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ENGINEERING SCIENCES DATA ITEM No. 76021
Physical Data, Chemical Engineering Sub-series

Physical Data, Mechanical Engineering Sub-series

Engineering Sciences Data Items provide evaluated data and authoritative information for use in engineering design.
The results of much valuable work, both theoretical and practical, are frequently not applied because they are not
readily available or because the form in which they are available is not suitable for use directly in design. Accordingly,
the Engineering Sciences Data Unit has for many years issued Data Sheets and Memoranda in numerous Sub-series.
This work is sponsored by the following Institutions: the Royal Aeronautical Society, the Institution of Mechanical
Engineers, the Institution of Chemical Engineers and the Institution of Structural Engineers. Crucial support for this
work is provided voluntarily by industrial companies, government research laboratories, universities and others through
the attendance at Technical Committees (see below) of their leading experts.

The work of the permanent professional staff of the Engineering Sciences Data Unit on this particular Item was monitored
and guided by the Physical Data and Reaction Kinetics Committee which has the following constitution:

Chairman

Mr C.F.Beaton — B.P. Chemicals International Ltd
Members

Dr D.Ambrose — National Physical Laboratory

Dr A.G.Carter — Davy Powergas Ltd

Dr G.Hobson — Imperial Chemical Industries Ltd
Mr D.T.Jamieson  — National Engineering Laboratory
Mr A.R.Maizels — Stone and Webster Engineering Ltd
Mr G.M.Rowell ~ Humphreys and Glasgow Ltd.

The Physical Data and Reaction Kinetics Committee, which first met in May 1966, has the co-operation of many
engineers and scientists in industry, research establishments and universities from whom much assistance and information
are being received. For this particular [tem the initial assessment of the available information, the correlations and the
tables calculated from them were prepared by the National Engineering Laboratory. The work was undertaken by
Mr J.T.R.Watson of the Properties of Fluids Division and was sponsored by ESDU. The Item was accepted for
inclusion in the Physical Data, Mechanical Engineering Sub-series by committee members representing the interests of
mechanical engineers on behalf of the Institution of Mechanical Engineers.

In order to assist the preparation of new work, and particularly to assist the periodic review and revision of work already
issued, users are encouraged to make known their experience in using the information and procedures and to notify the
Unit of any additional information which they can provide or to which reference can be made. Prepaid reply service
cards are available for this purpose. Whenever an Item is revised, users who are Associates of ESDU (i.e. have a Standing
Order for one or more Sub-series) automatically receive any material required to up-date Items in the Sub-series held.
While it is always advisable to check by use of the current edition of the Engineering Sciences Data Index that Items held
are the latest issue and incorporate the latest amendments, those who are not Associates are particularly advised to take
this action at reasonable intervals since the Unit cannot undertake to supply them with an appropriate up-dating service.
Any missing amendments can be supplied on request.
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76021

DYNAMIC VISCOSITY OF CARBON DIOXIDE GAS AND LIQUID

INTRODUCTION

This Item presents equations and values in SI units of the dynamic viscosity of carbon dioxide for temperatures

between 240 K and 1500 K and for pressures from 1 to 1000 bar. The data are presented in the form of Tables -

generated by computer.

Table I gives the variation of the dynamic and kinematic viscosity of carbon dioxide with temperature and
pressure along the saturation.line and Table II gives the variation of the dynamic viscosity with temperature -

and pressure in the single-phase region.

The tabulated values have been calculated at specific values of temperature and pressure from a single
representative equation for the viscosity of liquid and gaseous carbon dioxide as a function of temperature
and density. Density values, used both for the correlation of the original experimental data and for the
preparation of the Tables, have been calculated from the 1973 IUPAC Formulation for the thermodynamic
properties of carbon dioxide, Reference 2.

