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Symbols
a parameter in viscosity correlation, Eq. (2r-12)
b virial coefficient, Eq. (2r-13)
b* reduced virial coefficient
¢ virial coefficient, Eq. (2r-13)
E potential energy of molecular binding
€i; strain tensor
Fy reduced viscosity function, Eq. (2r-12)
Sut™ nth-order viscosity correction factor
k Boltzmann’s constant
M molecular weight
m mass of a molecule; parameter in Lennard-Jones (m — 6) potential
n number of molecules per unit volume
) hydrostatic pressure
D saturation pressure
Tem molecular distance for maximum binding energy
8 viscosity stretching factor, Eq. (2r-12a)
T absolutc temperature :
T* (= kT/¢) reduced temperature
t Celsius temperature
iy -giress tenser

u velocity of fluid flow
uy, Uy, us fluid-flow velocity components
8i; Kronecker symbol

€ maximum binding energy between molecules

] reduced temperature, Eq. (2r-12b)

A constant in constitutive equation

u viscosity of fluid; constant in constitutive equation
Ho viscosity at reference temperature T’ or at zero density
Hy (= p/po) viscosity ratio

v kinematic viscosity

P density

p* reference density

o molecular distance for vanishing potential

T (= 1/T) inverse temperature

To shear stress :

Qe reduced collision integral
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2-234 MECHANICS K

21-1. Definitions. The viscosity of a fluid is defined in relation to a macroscopic
system which is assumed to possess the properties of a confinuum. To obtain
an elementary definition of viscosity (Fig. 2r-1) consider two infinite flat
plates, a at rest and b moving at a constant velocity u, the space between
them being filled with the fluid under
YA consideration. In the resulting shear
flow the velocity distribution is linear
with a constant transverse gradient

v b
| — , du/dy. 1t is assumed WNewlon's law
— of fluid friction) that the shearing stress
7o at either wall is proportional to the
velocity gradient

“du
ITIIIIIII7IY x To = - (2r-1)

g dy

Fig. 2r-1. Illustration of Newton's law of

fuid friction. The coefficient of proportionality u is

known as the viscosity, or more precisely,
as the dynamic or absolute viscosity of the fluid. The various units of viscosity and
their conversion factors are given in Table 2r-1.
The ratio

(2r-2)

-
]
°Iw

is known as the kinematic viscosity; the respective units and conversion factors are
given in Table 2r-2.

TaBLE 2r-2. KINEMATIC VISCOSITY »; UNITS AND CONVERSION FACTORS

Units m?/sec m?/hr ?:;{;i‘; ft2/sec ft2/hr
m2/sec............. 1 3,600 1 X 10¢] 10.7639 3.875 X 10¢
m/hr..oo e 277.8 X 10-¢ 1 2.778 200.0 X 10-5 10.7639
cm?/sec (stokes).. .. 1 X 10~¢ 0.36 1 10.7639 X 10+ 3.875
ft2/sec............. 0.092903 334.45 929.03 1 3,600
ft2/hr... .o oL 25.808 X 10-¢ 0.092903] 0.25806] 277.8 X 10-¢ 1

From British Standard Code B.S. 1042: 1943 amended March, 1946, See Note to Table 2r-1,

In a general field of flow, u,, u,, us of a homogeneous Newtonian incompressible
fluid, the shearing stresses are proportional to the respective rates of change of strain
(Stokes’ law). The symmetric stress tensor t;; is assumed to be & linear function of the
rate of strain tensor e;;. Taking into account that in a fluid at rest the stress is an
isotropic tensor, we put

ti; = —pdi; + Rdijerx + 2uei;
where &;; is the Kronecker symbol (5 = 1fori = jand & = 0 for 7 = 7) and p is arbi-
trary. Since t;; = 0 for e;; = 0, we have {; = —3p and 3\ + 24 = 0 (Stokes’
hypothesis). Consequently .

tij = —pdi; — §udijenn + 2ue;; (2r-3)
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where now p denotes the hydrostatic pressure. The scalar u is defined as the absolute
viscosily of -the fluid.

The viscosity is assumed to be a function of the thermodynamic state of the fluid
and independent of the velocity field. Fora homogeneous fluid 4 is a function of two
properties. It is customary to use either of the following two alternative representa-
tions:

p=u@T) or p=ukT) (2r-4)

where T is the absolute temperature, p is the pressure, and p is the density of the fluid.

