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This report contains the results from the pre-test prediction
calculation of FIX II Intermediate Break Experiment with the
THYDE-P1 computer code. The experiment simulated the conditions
corresponding to an intermediate size break loss-of-cooclant
accident (LOCA) in one of the recirculation lines of a boiling water
reactor (BWR) with external pumps. The test was the first LOCA
experiment in the FIX II facility and was chosen as the OECD CSNI
International Standard Problem No 15.

Although an extensive verification c¢alculations have been
performed with THYDE-P1 for pressurized water reactors (PWRs), the
present calculation 1is the first application to BWR. The major
purposes of the present calculaticn are to verify the applicability
of THYDE-P1 to BWR and to identify the model deficienciles for
further code modification.

pfter the experimental data being released, the predicted
results with THYDE-P1 have been compared with the experimental
data. The comparison shows that the present calculation has
adequately predicted the important phenomena observed in the expe-

riment.

Key Words: THYDE-Pl, LQOCA, Pre-Test Prediction, FIX II, Intermediate
‘Break, CSNI Internaticnal Standard Problem No. 15, BWR

External pump, Verification
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1. Introduction

The THYDE-P1 (1-10) <code 1is a computer code which is
applicable to various types of transient including a
loss-of-coolant accident (LOCA) in both pressurized water reactors
(PWRs) and boiling water reactors (BWRs). Although an extensive
verification calculations have been performed for PWRs using the
experimental data such as Loss-0f-Fluid Test (LOFT)(11l) data, the
present calculation is the first applicaticn to BWR. )

The experiment(12-14) has been performed in May 1983 as the
very first LOCA experiment in the FIX II facility. which has
simulated the Swedish Oskarshamn 2 reactor, a 570 MWe BWR with

external recirculation pumps. The volume scaling i1is 1:777.
Components are included to steam dome, downcomer, two recirculation
lines with one pump each, lower plenum, core with a 36-rod
full-length bundle, control-rod guide tube . volume, core bypass,
upper plenum and steam separators.

The transient performed has simulated the conditions
corresponding to an intermediate size split break in cne of the
main recirculation lines. The general objective with the test
program is to obtain data for heat transfer between rod cladding

and coolant during specified LOCAs and transients included in the
studies of Swedish BWRs.

The test has been chosen as the OECD CSNI International Stan-
dard Problem No. 15 {ISP No.15). A blind calculation has been
parformed with THYDE-P1l based on the information provided about the
test loop gecmetry, data on flow resistance, initial conditions and
the test procedure(l2).

In the present pre-test prediction calculaticn, tha system
characteristics is unknown because the experiment is the very first
LOCA experiment in the facility. In addition, the planned initieal
conditions and chronology of performance can be different from
those actually realized in the experiment. In these points of
view, *the present calculation can be said what 1is called a
double-blind calculation. In spite of the difficulties expected to
this type of calculation, the calculated results are reascnably in
agreement with the expermental data.

2. Description of FIX II Intermediate Break Experiment

The intermediate break experiment, denoted Experiment 3025,
has been conducted as the first LOCA experiment in the FIX II
facility. The test facility is utilized for loss-of-coolant heat
transfer experiment during the blowdown phase in an external
recirculation pump BWR.

2.1 System Description

Figure 2.1.1 shows the lay-out of the FIX II loop. The
description and the geometrical data of each component shown in
this figure are summarized in App. B. The principal outline of the
central loop section is schematically shown in Fig. 2.1.2. The test
apparatus comprises the following main parts:
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- A pressure vessel with a 36-rod test section and a steam dome,

~ A piping system with recirculation pumps and arrangements for
break simulations,

- An external piping and auxiliary systems fcor steady-state
operation of the loop, and

- Power supply and power control systems.

The downcomer 1is simulated by the external piping. Two
recirculation lines simulate 4 recirculation lines in BWR. The one
simulates the three intact lines and the other simulates one broken
line. Thus, 1/4 of the total flow is circulated through the broken

line. The wvalves v103, v117, v120 and v123 are used to simulate
the break. In Experiment 3025, a simulated split break is
scomplished by opening the valve 120 to the break flow receiver as
shown in Fig. 2.1.3. The valve 103 is closed when simulating a

double-ended break.
For the remowval of the heat generation during the steady state

operation, a portion of the downcomer flow is circulated through
the ccoler. The flow is fed back to the system as feed water and as
spray to the top of the steam dome. During the steady-state opera-
tion, the wvalve v112 is closed and all the steam generated at the
core is condensated by the spray flow. The flow path through the
cooler is closed immediately after the break.

Figure 2.1.4 shows the horizontal cut view of the test section
and the radial power distribution. The test section consists of a
container with a 6x6 bundle of electorically heated fuel rod
simulators. The measurment lines from the test section are cooled
by circulating water in the gap between the teflon filling and the
pressure vessel. This causes a heat loss, which will be discussed
later,

Figure 2.1.4 shows the horizontal cut view of the test section
and the radial power distribution. The test section consists of a
container with a 6 x 6 bundle of electorically heated fuel rod
simulators. The measurement lines from the test section are cooled
by circulating water in the gap between the teflon filling and the
pressure vessel. This causes a heat loss, which will be discussed
later.

The core hypass and guide tube volume are simulated by sepa-
rate pipes outside the pressure vessel as shown in Fig. 2.1.7. An
electrically heated rod is installed within the core bypass. Its
axial power distribution is shown in Fig. 2.1.8.

Figure 2.1.9 shows the structures above the test section. A
spray condensor is located on top of the test section. A simplified
steam separator is located in the lower part of the condensor, and
its upper part is used as a steam dome, to which the steam relief

line is connected.

