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ABSTRACT

A flag type electrical impedance probe has been
developed at the Oak Ridge National Laboratory (ORNL)
to measure liquid- and vapor-phase velocities in steam—
water mixtures flowing through rod bundles. Mesasure-
ments are made by utilizing the probes in pairs, ior
stalled in line, parallel toc the flow directiom, and
extending out into the flow channel. Details of the
probe design are presented elsewhere (1).

Velocity indications arxe obtained by correlating
the signals that are produced by the sensors as a re-
sult of the random fluctuations of the two—phase flow
jia the chapmel. Initial studies by HcGill have yielded
velocity correlations in terms of the void fraction and
8 quantity V,ojse 2enerated from a Fouvier transform
analysis of the flag probe signals (2). The correla-
tions were successful in terms of reproducing corre—
sponding liquid and vapor velocities as calculated by
tho separated flow model (+30%). Bowever, these corre—
lations do not work well when used with air-water data.
Furthermore, their general applicability may be ques—
tioned since they were essentially derived from test
data alope,

The present study addresses both of the foregoing
difficulties by examining from a fundamental point of
view the two-phase flow system which the impedance
probes typically operate in, Specifically, the govern—
ing equations (continuity, momentum, emergy) were form—
ulated for both air-water and steam—water systems, and
then subjected to a scaling analysis., The scaling an—
alysis yielded the appropriate dimensionless parameters
of significance im both kinds of systems. Additionm
ally, with the aid of experimentdil data obtained at
ORNL, those parameters of significant magnitude were
established, As a result, a generalized correlation

wes developed for liquid and vapor phase velocities
that makes it possible to employ the impedance probe
velocity measurement technique in a wide variety oi
test configurations and fluid combirations.
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INTRODUCTION

Local measurements of thermohydraulic phenomena in
light water resactor loss~of-coolant experiments are
difficult to make because of several factors. In addi-
tion to the usual problems of measurements in transient
two-phase flows, the envirommental conditions severely
limit the types of sensors and instruments which can be
used. The series of pressurized water reactor (PWR)
reflood simulation experiments (International 2D/3D
Program for Reflood Studies) conducted by Germany,
Japan, and the United Stetes is a good example of the
difficult problems which must be solved. 1In these ex—
periments, various portions of a (PWR) primary steam
system are simmlated. A reflood tramsient is studied
by injecting cooling water into a reactor vessel, which
contains electrically heated rods to simulate the nuo—
clear core. Typical conditions of exposure for sensocs
include steam temperatures as high as 900°C and a
rapid, violent gquench by the cooling water. The need
to measure void fraction and fluid velocities inside
the test vessel led to consideration of electrical im
pedance sensors for this purpose.

The ase of impedance probes for void fraction mea—
surement has been reported by Del Tin and Negrini (3)
and many other investigators over the past several
years. The signal processing techniques for determin—
ing transit times between two sensors by cross—correla-
tion are also well established. Although many poten—
tial problems were obvious, it seemed that impedance
probes gave 2 reasonable chance of obtaining these mea—
surements. Therefore an effort was undertaken to de—
velop sensors for measuring void fraction and liguid
and vapor phase velocities. The materials, fabrica-
tion, aad electrical measurement problems have been
presented in other publications (4,5). This paper will
deal with the 2nalysis and interpretation of impedance
signals to obtain fluid (liquid and vapor) velocities.

MEASUREMENT OF FLUID IMPEDANCE

The type of impedance probe employed in the pre
sent study consists of a pair of electrodes mounted in
a sealed ceramic insulator as illnstrated im Figs. 1
and 2. The electrodes are exposed to the fluid so that
the electrode—to~electrode current is modulated by the
impedance of the fluid mixture in their vicinity.

The void fraction is determined from the value of
mixture impedance relative to that of the separate
phases. Details of the method are presented in Ref.
1. The velocity is determined by correlating the
signals from the two sensors prod=ced by random fluctu-
ations in the flow as it moves along the subchannel.
Random signal analysis methods for estimating propaga-
tion delays are well establisbed (§).

THE TEST FACILITY

All of the results reported herein were obtained

by wusing the Advanced Instrumentation for Reflood
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flood Experiments.

