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The detailed investigations recent ly  conducted onthe local charac ter i s t ics  of gas - l iquid flow [1,2] showed 
the s trong dependence of the gas content distribution, liquid and gas phase velocit ies,  intensity of the velocity 
fluctuations, etc. on the two-phase mixture flow mode. 

in addition to the quantities average with respect  to t ime,  the direct  measurement  of the hydrodynamic 
charac ter i s t ics  at a given point with t ime is of interest  for  clarif icat ion of the flow mechanism.  This is e s -  
pecially important when studying the project i le  flow mode, whose s t ructure  in liquid connectors and in gas p ro -  
jecti les is substantially different. Utilization of simple models that do not take account of the real  flow s t ruc -  
ture  for the computation of the project i le  regime is a very  rough approximation, and cannot a s su re  acceptable 
accuracy  in determining the flow charac te r i s t i cs  in all cases .  

An investigation is performed in [3] for  the fr ict ion s t r ess  onthe wall and the gas-content  in an ascending 
flow in different flow modes.  The simultaneous measurement  Of instantaneous values of the fr ict ion s t ress  oH 
the wall and the fluid velocity at the axis in an ascending projecti le  flow of a gas - l iquid  s t r eam in a vert ical  
tube entered the problem of this work.  Experiments  were per formed on the installation described in [4]. 

A vert ical  tube of 15-ram inner d iameter  and 4 .5-m length was the working section. Measurements  were  
performed by using an electrochemical  method [2, 3]. Au electrolyte containing a 0.005 N solution of potassium 
f e r r i -  and ferrocyanide and 0.5 N caustic soda in distilled water  was used as the fluid. Two-phase flow was p ro -  
duced by insertion of a ir  in the fluid flow through an agitator at the entrance to the working section. 

As is shown in [2], the grea tes t  deviations between the experimental  values for the fr ict ion s t r ess  on the 
wall and the computed values according to known dependences are  observed for low re fe r red  fluid velocit ies.  
Hence, measurements  in this paper are  per formed for  values of the re fe r red  fluid velocity W~ between 0.12 
and 1.2 m/sec~  Pre l iminary  measurements  showed that a significant drop in the fr ict ion s t ress  on the wall 
occurs  at the t ime of gas projecti le  passage.  Moreover,  as is shown in [2] for  small  W' 0 the project i le  flow 
regime is charac ter ized  by high values of the relative intensity of the tangential s t r e s s  fluctuations on thewal l .  
This makes the assumption of the possible existence r eve r se  flows near  the wall natural in such modes at spe-  
cific t imes .  Consequently, a special methodology [5], permitt ing determination of the magnitude and direction 
of the instantaneous value of the fr ict ion s t r ess  on the wall, is applied in the paper.  

The measurement  diagram is presented in Fig. 1. A double sensor  1 f rom two platinum plates of 0.02 • 
0.3 mm section, f ramed flush with the wall of the tube, was used to determine the tangential s t r e s s .  The spacing 
between the electrodes of the double sensor  is around 0.03 ram. The currents  in the sensor  electrodes were  
magnified by dc amplif iers  3 and 4, then fed to the p r ima ry  signal process ing circuit  5. The sys tem operating 
principle is the following. Upon del ivery of a voltage to both electrodes of the double sensor ,  the electrode 
located lower in the s t r eam is in the diffusion wake of the f i rs t  electrode,  whereupon the value of the current  
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Fig. 1 
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of the second electrode is less  than for the f i rs t ,  although they are  under identical hydrodynamic conditions. 
For  a change in the s t r eam direction,  the lower value of the current  corresponds  to the f i rs t  e lectrode.  The 
p r imary  process ing circui t  5 compares  the signals f rom the amplif iers  3 and 4 and delivers that signal to the 
output whose value is g rea te r ,  hence, the output voltage of the amplif ier  3 is inverted. A sensor  of the "frontal 
point" type [2] with 0.04-ram diameter  is used as velocity sensor  2. The velocity sensor  current  is magnified 
by using the amplif ier  6. Then the signals f rom the circuit  5 and the amplif ier  6 were  recorded  on the tape 
r e c o r d e r  7. Its digital process ing on an M-6000 type electronic computer  8 was used in reproducing the signal. 
The following flow charac te r i s t i cs  were  calculated:  The local gas content on the axis q)l; the r eve r se  flow co-  
efficient fb; the mean tangential s t r e s s  on the wall ~'w; the mean intensities of the positive and negative tangen- 
tial s t r e s s  components on the wall ~-+, ~'-; and the mean fluid velocity on the tube axis u 1. 

