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In this fiscal year, we conducted a practical evaluation of an Al-assisted multi-objective optimization
framework, tuned the neural network on the supercomputer "Fugaku," developed a technology for
constructing a reduced order model with several hundred million cells for automobile aerodynamics,
conducted multi-objective optimization analysis, tuned design variables for the optimization, and
improved mathematical models for design and aerodynamic performance space. As a result, it was
confirmed that mode decomposition of the flow field using a neural network can be performed on
"Fugaku" for unsteady three-dimensional flow fields around an automobile body with complicated
geometry, and that relatively large flow structures can be captured. Moreover, while representing
realistic variations of automobile geometry with a relatively small number of design variables, we
attempted to perform a two-objective optimization of impression and aerodynamics, and
demonstrated the feasibility of multi-objective design exploration that can suggest automobile

geometry with optimal aerodynamic characteristics for each level of impression intensities.
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Fig. 2.2.1-1 Parametric shape change based on the developed design variable (Score of 1st principal
component of the morphing parameters; left figure) and example of geometry failure avoided by the

constraints (right).
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Fig. 2.2.1-2 Two-objective optimization of impression and vehicle aerodynamics using the developed

optimization framework (Filled plots mean Pareto solution).
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Fig. 2.2.1-3 Examples of body shape and normalized Cp value for each cluster of the Pareto solutions.
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Fig. 2.2.1-4 Examples of body shape and normalized Cpvalue for each cluster of the Pareto solutions.
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Fig. 2.2.1-5 Computational performance for neural network training on Fugaku.
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Execution parameters

Vehicle model

Solver type Incompressible flow solver

Domain size 114m>57m>28m

Model size 45mx2.0mx1.6m

Number of cubes 65,668

Number of cells per cube 16x16x16= 4,096 4 =

Total number of cells 65,668x4,096= 268,976,128 . a.

Lo el e DAY Resolve 100Hz fluctuation 2

Time step size 2EX10%s Computational mesh
: Around vehicle body

Sample frequency 0.0005 s (per 20 steps)

Integration time 7 5 (280,000 steps)

Inflow velocity 27.78 m/fs (100 km/s)

Reynolds number 8.2x10°(=1.205%27.78%4.5/1.822e-5)

Time integration scheme Crank-Nicolson method Entire domain

Pressure Poisson solver V-cycle multigrid

Viscous term 2™ grder central difference

Convection term QUICK

e

Fig. 2.2.1-6 Turbulent flow (Re=8.2x106) simulation around vehicle body.



Hi-precision simulation
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Reduced-order model (reproduced using 36 variables)
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Fig. 2.2.1-7 Reconstruction of turbulent flow around vehicle bodys (upper: simulation result as

reference, lower: reconstruction by neural network using 36 variables).

(2) B JEREB ERT 8™ - BFEDOBARBIL T DMEREERET )
(a) IEREDNDEE
KRETINT BT NT—Z OFHH, A - B - SR O ED T O DTS, T —Z BRI

DL ) A7 AEDT-ODFIEIZHOWT, HAREBEL T CTORE - KEMEZRT 2L 2nbW0
T DREFEEZ T LT, FEROERE IV CTIRERE - BIERE (Wit Ly =20
felR) OFHfiEEZI R L, £72, A—X—X A 7= FTOHTORE B2 6 W EHEEIT -
2o ZOFER, KRBTTNT Y I NTF =2 TS Wit 7 %7 CUBE f@fric kv, =k
— U2 MEEIZEED  RIBEVRHE & M BEERE 2 B BT LT, 70, RROZER LIH i OBRE - B GG
{ZxF L Ci% Breathability (2355 < 0ATIZ L0 T OFEM72 R A D= XL RHALMNIIND E LD
W2y ARIRITEALE T VEDOT — Z B IS < AT £ 0 SREAEESC Y O BT )~ DB S vz,
S BT, HEEY OZ2 TR - fHRCRE R E IR L CTE T WS 2 N — (2, EEOEM 7 77— FE
WEET HEYCBEEEY OXE RGO DDA~— N T A OBHAN TN,

In this fiscal year, the evaluation of data by meteorological ensemble analysis, the development of
models for the unified solution of wind, rainfall and structure, and the data science-based analysis
and risk management methods were examined for implementation methods aimed at solving
environmental and disaster problems under natural disturbances. The evaluation methods for
environmental and disaster prevention design (ensuring high ventilation performance and resilience)
in future transformed cities are presented, and the design against typhoons and damage estimation
of a city under super typhoon are also carried out. As a result, the ensemble CUBE analysis of the

urban area based on the meteorological model ensemble data revealed the strong wind characteristics



and physical mechanism based on the coherent structure. Then, for the environmental and disaster
prevention design of the future transformed city, the detailed ventilation mechanism of the urban
area was clarified by the analysis based on breathability, and the effects on the strong wind structure
and wind pressure of the building were examined by the analysis based on data science such as
reduced order model. In addition, smart design against typhoon was applied to actual buildings with
complicated facade and super high-rise buildings while numerical models were constructed for

aerodynamic reduction and vibration control of structures, and rainfall damage reduction.
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Figure2.2.2-1 Generation of ensemble data and downscaling in the NHM
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Figure 2.2.2-2 Computation domain of NHM

Table 2.2.2-1 Computation condition of NHM

Domain dx =250 m dx=50m
Grid points 1371*1371*100 1101*1781*100
Horizontal resolution [m] 250 50
Range of height [m] 0~21186 0~21186
Vertical resolution [m] 20 ~ 408 20 ~ 408
Time increment[s] 1 0.25
Temporal resolution of boundary 60 2
condition[min]
Turbulence model 1.5-order TKE closure 1.5-order TKE closure
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Figure2.2.2-3  Distribution of maximum instantaneous wind speed at 1km resolution for each

members obtained based on the three extraction conditions
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@) LD D&M E T L. ET. 10 DR EHEGENE L 725 L 9 I8 S,
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1% 10.5 km(FAAEJ5100) X 7 km GRVE 5 10) X K9 3 kmERTE T 1), ACEAS FAEEREE 25 m, FEHIZI 2% 0.02 s,
REGDIENT 4 N H P A RIINETRHEED 4.5 (5 & LT,

B oHNI KA O EOH] & LT, Figure 2.2.2-4 |[ZHAE F5lH 77— 2 D4 10 A /38— & 300m
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EEICB W TR BRA & 72> T D,

Figure 2.2.2-5 1%, FHiHS&ECEONT/ANT oY T2 8 OB DIE 7 10 7 7 A )LD il
Thbd, 7T—ACKDERAPRLNTEY , BUHFERAH 7 — A TIEZ DA NAA—=THS 500m it
(ZHB BB R M FE L, 22 TORGEITIARIZIK T LT 5, BEHLOBEEIZIEF ITEWIE TO
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Figure2.2.2-4 Instantaneous wind velocity field after turbulence regeneration for the 10
members in the extraction case of extreme event (Top: Horizontal plane at 300 m height, bottom:

cross vertical section at inflow surface location)
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Figure2.2.2-5  Vertical profiles of the mean wind speed of the inflow for the 10 members of each

extraction conditions
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Lt TG BN — ALK —ZD/INT Y TV T O, ERREA S — 2 TORRE XSS
B OFEBM & DLl A E N L, TATHIZEM] C OB AE O AR RHEEMEIC OV THERRY AR & LR
T 5O e HIEORE EED D,

Table 2.2.2-2 Computation condition for LES of urban area

%ﬁﬂ;ﬁﬁ?*ﬁ I CUBE (FEJEHEM: Navier-Stokes SRR EES < EAYb)
MBS A, )

A fEIR 6 km * 3 km*1.5 km($QTH.)

