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R e s u l t s  a r e  p r e s e n t e d  of an  e x p e r i m e n t a l  i n v e s t i g a t i o n  of the i n e r t i a  of m i c r o t h e r m o e o u p l e s  
in  an  a i r  j e t  by the  r e g u l a r  t h e r m a l  r e g i m e  m e t h o d .  I t  i s  shown tha t  fo r  Re n u m b e r s  f r o m  2 
-102 to 104 in the  t e m p e r a t u r e  r a n g e  50 to  230~ the t e s t  d a t a  c a n  be f i t t ed  to a c o r r e l a t i o n .  

At the present time considerable attention is being given, in parallel with investigations of turbulent 

velocity fluctuation fields, to study of temperature fluctuations in gas flows. In experimental measurements 

of rapidy changing temperatures low-inertial thermal sensors of small dimensions with sufficient mechanical 

strength and rigidity must be used. 

It is known [i, 2], that the capability of a thermal sensor to react to a change in thermal state depends 
on its construction and size and the physical properties of its material, as well as on the conditions of heat 

transfer and the method of attachment. In spite of this, calculation of thermal inertia analytically is mathe- 
matically very difficult. Only a limited volume of test data has been published on thermal inertia of different 

classes of thermal sensors under specific conditions of operation. 

In this paper the inertia of the thermocouples was studied experimentally using the regular thermal 
regime method. The time constant was defined to be the time required for the temperature difference be- 

tween the gas and the sensor, following a step change of temperature, to decrease to 63% of its initial value. 

Chromel-Cope ! and Chromel-Alumel thermocouples with an exposed junction., constructed as shown in Fig. 

i, were tested. The hot junction was formed by the well-known method of welding, using a carbon electrode. 

Different sizes of weld were obtained by varying the welding conditions. 

The dimensions of the hot junction shown in Table 1 were determined in three mutually perpendicular 
planes using a "Zeiss" microscope with a resolution of 0.001 ram, and thermocouples with junctions close 

to spherical shape, without pits and other defects, were chosen. 

Tests were carried out on the equipment shown schematically in Fig. 2. The equipment consisted of 

an electrical heater I and a tube 2 of diameter 40 mm, at the end of which were attached circular nozzles 

3 and 4 of diameters 3.2 and 20 ram, respectively. The nozzle axes were located in one plane and inter- 
sected at an angle of 90 ~ The junctions of the thermocouples being tested were mounted at the intersec- 

tion points. 

The electric air heater 1 is supplied from a 220 V ac source through a laboratory autotransformer 

5 of Latr-I type, included in the primary winding of the step-down transformer 6. To reduce heat loss to 

the surrounding medium the heater is insulated using asbestos cloth 7. 

In the experiments air from the engineering mains is first discharged continuously from nozzles 3 
and 4. The ratio of energies of the two intersecting jets is chosen so that when they are operating simul- 
taneously there is no effect of the heated jet on the emf of the test thermocouple, and the temperature of the 
thermoeoupie junction becomes equal to that of the air at the center of the cold jet. In order to produce 
a stepwise change in the temperature of the medium surrounding the thermoeouple junction, nozzle 4 is 
shut off by the damper 8, the flow of cold air is stopped and the regular thermal heating conditions begin. 

The provisional closing time of the nozzle damper is no more than 0.005 see. 
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T A B L E  1. B a s i c  G e o m e t r i c a l  D i m e n s i o n s  of T h e r m o c o u p l e s  

Thermo- 
couple 
No.  

Wl 

T2 
Ta 
Tt 
T~ 
Ts 

Chromel- Alumel 
Thermo- 
couple 
No. 

d, DI, Dz, D3, De, 
ITlm Fiqm mDq miD_ iTtm 

I 

0,2 0,~98 0,356 0,357 0,373 
0,2 0,520 0,483[0,53210,515 
0,2 0,806 0,8041 0,74210,790 
0,3 0,889 0,7801 0,886[0,860 
0,3 0,920 0,928 0,901 0,918 
0,5 1,310 1,336 1,322 1,325 

T7 

Ts 
T9 
Txo 
Tll 
T12 

ChromeI- Copel 

d. Dt . ' (Dz .  I D,. 
mm m m l m m  [mm 

0,2 0,446 ),406 0,358 
0,2 0,538 3,452/0,517 
0,2 0,618 3,50410,605 
0,3 0,549 3,575[ 0,783 
0,5 1,239 1,142~1,224 
0,5 1,246 1,35011,355 

