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Abstract-This paper is intended to help with the derivation of thermal conductivity, A, from a 
knowledge of electrical conductivity, o. 

New data are presented for several copper alloys and molten aiuminium, and the information 
available for the solid and liquid phases of several electrical conductors is reviewed. 

For specified temperature ranges, mainly above normal, simple correlating equations of the type 
first proposed by Smith and Palmer [1] are shown to hold, where X = LT 0 + C. With values for the 
constants L and C that are appropriate to the various groups of metals and alloys, X can often be 
predicted to within 5-10 per cent, an order of accuracy sufficient for many practical purposes. 

Special treatments, are required for materials such as beryllium, chromium and graphite, for which 
the conduction of heat by phonons is large. Further work seems necessary for these metals and their 
alloys, also for aBoys of tungsten and cobalt and for molten copper. The measurements on molten 
copper are needed since the values so far obtained are grouped some 13-37 per cent below the extra- 
polation of the line X = 232 x lo- * D T -+ 0.012, which is fitted to within 6 per cent by the data now 

presented for aluminium and available for several molten metals and alloys of lower h. 

NOMENCLATURE 
the absolute temperature; 
the gas constant; 
the electronic charge; 
the specific heat; 
the density; 
the average molecular weight for alloys; 
the total thermal conductivity; 
the electronic component of thermal 
conductivity; 
the lattice component of thermal 
conductivity; 
the impurity scattering component of 
thermal conductivity; 
the impurity scattering component of 
thermal resistivity; 
the electrical conductivity; 
the electrical resistivity; 
the residual electrical resistivity; 
the theoretical Lorenz function; 
the calculated Lorenz function. 

INTRODUCTION 

gatherings of thermal conductivity 
workers on both sides of the Atlantic have served 
to emphasize the wide range of technological 

* Present address : Thermophysical Properties Research 
Center, Purdue University, Lafayette, Indiana, U.S.A. 

problems in which this physical property is an 
important parameter, and to underline the ever- 
increasing need for reliable thermal conductivity 
data. Despite the attention given to this subject, 
there are but few thermal conductivity apparatus 
readily available and the determination of this 
quantity for the wide range of required tempera- 
tures and materials has usually to be undertaken 
by well trained staff in specially equipped labora- 
tories. The measurement of thermal conductivity, 
h, is far more difficult than a measurement of 
electrical conductivity, u, and it is most important 
to know if and when h can be derived from this 
simpler measurement. 

The National Physical Laboratory has been 
making measurements of X for over forty years, 
and, whenever possible, determinations of u have 
been included. The purpose of this paper is to 
show the extent to which, on the basis of these 
results and those of other workers, h can be 
predicted from o with sufficient accuracy for 
many practical purposes. 

RELATION BETWEEN THERMAL AND 
ELECTRICAL CONDUCTIVITY 

Historical 
Achard [2] seems to have been the first to 

direct attention to a proportional relationship 
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between h, and a, whilst most students are 
familiar with the work of Wiedemann and 

rise to the constant residual electrical resistivity, 

Franz [3] and of Lorenz [4] according to which 
po. The thermal resistivity, I+‘0 arising from this 
same cause, does obey the relation 

the quantity A/u T, the so-called Lore& function, 
is constant. 

Drude 153, on the assumption that free elec- 
trons are entirely responsible for both forms of 
conduction, showed that 

Li+ 3 R2/e2 = 2.235 x 10-s (1) 

where R is the gas constant and e the electronic 
charge. A later analysis by Sommerfeld [q led to 
the numerical coefficient being replaced by G/3, 
giving LO == 2.45 x 10-s. 

Subsequent experimental work at sub-normal 
temperatures has indicated large departures from 
this value, except at very low temperatures where 
the scattering of electrons by impurities gives 

po/WoT = 2.45 x 10-S (2) 
For this reason the fo~fowing account deals 

mainly with temperatures at or above normal, 
so any resulting correlations should only be 
extended below the indicated temperature range 
after confirmatory tests have been made. 

Figure 1, was prepared by the writer for a 
paper by Schofield [7] and shows that at 0°C L 
remains relatively constant at just below the 
theoretical value for metals and alloys when h 
is in excess of about 1, but for lower values of h, 
L increases at an increasing rate and is often 
much in excess of the theoretical value. 

