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In this fiscal year, we conducted practical evaluation and social implementation of an Al-assisted multi-objective
optimization framework, practical application of the optimization framework for social implementation, applications
of multi-objective optimization analysis, and improvement of mathematical models for design and aerodynamic
performance space. We demonstrated the practicality of the Al-supported multi-objective optimization framework
developed in this study by conducting three-objective aerodynamic optimization based on the proportional
characteristics of production vehicles' body and three-objective vehicle shape optimization with the aim of improving
aerodynamics, design preferences, and visibility/comfort. Also, we developed and implemented a web-based
optimization platform as part of efforts toward social implementation. We developed a neural network to directly
predict and evaluate the impression from vehicle body shape characteristics, as well as an Al-based reduced order
model to predict the flow around a new vehicle body with different vehicle body shape parameters. These

advancements further refined the mathematical model of the design and aerodynamic performance space. All



simulations in this study were performed on the supercomputer "Fugaku", except for the social implementation theme

shown in (b)-2.
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Figure 2.2.1-1 Parametric shape change given by one of the design variables.
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Figure 2.2.1-2 Framework of Al supported multi objective optimization for vehicle aerodynamics considering

the aesthetic design space.
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Figure 2.2.1-3 Scatter matrix of the objective functions and examples of Pareto solutions, obtained by

aerodynamic 3-objective optimization.
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Figure 2.2.1-5 Scatter matrix of objective functions of the solutions obtained by 3-objective vehicle shape

optimization.

(b)-2 HEREICHIT-Z#ELT L—LT—U DERIL

A FEITET 72 Al B BREOEL 7 L — 2 T — 27 OFERULIZOVWTIE, ar Y —3 T AREDE
TEAHY L, M RFEEEL T L —A Y — 7 2% LT, Figure2.2.1-7 IR T YD 7 =2 7 _X—Z T
VAT KMIBE SN TN D, HIEKBIR CAD 7 —% O A LR i b &+ Dy A i L TR L, £
BRI D/NT A= AJ1T 52 & Tk Y b e5—7 0077 RRHBTIYD EBD
CUBE Z# #1795, VA7 AL AWS TOFETZMERE L TRV, 5%, [EHE ICLBET LI TETH D,



1. Select a workspace :

2. Set conditions for
aerodynamics simulation

3. Set conditions for
multi-objective optimization

Morphing
V o

simulation

5. Output (Download files and visualization) 4. Run the optimization framework

Figure 2.2.1-7 The developed web-based optimization platform.
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Figure 2.2.1-8 Prediction accuracy validation using the Leave-One-Out cross-validation for a machine learning
model for evaluating the exterior impression from vehicle’s body shape characteristics (left) and predicted

impression of the vehicles not included in the survey (right).
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Figure 2.2.1-9 Reconstruction results of flow velocity and vorticity (Upper: Simulation results as reference,

Middle: Experiment 1 (trained with 6 shapes), Lower: Experiment 2 (trained with 2 shapes)).
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For the development of models based on data science and methods for risk coexistence, impact estimation for
actual urban areas buildings under natural disturbances was conducted based on ensemble evaluation and reduced
order models. Furthermore, in order to develop the model for disaster prevention design for actual urban areas and
buildings under natural disturbances, the validity of inflow conditions for the practical model of wind-resistant
design was examined, and then the application method of the model for anti-flood design was studied and the
application method for vibration control design of structures was examined. As a result, aerodynamically unstable
vibration phenomena of buildings were reproduced, and issues in applying the rainfall model and two-phase flow
analysis to real urban areas were clarified.

Furthermore, for the environmental physical phenomena in urban areas, a coupled analysis method of turbulent
and radiative fields considering meteorological disturbances was used to improve the evaluation of heat risk
indices, and the ventilation process in the transformed urban area of the Shibuya district was clarified based on the

breathability of urban area. All simulations in this study were performed on the supercomputer "Fugaku."
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Figure 2.2.2-1 Framework of the hybrid meteorological/engineering LES method
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Table 2.2.2-1 Calculation conditions for the regeneration of high-wavenumber
components of the meteorological field

9.5 km (N-S) X 7 km (E-W) X 2.7 km

Vertical range: 102 m - 2858 m

Calculation domain

Horizontal resolution 25 m

_ _ _ ) 4%—order central difference scheme (velocity)
Spatial discretization '
2"-order central difference scheme (temperature)

