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A thermoelectric method of determining the thermal conductivity of gases and liquids is 
described based on using the Peltier effect. Data are presented on the thermal conduc- 

tivity of neon, PMFS-4, and acetic acid vapors. 

Sufficiently rigid requirements relative to the working temperature difference in the measuring cell are 

imposed on experimental methods used in investigating the thermal conductivity of gases and liquids at high 

pressures, at the critical isochore, and near the critical point. The probability of convection occurring 

limits this difference to ones and, from time to time, to fractions of a degree. The temperature drop in the 

investigation of the thermal conductivity of chemically reacting gases is constrained by the uncertainty in the 
composition of the substance being investigated. 

Under these conditions the known stationary methods of measuring the thermal conductivity become un- 

reliable, since the error in the experiment grows sharply with the decrease in q and At in an independent 

determination of the heat flux and temperature difference. A reduction in the error of measuring q and At is 

fraught with considerable difficulties and most often does not yield the desired effect. The requirements on 

the method of determining the thermal conductivity for small temperature drops can be reduced to the following. 

I) The heat source and the temperature-difference sensor should be common in principle. Only in this 
case can the condition At ~ 0 as q ~ 0 be assured. 

2) The influence of thermostating on the measurement of the temperature difference should be reduced 
to the limit. 

The thermoelectric stationary method of determining the thermal conductivity of gases and liquids on 

the basis of using the Peltier effect, proposed by Professor D. L. Timrot and described in this paper, ap- 
proximates these requirements. 

THERMOELECTRIC METHOD OF DETERMINING 

THE THERMAL CONDUCTIVITY 

A thermoelectric loop (Fig. i), consisting in the simplest case of two junctions and placed in an iso- 
thermal medium, can be arranged so that the temperature difference between the junctions, occurring during 

passage of electrical current from an external source over the loop, is determined mainly by either the 

thermal conductivity of the loop materials or by heat exchange with the environment. If the environment is 

fixed, the temperature difference between the junctions in this latter ease is easily related to the thermal 
conductivity of this medium. 

As is known, the mentioned thermoelectric method has already been used in a number of papers [i, 2] 

to measure the thermal conductivity of metals and semiconductors. Insofar as the authors know, this is the 
first time the method is being used to investigate gases and liquids. 

Moscow Power Institute. Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 31, No. 6, pp. 965- 
972, December, 1976. Original article submitted December 8, 1975. 

This material is protected by copyright registered in the name o f  Plenum Publishing Corporation, 227 West 17th Street, New York, iV. Y. 10011. No part 
o f  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
microfilming, recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available-from the publisher for $7.50. 

1383 



. ~ / / / / / / / / / / / / / / /  / / / / / / / / / / / / / / / /  

i 'Y B 2 ]7 l 

[ I ,o~ i 
I i /~ 'n  I 

E ' 0 

Fig.  1 

u#.e:Zro+aE 

Fig.  2 
F ig .  1. T e m p e r a t u r e  d i s t r ibu t ion  in a two- junc t ion  d i f fe ren t ia l  t he rmocoup t e  
du r ing  c u r r e n t  p a s s a g e .  

F ig .  2. D i a g r a m  of a double t h e r m o c r o s s .  

The t h e r m o e l e c t r i c  loop can be r e a l i z e d  in the f o r m  of a wire  d i f fe ren t ia l  t he rmocoup le  in de te rmin ing  
the t h e r m a l  conduc t iv i ty  of g a s e s  and l iquids not too c lose  to the c r i t i c a l  value;  convec t ion  is e l imina ted  by 
d imin ish ing  the t e m p e r a t u r e  d i f fe rence  between the junc t ions .  

The hea t -ba lance  equat ion f o r  one of  the conduc to r s  ( l - A ,  A - 2 ,  2 - B ,  B-3} is  wr i t ten  as  

S ~ ) ~ - - -  d~O = { 2.~gas ,4%e~,~dT3o) o P M i  ~- 
' " dx 2 lnD/d ~ ' S~I 

Let  us in t roduce  the fol lowing boundary  condi t ions :  

for x ~ l . ,  O = t - - t  o = 0 ;  (,0) 
for X ~ 0 , 0 = 0 A , S ;  + _ U i = Z - - S ~  ~ x  x=o" 

(1) 

(2) 

Taking account  of  the f i r s t  boundary  condi t ion (for x = Loo, 0 = 0) and the f i r s t  pa r t  of the second  bound-  
a r y  condi t ion (for x = 0, 0 = 0A, B) , the solut ion of (1) will  be 

. . . .  rlZ" gmx ._~ e-rex, 
2 cotlwn~. / 2 smhnal~ 

where  

2n~,.gas 4%e,FrdT0 3 ~ p~,i2 ( 
m2 = ~ + ; g - -  2 , ( 

with the s u b s c r i p t s  c o r r e s p o n d i n g  to the conduc to r s  being cons ide r ed .  

