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I N F L U E N C E  OF THE A S P E C T  R A T I O  AND D I A M E T E R  

OF THE P R O B E  F I L A M E N T  OF A 

T H E R M O A N E M O M E T E R  ON ITS R E A D I N G  

E.  U. R e p i k ,  A. S. Z e m s k a y a ,  
and  V. N. L e v i t s k i i  

UDC 532.526.4:551.508.5 

The results are presented of an experimental investigation of the Influence of the aspect ratio 
of the probe filament of a thermoanemometer and of the absolute value of its diameter on the 
magnitude of the heat losses from the probe filament to the holders when measuring the average 
velocity of a gas stream. 

The use of a thermoanemometer to measure the average velocity of a gas stream is possible only in the 
case when the dependence of the heat emission of the probe filament of the thermoanemometer on the physical 
parameters of the stream and its geometrical dimensions is known. An exact determination of the heat-ex- 
change law of a filament by theoretical means under the actual conditions of flow over it does not seem pos- 
sible, which leads to the necessity of using calibration equations in practical measurements. 

The heat exchange between a filament and a gas stream for infinitely long filaments was studied experi- 
mentally by Collis and Williams [1], who suggested the equation 

where 

Nu (Tm ~-0,7 ~ 0.24 ,L 0.56Re TM, (1) 

V 2 Ud T:~ § T~ 
" Re w -- ; Tm := 

Nu = a)~tIATRw ' vm 2 

Filaments of finite length are used in practical measurements, which leads to the necessity of introduc- 
ing corrections to the heat-exchange law (1) allowing for the heat loss from the proble filament to the probe 
holders. In recent years the efforts of experimenters have been directed toward the establishment of that 
minimum admissible relative filament length (//d)adm for which the measurement error due to the finite fila- 
ment length is unimportant or can be neglected in practical measurements. The available test data [1-4], how- 
ever, are in poor agreement with each other, which hinders their practical use. For example, in [1] it is 
recommended to use filaments with (I/d)ad m -- 2000, in [2] (//d)adm --- 700, while in [3] (//d)adm -> 400. In [4], 

Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 35, No. 5, pp. 820-826, November, 1978. Original 

article submitted October 5, 1977. 

1 3 0 0  0022-0841/78/3505- 1300 $07.50 �9 1979 Plenum Publishing Corporation 



T A B L E  1. D i m e n s i o n s  of P r o b l e  F i l a m e n t s  of  T h e r m o a n e m o m e t e r  

Woolaston filament (platinum fiber in a 
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376 359 
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3460 1133 
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w h e r e  t h i ck  f i l a m e n t s  wi th  d = 100 ~m w e r e  i n v e s t i g a t e d ,  n o t i c e a b l e  h e a t  l o s s  f r o m  the f i l a m e n t  to the p r o b e  
h o l d e r s  w a s  o b s e r v e d  up to v a l u e s  of ( / /d)ad m = 16,000. 

T h e r e  i s  r e a s o n  to th ink  tha t  the  m i n i m u m  a d m i s s i b l e  va lue  ( / /d)ad m de pe nds  on the a b s o l u t e  va lue  of the 
f i l a m e n t  d i a m e t e r ,  so tha t  in the p r e s e n t  s t a t e  we s tud ied  f i l a m e n t s  not  only  wi th  d i f f e r e n t  v a l u e s  of l /d  but a l s o  
wi th  d i f f e r e n t  d i a m e t e r s .  The  d i m e n s i o n s  of the f i l a m e n t s  a r e  given in T a b l e  1. The  R e y n o l d s  n u m b e r ,  c a l -  
cu l a t ed  f r o m  the f i l a m e n t  d i a m e t e r ,  was  v a r i e d  f r o m  0.005 to 33. 

In the  a r t i c l e  we p r e s e n t  new t e s t  da ta  c o n t r i b u t i n g  to the r e f i n e m e n t  of the a v a i l a b l e  i n f o r m a t i o n  on the 
q u e s t i o n  u n d e r  c o n s i d e r a t i o n  and m a k i n g  i t  p o s s i b l e  in s o m e  m e a s u r e  to e s t a b l i s h  the  r e a s o n s  fo r  the a b o v e -  
i n d i c a t e d  d i s a g r e e m e n t s  in the e x p e r i m e n t a l  r e s u l t s  of [1-4]. 