The charac te r i s t i c s  mentioned were  determined in the fo rm:  

l r  ]b:T- /T ,  
i 

�9 + = ~  ~(t) dt, ~-=-f-2_ ~(t) dt, 
+ T_ 

�9 W = T  ~(t) dt, u l = r ( t _ % )  
T 

where r (t), U(t) are  the instantaneous values of the tangential s t r e s s  on the wall and the velocity on the axis at 
the t ime t, T is the measurement  t ime,  T+, T-  are  the t imes  of forward and backward flow existence near  the 
fr ict ion sensor  (T++ T_ =T), and T i is the duration of the i-th bubble. 

The s t r eam direct ly  behind the measurement  section was photographed in all the reg imes  investigated. 
The mean length of the gas project i le  I was determined f rom the photographs.  

Calibration of the sensors  for the tangential s t ress  on the wall and the velocity was per formed in single-  
phase flow in a tube, hence the velocity sensor  was on the axis.  Two calibration dependences were determined,  
respect ively,  for  the sensor  of the tangential s t r e s s  on the wall for  the f i rs t  and second electrodes in indepen- 
dent operation. Both electrodes were  connected simultaneously during the measurement ,  however,  as has been 
mentioned above, the reading was always taken off that electrode which was f i rs t  in the s t ream,  i .e . ,  the shield- 
trig influence of the other electrode was excluded. 

To determine the t rue gas content q), the local gas content profile was measured  by using the velocity 
sensor  descr ibed above. The values obtained for  the local gas contentwere integrated over the tube section. 

Examples of the simultaneous recording  of the fr ict ion and velocity sensor  currents  on a loop oscil loscope 
are  presented in Fig. 2 (a) W~=0.6 m / s e c ,  ep =0.36; b) W~=0.3 m / s e c ,  9) =0.24; c) W~=0.12 m / s e c ,  cp =0.25). 
The upper osc i l logram for each regime cor responds  to the fr ict ion sensor  signal, and the lower to the velocity 
sensor  signal. When the fr ict ion sensor  signal is above the zero  line, the instantaneous value of the fr ict ion 
on the wall is positive, which corresponds  to upward fluid motion near the wall. The fr ict ion sensor  signal 
segments below the zero  line correspond to t imes of backward flow (the fluid moves downward near  the wall). 
The velocity sensor  signal has downward t roughs,  corresponding to the t imes when the sensor  is in the gas.  
The t ime axis is f rom right to left. Divisions on the lower zero  line corresponds  to 0 .2-see  t ime segments.  
The signal scales  along the vert ical  axis are  a rb i t r a ry .  
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As a rule,  the fr ict ion s t ress  on the wall changes sign at the t imes  thegas  project i les  are  found. The 
duration of the backward flows and the intensity of the fr ict ion sensor  signal depend strongly on the  reduced 
fluid velocity. If backward flows hold only upon the passage of the longest project i les  for  W~ =0.6 m / s e c ,  then 

! 
each project i le  is accompanied by the appearance of backward flows for  W0 =0.3 and 0.12 m / s e c .  At the same 
t ime,  there are  no backward flows in pract ice  for W] =1.2 m / s e c  up to (p =0.33. As is seen f rom the osci l lo-  
g rams ,  a change in flow direction occurs  a cer tain t ime af ter  passage of the projecti le  leading edge, where 
this t ime diminishes as the reduced fluid velocity diminishes.  A r eve r se  flow surge occurs  a cer ta in  distance 
behind the project i le  t rai l ing edge. 

The forward and backward flow signal intensities are  approximately identical for  W~ = 0.3 and 0.6 m / s e c ,  
at the same t ime an explicit predominance of the backward flow intensity holds for W~ =0.12 m / s e c .  

The backward flow coefficient fb defined above is presented in Fig. 3 as a function of the t rue gas con-  
tent.  As the gas content grows,  a natural increase in fb occurs  since the project i le  length grows.  The quantity 

! 
fb depends quite strongly on W~ and diminishes as the lat ter  increases .  The notation in Figs.  3-5 is:  1) W 0 = 
1.2 m / s e c ;  2) W~ =0.6 m / s e c ;  3) W] =0.3 m / s e c ;  4) W] =0.12 m / s e c .  

The intensities of the forward and backward fr ict ion s t r ess  components on the wall a re  presented in Fig. 4. 
As cp increases ,  growth of the absolute values of ~-+ andS_ occurs .  A strong dependence of these quantities on 
the reduced fluid velocity is also observed:  if ~-+ grows as W~ increases ,  then ~- diminishes (in absolute value). 

