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1. Introduction

In formulating an equation for the thermal conductivity A of steam

we consider the thermal conductivity A(p,T) as a function of the

density p and the temperature T. The zero density thermal conductivity

A (T) is defined as
o

X (T) = limX(p.T) (1)
p->o

At the meeting of the Special Committee of IAPS at Kyoto, Japan,

1976, we presented a preliminary analysis of A (T) for steam. As

pointed out in the preceding paper-"- the analysis suffered from defects.

2
First, since the data survey compiled by the German delegation did

not include thermal conductivity data for water vapor below 100°C, the

equation could not be reliably extrapolated to temperatures below 100°C.

Secondly, in our preliminary analysis we identified A (T) with the

observed thermal conductivity at atmospheric pressures, thus neglecting

non-ideality effects between 0 and 1 atmosphere.

In this report we present the results of an analysis in which

these two defects have been remedied.

2. Data sources

For the purpose of this analysis we considered experimental thermal

conductivity data at pressures of 1 atmosphere and below. The sources

of the experimental data used are listed in Table I. The actual data

used in the analysis are given in the Appendix. The data are based on

2
the data survey of Scheffler, et al. In addition we included low

density data below 100°C obtained by Milverton as was recommended by

18
Alexandrov and Matveev at the Kyoto meeting of the special committee.
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Table I

Code

1120 Timrot

1130 Vargaftik

1100 Vargaftik

1200 Vargaftik

1310 Vargaftik

1260 Venart

1320 Brain

1450 Mashirow

1360 LeNeindre

1380 Brain

1440 Bury

1410 LeNeindre

1430 Tarzimanow

1470 Vargaftik

Milverton

Sources of Experimental Data

References

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

We considered the initial density dependence of the thermal

conductivity and applied a correction for the difference between the

thermal conductivity at the density measured and the thermal conductivity

in the zero density limit. This correction turned out to be significant

at temperatures below 300°C. Data corrected for this density dependence

are labeled with an asterisk in the Appendix.



3. Results of Analysis

The data listed in the Appendix were fitted to an equation of

the form

X = fi( Z a.Of*]'1 (2)
k=o *

where T represents the temperature in Kelvin. This equation is of the

same form as that used for the adopted representation of the viscosity

19
of steam and was recommended at the Kyoto meeting of the Special

Committee as the most appropriate one. In fitting the equation to

the experimental data we assumed that all data had the same relative

2
error. Specifically, in fitting A we used as weights (100A) so that

the standard deviation o was returned as a percentage.

In Table II we present the residual standard deviation o as a

function of the number of terms retained in the equation. The minimum

standard deviation is obtained for n = 4. However, the reduction in

the standard deviation when going from n = 3 to n = 4 is quite small.

We give here the values for the coefficients for both n = 3 and n = 4.

Table II

Standard deviation as a function of number of terms in equation (2)

n = 2 ' a - 1.70%

n = 3 a = 1.48%

n = 4 a = 1.46%

n = 5 a = 1.46%

n = 6 a = 1.46%



Sengers 1:

al a? aT ~^ -1
X (T) - /f [a + ;p + -7 + -7 ] x 10 (3a)

T T

with

a = +0.1101535o

a1 = +0.1095266 x 10
3 '' (3b)

a2 = +0.1339522 x 10
6

a3 = -0.02874601 x 10
9

Sengers 2:

• ai ao a a/
Xo(T) = v>T[ao + J- + _| + -| + -A f1

 x 10~
3 (4a)

with

a = -0.0391792o

ax = +0.4964565 x 103

a2 = -0.2216254 x 106 (4b)

a3 = +0.1091682 x 109

a4 = -0.1914082 x 1011

where X (T) is expressed in W/mK. A plot of the deviations (X - X )/Xo exp calc exp

for equation (3) is presented in Fig. 1 and for equation (4) in Fig. 2.

Both equations represent the zero density thermal conductivity within

the estimated experimental error of 2% to 3%. Equation (3) has the

advantage that it is simple and that it preserves the analogy with

19the equation adopted for the viscosity.



18
A similar equation was proposed by Alexandrov and Matveev

Alexandrov:

a a a -
A (T) = /C[a + + - + -r] x 10 (5a)

T T

with

aQ = +0.0514485

a1 = +0.2323841 x 103

a2 = +0.5602307 x 105

a3 = -0.1392744 x 108

A plot of the deviations (A - X , )/A for this equation isexp calc exp l

presented in Fig. 3. The deviation plot is very similar to those

obtained from equations (3) and (4) except for a few data points

at low temperatures. The latter difference is probably due to a

different estimate of the nonideality corrections applied to the

data.

20Yata and Minamiyama have proposed the equation

Yata:

A (T) = ft [a + a ' T + a ' T2 + a! T3] x 103 (6a)
o o 1 2 3

with

a' = +0.404097o

a£ = +0.181934 x 10~2 (6b)

a'2 = +0.146476 x 10~
5

a^ = -0.612237 x 10~9

A plot of the deviations (A - A - )/A for this equation isexp calc exp

presented in Fig. 4. The plot reveals systematic deviations at

temperatures below 300°C. We venture to suggest that these systematic



deviations are due to the fact that nonideality corrections were

not accounted for in fitting equation (6) to the data.

4. Conclusions

Our first choice is equation. (3a) with parameters (3b) to

represent A (T). Equation (5a"5 with parameters (5b) proposed by

Alexandrov and Matveev would also be acceptable. Equation 6(a)

with parameters (6b) proposed by Yata and Minamiyama leads to systematic

bias at low temperatures.
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Appendix: Comparison between experimental and calculated values of X .
o

Explanation of computer output.

Column 1: Temperature in degree C

Column 2: Temperature in Kelvin

Column 3: Values of X from experimental data sources in milliwatt/m K.

Column 4: (X - X , )/X with X n from equation (3)exp calc exp calc

Column 5: (X -X ,)/X with X n _ . ...,v exp calc exp calc from equation (4)

Column 6: (X - X - )/X with X from equation (5)
exp calc exp calc

Column 7: (X - X , )/X with X .. from equation (6)exp calc exp calc

Column 8: Experimental data sources.
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