Time integration 2"-order Adams—Bashforth scheme
Duration for analysis 14 min (starting 2 min before the LES simulation)
Time step 0.02 s

B HUR D DT AR X0 R b7 KEGHEELEE 2 BB L i AZ B EIC LS < BREES R T
% RGE S OREERHEICBIT 2 7 v T AT 21T o 72, Figure 2.2.2-2 ([T T v T — ATk
OSEIRGH - ELITIREE - SEE RN OSRE T 7 7 7 A VR,

X CDISEHRGRIZ DWW TR RS, 727 A7 — A T B R Dt RO R AR S 5
7o, Ha BRBROT B 7 7 A VBRIEL TODR, ZALEEN ERDICoNTRED EH L, ~&
BIZHVME AR L TWD, —F, BEFEGr — A EEREFEBL — A TIERFEDO A L 3—T 500 m &
DARWALE I ZBEE 22 BUR DR RAFAE L T T N E - TV D, ZHIUTHEBRBEERITIZIS T 2 B R
RB3VEFEULTRRTH D, Mr— AT 5L, BHEFZ AL LTS A A= TE S
500 m fHTICAREZR B — 2 ZFpo— 7 FEREHES — XA TIIEGED EAT 5 @EOFFHNNIA . LK
BB W T IR & 72 DA D R ST,

SRR DT 7T 7 A AZDWNTIE, T oA MMl — A TidB BT E 700 m UL E TR E
L7 HDIIxE L, BEEFELR S — A TIE EZZ 1400 m 3T, EREHH — A 122 1000 m 130T F TJEn
WCHSS U T HLHEELTEY, n— %ot — L v FARREEDOERDOER & 722> TV D ATREMEN &
Al

RBITELRTREIZ DWW TR A5 &, T F Al — R & EREHEL7 — A TILAEE 600 m 2Lk
DOEFRE TN S < 2o TV BN, BEFG 7 —ADH 1200 m 13T 0 5 FE F CHesi) i BT R L 23 HE
FEhTng, BHEFRr— AL LTHH LA AA—=TIT LY RERAr—Loat —L v MEEN
HHZEERELTND,

-12.



HEEE AFEHEE
54 L — R FEERY — % RERFRY — 2
FHEE
1600 1600 1600
1400 1400 1400
o 1200 _ 1200 — 1200
£ 1000 51000 E‘IDOD
F) ] F)
g W 4 )
600 00 600
400 400 400
200 0
o
24 30 40 50 60 m 0 40 30 &0 20
FiaBaklm/s] FiEAm/s]
FEE
1600 600 1600
1400 400 1400
1200 200 1200
1000 E 00 'E 1000
= B =
B 800 & 800 w800
W L an
600 500 00
400 400 00
200 200 200
0 o Q
90 i 270 90 135 Uiﬂ[ | 235 270 S0
3 Bl A
ELRRE

EELm]
e m]

03 ) 0.1 0.2 0.3 o 0. a2
asmrel-l dmem T

03

Figure 2.2.2-2 Vertical profiles of mean wind speed, mean wind direction and turbulence intensity for each

ensemble case. (The thick line denotes the ensemble mean.)
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Figure 2.2.2-3 Visualization of fine-scale flow structures in the typhoon boundary layer of a typical member

from each ensemble case.
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Figure 2.2.2-5 Evaluation of estimated turbulence statistics compared to the observations at the JMA Tokyo
observation point. (The colored bands represent the ensemble standard deviation of the 10 members in the

Actual Track Case.)
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Figure 2.2.2-6 Example of the spatial distributions of mean wind speed and peak gust speed at an altitude of
100 m AGL in the Random Sampling Case (left) and the Significant Event Case (right).
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Figure 2.2.2-7 Spatial wind statistics (4 km x 2 km) at 100 m AGL in the Shibuya area for each member of
the Significant Event Case and the Random Sampling Case
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Figure 2.2.2-8 Time history of wind speed at an elevation of 240 m in central Shibuya
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Figure 2.2.2-9 Vertical cross-section of instantaneous wind speed at 478 s during a strong wind event in central

Shibuya
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Figure 2.2.2-11 Visualization of vortex structures in the boundary layer using a reduced-order model based on

the four extracted modes.

