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 ABSTRACT

Thermal conductivity, eleetrieal resistivity, Lorenz -
ratio, and the thermopower data are reported for a spec1men '
of Fe 22Cr-13Ni-5Mn stainless steel in the furnace brazed condl—

tion for temperatures from 4 to 3OOK
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1. Introduction.

Design and developrnent engineers in the aerospace industry
contmue to have urgent need for thermal and mechanical property data
for new mater1als._ For most materials, espemally new or uncommon
alloys, measured values of thermal conductivity are not available and
- predictions cannot be. made with adequate cbnﬁdence. To help satisfy

. these needs, we have constructed an apparatus for the sunultaneous
measurement of thermal conduct1v1ty, electrlcal resistivity, and
therrnopower.v Me_asurernents have been conducted on several aerospace
alloys, Hust, et al.. [1] Another phase'bof this program, to establish
standard reference‘data on several standard’reference rna.teria_ls, has
begun. We intend to measure several 'specirnens of materials which
, appear to be useful as standards. Also we plan to occassionally mea-
sure other aerospace alloys, as we have done here, to satisfy specific
need in the industry. This paper contains the results of our measure-
ments on the transport propertles of Fe- 22Cr-13Ni- 5Mn stamless steel.

2. Apparatus and Data Analysis

The apparatus is based on the axial one- d1mens1ona1 heat ﬂow
method. The specimen is a _cylmdncal 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 300K. o

| 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 orthonorrnal -fun'ctibns, so that none of the



precision of the data is -lost by underfitting nor are any unnecessary
‘oscillations intréduced by .overfitfcing. A detailed description of -this
" apparatus and the rnethods of d_ata-a.na;lysis was given by Hust, et al, [ i]
3. Specimen Characterization
The sPecirﬁen was cut from a nozzle in the. triple brazed condi-~
tion. The furnace brazing cycles are given- in table 1. The hardness -
is Rockwell B55, The grain size varied»from 0. 01 mm at the center
of the rod radially to O; 07 mm at the outside surfé.ce. - The composifion
 in weight percent of this material is as follows: |
Cr= 21.48, Ni=12.36, Mn=5.44, Mo =2.12, Si=0.42, N = 0.27,
- 0.20, Nb=0.19, C=0.05 §=0.01, and Fe = balance.
| | 4, Results
The transport propert1es of a specimen of Fe- 22Cr-13Ni-5Mn
stamless steel were measured in the thermal conduct1v1ty‘ apparatus,
. These data are presented in tables 2 and 3. '
The experimental data were: func'fciona'lly represented with the

following equations:

4o\ = i a3 [.% T]1+1 " . : (1)
N i=1 . - '. '_.’ N - -7 N B ‘ - -

P =z b; [!& T] | o E ‘(2)
o4 . S T 3
= z ¢ [4nT']/T" ' T = 10 +1)

where A = thermal conductivity, p = electrical resistivity, S = thermo-

power, and T = temperature. Temperatures are based on the IPTS-68



scale above 20 K and the _N_BS PZ-ZO (1'9.65) scale below 20 K. The"
parameters, a,, b, and c;, determined by lea'et squares,are presented
in table 4. The deviations of the experimental data from these equa-
tions are given in ta.bles 5 through 7 and in figures 1 ihroiigh 3. The
"hofizontei bars in figures 2 __a.hd 3 ii;dicate the ternpe_r_ature‘ s'ﬁan across
the specimen for eech run. The "observed" thermal cenductivities -
are computed frorn the mean temperature gradients 1nd1ca.ted by adja- -
cent thermocouples. Ca.lcula.ted values of X, p, and S, and L=p\/T
(Lorenz ratio) are presented in table 8 and in figures 4 through 7.
A detailed error analysis for this systei‘n has been pre‘sen_’vced
previously by Hus’t, et el [1] ‘-Ba.sed on this analysis of systematic
and random errors the uncertamty estlmates (with 95% confldence)
>are as follows: ‘ o
| thermal condu‘cti\}ity-:, . 2.5% at 300 K, decreasing as T* to
- . 0.70% at 200 K, O. 70% from 200 K
" to 50 K, increasing inversely with
temperatui'e to.1. 5% av,t‘4";K.
electrical resistivity: o, 25%
thermopower: | 0.5% + 02 B V/Kat4 K, 0.2% +
’ 0.5 uV/Kat 30 K, and 0.1% +
0.3 wV/K above 76 K.
The ther_rrli.ol-aowe'z‘" values given here are absolute values although
our meas_urements were _carried out with respect to normal silver wire.
- The absolute thermopowers of normal silver reported by Borelius,
et al, [ 2] were used to conver».t_th.e ekpefir‘_nenta’l 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]. The lattice component.



