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Abstract--Capacitance void fraction sensors were used to obtain void fraction measurements in vertical 
two-phase water-air flow in a small diameter tube (9.53 ram). Measurements were obtained at 1 - g and 
/ ~ - g  conditions. Comparisons were made between the void fraction values obtained at both gravity 
conditions by matching the flow rates obtained at/~ - g conditions. It was found that the average void 
fraction values were comparable for the bubble, transitional flow (slug-annular flow at V - g, and churn 
flow at 1 - g), and annular flow regimes. The slug flow regime showed a slightly higher overall average 
of about 10% at /~ - g conditions. The distribution coefficient, Co, which takes into account the flow 
regime and the void fraction profile was found to be 1.25 for bubble and slug flows at/~ - g, and 0.61 
and 1.17 for 1 - g bubble and slug flows, respectively. This suggests that a 'flatter' void fraction profile 
exists for slug flow at 1 - g as compared to/~ - g. The value of 0.61 for bubble flow agrees well with 
the typical values obtained by averaging the 'saddle' shape void fraction profile typically seen at I - g .  
~(~ 1997 Elsevier Science Ltd. 
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1. INTRODUCTION 
In the pas t  5 decades,  extensive da t a  sets were collected on g round  for  two-phase  gas - l iqu id  flows 
(both  ad iaba t i c  and  in bo i l ing /condensa t ion)  in hor izonta l ,  vertical,  and  incl ined channels .  Due  to 
a l imited access to the space env i ronment  and the high cost  associa ted  with conduc t ing  research 
at/~ - g (microgravi ty ,  ms 2), the avai lable  da ta  for/~ - g two-phase  flow is still sparse.  Terres t r ia l  
app l i ca t ions  for  two-phase  flow include flow refr igerants  in heat  exchanger  systems, cool ing  o f  
nuclear  reactors ,  pe t ro -chemica l  industr ies ,  chemical  processes and in power  plants .  Some o f  the 
ae rospace  app l i ca t ions  include boi l ing and  condensa t ion  in channels  o f  heat  removal  devices, 
t he rmal -hydrau l i c  power  cycles for  space s tat ions and  large satellites, and  in the t ransfer  and  
s torage  o f  cryogenics.  A n  exper imenta l  a p p r o a c h  is needed to provide  the bench m a r k  da t a  for  
accura te  mode l ing  and  o p t i m u m  design o f  equ ipment  where two-phase  flow occurs.  

Due  to the t rans ient  na ture  o f  two-phase  flows, mos t  analysis  techniques involve an ensemble  
average  that  is ob ta ined  f rom var ious  da t a  taken  at  the same flow condi t ions ,  or  by app ly ing  
a t ime-average  over  da t a  f rom a single recording.  Some o f  the c o m m o n  techniques for  ob ta in ing  
void  f rac t ion measurements  include g a m m a - r a y  a t tenua t ion ,  conduc tance  probes ,  quick-closing 
valves, and  capac i tance  methods .  The selection o f  any  o f  these me thods  largely depends  on 
its appl ica t ion ,  and  whether  a volumetr ic  average or  a local void f ract ion measurement  is desired.  
A capac i tance  sensor  provides  a non- in t rus ive  way  to measure  void fract ion.  I t  can be used to 
ob ta in  t ime-averaged  void f ract ion measurements ,  and  its t ime varying  ou tpu t  signal can be also 
used as a flow pa t t e rn  identifier.  Research using capac i tance  measurements  include those by Li et  aL 

(1992), A lboue lwafa  and  Kenda l l  (1979), Shu et  al. (1982), and  M a s u d a  et  al. (1980). 
Some o f  the more  recent  work  which involved the measurement  o f  void  f rac t ion at  reduced 

gravi ty  was clone by Bousman  (1995). He  used a i r -wa te r ,  a i r -wa te r /g lyce r in  (50% by weight) and  
a i r - w a t e r / z o n y l  F S P  mixtures  f lowing in 12.7 and 25.4 ram, i.d. tubes. The  a i r - w a t e r  results are  
la ter  c o m p a r e d  to those ob ta ined  in this study.  

