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ADVANCED TWO-PHASE INSTRUMENTATION PROGRAM QUARTERLY 
PROGRESS REPORT FOR APRIL-JUNE 1978 

K. G .  Turnage P. A. Jallouk 

ABSTRACT 

Testing of advanced spool piece I is in progress. Two- 
phase air-water tests have been performed with several experi- 
mental drag targets. Results in this report are from one of 
the experiments performed with the spool piece oriented hori- 
zontally and with the drag flowmeter transducer fittings on 
top of the pipe. In an effort to better understand the capa- 
bilities of current spool piece instrumentation, several 
two-phase models have been used to analyze the data. 

1. INTRODUCTION 

The measurement of two-phase mass flow rate is of primary importance 

in experimental programs involving loss-of-coolant studies. Because of 

the severe environments present during blowdown, relatively few instru- 

ment types have gained widespread acceptance; these include turbine meters, 

gamma densitometers, and drag flowmeters. (Pressure and temperature mea- 

surements are also required for reduction of data from the other instru- 

ments. ) 

In the Thermal-Hydraulic Test Facility (THTF) at Oak Ridge National 

Laboratory (0RNL)l and in the semiscale facility at Idaho National En- 

gineering Laboratory ( I N E L ) ,  three full-flow instruments have been 

located in a relatively short piping segment called a spool piece. The 

design of spool pieces is important because the turbine meter and drag 

flowmeter are intrusive and may seriously alter the flow regime. On 

the other hand, location of all three instruments in close proximity is 

desirable because of the often unsteady and inhomogeneous nature of two- 

phase flow. 

The advanced spool piece4 being used in the current studies is shown 

in Figs. 1.1 and 1.2. Its unique attributes include allowance for two 

drag body flowmeters and three flow-dispersing screens. The drag trans- 

ducers used are like those in use for some time at ORNL, but several 
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experimental drag targets have been tested. Also ,  a three-beam gamma 

densitometer and an 8.9-cm (3.5-in.) full-flow turbine meter are being 

used. When flow-dispersing screens are in the spool piece, pressure 

difference measurements may be used as an indication of the two-phase 

moment urn flux. 5 

This report will describe the experimental facility used and the 

methods of data acquisition and reduction. Preliminary results from 

one of the experiments will also be described. 
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2. EXPERIMENT DESCRIPTION 

2.1 Loop Description 

The ORNL two-phase air-water loop (Fig. 2.1) is capable of supplying 

air at flow rates up to 242 liters/sec (512 scfm) and water at flow rates 

up to 32 liters/sec (500 gpm). In the 8.9-cm-ID (3.5-in.) spool piece 

tested, those rates correspond to superficial velocities of 39 m/sec 

(128 fps) for air and 5.2 m/sec (17 fps) for water. (When elements of 

large hydraulic resistance are in the loop, the highest two-phase flow 

rates are often not obtainable.) For this study, some 4.6  m (15 ft) of 

straight, clear 4-in. polyvinyl chloride (PVC) piping was located up- 

stream of the stainless steel test section and some 1.2 m ( 4  ft) was 

located downstream. The single-phase air and water flows were at ambient 

temperature and near atmospheric pressure. 

In the air-water loop, air flow rate is determined using a pressure 

gage upstream of the critical flow orifices, and water is metered into 

the loop by means of rotometers [flow rates 6.3 liters/sec (100 gpm)] or 

by a magnetic flowmeter. Air flow rates of 1 6 ,  32, 6 4 ,  128, 256, and 512 
scfm with water flow rates of 10, 20, 30, 4 0 ,  6 0 ,  100, 1 5 0 ,  200, 250, 300, 

350, 400, 4 5 0 ,  and 500 gpm were used. No special measures were taken to 

enhance mixing, but the observed flow regimes in the horizontal section 

were in good agreement with the flow regime map of Mandhane et a1.6 (Fig. 

2.2). 

The experiment was conducted by setting the desired air flow rate and 

then taking data at successively higher water input rates until either the 

system pressure became high enough to unchoke the critical flow orifice 

or one of the instruments was overranged. The air flow rate was then 

doubled, and the procedure of taking data with various water flow rates 

was repeated. 

