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ABSTRACT

Thermal conductivity, electrical resistivity, Lorenz
ratio, and the thermopower data are reported for an annealed

specimen of Inconel 718 for temperatures from 4 to 300 K.

KEY WORDS
Cryogenics, electrical resistivity, Lorenz ratio, Seebeck

effect, Inconel, thermal conductivity, transport properties.
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chromium-iron alloy produced by International Nickel Corp.



1. Introduction

Design and development engineers in the aerospace industry
continue to have urgent need for thermal and mechanical property data
for new materials. For most materials, especially new or uncommon
alloys,measured values of thermal conductivity are not available and
predictions cannot be made with adequate confidence. To help satisfy
these needs we have constructed an apparatus for the simultaneous
measurement of thermal conductivity, electrical resistivity, and
thermopower. Measurements have been conducted on several aerospace
alloys, Hust, et al. [1],[2]. Another phase of this program, to estab-
lish standard reference data on several standard reference materials
(or specimens), has begun. We intend to measure several specimens
of materials which appear to be useful as standards. Also we plan to
occasionally measure other aerospace alloys, as we have done here,
to satisfy specific need in the industry. This paper contains the re-
sults of our measurements on the transport properties of annealed
Inconel 718.

2. Apparatus and Data Analysis

The apparatus is based on the axial one-dimensional heat flow
method. The specimen is a cylindrical rod 11.3 mm in diameter and
23 cm long with an electric heater at one end and a temperature con-
trolled sink at the other. The specimen is surrounded by glass fiber
and a temperature controlled shield. Eight thermocouples are mounted
at equally spaced points along the length of the specimen to determine
temperature gradients in the range 4 to 300 K.

The experimental data are represented by arbitrary functions
over the entire range and smooth tables are generated from these func-
tions. The number of terms used to represent each of the data sets is

optimized, through the use of orthonormal functions, so that none of the



precision of the data is lost by underfitting nor are any unnecessary
oscillations introduced by overfitting. A detailed description of this
apparatus and the methods of data analysis are given by Hust, et al.[1]
3. Specimen Characterization

The Inconel 718 specimen was vacuum annealed at 1035°C for
1 hour and was then air cooled. The hardness and grain size are: B85
and 0.0433 mm respectively. The composition in weight percent for
) this material is as follows: Ni = 54.57, Cr = 18.06, Fe = 17.08, Nb
+ Ta =5.12, Mo = 3,18, Ti = 0.85, Af = 0.44, Mn = 0.29, Si = 0.24;
Cu, C, and S are present at less than 0.1%. The density of the annealed
specimen is 8, 2608 g/cm® at 20°C,

4. Results

The transport properties of annealed Inconel 718 were mea-
sured in the thermal conductivity apparatus. These data are presented
in tables 1 and 2.

The experimental data were functionally represented with the

following equations:

n

Ln\ = L a, [xtnT]H'l (1)
i=1
m -

p = } b1 [lnT]l-l (2)
i=1
£

s =3 ¢ lanT’l/TY T'=o=+1 (3)
o b 10
i=

where )\ = thermal conductivity, p = electrical resistivity, S = thermo-
power, and T = temperature. Temperatures are based on the IPTS-68
scale above 20 K and the NBS P2-20 (1965) scale below 20 K. The

parameters, ai, bi' and Ci’ determined by least squares, are presented

3



in table 3. The deviations of the experimental data (rom these equa-
tions are given in tables 4 through 6 and in figures | through 3. The
horizontal bars in figures 2 and 3 indicate the temperature span

across the specimen for each run. The '""observed' thermal conduc-
tivities are computed from the mean temperature gradients indicated
by adjacent thermocouples. Calculated values of A, p,S, and L =

pA /T (Lorenz ratio) are presented in table 7 and in figures 4 through 7.

A detailed error analysis for these measurements has been pre-
sented previously by Hust, et al.[1] Based on this analysis of system-
atic and random errors the uncertainty estimates (with 95% confidence)
are as follows:

thermal conductivity: 2.5% at 300 K, decreasing as T* to

0.70% at 200 K, 0.70% from 200 K
to 50 K, increasing inversely with
temperature to 1. 5% at 4 K.
electrical resistivity: 0.25%
thermopower: 0.5% + 0.2 uV/K at 4 K, 0.2% +
0.5uV/K at 30 K, and 0.1% +
0.03 uV/K above 76 K.

The thermopower values given here are absolute values although
our measurements were carried out with respect to normal silver wire.
The absolute thermopowers of normal silver reported by Borelius,
et al.[3) were used to convert the expcrimental data to the absolute
scale.

