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This  is  an examinat ion of the h e a t e d - p r o b e  method used  in studying the t he rmophys i ca l  c h a r -  
a c t e r i s t i c s  of v i scous  l iquids over  a wide t e m p e r a t u r e  range,  under  the p r e s s u r e  of s a t u r a -  
ted vapo r s  in a c losed  space .  The r e s u l t s  of the inves t iga t ion  a r e  given.  

The de te rmina t ion  of t h e r m o p h y s i c a l  p r o p e r t i e s  of l iquids is  a s s o c i a t e d  with a number  of d i f f icul t ies  
which a r i s e  p r i m a r i l y  in the fo rmula t ion  of the expe r imen t .  In this  pape r  we p ropose  the u t i l i za t ion  of p robe  
methods which a r e  widely  used  [4] in de te rmin ing  the t he rmophys i ea l  c h a r a c t e r i s t i c s  of such m a t e r i a l s  as 
l iquids,  powders ,  so i l s  under  na tu ra l  condit ions,  ba sa l t  rocks ,  etc.  The p robe  method is convenient  for  
p r a c t i c a l  pu rposes ,  s ince  it does not r e q u i r e  the p r e p a r a t i o n  of complex  measu r ing  appara tus ,  it  i s  v e r y  
s imp le  to fabr ica te ,  and we l l -deve loped  fo rmu la s  a r e  ava i l ab le  for  the de te rmina t ion  of the coeff ic ient  of 
t h e r m a l  conduct ivi ty .  

We employed the h e a t e d - p r o b e  method to de t e rmine  the t he rmophys i ea l  c h a r a c t e r i s t i c s  of l iquids over  
a b r o a d  t e m p e r a t u r e  range  f rom 20-180 ~ C and at the high p r e s s u r e s  p roduced  by l iquid vapo r s  heated in a 

c losed  v e s s e l .  

In der iv ing  the ca lcu la t ion  fo rmu la s  for  the de te rmina t ion  of the coeff ic ients  of t h e r m a l  conductivity,  
t h e r m a l  diffusivity,  and spec i f ic  heat  capac i ty  we employed a p r o b l e m  [1, 2] which d e s c r i b e s  the p r o p a g a -  
t ion of heat  by a l i nea r  heat  source  in a continuous medium.  

It is  a s s u m e d  that  the cy l inde r  is  made  f rom an idea l  conductor ,  that  it  has  a r ad ius  r, and that  it  is  
su r rounded  by an unbounded medium; at T > 0 a quanti ty of heat  equal to q is  l i be r a t ed  p e r  unit t ime  p e r  
unit  length, and the in i t ia l  t e m p e r a t u r e  of the en t i r e  s y s t e m  is  equal to ze ro .  

The t e m p e r a t u r e  f ie ld  of the space is  d e s c r i b e d  by the equation 

at ( O~t . 1 Or) 
- -  = a , ( 1 )  

O~ ~ + x Ox 

where  t is  the t e m p e r a t u r e ;  r is  the t ime ;  and x is  the r a d i a l  d is tance  f rom the l i nea r  heat  sou rce .  

F o r  the solut ion [1] of Eq. (1) we have 

t =  q 
4hE 

Expre s s ion  (2) can be wr i t t en  in the fo rm 

0 

(2) 

l 
Y 

t =  4n~q t '  ey4Y dY, (3) 

0 

where  the v a r i a b l e  Y = a~'/x 2. 
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Since i t  i s  i m p o s s i b l e  to  e x p r e s s  the  i n t e g r a l  in (3) in e l e m e n t a r y  func t ions ,  
s e r i e s ,  so  tha t  (3) a s s u m e s  the  f o r m  

Y 

4a~ Y Y~ '~ 32Y a 
0 

f r o m  which  

t =  q / l n Y +  1 1 _}_... 
4n~ [ 4Y 64Y ~ 

we wi l l  expand  e -ff4Y in 

(4) 

(5) 

We s e e  f r o m  an a n a l y s i s  of (5) tha t  fo r  l a r g e  r the  fo l lowing  a p p r o x i m a t i o n  i s  va l i d :  

t = q lnY. (6) 
4~s 

We can  d e r i v e  the  t h e o r e t i c a l  f o r m u l a  fo r  the  d e t e r m i n a t i o n  of the  c o e f f i c i e n t  of t h e r m a l  c o n d u c t i v i t y  f r o m  
(6). 

Indeed, for certain rather large time intervals ~i and T 2 satisfying (6), i.e., when the temperature 
curve is close to the logarithmic and before the steady-state heating regime for the medium has set in, we 
can  w r i t e  the  r e s p e c t i v e  t e m p e r a t u r e  v a l u e s  a s  fo l lows :  

t i = q In a% (7) 
4~/, x 2 ' 

t 2=  q In a% (8) 
4 a ) ~  x 2 

H e r e  we have  in m i n d  the  t e m p e r a t u r e  at  the  i d e n t i c a l  point ,  s i t u a t e d  a t  a r a d i a l  d i s t a n c e  x f r o m  the  l i n e a r  
hea t  s o u r c e .  

