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The op t imum re la t ions  a r e  found between the t e m p e r a t u r e s  of the t h e r m o a n e m o m e t e r  f i lament  
and the gas a s su r ing  the min imum e r r o r  in m e a s u r i n g  the pulsat ion c h a r a c t e r i s t i c s  of a flow. 

As a ru le ,  in the t h e r m o a n e m o m e t r i c  de te rmina t ion  of the pulsat ion c h a r a c t e r i s t i c s  of turbulent  noniso-  
t he rma l  s t r e a m s  one u se s  the "method of three  s u p e r h e a t s , "  which allows one to i so la te  f r o m  the total  signal 
of the t h e r m o a n e m o m e t e r  probe  the components  connected only with pulsat ions  in the veloci ty  or  t e m p e r a t u r e  
[1]. In accordance  with this method m e a s u r e m e n t s  a re  made at  th ree  d i f ferent  values  ( a rb i t r a ry  in principle)  
of the t e m p e r a t u r e  T w of the t h e r m o a n e m o m e t e r  f i lament  for  the de te rmina t ion  of u' and T~. F r o m  the so lu -  
tion of the s y s t e m  of hea t -ba lance  equations for  the f i lament  cor responding  to m e a s u r e m e n t s  at dif ferent  values  
of (AT) = (Tg - Tw) one can find the t e m p e r a t u r e  and veloci ty  pulsat ions and the co r re la t ion  (u'T~).  In this 
case  the accu racy  of the de te rmina t ion  of the pulsat ion c h a r a c t e r i s t i c s  depends on the values  of (zXT). At some 
values  of the f i lament  superhea t s  re la t ive  to the surrounding medium rea l i zed  in expe r imen t s  the m e a s u r e m e n t  
e r r o r  p roves  to be unacceptably  l a rge .  In this connection the choice of the opt imum modes  of t h e r m o a n e m o m -  
e t e r  opera t ion  a s s u r i ng  the min imum m e a s u r e m e n t  e r r o r  is impor tan t .  An analys is  of the e r r o r  in m e a s u r e -  
ments  of veloci ty  pulsat ions in noniso thermal  gas s t r e a m s  by a c o n s t a n t - t e m p e r a t u r e  t .he rmoanemomete r  is 
c a r r i ed  out below in applicat ion to the p rocedure  developed in [2]. 

The intensi ty of the veloci ty  pulsat ions  is de te rmined  by the following re la t ion  [2]: 
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i = 1 ,  2, 3. 

We designate  the re la t ive  r m s  e r r o r s  of the quant i t ies  ~4~12), ku-, and kT. (i = 1, 2, 3) as  ee ,  eku, and 
1 1 i 

ekT,  r e spec t ive ly ,  and we a s s u m e  that  they a re  independent. In this case the re la t ive  r m s  e r r o r  eu in the 
m e a s u r e m e n t  of veloci ty  pulsat ions  can be calculated in the following way [3]: 

A(I ( u " > / ( u ) )  (2) 
E u ~ ," <u':>/<u> 
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Using Eq. (1), we obtain 
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F r o m  Eq. (3) it is seen that the e r r o r  eu depends on the relative e r r o r s  eku, ekT, and ee, the ra t ios  of 
the coefficients of sensit ivity ai, the rat io m of the tempera ture  and velocity pulsat ions,  and the corre la t ion  
coefficient R. 

The e r r o r  eku can be calculated f rom the equation 

! Ok. A ( u ) .  (4) 
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An analysis  of tes t  data on the dependences of the output voltage of a the rmoanemomete r  on the velocity shows 
that the quantity 1/ku.aku/aU var ies  within the l imits  of 2 .10-2 -10  -3 sec /m upon var ia t ion of the velocity f rom 5 
to 30 m/sec ,  respect ively.  Since the relat ive e r r o r  in the measuremen t  of the average velocity by a Pitot tube 
in a turbulent s t r eam is 0.1, we find that eku < 5 �9 10 -2. On the basis of analogous es t imates  one can assume 
that ekT < 5 . 1 0  -2. As for  ee, it is determined by the class  of accuracy  of the ins t ruments  measur ing  the out-  
put voltage of the the rmoanemometer .  When using apparatus of the DISA Co. the e r r o r  e e does not exceed 
0.01. Some resul ts  of a calculation of the e r r o r  by Eqs. (2)-(3) with var ia t ion of the quantities a i ,  m,  and R in 
the l imits  of 10-< a t -  100, 0.5 -< a 2-< 10, 0.5 <- o~-< 3, 0.1 -< m - 1, a n d - 1  -< R - 1 are  presented  in Fig. 1A 
and B. 

