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The au tho r s  i n v e s t i g a t e  hea t  t r a n s f e r  fo r  the  c y l i n d r i c a l  f i l m  sensor  of  a thermal  
anemometer. 

The c y l i n d r i c a l  thermal  anemometer s e n s o r  used in  exper imenta l  l i q u i d  and gas mechanics 
to s tudy  th r ee -d imens iona l  f lows of  moving media i s  a c y l i n d e r  of  d i e l e c t r i c  m a t e r i a l  wi th  a 
meta l  f i lm  on i t s  su r f ace  [1] .  Heat i s  removed f rom the  hea ted  f i lm element to  the  s tream 
washing the sensor  and to the  s u b s t r a t e .  To s tudy  the o p e r a t i o n ,  one must know the  form of  
the  thermal  f i e l d  i n s i d e  and o u t s i d e  the  sensor .  We s h a l l  cons ide r  a model, a f i n i t e  c y l i n -  
der  of l eng th  2~ wi th  a s u r f a c e  h e a t  source  of  l eng th  2c (Fig.  1).  Then the  hea t - con d u c t i o n  
equa t ion  f o r  the  c y l i n d r i c a l  s u b s t r a t e  f o r  s t eady  c o n d i t i o n s  has the  form [2] 

a 2 1 O a 2 1 a 2 
....... Or 2 T (r, z, r zr --r --Or T (r, z, ~) § ~ Y (r, z, ~) + --r ~ acp 2 T (r, z, q~)= 0. (1) 

The thermal  f i e l d  i n  the  boundary l a y e r  of  a hea ted  c y l i n d e r  washed by a s tream was 
cons idered  in  d e t a i l  i n  [3] .  The l o c a l  hea t  t r a n s f e r  t o  the  f low depends on the  angle  ~ and 
up to Re - 5000 i t s  va lue  on the  forward p a r t  of the  c y l i n d e r  i s  g r e a t e r  than on the r e a r .  

Because of  t h e  l a r g e  thermal  conductance of  the  sensor  f i lm element the  tempera tures  of  
i t s  p e r i p h e r a l  zones do not  d i f f e r  s i g n i f i c a n t l y .  The tempera ture  f i e l d  of  the  c y l i n d r i c a l  
s u b s t r a t e  under the  s u r f a c e  hea t  source  w i l l  be c lo se  to ax isymmetr ic ,  and Eq. (1) takes  the 
form: 

0'- 0"~ T (r, z) 4- 1 0 T (r, z) + (r, z) O. 
Or'- r Or ~ T = (2) 

The boundary c o n d i t i o n s  a re :  

_~. O T(R, z ) ~ - g - - a t T ( R ,  z ) - - T m ] = 0 ,  (3) 
Or 

T (0, z) # oo, (4) 

O~ ~ (r, o) ~ o, (5) 
az 

Fig. i. Model of the cylindrical film 
sensor of the thermal anemometer. 
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Using Eqs. 
respect to z [4]: 

Fig.  2. Temperature d i s t r i b u t i o n  a l o n g t h e  r a d i u s  ( r )  and the  
g e n e r a t o r  (z) of  the  c y l i n d r i c a l  sensor .  

(6) - . T ( r ,  / ) = 0 .  
dz 

(5) and (6) we. carry out a finite integral cosine Fourier transformation with 

d2 
r. dr 2 T (r, p) q- T (r, p) - -  rl~r (r, p) = O. (7) 

The boundary cond~t ions  a r e :  

/sin pnc.. ] g/sin /mc 
! dT(R, p) I 

T(R, p)--Tm p~ q - ~  dr = pn 

T(O, p) :/: oo. 

(8) 

(9) 

Equat ion (7) i s  a modi f i ed  Besse l  equa t ion  [2] ,  and,  t ak ing  account  of  Eqso (8) and (9) ,  
i t s  s o l u t i o n  has the  form: 

T (r, p)= 
(g q- uT m )/sin pn- ~ .... 

l 

~xp[ Io(pR) ~_)~p I,(pR) ] (10) 
Io (pr) Io (pR) 

Applying an i n v e r s e  Four i e r  t r a n s f o r m a t i o n  and i n t r o d u c i n g  Bi ffi aR/~, we ob ta in  

. (g + eT m) sin p ~  
T(r, z) c (g + arm) + 2 Z l (11) 

p=l a.~p Io(PR) + pR I,(pR) 
Io (pr) Bi I. (pR) 

As can be seen from the  graphs (Fig.  2) c o n s t r u c t e d  from Eq. (11) ,  the  ope ra t i ng  c y l i n -  
d r i c a l  sensor  has a t empera tu re  g r a d i e n t  along the  r a d i u s  and the  l e n g t h ,  l e ad ing  to hea t  
t r a n s f e r  from the  s u r f a c e  h e a t  source  to  t he  c y l i n d r i c a l  s u b s t r a t e .  

Allowing f o r  Eq. (11) the  average  t empera tu re  o f  the  f i l m  element  i s :  

.~ | 1 sin 2 p*c 
1 f c ( e +  =Tm) + 2g • ,  I (12) 

T='2'c'" ' T(R, z) dz el ~--~ ~ [ pR II(pR)2" 

"o p=, z~p 2 ! + B----i- Io (pR)  

Then the total heat transfer from the film element to the stream and the substrate can be 
determined from the formula [5] 

115 



8 

a . 

o 

~i 'q /  

oo ~S. 

t 

,+ 8' BL 

Fig .  3. R e l a t i o n  between the t o t a l  h e a t -  
t r a n s f e r  c o e f f i c i e n t  ao and the  c o n v e c t i v e  
c o e f f i c i e n t  a f o r  the  c y l i n ~ r i c a l  s enso r .  

g (13) 
T 

From Eqs. (12) and (13) for T m - 0 we obtain: 

ao. + 2  1 �9 I ] (!4) 

It can be seen from the graph (Fig; 3), constructed according to Eq. (14), that the sub- 
strate of the cylindrical sensor ceases to have a substantial influence on the sensor opera- 
tion for Bi > 2 (c/Z > 0.3). This boundary is less than that for the influence of the sub- 
strate on a film sensor made�9 in the form of dielectric plate with a metal film on one sur- 
face [5]. An experimental check of Eq. (14) was made by comparing the calibration character- 
istics of a cyllndrlcal film sensor (c/l = 0.5) in water and air. A certain amount of diver- 
gence between the experimental data and the theoretlcal curves (Fig. 3) can be explained by 
heat loss through the film leads. 

Thus, to reduce the influence of the substrate on the measuring characteristics of the 
sensor film of a thermal anemometer one should increase the ratio c/Zs which makes the heat 
loss from the substrate minimal. 

NOTATION 

T (r, z, ~), sensor substrate temperature, ~ r, z, ~, coordlnateof apoint in a cylindrical 
system;  a ,  thermal  d i f f u s i v i t y ,  m/see ;  a ,  c o e f f i c i e n t  of  c o n v e c t i v e  hea t  t r a n s f e r ,  W/m. K; 
A, thermal  c o n d u c t i v i t y  of  the  s u b s t r a t e ,  W/m. K; g, amount of  hea t  r e l e a s e d  per  u n i t  t ime  
per  u n i t  a r ea  o f  f i lm  c a r r y i n g  c u r r e n t ,  J / s e c  �9 m; Tin, t empera ture  of  the  medium washing the  
c y l i n d e r ,  OK; p ,  F o u r i e r  t r ans form parameter ;  10(Rp), 10(rp). I,(Rp). l.(rp), m o d i f i e d  Besee l  f u n c t i o n s .  
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