2.2 Instrumentation and Electronics 

A schematic of the electronics and the data acquisition system (DAS) 

used is shown in Fig. 2.3. In general, the signal output from each 
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Fig. 2.2. Flow pattern map proposed by Mandhane et al. with loca- 
tions of  data points used in current air-water studies. 

instrument was processed by an appropriate set of electronics and then 

sent to the DAS (a PDP-8 computer and magnetic tape unit) and to an in- 

tegrating digital voltmeter. 

various instrument readings during the test. Instantaneous instrument 

readings from the computer were also printed for comparison with volt- 

meter readings during the test. During a data scan, data from the spool 

piece instrumentation were recorded on computer tape with a frequency of 

at least 500 values/sec. 

The voltmeter was used to monitor the 

The three-beam gamma attenuation densitometer was operated with 

controls and signal-conditioning equipment built by Measurements, Inc. 
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The densitometer used sodium-iodide scintillation-crystal photomultiplier 

tube detectors that yielded a voltage output proportional to the counting 

rate. High voltages to the photomultiplier tubes were adjusted before 

the test so that the final output signal with the pipe empty was Q9.5 V 

for each beam. (The maximum signal for input to the PDP-8 DAS is 10.0 V.) 

For purposes of calibration, the densitometer output voltages with the 

pipe full of water, empty, and with the 137Cs gamma radiation source 

stored were recorded for each of the three beams. To allow for drift 

in the electronics, the calibration data were taken before and after the 

experiment. 
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The d r a g  flowmeter t r a n s d u c e r s  (Ramapo Ins t rument  Company model 

Mark V-4PBRDX) c o n s i s t e d  of s t r a i n  gage t y p e  b r i d g e s  w i t h  an  e x c i t a t i o n  

v o l t a g e  of 5 . 0  V a p p l i e d  t o  each b r i d g e  u s i n g  an  Endevco model 4471.1A 

b r i d g e  c o n d i t i o n e r .  The d i f f e r e n t i a l  o u t p u t  from t h e  s i g n a l  c o n d i t i o n e r s  

w a s  t h e n  a m p l i f i e d  by P r i n c e t o n  Applied Research Model 113 a m p l i f i e r s ,  

each  of which w a s  dc  coupled.  Frequency r o l l o f f  w a s  n o t  used. 

Two sets of e l e c t r o n i c s  were used w i t h  t h e  Flow Technology I n c .  t u r -  

b i n e  meter model FT-5611000-L3 ( s e e  F ig .  2 . 4 ) .  One set  w a s  t h e  Flow Tech- 

nology model PRI-102AFR f low monitor  s u p p l i e d  w i t h  t h e  t u r b i n e ;  d a t a  t o  

b e  p r e s e n t e d  i n  t h i s  r e p o r t  are from t h o s e  e l e c t r o n i c s .  The o t h e r  set  

ORN L- DWG 75- 13522 

SUPPORT 
Erg. - SR4WK2510 

Fig .  2.4.  Flow Technology Inc .  t u r b i n e  meter - exploded v i e w .  
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was developed by the Instrumentation and Controls Division at ORNL. For 

the later runs, the output from both sets of electronics was recorded by 

the DAS . 
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3 .  DATA REDUCTION METHOD 

The output tapes from the PDP-8 DAS are being analyzed using an IBM 

FORTRAN program. Basically, the code performs an average of each read- 

ing over the period of a scan. The code then uses the measured values to 

calculate Q50 quantities of interest (e.g., experimental parameters and 

flow rates predicted using two-phase models). 

then used to plot any two of the calculated variables vs each other. 

7 

Another FORTRAN program is 

In the code, an average density 5, velocity V and fluid momentum t’ 
flux I are calculated from the instrument output for use in two-phase 

models. Using the Flow Technology electronics, the turbine meter was 

calibrated against the magnetic flowmeter used to meter the higher water 

flow rates during the two-phase tests. A least-squares fit of the turbine 

output voltage data led to the calibration equation used: 

d 

Vt = 2.6247 Vto - 0.2181 , 

where V is the voltage output of the turbine electronics in volts and 

V is the indicated velocity in feet per second. 
to 

t 
The measured momentum flux depends on the particular drag target 

being tested. The calibration equation chosen was of the form 

where Vdo is the drag disk electronics output (V) and I is the ind i -  

cated momentum flux (lbm/ft-sec2). With 5.0 V excitation applied and 

an amplification factor of lOOOX used, the appropriate coefficients a 

and b used are as shown in Table 1 in the previous quarterly report. 