The  s i ze  of the c o r r e c t i o n  to  the h e a t - e x c h a n g e  law (1) due to the  u s e  of f i l a m e n t s  of f in i t e  length  was  
d e t e r m i n e d  on the b a s i s  of a c a l i b r a t i o n  of the t h e r m o a n e m o m e t e r  p r o b e  by v e l o c i t y  in the p o t e n t i a l  s t r e a m  of 
a wind  tunnel  wi th  a low t u r b u l e n c e  i n t e n s i t y  (fUT~/'U~ = 0.1-0.2c/0). A s  the  c o n t r o l  i n s t r u m e n t  we used  a P i t o t  
t u b e ,  the r e a d i n g s  of which  w e r e  r e c o r d e d  wi th  a h igh ly  s e n s i t i v e  a l c oho l  m a n o m e t e r .  The  t r a c k i n g  of the a l c o -  
hol  l e v e l ,  the r e a d i n g ,  and the r e c o r d i n g  of the m a n o m e t e r  r e a d i n g s  w e r e  a c c o m p l i s h e d  a u t o m a t i c a l l y  wi th  an 
e l e c t r o n i c  d e v i c e  e m p l o y i n g  p h o t o d i o d e s  and o p t i c a l  l e n s e s .  The  r m s  e r r o r  of the m a n o m e t e r  was  a = 0.004 
m m  of w a t e r  co lumn.  

In the p r e s e n t  t e s t s  we u s e d  only a n g u l a r  t h e r m o a n e m o m e t e r  p r o b e s  (Fig .  1),  o v e r  the h o l d e r s  of which  
the gas  s t r e a m  f lows  l o n g i t u d i n a l l y ,  s i nce  i t  w a s  shown in [2, 5] t ha t  the i n t e r a c t i o n  of the s t r e a m  with  the  
h o l d e r s  of  s t r a i g h t  p r o b e s  when they  a r e  t r a n s v e r s e  to the  f low is  r e f l e c t e d  n o t i c e a b l y  in the f low o v e r  the 
p r o b e  f i l a m e n t .  

In o r d e r  to w e a k e n  the p o s s i b l e  i n f luence  of v i b r a t i o n  and bend ing  of the f i l a m e n t  on i t s  r e a d i n g s ,  i t  was  
s o l d e r e d  to the p r o b e  h o l d e r s  wi th  s m a l l  p r e l i m i n a r y  t ens ion .  The  t e m p e r a t u r e  c o e f f i c i e n t  of r e s i s t a n c e  of 
the f i l a m e n t  m a t e r i a l  w a s  d e t e r m i n e d  e x p e r i m e n t a l l y  and e qua l e d  0.0035 1 / d e g  fo r  a l l  the  f i l a m e n t s .  A l l  the  
m e a s u r e m e n t s  w e r e  p e r f o r m e d  a t  a c o n s t a n t  s u p e r h e a t  AT = 223" of the p r o b e  f i l a m e n t  r e l a t i v e  to the  s u r r o u n d -  
ing m e d i u m .  

P r e l i m i n a r y  i n v e s t i g a t i o n s  showed  tha t  the length  of the  une t ched  s e c t i o n s  of  a W o l l a s t o n  f i l a m e n t  does  
not  have  a n o t i c e a b l e  e f f ec t  on i t s  h e a t  exchange  wi th  the gas  s t r e a m  (Fig .  l a ) ,  and hence  the c h a r a c t e r i s t i c  
d i m e n s i o n s  of  a W o l l a s t o n  f i l a m e n t  a r e  the length  and d i a m e t e r  of i t s  e t c h e d  sec t i on .  

To r e c o r d  the p r o b e  r e a d i n g s  we u sed  the m e a s u r i n g  b r i d g e  of an I~TAM -3A t h e r m o a n e m o m e t e r  wi th  o u t -  
put  to a VK-7/10A d i g i t a l  v o l t m e t e r ,  f o r  which  the m e a s u r e m e n t  e r r o r  w a s  ~ 0 . 0 0 1 V .  

The  t e s t  r e s u l t s  a r e  p r e s e n t e d  in F ig .  1 in the f o r m  of the d e p e n d e n c e  