ZE ARG 1.5 m G HLER) . 3km (JELHX)

FHAREH] AT w72 5) HEHTEE (10 43) (A t=0.005 s)
SRR 3B ERAKTO~ALT T ey 715 B 28 H
el 2 WL FESy (B O 5 % J& EA3H0)

IRFEFE 5y 2 ¥k Crank—Nicolson {£

JETIEHR Red-Black SOR #

ELIEET L Dynamic Smagorinsky

iz - &Y Immersed boundary £

Farmnis

Figure 2.2.2-6 Ground surface model of the buildings and
topography of the Shibuya district
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Figure 2.2.2-7  Distribution of maximum wind speed in Shibuya district for extracted cases of

extreme events (approx. 100 m above ground, 10 min.)
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Figure2.2.2-8  Extraction of patterns of strong wind occurrence with high uncertainty in Shibuya

district (Extraction cases of extreme events, in 10 members)
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Figure2.2.2-9  Variability of maximum wind speed at each height

(Extraction cases of extreme events, in 10 members)
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Figure2.2.2-10  Variability of maximum wind speed near ground (Extraction cases of extreme

events, in 10 members)
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Figure 2.2.2-11 Driver region calculation for adding high-frequency fluctuation to spatial-filtered

inflow
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Figure 2.2.2-12 Comparison of vertical profile

(WRF-LES, x=58,108, 156 from inlet plane in Driver region)
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Fig.2.2.2-13 Calculation domain by CUBE (Main region) and division of cube
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Fig.2.2.2-14 Distribution of velocity magnitude in urban area

(plane of z=100m and plane of y=250m, Main region)
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Fig.2.2.2-15 Vertical profile of horizontal velocity (Average value) and

wind direction (in Main region)
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Figure 2.2.2-16 Urban area models
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Figure 2.2.2-17 Total vertical flux of kinetic energy at the top of the canopy (45 m above ground) and

inside (15 m above ground)
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Figure 2.2.2-19 Ratio of the components of kinetic energy flux at the top of the canopy (45 m above

the ground) and inside the canopy (15 m above the ground)
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Fig. 2.2.2-20 Target area and calculation condition
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Fig. 2.2.2-21 Turbulent field in building Cluster
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Fig. 2.2.2-22 Spectral distribution of sectional wind forces on cross-wind components of the subject

building (height 200m. 300m)
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Fig. 2.2.2-24 Power spectrum of sectional wind forces obtained from reduced order model
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Fig. 2.2.2-27 Vortex structure near the outer-frame facade and distribution of wind pressure

coefficient
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Fig. 2.2.2-28 Occurrence of large negative pressure on louver (Building(b))
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Table 2.2.2-3 Computation cases
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Fig.2.2.2-31 External pressure coefficients (z/H = 0.956. 0.521. 0.279) for the walls of A city block
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Fig.2.2.2-32 Target model and grid generation
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Fig.2.2.2-33 Profile of turbulent boundary layer and location of measurement point
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Fig.2.2.2-34  Instantaneous pressure contour at the height of each layer (left: in uniform flow, right:

in turbulent boundary layer)

Fig.2.2.2-35 Instantaneous values of the second invariant (Q-criterion) around the model (left: in

uniform flow, right: turbulent boundary layer)
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Fig.2.2.2-36 Power spectral density distribution of wind velocity at each layer

in uniform flow
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Fig.2.2.2-37 Power spectral density distribution of Wlnd velocity at each layer

in turbulent boundary layer
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Fig.2.2.2-38  Target building[2-18]
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Fig.2.2.2-39  Meteorological condition[2-18]
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Fig.2.2.2-40  Grid division (Resolution : D/24)
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(b) &/MEFIE : D/24 (BAZEFRE 740 5EIL)

=

(c) B/MEFIE : D/48 (#ah&F %k 550 B IL)
Fig.2.2.2-41  Plan of computational grid (height of target building 28 m , height at which the actual

measurement point was placed)
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Fig.2.2.2-42  Contours of wind velocity and rain vector(along-wind component)(plan view, height of

target building 28 m, height at which the actual measurement point was placed)
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Fig.2.2.2-43  Comparison of catch ratio of measured points on windward wall with rainfall analysis

results

N T, BEEWSIHLT D HETT L E LT, Fig2.2.2-44 O X 5 etz 81z, EdoEE
Y ORMBEPMERT 2 & 5 R m 2 i8E U, BRI 5 LTz, STt LT, BEDKRT —4
5B\, 1RFHBERE 165mm T, XIREWO 200m @& S THHEJEE 8.6m/s & 3% E L7,

BEREANTIC L > TEON-MMERBORNYZ ML ORMELEEY Fig2.2.2-45 (ZR~d, WiHEE
0.3mm TILHHEZAIAKFITHE F L TWH DX LT, MEERED 3me 6 mTIEFAEIZHE FL TS, =

AE, IREERDREVZE, WHOKRE THEIIRE S RD2EMRH 572D Th D, mF@%®?m
WCAEHBT D E, MEELR 3 mOWARIE, MEEL 6 mOFARIZLET, SEdEym FEEmE (Fim) |
SWTEY, WMEL3SmOEEDHN, WHOEELZITCND I ENERTE D,

H

«— WNREY

Fig.2.2.2-44 Target area
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Fig.2.2.2-45 Time-averaged streamlines of rain vectors around a high-rise urban model

(raindrop diameter 0.3 (light blue), 3 (blue), 6 (dark blue) mm)
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Fig.2.2.2-46  Average wind pressure on the front (windward) and side surfaces of the target building
and catch ratios for cases using raindrop with diameters of 0.3 (light blue), 3 (blue), and 6 (dark

blue) mm
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Fig.2.2.2-47  Catch ratio of the front (windward) and rear of the target building
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In the FY 2023, we developed integrated simulation technologies, including the creation of a droplet
generation model to reproduce the break-up of mucus films and the development of droplet and
droplet nuclei transport analysis methods using the Euler-Lagrange model. We also developed robust
indoor environmental design methods for controlling pollutant concentrations, established
quantitative evaluation methods for respiratory air quality, integrated multi-objective optimization
methods (integrating thermo-regulation models for skin surface temperature control), set up and
created analysis models for optimization problems, performed optimization simulations, and

improved the multi-objective optimization framework.

