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Rarefied Aerodynamics of a Super Low Altitude Test Satellite (SLATS)

Kazuhisa Fusita and Atsushi Nopa (JAXA)

Abstract

The Super Low Altitude Test Satellite (SLATS) is an engineering test satellite currently under development
in JAXA in an attempt to open a new frontier of space utilization on extremely low earth orbits. In the presence
of aerodynamic forces acting on the satellite, the altitude and attitude of the satellite are maintained by ion
engines so that the aerodynamic drag can be canceled. Thus, it is of primary importance to accurately assess the
aerodynamics characteristics of the satellite prior to flight. In this article, the aerodynamic coefficients of the
satellite are calculated for orbital altitudes from 160 to 300 km, taking into account the thermal accommodation
of particles on the satellite surface and the free stream chemical composition.
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Fig. 1. A schematic view of Super Low Altitude
Test Satellite (SLATS).
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Fig. 2. Nominal thermochemical model for upper
atmosphere.
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Fig. 5 : Normal and tangential force coefficients.
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Fig. 6 : Longitudinal aerodynamic coefficients.
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Expansion tube experiment on shock layer enhancement

effect of the electromagnetic field

by
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Abstract

The flight speed of space plane or reentry capsule reaches 8~12 km/s and the temperature behind the shock wave become tens
of thousands of Kelvin. Due to that, development of heat shield systems is one of the most important tasks. Current main heat
shield system is the thermal protection tile and ablator. These systems utilize thermal protective structures for reducing heat flux.
These thermal protective methods can not be reusable because thermal protective structures are damaged in one reentry flight.
Given this factor, in order to develop a future thermal protection system, we need to consider not only protecting vehicle
passively from aerodynamic heating, but also reducing aerodynamic heating actively. To reduce aerodynamic heating actively,
the method using magnetic force has been considered. In this method, plasma flow behind the shock wave is controlled by the
applied magnetic field through the electric current and Lorentz force. In the present study, using expansion tube, we generated
the high enthalpy flow, which approached real flight condition comparatively, around the test model with applied magnetic field.
And we visualized density variation around the test model, and search the shock stand-off distance in the varied magnetic field.
By evaluating the shock stand-off distance from the images, we confirmed that the shock stand-off distance is increased with
increasing magnetic field intensity.
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Plasma flow

Plasma flow

Fig. 1 Mechanism of the interaction between
plasma flow and magnetic field
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Table 1 Expansion tube Operation Conditions

Component Value Mater_lal
/Species
High pressure chamber 27 MPa Air
Fill pressure
Com_pressmn Tube 101 kPa He
Fill pressure
1st Diaphragm Steel,
Rupture pressure 557 MPa 1.8t-0.4d
Medium Pressure Tube .
Fill pressure 1.0kPa Alr
2nd Diaphragm
Thickness 12 mm PET
Low pressure Tube 4Pa Air
Fill pressure
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Fig. 2 Schematic of the expansion tube

Shock Wave
- == == Contact Surface
Expansion Wave

First Ihaphragin

H 1
. s N - X
Quick Action Yalve  Piston Second Diaphra !
— 1 BER ——
' —
Medium Pressure Tube
Compression Tube

Test Chamber
Test Section
Low Pressure Tube

High Pressure chmber

Fig. 3 x-t diagram of the expansion tube
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Fig. 4 Schematic of experimental setup
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Fig. 6 Magnetic field distribution on the stagnation line
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Table 2 Free stream characteristics of test flow

Variable Value Source
Shock speed 12.66+0.32 Measured
km/s
Flow velocity 11'?(5i0'31 Calculated
m/s
Static pressure 14.24+2.5 kPa Measured
Stagnation pressure 1092'?3};12'09 Measured
Temperature 48751775 K Calculated
-3
Flow density 7.91ik0.343>< 10 Calculated
g/m
Mach number 8.274+0.50 Calculated
Test time
(After the shock 35~50 ps Integrated
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180 —

[ 1 240
o0 - ®g
=) L‘ . il 180 2
@ 12 { i 160 ¥
2 1000 e 190 3
- Co 120 &
&2 b 1o £
g 20 po 180 %
Z 400 [ 160 #
& : 0 1{ 40
_}i 1 1 20

0 L ]
0 50 100 150 200

Time from the shock arrival [ps]

Fig. 8 Test time and pressure history
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Numerical Analysis of Application of MHD Generator Technology
to Scram-jet Engine

by
Yoshiaki Maehara and Kojiro Suzuki

ABSTRACT

To realize the hypersonic transport or the low-cost fully reusable space transportation system, it is necessary to develop the SCRAM-jet engine.
However, the performance of the SCRAM-jet engine is known to be quite sensitive to the air conditions at the inlet. In this research, we consider
the use of the electromagnetic devices for the flow control and make the numerical research on the system. By setting the MHD generator and the
MHD accelerator at the inlet and the nozzle of the SCRAM-jet engine, respectively, the flow inside the engine is appropriately controlled with
small amount of the energy loss, when the flow has sufficient electric conductivity by the seeding technique. As the preliminary study, the two-
dimensional Euler analyses with MHD effects have been conducted to demonstrate that the inlet flow can be controlled by putting a MHD
generator in the upstream region. From the analyses, it is confirmed that by setting the MHD generator and adding Lorenz force to the flow, the
total pressure loss across the shock wave can be reduced, while the total pressure itself is decreased by the Lorenz force. To estimate the efficiency
of such MHD energy-bypass SCRAM-jet engine, the totally coupled flow analysis of the inlet, combustion chamber and nozzle flows is necessary.
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Preliminary Studies on Aerodynamic Control with Direct Current Discharge

Yasumasa Watanabe, Yoshiki Takama, Osamu Imamura, Tadaharu Watanuki and Kojiro Suzuki

ABSTRACT

A new idea of an alternative aerodynamic control device for hypersonic vehicles utilizing plasma discharge is presented. The response of
surface pressure distribution over a flat plate model to the D.C. plasma discharge in hypersonic flow was examined with both experiments
and numerical analyses. It was revealed that the surface pressure upstream of the plasma area significantly increases, which would be
applicable to a new aerodynamic control device. It was also found that there are two modes in the correlation between the electric power
input and the surface pressure change around the plasma area. The burnt trace on the flat plate model after the experiments suggests that the
pressure change may be caused by the onset of the boundary layer separation and the shock wave or compression wave formed in front of
the separation bubble. Such pressure rise was also observed in the result of two-dimensional numerical analyses based on the Navier-Stokes
equations with energy addition that simulates the Joule heating of plasma discharge. The steady-state solution shows that the pressure
change observed in the experiments can be qualitatively explained as an effect of Joule heating on air flow.
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Reynolds-Averaged Modeling of Turbulent-Diffusion Suppression Mechanism

in a Swirling Flow

by
Akira Yoshizawa, Hiroyuki Abe, Hitoshi Fujiwara, Yasuhiro Mizobuchi, Yuichi Matsuo (JAXA)

ABSTRACT
A Reynolds-averaged modeling is made of the turbulent-diffusion suppression mechanism in a swirling pipe flow. The
combined effect of mean vorticity and streamwise structure variation is incorporated into the characteristic time scale, on the
basis of which the turbulent-viscosity model for the Reynolds stress is constructed. The model is incorporated into the
two-equation modeling. Thought the computational test, it is shown that some primary characteristics of a swirling pipe flow
may be reproduced within the framework of the isotropic turbulent-viscosity representation. This finding indicates that the
newly-introduced effect is a promising candidate for the mechanism of the radial turbulent-transport suppression of axial and

circumferential momenta.
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Fig. 1. Circumferential velocity by the standard K — &
model.
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Fig. 2. Axial velocity by the standard K —¢ model.
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Fig. 3. Circumferential velocity by the standard K-¢
model with C,z replaced with 0.005C .
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Fig. 4. Axial velocity by the standard K —& model with the
model with C,z replaced with 0.005C .
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Validation of SLAU Scheme in Low Reynolds Number Flows

Yasutada Tanabe, Shigeru Saito(JAXA), Hideaki Sugawara(Ryoyu Systems Co.,Ltd.)

Abstract
A CFD code “rFlow” based on the overlapping grids method was developed. An all speed numerical scheme SLAU

combined with a fourth order MUSCL-type reconstruction is used to achieve high spatial resolutions.
stepping method is used for efficient implicit unsteady flow calculations.

Dual-time
This paper reports on the two-dimensional

results of the validations in the low speed and low Reynolds number flowfields. The obtained flowfield around a cylinder
shows good agreement with experimental results where the size of the wake flow bubble and Karman vortex shedding are

compared. Also, the calculated lift coefficients of a wing section are agreeable with the experimental data even at high

incident angles.
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An Investigation on Engine Configuration utilizing Aerodynamic Effect of
Shock Waves in a Scramjet Engine
by
SATO Shigeru, Japan Aerospace Exploration Agency, Kimigaya,Kakuda-shi,Miyagi 981-1525, Japan
MUNAKATA Toshihiko, Hitachi East Japan Solutions, Honcho, Aoba-ku, Sendai-shi, 980-0014, Japan and
ISHIKAWA Miyuki, Space Service, Kimigaya, Kakuda-shi, Miyagi 981-1525, Japan

ABSTRACT
Japan Aerospace Exploration Agency has been investigating scramjet engines in Kakuda Space Center using RamJet Engine Test
Facility (RJTF) et al since National Aerospace Laboratory days. The engine performance tested at the flight condition of Mach
6 in RJTF showed very important characteristics depending on internal geometry. Recently Sato and others found in the result
of CFD research that there was a hot area caused by 3-dimensional interaction of the shock wave from cowl leading edge and the
shock wave from strut leading edge and that the area covered fuel injection area. This hot area named “hot triangle” can bring
the good transition from weak combustion to intensive combustion in the engine.

It is very important to consider the hot

triangle when engine geometry is designed. The hot triangle was realized in the engine configuration equipped with a

5/5-height strut, that is, "the original-height strut”. Once the hot triangle is kept, some part of the strut which does not

contribute the hot triangle can be cut off.

In this report the authors propose inverted struts which have shorter height than the

original one but attached on the cowl. The authors used CFD method to find hot triangles which may appear in an inverted

1/5-height and an inverted 2/5-height strut.

It is found that the inverted 2/5-height strut gives the same effect as the original

one. According to this result, the shorter strut can give smaller drag and increase the net thrust of the engine.
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Fig. 6 Hot triangle in case of (a) 5/5H strut (M6S43).
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Fig. 7 Hot triangle in case of (b) inverted 1/5H strut.
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Fig. 8 Hot triangle in case of (c) inverted 2/5H strut.
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Conceptual Study of Ablative Thermal Protection System
toward Sample Return Mission by Aero Fly-By on Mars

Toshiyuki Suzuki, Kazuhisa Fujita

ABSTRACT
Conceptual study of ablative thermal protection system is made preliminary toward sample return mission by aero fly-by on Mars. Thermal
protection system material considered in this study consists of a light-weight ablator, a felt insulator, and CFRP/aluminum honeycomb
sandwich panel. A thickness and weight of thermal protection system material required for an atmospheric entry flight on Mars is estimated
by calculating a thermal response of ablator along the entry trajectory. The thermal protection system that consists of the ablative material
of 25mm thickness and the felt insulator of 20mm thickness is recommended for the present entry trajectory, resulting in the weight ratio of

16% for thermal protection system.
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Design of Aeroshell with a High Ballistic Coefficient for Mars Aero-Flyby

Hiroki Takayanagi, Toshiyuki Suzuki, Kazuhisa Fujita

ABSTRACT
In this study, feasibility assessment of a Martian nonstop sample return system as a part of JAXA’s future Mars Exploration with Landers
and Orbiters (MELOS) mission has been conducted. In the mission scenario, the vehicle enters the Martian atmosphere, collects the
Martian dust and atmospheric gases during the hypersonic atmospheric flight, exits the Martian atmosphere, and is inserted into a parking
orbit from which a return system departs for the earth. To design aeroshells appropriate for this mission, a parametric study of aeroshells
having large ballistic coefficient and moderate lift-to-drag ratio is made. Finally, a baseline design of the aeroshell in sphere-cone form is

selected for the Martian aero-flyby sample return system.
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Fig.6 Lift-to-drag coefficient variation with several
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Fig.9 Ballistic coefficient variation with several
length of the ellipse at D = 1.5m.
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Numerical Analysis of Rarefied Flowfield in ICP test chamber
for Material Catalysis Measurement

by
Toshiyuki Suzuki, Hiroshi Osawa, Hiroki Takayanagi, Masahito Mizuno, Kazuhisa Fujita, Keisuke Sawada

ABSTRACT

Direct simulation Monte Carlo code is developed to study a catalytic process of atomic oxygen on thermal protection material surface. The
present method employs the phenomenological electronic excitation model and the heterogeneous catalytic model. Numerical method is
applied to simulate the flowfield around a test piece put into the rarefied dissociating oxygen test flow. The calculated number density ratio
of oxygen to argon is compared with the measured emission intensity ratio of oxygen line to argon line. The sensitivity analysis is made by
varying Eley-Rideal reaction cross section under the several conditions of collisional desorption cross section, sticking coefficient, and total
number of surface site. It is found from the study that the probability value of Eley-Rideal reaction for the test piece made of a sintered
silicon carbide is about 0.035, while the value of about 0.1 is deduced for the test piece made of copper.
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Simulation of Wake Turbulence Using Weather Observation and CFD

Hiroshi Kato, Takashi Misaka, Shigeru Obayashi, Izumi Yamada, Yoshinori Okuno

ABSTRACT

For the wake turbulence simulation, initial and boundary conditions need to be set according to the actual condition. In this paper, the
Computational Fluid Dynamics (CFD) simulation of wake turbulence was performed by employing weather prediction data as the initial
and boundary conditions. The weather prediction data was provided by the Down-Scaling Simulation System which was developed as
mesoscale model by Atmospheric Science Laboratory, Tohoku University, and it showed qualitative agreement with actual weather
observed at Sendai airport. In this wake turbulence simulation for the case of the horizontal roll convection currents in sea breeze, the
initial and boundary condition obtained from the Down-Scaling Simulation System was employed. From the present results, the advection
and decay process of wake turbulence affected by the horizontal roll convection currents in sea breeze was observed. And also the
comparison to the simulation of wake turbulence with the uniform boundary and initial flow condition, which was set based on the weather
observation value (10 minutes average value of wind velocity, direction of the wind) provided by Japan Meteorological Agency was
conducted. The comparison confirmed that the more detail behavior of wake turbulence can be obtained with the initial and boundary
condition provided by the Down-Scaling Simulation System.
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A Trial towards EFD/CFD Integration
- JAXA Digital/Analog Hybrid Wind Tunnel (Second Report) -

by
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ABSTRACT
As a trial of the integration of Experimental Fluid Dynamics (EFD) and CFD, development of a system called Digital/Analog
Hybrid Wind Tunnel is introduced. The aim of the system is to improve efficiency, accuracy, and reliability of the aerodynamic
characteristics evaluation in aerospace vehicle developments through the complementary use of EFD and CFD. In the present
article, key functions of the system determined as a series of preliminary design are described in detail and technical issues in the
system development are addressed from the viewpoint of the EFD/CFD integration.
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Study on Sonic-Boom Propagation of Hypersonic Vehicle

by

Tomoya Fukagawa, Atsushi Ueno

Tadaharu Watanuki, Osamu Imamura, Kojiro Suzuki

Abstract

Inviscid numerical analysis using the Space-Marching Method was conducted to simulate the sonic-boom

propagation, emitted from an axisymmetric palaboric object at Mach 2 and 5. A near-field waveform at four

times the body length from the body axis (h/l=4) was calculated using Time-Marching Method. Using

Space-Marching Method, the near-field waveform was extrapolated to the mid-field (h/1=8~30). Comparison

with the results obtained from using only time-marching method shows that the present Space-Marching

Method is an accurate, high resolving and time-efficient method for predicting sonic-boom propagation.

