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In order to assess the core thermo-hydrodynamic medels of REFLA-1D/
MODE3, which is the latest version of REFLA-1D, several calculations of
the core thermo-hydrodynamics have been performed for the CCTF Core-l
series tests. The measured initial and boundary conditions were used
for these calculations. The calculational results showed that the water
accumulation model of Case 2 could predict the CCTF results fairly well
as it could for the JAERI small scale facility. The calculated results
for the base case and the EM tests were in good agreement with the CCTF
data. The parameter effects, such as system pressure, initial clad
temperature, Acc injection rate, LPCL injection rate and initial down-
comer wall temperature, were predicted correctly, except for the high

system pressure and the high LPCL injection rate tests.

Keywords : REFLA-1D/MODE3, CCTF, Assessment Caleculation, PWR, LOCA,
Reflood Phase, Thermo-hydrodynamic
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1. Intreduction

REFLA—lD(l)

is a computer code being developed at the Japan Atomic
Energy Research TInstitute (JAERL) for the analysis of the thermo-
hvdrodynamic behavior in a pressurized water reactor (PWR) during the
reflood phase of a loss-of-coolant accident (LOCA). This code belongs
under the category of the best-estimate (BE) code.

()

The latest version of the code is REFLA-1D/MODE3 This version

includes some new improvements(B) in the core thermo-hydrodynamic models,
which were developed using the experimental data of the small scale
reflood facilities, such as, the JAERI small scale reflood test fa-
cility(é) and the FLECHT facilities(B).The scaling ratios of the core
flow area of these facilities to a 1000 MWe class PWR are 1/2500 and
1/370 for the JAERT and the FLECHT facilities, respectively. The
results of the assessment calculations for the small scale facilities

were fairly in good agreement with the experimental data, as presented

in reference 3.

(6)

The JAERI's Cylindrical Core Test Facility (CCIF) is a large
scale reflood test facility and the scaling ratio of the core flow area
to a 1000 MWe class PWR is 1/21.44. Furthermore, the CCTIF simulates

an actual reactor as closely as possible, and hence, is expected to
pive the realistic data of the thermo-hydrodynamic behavior in an

actual PWR.
The possible differences related with the facility scaling are the

multi-dimensicnality of the thermo-hydrodynamics and the wall effect.
Although the wall effect is important in small scale facilities, it
becomes negligible.in larger facilities. The characteristics and the
degree of the multi-dimensional effect has not clarified, and hence,
the JAERI's experimental project using the CCTF and the Slab Core Test
Facility (SCTF)(6) is intended to investigate the eifect.

In this report the results of REFLA-1D/MODE3 core calculations,
j.e. calculations of the thermo-hydrodynamics in the ceore, for the
CCTIF Core-I series tests are presented and discussed in corder to assess
the core thermo-hydrodynamic medels, which were developed using the data

of the small scale facilities, with the data of the large scale facility

CCTF.
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2. Core Thermo-hydrodynamic Models in REFLA~1D/MODE3

The thermo-hydrodynamic correlations used in REFLA-1D/MODE3 are
tabulated in Table 2.1. The correlations improved since REFLA-1D/

(1)

MODEL are the correlation for slip velocity in the saturated two-phase
flow and transition flow regions and the hydrodynamic and heat transfer
correlations in the dispersed flow region. The quench velocity correla-
tion was also improvedFB)

For the estimation of the slip velocity in the saturated two-phase
fiow and the transition flow, the modified Lockhart-Martinelli's cor-
relation(7) is introduced in addition to the modified Yeh's correlation§7)
In the dispersed flow region, two types of hydrodynamic models, i.e.

(3)

Case 1 and Case 2, are introduced. In both cases, the liquid accumula-
tion regions are assumed to exist above the quench front. The length
of this region is now set to 0.3 m. Above the liquid accumulation region,
there exists the normal dispersed flow region in Case 1, whereas the
other liquid accumulation region in Case 2. In this region, the void
fraction has a value between the values corresponding to the transition
flow and the dispersed flow due to the integration of dispersed droplets.
The heat transfer coefficient in the dispersed flow region for Case 2
is calculated as,
o, - o - o
hen o4y <

t _ a’ -
g T % % T %

where, the void fraction and heat transfer coefficient for the transi-

tion flow are expressed by a_ and ht’ respectively, and for the dispersed

t
flow oy and hy, respectively. The void fraction O is rcalculated using
the slip velocity, which is obtained with the modified Yeh's correlation
or the Lockhart-Martinelli's correlation, whereas ad is calculated based
on the slip velocity corresponding tc the critical Weber number Wec.
The drag coefficient for the liquid droplet was also changed as,
CD = [ 24/Re (Re < 2)
17.54 = Re”°7°%73 (2 £ Re < 1000)

0.4 (1000 = Re)

The quench velocity correlation was improved in order to extend

the applicability of the correlation to the lower quench temperature

A_zf
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than the maximum liquid superheat temperature and to the lower and
higher system pressures than 0.4 MPa. This improvement is described

in detail in reference 3.
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Table 2.1 Correlations used in REFLA-1D/MCDE3R (From Reference 3)

Flow region Hydrodynamic correlations | Heat transfer correlations

1) Single 1liquid phase V1+Vg=F-(l/Z)-({Jl/De)-uf Q, = L/S+ég

flow/Subcooled F=0.3166Re™0-25 (Re22400) | ¢g = 0.24344T"%exp(0.6447
nucleate bolling F=64/Re (Re<2400) x107% P)
region Re = Deuy /vy (Jens & Lottes)
a=0 Qg =0
{2) Saturated two- VgtV = 0 Q = L/S*¢p
phase flow region Au: Eq.(4-4) Z bug | Qg = 0
ayeh’ Egs.{2-35) T = Tg = Tgar
(2-37)
apym ¢ Eg.(4-3), K=3
a i Eq.(2-34) = ag
{3) Subcooled film VgtVg = 0 Qp = L/8+he (T,~Tg,¢)

boiling region a =10 h = hgyp + hg :
Eqs.{3-10) and (3-6)

(4) Transition flow Qg = L/S-he (T ;Tgac}
region h : Eq. (3-13)
(5) Dispersed flow VetV = (F of (6)}'(pg/De) Qg = Qvp + QuD
region -(1/2)-ug2 Qyp = (n/ul)kgnDd Nyvp
(if Ausdug) du : Eq.(2-39) + a (Tg-Tsar)
Re = Deug/vy Cp @ Egq.{(2-49) Nyyp = 2+0.34R,0-566py1/3
Req = Dgbu/vg buc: Eqs.(2-47), (Reg21800)
(if Aug<du<bug) (2-49) and (2-45) Nyyp = 2+0.55Re0+Sprl/3
Value = a : Eq.{4-6) + 1.=15.Bs (Rad<1800)
ag-e | ®d ¢ Eq. (2-34) + Au, Gp = (L/S)hpyp = (Ty-Tgar)
Value of (4)- A "
ad-Gg 4 D hpwp = E-Fgre(Ty'-Tga™)
+ Val f (5) 7% ﬁ% N (1-3)/fintég)3] /(Ty=Tsar)
alue o ag-og’ Fs = min (Sn/ug'nDdZ/L. 1)
dpax® Eq.(2-34) +0.01 duc [ Qg = Q of (6)
where Aug: 4u of
5 d(1-a) Ty = Tgat
(2. (——Ez——amax: Eq.{2-56)
€, : 2.0 m!
C; : 0.3 m!
{6) Superheated steam VitVg = F*(1/2) (pg/De) Q=0
flow region -ug2 Qg = L/S-Ag/De-Nu(Tw—Tg)
Re = Daug/vg F=0.3166Re=9+25 (Re22400) | Ny = 0.023Re%+8pc 0%
F=64/Re (Re<2400}) | (Re2z2700)
am1 Ky = max(1.077 (RePrDe/Z) '/ 3,
3.65) (Ra52100)

