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Investigation of Sound—Flow Interaction of Acoustic Liner

using CFD/CAA Hybrid Approach

Background and Objective

Background

# Fan is one of major noise sources and further noise
reduction for the future aircraft development is required

# Ultra High Bypass (UHB) turbofan for higher efficiency
# Acoustic liner is equipped to reduce fan noise
# Structural and weight limitation for acoustic liner

Acoustic liner plays more important role in
high sound absorption for wide frequency range

(1] ABH HEREEEOER
HEIZOWT) , BAFRERE 73
# 118, 2017%

REEE T L R ERRIIT LR E T HEANE
Acoustic liner attached at intake [1]

# The characteristics of acoustic liners:

# Sound absorption performance is changed
due to the existence

of grazing flow
b

way

Frequency
JAXA experimental result of acoustic liner model

Sound Absorption Ratio

# Non-linear effect appears at high incident sound level
and high Mach number grazing flow

# Interaction of sound and flow needs to be investigated
for the understanding and design of a new liner

Time-domain direct CFD analysis of
acoustic liner model is useful

Research Institutes and Members

CFD/CAA Algorithm Development and Applications
# Kanazawa Institute of Technology (D. Sasaki)

3D Extension of Solver

# Cyberscience Center, Tohoku University
(R. Egawa, K. Komatsu)

Acoustic Liner Expertise (Analysis of Application Results

# Institute of Sound and Vibration Research,
University of Southampton (R. Sugimoto, P. Murray)

Planned computational resources

at Tohoku university

+ Vector supercomputer (SX-ACE)

« Scalar parallel computer (LX406Re2)
» 3D Visualization

Project Repr ive: P it.ac.jp
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Fundamental of Helmholtz Resonator

tion principle (without grazing flow

Sound absor

# The air in the neck and the air in the cavity works as a
mass-spring system (resonant frequency)

# Energy loss caused by a resonator
results in sound absorption (T

# Loss occurs in viscous boundary
layer at walls of resonator neck

# Acoustical energy dissipation
at edge of resonator

Principle of Helmholtz resonator

Objectives

Objectives

# CFD/CAA algorithm development and validation based
on Cartesian mesh for acoustic liner model

# Application of direct CFD/CAA solver to investigate the
influence of multiple resonators to sound and flows

# 3D extension of solver for more realistic geometry
(multiple orifices, various shapes, etc.)

Fundamental Model and Numerical Methods

Numerical Methods

# 2D Compressible BCM (planned for 3D extension)

Direct Numerical Simulation (DNS)
4th-order Runge-Kutta method (time-marching)
5th-order WENO scheme (space)

LI

Inflow Boundary Condition
Mach Number: 0 / 0.088
(Rel13123 based on opening width)

Laminar Boundary Layer
(Blasius solution)

*

*

# Incident sound wave:
plane sine wave (120 dB)

# Acoustic sponge region

Outflow Boundary Condition
# Acoustic sponge region

Model Example Flowchart of BCM

# Multiple-resonator case (3 resonators)
# 100 minimum-size cells for opening width

‘?ﬁ“'” ! .:

Inflow

HEPELTY ‘

Outflow

Computational model with Cube allocation (322 Cell in each Cube) J
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Ken T. Murata (National Institute of Information and Communications Technology)

Combination of HPC and high—speed data transfer technologies for
big—data processing systems

— Overview — Concurrent Processing System
*  Background * Genomic information collected from Illumina Novaseq 6000 in
With the rapid growth in the information and communication Kyushu University
technologies, large volumes of data from computing resources in * Data transmission from Kyushu University to Kyoto University
datacenters and Internet of Things (IoT) sensors are collected and using HCP

processed in real time. High-speed infrastructure networks play an
important role to support the real-time operations, and a high-speed file
transfer tool is needed to fully utilize the network bandwidth. In
addition, artificial intelligence (AI) enables to improve disaster
mitigation applications by quickly processing large volumes of complex
and fragmented data.
*  Objective . I
We conduct three case studies to demonstrate large-scale data s
processing and large-scale information systems. The first is extraction . L B . .
of meteorological information from Himawari-8 satellite data using Al Fig. 3 Data transmission from Kyushu University to Kyoto University
and visualization on tiled display wall (TDW). The second is concurrent * Visualization on web in real time
processing system for high-speed data transfer and visualization of
genomic information. The third is information extraction of visual IoT
data using deep learning.

g 1
I

— Extraction of Meteorological Information Using Al —

* Himawari-8 real-time web
» Provides Himawari-8 satellite sensed images in real time and with
full resolution
» Mirror sites: Thailand and Philippines

Fig. 4 Example of web application for viewing epigenomic data

— Extraction of Visual IoT Data using Deep Learning —

* SmartSight camera
» Visual IoT with video transmission system using Raspberry Pi
» 20 locations:
o 12 cameras for weather radar in Kochi prefecture
o 2 cameras for aurora observation in Arctic region
o 1 camera for river surveillance
o | camera for landslide monitoring in Hirosaki University
o
o

Fig. 1 Himawari-8 real-time web (https://himawari.asia/)

* Amaterass web
» Provides ground weather data (e.g. solar radiation) in real time

10 cameras for observation in Chikuma
2 cameras for surveillance in Tokyo
o etc.
» Video transmission with high resolution (full HD) and high frame
rate (30 fps)
» Data analytics and processing using deep learning with TensorFlow
on supercomputer in Kyoto University
» Data visualization on TDW in Kyoto University

Fig. 2 Amaterass web (http://a;naté;ass.nict.go.jp/)
* Visualization on TDW 5 i
» Data analytics using Al in NICT and Chiba University
» Data transmission using high performance copy (HCP)

» Data processing by supercomputer in Tohoku University and - E
Nagoya University / ‘ I

» Data visualization on TDW in Chiba University, RIKEN and . . . .
Kyushu University using STARS by NICT and CLOWDER by (a) Visual IoT device (b) Example of real-time monitoring system
Kyushu University Fig. 5 SmartSight camera
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