Figure 2, based on subsequent measurements, 

n Carbon steels I mean O-1-7 % C, 8 ) 

Mean of 20 Al -6&, N.F!L. *Al 
l Li 

I I I I I I I 
IO 15 20 25 30 35 4-o 

Thermal canductlwty at OaC, W/(cmS’ deg C-’ ) 
FIG. 1. Relation of Lorenz function and thermal conductivity at 0°C. 

Note: The authorities are as follows: B = Benedicks, 1926; G = Gruneisen, 1900; H = Honda, 1919; 
H + M = Hondaand Matushita, 1919; H + S = Honda and Simidu, 1917; I = Ingersoll, 1920; 3 + D = Jaeger 
and Diesselhorst, 1900; L = Lorenz, 1881; M = Masumoto, 1927; Ma = Matushita, 1920; N.P.L. = National 
Physical Laboratory, 1928. J f D were also responsible for dete~inat~o~ on Ag, Cu, Au, Zn, Cd, Ni, Pd, Pb. 
Constantan, Manganin; Lees (1908) for Cu, Al, Zn, Cd, Ni, Sn, Pb, Brass, Lipawitz Metal, Platinoid, 
Manganin, German Silver; Gehlhoff and Neumeier (1913) for Bi; Meissner (1920) for Li; N.P.L. (1925) for Mg. 
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FIG. 2. Variation of Lorenz function with temperature 

(Griffiths, Powell and Hickman [S]) serves to 
show the wide range of values for L of metals 
and alloys at normal temperature and the manner 
in which the values decrease and converge to be 
within about 10 per cent of the theoretical value 
at 800°C. The inset portion of this figure relates 
to carbon and graphite. 

It was Konigsberger [9] who first pointed out 
that values of L in excess of the theoretical value 
could be expected. In electrical insulators heat is 
conducted not by electrons but by the lattice and 
a similar lattice (or phonon) component, may 
still be present in electrical conductors. In such a 
case, since h = X, + h, and the WFL law only 
applies to Xc, high values of L could be attributed 
to the additional component h,. In carbons and 
graphite, X, is considerably in excess of X,. 

EXPERIMENTAL 

(a) Copper and its alloys 
A notable series of experiments bearing on the 

prediction of X from observations of u or p 
was due to Smith and Palmer [l]. They reported 
measurements of h and u at 20 and 200°C for 
no less than 84 copper alloys and showed that 
up to a value for h of about 3 the individual 
points conformed well to a straight line of the 
form 

A=LoT+C (3) 

with L = 2.39 + 10-S and C = 0.075. In this 

equation C is regarded as the phonon component 
X,. Thus h, is assumed to be constant, and to 
have the same value for the whole range of 
samples, whereas there are strong grounds for 
expecting it to vary as f/T. The authors state 
that this equation can be used to predict h of a 
copper alloy to an accuracy of at least 0.02 cal 
cm-l s-1 deg-1 (about 0.08 W cm-1 deg-1). 
Furthermore, they state that the results of other 
workers for pure metals as well as alloys often 
conform more closely to their equation than 
to the Wiedemann-Franz-Lorenz relationship, 
Aluminium is, however, noted as an exception 
and they anticipate that further investigation will 
lead to rather different equations being devised 
for aluminium and probably for other alloy 
groups. 

The National Physical Laboratory has had 
occasion to make measurements on several 
specimens of copper and its alloys. These results, 
which have not previously been published, are 
set out in Table I where comparison is made 
between the observed values for h and those 
calculated from the Smith-Palmer equation. 
The close agreement confirms that predictions 
made by means of this equation should suffice 
for most practical purposes. 

