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Study of Two-phase Flow under Low Velocity in PWR~LOCA
Akira OHNUKT
Department of Reactor Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute
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This study considers the following subjects related to two-phase

flow under low velocity during a loss-of-coolant accident (LOCA) in a

pressurized water reactor (PWR), the phenomena in the subjects which have

not been predicted with good accuracy by best-estimate codes based on

two—fluid model:

@

@

(D

Prediction of the heat transfer emhancement in high power bundle due
to radial power profile during reflood phase by a multi-dimensional
best—estimate code,

Evaluation of the applicability of previous core thermal-hydraulic
models during reflood phase to 17x17 type fuel assemblies, the mod-
els which have Been developed for 15x15 type fuel assemblies and
Physical understanding of mechanism for countercurrent gas-liquid
flow limitation in hot leg including scale effect and the develop-
ment of model for the phenomenon, the model which is applicable to
an actual reactor.

The following conclusions are obtained from this study:

For the subject related to the heat transfer enhancement, the film
boiling heat transfer model in rod bundle considering the effect of
liquid flow rate was developed, the model which is considered to be
necessary to analyze the phenomenon. The heat transfer enhancement
observed in Slab Core Test Facility was analyzed by the multi-dimen-
sional best—-estimate code, REFLA/TRAC, with the model and the phe-

nomenon was revealed qualitatively to be caused by a two-phase flow
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circulation in core. In order to predict the heat transfer enhance-
ment quantitatively, it is necessary to improve the prediction of
hydraulic behavior above quench front by the code and it should
examine whether the developed heat transfer model can apply under
multi-dimensional hydraulic surroundings or not.

(2) TFor the subject re.ated to the applicability of previous core
thermal-hydraulic models to 17x17 type fuel assemblies, it was
confirmed that the models can apply to the 17x17 type fuel assembly
within the error band as for 15x15 type fuel assemblies.

(3) For the subject related to the countercurrent gas-liquid flow 1imi-
tation in hot leg, a dominant flow limitation is occurred near the
bend connecting a horizontal flow path with an inclined riser of hot
leg and the flow limitation in the inclined riser near the bend be-
comes weaker for larger scale flow path. An interfacial friction
model for two-fluid model codes was developed, the model which canl

apply to a full-scale hot leg.
Keywords: Reactor Safety, Loss-of-coolant, PWR, Two-phase Flow, Reflood,

Heat Transfer, Void Fraction, Quench, Two-fluid Model,

Countercurrent Flow
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Experimental parameter ' Value
Core inlet flooding velocity, V, (cm/s) 2-30
Upper plenum pressure, P (MPa) | 0.16, 0.21, 0.31
Linear peak power, P (kW/m) 1.3
Initial peak cladding temperature, T,; (K) 900 ~ 970
Core inlet fluid temperature, T}, (K 343 - 385

Initial flow housing temperature, T, (K) 387 - 408
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(Location; Around 1.83m clevalion)

Vi (cm/s )
'L, (m)

4 15 30

1.3 Dispersed droplel flow Agitated liquid slug flow Churn turbulent flow
+ Agitated liquid slug flow
0.4 Agitated liquid slug flow Agitated liquid slug flow Churn turbulent flow
+ Churn turbulent flow
#£2.3  BAHKERSCTFRAR TOTLRARRN
S3-SH1 53-02 S53-12

P, {MPa) 0.3 0.4
P, at reflood initiation  (kW/m) 1.3
Power decay curve {ANSx1.0 + Act) from 25 s after scram
T (K) 1080 ' 1160
T (K) 390 380 370
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#3.2 2l A HESCTFRR TOELAREH

Test parameter Value
Max. ECC injection flow rate (kg/s) 19.3
ECC injection flow rate in (kg/s) 5.0
LPCI period
Initial system pressure (MPa) 0.2
Initial peak cladding temperature, T,; (K) 1158
ECC water temperature x) 362-393
Initial total power (MW) 7.12
Radial power ratio 1.0:1.2:1.0:0.8

(Bundles 1 and 2 : 3 and 4 : 5 and 6 : 7 and 8)

Power decay curve

(ANS + Actinides)x1.02 from

40 s after scram

._32 ——
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velocity (m/s)

‘Flooding

JAERI-M 92—150

0.200
0.180 |-
0.160 k
0.140 |-
0.120
0.100
0.080
0.060
0.040
0.020

1 I r |

& — Test S1-01 (Bose Cose )
O - Test S$1-SH1 (High Acc ond Low Tb)
+ — Test S1-05{Low LPCI)
x — Test 51-09 (High Acc ond LPCI) n

