | 29.68 116.2 18092 99.35 | 29.65
600 92.53 | 16751 95.25 | 29.71 99.47 | 18334 97.84 | 29.68
800 73.33 | 17014 92.86 | 29.76 78.52 | 18559 95.64 | 29.72
1000 61.77 | 17561 90.22 | 29.79 65.90 | 18885 93.60 | 29.74

T=650 K T=700 K
1 54060 18747 | 153.43 | 29.39 | 58218 20218 | 155.61 | 29.45
2 27039 18749 | 147.67 | 29.39 | 29117 20219 | 149.85 | 29.45
4 13528 18752 | 141.91 | 29.39 | 14567 20223 | 144.08 | 29.45
6 9024.2 18755 | 138.54 | 29.39 9717.1 20226 | 140.71 | 29.45
8 6772.4 18758 | 136.14 | 29.39 7292.1 20229 | 138.32 | 29.45
10 5421.3 18761 | 134.29 { 29.39 5837.0 | 20233 | 136.46 | 29.45
12 4520.6 18765 | 134.95 | 29.39 4867.0 | 20236 | 134.95 | 29.46
14 3877.2 18768 | 131.49 | 29.39 41742 | 20239 | 133.67 | 29.46
16 3394.6 18771 | 130.38 | 29.40 3654.5 20242 | 132.56 | 29.46
18 3019.3 18774 | 129.40 | 29.40 3250.3 20246 | 131.58 | 29.46
20 2719.1 18776 | 128.52 | 29.40 2927.0 | 20249 ) 130.70 | 29.46
30 1818.4 18794 | 125.15 | 29.41 1957.0 | 20265 | 127.33 | 29.46
40 1368.0 18810 | 122.76 | 29.41 1472.0 | 20282 | 124.94 | 29.47
50 1097.8 18826 | 120.90 | 29.43 1180.9 20298 | 123.08 | 29.48
60 917.6 18842 | 119.39 | 29.44 986.9 20315 | 121.56 | 29.49
80 692.4 18874 | 116.99 | 29.45 7444 | 20348 | 119.17 | 29.50
100 557.3 18906 { 115.13 | 29.46 598.9 20381 | 117.31 | 29.51
150 377.1 18987 | 111.76 | 29.50 404.8 | 20463 | 113.94 | 29.54
200 286.9 19068 | 109.36 | 29.53 307.8 {20545 | 111.54 | 29.56
250 232.9 19148 | 107.50 | 29.55 249.5 | 20627 | 109.69 | 29.59
300 196.8 19229 ] 105.98 | 29.58 210.7 | 20709 | 108.17 | 29.61
400 151.6 19392 | 103.58 | 29.62 162.0 | 20873 | 105.77 | 29.64
500 124.5 19554 1 101.73 | 29.65 132.8 | 21037 | 103.92 | 29.67
600 106.4 19718 | 100.21 | 29.67 113.3 21201 | 102.40 | 29.69
800 83.71 | 20044 97.82 | 29.70 88.89 | 21530 | 100.02 | 29.71
1000 70.03 | 20371 95.97 { 29.72 74.16 | 21858 98.17 { 290.73
T=T750 K T=800 K

1 62375 21691 | 157.64 | 29.53 | 66532 23169 | 159.55 | 29.63
2 31196 21693 | 151.88 | 29.53 § 33275 23171 | 153.79 | 29.63
4 15606 21696 | 146.12 | 29.53 | 18646 23174 | 148.02 | 29.63
6 10410 21700 | 142.74 | 29.563 | 11103 23178 | 144.65 | 29.63
8 7811.7 | 21703 | 140.95 | 29.53 8331.4 | 23181 | 142.26 | 29.64
10 6252.8 21707 | 138.50 | 29.53 6668.5 23185 | 140.41 | 29.64
12 5213.5 21710 | 136.98 | 29.54 5559.9 23188 | 138.89 | 29.64
14 4471.1 21713 | 135.70 | 29.54 4768.1 23191 | 137.61 | 29.64




1: HYDROGEN AND HYDROGEN COMPOUNDS

31

continued

pbar |V I s | ¢ v I s ¢
16 39144 | 21717 | 134.59 | 29.54 4174.2 23195 | 136.50 | 29.64
18 3481.3 21720 | 133.61 | 29.54 3712.3 23198 | 135.52 | 29.64
20 3134.9 21723 | 132.73 | 29.54 3342.8 23202 | 134.64 | 29.64
30 2095.6 21740 | 129.36 | 29.55 2234.2 23219 | 131.27 | 29.65
40 1575.9 21757 | 126.97 | 20.55 1679.9 23236 | 128.98 | 29.65
50 1264.1 21774 | 125.11 | 29.56 1347.3 23252 | 127.02 | 29.65
60 1056.2 21790 | 123.60 | 29.56 1125.5 23269 | 125.51 | 29.66
80 796.4 | 21824 | 121.21 | 29.57 848.4 23303 | 123.12 | 29.67
100 640.5 21857 | 119.35 | 29.58 682.1 23337 | 121.26 | 29.68
150 432.6 21940 | 115.98 | 29.60 460.3 23422 | 117.89 | 29.70
200 328.6 22024 | 113.58 | 29.63 349.4 23506 | 115.50 | 29.71
250 266.2 22107 | 111.73 | 29.65 282.8 23590 | 113.64 | 29.73
300 224.5 22190 | 110.21 | 29.66 238.4 | 23674 | 112.12 { 29.74
400 172.4 22355 | 107.82 | 29.69 182.8 23841 | 109.74 | 29.77
500 141.2 22521 | 105.96 | 29.71 149.5 24017 | 107.88 | 29.79
600 120.3 22686 | 104.45 | 29.73 127.2 24173 | 106.37 | 29.80
800 94.06 | 23016 | 102.07 | 29.76 99.23 | 24504 | 103.99 | 20.82
1000 78.29 | 23344 | 100.22 | 29.77 82.41 | 24833 | 102.14 | 29.83

T=850 K T=900 K

1 76689 24655 | 161.35 | 29.75 | 74846 26145 | 162.95 | 29.89
2 35353 24657 | 155.59 | 20.75 | 37432 26146 | 157.29 | 29.89
4 17685 24660 | 149.82 | 29.75 | 16724 26150 | 151.52 | 29.89
6 11796 24664 | 146.45 | 29.76 | 12489 26153 | 148.15 | 29.89
8 8851.0 24667 | 144.06 | 29.76 9370.7 26157 | 145.76 | 29.89
10 7084.2 24670 | 142.21 | 29.76 7499.9 26160 | 143.91 | 29.89
12 6906.4 24674 | 140.69 | 29.76 6252.8 26163 | 142.39 | 29.89
14 5065.0 24677 | 139.41 { 29.76 5361.9 26167 | 141.11 | 29.89
16 4434.0 24681 | 138.30 | 29.76 4693.8 26171 | 140.00 | 29.89
18 3043.2 24684 | 137.32 | 29.76 4174.2 26174 | 139.02 | 29.89
20 3550.6 24688 | 136.44 | 29.76 37568.4 26178 | 138.14 | 29.89
30 2372.7 24705 | 133.07 | 29.76 2411.3 26195 | 134.77 | 29.90
40 1783.8 | 24722 | 130.68 | 29.77 | 1887.7 | 26210 | 132.38 | 29.90
50 14304 | 24739 | 128.83 | 29.77 | 1613.5 | 26230 | 130.53 | 29.90
60 1194.8 24756 | 127.31 | 29.78 1264.1 26247 | 129.01 ) 29.90
80 900.3 24791 | 124.92 | 29.78 952.3 26282 | 126.62 | 20.91
100 723.6 | 24825 | 123.06  29.79 765.2 26316 | 124,77 | 29.92
150 488.1 24910 | 119.69 | 29.81 515.7 26402 | 121.40 { 29.93
200 370.1 24995 | 117.30 | 29.82 390.3 26409 | 119.01 | 29.94
250 299.4 25080 | 115.45 | 29.83 316.0 26574 | 117.15 | 29.95
300 252.2 25165 | 113.93 | 29.85 266.1 26659 | 115.64 | 29.97
400 193.2 25333 | 111.45 | 29.87 203.6 26828 | 113.25 | 29.99
500 157.1 25500 | 109.69 | 29.89 166.0 26996 | 111.40 | 30.00
600 134.1 25667 | 108.18 | 29.90 141.0 27163 | 109.89 | 30.01
800 104.4 25998 | 105.80 | 29.92 109.7 27496 | 107.51 | 30.03
1000 86.53 | 26328 | 103.86 | 29.93 90.66 | 27826 | 105.66 | 30.03




32 I: PURE SUBSTANCES
continued
p, bar v I S c, v I s o
T=950 K T=1000 K
1 79004 27643 | 164.67 | 30.04 | 83161 29149 | 166.22 | 30.21
2 39510 27645 | 158.91 | 30.04 | 41589 29151 | 160.45 | 30.21
4 19754 27649 | 1563.15 | 30.05 | 26803 29154 | 154.69 | 30.21
6 13181 27652 | 149.77 | 30.05 { 13874 29158 | 151.32 | 30.21
8 9890.3 27656 | 147.38 | 30.05 | 10410 29162 | 148.93 | 30.21
10 7915.6 27659 | 145.53 | 30.05 8331.3 29165 | 147.17 | 30.21
12 6599.2 | 27663 | 144.01 | 30.05 6945.6 29169 | 145.56 | 30.21
14 5658.9 | 27666 | 142.73 | 30.05 | 5955.8 | 29173 | 144.27 | 30.21
16 4953.6 | 27668 | 141.62 | 30.05 | 5213.4 | 29176 | 143.16 | 30.21
18 4405.1 27673 | 140.64 | 30.05 4636.0 29179 | 142.19 | 30.21
20 3966.3 27677 | 139.76 { 30.05 4174.1 20183 | 141.31 | 30.21
30 2649.8 27694 | 136.40 | 30.05 2788.4 | 29200 | 137.94 | 30.22
40 1991.6 27712 | 134.00 | 30.05 2095.5 29218 | 135.65 | 30.22
50 1596.6 | 27729 | 132.15 | 30.06 1679.8 | 29235 | 133.69 | 30.22
60 1333.3 27747 | 130.63 | 30.06 1402.6 29253 | 132.18 | 30.22
80 1004.2 | 27781 | 128.24 | 30.06 | 1056.1 | 29288 | 129.79 | 30.23
100 806.7 | 27816 | 126.39 | 30.07 848.3 | 29323 | 127.93 | 30.23
150 543.2 27903 | 123.02 | 30.08 571.1 29410 | 124.57 | 30.24
200 4117 27989 | 120.63 | 30.09 432.4 29497 | 122.18 | 30.25
250 332.6 28095 | 118.78 | 30.10 349.2 20584 | 120.32 | 30.26
300 279.9 28161 | 117.26 | 30.11 293.7 | 29670 | 118.81 | 30.27
400 214.0 28331 | 114.88 | 30.13 224.3 29841 | 116.43 | 30.28
500 174.3 | 28500 | 113.00 | 30.14 182.6 | 30010 | 114.58 | 30.29
600 1474 28608 | 111.52 | 30.15 154.7 30179 | 113.07 | 30.30
800 1147 29001 | 109.13 | 30.16 119.9 30512 { 110.69 | 30.31
1000 94.78 | 29331 | 107.29 | 30.17 98.90 | 30843 | 108.84 | 30.31
T=1100 K T=1200 K
1 91475 32189 | 169.12 | 30.58 | 99789 35265 | 171.79 | 30.99
2 45746 32190 | 163.36 | 30.568 | 49903 35267 | 166.03 | 30.99
4 22881 32194 | 157.59 | 30.58 | 24960 35270 | 160.27 | 30.99
6 15260 32198 | 154.22 | 30.59 | 16646 35274 | 156.90 | 30.99
8 11449 32201 | 151.83 | 30.59 | 12488 36278 | 154.50 | 30.99
10 9162.7 32205 | 149.98 | 30.59 9994.0 35281 | 152.65 | 30.99
12 7638.4 32208 | 148.46 } 30.59 8331.4 | 35285 | 151.13 | 30.99
14 6549.6 32212 | 147.28 | 30.59 7143.4 35288 | 149.85 | 30.99
16 5733.0 32215 | 146.07 | 30.59 6252.5 35292 | 148.74 | 30.99
18 5097.9 32219 | 145.09 | 30.59 5559.7 | 35296 | 147.76 | 30.99
20 4589.7 32222 | 144.21 § 30.59 50056.4 35299 | 146.89 | 30.99
30 3065.4 32240 | 141.04 | 30.59 3342.5 35317 | 143.62 | 31.00
40 2303.3 | 32258 | 138.45 | 30.59 | 2b11.0 | 35335 | 141.13 | 31.00
50 1846.0 | 32276 | 136.60 | 30.59 {1 2012.2 | 35353 | 139.27 | 31.00
60 1541.1 32293 | 135.08 | 30.59 1679.6 35371 | 137.76 | 31.00
80 1160.0 | 32329 | 132.69 { 30.60 1263.8 | 35406 | 135.37 { 31.00
100 931.3 32364 | 130.84 | 30.60 10144 | 35442 | 133.51 | 31.00




1: HYDROGEN AND HYDROGEN COMPOUNDS 33
continued

p, bar 1% I S Cp 14 I S Cp
150 626.4 | 32452 | 127.47 | 30.60 681.8 | 35630 | 130.15 | 31.01
200 473.9 | 32540 | 125.08 | 30.61 515.4 | 35619 | 127.76 | 31.01
250 382.4 | 32627 | 123.23 | 30.62 415.6 | 35706 | 125.91 | 31.01
300 321.4 | 32714 | 121.72 | 30.62 349.0 | 35794 | 124.40 | 31.02
400 245.0 | 32886 | 119.34 | 30.63 265.8 | 35967 | 122.01 | 31.03
500 199.2 | 33057 | 11749 | 30.64 215.8 | 36138 | 120.16 | 31.03
600 168.6 | 33226 | 115.98 | 30.65 182.4 | 36308 | 118.65 | 31.04
800 130.2 | 33560 | 113.60 | 30.66 140.6 | 36643 | 116.28 | 31.05
1000 107.0 | 33891 | 111.76 | 30.66 115.4 | 36974 | 114.43 | 31.05

T=1300 K T=1400 K

1 108100 38386 | 174.29 | 31.43 | 116420 41551 | 176.64 | 31.87
2 54060 38388 | 168.53 | 31.43 | 58217 41553 | 170.88 | 31.87
4 27038 38392 | 162.76 | 31.43 | 29117 41556 | 165.11 | 31.87
6 16031 38395 | 169.39 | 31.43 | 19417 41560 | 161.74 | 31.87
8 13527 38399 | 157.00 | 31.43 | 14567 41564 | 159.35 | 31.87
10 10825 38403 | 155.15 | 31.43 | 11667 41567 | 157.50 | 31.87
12 9023.9 | 38406 | 153.63 | 31.43 9716.7 | 41571 | 155.98 | 31.87
14 7737.1 | 38410 | 152.35 | 31.43 8330.9 | 41574 | 154.70 | 31.87
16 6772.1 38413 | 151.24 | 31.43 7291.6 | 41578 | 153.69 | 31.87
18 6021.5 | 38417 | 150.26 | 31.43 6483.3 | 41582 | 152.61 | 31.87
20 5421.0 | 38421 | 149.38 | 31.43 5836.6 | 41585 | 151.73 | 31.87
30 3619.5 | 38439 | 146.01 | 31.43 3896.6 | 41603 | 148.36 | 31.87
40 2718.8 | 38457 | 143.62 | 31.43 2926.6 | 41621 | 145.97 | 31.87
50 2178.4 | 38474 | 141.77 | 31.43 2344.5 | 41639 | 144.12 | 31.87
60 1818.1 | 38492 | 140.25 | 31.44 1956.5 | 416567 | 142.60 | 31.87
80 1367.7 | 38528 | 137.96 | 31.44 1471.5 | 41693 | 140.21 | 31.87
100 1097.4 | 38564 | 136.01 | 31.44 1180.5 | 41729 | 138.36 | 31.88
150 737.1 | 38653 | 132.64 | 31.44 792.4 | 41818 | 134.99 | 31.88
200 556.9 | 38741 | 130.26 | 31.44 598.4 | 41907 | 132.61 | 31.88
250 448.8 | 38830 | 128.41 | 31.45 481.9 | 41995 | 130.76 | 31.88
300 376.7 | 38917 | 126.90 | 31.45 404.3 | 42083 | 129.25 | 31.88
400 286.5 | 39091 | 124.51 | 31.45 307.2 | 42257 | 126.86 | 31.89
500 232.3 | 39263 | 122.66 | 31.46 248.9 | 42430 | 125.01 | 31.89
600 196.2 | 39433 | 121.16 | 31.46 209.9 | 42600 | 123.51 | 31.89
800 150.9 | 39769 | 118.78 | 31.47 161.2 | 42936 | 121.13 | 31.90
1000 123.6 | 40100 | 116.93 | 31.47 131.9 | 43267 | 119.39 | 31.90

p, bar V I S Cy, |p, bar v I S |Gy

T = 1500 K

1 1124730 44759 1178.85132.30 ] 50 |]2510.7 | 44848 |146.33 ] 32.31
2 62374 44761 1173.0932.30] 60 ]2095.0 |44866 |144.82132.31
4 31185 44765 | 167.33132.301 80 |1575.3 |44902 |142.43]32.31
6 20802 44768 1163.96 132.30 1 100 | 1263.5 |44937 {140.58 | 32.31
8 15606 44772 1161.57132.30] 150 847.8 |45027 |137.21132.31




34 I: PURE SUBSTANCES

continued

p, bar |4 I S Cp | p, bar | 4 I S |G

T=1500K

10 1§ 12488 44776 §159.71132.30 1 200 |639.9 |45116 | 134.8232.31
12 ] 10409 44779 | 158.20 1 32.30 | 250 | 515.1 | 45204 | 132.97 ) 32.31
14 8924.7 | 44782 [156.91(32.30| 300 |431.9 (45282 {131.46|32.31
16 7811.2 | 44786 | 155.80 | 32.30 } 400 | 327.9 | 45467 | 129.08 | 32.31
18 6945.1 | 44791 | 154.82|32.30 ] 500 | 265.4 |45639 |127.23 | 32.31
20 6252.2 | 44794 |153.95|32.30 { 600 | 223.7 |45810 | 125.72|32.32
30 4173.6 | 44812 {150.58 | 32.31| 800 | 171.5 46147 |123.3432.32
40 3134.3 | 44830 | 148.1932.31 ] 1000 | 140.1 |46477 | 121.50 | 32.32

Sound velosity u (m/s) in hydrogen [7]*

15 20 22 24 26 28 30 32
p, bar

1 1245.3 | 1135.8 § 375.7 | 395.56 | 413.1 | 431.1 | 447.8 | 4634

5 1260.3 | 1156.4 | 1090.3 | 1016.8 | 932.0 | 393.8 | 417.7 | 439.0
10 1278.4 | 1180.7 | 1118.6 | 10561.1 | 976.0 | 886.1 | 765.2 | 397.5
12 1285.7 | 1190.0 | 1129.3 | 1063.9 | 992.0 | 907.5 | 798.9 | 627.9
14 12924 | 1199.1 | 1139.8 { 1078.2 | 1007.1 | 927.3 | 827.8 | 687.3
16 1299.2 | 1208.0 | 1149.9 | 1088.1 | 1021.6 | 945.8 | 853.7 | 7314
18 1306.0 | 1216.7 | 1159.8 | 1099.8 | 1035.4 | 963.2 | 877.2 | 767.9
20 1312.6 | 1225.3 | 1169.5 | 1110.8 | 1048.7 | 979.7 | 898.9 | 799.2
25 1328.8 | 12459 | 1192.6 | 1137.2 | 1079.7 | 1017.8 | 946.6 | 863.6
30 13445 | 1265.6 | 1214.5 | 1162.0 | 1108.3 | 10561.1 | 987.7 | 9156.8

40 1302.7 | 1255.2 | 1207.3 | 1159.5 | 1110.1 | 1057.1 | 998.8
50 1337.1 | 1292.6 | 1248.2 | 1204.9 | 1161.1 | 1115.0 | 1065.3
60 1369.2 | 1327.1 | 1285.8 | 1246.0 | 1208.4 | 1163.3 | 112i.7
80 1428.1 | 1390.0 | 1353.0 | 1318.5 | 1284.9 | 1250.9 | 1213.3
100 1481.1 | 1446.0 | 1412.5 | 1381.8 | 1352.5 | 1323.2 | 1292.8
150 1594.6 | 1565.3 | 1538.2 | 1514.2 | 1492.0 | 1470.2 | 14475
200 1687.0 | 1662.7 | 1640.8 | 1622.2 | 1605.2 | 1588.5 | 1570.7
250 1742.2 | 1725.8 | 17124 | 1700.5 | 1688.4 | 1674.9
300 1794.6 | 1787.4 | 1781.2 | 1774.2 | 1765.1
400 1911.2

* The difference between speeed of sound in hydrogen and parahydrogeen in the liquid state
is less then 1% [392]. This difference is even smaller in the gas phase.
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continued
T, K
iy
34 36 38 40 50 60 80 100
p, bar
1 478.6 493.3 507.5 521.3 584.5 640.2 733.4 808.8
b 458.4 476.4 493.3 509.3 579.8 639.1 735.4 811.9
10 428.9 453.9 475.6 495.2 575.5 638.9 738.6 816.2
12 4154 444.7 468.9 490.1 574.3 639.3 740.0 818.0
14 | 407.7 436.4 462.8 485.6 573.5 639.9 741.6 819.9
16 533.7 433.6 458.6 482.3 573.2 640.7 743.4 821.8
18 614.3 454.4 458.9 480.9 573.3 641.9 745.2 823.9
20 { 669.0 511.7 468.8 483.0 574.0 643.3 747.2 826.0
25 764.4 648.7 549.2 515.1 578.7 6484 752.7 831.5
30 733.0 740.5 648.1 583.3 588.9 655.1 758.9 837.5
40 734.8 865.6 794.4 728.0 628.6 675.7 773.8 850.6
50 1011.9 | 955.1 896.6 839.3 689.3 705.8 791.4 865.2
60 1075.3 | 1026.3 | 975.9 925.9 758.3 743.6 811.8 881.1
80 1177.8 | 1138.6 ) 1098.2 | 1057.6 | 891.3 832.8 859.6 916.5
100 1260.9 § 12275 { 1193.1 | 1158.4 | 1004.6 | 925.1 914.7 955.8
150 1423.6 | 1398.4 | 1372.3 | 1345.6 | 1219.2 | 1129.2 | 1063.5 | 1066.1
200 1551.6 | 1530.9 | 1509.2 | 1486.7 | 1377.6 | 1292.1 | 1204.7 | 1181.2
250 1659.5 | 1642.2 i 1623.5 | 1603.9 | 1505.8 | 1426.3 | 1331.2 | 1291.2
300 1763.4 | 17394 | 1723.3 | 1705.8 | 1615.6 | 1540.9 | 1444.6 | 1393.3
400 1909.2 | 1902.8 | 1892.8 | 1880.0 | 1801.6 | 1732.7 | 1640.2 | 1576.5
500 2026.7 | 1962.4 | 1895.0 | 1804.8 | 17374
600 2110.8 | 2043.4 | 1948.4 | 1880.0
700 2188.3 | 2080.5 | 2008.0
800 2210.1 | 2125.9
900 2344.8 | 2239.9
1000 2490.0 | 2356.5
T, K
iy
120 140 160 180 200 250 300 350
p, bar
1 873.4 932.1 987.3 1039.8 | 1090.2 | 1209.0 | 1319.3 | 14225
2 874.3 933.0 988.2 1040.7 | 1091.2 | 1209.8 | 1320.2 | 1423.3
5 877.0 935.8 991.0 1043.5 | 1094.0 | 1212.5 { 1322.7 | 1425.8
10 881.6 940.5 995.8 1048.3 | 1098.7 | 1217.0 | 1327.0 | 1429.8
20 891.6 950.6 1005.7 | 1058.0 { 1108.2 | 1226.0 | 1335.5 | 1437.8
30 902.7 961.3 1018.1 | 1068.1 | 1118.0 { 1235.1 | 1344.0 | 1445.9
40 914.8 972.6 1026.9 | 1078.4 | 1127.9 | 12443 | 1352.6 | 1454.0
50 927.8 984.6 1038.1 | 1089.1 | 1138.1 | 1253.6 | 1361.3 | 1462.1
60 941.5 997.1 1049.7 | 1100.0 | 1148.5 | 1263.0 | 1370.0 | 1470.1




