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A bridge-type arrangement of a capillary continuous-flow calorimeter 
for measurement of the specific heat of gases at constant pressure is 
described. The method of the experiment is analyzed. The construc- 
tion of the calorimeter and the results of tests of its operation are de- 
scribed. 

It was sugges ted  in [1, 2] that  the r e l a t i onsh ip  b e -  
tween the t e m p e r a t u r e  d i s t r ibu t ion  along a th in -wa l l ed  

tube heated  by an e l e c t r i c  cu r r en t ,  and the spec i f ic  
heat  of the gas  flowing through it  could be used to m e a -  

su re  the spec i f ic  hea t  of g a s e s  at cons tant  p r e s s u r e .  
The p r a c t i c a l  r e a l i z a t i o n  of this method,  however ,  e n -  
ta i l s  s e v e r a l  d i f f icu l t ies  ( p r e c i s e  t h e r m o s t a t i c  con t ro l  
of the ends of the m e a s u r i n g  tube, m e a s u r e m e n t  of 

v e r y  sma l l  t e m p e r a t u r e  d i f fe rences ) ,  which compl i ca t e  
the appara tus  and r educe  the a c c u r a c y  of m e a s u r e m e n t .  

To o v e r c o m e  these  d i f f icul t ies  we sugges t  that  the 
m e a s u r i n g  tubes should be i nco rpo ra t ed  in an e l e c t r i c  
b r idge ,  as  shown in Fig.  1. Two th in -wa l l ed  me ta l  
tubes 1, so lde red  in p a r a l l e l  tnto conduc tors  3 and 

hea ted  by an e l e c t r i c  c u r r e n t ,  t oge the r  with the m e a -  
snr ing  w i r e s  2 f o r m  an e l e c t r i c  br idge .  When the r e  
is no flow of gas  the t e m p e r a t u r e  d i s t r ibu t ion  along 
the tubes is  s y m m e t r i c a l  and the b r idge  is baIanced.  

Gas flowing through the tubes in opposi te  d i r ec t ions  
upsets  the s y m m e t r y  of the t e m p e r a t u r e  d i s t r ibu t ions  
and, hence ,  a l t e r s  the e I e e t r i c  r e s i s t a n c e  in t h e b r i d g e  
a r m s .  In the m e a s u r i n g  diagonal  of the b r idge  the re  
appea r s  a vol tage  which depends on the spec i f ic  hea t  

of the gas at  cons tant  p r e s s u r e  and i ts  m a s s  flow ra te .  
The inev i tab le  sma l l  f luctuat ions  in the ambien t  t e m -  
p e r a t u r e  and the t e m p e r a t u r e  of the ends of the m e a -  
su r ing  tubes have  no e f fec t  on the r e s u l t s  of the m e a -  
su remen t ,  s ince  the claange s produced  in me  r e s i s t a n c e  s 

in the b r idge  a r m s  by these  f luctuat ions  cance l  one 
another  out. 

Neglec t ing  longitudinal  flow of hea t  in the gas ,  which 
is  not m o r e  tlaan 0 .1 -0 .2% of the hea t  flow through the 
wal l s  of the m e a s u r i n g  tubes,  we can r e p r e s e n t  the 
t e m p e r a t u r e  d i s t r ibu t ion  along an e l e c t r i c a l l y  hea ted  
tube when hea t  t r a n s f e r  with the sur rounding  med ium 
o c c u r s  and gas  f lows through it  by a s y s t e m  of d i m e n -  
s ion less  hea t -ba l ance  equat ions:  

d * fc 
dX ~ L~ f w - -  L i (fw-- fig) -4- L~ = 0, 

pe 4 o~=o, (1) 
f w - - f g  4Nu l 

where  X = x / l  is the d i m e n s i o n l e s s  coord ina te ;  Ow(X) = 

= (t w - % ) / 0  0 and dg(X) = (tg - %)/| a r e  the d i m e n -  
s ion less  t e m p e r a t u r e s  of the tube wal l  and gas ;  

Oo ~ PRo(1 + ~ to) 
a e~d e - I l l  2Ro' 

4(a, nd~--[~12Ro) ' l ]2 

4(li d i 

k\  d, ] [ \  di / 

a r e  d i m e n s i o n l e s s  coef f ic ien ts .  

