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The effect  is  de te rmined  of nonuniform dis t r ibut ion of t e m p e r a t u r e s  along a w i r e  probe on 
the averaged  turbulent  veloci ty  pulsat ion along it. 

When turbulent  pulsat ions of ve loci ty  a re  m e a s u r e d  a m e a s u r e m e n t  e r r o r  a r i s e s  due to averag ing  
ove r  the length of the probe.  

This  e r r o r  was prev ious ly  analyzed by a s suming  uniform sensi t iv i ty  dis t r ibut ion along the probe [1]. 
In actual  fact ,  however ,  the sensi t iv i ty  is d is t r ibuted along the probe in a nonuniform manner  due to t e m -  
pe r a tu r e  d is t r ibut ion along its  length. The end of the probe becomes  cooler  due to m a s s i v e  holders  and this 
r e su l t s  in a shor tening of the effect ive length. The la t te r  modif ies  the ave rag ing  effect  ove r  the probe on 
the t h e r m o a n e m o m e t e r  readings .  The es t imat ion  of the effect  of ave rag ing  of the veloci ty  pulsation along 
the probe  with nonuniform t e m p e r a t u r e  dis t r ibut ion is the subject  of this a r t ic le .  

It is a s sumed  that by employing one of the well-known methods the heat  dr i f t  has been el iminated or  
can be ignored.  

In this case  the t e m p e r a t u r e  dis t r ibut ion along the probe thread is governed by the equation 

d20 __ a20 _ 4Q 
dx ~ Z2nd 2 , (1) 

where  

a 2 = 4  Nu k, ; N u =  a__~d. Q ,  = P p ;  R e = V d  
d~ )~ )h v 

The Nusse l t  number  can be found f rom the re la t ion  [2] 

Nu : 0.42Pr ~ + 0.57Pr~ ~ (2) 

The t e m p e r a t u r e  and veloci ty  a re  each r e p r e s e n t e d  by a sum of two components ,  the averaged  and 
the pulsation one: 

O = T + I ,  V = U + u .  (3) 

The averaged  t e m p e r a t u r e  T is constant  in t ime but va r i ab le  along the wire .  The averaged  veloci ty  
U is constant  both in t ime  and space.  The va r i ab le  components  t and u a re  r andom functions of t ime and 
of the coordinate  x. Moreover ,  it is a s sumed  that u is a homogeneous function of the coordinate  x. 

One a s s u m e s ,  as it is c u s t o m a r y  in t h e r m o a n e m o m e t r y ,  that the pulsat ing components  (or more  
p r ec i s e ly ,  t h e i r  m e a n - s q u a r e  values) a r e  much s m a l l e r  than the averaged  quanti t ies:  

u z/~ U, t ( (  T. 

Under thi6 assumpt ion  the mul t ip l ie r  Re ~ appear ing  in (1) can be made equal to 
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u 
Re0.5 = / - T - ( u  +u)0.s ~ . / - - ~ - ( I  + 0,5--~-).  (5) 

Substituting (5) in (2) and then in (1), two equations are  obtained for t empera tu re  distribution: 

1) for averaged t empera tu re s ,  

d 2 _ _ ~ T a ~ T = _  4Q ., (6 )  
dx  2 ~2~d ~ 

2) for the pulsating t empera tu re  component,  

# t  
- -  - -  a ~ t  = q0 (x ) ,  ( 7 )  

clx 2 

where 9(x) = DT(x) u(x). 

The coefficient  a appearing in (6) and (7) can be determined from (2) by using U only. 

