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coupling tests and FLECHT-SET tests
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In order to confirm that the phenomena in the CCTIF are consistent with
and analogous to those in the other test facilities, three CCTF tests with
the experimental conditions simulated the FLECHT-SET TESTS, 3105B, 2714B
and 3420B were performed. The downcomer and the upper plenum water
accumulations and the pressure drops in the intact loops of the CCTF
and the FLECHT-SET were the same, however, the pressure drops in the
broken loop and resultant hydrodynamic oscillation in the system and the
core thermo-hydrodynamic behaviors were different from each other,

It was found that the differences were mainly introduced from the
pressure drops at the broken cold leg nozzle in the CCIF, while the pressure
drops did not appear in the FLECHT-SET tests because of the different design
and operation of the facility.

Accordingly, under the consideration of the defferences of the designs
and operation methods of the facilities, the phenomena observed in both

facilities can be concluded to be analogous with each other.

Keywords: Reactor Safety, Reflood Experiment, Loss-of-coolant Accident,

FLECHT Test, Two-phase Flow, Heat Transfer

The work was performed under contract with the Atomic Energy Bureau
of Science and Technology Agency of Japan.

* Nuclear Data Center



JAERI—-M B3-065

KEFEHKGEHE—-RFLEHR C1-16 (RUN25) ,
C1—21 (RUN40Y.C1—22 (RUN41) FEHRESE
~FLECHT-SETHEBHEEL7OEOHABERE DHE ~

HABEFIRATEEBHEFT L T2
FE OBxEE S®m-#0 0 F

(1983# 3 A238 %8

M OHEEE (CCTF) NORBPMOABREEANOCHERLIBUOLDTHLT
L AWIEET A-H, PLECHT-SETERS3105B, 2714B, 3420B%2&EHKL
HBRUTIEOCCTRRBA T, ¥ Vv heBIUEBT L+ 208K, B2v
—7OEHERE, CCTFEFLECHT-SETTRULTH 74, BB v-T7TDOR
HigE, RUEFhICE - THECR YA F LAOKAFEHERS, Ko P LAOHEKAE
BI B TRE » T

rhonENE, FELTCCTFRBTAEM T — VLI TORANRKICE->TH
F L ENFT MM otie FLECHT-SETERCELTH, BHECEN,, ZED
EBEiEoBEicko I OFEABERIRELONAL - T,

BT, MEBREBOBS, EREORVEERIAANE. HEABRRETEHAUI AL
WEEHEREHUR DO THIAEBRTE 5,

A, BEMRBRENESHLHEICEDE, MEREWTH S ORI L - TT > LR OBRT
Hbe
« BTATF-vwry -

{2)



R

wed

B oatum

JAERI-M B3-065

Contents

1. Introduction ........ T T
2, Experiment .......cceieevennesnnnronacaasss |

1. Apparatus ...oveuaras e se s esere s ar s es it as e e e B

2. Test procedure ......... Prsre ittt e Chrre s crese §
3. Results and Discussion ..... crrerrarreraeas cearatrrraesaraens trievees  Q

1. System behaviors ....iiiiiiir i invrervevrrsorsanaacancnnnns D
2. Core thermo-hydrodynamic behaviors ................ et ises i 13

3. Analogy of the phenomena observed in the both test results ....... 14
4, Conclusions ..viveenrrssrrsnstonartssssanaaans i rearsasasias et e 15
NOmeNnClatlUle s ueveeerosvanrvssarsnnssnssssrssnrsansrsnssnssransesssrnssssssas 16
Acknowledgement ...vivecivssat ittt st e annn e et ee e 17
References vivvivreronenerassraneens S e e e i aar e san st A e re e 17
AppendixX A . ii it i i it it s a e fr e et e et 28
Appendix B ........... fee e S Ed e i e rretaeuse sttt et ans .. 135
AppendiX € .. .vi ittt i ittt s s e e tesenens v 58
APPendixX D tiir ittt iiier it ittt Creeeeraa sesvesaaas 81

Appendix E ......... L ee et e e Che e ere et 104



JAERI-M 83-065

H w
N 1
b Sk B e :

N ]
) SRER I oo ;
i MBERLEE o e '
L DR AR e 0
) B ST E] e — s
& BRSSO ATLLEE oo L
L B B e s
 E B e e 6
B e .
B SEBR eeoeereeeeeeeroe err 7
B A e e s
(BB et s
b B G e s
[ L D e e 1
BB e .



JAERI-M 83-065

List of Tables

Comparison of dimensions of CCTF with those of FLECHT-SET.
Comparison of experimental conditions between CCTF tests and

FLECHT-SET tests.

of Figures

Table 1
Table 2
List
Fig., 1
Fig, 2
Fig. 3
Fig. 4
Fig., 5
Fig. 6
Fig., 7
Fig. 8
Fig. 9
Fig. 10
Fig. 11
Fig. 12
Fig. 13
Fig. 14

Axial power distributions of CCTF and FLECHT-SET heated rods.
Comparison of upper plenum and hot leg of CCTF with those of
FLECHT-SET.

Schematic of CCTF discharge line

Differential pressures through downcomer, core and lower plenum.
Comparison of core and downcomer differential pressure

of CCTF tests with those of FLECHT-SET tests.

Comparison of loop differential pressures of CCTF tests with
those of FLECHT-SET tests.

Comparison of core flooding rates of CCTF tests with those of
FLECHT-SET tests.

Comparison of total mass flooded into core of CCIT tests with
those of FLECHT-SET tests

Comparison of upper plenum differential pressures of CCTF
tests with those of FLECHT-SET tests.

Comparison of core inlet fluid temperatures of CCTF tests with
those of FLECHT-SET tests.

Comparison of clad surface temperatures of CCTF tests with
those of FLECHT-SET tests.

Comparison of quench from envelopes of CCIF tests with scattering
range of quench times of FLECHT-SET tests,

Comparison of veid fractions at the midplane of CCIF tests
with FLECHT-SET tests.

Comparison of heat transfer coefficients between the measured

and the calculated with a film boiling correlation,



JAERI-M B3-065

1. Introduction

In the reflood phase of the loss—of-coolant accident (LOCA) of a
Pressurized Water Reactor (PWR), the water from the emergency core cooling
system (ECCS) floods the overheated core and cools it. In this process,
the core flooding is aceelerated by the difference between the heads of
the downcomer and the core, and suppressed by the back-pressure at the
upper plenum induced by the vent loss of the steam generated by cooling
the core. Such effects are importgnt to evaluate the core flooding rate
which governs the core thermo-hydrodynamics and are called "system
effects'.