2.2 Test Procedure

Table 2.2.1 shows the planned chronology of performance, which
has been provided for the blind calculation for ISP Neo. 15. Tabkle
2.2.2 'shows the chronology of performance actually measured in the
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experiment. when these tables are compared, it is clear that the
planned chronology of performance is a little different from that
actually measured in the experiment. The difference in these two

tables will be discussed in detail later. Here, the test procedure
is stated based on the measured chronology of performance shown in
Table 2.2.2. The test has been initiated by opening the break
valev at 0.0 s. The steam relief valve has started to open at 0.4 s
and been fully open at 1.0 s. The steam relief valve has started to
close again at 1.6 s. The flow through the cooler has been closed
by 2 s into the transient. The steam relief valve has started to
open for the second time at 12.05 s. The experiment has been
terminated by closing the steam relief valve and the break valve at
76 s.

2.3 Tnitial Conditions and Boundary Conditions

Table 2.3.1 shows the planned initial conditions provided{12)
for the blind calculation. Also the initial conditions for the
pumps and the rated pump values are summarized in Table 2.3.2.
Table 2.3.3 shows, on the other hand, the initial conditions

actually measured in the experiment. The planned initial
conditions are also slightly different from those measured in the
experiment. For example, the planned initial core power is about 3

% larger than the actual power and the planned bypass power 1is also
8 % larger than the actual value.

Figure 2.3.1 shows the planned core and bypass power
histories. Corresponding to this figure, the measured power
histories are sheown in Fig. 2.3.2. The planned normalized core
power, for example, at 10 s is, in turn, about 10% smaller than the
measured value. Then, .considering the difference in the initial
power, it is concluded that the power level used in the calculation
at 10 s is slightly smaller than the actual power applied in the
experiment, and the difference is small.

Figures 2.3.3 and 2.3.4 show planned and measured pump
rotaticnal speeds, respectively. Aparrent difference appears after
50 s for pump P2. Except this pecint, the planned speeds are in good
agreement with those measured in the experiment.

3. finalytical Models

As to the detailed description of the methods and the models
of THYDE-Fl, Ref. (1) should be refered. The brief summary of the
code characteristics and the options applied are shown in Table C.1
in App. C.

3.1 Nodalization

Figure 3.1.1 shows the nodalization diagram. The description
of the nodes and the heat slabs are shown in Takle 3.1.1. The
present calculation has been performed with 54 nodes and 50
junctions. The test secticn is represented by a single channel.
The focal point in the present calculation is the core heat trans-
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fer during the blowdown and therefore the phase separation
phenomencn is considered to be very important. In crder to
simulate the phase separation phenomenon adeguately, the test
section should be discretized vertically by many nodes because a
drift flux model is applied in THYDE-Pl and a water level tracking

model is not implemented. In the present calculation, the test
section and the downcomer are nodalized 12 and 11 nodes,
respectively. The average rod and the highest power rod are

simulated separately by the heat slabs. The power ratio of the
highest power rod to the average rcd is 1.034 based on the radial
power disdribution sheown in Fig. 2.1.4.

The core bypass and the control rod guide tube volume are
simulated by the flow path parallel to the test section. The heater
in the core bypass is also modeled by the heat slabs.

T"he flow path through the cooler with the circulation pump P3
and several controling valves are also modeled to simulate the

steady-state operation in the experiment. The spray line is,
however, assumad to be directly connected to the lower part of the
steam dome. I+ is because that, in the present version of

THYDE-P1, the velocity difference between the phases are not yet
considaered at the steady state calculation. This means the node
average enthalpy is set equal to the average enthalpy upstream of
the node, if the heat source does not exist. Then, the spray line
from the evaporation cooler, which is filled with subccoled water,
cannot be connected at the top of steam dome, filled with saturated
steam. This simulation method may nct affect adversely the overall
trend of +the calculation, beause the spray wvalve starts to close
just after +the test initiation, i.e. 1.78 s after break in the
planned seqgquence.

The 1list of the input data used in the present calculation is

shown in App. A.

3.2 CHF and Heat Transfer Correlations

In the present calculation, the correlations for the heat
transfer coefficients and the critical heat flux (CHF) are selected
by options as follows:

- The Dittus-Boeltler correlation(l8) for the forced
convecticn condition,

- The Thom correlation(19) for the nucleate boiling,

-~ The Bromley-Pomeranz correlation(20, 21) for the low flow
film boiling,

- The Groesnevelt(22) and Dougal-Rohsenow(23) correlations
for high flow film beiling, and

-~ The McEligot(24) correlation for the forced convection
due to superheated steam.

The CHF correlations applied in the present calculation are:
- The Biasi correlation(25) for the high flow condition, and
- The Zuber correlation(26) for -the low flow condition.
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3.3 Break Flow Model
The modified Zaloudek equation{16) and the Moody
correlation(1l%) are applied under the subcooled condition and the

saturated condition, respectively. The discharge ccefficient for
the Moody correlation is assumed to be 0.6. The modified Zalcudek
equation is as follows: '

Ge =1¢d/29 (P-c,Pey ) Eq. 3.3.1

where

G, . Critical mass flow (kg/s.m?)

pr : Pressure upstream of break (pa)

Poat : Saturation pressure (pa)

¢ : Fluid density (kg/m®)

cd : Discharge coefficient (=0.6)

C, : Constant (=0.8)

The transition gquality is assumed to bhe 0.02. When the cocolant is
subcooled, the modified Zaloudsk eguation is used and when it
becomes larger than 0.02, the Moody correlation is used. When the
quality 4is between 0.0 and 0.02, the critical flow is linearly
interpolated between them.

