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Assessment of TRAC-PF1/MODL for

Countercurrent - Annular and Stratified Flows

Akira OHNUKI
Department of Nuclear Safety Research,

Tokai Research Establishment, JAERI

(Received December 23, 1985)

I performed an independent assessment of the Transient Reactor
Analysis Code, TRAC-PF1/MOD1, using air-water countercurrent—flow limitation
data in circular pipes for annular, annular-mist, and stratified flows.
Tubes were configurated in the vertical direction with different lengths
and diameters and at angles of 60°, 40°, 20°, and 0° from the horizontal,
respectively. Also, comparisons were made with data from a horizontal
tube with an inclined riser at the end that simulated a preééurized water
reactor (PWR) hot leg. TRAC-PF1/MODl was modified to study the effects
of using two different correlations for interfacial shear in the annular-
mist flow regime: the Wallis and Bharathan correlations. TRAC-PF1/MOD1
with the Wallis correlation predicts the point of no water penetration
(bypass point) in the annular-mist flow regime except for the 40° inclined
tube. However, for the region of partial water penetraticn, use of the
Bharathan correlation in TRAC-PF1/MOD1 gives better agreement with data.
Additional form losses were required at both ends of the tube to predict
the flow rate of falling water accurately for the vertical tube. 1In the
stratified-flow regime, TRAC-PF1/MOD1 underpredicts the air velocity
which gives the bypass point but gives good agreement for the region of
partial penetration. For the case of a simulated PWR hot leg, the code

yields similar results to those obtained for the stratified-flow regime.

Keywords: PWR-LOCA, Two-Phase Flow, Countercurrent Flow, CCFL, Interfacial
Shear, Independent Assessment, TRAC Code, Reflux Mode
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I. INTRODUCTION

One important phenomenon of two-phase flow during a postulated
pressurized water reactor (PWR) loss-of-coolant accident (LOCA) is the
iimit for falling water with countercurrent flow. Suppression of the
flow rate for falling water with upward steam flow at the end-box tie
plate, located at the interface between the upper plenum and core, and
in the downcomer is important because falling water contributes directly
to core cooling. Countercurrent-flow limitation (CCFL) at these locations
is characterized by CCFL in the vertical configurations. Suppression of
water backflow in the hot legs against the upper-plenum steam flow is
important because of its effect on steam binding in the primary loops.
Steam binding governs core-inlet coolant velocify during a reflood phase
in a large-break LOCA and affects water accumulation in the upper plenum
and resultant fallback core cooling during reflux cooling in a small-break
LOCA. CCFL in the hot legs is characterized by CCFL in the inclined riser
tube and attached horizontal tube. Therefore, CCFL in coﬁfigurations
with an inclination angle from vertical to horizontal is one of the
important phenomena during a LOCA in a FWR.

Flow regime for CCFL in a vertical tube has been reported as annular
flowgl)’(z) The CCFL flow regime in the inclined channel an% horizontal
3), (&)

tube has been reported as stratified or stratified-slug flow.
Therefore, the capability of the Transient Reactor Analysis Code (TRAC)(S)’(6)
to predict results that compare well with CCFL data for countercurrent--
annular and stratified flows is a significant part of predicting hydraulic
behavior during a LOCA in a PWR.

The objective of this study is to assess the capability of TRAC-PF1/MOD1
to predict results that compare well with CCFL data for vertical tubes with
different lengths and diameters; for tubes with an inclination angle of 60°,
40°, 20°, or 0° from the horizontal, respectively; and for a simulated PWR
hot leg. It has been reported that the flow rate of falling water mainly
depends on interfacial drag between liquid and gas phases for vertical
CCFLFI)’(7) The TRAC—PFl/MODl code adopts the Wallis-type interfacial-shear
correlation(s) for annular and annular-mist flows. The Wallis correlation
was derived from cocurrent annular-flow data in tubes with diameters ranging
from 0.0254 to 0.0762 m. As an altermative, a correlation proposed by

(1)

Bharathan for annular flow also is examined in this report, The Bharathan
correlation, which includes the hydraulic-diameter effect, was derived from

countercurrent air-water annular-flow data in tubes up to 0.152-m diameter.