5. Discussion

This aerospace alloy is primarily a lattice conductor similar to
other alloys measured by Hust, et al.[1],[2]. A component separation
study has been done which indicates the amount of thermal conducti-

vity due to the lattice and electronic components. The electrical



resistivity of the specimen is high and the residual resistance ratio is
low. The resistivity minimum occurs at about 35 K, This specimen
was also tested before being annealed [1]. A comparison of all data on

Inconel will be made in a subsequent report,
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Notes Relating to Tables
Table )
The data listed are, in part, card images of experimental data
as read into the computer for data processing. These data are not

clearly labelled, The following is a line by line explanation of this

table:

1st line - Data identification.

2nd line - Thermocouple emfs (LV).

3rd line - Seebeck emf (LV), specimen current (mA), specimen
voltage drop (L V).

4th line - Sample heater voltage (uV), current (mA), platinum resis-
tance thermometer voltage (uV), platinum resistance ther-
mometer current (mA), cryogenic bath pressure (mm of
Hg), room temperature (°C), code indicating type of cryo-
genic bath (1 = liquid helium, 2 = liquid hydrogen, 3 =
liquid nitrogen, 4 = dry ice-alcohol, 5 = ice-water).

5th line - Thermocouple temperatures (K).

6th line - Heater power (W), reference temperature (K), specimen
resistance (Q),

Table 2

The data listed are, in part, card images of experimental data
as read into the computer for data processing., These data are not

labelled clearly, The following is a line by line explanation of this

table:
lst line - Data identification.
2nd line - Platinum resistance thermometer voltage (4V), cryogenic

bath pressure (mm of Hg), room temperature (°C), plati-

num resistance thermometer current (mA), code indicating



-

type of cryogenic bath (1 = liquid helium, 2 = liquid hydro-
gen, 3 = liquid nitrogen, 4 = dry ice-alcohol, 5 = ice-
water), specimen current (mA), specimen voltage (uV),
mean emf of eight thermocouples (uV).

3rd line - Reference temperature (K), specimen resistance (),
specimen temperature (K).

Tables 4, 5, and 6

These data are semiprocessed computer output. Temperature
is Kelvin, thermal conductivity is in Wm~™! K~1!, electrical resistance

is in ohms, and thermovoltage is in pV.

34



Table 1,

for annealed Inconel 718,

THERMAL CONDUCTIVITY DATA FOR INCONEL
21.26 25.65 29.76 34.05
0.0! 100. 00 216.78
316615 3.2070
THERMOCOUPLE TEMPERATURES
5.570 5.902 6.191 6.482
HEATER POWER  REFERENCE TEMPERATURE
1.0154-003 4.038

THERMAL CONDUCTIVITY DATA FOR INCONEL
63.17 70. 65 77.78 84.91
-0.00 100. 00 216.46
491488 4.9800
THERMOCOUPLE TEMPERATURES
8. 425 8.9%17 9. 366 9.804
HEATER POWER  REFERENCE TEMPERATURE
2.4476-003 4.040

THERMAL CONDUCTIVITY DATA FOR INCONEL

113.36 131.97 148.27 165.52

-0.29 100. 00 216.13

889120 9.0100
THERMOCOUPLE TEMPERATURES

11.545 12.670 15.674 14.639
HEATER POWER  REFERENCE TEMPERATURE
8.0110-003 4.040

......................................

THERMAL CONDUCTIVITY DATA FOR INCONEL
250.98 276.12 299.27 31.%
-2.06 100. 00 21. 17
1287620 13. 0450
THERMOCOUPLE TEMPERATURES
19.604 21.075 22.420
HEATER POWER
1.8797-002

23.73%
REFERENCE TEMPERATURE
4.040

......................................

-0.00 -0.

-0.00 -0.

T18(A) JULY 24,70 1430 7

37.74 41.66 45.55
0 643.4 24.0
6. 753 7.016 7.269
SPECIMEN RESISTANCE
2.1678-003
718(A) JULY 24,70 1530 8
91.29 97.81 104.2!
0 645.1 24.0
10.214 10.610 10.992
SPECIMEN RESISTANCE
2.1646-003
TI18(A) JULY 24,70 1621 9
180.43 195.04 209.25
0 645.1 24.0
15.524 16.370 17.188
SPECIMEN RESISTANCE
2.1613-003
TI8(A) LY 24,70 1722 10
342.64 362.97 382.89
0 645.0 24.0
24.3%0 26.150 27.314
SPECIMEN RESISTANCE
2.1577-003

Basic semi-processed temperature gradient data

48.90

7.509

110. 02
1.0
11.360

222.43

17.966

401.68
1.0
28.438
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Table 1. (Continued)

THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) JuLY 21,70 1528 !
60.52 68.36 76.06 83 85 91.0% 98.40 105.77
-0.80 100.00 215.76
767954 7. 7800 220. 16 2.0 643.1 23.3
THERMOCOUPLE TEMPERATURES
25.53¢ 23.806 24.253 24.703 25.135 25.564 25.989
HEATER POMER  REFERENCE TEMPERATURE  SPECIMEN RESISTANCE
5.9747-003 19.839 2.1576-003
THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) JULY 21,70 1745 2
115.10 132.40 149.03 165.62 181.09 196.50 211.86
-2.29 100. 00 215.66
1207354  12.2300 221.% 2.0 643.8 23.0
THERMOCOUPLE TEMPERATURES
26.584 27.615 28.595 29.571 30.501 51.415 32 322
HEATER POWER REFERENCE TEMPERATURE  SPECIMEN RESISTANCE
1.4766-002 19.807 2.1566-003
THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) JULY 22,70 1100 4
222.47 254.72 285.65 316.05 344.75 373.06 401.24
-5.54 100. 00 215.65
1793812 18.1600 229.25 2.0 643.4 ?3.5
THERMOCOUPLE TEMPERATURES
55.155 35.096 56.946 38.765 40.500 42.194 43.872
HEATER POWER  REFERENCE TEMPERATURE  SPECIMEN RESISTANCE
5.2576-002 20.084 2.1565-003
THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) JULY 22,70 1348 S
311.81  391.55 467.00 S540.26 610.04 670.45 746.43
-13.83 100. 00 215.83
2985715  30.2000 220.41 2.0 643.4 23.7
THERMOCOUPLE TEMPERATURES
30.485 43.279 47.765 S2.076 56.154 60.097 63.969
HEATER POWER REFERENCE TEMPERATURE  SPECIMEN RESISTANCE
9.0169-002 20.062 2.1503-003

112.68
2.0
26.409

226.51
2.0
33.209

428.42
2.0
45.505

813. 02
2.0
67.744




||

Table 1. (Continued)

THERMAL CONDUCTIVITY DATA FOR INCOMEL T18(A) JULY 22,70 1730 &
418.95 526.62 629.22 729.58 826.38 921.56 1016.92
-17.%7 100. 00 216.08
3606635  36.4600 231.52 2.0 642.3% 24 0
THERMOCOUPLE TEMPERATURES
44.987 51.369 57.342 63.09! 68.572 73.874 79.114
HEATER POMER  REFERENCE TEMPERATURE  SPECIMEN RESISTANCE
1.3150-001 20.144 2.1608-00%
THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) AUG 11,70 1315 11
63.04 87.28 111,61 13577 159.86 183.81 207.74
-5.18 100. 00 216.57
1828170 18.4800 9311.20 2.0 643.3 2%.9
THERMOCOUPLE TEMPERATURES
79.510 B80.835 B82.157 B83.465 04.768 96.058 87 347
HEATER POWER REFERENCE TEMPERATURE  SPECIMEN RESISTANCE
3.3785-002 76.057 2.1657-0038
THERMAL CONDUCTIVITY DATA FOR INCONEL T18(A) AUG 11,70 1730 12
127.04 176.31 225.75 274.74 323.51 371.87 420.51
-5.62 100. 00 216.84
261669 26.4400 93%30.98 2.0 642.3 24.5
THERMOCOUPLE TEMPERATURES
83.082 ©5.745 88.401 91.017 93.609 96.163 98.723
HEATER POWER REFERENCE TEMPERATURE  SPECIMEN RESISTANCE
6.9185-002 76.147 2.1684-003
THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) AUG 12,70 1615 13
295.20 404.32 S516.86 627.45 737.41 846.21 955.45
-8.5% 100. 00 217.54
3962915  40.0000 9571.12 2.0 641.0 24.2
THERMOCOUPLE TEMPERATURES
92.177 98.080 103.927 109.64! 115.271 120.791 126.29!
HEATER POWER REFERENCE TEMPERATURE  SPECIMEN RESISTANCE
1.5852-001 76.3%0 2.1754-003

1110.62
2.0
84,221

231.69
5.0
88.630

468. 97
5.0
101.258

1064. 00
5.0

151.71
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Table 1. (Continued)