Ny = By2100+(Nuz7c0-Nuz1200)

+ (Rg-2100) /600
(2700>Re>2100)

Note : Equation No. in this table is that in Reference 3.
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3. Assessment Calculation for CCTF Core-1I Tests

3.1 Calculation Conditions

The total number of the CCTF tests assessed with REFLA-1D/MODE3
and presented in this report is eleven. The main conditions of these
tests are summarized in Table 3.1.

In the present calculations with the REFLA-1D/MODE3, the number
of the calculational nodes was set to 90 and each node represents the
region of 40.67 mm high of the CCTIF core. The calculational initial
and boundary conditions were determined based on the CCTF data. The
core flooding rate and the liquid temperature and pressure at the core
inlet were given at each calculational time through the whole transient
of the calculation. They are presented in Fig. 3.1 for the base case
test. The core flooding rate was obtained from the mass balance calcu-

latien. Namely,
4

m.=m +n6,6 + I m .
F C U 1=1 L,1i

where, symbols ﬁF, mc, mU and ﬁL,i are the core flooding rate, the water
accumulation rate in the core, the water accumulation rate in the upper
plenum and the fluid mass flow rate in the i-th (i = 1 v 4) primary
loop, respectively. Smoothing, I.e. averaging, of the data is performed
tc obtain m. and fy.

As described in the previous section, two Cypes of water accumula-
tion models, Z.e. Case 1 and Case 2, are available in the calculation.
Case 2 model is adopted in the present assessment calculations, because
this model can predict the phencmena ohserved in the CCTF tests much
better than the other model (Case 1) as shown in Figs. 3.2 (a) and (b).
The calculated results with both models are compared with the CCIF data
for the base case test in Figs. 3.2 (a) and (b). Figure 3.2 {a) is a
comparison of the quench envelopes and Fig. 3.2 (b) rod surface tempera-
tures at the midplane level. These results confirm that Case 2 predicts
the phenomena in the CCTF tests better.

The input list for the base case test is given in Appendix A.
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3.2 Calculational Results for Base Case Test

The calculational results for the base case test are compared with
the CCTF data in Figs. 3.3 through 3.7. Figure 3.3 shows the comparison
of the gquench envelopes for the average power rod. The CCTF data are
presented with the mean value and the standard deviation. The quench
envelope of the average power rod represents the overall core cooling.
Figure 3.3 shows that the calculational results are in good agreement
with the CCTF data except for the top part (above 2.5 m) of the core.
Therefore, it is said that the overall core cooling is predicted well
by REFLA-1D/MODE3.

Figure 3.4 shows the temperature histories of the average power
rod at five elevations. The corresponding heat transfer coefficients
are given in Fig. 3.5. The béhaviors of temperature histories in Fig.
3.4 follow those of the heat transfer coefficients in Fig. 3.5. The
calculated results are generally in good agreement with the experimental
data. However, in a few points, there are some differences between the
calculated results and the experimental data. They are summarized in
the following:

1. The cooling in the calculation is not as good as in the experiment
during the period of about 100 s prior to quenching. This tendency
is more significant at higher elevations.

2. The calculation tends to give the better cooling at upper elevations
(2.44 m and 3.05 m) during about first 150 s.

3. The cooling in the calculation at the 1.015 m and 1.83 m elevations
is not as good as in the experiment during about first 20 s.

Figure 3.6 shows the comparison of the quench temperatures of the
average power rod. The calculation tends to give the higher quench
temperatures,

In order to examine the hydrodynamic behavior, the core water head
and sectional void fractions are compared with experimental values in
Fig. 3.7. The experimental void fractions were obtained from the dif-
ferential pressure data neglecting the frictional and accelerational
pressure losses, because the contribution of them is evaluated to be
within 2 percent of the void fraction at every section. Concerning with

the water head, the calculational results are in good agreement with the

experimental data. However, the predicted void fraction in each section

of the core except for the lowest section (0 - 0.6L m) differs from the

6_
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experimental value. The differences are summarized in the following:

1. 1In the initial period up to 25 s, the calculation tends to give
the higher void fractions. The experimental data start to decrease
from the beginning of reflooding in every section, whereas the cal-
culational results show the delay of decrease of void fractionms in
the sections above 0.61 m elevation.

2. After that period, the caleulation tends to give the lower void
fractions in the sections below 2. 44 m elevation, whereas the higher
void fractions in the sections above 2.44 m elevation.

Although both the calculational and experimental values in the top
section (3.05 - 3.66 m) are not presented in Fig. 3.7, they are almost
identical to those in the next lower section (2.44 - 3.05 m).

The fact presented in item 2 above igs the reason for the almost
identical core water heads, that is, the difference in void fractions
below 2.44 m elevation is almost canceled with the difference above

2.44 m elevation.

3.3 Calculational Results for Parameter Effects Tests

In this section the calculational results for the CCTF Core-1
parameter effects tests are presented in order to investigate whether
the calculations can predict the same parameter effects as observed in
the experiments. The parameters investigated are the system pressure,
initial clad temperature, accumulator system (Acc) injection rate, low
pressure coolant injection system (LPCI) injection rate and initial
downcomer wall temperature. The test conditions for those parameter
offects tests are tabulated and compared in Table 3.1.

As the representatives of comparisons of parameter effects between
in the calculations and in the experiments, the quench envelopes of the

' average power rod and the rod surface temperature histories of the
average power rod at the midplane level (1.83 m) are compared for each
parameter in the following. The other calculated results are presented
in Appendix B.

Figures 3.8 and 3.9 show the comparisons for the system pressure
parameter effects tests. Both figures show that the calculation can

predict qualitatively the system pressure effects observed in the CCIF

tests. Except for the case of 0.3 MPa, the quantitative agreement is

also fairly good. 1In the case of (.3 MPa the calculation underestimates
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the core cooling. This tendency is observed more significantly at
higher elevations as shown in Fig. 3.8.
From the comparison in Fig. 3.9, it is recognized that the turn-

around temperature for 0.3 MPa test is higher but lower for (.15 MPa in

the calculation. This implies that the sensitivity of REFLA-1D to the
system pressure is not good enough,

Figures 3.10 and 3.11 show the comparisons for the initial clad
temperature effects tests. Both figures show that the calculation can
predict qualitatively the initial clad temperature effects observed in
the CCTF tests. The quantitative'agreement igs alsc fairly good.