Specifically, based on the numerical analysis techniques developed in FY 2022, which utilized
numerical airway models, mucus transport models, and the Eulerian Wall Film (EWF) model to
reproduce droplet/droplet nuclei formation from liquid mucus films, we performed seamless numerical
analyses on droplet/droplet nuclei generation in airways under conditions where the oral cavity shape
changes and continuous coughing occurs. Additionally, we implemented a computer simulated person
(virtual manikin) that reproduces human body shape, metabolic heat generation, and respiration into
the indoor environmental analysis method, established a method for identifying respiratory air
quality and breathing zones using reverse simulation, and conducted numerical analyses on the
formation of breathing zones under conditions where multiple people gather in a simplified building

model (semi-outdoor environment) that only reproduces the roof surface.

Furthermore, with the aim of reducing the risk of indoor droplet infection, improving indoor thermal
comfort and reducing the energy consumption of air conditioning system, we implemented computer
simulated persons into CUBE, verified HVAC models, and improved the multi-objective optimization

framework developed in Subtask A for the application of indoor HVAC design.

(b) KEEDODRHNE
(b)-1 Eulerian Wall FilmEFILZRAW=-SERRKXFRKZERIZET 2 RIFEBHTHRMTOBER
AF0 4 FEEEICBES ESE U7 Eulerian Wall Film B0 & 5 75 0 ¥ 2 BB TV A2 EK LT-K0EN O

BAEFRNTEAIN 2 R &, RUEET VO HEERRG A DNRE LI2HGE, 7o b NI e L= 56 D
EWF &7 /UC X D %GERE ER2 EORSR 7 ¢ /L A0 Break-up (2 9 RIAFRIRZ AR, SGENEE &=
NBREE R ~DIEH F T 3 — A L R ITHRIT T 5 5l & fesr L7-.

Fig. 2.2.3-1 \CTRIKRTRIARZ A R ARNT D 72 DITHERR L2 5OET TV 2 A R, A0 4 4FEICIERR L7=E T
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Fig. 2.2.3-1 Numerical respiratory tract (Airway) model from oral cavity to bronchial tube (Model A and
Model B)

7 1 7 7 A& L T Cough Peak Flow Rate(CPFR):5.75[L/s] 72 & Y i Peak Velocity
Time(PVT):76.5[ms] D et CIE F NG IRNT 2 s L 7= /5 R % Fig. 2.2.3-2 (37, fLIRET L7225
BRI TR 4 FEE OISR LR —Th 5. NEBREENSESHZ LT, OENTNLENE
b9 % L3EIT, A (mouth)BH M TSI S K E REMNHER SND.

N

2 |
0 Model A 0 Model B

Fig. 2.2.3-2 Velocity distribution(t=0.075s) inside the airway (Model A and Model B)

Fig. 2.2.3-3 |ZX0E N O BEHIBEER S J1 5340 OFENTRE S &2 7~ 7. DR LIS O &GE AR X Model A 72
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Fig. 2.2.3-3 Shear stress distribution (0.075s) inside the airway (Model A and Model B)

Fig. 2.2.3-4 |1Z Model A 72 & TNZ Model B @ M)~ & M (mouth) B M i & 41 L CENZERMANI MR S 4L
% TR - FIRIZE DRLEE 53 A5 CRL PR3 A1) 2 3. DS A X7 5 ONE 1 (mouth) BH M Al 2 FE XU IC K & <
L 72 Model B I3\ C, FEHRIAENAEIE T L TWAD. ZauE, DRI 5 (DEERN) 2R
HWOAKT, *ad 2 RERBEEIS O TAE TH 5.

Table. 2.2.3-1 121X Model A 72 5 NI Model B D€ T /L ZxiG & LT, BIZHEWKEN TR L7-R
K TR DRIBERN ORI FHL, 72 & N RGEN~D B E R ZBRSN LT 1 (mouth) B F i 2> & EEPNAIIC
P SV TREER DR O — B2 BB L TR
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Fig. 2.2.3-4 Validation with experimental data after optimizing the parameters for the EWF model

(Model A and Model B)

Table. 2.2.3-1 Size distribution of droplets/droplet nuclei generated in airway(Model A and Model B)

Diameter bin (mm)

Number of droplet/droplet nuclei

Model A Model B
<0.1 995 0
0.1-0.25 9,062 0
0.25-0.5 15,375 5,488
0.5-0.75 16,668 10,886
0.75-1 17,973 10.393
1-2 202,041 121.982
2-4 1,306,945 1,062,737
4-8 8,833,188 7,828,667
8-16 867,018 810,676
16-24 16,814 18,710
24-32 260 371
32-40 1 12
40-50 0 0
50-75 0 0
75-100 0 0
Total 11,286,340 9,869,922

Table. 2.2.3-2 Size distribution of droplets/droplet nuclei exhaled from mouth opening (Model A and

Model B)
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Diameter bin (mm) Number of droplet

ModelA ModelB
<0.1 0 0
0.1-0.25 4681 0
0.25-0.5 7426 3151
0.5-0.75 6111 5180
0.75-1 4721 3016
1-2 24367 10588
2-4 120314 83636
4-8 685441 494750
8-16 83740 49562
16-24 1378 2561
24-32 27 59
32-40 0 0
40-50 0 0
50-75 0 0
75-100 0 0
Total 938206 652,503

Table. 2.2.3-3 (21X 5GEWNEML B DO TIE - TRIFZ AR E 2 — BRI LR 2/~9. ¥7- Table. 2.2.3-
4 (I EGE N RRRIR - TRIERRE O CRE NI A 3589712 0 (mouth) BA 1 i 2> B BN MR S 7=z
F A ZOENEAL RN U -k R A T

Table. 2.2.3-3 Origin of stripped droplet/droplet nuclei in airway (Model A and Model B)

ModelA ModelB
Region iﬁiﬁ:r of Percentage (%) I(;ilggllk;:r Percentage (%)
Oral 2,711,389 24.0 2,291,311 23.2
Teeth 2,717,486 24.1 1,729,907 17.5
Throat 1,643,403 14.6 1,653,643 16.8
Larynx 1,658,625 14.7 1,644,657 16.7
Trachea 1,486,291 13.2 1,486,516 15.1
Bifurcation 1,069,146 9.47 1,063,888 10.8
Total 11,286,340 100 9,869,922 100

Table. 2.2.3-4 Origin of exhaled droplet/droplet nuclei from mouth opening (Model A and Model B)

ModelA

ModelB
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Region I(Iil(l)?)llke)zir of Percentage (%) I(:;I;I;)llzir of Percentage (%)
Oral 325,650 34.7 144,511 22.2
Teeth 376,892 40.2 226,275 34.7
Throat 115,423 12.3 140,024 21.5
Larynx 77,795 8.30 90,952 13.9
Trachea 20,894 2.23 25,773 3.95
Bifurcation 21,552 2.30 24,978 3.82
Total 938,206 100 652503 100

FEINOORIZKIGST HER AL LK% Flg 2.2.3-5 IZ/R9°. ZOEWN TORE - RIFZ AT, &
HEWNTILL AT 52, FICAMENTOAERINEY:E 72D, 20720, AFERIRDNEN TS Z & TRIEK-
TRIFRZAE Rl & b USRI 2 b3 5.