(1)

In a quasi-steady state, the flooding rate m, can be expressed as,

F

m,=m,+n + (V¥ (1+ APBCN/API)ngB/kB

F o U
+3 /ngI/kI)sL x /APD - AP, - APy (1)

where
APp e = APy = AP, (2)

and m and AP are mass flow rate or mass accumulation rate and pressure
difference, respectively. Subscripts F, D, C, U, I, B and BCN indicate
flooding, downcomer, core, upper plenum, intact loop, broken loop and
broken cold leg nozzle and connecting pipe, respectively. The broken loop
is defined as a flow path from the upper plenum to the break through the
broken hot leg. And the broken cold leg nozzle and the conmnecting pipe

is defined as a flow path from the downcomer to the break through the
broken cold leg nozzle. Thus the flooding rate depends on the water
accumulation and the pressure differences over the system.

The cylindrical core test facility (CCTF) was constructed to study
the system effect and a typical test which is named the base case test
was analyzed comparing with the so-called evaluation model (EM model) of
safety analysis of reactors. The observed phenomena was considerably
similar to those assumed in the EM model. The following phenomena
indicated more conservatism than EM model: 1)} The water accumulaticn
in the upper plenum, 2) Existence of the significantly large pressure

drop at the broken cold leg nozzle and the connecting pipe.
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In order to know whether the phenomena in CCIF is consistent with
and analogous to those in the other test facilities, FLECHT-coupling tests
were planned and performed. The tests have nearly same experimental
conditions as selected FLECHT-SET phase B testsgz)’(3)

In this study, the results from the FLECHT-coupling tests of CCTF
are compared with those from the corresponding FLECHT-SET tests and the
characteristics of CCTF are discussed.

The FLECHT-coupling tests of CCIF are named CI-16 (Run 25), Cl-21

(Run 40) and C1-22 (Run 41). Major test results are shown in Appendixes.,
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2. Experiment

1. Apparatus
The outline of the CCTF facility has been described in the previous
report.(l) For the comparison with the FLECHT-SET phase Bl facility,
details of the CCTF will be described here.
Since design requirements for CCTF are similar to those for FLECHT-
SET, the both facilities should be analogous. The facilities were scaled
down in proportion to the core flow area scaling, 1/21.4 for CCIF and 1/370
for FLECHT-SET, respectively. The vertical dimensions of the components
are preserved in the scaling.
The major differences of these facilities are compared in Table 1.
The following major differences are discussed:
1) The axial peaking factor of the core,
2) The configuration of the downcomer,
3) The configuration of the upper plenum,
4) The configuration of the primary lecop, and
5) The broken cold leg nozzle and the connecting line for

overflow of water.

Axial peaking factor of the core

An axial peaking factor of the fuel rod is assumed to be 1.55 in the
safety analysis of a PWR,(S) however actual value is much less than that.
Therefore, 1.49 was adopted in CCTF. This brings the following merit:
The allowable maximum temperature of the heated rod is limited to 1173K
(900°C) for surviving against thermal shocks due to quenching. In the
system effect test, an average linear power of the core is of importance
and a lower peaking factor induces a lower maximum temperature in the
core at the same power rating. Therefore, a lower peaking factor produces
the capability of tests which have more severe condition under the
limitation of the maximum core temperature. The axial power distribution
0f the heated rod is indicated in Fig. 1. That for the FLECHT-SET is
also shown in the figure, In the FLECHT-SET, the axial peaking factor

ig 1.66 and the power levels of the top and bottom portions of the core

are relatively higher,
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Configuration of downcomer

The most of the reflood test facilities including the FLECHT-SET
facility have a pipe downcomer instead of an annular downcomer of a PWR.
In the CCTF, the annular downcomer was intended to be equipped. The flow
area of the downcomer had to be scaled down in proportion to the scaling
factor of the core area, 1/21.4. However, if the same scaling rule was
applied, the downcomer annulus would be too narrow, of about 0.03 m gap,
to simulate the hydrodynamic behavior in a PWR downcomer having about
0.2 m gap.

In order to solve this problem, the flow area of the core baffle
was included in the flow area of the downcomer and the added flow area
was scaled down: Thus the CCTF obtained the annular downcomer of 0.0615 m
gap. To preserve the ratio of the heat release rate to the unit volume of
the downcomer fluid, the inside dowmcomer wall was designed to be kept at
the saturation temperature and the outside wall temperature was designed
to be controlled. In the FLECHT-coupling test, the outside wall was kept
at the saturation temperature to simulate the FLECHT-SET tests.

In the FLECHT-SET, a pipe downcomer was equipped and the intact loop

was connected at the opposite side of the overflow line.

Configuration of upper plenum

The flow area of the upper plenum in the CCIF is about twice of the
core flow area, whereas that of FLECHT-SET is 21 times larger than the
core flow area. And in FLECHT-SET the extention of the heated rods
penetrate the upper plenum and there is no simulator of internals.

The internals of the CCTF simulates those of the previous design for
the Westinghouse 17 x17 array assemblies. The radial dimensions of the
structures and the dimensions of the openings and the gap between adjacent
guide tubes are scaled down in 8/15 of the actual.

Figure 2 shows the comparison of the upper plenum, the hot leg and
the inlet plenum of the steam generator of the CCTF with those of the

FLECHT-SET.

Broken cold leg nozzle and connecting line

In the CCTF, as shown in Fig. 3, the broken cold leg of the vessel
side is simulated with a 2.8 m long 6 inches pipe of the same size as the
intact loop piping and connected to the water separator (Containment tank 1)

with a pipe having a flow area of four times of the intact loop piping.

_4_



JAERI-M 83-065

Containment tanks 1 and 2 are connected with 10 inches pipe, On the other
hand, in the FLECHT-SET, the downcomer and the overflow tank is connected
with a pipe having a flow area of 11.32 times of the broken loop piping.
The two overflow tank and the containment tanks of the FLECHT-SET are
connected with a 3 inches pipe of which flow area is 3.06 times of that
of the breken loop.

when the water in the downcomer overflows to the broken cold leg nozzle
with steam flowing from all the intact loops, two-phase mixture flows
through the nozzle and pressure drop is induced by the accerelation of
liquid with steam. 1In the CCTF base case test, a big pressure drop was
induced as reported in Ref.(1). However in FLECHT-SET tests no significant
pressure drop was observed since the facility has relatively larger dis-
charge pipe as a broken cold leg of the vessel side and most of tests were
performed with variable flow rate under controlling the downcomer liquid

level not to exceed the overflow level.

Primary loop

The CCILF has three intact loops and one broken loop, for studying the
parallel channel oscillation. While the FLECHT-SET has one equivalent
intact loop and one broken loop.