Comparison with the linear supersonic theory clarifies that the sonic-boom prediction by the linear theory

becomes inconsistent with numerical results in hypersonic flows. Near-field pressure distributions of an

axisymmetric palaboric object at Mach 7 were obtained from the hypersonic wind tunnel experiments, and

compared with the numerical results.
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Experiment of the Low Sonic Boom Characteristics of the Supersonic Biplane
with the Ballistic Range
by

Atsushi Toyoda, Masayuki Okubo and Shigeru Obayashi (Institute of Fluid Science, Tohoku University)
Katsuya Shimizu and Akihiro Sasoh (Department of Engineering, Nagoya University)

ABSTRACT

To demonstrate the low boom characteristic of the supersonic biplane, supersonic biplane model was flown using the ballistic range.
Before the experiment, to actually build the experimental model, the ideal wing configuration had to be modified. To evaluate the change
in the configuration, the computational simulation was carried out. The result indicated that by modifying the distance between the wings,
the shock wave cancellation become closer to the ideal. The experiment was carried out using the model designed with the computational
simulation and for the comparison, the monoplane was also launched. In the experiment, to observe the shock waves created from the
models, the shadowgraph images were captured using the high speed camera. The captured images indicated that the supersonic biplane
model created the shock waves as predicted by the computational simulation and close to ideal shock wave cancellation was observed.
Secondly, the pressure waves were measured underneath the flight path. The measured pressure history indicated that the supersonic
biplane model can mitigate the shock wave propagates to the ground to one third of that of the shock waves created from the monoplane
model. The low boom characteristic of the supersonic biplane was proven with the free flight experiment using the ballistic range for the
first time.
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Global Multidisciplinary Design Optimization for a Supersonic Wing

y
Naoto Seto (TMU), Yoshikazu Makino (JAXA), Jeong Shinkyu (IFS/Tohoku Univ.), and Masahiro Kanazaki (TMU)

Abstract

Multidisciplinary design optimization for supersonic wing geometry is carried out. The objective functions are to maximize lift to drag
ratio and to minimize sonic boom intensity at supersonic cruise respectively, and to minimize wing weight. Multi-Objective genetic
algorithm (MOGA) is applied as an optimizer, which Kriging model is used to reduce computational cost. For Kriging model
construction, 75 sample points are evaluated. To obtain the information of the design space, functional Analysis of Variance (ANOVA)
which is one of the knowledge discovery techniques is applied. According to their results, there is trade-off relationship among 3
objective functions. ANOVA results say that the cambers of the wing section at root and kink are effective in lift to drag ratio, the inner
wing sweep back angle is in sonic boom intensity, camber of wing section at kink and aspect ratio are in wing weight. Considering the
calculation cost of objective functions, time-wise effective MDO tool has been constructed.
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Reinvestigation and new method on gradient computation in MUSCL approach

by
Eiji Shima(JAXA)

ABSTRACT

Reconstruction method is the key for the spatial accuracy of MUSCL type CFD schemes. A new gradient calculation method
based on WLSQ (weighted least square method) merging the benefit of G-G(Green-Gauss) method is presented. The method,

named GLSQ (G-G based weighted least square method), has second order accuracy for non-orthogonal and non-constant linear
mesh and gives proper gradient for thin curved mesh for which LSQ shows huge error. Although GLSQ is originally developed
for hybrid mesh that combines octree and layered mesh, it also shows better accuracy in usual rectangle and triangle mesh.
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Performance Assessment of Low-Dissipation Euler Fluxes and

Preconditioned Implicit Schemes in Low-Speed Flows
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ABSTRACT

In low speed flow computations, compressible finite-volume solvers are known to A) fail to converge in an acceptable time and
B) reach to unphysical solutions. These problems can be cured by A) preconditioning on the time-derivative term, and B) control
of numerical dissipation, respectively. There have been many proposed methods thus far for A) and B) separately, but it is
unclear which combination is “best” in low speed flows. We carried out a comparative study of well-known or
recently-developed A) preconditioned implicit schemes coupled with B) low-dissipation Euler fluxes in the framework of steady
flows. Then, accurate, efficient, and robust methods are suggested for low speed computations.
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Shock Wave Analysis by Non-conservative FEM Formulation

by
Keiji Manabe and Masatomi Nishio

ABSTRACT

The hypersonic-flow including shock wave problems are usually analyzed by solving compressible flow equations written by
conservative form. In this study, shock wave analysis is carried out by solving non-conservative form of governing equations by Finite
Element Method (FEM). First, it is shown that the non-conservative form of 1-dimensional Burgers equation can be properly solved by
using upwind scheme of Finite difference method (FDM). This FDM formulation for 1-dimensional non-conservative Burgers equation
can be obtained from FEM by using 1-dimensional linear shape function and Upwind Petrov-Galerkin (SUPG) method. Consequently the
same computational results of FDM and FEM for kdimensional Burgers equation is obtained. Second, compressible Navier-Stokes
equations are changed to the non-conservative form. It is important for analyzing shock wave to consider artificial viscosity term, therefore,
the non-conservative formulation is conducted for the equation including artificial viscosity term. The detail of the non-conservative
formulations of governing equations are shown. This type of equations are introduced to the program of FEM, and the 2-dimensional axi
symmetric problem is calculated. The calculation result of shock wave around the Re-entry capsule under the condition of Mach 10 are
shown, and the good agreement with experimental result is obtained. It is concluded that non-conservative form of governing equations of
compressible fluid can also analyze the shock wave by considering the artificial viscosity term.
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Measurement of surface pressure fluctuation in hypersonic boundary layer

TANNO Hideyuki, KOMURO Tomoyuki, SATO Kazuo, ITOH Katsuhiro™, FUJII Keisuke™
“LJapan Aerospace Exploration Agency, Kakuda, Miyagi 981-1525
“2Japan Aerospace Exploration Agency, Chofu, Tokyo 182-8522

Abstract
Surface pressure measurement of a 7° half-angle cone model was conducted under hypersonic

high-enthalpy flow condition. The measurement was performed in the impulsive facility HIEST. To
change the Reynold's number, stagnation enthalpy was varied from H,=3.5 MJ/kg (Re=6.0x10°m) to
Hy=8.2 MJ/kg (Re=1.6x10%/m). On the cone model, Eighty-six miniature co-axial thermocouples were

flush-mounted on the surface of the model to measure heat flux distribution. Surface pressure fluctuation

was measured in order to observe the second-mode instability in the boundary layer. The heat flux

distribution measurement indicated that transition occurred on the model at approximately Re=4.0x10°.

Surface pressures exhibited peaks in their frequency spectra that were thought to represent second-mode

instability.
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Thermocouples 20mm pitch x 43

1100

860

CH1-CH4: PCB132A37

Fig.1 A 7° half-angle cone model. Four piezoelectric pressure transducers (PCB132A37) were mounted on the surface of

the model at X=656mm, 782mm, 908mm and 1034mm.

O-rings Madel surface

Cotton thread Silicon caulk

Fig.2 Schematics of pressure transducer installation on
the model surface. a:Left-hand figure is a standard
installation of PCB132A37 with o-rings. b:Right-hand
figure shows the modified installation with cotton
threads and silicone caulk.
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Fig.3 Frequency spectra of the surface pressure
transducers. These spectra were obtained from a
hammering test using a plastic hammer.

Table.1 Test flow conditions.

Sothe T  ROP) HWA  T.K ) ootk Vs M, Visoosity Lhit Reu(1/h0)
177 2708 316801 3268400 2 4E2 2 6/E+Q0 3.8E® 248 7.7T1EQ0 1.5 5. 88E+06
1719 3608 27401 A TE0 3952 2 6/E+Q00 2 3602 2008 728840 2 26605 3. 01E+06
1721 52IB83 31001  817R00 8 4R RET=00) 1,632 3 TR 65000 3 1% 1. 626406
1732 2788 30801 3B/ 25K 2 6400 3 652 24348 768800 1.61E06 5, 556406
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Fig.4 a(top): Heat flux distribution along the model axial
direction. b(bottom): Repeatability of the each Shots.
Heat flux distribution appears approximately similar
from Re=5.3x10%m to 5.9x10%m.
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Fig.5 Frequency spectra of the surface pressure
fluctuations.  a(top):Shot  No0.1721  (Re=1.6x10%/m),
b(middle): Shot No. 1719 (Re=3x10°m) and c(bottom):
Shot No. 1717 (Re=5.6x10%/m).
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Unsteady Thrust Characteristics of Water Rocket
Yoshiya ITAKURA and Yuki HONDA (Chiba University, Faculty of Education)

Abstract
Unsteady thrust characteristics of water rocket have been investigated experimentally. The results of the observation by a high-speed
camera show that the state of the operation fluid flow is classified into three patterns. The time history of the thrust is observed oscillating
change, and the frequency characteristics are analyzed by FFT and DWT. However, all the causes of oscillating behavior of the thrust are
not elucidated. The transition time from liquid-phase flow to churn flow buried in the oscillating thrust is detected as a discontinuous point

in the thrust curve by applying wavelet transform technique.

1. #E
TIERFHE F M L F0E T, DNERR
HEERRIC BT 2 B H0HEMN, o3 I 5%
ZHE ORI L LT, HIRITIC L D RATIREE O B,
ANREGRC £ 2 3w EoREERR oL, <y B
RAhrvery hORHERBZR EOBEREKE LS R
ST&E. FITORBZEERT 21XV, Fxllix
T 72 RIS H O, FMBRTE S LA S TH
5. LML, Xy bR sy FOHESENEICRY
THEMITIEF IO, B X HEHE Y
R, KEIZ L 2 HREMATHRME BT b0k e,
Bim D MR L UMFAE L7, Xy bR hva s
v NEAEH - KIERIC X DS RAETREEO BB & L
THRATHEDICE, BOLOFETHENEMEEZ 5
WCHHR L, B REs 2o W EBERDLD. £z,
Ny bR Mvady hOHESFAFERIIK E 2RO
HEFEHLEEMZR SO TED DN, T HUA
ORI S EE WIS E TA L, (FE
IR BRI D> & 50R IS b9 2 FEE T 7o iR
WTHY, MhBhcozrm v v VOB S 7
E, MR ORE 2 VEM THLH 5.
AWETIE, 2y MR v sy MBI 5
MIZEAL T 2N GO@EEE S 2 712X HRE, R
MUVNIE B X O ORFRIZE L ZFEIL, 7 — 4
OWFH - BB 2B 22 2 Licky, T0¥k
EREEZHAL L. £72, Xy bR Mo s
v NIRRT HHET) DFFITET VARG L, EBRAE
Bllbiwd a2 Licky, ZOZEMHEMRIELTZ.

2. EREERLUFE
Ny bR ey hOHEDB LR FANED
B & 3 D 7 i, AFEBRTHH L -EE
OB A X 1I2RT . ZEERERITEEI8 mmo HE
WA T TERWESNTED, #1500 mmoOESIC LA
ROy AR L, KSR OB R X D IEE & M)

Mz HMEEE Licns, vl y NIFEEB L OIE
Y= B OFHIR AT, B O E AR 28
HENT-. ZOFMHONTIE 3 EFHTIRARS =
LT 5.

| Pressure sensor ” Force sensor |

|Strain amplifier” DSP receiver |

A/D converter

PET bottle

Test bed

HEFE_y bR bvm sy N3RS & R RICER
BEnhefi hwmtrv— (=v 2 &tt
IFS67M25A25-140) |Z L Y fiH & 41, DSPL ¥ —
—R—=FRENLTCara—FIZRYIAEND. 7
B, AREBRCHERL 68T Y — L5k K8kHz
TORENTRETH Y, EERIAICLE T HHE S 23
W20+ 7tEEHAE LTS, vsry RO
JEFNEAR bR B AR — R THE & o —Ic
v, BIEIESE L OADERE AN L To3—
VI Ea—HIZWMYAENRD. EHEOFN
BIIEMWED A S5 (3 FEHEH RS HEX-F1)
WX RESh, MNBHOKETCREIEREDOY) )
DLORA R ENRHE SN, £, ERTEIAERE
1500mID~Xy bR MLEFEHL, £ 1IZTRT LI,
WA N IVNIK & & (SR T0~50%, W E )
%#0.1~0.4MPalZ EBR LM 2 2L S THEI B L O
HIESDF R Z I Z 7o Tz,

This document is provided by JAXA.

105



106

FHIMT 22T JE P TR R RI R TAXA-SP-09-011

*1 EBREM

Experimental conditions

Bottle volume 1500 ml

Initial pressure 0.1 ~0.4 MPa

Initial water ratio 0 ~50vol.%
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Application of SLAU Scheme to Helicopter CFD
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Abstract

The flowfield around a helicopter is generally very complicated.

Unsteady flow regions where the dominant flow

velocities ranging from the very slow to the transonic co-exist, cause computational difficulties for numerical schemes

without pre-conditioning treatment.

