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Importance of multi-physics, multi-scale 

coupled simulations for safety analyses 



Need for multi-physics coupling 

(1) Secondary 

Pressure 
(2) Cold Leg 

Temperature 

(3) Core Power 

(0) Main Steam Line Break 

Example: Main Steam Line Break 

The MSLB is a great 

example of moderator 

density feedback 

Safety analysis:  

Are the acceptance criteria met?  

Is the fuel integrity preserved? 

(0) Main Steam Line Break 



Need for multi-scale coupling 

Plant / Core Assembly Pin / Pellet 
Pin-by-pin transport  CFD  

Let‘s use high resolution tools ! 

What I have What I would need 
(LRZ Supercomputer 

in Munich) 



260.00 260.03 259.94 259.79 259.63 259.42 259.05

260.00 260.00 260.00 260.03 259.95 259.74 259.54 259.28 258.78 258.24 257.83

260.03 260.03 260.00 260.00 260.00 259.85 259.67 259.32 258.89 258.38 257.85 257.65 257.09

260.00 260.00 260.00 259.87 259.79 259.75 259.57 259.21 258.64 257.74 256.67 256.84 256.65

259.97 260.00 260.00 259.87 259.53 259.39 259.39 259.22 258.66 257.90 256.73 255.52 255.40 255.86 255.23

260.00 260.00 260.00 259.80 259.44 258.83 258.49 258.13 256.99 255.72 254.80 253.79 253.50 254.32 254.20

259.85 259.81 259.57 259.52 259.20 258.08 257.00 255.73 253.98 252.16 251.18 250.27 250.22 251.21 251.41 234 °C

259.36 259.18 258.70 258.69 258.28 256.85 254.84 252.50 250.16 248.15 246.73 246.31 246.31 245.82 245.65 247

258.62 258.55 258.18 257.67 256.90 255.34 252.38 249.27 246.64 244.42 242.72 242.53 242.02 240.44 240.22 260

258.15 258.12 257.70 256.91 255.65 253.93 250.85 246.87 243.57 241.52 240.12 239.50 238.81 237.57 237.65

257.84 258.07 257.38 256.51 255.48 254.06 250.56 245.78 241.40 238.74 238.26 238.09 237.23 236.07 236.86

257.86 257.51 256.70 256.22 255.07 250.90 245.43 240.13 236.50 236.28 236.63 235.65 235.49

257.58 257.65 257.50 257.01 255.60 251.56 245.33 239.18 235.51 234.61 234.65 234.78 235.41

257.74 257.76 257.17 255.31 250.68 245.26 239.94 235.49 234.04 234.00 234.43

256.87 255.00 250.87 245.21 239.56 235.66 234.08

Application of the multi-physics, multi-scale approach 

Core

Model

Lower plenum

Upper plenum

Upper head

Hot leg Cold leg

Steam generator

Downcomer

Pressurizer

Surge line

ATHLET 
DYN3D CTF 

Core inlet mixing 

matrix for CTF 

Plant level  System code 
Assembly and pin level  

Diffusion code / Subchannel code 

Downcomer mixing  CFD code TRIO-U 

Feedbacks 

Fuel integrity preserved ! 



Thank you for your attention 


