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+ Flight / Mission / Instrumentation networks
+ Migh bandwidth control through

Safety Plot inceptors * Advanced Sensors - cameras, EOW, Lidar,
+ Abily to immediately terminate fly Radar
Dy-wire 0Derations to enswre safet)

« Infemation solation for fight safety

Evaluation Pilot

« Independent Ry -by-Wire controls

+ Haptic-feecback

* Abiity 1o swap Inceptors for future
testing

Fly-by-Wire System
« Experimental/ Ful-Rate / Ful-Authorty
Fly-by-Wire system

Flight Test Workstation
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safety / test execution

+ Indzpendent CrewWorkstation
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Sikorsky (8% : Paul Lemmo, President)
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1. Panel on NATO’s Next Generation Rotorcraft Capability (NGRC)

(1) NATO NGRC (Next Generation Rotorcraft Capability) 7 A I MEE

NATO NGRCT Lz /- DEHIZ DT HEEK
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1. Panel on NATO’s Next Generation Rotorcraft Capability (NGRC)

(1) NATO NGRC (Next Generation Rotorcraft Capability) 7A 7 MEE (i)
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STUDY 2 : . T
CONOPS ; : m DGA
STUDYB E : LOCKNEED MNR-HN g !'"'

Open System Architecture

STUDY 4
Novel Powerplant

ANT 5T 008

AVT-ST-009: 3
Technical Support to NATO Next Generation
Raotorcraft Capability (NGRC) i
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1. Panel on NATO’s Next Generation Rotorcraft Capability (NGRC)

(2) PRZAHBAVADEE)/ N\AT)yRIEE T OBEARREMEICDINT

NGRCOMEZEND—IBLL T, BEWN\AT)UFRFTOBERBRFICONTHERRE

@ NATO Generic-Rotorcraft (NATO-GR:H-60%E i &L= A DR EHGER—ZS5 A
U EEREL REZEEDHTIVD,

Max Take-off Mass (MTOM) 9,926 kg / 21,880 lbs
Basic Empty Mass (BEM) 6,191 kg / 13,650 Ibs
Maximum Payload 3,285kg/ 7,240 Ibs
Maximum Fuel 1,305 kg /2,880 Ibs

NATO-Generic Rotorcrafts it

(B3 VFS Forum80 Special Session presentations 451 ) 5

1. Panel on NATO’s Next Generation Rotorcraft Capability (NGRC) N f

(2) PR SRABEA)VNOER/N\AT)YFLEHT OBRATTREMEICOULNT (#F)
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NYTI)—EEELT3,530kgZEL . A O—FEENWN%EFTTHINLE
« i f5E PR (300% LA ki3 2>
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BREABE <
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BETO“IA IR NATY IR DA et 2 i 5 B
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1. Panel on NATO’s Next Generation Rotorcraft Capability (NGRC) N ¢

(2) PR B ARA)ADER)N\ATI)yFLEFHOBERARRENEIC DT (5F)
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L : Case Study 2 Case Study 3
Economical Flight (“Quick start” Envelope Expansion (‘Boost’
Propulsion) mode)
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2. US Air Force and Navy/Marine Science & Technology Efforts N ¢
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2. US Air Force and Navy/Marine Science & Technology Efforts
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2. US Air Force and Navy/Marine Science & Technology Efforts
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2. US Air Force and Navy/Marine Science & Technology Efforts

(2) XBEOWHEFMFE(ONR)ICEHTHRE

€ ONR (The Office of Naval Research)D#f £
ONRIZFXRDKBERVBEEDRENHIFICEET SMRARETOHETHY.
LERE. BUFAERT. FER  EFHEB~NDEERERVERAREZITOTLVS,
VFS ForumTl&. ONRDHHR—rEZIT-LOODHAREBENSHERRENAE RSN,
a7 IHKE BEN)OZAHEEERICETIERBRRUSI2L—23vITDoT
(-REBLTABZRENMLET.)
KETAMAOYRRI—)L: HED =D DRITHEBRDO ZIFEBZDOLNT
A)—ZURKZE -~ DZEHEEERICET 5 3 aL—2ar RUGIEIERMTIC DL T
RUVNWAZTNIIKRZ RE). BRABEEBO-ODEEMBERNIONT

2. US Air Force and Navy/Marine Science & Technology Efforts
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2. US Air Force and Navy/Marine Science & Technology Efforts
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2. US Air Force and Navy/Marine Science & Technology Efforts
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3. US Army Aviation VTOL Programs N f

KEFELY VTR DATLADERIERUVEHKETOT S LORMYMEH AL THRR
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® BHELI=O AT LOERIEDERYEAIZDLNT

HLVWBWERITT A3ESEETEREL 72—\ O EFRERITRML.
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MHIEREICEWT, VRATLAEREENGEDIZT HIEMAHE

*MOSA(Modular Open System Approach)D@EIZ&Y . RRA#EIRD EHE 0l AE
ETHEELIC, BEREEIME

Hi #L: https://www,clo,mil/sea/mosa/
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3. US Army Aviation VTOL Programs N f

& J5v01—% (H-60)
HE N R UHEEAME L O =6HDMOSA(Modular Open System Approach)
7vITL—k

® 7/\F (H-64)
RERT—ILO—BTL—F /T—ILESAT v I ATz RL—2DE %
*AH-64E VB.5LME (XN A8 Hm R DRIFEMETH

® MZEA—EL IOy
-Improved Turbine Engine Program (ITEP)CHFE SR DT T DU ETIvIHR—
RUTZINFICBEBT5-0D(T7L—a0 BRIEEMETH,
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3. US Army Aviation VTOL Programs

& FX— (H-47)
~CH-47F Block 2 E7 /L (X Rif. BBNRHE. BB RMFLRRL-&HE)
|ZDUWNT20254 ZIE T ILL— R EBEISRBIT D RIAH

€ FLRAA (Future Long Range Assault Aircraft, 20224 12X )L#tV-280H%E 5E)
REVATL N=Fo)ILTAMATOTH AU LE 12— 2024~20255F
=¥ SN A Z20304F IEHE

& EAMERRT L
=KFEFED) V52 A(FARA: Future Attack Reconnaissance AircraftEHE %R T L.
BMAMEBE~ADREEDINERIT, T RMABOKIE, BBOEMIZERE
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IRIEMEEA OEE R UAAM (Advanced Air Mobility) &% F—7—FKI(Z,
BEMEEMICBETA2ERRAZVMNEERZ -, BIRO/ T —RE TS DH LD,
BAT L ERORUEREL-ETEANBERIATLS,

® FEFZOVRV AT LDARITEFZAIEEIZT HMOSA (Modular Open System

Approach)IZEAL TIE, BN LIzI7A—S LEAREEL T, FHEBEOTEA =V X
SATLORARDEMREG>TVDLIITELT,

19



Vertical Flight Society Forum 80(CB9 3R
(Technical Session. ElTER)

2024/6/27

NG ETRFXEZE

AUDTZEEES ~UITIEEFT=R =i

B Kawasaki

Powering your potential

1. Technical Session (CE39 3%k

1-1. eVTOL / Propulsion (CBIT 358E
1-2. Operations (CBA9 % i&i&
1-3. HUMS [CBI9 %i@i&R

2. FfTRRET

20



1. Technical SessiontiE(CBi I 3IES

Operation(CPIT %@X—E (k#¥)

No. |&- KL HIRE
(1) | Low Noise Helicopter Operations Recommendations to | Airbus Helicopters; Aips
Improve Helicopter Acceptance (Paper 1223) ONERA; 'Cgf‘:f‘

(2) Use of Machine Learning Technigues to Support Future | University of Liverpool;
Ship-Helicopter Operations Research; an Initial
Investigation (Paper 1378)

(3) | Manned-Unmanned Teaming Applied To HEMS Politecnico di Milano;
Missions: A Path Planning Approach Based On The
Pilot's Workload Assessment (Paper 1213)

HUMSICHEY 35i@X—E& (ik#%)

No. | &1 L HRE
(1) Development of a Common, Open Data Exchange National Research
(CODEX) for Rotorcraft HUMS Data (Paper 1196) Council
(2) | How Computer Vision is Changing the New Way of Airbus Helicopters RIS
Health Data Analysis (Paper 1181) TN
(3) | Gross Weight, CG Position, and Rotor Flapping North Carolina State
Prediction for a Compound Helicopter using Machine University

Learning (Paper 1328)
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1-1. eVTOL/Propulsion(cB9 38i&H

O Dynamics of a Variable Speed Hybrid Electric

Helicopter Propulsion System
(Paper 1252, #&F T —K%)
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o J\ATUY RMEUEC ETHEES T ADOES(E1184/R> RHv5 13667 R(CIEINL
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o DEAL—3aAERTIE. 110kt K. XS - O—9—[ElEREE 27%E =t
D& RPEHEERN 8% Uiz,
+ BHRE~KIRBEDAY AT A TIIRITIEBENES . MELEEEZENRL I 20]8E4N B D
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1-2. Operations (CB89 %5&iE

