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Sumary: CASSIOPEE code for HCDA analysis in LHFBR has been successfully 
applied to the benchmark problem proposed by the CONT group of the 
CEC: the results of CASSIOPEE presented here are on the whole in 
satisfactory agreement with the average of the values obtained by 
the other sain european codes. 

Riassunto: Il codice CASSIOPEE per l'analisi di HCDA in LMFBR è stato 
applicato con successo al "benchmark" proposto dal gruppo CONT 
della CEE: i risultati di CASSIOPEE qui presentati sono nel 
complesso in soddisfacente accordo con la media dei valori 
ottenuti con gli altri principali codici europei. 
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l. nmoDocTioN 

A benchmark problem has been recently proposed i/1/,/2/) by the CONT 
working group of the Commission of the European Communities in order to 
compare the results of available computer codes for an Hypothetical Core 
Disruptive Accident (HCDA) in a Liquid Metal Fast Breeder Reactor (LMFBR). 
ihe simplified geometry chosen is that of a pool type reactor and the 
dimensions are based on Superphenix characteristics, as well as the assumed 
accident conditions. 

The codes, participating in this benchmark, are: 

ASTARTE (ENEA-Bologna) 

CASSIOPEE (ENEA-Bologna) 

PISCES (PI-Gouda) 

SEJRBNUK (UKAEA-Risley, CEC-Ispra) 

SEURBNUK-EUREYN (CEC-Ispra) 

SIRJUS (CEA-Cadarache) 

This note describes the calculation and the detailed results of CASSIOPEE 
(version C), a code developed first by CEA (/3/,/4/,/5/), later by ENEA 
(/6/,/7/), while the main results of all codes and the inter-code 
comparison have been presented at a Post-Conference Sesiinar of the 6th 
SMIRT (/8/). 

2. PROBLEM DESCRIPTION 

2.1 Geometry 

The lay-out of the benchmark problem is presented in Fig. 1: the structure 
under examination is a steel vessel filled with sodium and closed by a 
rigid ard fixed roof. A 1 meter gap of cover gas separates the roof itself 
from the sodium, while an inner tank surrounds the explosive bubble in the 
center of the fluid. 

The vessel is clamped at the rim while the internal shield is hinged in its 
lower boundary. 

2.2 Material properties 

The material properties used in the CASSIOPEE calculation are given in 
Table 1. The following remarks can be done: 

— the sodium pressure is not allowed to be negative; 

— the cover gas is argon; 

- the vessels are of 316 SS; 
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vessel and sodium properties correspond to a supposed temperature of 
500 #C» 

the sodium equation of state proposed in the benchmark problem is: 

P sM>ai 4i4abtl>a2 • B«b0«( ** • 1) 

with: A 1 - » * " 5 o ) / S° 
Sj = 4440 MPa; a2 » 4326 MPa» b • 1.218; p - 832 kg/m» 
E « internal energy per unit volume. ° 
CASSIOPEE cannot handle an expression of this type and according to the 
fact that the second and third terms are anyway negligible in this kind 
of problems, only the first one has been considered. 

The proposed value of P for the bubble is 0, but 1 bar has been used 
for consistency with the cover gas. 

2.3 Simulation features 

Fcr this problea a mesh of mixed type (coupled euleriar. and lagrangian 
domains) has been chosen as shown in Fig. 2: the eulerian region describes 
the fluid around the spherical lagrangian block surrounding the bubble, in 
the zone of the greatest relative shear. The rest of the fluid is modelled 
by means of 6 lagrangian blocks. 

The inner tank and the main vessel are simulated respectively by 8 and 24 
shell elements (4 layers in shell thickness for bending moments calcula
tion) . 

The bubble and the cover gas are treated like cavities with an homogenous 
internal pressure. 

The lagrangian blocks 4, 5 and 6 are allowed to slide on the vessel and 
block 4 on the inner tank too (this possibility has been partly disabled in 
the second half of the calculation to prevent the block from exceeding 
shell extremities). 

The nodes on the free surface of the sodium are allowed to slide on the 
roof after the impact but not to leave it. 

The calculation has been run up to 255 ms corresponding to 8200 time 
iterations. 