Figures 3.12 and 3.13 show the comparisons for the Acc injection
rate effects tests., Beth figures show that the calculation can predict
qualitatively the Acc injection rate effects observed in the CCTF tests.
The quantitative agreement is also fairly good.

Figures 3.14 end 3.15 show the compariscns for the LPCI injection
rate effects tests. 1In Fig. 3.14 the calculated.quench times of the
high LPCI injection rate test are slightly longer than those of the base
case test above the midplane level, although the CCTF data indicate the
opposite tendency. Also, in Fig. 3.15, the calculated temperature
histories of both tests are almost idential, whereas the CCTF data
indicate the the considerable difference in the temperatures around
the turnarcund times. Therefcre, the effect of high LPCI injection
rate is not predicted well with REFLA-1D, although the quantitative
difference is a little.

The effect of the low LPCI injection rate, however, is predicted
well qualitatively as shown in Figs. 3.14 and 3.15. The quantitative
agreement is also fairly good.

Figures 3.16 and 3.17 show the comparisons for the initial down-
comer wall temperature effects tests. From Fig. 3.16 it is found that
the calculated quench times for both tests are nearly identical, al-
though the CCTF data indicate the saturated wall test gives much shorter
quench times in the upper half region. The calculated temperature
histories are also nearly identical in both tests, whereas the CCTF
data show the better core cooling after the turnarcund in the saturated
wall test. These results indicate that the sensitivity of REFLA-1D to

the initial downcomer temperature effects is not as good.
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3.4 Calculational Results for EM Test

In the CCTF Core-I1 series tests, a test whose initial and boundary
condltions were determined as closely as possible to those of the eval-
uation model (EM) analysis was conducted. This test is named the EM

N

test The EM test was conducted in order to demonstrate the safety

margin of the EM analysis experimentally and its initial clad temperature

was the highest in the CCTF Core-1 tests (Table 3.1). Therefore, in the
following, the calculational results are compared with the CCTF data in
detail.

Figure 3.18 shows the comparison of quench envelopes cf the average
power rod. Except for the top part (above 2.5 m), the calculational
results are in good agreement with the CCTF data. This implies that
the overall core cooling is predicted well with REFLA-1D/MODE3.

Figure 3.19 shows the temperature histories of the average power
rod at five elevations. The corresponding heat transfer coefficients
are compared in Fig. 3.20, The tendencies of temperature histories in
Fig. 3.19 are consistently explained by those of heat transfer coef-
ficients in Fig. 3.20. The calculated results are generally in good
agreement with the CCTF data. In a few peints, however, there are
differences between the calculated results and the CCIF data. They are
summarized as follows:

1. The cooling in the calculation is not as good as in the experiment
during the period of about 100 s prior to quenching. This tendency
is more significant at higher elevations.

2. The calculation tends to give the better core cooling at upper
elevations (2.44 m and 3.05 m) during about first 150 s.

3. The cooling in the calculation at 1.015 m and 1.83 m elevations is
not as good as in the experiment during about first 20 s.

These items above are the same as in the results for the base case
test and seem to he the general problems in all REFLA-1D/MODE3 calcu-
lations more or less.

Figure 3.21 shows the comparison of the quench temperatures of the
average power rod. The calculation tends to give the higher quench
temperature. However, the differences are not significant.

In Fig. 3.22, the core water head and sectional void fractions are
compared in order to examine the hydrodynamic results. The experimental

void fractions were obtained from the differential pressure data neg-
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lecting the frictional and accelerational pressure lesses. Concerning
with the core water head, the calculational results are in good agree-
ment with the CCTF data. The sectional void fractions predicted,

however, differ from the experimental values except for the lowest

section (0 - 0.61 m). The differences are summarized as follows:

1. In the initial period, the calculation tends to give the higher
void fractions. This tendency is more significant at higher
elevations. The experimental value starts to decrease from the
beginning of refleooding in every section, whereas the calculational
results show the delay of decrease in the sections above 0.6l m
elevation.

2. After that time period, the calculation tends to give the lower
void fractions in the sections below 2.44 m elevation, whereas the
higher void fractions in the sections above 2.44 m elevation.

Although both the calculational and experimental values in the top
section (3.05 - 3.66 m) are not presented in Fig. 3.22, they are almost

identical to those in the next lower section (2.44 - 3.05 m).
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4, Discussion

4.1 Characteristic of Calculational Results for CCTF Tests Comparing

with Results for Small Scale Facilities' Experiments

According to the results(B) of the REFLA-1D/MODE3 calculations for

the experiments using the small scale facilities, RETFLA-1D/MODE3 predicts
the core thermo-hydrodynamic behavior in those facilities well by select~-
ing Case 1 or Case 2 model case by case. For the JAERI small scale
facility, Case 2 predicts the experimental results well, whereas for the
FLECHT low flooding facility Case 1 is generally good. As shown in Figs.
3.2 (a) and (b), Case 2 predicts the CCTF data well.

The difference like this seems to be caused by the difference in
the facility design and the experimental conditions. The former means
the design of flow housing and upper plenum structure including top
nozzle or end box structure. The latter includes the initial temper-—
atures of flow housing, heater rods and the core flooding rate.

Since the CCTF is a large scale facility with a wide core and its
system simulates an actual PWR considerably well, the effects of flow
housing 1s negligible and the core flooding rate 1is considered to be
the realistic value. The upper plenum and end box regions are also
simulated in the CCTF., Therefore, the core thermo-hydrodynamic be-
havior observed in the CCTF is inferred to be the same as that in an
actual PWR. This suggests that the thermo-hydrodynamic behavior de-
scribed with Case 2 model takes place in the core of an actual FPWR,
considering the fact that Case 2 predicts the CCIF data well.

On the other hand, Case 1 model does not describe the water accumu-
lation above the quench front but describes the dispersed flow above
the quench front which was observed generally in the family of FLECHT
experiments. The reason the dispersed flow was generally observed above
the quench front In those experiments seems to be the incomplete simula-

tion of the upper plenum and end box structures. The effect of flow

housing may also be important.
4.2 General Characteristics of Calculational Results for CCTF Tests

Judging from the comparisons of the calculated results with the
CCTF data, such as Figs. 3.3 through 3.7 and Figs. 3.18 through 3.22,
it is recognized that REFLA-1D/MODE3 can predict the core thermo-
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hydrodynamics in the CCTF generally well and the degree of agreement is

satisfactory for the practical purpose. However, as peinted out in

Sections 3.2 and 3.4, there are some differences between the prediction

and the experiment. For the thermo-dynamics:

1. The cooling in the calculation is not as good as in the experiment
during the period of about 100 s prior to quenching. This tendency
is more significant at higher elevations.

2. The calculation tends to give the better core cooling at upper
elevations (2.44 m and 3.05 m) during about first 150 s.

3. The cooling in the calculation at 1.015 m and 1.83 m elevations is
not as good as in the experiment during about first 20 s.

For the hydrodynamics:

4. 1In the initial period, the calculation tends to give the higher
void fractions. This tendency is more significant at higher eleva-
tions. The experimental value starts to decrease from the beginning
of reflooding in every section, whereas the calculational results
show the delay of decrease in the sections above 0.61 m elevation.