Numerical values of viscosity cannot be calculated with the aid of the equations of
thermodynamics. They must be measured directly, the measurement being usually
very difficult, particularly at higher pressures and temperatures. In principle, values
of viscosity can be calculated by the methods of the kinetic theory of gases and
statistical mechanics with quantum corrections where necessary.

In relation to a microscopically defined system the viscosity of a gas is assumed to
be due to a transfer of momentum effected by molecules, their velocity being com-
posed of the molecular (random) velocity and
the macroscopic (ordered) velocity. In shear I
flow (Fig. 2r-2), the shearing stress acting on a
small element of area aa is equal to the integral
of the change in momentum effected by the
particles moving across, both from above and
from below it, the integral extending over all ] a
particles crossing.

2r-2. Variation of Viscosity with Temperature
and Pressure. The calculation of the viscosity
of gases has so far met with only limited success,
extensive experimental determinations still form-
ing the basis for practical applications. The
calculation of the viscosity of gases must make Fig. 2r-2. Kinetic interpretation
use of a molecular model for the gas, increasing  of viscosity.
refinements being possible.

On the simplest assumption of infinitely small, perfectly elastic molecules with zero
fields of force (Maxwell) it is found that the absolute viscosity of a gas is independent
of pressure and that it increases in proportion to T

Ju
p=BT 0 {5), =0 (2r-5)
v = K,Tt p = const

where K, and K, are empirical constants.
On the assumption of hard elastic spheres with a weak attraction force (Suther-
land), it is found that

he s =g (2r-6)
where K and C are empirical constants. Sutherland’s equation (2r-6), as well as
experimental results, show the increase with temperature to be faster than that in
Maxwell’s equation (2r-3).

The fact that the viscosity of a gas increases with temperature can be understood
if it is realized that in gases the effects of molecular motion dominate over those due
to intermolecular forces. In liquids cohesion forces are more important, and since
the molecular bonds in a liquid are loosened as the temperature is increased, the

absolute viscosity of a liguid decreases with temperature; that for a gas increases with



[,

2-236 MECHANICS :

temperature. Sutherland’s equation (2r-6) is inadequate for the correlation of experi-
mental data over large temperature intervals.
In problems of compressible fluid flow it is customary to use the empirical relation

u T\

Mo B (TO) (2r-7)
where o is the value of u at a reference temperature 7'y and w is an empirical constant
ranging from 0.6 to 1.5. This correlation is less precise than those given later.

All preceding formulas relate to gases at low pressures (say atmospheric). Experi-
mental results (which are still very scarce) show that-the viscosity of gases at constant
temperature increases with pressure, the increase being of the order of 20 to 40 per
cent per 1,000 atm. For moderate pressure ranges it is possxble to use a linear
interpolation formula

— =144k (2r-8)

Ko
where uo is the viscosity at temperature T, but at zero density, and k is an empir-
ical constant.

More precisely, the viscosity of a gas increases as its density is increased. Since the
viscosity of a gas consisting of molecules which exert no forces upon one another
(Maxwell) is independent of density, this behavior is taken 25 evidence of the exist-
ence of intermolecular fields of forces. However, exceptions exist to this rule,
notably steam and hydrocarbons, whose viscosity at constant temperature decreascs
with pressure, and therefore density, in certain ranges of states. In turn this is taken
as evidence of the existence of some form of molecular association whcse precise
nature is not understood.

2r-3. Variation of Viscosity with Temperature and Pressure According to Kinetic
Theory. There exists a rigorous kinetic theory of the equilibrium and transport
properties of gases which is based on Boltzmann’s equation. Thus, in particular,
and in principle, the viscosity, thermal conductivity (see Sec. 4g) and virial coefficients
of gases (see Sec. 4i) arc calculated in a consistent and unified way. This theory is
due to Chapman and Enskog (S. Chapman and T: G. Cowling, ‘“Mathematical Theory
of Non-uniform Gases,” Cambridge University Press, New York, 1970; J. O. Hirsch-
felder, C. F. Curtiss, and R. B. Bird, “Molecular Theory of C:ases and Liquids,”
John Wiley & Sons, Inc., New York, 1964 } The calculations are made on the basis
of assumed semicmpirical force potentlals For nonpolar gases the mest widely used
potentials have been the Lennard-Jones twelvesix potential end the modified RBuvk-
ingham exp-six potential; that used for polar gases is the Stockmayer potential.

