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ABSTRACT

An extensive data base is presented, summarizing previous and new experiments,
on the phase redistribution and pressure differences for a gas-liquid mixture
flowing through the horizontal inlet pipe (diameter D1 = 50 mm) of a Tee-
junction. Branch to inlet diameter ratios of D3/Dy = 1;0.52;0.2; and 0.08 were
investigated. The branch orientation was horizontal, vertical upward or vertical
downward. Mostly air-water experiments were performed with pressures between
0.4 and 1 MPa. Experiments with steam-water flows at pressures between 1.5 and
10 MPa were performed for D3/D; = 1 and a horizontal branch.

The results on phase redistribution and pressure drop are compared with other
experimental data and model predictions, published previously by various

authors.

There are clear trends in the experimental data on phase redistribution: For the
upward branch, the branch quality x3 is the highest, for the downward branch the
lowest for constant inlet conditions. With decreasing branch diameter, in general,
the branch quality increases for the same branch mass flow rate. This tendency
can be reversed for D3/D; < <1 due to the effect of local phase distribution in the
inlet pipe and for D3/D{=1 and inclined branch due to flow reversal effects in the

branch pipe.

Presently, phase redistribution is mostly modeled in a very simplistic way
without taking into account local phase distribution in the inlet pipe. Most
models are fitted with experimental data from a small parameter range and a
horizontal branch. Therefore, the models should only be applied with care for
other inlet conditions and diameter ratios. Most of the models are not applicable

for other branch directions.

The data base for Tee-junctions pressure differences is much more limited. Most
experiments were performed with a horizontal branch and D3/D1 = 1. Previously
published models often include assumptions which are not yet verified
experimentally. A comparison of different models with results for D3/D; = 0.52
and 1 is presented. Again no model gives satisfactory results for abitrary

conditions.

The large amount of experimental data given in this report is expected to be a

good data base for further model development.
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GAS-FLUSSIGKEITS-STROMUNG IN T-STUCKEN MIT HORIZONTALEM
EINLAUF UND VERSCHIEDENEN ABZWEIGRICHTUNGEN UND -
DURCHMESSERN

ZUSAMMENFASSUNG:

Der Bericht enthéilt eine umfassende Datensammlung iiber die Phasenum-
verteilung und Druckdifferenzen bei der Strémung eines Gas-Flissigkeits-
Gemisches durch ein T-Stick. Frihere und neue Experimente werden in dem
Bericht zusammengefaf3t. Es wurden T-Stiicke mit horizontalem Zustromrohr

(B =50 mim) untersucht und Abzweig- zu Einlaufdurchmesser von D3/D|=1;
0,52; 0.2 und 0,08. Die Abzweigrichtungen waren horizontal, senkrecht nach oben
oder senkrecht nach unten. Ein GroBteil der Versuche wurde mit Luft-Wasser-
Stromung durchgefiithrt mit Driicken zwischen 0,4 und 1 MPa. Die Experimente
mit Dampf-Wasser-Stromung erfolgten bei Driicken zwischen 1,5 und 10 MPa,
horizontaler Abzweigrichtung und D3/D;.

Die experimentellen Ergebnisse tiber Phasenumverteilung und Druckverlust
werden mit anderen experimentellen Daten verglichen sowie Rechenmodellen

von verschiedenen Autoren.

In bezug auf die Phasenumverteilung ergeben sich folgende Tendenzen: Der
Abzweigdampfgehalt x3 ist am hochsten fiir den nach oben gerichteten Abzweig
und am kleinsten fir die Neigung nach unten. Fiir abnehmenden Abzweigdurch-
messer nimmt der Abzweigdampfgehalt im allgemeinen ab bei gleichem Ab-
zweigmassenstrom. Diese Tendenz kann sich umkehren; bei D3/D; < <1 bedingt
durch die lokale Phasenverteilung im Einlauf; bei D3/Dj=1 und geneigten Ab-

zweigen aufgrund von Ruckstromeffekten im Abzweig.

Gegenwirtig wird die Phasenumverteilung in sehr vereinfachter Form rech-
nerisch modelliert, ohne die lokale Phasenverteilung im Einlaufrohr zu bertck-
sichtigen. Die meisten Modelle werden mit experimentellen Ergebnissen aus
einem kleinen Parameterbereich und horizontalem Abzweig angepafit. Die
Modelle sollten deshalb nur mit Vorsicht fir andere Einlaufbedingungen und
Durchmesserverhaltnisse verwendet werden. Die Modelle konnen nicht die

Phasenumverteilung fiir andere Abzweigrichtungen beschreiben.
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Die Datenmenge tiber T-Stiick-Druckdifferenzen ist sehr viel begrenzter. Die
meisten Experimente wurden mit horizontalem Abzweig und D3/Dy =1 durchge-
fihrt. Die bisherigen Rechenmodelle beinhalten oft Annahmen, die experimen-
tell nicht verifiziert sind. Der Bericht enthalt einen Vergleich verschiedener
Modelle mit Ergebnissen fir D3/D1=0,52 und 1. Wiederum ist kein Modell in der
Lage, fir beliebige Bedingungen die Messungen mit zufriedenstellender

Genauigkeit zu beschreiben.

Die grofle Auswahl der in diesem Bericht aufgefiithrten experimentellen
Ergebnisse sollte eine gute Grundlage darstellen fiir zukiunftige Arbeiten zur

Modellierung der Stromungsvorgange in T-Sticken.
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1. INTRODUCTION

Two-phase flow through Tee-junctions has gained increasing interest in the last
years due to the technical applications in piping networks of chemical and power
plants and oil-gas transport. For many years, the main interest was focussed on
loss-of-coolant accidents in nucelar reactor safety analysis. Presently, with the
use of two-phase flow pipelines this case becomes of increasing importance in the

field of oil-gas transport.

When a two-phase mixture is divided in a Tee-junction, the branch and run
qualities x3 and x2 in general differ from the inlet quality x;. Up to now, no
physical model exists to describe this phase redistribution and the associated
pressure differences between inlet and branch, Ap;.3, and inlet and run Apj.9, as
a function of the mass flow rate ratio mhg/m; for abitrary values of the inlet
quantities (pressure p1, mass flux G} and quality x; or superficial liquid and gas
velocity vg1, and vgq), branch to inlet pipe diameter ratio D3/D1, angle ¢ between
the branch pipe and the vertical and angle between branch and inlet pipe.

The phase redistribution is influenced by three effects:

(1) The different local momentum fluxes of the phases in the inlet pipe: if the
local phase velocities are about equal, then the lighter phase preferentially
enters the branch.

(2) The gravity force in the inlet pipe which determines the phase and
momentum flux distribution (flow regime) in the pipe cross section. For
horizontal inlet pipes, the heavier phase is concentrated in the lower portion
of the pipe and, therefore, enters favourably a branch inclined in the
downward direction.

(3) The gravity force in the branch: for inclined branches flow reversal of one

phase can occur.

In the following, this report will concentrate on a horizontal inlet (and run) pipe

and an angle between inlet pipe and branch of 90° (Tee-junction).

The difficulties to model the phase redistribution are made clear in Fig. 1.1a
(from Reimann et al. /1/), containing the distribution of the void fraction along the
vertical diameter y, in the horizontal inlet pipe for different values of the inlet
superficial gas velocity vy and a constant inlet superficial liquid velocity vy, .
These values are on a vertical line in a flow regime map with coordinates as used
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in Fig. 1.1b (from Mandhane et al. /2/) and belong to different characteristic flow

pattern regimes.

It is noted for further discussions that the flow regime boundaries are no sharp
curves but rather transition zones. The boundaries are dependent on fluid
properties and pipe diameter, see e.g. Taitel and Dukler /3/ and different values
are given by different authors. The boundaries given by Mandhane et al. are
rather characteristic for air-water flow at nearly atmospheric pressures and pipe
diameters of Dy =50 mm. At higher pressures, as always used in the present
experiments, the boundary between slug flow and annular flow shifts to smaller
values of vg(, compare Reimann et al. /4/. Therefore, test points with vy = 10 m/s
and 20 m/s are rather attributed to the annular flow regime than to the slug flow
regime,

For a downward orientated branch, the local distribution in the region close to the
normalized distance y/Dy = 0 is of interest, for the upward branch the value close
to y/Dy = 1. For fairly axisymmetric distributions (superficial liquid velocity vs,
= 4 m/s, dispersed bubble flow pattern, see Fig. 1.1b), the distributions close to
the wall are about the same for all three branch locations. For the other examples
shown in Fig. 1.1a, the phase distributions are dominated by stratification due to
gravity.

For vgr, = 0.1 m/s a stratified wavy flow occurs in the inlet pipe; for vg;, = 0.5, 1
and 2 m/s a slug flow occurs. For the horizontal branch the values at y/Dy = 0.5
should then be characteristic, however, taking into account that for slug flow in
general a liquid film exists at the wall.

An annular void fraction profile (not shown in Fig. 1.1a) is characterized by an

excentric liquid film at the wall which is thin at the top of the pipe and thick at

the bottom of the pipe. The gas core contains droplets, the droplet concentration
decreases with increasing y/Dj.

In general, the phase distributions are not known. The measurement of the
momentum flux distribution is even more complicated. Figure 1.1a illustrates
that the branch orientation is of strong influence on the phase redistribution.
This influence increases with decreasing ratio D3/D1 because the smaller D3/Dy
the more local is the portion of the cross section where the mixture is taken off
into the branch.




These introductory remarks illustrate that the influence of the inlet parameters
are very complex. Presently, the parameter range has not been covered
sufficiently by experiments. Table I gives a brief overview on previous ex-
periments with a horizontal inlet pipe (Refs. /5/ to /37/), without attempting to be
complete. The branch orientation is defined by the angle ¢, starting with ¢ = 0°
for the upward branch. Figure 1.2 shows the range of investigated inlet conditions
in terms of superficial velocities in a flow regime map. Table I depicts that most of
the experiments were performed with air-water flow and nearly atmospheric
pressures which often restricts the mg/h range to values considerably smaller
than one. With high system pressure, there is only one set of experiments with
D3/Dy = 1 and two sets with D3/Dy < < 1, however, limited to stratified flow.

Further experiments are highly desirable because high pressures are typical f
applications both in steam-water systems and oil-gas transport. Table I.1 also
shows that branch directions others than horizontal were also investigated very

marginally.

Besides the horizontal inlet pipe there is considerable work with a vertical inlet
pipe. There are many common features, especially if the flow patterns are not
dominated by stratification due to gravity. Therefore, the reader is referred to the
work from e.g. Zetzmann /38/, Honan and Lahey /39/ which also include
experiments with angles of 45° and 135" between branch and inlet pipe ("Wyes").
Most of the work by Azzopardi et al. /40/ refers to vertical inlet pipes, too.

Presently, the largest parameter range has been investigated in the Two-Phase
Test Facility of the Nuclear Research Centre Karlsruhe (KfK). This report
contains detailed information on all experimental data (about 2800 measurement
points) with the 50 mm diameter inlet pipe, both the previous results (Refs. /21/ to
/277/) and the new data, which only partially were published up to now (Refs. /28/
to /30/). This large amount of experimental results is expected to be a good data
base for further model development. The results with the 204 mm diameter inlet
pipe concentrating on stratified flow and small branches (Refs. /14/ to /20/) were

presented in detail by Smoglie /18/.

In Sections 2 and 3, the previously performed experiments on phase redistri-
bution and pressure drop and the state of the art of corresponding models are
briefly reviewed. In Sections 5 and 6, the new experimental results (concentrating

on D3/Dy < 1) are presented and compared with previous data and models.




Geometry Flow Parameters Measurement
Authors D, DD, [ branchangle ¢{0} | fiuid | system flow patterns Girange X1 P ms/rhy, | phase | press.
{(mm) (1) 0™ | 909 | 1807 [ a-w@ | sew® | d® [ i7 | a® 5@ | (kg(m?s) | range | (MPa) range red- | drop
(%) (1 distr.
Tsuyama & Taga /5/, 1959 23.4 1 X 50-1000 | 0.1-12 | =0.15 0-0.9 X X
Fouda & Rhodes /6/, 1975 51 0.5 X X X 360-684 35-67 | =0.15? small? X X
Collier /7/, 1976 38,1 0.66 X X X | X 136 2-50 =0.25 0-0.95 X
Hong/8/, 1978 9.5 1 X119 X X X | X 2.3-47 0.25-1 =0.15 0-1 X
Whalley & Azzopardi /9,10/, 1980,82 31.8 0.4 X0 X X X X 152 56 =0.25 0-0.4 X
Henry /11/, 1981 100 0.2 X X X 200-850 5-50 =0.15 0-0.06 X
Saba & Lahey /12,13/, 1982,84 38.1 1 X X X 1350-2700 | 0.1-1 =0.1 ]0.3,0.50.7 X X
204 0.03 liguid
.. Reimann, Smoglie etal. " 0.04 X X X X X |level /Dy: 0-1 0.4 | O-sq/riny | X X
€ /14-20/,1982-86 " 0.06
£ " 0.10
S Seeger, Reimannetal. 50 1 X X b4 X X X [ x 500-7500 | 0.2-33 | 0.4-1 0-1 X X
o /21-27/,1981-86 " 1 X X X X 200-2000 3-35 2.5-10 0-1 X X
¥ 50 0.08
¥ “new” KfK-results . 0.2 x x x X x | x| x| x| 1306130 | 0477 | 0.4-1 | O-rise/riy | X X
/28-30/, 1986-87 " 0.52
" 1 X X | X 50-1340 7-77 0.7 0-1 X X
Katsaounis/31,32/, 1985,87 45;203 | 0.4 X X X X 30-1700 | -0-016) =0.15 0-1 X X
Maciaszek & Memponteil /36/, 1986 135 0.15 X X X X X h/D, = 0-1 2 0-ritsein/ 1 X X
Shoham et al. /33/, 1987 51 1 X X X | X 19-230 22-98 0.3 0-1 X
Ballyk & Shoukri/34/, 1987 256 0.5;1 X X X 400-1200 2-15 10.01-0.1 0-1 X X
Hwang & Lahey /35/, 1987 38 1 x X 1350-2700 | 0.2-0.4 | =0.15 0-0.35 X X
Anderson /37/, 1987 323 0.1 X X X h/D1 = 0-1 4-6 0-m3en/mhy X X
(1) upward branch (4) air-water (6) dispersed bubble (8) annular (10) further angles ¢ investigated

(2) horizontal branch
(3) downward branch

(5) steam-water

Table I.1: Tee-junction Experiments with a Horizontal inlet Pipe

(7) intermittent (slug, elongated bubble)

(9) stratified

(11) besides "Tee" elso"WYE" (45° and 135°) investigated
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2. SUMMARY OF PREVIOUS WORK ON PHASE REDISTRIBUTION
2.1 General Remarks and Tendencies

The approaches to describe phase redistribution can be subdivided into three
categories (compare Lahey /41/): Completely empirical approaches; mechanistic
(fluid mechanics based) models; and phenomenological flow regime based models.
None of these have general applicability, but since the last two are more
physically based, they provide better insight into the fundamental mechanisms
involved,

Fig11vn 2.1 r

ure esents schematically the phase redistribution which is plotted in
two different ways: Plot a) shows the quality ratio from branch and inlet x3/x1
versus the mass flow rate ratio ma/my, also termed mass split. Plot b) shows the
gas mass flow ratio m3g/m g as a function of the liquid mass flow ratio rhgy/miy..
Using the first method, the curve for equal phase redistribution (x3/x; = 1)isa
horizontal straight line. Of special interest is the curve which is obtained if the
branch acts as a perfect gas separator: This curve is termed total phase separation
curve and consists of two branches: starting from mg/m = 0, at first only gas is
withdrawn into the branch (x3 = 1) up to a value of the mass split where all gasis

entering the branch. Increasing the mass split can be only achieved by an
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Fig.2.1  Schematical Graph of Different Representations of Phase
Redistribution.




intake of liquid. This curve for total branch separation (condition: run quality
x9 = 0) is then given by

x3/x1 = (rhg/my)-1 (2.1)

The first part of the curve is restricted to very low values of 3/ and the
experimental results are mostly far below this curve, Therefore, this partisin
general not shown in the graphs. For high mass split ratios, however, the

experimental results can be very close to the curve of total phase separation.

Using the presentation maa/rhiq = f(rhar/my1), again the curves for equal and
total phase redistribution can be easily plotted. In the subsequent sections, the
first way of data presentation is preferred because the phase redistribution curve
exhibits often a characteristic maximum (x3/x1)max Whose value can not be seen

quantitatively in the latter diagramm.

Of course, the data can be easily cross-plotted. Due to the fact that in literature
also the second way of presentation was used frequently , in this section both
kinds of graphs are shown.

The Figs. 2.2 and 2.3 contain results for different branch orientations ¢.

Figure 2.2a, (from Seeger /24/) shows typical results for an inlet superficial liquid
velocity of vg1, = 2 m/s with a slug flow pattern in the inlet pipe. The same results
are cross-plotted in Fig. 2.3; this figure additionally contains results for dispersed
bubble flow in the inlet pipe (vs1, = 4 m/s). For the horizontal branch (¢ =90°),
x3/x1 is smaller than one for very small values of mg/mj due to the fact that
mainly the mixture close to the wall, characterized by a high liquid fraction,
enters the branch. With increasing mga/rh, increasingly gas is deflected into the
branch; x3/x; reaches values considerably above one. A further increase of mg/mi
isreached by increasing mainly the liquid flow rate. Therefore, x3/x; decreases
until the value x3/x1 = 1isreached for s/ = 1. For vg, = 2 m/s and

rg/my > 0.4 the phase redistribution curve is very close to the curve of total
phase separation. This tendency is not so much expressed for dispersed bubble
flow.

For the upward branch (¢ = 0°), as expected, x3/x1 is closer to the curve of total
phase separation. At very small values of rihz/mh; only gas is extracted into the
branch and x3 becomes unity.
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Fig.2.3

Influence of Branch Orientation. Results from /26/.
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For the downward branch (¢ = 180°), the split ratio range with x3/x1 < 1 is much
larger. However, depending on the inlet conditions, x3/x1 can also become larger
than one. Here, the influence of the different momentum fluxes on the redistribu-

tion exceeds the influence of the gravity force.

The influence of the branch orientation will be discussed in much more details in
the following.

The Figs. 2.2b and 2.2¢ (taken from Katsaounis /32/) contain results from Hong /8/
and Azzopardi and Whalley /10/ for a much lower inlet superficial liquid velocity
vsl, = 0.05 m/s and a flow pattern in the transition from wavy to annular flow.
The results are quite different from those for high values of vy, (high inlet mass
fluxes). However, the results from the latter authors also differ although the inlet
flow conditions were very similar. This has to be attributed to the effect of
different inlet diameters D and diameter ratios D3/Dy; again, details will be
discussed in the following.

2.2 Horizontal Branch (¢ = 90°)
2.2.1 Annular Flow

This flow regime was the objective of numerous investigations (compare Table 1).
However, the data base is still insufficient to develop a phase redistribution
model which is valid for the total range of flow parameters in this flow regime.
This is due to the fact that for horizontal pipes the flow pattern is in general not
axisymmetric, The lower the gas flow rate the more liquid concentrates at the
bottom of the pipe, and droplet entrainment mostly starts from the gas-liquid
interface in the lower portion of the pipe. This phase stratification should effect
the most the branch flow for diameter ratios D3/D1 < < 1 because the liquid
flowing at the bottom of the pipe cannot be withdrawn as easily as for D3/Dy = 1.

Results for D3/Dy1 = 1 covering the total mass split ratio range are presented in
Fig. 2.4, containing data from Hong /8/ and Shoham et al. /33/ for experiments
carried out with small inlet superficial liquid velocities and low inlet mass fluxes,

respectively.
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Most of the data are located below the diagonal representing the curve x3 = x3
which means that the liquid phase tends to flow preferentially into the branch.
For the lowest values of vg1, and high values of the mass split the total liquid
inventory is diverted into the branch and gas is still flowing into the run. This
tendency is very untypical and is explained by the véry small velocity of the thin
film (without considerable droplet entrainment). Therefore, the liquid momen-
tum flux is much smaller than the gas momentum flux and the liquid "creeps"

into the branch. At the lowest branch flow rates, (rhgy /1, =0), the results
obtained by Hong indicate that only gas enters the branch, whereas the results
from Shoham et al. show that liquid is withdrawn at first. The latter result makes
sense if it is assumed that at first the liquid film is withdrawn into the branch.
The contrary result is assumed to be caused by the fact that this liquid is not -
transported through the branch but flows back into the run. This effect was
observed by the present authors if the "horizontal" branch was inclined upwards
by some degrees. Another reason could be a vertical pipe section downstream of
the throttle valve at the end of the horizontal branch.
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Fig.2.5  Annular Flow Data: Low Mass Fluxes, $ = 90°, D3/D; = 0.66, 1;
Results from /7,8/.
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Both figures reflect the tendency that with increasing inlet superficial liquid
velocity the gas intake increases and at the highest values gas preferentially
enters the branch at high mass split ratios.

Figure 2.5 contains results for different values of D3/D; but very similar inlet
conditions. In the experiments presented by Collier /7/ for D3/D1 =0.66 gas flows
preferentially in the branch. In contrast, Hong measured for D3/D; =1 a very
high liquid intake. This difference cannot be explained by the different diameter
ratio alone, because the influence of D3/D1 should be much smaller, compare
Section 5.

Results for higher inlet superficial liquid velocities and higher inlet mass fluxes,
respectively, are shown in Fig. 2.6. The low pressure steam-water data from
Ballyk and Shoukri /34/ (Fig. 2.6a) are characterized by a larger (x3/X1)max
compared to Seeger's /24/ air-water results obtained at higher pressures

(Fig. 2.6b). Figure 2.6a contains also predictions with the model from Seeger et al.
/26/, described in detail in Section 2.2.5, and the model from Azzopardi and
Whalley /9,10/, presented later in this section. The first model predicts the
experiments reasonably well. The dependency of the redistribution curve on the
inlet superficial liquid velocity v, for vgq = const. was very small for the
investigated parameter range.

In Fig. 2.2¢ the data from Azzopardi and Whalley for D3/D1 = 0.4 are presented.
The investigated split ratio was ms/m; < < 1. For the horizontal branch

(& = 90°), the results agree qualitatively with the data obtained by Shoham et al.
/33/ (Fig. 2.4c), obtained with D3/Dy = 1.

An open question is the quantitative influence of system pressure (density ratio).
Qualitatively, it is expected that with increasing pressure the phase
redistribution becomes smaller. This tendency is shown in Figs. 2.6a and 2.6b.
Figure 2.7 (from Seeger /24/) shows data with a large pressure variation for
constant values of vg1, and vgg. The pressure influence is relatively small .(Note
that for p = 0.4 MPa the test point is in the transition zone between annular and
slug flow whereas at higher pressures the boundary to the slug flow regime has
shifted to smaller values of vy, see Reimann et al. /4/). Again, it is evident that
much more work is needed to investigate the pressure influence.
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Another point of discussion is the influence of the diameter ratio. Figure 2.8
contains results from Ballyk and Shoukri /34/ for D3/D; = 0.5 and 1. With
decreasing D3/D1 the phase separation increases, details will be discussed in
Section 5.1.2. This tendency can be also observed in Fig. 2.5. To take into account
the diameter ratio, Azzopardi /40/ proposed a correction factor K ,given below.
However, the present data base is insufficient to describe the parameter range

where this factor can be applied.

To describe the phase redistribution for the low range of m3/rh and annular flow,
Azzopardi and Whalley assumed a "zone of influence" from which the liquid film
and gas were withdrawn. The rest of the liquid film and gas, and all the entrained
liquid droplets, were assumed to be unaffected, and exited the test section
through the run of the tee, They further reasoned that the affected region could be
characterized by an angle ®, shown schematically in Fig. 2.9. Note that if

D3 =D =Dy, the liquid extracted was (originally) assumed to be that part of the
liquid film within the sector defined by the angle ®, while the vapor removed was
assumed to be that in the shaded area. That is, the "zone of influence" (ZOI) for
vapor extraction was defined by the area between the conduit wall and the chord
subtended by the angle ©.

The resulting equations are:
x3/x1 =(m1/m3)(©-sin©)/(2n), (2.2)

with
6 =(2/K)(rhg/my)(1-x3)((1-x1)(1-E)), (2.3)

where K takes into account the diameter ratio
K = 1.2(D3/D1)%4 (2.4)

and E is the ratio of liquid droplets in the gas core to the total inlet liquid flow
rate. This entrainment fraction E is not generally known for horizontal flow; in

Fig. 2.6a, E was taken as a parameter.

This model does not predict satisfactorily the data from Ballyk et al./34/ shown in
Fig. 2.6a. This is due to the fact that the model uses implicitly the assumption
that the momentum flux of the liquid film is in the order of the gas momentum
flux. This is only true for very thin films (very small inlet liquid mass flow rate,
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respectively inlet superficial liquid velocity in the order of vg1, = 0.05 m/s). The
values of the experiments shown in Fig. 2.6 are considerably higher and,
therefore, the assumptions are no longer valid. A parameter range was not given,

where the model given above is valid.

More recently, Shoham et al. /33/ presented a model which has some common
features with the model presented above. The model is based on equal zones of in-
fluence for both phases, a constant film thickness and no droplet entrainment in
the gas core. The model predicted quite well experiments from the authors, also
performed at very low superficial liquid velocities. Again, this model is not
expected to describe annular flow data at high superficial liquid velocities.

Comparisons with more appropriate data will be given in Section 5.3.

Seeger et al. /26/ proposed a relationship which is not tailored to a specific flow
regime. However, annular flow data obtained at high liquid velocities vg|, were
also included to develop the correlation, compare Section 2.2.5. Some results were
already presented in Fig. 2.6, more comparisons will be shown in Section 5.

Henry /11/ developed a correlation which fitted his data for mg/mh; < 0.06 and
D3/Dy = 0.2 both for annular and stratified wavy flow. Due to the very small



parameter range investigated, these correlations are not presented here; the

reader is referred to/11/.

2.2.2 Smooth Stratified, Stratified-Wavy Flow

Experiments in the stratified flow regime performed with D3/D1 = 1 by Hong

and Shoham et al. are shown in Fig. 2.10. For stratified-wavy flow (Fig. 2.10b and
2.10c¢), no liquid flows into the branch at low mass splits for all inlet conditions.
The liquid enters the branch only after a higher portion of the gas is diverted into
the branch. Thus it seems that there is a trend of a branch gas fraction threshold
needed to initiate diversion of the liquid phase into the branch. For example,
when vy, = 0.0029 m/s, this threshold is approximately m3g/mi;g=0.23, as
shown in Fig. 2.10b. If the branch gas fraction intake is below 23 %, no liquid will
enter the branch. The gas phase threshold decreases as the liquid phase flow rate
increases. For vy, = 0.059 m/sec, the threshold is about rh3g=mjg.

Analyzing the liquid phase route preference, the following is observed: At low
liquid flow rates, i.e., vy, = 0.0029 and 0.0051 m/s, the liquid phase preferentially
flows into the branch. For the lowest liquid flow rate of vg1, = 0.0029 m/s, when

60 % of the gas flow rate is diverted into the branch, all the liquid phase is
diverted into the branch and the run receives only air. At an intermediate liquid
flow rate of vg, = 0.0092 m/s, the results closely follow the equal splitting line, as
the gas phase and the liquid phase split evenly through the branch. At higher
liquid flow rates, however, the route selectivity of the liquid phase changes, and it
tends to flow preferentially into the run. For the highest liquid flow rate of vg1, =
0.059 m/s, when all the gas phase is diverted into the branch, only 50 % of the
liquid flows into the branch.

Stratified smooth splitting ratios are given in Fig, 2.10a. The average superficial
gas velocity during these runs was vgg = 2.5 m/s. The liquid superficial velocities

were the same as in the stratified wavy flow case.

One can immediately observe that for all inlet liquid flow rates in stratified
smooth flow, the gas preferentially flows into the branch since all the splitting
curves are located above the equal splitting line. The threshold needed to start
liquid flow into the branch is higher than during stratified wavy flow conditions.
For the lowest liquid flow rate, i.e. vg;, = 0.0029 m/s, the threshold is above 50 %,
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and decreases rapidly as the liquid flow rate increases. At the highest liquid flow
rate of vgr, = 0.059 m/s, liquid starts to flow into the branch for even zero branch
gas fraction intake.

Typical of flow splitting during stratified smooth flow is the steep slope exhibited
by the splitting curves. This indicates strong preference of the liquid phase to flow
straight into the run. For all the experiments, when the total gas flow rate is
diverted into the branch, only 30 % to 40 % of the liquid phase flows into the
branch. Shoham et al. also developed a model for stratified flow which, however,

it does not predict the measurement as well as the annular flow modél; for details
see /33/.

Collier /7/ also presented results from experiments mostly performed in the
stratified flow regime, however, for D3/D; = 0.66, as shown in Fig. 2.11, With
increasing vg, the gas fraction increases which is in agreement with the tendency
also seen in Fig, 2.10. At very low branch flow rates, the curves have a different
tendency and do not start with only gas flow into the branch. This is somewhat
surprising because the liquid level is expected to be below the branch entrance.
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Fig.2.11 Stratified and Annular Flow Data: $ = 90°, D3/D; = 0.66; from /7/.




Smoglie and Reimann (Refs. /16/-/20/) investigated stratified smooth air-water
flow for diameter ratios D3/D; < < 1.If the gas liquid interface is high above or
below the branch entrance, only liquid or gas can enter the branch. The beginning
of gas entrainment (g.e.) for the liquid level above the branch or liquid entrain-
ment (l.e.) for a liquid level below the branch was described in the following way:

K:hb(gpb(pL__pG))O.Qm;b()A’ (2.5)
with
K = 0.69 for l.e.and K = 0.75 for g.e.

hy, is the interface level for entrainment beginning, g is the acceleration due to
gravity, py, and myj, are the density and mass flow rate of the continuous phase at
entrainment beginning. It is interesting to note that Eq. (2.5) does not contain
explicitly the branch diameter. The validity of Eq. (2.5) is restricted to values
hp/D3 > 1.,

For small diameter ratios D3/Dy the single phase branch mass flow rate can be

determined by

m3b:C£A3(pbApl~3)0‘5’ (2.6)
where (is the flow coefficient and e the gas expansion coefficient
(if pp =p1,: €= 1). Agis the branch cross section and Apj.3 the branch pressure
drop.

For interface levels |h| < hy, a two-phase mixture enters the branch; the branch
quality x3 was described by

B 115 Jict) li( i)( .15 )(l-i) ¥@
Xapr = [ 1 + (PL/PG)O'S] " [ L- Zhb l+hb 1 + (PL/pG)O's " ,

where
C =1forle. (h/hy = 0)
C = 1.09 for g.e. (h/hy, > 0)




Here, h is positive for gas entrainment and negative for liquid entrainment.

Figure 2,12 shows the experimental results.

The results for the branch mass flow rate are shown in Fig. 2.13. The experiments
were fitted by single curves by normalizing rhg with th3p,. The different values of

gy, for Le. and g.e. are the reason for the discontinuity ath = 0.

High pressure stratified steam-water experiments with D3/D; < < 1 were per-
formed by Maciaszek and Memponteil /35/ and Anderson /36/. Following the
procedure proposed in Refs. /14-20/, the first authors proposed correlations which
are in close agreement with the relationships given above. Anderson also
compared his high pressure data with the correlation given above {(which was
deduced from low pressure air-water experiments) and found an excellent

agreement as shown in Fig, 2.14,

2.2.3 Dispersed Bubble Flow

The dispersed bubble flow pattern should be best suited for a rigorous modeling of
the phase redistribution using balance equations and closure laws. This is due to
the fairly well defined inlet pipe conditions (axisymmetric void fraction and
momentum distribution) and due to the fact that the interaction of the bubbles
with the surrounding liquid appears to be relatively simple to take into account
by a corresponding closure law. For simplicity, a two-dimensional flow is assumed
and the aim is to calculate the stagnation streamlines, different for the two
phases, which divide those zones of the inlet cross section where the flows enter

the branch from the other zones where the flows stream into the run.

Such a rigorous attempt to model phase redistribution (pressure drop not
included) was made recently by Lemmonier and Hervieu /42/. Their model is
based on a two-dimensional approach and hence, uses local equations. The first
step consists in modelling the single-phase flow in the Tee-junction. The free
streamline theory is used to predict the flow of the continuous phase. The two
recirculation zones which are present in this configuration are predicted by the
model. Then the location of a gas bubble results from the single-phase flow field.
Finally, the trajectories of gas bubbles are calculated and used to predict the

redistribution properties of the Tee-junction.
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The model predicts curves of the type shown in Fig. 2.15 which are qualitatively
in good agreement with experimental results from Seeger /24/ shown in Fig. 5b.
Further work is in progress to obtain better quantitative agreement.

McCreary /43/ also attempted to use a simple modeling approach for dispersed
flow. However, he clearly stated that the interaction laws to close the model were
not fruitful. He then proceeded in a rather empirical way; his final relationships
are given in Section 2.2.5.

2.2.4 Slug Flow

Figure 2.16 shows for D3/D = 1 typical results for inlet condition in the slug flow
regime. The curves from Seeger /24/ exhibit the typical maximum whereas the
experiments from Saba and Lahey /13/ do not show this maximum due to the
limitation in the split ratio to mg/my < = 0.3. It is interesting to note that the
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Fig. 2.17 Slug Flow Data: Pressure Influence p = 0.7-10 MPa, ¢ = 90*, Ds/Dy;
from /24/.




experiments from Zetzmann /38/ with a vertical upward flow in the inlet pipe are
very close to the results for the horizontal branch, compare Section 5.12. More
data from /27/ for D3/Dj = 1 are presented in Section 2.1.5.

Figure 2.17 (from /24/) contains results for a wide pressure range. Again, the

phase redistribution decreases with increasing pressure, however, the pressure

influence is very small.

2.2.5 Non Flow Regime Specific Models

Models described in this section are not flow regime based but rather try to
predict the phase redistribution for a wider parameter range by using a
mechanistic approach (Saba and Lahey /13/) or a highly empirical approach
(Seeger et al. /26/). The model proposed by McCreery /43/ lies in between. All
models are fitted with experiments with D3/D{ = 1 and conditions mostly in the
slug flow regime and the transition zones to the neighbouring flow regimes. This
fact should be considered by applying these models.

Saba and Lahey proposed a complete calculation scheme for both phase redis-
tribution and pressure drop in the Tee junction. For eight parameters of interest
(three mass fluxes and qualities, two pressure drops), where three parameters are
specified, five equations are needed. The selected equations are: two mass
balances (one for each phase), two momentum equations for the mixture and the
gas momentum balance for the branch. The way, the last equation is derived,
gives rise to substantial criticism (e.g. see Lemonnier and Hervieu /42/). This
equation is used to fit the authors' data from the slug flow regime. The model
calculates a curve which is quite close to the curve of total phase separation (Eq.
(2.1)), as shown in Fig. 2.18. The characteristical maximum and the decrease of
x3/x1 at low split ratios is, therefore, not obtained. Similar results, however, with
a much simpler calculation procedure are obtained with the model of McCreery,

presented in the following.

McCreery started with the two-dimensional balance equations for mass and
momentum for each phase using an expression for the interfacial friction. As
mentioned, this procedure was not successful and, therefore, friction was taken
into account in a more heuristic way by using modified densities p*g and p*y,,
given below. The relationships for these densities were developed using the
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experimental results from Honan and Lahey /39/ for a vertical inlet pipe and the
first results from air-water experiments obtained by Reimann et al. /21/. The final

relationships are:

The homogeneous branch void fraction asy, is given by

- (2.8)
A== P, /) " ~ayp,)
where ajp, is the homogeneous inlet void fraction defined by
B (2.9)
a,, =0 +pJp )0 —x)x)
and p1,* and pg* are modified densities given by
. (2.10)
pL=P =, (P —p)
. ] (2.11)
=Pt (1—a,) o, ~pp)
The exponent 1 is given by
n=1.15(1-rm3/m1)0.096 for rh3/m1<0.7 (2.12)
and
n=1+0.14(1-rhg/m;) for ms/rh1 >0.7 (2.13)

Asmentioned, this model describes only the right part of the phase redistribution
curve, as seen in Fig. 2.18, however, with a quite good accuracy. (The
experimental data shown in this figure were not available when McCreery

developed his model).

Seeger et al. /26/ used the following expression for the phase redistribution to fit

their air-water and steam-water data

x3/x1 = B(rhg/m)-6(rh3/m)? + 2(rhg/my)® + a (rhs/rhy)(1-ms/rq)° (2.14)




where the factor a determines the height of the maximum value of x3/x; and b has
avalue of b=4. The idea underlined was that (x3/x1)max is a function of the ratio
of the momentum fluxes in the inlet pipe (pu12)g/(pui?)1, = (pa/pr)S12 where Sy is
the slip in the inlet pipe.

If (x3/% 1) max is plotted as a function of (p/p)S1% (see Fig. 2.19), the experimental
points (except those in the dispersed bubble flow regime) can be fitted by a
straight line in a double-logarithmic plot given by:

(x3/X1)max = ((PC‘/PL)SIQ)-O’26 (2.15)

The factor a was determined to
a = 13.9((pa/pL))S1?) 26 (2.16)

The following parameter range was used to develop Egs. (2.15)-(2.16):

For dispersed bubble flow (vg, = 4 m/s) the factor a was determined to a =14.6.

The slip Sy in the inlet pipe was calculated using the correlation proposed by
Rouhani /54/:

S1=pL((1 + 0.12(1-x1))/ph1 + Weel/(G1- x1/pa)/(1-x1), (2.17)
where
ph1 = (x1/pg+ (1-x1)/pr)b (2.18)
and
Wiet = (1.18/p1,0-5)(go(pr-p))0-25 (2.19)

and o is the surface tension.

A correlation which predicts a curve similar to Eq. (2.14) was given by Zetzmann
/38/ based on experiments with a vertical inlet pipe. Due to the small parameter
range investigated, this correlation is not dependent on the inlet conditions.
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Figure 2.19 contains also results from Ballyk and Shoukri /34/, more details in
Section 5.12,

2.3 Upward Branch (¢ = 09)
2.3.1 General Tendencies

As shown in Table 1.1, the data base for upward branches is much smaller than
for horizontal branches. The gas intake is expected to be larger compared to the

horizontal branch because phase separation is enforced by the impact of the

gravity force. This impact can be divided into three effects:

a)

b)

c)

Work has to be done to lift a liquid particle from a lower level on the
streamline in the inlet pipe to the higher position at the branch entrance. This

gravity effect is probably small compared to the next effect.

The void fraction is higher in the upper part of the inlet pipe cross section. The
degree of this phase separation in the inlet pipe, and with this the effect of
branch orientation, becomes smaller with increasing momentum fluxes in the
inlet pipe. Phase separation is expected to be even more expressed for a
smaller value of D3/D1 because the fluid entering the smaller branch is taken
more locally from the upper portion of the pipe. As will be discussed in detail
later, this tendency can be different for very small values of D3/D1 if the
branch diameter is in the order of the thickness of the liquid film at the top of
the pipe.

Phase separation in the branch itself: For very small branch valve openings
(mh3/m1=0), a gas liquid mixture enters the branch. However, the drag force
on the liquid phase is too small to transport the liquid film or droplets further
downstream. Flow reversal of the liquid phase occurs and the liquid enters the

run and only gas leaves the branch pipe.

This phenomenon of flow reversal in the branch entrance and the transport of the
liquid into the run was illustrated in detail by Seeger et al. /25/. The following
relationship was recommended to describe the maximum branch mass flux with

x3 = 1:

GBmax,x:] = A 0.23(gD(p1.-pG)pa)0-5, (2.20)




where A = 0.5 for inlet conditions in the dispersed bubble flow regime and A = 1

for other inlet conditions. Relationships similar to Eq. (2.20) were used to describe

the transition between different flow regimes in vertical upward flow, see

Wallis /44/.

X3 /X4

¢ '=0°
stratifie
flow

® =0° other flow
patferns

¢ = 90°

total phase
separation

iy / i, 1

Fig.2.20 Characteristical Differences of Phase Redistribution for Upward
(¢ = 0°) and Horizontal Branch (¢ = 90°), Ds/Dy = 1.

The influence of flow reversal exists only in a very small range of mg/m; which is

often not covered by the measurement system. If for example an air-water flow is
assumed with vgg = 10 mv/s, vg1, = 2m/s, p; = 0.7 MPa and D3< Dy = 1, then the
maximum mass split ratio where liquid cannot be transported through the branch

ismg/ = 0.007.

Figure 2.20 shows schematically characteristic differences of the phase
redistribution for the upward and horizontal branch for D3/D; = 1. At high splits
the curve for the upward branch is even closer to the curve of total phase

separation. At very low values of 3 the branch quality x3 goes to unity and with

this x3/x1 obtains the maximum value, The question is if a further maximum




exists at thg > > 0 as typically observed for the horizontal branch. This is
expected for flow patterns which are not domintated by stratification. For
stratified flow, a decrease of x3/x1 is expected for increasing branch flow rate up to

ms/my =1,

For D3/Dy < 1 flow reversal effects are shifted to even lower values of rhg/rh; and
the existence of a maximum at g > > 0 is more probable; more details in
Section 5.

2.3.2 Specific Flow Regimes

Experiments with annular flow at low mass fluxes, performed by Hong /8/ and
Azzopardi /10/ were shown in Fig. 4 b) and c¢). Hong measured the total split curve
and obtained very high gas intakes for low values of mg/m; (about 20 % of the
total gas flow enters the branch unless a measurable amount of liquid is
entrained). This is in contrast to the previous discussions and to the results from
Azzopardi who observed a much higher liquid fraction at rhg/m~ 0. The
experiments differ by the diameter ratio, however, it is believed that this is not
the reason for the large difference. More experiments are required to clearify this

situation.

Experiments with much higher mass flow rates in the slug flow, annular flow and
dispersed bubble flow regime were performed at KfK (Refs. /21-26/) with

D3/Dy = 1. Results are shown in Figs. 2.2a, 2.3 and 2.21. A maximum at

mga/rh; > > 0 was not measured. However, such a maximum could exist at values
3/ below the measurement range (rhg/mh; =0.1). There is the tendency that
the phase redistribution becomes smaller with increasing vgr,. Further

experiments are required for a wider inlet parameter range and lower values of
ms/mj.

Up to now, no physically based models exist taking into account the specific
features of the flow phenomena in the upward branch. As a rule of thumb, the

following relationship was recommended by Seeger et al. /26/:

x3/x1 = (mg/my)-0.8, (2.21)
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based on experiments with D3/D; = 1 and the inlet conditions investigated in
/26/. The use of Eq. (2.21) should be restricted to rms/mi > 0.15.

Phase redistribution for D3/D; < < 1 in the smooth stratified flow regime was
investigated in Refs. /16/ to /20/. The beginning of droplet entrainment is
described by Eq. (2.5) using a value of K = 1.67. The branch quality was
described with the following correlation

_ 115\ li( i)( L15 )(14})}“ (2.22)
x3= 1 (1 + (pL/pa)‘”) " [ L- 2 h, b hol \1 + (p./p)°° ’ .

Figure 2.22 (from Smoglie and Reimann /20/) shows the experimental results. The
branch quality is very close to 100 % as far as stratified flow exists in the inlet
pipe. This is due to the strong vorticity of the gas flow near the branch entrance
which accelerates the droplets in the radial direction so that only a small portion

can enter the branch.

Experiments with D3/D1 = 0.3 in the elongated bubble and stratified flow regime
were performed by Katsaounis/31,32/. In all experiments the phase distribution
curve was very close to the curve for total phase separation within the
experimental error. Figure 2.23 (from /32/) illustrates the flow mechanisms for

the geometry investigated.

2.4 Downward Branch (» = 180°)

The data base for this branch direction is even smaller than for the upward
branch. For this flow direction the effect of the different inlet momentum fluxes
(which favours in general the gas phase to enter the branch) competes with the
effect of the gravity force which favours the liquid phase to enter the branch.,

Compared to the flow reversal effect in the upward branch there is a similar effect
in the downward branch. At small branch mass flux ratios liquid with some
bubbles enters the branch. A part of the bubbles (or all of them) can rise in the
recirculation zone for very small mass flux ratios and enter the run. This three-
dimensional flow effect is explained in more detail in /25/.
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Prior to the KfK-experiments, there were some single measurement points in the
annular flow regime from Hong /8/ and Azzopardi and Whalley /10/, see Fig. 2.2b
and 2.2¢. In both experiments a considerable amount of liquid could be withdrawn

before gas started to enter the branch.

A wider range of inlet conditions with test points in the dispersed bubble, slug
and annular-flow-regime was investigated in the KfK-experiments with

D3/D1 = 1 (Refs. /21/ to /26/). Figure 2.24 from /26/ shows typical results for a
constant superficial liquid velocity vg1, = 1 m/s and a constant superficial gas
velocity vgg = 5 m/s. The lower the inlet velocities the larger is the phase
stratification and the more expressed is the tendency that liquid favourably
enters the branch. With increasing pressure difference between inlet and branch
(that is with increasing split ratio rhg/r) gas is increasingly favoured to enter
the branch. For inlet flow patterns which are not dominated by stratification due
to gravity the ratio x3/x1 becomes also larger than one for higher values of rhg/mj.

To fit the experimental data, a first empirical approach was presented in /26/:
Again, a relatjonship equivalent to Eq. (2.14) was used. The exponent b was

expressed as a function of the liquid mass flux:
b =3 + 2.2 tanh(0.5(Gqy, - 3000)), (2.23)

whereas the factor a is dependent on both the liquid and gas mass flux as shown
in Fig. 2.95.

In order to determine the maximum mass flux Gz where x3 is still zero, the

following relationship was proposed:
G3 max,x=0 = 0.52p, 0.5(cg(p, -p))0-25. (2.24)

This is similar to the relationship for the rise velocity of bubbles given by Wallis
/44/. The final correlation for the phase distribution for the downward branch is

then given by

x3/x1 = bn- 6n2 + 23 + an(1 -n)b, (2.25)
where
n=(G3/G1 - G3max,x=0/G1)/(1-G3max,x=0/G1). (2.26)
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Again Eq.(2.25) is not valid at high pressures (p=perit). The exponent b is given
by Eq. (2.23) and a is taken from Fig. 2.25. The curves plotted in Fig. 2.24 were
calculated in this way.

Experiments with D3/Dy < < 1 in the smooth stratified flow regime are described
in Refs. /14/ to /20/. The flow entering the branch had a high vorticity if the
branch liquid mass flow rate rh3, was about the inlet liquid mass flow rate myj,

(stagnant liquid in the run, rhop,=0). The flow close to the branch was vortex free
for mgy, > 0, for details see e.g. /20/.

The beginning of gas entrainment is described by Eq. (2.5) with K = 2 for vortex
flow and K = 1.17 for vortex-free flow.

The branch quality is calculated according to:

e 4N L [ TR )(*——”—)}“
8= _(1+<pL/pG)°") hb{l_zm L T Gopee (2.27)

Figure 2.26 shows the branch quality. Different symbols are used to distinguish
between experiments with superimposed velocities (rhg], > 0) and those without.
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3. SUMMARY OF PREVIOUS WORK ON PRESSURE DROP IN TEE-
JUNCTIONS
3.1 General Remarks

When a flow is divided in a Tee-junction, the deceleration of the fluid causes a
reversible pressure rise in the run and in the branch due to the Bernoulli effect.
However, mostly the reversible pressure rise in the branch is smaller than the
irreversible pressure drop; therefore, the resultant pressure difference Api.-3
between inlet and branch is equivalent to a pressure drop and has a positive sign,
whereas in the run the irreversible pressure drop is considerably smaller and
therefore Apis typically has a negative sign, characterizing a pressure rise (the
subscripts 1, 2, or 3 refer to the inlet, run, or branch conditions).

Only a few two-phase experiments were performed previously with elaborate
differential pressure measurements along the axis of the inlet, branch, and run of
the pipe which properly separate the Tee-junction pressure differences from the
frictional and gravitational pressure differences.

Figure 3.1 (from Reimann and Seeger /27/) gives an example for measured

pressure gradients and the extrapolated pressure differences.

Up to now no pressure drop model for two-phase flow in Tee-junctions has proved
to give satisfactory results for arbitrary flow parameters. This might not be
surprising if one considers that i) the interest in this subject is relatively new and
1i) the flow mechanisms involved are very complex and, at present, poorly
understood. Even for the much simpler case of frictional pressure drop in straight
pipes, no unique correlation had been developed after more than four decades of
extensive work which gives satisfactory results for the total parameter range of

flow conditions.

The different methods suggested in literature for two-phase Tee-junctions
pressure drop are, in general, direct extensions of the methods used in single-
phase flow. These are based on a simple momentum or energy balance on the
junctions as a control volume, compare e.g. Collier /45/. The generally accepted
procedure is to use the loss coefficients, determined in single-phase flow, in two-
phase flow. In single phase flow, there is a separation stream-line which
separates that part of the inlet flow which enters the branch from that one which
flows into the run. In two-phase flow the separation stream lines are different for
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the two phases which means that there is a strong interaction of the phases near
the branch entrance. This phase interaction is not only limited to the region
upstream of the branch entrance but also occurs immediately downstream both in
the branch and the run. Here, recirculation zones exist and the local flow
mechanisms are far from being understood. If the branch direction deviates from
the horizontal, flow reversal effects in the branch complicate this situation even
more. The influence of these phase interactions on Tee-junction pressure drop can
be very different for different inlet flow patterns and all models developed up to
now are fitted somehow to a limited range of flow parameters and care should be

taken to use these models in a different parameter range.

If the momentum or energy balances for each phase are formulated for the Tee-
junction as a control volume, expressions are derived which contain the quality x
and cross section averaged void fraction a, respectively, slip S in all three cross
sections (see Section 8.2). The void fraction and slip, respectively, is dependent on
the phase interactions discussed above and is not known a priori in the vicinity of

the branch entrance.

To develop a mechanistic model the local phase interaction has to be modeled. A
first attempt in this direction was presented by Saba and Lahey /12/.

An improvement of current understanding would be achieved by detailed
measurements of the local void and phase velocity distributions. This cannot be
achieved presently due to the lack of appropriate measurement techniques. A
first step in this direction was made by Ballyk and Shoukri /34/ who measured the
cross section averaged void fraction in several cross sections close to the branch
entrance. Much more measurements are needed to develop void fraction and slip
correlations, respectively. Similar measurements were performed by Honan and
Lahey /39/ for a vertical inlet pipe.

Up to now, the unknown void fraction or slip is calculated by using correlations
for well developed two-phase flow taken from literature or by the assumptions of
homogeneity (S=1). Some models use both homogeneous and non-homogeneous
assumptions and the choice has been influenced probably by sensitivity
calculations to fit a given data set.




3.2 Single-Phase Flow

Using an energy balance, the pressure differences Api.2 and Ap;.3 are written as a
sum consisting of the reversible pressure increase and the irreversible pressure
drop (see e.g. Miller /46/):

(3.1)
Apl—i:(Apl—i)reuq’—(Apl—i)irr’
with i = 2 for the run and i = 3 for the branch, where
. 1(03 G} > (3.2)
pl—L)leU_ 9 pi - pl ’
and
G (3.3)
(Apl—-t)irr: lz(—_>’

where p is the fluid density, K12 and K3 are loss coefficients from single phase
flow depending on the mass flux ratio G3/G; which corresponds to the volume flow
rate ratio Va/Vy.

Another method to model the pressure difference Apr.s is to splititintoa
reversible pressure difference Api.3between inlet 1 and the throat of the vena
contracta C3 and a pressure difference Apcs-s between C3 and a position 3
downstream in the branch, modeled according to a sudden expansion (compare

Fig. 3.2a). Therefore we get

2 2
A 1(Gcs Gl) (3.4)

P =l ——— ‘

=G 2 pey by
and
2
A Gy Gylig, (3.5)
Peg_3™ '




By eliminating Ges using the relationship for the conservation of mass and by
introducing a contraction coefficient C3 = AJ/A, where A is the total cross section,

we obtain for pes = p3,

2 2
1<G3 G1>
— - — |+

(1 )2 Gy (3.6)
2Vp; oy

Ap,_3=

Comparing (3.1) - (3.3) with (3.6) the results in the following relationship between
CS and K13:

[ Py Gy (3.72)
ca_—_ku(—)”“’——xgg)—*. T
P Gy

Eliminating the mass flux by the volume flow rate V, C3 becomes

p A V
03:(14“('1)0'5' —§—.-1K0'5)'1, (3.7b)
Py AV,

where A is the cross sectional area.

For incompressible flow pi is equal to ps. A comparison of C3, determined from
two-dimensional potential theory (compare, e.g. Sallet and Popp /47/)) and the
right side of (8.7), using experimental results for K13 shows good agreement.
Therefore, this procedure for modeling the pressure drop seems to be physically

reasonable and will be applied later.

If in an analogous way the pressure difference Api.2 is modeled, relationships
identical to (3.6) and (3.7) are obtained except that the index 3 is replaced by the
index 2. The existence of a vena contracta in the run (compare Fig. 3.2a) is

Impressively shown in the textbook of Hackeschmidt /48/,

The modeling Ap.3 with an energy balance, as shown above, is generally accepted
too for two-phase flow (see Section 3.3.1). To describe Ap1.2, however, often an
axial momentum balance (compare e.g. Collier /45/) is preferred which results in

the following expression for the control volume shown in Fig. 3.2b:

. (3.8)
Ap,_,=Gyp,—Gilp)




Experimental observations show that the pressure rise usually differs from the
value calculated from Eq. (3.8) because the direction of the leaving stream is not
exactly at right angle to the main stream. Equation (3.8) is then modified to

. 9
A"1~2:K1:z(G§/pz_G1/p1)’ (3.9)

where Ki2* is a momentum correction factor usually less than unity.

The factor Ki»* can be determined for a given K2 or vice versa, using Eqgs. (3.1) -
(3.3) and Eq. (3.9).

Figure 3.3 shows values for K3 from Miller /46/ for Tee-junctions with different
diameter ratios. Figure 3.4a shows results for D3/D, = 1 from Miller /46/, Saba
and Lahey /13/, Ballyk and Shoukri /34/, Hwang and Lahey /35/ and Seeger et al.
/26/. The KfK-data agree well with the results from Ballyk and Shoukri and
Miller. The relationships for the KfK results are given in Section 6.1.
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Figure 3.4b shows the results for K12 from different authors /12, 35, 46/. Again the
KfK-data agree quite well with other work. In Fig. 3.5 the results for Ki2* are
shown.The K2* relationships from Lahey et al. /12, 35/ have been divided by 2
because a different definition of Eq. (3.9) was used (factor 0.5 on right hand side).
If K2 goes to a value above zero for small values of ths/mi, then Ki2* goes to
negative values which is not physically meaningful. The differences in the curves
for Kz or K 2* are much more pronounced than for K3 due to the much smaller
irreversible pressure losses which have to be measured. The difficulty to model

the two-phase pressure difference Api-2 will be even more pronounced.

3.3 Two-Phase Flow
3.3.1 Relationships for Ap.3
3.3.1.1 Homogeneous Model (HM)

For two-phase flow, Eq. (3.1) can be written as

2

Gy (3.10)
Ap] —3: (Apl —3)r'eu+ K13 Zle

where p is the branch two-phase loss multiplier. The assumption of homogeneous
flow in the cross sections 1,2,3 gives the following expression for the reversible

pressure difference (Api-g)rev:

I

Praf U3, Gp (3.11)
Bp, ) ?<(—) — (=) ),

with the homogeneous density pni given by
phi = (xi/pa+ (1-xi)/pr) !, (3.12)

and the two-phase loss multiplier becomes
Pum = pri/pn1. (3.13)

K13 is taken from single-phase flow measurements as a function of the mass flow

rate ratio ma/m;.
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3.3.1.2 Chisholm Model (CM)

Fitzsimmons /61/ performed steam-water experiments with a horizontal
Tee-junction with inlet mass fluxes 1000 < G1 < 5000 kg/m?s. However, only the
mass flux ratio Gs/G1 equal to unity was investigated.