36 I: PURE SUBSTANCES
continued
T, K
—
120 140 160 180 200 250 300 350

p, bar
80 971.2 10234 | 1073.9 | 1122.5 | 1169.8 | 1282.0 | 1387.4 | 1488.4
100 1003.1 { 1051.3 | 1099.1 | 11458 | 1191.6 | 1301.3 { 1404.9 | 1502.6
150 1090.5 } 1125.6 | 1165.2 | 1208.3 | 1247.9 | 1350.4 | 1449.2 | 15434
200 1184.3 | 1204.6 | 1234.4 | 1268.8 | 1305.5 | 1400.0 | 1493.6 | 1584.0
250 1278.2 | 1285.5 | 1305.4 | 1332.5 | 1363.9 | 1449.6 | 1537.9 | 1624.5
300 1368.3 | 1365.3 | 1376.6 | 1396.8 | 1422.7 | 1499.3 | 1581.9 | 1664.6
400 1533.3 | 1515.2 | 1513.8 | 1523.1 | 1539.5 | 1598.2 { 1669.1 | 1743.6
500 1681.6 | 1651.3 | 1640.3 | 1641.7 | 1651.3 | 1695.2 | 1754.4 | 1821.1
600 1817.0 | 1776.8 | 17567.0 | 17561.7 § 1755.9 | 1788.6 | 1838.7 | 1897.2
700 1941.0 | 1894.1 | 1868.6 | 1854.7 | 1853.8 | 1877.2 | 1919.7 | 19714
800 2054.9 | 2003.8 | 1970.4 | 1952.6 | 1946.6 | 1961.1 | 1997.3 | 2043.3
900 2160.6 | 2106.1 | 2068.9 | 2048.2 | 2035.4 | 2041.0 | 20714 | 2112.6
1000 2261.6 | 2202.0 | 2162.0 | 2136.8 | 2121.0 | 2117.7 | 2142.3 | 2179.2

T, K

-
400 450 500 600 800 1000 1200 1500

p, bar
1 1519.6 | 1611.2 | 1697.9 | 1859.1 | 2142.1 | 2386.0 | 2601.2 | 2886.6
2 15204 | 1611.9 | 1698.6 | 1859.7 | 2142.7 | 2386.4 | 2601.6 | 2887.0
9 1522.7 | 1614.1 | 1700.7 | 1861.6 | 2144.3 | 2387.9 | 2602.9 | 2888.1
10 1528.5 | 1617.7 | 1704.1 | 1864.7 | 2147.0 | 2390.2 | 2605.0 | 2890.0
20 1534.1 | 1624.9 | 1711.0 | 1871.0 | 2152.4 | 2395.0 | 2609.2 | 2893.6
30 1541.8 | 1632.2 | 1717.9 | 18773 | 2157.8 | 2399.7 | 2613.4 | 2897.3
40 1549.4 | 1639.4 | 1724.8 | 1883.6 | 2163.2 | 2404.4 | 2617.7 | 2901.0
50 1557.0 | 1648.6 | 1731.7 | 1889.8 | 2168.5 | 2409.1 | 2621.9 | 2904.6
60 1564.6 | 1653.8 | 1738.5 | 1896.2 | 2173.9 | 2413.8 | 2628.1 | 2908.3
80 1579.8 | 1668.2 | 1752.2 | 1908.6 | 2184.5 | 2423.2 | 2634.4 | 2915.5
100 1595.1 | 1682.6 | 1765.8 | 1921.0 | 2195.1 | 2432.5 | 2642.8 | 2922.8
150 1633.0 | 1718.3 | 1799.6 | 1951.7 | 2221.4 | 2455.6 | 2663.5 { 2940.8
200 1670.8 | 1753.7 | 1833.1 | 1982.1 | 2247.3 | 2478.4 | 2684.0 | 29568.7
250 1708.3 | 1788.8 | 1866.1 | 2011.9 | 2272.8 | 2500.9 | 2704.2 | 2976.4
300 1745.4 | 1823.4 | 1898.8 | 20414 | 2297.9 | 2523.1 | 2724.2 | 2993.9
400 1818.3 | 1891.5 | 1962.8 | 2099.1 | 2347.6 | 2566.4 | 2763.3 | 3028.2
500 1889.6 | 1958.0 | 2025.3 | 21554 | 2394.7 | 2608.4 | 2801.1 | 3061.6
600 1959.6 | 2023.1 | 2086.4 | 2210.3 | 2441.1 | 2649.2 | 2837.9 | 3094.0
700 2028.0 | 2088.8 | 2148.2 | 2264.0 | 2486.5 | 2689.0 | 2873.7 | 31256.5
800 2094.7 | 2149.1 | 2204.7 | 2316.5 | 2530.9 | 2727.9 | 2908.6 | 3158.2
900 2159.6 | 2209.8 | 2261.9 | 2367.9 | 25674.3 | 2766.0 | 2942.7 | 3186.1
1000 2222.3 | 2268.9 | 2317.7 | 2418.2 | 2617.0 | 2803.5 | 2976.2 | 3215.4
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Fig: 3. Heat capacity of dissociated hydrogen as a function
of temperature with pressure as a parameter.

Thermodynamic properties of dissociated hydrogen at different temperatures and pressures:
v (m®/kg), i (kJ/kg), s and c, kJ/(kg-K)) [8, 9]

T, K v i s cp v i s Cp

p =0.1 bar =1 bar

1500 618.7 | 22210 98.216 | 16.08 | 61.87 | 22207 88.718 | 16.03
1600 659.9 | 23834 99.259 | 16.42 | 66.00 | 23822 89.759 | 16.28
1700 701.3 | 25499 | 100.259 | 16.91 § 70.12 | 25464 90.7561 | 16.58
1800 742.8 1 27226 | 101.226 | 17.69 | 74.26 | 27140 91.701 | 16.96
1900 784.6 | 29053 | 102.177 | 18.95 | 78.40 | 28860 92.618 { 17.49
2000 826.9 | 31041 | 103.136 | 20.97 | 82.56 | 30646 93.5610 | 18.256
2200 015.4 | 35911 | 105.214 | 28.77 | 90.99 | 34534 95.267 | 20.96
2400 1015 43101 | 107.873 | 44.90 | 99.78 | 39201 97.101 | 26.27
2600 1137 54734 | 111.786 | 73.97 | 109.3 | 45320 99.207 { 35.74
2800 1303 73810 | 117.892 y 119.7 { 120.2 | 53883 | 101.865 | 50.99




38 I: PURE SUBSTANCES
continued
T, K v i 8 Cp v 1 8 Cp
p =0.1 bar p =1 bar

3000 1537 103537 | 127.192 | 178.8 | 133.5 66198 | 105.436 | 73.42
3200 1856 144786 | 139.964 | 229.0 | 1504 83573 | 110.327 | 103.3
3400 2237 191826 | 154.445 | 230.8 | 172.2 107836 | 116.890 | 137.9
3600 2612 233335 | 167.151 | 178.2 | 199.8 138688 | 125.195 | 169.1
3800 2928 262452 | 175.972 | 114.9 | 232.6 174349 | 134.723 | 183.7
4000 3183 280651 | 181.369 | 70.96 | 267.9 210397 | 144.300 | 172.5
4200 3308 292158 | 184.650 | 46.73 | 302.0 241669 | 152.630 | 141.1
4400 3590 300125 | 186.793 | 34.35 | 332.6 266551 | 159.048 | 105.1
4600 3771 306297 | 188.341 | 28.07 { 359.1 284474 | 163.646 | 75.61
4800 3944 311550 | 189.566 | 24.81 ] 382.3 297412 | 166.875 | 55.21
5000 4114 316321 | 190.607 | 23.07 | 403.1 307055 | 169.189 | 42.24
5200 | 4282 320828 | 191.5634 | 22.10 ] 422.5 314639 | 170.921 | 34.26
5400 4449 325187 | 192.385 | 21.54 | 440.9 320962 | 172.285 | 29.37
5600 | 4616 320460 | 193.180 | 21.21 | 458.6 326510 | 173.415 | 26.35
5800 4781 333682 | 193.934 | 21.02 | 476.0 331577 | 174.390 | 24.46
6000 4947 337875 | 194.654 | 20.91 | 493.1 336342 | 175.269 | 23.27

p =5 bar p =10 bar

1500 6.194 | 22213 { 79.222 | 16.01
1600 6.607 { 23825 | 80.262 | 16.23
1700 7.019 | 25460 | 81.252 | 16.47
1800 7.432( 27120 | 82.197| 16.73
1900 7.845 | 28807 | 83.106 | 17.03
2000 16.51 | 30547 | 86.843 | 17.56 8.258 | 30528 | 83.979 | 17.39
2200 18.18 | 34185 | 88.528 | 18.96 9.080 | 34106 | 85.647 | 18.48
2400 19.87 | 38207 | 90.174 | 21.50 99311 37975 | 87.253 | 20.38
2600 21.64 | 42911 | 91.870 | 25.89 | 10.79 42344 | 88.859 | 23.56
2800 23.52 | 48739 | 93.734 | 32.88 | 11.70 47522 | 90.549 | 28.57
3000 25.63 | 56285 | 95.920 | 43.19 ] 12.69 53931 | 92.430 | 35.95
3200 28.06 | 66273 | 98.610 | 57.37}] 13.79 62086 | 94.628 | 46.09
3400 30.97 | 79501 | 102.001 | 75.55 | 15.06 725672 | 97.283 | 59.26
3600 34.563 | 96716 | 106.278 } 97.02 } 16.57 85982 | 100.535 | 75.28
3800 38.88 1 118385 | 111.558 | 119.6 18.38 | 102822 | 104.504 | 93.35
4000 44.09 | 144337 | 117.805 | 138.9 20.54 | 123339 | 109.251 | 111.6
4200 50.07 | 173397 | 124.743 | 149.7 23.07 | 147298 | 114.726 | 127.1
4400 56.55 | 203360 | 131.850 | 147.6 25.94 | 173777 | 120.725 | 136.2
4600 63.10 | 231620 | 138.509 | 133.2 29.05 | 201177 | 126.890 | 136.1
4800 69.37 | 266179 | 144.249 | 111.7 32.23 | 227591 | 132.794 | 126.6
5000 75.12 | 276261 | 148.887 | 89.38 | 35.34 | 251400 | 138.075 | 110.7
5200 80.32 | 292150 | 152.495 | 70.23 § 38.26 | 271734 | 142.539 | 92.57
5400 85.02 | 304654 | 155.267 | 55.56 § 40.95 | 288506 | 146.169 | 75.55
5600 89.35 | 314650 | 157.413 | 45.02 } 43.42 | 302147 | 149.065 | 61.40
5800 03.39 | 322876 | 159.112 | 37.69 | 45.70 | 313283 | 151.369 | 50.47
6000 97.23 | 329880 | 160.496 | 32.67 | 47.83 | 325526 | 153.222 | 42.39
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continued
T, K v i 5 cp v t s cp
p =20 bar p =30 bar
2000 4,133 | 30520 | 81.116 | 17.28 ] 2.758 | 30521 79.442 | 17.21
2200 4.547 | 34056 | 82,774 18.15] 3.034 | 34039 81.096 ;1 18.00
2400 4965 | 37817 84.3562 | 19.58 | 3.313 | 37752 82.662 | 19.22
2600 5.392 | 41948 85.804 | 2191} 3.594 | 41778 84.182 | 21.18
2800 5.834 | 46667 | 87.471 ! 2553 | 3.885 | 46294 85.706 | 24.18
3000 6.303 | 52271 89.146 | 30.81 ] 4.191| 51541 87.293 | 28.54
3200 6.813 | 59125 91.011 | 38.08 | 4.519 | 57817 89.017 § 34.51
3400 7.385 | 67648 03.164 | 47.53 | 4.881 | 65466 90.954 | 42.29
3600 8.040 | 78285 95.705 | 59.20 | 5.288 | 74859 93.190 | 51.94
3800 8.805 | 91460 98.731 | 72.82 1 5.756 | 86357 95.803 | 63.32
4000 9.704 | 107497 | 102.316 { 87.67 | 6.298 | 100273 | 98.863 | 76.01
4200 10.76 | 126519 | 106.491 | 102.3 6.929 | 116796 | 102.413 | 89.21
4400 11.97 | 148310 } 111.211 | 114.9 7.656 | 135905 | 106.452 | 101.6
4600 13.33 | 172208 | 116.340 | 123.1 8.481 | 157278 | 110.917 | 111.5
4800 14.80 | 197106 | 121.644 | 124.8 9.391 | 180237 | 115.670 | 117.2
5000 16.34 | 221648 | 126.836 | 119.6 { 10.36 | 203798 | 120.512 | 1174
5200 17.87 | 244561 | 131.649 | 108.8 § 11.36 | 226842 | 125.215 | 112.1
5400 19.34 | 264975 | 135.808 | 95.03 | 12.36 | 248371 | 126.576 | 102.6
5600 20.73 | 282542 | 139.512 { 80.74 | 13.33 | 267711 | 133.458 | 90.61
5800 22.03 | 297357 | 142.5614 | 67.73 | 14.24 | 284586 | 136.806 | 78.21
6000 23.23 | 309776 | 144.980 | 56.84 | 15.10 | 299059 | 139.634 | 66.75
p =40 bar p =50 bar

1500 1.245 | 22248 72.586 | 16.01
1600 1.328 | 23860 73.626 | 16.22
1700 1.410 | 25493 74.615 | 16.44
1800 1.493 | 27148 75.560 | 16.67
1900 1.575 | 28827 76.465 1 16.91
2000 2.070 | 30525 78.256 | 17.18 1 1.658 | 30531 77.335 | 17.16
2200 2,277 | 34032 79906 | 1791 1.823 | 34030 78.984 | 17.85
2400 2.485 | 37716 81.466 | 19.07 | 1.989 | 37695 80.539 | 18.87
2600 2.696 | 41680 82.970 | 20.74 | 2.158 | 41616 82.033 { 20.45
2800 2913 | 46075 84.465 | 23.37 1 2.330 | 45928 83.508 | 22.83
3000 3.139 | 51109 86.002 | 27.18 § 2.510 | 50817 85.011 | 26.25
3200 3.380 | 57040 87.643 | 32.39 | 2.699| 56513 86.597 1 30.93
3400 3.642 | 64168 89.457 | 39.16 | 2.904 | 63284 88.327 1 37.02
3600 3.935 | 72814 | 91.513 | 4758 | 3.131 | 71420 90.264 | 44.59
3800 4.266 | 83303 93.883 | 57.55 | 3.386{ 81215 92.471 | 53.58
4000 4.647 | 96921 96.631 | 68.81 | 3.676 | 92936 95.008 | 63.81
4200 5.086 | 110875 99.801 | 80.79 | 4.009 { 106790 97.917 | 74.82
4400 5.592 | 128224 | 103409 { 92.56 | 4.391 | 122873 | 101.222 | 85.94
4600 6.168 | 147800 | 107.424 | 102.8 4.824 | 141103 | 104.910 | 96.12
4800 6.807 | 169160 | 111.759 | 110.1 5.308 | 161176 | 108.923 | 104.1
5000 7.499 | 191576 | 116.271 | 113.2 5.839 | 182537 | 113.154 | 108.8
5200 8.228 | 214122 | 120.777 | 1114 6.403 | 204421 | 117.454 | 109.3




40 I. PURE SUBSTANCES
continued
T, K v i s Cp v i s Cp
5400 8.970 | 235852 | 125.088 | 105.2 6.986 | 225977 | 121.663 | 105.6
5600 9.703 | 255987 | 129.051 | 95.76 7.571 | 246418 | 125.622 | 98.35
5800 10.41 | 274050 | 132.672 | 84.76 8.145 | 265167 | 129.222 | 88.90
6000 11.08 | 289887 | 135.621 } 73.69 8.696 | 281922 | 132.405 | 78.63
p =60 bar p =70 bar
2000 1.383 | 30537 | 76.583 | 17.15 1.186 30544 | 75.947 | 17.14
2200 1.5620 | 34031 78.231 { 17.81 1.304 34033 | 77.594 | 17.77
2400 1.659 { 37682 | 79.782 | 18.76 1.423 37673 | 79.143 | 18.68
2600 1.799 | 41571 81.269 | 20.23 1.542 41538 | 80.625 | 20.06
2800 1.942 | 45822 | 82.730 | 22.42 1.665 45741 82.075 | 22.11
3000 2.000 { 50603 | 84.209 | 25.57 '1.792 50439 | 83.534 | 25.04
3200 2.247 | 56126 | 85.755 | 29.86 1.924 55827 | 85.049 | 29.03
3400 2414 | 62634 | 87.423 | 35.44 2.066 62130 | 86.671 | 34.21
3600 2.599 | 70393 | 89.273 | 42.38 2.221 69596 | 88.454 | 40.65
3800 2.805 { 79673 | 91.361 | 50.64 2.394 78475 | 90.451 | 48.34
4000 3.038 | 90726 | 93.743 | 60.06 2.687 80006 | 92.713 | 57.14
4200 3.304 | 103754 | 96.460 | 70.32 2.807 | 101385 | 95.281 | 66.77
4400 3.607 | 118871 | 99.539 | 80.83 3.067 | 115735 | 98.183 | 76.76
4600 3.952 | 136049 | 102.976 | 90.77 3.341 | 132061 | 101.422 | 86.39
4800 4.337 | 155071 | 106.734 | 99.09 3.669 | 150208 | 104.971 | 94.79
5000 4.762 | 175503 | 110.729 | 104.7 4.009 | 169829 | 108.766 | 100.9
5200 5.217 | 196700 | 114.842 | 106.7 4.389 | 190388 | 112.708 | 104.0
5400 5.693 { 217932 | 118.927 | 104.9 4,788 | 211213 | 116.671 | 103.6
5600 6.177 | 238416 | 122.842 | 99.46 5.197 | 231596 | 120.521 | 99.70
5800 6.666 | 267643 | 126.467 | 91.49 5.607 | 250909 | 124.141 | 93.06
6000 7.122 | 274921 | 129.730 | 82.16 6.009 | 268703 | 127.446 | 84.70
p =80 bar p =90 bar

2000 1.039 | 30552 | 75.397 | 17.13 0.9244 | 305569 | 74.911 | 17.12
2200 1.142 | 34037 | 77.043 ; 17.75 1.015 34042 | 76.556 | 17.78
2400 1.246 | 37668 | 78.589 | 18.61 1.108 37665 | 78.102 | 18.56
2600 1.351 | 41513 | 80.067 | 19.92 1.201 41493 | 79.575 | 19.81
2800 1.457 | 45678 | 81.508 | 21.85 1.296 45627 | 81.010 | 21.64
3000 1.568 | 50309 | 82.953 | 24.61 1.394 50203 | 82.442 | 24.26
3200 1.683 | 55588 | 84.443 | 28.36 1.495 55391 | 83.912 | 27.80
3400 1.806 | 61726 | 86.028 | 33.22 1.604 61393 | 85.466 | 32.40
3600 1.939 | 68955 | 87.757 | 39.27 1.721 68425 | 87.152 | 38.11
3800 2.087 | 77510 | 89.681 | 46.48 1.850 76712 | 89.016 | 44.94
4000 2.252 | 87618 | 91.848 | 54.76 1.993 86469 | 91.104 | 52.78
4200 2.439 | 99470 | 94.296 | 63.87 2.155 97880 | 93.453 | 61.44
4400 2.651 | 113191 | 97.055 | 73.39 2.358 | 111075 | 96.093 | 70.55
4600 2.891 { 128811 | 100.131 | 82.72 2.545 | 126096 | 99.034 | 79.60
4800 3.159 | 146216 | 103.507 | 91.10 2.777 | 142864 | 102.263 | 87.89
5000 3.457 | 1656127 | 107.131 | 97.62 3.034 | 161148 | 105.739 | 94.62
5200 3.779 | 185084 | 110.921 | 101.4 3.313 | 180552 | 109.392 | 98.99
5400 4.121 | 205493 | 114.765 | 102.1 3.610 | 200546 | 113.125 | 100.4




1: HYDROGEN AND HYDROGEN COMPOUNDS

41

continued
T, K v ] 8 ¢ v i s cp
5600 4474 | 225693 | 118.542 | 99.41 | 3.920 | 220518 | 116.826 | 98.78
5800 4.831 | 245067 | 122.137 | 93.93 | 4.235 | 239871 | 120.385 | 94.33
6000 5,184 | 263134 | 125.461 | 86.50 ] 4.549 | 258108 | 123.711 | 87.77
p =100 bar p =150 bar

1500 0.6267 | 22292 | 69.730 | 16.01 | 0.4205 | 22336 | 68.060 | 16.01
1600 0.6679 | 23903 | 70.769 | 16.22 | 0.4479 | 23947 | 69.099 | 16.22
1700 0.7091 | 25536 { 71.759 { 16.43 | 0.4754 | 25580 70.089 | 16.43
1800 0.7503 | 27190 | 72.703 | 16.65 | 0.5028 | 27233 71.033 | 16.65
1900 0.7915 | 28867 | 73.608 | 16.88 | 0.56303 | 28909 71.938 | 16.87
2000 0.8328 | 30567 | 74.477 | 17.10

