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By EEvE 1 Successes and Challenges for Computational Methods
in Aerodynamics Analysis and Design

Dimitri Mavriplis
University of Wyoming
Laramie, WY USA

Computational fluid dynamics (CFD) has progressed rapidly over the last several decades
to the point where CFD now constitutes an indispensable component of the suite of
design and analysis tools used in the aerospace industry for all speed regimes. However,
serious deficiencies remain in the accuracy and reliability of computational methods,
which continues to limit the impact these technologies can have on large aerospace
engineering projects. For steady-state transonic drag prediction, which is a principal
requirement in fixed wing transport aircraft design, the accuracy and reliability issues in
the state-of-the-art of computational aerodynamics has been captured in the AIAA
sponsored drag prediction workshop series (DPW). These studies have shown that grid
resolution remains one of the most important contributors of error sources and
uncertainty particularly for problems with regions of separated flow.

This talk will focus on new approaches for dealing with such uncertainties, mainly based
on adjoint techniques. Adjoint-based methods have been developed in computational
aerodynamics principally for enabling efficient gradient-based design optimization
approaches. However, adjoint methods have more recently been devised for estimating
error in specific simulation objectives (such as lift, drag, moments) and for controlling
this error. One approach to controlling spatial discretization error for steady-state
problems consists of forming the inner product of the adjoint field with the spatial
residual of an approximate solution to determine the error in the objective using this
approximate solution. This error estimate can then be examined on a cell-by-cell basis,
and used to adaptively refine the mesh in regions of large error contribution.

Adjoint methods can be extended to unsteady problems and even multidisciplinary
problems, where they can be used to estimate not only the error due to the spatial
resolution, but also temporal error and even algebraic error due to incomplete
convergence at each implicit time step. Furthermore, for multidisciplinary problems,
such as aerothermodynamics, or aeroelasticity, or aeroservoelasticity, adjoint methods
can be used to separate out the various sources of error due to each discipline. A strategy
for estimating error in unsteady problems using the adjoint approach will be discussed in
the talk and demonstrated for simple two dimensional problems. Prospects for further
advances in this field, including model parameter sensitivity analysis, uncertainty
quantification, and combining experimental data with computational analysis to improve
the simulation outcome, known as data-assimilation will also be discussed.
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CFD Simulation of an Internal Flow of a Rocket Engine Turbopump
Toshiya Kimura, Kengo Kikuta, Mitsuru Shimagaki, Yoshiki Yoshida (JAXA),
Hiroshi Tomaru (IHI)

Key Words: CFD, Turbopump, Rocket Engine

Abstract
CFD simulations were performed for an internal flow of a rocket engine turbopump. Detail distributions of a pressure, an

internal circulation flow, a leakage flow, and a torque, which are very difficult to be measured directly, were calculated.

Basic properties of the turbopump such as efficiency and axial thrust were estimated from these properties. Based on

calculated properties, open shroud and closed shroud models were compared and the effect of a shroud on properties and

performance of the pump was discussed.
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Fig. 1: Structure of present pump model with shroud
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Fig. 2: Pressure distribution along the casing and the rotator
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Fig. 3: properties estimated inside the pump
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Heat Transfer Modeling for Regeneratively Cooled Thrust Chambers
Hideyo Negishi (JAXA), Hiroshi Otomo (Advancesoft Corp.), Akinaga Kumakawa, Yu Daimon,
and Nobuhiro Yamanishi(JAXA)

Key Words : Internal Flow, Propulsion, Numerical Analysis

Abstract
A numerical heat transfer analysis tool, REGEN (REGENerative cooling analysis tool), is developed in JAXA. This tool

consists of quasi one-dimensional model for the coolant flow and three-dimensional structural model to calculate the

thermal field within the thrust chamber wall with Nusselt-type correlation for hot-gas side and coolant-side heat transfer.

This tool was validated by sub-scale hot firing test data, and the computed results showed good agreement. As a result, it

is clear that this tool can be an effective tool for predicting regenerative cooling performance in preliminary design phase.
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Numerical Simulation on Magnetoplasmadynamic Thrusters with Real Gas Effect
Hiroki Sato (The Graduate University for Advanced Studies) , Kenichi Kubota, and Ikkoh Funaki (ISAS/JAXA)

Key Words : Magnetohydorodynamics, Propulsion, Numerical Analysis

Abstract
Numerical simulation on the magnetoplasmadynamic thruster (MPDT) with two different propellant species (argon and
hydrogen) has been conducted. In this operating condition (mdot = 0.7 g/s, J;;= 3.4 kA), the hydrogen MPDT (13.7 N,
Isp = 2039 sec, = 28.3 %, 108 kW) is superior in the thrust performance to Argon MPDT (3.62N, 494 sec, 10.7 %, 24
kW). Because the hydrogen MPDT has large gas-dynamic thrust due to light atomic weight. Additionally, the distribution

and quantity of the electric conductivity show the major difference between Ar and H due to the real gas effect (difference

of ionization energy).
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Abstract

Japan Aerospace Exploration Agency has been investigating scramjet engines in Kakuda Space Center using

RamlJet Engine Test Facility (RJTF) et al since National Aerospace Laboratory. The engine performance tested at

the flight condition of Mach 6 showed very important characteristics depending on internal geometry. In this report

the authors propose a better engine geometry based on the aerodynamic effect of strut equipped in the engine.
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Numerical Verification of Tests of the Combined Cycle Engine in Mach 4 Flight Condition
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Abstract

A combined-cycle engine model constructed based on the rocket and ramjet technology was

numerically simulated to understand flow phenomena and reproduce test data obtained by using

ramjet engine test facility under the Mach 4 flight condition. It was found that CFD results

showed good agreements with experimental data and larger subsonic region appeared with larger

fuel injection from the second injectors.
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Conceptual Study of Ablative Thermal Protection System toward Sample Return Mission by Aero Fly-By on Mars
Toshiyuki Suzuki and Kazuhisa Fujita (JAXA)

