UNIPI Contribution to
BFBT Benchmark using
RELAPS5-3D® system code

A. Petruzzi, C. Parisi, F. D’Auria

(San Piero A Grado Nuclear Research Group)
DIMNP — University of Pisa - ITALY

2006 RELAP5-3D® Users Seminar
Holiday Inn SunSpree Resort — West Yellowstone — USA
16 — 18 August 2006



CONTENTS

° [ntroduction
* Objectives

®* Thermal-Hydraulic Modeling —
RELAPS5-3D°

* Results
°* Analysis of Experimental Results
e Conclusions and Future Works



INTRODUCTION

* NUPEC BWR Full-size Fine-mesh Bundle Tests (BFBT) <
large amount of fine mesh experimental data available for
a BWR Test Bundle

°* High Resolution of experimental data
°* Phase 1:

= Void distribution benchmark (SS & Transient)
* Phase 2:

= Pressure drop benchmark (1 Phase, 2 Phase)

= Critical Power Benchmark



OBJECTIVES

* To assess the capabilities of RELAP5-3D® in
simulating BWR core sub-channels systems

°* To contribute to the development and
validation of two-phase models for CFD
codes

°* To assess the UNIPI methodology for TH
nodalization development

* Possibility to Assess the CIAU capability for
Uncertainty Evaluation of Calculated results



THERMAL-HYDRAULICS MODELING 1/6

K ° Number of
= ||| == = Hydraulic Volumes: 2939
1 = Junctions: 8122
| ' pj%'ﬁ ' = Heat Structure: 6144
L = Mesh Points: 43008
900 ° Components (3D):

= 750 - Lower Plenum
= 800 - Lower FA part
3708 mm = 850 - Upper FA part
= 900 < Upper Plenum

°* Boundary & Initial
i , Conditions imposed by 1D
Pi= components

850

800

750
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3D volumes
representing flow areas
of FA

FA divided in:

= 9 x 9 volumes in XY
plane

= 24 axial planes
(154.5 mm height)

Further two 3D
volumes 9x9x6 (750 &
900) for modeling inlet
and outlet

Flow rate Inlet by 3
Equal Side (Y-direction)
Time Dependent
Volumes Located 375
mm below BAF

No Initial Flow
Distribution (x-y-z dir)
have been defined



Type of Volume

e 5 Types of Volumes

with different Hydraulic
and heated diameters
in x-y and z directions

e Axial Pressure loss

coefficients Kf = 1.2 (at
seven axial levels) as
recommended in
Benchmark

* No Kf have been

defined in X-Y
directions
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¢ Cylindrical heater < modeled

_ by 4 slabs HS thermally
N A 1 connected

| . | = Use of RELAP5-3D°

N

conduction enclosure
model for HS-HS thermal
exchange

Heater Heater = Conserved:
» External Heat
Exchange surface
SLAB to SI_‘AB (Total Surface)
conductance estimated by > Heat Capacity (Total
ANSYS - FE 2D Heat Volume)
Conduction model > System Time Constant
1 (about 3 sec in

calculation)
Implemented in RELAP
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How the SS Calculations have been performed

Power, ,

TR

/o
S/ -

0 5 10 20 30 80

SS

Inlet Flow rate |,

al

Y

e e = Y -

Maximum Time-Step = 10-3 sec

1 SS Calculation: about 2 days
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WORK PERMORMED

e All 4 different FA modeled
e All Calculations are PRELIMINARY

°* Executed tests:

= Void fraction - SS
> FA 0-1 (all 3 Tests)
> FA 0-2 (all 3 Tests)
> FA 0-3 (all 3 Tests)
> FA 1 (2 over 3 Tests)
> FA 4 (1 over 3 Tests)

= Void fraction - transient
» Turbine Trip

= Critical Power — Pressure Drop
» 1 case for 1®-PD and 1 case for 20-PD
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SINGLE PHASE PRESSURE DROPS: P70033
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TWO PHASE PRESSURE DROPS: P70033