2200 0.9153 | 34047 | 76.122 | 17.70

2400 0.9982 | 37664 | 77.665 | 18.51

2600 1.082 41479 | 79.136 | 19.71

2800 1.167 45585 | 80.565 | 21.46

3000 1.254 50114 | 81.986 | 23.96 | 0.8376 | 49827 | 80.244 | 22.94
3200 1.348 55226 | 83.440 { 27.33 | 0.8972 | 54681 81.642 | 25.73
3400 1.442 61112 | 84.968 | 31.70 | 0.9599 | 60174 83.086 | 29.34
3600 1.546 67978 | 86.617 | 37.14 | 1.027 66476 | 84.612 | 33.83
3800 1.661 76038 | 88.431 | 43.63 § 1.099 73763 | 86.258 | 39.19
4000 1.788 85496 | 90.452 | 51.11 | 1.178 82206 88.059 | 45.38
4200 1.930 96533 92.719 | 59.38 | 1.266 91961 90.047 | 52.28
4400 2.091 109278 | 95.258 | 68.13 | 1.364 | 103153 92.248 | 59.71
4600 2.272 | 123785 98.083 | 76.90 | 1.473 | 115857 | 94.677 | 67.35
4800 2.475 | 139998 | 101.186 | 85.07 § 1.595 | 130081 97.339 | 74.83
5000 2700 ) 157724 | 104.533 | 91.91 | 1.730 | 145743 | 100.221 | 81.63
5200 2.945 | 176622 | 108.064 | 96.67 | 1.879 | 1626562 | 103.293 | 87.22
5400 3.208 | 196213 | 111.693 | 98.77 | 2.039 | 180514 | 106.504 | 91.08
5600 3.483 | 215934 | 115.317 | 97.96 | 2.210 | 198940 | 109.786 | 92.80
5800 3.764 | 235211 § 118.833 | 94.39 1 2.388 | 217481 | 113.062 | 92.23
6000 4.045 | 253542 | 122.150 | 88.63 |} 2.571 | 235686 | 116.254 | 89.49

p =200 bar p =300 bar

1500 0.3174 | 22380 | 66.876 | 16.01 | 0.2142 | 22467 | 65.208 | 16.00
1600 0.3379 | 23991 67.915 | 16.22 | 0.2279 | 24078 66.248 | 16.22
1700 0.3585 | 25623 | ©€8.905 | 16.43 } 0.2416 | 25710 | 67.237 | 16.43
1800 0.3791 | 27277 | 69.849 | 16.64 | 0.25563 | 27363 68.181 | 16.64
1900 0.3997 { 28952 | 70.753 | 16.86 § 0.2691 | 29038 69.085 | 16.85
2000 0.4203 | 30649 | 71.622 | 17.08 | 0.2828 | 30734 | 69.953 | 17.06
2200 0.4615 } 34116 | 73.263 | 17.60 | 0.3102 | 34194 | 71.594 | 17.55
2400 0.5028 | 37698 | 74.800 { 19.26 § 0.3377 | 37761 73.127 | 18.15
2600 0.5445 | 41377 | 76.254 | 19.19 | 0.3654 | 41467 | 74.575 | 18.95
2800 0.5866 | 45399 | T77.652 | 20.50 | 0.3933 | 45364 75.959 | 20.07
3000 0.6295 | 49673 | 79.019 | 22.33 | 0.4217 | 49525 | 77.303 | 21.61
3200 0.6738 ; 54372 | 80.384 | 24.78 | 0.4508 | 54042 78.630 | 23.65
3400 0.7199 | 59632 | 81.778 | 27.94 | 0.4809 | 59024 79.968 | 26.27
3600 0.7688 | 65598 | 83.234 | 31.85 ] 0.5126 | 64590 | 81.342 | 29.50




42 I: PURE SUBSTANCES
continued

T, K v t s cp v i s cp

3800 0.8213 72422 84.782 | 36.53 | 0.5461 | 70867 82.779 | 33.37
4000 0.8783 80257 86.456 | 41.94 | 0.5822 | 77978 84.304 | 37.84
4200 0.9408 89241 88.281 | 47.99 | 0.6213 | 86040 85.940 | 42.87
4400 1.009 99489 90.282 | 54.56 | 0.6639 | 95156 87.709 | 48.35
4600 1.087 111083 92.475 | 61.41 § 0.7108 | 105401 89.625 | 54.15
4800 1.171 124052 94.869 | 68.25 | 0.7625 | 116822 91.696 | 60.07
5000 1.266 138360 97.459 | 74.73 | 0.8194 | 129421 93.933 | 65.88
5200 1.369 153893 | 100.228 | 80.43 | 0.8816 | 143147 96.322 1 71.30
5400 1.482 170449 | 103.143 | 84.90 | 0.9494 | 1578%4 98.849 | 76.02
5600 1.603 187746 | 106.158 | 87.78 | 1.022 | 173490 | 101.488 | 79.76
5800 1.730 205436 | 109.214 | 88.80 | 1.100 | 189112 | 104.204 | 82.24
6000 1.862 223139 | 112.248 | 87.91 | 1.182 | 206290 | 106.955 | 83.30

p =400 bar p =600 bar
1500 0.1627 22553 64.027 { 16.00 | 0.1110 | 22725 62.364 | 16.00
1600 0.1729 24164 65.066 | 16.22 | 0.1179 | 24336 63.404 | 16.21
1700 0.1832 25797 66.055 | 16.42 | 0.1247 | 25968 64.393 | 16.42
1800 0.1935 27450 67.000 | 16.63 | 0.1315 | 27621 65.337 | 16.63
1900 0.1637 29124 67.903 { 16.84 | 0.1384 | 29294 66.240 | 16.84
2000 0.2140 30819 68.771 { 17.05 | 0.1452 | 30989 67.108 | 17.04
2200 0.2346 34276 70.411 | 17.52 | 0.1589 | 34441 68.746 | 17.49
2400 0.2552 37834 71.942 | 18.08 } 0.1726 | 37988 70.275 | 18.00
2600 0.2759 41520 73.386 | 18.82 | 0.1864 | 41650 71.714 | 18.65
2800 0.2967 45378 74.762 { 19.82 | 0.2002 | 45463 73.082 | 19.52
3000 0.3179 49472 76.093 | 21.18 | 0.2142 | 49477 74.396 | 20.67
3200 0.3396 53879 | 77.399 | 22.98 | 0.2285 | 53755 75.678 | 22.18
3400 0.3619 58696 78.703 | 25.27 1 0.2431 | 58375 76.945 ) 24.09
3600 0.3852 64024 80.030 | 28.10 | 0.2583 | 63421 78.217 | 26.44
3800 0.4097 69973 81.402 | 31.48 | 0.2742 | 68983 79.514 | 29.24
4000 0.4358 76652 82.841 | 35.39 | 0.2909 | 75148 80.855 | 32.48
4200 0.4639 84163 84.368 | 39.79 | 0.3087 | 82003 82.2565 | 36.13
4400 0.4945 92597 86.001 | 44.61 | 0.3278 | 89624 83.732 | 40.13
4600 0.5277 | 102026 87.755 | 49.73 ] 0.3484 | 98073 85.297 | 44.41
4800 0.5640 | 112498 89.640 | 55.01 | 0.3707 { 107398 86.960 | 48.87
5000 0.6039 | 124029 91.660 | 60.29 | 0.3950 | 117623 88.727 | 53.39
5200 0.6474 | 136598 93.814 1 65.35 | 0.4213 | 128749 90.600 | 57.85
5400 0.6947 | 150138 96.094 | 69.96 | 0.4498 | 140747 92.577 | 62.08
5600 0.7457 | 164536 08.483 | 73.89 } 0.4806 | 153557 94.650 | 65.94
5800 0.8004 | 179635 | 100.958 | 76.93 | 0.5136 | 167086 96.807 | 69.26
6000 0.8583 | 195234 | 103.489 | 78.88 | 0.5488 | 181213 99.031 | 71.90
p =800 bar p =1000 bar

1500 0.08521 | 22894 61.188 | 16.00 | 0.06969] 23061 60.277 | 16.00
1600 0.09033 | 24506 62.227 | 16.21 } 0.07378] 24673 61.316 | 16.21
1700 0.09545 | 26138 63.215 | 16.42 | 0.07787| 26305 62.305 | 16.42
1800 0.1006 27790 64.159 | 16.63 § 0.08196] 27958 63.248 | 16.63
1900 0.1057 29464 65.062 | 16.83 | 0.08605] 29631 64.152 | 16.93




1: HYDROGEN AND HYDROGEN COMPOUNDS 43
continued
T,K v i s ¢ v i s Cp
2000 0.1108 | 31157 | 65.930 | 17.03 | 0.09014 | 31325 | 65.018 | 17.02
2200 0.1210 | 34607 | 67.568 | 17.46 | 0.09833 | 34773 | 66.656 | 17.45
2400 0.1313 1 38148 | 69.095 | 17.95 | 0.1065 38309 | 68.182 | 17.92
2600 0.1416 | 41796 | 70.5631 | 18.55 | 0.1147 41947 | 69.616 | 18.48
2800 0.1520 | 45581 | 71.894 | 19.34 | 0.1230 45714 | 70.975 | 19.21
3000 0.1624 | 49547 | 73.199 | 20.37 | 0.1313 49647 | 72.274 | 20.16
3200 0.1730 | 53848 | 74.466 | 21.70 | 0.1398 53796 | 73.531 | 21.38
3400 0.1839 | 58251 | 75.711 ] 23.39 | 0.1484 58219 | 74.762 | 22.91
3600 0.1951 | 63129 | 76.952 { 25.45 | 0.1573 62982 | 75.982 | 24.78
3800 0.2068 | 68459 | 78.206 | 27.91 | 0.1665 68154 | 77.207 | 26.99
4000 0.2190 { 74319 | 79.489 | 30.75 | 0.1761 73805 | 78.452 { 29.56
4200 0.2319 | 80782 | 80.817 | 33.94 | 0.1862 80001 | 79.732 | 32.45
4400 0.2458 | 87916 | 82.203 | 37.45 | 0.1969 86802 | 81.057 | 35.61
4600 0.2604 | 95777 | 83.659 | 41.20 | 0.2083 94261 | 82.439 | 39.01
4800 0.2763 | 104409 | 85.192 | 45.14 | 0.2205 102417 | 83.886 | 42.58
5000 0.2934 | 113839 | 86.810 | 49.17 | 0.2336 111297 | 85.404 | 46.24
5200 0.3119 | 124074 | 88.516 | 53.18 } 0.2477 | 120913 | 86.997 | 49.92
5400 0.3319 | 135102 | 90.310 | 57.06 | 0.2629 131259 | 88.665 | 53.52
5600 0.3534 | 146884 | 92.187 | 60.71 | 0.2792 142311 | 90.407 | 56.96
5800 0.3765 | 159366 | 94.141 | 64.00 | 0.2967 154027 | 92.219 | 60.15
6000 0.4011 | 172454 | 96.162 | 66.83 | 0.3153 166347 | 94.094 | 62.99
Thermodynamic properties of dissociated hydrogen at different temperatures
and pressures: z; is mole fraction Hy , M is molecular weight of the
mixture, u is sound velocity (m/s), and k adiabatic exponent [8, 9]
T, K zy M U k Z9 M u k
p =0.1 bar p =1 bar

1500 0.9999 | 2.016 | 2885 1.345 2887 1.347
1600 0.9998 | 2.016 | 2970 1.337 2974 1.340
1700 0.9996 | 2.016 | 3049 1.326 0.9998 | 2.016 | 3057 1.332
1800 0.9988 | 2.015 | 3120 1.311 0.9996 | 2.016 | 3135 1.323
1900 0.9974 | 2.013 | 3182 1.291 0.9992 | 2.015 3208 1.313
2000 0.9948 | 2.011 | 3235 1.266 0.9984 | 2.014 | 3276 1.300
2200 0.9824 | 1.998 | 3328 1.210 0.9944 | 2.010 | 3394 1.266
2400 0.9508 1.966 | 3439 1.166 0.9841 | 2.000 | 3497 1.226
2600 0.8855 | 1.901 | 3602 1.141 0.9623 1.978 | 3606 1.190
2800 0.7723 1.786 { 3840 1.131 0.9212 1.937 | 3744 1.166
3000 0.6095 1.622 | 4170 1.131 0.8539 1.869 | 3923 1.153
3200 0.4219 1.433 | 4595 1.137 0.7653 1.769 | 4155 1.148
3400 0.2538 1.264 | 5071 1.150 0.6285 1.642 | 4449 1.150
3600 0.1370 1.146 | 5527 1.170 0.4860 1.498 | 4805 1.155
3800 0.0706 | 1.079 | 5937 1.204 0.3475 | 1.358 | 5206 1.165




44 I: PURE SUBSTANCES
continued

T, K 9 M u k z3 M u k

4000 0.0364 | 1.045 | 6327 1.257 | 0.2317 | 1.242 | 5620 1.179
4200 0.0195 | 1.028 | 6728 1.332 | 0.1471 | 1.156 | 6018 1.199
4400 0.0108 | 1.019 | 7133 1.417 | 0.0913 | 1.100 | 6389 1.227
4600 0.0063 | 1.014 | 7509 1.495 | 0.0567 | 1.065 | 6743 1.266
4800 0.0038 | 1.012 | 7833 1.555 | 0.0357 | 1.044 | 7092 1.316
5000 0.0024 | 1.010 | 8104 1.596 ] 0.0230 | 1.031 | 7442 1.374
5200 0.0016 | 1.010 | 8336 1.622 | 0.0152 | 1.023 | 7783 1.434
5400 0.0011 | 1.009 | 8539 1.639 { 0.0103 | 1.018 | 8103 1.489
5600 0.0008 | 1.009 | 8723 1.649 §{ 0.0072 | 1.015 | 8392 1.536
5800 0.0005 | 1.009 | 8894 1.654 | 0.0051 | 1.013 | 8649 1.572
6000 0.0004 | 1.008 | 9055 1.657 | 0.0037 | 1.012 | 8876 1.595

p =b bar p =10 bar
1500 2890 1.349
1600 2978 1.342
1700 3062 1.336
1800 3143 1.329
1900 0.9998 | 2.016 | 3222 1.322
2000 0.9992 | 2.015 | 3290 1.311 { 0.9994 | 2.015 { 3295 1.315
2200 0.9976 | 2.014 | 3423 1.280 | 0.9982 | 2.014 | 3432 1.296
2400 0.9928 | 2.009 | 3540 1.261 | 0.9950 | 2.011 | 3554 1.272
2600 0.9829 | 1.999 | 3648 1.230 } 0.9879 | 2.004 | 3666 1.245
2800 0.9631 | 1.979 | 3761 1.202 | 0.9743 | 1.990 | 3777 1.219
3000 0.9316 | 1.947 | 3892 1.182 ] 0.9501 | 1.966 | 3897 1.197
3200 0.8818 | 1.897 | 4050 1.169 | 0.9148 | 1.930 | 4037 1.182
3400 0.8113 | 1.826 4245 1.163 | 0.8624 | 1.877 | 4204 1.173
3600 0.7201 | 1.734 | 4480 1.162 } 0.7605 | 1.775 | 4402 1.169
3800 0.6125 1.625 4761 1.165 0.7059 1.720 4637 1.170
4000 0.4968 | 1.509 | 5084 1.172 } 0.6068 | 1.620 | 4910 1.174
4200 0.3838 1.395 5439 1.181 0.5017 1.614 5219 1.180
4400 0.2836 | 1.294 | 5811 1.194 | 0.3991 | 1.410 | 5556 1.190
4600 0.2025 | 1.212 | 6181 1.210 | 0.3064 | 1.317 | 5969 1.202
4800 0.1414 | 1.151 | 6535 1.231 | 0.2286 | 1.238 | 6263 1.217
5000 0.0981 | 1.107 | 6874 1.258 | 0.1672 | 1.177 | 6608 1.236
5200 0.0681 | 1.077 | 7199 1.291 | 0.1211 | 1.130 | 6939 1.258
5400 0.0478 1.056 7518 1.329 0.0877 1.097 7258 1.286
5600 0.0340 | 1.042 | 7832 1.373 | 0.0638 | 1.072 | 7567 1.319
5800 0.0245 | 1.033 | 8139 1.418 } 0.0468 | 1.055 | 7870 1.355
6000 0.0180 1.026 8431 1.465 0.0348 1.043 8166 1.397
p =20 bar p =30 bar

2000 0.9996 | 2.016 | 3300 1.318 | 0.9998 | 2.016 | 3304 1.320
2200 0.9988 | 2.015 | 3441 1.302 | 0.9990 | 2.015 | 3446 1.305
2400 0.9964 | 2.012 | 3568 1.282 { 0.9970 { 2.013 { 3576 1.287
2600 0.9914 | 2.007 | 3684 1.258 | 0.9930 | 2.009 | 3694 1.266




1: HYDROGEN AND HYDROGEN COMPOUNDS 45
continued
T, K 9 M u k x9 M u k
2800 0.9818 | 1.998 | 3795 1.234 | 0.9851 | 2.001 | 3807 1.243
3000 0.9652 | 1.981 | 3910 1.213 | 0.9716 | 1.987 | 3920 1.222
3200 0.9380 | 1.954 | 4037 1,196 | 0.9499 | 1.9656 | 4042 1.205
3400 0.9006 | 1.916 | 4183 1.185 | 0.9179 | 1.933 | 4179 1.192
3600 0.8481 | 1.863 | 4354 1.179 | 0.8741 | 1.880 | 4336 1.185
3800 0.7813 | 1.796 | 4552 1.177 | 0.8170 | 1.832 | 4517 1.181
4000 0.7011 | 1.715 | 4782 1.178 | 0.7478 | 1.762 | 4725 1.181
4200 0.6111 | 1.624 | 5043 1.182 | 0.6681 1.681 | 4962 1.184
4400 0.5165 | 1.529 | 5335 1.189 | 0.5813 | 1.594 | 5227 1.189
4600 0.4234 | 1.435 | 5652 1.198 | 0.4992 | 1.504 | 5518 1.197
4800 0.3373 | 1.348 | 5984 1.209 0.4061 1.417 | 5831 1.207
5000 0.2623 | 1.272 | 6322 1.223 | 0.3272 | 1.338 | 6154 1.218
5200 0.2005 | 1.210 | 6655 1.239 | 0.2586 | 1.269 | 6482 1.232
5400 0.15616 | 1.161 | 6979 1.259 | 0.2014 | 1.211 | 6805 1.249
5600 0.1141 | 1.123 | 7292 1.282 | 0.1556 | 1.165 | 7120 1.268
5800 0.0861 | 1.095 | 7594 1.309 | 0.1198 | 1.129 | 7424 1.290
6000 0.0654 | 1.074 | 7887 1.339 | 0.0924 | 1.101 | 7719 1.311
p =40 bar p =50 bar

1500 2905 1.355
1600 2992 1.348
1700 3076 1.342
1800 3157 1.336
1900 3239 1.329
2000 0.9998 | 2.016 | 3308 1.321 0.9998 | 2.016 | 3311 1.323
2200 0.9992 | 2.015 | 3451 1.307 | 0.9992 | 2.016 | 3455 1.309
2400 0.9974 | 2.613 { 3582 1.290 | 0.9978 | 2.014 | 3586 1.293
2600 0.9940 | 2.010 | 3702 1.270 | 0.9946 | 2.011 | 3708 1.274
2800 0.9871 | 2.003 | 3815 1.249 | 0.9885 | 2.004 | 3822 1.254
3000 0.9753 | 1.991 | 3928 1.229 | 0.9778 | 1.994 | 3934 1.234
3200 0.9564 | 1.972 | 4047 1.211 0.9610 | 1.977 | 4052 1.217
3400 0.9286 | 1.944 | 4179 1.198 | 0.9359 | 1.951 | 4180 1.203
3600 0.8900 | 1.905 | 4328 1.190 § 0.9010 | 1.916 | 4324 1.194
3800 0.8396 | 1.854 | 4498 1.185 | 0.8551 1.870 | 4486 1.189
4000 0.7773 | 1.792 | 4692 1.184 | 0.7982 | 1.813 | 4671 1.187
4200 0.7046 | 1.718 | 4913 1.186 | 0.7309 | 1.745 | 4881 1.188
4400 0.6242 j 1.637 | 5161 1.191 0.6555 | 1.669 | 5115 1.192
4600 0.5396 | 1.552 | 5434 1.197 | 0.5749 | 1.587 | 5375 1.197
4800 0.4553 | 1.467 | 5729 1.206 | 0.4930 | 1.505 | 5656 1.205
5000 0.3756 | 1.387 | 6040 1.216 | 04138 | 1.425 | 5955 1.215
5200 0.3103 | 1.321 | 6359 1.228 | 0.3407 | 1.351 | 6266 1.226
5400 0.2419 | 1.252 | 6679 1.243 | 0.2759 | 1.286 | 6580 1.239
5600 0.1905 | 1.200 | 6993 1.260 | 0.2207 | 1.230 | 6893 1.255
5800 0.1492 | 1.158 | 7299 1.279 1 0.1753 | 1.185 | 7199 1.272
6000 0.1167 | 1.126 | 7595 1.298 | 0.1386 | 1.148 | 7496 1.291




46 I: PURE SUBSTANCES
continued
T, K z9 M u k T M u k
p =60 bar p =70 bar
2000 0.9998 | 2.016 | 3315 1.324 | 0.9998 | 2.016 | 3318 1.326
2200 0.9992 | 2.015 | 3458 1.311 § 0.9994 | 2.015 | 3462 1.312
2400 0.9980 | 2.014 | 3591 1.295 | 0.9980 | 2.014 | 3595 1.297
2600 0.9950 | 2.011 | 3713 1.277 | 0.9954 | 2.011 | 3717 1.280
2800 0.9805 | 2.005 | 3828 1.257 | 0.9902 | 2.006 | 3833 1.261
3000 0.9798 | 1.996 | 3941 1.238 | 0.9812 | 1.997 { 3946 1.242
3200 0.9643 | 1.980 | 4057 1.221 0.9670 | 1.983 | 4061 1.224
3400 0.9412 | 1.957 | 4182 1.207 | 0.9455 | 1.961 | 4185 1.211
3600 0.9091 | 1.924 | 4322 1.198 | 0.9155 | 1.931 | 4320 1.200
3800 0.8669 | 1.882 | 4479 1.192 | 0.8760 | 1.891 | 4474 1.195
4000 0.8139 | 1.828 | 4657 1.189 | 0.8263 | 1.841 | 4646 1.192
4200 0.7510 | 1.765 | 4857 1.190 | 0.7671 | 1.781 | 4839 1.192
4400 0.6797 | 1.693 | 5080 1.193 | 0.6991 | 1.713 | 5056 1.194
4600 0.6027 | 1.616 | 5330 1.198 | 0.6252 | 1.638 | 5295 1.199
4800 0.5232 | 1.535 | 5600 1.205 | 0.5481 | 1.560 | 5556 1.205
5000 0.4450 | 1.457 | 5889 1.214 } 04711 | 1.483 | 5836 1.214
5200 0.3714 | 1.382 | 6192 1.225 | 0.3977 | 1.409 | 6131 1.224
5400 0.3050 | 1.315 | 6500 1.237 | 0.3302 | 1.341 | 6434 1.235
5600 0.2472 | 1.257 | 6810 1.251 0.2706 | 1.281 | 6740 1.249
5800 0.1985 | 1.208 | 7115 1.267 | 0.2196 | 1.229 | 7044 1.264
6000 0.1587 | 1.168 | 7413 1.285 | 0.1771 | 1.177 | 7341 1.279
p =80 bar p =90 bar

