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We p r e s e n t  the d e s c r i p t i o n  of a new e x p e r i m e n t a l  i n s t a l l a t i o n  and of a new method  of i n v e s t i -  
ga t ing  the t h e r m a l  conduc t iv i ty  of l iqu ids .  We m e a s u r e  the t h e r m a l  conduc t iv i ty  of w a t e r  and 
of to luene .  We have d e r i v e d  new e x p e r i m e n t a l  data on the t h e r m a l  conduc t iv i ty  of g l yc e r i n ,  
e thy lene  glycol ,  d ie thy lene  and t r i e t h y l e n e  glycol ,  in  the t e m p e r a t u r e  r a nge  30-165 ~ C. 

As fol lows f r o m  [1-4], the t h e r m a l  conduc t iv i ty  of g l y c e r i n  has  been  m e a s u r e d  by n u m e r o u s  i n v e s t i -  
ga to r s ,  but  for  a v e r y  n a r r o w  t e m p e r a t u r e  r a nge  (0-100 ~ C) and p r i m a r i l y  at  only one or t w o - t h r e e  t e m p e r a -  
t u r e  po in t s .  L i t t l e  effor t  has  been  devoted to i nves t i ga t i ng  the t h e r m a l  conduc t iv i ty  of e thy lene  g lycol  [5-8], 
and of d ie thy lene  glycol  [8]. Data on the t h e r m a l  conduc t iv i ty  of t r i e t h y l e n e  glycol ,  to the b e s t  of our  know-  
ledge,  a r e  e n t i r e l y  a b s e n t  f r o m  the l i t e r a t u r e .  

To i n v e s t i g a t e  the t h e r m a l  conduc t iv i ty  of the a b o v e - c i t e d  l iquids ,  we chose  a s t e a d y - s t a t e  coax i a l -  
c y l i n d e r  method.  The  m e t e r i n g  ce l l  of the e x p e r i m e n t a l  i n s t a l l a t i o n  is  shown in F ig .  1. It c o n s i s t s  of two 
coax ia l l y  pos i t i oned  copper  c y l i n d e r s  1 and 2. The  i n s ide  c y l i n d e r  1 ends  in the lower  po r t i on  of a h e m i -  
sphere ,  a n d i t  exhib i t s  a d i a m e t e r  of 22.45 =~ 0.005 m m  and the c y l i n d r i c a l  po r t i on  is  236 m m  long.  An o r i -  
f ice  with a d i a m e t e r  of 4.5 m m  is  d r i l l e d  into the c y l i n d e r  axis ,  and th is  hole  is  des igned  to hold e l e c t r i c a l  
h e a t e r  3. The  h e a t e r  is  made  of c o n s t a n t a n  w i r e  that  is  0.2 m m  in d i a m e t e r ;  it  is  wound onto a th in  p o r -  
c e l a i n  tube  and i n s u l a t e d  f r o m  the c y l i n d e r  by m e a n s  of F i b e r g l a s .  C u r r e n t  and po ten t i a l  w i r e s  0.35 m m  in 
d i a m e t e r  have b e e n  s o l d e r e d  to the ends of the h e a t e r .  Outs ide  c y l i n d e r  2 is  287 m m  long, i t s  outs ide  di -  
a m e t e r  is  67 m m  and the i n s ide  d i a m e t e r  of the work ing  sec t ion  is  24.07 • 0.008 ram.  I n s e r t  4 with a h e m i -  
s p h e r i c a l  s u r f a c e  at the end is  p l aced  f r o m  the bo t tom into the outs ide  c y l i n d e r .  The  i n s e r t  has  been  run  in  
wel l  to the sea t ing  s u r f a c e  of the c y l i n d e r  and i s  he ld  t ight  to that  s u r f a c e  by m e a n s  of shaped f lange  5. The  
work ing  s u r f a c e s  of the i n s i d e  and outs ide  c y l i n d e r s ,  as  wel l  as  the h e m i s p h e r i c a l  su r f a c e  of the i n s e r t s ,  

TABLE 1. E x p e r i m e n t a l  Data  on the T h e r m a l  Conduct iv i ty  of Wa t e r  
and T o l u e n e  

Water I Toluene 

p,MN/m 2] 

0 
0 

0,83 
0,83 

0 
0 

0,90 
0 
0 

O, 84 
0 
0 

0,93 
0 
0 

0,90 

X, W/m 
r ~ deg 

36,4 0,626 
36,4 0,625 
36,4 0,623 
36,3 0,623 
40,2 0,623 
59,9 0,654 
59,9 0,654 
67,0 0,656 
67,0 0,658 
69,4 0,657 
69,4 0,660 
69,4 0,662 
89,3 0,675 
89,7 0,673 
89,7 0,672 
89,7 0,676 

p ,MN/m 2 

0,90 
0,90 
0 
0,84 
0 
0 
0,90 
0,84 
0,87 
0,87 
0,90 
0,90 
0,87 
0,90 
0,96 
0,96 

