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Study of the Thermo-hydredynamic Phenomena in

the Nuclear Core During Reflood Phase
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(Received January 29, 1983)

This paper describes the development cf the core thermo-hydrodynamic
model on the reflood phenomena during a loss-of-coolant accident in a
light water reactor. This model was developed based on the physical
understanding in order to obtain the flexibility of application to safety
analysis.

For this purpose, the flow pattern was modeled and the fundamental
equations were derived. The equations were used to know the suitable
variables for assembling the thermo-hydrodynamic model of each flow
regime in a reflood analysis code,

Then the hydrodynamic models and the heat transfer models of all flow
regimes and the quench model were derived. Some of them were newly devel-
oped. It was found that water accumulation above the quench front occurred
in some cases, however the criteria was not clarified.

One-dimensional forced-feed reflood tests were performed and the
models were assessed and partly improved by using the data of the tests.

The verified models were built in a one-dimensional reflood analysis
code and totally assessed with the data of the test mentioned above,
Except for the location just below a grid spacer and cases of high
floodiﬁg rate, the calculaticnal results indicated good comparison with
the experimental results when the water accumulation was assumed above
the quench front.

Additionally the test data from the other test facility were used
for the verification of the model. The results also showed good comparison
with the experimental results. It was found that better compariscns were

obtained when the water accumulation was not assumed above quench front,
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From these assessment of the model, it was found that the model
derived here describes the over-all reflood phenomena, while it has to

be partly improved and the water accumulation phenomena should be further

investigated.

Kevwords: Reactor Safety, Loss-of-coolant Accident, Hydrodynamics,
Heat Transfer, Two-phase Flow, Reflood, ECCS, PWR, Reactor

Core, Water Accumulation.

i



JAERI—M 83--032

RiE
L BB H e L |
1 B N RGO HHTEER e e e s i
L9 BESEYPFA e 1
1.3 R T L;}j&ij&,};pjbﬂ7kjjaif\@]& @@5{% ................................................... 3
L BB L AU e e e 5
LB AREATCOREEG e e 6
2 ERGRIZICE AR ONIEBIER SR E T 19
91 HE m e 0
. 29 'ﬁiﬂ\W(ﬁ?j}ﬁii .................................................................................... 10
221 PWR-FLECHTZ#TORBHAOERMERS 5>V CAREREOKR - 11
590 GEMEERICEAREREE D AR o 1
00 3 AR EERE I D RREE e s e 12
53 IEICEE B TR AL wveoereeor oo 13
9 4 BEENREIGD K] T F AL e e 18
0 5 B ARSI £ OB AR DK S E F A e s 17
251 WEEEAOKOFEHS_MARATIERICRIESEE oo 17
252 MR CARFEMASS X CEBRRSIEO R A PRGN o 19
253 TRFEANED SO FROFMEEORE o 20
26 {ﬁ(ﬁﬁ}ﬁﬁ‘ﬁﬁﬁ@?’kﬁ% TGl e 21
261 {ﬁi/ﬁeﬁa)%’jﬁ .................................................................................... 29
L BESROMEEZE  oeoeresoem e e 22
2 ?&(ﬁ%i% 5"\}1« .............................................................................. 25
0 8.2 HERGUITLIE ororeseeeen e 2
1. {T}Z{%@%{&ﬁﬁﬁﬁ&%ﬂﬁ%@fﬁ ............ S L L F LR R R P TP 26
9 ETHODTAR EHUTIERBL e 27
206 3 HETEEEREEIKEL  ooeeerereeer e e 28
2 6. 4 HEIHOSEE AFEL o e 29
2 6.5 MEREAYELEIKTFIE F IO E Lo et 31
DT ALEEDREZE o veeoeestereeeeretias it 37
3 FDNEEEE FAB LU Y DV F ETIL o 46
31 et 45
3 2 %%ﬁﬁﬁii@;ﬁl{iﬁ%?» ..................................................................... 47
32 1 BESEOIEFZT  veereererre e s a7



JAERI--M 83—1032

3090 BLIEE FLDRIHL  ceeoeeeeneerre e OO
323 FLECHT low flooding E87 — 7 iC L ZHREE TAOFE e
88 & LW FHEACE UL eeeeeeteeeenes e
303 1 BESEOIFZE oo eeemeee e
330 4 LV FHAE FILGHEIH e

. 7T w70y bAHTOWEMEEIN D GE e

2 B RHEIRIRERE oo oerrrrere e e

3 ORI AT RTIS T e e

4 ERERmI T v F .....................................................

5. FERHEEALEEEIS LW F  eeeroerreinii i e
233 H I VT HAEFADIRET oo
1 HRERSEI S T 2 FIT DUNT ORI e eeessres o

2 4T W FTEEETUDEMH e s

34 H I VFETUDEEY LY F DI e
3‘ 41 %%@G‘l’% ....................................................................................
340 {EES LYF BT AL e
35 EEHYROI T VT EFANDER o e s
35 1 FFAIET FOLDMLL e PO
252 BRFIIFAORTENDELT FADMRE v
3_ 6 7K$®$£Eﬁ ..........................................................................................

4, —ROLEEIEKERKERIC L BEABHEROBKGEFABLIU I VT ET L

@%@{ﬂﬁ .........................................................................................................
41 ;'ﬁ% § .............................................................................................
42 —RTEERENE KR TEAKGEER -
401 SZERODEIH o vrevrronmsomsommsss st el
4.2 7 %Eﬁﬁf‘é .......................................................................................

1, EEODJ‘E%E% ....................................................................................

D S Rl e e e

3. FFIRITR cevereneee e e e s e

4,203 EEBRIENE  co--eereeeeeee e
4 24 f“* Q%EE .............................................. T T
4.2 5 %Eﬁ%ﬁ_ .......................................................................................
4.3 BRI TMAEAERR, BRI, MEORESHROKA T TR e
4. 3.1 %M;E/j(ﬁﬁj%(@j ..............................................................................
4.3 2 ’,j_-‘;m}ﬁ;q@»j-,f %iﬂd%’@fﬁ ..................................................................
4.3 3 ’%HE‘;@@E{J -ﬁ%ﬁ; ...........................................................................
434 SIOEICEITAT A P BRI o
435 MEREIRIT DT OEE oo

vi



JAER[—M 83—032

44 EBFAPROBUZIEE FAADIRR i 87
A 41 BBAIIE e eeereereoemeeee e e s 87
449 BUDEROEAEE FRE & OHEL oo 88
443 AR SARIBOARE  creeee e 38
4.4 4 BiniE ?c&gj—{@@,\7}*g@w% ............................................. 89

A5 7T ST BT LB} e eeeeereereers e 59
A5, 1 I T/ T FUL ceeeeeeeeeeseinen e 39

L EMERICEIT ST A FEREEIKIIEE) e 29
7 Tz l‘gg—f‘%ﬁf@/i‘/fgﬁl ......................................................... a0
3RS T U FETFADRMBL g DERTE e S a0
45 2 FRFESPILE T DEEE oo s s a0

L6 ASTEDEEEE  creererirreee e s a1
PP TR IR 1 T L DI BER e oo 118

51 T L 118

5.2 REEEOBERRE:  oerreoe e 118
5.0 1 ELEEHRRIUDEELIZEIR  rovorrres o 118
5.9 0 AHIIBFLOIEFEL  -overeoeroemeret e 120

1L R MO S OO RSP 120
9 ML YT TOY R e T TSRO PPOTN 190
S FRBREIUG L ceveeeeeemeeeee e e 121
4. /&mﬁ}ﬁﬁ%%)ﬁ ........................................................................... 121
5 ﬁ@jﬁﬁtﬁiﬁﬂ@ai—gﬂg .................................................................. 121
523 fREME CRBEE) T BB e 121

5.3 FFEEARJHE  ceeeeeeeere e 122

54 51%:%91 ...................................................... e eeaeeeeeeiiar e ety 123
541 E#EFEE (Run G033 ) DEEEEEL oo 123
542 — TR FHK R IC DI T D EE e 124

5 5 Ziif%iﬁ)-%éim .......................................................................................... 126
BT/ E Tl DD ERTE AN DRI creveeeeemeessrms s 142

61 & T e S 142

6.2 TFEIZGPE  oreoeesoes et 143

6.3 ZFEIEEHL oo veeeeeoreirsee e 143
531 ‘FJL\PJ-E‘“?J(@JU“L\}‘Jﬁ‘dkﬁ)j‘r{@} A5 FE TR e 143
630 EFEY . — N —FOFLSENICE A BELEE  coeeeeninen et 144
633 FLECHT low flooding 58 Run 2833 0D TORIR oo 144
514 PWR-FLECHT Group 1H8XU2ER®041MPa OEBRT — 5D

WV EFEL oo rerer i e 146

6 4 %iﬂﬂﬁ*kﬁ:b&t’JD’CO)@%?}(%&?}O‘]@LQJ@?T%{ .......................................... 146

vil



JAERI—M 83—032

6.4 1 FLECHT skewed power 32 Run 13404 >V TDEIREER 146
6.4 2 FLECHT SEASET 8 Run 31504 L 2WTOMERHR e 146
643 Semiscale EH Run S03 -2, S 03 —A I DT DR FRER oo 147
5 ;’;E@*’ﬁ%aﬁ .......................................................................................... 147
%r%l §% ................................................................................................... 163
?E % % ................................................................................................... 167
=t B e 170
%Q%K&]JL\ .................................................................................................. 171

viii



JAERI—M 83—032

Contents
List of figure and table N P hrereee i
Chapter 1 Introduction  ..ieveirerrrrnnnnnarenannnn chr e
1.1 General difinition of phenomena to be treated ........
1.2 Previous works ... ... rerre e s heieaaaaa

1.3 Relation between system behavior and core thermo-

hydrodynamic behavior: ......... e sae st sas et aee ey .o
1.4 Objectives and procedure of this study ... .coivivinann
1.5 Structure of this paper et ra e e s a ey e

Chapter 2 Tlow pattern in core during reflood process

and core hydrodynamic model  ...ivverviaiinaans e
2.1 Introductory remarks et esa e rerteerarae ceae
2,2 Flow pattern in core et rer e Cerrenen

2.2.1 Flow pattern observed in PWR-FLECHT tests and
discussion on heat transfer process e ereeeeaesens

2.2.2 Visual test with quartz single tube for

observing flow pattern ........ chreaaans reeseerea .

2.2.3 Discussion of in-core flow pattern e .
2.3 Basic thermo-hydrodynamic equation for coolant  .......
2.4  Hydrodynamic model for respective flow region ....... .

C 2.5 Hydrcodynamic models for Saturated two-phase flow
region and Transition flow region ..... craa e e
2.5.1 Influence of contact of water with channel wall
on two-phase flow hydrodynamic behavior Ceeaeenaees
2.5.2 Void fraction correlations for Saturated two-phase
flow region and Transition flow region P areaaene

2.5,3 Evaluation of void fraction from axial pressure

gradient and its accuracy Cereraceenaes Ceare e ..

2.6  Hydrodynamic model for dispersed flew region tereenesn
2.6.1 Onset of entrained droplets .- .......... Cer e
1. Previous works sesaeeanaaes e rasaeeaarena .

2, Model of entrained droplet formation berea e .

2.6.2 Suspension of droplets in steam flow ........ e

1. Relative velocity between gas and liquid phases

and terminal velocity of entrained droplet  .......

X

10
10
10

11

i1
12
13
16

17

17

19

20

21

22

22

25

26

26



JAERT—M 83— 032

2. Shape and drag coefficient of entrained droplet

2.6.3 Entrained droplet high density region e

2.6.4 Integration and disintegration of entrained droplets.

2.6.5 Summary of hydrodynamic model for dispersed flow

2.7 Conclusion of this chapter

P ] t e 0 e n w e

Chapter 3 Core heat transfer model and quench model

3.1 Introductory remarks  ........ Cereesarerasaesar ey
3.2 Heat transfer model for transiticn flow region e
3.2.1 Previous works ....... IR hee e v

3.2.2 Derivation of heat transfer model  ......... e

3.2.3 Evaluation of heat transfer model with

FLECHT low flooding test data ....ees...

3.3 Basic quench model  ...... tessaareer e .
3.3.1 Previcus works e a e s e
3.3.2 Derivation of basic quench model  ...... .

...........

1. Classification of flow regimes near quench front

Maximum liquid superheat

Dryout type gquench

Liquid column type quench

3.3,

R I RN B

Discussion of basic guench model  .......

-----------

Discussion of droplet rewetted type quench veraens

Evaluation of quench velocity correlation

2.
3.
&,
5. Droplet rewetted type quench e rresasaeas
3
1.
2,

3.4 Extension of quench model to low-temperature quench -

3.4.1 Previous works e

3.4.2 Derivation of low-temperature quench model

« v r

P LR R R R A ) .

3.5 Consideration of system pressure effect on quench medel.

3.5.1 Derivation of system pressure effect model

CREEE B )

3.5.2 Application of this model to high-pressure quench

3.6 Conclusion of this chapter

Chapter 4 Evaluation of derived thermo-hydrodynamic model

for respective flow region and quench model with

one—-dimensional forced-feed reflood Lest

4.1 Introductory remarks Ceaes

-

4.2 One-dimensional forced-feed reflood test .

4.2.1 Objectives of this test

----------

-----------

-----------

27
28
29
31
32

46
46
47
47
48

49
49
49
51
51
52
52
55
56
57
57
57
58
59
5%
61
61
62
63

78
78
78
78



JAERT—M 83—032

4.2,2 Test facility Cieeeaes Gt arareaas erresssnsrasvas 79
1. Outline of test facility G rererr s et e 79
2. Test section ..... M eeseesraertessearrasasaa e 80
3. Instrumentation rreessmbreanuenerbt st rreces by 81
4,2.3 Test procedure  ..... e aaseceaur e 81
4,2.4 Data processing ..... Cee e ceseaans B 2
4.2.5 Test conditions reetestiErses ety R :

4.3 Evaluation of hydrodynamic models for Saturated
two-phase flow region, Transition flow region and
Dispersed flow regioﬁ chesan et Sereee e vee 82
4.3.1 Over-all flow behavior eeserareirar v s 82
4.3,2 Void fraction behavior in Third period fenearanaeas 84
4.3.3 Initiation condition for Second period heeriene s 85
4.3.4 Water accumulation rate in test section for
Second peried ....;................. ....... cenreee 86
4.3.5 Discussion on core water accumulation e rerarrasens 86
4.4  Fvaluation of heat transfer model for Transition
flow region  ..... Cheerenaen testremseubees e s e e s 87
4.4.1 Evaluation procedure I 87
4.4.2 Comparison of measured and predicted heat
transfer coefficients ...... R 88
A.4h.3 Effect of axial location in core feresreasarr ey 88

4.4.4 Effect of other parameters on heat transfer

coefficient Mrer s et ar s e haE cerenaen Cise e 89
4.5 Evaluation of quench model G hraeersacctrasraeater s 89
4.5.1 Low-temperature quench medel S I 89

1) Thermo-hydrodynamic behavior observed in
test section for Base case test seresersaanee ey 89
2) Quench behavior at lower portion of test section .. g0

3) Determination of unknown parameter n in
low-temperature quench model e tarssreiersiranean 90
4.5.2 Evaluation of system pressure effect model raerene 90

4.6  Conclusion of this chapter T eees 01

Chapter 5> Over-all evaluation of core thermo~hydrodynamic

model for reflood phase O i £

5.1 Introductory remarks O O K.
5.2 Numerical analysis procedure of fluid behavior veeses. 118
5.2.1 Finite differential forms of basic equations cese.. 118

Xi



JAERI—M 83-- 032

5.2.2 Calculation of boundaries of flow regimes ceeeve.., 120

1) Calculation of top position of liquid phase ...... 120
2) Quench front ..... et teeaeaea. Ceererecsneeearene. 120
3) Belling dnitiation point .o eeeiinenrernnnceersenas 121
4) Dispersed flow initiation point  veseveereesrovroans 121
5) Calculaticnal procedure of flow regime boundaries .. 121

5.2.3 Model of fuel rod (heater rod) and its numerical

analysis procedure Cer it i rErarrat At . 121
5.3 Calculational conditions Creeseraaaas teseereresarearns 122
5.4 Calculated results ettt rre e se.. 123
~5.4.1 Calculated results for Base case test (Run 6033) .... 123

5.4.2 C(Calculations for one—-dimensional forced-feed
reflood tests ... aenven Cre ettt eer e nrnss 124

5.5 Conclusion of this chapfter ... iiiiristensnscnsanssares 126

Chapter & Application of present reflood model to other

systems  ..... e et e e, b et et aneanee eeee. 142

6.1 Introductory remarks ... iiiiinriieriionnsaaansoasrssas 142

6.2 Calculational conditions  «.evevenenveneevenennnn. vees. 143

6.3 Calculated results .. ...iiiiieniritnenternnnrennasnns 143

6.3.1 Influence of core water accumulation on

' core thermo-hydrodynamic behavior .............. ... 143

6.3.2 Influence of critical Weber number on core cooling .. 144

6.3.3 Calculation for FLECHT low flcoding test Run 2833 .. 144
6.3.4 Calculation for PWR-FLECHT Group 1 and 2 test

performed at the pressure of 0.41 MPa P 1)
6.4 Calculation of reflood thermo-hydredynamic behavior in
core with different configuration from FLECHT core ... 146