It fol lows f r o m  the boundary  condi t ions  (2) that  cothm/~o ~ 1 and sinhm/oo ~ oo. T a k i n g t h i s  fact  into account ,  
us ing the second  p a r t  of the boundary  condi t ions  (2) and (3), we can wri te  that  the t e m p e r a t u r e  at  the junct ions  
0A and 0B equals  

4 - H i + (  '~ -[- p~ ~i  2 
S lm,  S2rn~ ! 

0A,B = St~Lm 1 _}_ $2;.~.n2 . (4) 

while the t e m p e r a t u r e  d i f f e rence  between the junct ions  (t A - - tB)  is 
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TABLE 1. Dependences of 0A, 0B, and (t A - tB) on Magnitudes of the 
Working Current  i 

Us- 6, U3-4 ' mV I mV' i, mA mV AU, mV [ i, mA ]AeA, --~eB, mV AeA.B, mV j ', 

15,0933 
12,1299 
9,0736 
6,0345 
2,9691 

15,1857 
12,1723 
9,0817 
6,1275 
3,0657 

33,5257 
26,9407 
20,1575 
13,4058 
6,5950 

33,7683 
27,0672 
20,1972 
13,6269 
6,8178 

33,4493 
26,8796 
20, II16 
13,3750 
6,5798 

33,7125 
27,0221 
20,1630 
13,6036 
6,8055 

0,0764 
0,0611 
0,0459 
0,0308 
0,6152 

Argon, to=88,4 ~C 
15,0753 0,0437 
12,1152 0,0345 
9,0633 0,0249 
6,0277 0,0162 
3,0495 0,0081 

J 

Argon, 6=0 ~ 
0,0558 15,063l 0,0327 
0,0451 12,0910 0,0253 
0,0342 9,0345 0,0182 
0,0233 " 6,0013 0,0116 
0,0123 3,0321 0,0056 

0,0326 0,0763 
0,0270 0,06.15 
0,207 0,0456 
0,0140 0,0392 
0,0075 0,0156 

0,0211 
0,0178 
0,0139 
0,0096 
0,0051 

0,0538 
0,0431 
0,0321 
0,0212 
0,0107 

3~_0,5 21]i 2n~ gas ~_ 4%~av.ndTo ) , (5) 
(tA--tB) -- (V ~IS~ +]fl~S_2) lnD/d 

where D and d are  the d iameters  of a cyl inder  and a conductor ,  respect ively;  ~ and S are the coefficient of 
thermal  conductivity and the section of the appropriate  electrode of the differential thermocouple;  and p is the 
specific res is t iv i ty  of the differential  thermocouple e lec t rodes .  

It was assumed in deriving (5) that e 1 = e 2 = eav. This can be real ized by selecting appropriate mater ia ls  
for  the differential  thermocouple electrodes or  by finding eav experimental ly f rom vacuum tes ts .  

It follows f rom (4) and (5) that the tempera ture  of each junction is a function of the Pel t ier  coefficient 
and the Joule heat; the tempera ture  difference between the junctions is proport ional  to the working current  
(and, therefore ,  is independent of the Joulean heat), and the thermosta t  tempera ture  does not enter explicitly 
into (5). 

Therefore ,  upon compliance with the identical conditions of heat exchange between the junctions and the 
environment,  and within the limits of constancy of the physical  pa r ame te r s ,  the thermosta t  tempera ture  fluc- 
tuations have pract ical ly  no effect on the measurements  of the tempera ture  difference between the junctions. 

M E A S U R E M E N T  D I A G R A M S .  A .  D O U B L E  T H E R M O C R O S S  

The diagram (Fig. 2) permi ts  the measurement  of both the tempera ture  difference between the junctions 
and the tempera ture  of a junction individually. The dependences of 0A, 0B, and (t A - tB) onthe magnitude of the worl~ing 
cur ren t  i,  obtained in an argon, medium, are  represented  in Table 1. It is seen that (4) and (5) a re  verified 
well experimental ly.  It is also seen from Table 1 that the sufficiently noticeable spread in the values of 0A and 
0 B around the averaging curves  vanishes completely in the case of measur ing the difference (tA--tB), as also 
follows f rom (5). 