(b)-1-2-4 EBFDLEICH T HBEELGAFEDORE A H =X LHFEH

BHERR T —AD 10 A /X — 2O T, TSI S g REY & MG B EDT 7L
FENT 24T 2 728, FERIRE 12 W ok A M EHRAEIRIC W CTIEHME L7, Figure 2.2.2-12 (ZFHRAEIR N O &
WIBLTE & B RREE A AR T, RERLSEIR O STEIX 900m*x900m>x900m, Fz/MEER 1L 88cm, FAKE T-4kIT
KI24ETHD, I - ERSEMHISIMU O Rk ST OB & L, . PH, RO 3 &b AR & L CHE
L7,

(b)

Figure 2.2.2-12 Nested domains for wind pressure analysis (a) building layout, (b) grid resolution

distribution.
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Figure 2.2.2-13 Peak negative pressure distribution around the target building (cases with significant peak

values where Cvp <-=2)
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Figure 2.2.2-14 Streamlines and pressure field (volume rendering and surface pressure)
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at the time of peak negative pressure in Member 197.

Figure 2.2.2-15 POD mode of the flow field around the buildings contributing flow structure at the time of

peak pressure (8th mode, vorticity isosurface, color indicates vertical wind fluctuation)
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Figure 2.2.2-17 Vertical distributions of drag and lift coefficients
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Figure 2.2.2-18  Turbulent flow field and reduced order model by POD in building cluster
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Figure 2.2.2-19 Distribution of eigenvalue and eigenvector (Mode 76) in DMD
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Figure 2.2.2-20 Reduced order model by DMD (Mode76 +Mode77)
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Figure 2.2.2-21 Comparison with observation data
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Figure 2.2.2-22 Database of inflow turbulence for each urban area(left) and comparison of power spectrum density

at point K (Right)
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Table 2.2.2-2 Calculation conditions for turbulence regeneration.
Domain dimensions [grid points] | 480 (N-S) %280 (E-W) *60 (vertical)

Horizontal grid spacing [m] 25
Vertical grid spacing [m] 18.1-70.5
Calculation period [min] 20:48:00 - 21:00:00 (JST)
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Time step [s] 0.02s

Time integration 2" order Adams-Bashforth scheme (advection term)

1°* order Euler explicit (other terms)

Spatial discretization 4% order central difference (velocity)

2" order central difference (temperature)

Pressure solver SOR

10 20 30 40 50 [m/s]

12km

7kn1.
(a) Before After (b)

Figure 2.2.2-23 Regeneration of high-wavenumber components (a) Velocity magnitude in the horizontal
section at an altitude of 300 m before and after regeneration (b) Time series of velocity magnitude before and

after regeneration and magnitude of regenerated fluctuation components at 340 m
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Figure 2.2.2-24 Surface model with buildings and topography: Outer computational domain (left) and

nested inner domain (right)
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Figure 2.2.2-25 Time series of horizontal wind speed (blue), vertical wind speed (orange), and wind direction

(green). The thick lines indicate the 30-s moving average, while the thin lines indicate the 3-s moving average.
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Calculation of intermediate velocities
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Determining surface pressure
on Lagrangian markers
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using a multi-degree-of-freedom model
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Update of positions and velocities of
marker particles (interpolation from
mass point values)
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Converge calculation of pressure

Figure 2.2.2-26  FSI algorithm of DM-CUBE
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Figure 2.2.2-27 Example of grid resolution Figure 2.2.2-28 Comparison of the inflow wind
distribution. (Side ratio 0.5, showing only external vertical profile with the experiment [2-17] (Solid
calculation blocks which contain 16* grid points lines: analysis, markers: experiment; top mean wind
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Figure 2.2.2-29 Comparison of non-dimensional amplitudes of the top mass point with experiment [2-17]. (Left)

Side ratio 1/2, crosswind direction; (Right) Side ratio 2, torsional direction

(a) Side ratio 1/2 U, /f,VBD=8.2
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Figure 2.2.2-30 Time series of non-dimensional amplitudes and visualization of instantaneous pressure field
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Figure 2.2.2-31 The outline of calculation model and calculation domain
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Figure 2.2.2-32 Vertical correlation of wind pressure at each height

Figure 2.2.2-33 Three-dimensional vortex structure in tapered section

(Left: Pressure contour with streamline, Right: ®x with stream line)
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Figure 2.2.2-34 Validation of rainfall analysis by comparison with observation data
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Figure 2.2.2-35 Division of cube and initial position of rigid sphere
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Figure 2.2.2-36  Variation of volume ratio distribution of rigid sphere by PLIC method: distribution in xz

plane (y=0)
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Figure 2.2.2-37  Variation of volume ratio distribution of rigid sphere by WENO scheme: distribution in xz
plane (y=0)
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Figure 2.2.2-38 VOF distribution and time series of pressure in dam braking case
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(a) Iso-surface of VOF for (b) Iso-surface of VOF for  (c) Horizontal distribution of
small region computation broad region computation wind velocity(z=10m)
(broad region computation)