d 

8 

For initial studies with advanced spool piece I, a composite density 
- 

A’ ’B’ 
For a single, narrowly 

in the pipe, pr, was calculated from the three average densities p 

and pc deduced from the individual beam signals. 

collimated photon beam (assuming the layers of material encountered by 

the beam are in series), the general expression for void fraction a is9 
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I and IL are the intensities of the detected gamma beams 
24’ g’ 

where I 

for two-phase fluid, the vapor only, and the liquid only, respectively. 

Also ,  

where p and p are the nominal densities of the liquid and vapor phases, 

respectively. In the case of air-water experiments, the second term may 

be neglected. 

f g 

Substituting Eq. ( 3 )  into Eq. ( 4 )  and simplifying, we obtain 

Each of the intensities I in Eq. (5) is assumed 

difference of the densitometer voltage output at 

voltage output with the source stored V . Thus, 

i 

S 

to be related to the 

that condition and the 

In practice, data reduction was performed using the equation 

B p = A l n  V - V  , 
S 

( 7 )  

where A, B, and V were updated for each data point, assuming a linear 

drift of the calibration voltages with time during the experiment, and 

V is the instantaneous output voltage of a detector. An average density 

p .  is calculated for each beam i at each time point during the scan. An 

average density for each beam over the time was then used for input to 

the three-beam gamma densitometer model. 

S 

1 

A cross-section of the configuration of the steel spool piece and the 

three densitometer beam paths appears in Fig. 3.1. Three annular regions 

of homogeneous density are assumed. The average density p indicated by 
i 
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Fig. 3.1. Cross-sectional view of paths of densitometer beams and 
three regions used for calculation of composite density. 

the beams is assumed to be expressed as follows: 

= - [ R  1 p + R  P + R  P I ,  
’b Rb bl 1 b2 2 b3 3 
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and 

- Pc - P1 Y 

where R 
and R i j  i s  t h e  l e n g t h  of beam i which l i e s  w i t h i n  r e g i o n  j .  

and Rb are t h e  t o t a l  l e n g t h s  w i t h i n  t h e  p i p e  of beams A and B a 

2 ’  S u b s t i t u t i n g  E q .  ( 9 )  i n t o  E q .  ( 7 )  and s o l v i n g  f o r  p 

The d e n s i t y  of r e g i o n  3 ,  t h e  c e n t e r  r e g i o n ,  may be e v a l u a t e d  u s i n g  E q .  

where p may be e v a l u a t e d  u s i n g  E q .  (11). 

( 9 ) ,  

2 

The composite d e n s i t y  i n  t h e  p i p e  i s  t h e n  g iven  by 

where A 1, A 2 ,  A3, and Atot are t h e  c r o s s - s e c t i o n a l  areas of r e g i o n s  1, 

2, and 3 and t h e  t o t a l  p i p e  area, r e s p e c t i v e l y .  
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4. EXPERIMENTS PERFORMED 

During the current quarter, experiments were conducted in the air- 

water loop using advanced spool piece I with the drag targets described 

in the previous report. * 
horizontally, with the drag flowmeter adapters on top of the pipe and 

the pressure taps on the bottom of the pipe. Each of the drag targets 

was tested in the spool piece with no flow-dispersing screens. In ad- 

dition, runs were made to investigate the effect of flow-dispersing 

screens on the performance of the instruments. Both 4-20 screens and 

2-20 screens were used. (A 4-20 screen has four stacked layers of 20 

mesh/in. screen; a 2-20 screen has two stacked layers of 20-meshlin. 

screens. ) 

For these runs, the spool piece was oriented 

Preliminary analysis of data from most of the experiments has been 

performed. It is not yet possible to make judgments regarding the rela- 

tive merits of the drag target design or to evaluate the overall spool 

piece design. Work is continuing in these areas. 
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5. RESULTS 