Studies (AIRS) test stand. This facility was designed
primarily for the purpose of testing prototype desigas
for in—core impedance probes. Fnrther descriptive de-
tails of this test facility are presented in Ref. (7).
The test facility is capable of operzting as a steam—
water or asir-water system, with a wide range of both
total mass flux and void fractions. For the steam—
water tests, data were taken at three pressure condi-
tions, 724, 512, and 306 kPa. For the air-water tests,
data were taken at a pressure range of 98 to 147 kPa,
The facility is capable of a water flow rate range of 0
to 68 L/min, steam flow rate range of 0 to 0.76 kg/s
and an air flow rate range of 0 to 0.28 kg/s. All con-
ditions tested were for steady—state, co-current upflow
situstions. Void fractions were limited to values
greater than 0.5.

Two different configurations of the test facility
were used during the course of these experiments, The
first was in connection with testing prototype imped-
ance probes for the Primary Cooling Loop (PEL) in West
Germany (11). This configuration is shown in Fig. 3.
Note that the buandle, even though it is full scale
length of a reactor core —- about 4.25 m -- is only a
small portion of the total upflow length of the test
stand. Also, the mixer section, located below the bun-
dle, gives ample length for the steam and water to mix
before the mixture passes through the bundle. Also,
notice that the triple~beam gemma densitometer, which
is used to determine the void fraction of the mixture,
is located on the instrumented spool piece, well above
the bundle exit.

The second configuration of the test facility used
in this work was s&s illustrated in Fig. 4. This con—
figuration was for testing prototype impedance probes
for the Slab Core Test Facility-1 (SCTF~1) and for the
Cylindrical Core Test Facility (CCIF), both in Japan
(11). In this case the flag impedance probe design was
precisely the same as that for the PKL tests, but the
bondle is oriented differently to reflect the fact that
the instrument cables will exit the bottom of the pres-
sure vessel in the SCTF~1 and CCIF tests. The only
real differences manifested in the test facility be-
cause of this change are that (1) there is more dis-
tance for mixing of steam and water before entering the



FLOW
L ~

INSTRUMENTED
SPOOL PIECE

a
Sm
=
o-
| 2
\\

4
m
2
S
m
Q

{|a

-
—

MIXER

SECTION

4 d 5

S'I'E/-'\Ma—T L— WATER

w—GAMMA

DENSITOMETER

CABLES FROM
IN-CORE
INSTRUMENTS

Fig., 3. Test Stand Configuration for PKL Flag

Probes.

TFLOW

I

INSTRUMENTED

SPOOL PIECED D—GAMMA
DENSITOMETER

—_

MIXER
SECTION

sTEAM——d b waTER

CABLES FROM
IN-CORE
INSTRUMENTS

Fig. 4 Test Stand Configuration for SCTF-1 Flag

Probes and CCIF Flag Probes.

bundle, and (2) there is less distance after leaving
the bundle before the mixture enters the instrumented
spool piece.

In all of the test series the procedures, in terms
of setting test points and taking data, were the same.
Generally, a given water flow rate was set while the
steam flow was varied to yield a range of void frac—
tions at a given water flow rate. Then, the water flow
rate wonld be changed to another value and several more
steam flow levels would be tested.

From the impedance probes two pieces of informa—
tion can be obtained on a transieat basis, the void
fraction, ¢, and a “transit-time®” velocity, Vpgjigse-
As was mentioned previously, random signal analysis
methods, namely the Fast Fourier Transform technique,
is applied to the signals from paired impedance probes.
In this way a phase difference between the two sig—
nals can be determined. The phase difference can be
interpreted as a time delay for random flow fluctua-
tions to travel from one probe to its paired probe.
In turn, with the distance between the paired probes
known, a transit-time velocity can be determined from
the time delay. This “transit—time" velocity, called
here Vjgjses is so-named because techniques normally
used in noise analysis are used to extract it from the
impedance probe signals.

In terms of physical reality, Vjgjse is neither
the liquid velocity nor the gas velocity —- genmerally,
it has a value between the two. However, whatever
Vnoise 2ctually is, it is used here, 2long with the
void fraction, to develop correlations that yield the
liguid and gas phase velocities in the bundle.

The overall objective in this study is to find
phase velocity correlations as follows. Using the void
fraction, @, as given by the gamma densitometer and
Vnoise from the impedance probes as independent vari-
ables, find accurate relationships that will yield the
liquid velocity, V¢, and gas velocity, Vg. just as
if they were calculated by the separated flow model
equstions, which are as< follows:

. .

Il"f"'mgl (1 - x)
Ves\Tx /- a
l“f".mglx

Vg T A P

The separated flow model was earlier chosen as the
standard to which correlations should be compared (8).
because it is a model that is straightforward and uses
only quantities either measured directly or those cal-
cnlated from measured quantities (e.g., mass fluxes).