Key Words : Abtator, Thermal Protection System, Sample Return

Abstract
Conceptual study of ablation thermal protection system toward sample return mission by aero fly-by on Mars are made

preliminary. Thermal protection system material considered in this study consists of a light weight ablator, a felt insulator,

and CFRP/Al 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. 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 23% for thermal protection system.
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Design of Aeroshell with a High Ballistic Coefficient for Mars Aero-Flyby

Hiroki Takayanagi and Kazuhisa Fujita (JAXA)

Key Words: Aerocapture, Mars sample return, High ballistic coefficient, High enthalpy flow,

Abstract

Feasibility assessment of a Martian aero-flyby sample return system for JAXA’s future Martian
exploration has been conducted. In the mission scenario, the vehicle enters the Martian
atmosphere, collects the Martian dust and atmosphere during the atmospheric flight, exits the
Martian atmosphere, and is inserted into a parking orbit from which the return system is departed
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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Reinvestigation and new method on gradient computation in MUSCL approach
Eiji Shima (JAXA)

Key Words : FVM, CFD, Compressible Flow

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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Numerical Simulation of Incompressible Flow Using Building-Cube Method and Immersed Boundary Method
Ryotaro Sakai, Shun Takahashi, Kazuhiro Nakahashi (Tohoku University)
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Abstract

CFD using Cartesian mesh has several advantages such as easy mesh generation and simple solution algorithm. Building-Cube

Method (BCM) was proposed to utilize these advantages employing a block-structured approach. In this paper, Immersed

Boundary Method is introduced into a BCM-based incompressible flow solver to improve the wall boundary of the Cartesian

mesh. The effectiveness of the immersed boundary method combined with the BCM is discussed by several test cases.
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RANS Simulation around Airfoils using Building-Cube Method
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Abstract
In this paper, high Reynolds number viscous flows around airfoils are simulated by solving the
Reynolds-Averaged Navier-Stokes equations (RANS) on a block-structured Cartesian mesh, named Building-Cube
Method (BCM). The Cartesian mesh allows easy and quick mesh generation and modification for airfoils. This

approach will become important expecting the near-future high-performance computers. The main objective of this

study is to develop a practical simulation method for the flow around airfoils. RANS simulation using BCM with

Spalart-Allmaras turbulence model is developed for accurate prediction of the high Reynolds number flow around

airfoils.
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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 time-derivative term,

and B) control of numerical dissipation, respectively. There have been many methods of A) and B) proposed individually,

but it is unclear which combination is most effective and accurate in low speed flows. We carried out a comparative study

of well-known or recently-developed preconditioned implicit schemes coupled with low-dissipation Euler fluxes in the

framework of steady flows. Finally, the best combination of those methods is determined for low speeds.
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Shock wave analysis by non-conservative FEM formulation

Keiji Manabe and Masatomi Nishio (Fukuyama university)

Key Words : FEM, Shock wave, Hypersonic Flow

Abstract
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 Burgers equation is properly solved by using upwind

scheme of Finite differential method, and the same result can be obtained by FEM formulation. Second, compressible

Navier-Stokes equations are changed to the form of non-conservative term plus artificial viscosity term. This type of

equations are analyzed by Streamline Upwind Petrov-Galerkin (SUPG) FEM. The shock wave can be simulated by this

method, under the condition of Mach 10.
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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 Computation of Flow around Helicopter Body by Unstructured Grid CFD Solver

Oki Takayama, Daisuke Sasaki, Kazuhiro Nakahashi (Tohoku Univ.), Yasutada Tanabe, Shigeru Saito (JAXA)
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Abstract
In this research, unstructured grid solver is applied to estimate flow around a helicopter body. Since the numerical scheme for a
helicopter needs to cover wide speed range, SLAU (Simple Low-dissipative AUSM) is introduced to the unstructured solver.
The solver is applied to a 3D cylinder and the ROBIN configuration to compare the results with the existing scheme of HLLEW
and the experimental data. The results show that SLAU scheme can reduce numerical errors and can obtain better results at low

speed regime. Therefore, unstructured grid solver with SLAU is a promising method for computations around complicated

helicopter geometry.
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Numerical Analysis for Oscillating Blade Row in Multi Blade Row Configuration with 3D Unsteady N-S CFD Code
Mizuho Aotsuka, Naoki Tsuchiya and Dai Kato (IHI)
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Abstract
Recently, the demand of making a higher load and more efficient jet engine has strengthened further. In the design of fan
and compressor blades, flutter prediction is a critical factor. Numerical simulation was performed in a stage configuration
with a blade and a stator for transonic stall flutter of a research model fan using 3D unsteady N-S CFD code. The result
was compared with that of a single blade configuration. As a result, the basic unsteady aerodynamic characteristic was

unchanged, but some influence of the stator on the acrodynamic characteristic was observed on the blade suction surface.
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Feasibility study on applying HA8000 for solving aerodynamic characteristic of NACAO0012 airfoil using UPACS
Asei Tezuka (Waseda Univ.)
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Abstract
Micro-Air Vehicle (MAV), whose entire size is several centimeters square, is currently of high interest for the electronic

equipments installed in the MAV are so miniaturized that it is possible to fabricate a flight vehicle of several dozen grams.