5. After that time period, the calculation tends to give the lower
void fractions in the sections below 2.44 m elevation, whereas the
higher void fractions in the sections above 2.44 m elevation.

Item 1 above seems to be attributed to the problem of the heat
transfer coefficient model. Item 2 above is also attributed to the
problem of the heat trnasfer coefficient model. Comparing the heat
transfer coefficients in Fig. 3.5 with the void fractions in Fig. 3.7,
it is found that the calculated heat transfer coefficients have a strong
relation with the void fraction and increase rapidly following the rapid
decreases of the calculated void fractions, whereas the experimental
teat transfer coefficients have more weak relation with the void frac-
tions and increase gradually during about first 150 s.

Ttem 3 above is mainly caused by the problem pointed out in item
4. In the present hydrodynamic model used in REFLA-1D, the liquid
entrainments can not be generated and distributed to the upper portion
of the core instantanecusly after the reflood initiation and it takes
time (about 20 s in the base case test) for void fractions in the upper
portion of the core to start decreasing. By this reason the problem
of item 4 occurs and this higher void fractions result in the worse
core cooling in that period as pointed out in item 3.

Ttem 5 above is attributed to the problem in hydrodynamic model.
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In the present calculation, however, the quantitative reflection to
the heat transfer coefficient is not observed significantly as shown in
Figs. 3.5 and 3.20.

Ttems 1, 2 and 5 are also observed in the calculations for the
JAERI small scale tests(a). However, items 3 and 4 are not observed In
these calculations. This is because the hydrodynamic characteristic is
a little different between the CCIF and the JAERI small scale facility
in the initial period. This difference 1s not easily attributed to the
difference in the scaling ratio because the facility designs are not

the same, For instance, the simulaticn of the upper plenum and end box

structures are different between these facilities.

4,3 Capability of Predicting Parameter Effects

The capability and the sensitivity of REFLA-1D to predict the
parameter effects are summarized in the following:

1. The parameter effects of system pressure, initial clad temperature
and Acc injection rate are predicted qualitatively correctly.

2. For the LPCI injection rate effects tests, the predicted tendency
in quench envelope for the high LPCI injection rate test is not
the same as observed in the experiment, although the quantitative
difference is a little.

3. The parameter effects of initial clad temperature and Acc injection
rate are predicted also quantitatively correctly.

4. The sensitivities to the system pressure, LPCL injection rate {only
for high LPCI injection rate) and initial downcomer wall temperature
are not good comparing with the experimental data, although the
quantitative differences are not significant.

Figure 3.14 shows the problem pointed out in item 2 above. For the
low LPCI injection rate test, both the qualitative and quantitative
agreement between the calculated and the experimental results are good.
For the high LPCI injection rate test, however, the calculated quench
times are slightly longer than those for the base case test, whereas
the experimental data give slightly shorter quench times than for the
base case test. The main difference between these two tests has been
found in the core flooding rate which is caused by the difference in the
LPCI injection rate. The core flooding rates estimated by the mass

balance calculation (see Section 3.1) are compared in Fig. 4.1. The
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difference in the core flooding rate between them is observed during
the time of 25 s through 75 s. In this period the experimental data
for the high LPCI injection rate test show better core cooling as shown
in Fig. 3.15 and this seems to be the reason for the slightly shorter
quench times., However, in the calculation, the better core cooling in
that time period is not predicted and this seems to be the reason for
the slightly longer quench times.

Regarding to items &4 above, the initial downcomer wall temperature
effects have been found to mainly result in the difference in the core
inlet subcooling. Therefore, it can be said that the sensitivity of
REFLA-1D to the core inlet subcooling is not as good. However, the

quantitative difference is not significant.
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Conclusions

Based on the comparisons between the calculated results by

REFLA-1D/MODE3 and the experimental data for eleven CCTF Core-1 tests,

the following conclusions are obtained.

1.

10.

11.

The experimental results of the CCTF tests are predicted well by
using the water accumulation model Case 2. The other model Case 1
can not predict the CCTF results well.

The calculated results are generally in good agreement with the
CCTF data. However, compafing in detail, the following items 3
through 7 are pointed out as the diiferences.

The cooling in the calculation is not as good as in the experiment
during the period of about 100 s prior to quenching. This tendency
is more significant at higher elevations.

The calculation tends to give the better core cooling at upper
elevations (2.44 m and 3.05 m) during about first 150 s.

The cooling in the calculation at 1.015 m and 1.83 m elevations is
not as good as in the experiment during about first 20 s.

In the initial period, the calculation tends to give the higher
void fractions. This tendency is more significant at higher eleva-
tions. The experimental value starts to decrease from the beginning
of reflooding in every section, whereas the calculational results
show the delay of decrease in the sections above 0.61 m elevation.
After the initial period mentioned above in item 6, the calculation
tends to give the lower void fractions in the sections below 2.44 m
elevation, whereas the higher void fractions in the sections above
2.44 m elevation.

The parameter effects of system pressure, initial clad temperature
and Acc injection rate are predicted qualitatively correctly.

For the LPCI injection rate effects tests, the predicted tendency
for the high LPCI injection rate test is not the same as observed in
the experiment, although the quantitative difference is a little.
The parameter effects of initial clad temperature and Acc injection
rate are predicted also quantitatively correctly.

The sensitivities to the system pressure, LPCI injection rate (only
for high LPCI injection rate) and initial downcomer wall temperature
are not good comparing with the experimental data, although the

quantitative differences are not significant.
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Appendix A

Input list for the base case test.



xx RUN 14
2.086
100.0

2
g0
.1

1000.0
499.0
120.0

2
14
TEL8Z11
TE18Z12
TE18Z13
TE1BZ14
TE18Z15
DPLOCPY
DPDOWNS
DPLOOPA
ODPCOREA
LTO7RASV
LTO&RASY
LTOSRQS5V
LTO4RQS5Y
LTC3IRASY
LTC2RASY
ULCRIL
TACRIN
LTCLRAS
PTOORNO
TE3ZX13
TE29X11
TEZ29X12
TE29X13
TE29X14
TE29X15
TE18Y11
TE18Y12
TE18X13
TE18X14
TE18X15
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BASE CASE TEST., P=2.0 BAR,
0.25 7.0 100.0
8.0 8.0 0.1
433.3 720.0 §20.0
10.7 14.3
0.25
10.8 2000.0
51¢.0
1500.0
22 2.0 211

AVP=1.4KW/M

2.000

755.3
3.56

0.41318

2.000

565.3
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Appendix B

Graphic output of REFLA-I1D calculations.
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In this Appendix, the graphic output of REFLA-1D assessnment
calculations is presented for each of the CCIF tests. Twelve sets of
graphs are presented in the following and each set consists of twelve
graphs. The classification of the sets is summarized in Table B.1.

In each set, the first through fourth figures are experimental
values and the remainder is the calculated. The first, second, third
and fourth figures correspend to the sixth, seventh, ninth and tenth
figures, respectively. The calculated data in the fifth through the
last figures are the same types of data presented in the REFLA~1D/MODEL
manual(l). The correspondence of‘elevation (abbreviated as EL.} numbers
to actual elevations for rod surface temperatures (the second and seventh
figures), heat transfer coefficients (the third and ninth figures) and
void fractions (the forth and tenth figures) are summarized in Table B.Z.

