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Object
The object of this research 1s to correlate the 1life

and accuracy of fine wire Chromel-Alumel thermocouples
when subjected to an oxidizing atmosphere at elevated

temperatures,



Summary

If a thermocouple is used to measure high gess temperatures
1t is desirable to use as fine a wire as possible since this
reduces the radiation error. Tests were made in an oxidizing
etmosphere on three sizes of small diameter Chromel-Alumel
thermocouple wire at temperatures ranging from 2000 to 2500 deg.
F to determine their useful upper limit. At lower pemperatures
the fine wire thermocouple comes up to furnace temperature in
the manner expected. At higher temperatures an initial deteri-
oration occurs causing the thermocouple to read higher than the
furnace temperature which 1s held constant, and then a further
change occurs and the couple indicates a continually decreasing
tempersture thereby devliating rapidly from the true furnace tem-
perature. If the furnace temperature is 1ncreased s8till further
the thermocouple reading at first increases but begins to decrease
before it reaches the true furnazce temperature.

To correlate 1ife and accuracy of =2 fins wire thermocouple
an "accuracy life" is defined as the length of time the couple
indicates the true gas tempereture within the limits imposed; for
example, a "ten degree F life" is the length of time the couple
reads within ten degrees of the true gas temperature. The accur-
acy life is found to be a function of the wire dismeter and the
temperature encountered, increasing with increesing diameter and

decrezsing with increasing temperature.



Introduction

The measurement of high gas temperatures rapidly aad ac-
curately 1is of vital importance in many phases of engineering
today. Base metal thermocouples are widely used to measure
temperatures up to 2000 deg. F and noble metal thermocouples
are used from 2900 to 3000 deg. F. However, when a thermo-
couple 1s used to indicate gas stream temperstures, an error
1s introduced since the measuring junction of the couple "sees"
the surroﬁnding walls which are at a temperature different
from that of the gas.

If conduction along the thermocouple 1s neglected the
following condition holds at equilibrium for an unshielded
thermocouple: the net heat transferred to the thermocouple
from the gases by convection and radiation must equal the net
heat transferred to the walls by radiation from the couple,

Qar+ Rer = Rrw
where Q 1s convection heat transfer, R is radiant heat trans-
fer and the subscripts G, T, and W are for gas, thermocouple,
and wall, respectively, and where a palr of subscripts reads
from -- to; for example,G%nF convection heat transfer from
the gas to the thermocouple.

Neglecting thel?QTterm since this is negligible as com-

pared with the remaining terms the above equation reduces to

he (To-T7) - €0 (- )



where the subscripts are as before and,

T = absolute temperature deg. R
Btu
h = Fllm coefficient of heat transfer ThT eg.
Btu
0= 0,1723 x 10'8 t2 hr (deg. R)%, Stefan-Boltzmann
constant

€ = emissivity

Since radiapion 1s proportionel to the fourth power of
the absolute temperature, the radiant heat transfer will be
large at hlgh temperatures if the wall temperature differs
very much from that of the gas, This can be seen in Fig. 1
«nn the appendix. An error of 500 deg. F may exist in the
reading of an unshielded thermocouple. Methods have been
suggested for eliminating this error., A few of these meth-

ods will be discussed briefly.

Methods of Eliminating Radiation Error

1) Bare Thermocouple with Calculated Correction
W.M. Rohsenow (1)¥ has presented a graphical method for
finding the correction to be applied to bare thermocouple
readings. The evaluatlion, however, is only approximate and
rather tedious,
2) Multishield Thermocouple
Emmons (2) has found theoretically and experimentally
that a thermocouple with eight concentric polished metzal
shields reads within five degrees of the true gas temperature

of 1500 deg. F when the pipe wall temperature is 200 deg, F

#Numbers in parentheses refer to the Bipliogrephy in
the acpendix.,



lower than the gas stream.

However, multishielded couples are clumsy to handle and
the hazard of mechanical faillure exists, thereby endangering
any rotating machinery which might be present.

