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Objective 

• Evaluate some techniques to run a CFD 
code in a parallel environment 
 

• Try strategies without (part 1) and with 
(part 2) blocks splitting to optimize the 
parallel efficiency 
 

• Highlight some limitations 
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• Mainly developed by ONERA [1] and CERFACS 
• Industrial use (AIRBUS, EUROCOPTER, SAFRAN, EDF, etc.) 
• But a research tool too (ONERA, CERFACS, ISAE, ECL) 
• Compressible finite volume flow solver with multi-block structured meshes 
• Massively parallel capabilities (MPI) [2] 
• (U)RANS, DES and LES approaches 

[1] Cambier and Veuillot, AIAA, 2008 

[2] Gourdain et al. J. Comp. Sc. Discovery, 2009  

a structured code for aerodynamics 
(ensemble logiciel pour la simulation en 
Aérodynamique) 
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Some information about the code… sorry! 
 

elsA is not HMI*-oriented: 
• Industries build their own interface (the code is plug 

into a design tool chain) 
• Students can be a bit disappointed by this approach 

compared to commercial products (ANSYS, NUMECA) 
• But it is the code used by the aeronautic industry for the 

design of aircraft, gas turbines, etc. 
 

Let’s start with some boring 
things 
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* Human Machine Interface 
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Log files (parallel computing) 
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Log files (parallel computing) 

Max. memory (local proc.) 
 
 
 
Max. memory (all procs) 
 
 
 
Size of MPI messages (local procs.) 
 
 
 
Size of MPI messages (all procs.) 
 
 
 
Total time of the task 
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Processor assignation  
(block2proc dictionary) 

A convenient way to assign a given block to a given processor is to use a Python 
dictionary: 
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• High pressure compressor core  
designed by SNECMA  

• Representative of a modern civil 
application (CFM56) 

IGV
R1 S1 R2 S2 R3 S3

29028A28027A27026A25A

IGV
R1 S1 R2 S2 R3 S3

29028A28027A27026A25A

Gourdain et al., IJHPCA, 2010  
 

Gourdain et al.,J. Turbomach., 2012 
 

Ottavy et al., J. Prop. And Power, 2012 

Let’s choose a guinea pig? 
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Entropy flow field, nominal operating conditions 

Ottavy et al., 2012 
Gourdain et al., 2010, 2012 

Let’s choose a guinea pig? 
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Now it’s time to work 
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STEP 1: no splitting 

 
• Go into directory TP1, then into Work (cd TP1/Work) 
• Edit the file “main.py” (this file contains all the numerical 

parameters)  
 select the number of procs. you want: NB_PROC=[1;8] 

• Edit the file “MyJob” and set the corresponding number of 
procs. (1 to 8) 

• Run the simulation and get the time from the elsA log file  
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STEP 1: no splitting 
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Which are your conclusions? 
 

• What is the ideal number of processors? 
 

• What can you do to improve the max. number of 
processors? 

 

STEP 1: no splitting 
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Splitting tool 
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Mesh partitioning 
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STEP 2: block splitting tool 

 
• Go into directory TP2, then into Work (cd TP1/Work) 
• Edit the file “main.py” (this file contains all the numerical 

parameters)  
 select the number of procs. you want: NB_PROC=[8;32] 
 Select the splitting algorithm “load_balance_algo” 
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STEP 2: block splitting tool 

 
 Try “greedy” or “recursive_bisection” 
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STEP 2: block splitting tool 
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STEP 2: block splitting tool 

 
 Run the script “run_split.sh” 
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STEP 2: block splitting tool 
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STEP 2: block splitting tool 

 
• Go into directory TP2, then into Work (cd TP1/Work) 
• Edit the file “main.py” (this file contains all the numerical 

parameters)  
 select the number of procs. you want: NB_PROC=[8;32] 
 Select the splitting algorithm “load_balance_algo” 

• Edit the file “MyJob” and set the corresponding number of 
procs. (8 to 32) 

• Run the simulation and get the time from the elsA log file  
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STEP 2: block splitting tool 
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More things, if we have time… 
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Some side effects 
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Conclusion 

All techniques presented in this hands-on are the basis to run much more complex 
simulations, such as the flow simulation below (109 grid points, 1,024 processors) 
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