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The construction of an instrument for measurements by the absolute 
hot-wtte method is described. The thermal conductivity of toluene, 
benzene, carbon tetrachloride, and air in the temperature range 
20--160 ~ C was measured to an accuracy of 1N. Natural convection 
in the cylindrical gap (5 = 0.675 mm) when the measuring cell is 
vertical occurs when GrPr -> 8400. 

Ho t -wi re  i n s t r u m e n t s  with glass  cap i l l a r i e s  can be 
used to de t e rmine  t he rma l  conduct ivi ty  (X) with an e r -  
r o r  of • 1 . 5 - 2 . 5 %  [1-3] .  A cons ide rab le  par t  of the 
e r r o r  (up to 1%) is  due to the fact that  the t e m p e r a t u r e  
g rad ien t  in  the cap i l l a ry  wall  cannot  be de t e rmined  
exact ly .  To avoid this  e r r o r ,  Zenkevich [4] in  an in -  
ves~;igation of k of pe t ro l eum fuels and ot is  rep laced  
the glass  cap i l l a ry  by a nickel  one, which also acted 
as the ex te rna l  r e s i s t a n c e  t h e r m o m e t e r .  However,  
s ince  he could not m e a s u r e  accu ra t e ly  the i n t e rna l  
d i a m e t e r  of the cap i l l a ry  and the eccen t r i c i t y  of the 
wire,  Zenkevich d e t e r m i n e d  the t h e r m a l  conduct ivi ty  
by a r e l a t i v e  method in  a s m a l l  t e m p e r a t u r e  range  
(20-100 ~ C). 

The i n s t r u m e n t  which we propose  is based on the 
absolute  ho t -wi re  method and can provide  m e a s u r e -  
ments  of the t h e r m a l  conduct ivi ty  of l iquids and gases  
with an e r r o r  of l e s s  than 1% at t e m p e r a t u r e s  up to 
200 ~ C and p r e s s u r e s  of 10 MN/m 2 or  m o r e .  

The ex te rna l  r e s i s t a n c e  t h e r m o m e t e r  is a th in-  

walled nickel  cap i l l a ry  (Ni ~ 99.7%, Mg = 0.1%, Cu = 
= 0.1%), which was se lec ted  f rom a l a rge  number  of 
cap i l l a r i e s  of a ba tch .  In the se lec t ion  of the cap i l l a ry  
we paid p a r t i c u l a r  a t tent ion to i ts  s t r a igh tness ,  un i -  
f o r m  wall  th ickness ,  and absence  of eUipt ic i ty .  The 
l i n e a r  d imens ions  of the cap i l l a r i e s  were  m e a s u r e d  
to an accu racy  of 3 p on a l a rge  BMI i n s t r u m e n t  m i -  
c roscope .  The outer  d i a m e t e r  (d3) of the cap i l l a r i e s  
was m e a s u r e d  in  two mutua l ly  pe rpend icu l a r  p lanes  
at eight points  along the c a p i l l a r i e s .  The cap i l l a ry  
used  in  the i n s t r u m e n t  had d~ = 1. 550 + 0.003 m m  
and i ts  devia t ion  f r o m  s t r a igh tnes s  did not exceed 
0.01 m m ,  

The in t e rna l  d i a m e t e r  (d2) of the nickel  cap i l l a ry  
was de t e rmined  b y  the r e l a t i ve  method on a specia l  
s tand (Fig.  1) with the  aid of a p rev ious ly  ca l ib ra ted  
g lass  cap i l l a ry .  The g lass  (3) and uickel  (4) cap i l -  
l a r i e s  were  at tached to a c l e a r  p las t ic  plate  and con -  
nected to one another  by a hole. When the c a p i l l a r i e s  
were  in pos i t ion  the sys t em was thoroughly washed 
with pe t ro l eum ether ,  f lushed with air ,  and f i l led 
with pur i f ied  m e r c u r y .  A sy r inge  (2) was used to 
move the m e r c u r y  in the cap i l l a r i e s .  The movement  
of the m e r c u r y  in the g lass  cap i l l a ry  was m e a s u r e d  
to an accu racy  of 11 # with a KM-6 ca the tomete r  (5), 

