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Thermal Conductivities of Two Specimens of
Ferrous Alloys at Temperatures from 100°C to 700®C

by

H. E. Robinson
S. Katz

I. INTRODUCTION

Two specimens, referred to as No. E-452^ (L205A)
and No. C-^507 (L23), were submitted by the Lebanon Steel
Foundry, Lebanon, Pennsylvania, for calibration measure-
ments of thermal conductivity in the temperature range
from 100®C to ?00®C.

From information furnished by the Lebanon Steel
Foundry, the compositions of these ferrous alloy speci-
mens were as follows:

No. E-452^ No. G-S507
{L 205A) 23 )

Carbon .30 # 3L 3^

Silicon .35 1.20
!4anganese .69 .74
Chromium .^0 20 . 3^
Nickel .75 9.43
Molybdenum .25 .07
Copper .0^ .10
Phosphorous .026 .020
Sulphur .036 .025

II. PREPARATION OF THE SPSCEffiNS

The general arrangement of the test apparatus is shown
in Figure 1, as amended to show an internal heater in the
bar specimens in place of the external heater previously
used.

The upper end of each specimen was drilled to provide
a well for circulation of the coolant and the lower end
was drilled to accommodate the heater. The internal heat-
ing element was made by winding nl chrome wire on a grooved
porcelain cylinder, which was then covered with alundum
for electrical insulation. Chromel-alumel thermocouples
were attached at intervals of about 4 cm. along the length
of the bar. One thermocouple was attached to the lower end



f

X

«

*

A

lo 0':!T lo ielSi J'IYIICJC j'GfiOO Xsii4'^r..h'’’

'. ‘'COS' c-.Y D''ni:..; Yr'c'x'i .tB s'^oI.Ch ^,;scn'Jio'i ,,

rfos-nldo^
*P

ir)iTOuroxiT'gr .i

l69Ct. xicni3rfGJ bs^iS.'^LVr: s-^-^w , .c^i onB
-9*t5;c-ef»m *io'i ,Bxn£:vJ:Y '-t--i-'--'i , rronsdeJ

9j’fX£l 0'xif.?£.‘i&c0i':v;jr 0.i,j ;x± Y'?f‘vX jC'r:!)r;co .LxinG.'icr '.io Gu'/^ca

ocr a''ooi m.-ni

loecfS ronjidei '-(1 nc>l.jxiaYolfix noi

'

“Xoer?; lo cfiOixxeoqtiio':; Gdd {YT:bnuoY
;i’vjo-IIo'i CB 9 t:9W srfe.u

(^<^0^. .0- .

II. g<.

.

ncd'xsO
OS.I aojllf.8
4T. *;vj

.

05v?nB3fi£^d
^0 , 0£ {iUjIff'iO'i/iO

F,£.9
•p o

! \ •* leTi'oIll
i C

;-.u/aoI'dvIof-t

01. 'xaqqop
GSO, ciiJOT:odq8or«''

^s:o. cfO. oijiiqlijc:

.»n:05?.^a 'dHf Sb v-.’r^AHA^';V5?^ .IX

ixjoiia ii oi.rj-BiBqqB cJ'sgJ' ‘io X'tofns./aB'i'iS sriT
3 -.i n.fc -i(:,d£9G i’Bn'X9d-nx nx wod?, oY rb at
YlBxrotv^'iq Y&dBori XxrfTodX!:' ©d.? Ig oOBlq ni SiToaunscfc ybo

ob^Yg-:;; o-d b^/Xf.i*ib p. fistuXooqp Io 5 j(x9 *':9aqji £)a'^

br;-.i _T9G?oI oiici' bn£ dfi£looo 9iid Io i^oivj6jj.«-OYi:9 'tci IXevr j,.

-ygp.'i IxiTisdrcr arf? . -.r-.* dBs.- ' sdd 9dBbo.ra\no90 6 Ovt bollxrb gb-v
b.v i/:;o't Y, r. lio 0'^.h 3';o''xri3Xfi oni-baiiw vd sbBGi sjsw dno..*T9Xy

inuorujlB d3.t\^ boYOYoo nodd ssvf dDx/tv/ ^YQbiixlYO £ rf.Isoio.Y
p.of'rifoooinYsrid’ I.-iiBio-

I

qlko'i yI . itcxdB LBeixr Ix.oi'idnel.p 'tol
r-:iSfxsI ^rlj- ^ncl.3 ,ir:o ,A doodB

bn-9 *t;woI edd o,t bQdoBddB bbw
'io t-iBV‘xedaf.

