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Drift of Sheathed Chromel/Alumel Thermocouples
Toshiaki Suzuki*, Yoshihiko Nara*

Abstract
The drift of the output signal from sheathed chromel/alumel thermo-
couples is believed to result from corrosion of the thermoelectric conductors
by diffused air. The extent of the drift depends on the maximum temperature
and the period of time that the thermocouple is exposed to the elevated
temperature. During use as temperature sensors, it is inevitable that
temperature gradients exist along the length of the thermocouple itself,
These gradients result in nonuniform thermoelectric properties of the
conductors which alsco affects their output.
The drift observed in the sheathed chromel/alumel thermocouple which
are used in the JOYO reactor has previously been reported. Additional
tests and investigations were conducted to confirm the above phenomenon
and to measure their effects, The results of these investigations are
summarized és follows
1) The drift of the thermocouple which is mounted in the reactor outlet
pipeline is larger than the drift of the thermocouple which is mounted
in the reactor inlet line,

2) Drift of the thermocouple head portion, which is exposed to high
temperature, is larger than the drift of the thermocouple end portion

which is exposed to room temperature.

*  Reactor Technology Section, Experimental Fast Reactor Division,

O-arai Engineering Center, PNC.
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Table 3—~1 List of Examind Thermocouple

Location and Tag- No- .
of Thermocouple Serial No. Type Class Remarks
Reactor Inlet (A) _ ChroIr{nel B 0.75 Used for 50MW
TE31.1-7A (A) Alumel ) Operation
Reactor Inlet (B) _ ; , .
TE31.1—-8B (A)
Reactor Qutlet (B) _ . . "
TE31.1-1B (A)
DHX (1A) Qutlet IRQO 526 — , , ,
TE31.2—2A-1 K-1-1
Reactor Inlet (A) . Used for 75 MW
TE31.1-7AX 47273 0.4 start—up Test
Reactor Inlet (B}
TE31.1 - 7BX 47275
Reactor Outlet (B)
TE31.1-1BX 47279
New Thermocouple 47299 " o Not Used

” 47281 ” ” ”

” 47282 v " ”




Table 6 —1

Calibration Result of New Thermocouples at Freezing Temperature of Pure Lead

Reference Temperature : 327.5 C

Exposed Length®

Location erial (nm ) 40 59 78 97 116 135
and Sensor No Number
326.8 326.8 326.9 327.0 327. 0 327.0
New Thermocouple 47299
— 0.7 - 0.7 — 0.6 - 0.5 - 0.5 - 0.5
326. 7 3268 326.8 326.8 326.7 326.6
o 47281
— 0.8 - Q.7 - 0.7 — 0.7 - 0.8 — 0.9
326. 9 327.0 327.0 326. 8 326.8 326.6
# 47282 -
- 0.6 — 0.5 — 0.5 — 0.7 - 0.7 — 0.9
Unit T

* Thermocouple Length

Exposed

by Freezing Temperature
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Table 6 —2 Drift of old Thermocouples Calibrated at Freezing Temperature of Pure Lead
Reference Temperature . 327.5°C
Exposed Length®
Location Serial - 40 59 78 97 116 135
and Sensor No Number
Reactor Inlet (A) 329.1 329 4 329.7 329.9 329.9 32909
TE31L1-7A (A) + 1.6 + 1.9 +22 + 2.4 + 2.4 + 24
Reactor Inlet (B) 328.2 328.2 3281 327.8 327.6 327.6
TE31.1—-8B (A) + 0.7 + 0.7 + 0.6 + 0.3 + 0.1 + 0.1
Reactor Outlet (B) 329.4 329.8 330.1 330.2 329.8 329.5
TE31L1-1B (A) + 1.9 + 23 + 2.6 + 2.7 + 23 + 20
DHX{1A) Outlet IRO 526— 329. 3 3294 329.1 328.8 3285 328 3
TE31.2—2A-1 K-1-1 + 1.8 + 1.9 + 1.6 4+ 1.3 + 1.0 + 0.8
Reactor Inlet (A) 327.0 327.0 327.0 326.9 326. 8 326.6
47273
TE31.1 -7AX —0.5 - 0.5 — 0.5 — (.6 - 07 — 0.9
Reactor Inlet (B} 327.1 326.9 326. 8 326.8 326.6 326.4
47275
TE 311 -7BX —0.4 —- 0.6 -~ .7 — 0.7 0.9 — 11
Reactor Outlet (B) 3285 328.1 327. 6 327.3 326.9 326.6
47279
TE31.1-1BX + 1.0 + 0.6 + 0.1 - 0.2 - (.6 — 0.9
Unit : C