-1 -
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It has been reported that the use of this correlation in TRAC-PF1/M0OD1
{9

provides good agreement for both perforated-plate and downcomer geometry.

II. TRAC-PF1/MOD1 INTERFACIAL SHEAR MODELS

This section discusses annular and annular-mist interfacial-shear,
stratified-flow wall-shear, and interfacial-shear models used in this
study.

An annular or annular-mist flow regime is assumed in TRAC-PF1/MODL
for a void fraction greater than 0.75 and above a tube inclination angle
of 30° from the horizontal. TRAC-PF1/MOD1 solves the mass, momentum, and
energy equations for both liquid and gas phases. In the annular-mist
regime, total interfacial shear is calculated by summing drag caused by
gas flow around droplets and drag on the liquid film. Because only one
liquid field equation is solved, the momentum exchange between droplets
and liquid film is not accounted for. Liquid fraction that exists as mist
is obtained from an entrainment correlation, which combines a simple
S-shaped entrainment correlation based on the critical Weber number and

 (10)

a correlation by Kataoka and Ishii. Thus,

E = max {1 - exp [O.S(VE - Vg)VE] ,
-7 1/4
7.75 x 107 x We, (Re We ) },
where
E = fraction of liquid entrained as droplets,
(p, = p )ogWe
- g g 1/4
vy = 1.32] - 5 ] ,
g
2
pl(vg - Ve) Dd
We = .
o}
o 3.5 o, -0
We, = BB D A B3 ang
o pg
p,d,D
Re = EEH
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It has been reported that the use of this correlation in TRAC-PF1/MOD1
(9

provides good agreement for both perforated-plate and downcomer geometry.

II. TRAC-PF1/MOD1l INTERFACIAIL SHEAR MODELS

This section discusses annular and annular-mist interfacial-shear,
stratified—flow wall-shear, and interfacial-shear models used in this
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An annular or annular-mist flow regime is assumed in TRAC-PF1/MOD1
for a void fraction greater than 0.75 and above a tube inclination angle
of 30° from the horizontal. TRAC-PF1/MOD1l solves the mass, momentum, and
energy equations for both liquid and gas phases. In the annular-mist
regime, total interfacial shear is calculated by summing drag caused by
gas flow around droplets and drag on the liquid film. Because only one
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a correlation by Katacka and Ishiiglo) Thus,

E = max {1 - exp [O.S(VE - Vg)VE] .
-7 1/4
7.75 x 10 © x Wegy(Re We ) /4y ,
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E = fraction of liquid entrained as droplets,
(p, - p_JdogWe
- 2 g 1/4
4
2
pg(Vg Ve) Dd
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o
e J ’p P, =P
We gg b ( . g)l[3 , and
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Volume mean-droplet diameter size, Dy, is determined by using a
critical Weber number of 4.0. Drag caused by gas flow around entrained

droplets is calculated by the following equation.

3Cbap2

d

where Cb = 0.44,
Drag caused by liquid film is calculated in each computational cell

(8) that has

by the following equation, based on a correlation by Wallis
been derived from cocurrent-annular-flow data for air and water in tubes

with diameters ranging from 0.0254 to 0.0762 m,
Ci = 0.005[1.0 + 75.0(1 - a)(L - E)] .

To obtain the total interfacial-drag coefficient, droplet drag is weighted
by the liquid fraction that is entrained, and Wallis' annular-flow drag is
weighted by the fraction remaining as film.
In this study, a? alternative annular interfacial-shear correlation
1

proposed by Bharathan also is examined. This correlation is given by

the following equatioen.
B
Ci = 0.005 + A(§*) 3

where

_ 9.07
LoglO A= -0.56 + % s
4.74

B=1.63+ % .