Figure 2.2.2-39 Iso-surface of VOF (0.8) and horizontal distribution of wind velocity(z=10m)

(b)-5 #HICHITIRENMEEROMEH
(b)-5-1 #MHHICH T ERRBEZERE L -ELiRE - MEIGOERBNFEIC KL HBR ) XV 1E1EFHE
DEEL

TBERHCBIT D FEH T ORBIRE A AT S22 L2 B E L, 2018 4F 7 A 23 HICFEEIEE M BLI X
AT HORER - b DT U 7 2kt G & U CEVHUR A %5 8 L 7= LES[2-24]% 20 L . MRT CEEIHUHR )
X WBGT (ImEREEKIREE) %5 B BRI 21T o 72, BRI 232 E LINNW) HOKUR 23S 5
FRIZH D 11 1 32~12 : 00 Z T iRFE Ay & Lo, WRASIRIIVEGEE £ T2 30 L7z WRF-LES (Z81F 5 &
W RALOT = ZNTEASNTHPLEZRE LG - AN OT7 42 ) 7 - U A r—1 v JFER-8]D
fIRMT & IESEIR LES (233 < BT A AT & Eh[2-251 L, AR Z B L T\ 5, fRTE T v & fifhriE
8% Figure 2.2.2-40 |27~

MBI A

BT B TE R
(BHA5A1TE8)

1.2km

 mEAES
(Lo ALEES)

(a) Simulation model (b) Expansion of urban district

Figure 2.2.2-40  Simulation area, simulation model
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Figure 2.2.2-41 Velocity, temperature, MRT, and unsteady-WBGT in an urban district

(horizontal distribution at z=1.5 m, instantaneous fields at around 11:47)
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Figure 2.2.2-42  Location of plant model and test simulation result of surface temperature (plant canopy

model in the Kitanomaru Park)
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In fiscal year 2024, we advanced the development of sustainable indoor environmental design methodologies
through several key initiatives: (1) development of a host response model and a virus proliferation model applicable
to the airway mucosal epithelium, (2) establishment of a robust indoor environmental design method for pollutant
concentration control using a dynamical downscaling analysis framework that integrates models from indoor
environment scales to the human body, upper airways, and lower airways, and (3) integration of multi-objective
optimization methods, including the development of a coupled analysis method using HVAC system simulation
software (EnergyPlus) and CUBE. We also conducted optimization simulations and refined the multi-objective
optimization framework for practical application.

Specifically, building on the large-scale analysis framework implemented in CUBE—incorporating the numerical
airway model developed in fiscal year 2023 and indoor environmental analysis techniques—we established a
downscaling analysis technology that integrates virus-laden droplet transport from the room scale to the mucosal
epithelial cells within the airways, and performed droplet and droplet nuclei infection simulations. By further
developing and integrating a host response model and a virus proliferation model applicable to the mucosal
epithelial layer, we constructed a numerical evaluation method capable of quantifying viral onset, proliferation, and
infection risk at the level of epithelial cells, and conducted analyses on model indoor environments.

As a practical evaluation of the multi-objective optimization, we performed optimization of the supply and
exhaust vent positions and flow rates for displacement ventilation in a model room, targeting three objectives:
indoor comfort, infection risk reduction, and HVAC energy consumption. Furthermore, toward practical
deployment of the framework, we integrated the results of the coupled simulation into an agent-based model to
establish a system for assessing the societal impact of infection risk mitigation strategies.

While the analyses presented here are primarily conducted on the supercomputer Fugaku, some portions—
specifically the development of the host response model and the virus proliferation model in section (b)-1—were
carried out using general-purpose supercomputers. Once the models were implemented into CUBE, subsequent
simulations were performed on Fugaku. Agent-based model in (b)-4-1 was also executed on a conventional

supercomputer.
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Figure 2.2.3-5 Results of mucus transport in the upper respiratory tract (nasal cavity) in terms of a) 10 mm/min

average flow velocity, b) 5 mm/min average flow velocity and ¢) 1 mm/min average flow velocity
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Figure 2.2.3-6 HCD results in the upper respiratory tract (nasal cavity)
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Figure 2.2.3-7 Mucus transport results in the lower respiratory tract
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Figure 2.2.3-8 HCD results in the lower respiratory tract. Time evolution of virus concentration V (RNA