3) Single-Shielded Thermocouple with Calculated Correction
The correction to be applied to a single-shielded couple
is smaller than that of a bare thermocouple and this correc-
tion has been determined by W.M. Rohsenow and J.P. Humseker (3),
who present a graphical method for the rapid determination
of the error.
4) Rotating Thermocouples
It has been suggested that the use of a thermocouple
rapidly rotated by a motor will increese the convectlon heat
transfer, thereby increasing the accuracy of the thermocouple
readings. The method, however, is not of much practical
value,
5) High Velocity Thermocouple
In the high-velocity thermocouple a flow of gases over
the measuring junction is forced by an aspirator pump of some
sort. However, high-velocity brings into play another temper-
ature error since the conversion of kinetic energy as the
stream is partially stopped by the thermocouple affects the
temperature reading. The problem of temperature measurement
in high-velocity alr streams has been studied by Hottel and
Kalitinsky (4).



6) Covering of Low Emissivity

It is possible to cover the hot Jjunctlion of a thermo-
couple with a material having a low emissivity which, while
not affecting the convection heat transfer to the thermocouple,
does decrease the radiation to the wall. Therefore the thermo-
couple reads closer to the true gas temperature.

7) Small Diameter Thermocouple

The_radiation error of a thermocouple decreases as the
gsize of the wire decreases and theoretically a thermocouple
wire of zero dlameter would gilve the true gas temperature.

The effect of decreasing the thermocouple diemeter can be
seen in Fig. 1 in the appendix.

A combination of the last two possibilities mentlioned
might prove very desirsble for the measurement of high temper-
atures. A fine wire thermocouple with a coating of low emis-
sivity might be introduced into the gas stream and the temper-
ature read before the coating and the couple deteriorate, the
working life of the combination being very short.

Stability and Life of Base Metal Thermocouples

A.I. Dahl (5) found that Chromel-Alumel and iron-constan-
tan thermocouples, when subjected to ordinary service in an
oxidizing atmosphere, experience a change in thelr thermoelec-
tric properties which renders them inaccurate for high preci-
sion work. These changes in the thermoelectric characteristics

are gradual and accumulative, and depend upon such factors as



the temperature encountered, type and size of the thermo-
couple, length of time in gservice, and the atmosphere sur-
rounding the couple.

Dehl worked with No. 8, No. 18 and No. 22 gage Chromel-
Alumel wire. Measurements of the thermal emfs of the three
gages, as receivgd, were made at various temperatures from
0 to 1600 deg. F in increments of 200 deg. F. The thermo-
couples were then placed in a furnace at 160C deg. F for &
specified.number of hours, then removed and the emfs rechecked
at the various tzmperatures from O to 1600 deg. F. He found
an increase of emf at each temperature as the length of time
the couple was subjected to the 1600 deg. F oven was lncreased.
Therefore long time exposure of a Chromel-Alumel wire to high
temperatures causes the emf corresponding to-a given tempera-
ture to increase.

In tests with No. 8 gage Chromel-Alumel wire Dahl found
that failure occurred in 300 hours when the couple was sub jec-
ted to 2200 deg. F. At 2000 deg. F the thermocouple had oxid-
17ed considerably. At test below 1600 deg. F, the wire was

relatively unaffected by oxidization.



Description of Apparatus

To obtain the high temperatures desired the furnace was
formed of two Keolin (K-30) insulating bricks, A cavity
approximately 2-1/4 inches wide by 4 inches lorg by 3/4
inches deep was made in the center of the large face of each
of the two K-30 insulating bricks. These were then placed
together, dévity to cavity, forming a rectangular furnace.
Four Glo-Bars were then used in the furnace, running length-
wise through the furnace cavity and protruding éﬁout 2 inches
through the furnace walls on each side. The holes 1ln the
wells through which the Glo-Bars ran were made tight-fltting
80 that the heat loss would be small. More insulating bricks
were placed around the central portion to further reduce the
heat loss, thereby decreasing necessary power input. A picture
of the furnace assembly can be seen in Fig. 21.

After the furnace assembly had been completed a small
hole was made in the center of each side of the furnace so a
thermocouple could then be inserted into the heated cavity
from either side.

The four Glo-Bar elements were connected in series to a
230 volt source and a band operated voltage regulator was
used to regulate the temperature. An ammeter was also placed

in the line.



Materials Tested

Three sizes of Chromel-Alumel wire were tested; 30, 32,
and 35 gage. A platinum-platinum 10% rhodium thermocouple
was used as the standerd against which the Chromel-Alumel
couples were checked,

An accurate potentiometer was used to measure the emf
output of ihe various couples.