In the broken loop and three intact loops of the CCTF, the elevation,
the flow path length and the slope angle of the steam generator riser are
preserved as same as those in the reference PWR.(6) However, the average
length of heat transfer tubes in the steam generators is 5.3 m shorter
than the actual (20.5 m). The flow areas are scaled down by the ratio of
about 1/21.4. The total flow resistance of primary loops in CCTF was
ajusted to the value referred in FLECHTuSET(Z) as shown in Table 1.

The ECC injection ports are at the cold legs. An additional ECC
injection port was equipped at the lower plenum. For the FLECHT coupling
tests, the lower plenum injection port was used.

The break point was assumed to be near the surface of the biological

shield of the pressure vessel, which is just downstream of the injection

port of ECCS.

2. Test procedure
For coupling tests, the following three FLECHT-SET tests were
selected: Run 3104B, Run 2714B and Run 3420B. 1In the first two of the

gselected FLECHT-SET tests, the flow rate of the low pressure coolant

— K —
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injection (LPCI) was controlled for the water in the downcomer not to
overflow in order to avoid the hydrodynamic oscillation induced by
condensation of steam with the subcooled water. In 3420B, the saturated
water was used to avoid such a condensation effect. In the CCTF, satureated
water was filled in nearly the half of the lower plenum and then subcooled
water was scheduled to push the saturated water upwards in order to produce
gradual temperature falling down for preventing condensation. In these
coupling tests, the water of ECCS was injected to only the lower plenum
injection port.

Other experimental conditions are nearly the same as FLECHT-SET tests
as shown in Table 2. The average power is higher in the CCIF tests than
in the corresponding FLECHT-SET tests and the peak power is almost identical.
The initial clad temperatures of heated rods before heating initiation are
nearly the saturation temperature and the peak clad temperature of the
heated rods at the initiation of reflood are almost identical. Accordingly,
the stored energy of the core at the initiation of reflood is higher in the

CCTF tests than in the corresponding FLECHT-SET tests.
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Table 1 Comparison of dimensions of CCTF

with those of FLECHT-SET

Item CCTF FLECHET-SET
Scaling factor 1/21.4 1/370
of core flow area :

Core

Axial peaking factor 1.49 1.66
Ratio of unheated 0.109 0.09
rod

Downcomer

Configuration Annulus Pipe

Upper plenum

Scaling fa;tor of n 1710 N 1/18

cCross section

Internals . Simulated with Extention of
8/15 scaled heated rod
internals

Primary loops

Quantity of loops 3 Intact+l Broken 1l Intact+l Broken
locps loops
K factor of pump 15 " l4.7l)
of othe; ~ 10 8.92)
portion
Scaling of broken 1/21.4 1/32.7

celd leg nozzie

1) Includes C01d ileg fiow resistance
(Original value, 20.53, was devided by 1.4)

2} Excludes 1Inlet plenum cross over
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Table 2 Comparison of experimental conditions between CCTF tests and
FLECHT-SET tests.
RUN No. | corp FLECHT | ccTF FLECHT | CCTF FLECHT
- - - 2
COMMENTS Cl-16 31058 - C1-21 2714B c-122 3420B
Containment 0.415 ]0.407 0.152 | 0.145 0.152  }0.138
pressure (MPa)
Peak Power
_ . ] _ 2.82 .7
e /) 2.78 2.76 2.82 2.76 8 2.76
Averaged Power ;
. . . . b .37
A 1.47 1.37 1.49 1.37 1.49 1.3
Ace 5;275§ate 0.1002 | ©0.1044% |0.1002 |0.1014* |0.1005 |0.0981%
LPCI(igiz)rate 0.01113 | variable | 0.01108 { variable} 0.01108 | 0.01122
Acc injection 17 14 15 11 15 15
time (s)
ECC water 340 339.7 340 340.2 384 387
temperature (K}
SG secondary 7.4 7.3 7.4 7.5 7.4 7.2
water level (m)
5G secondary 536 540 517 539 538 540
temperature (K)
Initial clad 866 866 867 BOE 8§70 866
temperature (K)
area

* Equivalent value based on core flow
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3. Results and Discussion

The main results are indicated in Appendix B, C and D. And the
notation of the tag identifications of data in these results are explained

in Appendix A.

1. System behaviors

Figures 4(a), (b) and (e¢) indicate the differential pressures through
the downcomer, the core and the lower plenum for the three FLECHT coupling
tests. The data have more or less time-averaged, i.e. they are the average
of 0.5 seconds, while the sampling time for the differential pressure
measurement was 0.2 seconds. The figures show big oscillations in the
differential pressures. It is found that the oscillations appeare at the
time when the downcomer water lével reachs the overflow level of the down-
comer, i.e, the level of the broken cold leg nozzle. Since the oscillation
occurs even in the test with the injection of the almost saturated water,
i.e., 3420B coupled test, the effect of condensation at the downcomer or the
broken cold leg nozzle on the oscillation seems to be weak. In the base
case test, in which the ECC water was injected from the cold leg ECC ports
during the LPCI injection period, it was observed that the injected water
was dispersed by the steam flowing in the intact loop(l) and it was inferred
that the dispersed water was entrained into the downcomer by the steam.
The fact that the ECC bypass occured even before the downcomer water level
reached the overflow level in the base case test, shows that a fraction of
the entrained water bypassed through the downcomer and flowed through the
broken cold leg nozzle. At the nozzle, a relatively large pressure drop
occured due to the acceleration of the water to the velocity of the steam.
The pressure drop at the broken cold leg and the connecting pipe, &PBCN’
was found to be weakly dependent on the downcomer water level in the base
case test. This is common in the cold leg injection tests. However, APBCN
for the lower plenum injection tests is inferred to be strongly dependent
on the downcomer water level, since the water entrained into the broken
cold leg nozzle is almost negligible before the downcomer water level
reaches the overflow level.

In the FLECHT coupling tests, i.e. lower plenum injection tests, it is

reasonable that the big AP appears when the dowvmcomer water level reaches

BCN
the overflow level and it disappeared when the downcomer water level goes

down below the overflow level. When the downcomer water level reaches the
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overflow level and the water initiates to overflow through the broken cold
leg nozzle, the pressures in the pressure vessel and the loops increase
due to the increase of APBCN. This causes the increase of the core flooding
rate as estimated from Eq. (1) and the decrease of the injection flow rate
into the lower plenum, resulting in the decrease of the downcomer water
mass. Hence, the downcomer water level initiated to fall down. And when
the downcomer water level falls down below the overflow level, APBCN
becomes small and the situation is reversed. Thus the oscillation is
inferred to be sustained in the lower plenum injection test. Though the
response of the lower plenum injection rate depends on the softness of the
injection system, specially on the existence of the gas volume, at least,
the increase of the pressure at the injection point cause the reduction of
the injection flow rate.