copies/mL) in the Gel and Sol layers of the airway lumen
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Figure 2.2.3-9 Integrated CUBE-HCD model to analyze transient particle tracking and deposition in the lower

respiratory tract with subsequent viral spread within the body
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Figure 2.2.3-10 Comparison of initial conditions and onset of particle dispersion between a single cough and

continuous speaking
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Evolution of Post-Infection in the Upper Respiratory Tract, 1-Cough Case
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Figure 2.2.3-11 Comparison of viral kinetics after infection in the upper respiratory tract between coughing and

speaking

Figure 2.2.3-11 1%, &Y% 21T 5 ERGE (BEN L RE DERMEHET) NTOUA LV AOEEE, 1 [H]
DL — AR L OEFETr —AZOWTR LTV D, &SR X280 E OEWE, 1 HEOBEIC
Rohbd, ZOMBIILEDEWNZIED, BENTOUA NV AOILBG MG R D@ mE2 R LTz, DY
By UAIVATRRSE L OEPESEICIEB L, 10 HE2 D 15 HEOMIZ VA VAR K E o7z, £
D%, T AN ATR I - BEE L, 45 B BICIXRED TR IC <D BBRELOR L o Tz,
—JF, BEE— AR AU ORLTIAE B L O A OV AIEBIE, SEOANCEF LTz, 7 A LA
JER DO B — 27 13 OYA L RIERIZ 10 HE2S 15 HEOMIZHA L E L), BEEERE TIX Y A L AIX
KA~ TR I L TN e, 2 OHEB T OO, bR AN EIC LD b D EEZD
. L0 EM2 RO DITITFEMRT N EECHHZ 2R LTS,



Evolution of Post-Infection in the Lower Respiratory Tract, 1-Cough Case
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Figure 2.2.3-12 Comparison of viral kinetics after infection in the lower respiratory tract between coughing and

speaking
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Figure 2.2.3-13 Total respiratory viral load in both coughing and speaking cases for a) upper and b) lower

respiratory tract

-55-



Figure 2.2.3-13 (&, J&H4% 45 ARICB T 2B L UORHIZL 2 LXEB IO TFTRENOR T A LA &
oﬁg‘b\%ﬁbﬂ\éo @%75 otof%l%t ENTHE, VANVABOE =7 I IHWICELS 2D £
%@1&@&&9%%@%5_0_ T HMMARH Y, —F, REEIC K DG TIL Y A VA BT REREICA

&w%wwAh” BIFAIEEITI L 0 E#MIChZ > TRAON., TRIETOIEBITIEE A SRS
YAREo Y
(b)-2 FEMEREHEHICONR FEE HREHEDRE (ERNBBRT—ILHLAKETIL, £R

B, TREEFTEMRE LE=AFEHITI R ’7— ") 2 J AT AR O FESL)

Engineering Medicine
00 -j:. 05 [m/S] : B“ildi“g Computer : Virtual manikin
*  Mechanical ventilation sim”ﬁ ion ° ~Human respiratory tract

*  Droplet transport *  Autonomous breathing
0.45 [ 4200 [um]

Figure 2.2.3-14 Analysis of indoor viral transmission under varied ventilation methods (MV, DV, UAV, 1]V, SV) by

integrating virtual manikins and a respiratory tract model in indoor environments: consideration of changes in

human location (IJV-OP, [JV-RO, SV-OP and SV-RO)
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Figure 2.2.3-15 Comparison of particle number and age of air the local breathing zone under varied ventilation

methods
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Figure 2.2.3-16 Time evolution of deposited a) mass and b) particle number in the respiratory tract
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(d) grid size around motuh
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Figure 2.2.3-17 Indoor setup of a displacement-ventilated room: a) Configurations of inlets and outlets arranged in a straight
line, b) Configuration of inlets and outlets arranged alternatively and c-d) Grid design for numerical calculation around the

human body
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Figure 2.2.3-18 Comparison of volume-averaged CO: concentration under full-flow conditions in Case 1 (left) and Case 2 (right)
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Figure 2.2.3-20 Variations in energy consumption, PMV and virus concentration per generation during the optimization process
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Figure 2.2.3-21 Three independent but complementary modeling approaches for airborne transmission: left) agent-based modeling,

center) host-cell dynamics modeling, and right) computational fluid dynamics (CFD)
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Figure 2.2.3-22 A unified epidemiological modeling framework based on physics through the integration of computational fluid
dynamics (CFD), host-cell dynamics (HCD) and agent-based models
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Figure 2.2.3-23 Comparison of the impact of ventilation systems on COVID-19 transmission: top)

cumulative and daily case count, and bottom) new daily case count
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7o M. ZZTOMITICIZET IEHE 2iER LT,