Some measurements by Gupta and Banerjee 
[lo] are presented in Table 2. These relate to 
copper-man~ne~ alloys and are compared both 
with Smith and Palmer values for similar alloys 
and with values calculated from their equation. 
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Table 1. Thermal conductivity of copper and its alloys 
NPL measurements compared with values cakulated from the Smith-Palmer equation 

Metal or alloy 
106 p h (W cm-r deg-r) 

T (ohm cm) 
Measured Calculated Difference (%) 

98.9 % Cu, 0.8 % Cr 293 2.03 3.42 
Commercial Cu 343 4.42 1.94 
Commercial Cu 373 4.62 2.03 
Arsenical Cu, 0.34 % As 323 4.39 1.86 

PP.51 :4 cu 
Arsenical Cu, 0.34 % As 

99.57 % cu 
Arsenical copper 
Arsenical copper 
Arsenical copper 
Arsenical copper 
Cu + 2-3.5x Ni + 

0.4-0.8 % Si 
Cu + 2-3*5x Ni +- 

0.4-08 % Si 
Cu -t 2-3.5 % Ni i- 

0.4-0.8 % Si 
Cu + 2-3.5 % Ni + 

0.408 % Si 
Cu + 2-3.5x Ni + 

0.4-0.8 % Si 
Brass 
Brass 
Aluminium brass 
Aluminium brass 
Phosphor bronze 
Phosphor bronze 
Phosphor bronze 
Tin (12%) bronze 
Tin (12 %) bronze 
PO%Cu lO%Ni 
90% Cu 10% Ni 
Nominally 70 “/, Cu 

3O%Ni ‘- 
Nominally 70 % Cu 

30% Ni 
66% Cu, 30% Ni 

423 4.91 2.09 

323 5.1 160 
423 5.8 1.80 
523 6.5 1.99 
623 7.15 2.18 
193 3.24 I .47 

273 3.78 1.76 

373 4.44 2.03 

473 5.12 2.23 

573 6.51 2.42 

323 6.51 1.255 
423 7.45 1.42 
323 8.51 0.985 
423 9.54 1.455 
323 14.9 060 
373 15.4 0.655 
413 16.5 0.755 
323 15.8, 0.535 
423 16.9 0.65 
323 19.5 0.475 
423 20.4s 0.57 
323 40.1 0.265 

423 40.75 0.31 

323 45.5 0.23 

423 46.4 0.275 
2%Fe,2%Mn 

66 % Cu, 30% Ni 
2%Fe,2%Mn 

3.42* 0.0 
1.93 0.3 
2.01 1.0 
1.835 1.4 

2.135 -2.2 

1.59 0.6 
1.82 -1.1 
203 -0.5 
2.16 0.9 
1.50 -2.0 

1.80 -2.2 

2.08~ -2.6 

2.285 -2.4 

2.445 -1.0 

1.26 -0.4 
1.433 -0.2 
0.98 0.5 
I.135 0.9 
0.593 I.0 
0.655 0.0 
0.76 -0.7 
0.56 -4.5 
0.673 -3.4 
0.47 1.1 
0.57 0.0 
0.267 -0.8 

0.323 -4.0 

0.24 -4.2 

0.295 -6.2 

* From Table of Appendix B, Smith and Palmer [l]. 

These two sets of experimental data are seen (b) Met& 
to be in good agreement and to confirm that Figure 3 relates to the suggestion that the 
larger differences of up to some 15 per cent are to Smith-Palmer equation also holds for many 
be expected when the Smith-Palmer equation is metallic elements and shows h plotted against 
used for copper alloyed with about 20 per cent a T for 24 of these that have been studied at the 
of managanese. National Physical Laboratory, often over wide 
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Table 2. Copper-manganese alloys: comparison of data by Gupta and Banerjee with calculated values and with 
original Smith-Palmer values 

Mn (%I 
h at 293°K due to Smith and Palmer 

Measured Calculated Difference (%) 

h at 323°K due to Gupta and Banerjee 
-- 

Measured Calculated Difference (%) 

0.43 2,26 2.14 5.5 - - - 
1.05 1.505 1.41 65 - - - 
1.77 1.02 0.95 7 - - - 
4.55 0.49 0.465 5 - 

o;, 
- 

4.94 
O-26 

- - 0.46 5.5 
9.53 0.272 -4.5 - - - 

1064 - 
OTJ, 

- 0.25 0.28 -11 
19.82 0.15 -15 - - - 
21.38 - - - 0.15 0.176 -15 
24.50 - - - 0.13s 0,163 -15.5 
29.15 - - - 0.134 0146 
40.21 - - - 0.125 0.13 1; 