O Low Noise Helicopter Operations Recommendations

to Improve Helicopter Acceptance

(Paper1223, #%&Airbus Helicopters) DGAC 55 2 B

MOTUS : DGACHE®, #IMCHITIVIOLDEESHEx

== - B =NRCHZaT702T0 .
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BICLIAZAEOETIRRICESENUT, ANUIOTI—0iETICREY 3359 &
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HIEAE
« ADNUDTYDESZERNRICED D AN Z AL EIRIET DI2ODETERF
ANYIDTFEE T EZAAS bO2IE
LAZA S EDANY DT ZEf 7 Ow hADIREE S E RIS

#ER

s BCLIAZAVE (DS2AOBIMNRT. YIBDANILELDE) TOSEHITE. £R
PAYU DT ERES [CES SRV K ST HFEARHEREFT L TH D, Airbus (&
—NRERFIACINZ, BES 1L —> 3>k eRb/l— MRAROBREZE
RUTHE (E%E) 20R—hLTVWDEDT L (TAO0—7vTHiED) .
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O How computer vision is changing the new way of
Health data analysis (Paper1181, 5% : Airbus Helicopter)
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ZRET D

RS

HRLEW

BFRFIHUMST —5 ([CEBRFEB TINILGITL. OR— K - ROF— - I (SVYM,
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InceptionV3, VGG16M3D) [C. BRIIZ/LEMFEFB B,
SZAIDDAGE =TI U Tz,
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Exhibitor Booth Number
Advanced Rotorcraft Technology, Inc ...Booth 413
Advanced Torque Products...............

AGIO MONTEAN c..cooceoes e asssmssssasmanssssssssassnns

Airbus.

American Aerospace COntrols........c..crvwsvu..rr. 800th 206
AMETEK AirtechnolOgY. . ....oo.eerevrersermrsresoenee: 500tH 321
ATA Eng g, Inc Booth 621
BAE Systems. Booth 513
Bell. Booth 112
Bloomy Controls, InC.......ccoccevevccernansnnriccnnenenn. BoOth 215
The Boeing Company ........

BOLD Valuable Technology

Calspan Systems Corporation

CGarlisle tTechnologi

(€201 1710, —— L | Y P
(MAI (IMACA) Booth 214
(MC Electronics. Booth 702
Continuum DYNAMICS, INC...cuuuvumcscescssssassssssnss Booth 303
CycloTech GMBH.............ccoocuvenreccecaamsiiansascaninn. BOOt 917
Daedalean AG Booth 704
Daniels Manufacturing Corporation

Dayton T. Brown, InC.....cc.ccovc
Dayton-Granger, INC.......ce.eeveevsssseerssmsssscesenen: 500U 421
DDC-, Inc. Booth 320
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Exhibitor Booth Number  Exhibitor Booth Number

Di Company Booth519  Penn State Vertical Lift Research Center of Excellence

Drive System Design. Booth 414 Booth912

East/West Inc Booth710  Radbon Electronics Co., Ltd......

Empirical Systems Aerosp Booth607  RAMPF C ite Solutions Inc.. ...Booth 518

ENSCO, Inc. Booth310  RDITechnologies, Inc. Booth 903

Fatique Technology, IAC..........co.ooeeerr BOOLN 909 RotE Technol Booth 402

G.W. Lisk Company. Booth521  RTX

Gastops Booth212  RWDI Consulting Engineers.............

GE Aerosp Booth202  Sikorsky, A Lockheed Martin Company. -Booth 203

Georgia Institute of Technology Vertical Lift Research SYENSQO Booth 819

Center of EXCRlIENCE ..........cocceeerserscerernenrennnn.. BOOtR 611 Systems Technology, Inc. (STI) ...Booth 509

Glenair, Inc. Booth718  Teijin Carbon America, Inc. ...

Green Hills Software, Inc. ............cccoooee..........BoOth 618 Tenneco Systems Protection............................Booth 419

Helitowcart (Vanair, Inc) Booth 520  Toray Group. Booth 319

Hutchinson ACFOSPACE......c.couususssssmssmssssan Booth 713 TTTech North Americ, InC.....c.cc.cconcvevsvnnre.BOOt 714

Inceptra. Booth720  United Electronic Industries / AMETEK ............. Booth 315

Kamatics € Booth 615 ity of Maryland — Alfred Gessow Rotorcraft

M4 Engineering, Inc. Booth412  Center Booth 603

Mannarino Systems & Software, Inc...............Booth 221 VerdeGo Aero Booth 211

Napoleon Engineering Services / NES Bearing Co LT T LRI —— -Booth 218
Booth 818  Windings. Booth 208

National Research Coundil........ocoovviomecrmciccees

New Hampshire Ball Bearings, Inc...

Office of Naval Research
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FFRE Y A b
No. K& g 24 b
JHS-TM-2024-001 [P RF |SEREIAZF AU TR T L — R ORREHAIH & CFDRR#T
JHS-TM-2024-002 |t WAt |[BOEEIKRE rFlow3DDIEE B HERDBRMEICDNT
JHS-TM-2024-005 |5 #{F |BHEIRER Vortex Ring State & [El{E#&h > W1 T
JHS-TM-2024-006 |H:8 =& [JAXA TARS EHARIRERE Y O BEET AR Y — L DB
JHS-TM-2024-007 [T H7F |[JAXA RMRITELY T 1 HRZRIER L ISE S 2 REN
JHS-TM-2024-008 |&4 %3 |SUBARU F kT A > IO RRFHBRR ORITHRES OB
JHS-TM-2024-009 |&& & A AESRMEEEIR TEEA Y DR A X MBI O RIERICEET B EXY M A D HTIR
JHS-TM-2024-010 | LB &k |@EEXRZE BEEMH O L MZEHTFA~DRERH
JHS-TM-2024-013 |E&)I  EAEM A ;%;;;ﬁii;iﬁﬁiijg
JHS-TM-2024-015 | KR 3% EFRKE BARFEICHIT 5200 — 2 EDENES)




Ba 20245 K FFREERBTFRS / OERBITREXRS
“ETUAT ;54#64 s

A 757 L— K ORRE AT & CFDEEMT
INEG R
RREIKY BEMEE D2

AR “STUAT
EIERE: XERT7EEY T4 (RO—> - I7592—)
BEBHEERETNhDI v a3 Y \OBBHI AR
« EREIANONREVE/ AR - KREOWE (KBKSF)

BE S 2 L—ar: BEREOMELICES
BHERF D DN ICHBRTRERSR:

* Blade-vortex interactions ( BVI)
» #:3Bfll T® Dynamic stall
- BNGEFEER

. R. Jain, AIAA SciTech Forum, 2024,
= ?Eﬁl]—?ﬁ.-ﬁ@:{:ﬁ ALAA 2024-0883

» ...etc.

Z D& SBEEANOBAPTREMEFHE (=X 1£57f ) H'EE

29



i

FLH

%TUAT

ZEHHM: NEREDD DORNICEEBI ZERRRKOVED
CFD/CSD R i 2N BUERREREVICETT SFE

BE - ZEDEORTICEWVWT, BITER/SETTILORYMEFTMHEHHL L

o TREE: ELR / BB TETIV, BFER, etc...

o S0 VEE, #5507 =2 AOET /L (beam modeling ), etc...

O 6/ HXFTIHUARLH (#NBE ) ORBY/AFLEK
- WIS (EHIS, RES, R EER ) O REATRLER
- RIBOEFHR 222 L—2 3 ETERI B EHEM

ER/BEIAL—2aVEREULBIN T 7Y M7 4 —L OB

MDM biade. | il
Fig: Test model

» 7L — ROZRRAREHA ( stereo DIC)
*» JL— R EOBREEBEHA (cntTSP)

“=TUAT

Be
* 2m x 2m {EEEHE @ JAXA BARfEFE LY 9 —
« 7L — KR UH-60A DX o »O—%

* Rotor radius: 765 mm

s FNYU VTR GBRRL )
« O—4% [ElEE#: 940 rpm
- OEH
. E#H: C,=24x%x107°
- With:Cr=54x107°
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[ENEES wFTuAT

L — ROBEFFREHE
W A7 LATI9)LE&GIEE: Stereo digital image correlation (stereo-DIC)

c SYFLBRY NS —vERELETL— RESE
. 2BADNASERNRT LA
. ERARTOEE/ Y — OBHER
EBREELREMRT—7 ZEUSEIEE (~ pixel )
RUN: BI&E&HOFT—4

17—% ¥160A R ORARFHT—F

REF: BEROFNT—F

Wind Tunnel Test “*TUAT

cntTSP =

cnt: h—R>F./F 2—7 (carbon nanotube ) 2
TSP: @R 2% (temperature sensitive paint ) g
TSP layer Q
screen layer g
cnt layer o)
8
(-3 Distance from leading edge
copper electrodes
bade surtace WEEEBHAOBE

