Transactions of the Korean Nuclear Society Autumn Meeting
Gyeongju, Korea, October 27-28, 2011

Scaling Analysis of the APR+ ECC Bypass

Tae-Soon Kwon', D.J. Euh, C.K. Park
Korea Atomic Energy Research Institute, P.O.Box 105, Yuseong, Daejon, 305-600, Korea
Corresponding author: tskwon@kaeri.re.kr

1. Introduction

The direct ECC bypass and sweep out behavior are
strongly dependent on the Wallis parameter[1].
Because the downcomer gap is reduced by
installation of the ECC duct of the DVI+, the Wallis
parameters for the prototype plant APR+ and
APR1400 under condition of with/without duct
(DVI1+)[2] are compared to evaluate the ECC bypass
fraction. The geometrical conditions such as
downcomer height, pipe diameter of hot let and cold
leg, the break size are not changed except the core
power increase by 7% in the APR+. In this scaling
parameter comparison, the dimensionless

circumferential velocity j*g,ent and j"| e are compared.

2. Flooding Limit

Flooding limit for the flow reversal mechanism by
Wallis gives following relationship [3,4]
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Wallis parameter is defined as following,
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where,
M, :gasor liquid mass flow rate

Apc : DIC annuls vertical area

Cpe : D/C circumferential length

Flooding limit for the entrain mechanism by
Kutateladze gives following relationship [3,4]
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The Kutateladze number defined,
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From the full scale UPTF test results, the flooding
limit suggests by Glaser [3]

U g™ ] 001K ~00245 @
where,

| =0.657d

douter
6 :C/L-to-DVI angle
From the UPTF TEST 21D, the top void gap (void
height) relationship is as following;
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Hv,top = 035(J;,eff / jl*,ent )2 (6)
where ,
H. wp :top void gap (void height)

The dimensionless circumferential velocity j g and
J 1ent are defined as
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where ,
M geff - 9as mass flow rate

Loc 1 CL bot.-to-D/C top height
(or Cold leg Diameter, D¢, )

A : Lpex(D/C)g,p (gap area)

Flow

3. Scaling Comparison
3.1 Downcomer Annulus Without Duct

The Wallis parameter for the prototype plant APR+
and APR1400 under condition of without duct (DVI+)
is compared. The geometrical conditions of the
APR+ and the APR1400 are not changed except the
core power increase by 7%. The dimensionless
circumferential velocity, j*g,eﬁ , ranges at 4.92~5.9 for
the cold leg velocity of 50~60m/s[5]. If the steam
condensation rate of 50% is assumed, the j*g,eﬁ ranges
2.46~2.95. The downcomer gap and its height,
diameter of cold leg, the break size are not changed.
These conditions give the following ratios of the
d*imensionless circumferential velocity j'ger and

J l,ent
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The increased ECC flow rate is assumed about 7%.
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3.1 Downcomer Annulus with Duct (DVI+)

(AFIOW )R =

The downcomer gap will be reduced in the APR+
because of the duct height of DVI+. The Wallis
parameter is compared for the APR+ ducted
downcomer and APR1400 simple annulus. The duct
height affects the dimensionless circumferential
velocity j gent and j 1ene as following;

. 1/2
Mg,eff pg
. Py Aeion | (P4 _pg)'g'LDc -
(Jg,eﬁ )R = . )

12
M g.eff 'Dg
Py Acion | (Pr = Pg) 9 Lic APRI400

. 1 1
~(m L o107+ =
M0 ) * e ="

=1.3375

The dimensionless circumferential velocity, j*g,eff
of the APR+ is increased by 33.75% when compared
to that of the APR1400 because the APR+ core
power is increased about 7%, and the downcomer
gap is reduced about 20% by DVI+ duct.
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4, Conclusions

In order to evaluate the ECC bypass fraction,
the dimensionless circumferential velocity j*g,em and
j*Lem are compared between the APR+ and the
APR1400.
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