D e , 

mlTl  

0,410 
O, 523 
O, 586 
0,675 
Ii 205 

,322 

F i g .  1 F ig .  2 
F i g .  1. C o n s t r u c t i o n  of the t h e r m o c o u p l e ;  1) e x p o s e d  t h e r m o -  
e l e c t r o d e ;  2) c e r a m i c  i n s e r t ;  3) tube ,  ~ 4 • 0.5, s t e e l  t K h l 8 N -  
9T; 4) t h e r m o e l e e t r o d e s  i n s u l a t e d  wi th  g l a s s  c lo th .  

F i g .  2. S c h e m a t i c  d i a g r a m  of  e x p e r i m e n t a l  e q u i p m e n t .  

The t h e r m o c o u p l e  e m f  is  a m p l i f i e d  u s i n g  the c o n s t a n t  c u r r e n t  a m p l i f i e r  9 of  type  D i s a  51 VOO {with 
a ca thode  r a y  tube) .  The  ga in  is  a d j u s t a b l e  f r o m  10 to 104; the input  r e s i s t a n c e  i s  1 m o h m .  The a m p l i f i e d  
s i g n a l  is  p a s s e d  t h rough  the r e s i s t a n c e  box 10 to the  N-102  type loop o s c i l l o g r a p h  11. A type  VIII  loop ,  
wi th  a f r e q u e n c y  c h a r a c t e r i s t i c  of 0-200 Hz and r e s i s t a n c e  10 ohm is  u s e d  to r e c o r d  the t h e r m o c o u p l e  
h e a t i n g .  Ma tch ing  of the loop to the a m p l i f i e r  output  is  a c c o m p l i s h e d  v i a  the r e s i s t a n c e  box 10. V i sua l  
o b s e r v a t i o n  of the p r o c e s s  on the a m p l i f i e r  ca thode  r a y  tube s c r e e n  is  u s e d  to c h o o s e  the f i lm  s p e e d  and 
the t i m i n g  m a r k  f r e q u e n c y .  T i m e  m a r k e r s  a r e  g e n e r a t e d  f r o m  an  e x t e r n a l  s o u r c e .  

To m e a s u r e  the t h e r m o e o u p l e  e m f  a t  the beg inn ing  and end of r e g u l a r  cond i t i ons  the type  PP  p o t e n t i o -  
m e t e r  12 i s  i nc luded  in p a r a l l e l  a t  the a m p l i f i e r  input .  The p o t e n t i o m e t e r  P P  is  i s o l a t e d  by the swi t ch  
13 d u r i n g  o p e r a t i o n  of the  N-192  o s c i l l o g r a p h .  

M e a s u r e m e n t  of the  hea t i ng  r a t e  of the a i r  s t r e a m  at  the t h e r m o c o u p l e  j unc t ion  l o c a t i o n  is  c a r r i e d  
out  u s ing  a c a l i b r a t e d  to t a l  p r e s s u r e  tube of d i a m e t e r  0 . 5 / 0 . 2  and a d i f f e r e n t i a l  U - t u b e  w a t e r  m a n o m e t e r .  
The  a i r  f low r a t e  t h rough  the nozz l e  is  c o n t r o l l e d  by m e a n s  of need l e  v a l v e s ,  moun ted  on the a i r  supp ly  
m a i n s .  Con t ro l  of cons t an t  f low r a t e  when the  t e m p e r a t u r e s  a r e  e s t a b l i s h e d  i s  a c c o m p l i s h e d  us ing  type  
MO r e f e r e n c e  m a n o m e t e r s  14 and 15, whose  l i m i t s  of m e a s u r e m e n t  a r e  6 and 2.5 k g / c m  2, r e s p e c t i v e l y ,  
wi th  s c a l e  r e a d i n g  of 300 d i v i s i o n s .  