2000 0.9998 | 2.016 | 3321 1.327 | 0.9998 | 2.016 | 3324 1.328
2200 0.9994 | 2.015 | 3465 1.314 | 0.9994 | 2.015 | 3468 1.315
2400 0.9982 | 2.014 | 3598 1.299 | 0.9984 | 2.014 | 3602 1.301
2600 0.9956 | 2.012 | 3722 1.282 | 0.9960 | 2.012 | 3726 1.284
2800 0.9908 | 2.007 | 3838 1.263 | 0.9914 | 2.007 | 3843 1.266
3000 0.9824 | 1.998 | 3951 1.245 | 0.9833 | 1.999 | 3955 1.247
3200 0.9683 | 1.985 | 4066 1.228 | 0.9706 | 1.986 | 4070 1.231
3400 0.9489 | 1.964 | 4187 1.214 | 0.9518 | 1.967 | 4190 1.216
3600 0.9209 | 1.936 | 4321 1.203 | 0.9251 | 1.941 | 4322 1.206
3800 0.8836 | 1.899 | 4471 1.197 | 0.8898 | 1.905 | 4468 1.199
4000 0.83656 | 1.851 | 4638 1.194 { 0.8450 | 1.860 | 4632 1.196
4200 0.7802 | 1.794 | 4825 1.193 | 0.7913 | 1.806 | 4814 1.195
4400 0.7154 | 1.765 | 5035 1.195 | 0.7291 | 1.743 | 5018 1.196
4600 0.6441 | 1.657 | 5267 1.199 | 0.6602 | 1.673 | 5243 1.200
4800 0.5692 | 1.582 | 5520 1.205 | 0.5873 | 1.600 | 5490 1.206
5000 0.4937 | 1.506 | 5793 1.213 { 0.56132 | 1.525 | 5755 1.213
5200 0.4206 | 1.432 | 6080 1.223 | 0.4407 | 1.452 | 6036 1.222
5400 0.3526 | 1.363 | 6378 1.234 | 0.3726 | 1.384 | 6329 1.233
5600 0.2917 | 1.302 | 6680 1.247 | 0.3107 | 1.321 | 6628 1.245
5800 0.2388 | 1.249 | 6982 1.261 0.2663 | 1.266 | 6927 1.259
6000 0.1941 | 1.204 | 7278 1.276 | 0.2098 | 1.219 | 7223 1.274
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continued
T, K z9 M u k Ty M u k
p =100 bar p =150 bar
1500 2923 1.363 2941 1.372
1600 3009 1.356 3027 1.364
1700 3093 1.349 3110 1.356
1800 3174 1.343 3190 1.349
1900 3268 1.336 3283 1.342
2000 0.9998 | 2.016 | 3327 1.330
2200 0.9994 | 2.015 | 3472 1.317 } 0.9996 | 2.016
2400 0.9984 | 2.014 | 3605 1.302 | 0.9987 | 2.014
2600 0.9962 | 2.012 | 3730 1.286 | 0.9969 | 2.013
2800 0.9918 | 2.008 | 3847 1.268 | 0.9934 | 2.010
3000 0.9843 | 2.000 | 3960 1.250 | 0.9871 | 2.003 | 3978 1.260
3200 0.9722 | 1.988 | 4074 1.233 |} 09773 | 1.993 | 4091 1.244
3400 0.9541 | 1.970 | 4193 1.219 | 0.9623 | 1.978 | 4208 1.229
3600 0.9288 | 1.944 | 4323 1.208 | 0.9414 | 1.957 | 4332 1.218
3800 0.8950 | -1.910 | 4467 1.201 | 0.9135 | 1.929 | 4466 1.210
4000 0.8524 | 1.867 | 4627 1.197 | 0.8776 | 1.893 | 4615 1.205
4200 0.8007 | 1.815 | 4805 1.196 | 0.8339 | 1.849 ; 4779 1.202
4400 0.7408 | 1.755 | 5004 1.197 | 0.7824 | 1.797 | 4960 1.202
4600 0.6743 | 1.688 | 5224 1.200 | 0.7241 | 1.738 | 5159 1.205
4800 0.6032 | 1.616 | 5464 1.206 } 0.6607 | 1.674 | 5378 1.208
5000 0.5305 | 1.543 | 5724 1.213 | 0.5940 | 1.607 | 5614 1.214
5200 0.4587 1 1.470 | 5999 1.222 | 0.5263 | 1.539 | 5867 1.221
5400 0.3905 | 1.402 | 6287 1.232 | 0.4597 | 1.471 | 6134 1.230
5600 0.3280 | 1.339 | 6582 1.244 | 0.3965 | 1.408 | 6411 1.240
5800 0.2725 | 1.283 | 6878 1.257 } 0.3381 | 1.349 | 6695 1.261
6000 0.2245 | 1.234 | 7173 1.271 | 0.3023 | 1.313 | 6981 1.262
p =200 bar p =300 bar

1500 2959 1.380 2995 1.396
1600 3044 1.371 3079 1.386
1700 3127 1.363 3160 1.377
1800 3206 1.356 3238 1.369
1900 3299 1.349 3330 1.361
2000 0.9998 | 2.016 | 3358 1.342 3388 1.353
2200 0.9996 | 2.016 | 3502 1.328 | 0.9996 | 2.016 | 3530 1.339
2400 0.9988 | 2.015 | 3636 1.315 | 0.9990 | 2.015 | 3664 1.325
2600 0.9972 | 2.013 | 3762 1.300 } 0.9978 | 2.014 | 3791 1.311
2800 0.9942 | 2.010 | 3881 1.284 § 0.9952 | 2.011 | 3910 1.295
3000 0.9889 | 2.005 | 3995 1.267 | 0.9908 | 2.007 | 4024 1.280
3200 0.9802 | 1.996 | 4107 1.252 | 0.9837 | 2.000 | 4135 1.264
3400 0.9673 | 1.983 | 4221 1,237 | 09732 | 1.989 | 4247 1.250
3600 0.9489 | 1.961 | 4342 1.226 { 0.9581 | 1.971 | 4363 1.238
3800 0.9246 | 1.940 | 4471 1.217 | 0.9378 | 1.953 | 4486 1.228
4000 0.8930 | 1.908 | 4612 1.211 { 09117 | 1.927 | 4619 1.221
4200 0.8543 | 1.869 | 4767 1.208 | 0.8790 | 1.894 | 4762 1.217
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continued

T, K 28 M u k Zg M u k

4400 0.8083 | 1.823 | 4938 1.206 ] 0.8403 | 1.855 | 4919 1.215
4600 0.7556 | 1.770 | 5124 1.208 | 0.7952 { 1.810 | 5090 1.214
4800 0.6978 | 1.711 | 5328 1.211 | 0.7447 | 1.759 | 5275 1.216
5000 0.6360 | 1.649 | 5549 1.216 | 0.6900 | 1.704 | 5475 1.220
5200 0.5721 | 1.685 | 5786 1.222 ] 0.6323 | 1.645 | 5691 1.224
5400 0.5080 | 1.520 | 6037 1.230 § 0.5728 | 1.585 | 5920 1.230
5600 0.4456 | 1.457 | 6300 1.238 | 0.5135 | 1.526 | 6162 1.238
5800 0.3866 | 1.398 | 6572 1.248 | 0.4557 | 1.467 | 6414 1.246
6000 0.3323 | 1.343 | 6848 1.258 | 0.4008 | 1.412 | 6674 1.254

p =400 bar p =600 bar
1500 3030 1.411 3100 1.442
1600 3113 1.401 3179 1.429
1700 3192 1.391 3257 1.417
1800 3269 1.381 3332 1.406
1900 3360 1.373 3435 1.396
2000 3418 1.365 3476 1.387
2200 0.9998 | 2.016 | 3558 1.350 | 0.9998 | 2.016 | 3614 1.370
2400 0.9992 | 2.015 | 3692 1.335 | 0.9994 | 2.015 | 3745 1.354
2600 0.9980 | 2.014 | 3817 1.320 | 0.9984 | 2.014 | 3869 1.339
2800 0.9958 | 2.012 | 3936 1.305 | 0.9966 | 2.013 | 3987 1.323
3000 0.9920 | 2.008 | 4050 1.280 | 0.9934 | 2.009 | 4099 1.307
3200 0.9859 | 2.002 | 4161 1.275 | 0.9885 | 2.004 | 4209 1.292
3400 0.9767 | 1.993 | 4272 1.260 } 0.9808 | 1.997 | 4318 1.278
3600 0.9635 | 1.979 | 4385 1.248 | 0.9701 | 1.986 | 4428 1.265
3800 0.9459 | 1.961 | 4504 1.238 | 0.9554 | 1.971 | 4542 1.254
4000 0.9229 | 1.938 | 4631 1.230 | 0.9363 | 1.952 | 4662 1.245
4200 0.8943 | 1.909 | 4768 1.224 § 09124 | 1.928 | 4789 1.238
4400 0.8598 | 1.875 | 4916 1.222 | 0.8836 | 1.809 | 4926 1.234
4600 0.8197 | 1.834 | 5076 1.221 | 0.8498 | 1.865 | 5074 1.231
4800 0.7743 | 1.788 i 5249 1.221 0.8109 | 1.825 | 5232 1.231
5000 0.7246 | 1.738 | 5437 1.224 } 0.7680 | 1.782 | 5402 1.232
5200 0.6714 | 1.685 | 5638 1.227 | 0.7213 | 1.735 | 5585 1.234
5400 0.6160 | 1.629 | 5852 1.232 { 0.6718 | 1.685 | 5779 1.237
5600 0.5597 | 1.572 | 6079 1.239 | 0.6206 | 1.634 | 5985 1.242
5800 0.5039 | 1.516 | 6316 1.246 | 0.5688 | 1.581 | 6201 1.248
6000 0.4497 | 1.461 | 6562 1.253 | 0.56172 | 1.529 | 6426 1.253
p =800 bar p =1000 bar

1500 3167 1.471 3233 1.499
1600 3244 1.456 3307 1.483
1700 3319 1.443 3380 1.467
1800 3392 1.430 3452 1.454
1900 3493 1.419 3660 1.441
2000 3533 1.408 3589 1.429
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continued

T, K Ty M U k Zo M u k

2200 0.9998 | 2.016 | 3668 1.389 | 0.9998 { 2.016 | 3721 1.408
2400 0.9994 | 2.0156 | 3796 1.372 | 0.9994 | 2.015 | 3847 1.389
2600 0.9986 | 2.015 | 3919 1.355 | 0.9988 | 2.015 | 3967 1.372
2800 0.9970 | 2.013 | 4035 1.339 | 0.9974 | 2.013 | 4082 1.355
3000 0.9944 | 2.010 | 4147 1.323 | 0.9948 | 2.011 | 4193 1.338
3200 0.9899 | 2.006 | 4255 1.308 § 0.9910 | 2.007 | 4299 1.322
3400 0.9833 | 1.999 | 4362 1.293 | 0.9851 | 2.001 | 4404 1.307
3600 0.9739 | 1.990 | 4469 1.280 | 0.9765 | 1.992 | 4510 1.293
3800 0.9612 | 1.977 | 4580 1.268 | 0.9650 | 1.981 | 4618 1.281
4000 0.9444 | 1.960 | 4695 1.258 | 0.9501 | 1.966 | 4730 1.270
4200 0.9236 | 1.939 | 4817 1.251 | 0.9311 | 1.947 | 4847 1.262
4400 0.8981 | 1.913 | 4947 1.245 | 0.9080 | 1.923 | 4972 1.256
4600 0.8681 | 1.883 | 5084 1242 | 0.8809 | 1.896 | 5105 1.251
4800 0.8337 | 1.848 | 5235 1.240 | 0.8495 | 1.864 | 5247 1.248
5000 0.7950 | 1.809 | 5394 1.239 | 0.8141 | 1.829 | 5398 1.247
5200 0.7528 | 1.767 | 5564 1.240 } 0.7753 | 1.790 | 5559 1.247
5400 0.7078 | 1.721 | 5745 1.243 | 0.7334 | 1.747 | 5731 1.249
5600 0.6604 | 1.674 | 5937 1.247 | 0.6892 | 1.703 | 5912 1.252
5800 0.6119 | 1.625 | 6139 1.251 | 0.6434 | 1.657 | 6102 1.255
6000 0.5630 | 1.576 | 6349 1.265 | 0.5968 | 1.610 | 6301 1.258

GSSSD Papers [10] and [11] give the tables of the recommended reference values for the
viscosity and the thermal conductivity of both normal hydrogen and parahydrogen in liquid
and gaseous state at temperatures between 14 and 1500 K and pressures up to 100 MPa,
which are based on the correlation of the experimental results. For calculation of the dynamic
viscosity 5 and the thermal conductivity A coefficients in the above temperature and pressure
ranges, except a small region in the immediate vicinity of the critical point (32 < T'< 34 K
and 21.9 < p < 41.7 kg/m®), the equations (1) and (2) were suggested:

n(r,w) = no(r) + An(r,w), 1)

Aryw) = Ao(7) + AN, w) + Ader (7, W), (2)

where 7 = 7, w = £, Ter = 32.938 K, per = 31.36 kg/m®.
For calculation of the dynamic viscosity 7o and thermal conductivity Ag coefficients for a
dilute gas state the equations (3} and (4) were suggested:

4

o = Z air’.lzy (3)

f=~3

Ao = v exp [i d; (%i_i_)'} ) 4

i=0
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Coefficients of the equations (3) and (4) are given below.

For normal hydrogen: v = T/Tg; To=78.27 K; o = 0.5;

a_3 = —2.1505 do = 3.99674 ds = —4.24750
a_y = 10.727 di = 0.786042 do = 0

a_; = —16.935 d2 = 0.585275 dio = 2.14535
g = 0 ds = 0.603390

@y = 22.702 dy = —2.26908

a2 = 22123 ds = —1.20513

as = 0.34163 ds = 3.49323

a¢ = —0.043206 dr = 1.57848

For parahydrogen: a =0.5; Tp = 144.111 K

a_3 = —2.0831 do = 4.81642 ds = 423188
a_z = 10.452 dy = 0.912427 dy = 0.470625
.y = —16.586 dy = —-3.11340 dio = —19.4017
a = 0 ds = —0.627128

ey = 22.577 de = 14.8151

a2 = 2.2893 ds = 0.907146

a3 = 0.32473 de = —36.0941

ay = —0.041976 dr= 0

In Refs. [10] and [11] the excess viscosity An and excess thermal conductivity AX were
represented by the relationships (5) and (6)

12 v

An(r,w) =3 _(a)i iy )
J; »

AXr,w) = Z(b}\)j gl (8)
J=1

where k = 12 for parahydrogen and k = 13 for normal hydrogen. Coeflicients of the equations
(5) and (6) are given below.

Parameters of the equation for the excess viscisity of normal hydrogen

(b); (t);
—9.22703 x 10°
6.41602 x 10!
—5.98018 x 10!
2.89715 x 10°
2.36429 x 10!
—2.78870 x 10°
~1.10595 x 102
1.11582 x 102
7.18928 x 10!
10 —~7.76971 x 101
11 ~1.21827 x 10t
12 1.47193 x 10!

.