Nu ( T., ~ - o . , ,  It(e~' ). (2) k :% / = 1 . . .  o ~5, 

F o r  a c o n s t a n t  f i l a m e n t  d i a m e t e r  the d e p e n d e n c e  (2) is  d e t e r m i n e d  to  a l a r g e  e x t e n t  by the va lue  of l / d ,  
with  the  in f luence  of  l id  be ing  s t r e n g t h e n e d  s o m e w h a t  wi th  an i n c r e a s e  in Rew.  A s  l id i n c r e a s e s  th i s  d e p e n -  
dence  a p p r o a c h e s  Eq.  (1) and a l l  the  t e s t  p o i n t s  f i t  w e l l  to a s t r a i g h t  l ine .  F r o m  th i s  i t  fo l lows  that  a s  l /d  ~ 
the  in f luence  of the R e y n o l d s  n u m b e r  on the N u s s e l t  n u m b e r  ob ta ined  in the p r e s e n t  t e s t s  a g r e e s  wi th  the t e s t s  
of Co l l i s  and W i l l i a m s  [1]. 
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Fig. 1. Influeace of aspect  r a t i o / / d  on heat  emiss ion  of f i lament  as  
a function of Re~  ~ fo r  different  f i lament  d iamete r s :  1) Eq. (1); a) 
d = 8 . 3 / l m ;  l/d=688; 2) l =5.7 ram; L=32  ram; 3) l =5.7 ram; L=  
5.9 ram; b) d=4 .1 /zm;  4 ) / / d = 1 7 8 ;  5) 335; 63 507; 7) 668; 8) 830; 9) 
990; 10) 1640; c) d=5.4 /~m;  11) l/d= 169; 12) 325; 13) 489; 14) 651; 
15) 807; 16) 1115; 17) 1441; 18) 1609; d) d=8.3 /~m;  19) l / d=180 ;  20) 
352; 21) 523; 22) 688; 23) 1223; 24) 1735; 25) 3801; 

The depar ture  of the tes t  points f rom a s t ra ight  line at  small  values  of Re~  4~ is due to the influence of 
natural  convection on the heat  exchange of the f i lament ,  and the Reynolds number  at which this depar ture  is 
observed (dashed line in Fig. 1) is de te rmined  by the f i lament  d iameter .  

An impor tant  r esu l t  of the p resen t  investigation was the es tabl ishment  of the exper imenta l  fact  that at 
//d < (//d)ad m the heat  flow f rom the f i lament  to the probe holders  depends not only on the aspect  ra t io  l/d of 
the f i lament  but also on the absolute value of its d iamete r  d. 

F r o m  Fig. 2a it follows that at  Rew = const  the value of Nu grows with an increase  in the f i lament  d iam-  
e te r .  The influence of the d i ame te r  of the f i lament  on its heat  losses  is s t rengthened with an inc rease  in the 
Reynolds number  (see Fig. 1). 

This  impor tant  fact  was not noticed in e a r l i e r  investigations and may be one of the reasons  for  the d is-  
agreement  of the exper imenta l  data of [1-4] on the influence of l/d on the probe readings,  

F r o m  the p re sen t  tes ts  i t  follows that the minimum admissible  value (//d)adm grows with an increase  in 
the f i lament  d iameter .  Fo r  example ,  whereas  (l/d)adm = 1100 at d = 4.1 ~m, (//d)adm is a l ready  3000 at d = 
14.5 ~m. 
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Fig.  1. (Continued). e) d=14.5 /~m;  26) l/d=174; 27) 334; 28) 498; 
29) 769; 30) 1230; 31) 1662; 32) 2496; 33)4221; f) d=22 .6 /~m;  34) 
l/d=194; 35) 376; 36) 582; 37) 789; 38) 952; 39) 1164; 40) 2412; 41) 
3460; g) d=31.9  /~m; 42) l /d= 202; 43) 359; 44) 561; 45) 613; 46) 
758; 47) 811; 48) 981; 49) 1133; 50) 1310; 51) 2446. 

A s d/l ~ 0, however ,  all the tes t  curves  obtained with different  f i lament  d i a m e t e r s  a r r i v e  at one and the 
same value of I'~u(Tm/]?~) -~ cor responding  to flow over  an infinitely long f i lament  (dashed line in Fig. 2b). 

If the hea t -exchange  law for  f i laments  of finite length is r ep re sen t ed  in the fo rm of the equation 

[ T,,, ~-o.l;  Rer,.~ ~ 

which allows not only for the convective heat exchange between the fi lament and the gas s t ream but also for 
l o s ses  due to heat  flow to the probe ho lde r s ,  then in this case  the coefficients  A and B will no longer  be con-  
s tants  [as occurs  in Eq. (1) for  infinitely long f i laments]  but will consis t  of functional dependences 

A =- [~(l .d, d); B = f._,(ld, d), 

which can be approximated  (Fig, 3) by e m p i r i c a l  equations:  

( ) ( A .... 0.13--- 22.97 d --79 " . : ( ld- I  B .=0,5-- 25.68 d .._ 16 : old) -~ (4) 
do " do 
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Fig. 2. Influence of f i l ament  d i a m e t e r  on hea t  t r a n s f e r  of f i l a -  
men t  as  a function of the a spec t  r a t io  l i d  at  Re~  45 = 1.8; 1) d = 
31.9/am; 2) 22.6; 3) 14.5; 4) 8.3; 5) 5.4; 6) 4.1. 
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Fig. 3. Dependence of coeff icients  A and B in Eq. (3) on 
//d for  di f ferent  f i l ament  d i a m e t e r s :  1) d = 31.9/am; 2) 
22.6; 3) 14.5; 4) 8.3; 5) 5.4; 6) 4.1. 

for  l/d -< 500 and 

) A = 0 , 2 5 - / -  21 7 o  -k-22 • (l/d)-', 
(5) 

B - ~ 0 . 5 3 +  24.16 do + 8  • (l/d) -I 

for  l/d > 500. 