Insert ing the quantities to be measured ,  i . e . ,  [10 = T O (dE/dT)T 0 and (tA--tB) = (EA--EB)/(dE/dT)T0, 
direct ly  into (5) and taking into account that (tA--tB) <<To, we obtain 

/ dE 0.2 

(EA - -  E~ ) 1 27~ ( 
dT]To (2n~gas 4a0eavJtdT03) -~ 

i 2 ( ] / ~ +  ~/~2S2) In D/d + (6) 

The factor  i/2 accounts for the fact  that heat exchange with the environment is experienced by twice as 
many conductors  in the t he rmocros s  configuration as compared with Fig. 1. Experimental  dependences 
AE/i(s176 obtained at severa l  i so therms  for  air, neon, and helium, are  presented in Fig. 3. The slopes 
of the lines in Fig. 3 are  charac te r i zed  by the quantity 

dE 12 
2T~ ( dT )To 

(7~ 

which is a tempera ture-dependent  constant of the instrument .  
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2n-junction bridge c ircui t .  

The method descr ibed can be used in absolute and relative variat ions.  The absolute variation, which 
can be real ized in principle,  indubitably submits to the relat ive variation,  since the la t ter  does not require 
knowledge of dE/dT and X of the differential thermocouple mater ia l s .  

Measurements  by the double t he rmocros s  d iagram are associated with determining a smal l  difference 
between two large quantities, which is not desirable (see Table 1). Hence, the tendency to increase  the quan- 
tity being measured  AE, and, moreove r ,  to obtain it d i rect ly ,  is natural .  The 2n-junction bridge circui t  
developed by the authors (Fig. 4) cor responds  to this. 

M E A S U R E M E N T  D I A G R A M S .  B .  2 n - J U N C T I O N  B R I D G E  C I R C U I T  

The a r m  R 3 of the c i rcui t  in Fig. 4 is a 2n-junction differential thermocouple.  The a rm R 4 is a 2- junc-  
tion thermocouple fabricated f rom the same mater ia ls  as R 3. The magnitude of the bridge unbalance when a 
cur rent  i passes  through the junction will be 

To ( dE]  2 [ 3\ -o,5 
AU _ (n - -  l) ~.~fi- }r~ ( 2zt~.gas 4%eavndTo) + (Ro~-- Ro,) (8) 
i (~ ~.~$1-? ]/'~-~) . In D/~ + 2 ' 

where (R03--Ro4)/2 is the shift of the reference  zero  in the diagram in Fig. 3 and can be reduced to a negligibly 
smal l  quantity by select ing the res i s tances  of the differential thermocouple branches.  

The variat ions of measurement  bridge c i rcui ts  are  evidently not exhausted by the circui t  in Fig. 4 and can 
be al tered in conformity with the requirements,  of experiment.  

In a relat ive variat ion of the method, the process  of thermal-conduct ivi ty  measurement  is especially 
simple and reduces to the following. 

TABLE 2. Experimental  Results on the Thermal  Conductivities of 

Neon and the Fluid PMFS-4 

t, *C X, W/m -*K 1 z-;~-! % 
A 

I 

:-0,55 
+0,25 
@1,14 
+0,55 
to ,  88 
@1,33 
+o,81 

0 
i5,6 
2919 
44,7 
60,0 
75,1 
95,8 

N eon 

,04600 
t 

,04772 

,04985 

,05120 
,05314 
,05513 
,05721 

* C k, W/m �9 *K ] z-xa, t ,  
, ~ - - T , %  I 

PMFS-4 

0 ,1490 
0 ,1477 

17,9 ,1457 
30,1 ,1482 
34,8 ,1462 

i! 45,2 ,1473 51,0 ,1483 
65,6 ,1433 
70,3 ,1448 
79,0 ,1444 
93,8 ,1437 
94,9 ,1440 

--0,8 " 
--I, 67 
--1,62 
+1,o 

0 
+1,58 
+2,85 
+o, 50 
+1,90 
+2,40 
+3,15 

3,45 
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T A B L E  3. E x p e r i m e n t a l  R e s u l t s  on t h e  T h e r m a l  C o n d u c t i v i t y  of  

A c e t i c  A c i d  V a p o r s  

P, , W/m" *K W/re. *K mm Hg kexp' W/m" *K :)'true' W/m" *K] P* ] mm Kg kexp ' [ kttue' 