Results of measur ing the mean value, with respect  to t ime, of the fr ict ion s t r ess  on the wall ~'w in the 
standard coordinates Tw/~'0 (To iS the fr ict ion s t r e s s  on the wall in a s ingle-phase flow for  the same value of 
77]) versus  ~p, are  presented in Fig. 5. H ere  the dependence f rom [6] ~w/T0 = (1-~p)-l,'s3 is superposed.  Satis- 
factory agreement  of the measurement  resul ts  with this dependence holds only for W 0 =1.2 m / s e c ;  the exper i -  
mental points a re  located below for lower values of the reduced fluid velocity. If the dependence T w (9) qual-  

! 
itatively has the same fo rm for W0=0.6 m / s e c ,  then a drop in ~'w with the growth of ~ will hold for lower values 

! 
of W~. It should be noted that an analogous tendency in the behavior of ~-w((p) is observed for small  W0 in [7], 
where the presence  of backward flows is shown qualitatively for  small  values of the fluid velocity in a two- 
phase flow in a vert ical  tube. Let us note that the fr ict ion s t r ess  on the wall has anegat ive value and a large 
absolute value as compared to ~'0 in all reg imes  when W~ =0.12 m / s e c .  

Let us execute a qualitative compar ison between the resul ts  presented above and the flow pattern as a 
gas project i le  moves,  r is ing in a vert ical  tube [8]. A stat ionary fluid flow, forming an annular film on the inner 
tube surface,  occurs  in the coordinate sys tem coupled to the forward par t  of the bubble. If fr ict ion forces  on 
the wall and on the  l i qu id -gas  interface arenegleeted,  then the fluid flow occurs  only under  the effect of gravity.  
The backward flow occurs  when the free fall velocity of the liquid film becomes g rea te r  than the velocity of 
coordinate sys tem motion (or the project i le  velocity). For a project i le  velocity of 1 m / s e e  (which corresponds 
approximately to the regime in Fig. 2b), we obtain the length 0.05 m for the accelera t ion section; the fr ict ion 
s t ress  on the wail changes  sign at such a distance f rom the beginning of the project i le .  Taking account of the 
frict ion s t r e s s  on the wall c a n  o ~ y  diminish the cited est imate of the distance to the point of the flow surge 
since the force acting f rom the wall on the fluid fi lm is directed downward up to this point. 

For W~ =0.12 m / s e e  the project i les  have a large  length, the fr ict ion s t ress  on the wall changes sign 
rapidly and, fu r thermore ,  the film draining down along the tube wall should be stabLTized in thickness and r e -  
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loci ty under the effect of the fr ict ion force  on the wall .  The tendency towards stabilization of the value of 7_ 
is seen in Fig. 2c. 

The osc i l lograms presented in Fig. 2 yield only a qualitative representat ion of the behavior of 7 it) be-  
cause of the s trongly nonlinear dependence of the sensor  current  on the fr ict ion s t r e s s .  Examples of records  
of 7 as a function of the t ime,  res to red  by using the calibration dependences, a re  presented in Fig. 6 for the 
reg imes :  a) W~ =0.6 m / s e c ,  q~ =0.34; b) W~ =0.12 m / s e c ,  ~a =0.65 (7, N/m 2 and t in sec). The t ime axis is f rom 
left to right.  The mean values of 7 w in these experiments  are  denoted bydashes .  The t ime of gas projecti le  
passage in a given sect ion a re  denoted by solid line segments .  After the passage of the projecti le  nose sections,  
a monotonic drop in the fr ict ion s t r ess  on the wall occurs ,  which can be accompanied by a sign change for T. 
This drop is sufficiently smooth, as cor responds  to a change in the velocity of the fluid film motion under the 
effect of gravity,  and is continued until the passage of the projecti le  tail section. Then a quite abrupt r i se  in 
the fr ict ion follows, with a corresponding change to the positive. Even after  the passage of the project i le ,  a 
r eve r s e  flow direct ion near  the wall can exist for  a cer tain t ime interval.  At the same t ime,  there  is a notice-  
able r i se  in the fluid velocity immediately behind the project i le ,  as is seen in Fig. 2. This is visibly associated 
with the p resence  of a vortex of toroidal  shape behind the project i le ,  which contains the trapped gas bubble, as 
a rule.  

An interest ing feature of the flow at the t imes  before the passage of the project i le  tail section are  the 
sufficiently large  negative excursions of 7. These excursions exist only in the domain of negative T values 
and indicate flow instability in the film near the project i le  tail ,  the reason for this instability still remains  
unclear .  

When creat ing more  perfect  flow analysis  methods,  the complex s t ructure  of a gas - l iquid  s t r eam in the 
projecti le  reg ime requires  a separate analysis of the flow in the  liquid bridge and at the t imes  of gas project i le  
passage since the la t ter ,  as has been shown above, can introduce a significant contribution to the mean values 
of the fr ic t ion coefficients on the wall.  
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