Chisholm /52/ analyzed these data and proposed the use of Eq. (3.11) and the
following two-phase loss multiplier

*

2 Cio3 1 (3.14)

¢0M=<1—x1> (1+ +—),
. t ¥
with
L_( "1 )(p_L)o.s (3.15)
and
r pL_p pL pG
¢ =<1+0.75<——G)0'5)<<—>0‘5+(—>0'5> (3.16)
1-3 P P P
L G I

3.3.1.3 Reimann Seeger Model (RSM)

Reimann and Seeger /22,26/ started with equations corresponding to Eqs. (3.4) to
(3.7), written for the single phases. After expressing the void fraction a by

(3.17)
(:=(1+(S/R)<1—ac)/ac>'1

where R is the density ratio pi/pg and S is the slip, the following expression for
the reversible pressure difference (Api.3)rey Was obtained:

p 1—-x 1-x
h3 (2 2 3\ .2 )2< 3)} (3.18)
=ne - - 1-x x,+ , .
(Apl —B)rev G3<x3 R+S3(1 x3) (x3+ 5 ) G1<X1R+Sl( x) Xq 5
2 S
2p) Sg 1

which can be rewritten as:
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p, ) %[(fi)z_(ﬂ>2” (3.19)

rev— 2

where pei, the so called energy density at station i, is given by

3

3
1 =x) (3.20)
Pe=| 52t 2 2 ’
apg  (1=a)pp
and the density p,, is given from
A—x)’0—x) wfry | (3.21)
Psy = i + J -

2 2 2 2
(—x)%p; Pg

It is worth to note that the expression for (Api-s)rev according to Eq. (3.18) differs
from the expression given by Saba and Lahey /12/ (compare Section 3.3.1.4).
Equations (3.18) - (3.21) were also used in the work published recently by Ballyk
and Shoukri /34/.

The total pressure drop Api.3 was given by

Phr3 G3 2 1_x3. 9 9 1_x3
Ap1 3= o {—<x3R+SC3(1 —x3)> (x3+ )—G1<x1R+Sl(1 ——x1)> (x3+ >}

-3 9 2 2 2
Pr Gy Scs S
2
G3 1 ( 1_x3\ (3.22)
+ p_ x3R +53(l—x3)>— E— x3R+SC3(1—x3)><x3+ ) ,
L 3 C3

where corresponding to Eq. (8.7) the contraction coefficient Cs is defined as

@)o.sik-os)—l. (3.23)
G

C =<1+(
P 3

3

It is noteworthy that Eq. (3.22) reduces to the homogeneous model HM
(Eqgs. (3.10)-(3.13)) for S1=Sc3=83=1.
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The corresponding expressions for the pressure difference Api.s are obtained by

replacing the index 3 by index 2, see Section 3.2.3.

The Eqs. (3.18) and (3.19) contain the slip S1, Scs and S; as parameters. Due to the
lack of knowledge, several assuptions were varied for the slip at the different
positions. Finally, very rigid assumptions were made including homogeneity in
all cross sections. For this homogeneous model again Eq. (3.11) is used for
(Ap1.3)rev but the following two-phase multiplier was obtained:

YrMs = pripna/pni® (3.24)

It should be mentioned that this homogeneous model, termed RSM, is different
from the expressions obtained from the "full” RMS (Eq. 3.22)) using Si=1.

The loss coefficient K13 is again taken from single phase flow measurements. It
was recommended to evaluate Kis as a function of the volume flow rate ratio
V3/V1 instead of K13 = f(G3s/G1). This difference is in general not very significant
as will be demonstrated in Section 6.

The main difference between the HM and the RSM is the factor pna/phi. The two
models become equal for Gs/G1 = 1.

Another correction factor K was suggested for the use of the previously presented
homogeneous models (HM, CM, RSM). This factor K was determined from the
KfK measurements with Ds/D1 =1 and G3/G1 = 1 (full flow branch points). For
these test points, (Api.3)rev according to Eq. (3.11) is zero and (Ap1.3)irr has a
maximum. Figure 3.6 (from /27/) shows that the model predictions deviate from
the measurements, however, the deviations are fairly independent on inlet mass
flux Gi and quality x:. To compensate these deviations, the following relationship
IS proposed:

3.25
Ap,_3=bp, o), TEBpP, ) ( :

re irr’

with K = 1.34 for the HM and RSM and K = 0.85 for the CM.

Much more experiments with G3/G1 = 1 are required to determine the parameter
range where Eq. (3.18) can be used. The KfK-experiments (Refs. /21-27/) and the
experiments performed by Lahey et al. /12,24/ are characterized by relatively
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Horizontal Branch and Air-water Flow; from /27/.

high mass fluxes. No measurements with G3/Gi = 1 were performed in the latter
experiments. Analyzing the early data from Fitzsimmons /51/, performed at high
mass fluxes, showed that the HM also predicted values about 30 % too low. The
new data from Ballyk and Shoukri /34/ for lower mass fluxes and annular flow
indicate that all homogeneous models fail, as shown in Section 3.3.1.7.

3.3.1.4 Hwang Lahey Model (HLM)

The pressure drop Api.3 for separated flow was given by Saba and Lahey /12/ to

2 2 2
) ,pm(ﬂ Gy 6 (3.26)
pl—3— 2 9 9 + 132p </]’

Peg  Pey L

where the energy density is used at the cross sections 1 and 3.

Hwang and Lahey /35/ found in their study that homogeneous flow could be
assumed downstream of the junction, that is pe3 = pn3. Among the models for ¢, the




authors stated that the RSM did the best job of correlating their data. Therefore,
Eq.(3.24) is recommended.

The void fracton a; in the equation of the energy density p.: was eliminated using
Eq. (8.17). An empirical correlation was used for the slip S;, based on their results
and KfK-data /26/, given by

p, x
SIZC +(C _1)@[:. 1 , (3.27)
© o pol—x
with
—0.0001tp, /p )
C,=1.1-0.1(p,/p,) v (3.28)

3.3.1.56 Ballyk Shoukri Model (BSM)

As mentioned, Ballyk and Shoukri /34/ use the relationship as given in Eq. (3.19)
for (Api-3yev. The following relationship is proposed for the total pressure drop:

G, G by G1 (3.29)
2~ 2 JFK1—3~_2_ 2 P
(0% (b)) (b,

3
where p+ is given by Eq. (3.21).

Pr3

Ty

Comparing Eq. (3.10) with Eq. (3.29) the two-phase loss multiplier is then given

by
. 9 (3.30)
Py =P Pr1Prg/Pups

where the following empirical correlation was recommended for ¢* to fit their
low-pressure steam-water annular flow data:

« Mg mg My .
¢ :_1.47+24.61—_—_20.33(— 2+3.24(-¢— 5 (DyYD,=1.0,m /m>0.1),
my 1y my ! s

m m
¢ = —18.06+328.88< - >—300.8< = )2 (DD, =0.5, i, <.2). (3.31)
™ ™y

It has to be pointed out that this model is based on measured void fractions. Due
to the fact that in no other Tee-junction experiments with a horizontal inlet pipe




void fractions were measured, it is not possible to compare directly this model
with other data.

3.3.1.6 Other Models

The models discussed up to now are characteristical for large diameter ratios. For
small diameter ratios D3/D1, the pressure drop can be modeled according to the
flow through orifices or nozzles, compare e.g. Fouda and Rhodes /6/. Again these
correlations should not be used outside the investigated parameter range. This is
also true for Katsaounis'/32/ model based on his experiments with very low inlet
locities and an upward branch. This model did not predict satisfactorily other

data and, therefore, will not be discussed further.

3.3.1.7 Comparison of Predicted and Measured Values for Api.3

The Figs. 3.7-3.11 show the ratio of predicted pressure drop Api.3,med to measured
pressure drop Ap, , .. asa function of the split ratio G,/G,, using the KfK-

data (Refs. /21-27/). For these data, Eq. 3.25 is used in combination with the
corresponding two-phase loss multipliers. Parameters in the figures are the inlet
superficial velocities vsg and vg.. Figure 3.7 contains the results for air water flow

and the horizontal branch.

The results of the HM and CM are very similar: the models predict well the
experimental results in the range of 0.6 <Gas/G1 <1, but overpredict the
experiments at lower values of G3/G1. This tendency does not change significantly
if the dependence K1z = f(V3/V)) is used instead of K1z = f(G3/G1). The RSM
predicts the measurements much better in the lower range of the mass flux ratio.

Figure 3.8 shows the comparison with the steam-water experiments. Again the
HM and CM models deviate strongly for Gs3/G1 <0.6. The RSM starts to deviate at
considerably lower mass flux ratios (Gs/G1 <0.3). A systematic dependence on

system parameters can not be seen clearly.

Figure 3.9 contains air-water data for the downward branch. The RSM is superior
in the total rang of Gs/G1.
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For the upward branch (Fig. 3.10), all models fail; the CM (not shown) gives
values similar to the HM. The deviations given by the RSM model are smallest
(note the different scales of the ordinate). The failure of the models can be
explained by the separation effects in the branch which increase with decreasing
branch mass flux Gs. The length to diameter ratio L/Ds of about 50 was probably
not large enough to obtain a well-developed two-phase flow which is required to

determine Apy 3.

Figure 3.11 compares the results of the models with the experimental data from
Saba and Lahey /12/. Two-phase flow measurements at G3/G1 = 1 were not

performed. Therefore, the correction factor K from the present experiments was
used. The RSM model gives the best mean vaiue and the lowest data scatter. If a

correction factor K = 1is taken, the agreement is not improved.

Figure 3.12 shows a comparison between the RSM and the HLM for the KfK air-
water data with the horizontal branch. The HLM predicts values very close to the
RSM (for the other experiments too). This is not surprising due to the fact that the
HLM differs only by the energy density pes and Egs. (3.27) and (3.28) always give
values for the slip S very close to one for the investigated inlet conditions.
Therefore, pes becomes very close to pns. It should be mentioned that the
correlation developed by Rouhani /54/ (Section 3.3.2) predicts much larger slip

values for the same parameter range.

Figure 3.13 from Hwang and Lahey /35/ shows a comparison of the HLM with
their data and the KfK-data for the horizontal branch. More than 95 % of the
measured values were predicted within a band width of 30 %. From the
considerations given above it is supposed that the RSM predicts the experimental

data from /34/ with about the same accuracy.

Figures 3.14 and 3.15 (from Ballyk and Shoukri /34/) show a comparison of
measured and calculated values of the two-phase flow multiplier ¥rsu according
to Egs. (3.10) and (3.24). The RSM deviates significantly at high split ratios due to
the fact that the assumption of homgeneity is not justified for the parameter
range investigated. However, it is interesting to note that the differences
decrease with increasing inlet quality x1 and mass flux G1 because the flow
becomes more homogeneous. The values of the homogeneous two-phase flow

multiplier ¢ nm are independent of rhg/th; = 1.
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Figure 3.16 shows the fit of the data from Ballyk and Shoukri with their
relationship according to Egs. (3.29) to (8.31). A questionable point in this model
is that although different relationships are used for the loss coefficient Ki3 for the
different diameters and measured values were available for the void fractions, the
experiments cannot be described with a unique function of ¢ *, compare Eq. (3.31).
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3.3.2 Relationship for Apj.2
3.3.2.1 Models Based on a Momentum Balance

Formulating Eq. (3.9) for separate flow, the following relationship is obtained

#*

12

H

< G2\ G (3.32)

Ap. =K —_—
- me p

ml

where the momentum correction factor Kiz* is determined from single-phase data

and pn, is the momentum density given by

mi

+

(/ 5 a-x)’y - (3.33)
apg l-a;, e/

Using homogeneous assumptions, the pressure rise due to momentum changes

takes the form

#*

12

<G§ Gl (3.34)
ap =k 2 ——).
P12 Pro  Ppi

Equations (3.32) - (3.34) were already used in the early work of Madden and

St. Pierre /53/ and Fouda and Rhodes /6/ and more recently by Lahey et al.
/12,14,35/ and Ballyk and Shoukri /34/. As already mentioned in Section 3.2,
Lahey et al. use a factor 0.5 on the right hand side of Eqgs. (3.32) and (3.34) which
is, however, compensated by the function used for K*,,

The Expressions (3.32) - (3.33) are termed in the following the Separated Flow
Momentum Balance Model (SMM), whereas Expression (3.34) is called the

Homogeneous Momentum Balance Model (HMM). Numerous variations exist,
e.g. by assuming a homogeneous flow in one station or by determining the void

fraction with different void fraction (or slip) correlations.

3.3.2.2 Model Based on an Energy and Momentum Balance

To describe Api.s, Reimann and Seeger /22,26/ use the same procedure as for
modeling Api.3. As outlined in Section 3.2, Ap;.2is split into a reversible pressure
difference (given by an energy balance) between inlet, 1, and throat of the vena
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contracta, Co, and a pressure difference between vena contracta and a position
downstream in the run, 2, described with a momentum balance. Relationships
similar to Eq. (3.22) - (3.23) are obtained including the slips at the positions 1, Cq
and 2. Visual observations indicated that the flow at the vena contracta is well
mixed. Therefore p2 = 1 was assumed. Due to the much smaller pressure
differences between inlet and run compared to inlet and branch, further
assumptions of homogeneity were not recommended. Instead, it was suggested to
use Rouhani's slip correlation given by Egs. (2.17)-(2.19). The model (termed
RSM) is then given by:

2
Pho [ Gy 1-x,
Apl 2———-'2-{—E[xZR-r(l——JLQ)}Z—G?[le*}“SI(l xl)]2<x2+ 82 /\}
2p; 1 €y 1
(3.35)
G; 1—x2 1
+——{[x2R+S2(1—x2)]<x2+ )—T[x2R+(1—x2)l},
Py 2 Cy
with
p G, 6
e (ve e D) 330
Ph G,

where K2 is taken from single phase flow measurements. If K2 becomes less
than zero, Ki2 has to be set K=0.

3.3.2.3 Comparison of Predicted and Measured Values for Api-2

In Figs. 83.17-3.20 the KfK experiments (Refs. /21-26/) are compared with the
HMM, the SMM and the RSM. For the SMM, the void fraction was eliminated by
Eq. (3.17) and the slip was calculated with the Rouhani correlation.

For horizontal branch and air-water flow (Fig. 3.17), the HMM gives values which
are generally too high and scatter most. The two other models agree better with

the measurements.

For steam-water flow (Fig. 3.18) the HMM predicts slightly high values; the RSM
gives a better mean value but the scatter is still great. The SMM produces the
lowest scattering and a good mean value.,
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For air-water flow and the downward orientated branch (Fig. 3.19), the RSM has
the highest accuracy.

The air-water experiments with the upward branch (Fig. 3.20) are predicted by
all models with about the same accuracy for Gs/G > 0.15. With this branch
orientation some of the experiments were performed at very low values of Gs/G1.

Here the RSM is superior to the other models.

Figure 3.21 shows for comparison corresponding graphs based on the
experimental data of Saba and Lahey /12/. The RSM gives in general high values
with a relatively large scatter. The SMM produces a small scatter but the values
are generally too low. The HMM fits best their data and, therefore, this model was

recommended by Saba and Lahey.

In a later work, Hwang and Lahey /35/ recommended the SMM but assumed
homogeneous flow in the run, thus pmz = ph2. The momentum density pmi1 was
determined using Egs. (3.27)-(3.28). Figure 3.22 shows a good agreement between
predicted and measured data from own experiments and KfK-results with the
horizontal Tee-junction /26/. More than 95 % of the data were predicted within
125 %.

Fouda and Rhodes /6/ also used the HMM and SMM to predict their annular flow
experiments with an upward branch and D3/D1= 1. The HMM resulted in values
which are a factor of two too high (assuming the same K2* in single and two-
phase flow). The SMM predicted values which were only about 80 % too high.
Therefore, the data were fitted with a momentum correction factor Ki2* which

was about 30 % lower than for single phase flow.

The annular flow data from Ballyk and Shoukri /34/ were highly overpredicted by
the HMM with a large data scatter. Figure 3.23 from /34/ contains the results
obtained with the SMM using measured void fractions to determine the
momentum densities. The measured momentum correction factor Ki2* is plotted
as a function of split ratio. The data scatter rather around a value of 1 than
around the curve of Kio* for single-phase flow. If K12* is taken from single-phase
flow, as usual, then the ratio of predicted to measured Ap;i.2 is given by the ratio of
single-phase to two-phase flow K,o* values. These results are shown in Fig. 3.24.
The agreement is not satisfactory. Figure 3.25 shows the comparison between the
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RSM and Ballyk and Shoukri's data, using also measured values for the void

fraction. Again the agreement is not satisfactory.

Summarizing Section 3, it can be said that, presently, we are far from having
generally applicable correlations for Api.2 and Api.3. However, an increasing
number of results from different experimental facilities have been published
recently. Experimental results should be fed into a data bank and each model
should be tested with all data. In respect to future measurements, it is highly
desirable to have more information on void and momentum distribution near the
Tee-junction. A first step in this direction is the measurement of the cross-section

averaged void fraction (compare /34/) at different axial positions for a wide range

of inlet parameters and split ratios. These measurements would give insight in
the deviation from undisturbed pipe flow approaching the Tee-junction and

clearify the validity of different assuption concerning non-homogeneity.




4. TEST FACILITY AND TEST PROCEDURE
4.1 Test Loops

The test facility, described in detail by John & Reimann /4.1/, consists of two loops
connected with the same mixing chamber and test section. The air-water system
shown in Fig. 4.1 is supplied by a high volume water pump and four air
compressors providing a maximum mass flow rate of 30 kg/s of water and 1 kg/s of
air at a system pressure of 4 bar. The operating pressure can be increased to about
1 MPa at reduced maximum flow rates. After leaving the test section and the Tee-
junction measurement system, the air-water mixture is separated, the air is
exhausted to the atmosphere and the liquid is recirculated.

The steam-water loop is shown in Fig. 4.2. The steam-water mixture is supplied
by two boilers with a maximum flow rate of about 5 kg/s. The quality can be
varied between 0 and 1. The maximum pressure is 15 MPa. Two methods of
operation are possible. In the first, one boiler is used to supply the slightly
superheated steam, the other the slightly subcooled water. In the second, either
one or two boilers can be used to supply slightly subcooled water at high pressure
and a two-phase mixture is produced by flashing in the mixing chamber. At the
end of the measurement set-up, the steam water flow is condensed and fed back to
the boilers.

Mass flow rates are measured in single-phase condition prior to mixing. In the
air-water loop, there are two measurement stations both in the air and water
supply lines. Both the "N'W 100" orifices are fixed whereas in the "NW 50"
stations three exchangable orifices with different ranges are used. The steam-
water flow rates are measured by means of two measurement sections in each

supply line.

Figure 4.3 shows the mixing chamber. Mixing of the phases is accomplished by
means of a perforated tube. This tube has a wall thickness of 3 mm and contains
about 60C drilled holes (diameter 2 mm) which are inclined slightly in the
direction of the flow. For some tests, these holes are partly closed by a sleeve to
make sure that even at low volumetric flows the pressure drop across the holes is
high enough to ensure stable behaviour of the mixing chamber. There are two
methods of operating the mixing chambers: In the first method, gas flows through
the center pipe and water is injected from the outer annulus, In the second
method, the mixing chamber is revolved by 180, so that water flows through the
center pipe and gas is injected into the water from the outer annulus. The first
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method of operation may be used with other inserts for special purposes. For
example, another insert is available to promote the development of annular mist
flow in the test section. For the tests described in this report the second method of
operation was always used. For steam-water experiments this method geometry
promotes the reaching of thermal equilibrium.,

4.2 Test Sections

The test section consisted of the horizontal inlet pipe (length about 2 m) between
the mixing chamber and the Tee-junction, followed by the horizontal run of 3 m
length and the branch pipe. The branch pipe was installed either horizontally,
vertically upward or downward; the corresponding lengths were 8.1, 2.1, or 0.76
m. The horizontal pipe had an inner diameter of 50 mm; the piping material was
carbon steel. For flow visualization studies, the Tee-junction and adjacent pipes

were made of plexiglas.

Four different branch diameters were used: D3 = 50, 26, 10, and 4.3 mm. The 50
mm and 26 mm diameter branch pipes had sharp edged entrances; the positions
of the pressure taps to measure the pressure gradients are shown in Fig. 4.4
together with the locations of the pressure taps in the inlet and run pipe.

The branch geometries for the other diameter branch pipes are shown in Fig. 4.5.
The 10 mm branch had a length of 360 mm and was connected downstream with a
50 mm diameter pipe. The branch entrance was sharp edged, the location of the
pressure taps are shown in the figure. The 4.2 mm diameter branch was of a
nozzle type geometry with a 4 mm inlet radius and a subsequent length of 17 mm
with D3 = 4.2 mm. There was a pressure tap 3 mm upstream of the branch exit to

measure the pressure difference between inlet and branch.

The pressure taps had diameters of 2.5 mm and were located at the pipe bottom
for the horizontal pipes. To avoid air entrapment, all lines were water purged
periodically. The pressure differences could be measured with four parallel
differential pressure transducers (Rosemount) with maximum measurement
ranges of p = 0.12,0.3,0.75 and 3.7 kPa, for details see Seeger /23/.
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4.3 Branch and Run Measurement System

Figure 4.6 shows that particular part of the test facility which was specially built
for the Tee-junction experiments with the larger branch diameters

(D3 = 26 and 50 mm): the flow is divided in the Tee-junction by means of the
branch valve and the run valve. The branch valve is operated by hand, the run
valve is an automatic control valve which keeps the pressure in the test section at
a given value. The mixtures are throttled in the valves to a maximum pressure of
0.5 MPa and flow to specially designed separators. The water exits from the
bottom, and the air or steam from the top of these vessels. Due to the wide range
of mass flow rates (0.024 < my, < 30 kg/s, 0.001 < g < 3 kg/s) three
measurement sections are instalied for the gas phase and four for the liquid
phase. These sections are equipped with variable throttle meters
(Durchflufimefigerat CD, Fa. Caldyn, Ettlingen, FRG), which are calibrated for
three different throttle positions. For steam-water experiments the measurement

sections can be cooled or heated to guarantee single-phase conditions.

Further downstream, the single-phase flow again enters a mixing chamber
followed by an automatic control valve to keep the pressure in the separator
system at a given value. The mixtures of the run and branch finally join and flow

to the steam condenser or air-water separator.

The optimum operating behaviour of the run and branch separators is of great
importance. On the one hand, the gas-liquid interface (and with this the vessel
diameter) has to be large at large volume flow rates to prevent gas or liquid
entrainment. On the other hand, measurement errors occur if the height of the
interface in the separator is not constant. For a large vessel diameter, very small
changes of the interface level cause considerable errors in case of low volume flow
rates. Therefore, the separators used have different cross sections and a height of
more than 7 m, as shown in Fig. 4.7. Depending on the flow rates, the interface
was set to a level where entrainment did not occur but good level control was
possible.

For the experiments with D3 = 10 and 4.2 mm an additional separator was
positioned in the branch piping between branch test section and the system
described above. This separator with a relative small size (300 mm vessel
diameter and 1.5 m height) was used for measurements at very low branch flow
rates where the values were no longer in a favourable measurement range of the
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large system or when it was just much less time consuming to use this system.
The gas flow rates were measured by rotameters or using the measurement
stations of the large system.

The liquid flow rate could be measured by sampling the water for a given period of
time keeping the liquid level in the separator constant. For very low water flow
rates through the branch the valve in the water line was closed and the increase
of the liquid level after a certain period of time was measured.

This separator was also installed when the experiments with the 26 mm branch
diameter were performed and the very last experiments with the 50 mm diameter
branch (repetition of previous experiments (Refs. /21/ to /26/) and extension of test
matrix). Here again this separator was very convenient for very small branch
flow rates. At higher flow rates the two-phase mixture went through the
separator vessel and was separated in the large separator.

4.4 Test Procedure

The complexity of the system required exceptionally high service to perform the
experiments. For selected flow conditions in the inlet (pressure p1, mass flow rate
my, quality x1) the split ratio ms/m; was varied between zero (closed branch
valve) and unity (closed run valve). Up to ten split points were established. For
each split point appropriate measurement sections had to be chosen and the
interface level (measured by differential pressure transducers) had to be selected
and controlled. When the total system was stabilized, which in some cases took
several hours, the measurements started. The data were directly processed by a
PDP 11/40 computer. These data included temperature, absolute and differential
pressure readings in the inlet, branch and run measurement sections, and the
differential pressure measurements in the test section. A computer program was
set up which also took into account heat losses and flashing due to throttling of
steam-water flow, The output values were mass fluxes and qualities for the inlet,
branch and run related to the system pressure in the test section.

The measurements of the mass flow rates both in the inlet, branch and run give
valuable information on the measurement accuracy because the sum of the
branch and run mass flow rates should be equal to the inlet values. However, this
measurement of the mass balance only makes sense if the branch and run mass
flow rates are of comparable size. For small branch rates, it is much more




important to have a high accuracy of the branch flow rate measurements and the
run flow values can be calculated by the difference between inlet and branch

values.

The procedure which includes the measurements of all flow rates is very time and
man-power consuming, as mentioned above. Therefore, it was only applied in the
previous and new experiments with D3 = 50 mm and in the experiments with D3
= 26 mm with higher branch mass flow rates. In the other experiments only the
inlet and branch flow rates were measured. In order to proof the measurement
accuracy many additional measurements were performed with the run valve
closed where the branch flow rates are equal to the inlet flow rates. Redistribu-

tion data were only accepted if the agreement was good (see Section 4.7).

4.5 Measurement Accuracy

An error analysis for the single-phase mass flow rates in the inlet (for details see
John and Reimann /55/) resulted in typical values of A/ = 2.5 %. For the
measurement of the branch and run flow rates again great care was taken to
ensure a high accuracy, as mentioned above, Therefore, as a conservative value,
again a typical error of Am/rh = 2.5 % is assumed. Using the procedure of error
calculation this results in an error of A(x3/x1)/(x3/x1) = 5 % and
A(rhg/m1)/(m3/my) = 3.5 %. To check this accuracy, a lot of additional
experiments with a closed run valve were performed (full branch flow experi-
ments) and split experiments were not started unless this accuracy was reached.
When the flow rates in both the run, inlet and branch were measured the sum of
the branch and run single-phase flow rates had to agree within +3 % with the

inlet values.

Looking at the redistribution data, the data scatter at small branch flow rates is
sometimes significantly higher than predicted above. This is attributed to
changes of the interface levels in the separators (pressure fluctuations in the
system, changing inlet conditions, etc.). Although great care was taken to
minimize these effects, e.g. by special designs, compare Fig. 4.7, these effects

could not be always eliminated.




4.6 Test Matrix and Measured Quantities

Figure 4.8 shows the test matrix of the experiments with D3 = 50 mm. The
results from these experiments were mostly already published previously (Refs.
/21-26/). There are some new air-water experiments with this branch diameter
and a horizontal branch as indicated in Fig. 4.8. These experiments extend the
previous investigated parameter range to lower values of the inlet superficial
velocities and should be well suited for comparisons with results and models from
Shoham et al. /33/ and Azzopardi and Whalley /9,10/.

Figure 4.9 shows the test matrix of the experiments with D3 = 26, 10 and 4.2 mm.
The results from these experiments were only partly published (Refs. /28-30/).
However, these publications do not include any detailed data tables.

All significant measured data are given as tables in the appendix. These tables
content the quantities defining the inlet conditions vgy,, v, p1; for convenience
also my, x1; the branch measurements g, x3, the ratio x3/x1; the run quantities
rho, X9 and the pressure differences Ap;.3and Apy.2. The given value for Apj.g is
the run pressure difference, extrapolated from measured pressure gradients in
the inlet and run pipe. These values become very small (in the order of some
mbars) for inlet conditions with a small frictional pressure gradient (small
superficial velocities) and for small mass flow ratios ms/mj. In these cases the
values can become very inaccurate and are, therefore, not included in the tables.
Small mass flow ratios 3/ always occured for small diameter ratios
(especially D3/D1=0.08). For D3/D1=0.52, there are also less values for Apy_2
than for Apy.3 because the data scatter was large and therefore the data were not

reliable,

For the branches with D3 = 50 and 26 mm, the given values for Ap; 3 is the
extrapolated value from the measured pressure gradients in the inlet and branch
pipe. For the nozzle-type branch with a diameter of 4.2 mm, the given branch
pressure drop Apj.3 was measured between the locations shown in Fig. 4.2. For
the branch with D3 = 10 mm, the given values for Ap;.3 corresponds to the
pressure differences measured between the inlet pipe and the first pressure tap

downstream of the branch entrance, compare Fig. 4.5.

Due to the concentration on phase redistribution, often pressure differences were

not measured at all as seen in the tables.
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In Section 6, only pressure measurements for D3 = 50 and 26 mm will be
discussed. If there will be interest in further details of the other data, the authors
of this report should be contacted.

In Section 5, only some typical examples of the phase redistribution data will be
presented. Further analyses can be performed using the data sets given in the
appendix.
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5. NEW RESULTS FOR PHASE REDISTRIBUTION AND COMPARISON
WITH RELATED WORK

5.1 Phase Redistribution for D3/D; = 0.52

5.1.1 Experimental Results

Compared to the previous experiments with D3/D; = 1 (Refs. /21-26/), the test
matrix for D3/Dy = 0.52 included test points at lower superficial liquid velocities
with flow patternsin the stratified flow regime. Additionally, the range of branch

mass flow rate was extended to lower values.

In Fig. 5.1 the branch quality x3 is plotted as a function of the branch mass flow
rate mg for the horizontal branch direction. Parameter is the inlet superficial
liquid velocity vg,. The superficial gas velocity vgq is kept constant, vgg = 5 m/s.
For vy, = 0.1 m/s a stratified wavy flow exists in the inlet pipe; the interface level
is slightly below the branch entrance. Therefore, for very low pressure differences
between inlet and branch only gas is entering the branch and x3 becomes about
unity. With increasing pressure difference, liquid is increasingly withdrawn into
the branch and x3 becomes smaller. The flow patterns with 0.25 < vgy, = 2m/s
belong to the slug flow regime, for vy, = 4 m/s the flow pattern is already typical
for dispersed bubble flow. These curves exhibit a characteristic maximum, as
observed for D3/Dy = 1.

In the following figures the quality ratio x3/x1 is plotted as a function of the split
ratio mhs/my. Figure 5.2a contains the results for the same experiments as shown
in Fig. 5.1. For stratified flow, the maximum quality ratio (x3/x1)max = 1/x1 is
reached at very small values of 3/ For the other inlet conditions, (x3/%1)max
occurs at split values of my/m; = 0.2, The values of (x3/x1)max do not differ very
much. For vy, = 0.5 m/s, there is the tendency that the phase redistribution
decreases with increasing inlet mass flow rate and superficial liquid velocity vgi,,

respectively.,

Figure 5.2b contains results for a significantly higher superficial gas velocity,
vs = 40 m/s. A marked maximum is only observed for the inlet condition with
annular flow close to the transition to slug flow, vg;, = 1 m/s. For the other
measurements with annular flow and low liquid inputs, the maximum becomes

very flat and (x3/x1)max is very close to one.
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Figure 5.3 contains results for vy|, = const. and different values of vyg. This
corresponds to a horizontal line in the flow map. The results shown in Fig. 5.3a
mostly belong to the slug flow regime starting close to the elongated bubble
regime (Vg = 1 m/s) until the transition to annular flow (vgg = 10 - 20 m/s). The
test point with vy = 40 m/s is attributed to the annular flow regime. The
maximum values (x3/X1)max exhibit larger differences than for vsg = const. For

V3G =2.5 m/s the value decreases with increasing vg(.

For the upward branch and D3/D; = 1, no maximum value of the quality ratio
(x3/%1)max Was observed for ms/m > >0. This could be attributed to the fact that
the investigated ma/mi range was limited to rhg/mh; = 0.1, compare Section 2.3.2.
For D3/D1 = 0.52 the measurement range was extended to lower values and a
wider range of inlet parameters was investigated. Figure 5.4 contains the results
for the same test conditions as investigated in Figs. 5.2b and 5.3b. The curves
exhibit a maximum with, in general, higher values compared to the horizontal
branch. This maximum is more dependent on 3/mj and often occurs at values
my/my < 0.1. For dispersed bubble flow (Fig. 5.4a), the curve is, as expected, close
to the curve for the horizontal branch because this flow pattern is characterized
by a rather axysimmetric phase and momentum distribution. The same is true for
the test pointsin the annular flow regime (Fig. 5.5b) with the superficial gas
velocity vog = 40 m/s.

Figure 5.5 contains the corresponding results for the downward branch. For small
superficial velocities (stratification dominated flow patterns) the branch quality
x3 increases strongly with increasing ms/m1 until x3/x1 = 1is reached for

mg/my = 1. With increasing liquid and gas inputs the quality ratio x3/x can
exceed one and, therefore, a maximum occurs. Again, the curve for dispersed
bubble flow is close to the curve for the horizontal branch.

For D3/Dy = 1 and the horizontal branch, the maximum quality ratio (x3/X1)max
was plotted versus the momentum ratio (p/p, )S1%and the data were fitted by a
straight curve using a double logarithm plot (compare Section 2.2.5). Figure 5.6
shows the corresponding presentation for D3/Dy = 0.52, for details see Table V.I.
The different system pressures are characterized by different symbols. For inlet
conditions with 0.1 <v_ (m/s) <4, the results are fitted again by a straight line
given by:

(x3/X1)max =(pa/pL)S1%) %%, (5.1)
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where the slip Sy is calculated again with Rouhani's correlation
(Egs. (2.17)-(2.19).

The parameter range for which Eq. (5.1) is recommended, excludes inlet
conditions with dispersed bubble flow, stratified-wavy and annular flow with low
mass fluxes, corresponding to low superficial liquid velocities vg1,<0.1 m/s. In
Fig. 5.6,test points with these flow patterns are characterized by the ratio of the
superficial velocities given beside the symbol. For dispersed bubble flow,
(x3/X1)max 18 slightly above two as for D3/D =1, see /26/. For the test points with
stratified-wavy flow investigated in this study, the interface level was below the
branch pipe entrance. Therefore, (x3/x1)max becomes 1/x1 for small mass splits, as
mentioned previously. For annular flow with low mass fluxes, (x3/%1)max 18 about

one.

Figure 5.7 shows (23/%1)max for the upward branch, see also Table VII. Excluding
again the above mentioned inlet conditions, the following relationship is

proposed:
(XS/Xl)max:((PG/PL)SIZ)-O‘%c (5.2)

5.1.2 Influence of Diameter Ratio for 0.5 <D3/D1=1

The diameter effect on the phase redistribution can be explained with the zone of
influence (compare Lahey /41/), already introduced by Azzopardi and Whalley
/10/: There is a zone of influence in the inlet pipe which increases with increasing
transverse pressure difference between inlet pipe and branch entrance. When the
branch diameter is reduced, the pressure difference between inlet and branch
must be increased to extract the same mass flow rate m3 and with this the zone of
influence is increased as shown schematically in Fig. 5.8. Due to the increase of
void fraction with distance from the pipe wall, a larger portion of two-phase
mixture with a higher void fraction is affected by the branch. The gas phase in
general has a lower momentum flux than the liquid and is more easily deflected
into the branch and, therefore, the phase redistribution increases with decreasing

diameter.

This observation was confirmed by Zetzmann's experiments /38/ with a vertical |
inlet pipe, an example is shown in Fig. 5.9. The maximum quality ratio (x3/x1)max
increased by a factor of 1.30 going from D3/Dy; = 1 to D3/Dy1 = 0.5. Zetzmann
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assumed that x3/x is proportional to a factor a' and different values were given
for D3/Dy = 1 and D3/D1 = 0.48. However, only for the value given for D3/Dy = 1,
the redistribution curve x3/x goes to one for rhg/mj — 1. The maximum quality
ratio increased by a factor of 1.33, going from D3/D1 = 1 to D3/D = 0.48. A factor
of 1.34 is obtained using Azzopardi's relationship (Eq. (24)) where x3/x1 is
proportional to (D1/D3)%4,

Fig. 5.6 contains also the values from Ballyk and Shoukri /34/ for their low
pressure steam-water annular flow experiments with D3/D; =0.5. Similar to the
results for D3/Dy =1, their values are considerably higher than those from the
present experiments. Azzopardi's and Zetzmann's relationships are independent
on inlet mass flux, respectively momentum flux ratio. Taking into account the
present results, the following relationship is finally proposed for the maximum
quality ratio

0.4
o\ —026(D /D) (5.3)

(xﬂ/xl)ma.t - < (p(/pL)SI>

Again, the use of Eq. (5.3) should be limited for the parameter range
0.1 <vg1,(m/s)<4.

For the total phase redistribution curve, again Eq. (2.14) is suggested with the

factor a given by
, 0.4
0.26(D /D)
a:13.9(((p0/pL)S?) s —1). (5.4)

5.2 Phase Redistribution for D3/D{ = 0.2 and 0.08
5.2.1 Experimental Results

For small values of D3/D1, the upper value of the achievable mass flow rate ratio
rm3/mj is limited by critical flow (choked flow) in the branch, that is

M3max = M3crit. In most of the experiments, m3;n,x was smaller than that value
m3 which belongs to the maximum quality ratio (x3/X1)max. This complicates the

comparison with the results for larger diameter ratios.

The smaller the diameter ratio the more the local phase and momentum
distribution in the inlet pipe dominates the withdrawl of the phases into the

branch.
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The Figs. 5.10 and 5.11 show the quality ratio x3/x1 for different branch directions
and diameter ratios with the superficial velocities as parameters. Additonally,
some results are presented in a plot with x3 as the ordinate (Figs. 5.12 - 5.15).

For the upward branch and D3/D{ = 0.2 (Fig. 5.10) the characteristic maximum
is clearly seen for vgg = 5 m/s and vs1, = 1 and 2 m/s. For D3/D = 0.08

(Fig. 5.11), x3/x1 become relatively independent on rhg/mh1. However, the values
are lower than those for D3/D = 0.2 if the curves would be extrapolated for the
same values of m3/mi. At low superficial liquid velocities and decreasing mg/my,

a value is reached which corresponds to value close to x3 = 100 %, see e.g.

For the horizontal branch the data shown in Fig. 5.10 scatter considerably. In
general, the dependency of x3/x1 on mg/my is generally small. For stratification
dominated flow patterns again x3 can be very close to 100 %, see Fig. 5.12 and
5.14.

For the downward flow, a strong increase of x3/x; with increasing mg/m; is

observed, compare Figs. 5.11 and 5.12. The dependency of x3/x1 on m3/m becomes

smaller with increasing vy and vy, (see Figs. 5.14 - 5.15).

5.2.2 Influence of Diameter Ratio

Figure 5.16 contains results for a test point with vs, = 2 m/s, v = 10 nv/s (slug
flow, transition to annular flow in inlet pipe). The following typical tendencies

can be observed:

For the horizontal and downward branch, the quality ratio xs3/x: increases with
decreasing diameter ratio D3/D for a given mass split hs/m. This can be

explained with the different sizes of the zone of influence, compare Section 5.1.2.

For the upward branch, xs/x, for D3/Di =1 was larger than for D3/D1 = 0.5 at low
mass flow rates. This effect was explained by flow reversal in the large branch
pipe. The same tendency is observed, however, comparing the data for small
diameter ratios. The unexpected behaviour of the data for D3/Dy = 0.08 is
explained in the following way: After the passage of a slug a thick liquid film
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occurs at the wall which gradually drains down. Often this film still exists at the ;
top of the pipe when the next slug arrives. The tickness of this film is no longer
small compared to the 4.2 mm branch diameter and the liquid portion extracted
into the small branch is therefore larger than for the larger branch.

The tendency that x3/x) for D3/Di = 0.08 is smaller than for D3/D; = 0.2 exists
also for other test points in the slug flow regime, compare Fig. 5.15.

For stratified flow patterns without a significant liquid film at the top of the pipe,
the branch diameter influence should disappear for small values of D3/Dy,

compare 5.2.4,

5.2.3 Discussion of Data with Critical Mass Flux

For the data with D3/Dy = 0.5 the characteristic maximum of the quality ratio
was very useful to generalize phase redistribution tendencies. For small diameter
ratios this maximum in general is not reached because of the limitation of rha/m;
due to critical branch flow, as mentioned earlier. However, these critical mass

flux data are also very useful to demonstrate general trends,

Figure 5.17 shows these critical branch mass flow rates mgsei with the
corresponding branch quality x3 as ordinate. The figure also contains the curves
for the critical mass flow rate mserit calculated with the homogeneous equilibrium

model (compare e.g. Wallis /44/), without taking into account friction effects:

0.5

|2<1—x3>p1(1-p3/p,)/p1+2<x/<x—1>>x3pl<1—p3/pfx"‘>/x>/og1l

= A (5~4)

(1—x3)/pl + X(p3/p1)_(1/x)/og1

where Aj is the cross section at the branch exit, x the isentropic exponent of the
gas (Y = 1.4 for air), the index 1 refers to the stagnation conditionsin the inlet
pipe and the index 3 refers to the critical conditions at the branch exit.

The data for D3 = 4.2 mm are well fitted by the calculated curve except for the
vertical upward branch at high qualities. The reason for this are perhaps

significant pressure losses due to the phase redistribution in the inlet pipe.
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To fit the data for D3 = 10 mm, Eq. (5.4) was multiplied by a factor of 0.7.This
factor takes into account entrance losses due to the sharp-edged entrance and

frictional losses in the pipe. The agreement is quite good for all data.

Figure 5.18 shows the branch quality x3 for the critical mass flow data and

D3 = 10 mm as a function of the inlet superficial liquid velocity vsi.. The
parameter is the inlet superficial gas velocity v.q. The curves can differ more than
an order of magnitude for a constant branch orientation. For the upward branch
the results for all superficial gas velocities are very close together and up to a
superficial liquid velocity of vsi. = 0.5 m/s very close to x3 = 1. The largest
dependency exists for the downward branch. The dependency on the superficial
liquid velocity becomes smaller if the ratio xa/x; is used instead of x3 as shown in
Fig.5.19. For the upward branch larger differences exist between the different
curves compared to Fig. 5.18. However, both for high and low values of v the
curves tend to go to x3/x1 — 1. This tendency also exists for the downward branch,
however exhibiting a minimum at vg.~1 m/s instead of a maximum for the
upward branch. For the downward branch the dependency on v« is also reduced if

X3/X1 is used as a variable.

For the horizontal branch the values do not show a distinet maximum or

minimum and are in general the closest to unity.

The results for D3 = 4.2 mm, Fig. 5.20, exhibit similar tendencies as for
D3 =10 mm, except for the downward branch where the dependency of x3/x1 on veL

Is more expressed.

5.2.4 Pressure Dependency of the Phase Redistribution

Phase redistribution is already very difficult to describe for a constant system
pressure. The problem becomes even more complicated if the system pressure (or

the fluid properties) are changed.

Figs. 5.21 - 5.23 contain some results for p = 0.5 and 0.9 MPa for all three branch
orientations and D = 10 mm. Both x3 and x3/x1 are plotted as a function of m3. The
branch quality x3 for the higher system pressure is always higher for the same
inlet superficial velocities, which is not surprising, because the density change (a
factor of 1.8 from p; = 0.5 to 0.9 MPa) is expected to have a strong influence. If the
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ratio of the volume flow rates of the single phases into the branch would be
independent of pressure, the difference should be about a factor of 1.8. However, if
the ratio xs/x1 is plotted, then both curves should agree. The lower parts of the
plots show that this is evidently not the case. For the upward and horizontal
branch the data from the lower pressures are now higher, which indicates that
the pressure influence is smaller than the gas density ratio. However, for the
downward branch the ratio xs/x; is still larger for the higher pressure which

means that the pressure influence is even larger.

For Dy/Dy == 0.5, the pressure influence was described in terms of the momentum
ratio (pa/p1)S?1, where the slip was evaluated with cross section averaged
quantities. For small branch diameters the description with local values should
be more adquate. However, these local values are not known. Therefore, in a first
attempt again Eq. ( 2.15) could be used. The data base given in the Appendix
should be suited for further modelling attempts.

5.2.5 Phase Redistribution for Stratified Flow

In the following, the model given by Smoglie and Reimann /16-19/ for ideally
stratified flow (see Section 2) is applied for some test points with v, = 0.05 m/s.
In contrast to the model assumptions, a wavy flow existed in the experiments.

For the upward branch, the interface level was always too low to obtain liquid

entrainment and the model predicts x3 = 1.

With the horizontal branch additional experiments were performed where the
interface level was measured with a traversing impedance-Pitot-tube probe.
Figure 5.24 shows a comparison between measured and calculated values branch
qualities. The gas-liquid interface is below the pipe axis in this experiment. At
very low differential pressures, (low branch mass flow rates m3), the model
predicts a single-phase gas flow into the branch. In practice, there is some droplet
entrainment above the wavy interface and the measurements are slightly below
x3 = 100 %. With increasing mass flow rate, a point is reached where due to the
lower local pressure at the interface, the interface level is raised and liquid from
the interface is sucked into the branch. Further increase of the pressure
difference increases considerably the liquid fraction and the branch quality
increases. The liquid entrainment into the 10 mm diameter branch starts at a
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lower mass flow rate than predicted. This is due to the fact that the distance
between interface and the lowest point of the horizontal branch is smaller than
the distance between interface and pipe axis which is used in the calculation. In

general, the agreement is quite good.

Figure 5.25 compares the results for the downward branch. For this example the
interface level was not measured but calculated with Rouhani's slip correlation
(Egs. (2.17)-(2.19)) in combination with Eq. (3.17), assuming ideally stratified
flow.

Again, the agreement is very satisfactory for this example. In general, deviations
from the ideal stratified flow (waves, air entrainment in liquid layer etc.) have a
strong influence on the entrainment process. Further work to model these

processes is required to obtain a good accuracy for a wider range of input values.

5.3 New Results on Phase Redistribution for D3/D; =1

The previously investigated test matrix (Refs. /21/-/27/) was restricted to
relatively high values of vy, compare Fig. 4.8. New experiments were performed
with inlet conditions at very low mass fluxes. These data can be compared with
results from Hong /8/ and Shoham et al. /33/.

Additionally, two test runs with higher mass fluxes (vq. = 1 m/s) were performed,
as shown in Fig. 5.26. The agreement with previous results is good, compare Fig.
2.6b.

Figure 5.27 contains the results for the low inlet mass fluxes. For vy = 0.05 m/s
and vsc =5 m/s a stratified wavy flow occurs in the inlet pipe. At vic =20 m/s the
flow pattern belongs to the wavy-annular flow regime. For vq.=0.5 m/s and

vsc =20 m/s, the flow pattern is in the transition region from slug to annular flow.

For vg,=const=0.05 m/s the quality ratio x3/x; is very close to one and the
dependency of x3/x1 on mass split is small. With increasing vy, the quality ratio
decreases. For vyc =const =20 m/s and wavy annular flow, again the quality ratio

is very close to one.




Xx3/%4 w

N

— 181 —

0.5

@)
g
O
O
/]
vst(m/s) | vsg(m/s) | p(MPa)
O 1 10 0.7
X 1 40 0.7
0.01 0.2 0.4 0.6
Mm3/my

Fig.5.26 Present Air-water Data for D3/Dy=1 and p1=0.7 MPa;
vs.=const=1m/s




X3/ X% 4

1.8
l ‘\‘ J 1.8
. ®\ ' E
1.5 | - \\ 15 16}
i \ 1.0 L _
- \ i - L .
1.4 \ /;&/ \ 1.4
L \A o A - - A ’. -
L o L
e D . \ / g
i o - L ]
é Y W N,
1.0 Ok 1.0 /‘ 70
- 1 . \ Y/ il ////A___—r~'ck”////f
Ho P O
0.8 F - 0.8 \ / O =
L i @
A o -
0.6 F . 0.6 | . .
- VsL VsG X1 p, 7 N VsL VsG X1 B, “
0.4 L (m/s) (m/s} (%) (MPa) _ 0.4 (m/s) (m/s) (%) (MPa) :
i ] 0.06 6 27 0.3 Shoham et al. | i ® (.06 26 62 0.31 Shohametal. %
& 005 10 28 0.3 Ilong & o5 30 28 0.13 Ilong
0.2 . 0.2 _
0.0 L | | 1 o ] 1 0.0 . 1 L | n I \ | L 4
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1
m_/m m /m
3 i 3 1
O VsL=0.05m/s VsG= 4.9 m/s x= 44.5F p, =0.7MPa O VsL=0.05 m/s VsG= 20.4m/s x= 76.3% p, = 0.7MPa
A VsL=0.05 m/s VsG= 10.0m/s x= 62.4% p1:0_7MPa

Fig.5.27 Comparison of Low Mass Flux Data (D3/D1=1) with other
Experiments from Shoham and Brill /33/ and Hong /8/

— el —




— 133 —

Figure 5.27 shows also a comparison with other work obtained at significantly
lower pressures. For the inlet condition with stratified-wavy flow the quality
ratio measured by Shoham et al. is significantly larger compared to the present
results. The measured quality ratios from Hong for vs1.=0.05 m/s and vsc =10 m/s
are also generally higher. However the curve depicts a well defined minimum at
split ratios of =0.2 which was not observed by other authors.

For the test point in the wavy-annular flow regime (right hand side of Fig. 5.28)
Shoham's results are slightly higher than the present results. The results from

Hong again are characterized by a curve with a minimum.

One reason for the higher quality ratios obtained by the other workers could be
the lower system pressure in these experiments. Figure 5.28 contains a
comparison between the present experimental results for annular flow and
predictions from the models proposed by Shoham et al. and Azzopardi and
Whalley /10/.

The model from Shoham and Brill, which does not take into account droplet
entrainment in the gas core, predicts higher values than Azzopardi's model with
E =0. With increasing droplet entrainment, Azzopardi's model predicts
increasing values of x3/x;. The experimental quality ratios are mostly lower than

the model predictions.

Figure 5.29 shows experimental results for stratified-wavy flow and predictions
from the corresponding model from Shoham and Brill. At high mass splits the
agreement is fairly good. At low mass splits and vgq =10 m/s, the measured
quality ratios are significantly lower. A reason for this is the wavy interface and

the beginning droplet entrainment which is not taken into account in the model.
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6. NEWRESULTS ON TEE-JUNCTION PRESSURE DIFFERENCES AND
DISCUSSION WITH PREVIOUS RESULTS
6.1 Single-phase Flow

To determine the loss coefficients Ki3 and K12 for the diameter ratio D3/D; = 0.52,
single-phase water experiments were performed with inlet water velocities
between 1.7 and 8.7 m/s. The Figs. 6.1 and 6.2 show the axial pressure
distributions in the inlet, run and branch pipes for different water inlet velocities
and different mass splits. The characteristic pressure drop in the branch and
pressure increase in the run is clearly seen. The pressure drops become constant
after at a certain distance downstream of the Tee-junction. This means that there
isno longer any influence from the Tee-junction, As outlined before, the Tee-
Junction pressure difference Api.g and Api.2 were obtained by extrapolating the
pressure gradients for well developed frictional flow to the Tee-junction entrance,

compare also Fig. 3.1,

The Figs. 6.3 and 6.4 shows the calculated loss coefficients K13 and K9, using Eqgs.
(3.1)-(3.3). Again the experimental results curves agree well with the
relationship suggested by Miller /46/. The present results were fitted using the
method of least squares by:

Ki13=1.1477-2.02045(rn3/rh; ) +9.1725(rm3/m )2, (6.1a)
K12=-0.0138-0.03915(rh3/mh) + 0.3922(rhg/rh1 )% (6.1b)

For the experiments with D3/D =1, the loss coefficients were taken from

previous experiments (Ref, /24/), given by
Ki3=1.0369-0.9546(mgs/rn;) + 1.2123(rh3/mh;)?, (6.2a)
Ki2=0.1571-0.9197(rhg/rny) + 1.09(rhs/ring )2, (6.2b)
For single-phase flow, the mass flow rate ratio ms/m; is equal to the volume flow
rate ratio Va/Vy. Therefore, Egs. (6.1) and (6.2) do not change if mg/m is replaced

by Va/V 1.

The data scatter in Fig. 6.3 is considerably smaller than in Fig. 6.4, This is due to
the fact that the branch pressure drop is in general much larger than the run
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pressure increase, Therefore, small changes in the frictional pressure drop, e.g. by
deposition of corrosion products do not influence severely the determination of
Kiz. This is very different for Ki2 due to the small pressure difference to be
measured. The data scatter in Fig. 6.4 is larger than in previous experiments
with Dy/D) =1 (Refs. /20-27/). The reason for this could not be clearified.
Therefore, the Ap;.o measurements both in single-phase and two-phase flow have
a higher uncertainty and the following discussions concentrate on the branch
pressure drop. (Fortunately, the branch pressure drop is in general much more

important for technical applications).

The problem of accurate Api.2 measurements is not characteristic to the present
experimental conditions, but rather a general problem in all Tee-junction
investigations. An indication for this is, that very different expressions for K2*
were proposed by Saba and Lahey /12 / and later by Hwang and Lahey /35/ using

the same test section.

6.2 Two-phase Flow

Figures 6.5-6.7 show some examples for the axial pressure differences for
different inlet conditions and Tee-junction diameters; parameter is again the

mass split.

The general formulation of Tee-junction pressure drop results in expressions
which contain the slip at different locations. The slips are not measured but have
to be evaluated with more or less arbitrary assumptions, These assumptions cover
the range of S=1 (homogeneous flow) up to values of S> >1 predicted by some
correlations found in literature for well developed two-phase flow. In the
following, the convenient assumption of homogeneity will be discussed in more
detail. For model evaluation with S>1, Rouhani's correlation (Eqgs. (2.17)-(2.19))
will be used again which was recommended in a review paper for horizontal two-
phase flow by Friedel /56/. The data base for upward and downward two-phase
flow is much more limited. For simplicity, again Rouhani's correlation will be
used, being aware that this is not the optimal choice. In future analyses, further

correlations should be used.
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6.2.1 Branch Pressure Drop

6.2.1.1 Homogeneous Models

First, the measurements are compared with models of the following type

(compare Section 3.3.1):

2
Pug( Gy, Gy ¢ (6.3)
Ap e L

2 D —
— )+K- K,y ¢,

-3~ g 2p,,

Prs Pmi
where the first terms on the right hand side is the reversible pressure difference,

defined with homogeneous densities, The two-phase loss multiplier ¢ is evaluated
o Eq (q 13) (Homogeneous Model = HM), Egs. (3.14)-(3.16)

L/ LA UIUE T

M), and Eq. (3. ) (Reimann Seeger Model = RSM).

Kiis a correction factor, introduced in Section 3.3.1.3. The loss coefficient K3 is

determined from the single-phase flow measurements in two ways:

a) K13 = f(rha(rm). In this case Eq. (6.1) is directly applied.

b) K13 = f(V4/V1). In this case rhy/rhi is replaced in Eq. (6.1) by Va/V1, using
Va/V1 = (ria/rn ) (phi/pha). (6.4)

The Figs. (6.8)-(6.10) show for K =1 the ratio of predicted to measured pressure
drop Api.3,Med/Ap1-3,Meas as a function of the mass split for different branch

orientations.

Starting the discussion with the results obtained with K3 = f(rhs/rin), the

following tendencies are observed:

- Horizontal and upward branch: The pressure drop ratio is fairly constant for
a wide range of mass splits (0.2 <rmgs/m;<1). In this range, the accuracy of the
models is about the same for the upward branch. The CM has a smaller
accuracy for the horizontal branch. At lower values of rhs/mhi, the results
scatter considerably for the HM and CM. There is the tendency to overpredict
the measurements with decreasing rhs/my, except for test points with
vs1.=0.05 m/s (Fig. 6.8), where the tendency is reversed. The RMS tends to
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underpredict the measurements for decreasing ms/m;. However, the data

scatter is considerably smaller than for the other models.

- Downward branch: Looking at test series with constant inlet values (equal
symbols), the model predicts quite well the pressure drop for the high values
of the mass split. With decreasing rs/mi, the pressure drop ratio becomes too
small for the HM and CM and too high for the RSM.

A comparison between K3 = f(rhg/rihi) and K3 = f(Vs/V)) reveals that there is no
improvement for the HM and CM using K3 ={(V3/V1). For the RSM, the accuracy
is about the same for the horizontal branch and slightly improved for the upward
branch. For the downward branch, the data scatter is significantly reduced for a

wide range of ms/m;.

In previous investigations with D3/D1 =1, the correction factor K was chosen in
such a way to fit the data for (Api.3)rev =0 which occurs at ma/mi = Gg/G1=1. These
factors were determined previously /22/ to K=1.34 for the HM and RSM and

K =0.74 for the CM. Figures 6.11-6.13 show the corresponding results for
Dy/D1=0.62:

For the horizontal branch and high mass splits, the accuracy decreases somewhat
compared to K=1 (Figure 6.8). At low mass splits, the pressure ratio is lifted to
higher values for the RSM and the accuracy increases.

The RMS is remarkably improved for the upward branch (compare Figs. 6.9 and
6.12), for the downward branch the RMS is improved for the bulk of the data
using K3 =f(V3/V}). However, a part of the pressure ratios deviate significantly.