A n  exper imenta l  s tudy by Grosse t&e  (1995) involved an  invest igat ion into the deve lopmen t  
o f  void fract ion and veloci ty profiles for  bubble  flow in a 38 ram, i.d. vertical  tube on ground.  
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Water-air  mixtures were used and local measurements were taken with a dual-fiber optical 
probe and a hot film sensing probe at three L/D (length/diameter) locations. It was noted 
that as the L/D ratio increased, the high void fraction values at the wall diminished with an 
increasing gas concentration near the center of the tube. These results are discussed later in this 
paper. 

2. EXPERIMENTAL EQUIPMENT 

A schematic of the flight apparatus can be seen in figure 1. The main objective in designing 
the flight apparatus was to simultaneously obtain pressure drop, heat transfer and void fraction 
measurements for two-phase adiabatic flow as well as to obtain high speed video recordings. 
Data was collected at simulated near weightlessness by flying the equipment on NASA's KC-135 
zero-gravity airplane. Data was also taken at 1 - g  (earth's gravity = 9.81 m/s 2) prior to and 
after each flight. The major hardware components consisted of a closed liquid loop and an 
open gas loop. A 486/66 MHz computer was used in the Data Acquisition and Control System 
(DAS). 

The flight apparatus has a vertical test section where pressure, void fraction, and temperatures 
are measured. In addition, there are vertical and horizontal flow observation sections where video 
recordings are made. The test section tube has an inside diameter of  9.53 mm. A variable speed 
pump/separator unit moves the single-phase liquid through a heat exchanger. The liquid then 
enters any combination of four venturies which were manually selected to control the flow. 
Following the venturies, the liquid is measured with a turbine flow meter before entering the mixer. 
At the mixer the flow was directed upwardly. The air injector at the mixer is located 0.142 m from 
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the base of the vertical test section. The first pressure taps, where absolute and gauge pressures 
are recorded, are located 0.281 m from the mixer (L/D = 29.5). A middle pressure (gauge) tap was 
located further downstream at 0.586 m from the mixer (LID = 61.5). The inlet port of  the void 
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fraction sensor is 0.62 m downstream from the mixer (L/D = 65.1), and the top pressure (gauge) 
tap is 0.974 m downstream from the mixer (L/D = 102.3). Just below the top pressure tap is 
a vertical viewing section that is 0.127 m long. The viewing section is made of acrylic and filled 
with glycol. Glycol is selected since its index of refraction and that of  acrylic are similar, (1.47 and 
1.49, respectively), providing clearer images. The flow then passes through a heated test section 
( l . 05m from the mixer, L/D = 110), and then through a horizontal viewing section before 
returning to the pump/separator.  At the pump/separator ,  air is vented overboard while the liquid 
is re-circulated. A make-up liquid tank ensured sufficient supply of liquid to the loop. 

For  the ground tests, filtered air was supplied from an air compressor. During the flights, air 
was supplied from cylinders of  compressed air, approximately 15.2 MPa and regulated down to 
689.5 kPa before it passed through the mass flow controller. The air was then injected into the flow 
at the mixer through small holes around its periphery. The liquid flowed through the center of  the 
mixer and gas was uniformly mixed with the liquid through the small holes. The two-phase flow 
continued through the flow loop and returned to the pump/separator.  

The liquid flow rate was measured using two O M E G A  ~' turbine flow meters having a range 
of 0 . 3 -9LPM (liters per min); giving UsL=0.07-2.1 m/s, and the other 0 .5 -15LPM 
(UsL = 0.12-3.5 m/s). For  air flow measurements, two computer controlled mass flow controllers 
were used; 0-20 SLM (standard liters per min) and 0-100 SLM ranges. Absolute pressure was 
measured with a Validyne 0-414 kPa pressure transducer. Three differential gauge pressures were 
also measured with Validyne pressure transducers having diaphragm ranges of  + 14 kPa and 
+21 kPa. A NAC Color HighSpeed Video (HSV 1000) set at 1000 frames per s, was used to 
record the two-phase flow patterns. The gravity level measurements were taken with onboard 
accelerometers which were provided by the Canadian Space Agency. 