Acc Injection Period

LPC1 Injection Period
AR A A A A pes B AR, A A~y AV i AR

0
0

X3. 3

n [ SN —F - 'f“'“'“‘""*"-}-w"v“-:‘—'h,’r‘.viaw A A M
] ] | ] |
100 200 300 400 500 600
Time after flood (s)
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#4.2 TR EBREESERNOHAR LRSI DORRDOE L RBRSEH

Experimental parameter , Value
Core inlet flooding velocity, Vi, (cm/s) 15,2, 4,8
Upper plenum pressure, P, (MPa). 0.17, 0.227, 0.32
Linear peak power, P (kW/m) 1.0, 1.3°
‘Initial peak cladding temperature, T, (K) | 900°, 1030
Core inlet fluid temperature, T, (K) 365, 373, 387
Initial flow housing temperature, Ty, (K) 385, 393*, 407

*  Base Case condition
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#5.1 Ay —-VHRECETA/NMIEBRTORREDTIE

No. D(m) B(Degree) I(m) H(m) h{m) Shape type
1 0.026 40 0.1 - 0.1 A
2 0.026 40 0.3 - 0.1 A
3 0.026 40 0.1 0.01 0.1 B
4 0.026 40 0.1 0.04 0.1 B
5 0.026 - 40 0.1 0.13 0.1 B
6 0.026 40 0.1 0.24 0.1 B
7 0.026 40 0.19 0.02 0.1 B
8 0.026 40 0.19 0.05 0.1 B
9 0.026 40 0.19 0.08 0.1 B
10 0.026 40 0.05 0.19 0.1 B
11  0.026 40 0.1 0.01 0.1 C
12 0.026 40 0.05 0.19 0.1 E
13 0.026 40 0.19 0.08 0.1 D
14 0.026 40 0.19 0.08 0.1 E
15 0.051 45 0.6 0.3 0.1 F
16  0.076 45 0.6 0.4 0.1 F
17  0.026 40 0.19 0.08 0.02 B
18 0.026 40 0.038 0.19 0.1 C
19 0.026 40 0.038 0.19 0.02 C
20" 0.203 45 0.5 1.41 - F

* Richter et al.®¥
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AB T, PRRFy b L/ W TOCRLELE A E T LT — FIZE D TIIT BHHC
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DENSTH B, ETHINC. WEOUMBIH L - LEKRBTFNEF VLD
R = VRO BN T, KRR — M E THRAETH - oKX K€
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filf,, =184 (6. 1)

== - 0.079/Re®? Re <103
foog = 0.079/ Re, (Re, x10°),

£,,; = 0.0008 +0.05525 IRe;™  (Re,>10°)

WiZ, ZOTRACT — F&l - 7o FifAT D4 R R U E T ORIIER O RICEI &,
THREEFNI-RORDOFLOREEAMNETNVERMET 5. REIZ, 2OF
FNOEFADBEHUERNZ D, DAVALRBR T — I, ELWRUTREOME
HHDLETDTF—FILEDRETFTNVORLWEFMT 2, FUHRLTHET—FO
WERRUEHOEMIL. 20200, 025-0. 5ok 0. 1-7. INPaTH B, WREDZ 47—
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TRAC-PF1/¥0DI= — Fid. PIRTH E & h A2 Wi o Bk T BT L. Best
estimate S PMEEZ AHBI—FO—2THb, ZOIT— ik, FHHERURIEF
WHMO M Z—WIEBO URERITOZHREEFIVICESIHTE D, mEksLITK
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#6. 1 R AN E T IV QR

Name Fluid (*1) P(MPa) D(m) H(m) I{m)
Richter® AW 0.1 0.203 1.41 0.5
Weiss®® S/W 0.3/1.5 0.75 7.1 1.5

(*2) |
Kukita®? S/W 7.1 0.207 3.19 0.53
(*3)

(*1) A/W : Air-Water, S/W : Steam—Water

(*2) This experiment was performed with Upper Plenum Test Facility

| (UPTF) in Germany. |

(*3) This experiment was performed with Large Scale Test Facility (LSTF)

at Japan Atomic Energy Research Institute.
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Apply Wilson

Stratified fiow model

! \ corr.
fi /fwg (B) Apply slugging corr.
% |=4.5 e as void fraction corr.
Jg fi/twgl Slugging
= 1.84 corr
a
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