A comparison between the present data for D3/D1 =0.52 and the previous ones
with D3/D1=1 (using K=1, as given above) shows the following tendencies,
compare Figs. 3.7-3.9 and 6.11-6.13:

Horizontal Branch: For D3/D; =1, the HM and CM start to deviate already at
higher mass splits. At low mass splits, these models also overpredict generally
the measurements. The RSM has about the same accuracy for mass splits greater
than 0.1. For Dy/D; =0.52 the tendencies are similar,
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Upward Branch: For D3/D) =1 all models failed. The present results for
Ds/D1=0.52 are much more favourable: using the RMS there is a high accuracy

for a wide mass split range. The reason for this is that

1) for the same value of my/mhy, the branch mass flux Gs for D3/D1=0.52 is larger
by a factor of about fuur which reduces phase separation effects in the branch.

1i) for the same branch pipe length, the diameter ratio is larger by a factor of two
which is favourable to reach a well developed two-phase flow which is required

for the determination of the measured Tee-junction pressure drop.

Downward Flow: Again the tendencies are very similar for D3/D; =0.52. The
reason for the increasing deviation with decreasing mass split for given inlet
conditions is not clear. Flow reversal effects in the branch are expected to be of
less importance than for the upward branch. On the other hand, the branch pipe

length was the smallest for the downward direction, compare Section 4.

Table VI.I summarizes the results showing the mean values of the pressure drop
ratio and the corresponding standard deviations. The calculations were
performed with results with ms/m; >0.027. The lower values were not included
because measurement errors can become significant in this range and might be
responsible for the big data scatter. For Table VLI, 125 test points were used for
the horizontal branch with D3/D1=0.52 and 57 and 76 test points, respectively,
for the upward and downward branch, respectively. Using the previous results
with D3/D =1 and the horizontal branch, 78 test points were used. The framed
numbers characterize the best results for each branch direction. These values are
always connected with the RMS. The RMS with K=1.34 and K3 =f(V3/V1) has
the highest overall accuracy. Therefore, this combination is generally

recommended.

Figure 6.14 contains the new results for the horizonal branch with D3/D1=1,
performed at much lower mass fluxes compared to the previous experiments. The
data scatter at low mass split is larger for all models. The general remarks, given

above, however, apply also to these data.

In order to improve further the model accuracy, correction functions could be
evaluated, for instance, as a function of mass split. The RSM would be suited best .
because the data scattering is the smallest. However, such a procedure is
questionable, as these functions will be different for different branch orientations |




D3/D1 = 0.52

K=1 K = 1.34 (HM, RSM); 0.85 (CM)
Ki3 = f(m3/my) Kiz = f(V3/V1) Kiz = f(m3/m1) Ki3 = £(V3/Vy)
%;_-g_mw, %ELB_m_Qd_ %&3__@1 %}L—s_rm

-3meas o P1-3meas 4] P1-3meas o P1-3meas g

HM 1.10 1.05 1.56 1.17 1.60 1.04 2.12 1.17

CM 1.75 1.43 2.37 1.58 1.48 1.35 2.01 1.50

Q RSM 0.85 0.35 11.00] 0.42 1.17 0.79 1.37 0.83
HM 1.17 0.60 1.54 0.82 ' 1.60 0.87 2.10 1.06

Cb M 1.84 1.14 2.42 1.36 1.55 0.93 2.05 1.16
RSM 0.54 0.25 0.65 0.33 0.75 0.26 0.900 0.300

HM -0.80 2.43 -0.95 2.39 -0.41 2.23 -0.61 2.18

M -0.19 2.10 -0.43 2.04 -0.44 2.23 -0.65 2.18

Q RSM [112] 1.05 0.62 0.26 2.17 1.80 1.50 1.25

D3/Dy = 1

HM 1.37 1.09 1.42 0.92 2.23 1.78 2.32 1.53

O- CM 2.82 2.36 2.93 2.06 2.27 1.87 2.32 1.62
RSM 2.34 0.20 0.40 0.30 0.85 0.29 0.22

Table VI.I Branch Pressure Drop: Mean Values
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and diameter ratios, The range of applicability is then probably very restricted.
Therefore, this procedure is not elaborated in the following.

In the following, some interesting conclusions can be drawn by determining the
correction factor K for each test point in such a way, that the pressure drop ratio
becomes unity. The Figs. 6.15-6.17 show the corresponding results, again
evaluating the models with K3 =f(rhs/mh) and Ki3= f(V3/V1). The values scatter
considerably which means that neither the assumption of a constant value is an
appropriate choice nor the assumption of K = f(mg/m;) or K= f(V3/V1). However,
these figures are well suited to show the consequence of the assumption of a
homogeneous reversible pressure difference, compare Eq. (6.3). For D3/D1=0.52
and single-phase flow, (Api.3)wev is negative (pressure increase) for s/ <0.27
and becomes a pressure drop for g/rh; >0.27. A calculated value of K=0 means
that there is no irreversible pressure loss at all, which is physically not
meaningful. The other conclusion is that the evaluation of (Api.3)rev with
homogeneous densities results in too high values. Therefore, in the following,

models will be analysed with nonhomogeneous formulations.

6.2.1.2 Nonhomogeneous Models

The reversible pressure difference (Api.3)rev Was given by Saba and Lahey /12/ in
terms of the energy densities pe1 and pes (Eq. 3.20) and by Reimann and Seeger
/277/ in terms of the energy density pes and a density p# defined by Eq. (3.21). In
the following Rouhani's slip correlation is used to evaluate both S; and Ss.

Hwang and Lahey /35/ suggested to determine (Api 3)rey with the homogeneous
density in the branch (pe3 =pn3) and the energy density in the inlet. A slip
correlation was proposed which predicts slip values very close to unity (Egs.
(3.27)-(3.28)). With this pe1 also becomes quite close to pni.

Figure 6.18 shows a comparison between different formulations of (Ap1-3)rev. For

convenience, the expressions are summarized below:
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Fig.6.15 Correction Factor K (Homogeneous Models) for Horizontal Branch




— 168 —

K = Y v . .

13 = f(m3/my) K1z = f(V3/Vy)
S'illllllllllllllllll_ S ETTTTTTI I T I T ITTIT]TTTT]TH
4 E = 4. =
3. E = 3, E =

— o - — -
2. P ’; - = 2. =
— T - &
1_ GEE£) m = »1 A.,. W] S M ..
g o™ ° -;é =0 mm ol ® i
D"— - 0' —
1. B = -1, E -
- - - 3
Py ISENNNE NN N NN SN N PN RN N N S NAN R E:
0.1 0.3 0.5 0.7 0.9 " %1 0.3 0.5 0.7 0.9
ma/my
Homogeneous Model (HM)

S ETTTTTTITTTITTTITTIT]TTTT]7H S'EIIIHIHITIIIIITI TH
. E 3 4, E -
3. E = 3. F =
Q,E = 2. B —
SulNECR u] = = -

1. B Ul ...mE g 1} 1. BE» juu] o m
) u] o @l @ - C T u -
0 Lo e MO Om u] o €
0. B A 0. [ 5
: : -1. =
— o = — -
EANENENNENEEEEEREEENEE: B AN NN SN N A NN NE:
m0.1 0.3 0.5 0.7 0.9 m0.1 0.3 0.5 0.7 0.9

Chisholm Model (CM)

S-illlugllrlllllllll ST s 0 0 O

=
gl
G$B
e

4.

3

TETTITTTIR

e
%;* THTTT
&
2
€]
8
.|
G
3
=
- REEEB RESNIBNSNBNNIRY
oo
i
E%E
3
€]
]
3
==
]
«dDNNNNNTSE - DRRER VRNRRRNERNURANEL .

1>

=]
[}
et
E]
&}
el

-1.

ST TTTTTTTTT
HITTITTTTTTTd

«d8511TH]

LIty gl iyl -2, Lyt Pt
0.1 0.3 0.5 0.7 0.9 0.1 0.3 0.5 0.7 0.

Reimann Seeger Model (RSM)

w -

Fig.6.16 Correction Factor K (Homogeneous Models) for Upward Branch




— 169 —

Ky3 = f(m3/n :
3 = f(ms/i) K13 = (U3)
FT T T T T T[T T T T TTTT]TH S ETRI I T I T T T T T TTTTT
[~ U] - — " O -
— 4, = fm —
- mu - — W] =
- U] - - m P -
- 1) - 3 [~ vk o
= o E@ = "ERRT T SO )
- mct,mmm qé mm 0 = o E_| O Dy ) =
o gl o = ‘WDWTH ) —
gli%mﬁm - = 1 - u % i mg
- mm:_;_-; B i)
: . o I~ -
= = -1. =
Wl by sl 1 { P IR NE NN NN SRR AR E NN TR N
0.1 0.2 0.5 0.7 0.9 " 01 0.3 0.5 0.7 0.9
g/,

Homogeneous Model (HM)
ANRERARERRRREEARARRRRRRRE: Se ETTTTTTTITT I TTI T[T ITT[TH
- - - n -
o - 4'? © -
E EI'L'J = ; 3.2 JE GDJEBE - E
= — n =
E ] @ 3 = . m b o =
- ~% s T ol -
- i - o O -
- Em M [u] - 1 p— tgmam m% mmJIl

- . H p-
= § LY LE = o
— - 0. = =
= = 1. B =
ANNEERENEN NEREENE H -2, SETEPREEEEEEENNERERNEREE:
0.1 0.3 0.5 0.7 0.9 C.1 0.3 0.5 G.7 0.9
Chisholm Model (CM)
FT 7T T T T T T T T[T T T T[T TTT]TH S ETTTTITTIT [ TITT[TTTT]TH
— = = =
- ® = -
- o 3 = =
Lo ) -
- o = - EP u] =
[— aﬂm mEl - i E 2 - &gm mmm . =
- & =1 . = 1M o —
— @ o 5 — gﬂ gt =
o n;’ﬁl E 1 iﬂgw@i@ Bhm s o,
- . o
= VERD, g gooF = =
- 0. = —
E E = -
- - -1.
SESREREEERER NN ENERRAE: YIS RN E S NN NI
0.1 0.3 0.5 0.7 0.9 0.1 0.3 0.5 0.7 0.9

Reimann Seeger Model (RSM)

Fig. 6.17 Correction Factor K (Homogeneous Models) for Downward Branch
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b) Py G, G (6.6)
(Apl~3)reu_ 9 ) ’

with Sy, S3 from Egs. (2.17)-(2.19)

) A ) _8_!1_3 (9_8)2_(le)9 (6.7)
[)1—3 rev 2 p g X p*l ’
with Sy, S3 from Egs. (2.17)-(2.19).
d) (Bp,_g),.,= g@((-(?3)2-(&)2) (6.8)
1—3rev ) p p ’
h3 hi

with S from Eqgs. (3.27)-(3.28).

The comparison is performed for a test point in the slug flow regime (vsL. =2 m/s,
vsG = 5 m/s), the dispersed bubble flow regime (vq.=4 m/s, vsc =5 m/s) and the

annular flow regime (v.=0.1 m/s, vsg =40 m/s).

As expected, (Api-3)rev according to Hwang and Lahey (expression d)) becomes
quite close to the homogeneous expression. A minor difference is only observed for
Vs, = 0.1 m/s and vgg =40 m/s where high slip values occur. (According to
Rouhani Sy=13). On the other hand the expressions b) and ¢) result also in very
similar values; again differences can be only seen for highly separated flow. The
nonhomogeneous expressions predict lower values for large mass splits which

should improve the prediction of the total pressure drop.

Finally, a comparison is performed for the total pressure drop Api.3using the
different expressions for (Api.3)rev. In Egs. (6.9) and (6.10), Eq. (6.6) is used in
combination with ¢11m and ¢rsM, respectively, for evaluation of (Ap1-3)irr. In Eq.
(6.11), Eq. (6.7) is used togehter with ¢rgm, and Eq. (6.12) represents again the

nonhomogeneous RSM:

The HLM uses as two-phase flow multiplier ¢rsm. Due to the fact that this model
predicts very similar values for (Apy_3)rey as for the homogeneous model, the
HLM should become very close to the homogeneous RSM. This is again confirmed
in Fig. 6.19, compare also Fig. 3.12. Therefore, this model is no longer used for

comparison in the following.
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The Figs. 6.20 - 6.22 show the results using Egs. (6.9)-(6.12): For the horizontal
branch, the nonhomogeneous model have a higher accuracy at higher mass splits,
compare Figs. 6.8 and 6.20. The best result for the total measurement range is
obtained with Eq. (6.10) using K13 =£{(V3/V1).

For the upward and downward branch, the accuracy is decreased due to a stronger

underprediction of the measurements.

Figure 6.23 shows the influence of different assumptions concerning (Api-3)rev
using ¢um and @rsm as two-phase flow multipliers (horizontal branch,
K3 =f(mg/m1)). For Si =Si,rouh and Sz =1 the accuracy of the RSM is improved at

low mass splits.

The general formulation of the RSM contains as a parameter also the slip Scs at
the vena contracta. Assumptions for Scs range from Scs =1 up to Scs = (pi./pa)”S.
The latter expression is obtained for ideally separated phases. (Due to centrifugal
forces, the phases can separate significantly between branch inlet and vena
contracta). To use an intermediate value, Scz was calculated again with
Rouhani's correlation. Figure 6.24 shows some parameter variations. Without
going into detail, it can be concluded that no significant improvements are

obtained compared to the results discussed above.
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Fig. 6.21 Ratio of Predicted to Measured Branch Pressure Drop for Upward

Branch with D3/D1 =

0.52 (Nonhomogeneous Models)
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The Figs. 6.25 and 6.26 show examples of corresponding results for the previous
experiments with D3/D1 =1 and the horizontal branch. Again, improvements may
be obtained for a special configuration or a limited flow parameter range but a

general improvement is not achieved.

Summarizing the results for D3/D; =0.52 and 1, the following statements can be

made:

- The best results were obtained with the homogeneous RMS using
Ki3=f(Va/V1) and K=1.36.

- The introduction of nonhomogeneity did not generally improve the models.
Nevertheless, the authors think that improvements can only be achieved by
taking into account nonhomogeneities. However, much more work is

required to understand the fundamental processes.

6.2.2 Run Pressure Difference
6.2.2.1 Models Used for Comparison

Asoutlined in Section 3.3.2 the models are based on either
-amomentum balance
or

- an energy and momentum bhalance.

Both types can be formulated using homogeneous or nonhomogeneous flow

assumptions.
Assuming homogeneous flow, two models are considered:

a) the Homogeneous Momentum Balance Model (HMM) given by Eq. (3.3.4),
b) the Homogeneous Model (HM), which is the reduced form of the RSM (Egs.
(3.35)-(3.36)) by setting Sy =1and Sg=1.

Three nonhomogeneous models are used for comparison:
c) the Separated Momentum Balance Model (SMM) according to Egs.

(3.32)-(3.33),
d) the RSM according to Egs. (3.35)-(3.36),
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e) the Hwang-Lahey Model (HLM) which is based on the SMM but uses the
assumption pm2 = pho. The slip in the inlet pipe is determined with Eqgs. (3.27)-
(3.28).

Using the SMM and RSM, the slip is determined with Rouhani's relationship
(Egs. (2.17)-(2.19)).

6.2.2.2 Comparison of New Experiments with D3/D; =1

Figure 6.27 contains the ratio of predicted to measured pressure difference as a
function of the mass flux ratio G3/G for the present experiments with D3/D1=1,
using K19 =f(rh3/m), according to Eq. (6.2b). As mentioned before, these new
experiments extend the previously investigated parameter range to lower

superficial inlet water velocities.

The homogeneous models are not suited to predict the measurements. Concerning
the nonhomogeneous models, the SMM has the highest accuracy, followed by the
RSM. The HLM does not predict satisfactorily the results.

The results shown in Fig. 6.27 were evaluated using the loss coefficient K9 from
previous measurements. This coefficient differs from the relationship used in the
present experiments with D3/D1=0.52, see Fig. 3.4. According to Miller /46/, the
relationship for K9 should be independent on D3/Dj. In order to determine the
sensitivity of different K9 relationships, Eq. (6.1b) was also used for the model
predictions of the new experiments. Figure 6.28 shows that there is no
remarkable change in the data for the model with the highest accuracy: the SMM.
The same is true when K12 =1(V3,V}) is used instead of K19 =f(rhg/m1), as shown
in Fig. 6,29, The RMS is more sensitive to changes in K9 but no clear
Improvement is obtained by using e.g. K12 = f(V3/V1). The other models are not

improved either.

6.2.2.3 Comparison of Experiments with D3/D1=0.52

The Figs. 6.30 and 6.31 contain the results for the horizontal branch. Compared to
the branch pressure drop results, the scatter is much larger. Many points are
outside of the ordinate interval given in the figures. Again the SMM has the
highest accuracy, followed by the RSM with K9 =f(rhg/m). Again the SMM is
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not sensitive if K13="f(V3/V) is used instead of K 9=f(rhs/mh]), in contrast to the
RSM. An interesting fact is that for annular flow at low mass fluxes (square and
circle symbols) the accuracy is the highest. Even the homogeneous models are

satisfactory in this case although values larger than 10 are calculated for S; and

So.

Summarizing the results for Apj_9 it can be concluded that

- for the horizontal branch with D3/D1=1 and 0.52 the SMM had the highest
accuracy.

- Similar comparisons should be performed with the data for the upward and
downward branch.

- More detailed analyses are required to investigate the influence of the slip in
the different locations on the Apyg prediction.
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7. CONCLUSIONS

An extensive experimental data base on Tee-junction phase redistribution and
pressure drop is presented in this report. Only a small part of the results has been
sufficiently analysed. Therefore, this data base should be very fruitful for further
detailed discussions and comparisons with further investigations on two-phase
Tee-junction flow.

The present models for phase redistribution and pressure drop are very
simplistic. Further attempts should try to incorporate the distribution of local
quantities (void fractions, phase velocities) in axial and radial directions. Much
more detailed experimental investigations are required to understand the local
phenomena.
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APPENDIX. Experimental Data

Air-Water Flow Data (Refs/21/-/27/): D3/D1 = 1, Horizontal Branch(® = 90°).

Air-Water Flow Data (Refs/21/-/27/): D3/D1 = 1, Upward Branch (P = 0°).

11

Air-Water Flow Data (Refs/21/-/27/): D3/Dq = 1, Downward Branch (& = 180°).

I

Steam-Water Flow Data (Refs/21/-/27/): D3/Dq = 1, Horizontal Branch(® = 390°).
Present Air-Water Flow Data: D3/Dq = 1, Horizontal Branch (@ = 90°).
Present Air-Water Flow Data: D3/Dq = 0.52, Horizontal Branch (® = 90°).
Present Air-Water Flow Data: D3/Dq = 0.52, Upward Branch (® = 0°).

Present Air-Water Flow Data: D3/Dy = 0.52, Downward Branch (@ = 180°).

Present Air-Water Flow Data: D3/Dq = 0.2, Horizontal Branch (& = 90°).

Present Air-Water Flow Data: D3/Dq1 = 0.2, Upward Branch (® = 0°).

Present Air-Water Flow Data: D3/Dq1 = 0.2, Downward Branch (® = 180°).

1l

Present Air-Water Flow Data: D3/D1 = 0.084, Horizontal Branch (® = 90°).

I

Present Air-Water Flow Data: D3/Dq = 0.084, Upward Branch (® = 0°).

i







RUN Vstl VsG1

# (m/s) (m/s)
181.2 1,02 8,27
182.0 1,07 8.19
33.1 1,00 9.92
32.1 1,03 9.90
69.0 1.02 9.59
101.1  1.05 10.48
101.2 1,05 10.42
101.6 1.04h 10,69
101.7 1,04 10.80
184.0 1,02 14,77
185.0 1.02 14.70
188.0 1,09 14,68
189.0 1.08 14,72
190.1 1,04 14,47
1.1 1,00 20.66
12,1 1,03 20.70
3.1 1,06 21.56
33.5 1,02 20.81
80.0 1.03,21.17%
3.5 1,04 21,90
79.0 1,01 21.42
1021 1,05 21,60
94,1 1,08 h1.85
9h.5 1,09 41,61
183.0 1.50 8.05
167.0 1,43 7.05
169.0 1,52 7.38
170.0 1.54 7.37
171.0 1,50 8.08
174.0 1,49 15,29

ml m2 m3
{(kg/s) (ka/s) (K
2,154 1,747 0,007
2.2h5  1.419 0.826
2.113 0.802 1.31
2,180 1.500 0,680
2.142 1.669 0,472
2,217 1,375  1.0m
2.215 1.328 0.887
2.199 1,883 0.316
2.199 1,627 0.572
2,127 1.557 0,570
2.127 1,598 0.529
2,481 1.240 .21
2.458 1.h29 1,029
2.378 1.001 1,377
2,306 1.234 1,073
2.363 1,430 0,933
2.6 0.607 1,809
2.323 0.885 1,437
2.350 1.727 0,623
2.364 1,709 0.655
2,321 1.801 0.520
2,386 0.905 1,482
2.866 1.745 1,120
2.816 1.261 1,615
3.096 2.573 0.523
2.917 2.471 0,06
3,090 2.433 0.658
3,10 2,332 0.808
3.067 1.293 1.77h
3.136 2.47h 0,762

Table D.3: Air-Water Flow Data

RUN VsL1  VsGi

# (m/s) (m/s)
175.0 1.46 15,20
176.0  1.45 15.11
177.0 1.47 14,98
23.3 2,00 1.17
2h.1 1,95 5,00
24,0 1.97 4.80
W, 0 2.03 4.99
24,6 1,97 4,75
178.0 1,95 7.69
179.0 1.99 7.95
180.0 1,96 7.88
19.0 2.19 11.M
19.1 2,02 9.87
39.% 1.98 9.87
39.1 1.98 9.85
38.1 2.01 9.96
100.4 2,05 10,47
100.1 2,08 10.67
18.1 2,06 10,40
35.7 2.08 17.00
Hno. o 2.04 18.14
90.0 2,11 17.87
90.6 2,12 16.19
90,3 2.10 17.8
1.1 2,00 19.03
3.1 1.98 16.15
35.0 2,00 16.11
ho, 0 2.02 17.49
91.1 1,86 27.7
92.1 1.86 27.46

Table D.3 (cont.);

ml m2
{kg/s) (kg/s) (k

3.081
3.063
3.087
3.942
3.894
3.940
4,059
3.927
3.979
4.051
3.997
4,52
4,106
Iy, 0h2
4.037
1,089
y 1t
.23
W.206
4,419
L]
h,o430
W, h36
h.hos
h,269
1,232
h,337
1,296
I, 15,
h,o1m

2.
. 507
. 808
.362
.h93
.10
025
72
.379
. 153
L hh9
.022
RN
.239
.083
.H72
.897
W66
.511
.580
. 824
. 357
L1959
L 166
213
.919
.537
.096
L165
.788

NN AN WWW=SRNRNWNRNWWN = ~WwwNWNONONO =

132

(Refs /21/-/27/): D3/D1

A NN Ot W m O a COSNWOC S —mw =N =0

m3

.949
.556
.279
. 580
o
.836
L6314
L155
. 600
.898
.ou8
N30
.696
.803
.953
.516
.281

765

L69%
.83%
.520
L07h
278
Leh2
.996
. 313
. 800
. 199
. 987
. 353

9/s)

g/s)

m3/ml

COCCOOCDCOCOCOCOOOOOOCCDOOOCOOO

m3/ml

COoODO0oOOoCOOTCOoOOOOOOOC OO0

(-)

.19
.37
.62
.31
.22

hy

o
1
.26
.27
.25
.50
2
.58
07
.39
.15
.62
.26
.28
22
.62
.39
.56
v
.18
.21
.26
.58
.21

(-)

.31
.51
.74
.40
.87
N7

N8
.33
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.34
.oh
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.22
.59
.50
.69
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L
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.96
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.26
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.21
.21
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.1
.94
.89
.0l
.88
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(%)

—_—
NN N~N OO NI W WWWW W —=NNNOONCO

.96
.96
.85
A9
.0l
.01
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.98
.95
.92
.90
.13
.88
.87
.90
.84
.98
.96
07
.69
.09
.65
.37
.66
.39
.08
.86
.89
.26
.05
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(%)

.27
.33
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—
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.26
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16.
1.
16.
18.
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ik
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13

.96

09
]
73
28
60

.68
.00

13.

20,
25.

16.
25,
25.

18.
21,
19.

25,

19.
21,
W,
35.
15.
9.

10.
11,

6.
13.
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61

X3
(%)
1. 18

M

—_ ——
CCW—LRNIOAOOVV TN

N

Air-Water Flow Data (Refs/21/-/27/): D3/Dq

VNS ONVIITWN =D

08

.90
.20
.33
.51
Ny
.29
.62
.91
.39
.76

x3 /x1 pi2

=)

NN =N

1
5
7
9
5
.94
17
N2
.90
18
1
.75
.82
.18
.70
17
.31
.55
.35
.82
.30
.51
.58
37
.06
.30
.66
.83
1.51
1.92

NN ANW o o ot bt e b b w d FOND = RO R =S NSNS — NI

(Pa)

-1217.
-1350.
~-3128,
-1541.
- 991,
~3262.
-2863.
-1209.
-1905.
~1649.
-1492,
~-3836.
-3296.
-3718.
-14529,
-h961,
-6176.
-6763.
~-3311.,
-h38h,
=-2966,
~8517.
~15636.
-168418.
~2305.
~-2099,
-2230.
-300%,
-5718.
-2570.

x3 /x1 pi12

{-)

.08
.59
.30
)
L
L4
.18
.68
.93
.27
15
.27
i
.01
.52
.29
.09
.99
.9
.93
.90
.37
A
01
.h8
A
ity
L0
.66
.51

h et e d b b ek e bt bt S D) B PO P el RN = PR e N — — D

1, Horizontal Branch(®d = 90°).

(Pa)

-3987.
-6812,
-8405.
-2h37.
~6527.
-5207.
-6652.,
-3477.
-7017,
U555,
-2757.
-12537.
~10555.
-10213.
=5h74,
~u552,
-8701,
-11100.
=291,
-13087.
~10390,
=1722%.,
-8363.
-9035.
5132,
-8338.
-15372.
-11655.
-1h836,
-98h1 .,

pl13
(Pa)

ho99,
1751,
5570.
2253,
1793.
h65% .
2869,
701.
1741,
1867.
1639.
6903,
5601,
3959.
7700,
622,
18914,
13792,
hri6.
nios,
YA
833,
16818,
31281,
1479,
hou,
1506.
2211,
6506.
2079.

90°).

pi13
(Pa)

8678.
6545,
15131,
1213,
11342,
h667.
5150.
16314,
h8no.
20066.
1018,
21375,
14508,
9913.
n31%,
2923,
5375.
6888,
2347,
M7,
12560.
28788.
5299,
5587.
312,
504,
25h46h .,
17733.
27h32,
8640,

T
{(K)
299.
299.
290,
290.
300,
293,
295,
2971,
297.
290.
288.
291.
292,
294,
287.
290.
292,
292.
309,
295,
305,
295,
297,
299,
300,
288,
288.
288,
293.
288.

T

(K)
289.
289.
293.
292.
296.
292.
296.
296.
296,
297.
298,
289.
289.
296.
293.
296.
296.
295.
295.
290,
298.
3010,
296.
301,
296.
292,
293.
298,
296.
299.

e R R R e N e e R e N oot

pl
(MPa)

. 833
.8h3
. 686
.696
107
. 686
,686
L6806
.681
L3992
. 392
. 005
, 005
. 005
100
L T00
0.660
0.611
0. 6806
0. 657
0.701
0616
0.7
0t
0 833
0 7Y
0 699
0 696
0 657
0 600

CC—-—=—SCcoOCcCcCcCcCocCcCco

pl
(MPa)

.600
. 600
L 600
L1700
L6806
L7106
L1110
L1706
L8482
L8671
862
L637
L 681
686
.68h
.68
. 686
L6706
L686
857
L8483
L1125
155
L1125
L 800
1. 900
L900
LB43
1194
). T9U




R

29.

UN
"

c\u—-..‘_.m:_‘\g'_.

[ U U Gy AN DT F)

Vsl
(m/s)

.88
.68
.68 2.
.00 4,
.00 3.
L0Y 4
L7005,
.29
.38
Lho
97 9.
9 9.
.39
41 0.
.67
27 2.
2o 2.
.H2 2.
.0l 10,
.03 9,
02 9,
.02 9,
.00 9.
.05 1o,
.63
L1015,
.02 21,
.01 20,
.02 21,
.02 21,

27.
10.

10.
10.
16.
10,
16.

VsGl
(m/s)

07
23
69

Table D.3 (cont.):

RUN

Vsl  VsGi
{m/s) (m/s)
1.02 20.84
1.03 20.70
1.07 42,19
2.03 4.87
2.0% 4.98
2,03 5.05
2,00 4y.87
2.01 4.95
2.05 5.00
2.02 1.88
1.98 9.97
2.07 10.5
1.98 9.91
2.09% 16.77
2.02 17.4h9
1.99 16.68
2.00 18.37
2.07 18.17
ho1r 05
.15 3.96
h,03 NU.19
.09 4,24
.08 h.23
ool 4,09
h.oh non
h,o02 1.03
hooh 4,25
3.95 h.o08
h.37 10.31
h.oh5 10.25

Table D.3 (cont.):

ml m2 m3
(kg/s) (kg/s) (ka/s)

4,167 2.939 1.228
5,388 2.782 2.661
7.279 3.794 3.485
7.897 4.008 3.889
7.890 6.055 1.834
7.930 3.99h 3.936
9.316 4.690 U.626
8.605 3.093 5.512
8.789 3.887 4,902
8.814 1,970 6.8u4
7.903 5,809 2,092
7.843 4,702 3,141
8.785 1.417 7,367
8.829 1,994 6.835
8.003 5.h92 2.511
14,283  3.886 10.397
1,580 5.512 9.068
1,767 w447 10,320
2.191 0,970 1,221
2,163 1.513 0.620
2,105  1.650 0,494
2.157 1,701 0.1456
2.117 1.779 0.339
2,220 1.980 0.244
2.364 1,890 0,474
2.508 1,930 0.578
2.323 2.010 0.313
2.308 2,062 0.216
2.330 2.173 0.157
2.336 2.051 0.286

Air-Water Flow Data

ml m2 m3
(kg/s) (ky/s) (kag/s)

2.338 1,753 0.585
2,363 1,430 G.933
2.837 2.206% 0.572
h.055 2.901 1,154
Hh,093 3.083 1.050
h,066 3.199 0.866
H,07%  3.400 0.675
.02 3.614 0,110
H,091 3.668 0,422
4,038 3.664h 0.37h
h.032 2,334 0.698
h,213 3.%17 0.697
L0843 3.711 0.332
H.3h%  1.536 2,809
4,296 2.096 2.199
,239 2,923 1.316
y.276 3.280 0.996
4,003 3.869 0.534
8.108 1,917 6.191
8.181 3.61% 44.566
7.9 h.001  3.944
8.069 5.515 2.55h
8.049 6.057 1.991
7.975 6.072 1,903
7.967 6.3%2 1.615
7.933 6.896 1.038
7.980 7.289 0.691
7.807 6,020 1.787
8,759 T.47h 1,285
8.913 7.996 0.918

Air-Water Flow Data

(Refs /21/-/27/):

m3/ml
(-)

.25
.39
.20
.28
.26
.21
L7
.10

COCOTOCOOoOOoOCOCOOoOOoOOCCOOQOCO

CCCoOoCOoOCocOoOOoCOOoTOCCOOOCOOOOD

m3/ml
(-)

.29
.48
.48
49
.23
.50

50

10

.09
7
17
.08
.65
.51
.31
.23
12
.76
.56
.50

32

.25
.2
.20
.13
.09
.23
15
.10
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X1 X2 %3
(%) (%) (%)
11,83 9.80 16,70
2.68 0.75 .75
0.87 0.23 1.57
0.82 0.31 1.35
0.81 Q.46 2.00
0.8h 0.ho 1.28
1.04h 0.39 1.69
2.37 0.27 3.55
2.34 0.39 3.89
2.14 0.60 2.59
1.78 1.02 3.90
1.78 0.43 3.79
2.12 0.60 2.h2
2.13 0.58 2.959
2.86 147 5.92
0.26 0.22 0.28
0.23 0.11 0.31
0.23 0.25 0.22
7.1 0.%4 12.86
7.18 2.29 19,36
7.21 6.23 10.48
7.19 3.88 19.50
7.19 6.24 12,18
7.60 7.39 9,27
.76 12.86 22,36
.00 11.50 22 32
.32 13.49 19,62
W 1,07 17,52
14,33 1h.hh 12,76
1,90 13.86 22.35

D3/Dq =

X1 X2 X3

(%) (%) (%)
1M.59 12.90 19.69
M. he 7.21 25.61
26.02 22.25% 40,94
2.00 1.00 I}, 52
2.00 1.10 4,62
2.03 1.35 .57
2.02 10484 h.96
2.02 1.80 .01
2.02 1.88 3.27
2.0% 1.62 6.19
3.88 2.68 9.57
3.99 3.25 7.76
3.88 3.9 3.65
7.7h 1.19 11.31
7.89 1.78 13.71
7.96 5.33 13.79
8.25 7.08 12.11
7.93 7.18 8.97
0.79 0.18 0.98
0.78 0.18 1.25
0.81 0.36 1.28
0.80 0.hh 1.60
0.81 0.50 1.73
0.79 .91 1.67
0.79 0.61 1.50
0.81 0.72 1.46
0.81 0.79 1,13
0.85 0.50 2.00
2.28 2.03 3.77
2.18 2.10 2.84

(Refs/21/-/27/): D3/Dq =

x3 /x1 pl2

{ -) (Pa)
1.1 -8380.
1.77 -14821,
1.80 -13240.
1.64 -1u63h.
2.46 -11665.
1.53 -16775.
1.63 -21397,
1.50 -30710.
1,66 -31860.
1.21 -31720.
2,19 -22224,
2.1 -28496.
1.14 ~31851.,
1.21 -31720.
2.07 -36295.
1.07 -30450,
1.33 -48100.
0.96 ~32300.
1.74 -
2.69 -
1.45 -
2.7 -
1.69 -
1.22 -
1,51 -
1.59 -
1.37 -
1.21 -
0.89 -
1.50 -

Horizontal Branch(® =

x3 /%1

=)

.35
i
Y
.26
.31
.25
05
.98
62
.02
nwi
.9h
.94
.h6
L7h

o A e m at PO b (D e PO W = = RO NI A e

[N I I N U O R R A R A A

pl12
(Pa)

p13
(Pa)

5927.
10590.

887,

9521,

3735,
11501,
13102,
35582,
26155,
39983.

6U37.
13408,
Hh009,
39983.
17281,
26300,
16870,
221400,

[ N I R S B N |

r 1

p13

(Pa)

f I T SRS J AN SN NN (R S S N A TR N S B |

[ SO T R S NS T SN SN A |

T1
(x)

299.
293.
289,
293.
292,
297,
289,
292,
292,
301,
303,
306.
301.
301,
303.
295 .
204,
290,
294,
307.
307.
302,
300,
297.
289,
201,
305.
298,
303,
289.

™
(K)

291,
290,
299,
292,
298,
295.
291.
297.
294,
291,
297.
295.
295,
293.
298,
292,
297.
297.
296.
296.
297,
301,
300,
300,
3010,
295,
298,
298.
297,
301,

Horizontal Branch(d = 90°).

COOOO—‘COéOOCOOCCOOOOOOOOOCOOOO

cocooooccocoCcoccCcococ oo ooCcoloocoCocCocoCco

pl
(MPa)

L7940
.686
. 600
676
. 686
.686
. 800
. 825
813
. 800
607
L6h7
. 800
. 790
L6806
. 100
. 700
. 700
L695
715
L7115

pl
(MPa)

.696
. 700
L7640
.710
L7115
L1705
. 120
L7113
.710
L7120
L 680
L690
.68
L 857
.843
L862
L8338
.833
.686
L6906
L6170
Ny
L6171
o081
616
.690
L6606
L7105
L8h0
. 833
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1
x3 /X1 12 p13 T p
RUN  VsL1 VsGl  ml m2 w3 m3/ml I (;? (;? : {) Phay ey (k) (hpa)

# (n/s) (w/s)  (ke/s) (ka/s) (ka/s) (=) (%) 4 4 o1 0,83

; .82 - - . 0.
60.0 W.h9 10,13 8.979 8.416 0.563 0.06 2.13 ggé ggg }.36 ) i 301, 0.833
61.0 1150 1003 9.003 8.4l 0.539 0.06 2.11  2.06  2.06 1.36 - T3k Oeas
62.0 4.h310.06 8.872 71.256 1.616 0.18  2.23 181 a e - - 303, 0.840
63.0 .41 10.12 8.833 6.890 ;.ggﬁ 0.2z 530 1083 n.3h  1.98 - - sou.  0.833
it .35 8.835 6.7h1 2,094 O, . : - 9 - _ s
6570 14n 10°07 5,890 G.403 2.ug7 0.28 216 128 dLhg 2.0 - o 300 02
66.0 .51 10136 9.020 6.045 2.975 0.33  2.20 1.01 .62 2.10 - T 301 oeus
67.0 h.h2 10.66 8.856 g0l 3.512 0.0 2,81 0.03 49 190 - D 2w 0’826

7.0 4.22 10,41 8.457 6.3 . .25 2. : : 108 . : T
3009 106 21,56 216 0601 17809 0075 13.81 0.98 1811 131 - S N
3305 1,02 20181 20323 0.885 1.h37 0.62 .00 1.42 21.91  1.39 . © 505 olens
BU.O 1.03 21,75 2,350 1.727 0.623 0.26 .26 1243 1231 1%a : - a9l ol

n.5 3.0l 21, 2.364 1.709 0.655 O. . . Y 8 _ - 5 o
RS RS (L BN B

: 2.323 2,010 O, . . N . 6 ) - 08, 0.6
76.0 1701 50783 2,308 2.062 0.246 0:11 b .01 17,52 1.21 - S
' .02 21,53 2.330 2,173 0.157 0. . . Ny ‘ - D305 063
13;'? }.83 2}.23 2,386 0.905 1.ugg g.?g 1n g& 1§.22 g;.ég :.gé - . 205 8'252
' 21.74 2.336 2,051 0.2 .12 .9 . . ; - 201, 0.1
SR TS b R R R A 0 B I
' .00 20.66 2.306 1.234% 1. . . . . 19 N : "o
1510 2008 16,97 4.3M5 1,536 2.009 0.65  7.1h 19 131 1ue - S

5 .08 17.00 4.415 2.580 1.835 0. : - 85 1.93 - SR+ L
131())} ggﬁ u]s.?n h.o3ny 2,820 1.520 0,35 8.09 "'},’é 1?35 ] 33 - - 292, 0.862
35.0 1099 16,68 1.239 2.923 1316 0.31  7.96 5.33 13.19 1.73 - B+ AR 4
N0 2.00 16,37 0276 3.280 ©0.996 0.23  8.25 7.08 g0l 1A N M O W
H1.1 2,07 18.17 h.h03 3,869 0.530 0,12 7.93 .18 897 1.3 - D Sor olres
9011 2011 17187 KN30 1,357 3071 0,69 6.65  1.08 9.11 0 1.3 - D 3ol olres
90.3 2010 17181 hln0s 30166 1.20h2 028 6.66  6.65  6.70  1.0] - S ORI SR

168.0 1.43 7.11 2.918 2.511 0,407 0.14 4.5 3. .
. = i nch(d = 90°).
Table D.3 (cont.): Air-Water Flow Data (Refs/21/-/27/): D3/Dy = 1, Horizontal Branch( )
T1 )1
RUN VsL1 VsGl ml m2 m3 m3/mt x1 52 ;3 x?{§1 ?;g) ?;2) (K) (hPa)
# (m/s) (m/s) (kg/s) (kg/s) (kg/s) (-) (%) (%) (%)
.

3.0 3.09 h.3n 7.700 L.375 3330 043 1.06 0.8 1. 1.35 -17750.  1905. 295, 0.8
11001099 3070 3979 3.321 0.656 0.17 175 0.21 6.7 3.98 -hohi. 0B 20h. 0.6
42,0 2.03 4,95 n.0h2 2,933 1,109 0.27 1,73  0.h4 5.17 98 enoc. 2ot 255, 5:¢
180193 W77 3.gno 2.10h 11665 0.43 175 0.1 3,86 2.21 -g119. 161 299. 0.0

2211 161 NGO 3iGow 3600 0.00n 0.00 180 1:70 10000 5.5k 5663, 13662, 200, 0.6
2201 1,81 .60 3,604 3,600 0.004 O, . . . -2865. ¢ . :
22570 1081 n.6  3.612 4.605 0,007 0.00 1.82  1.65 100:00 55,00 -2203. 11269, 291. 0.6
236.0 2.03 4,99 kO3 1,833 2,210 0.55 1.7 0.73 258 1.8 -0571. M0, 292 0.6
237.0 2.03 5,01 .0M3 20923 10120 0.20 1.J5 0.51 W97 2.4 -g178. 1508, 298. 0.6
218.0 2.00 5.02 h.110 3.093 0.223 0.05 1.72  0.7h  18.67 10.85 -5065. 20.  298. 0.0
239.0 2,02 5.44 .03 1,033 0.005 0.00 1.90 1.80 100.00 52. sl 31 298 0.0
19.0 2.12.10.17  h.296 3.7h 0.552 0.13 3.3 2.30 10.h5 313 115, 316, 297, 0.6
.0 2,03 10.23 lW.114 3.582 0.532 O. 5 . . 8098.
1950 2105 9158 153 3igns 0306 012 3039 1.2 1o.er 2.56 -7351. W05, 291, 0.6
18.0 2,06 9.99 173 3.518 0,655 0.16 338 076 17.00 536 -10633. 565, 292. 0.6
19.0 2.02 9,96 1.098 3.212 0.836 0.22 3.3 0.60 13.71 3.9 -gugh. D2 293. 0.6
20,0 2.01 990 4,085 2.726 1.359 0.33 3.42  0.37 9.5 2.19 -12001. 2015, 294. 0.6
21.0 2,02 9,90 4,098 2.841 1.257 0.3} 3.41  0.37 10,26 3.6} 1Bl Q98 29 0.6
214.0 228 9,49 4,600 3157 143 0,31 2091 071 .72 2.66 -15160.  2879.  301. 0.5
233.0 1,96 983 3.985 3.982 0.003 0.00 3.0 3.2 100000 RBLTI -heTS. 21766, 296, 0.6
2! L03 11,75 2,148 1,974 7Y . . .3 52,111 15 -22se, ) E -
23200 1102 1001h  .ing 21123 01056 o.01  6.6¢ 2.52 100,00 15.02 -12B8. 5k, 295, 0.0
2130 1106 19000 51390 11576 170 066 1565 21110 313 0100 -13665. 12451, 296, 0.6
203,0 1.06 19.90  2.350 1.i 072 0. 1:95 2110 111 0.0 -13265. 12651, 206, 0.6
205.0 1.03 19081 2,301 2.1h1 0,160 0.07 1215  8.91 5. 61 -3150. 1000, 296, 0.0
; ' z 2.210  0.027 : 100,00 8.30 -100n. 185, 296, 0.
205.0 1,03 19.63  2.299 2.270 0.027 0.01 12.05 10.99 .G - 5. 296 0.6
7 : 100,00 16.21 -1361. 2213, .
227.0 2.21 20,10 1.606 1,361 0.239 0.05 6.17 1.03 100.00 16.21 -1361 213. 209, 0.6

9.0 2.02 20.12  4h.251 4.119 0.132 0.03 6.68 5.1/ 53.72 8. 583, 3.

2100 0.91 Th.95 1ags 1830 0.03s .02 5.8 2110 100,00 26.h2 333 an67. bo0. 0.6

Table D.4: Air-Water Flow Data (Refs/21/-/27/): D3/D1 = 1, Upward Branch (P = 0°).
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RUN VsL1l VsG] ml m2 m3 m3/m1 X1 X2 X3 x3/x1 pl2 p13 T pl
# o (m/s) (m/s)  (kg/s) (kg/s) (ke/s) (=) (%) (%) (%) (-) (Pa)  (Pa) (K)  (MPa)
223, 0.50 5.24 1,039 0,272 0.767 0.7h 5.62 5.46 5.68 1.01 -~ 326. 1822, 299. 0.487
224,  0.50 4.93 1.030 0.319 0.711 0.69 5.58 6.45 5.18 0.93 - 590, 1591, 294, 0.500
225, 0.50 5,03 1.03% 0,429 0.603 0.58 5.57 9.81 2.55 0.46 - 383, 1110, 294, 0.490
i1, 0.50 20.39 1,438 0.290 1.148 0.80 32.20 20.05 35.28 1.10  =4400, 12131, 292, 0.970
M2, 0.51 20,03 1.,4% 0,351 1,105 0.76 31.21 26.87 32.59 1.0h  -u282, 5862, 293. 0.969
3. 0.51 20,10 1.447 0,517 0.930 0.64 31,31 39.07 27,00 0.86 -~hh36. 5287, 294, 0.969
M, 0.50 20.13 1.4h1 0.778 0.664 0.h6 31.5%1 h3.67 17.26 0.55% =-3192, 1293, 294, 0.969
216, 1.03 5,07 2,069 1.023 1.047 0.5, 2.81 3.74 1.90 0.68 -~-1384, 1730, 293. 0.490
217, 1.03 4.96 2.079 0.874 1.206 0.58 2.79 3.67 2.15 0.77 =-1230. 20129, 293, 0.500
219, 1.02 5,12 2,046 1.350 0.696 0.34 2.87 3,98 6.7 0.25 - 376, 1026. 291, 0.488
220, 1.01 5.08 2.041 0.860 1.181 0.58 2.87 3.58 2.35 0.82 - 890. 3th8. 292, 0.493
221, 1.02 5.07 2.055 0.697 1.358 0.66 2. 84 3.46 2.53 0.89 ~1366. 3631, 292, 0.491
222, 1.01 1,99 2,028 0.405 1.623 0.80 2.87 2.1 3.06 1,07 - 836. qhgs5. 293, 0.500
213, 0.99 2.%2 1,996 0.803 1.193 0.60 2.90 4,80 1.63 0.56 - 793, 1546, 291, 0.979
21, 0.96 2.43 1.930 0.909 1.021 0.53 2.93 5.19 0.92 0.31 - 227. 1251, 291, 0.989
215, 1.00 2,49 2,021 0.466 1.555 0.77 2.82 2.39 2.95 1.05 -~ 545, 3016, 292, 0.978
96. 0.99 8.57 2.089 0.806 1.283 0.61 6,75 11.72 3.69 0.55 - 899, 2640, 303, 0.700
97. 1.03 10.37 2.156 0.658 1.498 0.69 6.79 10.40 5.22 0.77 =119, o9, 297, 0.600
98, 1.05 10.25 2,156 0.388 1.768 0.82 6.71 7.97 6.04 0.96 -1111, 7001, 300. 0.600
99. 1.03 10.18 2.154 1.159 0.995 0.46 6.67 9.93 2.9 6.43 - 684, 2002, 301, 0.600
187. 1.2 10.28 2,605 1.817 0.788 0.30 9.11% 11,38 3.88 0.43 =-1540, 1460, 291, 0.980
188 1,18 10,10 2.55%1 1,432 1.119 0.h4 9.20 12.%2 .96 0.54 =-2010. 2595, 292. 0.990
189 1.19 10.69 2.57% 1.257 1.318 0.5 9.39 12.87 6.06 0.65 -2517. 3759, 294, 0.970
190, 1.12 10.29 2,426 0.992 1.434 0.59 9.68 14.05 6.66 0.69 =-2423. nenG. 294, 0.980
228 1.00 10,07 2.183 1,102 1.081 0.5 10.57 1%.92 5.11 0.48 ~10693, 2207, 292, 0.917
229 1.03 9.86 2,242 0.762 1.480 0.66 10,19 15.43 7.49 0,74 =194, 5501, 293, 0.990
230 1.03 10.26 2.13% 90.9'7 1.219 0.57 5.35 8.35 3.09 0.58 -1085. 3277, 295, 0.480
231 1.00 9,26 2.058 1.159 0.898 0.44y 5.2h 7.96 1.73 0.33%3 - 608, 2162, 289, 0.49
102, 1.01 17.93 2.268 1,204 1.064 0,47 13.02 18.95 6.35 0.49 -2189, 2112, 289, 0.700
103 1.02 17.73 2.287 0.925% 1.362 0.60 12.76 19.90 7.88 0.62 =~2812, n765., 292, 0.700
Table D.5: Air-Water Flow Data (Refs/21/-/27/): D3a/D1 = 1, Downward Branch (b = 180°).
RUN Vsl VsGl m1 m2 m3 m3/m1  x1 x2 %3 x3/x1 pl12 pl13 T pl
14 (m/s) (m/s) (ka/s) (kg/s) {(kg/s} (-} (%) (%) (%) (-) (Pa) (Pa) (K) (MPa)
100, 1.0 17.77 2.338 0.522 1.816 0.78 12.57 13.99 12.22 0.97 -h008, 18799. 294, 0.700
105, 1.04 17.80 2,338 0.617 1.721 0.7h 12.53 18.66 10.h2 0.83 -3637. 16659, 299, 0.700
106, 1.04 17.85 2,338 0.872 1,466 0.63 12.57 18.34 9.23 0.73 -3589. 6787. 296. 0.700
131, 0.94 20.70 '2.322 1,490 0.832 0.36 20.43 25.16 11,95 0.59 -u755, 1725. 292, 0.976
132, 1.08 19,95 2,566 0,672 1.895 0.7h 17.81 12,22 19.79 1.1 =9057, 25613, 292, 0,977
133, 1.05 19.33 2.494 0,644 1.850 0.74 17.94 18.31 17.81 0,99 -%961, 15693. 289. 0.97H
134, 1,08 19.41 2.958 1,404 1,154 0.45 17.h6 22.52 11.29 0.65 -h896, n251. 291, 0.977
139, 1,01 40.53 2,627 1.252 1.377 0.52 24.57 19.62 29.02 1.18 -15884, 20875, 297. 0.690
MO, 1,01 40.61 2.623 0.796 1.827 0.70 24.46 9.91 30,79 1.26 -16160. 18200. 297, 0.686
207. 1.94 2,59 3.866 2.344 1.523 0.39 1.55 2.14 0.66 0.42 - 990. 1750, 292, 0.987
208, 1.97 2.63 3.908 2.657 1.251 0.32 1.56 2.04 0.53 0.34 - 741, 1642, 292, 0.986
209. 1.97 2.73 3.909 2.962 0.947 0.24 1.58 1.98 0.35 0.22 -~ 796. 793. 293. 0.970
210, 2,06 2.55 4,096 1.682 2.414 0.59 .41 1.86 - 1.10 0.78 -1608. 4598. 294, 0.975
211, 2.01 2.42 3,985 1.366 2.620 0.66 1.39 1.32 1.4h2 1,02 -=1722, 5722. 29h. 0.980
115, 1.98 5.00 3.959 1.803 2.156 0.54 2.02 1.76 2,23 1.1t ~-3280. 5887. 295. 0.686
2, 2,05 4,90 4,074 1,140 2.934 0,72 1.69 1.08 1.92 1.14 ~3600, 9136. 309, 0.632
71, 2.03 u.84 4,049 1.864 2.185 0.54 1.70 1.82 1.59 0.94h =-2468. Q549, 307, 0.637
70. 2.04 4.80 4.062 2.307 1.754% 0.43 1.70 1.95 1.37 0.80 =-2361, 3193. 303, 0.637
69. 2.05 5,08 4.075 2.102 1.973 0.48 1.7 1.92 1.50 0.87 -3115, 3921. 303, 0.608
68. 2.02 h.96 4,025 2,801 1.223 0.30 1.73 1.99 1.15 0.66 -2324, 2625, 301, 0.617
18h, 2.08 0.9% hH.,101 3.247 0.855 0.2} 2.76 3.15 1.25 0.45 -1664, 1513, 294, 0,980
185. 2.02 L.7% h.065 2,209 1.85 0.46 2. M 3.29 2.02 0.75 -2u4h5, 3858, 294, 0.995
186, 2.08 h.85% W, 17h 1,777 2.397 0 57 2.68 2.6 2.85 1.06 -h020. 6883, 294, "0.990
198, 2.0h 5.07 4,049 3,148 0.901 0.22 1.40 1.67 0.47 0.33 -1598. 2157, 294, 0.480
199, 2.00 5.0 3,98Y 2.7h9 1.232 0.3 1.4 1.64 1.01 0.70 -2117. 2681, 294, 0.490
200, 2.03 n,79 4,038 2.53h 1.504 0.37 1.42 1.63 1.07 0.75 -2159. 3072, 291, 0.510
201, 2.06 5.10 h,081 2.453 1.628 0.40 1.0 1.63 1.06 0.76 -2127. 3807, 293, 0,480
202. 2.05 5.02 4,064 1.531 2.533 0.62 1.400 1.27 1.49 1.06 -2806. 6885, 294, 0.488
82. 2,00 9.68 4,04t 0,836 3.211 0.79 3.33 0.37 b0 1.23 -6682, 19897. 302, 0.612
81, 2,00 9.66 h.053 1,479 2.574 0.6 3.34h 0.9 4,74 1.2 -5877. 12297. 299. 0.612

Table D.5(cont.):  Air-Water Flow Data (Refs/21/-/27/): D3/D1 = 1, Downward Branch (® = 180°).




RUN VstLi
# (m/s)
80, 2.02
79, 2.03
78, 2.03
76, 2.01
75. 2.03
123. 1.98

125, 2.05

126, 2.06

127, 2.10
90, 1.97
89. 1.97
88, 2.06
87. 2.03
86, 1.99

192, 2.19
171 2.99
178. 3.02
179, 3.06
180 3.02
181 3.22
182 3.08
183 2.96

203 3.00

205 2.96

206. 3.03
95 2.92
g, 2.93
93, 2.93
92, 2.97
91, 3.00

VsGl
(m/s)

Table D.5 (cont.):

RUN Vs
4 {m/s)
193, 3.095
194, 2,99
195, 3.02
57, h,09
58. H.05
59. 3.92
60, 3.96
61, h.10
62, 4.08
63, 3.92
18, 4,10
119, h.05
120, 3.97
121, 3.94
122, 4h.20
110, 3.94
1M, 3.9
112, 4,03
113, 3.87
14, 3.88
313, 0.21
234, 1,03
314, 0.25
317, 0.26
3oz, 3.08
303. 3.98
304, 2,03
305, 2.03
307. 1.03
Jos., 1.03

VsGl
(m/s)

10.20
.91
.67
.00
.96
.83
.87
.93
LT
.ol
.70
.65
L4

W W W II\O\D

NRNIINDNNOOVOUVIVMSUVIIONOON0
St e e m s
fass
v

Table D.5 (cont.);

(kg/s) (kg

.098
17
119
.077
.110
117
.2n5
L2064
.34h8
122
. 129
.312
.252
L1173
778
.961
L0116
L 104
.028
h23
L1153
. 905
.923
.838
.9178
.851
. 880
877
L9
.01h

[ RGAVEGACAV A ARG Yo Y ea Yo, N o N e QW]

Air-Water Flow Data

(kg/s) (ka/s) (kg/s)

L1762
852
249
. 199
. 367
. 183
.558
L322
LT
. 362
. 128
LTh6
.883
107
. 327
.230
g2
773
.262
.363
L3040
.021
074
.279
.913
.68Y
.808
.817
. 839
. 985

6,
.072
.128
087
.012
.7h8
.832
.118
.069
L1756
. 263
167
.009
. 962
53
L8442
. 783
L016
. 707
L7130
67
137
L5033
.57
L057
.826
. 009
.037
LOu3
.099

~NOOONDN~NONNENOODDOeNDDmNNDDEOND

NS s

m1

ml

205

R et = N~ = NN WNWN = —

WW =N www T

W N W

==V oo os &

=N

[CRC Y. PPy N

- W WO DNOC IOV

m

. 861
.69
.521
.068
.862
.2h3
.839
.590
61
.690
374
.089
. 863
021
L6175
.519
W10
.087
184
.683
. 800
. 364
.0h8
. 158
. 384
.6
.39
.990
.893
ho?

m2

OO NIN — bt b NN = PO et et O b it = N

NN == =N

COCTOCOCOCOWNRNN==INN—S =«O W UIWN s O e —

2 m3

/s) (Kkg/s)
2.
23
.598
.009
247
B73
o6
.64
.888
Lh32
L1155
.223
.389
L1152
L1040
L
607
L0117
.2hh
L 7ho
.353
.5
L8176
.106
.59
. 209
h87
.288
078
L6017

237

m3

RINK
.220
.879
.888
L6405
.56%
.27
.796
. 359
. 394

135

A2
. 126
.815
.126
612
L3
243

—
NMRVNNNODOQ et = = = w OO W W W W
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NN NATWNNN WSS

O
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(Refs /21/-/27/): D3/Dy

coCoCocoOoCcCoCCOoC OO OOC OO COOOCOTOOC

-—

—_—
== O O0OCCOCOUN-S = ~=aNNNNNNODOOSCOTwww

X2
(%)
3.36
3.6
3.67
0.97
0.84
0.71
0.88
0.74
0.61
0.25%
2.63
2.51
2.31
2.09
1.05
1.39
145
1.29
1.38
1.05
18,99

T.06
20.6Y
0.50
0.38
0.75%
1.46
1.56
.27

Air-Water Flow Data (Refs/21/-/27/): D3/Dj

WWWWRNO==TONNNN = =D

OCOCCOCOCCOONw - oW

xX3/x1
(=)

.2h
h2
.95
.63
.90
.66
.84
.1
.31
.36
.03
.27
.25
A
.92
.01
.06
.23
.25
.36
.38
A7
.28
.10
.08
.04
.32
.38
N6
.59

U P, I o SN o e N o W o o SR

p12
(ra)

-6,
=57oh.
=311,
~-2312.
~36hh,
-2h89.
4754,
-5938.
-10233.
-8332,
-5945,
-17939.
-8550,
-3390,
-8080.
-1380.
-5222.
-6510.
-Thy2,
-9051,
-11388,
-10567.
-9823.
-6061,
~3036.
“nhso,
=7h32.
=10148.
~15859.
=140489,

p13
(Pa)

9186.
12077.
h569.
2449,
3176.
1919.
3685.
6136.
19912,
19505,
8587.
35061,
16989,
3535.
3672,
1965.
30740,
1256,
652,

8580

127540,
21389,
9296.
n61y,
6115,
3318,
n6hs,
8190,
11948,
10739.