Origin of all droplets generated .. Origin of exhaled droplets
p ) e y - -
2z } . /’* A
g = Model A & e
i \l.\loddn
g Rk
‘ ' I l\ B (e
~HHnnn e
Oyl Thomt Lavvns Travhen  Blsivathn [ > ll .l - -
Oval Ta e Laryus Trarhes Bdvoiatem
e e | =« — —

Fig. 2.2.3-5 Comparison of droplet/droplet nuclei generated or exhaled (Model A and Model B)

BT, BN EE L 72 S (2 [BD) T OMMHTHE R & =3, AREENTCIE, —BIH ORI @R O T S & [F—
T)Cough Peak Flow Rate(CPFR):5.75[L/s] 72 & TNZ Peak Veloc1ty Time(PVT):76.5[mslZf% @& L, @i
95 2 H DK A A H & [F—® CFPR 72 & ONZ PVT O3 H k95 Z:F 0, — I8l H O% 0 7 CPFR:
3.4615, PVT): 73.1953 (—[HIH D% & il L TH T8 OWNTAT L7 RO 2 Feff Tt 2 Fi L
7z.

Table. 2.2.3-5 121X Model A 72 5 NZ Model B OiE 7 /L &ZxtG & LT, #id 2RI RIENTA
1 U 7= AUk - AR ORI ORI 4% 7. Fig. 2.2.3-6 & LT, Table. 2.2.3-5 OfE 4 i U704
R

%7, Table. 2.2.3-6 | BN ~OFEAFERL 2 BRI L < H (mouth)BH M 2> B S| NN IEH S v 7=hr
&/EJ"J@*J?’*%I@*#%%@ LTRT.

—[E H OBZIZ X0 KGEMIE B EOXSE T VAR RIEEL TR AR T 5 Z &b, KT 4 L LED
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AL, R BRI E T DR D7 4 VAR ERBIGT 5. 207w, #fki LT 2 B HO%E

BLUTESG AT, BR 7 4 VAERYISG: L B DE ST > T0D Z 8D, RIKERENELL,
BIETT 5.

BTS2 BEOKE L CHMICIVEE 0 7 7 4 VEEZ 58121, %E—2 ik CPFR 73
5.75 [L/s]7» 5 3.46[L/s)C 38%FRIEIR T35 2 & T, KK EMEITERICHD L. Fig. 2.2.3-7 1
IE PR SN REZER LTV 5.

Table. 2.2.3-5 Size distribution of droplets/droplet nuclei generated in airway(Model A and Model B)

l]))ii;u(n;fs; Number of droplet/droplet nuclei
nd : :
tnopRs 75, PETes) T CPFRSTS PVETSD) T, O AP
cough)

Model A Model B Model A Model B Model A Model B
<0.1 995 0 500 0 500 0
0.1-0.25 9062 0 2,762 0 1,500 0
0.25-0.5 15375 5,488 9,184 4,971 2,018 35
0.5-0.75 16,668 10,886 8,779 9,938 2,174 72
0.75-1 17,973 10,393 10,632 9,746 3,031 305
1-2 202,041 121,982 43,288 120,455 3,580 789
2-4 1,306,945 1,062,737 292,271 1,014,080 7,556 19,117
4-8 8,833,188 7,828,667 8,770,737 7,236,128 1,051,660 787,937
8-16 867,018 810,676 33,625 114,480 1,332 3,697
16-24 16,814 18,710 10073 919 397 0
24-32 260 371 197 1 2 0
32-40 1 12 0 0 1 0
40-50 0 0 0 0 0 0
50-75 0 0 0 0 0 0
75-100 0 0 0 0 0 0
Total 11,286,340 9,869,922 9,182,048 8,510,718 1,073,751 811,952
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Total of stripped droplet

Model Atls) Mode) Maode) Model Bdlw) Maodel Model

A(2ed wame) A(lad ajud) Bled same) B(lad ajurl)

Fig. 2.2.3-6 Comparison of droplet/droplet nuclei generated in airway (Model A and Model B)

Table. 2.2.3-6  Size distribution of droplets/droplet nuclei exhaled from mouth opening(Model A and Model
B)

l]i)ii;u(n;z)r Number of droplet/droplet nuclei
1st (CPFR:5.75, 2»d ((CPFR:5.75, PVT:76.5), 2»d (CPFR: 3.46, PVT: 73.20,
PVT:76.5) Same profile of 1st) relatively weak cough)
Model A Model B Model A Model B Model A Model B

<0.1 0 0 0 0 0 0

0.1-0.25 4681 0 1076 0 0 0

0.25-0.5 7426 3151 4772 2,791 7 35

0.5-0.75 6111 5180 4315 4,590 1243 64

0.75-1 4721 3016 4340 2,906 855 168

1-2 24367 10588 11423 11,626 1466 207

2-4 120314 83636 32611 66,142 1544 1,996

4-8 685441 494750 609944 398,309 89738 51,230

8-16 83740 49562 2276 9,341 121 543

16-24 1378 2561 935 684 27 0

24-32 27 59 26 0 2 0

32-40 0 0 0 0 1 0

40-50 0 0 0 0 0 0

50-75 0 0 0 0 0 0

75-100 0 0 0 0 0 0

Total 938206 652,503 671718 496,389 95004 54,243
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PCPFRS. 75, PVTT0.5, Same profile of 17) PACPFR: 3.da, PVT: 73.20, weak cough)
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Fig. 2.2.3-7  Size distribution of exhaled droplet /droplet nuclei (Model A and Model B)

(b)-2 PEIRZERE - FEORFRIE D 7 2 FTAM i% D #ESL

8 ONEMEHT (Forward Simulation)lZ & - THAT L 72K 7 R L% [lis & 7 R R EAT (Reverse
Simulation)fi £ & #£(Z, Passive Scalar AT 4175 Z & C, MERZER & 2 O 5y % [6) € 3 5 BB g F
EaMENL L, BARD L MFAET 2 B RANVE IR O NMEET IV IRERIE ST T, IR FIE D7z
D O KBS A Fehi L7-. Fig. 2.2.3-8 | EEBAVEM A 487E L -T2 oM 2 74, KRN E %
BB LN 2 £ Lz BT, XU A r—0 07352 L TCARET VAR EME &
Pl A5 E | BT L 7.
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Fig. 2.2.3-8 The conducted process to minimize the computational domain. (a) is the full geometry

applied to conduct

Fig. 2.2.3-9 (213 N B FE MM MR AR - 2 5 5 B % it 32 B CRE L2 fjT r — A —E &~ 7.
N 2 Y B S D 2 TR I — RO 7y — AR EL TV 5.
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Fig. 2.2.3-9  Geometries and meshing designs for the case studies in different human densities inside

the semi-outdoor developed model.