In the c a s e  of low heat ing (tw - t o ~ 1 ~ C) the p h y s i -  
cal  p r o p e r t i e s  of the tube m a t e r i a l  and the inves t iga ted  
gas  can be r e g a r d e d  as independent  of X. At low gas 

flow r a t e s  [Pe(di/ l  ) = (4GCp/TrlXg) < 1] the length of 
the en t ry  r eg ion  for s tab i l i za t ion  of a i is v e r y  s m a l l - -  
l e s s  than 0.1 m m  [4, 5]. 

Hence,  a i can be r e g a r d e d  as independent  of X and 
the d i m e n s i o n l e s s  heat  t r a n s f e r  coef f ic ien t  Nu in (1) as 
independent  of the kind of gas  [4]. In this case ,  e l i m i n a t -  
ing dg f r o m  (1), we obtain a t h i r d - o r d e r  equat ion 

pe o :  + e ;  pe di (L, + 
4Nu l 4Nu l 

- -Le fw+Le  = 0, (2) 

the solut ion of which for boundary condit ions 

% ( X =  0) = % ( X  = 1) = % ( X  = O) = 0 

has the f o r m  

f w = l - -  ~.  C kexp(v kX), 
k ~ l ,  2 .3  

where  C k a r e  d i m e n s i o n l e s s  solut ion coef f ic ien t s  

d e t e r m i n e d  f r o m  the boundary condit ions v k = f k  (Li, 
L e, (Pe /4Nu)(d i /D)  a r e  the roo t s  of the c h a r a c t e r i s t i c  
equat ion 

Pe d i 3 2 Pe di 
v~ + v k (Li + Le) vk - -  Le = 0. 

4Nu l 4Nu l 

The r e l a t i v e  unbalance of the b r idge  depends on the 
change in r e s i s t a n c e  in i ts  a r m s :  

i t2 ! 

0 l/2 o 

rz/2 

0 k=1,2,3 

]/[ 
1/, k ~ l ,  2,3 

--~O~ " 
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Fig. 1. Calorimeter circuit: A) ammeter;  RL) 
standard resistance coil; Rb)bal las t  res is tor ;  

PMS-48) dc potentiometer. 
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Fig. 2. Construction of calorimeter:  1) nickel tubes, c ross  section 1 x 0.05 ram, 
l = 100 ram; 2) nickel wires,  diameter 0.1 mm; 3) mica spacers;  4) nickel re in-  

forcing plate; 5) nickel current  conductors; 6) thermostat  units. 
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Fig. 3. Specific heat Cp (J /g .  deg) of air and carbon 
dioxide: a) measured values for air; b) the same for 

carbon dioxide; c) from data of [3]. 
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EHminat ing  | and in t eg ra t ing ,  we obtain 

k=1',2,3 

%~d~ 1 [}PRo ~= 
/ (~e ~ de 'V k 

F o r  low gas  flow r a t e s  we can  expand the r i gh t  s ide  of 
(3) in a s e r i e s  of power s  of the s m a l l  p a r a m e t e r  ( P e /  
/4Nu)(di/l ) << I and obta in  a r e l a t i o n s h i p  be tween  the 
r e l a t i v e  unbalance  of the b r i d g e  and GCp in e x p l i c i t  
fo rm 

P f  E f 
where 

ch sh 
2 

%u d~ ~ th - (5) 

The value  of the  d i s c a r d e d  t e r m s  in (4) for  

Pe d; 
- -  ~ 0.01 (6) 

4Nu I 

i s  in hundred ths  of one p e r c e n t  of the f i r s t  t e r m .  Con- 
d i t ion  (6) g ives  the p e r m i s s i b l e  f low r a t e s  when (4) i s  
u sed  fo r  ca l cu l a t i on  of spec i f i c  heat .  

To t e s t  the method  we c o n s t r u c t e d  a c a l o r i m e t e r ,  
the des ign  and ma in  d imens ions  of which a r e  shown 
in Fig .  2, and made  m e a s u r e m e n t s  of the spec i f i c  hea t  
of a i r  and ca rbon  dioxide  at  a t m o s p h e r i c  p r e s s u r e  in 
the t e m p e r a t u r e  r ange  20-350  ~ C. 