The viscosity at zero density is then calculated from the equation

5 V/mKT fu™(T*)

Mo = 16#50’9("’)'(T') (21'-9)
or, with the values of the universal constants substituted
(T &) #o @
B _ 9694 NB/EMOle K (2r-10)

micropoise (c2/A2)Qun=(Tx)

Here o is the molecular distance at which the potential vanishes, M is the molecular
weight, k is Boltzmann’s constant, and T* = kT /e is a dimensionless temperature
with ¢ denoting the depth of the potentlal well. The collision integral :2-2* and
the factor f,™, both of which are unique functions of the dimensionless temperature
T*, are given in terms of the intermolecular force potential and must be tabulated
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for each one of them separately. Such tabulations for the more general m — 6
potential can be found in “Tables of Collision Integrals for the (m — 6) Potential for
Ten Values of m” by M. Klein and F. J. Smith (Arnold Engincering Development
Center Rept.) AEDC-TR-68-92, May, 1968, Arnold Air Force Station, Tenn.), with
m taking the values m =9, 12, 15, 18, 21, 24, 30, 40, 50, and 75. Tables for the
exp-six potential can be found in “Transport Properties of Gases Obeying a Modified
Buckingham (Exp-Six) Potential” by E. A. Mason [J. Chem. Phys. 22, 169 (1954)].
The factor f,™ with n =1, 2, . . . represents successive approximations and it is
usual to confine it to the third approximation, f,'®, at most.

In principle, the form of and the constants in a potential can be determined by
quantum mechanics from a knowledge of the structure of the molecule. However,
the attendant mathematical difficulties preclude us from doing so, and potentials
must be determined by fitting experimental data on a variety of properties to expres-
sions like the one in Eq. (2r-9). The efforts to associate definite potentials and
physically meaningful constants with even the simplest molecules have not yet met

" with complete success. One of the difficulties is connected with the fact that often

several alternative potentials give equally good fits to a set of experimental data of a
definite property of a gas, but none seems to reproduce all properties to within the
experimental error.  Thus, there exists no preferred or universal form of the potential,
but, as a matter of experience, it can be stated that the viscosity of the simpler gascs,
except that of helium, is reproduced reasonably well by the potential family

R e (5 R I

in which o, ¢, and m are treated as adjustable constants. The viscosity of helium is
best reproduced by the exp-six potential with rm = 3.135 3, ¢/k =9.16 K, and
« = 12.4 (E. A. Mason and W. E. Rice, J. Chem. Phys. 22, 522, 843 (1954)]. Average,
and to a certain extent preliminary, values of o and « for the Lennard-Jones potential
are listed in Table 2r-3. A better repre-

sentation is obtained with the aid of the 15 .‘ I .
semiempirical formula ‘I \
. s 10 \\ .
Fo=10-2042 0 ) < X —
6 8 b / N
where 2 05 T
S°u ! it ST
F, = —a (2r-12a) i
* 7~ 26694 VMT \ i
and T O3z o0« ©€ 0Of ¢ ®
6 =gT (2r-12b) Vas

The optimum values of the constants a, ¢, Fi1g. 2r-3. Dimensionless second virial

and s are listed in Table 2r-4 for several coefficient for viscosity b* as a function of
reduced inverse temperature, according

gases. ) to Kim and Ross. [J. Chem. Phys. 42,
Except for the neighborhood of the 263 (1965)].

critical point, the effect of density (i.e., pres-
sure) on the viscosity of gases, even up to pressures of the order of several hundred
atmospheres, can be accounted for with the aid of the virial expansion

p(p,T) = uo(T) + 0(T)p +c(T)p* + - - - (2r-13)

containing three or four terms. Kim and Ross {J. Chem. Phys. 42, 263 (1963)] pro-
vided a theory for the virial 5(T). The diagram in Fig. 2r-3 represents the universally
valid relation between

b* = (T*)"1Qee(T*)Bos(T*)/Q2D*(T*) (2r-14)
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and 1/7*. For the Lennard-Jones model, the expression reduces to

b = T3 (g/—fx;) (K) (l/{i)‘ (g/‘,f—rflom)i (2r-15)

In the range where 1/7'* exceeds 0.2 (T'* < 5 approximately), the virial coefficient b
is nearly a constant with b* ~ 1. Consequently, Eq. (2r-14) can be simplified to

WAT) = pof0,T) = LZ0AE e (%) (&)’ (RPN 1 06 (er16)

This form leads to an approximate equation for the excess viscosity u(p,T) — uo(0,7T)
which has often been used for correlations. This form is

10, T) = uo(0,T) = f(p) (2r-17)
in which f(p) is 2 unique (empirical) function for each gas.