o

© 00 ~1 T U WA
~~~
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o,
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Parameters of the equation for the excess thermal conductivity of normal hydrogen

j (b); () (t);
1 3.95603 x 10! 1 0
2 -3.93423 x 10! 1 1
3 —2.66967 x 101 2 0
4 1.12200 x 102 2 1
5 5.12681 x 10! 3 0
6 —1.54657 x 102 3 1
7 1.46117 x 101 3 3
8 —2.39245 x 101 4 0
9 7.50322 x 101 4 1
10 ~1.11972 x 101 4 3
11 4.25526 x 10° 5 0
12 —1.22109 x 10 5 1
13 2.16582 x 10° 5 3

Parameters of the equation for the excess viscosity of parahydrogen

J (b); (r); )

1 —6.83664 x 10° 1 0
2 4.30481 x 10! 1 1
3 -3.59137 x 10! 1 2
4 2.17531 x 10? 2 0
5 —8.64940 x 10! 3 1
] 8.40078 x 10! 3 2
7 —-3.27213 x 10° 4 0
8 6.04973 x 10! 4 1
9 ~6.22615 x 10! 4 2
10 9.91540 x 10~! 5 0
11 ~1.12094 x 10* 5 1
12 1.26038 x 10! 5 2

Parameters of the equation for the excess thermal conductivity of parahydrogen

j (6); (r); (®);
1 5.75334 x 10? 1 1
2 —4.65456 x 10! 1 2
3 6.04345 x 101 2 0
4 —6.18123 x 10! 2 1
5 7.72416 x 10 2 2
6 —2.05857 x 10} 3 0
7 —6.21606 x 101 3 1
8 3.80967 x 10° 4 0
9 5.49860 x 101 4 1
10 —2.27631 x 10} 4 2
11 —-1.03228 x 10! 5 1
12 6.41638 x 10° 5 2
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For calculation of anomalous part of the thermal conductivity, within the uncertainty
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of ~ 30 percent, the equation {7) was used:

wherer<latr=2-r1;

o

ca(w—w')

Adei(r,w) = Aexp(-—zz)

€

caf(r+c2)+cs +ar,
14 cs(r—1)"%,

at wa'

cow—w)+erw-w)®  at w< w

where as A)¢r =0 if either A <0, or {(w — w’) <.

Viscosity of normal hydrogen at saturation, 107 Pa- s [11]

]
N
nmni

S O
w

SO0
@ N e

nmawn

O
-

The coeflicients of eq.(7) are as follows:
1) for normal hydrogen:
0.507555 ¢s = —0.100959
—0.981578 ce = 1.88149

2.62904
-1.56554

cr = 176917 x 10~

2) for parahydrogen:
0.507555 ¢s = —0.100959
~0.981578 ce = 1.88149

2.62904

cr = 1.76917 x 10~5

—1.565554

(M

T’ K n’ "
14 254.6 6.66
15 222.4 . 6.99
16 197.1 7.30
17 176.8 7.60
18 160.1 7.90
19 146.1 8.20
20 134.2 8.52
21 123.8 8.87
22 114.7 9.25
23 106.6 9.69
24 99.2 10.19
25 92.3 10.78
26 86.0 11.47
27 79.9 12.30
28 74.0 13.30
29 68.2 14.55
30 62.4 16.14
31 56.3 18.29
32 49.2 21.63
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Viscosity of normal hydrogen in a monophase region, 1077 Pa-s [11]

53

p, MPa
T, K
DS* 1 2 3 5
15 7.9 234.1 246.5 259.5
17 9.0 186.4 196.7 207.3 229.3
20 10.6 141.6 149.8 158.0 174.7
30 155 65.1 75.1 82.4 94.6
40 20.0 22.1 28.4 40.9 57.7
50 24.0 25.9 29.0 38.1 419
60 278 29.3 315 34.1 39.6
70 314 32.6 34.2 36.1 40.2
80 348 35.7 36.9 384 41.6
100 41.1 41.6 424 43.3 45.5
120 47.0 47.3 47.8 484 49.9
140 52.5 52.7 53.0 53.4 54.5
160 57.7 57.9 58.1 58.4 59.1
180 62.8 62.8 63.0 63.2 63.8
200 67.6 67.7 67.8 67.9 68.3
250 79.2 79.1 79.1 79.2 794
300 90.0 89.9 89.9 89.9 89.9
400 110.0 110.0 109.9 109.9 109.8
500 128.6 128.6 128.5 128.4 123.3
600 146.0 145.9 145.9 145.8 145.7
700 1624 162.4 162.3 162.2 162.1
800 178.0 177.9 1779 177.8 177.7
1000 206.8 206.8 206.7 206.7 206.6
1200 232.9 232.8 232.8 232.7 232.7
1500 267.1 267.1 267.0 267.0 266.9
T,K 10 15 20 25 30
17 289.5
20 2185 265.2 314.3
25 155.0 185.9 217.6 249.9 282.9
30 120.5 144.5 168.2 191.9 215.6
40 82.2 101.5 119.0 135.5 151.6
50 61.8 78.6 93.6 107.5 120.6
60 52.6 65.7 78.5 90.6 102.0
70 49.7 59.4 69.7 80.0 90.0
80 49.3 56.9 65.0 73.6 82.2
100 51.1 56.5 62.2 68.2 74.5
120 54.1 58.5 62.9 67.5 72.4

* DS designates a dilute — gas state
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continued
p, MPa
T, K
10 15 20 25 30
140 57.8 614 65.0 68.8 72.8
160 61.7 64.7 67.8 71.0 74.4
180 65.8 68.3 71.0 73.8 76.7
200 69.9 72.0 74.3 76.8 79.4
250 80.3 81.7 83.3 85.1 87.1
300 90.5 914 92.6 94.0 95.5
360 1004 101.0 101.9 102.9 104.1
400 110.0 1104 111.0 111.8 112.8
500 128.3 128.5 128.8 129.3 129.9
600 145.6 145.7 145.9 146.2 146.5
700 162.0 162.0 162.1 162.2 162.5
800 177.6 1775 1775 177.6 177.8
1000 2064 206.3 206.3 206.3 206.3
1200 232.5 2324 232.3 232.3 232.3
1500 266.8 266.6 266.5 266.5 266.4
T, K 40 50 60 80 100
25 350.4
30 263.4 311.7 360.8
40 1824 212.1 241.0. 297.1 352.7
50 145.1 167.8 189.1 228.1 263.4
60 123.3 142.8 160.7 192.4 2194
70 109.0 126.5 142.5 170.7 194.1
80 99.0 114.9 129.7 155.8 177.5
100 87.5 100.6 113.1 136.2 156.1
120 82.6 93.2 103.8 124.1 142.5
140 81.1 89.9 98.9 116.6 133.3
160 814 88.9 96.6 112.2 127.3
180 82.8 89.3 96.0 109.7 1234
200 84.8 90.5 96.5 108.7 121.1
250 91.3 95.7 100.3 110.0 119.9
300 98.8 1024 106.2 114.1 122.3
350 106.8 109.7 112.9 119.6 126.6
400 115.0 1174 120.1 125.9 132.0
500 1314 133.2 135.2 139.6 144.3
600 147.6 148.9 150.4 153.8 157.6
700 163.2 164.2 165.3 168.1 171.2
800 178.3 179.0 179.9 182.1 184.7
1000 206.6 207.0 207.5 209.0 210.8
1200 2324 232.6 232.9 233.9 235.2
1500 2664 266.5 266.7 267.2 268.1
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Overal accuracy of the dynamic viscosity values of normal hydrogen, %

p, MPa
T,K
*DS 1 5 10 50 100
15 2.7 10.5
20 2.2 7.4 6.4 5.4
30 1.7 3.8 3.1 2.9 3.2
50 1.5 2.3 2.9 2.7 2.8 4.6
100 14 1.5 1.8 2.0 2.3 4.1
300 0.7 0.7 0.8 0.8 1.0 14
800 1.6 1.6 1.6 1.6 1.7 1.8
1500 44 44 44 4.4 4.5 4.5

*DS designates a dilute — gas state

Dynamic viscosity of saturated parahydrogen [10]

T, K n', 107 Pa-s n”, 10-7 Pa-s
14 240.0 6.94
15 210.3 7.36
16 186.8 7.76
17 167.8 8.15
18 152.1 8.54
19 139.0 8.95
20 127.7 9.36
21 118.0 9.81
22 109.5 10.28
23 101.9 10.79
24 95.0 11.36
25 88.7 12.00
26 82.8 12.73
27 77.2 13.57
28 71.8 14.57
29 66.5 15.78
30 61.1 17.31
31 55.4 19.35
32 48.8 22.52

Viscosity of parahydrogen in a monophase region, 10”7 Pa.s [10]

p, MPa
T, K
DS 1 2 3 5
15 8.0 224.1 238.5 253.5
17 9.1 178.9 190.7 202.6 2274
20 10.6 136.0 145.1 154.1 172.4
25 13.2 94.1 101.6 108.6 1219
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continued
p, MPa
T, K
DS 1 2 3 5
30 15.6 63.7 73.6 80.9 93.1
40 20.0 22.0 28.2 40.8 57.8
50 24.1 25.6 28.4 32.3 41.6
60 27.9 20.1 309 33.2 38.6
70 31.5 32.3 33.7 35.3 39.1
80 34.8 35.5 36.5 317 40.7
100 41.1 41.5 42.1 429 44.8
120 47.0 47.2 47.6 48.1 494
140 52.5 52.7 52.9 53.3 54.2
160 57.8 57.9 58.0 58.3 58.9
180 62.8 62.9 63.0 63.1 63.6
200 67.7 67.7 67.8 67.9 68.2
250 79.2 79.2 79.2 79.2 79.4
300 90.0 90.0 89.9 89.9 90.0
350 100.3 100.2 100.2 100.2 100.2
400 110.1 110.0 110.0 110.0 109.9
500 128.6 128.6 128.5 128.5 128.5
600 146.0 146.0 145.9 145.9 145.8
700 162.6 162.4 162.4 162.3 162.3
800 178.0 178.0 177.9 177.9 177.8
1000 206.9 206.8 206.8 206.7 206.7
1200 2329 232.9 232.8 232.8 232.7
1500 267.1 267.1 267.1 267.0 267.0
T, K 10 15 20 25 30
17 293.7
20 219.6 269.1 320.5
25 153.8 185.8 218.1 251.0 284.2
30 119.1 143.3 167.0 190.7 214.4
40 81.8 100.6 117.7 133.9 149.7
50 62.0 784 92.9 106.4 119.2
60 52.6 65.9 78.3 90.0 101.1
70 49.3 59.5 69.7 79.7 89.4
80 48.6 56.8 65.1 73.5 81.9
100 50.3 56.1 62.0 68.1 74.4
120 53.5 58.0 62.7 674 72.3
140 57.3 60.9 64.3 68.7 72,7
160 614 64.3 67.6 70.9 744
180 65.5 68.0 70.8 73.7 76.7
200 69.8 718 74.2 76.8 794
250 80.3 81.7 83.3 85.2 87.2
300 90.6 91.5 92.7 94.1 95.7
350 100.5 101.2 102.1 103.2 104.4
400 110.1 110.6 111.3 112.1 113.1
500 128.5 128.7 129.1 129.7 130.3
600 1458 145.9 146.1 146.5 146.9
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continued
p, MPa
T, K
10 15 20 25 30
700 162.2 162.2 1624 162.6 162.9
800 1777 1777 177.8 177.9 178.2
1000 206.6 206.5 206.5 206.6 206.7
1200 232.6 232.6 232.5 232.5 232.6
1500 266.9 266.8 266.7 266.7 266.7
7, K 40 50 60 80 100
25 352.0
30 261.9 309.7 358.2
40 180.2 209.7 238.7 295.3 352.0
50 1434 166.2 188.0 228.9 267.3
60 122.1 141.7 160.2 194.3 2254
70 108.0 125.5 142.1 172.7 200.3
80 98.3 114.0 129.1 157.3 183.0
100 87.0 99.8 112.3 136.6 1594
120 82.3 92.6 103.0 123.7 143.9
140 80.9 89.4 98.1 115.8 133.5
160 814 88.6 96.0 111.2 126.7
180 82.8 89.1 95.6 108.9 1225
200 84.9 90.5 96.2 108.0 120.1
250 915 95.9 100.4 109.7 119.1
300 99.1 102.7 106.5 114.1 121.9
350 107.2 110.2 113.3 119.9 126.6
400 1154 117.9 120.6 126.3 132.2
500 131.9 133.7 135.8 140.2 144.9
600 148.1 149.4 151.0 154.5 158.3
700 163.7 164.7 166.0 168.8 172.0
800 178.8 179.6 180.5 182.8 185.5
1000 207.0 207.5 208.1 209.7 211.6
1200 232.8 233.1 233.5 234.6 236.0
1500 266.8 266.9 267.2 267.8 268.8
Overal accuracy of the dynamic viscosity values of parahydrogen, %
p, MPa
T, K
PC 1 5 10 50 100
15 2.9 2.1
20 2.4 1.6 1.1 1.0
30 1.9 2.3 14 1.2 3.4
50 1.6 2.6 2.4 1.9 3.9 10.5
100 1.5 1.8 2.3 2.2 1.8 6.9
300 0.7 0.7 0.8 0.9 1.2 14
800 1.6 1.6 1.6 1.7 1.8 1.9
1500 4.4 44 44 44 4.5 4.5
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Fig. 4: Viscosity n of dissociated hydrogen
(H; is atomic and H; is molecular hydrogen).
Viscosity 5 - 10° (Pa-s) of dissociated hydrogen [13]
p, bar
105 107* | 103 | 102 0.1 1 10 100 200
T, K
1000 1997 { 1997 1997 | 1997 | 1997 | 1997 | 1997 | 1997 | 1997
1200 2262 | 2262 | 2262 | 2262 | 2262 | 2262 | 2262 | 2262 | 2262
1400 2507 | 2507 | 2507 | 2507 | 2507 | 2507 | 2507 | 2507 | 2507
1600 2740 | 2738 | 2737 | 2737 | 2737 | 2737 | 2737 | 2737 | 2737
1800 2088 | 2972 | 2965 | 2962 | 2962 | 2961 | 2961 | 2961 | 2961
2000 3215 | 3227 | 3200 | 3188 | 3183 | 3182 | 3181 | 3181 ; 3181
2200 3123 | 3459 | 3475 | 3441 | 3425 | 3419 | 3417 | 3417 | 3417
2400 3038 | 3413 | 3728 | 3721 | 3682 | 3665 | 3659 | 3657 | 3657
2600 3172 | 3308 | 3770 ; 3995 | 3957 | 3919 | 3904 | 3899 | 3898
2800 3359 | 3365 | 3423 | 3762 | 4207 | 4234 | 4180 | 4154 | 4150
3000 3565 | 3576 | 3675 | 4131 | 4497 | 4474 | 4421 | 4398 | 4395
3200 3773 | 3777 | 3813 | 4073 | 4636 | 4756 | 4690 | 4651 | 4645
3400 3973 | 3974 | 3988 | 4112 | 4642 | 5008 | 4966 | 4906 | 4896
3600 4164 | 4165 | 4171 4229 | 4601 | 5189 | 5245 | 5168 | 5152
3800 4348 | 4348 | 4351 4379 | 4604 | 5271 | b514 | 5437 | 5415
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continued

p, bar
—

105 | 1074 | 1073 | 10-2 | o1 1 10 | 100 | 200
T, K

4000 4529 | 4529 | 4531 | 4545 | 4674 | 5273 | 5749 | 5708 | 5680
4200 4708 | 4708 | 4708 | 4716 | 4791 | 5265 | 5934 | 5981 | 5951
4400 4886 | 4886 | 4886 | 4891 | 4935 | 5266 | 6054 | 6247 | 6221
4600 5061 | 5061 | 5061 | 5064 | 5091 | 5319 | 6114 | 6499 | 6486
4800 5237 | 5237 | 5237 | 5239 | 5266 | 5411 | 6138 | 6727 | 6742
5000 5414 | 5414 | 5414 | 5415 | 5426 | 5533 | 6152 | 6925 | 6981
5200 5591 | 5591 | 5591 | 5592 | 5600 | 5674 | 6178 | 7087 | 7199
5400 5770 | B770 | 5770 | 5770 | 5776 | 5828 | 6229 | 7214 | 7390
5600 5950 | 5950 | 5950 | 5951 | 5955 | 5993 | 6306 | 7309 | 7548
5800 6136 | 6136 | 6136 | 6136 | 6139 | 6167 | 6412 | 7384 | 7681
6000 6326 | 6326 | 6326 | 6327 | 6329 | 6350 | 6541 | 7449 | 7790

Viscosity - 107 (Pa-s) of ionized hydrogen at high temperatures [14]

p, atm p, atm

— —
0.0011 0.01 | 0.1 1 10 0.00110.01; 0.1 1 16

T, K T, K
6000 §628 (632 |633 [633 633 | 19000 | 14.6 | 18.0 41.01170

7000 ) 669 716 (729 |731 732 ] 20000 | 16.0 | 20.0)26.0|44.5{135
8000 {489 718 |804 |825 831 | 21000 | 18.0 |22.0{28.0|44.6 115

9000 | 214 |b37 [796 |898 925 | 22000 45.3 1 103
10000 } 62.0 273 639 |913 1000 { 23000 § 22.0 {27.0|33.0 96.4
11000 § 21.41115.0{402 {805 {1037 { 24000 50.8 1 93.3
12000 § 10.1} 53.0;218 |625 {1016 } 25000 } 26.0 |32.0|40.0 93.6
13000 7.5] 23.0]111 1420 923 | 26000 58.01 95.1
14000 741 15.0| 59.0 263 764 § 27000 | 32.0 {38.047.0 97.8
15000 8.6| 11.8| 36.07162 594 1 28000 66.0] 96.5
16000 26.91 104 426 | 29000 | 37.0 {44.0154.071.0 122
17000 § 11.5] 14.0] 24.3} 72.0| 306 | 30000 | 39.0 [47.057.0{76.0}119
18000 241 55.6( 226

Thermal conductivity of normal hydrogen at saturation, mW/(m-K) [11]

T, K Y A T, K Y A
14 81.1 11.4 24 102.2 19.4
15 86.8 12.1 25 100.7 20.7
16 91.6 12.8 26 98.7 92.2
17 95.5 13.5 27 96.3 24.0
18 98.6 14.2 28 93.5 26.2
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continued .
T, K X " T, K X Y

19 100.9 14.9 29 90.4 29.0
20 102.5 15.6 30 87.0 32.8
21 103.3 16.4 31 83.7 38.4
29 103.5 17.3 32 82.0 48.8
23 103.1 18.3

Thermal conductivity of normal hydrogen in a monophase region, mW/{m-K) [11]

p, MPa
T,K
DS* 1 2 3 5 10 15 20
15 12.4 86.7 86.8 87.0
17 14.0 96.4 97.3 98.2 | 100.1 105.0
20 16.3 104.7 106.9 109.0 112.8 120.9 127.6 | 133.2
25 20.3 104.5 109.3 113.5 | 120.6 134.6 145.4 154.1
30 24.2 89.5 99.3 106.3 | 117.2 136.9 151.7 163.7
40 31.1 36.1 51.8 74.7 95.5 125.0 145.8 | 162.7
50 374 41.1 47.7 57.1 77.0 109.1 132.3 151.3
60 43.6 46.7 51.1 56.8 69.9 98.3 120.6 139.7
70 49.6 52.3 55.8 59.9 69.3 92.9 113.1 131.0
80 55.7 58.2 61.1 64.3 71.5 90.9 109.0 125.5
100 68.4 70.6 72.8 75.2 80.2 94.0 108.2 | 122.0
120 81.8 83.7 85.6 87.5 91.5 102.2 11356 | 1249
140 95.3 97.0 98.6 100.3 103.6 112.4 121.6 131.2
160 108.5 110.0 111.5 113.0 | 115.9 123.3 131.1 139.3
180 121.3 122.6 124.0 125.3 127.9 134.4 141.2 | 148.2
200 133.5 | 134.7 136.0 137.2 | 139.5 145.3 151.3 157.5
250 161.6 162.7 163.7 164.7 | 166.6 171.2 175.8 180.6
300 186.8 187.7 188.6 189.4 | 191.1 195.0 198.8 | 202.7
350 209.8 | 2106 | 2114 | 212.1 | 213.6 | 217.0 | 220.2 | 223.5
400 231.2 | 231.9 | 2326 | 233.2 | 234.5 | 237.5 | 2404 | 243.3
500 270.6 | 271.2 | 271.7 | 2723 | 2733 | 2758 | 278.2 | 280.5
600 307.6 { 308.0 | 308.5 | 309.0 | 309.8 | 312.0 | 314.0 | 3159
700 3434 | 3438 | 344.2 | 3446 | 3454 | 347.2 | 34%.0 | 350.7
800 3789 | 379.2 | 379.6 | 379.9 | 380.6 | 3823 | 383.9 | 3854
1000 450.0 | 450.2 | 450.5 | 450.8 | 451.4 | 452.7 | 454.0 | 455.3
1200 521.7 | 521.9 | 522.2 | 5224 | 5229 | 524.0 | 525.1 | 526.2
1500 629.9 | 630.1 630.3 | 630.5 | 630.9 | 631.8 | 632.7 | 633.6

*DS designates a dilute — gas state
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continued .
p, MPa
T, K
25 30 40 50 60 80 100
15
17
20
25 161.2 167.1 175.6
30 173.7 182.2 195.4 204.8 211.1
40 177.1 189.8 211.2 228.4 242.5 263.0 275.9
50 167.9 182.7 208.6 230.9 250.3 282.3 307.3
60 156.6 171.9 199.5 223.9 246.0 284.9 318.0
70 147.2 162.2 189.5 214.3 237.3 279.2 316.9
80 140.7 154.9 181.0 205.1 227.9 270.4 310.0
100 135.1 1474 170.6 192.3 213.1 253.0 291.8
120 136.0 146.8 167.3 186.6 205.1 241.0 276.4
140 140.8 150.2 168.4 185.7 202.4 234.5 266.3
160 147.6 155.9 172.1 187.8 202.9 232.0 260.6
180 155.5 162.8 177.4 191.7 205.5 232.2 258.2
200 163.9 170.4 183.6 196.7 2094 234.0 257.9
250 185.5 190.6 201.0 211.6 222.1 242.8 262.8
300 206.6 210.7 219.2 228.0 236.9 264.6 271.9
350 226.8 230.2 237.3 244.7 252.3 267.7 283.0
400 246.1 249.1 255.1 261.5 268.0 281.5 295.1
500 282.8 285.1 289.8 294.7 299.7 3104 321.3
600 317.9 319.8 323.6 327.6 331.7 340.3 349.4
700 352.4 354.0 357.3 360.6 364.1 371.3 378.9
800 386.8 388.3 391.2 394.1 397.0 403.2 409.7
1000 456.5 457.7 460.0 462.3 464.7 469.4 474.5
1200 527.2 528.2 530.2 532.2 534.1 538.0 542.1
1500 634.5 635.3 636.9 638.5 640.1 643.2 646.3
Overal accuracy of the thermal conductivity values of normal hydrogen, %
p, MPa
T, K
DS§* 1 b 10 50 100
15 3.9 7.1
20 3.0 2.0 1.9 2.1
30 2.4 2.5 1.7 1.9 6.8
50 2.1 2.5 2.6 2.6 5.9 9.1
100 2.0 2.1 2.2 2.3 3.0 4.8
300 1.5 1.5 1.6 1.6 1.7 2.1
800 2.2 2.2 2.2 2.3 2.3 24
1500 5.1 5.1 5.1 5.1 5.2 5.2

* DS designates a dilute — gas state
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Thermal conductivity of parahydrogen at saturation, mW/(m-K) {10]

I: PURE SUBSTANCES

T, K X A T, K N p
14 75.9 10.96 24 100.9 20.05
15 82.6 11.69 25 99.7 21.58
16 88.0 12.40 26 98.1 23.35
17 92.3 13.13 27 96.1 25.43
18 95.7 13.89 28 93.6 27.92
19 98.3 14.69 29 90.8 30.97
20 100.1 15.55 30 87.7 34.90
21 101.2 16.49 31 84.5 40.45
22 101.6 17.54 32 82.5 50.35
23 101.5 18.72
Thermal conductivity of parahydrogen in a monophase region, mW/(m-K) [10]

p, MPa
T, K
DS* 1 2 3 5 10 15 20

15 12.3 83.0 83.6 84.5

17 14.0 93.4 94.6 95.9 98.9 108.1

20 16.5 102.1 104.2 106.3 110.5 121.1 131.8 142.6

25 20.4 102.9 107.1 110.8 117.4 131.7 144.1 155.3

30 24.1 89.9 98.4 104.5 114.3 132.9 147.8 160.7

40 31.0 37.6 53.6 74.5 94.0 121.6 141.3 187.7

50 37.5 41.9 49.0 58.4 76.6 106.6 128.7 147.0

60 44.2 474 52.1 58.0 70.7 97.2 1184 136.8

70 51.8 54.2 57.7 61.9 71.4 93.9 113.1 130.3

80 60.4 62.3 65.1 68.3 75.9 95.2 1124 128.0

100 80.3 81.6 83.4 85.6 90.8 105.4 119.5 132.8

120 101.2 102.2 103.5 105.1 108.9 120.3 132.1 143.6

140 120.1 120.8 121.8 123.0 126.0 135.1 145.1 155.1

160 135.4 135.9 136.7 137.7 140.0 147.5 156.1 164.8

180 147.2 147.7 148.3 149.1 151.0 157.3 164.6 1724

200 156.6 156.9 157.5 158.1 159.7 165.0 171.4 178.3
250 175.2 175.5 175.8 176.3 1774 181.1 185.7 190.9
300 193.3 193.4 193.7 194.0 194.8 197.5 201.1 205.2
350 212.5 212.7 212.8 213.1 213.7 215.8 218.6 221.8
400 232.5 232.6 232.7 232.9 233.4 235.0 237.3 240.0
500 271.8 271.9 272.0 272.1 | 2724 273.6 275.1 277.0
600 309.1 309.2 309.2 309.3 309.5 310.4 311.5 312.9
700 344.9 344.9 345.0 345.0 345.2 345.8 346.7 347.8
800 380.0 380.0 380.1 380.1 380.3 380.7 3814 382.3
1000 450.0 450.1 450.1 450.1 450.2 450.5 451.0 451.5
1200 519.6 519.6 519.6 519.6 519.7 519.9 520.2 520.7
1500 619.7 619.7 619.7 619.7 619.8 619.9 620.1 620.4

* DS designates a dilute — gas state
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continued
p, MPa
T, K
25 30 40 50 60 80 100
15
17
20
25 165.6 175.3 192.8
30 172.2 182.5 200.3 215.3 228.1
40 171.9 184.5 206.0 223.6 238.1 259.7 273.8
50 163.0 177.3 202.0 222.7 240.0 266.8 285.1
60 153.2 168.1 194.4 216.9 236.4 267.9 291.0
70 146.1 160.7 187.0 210.3 231.0 265.6 202.7
80 142.7 156.5 182.0 205.0 226.0 262.3 291.9
100 145.2 157.2 179.9 201.1 221.0 257.3 289.0
120 154.5 164.9 184.9 204.0 222.1 256.1 287.2
140 164.8 174.1 192.0 209.1 225.6 256.8 286.1
160 173.5 182.0 198.2 213.7 228.7 257.4 284.6
180 180.2 187.8 202.7 217.0 230.8 257.2 282.5
200 185.3 192.3 206.1 219.3 232.1 256.6 280.1
250 196.5 202.1 213.5 224.6 235.5 256.5 276.5
300 209.6 214.2 223.7 233.3 242.8 261.1 278.8
350 225.5 229.3 2374 245.7 254.0 270.3 286.1
400 243.0 246.2 253.1 260.4 267.8 282.4 206.7
500 279.2 281.6 286.8 292.4 208.3 310.3 322.3
600 314.5 316.4 3204 324.9 329.7 339.7 349.9
700 349.0 350.5 353.7 357.4 361.3 369.8 378.5
800 383.3 384.5 387.1 390.1 393.5 400.6 408.3
1000 452.2 453.0 454.9 457.1 459.5 464.9 470.8