Then  

q (In a'r~--ln a~) (9) t 2 -- t~ ~ ~ x 2 X2 , 

o r  

qln T~ 
At - ~i (I0) 

4n~ ' 

wh enc e 

qln -r~ 

4a, At 
(ii) 

C o n s i d e r i n g  the  t h e r m a l  l o s s e s  and the  t h e r m a l  c o n t a c t  r e s i s t a n c e  of the  p r o b e  i t s e l f ,  i t  i s  n e c e s s a r y  
tha t  we i n t r o d u c e  in to  (11) s o m e  c o r r e c t i o n  f a c t o r  which  i s  c o n s t a n t  fo r  t h i s  p r o b e .  F i n a l l y ,  the  t h e o r e t i c a l  
f o r m u l a  f o r  t he  d e t e r m i n a t i o n  of the  c o e f f i c i e n t  of t h e r m a l  c o n d u c t i v i t y  has  the  f o r m  

qln ~ 
% (12) 

= ~ 4nAt 

The  p r o b e  c o n s t a n t  fl i s  d e t e r m i n e d  by  i t s  p r e l i m i n a r y  c a l i b r a t i o n  on the  b a s i s  of s t a n d a r d  l i q u i d s .  

Thus ,  the  d e t e r m i n a t i o n  of the  c o e f f i c i e n t  of t h e r m a l  c o n d u c t i v i t y  by  the  h e a t e d - p r o b e  m e t h o d  i n v o l v e s  no 
p a r t i c u l a r  d i f f i c u l t i e s  and y i e l d s  c o m p l e t e l y  s a t i s f a c t o r y  r e s u l t s .  Howeve r ,  in a c t u a l  p r a c t i e e  i t  i s  n e c e s s a r y  to 
know the f r equency ,  the  c o e f f i e i e n t  of t h e r m a l  d i f f u s i v i t y  and the  s p e c i f i c  h e a t  c a p a c i t y  of t he  m a t e r i a l .  In th i s  
p a p e r  we p r o p o s e  an e x p e r i m e n t a l  f o r m u l a  fo r  the  d e t e r m i n a t i o n  of the  c o e f f i c i e n t  of t h e r m a l  d i f fus iv i ty .  

As  a r e s u l t  of n u m e r o u s  e x p e r i m e n t s  we have  no ted  tha t  t he  t e m p e r a t u r e  r e c o r d e d  a t  the  l i n e a r  hea t  
s o u r c e  fo r  the  l iqu id  b e i n g  i n v e s t i g a t e d  i s  i n v e r s e l y  p r o p o r t i o n a l  to  the  t h e r m a l  d i f f u s i v i t y  of tha t  l iqu id .  
Consequen t ly ,  f o r  t he  e x a c t  s a m e  i n s t a n t  of t i m e  we can  w r i t e  

a t t2 
, (13) 

a 2 t~ 
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Fig .  1. E l e c t r i c a l  c i r c u i t  

of the i n s t a l l a t i on :  1) a m -  

m e t e r ;  2 ) v o l t m e t e r ;  3) 

h e a t e r ;  4) r e s i s t a n c e t h e r -  

m o m e t e r ;  5) K P - 4 9  po t en -  

t i o m e t e r ;  6 ) a m m e t e r ;  7) 

E P P - 0 9  e l e c t r o n i c  a u t o m a -  

t ic  p o t e n t i o m e t e r .  

T A B L E  1. The  T e m p e r a t u r e  Coe f f i c i en t  of T h e r m a l  Conduc t iv i ty  

k (W/re .  deg) as a Func t ion  of the T h e r m a l  D i f fu s iv i t y  a (m2/sec) 

Thickned solution 
Liquid rubber 

specimen No. 1 specimen No. 2 
t ,  ~ 

;',. a d O - '  k a d O - '  ~ a - I O  -e k a . l O  "6 

20 
40 
60 
80 

100 
120. 
140 
160 
170 

0,145 
0,143 
0,143 
0,142 
0,141 
0,140 
0,140 
0,139 
0,139 

0,072 
0,071 
0,071 
0,0708 
0,0705 
0,070 
0,070 
0,070 
0,070 

0,147 
O, 145 
0,143 
0,141 
0,140 
O, 138 
O, 136 
0,135 
O, 134 

0,067 
0,066 
0,065 
0,065 
0,064 
0,063 
O, 063 
0,062 
0,062 

0,39 
0.41 
0,44 
0,47 
0,50 
0,53 
0,57 
0,59 
0,61 

0,117 
0.121 
01125 
0,129 
0,133 
0.136 
0,140 
0,144 
0,146 

Carboxymethyl- 
cellulose in water 

0,29 
0,31 
0,32 
0,33 

0,119 
0,122 
0,125 
0,128 

where a i and t I are, respectively, the coefficient of thermal diffusivity and the temperature of the standard 

liquid. Here we have in mind the fact that the electrical power for the heater and the resistance thermom- 

eter are constant for all of the experiments. 

