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The t ime  constants  of Calve t - type  thermocouple  m i c r o c a l o r i m e t e r s  a r e  compared  with 
those with he l ica l - type  the i rmosensors .  

Anatychuk et al. [1] have desc r ibed  a m i c r o e a l o r i m e t e r  withhel ical  t he rmoe l emen t s  and indicated seve ra l  
advantages  ove r  Ca lve t - type  thermocouple  m i c r o c a l o r i m e t e r s :  lower sensi t ivi ty  to ex te rna l  in te r fe rence  
s o u r c e s ,  s ignificantly s h o r t e r  set t l ing t ime  a f t e r  lead applicat ion,  etc .  The super io r i ty  of the hel ical  m i c r o -  
c a l o r i m e t e r  in r e sponse  t ime  was espec ia l ly  s t r e s s e d .  

However ,  the f o r m u l a p r e s e n t e d  in the study of Anatychuk et al. for  calculat ion of the t ime  constant of the 
hel ical  t h e r m o e l e m e n t  does not cons ider  the heat  capaci ty  of the contents of the reac t ion  chamber  or  the d imensions  
of the l a t t e r  and,  consequent ly ,  is  only approx ima te .  In the p r e sen t  study we will p e r f o r m  calculat ions of the 
t h e r m o s e n s o r  t ime  constant  for  hel ical  and thermocouple  m i c r o c a l o r i m e t e r s  with considera t ion of the effects  
of the reac t ion  chamber .  

As a model  of the thermocouple  m i c r o c a l o r i m e t e r  we will cons ider  a thin-walled cyl indr ica l  chamber  
with infinite t h e r m a l  conductivity and negligibly smal l  wall heat capaci ty ,  on the sur face  of which t h e r m o -  
couples a r e  mounted (Fig. l a ) .  

The hel ical  t h e r m o e l e c t r i c  s enso r  (Fig. 2a) cons i s t s  of a r ec tangu la r  monoerys ta l l ine  sp i ra l  of 
anisotropic  semiconduc tor  m a t e r i a l ,  the axis of which is perpendict i lar  to the plane with max imum t h e r m o -  
emf  an iso t ropy  [2, 3]. The reac t ion  c h a m b e r  is located within the cavi ty  fo rmed  by the sp i ra l .  The t e m p e r -  
a ture  d i f ference  between the inner  and outer  ( thermally  stabil ized) su r faces  of the sp i r a l  produces a hel ical  
t he rmoe lec t r i c  cu r r en t  (Fig. 2b) because  of the t h e r m o - e m f  aniso t ropy,  which is  then fed to an external  c i r -  
cuit and c a r r i e s  informat ion  on the p r o c e s s e s  occur r ing  within the reac t ion  chambe r  (Fig. 2c). A sect ion 
of the hel ica l  t he rmoe l em en t  is  shown in Fig.  3a. 

We will a s su m e  that  the m a t e r i a l  studied and the specif ic  power l ibera ted  in heat  in the chambe r  q a re  
homogenous and that  the thermocouple  ends (or ex te rna l  helix surface)  a r e  maintained at constant  t e m p e r -  
a tu re ,  which, like the ini t ial  t e m p e r a t u r e  of the ent i re  s y s t e m ,  we take as zero .  Then,  s ince the chamber  
height is l a rge  in compar i son  to i ts  d i am e t e r  [4] (or, cor respondingly ,  the helix length is la rge  compared  to 
the width of the cavi ty) ,  we can l imit  our  examinat ion to one-d imens ional  thermal -conduc t iv i ty  equations.  
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Fig. 1. Model (a) and result of time-constant calcula- 

tion (b) fo r  a Calvet  m i c r o c a l o r i m e t e r :  1) function of 
thermocouple  length; 2) function of number  of t h e r m o -  
couples ,  l ,  cm;  t 0, rain. 
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Fig. 2. Helical thermoelec t r ic  sensor  (a) and principle of operation (b, c). 