3.4 " Relief Valve Model

"The boundary condition at the steam outflow is very important
to determine the pressure transient. In the experiment, the steam
flow is calibrated to give 1 kg/s at a steam dome pressure of 70
bars. This is done by the adjustment of the valve flow area.

In the present calculation, the following model(13) is
tentatively implemented in THBYDE-Pl and used:

Kt
{ kel Eq. 3.4.1
Wo = AJKGEST - [50p :

where
W : Steam mass flow (kg/s),
A : Valve flow area (m),
P : Pressure upstream of valve {(pa),
Fes : Fluid saturation density (kg/m?),
K : Ratio of iscbaric specific heat to specific heat at

constant volume (-).

The flow area A is adjusted to give 1 kg/s at a steam dome pressure
of 70 bar corresponding to the flow calibration in the experiment.
It is because the relief wvalve model in THYDE-Pl is yet to be

developed.

3.5 Pump Model
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Figures 3.5.1 and 3.5.2 show so called Q-H curves for
recirculation pumps pl and p2, respectively. These are the only
data available from the experimental basis. In the transient
analysis, however, the full pump characteristic curves are
necessary including those for two-phase flows.

Although the two-phase pump characteristics are very important
to predict the core hydraulics, no experimental data are available
for the recirculation pumps. The pump characteristic curves for
both single phase flow and two-phase flow used in the present
calculation are shown in App. D. These data are recommended(1l3) to
be used for blind calculations because of lack of data, in spite of
the fact that the two-phase data are to be used for the different
pump from that installed in FIX II test facility.

3.6 Pressure Loss Coefficients

Table 3.6.1 shows the data table provided(1l2) for the pressure loss
coefficients for the bkblind calculation. It is found that there is
a inconsistency in this table. Figure 3.6.2 schematically shows
the pressure drops calculated based on the items 1 to 3 and 9 in
Table 3.6.1. Since the wall fricticnal pressure drops through the
test section and the bypass are small in comparison with the
pressure losses at the flow restrictions, they are not necessary to
be considered here. As shown in this figure, the pressure loss
through the bypass is much larger than that through the core.
Thus, we can conclude that some data are missing for the pressure
losses at the test section or the loss coefficient at the bypass
inlet is errorneous, i.e, tco large. In the present blind
calculation, the loss coefficient at the bypass inlet is reduced
and adjustment has been perforemed at the steam separator and the
pumps to obtain a consistent presure distribution at the steady

state.

3.7 Amkient Heat Loss

The detailed information on the structures in the test loop
has not been provided for the blind calculations. In the present
calculation, therefore, +the structual heat and ambient heat loss

are not taken into consideration.
The majer heat losses from the leoop are caused by the cooling

of the measurment lines and heat losses from exposed surfaces. As
stated in Subsec. 2.1, the measurement lines from the test section
are cocled by circulating water in the gap bketween the teflon
filling and the pressure vessel. The heat loss from this section
estimated before the experiment is 250 kw. The other heat losses

estamated are shown in Table 3.7.1. The total heat loss is
evaluated more than 10% of the rated core power. Table 3.7.2 shows
+*he measured heat loss from the measurment lines. The evaluated

_heat loss from this section is turned ocut to bhe the same order of
magnitude as that measured.
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3.8 Material Properties

Figures 3.8.1 and 3.8.2 show the specific heat capacity and
the thermal conductivity of the compacted magnesium oxide as a
function of temperature provided(1l2) for the blind calculation.
These data are used in the present calculation.

3.9 Phase Separator Model

In the pesent version of THYDE-Pl, a phase separator model yet
to be developed. Therefore, in the present calculation, a very
sinple model 1is tentatively implemented into THYDE-F1 and used.
The modeling is schematically explained in Fig. 3.9.1. 1In this
model, the integration scheme of the enthalpy transportation term
in the energy conservaticn equation 1is changed only at the phase
separatoxr as follows:

(1) If mixing juncticn 42 (mj42) is saturated and the node
14 (nl4) inlet flow 1is positive, only saturated fluid
is transported from mj42 tc nld.

(2) If mj42 is saturated and the n50 inlet flow ig positive,
only saturated steam is transported from mj42 to n 50.

(3) If nl4 is saturated and the nl4 inlet flow is negative,
only the saturated steam is transpcrted from nl4 to
mijaz.

(4) If nl4 is =zaturated and the nl4 inlet flow is positive,
only saturated fluid is transported from nl4 te m3jd4.

(5) In the other cases than (1) to (4), the integration
method is the same as that for the other nodes and
junctions.
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4. Calculated Results and Discussions

The calculated chronolegy of key events are compared with the
measured data in Table 4.1. In the following subsections, the
predicted results with THYDE-Pl are compared with the experimental
data and discussed with special attention to the key events shown
in the table.

4.1 Pressure Transient

The calculated pressure transient at the steam dome is shcwn
in Fig.4.1.1 along with the experimental data. In the early stage,
the pressure is overestimated ‘but is underestimated in the late
stage. In order to clarify the reasons for the difference, the
valve actions in the calculation should be compared with those
actually performed in the experiment because the steam flow rate
through the relief wvalve 1is very important to determine the
‘pressure history especially in the early stage of the blowdown.
Figure 4.1.2 shows the comparison bhetween the calculated mass flow
rate through the relief valve and the corresponding experimental

data. Overall trend of the calculated steam mass flow rate is in
gocd agreement with the experimental data. This means the model
stated 1in Subsec. 3.4 gives a good approximation to the steam mass
flow rate. Although it 1is not clear in this figure, the relief

valve is closed earlier in the calculation than in the experiment.
Figure 4.1.3 shows the valve actions both in the calculation and
experiment. The wvalve actions in the calculation are based on the
planned sequence of events, which is different from the measured
one, The steam relief valve (v 112) is closed akout 0.5 s earlier
in the calculation than. in the experiment. In addition, both spray
flow wvalve (v 106) and feed water valve (v 104) are also clculated
to be closed earlier than in the experiment. These differences in
the boundary condition are considered to be one of the reasons for
the overestimated pressure in the early stage of the blowdown.