and in  the nickel  cap i l l a ry  to an accu racy  of • ~ bv 
an e l ec t r i c  probe.  The probe cons is ted  of a m i c r o m -  
e te r  head (1) on which was so ldered  a 0.08 m m  
p la t inum wire  insu la ted  with glass  s t raw.  When the 
probe touched the m e r c u r y  men i scus  an e l e c t r i c a l  
c i r cu i t  was made and the ga lvanomete r  needle was 
def lected.  F r o m  the change in m e r c u r y  leve l  in  the 
cap i l l a r i e s  and the known d i ame te r  of the glass  capi l -  
l a ry  we de t e rmined  d 2 of the nickel  cap i l l a ry  at s teps 
of 10 m m  over  the en t i r e  length of the m e a s u r i n g  
sec t ion .  We obtained d2 = 1. 450 • 0. 003 ram. 

To check the s tand method we m e a s u r e d  the d i ame-  
t e r s  of two glass  cap i l l a r i e s  p rev ious ly  ca l ib ra ted  by 
the usua l  method. The expe r imen t s  and an ana lys i s  
of the e r r o r s  showed that  the proposed method gave 
the i n t e rna l  d i a m e t e r  of the cap i l l a r i e s  to an accuracy  
of+3  p. 

The consh 'uc t ion  of the m e a s u r i n g  cel l  is shown in 
F ig .  2. A p la t inum wire  (3) ("Pobeda" grade p la t inum 
of d i a m e t e r  0. 100 • 0. 001 mm),  which is both the 
hea te r  and the i n t e rna l  r e s i s t a n c e  t h e r m o m e t e r ,  is 
s t re tched  along the axis of the n ickel  cap i l l a ry  (10). 
The d i ame te r  of the wi re  was m e a s u r e d  by two inde-  
pendent  methods:  by a mic roscope  and by weighing 
one m e t e r  of the p la t inum wire  on an ADV-200 ana-  
ly t ica l  ba lance .  Before the wi re  was fixed in pos i t ion  
i t  was baked twice at 1000 ~ C. The m e a s u r i n g  sec t ion  
of the wire  was demarca t ed  by the two sea ls  of the 
potent ia l  leads  (5 and 13). The length of t he  m e a s u r i n g  
sec t ion  was 122.1 m m .  The potent ia l  leads were of 
0.06 m m  p la t inum wire  and were  s i l v e r - s o l d e r e d  to 
the wire  by means  of a spec ia l  m i c r o - t o r c h .  The 
d i ame te r  of the jo ints  did not exceed 0 .2  mm.  The 
wire  was kept under  cons tant  t ens ion  by a tungs ten  
s p r i n g  (2) held in  a f r a m e  (1). 

Both the potent ia l  and c u r r e n t  leads of the cap i l -  
l a ry  were  made of n ickel  wire ,  which e n s u r e d  the 
absence  of a t h e r m a l  emf at the points  of connect ion  
of the leads .  The poten t ia l  leads  (not shown in  the 
f igure) were made of 0.07 m m  wire,  and the c u r r e n t  
leads  (4 and 12) of 0.2 m m  wire,  To c rea te  a rad ia l  
t e m p e r a t u r e  f ield on the ends of the m e a s u r i n g  ce l l  
and to reduce  heat  loss  the ends of the  nickel  cap i l -  
l a r y  were  enclosed in  t ight - f i t t ing  20 m m  long glass  
tubes  (6 and 11). 

Coaxial i ty  of the wire  and cap i l l a ry  is usua l ly  
achieved by the use  of var ious  cen te r ing  devices  
(beads, r ings ,  e tc . ) ,  which cons iderab ly  reduce  the 
through sec t ion  and make  i t  difficult  to f i l l  the cap i l -  
la ry ,  espec ia l ly  with viscous  l iquids .  F o r  convenient  
cen te r ing  of the wire  in  our  i n s t r u m e n t  the cap i l l a ry  
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Fig. 1. Diagram of stand for determination 
of inside diameter of nickel capillary. 