1200 521.2 521.8 523.1 524.8 526.6 530.8 535.4
1500 620.7 621.1 622.1 623.2 624.5 627.5 630.9
Overal accuracy of the thermal conductivity values of parahydrogen, %
p, MPa
T, K
DS* 1 5 10 50 100
15 4.0 2.9
20 3.4 1.7 1.6 1.9
30 2.6 2.7 1.5 1.7 4.0
50 2.2 3.3 2.9 2.3 4.2 5.8
100 1.8 2.1 2.2 2.0 2.6 5.9
300 1.0 1.0 1.1 1.1 1.3 1.8
800 2.1 2.1 2.1 2.1 2.2 2.3
1500 5.2 5.2 5.2 5.2 5.2 5.2

* DS designates a dilute — gas state
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Fig. 5: Thermal conductivity of dissociated hydrogen as
a function of temperature with pressure as a parameter.
Thermal conductivity A (W/(m-K)) of dissociated hydrogen [13]
p, bar
-
10-5 10-% | 10-3 | 10-2 0.1 1 10 100 | 200
T, K
1400 | 0.7222} 0.6304; 0.6013| 0.5921| 0.5892| 0.5883; 0.5880| 0.5879| 0.5879
1600 | 1.951 | 1.071 | 0.7910] 0.7021| 0.6739| 0.6650| 0.6622) 0.6613| 0.6612
1800 | 7.848 | 3.080 | 1.485 | 0.9724| 0.8095| 0.7578] 0.7415H| 0.7363} 0.7356
2000 ]23.07 9.687 | 3.795 | 1.770 | 1.114 | 0.9050) 0.8387| 0.8178] 0.8149
2200 §24.72 [22.12 9.589 | 3.834 | 1.838 | 1.190 | 0.9829] 0.9174| 0.9085
2400 | 7.330 [23.93 [19.07 8.149 | 3.381 | 1.745 | 1.215 | 1.047 | 1.024
2600 | 2.154 | 9.991 {23.51 |[14.87 6.203 | 2.755 | 1.597 | 1.224 | 1.173
2800 1.285 | 3.347 |14.80 {20.75 110.49 4418 | 2203 | 1474 | 1.374
3000 | 1.165 | 1.711 | 6.255 [19.43 [15.49 6.871 | 3.115 | 1.827 | 1.649
3200 { 1.186 | 1.349 | 2.890 {12.12 {18.78 {10.02 4.396 | 2.311 | 2.018
3400 | 1.235 | 1.291 | 1.837 | 6.269 {17.72 |13.40 6.067 | 2.951 | 2.500
3600 | 1.291 | 1.312 | 1.523 | 3.456 {13.09 |16.00 8.077 | 3.763 | 3.110
3800 § 1.346 | 1.355 | 1.444 | 2.301 | 8.326 |16.68 |10.26 4.747 | 3.853
4000 1.402 | 1.406 | 1.447 | 1.847 | 5.185 |15.00 [12.31 5.887 | 4.726
4200 | 1.457 | 1459 | 1.479 | 1.677 | 3.477 |11.99 [13.87 7.145 | 5.712
4400 | 1.512 | 1.513 | 1.523 | 1.627 | 2.612 | 8.849 [14.56 8.461 | 6.785
4600 | 1.566 | 1.567 | 1.572 | 1.630 | 2.186 | 6.387 |14.22 9.748 | 7.902
4800 | 1.620 | 1.621 | 1.624 | 1.657 | 1.983 | 4.715 [12.97 [10.89 8.996
5000 | 1.675 | 1.675 | 1.677 | 1.697 { 1.895 | 3.663 [11.19 {11.80 {10.01
5200 | 1.730 | 1.730 | 1.731 | 1.744 | 1.868 | 3.022 | 9.297 [12.38 |10.87
5400 | 1.785 | 1.785 | 1.786 | 1.794 | 1.875 | 2.642 | 7.596 |12.57 |11.52
5600 1.841 | 1.841 | 1.842 | 1.847 | 1.901 | 2.421 | 6.214 [12.37 {11.90
5800 | 1.898 | 1.898 | 1.899 | 1.903 | 1.939 | 2.300 | 5.168 [11.84 {12.01
6000 | 1.957 | 1.957 | 1.958 | 1.960 | 1.986 | 2.241 | 4.384 {11.05 |[11.83




[y

11.

12.
13.
14.
15.

16.
17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

C WD T WD e

REFERENCES

. Serdiuk, L.S., Zhurnal Fiz. Khim, No. 2 (1969).

. Liquid Hydrogen, Mir Press, 1964.

. Serdiuk, L.S., Kholodil’naya tekhnika i tekhnologiya, No. 7 (1968}, Kiev.

. Kazavchinskiy, Ya.Z. and Serdiuk, L.S. Collection GSSD No. 2, Standards Press, 1970.
. Serdiuk, L.S., Collection GSSD, Standards Press, No. 2, 1970, No. 3, 1971.

. Serdiuk, L.S., Zhurnal Fiz. Khim. No. 3 (1969).

. Serdiuk, L.S., Cand. dissertation, Odessa Institute of Naval Engineers, 1969.

. Gorykin, S.F. Cand. Sci. Dissertation, Lomonosov Odessa Technological Institute, 1968.
. Gorykin, S.F. et al, Teplo- i massoperenos, 7, 142 (1968).

GSSSD R182-87, Parahydrogen. Coefficients of dynamic viscosity and thermal conduc-
tivity at temperatures 14-1500 K at pressures ranging from the dilute gas state to 100
MPa. Tables of Recommended Reference Data. GOSSTANDAT, GSSSD, Moscow: De-
position place is VNIIKI, date 20.04.87. No. 342, 1987.

GSSSD R233-87, Normal hydrogen.Coeflicients of dynamic viscosity and thermal con-
ductivity at temperatures 14-1500 K at pressures ranging from the dilute gas state to
100 MPa. Tables of Recommended Reference Data. GOSSTANDAT, GSSSD, Moscow:
Deposition place is VNIIKI, date 22.02.88. No. 446, 1987.

Andreev, LI, Cand. dissertation, Moscow Energetics Institute, 1968.

Vargaftik, N.B., Vasilevskaya, In.D., Teplofizika vysokikh temperatur, 7(5), 913 (1969).
Belov, V.A., Teplofizika vysokikh temperatur 5(1), 37 (1967).

Vargaftik, N.B. and Filippov, L.P. Thermal Conductivity of Gases and Liquids (Data
Book), Standards Press, 1970.

Johnson, V.J., Properties of Materials at Low Temperatures, N.Y., 1961.

GSSSD 108-87, Hydrogen and its isotopes. Surface tension. Standards Press, Moscow,
1988.

Rudenko, N.S., Slusar’ V.P., Viscosity of cryogenic substances under pressure {A Review)
Khar’kov physico-technical institute, 76-33, Collected works, Khar’kov, 1976.

Slusar’ V.P., Rudenko, N.S., Viscosity of deuterohydrogen at constant density in the
temperature range from 20.04 to 300 K, Ukrainskii fizicheskii zhurnal, v. 14, 1913, (1969).
Kessel’man, P.M. and Blank, Yu.l. Transactions of the VII International Conference on
the Properties of Water and Steam, Tokyo, 1968.

Kessel’man, P.M., Blank, Yu.l. and Mogilebskii, V.1., Teplofizika vysokikh temperatur
6(4), 658 (1968).

Kessel’'man, P.M. et al. Teplo- i massoperenos, 7, 132 (1968).

Rudenko, N.S., Slusar’ V.P., Viscosity of deuterium at constant density in the temper-
ature range from 20.04 to 300 K, Ukrainskii fizicheskii zhurnal, v. 13, 1857, (1968).
Michels, A., Schipper, A.C.J., Pintoul, W.H., The viscosity of hydrogen and deuterium
at pressures up to 2000 atmospheres, Physica, v. 19, 1011, 1953.

Vargaftik, N.B., Filippov, L.P., Tarzimanov, L.P., Totskii, E.E., Thermal conductivity
of liquids and gases, Standards Press, Moscow, 1978.

Powers, R.W., Mattou, R.B., Johnston, H.L., J.Amer. Chem. Soc., v. 76, 5972-5980
(1954).

The IAPS formulation 1984 for the thermodynamic properties of ordinary water sub-
stance for scientific and general use. NBS, Gaitherburg, 1984.

Volyak, L.D., Doctoral dissertation, Moscow Aviation Institute, 1969.

GSSSD 98-86, Water. Specific volume and enthalpy at temperatures 0-800 °C and
at pressures 0.001-1000 MPa. Tables of Standard Reference Data. Standards Press,
Moscow, 1984.

Rybakov, V.V. Thermodynamic properties of gases at high temperatures, Mashinostroe-
nie Press, 1968.



1282
31,

32.

33.

34.

35.

36.

37.

38.
39.

40.

41,
42,

43.

44.

45.

46.

47.

48,

49.
50.
51.
52,
53.

54.
55.
56.
57.

58.

39.

REFERENCES

Release on IAPS skeleton tables 1984 for thermodynamic properties of ordinary water
substance. NBS, Gaitherburg, 1984.

GSSSD  117-88, Water. Sound velocity at temperatures 0-100 °C and pressures
0.101325-100 MPa. Tables of Standard Reference Data. Standards Press, Moscow, 1988.
GSSSD 6-86, Water. Dynamic viscosity at pressures ranging from 0 to 100 MPa at
temperatures from 0 to 800 °C. Tables of Standard Reference Data. Standards Press,
Moscow, 1978.

Nagashima, A., Viscosity of water substance — new international formulation and its
background, J. Phys. Chem. Ref. Data, 1977, v. 6, No. 4, 1133-11686.

International tables and equations for dynamic viscosity of water and steam. Teploen-
ergetika, No. 4, 87-91, (1977).

Tarzimanov, A.A., Lozovoi, V.S., Trudy Kazanskogo Khimiko-tekhnologicheskogo insti-
tuta (Transactions of Kazan Chemical Engineering Institute), No. 45, 241 (1970).
International tables and equations for thermal conductivity of water and steam. Teploen-
ergetika, No. 4, 70-75, (1980).

Lozovoy, V.S., Candidate Dissertation, Kazan Chemical Engineering Institute, 1971.
Release on Thermal Conductivity of Water Substance. Issued by the International As-
sociation for the Properties of Steam. NBS, Washington, USA, December, 1977.
Vukalovich, M.P. and Fokin, L.R., Thermophysical properties of mercury, Standards
Press, 1972.

Stone, J., Eving, C., J. Chem. Eng. Data 11(3), 315 (1966).

Vargaftik, N.B. (ed.) Thermophysical Properties of Substances. A Handbook, Gosenergo
Press, 1956.

Pashkov, B.P., Palchaev, D.K., Pashchuk, E.G., Pevelis, B.G., Review series on thermo-
physical properties of substances, No. 3 (35), Institute of High Temperatures Acad. Sci.
USSR, Moscow, 1981, p.3.

Bonchila, S.N., Palchaev, D.K. Filippov, L.P., Teplofizika vysokih temperatur, v. 17,
No. 3, 507 (1979).

Golubev, 1.F., Physico-chemical studies, No. 24, State Institute of Nitogen Industry
(1969).

Volyak, L.D., Stepanov, V.G., Tarlakov, Yu.V., Experimental investigation of the tem-
perature dependence of wetting angle of water (H20 and D,O) on quartz and sapphire,
Zhurnal fizicheskoi himii, v. XLIX, No. 11, 2931-2933 (1975).

Aleksandrov, A.A., Critical parameters of ordinary and heavy water. Teploenergetika,
No. 1, 1986.

Release on the IAPPS formulation 1984 for the thermodynamic properties of heavy
water substance. NBS. Gatherburg, 1984,

Dawe, R.A., Smith, E.B., J. Chem. Phys. 52(2), 693 (1970).

Hilsenrath, J., Tables of Thermal Properties of Gases, NBS, Circular 564, 1955.

Din, F., Thermodynamic Functions of Gases, Vol. 1, 2, 3, 1956. Butterworths, London.
Golubev, L.F., Viscosity of Gases and Gas Mixtures, Fizmat Press, 1959.

Golovskiy, E.A., and Tsymarnyi, A.L., Collection of GSSD, No. 2, Standards Press,
1969.

Golovskiy, E.A., and Tsymarnyi, A.L., Teploenergetika, 1 {1970).

Parks, G.S., Todd, S.S., Shomate, C.H., J. Am. Chem. Soc. 58(12), 2505 (1936).
Kessel’man, P.M. et. al., Inzhenerno- fizicheskii zhurnal, 5, 4 (1965).

Kotliarevskii, P.A. Cand. Sci. Dissertation, Lomonosov Odessa Technological Institute,
1966.

Kessel’'man, P.M., Kotlyarevskii, P.A., Thermodinamicheskie svoistva dvuckisi ugleroda
v intervale temperatur 273-4000 K i davlenii do 600 bar. {Thermophysical properties of
Carbon Dioxide in the Temperature Range 2734000 K and at Pressures up to 600 bar),
Lomonosov Odessa Technological Institute, 1965.

Aleksandrov, A.A., International equation of state for heavy water, Teploenergetika, No.
4, (1986).



60.

61.

62.

63.

64.
65.

66.

67.
68.

69.
70.
71.

T2.

73.
74.
75.
76.
71.
78.

79.

80.
81.
82.
83.

84.

85.
86.
87.
88.
89.
90.
91.
92.
93.

94.

REFERENCES 1283

Matsunaga, N., Nagashima, A., Transport Properties of Liquid and Gaseous D, O over
Wide Range of Temperature and Pressure. J. Phys. Chem. Ref. Data, v. 12, No. 7,
933-966, (1983).

Zagoruchenko, V.A. and Zhuravlev, A.M. Teplofizicheskie Svoistva Metana (Thermo-
physical properties of methane), Standards Press, 1969.

Rossini, F.D. et. al., Selected Values of Physical and Thermodynamic properties of
Hydrocarbons and Related Compounds, NBS, Pittsburg, 1953.

Gelperin, 1., Spravochnik po razdeleniyu gazovykh smesei (Handbook on separation of
gas mixtures), Goskhim Press, 1953.

Volyak, L.D., Teploenergetika, 7 (1958).

Tatevskiy, V.M. (ed.), Fiziko-khimicheskie svoistva individual’'nykh uglevodorodov
(Physico-chemical Properties of Individual Hydrocarbons), Gostoptech Press, 1960.
Mamedov, A.M. Doctoral dissertation, Ac. Sciences AzSSR 1959; Doklady Ac. Scie.
AzSSR 4(10), (1948); Izv. MVO SSSR: Series: Petroleum and Gas 3(7), (1958); 6(5),
(1961).

Olds, R., Reamer, H., Sage, B., Ind. Eng. Chem. 36(3), 279 (1944).

Golubev, I.F., Agaev, N.A., Vyazkost’ predel’nykh uglevodorodov (Viscosity of saturated
hydrocarbons), Azerbaydzhan State Press, Baku, 1964.

Kazavchinskiy, Ya.Z. and Katkhe, O.1. Zhurnal fizicheskoi khmii 29(12), (1955).
Bonilla, C., Weiner, H., Trans. ASME 78(6), 1285 (1956).

Timmermans, J., Physico-Chemical Constants of Pure Organic Compounds, Inter-
science, N. Y., 1950.

Vargaftik, N.B., Teplofizicheskie Svoistva Gazov i Zhidkostei. Spravochnik (Handbook
of Thermophysical Properties of Gases and Liquids), Fizmat Press, 1963.

Atkins, B.E., Bastick, R.E., Ibbs, T. L., Proc. Roy. Soc. A172, 142 (1939).

Doulsin, D.R., Huffman, H.M., J. Am. Chem. Soc. 68(9), 1704 (1946).

Parks, G.S., Huffman, H.M., Thomas, B., J. Am. Chem. Soc. 52, 1032 {1930).

Osborn, N.S., Ginnings, D.C., J. Res. NBS 39(5), 453 (1947).

Huffman, H.M., Parks, G.S., Bormore, M., J. Am. Chem. Soc, 53, 3876 (1931).
Mukhamedzianov, G.Kh., et. al., Izv. MVO USSR, Series: Petroleum and Gas, No. 9,
75 (1963).

Mukhamedzianov, G.Kh., Candidate dissertation, Kazan Chemical Engineering Insti-
tute, 1962.

Doulsin, D.R., Huffman, H.M., J. Am. Chem. Soc. 68(2), 173 (1946).

Aston, J.G., Szasz, G.J., Fink, H.L., J. Am. Chem. Soc. 65(6), 1135 (1943).

Huffman, H.M., Todd, S.S., Oliver, G.D., J. Am. Chem. Soc. 71(2), 584 (1949).
Golubev, I.F. and Petrov, V.A., Trudy of GIAP (Transactions of State Institute of
Nitrogen Industry, USSR), No. 2 (1953).

Naziev, Ya.M. and Abasov, A.A., Transaction of the Third All-Union Conference on
Thermophysics, Thermophysical properties of Gases, Nauka Press, Moscow, 1970, Izves-
tia MVO SSSR, Series: Petroleum and Gas 13(3), (1968); Khimiya i tekhnologiya topliv
i masel, No. 3, 22 (1970).

Borovik, E. et. al., Zhurnal tekhnicheskoi fiziki 10(12) (1940).

Michels, A., Wassernaar, T., Lonwers, K., Appl. Scient. Res. A4(1), 34 {1953).
Marchmann, H., Prengle, H., Motard, P., Ind. Eng. Chem. 41, 2658 (1949).

Olds, R., Sage, B., Lacey, W., Ind. Eng. Chem. 38(3), 301 (1946).

Todd, S.S., Parks, G.S., J. Am. Chem. Soc. 58(1), 134 {1936).

Day, F., Felsing, M., J. Am. Chem. Soc. 73(10), 4839 (1951).

Todd, S.S., Oliver, G.D., Huffman, H. M., J. Am. Chem. Soc. 69(6), 1579 (1947).
Scott, R.B. et. al., Res. NBS 35(1), 39 (1945).

Kessel’'man, P.M. et. al., Transaction of the Third All-Union Conference on Thermo-
physics, Thermophysical Properties of Gases, Nauka Press, Moscow, 1970.

Henning, F., Warmetechnische Richtwerte, Phis.-Technische Reichsanstalt, Berlin, 1938,



1284

95.
96.
97.
98,
99.
100.
101.

102.
103.
104,
105.
106.
107.
108.
109.

110.

111.

112.
113.

114,

115.
116.

117,

118.

119.
120.
121.
122.
123.
124.
125.
126.

REFERENCES

Mamedov, A.M. et. al., lzv. MVO SSSR. Series: Petroleum and Gas 12(6), 72 (1967).
Huffman, H.M., Parks, G.S., Daniels, A.C., J. Am. Chem. Soc. 52(4), 1547 (1930).
Vargaftik, N.B., Izvestiya VTI, No. 8 (1949).

Corruccini, R.L., Ginnings, D.C., J. Am. Chem. Soc. 68(2), 153 (1946).

Gutrie, G.B., Ralph, I.R., Spitzer, W., J. Am. Chem. Soc. 66(12), 2120 (1944).
Kurbatov, V.Ya., Zhurnal obshchey khimii 18(11), 1999 (1947).

Vukalovich, M.P. et. al., Teplofizicheskie Svoistva Organicheskikh Teplonositelei (Ther-
mophysical properties of organic coolants), Atom Press, 1969.

Matveev, I.G. et. al., Zhurnal prikladnoi khimii 31(6), 868 (1958).

Vargaftik, N.B. et. al., lzv. MVO SSSR, Series: Petroleum and Gas, No. 3 (1963).
Volkov, B.N, Zhurnal fizicheskoi khimii, 45(1), 182 (1971).

Aleksandrov, A.A., Equations and tables for determination of viscosity and thermal
conductivity of heavy water, Teploenergetika, No. 8, 71, {1983).

Vargaftik, N.B., Volkov, B.N., Voljak, L.D., International Tables of the Surface Tension
of Water, J. Phys. Chem. Ref. Data, v. 12, No. 3 (1983).

Release of Surface Tension of Heavy Water Substance (D20). Issued by the International
Association for the Properties of Steam, NBS, 1983.

Matsunaga, N., Nagashima, A., Prediction of the Transport Properties of gaseous H,0
and its Isotopes at High Temperatures, J. Phys. Chem., v. 87, 5268-5279 (1983).
Teplofizicheskie Svoistva Teknicheski Vazhnyh Gazov (Thermophysical properties of
gases of technological importance. Handbook), Energoatomizdat, Moscow, 1989.
Shpilrain, E.E., Yakimovich, K.A., Mel’nikova, T.N., Polishchuk, A.Ya., Spravochnik
po teplofizicheskim svoistvam gidrida, deiterida i tritida litiya i ikh rastvorov s litiem
(Handbook of .thermophysical properties of lithium hydride, deuteride, and tritide and
their solutions with lithium), Energoatomizdat, Moscow, 1983,

Vargaftik, N.B., Filippov, L.P., Totskii, E.E., Teploprovodnost’ zhidkostei i gazov.
Spravochnik (Handbook of thermal conductivity of liquids and gases), Energoatomizdat,
Moscow, 1990.

Osipenko, V.P., Izvestiya vuzov, Fizika, No. 12, 25 (1970).

GSSSD 96-86, Carbon dioxide liquid and gas. Density, compressibility factor, enthalpy,
entropy, isobar heat capacity, sound velocity, and volume thermal expansion at tem-
peratures 220-1300 K and pressures 0.1-100 MPa. Tables of Standard Reference Data.
Standards Press, Moscow, 1986.

GSSSD 101-86, Carbon dioxide. Coefficients of viscosity, thermal conductivity and
Prandtl number of dilute gas in the temperature range 150-2000 K. Tables of Stan-
dard Reference Data. GOSSTANDAT, Standards Press, Moscow, 1986.

Stull, D., Ind. Eng. Chem. 39(4), 517 (1947).

GSSSD 110-87, Carbon dioxide. Coefficients of dynamic viscosity and thermal conduc-
tivity at temperatures 220-1000 K at pressures ranging from dilute gas state to 100
MPa. Tables of Standard Reference Data. Standards Press, Moscow, 1987.

Zemlyanyh, Yu.P., Experimental investigation of thermal conductivity of gases at high
temperatures in a shock-tube. Candidate dissertation, Lomonosov Odessa technological
institute, Odessa, 1972.

Investigation of thermophysical properties of perspective high temperature coolants and
working fluids. Technical Report No. 01870036408, Moscow Aviation Institute, 1991.
Golubev, L.F., and Vasilkovskaya, T. N., Teploenergetika, No. 5 and 6 (1969).
Vukalovich, M.P. et. al., Teploenergetika, No. 2, 70 {(1960); No. 10, 63 (1960).

Zubarev, V.N. and Aleksandrov, A.A. Teploenergetika, No. 3 {1963).

Rivkin, S.L. and Egorov, B.N. Teploenergetika, No. 7 (1961).

Rivkin, S.L. and Vinnikova, A.N. Teploenergetika, No. 6 (1964).

Fiock, E., Ginnings, D., Helton, W., J. Res. NBS 6, 881 (1931).

Khalilov, Kh.M. Zhurnal tekhnicheskoi fiziki 8 (13-14), 1249 (1938).

Martin, J.J., J. Chem. Eng. Data 8, 4 (1963).



127.
128.
129.
130.
131.

132,
133.
134.
135.
136.
137.
138.
139.
140.
141.

142,

143.

144.

145.

146.

147,
148.

149.
150.

151.
152.
153.
154.
155.

156.

157.
158.

159.
160.

161.
162.

REFERENCES 1285

Cosner, J.L., Gadliardo, J.E., Storvick, T.S., J. Chem. Eng. Data 6, 360 (1961).
Harrison, R.H., Williamson, K.D., J. Chem. Phys. 26, 1409 (1957).

Hales, J.L., Cox, J.D., Lees, E.B., Trans. Faraday Soc. 69, 7 (1963).

Berman, N.S., Larkam, C.W., McKetta, J.J., J. Chem. Eng. Data 9, 2 (1964).

Kagan, S.E. and Chechetkina, A.V. Organic high-temperature coolants, Goskhimizdat
Publisher, 1951,