* 8 d
ST VR
g(pl - pg)

D
D* = b .
[ o] ]l/2
8(92 - og)
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This correlation was developed from an investigation of countercurrent—-—
annular flow of air and water in tubes with diameters ranging from 0.0064
to 0.152 m. As shown in Ref. 9, for increasing liquid fraction and tube
diameters, the Bharathan correlation gives a larger interfacial drag than
Wallis.

A stratified—flow regime for a tube inclination angle of less than 30°
from the horizontal is possible in TRAC-PF1/MOD1. Stratified flow is
assumed if vapor velocity is less than twice a critical gas velocity that
is found using the stratification criterion developed by Y. Taitel and

A.E. Duklerfll)

v - CZ[(DQ - pg)g cos 6 Ag]l/Z
c dA ?
p _-—-&
g dh?,
where
h
2 =1 - D—l and
h
v 2 82,172
dn, - {p,” - (2h, - D7} .

Below the VC value, the wall-shear coefficients are calculated by the
Blasius relation that is based on a minimum turbulent Reynolds number.

The interfacial-shear coefficient is assumed to be a constant {0.01) times
the gas density. Above twice the VC value, the standard flow-regime map
is assumed. A cubic spline employing the independent variable Vg is used

to connect the two end points.

II1. TRAC INPUT MODEL
A. Model of Vertical Tube

Descriptions of CCFL test facilities for vertical tubes are documented
fully in Refs. 1 and 2. The TRAC~-PF1/MODl input model for these facilities
is shown in Fig. 1. The test section is modeled using a PIPE component
available in TRAC-PF1/MOD1, and the upper and lower plena are modeled by
TEE components. Major dimensions of these components are summarized in

Table I. Boundary conditions are specified using a FILL component for

— 4 —
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This correlation was developed from an investigation of countercurrent--
annular flow of air and water in tubes with diameters ranging from 0.0064
to 0.152 m. As shown in Ref, 9, for increasing liquid fraction and tube
diameters, the Bharathan correlation gives a larger interfacial drag than
Wallis.

A stratified-flow regime for a tube inclination angle of less than 30°
from the horizontal is possible in TRAC-PF1/MOD1. Stratified flow is
assumed if vapor velocity is less than twice a critical gas velocity that
is found using the stratification criterion developed by Y. Taitel and

ALE. Duklerfll)

v -t P
c da :
o =
4 dh2
where
h
€2 =1 - D—Q‘ and
h
dA
9 2 2,1/2
ah, = {Dh (Zhl - Dh) }

Below the Vc value, the wall-shear coefficients are calculated by the
Blasius relation that is based on a minimum turbulent Reynolds number.

The interfacial-shear coefficient is assumed to be a constant (0.01) times
the gas density. Above twice the VC value, the standard flow-regime map
is assumed. A cubic spline employing the independent variable Vg is used

to connect the two end points.

IIT. TRAC INPUT MODEL
A. Model of Vertical Tube

Descriptions of CCFL test facilities for vertical tubes are documented
fully in Refs. 1 and 2., The TRAC-PF1/MODL input model for these facilities
is shown in Fig. 1. The test section is modeled using a PIPE component
available in TRAC-PF1/MOD1, and the upper and lower plena are modeled by
TEE components. Major dimensions of these components are summarized in

Table I. Boundary conditions are specified using a FILL component for

_.4_
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injection of air into the lower plenum and a second FILL component for
injection of water into the upper plenum, Twe BREAK components are used

to model the pressure boundary at the top of the upper plenum and overflow
of the two-phase mixture at the side wall of the upper plenum, respectively.
A FILL component is used to close the bottom of the lower plenum with zere
velocity. An additive form-loss factor of 1.0 is added at both ends of

the test tube, and 0.005 for the wall friction loss is added at each node
inside the test tube.

The following procedure procedure was used to run the calculation,
First, steady-state air flow was established using air injection; then,
water was injected into the upper-plenum bottom cell. All components were
adiabatic, and all runs were made using the air-water option in TRAC-PF1l/
MOD1. Air velocity in the test section was determined from the imput FILL
velocity. Flow rate for water falling through the test tube was determined
graphically from a plet of the void-fraction slope in the lower-plenum
hottom cell vs time.

