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The pulse method is used to study thermal conductivity of a number of organic liquids at atmo- 
spheric pressure. Measurements covered the region of superheated metastable states. 

While the the rmophys ica l  p r o p e r t i e s  of stable liquid s t a t e s ,  in p a r t i c u l a r ,  the t he rma l  conductivity,  have 
been the object  of a quite la rge  number  of s tudies ,  m e a s u r e m e n t s  in me tas tab le  liquid s ta tes  a re  ve ry  few in 
number ,  and this s tate  range is p rac t i ca l ly  a "blank page ~ for  exper imenta l  phys ic i s t s .  This  si tuation is ev i -  
dently connected with the expe r imen ta l  diff icul t ies  c rea ted  by liquid instabil i ty on the sa tura t ion  line. 

The f i r s t  expe r imen ta l  studies of the t h e rma l  conductivity of superhea ted  liquids we re  repor ted  in [1]. 
The authors  studied the the rma l  conductivity of n-hexane and n-heptane at superhea ts  f r o m  the equi l ibr ium 
boiling point to 55~ and exper imenta l ly  demons t r a t ed  the poss ibi l i ty  of ex t rapola t ing  thermal -conduc t iv i ty  
data f r o m  the stable region beyond the sa tura t ion  line. 

The p r e s e n t  study is a fu r the r  invest igat ion of the t he rma l  conductivity of superhea ted  liquids. Metho- 
dological ly,  it is a development  of [2], which was an exper imenta l  study of the t he rma l  act ivi ty of liquids in 
the metas tab le  region. The method of [2] is based on the use of two voltage pulses  acting on a r e s i s t i v e  e l e -  
ment  located within the liquid under study. The f i r s t  pulse ,  which we t e r m  the heat ing pulse ,  heats  the r e s i s -  
tive e lement  and a thin l aye r  of liquid adjacent  to the e lement  to a control led t e m p e r a t u r e  g r e a t e r  than the 
equi l ibr ium boiling point of the liquid. Before  the complet ion of this pulse ,  a second pulse is applied to the 
r e s i s t i ve  e l emen t  - the m e a s u r e m e n t  pulse - by means  of which the the rmophys ica l  p a r a m e t e r  value is d e t e r -  
mined,  using nonsta t ionary  m e a s u r e m e n t  in an i r r e g u l a r  t he rma l  reg ime .  The durat ion of the m e a s u r e m e n t  
pulse is s ignif icantly l ess  than that of the heat ing pulse.  The i r  ra t io  is chosen such that the t e m p e r a t u r e  field 
genera ted  by the heat ing pulse is " f rozen"  in compar i son  to the m e a s u r e m e n t - p u l s e  t e m p e r a t u r e  field. Another  
condition also affect ing accu racy  of the m e a s u r e m e n t s  is that the diffusion length of the hea t ing-pulse  t e m -  
pe r a tu r e  field mus t  s ignif icantly exceed the cor responding  cha rac t e r i s t i c  of the m e a s u r e m e n t  pulse.  In that  
case it is jus t i f iable  to identify the r e s i s t i ve  e l emen t  t e m p e r a t u r e  with the t e m p e r a t u r e  of the liquid l ayer  in 
which m e a s u r e m e n t s  a re  pe r fo rmed .  

The t r ans fo rma t ion  f rom m e a s u r e m e n t  of t he rma l  act ivi ty by the method descr ibed  to de te rmina t ion  of 
t he rma l  conductivity is accompl i shed  by replac ing  the p lanar  r e s i s t i ve  e l emen t  with a l inear  one (fine wire) .  
The expe r imen ta l  appara tus  and technique r ema in  unchanged; however ,  in the fo rmulas  of [2] we rep lace  t h e r -  
mal  act ivi ty by the rma l  conductivity (the t he rma l  act ivi ty of the subs t ra te  by the the rma l  conductivity of the 
liquid under study). It  should be noted that the method of nonsta t ionary  m e a s u r e m e n t  in an i r r e g u l a r  t he rma l  
r eg ime  by pulsed heating of a wi re  by an e lec t r i ca l  cu r ren t  is quite well  developed and studied (for example ,  
in [3, 4]). 