« ERVELR BRETO BMEERDEL
- SEMFTREME - FAEAATRAREICE
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s Omed S o  FHAN&RTL—RICRELLEHN
- BMK "( Cam. & LED Delay-pulse \ . EEATF—VICLDHHREETEEES

f
" LEDs (x5) trigger signals

! cam. 1 gonerator | zeT ERANAIKCETBENNTE
\

7

\
\
Azimuth |
trigger signal |
Flow direction el s \lbnﬂ[
‘‘‘‘ /
\ Azimuth meter /
i Support sting ( In-house ) ? =
N Dpoitaeg: g 3 t SHRISEE

6-component balance ~ -

Trigger generator
SHARRTL—REZEBEIZET, FERER—tY N7 v 7T ERHA / BREEBA = R
7

FUFEER & CFDD S MR % TUAT

ERRARGHRIT—5:
- TAIBOTL— FRARET—7
« 2805 A S OHBHASEUFTT]
(eg. 7L— KXz )

wind on

~ wind off

RESHET—IH57L— ROERINT X—4F (lead-lag, flap, torsion ) DH#ETE & SDFREBHEA
W

TR % CFDY L/VCHADMELTAN g
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32



ERARBIBAL

SR A TERRICER/(T X — 5 2 BE
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v

Discrete Fourier transformation ( DFT )

/2]

x(y) = Z a, sinkys + by cos ky

R

7V IREERDS

ER A D BB

Low-thrust

High-thrust
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R |
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“TUAT
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Fig: Reconstructed tip deformation 9
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CFD f&fhr “FTUAT

CFD Y/ JLJ\: rFlow3D Eflﬁ? _ BT A #9140077 %
BREARTEER i : B  EEHEES
« 7L — FORIEER B

Flow condition
Freestream velocity 0.0m/s
Rotor speed 940 min-!
Freestream temperature 291.7 K
Advance ratio 0.0

Numerical scheme & models HET—X

Reconstruction Fourth-order compact MUSCL D EHHEETH Q@ RBREER OXBEZEETILH

Advection term  Modified SLAU . Eﬁ;j L—R ( E;g&% )

e e Background: 4stage-RK .
me IMegration object: LU-SGS cBFETL—R

Turbulence model SST-2003 - BAER (EBTETILER)
Transition model ¥ — Re, « 2EELTA

11

CFD f##fr “FTUAT

0.8 i : Table: # D FRIFRZE (exp. vs. CFD)
- adi| = . Lowthrust  High thrust
= 06 : 5 A T Rigid 12.4% 9.3%
é § E Deformed 1.1% 0.6%
% 04 o
o - * exp.
éoz ; ® deformed
21 g 4 deformed (turb. RO _
: oot e (R R & DRENAIRICKE
00l ® : A rigid (turb.)
0.000 0.002 0.004 0.006 0.008 0010 < FM FEHEIZE&AKE U T—EDREH
Cr ['] i B Ry N 52 <.
Aatationg JL—REBBAEFRORENTEL TWS A

* Unmarked: BEEE7I/LER
* turb.. 2EEAM (BBETILEL)
Fig: C;- vs Figure of Merit
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CFD fi#tf

Skin friction (CFD) Surface Temperature ( Exp. )
+~ Leading Edge -0

2 s -20

= — =
= E O r———————
=3 E F_
2 --lll--l“QUIIIIIIIIIII
- 60— . ! } !

fin 700 650 600 S50 50D
Q00D DEOOOS 003G GOOMG  DDNoen ¥ [mm)
Leading Edge -40
w E 20
g — )
2 R
= oy E
(0 - = 20
£ -
K=l — 40
I 60
o0 1] L] ] SO0
BEmE s

CFD: B Exp. 58

Fig: Transition location in Exp. and CFD

x&H

% TUAT

- E¥EN —R: HREER (skin

o friction DX ) R S5HhaW
Y . EhT -2 BEBAE /BRI
EEE T
ot BEETILIZESHEUEN DI
5« BREhESOER e
BEERIEICNT

NS0 ESENRLED A

13

“TUAT

REFHAIT -5 ZAW
BEHEEDES LD RhOHES S 1 L— 3 VERfTORET
» BEREFAT S0 5TL— FOIRTAHRETIEBHRT 3 FHOHE

» BRI U 3R TREREBWICCFDEfORT

- BRES TSN, LK LLEREEROFABEIC D WTIHE

CFDBiTDHE UM ET5—F &

Future works

s TEBREBEHNEEOZISLIEEL (BERL SEtb EH)
» BEEREYEICHT S CFDETEMOZE SIcHFltE LR
* eg. BERTICRITEEREERE, ZEEENST (PSP), ... etc.

35

14



BAAYIT4HRE ENDRARH
04 EEFRLERBMES /BERBITEHTLRE 2025%03819R

rFIow3D0)EFE"#%{E@U)EE&I:OL\T

HORETAY ANPERZ &E ®BY Off =—

CRA: JAXA HiB TE R, BIR B8 &

E%&X - Bk _
+35 Cl#:# - (@R
Fik
BT T Y e | | Mm
S AR + NEDO (2021-22)
A A . ﬂ&%ﬁwwmmzs)
| SLOREWR | - SEHf (2025-26)
AR &R AR

m—

—

—: ZFERSIILVICE

_(BBHREE) LHE—:
FREFNPMELEMOITRICDOLNT,
BN, Vol.43 (2024), pp.3-8. Y

36

A <7
EEREROZS




B R
>=lb.ﬂ

>EtEAE
>ZEHRBDEEEIZDINT

v &[0 8x

VEZERETIV

v EFEIZA&1/10
> NEEERERE
>PAUNEFENIBOHDENDTOE

> F [TractorBDOEIIEE +EER )

>IREQO—BELT, RAHENOHEER

SR RREELNANEE RIS utbfﬁu.ﬁﬁ

> 2R YT YT T2 AR E XL A

FELEHREREDT-&

¢ »ElER = ERER
FELRETIL + BBRETIL = EREARETIV
> FFfEIZI#41/10

37

3/29

a 00 120 o 2000 ¥nC 00 o

187 RBCLBE h




atH A& (RERE) 5/29

X

i
BEE#® :NACA00123
JaRS APCTORS 6 X4E

— ETEEW
LA/ ILXHRe : 3.0% 104
— R V [m/s] : 9.0
1 aldeg] c 4
i TOARSEEMA [rpm]  : 4500
Puopelles TORSHEFTRY : 08

v._] el
. Wing

S 152.4mm

b
AR TORSOEBRBERT

N B
= —5 DJassER

200mm

XEHER
HiER=E
EFRETI :
BEREliE S

] B e 3%
ZRIFRE

EfEMENSHER

: mSLAU (modified SLAU)

SST-2003 , BBETIL :y—Rey,

(BERBFARRBEARBIL Ty 5/ E
- (PRIBF) 2148 EDual Time Stepping/LU-SGSIEfZ %
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19, March, 2025 @
2024 F EIFERIERBM AR/ RERETBEIZRS

JL—FEFRBR/ETIF1I—25M4FETILD
HAEDOEIZEATIILFaTE2—O—45—0
ADMNBETFEDEFHZ

7 o —

O SHAER, JIEHER, RS, TEEE, FHEA(EX)
RIFK (RIRKF), ILBERA, sz, LR (JAXA)

HUTokyo P “nsmmme 1
@
cEm
- B#
- BERTFIE
v'Hierarchical Cartesian grid based flow solver, UTCart
VIORSEFTFE

» Actuator Line Model
» Actuator Disk Model and UTCart on rotational frame

- BT S5
v'Single rotating blade simulation
v'Hexacoptor simulation

cF LD

% UTokyo t SCHOOL OF ENGINEERING 2
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Background: Design of rotorcraft @

* New aircraft (UAV, AAM)
v'Multiple rotors

vWing. fuselage, empennage f Aerodynamic interaction

CFD tools for aerodynamic design and certification

[1] = ——— e

[2] .