In the later section, the time averaged differential pressures will

be used for convenience, since the tendency of the transients are hidden

behind the oscillatory responses.

Figure 5 indicates the core and downcomer differential pressures, APC

and AP respectively, of the three FLECHT coupling tests in the CCTF and

D’
the counterpart FLECHT-SET tests. APDS of the three CCTF tests rapidly
increases to the value corresponding to the overflow level and then stay

at the almost constant value. APDS of the FLECHT-SET tests show the similar
trends, however, the saturated values are slightly smaller. This is
attributed to the unique operation of the tests, i.e. the water level of
the downcomer was regulated not to exceed the overflow level during the
test of Run 3105B and 2714B, and the steam void was generated by injecting
superheated liquid in the test of Run 3420B. In the CCTF tests, the down-
comer wall was not superheated and the ECC water was injected directly

into the lower plenum.

(1)

the gradual increase of APD was observed.

The downcomer wall was superheated and the ECC water which was injected at

In the CCTF base case test

lower flow rate to the cold leg ECC ports was heated with the steam flowing
through the intact loops. During the Accumulator (Acc) injection period,
the injected water could not fill the downcomer completely due to the lower
flow rate. During the LPCI injection period, the injected water was
dispersed by the steam flow, resulting in the partial bypass of the ECC
water and the reduction of the water accumulation rate in the downcomer.
That is the reason why the gradual increase of APD, i.e, the gradual water

accumulation in the downcomer, appeared in the CCTF base case test, was



JAERI-M B3-065

not observed in the present CCTF tests.

The responses of AP, for the present tests and the corresponding

FLECHT-SET tests qualitagively agreed with each other, however, quantitatively
not for the low pressure tests, i.e. 2714B and 3420B coupled tests. This
might be caused by the lower flooding rate as explained later.

Figure 6 shows the differential pressures across the broken loop and
the intacts loops, ﬁPB and APIS, respectively, In the CCTF, the curves of
the three APIS in each test are overlapped with each other, therefore, one
of the curves is indicated for the three intact loops. APIS of the CCTF
tests and the FLECHT-SET tests are nealry identical. On the contrary, APBS
of the both tests are remarkably different from each other. APB of the
CCTF tests are much higher than that of the FLECHT-SET tests and APB of
the FLECHT-SET tests are almost same as API. From Eq.(2), this big dif-
ference between APB and APIs in the CCTF tests indicates the existence of
the significantly large pressure drop at the broken cold leg nozzle, APBCN’
due to the acceleration of the two-phase mixture flow of the steam from
the intact loops and the water overflowed through the broken cold leg nozzle.
In Run 3105B and 2714B of the FLECHT-SET tests, the water did not overflow
and the steam velocity was not high since the pipe of the overflow line
was relatively large as previously mentioned. However, in Run 3420B the
superheated water was injected and the water was allowed to overflow with
the steam flowing from the intact loop, resulting in a slight difference
between APB and API.

As indicated in Eq. (1), the existence of AP introduces the higher

BCN

P APBCN induces higher pressure in the pressure

vessel, since the pressure at the foot of the cold leg nozzle of the

core flooding rate, m

pressure vessel was P + AP N’ where P is the pressure of the containment

BC
tank and which was kept the pre-set value. In addition, the pressure in

the intact loops increase by AP and the pressure in the broken loop also

increases due to the increase o?cfhe upper plenum pressure. The increase
of the loop pressures causes the increase of the density of the steam
flowing in the loops, resulting in the higher core flooding rate as shown
in Eq. (1). The heat transfer in the core is generally thought to be
enhanced by increases of the flooding rate, the core inlet subcooling

and the pressure in the pressure vessel. Accordingly, the higher APBCN
enhances the heat transfer in the core and introduces bigger safety margine.

In the CCTF, the length of cold leg connected to the broken cold leg nozzle

was determined to be about 2.8 m based on the assumption of the break at
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the outside of the biological shield of the reactor vessel. When the break
at the nozzle is assumed, the length of the broken cold leg is shorter.
The differential pressure measured across the foot of the nozzle and the
location of 0.4 m deep in the mozzle was about a half of APBCN' Hence,
even in the case of short nozzle, the significant influence of APBCN on
the core heat transfer can be expected.

The core flooding rates of the CCTF and the FLECHT-SET tests are
compared in Fig. 7. They are calculated from the mass balance of the
mass flow rates and the mass accumulations measured in the system. Usually,
the core flooding mass flow rates calculated from the data of the downstream

and the upstream of the core inlet, m,, and m respectively, did not agree

s
with each other during the LPCI injecfgon peerd(l). In the these FLECRT
coupling tests, however, the good agreement was obtained. Tn the other
tests, the disagreement was attributed to the leakage of steam or water
from the upper plenum to the downcomer or the containment tank, In the
FLECHT coupling tests, the leakage pass might be sealed with the water
filled in the downcomer, since the more water was accumulated in the down-
comer in the cases of the lower plenum injection tests than in the cold

" leg injection tests. Further investigatiomn is necessary to idensify the
reason of the disagreement between ﬁFd and ﬁFu'

Figure 8 shows the comparison of the total masses flooded into the
core for the FLECHT-SET Run 2714B and the coupled CCTF test. Initially
the total masses for both tests are almost the same, however, as APBCN
grows up, the discrepancy of the total masses became significanly large.
The average core flooding velocities after 150 seconds are 1.93 cm/s and
1.47 em/s for the CCTF test and the FLECHT-SET test, respectively. This
discrepancy can be explained by Eq. (1) if it is assumed that APBCN =

2:6P, the pressure increase by AP is 0.05 MPa and ﬁc =y = 0.

Figure 9 shows the comparisont§ the differential pressures of the
upper plenum, APUS for the CCIT and the FLECHT-SET tests. It is found
that the water accumulation behaviors for both tests in the upper plenum
are qualitatively same with each other. Generally the upper plenum water
accumulation rate is dependent on the liquid and steam mass flow rate.
Though the discrepancy seems to be reasonable under the consideration of

the large AP the quantitative interpretation can not be obtained due

BCN?
to the lack of the proved correlation for these phenomena.
Figure 10 shows the fluid temperatures measured at the core inlet for-

the CCTF tests and the nominal values for the corresponding FLECHT-SET tests.
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The discrepancy between the fluid temperatures was caused by the difference
of temperature of the coolant filled in the lower plenum and the ECC
injection line before each experiment was initiated, i.e. the saturated
water was filled in hearly half of the lower plenum for the CCTF tests but
not for the FLECHT-SET tests.