In this fiscal year, LESs based integrated simulations of a compressor/combustor/turbine assembly of a gas turbine
were performed using detailed configurations, and the validities for predicting flashback, combustion instabilities
and emissions continued to be examined. In addition, the development of data sensing technology for automatic
abnormal sign detection was discussed. Further, the turbulent combustion mechanism and its modelling for hydrogen
and ammonia, especially in terms of equivalence ratio, were investigated by three-dimensional direct numerical
simulation (DNS), The results showed that the integrated simulation was capable of capturing combustion
characteristics including flashback, combustion instabilities and NO emissions, and that the utilization of machine
learning is effective to detect a sign of abnormal combustion (flashback). It was also found that regardless of the
equivalence ratio, considering the effects of preferential diffusion and flame stretch in the turbulent combustion model
was quite important for the high-accuracy prediction of the combusting fields of combustors. All simulations in this

study were performed on the supercomputer "Fugaku."
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Figure 2.2.4-A1 Industrial gas turbine.
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Figure 2.2.4-A2 Aircraft gas turbine [4-1]
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(b) Split a hexahedral mesh by refiner.

Figure 2.2.4-A3 Refined tetrahedral or hexahedral mesh with refiner included FrontFlow/red.
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Table 2.2.4-A1 Numerical conditions for industrial gas turbine engine.
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Table 2.2.4-A2 1 Numerical conditions for aircfraft gas turbine engine.
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(e) Static temperature[K]. (f) Total temperature[K].
Figure 2.2.4-A4 Instantaneous distributions of velocity, Mach number, pressure and temperature in 1st stage of

compressor.
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(a) Velocity magnitude[m/s]. (b) Relative Mach number[-].

[ [
(c) Static pressure[MPal. (d) Total pressure[MPal].
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Figure 2.2.4-A5 Instantaneous distributions of velocity, Mach number, pressure and temperature in 2nd stage

of compressor.
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(c) Mixture fraction[-].

(b) Static temperature[K].

(a) Velocity magnitude[m/s].

Figure 2.2.4-A6 Instantaneous distributions of velocity, temperature and mixture fraction in combustor.
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(e) Static temperature[K]. (f) Total temperature[K].

Figure 2.2.4-A7 Instantaneous distributions of velocity, Mach number, pressure and temperature in turbine on

a surface of 0.18m from rotating axis.
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Figure 2.2.4-A8 Instantaneous distributions of velocity, Mach number, temperature, and pressure.
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Table 2.2.4-B1 Numerical conditions.
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Figure 2.2.4-B1 Instantaneous distributions of temperature, velocity, and species mass fractions on a cross

section of combustor for a flashback simulation at different Hydrogen ratio in fuel.
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Figure 2.2.4-B2 Pressure time history inside the combustor for case 1.
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Figure 2.2.4-C1 Temporal evolution of the flame surface (in red) and streamline. [1]
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Figure 2.2.4-C2 Schematic diagram of the data extraction method.
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Figure 2.2.4-C3 Schematic diagram of model architecture.
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Figure 2.2.4-C4 Comparison of distributions of the flashback propensity Ax. (a) Ture. (b) Predicted.
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Figure 2.2.4-D1 Comparison of evolution of flame front between equivalence ratios ¢ = 1 and 0.5.
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Figure 2.2.4-D2 Comparison of instantaneous distributions of heat release rate on flame front between

equivalence ratios ¢ = 1 and 0.5 at flame radius = 6 mm.
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Figure 2.2.4-D3: Comparison of joint probability density function of flame curvature and heat release

rate (HRR) between equivalence ratios ¢p = 1 and 0.5 at flame radius = 6 mm.