The other reascn for the difference may come from the ambient
heat loss. As stated in Subsec. 3.7, the ambient heat loss during
~the steady state operation is evaluated more than 10 % of the rated
power. This wvalue is comparable to the decay power. When the
ambient heat losses are not taken into account by modeling the
“structures, the pressure may be overestimated in the early stage
and be underestimated in the later stage. It is because that they
behave as heat sinks at the begining and as the heat sources later
on. In fact, in the experiment, superheated steam was observed
after about 50 s at the upper plenum due to the structural heat as

shown in Fig. 4.1.4.

4.2 Cladding Surface Temperature Transient

The focal point of the experiment is the core heat transfer
during the blowdown. Figure 4.2.1 shows the vertical distribution
of the «cladding surface temperatures. The level numbers dencted
right sides of the curves are corresponding to the levels of the



JAERI-M 85-115

thermo-couples in the test section shown in Fig. 2.1.6. The dotted
lines descriminate the area where the cladding temperature stays at
the saturation temperature. The effect o0of the lower plenum
flashing is clearly shown in this figure. Figure 4.2.2 shows the
three-dimensional view of also the calculated cladding surface tem-
peratures. The first DNB is calculated to occcur at 16 s at the top
of core and  the core wide drys out at about 38 s. At the lower
part of the test section, temperature excursion is not calculated

to occur. The distributions of the measured cladding temperatures
in the upper part and lower part of the core are in Figs 4.2.3 and
4.2.4, respectively. The DNB ocuured just after the break at the

top of vcore and the cladding temperature soon returns to the
saturation temperature. The core uncovery occurs first at about 50
s at the top of core. The experimetal data imply a clear water
level has been formed and it slowly moved down to the bottom within
about 10 s. It should be 'noted that in Fig. 4.2.4, a small peak
has been observed at level 7. This is caused by the lower plenum
flashing Jjust after the dryout. Figure 4.2,.5 shows the cladding

surface temperature calculated at level 7 along with the
experimental data. With respect to the small peak, a very good
agreement was obtained. This means the core hydraulics related to

the lcower plenum flashing is properly predicted by the calculation.

Figures 4.2.6 to 4.1.13 show the calculated cladding surface
temperatures at the different levels with the corresponding
experimental data. The tendencies shown in these figures are
summerized as follows:

(1) The observed small peak of the cladding temperature at
the beginning of the blowdown is not predicted to occur,

{2) The observed small peak just before the lower plenum
flashing is well predicted by the calculation, '

{3) At the upper part of the test section, the temperature
excursicn is calculated te start earlier than in the
experiment and at the lower part, on the other hand,
it is delayed in the calculation.

{(4) In the experiment, the whole test section is uncovered
within 10 s starting at about 50 s. In the calculation,
hewever, the cladding temperature at the lower part of
the core stays almost at the saturation temperature.

One of the reasons for (1).,(3) and (4) seems to be that the
model for the phase separation, i.e. the drift flux mcdel, does not
correctly predict the phase separation in the core. These figures
imply the present drift flux model overpredicts the relative
velocity between the phases, resulting in higher void fraction in
the wupper part and lower vcid fraction in the lower part in

comparison with the experiment, which will be shown in the next
subsection. '
4.3 Core Hydraulics
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The calculated bundle inlet mass flow rate and the
differential pressure through the core are shown in Figs. 4.3.1 and
4.3.2, respectively, along with the experimental data. A good
agreement 1is obtained in both core inlet flow and the differential
pressure - through the core. In the experiment, the core inlet flow
suddenly decreses just after the break and reaches very close to
zero, i.e. flow stagnation. This instantaneocus flow stagnation
brings about the initial dryout. In the calculation, on the other
hand, the core flow also suddenly decreases but dees not reach
close to szero. This 1is Dbecause the core flew recovery is
calculated +to occur earlier than in the experiment. As mentioned
in Subksec 4.1, the valve is calculated to be closed earlier than in
the experiment. Then, the core flow recovery comes on before the
core fleocw stagnation in the calculation. This is one of the reasons
why the initial dryout is neot calculated to occur.

After the relief valve, spray valve and feed water valve being
closed, the core inlet flow slowly decreases according to the flow
coastdown in pump P2, which is shown in Fig. 4.3.3. The calculated
mass flow rate through pump P2 is in good agreement with the
experimental data. ’

The core inlet flow suddenly decreases and the flow reversal
occurs at about 12 s in the calculatlion and 15 s in the
experiment. These timings are corresponding tc when the cavitation

starts in pump Pl, as shown in Fig. 4.3.4. These timings are also
corresponding to the timings of downcomer dryout as will be shown
in the next section. The core flow reversal will also be discussed

in conjunction with the break flow transient. Relatively high
enthalpy c¢oolant flows into the lower plenum due teo the core flow
reversal and flashing starts. The core inlet flow again returns to
be positive due to the lower plenum flashing.