Fig. 2. Diagram of measur-  
ing cell. 
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was mounted in a l ight f r ame  made of s tee l  spokes (9) 
and co l l a r s  (7) with adjus t ing sc rews  (8). The wire  was 
cen te red  by mount ing  the m e a s u r i n g  cel l  on the stage 
of the BMI i n s t r u m e n t  mic roscope  so that the wire,  
held under  t ens ion  by a 12 g weight, was aligned with 
the hor izonta l  axis of the object ive.  The mic roscope  
stage was then moved through a step (15 ram) and 
the eccen t r i c i t y  of the wire  was checked f rom the 
ex te rna l  d i a m e t e r  of the cap i l l a ry .  The m e a s u r e -  
ments  were  made in two mutua l ly  pe rpend icu la r  
planes with forward  and backward mot ion  of the m i -  
c roscope  s tage.  A co r r ec t i on  was in t roduced for the 
cu rva tu re  of the cap i l l a ry .  The mean  eccen t r i c i t y  of 
the wire,  checked twice, was 0.03 ram. 

Af ter  a s s e m b l y  of the m e a s u r i n g  cel l  the r e s i s t a n c e  
t h e r m o m e t e r s  were  "aged" and were then ca l ib ra ted  
f rom two r e f e r e n c e  points (melt ing ice and boi l ing  
water)  and aga ins t  a s t andard  r e s i s t a n c e  t h e r m o m e -  
t e r  in  a t h e r m o s t a t  in  the range  20-200  ~ C. The r e l a -  
t ionship  be tween the r e s i s t a n c e  of a m'ckel t h e r m o -  
m e t e r  and t e m p e r a t u r e  is  g iven by 

Rt = Ro(1 + At q- B#), (1) 

where R o = 0.036183 ohm, A = 5.279 �9 10 -3 1/deg,  B = 
= 7.162 " 10-6 1 /deg 2. The r e s i s t a n c e  of the i n t e rna l  

t h e r m o m e t e r  R o = 1.55356 ohm, Rlo0/Ro = 1.39121, 
A = 3.971 �9 10 -3 1/deg,  B = " 5 . 8 5 2 . 1 0  -7 1 /deg  2. 

After  ca l i b r a t i on  of the r e s i s t a n c e  t h e r m o m e t e r s ,  
foltowed by a check of the cen te r ing  of the wire ,  we 
put the m e a s u r i n g  ce l l  into a s t a i n l e s s - s t e e l  auto-  
clave,  which fit ted with a c l ea rance  of 1 m m  into a 
m a s s i v e  copper  block 300 m m  long. 
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Fig.  3. P lo ts  of t h e r m a l  conduct ivi ty  
(W/re .  deg) of benzene  (1), to luene (2), 
ca rbon  t e t r ach lo r ide  (3), and a i r  (4) 
agains t  t e m p e r a t u r e  (o C): a) Data of [8] ; 
b) [5]; c) [6]; d) [7]; e)[9]; 0 [10]; g) our  

data. 

A un i fo rm t e m p e r a t u r e  f ield along the m e a s u r i n g  
cel l  was s ecu red  by comple te ly  s u b m e r g i n g  the cop- 

per  blocks in  the constant  t e m p e r a t u r e  liquid of the 
TS-24 the rmos ta t .  The c o n s t a n t - t e m p e r a t u r e  l iquid 
was water  or  No. 5 s i l icone fluid.  The t e m p e r a t u r e  
of the t h e r m o s t a t  bath was kept cons tant  to within 
• ~ C by a r egu la to r .  The t e m p e r a t u r e  f luc tua-  
t ions in  the autoclave due to i ne r t i a  of the copper 
block + a i r  gap + autoclave sys t em did not exceed 
• ~ C. 
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Fig .  4. Convect ion coeff icient  e as funct ion of 
product  G r P r :  1) F r o m  KraussoldTs equat ion;  
2) f rom B e r k e n g e i m ' s  equat ion;  3) f r o m  our 
da ta ;  a) ca rbon  t e t r ach lo r ide ;  b) n -hexane ;  c) 

to luene;  d) benzene .  

The t e m p e r a t u r e  grad ien t  along the autoclave 
was m e a s u r e d  by a d i f ferent ia l  thermocouple ,  the 
junct ions  of which were located at the ends of the 
m e a s u r i n g  sec t ion .  At the m a x i m u m  exper imen ta l  
t e m p e r a t u r e  of 160 ~ C i t  was not more  than 0.02 ~ C. 