= 1, Downward Branch

x3/x1
(=)

.37
.14
.98
.85
.20
.28
.02
.28
16
.16
.30
N7
.93
.52
.60
.28
.18
.25
.22
.39
.00
.01
.06
.00

O O O C O  arm e dh 0 b e (O = —

pl2
(Pa)

-10531,
~7607,
-2677.
-66h0,

-10235.

-12190.

-13260.

-12226.

-14240,

-12h73.

~10168.

~-13031,
~17295.

-21842,

~30794.
-6981,
-6051.

-10364h.

~10hn3,

=14790.

LI B S S N R N |

p13
(Pa)

W276.
2770.
1836,
20340,
n603.
1560,
17688,
6371.
13871,
19692.
2006,
2066,
7170,
13480,
26315,
3070.
2265,
3410,
3750.
11732,

SN S I A N N S B |

Downward Branch

T pl
(K) (MPa)
294,  0.593
293, 0.593
289, 0.598
303. 0.637
299. 0.627
292. 0.992
293, 0.988
293.  0.977
293, 0.9
300, 0.6h2
300, 0.637
296. 0.627
295. 0.608
298, 0.622
289. 0.990
2904, 0.989
294, 0.985
295.  0.980
295, 0.9/6
L2910 0,975
292,  0.970
293,  0.975
297. 0,502
298, 0.919
299.  0.490
2. 0,637
299,  0.642
298. 0.657
297, 0.607
294, 0,627

(d = 180°).

T pl
(K) (1MPa)
290. 0.976
293, 0.978
289. -0.980
301, 0,800
306, 0.800
309,  0.800
309.  0.800
298. 0.800
301, 0.800
303, 0.800
292, 1,000
293, 1.000
295, 1,000
295. 1.000
295,  1.000
290, 1.000
295. 1.000
291. 1,000
291. 1.000
293, 1.000
293,  0.h90
293, 0.493
293, 0.h82
293.  0.490
293. 0.4h90
293.  0.490
291, 0., h88
291, 0.490
292.  0.490
292, 0.490

(b = 180°).




RUN
)

165,
226,
280,
281,
242,
283,
319,
e,
149,
150,
151,
152,
153.
154,
155,
155.
156.
157.
158.
159,
160,
321,
s,
16,
7.
167.
68,
169,
170,
1713,

Table D.5 (cont.):

RUN
#

172.
173,
218,
275,
284,
283.
278,
277.
306.
212,
237.
238.
239,
2400,
PURIN
242,
2n3,
2hh,
205,
270,
271,
272,
273,
270,
307.
227.
285.
286,
310,
311,

vsL)
(m/s)

.52
.52
.51
.51
.51
01
.51
A9
.52
.5
.58
.60
.59
.63
49
49
.50
.50
.53
.50
.51
.5

.52
.51
.58
.01
.05
.06
.05
.05

c

—-———aw o COoOCCooCoOo0o0ooCCOoOoCOO—mCTO0

VsLl  VsGl
(m/s) (m/s)
1.01 5.19
1,01 5.16
0.98 4.92
0.98 5.02
1.0t 5.00
1.01 4,99
0.99 5.07
0.99 1.98
1.0 0,97
0.94 2.50
0.99 2.51
1,03 2.55%
0.98 2.4
1.00 2.58
1.00 2.56
1.06 2.57
1.02 2.58
1.0 2.55
1.02 2.53
1.00 2.42
0.99 2.h2
1.00 2.43
1.00 2.42
1.00 2.h2
1.03 2.49
1.00 9.9h
1,02 9.87
0.99 9.83
1,03 9.96
1.03 9.96

Table D.5 (cont.):

m2

mt
(kg/s) (kg/s)

(ka/s) (ka/s) (kg/s)

.729
.656
.850

NRORNKRN = = et = NONNON = S Nt a Nt s NN = = NN

PO D RS NN N b 0 b ot st kot ko o ok ko e kb R ) it

.128
.068
L063
.063
.063
.036
.052
. 188
.251
. 240
. 382
10
. 387
183
.089
L075
113
. 100
.1h2
100
L 119
105
165
2
.576
.089
119
.198
. 180
.185

—S OO s O-mC0O000CCOCOOOC oo -0 0O0O0O

L5055
.631
L9909
.812
.661
. 8hi
. 884
.938
. 560
.613
.925
. 330
. 351
L334
. 636
133
. 520
. 562
hov
L 304
.276
002
.888
.052
b
. 108
.2h3
. 739
.867
. 009

(kg/s)

—- - COoCQOOOOO0000CO~—-—D0O0O0CCOOOOCO

m3

.583
438
L1548
. 250
L hoo
192
.168
.251
.69
.627
1156
.080
.036
149
LSk
.34h2
.593
.539
. 135
. 799
.848
. 103
.578
389
. 165
.980
.927
059
313
.176

m3/ml

coocCococoCcocoooCOoOoOOoOCOCC O COOCEO
o

(~)

.52
LD
L1
.24
.38
.09
.16

— 192 —

X1

(%)

10.20
5.01
5,34
5.34
5.34
2.75
5.38

18.79

18.07

18.95

17.93

16,83

17.21

16.39

11.42

11.57

11.26

11.29
2.98

10,59

10.49

10,24

x3
(%)

1.

0.

Air-Water Flow Data (Refs/21/-/27/): D3/Dq

ml

101
.089
.981
.o8h
.034
.037
.989
. 990
.096
.898
L965
.037
L9h0
.993
9N
113
.028
. 060
.018
L 991
L972
.982
.978
L9718

2,043

L1
L1115
.051
L1130
. 130

0.
N33
.130
871
.988
L8145
L7113
L6334
L950
. 139
.903
.878
.663
. 500
.275
.005
.928
I3
.5h9
. 806
.7h9
.663
.21
. 388
.839
. 580
.09
.925
L0115
. 000

CRN =t b b b O C O wr md md b 3 d b b st ek b ok b O

m2

372

NCCOCOOOCOODC—-~——-000C0OCCOCcCOCOCO=—~

m3

113

.onv
. 192
.276
. 3506
.16
L1759

062

. 159
.216
Lhon
L7116
. 108
. 100
. 328
68

18%

,223
.319
L7040
.590
. 204
. 626
.096
.125
. 108
. 130

m3/mi

— 0000000 COCODODOOOOOOOOODO0O0

(-)

.82
.79
A3
06
.02
.09
L1
.18
.07
il
.03
.08
L4

TN O ) b bl 0 5wtk it 2 = W RN R RO R AT
he]

—_—

OV VN W oot o e o et e e S SN WWWNWWEON

—_

X
w

UOoOCONDOOCOOO === 00000C0O00C0OOC—

Air-Water Flow Data (Refs/21/-/27/): D3/D

27

34

1,

x3/x1

CCOOOCOCOO0OoOOoOOOoQOOOoOC oo

(=)

p12
(Pa)

DI A T A S R A A R I D A A A A R A A A N R R A R O A R B B

p13
(Pa})

2 N RS N N A S S S S R A A A A T A I A T I O I S S A |

Downward Branch

x3/%1

- 000CO0OCCODO—-—==-s000000COCOCOCOOO

(-

LTh
.16
.53
.00
.00
11
.18
.23
.00
.19
.00
.00
.02
38
.62
10
.10
13
.08
Q0
02
17
.24
21
L 00
.28
.00
o4
.00
.00

pl2
(Pa)

IR NS (Y T I S (NN T SN SN NN SN NN SN N NS A SRS NN S NN SN SN N NN NN B R B §

P13
(Pa)

[ S TS TN SR T ST N N SN U SR N NS S Y S T SO TN TS N AN SO SN NS N NS N B |

T1 pl
(K} (MPa)
296. 0,982
293, 0.491
291, 0.490
291, 0,490
291, 0.496
295, 0.4h88
291, 0.488
297. 0.980
297. 0,960
294, 0.977
291, 0.965
292. 0,975
293, 0.975
293. 0.963
290, 0.539
291, 0.554
292, 0.515
292. 0.524
290, 0.485
291, 0.h92
292, 0.4h86
292, 0.490
292, 0.965
294, 0,972
298, 0.966
291, 0.967
290, 0.980
290. 0.983
292. 0.980
291, 0.977
(@ = 180°).
T1 n1
(K) (MPa)
292, 0.986
294, 0.991
291, 0.501
295. 0.490
295, 0.487
295, 0.188
295, 0.h85
295, 0.h92
291, 0.486
286, 0.982
292, 0. h90
293, 0.470
293, 0.507
293, 0.485
292, 0.,h90
294,  0.490
290. 0.480
292, 0.485
293, 0.h90
292, 0.490
292. 0.490
29h,  0.490
295, 0.490
295, 0.4h90
292, 0.490
292. 0.979
295, 0.h90
295, 0.490
291, 0,490
291. 0.490

1, Downward Branch (& = 180°).




RUN
#

128,
129.
130,
135,
136,
137.
138.
3n,
3u2,
KLKR
3hh,
248,
249,
251.
252,
267.
269.
304,
305.
116.

66.
266,
197.
305,

77,
124,

85.
191.
175,

AN PON) = o S ROAI NI NI NI N bt o b ot b O b b ekt 5 i ot

Vsl
(m/s)

.06
.0h
.04
.02
.0l
.00
.99
.00
.00
.00
L 00
L9h
.95
.06
.06
.05
.06
.03
.03
.95
N
.93
.95
.02
2,03
.98
.00
.98
1,96
3.02

VsGl
(m/s)

19.
19.
19.
39.
38.
ho,
Lo,
30,
30,
29,
29.
4o
L34
.55
.55
57
.50
19
.93
.86
U3
L
.93
.97

ah
63
66
3
94
88
36
03
05
95
95

Table D.5 (cont.):

RUN
7

309.
318.
319,
320,
iz,
323.
3on.
325,
326.
327.
328.
329.
330,
331.
332,
333,
334,
335.
336.
337.
3N,
N2,

3n3

3y,
s,
346,
161,
162.
163.
164,

Table D.5 (cont.):

CCOCNN—=—=—=—2IZo0o0C00—~C0OCcCCCcOoCcOOCO—

Vst
(n/s)

VsG1
{m/s)

WO SOV OONITN~

.5h
.70

e U T SN RNN NS RNN w0000~ = ——w

ml

,9h0
101
L0562
L0991
. 105
.60h
.60h
L 600
.60
.629
.629
.158
L1
170
. 206
. 288
221
. 294
.325
. 981
.298
.298
.298
.298
107
111
L091
L0713
L1119
. 096

mi m2 m3
(kg/s) (kg/s) (kg/s)
2.534 2,001 0,533
2.099 2.09% 0.hoh
2,498 2,313 0.184
2.626 2.041 0,585
2,681 2.3%9 0.322
2.611 2,081 0.530
2.583 1.492 1.091
2.298 2.2h% 0.052
2.298 2.228 0.069
2.298 2.215 0.083
2.298 2.152 0.146
3.816 3.671 0.5
3.841 3.639 0.202

L068 3.122 0.9u46

L065 3.849 0.229

L0ho 3.790 0.25

L0717 3.35%6 0.715

L009  3.808 0,201

L037 3.877 0.160

L9900 2.003 1.897

.80 3.185  0.6%59

.830 3.601  0.233

878 3.692 0.186

006 3.298 0.708

037 3.877 0.160

013 3.634 0.379
h,161  3.681 0.480
h,1h9  3.368 0.780
4,381 3,733 0.609
6.023 5.305 0.718

m2 m3
(ka/s) (kg/s) (kg/s)
3.785 0.155
0.872 0.229
0.328 0.168
0.960 0.131
1.002 0.103
0.516 0.088
0.489 0.115
0.479 0.126
0.349 0.144
0.4%6 0.173
0.h480 0.189
1.062 0,096
2.080 0.061
2.107 0,063
1.148 0,058
1.1h2 0,046
2.162 0,059
2.2h2 0.052
1.291  0.03h
6.378 1.873
2.2h5 0.052
2.228 0.069
2.215 0.083
2.152 0.146
h,033 0.07h
H.008 0.103
0.172 0.919
0,165 0.908
0.310 0.809
0.363 0.733

COoOCcCCOoOCcCOoOCcCooorCOoOoo0OCODCOCOCOCOC

COoOOOCoOQOoOoOoOOCOOTOOOC ool

m3/m1t
(-)

.21

.16

— 193 —

X1
(%)

18.16
18.36
18.13
24.2%
23.76
2h.85
24,83
15,02
.02
.03
.03
.70
.68
.12
12
12
71
A
A
.03
.78
.68
6
he
R
.33
.69
N9
11.68

1.91

OV 5 i 0 =N =000 C o000V

x1
(%)
2.19
2.78
5,38
7.96
10.24
18.73
18.73
18.73
18.73
18,00

X2
(%)

20,
20,
19.
25,
26.
27.
22,
15.
15.
15.

—_
A N OV et =

x2
(%)
2.
3.
17.
9.
1.
21,
22.
23,
0.
20,
24,
16.
8.
10.
19,1
16.

13

15,
26.

15,
15.
15,
15,

I,

31,
35.
26.

26

-
oW ~d
o
N

N =

—_
hVihZvE elelejoRolelalbl
“ AW OO oo o000 —=—~CO
o
o

s

Air-Water Flow Data (Refs/21/-/27/): D3/D1 =

%3
(%)
0.00
0.00
0.00
0.00
0.00
0.00
0.39
0.52
0.45
1.00
2.11
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.07
0,00
0.69
1.83
1.90
0.00
0.00
6.20
6,35
.00
2.h3

Air-Water Flow Data (Refs/21/-/27/): D3/Dy =

COCOoOoOOOoOoOOODCOOOOOCCCO—-0O000C0O0

COCCoTCOoCO-OCODOoOOCOOOOOO0OOCOO0

X3/x1
(-)

L

32
20

.18
.25
.58
.1
.00
.05

12

.13
.00
.01
.61

01

.32

33

.00

00

.88
A2
.00

01
22

.00

hh

b9
.55
.56
.10

1, Downward Branch

x3/x1
(=)

.00
.00
.00
.00
.00
.00
.02
.03
.02
.06
12

00
00

.00

00

.00
.00
.00
.00
.86
.00
.09
.12

1, Downward Branch

{ S R N SR N S NN GRS N T SR N N SN N SN S BN |

11 1t 1 1 11 % 0 1yt rrrtytorrrtrrrao

L J0 S T R N T S BN B S |

[ S R U D R O I e S O R B B B B |

) I TS S O S S A S A A A A S R S S I R AR R A A A |

I R U A O A A I A |

T pl
(K) (MPa)
290, 0,982
290. 0,990
292 0.981
291, 0.688
290 0.692
293 0.679
296. 0.687
291 0.488
291 0.4h488
291 0.490
291, 0.490
293 0.h75
295,  0.480
291 0.490
291 0,490
290 0.480
291 0.1h90
29 0.h88
291,77 0.490
295 0.701
299 0,666
310 0.657
291, 0.490
294 0.0h93
291, 0.190
3040 0.6h2
292 0.980
295 0.612
287 0.979
290 0.979

(d = 180°).

T pl

{K) (MPa)

292. 0.h88
293. Cc.h85
291. 0.h88
291, 0.490
292. 0.4190
292, 0.u487
292 0.u88
292. 0.488
292, 0.1488
292, 0.h8Y
292, 0.494
292, 0.490
292, 0.h92
292, 0.490
291, 0.h90
291, 0.490
291, 0.490
291, 0.494
292. 0.h86
293. 0.490
291. 0.h88
291, 0.488
291, 0.4h90
291, 0.490
292. 0.490
292, 0,490
294, 0.978
295, 0.975
292, 0.981
292, 0.989
(b = 180°).




RUN
7

176.
204,
295,
296.
297.
298.
299,
300.
301,

Table D.5 (cont.):

RUN

71.0
72.0
73.0
.0
75.0
10.0
11.0
12,0
13.0
120.0
121.,0
122.0
123.0
124.0
125.0
126.0
128,0
129.2
130.0
131.0
132.0
133.0
1h0.0
1.0
1h2.0
13,0
4.0
202.0
203.0

Vsi1
(m/s)

.98
02
.0
02
.02
.02
.02
3.01
3.02

oW o o W N

VsiL1
(m/s)

0.75
0.74
0.73
0.7
0.68
1.34
1.30
1.40
1.40
0.76
0.77
0.77
0.78
0.77
0.76
0.76
0.74
0.75
0.75
0.78
0.77
0.79
1.53
1.52
1.56
1.58
1.59
1.24
1.23

VsG1
(m/s)

6,92
6.74
7.08
7.14
7.67
10. 30
10,92
9,78
10.26
8.43
8.34

7.97
8.33
9.21
8.22
13,16
13.93
13.93
5.53
5.29
5.27
13.35
13.23
12,20
12.23
11.64
7.36
6.96

m1 mn2
(ka/s) (kg/s) (k

(SRS RE R, RG RE A, RE RN |

ml m2 m3
(kg/s) (ka/s) (kg/s)
.882 1.136 0.7406
L8870 1,175 0,695
.85h  1.2410 0.613
.825 1.363 0,462
,803 1.5h8 0.255
.258 2,640 0.618
L218 2.304 0.914
L340 1,722 1,618
L3710 1,047 2.324
.029 1,170 0.859
L031 1,276 0.755
.029 1,331 0.698
.027 1.487 0.540
.036 1.739 0.297
.003 1.083 0.920
L968 1,326 0.642
260 1.667 0,593
.291 1,800 0.4¢N
.285 1.5%93 0.692
.8 1,227 0.617
.829 1,415 0,414
.852 1.270 0.582
L7157 3.050 0.707
L726 2,965 0.761
748 2,742 1.006
779 2.212 1,567
L7169 2,452 1,317
.842 1,973 0,870
.815 2,078 0.737

ROV WWWWLW = aw NN =R NN NN N W Wt e b o

.938
L967
.952
.969
.969
. 969
.969
952
.973

.523
. 396
.855
.795
L1768
.112
L6440
.528
W50

(G RE AU REA0 R RS NI RE, )

m3

W15
.571
,097
170
.201
. 257
.329
424
.52

COoOoCoOoOONO

g/s)

m3/ml
(=)

0.07
0.h3
0.02
0.03
0.03
0,04
0.06
0.07
0.09

— 194 —

X

(%)

.83
.92
.96
.99
.95
.95
.95
.96
.95

oCocCcoeoDCocoC —~

x2

53

DO0OCOOO0O -
hel
o=

Air-Water Flow Data (Refs/21/-/27/): D3/Dy =

m3/mt
(-)

WIS
~NNo e

COOOQCOoOOOoOOoOCOODOOCOOOOOODCeRO
N =
w (o}

X1

(%)

21.64
22,05
23.34
23.92
26.02
19. 34
20,75
17.90
18.61
26.40
26.09
25.46
24,96
25,98
25,96
24,56
35.61
35.75
35.83
16.91
17.02
16.73
20.06
20,05
18.37
18.27
17.43
14,61
1h.55

X2
(%)

2h.07
24 .4y
27.51
27.70
32.08
25.90
28,82
25.01
52.12
24.35
26.60
24.29
25.02
28.88
23.61
25.10
145.19
h5.71
n7.25
13.71
17.10
13.25
21.98
23.62
21,31
19.69
19.37
12.81
o

Table D.6: Steam-Water Flow Data (Refs/21/-/27/): D3/Dy =

x3
(%)

29. 41
30.46
30.88
33.87
33.90
17.30
19.62
20.09
17.73
ho. 4
41.84
41,35
43,35
47.89
38.61
36.91
W hg
h3. 46
h2.31
30.79
17.10
32.15
27.01
27.51
25.10
24.85
23.98
26.14
25. 41

x3/x1
(-)

0.4h1
1.26
0.00
0.00
0.00
0.h2
0.37
0.49
0.59

pl2
(Pa)

1t 1 ¢t v 1

p13
(Pa)

LI S N NS S NS B B |

1, Downward Branch

x3/x1
(-)

1.36
1.38
1.32
1.42
1.30
L8914
.ou5

p12
(Pa)

-3304,
-3268,
=314,
-3078.
~2390.
-5660.
-8021,
-8719.
~11339.
-5100.
-4723.
=4hh9,
-3676.
-3076.
-31328.
-h817.
917,
-8522,
-9211,
-2008.
~1511.
-1887.
-8500.
-9251.
-10136.
-13587.
-11197.
-5907.
-5154,

p13
{Pa)

H838.
n382,
32410,
1489,
389,
1669,
5565,
18213.
3sy2l
9992.
7517,
6689,
3894,
958,
11364,
6225,
5695 .
3375,
8026.
4030,
1178,
3279,
706,
5816,
10231,
21862,
16989,
7353.
5341,

1, Horizontal Branch(® = 90°).

T1
(K)

29N,
297.
291,
293,
293.
293,
293,
293,
293.

(

0.
0.
0.
0.
0.
0.
0.
0.
0.

pl
MPa)

990
9o
h90
90
h90
hav
L8t
Wyt
nat

(@ = 180°).

T
(K)

hov.
499,
h99,
199,
500,
499,
99,
500.
1499,
501,
501,
501,
501.
502,
196.
hatv,
H98.,
h98.
Loy,
h96.
198.
hat,
h95,
B95,
195,
Loy,
195,
Hh96.
197,

(

pl
MPa)

\ﬁ\:‘:\,'r\:\('_\\.“:\'\l\}\l\‘C\C\O\L‘\C\C\O\C\.\;\

PPN NNONONNNONIRRNNNNRNNNONRNNNNNNRRN NSRS R
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RUN VsL1  VsGi1 mnl me m3 m3/m1 x1 x2 X3 x3 /x) pl2  p13 ™ pl
#  (m/s) (m/S)/(RQ/S) (kg/s) (ka/s) (=) (%) (%) (%) (-) {Pa) = (Pa) (K) (mpa)

198.0 1.09 5.51 2,779 2.078 0.701 0.25 23.20 24.92 39.84 1.72 -5358. 3389, 537. 5.0
200.0 1.10 5,74 2.811 2,022 0.789 0.28 23.54 25,50 38.48 1.63 -5199. h302. 537. h.9
201.0 1.09 5.72 2,797 1.738 1.059 0.38 23.59 23.29 37.55 1.59 -6320. 86h2. 536. h.9
28.0 1.03 1.2% 2,187 1.439 0.7h8 0.34 8.05 5.93 16.23 2.02 -1827,. 2126. 549, 6.0
3.0 1.02 .37 2.187 1.382 0.805 0,37 8.96 3.96 20.09 2.2 =275, 3508. 550. 6.1
35.0 1.45 1,80 3.112 2,631 0.481 0.15 8.43 5.66 32.30 3.83 -2022. 501, 551, 6.2
36.2 1,45 .84 3.112 1.349 1,763 0.57 8.61 T1.17 12,72 1.48  -5461, 7758. 551, 6.2
37.3 1,45 .84 3,112 1,023 2.089 0,67 8.61 28.20 9.02 1.05 =h921, 8600. 551. 6.2

7.0 1.64 0.86 3.369 1.383 1.986 0.59 h. 48 5.72 6.16 1.37 -2387. Hho5. 56h., 1.5

8.0 1.66 0,68 3.373 2.759 0.614 0,18 3.57 2,24 12,82 3.59 -1814, h10. 56h., 7.5

9.0 1.60 1,10 3.322 2,245 1,077 0.32 5.67 8.4h6 6.66 1.17  -3657. 2002, 562, 7.3
63.0 1.h0 2,08 3.103 2,366 0.737 0.24 11.84 10.48 27.30 2.31  -3900, 1212, 563. 1.3
6.0 1.45 1,79 3.152 2,705 O.4h7 0.1h 10,02 10.45 26.16 2.61 -2507, iy, 56h. 7.5
65.0 1.42 2.0 3,138 2.851 0.287 0.09 11.29 13.h1 27,49 2.43 -1863. 265, 56h. 7.5
83.0 1.10 3.61 2.785 2.045 0.7h0 0.27 22.84 25,33 38,98 1.71 -3521, 2858, 564, 7.5
8h,0 1.4 3,65 2,883 1.767 1,116 0.39 22,34 19.0h 39,42 1.76  -h7173. 5984, S5oh. 7.5
94.0 1.08 3.19 2.685 2,370 0,315 0,12 20,94 26.27 34,64 1.65 -1669. 140. S56h. 1.5
95.0 1,09 3.25 2,719 2,133 0.586 0.22 21.09 27.09 29,76 1.1 -3312, 1916. Soh, (.5
96.0 1.11 3,16 2.728 1.892 0.836 0.31 20.44 20.05 37.29 1.82 -3531. 3615, 56, 7.5
97.0 1,10 3.28 2,742 2.087 0.655 0.24 21,07 24.60 34,067 1.65  -3h0h. 20795, 560, 7.5
98.0 1.08 3.30 2,691 2,192 0.499 0.19 21,66 27.05 33,03 1.52 -2863. 1425, S6h. 1.5
99.0 1.10 3.16 2.709 1.627 0.4y 0,80 20.56 16.09 36,97 1.80 -4558. 5266. S6h. 1.5
100.0 1.55 1,57 3.307 2.738 0.569 0.17 8.35 8.52 20.29 2.43  -2310. 902. S6h. 7.5
101.0 1.50 1.94 3.279 2.586 0.693 0.21 10.44 13.08 16.46 1.57  -3669. 1668. 564, 1.5
102,0 1.%52 1.78 3.30V 2.44h 0.857 0.26 9.52 8.93 19.96 2,09 -h304h. 2299, Soh. 7.5
102,.0 1.54 1,77 3.322 2.349 0.973 0.29 9.42 6.5% 22,07 2,30 -haoh, 2013, 56h. 1.9
0.0 1.55 1.69 3.336 2,224 1.112 0,33 8.92 h,06 21,75 2.43  -h550, 3215, 560, 7.5
155.0 1.47 2.62 3.336 2.464 0.872 0.26 13.85 14,23 26,38 1.90 -5316. 3uhh, 564, 7.5
156.0 1.53 1.65 3.297 2.280 1,017 0.3 8,81 6.60 19,26 2,19  =3640. 3078. S56h. 1.5
157.0 1.57 1.50 3.346 2,526 0.820 0.25 7.90 8.79 14,36 1.82 -3265. 1825, S56h., 1.5

Table D.6 (cont.): Steam-Water Flow Data (Refs/21/-/27/): D3/D1 = 1, Horizontal Branch(d = 90°).

RUN Vsl VsGl ml m2 m3 m3/ml1  x1 X2 %3 x3 /%1 pl2 pi13 T pl
4 (m/s) (m/s) (ka/s) (ka/s) (ka/s) (=) (%) (%) (%) ( -) (Pa)  (Pa) (K) (MPa)
204,0 1.22 9,93 2,805 2.206 0.599 0.21 14.53 14,51 27.00 1.86  -hi3ho. 3145, w9s. 2.5
205.0 1,59 5,52 3.4N0 2,708 0.732 0.21 9.43 8.93 18.56 1.97 -h6u7. 3429, wor. 2.5
206.0 1.60 5.70 3,479 2.899 0.580 0.17 9.64 10.33 16.99 1.76  -3599. 380. hos. 2.5
16.0 0.82 3.80 1.889 1.389 0.500 0.26 1h.68 13,55 27.61 1.88 -1668. 1533. 599. 3.1
38.3 1.31 5,69 3,112 1,937 1.17% 0.38 17.21 2h.86 18.15 1.05 -6442, 7548. S24. 4,0
39.3 1,31 5.69 3,112 2,086 1.026 0.33 17.21 29.95 10.07 0.58 -5290. 3125, S52h., 4.0
RO 1,31 5.69 3,112 1.222 1.890 0,61 17.21 28.98 19.42 1.13  -7688. 18445, S2h.  h.0
4,0 1.47 3.67 3,307 2.345 0.962 0.29 13,05 12.89 23.27 1.78  -h767. 3403. 537. 5.0
5.0 1.36 3.96 3,128 1.631 1,497 0.48 14.89 16.29 20.91 1.0 -6216. 8958, 537. 5.0
6.0 1,50 3.37 3.340 1.277 2.063 0.62 11,86 21.02 13.65 1.15 -615%3. 11414, 537. 5.0
18.0 1.50 2.73 3.287 2.2717 1.016 0.31 10.34 7.39 22.34 2.16 ~-u5u6, hetiy, 5h2. 5.3
19.0 1.47 3,10 3.265% 1.757 1,508 0,46 11.82 10.44 18.49 1.56 -5972. 77173, 51, 5.3
30.1 1.06 1.91 2,297 1.641 0.626 0.29 9.77 6.58 22,80 2.33 -2135. 1782. QS!. 5.0
5.0 1.50 1.9 3.163 1.652 1.5117 0.48 7.10 10.95 7.95 1.12  -4497, 1059, 537. 5.0
55.0 1.45 2.17 3.097 2,167 0.930 0.30 8.24 5.6 18.41 2.23 -ho62. 3235, 537. 5.0
56.0 1.40 2,37 3.032 2.423 0.609 0.20 9.18 7.89 23.00 2.51 -2918. 1331, 538. 5.0
66.0 1.57 2.98 3,418 2.809 0.609 0,18 10.26 10.79 21.07 2.05 ~-3756. 1051, 537. 5.0
69.0 1.56 3.17 3.4h0 2.692 0.7h8 0,22 10.84 10.85 21.77 2.01 ~-h180. 1985. 537. 5.0
134.0 0.86 5.9% 2.393 1.547 0.846 0,35 29.24 30.60 45.7M 1.56 -4879. 6206, 537. 5.0
135.0 0.87 5.98 2,409 1,975 0.434 0.18 29.19 36.62 u0.25 1.38 -74. 2010, 538, 5.0
136.0 0.86 6.23 2.430 1,749 0.681 0.28 30.38 35.10 H45.82 1.51 -5258. h526. 537.. 5.0
137.0 0.85% 6.22 2,393 1.124 1.269 0.38 30.58 33,44 45,26 1.8 -5h72. 7102, 537. 5.0
138.0 0.86 2.m1 1.962 1,424 0,538 0,27 14,43 18,07 19.24 1.33 -1768. 1785, 537, 5.0
139.0 0.87 2.55% 1.997 1.199 0.798 0.40 14.70 13.16 24,32 1.65 ~=2375, 3uwnz. 536. 4.9
191.0 1.62 4,29 3.669 2.383 1.286 0,35 13.46 11.26 2U4.56 1.82 -6957. 7713, 537. .9
192.0 1.63 4.37 3,714 2.5%9 1.155 0,317 13.83 13.4h 21,19 1.75 -6812. 6355, 537. 5.0
193.0 1.62 4,34 3,679 2.671V 1,008 0,27 13.87 12.81 27.00 1.9 -6597. 5569. 537. 5.0
195.0 1.62 2.30 3.436 2,529 0.907 0.26 7.70 5.85 17.72 2.30 -3790. 3183, 537. 4.9
196.0 1.60 2,43 3.u2h 2.641 0,783 0.23 8.18 7.11 18,59 2.21 -=3148, 2285, 537, 4.9
197.0 1.59 2.65 3.3 2.860 0.57h 0,17 9.06 9.93 17.82 1.97 =2534. 1037, 537. 5.0

Table D.6 (cont.):

Steam-Water Flow Data (Refs/21/-/27/): D3/Dq =

1, Horizontal Branch(® = 90°).



RY
#

158.
159.
160.
161,
85.
86.
87.
88.
90.
91.
92,
93.
105.
106.
107,
108.
162.
163.
164,
165.
300.

H

cCocCccocodoogocoococoecooooeco

coo

e D e e S S L M DO —

Vst VsGl
(m/s) (m/s)
.59 1.38
.97 3.00
.98 2.99
.99 3.0u
05 2,04
.07 2.04
05 2,18
.1 1.97
.06 2.36
.06 2.32
07 2,00
L1000 2,19
.62 0.50
.61 0,52
.60 0.52
.62 0.45
.53 1.1
.68 1.56
.66 1.59
L0 1,84
07 2,04

Table D.6 (cont.):

RUN

1360.
1361.
1362.
1363.
13h5.
1346.
1347,
1348,
1349,
1350.
1351,
1338.
1339.
1340.
1347,
13482,
1343,
1352,
1353.
1354,
1355,
1356.
1357.
1348.
1359,
1308.
1309.
1310,
1331,
1332,

Vsil1
(m/s)

cocoocoCcooCcoOCcOoOCcoOoOoCoODCcCcCCCcCcoOCcoCo

.05
.05
.05
.0%
.05
.05
.05
.05
.05
.05
.05
.05
.05 ¢
.05
.05
.05
.05
.10
.10
.10
.10
.10
.10
.10
.10
.51
Y
.50
Lh9
.h9

VsGl
(m/s)

.9

.91

N

.94
.96
.96
.0y
.0l
.0h
.10
.10
.08
.31

45
R
05
R
.
.9
.9
A
.84
.06
.30
.30
.00
94
.96
.09
.09

mi m2 m3
{ka/s) (kg/s) (kg/s)
3.369 2.679 0.690
2.432 1.65h 0.778
2.450 1.831 0.619
2.874  1.390 1,084
2.500 1,806 1,134
2.579 1.708 0.8M
2,566 1.937 0.629
2.636 1.851 0.785
2.634 1.547 1.087
2.626 1.810 0.816
2.666 2,079 0.587
2.668 2.200 0.468
3.297 1.910 1,387
3.273 2,101 1,172
3.265 2,160 1,105
3.281 2,700 0.581
3.281 2.257 1.024
3.669 2,656 1.013
3.628 2.392 1.236
2.470 1,506 0.96h
2.579 1,708 0.8M

m3/ml
(=)

.20
32
.25
i
45
.30
.25
.30
R
.31
.22
.18
N2
.36
.34
.18
.31
28
.34
.39
.34

cCoCcCCcOoCCOoOOoCOCOOoCOOOCOD
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X
(%

7.
21,
21,
21.
18,
18,
19.
17.
20,
20.
21,
19.

-

ONCCOLWWwWL

1
)

59.96

22,94

DNV
O =
N —

oy

coowv

x3 x3 /x1
(%) (=)
8.81 .22
37.14 1.73
34,03 1.58
37.09 1.74
36.404 1.93
3h.80 1.87
22,44 1.12
5.17 0.30
38.09 1.82
37.61 1.81
31.80 1.50
36.67 1.90
5.12 1.43
3.92 1.0h
3,62 0.97
.85 1.52
20,07 2.38
23.06 2.26
23.28 2.2%
35,76 2.04
34,80 1.87

Steam-Water Flow Data (Refs/21/-/27/): D3/D;

mnl

(kg/s) (kg/s) (ka/s)

0.
0.171
0.17}
171
.256
.256
.257
.257
.257
.256
. 256
025
2
Lh2u
h2h
Lh2h
L2l
512
.512
. 512
.h12
512
L5195
.51
51l
.48
116
. 136
. 125
.125

—-—-———auoC0oQCcCOoOoCCOCoCOoOCOTTCOCOCCD

—oD0DQOCOOOQCOOOCoOOCONCOOCOCOCOOC0O

ma m3

L007  0.16h
.09 0.077
.078 0.093
o7 0,124
.000 0.25%6
.ou7  0.209
.087 0.170
130 0.127
L1540 0,103
L3180  0.076
197 0.059
917 3.342
092 0.332
L1500 0.27
200 0.221
,265 0.159
L322 0.103
450 0.062
200 0.0
.379 0.132
.352 0.160
L3010 0.210
.230 0.285
.159  0.355
L1010 0.1y
L0000  1.148
15 00700
.69  0.h87
.989  0.137
L0500 0.075

Table D.7: Present Air-Water Flow Data:

—O0OD00COoOoOOCOooCCOCNOOOOCO-000C0
P, P o
o)

<
o2}
w

oCc o
—
N

D3/Dj

x 1
(%
ny,
Oy,
hu,
.,

)

65.96
W17
32.35
32.67
28.60
33.33
35.82
53.41

58.47
59.66
100.00
96,33
93.90
91.17
80.21
78.18
63.33
62.79

59.72
63.85
64.20
69.540
72.40

0.01

1,07

5.35
12.4h2
13.93

x3/x1

.22

PPN ool o Rar R SET NI o W o Weas B an o I cae I on S SUUE QU I U SRS U S N o,
O
-

pi2
(Pa)

-2858.
-3078.
-2802.
-3361.
~3279.
-3314.
-5753.
~3842.
-3718.
-3jays,
~3060.
-2765.
=292,
~2309.
-2383,
-1789.
=htn,
-hog,
-509% .,
-2791.
-331h,

pl2
(Pa)

= 1; Horizontal Branch (® = 90°),

p13
(Pa)

1h69.
27117,
2381,
5017,
0315,
2295,
1559,
5842,
3193,
2080,

692.

480,
2178,
184h6.
1ho.

Ty,
2565,
1948,
2820,
2335,
2295,

p13
(ra)

w0
I N B N o N I B RS S |
<N

T
(K)

564 .
564,
564,
563.
584,
584,
585.
580,
584,
584.
584,
585,
585,
585.
585.
58Y,
586.
586.
586 .
586,
584,

T1
(k)

303. -

303.
303.
306.
293,
293,
293.
293,
293.
296,
296,
291,
295.
297,
297.
297.
297.
296.
296.
296.
296.
295.
295,
299,
299,
298,
299,
299,
299.
299.

pl
(1Pa)

-
O~~~

RwewCcCCocoCcoowowcooTuow

10,
10.

9.
10
10,
10,
10,
10.
10,
10,
10.
10,
10.
10,
10,

coc

1, Horizontal Branch(® = 90°).

pl
(MPa)

L6806
.686
.686
.686
. 686
.686
.686
. 686
.686
. 686
.686
. 686
.686
.686
.686
. 686
. 686
L0686
.686
.686
. 686
.686
. 686
. 680
. 686
L6806
L. 686
L686
L6806
. 686

cCcoTcoOCooCOTOOOCOoOoDOOCOCOCCOCOCO




RUN

1333,
1334,
1335,
1336.
1325.
1326.
1327.
1328.
1329,
1330.
1312,
1313,
1314,
1315,
1321,
1322,
1323,
1316.
1317,
1318.
1319,
1320,

VsL1
{m/s)

0.49
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.4h9
0.49
1.00
1.00
1.00
1.00
1.01
1.00
1.00
0.99
0.99
1.01
1.02
1.02

VsGl
{m/s)

10.
10.
10,
10.
20,
19.
19,
20,
20
20.
10.
10,
10.
10.
10.
10,
10,
38.

38.
38.
38,
38.

09
09
09
16
06
94
94
1

.26

26
09
21
21
H2
26
22
36
35
35
36
15
15

Table D.7 (cont.):

Table D.8: Present Air-Water Flow Data:

COCCOOoOOCOOOOCOCOCPOCOOOOOOO0OOC0O
. PR -
=]

mi

na

m3

(kyg/s) (kg/s) (ka/s)

.125
. 130
.130
. 130
.291
.30
L3010
.30
.287
.287
.115
AL
L1k
L1l
1h3
11
BAR
ST
507
L9580
.607
.607

RN RRNNNR NN = o o o o o ool

Present Air-Water Flow Data: D3/D1

mi m2 m3
(kg/s) (kg/s) (kg/s)

0.260
0.260
0.260
0.260
. 260
.260
.260
. 260
274
.281
. 288
.280
.285
275
L2175
.275
.275
.275
275
275
389
. 383
.352
.352
.352
.352

CCOoOoOOOOoCOOCOOCOOO0OO00O0

0.948
0.858
0.748
0.683
0.000
0,381
0.586
0.783
0.939
1.071
0.000
0.569
0.97h
1.160
1.883
1.815
1.681
0.753
0.915
1.343
1.996
1.618

.236
.219
. 196
164
.132
. 080
017
.003
. 009
.158
. 186
. 228
273
.2715
L2173
270
. 265
L 254
. 248
.2m
. 001
.023
. 109
126
153
. 185
.210
.3m
.317
. 307

COCCOOCCOOCOoCOOCOoOOOCOOOOOOCOO0

0.178
212
. 382
a7
.291
.920
AL
.518
. 3h8
.216
115
. 545
. 139
L9540
. 260
.297
3
L1940
.633
.237
611
. 189

COm—m~=D0COT=~=NOOTCO=000

0.024
0.041
0.064
0.096
0.128
0.180
0.243
0.258
0.264
0.123
0.102
0.053
0.012
0.001
0.002
0.005
0.010
0.021
0.027
0.034
0.388
0.360
0.243
0,226
0.199
0.167
0.1
0.016
0.029
0.050

m3/ml
(-)

0.24
.34
N0
.00
A
.55
40
e
7
00
.73
54
.45
12
L
.20
.10
.64
.48
.23
.30

COOoOCOCOOoOCOO—-OOCOO-00

m3/ml
(-)

0.09
0.16
0.25
0.37
0.49
0.69
0.93
0.99
0.97
0. 44
0.35
0.19
0.04
0.00
0.01
0.02
0.04
0.08
0.10
0.12
1.00
0.94
0.69
0.64
0.57
0.4h7
0.40
0.05
0.08
0:14

197 —

x1

(%)

1,09
14,03
1h.03
14.03
2h.65
24,33
24,33
24.33
20,70
20, 7h
7.40
7.64
7.64
7.6h
7.52
7.61
7.61
23.66
23.66
23.60
23.31
23.31

x1

(%)

62.63
62.63
61.79
61.79
61.79
61.79
61.79
61.79
29.06
28.43
27.91
28.45
27.94
29.70
29.70
29.70
29.70
29.70
29.70
29.70
39.97
ho.62
hh, 21
.21
Wi, 21
iy, 21
hhy, 21
43,39
1h3.83
45,18

X

{

SR -
PiVaR AN Yo -Ne]

e R] N PSRN X v

X
{

60
58
Sh
51
I8

4,

62

68.
99.

9.
12,
19.
26.
29,
29,
28,
28,
25,
2h,

23

ha,
21,

9.
1h.
20.
25.
28.
n2,

ho
39

2
%)

.99
Luy
.85
.64
.05
.66
.90
.86
17
.92
.54

1, Horizontal Branch (¢ = 90°).

2
%)
.39
.28
.23

.27
.23

.62
.56

x3
(%)
30.58
31.66
30.07
29.92
2h .65
32,47
3.5
KL
3h.38
33.78
7.40
9.23
12.49
AL R B
7.21
13.97
18.06
26.29
25.94
26.13
15.401
15.59

x3
(%)
84,3y
85.62
84,99
79.68
75.81
70.61
61.77
61.72
26,62
52.98
55.25
67.70
68.85
99.80
99.94
99.98
73.50
80,24
77.17
15.23
39.97
41,83
59.92
60.63
62,29
61,91
67.33
67.05
18.77
79.63

x3/x1
(-)

2,17
2.26
2.4
2.13
1.00
1.33
1.h2
1.40
1.39
1.37
1.00
1,21
1.63
1.85
0.96
1.84
2.3
1.1
1.10
1.1
0.66
0.67

x3/x1
(-)

1.35
V.37
1.38
1.29
1.23
1.4
1.00
1.00
0.92
1.86
1.98
2.38
2.h6
3.36
3.37
3.37
2.47
2.70
2.60
2.53
1.00
1.03
1.36
1.37
1.4
1.h7
1.52
1.55
1,80
1.76

pl12
(Pa)

166.
0.
-195.
=247,
-1554.
-1567.
-1211,
-950.
=57,
375.
-20694.
-2h00,
-2080.
-1646.
1119,
-961.
461,
-6h91.
-6899.
-6103.
-517.
~-19h2,

pi2
(Pa)

-177.
-233.
-287.
-407.
-416,
-~319,
~408,
~351.
-408,
~-502,
-509.
~436.
-459.
~-1136.
~-1096.
-1081.
-1104,
-1106.
~-1010.
-1012.
-90,
-82.
-37.
-43,
=h5,
-h9,
-h7.
IULR
69.

2.

p13
(Pa)

337.
509.
926.
wWmuyl.
12585.
6650.
n219.
2594,
15402,
89,
10661.
1732,
6035.
1965,
1059.
1248,
1693.
neseh.,
37976.
21521,
5733.
767Th.

o\

p13
(Pa)

-20,
-247.
966.
2209.
3709.
6240,
9275,
13766,
3850,
2259.
1760,
578.
167.

16,
66,
108,
255,
H§is,
hel,
16676.
12876.
10305,
8936.
7236,
5512,
4263,
284,
558.
998,

D3/Dq = 0.52, Horizontal Branch (® = 90°).

T
(K)

299.
299.
299.
301,
296.
296.
296.
299,
299,
299.
303.
297.
297.
303.
299.
299.
303,
299,
299.
296,
295,
295.

pi
(MPa)

0.
.686
L6806
. 686
. 686

o

occcocCoccCccooooccoccocoooco

686

. 686

.686
.686

.686

686
.686
L6806
L6806
.686
.686
L6806
L6806
. 686

.686
L6806
.686
686

T pl
(K) (MPa)

299,
299.
299,
299.
299.
299,
299,
299,
300.
300.
295,
295,
299,
289,
289,
289,
289,
289.
289,
289,
297,
297.
297,
297.
297.
297,
297,
297.
295,
295,

CCCCOCOCOOOCCOCOOOSCOCCOoOO0COD

. 686
.686
.686
.686
.686
.686
.686
.686
.686
.686
.686
.686
.686
.686
.686




CO0OoCOoOOOOOOOOOCOCOOOOO0O0OCO0O0O

Table D.8 (cont.):

RUN
#

323,
32y,
325,
326.
1175,
1176.
177,
1178,
1179,
1180.
1181,
1182,
1183,
1igh,
1185,
1186.
1187,
200.
201,
202,
203,
111,
110,

Table D.8 (cont.):

VsL1
(m/s)

COoOO0DOCOOOCOoOOOCOoOCOOOOCOOOO0OOOC

.26
.26
.26
.26
.25
.25
.25
.25
.25
.25
.25
.25
.20

21

.20
.24
.2h
.25
.25

ml m?
(kg/s) (kg/s) (K

.357
. 357
. 357
.525
.520
.518
.525
.527
.57
.527
.832
.831
.831
.831
.831
.831
.831
.831
.825
.825
. 566
. 566
.556
567
.563
.562
.568
.566
. 594
.59

CCOCoOoCcOOOOCOOCOOOCOOOCOOOOOCOCO0

Present Air-Water Flow Data: D3/D1

ml me m3
(kg/s) (kg/s) (kg/s)

.594
. 594
. 594
.59
.648
.635
.635
.635
.635
.635
.635
.635
. 623
.623
.625
.625
.625
. 805
.813
.818
.812
.810
.809
.837
112
.12
L1
.120
. 135
1.128

—-———_ 00O COCOOOOOLOCOOOOOO0O0

0.

CCOoOCCOOCOOOOOOCoOOOOOOOOoOO0O0O0R

CC—-O0COCTCOCOTCOCOOCCOOOOOCCOOOOOR

286

.26h
247
012
.081
149
. 361
by
.68
o
. 800
.7159
712
.681
.639
.576
490
hhe
.336
.218
.001
AN
. 309
212
LY
. 385
e
.535
.592
.585

517
.568
.552
.515
.630
.607
.592
.573
. 555
.533
. 500
T
LTS
.38h
3N
.289
. 000
.768
.738
710
660
63
. 263
LS
789
.702
e
.035
L9994
.9h0

m3

0.071
0.092
110
.52
439
. 369
L 164
112
.058
.035
.032
.072
119
. 150
192
. 254
301
. 385
. h89
.607
. 565
.375
.2h6
. 355
216
176
152
.031
. 002
. 009

OoCCOoODOOoCOOOCCOOOoOCOOOOoODOO0O0O0

0.017
0.026
0.042
0.079
0.017
0.027
0,043
0.062
0,080
0,102
0.135
0.160
0.177
0,239
0.295
0.337
0.625
0.037
0.07h
0,107
0,151
0.348
0.546
0.692
0.322
0.410
0.702
0.085
0.141
0.188

g/s)

COOCOOoOOCO—-00COOOCOOOoODOOCOOOC0OD
N
(=

m3/ml
(-)

0.03
0.04
0.07
0.13
0.03
0.04
0.07
0.10
0.13
0.16
0.21
0.25
0.28
0,38
0.47
0.5
1.00
0.05
0.09
0.13
0.19
0.43
0.68
0.83
0.29
0.37
0.63
0.08
0.12
0.17
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%1

(%)

13.70
13.70
13.70
13.70
24,34
24,34
24, 34
2h. 34
24,34
20,34
20,34
24, 34
2,92
24,92
24.83
24,83
24,83
39.23
38.87
39.23
39.47
39.38
39.26
38.02
5h.96
54,41
5h.80
56.63
56.00
56.05

%2
(%)

37.

SNOCCOWw

—_—
ww N

0.52, Horizontal Branch (® = 90°).

x2
(%)

13
13
11
10
23
22
21
20
18
17

1
1
3

— W ww\n

.28
.01
.85
U6
.12
.90
41
.24
.56
.39
.04
45
.05
.43
.87
.56
.56
Lho
.61

5. 91

I8
.97
7
.29
.61
42
.93
A1
.85
.70

x3

(%)

Present Air-Water Flow Data: D3/Dy = 0.52,

.83
.12
.80
.95
i
0o
.85
.00
.23
.33
.h8
4o
A
.92

93

.70
.20
.3
.93
.87
LN
.35
.83
12
.67
.61
.61
L34
.57
A

v

<

P

coo

Ot e

EVIMSIVIVELVES R S e el el oele o Ra

<3/ %1
(-)

.10
.66
.59
.99
.98
.95
.04
.07
.12
.06
.55
17
.84
.89
.89
.90
.89
.90
.91
.9l
00
ha
22
.58
.37
3
.09
.63
.06
.88

xX3/x1
(-)

2.02
2.1
2.76
2.55
1.92
2.31
.66
.56
.65
N9
Jh2
.32
.20
07
.95
80
L00
b
.58
.56
.55
W9
.23
.20
.97
.09
.07
.83
.89
.94

CCO o Ottt m = POV NN

pi2
{Pa)

3.

-3.
~-21.
-456.
-550.
~713,
~581.,
-386.
-157.
16.
=152,
~1469,
-2372.
-2857.
-3595.
~ih2s,
-4735,
~504h7,
-61h5,
-6247,
-430,
-533.
=704,
-822.
-231,
-222,
=212,
=630,
-1117,
-1096.

pl2
(Pa)

-1117.
~1015,
-1189.
~-1217,
280.
220.
135,
50.

1.

-3.
-35.
-60.
-61.
-51,
-33.
=19,
-186.
328,
0.
-635,
-185,
-1690.
-55,
~702,
1088,
-hob,
-1965.
5040,
3980.
3116,

p13
(Pa)

1714,
2361,
3037.
31388.
21198,
28uhl,

7941,
5078.
2765,
1832,
9h3.
1714,
3537,
5561.
8649,
16179,
27261,
35013,
50569,
97353,
8958.
214,
5117,
5719.
3557 .
2549,
1066,
3,
68,
118,

pi13
(Pa)

213.
246,
359,
921,
KT
537.
754,
1153,
1829,
2591,
3563,
U535,
ShTT.
8538,
11571,
15138,
25585,
21712,
a2y,
H010.
1125,
30074,
26254,
39596.
25937.
23276,
62074,
8729.
12208,
15675.

m
(X)

295,
295,
295,
296,
296.
296.
296,
296,
296,
296,
294,
298.
298,
298,
298.
298,
298.
298,
296,
296,
300.
300.
300.
296.
298,
299,
299,
300.
287,
287,

T
(K)

287.
287,
287,
287.
303,
303.
303.
303.
303.
303.
303.
303.
303,
303.
303,
303.
303.
302,
301,
303.
303.
297,
295,
295,
291,
293.
291,
298,
295,
295.

Horizontal Branch (¢ = 90°).

cccoocooccococCcococoo

pl
(MPa)

0.
0.
0.
0.
0
0.
0.
0.
0.

cccc

{

cocococococo

0.
0.
0,

0.
0,
0.
0.
0,
0.

0.
0.

4]

0.
0.
0.

