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Abstract--A new heat pulse technique is presented for measuring thermal diffusivity and conductivity of a 
liquid electrolyte. The method as originally proposed by Parker et al. was suitable for flat specimens only, and 
it is adapted here to a cylindrical geometry. 

Theoretical and mathematical formulation, with appropriate boundary and initial conditions imposed, 
leads to an analytical solution on which the proposed method is based. 

The technique was tested for some liquid metals having well-established property values and an accuracy 
of 5% was achieved for thermal diffusivities. Scatter of about 15% were noted for an electrolyte of 

3 NaF.AIF3 + 10% wt AIzO3 at 1273 K. 

N O M E N C L A T U R E  

a, thermal diffusivity; 
% specific heat at constant pressure; 
Fo, Fourier's number; 
Jo, J1, Bessel's functions of the first kind of zero 

and first order;  
Qo, heat losses to surroundings; 
Q, heat pulse; 
r, radial coordinate; 
R, radius of specimen ; 
T, temperature; 
z, axial coordinate of cylinder. 

Greek symbols 

~., positive roots of equation J1 (ct) = 0; 
z, time; 
Zo.s, time required for the outside sample surface 

to reach half of the maximum temperature 
rise; 

p, density; 
2, thermal conductivity. 

1. I N T R O D U C T I O N  

A KNOWLEDGE of temperature dependence of thermal 
diffusivity and conductivity is important for tempera- 
ture field modelling in the liquid electrolyte during the 
aluminium electrolysis process. Available experimental 
data differ greatly from each other and are of little use 
when the values are needed for direct calculations. 

The inconsistencies of the data are caused by the 
strong influence of some factors, such as variations of 
chemical composition of the electrolyte, or difficulties 
in achieving sufficiently high accuracy of measure- 
ments. The high temperature (above 1200 K) and rapid 
corrosion of the apparatus caused by the electrolyte 
decomposition also impede reproducible results. 
Therefore any method used should be rather fast. This 
is the advantage of the Parker et al. impulse method 
[1], which was originally designed for solids. This 
paper describes an alternative technique using a 
cylindrical geometry (in the Parker method flat speci- 
mens are used) and is perhaps more suitable for liquids. 
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FIG. 1. General scheme of the assumed geometry of the model. 
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2. MATHEMATICAL FORMULATION OF 
THE PROPOSED METHOD 

Let us consider an initial-boundary value problem 
for an infinite cylinder (Fig. 1). 

A linear pulse heat source, viz. a thin electrically 
heated wire, was located along a specimen axis. A short 
heat pulse caused a sudden rise of temperature in the 
vicinity of the heat source, The temperature of the 
specimen at a distance r = R was continuously re- 
corded. The diffusivity can be determined directly from 
the analytical solution obtained. The thermal con- 
ductivity can also be calculated if the quantity of heat 
supplied during the pulse is known. 

Let us assume that the specimen temperature-rise is 
small (of a few degrees only). Therefore a linear model 
of the heat transfer process can be applied and the 
influence of the convection neglected. 

The heat conduction in a specimen can be described 
by the differential equation 

[ a 2 r ( r , , )  10T(r,z)] _ OT(r,z) 
a L Or ~ t- r ~ - j  & (1 )  

The solution 
conditions 

of equation (1) for the boundary 

OT(r,'c) ,~R 
Or = 0 (2) 

~T(r, z) ,~o dr = 0 (3) 

and for the initial condition 

T(r,0) = f ( r )  

is of the following form [2] 

2 fro 
T(r, T) = R-T Jo  r'f(r')dr' 

2 % 
+ ~ "  .~1 exp ( -aa2z/R 2) 

Jo(r=JR) f~ ~ J~](a.) r' f (r')J~ 

t Temperature distribution 
. ~  after heat pulse 

Furnace temperature 

Ro 
r 

where =. are zeros of the characteristic equation 

Jl(~) = O. (6) 

It can also be assumed that the instantaneous increase 
�9 of the temperature in the vicinity of the heat source, say 
in a layer Ro thick (Fig. 2) is 

Q 
T(r, O) ~R 2 P% (7) 

and 

T ( r , 0 ) = 0  for re(Ro, R). (8) 

After substituting equations (7) and (8) into (5) we 
obtain 

T(r, z) Q IX + f exp (-a=~/R 2) 
7zR 2 pCp _ . = 1 

Jt[(Ro/e)o~.] Jo(rOtn/R) ~ 
(Ro/R)a. j2(a,) j" (9) 

Applying the Taylor expansion for the function 

Jt[(Ro/R)c,.] 1 [ (eo /e )~ . ]  2 [ (Ro/R)~. ] "  
4 (Ro/R)ot, 2 22 4 2 z 42 6 "'" 

we can confine ourselves to the first term only 

J,  [ (Ro/R)~.]  1 

(Ro/R)ct, 2 

because 

Ro =JR << 1 for i = 1, 2 .... 