Consequently, knowing the function t = f0") and the value of the coefficient of thermal diffusivity for 

the standard liquid from the experiment, it is always possible to determine a 2 for the liquid being studied. 

The coefficient of specific heat capacity is calculated from the formula as follows: 

k 
c =--. (141 

ay 

Usually, in the fabrication of the probe we use a heated wire as the linear heat source, with the junc- 

tion of the thermocouple connected to that wire to record the extent to which it is heated in various media; 

however, in this design the wire is not heated uniformly, since there are large heat losses at the ends. In 

our case the probe is produced in the following manner. 

The heater is made in the form of a thin (d = 1 ram) spiral of manganese-coated wire d = 0.i ram, with 

the total resistance of the heater on the order of i00 ohms. For the temperature gauge we use a resistant 
thermometer made of copper wire with d = 0.I ram, double-wound with the heater. The resistance of the 

thermometer is approximately 5-6 ohms. The resulting spiral is placed into a thin glass capillary one of 

whose ends is sealed, and the other serving as the outlet for the heater and resistant-thermometer lead. 

To reduce the thermal resistance of the probe, the capillary is filled with an organosilicon liquid. The elec- 

trical circuit for the probe is shown in the figure. Electrical power of approximately 0.6-0.8 W is applied 

to the probe heater from a high-stabilization dc source. 

In conducting these tests under pressure, for the closed vessel we used a calorimeter bomb to whose 
lid the probe was attached by means of epoxy resin. The bomb together with the liquid being tested was 
placed into a thermostat, where it was heated to the specified temperature. After establishment of a steady 

temperature field within the specimen, the thermophysical characteristics were measured by means of the 

heated-probe method. The measurements were carried out at each 20-30~ 

The resistance thermometer is powered by an alkali battery (with a voltage of up to 80 V) through a 

KP-49 potentiometer which offsets the voltage drop across the thermometer. At the instant that the elec- 
trical energy is applied to the heater, because of a rise in the temperature of the probe, the resistance of 
the thermometer is altered, thus generating an additional voltage drop across its ends. The change in the 
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voltage is repor ted  on the g raph-paper  str ip of the EPP-09  electron automatic potentiometer,  with a scale 
of 1 mV, and the speed of the tape set in advance. 

After a single experiment we find the relationship between the voltage drop ac ros s  the res is tance  
the rmomete r  and the t ime when the probe is heated by a constant-power  source .  Based on the extent to 
which the probe is heated in var ious  media, we can judge the thermophysieal  cha rac te r i s t i c s  of these media. 

To determine the cor rec t ion  factor  for the probe, we used tabular  data for  such thoroughly investi-  
gated liquids as glycerin,  gasoline, alcohol, etc. [6]. Knowing the coefficients of thermal  conductivity and 
thermal  diffusivity, and using experimental  data, we determined the probe constants f rom (12) and (13). 
Maintaining the power at the heater  constant throughout all of the experiments,  we can present  (12) in the 
form 

In "c~z 
~i (15) 

~ = ~ '  At ' 

where &t can also be expressed in mil]ivolts, without changing to degrees,  since the t r ans fe r  coefficient 
can also be included in the universal  constant fi' of the probe.  

The above-descr ibed  method and the corresponding installation were used to investigate the the rmo-  
physical  cha rac t e r i s t i c s  of thickened solutions in the tempera ture  range 20-180~ under the p r e s s u r e  of 
sa turated vapors ,  attaining substantial magnitudes at high t empera tu res  because of the capaci ty of the liq- 
uids to fo rm gas throughout the entire volume. 

The resul ts  of the investigation into the thermal  proper t ies  of cer ta in  mater ia l s  are  presented in 
Table 1. 

As we can see f rom the experimental  resul ts ,  the coefficients of the thermal  conductivity and the r -  
mal diffusivity for  thickened solutions diminish with a r i se  in t empera ture  (and, consequently, with a r i se  
in pressure) ,  although this reduction is insignificant in compar ison with pure liquid. At the same time, 
the thermophysiea l  cha rac t e r i s t i c s  of liquid rubber  and a solution of carboxymethylcel lu lose  in water  in- 
c r e a s e  substantially with a r i se  in t empera ture .  

The descr ibed method and installation thus provides  for extensive possibi l i t ies  in the investigation of 
such mater ia ls  as liquids, f ree-f lowing mater ia ls ,  soils, e tc . ,  within a wide t empera tu re  range.  The 
method is unique because of the simplici ty of design for the experimental  installation and the p rocess ing  
of the experimental  data. The relat ive e r r o r  in the measuremen t  of the thermophysical  charac te r i s t i cs ,  
as demonst ra ted  by the experiments  with the s tandard mater ia ls ,  falls well within 7-10%. 

NOTATION 

t is the temperature; 

T is the time; 
k is the coefficient of thermal conductivity; 
a is the coefficient of thermal  diffusivity; 
r is the probe radius; 
x is the radial  distance; 
q is the quantity of heat per  unit length of the probe; 
/3 is the probe constant; 
7 is the density; 
e is the specific heat capacity.  

I~ 
2. 

3. 

4. 
5. 
6. 
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