3. SENSOR DESIGN AND CALIBRATION 

Two capacitance sensors, shown in figure 2, were used to collect void fraction data, one having 
helical wound electrodes and the other having concave plate electrodes. A detailed discussion of 
the sensors can be found in Elkow and Rezkallah (1996). 

The helical wound electrode sensor was 88 mm long. The pitch of  the helix was 29.2 mm and 
the electrode width was 3.58 mm. A brass electrical shield was placed over the electrodes to 
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eliminate stray capacitance. Electronics for this sensor were based on a charge/discharge principle, 
operating at 2 MHz, as discussed by Huang et al. (1988). The time response of the measuring circuit 
has a time constant of  10/~s, corresponding to a dynamic response of  100 kHz. 

The concave plate capacitor had four electrodes, 100mm long and 5.51 mm wide, each 
having a 60 ° arc length. A brass outer shield was placed over the entire electrode configuration 
to protect them from stray capacitance. Two electrodes, opposite from each other were used for 
measurements; the other two were grounded to an outer shield. A HP 4284A impedance meter, 
operating at an excitation frequency of  1 MHz was used to obtain measurements. 

A signal analysis of  the sensor's output was conducted to ensure that there was a good 
signal-to-noise ratio and that aliasing was not present (aliasing occurs when a signal is improperly 
represented by another). This can occur when the sample rate is too low resulting in an improper 
representation of the input signal. Tests were conducted using a TEAC FM data recorder at both 
1024 and 2048 Hz. From the FFT plots it was found that a sample rate of 70 Hz would ensure 
a non-aliased signal. 

Calibration of  the sensors was conducted using de-ionized and distilled water. The sensors were 
placed in a vertical calibration loop where electrically triggered, quick-closing valves were used to 
trap two-phase flow in a test section 1.592 m long. Details of  the calibration can be found in Elkow 
and Rezkallah (1996). 

In summary, the superficial liquid velocities were 0.1, 0.33, 0.6, 1.0, 1.7, 2.4 and 3.3 m/s. 
The air flow was varied such that the widest range of void fraction could be obtained. Since the 
output from the helical sensor was nonlinear, a curve fit was applied to the data relating the void 
fraction trapped between the valves, the voltage output of the sensor, and the above mentioned 
superficial liquid velocities. Results of  the calibration for the helical plate capacitor are shown in 
figure 3. It can be seen that most of  the data fall within + 10% of  the actual values. Using linear 
regression, the standard error was 0.046. There is slightly more scatter at a void fraction around 
0.7 as compared with other void fraction values. This scatter is in the churn flow regime which 
is highly oscillatory due to the alternating 'competition' between the forces of  gravity pulling the 
fluid downward and those due to the inertia of the gas holding the fluid upwards. 

The calibration results for the concave plate capacitor are shown in figure 4. By applying a linear 
regression to the data, (represented by the solid line), the correlation coefficient squared, R 2, 
was found to be 0.96. The dashed lines represent a fit standard error of 0.05. Measurement 
uncertainty of  the readings for the concave plate and helical wound sensors were 0.7 and 5% of 
full scale, respectively. 
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4. F L I G H T  AND G R O U N D  RESULTS 

In February 1994, data for two-phase water-air flow was collected during low gravity periods 
onboard NASA's KC-135 aircraft. Five separate flights were conducted where pressure drop, 
heat transfer and void fraction data were measured simultaneously. A total of 61 data points were 
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used in the void fraction analysis. Superficial liquid flow settings from 0.07 to 2.5 m/s, and 
superficial gas velocities in the range of 0.1-18 m/s were tested during those flights. Void fractions 
from 0.1 to 0.9 covering the total range from bubble to annular flow regimes, were obtained. 
Flight data was selected where the normalized gravity level, g., was __+0.04. Typical superficial 
liquid and gas settings as well as the normalized gravity level during a low gravity period can be 
seen in figure 5(a). Ground data at approximately the same flow settings as those obtained during 
the flight tests were obtained prior to and after the flights for the sake of comparisons. A helical 
plate capacitance sensor was used in both flight and ground runs. 