(4) Equation (9) then simplifies to the form 

g 
T(r, z) = xR 2 pCp 

x { 1 +  f r 2 2Jo(mffR) -I) e x p l - a ~ , z / R  ~ 1~. (10) 
. =  1 L JotOtn) JJ 

For r --* R we have 

Q 
(5) T(R, ~) - ~R 2 pCp 

x {1 + f expF--aa2.x/R2 1 ~ ] ~  (11) 
.=1 L Jo(=,,)JJ" 
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FIG. 2. Initial temperature distribution. FIG. 3. Relationship of T(R,z) versus Fo. 
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FIG. 4. Block diagram of the measurement system. 

For  z ~ ov we obtain 

O 
T(R,  ~ )  = ~zR2 pc v . 

Introducing the normalized temperature 

T(R,z) = T(R,'c) 
T(R, ~) 

and 

curve T vs z (Fig. 3), and then the thermal diffusivity is 
directly given by equation (16). 

(12) It is evident, that the quantity of the heat transferred 
need only be known if the thermal conductivity has to 
be found. F rom the energy balance equation (12) we 
get 

(13) ~zR 2 pc v T(R ,  z) = Q (17) 

and hence 

Fo = az /R  2 (14) 

we finally get 

2 1 
" F ( R , z ) = I +  ~ e x p V - ~ . F o ~ ] .  (15) 

. = ~ L J o ( a n ) J  

This solution is presented in Fig. 3. 
For  T ( R , z )  = 0.5 we find that Fo = 0.11. Hence 

R 2 Fo 
a = = 0.11R2/'ro.s . (16) 

~ 0 . 5  

The value %.5 can be obtained from the experimental 

g 
pcp = n R  z T (R ,  z) " (18) 

Applying the definition of the heat diffusivity a = 2/pcp 

we finally obtain 

2 = apc v. (19) 

3. THE MEASURING SYSTEM 

The measuring system is shown in Fig. 4. 

4. THE EXPERIMENTAL TECHNIQUE 

The proposed technique was carefully tested for the 

T,K 

a, cm 2 s- x 

Table 1. Experimental data for liquid metals from [3] 

Cu (1) Zn (1) Pb (1) Bi (1) Sn (1) 

1357.6 692.6 600.0 544.6 505 
1400.0 700.0 700.0 600.0 600 
1500.0 800.0 800.0 700.0 700 
1600.0 900.0 900.0 800.0 800 
1700.0 1003.0 1000.0 900.0 900 
1800.0 1000.0 1000 

0.421 0.157 0.0989 0.0809 0.173 
0.427 0.158 0.1140 0.0859 0.189 
0.440 0.179 0.1270 0.0940 0.206 
0.452 0.200 0.1390 0.1020 0.222 
0.463 0.222 0.1500 0.1090 0.237 
0.474 0.1120 0.253 
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FIG. 5. Relation T =  T(z). 

following liquid meta ls :  Cu, Zn,  Pb,  Bi and  Sn. The  
measured  values of the thermal  diffusivity were com- 
pared  with the well-established da ta  given [3], see 
Table  1. The  tempera tures  were 1400 K for Cu and  
873 K for Zn,  Pb,  Bi and  Sn. O u r  results differ by no  

more  than  5% from da ta  given in Table  1, which shows 
a good  degree of  accuracy. 

After val idat ing the  m e t h o d  it was applied to the 
electrolyte 3NaF.A1F3 + 10% wt A1203 at  1273 K. 
The  value of the thermal  diffusivity ob ta ined  was 
0.00228 cm 2 s -  x with scat ter  + 15 %. The  derived 

dependence  7"(R, ~ )=f (Fo)  is shown in Fig. 5. The  
half-t ime per iod %.s was equal  to 3.5 s. 