686
686
685
686

.686

686
686
686
686

.686
.686
L6806
.686
. 686
686
.686
.686
.686
.686
.686
.686
.686
.686
.6806
L6068
L6806
.686
. 686
.686
.686

pl
MPa)

. 686
.686
.686
.686
. 686
. 686
.686
.686
.686
L6806
686
686
686
. 686
686
686
686
686
686
686
L6806
. 686
686
686
.681
681
686
686
686
.686
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x3/x1  pl2 p13 T1 Pl

3
RUN VsLl VsG1 mi m2 m3 m3/m1 X1 x2 X ! Pa Pa) (K) (MPa)
# (m/s) {m/s) (kg/s) (ka/s) (ka/s) (-) (%) (%) (%) (-) (ra) ( . o
! 5082, . 0.
193. 0.2539.98 1.125 0.817 0.308 0.27 56.23 56.26 26.16 .00 1008- BNE. Tl o gng
C oo, Sot 604 0.454 0.43 7.41  0.03 17.23 . : ol 3. 0.690
I S I ot MU 11,61 1.58 -1197. 14394, 303,
1. 0.50 .98 1,057 0.391 0.666 0.63 1.3 0.-38 1000 1123 Tg77. 1uBho. 302, 0.686
184, 051 493 1.078 0.239 0.839 0.78 7.12 1.29 8.77 1.23  -8IT. 720, 303. 0.686
226. 0,50 5.1 1.059 1.002 0.057 0.05 7.53 7.21 13.09  L.13  “ooo 570, 303, 0.686
224, 0.%0 5,14 1,059 1.038 0.021 0,02 7.53 7.)‘5_ 281 > 05 ~5g2. -209. 299. 0.686
10830 0050 10.01 10141 1102 0.039 0.03 13.77 13.25 28.51  2.07 32 209 299 §-600
1084, 0050 10001 10141 1,079 0.062 0.05 13.77 12.h8 36,20 2,63 -607. 199- 299 0.606
1085, 050 10001 1141 1.056 01085 0.07 13.77 11.71 39.26  2.85  -gho. 819 Z93. 0008
1086 0.50 10,01 1,141 11025 01116 0.10 13.77 10.65 h1.28  3.00 -515.  1A97. Z299. 0000
1087. 0.50 10.01 1.141 0.990 0.152 0.13 13.77  9.54 rRREVINE S S S SRR+ AR ER O3 ¢
1088] 0150 10001 1,136 0.939 01197 0.17 13.76 8.01 #1.20  2.99  -627.  3ur. 300 0080
1089, 050 10,01 1.136 0.909 0.227 0.20 13.76 6.83 Al.52  3.02 -763. WOAT. 30). 0000
10900 0150 10105 1,136 0.851 01205 0.25 13.76 5.11 39.62  2.88  -luz.  Jain. 302, 0.000
10910 0150 10,11 1.1h5 0783 0362 0.32 13,78 2.57 30.04  2./6  -636. 12331 301 (000
1092, 0.50 10,11 1,145 0.725 0.h21 0.37 13.78  0.08 3L.39 200 SpRC 06a7l 2950 00686
101, 01h9 20012 11280 01325 01959 0175 2h.96 3.16 3W.NT 138 sh3o. 2ueAl. 290 008
105, 0.49 19.80 1.284 0.h75 0.808 0.63 24.56  9.56 33.30  1.306 28%0. AW Lol ol
1060 0.49 19,80 1.284 0.681 0.603 0.h7 20.56 12.41 38.30 1.5 -2, 2aun0. 295. B.6h6
180, 0.51 20.06 1.309 1.249 0.061 0.05 2h,24 2h.37 21152 0.09 1623, 3030, 297. 0.8
18100151 20012 1.30h 11158 036 0,11 2,16 22,89 .21 1.2 01.  3s77. 300. 0.080
182 0.50 20010 1.299 11050 0.2ho 018 2h.23 21.32 37.09 153 7. 10490. 0. 0. 000
183, 0151 20,33 1.317 0967 0.351 0.27 21.00 18,57 38.97 1.6z -20h. 20000. J02. 0.000
9B, 0152 39.1i 1.657 0.935 0.722 Dl 36,12 31.99 H6.06 1.21 -2u3h. 61310, 291. 000
99. 0.51 39.63 1.631 0.975 0.659 0.10 38 :90 3:(.) 22 "15/? 1.01 1346, 31170, 296. 0.686
V7R G151 ROLTT 11639 0773 00860 052 39.k8 3920 19.73  1.0) 6. 31170, 296. 0.000
175, 0.51 10,55 1.642 0.991 0.651 0.h0 39.20 38.32 Q0.o8 1.0 B Yoreht 5070 00686
176, 0.5 W0.62 1.6u5 1,069 0.476 0.29 39.05 30.60 39.90 1 000 190007 5960 0.636
177. 0.52 40.34 1.651 1.389 0.261 0.16 38,78 39.95 32.5 0 58 52397 10951, 205, 0.686
178. 0.53 40.57 1.684 1.533 0.151 0.09 38.37 39.28 29.10 O, :
i d = 90°).
Table D.8 (cont.): Present Air-Water Flow Data: D3/Dq = 0.52, Horizontal Branch ( )
3 T1 pl
RUN VsbL1  VsG1 m1 m2 m3 m3/ml x1 x2 x3 x3/x1 pi2 pl ba
# (m/s) (m/s) (ka/s) (ka/s) (ka/s) (=) (%) (%) (%) (=) (pa) (Pa)  (K) (MPa)
! 52.  8277. 295. 0.686
T TR R I R IR S O T
228. 0.51 39.99 1.610 1.582 0,028 0.02 38.50 38.94 13.71 0.36  6250. 3598' 305, 0.646
227. 0.51 39199 1.610 1.592 0.019 0,01 38.50 38.87 6.93 0.18  6650. 950. 303. 0.080
350, 1.00 "1700 11979 1.836 0.143 0.07 "0.83 0.83 0.85 1.03 -513.  951. 281. 0.080
351, 1:00 100 11979 1.706 0.273 O.1h 0.03  0.75 1.0 1.56  -T27.  2208. 287. 0.086
352, 1.00 1,00 1,979 1.593 0.386 0.20 0.83 0.69 1.41 1.70  -891.  27u5. 287. 0.686
YL TR GE Ll o g SR RGN La op o v
354, 1.00 1.00 1.979 1.205 0.77% O. . . . . 53 . BO. 287. 0.
355, 1,00 1.00 1.979 0.806 1.173 0.50 0.83 0.18 1.28  1.54 -1706. 10120, 287. 0.006
356, 1.00 1,00 1,979 0.060 1.919 0.97 0.83 0.87 0.03 1.00 -1h62. 630. 287. 0.606
319. 1.00 1700 1.979 1.9u1 0.038 0.02 0.83 0.84 0.39 O.47 286, ho3. 207. 0.606
358, 1.00 2.57 1.994 1.954 0.040 0.02 2.09 2.1 1.00 0.50 1k Bhs. 290, 0.606
359. 1.00 2057 1,994 1.895 0,099 0.05 2.00 2,00 3.65 1.75  -490.  898. 290. 0.640
360. 1.00 2.57 1.994 1.788 0.206 0.10 2.00 1.88 3.07 1.86 -526.  1925. 290. 0.686
361, 1.00 257 10998 1.60h 0.301 0.15 2009 127 6.69  3.21  -651.  3030. 290. 0.686
362 1.00 2,57 1,994 1.489 0.505 0.25 2,00 0.80 508 2,62  -855.  5872. 290. 0.686
363.1.00 2757 1,991 10138 0.856 0.43 2,09 0.43 .20 2.05 -1U10. 10780. 290. 0.606
26. 0.96 U4.87 1.965 0.002 1. . . . . 0 15, 37920, 290. 0.090
27. 0.93 .87 1.898 0.672 1.226 0.65 .07 0,10 6.24 1.53 -1127. 26303, .o,
310 1,00 5016 2,043 1.476 0.567 0.28 3.80 0.1 12.13  3.19 -909. 13758. 312. 0.8
32, 0.99 5.10 2.017 1.096 0.921 0.46 3.84 0.26 8.10 2,11 =1895. 21517, 1. 0.60u
5 5 586 0.432 0.21 3.86 1.69 11.83 3.06 =380. 7817. 309. 0.686
189 0.9 D 0n 50vs 1,78 0833 0.1 3.89 3.20 9.18 2.36 238, 3699 3on. 0686
S, . : . 5. . . . : : ¥ S516H. 304, 0,690
158, 1.01 5.05 2.05 1.736 0.320 0.16 3.82 2.58 10.55 2.76 53 SIGh. on. 0.690
159, 1,04 5708 2118 1.990 0.128 0.06 3.70 3.9  6.97 1.88  375. 2361. 306. 0.6
e J1am mal LER S R et B e Bl G o
n7. 1.0 S77 2.171 1.661 0.510 0. . . . . 38, ) . 293, 0.
Ne. 105 .95 5.3ad 1lohd 0.67h 0.3 7.16 2.66 17.19  2.un  -320. 28022, 293. 0.686

Table D.8 (cont.): Present Air-Water Flow Data: D3/D1 = 0.52, Horizontal Branch (¢ = 90 ).
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3 T pl
RUN Vsill  VsGi mi m2 m3 m3/ml x1 x2 x3 x3/x1 pi2 p1
# (m/s) (m/s) (ka/s) (ka/s) (ka/s) (-) (%) (%) (%) (-) (Pa) (Pa) (K) (MPa)
165. 1.00 10.10 2.120 1.953 0.167 0.08 7.3& Z.ag ]3.;g }.gg 1&%3' g?;g. 382: 8:232
166, 1.02 10.15 2.146 1.82h 0.322 0.15 7.2 6.09 13.92 1.92  6I2. A e 395 o:.%he
B1. 1,00 20.09 2,270 1,178 1,092 0.48 14.00 . 5. +80 -2076. 24580. 29T. 5:888 ’
42. 1.00 19.99 2.269 1.450 0.818 0.36 1?.23 1§.gg gg.gg }.3] -686. 69332 297, 0,686 |
4. 0.93 19.73 2.133 1.859 0.274 0.13 1. 2 13.09 25.00 1.01 1724 12083 200 o:eae
167. 0.99 20,35 2.258 2.121 0.137 0.06 14.1 i . 09 3391 o008, 290 3-ohe
188 902 Sorhn 2R3 2208 01333 012 23709 Ao 3358 098 miso. 2iheh. 295, 0.686
36. 1.02 39.44 2.618 2. . . . . . . . . . 0.
37, 1.01 1022 2,612 1.655 0.956 0.37 21.20 ;?.gg gg.g} }.3; —1gﬁ;. ﬁgggg. ggg: 8:23?
o2 100 3950 5851 11232 0:435 0:38 5iie0 s1.05 30.65 1.24 -1566. 6769h. 293 0.690
102. 1.00 39,76 2.597 1.§1§ 8'2?2 8.3? Sd'aﬂ B o 30'88 121 1509 10128, 203, 0.690
165 1102 ggf?é 3:252 2 103 01523 0.00 5362 2055 13.61 0.58 4580. 11247, ggg. 8.232
170, 1.00 39,10 2.579 2.276 0.304 0.12 23.92 gr.gg ;3.?Z 8';3 52;2‘ ;2;6]: 299 0.606
171, 1.00 39.33 2.583 2.147 0.436 0.17 23 )2 20.70 20.11  0.8n. 2674. 20561, 230. 0.4
Wa o0 390 2'238 }'f%é ?'82? 05 5303 25043 25.78 1,08 -1338. 11286, 299, 0.686
173, 1.00 39.13 2. N . . . . 5. . . . ,
342, 1.98 1.00 3.896 3.717 0,178 0.05 0.42 0.42 0.46 1.10 323. 52&3. gg;. 8'232
3u3. 1,98 1.00 3.896 3.501 0.395 0.10 0.42 0.39 0.71 1.7 (5T 3500, 287, 0.686
anh. 1.98 1.00 3.896 3.336 0.560 0.14  0.42 0.35 0.85 2,04 0. h2. . u.686
24, 0.42 0.30 0.80 1,90 -866. 90%6. 287. O,
5. 1.98 1.00 3.896 2.973 0.923 0.24 N +30 AR v SR+ D LA o by
347, 1.98 1.00 3.806 2.09% 1,8 ] 2 . .80 . . 2071, 287. 0.
287, 1.99 2,52 3.930 3.845 0.089 0.02 1.05 1.06 047 0.45 933. §???' gg;. 8.232
288, 1.99 2.52 3.93% 3.758 0.176 0.0h 1.05 1.06  0.91 0.87  1138.  3161. 207. 0.600
Zon 199 232 3ghh LM NS 0% 10 on 1lse 130 2ol 6110, 267, 01686 i
290G, 1.99 2.52 3.930h 3,459 0.47% 0.1z 05 . . . . . 7. 0.
291 1‘3; 2.52 3,930 3.179 0,755 0.19 1,05 0.83 1.99 1.89  -811, ?u27. 324. 8'?3? g
292, 1.99 2.52 3.934 3.025 0.909 0.23 1.05 0.68 2.27 2.16 -1088., 12361. 287 0.686 !
293. 1.99 2.52 3.934 2.748 1.186 0.30 1.05 0.51 2,31 2,20 =-1712. 17020, . o. E
Table D.8 (cont.): Present Air-Water Flow Data: D3/Dq = 0.52, Horizontal Branch (® = 90°).
RUN VsL1 VsG1 mt m2 m3 m3/m1 x1 X2 x3 x3/x1 p12 p13 T Pl
# (m/s) (m/s) (ka/s) (kg/s) (ka/s) (=) (%) (%) (%) (=) (Pa) (Pa) (K) (MPa)
290, 1.99 2.52 3.934 2.272 1,661 0.42 1,05 0.35 2.01 1,92 -2708. 26048. 287. 0.686
295. 1,99 2.52 3.934 1,913 2,021 0.51 1,05 0.03 2,01 1.92 -2937. 34306. 287. 0.686
18. 1.88 5.12 3.761 2.775 0.986 0.26 2.07 0.80 5.65 2.73 585. 23537. 309. 0.686
19. 1.98 5.26 3,965 3.652 0.313 0.08 2.00 1.83 h.0h4 2.02 915. 7280, 311. 0.686
20. 1.99 5.26 3,984 3.39h 0,591 0.15 1.99 1.46 5.00 2.53  1630. 12550. 311. O0.686
23, 1.92 5.00 3.826 0.979 2.848 0.74 2.01 0.55 2.5% 1.25 =-2850. A4u700. 306. O0.686
20, 1.95 4,97 3.898 2.091 1.807 0.46 1.97 0.h8 3.69 1.87 -3020. 27700, 306. 0.690
160, 2,02 5,13 4,027 3.814 0,213 0,05 1.94 1.88 3,12 1,60 2280. 48hc. 308. 0.686
161, 2,03 5.13 4,046 3.630 0,416 ©0.10 1.93 1.79 3.16 1.63 9N3. 7830, 308. 0.686
162, 2.0 h.94% h,07h 3,074 1,000 0.25 1.86 0.88 4.87 2.62 =-370. 21000, 307. O0.686
365. 2.03 4.98 4,061 4,002 0.059 0.01 1.99 2.00 0.71 0.36 2774, 3640. 290. O0.686
366. 2.03 4.98 4,061 3.868 0.193 0.05 1.99 2,01 1.54 0.78 2230, 5880. 290. 0.686
367. 2.03 4.98 4,061 3.790 0.270 0.07 1.99 1.99 1.89 0.95 2140. 5760. 290. ©.686
368, 2.03 4.98 4,061 3.703 0.358 0.09 1,99 1.97 2,16 1.09 1840.  6890. 290. 0.686
369. 2.03 4.98 4.061 3.261 0.799 0.20 1.99 1.43 un.27 2.15 200,  2500. 290. 0.686
370, 2.03 4,98 4.061 2.847 1.214 0.30 1.99 0.88 4.58 2.30 -1163. 26377. 290. 0.686
371, 2.03 4.98 4,061 2,519 1.542 0.38 1.99 0.7 4.03 2,03 -3084. 35999. 290.- 0.686
9. 1.99 10.02 4,064 3.731 0.333 0.08 3.91 3,79 5.30 1.35 3700. 10900. 296. 0.686
50. 1.98 10.08 4.039 3.524 0.515 0.13 3.96 3.49 7.16 1.81 2400. 15800. 296. O0.686
51. 2.01 10.23 4,102 3.033 1.068 0.26 3.88 2.06 9.03 2.33 -120. 22300, 302. 0.686
52.  2.00 10.29 4,080 3.324 0.756 0.19 3,92  3.00 7.96 2.03 1330. 24100. 302. 0.686
53. 2.03 10.32 4,130 2.937 1,193 0.29 3.87 1.64 9.37 2.42  -g0o0. 27300, 303. O0.686
54, 2.01 9.94 4,084 1.903 2,181 0.53 3.76 0.07 6.98 1.86 -4600. 57700. 304. 0.686
55. 2.03 10.15 4.13) 2,966 1,165 0.28 3.80 1.30 10.17 2.68 -530. 2h4h00. 304. 0.686 ;
163, 2.01 10.06 4.100 3.898 0.202 0.05 3.84 3.8V 4.51 1,17  hsh7. 7282. 300. 0.686
164, 2.00 10,14 4,099 3.516 0.583 O0.14  3.82 3.4  6.12 1.60 2973, 15617. 304. 0.686 g
12, 1.9 9,10 3.985 2.953 1.032 0.26 4.58 2,30 1t.11 2.h3  9700. 2h700. 308, 0.902
M. 1,99 9,66 4,089 3,157 0.932 0.23 4.65 3,18 9.66 2.08 B0, 32000, 308. 0.886
244, 2,01 20,14 4,253 4,120 0,133 0,03  7.59 7.76 2.41  0.32  8329. 92u5. 293. 0.G686
245. 2,01 20.14% 4,253 4.052 0.201 0.05 7.59 7.83 2,90 0,38 7952. 1040k. 293. 0.686

Table D.8 (cont.): Present Air-Water Flow Data: D3/Di = 0.52, Horizontal Branch (® = 90°). ;



— 201 —

RUN VsL1l VsGit ml m2 m3 m3/ml x1 x2 %3 X3/>1 pl2 p13 ™ pl

A (m/s) {m/s)  (ka/s) (kg/s) (ka/s) (=) (%) (%) (%) (-) {Pa) (Pa) (K) (Mpa)
246, 2.01 20,14 4,253 1,014 0.239 0.06 7.59 7.87 3.01 0.4h0 7657. 11159, 293. 0.686
287, 2,01 20,14 4,253 3.850 0.403 0.09 7.59 7.95 h,18 0.55 7207. 15328. 293, 0.686
248, 2.01 20.14 4,253 3.773 0.480 0. N 1.59 7.81 5.84 0.77 6195, 17497, 293. 0.686
382. 1.99 19.82 4,222 4,141 0.082 0.02 7.69 7.81 1.49 0.19 8509. 8690. 287. 0.686
383. 1.99 19,82 4,222 4,094 0.128 0.03 7.69 7.86 2.19 0.29 8420, 9h36. 287, 0.686
384, 1.99 19,82 4,222 4,043 0,180 0.04 7.69 7.91 2.66 0.35 8187, 10416, 287, 0.686
38%. 2.00 19.93 4,243 4,006 0.237 0.06 7.69 7.96 3.16 0.41 7780, 11670, 287, 0,686
386, 2.0V 20.09 h,257 3.933 0.324 0.08 7.67 7.95 n.36 0.57 6894, 128, 289, 0.686
387. 2.01 20.09 4.257 3.861 0.395 0.09 7.67 7.94 5.09 0.66 6h68. 1hg22., 289. 0.686
388.  2.01 20.09 4,257 3,713 0.48h 0.11 7.67 7.9 5.82 0.76 5840, 17175, 289. 0.686
389. 2.01 20.09 u.,2%7 3.636 0.621 0.15 7.67 7.84 6.72 0.88 5161, 21640, 289, 0.686
390. 2.01 20,09 4,257 3.543 O.714 0.17 7.67 7.50 8.55 1.11 15, 2771%6. 289, 0,686
391, 2.0V 20,09 4,257 3.467 0.789 0.19 7.61 7.31 9.28 1.21 350h. 33135, 289, 0.686
392, 2.01 20.09 4.257 3,35 0.901 0.21 7.67 7.09 9.83 1.28 2683, 39316. 289. 0.686
393, 2.01 20.09 4.257 3,130 1.126 0.26 7.67 5.7 13.05 1.70 1149, 57396, 289. 0.686
3gn,  2.01 20,09 1,257 3,012 1,244 0.29 1.67 5.25 13.54 1.76 273, Th212. 289, 0.686
395. 2.01 20.09 4,257 2.906 1.350 0.32 7.67 .88 13.68 1,78 3. 87608, 289. 0.686
396. 2.01 20.09 4,257 2.797 1.459 0.3h  7.67 o155 14n2 1.88 ~284, 115940, 289, 0.686
397. 2.01 20.09 4,257 2.664 1.593 0.37 7.67 3.39 14.83 1.93 ~50%. 143688, 289. 0.686
274, 2,52 h,98 5,00% 4.909 0.096 0.02 1.59 1.61 0.86 0.54 w7, 5093. 293. 0.686
275, 2.52 h.98 5,005 4,721 0.284 0.06 1.59 1.60 1.57 0.98 3590, 6912, 293. 0.686
276. 2.52 4,98 5.005 h.595%5 0.410 0.08 1.59 1.57 1.89 1.19 3119. 9121. 293. 0.686
277. 2.5%2 4.98 5,005 Nh.382 0.623 0.12 1.59 1.42 2.83 1.78 2100, 8105. 293. 0.686
278. 2.52 4.98 5.005 4,058 0.94h7 0.19 1.59 1.1 3.68 2.3 1057, 20752, 293, 0.686
279. 2.%2 4,98 5.005 3.816 1.189 0.24 1.59 0.89 3.84 2.0 -360, 27228. 293. 0.686
280, 2.52 4,98 H.005% 3.578 1.427 0.29 .59 0.58 §,15 2.60 -2062. 3h7%8, 293, 0.686
281, 2.%2 4,98 5,005 3.199 1.806 0.36 1.59 0.46 3.60 2,26 -38h2, 2596h. 293, 0.686
282, 2.52 4,98 5,005 2,741 2.264 0.4% 1.59 0.31 3.14 1,97 =uh66. 34102, 293, 0.686
26h. 2.53 10,09 5.109 5.049 0,060 0.01 3.2 3.24 0.70 0,22 7525, 7V14, 289, 0.686
265. 2.53 10.09 5.109 4.941 0.168 0.03 3.21 3.25 1.91 0.60 6709, 8530. 289. 0.686

Table D.8 (cont.): Present Air-Water Flow Data: D3/D1 = 0.52, Horizontal Branch (& = 90°%).

RUN  VsL1 VsGt m m2 m3  m3/mt X1 x2 x3 x3/x1  p12 p13 Ti pl
# o (m/s) (m/s) (kg/s) {(ka/s) (ka/s) (-) (%) (%) (%) (-) (Pa)  (Pa) (K) (MPa)
266. 2.53 10.09 5.109 4.778 0.331 0.06 3.21 3.27 2,34 0.73 6050, 11273, 289. 0.686
267. 2.53 10.09 5.109 4.629 0,480 0.09 3,21 3.18 3.52 1,10 5H068. 13865. 289. 0.686
268. 2.53 10.09 5,109 4L.480 0.629 0.12 3.21  3.02 4.54 1.41  N202. 18095. 289. 0.686
269. 2.53 10.09 5.109 u.343 0.766 0.15 3,21 2.80 5.55 1,73 3010, 22h76. 289. 0.686
270. 2.53 10.09 5,109 H.180 0.929 0.18 3.21 2,52  6.33 1.97 1636. 29899. 289. 0.686
271. 2.53 10.09 5.109 4,078 1.031 0.20 3,21 2,22 7.4 2,23 1097. 35121. 289. 0.686
272, 2.53 10.09 5.109 3.999 1.110 0.22 3.21 1.87 8,03 2.50 209, 21262, 289. 0.686
77. 3.99 4.91 7.894 7,397 0,497 0,06 0.99 0.99 1.02 1.03  7000. 15600. 300. 0.696
78. 4,09 S5.12 8,094 7.1h8 0.946 0.12 0.96 0.88 1.55 1.61 U130, 24700. 309. 0.686
79. 3.99 5.03 7.881 6.416 1.465 0.19 0.98 0.68 2,29 2.33 -570. 23100. 305. 0.686
80. 4.05 5.08 8.013 5.662 2.351 0.29 0,97 0.47 2.18 2.25 -4100. 39000. 305. 0.681
81. 4.05 5.09 8.002 4,635 3.367 0.42 0,99 0.52 1.64 1.65 =-6000. 62300. 301. 0,686
250. 3.99 5,20 7.889 7.716 0.172 0,02 1.00 1.00 0.93 0.93 8310, 10236. 309. 0.686
2%2. 3,99 5.20 7.888 7.428 O0.460 0.06 1.00 1.00 1.05 1.05 7067. 13709. 309. 0.686
251. 3.99 5.20 7.889 7.280 0.609 0.08 1,00 0.99 1,10 1,10 6575. 0. 309. 0.686
119, 4.07 9.64 8.106 7.593 0.513 0.06 1.80 1.73 2.86 1.59 9870. 23000. 310. 0.686
121, 4,07 9.66 8,106 6.944 1,163 0.14  1.80 1,49 3,65 2,03 4400, 22700, 311. 0.686
120. .07 9.604 8,106 7.219 0.887 0.11 1.80 1.63 3.20 1.78 6400. 33400, 310, 0.686
123, 4.07 9.51 8.108 6.354 1.754 0.22 1.82 1.18 4,14 2,28 -3100. h3000. 303. 0.686
124, h4.09 9.54 g,157 5.949 2,209 0.27 1.81 1.06 3.84 2,12 -5800. 56700. 304, 0.686
1W4,  5.75 5.55 11,344 11.225 0.119 06.01 0.76 0,76 0.98 1.29 130u2. 12638. 303, 0.686
1145, 5.75 5.55 11.344 11,070 0.274 0.02 06,76 0.75 1.23 1.62 11929. 15371, 303, 0.686
1146, 5.75 5.55 11,344 10.960 0.384 0.03 0.76 0.74 1.29 1,69 10635. 17263, 303, 0.686
147, 5.75 5.55 11,344 10.831 0.513 0.05 0.76 0.73 1.31 1,73  937h. 19207. 303. 0.686
118, 5.75 5.55 11.344 10,705 0.639 0.06 0.76 0.72 1.46 1,92  7h63, 22460, 303, 0.686
11M9. 5.7%  5.55 11.344 10.650 0.694 0.06 0.76 0.71 1,58 2.09 7179. 23014, 303. 0.686
1150, 5.75 5.55 11,340 10.469 0.874 0.08 0.76 0.68 1,72 2,27 5155, 27792. 303. 0.686
1151, 5.75% 5.55 11.344 10.290 1.0%3 0.09 0.76 0.65 1.82 2,40 3108. 33521. 303, 0.686
1152, 5,75 5,55 11.344 10,077 1.267 0.11 0.76 0,62 1.90 2,50 761. 39048. 303. 0.686
1154, 5.75 5.55 11.344 10.538 0.806 0.07 0.76 0.71 1.37 1,81 5861. 24219. 303. 0.686

Table D.8 (cont.): Present Air-Water Flow Data: D3/Dy = 0.52, Horizontal Branch (d = 90°).




RUN Vst

#  (m/s)
1168, 6.00
1169, 6.00
1170, 6.00
1171, 6.00
1172, 5.96
1173, 5.96
1062. 0.05
1063, 0.05
1064, 0.05
1065, 0.05
1066. 0.05
1067, 0.05
1068, 0.05
1069, 0.05
1070. 0.05
1071, 0.05
1072. 0.05
1118, 1.00
1119, 1.00
1120, 1.00
1121, 1,00
1122, 1.00
1123, 1.00

1124, 1,00
1126. 1,00

127, 1,00
1128, 1.00
1129, 1.00
1130, 1,00
1131, 1.00

VsGi
(m/s)

.98
h,98
4,98
.98
4.9
4.95
29.79
29.49
29,69
29.69
29.74
30.10
30.10
29,83
30,14
29,85
29.99
5.03
.oy
.99
4,99
h,99
5.09
5.09
h,99
5,05
5.05
5.05
5.05
5.05

Comi m2 m3 m3/ml
(kg/s) (kg/s) (ka/s) (-)
11.817 8.260 3.556 0.30
11.817 9.100 2.717 0.23
11.817 9.459 2.358 0.20
11.817 9.838 1.978 0.17
11.750 10.519 1.231 0.10
11.750 10.321 1.430 0.12
0.584 0.%33 0.051 0.09
0.578 0,497 0,081 0.14
0.578 0.463 0.115 0.20
0.578 0.426 0.1%52 0.26
0.577 0.402 0.175 0.30
0.576 0.372 0.204 0.35
0.576 0,319 0.258 0.45
0.584 0.276 0.309 0.53
0,578 0.193 0.384 0.67
0.571 0.096 0.476 0.83
0.570 0.038 0.532 0.93
2,004 1,849 0.156 0,08
2,004 1,804 0.200 ¢€.10
2.004 1,784 0.220 0.1
2.004 1.763 0.241 0.12
2,004 1.721 0.283 0.14
2,004 1,663 0.341 0.17
2,000 1,600 0.403 0.20
2,058 1,989 0£.070 0.03
2.058 1.942 0.115 0.06
2,058 1.887 0.171 0.08
2,058 1.825 0.232 0.11
2,058 1.758 0.299 0.15
2.056 1.697 0.360 0.17

— 202 —

x1 X2
(%) (%)
0.65 0.47
0.65 0.49
0.65 0.50
0.65 0.51
0.66 0.56
0.66 0.55
82.410 85.36
83.19 87.07
83.19 88.68
83.19 90.44
83,16 91,56
83.14 92,97
83.14 94.68
82.42 95,32
83,37 99.86
83.18 100.u44
83.16 98.68
2,20 1.53
2.21 1,28
2.21 1.08
2.21 0.86
2.21 0.69
2.21 0.51
2.21 0.25
4.76 [
L., 77 .02
4,77 3.58
L, 77 3.13
4,77 2.59
4,7 2.09

X3 x3/x1 pl2 p13
(%) (-) (Pa) (Pa)
1.06 1.64 -10772, 116716.
1.17 1.80 =7629, 82692.
1.23 1.90 -5998, 70404,
1.37 2,10 =4451, 61448,
1.55 2.34 376. 39119,
1.45 2.18 ~-387. 4H30us,
51,34 0.62 =-1293, 600,
59.46 0.71 -=1581. 117,
61.09 0.73 ~-1916, 2634,
62.83 0.76 -2349, 0620,
63.85 0.77 =-2h06. 6164,
65,23 0.78 =2749. 8970.
68,89 0.83 =-3177. 14786,
70.90 0.86 =3h471. 20966,
75.06 0.90 =3576. 33928.
79.71 0.96 -3753. 59631,
82,05 0.99 =-3380. 74394,
10,13 4,61 -291. 1666.
10.59 .80 -352, 2012,
11.35 5.15 =452, 2228,
12.10 5.48 =667, 2598.
11,42 5.18 ~-375. 3uhg.
10.47 h,75 -798, h693,
9.95 5,51 -872, 5573,
13.08 2.75 =575, =103,
17.35 3.64 -487. 107.
17.88 3.75 -689, 268,
17.67 3.71 =661, 2038,
17.59 3.69 ~823., 3834,
17.06 3.62 -996. 4750,

T
(K)

305.
305.
305.
308,
296.
298.
291,
288.
290,
290.
291,
295,
295,
291,
204,
295,
297.
307,
300,
303.
303,
303,

309.
309.

2n0
U8,

L W L L L

1
1
1
1
1

ATV ot b ot ©

pl
{MPa)

0.686
0.686
0.686
0.686
0.686
0.686
0.686
0.686
0.686
0.686
0.686
0.686
0.686
0.686
0.686
0.686
0.686
0.392
0.392
0.392
0.392
0.392
0.392
0,392

R
0.882

0.882
0.882
0.882
0.882
0.882

Table D.8 (cont.): Present Air-Water Flow Data: D3/Di = 0.52, Horizontal Branch (® = 90°),

RUN VsL1 VsGl mt m2 m3 m3/m1
# (m/s) (m/s) (kg/s) (ka/s) (kg/s) (-)
405, 0.10 20,06 0.524 0,518 0.006 0.0t
406. 0.10 20,01 0.524 0,501 0.024 0.04
407, 0.70 20.05 0.520 0.460 0.060 0.12
408. 0.10 19,95 0.519 0.412 0.107 0.21
409. 0.10 19.9% 0.52% 0.359 0.167 0.32
410, 0.10 19.95 0.525 0,274 0.251 0,48
411, 0.10 19.9% 0.525 0.121 0.405 0.77
412, 0.10 39,52 0.831 0.426 0,406 0.49
W13, 0,10 39,52 0.831 0.5%514 0.316 0.38
N1, 0.10 39.52 0.831 0.671 0.160 0.19
531, 0.50 5.08 1.059 1.040 0.019 0,02
532, 0.50 5.08 1.059 1.018 0.042 0.04
533. 0.50 5.15 1.0%9 0.995 0.064 0.06
534, 0.50 5.15 1,059 0.967 0.092 0.09
535. 0.50 5.15 1,059 0.728 0.331 0.3
536. 0.50 5,15 1,059 0,451 0.608 0.57
537. 0.50 5.15 1.059 0.005 1.054 0.99
560. 0.50 40,07 1.626 1.626 0.001 0.00
561, 0.50 39.59 1.623 1.621 0.002 0.00
562, 0.50 39,59 1.623 1.616 0,007 0.00
563. 0.50 39.59 1.623 1,572 0.051 0.03
56h. 0.50 39,59 1.623 1.528 0.095 0.06
565. 0.50 39,79 1,622 1.488 0.134 0.08
566. 0.50 39,79 1.622 1,452 0.170 0.10
S9.  1.01 1,01 1.994 1.993 0.001 0.00
550.  1.01 1.01 1.994% 1.992 0.002 0.00
551. 1.01 1.01 1.994 1,909 0.085 0.04
552, 1.01 1.0 1,994 1,787 0.207 0.10
553, 1.03 1.00 2,031 1,742 0.289 0.14
554, 1,03 1.02 2.031 1.639 0.392 0.19

x1

(%)

62.02
61.63
61.76
61.65
60,89
60.89
60.89
75.95
76.04
75.95
7.56
7.56
7.54
7.5h
7.54
7.54
7.54
39.717
39.65
39.65
39.65
39.65
39.61
39.61
0.82
0.82
0.82
0,82
0.80
0.80

61.
60,
58.

Sh

L8,
37.
3
69.
70.

3.
6.

4

2
0.
0

x2 X3 x3/x1  p13
(%) (%) - (Pa)
59 100.00 1.61 793.
Ny 86,30 1.4h0 1458,
37 87.52 1.h2 2889.
.65 88.55 1,44 6000,
71 87.04 1.43 11304,
80 86.08 1. 24285,
.58 77.96 1.28  nw7hi6.
65 82.55 1.09  56060.
85 8h.hv 1.11 33755,
75 85.15 1.12 18378,
07 87.43 11.56 161.
.15 90,63 11.99 810.
.20 90.28 11.97 1466,
35  83.27 11.04 25640,
.01 24,14 3.20 5914,
.11 13,06 1.73 10151,
.68 7.52 1.00 18h05.
.75 100,00 2.951 5855,
.58 100.00 2.52 6562,
.61 19,51 1.25 6857,
.51 4,06 1.11 8346.
.75 54,05 1.36 10660,
.18 55.50 1.40 13389,
.80 55,05 1.39 15707,
.79 98.66 119,96 700.
.75 55,34 67.29 1031,
.70 3.9 b, 25 1039.
.65 2.35 2.86 1626.
.52 2.50 3. 12 2398.
.29 2.96 3.69 2509.

Table D.9: Present Air-Water Flow Data: Da/Dq1 = 0.52, Upward Branch (® = 0°).

T1
(x)

290,
291,
293,
293.
293,
293,
293.
2914,
294,
294,
298,
298,
303,
303.
303,
303,
303,
291,
289,
289.
289,
289,
291,
291,
290,
290,
290,
290,
287.
293.

pl
(MPa)

0.

Q.
0.
0.
0,

ocCoccocococo

0.

0.
0
0.
0.

0.
0.
0.

0.
8]
0.
0.

686

. 686
L6806

686
686
686
686

L6806
.686
L6806
.686
.686
.686
.686
L6806

6806

.686

686

.686

686
686

L 686

686
686
686

L 686

686

.686

686
686




RUN
#

555.
556.
557.
558,
519.
520,
521,
522.
523,
524,
525.
509,
510.
511.
512,
513,
514,
515.
516.
517.
416,
w7,
his,
419,
h20.
421,
hez2,
h23,
hany,
hnye,

Vst
(m/s)

1.
1.
1.
1.
1.
1.
1.
1.
0.
1.
1.
1.
1.
1,
1.
1,00
1.
1.
1.
1.
0.
0.
0.
0.
1.
1
1.
1.
1.
1.

Table D.9 (cont.):

RUN

un7,
hys,
hho,
u50,
051,
§52,
n53,
usy,
us5s,
456.
us7.
059,
h60.
hé6y,
W62,
u63.
neny .,
06es,
K66,
u67.
he6s.
539,
5h0.
541,
S5u2,
543,
Shly,
545,
546,
547,

VsLi
(m/s)

1.03
1.03
1.03
1.05
1.05
1.05
1.05
1.02
1.02
1.02
1.02
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
2.00
2,00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

VsG1
(m/s)

20.01
20.01
19.95
19.95
19.95
19.95
19.95
19.95
19.95
19.95
19.95
39.84
39.84
38.94
38.94
38.94
38.94
39.01
39.01
39.28
39.28
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02

Table D.9 (cont.):

ml m2
(kg/s) (kg/s) (kK

.03
.031
L0031
.031
. 007
.007
. 000
.000
.984
. 999
. 999
.039
.039
.039

PN NNN = S —=NNNRNNDNN N
o
w
=)

Present Air-Water Flow Data: D3/Dy = 0.52,

ml mz m3
(kg/s) (kyg/s) (kg/s)

.3u8
.27
. 000
.00
.003
.01
.023
.oug
.087
1
.47
.001
.018
.065

. 332
.332
. 337
. 373
373
373
.373
.32
.312
.312
312
.653
.653
.650
. 650
.650
. 650
.6h9
L619
.6Uu9
.649
934
.93
.934
. 934
.934
L9334
L 934
. 934
.93

WN WW W W W W WRNARONTONARANNNONONNNDNONNNNNNDN

MNWRNWWWWWRNRNRONNNNRNNORNRORNNRONONRN NN

-t ed et Bt RINONN O et et 8t et NN O bt = NN O O — =

1

Lan3
.138
.535
.000
. 007
.005
. 968
.913
.829
.2
.183
.038
.036
.021
.996
L9717
.934
.678
3185
L6064
.091
.071
.035
005
957

.931

. 889
L7129
.221
.823

.984
.062
. 337
. 373
YA
. 362
L350
L2614
.225
.201
. 165
.653
.635
.585
.s5n7
. 507
N7
159
0T
2N
.07
.933
. 889
.819
L64Y
Lhho
061
.ho
.948
. 602

CODOoOOCCOOCOO—OCCOCCOOO—=000OCOON=00

- CC~C0OQCOoO0OOOOOoCOCOOOCOCOOOOCOO0O

.

m3

q/s)

.589
.893
.h96
.031
. 001
.003
.032
.087
. 155
.587
.816
.00
. 003
.018
.oh2
. 0061
. 105
. 365
.658
. 380
.010
031

067

.097
L 157
. 182
.22
. 384

510

103

L83
79
. 190

232

. 378
.578
.00
.0h5
L1115
.290
b9l
.873
. 524
. 986
.332

COoO0COCCOOLCO0O0COOOoOODOCOOOOOCOO0OO0O0
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(%)

0.80
0.80

e e ek b d b b

0 Lo L L L L w0 W2 W L

-
o

24,
24,

NN RN
) L L

NN
Lo e

OCocCcCOoOCOoOOOo0o

h2
42
he

h2

h2

X2
(%)

0.19
0.12
0.09
9.04
2,02
1.93
1.68
1.10
0.58
0.05
0.01
3.89
3.80
3.67

2.h2
1.32
0.49
0.2%
0.30
7.51
7.48
6.75
5.85
4,16
3.
.76
0.68
0.00
2.07

X2
(%)
.63
3
v
.55
N7
.61
L ho
.22
.32
.82
89
.06
.18
28
3
23.92
64
.37
.63
.60
.98
o
.39

.33

- ek b
O N W Lo L2 W =\

NN NN

NN
[

NN
— N

-
cooCcocCocooow

»3
(%)
59.12
60.16
96.25
98.58
99.6%
5.22
31.28
hé.99
55.00
55.87
58.75
98,09
8.82
11.58
20,11
24,88
28.50
31.33
37.60
37.91
38.09
W3 1
2. M
2.45
1.47
1,37
0.76
1.63
1.16

NN U
SRV W WS DG = WD = N~ = = N

— -

-

NI~ OOV

=3
NNW e W T A et ol = s w OO C DTS WWNO~N~NO

x3 /%1

(

=)

b, 34
h.h6

.98
.26
.34

p13
(Pa)

W7,
7103,
14000,
25914,
268,
241,

5752,
25149,
182,
820.
912,
50,
1884,
2541,

6980.
11753,
27055,

2085,

2371,

3h,

3shl,

6619.

8094,
10712,
201540,
39080,
Sihlily,

Upward Branch (¢

pl13
(Pa)

32686.
20674,
3652,
371240,
3912,
40990,
w157,
h636.
6364,
5717,
9894,
7091,
7329.
7996.
907h,
10549,
12614,
13619,
18631,
27628,
59196.
1649,
1781,
2063,
3761,
5959,

33541,

5519,
10035,
15397.

™
(K)

293.
293.
293,
293.
286.
286.
292,
298.
298.
2917,
291,
289.
289.
289,
303.
303,
303.
280,
28N,
284,
295,
295,
295.
295,
290,
291,
291,
291,
294,
296.

pl
(MPa)

0.
0.
686
L 686
L6806
686
.686
.686
. 686
686
. 686
. 686
.686
L 686
L 686
. 686
. 686
686
. 686
L6806
. 686
L 686
.686
L6806
. 686
L6806
L6806
L686
. 686
.686

0

—~
jog

cccCcococToccococoCcCcococoOoooCcocoOCccoccCe

0°).

18
(K

296.
296,
291,
291,
291,
291.
291,
291,
291,
291,

291,
293,
293,
288.
288,
288,
288,
289,
289,
291,
291,
292,
292.
292.
292,
292,
292.
292,
292,
292,

Present Air-Water Flow Data: D3/Dq = 0.52, Upward Branch (¢ = 0°).

686
636

P
y  (MPa)

c

0.
L 686
L 686
. 686
L6806
. 686
L6806
. 686
686
. 686
L6806
L 686
. 686
. 686
.686
. O8O
686
L6806
L0685
L6860
L. 686
. 686
. 686
. 686
L 686
L6806

CcccoccocccocecocgocccococococcoecocoococococcoC

686

686

.686
L6806
.686




— 204 —

RUN Vsl VsG1 nt m2 m3 m3/m1t x1 x2 x3 x3/x1 p13 T pt
14 (m/s) (m/s) (kg/s) (kg/s) (kg/s) (=) (%) (%) (%) (-) (Pa}) (K) (MPn)
500. 2.01 2.50 3.970 3.969 0.001 0.00 1,01 0.99 100.00 99.25 1838. 294, 0.686
501. 2.01 2.49 3.970 3.958 0.012 0.00 1.01 0.97 13.28 13.11 1960, 291, 0.0686
502. 2.01 2.49 3.970 3.909 0.062 0.02 1.01 0.9 7.26 7.17 2297. 291. 0.686
503. 2.01 2,49 3,970 3.848 0.122 0.03 1.01 0.84  6.54 6.u6 2965. 291, 0,686
504, 2.01 2.49 3,970 3,734 0.236 0.06 1.01 0.69 6.03 5.96 3998. 291. .0.686
505. 2.01 2,49 3,970 3.618 0.352 0.09 1.01 0.39 7.4  7.35 5162, 291. 0.686
506. 1.99 2.53 3,944 2,978 0.966 0.24 1.00 0.09 3.83 3.82 13008, 301, 0,686
507. 1.99 2.53 3.94h 1,801 2.143 0.54 1.00 0.04 1.87 1.87 36659, 301, 0.686
489. 2.01 5.04 4.012 4.011 0.001 0.00 2.04 2,02 100.00 48.99 2970, 289. 0,686
490, 2.01 5,02 4,012 3,970 0.042 0.01 2.03 1.97  7.72  3.80 3361, 289. 0.686
491, 2.01 4,96 4,011 3,923 0.088 0.02 2.01 1.87  8.32  u.1h 3800. 289. 0.686
y92. 2.01 5.04 4,012 3.899% 0.117 0.03 2,04 1.73 12.40 6.07 yos, 289, 0.686
493, 2,01 5.04 4,012 3.801 0.211 0.05 2.0h 1,27 15.96 7.82 5791. 289, 0.686
yon. 2,00 5.03 4,001 3.764 0.237 0,06 2.02 0.91 19.68 9.72 6698, 292. 0.686
495, 2.00 5.03 4.001 3.682 0.319 0.08 2,02 0.76 16.61 8.20 8155. 292, 0.686
496. 2.00 5.05 4,001 3.516 0.h485 0,12 2,02 0.47 13.31 6.58 11782, 293. 0.686
497. 2.00 5.05 4.001 3.217 0.784 0.20 2.02 0.34% 8,94  h.41 17123, 293, 0.686
498, 2.00 5.05 4.001 2.459 1,542 0.39 2.02 0.20 4.93 2.4y 36717. 293. 0.686
N26. 2,01 10.0% 4,096 3,069 1,027 0.25 3.91 0.30 14.68 3.76 8736, 294. 0.686
n27, 2,01 10.01 H.096 4,089 0.008 0.00 3.91 3.90 8.87 2.27 5222, 294, 0,686
428, 2,01 9,92 4,089 4.012 0,077 0.02 3,89 3.88 4,31 1.1 5665, 293. 0,686
429, 2,01 9.99 4,102 3.984 0.118 0.03 3.88  3.8) 6.08 1.57 6155, 29%.. 0.686
430. 2.01 9.99 4.102 3.912 0.190 0.05 3.88 3.u47 12,24  3.16 7503, 295. 0.686
431, 2.01 9.99 4,102 3.845 0.257 0.06 3.88 3.05 16.34 y,21 9838, 295. 0.686
432. 2.01 9.99 4,102 3.781 0.321 0.08 3.88 2,77 16.94 4,37 11962, 295. 0.686
n33. 2.01 9.92 ny.1e3 3.717 0.386 0.09 3.90 2.30 19.38 4.96 %248, 291, 0.686
u3y, 2,01 9.92 4,103 3.660 0.443 0.1 3.90 1,85 20,87 5.35 18267, 291. 0.686
436, 2.00 20.13 4.239 4.227 0.012 0.00 7.59 7.59 6.71 0.88 7356. 294, 0.686
437, 2,01 19.77 4,250 Nh,176 0,074 0.02  7.54  7.61 3.9 0.46 8703, 290, 0.686
438, 2.01 19.77 4.250 4.110 0.140 0.03 7.54 7.62 4,95 0.66 9530, 290. 0.686
Table D.9 (cont.): Present Air-Water Flow Data: D3/Dq = 0.52, Upward Branch (¢ = 0°).
RUN VsL1  VsGt mi m2 m3 m3/ml X1 X2 %3 x3/x1 p13 T1 pl
# Am/s) (m/s) (kg/s) (kg/s) (kg/s) (-) (%) (%) (%) (-) (Pa) (K) (MPa)
439, 2.01 19,42 4,265 3.999 0.266 0.06 7.56 7.35 10.62 1.41 11496, 283, 0.686
uno. 2.01 19,55 4.265 3.899 0.366 0.09 7.56  6.94% 14,16 1.87 16845, 285. 0,686
hnr, 2,01 19.55 4.265 3,838 0.h427 0.10 7.56 6.h49 17.13 2.27 20035, 285. 0.686
Wh2, 2.01 19,55 4,265 3.772 0.493 0.12 7.56 6.10 18.70 2.47 25223, 285. 0.686
4u3z, 2.01 19,90 4.266 3.644 0.622 0.15 7.58 5.23 21,33 2.81 33688, 289. 0.686
Ghty, 2,01 20,80 h.266 3.443 0.823 0,19 7.59  3.41 25.08 3.30 57044, 296, 0.686
N8l u.02 4,96 7.941 7.912 0.029 0.00 1.02 1.01 1.17 1.16 897h. 289. 0.686
ug2. n,02 4,96 7.941 7.748 0.193 0,02 1.02 1.01 1.38  1.36 10619, 289. 0.686
u83. W.02 4,96 7.941 7.%12 0.h28 0.05 1.02  0.98 1.56 1.54 14326, 289, 0,686
ngh, 4,07 5,13 8.0h1 7.h61 0.579 0.07 1.00  0.88 2,56 2.55 16312. 299. 0.686
u85. N.07 5,13 8.041 7.205 0.836 0.10 1.00  0.81 2.64 2.63 21314, 299, 0.686
486. h,07 5.13 8.041 6.965 1.076 0.13 1.00  0.74% 2.7 2.70 280415, 299. 0.686
487, .07 5.13 8.041 6.248 1.792 0.22 1.00  0.52 2,68 2,67 58760. 299. 0.686
470, 14.02 10,04 8.022 7.900 0.122 0.02 2.02 2,02 1.85 0.92 11029, 291. 0.686
471, .02 10.04 8.022 7.801 0.221 (.03 2,02 2.00 2.63 1.30 16583, 291. 0.686
W73, 4,02 9,97 8.022 7.492 0.530 0.07 2,02 1.93 3.36 1.66 21972, 289. 0.686
Wi, h,02 9,97 8,022 7.246 0.776 0,10 2,02 1.8 3.99 1.98 29811, 289. 0.686
475, 4,02 9.97 8.022 7.019 1.004 0.13 2.02 1.70 4.29 2,12  31396. 289. 0.686
hi6. w.02 9,97 8,022 6.865 1.157 0.1 2,02 1.63 4,35 2,15 h2772. 289. 0.686
W78, .02 9.97 8.022 6.767 1.2% 0.16 2.02 1.4 5.30 2.62 50448, 289. 0.686
479, 4,02 9,97 8.022 6.612 1.410 0.18 2,02 1.27  5.5%3 2,74 637%2, 289. 0.686

Table D.9 (cont.): Present Air-Water Flow Data: D3/D1 = 0.52, Upward Branch (® = 0°).




RUN Vsb1
/o (w/s)
718, 0.10
719. 0.10
720, 0.10
721, 0.10
722, 0.10
723. 0.10
720, 0.10
725, 0.10
726. 0.10
727. 0.10
731, 0.50
732. 0.50
733. 0.50
734, 0.50
735, 0.50
736. 0.50
737. 0.50
738. 0.50
739. 0.50
740, 0.50
1000. 0.50
1001, 0.50
1002, 0.50
1003,  0.50
1004,  0.51
1005, 6.5
1006, 0.5
1007, 0.51
1008,  0.51
1009. 0.51
Table D.10:
RUN  VslL1
i (m/s)
1016, 0.51
693. 1.00
694, 1,00
695. 1.00
696. 1.00
697. 1.00
698. 1.00
699. 1.00
700. 1.00
701, 1,00
702, 1.00
703, 1.00
662. 1.01
663, 1.01
66h, 1.0
665, 1.01
666. 1.01
667. 1.01
668, 1.01
669. 1.01
670, 1.01
916. 0.99
915, 0.99
914, 0.99
925. 1.00
924, 1.00
923, 1.00
922, 1.00
921. 0.98
920. 0.98

Table D.10 (cont.):

w
(oAt RN R, AV, RGN RS EC RS R, RN AN )

Ww e w
je-Ne]

W

38.

L o
[>-ge-No

Present Air-Water Flow Data:

VsGl
(m/s)

38.

-k b
cocooCcoVUILIUITLRIUIUCLOW

ml m2 m3
(kg/s) (kg/s) (kg/s)

.275
.275
.275
.275
.275
.275
275
.275
.275
.275
. 060
.060
. 060
. 060
. 060
.060
. 060
.060
.060
. 060
. 609
611
611
.608
.619
.619
.619
,618
.618
L618

B I I R e S ek = Rl ol e Y e Y el o Relolo]

ml m2 m3
(ka/s) (kg/s) (kg/s)

.618
.ohy
.on7
.onv
LOh7
.ouv
.on7
.on7
.0h7
o7
.oh7
.oh7
2
L2
L 1ho
140
. 140
140
L 100
L1400
100
.099
. 100
.100
.268
.268
,268
.268
.234
.235

NN NORNDDRONONNRRNDNONNNNNONNONPON N =

0.145%
.128
104
.019
067
.052
o2
.032
.01
. 000
L7127
.651
.579
U176
R
.295
. 189
13
L 073
. 000
. 500
55
i
. 369
.31
.26h
,2h0
.198
L 130
. 089

-t e = =S SO0 COCOOOCOCOOODODOCOOOO0

0.947
1.842
1.713
1.570
1.4h425
1.268
1.132
0.995
0.901
0.703
0.674
0.437
2.069
2.008
1.916
1.792
1.596
1.48%
1.37
1.180
0.824
0.996
0.713
0.657
2.061
1.980
1.809
1.725
1.651
1.482

0.129
0.147
0.171
0.256
0.208
0.224
0.234
0.244
0.264
0.275
0.333
0.409
0.481
0.584
o.6h7
0.765
0.87M
0.929
0.987
1.060
0.109
0.157
0.201
0.239
0.308
0.379
0.420
0.h87
0.529

0.671
.205
L334
T
.622
L7178
.915
.052
L 146
. 343
.372
.610
.073
.13
.224
. 349
LShil
.655
.169
.960
. 316
L1040
. 326
Lhh2
. 207
.288
59
503
.583
L7153

OCCO0CCO~—--—SDO0O0000O0C0-~=4=2a00000C
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x2

(%)
54,
62,

x3
(%)

0.26
0.93
2.43
28.01
7.0
13.30
16.76
20.18
26.47
29.35
0.11
0.20
0.59
0.77
1.16
2.32
3.39
L.
6.39
7.60
7.50
10. 04
13.54
20.85
21.66
23.04h
2h.28
25,74
28.5%
30.00

COCCTOCOOODOO=-0CCOoORDOOOO=wOCO00COo0
. .
—

p13
(Pa)

BT,
552,
6h7.
890,
1135.
2016,
3084,
3600.
yhy2,
6,
1615,
2133,
2914,
3421,
3%,
7095,
1034y,
13180.
18386.
22922,
6731,
7761,
9315,
11316.
14952,
17006,
19905,
24598,
32792,
38738.

T
(K}
289.
289.
289.
289.
289,
289.
289,
289,
289,
289,
295,
296.
296,
296.
296,
296.
296,
296.
296.
296.
292,
292.
292,
289,
290.
290,
290,
290,
294,
294,

= 0.52, Downward Branch (® = 180°).

m3/m1 X1

(-) (%)

0o.h7 29.17
0.53 29.35
0.62 29.35
0.93 29.35
0.76 29,35
0.81 29.35
0.85 29.35
0.88 29.35
0.96 29.35
1.00 29.35
0.31 7.60
0.39 7.60
0.45 7.60
0.55 7.60
0.61 7.60
0.72 7.60
0,82 7.60
0.88 7.60
0.93 7.60
1,00 7.60
0.07 39.14
0.10 39.22
0.12 39.22
0.15 39.08
0.19 38.74
0.22 38.74
0.23 38.74
0.26 38.48
0,30 38.48
0.33 38.48

D3/D1
m3/m1  x1
(=) (%)

0.h1 38.48
0.10 3.98
0.16 3.98
0.23 3.98
0.30 3.98
0.38 3.98
0.h5 3.98
0.51 3.98
0.56 3.98
0.66 3.98
0.67 3.98
0.79 3.98
0,03 7.66
0.06 7.66
0.10 7.58
0.16 7.60
0.25 7.60
0.31 1.60
0.36 7.60
0.45 7.60
0.62 7.60
0.53 7.61
0.63 7.62
0.69 7.62
0.09 13.92
0.13 13.92
0.20 13.92
0.24 13.92
0.26 13.76
0.34 13.77

X2
(%)
41,

b,
4,

- -
WOADDOU—-C OV~ NOOOOIOIOVOI

— ) b

LIS

A%

%3
(%)

w
w
0
fe-]

WO W e s S QOO TN~ OO0 000
w
WV

N
p)

.57
A7
.08
.91

[\Atao R

1

x3/x1
(~)

.88
.02

COoOQO~-—~00000O0O0CCO-000COCOOO00
<
=]

pl13
{(Pa)

61896,
2471,
3269.
whou,
5750.
1396.
9968.

13194,

1682%.

25153,

28520.

55364,
3693.
3106.
4820,
5789,
8171.
9987.

13340,

20371,

53548,

33281,

60944,

81980.
6781,
7987.

10820,

1M611.

17004,

28291.

292,
292.
292,
300.
300.

pl
(MPa)

0.686
0.686
0.686
0,686
0.686
0.686
0,686
0.686
0.686
0.686
0.686
0.686
0.686
0.686
0,686
0.686
0.686
0.686
0.686
0.686
0.686
0,686
0.686
0.686
0.686
0,686
0,686
0,686
0.686
0.686

pl
(MPa)

.686

.686
.686
.686
.686

.686
.686
.686

.686
686
.686
686
.686

.686
L6806
.686
.686
.686
.686
.686
.686
. 686
.686
.686
.686
. 686

OCoCCOoOOCOoCOoOCOoOOOCODCOCOoCOCOOOOCO

Present Air-Water Flow Data: D3/Dq = 0.52, Downward Branch (& = 180°).




RUN VsL1
# (m/s)
919. 0.98
918. 0.98
917, 0.98
971. 1.01
972, 1.00
973. 1.00
974, 1.00
975. 1.00
976, 1.00
977. 1.00
278. 1.00
996. 1.00
997. 1.00
998. 1.00
681. 2.04
682, 2,03
683. 2.03
684, 2,03
685, 2,03
686. 2.03
687. 2.03
688. 2.03
902, 2.01
901. 1.95%
900. 1.94
673, 1,97
67h., 1,97
675. 1.97
913, 1.97
912. 1.97

Table D.10 (cont.):

RUN Vs
# (in/s)
911, 1.97
910, 1.97
909, 1.88
908, 1.97
907. 1.9%
928. 2.03
929, 2.03
930. 2.03
931. 2.05
932. 2.02
933, 2.02
934, 2.02
935. 2.08
706, 4.00
707, 4,00
708, 4,00
709, 4,00
710, .00
711, 4,00
712, 4,00
713, 4,00
906, 3.94
905, 3.96
904, 3.93
903, 3.95
Table D.