The Chromel-Alumel thermocouples were welded on a
standard arc welder,

Test Methods

. Both the standard platinum-platinum 10% rhodium couple
aﬁd the Chromel-Alumel thermocouple under test were insulated
by a 2 hole porcelain insulator and the measuring junction
protruded about 1/4 inch beyond the protection tubing. The
,pe?suring Junction without protection was exposed to the high
éufnace temoerature. The reference Junction of 2l1l1 thermo-
éouples were meinteined st 22 deg. F during the measurements.

The furnace wes turned on and allowed to come to equilibri-

um at the desired temverature level between 2000 deg. F and
2500 deg. F. The platinum couple wes inserted into the chamber
through one of the holes provided in the side of the furnace
and the measuring junction placed at a point equidistant from
each Glo-Bar, Equilibrium was attained when.no further

change in the emf output of the platinum was observed. When
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equilibrium was reached the platinum couple was left in place
and the Chromel-Alumel wire was placed zs near as possible to
the messuring Junction of the platinum. A timer was started
at the instant the Chromel-Alumel thermocouple was inserted
in the furnace and a record of emf versus time was taken.
Throughout the run checks were also made on the platinum
couple to determine any change in the furnace tempefature.
Runs of twenty minutes were taken.

After each run approximately six inches of Chromel and
Alumel wire were removed from the measuring junction of the
Chromel-Alumel thermocouple and a new joint welded using an
ordinary arc welder. The ends to be welded were twisted to-
gether and brought slowly into the region of the arc and re-
moved quickly when a small bead formed, beiné careful not to
burn the thermocouple vhich would czuse the emf temperature
relation to change.

This testlng procedure was followed for the 30, 32, and
35 gage thermocouples at various temperatures ranging from
2000 deg. F to 2500 deg. Fe.

The platinum-platinum 10% rhodium thhermocouple and the
three size Chromel-Alumel thermocouples were checked at the
steam point, the sulfur point, and the copper point and a
calibration curve drawn plotting deviation from standard emf

against observed emf. No other pure metals were obtainable



above the sulfur point so a stralght line is drawn from the

sulfur extending through the copper point. The calibration

curves are shown in Figs. 19 and 20.

11
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Results

Figures 6 through 17 show the results of the data that
were taken during the test runs. In each of these figures
a pair of similar lines renresent the temperature as indi-
cated by the Chromel-Alumel couple being tested. These
figures indicate a change in the thermoelectric properties

as the temperature level changes. At the lower temperatures
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the thermocouple comes up to temperature in the expected
manner, as shown in Diagram 1 above, Dahl (5) found that a
graduel increase in emf occurs for this case. As the fur-
nace temperature is increased, Diagram 2 shows the thermo-
couple reading increasing slightly above furnace temperature

and after a short time dscreasing below furnace temperature,
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At 8till higher temperatures Dizgram 3 shows thgrmocouple
reading rise over the furnace temperature and then suddenly
drop. Then finally Diagram 4 shows the effect of still
higher furnace temperatures where the thermocouple resding
never reaches the actual temperature, Figure 18 shows the
results of actual test runs as a 30 gage Chromel=-Alumel
couple is éubjected to varlous furnace temperatureé.

To determine a working useful 1life for a thermocouple
an "accuracy life" may be defined as the length of time &
thermocouple reads the true furnace temperature with the
required accursacy; for example, a "10 deg. F life" is the
length of time a thermocouple reads within ten degrees of
the furnace temperature. Similarly a "20 deg. F 1life" or
"30 deg. F 1life" can be determired. With this dsfinition
the 10 deg., F life versus temperature curves of Figs., 1-3
were obtained from Figs. 5-17. In all cases the furnace
temperature was taken to be that indicated by the platinum-
platinum 10% rhodium couple. From these plots it can be
seen that the 10 deg. F life of the thermocouples drops off
very rapidly at high temperature. From Fig. 2, the 30 gage
Chromel-Alumel couple ghows long life at 2100 deg. F ad falls
off to zero life at 2550 deg. F. The 32 gage couple shows a
life of more than 20 minutes at 2000 deg, F and then decreases
to zero life at 2440 deg. F as shown in Fig. 3. The little
data avallable on the 35 gage Chromel-Alumel wire (Fig. 4)
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seers to indicate that long 1life can be expected only at tem-

peratures below 1900 deg. F and zero life occurs at 2350 deg. F.
Figure 5 shows a composite of Figs. 2-4, From this curve

the effect of wire diameter on the accuracy life may be seen.