6.4.1 Results of calculation for FLECHET skewed power

test Run 13404 P 1 &

6.4.2 Results of calculation for FLECHT SEASET test
Run 31504  ..... Gt et e et a st es ettty 146

6.4.3 Results of calculations for Semiscale test

Runs S03-2 and S03-A Y Y-
6.5 Conclusion of this chapter Mt rrrereaaeaser s 147
Chapter 7 Conclusions @ ... ieiiintontiieerennacenreennnannas 163
Nomenclature  «.ssee. aeatieserarersaratsisatestttatatrsrenenes 167

Xii



JAERI—M 83—032

Acknowledgement errrsarearerr s e eneenes ceenssssessaes 170

References  seeen-. vess e Cheverrare e s Ceenanreeserrevese 171

XAl



{(Chapter 1)

Fig. 1.1
Fig. 1.2
Fig. 1.3
Fig. 1.4
{Chapter
Fig. 2.1
Fig. 2.2
Fig. 2.3
Fig., 2.4
Fig. 2.5
Fig. 2.6
Fig. 2.7
Fig. 2.8
Fig. 2.9
Fig. 2.10
Fig. 2.11
Fig. 2.12
Fig. 2.13
Fig. 2,14
Fig. 2.15
Fig. 2.16
Fiz. 2.17
Fig. 2.18
Fig. 2.19
Table 1

JAERI—M 83— 032

List of figures and tables

Clad surface temperature history during reflcod phase of a
LOCA _

Cross section of FLECHT 10x10 bundle

Comparison of FLECHT/FLECHT-SEASET, FLECHT skewed power and
Semiscale axial power profiles

Mass and momentum balance in PWR system

Flow pattern observed in FLECHT tests

Typical heat transfer behavior

Quartz single tube test rig

Flow pattern observed in quartz single tube tests

Models of flow pattern

Three types of quench mode

Reflood flow model and definition of flow regime boundaries
Flow structures and explanation of shear forces

Void fraction calculated with correlations and measured against
superficial gas velocity for air-water two-phase flow

Models of entrained dreoplet formation from disturbance wave
Entrainment measured in co-current upflow-air and water
Models of entrained droplet formation during reflcod phase
Relation between entrainment fraction and dimensionless gas
velocity

Schematic of droplet diameter distribution

Drag coefficient correlations against Reynolds number
Predicted droplet diameter and slip velocity as a function of
critical Weber number

Relation between the arrival times of transition fromt and
quench front and the wvariation of void fracticn
Classification of core water accumulaticn type

Classification of core water accumulation type against initial

peak clad temperature

Critical Weber number Wec reviewed by Groeneveld

XV



JAERT—M 83— 032

(Chapter 3)

Fig. 3.1 Flow model of saturated film boiling
Fig. 3.2 Liquid distribution model and their indexes n of configuration
factor (l—ao)n
Fig. 3.3(a) Comparison of calculated and measured heat transfer coefficients
versus time - for FLECHT Run 3709
Fig. 3.3(b) Comparison of calculated and measured heat transfer coefficients
versus time - for FLECHT Run 5342
Fig. 3.4 Comparison of experiment with model developed by Duffey et al.
Fig. 3.5 lLiquid maximum superheat calculated by Groeneveld and present
approximate correlation
Fig, 3.6 Schematic illustration of two-dimensicnal heat conduction model
Fig. 3.7 Plot of inverse quench velocity against quench temperature

using PWR-FLECHT data recognized as dryout type quench

Fig. 3.8 Schematic diagram of heat flux versus wall superheat

Fig. 3.9 Boiling curve for reflood phase

Fig. 3.10 Schematic diagram of axial temperature distribution in clad
Fig. 3.11 Plot of X defined by Eq. (3-44) against liquid subcooling

(Data source is PWR-FLECHT experiment)

Fig. 3.12 Plot of quench temperature against time ratio (Time ratio is
defined as a ratic of quench time to apparent arrival time of
water)

Fig. 3.13(a) Comparison of quench velocity calculated by Thompson's and
present correlations with PWR-FLECHT data - Thompson's
correlation -

Fig. 3.13(b)} Compariscn of quench velocity calculated by Thompson's and
present correlations with PWR-FLECHT data. - Present
correlation -

Fig. 3.14 Comparison of calculated quench velocity with Piggott-Porthouse's

' data

Fig. 3.15 Effect of system pressure on minimum temperature in saturated
film boiling

Fig. 3.16 Effect of water subcooling on minimum film boiling temperature
for various system pressures

Fig. 3.17 Quench front velocities versus initial wall temperatures

Fig. 3.18 Film boiling model near quench front

XV



Fig. 3.19
Fig. 3.20
Fig. 3.21
Fig. 3.22
Fig. 2.23
Fig. 2.24
Tahle 3.1

(Chapter 4)

Fig. 4.
Fig. 4.
Fig. 4.
Fig. 4.
Fig., 4.
Fig. 4.
Fig. 4.
Fig. 4.
Fig. 4.
Fig. 4.
Fig. 4.
Fig. 4.
Fig. 4.
Fig. 4.
Fig. 4.
Fig. 4.

1

2
3
4
5
6
7
8
9
10

11

12

13

14

15
16

JAERI—M 83—032

Parametric calculation on relation between imverse quench

velocities versus quench temperature in case of top quench

Boiling curve

during reflecod phase

Effect of pressure on quench front velocity of FLECHT low

flooding test

Quench front velocity results for top quenching (0.2 MPa)

Quench front velocity results for top quenching with zircaliloy

rest sectien (D.343 MPa)

Quénch front velocity results for top flooding (0.69v6.89 MPa)

Leidenfrost temperatures cof water measured by Baumeister et al.

Schematic of one-dimensional forced-feed reflood test facility

and instrumentation

Cross section

Cross section

of test section

of heated rod

Schematic of test section

Configuration

of grid spacer

Identification of thermocouples

Elevations of

housing wall temperature measuring points

Mass balance in core

Typical transient of void fraction and steam veloclty

Applicability
void fraction
Applicability
void fraction
Applicability
with modified

Void fraction

of modified Cunningham-Yeh's correlation for low
region

of modified Cunningham-Yeh's correlation for high
region

of modified Cunningham-Yeh's correlation combined
Lockhart-Martinelli's correlation

transients in core

(Quench front propagations

Water accumulation in core

Schematic of upper end of coré/simulated core

Fig. 4.17{(a) Example of

void fraction distribution calculated and range

of measuring points used for verification

Fig. 4.17(b») Example of

quench front propagation and range of measuring

points used for verification of correlation

XVi



JAERI—M 83—032

Fig. 4.18 Comparison of calculated and measured heat transfer
coefficienfs versus time
Fig. 4.19(a) Comparison of calculated and measured heat transfer coefficients
- effect of thermocouple elevation (Base case, System pressure:
0.196 MPa)
Fig. 4.19(b) Comparison of calculated and measured heat tramsfer coefficients
- effect of thermocouple elevation (System pressure: 0.098 MPa)
Fig. 4.20(a) Comparison of calculated and measured heat transfer
coefficients versus time - a case of good prediction
Fig. 4.20(b) Comparison of calculated and measured heat transfer
coefficients versus time - a case of poor prediction
Fig. 4.21 Comparison of calculated and measured heat transfer coefficients
- effect of flooding rate
Fig. 4.22 Comparison of calculated and measured heat transfer coefficients
of all data of one-dimensional forced-feed reflood test
Fig. 4.23 Temperature transients of clad surface at verious elevations
Fig. 4.24 Void fraction transients in core
Fig. 4.25 Temperatures at cooling initiation times and quench times
Fig. 4.26 Parametriec calculation on quench front envelope for Run 6033
Fig. 4.27(a) Comparison of measured and predicted quench front velocities
{(0.196 MPa one-dimensional forced-feed reficod tests)
Fig, 4.27(b) Comparison of measured and predicted quench front velocities
(One-dimensional forced-feed reflood tests except for tests

shown in (a), and FLECHT low flooding tests)

Table 4.1 Main specificaticn of one-dimensional forced-feed reflood test
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Table 4.2 Main specification of test section

Table 4.3  Thermal characteristics of heater rod

Table 4.4  Notation of instrumentation

Table 4.5 Measuring methods.and their accuracy
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Flow chart of calculated for core thermo-hydrodynamic
behavior

Release of stored energy from a fuel rod during quenching
(Heat capacity of a fuel rod per unit length = SFCFng)
Effect of water accumulation above quench front on clad
surface temperature history for Run 6033 (1.8 m Elevation)
Effect of water accumulation above quench front on clad
surface temperature history for Run 6033 (2.1 m Elevation)
Comparison of measured and predicted void fraction
Comparison of measured and predicted core water accumulation
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Comparison of measured and predicted quench front envelopes
under verious pressures

Comparison of measured and predicted quench front envelopes
at verious power rating

Comparison of measured and predicted quench front enﬁelopes
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Comparison of measured and predicted quench temperatures for
Run 6048

Comparison of measured and predicted quench temperatures for
Run 6033

Comparison of measured and predicted quench temperatures for
Run 6056

Comparison of measured and predicted clad surface temperature
at verious floodihg velocities (1.8 m Elevation)

Comparison of measured and predicted clad surface temperature
at verious flooding velocities (2.1 m Elevation)

Comparison of measured and predicted core water accumulations
at verious flooding velocities

Compariscon of measured and predicted carryover rate fraction
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Comparison of measured and predicted carryover rate fraction
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Features of one-dimenslonal forced-feed reflcod test runs

selected for simulation calculation

Effect of water accumulation above quench front on history
of clad surface temperaturé

Housing temperature histories measured in FLECHT low flooding
test Run 2833

Effect of water accumulation above quench front on quench
envelope

Void fraction histories observed in FLECHT low flooding test
Rurr 2833

Effect of water accumulation above quench froat on void
fraction

Effect of water accumulation above quench front on ceore
wafer head

Effect of critical Weber mumber on quench front envelope
Effect of critical Weber number on history of clad:surface
temperature (1.83 m Elevation)

Effect of critical Weber number on history of clad surface
temperature (2.44 m Elevation)

Movement of boundaries of flow regimes

Comparison of measured and predicted quench temperatures for
FLECHT Run 2833

Heat transfer coefficient

Axial distribution of heat transfer ccefficient

Core water head and carryover rate fraction

Comparison of measured and predicted void fractions
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transfer coefficients

Comparison of measured and predicted heat transfer
coefficients

Comparison of measured and predicted peak clad temperatures
Comparison of measured and predicted quench envelope for
FLECHT skewed power test Run 13404

Comparison of measured and predicted clad surface temperature

histories for FLECHT skewed power test Run 13404
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Fig. 6,21 Comparison of measured and predicted core water accumulation
for FLECHT skewed power test Run 13404

Fig. 6,22 Comparison of measured and predicted gquench front envelope
for FLECHT SEASET Run 31504

Fig. 6.23 Comparison of measured and predicted clad surface temperature
history for FLECHT SEASET Run 31504 (1.8 m Elevation)

Fig. 6.24 Comparison of measured and predicted quench front envelope
for Semiscale Run $03-2

Fig. 6.25 Comaprison of measured .and predicted clad surface temperature

history for Semiscale Runs S03-2 and S03-A

Table 6.1 Test runs used for simulation calculation and inputted values
Table 6.2 Calculated droplet diameter and relative velocity between gas

and liquid phases for FLECHT low flooding test, Run 2833
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Fig. 1.4 Mass and momentum balance in PWR system




JAERI—M 83—032

2. WEABRICBT B IFLNTREIER
LIRLAK TR T OV

2.1 &

|

MEAKESZOEMIE, FODREKEEPSENESYH LI &, B o0, HiEg/KERREOEL
HREHEEE S (, P E A BT S0 hh 5 EThH B, T00, FOHDHREE
& BB HEMIFI & & bIcZ L L, 2D, TR GE L OREIRER, BVnZ L
Td, Linl, BEMICSLTE, 72 v FREZRUS, ko1 v FRH0BKNEHEK
ST, FABEABRETESLINTORHOOT, HEL T 282 ORERIE LUBGED
EEAMA G THABRRARANICIET 22 LHEHRHETS 5,

COLEH ISR T TR AHWASHNCISE T 22 0icid, BHREZERICOML, feiceinw
EHEL, TNELAEEBRL. 20 FALEEERNDS, BEVICHEmL. H4o® 7 1o
FIBEATFELE VI HELE ANENRD S

AKFFICECTE, COTEENCTREOREEITH, ©FLOHBROIHICHE. M=
— FOERPENTHY, EREREOUMEPIBEECITAS LD, —Ruira-KF&LTE
FaDBEMNETT D0

FDiosh, HEFL, BHASESEETHRTEALHIT, S FVOREANC, FHELNK
D7 DFHL & 75 2 Ef RN OREE1T 9,

A BT, FORREBHEOUE, —RorARKEZICET 5 AR TR D&, Fif
FhAAE DK ST E F OB D0 T B,

2.2 FEOAREER

9221 PWR-FLECHT B TORBMIORAMERD SOICEREEDRE
PWR-FLECHT ERo®4= 2 stk N2 1 RTHE Y —vOR Yy o F &
Lbit, 7 A MROBNES GBS A7-ARARKEBTORBHKIC VT, ROLSICHNHS
T B,
srvF 7oy OB X, BEBREAEROLKEICEEL RERIRESFLET 5. PR
2k DEEEE N REMA DL, RBEORMICECBLENED . 2 OREICHIEREOMEHEPT
LT LHDTH S,

F A FENEEMES, o, BEBOBRISE -CRAA DT, WKLy 77— vRETH
HEEZ LB, WMIEREOREF — ShyxvFosrd BRI ORIAD
ﬁ'é_tzj %u T% Do

EeAEERES, Lt FA MR LRIz TR, 72y F oy D EHOBRESEIR
BETH L. &MEEIC LD TE A, THE, HiblEE ZEEBRBHALE & OMICALERER
EHRSTEAET B L 5T, LTI HERR NS & Ay O O FER & ORI AT RN R M Rl e A



JAERI—M 83— 032

HBIELTW A, COEBICE TR, REBKRREEASKE, FHibb, ZEXREAREETS
BEEABOREED SIEEALERR, THHE, DHEHORNEE T A ERREHETELLT
Wh, £LT, TORAEFEFICINTY %,

HERER & BV L OBRIC 0Tl PWR-FLECHT Oo®EF kT, K22 0%
ARCETEACEL TS, THbE, (1} B Uh) 25820 L BREASKTL .
RS S OB T 2, (2] BVEEROFHOIES  EEOBRSKT L. BERORET S
By, (3) BVEERASS PR LA B4 BEALKT L, HEBORET RRICHGT 5 &
EZ T 5B,

Fizakesis o kD, FEES S BEERE OB -GN E LT Lrbir b, TH
W, BB O RAELN, REREATIRT AAER, AkES AT 2 HEE AT B
BT 2 S MR IE R ME L B A T AUL, PR O BUK I BEI L R EC TRl A & &R AIHEIC
BAHEEZ LD,

PWR ~FLECHT OHEETHMENTL AL S0, AEHOE IS F DIESLOTH
154, HEMES QMR T A FERABICHELIIRE (4 7F e vA) TERINTED, 7
EDEE OB, 7R R FREBEA, SIE SN TED . I H LB s
HTEE - ORI FNERELLOTIER ., Nl BEKREDELE FVEENT S
BT, FERER OB T A FREHOEE, BE, FAMIHOORMERRESOH
o p DEMARS L, EROBKNERICHET AMRIBAL, RANICHRRTMNET 54
B b

9.2 2 OIEBEERIC LSRR ORER

EAABETORHENAMEST S0, ARAENE LB aREORAICKE PRI D
AL Fre EREAESIERE COFESIC LD HENTO B0, —RecE, AAITINEEEDS
W AR O LT FEER A B 2 BRI S SRR ICA W STV B, SMUOE S IRNAD 20,
KNS ERB B, NEORREERG L 0 EAQOBEOAIITKSBNTEL, T DR
- R 0K OB B IE S W AT A S B KRB, HTEOBRBOBSICE, Wil
FREABREETIE AT 20T, BR/KBEREEIC IO HBOERIE SRIED,
KBAFE LIz CORIR & 7L - T Be TOE S ISHRIRTIE, BRI E CINESE & TR
L LT OS—HEBEROMBENOATH G, B OER TR0 IE S NSO AP S S,

RO EERRET 00, FHOESC=7 0 a0 ) F YA o B ARITES, TRy
DR AE L THSORBRNSEE TS 27 2 MRAEEL 7, EREEDOEHEH 2 31TR
4, AR v N TREREICMEL, ARETT 2 MRICEE Uiz, KOGBE OREE Y
ZFEOHEBIC L DIT- oo AEEOREOREINAEBTOABICLDIT 1,