The calculated mass flow rates at the inlet and outlet of the
lower plenum and at the core inlet are sheown in Fig.4.3.5.
Althought the lower plenum inlet flow is downward, the core inlet
flow is forced to be upward due to the flashing. The difference in
the mass flow rates between the lower plenum outlet and the core
inlet shows the mass flow rate from the core bypass to the bottom
of the test secticon. It c¢an be concluded from this figure that the
effects of the core bypass and the guide tube volume to the core
hydraulics are small in the calcultion.

Figure 4.3.6(a) and (b) show the calculated vcid fractions in
the lower part and upper part of the core, respectively. These
figures are helpful to understand the discussions stated above.
The void fractions start to increase just after the break but soon
start  to decrease before reaching 1.0 s due to the closure of the
relief wvalve. Sudden increase in the void fraction at about 15 s
is brought about by the core flow reversal. The effect of the lower
plenum flashing is again clearly shown after about 20 s. After
about 36 s, the upper part of the core is filled with only steam
but at the lower part two-phase mixture still remains.

4.4 Downcomer behavior
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The calculated differential pressure through the downcomer is
shown  in Fig. 4.4.1 along with the experimental data. A good
agreement 1is obtained. This figure shows that the downcomer
becomes almost empty at about 12 s in the calculation and at about
15 s in the experiment. This downcomer dryout causes the pump
degradation of pump P2. The fluid temperature at the downcomer
inlet is shown in Fig. 4.4.2 along with the experimental data.
After the feedwater valve and the spray valve being closed, the
saturated fluid at the bottom of the steam dome is drained through
the downcomer. Therefore the fluid temperature increases. The
flashing of the downcomexr starts earlier in the calculation than in
the experiment. After the flashing, the fluid temperature stays at
the saturation temperature. The descrepancy of the temperature
between the calculation and the experiment after about 30 s is
corresponding to the underprediction of the pressure.

4.5 Break Flow Transient

The calculated break flow is shown in Fig.4.5.1 along with the
experimental data. The experimental data just after the break are
not available. The calculation underpredicts the break flow until
about 60 s. Figure 4.5.2 shows the integrated break mass flow
rates. This figure also shows that the break flow is underestimated
especially until 30 s.

The calculated mass flow rates at the break, and both the pump

side and the vessel side of the broken recirculation line are
shown in Fig.4.5,3. A local minimum of the break flow is
calculated to occur at about 14 s. This behavior is caused by the

change in the ratio of the contribution to the break flow from the
pump P2 side to that from the vessel side. At about 14 s, the pump
cavitation is calculated to occur at pump p2 caused by the
downcomer dryout and the mass flow rate from pump P2 side suddenly
decreases. Even when it suddenly decreases, the break flow stays
unchanged since the other side flow, i.e. the flow from the vessel
side, compensates it. But the change in the mixing ratio changes
the enthalpy upstream of the break and therefore it changes the
break flow behavior. This is one of the characteristic behaviors
in the split type break. :

‘ Figure 4.5.4 shows the calculated mass flow rates through the
flow paths connected to the lower plenum. Although the pump P2
flow suddenly decreases, the break flow slowly decrease and
therefore the mass flow rate from the lower plenum to the break
suddenly increases as stated above. As the result of this sudden
increase in the flow rate, the core flow reversal is calculated to
occur as clearly shown in this figure. The flow from pump Pl to
the lower plenum also once increases accompanied by the sudden
increase in the flow from the lcwer plenum to the break.

1.6 Bypass Hydraulics

Figures 4.6.1(a) and (b) show ‘the calculated and measured
differential pressures through the bypass, respectively. The sum of
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the experimental curves for DPT20, DPT21 and DPT22 in Figqg. 4.6.1(a)
is corresponding to the predicted curve in Fig. 4.6.1(b). Both in
the experiment and calclation, flashing starts at the bypass from
10 to 20 s and at the guide tube volume from 20 to 30 s. The
two-phase mixture is forced into both the top of core and the
bottom of core due to the flashing of the guide tube volume. As
already shown in Fig. 4.3.5, the core inlet flow rate is not very
different from the lower plenum outlet flow. Therefore the effect
of the bypass to the core hydraulics is considered to be small.
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5. Concluding Remarks

The present calculation has been performed based on the data
provided for the blind calculation for ISP No. 15(12), which
contain the system geometrical data and the planned initial
conditions and boundary ceonditions, being different from those
measured in the experiment. In addition, the system
characteristics is unknown before the calculation starts, because
the experiment is the first LOCA experiment in the FIX II test

facility. In these sense, the present pre-test prediction
calculation can be categorized as what is called a double-blind
calculation. 1In spite of the fact, the physical phenomena cbserved
in the experiment are adequately predicted in the present
calculation. The major cencluding remarks derived from the present

calculation are:

(1) The pressure transient is well predicted. In detail, it is
overestimated in the early stage and 1is underestimated
estimated in the late poxrtion. One of the reasons for the
overestimation is that the steam relief valve 1is closed
earlier 1in the calculation than 1in the experiment. The
planned valve actions are meaningfully different from the
those actually performed in the experiment.

(2) Ambient heat less is considered to be one of the reasons
for both overestimation and underestimation of pressure in
the early stage and late stage, respectively.

{3) The early drycut observed just after the break is not
predicted to occur because the relief wvalve is closed
earlier in the calculation. The core wide dryout is
predicted to occur early in the upper part of the core and
late in the upper part of the bundle in comparison with
the experimental data. This means the phase separation
in the test tection is not correctly predicted.