5.1 Individual Instrument Response 

Before discussing mass flux calculations performed using data from 

the spool piece instruments, some instrument signal outputs vs time will 

be shown. Figures 5.1-5.3 show instrument outputs taken at 7.5 liters/sec 

(16 scfm) air flow rate with three water flow rates. The data are from 

run 7, in which a three-bladed drag target and no flow-dispersing screens 

were used in the spool piece. The flow regimes indicated are a slow slug 

flow at 1.9 liters/sec (30 gpm) (Fig. 5.1), a rapid slug flow at 19 liters/ 

sec (300 gpm) (Fig. 5.2), and a nearly dispersed air-water mixture at 

28 liters/sec (450 gpm) (Fig. 5.3). (See also Fig. 2.2, 16 scfm.) Look- 

ing from the top to the bottom of the figures, the signal traces are from 

the instruments that would be encountered when proceeding through the 

spool piece in the normal direction of flow (Fig. 1.1). All three densi- 

tometer beams are at the same axial location. 

Figure 5.1, slow slug flow, represents 20 sec of data. Comparing 

the response of the instruments to passage of a slug is interesting. The 

drag flowmeters, gamma densitometer beams, and pressure difference cell 

all respond fairly quickly to arrival of the disturbance, while the tur- 

bine meter responds slowly and poorly simulates the duration of the slug 

detected by the other instruments. Between slugs, the turbine meter 

does not respond. This problem is related t o  the electronics used to 

process the turbine meter signal. The densitometer signals clearly in- 

dicate that slugs filled the pipe completely for brief instants on four 

occasions during the scan period (beam C) and that, between slugs, the 

top of the pipe was completely empty. From a comparison of the front 

and rear drag flowmeter signals, it is apparent that the slugs were 

moving rapidly, taking only a few tenths of a second to traverse the 

spool. 

At 19 liters/sec (300 gpm) (Fig. 5.2), the slug frequency is much 

higher, 1.5 Hz. Note that only 5 sec of data are plotted. Again, the 

drag disk and densitometer time responses are adequate, but the turbine 

meter response is not. Note that the signal character from the two drag 
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flowmeters is similar, even though the fluid passing the downstream 

meter has just passed through the turbine meter. A visual check sug- 

gests that the passage time between the two drag meters is $0.15 sec. 

In such flow regimes, significant errors will occur if instantaneous 

instrument signals from stations separated by more than 3.1 m (1 ft) 

are used in two-phase models. 

With a further increase in flow to 28 literslsec (450 gpm) (Fig. 

5.3), a radical change in flow regime occurs. A s  the slugging subsides, 

a churning or frothy dispersed flow occurs. Errors due to physical sepa- 

ration of instruments are minimal here because signal-variationlsignal- 

mean ratios are now quite small. The turbine meter signal output behaves 

as though the flow is single phase. Variations in the two drag flowmeter 

signals are still alike, but the spool piece transit time is now very 

short. The three densitometer beams are very much alike in character, 

with little oscillation. This suggests an approach to homogeneous con- 

ditions. 

A complete set of data from one of the experiments (rim 7) will be 

shown and briefly described here. For the graphs shown, all data with 

a given symbol type were taken at the same air flow rate (see legends 

inside figures). Quality is defined here as mass flow rate of air divided 

by the total metered input mass flow rate. 

at a given air flow rate was for a water flow rate of only 0.6 literlsec 

(10 gpm). 

to the left of the 0.6-literlsec (10-gpm) point. In terms of flow 

regime, the points with highest quality were in stratified flow (Fig. 

2.2). As water flow was increased, a slug flow regime developed. This 

persisted until the flow became dispersed at a flow rate of %25 liters/ 

sec (%400 gpm). At the highest air flow rates [121 and 242 literslsec 

(256 and 512 scfm)], considerable entrainment of water in the gaseous 

layer occurred, with annular films often covering the sides and top of 

the pipe. 

The highest quality plotted 

Increasingly higher water flow rates result in data points 

The average densities computed (as described previously) are graphed 

in Fig. 5.4. A s  a reference, the density calculated from the metered air 

and water inputs assuming a slip (vapor velocity/liquid velocity) equal 
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t o  u n i t y  i s  a l s o  p l o t t e d .  Because of holdup of t h e  l i q u i d ,  t h e  measured 

d e n s i t y  w a s  g r e a t e r  t h a n  t h e  homogeneous d e n s i t y  f o r  most of t h e  f low 

rates.  The v o i d  f r a c t i o n s  r e p r e s e n t e d  by t h e  d a t a  appear  i n  F ig .  5 . 5 .  