EEe T EIA L B A B A AR 2 4 10R T, (o) OB, EAGERE 15 <1077 mss A
Dl 7 WG K, (b OIE4, BAEE 2x1072m/ s . AOF 77 - VESKTED, &
kTHOBEERT, (a) OBE, BREBSAS s yF7 oY P OTRATED, (BOBRG
sryFTn Y rDLENTH S,

b LOESIEBN TS, AHEEICKMMTE LT BOES RN EENELRTHERA DS 58



JAERI—M 83— 032

ﬁ&bfﬁ%ﬁéc&ﬁ?%%o%nm.Eﬁ%&ﬂ&@%ﬂﬁ%ﬁ#ﬁﬁ?%&,ﬁﬁ&ﬁﬁ
R LK EDBIFROE ALY, 2FEHIEEZPLTH S, REHCETHEPLRE LKL O
A LG WA KEGBELOBITROEBONEEALL, BROBANIETET L, 72
vE 7oy MEKANE L TOROESOR TiEE LTEETE 20T, BRICEEETI 2~
F7 0V OFIHETE B, MPiIczDNEERT

B2 4 (a} 12, SEEOHEBERN 77 vF7a v b EBICELL TN B2 LR LT S
1 O, EREASBICEEL TV APERESEL. BOERIENSH LI DR LOT,
47y VEREBER TS b, £ 2 OB, BE LB OB ECHEBEEEG LTS 0.
FHAGRBNTH D, BEARESBTO A, T OMREEERAR TS, B3 OMKE. L
FATRAD L o DR AT 50T, HRED B &3

24 (bl ieBT, 2xvF 7oy b FACRIKREBEP S L PO L, 72 YT
T a v T, BASERAO FEICEEL, 0%, BESsRRE L ohiERES 5.
A Ui AR EIEEIRE L A 5@ L. 20RKE LT 5N 5, COMERERICTNTE
Bsim s AZ L 6D TH b, COMEBD LB EFERE TS D,

FHOEAIT BT, ZRBECT 2 M EREMp SO T v F 7 ey FHBRTT SO0
X Nfe, BEE EOBREE FICL DRESAEEARCHNETS 520D ELIOTES
5, ¢ OSERARETASEE ()Y = MERED LRSS

AR, 2~3x1073mTh by . flucikEEn/ /bbbl s

FROBAESEC ST S, FESBOBRNE ARSI RT L, K25 D& DI S,

pevF 7oy NTANMSBABER T (77 - vIRE) @G, (el KE7 Ly F 70
b LHOERARAEST, UL, (b 7xyF 7oy FHETE, KB EARICHEETH
IR A TR T B, (o) MHEAS S ABAR SICEY 54, BROKGHES LTHRL.
RO S DA TS & 5, ORI T R b E TRTT Ao

?IV%7GVFT@HM&%W%E®%%.kﬂﬁ%ﬁﬁﬁﬁﬁiy%7my%tﬁmﬁ&
Xy, By AEIARAERKO FICEEL . c sy Ly F oy b RTHRELERIT
FORFF R, COEHIC, 2 xyF7 oy b FTRTHEBRAROAL, @R KIE R
Ly, TR M EBETRITT &,

prvFicon T, DEOBBIOKROT - FOOOEERT b
(1) FEAERY M B AR & D B I5 S,

(2) K54 7Y ME SHM A EETIRE OB G,

(3) wmEEAER EALuD 7 TV F

TheEhot- FOL0E, B2 61CmT,

223 AL AREEER ORI

PWR-FLECHT £8& LULEEEERD SO L LD IC, RO ZHROFRBIAM & 52
HAC LR, v vF7ey FOTFRICELN A2, TU05,

(1) ZeEis Jeub iRy,

(2) BRERAEEL,



JAERI—M 83—032

(3) WeiE sy Ao AR IR
WMEAT LT ETH L.

(0112, IR R D O T B S BBT AXMIHRT AR TH Y . HObRAIC
K L B ViR ARl S8 A0, Xid, BRSO D, KEBEHELTRETS
CTEMTEDBLH I D EEMASEBRICEET 5,

Schmidt 2 2, 10%OAreE7 5 v v 220 LEEKIRER LT, BEREW
05x1083m THY, ERKBEREZRICIILIVREIEEGFETLLEROE L,

LT ERTHEl SRR 2 ~3X 10 mTH-T C4Ud, Schmidt DFEERTDOHHE
KBAIEE S OREICHNST 5, AFREBEHEROF R MREEN T, MR IRGREN G N
FRNERTUR S M- EDOTHA D,

ST, BRRERRIESHEESTSICR TR, RERRARERPCFETEIVES
Bbi, RSB ELEN TR BECEH LN D LRET b

e AR s b A4S, PWR-FLECHT HEATE, RAnRAKERERER X
ik, #2T. COEERET T — VBB S Y, BITRERESRIERE L0 VS
BItHbHN A EGET 5

PLEOBIICES AT, FORERSEREN 2 7T DL S ICRO OO0y A TICHHEL, 05
& DEREFREL A KD L5 ICED b

¥ AF1E, sz vF 7oy MEBOTHRESY 77 - iREORSGITHLDN S, 71 2F 7
Oy O EFTE, oI A okiE, (1) REEMREER. (2) v 77 - VERIREEREIC
ABe #IvF 7oy FHRTIE, (3] 477 — VvERERE OufikiEs iR £ DBV
AEbHN G, ) L 4)EERER (RIKESMIEE THD . RS EESLEY SRR TR
AR HOIRSIRLN S, ) . (5) SR (BIEES TOICAL 25D
2. ) . l6) MEEHMES R (BEEAS AEAREL VEVIESICHDN L, ) LT, (1) E
BEESURMER OKAHEELAVEGIKEDbR S, ) KA,

# 4T, IV F 7oy EBOTRENSENEEOSSICEbN S, CORIBHEILE
FAEIATIOGDOERLETHE, 7xvF7a/ b iFEOARE-TNo, 7 LYFT70
L ho BT, (3) AR (BEKESARINEEOBESICELN G, ) BEEL. 7
TvF7 oy TR, 77 - VERBEBESEELE G, 44 7 LICEbOIHRE (1),
{2), (4), (5). (8], (MIILHFFET %o

sryvF7a vk biEEEEEAS SRS AR o v FER oS ERY T TR ST
o

2.3 AHNRCRT SERBEKNARER

=onm | fon RAEEEL. BR, EHE, TALE - ORFEHAREBEND L&
MR ER T 2E, 2044 7 - BWEERRBKRO &S ke 578



JAERI—M 83— 032

FELHDEREOR

d(apy) | P (apgug) _
AL : ~ | (2-1)

A DE LD

{0 —wpg  A{A-@ prue) .

51 i (2-2)

AELMOBEFHRFFEDNX
a(“PgUg) T B(apgugZ) ) ap

oo

dt oz 0z

+apgg tvg =mug _ (2-13>

WA OEF B RIF O
7p

S{(1-a)peug} | {(1—a)pgus}
N + 72 + (1—0’)6—2—

+ (- pgg +ve = —thug (2-4)

ASMHO T 7 v F - FEDOR

a(“ngHg) a(a.oggugHg) -
+ =
dt dz

HARD = 2 vF—{REDOR

d{U—a)ppgle} | d{U-®) prgueHe}
d1i A

Qq + g Hy (2-5)

=Q¢z —mgHg {2 —86)

2T, midBEARO ZHEORMED CESH~NERCLOBES NS BURESH/2D OF
BTHO, Q, Vi, #0Fh, BEEREO HEOEE T sHEICH T B ARRMH 120 DA
BB EUMENTS 5.

HEAARTE, FEAOEANNCHLOTHENADT vy v - DELIIBETES60
L, ELGH, Oy s vE - Hy He Z8f0kO vy ve - 2R L L TROD L DITK
Hd,

Hy =Hp +Cpg (Tg = Teat) (2-175

Heg =Cpr { Tsar—- Te ) (2 —8)

(2-1) ~ (2-8) X&eloEeTRAEES.
G{epy+ A—a) pe} . 3G

7t . P =0 {(2—98)

DTE aTg aTg Qg
= + = 2 — 10
Dt 3t VETag a0,C e ( :



JAERI—M 83—032

. Qe
= (2 - 11
" Higg+ Crgg (Tg — Tsat ) )
0 (apy) dGg
G 1 9D, 2 p
T + Py + 5, +g { a,og+(1 a)pe }
+ Ve + Vg =10 {(2-13)
Dug fug dug _ B
S +opeuL—5 ag(pg—py)
a(Vp+Vy) | Vg 3G L D,
—~ + + + - 14
T = PP TR P s
LT,
1
Dy =—£ G2+ —— (G-Gg)? (2—15)
a'pg 1—ao .
Gg: pgﬂga (2f16)
G = Gg+ prug (1—a) (2 —17)

SRNCH CHIET Ve, Vg i, THROREER, K4 FE, ZHORE ue . ug HEE
NEEEMICERE 260 TH b, LA, %iﬁf\O))\?ﬂ% Qe , Qg . WM, SEHDER
SRR UIMEHNGE ShnE, a, Tg, m, G,Gg, P, us.ugDIFOEHI,
(2—-9) ~ w~47)ﬁ®9@®ﬁ& ik, KR %Eﬁﬁ%z@%ﬁ&bf&ié
NBLEMHH B
Lmt,Vg,ng%ﬁ%mm,$4F$M%m&ﬁ§mmﬁi5%®f&b,ﬁ&@&%
BT SRR, 20T (2- 14) RORDIC, HERS FROMELNEHV S
fE i A, FA FROMESEELH & ORGHEE 4u A5 SANE, (2~ 16)K,
(2 —17) RB LU 4u OFERN

du = ug—ug (2 —-18)
L kA TEhEN A,

1 Cl+C2 2(C2—Cl) (C1+C2)2 :
T,

C2=(G—Gz). pe (2 —21)
AR, (211 &, (2-12) RiF, shThoclTERA o1,

DTe 8Ty MY Qe

Dt dt ve gz pe Cpeg ( )

m = 0 _ (2 - 23)



JAERI -M 83— 032

{2 —14) Xofenic, 4 FEBEMXE, (2 -19) REHWLOT, (2-13) XD Ve
+ Vg BRADUBENE D, - T, P, SEBRDOEASHLUHESEES LU RO/,
FTRhL,

(1) HA FR e L[HEAERE 4u ORI,

(2) HfAREO HROBRM~DRARM S 0 OARE Qe O,

(3) HALAR O MR OBSMHE~O BRSO ARME Q DHEMELE LU

(4) BABHARED RO & ETHE I RN OB Ve + V, 37505, BARRED

CARFC ) < R DA ,
mEZohtut, (2—-6) ~ (2—-13) &, (2—-16)~(2-23) Xcky, a, T, X
BTz, th, G, Gy, Dv, p, ug, ug MESOE, 55, (2-5) &, (2-6) R
Z(2-7) &, (2-8) AEHOTEETLEC, T <TaDE&E, Tg=Tsat & L
Te> TsatDFEIR, Te=Te & LzDT, COHEBIRALRTHE, SMNEEL OEWEED
KTy - k) EEEELOSOEHEORK (ARER) OXFEERTHLITEN
VS, B AGRRE T ORLNBUK A BRIGIENW L 00l H OO TR SV,

LR EEKEROBEIT C BV TE, oM (1), (2], (3), 4} i3, BEEEEERTE
B, BmER G ERRGE, 7Ty FORFIGEREL T 20T, L TROERIERXR
LTy FOEF, MEERNEEET A S MAE S0ENS B,

2.4 FREBHEDKDETIL

RIETE N BRARERL D, HBRORBCLESHERSH SH»ITH - oo RELIFETHE,
ERBBEBTORAE TV, TDs, F4 PR QRHEEEE OB S X CEAERE &7
D O ABHICE Kt ORMR AR T 5, SHBERICHLT, BEOESXOEH O
WARHT B,

(1) HekBEATR . 7 2 — LIRSS

g1 v FEEARS, BERSIEOOT, 7 — VBRI EETE BRED. 20T
F4ORER0 &L KB RTIENEEREOR, $0b5, BRICHL T Hagen Poiséuile
o, EACH LT Blasius'TY oA TGIES B,

(2) HaF0HE i

HREHETE (/5 FU) WOZMRICEY 288AZL00T, (25) BTRFT 5.
(3) # 72 — VBB

FARRIFO &L, M0 95, Mtk 480 Ll i, FRESECELETED
N, COMBBBMOBR 4TS EHEALD 5TH B,

(4) B TS

(2.5) HiTHRIT 5, HtE77iE (3) SARICC & 5,
(5) T 5y e SRk

(2.6) HTRET B,



JAERI—M 83—032

(6) BFFRUA AR
FAFREGLIEL, #ﬂémm“m@g@%@ﬁ (Lo bo) ZHOTHRT %,

2.5 SN HEAEEEJUBEBREROXKADETI

FLECHT Jow flooding E8*™® ichbnT, 7 =¥ 5 7oy b Of B HEOH
s, b b, 7o LALTHED, 7RV ED TO AR AF 4 FRE

Cunningham — Yeh ozt %% ©PMlTs 32 ARV ES i |

Cunningham — Yeh ORBH AP TOBBEERL VB ONLT - # XDELNLLOTH
Y, RS T O MRERD R 4 VRO THICE V2, fohDBLEPRETSH S,

EREHEEERD A FRICHSWTIL, &N, BB THARERO K4 FEMMEAELE
LTHEHAT A2 &4Ed %5,

FDt, T3, REEBHIKMNET HT S L BRNEH~OREEL L, REREIC KN
34 B BRI RAREL & KM U BB RR & OKIBFHOZREME L RiC, KR
BT oORDEFIVCHONTRIL, BHiIC, EEBHL R FEFMEICOVTEET 5, &RT
kA% FOEI, F4EICHT - RTEHTKERKERICE DT 2,

251 FAHRE~DKOFTENZMHFARNETICREI TR

BFN ARG S EE AR ST L T, FnEAM 28054 T, F4 T 208D RN
OREARET 2, bLyA72iBVT, ZRJEOFES BT, BRERORSRREN
THRESEAOESHRBICRNTERTSE, o, (2 - 14) XoG2F 2EPH 1 THIZXLT
EBHTEH, b5,

g(Pﬂ‘_Pg)I {(1-a) > Vg + Vg, (9 - 24)

o, AUEBHIORSEER A 71, 24 7 2i0dLTELVREDOIAEEEZ 5, T
IZIROBEHITE S,

HSEH OEGANCE NS Vea , RZEOHHREA Sa ., THEBEARS S ORKIRIC
B HENAE Vs , MEBWHEEAES &L, Sa<S &7 5, AXUENDIHEAE HEGH
SOFTAEEZEALEVPETLDT,

v .
—EL o~ (1-a) (pg— Pg) g
Sa

%70, HOARES 12 D O HADRSABICB N V, @94 72056, ROKIIKRDS
5, '

Vea + Vg
Vg: £ S E
Vea %f8AL, Sa<S AZZETLL, V, FRDLBTEDLENS,
S v VB
Ve~ (1-m)(pe— g —& ~



JAERI—M 83— 032

Tiht, BAEAOESHCE N, BAEOESIEVIES (SAa <S5 ) ik, #i
TE, ¥4 71 E9 AT 2RBOT V EMHBEGHRESORSHICH M TRbI &b
TEBLEHbr 3, (2—14) K, (2-17) X, (2-24) XEHEELLRADE SN
B

Dug G— Gg prug
= — — _+_ V
G . 1 aDy
dt pe 9z |
BT, WM, BSHEOHERENSSELOES, 4471, 4 721083 L TE LORIEOIE

EAGZ B,

FARDOITAREMS L hid, BEOEERELIEY, (2-11) K& 547189472
DE 4 FERBE LN S5,

WA, BT L T, SRERAE TOMREFERIZL D ET I hThoMEhoaghid, 15
B, RIFAOBBETITE LAY, FLE0, ZHRMEADKENORE Ve + V, FREERT
DEAMIICE L, COEEFE LT, I ABREHK S ERRMEE L ITH LT, VetV
DFHE AT Do
(1) Baf0 AH R

FINZD 3 CHEOBEIEE, T Vet Vg o KKDOWT, ROFBRIEH 1o,

\ngr-\fg:—dpﬁo(I*Cf)_l'?5 , (2 - 253

LT, AdPgo 13U REY OBAEEICHEST 2RAEEROIEBETH 5, AR,
0.1~ 05 MPa OEHEEAT, FEMABEHNOEBERI K HBICH L TRILT 2,
IOFE KBS JE TR D BRER S v AR OK TEMBERICHEY T 2EE 00ImDEG, (2 - 25)
Hick D Ve +V, OHEMR, ROFPETFTTE gleog— 0 (1 - ad D0 %BLTTH- 1o
ugo < 0t m7s , « < 08 }
uro << 005 m-s , « < (083
ot BHENH 01~ 05 MPa O#EBEAOCE S,
(2) BEEREER
M2 8iIRrdTLHic, 9471 EAUC_MARSHDOBEE Y 4 72 (BERAR ITREL
Fro 2T VvF 7Oy N FRICERS NAESER, KRS GB@ICERT 20 2IEL, BEEA
DESHE MHESHEAHRE LTV S, BEEE HRAHEICH LT, ROIJOPHEDOASE
51l %,
ESPICH LT,

&t A

2(Dg—0) 8 4Py + 4P1)

=—2at (Dyg—98) 42 —x(Dg—38) dgp, 47 o (2-26)



JAERI—M 83— 032

THRERSICE LT,
T (De—208)2(4Pyu+dPs ) 4 = xt(Dg— 28 47
~x(Dg-20)2gogat pp (1—a)) 42/ 4 (2—27)
APy /47 = —g (pga+pg (1 - a))