[1] DJI Mavic 3 Pro  [3] CityAirbus
[2] Boeing wisk

¥ UTokyo t oL SN 3

Background: Cost estimation for CFD @

+ UAV simulation (Direct approach)
v’ Min. spatial scale: 0(10¢~10-%)[m] (Turbulent scale)
v’ Max. velocity scale: 0(10%)[m] (Speed of sound)

I::} Min. time scale: 0(10~°~10~%)[sec]
v Revolution per minute: 0(10%~10%)[rpm]

> Rotation period: 0(10~3~10~2)[sec]
v Time steps per period : 0(10°)[step]

|:>Total computational step 0(107)[step] or more
0(10~102) rotations needed for aerodynamic interaction analysis

Solution:
Avoid resolving turbulent scales & rotor directly through modeling

“# UTokyo t i+ A 4
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Background: CFD for Rotor

High-Cost & High-Fidelity

«

Direct Approach
(Moving grid)
v" Fully resolved
v Rotating grid (rotor)
+Background grid
(fuselage)
v" Fine grid

7

&r UTokyo

B8

SCHOOL OF ENGINEERING
THE UMVERSITY OF TOR YD

Mid-Cost & Mid-Fidelity

Y

Low-Cost & Low-Fidelity

Actuator Line Model
(ALM) [
¥ Model the time-
varying rotor-fluid
interactions
v" Background grid only
v Modest grid

Actuator Disk Model

v Model the time-

v" Background grid only
v' Modest grid

(ADM)

averaged rotor-fluid
interaction

T
[1] Serensen, J. N, & Shen, W. Z. (2002). 5

Journal of Fluids Engineering

&

- EfEMRARTTVILA—UTCart (2, POFLI—E5AFETF
JLALM)EEZL B ZE LT o0— 42— RAEMEEERB &
UZe W EER (OD—42—-#4K) %511

c B—O—43—BXlUAFHOITEA—DI 2L —3 FEL.
ALMD tEEEZBATEICT 27=6 ., B FF L E R N ST

Single rotor simulation

“# UTokyo

SCHOOL OF ENGINEERING
THE UMVEESITY OF TOR YD

50
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Methods; UTCart @

» The University of Tokyo Cartesian-Grid-Based Automatic
Flow Solver

v 2R Jthin 3MThin

v B FEREE: CADT— 2 B ITIE RE S — LLRIZH ST
ENTE MO SR OEAZRBLLIZBVLVTER

v EFEME R AR B 0AA R EFFEAL. RESRFEAVLLI
EOFEKIGEWGTTRBEERR

v A—H—=DJLUF—: AhfiK (2D: A5, 3D:STL) . @ EHE
T B MEFTENIE, TR 1 D TREHTAIEE

v O OSIREE % i . Windows/Mac OS/ Linux...

o

NG N P

: Mo - input.tat = 1 H ﬁ 1 :

I | bic.txt 1 1

: + shape.tx = T ] i

! i B4 - (4 gt 4

Il Geometry | Input files | E : ! [ Il Post process (Flow viz.) i

S — ] T LT
Prepared by the users L ﬂ [ Done by the users

BUTokyo (P =ezzmwsee 7

Methods: Governing equations of ALM @

dp  dpu;
E—l_ ax; 0
dpu; | Opu;u; dp , 0ty
o dx; 6_1',-+ 6xj-+Fs"

dpE N dpHu; _ du;T;; B dq; N
dt axj ax; dx;

Ng :
Fs = ) (~F0)AR)0n(X) ;
o i v Np : the number of point sources
Es = Z{j_f(?}l)ﬂR) (@ x1r,)g,0 Y (f)AR): force for a point source
— LY (821, velocity for a point source
I'v' gn(x):3D Gaussian kernel
l » p,(t) : location of point sources
| » ¢ = 0.2c;5 : standard deviation

¥ UTokyo t SCHOOL OF ENGINEERING 8
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[#2) N

*SANRICKYERRFYDO RN ERE

4 ] ] 2 4
X
Airfoil simulation Point Source Model
RANS, Re=3 X 10%, Freestream Mach=0.2, AoA=9.6deg (The same force applied)
- Y, SCHOOL OF ENGINEERIMIG
% UTokyo t ,,,,,,,,,,, - 9

Methods: Governing equations of ADM @

op + Opus _ 0 ,/LT
at  dx;
dpu, Opuu;  dp 0Ty
T TR TR T
dpE N dpHu; _ U;Ty; B 5‘& iE,
dt dx; dx; dx;
e 1
1 _ |
| Fs=N, f g(2) | ¥ N, :the number of blades
i 2mr i v' —N,f(r)/(2nr) : force per unit area
1
| —f()- (@ x7) |V =N, f(r)- (@ x1)/(21r) : energy
| Es=Ny——— ——3(2) | perunitarea
! I v g(z):1D Gaussian kernel
! 1 1Z2 — Zrotorl* ) | - . .
H g(z) = — rotor? }1 ¥ Zroter . lOCation of rotor disk
: V2ma? 207 I plane
oo mmmemmmmomo oo ! » ¢ = 0.2cys : standard deviation
% UTokyo t scHooL oF vamezRnG 10
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Methods: UTCart (rotational frame) @

« Extended version of UTCart to rotational frame*

¥'Limited to single rotating grid (no overset)
# Only single rotor (Multiple rotor cannot be handled)
»No airframe (Wing, Fuselage, etc.)
v'Modification to UTCart

> W : velocity vector of the grid
ad
_f Q.av+| {(F(Q.)—-Q.®@W)—F,}-nds =0
at v av

[:F[Qc) - Qc ® W) = T_lF(TQc:] L

where 1 0 0
T=| W 1 0
wi2/2 -wT 1
wi%/ The grid rotates with the rotor
* Sugaya, K., and Imamura, T. Computers & Fluids 2021
U'I‘{}l\\;() ' SCHFIOL oF EN\.{-IIHEEFIIHG 1-1
_, J . HE UMIVERSIT Y OF TORYD
Methods: Flowchart of the analysis @
[ 3D Scan of Rotor ]

ALM & ADM Aol shaps |Blade-resolved|
h 4
2D CFD
heh o [ (2D UTCartt") \ STL data

Aerodynamic

database
v v h J

(" Blade Element Theory (BET) | [Moving(%%dﬂ}eéh?ﬁﬂ[%?tn CFDJ
a

Blade loads v

Thrust, Power
Flow field

UTCart!"l : University of Tokyo

L 4
h J ADM /ALM + 3D CFD
‘ Thrust, Power ‘ (3D UTCart")

Cartesian-grid-based automatic
Flow fild flow solver
. 1] Tamaki, Y., &Imanmra,'l'.(2ﬂ181}_ AlAA Joumnal.
“# UTokvo ' SCHOOLOFENGINEERING  [3] Sugaya, K., & Imamura, T. (2021). Computers & 2
) = L Fluids.



Single rotor simulation @

Single rotor simulation

v' Code verification
v' Validation of wake flow field

HUTokyo P =emommemme 13
Simulation setup: Geometry @
+ A fixed-pitch rotor for a small UAV

v’ APC 9x4.7 Slow Flyer

» Diameter : 9 inches
» Pitch : 4.7 inches

9 inches

c7s = 0.9 inches

HUTokyo @ “nsmmem i
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Simulation setup: Flow conditions @

* Rotation speed : 5,000 RPM (2 = 523.6 rad/s)
v'Calculation of 15 total rotations

* Re-5 = 7.03 x 10*
v'Reynolds number based on the chord length ¢, and
blade rotational speed Qi at”/p = 0.75

» Axial climb condition
v'Axial inflow velocity V, = 3.4 m/s

Voo
)
# UTokyo t SRR 15
Result: Time-averaged wake @

1
o Axial velocity

'l 'l 'l 'l 'l 'l Il L
0.0 0.1 02 03 04 05 0.6 0708 0.9 1.0
IR

4
%10
: ﬂ Pressure coef.
TR e _ ~ 15F ——
0, P = I ———
%H % ‘ = 00 e
- 04755 06 9—* v
' Oa -1.5¢ -
, 3.0}
(/r,"/r:%/R) = , ) 4 I N
Time variation of velocity and pressure at two 9.0 0.1 02 03 04 05 06 0.7 08 0.9 10
observation points 'R
-_,UT()I(}F() t O 16
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Result: Time-variation of the wake @

x/R
0 02 04 06 08 1
. — € x

Prediction accuracy of ALM

Root side (*/; = 0.5)
*  Good agreement

Tip side (*/g = 0.75)

+  Amplitude is
underestimated

+ Phase, period good

M7 3% 29 30
t-BPF

Cpa

l'.' P-4

t-BPF
3 Tokvo ' SCHOOL OF ENGINEERING BPF =N, - BPM/6O
»U Y ° Blade Passing Frequency

Hexacoptor simulation @

Hexacoptor simulation

v" Rotor-airframe interaction
v’ Evaluation of comp. cost

% UTokyo t SCHOOL OF ENGINEERING 18
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Simulation setup: Geometry etc.

&

» Geometry R=1762 mml

v'Blade: APC 6x4E
v'"Hexacoptor ['] /
» Condition

v'9,000 RPM. Re;s = 3.41 x 104

v'Hovering

440 mm

C75 =10 mm\

Tl ' SCHOOL OF ENGINEERING [1] Developed by Assistant Prof. Naoto Morita
v Ul ()I\Y() ° at The University of Tokyo 19

Simulation setup: Grid etc.

+ ALM

« Computational grid
v # of grid points : 37,682,200

v'Min. grid size: Ax,,;, = 0.1c;5 = 1 mm

« Number of rotation: 30

1200, e
i XT .'7Z 3 1_
1&)‘5 L o'
\//\ /\ \_/

Case 2
(10° )

Case 1 _
(60° ) Y

- SCHOOL OF ENGINEERING
“# UTokyo t S

57




Results: Flow field @

Isosurface of Q-value + Aircraft surface (colored by C,, )

’ Cpa 000 00008 00005 00008 00002 0 00302 00004 0DXG 00008 0001 | Cpe_ 0001 0006 00000 0004 00XQ 0 00XI 0004 00008 0800 0001 ‘

% UTc )ky() t SCHOOL OF ENGINEERING 21

Results: Aerodynamic force on airframe(1) @

[N]

F.