2. Core thermo-hydrodynamic behaviors

Figure 11(a), (b) and (c¢) show the comparison of the clad surface
temperatures measured in the CCTF tests and the corresponding FLECHT-SET
tests. The temperatures were measured at the midplane of peak power rods.
The turnaround temperature and turnaround time of the CCTF and the FLECHT-
SET are different from each other. The core cooling rates are much
different. In the 3105B coupled test, the CCTF test shows lower core
cooling rate than the FLECHT-SET test. While, in the other two tests,
the situations are the reverse.

And Figure 12(a), (b) and (c) show the quench envelopes which indicate
the quench front propagation in the CCTF core. In the figures, the scatter-
ing range of the quench times measured in the FLECHT-SET tests are also
indicated. The quench front propagations of the CCTF are nearly the same
as those of the FLECHT-SET, however, in the CCTF 3105B coupled test which
was conducted at the pressure of 0.4 MPa, the quench times appears to be
slightly earlier than those of the corresponding FLECHT-SET test.

The woid tractions at the midplane of the core of the FLECHT-SET 2714B
and its coupling test of CCTF are compared in Fig. 13. Just after the
reflood initiated, the void fraction in the FLECHT-SET test decreases to
a certain value, o = 0.88, and then gradually decreases. Judging from
the value of the void fraction, the flow above quench front is inferred
to be a slug flow in both tests. In the CCTF test, the voil fraction is
lower than that of the FLECHT-SET test. This might be mainly induced by
the difference of the core flooding rates, since the Murao-Iguchi's

(4)

correlation for the slug flow void fraction shows that the local iiquid
mass flux is a very sensitive parameter for the void fraction in such low
flooding rate cases. As shown in Fig. 8, the total masses flooded into
the core for the 27148 coupled test and the FLECHT 2714B test are almost
identical in the early period of the transient and, as explained in the
test procedure, the initial stored energy for the CCTF 2714B coupled test
was higher than that for the corresponding FLECHT-SET test. However, the

initial water accumulation, which is recognized as the rapid reduction of
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the void fraction just after the initiation of reflood, for the FLECHT-SET
test is lower than that for the CCIF test. Accordingly, it is surmised
that the characteristics of core water accumulation for the CCTF is different

from that for the ELECHT-SET. This is attributed to the differences of
the structure at the top of the core, i.e. the FLECHT facility has no tie

plate above the heated portion of the core. However more discussions are
necessary in order to identify the mechanism.

Figure 14 shows the measured heat transfer coefficients for the CCTF
2714B coupled test and the corresponding FLECHT-SET test. Two calculated
heat transfer coefficients are also plotted on the figure for each test
by assuming that the flow at the midplane is slug flow and the Murao &
Sugimoto correlation(5) of saturated film boiling is applicable. 1In those
calculations, the measured void fractions were used. These calculations
qualitatively explained that the higher void fraction induced the lower
heat transfer coefficient in the core, however, the quantitative explanation
could not be obtained.

Tn the case of the FLECHT-SET test, the measured roughly agrees with
the calculated. On the other hand, in the CCIF, the measure& does not
agree with the calculated. In this calculation, the convective heat
transfer coefficient was proportional to a function of the void fraction,
i.e, (l—a)l/4 where ig void fraction. As an extreme case, the heat trans-
fer coefficient was calculated with o = O and it is also indicated in Fig.
12. 1In the CCTF, the measured curve is almost in the range between the
calculated with o = measured value and o = 0. Judging from the FLECHT-SET
test,(z) the enhancement of the heat transfer in the CCTF tests are attri-

buted to the existence of the oscillation in the core.

3. Analogy of the phenomena observed in the both test results

On the analogy between the phenomena observed in the CCTF and the
FLECHT-SET facility, the followings can be stated: The quantitative
differences in the core and system thermo-hydrodynamic behavior were
introduced from the differences of the system design and operation methods
of both facilities. The phenomena observed in both facilities, however,
are qualitatively analogous, since most of the observed phenomena were
about the same and most of the differences was explained by the consider-
ation of the significantly high pressure drop at the broken cold leg

nozzle and the resultant big oscillation.
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4, Conclusions

In order to examine the phenomena in the GCCIF are consistent with and
analogous to those in the other test facilities, three CCTF tests coupling
with the FLECHT-SET tests, 3105B, 2714B and 3420B were performed and the
results were compared with the data of the corresponding FLECHT-SET tests.
The following conclusions were obtained:

1. The downcomer differential pressures of the CCTF and the FLECHT tests
were nearly the same. They rapidly increased to the overflow level
and then kept almost constant.’

2. The core differential pressures, Apcs, of the both 3105B related tests
were nearly the same as each other, however, those of the CCTF low
pressure tests, l,e, 2714B and 3420B coupled tests were higher than
the corresponding FLECHT-SET tests.

3. The differential pressures of the intact loops, APIs, of the CCTIF and
the FLECHT-SET tests were nearly identical, however, as observed in

(1)

the previous tests, for example, Cl-5 (Run 14}, the differential
pressures of the broken loop, APB, were significantly different between
two tests. Significantly large pressure difference between APB and
API appeared in CCTF and not in the FLECHT-SET.

4. The difference between APB and API was caused by the existence of the
pressure drop at the broken cold leg nozzle, APBCN’ which was induced
by the acceleration of the overflowed water by the steam flowing from
the intact loops. The pressure drop, APBCN’ caused big hydrodynamic
oscilliations in the three CCTF tests coupling with the FLECHT-SET
tests. Such oscillations have not been observed in the other CCTF tests.
In the FLECHT-SET, the downcomer water level was controlled not to
exceed the bottom of the broken cold leg nozzle whose size was much
larger than the CCTF, resulting in low APBCN'

5. The core flooding rates estimated from the measured data of the CCTF
test was higher than those of the FLECHT-SET test. This is attributed
to the significantly large APBCN’ while the higher density of the
fluid passing through the orifice of the pump was also attributed to
the higher flooding rate in the CCIF 2714B coupled test.

6, The upper plenum water accumulation was observed in the CCTF and
FLECHT-SET tests as observed in the previous CCTF test.(l)

7. It was inferred that the higher flooding rates observed in the CCTF

tests introduced more water accumulation, i.e. higher APC, and probably
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higher heat transfer, And the big oscillation was inferred to enhance
the core heat transfer. However the gquantitative interpretation could
not be obtained and further studies are necessary for the core thermo-
hydrodynamics.

8. Tt can be concluded that the differences of the system designs and
operation methods of CCTF and FLECHT-SET facility introduced the
quantitative differences in the core and system thermo-hydrodynamic
behavior, however, the phenomena in both facilities are qualitatively
analogous, since the differences can be qualitatively interpreted and

most of the observed phenomena are about the same.