5. CONCLUSIONS 

This  me thod  can be used for measur ing thermo-  
physical propert ies  of a l iquid electrolyte with the 

scat ter  no t  exceeding __+ 15 %. The  me thod  is part i-  
cularly suitable for liquids. 
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MESURE DES PROPRIETES THERMOPHYSIQUES D'UN ELECTROLYTE LIQUIDE PAR LA 
TECHNIQUE MODIFIEE DU CHOC THERMIQUE 

Resumt--  On prtsente une nouvelle technique de choc thermique pour mesurer la diffusivit6 thermique et la 
conductivit6 d'un 61ectrolyte liquide. La m6thode prtcedemment proposte par Parker et al. [1] pour les 
6prouvettes plates est adaptte ici ~ une gtomttrie cylindrique. 

La formulation mathtmatique, avec des conditions aux limites et initiale approprides, conduit fi une 
solution analytique sur laquelle est bas~e la methode. La technique est appliqude fi quelques mttaux liquides 
bien connus et on obtient une prtcision de 5 pour cent pour les diffusivitts thermiques. On note un 6cart de 15 
pour cent environ pour l'61ectrolyte 3NaF .A1F 3 + A1203 (10% en masse) h 1273 K. 

DIE MESSUNG THERMOPHYSIKALISCHER EIGENSCHAFTEN VON FLLISSIGEN 
ELEKTROLYTEN DURCH EIN MODIFIZIERTES W,~RMEIMPULSVERFAHREN 

Zusammenfassung - -  Es wird ein neues W/irmeimpulsverfahren zur Messung der Temperaturleitzahl und 
der W/irmeleitf/ihigkeit eines fliissigen Elektrolyten beschrieben. Das Verfahren, wie es ursprfinglich yon 
Parker u.a. [ 1] vorgeschlagen wurde, war nur auf ebene Proben anwendbar und wird hier einer zylindrischen 
Geometrie angepagt. Ein theoretischer und mathematischer Ansatz mit entsprechenden Rand- und 
Anfangsbedingungen fiihrt zu einer analytischen L6sung, auf der die vorgeschlagene Methode basiert. Das 
Verfahren wurde an einigen fliissigen Metallen mit gesicherten Stoffwerten erprobt, wobei f/Jr die 
Temperaturleitzahl eine Genauigkeit von 5 % erreicht wurde. Bei einem Elektrolyten aus 

3NaF. AlF 3 + 10Gew % Al20 3 

wurde bei 1273 K eine Streuung von 15% festgestellt. 

FI3MEPEHFI~I TEFIIIO@I,13FIqECKI, IX CBOITICTB )KI4IlKOFO 7)YlEKTPO)IFITA 
C HOMOIIIblO YCOBEPIUEHCTBOBAHHOITI METOjIFIKFI TEI-IJ-IOBOFO FIMFIY3-IbCA 

A u n o r a u u  - -  B pa6oTe npejacTaanena MeTO~anKa xennoBoro nMnynbca ~na 1,13MepeHl,Dl TeMnepaTypo- 
npoao~InOCTZ, 114 Ten.r/orlpoao;lnocTrl xxmaroro 9.qe~TponaTa. Flepaonana.qbuo npe~zaox~e,naa HaprepoM 
rt ~p. [13], oaa ncno~lbaoBa~acb B naMepeHnaX ~a~ otpa3uoa c nnocrofi reoMeTpnefi, a a ~armoM 
cnyqae npncnoco6aena ann llrtann~apI~qecrnx qbopM. 

TeopeTnqecraa ri MaTeMaTH~ecras dpopMynxpoara npn COOTBeTCTBeHHO 3aaannblX rpannqnb~x n 
naqanbHux ycaoarisx npnaO~HT r anasmTa,~eCKOMy petuenmo, ua rOTOpOM 6a3npyeTcs npe~a ra -  
eMblfi MeTOIL MeTo.~nKa onpo6apoBaaac,, Ha pa~e x a a r a x  MeTaanoa c xopomo I, IaBeCTHblMil 
3aaqeanaMa CBOfiCTS n npn onpeaeaennn roaqbOpnarienToB TeMnepaTyponpoaollaocTn nora3a.aa 
TOqHOCTb nopa~ra 5%. ~aa  3aerTponaTa 3NaF.AIFa + 10% no secy AI203 npn 1273 K 8a6mo- 

/laeTca paa6poc ogono 15 %. 


