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@ @ ZERR - Zl& (Aviation Weather and Climate)

The gap of space-time scale Turbulence ==

= A large-scale computer simulation

Multi-scale and multi-physics Aircraft
simulation for first principle
contrail modeling

Jet-exhaust

The gap of reality

Contrail-induced cirrus : . —> Data assimilation
. Condensation trail
(Contrail-cirrus)

(contrail)

Fitting a large-scale model
with millions of parameters
to a measurement data set
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Wind tunnel

ONERA Catapult Facility
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Wake initialization approach

Realistic aircraft wake is generated by
sweeping a high-fidelity RANS flow field
through a computational domain
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Breakthrough by
Unstructured mesh
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Analysis/design of 7Y

Critical Issues for Large-Scale Computatlons

*Time-consuming grld generation
*Difficulty in moving/deforming bodies
*Expensive higher-order scheme
*Difficulty in post processing, etc

L Algorithm Simplicity in all stages is essential for Peta-
¥ ) | scale computing

Breakth
by bourn

fitted n|

esign
rafts

p-r

N-S eqgs.
iIred mesh
\geometry.

— = 70s to 80s; r
Euler/Re-av. N-S egs.

60s to early 70s; on Boundary-Fitted grid

TAS-Code

: (Structured mesh) for
ﬁ;nigrbgqstgﬁgr?s on | [ @ceuracy and efficiency
Cartesian mesh

{Tohaku university Aerodynamic Simulation Code)
Practical tool for aircraft design
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Development of Next-Generation CFD: Building-Cube Method

— Highly-dense computational mesh to remove
the influence of modeling and mesh quality

— Simple algorithm due to Cartesian mesh

— Easy Parallelization due to ‘Cube’ concept

— Easy Mesh Generation, Movement, Refinement i

Each cube has equi-distant mesh cells

» Nakahashi, K., “High-Density Mesh Flow Computations with
Pre-/Post-Data Compressions,” AIAA Paper 2005-4876, 2005. 15




S (Fs SRBRICHT AEEE T

An example of Large-Scale BCM Meshing
—> Large-scale mesh is generated on PC (Xeon 2.2GHz 8 core)

#facet 1,189,898
#cubes 3,385
#cells 887,357,440
#cellsina cube 64 X 64 X 64
min. grid spacing 6.1e-4
time[min] 3.4

Memory Usage[MB] 254

Output data size[MB] 11.1

v Minimum cell scale is 2.8 mm in real size

» Ishida, T., et al., “Efficient and Robust Cartesian Mesh
Generation for Building-Cube Method,” Journal of
Computational Science and Technology, 2008.
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= Formula 1 racing car model

500 million Reynolds number 2.6 x 10°
mesh cells Minimum spacing 7.32 x 10
# of cell in cubes 323
Total # of cube 5,930
Total # of cell 194,314,240

 E——

Pressure Field Velocity Field

» Takahashi, S., et al., “Parallel Computation of Incompressible Flow Using Building-Cube

Method,” Lecture Notes in Computational Science and Engineering, 2009. 17
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= BCM Compressible Solver for Steady/Unsteady/Flutter

— Compressible Euler equations

— Cell-Center Finite Volume Method
— Approximate Riemann solver by HLLEW, and 3rd-order MUSCL
— Immersed boundary method with ghost cell approach

— Fast deformation of geometry (unsteady/flutter)

Cp
1.200

-1.600

Euler computation around DLR-F6 model

> FE415, “Building-Cube Method [Z & B [EHEEEUlery )L/ A\—DIEFL

Mach number [ -] 0.7
Angle of attack [deg] 0.5
Number of cube 4,662
cellsin a cube 16X16Xx16
Total number of cells 19,095,552
Minimum cell size 0.00092 / length of fuselage
dt 1.0

MERBEDISVIBT~DILH,” BAMEFTHFRMIE, 2014.
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» Comparison of fan noise propagation for conventional (UWN)
and Over-The-Wing-mounted-engine (OTW) configuration

— OTW can greatly reduce noise toward ground

85 5dB -=-DLR-F6
-—-0OWN configuration

. A AN
N |
"WVA

\

*

UWN o OWN 40 56 éo 76 éo I9&' %oo 110 120 150 140
. . . angle[deg.
Pressure distribution at fuselage surface SPL distribution at 50 meter radius

» Fukushima, Y., et al., “Code
Development of Linearized
Euler Equation on Block-
Structured Cartesian Mesh for
Complicated Geometries,”
AlAA Paper 2012-0832, 2012

Pressure distribution at z=1.14 19
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2 Reduction of large data generated by unsteady flow Computation
using wavelet transform

— Vorticity is clearly preserved in 4.25E-04
compressed data. 5.42E-03
— Compressed data size is 144 MB, :

while original data size is 3.88 GB.