[Nomenclature]
i :  Enthalpy (J/kg)
K .  Factor of flow resistance of a primary loop { = AP/ %-ovz)
m . Mass flow rate or mass accumulation rate (kg/s)
St Flow area of each primary loop piping (mz)
AP : Pressure drop (Pa)
Py : Density of steam (kg/m3)
Subscripts
B Broken loop
BCN Broken cold leg nozzle and connected pipe
Core
downstream
b Downcomer
DL Liquid through a cold leg into downcomer
DV Steam through a cold leg into downcomer
ECC ECC water injected into cold legs

ECC/LP ECC water injected into a lower plenum

F Flooded into a core
I Intact loop

L Primary loops

u Upper plenum

e

upstream
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higher heat transfer. And the big oscillation was inferred to enhance
the core heat transfer. However the quantitative interpretation could
not be obtained and further studies are necessary for the core thermo-
hydrodynamics.

8. It can be concluded that the differences of the system designs and
operation methods of CCTF and FLECHT-SET facility introduced the
quantitative differences in the core and system thermo-hydrodynamic
behavior, however, the phenomena in both facilities are qualitatively
analogous, since the differences can be qualitatively interpreted and

most of the observed phenomena are about the same.

[Nomenclature]
i : Enthalpy (J/kg)
K Factor of flow resistance of a primary loop ( = AP/~% pvz)
m . Mass flow rate or mass accumulation rate (kg/s)
L. Flow area of each primary loop piping (mz)
AP : Pressure drop (Pa)
Py : Density of steam (kg/mB)
Subscripts
B Broken loop
BCN Broken cold leg nozzle and connected pipe
Core
downstream
D Dovmecomer
DL Liquid through a cold leg into downcomer
DV Steam through a cold leg into downcomer

ECC ECC water injected into cold legs
ECC/LP ECC water injected into a lower plenum

F Flooded into a core
I Intact loop

L Primary loops

U Upper plenum

[l

upstream
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Appendix A

Explanation of meaéuring location of referred

data and definition of the evaluated data
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Figure list

Fig. A—l. Definition of power zones and bundle numbers

Fig. A-2 Definition of Tag.ID for void fraction (AG(EL.1l) ~ AG(EL.6))

Fig. A-3 Definition of Tag.ID for average linear power of heater rod
in each power unit zone (LPOlA v LPOSA)

Fig. A-4 Definition of Tag.ID for differential pressure through down-
comer, upper plenum, core, and lower plenum
(DSD55, DTO7RTS, DSC75, DSCL5)

Fig. A-5 Definition of Tag.ID for differential pressure through intact
and broken loop and broken cold leg nozzle
(DT23C, DTO1B, DPBCN)

Fig. A-6 Definition of Tag.ID for fluid temperature in inlet and outlet
plenum and secondary of steam generator

(TED2GW, TEQOS5GW, TEOBGOH)
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1. Definition of Tag.ID for clad surface temperatures

Notation : TENNWAM

NN : Bundle number

WA : Power zone
WA = X1, X2 : High power (Local power factor 1.1)
WA = Y1, Y2 : Medium power (Local power factor 1.0)

WA = Z1, Z2 : Low power (Local power factor 0.95)

M : Elevation

Elevation (m) Axial power factor
1 D.38 0.568
2 1.015 1.176
3 1.83 1.492
4 2.44 1.312
5 3.05 0.815

2. Definition of power zone and bundle number

See Fig. A-1

3. Definition of Tag.ID for void fraction

See Fig. A-2

4., Definition of Tag.ID feor average linear power of heater rod in

each power unit zone

See Fig. A-3

5. Definition of carry-over rate fraction (C.R.F)
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The calculated data within *25 s are averaged:

1 1450
(CRF), = =57 ) {CRF)
1 101 k=1i-50 k
where
APUP Average of measured data at four orientations
APCR : Same as above

) a

Myp = Aup dt (&Pp)

s o=a S wr )

Mer T “cr dt CR
4

A

L k=1 PK

i - mass flow rate or mass accumulation rate
AP: differential pressure
suffix

UP: wupper plenum

CR: core
L : loop
p ¢ primary pump

6. Definition of Tag.ID for differential pressure through downcomer,

upper plenum, core and lower plenum

See  Fig. A-4

7. Definition of Tag.ID for differential pressure through intact

and broken loop and broken cold leg nozzle

See Fig. A-5

8. Definition of Tag.ID for fluid temperature in inlet and outlet

plenum and secondary of steam generator

See Fig. A-6
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Fig. A-5 Definition of Tag.ID for differential pressure through intact
and broken loop and broken cold leg nozzle
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Fig. A-6 Definition of Tag.ID for fluid temperature in inlet and outlet
plenum and secondary of steam generator

(TED2GW, TEOS5GW, TEO8GUH)
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Appendix B

Main results of test Cl-16 (Run 25)
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Differential pressure through intact and broken loops
Differential pressure through broken cold leg nozzle
Total water mass flow raté from intact loops to downcomer
Total steam mass flow rate from intact loops to downcomer
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Fluid temperature in inlet plenum, outlet plenum, and
secondary of steam generator 1

Fluid temperature in inlet plenum, outlet plenum, and
secondary of steam generator 2

Total accumulator injection rate

ECC water injection rates to lower plenum and to cold legs
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TABLE B-1 SUMMARY GF TEST CONDITIONS

TEST TYPE : FLECHT-SET 31058 COUPLING TEST

TEST NUMBER : RUN 025 C1-16; 3. DATE : March 6, 1920
POWER : A: TOTAL: 9.82 Md; B:LINEAR: 1.5 KW/M
RELATIVE RADIAL POWER SHAPE :

A: ZONE: A B C

B: RATIO: 1.06 : 1.0 : 0.7%

AXIAL POWER SHAPE : CHOPPED COSINE
PRESSURE (KG/CMZA) :
A SYSTEM: 4.2 , B: CONTAINMENT 4.2 ,

C: STEAM GENERATOR SECONDARY: 51

TEMPERATURE (DEG.C) :

A: DOWNCOMER WALL 137 , B: VESSEL INTERNALS _135
C: PRIMARY PIPING WALL __ 145 , D: LOWER PELNUM LIQUID _ 127
E: ECC LIQUID 67 . F: STEAM GENERATOR SECONDARY _ 263

G: CORE TEMPERATURE AT ECC INITIATION 528

ECC INJECTION TYPE: 3
A: COLD LEG, - B: LOWER PLENUM, C: LOWER PLENUM + COLD LEG

PUMP K-FACTOR : ~ 15 -

ECC FLOW RATES AND DURATION :
A: ACCUMULATOR 361 M*/HR FROM 0 TO 26 SECONDS

B: LPCI 40.1 M¥/HR FROM 26 TO 541 SECONDS

C: ECC INJECTION TO LOWER PLENUM : FROM 0 710 547 SECONDS

(VALVE OPENING AND CLOSING TIMES ARE INCLUDED IN THE INJECTION
DURATION)