TaBLE 2r-3. MOLECULAR-FORCE CONSTANTS FOR THE
LENNARD-JONES (12-6) PoTENTIAL

o= [()"- )]

Gas Symbol | ¢/k, K o.A | Ref.
Acetyleme.............. ... ... iiiiiiieii..| CsH- 185 4.221 1
. 84.0 3.689 1
AN e e e - {”.‘.75} {3_512} o
124.0 3.418 1

ATgOm. . e e e e e Ar {152.8} {3.292} >
Bromine. ... e e e e Bra 520 4.268 1
Carbondioxide...............cc...vvve....} CO2 261.1 3.705 2
Carbon monoxide....................c.........| CO 110.3 3.590 3
Chlerine. ... .. . it i i e iiiiiiee ] Che 257 4.40 1
Deuterium................ciiieiiiiiiveeenn..! Do 39.3 2.948 1
Ethylene. ........ ... ... .. iiueiieneen....| CoHy 205 4.232 1
. 10.22 2.576 1
Helium...........................cc.c..c.....i He {86.20} {2.158} o
Hydrogen............coiviiiiiivnnaeiana....| Hy 38.0 2.915 1
Todine.............iiiiii it ©n 550 4.982 1
Krypton....... .o iiiiiiiiiiiiiiiiiiienen. .| Kr 206. 4 3.5322 2
Methane.............c..iiviiiiiineinenn.....] CHy 144 3.796 1
. 35.7) |y2.789) | 1

NeOn. ...ttt e ee i e e Ne { 60.9} ”'12‘648\}‘ 9
Nitricoxide...... .. ..... ... i iiiiinn. ... NO 119 3.470 1
. . 91.5 3.681 1
Nxtrogen...........’........................... N: {“3'5} {3.566} 2
OXYEN. ittt ciiiiieeernieeeannnsaneeanaiens On 113 3.433 1
Propane.............ccoivenevenennneeanans...| CsHs 254 5.061 1
D € Vo VAP Xe 229 4.055 1

Note 1. Differences in the values in this table and the table in Sec. 4i are s measure of the uncer-
tainties which still exist, as well a8 of the fact that the best fite to experimensal values of viriel coeffi-
cients and viscosity are obtained with slightly different values of the constanta,

Note2. In the case of helium the best form of potential function is that of the modified Buckingham
exponential-six with parameters as quoted in the text. Consequently, the values of the parameters
shown in the table msy not be physically meaningful, especially in the case of those quoted from ref. 2,

References for Table 2r-3

1. Hirschfelder, J. O., C. F. Curtiss, and R. B. Bird: ‘“Molecular Theory of Gases fmd
Liquids,” Table 1.A, p. 1110, John Wiley & Sons, Inc.,, New York, corrected edition,
1964.

2. DiPippo, R., and J. Kestin: Viscosity of Seven Gases up to 500°C and Its Statistical
Interpretation, Proc. 4th Symp. on Thermophys. Properties, ASME, New York, 1968.

3. Natl. Bur, Standards Circ. 564, 1055.
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TaBLE 2r-4. PARAMETERS IN ViscosiTy CORRELATION, Eq. (2r-12)

., g X 103, 3 Temp. range,
Gas Symbol a Ky s, A K 3
)N R PP 1.3034 6.0906 3.484 298-773
PN 2] | VN Ar 1.0300 7.5793 2.970 298-573
Butane. .. ......onet - CHio 0.91040 5.5145 4.730 311-511
Carbon dioxide. .. .. ......] CO: 0.94147 5.3316 3.230 298-773
Ethane. .................| CaHs 0.92669 6.2093 3.820 294-511
Ethylene................. C.Hq 0.71342 3.3598 2.235 303-368
Helium..................| He 1.5779 4.0302 2.250 208-673
Krypton.....ooveevnnnnn. Kr 0.83447 8.4746 2.935 298-473
Methane.................| CHuy 1.0532 5.2434 3.208 283-411
NeOn.....oveeenereae-no.| Ne 1.6602 6.6667 2.895 295-453
Nitrogen........ocvuevness N2 1.3127 6.2232 3.548 298-773

Unpublished correlation prepared by authors of this article.