An efficient and robust all-speed scheme SLAU is incorporated into a moving

overlapping grids approach and a new CFD code named rFlow (rotor Flow solver) is developed. Comparisons and
validations of the new CFD code are performed and advantageous results are obtained. The capability of this new code
is shown with samples of complicated flowfields around rotary wings.
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Numerical Simulation of Retainer Behavior for Ball Bearing
used in Reaction Wheel on Orbit

by
Kazuaki Maniwa, Takashi Nogi and Shingo Obara

ABSTRACT

A three-dimensional dynamic simulation of a ball bearing was performed to examine the effect of gravity on retainer behavior taking
account of the oil film and the roughness of retainer surface. In the dynamic simulation model of ball bearing, the mixed lubrication
models based on hydrodynamic lubrication and solid-to-solid contact theories were applied for each retainer-race and retainer-ball
contacting interface. The frictional torque, the retainer motion and its translational velocity were calculated for both gravity conditions on
orbit (0 G) and on the ground (1 G). The calculation results show that an increase in the amount of oil causes high friction forces to the
retainer surface, lead to the unstable motion of the retainer. Comparing the retainer behaviors on orbit and on the ground, the retainer
moves the most severely when the bearing operates in horizontal shaft attitude on the ground. In addition, FFT analysis of the retainer
motion showed that the retainer behavior under stable condition was characterized by the frequency corresponding to the retainer rotational
speed. On the other hand, for the instable condition the kinetic energy of retainer increased in the calculated frequency range with no
distinctive frequency peak.
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Fig.7 Power spectra of retainer motion
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Flapping Sound Characteristics under Different Flying Modes

by
Yoshinobu Inada (JAXA), Masateru Maeda (Chiba University), Takashi Moriyama (Chiba University),
Hikaru Aono (University of Michigan), Hao Liu (Chiba University), and Takashi Aoyama (JAXA)

ABSTRACT
Flapping motion consists of combined motions of wing reciprocation and rotation, and thus generates complex flow field and pressure
change around the wing, which produce typical sound sources such as dipole or quadrupole sources. This implies the control of flapping
sound is an important issue to realize practical flapping wing air vehicles. For this purpose, we developed a numerical scheme to analyze
sound generation and transmission of flapping wing by combining CFD and acoustic analyses. This scheme is applied to two types of
motions, i.e. hovering and forward moving motion of insect (hawkmoth). Conspicuous similarity is found in both flying types, i.e. the
dominance of fundamental frequency wave in front and the second or higher harmonic wave in side or bottom. Another similarity is found
in the sound directivity, i.e. the strong sound transmission in the direction perpendicular to the flapping plane and the weak transmission in
the direction parallel to the flapping plane. These results clearly represent the relationship between wing motion and sound characteristics,
and thus providing us with insights on the control methods of flapping sound.
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NACA0012 Y1 Y%k & LEIRMN O RET HiED LES 24T
SHAE (FEMEAEREEE) 0 THT ERVATLR)
HIE, BRER WA—BE (FEHMEWEHRZEE)

Large Eddy Simulation of Vortices from a Blunt tip NACA0012 Airfoil

y
Taro Imamura (JAXA/APG), Tohru Hirai (Ryoyu Systems)
Yuzuru Yokokawa, Shunji Enomoto and Kazuomi Yamamoto (JAXA/APG)

ABSTRACT
Three-dimensional unsteady flow around NACA0012 wingtip is simulated numerically to investigate the cause of flap-edge noise
generation. The vortical flow structures around the NACAQ012 are known to be similar to that of a flap-edge. Therefore, it is assumed that
noise generation mechanism is similar as well, although its geometry is simpler than a flap-edge. Since the Reynolds number of the flow is
high, a zonal LES/RANS hybrid method is used to reduce the overall computational cost. The power spectral density of the pressure
coefficient is compared with the experiment, and several issues regarding, the number of sub iteration for implicit time integration,
sensitivity to Smagorinsky constant, grid overlap points at block-block interface, and grid resolution, are discussed. Subsequently, two
longitudinal vortical structures around the wingtip, that show different characteristics, are investigated to understand its generation

mechanism.

1. LIS

ARFIETIE, MZERER R ZE 5 S O T b XTI K &
REBERE LTHMbNTWD EmEhER 7 7 v ik b o
TRAVIG DT 2 &UHIC, BB BIEE VIS DWW CiEHT Lz
FERICOWTHET 2. —RICE BB Y O IT
TR OBMES 1T %, FIBEOHAE % EHER NG T
bV, ZWCHEEFEHEOFETIINETH H28, BREH
B3 2 Z LI L0 B OHECF OFEEFEB)Z OV
CHEMZRRMSATREE 22D, 7 7 v B omg, R
FHEOMRET < ICHRET D LRIE, RiREACEAET D
2 RIMH B2, O DOMITHBEES TAW L TRER
WMIZRB2enMbR TS, ZOWILE OEEIT
Mclnerny & 23T - 7= UM B3R E 0 0 F2Bris 5O &l L
WG THD.

IHNETEHRLIL NACA0012 HUMM LRI E 0 FiidLis o
AT 2 FEE L, WRAVIE O EH L4312 O VW Tid Reynolds-
Averaged Navier-Stokes (RANS)fEAT & S2ERE 03 E B
—#F B L EH LN LD, F7- LES/RANS hybrid fi#
FreM X v, B H RSy K OFERE & R 120 T HBRS 269
Lo lL, EHMIC—BLBREB/ TS LrLAD
b, EEMAREELRDE, —HULAVENTFELE.

* ZCAMFZETIL, JAXA TR H® UPACS-LES (2 &

DEBEIZBOWTREL 2D 520 < OhDEETRY EiF 5.

BARMICIE, 1) PBfEoNERIERIOEE, 2) BT
WO TG EORE, 3) FE¥ERAvITY A —FT
IVDTEEDEE, 4) Block EROEEORETHD. F
TEARFEE RN, BIHFRNIBIC OV TELRT S,

2. #HEFE

CFD gty — & LT, JAXA TBHEZED T2 CFD
5@ AR T 1 75 s UPACST 9% 8425 L 7= UPACS-LES #%
FHT%. UPACS 1T~ /L F 7 o v 7 B T2k L= A
MRIEFREEIC X 5 =Wt EHEME Navier-Stokes 2=V /L3 —
THD. BUEFRKROZHMIZ Kobayashi @ 6 WHEE = /3y
FRE—LWEEEH L, ZEMReRE zm LS5, HEiR
Az H7-012 6 WIEEDZER 7 ¢ L2 —% T

L. E7, KMEHEOFMICIE, ZREEROESEND.

RERIFE 1T MFGS [RfRENNC = = — N U K 2 B bt
TR 2 WORS EESH T 5

3. ERBLUEE

3. 1 HEEFAKOHEKT

FHEHOET L 2mx2m JAXA-LWT2 {553 A T FE i
U7z BRI EBRERL (K1 58) ([ZES0WTna. sfge L
7= NACAO0012 #|%, #EiZE% 04m &L, ARV EFRES
1.0m OFFET, FEMMIEMICTIVE L INTND. FHhE
e DFRNG 2 i 5 7= 0 — Kk~ v kT 0175 (JaE
60m/s fHY) L, =2—FEZRFREILLELA /LXK
¥75 1.5X10°5 MfIE12° THD.

.

K1 JAXA-LWT2 JEIRAIZ B & S 4172 NACAQ0012 3 el

FEKTO MR e U= EERGMEEX 21RT. FHER
FIERBICART LI 2FEEA VD, —2 BIXMm% S
TURE A OMFH IR 2T A M Ly F SHT-K 2000 5505
25HAF (Grid A) , ZoOHITEIROFET DEEE T
1 a— RICHE Y B E T & RSB 2 AL
7280 3400 J5 50D 72 BT (Grid B) ThD. WIFhotk
TIZBWTYH, BmiTfFicenw T, HoO%FNR3Es
725, I E TOMZEC) L FEEICIFIEE TR 22T 23
HAnbhnTng, BT EEANc S@mn4E s 2 Lo
5, BT OMMOWERIE, A/ AN 0.15¢ 1F E MR
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FTIEM - TS, RIFFETIE, K4IR-T L H1T, Eif
TP TIE LES R, AR TIEA S F NS5 7 k153
B 7272, RANS f#hr (Spalart-Allmaras €57 /L) % 3
Ed 5.

RANS (F,,,.,=0)

1 -015<y/c---LES
0 ylc<-0.25---RANS(S-A)
10(y/c)+25 —0.25< y/c<-0.15--- Transient Region

F

switch

miE O OFEIIZ D>V TCIE, LES @ SGS E5 /L& RANS D
kAT L BRSO E, BET 5.

0.15¢ 0.1¢
v, = F,,.,(SGS model)+ (- F,,.,,)(Eddy viscosity of RANS)
] z
§+%%1¢&:Ob\10i, i‘% 1 &:ﬁ%g%i t&)é LES(FS‘WJICJ‘J=1) Transient

5
i

4 LES/RANS fEI D

#1 FHEI—ZAX

Cs | Grid | Sub-itr | Overtap |  dt* Steps T

Case1| LES | 01 A 3 2 1.75e-5| 100000 | 1.75
Case?2 | LES | 01 A 5 2 1.75e-5| 100000 | 1.75
Case3 | LES | 0.2 A 5 2 1.31e-5| 120000 | 1.58
Case4 | LES | 01 A 5 8 1.31e-5| 120000 | 1.58
Case5| LES | 0.2 B 3 2 1.31e-5| 151154 | 1.98
Case 6 | RANS A - 2

Case 7 | RANS B 2

XTime is non-dimensionalized using free stream velocity and chord

Out flow B.C.

4. FHEH#ER
4. 1 HEBROBIE (E®KD)

X 52 LES/RANS fi##r (Case 4) ORI FEHRIIHICE
AR & 2 — KW _E oI w4y
fizmxd. BEFHOENZCHE LS, FTEMLL b
X2 M+ bhRoY—EEEREM RN THANRFAEL, 200K REHENEL S,
B 200 %, LEANEBS X O & ExT 59,
Al K OV AR E L E s O BTN AR S5
ELTEBY, THRAT, —ooKRXhREE~LKETS.

2 ODMDOHFILNEEICOWTERT S &, il
W, —HRI & VET 5 (Wake type) DIZXL, ki
RIS, —BRIRE VT 25 (Jet type) Z & AEBR KL O
BREERNOHEND S TNSO,

X 6 1 ZFESE G O ESIMRBS A Th D, X6 (a)lLFHIC
BIDX v =T 4 LOEIMRE A% FT. x/c=0.5
IR OMAENY, IR % EiE T B O E DX ¥ v —
FTALVDFEERBBTIHIZLICE-THELDIE—T THD.
(a) Grid A EER LA L, HETIHIOE—7 O S E/NEE S
NTW5. X6 (b)TEHEA S 28 AT y/e=0.0225 71
WAL RSB U 7= W7 oo JE S8 oA 2 ox3 . _Emlc
X220 =2 R3H5. EAlovr—7 (x/c=0.3 63 1%
FEAREA yc=0.0225 EEiEET AGATICHES T 5. 20
% EwAEE, TR SR IS oNE B HEEN D 23,
BIE AR B~ Bi L, AR @RI\ T,
OF EEICEEE L, FHRMoE—2 (x/c=0.8 T%) MNIEAK
SND. 2250 —27 1% Ll & E Em o ERECEF L
TW5. ZhbDfIE, RANS KT LES/IRANS THi 6

®) Grid B BTV D2, LESIRANS fEFTIZVdh e, Lififllo e —

7w SIS FEERRS RANS DR & T 0.2 FREK S 72 - T

M3 FHEHKTOE (4560537 BV, LES ST DX FIHEERENER EE 2 bR
2.
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B 7 (TR A T A AR (x/e) , MEERIC T £ Sk
(C,) %Ly, K7EMIRTEBPLIECLTD C,H
Azt smmE RO EOEL, ARE (X &R
BEHICKREWO L, ZO®%BLIZEF LTS, HiRiL
BaERL &, MR F RIS ENARPIER S ND T2, i
FLLEALIE Wake type 725, —J7, _EREAAHICOW T,
TWRIZAT <IE EWFLEAME T LTV, Fiav G AICE
JESRENTER SN D720, #HFLFivd Jet type £72 5.

5 MMEBRNBICBIT 2 mMEOLEE E o — F—&
Wi _E vt T mimE >4 (Case 4)
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4. 2 FHRAEROBEE GEEWHY)

812, Wi (il & O LHENC I 2 3B E HHE T O
MBERENZRT GHIMZEIZK 9 258) . Zorb,
FEHORHBEEZT FY 7 FLTEL, ToIc3E Lk
ERRANHRTND Z L BHERTED.
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FKifi C, BED/RT — A7 [VEE (PSD) 431D
THER LB LERO—HEX1 0, 1 11ZRd. K9
(2, EBERIZEY T S IEE
AR L THE L7 M2 R TRT. LI EmEMlosico
WCHIT 5 &, x/c=0.20 D IZFWTIE, Cs=0.1 @ Case
1,24 TIXERI Y ®EHIZ, #IZ Cs=0.2 @ Case 3,5 Ti, &

WCHTWD . EmE ORI ITIEA 7 — L3/ E N
WA L TWAREERTH Y, Cs I BRMENRKE V.
—J5 Tl x/c=0.65 1B\ TIE, WFhosr—2icB T
LEREEZMIC—HLIEBRBGE LTS, DT
RO S HOWTHE, EiE - FiteE bIgFERE —F L5
ENE S TWA. x/c=0.65 Wi 12 Fs\ " Clid, Case 1,2 Tl
10kHz FHTEICE—27 BN A 6N S, AT L TiX, Blockis
ROBERAESENFIR L E 2 559, Block B D Hefths
1X, Cs=02 CiIfEE 257 o7z. SGSET M L DL
& Block SEHUGEE & ORI /NT  ANREEL TN D
LEZLNS.
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K11 B\BHTEEO/ST =T VAR D g
(i)

UEbFLHd L, BEASTY S AF—FT VO ERD
BRI BT RE WA, FHRANZ IS W TEZ OR BT
FEAERY. 5, WEKERE, BT OK G
W23 DB IIARMBEIC B W TN SN Z LR Sk,

4. 3 HEWLEEFRIG DB LR

i JE%@é‘lfm%(mﬂ%%Tfﬁ{K@‘éf:&b, T A oD
A B E 0T T .
1 l@uau
==Q.Q. -SS |)]=—-"—""—"150
Q 2( vy U) 2 0x; o,

X 1 212 Case 4 DAFULFE R Z AT, K& 7 2 oDk
w* HINE R R — LV OIMBFIET . EimE Az B

X, B TAEN O OEAWES LR E BN SE
& TBWTE D2~ BEL TV 5.