9 Iquc^0‘:-''^’X&dd

dB b9.dosd:i£ ®'.r5v'’

orsO .'iBd edd lo

» -



- 2 -

of the specimen. Jhe completed specimen was supported
on a thin nichrome pin located in the bottom of a thick-
walled stainless steel guard cylinder. The guard cylin-
der was also equipped with thermocouples and a heater
element, and at the top with a copper coil through which
the coolant was circulated. The specimen-guard assembly
vias suspended in a large sheet metal container and the
entire system insulated with a fine granular insulation.

III. TEST FiETHOD

Electrical energ3r was supplied to the heater elements
and adjusted so that a minimum temperature difference
between bar and guard existed at the thermocouples just
above the heaters. Cooling v/ater at constant tempera-
ture was pumped through the well in the specimen and
through the coil on the guard cylinder. When steady
temperature conditions had been attained the emfs of
the thermocouples (reference junctions at OC) and the
current through and voltage drop across the bar heater
were measured by means of standard resistors and a pre-
cision potentiometer. Thermocouple readings were sub-
sequently converted to degrees Centigrade, using data
determined by a calibration of the thermocouple wire.

To calculate the thermal conductivity, observed
temperatures of the bar and guard were plotted versus
position along the bar as abscissae and smooth curves
were drawn through the points along the bar and along
the guard. Corrections to the measured heat input to
the bar to account for heat interchange between the
bar and guard were made on the basis of the temperature
differences between them detemined from the curves and
using the conductivit|: of the granular insulation at
the appropriate mean temperature. The corrections were
made for the heat interchange (a) between the lower end
of the bar and the guard cylinder (b) between the bar
and guard at the heater region and (c) between bar and
guard for each thermocouple span. The average rate of
heat flow between any two thermocouples on the bar was
thus computed and used, together with the measured dis-
tance and temperature difference between them, and the
cross-sectional area of the specimen, to calculate the
average thermal conductivity for that span. 'Phe calcu-
lated heat loss from the bar below the first span was
less than 10 percent of the heat input; the total heat
loss for all six spans was from -9 to +6 percent of
the heat input in the various tests. It is believed
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that the various corrections could be evaluated with an
uncertainty of not more than about 20 percent, conse~
quently the uncertainty in the rates of heat flow used
in computing the conductivities is of the order of not
more than 2 percent.

IV. TEST RESULTS

The values of thermal conductivity obtained in the
tests v/ere plotted against mean temperature (Figures 2
and 3) and a straight line, determined by the method of
least squares, was drawn through the points. In the
case of specimen No. E-452^ two straight lines were
drawn because of a sharp change in the thermal conducti-
vity at a mean temperature of about 200®C, Table I
lists thermal conductivities taken from these lines.

V. DISCUSSION OF RESULTS

The plotted points show some scatter from the least
mean square lines drawn through them over a range of mean
temperatures. The scattering about the straight line
evidenced by the points obtained for the same test con-
dition is an inverse measure of the precision of the
measurements. Several factors may have contributed to
the scattering, namely, small random inaccuracies in
measuring the thermocouple locations on the bar, slight
heat conduction along the thermocouple wires near the
hot junctions and possible slight inhomogenieties of
the thermocouple v;ires.

To minimize heat conduction effects, No. 26 A.¥.
gage thermocouple wires were used, and the wires were
led away for a distance of a f^w centimeters in the plane
of the cross-section at the junction, in which the temper-
ature should -be fairly uniform. However, since the
temperature gradients along the bar ranged from 5 to 3^
degrees C per centimeter in different tests, scane con-
duction effect on individual thermocouple readings
probably could not be avoided. The plot of bar tempera-
tures versus position indicates some slight departures
from a smooth curve, of magnitude not greater than one
degree C in the extreme case. Since all of these fac-
tors were random in nature, their effect v^as probably to
decrease the precision of the measurements rather than
to affect the overall results in any one direction.
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Table^'l
"

Mean Temperature Thermal Conductivity, watta/cmCdegC)
Hq,. E-452g No^...C-

.
81^

50 0*366 0.132
100 .376 .140
150 .3^7 .149
200 .397 .157
(200) (.400) -

300 ,3^6 .173
400 .372 i--.- 4-- .190
500

• ^ 1 1

.357 4 .206
600 .343 . .223
700 - S
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