2000

Preliminary Analysis and Experiment on Penetration
Integrity of the Lower Pressure Vessel under External
Vessel Cooling in the KNGR

150
ICI thimble
FLUENT
, Thermite
. FLUENT ejection
FLUENT
Abstract

An experimental program on penetration integrity of the lower pressure vessel has been launched
under external vessel cooling in the Korean Next Generation Reactor (KNGR). The objective of this
program is to estimate failure or no failure of the penetration including the In-Core Instrumentation
(ICI) nozzle and the thimble tube in condition with external vessel cooling to maintain integrity of the
reactor pressure vessel during severe accidents. Preliminary analysis has been performed to
improve the detailed design of the test section and to define test matrix using the FLUENT computer
code. Preliminary experiment has been performed to find the technical problem of test section
manufacture and to investigate behavior of the thermite melt. The FLUENT results shows that nozzle
ejection will be occurred by weld ablation in condition without external vessel cooling. The FLUENT
results and the technical problem in the preliminary test were reflected to the detailed design of the
test section.
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W PWR Korean
TMI-2 . KNGR
(Typical) |Standard PWR G
Inner Dia. of the Lower Reactor
4.44 4.2 4.22 4.74
Vessel(m) 0
Thickness of the Lower Reactor
127 14 .1524 1
Vessd (m) 0 0 0.15 0.165
Total Number of the ICI 59 58 45 61
Nozzles
Material and Outer Dia. of the Incond. 0.0508 Inconel, Inconel 690, | Inconel 690,
ICl Nozzle(m) T 0.0274 0.0762 0.0762
Thickness of the IClI Nozzle(m) 0.01746 0.0064 0.0286 0.0286
Thickness of the Water Filled | ) ;)5 0.0023 0.00381 0.00381
Annulus (m)
Material and Outer Dia. of the St Stedl, St Stedl, St Stedl,
Thimble Tube(m) Inconel, 000742~ o8 0.01143 0.01143
Thickness of the Thimble 0.000535 0.0012 0001245 | 0.001245
Tube(m)
2.
KNGR Test Section
. Flat Pl Flat Pl ith
Geometry of the Lower Reactor Vessel Hemi-sphere a Plate or Flat Plate wit
Curvature
Thickness of the Reactor Vessel(m) 0.165 0.165
Number of the ICI Nozzle 61 1
Outer Diameter of the ICI Nozzle(m) 0.0762 0.0762
Thickness of the ICI Nozzle(m) 0.0286 0.0286
Thickness of Water Filled Annulus (m) 0.00381 0.00381
Outer Diameter of the Thimble Tube(m) 0.01143 0.01143
Thickness of the Thimble Tube (m) 0.001245 0.001245




KAERI FAI CORVIS LHF
Place KAERI, Korea FAI, U.SA. PSI, Switzland SNL, U. S A.
W PWR, GE BWR(03/xx),
Reactor Type KNGR PWR, BWR PWR(04/x00) PWR

Total Test

1 | 2(LHF-4, LHF-

Number 6 0 3(large scale) ( , 5)

) Al,O; 40 kg, 60| Thermite 20 kg, | Thermite 800 kg, .

Simulant kg 40 kg ALLO, 400 kg, Electrical Heater
Conditionof | With External With External | Without External | Without External
Outer Vessdl | Vessal Cooling | Vessal Cooling | Vessel Cooling | Vessal Cooling

Main Forcus of [Tube Ejection by Penetrat_l on Depth Fa”l.Jre Failure Mechanism
Experiment | Weld Ablation of Debristhrough | - Mechanism of of Penetration
P Annulus Penetration
. No Penetration | Failure of BWR | Penetration Weld
Mail Results - . o .
Failure Drain Line Failure
4.
Pressure Simulant
) R k
Test No (MPa) Geometry Mass (kg) emarks
No Ex V
LAVA(*)ICI-DRY| 0.1 Flat Plate 40 0 Externdl Vessd
Cooling
LAVA/ICI-1 1.0 Flat Plate 40 Base Case
LAVA/ICI-2 15 Flat Plate 40 Influence of In-Core
Water
LAVA/ICI-3 15 Flat Plate 40 Influence of High
Pressure
LAVA/ICI-4 1.0 Flat Plate 60 Influence of Mass
Flat Plate
LAVA/ICI-5 1.0 with 40 Influence of Vessel
Geometry
Curvature

(*) LAVA = Lower-plenum Arrested Vessal Attack
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Temperature contours at 2,200 sec

Stabie Ternperature
2280.7
B4.15
2037 .61
1811.08
1784.51
1657 .94
1531 41
1404 85
127832
115177
102522
BOBBTZ
72424
845 575
548.027

— T, |

Wall boundary with
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3. FLUENT (

4. FLUENT (

30 kg).

Temperature
2541 .45
2405.53
2269.61
2133.7
1997.78
1861.87
1725.95
1590.04
1454.12
1318.21
1182.29
1046.38
910.464
774.549
638.634

40 kg).



Static Temperature
2295.48
217361
2051.73
1 1929.86
— 1807.98
1 1686.1
1564.23
1442.35
1320.47
1198.6
1076.72
954.845
832.969
711.093
589.216

\
adiabatic

wall boundary with convection and radiation

5. FLUENT ( ).




d—41.1 HOLES

e
fa=g
o
o —
D~ ——
L |y
fa
w3 -
o
s
= 5]
L
[Ty}
@ =

GER

(

Layout)



o B
3 | )
=l ,,/
BT
DETAIL OF "A™
pE3R
@\J PCOC743 E
[ : | | : 11
- B—ed] 1 HOLES
(O — %
| = .
| 3 a
! [4r]
| 2
s 5
Ele] &%
'/| = 2
! 2
|

=
=
=1
e

e

(Thimble )



pE3a

» . PCD743 ]
g | | /@
[ [ITT | T
Coolant ] ! | toam \EZE4.1 HOLES
Injection Line | Exit
anbao _—®
s D520
o |- |
|
| 24-941.1 HOLES
6764
Coolgnt
I | Crain
T I REE
- | PCD743 | ‘\@
» 2833 _
11. ( )



	분과별 논제 및 발표자