NOTATION AND UNITS
Equations are written in terms of thermodynamic temperatures T ; for most purposes the thermodynamic

scale is interchangeable with the International Practical Temperature Scale of 1968 (Reference 1) and all
numerical values are given as International Practical Kelvin Temperatures, T,

tes-
p pressure bar
T thermodynamic temperature K
T, reduced temperature, T/T, = T/304.21
Tes International Practical Kelvin temperature ) K
n dynamic viscosity uNs/m?
v kinematic viscosity um?/s
p density kg/m?
Py reduced density, p/p, = p/466.0
Suffixes
c denotes value at critical point
g denotes value for saturated vapour
1 denotes value for saturated liquid
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3. CONVERSION FACTORS

To convert from

to

multiply by

Dynamic viscosity in
1Ns/m?

dynamic viscosity in g/fcm s
(= Poise)
dynamic viscosity in kg/m s
dynamic viscosity. in 1b/ft h
dynamic viscosity in lb/ft s
dynamic viscosity in kgf s/m?
dynamic viscosity in Ibf s/in?

10 x 107

107¢

241909 x 1073
671971 x 107°
101.972 x 107°
145.038 x 10712

Kinematic viscosity in
*um?/s

kinematic viscosity in cm?/s
(= Stoke)
kinematic viscosity in m?%/s
kinematic viscosity in m%/h
kinematic viscosity in ft?/s
kinematic viscosity in ft%/h

10 x 1073

1076

3.60 x 1073
10.763 9 x 107¢
38.750 1 x 1072

Pressure in bar

pressure in N/m?
pressure in atm
pressure in 1bf/in?
pressure in kgf/cm?

pressure in mmHg

100 x 10°
986.923 x'1073
14.503 8

1.019 72
750.062
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4. USE AND ACCURACY OF TABLES

errors in interpolation. Linear interpolation between adjacent tabulated values will usually be sufficient except

in the critical region, that is for temperatures above 300 K in Table I and for temperatures between 300 and
305 K and pressures between 65 and 100 bar in Table II.

I
‘ \
In general the last figure, and on occasions the penultimate figure, are not significant but are included to reduce

The estimated uncertainties in the tabulated values of dynamic viscosity are shown in Sketch (i) and are based
on the spread of experimental results. For data at a boundary dividing one region from another the lower

value of the uncertainty may be taken to apply. The uncertainties in the tabulated values of kinematic
viscosity in Table I correspond to the uncertainties in the values of dynamic viscosity: these are

13 per cent for the saturated vapour from 240 K to T,

4 per cent for the saturated liquid from 240 K to 270 K, and

*3 per cent for the saturated liquid from 270 Kto T .

* 1 um?/s=10"° m?/s .

2
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AUXILIARY EQUATIONS FOR SATURATION LINE
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Values obtained by interpolation from Table I will be adequate for most purposes. However, if the data are
required in a design program it may be convenient to have the data in functional form. Equation (3), given
for the dynamic viscosity in Section 6, is not ideally suited for use in this way because of the complexity of
the calculations involved and the need for density data. The following, more convenient forms of equation,
which represent the tabulated values well (within a maximum percentage deviation of +0.025), are recommended
for the saturation line values between 240 K and the critical point.

For the saturated liquid

4 .
In (nl/nc) = ao(l — T’)0-40 + z a,(l — T’)(l+l)/3 ,

=1

ey

where 1, = 32.595 uNs/m? | T. = 304.21 K and the numerical values of the coefficients are

3.499977,

0
°
I

a, = —5.339064,
a, = 14.946 93,
a, = —20.63840,

a, = 14.50607 ,
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and for the saturated vapour

4 .
In(cing) = bo(1 —T)*>5 + 5 by(1 — T,)+1)/3 @

=1

where n, and T, are as defined earlier, and the numerical values of the coefficients are

b, = 1.882465, ‘
b, = 01500277,

b, = 03967624,

b, = —5.202870,

b, = 5.448607 .

The corresponding auxiliary equations, for the density of saturated liquid and vapour as a function of
temperature, given in Reference 2, may be used in conjunction with these expressions to compute values ‘
of kinematic viscosity on the saturation line.