Sensitivity calculations were performed to determine the effects of
the liquid level in the overflow line attached to the upper plenum and of
water injection flow into the bottom of the upper plenum. Any change in
liquid level in the overflow line had very little effect on the overall
results. However, any change in the water injection flow rate affected the flow
rate of falling water for the large-diameter 0.152-m tube. Therefore, for
the large-diameter tube, the maximum variation for downward liquid flow was
obtained by varying the water injection flow rate for each air velocity used.

B. Models of Inclined Tube, Horizontal Tube, and Simulated PWR Hot Leg

Reference 12 describes the test facility used to study CCFL in
inclined tubes and a simulated PWR hot leg. The horizontal-tube test
facility is documented in Ref. 4. The TRAC-PF1/MOD1 input model for these
facilities is shown in Fig. 2. The test section is modeled by a PIPE
component, and the upper and lower plena are modeled by VESSEL components.
Major dimensions of these components are summarized in Table I. Boundary
conditions for the two FILL and two BREAK components are the same as those
for the vertical-tube inﬁut model. All lines for air injection, water
injection, overflow of the two-phase mixture, and air exhaust to the
atmosphere are modeled as PIPE components. An additive K factor of 1.0
is entered for both ends of the test section. -At each node inside the
test section, a 0.005 loss coefficient is entered to model wall friction.

The procedure for running the calculation and the method for calculating

_5_
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the flow rate of air and water in the test tube were the same as those
for the vertical tube. Sensitivity calculations also were performed to
assess the effect of changing the level of the overflow line attached to
the upper plenum and the water injection flow. These changes had a

negligible effect on the overall results.

IV. CALCULATED RESULTS AND COMPARISON WITH EXPERIMENTAL DATA
A, Annular-Flow Regime

Figure 3(a), (b), and (c) compares the data with TRAC-PF1/MOD1

predictions for the vertical tube. "The data and predictions are plotted
*
on le/z and lelz axes. The variable Jg represents dimensionless upward
*
gas velocity, and J2 is the dimensionless velocity of liquid delivered to

* *
the lower plenum. These velocities, Jg and JR’ are defined as follows,

o 1/2
* IxPx

[gDh(p2 - c:>g)]1/2

where k = g or 2.
These parameters are based on the Wallis empirical correlation(s)
that has been proposed as one of the typical correlations for CCFL in a

vertical tube, that is,

% %
J 1/2 +mJ 112

g L = G

where m and C are constants.

These parameters are used as the axes in the comparison plots through-
out this document. Figure 3(a) compares the results for the short 0.05-m
tube with a 0.025-m diameter; Fig. 3(b), for the long 1.52-m tube with a
0.0254-m diameter; and Fig. 3(c), for the large 0.152-m diameter tube with
a 3.66-m length. Therefore, the comparisons in Fig. 3(a), (b), and (c)
show the capability of TRAC-PF1/MODl to predict the scaling effect for the
length and diameter of vertical tubes.

In Fig. 3(a), the TRAC-PF1/MODl prediction that is labeled "standard"
shows good agreement with the data at the point of no water penetration
(bypass point). The "standard" calculational results were obtained with
the TRAC-PF1/MOD1 version that uses the Wallis correlation for annular-flow

interfacial shear. TRAC overpredicts the flow rate of falling water in the

— B -
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assess the effect of changing the level of the overflow line attached to
the upper plenum and the water injection flow. These changes had a
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predictions for the vertical tube. 'The data and predictions are plotted
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on J;l/z and J:lfz axes. The variable Jg represents dimensionless upward

*
gas velocity, and J_  is the dimensionless velocity of liquid delivered to

)
* *
the lower plenum. These velocities, Jg and JQ’ are defined as follows,

1/2
* IxPr

[0, (o, - 01"/

where k = g or L.

These parameters are based on the Wallis empirical correlation(g)
that has been proposed as one of the typical correlations for CCFL in a
vertical tube, that is,
%1/2

mJ = (,

J*]'/2 + 1}

where m and C are constants.