Previous studies by McGill (2) produced empirical
correlations for vy and v, that were in substantial
agreement with values predicted by the separated flow
model (#30%). In those studies the empirical correla-
tions develoned were based upon data obtained from the
PKL flag probe data. The correlations so developed
were then used tc¢ successfnlly predict the fluid veloc—
ities in the SCIF tests. However, the correlation(s)
developed had different "break” points {or the gas and
liquid correlations that did not appear to be related
to any physical phenomena. Furthermore, when the cor—
relations were applied to data obtained from air-water
tests with the SCTF flag probes, the agreement was
quite poor. Thus, the desired generality of the corre—
lations did not appear to exist.,

Consequently, the foregoing difficulties have been
addressed in the present study by examining from a fum—
damental point of view the two-phase flow system ir



which the impedance probes typically would be expected
to operate. Specifically, the goversning equatioms of
contipuity, momesotuom, and energy vwere formulated for
both sir-water and steam—water systems. The equations
wore then subjected to a systematic scaling analysis
(9), from which were obtained the parameters of pos-
sible significance in both of the systems., Additionm
ally, however, oxpoerimental data obtained from both
steamwater and zir-water tests at ORNL were ansed to
establish the relative significance of the dimension~
less parameters in each systenm. Those parameters of
significance then forme’ the basis for new correlations
which were then applied to a variety of additional test
rosults as a test of their accuracy and generality.
The following section describes the development of
those correlations.

ANALYSIS AND DEVELOPMENT OF CORRELATIONS

The one—-dimensional transient field equations for
& separated two-phase flow are as follows:
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Only the steady-state equations are considered further,
since all test measurements were obtained during steady
flow conditions. These equations may be '"scaled" in
terms of the intrinsic reference variables of the two—

phase flow system. This process is e routine mathemat-
ical formalism from one perspective; however, the
choice of the appropriate (i.e., physically meanizgful)
reforence variables is sometimes not routine or obvious
st all., The choice of the appropriate reference vari-
ables must sometimes be made, therefore, with the aid
of physical information, data, or behavior of the real
system being examined. That is, the prior detemrmina-
tion of the appropriate reference variables is not al-
ways possible or obvious, particularly in complex sys-—
tems, such as in a two-phase flow in ar instromented
rod bundle.

Novertheless, one must proceed first with scaling
the equations with reference variables, denoted by the
subscript o. Then one should proceed to establish the
magnitudes of these gquantities (or more likely, group~
ings of these quantities) with the aid of experimental

information. The scaled equations then become:
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Details of scaling in two-phase flow systems, together
with more generalized equations may be found in Ref.
(10), by Ishii. Thus, at this point the basis for
establishing similitude in two similar-geometry two—
phase flow systems is that all of the respective coef-
ficients in each of the Eqs. (4)-(6) for both systems
muost be of the same magnitude. However, one would then
be faced with the very difficult task of attempting to
match numerous groups of parameters to insure such
similitude (providing that one has already established
the intrinsic reference variables). Furthermore, some
of these parameter groapings may in reality be negli-
gibly small compared with others. Scaling with in—
trinsic reference variables insures that the bracketed
terms of Eqs. (4)-(6) are of order unity. Thus, com—
paring the magnitudes of the groupings of terms preced-
ing each of the bracketed quantities establishes the
relative importance of each of the terms in Eqs. (4)-
(6). Thus, if only the most significant terms in Egs.
(4)-(6) may be established (with the aid of experimen—
tal data, in the present case) the development of a
correlation is then possible, hopefully involving oaly
very few dimensionless parameters.

Some simplifications may be made immediately,
however, as follows:
1. Since equilibrium conditions probably exist in

the tests conducted (Ref. 1), it is assumed that
no interfacial exchanges of mass, momentum, axnd
energy are occurring. Therefore, =0 and
qf = 0.

2. For adiabatic flows (no rod-bundle or wall heating
occurs and the test loop is well insnlated), qi

=0,
3. Flashing duoe to pressure drop in the test section

is assumed to be uegligibly small, so that no flow
accelerstions exist in the upward co~current flow.
Accordingly, the void fraction is therefore a
constant.

Furthermore, for the high void fractioms, high quality
test and reflood conditions, it is assumed that an
annnlar type flow pattern exists (in the broad sense
that there is no contact between the vapor phase and
the solid wall). Thus,

T =0
wgo
(5~a) and

The scaled momentum equations, from Egs.

