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The r e s u l t s  of m e a s u r i n g  the t h e r m a l  conduct ivi ty  of gases  by the modif ied  ho t - f i l amen t  
method  [1, 2] a r e  c r i t i c a l l y  evalua ted .  

H. Senft leben has m e a s u r e d  the t h e r m a l  conduct ivi ty  of 28 gases  over  the 0-200~C t e m p e r a t u r e  range  

[1, 21. 

On the b a s i s  of his data,  the t h e r m a l  conduct ivi ty  up to 400~C of a l l  these  gases  has been put into equa-  
t ions and tabu la ted  for the ca lcu la t ion  of heat  t r a n s f e r  p r o c e s s e s .  

An ana lys i s  of the method by which these  data have been obtained ind ica tes ,  however,  that  the t abu-  
la ted values  ought to be used  ve ry  caut ious ly .  

H. Senft leben appl ied  the method of a hot f i l ament  with the m e a s u r i n g  tube in a hor izonta l  posi t ion,  
the tube having a r ad ius  R = 20 m m  and the p la t inum hea te r  f i l ament  having a rad ius  r = 0.05 ram.  

The m e a s u r e m e n t s  were  made  on a r e l a t i v e  b a s i s .  Carbon dioxide (CO2) was used  as the r e f e r e n c e  
subs tance .  

I t  is  wel l  known that  the t h e r m a l  flux t r a n s m i t t e d  conduct ively through a r a d i a l  gas  l a y e r  i s  

q = 2nlAt ~ (1) 
I n - -  

r 

If two gases  a r e  cons ide r ed  under  iden t ica l  condi t ions ,  then the r a t i o  of the i r  t he r m a l  conduct iv i t ies  

is  

q (2) 
~o qo 

Knowing the t h e r m a l  conduct ivi ty  of the r e f e r e n c e  gas  )~0, then having de t e rmined  q0 and q f rom the 
t e s t s ,  one can ca lcu la te  the t h e r m a l  conduct ivi ty  of the other  gas .  

The e l e c t r i c  c u r r e n t  in the hot f i l ament  was m e a s u r e d  at  var ious  gas  p r e s s u r e s  and a constant  t e m -  
p e r a t u r e  d i f fe rence  At a c r o s s  the gas l a y e r .  

The t e m p e r a t u r e  d i f fe rence  At was main ta ined  cons tant  by regu la t ing  the f i l ament  c u r r e n t .  

The t e m p e r a t u r e  of the outer  gas  l a y e r  was 0~ in a l l  t e s t s .  

The p r e s s u r e  P was va r i ed  f rom 1 to 700 m m  Hg, p rov ided  that  the gas could withstand such a p r e s -  

su re  r ange .  

The t h e r m a l  flux pe r  second Q was ca l cu la t ed  f rom the c u r r e n t  and the e l e c t r i e a l  r e s i s t a n c e  of the 
f i lament ,  whereupon Q = f(p) cu rves  were  p lot ted  for  each gas - a l l  having the same shape.  

The Q = f(P) curve  for CO 2 is shown in F ig .  1. 

This  curve bends m o r e  or  l e s s  sha rp l y  for  eve ry  gas ,  which is expla ined as follows. 
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Fig.  1. Graph o f Q  =f(p)  for CO z ( P i n m m H g ) .  

Fig.  2. Compar ison  of published da ta  pertaining to the thermal  conductivity 
of gases  with those obtained by H. Senftleben: 1) propylene;  2) ethylene; 3) 
ammonia;  4) butane; 5) carbon dioxide; 6) krypton. Tempera tu re  t ( '~), 

1~%. 

At low p r e s s u r e s  there occurs  a t empera tu re  jump. As the p r e s s u r e  is ra ised,  however, this jump 
becomes  smal le r  and the thermal  flux inc reases  at the same time. 