The units for the core flooding rate in the first and sixth figures

are not mAgq. but cm/s and the values can be obtained with the following

equation:
ULL = (y - 6) x5 {cm/s)

where the core flooding rate is ULL and the value in the figures is y.
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Table B.1 Classification of sets of graphs
Set No. Description
B.1 Test Cl-5 {Base case)
B.2 Test Cl-5 (Base case, Case 1 model)
B.3 Test (1-12 (High system pressure, 0.3 MPa)
B.4 Test C1-10 (Low system pressure, 0.15 MPa)
B.5 Test Cl1-7 (High initial clad temperature, 700 °C)
B.6 Test Cl-14 (High initial clad temperature, 800 °C)
B.7 Test C1-11 (Low Acc injection rate)
B.8 Test Cl-6 (High LPCI injection rate)
B.9 Test C1-9 (Low LPCIL injection rate)
B.10 Test Cl1-2 (Superheated initial downcomer temperature)
B.11 Test Cl-3 (Saturated initial downcomer temperature)
3.12 Test Cl-19 (EM)
Table B.2 Correspondence of elevation numbers
to elevations
Fig. No.
Flevation No\ Figs. 2, 3, 7 and 9 Figs. # and 10
(EL.)
1 0.38 0 -0.61
2 1.015 0.61-1.22
3 1.83 1.22-1.83
4 2.44 1.83~ 2.44
5 3.05 2.44-3.05
6 3.66 3.05 - 3.66
Unit m
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B.1 Test Cl-5 (Base case)
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B.3 Test Cl-12 (High system pressure, 0.3 MPa)
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4  Test Cl-10 (Low system pressuré, 0.15 MPa)
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B.5 Test Cl-7 (High initial clad temperature, 700°C)
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Fig. B.5.1 Core flooding rate (UL1l), core differential
pressure (PC1-PCN1), downcomer differential
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COr e R Rt 16
EMPERBTURE H]I9TORY

" TWOEE b M [WIFTD .7 I IR
“ [t .40 e IWEEE Wb
- | 2au EON TR W) Tl ety R Sl B T F T T T T T 1 T 1 T 3
L ]
. 800 [
e e T ;
o - \x\ ]
- I, ’ - 1
~ i
T 600 / ,@’-
o r\%‘/— . —
[} '// \\\_ : i -\\‘ 7
[ N ™. .
0. \% ™~
300 feg o — A - O
b N ) |
L j) : | . ‘ -
. . - e T Pt it @»J—
U ’ . 1 1 ! i i [l 1 1 1 1 1 1 1 d 1 ) I W W—

o 100 200 300 400 : 500
TIME AFTER FLODD ¢ SEC )
Fig. B.5.2 Rod surface temperatures (Experimental value)



JAERI - M 83103

CUYEF -1 1 KUN OIB

4o~ TE1BZ13

< 30n

¢
i

o

NYANEES
-
g
R
I

e Nvly]

Lid

T E ”’]U Y (RPN R 'l B | L 4 1 1 i i L 1 i 1 L. i 1 L

[( 100 200 300 400 500
[ THME HETFR FLOOD ¢ 5B

¥ig. B.5.3 Heat transfer coefficients (Experimental values)

CeIE DHTA RUN 1B
TYOINDFRACTION HISTORY

O---AGIEL . 1) &-- - AGLEL .2 4+~~~ AGIEL .3}
X---RGLEL .4) &O--~ AGLEL .5) 4--- AGLEL .B)
e 12 T T T T T T T | AT S
[ug] F i
- -
., 99 %mﬁ
X — 1
L \nnmww .
. N MR NP
c.6
3
N T
- .
i) \'\/‘—/_\A
a.3 -— —
=
o
u.Q . .....;. | 1 (.Jj e 1_{13| PR ,(I{J 1,_1___;_0_ _,‘,,’l;,J,,,.,J(J.?_L._... Y Y SRR Y P
s} 100 i 200 300 400 500

TIME RFTER FLODD © SEC 1

Fig. B.5.4 Void fractions (Experimental'values)

— 61—



»

JAERl' —M 83 — 103

o RUN VE owr  DEOIE ENT RO G R e (LS, P2,

CUMPERIPURE PROFTLE OF FUEL SURVACL

O--0 SEC A -- 50 SEC +--~- 100SEC
- X~-- 1505EC &--- 200B5EC 4- - 2505EC

®---- 3008EC Z--- 3505EC Y-~ - 4005EC
(5 1200 T T T e B — T T T T
" 300
l'r -
o - i
— I~ =
. BUOC - T
T i
s . N
N 300 [

[ E}L b |
—- ' 7
(J L ] 1 1 1 L 1 1 ] 1 1 I L i i 1 1 1

0-0 1.0 2.0 3.0 4.0 5.
ELEVHITTON M)
Fig. B.5.5 Rod surface temperature distributions

s RUN 1L A= HIGH INTTIRL CLAG bLMb - (S0, P=Z

ULtiP).OPTS.OPDWN
O---UL1/5+6 A~ -- PCLI-PCNI +--- DPOWN

&
Z. H T T T T T T T T T
ol Q‘\‘ I~ Wu ]
% i i R AR N IAVEW VAN A V-, e
o
oo
P E
Wi §
o
n L |
L4
CE -
b i
-
vl T
o A
e
w2 - -— e e
I,.l_q ~ . . [ P N — _,,,_,..,,,,,ﬁ‘-‘_,___,,-‘g&‘—————“‘-
[D .

L T e T g e T T T e

Fig. B.5.6

TIME AFTER FLOOD 0 SET )

pressure (PC1-PCN1)

By

S1RIAS

Core flooding rate (UL1) and core differential




JAERL ~ M 83— 103

Fig. B.5.8

Quench temperatures
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Fig. B.5.11 Movement of flow regime boundaries
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B.6 Test Cl-14 (High initial clad temperature, 800°C)
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Fig. B.6.1 Core flooding rate (UL1), core differential
pressure (PC1-PCN1l), downcomer differential
pressure (DPDWN) and loop differential
pressure (DPLOOP) (Experimental value)
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B.7 Test Cl-11 (Low Acc injection rate)

L dt

SHERSE

RUN 20

PLO1 1 UPTS, OPOWN

Lt

[ R it T el A R RS E R A R

S = W{BV‘\«/’\(}Y‘\/J”\,/{SJI_\/\M A /‘-"QT\ f\/\

6 Ao PCL-PCNI 4o - PR

S Wt pebet Sl Wl Sl S A Y R R N | ]

e, i S SO A ____—
—

A T e f')é—/"'“-/'\/"'(\/""‘*‘\rx\ 7
o

o ~

(‘“_H.,é&_/aﬂnfaﬁﬁr5‘;iknmqgffnff*=’ﬂi’“"”’ﬂ”*g“""\/“

1 1 L L 1 ! 1 L 'l i i l . i i) 1 R
200 300 400 500

TIME RFTER FLODOD ( StC ]

Fig. B.7.1 Core flooding rate (ULl), core differential

L0t

[IHTH

pressure (PC1-PCN1l), downcomer differential
pressure (DPDWN) and loop differential
pressure (DPLOOP) (Experimental value)

RN 20

TEMPERATURE HISTORY

o 1200

900

600

300

Fig.