* Thermocouple Length Exposed

by Freezing Temperature
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Table 7—1 Transition of Thermoelectro Motive Force during Pure Lead Freezing

Unit © C

o 0 1 2 3 1 5 6 7 8 9 10 11

TE31.1-7TAA) 329.8 329.8 329.8 329.8 329.9 329.9 330.0 329.9 330.0 330.0 329.9 -~

TE31.1-8B{A) 327.8 327.7 327.8 327.7 327. 8 327.7 327.8 327. 8 327.8 327.8 327.8 -
TE31.1-1B{#@) | 330.0 330.0 330.0 330.0 3300 330.1 | 330.1 330.2 330.2 330.2 330. 2 330.2

TE3L2-2A-1 328.8 3288 328.8 3287 3288 328.8 3288 3289 3289 3289 3288 —

TE31.1~7AX 326.6 326.8 326.8 326.8 326. 8 326.9 326.9 326.9 326.9 327.0 326.9 -

TE31.1 — 7BX 326.6 326.6 326.7 326.7 326.8 326.8 326.8 326.8 326.8 - - -
TE311 - 1BX 327.2 327.2 327.2 327.2 327.2 327.2 327.3 327. 3 327.3 327.3 3273 327.3
4+ 47299 326.8 326.8 326.8 326.8 326.8 326.9 327.0 327.0 327.0 327.0 327.0 327.0

# 47281 326.8 326.8 326.7 326.8 326.7 326.8 326.7 326.7 326.7 326.7 - -

+ 47282 326.9 326.8 326.8 326.9 326.8 326.8 326.8 326.8 326.8 326.8 — —

LvT—08 TV6NL ONd



Table 72 Transition of Pure Lead Axial Temperature Distribution shown by Temperature Difference

Unit : C

s e i) 1 2 3 4 5 6 7 8 9 10
15 6.2 4.3 2.6 1.2 0.5 01 0 0 —-0.1 —-0.1
30 6.8 49 3.2 1.6 0.8 0.1 0 0 -1 0
45 7.7 59 41 2.3 1.1 0.4 0 0 —-0.1 0
60 7.9 6.0 4.3 2.5 1.2 0.3 0 —0.1 —0.2 —-0.1
75 8.0 6.1 4.3 2.5 1.1 0.3 0 -01 ~-0.2 —0.2
90 7.6 6.0 4.2 23 1.0 0.3 0 0 —0.1 —-0.1
105 7.8 5.7 39 2.1 0.8 0.2 0 0 —0.1 -01
120 7.3 5.5 3.7 1.8 0.6 0.1 0 —0.1 -0.3 —-0.3
135 6.1 4.3 24 0.7 0.2 0 0 ~ 0.1 —0.4 - 0.8
150 7.8 6.0 4.3 24 1.1 0.5 0 - 0.5 —1.1 —1.7
B i IR B 12 13 14 15 16 17 18 19 20
15 - 0.1 o —-01 —0.5 — 10 - 16 —22 -29 -3.6 —4.8
30 0 0 0 -0.1 —0.2 - 0.5 —0.8 - 15 —2.5 —3.8
45 0 01 0 0 0 -0.1 —0.2 - 0.5 -1.2 —2.3
60 —-0.1 0 —0.1 —0.1 —-0.1 0 —01 —0.2 —0.6 —-12
75 —0.2 -01 —-0.2 -0.1 -0.2 —0.2 —0.3 - 0.6 —1.2 —-22
90 —-01 0 —0.1 —0.1 —0.3 - 0.4 - 0.8 —1.4 -25 — 3.7
105 —0.2 -0.2 —-0.3 —0.7 —1.1 — 17 - 2.5 —-31 —4.2 —54
120 —0.5 — 0.7 —1.2 — 1.8 — 2.6 —3.5 4.4 —5.3 -6.1 —72
135 —1.5 —22 —3.2 —-4.1 - 5.0 —5.8 —6.6 - 7.4 — 8.4 - 9.5
150 —-22 - 27 —3.3 —4.0 —4.9 —b.6 — 6.4 - 7.1 -80 —-9.0

