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A nonstationary method allowing simultaneous determination of the 
thermal conductivity and diffusivity of metals using an electronic 
heater is described. 

Because of the need to inves t iga te  the rmophys iea l  
p rope r t i e s  over  a wide t e m p e r a t u r e  range,  it is ve ry  
impor tan t  to develop nons ta t ionary  methods which 
allow de te rmina t ion  in a s ingle  exper iment  of the t e m -  
p e r a t u r e  dependence of one the rmophys ica l  p roper ty  
or another .  Natura l ly ,  methods which afford the maxi -  
mum informat ion  about the p rope r t i e s  of the spec imen  
in a s ingle  expe r imen t  a re  the mos t  a t t rac t ive .  An-  
other  r ea l  cons ide ra t ion  is  the need to devise  methods 
that use  a convenient  means  of heat ing the spec imen  
and gene ra t ing  a constant  heat flux through it, i . e . ,  
an e lec t ron ic  hea te r .  

These  cons ide ra t ions  have led to a new method of 
s imul taneous  de t e rmina t ion  of t he rma l  conductivi ty 
and diffusivity of meta l s ,  based on the solut ion of the 
uns teady heat  conduction p rob lem with boundary con-  
di t ions of the second kind for a s e m i - i n f i n i t e  rod. 

A s e m i - i n f i n i t e  rod with un i form t e m p e r a t u r e  d i s -  
t r ibu t ion  at t ime  zero is  heated by a cons tant  heat 
flux of value qe = const .  The t e m p e r a t u r e  va r i e s  in 
one d i rec t ion .  The equat ion of heat propagat ion in 
this case  has the form 

Ot (x, ~) 0 2 (x, ~) a - -  (~>0,  O < x < ~ ) ,  (1) 
O T Ox 2 

t (x, O) = to : cons t ,  (2) 

~. Ol(O, +~.____~) + q e = O ,  (3)  
Ox 

t ( ~ ,  T)=to, (4) 

Ot(~,  ~) =0. (5) 
Ox 

The t e m p e r a t u r e  d i s t r ibu t ion  along the rod has the 

f&m [11 

2qe l/a-~T ierie 2 x t (x, to : - 7 -  (6) 

Solution (6) is valid for the case when there  a re  no 
energy  losses  f rom the side sur faces  of the spec imen .  
When there  a re  such losses ,  we have, ins tead  of (1), 

O~t Ot + a - - + c t = O ,  (7) 

and boundary  condit ion (3) mus t  be rep laced  by 

k Ot(O' x) +qe__ct=O,  (3a) 
Ox 

where  the t e r m  ct takes account  of all  poss ib le  energy  
losses  in the given exper imen t .  

Equation (7) may be reduced to (1) by the subs t i tu -  

t ion [2] 

t = exp(--cT) t(x, "0, (8) 

and f rom (7), (8), and (1) we find 

t(x, "O--to = 2qeexp(--c~)~. ]/-a-TT ieric 2 1/------~x (9) 

Equation (9) may be wr i t t en  for convenience  in the 

form 

t(x, ~) - -  to = 2q eex p (-- c +) . ] - -  [ex p I-- (x/2 | /~ )~]  
~, va.~ I -~7- - -  

+ (  x)/ 
2 V ~  1 - -  erf 2 V-a -~  " 

X X 
When - -  -<. 0.1, we may neglec t  the t e r m  .__• 

2 V~a7 2 +lax 

X ( err X ) 2 ~T~-~ with an accuracy  of 1%, and we may 

[ cons ider  the t e r m  1 exp - -  equal to 

1 / ' ~ ,  s ince  the exponent  is c lose  to zero .  Since the 
the rmal  di f fus ivi t ies  of me ta l s  a re  large ,  it is easy  
to choose x such that the t e r m  x/2-~a--r will  always be 
less  than 0.1~ Instead of (10) therefore ,  we may use  
the s i m p l e r  express ion  

t(x, T) - - to -  qeexp(--cT) ( l/~_ - - x  ). (11) 

By m e a s u r i n g  the dependence of t e m p e r a t u r e  on 
t ime  at three  points on the spec imen,  we may de t e r -  
mine  f rom (11) va lues  of diffusivity,  conductivi ty,  
and the co r rec t ion  coeff ic ient  c at the same t e m p e r a -  

ture:  

1/a_ + ]/-~ x2exp(--cr+_)--&exp(--cq)  
2 l , , 'T2exp(-c 'c~) - -V~exp(-cx l )  

, ( 12 )  

7. = q.+exp(--CT,) (t -r,/T.. x.,--x,) (13) 

t (1-- exp l--c(~l -- ~)] V q 'T.., I 
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Main features of the equipment for simultaneous measurement of ther- 
mal conductivity and dtffuslvity of metals using an electronic heater: 
VS--voltage stabilizer; SVR--single-phase voltage regulator; TH--heater 
transformer; C--cathode; VC--vacuum chamber; S--specimen; KV--kllo- 
voltmeter; GFR--gas-fllled rectifier; SUT--step-up transformer; AT-- 

autotransformer. 
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= exp (c-~,) ( l f l ~ x 2 - - ] / - ~ x a )  - -  exp (-- c.2) • 

(14) 

The method outlined allows the thermal conductivity 
and dif~sivi ty  to be measured using various means of 
creating a constant heat flux along the specimen 
(lasers,  laboratory projector  lamps, electronic 
heaters,  etc.) .  The figure shows one possible var i -  
ant using an electronic heater .  The equipmentworks 
on the principle of a tube diode, in which the anode 
(the specimen) is heated by the flux of electrons 
emitted from the heated cathode. The three-phase 
high-voltage rect i f ier  is hooked up to the six gas-  
filled rec t i f iers  in a Larionov bridge circuit .  The 
heater  power is measured with a kilovoltmeter and 
mil l iameter .  Temperature  is measured by recording 
it at three points, with a potentiometric recorder  
(at low temperatures)  or with a pyrometer  or photo- 
graphic method (at high temperatures) .  The speci-  
men propert ies  are  determined by analyzing the 
l=}(r) curves obtained from (14), (12), and (13). 

NOTATION 

qe--heat flux density; t - - t empera ture ;x- -d i s tance  
to thermocouple ; -r--heating t ime;  t0--temperature at 
time zero;  X--thermal conductivity of material  ex- 
amined; a- - thermal  diffusivity of mater ia l ;  c - -co-  
efficient describing the energy losses ; xl, x2, x 3 -  
distance to first ,  second, and third thermocoupies,  
respectively;  71, 72, 73--times during which specimen 
is heated to temperature t at points xl, x2, x~, respec t -  
ively. 
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