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The inertial  cha rac te r i s t i c s  of the thermal  p rocesses  underlying a new method of measur ing  
turbulent p r e s s u r e  and velocity fluctuations a re  analyzed. 

If a surface coated with a condensate film is placed normal  to a turbulent flow of pure dry vapor,  the 
tempera ture  of the surface film will ve ry  rapidly follow the fluctuations of the total vapor p r e s su re  in time. 
It is obvious that the ra te  of relaxation of the p r e s s u r e - t e m p e r a t u r e  equilibrium on the film surface due to 
the rapid molecular  p rocesses  of evaporation and condensation will be significantly greater  than the g rea t -  
es t  possible ra tes  of p r e s su re  change due to turbulence.  It is also obvious that if the var ia t ion of t empera -  
ture of a sufficiently small  a r ea  of the film surface could be measured ,  the interpretat ion of the data ob-  
tained in this way f rom the known saturat ion line for the working fluid would give accura te  information 
about the corresponding turbulent p r e s su re  and velocity fluctuations. Since the thin condensate film on the 
sensit ive surface can probably be most  conveniently formed by condensation, and this p rocess  takes par t  
s imultaneously in the relaxation phenomena, this measurement  technique can be called the condensation 
method. 

These  physical  p remises  provide the basis for a new method of measur ing  turbulent p r e s su re  and 
velocity fluctuations in a vapor flow. The proposed method, as repor ted  in [1], can theoret ical ly have a 
resolv ing  power approximately one o rde r  g rea te r  than that of a hot-wire  anemometer  (which measures  
turbulent eddies of a scale of 500 ~ or more  [2, 3]). Another advantage of the method is the obvious r e -  
liability of interpretat ion of p re s su re  fluctuations f rom the tempera ture  fluctuations on the basis of the 
saturat ion line. The interpretat ion of the rmoanemomete r  readings ,  which is usually based on cal ibrat ion 
curves  obtained for the case of steady heat t ransfer  of the wire ,  cannot be regarded  as s t r ic t ly  accura te  
[3]. The fluctuations of f i lm surface t empera tu re ,  on the other hand, for the same turbulent fluctuations 
have much smal le r  amplitudes than the tempera ture  fluctuations of the hot wire of the anemometer ;  hence, 
the sensit ivity of the sensors  and amplifying equipment must  sat isfy r igorous  requi rements .  The subject 
of the presen t  investigation was an analysis  of the cha rac t e r i s t i c s  obtained by this method when the t em-  
pera ture  fluctuations of the condensate fi lm surface were measured  by a sensor  convert ing these fluctua- 

tions to e lec t r ica l  quantities. 

The analysis  is based on the application of the method i l lustrated in Fig. 1. The end face of a metal 
cyl inder  1 of very  small d iameter  is covered with a thin film of another metal.  Together  they form a 
thermocouple ,  and their  interface acts  as a conver te r  of t empera ture  s emf. Heat is led away f rom the 
cyl inder  along the x axis in such a way that at c r o s s  section x = l the tempera ture  is constant in time and 
is a little l ess  than the vapor saturat ion tempera ture  (the vapor  flow is normal  to the end face of the 
Cylinder). Cooling at a low rate  produces a thin film 2 of condensate on the end face. The side surface 
of the cyl inder  is covered  with a layer  of heat insulation; hence,  in view of the high thermal  conductivity of 
the cyl inder  i tself and the smal lness  of the length ! ,  heat t ransfer  in a la teral  direction can be neglected 
(the insulating layer  is not shown in Fig.  1). Modern technology, of course ,  can provide the second e l ec -  
trode of the thermocouple and the corresponding switching sys tem in the form of ve ry  fine films (of the 
o rder  of 10-1-10 -2 ~ thick) deposited without any contact  thermal  res i s tance ;  hence, the  l a t t e r h a s p m c t i c a l l y  
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Diagram i l lus t ra t ing application of pro- 
cess :  1) metal  cy l inder ;  2) condensate film. 

no effect  in the case  of the unsteady thermal -conduct ion  p ro ce s se s  takingplace in the sys tem formed by the 
condensate fi lm and the cooled cyl inder  (this l aye r  and the switching sys tem are  not shown in Fig. 1). In 
view of this ,  the c o n d e n s a t e - m e t a l  in ter face  can be r ega rded  as the conver t ing l ayer .  We can also assume 
that heat t r ans fe r  through the f i lm is due en t i re ly  to molecu la r  the rma l  conduction owing to the very  smal l  
thickness  and a r e a  of the fi lm. The subject  of analysis  is the p rocess  of penetrat ion of periodic t em pe ra -  
ture  f luctuations,  with a p r e s c r i b e d  f requency and amplitude at x = 0, along the x axis.  The aim of the 
analysis  is to de te rmine  the dis tor t ion (reduction) of amplitude and the shift of phase of the t empera tu re  
fluctuations by the t ime they r each  the conver t ing l aye r .  