THERMAL CONDUCTIVITY DATA FOR INCOMEL 718(A) AUG 13,70 850 14
293.52 405.36 517.40 628.07 738.12 846.9 956.23
-0.36 100. 00 217.54
3962555 40.0000 9365.90 2.0 641.6 2.6
THERMOCOUPLE TEMPERATURES
92.171 98.080 103.932 109.651 115.285 120.808 126.308
HEATER POWER  REFERENCE TEMPERATURE  SPECIMEN RESISTANCE
1.5850-001 76.306 2.1754-003
THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) AUG 14,70 828 15
587.28 803.88 1020.62 1233.86 1445 50 1653.71 1861.84
-5.26 100. 00 218.78
5566500 56.1000 9461.44 2.0 642.3 23.2
THERMOCOUPLE TEMPERATURES
107.958 119.029 129.924 140.486 150.824 160.893 170.846
HEATER POWER  REFERENCE TEMPERATURE  SPECIMEN RESISTANCE
3. 1228-001 76. 741 2.1879-003
THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) AUG 14,70 1240 16
653.69 952.06 1210.47 1464.28 1715.67 1963.03 2209.50
-2.41 100. 00 219.24
6102894 61.4400 9469.45 2.0 642.6 24.0
THERMOCOUPLE TEMPERATURES
113.455 126.529 139.368 151.778 163.899 175.680 187.299
HEATER POWER  REFERENCE TEMPERATURE  SPECIMEN RESISTANCE
3.74%6-00! %.1M 2.1924-003
THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) AUG 14,70 1700 17
695.31 954.09 1212.91 1466.87 1718.48 1966.01 2212.54
-2.39 100. 00 219.25
6103020 61.4400 9463.55 2.0 644.5 2.1
THERMOCOUPLE TEMPERATURES
113.512 126.605 159.459 151.879 164.010 175.797 187.418
HEATER POWER REFERENCE TEMPERATURE  SPECIMEN RESISTANCE
3.7497-001 76.749 2.1925-003

...............................................................

1064. 81
5.0
151.730

2067.86
3.0
180.604

2453.09
3.0
198.67¢

2456. 06
5.0
198.790
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Table 1. (Continued)

THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) AUG 18,70 1000 18
99.39 151.39  204.99 257.37 309.76¢ 361.72 413.90 465.%
2.9 100. 90 221.09
2051030 28.7400 34428.9%0 2.0 627.9 23.1 4.0
THERMOCOUPLE TEMPERATURES
197. 440 199.806 202.547 204.775 207.19% 209.599 212.005 214.402
HEATER POWER REFERENCE TEMPERATURE  SPECIMEN RESISTANCE
8.1825-002 192.805 2.2109-¢05
THERMAL CONDUCTIVITY DATA FOR INCONEL T18(A) AUG 18,70 1720 19
201.92 309.235 417.26 S23.79 630.04 735.12 840.38 945 08
5.88 100. 00 221.61
4095875 41.2000 34463.90 2.0 -0.0 -0.0 4.0
THERMOCOUPLE TEMPERATURES
202.371 207.340 212.%26 217.226 222.098 226.903 231.703 2%6.467
HEATER POWER REFERENCE TEMPERATURE  SPECIMEN RESISTANCE
1.6875-001 192.973 2.2161-003
THERMAL CONDUCTIVITY DATA FOR INCONEL T18(A) AUG 19,70 1430 20
412.26 637.29 862.54 1083.23 1301.79 1516.37 1729.88 15940.72
16.55 100. 00 22.65
5972675 60.0000 34556.60 2.0 630.6 23.2 4.0
THERMOCOUPLE TEMPERATURES
212.534 222.066 235.146 243.166 255.045 262.703 272.284 281.717
HEATER POWER REFERENCE TEMPERATURE  SPECIMEN RESISTANCE
5.5836-001 195.417 2. 2265-003
THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) AUG 20,70 1615 2!
87.94 158.69 229.89 300.29 370.54 440.09 510.00 S79.66
7.1% 100. 00 224.13%
3485000 55.0000 50982. 00 2.0 -0.0 -0.0 5.0
THERMOCOUPLE TEMPERATURES
277.278 280.4357 285.616 206.759 289.095 233.000 296.122 299.2%
HEATER POMER REFERENCE TEMPERATURE  SPECIMEN RESISTANCE
1.2197-001 273.%% 2.26413-00%

...............................................................
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Table 1. (Continued)

THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) AUG 21,70 1115 22

89.91 161.%2 233.10 304.01 374.73

7.18 100. 00 224. 14
5484920 55.0000 50964.00 2.0
THERMOCOUPLE TEMPERATURES

277.278 280.466 283.670 206.836 289.934 293.114 296.246 299.36!
SPECIMEN RESISTANCE
2.2414-003

HEATER POWER  REFERENCE TEMPERATURE
1.2197-001 273.247

"Annealed Inconel 718

Thermocouple positions 2.2245
(cm from floating sink) 12. 3879
Specimen diameters (cm) 1.1273
between thermocouples 1.1273

starting from floating sink

44461

4.7645
14.9279

—

o

514.76
-0.0

504.53

9.8448
20.0086

1:1273
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Table 2, Basic semi-processed isothermal electrical
resistivity data for annealed Inconel 718,

ISOTHERMAL RESISTIVITY DATA FOR INCONEL 718(A) LY 22,70 816 3
218.44 643.60 23.10 2.00 2.00 100.00 215.89 0.28
REFERENCE TEMPERATURE  SPECIMEN RESISTANCE  SPECIMEN TEMPERATURE
19.791 2.1589-003 19.807
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Table 3,