H e r e  a f i l ament  d i a m e t e r  of 5.4/am was chosen as d 0. As //d ~ ~ the values  of A and B will be 0.25 and 
0.53, r e spec t ive ly ,  for  all  f i l ament  d i a m e t e r s .  These  values  of A and B dif fer  sl ightly f r o m  the constants  of 
Eq. (1). 

Equations (3)-(5) can be used  to e s t i m a t e  the total  heat  l o s s e s  f r o m  a f i l ament  of finite length in a wide 
range  of var ia t ion  of i ts  a spec t  ra t io  l/d and absolute  d i ame te r  d. 
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the Nusse l t  number ;  
the c h a r a c t e r i s t i c  t e m p e r a t u r e ;  
the f i lament  t e m p e r a t u r e ;  
the s t r e a m  t e m p e r a t u r e ;  
the voltage drop on the probe  f i lament ;  
the r e s i s t ance  of the hot f i lament ;  
the length of the etched sect ion of the probe  f i lament ;  
the dis tance between f i lament  holders ;  
the d i ame te r ;  
the coeff icient  of t he rm a l  conductivity of a i r  at the cha r ac t e r i s t i c  t e m p e r a t u r e  Tm;  
the superhea t  of the f i lament  re la t ive  to the s t r e a m  t e m p e r a t u r e ;  
the veloci ty  of the oncoming s t r e a m ;  
the coeff icient  of k inemat ic  v i scos i ty  of a i r  at the c h a r a c t e r i s t i c  t e m p e r a t u r e  Tin; 
the Reynolds number ;  
the r m s  value of pulsat ions of the longitudinal velocity component.  
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E M P I R I C A L  H E A T - E X C H A N G E  E Q U A T I O N  

H Y D R O R E S I S T O R  T H E R M O A N E M O M E T E R  

FOR A 

V. N .  N a b a t o v  UDC 53.082.6 

An e m p i r i c a l  equation is obtained which well  de sc r ibe s  the hea t -exchange  p r o c e s s  at the sensor  
of a h y d r o r e s i s t o r  t h e r m o a n e m o m e t e r  in the range of Reynolds number s  f r o m  3 �9 103 to 105 and 
with a Prandt l  number  of 7.5. 

The h y d r o r e s i s t o r  t h e r m o a n e m o m e t e r  is one of the pr incipal  ins t ruments  in the invest igat ion of the m i c -  
rosca le  var iab i l i ty  of the veloci ty  field of oceanic  cur ren t s  [1, 2]. In its technical  data it is l i t t le  in fe r ior  to 
the best  models  of fi lm t h e r m o a n e m o m e t e r s ,  while the high re l iabi l i ty  under  natura l  conditions has  es tabl i shed 
its p redominant  role.  Despi te  the fact  that the p r o p e r t i e s  of this measu r ing  device a re  s im i l a r  in many ways 
to the p r o p e r t i e s  of an ord inary  t h e r m o a n e m o m e t e r ,  there  a re  impor tan t  d i f fe rences  in the construct ion of the 
sensor  and the c h a r a c t e r  of its heat  exchange with the surrounding medium.  

The proposed  e m p i r i c a l  equation desc r ib ing  the steady p r o c e s s  of heat  exchange in exis t ing models  of 
h y d r o r e s i s t o r  t h e r m o a n e m o m e t e r s  is analogous to King 's  equation for  a wire  t h e r m o a n e m o m e t e r  [3]. It can 
be used to calculate  the sensi t iv i ty  to veloci ty  pulsat ions in var ious  modes of heating of the sensor .  

The sensor  of a h y d r o r e s i s t o r  t h e r m o a n e m o m e t e r  is r ep re sen ted  schemat ica l ly  in Fig. 1. Cooling of a 
heated l aye r  of e l ec t r i ca l ly  conducting liquid (seawater)  at  the sur face  of the head of the insula tor  2 near  the 
round mic roe l ec t rode  1 occurs  during longitudinal flow over  it. The heating is accompl ished  by an a l ternat ing 
voltage applied between the mic roe l ec t rode  and the meta l l ic  holdcr3. The frequency of the voltage is chosen 
so that the reac t ive  component  of the impedance of the sensor  is much less  than the act ive component:  

T rans l a t ed  f rom Inzhenerno-F iz i chesk i i  Zhurnal ,  Vol. 35, No. 5, pp. 827-833, N o v e m b e r ,  1978. Or ig i -  
nal a r t i c le  submit ted Decem ber  13, 1977. 
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