Table 3. Comparison of reference-table data at 293°K (Metals Handbook, 1961) with values calculated from 
the Smith-Palmer equation and with recent NPL values 

- - -- 

Metals Handbook 1961 Difference, % NPL values 
Metal Calculated of calculated 

lO6p A (A) r\ Difference, % 
of calculated 

Cobalt 6.24 0.69 1.20 -42 0.96 [13] -20 
Indium 8.27 0.24 0.91 -77 0.86 [ill -5.5 
Iridium 5.3 0.59 1.395 -58 1.46 [14] 4.7 
Rhenium 19.3 0.71 0.44 62 0.48 [15] 9.7 
Rhodium 451 0.88 1.63 -46 1.51 [14] -J.4 

ranges of temperature. For only 10 of the metals 
studied do the experimental values for X differ 
from the predictions of the Smith-Palmer 
equation by more than 10 per cent. The greatest 
departures are for bismuth, chromium and 
tungsten. 

Table 3 lists some metals which were investi- 
gated because of the considerable differences 
indicated by reference-table data and shows the 
marked improvement that has resulted. The 
greatest difference is for indium for which Powell, 
Woodman and Tye [ll] find h to be increased 
by a factor of no less than 3.6. Indeed, the sugges- 
tion has since been made [12] that a value for 
c, had at some stage been tabulated in mistake 
for h and that this error had been perpetuated 
by subsequent compilers of tables. 

H.M.-3Q 

Table 3 emphasizes the value of making 
independent checks of this kind before any new 
values for h are used for design purposes. 

(c) Other groups of metals and alloys 
Further consideration will now be given to the 

suggestion that the constants of the equation 
might well be modified for other groups of alloys. 
Indeed, Grootenhuis, Powell and Tye [16] 
showed this to be desirable for another type of 
copper alloy. Figure 4 shows h plotted against 
u T using data obtained by these workers over 
the range 50 to 200°C for several porous 
bronze samples prepared from spherical particles 
by powder metallurgy methods. These results 
conform to the line 

X = 2.43 x 10-s u T + O-021 (4) 



1038 R. W. POWELL 

(;) Temperoture ronge OK; reference 

Be. XI HT 1323-673; 32) -------- 

Be,XiAR(323-573i32>- 

Ir 1223-473;58) 

W (323-623;61)--- 

MD (323-623;611- 

Ru (323-523.58) 

OS (323-523.581 
: 
Y Mg (323-423; 17) 

fi? 
D 

i 
To (323~523;611 

P 
Cf (323~1273;33 

z Rc W3-523;15) -am &23-so;591 

x‘ 

0 2 3 4 5 6 7 0 9 IO 

FIG. 3. N.P.L. data for metallic elements: Comparison with Smith-Palmer equation. 

which is appro~mately parallel to, but some 
29-36 per cent below, the Smith-Palmer line. 
The smaller intercept is consistent with the 
smaller value of hs that is to be expected for the 
more subdivided sintered material. 

Figure 5 is a similar plot for 2 samples of 
magnesium and 28 magnesium alloys 1171 
which support Powell [lS] and fit a line of lower 
slope and greater intercept. 

h = 2.206 x 10-s u T + O-096 (5) 

For this wide range of magnesium alloys the 
majority of the experimental values agree with 
this line to within 3 per cent and all agree to 
within 6 per cent. 

The constants and other details of similar 
equations that have been proposed for various 
alloy groups are given in Table 4. These lines 
are plotted in Fig. 6, where the length of each 
line indicates the particular range of values for 
which it has been derived. 

The figure is helpful in showing that use of 
the appropriate equation is essential for materials 
where X values are low. Alloys of magnesium 
and aluminium could be treated as one group 
satisfying the equation 

X = 2.21 x 10-s ~7 T + 0.10 (6) 

Further work is still required to investigate 
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FIG. 4. Porous bronze: thermal conductivity as a 
function of the product of absolute temperature and 

electrical conductivity. 

alloys of some of the more exceptional metals, 
such as beryllium, cobalt and tungsten. 