Computational Fluid Dynamics is considered as a powerful tool for estimating the acrodynamic characteristics of the

airfoil at such low Reynolds numbers. Authors have been solving the aerodynamic characteristics of airfoils in the

Reynolds number region below 100,000 using Marker-And-Cell (MAC) method. There are several numerical schemes for

solving Navier-Stokes equations, and the numerical results were affected by the characteristics of the schemes. For the

purpose of surveying the influence of the schemes on the numerical results, UPACS solver was applied to the HA8000

system, and the results are compared with the numerical results calculated by MAC method. This paper demonstrates the

trial computation results of the flow around a NACAO0012 airfoil section.
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Aerodynamic Optimization of Nacelle Shape and Position for an Over-the-Wing-Nacelle-Mount Configuration

Ryota Yoneta, Daisuke Sasaki and Kazuhiro Nakahashi (Tohoku University)
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Abstract

With the growth in aircraft traffic, there is a strong demand to reduce the airport noise. An Over-the-Wing configuration is

one of the approaches to reduce the noise because the wing can block the propagation toward ground caused by fan and

jet noises. However, when the engine nacelles are installed over the wing, the aerodynamic performance tends to drop

significantly due to the interference effect. The purpose of this study is to optimize the nacelle shape and position of an

Over-the-Wing configuration to improve aerodynamic performance by making use of numerical techniques of CFD and

optimization methods.
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On the Flow Fields around a Concave Body in Supersonic Flows
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Abstract
The supersonic parachute is used for aerodynamic deceleration in the cases of the atmospheric entry, etc. Its aecrodynamic

characteristics, however, have not been made clear. The purpose of this study is to investigate the elemental phenomena on a

rectangular concave body in supersonic flows by means of numerical simulations. Using the high-resolutional WENO scheme,

some characteristics of the supersonic flow fields have been captured: 1) in the cases of almost stationary flows, vortices are

shed from the bent portions of a detached shock wave; 2) in the cases of transient flows, vortices are shed from the center

portions of a detached shock wave by their interference with pressure waves generated by the interaction of vortices at the edge

of the body.
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Numerical Simulation of Retainer Behavior for Ball Bearing used in Reaction Wheel on Orbit

Kazuaki Maniwa, Takashi Nogi and Shingo Obara (Japan Aerospace Exploration Agency)

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. The frictional torque and the retainer

motion 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 operated in horizontal shaft attitude on the ground.

1. [ZL®IZ

ANTHEOERBHEHAKIR CTHD VT 7 > a vk
A =V TUE, B Z SR 5 72 9 IZFig 1SR 77
s EZMER SN THED. ZoRA —0 il
1%, 0~= 6000 rpm i T O AEENIZ 50 THER
D TRVEEE MV EHEEL (s 235843 5 1R E))
BRPERNBSREND. ZOX I R LWER AR S
H D70, R ISR O RLEB S (U
T—=F AL RAZEY T 4 —, LUTFRD BFEAELRN
oz, REETECHEZEYICRET D MLEN
»H5b.

INECS X, S O BVEERATIC X 0 B MR
FHENCH 2 DR BETRTEY, BENEE (0G6)
X0 HFig2 (b) (Tl (1 G) TKFEEOEGE
DOFNRITFHE LT VW L AR LTNAE?, L,
AN S O TV TITRFFRR A (PRFFRR H0E i
RN, AR E) OHBIIZE S TRE LT,
B2 NE O HEDEEICOWTIT#ER STV,
) Cd HHIE F ISR DR O k8 & 1
I THIF 2 72121, PRFrES AR O MR % & &
L@ty S 2 L —32a U EITOMERDL S,

Outer race

20 N N
(a) Photograph

Retainer Inner race

(b) Model
Fig.1 Ball bearing

09 HBAEIRGHEHRES MEF

Z ORI T, PREFEREEARETIC IS B i & &
S 25 Loz eifits I 21— 3
YETFADE T, SRR X ) LR
DREL P~z

2. YIal—v g UHE

ARG TITERO L I 2 L— 3 > HEDE
7. bbb, Nighlls, SEEEE L, £EREE
FRO6H M E OES) R A AR 1C K0 Rz
E &AW L OE LA RO R o 111%, Hertzd =
WCEVEELEZ F2, Mo Ty ay, b
DOIPIA B E LTz, REFEREEALEIZ OV Tl
EREMSOEEBLEET L7012, LLTORAT
WBETVEE LT,

frE w=w, +w, (0
@j%‘gjj : f:ff+fa (2)

Tbb, REFREMIIC T D EwE, HEIC X
% 3FE T wp b M S SR SR w, D & LTz, BRI
DOWTHRERIZ, HIEOREE AW & 2 B L
S GRS OBEEL, O L Lz,

MR & 2 3CFE0, WA B O T H

i

(a) Vertical shaft (b) Horizontal shaft
Fig.2 Bearing attitudes in 1 G (on the ground)

— 255 —

BEES I 2L -2 3 U EMfY 2RI L2009



LA N ZGBRAEBEMICiREE, R HuE
M, PRFFER EOBREAIIZ OV TUTIZRT L9
7R faf B & MV SR O BR A R TITUAA R 72
(ESSE R IRL I

3 —
%:nMﬁl%ﬁQMHmiyﬁK,mm<h hy
4h0™ (hy + I tan o )

(3)

il Y0570~y
f 4hg.74hi1,26 (tan a)3

h,—h,
> tana>f

(4)
[(SEE V=

2R2R, fi=(n/n )" 'k (s)

w, =61
PV T 3+2R R,

Z 2T, gl OREEE, wlXBEAE DR 0 S,

hlI T & F, WIADMKES, I, aldFig3limd &
N, FNENLRFFZRD BB IR & Pl 5 E 5 OlE,
REROBE A TH L. REE/ EEAICIIT DR,
R, ZNENEL RS v N OERN Y F5 1A O FEAM LR,
HRAN 0 5l & BAST B M OEMERTHD. £z,
KIRFFR BRI O S EROFEE £XITHEHETH,
REFSREEM S0 R ZHW T T L SIcERESN
5.