~, ~  

92,3 
92,3 
93,5 
93,5 
96,5 
96,6 

103,0 
105,3 
110,1 
110,1 
119,5 
119,5 
128,7 
143,2 
161,3 
161,3 

X, W/m p,MN/m 2' 
.deg 

0,670 0 
0,671 0 
0,678 0 
0,672 0 
0,678 0 
0,676 0 
0,678 0 
0,681 0 
0,683 0 
0,682 0 
0,680 0 
0,681 0,90 
0,682 0,96 
0,681 0,40 
0,676 0,40 
0,674 0,96 

~' ~ C 

34,4 
34,4 
46,8 
46,9 
47,2 
51,4 
70,8 
86 ,C 
91,5 
92 ,(3 
94, 
94,4 

118,3 
141 ,~ 
141 ,~ 
142,C 

k, Wire 
�9 deg 

0,130 
0', 130 
0,127 
O, 124 
O, 126 
0,125 
0,120 
0,117 
0,114 
0,114 
0,114 
0,116 
0,108 
0,103 
O, 103 
O, 103 
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Fig. 1. Overall  view of the measur ing cell 
and the thermosta t ing jacket: 1) inside cylin-  
der; 2) outside cylinder;  3) electr ic  heater;  
4) insert;  5) flange; 6) cube; 7) b r a s s  cylin-  
der of thermosta t ing jacket; 8 and 13) mas-  
sive b ras s  stoppers;  9) valve; 10) th ree - junc-  
tion differential thermocouple;  11 and 18) 
flanges clamping teflon spacer;  12) lid; 14 
and 17) injectors;  15) expansion vessel ;  16) 
tube for wire  leads and nitrogen supply; A) 
f rom the thermosta t ;  B) f rom the nitrogen 
tank; C, D) to the meter ing c i rcui t .  

and the backup heaters  are  ra ted at 250 W each. 

have been chrome-coa ted  and polished. The cyl inders  
are  made coaxial by means of seven porcelain spacers  
1.8 mm in d iameter .  The uniformity of the c learance  
is checked by means of a cal ibrated wire  thickness-  
gauge device. The measurements  showed that the mag-  
nitude of the eccentr ic i ty  does not exceed 0.01 ram. A 
teflon spacer  that is 0.35 mm thick is mounted in the 
upper portion of the meter ing cell.  It is p r e s sed  against 
the ends of the cyl inders  by means of flanges 11 and 18. 

To permit  the installation of the three-junet ioned 
differential thermocouple in the outside and inside cylin- 
ders,  as many as three orif ices 2.7 mm in diameter  
have been dri l led to a depth of 124 ram. The orif ices 
have been dri l led into the cyl inders  at angles of 120 ~ , 
they are  positioned opposite each other, and the ends 
come as close as 1-1.5 mm to the working surfaces  of 
the cyl inders .  The thermal  electrodes of the differen- 
tial thermocouple,  as well as the cur ren t  and potential 
wiring of the electr ic  heater  are  contained in the thin- 
walled s ta in less -s tee l  tube 16, soldered to lid 12, and 
they a re  led out to the meter ing c i rcui t  through the 
packing gland. 

The measur ing  cell is housed in the thermosta t ing 
jacket which is 485 mm long. The thermosta t ing jacket 
(Fig. 1) is made f rom the s ta in less - s tee l  tube 6 into 
which a mass ive  b ra s s  cyl inder  7 is pressed;  a rec tan-  
gular  thread- l ike  channel has been cut into the outside 
surface of that b r a s s  cyl inder .  A U8 thermosta t  pump 
is used to pump the thermostat ing liquid - axle g rease  

- along these channels f rom the bottom to the top. Dur-  
ing the experiments,  the t empera tu re  of the the rmo-  
stating liquid was maintained by the thermosta t  to with- 
in • 0.05 ~ The tempera tu re  fluctuation at the surface 
of the outside cyl inder  2 in this case, monitored by 
means of a specially installed thermocouple,  were v i r -  
tually nonexistent.  