%72, Fig. 2.2.3-10 (JIFHE LT 255 NNLE TOFFRIRIE L 2 i 9™ 2 720 O NGB 5 O, FA
JEVF) Ao 8L S W T RAT SRR E & NMABLIE DN T & DS D56 ORIT R 2 BB L T 5.
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Fig. 2.2.3-10  Clarifications of the models and CSP positions. (a) shows the human arrays position and
selected CSPs to produce breathing airflow, (b) illustrates the examined wind orientations in the case of
density of 0.64m2/CSP, and (c) is the created model with randomized human allocations and orientations

as a case study.

HENEET VITEFEERAZREL TWD. £, REHIE D AMERE L BRI A2 BB 2729,
Fanger @ One-node €7 /L& H L7-.

Fig. 2.2.3-11 [ZIZ AT T /VIER A5 6 EH R 0.3m/s 12 TAT 2 5:H280 2 AMEET VEL O
AT T EGEARATRE R 2 m T NMERE T DR b L 72 51(0.325m?/CSP) & i & AR EEREZ fefk L7z
FZ4(4.0m2/CSP) TlE, & AKE T I/VEDICIEAR S DN ORFEIE R & < B2 0, Rl R BT
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Fig. 2.2.3-11  Airflow velocity contours in the vertical plane (x=0) and horizontal plane (z=1.4m) for

different examined cases
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(a) Stagnant regions distribution in between the CSPs (regions with less than 0.05m/s velocity).
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(b) Airflow streamlines in the central positioned CSPs.
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Fig. 2.2.3-12 Airflow characteristics associated with different social densities/distances. (a) shows the
distribution of the stagnant air between the CSPs, and (b) shows the airflow vortices associated with the

body-air interactions.
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Fig. 2.2.3-13 The vertical, horizontal, and lateral distribution of human breathing zones (inhalation

probability in different CSPs positions and crowding level.

Fig. 2.2.3-14 |JIZMAZEKIRE Z 10CH 6 31°CITE PSR 2L S B T- 58 DA AT 5 4 JL I
WISk [ & FEHE L 724 2 R g, AR AY 0.8m/s DT, AR SR iR (34°CRIEZ) & 1F
FERSAE L 72D 31CEMEICBWT, B ERRTE O NMEE T NV ORERIEA KT IR BRI b
DIZKE L, BRREIRE & 22500 E OREEN K E < 2D 5T, BN MR LAROFEN R TE
DRI, KIS LTI B maARIc A T 5.
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Fig. 2.2.3-14 Three-dimensional (3D) visualization of breathing zones for different CSPs position

associated with different air temperatures.

Fig. 2.2.3-15 (ZIZi AR 2 B pER 2 b S B/ R 2 Rr7. 0° ST AKET VIEEHIMAT 55
HTHY, 90° IZAEET VORI BT D54, 180° IZANKET LORMAMNLIRAT HRMETH
5. BRNRENT D ET, FANMRET VOMERIRNARKE BT 5.
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Fig. 2.2.3-15 Three-dimensional (3D) visualization of breathing zones for different CSPs positions
associated with different angles of the approaching wind (0 = facing the wind, and 180 is the opposite

direction).

Fig. 2.2.3-16 [ZIZAKET V& T v & LBLE L T2356 ORISR R 27~ NMEE T VERENLE IS
Lo TEDRLFHING DT 5 2 LD, MIROTRSY A X LIS L TRE SLEL TN D, g
BUTWE1 2 2ER[DOMERDM AR L TND Z b, 2E5KUEGE Y 27 ZHlid 256 0% B & filfH
TRl & 72 % AP EE, (SRR EDBRESRIIIN A, MEET VL ORREREE S IFIIEIEANIC R X 725
Balb 2, ZORHKA N =X LTEEALMERPBZE SR &b, BELLRGRIEOS & TK
TEFRAT 2 BN SRS 5 Z & TRPRIRIRIE 24T 9 Z e NEEL 25 9.
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Fig. 2.2.3-16 Public breathing zone associated with randomized case for prediction the critical zone in

crowded semi-outdoor environment. (a) top view, (b) side-view, and (c) 3D view.

(b)-3 ZEMRELICTHZETILOME LRBELHBOERTES L UVBETETILOER

Z 2T, BNOWREME & RIKIC K DY) R 7 OKREE BN A ENRRE AR T 57200 % Bk
HGICIANT 72 NMEET LV ORE L EITET L ORE, 732 b ONZ BRI 72 it L E O RRE O MGt 24T
Do

Jed, Y EYURRE 2T L ClE S AER L, & DICAFEOMR SO | A 22 A FRIGE) & RF oo
—F XXX LR L (K2.2.3817), BYEHITIRKFETEET 176 10 ETEHVIELRETELR
DORIRERBT DT EZBE L, T WULEITo T2, —FH, #UREFICHO W TIE, MEFEEE TSR L
EMESKETT VEAWT, BEENDREXOF 7 HRETOREEZHE L, SILCHH LT, &
Yo 1Y ORI CERMNITER LT BREEZARE L, MRl (WA &) Rrofii 28 (b4 BT T L
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Fig. 2.2.3-17 Two interacting virtual mannequins (left: infected person, right: person to be infected)(A),
Modeled respiratory tract to evaluate infection risk(B), Flowrate imposed at the mouth of infected
person (speaking model)(C), Draplet particle number against the particle diameter for the speaking

model (D), Flowrate of the infected person breathing.