Ewing, Walker, Grand and Miller [29] have 
used the experimental data for 140 metals and 
alloys to derive what is considered to be a more 

general single equation 

h = 2.61 x 10-s aT(1 - 7.7 x 10-l” aT/c,d) + 

97 c, G/MT (7) 

The overall deviation for all the metals studied 
is stated to be f5 per cent and they conclude 
that X for any metal or alloy other than a semi- 
conductor can normally be estimated to within 
5-10 per cent so long as reliable values for u are 
available. This suggests that the reliability 
of the Ewing equation is comparable with that 
of the appropriate two-term equation. The 
second term of equation (7) becomes most 
effective for the good conducting metals, which 
are seen from Fig. 1 to have L below the theo- 
retical value. For copper at room temperature 
the first two terms yield L of about 2.2 x 10-s. 
The third term represents A,, and is now seen to 
vary as T-l. 

Bungardt and Kallenbach [30, 311, on the 
other hand, have recommended for aluminium 
and magnesium and their alloys equations of the 
form 

h/T=La+ C (8) 

the constants L and C being 2.05 x 10-s and 

Mg allov identification 
w ‘630 
W 1635 
W 1567 
w I641 
w 1646 

w 1662 

NPL P2 

W 1702 
I%0 
1961 
1964 

DTD 350 SC 
DTD 350 DC 
DTD 36D SC 
DTD 360 DC 

Mognox B 
H 809 
H 607 
H 617 

H 611 

3 232 
/’ a ZTI 

B TZ6 

I RZ5 
n ZREO x =2.39 x I&/p + 0075 
I MSR 

+ ZTY 

Pure Mg 
. From metallurgy d~wwx 
. From Johny~l Motthey 
. F H Schofield (1925) 

X = 2.206x Id* T/p t 0.096 

I I I I 
3 4 5 L 

r/p, deg K si’ cm-‘, 16’ 

FIG. 5. Magnesium and magnesium alloys: Thermal conductivity, X plotted against 10-r times absolute 
temperature divided by electrical resistivity, 10-r T/p. 
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ITable 4. Constants of equations appropriate to variow metals and their alloys 

Range Accuracy % 
Metal group 10s L c @m-ox.) Reference 

(“KI (lo-’ D T) 

Al alloys 2.10 0.126 293- 473 4.7 - 9.5 6* 
Al alloys 

I191 
2.22 O*lOS 273- 573 3.2 - 8.3 8* 

Cu alloys 
t201 

2.39 0.075 293- 473 o-4 -17.3 10 
Cn ahoy (porous bronze) 

ItI 
2.43 0.021 293- 473 @4 - I.3 5 1161 

Fe and steels 2.62 0.025 113-1173 0.3 - 3.1 12t 
a-Fe and ferrous steels 

@iI 
2.43 0.092 373-l 173 0.6 - 3.0 10 

y-Fe and austenitic steels 
1221 

2.39 o*O42 373-l 173 o-3 - 1.0 10 [221 
Fe-Ni alloys 292 0.030 123- 813 0.1 - 1.7 10: [231 
Mg and Mg alioys 2.16 0.092 323- 523 I-5 - 7.0 ft81 
Mg and Mg alloys 2.206 0.096 31% 773 1-5 - 7,o 6” rf71 
Ni and Ni alloys 2.13 0.084 148-1273 025- 3.9 20 t241 
Ni-Cr ahoys 2.20 O+%O 323-l 123 0.24 0,95 5 [251 

(Nimonic type) 
Ti and 6 Ti alloys 262 0.0208 311- 811 0.2 - 0.6 10 1261 
Ti alloys 2.39 0.0292 323- 723 O-19- 0.42 7 [271 
Zr alloys 2503 0.0223 323- 523 0.2 - 0.6 10 WI 
--- _-.-. 

* Measured values for alloys containing Si give larger positive differences. 
t Many cast irons and some steels, e.g. 13 % Cr-steel below 673”K, give larger positive differences. 
: Greater differences were given by an ahoy with nearly 80% Ni, for which a larger value of C is to be expected. 

502 x 10-s for aluminium and 2.26 x 10-s 
and 1675 x lo-1 for magnesium. This pro- 
cedure makes & proportional to 7’. 