Trehin, R., Ann. Phys. 9(15), 2461 (1921).

Parks, G.S., Kelley, K.K., J. Am. Chem. Soc. 47, 2089 (1925).

Burriel-Marti, A., Bull. chim. Belg. 39, 590, {1930).

Ginnings, D.C., Farukawa, G.T., J. Am. Chem. Soc. 75(3), 522 (1953).

Lang, H., Proc. Roy. Soc, A118, 138 (1928).

Blacet, A., Leighton, B., Bartlett, E., J. Phys. Chem. 35, 1935 (1931).

Ferguson, A., Miller, J., Proc. Phys. Soc. 45, 194 (1933).

Baklastov, A.M. and Grigoryev, V.A., Promyshlennaya energetika, No. 6 (1956).
Sokolov, S.N. et. al., Teploenergetika, No. 1 (1961).

Vasserman, A.A. et. al., Teplofizicheskie svoistva vozduha i ego komponentov (Thermo-
physical properties of air and its components), Nauka Press, 1965.

Vasserman, A. A. and Rabinovich, V. A., Teplofizicheskie svoistva zhidkogo vozduha i
ego komponentov (Thermophysical properties of liquid air and its components), Stan-
dards Press, 1968,

Bestuzhev, A.S. Candidate dissertation, Lomonosov Odessa Technological Institute,
1968.

Martinek, F., Thermodynamic and Transport Properties of Gases, Liquids and Solids,
Symp. on Thermal Properties, Purdue Univ., 1959.

Zubarev, V.N., Prusacov, P.G., Sergeeva, L.V., Termofizicheskie svoista metanola.
Spravochnik (Thermophysical properties of methanol. Handbook), Standards Press,
Moscow, 1973.

Powell, R.W., Tye, R.P., Proc. Conf. of Thermophysic and Transport Properties of
Fluids, London, Inst.Mech. Eng., 1958, p. 182.

Kudashev, Kh.Kh., Candidate dissertation, OIIMF, 1964.

Shchekotalina, S. A. Candidate dissertation, Lomonosov Odessa Technological Institute,
1967.

Elverum, G., Doescher, R., J. Chem. Phys. 20(12), 1834 (1952).

Kapoor, R.M., Martin, J.J., Thermodynamic Properties if Chlorine, Univ. of Michigan,
1957,

Jvash, E.V., Li James C.M., Pitzer, K.S., J. Chem. Phys., v. 23, No. 10, (1955).
Tsederberg, N.V. et. al., Thermophysical properties of Helium, Atom Press, 1969.
Bonchila, S.N., Filippov, L.P., Teplofizika vysckih temperatur, v. 11, No. 3, 668 (1973).
Rieveld, A.O., van Itterbeek, A., Velds, C.A., Physica 25(3), 205 (1959).

McCarty, R.D., Stewart, R.B., Third Symp. on Thermophysical Properties, ASME,
1965, p. 84.

Muhamedzyanov, [.X., Muhamedzyanov, G.X., Usmanov, A.G., Thermal conductivity
of saturated uniaxial alcohols at pressures up to 2500 bar. Trudy Kazanskogo Khimiko-
Tekhnologocheskogo Instituta (Transactions of Kazan Chemical Engineering Institute),
No. 44, Kasan, 1971, pp. 57-67.

Loéchtermann, E., Cryogenic, 44 (March 1944).

Kulik, P.P. et. al., Teplofizika vysokikh temperatur 1(1), (1963), Kulik, P.P. op. cit.
8(2), (1971).

Vukalovich, M.P. et. al., Transactions of All-Union Conference on Thermodynamics,
Thermophysical Properties of Substances, Leningrad, 1969.

Holleran, E.M., Hubbert, A., J. Phys. Chem. 56, 1034 (1952).

Holleran, E.M., J. Chem. Phys. 21(12), 2184 (1953}.

Saxena, M.P., Saxena, S.C., Indian J. Pure and Appl. Phys. 4(3), 109 {1966).



1286 REFERENCES

163. Slattery, J.C., Bird, R.B., AJChE J. 4(2), 137 (1954).

164. Chen, N.H., Othmer, D.F., J. Chem. Eng. Data 7(1), 37 (1962).

165. Carswell, A.l.,, Stryland, J.C., Canad. J. Phys. 41(4), 708 (1963).

166. Kosov, N.D., Studies of Transfer Processes, Trudy Kazanskogo Gosudarstvennogo Uni-
versiteta (Transactions of the Kazakh State University), Alma-Ata, 1959.

167. Vyshenskaya, V.F. and Kosov, N.D., Teplo- i massoperenos 1 (1962).

168. Usmanov, A.G., Trudy Kazanskogo Khimiko-Tehnologicheskogo Instituta (Transactions
of Kazan Chemical Engineering Institute), No. 22, 154 (1957); No. 22, 99 (1958); Zhurnal
fizicheskoi khimii 37(1), 179 (1963).

169. Usmanov, A.G. and Berezhnoy, A.N., Trudy Kazanskogo Khimiko-Tehnologicheskogo
Instituta (Transactions of Kazan Chemical Engineering Institute), No. 22, 115 (1958);
Zhurnal fizicheskoi khimii 37, No. 1, 179 (1963). )

170. Nafikov, E.M. and Usmanov, A.G., Trudy Kazanskogo Khimiko-Tehnologicheskogo In-
stituta (Transactions of Kazan Chemical Engineering Institute), No. 31, 36 (1963); No.
22, 17 (1964).

171. Mathur, G.P., Thodos, G., AJChE J. 11(1), 164 (1955).

172. Malinauskas, A.P., J. Chem. Phys. 42(1), 159 (1965).

173. Ivakin, B.A. and Suetin, P.E., Zhurnal tekhnicheskoi fiziki 34(6), 1115 (1964).

174. Ember, G., Ferron, J.R., Wohl, K., J. Chem. Phys. 37(4), 891 (1962).

175. Pakurar, T.A., Ferron, J.R., J. Chem. Phys. 43(8), 2917 (1965).

176. Chapman, S. and Cowling, T., The mathematical Theory of non-uniform Gases. Cam-
bridge University Press, 1952.

177. Hirschfelder, J.0., Byrd, R.B., Spotz, E.L., Chem. Rev. 44(1), 205 (1949).

178. Lee, C.J., Wilke, C.R., Ind. Eng. Chem. 46, 2381 (1954).

179. Winn, E.B., Phys. Rev. 74(6), 698 (1948).

180. Winn, E.B., Phys. Rev. 80(6), 1024 (1950).

181. Winter, E.R.S., Trans. Faraday Soc. 47, 342 (1951).

182. Amdur, J., Mason, E.A., Phys. Fluids 1(5), 370 (1958).

183. Almasy, G., Pallai, J., Acta Chim. Ac. Sci. Hung. 20(4), 419 (1959).

184, Waldman, L., Z. Phys. 124, 1 (1947).

185. Westenberg, A.A., Walker, R.E., J. Chem. Phys. 26(6), 1753 (1957).

186. Bose, N.K., Chakraborty, R.N., Trans. Ind. Inst. Chem. Eng. 8, 67 (1955).

187. Hudson, G.H., McCoubrey, J.C., Ubbelohde, A. R., Trans. Faraday Soc, 56(8), 1184
(1960).

188. Boyd, C.A. et. al., J. Chem. Phys. 19(5), 549 (1951).

189. Suetin, P.E. and Ivakin, B.A., Zhurnal tekhnicheskoi fiziki 31(4), 499 (1961).

190. Vyshenskaya, V.F. and Kosov, N.D., Studies of Transport Processes, Trudy Kazanskogo
Gosudarstvennogo Universiteta (Transactions of the Kazakh State University), Alma-
Ata, 1959.

191. Van Itterbeek, A., Nihoul, J., Acustica 7(3), 180 (1957).

192. Schifer, K., Cote, H., Moesta, H., Elektrochem. 85(7), 662 (1951).

193. Boardman, L.E., Wild, N.E., Proc. Roy. Soc. A162(911), 511 (1937).

194. Schifer, K., Moesta, H., Z. Elektrochem. 58, 743 (1954).

195. Nelson, E.T., J. Appl. Chem. 6(7), 286 (1956).

196. Crider, W.L., J. Am. Chem. Soc. 78(5), 924 (1956).

197. Schwertz, F.A., Brow, J.E., J. Chem. Phys. 19, 640 (1951).

198. Westenberg, A.A., Combustion and Flate 1(3), 346 (1957).

199. Walker, R.E., Westenberg, A.A., J. Chem. Phys. 29(5), 1147 (1958).

200. Cummings, G.A., Ubbelohde, A.R., J. Chem. Soc., No. 12, 3751 (1953); No. 7, 2524
(1955).

201. Usmanov, A.G. and Berezhnoy, A.N., Zhurnal fizicheskoi khimii, 34(4), 907 (1960).

202. Cummings, G.A., McLaughlin, E., Ubbelohde, A.R., J. Chem. Soc., 1141 (1955).

203. Clarke, J.K., Ubbelohde, A.R., J. Chem. Soc., 2050 (1957).



204.
205.
206.
207.
208.

209.
210.
211.
212.
213.
214.
215.
216.
217.
218.
219.
220.
221.
222.
223.
224.

225.
226.
227.
228.
229.
230.
231.
232.

233.
234.
235.
236.

237.
238.
239.
240.
241.
242.
243.
244.
245.
246.

247.
248.
249.

REFERENCES 1287

Berezhnoy, A.N., Candidate dissertation, ENIN Ac. Sciences of the USSR, 1960.
Andrussow, L., Z. Elektrochem, 54, 556 (1950).

Trautz, M., Miiller, W., Ann. Phys. 22, 333 (1935).

Hartel, H., Meer, N., Polanyi, M., Z. Phys. Chem. 198 (2-3), (1932).

Krestovnikov, A.N., Pavlov, V.G., Glazov, Z.M., Zavogskaya laboratoriya, v. 34, No. 2,
191 (1968).

Hutchinson, F., Phys. Rev. 72(12), 1256 (1947).

Hutchinson, F., J. Chem. Phys. 17(11), 1081 (1949).

Mifflin, R.K., Bennett, C.O., J. Chem. Phys. 29(5}, 975 (1958).

Strehlow, R.A., J. Chem. Phys. 21, 2101 (1953).

Srivastava, K.P., Physica 25(7), 571 (1959).

Walker, R.E., Westenberg, A.A., J. Chem. Phys. 31(2), 519 (1959).

Saxena, S.C., Mason, E.A., Molec. Phys. 2(4), 379 (1959).

Srivastava, B.N., Srivastava, K.P., J. Chem. Phys. 30(4), 984 (1959).

Schifer, K., Schuhman, K., Z. Elektrochem. 61(2), 246 (1957).

Amdur, J., Schatzki, T.F., J. Chem. Phys. 29(6), 1425 (1958).

Srivastava, K.P., J. Chem. Phys. 28(4), 543 (1958).

Fairbanks, D.F., Wilke, C.R., Ind. Eng. Chem. 42(3), 471 (1950).

Winkelmann, A., Ann. Phys. Chem. 23, 203 (1884).

Harteck, P., Schmidt, H.W., Z. Phys. Chem., 21B, 447 (1933).

Suetin, P.E., et. al., Zhurnal tekhnicheskoi fiziki 29(8), 1058 (1959).

Kosov, N.D., Study of physical fundamentals of operation of ovens and firing pits, Trudy
Kazakhskogo Gosudarstvennogo Universiteta (Transactions of the Kazakh State Univer-
sity), Alma-Ata, 1957.

Londsdale, H.K., Mason, E.A., J. Phys. Chem. 61, 1544 (1957).

Heath, H.R., Ibbs, T.L., Wild, N.E., Proc. Roy. Soc. A178(974), 380 (1941).

Bendt, P.J., Phys. Rev. 110(1), 85 (1958).

Walker, R.E., Westenberg, A.A., J. Chem. Phys. 32(2), 436 (1960).

Kimpton, D.D., Wall, F.T., J. Phys. Chem. 56(6), 715 (1952).

Le Blanc, M., Wupperman, G., Z. Phys. Chem. 91, 143 (1916).

Gilliland, E.R., Ind. Eng. Chem. 26(6), 681 (1934).

Vasilevskaya, Yu.D. Trudy Moskovskogo Aviatsionnogo Instituta (Transactions of the
Moscow Aviation Institute), No. 132, 144 (1961).

Schirmer, R., Z. VDI 6, 170 (1938).

Rosie, K., Forsch. Geb. Ingenierwesens 19, 49 (1935).

Klibanova, Ts.M. et. al., Zhurnal tekhnicheskoi fiziki 12(1), 14 (1942).

Irisov, A.S. Evaporation of fuels for cylindrical engines and methods of study, State
Toptech Press, 1955.

Andrew, S.P.S., Chem. Engng Sc. 4, No. 6, 269 (1955).

Mack, E., J. Am. Chem. Soc. 47, No. 10, 2468 {1925).

Goriunova, N.A. and Kuvshinskiy, B. E., Zhurnal tekhnicheskoi fiziki 28, 11, 1421 (1948).
Vasilevskaya, Yu.D., Izvestiya MVO SSSR, Series: Petroleum and Gas, No. 1 (1962).
Bradley, R.S., Evants, M.G., Whytlaw-Gray, R. W., Proc. Roy. Soc. A186, 388 (1946).
Bradley, R.S., Shellard, A.D., Proc. Roy. Soc. A198, 239 (1949).

Birks, J., Bradley, R.S., Proc. Roy. Soc. A198, 226 (1949).

Call, F., J. Sci. Food and Agricult. 8(2), 86 (1957).

McMurtie, R., Keyes, F.G., J. Chem. Soc. 70(11), 3755 (1948).

Hirshfelder, J.O., Curtiss, Ch.F., Bird, R.B., Molecular Theory of Gases and Liquids,
Chapman and Hall, London, 1954.

Klotz, J.M., Miller, D.K., J. Am. Chem. Soc. 69(10), 2557 (1947).

Srivastava, K.P., Barua, Indian J. Phys. 33(5), 229 (1959).

Amdur, J., et. al., J. Chem. Phys. 20(3), 437 (1952).



1288 REFERENCES

250. O’Hern, H.A., Martin, J.J., Ind. Eng. Chem. 47, 2081 (1955).

251. Vyshenskaya, V.F., Study of Transport Processes, Transactions of the Kazakh State
University, 1960; Candidate dissertation, Power Engineering Institute, Kazakh SSR,
1961.

252. Wall, F.T., Kidder, G.A., J. Phys. Chem. 50(3), 235 (1946).

253. Groth, H.W., Harteck, P., Z. Elektrochem. 47, 167 (1941).

254, Amdur, J., Schatzki, T.F., J. Chem. Phys. 27, 1049 (1957).

255, Visnep, S., Phys. Rev. 82(2), 297 (1951).

256. Jeffries, P.R., Drickamer, H.G., J. Chem. Phys. 21, 1358 (1953).

257. Winter, E.R.S., Trans. Faraday Soc. 46, 81.(1950).

258. Groth, W., Suscner, E., Z. Phys. Chem. 193A, 296 (1944).

259. Raw, C.J. G J. Chem. Phys 23(5), 973 (1955).

260. De Troyer, A van Itterbeek, A., Berg, G.1., Physica 16, 669 (1950).

261. Grew, K.E,, Proc Roy. Soc. A189, 402 (1947).

262. Ibbs, T.L., Grew, K.E., Proc. Phys. Soc. 43, 142 (1931).

263. Puschner, M., Z. Phys. 108, 597 (1937).

264. Ibbs, T.L., Proc. Roy. Soc. A107, 470 (1925).

265, Ibbs, T.L., Grew, K.E., Hirsk, A.A., Proc. Phys. Soc. 41, 456 (1929).

266. Mason, E.A., Rice, W.E., J. Chem. Phys. 22(5), 843 (1959).

267. Elliot, G.A., Mason, 1., Proc. Roy. Soc. A108, 378 (1925).

268. Grew, K.E., Proc. Phys. Soc. 62, 655 (1949).

269. Ibbs, T.L., Underwood, L., Proc. Phys. Soc. 39, 227 (1927).

270. Van Itterbeek, A., van Paemel, O., van Kierde, 1., Physica 138, 231 (1947).

271. Grew, K.E., Proc. Roy. Soc. A178, 390 (1941).

272. Blueh, G., Blueh, O., Z. Phys. 90, 12 (1934).

273. Bastick, R.E., Heath, H.R., Ibbs, T.L., Proc. Roy. Soc. A173, 543 (1939).

274. Grew, K.E., Ibbs, T.L., Thermal Diffusion in Gases, Cambridge University Press, 1952.

275. Lugg, . W.H., Phil. Mag. 8, 1019 (1929).

276. Van Itterbeek, A., Forrez, G., Mariens, P., Physica 19, 525 (1953).

277. Schmahl, W.G., Schewe, 1., Z. Elektrochem. 46, 203 (1940).

278. Usmanov, A.G. and Berzhnov, A.N., Trudy Kazanskogo Khimiko-Tekhnologicheskogo
Instituta (Transactions of the Kazan Chemical Engineering Institute), 1961.

279. Ivakin, B.A., et. al., Zhurnal tekhnicheskoi fiziki 37(10), 1913 (1967).

280. Paul, R., Srivastava, J.B., Indian J. Phys. 35(9), 465 (1961).

281. Srivastava, B.N., Srivastava, J.B., J. Chem. Phys. 36(10), 2616 (1962).

282. Srivastava, J.B., Indian J. Phys. 36(4), 193 (1962).

283. Amdur, J., Schuler, L.M., J. Chem. Phys. 38(1), 188 (1963).

284. Paul, R., Watson, W.W., J. Chem. Phys. 45(7), 2675 (1966).

285. Bondarenko, A.G. Candidate dissertation, GIAP, 1964.

286. Trautz, M., Melster, A., Ann. Phys. 5(7), 409 (1930).

287. Trautz, M., Binkele, H., Ann. Phys. 5(5), 561 (1930).

288. Trautz, M., Sorg, K., Ann. Phys. 10, 81 (1931).

289, Landolt-Bérnstein, Physikalisch-chemische Tabellen, Bd. 1, Springer, 1927, S. 146.

290. Agaev, N.A., and Yusibova, A.D., Gazovaya promyshlennost, No. 6, 46 (1966).

291. Trautz, M., Baumann, P., Ann. Phys. 5(5), 733 (1929).

292. Trautz, M., Stautz, F., Ann. Phys. 2, 737 (1925).

293. Jung, C., Schmick, H., Z. Phys. Chem. TB(130), 147 (1930).

294. Silgardo, R., Storrog, I., J. Am. Chem. soc. 69(8), 261 (1950).

295. Andreev, LI, et. al., Teploenergetika, No. 8 (1966).

296. Vargaftik, N.B., and Osminin, Yu.P., Teploenergetika, No. 7, 11 (1956).

297. Mozgovoi, A.G., Roshchupkin, V.V., Pokrasin, M.A., Fokin, L.R., Handomirova, N.E.,
Lithium, sodium, potassium, rubidium, cesium. Saturation vapor pressure at high tem-
perature. GSSSD 112-87, Standards Press, Moscow, 1988.



298.

299.
300.
301,
302.
303.
304.
305.
306.
307.
308.
309.
310.
311.

312.

313.
314.
315.
316.
317.

318.

319.

320.

321,

322,

323.

324.
325.

326.
327.
328.
329.
330.
331.
332,
333.

334.
335.
336.

REFERENCES 1289

Filippov, L.P., Novoselova, N.S., Vestnik of the Moscow State University, No. 3, 37
(1955).

Riedel, L., Chem.-Ingr.-Techn. 23, 465, {1951); 30, 189 (1958).

Ulybin, S.A., Teploenergetika, No. 6 (1962).

Kovalevskaya, N.S., Candidate dissertation. Moscow Energetics Institute, 1954.
Eldarov, F.G., Zhurnal fizicheskoi khimii 34(6), 1205 (1960).

Eldarov, F.G., Zhurnal fizicheskoi khimii 34(7), 1414 (1960).

Filippov, L.P., Vestnik of the Moscow State University, No. 2, 43 (1960).

Filippov, L.P., Vestnik of the Moscow State University, No. 8, 67 (1955).

Lindsay, A.L., Bromley, L. A., Ind. Eng. Chem. 42, 1508 (1950).

Vargaftik, N.B., Doctorate dissertation, ENIN AN SSSR, 1952.

Griiss, A., Schmick, B., Wissensh. Veroffentl. aus Siemens-Konzern 7, 202 (1928).
Kulakov, 1.A., Izv. of the Voronezh Pedagogical Institute, No. 17 {1955).

Rothman, A.l., Bromely, L. A., Ind. Eng. Chem. 47, 89 (1955).

Kozhevnikov, V.F., Zhurnal experimental’noi i teoreticheskoi fiziki, v. 97, No. 2, 541
(1990).

Kozhevnikov, V.F., Karpov, A.V., Teplofizicheskie svoistva rabochikh tel i teplonositelei
sovremennoi energetiki (Thermophysical properties of working fluids and heat carriers of
modern power engineering), Collected works, Publ. of Moscow Aviation Institute, 1991,
p- 22.

Chemists Handbook, Vol. 3, State Chem. Press, 1952.

Tsederberg, N.V., Teploenergetika, No. 9, 42 (1956).

Wachsmut, J., Phys. Z. 9, 235 (1908).

Filippov, L.P., Vestnik of the Moscow State University, No. 3, 61 (1960).

Sokolov, S.N. and Tarlakov, Yu.V., Trudy Moskovskogo Aviatsionnogo Instituta (Trans-
actions of the Moscow Aviation Institute), No. 132, 116 (1961).

Sokolov, S.N. and Tarlakov, Yu.V., Trudy Moskovskogo Aviatsionnogo Instituta (Trans-
actions of the Moscow Aviation Institute), No. 132, 15 (1961).

Kopylov, N.I., Trudy Moskovskogo Aviatsionnogo Instituta (Transactions of the Moscow
Aviation Institute), No. 132, 45 (1961).

Zaytseva, L.S., Trudy Moskovskogo Aviatsionnogo Instituta (Transactions of the Moscow
Aviation Institute), No. 132, 79 (1961).

Kozyukov, A.V., Trudy Moskovskogo Aviatsionnogo Instituta (Transactions of the
Moscow Aviation Institute), No. 132, 94 (1961).

Piatibratov, S.N., Trudy Moskovskogo Aviatsionnogo Instituta (Transactions of the
Moscow Aviation Institute), No. 132, 31 (1961).

Volyak, L.D., Trudy Moskovskogo Aviatsionnogo Instituta (Transactions of the Moscow
Aviation Institute), No. 132, 63 (1961).

Zenkevich, V. B., Izvestiya MVO SSSR, Energetika, No. 2, 8 (1961).

Kagan, S.E., Chechetkin, A.V., Organic high-temperature coolants, State Chem Press,
1960.

Vargaftik, N.B., et. al., Teploenergetika, No. 7 (1968).

Vargaftik, N.B., et. al., Izvestiya VTI, No. 9 (1952).

Petukhov, B.S., Mechanical Engineer’s Handbook, Vol. 2, Machine Press, 1960.

Paul, R., Srivastava, J.B., Indian J. Phys. 35(10), 523 (1961).

Seager, S.L., Geertson, L.R., Giddings, J.C., J. Chem. Eng. Data 8(2), 168 {1963).
Paul, R., Srivastava, J.B., J. Chem. Phys. 35(5), 1621 (1961).

Westenberg, A.A., Frazier, G., J. Chem. Phys. 36(12), 3499 (1962).

Kosov, N.D., Karpushin, A.G., Collected problems in general and applied physics, Trans-
actions of the Kazakh State University, Alma-Ata, 1966.

Holsen, J.N., Strunk, M.K,, Ind. Eng. Chem. 3, 143 (1964).

Fedorov, E.B., et. al., Zhurnal tekhnicheskoi fiziki 36(3), 569 (19686).

Heath, H.R., Ibbs, T.L., Wild, N.E., Proc. Roy. Soc. A178, 380, (1941).



1290

337.
338.
339.

340.
341.
342,
343.
344.
345.

346.

347,
348.

349.

350.
351.
352.

353.
354,

355.
356.

357.
358.

359.
360.
361.

362.
363.

364.
365.
366.
367.
368.

369.
370.
371.
372.

REFERENCES

Waldmann, L., Z. Naturforschung 1, 59 (1946).

Makaveckas, R.A., et al., Teplofizika vysokikh temperatur, 1(2), (1963).

Novikov, LI, Roshchupkin, V.V., Trelin, Yu.S., Tsiganova, T.A., Mozgovoi, A.G., Re-
view series on thermophysical properties of substances, No. 6 (32), Institute of High
Temperatures Acad. Sci. USSR, Moscow, 1981, p. 65.

Reva, T.D., Semenov A.M., Teplofizika vysokih temperatur, v. 22, No. 5, 874 (1984).
Kang, T.L., et. al., J. Chem. Eng. Data 6(2), 220 (1961).

Medgidov, H., Izvestiya vuzov, Neft’ i gaz, No. 1, 1983, pp. 56-59.

Gateev, S.B., Izvestiya VTI, No. 10 (1950); Promyshlennaya energetika, No. 3 (1952).
Kessel’'man, P.M., Teplofizika vysokikh temperatur 2, 879 (1964).