K=1- exp{— 3(h, Jo )" } (6)

S BIT, PRFFERFE OM S SR SFF S 2 M Hw, i3,
AT p, 2 F5r L TR Tz,

P, =441x10°KE'(4 - h/o )™ (7)

T, KIFEH CTRE A HE e EE ik O 55 A 1
0.0003, {+588, OB E130.003TH 5. £77,
EXSEhEER CTh 5.

T D KEMEE AT K 2 BEERAIE, AW )

r=nu/h (8)

Outer race: !

Retainer
1

Fig.3 Geometric parameters in the retainer-outer race

contact

Table 1 Simulation conditions

Rotational speed of inner | 6000 [rpm]
race

Viscosity of oil 0.096 [Pas]
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Sound Transmission Analysis of Curved Plate Using the FDTD Method
Keiichi Murakami and Takashi Aoyama (JAXA)
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Abstract
This paper provides the results of a numerical analysis on sound transmission loss of a curved aluminum plate. The finite
difference time domain (FDTD) method is used in this study because it simultaneously solves both sound wave
propagation in fluid and elastic wave propagation in solid. The curved plate in Cartesian coordinate is modeled by steps

which is small enough for the wave length of incident sound wave. From the results of sound transmission calculations, it

can be seen that the transmitted waves from the curved plate are generated by lateral and bending waves in solid.
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Basic experiments on the acoustic transmission characteristics of compositive materials
Koichi Mori, Yoshiki Murahashi, Yoshiaki Nakamura (Nagoya University)
Takashi Takahashi, Keiichi Murakami, Atsushi Hashimoto, and Takeshi Aoyama
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Abstract

The acoustic transmission loss of composite materials is measured experimentally using a novel technique, so-called

anechoic-anechoic method. A preliminary experiment revealed that the acoustic transmission through the composite

materials depends on the direction of the laminated carbon fibers.
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Flapping sound characteristics under different flying modes
Yoshinobu Inada (JAXA), Masateru Maeda (Chiba University), Takashi Moriyama (Chiba University "),
Hikaru Aono (Michigan University), Hao Liu (Chiba University), and Takashi Aoyama (JAXA)
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Abstract
Flapping motion consists of combined motions of wing reciprocation and rotation, and thus generates complex flow field

and pressure variation around the wing. The flapping wing, therefore, is a sound source itself. This implies the reduction

of flapping sound is an important issue to realize practical flapping wing air vehicles. For this purpose, the authors

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 in this study, i.e. hovering and forward moving motion

of insect (Hawkmoth). Conspicuous similarities are found in both flying types, i.e. the dominance of fundamental sound

wave in front and the second or higher harmonic wave in side or bottom. Whereas, differences are found in the sound

directivity, i.e. intensive sound transmission downward or back-downward in hovering or forward flying, respectively.

These results provide us with insights on relationship between sound characteristics and flying modes.
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Large-Eddy Simulation of High-Subsonic Jet Noise Reduction with Microjet Injection

Shunji ENOMOTO, Kazuomi YAMAMOTO, Osamu NOZAKI (JAXA-ARD), Kenshi YAMASHITA(ASIRI)
Shinya KUSUDA, Yoshinori OOBA, Tsutomu OOSHI (IHI Corporation)
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Abstract
Large-Eddy Simulation of high subsonic jet with microjet injection was performed using UPACS-LES code developed in

JAXA-ARD. Far field noise level was also calculated using Kirchhoff method. The simulation shows the possibility of

noise prediction of jet with microjet injection. It also shows the detail of the flow and the mechanism of noise suppression

phenomena which is due to microjet injection.

1. [FC®IZ

MO FERBEERO—2iEo Yoy -
v MEETHY ., ZOEBILDTZDIZ, B—T7 IF
Pz Ta ) AMIREBSNDIRARET N
A AT PR S AVAZHERE T DHIGD . FHolr OMfiZer
WA EINA LDt/ >TEZ, LL, ZThb
DT A ALK OHE N R A IMSETLE D
ZENMETHY, ZoOUEAYHFTEOHRE L
T, TfF, v~AM7uavzy NEHIZE D V=2 v MR
BRI O IEAERNSNTITOILD X DIl >TE T,
P AV DAEF, FEDP TR Y = v M
MFT~vAr7uvzy NEERTHZETY oy b
BEEORBARA S ET5HDTHD, KHIREZIX
~A7uYxy MNEFEZEIETDHZ LIk HED~
DOEBIIER/NRICINZ D Z EMTE DL, 2L, ~
A7 aY ey MEREINCET AT NE TE
WA — VBT M L D EEEEBR TIThb T TE
V., FONRLHERENSOHD DD, BEEKHH
DA T = A BTIEMITIZ S 02 T, £ TR
HFETIE, ~A 7 vy y NEFZMHE BEHEY =
> N OLESIRHT 24T\ NG OFEM A2 B 5029 %
ZEEBEEELE,

Y x v ~ /A X%Large Eddy Simulation (LES) |Z
LoTTPRILEL D L4 5RAE. Z ZEERNI T
T THEY ., BHORRDSEM CERT — ¥ DL
DEVAEY = v MRICB L TiE, LESOBEHBI S %
SVLESIZE D VA ZXTFHHPAETH D Z LRI
TW5, ARIFFE CIXTAXAWFZEB S AL TR S vz

09 HMEREFHFFESR MEF

MY =~ N OLESH#MT TEAED & 5 UPACS-LES[1]
ERHONC, v~/ 78¥=y NEREZMES V= v M
kLY =y NOIEEEROFEZER L, 5EE
FEAM V2 IXLES O G5 AE S > B Kirchhoffik 2 V72 1
TSRS O R EIT o7,