1.0 E
05F [0 e
0.0} ot IR U - I o i
o5t - = case 2 |l i el e
-1.0F W
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=2 0F
—25f —
3.0+ > — —3.08 N
-3.5F
ol F, 3.56 N
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0 5 10 15 20 25 30 35 40 45 50 55 60
t-BPF T T
E =—-357N
v' Thrust from single rotor (Tggr = 1.55N)
W
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Results: Aerodynamic force on airframe(2) @

0.08

—0.07
£0.06
R« 0.05
2004
£00
£0.02
<0.01
0.00 . . : : : . : : -
o 1 2 3 4 5 6 7 8 9 10
Frequency / BPF
The aerodynamic interaction experienced by the airframe
depends on the phase of the rotor
& UTokyo t SHOLIN RS 23
Results: Computational Cost @
= # Wisteria/BDEC-01
* E'+E E:_rf FEﬁ o (lﬁ'oekr;?) super computer)
v'768 parallel, 39 hours
# 1.3 hours per rotation
c BEEEOLE

(Estimated)

. steps
Approach | # of grid / rot.
ALM 38M 3,600

Direct 680M 230,400

BEm(O—42—) Nan#@N L iEFIX ALM TIEFRE
v B FOHEHIE
vV REGERBATYT S 1RIEH =YD BTV THEHIR

2w UTokyo t R AT 24
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c A—3RADFEBLZRNEEIRANTHIRTED=
RITHRABITF EDBEBELZTOMEEEST
v 1E:)Iade Element Theory & Actuator Line Model DfE# &
&

+ Single rotor analysis
VEE-FEEERNBOBRNAIETHOI_EEZESL

» Hexacopter analysis
VO—3—(ZE o THRENZ T ZE QB EERAZ T
VEREITELEE LT ALMOETE2XME1/100052 E

B UTokyo @ s -
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Vortex Ring State
& [EEREBNICDWNT

B A S
Al #1E

Vortex Ring State (VRS)

{EEEE i i‘i, b T REF ICRAE.

HoDOWEFALOPIZEHETLTWL

wﬁﬂ) CZET, BEBHAMKEN,
HDAIE SN B,
HANEMHENRT —NRAT EER,

Settling with power& £ L b 5.

https://www.youtube com/watch?v=HjeRSDsy-nE
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Figure $5. Calcsdanad flight dynamics cubility boundary for
helicopler.

Johnson, 2004
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: %:7-'4 v TTF—na—£ith (k
fEXFE Vuichard Recovery : :E’rlé_l Ya—2oFmahAn) 2FA
ﬁo‘éiﬁﬁﬁfr‘ BEBRREOT v T 3. [ARfIcO—L % 20ERE
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Vuichard Recovery
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https://www.youtube.com/watch?v=HjeRSDsy-nE

Vuichard Recovery

ey HMDTX—/NHA4 FIZHHEE (2013)
® FAAD /N> F 7w o128/ (2019)
® Airbustt @ - ANZ# ) (2020)

® Stalewski(2019) : CFD & A h S 2 ¥2ab-F (7451147 4ZJFLUENT)

® Georgiopulos(2023) : #v74vyiab-yay CHESh DA 8 & )4k

® Binet(2024) & EASA®M7 ny 17+(2022-2024) : Fennecd & U'DauphiniZ & % féf1aL
g CGVuichard RecoveryZ kel LAMRY. 7272 LR O EMRITI/F47720-2D K5
fEm k.

% Vuichard RecoveryDZHIDENAICLK L TTHT I v 7 BMRIIBOLNT L2,

Y EREIBSIEIC LA RTARICESET—s 00— FOHERTHIES » » -
*EEOHBEBEEEICOWTIRBIRENT LA,
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O—&2B L OERDOESEGZR G E

— VRS model
Vo all oo
A iy viticd sckicn —RBROEN
. V22 ikl

oo @ DMV, Cr [ o ke/m1| Ty IN] [ vyIm/s]
% 2.7%103 1.22 8.4 2.46

) . -
R~ 39%103| 122 120 | 294

sasf 55x103| 1.24 1733 3.50
PRSI > M EFEEIRL/2vh
166
|.I)A(l 02 Lo ) LR .. (2

Flyuie 55, Calcatated Night dymamics subility boundary for
helicopier:
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4 & a F & [ 2 4
ez [ v [§]

time [&

BEEEED2m/s (0.07vh) M EEED.Am/s (0.14vh) REEEE0Em/s (0.20vh)

FoA—EHOESC 3.9 x 1078

TFoA—E#hT 112N —— EERER
O—SEWEEA Ly, - 3m/s —_— o FEES
ARE® S 1.5 m/fs HEENEE T R

BELHENDEEIER TCELL 275,

s b REARENRoN2BE5ELH5, BHICLZ2H#ESN
ZLER, BELEWEEOERELERE{EbohWe®,
TNHBHICELZ2HDOEONMEIEETIERL,

s BRI SENZTHFENT L H S,

BEhEE L HEAZTOR Y D = (CEREABERIZ
RN ¥ (WA
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b - G ; @_@

{s) Low descent rates (b} Higher descent rates

Figure 3-4 Rotor flow in the vortex ring state,

Vuichard Recoveryh’ B hd i, 7v 7 f‘] F#vall& )Y VRSEH)
Y RELBEARELAONBIET -

https://www.youtube.com/watch?v=HjeRSDsy-nE
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 SROESF (FTEESbE, BBESEERK024Mm) TRET7v 7T o4y
aZHHALEHAREZRETE LA T,
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SEDTE
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B RFEAAF AR, 2026537196

TORSEBERERY D
BEEFERY—ILOBAN

HZ =&
JAXA MLZEETERPT MUIERRELAA /S = arnT
TFELEY T 4 SEEHENT — 4

==y )
m

RN s

« IXAA BRI L T USO8 E 480w Ty — L EE
« {EOrGnd*Y — LB E

- 70T EY OBEEFERY — IL<GridGen_Propeller>
- fR{EE Y O BEE T E Y — JL<GridGen_Fuselage>

« FTEH

s EO

69



JAXAL'FEFIRt L TLW A EEEE N Uﬁﬁ*y—w#ﬂ

+HeliDesign — Sizing of a rotorcraft (FIERFI )

« rFlight — Trim, performance, flight dynamics modelling (P
2R FE)

* rBET/RMT - Low fidelity fluid/structure coupling analysis

 rMode — Natural frequencies and modes of a rotating blade

* rGrid — Automatic grid generation for CFD

* rFlow3D/JANUS - CFD/CSD/Trim coupling Analysis

*rNoise — Noise prediction

<GridGen_Fuselage> <GridGen Propeller> JAXA, 20250319

Rotorcraft Analysis Tools vs Design & Development Phase

riGrid Cha 77
- . \ . rBET /rifode MBSE 7?7
Mission | rFlow 3D JANLS
= HeliDesign ‘ Flight | eee L
. . -, f - .“\,_ ) o
Mizsion o =
o
EJ g E == o g 3 = g"
@ 2 i El g = EE=R-4
st =5 g3 8% 3
ag Z =2 = @.
E— =
[ Mission _
X 4 E
Mission Configwation Padarmance Amrg interferences Protosyping
» Size/Weight Flight stability Optimal designs Structural tests
Requirements estimation and contral Vibeation Wind-tunme| tests
Required power MNaoise Flight t=sts
Enfine Salsct -

<GridGen_Fuselage> <GridGen_Propeller= JAXA, 202503119
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High-Fidelity Analysis Toolchain at JAXA Vs
mﬂutnmatic

grid generations

Blade structural
properties

Rotating speed

Root constraint eenditions

Flow conditions
Rotor blade contrels
Trim conditions

Matural frequencies
Matural mode shapes
[represented with
polynamials)

Sound pressure time
history at cbservation
paints

Surfzce prassurs on
rotating blades

<GridGen Fuselage> <GridGen Propeller> JAXA, 20250319 4

rFlow3D/JANUS Samples

<GridGen_Fuselage> <GridGen_Propeller> JAXA, 20250313
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rGrid &g —% f

SOH3D_Gngen exe

L““u
(aLym-a-F
Fotc)

+ Blade_modification.exe SOH3D_Gridgen_Ductad exe

[

1. BGERY OSOHERFOEBHEM Y —LABRBE A TL
Z\L, = <GridGen Fuselage:> .
FasOL3TEFCR>TRERELI—FR &
LYAHRERLTVE T — FAY ORFOERAER
EMHHH S, = <GridGen Propeller-

"

o R U S tGrid BK

b (7v—b.ﬁﬁﬁ7) e i: L (ERET) !

1 | 1

: [ EwmEERT— ] (__fiiii_—] i i

i { Lty (NACA4 57 551) ::[ J [ ].

: NACAddigits exe I} f i

i ) NACASdigis oxe ¥ i i
. | .

