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SIMMER-III Analysis of Omega Experiment

Masahiro Yamamoto'
Yosiharu Tobita’

Abstract

In this study, Omega Experiment performed at Purdue University was analyzed by
SIMMER-IIT. Omega Experiment simulates PDE (Post-Disassembly Expansion) in CDA
(Core Disruptive Accident) of LMFBR (Liquid Metal Fast Breeder Reactor). In this
experiment, either nitrogen gas at the room temperature or the flashing water at high
temperature was injected into the water pool. The fluid-dynamics and vaporization-
condensation model in SIMMER-III were verified by this analysis. This study also
concentrates on the effect of droplet entrainment created at the bubble and water slug
surface, which is one of the dominant phenomena in the PDE phase. SIMMER-III
doesn’t have the entrainment model, so the effect of entrainment is simulated by changing
the heat loss in SIMMER-III analysis. In safety assessment, the mechanical energy,
which is defined as the sum of the coolant kinetic energy and the compression energy of
the cover gas, is used as the index of mechanical load of reactor vessel. The
appropriateness of the mechanical load estimated by SIMMER-HI was also evaluated in
this study. The major conclusions are summarized below.

1) The estimated kinetic energy by SIMMER-1II is thought to be correct since SIMMER-
IIT reproduces the bubble growth reasonably. SIMMER-III underestimate the interfacial
area in the bubble.- However the effect of this underestimation to the bubble growth
behavior is small.

2) The heat loss to the entrained droplet was found to increase the peak pressure of the
cover gas. SIMMER-III overestimates this heat loss, and hence overestimates the peak
pressure and the compression energy of the cover gas conservatively.

3) The overestimation of the kinetic energy by SIMMER-III due to the mechanisms
described in 2) is less than about 10%, and hence the current approach to assess the
mechanical load to the reactor vessel by SIMMER-III is judged to be appropriate.

4)The introduction of entrainment model into SIMMER-III is thought to be effective in
improving the precision of PDE analysis.

! Nuclear System Safty and Reliability Research Section,Advanced Technology
Division,O-arai Engineering Center
i
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Run Initial Vacuum Diaphragm
Number Pressure Alr Gap Holder Opening Ares
(MPa) (cm) £Z)
*T-4 0.775 4.5 - "VHL 100
*T-5 1.456 4,5 vHl 100
*I-6 1.456 4.5 VHL 100
#1-7 1.456 4.5 val ‘100
*1-8 2.136 4.5 VHL 100
*1-9 1,456 9.5 VHL 100
I~10 0.775 0.0 VHZ 100
1-11tt 1.456 4.5 vH2 S0
I-12 2,136 9.5 VHI 100
1-13 2.136 4.5 vaL ‘50
I-14 2.136 4,5 VH1 50
#5-1-1 1.456 9.5 VHL 1o0
*5-1-2 1.456 9.5 VHL 100
*g-1-3 1.456 9.5 VH1 100
DS-I~1 2,481 9.5 VH1 50
DS-I-2 1.800 9.5 VHL 100

*Experimental runs reported previously.
TtWater-filled blowdown nozzle (upper half full only).

Airgap& i3 A N HAJE S 2RT,
VH1 & VH2iiBlowdown Nozzle EFHTEL b {3 1T & 1 % Vacuum HolderDFER TH
b, HERITENFNRI49%4cm, 113cmTH 5B,



IV-SERIES EXPERIMENTAL CONDITIONS
- Steam-Water Discharges into Water -~

. Initial
Run ' Initial Vacuum Nozzle Void Didphragm )}lﬂ-
Number Pressure . Alr Gap Holder Region Fraction Preboil Opening Area o
_(Mpa) (cm) (%) {Z) o
#1v-ot 2.136 9.5 VAl Atr 16.7 Vent 100 =
ATV-10 2.136 9.5 Va1 Atr 9.7 Vent 100 B
*1y-11T 2.136 5.5 VH2 Alr 16.7 Vent 100 ¥a
*IV~12 2.136 9.5 vH2 AMr 16.7 Vent 100 il
*TV-13 2,136 9.5 VH2 Vac 9.7 None 100 i
*IV.14 2.136 2.5 YH1 Vac 9.7 None 100 %
*IV-15 2,136 9.2 val Vac 9.7 Vent 100 o
*IV-16 2.136 9.5 VHl Vac 9.7 Vent 100 <
*TV-17 2.136 9.5 il Adr 9.7 Vent 100 W
*TV-18 1.456 9.5 VH1 Vac 46,2 Vent 100 N
*IV-19 2.136 9.5 VH2 Vac 9.7 Vent 100 —
*IV-20 2.136 4,5 VH2 Air 9.7 Vent 100 [
#Iy-21H 2.136 9.5 VH2 Alr 9.7 Vent 100 %
1v-221+t 2.136 5.3 VH2 Alr 9.7 Vent 50 bl 4
v-23 2.136 9.5 a1 Adr 20.0 None 100 e
IV-24 2.136 9.5 VH1 Alr 20.0 Vent 100 i
- 4
*5-Ty-1 2.136 9.5 VH2 Air 9.7 None 100 T
*5-IV-2 2.136 9.5 VH1 Vac 9.7 None 50 =
8
DS-IV-1 2,136 9.5 VH1 Vac 9,7 Vent 100 N
DS-IV-2 2.481 9.5 VHL Vac 9.7 Vent 100 >;1

¥Experimental runs reported previously.

tyith €18, 36 aluminum rods,

ttWater-filled blowdown nozzle (upper half full only).
t+iEquipped with 4 cm blowdown nozzle extension.

g80-86 OT¥6NL ONd



Run
Number

v-1
V=2
V-3
V-4

S=v=-1

DS-V~1
DS-v=-2

Initial R

Initial Vacuum Nozzle Void Diaphragm Y
Pressure Alr Gap Holder Region Fraction Preboil Opening area Fluids o
(MPa) (cm) (%) (%) o
2.136 9.5 VAL Adr 9.7 None 100 WM E
2,136 9.5 vHl Vac 9.7 Vent 50 WM :’
2.136% 9.5 ‘“VH1 Vac 20.0 Vent 50 EG/W %
1.868 9.5 VHL Vac 20.0 Vent 50 EG/W <
\‘J

L

1.456 9.5 VL Vae 9.7 None 100 W/ >L
E@

B

2.481 9.5 VHL Vac 9.7 Vent 100 WM «
2.481 9.5 VHL Afr 9.7 Vent 50 W/ 7
L -

\E

AN

*Traces of volatile component present. Not saturated conditionms. 3

V-SERIES EXPERIMENTAL CONDITIONS

- Steam-Water Discharges into Methanol (W/M) -

or

- Ethylene Clycol Discharges into Water (EG/W) -

¢€0-86 OTPBNL ONd
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