+* Distance from Melting Pot Bottom
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Table 7—3 Transition of Pure Lead Axial

Temperature Distribution

Unit © C
Distonoa i) 1 2 3 4 5 6 7 8 9 10
15 333.1 3312 329.5 328.1 327.4 327.0 326.9 326.9 326.8 326.8
30 333.2 331 3 329.6 328.0 327. 2 326.5 326. 4 326.4 326. 3 326. 4
45 334.1 332.3 330.5 328.7 327.5 326. 8 326. 4 326. 4 326. 3 326. 4
60 334.5 332 6 330.9 329.1 327.8 326.9 326.6 326. 5 326, 4 326.5
75 334.4 3325 330.7 328.9 327.5 326.7 326, 4 326. 3 326. 2 326.2
90 334.2 332.4 330.6 328.7 327.4 326.7 326. 4 326.4 3263 326.3
105 334, 2 332.3 330.5 328.7 327.4 326.8 326. 6 326.6 326.5 326. 5
120 333.5 3317 329.9 328.0 326.8 326.3 326. 2 326.1 325.9 325.9
135 3322 330.4 328.5 326.8 326.3 326. 1 326. 1 326.0 325.7 325.3
150 330.9 329. 1 327.4 325.5 324, 2 323.6 323. 1 3226 3220 321.4
B icamaty o i 11 12 13 14 15 16 17 18 19 20

15 326.8 326.9 326.8 326.4 325.9 325.3 324.7 324. 0 3233 3221
30 326.4 326. 4 326.4 326.3 326.2 325.9 325. 6 324.9 3239 322.6
45 326.4 326.5 326.4 326.4 326.4 326.3 326.2 325.9 325.2 324.1
60 326.5 326.6 326.5 326.5 326. 5 326.6 326.5 326.3 325.9 325.3
75 326.2 326. 3 326.2 326.3 326.2 326.2 326. 1 325.8 325.2 324, 2
90. 326.3 326.4 326.3 326.3 326.1 326.0 325. 6 325.0 323.9 322.7
105 326.4 326.4 326. 3 325.9 325.5 324.9 3241 323.3 322.2 321.1
120 325.7 325.5 325.0 324.4 323.6 322.7 321. 8 320.9 320.1 319. 0
135 324.6 323.9 322.9 322.0 321.1 320. 3 319.6 318.7 317.7 316. 6
150 320. 9 320. 4 319.8 319.1 318.2 317.5 316.7 316. 0 315. 1 314.1

* Distance from Melting Pot Bottom

LvT—08 TV6eNL ONd



-~ Table 7—4  Transition-of Quarz Tubel Axial Temperature Distribution shown by
Temperature Difference (Reference Temperature is at Time Zero. )

Unit : C
Dissmcoyes | 0 1 2 3 4 5 6 7 8 9 10 11
15 0 01 | —o1 [ -01 | 02 | 02 | 04 | —07 | -13 | —18 | 24 | 30
30 0 0 0 0 0 0 01 | —-02 | -03 | —06 | —10 | —16
45 0 —0.1 0 0 0 0 0 ~0.1 - 0.1 - 0.2 -0.3 ~0.6
60 0 0 -0.2 | -01 -0.1 0 0 -0.1 - 0.1 -02 | —02 | —03"
75 0 01 | —-01 | =01 | ~01 | —01 | ~01 | —02 | 02 | -03 | —04 | —0s
90 0 ~01 | —-01 | -01 | ~01 | -01 | —01 | —02 | 04 | —06 | —1.1 | —18
105 0 —02 | -02 | —02 | -03 | —04 | 05 | 09 | —14 | —21 | 29 | —37
120 0 ~02 | -03 | —04 | —06 | —09 | -1.3 | -21 | —28 | ~38 | ~46 | —55
135 0 —02 | —06 | —10 | —17 | —26 | —34 | —44 | -52 | -61 | -68 | —7.7
150 0 -06 | —11 | -17 | —22 | 29 | -34 | —42 | -50 | -58 | -66 | -7.3
170 0 -05 { -1.0 | —16 | —21 | —26 | 31 | —37 | —44 | =50 | 57 | —64
195 0 —06 | —14 | -19 | 25 | —29 | ~35 | —40 | -47 | -53 | 60 | -66
220 0 08 | —14 | —20 | -25 | -31 | —36 | —43 | -49 | 55 | -62 | -68
245 0 ~05 | —11 | 1.6 | ~20 | —26 | —30 | —~35 | 40 | —44 | -48 | —54
270 0 -03 | —06 | —09 | —12 [ -15 | -18 | 20 | —24 | 25 | -28 | 31
295 0 -06 | —07 | —05 | —09 | -05 [ —1.0 | —L10 ~ 1.0 -16 | —1.7 - 0.9
320 0 -01 | -03 | —04 | 05 | ~04 | —04 | -05 | -06 | -07 | -09 | —07
345 0 0 0 -0z | -0z | -0z | —03 | —04 | -04 | -04 | -02 | -02