The time step has been: 

20 ms for 1800 iterations (from 0 to 35 me) 
40 ms for 1600 " (from 35 to 99 ms) 
30 ms for 2400 " (from 99 to 171 ms) 
25 ms for 2400 " (from 171 to 255 ms) 
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3. RESULTS 

3.1 Chronology 

The course of events during bubble expansion is the following: 

t=0 mr : beginning of bubble expansion. 

0-43 ins :. the bubble expansion strikes the internal shield and deforms 
it. 

t=43 ms : the inner tank, attains its maximum hoop strain (Pig. 4). 

43-91 ms : all the sodium in the vessel is accelerated by the bubble and 
the vessel bottom is pushed downwards. 

t*91 as : the pole of the bottom reaches its lowest axial position 
(Fig. 6a) and this produces the maximum pull-down load of the 
vessel on the roof (Fig. 11). 

91-114 as : the free surface of the sodium moves upwards starting from 
the center while the pull-down load on the roof decreases ar.d 
almost vanishes for the elastic decharge of the vessel due to 
bottom rising. 

t*114 ms : the liquid slug comes in contact with the roof at the center 
(Fig. 3a). 

114-146 ms : the impact of the sodium on the roof compresses the cover gas 
in the corner between roof and vessel. 

t=l<6 ms : the cover gas pressure attains its maximum (Fig. 9). 

146-173 ms : the combined action of gas and liquid pressures due to xoi>! 
impact produces the bulging of the upper part of the vessel 
and therefore an increase in the vessel-roof pull-down load. 

t«173 ms : the bubble reaches its maximum expansion. 

t*141 ms : the vessel undergoes the maximum hoop strain (in the upper 
bulge, Fig. 5). 

181-255 ms : the bubble slightly contracts, while the vessel bottom, after 
having reached the maximum of its rise (at 187 ms), starts 
again moving downwards. The pull-down load consequently first 
vanishes, then increases again. 

t» 255 ms : end of the calculation (Fig. 3b). 

3.2 Energies 

The energy balance, i.e. the ratios 
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(system total energy - bubble energy) 

bubble energy 

is very good (less than 2,7% up to 236 ms), while it degrades itself in the 
final phase of bubble contraction: 9% at the end of the calculation (see 
Fig. 7). 

The maximum energy release of the bubble is 332 MJ at 173 ms, while at 255 
ms it has decreased to 299 MJ. 

The final deformation energies of inner and outer tank are respectively 23 
and 176 MJ: roughly 44 MJ are the work done in the initial displacement of 
the bottom and about 132 MJ are the energy spent in the deformation of the 
upper part of the vessel. 

For the cover gas the final pressure (0.44 MPa, Fig. 9) corresponds to an 
internal energy contents of about 47 MJ. 

The rest of the energy can still be found in the liquid as kinetic energy. 

3.3 Deformations 

As far as the inner tank is concerned the maximum hoop strain (2.1%) is 
reached at bubble level: it is easily recognized in Fig. 4 that the plastic 
deformation takes place at the beginning of the bubble expansion (t=43 ms), 
while later on after few elastic oscillations the strain remains almost 
constant. 

The bottom pole attains the maximum axial displacement (23.4 cm) at 91 m* 
(Fig. 6a) with a permanent strain of 1.1% (Fig. 6b). 

The point of the structure which undergoes the maximum strain is in the 
upper bulge of the outer vessel: 3.3% at 180 ms (Fig. 5) for the shell 
element 66-69 of Fig. 2b. 

The deformed configuration of the structure at the end of the calculation 
is given in Fig. 3b, while in Fig. 16 the initial shape of the main vessel 
is compared to the final one with the displacements magnified four times. 

Final strains and displacements distribution versus undeformed meridian 
lenght are given in Figs. 12-15. 

3.4 Impulses 

At 114 ms the sodium strikes the roof center with a velocity of * 15 m/s 
and keeps on compressing the cover gas until 146 ms when the argon reaches 
its maximum pressure of 2.6 MPa (Fig. 9). The resulting action on the roof 
is a total roof impulse at 250 ms of 54.7 MNs, while the central impulse 
versus time is shown in Fig. 8. 