E @ 2 ZERUT IR OH2D_Grigen exe : E :

I (ol =) i i

5 i i

! 3RMﬁ&l][ i A - lL ————————————————————————————————————— |

: OEEZ L= F) (H#7H) :

= s

I

' i

A :

‘ :

*MERTERY 7 b5 2 TPointwise 2 #|AT 5 : EROMEMY OHTFEMAGRE. 51t ARFBE. (FRBNI S>> 5.

<GridGen_Fuselage> <GridGen_Propeller> JAXA, 20250319 6

B v Y N—FEORTER o=

v SOH3D_Gridgen.exe® 1Y 7Y+ 774 )l L_Tip_Center)/{TA-F [ &3 RABAYOHK F B0 SN A
(o} 1N

HITRRACETS BIRRLTLESERIRE

| |_Tip_Center = 1~35R# I o

£/ -HATORRORT EERT |

L Tip_Center = 4 0% S BE-F
TRASA-ZWR 3T F RIOSScEr /i -Ioia
/TS WA E

<GridGen_Fuselage> <GridGen_Propelier> JAXA, 2025/03/19 7
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7aORJAY OB FERY -
<GridGen_Propeller>

<GridGen_Fuselage> <GridGen_Propeller> JAXA, 20250319 8

APC E Series Propeller Geometry (#1: APC 6x4E) A

<Goometry_udE-PERF PEO Ut> oSS

ek (Gx4E cat)

v2022-091% Simulation Date: 09/22/2022
AIRFOIL SUMMARY DATA -~

DEFINITIONS:
THE QUOTED PITCH REFLECTS, IN GENERAL, ANGULAR MEASURE AS DEFINED WITH A FLAT S80TTOM SURFACE. THIS WILL AGREE WITH A PRATHER GAGE MEASUREMENT

OVER MOST OF THE EFFECTIVE PORTION OF THE BLADE. (INOTE: QUOTED=INPUT) THE LE-TE MEASURE IS DEFINED IN TERMS OF LEADING EDGE AND TRAILING EDGE (MOLD}
PARTING LINE DATUMS. THE PRATHER MEASURE REFLECTS THE MOST LIKELY PITCH INTERPRETATION FROM A PITCH MEASUREMENT DEVICE. THAT RESTS AGANST THE
LOWER SURFACE. SWEEP IS DEFINED WITH (MOLD) LE PARTING UINE, ZHIGH IS HIGHEST ELEVATION ON TOP SURFACE. TWIST IS DEFINED WITH (MOLD) LE AND TE PARTING
LINE DATUMS. CHORD IS THE LENGTH BETWEEN (MOLD) LE AND TE PARTING LINES. CGY IS MASS OFFSEY, FORE-AFT. CGZ 1S MASS OFFSET, ELEVATION.

STATION CHORD PITCH PITCH PITCH SWEE® THICKNESS TWIST  MAX-THICX CROSS-SECTION ZHIGH CGY csz
(IN) (IN) (QUOTED) I(LE-TE) ({PRATHER} (IN) RATIO (DEG)  (IN) ) (IN) (N)
0.xRS D621 40000 40000 36433 02353 0.21%8 208928 oorz 02808 0.0279 01265

07727 pgEBE £.0000 a0d0e aen 0.2363  0.a1%2 PAs2 oo oL31e 02152 00285 03290

25801 0.0897 40000 40000 11918 00764 0.0790 120583 o.00n 0.000% -00300 -01168 -0.0991

30000 0.0001 40000 Loma 4.02¢8 Q161 o.orer 120574 0.0000 0.0000 +0.1118  0000C  0.0000
RADIUS: 3.00 PROPELLER RADIUS (IN)
HUBTRA: 0.72 HUB TRANSITION (IN}
BLADES: 2 NUMBER OF BLADES

v~ INERTIA AND AREA DATA <ovvn
TOTAL WEIGHT (Kg) = 000e580
MOMENT OF INERTIA (Kg-M**2) =  0.000004
= AIRFOIL SECTIONS ~~vv

AMIRFOILL: 080, E63 (Transition Start, Nerfeil 1)
AIRFOILZ: 130, APC12  (Transition End, Alrfoll 2)

AIRFOILS ARE SCALED BASED ON THICKNESS RATIO IN TABLE ASOVE.

NOTE: APC12 airfoll ts ecuivalent to NACA 4412

dGen_Fuselage> <GridGen_Propeller> JAXA, 2025/0319
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Geometry of APC 6x4E

APC BxdE
»
- e |
“
=
' H
£ L
E, du
€ , Fu
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L
APC BxdE
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»
oz .
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B 1]
Ex 14
5> fom
L.
»
p
<GridGen_Fuselage> <GridGen Propeller 20250319

APC ExdE
ESI=NACAL1Z

Thickriess ratio

S il

&

i

APT Exdt

APT Exdt

Airfoil mix for APC E series propellers

Momse STATION OWORD  PTOM

ATH W ]
7 [T TIT )
LT
HAZAML
2 [+
Thick_max (1]
i ® #ick cambar
1 [ EDIOESM  EDNESE
1 MMELE NSMHEG4 TTEER
1 MIEE  GEMIG GIICDE
4 DODEEY  LEINCD  LOSEES
1 OOBENE  ETMEAN  ASECES
i Al

PTEH

] 4

PTDN

SWEER

TR yr1e) GRATHER:  IHI

FT T IR

L
-] [T3H
Thick_ram: e
= hick carbar
AWEH0  LBOC00 BNESI
1MEH  LMEG LAEE
1MCE  LOE LOES
LESCH AATEH BAEEES
LN LISE-0 ASIES

THICKNE MAX-  CROES-

- ST TR Cormw DMOM oY =4

B0 DWW (Lo o [0
LGNS BN QETI  0@s BOET  QI1S

Tewist [ceg]  IENSOsand (]

Trickeann e ans

e B

x Hick  camdw  qu sl

EDOED) QOOCHI0 BOOE400 LOOE+D0  OLODE+00
LN LEEH LECOE LAD4 -LAEM
LINEDE RME-H LGOI LMD AR
1054 IMOCSDN ZEOC0Y LOBCM LA
DA LEESD EHCO DOOT LA

<GridGen_Fuselage> <GridGen_Propeller> 20250319

74

-
A1

i

osz
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2476
%2476
B24TE
52476
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24T
25 476
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Bowom oo o ke W b

x|

Seeaz  Thigh

o]

GO SRR

LT

result
contour

y [mm]
6.06E+00
6.06E+0D
6.06E+00
6.07E=DD
S.OTE+DD
6.08E+0D
6.09E+0D
6.09E+0D
6.09E+0D
6.09E+0D

z [mm)
S.T4E+00
ST4E+D0
B.T4E+00
STIE+D0
S.T2E+00
S.T0E+D0
SEBE+D0
SEGE+00
S6IE+D0
SELE+D0
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<GridGen_Propeller.input.txt> for APC 6x4E

Il GridGen_Propellerinput txt

Il Input file for <GridGen_Propeller> for APC 6x4E at 14,000 rpm
112024/11/22 for APCEx4E prepeller, by tanabe.yasutada@sistac.jp
11 Length in [mm], should be scaled 1.0e-3 in <rFlow3D_input txt=
I

&FILES
FN_Output="GridGen_Propeller_APC&x4E cutput_241204yp2 tak’
Propeller_Centours="APCEx4E_Ceontours_241130mod.cev’,
FN_Grid_out="APCEx4E_121x31x31yp2.x’,

&END

&GridPoints
Imax=121, Jmax=81, Kmax=31, Il |:x, stn-wise; J: phi. contour-wise, cw?, BL; K- h: body-wise
Irect=T, Kip=3,

&END

&GridSizes
dHmin=%.5e-3. Il [mm]. cherd_max=15 mm, dHmin=>y_plus=2
dRx0=15.0, dRx1=15.0, dRy0=15.0, dRy1=15.0, dRz0=15.0, dRz1=15.0,
sen=2.0,
RMx=0.75, RNy=0.75, RNz=0.7,

LEND

<GridGen_Fuselage> <GridGen_Propeller> JAXA, 20250349 12

Parameter: dHmin [mm] ‘ﬁ#“
7L — F&REDLHDE1BOEFOFE O

JAXAS S DrFlow3DO 5 A & » ZE Fstw 5 —3/ 2k B, <Blade_Re®_Samplexls>EHuwT, H
Ey plusics I B/ hOETEEZIES 5,

Nt [Er =

BEHEE ) uses

Wird an

Wit B0E000

oA o1 [H] [E] o4 s [ ar s o [T 1
U_locsl Hig 2345 s MsaE S48 EraE L 380 ERETE HEEE 181 ris
W_lzcal [ LIEE [ 5L} 1184 o [ ]

[ 141 [+ ] (2 [

B.03500 (ot s O.1a0d (] B01268 nEiis LT [EEL A0ETED 000008
ISB0E08  ASEE+0d  A2EEELO4 ATEREDN  LTEIEed  GSOE408  EOMIE+Dd SHRMEGM SEERE.Gd DNLZEL0L L] SImOESO

inminmr O lwmiser FARME-DE  ASTOENS  G4EE-DD  ANNEQS NS BMARESS  2MOGED DWOSESS  IVAGE.M  JABEE-®  LLiUEd