-89-



(b)-4-4 F&&H

KA TIRAELIRERIMEIE R RO 2 3 WoiEY T 2 b —a U 21To 7, T ORGSR, BBEREL
XTHNBEILOZEELHONTT DL L BT, WTOYEIICE WD T HRIEE 7T /W IITRIRYLER K
RIME DRz BRET % T & BIRBESRNELTTABES O @i TRIICA TR TH D Z L 2L LT,

o
R
Xt
=

H. Moriai et al, J. Eng. Gas Turb. Pow., 135, 091503, (2013).
S. Tachibana et al, Combust. Flame, 162, 2621-2637, (2015).
HHF52 5, 5 61 RIffiZE B - TR s, (2022).
J.A. van Oij, and L.P.H. de Goey, Combust. Sci. Tech., 161, 113-137, (2000).
M. M. Rai and N. K. Madavant, AZAA paper, No. 88-0361, (1988).
HAFHZb, AKRTAZ—E U EagE, 49, (2021).
About in-house code FK3, http:/www.tse.me.kyoto-u.ac.Jp/members/kurose/link.php
M. Kawai et al, 19t International Conference on Numerical Combustion, 1134, (2024).
4-9] O. Ronneberger et al, 18th international conference, part III 18, 234-241, (2015).
4-10] Z. Hong, et al., Combust. Flame, 158, 633644, (2011).
4-11] G.S. Jiang, C.W. Shu, J. Comp. Phys., 126, 202228 (1996).
4-12] P.N. Brown, G.D. Byrne, A.C. Hindmarsh, SIAM J. Sci. Stat. Comp., 10, 10381051(1989).

N N NN

TS T T ST Y

[4-
[4-
[4-
[4-
[4-
[4-
[4-
[4-
[
[
[
[

5) FaP Y FrORENHE

VLoV 738 A~D O ZEI L, M OEEZRIET 57010, KifORIE E S Hilk
DEASME6ES A, 8 A, 10A, A THESADAFEBE LT, FTFEEROAM T4 3 A 14 HIZ
FuaT el NERERICHE - AT ATDD [ Rv— "TFHFA Ty MRS R
L) EBAME LT, ZOfh, B 6410 A 16 H, V78R OB RET 57200 [V —7 g v )
T, SOICHEAIH T v 7T AOMEEREMOEEZ(RET 270D T O3 VGV —7 v a v /|
6412 H 3 BICEHE L=,

2—3. [ WEZOEEHF)

1) 79 U —=FEE

£ H H 17 =
R6.10.16 HI3MA~Y— T A T a ey NT—T gy
R6.11.12 w50 B EMEY S 2 L—y g U EITIFS S
R6.12.3 FMEE REAIEINE 70 75 A8 8| HPC & DS VATV —r v a v/
R7.3.14 HI3MA~Y— T A Tl FEERES VR T L

-90-


http://www.tse.me.kyoto-u.ac.jp/members/kurose/link.php

(2) Fuvxy M

2
59

A H

17 £

R6.5.29

213 18] TE )

Av— "FHA L TFadcr N EES

R6.8.19

%14 8] g

Av—=h YA T ry s MEESE@ K

R6.10.16

25 15 18] TE )

Av— b TFYPA o Tr v MEESHEQ@ILK

R7.3.14

%516 0] &5

2v— hNFHA o Fu Y s NS QPR

(3) =Y — 7 LiEHE)

A A

7 *=

R6.5.16
R6.12.26

HPC %5 H U7 HEh B KA CAE a0 — 3 7 LRSS

R7.3.27

i - BELCFD 2 Y —V T A B

AN
TN

R6.4.26
R6.11.22

PREES AT DHRIEAS CAE =20 VY — 3 7 LS

1) v—x%o 77—

GIED

A A

1T *=

R7.1.21

V7HEA YT REERE T (21 1)

R6.4.11
R6.4.18
R6.4.25
R6.5.9
R6.6.20
R6.7.11
R6.7.25
R6.8.1
R6.8.30
R6.9.17
R6.9.24
R6.9.30
R6.10.21
R6.10.28
R6.11.11
R6.11.18
R6.11.25

PTHEA KBTI EDE (&2 4E)

-91.




