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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] Another phase of this program, to establish

standard reference data on several standard reference materials, has

begun. We intend to measure several specimens 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 properties of Fe-22Cr-13Ni-5Mn stainless steel.

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 was given by Hust, et al. [ 1]

3. Specimen Characterization

The specimen 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 0. 07 mm at the outside surface. The composition

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,

V = 0. 20, Nb •= 0. 19, C = 0. 05, S = 0.01, and Fe = balance.

4. Results

The transport properties of a specimen of Fe-22Cr-13Ni-5Mn

stainless steel were measured in the thermal conductivity apparatus.

These data are presented in tables 2 and 3.

The experimental data were functionally represented with the

following equations:

(1)

m

P = b UnT]1"1 (2)

£ .

Ci UnT.'l/T'; T'= -^ + 1 ( 3 )

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, a., bp and c^, determined by least squares, are presented

in table 4. The deviations of the experimental data from these equa-

tions are given in tables 5 through 7 and in figures 1 through 3. The

horizontal bars in figures 2 and 3 indicate the temperature span across

the specimen for each run. The "observed" thermal conductivities

are computed from the mean temperature gradients indicated by adja-

cent thermocouples. Calculated 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 system has been presented

previously by Hust, et al. [1] Based on this analysis of systematic

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 p, V/K at 4 K, 0. 2% +

0. 5 (jiV/K at 30 K, and 0. 1% +

0.3 M-V/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. [ 2] were used to convert the experimental 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 electronic component near the peak

in the Lorenz ratio. A component separation as described by Hust,

et al. [3] to determine the lattice conductivity has been done. The

resulting lattice conductivity will be compared to other alloys in a

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:

B. Approximate Heating Rate from 38°C to 980°C:

C. Total Time Above 980°C:

D. Maximum Temperature:

E. Approximate Codling Rate from 1070°C to 531°C:

9 Hours

lll°C/Hour

2 Hours

1070°C

!67°C/Hour

CYCLE NUMBER 2

A. Total Time Above 531°C:

B. Approximate Heating Rate from 531°C to 930°C

C. Total Time Above 930°C:

D. Maximum Temperature:

£. Approximate Cooling Rate from 995°C to 531 °C:

6 Hours

l67°C/Hour

1 Hour

995°C

167°C/Hour

CYCLE NUMBER 3

A. Total Time Above 531 °C:

B. Approximate Heating Rate from 531°C to 870°C:

C. Total Time Above 870°C:

D. Maximum Temperature:

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

6 Hours

!67°C/Hour

2 Hours

970°C

139°C/Hour

Note: All times and temperatures approximate.

Bar is initially solution annealed at 1120°C.



Notes Relating to Tables

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 clearly

labelled. The following is a line by line explanation of these tables:

1st line - Data identification.

2nd line - Thermocouple emfs (M-V).

3rd line - Seebeck emf (|j,V), specimen current (mA), specimen

voltage drop (M-V).

4th line - Sample heater voltage (M-V), current (mA), platinum resis-

tance thermometer voltage (p-V), platinum 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, 4 = dry ice-alcohol, 5= ice-water).

5th line - Thermocouple temperatures (K).

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

resistance (fi).

Table 3

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 these tables:

1 st line - Data identification.

2nd line - Platinum resistance thermometer voltage (M-V), cryogenic

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

resistance thermometer current (mA), code indicating type

of cryogenic bath (1 = liquid helium, 2 = liquid hydrogen, 3 =

liquid nitrogen, 4 = dry ice-alcohol, 5 = ice-water), speci-

men current (mA), specimen voltage (|AV), mean emf of

eight thermocouples (M>V).

8



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

specimen temperature (K).

Tables 5 through 7

These data are semi-processed computer output. Temperature is

Kelvin, thermal conductivity is in Wm""1 K"1 , electrical resistance is in

ohms, and thermovoltage is in |JiV.
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Table 3. Basic semi-processed isothermal electrical resistivity data for
Fe-22Cr-13Ni-5Mn stainless steel

No isothermal electrical resistivity data recorded.