It can be remarked here that the model chosen for the simulation of the 
free surface does not allow detachment of liquid nodes from the roof after 
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impact: this could produce a slight overestimation of gas pressure and 
total roof impulse in the last part of the calculation. 

4. CONCLUSIONS 

The history plots and the final distributions required by the benchmark 
problem specifications are given in Figs. 8-16, while Table 2 presents a 
comparison of the scalar parameters of interest obtained with different 
codes (/B/). 

The results of CASSIOPEE are well within the range of other codes and do 
not show any anomalous behaviour in this test, which is a simplified but 
significant simulation of an HCOA in an actual LMFBR. 
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1) Total Roof Iapulse 
at ISO as (mis) 

2} Total Roof Impulse 
at 250 as (MNs) 

3) Peak Covar Gas 
Pressure (MPa) 

4) Initial Roof Iapact 
Tiae (as) 

5) Iapact Velocity 
Ca/«) 

6) Vessel Maxiaua 
Boop Strain (%) 

7) Inner Tank Naxiaua 
Boop Strain (%) 

•) Vessel Maxiaua 
Strain Energy (GJ) 

9) Bubble Maxiaua 
Bnergy Release (CJ) 

22.3 

49.• 

2.1 

113 

17.4 

4.3 

2.2 

0.219 

0.3S1 

22.» 

54.7 

2.6 

114 

14.8 

3.3 

2.1 
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0.332 

29.fi 
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1.9 
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18.0 
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1.9 
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3.4 

2.fi 

19.2 

48.9 

2.9 

117 

13.9 

3.3 

2.7 

P.170 p.173 

(0.308 p. 377 

(1) : Cover gas pressure starts at 1 bar 
(2) ; Calculated bubble pressure reduced by 1 bar 
(3) t Mechanical sublayer aodel 

http://29.fi
http://5S.fi
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g | g g j n j < g * a ) < j < a i 8 



22 

FIN*. VESSEL SHAPE 

INITIAL VESSEL SHAPE 

2.00 

2.«0 

2.20 

2.00 

1.00 

1.60 

l.«0 

1.20 

1.00 

0.60 

0.60 

0.V0 

0.20 

0.00 

-0.20 

-O.VO 

I i -i 1 r 

UP"'.» ». 
0.0 0.2 0.« 0.6 0.6 1.0 1.2 l.« 1.6 1.6 

FIG. 16 : Vessel shape 



23 

BIBLIOGRAPHY 

/l/ A. RENARO, J.P. FABRY 
"Sensitivity Study Definition for the Computation of the 
LMFBR Containaent Behaviour in Case of a Hypothetical 
Core Disruptive Accident" 
Report 8406-03 , BN(1984) 

/2/ Minutes of the Meeting on Sensitivity Analysis of LMFBR 
Containaent Codes held at Ispra on October 10th, 1984 
CEC(1984) 

/3/ P. LOOVET, J. GRAVELEAU 
"Code CASSIOPEE. Notice d'utilisation" 
NT SEFS-79/4204 , CEA(1979) 

/4/ P. LOUVET, J. GRAVELEAU 
"Code CASSIOPEE. Descriptif inforaatique" 
NT SEFS-79/4231 , CEA(1979) 

/5/ P. LOOVET, J. GRAVELEAU 
"Code CASSIOPEE. Note de presentation. Methode nuaerique" 
NT SEFS-79/4232 , CEA(1979) 

/6/ A. ZUCCHINI 
"CASSIOPEE-B Users' Manual" 
NT SYTC-83/1028 , CEA(1983) 
RTI TIB/FICS/MATAPPL(83)5 , ENEA(1983) 

/7/ A. ZUCCHINI 
"CASSIOPEE Code t Version C" 
RTI TIB/FICS/MATAPPL(87)7 , ENEA(1987) 

/$/ A. BENUZZI 
Lecture presented at the 1st International Sesinar on 
Containaent of Nuclear Reactors held in conjunction with 
the 8th SMIRT, August 26-27, 1985, Brussels, Belgium 



Edito dall'ENEA, Direzione Centrale Relazioni. 
Viale Regina Margherita 12), Roma. 

Tipografia «La Casa della Stampa» - 00019 Tivoli (Roma) 