To d e t e r m i n e  the spec i f i c  hea t  we m e a s u r e d  the 
r e l a t i v e  unbalance  of the b r i d g e  f o r  s e v e r a l  flow r a t e s  
of the i n v e s t i g a t e d  gas ,  a t  cons t an t  t o and I. The gas  
flow r a t e  was  m e a s u r e d  f rom the p r e s s u r e  d rop  on a 
c a p i l l a r y  tube of d i a m e t e r  0.4 m m  and length  200 a m .  
The spec i f i c  hea t  of the  gas  was c a l c u l a t e d  f r o m  the 
f o r m u l a  

1 

The cons tan t  A, a s  e x p r e s s i o n  (3) shows,  depends  
only on ~he p h y s i c a l  p r o p e r t i e s  of the c a l o r i m e t e r  tube 
m a t e r i a l  and quan t i t i e s  c h a r a c t e r i z i n g  the hea t  e x -  
change with the su r round ings .  Since t h e s e  va lue s  a r e  
not  known suf f i c ien t ly  a c c u r a t e l y ,  the cons tan t  of the 
p r e b a k e d  c a l o r i m e t e r  and i t s  t e m p e r a t u r e  dependence  
we re  d e t e r m i n e d  f r o m  c a l i b r a t i o n  e x p e r i m e n t s  with 
argon.  

The r e s u l t s  of m e a s u r e m e n t s  of the spec i f ic  hea t  
of a i r  and ca rbon  dioxide a r e  shown in Fig.  3. The 
devia t ion  of the e x p e r i m e n t a l  points  f rom the mean  
va lue  (dashed line) does  not exceed  0.1%~. The  s y s t e m a t i c  
dev ia t ion  of the m e a s u r e d  spec i f i c  hea t s  f r o m  publ i shed  
da ta  (0.5% for  a i r  and 0.9% for  c a r b o n  dioxide)  i s  due 
m a i n l y  to the s y s t e m a t i c  e r r o r  in m e a s u r e m e n t s  of the 
flow ra t e .  

The r e s u l t s  of the e x p e r i m e n t a l  t e s t s  and e x p e r i e n c e  
in ope ra t i ng  the c a l o r i m e t e r  ind ica te  that  the i n c o r p o r a -  
t ion of the e x p e r i m e n t a l  tubes  in an e l e c t r i c  b r i d g e  
i nc r eaCes  the  a c c u r a c y  of the method and g r e a t l y  f a -  
c i l i t a t e s  i ts  p r a c t i c a l  app l ica t ion .  The c a l o r i m e t e r  is  
s m a l l ,  s i m p l e  in des ign ,  and can be  used  for  m e a s u r e -  
ment  of the spec i f i c  hea t  of g a s e s  with suf f ic ien t  a c -  
c u r a c y  for  many  c a s e s .  

NOTATION 

x is  the coo rd ina t e  along tube; t w is  the tube t e m -  
p e r a t u r e ;  tg  i s  the gas  t e m p e r a t u r e ;  t o is  the ambien t  
t e m p e r a t u r e ;  G i s  the gas  flow r a t e ,  g / s e e ;  Cp is  the 
spec i f ic  hea t  of gas  at  cons tan t  p r e s s u r e ,  J / g .  deg; 
pg i s  the gas  dens i ty ,  g / m ~ ;  de and d i a r e  the e x t e r n a l  
and  ~nternaI d i a m e t e r s  of tube,  m; ~ i s  the tube length,  
m;  fl is  the t e m p e r a t u r e  coe f f i c i en t  of e l e c t r i c a l  r e -  
s i s t a n c e  of tube m a t e r i a l ,  1 /deg ;  R 0 i s  the r e s i s t i v i t y  
of tube at  0 ~ C, o h m / m ;  R(tw) i s  the s a m e  at  tw ~ C; 
X w and Xg a r e  the t h e r m a l  conduc t iv i t i e s  of tube 
m a t e r i a l  and gas ,  W / r e .  deg; E and U a r e  the vol tage  
in supply and m e a s u r i n g  d iagona l s  of b r i d g e ,  V; I i s  
the c u r r e n t  th rough  tube,  amp;  a e  and a i  a r e  the c o e f -  
f i c i en t s  of hea t  t r a n s f e r  f rom tube su r f a c e  and to gas  
flow, W / m  ~ �9 deg; Nu = a i d i / k g  is  the l imi t ing  value 
of Nusse l t  number  for  l a m i n a r  flow [4]; Pe  i s  the Pee l e r  
number .  
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