10 (cont.):

VsGl
(m/s})

19.66
19.66
19,66
40,14
39.85
39.71
39.85
39.85
39.77
39.50
39.50
40.07
40,07
39.13
5.00
5.00
5.00
5.00
5.02
5.02
5.04
5,04
.96
5.02
5.08
9.95
10.23
10.23
10.01
10.01

VsG1
(m/s)

10.01
10.01
10.01
10,07

9.94
19.77
19.77
20.08
20.08
20.08
20.08
20.08
19.57

m1 m2
(kg/s) (kg/s) (k

.235
.235
.235
.618
.602
.600
. 600
. 600
.59
.592
. 592
. 598
.598
. 595
4,074
. 050
h,0%50
I, 050
I, 0U9
4,049
i, 09
i, 0h9
h.010
3.888
3.886
h,017
h,017
n.,017
h,011
.01t

NN

W N W W W = et = NN NN WWWW = =N RN NN N NN = et s

. 364
.221
L07h
.500
435

. 394

.328

.282

.218
.12

. 064
.070
. 994
. 889

.827
.579
. 364
.093
9N
.931
.698
514
.861

36

221
.927
L1779
673
. 153
517

O-COONNN—= =200 C0O0O000OCO0O0OOOCC—=—=0

m3

9/s)

.871
.04
. 160
.118
L167
.206
271
317
.376
180
.528
.528
.604
. 706

247

70

685

. 956
.058
.118
. 351
.535

149

W52
.666

non

.238
L343
858
9y

— 206 —

m3/m1 x1
(-) (%)

0.39 13.77
0o.45 13.77
0.52 13.77
0.05 24.58
0.06 2h.72
0.08 24.66
0.10 24.66
0.12 24.66
0.1 24,50
0.19 24,43
0.20 24.43
0.20 24.73
0.23 24.73
0.27 24,51
0.06 2.01
0.12 2.02
0.17 2.02
0.24 2.02
0.26 2.00
0.28 2.00
0.33 2.01
0.38 2.01
0.54 1.98
0.63 2.05
0.69 2.0
0,02 4,006
0.06 .06
0.09 I,06
0.16 3.92
0.12 3.92

x2

(%)

1,
13.
10.
25,
25,
24,
2h.
2l
24,

23.
23,
23.
22,

X

3

(%)

13.
14,
16.
15,
20,
22,

Present Air-Water Flow Data: D3/Dq = 0.52,

mi
(kg/s)

.01
n,0tt
3.847
y.012
3.979
I, 290
4.290
4,290
h.333
h.21

m2 m3
(kg/s) (ka/s)
3.3117 0.700
3.0%1 0,960
2.797 1.050
2.831 1,181
2.587 1.392
4,083 0,207
4,01 0.276
3.875 0.415
3,790 0.543
3.648 0.623
3.532 0.739
3.410 0.861
3.193 1,196
7.763 0.151%
7.681 0.234
7.528 0,386
7.360 0.555
7.102 0.813
6.855 1,060
6.699 1.216
6,543 1.372
6.380 1.h13
5.679 2.1%6
5.200 2.570
§.569 3.243

m3/m1 %1
(-) (%)
0.17 3.92
0.2 3.92
0.27 4,09
0.29 3.96
0.35 3.95
0.05 7.52
0.06 1.52
0.10 7.50
0.13 7.43
0.15 7.54
0.17 7.54
0.20 7.54
0.27 7.35
0.02 1.01
0,03 1.01
0.05 1.01
0.07 1.01
0.10 1.0
0.13 1.01
0.15 1.00
0.17 1.00
0.18 1.02
0.28 1.01
0.33 1.01
0.42 1.00

OCCOD D m mmt ot b sk w03 0

—“ A= —=O0ONNN-—-C00000

Pt S = O OOCOOCNOANVT WU WWN

12
49
36
85
23
36
.32
.08

x3/%1

(=)

C=COoC—-—=—=0000CO000Q0m—-—w w1 C000~=0

.95
.05
.19
.6h
.82

91

.95
.02
L1
L1

15

.12
17
.23
.08
13
.16
.25
.30
.35
.70
.88
.03
.08

18

.0y
.29
.34
.56
L6

p13
(Pa)

38976.
55312,
84004,
475,
9394,
10918,
14978,
188914,
22711,
321,
1168,
L2004,
52840,
70616,
4320,
6183,
8469,
12749,
15669,
17758,
26816.
35889.
Shovz2.,
66188,
86368,
676N,
8209,
9663 .
95956.
10605,

T

(K)
300,
300.
300.
293,
291,
291,
292,
292.
290,
293.
293.
293.
293,
289.
287,
287,
287,
287.
291,
291,
291,
291,
293,
296.
300.
287,
295,
294,
299,
299,

Downward Branch (¢ =

x3/%1

{

= = D= 00000000000 C =000

=)

.61
.79

87
23

.32
.30
h8
.54
.65
.10
.80
.93

ol

p13
{Pa)

15163,
22948,
27012,
yogee2.
5112,
106409,
12217.
15069.
18617,
21004,
25634,
33054,
99328.
10526.
11275.
13172,
15619,
20027,
26385.
30981,
37652,
32599.
61924,
814576,
110880,

T

(K)
299,
299,
299,
298.
297.
288.
288,
293,
293,
293.
293.
293.
285,
293.
290,
290.
290,
292,
292,
296.
296,
297,
297,
301.
301.

cCCcococcocecococccocco

pl
(MPa)

L686
L6806
. 686
.686
L 686
.686
L6806
. 686
.686
. 686
.686
.686
L 686
. 686
686
.686
.686
L686
.686
L6806
L686
. 686
. 686
.686
L6806
.686
. 686
. 686
. 686
.686

Y.

pl

(MPa)

coCcCOoOTOCCOoOoOOoCOOoOOOoCEOT

zcc

cC

L686
. 686
.686
.686
. 686
L6806
.686
686
. 686
L686
.686
.686
.686
.686
. 686
.686
L 686
.686
.686
. 686
. 686
.686
L6806
. 686
. 686

Present Air-Water Flow Data: D3/D1 = 0.52, Downward Branch (® = 180°).




RUN  VsL1
# (m/s)
871. 0.05
872, 0.05
873. 0.05
900, 0.05
901, 0.05
902, 0.05
903. 0.05
904, 0.05
905, 0.0%5
984, 0.05
985, 0.05
867. 0.05
868, 0.05
869, 0.05
870. 0.05
725, 0.05
726, 0.05
727. 0.05
746. 0.06
747. 0.06
748, 0.06
703. 0.06
704, 0.06
705. 0.06
690. 0.05
691, 0.06
692, 0.06
693, 0.05
694, 0.05
913, 0.06
Table D.11:
RUN  VsLi1
4 (m/s)
914, 0.06
757. 0.06
758, 0.06
759. .0.06
760. 0.06
761. 0.06
762, 0.06
763. 0.06
764, 0.06
765, 0.06
766. 0.06
767. 0.06
911, 0.06
912, 0.06
731, 0.06
732, 0.06
733, 0.06
734, 0.06
850, 0.05
851, 0.06
852, 0.05
853, 0.05
854, 0.06
855, 0.05
856. 0.05
1009. 0.05
1010. 0.05
1011, 0.06
1012, 0.05
1013, 0.05

Table D.11 (cont.):

VsG1
(m/s)

9.26

ml m2 m3
(kg/s) (ka/s) (kg/s)

0.197
0.194
0.194
0.203

[fC SRR P | I
—~ OO ONRE

P SN QY

COQCOCOCO0O

0.140
0.161
0.145
0.198
0.195
0,198
0.182
0.172
0.136
0.205
0.170
0.158
0.152
0.145
0.131
0.141
0.130
0.125
0.1y
0.102
0.121
0.084
0.054
0.000
0.090
0.003
0,002
0.026
0.114
0.104

0.056
0.033
0.050
0.005
0.010
0.016
0.027
0.035
0.072
0.0M1
0.0u46
0.008
0.015
0.022
0.036
0.012
0.024
0.029
0.007
0.020
0.013
0.034
0.064h
0.122
0.029
G.134
0.138
0.103
0.015
0.037

m3/ml

(=)

0.29
0.17
0.26
0.02
0.05
0.07
0.13
0.17
0.34
0.05
0.21
0.05
0.09
0.13
0.22
0.08
0.16
0.19
0.06
0.17
0.10
0.29
0.54
1.00
0.24
1.00
1.00
0.80
0.12
0.26

— 207 —

X1

(%)

48.86
49,41
no. 41
56.07
55. 41
53.03
Sh 06
55.95
55.95
53.30
53.30
41,
41,73
1,73
41,73
30.49
30.49
30.49
11.04
10.80
9,87
7.94
7.9
7.61
18.90

X2
(%)
38.20
K2, 4y2
Wy, 06
55.03
53.45
50,25
50.51
50.7h
45,69
51.35
hé6.,00
38.64
37.58
35.55
32.23
25.52
22,81
21,13
9.81
9.39
T1.37
8.44
11,29
0.0
17.69
0.0
0.0
h6.40
16. 16
16,01

x3
(%)
75.39
83.31
64.90
97.75
93.61
87.50
81.62
81.22
75.04
91.12
80,38
97.80
84,12
82.h9
15.99
87.19
71.99
71.11
30.47
17.90
33.33
6.71
5.13
3.u7
22.70
15.73
11.50
9.97
25,63
17.29

x3/x1
(-)

1.54
1.69
1.31
1.74
1.69
1.65
1.50
1.45
1.35
1.71
1.5
2.36
2.02
1.98
1.82
2,86
2.36
2.33
2.76
1.66
3.38
0.8Y4
0.65
0.4h6
1.20
0.92
0.69
0.58
1.49
1.06

pl13
(Pa)
85180,
25930,
166670.
800,
130,
9920,
27260.
25930.
150860,
3400,
48640,
H050,
13550,
32620,
56790,
16440,
38640,
5800,
1065,
14790,
2520,
75471,
19257,
30370.
10730,
71080,
51850,
19630.
1972,
9360,

Present Air-Water Flow Data: D3/Dq = 0.2, Horizontal Branch (® = 90°).

VsG1
(m/s)

2.18
20.35
20.85
20.85
20.85
20, 85
20.43
20.64
20.85
21,07
20,72
19.90
20.61
19.56
19.92
19,92
19,34
17.24

2.57

2.72

2.51

2.37

2.35

2.26

2.35

2.53

2.53

2.49

2,50

2.50

ml m2 m3
(kg/s) (ka/s) (kg/s)

0.148
0,339
0.341
0.341
0.350
0.350
0.350
0.350
0.350
0.354
0.353
0.3u7
0.341
0.341
0.204
0.20h
0.216
0.214
0.132
0.136
0.127
0.127
0,135
0.133
0.134
0.129
0.129
0.137
0.134
0.134

Present Air-Water Flow Data: D3/Dq = 0.2, Horizontal Branch (® = 90°).

0.058
0.335
0.330
0.326
0.328
0,322
0.317
0.308
0.302
0.296
0.288
0.272
0.329
0.310
0.194
0.190
0.19y
0.186
0.001
0.033
0.056
0.115
0.112
0.064
0,097
0.095
0.111
0.087
0.105%
0.059

0.091
0.004
0.012
0.016
0.021
0.028
0.033
0.0u2
0.0h8
0.058
0,064
0.075
0.012
0.0
0.010
0.01Y4
0.022
0.027
0.131
0.103
0.07
0.013
0.023
0.069
0.037
0.034
0.018
0.050
0.029
0.075

m3/m1
(-)

0.61
0.01
0.03
0.05
0.06
0.08
0,09
0.12
0.14
0.16
0.18
0.22
0.04
0.09
0,05
0.07
0.10
0.13
0.99
0,76
0.56
0.10
0.17
0.52
0.28
0.26
0.14
0.36
0.22
0.56

x1
o

15.29
67.50
66.93
66.93
65,30
65.30
65.30
65.30
65.30
6l .49
64.82
65.83
67.45
67.45
45,09
415.09
4y3.27
43,66
20.43
20.00
21,11
21. 11
19.29
19.59
20. 31
21.95
22.02
20.50
20.97
20.97

X2
(%)
21.04
67.27
67.70
67.76
66.11
65.77
65,67
65.50
65.26
64.23
64.10
64,37
68.24
67.88
43,90
43.50
40,67
39.37
72.04
35.10
27.64
19.24
17.25
22,62
19.10
19,20
19.26
20.28
18.80
25,3

%3
(%)
11.63
88.59
45,30
49.91
53.02
59.87
61.78
63.90
65.56
65,82
68.06
71,13
15.93
63.21
68.74
66.38
66.29
72.73
20.06
15,19
15.98
38.06
29.03
16.717
23.51
29,65
38.82
20.87
28.87
17.56

x3/x1
(-)

0.76
1.31
0.68
0.75
0.81
0.92
0.95
0,98
1.00
1.02
1.05
1.08
0.68
0.94
1.52
1.47
1.53
1.67
0.98
0.76
0.76
1.80
1.50
0.86
1.16
1.35
1.76
1.02
1.38
0.84

p13
(Pa)

36530,
1103,
3615,
7300.

13310,

22660,

20000,

33830,

49390.

83210,

116420,
190860,
2810,

30520,
8550,

16401,

30250.

38150,

94690,

39390.

18150.
3130.
6180.

30850,

12530.

1200,
5810.

20100,
9960.

37280.

T
(K)

291,
291,
291,
291,
291,
291,
291,
291,
291,
299.
299,
291,
291,
291,
291.
291,
291,
291,
294,
294,
294,
293,
293.
293,
293.
293.
293.
293,
293.
291,

pl
(MPa)

RN
hus
T
.h95
.500
W97
.86
. 500
L1195
.ha2
.h88
.315
.299
.298
.298
. 201
L 206
. 206
.282
.294

. 186
80
051
DI
90
L1190
. hg2

COCOoOoOCOO0OO0OCOCCCOOOOOOOOOOOO0O

pl
(MPa)

A3
.hg2
W70
470
70
h70
. 480
W75
W70
65
073
.h93
L47h
. 500
.196
. 196
205
.230
T
26
456
. ha2
070
.h9o
.h92
. h86
h87
h90
.has
g8

COCCOoOOCOOOoOCOOOOCOOOCCOOOOO0OC0O0O0O




897.

995.

988,

<
(=3

SDOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
- °, PPuE
o o

VsGl
(m/s)

2,52
2,52
2.49
7.20
7.20
7.19
71.22
7.20
10.13
9.7
11.94
9.93
9.71
9.85

9.96
2,53
2.51
2.h4
2.43
2.43
2.51
2.50
5.15
.96
4,96
i, 96
4,89
4.95
5.19

Table D.11 (cont.):

RUN
"

989.
890.
891.
892.
893.
997.
998,
999,

1000.

1001,

1002,

1003,
906.
907.
908.
909.
910.
947,
ou2,
9u3.
ont .

960.
961.
980,
981,
885,
886.
887.
888,
889.

Table D.11 (cont.): Present Air-Water Flow Data: D3/D1 = 0.2, Horizontal Branch (¢ = 90°).

Vsl
(m/s)

OOOCCOCOOOOOCDO
PO N b b vt b b ad ah b d ok kb
VOO0 000OOOON—

oo
NN
Vi

0.25
0.25
0.25
0.26
0.25
0.25
0.25
0.25
0.25
0.26
0.26
0.26
0.26

VsGl
(m/s)

5.27
29.57
29.72
29.72
29.90

7.50

7.53

7.56

7.60

7.26

7.23

7.29
10.50
10.07
10.04

9.86
10.04
10.42
10.48

10,70
10.70
10.06
10. 44
10.16

9.86

2.45

2.39

2.h2

2.47

2.43

mil m2 m3
(kg/s) (kg/s) (kg/s)

0.134
0.142
0,147
0.178
0.176
0.176
0.176
0.181
0.309
0,304
0.305
0.307
0.302
0.302
0.3M1
0.299
0.227
0.224
0.221
0.220
0.220
0,220
0,220
0.259
0.259
0.257
0.259
0.255
0.253
0.267

0,038
. 026
. 004
. 106
. 123
.135
.152
. 164
.234
. 249
.268
282
.282
. 297
.288
.288
. 000
.056
. 095
.12%
. 153
. 189
199
172
.200
.213
.229
.238
2h2
L2010

COoOCCCOOOO0OOODOCOCODOO0OOO0CO000D

0.096
0.116
0.142
0.072
0.053
0.041
0.024
0.017
0.075
0.05h
0.038
0.025
0.020
0.005
0.023
0.0
0.228
0.168
0.126
0.095
0,067
0.031
0.021
0.087
0.059
0.0uy
0.031
0.017
0.011
0.024

— 208 —

m3/m1
(-)

0.72
0.82
0.97
0.1
0.30
0.23
0.4
0.09
0.24
0.18
0.12
0.08
0.07
0,02
0.07
0.04h
1.00
0.75
0.57
0.43
0.30
0.1
0.09
0.34
0.23
0.17
0.12
0.07
0.04
0.09

X1

(%)

20.97
19.79
19.15
45,95
h6.55
h6.55
46,55
45.09
37.21
37.85
37.62
37.00
37.58
37.58
36.91
38.34
12.01
12.19
12,37
12.41
12,11
12,1
12.41
22.05
22,05
22.23
22.06
22.4h0
22,60
21,11

x2

(%)
32.45
32.03
15.66
27.75
32.93
35.63
39.93
h0.31
27.31
29.90
32.23
33.30
34.54
36.55
33.54
36.40

555.61

18.99
14,81
12.45
10.99
10.08
10.37

8.10
12.18
.30
16,27
18.21
19.56
16.42

x3
(%)

x3/x1
(-)

0.78
0.86
1.01
1.58
1.68
1.78
1.90

pi3
(Pa)

31970.
50620.
97780.
183210,
64200,
36670,
10990.
10780.
185180,
76540,
29260.
23690,
16570.
2540,
20160,
3770.
177280,
53090,
32960,
20370.
23900,
10290,
5370,
192590.
53090,
32720,
13830,
9350.
510,
21370.

T
(K)

297,
297.
297.
297.
297.
297.
297,
297.
291,
291,
291.
291.
291,
291.
291,
291,
309.
309,
309.
309.
309.
309,
309.
291,

291,

291,

291,

291,

291,

309.

Present Air-Water Flow Data: D3/Dy = 0.2, Horizontal Branch (® = 90°).

ml

(hy/s) (kg

0.267
0.15%0
0.450
0.hh7
0.4y
0.275
0.275
0.275
0.270
0.290
0.275
0.278
0.611
0.598
0.614
0.602
0.604
0.613
0.613
0.613
0.622
0.600
0.600
0.607
0.607
0.520
0.533
0.530
0.535
0.535

m2 m3

/s) (kq/s)
0.210 0.057
0.437 0.013
0.432 0.019
0.425 0.022
0.411 0.033
0.267 0.008
0.265 0.010
0.258 0.017
0.251 0.019
0.248 0.042
0.214 0.062
0.200 0.079
0.531 0.080
0.549 0,048
0.581 0.033
0.581 0.021
0.591 0.013
0.603 0.010
0.579 0.034
0.564 0.049
0.560 0,062
0.579 0.021
0.542 0.058
0.597 0,010
0.581 0.026
0.440 0.080
0.477 0.056
0.h97 0.033
0.512 0,023
0.520 0.01%

m3/mi
(-)

0.21
0.03
0.04
0.05
0.07
0,03
0.04
0.06
0.07
0.15
0.22
0.28
0,13
0.08
0.05
0.03
0.02
0.02
0.05
0.08
0.10
0,03
0.10
0.02
0.04
0.15
0.10
0.06
0.0h
0,03

X1

(%)

21.11
30.60
30.60
30.82
30.90
29.62
29.62
29.62
30.14
28,13
29.67
29.35
19.00
19.43
18.85
19.23
1917
18.85
18.85
18.85
18,57
19.18
19.24
18.93
18.93

5.44

5.25

5.29

5.23

5.23

x2
(%)
11.62
30,73
30.59
30.7
30.18
27.74
27.23
25.73
25,62
20.32
19.18
16.33
13.53
15.62
16,29
17.51
17.90
17.95
16.19
15,06
14,06
17.39
1. 64
17.88
16.68
1.76
2.72
3.51
3.90
4,29

%3
(%)
56.14
26.29
30.87
32.95
39.99
93.63
93.35
88.20
89.30
73.82
66.01
62.29
55.06
62.70
63.45
66.86
78.18
71.87
64,79
62.35
59.32
68.82
62.11
83,84
69.37
25.85
26.93
32.26
34,16
37.07

X3 /%1
(~)

2.66
0.86
1.01
1.07
1.29
3.16
3.1%
2.98
2.96
2.62
2,23
2.12
2.92
3.23
3.37
3.h8
4,08
3.81
3.44
3.31
3.19
3.59
3.23
h.4y3
3.67
.75
5.13
6.10
6,53
7.09

p13
(Pa)

5704h0.
5080,
12570.
19630,
H0620,
2230.
4050.
12460,
17850.
36540.
76540.
186670.
153700,
39380.
35660,
1670,
7550.
3590.
35900.
39010,
68280,
17660,
68520,
1570,
21590.
1110,
34660,
13340,
7970.
3640,

;

T
(K)

309.
291,
291,
291.
291,
309.
309.
309.
309.
297.
297.
297,
291,
291.
291,
291,
291,
298.
298.
298.
298.
291,
291.
291,
291,
291,
291,
291,
291,
291,

pl
(MPa)
0.483
0.483
0.49C
0.192
0.492
0.493
0.49
0.492
0.482
0.503
0.409
0.4h86
0.497
S 0.490
0.490
0.490
0.487
0.490
0.505
0.507
6.507
0,490
0.493
0.472
0.490
0.190
0.490
0.496
0.490
0.490
pl
{MPa)
0.4h83
0.198
0.197
0.197
0.195
0.490
0.4h488
0.486
0,183
0.h88
0.490
0.486
0.470
0.490
0.490
0.499
0.490
0.483
0.480
0.470
0.070
0.486
0.470
0.480
0.h95
0.490
0.h97
0.492
0.h82
0.490
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RUN VsL1  VsGt mi me m3
#  (m/s) (m/s) (kg/s) (kg/s) (kg/s)

978. 0.25 2,52
979. 0.25 2,58
791, 0.26 4.91
792, 0,26 5,03
793. 0.26 5.02
94, 0.26 4,75
795, 0.26 5,08
796. . 0.25 5,30
797. 0.24 44,84
798. 0.24 4,81
880, 0.25 5,02
881. 0.25 5,02
882. 0.25 5,02
883. 0.25 h,95
884, 0,25 5,03
976. 0.25 5,02
977. 0.24 4,97
683. 0.51 10.80

x3/x1 p13 T p1
- (Pa) (K) (MPa)

3
—
[ B
~ 3

pury

X

—

x2 X3
(%) (%) (%)
5.59 4,00 u3.27 7.75 9090. 291, 0.480
5.59 2.65 28,72 5.14 23460, 291, 0.470
9.50 8.u8 76.22 8.02 4957, 299, 0.470
9.50 8,19 68.45 7.20 5998. 299. O
9.50 7.82 62.u48 6.57 9737. 299. 0
9.50 6.92 51.34 5. 40 25643. 299. O
9.50 6.20 Ly.15 4,65 30860, 299. O
. 5,32 41,06 y.25 59500, 299, O
9.95 4,13 37,19 3.7h 99880, 299. O
9.95 3.64 35,92 3.61 143950, 299, O
10.50 9.02 69.79 6.65 6180. 291, O
10.50 8.08 55.03 5.24 20720. 291, O
10.38 7.05 K47.28 4.56 25930, 291, O
542 0.477 0.065 10.54 6.08 Uu3,16 4.09 49880, 291, O
542 0,431 0,111 10.54 3.91 36.39 3.45 158020. 291, O.
.549 0.510 0.039 0.07 10.44 7.43 50.31 4,82 19140, 291, 8.“85
0
0
0
0
0
0
0
0
0
0
0
0

.510 0.490 0.021
.510 0.453 0.057
.557 0.548 0.008
.557 0.544 0.012
557 0.539 0.017
557 0.524 0.032
.557 0.508 0,048
.547 0.481 0.066
.531 0.438 0.094
.531 0.427 0,104
.54 0,531 0.013
544 0.516 0.028
550 0.505 0.045

N=OOON—=-wOOO0O00~=0
COCRNEUMNOOENOOAWNN—I
0
o2}
~

COoO0O0OOCOOCOO0O0C0Q

.536 0.523 0.013 0.02 10,69 9.16 74,90 7.00 5330. 291,
L1100 1,092 0.018 0.02 10.39 10.00 33.89 3.26 4255, 298,

e e A P w S-S w0000 O00OOCOCOOCOOO0O0C

684, 0.51 11,16 114 1,079 0.035 0.03 10.36  9.54 36,02 3.48 20420. 298, 150
685. 0.52 11,65 L1417 1,070 0.068 0,06 10.11 8.53 35.25 3.h9 48150, 298, h31
776. 0.52 10,47 .132 1,059 0.073 0.06 9.90 8.11 35,98 3.64 50250. 301, 70
779. 0.52 10.32 .123 1,109 0.014  0.01 10.03 9.85 23.34 2.33 319, 295, u70
780, 0.51 10.06 104 1,082 0,023 0.02 10.19  9.7u4  31.77 3.12 7200, 295, 82
781, 0,52 10.28 .126 1.093 0.033 0.03 10,00 9.32 32.54 3.25 16446, 295, 72
782, 0.52 10,17 .123 1,069 0.0%54 0.05 10.03 8.74 35.63 3.55 20940, 295, N7
783, 0.52 10.32 L137 1.040G 6.097 6.09 2,90  7.3% 37.35 3.77 114690. 295, u70
932. 0.50 10,07 ,086 1,038 0.048 0.04 10.%55 9.09 u1.93  3.97 24200, 298. n95
933. 0.51 10.39 .106 1,082 0.025 0,02 10.36 9.73 37.70  3.64 12040, 298, L1180
962. 0.51 10.32 .118 1.034 0.083 0.07 10,30 7.89 h0.13 3.90 85560. 301, 190
963. 0.51 10.30 .118  1.077 0.041 0.04 10.30 9.17 39.94 3.88 16300. 301, 0.491

Table D.11 (cont.): Present Air-Water Flow Data: D3/D1 = 0.2, Horizontal Branch (& = 90°).

RUN  vsL1 VsGl m1 m2 m3  m3/m1 x1 x2 %3 x3/x1 p13 hS o1

# (m/s) (m/s) (kg/s) (kg/s) (ka/s} (=) (%) (%) (%) (=) (Pa) (K) (MPa)
679. 0.51 20.74 1.214 1.131 0,084 0.07 18.45 16.72 hi.82 2.27 99140, 298, 0.470
680. ©0.51 20,74 1.214 1,145 0,070 0.06 18.4% 17,12 uo, 21  2.18 53700, 298, 0.470
681. 0.51 21.66 1.221 1.187 0,034 0,03 18.35 17.94 33,04 1.80 7012, 298. 0.450
682. 0.50 21.42 1.211 1.192 0.019 0.02 18.49 18.28 31.41 1.70 3915, 298, 0.455
775. 0.53 20.21 1.258 1,193 0.065 0.05 17.54 16.25 41,02  2.34 50370. 301, 0.480
930. 0.50 20,82 1.212 1.133 0.079 0.07 18.94 17.22 u3.69 2.3} 95060. 298, 0.480
931. 0.50 20.39 1.209 1.148 0.061 0.05 18.99 17.83 40.66 2.1h 45060. 298, 0.490
934. 0.50 20.44 1.202 1,174 0.028 0.02 19.16 18.80 3h.28 1.79 12590. 298, 0.490
940. 0.49 20.69 1.184 1,161 0.023 0,02 19.57 19,29 33.54 1.71 8160. 298, 0,u487
968. 0.49 19.82 1.186 1.133 0.053 0.0n 18.75 17.19 51.87 2.77 w7410, 293, 0,480
969. 0.48 19.57 1.163 1,135 0.028 0.02 19.11 18.39 u8.69 2.55 8640, 293, 0.u86
807. 0.%2 2,61 1.047 1.023 0.024 0.02 2.64 2,17 22,49 8.50 5892. 297. 0.460
808. 0.52 2.53 1.043 0,997 0.046 0.04 2.66 1.82 20.97 7.89 16365, 297. 0.W75
809. 0.52 2.58 1.043 0,984 0.059 0.06 2.66 1.56 21,07 7.93 30660, 297. 0.h65
810. 0.53 2.65 1.061 0,979 0.082 0.08 2.61 1,14 20.20  7.75 32470, 297, 0.h454
811. 0.53 2.61 1.061 0,917 0.144 0.14 2.61 0.51 15,96 6.11 74200, 297. 0.460
915. 0.50 2.41 1.000 0.963 0.037 0.04 2.84 2,03 24,08 8.48 13160. 291. 0.501
916. 0.50 2.39 1.000 0.903 0.096 0.10 2.84 0.92 20.84 7.33 41110, 291, 0.504
972, 0.50 2.52 1.010 0.906 0.104 0.10 2.89 0.91 20.13 6.96 52840. 291, 0.h92
973. 0.51 2.62 1.033 0.998 0.036 0.03 2.83 2.02 25.29 8.95 13010, 295, 0.480
800. 0.50 5.16 1.035 1.015 0.020 0.02 5.36 4.86 31.28 5.83 5986. 2¢9. 0.470
801. 0.50 5.10 1.035 1.009 0.026 0.03 5.36 4,64 33,33 6.22 9958, 299, 0.475
802. 0.50 5,08 1.034 0.981 0.053 0.05 5.33 3.88 32,01 6.0} 21235, 303, 0.u480
803. 0.50 5,08 1,034 0,950 0,085 0.08 5.33 3.0 30.75 5.77 55190, 303, 0,480
80h. 0.51 5,13 1,059 0.948 0.111 0.1 5.20 2.26 30.21 5.81 110740, 303. O.475
805%. 0.52 5,30 1.075 0.9%2 0.123 0.11 5,13 1,92 29.91  5.83 188150, 303, 0.460
917. 0.50 4.85 1.041 1.009 0,032 0.03 5.47 4.57 34,39 6.28 15810, 291, 0,499
918. 0.52 5.09 1.070 0.985 0.085 0.08 5.32 3,15 30.33 5.70 54320, 291, 0.476
970. 0.50 5.06 1.037 1.009 0.028 0.03 5.8 4.82 32.78 5.87 12600, 291, 0.u486
971. 0.50 5.01 1.0hn 0.962 0.082 0.08 5,55 3.40 30.78 5.55 ugloo0. 291, 0.491

Table D.11 (cont.): Present Air-Water Flow Data: D3/D1 = 0.2, Horizontal Branch (® = 90°).
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RUN Vsl VsGi1 ml m2 m3 m3/mt  x1 x2 x3 x3/%1 p13 ™ pl
# (m/s) (m/s) (kg/s) (kg/s) (ka/s) (=) (%) (%) (%) (-) (ra) (K)  (MPa}
769. 0.99 9,97 2.057 2.016 0.042 0.02 5.41 5.24 13.27 2,46  10970. 301. 0.490
770, 0.99 9,60 2.054 2.022 0.032 0,02 5,41 5,27 14.27 2.6M 7813. 301. 0.509
771, 0.98 10.00 2,037 1,955 0.082 0.04 5.47  4.94 16.71 3.09  25930. 301, 0.485
772, 0,99 10.10 2,044 1.977 0.066 0.03 5.40 5.03 16.28 3.02 15062, 301, 0.480
773, 0.99 10.32 2,053 1.939 0,114 0.06 5.37 4,55 19.33 3.60  63580. 301, 0.h70
925. 1.00 10,10 2,083 1.931 0.152 0.07 5.58 4.49 19.42  3.48 119630. 291. 0.489
926. 1.00 10,10 2,083 1.972 0.111 0.05 5.58 4.86 18.37 3.29  50980. 291. 0.u489
936, 0.99 10,33 2.055 2,003 0,052 0.03 5.64 5.44 13.33 2.36 15910, 298. 0,488
937. 0.99 10,39 2.055 2,020 0.035 0.02 5.64 5.51 12.65 2.24 6880, 298, 0.485
964, 1.00 10,50 2,082 1.995 0.087 0.04 5,53 5,15 14.28 2.58 39990. 30i. 0.182
965, 1.00 10.50 2,082 2,023 0,058 0.03 5.53 5.29 13.91 2.52 18630.  301. 0.482
927. 1.01 20.28 2.201 2.089 0.112 0.05 10.45 10.09 17.26 1.65 51000, 291. 0.482
928. 1.00 20.24 2.196 2.085 0.111 0,05 10.52 10,16 17.28 1.6k 50900. 291. 0.485
929. 1.00 20,24 2,194 2,058 0,136 0.06 10.53 9,93 19.63 1.86 112000. 291. 0.485
935, 0.98 20.36 2.157 2.100 0.057 0.03 10.67 10.63 12.20 1.14 16300. 298, 0.492
938. 0.98 20.33 2.146 2.108 0.038 0.02 10.77 10.76 11.79 1.09 5800. 298, 0,495
939. 0.98 20.57 2.146 2,092 0.055 0.03 10.79 10.71 13.70 1.27 1500, 298, 0.490
966. 0.99 20,14 2,157 2,116 0.042 0.02 10.31 10.08 21.68 2.10 15300, 301, 0.h85
967. 0.99 20.36 2.167 2.080 0.086 0,04 10.26 9.50 28.64 2,79  58800. 301. 0.480
774. 1.00 19,72 2,172 2,050 0.122 0.06 10.16 9.77 16.77 1.65 64500,  301. 0.492
686. 0.99 22.74 2.167 2.045 0.121 0.06 10.33 9,90 17.63 1.71 103400, 298. 0.u28
687. 0.99 22.74 2,167 2.055 0.111 0.05 10.33 10.05 15.54 1,50  71000. 298. 0.428
688. 0.99 22.74 2,167 2,096 0.070 0.03 10.33 10.25 12.58 1,22 23300. 298, 0.428
689, 0.99 22,74 2,167 2,105 0.061 0,03 10.33 16,30 11.40 1,10 15700, 298. 0.428
813. 1,00 2.57 1.990 1.937 0,053 0.03 1,37 1.18 8.32 6.09 10360, 311, 0/480
814, 1,02 2.65 2.017 1.932 0.085 0.0h 1.35 1,01 9,87 6.73 23828, 311. 0.165
815, 1.02 2,69 2.033 1.912 0.121 0,06 1,31 0.88 8.57 6.1 30370, 311.  0.460
816. 1.02 2.58 2.033 1.816 0.217 0.11 1.34 0.55 7.96 5.93 71110, 311, 0.180
817. 1.00 2.53 1.986 1.719 0,267 0.13 1.37 0,42 7.50 5.46 125310, 311, 0.490
818. 1.01 2.56 1.995 1.682 0.314 0.16 1.37 0.39 6.59 k.81 200250, 311. 0.485
. . - o
Table D.11 (cont.): Present Air-Water Flow Data: D3/D1 = 0.2, Horizontal Branch (& = 90°).
RUN Vsl VsG1 m1 m2 m3  -m3/m1 X1 x2 x3 X3/%1 p13 T1 Pl
(m/s) (m/s) (kg/s) (ka/s) (ka/s) (=) (%) (%) (%) (=) (Pa) (X) (Mpa)
974. 1.02 2,53 2.024 1.959 0.065 0.03 .44 1,11 11.44 7,93 22040, 291. 0.490
975. 1.01 2,49 1,999 1.861 0.138 0.07 1.46 0.78 10.67 7.30 38150, 291. 0.498
785, 1.00 33,98 2,357 2,302 0.055 0.02 16.56 16.66 12.36 0.75 15100, 295. 0.h95
786, 1.01 34,32 2,360 2,287 0.073 0.03 16.54 16.71 11.29 0.68 24600, 295, 0.490
787. 1.01 34.88 2.369 2.266 0.103 0.04 16.48 16.64 13.06 0.79 33900. 295. 0.482
788, 1.01 34.60 2,365 2.263 0,102 0.04 16.51 16.48 17.18 1.0} 60100. 295, 0.486
789, 1,01 36,13 2,377 2.226 0,15) 0.06 16.43 16.42 16.50 1.00  139300. 295. 0.465
919. 1.00 4,87 2,020 1.964 0.056 0.03 2.82 2,50 14.01 14,96 17500. 291, 0.498
920. 0.98 4,85 1,972 1.935 0.037 0,02 2.89 2,73 11.50 3.99 7150, 291. 0.500
921. 0.98 4,85 1.976 1.930 0.046 0.02 2.88 2,63 13.62 4,72 11830, 291, 0.500
922, 0.99 4.87 1.992 1.914 0.078 0.04 2.86 2.38 14.77 5.16 33060. 291. 0.497
923, 0.99 4,94 2,004 1.890 0.114 0.06 2,84 1.99 17.06 6.00 47280, 291. 0.490
924, 1.01 5,13 2,035 1.867 0.169 0.08 2.80 1.44 17.83 6.37 160620. 291. 0.472
713, 0.06 5.22 0.169 0,161 0.008 0,05 33.23 30.06 96.56 2,91 3703, 293, 0.461
74, 0,06 5,20 0,169 0.156 0.013 0.08 33.23 28.57 89.30 2,69 7782, 293. 0.u63
715, 0.06 5.11 0,169 0.145 0.024 0.14 33,16 26.70 71.49 2.16 21071, 293, 0.468
716, 0.06 5.20 0,169 0.129 0.040 0,24 33,16 22,94 65.76 1.98 29380, 293. 0.461
717. 0,06 5.51 0.177 0.132 0.045 0.25 31.81 21,22 62,90 1.98 h7650. 293, 0.436
718, 0.06 5.39 0.177 0.116 0.061 0.35 31.81 17.2h 59.40 1,87 87650, 293, 0.146
719, 0,06 5.15 0.171 0,087 0.084 0.49 32,81 20.99 u4,98 1.37  163580. 293. 0.h66
720. 0.06 5.03 0.171 0,058 0.113 0.66 32.73 29.16 34,57 1.06 183210, 293. 0.475
721, 0,06 14.98 0,171 0.057 0.114 0.66 32.73 29.87 34,17 1.04  200250. 293, 0.480
857. 0,06 4,96 0.172 0.156 0.016 0.09 33.57 28.32 84,57 2,52 10410, 291, 0,490
858, 0.06 5.24 0,175 0.153 0.022 0.13 33.20 26.47 80.25 2,42 15900, 291, 0.470
859. 0.06 5.17 0.170 0.159 0.011 0.06 33.63 29.59 94.3h 2.81 5090, 291. 0.470
860. 0.05 5.00 0,163 0.118 0.045 0.28 35.07 22.86 66.69 1.90 38390, 291. 0.h86
861. 0.05 5.02 0,159 0.043 0.116 0.73 35.96 29.34 38.41 1.07 185430. 291. 0.483
986, 0.05 5.08 0,158 0.10) 0,057 0.36 35.63 21.93 59.98 1.68 58520. 299. 0.48h
987. 0.05 4.97 0.158 0.129 0.029 0.19 35.63 26.21 76.79 2.16 16300, 299, 0.495
750. 0.06 5.10 0.153 0.150 0.004 0,02 22.74 21.25 85.88 3.78 4900. 294, 0.294

Table D.11 (cont.): Present Air-Water Flow Data: D3/Di = 0.2, Horizontal Branch (® = 90°).




RUN  VsL1
4 (m/s)
751. 0.06
752, 0.06
753, 0.06
754, 0.06
755. 0.06
862, 0,05
863. 0.0y
864. 0,05
865. 0.04
866, 0.05
696. 0.06
697. 0.06
698. 0.06
699. 0.06
707. 0.06
708. 0.06
709, 0.06
711, 0.06
737. 0.06

VsG1
(m/s)

5.03

4.90

mi m2 m3
(kg/s) (kg/s) (kg/s)

0.154
0.161

0.149
0,152
0.143
0.135
0.122
0,045
0.061
0.122
0.091
0.122
0.1h2
0.133
0.126
0.017
0.107
0.092
0,088
0.128
0.102

0.006
0.009
0.018
0.025
0.038
0.088
0.057
0.014
0.027
0,009
0.004
0.014
0.018
0.116
0.028
0.043
0.0u9
0.008
0.0u6
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m3/m1
(-)

0.04
0.06
0.11
0.16
0,24
0.66
0.48
0.10
0.23
0.07
0.03
0.09
0.12
0.87
0.21
0.32
0.36
0.06
0.31

x1

(%)

22.63
21.72
21.72
21.72
21.72
26,04
29.14
25,33
29.14
26.42
16.35
16.35
16.66
17.80
16.85
16.79
16.62
16.56
16.53

x2
(%)
20,25
18,13
16.43
14.86
12,19
24,21
26,57
19.84
21,33
22.16
14.71
12.26
11.38
70.75
13.63
14,38
14,96
.7
11.60

x3
(%)
86.80
81.88
64,75
58,25
51.95
26.97
31.87
73.46
55.56
87.15
72.99
56.21
54,50
10. 14
29.03
21,96
19.62
y7.20
27.45

x3/x1
(-)

3.84
3.77
2.98
2.68
2.39
1.04
1.09
2.90
1.9
3.30
Iy
3.0y
3.27
0.57
1.72
1.31
1.18
2.85
1.66

pl3
(Pa)

5650.
7220.
17640,
30460,
15560,

© 117280,

57040.
12670.
32620.

8760,

5900.
mu71,
30860.
17650.
22313.
37880.
3n94h0.

5078,
53210,

Table D.11 (cont.): Present Air-Water Flow Data: D3/Dy = 0.2, Horizontal Branch (®

RUN  VsL1
# (m/s)

2112, 0.10
2113, - 0.10
2114, 0.10
2115, 0.10
2116, 0.10
2117, 0. M
2118.
2119,
2102,
2103,
2104,
2105,
2106.
2107.
2108.
2109,
2110,
2111,
2144,
2145,
2146,
2147,
2148,
2149,
2150.
2151,
2152,
2120.
2121,
2122,
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TableD.12:

VsG1
(m/s)

5.04
5.0
4.89
5.04
4.98
5.07
5.16
5.16
10.22
10. 34
10.52
10.45
10.12
10.12
10,16
10,01
10,06
10.06
19.91
20,02
20.02
20.16
20,16
20.16
20,18
20,18
19.77
5.13
5.13
4,97

m1

m2 m3
(kg/s) (kg/s) (ka/s)

0.299
0.296
0.291
0.298
0,300
0,308
0.308
0.308

0,622
.42y
0.423
0.h22
0.599
0.592
0.596

0.296
0.287
0.274
0.251
0,164
0.190
0.222
0.252
0.422
0.419
0.413
0.389
0.371
0.359
0.343
0.337
0.313
0.292
0.487
0.502
0.549
0.578
0,606
0.621
0.358
0.369
0.390
0,596
0.583
0.577

0.003
0.009
0.017
0.048
0.137
0.118
0.086
0.056
0.003
0.008
0.01h4
0.030
0.043
0.056
0.072
0.087
0.116
0.129
0.129
0.115
0.069
0.038
0.014
0,001
0.066
0.054
0.032
0,003
0.009
0.019

m3/ml
(=)

0.01
0.03
0.06
0.16
0.46
0.38
0.28
0.18
0.01
0.02

0.17

COOoOQCOOOOOOCO0
COQ0CO—-=OOO=—=TNWNN
LN~ QWA A~ D =

x1

(%)

34.09
3h.05
34,13
33.64
33.39
33.15
33.15
33.15
49, uy
50.56
50.56
51.14
50.54
50.37
50.36
h8.79
47.93
ng.78
68.21
68.21
68,06
68.11
67.68
67.50
53.88
54,05
5h.09
17.52
17.72
17.09

x2
(%)

33.47

32,10
30.17
21.08

5.93

4,04

7.22
18.48
49.13
49,69
48,95
47.45
45,03
n2.88
40,18
35.91
29.11
26.83
62,75
63.64
65.78
67.10
67.46
67.63
u47.75%
49.35
51.47
17.08
16.39
1,38

x3

(%)

97.70
99.22
99.60
99.86
80.37
93.08
99.92
99.88
97.87
95.46
97.79
98,39
98.64
98.57
98.66
98.71
98.51
98.45
88.79
88.16
86.28
83.35
77.22

0.50
87.12
86.19
85,58
99.97
99.79
99.79

x3/x1
(-)

2.87
2.9
2,92
2.97
2.4
2.81
3.01
3,01
1.98
1.89
1.93
1.92
1.95
1.96
1.96
2.02
2.06
2,02
1.30
1.29
1.27
1.22
1. 14
0.01
1.62
1.59
1.58
5.1
5.63
5.84

P13
(Pa)

-361.
660,
3504,
23612,
209088.
161748,
80132,
33000,
~-722,
612.
3215,
9684,
18104,
31450,
56120.
84116,
157180,
206432,
232980.
170180,
65068,
20290.
3660.
252,
122064,
63100,
20429,
182,
629,
4300,

Present Air-Water Flow Data: D3/D1 = 0.2, Upward Branch (® = 0°).

T1
(K)

294,
294,
294,
294,
294,
291,
291,
291,
291,
291,
293,
293.
293.
293

293,
293,
293.
293.
2914,

= 909,

T
(K)

297.
299.

pl
(Mpa)

0.298
0.289
0.29Y4
0.294
0.279
0.308
0.299
0.286
0.294
0,308
0.192
0.186
0.193
0.250
0.204
0.210
0.209
0.218
0.196

pl
(MPa)

0.877
0.877
0.887
0.877
0.887
0.887
0.872
0.872
0.862
0,882
0.867
0.872
0.877
0.877
0.877
0.882
0.882
0.882
0.882
0.877
0.877
0.882
0.882
0.882
0,490
0.4h90
0.500
0,882
0.882
0.882




RUN
#

2123,
2124,
2125,
2126.
2127,
2128.
2129,
2091,
2092,
2093.
2004,
2095,
2096.
2097,
2098,
2099,
2100,
2101,
2033.
2034,
2035,
2036,
2037.
2038,
2039.
2040,
2041,
2130,
2131,
2132,

Table D.12 (cont.): Present Air-Water Flow Data:

RUN |

#

2133,
2134,
2000.
2001,
2002.
2003.
2004,
2005.
2006,
2042,
2043,
2044,
2045,
2046,
2047,
2048,
2135,
2136,
2137.
2138.
2139,
2140,
2141,
2142,
2143,
2015,
2016,
2017,
2018,
2019,

Table D.12 (cont.):

Vsl
(m/s)

0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.26
0.26
0.26
0.26
0.26
0.26
0.25
0.25
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.52

Vs
(m/s)

0.51
.51
.53
.53
.53
.53
.53
.53
.53
.51
.50
.50
.50

e e L H S-S —- 00000000 OOOOOD

VsG1
(m/s)

4,94
5.10

5.09
5.15
5.21
5.21
10.06
10,06

10.06
10,25
10,25
10.2%
10.25
10.25
10.31
10.31
7.44
5.01
5.01
5.01
5.01
5.01
5.01
5.01
5.04
5.4
5.13
5.10

mt m2 m3
(ka/s) (ka/s) (Kkg/s)

0.596
0.590

m m2 m3
(kg/s) (kg/s) (ka/s)

1.056
1.055
1.249
1.249
1.249
1.2h9
1.249
1.249
1.249
1.407
1.380
1.380
1.380
1.380
1.380
1.380
2,012
2,013
2.012
2.014
2,014
2.026
2,006
2,006
2.006
2,061
2.066
2,066
2.066
2.065

0.556
0.535
0.521
0.497
0.470
0.463
0.463
0.700

0.992
0.947
1.228
1.202
1.184
1.169
1.145
1.125
1.115
1.400
1.360
1.298
1.294
1.252
1.246
1.235
2.007
1.947
1.895
1.637
1.717
1.878
1.545
1.461
1.461
2,057
2,054
2.047
2.023
2.002

0.040
0.055
0,074
0.100
0.120
0.128
0,128
0.002
0,004
0.020
0.039
0.048
0.063
0.072
0.084
0,101
0.122
0.1
0.004
0.008
0.014
0.033
0.0h4
0.076
0,109
0.129
0.1h1
0.002
0.014
0.039

0.064
0.108
0.021
0.047
0.065
0.080
0.104
0.124
0.134
0,007
0.021
0,083
0.086
0.128
0,134
0.146
0.004
0.067
0.117
0.377
0.297
0.148
0.460
0.541
0.54Y
0,003
0.012
0.019
0.043
0.063

m3/m1
(=)

0.06
0.10
0.02
0.04
0.05
0.06
0.08
0.10
0.1

0.00
0.01

0.06
0.06
0.09
0.10
0.1

0.00
0.03
0.06
0.19
0.15
0.07
0.23
0.27
0.27
0.00
0.01

0.01

0.02
0.03

— 212 —

x2
(%)

5.04

2.36

x3
(%)
99.75
99.67
99.72
99.91
94,39
88.33
86.86
96.92
92,77
93.16
98,09
96.52
95,10
96.03
9Y4. 74
93.60
93,22
94,04
71.28
81,26
86,64
90,19
94, 64
89.05
91,06
87.13
81.hY
99. 74
73.31
85.29

x3/x1
(-)

5.84

pi3
(Pa)

16639,
31190.
63836,
104980,
174800,
197600.
207250,
-97.
164,
h705,
15504,
25830,
h6780.
67492,
86604,
120960,
186072,
212576.
1

462,
2189.
10151,
20800.
66748,
130290,
187480,
210904,
99.
311,
29760,

T
(K)
295,
299

302,
302,

302,

297.

291.

<4 B

291,

296.
296.
296.

D3/D1 = 0.2, Upward Branch (P = 0°).

X1

(%)

5.04

5.39
16,66
16.66
16.66
16,66
16.66
16.66
16.66
29,06
29,62
29,62
29.62
29.62

29,62

2,57
5.1
5,08
5.08
5.07
5,04

X2
(%)
0.65
0.42
15,82
14,33
13.27
12,50
11.01
9.47
8.77
29.02
29.21
27.21
26.13
25,87
25.47
25.16
2,50
1.50
1.02
0.h7
0.68
0.61
0.49
0.45
0.45
5.01
h,90
.68
3.98
3.15

%3
(%)

79.81
48,91
66.38
76,36
78.60
77.67
79.11
81,85
82,49
37.26
56.90
67.35
82,04
66.31
68.18
67.36
ne.,27
35.55
28.69
1.7
13.62
27.35

9.56

8.26

8.26
86.86
37.08
48.05
56.78
64,86

x3/%x1

(-)

14.67
9.07
3.98
.58
4,72
I,66
.75
h.9
4.9%
1.28
1.92
2.27
2.77
2.2h
2,30
2.27

16.35

13.51

10.9
iy, 54
5.27

10.70
3.71
3.21
3.21

16.90
7.30
9.u5

11.19

12,88

p13
(Pa)

68896,
104008.
3073.

23865.

ha2492,
65728.
120828.
184788.
224800,
363.
3490,
59652,
108112,
158400,
188504,
206880,
176.
13912,
32800.
128640,
79956.
55700.
95600.
228760,
241550.
350.
1035,
7685,
10934,
30628.

T1
(K)

296.
296.
289.
289.
289.
289.
289.
289,
289,
294,
294,
294,
294,
294,
294,
294,
292,
292.
298,
298.
298,
298.
303,
303.
303.
291,
291,
291,
293.
296.

Present Air-Water Flow Data; D3/Dq = 0.2, Upward Branch (® = 0°).

pl
(MPa)

0,887
0.882
0.872
0.882
0.882
0.872
0.872
0.882
0.882
0.882
0.882
0.882
0.882
0.882
0.882
0.882
0.872
0.872
0,882
0.877
0.877
0.877
0.877
0.877
0.877
0.877
0.872
0.490
0.490
0.490

pl
(MPa)

0.490
0.515
0.877
0.877
0.877
0.877
0,877
0.877
0.877
0.877
0.882
0,882
0,882
0.882
0.882
0.882
0.882
0.882
0.887
0.872
0.872
0.872
0.882
0,882
0.882
0.872
0.877
0,877
0.877
0.877




RUN
#

2020.
2021.
2022,
2023,
2024,
2007.
2008.
2009.
2010,
2011.
2012,
2013.
2014,
2049.
2050.
2051.
2052,
2053.
2054,
2055,
2056.
2057.
2025.
2026.
2027.
2028,
2029.
2030.
2031,
2032,

Table D.12 (cont.):

RUN
4

2073.
2074,
2075.
2076.
2077.
2078,
2079.
2080.
2066.
2067.
2068,
2069.
2070,
2071,
2072,
2081,
2082,
2083.
2084,
2085.
2085.
2086.
2087,
2088.
2089.
2090.
2058,
2059,
2060,
2061,

Table D.12 (cont.):

Vsi
(m/s)

0.99
0.99
0.99
0.99
0.99
1.00
1.02
1.00
1.00
1.00
1,01
0.99
0.99
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.99
1.00
1.00
1.00
1.00
1.00
1.00
1.00

VsL1

(m/s)

1.98
1.98
1.98
1.98
2,00
2.00
2.00
2.00
2.00
2.00
2.00
2.04
2,04
2.04
2,06
2,00
2.00
2.00
2.00
2.03
2.03
2.03
2.03
2.03
2.03
2.03
h.02
h,02
4,02
.02

VsG1
(m/s)

ReRloRUoRNa RN RN ARG, RN RN ]
OO D = bk s
A AT G G S0 G G

el
v

VsG1
(m/s)

5.03
5.03
5.03
5.03
5,07
5,07
5.07
5.07
10.16
10,16
10.16
10.04
10.04
10.04
9.56
20.17
20.17
20,17
20.17
20.20
20.20
20.20
20.20
20.20
20.20
20.20
.96
4,96
4.96
4,96

mi m2 m3
(kg/s) (kg/s) (kg/s)

2,039
2.039
2.039
2,039
2,039
2.160
2,209
2.162
2.162
2.162
2.182
2,155
2.155
2,371
2,37
2.371
2.37M
2,371
2.371
2.371
2,371
2.37
2,169
2.185
2.185
2.183
2.185
2.185
2.18%
2.185

1.960
1.925
1.899
1.858
1.859
2.151
2,194
2.123
2.091
2,065
2,053
2.007
1.994
2.368

0.079
0.114
0.140
0.181
0.180
0.009
0.015
0.039
0.071
0.097
0,130

— 213 —

m3/ml
(=)

0.04
0.06
0.07
0.09
0.09
0.00
0.01
0.62
0.03
0.04
0.06
0.07
0.07
0.00
0.00
0.02
0.03
0.03
0.05
0.05
0.06
0.06
0.00
0.00
0.01
0,02
0.02
0.03
0,03
0.03

x1

(%)

5.10
5.10
5.10
5.10
5.10
9.4
9.21
9.40
9.40
9.40
9.52

9.65
17.35
17.35
17,35
17,35
17.35
17.35
17.35
17.35
17.35
10,42
10.35
10.35
10,36
10.35
10.35
10.35
10.35

X2
(%)

2.39
1.31
0.75
0.69
0.61
9.33
9.08
8,66
7.86
7.16
6,34
5.76
5.70
17.26
17.26
16.53
16.07
15.75
15.48
.87
4. 44
.31
10.35
10,23
9.92
g.62
9.26
9.10
8.89
8.48

%3

(%)

12,02
68.92
64,27
50,32
51.53
27.70
27.76
49,93
54,69
57.14
59.86
62,50
58.63
99.96
34.99
57.85
60,95
62.18
55.16
61.39
61.80
61,86
37.45
35.99
55,12
56,89
58,33
58,65
59.42
61,77

x3/%1
(-)

14,12
13.51
12.60
9.87
10.10
2.94
3.02
5.31
5.82
6.08
6.29
6.48
6.07
5.76
2,02
3.33
3.51
3.58
3.18
3.54

p13
(Pa)

55968.
121560,
175156,
209104,
223224,

1587.
1600,
9951,

36000,

70936.
194710,
205536.
23094y,

1168.

-1701.

17020,

35480,

53644,

87160,
150804,
204472,
221240,

3598.
1515,
7309,

12
16971,

33400,
hazho,
65301,
107724,

296.