They may be c a l c u l a t e d  from 

- 
P, - P 
L 

- a =  
Pf pg ’ 

where 5 i s  t h e  d e n s i t y  p l o t t e d  i n  F ig .  5 . 4 .  The d e n s i t o m e t e r  w a s  l o c a t e d  

%15 cm (Q6 i n . )  downstream of a f u l l - f l o w  d r a g  t a r g e t  ( a  th ree-b laded  de- 

s i g n  - number f i v e  i n  Table  l of Ref.  s ) ,  b u t  no f low d i s p e r s e r s  w e r e  

p r e s e n t  f o r  t h i s  run.  Some p e r t u r b a t i o n  i n  t h e  f low regime which e x i s t e d  

upstream of t h e  tes t  s e c t i o n  w a s  p robably  caused by t h e  p r e s e n c e  of t h e  

d r a g  t a r g e t .  Comparison of d e n s i t i e s  t a k e n  from r u n s  w i t h  t h e  1.3-cm 

(0.5- in . )  t a r g e t  (F ig .  5 . 6 )  s u g g e s t s  t h a t  t h e  e f f e c t  w a s  most s e r i o u s  a t  

v e r y  low q u a l i t i e s  where t h e  measured d e n s i t y  w a s  less t h a n  t h e  homogene- 

o u s  d e n s i t y .  

The average  t u r b i n e  meter v e l o c i t i e s  V o b t a i n e d  u s i n g  Eq.  (1) are  t 
shown i n  F i g .  5.7 as a f u n c t i o n  of q u a l i t y .  I n  g e n e r a l ,  s u c c e s s i v e l y  

h i g h e r  water i n p u t s  a t  a g iven  a i r  i n p u t  ( a  common graph symbol t y p e )  

r e s u l t  i n  i n c r e a s e d  average  t u r b i n e  meter o u t p u t .  A t  242 l i t e r s / sec  

( 5 1 2  scfm),  however, i n c r e a s i n g  water i n p u t  s e r v e d  t o  s low t h e  t u r b i n e .  

S e v e r a l  p o i n t s  taken  had e s s e n t i a l l y  z e r o  o u t p u t  from t h e  t u r b i n e  m e t e r  

e l e c t r o n i c s .  Other  p o i n t s ,  some of which are shown i n  F ig .  5 . 7 ,  had 

i n t e r m i t t e n t  o u t p u t  as fast-moving s l u g s  of water sometimes caused t h e  

p u l s e  ra te  r e c e i v e d  t o  b r i e f l y  exceed t h e  minimum f requency  t h r e s h o l d .  

The three-b laded  t a r g e t  w a s  o r i e n t e d  f o r  tes t  7 as shown i n  F ig .  5 . 8 .  
The f l u i d  momentum f l u x e s  i n d i c a t e d  by t h e  upstream d r a g  d i s k  i n  t h e  

s p o o l  p i e c e  (F ig .  5 .9)  ranged from 150 t o  27,000 kg/m-sec2 (100 t o  18,000 

l b m / f t - s e c 2 ) .  

d a t a  which w a s  n o t  a l lowed f o r  i n  Fig.  5.6  o r  i n  subsequent  a n a l y s i s  

u s i n g  d r a g  flowmeter d a t a  shown i n  t h i s  r e p o r t .  aFor  t h e  three-b laded  

t a r g e t ,  t h e  z e r o  s h i f t  r e p r e s e n t s  a momentum f l u x  of 6 4  kg/m-sec2 ( 4 3  

lbm/f t - sec’ ) .  

There i s  a 15-mV p o s i t i v e  z e r o  s h i f t  i n  t h i s  d r a g  d i s k  
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ORNL-DWG 78-20894 
4 I+- 0.225 in. 

I I  

DISTANCE a = 0.125 in. 

Fig .  5.8.  Appearance of th ree-b laded  d rag  t a r g e t  i n  p i p e  f o r  run  7 .  
V i e w  i s  look ing  downstream. 
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5.2 Mass Flux Calculations 

Preliminary results of mass flux calculations made with data from 

advanced spool piece I appear in Figs. 5.10 through 5.12. 

of the plots are like those in Figs. 5.4, 5.7, and 5.9. The ordinates 

are of the form Gmodel 

geneous models and G is the "true" mass flux based on the air and 

water input rates to the loop. For each point shown, the procedure used 

to calculate the modeled mass flux involved the manipulation of mean 

instrument readings, averaged over a 20-sec scan. For the graphs shown 

here, model calculations were not made instantaneously or over small time 

intervals, as might be done during analysis of blowdown data. Efforts 

to evaluate the effects of this are under way. 