KT - :

B.7.2

100 200 300 :
TIME AFTER FLOOD - SEOC )
Rod surface temperatures (Experimental value)



CCTF-1 1 REN 020

JAERI — M 83— 103

O - TEIaL1d A 4= TL18Z21 3
K- 40 IB714 &

= 00 wegeBe e e Bt € . v Bt g
) o]
s
+
B
_zun e | ——r~44——7i¥iﬁ
L
3 160 hNu ,«A’“j\
8 U . ¥ P Vi ]
O ,ﬂ ! %\{MU’MJ A/-}’f Vi |
o il Ww« P A
L PN SOV
T o |
o
—
- ]
LLi .
1 SR IO T A L " l.._ P 1 1 i 1 L L [

Lo e T 00 300 400 500

TIME RFTER FLODD U SEC 0

Fig. B.7.3 Heat transfer coefficients (Experimental values)

CCTF DRTHA RUN 20
YOIOFRACTION HISTORY
‘ .

- O---AGIEL .11 A--- AGIEL -2) +---AGIEL.3)
X--- AGLEL -4 &--- AGLEL .5 4--- AGLEL -B)
= 1.2 T T T 1 T 7 | N N S T T T— T T 1
: R
e
O 0.8
a
-
-
0.6
(]
o
0.3 —
=2
WGMM/@\/“*W
0.0 PRV L 1@;;-1/ T S N | T S B | R W P
1en 200 300 400 500

TIME AFTER FLOOB  SEC )

Fig. B.7.4

Void fractions (Experimental values)

,'73 _



ko RUN 20

JAERI — M 83 — 103

xx»  LOW BCC IESH, F

2L BAR, AP0 ARKR/M

[FMPERATURE PROFILE OF Futl SURFRCE

& --0 SEC &e—-- 50 SEC +--- 1005¢E(
- X--- |50SEC & -~ 2008EC 4--- 2505EC
Y- --- 3008EC Z--- 3505EC Y--- 4005EC
(, 1200 T Tt T T T T T T T T T
- e
sna |- - - -
(PR}
o
-
(Yuls) —
U -
[N
o
300 .
P
L N
— ]
[] Il 1 L 1 l 1 L i i 1 1 rl It L L 1 Y R
0.0 1.0 2.0 3.0 4.0 5.0
FLEVATION [ M
Fig. B.7.5 - Rod surface temperaﬁure distributiohs

i M.AQ.

c
T

PRESSUR

DIFFERENTIAL

*x RUN 20

<% LOW ACC TEST. P=2.0 BAK,
UL L1 DP TS BPOWN

HVP =1 J4KW/M

OrF--4L1/56+6 M- - PCI-PONI +- -~ DPOWN
B T T T T T T T T T T 1 T T T T T
AN BFSIPY AV DAV VA PV
6
4 -—
z2
i (NSRS FIFNISHEEEIP W B S R
DD L ‘1600 — IZOD R _1350 B i400 % 500
TIME RFTER FLODD © SEC

Fig. B.7.6

Core flooding rate (UL1l) and

pressure (PCl-PECN1)

core differential




b T s

JAERI - M B3 - 103

/M

«x RUN 20 -x» | 0W RACC TEST. Py BAR. AVP =1 4KW
FEME RG] S TORY
M - TWIEL .1 M- - THLEL .2 fo— - THIEL .3
-~ THIEL .4 G- THIEL .5} P - THIEL .63
[ IZDU — T 1 T L L T S5 Emunt Sadin et e A R I O L [ | 17
L, 900 | U VRPN S S,
o - -
—
_ 600
T
o
Lol
Q.
300
=
(NN}
— ]
D [’_._l_.._lffkl...é._.f S W | i i Iy i 1 o L i U IR PN pp—
Q iog 200 300 400 500

TIME AFTER FLOQD  E SEL

Fig. B.7.7

*+ RIUN “{1 x=x {1
QUENCH TEMPERPTURE

] [ONY

Rod surface temperatures

ACC TEST, P=2.0 BRAR. AvE 1. AKH/M

oy BOO ey e Y Fs uinls R At E S | Bt A S

500

-

U R

R AT
g
1

Leb -
o -
200 |-
L - .
H L i
- 1
U 1 1 i L i A 1 1 1 1 A 1 i 1 ) I Il i 1 1
0.0 1.0 2.0 3.0 4.0 . 5

Fig. B.7.8

ELEVATION (M)

Quench temperatures

-0



JAERI —M 83— 103

xx RUN 20 == LOW ACC TEST. P=2.0 BAR, ARVP=1.4KW/M
HERTTRANSFER COEFFICTENT

M---HITLEL .1 AH---HTLEL.Z) +--- HTIEL .3}

X---HTIEL ] O--- HT{EL.5) 4——-HILEL.B}
K 360 T T T s T L}{T\‘:‘I T @p T T + T I{TJ\QGJI T ['!\1\}/“’ T T
ol k
*
* F
p Bl
-z L

/ i

200 /

© 1o - S . .
. ; i e i I N
i’ e Moo § - <
fil
z}.j,
=
T 0 - —]
jaal B
s
—
.
Ll
hs ~10 L .1 L n 1 i | H i 1 Il 1 L H L i 1 1 L ] i 4

2 100 200 300 400 s00

A [IMFE AFTER FLOODD © SEC
Fig. B.7.9 Heat transfer coefficients
en WUN U s POW I S, 1w Bk vl LG ABKW/M

VD TUOFRHCTTON HISTURY
|

— M ~-AGIEL. 1) M- AGIEL .2} + - AGLEL . 3]
X--- AGI{EL . 4] &--- AGIEL .5 4--- AGIEL .B)
= -2 T T 1 S e S | T T T T T 1 | A S .
o ]
Fe- 4
0.9 s A iy S e
- =] 3
o e 1
o X\M,\*ﬂ l
W B
e TR
] 4
) 4-_£~r-‘—/—‘“y-”§’* I, M . W R
0.3
- |
e BT
o AET
0.0 - 1 5 ' | 1 1 1 1 i L i3 SRR EY R W S——
f 100 200 300 400 s00

TIME AFTER FLOOD © SEC )
Fig. B.7.10 Void fractions




>

JAERI — M 83 — 103

RUN 20 =% LOW ACC TEST, Pz2.0 BHR, RVP=1.4KW/M

MOVEMENT OF BOUNDRRIES

(M)

EVETION

-

Ll

O -~ Ll A--- L2 + - L3

X~ L4 O--- 15 - L7
T T T T T T (R S B | L S B R
H /A)/ 8
I = j
N e el N
,’/A’
1
,)(/_(
; T |
M*Wﬁ@#ww i
i 1 J..i..““ I I N il -',““ o JE SR R N ,I,““ N I P ] dlj“ll B Y Con
LMy AFETER FLOGH  © StL )
Fig. B.7.11 Movement of flow regime boundaries
. (L1: Boiling point, L2: Quench front)
RUN 70 %xx  LOW ACC T6ST. P=2.0 BHR, RVP=1.4KWA/M
I, GOUT L MASS BALANCE
1 RN VAR i BN/ MENnT/6]
T T ¥ Ll I L T T T T T T T T T T T T L 71
B 400 500

TIME ARFTER FLOOD ¢ SEC )

B.7.12 Liquid carryover rate fraction (GLOUT/G1),
carryover rate fraction (GN1/G1l) and water
accumulation rate fraction (MCDOT/GL)



JAERI — M 83 ~ 103

B.8 Test Cl-6 (High LPCI injection rate)
CbE T TH RN 1%
ULt 1T BPTS . OPUWN
: O---UL1/5+6 & - PCU-PENI +- = DPOMWN
= X -~ OPLOAP :

H [ T R [T . [ [ T R [ B

O e BV, P S AT

!
i .
il

2 .