The autoclave was f i l led with the inves t iga ted  l i -  
quid by means  of medica l  sy r i nge s .  A i r  bubbles  ad- 
sorbed by the walls  of the autoclave and the m e a s u r -  
ing cel l  were r emoved  by repeated  pumping of the 
l iquid.  The r equ i r ed  p r e s s u r e  in  the autoclave was 
produced by ni t rogen.  The s y s t e m  could also be 
f i l led under  vacuum.  The leads  f rom the autoclave 
were brought  out through spec ia l  sea l s  tes ted  at a 
p r e s s u r e  of 15 1VIN/m 2. 

The e l ec t r i c a l  c i r cu i t s  of the ex te rna l  and in t e rna l  
r e s i s t a n c e  t h e r m o m e t e r s  were fed f rom 3- and 6-V 
ZhN-60 s torage  ba t t e r i e s ,  r e spec t ive ly .  The c u r r e n t  
in  the c i r c u i t  of the ex te rna l  t h e r m o m e t e r  was chosen 
to e n s u r e  no heat ing of the cap i l l a ry  and in  the ex-  
p e r i m e n t s  i t  did not exceed 50 mA. The ca l ib ra t ion  
c u r r e n t  in the c i r cu i t  of the in t e rna l  t h e r m o m e t e r  was 
less  than 3 mA, and the working c u r r e n t  did not ex-  
ceed 500 mA. 

The e l e c t r i c a l  r e s i s t a n c e  of the t h e r m o m e t e r s  was 
de t e rmined  f rom the c u r r e n t  and potent ia l  d i f ference  
on the m e a s u r i n g  sec t ions .  The potent ia l  d i f ference  
on the m e a s u r i n g  sec t ions  of the wire,  cap i l la ry ,  and 
t e r m i n a l s  of the c lass  0.01 s tandard  r e s i s t a n c e  coils  
was m e a s u r e d  with U P L - 6 0 - 2  and R-330 po ten t iome-  
t e r s .  The r e s i s t a n c e  of the nickel  cap i l l a ry  in  the 
expe r imen t s  and dur ing  its c a l i b r a t i on  were m e a s u r e d  
with an R-330 po ten t iomete r  (the scale  d iv i s ion  of the 
l a s t  decade was 0.1 #V) to an accuracy  of 2 �9 10 -6 ohm, 
which co r responds  to a t e m p e r a t u r e  accuracy  of 
• ~ C. The effect of the t h e r m a l  emf dur ing  the 
m e a s u r e m e n t s  was excluded by r e v e r s i n g  the e lec -  
t r i c  c i r cu i t s  of the t h e r m o m e t e r s .  
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I, A ]. 

0,29976 
0.34334 
0,42348 
0.29811 
0.34122 
0,30416 
0.35931 
0.38011 
0.28504 
0.34707 
0.27502 
0.33514 
0.37574 
0,26340 
0.27337 
0.32412 
0.26779 
0.30823 
0.27112 
0.31161 
0.26148 
0.30536 
0.31122 
0.22632 
0.27676 
0,23808 
0.27674 

Table 1 

Experimental  Values of Thermal  Cqnduetivity of Toluene 

U,V 

0,51241 
0.58630 
0,73301 
0,52795 
0.60367 
0,55871 
0.66265 
0.68316 
0.53932 
0.65658 
0.54237 
O.65880 
0.74349 
0,53506 
0,55091 
0.66945 
O.55576 
0.57827 
0,54668 
0,63184 
0,59005 
0.69096 
0.70437 
0,53827 
0,65576 
0,59294 
0.68157 

Atmeas , deg 

3,99 
5.24 
8,12 
4.17 
5.47 
4,60 
6.46 
7 03 
4,25 
6.31 
4.19 
622 
7 82 
4.03 
4,31 
6,24 
4.36 
5,22 
4.41 
5.84 
4.80 
6:57 
6.82 
4.00 
5_95 
4 -78  
6.38 

atcal, deg 

+O.O1 
+0.01 

O,O0 
0.00 
0,00 
0,00 
0.00 

+O.Ol 
0.00 
0.00 
0.00 
0.00 

+0.03 
0_00 
0.00 

--0,.01 
--O. 03 
--0.03 
--0.01 
~0.01 

0.00 
0.00 
0.00 

--0,03 
--0.03 
--0.02 
--0.02 

P, MN/m ~ 

0.1 
0,1 
0.1 
0,1 
0.1 
0,1 
0, I 
0,1 
0.1 
0,1 
0.1 
0.1 
0,1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0,1 
0,3 
0,3 
0.3 
0,5 
0,5 
0.5 
0,5 

