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An experimental  method for the determinat ion of the thermal  conductivity in heat t ransfer  between 
a cooling eas t inganda  eoatedplate is described;  the scope for use of the method is considered.  

The nonmetallic mater ia l s  in molds, including facings, are  heterogeneous sys tems that consist of 
grains  of r e f r a c t o r y  mater ia l  almost  out of contact and a matr ix  in the form of gas-fi lIed pores  and binding 
agent [1]. The thermal  conductivity of such a mater ia l  is substantially dependent on the metal being cast; 
the latter affects the tempera ture  distribution within the mold and hence the gas conditions that apply, i . e . ,  
the gas composit ion in the pores .  The thermal  loading on the mold is complicated, on account of the rapid 
t empera tu re  change and the heat re leased  by the phase t ransi t ions in the casting, and useful information 
on the thermal  eonduetivities of the nonmetallic par t  for the mold can be obtained onty by tes ts  involving 
thermal  interact ion between the mold and the molten mater ia l .  The electr ical  heater commonly used to 
measure  thermal  eonduetivities cannot provide the rea l  thermal- loading conditions in a mold. These fea-  
tu res  make the method descr ibed below of some interest  in determining the thermal  conduetivities of fac-  
ings, since it is based on measur ing  the tempera ture  distribution in a symmet r iea I ly  faced plate in the 
mold. 

To derive the t empera tu re  distribution symmet r i ca l  in a c ross  section of the plate, the Iat ter  is set 
in the mold in a ver t ica l  position, with identical cavit ies containing molten mater ia l  on both sides; the 
plate is made up of two plates of equal thickness,  which is convenient for insert ing thermoeouples  at va-  
r ious  points within the thickness.  The sys tem was coupled to a ]~PP-09 recording  potent iometer .  

The amount of heat t r ans f e r r ed  by thermal  conductivity in t ime At may be compared  with the amount 
of heat accumulated by the plate in this t ime to give 

)~1 = c2y2X~ (oaf - -  0~i) 11. 

This formula is co r rec t  for a l inear tempera ture  distribution within the coating. The thickness of 
this coating is res t r ic ted ,  and so the t empera tu re  distribution may be taken to be close to that assumed,  as 
shown by Fig. 1. 

We used a copper plate, and the low thermal  conductivity of the facing and high thermal  conductivity 
of the copper meant that the plate was heated only at a low rate ,  so the t empera tu re  difference within the 
thickness of the plate was small  (Fig. 1). This simplified the determinat ion of 0 a. 

TABLE I .  Observed and Calculated Thermal  Conductivi- 
t ies  of Facing Materials  

Coraposition, wt. ok 

K01613 zirconia 
quartz sand concentrate 

97,0 t -- 
95,0 
96,5 [ 

I 98,0 

I 

black bakelite 
graphite powder 

- -  3,0 
~,5 5,0 3,0 

2,0 

~, W/m-deg 

obs. catc. 

0,275 0,32t 
0,4t9 0,372 
0,4t4 0,362 
0,384 -- 

calc. 
error, 

+16,7 
--12,6 
--14,3 
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Fig. 1. Tempera tu re  distribution in a coated copper plate 
on contact with molten aluminum: a) temperature  in 
coating (the numbers  on the curves  are  t imes,  sec); b) 
t empera ture  variat ion in plate and coating in sections I -  
VI. T, ~K; 7, see.  

We find'q? i a n d T  2 f rom the curves; also, At is chosen such that the difference 0 2 f -  02i is at least 
an order  of magnitude grea ter  than the possible e r ro r  of measurement  for the tempera ture .  

In this way we measured  the thermal  conductivities of var ious facing mater ia ls  {Table 1). The ex- 
per iments  were done on cast ings of technically pure aluminum, which was at 933~K on pouring. The facing 
thickness in all cases  was 0.005 m, while the thickness of the copper plate was 0.020 m. 

The matr ix  is a fibrous sys tem consisting of two mutually interpenetrat ing components, the binding 
agent and the pores .  In this connection, the s t ructure  of the facing as a whole should be considered as a 
complex g r a n u l a r - f i b r o u s  sys tem.  A method of calculation has been given for such a sys tem [2], the 
essence of which is to calculate the thermal  conductivity of the matr ix as  for a fibrous body, and then to 
calculate the thermal  conductivity of the matr ix as for a fibrous body, and then to calculate the thermal  
conductivity of the whole s t ruc ture  as for a granular  body. Table 1 gives the resul ts  for k i for these facings; 
the thermal  conductivity of the matr ix was calculated f rom Eq. (11) of [2], while that for the facing as a whole was 
calculated f rom Eq. (6). The conversion f rom the values of the concentration by weight for each component given 
inTable 1 tothe concentra t ionbyvolume,  which is the quantity used in the formulas,  is as follows: 

kiT0 
P~ = 1007----~. " 

The specific volume of the pores  is re la ted to the specific volume of the solid components of the mixture 
by the relat ion 

p~ = I - -  ~'Pi. 

Comparison of the calculated and observed X i shows that the method of calculation gives a quite ac -  
ceptable e r r o r  as r ega rds  these coatings; in order  to select a suitable thermal  conductivity for each of the 
components, the ar i thmet ic  mean of the initial t empera ture  of the plate and the tempera ture  of the cast 
metal may be used. 

C2, ~2 
% o2f 
2X2 

T i, T2 

ki, Pi 
Pn 
7 i, 70 
T 

NOTATION 

is the thermal  conductivity of the coating material ;  
a re  the specific heat capacity and density of the plate material ;  
a re  the initial and final values of the plate t empera ture  averaged over the thickness; 
is the plate thickness; 
a re  the values averaged over the t ime At of the tempera ture  in c ross  sections a distance I l 
apart ;  
a re  the weight and volume concentrat ions of the i - th  component; 
is the volume concentrat ion of pores;  
are  the densit ies of the i - th  component and of the coating; 
is the t ime 
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