The ground data using the two capacitance sensors are presented in terms of the measured void 
fraction as a function of the 'pseudo' void fraction ratio Us6/UsL (superficial gas velocity/superficial 
liquid velocity); these are shown in figure 6. It can be seen that the scatter in the bubble and churn 
flow regimes is much less with the concave plate sensor. However, the RMS deviation between the 
two readings is within 1.4-6% (being highest in the churn flow regime). Figure 7 shows the average 
void fraction data sets obtained during both flight and ground tests as a function of the 'pseudo' 
void fraction ratio, Us6/UsL. Further comparisons for each flow regime were made between ground 
and flight data by matching the ratios of Us6/UsL. Only the data points which had similar values 
for Uso/UsL were used in the comparisons here. In general, the percent difference in the ratio of 
Us6/UsL for the flight and ground data is within approximately +3-4%.  However, due to the 
limited number of data points in the annular flow regime, the percent difference is higher. It was 
found that the average void fraction values for bubble, transitional and annular flows were 
comparable for both flight and ground data, with slug flow at g - g being approximately 9-10% 
higher than the 1 - g values. Typical time trace of the void fraction for these regimes can be seen 
in figure 5(b)-(e). Tabulated data showing the flow settings and gravity levels for figure 5(b)-(e) 
are listed in table 1. 

Since two-phase flow measurements are strongly flow regime dependent, more informative 
comparisons should be made for each flow regime individually. The results of these comparisons 
are shown in figures 8-11 for bubble, slug, transitional, and annular flows, respectively. 

Data for the bubble flow regime is shown in figure 8. For a pseudo void fraction ratio below 
approximately 0.1, the results show a tendency for the flight data to be approximately 8-25% 
higher than those taken at 1 - g .  Above Usc/UsL = 0.1, the difference is reduced until the trend 
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Table 1. Data obtained from 

K, J. ELKOW and K. S. R E Z K A L L A H  

the flight and ground test showing flow rates, gravity level, average void 
fraction, and flow regimes 

Flight/ground USE Use Normalized Average Flow 
parabola (m/s) (m/s) gravity g: E regime 

94F3P22 0.86 0.09 - 0.042 0.139 Bubble 
94F3PI 3 0.24 0.19 - 0.003 0.437 Slug 
94F5PI6 0.39 6.97 0.007 0 . 6 8 2  Slu~Annular 
94F5P9 0.07 13.9 0.022 0.875 Annular 
94G3P22 0.84 0.09 1.0 0.141 Bubble 
94G3P13 0.24 0.19 1.0 0,363 Slug 
94G5P 16 0.40 6.92 1.0 0,721 Churn 
94G5P9 0.07 13.9 1.0 0,887 Annular 

is reversed with the 1 - g  da ta  slightly higher  than  the # - g  coun te rpa r t  ( approx imate ly  7 -16% 
higher).  The higher  void f rac t ion (E) at /~ - g ,  where E < 0.2 and Us~/UsL ~ 0.1, can be a t t r ibu ted  
to the significant reduct ion  in slip between the phases,  combined  with an increased influence of  
surface tension under  reduced gravity.  These changes lead to the bubbles  being able to sustain 
their  shape even at  high gas content ,  while the rate  of  coll is ion and coalescence o f  the bubbles  is 
significantly reduced.  

The  slug flow results are shown in figure 9. F o r  this regime, the void f ract ion appears  to be 
consis tent ly  higher  for the k t - g  data ,  with a difference tha t  ranges f rom 3% to 35%, with an 
overal l  average o f  app rox ima te ly  10%. This  t rend seems to be consis tent  up to a void  f ract ion o f  
app rox ima te ly  0.70 beyond  which the percent  difference in void f rac t ion decreases.  This  occurs  near  
the t rans i t ion  to s lug-annular  flow at /~  - g ,  and  churn flow at 1 - g .  In  the lat ter ,  flow reversal  
is observed and could  great ly influence the void f ract ion readings  in that  region.  