Case 41Z2W\C, C,D PSD /34 & #72% 5 WriEIZ-D>\T
FE LR, ll 32”9, Wrm X, x/c=0.1, 0.3, 0.5,
0.7, 0.9 ® 5 B T, WU LTI, 2.2, 44,88 kHz D
3T —AThH%D. HEOFHRALD, THME»OIE, A
WIHOEMMNEEIND. Zhud, SEflilmz kT 58
ABTBOENEIMEHEH L TWD EEZBND. —TF, #%
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T < o _EERERFLOATIZ RV TR, RV E R EGR  A3
HEL TS, EEERO RIS, S o&E b
ST AN EE S BIEITR>TND.

Llb% L% &3 fF Ofin g3 5 S ORI/ T
5. BRAOEIL, B ORRMAETH S, FEHITH
WA ERR S, EOEBETITILFIRTH D, 2O5HD
FEIIE, BEEE FUAETH D, ZOBEMOEH LRI
R THL. ZOAFNSIRE LTI, LMl

T mE AR B E &, Tl T EEiimcE s o<

3 OH O, WHMImTH D, 1 -0H O TG
DB EN D T2, % O%IGHE D D OWORIENH 512
HEEL LT, WmEAEATERS R B2V, DD, L
JEINTFANIT N WL AEL L 72 0, Wake type Difans AL
ShatEZBND. 4-0HOEEIE, HEEE EAAETT
5. T TIEHEAWRES EEAm~E RS, 50
HoEE L, FHAECTHD. wmmdls ixL72y, Ll
ML, AT L. DFY, 4H5HOD
FEIE D D O OBARIZ L » CTOH EHAENHRD S b.
BT, WL TN ST MICEE AR E 720, IE
NehaLEZOND. ZOMMIHBEMHET, HANE S
D ROV ERENEBE LTS 2 oS8T, il
MHOFAWE L EmflEE OFHIc Lo TAELL TS &
ZEZbND.

K12 HEAROE AL (Cased)

5 F&oH

Wz B BB D 7 5 TN HRAET HERE A D =
R LERD O, NACA0DI2 Y)Y ¥ & LESE Y © LES
T &2 90E L=, HEICBWTHEL 2D 5 50 < o0
RETD B, WRBRFEFEZFEE L. WThoHEE D,
WES AT RV OBLED BIXEN /NS W &R G
\Zipo Tz, TOHRTARBBEICE W TERENRKE Mo T2 i,
BRI AR —FF LOEHRTHY, Dynamic €5
N~DBITEEDT- LES ET VOB NMLETHDL L E
Z5.

WAVF DWW T, s i & Bl o 2 2o
L, IO OWMOAERICEEST HEAWE & D%V A
LTt A%IE, 7T v TR OFRTIZ T 72
WoeaEd D FETHD.

i i3
BT OMEE ORGEICE LT, TIERFEKER T%0
R OB AN S B ERT KA AETEWEZ. 221
B OE 2R

(a) f=2211 Hz

(b) f=4422 Hz

(c) f=8844 Hz

13 C,D/RT =AY NIVEEEE DR HAi X (Case 4)
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Far-field Characteristics of JAXA Main Landing Gear Noise Research Model

Yuzuru Yokokawa, Taro Imamura, Kazuomi Yamamoto, Hiroki Ura, Hiroshi Kobayashi, Hiroshi Uchida

ABSTRACT

A far-field characteristic of a landing gear noise is assessed through lowspeed wind tunnel test in large scale anechoic facility of Railway
Technical Research Institute. To understand landing gear noise generation of regional jet airliner during the approach phase, 40% of two-
wheel type main landing gear scale model which is called LEG (Landing gear noise Evaluation Geometry) model is installed in open-jet
test section. The model is designed in detail in order to reproduce flow field similar to that of around an actual landing gear, which is
equipped with small instruments as well as large components such as a tire, a strut, a door and a brace. As a result, spectrum of sound
pressure revel for fully dressed model configuration was obtained. The spectrum roughly corresponds to the empirical data given by EUDS
database. Reynolds number effect and directivity in noise generation appeared at certain flow condition. In addition, the contribution and
behavior of each component of the landing gear model to the total noise level was also assessed. The tire, the door and the brace were
comparatively large noise source. It was shown that the spectrum of fully dressed configuration was reproduced by summation of the
spectrum of each component, but some narrow band peaks were appeared depending on the model configuration.
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Acoustic Measurement of Solid Rocket Motors in Static-Firing Tests

Tatsuya Ishii , Hideshi Oinuma, Junichi Kazawa, Kota Fukuda, Seiji Tsutsumi,
Kyoichi Ui, Kenji Minesugi, Kozo Fujii (JAXA)

Abstract
High-speed and high-temperature gas flow of the rocket motor radiates enormous level of sound while launching, leading to
crucial damage on the payload. Alleviation of such acoustic damage is a key to a reliable and competitive rocket system. JAXA,
planning an advanced solid rocket system, started design of the launch-pad with less acoustic impact. Semi-empirical model

such as NASA-SP-8072 and numerical model by computational aero-acoustics (CAA) have been introduced to establish better
design guideline. However, more experimental data in static firing tests should be obtained for validation and improvement of
both models. Meanwhile, we had an opportunity of testing three solid rocket motors; NAL735, M24 and KM-V1 since

December in 2007. This paper outlines acoustic measurement carried out in the ground firing tests of these motors.
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EEEER N & T A R & < R A AT
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FHWIES v g AR, - G TS (QEDD v 8314
S = TR N AFFEPRFE AT £ 2 IAXAD lguiter | PF-2V Motor Case Nozzle

RRBTRORHI O T FEht S A7,

2. -4 ! : —
2-1. NAL735 NAL735-1(2007.12.17.) NAL735-2(2007.12.22.)
3 o fri « T_burn. 48 sec. * T_burn. 48 sec.
‘NAL735 (1-}? ﬁf [HFEHIF(SAS) & lElﬁﬂj&ﬁ(NAL) . Thrust 260 KN . Thrust 269 KN
AR Lz BEn 7 v b ¢ /NS SRR O * Pressure 3.8 MPa « Pressure 4.0 MPa

HEMESEE & L CIiE S vic, B2 XM 2 v RICH
E L CNTCOBEZERBERNIZ AR E S vz, HRSUTE
I TEE SN2, 27 U — Rk & Fru o THE
REEHZETWHT 2WEDIFEL RN, 7 —V =
v MR AARE UTe, SRRBERTR] 1348 B RHET 113260
~269kN, E—F N[EI1F3.8~4.0MPaTH 5, Fffi & LT
R HED TN EREORELEELS L OBREINIZN

3 D AN MABMFNTND AL B R OTZIR A Fig.1-1 The NAL735 rocket motor.
DIRBEIRBN S PRI ND M TH D, EEFHUOMIZHES)
IRE), BERIC K DRBEREEEHI 2 EM T, K 6091

DE—ZBHE S, —HH (LI#NALT735-1 & lIEFE) BP-204) _

2320074E12 17 HIZ, —EE ([FINAL735-2) 23[F22H ‘
WP Em YRR ST, g
2-2. M24® S
M24E— %1% (K1-2) | IHISASIZL BAM-Va 7 v k
D B BICH =D, T—F T AX L FICEE LTNTC Igniter ! oo
PO K ZIRBER NI A3 B S iz, HERUTHIC D - Motor Case
THHEND, 7 A6 Fiismicd a7 Y M24-2 (2008.3.7.)
— MUF T LY ¥ OREIC k> THEMRIF SRS, &  Jburn. 90 sec.
PRIEIRE R I396%D ., S RHE /113 1027KN, & — & NIEIE5MPa « Pressure 5.27 MPa

Bz D, NETEIR D HNALT35 (b~ TRRBEIREh 124
ZICIX AW, RKERICRRZENEB BRI
Too FRFHAOMIZ, ), IRED, RBEEE, BT,
RIS O FHA 2 F2ht U 7z, B & 3 HIN L 2 KRR
BEF R O fEI I I ARAE - ORIR A B 2 LI TH - T, 3
BROUEHCIIEE RN b -T2 L2 EET D L, Anko
NAL735D G AT N THEEREIZS 2 & TSN D, H Fig.1-2 The M24 rocket motor.
RBERABRIT20084E3 H 7 B IC T @ ) FEhe S iz,

2-3. KM-V1

330 , 468 | 300

KM-V1E—% (¥1-3) 13F v 7 27—V OHetEdEE
Th b, SENIKRBEMSGHTORBERR L 7257, BP-205J Nozsle
— ZIINALT35 & [Flkk, FLZERBERNIC AR E ST, - :
ERZAEOE -2 ST ol 2l T
PNV B R EHIAO~ A 7 ek AL Rb4 igniter
THEM= s Y — b RICERBETXS L2 EETH L,
FEREIIUGE SN TV D, / AVEH ORI ERRBRI OF
WML U, RRBERRIET200, TAREAHEI6TKN, KMAVL 00828
T A NEIIEMPa T B, MUK IR 5 AR 28 Tty e
BHEN D0, 1 7 nRVEEBICEET 5 LERD " Pressure 5.07MPa
%o Hi BSABERBRIL20084E12 H 18 H IZ FEH S vz, Fig.1-3 The KM-V1 rocket motor.
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. BEFHTE FmR K L~ LB R/ NRICH 2 D0, RIS, MEAKTR
3-1. FHUEEEDZEE ., M #@&A%W}Eﬁﬁa‘mﬂﬁh&#é e L,
FREHHIEER O M B Tl RBEREDFE L~ Bk 27U v RIZERER OIS IIZTA N TH 528, PR
JA PR RN 2T &?ﬁ R, RmEGHESEORRES MICEBRIND & I ain TR Y
T EEOHER T A DRI DWW T O MARE L v REFTVHRITT~A 7 nRr OZEmAELTL
TWe, 22 C T — B A B L3 A RAl E L. 5 (X3-14 LIxRBREl. FA T ﬁ%ﬁﬁé) o M24J 8
ERMERIC 2 o YRR & E S A BN S 5 FH il 2 N T, KM-V1CixgE& il 520 Fa D~ A 7 vk PR
F9°. NAL735-1ClE /) A/LiE 75 m O FEE 0 S Bk JEIZHRSNDFER L o T2,
L. NAL735-2 ClIHERGE 54 5 00 H 2 %EJJ[]K“CCAA JEBR~A 7 mAkit, @ik (260C) | mEE (180dB
AR L DX 2 Tm, M2ATIIHERIRICIR » T80 PLE) ot &, =20 EESFHCEZ T
JEF125 8N &m0 % 72, BT, KM-VITTIEE b5, FHICHEZY, ERHUEHR Y 7 2238 E L7,
RFEFMOEN AR E~A 7 aRr T LAI2L D HHA Y 7 2%, EFECRLERNE 285 LI~
BIRRA F CHIR Z R L7, A 7R 2RNANCIRY 157 (K3-172, [FHFT) .
3-2. & - JEEM RNy 7 AZHm LA X > RTFEICEE LT, ZEmIC
X2iZ, NTCToOury hE—F <A 7 mnk Rl AR T Y » REEGET D, ~A 70k TRANIE
BRY, RUT ANVHARLEREE LickD~ A 7 NIFEEFIE Ry 7 ANETIR ) 4 X r—T vV ERN
Ry DFEEERE R, HHTD~A 7 ek llion LCF v —yar"—% (ENDEVCO:H2771B0172 &)
T, PHINIFER=FNX — LN S E 248 TEEEH S, Al —7 V&2 h U CINEREERE I E
BLC, MAMRER =FEO~ A 7 aky, Ul T FHA IS,
arvF o h—Al (B&KAEH4939) | mEEHLA v T)E ICP{EEk D=L 7 Ly MUK, [F#h — 7 VIR TE
F4 (ENDEVCOH-#42510M4A) | 1/4A »F L 7 F L A L E BRI Z2 AT 2 R CRENF S Tho
v M (ACOFE#I4156N) ZEH L7-, T, ZliCTHL=0ETF v o xFHINCEDITH D, £
AT UV ENRENE AT v I L U THEBE R D I LBEﬁF LUV ERERY 7 MCEET A 0E
ET D, THEES1EMOAZ S FEICHRB L, ~ Nbb, EICEFHHO~A 7k A% RIZREL
A r7uaRrh—br) y PIZFFHAOBKZ Y v B (] z oo AT UPRILELL, BIKZ Y v RELELTD
13, GRASHIRA0127) % %E75 L C (M3-172, K3+ I2) | (X3-17)
Table 1. Microphone Position.
? Solid Rocket Motor NAL735-2 M24 KMV1
_ CH.|R(m) [06(deg) |[R(m) [6(deg) [R(m) |6(deg)
Phl}l?ttssgpﬁgl’rlzz g \L;(Nozz'e 1| 39| 80| 60| 80 745] 35
(KM,Vli) Y>0 "'/;L[‘ 2 39| 65| 60| 65 125 35
‘ ,é—:/—;;;;(‘);{ 3 39| 50/ 60/ 50 176 35
R Near-Field Microphone | 4 39 35 60 35 176 2
(ground) ! 5 39| 20/ 50| 20/ 332 20
< | Plume
. N </ * 6 | Xx=7| y=10] 60| 80| 332| 275
(Fsi‘;n?e;‘: d'\/’(')'rcgl’rggi’]\g‘; 6 >0 | 7| x=10] v=10] 60| 65| 332] 35
| 8 | X=13[ y=10[ 60| 50| 332 40
\ 1 9 | x=10| v=13| 60| 35| 332 45
/®‘~ | 10 39 80 50 20 332 50
1/4" Microphone - ) !
M P,KWaterproofGrld ) | 11| 39| 65 30| 50| 332 55
1 Microphone \l\ 12 39 50/ 80| 50 332 60
/Flush-mounted o ore (NAL735 or kM) [13] 39 35 - - ) -
1 r—,% or Deflector (M24) 14 39 10 - - - -

