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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 
(DVI+)[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*
l,ent

Cjmj lg =+ **

 are compared.  
 

2.  Flooding Limit 
 

Flooding limit for the flow reversal mechanism by 
Wallis gives following relationship [3,4] 

                        (1) 
Wallis parameter is defined as following,  
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where,  

kM   : gas or liquid mass flow rate  

DCA  : D/C annuls vertical area     

DCC  : D/C circumferential length 
Flooding limit for the entrain mechanism by 
Kutateladze gives following relationship [3,4] 

CmKK lg =+ **

                       (3) 

The Kutateladze number defined,  
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From the full scale UPTF test results, the flooding 
limit suggests by Glaser [3] 

( ) 0245.0011.0)/( 2/12/13/13/22/1 =+ lgg KlgK ν   (5) 
where,  

)5.0(sin65.0 2
BCLECCouterdl −= θπ                               

outerd  : D/C annulus outer diameter 

θ   : C/L-to-DVI angle 
From the UPTF TEST 21D, the top void gap (void 
height) relationship is as following; 
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where ,  

topvH ,  : top void gap (void height)   
The dimensionless circumferential velocity j*

g,eff and 
j*

l,ent
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 are defined as 
 

     (7) 
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where , 

 effgM ,
  : gas mass flow rate 

DCL    : CL bot.-to-D/C top height 
        (or Cold leg Diameter, DCL

FlowA
) 

  : DCL × GapCD )/(  (gap area) 
 

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,eff , 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,eff 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 
dimensionless circumferential velocity j*

g,eff and 
j*
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The increased ECC flow rate is assumed about 7%. 
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where, 
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3.1 Downcomer Annulus with Duct (DVI+) 
 

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*

g,ent and j*
l,ent  
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The dimensionless circumferential velocity, j*

g,eff
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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,ent and 

j*
l,ent are compared between the APR+ and the 

APR1400.  
 

Acknowledgement 
This research has been performed as a part of 

the nuclear R&D program supported by the Ministry 
of Knowledge Economy of the Korean government. 
 

REFERENCES 
 
[1]  G. B. Wallis, ‘‘Annular two-phase flow, 

Part I: Simple theory,’’J. Basic Eng., 92D: 
59, 73 (1970). 

[2]  Tae-Soon Kwon et al.,”Advanced DVI for 
ECC direct bypass mitigation”, Nuclear 
Engineering and Design 239 (2009) 1095–
1102 

[3] Glaeser, H., Downcomer and tie plate 
countercurrent flowin theUpper Plenum 
Test Facility (UPTF)”, Nuclear 
Engineering and Design 133 (1992), 259–
283,  

[4]  Glaeser, H., Karwat, H., “The contribution 
of UPTF experiments to resolve some 
scale-up uncertainties in countercurrent 
two phase flow” Nuclear Engineering and 
Design 145 (1993), 63–84. 

[5]  Hyoung Kyu CHO, “Experimental Study 
for Multidimensional ECC Behaviors in 
Downcomer Annuli with Direct Vessel 
Injection Mode during the LBLOCA 
Reflood Phase”, NET, Vol. 42, No. 6, p. 
1–10 (June 2005) 

 

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


	분과별 논제 및 발표자

	PNO0: - 449 -
	PNO1: - 450 -