texp, ~ 

23.9 
25.0 
27,4 
33.6 
34,7 
44,3 
45,8 
46.3 
53,0 
54.8 
63.8 
65.4 
66.5 
73,2 
73.9 
76.3 
84,1 
85,5 
92.7 
94.1 

ll4.1 
115.4 
115,7 
133/. 7 
135.1 
154.0 
155,1 

X, W]M �9 deg 

0. 1340 
0. 1338 
0. 1333 
0.1317 
0. 1314 
0. 1289 
0,1286 
0. 1286 
0, 1262 
0,1260 
0,1242 
0. 1240 
0, 1240 
0. 1220 
0,1219 
0, 1215 
0,1199 
0, 1198 
0,1175 
0 ,  1178 
0.1122 
0,1121 
0,1121 
0. 1071 
0. 1070 
0,1035 
O. 1035 

Table 2 

Thermal  Conductivity and Br ief  Descr ipt ion of Investigated Products  

Product 

Toluene,  CTH s 
Benzene, CsHe 
Carbon tetraehloride CCIa 
Air 

Dens~y 
Refractive 

index 
n~ 

Thermal con- 
ductivity at 
30 ~ C, K30, 
W/(m-  deg) 

0,8670 
0,8782 
1.5930 

1.4969 
1.5015 
1.4605 

0.1328 
0,1434 
0.1010 
0,0260 

Temperature 
coefficient of  
thermal con- 
ductivity 
a, 1/deg 

0.00179 
0.00218 
0,00208 
0.00231 
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To take into account the effect of variations in ten- 

sion of the spring with temperature and time on the 

readings of the internal resistance thermometer we 
calibrated the latter against the external thermome- 

ter before each experiment. The correction to the 

initial calibration of the wire did not exceed • ~ C. 

To test for the absence of convection we carried out 

experiments with two different temperature drops in 
the layer of investigated liquid. The steady state was 

r e a c h e d  3 0 - 4 0  rain a f t e r  the s t a r t  of the e x p e r i m e n t .  
The t h e r m a l  conduc t iv i ty  was d e t e r m i n e d  f r o m  

the equat ion 

IU in d~ 

~, = 2 ~ l ( A t m ~ •  A t c ~  ) . (2) 

In the ca l cu l a t i on  of )~ we in t roduced  c o r r e c t i o n s  
fo r  hea t  r e m o v a l  f r o m  the ends of the m e a s u r i n g  ce l l  
and fo r  e c c e n t r i c i t y  of the wi re ,  which did not exceed  
0.3 and 0.1%, r e s p e c t i v e l y .  In view of the l o g a r i t h m i c  
law of t e m p e r a t u r e  v a r i a t i o n  in a c y l i n d r i c a l  gap the  
obta ined t h e r m a l  conduc t iv i ty  va lues  were  r e f e r r e d  
to the m e a n - i n t e g r a l  t e m p e r a t u r e  of the l a y e r .  

In the e x p e r i m e n t s  we m e a s u r e d  the t h e r m a l  con-  
duc t iv i ty  of a i r ,  to luene,  benzene ,  and c a r b o n  t e t r a -  
c h l o r i d e  ih  the t e m p e r a t u r e  r ange  20-160  ~ C. The 
pu r i t y  of the l iquids  was d e t e r m i n e d  by means  of a 
KhT-63 c h r o m a t o g r a p h  with a f l ame i o n i z a t i o n  d e t e c -  
t o r .  The c h r o m a t o g r a p h i c  ana lys i s  showed that  the 
benzene  and c a r b o n  t e t r a c h l o r i d e  conta ined  no i m -  
p u r i t i e s ,  while the to luene ,  a n a l y t i c a l l y  pu re  a c c o r d -  
l ag  to GOST 5739-51, conta ined  l e s s  than  0.06% 
i m p u r i t i e s .  