The t e s t s  w e r e  c a r r i e d  out wi th  d i f f e r e n t  v e l o c i t i e s  w m of the  h e a t e d  a i r  s t r e a m  inc iden t  on the j u n c -  
t ion ,  v a l u e s  in the r a n g e  25 to 180 m / s e e  be ing  u s e d .  The t e m p e r a t u r e  j ump  At was  v a r i e d  in the r a n g e  
20 to 205~ 

F i g u r e s  3 and 4 show the d e p e n d e n c e  of the t h e r m a l  i n e r t i a  c o n s t a n t  of t h e r m o c o u p l e s  T2, T3, T7, T12 , 
r e s p e c t i v e l y ,  on the v e l o c i t y  Wm of the s t r e a m  inc iden t  on the j u n c t i o n  and on the t e m p e r a t u r e  j u m p  At ,  
wi th  w m = e o n s t ,  a s  c o n s t r u c t e d  f r o m  the t e s t  r e s u l t s .  
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F i g .  3. V a r i a t i o n  of the  t h e r m o c o u p l e  t h e r m a l  i n e r t i a  cons t an t  (sec) and of the t e m p e r a -  
t u r e  j u m p ,  a s  a func t ion  of  the v e l o c i t y  of the s t r e a m  inc iden t  on the j unc t ion  (m 
/ s e c ) ;  1 , 2 , a n d  3) t h e r m o c o u p l e s  T12 , T3, TT; At, ~ 

F i g .  4. E f f ec t  of t e m p e r a t u r e  jump  on t h e r m o c o u p l e  t ime  cons t an t  wi th  W m =  cons t :  1, 2, 
and  3) t h e r m o c o u p l e s  T12, T 3, T2; ~, s e e ;  At,  ~ 
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F i g  �9 5, Experimental data on thermocouple thermal inertia in gen- 

eralized coordinates. 1-12) Thermocouples TI-TI2. 

F i g u r e  3 shows  that  t h e r e  i s  s i m i l a r i t y  in the c u r v e s  fo r  t h e r m o c o u p l e s  of d i f f e r e n t  g e o m e t r i c a l  
c h a r a c t e r i s t i c s ,  and  tha t  a s  w m ~ oo the t i m e  cons t an t  c t ends  to a f in i te  va lue  c h a r a c t e r i s t i c  of e a c h  t h e r -  
m o e o u p l e .  

F i g u r e  4 shows  no dependence  of the t h e r m a l  i n e r t i a  c o n s t a n t  c on the t e m p e r a t u r e  j u m p .  This  can  
be e x p l a i n e d  by the fac t  tha t  the p h y s i c a l  p r o p e r t i e s  of the  t h e r m o c o u p l e  m a t e r i a l s  o v e r  the t e m p e r a t u r e  
r a n g e  u s e d  a p p a r e n t l y  do not  v a r y  s i g n i f i c a n t l y .  U n f o r t u n a t e l y  the  a u t h o r s  d id  not  have  da t a  on the p h y s i c a l  
p r o p e r t i e s  of C h r o m e l ,  A l u m e l ,  and Copel  a l l o y s .  By e x a m i n i n g  the c o m p o n e n t s  of t h e s e  a l l o y s  [3], i t  can  
be s e e n  tha t  fo r  t h e i r  b a s i c  c o n s t i t u e n t s ,  c o p p e r  and n i c k e l ,  the s p e c i f i c  hea t  i n c r e a s e s  by 6-7% for  a t e m -  
p e r a t u r e  change  f r o m  20 to 200~ the s p e c i f i c  weight  d e c r e a s e s  by 1%, whi le  the e x p e r i m e n t a l  e r r o r  l i e s  
in the r a n g e  of ~-10%. 

Ten t a t i ve  c a l c u l a t i o n s  i n d i c a t e  tha t  the p a r a m e t e r  Bi has  a va lue  l e s s  than  0.025 in the tex t .  F o r  
s m a l l  v a l u e s  of  Bi the n o n u n i f o r m i t y  of the t e m p e r a t u r e  f i e ld  of the t h e r m o e o u p l e  junc t ion  can  be n e g l e c t e d  
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because of its smallness [4], and to correlate the experimental results the conventional dependence is used 

to determine the thermal inertia constant of the sensor 

cpV 
= (1) 

a S  " 

F o l l o w i n g  s i m p l e  t r a n s f o r m a t i o n s ,  Eq .  (1) r e d u c e s  to the f o r m  

Nu a D  e _ cpD~ =f (Re) .  (2) 
~b 6~b 

H e r e  the  e q u i v a l e n t  d i a m e t e r  o f a s p h e r i c a l  t h e r m o c o u p l e  j unc t ion  i s  d e t e r m i n e d  to be 

D? -5 032 + 033 
D e =  D ~ - S D ~ - S D ~  " (3) 

S ince  the v a r i a t i o n  of  p h y s i c a l  p r o p e r t i e s  of the  t h e r m o c o u p l e  m a t e r i a l  l i e s  wi th in  e x p e r i m e n t a l  e r r o r ,  
we s h a l l  a r b i t r a r i l y  t ake  the  s p e c i f i c  hea t  of the m a t e r i a l  to be c = 4.1868 �9 103 J / k g  �9 deg ,  and the d e n s i t y  
to be p = 103 k g / m  3. 