The thermosta t ing jacket is also e lec t r ica l ly  heated, 
and the heater  here  is intended for  use in experiments  
at t empera tu res  above 180 ~ The thermosta t ing jacket 
c a r r i e s  three heaters:  one main heater  and two back- 
up hea ters .  The power for the main heater  is 650 W 

To maintain a more  uniform tempera ture  field within the 
measur ing  cell, the ends of the thermostat ing jacket are  covered with removable  mass ive  b ra s s  s toppers  
8 and 13. To reduce the loss of heat the thermostat ing jacket is insulated f rom the ambient medium by 
means of a thick layer  of asbes tos .  

In the experiments,  the t empera tu re  gradient  through the height of the measur ing cell was monitored 
by means of two (an upper and a lower) differential  thermocouples  19. At a t empera tu re  of 165~ the t em-  
pe ra tu re  difference ac ross  the core  and the ends of the measur ing cell did not exceed 0.02 ~ C. The liquid 
being investigated is poured into the measur ing cell by means of injectors  14 and 17, connected to thin- 
walled capi l lar ies  made of s tainless  steel. P r io r  to the filling operation, both the measur ing  cell and the 
liquid being investigated were  heated to t empera tu res  of 70-80~ The mater ia l  is drained out of the in- 
stallation through valve 9. After  the experiments the measur ing  cell is flushed with distil led water,  and 
then with w a r m  dry air .  
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Fig. 2. Thermal conductivities of glycerin (a), eth- 
ylene glycol (b), diethylene glycol (c), and triethylene 
glycol (d) as functions of temperature (k, W/m. deg; 
t, ~ (a) 1) according to the data of [19]; 2) [20]; 3) 
[2]; 4) [21]; 5) [6]; 6) [22]; 7) [23]; 8) the authors' 
data; (b) i) according to the data of [5]; 2) [7]; 3) 
[6]; 4) [8]; 5) the authors' data; (c) 1) according to 
the data of [24]; 2) [3]; 3) the authors' data; (d) 1) 
the authors' data. 

The r equ i r ed  p r e s s u r e  is  thus ach ieved  within the ins ta l l a t ion  through the use  of ni t rogen,  for  which 
p u r p o s e  p rov i s ion  is made for  a spec ia l  l ine connecting the m e a s u r i n g  ce l l  through expander  15 with the 
n i t rogen  tanks .  The ni t rogen l ine is  a l so  connected to tube 16, as  a r e s u l t  of whieh the  Teflon s p a c e r  of the 
m e a s u r i n g  ce l l  is  r e l i e v e d  of p r e s s u r e .  

The power  for  the e l e c t r i c  h e a t e r  of the m e a s u r i n g  ce l l  is  taken f rom a TZhN-250 s to rage  b a t t e r y .  
The c u r r e n t  in the h e a t e r  c i r cu i t  is  de t e rmined  f rom the vol tage  drop a c r o s s  a s tandard  R-321 r e s i s t a n c e  
coi l .  The vol tage  drop a c r o s s  the s t andard  coi l  and a c r o s s  the e l ec t r i c  hea t e r  were  m e a s u r e d  by means  of 
a UPL-60  po t en t i ome te r  through a DN-1 vol tage  d iv ide r .  

The t e m p e r a t u r e  d i f fe rence  a c r o s s  the l a y e r  of the l iquid being inves t iga ted  was de t e rmined  by means  
of a t h ree - junc t ion  d i f f e r e n t i a l N i c h r o m e -  eonstantan the rmocoup le  10. The emf of the the rmocouple  was 
m e a s u r e d  with the same  po ten t iome te r .  The e r r o r  in the m e a s u r e m e n t  of the t e m p e r a t u r e  d i f fe rence  in 
these  expe r imen t s  did not exceed * 0.01 ~ 

The t h e r m a l  conduct iv i ty  was m e a s u r e d  at each t e m p e r a t u r e  level  at  a tmosphe r i c  p r e s s u r e  and at a 
p r e s s u r e  of 0.7-1.0 MN/m 2 and at va r ious  t e m p e r a t u r e  d i f fe rences  a c r o s s  the l a y e r  (1.0-3.5~ The produc t  
G r P r  did not exceed 1000 during the e x p e r i m e n t s .  

We e s t i m a t e  the max imum r e l a t i v e  e r r o r  in m e a s u r i n g  the t h e r m a l  conduct ivi ty with the a b o v e - d e -  
s c r i b e d  ins ta l l a t ion  at  1.5%. 