LhRaxhtctaEERLT, (2-26) R, (2-27) RLDROMABREERIIENTE S,

+ —_— e e = — ——
Vet Vs Z Dy 47 D¢
95 4Py
= . T4z (2 - 28)

EREOE X3, BRI T 5 UHALER hcony M GIROE D ITFHITE 5.
d = 4, hconv (2 —23)

r T, AREGHEOBLERTS B, heonv HIEE 60~ 120 W,/ m?K 2 TH B, (- T,
i, 04~02x10°%m THdLEHDP S,

Ak, EMER D= 00l m DEHE. vwvgdéﬁﬁmﬁ4~8%t&b Wi
BRI TEHATE A0 %,

PLEOBEIC LD, ZADFTE, SEHE Dy OMEROMI MR L ESRE TLT
RLH4 FRMEBAAER FERHTE 5T &o5hh b, BHARICE T AR ERHUIRIIKE DS,
FROEEERE, KAEMEE D OBEL Y FAROZARICH LT OHEAAETH S L5 S

b,
ZOEZOEYMIC VTR, FA4ZCE O TERRICKRIT %,

95 9 AR ARMGANE L BB RAR O 1 FEHERS
Nickline 52279 MER 2 5 FBOE4 FRO FROLHOEMRNE LT, KAEKEL

1o

wgo/ @ = 12 (ugo* ugo) +035 /gDe (2 —30)
AT, BEIE001~0025m OHENZES - KB L TRV Filll% 54 %, Butterworth

(2-10) (2- 11) ,
£ . Lockhart — Martinelli OB ARO L HITEIL Lo

el = 1 +028 (g0 ugo)®® (e p )08 (pe/ ) (2 31)

CORE, MOEBDOFEA FROTFHICHAHETE 5,

ML FVNTOES KR THEOF 4 FROBEERIRK 2 91TRT X510, UK
T HEONEICHT 5 E4 FROFRAEERRE - THY . KNEMHEE D= 01m OB
& ® Wilson R 2712774 Cunningham — Yeh ORI LB FAEE B ~BET LT



JAERI—M 83—032

%o

SNy FVRZEG-KTHREBEEBIC ST, Sy FARRE (F7F v ARov) ROomaEEE
PSRRI O BA S L CORR SICZR L 5 T EMTE, SV FARD RS THROKIF
FIEENL AN RHERO N LB O TH L T EMBBlS N, Ths, <Y FVNDE A
FEAKODEBFOXR S FELIFFHELOERTELIEZELONS, iE-T, Ny FAMRORES
KN EMERFSZLOABERNORESHIVEETH D, Y FILADEENEZENED S
DEOINTHD, FhHk, 7S FVREBBENERG, KNFHEEOZELOHERD LD LD
INChHHEEZL HIL B, _
SEeSEETHERONE &, BEAOEEARFIETH L EORELD, ROKEAMEZDOK
R LN,

du =ugo @ -ugo (1l —a) (2-323

Cunningham — Yeh OEBIDOF -7 ~— 2 L15- LERIE, Fkdhoy FrABRHE
BRTH -7 -0, BEADHEBRETHD, RAMBId 5,

4u =ugo.” ®Yeh (2 —-33)

TIZT, @ yeh 13 Cunningham — Yeh OHEAL SFRISN 5K, FETH D,
(2-32) L&D, aFKATRDENS,

Ugotuso 2(ugo—uzao) Ugotugo.2
e /1 + ( )

1
=—{ 1+
a=5 1] Ju du a4

}

(2--34)

zhud, (2-19) REBUATH B,
Cunningham — Yeh OMBAXD (g0 (ugotugo)}®® OHE, ugo>ugo DA,
1 EERTELDT, a1 /ph ERDEDICESETE %o

@ yep = 0925 pg.” 00" (ugo/ Uber )2 (2-35)

T,
Uner = 153 (og/ pg)®° (2—35)
Ugo. Uber < 1 DIES a = 067
tgo / Ubcr > 1DEE a = 047 }

REL, @ yen Bl KOREHBSNIIBSE, @ yen —1&7 5,

(2-37)

253 ENATIE AR SO KA FROM & = OREEE

HA FROMMREERIVCRIT S 2iTi3. BRI,

(1) XEXNI 7 BOBBMETRICL S K4 FRAE,

(2) 7R M ETFIC S e SN OMSIC £ B H A FHEIE
(3) R &S BT ARD SOF A FROAE



JAERI—M 83—1032

EOBORIBEEFRAMHE LT 2 SiCk DT, (1), Ay FUVAZHB TRRETSH
D, (201}, EE-KROMAHOLIIKTR MET L 0T TRENREET 55T LARIH
TEIIV, (3) i3, BHERHETSH LA, BEEAES, MEENEREZEL (FELIT0L LF
RIS SHIT0,

AFickuwCit, (3) OFES LUFORBER-SOTHRHFL, B4BICB0TERCLD RS
FEOBIELITHOBOETEL 4 5,

HEEHRETR, 06/ 0t HERETHD, (2-13) L&D F4 FRIRD LS ICkbT
ZEDTE B,

a = (Pz+*é—(j—g+Vz.+Vg+ ;—BE,IJZL))/( pe— 0g) | (2 —38)

CTTC, 4P /A7 BEAREALHEOREMBTH Y. Dy i3 (2-35) XTEHRSNT S,
2.5 1 81 CHi~fc kD, AR MR K OBBRER TR Ve + V, BH4%EAT (251
D&M A) TR, — 20% OHMEELILS,

R ERIC B VTR, RN ORMIESEOERARFESREEL S L0 & RUET U,
Vet Vg BRRTEDEND,

Vet Vg =F (pg/Dg)ug /2 (2 —39)

227, F IR Dy ONERAKEORLFRHTSH D, Blasius XN Tl 4. Bl 2B
LT, BFEF 02 MPa, EEHE 15 m sOEBES, £ FEDBEEIT — 45 % OEIERL &
15 %,

(1 0¢)0D,/ 8Z 13, B RBTRKER & X4 FRBEXESEE NEFE TS 5,
FHH, £4 FRE, EAARIVHETE S L8500 5,

bLb, Vet+t Vg & (1, 0)8D,/ 9Z OWEAYEFNTIED SN 4 F BRI
L THMATEREAE, HEOFEE FRXE/MY 5, '

a = (pg+ (1.7g) 4P AZ )/ (pg— pg) (2 —40)

2.6 READSERERADKNET L

RO THRICE G AESRK (Ui, BEER, 1A 7 o-) ORE. SRAHEDE
LDHBTH-1 X, TOBBILBLTH, KRIFEBECHE TS DT, —Hicld, KIFHEH
OREHTIR - TRRICHRN, —HBOKSBRROBREL D B LR E D, M, —8HORENs
BREECHES NS LV S EH ICERA L RERE OXRFT 2RIKEFEFRSEONI, HiICE
EEHEOBEOA, BIREERSHEEL, BREOADRNENL - 12,

EEABRIEWTIR, X732 vy FROGAFRIKKBEFETELVOT, {5 OEHETHERM
MEA 4 hiE, HERRSRESE & bRBEOREE L8NS 5, L LERAFEDE
&, BROSKAEIIET ARESSESH = 2 v F —2F L TE 59, [ o ORKTRESEEF



JAERI—M 83—032

L, KEBEROFNEZH0HE® &S S,

FIT, WEABRICOVTOKRAEFVEERT Biobic. MEFEIC SV TORE, BHE
DEHICH L TR EE DR O H O ZY B & CREORAZREIC > TORN, BERHD
BEB L USBBITH WV TORN ZT, EESEROKS € FVvOEBEITH, JOKRITET IV
DFRMEIE, B4 TICH VT, — Rk ERRERRIC L0 AT 5,

261 WRORKE
1. PEHKDHE

AR CORERAE & LT, —IZH 2 10 R T _oOBRAEL ST 221
B2 10(a REMAESSOESCELNELOTHD, A& {BRE L ARLOMEOARIHK
e DBl EoEFsh, FOBOEESTNE L THELRET LRETH D, L) -oOBERERT
B SHREESECBACEDNE LD TH Y, WIECREE L 729 ERFENE, 77 v 7«
VI ARLTOA FTBERELT. RELOREEICA - RO KERRFAEPICR & <K
L, AR TEOAS N —REBAEL, TANKRTTHEICOL SHhORBIKSHET 28
BThb, Ll Zofic, EiiigiEdhic&As NicSmoRETOME, WL DAk
NE-SHEOSHRAE TOWRIL L > THRBERET 5,

B2 11 43 Wallis®? o R CHEGEORBREICO O TORTEATH D, BEHES T
HTIEEMAES EbICEAT A0 E LT, ERE TR, SMEEREE TS &5 &gk
BEAEN S A 5 /FICGESE. K2 10 (b ORERERERICL VRBHRENEMT 2, €D
¥, GREFEC L CB/MEE o, L L, ERET S RESBRKF AR T & [ fOE S
THFBRAOEMRRRIGEVH S K 5,

COWRREREE Ly F 70 v P TORBEREICHEMT 2E . K2 1210087 8D SR
FH A ZEZ A EHTE D, M2 12(a) &, BERY v FOBSOERMRELTT, 7
TvFTO Y O RCH Ty — AKOEREDS D, O LRIk OERTIRS H LS. EFR
SEAROD T CHASFELMES, B 2 10 (b IOih LcliliReBRIEL 5N b, B2
12(b} 12, F3AT7TIMVES T FDIBEGORBREATRT, /2 F 70y bOLHITEL
FoKidr v F 7oy MCBEL, 2 10(0b) DX HICEMEEES S, mFDBEITEOTHEY
FERARES L0 FA T, BAERTICEEL TOAA. ATE, MERRAERICNETET,
BAEOEFHO RSO OT, WHOMRS N, KRE QRS EZET L,

BTSSR TSR AIC I, I OIRENIC X o RAESRRIIC RS CEB L, s
ZEbiEEE N, BT oA, Hithw S2hDORFEICORT AalfEEMiE0. J0E, BEO
BROEANBRADZERELECSHE VL LTH B, '

WAy FARRTH D . hoKSHEFRAEEE T 558, BEORROENNEST S &8
DB DRDNA NZHBEL, BEONMESEF LD, REORESTAONDILDEER b

RO AFIC BV T, BERERE~ONENTE, TORD, BHECERLSSREER
AN, BHOKRESEHNRECIK -t ThE. RROZAH L oOBRERECERLH
SEkEE D AR SOMEREEDFEMHFRBRLZLEOLEZSNEN, CCTRED. HROTM
T ODRHEFRAECHOTRITEIT 5.



JAERI—M 83—032

ERRIC BT, SHp oOBIEIC L5 (p, 40” b Tl ) HEEEINCL ST o it
F) kORI BIEQTHERSFEET 5 EEALB L, WHONOkTIEbE, Weber 3

We = p,du24h/ ¢ (2 —41)

BT R R MRS BT H Do C LT Au BRI, 4h RBRREOREO RE
T d 5 210)
Woodmansee 2 19% e £ 5&, dh & L CBRERB LOBORAR S ER/INES LO%,
FHbhh, ENBEOEIEMNEE, Wee= 55, B/NSIOIEL2ELE, Wec=15TH%5,
Steen'2® FEANE T 2 -5 L LT FRADERETO, BHRELET AR/INMERHE
RIRETEE 5 AR L '

Ug Hg ( Py )1/2
4 Pe

= m > 246 % 107? (2 —42)

WallisZ17 4, [ 213 OLESBLY b iAd VA v FEOMBAER LI, DY LA vAY
RIS, RERIERRORARBREICHT L RSN D, KREMPD Ty b A Y
FREOHBOEURTHY, KPR TRT,

E = 9353 % ( 7y — 246 x 1074)% 2 (o - 43)

(2 —43) XOBFEIE, BEEOEGECOWTIOAERZR Lich, BREOEVH IS
CIREEORESEE L, #RASETL TR s b T 5, Wallis OfIgRICEOT, =
VLA VvAY NBREEOSL. SARBEOEMICHT AT Y b VA v v MR =T I
MLTNAT EAEELT, 7oy b LAHBROBERE MBI L TRD/ILEDTH S

B L 7o & 9T, FRETEHBESS VS, EFRTE, BEKREICLSE Ty b A
VIFNEEREOET E & bIcHImT 2, #-T, (2 43) XoB&KkET, A/E#EIEC, ¥
L4 Ay PREBEFMNT AEGICOHBEHRTE 52 &0 5,

EEerREO LRHATY i, BSREOEFE LB Y b LA v v FE IR
+2, ABLT, T Vb A vA Y NERELLLESE Wallis 3 FHBRABRIRELIFATH
2, COFRELETR TS v F 4 v IMELEOOT, BKETREY, [EROSEELLD.
WG IFEE LT LT B TH b, $HbL, THEARIMEL T TR, B3R 7 7HT
Hh, BERENCIE, B E TEEEE LT A0, THERESHREN LT, RIKRIGER
LTHNEEEE LS,

BEROREAENT &, R T VR SEKHA~O BB IERTRD L @WK TS 2 &
SICHE Y, EOEUMCERESEELECREYD, Ty bbb v Y P ERFEDMREMSL I
%o

BSR4 EATHD S, BRKBRICET S 17,10 GROBDTH 5,

JS=u, (e gD Cpyp— fog)]l/2 = 0~25

(ug: 0~30mss, 02MPaDIiG&E)



JAERI—M 83—032

Je*=uy Cog/ gD, (op— 0)1Y %= 0023~ 058
(ug * 1 %1072~ 25 x 1072 m %)

FLECHT low flooding FHEICEW T, BRFEENH 15 m sTHREVELCLIEEER
BE, IS~ 015 THRERAFAE LS LT b, Chld, 21280 T, FHERRESRZL
T TOHBRENSERKERBIIBNTOLIEABERTH A LHRAMSE LT 5HATH S &
25, UL, BRERIHEHOHESKPIBEE TS 2EOFENEDNI0NHED LTS,

Wong & Hochreiter'? 1943, PWR — FLECHT SZ8RIC 350) B ASHE04R O PR L AR L,
0.762 ¥ 10°m OFMEAKE L. BREEN & OMEREEZRMAOKMEE EEL 5L, Bin
FEROPEHERESTNCRITE 5 BT 58, ZRKFERAKEENEE X DRV EEKE
REE % OBEANTEIT L, '

B DR RERAE 21056, BRLGIEDEMOTEE & LA OBYRE S % [ SRR
B4 2 &3 iskd, S OldE oML, g OENELE2E L QIFRROHH N
HILO L EDh S,

2T, MEEDMEAEELSLC ST B, WLEMR T BT v— s RS FET S
WO ER SRR RS, REAEE

I’(Dd)—‘32§;§ e 4P Do (2 — 44
22T, Do BBATCHBOEFMETH, BRI =~ Wec iTh- THRESN D,
Wee BRADLHICEESN, REEHORRAEICLEERRT A VT LHENFELTHS
RROEG T A AFEOHRERO LTS, -

Wec:pgduCZDO/G (2 —45)

SHROBEE T F X O—HHAEEENE U CHBICERSINS &, BEOKRE 1 32 ¥ — 1358
me s, WEOEHTANVF-LERTHLIOT, [FEESEML, EHEOFRE = 3 0¥ - 53
BINd A&, HATERIEEE du. (BRRAY 9 Z7HRELES, ) W 0WTEBERIRL. E
L DEEOEE S » A XEHOL, SREHLEHOERT x v E - O, BT 5,

B « — - HiE, 2L OREFICLED D 5NTO A, Groeneveld P oLe 2 iz
kBE, Wee FE2V1iCndLHCEspbon, —mOME Wee = 65 BHERINTH 4,

Thurgood %22 COBRA-TF=2 - FOEFNELT. (2 - 44) ROSHEEZ,
FHODORHEDERODT, HISEEMNETEEILE L L AHHE Duax LoD L D/NIS
R OAMERFE DI EET 5 LE Ui, £0#l, BRRPICR B S M 3 OHRED 2R
ERicd 284 pid, RATHDSh

v==fi?”:D§f>(Dd>dDd//J;1Dfp(Dd)dDd (2 - 46)

COEFNML, Andersenic £ REMI HEAT COOQOLza —FICEWTBWRIT7R7 L —
MOLDEREDF » Y4 —n—eFE LTHOANTE D, Lahey iItL0HREIN T 54D
<3,



JAERI—M 83—1032

Thurgood HEDALAZEF VR, ITRAT L - LOREDF + U A —~N—EERHLEE
DLEDIT, HLEREHRLOREHEELAENCLONESR, BOOBENI++ VA /3 -
SN AESORNTICIZEL T A45, Bl Fim sk D O RAKEED & 5 KGR T & D #45
xh, sxvF ey VRO THRME L LHEOFME O HICEBE TN,

BHE LT, BACL DAL ARERREEESICREY . CORBKLIOKOEIETFEEDT D
DEARD—IE L B 5 TH B, THbL, BED) 75 7 2EAFBELIBS, BEFRES
EF AL, WIHEEATITE RS SR T, RSB, BERA Al U, 3
EAELETHEEL 2P0 TH D, &L, BAEMe 7 0 OREREABRREDR & FE R
BEOMICEASNIT, BRFEAALD HCERT ZRBARET 539 TH 505, #IHERR:
T 7 OB A A BT G L 77 R B 1T e~ TN o T R,
BiEEZIEBHERELLEEL 0N S,

0 WMREE T

DO EORIEERICHEDVT, BUTB~NEEFVEMNDLIE LT B,

BARDBRA VISEOREBRHEOBRHBEOSHAEER 2140 K HICEA D, Dpin SN
i, Dmax SREREA TOEKREIC L0 EKADICEETE BRARERERT . WHRAE
BRI, A OSEBOEE T EGRICEEL ERY 545, B OB ORI R ERROYLEIC S
DHHRE RS AFEMCH LENFCEFL, BHRAEREGSRICERT 5, T, B D
Hos0iE, HAEE5TAORROMHEEZENT 5.