Present Air-Water Flow Data: D3/D1 = 0.2, Upward Branch (® = 0°).

mt m2 m3 '
(kg/s) (kg/s) (kg/s)

3.990
3.990
3.990
3.990
h.023
4.023
4.023
4,023
h,137
h,137
4,137
4,201
4,201
4,201
4,228
1,338
4,338
4,338
4,338
i,385
4,385
h,385
4,385
4,385
4,385
4,385
7.963
7.963
7.963
7.963

3.989
3.97
3.932
3.890
3.883
3.840
3,795
3.762
126
4.105
4,053
h,066
4,026
3.961
3.734
4,328
h,316
4.290
h.252
4.27%
4,275
4,234
h.194
4,181
b, 164
4,139
7.956
7.936
7.882
7.771

0.001
0.019
0.058
0.101
0.140
0,183
0.228
0.260
0.011
0.032
0.084

0.00
0.00
0.01
0,03
0.03
0.05
0.06
0.06
0.00
0.01
0.02
0.03
0.04
0.06
0.12
0.00
0.01
0.01
0.02
0.03
0.03
0.03
0,04
0.05
0.05
0.06
0.00
0.00
0.01
0.02

m3/ml

%1

(%)

2.62
2.62

9.51

- DO ND DD
SRS RS I CRSAC RN, G RN
O D \D\D wd e ok i b

%2

(%)

2.58
2.56
2.31
1.96
1.55
1.27
1. 16
1.08
5.12
5.09
4.90
L. u6
4,22
3.95
0.56
9.70
9.68
9.56
9.49
9.23
9.23
8.98
8.76
8.63
8.63
8.55
1.29
1.29
1.28
1.23

%3

(%)

98.59
14,22
23,32
28.07
32,13
30.99
26.87
24,80
17.20
14,20
17.71
19.67
21.73
21,59
Ly, 31
8,11
11.82
21.58
19.86
20,34
20.34
24,50
26.00
27.47

26,22

25,63
3.38
2.12
2,37
3.69

x3 /%1
(=)

37.65
5.43
8.90

10.72

12.27

11.83

10.26
9.47
3.33
2.75
3.h3
3.97
4,39
4,36
9,47
0.84
1.22
2.23
2.0%
2,14
2.1
2.58
2.73
2,89
2.76
2.69
2,61
1.64
1.83
2.85

p13
(Pa)

869,
2179,
8855,

3h480,
76676,
138520.
205260.
246776,
2955,
5716.
14840,
39828,
15164,
158980.

274200,

2904,
y3ze,
6836,
21300.
35784,
35784,
77556.
137984,
172920,

- 194720,

242776,
2120,
h3v2,
8526.

21029,

11
(K)

290,
290,
290,
290.
290,
290,
290,
290,
287.
287,
287.
291,
291,
291,
291,
289.
289.
289,
289.
292,
292,
292,
292,
292,
292,
292,
290,
290,
290,
290,

Present Air-Water Flow Data: D3/D1 = 0.2, Upward Branch (@ = 0°).

p1
(MPa)

0.877
0.877
0.877
0.877
0.877
0.877
0.8717
0.877
0.877
0.877
0.877
0.882
0.882
0.882
0.882
0.882
0.882
0.882
0,882
0.882
0,882
0,882
0.490
0.490
0.4h90
0,490
0.490
0.490
0.490
0.490

pt
(MPa)
0.880
0.880
0.880
0,880
0.880
0.880
0.880
0.880
0.880
0.880
0.880
0.880
0.880
0.880
0.880
0.880
0.880
0.880
0.880
0.880
0.880
0.880
0,880
0.880
0.880
0.880
0,880
0,880
0,880
0.880




RUN  vsL]
#  (m/s)
2062, 4,02
2063, 4,02
206h. 4,02
2065. 4.02

VsG1
(m/s)

h.96
4,96
4,96
4.96

Table D.12 (cont.):

RUN  vsL1

# (m/s)
2188. 0.10
2189. 0.10
2190. 0.10
2191, 0.10
2192, 0.10
2193. 0.10
2194, 0.10
2195. 0.10
2196. 0.10
2179. 0.10

2180. 0.10
2181, 0.10
2182, 0.10
2183, 0.10
2184, 0.10
2185, 0.10
2186. 0.10
2187. 0.10
2170. 0.10

2171, 0.10
2172. 0.10
2173. 0.10
2174, 0.10
2175. 0.10
2176. 0.10
2177. 0.10
2178. 0.10
2325, 0.10
2326. 0.10
2327, 0.10
Table D.13:

ml m2 m3
(kg/s) (ka/s) (kg/s)

7.963
7.963
7.963
7.963

Present Air-Water Flow Data:

ml m2 m3
(ka/s) (kg/s) (ka/s)

0.298
0.298
0.298
0.298
0.295
0.295
0.295
0.295
0.295
0.409
0.405
0.405
0.405
0.405
0.405
0.405
0. 405
0,405
0.608

7.688
7.518
7.420
7.516

0,183
0.165
0.147
0.115
0,091
0.078
0.067
0.04Y
0.039
0.320
0.278
0.231
0.208
0.216
0.188
0.163
0.147
0,146
0.567
0.500
0.542
0.468
0.455
0.421
0.430
0.418
0.421
0.373
0.343
0.324

0.275
0.445
0.5u43
0.447

0.115
0,132
0.151
0.183
0.204
0.217
0.228
0.2%1
0.256
0.089
0.128
0.174
0.197
0.189
0.217
0.242
0.258
0.259
0.041
0.108
0.073
0.140
0.160
0.194
0.185
0.197
0.191
0.0%3
0.080
0.099
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m3/ml
(-)

0.03
0.06
0.07
0.06

m3/ml
(-)

0.39
0.45
0.51

x1

(%)

1.29
1.29
1.29
1.29

x2
(%)

1.22
1.18

1.13
1.08

x3
(%)

3.27
3.15
3.59
4,80

x3/x1
(=)

2.53
2.0y
2,77
3.71

p13
(Pa)

QryoY,
120940,
203360,
272856,

T1
(K)

290,
290,
290,
290,

D3/D1 = 0.2, Upward Branch (¢ = 0°).

x1
%

30,17
34,17
3h.15
34,20
34.53
34.53
34,53
.53
34,53
52.06
51.65
51.65
51,63
51.63
51.63
51.63
51.63
51.63
67.76
67.76
68,12
67.76
68.12
68.12
68,12
68.12
67.96
50.79
55.16
55.16

X2
(%)
54.89
60.78
65.57
79.51
92.47
101,15
105.90
12,04
123.8Y4
65.75
72,71
8h.,76
88,77
89.19
94,95
1041
104,55
104.59
72,32
78.74
75.94
80.37
83.02
82,85
8h.h9
81,94
85.06
62.12
66,53
69.65

X3
(%)
1.19
0.98
3.70
5.89
8.62
10,59
13.62
15.64
20.85
2.60
5.87
7.64
12.51
8.82
14,06
16.34
21.43
21.83
5.27
16.72
10.36
25,09
25,78
36.10
30,19
32,42
30.26
3.38
6.48
7.76

x3/%1
(-)

WWN=—=0CO0

COCOoOOOCOOoO0O0OOOoOO0
N=N—=aO

SNNLEWN N OV = Ul = W w

(>R e
-
N

0.42

p13
(Pa)

4952,
6480,
14480,
26450,
43032,
61816.
89576.
123232,
210552,
B197.
13364,
31540,
63956.
hoov2.
89452,
124560,
195720,
212760,
2500.
26500,
8830.
65260,
85740,
115216.
139732,
202728,
167600,
36173,
11030,
21800,

Tt
(x)

296.
296.
296.
298.
298,
298.
298.
298.
298.
283.
289.
289.
290,
290,
290,
290,
290,
299,
292,
292,
287,
292,
287.
287,
287.
287,
291,
287.
287,
287.

Present Air-Water Flow Data: D3/Dq = 0.2, Downward Branch (¢ = 180°),

pl
(MPa)

0.880
0.880
0.880
0,880

pl
(MPa)

L8717
L8717
L8717
.872
.872
.872
872
.872
.872
. 882
. 882
.882
. 882
882
877
877
L8717
877
. 882
. 882
.877
. 882
877
877
877
L8771
877
90
90
490

OCOCCOOCOCOCOoOoOCOODOCCOoOOOOCO




RUN
#

2328,
2329,
2330,
2331,
2332,
2333.
2334,
2335,
2336.
2331,
2332,
2333,
2334,

- 2335,
2336.
2304,
2305,
2306.
2307.
2308,
2309,
2310,
2197,
2198,
2199,
2200,
2201,
2202,
2203,
2204,

Table D.13 (cont.): Present Air-Water Flow Data: D3/Dq

RUN
#

2205,
2337.
2338.
2339,
2340,
2341,
2342,
2311,
2312.
2313.
2314,
2315,
2316,
2317.
2221,
2222,
2223,
2224,
2225,
2226,
2221.
2228,
2229,
2230,
2318,
2319,
2320.
2321,
2322,
2323,

VsL1

(m/s)

0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.25
0.25
0.25
0.25
0.25
0.25
0,25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25

VsL1
(m/s)

0.25
0.25
0.25
0,25
0.25
0.25
0.25
0.50
0.50
0.50
0.50

VsG1
(m/s)

9.83
9.97

9.97
9.97

9.97
9.97

9.97
9.97
9.97
10.,02
10.'02
20.14
20.14
20.14
20,14
20,14
20.14
20,14
20.14
20,14
20.14
2.4h9
2.h9
2,49
2.49
2.h9
2.49

m1 m2 m3
(kg/s) (kg/s) (ka/s)

o.u2y
0.428
0.428
0.423
0.423
0.423
0,423
0.423
0.423
0.423
0.423
0.423
0.423
0.423
0.423
0.595
0.595
0.595
0.595
0.595

0.299
0.280
0,263
0.410
0,393
0.385
0.376
0.363
0.362
0.410
0.393
0.385
0.376
0.363
0.362
0.520
0.369
0.305
0.242
0.204
0.131
0.101
0.527
0.4h428
0.496
0.368
0.316
0.306
0.270
0.229

0.125%
0.148
0.165
0.014
0.030
0.038
0.048
0.060
0,061
0.014
0.030
0.038
0.0u8
0.060
0.061
04.07%
0.226
0.289
0.352
0.3N
0.h6u

b9l

175
0.265

.198

.32y
0.374
0,384
0. 414
0.455
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m3/m1
(-)

0.29
0.35
0.39

ml m2 m3
(kg/s) (kg/s) (kg/s) (=)

0,684
0.701
0.701
0.701
0.701
0.701
0.701
1.186
1.186
1.186
1.186
1.186
1.187
1.183
1,393
1,393
1.393
1.393
1.393
1.393
1,393
1.393
1.393

1,393

2,017
2,017
2,017
2,030
2,030
2,030

0,225
0.243
0.303
0.376
0.434
0, 49%
0.557
1.045
0.972
0.887
0.803
0.71h
0,684
0.606
1.364
1.319
1.255
1.223
1.154
1.130
1.114
1.091
1.054
1,039
1.869
1.590
1.248
1.161
1.023
0,958

m3/mi
0.459 0,67
0.458 0.65
0.398 0.57
0.325 0.46
0.267 0.38
0.206 0.29
0.144 0,21
0.141 0.12
0.214 0.18
0,300 0.25
0,383 0.32
0.472 0.40
0.503 0.h2
0.577 0.49
0.029 0.02
0.074% 0.05
0,138 0.10
0.170 0.12
0,239 0.17
0.263 0.19
0.279 0.20
0.302 0.22
0.339 0.24
0.354 0.25
0.149 0.07
0.427 o0.21
0.769 0.38
0.869 0.43
1.007 0.50
1.072 0.53

X1

(%)

55.16
54.57
54.57
54.59
54.59
54,59
54,59
54.59
54.59
54.59
54,59
54.59
54,59
54,59
54,59
17.38
17.38
17.38
17.38
17.38
17.44
17.044
29.96
29.11
29,41
29.15
29,32
29. 11
29.56
29.56

x1

(%)

29.56
29.93
29.93
29.93
29.93
29.93
29.93
17,04
17.44
17.44
17.44
17.44
17.52
17.59
29.91
29.91
29.91
29.91
29.1
29.91
29.91
29.9
29.91
29.91

2.58

2.58

2.58

2.57

2.57

2.57

Table D.13 (cont.): Present Air-Water Flow Data: D3/Dj

x2
(%)
73.39
76.26
78.69
56.42
58,38
59.47
60.37
61.89
61,81
56,42
58.38
59.47
60.37
61,89
61.81
19,87
27.84
33.08
4o, 37
hy .59
59.61
71.64
39.60
h6.15
4o, h2
51.66
59.09
59,36
65,42
74,68

= 0.2,

x2
(%)
h.14
71.73
61.68
52.62
47,10
41,94
37.60
19.79
21.20
23.08
25.16
27.64
28.11
30.7M
30,55
31.h6
32.69
33.25
34.38
34,66
34,81
35.10
35.60
35.71
2.79
3.28
h,15
4,35
h, 7
4,93

= 0.2,

Downward Branch (® = 180°%.

X3
(%)
7.77
7.76
5.69
3.64
2.07
1.1
0,30
0.04
0.37
0.77
1.28
2.00
2,72
3.82
0.00
2.27
4.50
5.88
8.29
9. 44
10,30
11.15
12,17
12.86
0.01
0.00
0.05
0.18
0.39
0.h6

X3 /%1
(=)

0.21
0.25
0.30
0.00
0.10
0.10
0.17
0.19
0.21
0,00
0.10

%3 /%1
(=)

0.26
0.26
0.19
0.12
0.07
0.04
0.0
0.00
0.02
0.04
0.07
0.1
0.16
0.22
0.00
0.08
0.15
0.20
0.28
0,32
0.34
0.37
0.1
0.43
0.00
0.00
0.02
0.07
0.15
0.18

p13
(Pa)

h6170.
81336.
118500,
2859,
h510,
6470,
14880,
24600,
29600.
2859.
4510,
6470.
14880,
24600.
29600.
1490.
10000.
21900,
43690,
81712,
164630,
219900,
9121,
32359,
17090.
62360.
92888,
126250,
164696,
210616.

pi3
(Pa)

270248,
269100.
138020,
69040.
33490.
15260.
6860,
6930,
13300.
26240,
56700.
108140,
145400,
266100,
3068,
6150,
18529,
28000,
69968,
95780.
121250,
158240,
225100,
273400,
5347.
23960.
76924,
119860.
201000,
240280,

T1
(1}

292,
287.
287,
287,
287,
287.
287.
291,
291,
291,
291,
291,
291,
291,
292,
292,
292,
292,
292,
292,
292,
292,
292,
292,
289,
289.
289.
289.
289.
289.

(o]
-]
N

CCoCOooOCOOOCOCOOOOOO0OOOO0O0CO
=]
~
-

p
(MPa)

OOOOOOOOOOOOOOOOOOQOOOOOOOOOOO

Downward Branch (& = 180°).

. 877
.882
. 882
. 882
.882
. 882
. 882
. 882
. 882
.882

882

. 882
.882
. 882
. 882
. 882
, 882
. 882
.882
. 882

882

. 882
.882
. 882
. 882
.882
. 882
. 882
.882
.882




RUN
W

2324,
2296,
2297,
2298,
2299,
2300,
2301.
2302,
2303,
2239,
2240,
2241,
2242,
2243,
2244,
2245,
2246,
2247,
2248,
2249,
2250,
2272.
2273,
2274,
2275.
2276.
2277.
2278.
2279,
2280,

Table D.13 (cont.); Present Air-Water Flow Data: D3/Dt = 0.2, Downward Branch (® = 180°%).

RUN
4

2281
2282,
2283.
2284,
2285.
2286.
2287.
2349,
2350.
2351.
2352.
2288.
2289.
2290.
2291,
2292,
2293.
2294,
2295.
2263.
226h,
2265.
2266.
2267.
2268.
2269.
2270.
2271,
2251,
2252,

Table D.13 (cont.): Present Air-Water Flow Data:

Vsl
(m/s)

1.01
1.00
1.00
1.00
1.02
1.03
1.05
1.05
1.05
1.00
1.00
1.03
1.03
0.99
0.99
0.99
0.99
0.99
0.99
1.03
1.03
1.00
1.00
1.00
1.00
1.00
1.00
0.99
0.99
0.99

VsL1
(m/s)

1.01

1.01

1.01

1.01

1.01

1.01

1.01

1.02
1.04

1.04
1.04

2,00
2,00
2.00
2,00
2,00
2.00
2.00
2.00
2,00
2.00
2,00
2.00
2,00
2.00
2.00
2,00
1.99
2.00
2,00

VsG1
(m/s)

2.49
4.98
4,98
4.98
4.89
4.89
4.89
4,89
4,89
9.97

VsG1
(m/s)

19.95
19.95
19.95
19.95
19.95
19.95
19.95
28.74
27. 1M
27.1
21.11
.96
4,96
4,96
.96
4,96
L.96
b,96
.96
10.09
10.09
10.09
9.96
10.07
10.07
9.96
10.03
9,96
19.92
19.92

mt m2 m3
(kg/s) (kg/s) (kg/s)

2.030
2,068
2.068
2.068
2.092
2.116
2,165
2.165
2.165
2.174
2,174
2.224
2.224
2.149
2,149
2,149
2,149
2.149
2.149
2,224
2.224

ml m2 m3
(kg/s) (ka/s) (ka/s)

. 208
.208
.208
.208
.208
.208
.208
.591
.606
.606
.606
4.021
4,021
4.021
4,021
021
y,021
4.021
4.021
4,126
4.126
4,126
h,124
4,126
4,126
h.o124
4,126
h.12
§.312
4,312

RN NNONNION

0.957
1.905
1.672
1.547

2.152
2.061
2.012
1.925
1.869
1.837
1.821
2.511
2.344
2.302
2.201
3.858
3.752
3.557
3.377
3.257
3.182
3.062
3.087
4,057
3.968
3.914
3.867
3.757
3.652
3.589
3.513
3.498
4,298
4,269

1.073
0.163
0.397
0.522
0.597
0.761
0.840
0.933
0.933
0.037
0.142
0,271
0.209
0.35%2
0.403
0.h46
0.498
0.531
0.567
0.658
0.598
0.032
0.086
0,118
0.161
0.273
0.326
0,354
0.405
0.450

0.056
0. 17
0.196
0.284
0,340
0.371
0.388
0.080
0.262
0.304
0.406
0,163
0.269
0.h64
0.643
0.763
0.838
0.959
0.933
0.068
0.158
0.211
0.257
0,370
o.474
0.535
0.613
0.614
0.014
0.043

m3/mt
(=)

0.53
0.08
0.19
0.25
0.29
0.36
0.39
0.43
0.43
0.02
0.07
0.12
0,09
0.16
0.19
0.21
0.23
0.25
0.26
0.30
0.27
0.01
0.04
0.05
0.07
0.11
0.14
0.15
0.17
0.19

m3/ml
(-)

0.03

SO0
-0
WO~

w“w OOANNITOANO WD~

OOOCOOOOCOOOQO0O0O
Nem s OO — et B s b et

O it s i
= 0OVvVviw—
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x1

(%)
2,57

x1

(%)

10.
10.
10,
10.
10.
10.
10.
23,
22,
22.
22,
2,
2,
2,
2.
2.
2,
2,
2,
5.
5.
5.
5.
5.
5,
5.
5.
5.
9.
9.

D3/D1 = 0.2, Downward Branch (& = 180°).

h5
45
45
u5
U5
b5
ys5
19
22
22
22
57
57
57
57
57
57
57
57
ol
o
oy
01
06
06
o
oh
03
15
15

x2
(%)

L.87
5.42
6,18
6.59
6,63
7.17
7.07
1.57
7.56
9.79
10.27
10.60
10.32
11.35
11.60
11.81
12.13
12.27
12.43
12.22
11.91
17.63
18.00
18.21
18,16
19.07
19,33
19.79
19.98
20.09

X2
(%)
10.72
11,14
11.34
11,66
11.99
12.06
12,16
23.84
23.80
23.88
24,48
2.68
2.74
2,86
2.97
2.97
3.06
3.12
3.08
5.12
5,20
5.23
5.22
5.36
5.00
5,340
5.40
5.37
9.18
9.23

NMN—=ONMNIN === 00C0000Q
v

n
(%)

~O>voAn
(o]
—

x3
(%)
0.18
0.88
1.33
2.25
2,00
2.50
2.42
2.50
8.07
9.70
10.00
0.06
0.15
0.39
0.47
0.86
0.7
0.81
0.90
0.15
1.14
1.56
1.87
2,08
2.51
2.80
3.02
3.10
0.07
0.70

0

CoOoOCOCOOOCOOOOCODOOCOOOOLOOOOOO0O0
N —
o (=3

)

x3/%1
(=)

0.02
0.08
0.13

22

COOOCCOoCOCOOOO

0.62
0.01
0.08

p13
(Pa)

275600,
8670.
28190,
55400,
81740.
157300,
218000,
250800.
258780,
h290.
10600.
25320.
17460,
46080,
62144,
75220,
107500,
129200.
172280.
278790,
213500,
uhQo.,
7996,
12770.
20790,
snu72,
90300,
128500,
189600.
302840,

pl13
(Pa)

5410,
14400,
2h910,
55164,
88980.

130992.
164656,
10800,
89600,
161128,
291100.
11710,
21120.
54160.
102224,
149600.
208192,
274380,
279840,

8199,
17326,
24500,
32827,
70132,

116860,
188824,
272850.
291824,
5999.
7570.

T1
(K)

289,
291.
291,
291,
291,
291,
291,
291,
291,
288,
288,
288,
288,
292,
291,
291,
291,
291,
291.
291,
291,
291,
291.
291.
291,
291,
291,
290,
290,
290.

T
(X)

290.
290,
290,
290,
290,
290.
290,
289,
289,
289,
289,
290,
290.
290.
290,
290,
290,
290,
290,
293.
293,
293,
291,
291,
291,
291,
291,
291,
305,
305,

pi
(MPa)

. 882
.882
.882
. 882
. 882
.882
.882
,882
. 882
.882
,882
.882
.882
. 882
.882
.882
.882
,882
. 882
.882
. 882
.882
. 882
.882
82
.882
.882
.882
.882
.882

COoOOCOoOOOCDOoOOoOOCOOOOOOCCOOCOOOOO

pl
(MPa)

0.4h90
0. 490
0.490
0.490
0.490
0.490
0.490
0.882
0.882
0.882
0.882
0.882
0.882
0.882
0.882
0.882
0.882
0.882
0.882
0.882
0.882
0:882
0.882
0.882
0.882
0.882
0.882
0.882
0.882
0.882




RUN Vsl
# (m/s) |

2253, 2.00 1
2254, 2.00 1
2255, 2,00 1
2256. 2,00 1

2257, 2.00 1
2258. 2.00 1
2259, 2.00 1
2260, 2.00 1
2261, 2.00 1
2262. 2.00 1
2231, 4.02
2232. 4.02
2233, 4,02
2234, 4,02
2235, 4.02
2236. 4.02
2237. 4.02
2238. 4.02
2345, 3.83
2346, 3.83
2347, 3.83
2348, 4.07
2343, 3.55
23,  3.55
2355. 5.18
2354, 5.61
2353, 4.81

VsG1
m/s)

9.92
9.95
9.95
9.95
9.95
9.95
.95
9.95
9.85
9.85
5.11
4,98
4.98
5.08
5.08
5.08
5.08
5.08
9.86
9.86
9.86
9.92
9.97
9.97
2,87 1
4,15 1
7.85

1

4,312
4,333
14,333
4,333
h.333
4,333
4,333
5.333
4,331
4,331
7.966
7.964
7.964
7.966
7.966
7.966
7.966
7.966
7.716
7.7116
7.716
8.169
7.170
7.170

16.199

1.060 1

m m2 m3
(kg/s) (ka/s) (kg/s)
4,239 0.073
4,231 0,102
4,191 0.142
h.,140 0,193
L,084 0.2h9
4.039 0.294
4,006 0.327
3.981 0,352
3.946 0,385
3.861 0.h70
7.106 0,860
7.122 0.841
7.200 0.764
7.320 0.6h6
7.501 0.465
7.603 0.363
7.757 0.209
7.856 0.110
7.477 0.238
7.321 0.395
7.201 0.515
7.543 0.626
7.086 0,085
7.053 0,118
2.008 1,19
0.101 0.959
8.870 0.720

9.590

m3/ml
(=)

0.02
0.02
0.03
0.04
0.06
0.07
0.08
0.08
0.09
0.11
0.1
0.1
0,10
0.08
0,06
0.05
0.03
0.01
0.03
0,05
0.07
0,08
0.01
0,02
Q.12
0.09
0.08

Table D.13 {(cont.): Present Air-Water Flow Data:

RUN  VsLi
# (m/s)
362. 0.06
363. 0.06
364, 0.06
529, 0.05
530. 0.05
531. 0.05
532, 0.05
533. 0.05
534, 0.05
221, 0.05
222, 0.05
223, 0.05
224, 0.05
225, 0.05%
226. 0.05
227. 0.05
228, 0.06
229, 0.06
230, 0.06
231. 0.06
232, 0.06
233, 0.06
234, 0.06
235, 0.06
236. 0.06
237. 0.06
238, 0.06
239. 0.06
240. 0.06
170. 0.05

VsG1
(m/s)

1.00
1.00
1.01
1.06
1.06
1.06
1.06
1.06
1.06
2.62
2,52
2.56
2.57
2.55
2.56
2.59
2.62
2.63
2.44
2,69
2.69
2.69
2.51
2.45
2.50
2.65
2.67
2.49
2.49
2.63

m3a/ml

m m2 m3
(kg/s) (kg/s) (ka/s) (=)

0.130
0.130
0.134
0.128
0.128
0,128
0,128
0.128
0,128
0.148
0,150
0.156
0.156
0.156
0.156
0.156
0.163
0.163
0.160
0.163
0.163
0.163
0,161
0.160
0.160
0.163
0.163
0.161
0.161
0.134

0.096
0.022
0.067
0,101
0.091
0.075
0.046
0.030
0.016
0.145
0.145
0.150
0.148
0.147

COoOo0OO0OO0OOoO0O00O
—_
N
(=N

0.03Y4
0.108
0.067
0.027
0.037
0.053
0.082
0.098
0.112
0.003
0.005
0.006
0,008
0.009
0.012
0.014
0.016
0.017
0.017
0.013
0.016
0.017
0.018
0.034
0.027
0,028
0.037
0.041
0.042
0.004

0.26
0.83
0.50
0.21
0.29
0.42
0,64
0.77
0.88
0.02
0.03
0.04
0.05

ONNND SN s O s

COOCOOOOCOOOOC
WALIN N~ it s © 0 s b

217 —

3.06

0,50
0.79
1.78

—_ODWWNNNN
o
[>=]

%3
(%)
1.72
2.35
y.21
.29
4,57
5.58
5.72
5.40
6.07
6.73
1.05
1.07
0.98
0.94
0.6M4
o.u1
0.48
0.09
1.66
2.33
3.26
3.32
1.34
1.43
0.16
0.77
2.40

x3/x1
(-)

0.19
0.24
0.uh
0.45
0.48
0.58
0.60
0.56
0.64
0.70
0.79
0,82
0.75
0.71
0.h8
0.3
0.36
0.07
0.59
0.83
1.16
1.30
0. h4
0.47
0.3
0,98
1.35

p13
(Pa)

11026.
16027.
21620,
34748,
54750,
77856.
102324,
122300.
164992,
293592,
281550,
253800.
191680,
3140,
81656,
54760,
36156.
12800,
41980,
103900,
186500.
287168,
180,
16800,
326056.
291400,
298450,

T
(K)

305.
290.
290,
290.
290,
290.
290.
290.
290,
290.
291,
290.
290.
290,
290,
290.
290,
290,
284,
284,
284,
288,
284,
284,
290.
287,
287,

D3/Dq = 0.2, Downward Branch (® = 180°).

x1

(%)

15,44
15. 44
15.00
16.55
16.55
16.55
16.55
16.55
16.55
35.33
34.07

x2
(%)
16. 41
37.81
20.55
17.20
18,34
20.53
28.90
39.57
62,09
33,97
32.05
30,61
29,82
29.34
28.64
27.90
26.78
26,30
26.01
27.78
27.55
27.12
26.66
29,08
27.4Y
28,57
29,20
28.74
28.68
21,37

x3
(%)
12.71
10.80
9.42
.13
12,15
10.98
9.57
9.53
10. 14
93.06
94.83
95.38
95.76
92.16
88.28
87.55
83.06
82.53
75.16
85.45
78.96
78.49
69.75
39.58
50.52
50.56
1h3.5%
39.62
39,85
39.87

x3/%1
(-)

0.82
0.70
0.63
0.85
0.73
0.66
0.58
0.58
0.61
2.63
2,78
2.88
2.89
2.78
2.66
2.64
2.57
2.56
2,40
2.63
2.43
2.1
2.21
1.26
1.61
1.56
1.34
1.26
1.26
1.81

pi3
(Pa)

37400,
452800.
117200,

21800,

32400,

66300,
166000,
293600,
455600,

10900,

15600,

19900,

28600,

35800.

47600,

63100,

88100.
108800,
161900,

79400,
101200.
123500,
186100,
236100,
200300,
224900,
321400,
374800.
417600,

7200,

T
(K)

300.
300.
300.
300,
300.
300.
300.
300.
300,
300.
300.
300.
300.
300.
300.
300.
300,
300.
300.
300,
300.
300.
300,
300.
300.
300.
300,
300.
300.
300.

Table D.14: Present Air-Water Flow Data: D3/D1 = 0.084, Horizontal Branch (@ = 90°).

p
(MPa)

0.882
0.882

911
911
882

. 882
0.91M

OO0 OCOOOOOOOODOO0O0
o]
o
N

pl
(MPa)

0.884
0.878
0.874
0,876
0.876
0.876
0.876
0.876
0.876
0.875
0.890
0.883
0.881
0.888
0.88Y4
0.875
0.879
0.874
0.901
0.865
0.865
0,865
0.886
0,898
0.878
0.873
0.866
0.892
0.892
0.490




RUN  vsL1
# (m/s)
171.  0.05
i72. 0.05
173. 0.05
174. 0.05
175, 0.06
176. 0.06
177. 0.06
178. 0.06
179. 0.06
180. 0.06
181. 0.06
549. 0,05
550. 0.05
551, 0.05
552. 0.05
366. 0.05
367. 0.06
368. 0.06
384, 0.05
385. 0.05
386, 0.05
524, 0.06
525, 0.06
526. 0.06
527. 0.06
49, 0,05
50. 0.06
51. 0.06
52. 0.06
53. 0.06

VsG1
(m/s)

2,63

VUV VNONNNNONNONNNNNRN NN
VoW,
AN O

ml
(kg/s)
0.134
0.134
0.134

0,134
0.1

m2
(kg/s)

0.127
0.12Y4
0,122

m3
(kg/s)

0.007
0.010
0.012
0.014
0.016
0.020
0.027
0.030
0.034
0.036
0.036
0.010
0.014
0.023
0.031
0.012
0.035
0.020
0.049
0.039
0.035
0.010
0,008
0.006
0,005
0.007
0.009
0.012
0.01Y
0.017

m3/mi

—
1
~

0.05

-00
- D

g g g N B o Y

NON=S —=ONNNN = 2 -

COoOO0OCOCOOODOOOOCOOOOOCO
PN W -
WOV NN DT —~

oe
o0
n oy

0.04
0.03
0.03
0.04
0.06
0.07
0.08

Table D.14 (cont.): Present Air-Water Flow Data:

RUN VsL1
# o {m/s)
89. 0.05
90. 0.05
91. 0.05
92, 0.05

122. 0.05

123, 0.05

124, 0.05
125, 0.06

126. 0.06

127. 0.06

128. 0.06
129. 0.06
130. 0.06
131, 0.06
132, 0.06
133. 0.06
281, 0.10
282, 0.10
283, 0.10
284, 0.10
285, 0.10
286. 0.10
287. 0.1
288. 0,10
289. 0.10
352, 0.1C
353. 0.10
354. 0.10
378. 0.10
379. 0.10

VsG1
(m/s)

10.54
10.54
10.64
10.53
9.87
10.09
10.09
10.09
10.09
10.10
10.18
10. 14
10,14
10,14
10.06
10.10
0.99
0.99
1.00
1.01
1.01
0.99
1.01
1.00
0.98
1.01
1.02
1.00
1.03
1.04

mi m2 m3
(ka/s) (kg/s) (kg/s)

N
w
o

COOCOCOCOOCOOOOoOOROOO0OO0O0O0OO0O0O
n
w
[=]

0.295
0.294
0,291
0,291
0.210
0.215
0.214
0.223
0.221
0.220
0.219
0.218
0.217
0.216
0.215
0.215
0.175
0.166
0.167
0.161
0.148
0.133
0.138
0.115
0.097
0.172
0.073
0.136
0.189
0.172

0.019
0.020
0.022
0.022
0.004
0.006
0,006
0.007
0.009
0.010
0.011
0.012
0.013
0.014
0.015
0.015
0.035
0.0h4
06.049
0.058
0.071
0.087
0.091
0.100
0.118
0.042
0.1
0.073
0.027
0.051

m3/ml
(-)

[Y¥elotolofololoteloY ool eRolaf o efolot ool Yo o
= -
he ~
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X1
(%)
21.99
21.99
21.99
21.99
20.79
20.79
20.79
20,79
20.79
19.55
20.26
21.00
21.00
21.00
21.00
32.05
30.82
30.30
33.24
33.24
33.55
30,88
30.88
30.88
30.88
49.98
nr.m
18,36
n8.56
h7.93

D3/D1 = 0.084, Horizontal Branch (® = 90°).

X1

(%)

67.71
67.71
67.71
67.71
52.69
51,36
51,36
49.28
49,28
49,30
49.30
49.30
19,30
49,30
49,30
49.30
9.54
9.54
9.23
9.12
9.12
9.12
8.67
9.26
92.21
9.h3
9.4h3
9.67
9.57
9.30

X2
(%)
20.94
20.78
20.59
20.88
19.h9
19,48
19.75
19.83
20.01
18.71
19.27
19,34
19.18
19.52
19.82
29.30
26,18
27.39
33.73
31.42
31,11
27.h6
28.14
28.73
29.06
48.33
h5.53
h5.39
45,05
43,58

x2
(%)
66.62
66.49
66.35
66.36
51.83
50.43
50.27
48.10
47.66
h7.46
hv.22
46.98
46.77
46,65
46,951
46,47
9.66
9.89
9.62
9.47
9.40
9.96
8.57
9.9h
10. 14
9.47
16.41
10. 40
8.95
8.8Y4

%3
(%)
u1,84
36.94
36.15
31.37
30.93
28,90
25.26
2h, 31
23.28
22,25
23.33
41,88
36.10
27.86
2h.82
64,92
47.50
51.11
32.25
38.51
b0, 64
82,19
80.24
88.14
886,69
97.31
97.53
97.95
97.65
97.85

X3
(%)
84.68
85.75
85,81
85,44
94 .49
87.48
87.69
87.61
89.59
89.56

CWEVCROE~NDE
e

—

x3/x1

1.90
1.68
1.64
1.43
1.49
1.39
1.21
1.17
1.12
1.14
1.15
1.99
1.72
1.33
1.18
2,03
1.54
1.69
0.97
1.16
1.21
2,66
2.60
2,85
2.87
1.95
2.04
2,03
2,01
2.04

x3/%x1
(=)

1.25
1.27
1.27
1.26
1.79
1.70
1.1
1.78
1.82
1.82
1.82
1.82
1.83
1.81
1.81
1.82
0.94
0.86
0.86
0,89
0.94
0.86
1.02
0.92
0.92
0.98
0.62
0.86
1.45
1.17

pl13
(Pa)

12300,
19600,
28500,
38400,
49200.
67900.
125800.
181600,
214100.
247100,
268500,
15600.
37000,
79200,
136000,
28600,
241300,
63100,
155600,
331200.
258200.
31600.
23100,
700,
12500,
16800,
30106.
h9300.
66400,
90700.

p13
(Pa)

133500.
168800,
236200,
287200,
16000,
20100,
26600.
36000,
50600,
69200.
89000,
115100,
152400,
196000,
231800,
244400,
24200,
36500,
46500,
71500,
101800.
171700.
217700.
318500.
H73700.
31600,
h6hooo,
103700.
25200,
58000,

T1
(X)

300.
300,
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300,
300.
300.

0N
DUU .

300.
300.
300.
300.
300.

T1
(K)

300.
300,
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300,
300,
300.
300.
300.
300.
300,
300.
300.
300,
300,
300.
300,
3ou.,
300,
300.

pl
(MPa)
0.490
0.490
0.490
0.490
0.h90
0.488
0,488
0.488
0.500
0.500
0.494
0.482
0.482
0,482
0.h482
0.887
0.882
0.882
0.874
0.885
0.867
0.868
0.868
0.868
0.868
0.884
0.884
0.882
0.882
0.884
pl
(MPa)
0.882
0.882
0.874
0.883
0.500
0.492
0.h92
0.492
0.492
0.492
0.h88
0.490
0.490
0.490
0. 494
0.492
0,887
0,882
0.875
0.868
0.866
0.882
0.862
0.874
0.887
0.874
0.870
0.882
0,882
0.870

Table D.14 (cont.): Present Air-Water Flow Data: D3/D1 = 0.084, Horizontal Branch (® = 90°).




RUN
#

380.
381.
382,
536.
537.
538.
539.
540,
243.
24y,
245,
246.
2h7.
2h8.
249,
250.
251,
253.
254,
255,
349.
350,
351,
183,
184,
185.
186.
187,
188.
189.

VsL1  VsG1l
(m/s) (m/s)
0.10 1.04
0.10 1,05
0.10 1.0k
0,10 1.11
0.10 1.11
0.10 1.1
0.10 1.11
0.10 1.1
0.11 2,59
0.10 2,60
0.10 2,59
0.10 2,59
0.10 2.61
0.11 2,66
0.11 2,64
0.10 2,53
0.10 2.53
0.10 2.58
0.10 2.50
0.10 2.50
0.10 2.51
0.10 2.57
0.10 2,57
0.10 2,62
0.10 2,65
0.10 2,65
0.10 2,64
0.10 2,64
0.10 2.66
0.10 2.63

Table D.14 (cont.):

RUN
#

Vs
(m/s)

0.10
0.10
0.10
0.10

o
-
(o]
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mi

(kg/s) (ka/s) (k

0.216
0.220
0.220
0.221

0.221

0.221

0.221

0.221

0.259
0.2h6
0.246
0.246
0.251

0.260
0.260
0.242
0.242
0.252
0.251

0.251
0.245
0.253
0.253
0.229
0.229
0.229
0.229
0.229
0.229
0.229

m2

0.154
0.150
0.103
0.195
0,178

‘0.173

0.123
0.115
0.254
0.240
0,239
0,238
0,234
0.238
0.234
0.210
0.209
0.220
0.225
0.231%
0,234
0,218
0,231
0.224
0.223
0,223
0,218
0,215
0.212
0.209

0.062
0.070
0.118
0.026
0.0u3
0.049
0.098
0.106
0.005
0.006
0.007
0.009
0.018
0.022
0.025
0.032
0.033
0.031
0.025
0.020
0.010
0.035
0.022
0.00Y4
0.006
0.006
0.011
0.0
0.017
0.020

m3
g/s}

m3/ml
(-)

0.29
0.32
0.53
0.12
0.19
0.22
0. hY
0.48
0.02
0.02
0.03
0.03
0.07
0.08
0.10
0.13
0.14
0.12
0.10
0.08
0. 04
0.4
0.09
0.02
0.03
0.03
0.05
0,06
0.08
0.09
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X1

(%)

9.59

9.40

9.40
10.00
10.00
10.00
10.00
10.00
20,13
21,20
21.20
21.20
20.68
20.25
20.25
21.08
21.08
20,11
20.06
20.06
20.72
20,22
20,22
12,89
12,89
12,89
12,89
12.89
12,89
12,89

Present Air-Water Flow Data: D3/D1

ml
(kg/s)
0.229
0.229
0.293
0.297
0.297

0.260

0.260
0.260
0.260
0.354
0.354
0.35h
0.350

m2 m3
(ka/s) (kg/s)

0.206
0.207
0,288
0.287
0,285
0.283
0,281
0,290
0.286
0.288
0.298
0.297
0,294
0.251
0,250
0,249
0.248
0,246
0.252
0,249
0.249
0.2h7
0.2U6
0.246
0,245
0.245
0.348
0.316
0.345
0,338

0.023
0.022
0.006
0.010
0.012
0.014
0.016
0.015
0.017
0.018
0.020
0,021
0.023

m3/m1
(-)

0.10
0.10
0.02
0.03
0.0h
0.05
0.05
0.05
0.05
0.06

0,06
0.07
0.01

CoOCODQOO0O0
o o
n n

oo
oo
ww

x1 x2
(%) (%)
12.85 9.42
12.85 9.60
35.13 33.96
3,70 32,64
34,70 32,01
34,70 31,63
3,70 31,15
34,16 30.9
34,51 30.99
3h.09 30.30
32,95 28.93
32,95 28.74
32,95 28,23
22,36 21.61
22,36 21,22
22,36 20,94
22.36 20.64
22.36 20.20
21,94 19,43
22.09 19.15
22,09 18.9
22.09 18.58
22,12 18.33
22,12 18.21
22.12 18.03
22,12 17.99
h3.89 h3.08
43.86 42,80
43,86 42,63
44,59 43,02

x2
(%)
9.09
8.32
9.46
9,12
9,43
8.82
11.30
9.73
18.76
19.61
19.28
18.89
16.61
15.75
15.58
15.42
15.28
16.61
16.27
16.74
18.10
14.90
16,11
11.86
11.50
11.50
10.7h
10.40%
10.08
9.95

X3
(%)
10.83
11,73
9.36
16.59
12.33
14,16
8.35
10.29
85,21
86.20
86.49
85.61
™m.79
69. 44
63.34
57.86
57.93
47,13
53.7h
58.04
79.43
52.97
62.71
65.4%
62.h8
62 .48
56.13
50.51
h7,06
43,94

pl13
(Pa)

108100.
166700,
w7400,
25700,
39800.
85300,
214300,
nh0800.
13700.
16700,
20300,
29100.
87000,
125300,
208100.
101000,
463000.
302100.
186400,
123900.
33700,
436300,
137700,
15300,
22700,
22700,
53300.
75200,
108800,
143300,

™
()

300.
300,
300.
300,
300.
300.
300.
300.
300,
300,
300,
300.
300.
300.
300.
300.
300.
300.
300.
300,
300.
300.
300,
300,
300.
300.
300,
300.
300.
300.

p1
(MPa)

0.872
0. 864
0.872
0.876
0.876
0.876
. 876
.876
.882
.880
. 884
.884
.872
.867
.872
. 88h
. 884
872
.883
.883
. 8814
L8l
874
Lol
hag
.hs8
190
90
86
92

ccocCococecoCcooooCceocooCcocoCoCcoo

= 0.084, Horizontal Branch (® = 90°).

x3
(%)
43,57
43,01
94,67
95.72
96.19
96.08
95.91
95.37
95.43
94,63
94. 31
93.82
93.13
86.02
89.75
89.83
91.06
91,36
92,29
91.79
91.50
91.16
.28
89.71
.35
.98
.62
88.17
.08
89.85

x3kx1
(=)

3.39.
3.35

2.69

2.76

2,717

2.77
2,76
2.79
2,717
2.78
2.86
2.85
2.83
3.85
1,01
4,02
h.07
4,09
h.21
h.16
oy
.13
h.08
.06
. o4
h.02

. 2.00
2,01

2,03
2.02

pl13
(Pa)

210100,
261000.
10000,
19400 .
39000,
41900,
61800,
78600,
104800.
142300,
173200.
270600,
426100,
13400,
20800.
26600.
34000,
19200,
65200,
85600,
100200,
126900.
162600,
191300,
223000,
204600,
15600.
26500,
34800,
50700.

T1
(K)

300.
300,
300,
300,
300,
300.
300.

300,
300,
300,
300.
300,
300,
300,
300,
300.
300,
300.
300,
200,
300,
300.
300,
300,
300,
300,
300.
300,
300,
300,

pl
(MPa)

0.491
0.491
0.887
0.884
0.884
0,884
0,884
0.878
0. 884
0.880
0.884
0.883
0.883
0.48%
0.u84
0.h92
0.h87
0.492
0.488
0. 4h92
0.h92
0.h92
0.h92
0.489
0.u89
0.0h973
0.880
0.882
0.882
0.874

Table D.14 (cont.): Present Air-Water Flow Data: D3/Dy = 0.084, Horizontal Branch (d = 90°).




UN  vsL1 VsG1
#  (m/s) (m/s)

113, 0.10 7.55
1. 0,10 7,57
115 0.10 7.68
116. 0,10 7.31
117, 0,10 7,42
118 0.10 7.u2
119 0.10 7,42
120, 0,10 7.42
6. 0.10 8,04
W7, 0.10 8,09
148 0.10 8.09
149 0,10 8.04
50, 0,10 8,04
151, 0,10 8.07
152, 0.10 8.07
153. 0.10 7.95
154, 0,10 7.95
155. 0.10 7.9%
156. 0,10 7.95
71, 0,10 10.58
72. 0,10 10,23
73. 0.10 10.27
7h. 0.10 10.10
5. 0,10 10,08
76. 0.11 10, 1M
7. 0.11 10.36
/8. 0.11 10,18
79. 0.11 10.36
80. 0.11 10,36
81, 0.11 10.38

mil m2 m3
(kg/s) (kg/s) (kg/s)

0.346
0.349
0.356
0.337
0.3u46
0.346
0.346
0.346
0.294
0.294
0.290
0.290
0.290
0.290
0.290
0.290
0.290
0,290
0.290
0.405
0.398
0.406
0.403
0.403
0.h1

0.416
o.h1

0.423
0.423
0.416

0.332
0.332
0.337
0.318
0.325
0.324
0.322
0.321
0.290
0.289
0.283
0,282
0.280
0.279
0.278
0.276
0.275
0.275
0.275
0.400
0.386
0.395
0.390
0,387
0.394

0.395
0,389
0.399
0.399
0.3N

0.015
0.017
0,019

'0.020

0,022
0.023
0.024
0.025
0.004
0.006
0.007
0.008
0.010
0.0M
0.012
0.014
0,014
0.015
0,015
0.004h
0,012
0.0
0.013
0.016
0.018
0.021
0.022
0.024
0.025
0.025%

m3/m1
(-)

0.04
0.05
0.05
0.06
0.06
0.07
0.07
0.07
0.02
0.02
0.02
0.03
0.03
0.04
0.0h
0,05
0.05
0.05%
0.05
0.01
0,03
0.03
0.03
0.04
0,04
0.05
0.05
0.06
0,06
0.06

— 220 —

x1

(%)

Ly
43
43
Ly
h3

43,
n3,
43,
30.
30.
31,
31,
31,
31,
31.
30.
30.
30,
30.
52.
51,
50,
50.
50.
2,67
50,
h9.
49,
19,
50.

ha

.00
.66
.18
.12
.23

23
23
23
54
5h
02
02
02
02
02
97
97
97
97
o4
93
90
48
51

22
67
3
34
22

x2
(%)

41.95
h1.2%
no.u1
h1.16
39.98
39.84
39.61
39.47
29.63
29.37
29.62
29.31
28.94
28,67
28.42
271.96
27.81
27. 1
27.71
52,05
51.82
50,20
119,50
H9.27
48.18
h8.55
uy1.17
h.34
nr.217
ha. 14

Table D.14 (cont.): Present Air-Water Flow Data: D3/D1 = 0

RUN  VsL1 VsG1
# (m/s) (m/s)

ua1, 0.26 10.08
hage, 0.25 10.2%
483. 0.25 10.25
Lay, 0.25% 10.37
485, 0.25 10.46
486. 0.24 9,91
ng7. 0.24 10.22
339. 0.25 10.09
340, 0.25% 10,05
341. 0.25 10.11
g2, 0.25 10.11
343, 0.25 10.17
344, 0.25 10.00
345, 0.2% 10.00
346. 0.25 10.00
717. 0.50 5,03
718.° 0.50 5,03
719. 0.50 5.03
720. 0.50 5.03
721, 0.50 5,03
711, 0.%1 5.01

712. 0.%1 5,01
713. 0.517 5.0
AN 0.51 5,01
715, 0.51 5,00
716. 0.51 5,01
L6l 0.51 9.88
L65 0.51 9.88
h66 0.52 9.99
457. 0.51 19.74

ml m2 m3
(kg/s) (kg/s) (kg/s)

0.705
0.703
0.703
0.703
0.705
0.676
0.679
0.604
0.604
0,604
0,604
0.604
0.600
0.600
0.600
1.091
1.091
1.091
1.091
1.091
1.056
1.056
1.056
1.056
1.056
1.056
1.201
1.201
1.221
1.409

0.694
0.686
0.682

0.012
0.017
0.020
0,025
0.026
0.027
0.027
0,007
0.010
0.011
0.013
0,015
0.017
0.018
0.019
0.007
0.013
0.028
0.034
0.039
0.008
0.0M
0.013
0.01h
0.017
0,027
0.015
0.027
0.039
0.016

m3/ml
(-)

0.02
0.02
0.03
0.04
0.04
0.04
0.04
0.01
0.02
0.02
0.02
0.02
0.03
0.03
0.03
0.01
0.01
0.03
0.03
0.04
0.01
0.01
0.01
0.01
0,02
0.03
0.01
0.02
0.03
0.0

X1

(%)

28.
29,
29.
29.
29,
29,
30.
18.
18.
18,
18,
.51
.64
.64

18
18
18

18,
9.
9.

.53

9

9.

6
b6
o
6
5.
6

5
5
5
5

5

16.
.66

16

59
20
20
20
38
67
oy
51
51
51
51

64
53
53

53

ho
66

16.49
28.74

x2
(%)

28.02
28.36
28.01
27.61
27.78
27.93
28.34
18.12
17.93
17.80
17.59
17.11
17.33
17.21
17.17
9.52
9.47
9.39
9.37
9.36
5.2
5.33
5.27
5.25
5.23
5.10
16.01
16.02
15.52
28.74

X3
(%)
90.63
91,62
92.09
91.11
91.4h2
91,07
21.57
91.20
89.65
90.19

88.75"

89.40
89.79
90. 35
89.97
90.99
91.09
91.24
90.66
51.39
55.59
76,17
79.45
80,85
82.34
82.13
82.57
82,63
83.02
83,12

x3/%1

(

NN

‘—4—1—4—t—4—-—J—ﬂ-d—‘OMNT\)T\JNMNY\JNNMNNNNNN

=)

=0
oo

B bt e O
T = ) b ot~ G0

p13
(Pa)

74000,
98200,
140700.
185600
2u4700.
291000,
367600.
429800.
16800.
26600.
36400,
52000.
74600,
27400.
121800.
173500,
200400.
229100,
243800,
16600,
25900.
35000.
54500.
89200,
119700,
164800,
218400,
256000.
336000,
388200,

T
(K)

300.
300.
300.
300,
300.
300,
300,
300.
300.
300.
300,
300.
300,
300,
300.
300,
300.
300.
300.
300,
300,
300.
300,
300,
300,
300,
300.
300,
300,
300,

.084, Horizontal Branch (& =

%3
(%)

62.76
63.77
68.97
71.68
70.51
71.27
70.90
52.29
54,04
56.69
60.94
62.53
64.71

64,50
6h.76
11.5

1h,94
15.13
.3
.24
10.12
17.85
20.47
20.71
19.61
18.99
37.19
.88
1h5.93
29.22

x3 /%1

(=)

PSRNN WW W WL b et ol S WWWWWWRN NN NN N

.19
.18
.36
A5
b0
.ho

36

.82
.92

06

.29
.38
47
46

p13
(Pa)

26800.
60200.
101800.
175400,
253800.
H06400.
448300.
12100,
29700.
45500.
70500.
109700.
156500.
210900.
249300.
5802,
20804h.
141856.
238572,
336840,
5885,
145040,
19000,
27824,
170480,
216880,
25340.
108160.
431720,
26700.

T
(K)

300.
300.
300.
300.
300,
300,
300.
300.
300.
300,
300.
300.
300.
300.
300.
292,
292,
292,
292,
292,
292,
292,
292,
292,
292,
292,
299.
299,
299,
295,

pl
(MPa)

0.884
0,882
0.878
0.892
0.885
0.884
0.884
0.884
0.490
0.487
0.487
0.490
0.490
0.488
0.488
0. 494
0.h94
0. 494
0. 494
0.872
0.885
0.882
0.882
0.884
0,886
0.883
0.880
0.883
0.883
0.882

90°).

pl
(MPa)

L8717
.877
.877
.867
. 867
.886
.875
486
.88
.h85
.h85
.ha2
. 490
190
. 490
.882
.882
,882
.882
.882
.h90
L1190
L h90
490
.90
. 490
. 885
.885
. 880
, 884

COO0OCOCOoOOOOLOOCOOOOOOOOOOOOOCC

Table D.14 (cont.): Present Air-Water Flow Data: D3/D1 = 0.084, Horizontal Branch (& = 90°).




RUN Vst
f (m/s)
58, 0,51
59, 0.5
6o, 0.51
h61 0.51
62, 0.51

VsG1
(m/s)

20.01
20.01
20,01
20.01
20.01

m3

ml me2
(kg/s) (ka/s) (kg/s)

1
1
1
1
1

Table D.14 (cont.):

RUN  VsL1 VsG1
#  (m/s) (m/s)

703, 0.26 4,94
704, 0.26 4.94
705. 0.26 4.94
606. 0.25 5.02
607, 0.25% 5.02
608, 0.25 5.02
609. 0.25 5.02
610. 0.25 5,02
611. 0.25 5,02
612. 0.25 5.02
535. 0.25 9.95
536. 0.25 9.95
537. 0.25% 9.95
538, 0.25 9.95
539. 0.25% 9.95
696. 0.26 19.87
697, 0.26 19.87
698. 0.26 19.87
699, 0.26 19.87
700, 0.26 19.87
701, 0.26 19.87
702, 0,26 19.87
598. 0.50 2.50
599. 0.50 2.50
600, 0,50 2.50
601. 0.50 2,50
602, 0.50 2.50
603, 0.50 2.50
604, 0.50 2.50
605. 0.50 2.50

Table D.15:

.09
. ho9
o9
. 409
.ho9

. 387
.382
3N
. 362
1,361

—— b

0.022
0.027
0.038
0.047
0.048

— 221 —

m3/ml
(=)

0.02
0.02
0.03
0.03
0.03

X

1

(%)

28.
28,
28,
28.
28.

Present Air-Water Flow Data

m1

3
(kg/s) (kg/s) (kg/s

0.605
. 605
.605
L507
. 547
LHu7
507
547
. 547
.on7
.698
.698
.698
. 698
.698
.923
.923
.923
.923
923
.923
. 923
.038
.038
.038
.038
.038
.038
.038
.038

OSSO0 C OO OCCCOOOOO0OCO0O

ma2

0.602
0.593
0.592
0.547
0.546
0.545
0.544
0.543
0.5h2
0.542
0.684
0.684
0.685
0.693
0.695
0.920
0.917
0.914
0.910
0.907
0.907
0,906
1.035
1.033
1.031%
1.028
1.024
1.019
1.01%
1.016

m

0.003
0.012
0.013

I=
g

.007
.01

CCoCOCOO0O0O0OCOOCOOOCCOO0OOO0O0O
(=]
N

.022

h
74
T4
74
7h

x2
(%)

28.71
28.76
28,58
28.53
28.50

X3

(%)

26.84
27.98
3h,h5
34,89
35.63

x3/%1
(=)

0.93
0.97

p13
(Pa)

34980,
63880.

1.20 189400,
1.21 369480,
1.24  H479000.

T
(K)

299,
299.
299.
299.
299.

oCooCOo

p
(MPa)

1

.88h
. 884
. 884
. 884
.88h

: D3/D4y = 0.084, Horizontal Branch (® = 90°).

" m3/mt X1
)y (=) (%)
0.00 16.77
0,02 16.77
0.02 16.77
0.00 10.23
0.00 10.23
0.00 10.23
0.01 10.23
0,017 10.23
0.01 10,23
0.01 10.23
0.02 28.69
0.02 28.69
0.02 28.69
0.01 28.69
0.00 28,69
0.00 44,09
0.01 44,09
0.01 uh,09
0.0 uh,09
0.02 h4,09
0.02 4h,09
0.02 44.09
0.00 .90
0.01 1,90
0.01 .90
0.01 h,90
0.01 h,90
0.02 h,90
0.02 4,90
0.02 t, 90

x2
(%)

16.39
15.04
14,90
10.15
10.06
9.90
9.74
9.60
9.52
9.52
27.4h42
27.43
27.55
28.33
28.43
1
Iy, 02
.07
113.98
h3.89
13.86
3,82
b, 7h
.68
h.62
h.ouy
4,32
3.97
3.9
3.96

x3
(%)
99.60
99.86
99.80
78.83
79.85
86.30
81.40
8h. M
84.70
84,09
93.80
91.89
g1.64
87.17
100.00
37.52
54.35
h6.14
51.88
55.90
56.90
58.65
53,30
W5, 40
h7.,35
18,83
b7.4u44
53.75
7.9
h8.87

10,87

9.96
9.68
10.96
9.717
9.97

118620.
142196,
199668.
221628,
483720.
484000.
28914,

69904,

23629,

891.
8895,

56272,
184892,
333768.
408128,
h72416,

H540.
6041,

22995,

59512,
199612,
237292,
393368,
u56456,

Present Air-Water Flow Data: D3/Dq = 0.084, Upward Branch (® = 0°).