2. AEXR

~A7nY ey NEREZMES V= v MEILOLES
fRAT BT OME D= OBIERT —2 & LT,
Castelain 5 [2]1Z & 2 SRS BR 2 Xt G2 U CRIR &2 1T
ST, W HDEERTIX, A ANVOFEFHIZI8A (20
MR O~A 7 8aYey NEF ) XV EFE LT
b, BV v NOIREITFEFEE EF LT vk
1X09TH D, v~ 7=y MEH ) Z)LOIEE 1
FEalI4sETH D, ~A47nP =y MEH ) XVE
BAIZE ) AVEREDD2%, ~A 7 a Y= v kO
MEIFISKAFH TEY =2 v FRED0.26%0 5 1.6%
BETH D, 77— A Castelain[2]I2 &b T~ A
sayxy MEEE8E VI I m0~m7 &
sz e Lz, mOld~A 7Y~y FEL, ml
~m7it. —AHY ORE(FEY = v MREICKT
LHEYRENFEN 1.96, 3.36, 4.39, 5.55, 6.68, 8.86,
(x10-4)TH 5,

3. LESE#TFi&

~vA vy MEFNEZMES V= MEILOLES
#TH2 LT, ~AM7udzy b EVy hDORFT
—IVZRERENRD D Z ERFREICRD, v~ 78
Yz MNEH ) ANVOEE 0 ) ZVELRDNRE
Z)VEZADD2% TLMN W, ~f7ad=zy b

BEES I 2L -2 3 U EMfY 2RI L2009

— 303 —



(a) FZBR(Castelain)
08 04 02 0 02 04 o8
002 004 006 008 01 012 044 018

microjets rm0 XD =1.0 Grid: full

Grid: base3

() 60EEY ¥ —
0.6 -cl_z L‘.I.? ZB C.IE 0.4 0.6

ux' I T

1. HEEEE(W/Uj)/3AH, x/D=1, rm0

WMk EY =y MEBRICEHRE T D121, 2R E
e RS, v~/ /vy FREYVy MK
T RO EERYBBIR A% L CEik L L3R
EATOMERD D, V= v FOFWEO LI
T HERICIE, BWE A S oRREEDNMC, OF
Yy hOBEREANGLIL, @vA 7Yy FOEL
n.@vwA47uvxcy NZEBEY =y NOER,
REREZOLND, URIOHELY., Q& syl
BTV =y FOLESOERBNZED S LT
HERZEDNDIr-oTWNS, QOHRLEZOND
N, TV bOTIEENS AT HEN T RLF
— R THJITNESNWZ ENTREND 2D, <
A7 8vYxy MEFHIH L CIEICENEZ 5 2 20
ZEbll, @DHPITIRENVEBZOLNDN, E
Vrxy FEERISELEDICIE. EV =y MTHL
THE R RALDOEHREZHEA L5 2 T
TERL, 478 Y=y hOEMR IR 2 RS
HLBTMNEEZ DD, TOD, WiE L iE
EHDEDLEDIC, v~f 7 vy NES DO
EEBREOGDEDZLE L, TNITHT DTS
W/ NRIZE O T2,

012 014 0.16

Grrid: full

microjet: rm3 Grid: based
07|
[ o
05

04 =
>

03

0z

01

b s8i0

06

60 77 4 —

1
0.2 04 [+1:4

]
z

ux' E—— T

X 2. #EAHEW /U)o, x/D=1, rm3

EHFBREOHREEZIT ) EDIE Y2y V2EE
x/D<BOREDHFAE THAET L2 LN EE END,
L L b#ik3 2 X510, RFEFHEITHWEE
BITE2ELIDE25T, MALGOFEMEREER#
DT ENHEETH 72720, B, 60EFICIRE L.
WAL A 6 x/D<3FE TOHPH THID W2 v
60t 7 X EHEEIT o1,

EREFE, 60EL I ZHE, TNENOKT K
1227 7M. 1LOMETH D, / AV OALEIZET
DGV A RFE ) ANVEZELE LT, 2RI
Ar, Ar®, Ax7313.9¢-3, 7.7¢-3~26.9¢-3, 13.3¢-3T. 60/
Y7 ZHEITENTEN4.8¢e-3, 4.8¢-3,5.0e-3TH D, %
I-~A47uvv=oy MR OK T REE. ThEh
2x2,4x4 TH 5,

4. 2RFELHER

K 1Emo(~v4 7 ay=y MEL) K 2 iErm3 Dk
O, FEAVIZHEE 7R 7 [0 O PV ST 1) (x I7 1) )ik BE ELALRK
7 wWOXD=1TOLHAERLTWNWS, EVxy hDJ
OV O FDLEIZ BT 2 E U ROk
LT3, (D& L Li=Castelein® B TlE, <A
smaYxy NEFIC XD SETEAERICERE L, &

— 304 —



Along microjet
gnd: full

rmQ
rmi

3. FTr¥—nZ (28F)
microjats fmo Theta = 0 Grid base3 Mach

] 05 i 5 7] 25 K]
D
5. vy Bt (60EE 2 &)

e LTIEEEEREL o TWAER TR b5,
—HO)D A FHE TIX(a) & R TEED L UL A K
L, BHLTWAEEL AN, Iy FD
LES CI3A& TR EE N AR T 2 & 2B A% K FHl &
NAEMIZHDZ ENMOLNTREY, 202 &K
REEXOND, LML EEMIZIE~A 72
Tx oy MNEFHIZ X o THEEAEIRICARVEL 25
BFI3EnTns,