2r-4. Viscosity in the Neighborhood of the Critical Point. Contrary to earlier
views, it has now become accepted that the viscosity of a gas does not increase anoma-
lously in the neighborhood of the critical point, even though the representation in the
form of Eq. (2r-13) breaks down there. The viscosity in the neighborhood of the
critical point has been measured (rather sketchily) for a very small number of sub-
stances only. A qualitative idea of the resulting behavior can be obtained from the
diagram for COs, given as Fig. 2r-4 [J. Kestin, J. H. Whitelaw and T. F. Zien, Physica
30, 161 (1964)].

2r-5. Law of Corresponding States. Attempts have also been made to correlate
the viscosity of gases with the aid of the law of corresponding states. The most
promising correlation [J. M. J. Coremans and J. J. M. Beenakker, Physica 26, 653
(1960)] makes use of molecular constants for the formation of reduced variables.
The reference temperature is chosen as T* = kT'/¢, the reference density being chosen
as the fraction of volume occupied by the molecular core p* = *2rn(z0)* where n
is the number density. The viscosity u is referred to wo measured at zero density,

80 that u, = p/uo and
ur = f(T%p*) (2r-18)

where 7 is an approximately universal function. It can be represented by the power

series . .
0.550* + 0.96p*! + 0.61p*?
b= 14 2557 £ 0500w DO (2r-19)

from which it is seen that the relative excess viscosity s, — 1 is a unique function of
relative density p* at constant relative temperature T* according to Eq. (2r-17).
Equation (2r-18) reproduces the experimental values for nonpolar or only slightly
polar gases, with an error of the order of +3 per cent over a fairly large range of
temperatures and densities. The error is negligible up to densities of approximately
200 amagat units, and the equation can be used up to about 500 amagat units.
9r-6. Mixtures of Gases. The viscosity of a gaseous mixture cannot be deduced
from the knowledge of its composition and of the viscosities of its components by
macroscopic methods, and methods of statistical mechanics must be used. In any
case it should be noted that the viscosity of a mixture is not equal to the weighted
mean of the viscosity of its components, it being possible for the viscosity of a mixture
to be higher than that of its components. For example, a mixture of argon (Bar =
222 X 10-% poisc) and helium (up. = 195 X 107° poise) containing 40 per cent He
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Fic. 2r-4. Viscosity of carbon dioxide as a function of density in the near-critical region
according to Kestin, Whitelaw, and Zein [Physica 30, 161 (1964)).

and 60 per cent Ar has a viscosity of u = 230 X 10~* poise. Thus for a given pres-
sure and temperature, the viscosity of a mixture can pass through a maximum when
plotted as a function of composition. Maxima are also exhibited by the binary mix-
tures Hi-Xe, He-Xe, 11;-80s, Ha-CsHy, Hi-COy, Hy-CiHe, HCoHe, He-NO, HoCol,
He-Ar, H.-NH;, H,-CH,, NH;-C.H,, HCI-CO., CH-NH;, and possibly many others.

Even in the case of binary mixtures, the relation among the viscosity of the mixture,
the viscosities of the pure components, and the composition is quite complex. At
present the quality of the statistical approximation obtained by the methods of
statistical mechanics is somewhat uncertain, and it is necessary to refer the reader to
the treatise by J. O. Hirschfelder et al. (see footnote to Table 2r-3) for further details.
Table 2r-5 gives sources of data on the viscosity of gaseous mixtures.
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TaBLE 2r-5. REFERENCES To DaTa oN Binary Gasrous MIXTURES

Mixture Pressx;rter,nrange, Tempera:ure range, Reference
Air-H.0 1 25-75 1
He-Ar 1-50 20-30 2
He-Ne 1-35 20-30 3
He-Kr 1-25 20-30 4
He-H: 1-23 20-30 5
He-N: 1-25 20-30 4
He-0: 1-25 20-30 5

1-25 20-30 6
He-CO: 103 20 9
Ne-Ar 1-35 20-30 3
Ne-N; 1-25 20-30 6
Ne-CO: 1-25 20-30 7
Ar-NIIs 1-25 20-30 8
Ar-N» 1-23 20-30 6
Ar-COa. 1-25 20-30 4
Kr-COa 1-25 20-30 )
No-Ha 1-25 20-30 S
N:-COa 1-25 20-30 4
C0.-CH, 1-25 20-30 5
CH:-C«Hyo 1-25 20-30 S

References for Table 2r-5

1. Kestin, J., and J. H. Whitelaw: Measurement of the Viscosity of Dry and Humid Air,

p. 301 in “Humidity and Moisture,”” vol. III, p. 301, Reinhold Book Corporation, New

York, 1965. ,

Iwasaki, H., and J. Kestin: Physica 29, 1345 (1963).