The calculations show that the e r r o r  e u dec reases  with an increase  in the maximum superheat  of the f i la-  
ment and a decrease  in the minimum superheat.  In this case the maximum superheat  has  the greates t  in-  
fluence on eu (Fig. 1A). As for  the intermediate  and minimum superheats ,  their variat ion within cer tain (rather 
broad) l imits  has  a weak effect  on the measuremen t  e r r o r .  

On this basis ,  when measur ing  the intensity of turbulent velocity pulsations with an e r r o r  not exceeding 
10-20% one mus t  vary  the t empera tu re  Tw of the the rmoanemomete r  f i lament  in the course  of the exper iment  
so that the condition a 3 --< 1-1.5 is satisfied at the maximum superheat ,  the condition 3 < a e < 7 is satisfied at 
the intermediate superheat ,  and the condition a 1 -> 15-20 is satisfied at the minimum superheat .  

It should be noted that the maximum superheat  of the f i lament is l imited above and depends on the f i la -  
ment  mater ia l .  For  the p l a t i n u m - r h o d i u m  detector  of type 55A75 of the DISA company, e.g., the maximum 
fi lament  t empera tu re  must  not exceed Twmax = ll00~ and the indicated level of measuremen t  accu racy  can be 
reached with (Tg)-< (500-600~ 

As for  the minimum superheat ,  it is l imited in value and depends on the sensit ivity and stabili ty of the 
the rmoanemomet r ic  apparatus.  The condition a 1 ~. 15 is sat isf ied,  e .g. ,  if (Tg) ~ 500~ and Tw ~ 550~ At 
a f i lament superheat  of 50 ~ a modern  the rmoanemomet r i c  apparatus  (such as an apparatus  of DISA) 
operates  stably. It is des i rable ,  however ,  that measurements  corresponding to the minimum superheat  be 
conducted in the mode a res i s t ance  t he rmomete r  [4]. In this mode,  as calibrat ions show, the condition ai - 
30-50 is always satisfied. 
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Fig. 1. Dependence of eu on ra t ios  of coeff icients  of sen -  
s ivi ty  a 2 and a l  at  di f ferent  values  of a3: a) dependence 
eu(a2) a t e  1 = 50; B) eu(a 1) a t e  2 = 5; m = 0 .5 ;R  = 0; 1) a 3 = 
0.5; 2) 1; 3) 1.5; 4) 2; 5) 2.5. 

The theore t ica l  calculat ions of e r r o r s  p re sen ted  above ag ree  well  with the resu l t s  of a s ta t i s t i ca l  ana lys i s  
of the expe r imen ta l  data desc r ibed  in [5]. 
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N O T A T I O N  

is the t e m p e r a t u r e ;  
a r e  the mean  pulsat ion and components  of ve loc i ty ,  respec t ive ly ;  
a re  the mean  arid pulsat ion components  of the output voltage of t h e r m o a n e m o m e t e r ;  
a r e  the coeff icients  of sens i t iv i ty  to veloci ty  and t e m p e r a t u r e  pulsat ions;  
a r e  the ra t io  of coeff icients  of sens i t iv i ty ;  

a re  the e m p i r i c a l  coeff icients;  

a re  the 

a re  the 
a r e  the 

ra t io  of in tensi t ies  of veloci ty  and t e m p e r a t u r e  pulsat ions;  

co r re l a t ion  coefficient;  
r e la t ive  r m s  e r r o r s  for  k u, kT,  ( e r  and < u J ~ .  

is the p a r a m e t e r s  of gas; 
is the f i lament;  
is sur rounding medium.  
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