These parameters are used as the axes in the comparison plots through-
out this document. Figure 3(a) compares the results for the short 0.05~-m
tube with a 0.025-m diameter; Fig. 3(b), for the long 1.52-m tube with a
0.0254-m diameter; and Fig. 3(c), for the large 0.152-m diameter tube with
a 3.66-m length. Therefore, the comparisons in Fig. 3{a), (b}, and (c)
show the capability of TRAC-PF1/MOD1 to predict the scaling effect for the
length and diameter of vertical tubes.

In Fig. 3(a), the TRAC-PF1/MODl prediction that is labeled "standard"
shows good agreement with the data at the point of no water penetration
(bypass point). The '"standard" calculational results were obtained with
the TRAC-PF1/MOD1 version that uses the Wallis correlation for annular-flow

interfacial shear. TRAC overpredicts the flow rate of falling water in the

_6_
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*1/2
region of water penetration, that is, the region of Jz / greater than 0.0.

These tendencies also exist in the comparisons shown in Fig. 3(b) and (c).
Note that the prediction for the large-diameter tube in Fig. 3(c) shows a
variation of Jz at a constant J; caused by the amount of water injected
into the upper plenum.

The entrainment model greatly influences the prediction of the bypass
point, as shown in Fig. 3(a) in the curve labeled with a triangle, This
prediction without entrainment shows much more water penetration for values
of J:kl/2

g
this region of interest is annular and annular mist because the average

%
void fraction in the tube was varied from (.95 at nglz =1,0 to 0.75 at

%
7 1/2

greater than 0.7. The calculated flow regime in TRAC-PFL/MOD1 for

= 0.4. Therefore, the interfacial-shear model for the annular-mist
flow regime can predict the bypass point of vertical tubes regardless of
the diameter within the 0.0254-0.152-m range and regardless of the length
within the 0.05-3.66-m range. .

To minimize the difference between the "standard" code prediction and
data in the region of water penetratiomn, the Wallis annular interfacial-
shear correlation was changed to the Bharathan correlationm. Results using
the Bharathan correlation are shown in Fig. 3(a), (b), and (c) as the
square marks. Results in Fig. 3{a) do not show any improvement for the
region of water penetration and underpredict the bypass point. Results
in Fig. 3(b) and (c) show improvement for the region of water penetration
and give good agreement for the bypass point. However, discrepancies still
exist in the region of water penetration,

As shown in Fig. 3(b) and (c), the data are changed by the shape of
the upper inlet of the test section, that is, more water penetration for
the rounded inlet than for the square inlet. It has been suggested that
the geometry at both ends of the vertical tube is important to predict the

(1)

flow rate of falling water. Therefore, a TRAC calculation with additional
K factors at both ends of the test section was performed in an attempt to
improve the predicted flow rate of falling water. These results also are
included in Fig. 3(a),*(b), and (¢). These comparisons show that a K

factor of 10.0 is required for the short tube and that a K factor of 100.0
is required for the calculation using the Bharathan correlation for the

long tubes with large diameters, Because void fractions for the "standard"
prediction and for the prediction with a K factor of 100.0 at J;l/z = 0.4
in Fig. 3(b) are 0.86 and approximately 0.75 in the bottom cell of the

test tube, respectively, the better agreement attained with the increased

-7 =
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K factor is caused by the larger interfacial drag as liquid accumulates in
the bottom of the tube, causing a flow-regime transition.

