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The tempera ture  distribution in a hemispher ical  sample with a point source (sink) is obtained 
for  the case where the heat is supplied in the form of a pulse of finite length. The resul ts  
of measurement  of the thermal  diffusivity of solid and liquid bismuth are  presented.  

A method of measur ing  the thermal  diffusivity of samples of hemispher ical  shape was descr ibed by 
us ea r l i e r  [1]. The heat pulse was produced by a water  drop at the center  of a hemispher ica l  crucible with 
solid or liquid metal .  A sensor  (thermocouple) was placed at a cer ta in  distance f rom the center .  The 
thermal  diffusivity of the metal  was determined f rom the time lag of the thermocouple signal 

Fo I R ~ 

a - - ,  (1) 
T I  

T 

where Fol/2 is the Four ie r  number (nondimensional t i m e ) ;  R is the radius of the crucible;  and ~'1/2 is the 
t ime taken for the signal to reach one half of its maximum value. 

The computational formulas  for the thermal  diffusivity Were obtained f rom the solution of the heat 
conduction equation for  the hemispher ical  sample with an instantaneous heat source (sink). It is meaning- 
ful to extend the solution of heat conduction equation to the case where the heat is supplied in the form of 
a pulse of length z ' .  We assume that the supplied heat flux is determined by the difference of two-step 

functions rh(t) and ~2(t-r')" 

q (t) = q0 [~h it) - -  ~h~e-T,)]" (2) 

The solution for this ease is  obtained by integrating the express ion for the tempera ture  over the instan-  
taneous hemispher ica l  source of radius r '  and energy q0 acting in a hemisphere  of radius R. When there 
is no heat t r ans fe r  to the surface (Bi = 0, this express ion has the form (for example, see [3]) 
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Integrating (3) with respec t  to time we get 
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Fig. 2 

dependence of the tempera ture  for the case  when the reference  s ig-  
nal is in the form of a pulse with finite duration: continuous line) pulse of 0.2 sec 
duration; dashes) instantaneous source .  

Fig.  2. Dependence of the time lag of the tempera ture  signal on the thermal  dif-  
fusivity. 
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Fig. 3. Results  of measu remen t  
of thermal  diffusivity of bismuth: 
1) our resu l t s ;  2) data f rom [2]. 
a �9 104, m2/sec;  T, ~ 

where ~n are  the positive roots  of the charac te r i s t i c  equation 

~t,~R ctg~t, ,R- 1 =: 0. (5) 

The f i rs t  six roots  of Eq. (5) have been tabulated (for example, 
see [3, 4]). 

For  T' --* 0 solution (4) for  the tempera ture  distribution in 
the case of a finite length pulse goes over into (3); this can be 
shown by removing the indeterminacy in l 'Hopital rule. The time 
dependence of the tempera ture  was computed in accordance with 
(4) on Minsk-22 computer ;  the resul ts  are  shown in Fig. 1. The 
following values were used in the computations: T' = 0.2 sec, 
r '  = 4 m m ,  r / R  =0.5 ,  a = 0 . 1 5 c m 2 / s e c ,  R = 2 5 m m .  A c o m p a r i -  
son of this dependence with the corresponding dependence for the 
case of instantaneous source showed that the use of the lat ter  gives 
an e r r o r  of about 5% in the values of thermal  diffusivity not exceed- 
ing 0.07 cm2/sec .  

The pa ramet r i c  dependences of a on "rl/2 (r /R = const), shown 
in Fig. 2, were constructed for computing the thermal  diffusivity. 

The thermal  diffusivity of pure bismuth (99.98%) in solid and liquid states was investigated. The 
scheme of the equipment used for this investigation was s imi lar  to that descr ibed in [1]. The temperature  
was measured  by a Chromel -Alumel  thermocouple with thermal  e lect rodes  of 0.2 mm diameter .  The in- 
vest igated mater ia l  was placed in a spherical  porcelain crucible with radius R = 25 mm. The tempera ture  
signal was amplified by an 1-37 amplif ier  and was recorded  on tape of a h igh-response  N-320 r eco rde r .  
The values of ~'~/2 were determined f rom the the rmograms  and the thermal  diffusivity was determined 
f rom them using the curves  shown in Fig.  2. The resul ts  thus obtained are  shown in Fig. 3. The averaged 
data [2] are  also shown in Fig. 3; the difference between these and our resul ts  does not exceed 5%. The 
overal l  e r r o r  in the determinat ion of the thermal  diffusivity is made up of the e r r o r s  d u e t o  the inertia of 
the thermocouple,  the inaccuracy in the determination of the position and dimensions of the thermocouple,  
and also the e r r o r  due to the neglect of the heat t r ans fe r  to the surface.  These components of the e r r o r  
have been es t imated in [1]. The main contribution to the e r r o r  came f rom neglecting the finite length of 
the pulse f rom the source .  The use of computational equation (4), which takes account of the finite length 
of the pulse, permi t ted  a significant improvement  of the computations and reduced the overal l  e r r o r  which 
is now about 5%. 

Thus an examination of the resul ts  shows that the method of hemisphere  with heat sink at the center  
may serve  as the bas is  for  a simple and rel iable method of determining the thermal  diffusivity of solid 
and liquid metals  in a wide range of t empera tu res .  However, for  h igh- tempera ture  investigations it is 
neces sa ry  to consider  additional cor rec t ions  (or their  p roper  elimination) related to thermal  radiation 
f rom an open surface.  
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is the temperature; 
i s  the energy of the pulse, J; 
is the radius of the crucible; 
is the radius of the source; 
is the specific heat, J /kg .~ 
is the density, kg/m3; 
are the times; 
is the pulse length; 
is the time taken for the temperature signal to reach one half of the maximum value. 
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