# Distance from Melting Pot Boltom
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Table 7—5 ‘Transition of Quarz Tube Axial Temperature Distribution

Unit @ C
mg@:‘““’(‘“i“’ 0 1 2 3 4 5 6 7 8 9 10 11

15 327.0 | 326.9 | 3269 | 3269 | 326.8 | 3268 | 3266 | 3263 | 325.7 | 3252 | 3246 | 3240
30 326.4 | 3264 | 3264 | 3264 | 3264 | 3264 | 3263 | 326.2 | 3261 | 3258 | 3254 | 3248
45 326.4 | 326.3 | 326.4 | 326.4 | 326.4 | 3264 | 326.4 | 326.4 | 3263 | 326.2 | 3261 | 325.8
60 326.6 | 3264 | 3265 | 3265 | 3266 | 326.6 | 3266 | 326.5 | 3265 | 326.4 | 326.4 | 3263
75 326.4 | 3263 | 3263 | 3263 | 326.3 | 326.3 | 326.3 | 326.2 | 326.2 | 326.1 | 326.0 | 3256
90 3265 | 326.4 | 3264 | 326.4 | 326.4 | 326.4 | 326.4 | 326.3 | 326.1 | 3259 | 325.4 | 3247
105 326.8 | 326.6 | 3266 | 3266 | 3265 | 326.4 | 326.3 | 3259 | 3254 | 3247 | 3239 | 3231
120 326.3 | 3261 | 326.0 | 3259 | 3257 | 3254 | 3250 | 3242 | 3235 | 3225 | 3217 | 3208
135 326.3 | 3261 | 325.7 | 3253 | 3246 | 3237 | 3229 | 3219 | 3211 | 3202 | 3195 | 3186
150 3233 | 3227 | 3222 | 3216 | 3211 | 3204 | 3199 | 3191 | 3183 | 3175 | 316.7 | 316.0
170 3191 | 3186 | 3181 | 317.5 | 317.0 | 3165 | 3160 | 3154 | 3147 | 3141 | 3134 | 3127
195 307.5 | 3069 | 3061 | 3056 | 3050 | 3046 | 3040 | 3035 | 3028 | 3022 | 30L5 | 300.9
220 280.2 | 279.4 | 278.8 | 2782 | 277.7 | 277.1 | 276.6 | 2759 | 2753 | 2747 | 2740 | 273.4
245 1840 | 1835 | 1829 | 1824 | 1820 | 181.4 | 181.0 | 180.5 | 180.0 | 179.6 | 179.2 | 1786
270 129.4 | 120.1 | 1288 | 1285 | 1282 | 127.9 | 127.6 | 127.4 | 127.0 | 1269 | 126.6 | 1263
295 842 | 836 | 835 | 837 | 833 | 837 | 832 | 832 | 832 | 826 | 825 | 833
320 59.1 | 590 | 588 | 587 | 586 | 587 | 587 | 586 | 585 | 584 | 582 | 584
345 424 | 424 | 424 | 422 | s22 | 422 | 421 | 420 | 420 | 420 | 422 | 422

* Distance from Melting Pot Bottom
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