0 - oo 200 300 T a0 o0
TIME AFTER FLOOD ( SEC

Fig. B.8.1 Core flooding rate (ULl), core differential
pressure (PCl-PCN1l), downcomer differential
pressure (DPDWN) and loop differential
pressure (DPLOOP) (Experimental value)

U I RN 1o
PEMPERATURE HISTORY

oy Tttt o1 I I'lel.Zl i [HiEE -1 )
X FWEEL 4] G TWIEL -5
T2t eI T e I ot RIS B A I L B T T T [ S R
L 4
0% |
2 §
- ™ _!_ﬂﬂ-%\ 4
o B0 — o
(x \\. g
el
i
i[HJ I . h L —_ —— [ PP R e ——— T
¥ .
Ll
. a £, £y, e 4
T O e [ AT UUR R EHE T S B e L i [ [R 1 i
u 1810 : 200 300 : A01) Hn

TIME AFTER FLOOD © SEL ]
Fig. B.8.2 Rod surface temperatures (Experimental value)




JAERI - M 83 — 103

CCTE -1 1 RN O1S

a8

ETe Ly I
3ua L | €l T L e

G

~

S Muo
T

I

e
\‘:—;
!

< o0

PN
j\\J,WM%“""'}WJ B

L i00 PR B S Lot P S S FE SR | TR WO R
b

100 200 300 400 500
PIME HETER FLDOD 1SR4

Fig. B.8.3 Heat transfer coefficients (Experimental values)

oo bR RUN 5
VOLOFRHACTION HISTORY

— B--- AGLEL - 1) &--- RGLEL .23 +--- AG(EL .3)
X--- AGLEL - 4] &---—- AGIEL .51 $--- AGIEL .E)
= 1.2 e LA B i TTTTTT T | R G | B Bl | |"‘J
s I
() Y . ‘Kx,
. ] g "‘*'-’E’F‘"?'—T'!:’.::f}ﬁiq,._;f\.f:—: e
5 — x.x\_\ RN |
\J\aﬁ\\ RS T ,
-
RS S TP
b RS S NN
.
2 R WS e N N el RV Vaks
ij\fww\f\/""\fg -
]
0. R
- W\#‘@x/‘*—v—*r'-@/”ﬁ‘-/d\ﬂ@/\/\/j
u. < T, N U YO WD U [P VN SRR RPN B
200 3aco 4010 500

TIME AFTER FLODOD ( SEC

Fig. B.8.4 Void fractions (Experimental values)



JAERI — M 83 — 103

£x RIIN bo »x% HIGH LPCT TEST, Py .0 Bk, AVE L AKW/M
[FMPERICTURE PROFILE 0OF FUEL SURFRLE

My -0 s A 50 SEC t--- 1005EC
x- TN & 2005EC B R '2‘0(_}5[;(:
K- .- 3005EC 7Z--- 3505EC Y- 40081 ([
L heau T TETE o THRRR I AR CCIE Bl It Wit At S el S S L I [l
" S0 e —
[ 4
]
o r A
800 |—
(I B
[ .
oo i
e B
X () /
| AT R & St e
U i 1 L 1 L. 1 1 i P S 1 L. i 1 Y [N IR S b

0.0 1.0 z.0 3.0 4.0 5.0
CLEVATLION (M)

Fig. B.8.5 Rod surface temperature distributions

Aw KUN Th wa HIGH LPCL 16587, P=2.0 BRKk, AVP=T 4KK/M
ULOE NP TS L OPDRWN

(M- - UL.1/5+6 M- PL1-PONI +--- OPOWN

37 b ) SR R S . R R T ¥ =T T T T T T T 17T T

b SN ]

(9]
o = ] 4
Liy 4

T IHL

b

IR

- c
1
i

Dire

- S S N S R iy e B

3] B
0 nn

n 1 i 1 -.,.L* " 1 Loofl— 1 bbb
" 200 3hd i o)

[ R T S L BN G191 VR G I S

Fig. B.8.6 Core flooding rate (UL1) and core differential
pressure (PC1-PCN1)




JAERT — M 83 — 103

#a RUN To == HICH 1PCH 10GT . P ov.l HikK, HYP @b AR/ M
BMPERHTURE TS TURY

O - -
-

L ! 20[) v B T Bl Rl M R [tk i st Sl Wil R R Rl T - ] [ .
300 B —t - e St S|

g

o o i

o - R

- 600 7% g < |

v /S St S E N A SRR

e e e i TR L BEPR L

- 300 et et e el
=z e 'AP J| A
[ F

0 160 200 300 400 “Sou
1 IME RFTER FLOOD € SEL )

Fig. B.8.7 Rod surface temperatures

A AN I A DG LT s et i ivE T ARKAM
OUENCE TEmMPeT R

- - TONZ2

I HUO 1 o e T T e T S taate s Wi B Rl S S Bl
600 ferm— e — - E ——— T A [ —
Ll
i
)

o 400 V,,”,A:J.( "

ju's
. [F0 R
[V
200 === 0l
3 | p
LLd r _
—- ]
o I L [ G D O R | PR P B F U S T §
a.o0 1.0 2.0 3.0 4.0 5.0

ELEVATION  (MI

Fig. B.8.8 Quench temperatures



JAERI —M 83 - 103

e BN T e HIGH LPCT TEST. P=2.0 Btk Fvi -1 4KH/N
e RANGT R COFEFTCTENT

300

a8

2

W M ow

7o

100

’

- 10U TR RY RN U DUPHI S P BEV S JEES SR [T U SN N SPVINY WIS S S N SRR L

’ o £00 300 400 500
VIME BETER FLOOD UOSEr ]

Fig. B.8.9 Heat transfer coefficients

cw RUN T xo» LG L PO tesl, P2 D Rk BV L ARKAM
VOTOFROCTLTON HHESTORY '

— ¢~ - AGIEL - 1] &-- - AGIEL .2) -~ BGLEL 3]

K- - AGLEL . 4) & -~ AGIEL -5 4--- AGILEL.B]
= 1.2 G it [ut mte St SN U B L 'iT_—F""F—T—'—‘_r—T'"—I"_I"*1’—7—"_1__[_[”_‘
o _ 1