KesseI’man, P.M. Doctoral dissertation, Lomonosov Odessa Technological Institute,
1966. .

Glushko, V.P., et. al. (eds.), Termodinamicheskie Svoistva Veshchestv (Thermodynamic
properties of Substances), Nauka Publishers, 1962.

Khomchenkov, B.N., et. al., Teplofizika vysokikh temperatur 6(6) (1968).

Semenov, A.M., Moscow Power Engineering Institute, Rept. State registration
No. 81038472, Moscow, 1985.

Medgidov, H., Safarov, M.M., Izvestiya Akademii Nauk Tadzhikskoi SSSR, Division of
phis.-math., chem., and geological sci., v. 83, No. 1, 1982, pp. 114-117.

Medgidov, H., Inzhenerno-fizicheskii zhurnal, v. XVII, No. 2, 1984, p. 256-262.
Medgidov, H., Halilov, M., Zhurnal fizicheskoy chimii, No. 3, 1978, pp. 542-545.
Kamenetskiy, V.P., Candidate dissertation, Lomonosov Odessa Technological Institute,
1969; with Kessel’'man et. al., Transactions of All-Union Conference on Thermodynam-
ics. Thermodynamics of Phase Changes and Thermophysical Properties of Substances,
Leningrad, 1970.

Tsitelauri, N.N., Candidate dissertation, ENIN Academy of Sciences of the USSR, 1969.
Golubev, LF., Kiyasheva, V.P., Perel’shtein, I.P., Thermophysical properties of ammo-
nia, Standards Press, Moscow, 1978.

Doolittle, A.K., J. Chem. Eng. Data 9(2), 275 (1964).

Tables of thermodynamic properties of liquids and gases. Ammonia. GSSSD, No. 4,
Standards Press, Moscow, 1978.

Vinogradov, Yu.K., Moscow aviation institute Rept., State reg. No. 01870036408, 1993.
Davis, P., Ammonia.—In: Thermodynamic functions of Gases, v. 1, Ed. by Din, F.,
Butterworth, London, 1956, p. 33-101.

Popovskiy, Yu.M., and Deryagin, B.V., Doklady Acad. Sci. USSR 159(4), 897 (1964).
Frank, E.U., Z. Ekeltrochemie, No. 7, 636 (1951).

Haar, L., Gallagher, J.S., Thermodynamic properties of ammonia. J. Phys. and Chem.
Ref. Data, v. 7, No. 3, 1978,

Trappeniers, N., Botzen, A., van der Berg, H., van Oosten, J., Physica 30(5), 985 (1964).
Di Pipo, R., An Absolute Determination of the Viscosity of Seven Gases to High Tem-
peratures, Dissertation, Brown Univ., 1966.

Kestin, J., Di Pipo, R., Physica 33, 762 (1968).

Michels, A., Wassernaar, T., Louwerse, P., Physica 26, 539 (1960}.

Hanley, H.J.M., Childs, G.E., Science 159, 1114 (1968).

Reynes, E.G., Thodos, G., Physica 30, 1529 (1964).

GSSSD 91-85. Ammonia liquid and gas. Density, enthalpy, entropy, isobar heat capacity
at temperatures 60-350°C and at pressures between 0.01-50 MPa. Tables of Standard
Reference Data. Standards Press, Moscow, 1986.

Reva, T.D., Semenov A.M., Teplofizika vysokih temperatur, v. 22, No. 3, 463 {1984).
Studnikov, E.L., Inzhenerno-fizicheskii zhurnal 19(2), 337 (1970).

Popov, V.N., Malov, B.A., Teploenergetika, No. 6 (1969).

Usmanov, I., Candidate dissertation, Azerbaydzhan Institute of Petroleum Chemistry,
1970.



373.

374.
375.

376.
377.

378.

379.
380.
381.

382.
383.

384.

385.

386.

387.

388.

389,

390.

391.
392.
393.

394.
395.
396.
397.

398.

REFERENCES 1291

Bashirov, M.Ya., Candidate dissertation, Azerbaydzhan State Pedagogical Institute,
1969; Doklady Ac. Scie. Azerb. SSR, No. 2, (1966).

Rastorguev, Yu.L., Nemzer, V.G., Teploenergetika, No. 5 (1969).

Kessel’'man, P.M., et. al., Teplofizika vysokikh temperatur 6(2), 348 (1968); Teplofizika
vysokikh temperatur 6(3), 427 (1969).

Vargaftik, N.B., et. al., Inzhenerno-fizicheskii zhurnal, No. 5, 882 (1968).

Sychev, V.V., Vasserman, A.A., Kozlov, A.D., et al., Teplofizicheskie svoistva vodoroda
(Thermophysical properties of oxygen), Standards Press, Moscow, 1981.

GSSSD 93-86. Oxygen. Coefficients of dynamic viscosity and thermal conductivity at
temperatures between 70-500 K and at pressures ranging from those corresponding to
the dilute gas state to 100 MPa, Tables of Standard Reference Data.Standards Press,
Moscow, 1986.

Forster, S., Cryogenics 3(3), 172 (1963).

Thermodynamic properties of helium, GSSSD, Standards Press, Moscow, 1984.

Angus, S., Reuck, R.M., McCarty, R.D., Helium. International thermodynamic tables
of the fluid state. Pergamon Pres, 1977.

Rediger, A., Chem. Ind. Technik, No. 23 (1951).

Tsarev, V.V., Nagorov, D.D., Nikonorov, V.A., Popov, V.N., Experimental investi-
gations of thermal conductivity of He® and He! at temperatures 80-275 K. Mezhvu-
zovskii tematicheskii sbornik, No. 72, Moscow Power Engineering Institute, Moscow,
1985, pp. 185-193.

Usmanov, A.G., et. al., Trudy kazanskogo himiko-tehnologicheskogo instituta (Transac-
tions of the Kazan Chemical Engineering Institute—Aspirant Collection}, 1970.
GSSSD 17-81, Viscosity and thermal conductivity of monoatomic gases at atmospheric
pressures, up to 2500 K, Tables of Standard Reference Data. Standards Press, Moscow,
1981,

Studnikov, E.L., Zinchenko, D.V., Thermophysical properties of processing fluids and
heat carriers of modern power engineering, Collected works, Publ. of Moscow Aviation
Institute, 1991, p. 13.

GSSSD 92-86, Helium. Viscosity and thermal conductivity up to 1000 K and up to
100 MPa. Tables of Standard Reference Data. Standards Press, Moscow, 1981.

Mazur, V.A., Equation of state and thermodynamic properties of liguid helium in the
temperature region 1-4 K. In: Thermophysical properties of substances and materials,
GSSSD, Standards Press, Moscow, 1973, p. 20.

Golubev, 1.F., Shpagina, 1.B., Thermal conductivity of neon at temperatures between
—195 and +47°C and pressures up to 500 kg/cm?. In: Physico-Chemical investigations of
State Research institute of nitrogen industry, Russia, Collection No. 8, 1971, pp. 91-97.
B.P.Slusar’, Rudenko, N.S., Tret’yakov, V.M., Experimental investigation of viscosity of
simple substances at saturation and under pressure. Ukrainskii fizicheskii zhurnal, v. 17,
1257, 1972.

Kalinin, B.A., Suetin, P.E., Inzhenerno-fizicheskii zhurnal, No. 6 (1970).

Van Itterbeek, A., van Dael, W., Cobs, A., Physica 29, 365 (1963).

Tret’akov, V.M., Slyusar’, V.P., Rudenko, N.S., Ischoric thermal conductivity of nitro-
gen, argon, krypton, and xenon. In: GSSSD, Teplofizicheskie svoistva materialov, No. 18,
Moscow, 1983, pp. 111-126.

Nikolskii, I.A., et. al., Problems of Heat Transfer, ENIN Ac. Sci USSR, No. 1, 11 (1959).
Thermophysical properties of air. Sychev, V.V., Vasserman, A.A., Kozlov, A.D., et al.,
Standards Press, Moscow, 1983.

Eselson, B.N., et. al., Properties of Liquid and Solid Hydrogen. Standards Press, 1969.
GSSSD 8-79, Density, enthalpy, entropy and isobar heat capacity of air liquid and gas at
temperatures from 70 to 1500 K and at pressures between 0.1 and 100 MPa, Standards
Press, Moscow, 1980. '

Rabinovich, V.A., Veksler, L.S., Collection GSSD, No. 2, Standards Press, 1970.



1292
399.
400.
401.
402.

403.

404.
405.

406.

407.

408.
409.
410.
411.
412.

413.
414.

415.
416.
417.

418.
419.

420.
421.

422.
423.

424.

REFERENCES

Goodwin, R.D., Cryogenics 2, 353 (1962).

Goodwin, R.D., Roder, H.M., Cryogenics 3, 12 (1963).

Fokin, L.R., Lyusternik, V.E., Mercury. Coefficients of viscosity, thermal conductivity,
self-diffusion, and second virial coefficient for gaseous state in the temperature range
400-2000 K at low pressures. GSSSD 57-83, Standards Press, Moscow, 1984.
Akhundov, T.S., Imanov, Sh.Yu., Transactions of the Thitrd All-Union Conference on
Thermophysics, Thermophysical Properties of Liquids, Nauka Press, Moscow, 1970.
Abas-Zade, A.K,, et. al., Transactions of the Third All-Union Conference on Thermo-
physics, Thermophysical Properties of Liquids, Nauka Press, Moscow, 1970.

GSSSD 109-87, Air, dry.Coeflicients of dynamic viscosity and thermal conductivity at
temperatures from 150 to 1000 K and at pressures ranging from those corresponding to
dilute gas to 100 MPa. Standards Press, Moscow, 1988.

Sevast’anov, R.M., et al., Inzhenerno-fizicheskii zhurnal, v. 48, No. 2, 263-266 (1985);
v. 51, No. 1, 121-124 (1986); v. 52, No. 6, 974-977 (1987); v. 53, No. 4, 589-593 (1987);
v. 53, No. 6, 983-986 (1987); v. 58, No. 1, 114-118 (1990).

Borovik, E., Matveeva, A., Panina, E., Zhurnal Technicheskoi Fiziki, v. 10, No. 12,
988-993, (1940).

Gurvich, L.V., Veits, 1.B., Medvedev, B.A., et al., Teplofizicheskie svoistva individ-
ual’nyh veshchestv (Thermodynamic properties of individual substances), Third edition,
Nauka Press, Moscow, 1978. vol. I, book 2.

Vassrman, A.A., Putin, B.A., Inzhenerno-fizicheskii zhurnal, v. 26, No. 5 (1974), pp. 839-
843.

Kardoya, K., Matsunaga, N., Nagashima, A., Viscosity and thermal conductivity of dry
air in the gaseous phase, J. Phys. and Chem. Ref. Data, v. 14, No. 4, 947 (1985).
Baidakov, V.G., Hvostov, K.V, Skripov, V.P., Capillary constant and surface tension
of neon, hydrogen and its isotopes. Urals Sci. Center of Acad. Sci. USSR, Sverdlowsk,
1981, p. 58 (Paper TF-003/8102).

Bewelogna, T., Yashimura, J., Low Temperature Phys., v. 8, 1972, pp. 255-263.

Videl, D., Tufeu, R., Garrabos, Y., et al., High Science and technology (Pergamon),
Oxford, UK, 1980. pp. 692-701.

Bystrov, P.I, Kagan, D.N., Krechetova, G.A., Shpilrain, E.E., Zhidkometallicheskie
teplonositeli dlya teplovyh trub i energeticheskih ustanovok (Liquid metal heat-carriers
for heat pipes and power facilities), Nauka Press, Moscow, 1988,

Luchina, A.A., Yurkevich, K.B., Thermophysical properties of working fluids and heat-
carriers in modern power engineering. Collected works, Publ. of Moscow Aviation Insti-
tute, 1991, p. 61.

Volkov, B.N., Moscow aviation institute Rept., State reg. No. 01860088245, Moscow
Aviation Institute, 1988.

Vargaftik, N.B., Vinogradov, Yu.K., Yargin, V.S, et al., Int. Journal of Thermophysics,
v. 12, No. 1, 85, (1991).

Yargin V.S., Sidorov, N.I., Studnikov, E.L., Review series on thermophysical properties
of substances, No. 5, Institute of High Temperatures Acad. Sci. USSR, Moscow, 1978,
Vinogradov, Yu.K., Doctor dissertation, Moscow Aviation Institute, 1990.

Vargaftik, N.B., Vinogradov, Yu.K., Yakimovich, Yu.K., Inzhenerno-fizicheskii zhurnal,
v. 55, No. 6, 970 (1988).

Vargaftik, N.B., Yargin, V.S., Handbook of Thermodynamic and Transport Properties
of Alkali Metals, Blackwell Scientific Publications, p. 785.

Vargaftik, N.B., Volyak, L.D., Stepanov, V.G., Shcherbakov, V.D., Cesium. Thermody-
namic properties of the gaseous phase, GSSSD R73-84, Moscow, 1984,

Vargaftik, N.B., Yargin, V.S., Inzhenerno-fizicheskii zhurnal, v. 54, No. 1, 154 (1988).
Vargaftik, N.B., Nikitin, A.N., Stepanov, V.G., Abakumov, A.I, Inzhenerno-fizicheskii
zhurnal, v. 60, No. 3, 467 (1991).

Voljak, L.D., Nikitin, A.N., Stepanov, V.G., Int. Journal of Thermophysics, v. 8, No. 2,
239 (1987).



425.
426.

427,

428.

429.

430.

431.

432.

433.

434.

435.

436.

437.

438.

439.

440.

441.

442.

443.

444.

REFERENCES 1293

Guevara, F., McInteer, B., Wageman, W., Phys. Fluids, 12(12), 2493 (1969).

Kozlov, A.D., Kuznitsov, V.M., Mamonov, Yu.V., Stepanova, M.G., et al., Nitrogen. Co-
efficients of dynamic viscosity and thermal conductivity at temperatures 65-1000 K and
pressures ranging from the dilute gas state to 2000 MPa. GSSSD 89-85., M., Standards
Press, 1985.

Kozlov, A.D., Kuznitsov, V.M., Mamonov, Yu.V., Stepanova, M.G., et al., Nitrogen.
Second virial coefficient. Coefficients of dynamic viscosity, thermal conductivity, self-
diffusion, and Prandtl number in the temperature range from 65 to 2500 K. GSSSD
49-83. M., Standards Press, 1983.

Vargaftik, N.B., Moscow Aviation institute Rept., State reg. No. 01870036408, Moscow
Aviation Institute, 1991.

Gurvich, L.V., Khachkurazov, G.A., Medvedev, W.A,, et al., Thermodynamic properties
of individual substances, Acad. Sci. USSR Press, 1962

Sevast’anov, R.M., Zykov, N.A., Thermodynamic properties of gases at high pressures,
Trudy ZAGI (Transactions of the Central Aero- and Hydrodynamic Institute), No. 1874,
1977

Rudenko, N.C., Slyusar’, V.P., Viscosity of kryogenic substances under pressure,
Kharkov Physical and Technical Institute, Acad. Sci. of Ukraina, 1976.

Tarzimanov, A.A., Lyusternik, V.E., Arslanov, V.A., Viscosity of gaseous hydrocarbons,
Review series on thermophysical properties of substances, No. 1 (63), Institute of High
Temperatures Acad. Sci. USSR, Moscow, 1987.

Slyusar’, V.P., Rudenko, N.S., Tretyakov, V.M., Viscosity of methane at a constant
density. Physics of the liquid state. No. 2, Kiev, Vishcha shkola, 1974.

Kozlov, A.D., Kuznetsov, V.M., Mamonov, Yu.V., et al., Methane. Coefficients of dy-
namic viscosity and thermal conductivity at temperatures 91-1000 K and pressures from
the dilute gas state to 100 MPa, GSSSD 94-86, Standards Press, Moscow, 1986,
Sychev, V.V., Vasserman, A.A., Zagoruichenko, V.A., Kozlov, A.D., Spiridonov, G.A.,
Tsymarnyi, V.A., Methane liquid and gas. Density, enthalpy, entropy, and isobaric heat
capacity at temperatures 100-1000 K and at pressures 0.1-100 MPa, GSSSD 18-81,
Standards press, Moscow, 1982.

Berezhnoi, A.N., Doctor’s dissertation, Kazanskii khimiko-technologicheskii institute,
Kazan, 1978.

Vasserman, A.A., Kazavchinskii, Ya.Z., et al., Density, enthalpy, entropy, and isobaric
heat capacity of nitrogen liquid and gas at temperatures 70-1500 K and at pressures
0.1-100 MPa, GSSSD 4-78. Standards press, Moscow, 1978.

Chao J., Wilhoit, R.C., Zwolinski, B.J., J. Phys. Chem. Ref. Data, v. 2, No. 2, 427
(1973).

Baidakov, B.G., Sulla, 1.1, Skripov, V.P., Hydrocarbons of methane series (CHg4, C;Hg,
CaHs, C4H10). Surface tension, GSSSD 115-88, Standards press, Moscow, 1989.
Sychev, V.V., Vasserman, A.A., Zagoruichenko, V.A., Kozlov, A.D., Spiridonov, G.A.,
Tsymarnyi, V.A., Ethane Lquid and gas. Density, enthalpy, entropy, and isobaric heat
capacity at temperatures 100-500 K and at pressures 0.1-70 MPa, GSSSD 48-83, Stan-
dards press, Moscow, 1984,

Sychev, V.V., Vasserman, A.A., Golovskii, E.A., Ethylene liquid and gas. Density, en-
thalpy, entropy, and isobaric heat capacity at temperatures 130-450 K and at pressures
0.1-100 MPa, GSSSD 47-83, Standards press, Moscow, 1984.

Sychev, V.V., Vasserman, A.A., Kozlov, A.D., Tsymarnyi, B.A. Thelmodynamlc prop-
erties of propane, Standards Press, Moscow, 1989

Goodwin, R.D., Roder, H.M., Straty, G.S., Thermodynamic properties of ethane from
90 to 600 K at pressures to 700 bar, Washington Gov. print. off. 1976-VI. (US Dep. of
comerci NBS Techn. Note No. 684).

Sychev, V.V., Vasserman, A.A., Golovskii, E.A., Thermodynamic properties of ethylene,
Standards Press, Moscow, 1981.



1294
445,

446.

447.

448.

449.

450.

451.

452.

453.

454.
455,
456,
457.

458.

459.

460.
461.

462.

463.

464.

465.

466.

467.

468.

469.
470.

REFERENCES

Grigor’ev, B.A., Rastorguev, Yu.A., Gerasimov, A.A,, et al., Cyclohexane. Thermody-
namic properties at tempetatures 280-680 K and pressures between 0.1 and 70 MPa,
GSSSD 100-86, Standards Press, Moscow, 1986.

Aref’ev, K.M., Balashova, N.B., Inzhenerno-fizicheskii zhurnal, v. 61, No. 15, 823 (1991).
Aref’ev, K.M., Borishanskii, V.M., Vorontsova, L.N., et al, Teplofizika vysckih temper-
atur, v. 10, No. 5, 1112 (1972).

Aref’ev, K.M., Remarchuk, B.F., Guseva, M.A., Inzhenerno-fizicheskii zhurnal, v. 42,
No. 6, 930 (1982).

Aref’ev, K.M., Guseva, M.A., Homchenkov, B.M., Teplofizika vysokih temperatur, v. 25,
No. 2, 250, (1987).

Balashova, N.B., Candidate dissertation, Institute of heat and mass transfer, Acad. Sci.
Belorussia, Minsk, 1992. .

Aref’ev, K.M., Balashova, N.B., Guseva, M.A., Inzhenerno-fizicheskii zhurnal, v. 60,
No. 6, 922 (1991).

Aref’ev, K.M., Balashova, N.B., Guseva, M.A., Teplofizika vysokih temperatur, v. 28,
No. 2, 251 (1990).

Zubarev, V.N., Kozlov, A.D., et al, Teplofizicheskie svoistva tehnicheski vaznyh gazov pri
vysokih temperaturah i davleniyah (Thermophysical properties of technically important
gases at high temperatures and pressures), Energoatomizdat Press, Moscow, 1989.
Ulybin, S.A., Makarushkin, V.., Teplofizika vysokih temperatur, v. 15, No. 6, 1195
(1977).

Kravchun, S.N., Candidate dissertation, Moscow university, 1983.

Silver, J.A., J. Chem. Phys., v. 81, No. 11, 5125 (1984).

Aref’ev, K.M., Guseva, M.A., Novikov, A.A., Teplofizika vysokih temperatur, v. 30,
No. 3, 467 (1992).

Gorshkov, Yu.A., Umanskii, A.S., Vladimirov, V.I., lodine. Coefficients of dynamic vis-
cosity and thermal conductivity of dilute gas in the temperature range from 400 to
1000 K. GSSSD 127-89, Standards Press, 1990.

Prisyazhnyi, A.P., Totskii, E.E., Ustyuzhanin, E.B., Teplofizika vysokih temperatur,
v. 27, No. 1, 400, (1989).

Prisyazhnyi, A.P., Candidate dissertation, Moscow Power Engineering Institute, 1989.
Makarevich, L.A., Sokolova, O.N., Smirnova, T.l., Zhurnal fizicheskoi himii, v. 42,
No. 12, 2871 (1974).

Ulybin, S.A., Thermophysical properties of sulfur hexafluoride, Informelectro publica-
tion, Moscow, 1977.

Totskii, E.E., Karmyshin, Yu.V., Talaev, 1.V., Teplofizika vysokih temperatur, v. 22,
No. 5, 889, (1984).

Vargaftik, N.B., Filippov, L.R., Totskii, E.E., Handbook of thermal conductivity of
liquids and gases, Energoatomizdat, Moscow, 1990.

Totskii, E.E., Moscow Power Engineering Institute, Rept. State reg. No. 77065096,
Moscow, 1981.

Shpilrain E.E., Fomin, V.A., Skovorod’ko, S.N., Sharykin, Yu.l., Review series on ther-
mophysical properties of substances, No. 6(32), Institute of High Temperatures Acad.
Sci. USSR, Moscow, 1981, p. 3.

Shpilrain, E.E., Yakimovich, K.A., Fomin V.A., Skovorod’ko, S.N., Mozgovoi A.G.,
Handbook of thermophysic and transport properties of alkali metals, Blackwell Scientific
Publications, p. 753. ‘

Muchtarov, E.S., Semenov, A.M., Teplofizika vysokih temperatur, v. 25, No. 6, 1094
(1987).

Bonchila, S.N., Candidate dissertation, Moscow State University, 1973.

Golubev L.F., Vasil’kovskaya, T.N., Thermal conductivity of ethanol and methanol at
different temperatures and pressures. In: Physico-Chemical investigations of State Re-
search institute of nitrogen industry, Russia, Collection, No. 24, 1969, pp. 102-105;



REFERENCES 1295

Teploenergetika, No. 5, 77-81, (1969); Vasil’kovskaya, T.N., Candidate dissertation,
Moscow, 1969.





