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Measurements  of local thicknesses  and the maximum repetition frequency of waves in a liquid film 
running off a ver t ical  tube have been made by needle, e lect r ical -conduct ivi ty ,  and high-speed photographic 
methods.  

The solution of many hydrodynamics  and hea t - t r ans fe r  problems in two-phase flows requires a 
knowledge of the local thickness of a film moving in a tube. At the present  t ime several  methods are  used 
to measure  film thicknesses .  A review and appraisal  of these methods [1] shows that the e lectr ical  conduc- 
tivity, capacitance,  and needle methods are  the most  appropriate  for  determining the charac te r i s t i cs  of the 
wave motion of a film of liquid in a tube. We compare the results  obtained by the e lectr ical -conduct ivi ty ,  
needle, and high-speed photographic methods.  

The cha rac te r i s t i c s  of film motion were determined for the gravitational motion of a liquid film on 
the outside surface  of a ver t ical  tube 20 mm in d iameter  [2]. The technique of measur ing  the thickness of 
a film by the needle method using a qu ick- response  electron pulse counter  is descr ibed in [3}. It should be 
noted that when the needle leaves the wave it a t t rac t s  liquid to itself.  The time of a t t ract ion of liquid 
fi laments and their  separat ion from the point of the needle can be determined by high-speed photography. 
A fi lament exists fo r  1-2 ~sec, while the point of the needle is immersed  in the c res t  of a wave for 6-10 #sec .  
Since the liquid bridge exists fo r  such a short  t ime, its effect on the measurement  can be neglected. 

An examination of the photographs permits  an est imate of the per turbat ion caused by the entrance of 
the needle into the liquid film. The contact of the needle with the surface of the liquid film forms waves in 
front of the needle. F o r  a needle 0.2 mm in diameter  these waves have a wavelength and amplitude very 
much sma l l e r  than those of the very  small scale  waves of liquid fi lms, and therefore  it can be assumed 
that the needle does not introduce a significant e r r o r  into the resul ts  of the measu remen t s .  

The high-speed photographs do not show a c lea r  boundary between the film and the tube over  which 
the liquid flows. To determine the flow pa ramete r s  a thin gauge plate 3 mm in d iameter  was placed at the 
tip of the needle. The distance from the end of the needle to the plate was measured  under a microscope .  
Before taking photographs the needle was separa ted  from the wall of the tube by this distance,  as de t e r -  
mined with a m ic rome te r .  The photographs of the liquid film were taken in the part  of the tube where the 
t r ansduce r  for  measur ing  the film thickness by the e lectr ical  conductivity was set  up. 

To determine the charac te r i s t i c s  of the wave motion of the film by the electr ical  conductivity method 
a three-channel  low-frequency ampli f ier  was built using a curcui t  given ea r l i e r  [4]. The output of the 
ampl i f ier  was fed into an N-700 loop osci l lograph.  To the input of the ampli f ier  were connected coaxial 
t r ansducers  made of b rass  tubes of inside diameter  3 mm in which a b ras s  electrode 0.8 mm in d iameter  
was inserted.  The electrode was insulated from the tube by silk thread impregnated with epoxy resin.  

The t r ansducers  were cal ibrated in an a r rangement  s imi l a r  to that descr ibed in [4] consisting of 
two plates 80 mm in d iamete r  separa ted  by a distance which could be varied by a mic rome te r .  The Cower 
plate was made of b rass  and the upper of a mater ia l  having a high res is t ivi ty  and a small  dielectr ic  con- 
stant.  A t r ansduce r  was inser ted  into the b ras s  plate in such a way that its upper end was exactly in the 
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plane of the plate. Water  from a thermosta t  was 
admitted into the gap between the plates.  The e lec-  
t r ica l  conductivity of the water  was monitored con- 
tinually. 

The t ransducers  were calibrated for  c a r r i e r  
frequencies from 3000 to 8000 Hz and input voltages 
from 0.1 to 1 V. Transducers  with a c a r r i e r  f r e -  
quency of 5000 Hz and an input voltage of 0.8 V were 
the most  acceptable.  The accuracy  of measur ing the 
thickness of thin (0-200 P.) films increased  with an 

increase  in frequency and input voltage, but the la rges t  film thickness which could be measured  decreased 
appreciably.  F o r  frequencies below 3000 Hz the output signal was distorted. It was noted also that the 
initial cur ren t  increased  with an increase  in frequency and input voltage since for  dry plates and zero gap 
a cur rent  passed through the t r ansducer  due to its capacitance.  In the experiments the initial ~ r r e n t  for  
zero gap and dry plates was 4.5 mA for  an input voltage of 0~ V and a frequency of 5000 Hz. 