THERMAL
CONDUCTIVITY
-3. 666533494000
5.135981004000
-2. 2209498+000
8.97129708-001
-1.56517404-00!
1.46169832-002
-5.67382252-004

COEFFICIENTS FOR
ELECTRICAL
RESISTIVITY
1.25202587-006

-5.41133462-008
3. 49416343-008
-1.14951600-008
1.69418236-009
-7.95007556-01!
-5. 67382252-004

Parameters in equations 1, 2, and 3 for annealed Inconel 718,

THERMOPOWER
S. 43505365+001
-2.10063019+002
4. 991533274002
-5. 75257805002
3. 440519734002
-1. 110659664002
1. 952444334001
-1. 252592704000
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Table 4. Thermal conductivity dev.ations for annealed Inconel 718,

THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) JULY 24,70 1430 7

MEAN TEWPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE  DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY  CONDUCTIVITY
5.7% 0.33 7.79-001 8.12-001 -4.2
6.046 0.289 8.95-001 8.59-001 4.1
6.357 0.2% 8.65-001 9.04-001 =2l
6.618 0.2M 9.56-001 9.48-001 0.9
6.0884 0.263 9.84-00! 9.91-001 -0.7
7.142 0.253 1.02000 1.034000 -1.0
7.389 0.240 1.084000 1.07+000 0.5
THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) JULY 24,70 1530 8
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE  DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY  CONDUCTIVITY
8.6 0.493 1.264000 1.28+000 -1.4
9.141 0.448 1.39+000 1. 364000 2.2
9.585 0.439 1.424000 1.434000 -1.0
10.009 0.410 1.524000 1.504000 1.4
10.412 0.397 1.574000 1.57+000 0.3
10.801 0.382 1.63+000 1.634000 0.1
11.176 0.367 1.70+000 1.694000 0.5
THERMAL CONDUCTIVITY DATA FOR INCOMEL 718(A) JULY 24,70 1621 9
MEAN TEWPERATURE 0BSERVED CALCULATED PERCENT
TEMPERATURE  DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY  CONDUCTIVITY
12.106 1.127 1.814000 1.83+000 -1.4
13.172 1.004 2.034000 2.004000 S
14.157 0.9% 2.11+000 2.144000 -1.6
i5.081 0.885 2.314000 2.28+000 1.3
15.947 0.847 2.414000 2.404000 0.4
16.779 0.817 - 2.504000 2.514000 -0.7
17.577 0.77¢ 2.624000 2.62+000 0.0

...............................................................
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Table 4. (Continued)

THERMAL COMDUCTIVITY DATA FOR INCOMEL 718(A) JULY 24,70 1722 10

MEAN TEMPERATURE 0BSERVED CALCULATED PERCENT
TEMPERATURE  DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY  COMDUCTIVITY
20.340 1.472 2.91+000 2.97+000 2.1
21.748 1.344 3.184000 3.134000 1.5
23.078 1.316 3.244000 3.284000 -1.2
24348 1.224 3.504000 3. 424000 2.1
25.555 1.189 3.59.000 3.554000 1.3
26.7%R 1.165 5.67+000 3.67+000 0.1
27.876 1.124 5.804090 3. 784000 0.6
THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) JULY 21,70 1528 1
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE  DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY  COMDt " IVITY
23.5M 0.470 5.244000 3. 344000 -3.1
24,029 0.447 5.414000 3. 39000 0.5
24.478 0.450 3.37+000 3. 444000 -1.8
24.919 0.4%2 3.524000 3.484000 1.2
25.349 0.42% 3.54+000 3.53+000 0.4
as.1m 0.425 5.584000 3.57+000 0.2
26.199 0 419 3.63+000 3.614000 0.4
THERMAL CONDUCTIVITY DATA FOR INCOMEL T18(A) JULY 21,70 1745 2
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE  DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY  COMDUCTIVITY
27.100 1.031 3.644000 3. 704000 ) J7%7 4
28.105 0.979 3.844000 5.804000 1.0
29.083 0.977 3.044000 3. 894000 =1.3
30.036 0.930 4.05+000 3. 994000 1.6
30.958 0.914 4.11+000 4.06+000 1.2
31.068 0.908 4.14+000 4144000 -0.0
.766 0.087 4.23+000 4. 224000 0.4

...............................................................
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Table 4. (Continued)

THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) JULY 22,70 1100 4

MEAN TEMPERATURE 0BSERVED CALCULATED PERCENT
TEMPERATURE  DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY  CONDUCTIVITY
34.126 1.941 4.274000 4.33000 -1.4
36.021 1.850 4.484000 4.484000 0.0
37.856 1.819 4.554000 4.62+000 -1.4
39.633 1.7%% 4.784000 4744000 0.8
41.347 1.694 4.894+000 4.96+000 0.7
43.033 1.677 4.944000 4.97+000 -0.5
44.689 1.634 5.084000 5.07+000 0.9
THERMAL CONDUCTIVITY DATA FOR INCONEL 71B(A) JULY 22,70 1348 5
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE  DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY  CONDUCTIVITY
40.882 4.794 4.794000 4.0834000 -0.9
45.522 4.487 5.124000 5.12+000 -0.1
49.921 4.310 5.32+000 S. 574000 -1.0
S4.115 4.078 5.63¢000 5.58+000 0.9
58.126 3.942 5.82+000 5.76+000 1.0
62.033 5.872 5.93+000 5.92+000 0.1
65.856 3.775 6.084000 6.064000 0.2
THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) JULY 22,70 1730 6
MEAN TEMPERATURE 0BSERVED CALCULATED PERCENT
TEMPERATURE  DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY  CONDUCTIVITY
48.178 6.382 5.24+000 5.284000 <9.6
54.355 5.973 $.614000 5.594000 0.3
60.216 5.750 5.814000 5. 854000 -0.6
65.831 S.480 6.114000 6. 064000 0.8
71.223 5.302 6.514000 6.244000 1.1
76.4%4 5.240 6.39+000 6.404000 -0.2
81.668 S.107 6.55+000 6.544000 0.c

...............................................................
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Table 4. (Continued)

THERMAL CONDUCTIVITY DATA FOR INCONEL T1B(A) AUG 11,70 1315 11

MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE  DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY  CONDUCTIVITY
80.172 1.32% 6.504000 6.504+000 -0.1
81.49%5 1.%23 6.50+000 6.54+000 -0.6
82.811 1.5%09 6.56+000 6.57+000 -0.1
84.117 1.303 6.614000 6.604000 0.1
85.413 1.290 6.67+000 6.634000 0.5
86.703 1.289 6.67+000 6.66+000 0.1
87.988 1.28% €.704000 6.69+000 0.2
THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) AUG 11,70 1730 12
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE  DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY FONDUCTIVITY
84.413 2.663 6.61+000 6.614000 0.0
87.073 2.656 6.65+000 6.674000 -0.6
89.709 2.616 6.724000 6. 734000 -0.1
32.313 2.5% 6.80+4000 6. 794000 0.2
94.886 2.5%% 6.89+000 6.844000 0.7
97.443 2.560 6.884+000 6.99+000 -0.2
99.990 2.534 6.95+000 6.944000 0.1
THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) _.J6 12,70 1615 13
MEAN TEMPERATURE O0BSERVED CALCULATED PERCENT
TEMPERATURE  DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY  CONDUCTIVITY
95.128 5.903 6.83+000 6.854000 -0.2
101.003 5.847 6.904000 6.96+000 -0.9
106.784 5.71% 7.05+000 7.07+000 -0.%
112.456 5.6%0 7.17+000 7.174000 0.1
118.03! 5.520 7.514000 7.264000 0.7
123.541 5.500 7.54+4000 7. 554000 -0.1
129.00! 5.420 7.444000 7.434000 0.2
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Table 4. (Continued)

THERMAL COMDUCTIVITY DATA TOR INCONEL 718(A) AUG 13,70 850 14

MEAN TEMPERATURE 0BSERVED CALCULATED PERCENT
TEMPERATURE  DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY  CONDUCTIVITY
95.125 5.909 6.83+000 6.95+000 -0.3
101.006 5.852 6.904000 6.96+000 -1.0
106. 7R 5.719 7.044000 7.07+000 -0.3
112.468 5.6%4 7.174000 7.174000 0.0
118.047 5.522 7.304000 7.264000 0.6
123.558 5.501 7.344000 7.554+000 -0.1
129 049 5.422 7.444000 7.4%4+000 0.1
THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) AUG '4,70 828 15
MEAN TEMPERATURE 0BSERVED CALCULATED PERCENT
TEMPERATURE  DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY  CONDUCTIVITY
113.49% 1.oMm 7.184000 7.184000 -0.1
124477 10.895 7.304000 7.36+000 -0.8
155.205 10.562 7.51+4000 7.524+000 -0.1
145.655 10.338 7.704000 7.684+000 0.2
155.8%9 10.069 7.89+000 7.834000 0.8
165.870 9.953 7.994000 7.98+000 0.1
175.725 9.758 8.144000 8. 134000 0.2
THER"AL CONDUCTIVITY DATA FOR INCONEL 71B(A) AUG 14,70 1240 16
MEAN TEMPERA TURE OBSERVED CALCULATED PERCENT
TEWPERATURE  DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY  CONDUCTIVITY
119.9% 15.074 7.304000 7.2%+000 0.1
132.949 12.8%9 7.444000 7.494000 -0.7
145.573 12.410 7.684000 7.684000 0.0
157.838 12.121 7.884000 7.964+000 0.3
169.789 11. 79 9.10+000 8. 044000 0.7
181.4%0 11.620 8.224000 8.22+000 -0.0
192.988 11.376 8.394000 8.404000 -0.1

...............................................................