(4) Most of the key phencmena observed in the experiment such

as the downcomer dryout, core flow reversal and lower
plenum flashing are adequately predicted to occur in the
present pre-test prediction calculation. Especially the

effect of the lower plenum flashing is in good agreement
with the experimental data, and

(5) THYDE-P1 is applicable to BWR. Impreovement should be
perfcrmed with special attention to the drift flux model.
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Planned performance chronology

Start cpening of the break
valve (V120}

Break valve Eglly open
{Area 1.13 cm®)

Steam relief valve starts
to open [V112}

Steam relief value fully
open

Steam relief valve starts
to close

Spray flow, feed water flow
and coeler . flow valves
start to close (V104,

v106, V107)

Steam relief valve closed

Spray flow, feed water flow,
cooler flow valves closed

Steam relief valve starts
to open

Steam relief valve fully
open

1.

. s
.2 5
2 3
5 s
35 ]
4 ]
65 [
1.8 s
11.8 s
12.1 s

The test is terminated on the first occurence of

one of the following conditions:

a)
b)
c)

Table 2.2.2

120 s
Clad temperature exceeds 700
Pressure drops below 2 MPa

Measured performance chronology

(o]

C

starts

starts

Break valve starts to open
Break valve fully open
Steam relief valve (SRV)

to open

SRV open *

SRV starts toc close
Spray flow valve starts
to cleose

Valve V104 (to ccoler)

to cleose,

Spray flow closed

Feed water valve starts
to close

Valve V104 closed

Feed water closed

SRV closed

SRV starts to cpen

SRV open *

Test termination

0 s
0.08 s

l1.65 s

1.78 s
1.9 s

1.9 s
2.0 s
2.0 s
2.3 s
12.05 s
12.65 s
76 s
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Table 2.3.1 Planned initial conditions

Steam dome pressure 7.0 MPa
Core inlet flow 5.34 kyg/s
care powar 3.5 Mu

Core inlet subcooling
relative to steam dome

temperature 19 C
Bypass flow 0.66 kg/s
Bypass power 62.5 kW
Flow through pump P2 4.5 kg/s*
Flow through pump P2 1.5 kg/s*

Water spray to the steam
dome 5.905 kyg/s

Water spray subcooling
relative to steam dcome
conditions 166 C

Feed water flow 2.95 kg/s

Feed water subcooling
relative to steam dome

conditions 106 “c
Mass flow rate through
the ceooler B8.855 kg/s

Table 2.3.2 Planned initial conditions and rated values
for recirculation pumps

Pump Pl:

Rated pump speed 303.69 . rad/s
Initial pump speed ratio 0.5399

Rated pump flow 0.0383 m3/s
Rated pump head 50 m
Rated pump torque 81.7 MNm
pump rated density 100¢C kq/m3
Pump P2:

Rated pump speed 303.69 . rad/s
Initial pump speed ratio 0.7018

Rated pump flow 0.01056 m3/s
Rated pump head 25 m
Rated pump torgue 13.2 Mm
pump rated density 1000 kg/m3




Table 2.3.3
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Measured initial conditions

Steam dome pressure
Bundle inlet flow

Bundle power

Bundle inlet temperature
Bypass flow

Bypass power

Flow through pump P1

Flow through pump P2
Spray flow

Feedwater flow

Feedwater and spray
temperature

Mass flow through cooler
Water level in steam dome
above loop reference plane
Pump speed, Pl

Pump speed, PZ

Steam dome TE21
Steam dome bottom TE23
Downcomer inlet TEZ26

Downcomer bettom TE31

Intact recirculation line
TE32

Lewer plenum TE2

Upstream break TE34
Bvpass bottom TE17

Guide tube volume TELlG
Bypass cutlet TE20

6.%97 MP
5.51 kg/s
3.385 MW
242.0 K

0.6 kg/s

57.4 KW

4.56 kg/s
1.55 kg/s
5.36 kg/s
2.4% kg/s

454.0 X
7.85 kg/s

.34 m
160 rad/s
210 rad/s

Saturated
542.5 K
541.8
541.6

541.
542.
539.
541.
540.
556.

N Y T e T Y
R R OR O®mOR
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Table 3.1.1 Discription of nodes and heat slabs

Node No. ‘Descripticn
1 Lower plenum
2 Lower plenum buffle inlet
3-12 Test section
13 Upper plenum lowver part and upper part
14 Steam separater
15 {over part of spray condensor

168-20 Dovncomer, upper horizontal part
21-265 Downcomer, upper vertical part

27 Downcomer, vertical part to pump Pl

28 Pump P1

29 Intact recirculation line pressure vessel side

ao Pump 2 suction line to pump P2

H Pump P2

x Broken recirculation line, pump P2 to split break T-connecticn

3 Broken recirculation line, split break T-connecticn to break
from lower plenum ‘ a

34 Broken recirculation line back to lower plenum

) Bypass channel lower horizontal part

36-40 Bypass channel vertical part

41 Bypass channel upper horizontal part

42 Coolant flow line from downcomer to pump P3

43 Pump P3

44 From pump P3 to evaporation cocler

45 Evaporation cooler )

46 From outlet of evaporation cooler to feed water line

A7-48 Spray line

49 Feed water line

50 Spray cendensor (Steam dome)

51 Relief valve line

52 Guide tube simulator volume

53-54 Split break line. from T-connection to break flow restrictor Ki2

Slab No. Description

1 Non-heated part of average heater rod

2-11 Average heater rcod
2 Non-heated part of average heater rod
13 Non-heated part of hottest heater rod
14-23 Hottest heater rcd
24 Non-heated part of hottest heater rod
52 Bypass heater rod
30 Evaporation cooler
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Table 3.6.1 Loss coefficients in loop