The convective flux is insignificant at low p r e s s u r e s .  If  there were no convection at all (if it were 
negligible), then, beginning at some p r e s s u r e  level at which there is a lmost  no tempera ture  jump, the the r -  
mal  flux Q would not change under r i s ing p r e s s u r e  (dashed line in Fig. 1). The presence  of some convec-  
tion, however,  causes  Q to increase  as the p r e s s u r e  squared and, therefore ,  the curve bends. 

In order  to measu re  the thermal  conductivity of a gas,  therefore ,  the Q (P) curve was plotted and the 
value Q = q was determined at the bending point. 

If q is measured  with the same apparatus and under the same conditions for two different gases ,  one 
of which is the re fe rence  substance,  then k of the test  gas can be determined according to formula  (2). 

If the bending point is not very  sharp,  then accura te  measurements  are  made as follows. In the bend- 
ing region the curve can be approximated by the equation 

Q = ap2 + b__  c , (3) 
P 

where ap 2 is the thermal  flux t ransmit ted  convectively,  ( b - e / p )  is the thermal  flux t ransmi t ted  eonductively 
when a t empera tu re  jump occurs ,  and a, b, c are  tes t  constants.  

Coefficients a, b, and c can be determined by reading three pai rs  of p and q values on the measured  
curve  in the vicinity of the bending point. 

At the bending point d2Q/dp z = 0, and f rom this p = (c/a)l/3. 

Inser t ion into (3) yields q = b. 

Since the coefficients in Eq. (3) are  determined in the bending region, where convection may  occur,  
hence the test  value q is co r rec ted  to account for the convective flux depending on the molecular  weight of 
the gas and on the tempera ture :  

qh : qg --- AFB (t), (4) 

with qk denoting the cor rec ted  value of q; qg denoting the measured  value of q; u denoting the molecular  
weight of the gas; A denoting a test  constant;  and B (t) = 1 + 0.0015L 

If t h e  measu remen t  is based on CO 2 as t he  re ference ,  then A = 0.001qg (CO2) and the final express ion 
for qk becomes 

qk : qg - -  0.001qg (CO2) (1 ~ 0.00150 ~. (5) 
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A compar i son  of the r e su l t s  obtained by H. Senftleben [1] with those published in [3, 4] has shown that: 

1. The r e s u l t s  in [1] per ta in ing to the t h e r m a l  conductivity of gases  do not always agree  with re l iable  
publ ished data.  This is made c l ea r  in Fig.  2. 

The d i sc repancy  between t e s t  data i n c r e a s e s  with r i s ing  t e m p e r a t u r e  and reaches  *14% at t = 200~ 

2. The ex t rapola ted  values at t > 200~C do not agree  with published data. The d i sc repanc ies  a re  as 
wide as *17%. Even for  the r e f e r e n c e  subs tance  CO 2 the t he rma l  conductivity at t = 400~ differs  
f rom the published va lues  by  10%. 

3. The d i sc repanc ie s  a r e  wides t  for  gases  whose molecu la r  weight differs  f rom that of CO 2. The 
values of ~ tend to be too high for  l ighter  gases  and too low for  heav ie r  gases  (.for krypton, for 
example ,  the  d i sc repancy  is  -16% at  t = 200~ 

F o r  ga se s  whose m o l e c u l a r  weight is c lose  to that of CO 2 (argon, propane ,  etc;) the  t es t  values of 
k in [1] agree  c lose ly  with publislmd data. 

T h e  method proposed  by H. Senftleben in [1] yields only rough or ienta t ive  data on the t he rma l  con- 
ductivity of ga se s .  

A de termina t ion  of ~ f r o m  t e s t  data in the bending region of the Q (p) curve  when a t e m p e r a t u r e  jump 
and convect ion occur  c~nnot be cons ide red  re l i ab le .  

The co r r ec t ions  to the m e a s u r e d  value of t he rma l  flux a re  ar t i f ic ia l  without sufficient  theore t ica l  
jus t i f icat ion and, t he re fo re ,  the values of • cannot be sufficiently accu ra t e .  
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