WIZ BRI 72 e LR O R E . FRICIGL Y R 7 KT 5 & ILTJEEF ORENE bl 2 3 2 ks A
T LD EAT o7, BRI, N—=F v~ X% b DORLDMIRIK S AT L& A TR
WHEAL, ENIRNOSAIZE > THIEEZ S D BNOTRIRKLF D5 H & AME~ORLFB]A % E &k
L7z, 2.2.3-18 1T L H T, EER 5 DO T AT A ("Mixing”, “Displacement”, “Underfloor
air”, “Impinging jet”, “Stratum”) (21X T, BN ~DOFHEZEROMIGIIE & PERALE ISR L T, ey
RGO E AL S BTG A ORF bIT o 70, AU R 2B . "Mixing”$ & OYUnderfloor air”
Pl E, v 2% 2 O ATHRIRDS BRI LR FRAZ NS5 2 &3 0o 72, £72.”Impinging
jet” &7Stratum™ L, IR Z FFLAEIR . & EFICHE L, FRIROWAZ RIS 228, JidL D IR
ICE D~ 32X OMEIKITF L TRRDRELSEHT LI L Nbhr o7z, 5 DOBWMKL AT LAOHT
I%. "Displacement”| %, ZZH R & PR ZEM O FIZHEODY, BREE N HIE ST 5720, B U 2 7 (KEEhR
L L TRREDORREZR LT,
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WImpinging jet™#5 CTld. HEAYEEWZER DO FEALIC & 0 R AR CHRIK DS KRR 3 5 7290, ki1
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HAKDIFRIRBN % e/ NRIZHN 2 72
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Figure 2.2.3-19 Inhaled particle number distribution against particle diameter(A), and “Age of
air’(AOA) against “Transfer Probability (TB)(B) for different ventilation system and two persons’

location.
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In this fiscal year, LES based integrated simulations of a compressor/combustor/turbine assembly of
a gas turbine was performed using both simplified (coarse grids) and detailed (fine grids)
configurations, and the validities for predicting flashback, combustion instabilities and emissions
were examined. In addition, the turbulent combustion mechanism and its modelling for hydrogen and
ammonia was 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 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.
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Table 2.2.4-1 Numerical conditions for industrial gas turbine engine.

e T L LES(E#: 2~ =) > ZAFEF /1)
BT O w1 1 WSS
IRF IR 501 1 IRAA T Rk
HeF ] 21 22 1.0x10 6 fb
B DS F R R IREE B
A J£ 77 [ & (42)F 0.1MPa)
isAES S JEJI(4JE 0.1MPa), it & [# 7 (8.2kg/F))
[EIEe 22,000rpm
B HRTH AT A 13A
LAl 725
AT A fefbA : 15°C. 0.1MPa. 8.0kg/s
BREL - 25°C, 1MPa
Sqmy ko 1.1%x10 3kgls
AA v :0.1kgls
B X 2.8x10 2kgls

Fig. 2.2.4-1 Industrial gas turbine.
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Fig. 2.2.4-2 Instantaneous distributions of velocity, temperature, Mach number, pressure in 1st

stage of compressor.
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(b) Static temperature[K]

I 1.1

(d) Relative Mach number[-]  (e) Static pressure[MPal (f) Total Pressure[MPa]

Fig. 2.2.4-3 Instantaneous distributions of velocity, temperature, Mach number, pressure in 2nd

stage of compressor.
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Fig. 2.2.4-4 Instantaneous distributions of velocity, temperature, mixture fraction on a cross

section of combustor.
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Fig. 2.2.4-5 Instantaneous distributions of velocity, pressure, temperature on a cross section of

rotational axis of turbine.
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Fig. 2.2.4-6 Instantaneous distributions of mass fraction of NO on a cross section of combustor.
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Table 2.2.4-2 Numerical conditions for combustor.

HitET v LES(E#HEZ < =Y > AFET 1)
B URIR DAL 2 PG A
IRF IR 501 1 IRAA T iRk
Hey ] 21 2 1.0x10 6 fb
BETH O 54 HEE e IR - TR
PRE IKSFBIRBES A /KK 30% Hiri A 13A 70%
LAl 725
TEANGAT: TR (v Ial—vay) .

fefbAl © 348°C. 1MPa, 7.4kgls
R 25°C. 1MPa
SA 1y b 1.1%10 3kgls
AA 2 1 0.1kgls
B X 2.8x10 2kg/s
7Ty aNy JENT (PRBERS BLRARAT)
EefbAl - 348°C, 1MPa, 7.4kg/s
BREF : 25°C., 1MPa
NAay b 1.1x10 3kgls
AA v 1 0.1=0.2kgls
B X 1 2.8x10 2=2.8x10 3kgls
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Fig. 2.2.4-7 Instantaneous distributions of velocity, density, temperature mixture fraction,

species mass fractions on a cross section of combustor.
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Fig. 2.2.4-8 Time elapse of temperature distribution on a cross section of combustor for a

flashback simulation.
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Fig. 2.2.4-9 Time elapse of mixture fraction distribution on a cross section of combustor for a

flashback simulation.
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Fig. 2.2.4-10 Time elapse of velocity distribution on a cross section of combustor for a flashback

simulation.
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R

(b) Split a hexahedral mesh by refiner.

Fig. 2.2.4-11 Refined tetrahedral or hexahedral mesh with refiner included FrontFlow/red.

Table 2.2.4-3 Numerical conditions for industrial gas turbine engine with refinement mesh.

e T L LES(E# 2~ =) > ZAFEF /L)
B E O 1 KSR R L
WFHI R 5015 1 RAA T [EfiRik
HF A1 5.0x10 7 Fb
B DS EE M IR - TR
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A SUE JEJI(AJE 0.1MPa), it & [# 7 (8.2kg/F))
L7 22,000rpm
Bk HOHT AT A 13A
fE{ LAl 725
AN TT A (Al . 15°C, 0.1MPa, 8.0kg/s
BB 25°C. 1MPa
NA vy ko 1.1x10 3kg/s
AA Y 1 0.1kgls
BAEX 0 2.8x10 2kg/s
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Fig. 2.2.4-12 Instantaneous distributions of temperature, pressure on a cross section of rotation

axis.
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Fig. 2.2.4-13 Flow chart of mapping coarse mesh data to fine mesh data.
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(b-2) KFR. FUVEZTERBED IR I aL—Y 3V

IKFE-T = TIRBESRIEICEB VT, Flamelet 5 U o 7 OFS L EIE L E 2 LD IRIRILE O
DN, 3RITTELIIRA B % M G B EF R (DNS) 12 X 2 Wit &4T o 72, AT CIE. FURBRZ5
FeDA Ny Aa— R FK3 % VW TIT-72[4-5],

1. FHHE x4

T U TR OB AN G KEBL D N RY VI BESGTHD, KB RLFXF—F U T L
LTCHEIRf NG ., BRNEBEKRESCRAENHEEE LTETONTWAS, ZZCTRIFEETIE. ToE=T
R OFRE L LC, BRBERTT =T WHEAKEOFHEZRE L, KFE-T =T IR & 5 L
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LT, TUoE=TWESGDONT ARPIERE R TARE RN 3: 11T D 2 2T L, RN &K
FEORT, KFE: TUE=T  2E2N0.45:0.40: 0.15 LxE LT, FFEMEEIT. R 2o RBEEE %
ST HDITET S SITERIRES B L Lz, X2.24-14 12, FHEMHEEE =T,