(d) Some exceptio~ff~ mater~ats 
The special methods adopted when treating 

the metals beryllium [32] and chromium [33], 
which proved to give exception~ly large and 
variable values for X,, are indicated below. For 
each metal these measurements have been made 
on relatively few samples, so further measure- 
ments are desirable. Information on graphite 
is also included in this section. 

3~ry~~~~, Measurements made on five samples 
of beryllium before and after heat treatment 
indicated values of h, approaching 50 per cent at 
323°K but these decreased with increase in T 
and the results for the range 323-1000°K all 
agreed to within 6 per cent with the equation 

X=10-sT+57- 7) + 7 -0*151 (9) 

Chromium. Only one electrodeposited sample 
has been studied, for which both h and CT has 
been found to increase after heat tr~tment at 

successively higher temperatures. Following 
heat treatment at 1683°K h at 323°K was 0.86, 
some 3.65 times the value for the deposited 
metal, whilst the corresponding derived values 
for X, were O-31 compared with an initial value 
of 0.07. The deposited metal contains gaseous 
impurities, and it is to be expected that both X 
and Xg will increase as these are removed and the 
density increases, but chromium seems to be a 
metal for which .& amounts to more than 30 per 
cent of X and the examination of further samples 
would clearly be of interest. 

Graphite. The inclusion of graphite in this 
account must seem rather surprising. Having a 
value of L some 150450 times the theoretical 
value, X, must predominate and any useful 
correlation of h and TV would appear to be 
unlikely. trowever, several have been proposed 
and Mason and Knibbs [34] consider that it is 
because the flow of both heat and electricity is 
mainly restricted to the crystal layer planes and 
controlled by scattering at the crystal boundaries 
that this is possible. 

Powell [35f showed that for a particular sample 
of Acheson graphite the following equation 
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Copper and its alloys [I] 

Copper alloy-porous bronze [IS] 

Aluminium alloys [20] 

Mognesumond Its alloys [Ii’] 

Iron, alpha and ferrous steels [22] 
Iron, gamma ond oustenitlc steels p2] 

Iron - nickel alloys [23] 

Nickel ond its alloys [24] 

Nickel- chromium (Nlmonic) alloys [25] 

Titonum alloys [27] 

Zlrconlum alloys Be] 

2 4 6 a IO 12 16 20 

ld’~ absolute temperature x electrical conductivity, deg K a’ cm-’ 

FIG. 6. Relation of thermal conductivity and product of absolute temperature and electrical conductivity. 

h = O-123 To.3 (I (10) 

held from room temperature to 1073°K. 
Powell and Schofield [36] found that above 

about 1500°K the predicted values erred on the 
high side and by 2800°K exceeded the experi- 
mental values by some 60 per cent. A criticism of 
this work is that whereas u was measured longitu- 
dinally, ;\ was measured radially and the material 
was considered to be isotropic. This now seems 
rather unlikely. 

Powell [37] reported measurements from 323 
to 573°K for several graphite samples and found 
that for five samples cut from a block of Ceylon 
graphite, two samples of Acheson graphite and 
one of Hilger “H.S.” graphite 

h = 2-22 T-1.3 a + O-184 (11) 
whilst for two samples of Cumberland graphite 

h = 3-l T-1-3 u + 0.25 (12) 

Mason and Knibbs refer to several similar 
relationships found to apply to various grades of 
reactor and other graphites and it is clearly 
evident that even for graphites -much useful 
information relating to X can be derived from a 
knowledge of u. 

(e) Other materials having high Lorenz functions 
Cast irons have already been mentioned as 

materials known to have unusually high values 
for L. Work is in progress on materials of this 
type in the hope of understanding them more 
fully and maybe of allowing predictions to be 
made. Results for zirconium and titanium 
diborides, titanium carbide and for mixtures of 
TiBa and TiC have been reported [38]. These 
compounds have high values of h, for which the 
temperature dependence varies from compound 
to compound. 
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FIG. 7. Liquid metals: Thermal conductivity against the product of electrical conductivity and absolute 
temperature. 