The t h e r m a l  conduct ivi ty  of the inves t iga ted  l iquids was ca lcu la t ed  by means  of the equation 

2~klAt ~kAt 
Q -- p~Qloss = - -  -~ , (1) 

D 1 1 
In ~ d D 

whene e 

= u s  - Y,Q~ms~,- (2) 
AAt 
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TABLE 2. Thermal  Conductivities of Glycerin, Ethylene Glycol, 
Diethylene Glycol, and Triethylene Glycol, W / m ' d e g  

Designation 

Glycerin 
Ethylene glycol 
Diethylene glycol 
Trethylene glycol 

40 60 

0,28810,290 
0,25310,256 
0,207 0,209 
0,196 0,195 

Tern ,erature, ~ 

80 100 120 I 140 I 160 

0,29510,297 0,2991 0,301 
0,2581 0,257 0,255[ 0,253 
0,210 0,210 0 209t 01192 0,208 0,194 0,193 0,191 

where 

A = n  - + D ~  . 
In T 

In the calculation of the thermal  conductivity we introduce the cor rec t ion  fac tors  for the installation 
for the differential thermocouple,  for the change in the geometr ic  dimensions of the measur ing cell as a 
consequence of tempera ture ,  and for  the loss of heat f rom the end of the inside cyl inder  and through the 
center ing space r s .  

Because of the great  thermal  conductivity of copper, the magnitude of the cor rec t ion  factor  for the 
installation of the thermocouple,  as demonstrated by calculation, ranged within 0.2% of At. The cor rec t ion  
fac tor  for  the loss of heat f rom the end of the inside cylinder did not exceed 0.25%, while that through the 
spacers  amounted to 0.4% of Q. 

The quantity A is a function of the geometr ic  dimensions of the measur ing  cell and var ies  with a chang- 
ing tempera ture .  At a t empera ture  of 165~ the cor rec t ion  factor  for  the var ia t ion in geometr ic  dimensions 
in the measur ing  cell amounts to 0.25% of A20 = 38.70 m. 

To refine the experimental  methods using the above-descr ibed  installation, we measure  the thermal  
conductivities of distilled water  and toluene. The measurement  resul ts  are  presented in Table 1. 

The data on the thermal  conductivity of water  are  in good agreement  with the data of [2, 4, 9]. The dif- 
fe rences  do not exceed 1.2%. 

The data on the thermal conductivity of toluene for the temperature range under consideration and 
with an error not exceeding 1.4% are described by the equation 

where Xao = 0.130 W/re.  deg and ~ = 0.00189 1/deg. 

The thermal-conductivity values which we derived for toluene at 30 ~ C were understated in comparison 
with the data of [10-14] by 0.8-2.3%, and by 3.0-4.6% in comparison with the data of [2, 15-17]. However, 
the temperature coefficient of thermal conductivity is higher by 8.5% than in [17], and lower by 27% than in 
[16]. 

We also compared  our data on the thermal  conductivity of toluene with the data of [10-13, 15, 16], de- 
r ived exclusively by the coaxia l -cyl inder  method. The compar ison demonstrated that in this case the dif- 
ference  between the coefficients of thermal  conductivity for  toluene and their  t empera tu re  coefficients r e -  
main approximately the same as indicated ea r l i e r .  Here it was noted that with an increase  in the thickness 
of the c learance  there  is a tendency toward an increase  in thermal  conductivity. Apparently, this can be 
explained ei ther  by the appearance of convection in the layer,  something which had not been observed by 
this investigator,  or as indicated by Poltz [18], by the influence of radiation. 

After testing the installation with water  and toluene, we measured  the thermal  eonductivities of g lyc-  
erin, ethylene glycol, diethylene glycol, and tr iethylene glycol.  For  each substance, in the subject t em-  
pera tu re  range, we obtained f rom 40 to 50 experimental  points.  Approximately half of the points were  de- 
rived in tes ts  at a tmospher ic  p ressure ,  with the remaining half derived at p r e s s u r e s  of 0.7-1.0 MN/m 2. No 
c o r r e c t i o n w a s  introduced for  p r e s s u r e  in the calculation of the thermal  conductivity. 
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We attempted to choose liquids with a high degree of puri ty for the tes t .  Thus the tests  were con- 
ducted with distilled dynamite glycer in  for which p20 = 1.2557 and n~ = 1.4715. Hungarian ethylene glycol 
was rated as chemical ly  pure, with p20 = 1.1127 and n~ = 1.4309. The diethylene glycol produced by the 
Khar 'kov Chemical Reagent Plant, labora tory  pure, was rated at p20 = 1.1165 and n~ = 1.4447. The t r i -  
ethylene glycol produced in the German Democra t ic  Republic was ra ted for labora tory  purposes,  with 
p20 = 1.1225 and n~ = 1.4549. These substances were  not additionally refined or purified. 