The abscissa- 

where G is one of the three homo- 
/Gmeteredy model 

metered 

If homogeneous flow in the spool piece is assumed, any two of the 

three primary spool piece instruments may be used to calculate the mass 

flux. Perhaps the most commonly used method is multiplication of the 

volumetric flow indicated by the turbine meter by the composite (average) 

density calculated from densitometer data. The appropriate ratio is 

plotted in Fig. 5.10. The turbine meter response for low water flow rates 

at low air flow rates [7.5 and 15 liters/sec (16 and 32 scfm)] is often 

intermittent (see Fig. 5.1). For this reason, modeling of such flow 

rates using the turbine meter with the Flow Technology electronics re- 

sults in serious errors. The points encircled by a dashed line in Figs. 

5.10 and 5.12 suffered from that problem. At qualities of <1%, the model 

does reasonably well. This may be explained as follows. For low quali- 

ties, the two-phase mass flux may be approximated as follows: 

= (1 - a)pfVf . G r G  = PfVfAf 

*t 
f 

Now compare the average turbine meter response to the average liquid 

velocity Vf. 

liquid phase. We have 

The latter may be determined from a mass balance on the 

w = w  
ts input ' 
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IO' 

0 

v v  

l o - '  

'7 

 IO-^ 

LEGEND 
0 -  16 SCFM 
A - 32 SCFM 
+ - 64 SCFM 
x -  128 SCFM 
0 - 2 5 6  SCFM 
v - 5 1 2  SCFM 

0 

A 

+ + 

1 0 - 2  
Q U A L I T Y  

ORNL- DWG 78-20901 

1 0 - 1  

Fig. 5.11. Ratio of mass flux calculated using G = (PId)l/* to 
Gactual vs quality, run 7 .  
(43-lb,/ft/sec2) positive zero shift which was not accounted for in 
this model. 

Drag flowmeter readings Id have 15-mV 

100 

w 
0 



31 

r C C
 l a r c I z a C 2 - 

c
 0
 

r
 

0
 ? 



32 

where w and w are t h e  mass f low rates of l i q u i d  i n  t h e  test  sec- 

t i o n  and a t  t h e  meter ing  s t a t i o n ,  r e s p e c t i v e l y .  Also 
t s  i n p u t  

Cancel ing l i q u i d  d e n s i t i e s ,  w e  o b t a i n  

- Qf - 
‘f (1 - a)At * 

This  q u a n t i t y  i s  p l o t t e d  f o r  run  7 i n  F i g .  5.13. Comparing d a t a  from 

F i g s .  5 . 7  and 5.13,  f o r  q u a l i t i e s  <1%, i t  i s  c lear  t h a t  Vf E V t .  

i s  t r u e  except  a t  v e r y  low f low rates when t h e  t u r b i n e  meter o u t p u t  s i g -  

n a l  i s  i n t e r m i t t e n t .  

T h i s  

Using Eq. (14), one sees t h a t ,  f o r  low q u a l i t i e s ,  

- 

pf p = (1 - a) 

T h e r e f o r e ,  s u b s t i t u t i n g  Eqs. (19)  and (18) i n t o  Eq.  ( 1 5 ) ,  t h e  a c t u a l  m a s s  

f l u x  i s  g iven  by t h e  product  of t u r b i n e  meter and d e n s i t o m e t e r  s i g n a l s .  

The r o l l o f f  of d a t a  a t  t h e  lowest  q u a l i t i e s  i s  due t o  t h e  unreasonably 

low d e n s i t i e s  c a l c u l a t e d  f o r  t h o s e  f low rates ( s e e  F i g .  5 . 4 ) .  For qua l -  

i t i e s  >1%, two t h i n g s  happen - t h e  t u r b i n e  meter s i g n a l  b e g i n s  t o  appre-  

c i a b l y  exceed t h e  l i q u i d  v e l o c i t y ,  and t h e  r a t i o  of gas  t o  l i q u i d  v e l o c i -  

t i e s  becomes p r o g r e s s i v e l y  h i g h e r .  A model t h a t  t a k e s  t h e s e  f a c t o r s  i n t o  

account  i s  r e q u i r e d  f o r  a c c u r a t e  p r e d i c t i o n  of m a s s  f low a t  h i g h e r  q u a l i -  

t i es .  