A DIEROBEORERESA 7 & L, BRETSHLRERENGE TOREKOREE Gy &
T3E, ADHIMOBEHEER Ga BIRATERDb I A,

Ga =Gyg X 7

[T, B AOBRRAERR AR £ ERORRRARBAABRED (- 1) &5
A A B T BRI AT A DRIROWEI & BT & A B, BIETERG
BRI 7 5 v 5 4 v IHSE LT D RS ST ER LR R ESCE T, RETEHR
ELTHD, ASROBHRERH L, REABRBRBARRLN L VEOE, B HBORE
DERBASIML, 759 74 ¥ JiCLAREOETHEML, BAREBEOENEZELSE S,
CDEDHICHETHRESEZZ 25, HEMICREIREBIBERERGLATOEROEE BB
Bt LA Ehbh B,

27T, WRERERNESE, s vF Ty XD EHICH D, KHAETEE DR TR Dmin
DL P TENE, TOADEAKKISTERMESY, RESEHRIET LD LR
wd 7, CORTEILERICINVHED D, BlOHRORBESE 70 R LV EERT 5.

C ORGE LA, ESSARASO FHICESRTITERETE IO EEO AT S HIEN
55T EITND, COMEBERESTEMSREERL, 2 6 3 TRIET 2,

FLECHT SEASET 8™ ts0 0, RloHBOMENGOREET-> TV b, %
DRERICEBE . —HHT . BAME OBEEA 07~ 08 % 1073m . BUNEEESH 0.2 X 107
mTHY, WEESHEDELATHLTOET &bk b, (2 - 44) X oOfftic kD, &
FHE OETEEASER Y « - N HIC L - TIRES B EE A, SyNREEIE CORRREEIT



JAERI—M 83—032

HELAbDET B, £ LT, B/ARBATEER, BRY - - - o3 2BRAR ) » 7H&
& du. Talln 71l ) %Q&{ﬁﬁby asdu. ERbOIT T EILT B, R = — -8 Wee Bk
a3 FLECHT low floodingEE:, FLECHT SEASET EHEXDRET 5,

262 WEOE

1. T O S AT SR & MR

—A%iT, ORISR & L TERMOKREESHO 6Ty 5, BIEREE 3, —iRC.
BVWGERTEMD A EEAEHE FT3E 40T ORKMNLIEEREAREL, BicldENL
FHEOFHE L RETOSBMGHEECSE L, -7, RI#EEL Ju, &T5&, KD
AR g B

1 1 3 Dasg
ECDP,&AUtZ'Z ﬂDdZI(Pg—Pg)g';l"ﬂ(*;Z—) _ (2--47)

T, BOAROBRLRFHDICHEE ARSI LERRREMHEE, CCTIEHERR Y
y THREETEHRL, du. T, @, WEOIESFE (Dug/ D= 0) £LT, (2- 1)
Ric L DRD BT EHT S 5o |

EERAEL, 0G0t =0 &L, BERKDOEBERTHEY . o, BIFEOLELRIEEE
SAHEEYERNEREBEROFNERICTHELRET AL, RAPEINL,

(2 —48)

Ju. - [Cog—pg—1—e)(pg—p)g (1 0g) (3D, 9Z )
‘ (3,/4) pg CoDa+ pgF ./ (2Dg)

ZCT, FIZEED. OMNEROHRNOBEEFR TH D, Co (ZEE Dy OB L ZE LR
DEIMERTH 5o )

FRi3, 1 RS S AT AEBRETOERZ ) v 7 REOHEM TS D, G4
OEFADSTOHE | IHILEH S < EHOHMES, B 2BEFIKNAIC L SRBALESE
DR A, EIBEESEEDOLERIC L EMEOHELERLTV 5, HROH 1 MEEFEOI
DENEA, B IERALHOBEBRIC L - TE U AR OREODNRZ1T,

FROEHAODTFLEHBOEAE 1 HUA AR L, (2 —47) L& ERXEERFR UK,
du.,=duy 135,

22T, L ORENRIT A0 AN, ATE2EE, BICRA FRa= 1 THELD
TR TE B, HFHIEE, ROLHKFETE 3,

(1.7 02)(8D¢ 7 8Z) = 3 (ugGytueGe) /9Z

THY, Ay THENRRIERCEXTMTHIE, uy=usThHO, -7, Rlp LT
Ao

(1.7 p¢)(8D, 7 32Z) =G(3ug/ 8Z)

EakBiETid, PWR @ 16 x 15 BMEHAICH LT, SEABERS4 3 kW m THD,



JAERI—M 83—1032

HFEAHM 02 MPadk LT, STOE3HEIAE 1 HOMW 10% T, ERHL, IR T2EA
TE LI b5,

SO 2R, PWR @ 15 X 15 BIBEUADH M S SMEAKNERELAT HHEEZE L,
Dg= 001m, uy=10m/ s . REH= 0.2MPa, AEDEHEELFHEM, Da= 0001
m, Cp=04&,d2:, BE1HEOW1I%THY, AL, FOBHATE LT L5,

ZOESC LT, BEHERNOERBARESEMAKNIEE D, OFEOENEFUTHD L
EETxiE, (2-47) & (2—48) REEF, BEEETHLILMNDRE, LpL, &
i T ORAED FR A ST SRR TR nicElah, EENRESALE -
T BT EHELT, WHAMETHRMIC L A ESROEE S OEHFIE &2 SrlhEkE
Bhb, COBEGITE, (2-48) R b ESOTAY v Z7HEERFM LB dR oy, L
mLEBRE, F OFMARETHD, Cp 2HIEL THORE 2HOMELIUG IR L, Fill
Xtz duce & Dy & DBERABT &9 10d 5T EBENTERG FIIE 0,

BE-C. BB EOTIE, FERE O OREEE(2 —47) Rick s du. 2R v 7TH
B oAue E%LLELUTHRIT AT, ERERSEITHER S OMICPEEE LBEI Co £
FdBHIEET L,

2. WEOTEIR & B IR

FLECHT low flooding FERICEW T, BARENK L6 m s TEESHERAEHONI
2. TR, BIEORELEELGTAE TE U L ERKRL TV 5, LI TE, HlOREHE
D S I AAE DI I DI TIRENC SO TOBE 21T Do

Hd | WRmLHIKRE LCEA N30 G A~ b, REOENCL S ETHBOEEE L
LR L AIRE LA EA LS, FREN, Do (pe—pg)g, 20/ (Dg/ 23810, il
e BB IDICRDE & GRADRILT BLEDS 5o

Do (pg— 0408 < 497 Dy
Bond¥® jikfiu,
DE (pe— pe) g/ (4a) 21

ik, AEORESRLEE Ui, £8iZ Bond HEFFIEINTY 5o

01 MPa B4 Dy= 2% 10%m &9 5%, Bond 80, 016THY, HE2X 107 m
CITF T, i oicllikek s LTRA DT &b %

BHABRO TLAEEIE, M 2150RT £910, LA 2 vXEOBR RO N b, TOMREY
BLELIT 2 L, RADEHITRS LD,

Cp= 24.”Re (Re < 2 )
Cp= 175 Re 9%7 (2< Re << 1000 ) (2 —49)
Cp= 04 {Re > 1000)

Ingebo 220, SAith T S N Tl IR KO RIE O FREA LRIk, Kt
N



JAERI-M 83—032

Cp= 27 Re 08¢
CDmin: 0.4

(2—50)

Wong & Hochreiter (219003 e DR IREE A3 B 7%, ORI E L TR E
Bt
24 6

Cp= + L 04 (2 —51)
P Req 1+ Red®

cHSDCp DEAR 215 KR, (2510 RiE, b4 7 v ZEHHI 100 ~ 10000 T (2
_49) RiCEBCp EDKREBEETZAH, L4 7 LAFH Co OERBEEN RO &0
T# B, Ingebo @I 18 X 100 m &° BEOTOIEESEEICH EH T TORRER D
SN EDTHD . BEKBE TORBREVERETFETHET LI LEELLHL, BIEK
BIEAO Ingebo D XOFA T AELLEL SN 5,

N, BEOERSRIC-SLTHE, (1) BRI ZEHEZEROEREBRES, SABHNESIH
Eoozlt, (2) AR BEOEl, (3) EHEEEE~NOREELZDRAI L BENNED
[REEhE 7 5h B, THALOFE PP wnE, (2 OBRIBEEALH . (1) ORI
AR EEBEDORDENTH Y, MDEHENMOLELERE 3) OHRTHY, BRICTLD
FHEMS LT B, 20 S ERNE SR TV B, Eisenklam 5085 2727 4%, 1w
PORMBEHRIT ST OB, KOOV 4 2 v 2T 2 2R b s BIHRNE T,

PlLEoshic B0 % BEARARRE AL, mAFEKELT, (2 -49) XEFRHL, #7
I L BTFREOE{L A EET 5.

B 216 T, 3WEHE LT (2 49) REROESOBER Y = — Y Wee ITHT S
%, SN ERE OHEEREART, KB, EALMAECOHCON HGEER Y - —
LAEELZTIT-1-&DTH B, Wec=01 D84, FLECHT low flooding HEBOHE (i
R 075 1073 m. SEAETTEHE  BE Lbms) EHHEEHNRBL—RBERLTHET L
b B

FCT, RS « — N —HAEIS 01 BES, 26 1 TEBAL AR/ B OER = 1
v THEEICHT Bt a 2001 EWH D,

2. 6.3 WASEREDPER

WA MBA O FHICERHIDC ST 2R X REROFEZ 2 6. 1iIT80T
BUE Lte T TR, TOENEOMH & DR DO TORA 1T 50

Thie 22 & 2 FERA 5L FLECHT low flooding'? ) &Bickiug, 7=
vFETO Y PPESRIEE T - 7LD 03~ 04 m FTHIKEDSL &, BXME OFRIIL
FIEE A4 h, N3, MfEE & BREES OMOBRIEART L5105, X, BnERLE
L, ERBEAREERTEEIEDLT I ENTEELICNE S, CNE, BEOFIEFROHVXME
MyrvFzovr HOBRSNTOS L EERLTH A,

9217 (a) {2, BEOEMBICLE 50T, Lee®A FLECHT - SEASET £8%7% ic s



JAERI—M 83— (32

TEMU B GEROBREAE /Ly F 7o MEEOBFRO IHTH S,

25% 102m s PANOEKEETR, BEAL /7Ty FUoy b EOERRBH0IMTHS,
$62.170b) 3, 183m& 213 m OIEAY v TEOEREH» SFHE S Akcld —EROFHFE A F
%f&éo%@ﬁﬁL%nm@%éﬁéttﬁﬂAmﬁ4F$ﬁﬁTb%w,ﬁW#C®z@m
ERELEBHIC bbb, YTV F 70/ bh 183 m OSXICBELREB LD H4 FH
AR T LIS, 7ovF 7oy A 213 m OSSICEREELAKLC XD F A FROE(L
HWDBRRENL D, COLIICHMIS, ESAHSRITEMICEET 23 TERAFRHFRIFLIT
HY, BEIHANELELTED, BEAD FitRiEEOHEORBNSOCKMSFEEL TH 5,
CEDHETE B,

Pllotsticd E0%, HRSEEEMOFHERELRLOTHL5LFEL D, £LT, LOK
FOEX% 03m &EYD, ¥4 FREEBEREBROSOTHRHIND LKET 5.

264 WHDEERESR

Fert Lol SR il L, BEEEA O A BEd 5 Ky, R O B PR O SRR DS
AL L0 . O E T L& -0 T ALY, 208, BHONESE JUGENE
HFLEICNREEEZL LN D,

FLECHT low flooding ERiCH 1 .04 FROEEMELAEXMIIRT L. K2
18 DESIHE, F4 FEL, 2-50RTE55X (Level N-N+1, N=05) OKXEOZE
i oRE S iR, FRARLTO 2, SRMAOESE, 27+~ F (03048 m)TH 5,

Type 1 Tid, 72 vF 70y kD EATORS FREIW 10 THY, 237 2F 700 M
FEA FEOHEXBOFHICEES 5 &, K FRERRQRRBETLED, 7xvF 70y ol
FRE I ET AL RS FREWEOHICET LIEY 5, £ LT, SEERBHCHIL LoR A
FRIZ, OGS AECMT 1 KT >ET 9 5,

ZHICHLT. Type 2 T, THORTXKMAER S, SMEXBORA FRZiELA LG
BT LY 5,

B0 2 19 {c FLECHT low floodingEBITE 7 24K 1 FREMD Y — 4 Type 1.2 i
SR L B RIC OV TR,

FREEEEN A0 K BEOAOSS, Xid, dREENS 88 x 1072 m s 15inch/s)
L OEIEADA . Type 208 bill, FAHEED 2 ¥ 1072m, /s (08 inch /5 ) DIFE,
IR EE S 4TOK BLECH Type 1 Th - 7o MPEBEEIRES 1140 K BETH, EKE
EEAS 38 % 1072 m, s Th->TLHMICIZ Type 2 DIRESBRbONLD - 10h, RBREDOH S
Fgiic Type 2 @IREEAME H iz,

WD RA FEE, 810 LEZZ oS00, #4 FEOETR, #lTHATOKD
EAERICENTHIEDEBROKIFPLICHEET LI L5 EXEERL T b, ABHRCHL
Tik, #4 FEH 095 DT FHbL, KOELEEDN 5 BRI L) 155 EEFHLAZK, X
i3, FRMENEKEERT Do
SFLNEKERIT W TORE 21T 5o HAEROMKIER REL TORIE L DK QRN
BEAHTAEEROLOTHY, BRY « — -G LER A ) » 7THREEE T 5&F



JAERI—M 83— 032

BEDFHCIZOEDTH b, - T, 1 SpOMERIC LD BAEFROBBSSEHLE S, B
Ry o 7 EEAET ARHEE (BRERLES, ) ETRECKENFERTS 5,
FhMFOKRE OB, BEIAOER A vFIC L DRE T F v F¥HL D RILBKE, &
b, LN DEEIRSHT B, UL, HRTHHEL DES GlEPE CEE, BRE
BLEOBRE AR L, ZSREL D ECRKISEEAE T AWIC TN HSOREIRTE LB,
prvF 7oy bEESOEESEEREXE, 70y Far—+ FIcEET 5. 7)) v F2
= PEADEKIL, KITEMEROANE S v F AR HHT LR & EKJFRICL xR
#14) (Counter Current Flow Limitation) REICL-TET LD EFZL LN 5,
WEHDSEIRDOBRTIESG LD EEL S5,

(1) BB BER~ Ol 51T & Sl & R O T i
(2) PR, A0 EET OB EOBIEY A OEEEIC L HHO T SF
(3) EEXIEE L >odh HikiE, #R. EEIC L SRENE
(4) e FIE OB X D5 OHE T KIC X SR R

WIEDERIC LD, FLEKSEL, £4 FERERTFT 84, 2OTHRHEER, = v 78T
DWARDTERGIERICHE Lot 4 FREEZ LNLOT, EBRRDO XA FRLEES 5o
RO ATIH LT AEA, BR R o VIEEICHG LioRA FERELE ERET S,
TR DO E YD NG v AEELHT L ET D, WIRABIRAET Scdicid, REREDN
MBI BT, S - RS ORERIEEE D Ap, DTSRG ET D5 GDBUONIES] 4p, iT
0 IR S8, L TROKE ATV, EARFEERAL L LT D,

(1) BREREEBA~OERELSHLREOEBRES Gy & L, MRS ORI T

R4 FRE ag 5 oy ILELT 5

(2] FREED OEME S LR omE e a8 O st 5, 72 L. MIEREC,

VEREX dx 2%Z 5,

w-T,
dpa = Ge? ( . : > e (2 52)
Pa £ [ — e I ag £ _ .
dpi=C (1 —ag) ™ dpg (2 —53)
LT,

dpe =(F/ 2D ps) GF - 4%

F =64, (GeD vee) (EBHROEE)
F = 03164 7 (GgD/ v pg)®® (Rl B

i, BRESMETIE, 1 (1—a) > 1/ (1 - a)ThHdh5, RAPKILT L.