Since to luene ,  in v iew of i ts  p r o p e r t i e s ,  can  be 
u sed  as  a s t a n d a r d  l iquid fo r  the c a l i b r a t i o n  and t e s t -  
ing of i n s t r u m e n t s  fo r  the d e t e r m i n a t i o n  of X, i t  was 
i nves t i ga t ed  p a r t i c u l a r l y  c a r e f u l l y .  We obta ined 45 
e x p e r i m e n t a l  poin ts  fo r  the t h e r m a l  conduct iv i ty  of 
to luene  in the  r a n g e  22-155  ~ C, and 27 of t h e s e  a r e  
given in Table  1. The pu r i t y  of the  to luene was de -  
t e r m i n e d  not only b e f o r e  the s t a r t  of the e x p e r i m e n t s ,  
but  a f t e r  t hey  had ended.  The c h r o m a t o g r a p h i c  ana -  
l y s i s  c o n f i r m e d  tha t  i t s  pu r i t y  was unaffec ted  by  the 
experiments. 

A b r i e f  d e s c r i p t i o n  of the  inves t iga t ed  p roduc t s  and 
t h e i r  t h e r m a l  conduc t iv i ty  a t  30 ~ C a r e  given in Table  
2. This  t ab le  a l so  g ives  the t e m p e r a t u r e  coef f i c ien t s  
of the t h e r m a l  conduct iv i ty .  

Ca lcu la t ions  showed tha t  the s y s t e m a t i c  e r r o r  in 
the m e a s u r e m e n t  of X of l iquids  did  not exceed  0.4%. 
The m a x i m u m  r a n d o m  e r r o r  was found f r o m  Eq.  (2). 
It d id  not exceed  0.5% in the d e t e r m i n s t i o n  of the  t e m -  
p e r a t u r e  d rop  in the  l iquid l a y e r  and 0.02% in the  d e -  
t e r m i n a t i o n  of the  hea t  f low. Thus,  the  m a x i m u m  
r e l a t i v e  e r r o r  of the  e x p e r i m e n t a l  da t a  is  N 1%. The  
s c a t t e r  of the  e x p e r i m e n t a l  points  did not exceed  th is  
va lue ,  

The t h e r m a l  conduct iv i ty  of a l l  the  i nves t i ga t e d  
l iquids  d e c r e a s e d  with i n c r e a s e  in  t e m p e r a t u r e ,  
whereas thee of air increased, and in the investigated 

t e m p e r a t u r e  r ange  is g iven to an a c c u r a c y  of 0.7% by 
the equat ion 

/~ = ~30[1 +_ a ( t - -30) ] .  (3) 

In the  g r aphs  of F ig .  3 we c o m p a r e  our  e x p e r i m e n -  
t a l  da t a  with the m o s t  r e l i a b l e  va lues  obta ined fo r  
to luene,  benzene ,  c a r b o n  t e t r a c h l o r i d e ,  and a i r  by  
o the r  r e s e a r c h e r s  [5-101. As the g raphs  show, our  
e x p e r i m e n t a l  va lues  of X a r e  i n  good a g r e e m e n t  with 
the da ta  of o the r  r e s e a r c h e r s  (they d i f f e r  f r o m  the 
m o s t  r e l i a b l e  da ta  [5, 6, 10] by  not m o r e  than  1% on 
the ave rage )  and s a t i s f y  Z i e b l a n d ' s  equat ion [10] to 
within 1 -2%.  The only excep t ion  was benzene ,  fo r  
which we found a s l i gh t ly  d i f f e ren t  b e h a v i o r  of the 
t h e r m a l  conduct iv i ty  f r o m  that  found in [5]. Since 
the da ta  of [5] were  subsequen t ly  [8] e x t r a p o l a t e d  to 
the  r e g i o n  of h ighe r  t e m p e r a t u r e s  the d i f f e rence  
be tween  our  e x p e r i m e n t a l  va lues  of k of benzene  and 
the va lues  of [8] at 125 ~ C is  6%. 