3,5 
4,8 
6,0 
7,8 

10,6 
13,2 

10,6 
12,7 
16,7 
19,6 
27,6 

3,5 
6,3 
6,8 
7,6 
8,5 
9,2 

10,0 
11,5 
15,4 
19,6 
24,8 
31,2 
50,6 

7,2 
8,8 
9,8 

10,3 
11,0 
11,5 
12,8 
15,0 
19,2 
19,4 
~9,5 
24,8 
30,7 
30.9 
49,6 

49,8 
50,4 
76,0 

3,5 
6,7 
7,5 

49,2 
77,5 

115,0 
167,0 
235,0 
302,0 

8,2 
18,4 

Isotherm25.4*C 
,06704 ,06934 
,05955 ,06104 
,05454 ,05563 
,04816 ,64890 
,04272 ,04320 
,03902 ,03938 

Isotherm39.5 ~ C 
,06274 ,06345 
,05862 ,05917 
,05306 ,05344 
,04962 ,04992 
,04367 ,04386 

Isotherm55.0*C 
,06831 ,07065 
,07019 ,08172 
,08t39 ,08274 
,08244 ,08374 
,08338 ,08466 
,08348 ,08457 
,08224 ,08323 
,08048 ,08132 
,07524 ,07582 
,06991 ,07034 
,06517 , ,06549 
,06060 ,06083 
,05182 ,05194 

Isotherm64.3 ~ C 
,07793 ,08010 
,08433 ,08625 
,08434 ,08606 
,08476 ,08641 
,08436 ,08589 
,08442 ,08589 
,09379 ,08510 
,08286 ,08397 
,07929 ,08012 
,07923 ,08005 
,07909 ,07990 
,07490 ,07550 
,07132 ,07178 
,07077 I ,07123 
,062i7 I ,06242 

~otherm64.3 ~ C 
,06231 F ,06256 
,06213 } ,06238 
,05487 ,05501 

Isotherm78.6 ~ C 
,03558 { ,03898 
,05389 ,05658 
,06064 ,06334 
,06142 ,06252 
,06964 ,07034 
,07560 ,07615 
,07799 [ ,07830 
,07820 I ,078.48 
,07621 } ,07643 

Isotherm 135.5" C 
,03257 ,03846 
,03716 I ,04016 

9,1 
9,2 

11,6 
11,9 
14,9 
17,6 
20,2 
23,2 
23,8 
24,4 
28,0 
32,2 
33,4 
41,4 
47,8 
50,4 
64,5 
74,5 
81,0 

lO1,0 Iii,0 121,0 
143,0 
i61,0 

7,2 
11,6 
12.0 
18,0 
18,4 
31,4 
31,8 
39,4 
45,4 
47,0 
50,4 
54,0 
59,0 
62,0 
64,0 
74,0 
84,0 
9,5,0 

115,0 
116,0 
122,5 
141,0 
181,0 
182,0 
199,0 
225,0 
243,0 
261,0 

6,0 
11,5 
19,0 
30.0 
30,5 
48,4 
78,0 

112,0 
163,0 
232,0 
287,0 

,06740 
,06773 
,07496 
,07503 
,07941 
,08166 
,08264 
,08269 
,08309 
,08289 
,08366 
,08237 
,08132 
,07969 
,07761 
,07697 
,07319 
,07055 
,O694O 
,06527 
,06347 
,06183 
,05894 
,05658 

~sotherm93.1* C 

,04187 
,05533 
,05655 
,06682 
,06783 
,07744 
,07737 
,07952 
,0800O 
,08026 
,08048 
,08047 
,07985 
,08008 
,07999 
,07916 
,07759 
,07695 
,07406 
,07470 
,07317 
,07197 
,06737 
,06664 
,06690 
,06489 
,06386 
,06348 ! 

Isotherm110.6 ~ C 
,02706 
,03349 
,04154 
,05096 

,03983 
,04413 
,05075 
,05736 
,06427 
,06994 
,07290 

06988 
07019 
07712 
07714 
08i19 
08321 
08401 
08406 
08426 
08403 
08366 
08292 
08213 
08033 
07815 
07748 
07357 
07087 
06969 

,06549 
,06366 
,00200 
,05908 
,05670 

,04482 
,05775 
,05905 
,06870 
,06970 
,07869 
.07869 
.08054 
08089 
08112 
08129 
08123 
08054 
08073 
08062 
07970 
07806 
07737 
07439 
07503 
07347 
07223 
06756 

,06688 
,06707 
,06504 
,06399 
,06369 

O, 3095 
O, 3600 
0,4343 
,05240 

,04177 
,04549 
,05172 
,05912 
,06486 
,07039 
,07328 
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1. The dependence AU/iUte}~5 ) is  r eco rded  on an i so the rm  for  two cal ibra t ing gases  (Fig. 3). Then K(t 0) 
and (R0~--R04)/2 a r e  de t e rmined  f rom these  data.  