A necessary condition for study of superheated liquids with this method is the brevity of the measure- 
ment pulse. In this case the duration of the heating pulse can be set sufficiently low, with sufficiently rapid 
liquid heating, such that the liquid is superheated without boiling above the equilibrium boiling point. Since the 
duration of the measurement pulse is limited by the intrinsic heat capacity of the heat source, it is desirable 
to use a wire of limitingly small radius. 

Platinum wires with a radius of 10 -6 m were used. The probes constructed with these wires were de- 
scribed in [4]. Measurement and heating-pulse durations comprised 0.15.10 -3 and 15.10 -3 sec, respectively, 
i.e., their ratio was 1:100. The resistive elements had a length of 4-6 ram, and their maximum superheating 
during action of the measurement pulse did not exceed 5~ Analytical grade toluene was used as a reference; 
its heat-capacity values in the stable region were used as a comparison [5]. 
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TABLE i. Thermophysical Properties of Liquids 
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The  ~ins tantaneous"  t e m p e r a t u r e  ( res i s tance)  of the r e s i s t i v e  e l e m e n t  in the m e a s u r e m e n t  p robe  was  
d e t e r m i n e d  th rough  ca lcu la t ions  f r o m  the condit ion of  " ins tan taneous"  ba lance  of the b r idge ,  but in c o n t r a s t  
to [2], ba lance  was  ach ieved  by v a r y i n g  the r e s i s t a n c e  of a p o t e n t i o m e t e r  loca ted  outs ide  the compensa t i on  
probe .  In this  ca se ,  as  the br idge  is being ba lanced ,  the c u r r e n t  in the m e a s u r e m e n t  a r m  does  not v a r y ,  and 
the hea t ing  of  the r e s i s t i v e  e l e m e n t  in tha t  a r m  r e m a i n s  the same  as  in the ac t ion of a p a i r  of p u l s e s ,  i .e . ,  in 
the t h e r m a l - c o n d u c t i v i t y  m e a s u r e m e n t s .  

The t h e r m a l  conduct iv i ty  of  a n u m b e r  of o rgan i c  l iquids of ana ly t ica l  and chemica l ly  pure  g rades  was  
s tudied.  M e a s u r e m e n t  r e s u l t s  a r e  p r e s e n t e d  in Table  1. The m e a s u r e m e n t  range  began in the s table  reg ion ;  
t e m p e r a t u r e  changes  w e r e  e f fec ted  both by changing the t e m p e r a t u r e  of the t h e r m o s t a t i c  v e s s e l  conta in ing  the 
liquid and by changing the power  of the hea t ing  pulse .  Table  1 a l so  shows the equ i l ib r ium boil ing t e m p e r a t u r e  
of  the l iquids studied (Ts) under  the expe r imen ta l  condi t ions  - a t m o s p h e r i c  p r e s s u r e .  

In ana lyz ing  the m e a s u r e m e n t  unc e r t a i n ty ,  the fol lowing f a c t o r s  w e r e  cons ide red :  in t r ins i c  hea t  capac i ty  
of  the w i r e ,  f inite length of the w i r e ,  unce r t a in ty  in compensa t ion  indicat ion,  and t e m p e r a t u r e  f ield of hea t ing  
pulse ,  tn  e s t i m a t i n g  the e r r o r  gene ra ted  by the f i r s t  two f a c t o r s ,  the r e su l t s  of [3] w e r e  used;  the p r e s e n c e  
of a compensa t ion  d i f fe rence  c i r cu i t  r educ ing  m e a s u r e m e n t  e r r o r  was  cons ide red .  The r e su l t i ng  m a x i m u m  
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Fig. 1. T h e r m a l  conductivity of benzyl chloride 
and toluene: 1) benzyl chloride;  2) toluene; 3) r e f -  
e r ence  data on toluene [5]; T ,  ~ k, W / m .  ~ 

m e a s u r e m e n t  e r r o r ,  without considera t ion  of s y s t e m a t i c  e r r o r  produced by uncer ta in ty  in the p rope r t i e s  of the 
r e f e r ence  liquid, did not exceed 3%. Data sca t t e r ing  in the expe r imen t s  did not exceed 2%. 