In the calibration special  attention was paid to the choice of mater ia l  for  the upper plate.  The most  
suitable mater ia l  f rom the point of view of dielectr ic constant and resis t ivi ty  is micar ta ,  but in the ca l ibra-  
tion it was found that the surface l aye r  of the micar ta  became saturated with liquid which led to a large  
e r r o r  in calibrat ion.  For  this reason the upperplate was made of plast ic which is less hygroscopic  than 
mica r t a .  

As an example curves 1 and 2 of Fig. 1 show osci l lograms of the measurements  of the thickness of 
the film above t ransducers  located 1200 and 1400 mm from the entrance of the liquid into the tube. 

To synchronize the high-speed photography and the recording of the film thickness of the osci l lograph 
one of the galvanemeters  of the osci l lograph was connected in ser ies  with the neon lamp which serves  as 
the t ime m a r k e r  for the h igh-speed camera .  The current  through the lamp while it was glowing was r e -  
corded by the,, osci l lograph (curve 3). F rom the t ime marks  of the N-700 osci l lograph the values of the 
film thickness can be determined eveyr  5 #sec.  Before the beginning of the experiment with the tube dry 
the light spot from the ga lvanometer  connected to the t r ansducer  coincided with the light spot from the 
free galvanometer .  Thus the positions of the t ransducers  were fixed on the dry tube. In process ing  the 
osc i l logram the film thickness was counted from the "zero"  lines 4 and 5. 

The results  of measur ing  the thickness of the liquid film by the needle, e lectr ical  conductivity, and 
high-speed photographic methods a re  presented in Fig. 2, where points 1-4 show the minimum film thick- 
ness (Stain) measured  by the needle, t ransducers  1 and 3, and high-speed photography respectively;  points 
5-8 give the film thickness at the res t  of the wave (hmax) measured  respect ively by the needle, t ransducers  
I and 3, and h igh-speedphotograph ;po in t s  9-11 show the maximum frequency of repetit ion of the waves 
measured  respect ively by the needle and t ransducers  1 and 3. The values of the minimum film thickness 
obtained by these methods agree  and remain  constant and equal to 180-200 # for  Reynolds numbers  Re-13-  
200. The values of the maximum thickness obtained by all three methods agree up to Re = 20, Units on the 
axis of ordinates are  10 -3 m. 

Wi than  increase  in the flow rate of the liquid (Re > 20) the values of the maximum thickness m e a -  
sured by the e lectr ical  conductivity and high-speed photographic methods agreed to Re-45, while the values 
obtained by t]he needle method increased  sharply,  and those by the t r ansducer  slightly. This is a result  
of the fact  that the wave cha rac t e r  of the film was not taken into account in the calibration. High-speed 
photography gave a value of 5ma x somewhat lower  than the value obtained by the needle method. This can 
be accounted for by the fact that it is difficult to obtain a cl ear  photograph of the film profi le for  l a r g e r  Reynolds 
numbers .  The somewhat l a rge r  value of the film thickness at the c res t  of the wave measured  by the needle 
method can be accounted for by the presence  near  the surface of the film of a layer  of a i r  saturated with 
water  vapor  through which the measur ing  circui t  is closed. 

Figure 2 compares  the changes in the maximum repetition frequency of the waves for a change in Re. 
The data presented show that in all cases  examined the frequencies obtained by these methods agree .  Fo r  
all flow rates  studied the film surface was not smooth. The repetition frequency of the waves increased 
with increas ing  Re. 
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The frequency of the waves as a function of the position of the end of the needle above the film for  
var ious flow rates  of the liquid is shown in Fig.  3. Calculation of the frequency of the waves from the 
osc l l logram and a compar ison  of points with the same frequency in the height of the osc i l lograms with the 
re fe rence  curves  permi t s  a comparison of film thickness measured  by the needle and electr ical  conduc- 
tivity methods.  

The film thicknesses  up to 0.5 mm can be measured  with sufficient accuracy  by the electr ical  con- 
ductivity method with t ransducers  of the indicated dimensions.  For  th icker  films the needle method and 
high-speed photography give bet ter  resul ts .  
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