K3dvsfr7uayoy MiEEZESSL TV o2 L
XD, vAr/uvoy b EYVy MNliEEREN
T, Ex/DEICHFT R VT —DRKEEZRD T v >
FL7bDTHD, ~A 7Py MEFIZIY —
Ax/D=1f1L TIFENDB K EL o TWDHDIZH L,
x/D>L.5 TIEELN A RIS LT . 2o F il
OV RIEDX/D=9F Tt L T\ 5, v~ 71y
= v MNEFMEEE IR EZFFODOIZ, 2D L9
THER TOANEMZ D2 Z ENHEREEZLND,
¥ 4 1ZKirchhoffi% % N TLESHE B2 B (/) X
VAP HAD)DEEF LSV EHE LT DO TH S,
~ A7 uYxy MEHIZ LY 1~2dBO RSB

90°

o]

EFLAIL(AB)
B4. mAGRSL~L (&)
microjats rmo Theta =0 Grid: basaa

TKE

] 05 i 5 7] 75 K]
xD

6. Ltz X—55M (60FEE 7 )

Along microjet
grid: base3
{ rmo

. =i (M3
a%;% N C ms

0.06

0.04f

0.03H

TKE

0.02

0.01f

PR R T RIS
OU 1 2 3

B 7. ET R X =D (60t 7 #)

DRENTERY, ERFERE L TS~
EEZHND,

5. 60tV 25E
ERHBERIEEER AR+ ThoTolzd, 60E L
JAICBRELCHRTEELY EIFRitEE2iTo7m 8 2
A 1, B2DIARTEIICHEEORE S HEL

— 305 —



microjet: rm3 microjets rm3 X/D = 0.05 microjet: rm0
el o 07 0.7
o5 39 08
05 b sk 05
04 o 0.4
> > .
03 I 03
E 0.2
microjet: rm3 microjet: rm3 microjet: rmo XD =0.2
Nl Ll [ =
LT [T =
os 05
04 0. 04
> > >
. o: i
oz - 0z
microjet: rm3 microjet: rm0 X/D=1.0
r 0. 07
05 05 0s
osk 05 05
04 = 04 0.4
> > >
o3 03 0.3
- 02 0.2
L 0 [']
E . | L | L L e 1 L L L | 1 I 1 I
0 0.2 0.4 ? & 0.4 0.2 0 0. 0
z z z
N 2 I
Mach  EEEEEENNI m TKE i TKE . | -

X 8. = wv /¥ (rm3)
PBRE L EBRERIC L — &K L7z, xD=3WE THE
B & DOEITIEFICR L, 607 ¥ —3HEIZE -
T/ ANV OEF COERDFEELHm T D 2 &1
RWMLEZLND,

5., K6ixENEi~ v oA L il kL
F—AEm0 Em3 TR b D TH D, v 7/ 1
TV MERICK D EEAEL e b ELRTRE
INEL o TV BEEF b5, K 7I1XK 3 &R
IZELE = RV X —Ox b Z R L TR, R0
~Ar7aYoy NEFHT X D —RERREL OB &
ZDHBOBLBBENTND,

X 8. X 9%, x/DAEINZ40.05,0.2, 1.OOWHE D
m3 DG D~ v N & ELR T RV X — A T
b5, FEH0FEmMOD L= R VX —034 Th 5,
X8 %% & xD=005TlE~A 27 a¥=y bHKIZX
BWREZ R > TWA DI L, x/D=02TiE~A 7
DYy MOAREIAENSEZTV = v FOESITTe L
ATIENEL 2o TEB Y, SiWEITEdE LTIk
RV, B OmEBENIEN > TWS, DFEY, w47
gy PAERBRREZENDZEEWVWI DD,
~vAravoy MOBXAENTIREDOTRKN EY
Ty MIREZENDZEN, A7V =2y D
FERRELEEZXDZENTED, K9 DOxD=02% K.
LivwA4r7mTey NRRZIAATENE EZ ORI
TR0 AR TEAFAZ RN X =N RKREL Lo TEY,
~AruV oy FREIAKR L BIHTE OEI OREE,
LR N =N RKREL R TWVBETRDND,

9. ELE=xr/LF— (rm3)

X10. ELE=RAF— (rm0)
— 77 x/D=L0TIFHITITELIL T R/LF =D K E WE
53 W A R B, 100 HE A~ THRLIRE = R /L % —
DIEPRL 7> TN D,

6. HHYIC

7 ZEBEIC L DMNIGOMITICEY . ~1( 71
Ty MEFHIT L DELR T RLF — DD ZFHER T
R ZENTE, EREEFALREI~ DR & 2 HEHR
MATREIC e o7z B Z bivd, LorL, K0 EER
RERE IR E ORI, Ttk FRE LR o7
BFFRIC L VBERCIESHEE TN TE L Z
EPBETHY, AHBROBEL Luy,

E 2

AWFZEIE. (W) ] K A Ok T2EIRFF MBI & 0
A % 320 TAT O (B S A 7 A IRBULEG = D ZRE
ZEY . FE0FEIAT TV AT LB FE [~
A7 aY =y MEFHENICE D V= v MRS RIS
BT 274—YEUT 4 RAET 4] I2LDHDTT,
SE 3

[1] ARG, i, [LESICKZS2MEY = v DL
TR A B E ORAE T HE20[BUR T A 152 > &
T L CHE, 2006.12.