2. BHRGIE BTV, &

ABFFETIX, 3 RTEHEEFH R (DNS) (K VR AT 5, AR, i, EihE, = xrF—,
BIOMEFHEEE S ROLRAAR, IREBHRERX, Lewis # 1 KB L8N HIEE /gt e, B
FOBOSHELTZE Bk #2300~ AR S 5 [4-6],

@ opu;

=0
ot 8561 (2.2.4'7)
Opu; n Opu;u; _ Op N iﬂj
ot Ox; Ox; Oz (2.2.4-8)
oph  opuh _op | op 0 [ fon () oviY) -
at " oz; ot “ow, oz [po‘ (axj ;(h’“axjw P%:(thka,g) T
(2.2.4-9)
0pYy, ~ Opu;Yy 0 .
+ =~ (PVi,;Yh) + pok
ot Oz Oz ! (2.2.4-10)
opZ N Opu; 2 0 <pDZ3Z>
ot ox; ox; Oz (2.2.4-11)
opC  Opu,;C 0 oC
p + pui~ 9 (pDc> + pwe
ot Ox; ox; Ox; (2.2.4-12)
p=pRT (2.2.4-13)

2T, PREEREE, widBER, GERER], PIIES . TIRRAEIS ST 2 v T S e — aldBE
R, VI RE AR, VIR, G3/AERsE, ZIRRASE, CHBISHETER, kidb iz
Ft, R L, RUSETEROERIT He & HoO OERSEOEFE L,

L8 k DIHORE IOV Tt RAUSHESWTEHET 5,

N
XX
VXZ:Z(D ?)(Vj—Vi)
j=1

i, (2.2.4-14)

22T Xu e k OBy, Diid ifese Ao 2 By RIEBRE T 5. A% T,
P RQ.2.4- 1) DOFEAEB & BIES D7 —2 & Lewis # 1 ORI ZHEY r— A & ikt %, Lewis £
DEFITHAIC L 5.

«

Le, = —
Dy, (2.2.4-15)
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FHEfERIT. AR OE Y 0.0216 m x 0.0252 m x 0.0128 m DHIEEIK % 864 x 1,008 x 512 D¥J—721E
Tk~ (I8 25pm) THYEI L7z, PSS LT, SAE A 3 4yEI L, @ikt (i 0.0018 m)
Z, bLEE TFBICZEREEE L, BB I EEMICAKCE S 80 m/s %, Z85UBI121Z-80 m/s & 5%,
SRS AR S D £ D12 Uiz, £z, FIFEICIT 8 ko2 M —HR55 5 ML Y % 1ERk L [4-6,4-
70, BHEE A R — N LT, GRS E LTiE, S sy = 4.0 mis, ELFRIBORS X r—L
L1 =06 mm & Uiz, HAkO=H, BREVE L 2258 ORIC Flamelet library (23513 2 BEAGED =< %
WE (1 0.0005 m) ZHELE L7z, FAWDILZE A =X A2, Jiang DD 19 {L2#FE 60 £ CTHE
RED b O EERML[4-8],

FRESMERROE Y | R2.2.4- 10 DFEMIEH A ZET 5 —A (DD) & Lewis $t 1 Ol & g/
—Z (ULN) @27 —RA%&ki#Ed 5, 2L D, G IER0E R A B9 % DD & Lewis #1 1358l %
5 ULN OZRZ2f#EZR L7 £ T, DD IZOW TRRBERME DG Z 1R 5,

DNS (21X, ES_— 2D apafiRil 2 — R FK3[4-51% iz, @B &R FO SRS IR AT 4 YRS
LS & AN 7 —RFROZ 21T WENOS A % — A% FYEECEIZIT 4 R LS & vz,
RFFAE A3 11T 3 YA LR TVD Runge-Kutta 54 F o, ALSSEFHE O F#5y F7FEXUZ1% VODE &
Wz, FHEIL 9,216 2 7 WHIGHRIC LV i L, Rz 1.0 x 108 s 12T 5,400 A7 » 7 TitA
L7z,

Pl R R Rk R R

Ly = 25.2mm
n, = 1008

S W Y YO Y WO WO WO W WO WO W O

A W Y Y Y W Y W YO W W W W W §

|
n, =512 | L, =21.6mm
n, = 864

Fig. 2.2.4-14 Computational domain of 3D DNS .

3. FHE AR

2.2.4-15 12, DD & ULN OHF AREOEM 52 ~d, KXY, DD ®H A{EEIX ULN OZ itk
RTENZ N5, HELZET TN &, ULN IZERICEL Z b o7, X 2.2.4-16 12K %KiH
O E 25 T —EHRIZHOWWT, DD & ULNDOAX ¥ X —7 vy NaepRd, 7277 L. #EZRInRTFE
#95,
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k=-V-n (2.2.4-16)
o VZ
VZ| (2.2.4-17)

ULN (HIRA D EOARNKIGIZRE <, AN 7 —HBEERRE < e 2MHmIZdH 5, ULN Tk, KFEOHL
BOIBEBCRIC AR T D DR WA —F —THRAET L B2 6D Z &5, KEIEHEOIEDHRMEN
BROYEB T BB RAZ YT HZ LIk, BEGFEOARNKELRDIBDEZ I LD, ZD Lewis
1A AR &/ NG B ATREME S 5 Z L1, B 21F Han & ofal4-12] CH it ST
Do

I DIEKRPHERF S D DD 12OV T, KKEIR & EBPULBOBIRIC OV TR S, X 2.2.4-17
\Z DD IZBIFHKFE LT E=T OKREIZIST D #IE & JEHA EOBRIZOWTRT, KPR
WHETH D, pds, PR EIFREUTHE - TEHR LTz,

05 =cos H(n-7) (2.2.4-18)
 Ji+ g+ ik
|| (2.2.4-19)

B0 #hERE v OISR B O KR & AR EFTAET 203, RPN ERLADTHEEICE N THH o
EDOIBAEZ SO ONRFET HZ ENbnd, £-, HbHEHT 2L OIETFEMCEND Z E3b
Mo,

[ 2.2.4-18 IZ DD IZBIFH KK LT o E=T OKREITITT L i3 & E &0 RO AR EORRIZ O
TRT, MFORBUTEHMETH D, 72k, AfA TR TEHE LTz,

HY = COS_1 (n . W)
VY| (2.2.4-20)

BlE Y, WFER ORI ABLOAEDOREREHPFET H I L35, FHIKFETIE, Hh=RNIE
RADTHRICB W THHLIREDOARLDAEZ L OL DN FETH I bbb, o, &bHENT 5
DITETFIEMICEND Z L3 5D,