R6.12.2
R6.12.16
R6.12.23
R7.1.6
R7.1.20
R7.1.27
R7.2.4

R6.4.11
R6.4.18
R6.4.25
R6.5.8
R6.6.20
R6.6.27
R6.7.4
R6.7.11
R6.8.1
R6.8.22
R6.8.29
R6.9.26
R6.10.9
R6.10.17
R6.11.6
R6.11.13
R6.11.20
R6.11.27
R6.12.6
R6.12.18
R6.12.25
R7.1.8
R7.1.15
R7.1.29
R7.2.5
R7.2.12
R7.2.19
R7.3.5
R7.3.12
R7.3.26

R6.5.23 V7B Y7 IREERE A (BHEERES) (25 )

-92-




R6.7.22
R6.10.7
R6.11.26
R7.1.31

R6.4.4
R6.5.9
R6.6.13
R6.7.17
R6.8.20
R6.10.1
R6.11.7
R6.12.26
R7.1.27
R7.3.5

7 B s g F oA WG (4210 [=])

p={118
SE

R6.4.4
R6.5.16
R6.6.20
R6.8.5
R6.9.13
R6.10.17
R6.11.22
R6.12.25
R7.1.29
R7.3.6

7

=113
A=

B iR T O EEFED O IHEE WG (221 0]

R6.4.25
R6.5.31
R6.7.3
R6.8.20
R6.9.30
R6.10.30
R6.11.29
R7.1.20
R7.2.21

FIIEB W - YOKAEHT WG (42 9 [1)

R6.4.24
R6.5.29
R6.7.4
R6.8.5
R6.9.5

Y7 HE B B OFEY X7 WG (429 R])

-93.




R6.10.18
R6.11.14
R7.2.14
R7.3.10

R6.4.22
R6.5.29
R6.6.13
R6.7.16
R6.8.22
R6.10.1
R6.11.7
R6.12.20
R7.1.24
R7.3.6

YT7HEB

FEiYE 5 L0 CFD iiffaGE WG (410 [=])

R6.5.9
R6.6.19
R6.6.21
R6.8.6
R6.10.15
R6.12.18
R7.2.20

W7 C ERHTAE (&7 R)

R6.4.26
R6.11.22

YTIED EFTEE (&22E)

2 — 4. ErEiFE

FhiitH H

it

Ryt

Y7 EANEI M ZZRE L
7 Al 3% ARkl X
5 HBYHEZE )T YA

%
S 7 R B BT 7
—1—26
[ 2R B 5 A R 2 T
BRI 5 —

F— b =5 —

%l,

e

T2 R WA= T S TR T 1 —
1

[ SEREAE N R R

i

SRR

-94.




IR HURETEIL 1 TH 3 — | #EdR e
2
SN2 YNINPNE TN

Y7 B AR T D80 - 2t | A RBRIR TR L R IR | Bz (L &

D H R EL RS D PERERR
ity

N _
=279-1
ESRVANE PN ES AV N N =

B

WHFEE FEATTRR

KRIOFF R T /NETT 3 — 4 — | #d SERIE(E
1
FAIE NITE R
FEHESORXREHE2 — 1 — 1 WeHdZ AT
[ENL RKEIENBR DKL+ K
P T IRECIH Y A L A Y | R EATEAIARG — 1 ¥ HE—F
JEIZ /3R N O - PR - Y | B SR RE TN KRB
AT AFTTIVIRARA Man) | BT EHEN
R D ENBRBT R A
TERME T X ST 7 | F—2 ) —&— FEA
—1—-26
[E] SEAIF 72 BR 78 15 N B b 22 0E 72 A
SRR e v X —
LREERM X OSEHAET 1 — | #% FEAWK

1
[EISE RS NAR P R

-95.




HTHE D [wLFarR—
Fv MEEYIal—vay
WX A= 7 —HAXZ

il

SR TP R XU R S A
FENLR RN TR AR T

Hiz RWE—

AR T A 6 — 1
FEISE A S AU RS K i
BB TR

i BT

a7 ORI

S 7 17 D BT 7
—1—26

FE V2 B B A TR S 2 T
FHRRE g 4 —

F b —H—

PR3

-96.




B FREREEM
1. ek - MR D i
No. | i L72fmx (GEREH) A KA R LG (PR - MEE | BRL
4 %) 5!
1 Billion-design-variable-scale Yuji Wada, Tokimasa | Proceedings of the institution of 2024 4
topology optimization of vehicle | Shimada, Koji mechanical engineers, Part D:
frame structure in multiple-load | Nishiguchi, journal of automotive
case Shigenobu Okazawa, | engineering, 238(12), 3863-3874
Makoto Tsubokura (doi.org/10.1177/0954407023118
4309)
2 Droplet dispersion simulation to | Sangwon Kim, Journal of Fluid Science and 2024 4
evaluate airborne virus infection | Onishi Junya, Bale Technology, vol. 19(2), JFST0008
risk in outdoor sports stadiums Rahul, and Tsubokura | (doi.org/10.1299/jfst.2024;fst0008
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