A second,  of ten-used combinat ion of i n s t r u m e n t s  is g iven  by t h e  

f o l l o w i n g  e q u a t i o n :  

G = (FId)1’2 . 

The r e s u l t s  o b t a i n e d  from a p p l y i n g  Eq. (20) t o  run  7 ( u s i n g  t h e  t h r e e -  

bladed d r a g  t a r g e t  d a t a )  appear  i n  F i g .  5.11. For a g iven  a i r  f l o w  ra te ,  

t h e  d a t a  f o r  low water f low are w e l l  above u n i t y ,  b u t  t h e s e  d a t a  d e c r e a s e  

and become f a i r l y  c o n s t a n t  a t  %90% of t h e  c o r r e c t  v a l u e .  The o v e r e s t i m a t e  

of t h e  m a s s  f l u x  a t  low air-water f low rates i s  p a r t i a l l y  due t o  t h e  15-mV 
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zero shift mentioned previously. 

nature of the flow (slow slugging) at these rates and to the method used 

to average the data. 

The other error is perhaps due to the 

These effects are being studied. 

Data from run 7 were also processed using a third method - dividing 

the drag flowmeter reading by the turbine meter reading (Fig. 5.12). At 

very low flow rates, the intermittency of the turbine meter output re- 

sults in an overestimate of the actual mass f lux by the model (encircled 

points). For the other data, the performance of the model is relatively 

consistent. This model has the interesting characteristic of applying 

equally well for the homogeneous assumption or a two-velocity assumption, 

when the turbine meter response is postulated to be like that of the 

Rouhani-Estrada model. That model suggests that 

(1 - a)PfVf + a p  v2 
( 2 1 )  - - 

Vt (1 - a)PfVf + apgvg ’ 
g g  

Also, the two-velocity assumption for drag target behavior used by both 

Aya” and Rouhani is 

Id = Cdf(l - a ) p  v2 + c up v2 , 
f f  dg g g  

where C and C are drag coefficients for liquid and vapor phases, re- 

spectively. Further, in the two-velocity model, the mass flux is given 
df dg 

by 

G = (1 - a)PfVf + up V . (23) 
g g  

Assuming C = C = 1 and substituting Eqs. (22) and (23) into Eq. (21), df dg 

Vt = Id/G , ( 2 4 )  

or 

G = Id/Vt . 

It appears from Fig. 5.12 that the model is consistent and would predict 

a nearly correct mass flow if a constant two-phase drag coefficient of 
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some 30% lower for two-phase flow were assumed [a lower drag coefficient 

means a higher value of the constant a in Eq. ( 2 ) ] .  
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6. SUMMARY AND CONCLUSIONS 

Testing of advanced spool piece I in a horizontal orientation in 

the ORNL air-water loop is in progress. Two-phase experiments with a 

number of drag targets and with and without flow-dispersing screens 

have been performed. Analysis of the data is in progress. 

Preliminary conclusions included the following: 

1. At low air flow rates with low water flow rates, the turbine 

system response using the Flow Technology electronics results in poorly 

predicted mass fluxes. 

2. At moderate-to-high air and water flow rates and qualities <1% 

(void fractions less than %50%), use of the models G = V p and G = 

(pId)'/' leads to good estimates of mass flux in the air-water system. 
t 

3 .  Use of the models under item 2 above results in gross overpre- 

diction of the mass flux for qualities >1% in the air-water system. 

4 .  Using data from a three-bladed, full-flow drag target, prelimi- 

nary analysis of the spool piece data using a two-velocity drag target 

assumption and a Rouhani turbine meter assumption yields consistent re- 

sults over a wide range of quality in the air-water system. (The model 

is calculated as G = ID/Vt.) 

of some 30% lower than the single-phase drag coefficient is assumed, good 

agreement with the measured values is obtained. 

If a constant two-phase drag coefficient 
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