4 2.2.4-19 |2 DD ICBITF D KFE LT =T OKRMEICIT D EERORBLSFE & YRR O A &
DERIZ DN TRT, MFOEBITEHETH D, IV, WTFHOFEREIZB W T HIEOMHBEN RO
DN, ZOMEEIFIKEOFNLVBHETHDZ ERDOND, £7-. WITNOLFREICBWTYH, & THEH
MIRDAED T PVEEGRONLDAE LY b RERELIDL Z LB DN D,

(] 2.2.4-20 IZ DD IZBIFHKK LT o E=T OKRETEIT D AT T —HBER & KRIEIZTEE SN &
FRIT M ORI D & DBIRIZ O W TRT, KO BBITEHMETH 5, KED, WTFhobFlcEs
W h, TEELT ) & BT R OYTHUR RO T IEDOEEZ b O Z E RN d, £/o, AH 7 —HHERO/NE
REEEICEBWT LY RERIEAE DI L, BHEREWVOIZERND 20 BETHL Z LN b0 5,
AWFFEIZF T, DD IZHART ULN (34 AR A8/ Nl LIERICE S 7 & B IR0 2 BBERr M &
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R ZERHONERoT, £z, DD IZEWT, KKE O & IEBIR AR O BRI OV TREMIC /T &
1Tl ZAH KFEBLOT =T OBITOALFREIZE N T, BRE RO AR D HER T 2R
LTV O BBIE SNz, 29 LIcEEh 2 EMHICIRA D720, A%II XLV SERFIEICO VT, D
WHMEEZ RS L TS BERS S,
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(a) Detailed diffusion (b) Unity Lewis number
Fig. 2.2.4-15 Instantaneous temperature distributions for (a) detailed diffusion case and (b)

unity Lewis number case

High

(a) Detailed diffusion (b) Unity Lewis number
Fig. 2.2.4-16 Scatter plots of scalar dissipation rate vs curvature on flame surface for (a)

detailed diffusion case and (b) unity Lewis number case.
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Fig. 2.2.4-17 Scatter plots of correlation between curvature and diffusion angles for (a)

hydrogen and (b) ammonia.
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Fig. 2.2.4-18 Scatter plots of correlation between curvature and gradient angles of mass

fractions for (a) hydrogen and (b) ammonia.
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Fig. 2.2.4-19 Scatter plots of correlation between gradient angles of mass fraction and

diffusion flux for (a) hydrogen and (b) ammonia.
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Fig. 2.2.4-20 Scatter plots of correlation between scalar dissipation rate and

normal/tangential diffusion flux ratio for (a) hydrogen and (b) ammonia.
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iK1 FRFRRER
1. ZEE - MRS ISR Ll
No. | faf L7cime (EXRER) | BRERAL FFR LG (s - MEEA ) | BERL
7= B

1 In silico decongested | Nguyen Dang Khoa, | Computer Methods and | 2023
trial effects on the | Nguyen Lu Phuong, | Programs in Biomedicine, 228 | 4
impaired breathing | Kenji Tani, Kiao | (2023) 107243
function of a bulldog | Inthavong, Kazuhide | (doi.org/10. 1016/
suffering from severe | Ito, j. cmpb. 2022. 107243)
brachycephalic
obstructive airway
syndrome,

2 The effects of | Bogqi Ren, Chung— | International Communications | 2023
irregular roughness | Gang Li, Makoto | in Heat and Mass Transfer, | &
with different surface | Tsubokura vol. 141, 106581
power spectrums on the
heat transfer of
natural convection in
enclosures

3 Direct numerical | Bogi Ren, Chung— | Computers & Fluids, vol. 257, | 2023
simulation of | Gang Li, Makoto | 105866, A
vertically heated | Tsubokura
natural convection over
3D irregular roughness

4 A sharp interface | Chung—Gang Li, | Internationla  journal of | 2023
immersed boundary | Rahul Bale, | mechanical sciences, vol | 4
method for thin-walled | WeiHsiang Wang, | 253(1), 108401
geometries 1in visous | Makoto Tsubokura
compressible flows

5 Billion—design— Yuji Wada, Tokimasa | Proceedings of the | 2023
variable—scale Shimada, Koji | institution of mechanical | &
topology optimization | Nishiguchi, engineers
of vehicle frame | Shigenobu Okazawa, | Part D: journal of automotive
structure in multiple— | Makoto Tsubokura engineering
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6 Nonlinear Reduced- | Kazuto Ando, Keiji | Computers and Fluids, 106047 | 2023

-96-




Order Modeling  for | Onishi, Rahul Bale, =y
Three—-Dimensional Akiyoshi Kuroda,

Turbulent Flow by | Makoto Tsubokura

Large—Scale Machine

Learning

7 Characterizing Rahul Bale, | Heliyon, 9(10), e20540 2023
infection risk in a | ChungGang Li, =y
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due to airborne | Saori Yumino,
diseases using discrete | Akiyoshi Tida,
droplet dispersion | Makoto Tsubokura
simulation

8 LES application to wind | Mingyu Meng, | Journal of Wind Engineering | 2023
pressure prediction for | Tetsuro Tamura, | and Industrial Aerodynamics, | 4
tall building on | Akira Katsumura, | Volume 242, 105582
complex terrain Yoshiyuki Fugo

9 Impact of Indoor | Cong Li, Sung—Jun | Building Simulation, 16, | 2023
Ventilation Efficiency | Yoo, and Kazuhide | 427-441 A
on Acetone Inhalation | Ito
Exposure Concentration
in Respiratory Tract

10 | Spatial distributions | Sung—Jun Yoo, Akira | Experimental and | 2023
of airborne | Kurokawa, Kazuhiko | Computational Multiphase | &
transmission risk on | Matsunaga, and | Flow, 2023, 1-15
commuter buses: | Kazuhide Ito
Numerical case study
using computational
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simulated persons,

11 Effect of transient | Kazuki Kuga, Ryusei | Computer Methods and | 2023
breathing cycle on | Kizuka, Nguyen Dang | Programs in Biomedicine, | 4F
micro and nanoparticles | Khoa, Kazuhide Ito | 236(2023) 107501
depositions on
respiratory walls

12 | Computational Fluid- | Nguyen Dang Khoa, | Computer Methods and | 2023
Particle Dynamics | Sixiao Li, Nguyen | Programs in Biomedicine, 237 |
modeling of wultrafine | Lu Phuong, Kazuki | (2023) 107589
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to coarse particles | Kuga, Hidetake
deposition in the human | Yabuuchi, Keiko
respiratory system, | Kan—o, Koichiro
down to the terminal | Matsumoto, Kazuhide
bronchiole Ito

13 | Visual prediction and | Hanyu Li, Kazuki | Computer Methods and | 2023
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sensory evaluations
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droplets generation
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surrogate for ammonia— | Pillai, R. Kurose Combustion Science, 15, | /&
hydrogen premixed 100193
flames under various
conditions
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