Figure 4 compares the data, the "standard" prediction, and the
prediction using the Bharathan correlation for tubes with inclination
angles of 60° and 40° from the horizontal. The capability of TRAC-PF1/MOD1
to predict the effects of these tubes is important because the angle of an
inclined riser tube in a PWR hot leg is 50° from the horizontal. The calcu-
lated flow regime is annular and annular-mist flow similar to that in the
vertical tubes because the normal flow-regime map is applied to tubes with
an inclination angle greater than'30° from the horizontal; the range of the
average void fractions in the tubes was greater than 0.75. As shown in
Fig. 4, the "standard" prediction gives good agreement for the bypass point
for a tube with 60° inclination but overpredicts water penetration at lower
gas flows. The prediction for the same tube using the Bharathan correlation
gives better overall agreement with the data. For the tube of 40°, the
"gtandard" calculation underpredicts the bypass point but gives good
agreement in the region of water penetration. The prediction for the
tube of 40° using the Bharathan correlation gives similar results, Because
it was unnecessary to add K factors at the ends of the test section for the
jnclined tubes to obtain good agreement with the data, flow limitation
probably occurs in the test section rather than at the ends, as in the
cage of the vertical test section.

B. Stratified-Flow Regime

Figures 5 compares the data and code predictions for a horizontal tube
and a tubd at an inclination of 20° from the horizontal. The calculated
flow regime was stratified because the inclination angle of the tube is
less than 30°, and the average air velocity in the tube ranges from 5.5 m/s

*1/2 *1/2

at Jg = 0.6 to 2.0 m/s at Jg = 0.3. The "standard" code prediction

for both tubes gives good agreement for the flow rate of falling water in

*
the range of ng/Z less than 0.4, although data for the horizontal tube
%*
do not exist for the range of ng/2 greater than 0.25. The "standard”

prediction for the tube of 20° inclination underpredicts the bypass point

: *
and the flow rate of falling water in the range of nglz

greater than 0.4.
These characteristics for the tube of 20° were not changed by modifying

the K factor at both ends of the tube and eliminating entrainment, as shown
in Fig. 5. Figure 6 compares the data, the "standard" code prediction,

and the prediction with some modifications for the simulated PWR hot leg.

The "standard" code prediction is in fair agreement with the data for the

_.8_
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range of Jg less than 0.3 but underpredicts complete bypass at approxi-
mately J;l/z = 0.35. Removing the entrainment model or adding extra form
losses at both ends of the tube does not improve the predicted bypass
point. These same tendencies are observed in the stratified-flow case
shown in Fig. 5. The calculated flow regime in the horizontal section

of the tube is stratified because average air velocity in that region is

less than the critical velocity at the bypass point.

V. DISCUSSION OF RESULTS AND RECOMMENDATIONS
In comparing the TRAC-PF1/MODl calculated results with the experimental
CCFL data, the following trends are observed.
1. The experimental flooding curves are sensitive to the diameter,
length, inclination angle, and inlet geometry of the test section.
2. The standard code results show overall good agreement in the
prediction of the point of complete bypass for vertical pipes, but
allow too much water to fall back for lower air flows. In the
case of pipes with low inclination angles, the code tends to
underpredict the complete bypass point.
3, Changing the interfacial-shear correlation and varying the inlet
loss coefficients can improve the comparison in some cases.
The sensitivity of the flooding data to the test-section geometry is
not restricted to pipes of circular cross section. For example, tie-plate
and downcomer geometries exhibit their own countercurrent flooding charac-

(9}

teristics. These comparisons show that it is very difficult to predict
the complete flooding curve for a wide range of geometries or configurations
with a single interfacial-shear correlation such as used in TRAC-PF1/MOD1.
Therefore, to improve the code predictions for countercurrent flow of water
and vapor, I recommend that the capability to input the flooding curve
constants based on experimental data for specific geometries be added to
TRAC-PF1/MOD1. Based on the input flooding curve constants, the code would
be forced to a certain solution for the liquid velocity during CCFL situ-

ations. This would improve the code prediction for CCFL at specific

locations selected by the user.
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TRAC-PF1/MOD1. Based on the input flooding curve constants, the code would
be forced to a certain solution for the liquid velocity during CCFL situ-
ations. This would improve the code prediction for CCFL at specific

locations selected by the user.
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VI. CONCLUSIONS

We performed an independent assessment of TRAC-PF1/MOP1l using air-water
CCFL data for annular, annular-mist, and statified flows. The configurations
of test tubes examined in this assessment were vertical tubes with different
scales for length and diameter; tubes with inclination angles of 60°, 40°,
20°, and 0° from the horizontal, respectively; and an inclined riser tube
with a horizontal tube simulating a PWR hot leg. The following conclusions
were obtained from.this assessment.