Table 4. Parameters in equations 1, 2, and 3 for Fe-22Cr-13Ni-5Mn
stainless steel

CONOUCTlVlTr
-5.074585964000
6.861261564000
-3.88271546*000
1.19X84(44000

-2.08587079-001
1.94161811-002

-7.49952257-004

COEFFICIENTS FOR
ELECTRICAL
RESlSTIVlTr

-1.80550320-006
5.36698495-006

-4.9520(059-006
2.46637135-006

-7.15015025-007
1.204(6776-007

-1.09168536-008
4.11823825-010

THERHOPOVER
-2.71839867*001

1.25699585«002
-1.856644004002

1.419725704002
-6.360769184001

1.55317665*001
•1.695576724000

16
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Figure 4. Thermal conductivity of Fe-22Cr-13Ni-5Mn stainless steel
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Figure 5. Electrical resistivity of Fe-22Cr-13Ni-5Mn stainless steel
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Figure 6. Lorenz ratio of Fe-22Cr-13Ni-5Mn stainless steel
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procedures, and theoretical and mathematical: analy-
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charts.. •' , - ' . ' . ' ! • ' , ! , . , ' ! .
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• Physics and Chemistry

Papers of interest primarily to scientists working in
these fields/ This section covers a broad range of
physical arid chemical research, With major 'emphasis
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Issued, quarterly. .Annual .subscription: Domestic^
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• Engineering and Instrumentation
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of the new developments in instrumentation resulting .
from the -Bureau's work in physical measurement^
data processing, and development of test methods.-
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applied mechanics, building research, "and "cryogenic
engineering. Issued quarterly. Annual subscription :
Domestic, $5.00; foreign, $6.25*.

TECHNICAL NEWS BULLETIN

The best single source of information concerning the
Bureau's research, developmental, cooperative and
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designed for the industry-oriented individual whose
daily work involves intimate contact with science 'and "
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company executives.. Annual subscription: Domestic,
$3.00; foreign, $4.00*.
* Difference in price is due to extra coat of foreign mailing.

Applied Mathematics Series. Mathematical tables,
manuals, and studies. ' ' ;

Building Science Series. Research results, test
methods, and performance criteria of building ma-
terials, components, systemSj and structures.

Handbooks. Recommended codes of engineering
andJndustriat practiced Xiiipludirig/safetyeddes) De-
veloped in cooperation with interested industries, ,
professional organizatidns, and regulatory bcwcueS.

Special Publicaltions. Proceedings of NBS confer-
ences, bibliographies, annuaii reports, vVall charts,
pamphlets, etc.- < • • > >

Monographs. Major contributions to the technical
literature on various^ subjects related ,to "the Bureau's > • '
scientific and technical activities. .,'. 1 .,'. ,_ ' , ' , ; '*,

National Standard Reference Data Seines', * 7 '„
NSRDS provides quantitative data on* the physical ?
and'jcheihical pTropertjes'of materials,'compiled' from * !

the .world's; literature, and critically, evaluated, .* tt „ ,

Product Standards. Provide requirements for sizes, ! ,. ,
types, "quality apdnfethods for testing various indus- f >• *
trial.prodUcts. Thesejt^ndaids ar^ deyelpped coopefar J *':
lively with interestedtGoyernment and industry group| s * .
and 'provide the basisffor common understanding of > ».
product^ characteristic!,]for both buyers and scllerst * ** *
Their -use is voluntary. > . .• .-, * ^,. ;

Technical Notes. This series consists of cpmmunir^::~- * ',
catigns'ahd reports.|covering both other agency and<«<.i»• i
NBS-spOnsored work) of limited of trarisitbry interest. '>? *>• >

Federal Information Processing Standaird^PuB-^ |* ̂ "
lications. This series is the official publication within;* '«. •
the Federal Government for inforrnatibn ori standards
adopted and promulgated under the Public Law
89-306, and Bureau of the Budget Circular A-86
entitled* Standardization of Data Elements and Codes
in Data Systems. " ' '

Consumer Information Series. Practical informa-
tion, based on NBS research and experience,!covering
areas of interest to the consumer. Easily understand- .
able language and illustrations provide useful back-
ground knowledge for shopping in today's technolog-
ical marketplace. . '

NBS Special Publication 305, Supplement 1,
Publications of the NBS, 1968-1969, When order-
ing, include Catalog No, C 13.10:305. Price $4.50;
foreign, $5,75. . "

Order NBS publications from: Superintendent of Documents
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Washington, D.C. 20402