4 1 — 4
pf o _ F ay Cdx (2 —50)

dp. 2 (1-ap"™ D




JAERI—M 83—032

CAmﬂ)@@ﬁ%%@%éﬁ,ﬁﬁwmm,ﬁwﬁ%ﬁmﬁ%nﬁF@ﬁf&b,ﬁﬁﬁ%
ﬁkﬁ&n@ao@kﬁ%émf,Am/upaﬁxﬁ%éc&ﬁbﬁéoAmzdpa?&ﬂ
d.ﬁﬁmmﬁéﬂ.ﬁﬁ%ﬁﬁﬁﬁbn,ﬁ@%*ﬁﬁbm<w&%%6n6®f,ﬁﬁ%&
%ﬁﬁfwﬁ%ﬁ%&%Eﬁ%ﬁfﬁm%®ﬁﬁ%%ﬁwkﬁ%®ﬁﬁ&ﬁﬁm,TmeLZ@
REICREUEBLEITOEHDEER B,

FLECHT low flooding ERicH\\TiE, 7R FEAEORENE <, LA EDERIC
ﬁwffx%%ﬂEHMﬂém.%ﬂﬁ@ﬁIy%&@&aaﬁﬁmﬁuﬁé®%ﬁmaIy%
%EU,71y%ﬁ?®%ﬂ%®ﬁﬁ@%ﬂ%ﬁﬁ®%ﬂ@%2%&ﬂotaL@%,@%ﬁ®.
fxb%@%%%m@@tﬁwﬁwfm%ﬁ%ﬁﬁ@ﬁk%@ifﬂﬁﬁﬂ%ﬁbfﬁD.%@
%%,fzb%ﬁﬁ?@ﬁﬁ@%é%&b%%ﬁﬁéfﬁ¢®fxF%«ﬁﬁﬁﬁ&ﬁ@nk%
®&%hﬂéo%ﬂﬁ,C®¥ﬁﬁ$bf@,ﬁt&&@%ﬁﬁﬁb%ﬂﬁitﬁbok%mk
Bbh b,

L#L.ﬁﬁ?@,é%$,%%@Komf@ﬁ%%m%?w%mﬁiétb@%WﬁﬂwQ
T.ﬁ%ﬁmﬁmfﬁ.ﬁbgm@@wﬁé,ﬁm%*@@mgéwzomv»mewfﬁﬁ
AT 90

mﬁ,ﬁﬁméﬁﬁm,ﬁ%@ﬁ&%@%ﬁ&ﬁit,%@%ﬁéwﬁu,%%ﬁ%mﬁcz
Kﬁ%?é&%iéoﬁ%%%ﬁ@@?dﬁ%@ﬁ@@%%;U%n%@&?é@Cné@ﬁﬁ
T ESDTHEA FRELERT ERDE TS,

d{l —a)

= = f{(] —a) (2-55)
dct — ,
pgﬁlafﬁhmxzchg(ﬁW%%EBﬁ)
(2 —56)
d( 1 —a) ,
PE (—_d—t—_—)mx =Cs Geg (ZOMDKMED

2 6.5 WESBFEKAEFTNVDOE LD

PlEA S &2 ElRAERIKNE F VIR LS ICE LD SN o

0 RS, sy FT oy bED EHICHY, SEIEHEE du SRR Y v TR
EAuC@a%ﬂif%%ﬁ?&éoﬁﬁxuvfﬁﬁuﬁﬁvl—ﬂfﬁWa:aﬁﬁ®%
PRI k> TEE . a 20017 %o

(2) BRY = - HAE—IH01ET B,

(3) WeREOIMEHE (2 —49) XTEDbS D,

(1) SRS A U AR 2 RS IR & 1 B WL IR S SBEA AT G-
THEbEN B,

(5) RO ARAREHEE LR O R IEEE TRO SN 5,

(6) WHETABEAED FHIC ] DES ORESHERMAEET 5o 41 % 03m 27 5o &

)
)



JAERI—M 83— 032

4 FEREE, BEREBROLDTEDS NS,

(1) BROAEAEEL TORE, K4 FROFRELBBRERTO R4 FREL B,

(8) WROABEEHLTONE, £ FROTHERER R ) » 7EEICHT 284 KL
B |

(9] HIEOLKE (2 - 55) 5. (2—56) RTEDINS bO &L, TERICELDBIEY, Hi
HAED B D ET B

27 FEOFR

AREICEO TR, BEKARICET 2FLAFRIRORET, FONSKIREOERHER

DB FLRATE FLORE E TS fe £ LT, LT oMwmAeE .

(1) PWR- FLECHT EEEF O /2 o Pic hEREERIC L 2BARROMMICLD, ¥
ODRFEBHER ORI 2T, WL OLOREBMEEIC A Ui, 37005, (1) BAKEMRRR,
(i) 72 —wiglBEsaiEt. () v 727 — VIS, (v BEEMEE, (V) B8R
i, i BEBENEERTH B, F vy F 7oy b TORESEIEEOEBSIE, ) i
M FEREmE Y . i) 3RS 5, X KPEELRWEE&ITE, ARAKRTRA
%o

(2) FELABENKERAHFERICERT 5 7DIC, 500508 | ot HREFE L, ERAER
(2-1) i~ (2 23) AWM L, & LTEREA FRUT, QMARE, S8, &
H~DBAT . S, BHEOKHIOBRNAZES Y, BREIPHMETEZ AT L5707,

(3) RREIHBOKDEF OB AT () MAREERR, 77 —vERBaEE (il v
7y — RS, i) ABREKRFEERIOE 4 Ak E T v ERR LIS

(4) RAFN _AEH, BREREEOHR 4 FRICOVL TR, BRPOBEMERICIT T % Cunningham
—Yeh @ (2-356) XEBLEL. (2-33) ROL S NKRMEFEELRS, (2 -34)
TICRAT B I EVRIEDEEEEE L fofi 4 FEEZFHES S TELED T,

(5) WA EFICOVWTE, BEOEEN /)Ty F 70y bOEERTDZ 797 1 v THEIC
EBENBEOFEICLE - TS EF|LHT LI, HiC, 34 LlMrESmH Tl
BEMAKS L, BUEIR ORI >V TO (2 — 49) XA O REEER L ERES
ALTEER LI, BT, 73 vF 70y b AREVERL, BRERESE L3725
[UEHHEEMREAT NG, BEERET A S =T B I N, BEAFEES Y A5k
INGIEARR R (2R T« — o —$ Wee LHIEB LICX - TEE 2HAR Y v THE Ju,
Daff (a<<1) &L%o

BHFEEROE FRICREE 4] ORFSEERMMAFEL, T084 PRI, BRFAHEK
TOHRA FREELLEED TS

BREOSE, ROV TDEEB LD a2, Wee, 41 20 TOEEMEIE, 26 51KRL0
Foo



JAERT—M 83—032

el el

. '
L] [+
e ° Dispersed Flow
o i of Liquid DOroplets
] ¢
t: GS
el
oo
0 °,°
S’ 8
RINE
S
N}

Flow Pattern

Transiticn Regime

'Y
Film Boiling

Y

Transition Berling

I

Nucleate Boiling

Y

|

Liguid

\
.
\

Fig. 2.1 Flow pattern observed in FLECHT tests(2-1)



JAERI—M 83032

A 2
3 2 =
o 210
3 n Lé (80}
o 3 s|E
w0 =it
. E @ 2
3 S 0 S
= —
O v 0D
S
173}
c
3
e
$
el
Time
+ Quench

Fig. 2.2 Typical heat transfer behavior(z"l)

Head Tank

L — Drain Line
Quartz Pipe {Transparent) wound —
with Nicrome Ribbon

15%id

AC
POWER 6? x 1,000 mm

< Thermo - Couple

LS A NSNS NSNS NI RTNRR

Gas & /Sforoge Tank

System
for Pressurizing

=3= LT Pre-Heater
F b

w«f+ Degassed Water

o

0 00049

Thermal Insulator

Fig. 2.3 Quartz single tube test rig



JAERI—M 83—032

MO 4
pasJads g

Mol
pasdadsi(

MO |}

uotyLsued]

MO 4

UOLILSURA]

p:0L+

yauang

i —
but|tog

Wity
paj002gng

MO | }

e nuuy

T
U0

youany

Mo J
pinbi|
91buLs

MO | 4
pinbi|
a1buts

inlet

Flow

inlet

Flow

15 cm/s

o

m

z tube

heated quart

in outside-

4 TFlow patterns observed

o

2

Fig

t

experimen



JAERI—M 83—032

{e)

{d}

(c)

(b)

{a}

Models of flow pattern

2.5

Fig.

g 4
a B
@ B

{1)Liguid Column

o +uoid
i youany
|
B B’ & @ o
= \mw.xw\mﬁ &
uolbay “
paysusny |
l
;
i
@@@.
a .l
@ 9 \m\%
| uoibay
"vocucm:o
_
|
|

]
uwnjony | uojbay

pinbi7  paydsusnd

(3)Droplet-Rewetting

(2} Oryout Type

Type

Type

Fig. 2.6 Three types of quench mode



JAERI—M B3—032

Superheated steam
flow region

L7 Liquid top

No R . o0
°N Rewetted region o L6 To=Tsat

Q Top quench front N5

0 0 4
o 0 o
©0 ' . < @
0 o Dispersed flow region 5o ©
¢ o o ¢
@@ Froth level @@ L4 AU = AU

Transition flow region %
Subcooled\ | ﬁ%u “L3 Tp=Tsar
film Boiling

region

% "Bottom quench front L2

Saturated
Single liquid \ two-phase
phase flow/ \ flow region

Subeooled ; L1 Tg=Tsqt

nucleate boiling

region \ Tg=Tsat
AN

Type | Type 2
Ty <Tsat Tg = Tsar
at quench front at quench front

Ty :Liguid Temperature

Tsqt* Saturation Temperature

AU : Slip velocity between two-phases
1 AU, Critical slip velocity

Fig. 2.7 Reflood flow model and definition of flow
regime boundaries



JAERI—M 83— 032

P+Ai?gr+APf F’+APg‘f +APf
\ \\\De\\\ \/ N De f
AN \
\\\ rTH\\ \\§%
> AZ
T rl
shear \ l
é‘i}r??ued \ \ J . \\\
3

P \ \Heated wall/

| \Two -phase mixture

Type | ~Vapor filmy Type 2
Saturated two=phase Transition flow
flow

Fig. 2.8 Flow structures and explanation of shear forces

Symbol  Diameter of rods Rod pttcl‘g

X ?3x10'3m 88:(10'
o 10.3x105m 12.8x105m
o 138x103 1?4x1d
. 16.2x10" m 205x10 m
1 T T T 1 | T
i O m/‘i} """"" i
‘m\yﬁ}/o\m’
0.4t MesB= T 0e
S

Void fraction

Atmospheric _
pressure

| | 1 1

- 0.02 0.t 02 i 2
Superficial gas velocity (m/s)

Fig. 2.9 Void fractions calculated with correlations
and measured against superficial gas
velocity for air-water two-phase flow
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Table 2,1 Critical Weber number Wec reviewed by
Croeneveld (2-21)

Author Wec Nete
Isshiki 6.5 For an accelerating air stream
Forslund 7.5 For dispersed nitrogen film boiling
Einze 13 For a sudden acceleration

22 For a gradual acceleration

Minimum dlameter of droplet
v Maximum diameter of droptet
/whlch can be suspended wlith
the steam flow at the droplet
initiation point

Frequency

D D Droplet diameter

Fig. 2.14 Schematic of droplet diameter
distribution
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a function of critical Weber number
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Fig. 3.4 Comparison of experiment with model
developed by Duffey et al.(3-18)
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Table 3.1 Leidenfrost temperatures of water measured

by Baumeister et al.

{(3-30})

Plate material

0.032 ml drop

6 ml drop

Watet temp. Water temp.

Water temp.

Water temp.

373K 296K 373K 299K
Pyrex glass 788 - >973 — _—
Stainless steel 578 578 598 598
Brass -— 503 508 508
Aluminum e 503 508 508
Aluminum(smoothed) - —_— 538 -
Aluminum{fresh pclish) - 428 >473 -—
Brass{(fresh polish) — S >473 _—
Gold fresh pelish —_— — <457 _—

(very smooth)
Unit: K
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Table 4.1 Main specification of one-dimensional forced-feed
reflood test facility

Loop
Maximum operating pressure 0.5 MPa
Maximum operating temperature 423K (Water)
‘ 623K (Steam)
Water storage 0.5 m3
Volume of containment tank 1.0 m3
Power of preheater for water in storage tank 30 kW
Cooling capacity for water in storage tank 5 kW
Volume of upper plenum 0.023 m3
Main piping 1 inch pipe
Material of loop Stainless steel
type 304
Test section
Maximum operating pressure 0.5 MPa
Maximum operating temperature 1473K

(Heater rod)

Power/Voltage of power supplied to heater rods 300kW/ 400V

Note: Other specification for test section are shown in Table 4.2,
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Table 4.2 Main specification of test section

Heater rod

Type

Effective heated length
Outer diameter of heated rod
Heating power per rod
Maximum linear power density
Power distribution

Cladding material

Isolating material

Material of heating element

Grid spacer

Thermocouple

Type

Material of element

Test section

Arrangement of heater rods
Pitch

Power supply

Material of flow housing

Indirect heating
3.6 m

10.5 mm

9 kW

4 kW/m

Shown in Fig. 4-4.
Inconel 600

Boron nitride
Nichrome

Hasteloy

Ungrounded and sheathed type

Chromel-alumel

4xh-rod (square pitch)
13.8 mm

3 phase star connection
{15 rods)and single phase
(1 rod)

Stainless steel type 304
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Table 4.4 Notation of instrumentation

AP Differential pressure in the full length of the test

section (shown in Fig. 4-4)

APi(i=l 6) Differential pressure in the divided parts of the test

section (shown in Fig. 4-4)

APy Differential pressure in the hold-up tank

APpy Differential pressure across the orifice in the exhaust
line

Tws Clad surface temperatures of the heated rods (show in
Fig. 4-6)

v Voltage of supplied power

A Current of supplied power

F Flow rate of coolant supplied into core

Tiin Fluid temperature of ccolant supplied into core

Iy Fluid temperature of the upper plenum

p Pressure cf containment tank

P1, Pressure of the lower plenum

Py Pressure of the upper plenum

Note: The location of imstrumentation, which are not indicated

the referring figure, are indicated in Fig. 4-1 by symbols.

— 100 —
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Table 4.5 Measuring methods and their accuracy

Clad surface temperature

Core differential pressure

Pressure

Power supplied to heater rods

Flow rate

Differential pressure across
orifice for measuring the steam
generated in core

(installed in exhaust line)

0.5 mm dia. Ungrounded,
sheathed type chromel-alumel
thermocouple 0.75 class

(JIs €1602-1974)

'Strain-gauge type differential

prassure transducer,

1.5 m full scale

Strain-gauge type pressure

transducer, 5 kg/cm?G full scale

Hall-element type power
transducers
one unit for 3 phases power and

one unit for single phase power

Turbine flow meter O to 1200 1/h

+1.0 % Error

Strain-gauge type differential
pressure transducer

1 kg/cm? full scale,

Linearity 0.5%/FS

Hysteresis 0.5%/FS

— 101 —
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Table 4.6 Test conditions

! Peak clad
Run : Peak System Flooding temp. at Housing Core
number linear pressure rate reflood wall inlet
power initiation temp. temp.
(kW/m) (MPa) (em/s) (K) (K} (K)
6010 2.2 0.1 6 C en 393 353
6012%% 2.0 0. 3 673 373 358
6013 2.0 0.1 2 673 L 373 358
6021 2.0 0.39 | 4 673 413 393
6022 1.6 0.39 4 673 413 393
6023 2.4 0.39 4 673 413 393
6024 2.0 0.39 2.6 | 673 413 393
6027 2.0 0.2 8 . 673 393 373
6028 | 2.8 0.2 o 673 393 373
6029 . 2.0 0.2 4 823 393 373
6031 2.0 0.2 4 673 393 373
6033% | 2.0 0.2 4 673 393 373
6037 & 1.0 0.2 4 673 393 373
6039 . 1.6 0.2 4 673 393 373
6040 2.2 0.2 4 673 | 393 373
6041 | 2.8 0.2 4 673 393 373
6042 | 2.0 0.2 4 823 393 373
6043 | 2.0 0.2 4 973 393 373
6046 2.0 0.2 4 673 393 358
6046 | 2.0 c.2 5 673 393 373
6047 2.0 0.2 7.5 673 393 373
6048 2.0 0.2 10 673 393 373
6049 2.0 0.2 10 973 393 373
6050 2.0 0.2 4 1073 393 373
6052 2.0 0.2 2.9 673 393 373
6053 2.0 0.2 3.9 673 393 373
6054 2.0 0.2 3.9 673 393 373
6056 2.0 0.2 1.4 673 393 373
6057 2.0 0.2 1.5 973 393 373

(Note) * Run 6033 is Base case test.

%% Run 6011 was also performed. The test conditions were similar

as those for Run 6012 except for linear power demsity (1.7 kW/m)

and flooding rate (6 cm/s for 5 seconds and 3 cm/s)afterwards.
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Fig. 4.24 Void fraction transients in core
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Boundary number

i+l {Ty, Tg, o, G, GP’

Vy+Vg, Pliq

i-th node

i - {Qﬁ,’ Qg’ in}i

Fig. 5.1 Variables determined in calculation
at i-th node

(Procedure) (Used equations and table)
Q> Q Table 5-1
Tg» Ti Eq. (5-4), Eq. {(5-6)
in Eq. (5-3), Eq. (5-5)
Gg Eq. (5-13)
A Table 5-1
Ys @ Eq. (5-10)
G Eq. (5-1)
Gg | Eq. (5-2)
VotVg Table 5-1
P _ Eq. (5-7)

% In case of liquid phase

Fig. 5.2 Calculational procedure
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Liquid top

Yes

//////// ?
No No
@ Liquid top —J >
Au £ Aug Liqui\$ Ny >
? ?
Liquid top
L/~ o L
?
Liquid top v J/ qP L~
Dispersed| |Transition|{Subcooled Saturated Eing}e Superheated
film two-phase 1quid steam
1 f1
flow ov boiling flow gﬂﬁﬁgofé%“ flow
region region region region nucl.boil+ | region
ing regior

Fig. 5.3 Determination of flow regime at next node
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Calculatien of
quench front

Calculation of

Qg and Qo

heat transfer coeff.,

Core top ?