Toew lemi  SS8SE-[0  1BATEL00  2AOTELD0 SAXELE  SIUO0SL0  TEMIESOR  LOLLEMOL  LMMEHE  1SM1EMOL 10TEELM LISIEL03

Lt lmrmi DS ilse Lae 1 2080 EL 2EM S 1m 3806 L H
when ot terk BAMIELS  AESEN]  TOMELS  GEMENS EANEDY  GOVES  GSCE(N  GSMSESE  AMEMY  ESMELS A0S0
Tazw brb  TSE3E-00 ZSG4E400  ASBOEH00  SSNVEL0)  LISIEMNL  LTEGESN!  2SEGEDL  RPMIEHI]  SISAEMOL  ASELN  2480E.00
[T = wrs Lam Lag 2518 188 5350 2413 a0 ey ] pratT
target p 2
y_red STIFE-I8  AD3ES  PESME.IR  2AIAE4NS SSEELR  ZOME-SS DOSSEMR JUSFESS 20ESE.E JASEE.0R 1 143EJ050005/agreife) min Ay 2EEER
Gy larsiner  AZME-IE 253905 DOME-E LEWENS  1AMEJS  LIMEE  LMTEAR  G4RES6  ARSIEN  VAMEE  4sED) min dp LARE-OT
iy purk SPEEE.R 2MGES LAEFE.IR LII0ENS G3IGEAE  PARAEME  BEIE.0R  EATEESE  ATTSELM SOSRE.R 2 OTOELE min Ay 2HTOE.08

Efi - [m]

<GridGen_Fuselage> <GridGen_Propeller= JAXA, 20250319 13
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<GridGen_Fuselage> <GridGen Propeller> JAXA, 20250319

<GridGen_Fuselage> <GridGen Propeller> JAXA, 20250319

Parameter : dRx0, dRx1, dRy0, d
ZL—FhoAERERETD

i S AHHR & TOREBREES
BARICESL T EERTOSHAA L REASS,

iz, HiESTOAETE OB T4 AREEHTOHA XLV EEThEVW EREE LY
‘GridGen_Fuselage_outputixt’ THEL T, HTHRTORTHAZTHEREL TLIEE WL,

“Quter layer max grid size: di_km= 58.589

HEERICH S,

=

* BERTOHA ZHT0ASTHEOERN TG CIIRE 2 TV EBSE. Imax, Jmax, KmaxE 8%

LTATEE L

Propeller_Contours="APC6x4E_Contours_241130mod.csv'

[}

x ¥ z

] number of sections

201lx {mm) ¥ (mm] =z [mm)

1 18 TEE2 E.323604
2 18 6.323273
3 188 5975233 6920995

200 1B6055 5975295 6.92388

201 1205055 E.5TEEZ G.9I3604

201lx (mm) v (mm] = (mm)

2 1862 6.002211 E.TE&TL
3 19.62658 5.003549 676441

201 19.626558 E.00202 G.TET043

201x imm)  yimml = (mem)
1 2064512 6.02234 E.600953
2 2064 39 E.G0D5TY
3 Z0.64512 5.023977 £.555072

APCEAE

i

;di_km=63311 ;dk_km= T1151"@& 3 4Hh

TR oS 7 OFSE 2§40~60mmiZHE

200 7603161 -2.69331 -Z.ET46L

201 7603151 -2.69385 -Z.67487

* RVEESERCRMAOAINTEED S,

fliid o A o B
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GridGen_Propeller & F{EpFIE e

+ Step 1: Read contours.

+ Step 2: Sections obtained from contour data, from LE to TE on lower surface, then
from TE to LE on upper surface. Concentrate grid around LE and TE using RNx.

s Step 3:
* 3-1) at root section, singular line at camberiine center. Use RNy for clustering at root.
+ 3-2) at tip section, singular line at camberline center. Use RNy for clustering at tip.
+ 3-3) from Iroot to Imax-Itip, on blade. Mildly concentrate at fip and root (cosine function grid
distribution).
= Step 4: Define outer boundary with a super-elliptic sphere, index sen. Center and
range adjusted based on dRx0, dRx1, dRy0, dRy1, dRz0, dRz1. Twisted and shifted

with blade twist and center position.

+ Step 5: Divide bodywise lines starting with dHmin from the surface to the outer
boundary. Mixing straight line with normal line from surface with adjustment by RNz.

<GridGen_Fuselage> <GridGen Propeller> JAXA, 2025/03H3

RNx

* 0.5(7) <=RNx<=1(?)
cBRDIELTEADIEF~DEFREEH 1> FO—IL

RMw=0. 75 RMx=1.0 RME=175%

1 i
™ : .
- o +—Lmpan & e L & ox * lmagia
i i
fzw E'-.l £ o
Fes LI zu
e a u
. ar e as e ' a a1 aa s an 1 B ax o as e i
e wic we

RME=1.25

RME=0.75 RM#=1.0

[

e e
-
i | e
™ | s =
L) -ann EL] ars
L W e L o has
ey =
e [ =
e i
e e e
. &1 4 as as 3 ® as B w s 1 .
s wea

<GridGen_Fuselage> <GridGen Propelier> JAXA, 20250319

B

77



RNy

'l mixing skewed elliptic circle with airfoil interpolation

RMy=1: Linear mixing of straight line with a skewed circle-
RNy =0: Straight line interpolation from a focal point on the camberline to the edge.

RMy =1: Higher weight of the skewed circle

<GridGen_Fuselage> <GridGen Propeller> JAXA, 20250319

Parameter: RNz :

« 0: straight line division only (¥7{k & AL Fl % B CH O, BHEHTHE
L=t m)

+ 1: Linear transition from normal line to straight line (e & 44 ] % §4.5 ER &
AN HOEERFKindex|Z LA BFEBTELEETZ TWLI)

« RNz#A*“Negative volume" % 1 1§ 2 7= (2, HLEENICBUE L7 A —& T
5,

s JL—FRAMHAEE T, BATZER DAL ZELLY LTV RWGS
. kENICESOEEZERTCTE S,

« A/ M@ Range (dRy0, dRy1, dRz0, dRz1) & B#: 75 11 ¢ Range (dRx0,
dRxt) &=l 2 ICHE L -V, BEARSsenzZEZ/-Y) (2LUm0ne
NEDABIE->TLEH, BFENAIZEFLTS) LT, Negative
Volume’DFEEL TWASHEATBEHL T, N7 A—2OWHEEZLTL
T2E Ly,

<GridGen Fuselage> <GridGen Propeller> JAXA, 20250319
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0 ;%#A
Grid for APC 6x4E

Root Tip

<GridGen_Fuselage> <GridGen_Propeller> JAXA, 2025/03/19

GridGen_Propeller.input.txt A

1! GrdGen_Propefierinput txt

1 input file for <GridGen_Propeller_250203>

112025/02/03 for CRIEPI Drone 20 inch propeller, by tanabe.yasutada@jaxa.jp
"

&FILES
FN_Output="GridGen_Propefier_CRIEP120in.output_250203m.txt'
Propelier_Contours="CRIEPI20in_Slices52_250203m.csv',
FN_Gnd_out="CRIEPI20in_121x121x41m.x’,

&END

&GridPoints
Imax=121, Jmax=121, Kmax=41, ! I x, stn-wise; J: phi, contour-wise, cw?, BL; K: h: body-wise
Iroot=5, Itip=5, 1! Points on root / tip section

&END

&GridSizes
dHmin=1.0e-2, 11 [mm] chord_max.=40 mm, chord_tip=15.0, dHmin=>y_plus=2
dRx0=25.0, dRx1=25.0, dRy0=25.0, dRy1=25.0, dRz0=25.0, dRz1=25.0,
sen=25, !super-ellipticindex
RNx=0.75, RNy=0.75, RNz=0.45,

&END

<GridGen_Fuselage> <GridGen_Propeller> JAXA, 2025/0319 2
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LPXA

7L— K& XF v L1=-STLH HSectionZ i HH

T-MOTOR Polymer Folding Propellers | $f ¥ 7= 7= 70 < 7 Mr2009
MF2009 20.4"x7.3" Wb: 59g 7.000rpmi{max) 9kg T{max)

V\J’/x

N

<GridGen_Fuselage> <GridGen_Propeller> JAXA, 20250319 7]

<GridGen_Propeller>#& 14 5 #
for T-Motor MF2009R

g - N

<GridGen_Fuselage> <GridGen_Propeller> JAXA, 2025/0319
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fREE Y O BBEFERY — L
<GridGen_Fuselage>

=GnidGen_Fuselage> <GridGen_Propeller> JAXA, 20250319 2

<GridGen_Fuselage> O£ j

- MEROIFFREEORFERYOSOHEEBEEFOERERY—ILTHAS.