{5-b) then become:

aaP)  p LG {_ -\ Lep (T,
= T Tap \%Pf " To_am \ -
3z fo o A
'O '0 (1)
a . APA
a(agP) o Psomo(: ; E) _ Le, oo (750, -
3z AP 8 g a oAPA -A- °

Now one may estimate the magnitudes of the terms in
these scaled cquations by inserting actusl test send
system data. Numerous data sets have been so utilized
to establish the orders of magnitude of the groupings
of terms in Eqs. (7)=(8) (11). Ounly the parameter
(p LG) /AP was found to be negligibly small compared
to others. Consequently, the appropriate governing
equations (not scaled) are as follows:

ar TiP: TPy
(l-u)dz= (lwa)pr+ A e (9)
4P T.p,
e =TT (10)

where (1 - a) = af and a = qq.

The appropriate dimensionless parameters are thus

indicated to be:

(1) (p LG)/(-AP) (2) (Lr,;p;)/[-(1 - a)APA}

(3) (Lt'p')/[ (1 - a)APAl (4) (Ltipi)/(-aAPA).

The first three of the preceding dimensionless
parameters are obtained from the liqmid phase scaled
equation, Eq. (7), while the fourth is obtained from
Eq. (8). It is to be noted that the second and third
parameters are essentially eqnivalent for annnlsar flows
{high wvoid fraction), which are precisely the condi-
tions for most of the tests conducted as part of this
study. The fourth parameter, (Lt;p;)/(-aAPA), is
essentially constant and thus would not be a signifi-
cant scaling parameter. The terms tipi/A and
TyPy/A may be solved for from Eqs. (9) and (10),
such that the second of the above dimensionless parame~
ters is of the form a/(1 - a). Thus the appropriate
correlating dimensionless parameters indicated by the
scaled governing equations (in vombination with evalua—
tion of the relative magnitndes of all of the dimen—
sionless parameters of the scaled governing equations,
via experimental measurements), are simply pg LG/
(-AP) and a/(1 - a). However, since the liquid and
vapor velocities are inherently related to the quantity
Vanoise by virtue of thc measurement techniqme em—
ployed, the additional relevant parsmeters are the ra~
tios V§/Vaojise and Vg/Vpgjse- Finally, ia order
that data for dxffer;ng fluid systems at different
pressure (temperature) levels be " brought together ™
with a single correlation, it appears an additional
term, o/dgef should also be included. The choice of
this parameter is a reflection that flow characteris—
tics are as.lected by differing fluid surface temsions
at different temperature levels. The choice of the
dimensionless parameier “/"ref is one that is made as
a result of experience and judgement, rather than being
a result of any formalized scaling procedure.

In summary, the correlating parsmeters chosen here
{or the liqunid phase velocity are as follows:

Pe LG/ (-AP) H a/(1 - a)

vflvr.oi se ;o O et
For the wvapor phase velocity, the only dimensionless
parameter obtained from the scaled vapor phase equstion

is (lrip;)/(~aAPA), which, as discussed earlier, is
essentially a constant value and therefore inmappropri-
ate as a scaling parameter. Consequently quantity a/(1
= a), which reflects the magnitude of the interfacial
shear parameter for the liquid phase, is chosen again
for the vapor phase correlation. Additionally, the pa-
rameter pgVe3/(~AP), obtained from the acceleration



term, Eq. (5-a), is chosen. This parsmeter is small in
relative magnitude in the liquid phase scaled equation
but is included herc since the vapor phase velocity is
influenced by the liquid phase welocity to some extent
when fl=shing occurs in the system {(due to pressure
drop). Thus, the correlating parsmeters chosen for the
vapor phase are as follows:

a/(1 - a} H prf’/(—AP)

vIv_ .
g moise
Having so obtained the appropriate scaling param—
eters, the following correlations were developed, based
upon data from the CCIF 306 EPa tests:

-0,2031 0.6565
prG a
vt'/vnoise = 0'2567<—AP > <1 - u)

-0.69
s
(Utef)

-0.855 1.407
prf3 a )
vg/vnoise = 0.1778 AP 1= . (12)