Fig.2 Outdoor Measurement Setup.
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Fig.3-1. A microphone stand and a microphone box on the ground (left).
A water-proof grid installed on the microphone (middle top), inside the box (middle bottom).
Influence of Alumina particles (right top: normal, right bottom: contaminated).
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~A VAR AR NE#R E) 3T =2 B30l 4
BOLEERBEL 705, BUEE T2, ERIMEDO~ A
s aR AR ERE LT, BER Y BE7 4V
LR OKEEGE ) | JBAEEHEE (B KANOMAXH:
$16332 % QAT I 4 Climatec #:HICYG-81000) %1 - T
FEHBRE OB B L EEHR L TWE, Zhb 0T
—ZEEmEY T T EREL RN D KUK HIX
FRAEE (KeyencethHIGR3500) (Zit#kZzBHtEd 5, H &
TNOBMRZHER T2 FE L L <., Bl O b
1To T35, flziE, KagEM4E—% kiE% (FIK
F) EEEREER (FXT) OBMBERTH 5, mk
B4 Tk, BRREERHC A O NROVERZ2EILN 2 XL
THICHLHE SN TWDS, ZOBRRBIHES £H EFIT.
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THMENH D, FlziE, NAL735THE, E—F NEN
FUKE#HOEIE (X5-111Stage-1) & REER 2 DIRE (7
Stage-3) O ZEMEIC KBNS LD, —J7. M24TILAKE
BEBRE | RBERFR A NEZE L EZ R L, KM-V1
IRRBEE T CTHIE ER-Z 15 (X5-2) . NAL735(Z-DW
CHEH (X TliStage-1,2,3) #D1U3A Y X —T N K
SINTHRE SRAT ., SRR D & — 2 e B R U A AR L
RN D ., WIEICHES U THEE LA ME T 28 % R
T (X6-2) ., ZHUTK LT, M24LKM-V1TI3REEH
DOFEE L~V OEAIT IR 220,
FOREIEFICO BT 20 ERD 5, REEIETE (6
ZIE, X6-1) IR ONDIENEMEL, v v EREE
VEAEE, FHEPEROR R, RBRBRE R ENEREE XD
N5, K72E1F, NAL735-2I1225W\W T, i KIEIE CIEML
LB &Mz & 0 | A &R R, 280D
\CIEMS A ZNormal & L CHEFE L7z, mukiER (X5-1
TDStage-1) CHEEIRF (FStage-2) 1ZH~T, {KE
¢ ([FIStage-3) 1 Tlxd 203 E FxiFEntE S n
DIEFID D DD 2 %, T I EHIRBERFOM24, KMV

just after the ignition

= 6000

= 4000
nozzle exit (M24) |

the steady combustion Bimo

2005

4000

Fig.4 Pictures by a Thermo-Camera, just after the
ignition (top) and the steady combustion (bottom).
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Fig.5-1 Inner Pressure of NAL735-2.
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Fig.5-2 Inner Pressure Patterns (M24 and KM-V1).
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Fig.6-1 Far-Field Acoustic Signal (NAL735-2, M3).
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JAXA Supercomputer System(JSS) MRk & 4515
BEET. BASA. WER—
o e

Configuration and features of JAXA Supercomputer (JSS)

by
Naoyuki Fujita, Ryoji Takaki and Yuichi Matsuo

ABSTRACT

JSS is JAXA's newly installed supercomputer system, which consists of three parts. Compute engines part has
totally 141TFLOPS computing power which consists of four types of compute engines. M-System and P-System are
3,008 CPUs (12,032 cores) and 384 CPUs (1,536 cores) distributed memory processor system, A-System is scalar CPU
shared memory processor system which has 1TB main memory, V-System is vector CPU shared memory processor system.
Storage part has about 1PB disk space and 10PB LTO4 tape cartridge space. Integrating distributed environment
part realizes integrated secure user environment on geographically distributed condition. Some JSS features,
which are efficiency of parallelization on large number of parallelism (62%-97%), a large amount of main memory
(94TB), correspondence of variety of computing needs (four types of computers), distributed user environment
(JSSnet, L-System, and J-SPACE), and energy saving approach on cooling, are discussed.
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T ANV AT AT, BBROA N L — T E D TR
LThAIED, U XTAEDT7 7 A )VIEENRAIRE L 72
STRY, H>XTAEOBEMET 0/ T A TOHE
WRT 7 ANE, A X T ATHRAR AR O R
MTEBLIIT-LTND,

2. 1. 4 V2RTAL (RYRLYVRTL)

VX s A, HARES (BR) R SX-9 TR S 4L, 3
FoWWE ) — R&#H->, CPUIZ 1A 0. 1TFOLPS D2
f7artyYThsd, 2—HiE 7rr by FEHRE
1 Expressb800 Z /LT SX-9 #fEH4 5, 1 /—FY
o 16fo~Nr hLvFut vy & ITBOEDIEAEY
EROSMP TH D, AHT 7ty CORBELLNE
DT a s AL, X7 T aky Y Fa—=r
ENTBAGFT 07T AOMRHEITICH NS, VX7
ADEBERRIN N X FLHEZA T Tat vy FDL A
T AR L TAh WS, EHmEICEBWTIE, X7 b
MEBOE WY 3 TEER LT VX 7AETHETS
THTETHD,

oL O, JSSIE, BUHIFHE (M X T A), W
EOFmWEHE (P X7TA), KEEBHE— ATV &M%

B HHHEU X TA), NI MVHE(V X TA) &
SRR RIS X D EROHAEKEZRANIGERT %
HRICR>TWD, R1ID, JSSOFHET YD 4
DDYVAT AD—EERT, KMIEK T AT L OFH
ERTHERTH D,

Tbl.1 Compute Engine Classification

System name M-System P-System A-System V-System
Processor type Scalar Scalar Scalar Vector I
Processor-memory o i

connection type Distributed Distributed Shared Shard

Usage General Special/Secure | General General

# of nodes 3,008 384 1 3

# of CPUs 3,008 384 32 48

# of cores 12,032 1,536 128 48

Peak TFLOPS 120 15 12 4.8

Total main memory | 94TB 6TB 1TB 3TB
Memory per node 32GB 16GB 1TB 1TB

Brand RUtuFX1 | FuituFx1  |sdee NEC SX-9

Bold Cell: Specialty of each system

2. 2 RLL—UH

A ML — U, ERE & 1IPB, RIEDN AR
25GB/s @ RAIDS 25 & | #% & 10PB, LT04 K7 A 7
40 B, LTO3 KT A4 7 8 HEDLI0 T4 77 UIEINLHE
I, K22, A ML —UHOMEEME =T,
ARML—=VEIX, XY NT—T T 7 A NV AT A, B—
ANT 7 ANV AT HWEREA ML —PFH, 0S DT
NAARTAN AP —=V YT Xy hT—2 AL
L—UTF N ApbEREND, Xy T —07 T 7 AV
VAT AEFIFR Y NT—=FTA~ADA A =T 22— AL LT

‘ M-System ‘ ‘ A-System | ‘ L-System ‘ <] CPUs

[ lnﬁniIBand ] [ Ethell'net } <:] Inter—/Intra— Connect Network

@ Network File System

SRFS/SRFS on Ether
SAM-QFS | [ SAM-QFS | [ SAM-QFs | <1
Solaris10 Solaris10 Solaris10

Local File System
Hierarchical Storage Management

0s

. . St A Network
Switch Switch <] orage fArea Tetwor

D L10
x90 x48

Fig.2 Storage Part Configuration

‘ FC-SAN H FC-SAN ‘

<:] Storage Devices

InfiniBand & Ethernet ##f->, InfiniBand A & —
Tx—R LYW M RFTAE 42X 7 A%, Ethernet
AVH =T 2= AL ERH S AT A ENETE D,
O—HNVT 7 ANV ATEANBARNL—UT N, ZFET
WEURMRZ L > TEY, KOO —HITEENFHAEL
TH, TERECNY 77 v THEEZH N T2 —F~D
T7ANVAT A —ERXEMPHTEDLLIITR->TWH
Do ADNL—UETCIE, BTWH & WD @A EEA I
BNWTH, REZEREIERE 256B/s R LSO, 77
AT AT AR EBEAICHE I 2 ER T D AT Ak
METHZLICLY, 2=V 07 a s T ABRREORER %
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BRT DL OGO, Fio, WEWRA ML — VKD
T —HILDLT X HERICHA B2, &F 11IPB D
REEZFORA N L —VHEETIL, T 4 A7 HEE T RAIDS
MR E LD, T—THEES~DOT — B A TREIIFRIRFIZ 2
DOT —THEICEZIALZIT> TN 5D,

U — 27 (VPN) Efli &2 W CTHERR L 72 Ny 7 R — v & F o
JSSnet 12, JAXA FENIING JSSEFHT 27200
AT A(L P RTFA, J-SPACE %) A B L. HiERAY
WCHEN BTN D O JSS OFIEMER EE B L TW 5,

3. VATLOEMY

3. 1 EifjsHxR+E
JSSD M > X7 ATIE, @WFIOFHREE B RICHE
1TTH7OOFMNEANSHTND

3. 1. 1 DMP AR
AHT7atyoWFFHEKTIE, ety FHEEK
DEPEREN N hrTat v LR TEL RN &
DD, ZEHOTu v P T—oOEREAT Y 2l &
HHFTZSMP FRE LD ZENZ, JSSORIV AT A
DOEDTHD CeNSSHLZDFHFKThHho7-, L,
SMP D85E, HAEWRE I FIEEAETY T 7 & AHEHR
BWEEDOEA., AT Y DOILFEHOBA LIy 7173
V. CPU L+ T — 2 e &g, CPU D EF MERE
ool EEhntn s ElmrdH 5, £, SMP D
L. AEVORFLRERIC, I/0EELZHO T vt
Y THAET D ENELL, I/OBBIIBWTHEAEY
T REARAELFEMOR ML Ry 7 RBELNLTH B,
ZFZT, JSSTIH, —o0XRBATY EME—>DD
CPUNREFT 2 DMP FNEHAH L7z, TIZ, CPU & i
BATY MOBETLET O 2 MFORAICHET 52
LICED ., CPUNBREZATY 77 AL LS
2o ZHIZEV, 2B T T ut v P AHEHETB/F
=1 2FEB L TW5DH, T T, B/FH&iE,
Byte/FLOPS O T, B MAE (FLOPS) IZxt3 2 AE Y
HRIEPERE (Byte/s) DEETHY | ZOHFRRENIZLE,
AEY T 7 AMERENE VY, X 31T SMP & DMP o kg
Z . X412 CPU & L1 A £ U M OBEpEmL DR+
BT,

[T

SMP DMP
Fig.3 SMP vs. DMP

Core 2 <:> Memory ¢+ 2

I 3 = =p
S core )_ 8 Controller =
) -% 8Bytlesk 8

Core
© - <:> Memory 2

ke
|Core I— & Controller \\':' 5082

Fig.4 CPU Main memory path

728, DMP T RDEFAE, CPUNDS R-EflfEA £ Y 22
23 sSMp FRIZH~ NS s BmIcHY, ATV %
RECHERAT L2 RABEEMFE S I 2 —varncaEil
ROHBEND D, ZOMBEREMI -IZ, JSS T,
A AT7ABHBE LTS,

3. 1. 2 JLFAF7IAISIVIETL

W X7 ACRB T, 5% OWHIFHRED CPU T~ v
FaTEL TN ZERTHREND, =—FiF, CPUN
DOBEH D =T OWFHIWE L EE D CPU MO FIM: i )7
EEHMLTCTI Y r—vara— REBETSZ LRk
WHEND T EITRDMD, Tl —FIT L o THEMERE
¥(THY, HEBENCEEET 52 ENEE L,
FORTRAN @ DO b — 72BN T, kDA H 7 W FHF
BT, RIS DO L —F 2 FE)TUSLT D
MERBH oo, M RXTFTATIX, ZEDON—TEay
NATHREBICA Ly FUEFHE (R 5) L CPUND =T
WZEID YT, = — WIS CPU Mo FIMEIZE ) LT
TV r—vara— RORBETIE NI TR T T
VIETNERERR L, Ol I I TwTIVE,
VisIMPACT : Virtual Single Processor by
Integrated Multi-core Parallel Architecture
EFNVEMES, Z 2T, VisIMPACT £F/VITx L, 3k
D7 AWFNETNDZ L E FLAT 5L & FES (X
6), 7. v AF a7 OWHETENY Y THMIX, <
—R—arVa—T 4V ICKRELSERLEAZ RV
B A ZHREEATE 5720, X7 MLVHE
WrE<EmhELa— REAERT LI ENTE, HK
CPU ETHRR D S RIITHEBRL TV 2,
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K///////ﬁ%mmmmﬁgw—j
DO I=1,100
DO J=1,100
DO K=1,100 MERFATOHIE R RIL—T
RBIZAZIEE . LA —/3—

BH AYRHKETD
ENDDO
ENDDO
ENDDO
Fig. b5 Parallelization DO loop
VisIMPACT model Flat Model

IIIHMEEM&!III

Interconnect

----------- \ P
Boe Gsie| HEse
Qe Qorg-CorsHCory Qorg org) Corg) or

CPUO CPU CPUO CPU1

Process parallelization

@ Process . Thread «----» Inter-Process
Communication

Fig.6 JSS M-System Programming Model

Process and Thread parallelization

3. 1. 3 Fy7RNAOERERN 7EIHAHKE

EANRHREEERTH-00OROBEIT, BE~%T
BEWVWIZHOaT T, OEDDOT TV r— g a—
K ZEESE D58 ORI A — S—~y FOEHET
HD, MR TAIE, 12,032 aT 2ROV AT LA TH
5 Eiz, INPACT 7 v 7 Z X U V2T LVOHRHIC
M DO L —F T HENEFUEA T DN 2 D
720, A OWENFLAT 70 /5 I v JET VI
R L TWE D, s T, M2 X FAICHIT L&
FIOHE 2@ CETICT DI, FHLEO &FHEL
MEL 2D,

WX 7TATIE, ZHIZRHET 572912, CPUAND 4
BT N—FXNY TH#EZFEZ WD, £,
CPU fIZ, EitlREA v ¥ —a %X AL v FIZL |
— RAY 7 FEHERESS. 0S REMET 2 & 2 — Y7
07T ANEET AR AR ST HEEL T L T D
HT7IZHRTADA B —a Ry NOKTETT,
FAESRHET — X B EZET 572D D DDR
InfiniBand f % —2 %7 METH Y, FLorEHk
A v H—axl hAAL vy FIZL D N— RN THED
tw®4ya—:*7bﬁf%é F7-, ¥ 81T CPU
MiCBIT D NN—=KRY T LY T MY T OREE %2R
ﬁo;hioxmﬂﬁﬂ%<&é:%ofn%kn)7
O RERNEmLS b Enbhhb

Leaf Switch
Layer

High Speed Barri

£
3

Fig.7 M-System interconnect

120
100 i

=+ S/W barrier

///// o H/W barrier

i a5

2 4 8§ 16 32 64 128 256
#0of CPU
Fig.8 S/W barrier vs. H/W barrier

Barrier Latency[us]
o O
o0 o

N
oS o

o

3. 1. 4 ZEITHEERE

TITHEH, R Fv—7 a—RICX Y ETIERERD
LT B, B2 M RTATEITLIZE6 DD
F~v—ra—KOo—EThs, £/, R31TIh b~
YFv =27 a—FOETHRTH D, T THHRIZT
WUﬁ@%MK&OT‘%%#4f%k%<btﬁﬁ
HLOEPEL TS, £, % e 13, () THE
L7,