2. Repeti t ion of the above f i r s t  s tep fo r  s e v e r a l  i s o t h e r m s  yields the t e m p e r a t u r e  dependence of K(t). 

3. The coeff icient  of t h e r m a l  conductivity of the subs tance  being inves t igated is  computed by means  
of the AEx/ i  and K (t) m e a s u r e d  fo r  it .  

The working dif ferent ia l  thermocouple  in an appara tus  operat ing according to the c i rcui t  in Fig.  4 was 
f ab r i ca ted  f r o m  ~ 0.2 C hrom e l  and Constantan and had nine pa i r s  of junctions.  The cal ibra t ion was made in 
a i r  and hel ium. 

The t h e r m a l  conductivi t ies  of neon and a PMFS-4 fluid were  m e a s u r e d  on this appara tus  in a 0-96~ 
t e m p e r a t u r e  r~nge P at  1 = arm (Table 2). A compar i son  with handbook data [3] shows that  the resu l t s  agree  
within the e r r o r  l imi ts  of  the p r e s en t  expe r imen t  and the data of [3]. This indicates the accu racy  and s tabi l i ty  
of  the method.  

INVESTIGATION OF THE THERMAL CONDUCTIVITY 

OF ACETIC ACID VAPORS 

The thermal conductivity of acetic acid vapors (CH3COOH) as a function of the temperature and pressure 
was measured on this same apparatus. The selection of the CH3COOH vapors as the substance to be investi- 
gated was because the CH3COOH molecules form dimers on a hydrogen-bond base, exactly as do other carbox- 

ylic acids. The large magnitude of the hydrogen-bond energy (AHcH3COO H ~ 14 kcal/mole) and the possibil- 
ity of experimental realization of the parameters for which the composition varies from ~ ~ 1 to c~ ~ 0 makes 
carboxylie acids convenient model substances for the clarification of the regularities of the dimerization re- 

act ion.  

The dimerization reaction rate in carboxylic acid vapors is sufficiently high and permits the assumption 

that local thermoehemieal equilibrium holds in the gas under investigation. It hence follows that the experi- 
mental results on the thermal conductivity of CH3COOH vapors can be described by dependences obtained for 
reacting gases with a high reaction rate. Moreover, the viscosity of carboxylic acid vapors has been studied 
well at this time, which permits a comparison of the appropriate interaction parameters computed from ex- 

perimental results on k and ~?. 

Acetic acid, first checked for the moisture content, was poured into the evaporation tank of the apparatus 
in the amount of ~ 2.5 cm 3. The acetic acid was f~:ozen by liquid nitrogen before the measurements and the in- 

cident air was removed from the apparatus. The thermal conductivity of the acetic acid vapors was measured 
on the isotherms at pressures from 3.5 mm Hg, corresponding to the temperature of melting ice, to the satura- 

tion line at T 0. The measurement results for eight isotherms are presented in Table 3. 

In the case of carboxylie acid vapors, exactly as in the determination of the thermal conductivity of gases, 
a correction for the temperature jump on the gas--solid interface must be inserted at low pressures. At low 
pressures, where this correction is large, the monomer content in the mixture approaches 100~c and the 
temperature jump can hence be computed from appropriate experimental results by the usual means, i.e., 
without taking account of the influence of the dimerization reaction. Values of the thermal conductivity cor- 

rected for the temperature jump are presented in Table 3. 

The behavior of the thermal conductivity in the ~r(P) diagram is characteristic for the thermal conduc- 
tivity of chemically reacting gas mixtures. The location of the thermal-conductivity "peaks" corresponds to 

a vapor composition with a ~ 0.5, computed according to the hydrogen-bond energy. 

On the basis of the experimental data obtained for the thermal conductivity, it is later assumed that the 
magnitude of the hydrogen-bond energy and, therefore, the vapor composition as a function of the pressure and 

temperature can be refined, and the interaction section of different kinds can also be computed. 

LITERATURE CITED 

i. A.I. Karehevskii (editor), Thermoelectric Materials and Converters [Russian translation], Mir, 

Moscow (I 967). 
2. A.F. Ioffe (editor), Semiconductors in Science and Engineering [in Russian], Vol. i, Izd. Akad. Nauk 

SSSR (1957). 
3. N. ]3. Vargaftik, Handbook on Thermophysical Properties of Gases and Liquids [in Russian], Nauka, 

Moscow (1972}. 

1388 