It has already been pointed out that the tempera ture  at the ends of the wire  is constant and equal to 
the t empera tu re  of the surrounding medium. Hence the boundary conditions for Eqs.  (6) and (7) are  given 
by 

ary  conditions (8). 

l, 
T = t = 0  and x =  0. (8) 

The solution of Eq. (6) with the boundary conditions (8) is known and is of the form [2] 

cha x - - - ~ -  

T = D 1 1 - -  
ch al  " (9) 

2 

To find the distribution of the pulsating t empera tu res  one has to solve Eq. (7) together  with the bound- 
This solution is given by 

l x 

= q~ (y) (cth al  sh ay - -  ch ay) dy  + ~ (y) ch aydy 
a 

o o 

c h  
~ ~ (y) sh aydy.  (10) 

a x  

a ~ I 
o 

The tension between the ends of the wire  is given as the product of the cur ren t  and its r es i s t ance .  
The relat ion between the res i s t ance  of the unit length of the wire  and the t empera tu re  in the range of t em-  
pera tu res  charac te r i s t i c  for the rmoanemomet ry  can be represen ted  by a l inear  re la t ion 

P = Pc [1 + {~ (T + Tx)]. (11) 

The pulsating part  of the res i s t ance  is obtained from (II), namely 

=Po{3t. (19.) 

The pulsating tension between the wire  ends is given in t e rm s  of the pulsating t empera tu re  by the re la t ion 

l l 

e = Z = 1 p0 j tdx. (13) 
0 0 

Inser t ing (10) in (13) and by subsequent calculations one obtains the relat ion between the tension at the ends 
of the wire  and the pulsation velocity,  

l 

Jlcha(x- ' e ~ = k  - - -  

�9 c h  

0 

2 

- -  1 udx.  (14) 

If lack of uniformity in the velocity field along the wire  can b e  ignored then (14) can be replaced by 
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e o = kU 

l 

ch - U  ] 
0 

(15) 

The quantity k r e p r e s e n t s  the sensi t iv i ty  of a unit length of the probe.  
in (15) y ie lds  

e o = k l u l  l _{_ l___~(shal + 1 ) 
2ch ~a/ ~ al 

2 

The evaluation of the in tegra l  

al (16) 

With al ~ the t e m p e r a t u r e  dis t r ibut ion along the probe becomes  uni form and the express ion  in square  
b r a c k e t s  is equal to 1. The function 

4th a/ 
g = 1 + 1 ( shal ) 2 

2ch~ a------~ \ ~ -  + 1 / -- al (17) 
2 

gives the sensitivity change due to the cooling at the ends. Its graph is shown in Fig. la. 

To determine the effect of the ends on the measurement of the variance of the pulsation velocity one 
has to evaluate the variance integral in (14): 

= k ~  

l 

- II e 2 = k z 
171 

o 

ch (chx _21/j xl a l  - -  1 ud 

2 

! l 

R ( x " , x ' )  . a I  - -  1 

t ch -fr- 
o 0 

• al --1 dx'd~'. 
eh -2- 

The ba r  ove r  a quantity indicates  averag ing  over  t ime.  

F o r  fu r the r  ca lcula t ions  the co r re l a t ion  function It should be given. 

Fo r  a probe of sma l l  d imens ions  R can be given in the fo rm [2] 

R (s - -  x') = 1 (x" - - x ' )  ~ 

]3y subst i tut ing (19) in (19) and evaluat ing the in tegra ls  with r e s p e c t  to x '  and x" one obtains 

e L u2~ t ~ 
= _ = l - - r  -( ,  

e ~ u ~ 

where  

(is) 

(19)  

(20) 

= . 1 (a21 ~ + 2 s h a l _ _ ~  - -2  t h - -  
4ch 2al  \ aal ~ a'Zl ~ ' \ 4a3l ~ 2 

2 

/ 111 1 - o~,-T + 1 + 2 c h O ~ , T  + 1 )  oz �9 
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Fig.  1. The sensi t ivi ty  of the wi re  probe (a) and of the effective length of the 
wire  (b) vs d imens ion less  p a r a m e t e r  al. In a), t he  ordinate axis r e p r e s e n t s  g. 