Yes

Calculation of

= Return

Calculation of boiling

TQ and Tg
Yes
Tg > Tgat ? F initiation pt.
No
Calcglation of
m, Ggs Au and o
Yes Calculation of

Au > Au, 7

No

dispersed flow
initiation pt.

e

Calculation of
G, Gg and Mg

Calculation of
liquid top

Calculation of
P

Next node calculation

Fig. 5.4 Flow chart of calculation for core thermo-hydrodynamic

behavior
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Table 5.1 Thermo~hydrodynamic correlations used in flow regions

Flow region Hydrodynamic correlations | Heat transfer correlations
(1) Single liquid phase Vg+Vg==F-(1/2)'(Pe/De)-u% Qg = L/S* 9y
flow/Subcooled F=0.3166Re™0-25 (Re22400) | ¢ = 0.2434AT*exp(0.6447
nucleate boiling F=64/Re (Re<2400) x107% P)
region Re = Deug /vy (Jens & Lottes)
o =0 Qg =0
(2) Saturated two- Vo#Vg = 0 Q = L/S*¢p
phase flow region Au: Eq. (4-4) = Mug | Qg = 0
dyeh? Eqs.(2-35) ~ T =Ty = Tgat
o (2-37)
apM : Eq.(4-3), K=3
a ¢ Eq.(2-34) = o4
(3) Subcooled film VytVg = 0 Q = L/S*he (T ~Tg,¢)
boiling regiomn a =0 h = hgyp + hr :
Egs.(3-10) and (3-6)
{4) Transition flow Qg = L/S*h+(TyTgar)
region h : Eq. (3-13)
(5) Dispersed flow VotVg = (F of (2))+(p/De) | Qp = Qvp + Qup
region -(1/2)-ug2 Qyp = (n/ul)hngd Nuvp
(if Ausgdu.) Au : Eq.(2-39) + a *(Tg-Tgat)
Re = Deug/vg Cp : Eq.(2-49) Nyyp = 2+0.34Rg0-566prl/?
Reg = DdAu/vg Auc: Eq.(2-47), (Reg21800)
if Aug<du<bug (2-49) , (2-45) Npyp = 2+0.55Rg?+5prl/3
Value = a : Eq.(4-6) + 1.=15.8s (Red<1800)
ad_u G.d H Eq. (2_34) + Auc QW'D = (L/S)hRWD' (Tw_Tsat)
Value of (4)- _ ' N L
td-tg 5 hpyp = EFg'e(Ty'-Tgar™)
n 4 . d
oy gy = (me)/i3 =3} /(Ty=Tgae)
+ Value of (5)- , : 2
ad—Cg Fg = min (Sn/ug-pDg“/L, 1)
dnax: E4.(2-34) +0.01 duc \ Qg = Q of {6)
where Aug: Au of T, = T
(2) @d=a)y . opq. (2-56 Boosat
* dt ‘max’ q.(2-56)
Cl : 2.0 m-l
Cy ¢+ 0.3 m—1
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Table 5.1 (continued)

Flow regiom

Hydreodynamlc correlation

Heat transfer correlation

(6) Superheated steam VotV = F-(l/Z)(pg/De)

flow region

Re = Deug/vg

.ugZ

T =64/Rg (Re<2400)
=1

F=0.3166Ra™" 25 (Re22400) |

i Q

t
i
!

0

Qg = L/S-Ag/De-Nu(Tw—Tg)

Ny = 0.023Re? + 8P 0« ¥ (Re22700)

Ny = max(l.077(RePrDe/Z)1/3,
3.65)

(Re<2100)

Nu = Nyz100+Ny2700-Ny2100)
+ (Rg—2100) /600

(2700>Re>2100)

Table 5.2 Teatures of one-dimensional forced-feed reflood
test runs selected for simulation calculation

Test run Feature
6033 Base case test
6040 Linear power density 2.2 kW/m (2.0 kW/m)
6039 Linear power density 1.6 kW/m (2.0 kKW/m)
6037 Linear power density 1.0 kW/m (2.0 kW/m)
6021 System pressure 0.39 MPa (0.2 MPa)
6012 System pressure 0.1 MPa (0.2 MPa)
6048 Flooding rate 10 em/s (4 cm/s)
6027 Flooding rate 8 cm/s (4 cm/s)
6046 Flooding rate 5 cm/e (4 em/s)
6056 Flcoding rate 1.4 cm/s (4 cm/s)
6043 Peak clad temp. 973K (673K)
6013 System pressure 0.1 MPa (0.2 MPa)
Flooding rate 2 cm/s (&4 cm/s)
Note 1) Values in parentheses indicate conditions for
base case test.
2) Subcoolings for tests except for Run 6013 are 20K

and these for Run 6013 is 15K.
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SeCrfg T

Stored energy
released by quenching

7 SrCrPrI(To-TwlUgat=Eq
( Ast-Eq:Instantaneonsly )

SeCr Ay Tw
(1-Ast])-Eq= Gradnally
Ll_r_n time constant

: Uq At |
/i

Quearnched region|Quenching {Unguenched region
region _ . .
in at Axial distance

Fig. 5.5 Release of stored energy from a fuel rod
during quencing
(Heat capacity of a fuel rod per unit length
= SpCpops
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1500

12001

Rur 8033 (18 m Elevation)
* Predicted { Case 1)
o Predicled ( Case 2)

—--  Measured
900 .
600 .
| 1 1 1
30 OO 2C0 400 600 800 1000

Time after flood (s)

Fig. 5.6 Effect of water accumulation above quench front

on clad surface temperature history for Run 6033
(1.8 m Elevation)

1500 T T T T
1200 n
Run 6033 (2.1m Elevation)
¢ Predicted {Case {)
o Predicted {Case 2}
900 N ——-- Measured 1
|
[
|
|
600 'i N
‘.
L L
1 ] { 1
3OOO 200 400 600 800 1000
Time after flood (s)
Fig. 5.7 Effect of water accuﬁulation above quench front

on clad surface temperature history for Run 6033
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.2 l T : !
—— Meagsured
--~- Predicted (case 1)
—— Predicted (case 2) .
T 872am
Run 6033
Wec =01
O—-12m
;.71 Wﬁ“ﬂm R N PR T T T T T T T T T T (chssg 'Ii)
R | :
400 600 800 1000

Time after flood (S)

g. 5.8 Comparison of measured and predicted void fraction

4 ' Wec=0.1
Run 6033
3t s Predicted (case 1) iy
o Predicted (case 2)
2L —== Meaostred -
1= :
O 1 ! ] !
0 200 400 600 800 1000

Time cofter flood (S)

Fig. 5.9 Comparison of measured and predicted core water
accunulation
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Efevation

{m}

Elevation
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front envelopes at verious power rating
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Measured
Pressure
(Mo Run No.
e 0.4 5021
1 o 0.2 6033
Predicted , We=0.1 s 0.1 6012
L I ! 1
0 200 400 600 800 1000
Time after flood (S}
Fig. 5.11 Comparison of measured and predicted quench
front envelopes under verious pressures
4 T T T Y
e
=
k- o
g ‘o ° 2 Y
3 B . o0 0O asp q;L ]
. Q -y
[ ] Q a0
oL ° o e Measured .
2 Peak power Run No.
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. 1.0 . 6037
1+ ) ) 1.6 6039 i
——— Predicted , Wec = 0. . 20 6033
o 2.2 6040
O, | | ! :
0 200 400 600 800 (GO0
Time after flood (S)
Fig. 5.12 Comparison of measured and predicted quench
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g 2 n *0 o R
§ . Measured
@ Intigl
o 2 peﬂg }Temp. Run No.
e ‘ . 673 6033 1
—— Predicted o 973 6043
Wee= O
0 ! ! ] . !
0 200 400 600 800 10C0
Time after flood (S)
Fig. 5.13 Comparison of measured and predicted quench front
envelopes at verious initial peak temperature
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temperature at verious flooding velocities

(1.8 m Elevation)

— 139 —

1000

1100 T 1 .
Run 6056
1.4 X107 m/s
g 900k Wee = 0.1 B
@
=
5
L 700 i
=
z .
=
&
§ 500 . Meos_ured §
— Predicied
300 | 1 - 1
0 1 2 3 4
Elevation {(m)
Fig. 5.17 Comparison of measured and predicted
quench temperatures for Run 6056
1500 i i T T
1.8 m Elevation
=< Flooding Run No.
1200 velocity
g (1072 m/s)
S e 14 6056
L o 4 6033
_.?‘EE 300 a 10 6048
- A
O
=
5 ——-— Measured
“ 600 Predicted
-D -
= ——— Predicted
< L (Prrans X 1.4}
-+ Predicted
300 , , . (higher quench velocity}
0 200 400 600 800
Time offer flood (s)
Fig. 5.18 Compariseon of measured and predicted clad surface



JAERI—M 83-— 032

1500 T T T T
— 2.1m Elevation
S

1200+ Ficading Run No.
o velocify
= -2
*é (10 m/s)
a » 14 6056
§ s00r L~ \ ° 4 -6033-

e N 2 10 6046
W ZE i S [
S Y™ I
= Y f —-—-— Measured
“ 600 |k E —— Predicted |
I At ! —~~—— Predicfed
© [ i:e i (hiranstq}
L. t —— & e Predicted
300 ) ) | {higher quench velocity)
C 200 400 600 800 1000
Time after flood (s)

Fig. 5.19 Comparison c¢f measured and predicted clad surface
temperature at verious flooding velocities

(2.1 m Elevation)

4 3 1 i T
———-— Meosured
3r —————  Fredicted , Wec = 0.1 ]
— 2T -
£ Run 6048
| 10x10%m4A A
)
3
= ! ]
8 | ommTeeemme———mwm s
= Run 6033 .
o 4 x10mys
[}
O ! :
T Run 6056 ]
1.4 x 107%m/s
O ] 1 ! 1
0 200 400 600 800
Time «c¢fter flood (S)

10C0O

Fig. 5.20 Comparisen of measured and predicted core water
accumulations at verious flooding velocities

- 140 —



JAERI—M 83-—032

1. 5 T T i
_g_ 1.0 e e
5
g
_ i Run 6013 _
g 0.5
> . Measured
3 Predicted , Wec=01

0 . ' | L

0 200 400 600 800

Time after flood (S)

Fig. 5.21 Comparisen of measured and predicted carryover
rate fraction for Run 6013

1.5

rate fraction

Carryover
o
wn
I

—  Predicted. Wec =01

Run 6027 -

Measured

T

1
200 400 00
Time after flood (S}

Fig. 5.22 Comparison of measured and predicted
carryover rate fraction for Run 6027

— 141 —



JAER[—M 83032

6. FEARETNDOMOKER~DEFH

[l

6.1 #

K& TR}, —RmEHEKERKERIAOMOBERTION A TAEAERIC DT, BT
THEABEREFVEAOTY 2 - ¥ a YitEEITY, ERERLATEEROLEI LD
ABEKE FOFHEET S0
BB LICERE, KOLODTHS,

b

), (5—2)

(1) FLECHT low flooding %8 © !

() PWR—FLECHT £ (Group 1 8L Group 2 %) (6-=3)
3 FLECHT skewed power 8 ¥

) FLECHT SEASET %8 %

(5) Semiscale & (6-6)

ChEOEBIENT, DREEoESKERETHRONS EEbhaEVERKEE (T 2 X
10°2ms) OEBRALEELEEOTHY, po, THEEF 9 BAETEE6DTHD, @
BIEREORGEETOERT —~ 4 84, BUBAMBAAGSERRAMATEL Lo
TWE B L ICBALRIN G T AEEFLOERTH D, WIIEHOPWR IR &
NTOAHR (095 % 1072m) OMEELEERL ARBELHWARRTH O, BERAES
D 366mObOI DBV L BmORERICLBLKRTEH 5.

CRLOEREOHEIC LD, RVEAORERSEE, SR OBRICYT S ARERAKE T O
A ORITEIT D0

A MO ETA D, EREE, BRANREEL LU A MIRBASODREEET
ZZEHBTERG, Lindi, BBy 402 ESMTRORELECHT260THL. ©
T, B BT, SRR FEREAK A | RoRWESTC L OREBINMRS L, R
HEREFEORTTUSHAREEO LOERV L, T, BAEERRNO D LD 10%1 L
E S TVBE, 72 MTFEBRAEOSEBEORMAERL T 30T, HRERAIHRET
HLESLDEEL D,

HELLTRBIRD2 Y —ADEDEIT -1,

-2l srvFzovh EHOHET KASEERMEZRE, K4 FREERX Y &

FEEWIE LA 4 PR MRG0, (HEREEXKEZRSE, 777
o v b EAOELBIRBILNIEE)

=22 JEYFT7AVEHORERA FESERREROR S FEETETF R, (72

vF 7oy EANOFLERDS BHE)

— 142 —



JAERI—M 83032
6.2 ETEEH

HERE W ERSIOHERAANBEEE 6 1IORT, sTEEKRD 27 — R0 TITW,
WEERTERERE 7T vF 7oy O®RT, FEORA FRENL FOEKAFOTREER
AL EBER S REE LT, BRKEFVDEMET o1, $RALE, 24 -20FREEE
KDOEDTH D,

-2 1 BAEASEEXMARE, 71y F7a v b EANDFELEKPLEOSE

r—x2: 7xvF7ev b Ei0FRLEKEHSEE, BRY - REOTEREL

fro FOEHMICOVLTHE, 83 2KBOTHRAT %,

6.3 FTE&ER

6.3 1 4AOABKROFLABKANEFICE TR

FLECHT low flooding £ Run 2833 I 2 THAET L 7o

6 1 BWBERGEEBBICOVTONERREEBERLORBE TR, 2FNKHEY
— 21 OEFMERFEIGEC L, »o, EROEEETLZ TS Lhbpb, 56 RiE (L&
HR L2055, CORXATHD:, ) DEREREESKHEEROKHIORESERLTY
LHAHEERICEVLTHE LN, CHERERCENVT, 5G REEH S X1 EE OB
HE5F RBBEABSHE L TO 3D THS, X, v FrAUORREYP ST 2 MBEAE~ND
e LB 5, NI, K6 2imd & o, HERAERERSEEKEGERS LR LT 52
EPOHETE 5 B licy —v 735y FRAEFDERFOFAMBELERT, « Fld Y F
MREDED, OHF Y FAAEERD 1CRBEDLDERT, OHNOLDMENEEEZRL
TOBEEPDENY Fuinh 72 MRABE~DBBE NS E EPFODE, #-T, EFHEY
Ok D IE LA B RS ~ORBH OB SN 56, FTEINLAERE, AEEKE TV
LB FRERICEVWEOKTE D EHESN S,
63@sxvF7oyvtOBHC >0 TOFERREEREREOLKETRT, Pl [
%?u,#—zlt#~zz&®%ﬁﬁ<,%ﬁ@&i<-ﬁbfwéﬁ,ﬁ@FBﬁ@ZT&
o2 | L VEREGAS, L0 EATE, RAERr— 2125 -R2LOMISLILH
b, XTREBABED /Iy FEARLEGDTH S, FLF3FO2 TR, RREDS T~
FEBBEAED s T Y FRIEEASRARICESY, Lh EFTR, RBAEO, > Y FHETL
TBBT ERbh D, O, RENEKEENEN 72— 7 ORERRMEMEERE I 55
SAEF L bDTHY, 213m (Ti) OFBETHE/ T vF 70 bH0.3~06m FHETS
BEZhETRAESATLTOET T - THARMRELRL, SROKPELILERLTE
B Fhik AEEAEFVTRE L EHSEEKMOFEAFIEL TS LEADL L LNT
& Do
@64ufxF%%Bﬁ?®$ﬁﬁ4F$®%M@%%¢oKE@274#F%%®Eﬁ&
L FEIOERE L b EEES, IHEEAAERAL THESN L LOTHY, 0-2, 2-4, 4-
5,6—8,8—w,10—&74—b@8ﬁ®$ﬁﬁ4F%%ﬁtt%@?%&,WDT¥

— 143 —



JAERI—M 83—032

DDFEA FPRE(OBERLE TORENS v 7RED 7 = FRA ST -BL TSI EH50
B Be BRABIT, D PN T B0 MIRICIZEALRRICE 4 FROEESEEL, AEQ
FLAERESENICAE L THAT bbb, £ LT 8- 10, 10— 127 4 — FOXETEH
g Ty FPEFRFICHELERBEL THNE L E b5, Z0OHR, 87— LD EOGE

BEOASBIKDBEIDI — 2 1oy — R 2 DREBICEITL, TOHRTD7LyF70Y b

TR — 2 20#TF0BoTE-6DEEALE,

8747hi@kmgﬁﬁmﬁwﬁm@ﬁ%ﬂa®t%m6®91V%®£ﬁmiDﬁ%ﬂ%
IR E L, FHLRATET SREERELRi- LB RURBABREDETICLD,
BRGSO LA T EAEBRLTOLALOEBONEE, CORLEKA 4= X LE2RFHT
ZEEABEDENDT, CCTRERLBVWIEET S,