Kestin, J., and A. Nagashima:.J. Chem. Phys. 40, 3648 (1964).

Kestin, J., Y. Kobayashi, and R. T. Wood: Physica 32, 1065 (1966).

Kestin, J., and J. Yata: J. Chem. Phys. 49, 4780 (1968).

DiPippo, R., J. Kestin, and K. Oguchi: J. Chem. Phys. 46, 4738 (1967).

Breetveld, J. D., R. DiPippo, and J. Kestin: J. Chem. Phys. 45, 124 (1966).

Iwasaki, H., J. Kestin, and A. Nagashima: J. Chem. Phys. 40, 2988 (1964).

. Richardson, H. P., D. Cummins, and R. A. Guereca: Absolute Viscosity Determinations
by Means of a Coiled-capillary Viscozimeter: Data for Helium, Carbon Dioxide Mix-
tures, Proc. 4th Symp. Thermophys. Properties, ASME, New York, 1968.

©WND RN

2r-7. Tables of Viscosity. The variation of the viscosity of several gases, all
extrapolated to zero density (but accurate enough at atmospheric pressure), can be
obtained from the correlation in Eq. (2r-12) and the data in Table 2r-4.

Table 2r-6 contains the best available data on the absolute viscosity u of gases at
20°C and atmospheric pressure together with the temperature increment (Au)r and
the pressure increment (Au), at that point. Table 2r-7 lists the same values for
the kinematic viscosity ». The values have been carefully selected in each case, either
mean values or preferred values having been chosen depending on the merits cf the
available experimental material. The estimated uncertainties are also based on a
critical assessment of available data and are, to a certain extent, arbitrary. Experi-
mental results for both high pressures and temperatures are, for all intents and pur-
poses, nonexistent.
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2r-8. Steam. The dynamic and kinematic viscosity of steam has been settled
(subject to future amendment) by international agreement [“Supplementary Release
on Transport Properties of the Sixth International Conference on the Properties of
Steam,” New York, 1963; obtainable from the Secretariat of the International Con-
ference on the Properties of Steam, ASME, United Engineering Center, New York.
Seealso E. Schmidt, “VDI-Wasserdampftafeln’” (VDI-Steam Tables), 7th ed., Springer
Verlag, 1968]. According to this internationally recognized correlation, the viscosity
of steam and water can be represented empirically by the following equations, depend-
ing on the range of states under consideration:

Superheated steam at 1 bar pressure in temperature range 100°C <t < 700°C:

R L
micropoise 80.4 + 0.407 °C ' (2r-20)
£1%, 100 < o5 < 300
Tolerance for u;:

+39%, 300 < ’té <700

Superheated steam from 1 bar pressure to saturation in temperature range 100°C <
t < 300°C. (range of anomalous behavior where the viscosity decreases with density
along an isotherm):
B=—Hm_ _ __® ro _ R !
micropoise g/cms [18o8 5.90 °C] (2r-21)
Tolerance for u: +19

Supercritical steam from 1 to 800 bars pressure in temperature range 375°C <t <
700°C:

Bl R 353.0 —2— + 676.5 (~“’—)2 + 102.1 (—"—-)’ (2r-22)
micropoise " g/em? g/cm? g/cm? '

Tolerance for u: £4%

Liquid water along saturation line in temperature range 0°C < { < 300°C:
- r
micropoise

Tolerance for u: +£2.5%

= 241‘4 X /lOZl?.BI(T/K-lIU) (2r_23)

. Liquid water from saturation pressure to 800 bars in temperature range 0°C < ¢ <
300°C:

— " P~ P. 247.8/(T /K—140) -
micropoise (1 + 10°bars “’) X 241.4 X 1007 (2r-24)
where ’ ¢ = 1.0467 (_}Yé - 305)

P _ 3
+2.5%, 1< Bar < 350

Tolerance for u: »

+4.0%, 350 < bar < 800
The International Skeleton Table, reproduced as Table 2r-8, gives values of the
viscosity of steam and water at agreed grid points, together with their tolerances
(uncertainties). The dynamic viscosity u of steam exhibits apomalous behavior

below about 270°C in that an increase in density along an isotherm causes the viscosity
to decrease.



