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A.

MEASUBEMENTQF_THETHERMALCONDUCTIVITY(EFL]NAK

METHOD

The thermal conduetivity of Flinak (11.5 mol% NaF, 42 mol% KF, 46.5 mol%

_LiF) has been determined in a Deem type apparatus that was designed by

M. Tobias and L. Basel. In the course of calibration and operation of

* the apparatus certain modifications were introduced by the authors. These |
- consiéted -of substitution of calibrated Pt - Pt Rh thermocouples for un-
calibrated Chromel-Alumel thermocouples and certain construction details

in the outer cylinder that were introduced to decrease the possibility of
corrosive attack of the welds. A simplified schematic diagram of the
apparatus is given in Figure 1. :

' THECRY

' 'From the diagra.m it can be seen that thermocouples A and B do. not come in

contact with the corrosive liquid but are located sllghtly below the metal

' surfaces on both sides of the sample. Therefore, the temperature drop that
' is measured includes the drop across part of the metal.wells. This metal

wall resistance to heat flow may include any contact resistence as well and

is assumed to be independent of the sample thickness and will be designated '
as Ry. The resistance across the sample is equal to .= X _ wherée x is the sample
thickness A the area normal to heat flow and k is .thekAthermal conductivity
of the sa.mple_; If ATS is 'the_ total temperature drop we can write:

AT<-—Q S Rw> o @

wh_ere Q= rate of heat flow.. .

(1) one cen be rewritten as:

. A/ﬁ Z" y'.'- T-i=} 'E‘x +A,RW (2)
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From (2) it is seen that if the results of runs made at the same average
temperature and at several sample thicknesses are plotted as

> tA-vsx_
__the;s'lope_o'f the line so obtained is equal to %— .

RESUIES

.The results of the three independent mea.surements of thermal conductlvity

that were made are given in Table I. The first entry was madeon one

" apparatus and the other two on another spparatus, both of the same design _'

and construction in a.ll essential fea.tures.

. ky hWr-ft°-OF/ft.  Average T,°C.  Temp. Rarnge,°C.

.29 60 634 - 4T

2. 26 5w 490 - 590
S35 . 60  567-670

" An error amalysis of the method of determining the thermal conductivity

(see Appendix) indicates that this difference of the valuesobtained is to
be expected. 'I'he uncertamty in the mea.surement indicates that the three

- values might be more properly reporbed as 2.9 + .’4 2.5 t .2, 2. 6 + .2
' respectively '
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APPENDIX
ELEMENTARY ERROR ANALYSIS

- Equation (2) can be written as:

AAT |

—TEc gt tAm @

We can also write: .

Q=ltum#® 0Ty (3)

~ where A | ko, = thermal conductivity of Armco iron
A Ty = témperature d.rop across iron
X = thickness of iron across ﬁiﬁch tenmeratures

- are measured
From (2) and (3):
=8 = :ﬁn= 1x + A Ry , - (8)
© kydT, 7. k8 W : .
The plots of the d.a:balwe_ré actually constructed frdm equation (k). '

- It is therefore clear from (4) that:

|k = 0(xg, ¥, BT, ATy, k) o o (5)




We can write from (5):

X + R0 P-X: o0 _
AETRR A%t pr Tt gany ABT) Y Sy A4
+ g%bk@ | | | (6)

_where  AX_, AXy, etc. indicste the errors imvolved in measuring each
- of these quantities. From equation (h) the partial derivatives can be
evaluated. . o

W’hen' this is done we obtb.in as 'a final result:

‘ -Ak?,lj'A’XS N X ATy A Xy . Xy Xg A(ATg) Xy Xg ATg A(AT,)

@ ATz kyof ATk o2 ky AT, 02
xm st'I‘s Akm (7)
I ATy of |
‘where a e ATS ’Sn -‘A Rw
. AT,k lﬁm
' ,Usingvthis,notatioﬁ (4) can be written as:
k= X8 (8)



From (7) and (8) we can write:

ATg bZy xmA'(ATs) mATs A(AT) AT Aky (g
g ATy k& BTgkpa kmATm2 Y TPAT, a

_ AT xy .
T Eoyx, P
" and e@fibn (9) can be ﬁi_tten as |
sk A% _aspfa%  AAL)  A(sny
.k '- Xg o [+ Xp - ATB + ATmm’> ékk: | (_10)

-Eq_uatibn"(IO)" indica.t_es’_-theb fractional erfbr in k as a ﬁ:hctidn of the errors
in each of the relevant variables. These - -can be estimated and:so:the uncertainty

in the measurement can be evaluated.

Leon Cooper

S. J Claiborne
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