The results for t rans i t iona l  flows ( s lug -annu la r  flow at # -  g,  and  churn  flow at 1 - g )  are 
shown in figure 10. The average values o f  void  fract ions in this t rans i t iona l  region are c ompa ra b l e  
for bo th  the p - g and 1 - g cases. As ment ioned  earlier,  the s l ug -a nnu l a r  flow is in a t rans i t ion  
where inert ia  forces are becoming  more  d o m i n a n t  than those due to surface tension. The liquid 
slugs at these condi t ions  conta in  a highly aera ted  f ro thy  mixture,  which could  in turn cause large 
f luctuat ions  in the void f ract ion measurements .  
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Finally, the results for annular flow are shown in figure 11. The annular flow results show that 
the/~ - g  and l - g  data are very similar. This is expected since, under both l - g  a n d / ~ - g  
conditions, the flow is highly turbulent and inertia forces are dominant in both cases. The difference 
between the 1 - g  and/~ - g  void fraction values is within _+ 5%. 

Another comparison was made with the/~ - g  data collected by Bousman (1995). The/~ - g  
void fraction data collected during the present study and those of  Bousman (1995) are plotted in 
figure 12 in terms of  the volumetric gas quality, fl, as a function of  the measured void fraction, 
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~, where fl is defined as 

Q G  USG 

fl -- (QG + QL) -- (UsG + USL)" [1] 

This is a convenient  pa r ame te r  to use in s i tuat ions  where the repor ted  da ta  in the l i terature  are 
in terms o f  UsL and Use. 

Bousman ' s  ~ - g da t a  was collected for hor izon ta l  flow in 12.7 and  25.4 ram, i.d. tubes a b o a r d  
N A S A ' s  KC-135 ai rcraf t  using an impedance  me thod  (two paral le l  wires were located in the flow 
path ,  spann ing  the cross section o f  the tube). The wires were separa ted  by 2.5 mm,  and the void 
f ract ion was de te rmined  by measur ing  the electr ical  conduc tance  between the wires. Uncer ta in ty  
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in the void fraction measurements made by Bousman (1995) was reported to be +0 .65% in the 
void fraction range between 0 < E < 0.75. Void fraction data was reported for only the 12.7 mm, 
i.d. tube. 

The comparison between the present data points and those of Bousman (1995) was done by 
matching fl for each flow regime. As seen in table 2, fl was matched within + 3%, except for bubble 
flow ( + 8 % ) .  It should be noted that in Bousman's  (1995) reported void fraction data, none of 
the set points were classified as slug-annular flow. Therefore, the comparison of  slug-annular flow 
shown in table 2 is based on similar values of  fl that were classified as slug-annular flow in the 
present study. The classification of  the slug-annular flow, particularly at/~ - g where this transition 
occurs over a much wider range of liquid and gas velocities, is very difficult resulting in some 
discrepancies between researchers. This could perhaps explain the large RMS difference between 
the two sets of  data in this region (__+ 15.3%), compared to the average of  __+ 7.9%. In the present 
study, however, visual images of  the flow were substantiated with signal analysis from the void 
fraction sensor. 

5. VOID FRACTION DISTRIBUTION COEFFICIENT 

Since under most practical conditions the two phases may not travel at the same velocity, 
consideration must be given to the relative velocity between the two phases. Starting with the 
continuity equations for both phases, Zuber  and Findlay (1965) developed a general expression 
for predicting the average void fraction which takes into account the relative velocity between the 
two phases and the void fraction profile across the tube. The expression is given as 

(/~) Co + (EU°'------L 
(E> = (E>(j>' [2] 

Table 2. Comparison between the present study and data from 
Bousman (1995) 

Average percentage 
Flow regime difference in fl RMS of E (%) 

Bubble ___ 8 + 3.8 
Slug __+3 _+8.1 
Slug-Annular 4-1 __+ 15.3 
Annular _.+ 1.5 -+4.3 

Average ___ 3.4 + 7.9 
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Table  3. The effect of E. and  ~c on Co 