{ 1 /bE .
_ al*m } gz ad+bl+al (1)

g =
bl bilzaZ=b3

oo Boapmmy s ommE, s samno

MR, 20, a7HOEMETHL, K210
WZeFH 7B O 2 — FIZBWT 2,000 :17’L1J:éfﬁ§ﬁﬁ
L7 B DORRIT 62905 91%THDH Z LN D, P6
I, A2 OMERFHIIZ A < HW ST D LINPACK
EWHTa T T ATHDIN, ZOTa s T AIEBNT,
9ITRLL EDFHER L TS, L, # X7 ARG
WHEFHRICE N TS, BAELZMERFL VWD EE2RL
TW3,

Tbl.2 JAXA’ s Parallel applications

Code Application Numerical Method
field
P1 Combustion FDM+Chemistry
P2 Aeronautics FVM(Structured)
P3 Turbulence FDM+FET
P4 Space PIC
Plasma
P5 Aeronautics FVM (unstructured)
P6 Linpack (High Performance
Linpack)
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Tb1l.3 Result of parallel execution
performance

Execution on single node Execution on multi node
Exec # of grids #of # of grids #of Efficiency
time (# of floating Exec time (# of floating | cores
Code . cores .
[s] point [s] point
operations) a3 operations)
al a2 bl b2 b3 e
P1 131.0 1,728,000 4 143.3 | 1,285,632,000 | 2,976 0.914
P2 71.0 512,000 4 91.5 384,000,000 | 3,000 0.776
P3 346.8 1,572,864 4 491.7 805,306,368 | 2,048 0.705
P4 164.0 65,536 4 193.0 49,152,000 | 3,000 0.850
P5 142.0 4,173 4 181.6 2,492,921 | 3,000 0.622
P6 [ 35664 (1.3361*10%) 4 218376.38 | (2.4101*10™) | 12,032 0.979

3. 2 XKHE#EAEY

W27 A%, E— 27 PERE 40GFLOPS %47= 0, 32GB @
AALUAFEYEHESOVRATLATHY . VAT LAEEDOR
AEVERHT 94TB 12725, RERAETY EMOFIHIC
F0. BHEABKEOBMES I 2L —a VR FAREE R
Do

3. 3 =EREMEALOFA

3. 8. 1 JSSnet

NEBRBER BT DNy 7 R— 2 JSSnet DHHIRIT IR K
1Gbps T&H Y . SINET3 ® 4 / — R (JAXA A, JAXA 4H
FEJR . B R ALK T) & JAXA & FEPTICERE L
72 VPN 3B (2 X ¥ IPsec F o RV THABEFTHZ &
WX OHEE L TWa, BIfE, SINET3 @ “L2 Hh—ER”
@D “L2VPN” F Y “QoS” H—bE 2% HW T OB E A
MRy FU— I HEERZED TN D,

3. 3. 2 [2XRTA

LA 7A, FEFARACEE L, R Y
CHoZa b2y FERERGLIEVAT ATHY, =
TAoRar R NVEEED 2 —Y O a— FHEBEREL .
KA Or —H 72 x Yy U — 7 825 (LAN) BIC$2
LTS, £/, L2 XTAFK1IOA ML =T8O
BHETHDI 77 A~ v OB E R Z AT,
ARz DU T — 2 EEEER L TWD,

3. 8. 3 J-SPACE GERZEABI7ANLI AT L)

WL 7 7 A N AT N (J-SPACE) X, KExT 3
JLF—44 D ASCI PSE(The Accelerated Strategic
Computing Initiative, Problem Solving
Environment) 72 Y =7 PO EHOOED>THH
HPSS® Z¥EF LTV %, HPSS I%. High Performance
Storage System DEMWETHY, <~ AA L —T LW
9= v FRSFICE T, PSE D HITH % Mk & %5
DEHEOHBICLDERFZRAEBELILLDTH D,
Lawrence Livermore National Laboratory(LLNL).
Lawrence Berkeley National Laboratory(LBL). Los
Alamos National Laboratory(LANL). Sandia

National Laboratories(SNL). Oak Ridge National
Laboratory (ORNL) . IBM 23 X "=+ L T&ML
TW5, HEMEEX N —DF#EY 7 N7 T,
ASCI ZHlr & L7z HPC O =2 —H & RBEICE W 725 5E 8
fTonTWs, b 20 ffELL LT, 40 VA7 AL E
MBS, ASCI, ANarvr¥— [EBER. K
¥ R EHEMEE CHEA S TS, HARTI,
LA, B R X — RS S R AE . & JAXA
THHAPTH D, BEiTmENE - EEThY . TFAL
O H/WAHERED 90%LL E&R 5] E W RFHTEBH D,
F-. H/WEZBMTHIE, Rr—F 7 ctfgmn ERT
LN OBRITH D, JSSTIL. T D HPSS DAy EK
ORI Z A, Mover EMEEN D = —FANEHE 1/0 &
TV — "%, EFEFEFICHMEETHZLICED,
H—Z R M %2 o ERE LICBR L5, Kol J-
SPACE DRI A A — Y &7,

(hpchofu, hpkauda,

HPSS# BTZ2M : o 1 M THRED hptsukuba, hpsagami)

EXBIFPANIRTFLDAA—S hsilpftp/VFS Mover /—K
! r—l VFS/—R
\ RHEL 4
| | | | (B AR

Ichofu Ikakuda /tsukuba /sagami
‘ |g NFS export

/sagami/ibmse (*) Login(ssh)
hsi/pftp/APII NFES mount
Userat i # Userkt 5l _':,98%

~_ _ nfs_nodel B ,,///

Fig.9 J-SPACE Usage Example

3. 4 RE~ADERE

JSSTIX. FHERET AT b L 2o g A R o
PR IR HFHEORASIC LY,
e L ToFEIERFF OB Z1TV. B om L4 B
LTW5, K10 ICFEMSANOBHTKZ =T, HHZ)
BhEEmODLTD, HREBIVIRIVADRNISICL
TW5,

ANRA AT AL

Duct

Duct for warmed air Air conditioner

between air conditioner Duct -top intake
and Ceiling for Coonng air -bottom outtake

\

1

#
|
ot
J

onditioner

Air

onditioner
Computer
Computer

Fn

L 559

Fig.10 JSS Cooling System
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FTo. ZEHAMRE N UIRE L ERERE ) o BER
ZRAEL, VAT LARKE L THZ RN F—HEELITH
THORFHIToTWD (K1), R4ICHREOHKEZ
AT, ZEFAREKE ML DEE A 20°C & 25CICRRE LT
BAEO, HRBHEEENOELERE L, Tl LA
WraEbtlv AT A2KROHEEENEL L, 72
B, BAOEIE, ZEFEKE M URER 20C05A D%
TEHEENZ 1 L LEEHEOLTELTND, 20O
Kb, EHFHEREHUREZ20CO B AT A48
KOBHWEEIMZOND ENVH T ERNDND,

VIV (FOEE=55%)

spineSWF»9 X 14
EternusFy) X1
EFeh (239950 X2

SE MI000F7Y X1

Fig. 11 System wide Cooling Simulation Example

Tbl.4 System wide Power Consumption

Air con. Air con. Computer System
outtake power Power wide
temperature ratio ratio Power
ratio

[C] A B C=A+B

20 1(base) 2.00 3.00

25 0.95 2.08 3.03

4. BhYIC

2009 4E 4 HNOH RV AT AOBEI A BILE LT JAXA @
AR JSSOV AT MR ERIT D LI, &
DR T H D FMEZIR 62~97%% FHI L 7= & 51 & 2h
RHE, MAA ATV AR IMUATBORFEAEY | 4
FEEOHFERBEIC L2 ZRRHETE~OXIG, FEE
HEDmIRALE & SINET3 |2 & 2@ R B 85, A%
FEOBETR~OEEIZ DN TR,

L%, BHRMERED T, A b L — UE O PEREFEAM
EREBREBEDOMIETF 2 —= 7 HEA a2 7 AARKD
PEREM L~ 2R 24T 5 & e, KB AT Al
BT D BT A O 43 AT AR ST D 2h SR 5 it 7 v 2 8 A
D/ BED TV FETH S,

i, AMIERICHZY, Y Ialb—Ta VFERS
MEORMEZ W22V, B LEENASIcEHOE %
#£T5.

& E Xk

1) “WHRFr7=phprartz—F ¢ 7% — FXl
DR AR,
http://pr. fujitsu. com/jp/news/2008/02/19a. pdf ,
2008

2) ESINWEERT,  “FESRR >y hU— 27 2137
http://www. sinet. ad. jp/about_sinet3

3) Fujitsu Limited, ” " U A FRX—1—:F L&
SPARCG4ATMVII & v ¥ |
http://img. jp. fujitsu. com/downloads/jp/jhpc
/sparc64vii-wpj. pdf, 2008

4) FERELT, mASEIR, MEH—. “JAXA KX
—NX—a U Ea—HF AT L7JSS” DK EFEAR
ERERRAEE” | BB A1 RIFEAK )R /%
FHEME I 2L—va VEfFURY T A
2009, 2D1., 2009

5) HPSS Collaboration, ” High Performance
Storage System” , http://www. hpss—
collaboration. org/hpss/index. jsp

This document is provided by JAXA.



5541 B S e /SR E Y S 2 L— g VIS AR Y T A 2009 FaCAE 153

JSSV SR T LDOMEBEMFAICDONT

RE tis

Bi#

EKER

BAESHA S

Effective use of JSS V System

Nanaumi Nagamine, Shintaro Momose, NEC Corporation

ABSTRACT

An SX-9 system has been installed as JSS V system to make good use of the program property written for the vector supercomputers.
But the performance of the components of the supercomputer is not equally improved because of the technology trends and restrictions of
hardware implementation. This paper introduces the performance characteristics of the SX-9 by comparing with those of the SX-6 and the
knack of coding from the users’ point of view especially focusing on the memory bandwidth and the performance of the processor (B/F
ratio) and ADB (Assignable Data Buffer), a new feature of the SX-9. In some cases, the application programs run three times as fast as
before by adding some directives and modifying a few loops. It is fruitful for the owner and the other users as well.

1. [FLCHIZ

JAXA JSS V ¥ 25 A, _7 FAT 2 —,R— =
Ea—diFIcErNT 0 s T NEEEHMERT 572
¥, NECHL SX-9VS i &vz. SX-91%, H—=a7 OffHs

BEVRE/ NS R BE 100GFLOPS 8 4 5 THl 6 TEH,

H— ) — R|X 16CPU ® SMP KERRIZ L v, 78 55 1t AE
1.6TFLOPS, 3tH *x VR E 1TB 24T 5~ b LAl
A—NR—a B a—4Thsb. AT, FIREOE S
5 SX-9 O — R = 7HERERE, KOV OMEREER L v 5]
EHIEDOF a—= THEEICHONT, EBEOT Y
—va rEHIZER RS,

2. SX-9M/N— K™ = 744
2.1. SX-9 DH5{¥

SX-QIZITRELSLUTD I HORKHENH 5.

D1CPU 4721 102.4GFLOPS DT 7 L7 at v

@1CPU 7= v 256GB/s DFELHA A € U /X Riig

®16CPU/ATB HH AE Y DEKRSMP / — R

SX-9 @ CPUITH—a 7K THY, B—F v 7Yy
DRSBTS EE MR IR W TR W E 72 5
100GFLOPS % S8 L, [REFHIEEMERRIZANT R LTz
256GB/s &\ D BILHAE AT U N FiEEEH L TN 5.
12/ — P AR,/ — FHERKIL 16 (8o CPU, K
RIT A FOAEY %, BW—IZHRLIZ-SMP TH D, #&
THEMERE 1L.6TFLOPS, A E Y N\ NI ATBls Th 5.

CPU || CPU || cPU CPU
102.4(4 102.4(# 102.4G 0000 [102.4Gl

256GB/s x 16 = 4TB/s

XEY(RALTB)

J—K(1.6TF)

1 SX-9D /— FHERL

#1102, A NSE, AR SSS THH &7z SX-6 A
T A EISSV VAT ATEHH S SX-9 T AT ADOMERE
s E R~ T. FLIOREND LI, HFarR—xr2 M

XV 32605 128 fF0MRER A EHR L=, Ko, ~7
M VIEBMERENE, 128 fF0mEE b  EH L T 5.

#1 SX-6 & SX-9 DMERELER

SX-6 SX-9 FE
Jnay 7 1GHz 3.2GHz 3.2x
~7 M EMERE | 8GF 102.4GF 12.8x
A H 7 EEVERE 1GF 3.2GF 3.2x
o — RPERE/CPU | 32GB/S | 256GB/S 8.0x
Z R 7MERE/ICPU | 32GB/S | 128GB/S 4.0x

(V£ : FIRLJEL SSS 0 SX-6 [ X 9T 1 1.125 D PERE)

22XV ) =X 2AAh Ty POMERENL VR
X212, SXTU—XREA T x86Tukyy 773V
OMERER E ML REaRT.

—=1000

5 = = = Chip performance

ll:_l === Mem-bw/CPU

: —'™Tore performance F /_,'f:7

(L] —_—Mem-bwicore | / ‘ﬁ&"-'

- e

2 100 : 2sX-9 ,,-Mse Chi

E V’/’ Jf_/__-’_miﬁu:ﬂy'ﬁan v

e

]

3 3 '-f&“ L

E 10— Sx8_= s —r—CorepoHDIMARCe—

s SX6 _ o S

8 T' P —— Wiy %86 Core

§ = i L —

f oo TiCores

E

2 . : ; |
2001 2003 2005 2007 2009 2011 2013 2015

2 SX & x86 DIHBMEE/ A TV N FiFDZE

x86 7'tz v YL, 2003 FEHE TiLL—T OIEHNZHE S
FECEAEMREN/M EL WD, 0k, H—a7 OEEME
fem Bk L, ~AvFarbd b2 Lk CPUEREME
BEM ERAHEFF LTS, LnL, ATV A2 RiEom -
X, CPU OJEEMREM | & il LT/h& <, £z, CPUMN
< NFaTbEND O, SBE—aT7T 420D AEY
N RIEIE—E, FREFETT200LEbhs.