1. TRAC-PF1/MODl using an annular-mist flow regime gave good agreement
for the bypass point in a vertical tube and in a tube with an
inclination angle of 60° regardless of the dimensions of the
vertical tube, but underpredicted the bypass point for the tube
inclined 40°.

2. TRAC-PF1/MOD1 using annular and annular-mist flow regimes over-
predicted the flow rate of falling water for the vertical tube
and the tube inclined 60°, but gave good agreement for the tube
inclined 40°. Addition of K factors as form losses at both ends
of the vertical tube is required to predict the flow rate of
falling water accurately.

3. Use of the Bharathan correlation for the annular interfacial-
shear model gives better agreement than the standard Wallis
correlation used in TRAC-PF1/MOD1 for the region of partial
water penetration, although additional form losses at the ends
of the vertical tube are still required.

4. TRAC-PF1/MOD1 using the stratified-flow regime underpredicted
the bypass point of the tubes with inclination angles of 20° and
0°, but gave good agreement for the flow rate of falling water
for the region of partial water penetratiocn.

5. The prediction for the simulated PWR hot leg showed good agreement
for the flow rate of falling water for the region of partial water
penetration. This agreement verifies the hot-leg CCFL that occurs
during reflux cooling.

6. To enhance TRAC predictions of CCFL conditions, we recommend that
the user should be able to specify flooding correlation constants
in the input for specific locations. At these locations, the
code would be forced to provide a certain liquid velocity during
CCFL situations consistent with the input flooding correlation

constants.
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NOMENCLATURE

A flow area

Ci interfacial shear coefficient

Dd droplet diameter

Dh hydraulic diameter

E fraction of liquid entrained as droplets

g acceleration caused by gravity

hy : collapsed liquid height .

J* : dimensionless velocity based on the CCFL correlation by Wallis
j : superficial velocity

Re2 : Reynolds number of liquid phase

VC critical gas velocity

VE minimum gas velocity required for entrainment

v : average velocity

We : Weber number of droplets

Wee : Weber number of entrainment

o : density

o : surface tension

8 : inclination angle of flow path from the horizontal
Mg : wviscosity of liquid

o : void fraction in test tubes

liquid film thickness

Subscripts

£ : liquid phase
g : gas phase
d : droplet



Groups/Items

Vertical tubes

Inclined tubes

Horizontal tube

Inclined riser
tube with
horizontal tube
(simulated hot
leg)
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TABLE 1

MAIN DIMENSIONS OF TRAC INPUT MODELS

Diam. Length Theta Diam.j Zengthl Diam. 7
(m) (@  (Deg) (@ _ _ (m) (m) Ref. No.

0.025 0.05 90 0.2 0.9 0.2 (2)
0.0254 1.52 90 0.33 0.71 0.33 (1
0.152 3.66 90 0.543 1.15 0.66 (1)
0.026 0.1 20 0.4 0 0.3 (12)
0.026 0.11 40 0.4 0 0.3 (12)
0.026 0.16 60 0.4 0 0.3 (12)
0.072 0 0 0.4 1.18 0.42 ( 4)
0.026 0.038 40 0.4 0.19 0.3 (12)
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Fig. 3(a) Comparison of TRAC-PF1/MODl results with vertical
pipe CCFL data, D = 0.025m, L = 0.05 m.
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Fig. 3(b) Comparison of TRAC-PF1/MOD1 results with vertical
pipe CCFL data, D = 0.0254 m, L = 1.52 m.
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Fig. 3(c) Comparison of TRAC-PF1/MOD1 results with vertical
pipe CCFL data, D = 0.152 m, L = 3.66 m.
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Fig, 5 Comparison of TRAC-PF1/MODl results with CCFL data
for a pipe inclined at angles of 20° and 0° from
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