Then Eq .  (2) can  be w r i t t e n  in the f o r m  

Nu m = 10 ~ D~ = f (Re). (4) 
~oekb 1.163- 

The func t iona l  r e l a t i o n  (4) w a s  a s s u m e d  on the b a s i s  of a g e n e r a l i z a t i o n  of the t e s t  da t a  o b t a i n e d .  

F i g u r e  5 shows  e x p e r i m e n t a l  r e s u l t s  wi th  C h r o m e l - C o p e l  and C h r o m e l - A l u m e l  t h e r m o c o u p l e s ,  in 
g e n e r a l i z e d  c o o r d i n a t e s .  It c a n  be s e e n  tha t  the t e s t  d a t a  show s a t i s f a c t o r y  i n t e r a g r e e m e n t ,  wi th in  the 
l i m i t s  of e x p e r i m e n t a l  a c c u r a c y ,  and ,  in the  r a n g e  Re = 2 .102-104 ,  a r e  d e s c r i b e d  by the c o r r e l a t i o n  

Num = (0.345 • 0.035) ReO.58 - ~  for Pr = 0.72. (5) 

The f a c t o r  D e / 2d in E q .  (5) a c c o u n t s  fo r  the e f f ec t  of the hea t  g iven  out f r o m  the j u n c t i o n  to the  
t h e r m o e l e c t r i c  l e a d s  on the t h e r m a l  i n e r t i a  of  the s e n s o r  in the  j e t .  

D 1 , D2, D3 

De ,  Re 
d 
V , S  

w m 

C, p, X c 

t l ,  t2 

At = t 2 -- t 1 
O! 
Bi  = a R e / k  c 
Nu = o~D e / k  b 
Nu m = cpD 2 / 6 c X  b 

Re = winD e / u  
P r  

N O T A T I O N  

a r e  the d i a m e t e r s  of  t h e r m o c o u p l e  j unc t ion  in t h r e e  m u t u a l l y  p e r p e n d i c u l a r  p l a n e s ,  
m m ;  
a r e  the e q u i v a l e n t  d i a m e t e r  and r a d i u s  of  t h e r m o c o u p l e  j unc t ion ,  r am;  
i s  the d i a m e t e r  of t h e r m o e l e c t r o d e ,  m m ;  
a r e  the  v o l u m e  and s u r f a c e  a r e a  of t h e r m o c o u p l e  j unc t ion ,  r e s p e c t i v e l y ,  c a l c u l a t e d  
f r o m  the e q u i v a l e n t  d i a m e t e r ,  m m  3, mm2;  
i s  the  m a x i m u m  v e l o c i t y  in the j e t  a t  d i s t a n c e  H f r o m  the n o z z l e ,  m / s e c ;  
a r e  the s p e c i f i c  h e a t ,  d e n s i t y ,  and t h e r m a l  c onduc t i v i t y  of the t h e r m o c o u p l e  a l l o y ,  
r e s p e c t i v e l y ,  J / k g  �9 deg ,  k g / I n  3 , W / m  �9 deg ;  
a r e  the  s t a g n a t i o n  t e m p e r a t u r e s  a t  the beg inn ing  and end of r e g u l a r  t h e r m a l  r e g i m e ,  
~ ; 
i s  the  t e m p e r a t u r e  j u m p ,  ~ 
i s  the  h e a t - t r a n s f e r  c o e f f i c i e n t ,  W / m  2 . deg ;  
i s  the Blot  n u m b e r ;  
i s  the  N u s s e l t  n u m b e r ;  
i s  the  m o d i f i e d  N u s s e l t  n u m b e r ;  
i s  the R e y n o l d s  n u m b e r ;  
i s  the P r a n d t l  n u m b e r .  

1~ 
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