Table 4. (Continued)

THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) AUG 14,70 1700 17

MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE  DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY  CONDUCTIVITY
120.059 13.093 7.294000 7.29+000 -0.0
133.0%2 12.853 7.454000 7.494000 -0.8
145.669 12.420 7.67+000 7.684000 -0.1
157.944 12.151 7.884000 7.864000 0.2
169.903 11.788 8.104000 8. 044000 0.7
181.608 11.621 8.214000 8.224+000 -0.1
193.104 11.372 8.394000 8. 404000 -0.1
THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) AUG 18,70 1000 18
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE  DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY  CONDUCTIVITY
198.663 2.446 8.514000 §.494000 0.3
201.117 2.46! 8.47+000 8.52+000 -0.7
203.561 2.428 8.57+000 8.56+000 0.0
205.987 2.424 8.604000 8.60+000 2.0
208.399 2.400 8.684000 8.644000 0.4
210.802 2.406 8.664000 8 684000 -0.2
213.204 2.397 8.694000 8. 724000 0.3
THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) AUG 18,70 1720 19
MEAN TEMPERATURE OBSERVED CALCULATED PERCENT
TEMPERATURE  DIFFERENCE THERMAL THERMAL DEVIATION
CONDUCTIVITY  CONDUCTIVITY
204.856 4.969 8.644000 8.584+000 0.7
209.833 4,965 8.624000 8.66+000 -0.5
214.776 4.900 8.75+000 8. 744000 0.1
219.662 4.872 8.834000 8.82+000 0.1
224.500 4.805 8.944000 8.504000 0.5
229.303 4.801 8.95+000 8.974000 -0.3
234.085 4.763 9.024000 9. 054000 -0.4

...............................................................
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Table 4,

(Continued)

THERMAL CONDUCTIVITY DATA FOR INCOMEL 718(A) AUG 19,70 1430 20

PERCENT
DEVIATION

PERCENT
CEVIATION

PERCENT
DEVIATION

MEAN TEMPERATURE 0BSERVED CALCULATED
TEMPERATURE  DIFFERENCE THERMAL THERMAL
CONDUCTIVITY  CONDUCTIVITY
217.700 10.332 8.83+000 8. 794000
228.006 10.280 8.88+000 8.95+000
238.156 10.021 9.094000 9.114000
248.106 9.879 9.24+000 9.27+000
257.874 9.658 9.444000 9. 42+00C
267.493 9.58! 9.524000 9.57+000
277.000 9.433 9.67+000 9. 714000
THERMAL CONDUCTIVITY DATA FOR INCONEL 718(A) AUG 20,70 1615 21
MEAN TEMPERRTURE 0BSERVED CALCULATED
TEMPERATURE  DIFFERENCE THERMAL THERMAL
CONDUCTIVITY  CONDUCTIVITY
278.857 5 159 9.85+000 9. 754000
282.026 3.179 9.77+G00 9. 784000
285.187 5.14% 9.86+200 9. 824000
288.327 3.13€ 9.914000 9. 964000
291.448 3.105 1.004000 9.91+000
294.561 3.121 9.95:000 9. 954000
297.677 35.110 9.98+000 9.99+000
THERMAL CONDUCTIVITY DATA FOR INCONEL 7!8!A) AUG 21,70 1115 22
MEAN TEMPERATURE OBSERVED CALCULATED
TEMPERATURE  DIFFERENCE THERMAL THERMAL
CONDUCTIVITY  CONDUCTIVITY
278.872 3.188 9.74+000 9. 734000
282.068 3.205 9.69+000 9. 784000
285.253 3.166 9.79+000 9. 824000
288.415 3.157 9.844000 9.87+000
291.554 3.120 9.95+000 9.91+000
294.680 3.1% 9.914000 9. 954000
297.803 35.115 9.974000 9.99+000

oco0oococoO
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Table 5., Electrical resistivity deviations for annealed Inconel 718,