Ttem Descriptlon Minimum f£low Loss coeffi- Reference
noc area cient* flog area
{cm?} {cm*)
, . * %
1 Bundle inlet orifice 4.73 72 60.34
2 Spacer 0.65 60.34
Upper tie plate 76 0.2 60.34
Steam separator flow
restrictor 27.3 21 78.5
5 Pump Pl exit flow 9.08 400 112.5
restrictian
6 Measuring eorifice, K1 13.9 14 42.7
(see figure 2:1) .
7 pPump P2 exit flow 3.80 230 34.3
restriction
B Measuring orifice, K2 7.02 9.4 19.0
9 Bypass inlet , incl 1.54 102 5.7

measuring orifice, K7
and valve V114

19 Split break line flow 1.131 - 42.7
restriction, Kl2**

11 Guillotine break line 3.664 - 34.3
from lower plenum
flow restriction, K13**

12 Guillotine break line 2.011-3.664 - 34.3
from downcomer flow
restriction Kl1**

13 Steam line measuring 14.3 8.4 42.6
orifice K6

*} Loss coefficient is defined as : . 2. - 8
£ ;‘T*;g

referred to the reference flow area. From preliminary,
measured pressure drop; variation with Re has to be

- taken intc consideration.
* A

)Variable parameter that will bhe subject to change
petween different experiments

***) Area to be used for sudden area change
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Table 3.7.1 Ambient heat losses evaluated before
experiment conducted

Steam condenser 13 KW
Upper plenum 12 KW
Test section 4 KW
Lower plenum 14 KW
Bypass channel 7 KW

Downcomer and recirculation

-lines 20 K
Pump Pl 5 KW
Pump .P2 . ] 6 KW
Pump P3 5 KW
Spray and feedwater lines 22 KW
Total 108 KW

Table 3.7.2 Measured ambient heat losses

Cocling flow between teflon filler and vessel:

Inlet temperature 403 K
Qutlet temperature 493 K
Mass flow 0.565 kg/s
Total loss 204 kW
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Table 4.1 Chronology of key events
Key Event Time {(s)
Experiment FPrediction

Spray condensor emptied 6.5 5.5
Maximum steamdome pressure 7.6 7.0
Bypass inlet flow reversal _ 10 8.8
Start of flashing in bypass 12 11
Start of flashing in broken loop

recirculation line {decwncomer side) 16 12
Start of flashing in intact loop

recirculaticon line 21 14
Start of flashing in broken loop

recirculation line (lower pleniuum side) 22 20
Start of flashing in broken loop

recirculation line (lower plenum side) 22 20
Start of flashing in lower plenum 22 19
Start of flashing in control red

guide tube veolume 25 26
Core uncovery : 50-64 a8
Transient terminated ' 76 120
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Lay-out of FIX IT1 loop

Fig. 2.1.1
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Fig. 2.1.2 Schematic diagram of central loop section
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Pressure vessel ¢ 326/264 . Tefleon filling

Outer diameter 248 mm at 20°C
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2.1.4 Horizeontal cut view of tesk section and radial

power distribution
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Fig. 4.2.2 Three-Dimensional view of calculated cladding
surface temperature
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——= FIX-I1 CALCULATION WITH THYDE~P1 --- FIX2.DATA[(FIX2) 83/04/22000001CC
/ ) 00DC0200
/ PROSLEM DIMENSION DATA 0GCOC2CE
BEO1 : . 0000040
0 0 9 4 & 55 50 9 © 3 C 1 11z = 3 1 1 1 000005CL
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: C. 0. 0. o. c. 0CCD48CC
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2 & 40 1 0 26 TG.1%7C 1. 1. 0.1260 C.C&1C O0GDEOOG
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5 2 3 4 136 55.55132 1. 1. 0.3580 C.3680 ooCCsy00
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S:D 2 4 .5 1 36 £9.%5214 1. 1. C.3680 C.3680C 00006200
D« 0. 0. C. 0. pOo0D&20D
S30607 . 00006400
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Q0C1E2000
DDC1E1D0C
0ae15200
go01s2ce
00015400
pOLISE00
DOC15600
00015700
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42 2 15 5% 0 ¢ 1. -0 + 0 +0
58030%8 ’
432 1 16 ¢ U C I. . ) .0
530807
44 2 27 2 42 0 02z .101 + 556 L0
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1.0 1.0
Z -
~1.0 -1.0 1.0 1,0
&
-1.0 -1.0 0.0t -0.E6 Cuasl -0.156 ~0.51
076 0.48 1.0 1.0
& .
-1.0 2.0 ~0.7%  1.52 ~0.63 1.25 ~0.30
0.0 Q.72 1.0 1.0 .
2 .
1.0 2.0 1.0 1.0
2
~1.0 1.0 1.0 0.0
2
~1.0 -1.0 1.0 1.0
2
-1.0 2.0 1.0 0.0
15 )
-1.0 -1.16 0.0 -~1.24 -0.80 -1.77 -0.70
=0.6 =2.79 0.5 ~2.91 -0.40 ~2.67 ~0.25
~0.1 ~0.50 0.0 0.0 0.10 0.83 0.20
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2 .
-1.0 0.0 1.0 0.0
9
-1.0 0.0 G0 0.0 0.10 -0.04 0.20
2.2 0.1 0.40 -0.21 0D.80 0.617 0.30
1.0 1.0
11
~-1.0 -1.15% -0.90 -0.78 -0.80 -0.50 -0.70
=U0,6 =0.17 =0.50 ~0.08 -0.35 0.0 -0.20
~0.1 0008 0-0 D.11 1.0 0.0
2
0
0
0
11 .
0.0 0.0 .1 Q.U 0.15 0.05 D.24
U.3 0.96 C.4 0.98 0.60 C.97 C.80
0.90C 0.80 0.96 0.50 1.0 0.0
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Appendix C Brief'Description of Code Characteristics Apd
Information on Computer Resources Utilized in

Present Calculation

Table C.1 shows the brief descripticon of the computer code
characteristics. The detailed information of the utilized computer
resources in the present calculationis is shown in Table C.2. The-
se tables have been made for the submittal to the ISP No.15.