SX I, SX-6(2001 ££)7> 5 SX-9(2008 L) £ T, H—=7
OFE MR IZ X B CPU EEMERER B2 MERF L, 745
T 128150 CPU Mt 2 EBL L=, I HIT, mENERE
BFEBT A, BIEHR AT Y N2 NigER _ E2HERL,
SX-91% SX-6 D85 7%, H— CPUY7=Y 256GB/s # %
HLTWD.
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2.3. ADB OFEiE

EEOT TV r— 3 BN, EEMEREE FEH
LT, HEMREL NTF AL AE YAV FIRNE
BRERO—D L%, SXIXEEMER, KOEETH
RBEEBT 70T, CPU X7V 256GB/s OIBJAm IR A
EYANY RIEZREEL, BEEMERICST 27 — 2 Hahe
ZRTRIECH 5 byte/FLOP(BIF)IL, SX-6 7% 4.0, SX-9 4%
25 L VIOEWVWBIFEZFEBELTWS., —JF, AhT77ntky
FIEBFBLUFTHY, SHRFEIEFT 2 ENTFHES
NTW5. SX-913E BIF TH 573, BHEEfH#RICB W T
W25 mEIMEREE EET 57201, BIF Ok, A€
LA T O, ROAE D AT EEOENE BRY L
LC, #r/=iZ Assignable Data Buffer(ADB) % & A L 7-.

ADB I LA H & AE Y RlIZFEE I D HPC FH
FrvrvaflfiThy, IEREOX Yyl H
FIAMEOENT — & Z3IRPIC ADB KT 5 Z L ic &
D, HRAREOERWNT—ZICLbFy v 2B REHE
D, EmWFyy o MHSEEEERL, EEOT Y r—
a BT AEMERETFIZEDL LD THD.

CPU die

CPU Core

X3 ADB

24 AFY LAT U LN T Y A 7 LR

AV T 7 AGREEZ IR THHERE LT, AEY NV
RIEOMIZ, 1 DOAEY T 72 AMSEHBE L THS
KTTDETITPDINMERTAEI LA TR D.
—HRIZ, AEVLATUVREWE, XTIV T AR
PHRTECICHMZ2ETHZ L0, EOMEREETO
BER LD, SX X, X7 hru— Raf, X7 R R
TR EIED, BH—ma TREDT —Z EW\, o,
ENomEER 4alnT L OIS, EEFETT A0, A
Y LA T VOB ARETH Y, mEINEREE FHE T
5.

2EIWATY
Laal
wR2
wR3
wR4

K da AEYT V& AHEGET

a3 JE—
asd JE—— |

B 4b AV T 7 AERGFET AL DRI

—J, AFVT 7 BRAOEEEITN TER2WGEEM 4b
WRT. AEY T ZRBRZEBNT, UX MY L (B
RY R TR T VAR EBREATY T
T A A RNRIE IR & 2 56 (F 12 R F RS AR 2
BE), FATNEFRIED - DI %k AT U 7 7 & 23k
ITMHORTR-T, EITHETIMNERHD, K 40Dk
IMAEDN T 7R AOERFETN TE RV, 2Ok, A
FY T 7 AMERIL CPU Y720 O AT U R RIETIE7A
<, ARV LAT UK EIND Z L2 d.

AEV AT E SMP YA X3 b L— K47 OBHRIC
HD. SX91E, EEMMREERST R TI L TOLYT
SEFEBTH7-0I2 1TB D AE Y % 16CPU 12 LV 584%f
W CTHETL SMP 7 —%T 7 F ¥ A LTS, —7,
ZDOEH 72 KHUE SMP ZEBIT 5720124 CPU LI A
T VMO EHE R D LD, CPU & AT U OB
EHNAEY LA T IO 40%LL Ex 5D 5.

F77, M 5IRTEICAEY T/ B RFIERD AT
V7 7 AMENE RN ZICT 7 AT EHZ LIk oA
VIBANRELTEGA, —HOAE) T 7R AR D
AEVT 7 RAKT EFRFOLENHY, AEV T 7RAL
AT UV RND.

(€ HUB [ele]
#31 |

NL
7

M5 NTEEA A=Y

1ODONRYINT 7 AESNTHE, KRIZT 7 & A AHE
\Z72 D ETORMZ N 7 YA 7 VIR & RS, SX-6 LUK
D SX V=D T A 7 VRREEK 6 1TRT. N
7 A 7 AEIE RAM FFICLVIREINDIHOTH D,
SX DEMMRUIZBNT, N TP A 7 AKRITIEIE—ET
HDHESZD. SX8 TIE, BELAT UV AEVELT
FC-RAM 23 ¥fif S 7= 73, BIfE FC-RAM #4722 X T
ORI THS.

SX-6
SX-7
SX-8 DDR
SX-8 FC
SX-8R
sx-9 |

N1 2)VBEM [ns]
AN A e 2 |

SX 1% SX-6 725, SX-9 =T, CPUDZ v 7 ¥ A 7)1
ELTE, 3L EEEILENR TS, —F, N HA
I NVEERNIZIEIE—ETH A1, N7 EARIchESH
HBAEVT IV BALAT U UIE—ETHHN, SX-9 137
0y 7Y A 7 AREEIEENTWDSY, N7 BARIE
Tandr vy 7 BN, Nu T EeENEMERICE X

R RE, ZDD, SX-9 DAE X 32,768 &\
ALEDN T MHREREN TS, STk E T2
TEIZEY, ARUT IV EBREON TS ER/INEE L,
RN FIEOEBNARE L 72 5.
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LLEX Y, SX-9 %, 100GFLOPS B EEMERe, &
256GB/s D A E Y N\ RiEEH T 5,30 7)1 CPUL6 fEIZ &
v, BEMERE 1.6TFLOPS, AE U N Kig 4TB/s, AEY
KE 1TB OKMM ) — MR ERAT2 222k, &S
REENEREOEBAFREL Uiz, BT, U IR,
KON ADB OHIZE Y, AF VR NigosE{k, A€
VAT DR, RO 7 EAOEBEAZAIREE L TUV
é.*ﬁf,%%UV%?V/ﬂ%@T%E%%Q%,/
VBRI AAFY T I/ AEEOK T, ELMRED
ﬁT%m%t TERENH DD, AFYT Vv ADMEE
FL1T, MONR I BERMOF o —= 7 %475 Z LIk
D, BNWAEVT 7 AMRESIEHT I ENRMLETHD.

3. Fa—z=2TFH

SX-9 D N— Ry = THREZI ST O DTF a—=2 7
ELT, AEV T BRERT D FE 4 S EMAIL—T D
Trua—Y U, =TI E B A T RILVHIBR,
ADB OF|H, SMUA—TDANY v T ~A =20, £
VTN TN S N— R = TR 72 > T2 MAX/
MIN BE$ OTE B 22615 % .

LML —TF DT v —Y T
Trau—JrriE BlloXic—7EEZEL LT,
N— T NOEFE T Il (b HiETh 5.

DO T = 1, 1024
c() = A1) + B(I)

ENDDO

L a7 ue—yo

DO I =1, 1021, 4

c(r) = A() + B(D

c(1+1) = A(1+1) + B(1+1)

c(1+2) = A(1+2) + B(1+2)

C(1+3) = A(1+3) + B(1+3)
ENDDO

Bl HR T oa— U 7 O]

L»L, @7 Mk En s AL —7 12 LTl
HAd2E, ARV T 78 ARHERENSRRNIT /D70 EDH
B L D HENEALT AGEENRD D, —F, WE~7 hu
fLENWIMAL— IR L CEET 2 &, AT 7%
A AR miE L SN D LA B L. BlZIE, B2
X9 7a— NEREEITY &, AL —TI28 T
X(hor—F, 2+7, ERAIKOE—FRNThb
eI D.

DO J=1,100
DO I1=1,N
X(D=X(D+A(,K)*B(K,J)

END DO

END DO

| M—70T7 rue—Y T

DO J=1,99,2
DO 1=1,N
X(D=X(D+A,K)*B(K,J)
+AC1,K)*B(K,J+1)
END DO

END DO

B2 MU —T DT m—1 > T

Bl 3 Tix, KVEBEOT TV Fr—va L iZiEn
HimenoBMT  (http://accc.riken.jp/HPC/HimenoBMT/program2.

html) D4 A X L AN CTOMUIL—T T v a—1 v 7 OghR
MEEIT 1B ERT. Ik, YV —AWEFTOLT, R
1% LATBML7Z0RTH 5.

ICDIR OUTERUNROLL=n  OUTERUNROLL f5/R~TDiBMM

DO J=2,jmax-1

DO 1=2,imax-1

SO= a(1,J,K,D*p(1+1,3,K+a(1,3,K,2)*p(I,I+1,K)
+a(1,3,K,3)*p(1,J,Kk+1)
+b(1,J,K, 1)*(p(1+1 J+1,K)-p(I+1,3-1,K)
-p(1-1, J+1 LK) +p(1-1, J—l K))
+b(1,3,K, 2)*(p(I J+1 K¥1) p(I,J-1,K+1)
'p(I .7+1 K_1)+p( s J: FK_'Z))
+b(1,3,K,3)*(p(1+1, J LK+1)-p(1-1,3,K+1)
—p(l+1 J,K-D+p(1-1, J K-1))
+c(1,3,K,D)*p(I-1, J A)+c(l J,K, 2)*p(I J-1,K)
+c(1,3,K,3)*p(I1,J, KL1)+wrk1 I K)
SS= (SO*a(I J,K,)-p(1,3, K))*bnd(l J,K)
WGOSA=WGOSA+SS*SS
wrk2(1,3,K)=p(1,J,K)+OMEGA *SS
enddo
enddo

R0 Ro Ro R0 Ro Ro Ro Ro Ro

513 HimenoBMT IZ X 2 20 HIE

il 31THBNT, RHEATRIES p D I KT HMT 7 A
IZHOWT, ZNEN I ), I+l OT 7B ARHH28, F+
flon—77ra—=Y 72k, AEYT 72RO
AR TES, ZoMRITT7Tre—U o VBRI 3D 1
ITH nITHY)ZESCTIZERE L 250, WEORINIE
NIz — KRB RKERD, NI ML RAFRNE S| X
EZT=oWR D, — ikl T e —Y v JE
Bx7 7Y r—a VIR TEL, eIl HERAICTHIT S

DIINHETH B 7= OFERINIRD D Z L1272 D. ZOHD
BE, B2 L3 ITT7ra—L 16 BROBAITR R EDMERE
DBz,

%% 2 Himeno-BMT |2 X 2 %) Bl E

B #L 2 4 8 16 32 64
4BEfl | 16.5GF | 20.9GF | 25.8GF | 28.7GF | 29.0GF | 22.9GF | 12.46GF
BR75%E R

B2 N—TAHIT LB Y A T 7 EADEED
WICENBION—T %2 ANEZXDHZETY A NT 7 A
B WET BN HONWTIRR B,
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(G2
DO K=1,KF
DO M=1,MF
DO J=1,]F
DO I=2,IF

IL2=114ir(I,1)
IL1=1T1ir(I,2)
IR1=1i14ir(1,3)
IR2=11ir(I,4)
STBC=wstbc(I)
DQRO=ain(I,J,K)
DQR1=ain(IR1,J,K)
DQR2=ain(IR2,J,K)
DQLO=ain(I-1,3,K)
DQL1=ain(IL1l,],K)
DQL2=ain(IL2,],K)

(Fa—=27%)
DO M=1,MF
DO I=2,IF

IL2=i1ir(I,1)
IL1=i1ir(T,2)
IR1=i14ir(T,3)
IR2=i1ir(I,4)
STBC=wstbc(I)

DO JK=1,JF*KF
DQRO=ain(JIK,1,I)
DQR1=ain(JK,1,IR1)
DQR2=ain(JK,1,IR2)
DQLO=ain(JK,1,I-1)
DQL1=ain(JK,1,IL1)
DQL2=ain(JK,1,IL2)

B4 VR RNT 7 & A[EEEER(1)

B 4 2B T HA4Y AT, &RRMO 1T HROT 7k
AWMU A Mo TWAHTZYD, SFEIVEREERZILET S
FHRNER-TWD. T HmE K FHor—7%—@ElL,
SHIHERT 7 EAL D L OICESIDO ANEZEITO Z
Lizkv, W 7IORTEDITK 2.4 FotERER EAE LN
7.

- EENEE R THE
40.0 100%
350 - I 50%

300

250

Time(s)

Original Loop change

2. 4Em &I
X7 UANTZ&ABEGGEHI)

ZOFEE, BAIOANEZ 2ToCTnbT0, —&IC
Y — AMEENEREIC R SRR D . 1& JOL—T %
ANVEZ DT T —EREOHRENYIHFCE 5.

Bl 512, IF LU L DEMFHEEV—TIMNIHTZ LTk
HYRARNT 7 & ARRBEHEERT.

(G
DO 1IS=1,ITE
DO J3=0,CL-1
IX=IBASE(I)+LL*]3]
ICDIR NODEP
DO KK=0,LL -1
IF(LOC(KK,IS).NE.KK)THEN
IVAL=LOC(KK,IS)
VOL (IX+KK)=VOL (IX+KK)
+ELM(KK, IS)
*VT (IX+IVAL)
VOL (IX+IVAL)=VOL (IX+IVAL)
+ELM(KK, IS)
*VT(IX+ KK)

RoRo oo

ENDIF
ENDDO
ENDDO
ENDDO

(Fa—=27%%)
DO 1IS=1,ITE
DO KK=0,LL -1
IF(LOC(KK,IS) .NE.KK) THEN
IVAL=LOC(KK,IS)
ICDIR NODEP
DO J3=0,CL-1
IX=IBASE(I)+LL*3]3]
VOL (IX+KK)=VOL (IX+KK)
+ELM(KK, IS)
*VT (IX+IVAL)
VOL (IX+IVAL)=VOL (IX+IVAL)
+ELM(KK, IS)
*VT(IX+ KK)

RoRo Qoo

ENDDO
ENDIF
ENDDO
ENDDO

ICDIR NODEP [XE %D/ — 7 OWIFEMEE B E
L7 b E R T 2 HR1T.
B5 U R RNT 7' AEREE](2)

Bl 5 DAY PF T, IF XAV —FORNENIZH
h, ZFiuzki< VILVOL O, (RANV A NT 7R L
RoTW5b., Fa—=27HITIE, HARL—FIZ IF XD
ZMHTERICEL Z &1LV, VILVOL DU AT 7 &R
ZABEEL TV 5.

#£3 UR T 7 & RAEHHQ)

AUVTFIL [Fa—= 5%
=ITEEE (B 11 3
MFLOPS 345 605
7 hILE 128 99
RE RIEFEY) 98.6 95.1

IF X377 ML SN D 5E, SCHOABITERZIC )
DOLTETETIN, vAZLBIZLY BOGRGTETNE
eahd. AFITIE, Fa—=r7I2Eh FXHBR7 b
WGBS LIp ol ZLinh, BOREORHEANFATIN
DRI, RXT MARERT PAHERIIELTLTY
HO0, FATRRIZ 3530 1 LUFICEE b L.

