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APPLICATION CASES: INSTANTANEOUS REACTIVITY INSERTION OF 300 PCM
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CONCLUSION

Conclusions
TFM-OpenFOAM coupling operational: high precision & low computational cost
Implementation of the transient fission matrices calculation in the SERPENT code

Good results for kinetics parameters and transient calculations

Future work
Compare the model to a dedicated numerical benchmark

Include the sensibility to the crossed cells in the fission matrices

Application of the TFM approach on different nuclear systems
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BACKUP SLIDES

SERPENT ESTIMATION OF THE MATRICES:

During a classical critical calculation:

o remember if delayed or prompt

. wY SR ey | | ST N :
J - thde '/_' / </_' /' \2 |
wbdzf thpi wt \ \ — \ / fissi
wypzf s — e — —ii Ission
leakage

Simple explicite implementation: summing the neutron production of the fission events
normalized by the neutron creation amount (prompt and delayed).
Trouble: extremely slow convergence

Better implicite implementation (this work): integration of the fission neutron production and
absorption at each interaction (« delta tracking on »)
Advantage: much more events per neutron history, improved statistics

Advantages of the matrices estimation in a critical calculation:

» Utilisation of the correct emission spectrum

» Utilisation of the correct source neutron distribution inside the elementary volume ()
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EFFECTIVE FRACTION OF DELAYED NEUTRON Beffr CALCULATION:

, GXpr GXde
We create the prompt and delay matrix operator: ~ Gall = G G —p kefg & N = (N, Ny)
+ Eigenvalue & Eigenvector XpVd XdVd

~adj
Its importance: Gl —» N*= (N; Nfl)

transpose matrix and Eigenvector

delayed - 0 2 it
. ' Z Nd ]{?0/‘['- Z <N(1> Z < XpVd p s XdVd d)
Finally, we can calculate the physical and By = - ]4" N S gl 2 S (o
effective fractions of delayed neutrons: 2 bl eff: hab (@ N )
total
NaNgq a <G><p”de Ty GXdVde>
ﬁeff ne N*N = N*@N
importance
weighting T
J*xavaXisy dEdAQAE QY dr
classic formulation: et

[ Y*xvEspp dEAQAE' QY dr
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BENCH CASE |

FLATTOP EXPERIMENT
REFERENCE CODE: SERPENT

TFM EQUATION & IMPLEMENTATION TO CHECK;

S, 8) = |Ghpuplltl —r ) (SR

Temporal evolution (space integrated)

= ueYy
2055 \
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1 . . Time [ns] : .
Flattop subjected to a ® Same evolution behavior of the neutron population through time
neutron burst release
Spatial evolution (time sampled)
Loz |
'é'o;“: g A . SERPENT | == The neutron burst is limited to the Pu area:
4 | kp>>1
— TFM |
| ' | | — The neutron burst reaches the U,, area:
| The neutron distribution tends to the
| equilibrium’s one: k,~0.997
125 15 75 2 25 B

® Good agreement of the spatial neutron propagation
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BENCH CASE Flattop kinetics calculated parameters:
FLATTOP EXPERIMENT : ,
- effective fraction of delayed neutron:
REFERENCE CODE : SERPENT
S S Bers
g - effective generation time:
24 cm [
A ) eff
eff kp
Experimental observable:
p
X Rossi — Ae];c];
(&
method ﬁeff Aeff X Rossi

TFM (this work) || 275 &4 pem | 13.351 £0.03 ns | 0.206 & 0.004 ps~!
SERPENT IFP 274+ 2 pem | 13.24 £0.02 ns | 0.207 & 0.002 pus™*
Experiment - - 0.214 £ 0.005 ps~?

* good agreement between TFM and SERPENT. ..

° ... and with the experimental measurements!
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Reynolds Average Navier Stokes (RANS) equations:

¥ i velocity
ass equation /
V.(w) =0
Momentum equation
pressure
b /
() L 7% 9 16 iy ey
e 312) + 9. (s (3 (Y@ + V@) - 39 @) 12)
\ A
Energy equation turbulent energy _|_g (1+5b0yancy (T_TO))

(provided by the turbulence model)

%—? + V. (CZ;’U,) = Berr\ (T) + Sexternal

temperature
Uu )
A fluctuation

/
e 4('144&44I4 s AI’LL
average —p U
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