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Abstract

The UPTF DVI (Direct Vessel Injection) Test 21 isdivided into four phases of tests A, B, C and D. The Multi-
dimensional analysis for UPTF DVI Test 21 Phase A that is ECC bypass test during LBLOCA EOB (End-of-

Blowdown) has been carried out using MARS 2.0 thermo-hydraulic computer code. The purpose of the

assessment is to investigate the MARS analysis capability for the ECC bypass in downcomer when accumulator

injects during LBLOCA EOB. Preliminary assessment results showed that the MARS under-predicted the

depressurization at early transient and the ECC bypass rate. Based on the code cal culation results, the interfacial

friction force model for “pool” and “inverted pool” flow regime of the MARS 3D module was improved. Also,

the wall friction factor of the 3D module was improved in the form of 1D module model. Assessment results

with the improved MARS nearly approximated with the experimental results. Conclusively, it has been shown

that the improved MARS is capable of simulating the ECC bypass phenomena during LBLOCA EOB.
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2. UPTF Test 21 Phase A
UPTF DVI 1300 Mwe, 4-Loop Babcock & Wilcox
Downcomer, , , 4
Feedback
11
UPTF 21A LBLOCA EOB
Downcomer DVI
31 37 (315 kgls) ,



3 bar 6 bar , 46 117 °C
(subcooled) 48 (1820 kg/s)
1 PhaseA
06 m 225 kgls,
30 kg/s 315 kg/s Downcomer
6 bar 2 DVI 910 kgls
Downcomer [7].
1. UPTF Test 21 Phase A
(MPa) 9 (kg/s) (m)
0.295 191 225 (30s~) 0.6
0.295 178 30/SG (30s~) -
0.295 136 - -
1.900 32 910 (46s~) 11.8
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MARS 2.0 3 MASTER -
CONTEMPT4 , , 3
[5, 6].
GUI(Graphic User Interface) MARS
14 MARS
I,
, MARS 3 ,
) DVI
3.2 MARS UPTF
MARS Phase A Nodalization 1

. Barrel



Nodalization 2 CHANNEL
4 SECTION . SECTION |
, 1 CHANNEL, 2 NODE . SECTION I
Lower Core Plate , Barrel Downcomer
. Downcomer 4 DVI 2 10 CHANNEL
. SECTION Il 1V , SECTION 1V
NODE DVI
Nadalization MARS 2.0
MARS 2.0 ,
SECTION | CTIO
v
CL. CL3
TION BECTIPN
CL,bVI Connection
Broken Loop
1. UPTF Test 21 MARS Nodalization
4. MARS
MARS 2.0 ( 4~7) 2
. (D) .2
Penetration (50%) . ,
Downcomer Annulus DVI CHANNEL
DVI Penetration , DVI 50 %
Broken Cold Leg
2
‘Pool’ ‘Inverted Pool’ Interfacial Friction Model
DVI Water Channel Channel
2 Cdll MARS 3D
‘ Pool’ ‘Inverted Pool’ , Interfacial Friction Force



DVI Injection

2. DVI CHANNEL

, MARS
Coefficient
Bubbly Flow , Channel
, Friction Force
Regime D, 2@ Ligquid  Vapor
- Bubbly Flow
_ . C,
K, =0.375" =2a r U,
I

b

where, C, = £(1.0+ 01" Re’”®)
be

Interfacial Friction Force

1+1 X
2% y
= Coordinate

U
L p Vv
Velocity
CHANNEL

Bubbly Flow Regime
2 , DVI Water Injection Channel
Bubbly Flow
MARS ,

[8]. MARS Bubbly Flow

Interfacial Friction Coefficient(K,,)

Film Flow

Film Flow

@

. We s :
. = min( 0.5%, 0.5D,,,0.02), if a <0.2
r.I r
- Film Flow
f
K. =20 —.arU,
Dy @
where, f =0.005" (1.0+75 a,)
MARS Interfacial Term Small Bubble Flow  Stable Film Flow Large Bubble Flow
Unstable Film Flow Flow Regime Term Factor
0.4 Small Bubble Flow Large Bubble Flow
2 FHow Pattern  Bubbly Flow Film Flow

Flow Regime
Interfacial Friction Coefficient

Cell

. (2) Interfacia Friction Force

(1) Momentum Cell
@ @
3



02, . 0%

1BvI max IFvl ( 3)

K =@-a,,)1-

v v
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Wall Friction Factor

MARS 3D Wall Friction , 1D/3D , 3D
, Wall Friction . MARS
3D Pressure Drop 1D Pressure Drop
Wall Drag Pressure Drop . 3D Bubbly Flow
Regime Wall Friction Factor 4
f, = max( 64.01 1.691’ 0.117) @
%k kaAS mﬁ).m
3 4 Reynolds Number 600 Lamina Flow Region, 600
10000 Laminal-Tubulent Transition, 10000 Tubulent Region
Friction Factor Downcomer
Hydraulic Diameter
MARS 1D Wall Friction Factor Laminar Flow  Reynolds
Number 2200 , Transition 2200 3000 , 3000 Tubulent flow

Friction Factor

64.0 . .
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(5) Transition, Tubulent Friction Factor . (5)
MARS 3D Friction Factor , Wall Roughness  Default Vaue
0.0001 m
MARS 1D/3D Momentum Equation 1D . Energy
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. 1D 3D
1D 3D Cdl Cross , 3D Gap
(Channel Horizontal Junction) Gap

3D



0.43

1.691/Re
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10° 10! 10? 10° 10* 10°
Reynolds Number

Base Model

0.1

0.01

Friction factor

-——- Laminar ",
——— Transition .
1E3 —— Tubulent(e/D=0.001m) A

10° 10! 10° 10° 10 10°
Reynolds Number

Modified

3. MARS 3D Friction Factor
MARS 3D Interfacial Term Vapor Phase Density
3D Vapor Phase  Steam Density  Mass
Fraction (6) Density Vapor Phase Density
MARS 3D Interfacial Term Steam Phase
Density Fraction ,
fomr— Moo M
M +M, M +M,_
where, r  :Vapor PhaseTotal Density
r . : Noncondensable gas Density (6)
r.: Steam Density
M :Mass
MARS . (1) MARS 3D Gap Loss Coefficient  Horizontal
Momentum Cell
Section( Elevation Channel ) . Gap
Loss Coefficient  Horizontal Momentum Cell . (2 wall
Friction Wall (Roughness) . Default 0.0001 m
, Channel
(1) Gap Loss Coefficient  Cell 6050cexx Channel Variation
Table Table , 6060tt00 Word () cc
6060ttdd Gap
(2) wall Friction Factor 6020cc00 Channel Data
Word . Default

5. MARS
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UPTF DVI MARS 2.0
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LBLOCA EOB MARS DVI
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K,y @ Interfacial friction coefficient C; : Interfacial Drag Coefficient
o :Void fraction r, : Bubble radius
p : Phasedensity U, : Relative Velocity
Re: Reynolds nhumber We : Weber number
o : Surfacetension Dy, : Hydraulic diameter
f: Friction factor € :Wall roughness
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