The correlation results are illustrated in Figs. 5~7,
for liquid velocities, and Figs. 8-10 ifor vapor phase
velocities. The data spread is seen to be consistently
within +25% for vy and +30% for vp, ¢ except at low
vf§ and vy values, where it is likely that an an
nular flow pattern does not exist. The correlations,
furthermore, are quite successful for either steam
water or air-water systems, constituting a considerable
improvement upon the earlier obtained empirical corre—
lations presented in Ref. (2).
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In Figs. 8-10 for vapor phase velocities, the cor-
relation represented by Eq. (12) appears to be inade~
guate at lower velocities, as reflected by several dats
points fallirg well outside the #30% band. It was
established that for such lower vapor velocities these
points were not in the ansular flow region as predicted
by the Hewitt-Roberts flow regime map (12). Since the
correlations developed in Eqs. (11) and (12) are based
apon an annular type flow, it was reasonable to develop
another correlating expression applicable st the lower
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vapor phase velocities, given by the following expres—

sion:
vaf’ —0.507( a ‘)1.823
vg/vnoise = 0.10705( 53 1= (13)
The improvements resulting from this modified expres—

sion (different ezponents and coefficient) are quite
apparent in Fig. 11, where the same data have been pre—
sented, but using both Eqs. (12) and (13), the latter
being employed for nomannular flow conditions,
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Correlation Results Using Two Equations.

Examination of the mathematical form of Egqs. (11),
(12), and (13) sppears to indicate that the correls—
tions are not well-behaved and fail for the limitiag
cases of ¢ =1 or a =0, i.e., for pure wvapor or liquid
flows. Bowever, the method of measurement itself
fails in these limiting czses also, since for either
pore liquid or pure vapor flows the impedance sensed
by the probes is constant. Consequently the quantity
Vnoise» generated from the impedance signals, will
be zero in these cases and nome of the Eqs. (11), (12),
and (13) are meaningful. Perhaps the validity of the
correlating equations is instead best judged by the

Vg FROM SEPARATED FLOW MODEL (nv/s)

Vg FROM SEPARATED FLOW MODEL {m/s)



in predicting vg and vg over s
range of void fractions up to 0.987 for the data
gathered in the SCIF, CCIF, and PEL tests for both
steam—vwater and air-water systems as described herein.

Some comments should be made relative to the sig-
nificance or importance of constitutive relations in
developing the present correlations, specifically the
mechanical constitutive relationship involving wall and
interfacial shear stress terms. It is not essential to
evaluate t, or tj explicitly in developing the cor—
relations obtained herein rather, it is necessary to
evaluate the grooping of terms <Tip;/A and Typy/
A. Both of the preceding groupings of terms, however,
can be evaluated from the simplified field Eqs. (9) and
{10). Thus, the need for a particnlar constitutive
shear stress relationship, e.g., p. 76, Ref. (13), is
nct essential for the present purposes.

success achieved

SUMMARY AND CONCLUSIONS

High~temperature electrical impedance probes have
been developed at ORNL for the purpose of making local
measurements of two-phase flow parameters in steam—
water mixtures, The present paper has focused specifi-—
cally upon flag type impedance probes designed to make
sub-channel, in-core measurements.

The specific objective of the work reported here
was to develop analytical and/or empirical algorithms
that could be used to calculate the liquid and vapor

phase velocities in a variety of two-phase systems,
based upon electrical signals from the impedance
probes.

Empirical correlations were developed based upon
the dimensionless parameters obtained from scaling the
governing equations of the two-phase system. The cor—
relations were observed to successfully predict the
liguid and vapor phase velocities as would be given by
the separated flow model, for both air-water and steam—
water systems.

The success of these correlations tends to vali-
date the assumptions utilized in modeling the two~phase
flow system. Similarly, the appropriateness and gener—
ality of the c(imensionless groupings used in the corre—
lations obtained from the simplified field equations
appear to have beea validated by virtue of a wide vari-
ety of data having been correlated from both single and
two-component two-phase systems. Results of an error
analysis furthermore indicate that the magnitude of the
scatter of dates associated with the correlations is
consistent with propagation of the uncertainties in the
measuzements of the pertinent system variables.

Finally, from a practical standpoint, the system
parameters required in using these correlations are all
readily obtainable (measureable) in real operating sys—
tems that may employ impedance probes. Specifically,
in addition to flnid properties, measurements of void
fraction and pressure drop are required, while transit
time velocities (Vp,ige) 2are obtainable from the im—
pedance probe signals by Fast Fourier Transform tech-
niques.
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APPENDIX I

UNCERTAINTY ANALYSIS

Additional comments and discussion are warranted
relative to (1) uncertainties sssociated with the ex-
perimental data being correlated, and (2) an error
analysis of the experimentally based correlations.
Before calculating uncertainties of separated flow
nodel equations and correlations, the errors of some
of the primary measurements must be estimated first.