(f) Liquid phase 
A survey of existing data for X liquid metals 

was attempted [39] when their use as liquid 
coolants was under consideration. Despite a 
fair degree of uncertainty in some of the experi- 
mental data it was clear that for liquid metals, 
L had values of about the theoretical order. Some 
indication of these uncertainties is given by 
the three sets of measurements available for X 
for aluminium in the liquid phase [4042] 
which covered just about a two-fold range of 
values and included both positive and negative 
temperature coefficients. 

With a view to resolving these differences 
observations have recently been completed on a 
sample of S.P. aluminium and are in progress for 
an almninium alloy. For aluminium, X is found 
to increase linearly from O-90 at 973°K to O-98 
at 1273*K, whilst L decreases from 2.43 x 1O-8 
to 240 x 10-s. 

These values for L. are in fair accord with those 

derived from other recent measurements on 
molten metals due to Ewing et al. [43, 441, 
Briggs [45], Powell and Tye 146, 473 and Cooke 
[48]. In Fig. 7 these data have been used for a 
plot of X against D T. Values due to four different 
sets of workers for seven metals and three alloys 
are seen to conform well to the straight line. 

X = 2.32 x 10-s a T + 0.012 (13) 

The maximum departure of any of the points 
from this line is 6 per cent, which is a surprising 
result when compared with the degree of scatter 
that was observed when earlier measurements 
were examined in a similar manner. 

One is tempted to conclude that for molten 
metals or alloys h can be derived with reasonable 
certainty by the use of equation (13), and there 
are good grounds for believing that this conclu- 
sion will receive support as additions results 
become available. Further work on molten 
copper is certainly necessary for points derived 



CORRELATION OF METALLIC THERMAL AND ELECTRICAL CONDUCTIVITIES 1043 

from the published values for X due to Fieldhouse, 
Hedge, Lang and Waterman [49], McClelland, 
Rasor, Dahleen and Zehms [SO] and Lucks and 
Deem [51], using u Tvalues extrapolated from the 
measurements of Roll and Metz [52], are seen 
to be grouped some 13-37 per cent below the 
extension of the line fitting the other experi- 
mental points of Fig. 7. 

CONCLUSIONS 

Use of the foregoing equations should enable X 
to be derived from a knowledge of u or p with 
an accuracy of about 5-10 per cent, which should 
suffice for many purposes. Metals and alloys on 
which further work is desirable include bismuth 
cobalt, chromium, tungsten, cast irons and 
molten copper. 
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Rhm&-Cet article a pour but d’aider a obtenir la conductivite thermique, A, connaissant la con- 
ductivite Clectrique, 0. 

De nouveaux resultats sont presentts pour plusieurs alliages de cuivre et l’aluminium fondu, et 
l’information disponible sur les phases solides et liquides de plusieurs conducteurs electriques est 
pass&e en revue. 

Dam des gammes specitiees de temperature, principalement au-dessus de la normale, on montre 
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que des equations simples de corr~laticn, du type h = LT D + C propose d’abord par Smith et 
Palmer [l] sont valables. Avec des valeurs pour les constantes L et C qui sont appropri&es aux 
differente groupes de metaux et d’alliages, /\ peut souvent etre pmdit avec une erreur de 5 & 10 pour 
cent, precision suffisante pour beaucoup de buts pratiques. 

On a besoin de methodes sp6ciales de traitement pour des materiaux tels que le beryllium, Ie chrome 
et le graphite, pour lesquels ia conduction de la chaleur par phonons est clevee. Une etude ulterieure 
semble &essaire pour ces titaux et leurs a&ages, ainsi que pour les alliages de tungstene et de 
cobalt et pour ie cuivre fcndu. Les mesures sur le cuivre fondu sont n&cessaires, car les valeurs obtenues 
jusqu’a present sont grcupees de 13 51 37 pour cent au-dessous de l’extra~lation de la ligne h i= 
2,32 . 10-8 o T + 0,012 qui est verifi6e & moms de 6 pour cent par les r&uItats present&s actuellemeflt 
pour ~aluminium et disponibles pour plusieurs m&aux et alliages fondus de ccnductivite thermique 

h plus faible. 

Zusammenfaasung-Diese Arbeit sol1 die Abteitung des W~~eleitve~~gens I aus der bekannten 
elektrischen Leitfahigkeit D ermogkchen. 

