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SUMMARY

RELAPS/MOD? predictions of countercurrent flov limitation in the UPTF Hot Leg Separate Effects
Test (test 11) are compared with the experimental data. The code underestimates, by a factor of more
than three, the gas flow necessary 1o prevent liquid runback from the sieam generaior, and this is
shown t0 be due to an oversimplified flow-regime map which does not aliow the possibility of
stratificd flow in the hot leg niser. The predicted countercurrent flow is also shown to depend, wrongly,
on the depth of liguid in the steam generator pieaum.

The same test is also modelled using a version of the code in which stratified flow in the riser is made
possible. The gas flow needed to prevent liquid runback is then predicted quite well, but at all lower
gas flows the code predicts that the flow is completely unrestricted - i.e. liquid flovs between full flow
and zero flow are not predicted. This is shown 0 happen because the code cannot caiculate corectly
the liquid level in the hot leg, mainly because of a numerical effect of upwind donoring in the momen-
tum flux terms of the code’s basic equations. It is also shown that the code cannot modei the consid-
erable effect of the BCCS injection pipe (which runs inside the hot ieg) on the liquid level.

AEEW - M 2555 1ii




CONTENTS

1 INTRODUCTION

2 MODELLING THE TEST

IS
Falure of RELAPS 10 predict
Behaviour of the code with &

allowed 1n the nser

LIQUID LEVEL I

Introductior

4
4.2 Momentum flux
4

i Eftect of the Hutze

EFFECT OF THE LIQUID LEVEI
INLET PLENUM

CONCLUSIONS AND

Acknowledgements

References

Appendix




List of Figures

Figure | UPTF broken loop hot leg
2 RELAPS nodalisation scheme
3 Experimental and predicted flooding curves
B Predicted distribution of void in hot leg

hJ Prediction of fiooding using more realistic liqu. . els
in the hot leg

6 Liquid level in the hot leg before flooding, calculated by
program TEST and taking into account the effects of the Hutze

7 Hot leg dimensions
8 Steady stratified flow in the hot leg
9 Cross-section through the hot leg showing Hutze

10 Situation envisaged in steam generator plenum before stant
of test

AEEW - M 2555 vi

18

19

20

eJ
no

24



i. INTRODUCTION

Among the (est

»epara

describes

i flooding o

4 that th
as WG WAl Uik

the standard version, vul

pletely wrong Reasons

models the momentum fux n the mome
slope the wrong way under certair conditions
cross-section where the ECCS mjectan pipe

level which the 1§ quite unable to mode!

ularly long
predictied hguid flow was affected by the liquid leve
which other siumuar experuments indicale 1f not @ ;‘!\m
shown 10 be a consequence oOf the code's "Reverse

tion whenever it detects a low void above a lugh




2. MODELLING THE TES1




. D
* e S
3. RESULTS
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to happen at flow rates just over half those given by (1). Thus, in these tests, horizontal flooding (as
distinct from stratifieG-slug transition) occurs when the void fraction is given, not by the Taitel &
Dukler criterion (1), but by half of i, ie.

Jo g =028 o (1-c0s®) ‘\/m (2)

(TRAC, although it uses the same correlation, begins to weight the interphase friction towards the slug
value only at the full Taitel and Dukler gas flow (1), and the interphase friction reaches its full slug
value or'y when the gas flow reaches twice the Taitel and Dukler value.)
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4. THE LIQUID LEVEL IN THE HOT LEG

4.1. Introduction
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6. CONCLUSIONS AND RECOMMENDATIONS

6.1. Cenclusions

1. Standard RELAPS/MOD2 predicted badly the countercurrent liquid flow in the UPTF Hot Leg
separate Effects Test, underestimating by a factor of more (han three the sieam flow.rate needed 10
prevent liquid flow, and not allowing any situation in which the liquid flow was other than full (unres-
tricied) or zero.

2. The code undersumated the flooding-point gas flow because its flow-regime map did not allow the
possibility of stratified flow in the niser between hot leg and steam generaior, and so the interphase
friction there was greatly overestimated.

1. The liguid flows predicted depended, wrongly, on the level and distibution of liquid in the steam
generator plenum. In some cases liquid flow was predicted when there was a high level in the pls “um,
but not when the plenumm was empty. This was due to the code's "Reverre Void Profile” mode! rdus
ing interphas: friction in the niser when the plenum was full but not whern it was empty,

4. When the code was modified 50 as o allow stratified flow in the riser, the code predicted quite well
the gas flow at which liquid flow was prevented, but overpredicied the liquid flow badly at lowsr gas
fiaw rates, and still allowed enlv either full or zero hiquid flow,

$. Crucial 10 the predictions of the modified code was its inability to predict correctly tie hiquid level
in the hot leg. This failure was probably a consequence of the way the code models the momentum
flux tesms 1n e momentum equations. Even if this could be corrected, however, in this particular
experiment an error of up to 50% wouid still be expected in the predicted maxunum liquid level,
because the code cannot rodel the effects of the irregular cross-section in the hot leg caused by the
presence of the ECCS injection pipe ("hutze").

6. If RELAPS could comrectly predict the hot leg liquid level, the Taitel and Dukler criterion for the
transition from borizontally stratified flow, as presently coded, should enable it o predict the flow limi-
tation in the UPTF test reasonably well.

6.2. Recommendations

1. It is recommended that RELAPS's flow-regime map be altered s0 as o ailow the possibility of
siratified fi ~ in inclined pipes. (Presently it is only allowed in pipes inclined at iess than 15 degrees
to the horizontal.) Theoretical flow-regime maps have been published which predict the stratified flow
boundary in inclined pipes and one of these might be suitable for inclusion in RELAPS (possibly that
of Bamea et al. [5,6] for example).

2. It 5 also recommended that some attemipt be made o improve RELAPS s prediction of liquid level
behavivur in stratified flow.
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AFPENDIX: EFFECT OF UPWIND DONORING ON THE LIQUID LEVEL GRADIENT
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