» SakaiR., et al., “Parallel implementation of large-scale CFD data
compression toward aeroacoustic analysis,” Computer & Fluids, 2013. 20
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» Staircase representation
gghost = Z(g: X‘ﬂ(?gf)/ Z(ﬂﬂgz)

i(adjacent cells)

i{adjacent cells)

» Nakahashi, K., “High-Density Mesh Flow Computations
with Pre-/Post-Data Compressions,” AIAA Paper 2005-
4876, 2005.

» Immersed boundary method
(IBM) by Mittal

> Mittal IBM + wall model

» DeguchiA,, et al., “Aeroacoustic Simulation of JAXA Landing
Gear by Building-Cube Method and Non-compact Curle’s
Eqation,” AIAA Paper 2012-388, 2012.

» Onishi K. et al. “Vehicle Aerodynamics Simulation for the Next
Generation on the K Computer: Part 2 Use of Dirty CAD Data
with Modified Cartesian Grid Approach,” SAE International
Journal, 2014

» Grid-less method

» Su, X., et al., “Cartesian mesh with a novel hybrid
WENO/meshless method for turbulent flow calculations,”
Computer and Fluids, 2012.

» Ishida, T., et al., “A High-Resolution Method for Flow
Simulations with Block-Structured Cartesian Grid
Approach,” AIAA Paper 2011, 2011.
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Near-field

Unstructured mesh compressible
RANS solver (TAS code)

» HLLEW approx. Riemann solver
with 2"d-order reconstruction

» LU-SGS implicit time integration
» SST turbulence model

Far-field

Cartesian mesh incompressible LES
solver (Incompressible BCM code)

> 4th-order central difference scheme

(Morinishi et al., JCP, 1998)
» 3"-order Runge-Kutta
» Lagrangian dynamic SGS model

Mid-field

Cartesian mesh compressible LES
solver (Compressible BCM code)

» HLLEW [ 2"d-order central hybrid
(Morinishi et al., JCP, 2013)

» 3'-order Runge-Kutta
» Lagrangian dynamic SGS model



Fs StEKT

TAS mesh (11.4 million points)

Compressible BCM mesh
(26.3 million points, 6,413 cubes)
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T
; Incompressible BCM mesh (45.7 million points, 11,152 cubes)
» A part of the comp BCM mesh is used
» An arbitrary longitudinal length can be considered
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Detached Eddy Simulation (DES)
Dv

L. 1 V| spalart-Allmaras®F JL
=CST+—=|V-((v+NDVV+ (VD% = c — . —

pr = ConST+ 27 (4 9) v (P9)°)] = Cunfo [ ] (—ABRKERETIL)
d = min(d,,, Cpgsh)

FRIBEEFRIEIE AN /NS ALT=EZE(Z, SmagorinskyET ILEEMIZHS
Delayed DES

d = d,, — famax(0,d,, — Cpgsh)

v+ fa = OCHRIER)
fd =1-— tanh[(8rd)3] d ,/UijUindeZ — ]_(iﬁﬁj%ﬁ*)

DfEFEREBDOHIRIZFIA>EREBAILXSAET IV, HEFRESEDynamic
Lagrangian®7T JL, £7=I&, Coherent Structure®7 JL

-Dynamic Lagrangian®T )L : ET JLRE DO FHZEREMRIC

2T
-Coherent Structure®T )L : 3/2 Wi; W — 5ijSij
Cs = o= |Fcsl ch—— — =
20 W;iWi; + 5;;S;;
> ELLDETIILHEERKROBRNICERATES
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FS, BCM-TASHY 2T IZ&BDES (2)

FANBOEMEBIMEMETASEMD R ETENHTRT

Q = faQpcm + (1 — fa)Qras

[, D5

d BCM = TAS (IR 1)
TAS > BCM (F & f81)

> BERENGETTASEBCIMMAL—XIZYIYEH S
» TAS-BCMDEHMRMZEIT OB [ f , LYURNIZNORED
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Iso-surface of axial vorticity
Top view

Side view

» Uniform Cartesian mesh
preserves wing-tip vortices,
while simulating diffusing jets
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Temperature distribution

Jet and Tip Vortex

Temperature

Vorticity distribution

RANS boundary layer
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https://darkskydiary.wordpress.com/tag/contrails/
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