The re la t ion  (20) is s imi l a r  to the one obtained previously  in [1] for a probe with uniform t e m p e r a t u r e  
dis tr ibut ion.  Both re la t ions  can be r ewr i t t en  in one formula ,  

u 2 1 feff m -- 1 (21) 
u ~ 6 ~ 

F o r  a uniform distr ibution of t e m p e r a t u r e s  (that is ,  for al--"~) one has /eft  = l and for  nonuniform 
2 = 6 ~b/2:i 

/eft  
Fo r  l >> L the co r re la t ion  function changes much more  rapidly  than the de te rmin i s t i c  functions ap-  

pea r ing  under the in tegra l  sign in the express ion  (18). The co r re la t ion  function can, t he re fo re ,  be r e -  
presented  by 

~o 

R = 6(x" - - x ' )L ,  where L = ~ R (r)dr. (22) 
0 

Substituting (22) into (18) one obtains 

I I  

.[ S R (x" -- x') G (x") G (x') dx"dx' 
O0 

l X" l 

= ,.{.( ~(~'1 [S ~(~"-~')~(~"l~"+ S ~(,, '-x')~(x'l~'] ~x,} 
0 0 X' 

where  

Hence 

G =  

l 

= 2L .f G2 (x) dx, (23) 
0 

[ oh-' ]2 a l  " ~ 1 . 

2 

~o 

l 

2L S G~dx 
0 

l {S ~.x}, 
0 

2L (24) 
I e f f  

where 
I 

{5 ~d,}' 
t e f f - -  ~ 

S fiMx 
0 
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For  a l -  ~ one obtains /eff = l and the relat ion (24) is t ransformed into the one previously obtained in [1] for 
a uniform tempera ture  distribution. The graphs of l e f f / l v s  a l  for a long probe (Curve 1) or a short  one 
(Curve 2) are shown in Fig. lb by dashed lines. Of course ,  one has 

" 

The difference between them, however,  is not large; therefore ,  both graphs can be replaced by a single 
one obtained as their  ar i thmetic  average (Fig. lb -- continuous line). The deviation of the averaged line 
from the original  ones does not exceed 3% in magnitude. 

One was thus able to reduce the effect of nonuniformity in the tempera ture  distribution along the probe 
by introducing the concept of effective length. The cooling effect at the ends of the probe by brackets  
shortens the effective probe length and increases  its resolv ing  capacity.  

It follows f rom the obtained resul t s  that the magnitude of this effect inc reases  with the reduction of 
the heat exchange intensity or  of the ra t io  of probe length to its thickness.  However,  in pract ice  the use 
of such a probe with a higher resolv ing  capacity is somewhat involved. A comparat ively  slight r i se  in the 
resolv ing  capacity involves lowering of the probe sensitivity as one can see by compar ing  Fig. la  and b. 

For  example, for a wolfram wire with d = 20 �9 10 -6 m, l = 10 -3 m with air  velocity 5 m / s e e  one has 
a l  = 2; l e f f / l  = 0.65; g = 0.05. It is doubtful whether the use of probes with a lower value of a l  is worth 
while in view of low sensitivity.  
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N O T A T I O N  

is the tempera ture  difference between the wire and the surrounding medium; 
is the coordinate along the wire measured  from one of its ends; 
is the Nusselt  number;  
is the heat exchange coefficient of the wire;  
are  the coefficients of heat conduction for the medium and the wire;  
is the wire diameter ;  
is the heat generation in unit of time on a unit of wire:length; 
is the intensity of the cur ren t  flowing through the wire; 
is the res i s tance  of a unit of wire length; 
is the Prandt l  number;  
is the Reynolds number;  
are  the average and puslation flow velocit ies;  
are  the average and pulsation components of the probe overheat ing relat ive to the tempera ture  

of the medium; 
are  the constant coefficients;  
is the flow tempera ture ;  
is the pulsation component of res i s tance  of a wire unit length; 
is the res i s t ance  of wire unit length at 0~ 
is the pulsating voltage between the ends of the wire; 
is the pulsating voltage on probe subject to cooling effect of brackets ;  
is the voltage pulsation on probe with uniform velocity distribution; 
is the var iance  of velocity pulsation; 
Is the var iance  of pulsating voltage; 
are  the coordinates  of any points on the probe; 
is the cor re la t ion  function; 
is the turbulence microsca le ;  
is the effective length of probe when the turbulent velocity pulsation is measured;  
is the integral  scale of turbulence; 
is the delta function. 
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