In the m e a s u r e m e n t s  of k of l iquids  we noted that  
t h e r e  was no convec t ion  in the c y l i n d r i c a l  gap (6 = 
= 0.675 mm) with the  m e a s u r i n g  ce l l  in the v e r t i c a l  
pos i t i on  when G r P r  >> 1000. In view of th is  we c a r -  
r i e d  out s p e c i a l  i nves t iga t ions  to d e t e r m i n e  the c r i t i -  
ca l  va lues  of G r P r  fo r  l iquids  with w e l l - i n v e s t i g a t e d ,  
but  subs t a n t i a l l y  d i f fe ren t ,  p h y s i c a l  p r o p e r t i e s .  The 
l iquids  we chose  were  to luene,  benzene ,  c a rbon  t e t r a -  
c h l o r i d e  (see Tab le  2) and n -hexane  (p240 = 0.6594, 
~720 = 0.00031 N. s ec /m2) .  

The e x p e r i m e n t s  we re  c a r r i e d  out with d i f f e ren t  
t e m p e r a t u r e  d rops  in the l a y e r  of i nves t i ga t ed  l iquid 
and at  G r P r  va lues  up to 5000. The  e x p e r i m e n t a l  
da t a  were  t r e a t e d  by  the we l l -known method [11]. The 
g raph  (Fig .  4) shows the convec t ion  coef f i c ien t  
e = X e f f / X  plot ted  aga ins t  the  p roduc t  G r P r .  The  
g raph  ind ica t e s  tha t  na tu ra l  convec t ion  in the i n v e s t i -  
ga ted  l a y e r  (6 = 0.675 ram) of l iquid in the v e r t i c a l  
pos i t i on  begins  at  G r P r  = 3400, which is  3 . 4  t i m e s  
g r e a t e r  than the value  sugges t ed  by  K r a u s s o l d  and 
Mikheev.  Schmid t  and L e i d e n f r o s t  [12] c a m e  to s i m i -  
l a r  conc lus ions .  They  m e a s u r e d  the t h e r m a l  conduc-  
t i v i ty  of l iquids  by the c y l i n d r i c a l - l a y e r  method  (6 = 
= 2 and 4 ram) with G r P r  -< 4000. The convec t ion  
coef f i c ien t  e was l e s s  than 2%, which c o r r e s p o n d e d  
to the a c c u r a c y  of t h e i r  e x p e r i m e n t s .  Sh inga rev  [13] 
th inks  that  convec t ive  hea t  t r a n s f e r  in n a r r o w  gaps  
begins  when G r P r  = 2500. 

When th is  p a p e r  was r e a d y  fo r  pub l i ca t ion  t h e r e  
a p p e a r e d  B e r k e n g e i m ' s  work  [14], which showed that  
in c y l i n d r i c a l  l a y e r s  with a gap width of 1 . 5 - 6 . 6  m m  
na tu r a l  convec t ion  begins  when G r P r  -> 1700. 

Thus,  the conducted  inves t iga t ions  showed tha t  in 
tubes  of s m a l l  d i a m e t e r  and s m a l l  c y l i n d r i c a l  gaps  
n a t u r a l  convec t ion  beg ins  in the  l a y e r  when G r P r  >> 
>> 1000. This  can be used  to i n c r e a s e  the  a c c u r a c y  
of m e a s u r e m e n t  of t h e r m a l  conduc t iv i ty  by i n c r e a s i n g  
the t e m p e r a t u r e  d rop  in  the  l a y e r  of i nves t i ga t ed  
l iqu id .  Desp i t e  the fac t  tha t  the  deve loped  i n s t r u m e n t  
can give r e l i a b l e  va lues  of h when G r P r  - 3400, the 
va lues  of G r P r  in  the e x p e r i m e n t s  did  not exceed  
1.700. 
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NOTATION 

R0, R100, and R t are the electrical resis tances at 
temperatures  0, 100, and t ~ C, respectively; A and B 
are the coefficients of the thermometr ic  equation; X 
is the thermal conductivity of the investigated sub- 
stance; I is the current  in the wire circuit; U is the 
voltage drop in the wire; &tmeas is the measuredtem-  
perature difference; &tca I is the correction for initial 
calibration of the wire; texp is the mean temperature 
of the experiment; P is the absolute pressure;  d 1 is 
the outside diameter of the wire; d 2 is the inside diam- 
eter of the capillary; d3 is the outside diameter of 
the capillary; I is the length of the measuring sec-  
tion; ~eff is the effective thermal conductivity; Gr is 
the Grashof number; Pr  is the Prandtl number; 5 is 
the thickness of the layer. 
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