Case 1 Case 2 Case 3 

Cc < E~ E~ ~ (c = E E< > Ew 

C ~ <  1 C 0 =  1 Co>> 1 

where uGj is the drift velocity of  the gas relative to the mean fluid velocity and j is the volumetric 
flux, i.e. j = UsG + USL, and ( )  represents the average value of the term within the brackets. The 
constant C0 is known as the 'distribution coefficient' (more on this constant will be presented later). 
The second term on the right-hand side of  [2] is the weighted mean drift velocity which takes into 
account the local relative velocity. Expressions for the weighted drift velocity of  the gas with respect 
to the mean fluid were also given by Zuber and Findlay (1965) as 

(EUGj)__ 1.53ragApq~, [3] 
<E) k P~ J 

for bubbly flow; and 

I 

<E) [4] 

for slug flow (where p is density). Equations [3] and [4] were developed based on analysis where 
the drift velocity, ua/, was equated to the terminal velocity of  a particle rising in an infinite medium. 

Equation [2] is in a general form that could be applied to any flow regime to predict the void 
fraction. Since the phase velocities and the void fraction profiles (as well as the relative velocities 
between the phases) are taken into account, this equation is of  a general use. The distribution 
coefficient, Co, accounts for the non-uniform distribution of the void fraction over the cross section 
of the tube, and is obtained from: 

Co- <E j> <E)(;>' [5] 

The distribution coefficient, Co, depends on both the flow regime and the void fraction profile. 
Depending on the radial void fraction distribution, Co can be greater, equal to, or less than one. 
These conditions are summarized in table 3, where ~c is the void fraction at the center of the tube, 
and ~. is the void fraction at the wall. 

6. COMPARISONS OF THE DISTRIBUTION COEFFICIENT 

It should be noted that the results in this section have been obtained, and are presented for two 
capacitance sensors. The capacitance sensor which was flown in February 1994 was a helical wound 
electrode sensor. Ground data, on the other hand, was collected with both the helical and a concave 
plate sensor that was later designed and calibrated, Elkow (1996). The flow settings were matched 
to those obtained during flight tests. 

Equation [2] was applied to both the ground and flight data. It has been already stated that due 
to the low gravity levels during the periods of  # -  g, buoyancy effects would be minimized and 
thus, the second term on the right-hand side of  [2] can be neglected. Therefore, by plotting fl as 
a function of~,  as shown in figure 13, Co was found by linear regression to be 1.25 for the/~ - g  
data in the bubble and slug flow regimes. 

The results for slug flow at 1 - g are shown in figure 14. From linear regression, C0 was found 
to be 1.17 and (Euaj)/(c) = 0.03. Using [4] for slug flow, where the properties of water were 
evaluated at the average temperature of  30°C, a value of 0.107 was obtained for (EUGj)/(E). Thus, 
the distribution parameter, Co, for/~ - g bubble and slug flow, and 1 - g slug flow are 1.25 and 
1.17, respectively. For water-air  flow at p - g ,  Bousman (1995) obtained a Co value of 1.27, which 
is in very good agreement with the present data considering that independent measurements were 
made using different sensor's geometry. 
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Figure 13. fl as a function of E for bubble and slug flow at ,u-g ,  Co = 1.25. 

The bubbly flow results plotted in terms of  the actual gas velocity, uG, as a function of  the total 
volumetric flux, Use + USE, can be seen in figure 15. From linear regression, Co was found to be 
0.61 and (CUc:)/(E) = 0.19. As seen earlier, Co < 1.0 occurs when ec < ew. The typical 'saddle'  shape 
profile is seen where the void fraction is higher at the wall of  the tube and drops off towards the 
center. This agrees well with experimental results where the radial void fraction profile for bubble 
flow was measured using local probes (e.g. K a m p  et al. 1993). 

At 1 - g ,  K a m p  et al. (1993) found that the peak in the void fraction profile occurred at a 
distance from the wall equal to approximately one bubble diameter. They also found that the peak 
void fraction near the wall was much higher, relative to the void fraction at the centerline, when 
the liquid velocity was significantly larger than the gas velocity. 