[2] T. Castelain, M. Sunyach, D. Juve, J.C. Bera,”
Jet-Noise Reduction by Impinging Microjets: An
Acoustic Investigation Testing Microjet Parameters,”
ATAA Journal Vol.46, No.5, (2008)

— 306 —



2C7 NACAO001280 9 # & UE ) 53 /ET 5 1imOLESH#T

OANKRS (FHMZEITIERHTERAS) | THF GEKT AT LX)

MUIRE, BEARR,

WA —R (FHE 2T 72 B e 1A% )

Large Eddy Simulation of Vortices from a Blunt tip NACA0012 Airfoil
Taro Imamura (JAXA/APG), Tohru Hirai (Ryoyu Systems)
Yuzuru Yokokawa, Shunji Enomoto and Kazuomi Yamamoto (JAXA/APG)

Key Words : CFD, LES, Vortex, Aerodynamic Acoustics

Abstract

Three-dimensional unsteady flow around NACAO0012 wingtip is simulated numerically to investigate the cause of

flap-edge noise generation. The vortical flow structures around the NACA0012 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.
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TR B2 D44 T (Grid A) , -2 BIXBRIROFET
LA P 1 22— NICE Y RIERHE UL & RIS
W2 I L 728934005 S B 72 581 (Grid B) T
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Cs | Grid | Sub-itr | overap |  dt* Steps T
Case 1| LES 0.1 A 3 2 1.75e-5| 100000 | 1.75
Case 2 | LES 0.1 A 5 2 1.75e-5| 100000 | 1.75
Case3 | LES | 0.2 A 5 2 | 1.31e5| 120000 | 1.58
Cased | LES | 0.1 A 5 8 |1.31e5| 120000 | 1.58
Case5 | LES 02 B 3 2 1.31e-5| 151154 | 1.98
Case 6 | RANS A - 2
Case 7 | RANS B 2

#Time is non-dimensionalized using free stream velocity and chord
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Examination of Methodology for Evaluating Ground Effect of Static-Firing Tests on Rocket Motors
Kota Fukuda, Seiji Tsutsumi, Kyoichi Ui, Tatsuya Ishii, Ryoji Takaki and Kozo Fujii (JAXA)

Key Words: Rocket motor, Acoustic measurement, Ground effect

Abstract

The effectiveness of existing acoustic impedance models for evaluation of sound reflection over hard surfaces is examined by

comparing with some experimental results. Through the comparison, it is confirmed that the existing models are unsatisfactory

for the evaluation of long distance propagation over hard surfaces. In this study, a new acoustic impedance model is proposed.

The comparison with the acoustic measurement data indicates that the new model is effective for both of near and far field

propagation. The proposed model is applied to acoustic data measured in static-firing tests of a solid rocket motor, assuming

distributed acoustic sources along the exhaust jet axis.
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Table 1 Test condition of reference experimental data®”
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Isei” 0.57 | 0.57 | 20.0 | Asphalt
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2D1 JAXA Supercomputer System(JSS) DAY & FF{#

OREHIEAT, mAZEIR, EH — (FUMIZEIrTEPH )

Configuration and features of JAXA Supercomputer (JSS)
Naoyuki Fujita, Ryoji Takaki and Yuichi Matsuo(JAXA)

Key Words : High Performance Computing, Center System, Distributed Environment, Multi-core, Programming model

Abstract
JSS is JAXA's newly installed supercomputer system, which consists of three parts. Compute engines part has totally

141TFLOPS computing power, storage part has about 11PB storage space, and integrating distributed environment part

realizes integrated 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, distributed user environment, and energy saving approach, are discussed.
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Tbl.1 JAXA'’s Parallel applications
Code Application Numerical Method
field
P1 Combustion FDM+Chemistry
P2 Aeronautics FVM(Structured)
P3 Turbulence FDM+FFT
P4 Space Plasma PIC
P5 Aeronautics FVM(unstructured)
P6 Linpack (High Performance Linpack)

Tbl.2 Result of parallel execution performance

Execution on single node Execution on multi node
Exec # of grids # of grids #of Efficiency
X . #of . N B
time (# of floating Exec time (# of floating | cores
Code . cores .
[s] point [s] point
operations) 3 operations)
al a2 : bl b2 b3 e
Pl 131.0 1,728,000 4 143.3 | 1,285,632,000 | 2,976 0914
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 3566.4 (1.3361*10™) 4 218376.38 | (2.4101*10") | 12,032 0.979
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BWFHEP X 7A), KEEH— AT ) Eij2 87
BERFE(A X T L), NI MHETV X T AL

ZARIRTEBIIE 2 D BB OF AR & AR EN
LTWa,
Tb1l. 3 Compute Engine Classification
System name M-System P-System A-System V-System
Processor type Scalar Scalar Scalar Vector I
Processor-memory L L
connection type Distributed Distributed Shared Shard
Usage Unclassified Classified Unclassified Unclassified
# 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 1.2 4.8
Total main memory | 94TB 6TB 1TB 3TB
Memory per node 32GB 16GB 1TB 1TB
Brand Fujitsu FX1 Fujitsu FX1 }S:Léi]i\:lsg"ooo NEC SX-9

Bold Cell: Specialty of each system
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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
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Development of high-end technical computing server FX1
Ken Seki (Fujitsu)

Key Words : Numerical Analysis, CFD

Abstract
In HPC, increasing the number of cores has become the main method of performance up rather than the frequency up.
One of the major issues in this multicore approach is how to make full use of this multicore CPU capability with less user
work. On the other hand, the technology of parallelization is going to reach the tens of thousands process and how to get a
better scalability. In order to resolve these two major issues, Fujitsu has developed FX1 multicore based massively
parallel compute node which consists of single socket nodes with the new technology Integrated Multicore Parallel
ArChiTecture (IMPACT) and high speed network between nodes with the intelligent switch. The IMPACT consists of the
combination of hardware barrier, shared L2 cache, increased memory bandwidth and the associated complier. This makes
multicore easy to use as a virtual single CPU more scalable. Intelligent switch which is integrated into the interconnect
network, performs MPI collective operations such as synchronization and reduction by hardware. It also provides the

function of broadcasting tick packets, which minimizes OS jitter. We measured the performance of micro-benchmarks

and proved the effectiveness of these architectures.
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Effective use of JSS V system.
Nanaumi Nagamine (NEC Corporation)