Increasing the wire diameter shifts the curve over to the

right so that for a particular temperature a greater 10 deg. F

life can be expected.
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Discussion of Results

The changes in the thermoelectric characteristics of the
Chromel-Alumel thermocouples at the higher temperature levels
encountered are probably due to the effect noted by A. I.
Dehl (5). Dahl, working with comperatively large Chromel-
Alumel wires (Nos. 8, 18, and 22 gage) and fairly low temper-
atures (a maximum of 1600 deg. F for the 18 and 22 gage and a
maximum of 2200 deg. F for the 8 gage wire), in en oxidizing
atmosphere found that the emf corresponding to a glven temper-
ature increased if the couples were exposed to the above-
stzted temperatures for a long perlod of time. The results
obtained in the tests for this paper indicate that a decrease
in thermocouple diameter and an increase in furnsce tempera-
ture accelerate this effect, causing it to occur in a matter
of minutes or seconds, rather than in hours. However, a fur-
ther deterioration of a different nature occurs and the emf
decreases rapidly. This decrease probably occurs in the
larger wires and at lower temperature, but only after a very
great perliod of time.

The problem of determining the accuracy life 1s a sta-
tistical one, and therefore requires that a great many tests
be made, Since only a limited amount of date was obtained
for this paper the results as given should be taken as quall-
tative, since further research may modify them. It 1is be-
lieved however that the shape of the curves and their relative

positions are correct.
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The mein sources of inaccuracy are in the placing of the
Chromel-Alumel couple in the furnace and in the thermocouple
calibration curves. The type of furnace was such that a vari-
atlon of 15 deg. F existed when the platinum thermocouple was
moved 1/2 inch. However care was taken to place the Chromel-
Alumel couple as.close as possible to the platinum-platinum
10% rhodium couple so that this error is probably sﬁall. The
error Introduced in the calibration curves is probably not too
great since one calibration point was obtained in the range
where the tests were made.

The runs were made in still air and, therefore, in an
oxidizing atmosphere. On removing the Chromel-Alumel couples
from the furnace at the conclusion of a run the wires were
found to be oxldized completely for qﬁite soﬁe distance from
the measuring junction. In fact if care were not exercised
the measuring junction would drop off while the couple was
being removed after a test run. Tapping the end of the therm-
ocouple after it had been exposed for a few minutes at the
higher temperatures also caused the measuring junction to drop
off. It was necessary therefore to remove a considerable por-
tlon of the thermocouple after each run. Other than exercising
these precautions the three sizes of Chromel-Alumel wire were

very easy to handle.,
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Modification of Technique

1) To allow accurate and sufficient data to be teken as
the Chromel-Alumel thermocouple is placed into the furnsace a
high speed recording potentiometer should be used, This
would allow one men to do the Job thoroughly. During the runs
for this peper,.it was necessary to have two persons present
since data were desired at the very beginning of tﬁe run.

2) To cut down unwanted temperature gradients an Alundum
tube wound with a plstinum-rhodium wire resistance type heat-
er could be used.

3) The platinum-platinum 10% rhodium and Chromel-Alumel
thermocouples could be welded together thereby insuring their
being subjected to the same temperature,

4) Obtain semples of more pure metals witﬁ freezing point
between 1000 - 2500 deg. F in order thst more accurate cali-

bration curves may be determined.
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Sugzestions for Future Research

1) In addition to the Chromel and Alumel wires used, in-
troduce a third wire, platinum. Weld the three together to
form the measuring junction, thereby forming three possible
thermocouple combinations, the Chromel-4lumel, Chromel-plat-
inum, and Alumel~platinum so that in a2ddition to finding the
thermoelectric changes of the Chromel-Alumel combination,
the changes of the individual Chromel and Alumel wires may
also be obtained,

2) The atmosphere of the furrace could be changed to a
reducing atmosphere, and the effects of such an atmosphere
noted on the life end accuracy of the Chromel-Alumel couple.

3) The effect of velocity on the 1life 2nd accuracy of the

Chromel-Alumel couple could also be investigated.
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