An investigation into the development of  the void fraction profile in a 38 mm, i.d. vertical tube 
for bubble flow was done and reported recently by Grosset6te (1995). Water-a i r  mixtures were used 
with local measurements taken at L/D locations of  8, 55 and 155 from the mixer. Grosset6te (1995) 
found that there was a dominant  'saddle'  shape profile at L/D = 8. This profile diminished as 
the L/D ratio increased, mainly due to gas expansion and coalescence. At L/D = 55, the 'saddle'  
shape was still evident, however the void fraction at the center had also increased. At L/D = 155, 
the void fraction was highest at the center of  the tube. Corresponding to the change in the void 
fraction profile, Grosset6te (1995) found that the fluid velocity profile also changed. As the L/D 
ratio increased, the fluid velocity profile became more of  a parabolic shape. The increase in the 
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Figure 14. Results for slug flow at 1 - g ,  Co = 1.17. 
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Figure 15. Bubbly flow at 1 - g ,  Co = 0.61. 

radial velocity gradient, combined with the expanding gas, a higher coalescence rate and added 
turbulence, cause the void fraction to increase at the centerline. In the present study the void 
fraction sensor was located at LID = 65.1. Therefore a value of Co = 0.61, which was obtained 
during ground tests, is in good agreement with the results of  Grosset6te (1995). 

By comparing Co for the flight and ground data, it can be seen that the distribution coefficient 
is higher for / ~ - g  than for 1 - g .  This suggests that the void fraction distribution at y - g  
tends to be maximum at the centerline, as opposed to near the wall (conditions which are very 
common at 1 - g). The other interesting observation is that under p - g conditions, Co is the same 
for bubble and slug flows. This could be explained primarily in terms of the slip velocity. Since 
at y - g the slip velocity is so small (almost zero), the difference between the two regimes should 
be also very small. For the 1 - g  case, on the other hand, a change in the flow regime results in 
a change in Co since the void fraction profile and the velocity profile are different for different flow 
regimes. Drift velocity should also change for each flow regime since it depends on the momentum 
transfer between the two phases, and the shear stress due to interfacial interaction between the 
phases. 

7. CONCLUSIONS 

Using the capacitive method, void fraction measurements were obtained for water-air data 
collected at 1 - g and/~ - g. The data was collected for flow in a vertical 9.53 ram, i.d. tube over 
a wide range of liquid and gas flow rates, covering a range of void fraction from approximately 
0.10-0.90. Comparisons were made between the void fraction results collected at 1 - g  and I~ - g  
and the Zuber and Findlay (1965) model. The following is a summary of the results: 

(1) In comparing the average void fraction obtained for the bubble flow regime at 1 - g  and 
/~ - g, it was found that for E < 0.16 and UsG/UsL < 0.1, the/~ -- g void fraction was approximately 
8-25% higher. This could be attributed to a significant reduction in the slip velocity between the 
phases, as well as the greater influence of surface tension under reduced gravity. For 0.16 < ~ < 0.2, 
the difference decreases until the trend is reversed with the 1 - g data slightly higher; approximately 
7-16% higher. 

(2) The overall average void fraction values for slug flow were found to be approximately 10% 
higher at /~ - g  compared to 1 - g .  

(3) The average values of void fraction for the transitional flow (slug-annular, and churn flows), 
at p - g  and 1 - g  were found to be similar. The similarities in the average void fraction values 
could be attributed to the fact that inertia forces are becoming more dominant in this region. 

(4) As with transitional flow, the average values of void fraction for annular flow, both at 1 - g 
and p - g, were also similar. The percent difference in the void fractions was within the uncertainty 
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of the measurements. Similar void fraction values would be expected since the flow is primarily 
dominated by inertia forces. 

(5) The distribution coefficient, Co, was determined to be 1.25 for the bubble and slug flows at 
/~ - g. For the bubble flow regime at 1 - g, Co was less than 1.0, indicating a higher concentration 
near the wall. This agrees well with the typical 'saddle' shape void fraction profile present in vertical 
upward bubble flow at 1 - g .  For slug flow at 1 - g ,  Co was found to be 1.17. 
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