Table C.1
Computer Code Characteristics

1 Participant Identificaticn
- JAPAN "B-
2 Name and Version of Computer Code
— THYDE-PT (SVD3L03)
3 Change in Computer Code not Included in Basic Code Description
— Relief valve modeling for FIX-~II caleulation
- Fhase separator modeling
(THYDE-P1 has originally been developed for PWR LCCA anlyses.)

4 Classificatien of Hydredyramic Model

— Drift flux model

— Relaxation model considering thermal non—equilibrium

5 ESlip-Model

- Drift flux model

09 (Dfs— Dgs )] 1/4

~ Vyi=1.14 [ 5
Dt,
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5 Critical Flow Model

~ HModified Zaloudek for subcooled state
— Hoedy for saturated state (Cd=0.8)
- Transition quality : 1).02

7 Interphase Drag Mcdel
See item 4
8 Wall Friction Model
— Single phase friction factor
- 18/Re for laminar flow

—~ Blausius formula for turbulent flow

~ Two-phase multiplier @ Thom
9 Flashing/Condsnsation Model
See item 4
10 Heat Transfer Models.

— Present option selected
— Dittus—Boelter for subcooled foreced convection
- Thom for nucleate beoiling
Bromley—Pomerantz for low flow film boiling
Groenevelt and Dougall-Rohsenow for high flow film boiling

McEligot for superheated steam forced convection

|

Interpolation for transition hoiling

!

11 CHF Correlation
- Present. option selected !

— Biasl for foreced flow condition (high flow)

— Zuber for pool flow condition (low flow)
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Table C.2
Details of the utilized computer rescources in the calculation

l Participant Identification
JAPAN "B’
2  Computer code
THYDE-P1 (SVO3LC3)
3  Number of nocdes
B4
4 Number of junctions
50

5 HNumber of heat slabs

- Core - ;24 (12 for average rod and 12 for hottest rod )

— Core bypass heater © 5
— Cooler 1

&  Computer uvtilized
FACCH M-380

7  Computer time required for the transient

CFU time © 2960 s
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8  Number of calculated time steps

TBCO steps

9 Remarks

- Ambient heat lcss is not taken into consideration :
— Initial core power 3.5 MW
—~ Initial core bypass power @ 62.5 k¥

— No heat slab excebt core, core bypass and cooler
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Appendix D Pump Characteristic Curves Used in Present
Calculation

In this "appendix, the pump characteristic curves used in the
present calculation are presented. These data are taken from Ref.
(13) in the text.

Homologous pump curves for pump P1 used in Studsvik's
RELAP 5 calculations

Curve type “4} or Y/ h/p2 or hﬂzz
HAN (1) 0 1.181
0.27 1.180
0.47 1.160
0.64 1.130
1.00 1.000
HVN {2) 0.0 -0.58
0.41 -0.16
0.51 -0.05
0.76 0.48
1.00 ' 1.00
HAD (3} -1.00 2.00
~0.95 1.81
-G.62 1.52
_~0.5¢0 1.39
0.00 1.181
HVD (4) -1.00 2.00
~0.79 1.53
-0.63 1.25%
-.20 . 0.93
0.00 0.72

Torque curves are not needed (speed given).



JAERI-M 85—115

Homologous pump curves for pump P2 used in Studsvik's
RELAP 5 calculaticns )

Curve type ﬁ/V or Vﬂx h/v2 or hﬁgz
HAN (1) 0 1.136
0.2 1.135
0.4 1.120
0.5 1.100
0.8 1.055
1.0 1.000
HVN (2] 0.0 -0.586
0.2 ~0.385
0.4 ~0.180
9.5 -0.05%5
0.6 0.145
0.8 0.565
1.0 1.000
HAD  {3) ~1.00 2.00
-0.95 1.81
-0.62 1.52
-0.50 1.39
0.00 1.136
HVD (4} ' -1.00 2.00
-0.79 . 1.53
~0.63 1.25
-0.30 0.93
0.00 0.72

Torque curves are not needed (speed given).

Head multiplier for pumps P1 and P2 used in
Studsvik's RELAP 5 calculations

ex M (k)
0.08 0.00
0.10 0.c0
9.15 0.05
0.24 0.08
0,30 0.96
0.40 0.98
0.60 0.¢7
0.60 0.90
.90 0.80
0.96 0.50
1.00 0.00
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Dimensionless head ration difference data (Semiscale)
for pumps P1 and P2

Curve type X ¥
HAN (1) 0.0 0.00
0.1 0.83
0.2 1.09
Q.5 1.02
0.7 1.0
c.9 0.94
1.0 1.0
CHVN {2) .0 0.0
c.1 -0.04
0.2 0.00
0.3 0.10
0.4 0.21
0.8 0.67
0.9 0.80.
1.0 1.00
HAD [3) -1.0 -1.16
-0.9 ~-1.24
-0, 8 -1.77
-0.7 o -2-13%
-0.56 -2.79
-0.5% -2.91
-0.4 -2.67
-0.25 -1.69
=01 -0.50
G.0 Q.00
HVD  {4) : -1.0 -1.1%
-0.9 -0.78
-0.8 -0.50
-0.7 -0.33
-0.6 -0.17
-0.5 ~0.08
-0.35 0.00
-0.2 0.05
-0.1 0.08
0.0 ' 0.11