The max imum  liquid superhea t  in re la t ion to normal  boiling point reached  100~ (for benzene,  dioxane,  
and t r ichloroethane) .  F ac t o r s  pe rmi t t ing  the ach ievement  of such high superheat ing  were  the brevi ty  of the 
heat ing,  the smal l  volume of the superhea ted  liquid, and, f inally,  the smal l  sur face  a r ea  of the wi re  border ing  
on the liquid. This  sur face  s e r v e s  as a source  of a r t i f ic ia l  v a p o r - f o r m a t i o n  cen te rs .  

The the rmal -conduc t iv i ty  m e a s u r e m e n t  range was l imited above by liquid boiling. The boiling p r o c e s s  
was c lea r ly  expres sed .  At the momen t  of boiling the wi re  t e m p e r a t u r e  dec rea sed  sharp ly ,  a f ter  which i r r e g u -  
la r  t e m p e r a t u r e  osci l la t ions  were  observed.  As a ru le ,  even when opera t ing with one s enso r ,  the boiling t e m -  
pe r a tu r e  was not reproducib le  for  a sequence of identical  pulses  applied to the br idge ,  although for  a t ra in  of 
3-5 pulses  reproducibi l i ty  did occur  often. This  nonreproducibi l i ty  compl ica ted the thermal -conduc t iv i ty  study 
in the vicini ty of the boiling t e m p e r a t u r e .  Also noted was a r i se  in the rma l  conductivity before boiling. Figure  
1 shows the r e su l t s  of the rmal -conduc t iv i ty  m e a s u r e m e n t s  for  benzyl chloride and toluene,  including the p r e -  
boiling region. The growth in the rma l  conductivity in this region is i r r e g u l a r  in nature .  This  is evidently be -  
cause even before  explosive boiling, the liquid contains t r a ce s  of nucleation accompanied  by heat  absorpt ion.  
The p r e sence  of heat  sinks in the liquid volume diminishes  the t e m p e r a t u r e  inc rease  of the wi re  as it is heated 
somewhat ,  leading to m e a s u r e d  hea t - capac i ty  values  which are  too high. 

Resul ts  of the rmal -conduc t iv i ty  studies in the metas tab le  region show that the dependence of t he rma l  
conductivity on t e m p e r a t u r e  is close to the analogous dependence on the sa tura t ion  l ine,  within the l imi t s  of 
exper imenta l  e r r o r .  In p a r t i c u l a r ,  Fig. i compa re s  exper imen ta l  data for  toluene with data f rom [5] c h a r a c -  
te r iz ing  the sa tura t ion  line. 

Toge ther  with t h e r m a l  conductivity,  Table  i shows t he rma l  act ivi ty (e) values  m e a s u r e d  in accordance  
with [2] for  the va r ious  liquids. The t e m p e r a t u r e  range  of these m e a s u r e m e n t s  is 20-110~ For  a number  
of liquids - benzene,  cyclohexane,  carbon t e t r ach lo r ide ,  t r i ch loroe thane ,  and dioxane - the m e a s u r e m e n t s  
encompassed  the superhea ted  s tate  with a m a x i m u m  heating above normal  boiling point of about 30~ The 
e r r o r  in e m e a s u r e m e n t ,  without considera t ion of sy s t ema t i c  e r r o r  in the p rope r t i e s  of the r e f e r ence  liquid 
(toluene), does  not exceed 2%. 