B 6.5, 1.845 24m (6~8ft)DED XL FRZODOTORRERT 7R
| DHEERSTEHMIC X OEBEFITEO TEBDh 5,

K6 613, HOLEKBEIOODTOERERT, 7 — 2 1 OFFEERMSEERNIC LD HERER
BT ENDhmB, L, 300 BLEITH, 72 1 OEaTHERNGHERESEZ L, 1
BRERAE PO DRMBAERL TV EHTHYD, RBEAESIREALE7 2T LTLE D
300 Mikicid, ERRREIFESERLOEHREIT TS,

6.3 2 Ry —~N—HOPELBIICGZ5EE
BRSEEREARNT 7 vF7 0 v O EFIGRALEKRSEE LIS Lty -2 1L
T, EElY x — = &S5 A— 4 E LT FLECHT low flooding Run 2833 i€ 2\ TDaf
Bafy-T,
K6TiHZTYyF70vhDBEITICOOTOMEERLALGDTHE, BRY >~~~
Weck 0 01~ 10 % TEA{L ¥ THERCESZBEENNS I EDDR5, £LT, Wee=
0.1 PR&ELTFHIT LT E85D2 5,

6 RIELF A PidisfEL83m (6t ) TOWBERAREDERELTLALEDTH S
Wec = 0. 05 ~ 0. 2 04, FHHRER 2 DOXEMBEOMITAL I Lbbrs

®6 9i324dm (8ft) TORBBELZHAFEOHREET RLILLDOTHD, Wee=0 06 ~
0. 2014, BIZRVERMSEONL BN,

=6 240 Wee =0.01 ~ L 0 OFE O M AE O EMZAY, FLECHTERIZ 1 2 HIE M
150,508~ 1 27 x 10-3mT& 1, FLECHT SEASET EERTOER S hiHE oA DERIEE,
4075103 m THATEMPD, Wee =005~ 0 2 THAHILWDD S
PLEOERABEL T, WecDREEE 01 EEET 5o

6.3 3 FLECHT low flooding #& Run 2833 1L DL TOFE
632 DEEHRICHE TV, BRY 2 — N~ Wec=01& U7, £7, 63 1 KDRESE
ERMELD EHADFELEKOECBET b B, #— 2 1 FLECHT low flooding KE
HEECTFREBLEDNTEDLLENDD-TDT, 7— R 1 DBEDOHTOVTIHREET » o
61013, MRS, 7Ty F7ayh, BMOEROREME, #iFORE LikiiED

— 144 —



JAERI—M 83—032

SPEgERI LU, 7T YF 7 oY BLOEESBRMSCHY THON R SRHE L 72
OO EAEE TS, ERERICEOTE, 200MEFTITH - T HRMITBERORELMLE
BrrvF7arv MIBEREAE—HLTWASY, HETHELThTHS, LL, #BE2
MADRENE R, HESNL27 - PEORLETORMSP SREINLLOTEHD, %
B B onicbOORE IS TENL, TAM, MHEAEREZERTLILATEE .

HEER OOV TR, EBRERLIABERLIO —BEBEELNTY S,

sLvFTOVFOETIEDOTHE, 631 TlR~XEHK244m (8ft) DS ERT, EER
GHEEHEERO -FHE LV, XD 5 TH, BELHEBKDLD 7 = Y FOETRARIDE
{1 >Th A, ‘

X 6114k, 7 x v FEEARLALOTHS, 2 4mlFTR, 71y FOETLRR
ERERLHEERE O—HPBW I Ehbh b, S5 ImTOHERBRD s3] &, 7
R ASEUK 7 1B R R RE &K RS IR AR & O A OEIEF L THScHIc
LI bDTH D,

X6 121, FAMHDR (L8mES) TOMEEROFEMBLIABELELRLLLDT
H B, 5GEMATIE, BELAECEEORRENSD, HEKMEERCARERIFGRTS
%% AR HAGOLOETOLHIBIENEL, FEHEELO—FHERL TS, L, 250
Wik, srvF7ovhoL0 3mOEESEEXEATF R EDRIcEET 5L, BEmERD
HEMEIZIEEALEERCAETE, Lpdi, BREROEHEE LD opIcBINT 5.
srvFToY ONECREEORIFEKESFHT ST LERETH LY, TOREEEL

B AmA 208 NH 5,
@almmiﬁ%m%%%,xw,mm1ww®%ﬁmﬂﬁ§$ﬁﬁéﬁbt@@fﬁéo%
NERLEGEBA, BRIy FAS—4DOELETHD, BRERPFVOE7 Ty FAR—Y

pEBTrs5 TV, 2 ALAOBENE R TOBMBERIC OV TR FE L LAl LD
—FF LN EMDbD,

6141+ + U A — 8 —5 EFOREKEOFHIE SRR L OREETRT, ++ U4 —
SNoBICD TR, EHKBIAE %O 30 B0t BE S KEHEE O —BeEs, ThllED
BATORED —BIZ LV, COPMIOR—EE, 7R FRREAENOKOERIC I DE LT
ﬁ%%%%ﬁﬁf@%@tfuﬂwC&m;qfibh@@&%i%oﬁ@ﬂ%ﬁﬁﬁom(m
%W&Lfﬂ,ﬁﬁﬁ&%ﬂ@@#ﬁw;wﬁvﬁﬁm%h&,ﬁ%@@ﬁﬁbfbmﬁﬁ£éo
6151, FLTHLD 2 70— MEOEH KA FROEREEHEML OHBRERT,
51 v SRS OEREETEEED —HY L VL b b ST, K4 FEROET ORIRZIICD
UT®%M@&§§@&@—&§%DC&$@¢50C@E@@,717%7D7}@L@ﬁm
%%EE@@%%F@ﬁz5?%&8@(&wc&m%é&%i%ﬂéoﬁbW%*ﬁKomf
®£Mﬁ&ﬁﬁ@&®%ié,ﬁ%%%ﬁ@@@kﬁ%?wmﬂ%ﬁﬁé@BT%é60ﬂ%ﬂ
6@,%%@&ﬁﬁ@&@$~ﬁd,Tﬁﬁbmﬁﬁﬁﬁﬁébﬁ&,ﬁ%%%ﬁzﬁﬁﬁﬁb
%b5%ﬂﬂéiféﬁé?%%o%n&.ﬂ%%ﬁﬁ@ﬁ®$ﬁ%?wuﬂﬁﬁ%?WEﬁﬁ
R AN ENDH S,

— 145 —



JAERI—M 83—(32

6.34 PWR ~FLECHT Group ! BXU 2£EB® 0 4MPa DERF -~ #ic 20 TOFE

X 61614, HAEEZE25x 1072m/8 25 L5 X102 m/As TN A MY v 7IRER
FEAORMADESS (1.83m) TOMIERDY -2 1 &7 - R 204G TOHRERE
HEL-bEDOTH S,

FAGHEA 152 X 1072 mA OBAERE, BEER, 71y FitEA SR 0EKOEEN
LB T Ebd, G, RAGEEAAL BB, REMBASEVNELSD, DR S
XTR, BEAZOES, BEHEY 77 - VRETHVERBGEEPELTOT, ¥ A1,
—Z2DRBROEELAZTFENPLTH S,

FEREEE L HEHPLORKICHLTH, 7 — %1 DB&0FREREZHW L, OB,
RS TEAGEIE AR S, FLECHT low flooding FRITHL D TH -1 mbTH o, B
B 17T I REA T, 1.52X 102 m/s0OBa, ERPPETL 7 —7i3a, 203 X
10-2 m/s UL FodAEEClE, EIHELHEREOLO—HBFE LN TN S,

M 61 HAKEEA 5 2 —4 LT [RE LR OXAELARELOLEE log —
log 757 Ficmd, MRELRY &, REEDIEGS COREESSER & HHAEGRO
WEERELOREETHLH EEET L, HEETEEROAPATS B0, FKERD Ta
B 5 KRETHEOTEENERICEL TR F v RLOTFREBREZS5A TV S L b
B

6.4 RBRERFELOCOVWTOBEKBKABEDOHE

6.4 1 FLECHT skewed power I Run 13404 i€ DT DHELER

FLECHT skewed power D] >THA Run 13404 K20 T, Fy—A1&5-R220D
FEEIT

B 6191c 7 £ v F 70y b QT DO TERMA & FHEE L OLBERERY. KRER
A —2 1 &y —R 20 EEROBICH D, o, WiFBEREIRELTED, RlELAE
HO-HIEHRWEWIT 5,

6200, REEDLE S HLUFEL EEoREHARTOREEREEREIL 2 TOX
WA & B & OESRYRY, TRS ST, FAWERr A1 &y - 2DHEIKSHD,
WEHTRIZEETH LD, BESHAHTE, HEEHFESEOBESICERERMTEMRICEN
TEVAEE (FubL, EORFWAREERT) 2R TS, Chid, HRETEERLL
BBEABTADLEICL > THECREDEEL BN D,

6 2L KEEIC D COERE EHEMEDORE LERERL TS, EillfEd s
— 21 &y —R2@QHEEOMICHD, FELV-BERLTED, FHr -2 1OHEESHLI,

6.4 2 FLECHT SEASET %E Run 31504 i 2L T D REER

FLECHT SEASET %E Run 31504ic20C, r— R 1 &4 — A 2D EAT- 72
62210, 7 TV F 7 a Vb OETCOCTOEEEHEEEDOHEERT, FEhlEG
21 & — 22 OFEEOMICS D, EHEERHICEEL TV DT, ERELAFREELS

— 146 —



JAERI--M 83— 032

D—HiT L EWVE B,

X 6.231c, %BBEBEREBRICOVTORIELTEME OEE RS, EAERIS
Hor— 21 Er—2 205 EEOMICHY, BPLAGEKIEZSr—2 1 -2 2&L0H
ML &EDTHILEELZ LIS, AERTIE, FLECHT skewed power FEW& BRRICHIES
AED 7 = v FHIREIBEN 58813 FLECHT low flooding EEBOSDLID/NTH S,
FEEGEOHMEEATEESSOOT, KREREyr — A 2@ o0 r—2 1L -2 2<&
DHEDEE E - bDEEL SN D,

AEERIL 17 x 175 PWR #OS 481 L7 9.5 © 1072 m OMEERAES 12.6 X 10 *mOE
FIE o F Ty FLC LB ERTH LY, TDOLHBERRCEREFT VLG FRI%E
5 ZTN3CE Db b o

6.4 3 Semiscale FE Run S03—2, S03-AIKSOLTOHFEHE

Semiscale B Run $03—2, S03-AICDLT, 7¥— 2 1 &7 -2 20HEET- 7

X 6.24ic, Run S03 -2 b7 xvF7o0r bO#ETICOVTORMELAFEED
h#AsRd, #—2 1, r—220{EHERIEBITHFOT 3701 THERERE O -HD X
vy LU, FHTH, FRETRLHEEEEO—REELAEN -/, Peterson M,
l.lm (ddin) X0 LT, H7VvFaboPL~OKOBE T (fallback Y #EL, LG
O FEOBBEEENME LD, b BP0y 2 v FEELTHWLEELZ TS, HEET L
F A SIFLADKDOBETAE LTS, & RHEEOBE 1S 0D, HEEXRREESED
o, ELFE» D7y FHEELCTVLEHDEEL DN, RIAEEFT VBT,
oo r v FAEEL THAELD, PO EESTEIERE SFEME OMIC K& TBER
HELlhbDEEL N D,

4 6.254C, Run S 03—2,503 - ADREEHAH (0.737m=29in H) TOWEEEM
HEEREOENHEEFEBE DB T Rd, ROEREOTRICEEZLOBRELS LN, SERIC
I &R & O—BUT L0, '

FEEOME L L1z Semiscale Mod — 14043, RBEEDN 1676 m LREHD PWR O
DEBHOESPTTH S, LOLIKEARSRELE-LERIHLTS, HLLERPODZ7 1
U FHEE L TOR VB TR ERERLBEER 0LV —F BB o0, —IT, LR
PWREEDEHE, HlhERLLO7 T v FRFLEEDIBLORONLHEDATEL, 2D
2 OTH~OEBEEELEZb0THE T, T, FLEOASSFEMEHFOEE,
il o0 o v FABB LTS, B2t EREERE 0,

6.5 EHEDFR

EE T BT, —ROBEEKEFKIRBEUADMOERR TITh N FRAERICOOT,
FABETEHAHEKE FLVERHOTY Y 2 b— v VIEATL, ERERLARER LOHR
T & D EEKE FORE T o

BHELIERL ROLDTH S,

— 147 —



JAERI—M 83—032

(1) {EF/RKHEEEER : FLECHT low flooding EB

2 JhEMOBE/KEESEE . PWR—-FLECHT Group 1, 2%

@) EAFEHEHSOAESR: FLECHT skewed power EEi

4) MEFEHEICLSER: FLECHT SEASET &

(65) HEHHLFEE: Semicale EEa

HEELTE ROy —20bD%{T-1

r—z21: BREBEEXMARE 27IvF7oy i EANOBLERDLOEGS
=2 2xvF7aY b EANDFLEKRDS BIHE
HEEEEERER-ORICEDRD T Edbhh T,

D —BHNKERY = - Wee =0 1054, EREBLIBERLO—HMBLL,

2) FLECHT low flooding HEIcEW T}, EEREEAKRE 45— 2 1 OitREERN
FOFHES 2, L Lk, BBAERSEN s> vFLTLE D &, RRERRE,
r— 29 DF kRIS T L e

3 FititEIBnTIR, F4 FRE(, PLKEOE I OWTEHEREOZTA S LT
LD FhAR O, X, Fr A —N—REOOTEFAKRTH > 7, THODE
Ri0, HESEERMOMKDEFVICREORMBEH S CEWRLGPLEE -1,

4) PWR —FLECHT Group 1, 20O&FEKEEERICH>VTE, y—21, r—22&
LEERICENI AL, EREEE LCTFRIL 7

5 FLECHT skewed power £Ei, FLECHT SEASET EEc->\WTit, 7—21 &7
— 2 20 EERILENELEL T, EBRERETOMICSH -7z, FLECHT low
flooding ¥B&EALVEBOFRERY -2 1 DEREICGANVENSTEREL -1, TH
i1, A EORIED skewed power, SEASETEBRO OB FiTsnTH O, low
flooding EED® D& DE FHBEAESBEIL, 2o, BEFHHINSBEL/NID
frdh EHEEL

6 Semiscale EBICHBLTR, FLF3IFD1ITH, r—21&7r— R 205 RERIE
ELTHEY, EREREO—HLBIFTH -0, HLEAFTHE, FTELEEL /AL R
PoOI I VFNEDL, FHIDENT T FERLE,

Baricl, ReFVEBEREOBMARATSED, ERETHICIELTO S LT 2,

3, BT, PO RSP SO L v FEELBOEBELEELVIREICYT 5DT,

AEFAKEFNRIELBT FRTMEHNTELEDEEZ L.

— 148 —



JAERI—M 83—032

Table 6,1 Test runs used for simulation calculation and
inputted values

Maximum| Peak c¢lad Initial Core
Test run |System linear |temp. at clad Flooding |inlet Power References
pressure| power |reflood surface rate |fluid decay
density|initiation temp. temp. curve
(MPa) | (kW/m) (X) (x) {em/s) | (K)
FLECHT Measured
low values at ANSx1.2 (6-1)
flooding 0.28 2.92 1143 reflood 2.03 325 (308 after) (6-2)
2833 initiaticn shutdown
PWR-
FLECHT
Group 1&2 !
0408 0.41 4,07 1143 E 416 25.4 350 B#&#* (6-3)
3541 15.0 B#*
4321 9,91 B*#*
4225 } 4.83 B*
6948 2.54 B**
7057 2.03 AxH®
6749 1.52 AtFE
FLECHT
SEASET 0.28 2.30 1093 403 2.4 324 ANSx1,2 (6-5)
31504 (308)
FLECHT
skewed 0.28 | 2.30 997% 403 2.54 | 326 | ANSx1.2 (6-4)
power (305)
13404
Semiscale
503A 0.14 2,30 994 387 2.54 311 ANSx1.2 (6-6)
. (308)
S032 0.41 2.26 996 427 2.29 350 ANSx1.2
(308)
* Peak ¢lad temperature at midplane at reflood initiation.
*% Normalized function = 0.42e"0.0283L 4 0 58 - 3,92x107" t
#%% Normalized function = 0.4518e70-9283% 4 0 5487 - 4.922x107"% ¢t

where t is time after reflood initiaticn.
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Fig. 6.1 Effect of water accumulation above quench front
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Fig. 6.2 Housing temperature histories measured
in FLECHT low flooding test Run 2833
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Fig. 6.9 Effect of critical Weber number on history of clad

Table 6,2

surface temperature (2.44 m

Elevation)

Calculated droplet diameter and relative velccity
between gas and liquid phases for FLECHT low flcoding

test, Run 2833

Critical Weber number Droplet diameter

Relative velocity between
gas and liquid phases

Wee {mm) (n/s)
1.0 1.407 4.96
0.2 0.841 2.87
0.1 0,674 2.27
0,05 0.540 1.79
0,01 0.323 1.03
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