Errors in measurements of water flow rates are
estimated to be about 0.0128 kg/s (1% full-scale).
Steam flow rate errors are estimated to be abont 0.0063
kg/s (1% full-scale). Estimated temperature errors are
about 19C, resulting in an error in hg of about 1
cal/gm and about 0.6 cal/gm in hy. Pressure measurc—
ment errors are estimated to be about 1.72 kPa, result-
ing in an error of about 2.4 kPa in the pressure drop.

Basically, the gamma densitometer has three beam
readings, each of which sense an average density in
their paths. A composite density for the two—phase
mixture is then calculated by the mathematical models
of Ref. (14) and (15), from which the void fraction is
then obtained. Lassahn (16) has estimated the error in
composite density to be about 0,02 gm/cm? based upon
data from wood/plastic simulations of regnlar, real-
istic density distributions. Chen and Felde (17) con~
cluded that the triple-beam gamma densitometer had s
95% confidence level for an error band of 0.067 gm/cm?
for homogeneous flow regimes. The error of 0.067 gm/
cm? reported by Chen and Felde indicates a high per
centage error of composite density measurements using a
triple-beam gamma densitometer.

In the present study, however, the homogencous
model has been replaced by an annular flow model for
calculating void fractions. Consequently, the accuracy
should be improved. Again, the 0.02 gm/cm?® error re
ported by Lassahn tends to give a high percentage error

at high void fractioa. Nevertheless, the percentage
error around the void fraction 0.6-0.9, where most of
dats points of the present study were obtained, is
about 10%. Therefcre a percentage error of +10% in
the composite density has been selected for calculation
of the void fraction uncertainty herein., Errors in the
transit time velocity., Vpgijse. are estimated to be
about #25% by Hardy and Bylton (7).

After estimations of primary measurement errors,
the calculations of uncertainties in the separated flow
model equations and correlations become possible. For
the separated flow model equations, the liquid velocity
uncertainty is about 10%, while the vapor velocity has
an uncertainty of about 0.6 to 1.2 m/s, which is only a
3% error for high void fraction data (becaunse of the
high vapor velocity). However, the percentage error is
sbout #35% for low void fraction data because of the
low vapor velocity.

Table 1 summarizes elements in the uacertainty
analysis calculations for the phase velocity correla-
tions. The samples illustrated are selected from a
range of void fraction data. The importance and rela-
tive magnitudes of the uncertainties in the primary
measurements comprising the correlations arze evident
from the values listed in Table 1. The accumanlative
effects of these uncertainties are reflected in the
estimated uncertainties in the liquid phase velocity
and vapor phase velocity. The total estimated error
(uncertainty) for the liquid phase velocity is about
+27%, of which the error in the V,,js. determina—
tion accounts for all but 2% of that total (i.e.,
*25%) . Estimated errors (uncertainties) for the
vapor phase velocity are somewhat higher, ranging from
30 to 45%, es would be expected, since the determina—
tion of V, requires the use of previously determined
values of Vg from Eq. (11). It is obvious that the
accuracy of phase velocity calculations can be improved
greatly by reducing the error associated with determin-

ing Vayoise-

Table 1. Summary of Uncertainty Analysis of Phase Velocity Correlations

@ Wﬁf_- (ivnniu) ;,A_lt’: (£4P) ;:_{ (1a) %:)f i (:vnnise) ;;Pg (28P) ;l_,E (2a) :—\VIE (:vf) _(t:)'
noise noise £
0.724 0.95 0.18 0.35 27 3.32 1.58 3.38 0.96 38
0.743 1.11 0.13 0.4 27 4,33 1.24 4.3 1.06 36
0.77 0.98 0.28 0.34 27 3.89 2.79 3.74 1.10 40
0.787 1.24 0.18 0.42 27 5.17 1.85 4.88 1.13 36
0.812 1.54 0.30 0,51 27 5.89 2.82 5.37 1.03 36
0.83 1.08 0.31 0.35 27 8.36 10.11 5.81 3.61 44
0.845 1.83 0.35 0.57 27 8.31 7.1 5.9 2.2 37
0.886 1.46 0.42 0.44 27 10.35 12.51 6.68 3.28 43
0.908 2.99 0.43 0.89 26 11.18 6.76 7.15 1.68 34
0.942 5.3 0.76 1.58 26 10.47 6,33 6.7 0.89 33
0.967 12.94 1.06 3.96 26 12.45 4.3 8.17 0.43 31
0.987 15.28 1.1 5.38 27 24.65 7.45 18.59 0.73 32