MEAN TEMPERATURE CSSERVED CALCULATED  PERCENT
TEMPERATURE RANGE RESIST ANCE RESISTANCE DEVIATION
6.593 1.938 2.168-003 2.168-003 -0.00
9.9 2.9 2.165-003 2.165-003 0.00
14.974 6.424 2.161-00% 2.161-003 -0.00
24.239 8.834 2.158-003 2.158-003 -0.00
24.903 3.072 2.158-003 2.158-003 0.00
29.988 6.625 2.157-003 2.157-003 -0.00
39.529 12.350 2.157-003 2.156-003 0.00
§3.719 29.259 2.158-003 2.158-003 0.00
65.423 39.234 2.161-003 2.161-003 0.00
84.100 9.119 2.166-003 2.166-003 -0.01
92.26! 18.176 2.168-003 2.168-003 0.00
112.277 39.5%5 2.175-003 2.175-003 -0.00
112.287 39.559 2.175-003 2.175-003 -0.00
145.183 T2.646 2.188-003 2.188-003 0.00
157.230 85.221 2.192-003 2.192-003 0.00
157.331 85.278 2.1%2-003 2.192-003 0.060
205.962 16.962 2.211-003 2.211-003 -0.00
219.573 34.095 2.216-003 2.216-003 0.00
247.761 69.183 2.226-003 2.227-00% =0.00
288.297 21.954 2.241-003 2.241-003 -0.00
288.378 22.083 2.241-003 2.241-003 0.00
19.807 0.000 2.159-003 2.159-003 =0.01
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Table 6., Thermovoltage deviations for annealed Inconel 718,

UPPER LOWER OBSERVED CALCULATED DEVIATION
TEMPERATURE  TEMPERATURE  THERMOVOL GE  THERMOVOLTAGE

7.509 5.570 0.01 0.01 9.00
11.360 8.425 -0.00 0.¢0 -0.01
17.966 11.543 -0.29 -0.29 0.00
28.438 19.604 -2.06 -2.07 6. 01
26.409 25.33% -0.80 -0.78 -0.02
33.209 26.584 -2.29 -2.29 =0.00
45.505 33.155 -5.54 -5.55 0.00
67.744 38.485 -13.83 -15.8% 0.00
84.221 44.987 -17.%7 -17.3% -0.01
88.630 79.510 -3.18 -3.24 0.06
101.258 83. 082 -5.62 -5.66 0.04
131.711 RN -8.55 -8.33 -0.02
131.730 xRN -8.3 -8.34 -0.02
180.604 107.958 -5.26 -5.2% -0.02
198.676 113.455 -2. 41 -2.43 0.02
198.790 113.512 -2.39 -2.41 0. 62
214.402 197. 440 2.29 2.33 -0.03
236.467 202.37 5.68 5.90 -0.02
281. 17 212.534 16.55 16.54 0.0!
299.23%2 277.278 7.15 7.14 0.00
299.361 277.278 7.18 t.19 -0.00



Table 7. Transport properties of annealed Inconel 718

Thermal Electrical Lorenz Thermo-

Temp Conductivity Resistivity ratio x 10° power

(K) (Wm-1K-?) (n ohm m) (VZ/K?) wV/K)
9 0.852 1217 17.30 0.02
7 1.01 1216 17.50 0.01
8 1. 17 1216 17.80 0.02
9 1.34 1215 18.00 0.02
10 1.50 1215 18.20 0.03
12 1.82 1214 18.40 0.08
14 2.12 1213 18. 40 0.12
lo 2.41 1213 18.20 0.15
18 2.67 1212 18.00 0.16
20 2.93 1212 17.70 0.16
25 3.49 1211 16.90 0.12
30 3.98 1210 16.10 0.07
35 4.40 1210 15.20 0.03
40 4.77 1210 14. 40 0.01
45 5.09 1210 13.70 -0.00
50 5.37 1211 13.00 -0.01
55 5.62 1211 12.40 -0.00
60 5.84 1212 11.80 0.01
65 6.03 1213 11.30 0.03
7 6.21 1213 10. 80 0.05
75 6.36 1214 10. 30 0.08
80 6.50 1215 9.87 0.11
85 6. 62 1216 9.47 0.14
90 6. 74 1217 9.11 0. 17
95 6. 85 1218 84707 0.21
100 6.94 1218 8.46 0.24
110 W12 1220 7.90 0. 32
120 729 1223 7.43 0. 39
130 7.45 1225 7.01 0.47
140 7-60 1227 6. 66 0.55
150 7.74 1229 6.34 0. 62
1640 7.89 1231 6.07 0.70
170 8.04 1233 5.83 0.77
180 8.20 1235 5.62 0. 85
190 8.35 1237 5.44 0.92
200 8.51 1240 5.27 0.99
220 8.82 1244 4.99 1.14
240 9.14 1248 4,75 1.28
260 9.46 1252 4,55 1.41
280 9.75 1256 4,37 1.54
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Figure 1. Thermal conductivity deviations for annealed Inconel 718.
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Figure 2, Electrical resistivity deviations for annealed Inconel 718,
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Figure 3, Thermovoltage deviations for annealed Inconel 718,
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