To simplify the calculat ions,  we rep lace  the cyl inder  shown in Fig. 1, which has an adiabatic la teral  
sur face  consis t ing of condensate and metal ,  by a uni form cyl inder  with the same thermal  diffusivity as the 
condensate ,  which is equivalent f rom the viewpoint of propagation of periodic thermal  waves.  It follows 
f rom the known solutions of s imi la r  p roblems  of unsteady the rma l  conduction [4] that inthe definition of the 
length of the equivalent uniform cy l inder  the metal  pa r t  mus t  be replaced  by a length of condensate given by 

+ I / m =  1 /- 
a M " aC V ICE" (1) 

With the adopted p r e m i s e s  the analysis  of the cons idered  p rocess  reduces  to the solution of the follow- 

ing boundary-value problem:  

O T 02 T 
or =4. ~ ,  

T (x, 0) = ~ (x) (0 < x < %), (2) 

T(0, ~ ) :Acoso x ;  T(lg, x )=To  ( 0 < x < c r  

We seek the solution in the fo rm 

T (x, x) -- x T O + R (x, x) z_ V (x, T), 
IE 

where  R(x, T) iS the solution of the boundary-value problem 

0~R oR  _ a ~  ~O<x<I O, 
Or Ox 2 " 

R (0, ~) = R (l E. ~) = 0 (0 < �9 < oo), 

R (x, O) = (p (x) - -  V (x, O) x To = ~1 (x), 
" IZ 

and V(x, T) can  be found as the r ea l  pa r t  of a pa r t i cu la r  solution of the boundary-value problem 

OU ~ OJU ( 0 < ~ < o o ) ,  
Ox =:a~ Ox-- T 

U(O, r )=Aexp(iox) ;  U(l E, x)=O ( O < x < I E ) .  

Here  V(x, T) = ReU(x,  I-). The general  solution of the given problem has the fo rm 

T(x ,  r ) =  x ._ T~-t- ~ b~exp f -  ( - -~ - - )  n~ac\~ r ]  sin n----5--~x+ig 
Ig n=i 

[ ch k (2lg-- x) cos kx ~ ch kx cos k (2l E -  X) cos ox + _u A 
' [ ch 2kl E -  cos 2klE 

(3) 

(4) 

(5) 
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+ shk(2tE--X)chsinkx--shkxsink(2lg--x)2kt E -  cos 2kl E sin ~ 1 " (6) 

As r - -  oo the requ i red  solution of s y s t e m  (2) takes  the f o r m  

x T O + A~ sin Io* + arctg - - - - - -  

T (x, "~) -- IE 
M (x) ] 
N (x) ' (7) 

where  

A~ -- A V~M 2 (x) + N 2 (x). 
ch 2klE --  cos 2klE (8) 

An ana lys i s  of the obtained r e s u l t s  leads  to s eve ra l  in te res t ing  conclusions.  F i r s t ,  the f o r m  of so lu-  
t ion (7) shows that the condition (1) used to fix the equivalent  length is pe r fec t ly  valid in the case  of this 
specif ic  p rob l em.  In addition, subst i tut ion of numer i ca l  data in re la t ionsh ips  (7) and (8) shows that in the 
ca se  of a wa t e r  vapor  flow, suff icient ly accura t e  convers ion  of t e m p e r a t u r e  f luctuations to emf  fluctuations 
[with not m o r e  than 10% dis tor t ion of the fluctuation ampli tude at  the highest  poss ib le  f requency (10 KHz)] 
can  be obtained when the condensate  f i lm has  a th ickness  of a few tenths of a micron .  A considera t ion  of 
the co r respond ing  condensat ion p r o c e s s e s  shows that  the product ion of such thin condensate  f i lms ,  although 
fa i r ly  difficult technical ly ,  does not r a i s e  any fundamental  diff icult ies in view of the v e r y  smal l  a r e a  of 
condensate  su r face .  This  fac tor  is of fundamental  impor tance  for  the proposed  m e a s u r e m e n t  technique. 
Since the condensate  f i lm is actual ly  p a r t  of the f luctuation conve r t e r ,  and i ts  th ickness  may  vary  in a c e r -  
tain range  during m e a s u r e m e n t ,  the d is tor t ions  introduced by such a conve r t e r  cannot  be compensa ted  by 
any c o r r e c t i n g  components  in the e lec t ron ics .  Hence,  the proposed  method will give re l i ab le  data only 
within the f requency range  in which the t r a n s d u c e r  conver t s  the t e m p e r a t u r e  f luctuations of the condensate 
f i lm sur face  to emf  fluctuations a l m o s t  instantaneously and without dis tor t ion.  For  a wa te r  condensate 
f i lm of the o rde r  of 0.1 # thick,  for  ins tance ,  the upper  f requency l imi t  exceeds  10 kHz. 

NOTATION 

T,  t e m p e r a t u r e ;  T, t ime;  co, f luctuation f requency;  a c ,  aM, t he rma l  diffusivi t ies  of condensate and 
me ta l ;  x, d is tance along cyl inder ;  l ,  length of conve r t e r  with condensate f i lm; lE ,  length of equivalent  uni-  
f o r m  cyl inder ;  lM,  length of meta l  cy l inder ;  ICE ,  length of condensate  column equivalent to length of 
meta l  cyl inder  I M ; A ,  ampli tude of t e m p e r a t u r e  f luctuations on f i lm sur face .  
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