INITIAL WATER LEVEL IN LOWER PLENWM : 0.0

POWER CONTROL : ANS x 1.2 + ACTINIDE ( 30  SEC AFTER SCRAM)
€XPECTED BOCREC TIME FROM ECC INITIATION _°  SEC

EXPECTED PEAK TEMPERATURE AT BocRec  °%0 C
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TABLE B-? CHRONOLOGY OF EVENTS FOR TEST €1-16 (Rrun 029)

EVENT TIME (sec)

Test Initiated 0.0
(Heater Rods Power on)
(Data Recording Initiated)

Accumulator Injection Initiated 49
{Into lower plenum)
Power Decay Initiated 58
(Bottom of Core Recovery)
Accumulator Injection Switched —_—
from Lower Plenum to Cold Leg
. ) 75
Accumulator Injection Ended and
LPCI Injection Initiated
A1l Heater Rods Quenched 260
Power Off- 471
LPCI Injection Ended 530

Test Ended - _817

(Data Recording Ended)




JAERI-M 83-065

O--TE1BZ11 (25) &--TE18Z12 (25) +--TEIBZ13 (28]
X--TE18Z14 (25) ¢&--TEIBZIS (25)
— 1300 71171 T T T T T T N
= p= .
&'- - -
= = y
ha 1050
w L 4
o
& i 2
u. B “
o=
n i N
o) \\\\g. -
_] 1
() r 4
550 \\&V
11 L4 1] [ | A1) L1t 1
300 0 100 200 300 400 500
TIME AFTER FLOOD (S)
Fig. B-1 Surface temperature on low power rod (Z-red) in medium power
region (B region) (average power rod)
M--TE32X11 (25) A--TE32X12 (25) +--TE32X13 {(25)
X--TE32X14 {25) &--TE32X1E (25)
— 1300 —T 71T T 7% T T S S T T
x - -
o } ]
Ei L
—_ 105G i
wi B N
O
o .
w [ .
% ya
2 80O 3 AN -
- \ 4
m —
d L
560 1-
300 3 100 200 300 400 500
TIME RFTER FLOOD (5]
Fig. B-2 Surface temperature on high power rod (X-rod) in high power

region (A region) (peak power rod)}



JAERI-M 83-065

O--TEL1Z11 (25) A--TE11212 (25) +--TEV1Z13 (25}

W--TE{1714 (25) &--TE11Z215 (25}
—_ 1300 T T T T 1 T T =TT =TT 1
X - .
= - i
a: o -
uzJ = —~
o 1060
ulJ L B
O
o - -
w i ]
o i
o 800 —
n b . -
: T :
) % N

e & S

) I T | | [ S |
S00 0 100 200 300 400 500

TIME RFTER FLOOD (9S)
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Appendix C

Main results of test C1-21 (Run 40)
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Table C~1 Summary of test conditions

TEST TYPE : FLECHT-SET 27148 COUPLING TEST

TEST NUMBER : RUN 040 , C1-21 3. DATE : April 2, 1981
POWER : A: TOTAL:_992 Md;, B:LINEAR: 7.5 KW/M
RELATIVE RADIAL POWER SHAPE :

A: ZONE: A B C

B: RATIO: 1.16 1.0 0.79

AXIAL POWER SHAPE : CHOPPED COSINE
PRESSURE (KG/CM?A)
A: SYSTEM: 1.52 , B: CONTAINMENT 1.52 ,

C: STEAM GENERATOR SECONDARY: 53

TEMPERATURE (DEG.C)

A: DOWNCOMER WALL 102 , B: VESSEL INTERNALS 102
C: PRIMARY PIPING WaLL 110 , D: LOWER PELNUM LIQUID 102
F: ECC LIQUID 67 , F: STEAM GENERATOR SECONDARY 264

G: CORE TEMPERATURE AT ECC INITIATION 523

ECC INJECTION TYPE: B
A: COLD LEG, B: LOWER PLENUM, C: LOWER PLENUM + COLD LEG

PUMP K-FACTOR : ~15

ECC FLOW RATES AND DURATION :
A: ACCUMULATOR _3s1 M*/HR FROM g TO 4.5 SECONDS
B: LPCI 39.9 M?/HR FROM 245 TO 60,5 SECONDS

C: ECC -INJECTION TO LOWER PLENUM : FROM 0 TO 660.5 SECCNDS

(VALVE OPENING AND CLOSING TIMES ARE INCLUDED IN THE INJECTION
DURATION)

INITIAL WATER LEVEL IN LOWER PLENUM : 0.86 M.
POWER CONTROL : ANS x 1.2 + ACTINIDE ( 30 SEC AFTER SCRAM)
EXPECTED BOCREC TIME FROM ECC INITIATION 9 SEC

EXPECTED PEAK TEMPERATURE AT BOCREC _ 6GO C
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TABLE C-2 CHRONOLOGY QF EVENTS FOR TEST (C1-21 (RUN_040)

EVENT TIME (sec)

Test Initiated

(Heater Rods Power on)
(Data Recording Initiated)

Accumulator Injection Initiated 50.5

Power Decay Initiated 59.5
(Bottom of Core Recovery)

Accumulator Injection Switched e
from Lower Plenum to Cold Leg .

Accumulator Injection Ended and 75
LPCI Injection Initiated

A1l Heater Rods Quenched 540
Power Off 620
LPCI Injection Ended 711

§30

Tast Ended

(Data Recording Ended)
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Appendix D

Main results of test Cl1-22 (Run 41)
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TABLE D-1  SUMMARY OF TEST CONDITIONS

TEST TYPE : FLECHT-SET 3420 B COUPLING TEST

TEST NUMBER : RUN 041, C1-22 3. DATA : April 6, 198]
POWER : A: TOTAL: 9.92 MW; B: LINEAR: 1.5 KW/M
RELATIVE RADIAL POWER SHAPE :

A:  ZONE: A B c

B: RATIO:  1.16 1.0 0.79

AXIAL POWER SHAPE :  CHOPPED COSINE

PRESSURE (KG?CMA):

A: SYSTEM: 1.6 B:  CONTAINMENT 1.6
C: STEAM GENERATOR SECONDARY: 52

TEMPERATURE (DEG.C) :

=

: CORE TEMPERATURE AT ECC INITIATION 530

ECC. INJECTION TYPE: B
A: COLD LEG, B: LOWER PLENUM, C: LOWER PLENUM + COLD LEG
PUMP K-FACTOR : v 15

ECC FLOW RATES AND DURATION:

A: ACCUMULATOR _ 362 M3/HR FROM 0 70 24 SECONDS

B: LPCI 39.9 M3/HR FROM 24 TO 717  SECONDS

C: ECC INJECTION TO LOWER PLENUM : FROM _ 0 TO _717 SECONDS
(VALVE OPENING AND CLOSING TIMES ARE INCLUDED IN THE
INJECTION DURATION)

INITIAL WATER LEVEL IN LOWER PLENUM : 0.87 M.
POWER CONTROL : ANS x 1.2 + ACTINIDE ( 30 SEC AFTER SCRAM)

EXPECTED BOCREC TIME FROM ECC INITIATION 9 SEC
EXPECTED PEAK TEMPERATURE AT BOCREC _ 600 C

: DOWNCOMER WALLS 101 , B: VESSEL INTERNALS 98

C: PRIMARY PIPING WALLS 111, D: LOWER PEINUM LIQUID __ 100
E: ECC LIQUID 112 , F: STEAM GENERATOR SECONDARY 265
G

3

?

]
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Table D-2  CHRONOLOGY OF EVENTS FOR TEST C€1-22 (RUN 041)

EVENT TIME (sec)

Test initiated 0

(Heater rods power on)
(Data recording initiated)

Accumulator injection initiated 51

Power decay initiated 60.5
(Bottom of core recovery)

Accumulator injection switched —
from lower plenum to cold leg :

Accumulator injection ended and 75
LPCI injection initiated

A1l heater rods quenched _ 565

Power off 648

LPCI injection ended . 768

Test ended 930

(Data recording ended)
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Appendix E

Evaluation of core flooding mass flow rate
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The reflood phenomena is a relatively slow transient and is assumed
to be a steady state condition. 1In a sted& state condition, based on the
mass balance relations of the system, the core flooding mass flow rates
ﬁFs can be written as follows:

By using the data measured at the downstream of the core inlet, ﬁF

is derived as,

by = @, + i+ + Img o, (1)

where ﬁc and ﬁu are the mass accumulation rates in the core and the upper

plenum respectively. The ﬁB and ﬁI are the mass flow rates in the broken
loop and the intact loop, respectively.

By using the data measured at the upsteam of the core'inlet, ﬁF is
is derived as,

(2)

fip = Ay, = My = Wy * Dpeerpo

where mors My and Mpec/LP are the mass flow rates of the water flowing

into and overflowing from the downcomer and the mass flow rate of the ECC
water injected into the lower plenum, respectively.

The ﬁIs and mB can be obtained from the pressure drops at the pump
simulators with orifices by assuming the K-factor of the orifice is
constant or from the data of Pitot tubes.

c’ mD and ﬁU,can be evaluated with the differential
pressure APC, APU and APU, respectively, as follows:

The values of m

mn = d(APnSn/g)/dt {(n : C,D,U) , (3)

where g is the gravitational acceleration and Sn is the crossectional area.
The value of mo can be obtained from the liquid level X in the Containment

tank 1 as,

i, = d(X p,5,)/dt (4)
where e is the liquid density and SO is the cross sectional area of the
containment tank.

The value of m_. is obtained from the following mass and energy

DL
balance relations at each ECC port under the assumption of thermal
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equilibrium:
g ¥ opy, = fpee YR s (5)
(ipy + o)t = dpepdees TR (6)
if ig > i Z—ii . (iDV + 'LD)i = mDVig + .DL .
if 4> d My =0 : (1)
if i>i, , B, =0 ,

where i is enthalpy of fluid and ig and ig are enthalpies of liquid and
steam at the saturation temperature, respectively.

The fluid temperatures can be measured with thermocouples immersed
in the fluid and the enthalpies iI’ iECC can be estimated.

Mass balance calculations were performed with Egs.(l) and (2), since
it was found that the water entering the steam generator was completely
evaporated. In the differentiation, higher frequency components of the
data tends to be amplified more. Therefore, in the differentiation of
the differential pressure data, the smoothing procedure was used to
suppress the high frequency components of the data. Figures E-1, E-4 and

E-7 show the flooding mass flow rates, m_s, calculated from Eqs. (1) and

F
(2) by averaging data in 20 seconds for tests Cl-16 (Run 25), €1-21 (Run

40) and C1-22 (Run 41), respectively.

In the ACC injection period, the calculated values, m_s, are slightly

F
different from each other. This discrepancy may be caused by in accuracy
of the mass flow rate injected into the system and by the unaccounting of
the storage of water in the cold leg pipe. The former might be introduced
from the slow time response (time constant 1 second) and the change of the
gas volume in the injection line. In this period, specially before the
steam generation from the core became noticable, the mass flow rate, ﬁF,
calculated with Eq. (1) is reasonable, since the calculation needs the
increasing rates of the masses in the core and the upper plenum and their
accuracy is enough for our estimation.

In the LPCI injection period, the calculated values, ﬁFs, are almost
identical with each other. The discrepancy was caused by the disregard

of the steam generation in the downcomer due to the hot wall of the pressure
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vessel in the calculation with Eq. (2). It was estimated that the disregard
of the the downcomer steam generation was caused the error of 0.25 kg/s on

predicted m The estimation was made by comparing the results of the tests

with hot anz cold downcomer conditioms. In the LPCI injection period except
for the early period, the mass flow rates, ﬁFs, calculated with Eqs.(1)

and (2) are reasonable, since the error from the injected ECC flow rate
measurement is negligible under the quasi-steady state condition appeared

in this period and the error caused by the steam generation in the downcomer
ig small.

In order to obtain the best estimate core inlet mass flow rate, the
calculation with Eq.(1) were performed by reducing the averaging time.
Figures E-2, E-5 and E-8 show the best estimate core inlet mass flow rate.
In this calculation, the smoothing procedure was performed by averaging ﬁF
in 10 seconds for tests Cl-16 (Run 25), Cl-21 (Run 40) and C€1-22 (Run 41),
respectively. Therefore the core inlet velocity at the reflood initiation
was slightly lowered. The relation between the integral core-flooded
water mass evaluated with Eqs.(l) and (2) and best—-estimated are shown
in Figs.E-3, E-6 and E-9 for tests €1-16 (Run 25), €I-21 {(Run 40) and
C1-22 (Run 41), respectively.
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Fig. E-3 Integral masses flooded into core evaluated with Eqs. (1) and
(2) and best - estimated for test Cl-16 (Rum 25)
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Fig. E-6 Integral masses flooded into core evaluated with Eqs. (1) and

(2) and best - estimated for test C1-21 (Rum 40)
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Fig. E-9 Integral masses flooded into core evaluated with Egs. (1) and

(2) and best — estimated for test c1-22 (Run 41)
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