Key Words : Numerical Analysis, CFD

Abstract
An SX-9 system has been installed as JSS V system to make good use of the program property written for 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.
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DO J=1,100
DO I=1,N
X(D=X(1)+A(LK)*B(K,J)
END DO
END DO
L s —7or7ra—y o
DO J=1,99,2
DO I=1,N
X(D=X(D+ALK)*B(K,J) &
+A(LK)*B(K,J+1)
END DO
END DO
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DO I=1,NMAX
ICDIR ON_ADB(W)
DO J=1,NMAX
WD(I)=WD(I) + GD({J,I) * W(J)
ENDDO
ENDDO
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DO 6011 =1, NN
ICDIR ON_ADB(NU)
DO 4011 =1,NN
MU = .... BUT) * A(L(I))
IF (MU.GT.SC) NU(I) = MU

40 CONTINUE
ICDIR ON_ADB(NU)
DO 5011 = 1, KK
MU = NU(I) * S
50  CONTINUE

60 CONTINUE
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Preliminary Performance Assesment of JAXA Supercomputer System (JSS)
Ryoji Takaki, Naoyuki Fujita and Yuichi Matsuo (JAXA)

Key Words : CFD, High Performance Computing, Parallelization

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 new 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.
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Numerical Simulation of Liquid Fuel Primary Breakup
Junji Shinjo, Shingo Matsuyama, Yasuhiro Mizobuchi, Satoru Ogawa (JAXA) Akira Umemura (Nagoya Univ.)

Key Words : Multi-phase Flow, Jet, DNS

Abstract
This study presents DNS results of liquid fuel jet primary breakup process focusing on ligament and droplet generation
mechanism. To resolve the smallest droplet scale for several flow conditions, large numerical grid systems are used. The
results indicate the present numerical setting has the capability to capture the smallest scale of ligament and droplet
generation. The supercomputer used is JAXA’s new JSS1 Fujitsu FX1 cluster. The scalable performance of JSSI is also

discussed.
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Formation of LES of cabin air flow using immersed boundary method
Hidefumi Saito (Shimadzu Corp.) , Takeo Kajishima (Osaka Univ.)
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Abstract
We construct a model of air flow in an aircraft cabin. This model consists of LES based on Smagorinsky model
and is using immersed boundary method for the inner boundaries such as cabin interiors and passengers. In
this model, we use Boussinesq approximation for buoyancy-driven flow to couple the flow field and thermal
field. And Oxygen concentration distribution is also calculated. It is clear that this model can simulate the
conditions of air in the cabin.
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Stochastic determinism for simulating the Transition point
Ken Naitoh (Waseda University)
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Abstract

We proposed the method called “stochastic determinism”, based on the deterministic Navier-Stokes equation and stochastic

artificial disturbances, in order to simulate directly the transition point from laminar flow to turbulence. (Naitoh et al., 2007,

2008) Here, we clarify the reason why the approach works well. Stochastic determinism scale, which is smaller than the

averaging scale for continuum mechanics, brings us the weak indeterminacy of physical quantities such as velocity and pressure.

However, the stochastic determinism approach based on the indeterminacy makes it possible to capture the transition point in

space, as the quantum mechanics is with indeterminacy principle.
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An improvement of WCNS for LES of supersonic turbulent boundary layer flows
Yutaka Matsukawa (Hosei University)

Key Words : Boundary Layer, Supersonic Flow, LES

Abstract

Weighted Compact Nonlinear Scheme (WCNS) has been improved by utilizing Jameson’s shock sensor to

switch a weighting procedure in variable interpolation. The improved scheme was validated to perform a

large eddy simulation of the supersonic turbulent flow over a rough-wall plate. The result shows that the

spatial resolution for turbulent eddy structure is improved without reducing its capturing ability for shock

waves.
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Large Eddy Simulation

A
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Large Eddy Simulation of LOx/GH, Coaxial Jet Flame Under Supercritical Pressure
Shingo Matsuyama, Junji Shinjo, Satoru Ogawa and Yasuhiro Mizobuchi (JAXA)

Key Words : Propulsion, LES

Abstract

The aim of the present work is to validate the accuracy of a large eddy simulation with laminar flamelet model, against

liquid oxygen (LOx) and gaseous hydrogen (GH,) coaxial jet flame under supercritical pressure. In order to validate the

developed LES combustion code, numerical simulation is conducted for the supercritical LOx/GH, combustion

experiment by the P8 combustor at the DLR. The result of simulation is compared with the available experimental data,

and the accuracy of the present LES combustion code is discussed.
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Numerical Study of CAMUI-type Hybrid Rocket Combustor
Kouichi Kishida, Yudai Kaneko, Nobuyuki Oshima and Harunori Nagata
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CAMUI (Cascaded Multistage Impinging-jet) type hybrid rocket has been developed in Hokkaido University. The

3-dimensional shape of combustion chamber of hybrid rocket changes considerably during the operation because it is

constructed of solid fuel itself. The shape of combustion chamber is related with the performance of the rocket directly, so

it is important to understand the relationship between flow and shape. To clarify this issue, numerical simulations were

conducted using three different 3D shapes. These shapes were measured from partially burned fuel blocks by the

non-contact measuring system. These blocks were obtained by the combustion test where the blocks were taken out

before they completely burn out.
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Fig. 1.1 Schematic diagram of two type of hybrid rocket
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Fig. 4.1 Stream line in the combustion chamber after

1.450sec from the ignition.

(a) Unburned block (b) 1.450s after ignition (c) 2.530s after ignition

Fig. 4.2 Stream line in the three different blocks
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