T
(K)

291.
291,
291,
301,
301,
301,
301,
301,
301,
301.
301.
301,
301,
301.
301.
295,
295,
295,
295,
295,
295,
295,
297.
297.
297,
297,
297,
297,
297,
297.

pl
(MPa)

0.872
0.872
0.872
0.490
0.490
0.h90
0.490
0.490
0.490
0.490
0.884
0.884
0,884
0.884
0.884
0.882
0.882
0,882
0.882
0.882
0.882
0.882
0.882
0.882
0,882
0.882
0.882
0.882
0.882
0,882




RUN VsbLi1
#  (m/s)
598. 0.50
599, 0.50
600. 0.50
601. 0.50
602, 0.50
603. 0.50
604, (.50
605. 0.50
515, 0.51
516. 0.5%1
517. 0.51
518. 0.50
519, 0.50
520, 0.50
521, 0.50
522, 0.50
540, 0.50
541, 0.50
542, 0.50
543, 0.50
544, 0.50
545, 0.50
506. 0,50
547, 0.50
574, 0,50
575. 0.50
576. 0,50
577. 0.50
578, 0.50
579. 0.50

VsG1
{m/s)

2.50
2.50
2.50
2.50
2.50
2.50
2.50
2.50
2.56
2.52
2.55
2.48
2.48
2.h8
2.48
2.h8
9.97
10.05
10.05
10.05
10.05
10.05
10,05
10.05
20.08
20.08
20.08
20.08
20.08
20.08

ml me m
(kg/s) (kg/s) (kg

1.038
1.038
1.038
1,038
.038
1.038
1.038
1.038
1.042
1.042
1.042
1.029
1.029
1.029
1
1
1
1
1
1
1
1
1

—

.029
.029
177
177
177
77
77

1.035
1.033
1.031
1.028
1.024
1.019
1.015
1.016
1.042
1.035
1.039
1.020
1.013
0.993
0.983
0.979
1,172

17

3

oCo
VD w
SO

.00l

COCCOOOOOOOOOOLOOOOOOOCOOODOOC
[=1
o
N

L0y

/s)
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COO0OCODOLCCOCOOODoCOOOOOOOOOO0OO0O0
o
=

x1

(%)

4,90
.90
4,90
4,90
4,90
4,90
4.90
4,90
h,82
4,82
.82
4.86
I, 86
4.86
4.86
.86
17.35
17.33
17.33
17.33
17.33
17.33
17.33
17.33
29.59
29,59
29,59
29,59
29.59
29,59

x2
(%)
.74
4,68
.62
4,47
h,32
3.97
3.94
3.96
4,78
L, 54
4,68
4,59
ho4u3
4,19
h,16
.26
17.24
17.17
17.17
17.09
16.97
16.79
16.76
16.71
29.56
29,58
29.56
29.55
29.149
29.47

x3

(%)

53.30
h5.40
47,35
18,83
47,0y
53.75
47,91
48,87
100,00
Ly, oy
48.50
33.30
31.60
23,23
19.76
16.64
41.90
h6.51
h3.28
h6.92
50.10
57.h0
58.2%
60.00
50.22
33.80
36.15
36.64
R R
41.35

x3/%1
(-)

10.87
9.26
9.66
9.96
9.68

10.96
9.77
9.97

20.76
9.1h

10.07
6.86
6.51
4,78
h,07
3.h3
2.1
2.68
2.50
2.71
2.89
3.31
3.36
3.46
1.70
1.1

1.22

1.24

1.39

1.40

pl3
(Pa)
4500,
6041,
22995,
59512,
199612,
237292,
3933648,
456056,
336.
1464,
619,
33173,
129576.
302776.
y2884h0.
h993,
12817,
21677.
37389.
105700,
181028,
363240,
19120,
n28hos.
5287.
6007.
9ne63. "
20270.
7h308.
188252,

Table D.15 (cont.): Present Air-Water Flow Data: D3/D1 = 0.084, Upward Branch (@ = 0°).

RUN Vsl
#  (m/s)
580, 0.50
581. 0.50
582, 0.50
591, 1.00
592, 1.00
593, 1.00
594, 1.00
595, 1.00
596. 1,00
597. 1.00
523, 1.00
524, 1,00
525. 1,00
526. 1.00
527, 1.00
528. 0.99
529. 0.99
628. 1.00
629. 1.00
630. 1.00
631, 1.00
632, 1.00
633. 1.00
634, 1.00
621, 1.00
622, 1.00
623, 1,00
624, 1.00
625, 1.00
626, 1.00

Table D.15 (cont.): Present_Air-Water Flow Data:

VsG1
(m/s)

20.08
20.08
20.08
2.49
2.49
2.h9
2.49
2.h9
2.49
2.h9
2,67
2.h9
2.h9
2.49
2.64
2.52
2.52
4,98
4,98
4,98
4,98
.98
4,98
.98
.96
.96
4,96
4,96
4.96
4,96

ml m2 m3
(kg/s) (kg/s) (ka/s)

1.395
1.395
1.395
2,010
2.010
2,010
2.010
2.010
2.010
2,010
2.011
2,009
2.009
2,009
2,010
1.992
1.992
2.060
2.060
2.060
2.060
2,060
2,060
2.060
2.02h
2.02h
2.024
2.024
2.02h
2,024

1.378
1.3/8
1.37H
1.999
1.992
1.983
1.968
1.9%2
1.945
1,900
2.000
1.994
1,987
1.973
1.966
1.923
1.921
2.053
2.050
2.045
2,038
2,03
2.029
2.029
2.01
2.017
2.010
2,009
2.007
2.005

0.017
0.018
0.020
0.015
0.018
0.027
0.042
0.058
0.065
0.070
0.011
0.015%
0.022
0.036
0.0u44
0,069
0.071
0,007
0.010
0.015
0.022
0.029
0.031
0.031
0.003
0.007
0.014
0.015
0.017
0.020

m3/mi
(-)

0.01
0.1
0.01
0.01
0.01
0.01
0.02
0.03
0.03
0.0h
0.01
0.01
0.01
0.02
0.02
0.03
0.04
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.01
0.01
0.01
0.01

x1

(%)
29.59

x2
(%)
29,42

29.38
29.26

P

w
N

PN RONONNNNNN
- =
~J p'=)

jo-Ne-]
-2

.74

x3
(%)
43.83
45.78
52.19
11.90
15.11
11.19
10.91
8.83
9.30
9.02
16. 44
19.09
14,13
13.25
13.71
10.87
10,36
22.92
26.30
28.29
30,12
31.97
31.81
31.81
17.88
18.38
17.82
19.11
21,18
20,58

x3/x1
(=)

1.48
1.55
1.77
h.67
6.0h
h,39
L,28
3.46
3.65
3.54
6.42
7.75
5.74
5.38
5.1
4,39
4,19
4,66
5.35
5.76
6.13
6.51
6.48
6.8
6.28
6.46
6.26
6.72
7.44
7.23

pl13
(pPa)

336568.
105560,
420688,
10893,
17103,
37600,
122180.
2294hly,
yl1o672.
n3ps2u,
7134,
1h032.
36884,
130148,
166384,
375728.
337176,
5507.
11782.
83092.
235348,
390112,
ni6hel,
16400,
henus,
1639.
17870,
63864,
132108,
204408,

T
(K}

292.
292,
292,
292,
292,
292,
292,
292,
292,
292,
311,
306.
306.
306.
311,
311,
311,
297.
297.
297.
297,
297,
297.
297.
289,
289.
289.
289,
289,
289.

D3/D1 = 0.084, Upward Branch (® = 0°).

CCOCOOOOOOCCoCCCOCOOCCODOOOOOD

p
(MpPa)

OCCCocoCOoOCOoOooDOOOEDOOoCOCOOOCOO0OCD

877
L8717
L8717
.877
877
L8717
877
.877

.877
L8717
877
.887
. 887

L 887
L8717
.887
. 887
. 882
.882
. 882
.882
.882
. 882
. 882
490
L h90
.90
L h90
90
.h9o




RUN VsL1 VsG1
#  (m/s) (m/s)
627, 1.00 4,96
5h8, 1,00 5.03
549, 1,00 5,03
550. 1.00 5.03
551, 1.00 5.03
552., 1,00 5.03
553. 1.00 5.03
554, 1.00 5.03
555. 1,00 5,03
556. 1.00 5.03
628, 1.00 4.98
629, 1,00 4,98
630. 1,00 4,98
631, 1,00 4.98
632 1.00 4.98
633 1.00 4,98
634, 1,00 4.98
621, 1,00 4.96
622, 1,00 4.96
623, 1.00 4,96
624, 1.00 4,96
625 1.00 4.96
626 1.00 4,96
627, 1,00 U4.96
557. 1,00 10,04
558, 1,00 10.04
559 1.00 10.04
560 1,00 10.04
561. 1.00 10.04
562, 1.00 10.04

mt m2 m3
(kg/s) (kg/s) (kg/s)

2.024
2.064
2.064
2.064
2.064
2.064
2.064
2.064
2.064
2.064
2.060
2.060
2.060
2,060
2.060
2,060
2.060
2.024
2.02h
2.024
2.024
2.024
2,024
2.024h
2,172
2.172
2.112
2,172
2.172
2.172

2.003
2.062
2.058
2.055
2.05%0
2.048
2.04y
2.040
2.039
2.0
2.053
2.050
2.045
2.038
2,031
2.029
2,029
2,024
2.017
2.010
2.009
2.007
2.005
2,003
2. 16ii
2.161
2.159
2.152
2,146
2.145

0.021
0.002
0,006
0.009
0.015
0.016
0.021
0.025
0,026
0.023
0.007
0.010
0.015
0,022
0.029
0.031
0.031
0.000
0.007
0.014
0.015
0.017
0,020
0.021
0.008
0.011
0.013
0,020
0.026
0.027
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m3/m
(-)

0.01
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.01
0.01
0.01
0.0
0,01
0.00
0.00
0.01
0.0
0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.01
0.01

Table D.15 {cont.): Present Air-Water Flow Data:

RUN
#

563,
564,
565.
566.
567.
568.
569.
570.
571,
572,
573.
679.
680,
681,
682,
683,
684,
685,
686.
663,
664,
665,

Table D.15 (cont.): Present Air-Water Flow Data:

VsL1
(m/s)
.00

.00
.00

1
1
1
1
1
1
1
5
1.00
1
1
1
1
3
1
1
1

VsG1
(m/s)

10.04
10.04
10.04
20.23
20.23
20.23
20.23
20.23
20,23
20.23
20,23
20.06
20.06
20.06
20.06
20.06
20.06
20.06
20.06
2.46
2.46
2.46
2.h46
2.46
2.h6
2.46
2.46
4,95
.95
4,95

ml m2 m3
(kg/s) (kg/s) (kg/s)

2.172
2.172
2.172
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.2y2
2.24y2
2.242
2.242
2.242
2.242
2.242
2.242
3.974
3.974
3.974
3.974
3.974
3.974
3.974
3.974
h,018
4,018
4,018

2,143
2,142
2,141
2,369
2,366
2.363
2,359

0.029
.03
.032

0.025

X2 %3
(%) (%)

2.65 21
4,96 37
4,93 23
4,87 31
h.82 29
4,80 29
h.68 35
4,66 32
.62 34
4,63 36
h.85 22
4,81 26
b, 74 28
h,64 30
h,53 31
4,51 31
4,51 31,
2.82 99
2.79 18,
2,14 17,
2.72 19,
2,69 21,
2.67 20.
2.65 21,
9.h3 17,
9.41 19,
9.40 21.
9.00 16.
9.33 21,
9.32 20.

x3/x1 p13
(-) (Pa)
.61 7.59 235580.
.15 7.44 6388.
.80 by, 77 7221,
.29 6.27 15286.
.33 5,87 92916.
.52 5.91 135188,
.88 7.19 249648,
.28 6.47 Hoh112.
12 6.95 h3u632,
.15 7.36 526888.
.92 .66 5507.
.30 5.35 11782,
.29 5.76 83092,
12 6.13 235348,
.97 6,51 390112,
.81 6,48 ui6h6h.
81 6.48 H16400,
.98 35.1h Ho6is,
38 6.46 7639.
82 6.26 17870,
11 6.72 6386h .
18 7.4 132108,
58 7.23 204408,
61 7.59 235580.
78 1.88 8105,
55 2.06 12912,
2h 2.24 17531,
67 1.76 106608,
06 2.23  143376.
84 2.20 273624,

T
(K)

289.
295,
295,
295,
295,
295,
295,
295,
295,
295,
297.
297,
297.
297,
297.
297,
297,
289.
289,
289.
289,
289,
289.
289,
295,
295,
295,
295,
295,
295,

D3/Dq = 0.084, Upward Branch (® = 0.

m3/ml X1
- (%)

0.01 9.47
0.01 9.47
0.01 9.47
0,00 17.20
0.00 17.20
0.01 17.20
0.01 17.20
0.01 17.20
0.01 17,20
0.01 17,20
0.01 17.20
0.00 10.1Y4
0.00 10.14
0.00 10,14
0.01 10,14
0.01 10,14
0.01 10,14
0.01 10.14
0.01 10.14
0,00 1.27
0.0 1.27
0.01 1.27
0.01 1.27
0.02 1.27
0.02 1.27
0.02 1.27
0.02 1.27
0.00 2.50
0.00 2,50
0.01 2.50

%2
(%)

9.28
9.21
9.21

x3
(%)
23.40
27.50
26.61
28,90
31.59
32.45
37.35
38.50
39.8%
41,46
38.26
8h,86
24.15
23.85
26.53
271.95
25.40
25,13
24,15
11.89
7.63
11.09
7.07
7.23
8.60
2.1
8.62
9,26
7.11
6.60

x3/%x1
(-)

2.47
2.90
2.81
1.68
1.84
1.89
2.17
2.24
2.32
2.4
2,22
8.37
2.38
2.35
2.62
2.76
2.50
2.48
2.38
9.38
6.02
8.75
5.57
5.70
6.78
7.42
6.79
3.70
2.8
2.63

p13
(Pa)

417080,
HH6776.
450352,
17757,
148640,
119064,
118692,
234252,
375264,

136408

233068.

6645

12280,
16512,
26812,
55356.
1hh28,
201276.
237392,
3511,
18721,
27095.
120340,
236580.
237104,
n48136.
463000,
8346.
9046.
21514,

T
(x)

295.

295.

299.

299.

295,
295,
295,
295,
295.
295,
297.
297.
297.

D3/D1 = 0.084, Upward Branch (® = 0°).

CCCOCoOOOOOoOCCOOOOOCOCOCOCOOCR

p
(MPa)

L1190
.882
.882
.882
.882
.882
. 882
.882
.882
.882
.882

.882

. 882
. 882
. 882
. 882
. 882
490
.h90
90
190
90
.90
L1190
. 882
. 882
.882
. 882
. 882
.882




RUN
#

645,
646,
647,
648,
656.
657.
658,
659.
660,
661,
662.
649,
650.
651,
652,
653.
654,
655.
672,
673,
674,
675,
676,
677.

0
678,

Table D.15 (cont.): Present Air-Water Flow Data:

RUN
#

Vs
(m/s)

2.00
2,00
2.00
2,00
2,01
2,01
2,01
2,01
2.01
2.01
2.01
2.00
2,00
2.00
2.00
2,00
2.00
2.00
2,03
2.03
2,03
2.03
2,03
2,03

2.03

VsG1
(n/s)

.95
4,95
4,95
5,95
4,94
b.94
4,94
4.9h
b, 94
4.94
4,94
9.97
9.97
Q.97
9.97
9.97

VsL1 VsG1
(m/s) (m/s)
0.06 5.11
0.06 5.11
0.06 5.10
0.06 5.10
0.06 5.10
0.05 5.12
0.05 5.12
0.05 5.12
0.05 5.12
0.05 5,12
0.05 5.15
0.05 5,17
0.05 5.15
0.05 5.12
0.05 5.1
0.05 5.14
0.05 5.16
0.05 5.16
0.05 5.18
0.05 5.18
0.05 5.22
0.06 5.22
0.0% 5,22
0.05 5.22
0.05 5.22
0.05 5.22
0.05 5.13
0.05 5.13
0.05 5.15
0.06 7.6h

Table D.16:

ml
(kg/s)
4.018
.08
4,018
h.018
4,000
1. 000
4,000
4,000
L, 000
I, 000
4,000
h.,118
h.118
,118
h.118
h,118
L.118
4,118
§.192
,192
4,192
h,192
I, 192
4,192
4,192

ml
(kg/s)
0.215
0.215
0.213
0.213
0.213
0.164
0.164
0.164
0.16u
0.16h
0.164
0.164
0.163
0.163
0.163
0.163
0.159
0.159
0.159
0.159
0.159
0.175
0.160
0.160
0.160
0.160
0.160
0.160
0.160
0.270

Present Air-Water Flow Data: D3/D1

me2 m3
(kg/s) (kg/s)
3.976 0.042
3.948 0.070
3.930 0.088
3.933 0.085
3.989 0.011
3.973 0.027
3,969 0,031
3.962 0.038
3.955 0.04h5
3.953 0.047
3.950 0,049
4,100 0.018
4,080 0.038
4,072 0.0h5
4,047 0,070
4,039 0.079
4,032 0.085
4.031 0.086
4,168 0,024
h.157 0.035
W, s 0,007
4,134 0,057
4,130 0,062
4,127 0,065
4,127 0.065

m2 m3
(kg/s) (ka/s)

-
U
N

COoOOCOoOOOOOOODOOOOOOOOO0O0
—
Aol
o

0.018
0.020
0.023
0.024
0.024
0.003
0.005
0.006
0.007
0.008
0.010
0.012
0.013
0.014
0.012
0.012
0.002
0.003
0.004
0.005
0.006
0.008
0.009
0.010
0.012
0.013
0.014
0.015
0.015
0.005

m3/m1
(-)

0.01
0.02
0.02
0.02
.00
0.01
0.01
0.01
0.01
0.01
0.0
0.00
0.01
0.01
0,02
0.02
0.02
0.02
0.01
0.01
0.M
0.01
0.01
0.02
0.02

0.02
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x1

(%)

2.50
2.50
2.50
2.50
1.43
1.43
1.43
1.u43
1.43
1.43
1.43
i,86
4.86
h,86
I, 86
1,86
.86
I, 86
5.35
5.35
5.35

5,35
5.35
5.35

D3/D1

x2
(%)

2.h6
2.45
2.45
2.42
1.1
1.39
1.38
1.37
1.36
1.3%
1.35
L.86
4,85
I, 84
.85
4,84
.83
h,83
5.35
5.35
5.35%
5.34
5,33
5,33
5.33

= 0.084, Upward Branch (¢ =

X2
(%)
43,53
y2.79
u2,62

ha2.17
42,19

33.95

33.44
33.10
32,52
32.04
31,37
30.4h8
30.21
29.84
30.70
30.52
35.51
34.93
34,60
.21
33.86
30.06
32.45
31.87
31.08
30.70
30.20
30.03
29.93
55.75

x3
(%)
6.52
5.33
5.09
6.20
6.91
6.72
7.06
7.19
7.h2
7.38
7.10
5.31
5.62
6.35
5.52
6.02
6.33
6.35
5.66
5.31
5.80
6.09
6.49
6.U3
6.50

(%)

97.63
97.27
96.18
96. 4l
96.38
94,61
94, 34
94,62
94,72
95,31
95.68
96.18
96.40
95.98
95.21
95.21
97.75
98,61
98.20
98.24
97.87
95.49
95.94
96.21
96.58
96.66
96.47
95.49
95.40
92.07

X3 /x1
(-)

2,60
2.13
2.03
2.47
.85
h.72
4,95
5.05
5,21
5.18
4,98
1.09
1.16
1.31
1.14
1.24
1.30
1.31

1.06
0.99
1.08
1.14

1.21

1,20
1.21

x3/x1

(-)

2.04
2.03
1.99
2.00
1.99
2.69
2.68
2.68
2.68
2,70
2.71
2.73
2.72
2,71
2.69
2.69
2.69
2,72
2.70
2.1
2.70
2.90
2.66
2.67
2.68
2.68
2,68
2,65
2.65
1.63

pl13
(Pa)

5h924,
235228,
412688,
ygiy2y,
12842,
28869.
38210,
72044,
o772,
214972,
260368,
14233,
35393,
63396,
213504,
414560,
477888,
382776,
23104,
38978,
100252,
187536.
126684,
3110608,
323040.

p13
(Pa)

137500.
192300.
245700.
386000.
429200.
11700,
17700.
25300,
35300,
H18700.
70000.
102100,
128600.
286200,
196600.
235300,
9300,
14300,
20000,
28000.
36000.
49000,
64600,
80100,
101000,
133200.
172200,
197700,
227500,
14900.

T
(K)

297,
297,
297.
297,
291,
291,
291,
291,
291,
291,
291,
301,
301,
301,
301,
301,
301,

301, .

296.
296.
296,
296.
296,
296,
296,

T1
(K)
300.
300.

300.
300.

300,

300,

300,
300,

p
(MPa)

.882
.882
.882
.882
.90
490
. 490
490
490
490
490
.882
.882
.882
.882
,882
.882
.882
.568
568
568
568
568
568
568

_CJPPED?POOOOCOCOOOOOOOOOOOO

pl
(MPa)

. 884
.884
. 884
. 884
. 884
L h95
.95
. 496
.h96
.ho6
493
490
492
.h95
196
493
.h90
190
.88
. a8
.heh
.hahy
Lh8h
L84
REL
L8y
493
493
09
.872

COoOC0OCOOCOOOOOCOOCOOOOD0ODOOCOO0O

= 0.084, Downward Branch (¢ = 180°).
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RUN VsL1 VsG1 mi m2 m3 m3/m1 %1 X2 x3 x3/x1 p13 ™ p1
# (m/s) (m/s) (kg/s) (kg/s) (ka/s) (-) (%) (%) (%) (-) (Pa) (K) (MPa)
95. 0.06 7.64 0,270 0.263 0.006 0.02 56.40 55.54 92.85 1.65 20200, 300. 0.872
96. 0.06 7.34 0.261 0.253 0.008 0.03 56.66 55.54 93.u49 1.65 28400, 300, 0.882
97. 0.06 7.36 0.261 0.252 0.009 0,03 56,66 55.32 93,84 1.66 315900, 300. 0.879
98. 0.06 7.33 0.261 0.249 0.012 0.05 56,66 54,90 93.72 1.65 52000, 300, 0.883
99. 0.06 7.28 0.260 0.246 0.014 0.05 56.49 54.40 93,94 1.66 67200. 300, 0.883
100, 0.06 7.29 0.260 0.243 0.017 0.06 56.49 53.87 94.63 1.68 93000. 300. 0.882
101, 0.06 7.40 0.264 0.247 0.017 0.06 56.55 53.91 94,60 1.67 122100. 300, 0.885
102. 0.06 7.40 0,264 0.247 0.018 0.07 56.58 53.86 94,31 1.67 146700, 300. 0.886
103, 0.06 7.40 O0.264 0,245 0.020 0,07 56.60 53.58 94,31 1.67 186800, 300. 0.886
104, 0.06 7.40 0.264 0.242 0.022 0.08 56.60 53.08 94,74 1.67 228400, 300. 0.886
105. 0.07 7.44 0.279 0.256 0.023 0.08 53.64 49.94 9u.,27 1.76 281000. 300, 0.882
106. 0.05 7.69 0,258 0.234 0.024 0,09 59.53 56.04 94,12 1.58 331400, 300. 0.87h
107. 0.05 7.69 0.258 0.233 0.024 0.09 59.53 55.93 94,17 1.58 398000. 300. 0.874
158. 0.05 7.97 0.193 0.189 0.004 0.02 46.48 45,37 9h.64 2.04 15500, 300. 0.493
159, 0.05 7.97 0.193 0.188 0.005 0.03 h6.48 45,18 93.55 2.01 22400, 300. 0.493
160, 0.05 8.00 0.193 0.187 0.006 0.03 h6.h8 4uh,99 93.39 2.01 26900. 300, 0.u491
161. 0.06 8.00 0.199 0.192 0,006 0.03 U45.12 43,49 93.56 2.07 35000, 300, 0,491
162. 0.06 8,02 0.199 0.191 0.008 0,04 45,12 43,02 94,18 2.09 51600, 300, 0,490
163, 0.06 8.02 0.199 0.189 0.010 0.05 U45.10 Hh2,53 94.95 2.11 74000, 300. 0.490
164. 0.06 8,02 0.199 0.188 0.011 0.06 45.10 42,10 94.51 2.10 100160, 300. 0.490
165. 0.06 8,02 0.199 0.186 0.013 0.06 45,10 41.75 94,17 2.09 139000, 300, 0.490
166. 0.06 7.89 0.199 0.185 0.014 0.07 15.10 41.33 93.56 2,07 188300. 300. 0.498
167. 0.06 7.86 0.199 0.184 0.015 0.07 45.10 41.29 93.45 2,07 210600. 300, 0,500
168. 0.06 7.86 0.199 0.184 0.015 0.07 45,10 ui.24 93,68 2.08 244100, 300. 0,500
83, 0.0% 10,57 0.317 0.3210 0,007 0.02 67.12 66.80 80.97 1.21 16300, 300, 0.882
84, 0.05 10.54 0,317 0.307 0.009 0.03 67.05 66.61 81,75 1.22 2%200. 300. 0,882
85. 0.05 10.50 0.317 0.306 0.010 0.03 67.05 66.52 82,51 1.23 34900, 300, 0.88?
86. 0.05 10.50 0.317 0.304 0.013 0.04 67.05 66.42 82.27 1.23 50100. 300. 0.885
87. 0.05 10.54 0.317 0,302 0.014 0,05 67.05 66.29 82,85 1.24 73100. 300, 0.882
88. 0.05 10.62 0.317 0.300 0.016 0.05 67.05 66.12 84,16 1.26 97000, 300, 0.875

Table D.16 (cont.): Present Air-Water Flow Data: D3/D1 = 0.084, Downward Branch (® = 180°).

RUN VsL1 VsGl mt m2 m3 m3/mt %1 X2 x3 x3/x1 p13 T pl
#  (m/s) (m/s) (kg/s) (kg/s) (kg/s) (-) (%) (%) (%) (-) (Pa) (K)  (MPa)

475. 0.05 5.08 0.207 0.158 0,049 0.24 149.30 63.74 2.5i 0.05 20000, 301. 0.882
476. 0.05 5.08 0.207 0.145 0,061 0,30 49,30 68.06 4.93 0.10 56012, 301, 0.882
4717. 0,05 5.08 0.207 0.135 0.072 0.35 49,30 71.72 6.88 0.14 130662. 301. 0.882
478. 0.05 5.08 0.207 0.128 0.079 0,38 49,30 74,61 8.33 0,17 224008. 301. 0.882
492, 0.05 9.82 0.306 0.264 0.042 O.14 65.77 75.44 5.10 0.08 30360, 295. 0.884
493. 0.05 9.82 0.306 0.252 0.054 0.18 65.77 78.24 7.57 0.12 82032, 295. 0.884
ho4., 0.05 9.82 0.306 0.234 0.072 0.24 65.77 83.65 7.99 0.12 148040, 295. 0.884
495. 0.05 9.82 0.306 0.233 0,073 0.24 65.77 83.58 9.25 0.1h 217904, 295. 0,884
496. 0,05 9.82 0.306 0.232 0.074 0.24 65.77 83,51 10.46 0.16 281572. 295. 0.884
469. 0,10 %.03 0.297 0.213 0,084 0,28 34,05 A47.17 0.82 0.02 h0o9i2. 301. 0,882
470. 0.10 5.03 0.297 0.200 0.097 0.33 34,05 u9.76 1.58 0.05 90772. 301. 0.882
471, 0,10 5.03 0.297 0.189 0.108 0.36 34.05 52,13 2.34 0,07 160124, 301. 0.882
472, 0.10 5.03 0.297 0.175 0,121 0.41 34,05 5h.86 4,05 0.12 299373. 301. 0.882
473.  0.10 5.03 0,297 0.168 0.128 0.43 34,05 56.67 4.39 0.13 425008. 301, 0.882
474,  0.10 5.03 0.297 0.166 0.131 0O.44 34,05 57,23 4.65 0.14% 520000. 301. 0.882
486. 0.10 10,03 0.400 0.337 0.064 0.16 51.04 60.40 1.73 0,03  33756. 295, 0.878
487. 0.10 10.03 0.400 0.328 0,072 0.18 51,04 61.70 2.51 0.05 72816, 295. 0.878
488. 0.10 10.03 0.400 0.318 0.082 0.21 51,04 63.33 3.45 0.07 137068. 295, 0.878
489. 0.10 10.03 0.400 0.305 0.096 0.24 51.04 65.22 5.84 0.11 283484. 295. 0.878
4906,  0.10 10.03 0.400 0.296 0.104 0.26 51.04 66.90 5.96 0,12 3990h0, 295. 0.878
491, 0,10 10.03 0.400 0.293 0,108 0.27 51.04 67.50 6.35 0.12 525000. 295, 0.878
458. 0.2% 4,63 0.545 O.416 0.128 0.24 9,55 12,45 0.13 0.01 h2488, 299. 0.490
49. 0.25 5,01 0.547 0.395 0.1%2 0.28 10,27 4,14  0.19 0.02 82108, 299, 0.490
460. ©0.25 5.0 0.547 0.370 0.177 0.32 10.27 15.06 0.27 0.03 159768. 299. 0.490
461. 0.25 5.01 0.547 0.366 0,181 0.33 10.27 15.14 0.0 0.04 217632. 299. 0.h490
462. 0.2 5.01 0.547 0.343 0.204 0.37 10.27 16.07 0.53 0.05 337832. 299. 0.h90
463. 0.25 5,14 0.59h 0,459 0,134 0.23 17.45 22,57 0.4 0,01 54812, 299, 0.880
h6h. Q.25 5,14 0.594 0.426 0.167 0.28 17.45% 24,09 0.54 0,03 111292, 299. 0.880
465. 0.25 5.13 0.593 0.399 0.195 0.33 17.h42 25.64 0.60 0.03 200652. 299. 0.880
466. 0.25 5,13 0.593 0.373 0.220 0.37 17.42 27.37 0.58 0.03 298844, 299. 0.880

Table D.16 {cont.): Present Air-Water Flow Data: D3/D1 = 0.084, Downward Branch (& = 180°).




VsL1
(m/s)

0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.18
0,18
0.18
0.18
0.18
0.18

0.17
0,17
0.17
0.18
0.17
0.17

VsG1
(m/s)

10.04
10,04
10.04
10,14
10,14
10,23
10.23
10.25
10.25
10.25
1.06
1.05
1.05
1.09
1.09
1.09
1.10
1.10
2.55
2.61
2.59
2.60
2.60
2.65
2.53
2.9
2.55
2.62
2.48
2.43

ml me2 m3
(kg/s) (ka/s) {kg/s)

w
-
0

COOOOLCOOOOOOOODOOOO0OOOCO0
w
o
v

0.302
0.308
0.306
0,305
0.303
0.307
0.298
0,297
0.304
0.303
0.3u46
0.286
0.330
0.3M
0.332
0,323
0.299
0.283
0.387
0.389
0.387
0.381
0.377
0.382
0,361
0.356
0.357
0.396
0.348
0.360

0,005
0.007
0.008
0,009
0.011
0.012
0.013
0.014
0.015
0.016
0.021
0,081
0.037
0,023
0.032
0.0h1
0.066
0.081
0.008
0.011
0.014
0.020
0.023
0.028
0.032
0.034
0.037
0.010
0.038
0.029

-— 226 —

m3/mi
(=)

0.02
0.02
0.03
0,03
0.04
0.04
0.04
0.05
0.05
0.05
0.06
0.22
0.10
0.06
0.09
0.11
0.18
0.22
0.02
0.03
0.03
0.05
0.06
0.07
0.08
0.09
0.09
0.02
0.10
0.07

x1

(%)

36.89
36.08
36.08
36.08
36.08
35.87
36.77
36.81
35.91
35.91

5.81

5.81

5.81

5.92

5.92

5.92

5.98

5.98
12,98
12.97
12.97
12.97
12.97
12.81
13.04
13.00
13.04
12,65
12.97
12.85

x2

(%)

36.16
35,14
34,94
34,72
34,41
34.00
34,71
34.53
33.55
33.50
i, 46
3.19
3.3
4,67
h,28
3.59
2.73
2.49
12.03
11.58
11,28
10.58
10.27
a.70
9.88
9.5%
9.39
11.38
9.24
10,21

X3
(%)
78.94
79.92
79.33
81.39
81.81
82.94
83.21
83.55
83.62
82,15
28.40
15.10
28.06
24,37
22.94
24,14
20,61
18.12
61.25
62.15
61,10
59,42
56.99
56.03
ug. 37
n9,23
48,33
65.13
B7.45
45.63

x3/x1
(-)

NN ONNR
n
~

[« 3=-H]
(e ohNal

W W =N
PogieNe-]
(S NN

p13
(Pa)

17100.
20h900.
35900.
54400
77700,
100800.
129500.
167600,
199900.
247600,
21900.
371700,
122600.
32000,
50400,
126700,
292600.
L7000,
16500.
31800.
Wy 700.
73700.
101800.
158100,
230300.
309400.
476600,
18800.
68500.
166300,

T
(K)

300,
300.
300.
300.
300.
300.
300.
300,
300,
300.
300,
300.
300.
300.
300.
300.
300.
300.
300,
300.
300.
300.
300.
300.
300,
300.
300.
300.
300.
300.

pl
(MPa)

0.495
0.495
0.495
0,490
6.490
0.490
0.490
0.4h90
0.490
0.490
0.684
0.887
0.887
0.870
0.870
0.870
0.870
0.870
0.882
0.872
0,877
0.875
0.874h
0,887
0.887
0.891

0.882
0.857
0.886
0.901

Table D.16 (cont.): Present Air-Water Flow Data: D3/D1 = 0.084, Downward Branch (b = 180°).

RUN
#

319,
320,
321,
323.
32y,
325,
326,
327.
266.
267.
268.
269.
270.
258,
259.
260.
261.
262,
263.
264 .
271,
272,
273,
274,
275.
276.
277.
278.
279.
375.

Vsl
(m/s)

=]

N b b b o s e
[o-No-No-No-No-No-No-No-]

OCOCOOOCCOOOO
N
[«

COQOOCOO0CO0O0O0
NRNMNNNNDNDNNNON
AARANNENOAOOE N

o
N
o

[=Feolalol
N NN
AN

0.26
0.26
0.25

2.58

ml m2 m3
(kg/s) (kg/s) (kg/s)

0.381
0.381
0.381
0.381
0.381
0.381
0,381
0.381
0.563
0.532
0.546
0.563
0,532
0.5h3
0,543
0.543
0.557
0.574
0.563
0.555
0.553
0.553
0.562
0.562
0.560
0.566
0.566
0,565
0.56%
0.544

0.376
0.372
0.368
0.365
0.361
0.357
0.355

0.006
0,009
0.014
0.016
0.020
0.024
0.026
0.027
0.060
0.033
0.081
0.116
0.113
0.024
0.030
0.0u3
0.050
0.051
0.060
0.063
0.012
0.015
0.020
0.025
0.032
0.035
0.039
0.040
0.0h6
0.017

m3/ml
(-)

0.01
0.02
0.04
0.04
0.05
0.06
0.07
0,07
0.11
0.06
0.15
0.21
0.21
0.04
0.06
0.08
0.09
0.09
o.M
0.11
0.02
0.03
0.03
0.04
0.06
0.06
0.07
0.07
0.08
0.03

x1

(%)

7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
2.88
3.05
2.97
2.88
3.05
5.17
5.17
5,17
5,04
5.12
5.22
5.30
9.35
9.35
9.04
9.04
9.12
9.28
9.28
9.10
9,10
9.40

%2
(%)

X3
(%)
3e2.51
40.89
h0.07
By u7
10.66
hi,. 11
39.62
39.50
14,38
12.09
12.76
10. 11
11.98
25.94
28.79
27.57
27.82
30.30
25.88
25.09
45,11
45,99
5,32
15,22
43.98
§1.,06
N1, 34
40,36
35.68
145,60

x3/%x1
(-)

.35
s a7
5.36
5.55

L

Twuumouxm
w w
o [

VI DI W
A%
~

P13
(ra)

13700.
29100,
h2400,
70400
101600.
166700,
211200,
241800,
123200.
22000.
252100.
136200,
489900.
36000.
85600,
157400,
252200,
369200,
u57600.
1492000,
26800,
31200,
47900,
83600,
140300,
248900,
328700,
H08200,
uhi6100,
36400,

T
(K}

300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300.
300,
300.
300.
300.
300.
300,
300.
300,
300.

pl
(MPa)

.hiso
Lhge
L h9s
Lh95
195
L 4h95
. h95
i85
.8u7
.872
. 862
. 852
. 887
. 867
867
857
. 857
.87
867
. 892
0.887
0.862
0.862
0.882
0.867
0.862
0.875
0.867
0.87%
0.867

COoOCOCCOOOOoOOOCOOCCO

Table D.16 (cont.): Present Air-Water Flow Data: D3/Dt = 0.084, Downward Branch (® = 180°).




RUN VsL1 VsG1
f {(m/s) (m/s)
376, 0.25 2,58
377. 0.25 2.57
301, 0,26 2.54
302. 0.26 2.54
303. 0.26 2.54
304, 0.26 2.54
305. 0.26 2.49
306. 0.26 2.49
h75. 0,25 5,22
h76. 0.2% 5,22
W17, 0.25 5,22
478, 0.25 5,22
479, 0.25 5,22
308. 0.25 4,88
309. 0.25 4,88
310, 0.26 4.96
313. 0.26 4.99
314, .26 4,93
315, 0.26 14,96
316. 0.26 4,99
317. 0.26 5.02
329, 0.25 7.49
330, 0,25 7.59
331, 0.25 7.79
332, 0.2% 7.79
333. 0.2% 7.79
334, 0.25 7.79
335, 0.2% 7.79
336, 0.25 7,80
337. 0.25 7.80

Table D.16 (cont.):

RUN VsLi
# (m/s)
h67. 0.25
h68. 0,25
479. 0.25
480. 0.25
La1, 0.2%
ug2., 0.2%5
483, 0.25
bk, o0.25
485, 0,25
373. 0.50
37h, 0.50
375. 0.5%0
376. 0.50
377. 0.5%0
378, 0.50
379. 0.50
350. 0.49
351, 0.s0
352. 0.%50
358. 0.50
359. 0.51
360. 0.51
361, 0.%1
362. 0.%1
386. 0.51
387. 0.50
388, 0.50
389. 0.50
390. 0.50
391, 0.50

Table D.16 (cont.):

VsGi
(m/s)

5.13
5.13
10.06
10.06
10.06
10.06
10.06
10.06
10.06
2.54
2.51
2.5
2.9
2.50
2.50
2.50
5.03

5.02
5,05
5.05
5.0%
4.99
4.99
4.98
4.96
h.96
4,96
.96
4,96

ml m2 m3
(kg/s) (kg/s) (kg/s)

0.544
0.544
0.529
0.529
0.529
0.529
0.529
0.529
0.601
0.601
0.601
0.601
0.601
0.552
0.552
0.556
0.556
0.560
0.560
0.560
0.560
0.579
0.579

0.579

0.579
0.579
0.579
0.579
0.583
0.583

Present Air-Water Flow Data: D3/D1 = 0.084,

ml m2 m3
(kg/s) (kg/s) (kg/s)

0.593
0,593
0.698
0.698
0.698
0.698
0.698
0.698
0.698
1,030
1,022
1.022
1.022
1.030
1.030
1.030
1.022
1.035
1.031
1,045
1.058
1.058
1.057
1.057
1.098
1.090
1.090
1.090
1.090
1.090

0.501
0.520
0.517

0.366
0.350
0.607
0.586
0.558
0.530
0.520
6.510
0.505
0.872
0.831
0.784
0. 744
0.718
0.697
0.626
0.787
0.808
0.835
0.953
0.949
0.916
0.849
0.819
0.946
0.875
0,843
0.804
0.799
0.786

0.042
0.023
0.012
0.016
0.018
0.021
0.026
0.028
0,011
0.017
0.026
0.030
0.031
0.007
0.010
0.012
0.015
0,017
0.018
0.020
0.020
0,007
0.010
0,012
0,014
0.015
0.017
0.018
0.018
0.019

0.227
0,244
0.090
0.112
0,140
0.168
0.177
0.187
0.193
0.159
0.190
0.238
0.278
0.312
0,333
0. 404
0.235
0.227
0,196
0.093
0.109
0.142
0.208
0,238
0.152
0.215
0.2h7
0.287
0.291
0,304

— 227 —

m3/mi
(=)

0.08
0.04
0.02
0.03
0.03
0.04
0,05
0.05
0.02
0.03
0.04
0.05%
0.05
0.01
0.02
0.02
0.03
0.03
0.03
0.03
0.0
0.01
0,02
0.02
0.02
0.03
0.03
0,03
0,03
0.03

m3/ml
(=)

0.38
0.h1
0.13
0.16
0.20
0.24
0.25
0.27
0.28
0.15
0.19
0.23
0.27
0.30
0.32
0.39
0.23
0.22
0.19
0.09
0.10
0.13
0.20
0.23
0.14
0.20
0.23
0.26
0.27
0.28

x1

(%)

9.40
9.40
5.31
5.31
5.31
5.31
5.31
5.31
17.28
17.28
17.28
17.28
17.28
9.98
9.98
9.91
9.91
9.83
9,83
9.83
9.83
14,60
.60
1,92
.92
.92
.92
14.92
1h, 81
.81

x1

(%)

17.42
17.42
29.19
29.19
29.19
29.19
29.19
29,19
29.19
4,93
4,9
4N
h.91
h.91
.,
4,91
5.70
5,66
5,63
5.55
5. 49
5.49
5. 04
5. hh
9.37
9. 44
9. 44
9.h4
9. uh
9, Y

x2

(%)

6.75
7.81
4,64
4,32
W17
3.89
3.56
3,44
16.36
15.65
1h.65
. h8
.51
9.53
9.19
8.91
8.59
8.35
8.18
3,04
7.99
.06
13.88
13.93
13.73
13.57
13.45
13,32
13.21
13.16

X2
(%)
27.68
28.89
33.48
3,63
36.28
38.15
38.74
39.46
39.84
5.83
6.03
6.39
6.73
7.00
7.19
7.95
7.31
7.19
6.92
6,09
6.11
6.33
6.74
6.96
10,85
11,71
12,14
12,66
12,71
12.93

x3
(%)
40.87
44,73
34,80
36.98
37.99
39.00
38.89
39.50
64,96
71.8h
T4.67
70.92
68.62
§7.08
52,h2
54,51
57.58
58,29
59. 30
59.50
58.71
57.68

X3
(%)
0.86
0.96
0.37
0.62
0.98
0.95
1.16
1.20
1.28
0.02
0.03
0.04
0.05
0.09
0.14
0.21
0.31
0.18
0.15
0.04
0.05
0.07
0.14
0.24
0.15
0.20
0.26
0.40
0.45
0.42

x3/x1
(-)

4,35
.76
6.55
6.96
7.15
7.34
7.32
7,04

ho13
h,28

o4

4,29

x3 /%1
(-)

0.0%
0.06
0,01
0,02
0.03
0.03
0.04
0.04
0.04
0.00
0.01
0.01
0.01
0.02
0,03
0.04
0.05
0.03
0.03
0.01
0.01
0,01
0.03
0.04
0.02
0.02
0.03
0.04
0.05
0.04

p13
(Pa)

305200,
81200.
22900.
H1300.
56200,

103200,

187100.

235300.
35800,
691400.

195900,

355400,

436400,
13300.
32700,
49600,
85800.

102800,

151900,

200000,

229200,
19400,
32900,
59600.
83000.

109900.

14300,

187700.

220400.

215000,

pl3
(Pa)

383652,
590000,
32020.
52084,
126768,
243800,
352492,
14134928,
565000,
59000.
104300,
177916.
241510,
306100,
394400,
y91152,
354400,
248800,
160000,
20024,
30850,
58120,
19972,
295420,
66872,
15640,
200868,
396688,
168280,
n9s272,

T
(K)

300.
300.
300,
300,
300.
300.
300.
300.
300.
300,
300,
300.
300.
300,
300,
300.
300.
300.
300,
300,
300.
300,
300.
300,
300,
300,
300,
300.
300,
300.

T1
()

299.
299,
299.
299.
299.
299.
299,
299.
299.
301.
301,
301.
301,
299.
299,
299.
288.
289,
290.
289,
289,
289,
294,
294,
291,
291,

291,

291,
291,

291,

pl
{MpPa)

. 867
.872
.hah
Lhey
.huah
chsl
.95
L4195
.872
.872
.872
.872
.872
hos
. h95
. ha7
.h8h
. h90
87
hah
b8
195
88
W86
o
a6
.h86
W86
Lh8h
185

COO0COCOCOCCOOOOCOOLOOOOCOOCOCCOOOO

Downward Branch (@ = 180°).

pl
(MPa)

0,880
0.880
0.884
0.884
0.884
0,884
0.884
0.884
0.884
0.880
0.880
0,880
0.885
0.885
0.889
0.88%
0.u487
0.4h49%
0.190
0.h48%
0.48%
0.48%
0.495
0.1495
0.878
0.882
0.882
0.882
0,882
0.882

Present Air-Water Flow Data: D3/D7 = 0.084, Downward Branch (® = 180°).




RUN
#

392,
393.
394,
395.
396.
397.
398.
12,
413,
by,
15,
416,
ni7.
504,
505.
506.
507.
366,
367.
368,
369.
357.
370,
a7,
3i2.
353,
35y,
355.
356.
363.

Table D.16 (cont.):

RUN

36h,
365.
380,
381,
382,
383.
384,
385.
399.
400,
40t.
ho2,
LHo3.
Loy,
405,
ho6.
hov.
Ho8.
409.
410,
§1tv,
508.
509.
510.
511,
512,
513.
51,
hhy,
uhs,

Vsl
{m/s)

"0.50
0.50
0.50
0.50
0.50

OO bt

1.00

1.00

CCOOCCO = b s e b it o b ad o wd md b ad  h d
o
o

1,99
1.99

VsGl
(m/s)

10.07
10.07
10.07
10.07
10.10
10.10
10.10
20.08
20,08
20.08
20,08
20.12
20.12
39.68
39.68
39.68
39.68
2.48
2.48
2.52
2.51
2.53
2.54
2.53
2.53
5.00
5.00
5.00
5.00
5.04

VsGl
(m/s)

m1 m2 m3
(kg/s) (kg/s) (kg/s)

1.

Present Air-Water Flow Data: D3/Dy = 0.084, Downward Branch (&

ml m2 m3
(kg/s) (kg/s) (kg/s)

.025
.025
.061
.061
.062
.062
L062
062
. 164
L1164
.164
164
. 164
L1640
L 164
. 383
.383
.383
.383
.383
.383
L4
LTh7
L Th7
Th7
LThT
LN
L7h7
942
.9hh
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.785
L7210

.556
.858
. 820
1.778
1.766
1.934
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.981
.810
.968
.937
.903
.839
. 183
.7h9
.082
. 068
.021
.988
L967
.95
.94h0
303
.315
. 285
.269
.259
.248
.7126
.718
701
.683
675
.67
. 665
. 853
.790

WWNINNONNNNNNNONDNIN ab el b DR o b b o bk et

0,101
0.137
0.168
0.197
0.223
0.251
0.252
0,052
0.085
0.107
0.118
0.1
0.135
0.014
0.019
0.024
0.027
0.123
0.153
0.185
0.222
0.222
0.303
0,333
0. 454
0.159
0.196
0.238
0.250
0.083

0.0u4
0.215
.093
.124
. 159
.223
.278
.313
.082
. 096
. 143
177
.198
.210
224
.039
.068
. 098
L1y
124
135
.022
.030
.oh7
. 064
.072
077
.082
. 089
. 154
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CCOoOOOCCOoCOOOOOOOLCOOODOCOOCOOO0O0
c
—_

m3/mt
(-)

0.02
0.11
0.05
0.06
0.08
0,11
0,14
0.15
0.04
0.04
0.07
0.08
0.09
0.10
0.10
0.02
0.03
0.04
0.05
0.05
0.06
0.01
0.01
0.02
0.02
0.03
0.03
0.03
0.02
0.04

17.61
29.32
29.32
29.32
29.32
29.32
29.32
45,18
45,18
45.18
hH.18
2,56
2.56
2.61
2,59
2.60
2.57
2.58
2.58
2.87
2.87
2.87
2.87
2.85

X1

(%)

2.84
2.84
4,96
4,96
5.01
5.01
5.01
5.01
9,49
9.h9
9.49
9.49
9.49
9.49
9.49
17.63
17.63
17.63
17.63
17.63
17.63
29.28
29.28
29.28
29.28
29.28
29.28
29.28
1.27
1.3

19.19
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o
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x3
(%)
0.39
0.57
0.65
0.64
0.68
0.71
0.73
1.57
2.01
2.46
2.71
3.77
3.95
16.77
25,67
26.52
27.39
0.04
0.05
0.06
0.06
0.07
0.08
0.09
0.09
0.16
0.22
0.22
0.29
0.13
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.02
.03
.0l
.04
. oY
.ol
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CoOo0C o000 OC00C00000CDCO000O00000
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n [=]
n \=]

pl13
(Pa)

yiyys,
88304,
143364,
293560,
394240,
510856,
522784,
26800,
80232,
170560,
287056.
yo7272.
530000,
6952,
30796,
149976,
72436,
43360,
65900,
86172.
16274h0,
161740,
2716704,
338476,
269196.
111120,
207960,
289232,
361664,
24080,

5668,
251644,
26576,
60200.
97296,
224492,
201988.
245008,
35320,
52516,
135448,
217096,
324776.
401960.
585000,
16700.
64780,
154084,
223104,
371928,
550000,
8076.
49028,
67568,
109228,
155276.
208916.
209676.
19192,
9u592.

290.
291,

pl
(MPa)

0.882
0.882
0.882
0,882
0.887
0.887
0.887
0.880
0.880
0.880
0.880
0.878
0.878
0,882
0.882
0.882
0.882
0.888
0.888
0.888
0.888
0.880
0.877
0.882
0,882
0.h90
0.490
0.490
0.490
0.490

= 180°).

p1
(MPa)

0.490
0.4H90
0.882
0.882
0.882
0.882
0.882
0.882
0.880
0.880
0,880
0.880
0,880
0.880
0.880
0.878
0.878
0.878
0.878
0.887
0.887
0.882
0.891
0.891
0.891
0.89N
0.891
0.8
0.892
0.892

Table D.16 (cont.): Present Air-Water Flow Data: D3/D1 = 0.084, Downward Branch (® = 180°).
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RUN VsL1  VsGl mi m2 m3 mi/mi X1 X2 X3 X3 /%1 p13 T1 pl

# (m/s) (m/s) (kg/s) (kg/s}) (kg/s} (-) (%) (%) (%) (-) (Pa) (K) (MPa)
w6, 2.02 2,57 4,001 3.792 0.209 0.05 1.29 1.34 0.28 0.21 159920. 302. 0.884
hny, 2,02 2,57 4,001V 3.753 0.247 0.06 1.29 1.35 0.30 0.2 237832, 302. 0.884
hha, 2,02 2,57 4.001 3.724 0.276 0.07 1.29 1.36 0.31 0.24  304h88., 302. 0.8bi
g9, 2,02 2.57 4,001 3.714 0.286 0.07 1.29 1.36 0.32 0.2% 108708, 302. 0.884
450, 2.02 2,57 4,001 3.680 0.321 0.08 1.29 1.37 0.34 0.26 659000, 302, 0,884
37, 1.98 4,97 3.923 3.884 0.038 0.01 1.43 1.0h 0.06 0,00 120800, 297. 0.490
438, 1,98 4.97 3.923 3.834 0.089 0.02 1,43 1.45 0.53 0.37 42196, 297. 0.0190
439, 1.98 4,97 3.923 3.824 0.098 0.03 1.4h3 1.45 0.55 0.38 61700, 297. 0.h90
o, 1.98 4,97 3.923 3,794 0,129 0.03 1.43 1.46 Q.55 0,38 10868h. 297. 0.190
v, 1,98 4h,98 3.923 3,776 0.147 0.04 1.43 1.407 0.60 0.42 175756, 297. 0.490
ny2, 1,98 4,98 3.923 3.75% 0.167 0.04 1.4h3 107 0.59 0.41 204800, 297, 0.hY0
hy3, 1,98 4,98 3,923 3.746 0.177 0.05 1.403 1.07 0.60 0.h2 3h0588. 297. 0.490
431, 1,98 5,03 3.985 3.918 0.067 0.02 2.50 2.53 0.7% 0,30 25776, 303, 0.877
432, 1,98 5.03 3.985 3.881 0.105 0.03 2.5%0 2.55 0.79 0.32 65996, 303, 0.871
433, 1,98 5.03 3.985 3.842 0.144h 0.04 2.50 2.56 0.86 0.3 153508, 303, 0.877
hin, 1.98 5,03 3,985 3,805 0.181 0.05 2.50 2.58 0.90 0.36 281304, 303, 0.8717
k35, 1.98 5,03 3.985% 3.793 0.192 0.05 2.5%0 2.58 0.93 0,37 365032, 303. 0.877
hi6, 7.98 5.03 3.98% 3.770 0.215 0.05 2.50 2.%9 0.92 0.37 575000, 303. 0.877
hig. 2.00 10,01 §,122 4,070 0.0%2 0.01 h.9% 5.00 1.38 0.28 22008, 295, 0.878
19, 2,00 10.01 4,122 4,037 0.084% 0,02 h.9% 5.02 1.46 0.29 52920, 295, 0,878
h20,. 2.00 10,0 h.,122 4,020 0.102 0.02 n.,95% 5,03 1.68 0,34 113192, 295, 0.878
he2y, 2.00 10.01v H,122 3.997 0.12% 0.03 I, 9% 5.09 1.68 0.3h 173824, 295, 0,878
W22, 2,00 10.01 4,122 3.97% 0.146 0.04 n.95% .07 1.72 0.3% 283672, 295, 0.8/8
h23. 2,00 10.01 4,122 3.962 0.159 0.0} .95 5.08 1.70 0.3h 381948, 295, 0.8/8
w2y, 2,00 10.017 b,122 3,957 0,164 0.0k 4.9 5,08 1.81 0,37 550000, 29%, 0.,8/8
97, 2.00 19,97 h.,328 4.297 0.031 0.01 9.h9 9.54 2.67 0.28 18440, 293,  0.880
W98, 2.00 19.97 4,328 4.275 0.05%3 0.0 9.49 9.56 3.37 0.35 39168, 293, (L.880
499, 2,00 19.97 4,328 4.247 0.081 0.02 9.h9 9,60 3.05 0.36 101384, 293, 0,880
500. 2,00 19.97 4.328 4,226 0.102 0.02 9.h9 9.62 .20 o.hh o assYr2. 293, 9,880
501. 2.00 19.97 Nh.328 4.212 0.116 0.03 9.h9 9.62 4.53 0.48 327120, 293. 0,880

Table D.16 (cont.): Present Air-Water Flow Data: D3/Dq = 0.084, Downward Branch (b = 180%).

RUN VsL1 VsGl ml me m3 m3/miy %1 %2 x3 x3/x1 p13 T1 pl

# (m/s) (m/s) (kg/s) (kg/s) (kg/s) (-) (%) (%) (%) (-) (Pa) {K) (MPa)
502, 2.00 19.97 h.328 4,198 0.130 0.03 9.49 9.65 h.29 c.h5 W26176. 293, 0.880
503, 2.00 19.97 4,328 4,197 0,131 0.03 9.49 9.64 hou6 0.47 530000, 293. 0.880
B25, 3.99 5.03 7.911 7.842 0,069 0.01 1.28 1.28 1.16 0.9 371576, 300, 0.882
426, 3.99 5.03 7.911 7.822 0.089 0.01 1.28 1.28 1.24 0.97 66676, 300, 0.882
427, 3.96 S5.15 7.862 7.749 0.113 0.0 1.31 1.3 1.37 1.05 156092, 303, 0.882
Y28, 3.96 5.15 7.862 7,693 0.169 0.02 1.3 1.3 1.29 0.99 320580. 303. 0,882
W29, 3.96 5.1% 7.862 7.682 0.180 0.02 1.31 1.31 1.29 0.99 387724, 303, 0.882
430, 3.96 5,15 7.862 7,662 0.200 0.03 1.3 1.3 1.24 0.95 555000, 303, 0.882

Table D.16 (cont.): Present Air-Water Flow Data: D3/D1 = 0.084, Downward Branch (& = 180°).