3.3. ADBOFI

SX-9 DHHERETH D ADB I, NMHAAI T Tk v L
720, ADBITKMT 5T — X 2B R~TTRETH. =
kv, BERT—2717% ADBIZKML, FEN
256KB @ ADB OFI|HZ= A KR LT 5 2 & 3 wlHE & /e
5. F¥72, ADBiZ2—¥ 77V r—ya il L0y
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A, BRIMIZAD IX Y vy a, RORT MLV URH
O —FREGEEER ICE Y ¥ THNhb. ADBE2—¥ 7Y
r—3a U ME T 5854 (ADB {E H O FE R TRLR I 1,
BEESNEZT =X USMT ADB I SN 2R 570,
B EERED 72 D ADB O Feim A IZ DWW T EBRAYIZ
M Z S LERH D,

ADB [L[f]—/L— 7 TRI—ES| 2 B 2R3 556
W R E T SH. F15 TIE, BT WIE I FAIC DK
JTLEFD, MUL—T OV IELEIZFR CAF o — RS
N5, Zo=d, WA ADBICKEMTHZ Licky, 1=2
DBEOESIW O r— NI 28/ TE 5. ZofTidl
L7 5o s b & 328 Lz,

DO 1=1,NMAX
ICDIR ON_ADB(W)
DO J=1,NMAX
WD(D=WD(1) + GD(J, 1) * W(JI)
ENDDO
ENDDO

%16 ADB OF|HHI(1)

517 TiZ, NN & KK DENRER D720, V—740 &
JL—7 B0 XA TE 2V, BLA NU OBFI AR H 5
723, ADBITHAMNT D Z LI XV S AL ARE & 7
5. AFITIXX 8 DY, K 1.5 fFDEE LA KB L.

DO 60 JJ = 1, NN
ICDIR ON_ADB(NU)
DO 40 Il = 1, NN
MU = .... B(3J) * ACL(II))
IF (MU.GT.SC) “NUCIT) = MU

40 CONTINUE
1ICDIR ON_ADB(NU)
DO 50 Il = 1, KK
MU = NUCIT) * S
50 CONTINUE
60 CONTINUE

%7 ADB OF|HBI2)

original

__IDB Tuning SR RPNy

[sec]
0 100 200 300 400

X8 ADB DOFIHBI2)

BAAMUL—TF DA N v TFvAf =27

Bl 8IZARNY v~ =T OHERT. AN vT<
A= 7 e, RT P LT RAZE(SX9 OBA 256)L L
DON—T %7 "MV L PRAEELTICSETHFIETHD.

DO 1=1,1000
ACD=B(1)+C(1)
ENDDO

i Strip-mining

DO i=1,1000,maxvl
I=MIN(1000-1i ,maxvi-1)
AGizi+D=B@:i+D+Ci:i+D)
ENDDO

maxvl |37 ML U R FE
B8 HiffilgA NY v~ =0T DH

ARFPEEIMINL—TITEATHZ L1080, EAML—
THNOEENRRT NV LI AZ FTETFEN, TV r—
Ta I VRBREDEITIH LN, ATV T 7 v AEHNE
s,

CWREN.D)
DO K=1,L
DO J=1,M
DO 1=1,N
SUM(T,K,1) = SUM(I,K,1)
+ AQLK,1)*B(1,J.1)
- AQI.K.2)*B(1.3.2)
SUM(T,K.2) = SUM(I.K,2)
+ ALK, 1)*B(1,J,2)
+ AQILK.2)*B(1.3.1)
ENDDO
ENDDO
ENDDO

RoRo  RoRo

(T =z—=27%)
DO K=1,L
DO 12=1,N,256
DO J=1,M
ICDIR SHORTLOOP
DO 1=12,MIN(N, 12+255)
SUMCT.K,1) = SUM(I,K,1)
+ AQLK,1)*B(1,J.1)
~ AGI.K.2)*B(1.J.2)
SUMCI,K.1) = SUMCT.K,1)
+ ALK 1)*B(1,J.2)
+ ACI.K.29*B(1.J.1)
ENDDO
ENDDO
ENDDO
ENDDO

RO RoRo

ICDIR SHORTLOOP [FHEZDNL—TENT ML LY
ZAEEUTTH DI & afaRrd 2571 T

B9 SMUARY v T ~A =27 DH

B 9 LREIFIFEEICA Y v ~A = 7 OfZRT. 2
OFITH, BLFI SUM D J F R ORITEE FFIZ W2 LD,
| FETARN) v T~ =07 LTWA, ZRUZky 1 HE,
J HIRTA—7RNIEITENTWBREIIAEY T 7 AT
biZe<72n, K 9ITRTHED R 37%DEEA K & 7.
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an HIZFETE 570, TxldA—I—0OxGE LT, &V
= T LD RO b 5T 2 — =2 7 Fil &Rk L TR L
m TWVET,

= . SEXH

R 1 ; 1) S.Nakazato, S.Tagaya, N.Nakagomi, T.Watai and
’ A.Sawamura. “Hardware technology of the SX-9 (1) main
" system”, NEC TECHNICAL JOUNAL, 2008

2) T.Soga, A.Musa, Y.shimomura, K.ltakura, K.Okabe,

Performance|Gflop/s)

riiinal Glickiia R.Egawa, H.Takizawa and H.Kabayashi. “Performance
Evaluation of NEC SX-9 using Real Science and
$H37uDRBITIHEDE L Engineering Applications™, In proceedings of the ACM/

| . IEEE SC2009 conference, November 2009
X9 HMUALY»T~A =T DR

3.5. IF SCfv#E & LT MIN Bk A 2

SX9 TiX, ThETY 7 U =2T B TH T
MAX/MIN ¥ N— R = 70452 Lok, @
{EEK->TW5. #10 TiX, B QV DfEz AT, A
HE, FLAG_EXECUTE %#.TRUE.IC L CW 5. TEZEZEH
& MIN & vy, SPplEz v— 7N 6T, K
101TRT D, K330 EEba EB L.

CWEEND)
DO KZ = 1, NZ
DO JY = JYSTLC, JYENLC
DO IX = IXSTLC, IXENLC
IF (QV(IX, JY, KZ) < 0.0) THEN
FLAG_EXECUTE = .TRUE.
ENDIF
END DO
END DO
END DO

DO KZ =1, Nz
DO JY = JYSTLC, JYENLC

DO IX = IXSTLC, IXENLC
WRK = MINQQV(IX, JY, KZ),WRK)
END DO
END DO
END DO

IF (WRK _LT. 0.0) FLAG_EXECUTE = .TRUE.
#1110 MIN BEELF|H

1.2
1.0
0.8
06 | i ; 33ffmmE Lt
04
02

0.0 -

I
Criginal Tune

X 10 MN Bi%x > FI|H

4. =

PLEXYD SX9 iXEmEMMERE KR T HA——a
Ea—XThHoiHDB, "—RU=THEE2EHRLIET2—=
VT RETHI SR, FITEWEIER A B ATRE
THHI AL, BT, ADB OFIH, A€V 77X
VAT UV ORERE, RO 7 EARET 2 — = IR E
HTHDH. £z, KR TR Fa—=0 7 FHEDEL T
R M Z—)R—a L Ea—ZBEDO LD TIE RS, &
NI AT NI IR OHLFETHD.

ExDOT7 7V r—yarOfiEnmbdszicky,
ZOT IV r—varOFRBEZLEAADZ L, HEE
Fa L2 ofAFICRMETE, AT AE2EKOHFHF]
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JAXA Supercomputer System(JSS) M #) &7 {4 Be ETff

RIASEIR, BEMEAT, WEH—
FHLZETTE DA FE A

Preliminary Performance Assesment of JAXA Supercomputer System (JSS)

by
Ryoji Takaki, Naoyuki Fujita and Yuichi Matsuo (JAXA)

ABSTRACT
Japan Aerospace Exploration Agency (JAXA) has long recognized the importance of numerical simulations using high
performance computer and has strongly promoted the installation and operation of large scale high performance computing
system. Since Oct. 2002, JAXA had operated an SMP-cluster type large scale parallel computing system, called NS-III. In April
2009, it was replaced with a multicore based scalable parallel cluster with approximately 12,000 cores, peak performance of 120
Tflops and 94 TBytes of main memory. The new system is called JAXA Supercomputer System (JSS). In this paper, after
reviewing the overview of the newly installed system and parallel programming model on the new system, we present the results

of preliminary performance evaluation for our current aerospace CFD applications as well as Linpack HPL on JSS.

1. 1ZLoic
UL ZEIT B SRS (JAXA) 1. RIS Ot Ze T Hi
AT (NAL) 38 KL OMFHRHAIISEAT (ISAS) DR
DO EMERERI A E W5y R = b— 3 i
OEFEMEZFEFR L, SR - mSEE L KRG F s 2
7 L O < WEH A AT - T& 72, 20024510 H 7>
SIEA L TEENS-IIIS AT Db AV AT L E L
T2009%F4 A 128 LW KRB FIFHERE S A 7 L &8
ALTe, FL<GALHEBS AT A1FJSS (JAXA
Supercomputer System) & FEIZIL, JAXARE A A T
DEANERDZ NG, ZRE T RICFHBERED
JANAFE~ORKR TG R JOFH =HEREGo v
VARVHYTRALIE S (One-JAXA) #ER L TEAIH
776

JSSIZHL TRIBEICHEE O FEME S AT L0 DAL
SNDEEVAT L THD, JSSOP TEEDFHDH
Bl 72D AT MIKHELFIFHFEHE S A7 LB IO

ZRL—U8
Storage Part

HRTVIVE .
Compute Engine Part

[NEC SX-9]
BBERGE: 4.8 TrL0PS|

rxzum
e 3m

[Fujitsu
SE M9000]
ABEE 1.2TrL0PS 120 TrL0PS

941

X1 : JSSOHFED

1 : JSSOFEHAMK S AT A

SATAEY VAT ATHY | BEERUTRT, KIS 4 T JSSWP | JSSA | JSST
WHIF RS 2T A~ L F 27 CPUAE~— A2 LI CPU Scalar | Sealar | Vector
B ERUEXL & IFEN S A 0 T — BB R Systen = s —
S, 120TFlops D FiMEAE & 94TBy tes D EFLlE%E E & CEL;T/Efﬁ% 300?(384 é; fz

HHBM (AA ) A5 L E15TFlops, 6TBytes?dP Core/CPU 4 4 1

(Fav=s b)) YAFANLHERSNG, LFAE FPLMERE [TF Lops] 120/15 1.2 4.8
VS RFLEN (T TV r—ay) YAFAEMEN [ — FPERE[GFlops] 40 40 1,600
B 1TBytesD A A E I % A+ % & il BISPARC # A £ U [TBytes] 94/6 ! >

Enterprise M9000 &V (<2 kL) & AT K EREEND Ry — LR & L NEC
4. 8TFlops D{HEMERE & 3TBytes®D A€ U &9 HNEC FX1 SEN9000 5579

BN NLEEMEY AT ASK-9 B 7 B,

A T, JSSIZRWTEEAEO T & 70 5 KB
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FHIMT 22T JE P TR R RI R TAXA-SP-09-011

FIFHREME T 27 & (JSS-M) IZBAL T, HrLniig| 7 e
TIIVTETMICOWVTRNT S, £-JAXATHIA
ENTWARERRCED T 1 7T AR F~v—7 &
L C— %My 72Linpack 72 & & W 7= PERERTAI S FLi >
WTHRET D,

2. JSS-M¥v A7 A

JSSMF1 2D~ F a7 CPU%EL/ —RKEL, /— FH
ZInfiniband ( 7R 1 Y —[3IFAT-Tree) THIA L 7MPP
(Massively Parallel Processor) VAT A THD,
JSSMTIE, WA T vt ZE OB S WF A — 3 —
~y REZNIZE AR —=FE VT W EOR Fx
 ZIRE DT DI T D2 oD AR SN TN 5,
1D RIZS 7 v 2O E LT~ TF 27 DAL
ISR, 22 1E7 v AM@E DA ——~y FHI
e LToEiEAA v FORMTH D,

2.1 v NVF a7 OFZE AN
JSS-M@CPUIZSPARCE4AVIT 7 2t » H G 1l (O CPUIZ Af
DaATEEH L, 7uy 7 BT 560z %, 7
7z TR, T U NET A= —ET, MEOERE
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Numerical Simulation of Liquid Fuel Primary Breakup
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Aerospace Research and Development Directorate, Japan Aerospace Exploration Agency
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Department of Aerospace Engineering, Nagoya University

ABSTRACT

Large-scale numerical simulations of liquid fuel jet have been conducted to elucidate the physical mechanism of primary atomization near
the injection nozzle. The grid resolution is made fine enough to resolve the smallest physical scale that is determined by the Weber number,
i.e. surface tension effect. Such calculations have not been performed before, and this paper reports the world’s first results on primary
atomization in a turbulent spray. Physical processes are well captured such as surface instability development, ligament formation and
droplet generation. While the aerodynamic force plays a role in developing surface instability, surface tension becomes more dominant in
ligament and droplet formation. The droplet pinch-off is mostly dominated by the short-wave pinch-off mode, as the ligaments have tips.
This is consistent with our previous research on droplet pinch-off from slow laminar liquid jets and provides insights into modeling. By
these results, our understanding is made deeper on what is actually occurring inside a turbulent spray. The computational performance of
JAXA’s new supercomputer JSS is also described. Combined with the VisIMPACT parallelization method, this kind of large-scale
computation can be easily implemented. With the reduction in 1/O time, large unsteady simulations like this have been becoming possible.
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Formation of LES of cabin air flow using immersed boundary method

Hidefumi Saito and Takeo Kajishima

ABSTRACT
We propose an analytical model as a process of understanding and improving cabin air in an aircraft. The model is based on Boeing 767
aircraft having two aisles in a wide body. In the model, interiors (i.e. ceilings, side wall, seats, and floor) and human bodies are taken into
account. To deal with the complicated geometry of flow field efficiently, this model consists of Large Eddy Simulation (LES) based on
Smagorinsky Model (SM) and is using IBM (Immersed Boundary Method) to adopt uniform staggered grids. The flow velocities at the
immersed boundary cells are determined according to the volumetric fraction of solid. The effect of buoyancy is treated by Boussinesq
approximation. The profiles of temperature and oxygen concentration are also calculated simultaneously. It is shown that the process is

reproduced successfully for our purpose of optimizing cabin air quality.
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