6. DERIVATION OF VISCOSITY EQUATION

A careful assessment was made of the available experimental data for the viscosity of carbon dioxide given in
Derivations 4 to 20. The constants in Equation (3) (representing the dynamic viscosity of the liquid and the
gas) were obtained by fitting the equation to those data. For the dense fluid state, it was necessary to express
the dynamic viscosity as a function of density and temperature; densities corresponding to the temperatures
and pressures of the source data points were calculated from a computer package based on the 1973 IUPAC
Formulation for the thermodynamic properties of carbon dioxide. Full details of the experimental data
selection, assessment and weighting, together with the development of the correlation equation, are available
in Reference 3.

The equation for the dynamic viscosity of carbon dioxide is

ESDU Copyright material. For current status contact ESDU.

n = n(p,T) = n(0,T) " exp [i_él j_éo ai,-pﬁTF’] uNs/m? 3) ‘
where a;, = 0 and where the remaining coefficients, each fully significant at a 99.9 per cent confidence
level, are:

a, o = 187.90723 x 1072, a, , = —11331151x107%,

@, o = —531.58200 x 107%, a,, = 19718780,

ay o = 596.74700 x 1073, ay, = —1.7062796,

4,0 = —131.56927 x 107*, a4, , = 549.50807 x 107°,

ag, = —57.400 364 x 107> . ‘

The zero density viscosity (see Reference 3) term n(0,T) is given by the expression

1(0,T) = T”’[i b; (g)]— uNs/m?

i=0

4 Documents

Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 760211976



http://www.avadocuments.com/doc/esdu-76021-1976
http://www.avadocuments.com/doc/esdu-76021-1976

76021

where the numerical values of the coefficients are:

by = 629.06831 x 1073,
b, = 1.255549 5,
b, = 1.2951809,

b, = —71.773 558 x 1072 ,

Equation (3) applies in the range of temperatures from 240 to 1500 K and the range of pressures from 0 to
1000 bar. The agreement obtained with the selected sources of data at elevated pressure is shown in the

following Table.

|
|
|
|
|
|
b, = —2.8436729 .
|
|
|
\
|
|
|
\
|
\
\
|
\

S *No. of Mean Mean absolute rms

a Derivation Author . percentage|  percentage percentage

o . points deviation deviation deviation

O

©

€ 5 Golubev and Petrov | 144 141) 0.764 1.519 2.123

o 6 Michels, Botzen and Schuurman 144 (125) -0.692 0.859 1.101

}3;; 7 Kestin and Leidenfrost 7 (| —0170 0.170 0.187

E 8 Kestin and Whitelaw 43 (43) | 0210 1.008 1.333

§ 9 Kestin, Whitelaw and Zien 103 (49) | —0.589 0.717 0.957

é 10 Kestin, Kobayashi and Wood 33 (33) 0.044 0.101 0.134

5 11 Breetveld, DiPippo and Kestin 8 (8) | —0.009 0.066 0.086

L_L_ 17 Golubev, Gnezdilov and Brodskaja 72 (72) { —1.060 1.167 1.519

2 18 Golubev and Shepleva 107 (107) —0.019 0.821 1.136 |
= 20 Kurin and Golubev 44 (44) | —0.62 1.528 2.305 |
: ;
T&o * Number of points used in final analyses are in brackets. :
2 |
8 . The zero density expression applies in the range of temperatures from 200 to 1500 K and represents the best |
) available data (Derivations 4, 12, 13, 14, 15, 16 and 19) to within 0.5 per cent between 200 and 700 K and to

a within £1.0 per cent between 700 and 1500 K. |
i

Very close to the critical point Equation (3) gives values that deviate from measured data, the deviation
increasing logarithmically as the critical point is approached. However, the magnitude of the effect is small
and can only be noticed in the immediate vicinity of the critical point. For most engineering purposes the
effect may be neglected.
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