for this steel is about twice the élect_r_onic.component near the péak
in the Lorenz ratio. A compd_h_ent separation as deséribed by Hust,
et dl.[3] to determi_nethe lattice conductivity has been done. .The_
resulting lattice conductivity will be compared to other alloys ina

subsequent report.
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TABLE 1. FURNACE BRAZING.CYCLES
" FOR Fe-22Cr-13Ni-5Mn STAINLESS STEEL

CYCLE NUMBER 1

-A. » Total Time Above 531°C:

Approximate Heating Rate from 38°C to 980 C:
. Total Time Above 980°C:

Maximum Temperature:"

Mmoo w

. 'Approxima.te Co'olirig Rate from 1070°C to 531°C:

'CYCLE NUMBER 2

A, Total Time Above 531 C:

B Approximate Heatmg Rate from 531°C to 930°
C Total Time Above 930 C. ' :
D. Maximum Temperature '

E Approx1ma.te Coolmg Ra.te from 995° C to 531 C

CYCLE NUMBER 3

A.. Total Time Above 531 C:

Approximate Heatmg Rate from 531° C to 870 C
Total Time Above 870° C

Maximum Temperature:"

B9 0w

. Approximate Cooling Rate from 970°C to 531°C:

Note: All times and temperatures approximate.

Bar is initially solution annealed at 1120°C.

9 Hours
I1e C/Hour

2 Hours.

1070°C
1 67 °C/Hour

6 Hours

'.1 67°C/Hour

1 Hour -

995°C

167°C/Hour

6 Hours

'167°C/Hour

2 Hours

970°C

'139°C/Hour



Table 2

Notes Relating to Tables

The data listed are, in part, card images of expérimenté.l data as

read into the computer for data processmg These data are not clea.rly

la.belled.

1st line

2nd line

3rd 1ine

4 th line

5th line -

6 th line -

Ta.b le 3

The followmg is a line by 11ne explanation of these tables

Data 1dent1f1cat10n. .

-Thermocouple em’fs (LLV)

Seebeck emf (uV), spec1men current (1nA), spemmen
voltage drop (LLV)

Sample heater volta.ge (uV), current (mA), platinum resis-
tance thermometer voltage (uV), »pla,tinum resistance ther-

mometer current (mA),’ cryogenic bath pressure (mm of Hg),

~ room temperature (°C), code indicating type of cryogenic

bath (1 = liquid helium, 2;_- liquid hydrogen, -3 = liquid ni-
trogen,A 4 = dry ice -alcohvol, 5 = ice-water), B
'I_‘hermoéo_uiole ‘temperatures (K). |

Heater power (W), reference tei’nperature (VK).,’ specimen

resistance (Q).

The data listed are, 1n part, card 1ma.ges of exper1mental data as

read into the computer for data processing. These data are not labelled

- clearly.
1 st line -

2nd line -

The following is a line by line explanation of these tables:
Data identification. |

‘Platinum resistance thermometer voltage (WV), cryogenic

bath preAssure (mm of Hg), rdofn temperature (°C), platinum
resistance the.rrn"ometéi' current (m_A)', code indicating type
of cryogenic bath (1 = liquid helium, 2 = liquid hydrogen, 3 =
liquid nitrogen, 4= dry ice-alcohol, 5 = icé -water), speci-
men current (mA), specimen voltage (kV), mean emf of

eight thermocouples (uV).



3rd line - Reference temperature (K), specimen resgistance ((2),
specimen temperaturé (K).

Tables 5 through 7

-These data are semi-processed computer output. Temperature is

1

Kelvin, thermal conductivity is in Wm™* K™, electrical resistance is in

ohms, and thermovoltage is in pV.
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.. Table 3, -Basic sem1-processed 1sotherma1 el ' i |
. ectrlcal res1st1v't d
Fe-22Cr- 13N1-5Mn stainless. steel '1j y éta for

No isotvh‘errkr-lal ‘electrical resistivity data recorded.

Table 4, Para.meters in equations 1, 2, and 3 for Fe-22Cr-13Ni~5Mn
' stamless steel

- : COEFFICIENTS FOR
THERNMAL ELECTRICAL
CONDUCTIVITY RESISTIvITY THERMOPOWER
-5.07436396+000 -1.80550320-006 -2. 71839867+00!
6.861261364000 5.36698495-006 1.25699565+002
-5.082715464000 -4.95206039-006 -1.856644004002
1. 193684644000 2.46637155-006 1.419725704002
-2.08%87079-001 -7.15013025-007 -6. 360769184001
1.94161811-002 1,20466776-007 1.55817665¢001
-7.49952257-004 -1.091668536-008 -1. 63!576720000 :
' . 4, 11823323 010
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Figure 4. Thermal con"dqctiirity of Fe-ZZCr-lBNi-SMn stainless steel
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Figure 5. Electrical resistivity of Fe-22Cr-13Ni-5Mn stainless stéel
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Figure 6. Lorenz ratio of Fe-22Cr-13Ni-5Mn stainless steel
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