It  is evident  f r o m  Table  1 that upon t rans i t ion through the equi l ibr ium boiling point the t e m p e r a t u r e  de -  
pendences of the the rmophys ica l  c h a r a c t e r i s t i c s  studied mainta ins  a smooth cha rac t e r ;  this fact  conf i rms  the 
val idi ty of ex t rapola t ing  exper imen ta l  data f rom the stable region where  it was obtained to the metas tab le  r e -  
gion. This a s sumpt ion  is valid for  suff icient ly la rge  penet ra t ion  depths into the me tas t ab le  region.  However,  
there  do r e m a i n  unaecess ib le  to the p re sen t  study fu r the r  r emoved  and theore t ica l ly  m o r e  in te res t ing  regions  
of the me tas t ab le  state,  including the spinodal region.  This l imi ta t ion exis ts  because  of liquid boil ing on a r t i -  
f icial  v a p o r - f o r m a t i o n  cen t e r s .  

The analys is  of [6] r evea l s  that suppress ion  of boiling at  such cen te rs  is poss ib le  upon rea l iza t ion  of a 
shock heating of the meta l  wi re  m o r e  rapid than that used in the p r e s e n t  study. This ,  in turn ,  p r e supposes  
the use of heat  sources  with lower  in t r ins ic  heat  capaci ty ,  i .e . ,  use of a wi re  of s m a l l e r  radius  (es t imates  
indicate reduct ion by a fac tor  of about three) .  

The possibilities of the method described are not limited to superheated liquids; it may be used to estab- 
lish the temperature dependence of thermal conductivity and to study the thermal conductivity of liquid systems 
which do not tolerate lengthy stationary heating. 
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T s is the equi l ibr ium boiling t e m p e r a t u r e ;  
k is the conductivity; 
e is the t he rma l  act ivi ty  coefficient;  
Pc is the vo lumet r i c  hea t  capacity.  
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A pulse method for  m e a s u r i n g  the t he rma l  diffusivity of semi- inf in i te  spec imens  is descr ibed .  
Resul t s  of the rmal -d i f fus iv i ty  m e a s u r e m e n t s  on i ron and tin a r e  p resen ted .  

The p r e s e n t  authors  have prev ious ly  desc r ibed  a pulse method of m e a s u r i n g  the t he rma l  diffusivity of 
me ta l s  [1, 2] useful  for  spec imens  of hemisphe r i ca l  fo rm.  For  thin p l ane -pa ra l l e l  p la tes  the wel l -known 
method p resen ted  by P a r k e r  et  al. [3-5] is usual ly  used. However ,  in many cases  crea t ion  of spec imens  with 
such geomet ry  is diff icult ,  and i t  is of g rea t  i n t e r e s t  to consider  the poss ib i l i ty  of using the pulse method for  
m e a s u r e m e n t  of the t h e r m a l  diffusivity of spec imens  of the s imp le s t  f o r m  - a semi- inf in i te  m a s s .  Use of 
powerful  po in t - l a se r  sources  p e r m i t s  a quite s imple  solution of this p rob lem in pr inciple .  

The genera l  solution of the the rmal -conduc t iv i ty  different ia l  equation 

OT (x, y, z, "~) = av2T (x, y, z, "~) (1) 
Or 

f o r - ~ <  x,  y ,  < ~ ,  0 < z < ~ ,  and T > 0wi th  initial 

�9 0=0, T(x,  y, z, ~ ) = 0  

and boundary ,_ 
T(co, y, z, ~)-----T(x, oo, z, x)----T(x, y, oo, ~ ) =  0, 

O T ( •  y, z, x) OT(x, • z, "0 OT(x, y, oo, .~ 0 
Ox Oy Oz 

conditions for  an instantaneous hea t  source  at  a point (xt, Yl, zt) on the sur face  of a s e m i - i n f i n i t e - m a s s  
spec imen  is given by the function [6, 7] 

qo exp [ _  ( x - - x , )~+(Y  - y , ) 2 + ( z - z t ) 2  ] 
T (x, y, z, ~; xi, Yt, z t ) : "  8 (~a~c)a/2cpp 4a~ " 

(2) 
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