Fur mehrere Kupferlegie~ng~ und ftlr Alumi~um~hme~e werden neue Werte angegeben und 
die verftigbaren Unterla~ iiber die feste und fltissige Phase mehrerer elektrischer Leiter werden 
tiberprtift. 

F&r vorge~~e Tem~ratur~reiche, die haupts~chlich iiber dem No~st~d liegen, erweisen 
sich einfache 3ezieh~~n vcn dem Tp h = LTo + C, der zuerst von Smith und Pahner [ll vor- 
geschlagen vturde, als ausreichend. Mit den Werten fiir die Konstanten L und C, die auf die verschie 
denen Gruppen vcn Metallen und Legiertmgen zutreffen, kann h oft bis auf 5 bei 10 Prozent genau 
vorherbestimmt werden, eine Genauigkeit, die fur viele praktische Zwecke gentlgt. Gesondert mussen 
Materialien wie Beryllium, C hrcm und Graphit, bei denen die W&rmeleitung durch Phononen gross 
ist, behandelt werden. Fur diese Metalle und deren Legierungen wie such fur Legierungen von Wol- 
fram und Kobalt und Ku~fe~chme~e scheint weitere Forschung~~it niitig zu sein. Die Messungen 
an Kupferschme~en werden benotigt, da die bisher erhaitenen Werte ungef&r 13 bis 37 Prozent unter 
der Extm~lation der Linie X = 2,32 x 10-s Q T + 0,012 liegen, welche sich i~erhalb 6 Prozent 
denjetzt angegebenen Werten fur Aluminium und den verfugbaren Daten fur mehrere Met~lschmelzen 

und Legierungen mit nied~~rem X anpasst. 

AHEOTau;H&--ll(enbf0 HaCTOfiff&e~ pa6OTbI RBJIReTCFI yCTaHOBJfeHSf@ CBR3H MWK~y TeYLifO- 

lIpOBO~HOCTbI0 h H 3~eKTpO~pOBO~HO~Tb~ o. 

IIoKa3aK0, ‘IT0 f@lK o~pe~e~eKK~x~KaKa3oHoB Te~~0paT~p,~ OCHOBHOM BMme O~~~H~X, 

C~paBe~~KB~ npoclare KOp~e~~~~OHHble ~OoTKo~eK~~ Tllxfa /t = LTo f c, sneprthre 
~pe~~o~efiK~e CUSTOM H ~O~MepoM [I]. npu cooTneTcTBy~4e~ noA6ope ~OCTO~HH~X~ H 

C(f?O rpy~~a~ MeTajIZIOB ~fCnjrasOB)BejrK=ivrHyX~Omf?O Pa~~~KTaTb C TOqHOCTb~ gO5-10%- 

noprr~oqox ~0~~0cT~,~ocTaTo~K~~ gna MHOFHX npaKwiecKax ueneik&nff TaK~xMaTepna~oB 
KaH 6epuJrJn&, XpOM M Fpa@fT,y KOTOpbJXTeIf~Ofl~OBO$@fOCTb ~OHOH;1MHBeJIliIKa,TpeFjyeTCR 

cnefwaabwafi o6pa6oT~a.IlpeAcTaBJlxeTcii Keo6xo~ffmbfhf npose~eealre AajrbKelruMxKccjIeAo- 
B;\HU~~TMXM~T~~I~OB~CIIJI~BOB,~T~K~~~~ CnafaBOB EOnb#pahfac Ko6anbTox a pacnnaanea- 

HOQ MeJfII. Heo6xo~KMo ffpOBi?CTfi K3~epeH~~~~~ paC~~aB~eH~i0~ Me&H, riOcKo~%Ky nony- 

YefiHbfe a0 Cffx n0p J@Iff K88 3~aH~eK~~ paC~O~ara~TCX 13-3?% fiRIKe ~P~MO~ 

h = 2,32 x lO+rrZ +0,012, Koropan c TO~KOCTb~ go 6% O~Kc~BaeT ~pe~cTaK~eKK~e R 

~acTo~~e~ ~a6oTe~aKK~e~~~ a~~M~KKK K~aKK~e,K~e~~~ec~~~~ Ke~f~o~bK~xpacK~a~ 