Fig. 3. Model (a) and resul t  of t ime-cons tant  calculation (b) for helical mic roca lo r ime te r  with follow- 
ing reaction chamber  thicknesses:  1) 0.5 mm; 2) 1; 3) 2; 4) 4; 5) 5 ram. to, sec;  b, ram. 

The equations for the model of the thermocouple mic roca lo r ime te r  

1 OT 1 = O2T~. 1 . aT~ _ 62T2 + 1 . OT2 q q 

a 1 Ot Ox 2 '  a 2 at Or 2 r Or k2'  

T I ( x = O ) = T ~ ( r = R ) ,  T~(x=I )=O,  

$2k2 aT~ i = SJel OT1 x=o 
Or L,=R T 

are  supplemented by the requi rement  of finite T z at the origin. 

The thermal-conduct ivi ty  equation for  region I [Fig. 3 (a)] and the boundary conditions fo r the  case  of 
the helical m ic roca lo r im e t e r  are  written in an analogous manner.  Only the equation for region II differs:  

1 072 _ O"T 2 + q 

a., Ot a): 2 k~ 

and the boundary condition at the origin 

OT~i 0. 
aX !x=O= 

In these equations a i is thermal  diffusivity; k i is the thermal  conductivity of the mater ia l  in the i - th  
region; S i and T i a re  the surface area and tempera ture .  

The solutions of these problems,  obtained by the Laplace t r ans fo rm method, may be written in the 
form 

Tg (x,  t) = T i (x ,  ~)  -~- ~ fi (n) exp (-- a2z~t), (1) 

where T i (x, t) is the stat ionary tempera ture  distribution in the i- th region; f i  (n) are  some functions inde- 
pendent of t ime t; z n are  roots of the following t ranscendental  equations: 

for the thermocouple model 

dtg(mlzD -- G(Rz~) (2) 
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where J0 and J1 are  Besse l  functions of the f i rs t  kind; 

d---- k~S2 m, 
klS1 

for the helical  model 

F r o m  Eqs.  
by the expression 

m = (  a~]~/2; 
a2 l 

d tg (cz,~) tg (mbz,,) = I. (3) 

(1)-(3) it follows that the mic roca lo r ime te r  t ime constant in both cases  will be determined 

1 
to--- a~z. ~ (4) 

where z 1 is the nonzero root  of smal les t  absolute value of Eq. (2) for  the thermocouple model and of Eq. (3) 
for  the helical  ca lo r ime te r .  

Equations (2)-(4) were used for  calculation of the t ime constant of a mic roca lo r ime te r  using copper--  
Constantan thermocouples  and a helical model using a bismuth monospiral ,  where the reaction chamber  was 
filled with water .  Results of the calculations are  shown in Figs.  lb  and 3(b). 

As is evident f rom the f igures ,  the t ime constant  of the thermocouple device is significantly l a rge r  than 
that of the helical  model .  With given react ion chamber  dimensions it may  be reduced by ei ther  decreas ing the 
length of the thermocouples  (Fig. lb, curve 1) or  increas ing their  number  (Fig. lb, curve 2). However, even 
under ideal conditions the response  time of thermocouple  mic roca lo r ime te r s  is s lower than that of helical 
devices.  In fact,  for  unlimited reduction in thermocouple length, the f i rs t  root of Eq. (2) coincides with the 
f i rs t  null Jot of the function J0(RZn) and Eq. (4) takes on the form 

to = R2a~! j~2, 

f rom which it follows that the t ime constant of thermocouple mic roca lo r ime te r s  with no inverse  feedback 
is not less  than 1 rain for  the react ion chamber  dimensions chosen here and exceeds the t ime constants of 
helical  devices by a fac tor  of tens,  as is evident f rom Fig, 3(b). 

Thus,  the monocrysta l l ine  semiconductor  spi ra l ,  whose small  thickness is combined with maximum 
contact  a rea  with the react ion chamber ,  is the optimum sensor  for creat ion of rapidly responding mic roca lo -  
r i m e t e r s .  
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