Figure  2 shows the thermal  conductivities of these liquids as a function of t empera ture .  The sca t t e r -  
ing of the experimental  points with respec t  to the averaging lines does not exceed  1.5%. For  purposes  of 
comparison,  the f igures  also show the experimental  data of other invest igators .  

F r o m  Fig. 2a we see that the thermal  conductivity of glycer in  in this range of t empera tures  i nc reases  
with a r i se  in t empera ture .  A s imi lar  relationship at t empera tu res  below 80-100 ~ C was also derived by 
numerous  other invest igators .  However, according to the data of [22] and [23], the thermal  conductivity of 
glycer in  is vir tual ly independent of t empera ture .  

The experimental  values which we derived for  the thermal  conductivity of glycer in  a re  in good agree -  
ment with the data of [2, 6, 21], and the differences do not exceed 1.2%; however, they differ substantially 
f rom the data of [19, 20, 23]. Thus, at a t empera tu re  of 60~ the experimental  data f rom [19] and [20] are  
overs ta ted in compar i son  with ours by 8.3 and 4.7%, respectively,  while the data of [23] a re  understated 
by 7.5%. In this case  there  is an increase  in the difference with a r i se  in t empera ture .  The data f rom [19] 
differ f rom the data of [23] by 14.5% at a t empera ture  of 60 ~ C. 

Par t i cu la r  attention should be devoted to the t empera tu re  relationship between the thermal  conductivity 
of ethylene glycol and that of diethylene glycol.  We see f rom Fig. 2b, c that the thermal  conductivities of 
these liquids with a r i se  in t empera tu re  initially increase ,  attaining a maximum at some point in the t em-  
pera tu re  region of 80-120 ~ C, subsequently diminishing. It is impossible to establish more  prec i se ly  the 
region of t ransi t ion for  the thermal-conduct iv i ty  curves  through the maximum because of the relat ively 
low accuracy  of the experimental  data (a measuremen t  e r r o r  of ~- 1.5%). In this paper  we will also be unable 
to establish the region at which the t empera tu re  curve for  the glycer in  passes  through the maximum. It 
lies somewhere  above a t empera tu re  of 165~ but it is apparently below the normal  boiling point for  g lyc-  
erin. The thermal  conductivities of ethylene glycol and of diethylene glycol were also studied by other in- 
ves t iga tors  [5-8], but p r imar i ly  for  the t empera tu re  range 20-80~ The cited authors established a l inear 
relationship between the thermal  conductivity and tempera ture  for  this t empera tu re  interval .  According to 
the data of [8, 24] the thermal  conductivities of ethylene glycol and of diethylene glycol increase  with a r i se  
in temperature ,  whereas  according to the data of [5] the thermal  conductivity of these liquids diminishes.  

The resul ts  which we derive f rom the measu remen t  of the thermal  conductivity of ethylene glycol in 
the t empera tu re  range f rom 40 through 100 ~ C is in good agreement  with the data of [6, 8], and the differences 
do not exceed 2.3%. The data of [7] for  a t empera tu re  of 80~ a re  higher than our data by 5.4%. However, 
the data of [5] are  in doubt, since they differ significantly f rom our measurements  and resul ts ,  and those 
derived by other authors [6, 7], not only in t e rms  of the magnitude of thermal  conductivity, but also in t e rms  
of the t empera tu re  relat ionship.  

Tr ie thylene glycol in relation to thermal  conductivity behaved as a normal  liquid and we have noted 
no anomalies in its behavior .  The thermal  conductivity of t r iethylene glycol diminishes with a r i se  in t em-  
pe ra tu re  (Fig. 2d). 

Table 2 shows smoothed data with respec t  to the thermal  conductivity of glycerin,  ethylene glycol, di- 
ethylene glycol, and t r ie thylene glycol.  

Q 

EQloss  
X 
U 
I 
At 
l 
D 

NOTATION 

is the quantity of heat l iberated by the heater,  W; 
is the loss of heat through the inside cylinder,  W; 
is the coefficient of thermal  conductivity for the liquid being investigated, W/m �9 deg; 
is the voltage drop ac ros s  the heater,  V; 
is the cur ren t  strength in the heater  circuit ,  A; 
is the theore t ica l  t empera tu re  difference ac ros s  the layer,  deg; 
is the length of the cyl indr ical  port ion of the inside cylinder,  m; 
is the inside d iameter  of the outside cylinder,  m; 
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is the outside d iameter  of the inside cyl inder ,  m; 
is the ins t rument  constant,  m; 
is the t e m pe ra tu r e  coeff icient  of the rmal  conductivity, 1/deg; 
is the t empera ture ,  ~ 
is the p r e s su re ,  MN/m 2. 
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