-]
. " W e AT
[ J_J&/—"""v-\.»—\-—ﬁrfr A
.3 e —— e

| B

Ju— @rv-x_/\ﬂr“'(ﬁ‘“"“

PR P

B doz A I A R— S — I_._...Lf,,‘J_A._f....lfgl...__l-..
g 200 ) 300 400

PIME AR LR OFLUOD U SEL )

500

© Fig. B.8.10 Void fractioms




'

i

—

JAERI ~ M 83 - 103

wx RUN IH #x HIGH LPCT TEST, Pzz.0 BAK. HVEP | AWM
MOVEMENT OF BUUNDRARTE S

| & L F L3
- L4 <& L5 Fo-- L7

4.0 '7["'_'\'_"'77'71__‘_" [ e i S S S A ‘I)'—r_"T"—'—"T__T_"_\_'T'___TW"\"_'_‘WT*"_;]

. BN . G = B e A
3.0 S P E S i e R el aa =

=z .
] ,A)/ T

- T
a /A, i
WL i A B ’*—“4—;?'@"—”*"— "]
| .
) /,AEK/ )
B X
//
g

1.4 i e ————
g, |
- Rmiég_k\,\_/\_rp@q{\ i
R | ]

k R \@5,-*:\/71-
3.0 SRR U YRR U NN S SRy S [N ST TR TR VD UURS B Y RS JEROY TP R IV B

0 1an 200 360 470 500

[IME AFTER FLOOD 1 SEC )
Fig. B.8.11 Movement of flow regime boundaries
(L1: Boiling point, 12: Quench front)
o RGN TH = HIOH LPCT O TEST . Pog o gHE. AVEP =1 . 4KH/M
GLOOT,GOUT W MASS HHLANLE

- -- GLOUT/GI &H-- - GN1/G1 - - - MCODT/GI
2.0 A i s e | e — T T Y T _'['W}Q T T T "—|’A'1_‘I”‘—I*‘_I_‘W

.
—

MJJN W

Jflh{f\mmd&%_ﬂ ;ﬁ

500

300
TIME AFTER FLOOD © SEC )
 Fig. B.8.12 Liquid carryover rate fraction (GLOUT/Gl),
carryover rate fraction (GN1/G1) and water
‘accumulation rate fraction (MCDOT/GL)



JAERI - M 83 - 103

B.9 Test Cl-9 (Low LPCI injection rate)
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Fig. B.10.9 Heat transfer coefficients
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Fig. B.10.11 Movement of flow regime boundaries
(Ll: Boiling point, L2: Quench front)
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Fig. B.11.8

Quench temperatures

xx RUN 12 xx COLD DOWNCOMER TEST. P-2.0 BAR
TEMPERARTURE HISTORY
O--- TWIEL . 1) A -- THIEL :2) 4—--- TW{EL -3
~ %o T TNLEL.4) & - TWIEL.5)  4--- TWIEL.B)
(3 1200 Ty B e m | — T T —r T 1 T T
w 900 —
o i |
M g —
- a . |
(I BDD / \X\‘
| ————
= 7//X o | I e
o f M.
o L .
300 4 N
= ji/?/w%_ ‘ i —— N
il - 7
| {-r)‘ @ Ja nt ) Cm% @; mnli -
j— -
0 0 . L L JlDD 1 1 i 1200 1 1 Il |300 1 1 L idDD L 1 1 LSOD
TIME AFTER FLOOD  SEC ) ’
Fig. B.11.7 Rod surface temperatures
% RUN 12 =x  COLD DOWNCOMER TEST. P-2.0 BHR
GUENCH TEMPERHATURE
(O--- TANZ
(. BOG I T T T — T T L — T T 1 _]
w 60D — |
e L ]
2 F
[ 3 M@ 7
o tvo £ \MME%AC;TH—~7744~- I R—
(7 §
.“J 1
0.
) 2[]{} I VR SRR e ana e e —
bl
—
- |
ﬂ i i A 1 il 1 1 i L 1 1 A 1 1 i 1 i 11 i 1
g.0 1.0 2.0 3.0 4.0 5.0
ELEVHTION (M3



[

JAERI — M 83— 103

xx RUN 12 x% COLD DOWNCOMER TEST. P=2.0 BAR
HERTTRANSFER COEFFICIENT

MEAT TRANSFER COEFF.

®---HI(EL.1) A---HTI(EL-2) +---HT(EL.3)
X---HT(EL .4} S-—--HT{EL.S) $---HI[EL.B]
« 300 - -y By~ et AT
o - B
*
o o) 1
= ]
S
= = |
200
100 / Gf/w—/@/
- : ) e B
L /W%ﬂ»ﬂﬁ%ﬂ
0]
+ B
_10% 1 i It xlOD L A L 1200 1 i 1 1300 1 1 4____1400 b 1 1 ASUD

TIME AFTER FLOOD  C StL )

Fig, B.11.9 Heat transfer coefficients
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Fig. B.11.11 Movement of flow regime boundaries
(L1: Boiling point, L2: Quench front)
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Fig. B.11.12 Liquid carryover rate fraction (GLOUT/G1),
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accumulation rate fraction (MCDOT/GL)
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Fig. B.12.2 Rod surface temperatures (Experimental value)

— 102 —



K

M # )

wl

COEFF.

ANSF LR

Fig. B.12.3

CCTE DRTA

""" TR

300

F4110]

100

{ RUN O3

JAERT — M 83— 103

B

4o -- TEIBZI3

K"'T—T__

B E

e

ii

lL

Cemd— e ol

i0o

RLUN

SO0 PN U GRNDEN Ry

300
Frooun

SO SRR S .

200

[TnE HETER

38

VOIDFRACTION HISTORY

400
SFEC

[N U D I ,_J_ IS S

Fo—

50U

Heat transfer coefficients (Experimental values)

f"@’\f

..

1 oo Lo S

8»’1"*—1"‘1"6
300

Y .S
€

200

TIME AFTER FLOOD

Fig. B.12.4

(

400
SpcC o)

Void fractions (Experimental values)

— 103 —



X K

JAERE — M 83 — 103

RUN 38 =x EVALUATION MODEL TEST. P=2.0 BAR

TEMPERATURE PROFILE OF FUEL SURFACE

<, 1200

N

904

600

300

TEMPERATURE

* X

UL (1

M.AG.

(

PRESSURE

GIFFERENTIAL

®---0 SEC A---50 SEC +--- 100SEC
X-~-~ 1508EC &--- 2005EC $--- 258SEC
X--- 3005EC 7Z--- 3505EL Y--- 400SEC

T T T T T T 13

1 i J 1 L L 1 i L L i 1 L 1 1 L L 1 1 1

.Q 1.0 2.0 3.0 4.0 5.0

ELEVATION (M)

Fig. B.12.5 Rod surface temperature distributions
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Fig. B.12.9 Heat transfer coefficients
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Fig. B.12.11 Movement of flow regime boundaries
(L1: Boiling point, L2: Quench front)
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Fig. B.12.12 Liquid carryover rate fraction (GLOUT/G1),
carryover rate fraction (GN1/Gl) and water
accumulation rate fraction (MCDOT/G1)
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