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 Abstract 

The transonic buffet is one of the unsteady phenomena on the normal shock wave, which stands 

on an aircraft wing in transonic flow, and can affect aircraft safety. We aim to develop the Embedded 

Large Eddy Simulation (ELES) to improve buffet prediction accuracy and help aircraft design. In 

our plan, the ELES method will be tested on two-dimensional airfoils and finally adopted to 

commercial aircraft with complex, three-dimensional shapes. We also develop the global stability 

analysis (GSA) method to predict the buffet with low-cost. We validate the GSA method to predict 

high-speed buffet onset for NASA-CRM geometries. 

 

 

 Reasons and benefits of using JAXA Supercomputer System 

Since the ELES method needs high-resolved computation for the wall turbulence, the simulation 

requires enormous computational resources that our desktop workstations cannot privide. 

Furthermore, the large amounts of simulation data also require vast storage and GPU resources to 

save and visualize them.  

The resources provided by JSS is also essencial to perform the gloval stability analysis in this 

research. While conventional local stability is a one dimensional analysis limited to simple shapes, 

global stability analysis can handle any arbitrary flow field having three-dimensional complex shape. 

However, to achieve high-accuracy, large computational power is required and JAXA 

Supercomputer System is needed. 

 

Research on unsteady flow simulation toward prediction of full flight 

envelope 
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 Achievements of the Year 

We tested the ELES method by conducting a numerical simulation of transonic buffet flow over an 

OAT15A airfoil. The visualization of the shock wave and vortex structures on the suction side (figure 

1) shows that the inflow-turbulence is introduced as we expected and the shock-boundary-layer 

interaction is simulated with reasonable accuracy. Also, the time-evolution of the lift coefficient 

(figure 2) indicates that the present simulation could have a potential to predict the buffet onseet. In 

order to perform global stability analysis for three-dimensional complex shapes, we developed and 

verified an global stability analysis code (FaSTAR-GSA) based on the fluid analysis code FaSTAR. 

FaSTAR-GSA predicts the onset with an error of 0.2 degrees, and the GSA frequencies and modes 

are in good agreement with the experimented carried out at JTWT1 (Fig. 3). Using the GSA mode, 

it is possible to investigate the three-dimensional perturbation distribution (Fig. 4). FaSTAR-GSA 

supports turbulence, shock waves, complex shapes, 3D and large-scale grids, being the highest 

performance global stability code in the world. 

 

 

Fig. 1: Shock wave and vortex structures on OAT15A airfoil 

 

Fig. 2: Time evolution of the lift coefficient 
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Fig. 3: Comparison of experimental and GSA buffet mode 

 

 

Fig. 4: GSA mode 3D fluctuation distribution 
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 Usage of JSS 

⚫ Computational Information 

 

Process Parallelization Methods MPI 

Thread Parallelization Methods N/A 

Number of Processes 256 - 9600 

Elapsed Time per Case 100 Hour(s) 
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⚫ JSS3 Resources Used 

Fraction of Usage in Total Resources*1(%): 3.85 

 

Details 

 

Computational Resources 

System Name 
CPU Resources Used 

(core x hours) 
Fraction of Usage*2(%) 

TOKI-SORA 86,151,277.08 4.19 

TOKI-ST 1,254,373.77 1.54 

TOKI-GP 172.67 0.11 

TOKI-XM 1,302.08 0.94 

TOKI-LM 89,187.94 6.65 

TOKI-TST 0.00 0.00 

TOKI-TGP 0.00 0.00 

TOKI-TLM 0.00 0.00 

 

File System Resources 

File System Name Storage Assigned (GiB) Fraction of Usage*2(%) 

/home 1,019.91 1.01 

/data and /data2 108,831.90 1.16 

/ssd 1,658.95 0.43 

 

Archiver Resources 

Archiver Name Storage Used (TiB) Fraction of Usage*2(%) 

J-SPACE 86.19 0.58 

 

*1: Fraction of Usage in Total Resources: Weighted average of three resource types (Computing, 

File System, and Archiver). 

 

*2: Fraction of Usage：Percentage of usage relative to each resource used in one year. 
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⚫ ISV Software Licenses Used 

ISV Software Licenses Resources 

 ISV Software Licenses 

Used 

(Hours) 

Fraction of Usage*2(%) 

ISV Software 

Licenses 

(Total) 

4,555.87 3.19 

 

*2: Fraction of Usage：Percentage of usage relative to each resource used in one year.