PRESSURE (KPa)
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RESULTS: TEST 01-0011-58
Pressure Distributions in all Channels
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RESULTS: TEST 01-0011-58

Liquid Fluid Distributions in all Channe
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RESULTS: TEST 01-0011-58

Void Distributions in all Channels
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RESULTS: TEST 01-0011-58
Measured and Calculated Void at Outlet
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RESULTS: TEST 01-0011-58

Measured and Calculated Void at Outlet
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RESULTS: TEST 01-0011-58
Measured and Calculated Void at Outlet
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CROSS FLOW Y DIR (Kg/s)
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RESULTS: TEST 01-0011-58

Calculated Cross Flow Rate in x Direct_ion
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RESULTS: TEST 01-0011-58

Calculated Cross Flow Rate in'y Direction
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Calculated Flow Rate in z Direction_
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RESULTS: TEST 01-0011-58

Mass Flow Rate (z dir) Distribution at BAF
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RESULTS: TEST 01-0011-58

Mass Flow Rate (z dir) Distribution at TAF
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Results Test 01-0011-55 : VOID
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Avg Abs Error = 19.06




Results Test 01-0011-55 : Mass Flow Rate at BAF
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Results Test 1-1071-58 : VOID

CALC Void
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SUMMARY OF MAIN RESULTS: FA-0-1
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Calculated Void Draction

SUMMARY OF MAIN RESULTS: 0-1

& Corner Channels

100.0
3 M Side Channels
90.0 L A Inside Channels
r X Central Channels TEST 01 -001 1 -55
80.0 | Channel 5-5
70.0 |
r X O 1000 & Corner Channels
60.0 - X X A : H Side Channels
[ 90.0 + A Inside Channels
L AbAA X
50.0 + A A [ X Central Channels
[ r X XK
[ AA A 80.0 1 Channel 5-5 X XKa
200 & -AA“ L - A
C T [ L ] ] A A r
§ -A.l* “A § 700+ “a
200 | " A g TEST 01-0011-58 ask
[ a %0071 en W AL M
200 | T i an Bum 4
[ g 50.0 T * | u
10.0 { 1000 -1 ¢ Comer Channels
r [| mSideChannes
0.0 + | | 1 s ‘gﬂiﬂ::: TEST 01 '001 1 '61
0.0 10.0 20.0 30.0 40.0 P Kcenm S
800+ Channel 55
Measurec
_s 700+
° [
o [ X XX
S 600+t XX A
] [
S s00f L 1 ; ; ;
° r ™ 60.0 70.0 80.0 90.0
2 E Adwuit .
% 400+ L P oWeN action
° b WAR A
S 0] ¢ "0 mE
2004
100 4
00 P
00 100 200 300 400 50.0 60.0 70.0 80.0 2.0 1000

Measured Void Fraction

100.0



MAX MIN
DIFF %

DIFF %




Calculated Void Draction
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Calculated Void Fraction

SUMMARY OF MAIN RESULTS: 0-3
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Sensitivity: Test 0021-16, 1D Momentum & w. rod
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Sensitivity: Test 0021-16, 1D Momentum & w. rod
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CONCLUSIONS AND FUTURE WORK

The use of a RELAPS-3D System code in the subchannel
approach has been presented

The code is able to predict with high accuracy quantities at
‘bundle’ level: Pressure Drops, Void at Outlet.

At ‘subchannel’ level, the accuracy of the prediction void
distribution prediction is about 20%

The accuracy is improving for tests with high quality (for the

same reason the agreement is better at TAF, and worst at the
axial position where the densitometers are located)

Future work:

= Re-analysis of the performed calculations (all calculation
were preliminary)

= To run the test NOT still performed, in particularly Transient
tests

= The huge experimental database available, may allow to
Assess the CIAU capability for Uncertainty Evaluation of
Calculated results using RELAPS-3D as subchannel code
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