. .i'\;'J'[iﬂﬂﬁ@ﬂﬁﬂ)ﬂi&‘]&?ﬂ'—/EJﬂifﬂ)jxﬁ—Eﬂ(CWﬁﬂlhjﬁ_hfL\'E:-JE'JI
f\f‘ csv or txt 771 I

R R D AR O S R T I R R S f,
o BB S, Exce ST, MAEEETES.,
TR e S

%ﬁgﬁmﬁgﬁ o SR,

B
pries it IT(PJrImﬂie)*ﬁE R R f&%EE?gﬁkﬁggaﬁ {Jﬁ

<GridGen_Fuselage> <GridGen Propeller> JAXA, 20250319 25
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STLE T LA & DT LM A

N b

[ o
FizsL

ES AL
Eillin

STLET /L% <tecplot>CSliceilH <GridGen_Fuselage>
:GridGen_Fuselage> <GridGen_Propeller> JAXA, 20250319

HXA

AF7¥5 A =246 1 : GridGen_Fuselage.input.txt

I GridGen_Fuselage.input.txt

W Input file for <GridGen_Fuselage>

11 2025/03/12 by tanabe.yssutada@sist.ac.jp
I Far full-size isclated fuselage calculstion

&FILES
FM_Output="GridGen_Fuselage.cutput_250312n.txt’
Fuselage Contours="LC_Fuse_Contours_final_241108.cav'.
FM_Grid_out="SIST_LC_Fuselage3_121x121x51fn.x’,
&END
&GridPoints
Imar=121, Jmax=121, Kmax=51, !l Iz, stn-wise; J: phi, contour-wise, ew?, BL; K: h: body-wise
&END
&GridSizes
Curve_LimitD=0.0, ! Only use 1%-order interpolation
dHmin=25e-2, 11 [mm]
dRx0=300.0, dRx1=300.0,
dRy0=300.0, dRy1=300.0,
dRz0=300.0, dRz1=300.0,
sen=30, Il super-elliptic power index, 2 is normal ellipse
RN==0.4, 11 0: gtraight line division; 1- Linear transition from normal line to straight line
&END
«<GridGen_Fuselage> <GridGen_Propeller> JAXA, 20250319 m
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FRE Y DI8FH) e

<GridGen_Fuselage> <GridGen_Propeller> JAXA, 2025/03/19 2

AHN/¥5 XA =242 . GridGen_Fuselage.input.txt :

11 GridGen_Fuselage.input.txt

1 Input file for <GridGen_Fuselage>
112025/01/31 by tanabe.yasutada@sist.ac.jp
111/2 scaled for wind-tunnel testing

&FILES
FN_OQutput="GridGen_Spinner_121x121x41 output_250131n.txt'
Fuselage_Contours="Spinner_Contours121.csv',
FN_Grid_out="Spinner_121x121x41n.x",
&END
&GridPoints
Imax=121, Jmax=121, Kmax=41, !l |l:x, stn-wise; J: phi, contour-wise, cw?, BL; K: h: body-wise
&END
&GridSizes
Curve_LimitD=0.0, dHmin=1.0e-1, !! [mm] , y_plus=2
1=150, !!
20.0,
dRz0=20.0, dRz1=20.0,
sen=3.0, 11 super-elliptic power index. 2 is normal ellipse
RNz=0.7,
&END

<GridGen_Fuselage> <GridGen_Propeller> JAXA, 2025/03/19 2
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Spinner /& Y QT4 sl

<GridGen_Fuselage> <GridGen_Propeller> JAXA, 2025/03/13

Parameter: Curve LimitD %
1S AR H 3k Splinefa il A D &4

z

Curve_LimitD=0 deg Curve_LimitD=10 deg
=>full linear interpolation —EOREAD LES>
<GridGen_Fuselage> <GridGen_Propelier> JAXA, 2025/03/19 H
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Parameterfy] 1 : dHmin [mm)] LA
FRERE D 5 DE1B DIET O & DOFliH

fiEZEs (REOEE) L=07 [m]

FITHEV = 30 [m/s]

Eng: tER E(nyu) v =1.4607e-5

Re=V*L/v = 1.43767e+6 o =L
Target_y+=2 1l Suitable for S5T turbulence model FRUIFHET L0
Air density, ruo=1.225 kg/m"3

dHref=0.005/sqrt(Rel= 4.17e-6 [m]

Cf_lami=0.66412/2qrt(Re)= 5.53882E-04 dHmin=25e-5 [m]
Tau_w_lami=0.5°ruo*V*2*CF_lami= 3.053E-01 =2.5e-2 [mm]
U_tau_lami=sgrt{Tau_w_lami/ruo)= 4.992E-01

dH_lami=(Target_y+)*nyu/U_tau_lami= 5.852E-05 [m]

Cf_turb= 0.0576/Re"0.2 =3.380E-03

Tau_w_turb= =0.5*ruo*V"2* Cf_turb =1.863E+00
U_tau_turb=sqrt(Tau_w_turb/ruc)=1.233

dH turb = (Target y+)*nyu/U _tau turb=2.369E-05 [m]

<GridGen_Fuselage> <GridGen_Propeller> JAXA, 20250313 132

KA

Parameter : dRx0, dRx1, dRy0, dRy1,dRz0, dRz1
B o A BRIR SR £ T D IERE

i s FRERE TORBEEERTOREETSEL THIY34ES4 b 5, BIETEIROER
FIERL EE SR TOLHEN A 0EN S S,

iz, HESTONRTE OB T4 ZREEHTOHA XL VET T hEwT EAEE LW,
‘GridGen_Fuselage outputtxt’ TEEL T, BT AR TOHRTHIZEERELTIIEE L,

“QOuter layer max grid size: di_km= 58589 ;dj_km=63.311 ;dk_km= T7T1.151"@m & 5#HhH
HEEICRE S,
- k(R Y DS BT ORISR ZH40~60mI iR E

*EBRETOH A AT L E0BER T CIRE > TV 385 E, Imax, Jmax, KmaxZ §%
LTS,

<GridGen Fuselage> <GridGen Propeller> JAXA, 20250319 33
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KA

Parameter: RNz

« 0: straight line division only (#{F & A% BEiR CHO. BHEHTH
Lzt D)

+ 1: Linear transition from normal line to straight line (& & 41 % #5.3 i &
@M HOEBHZKkindex(Z & AHFEHCEHXZEZ TWLL)

+ RNzA*“Negative volume” % it (F 5 7= 8 (2, LLEENICEULAL/ S A -4 T
H5,

 fAEERmDoNEE T, BATZERSYELELTZY LTwWaWnigSE.
Emic|mo0iEZRETE S,

« F1FA 7 M ¢ Range (dRy0, dRy1, dRz0, dRz1) & Tl # 75 1] > Range (dRx0,
dRxt) &5l 4 ICGHE L 720, BiEARHsenzZEA Y (2&UTm0eE
NEANBIE->TL5H, BFaABIZEFRLTLS) LT, "Negative
Volume’@FEEL T AEMEEH LT, N7 X—20#AEEL TL

2Ly,
LA
GridGen_Fuselage
BFERFIE
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Step1: KEIVZ—DFHARAA o

s i@ 3—%FRARAH.

- BRI TRABRR S Z(Umax-1)F 58,
* NoseFIDIZRAZERT,
cJFEEBPRFICEAZD,

S
e

=

E 0 B K & & 0 ¥

2
P ™

<GridGen_Fuselage> <GridGen_Propelier> JAXA, 2025/03/9 %

Step2: HORLDIEFROMME o

cZimpREEAEL.FL ) ETE
IHICITE., SnlcRxmE L+
(Umax-1)/2M R Z B> THRInP R
[ZR%. CORICA-T. BHrRS%E
INSA=REL, BEEEIRRTS
AUHERBHANIBRHEMTRD S,
FIHEIRATSAEMATESS
ET.HBLTHENEONS, L£if
EEImP RELE SRS (X (Imax-1)
EFn9 %,

<GridGen_Fuselage> <GridGen_Propeller> JAXA, 20250319 ar
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Step 3: ANRFADHEFR (Kmax) DFE o

NEREAEREEDEORS.B. &
SDEFNETNDFESI1Z(dRO+dR_1)/2
FRELE-EZENENAROFERET
B, FEABE D P REE(XFRAED G R
BIZEbETYIREES,

<GridGen_Fuselage> <GridGen_Propeller> JAXA, 202503/19 338

Step4: AZLDOEFHADFE Lo

S ELEDG DRERMARE LG DRE
A T e TR
SHdHmin&EL . F{ELEZERD  k=3"Kmax-
1DEDEERERET 5,

HENBEESERERAHIODEER
Zk index| R DR DRNzETEH
FEZTL,

CER RELNEEE SRR ERL
i A g Sl
GridTHZREN 5t )L D VolumeHiNegative
g raL g T
° 274 i R | 1)
RIS Lo LS AN
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sHEp

<GridGen_Fuselage> <GridGen_Propeller> JAXA, 202503/19

Zﬁm%@&% (APC 6x4E,J81yp2)

20m/s 25m/s 28m/s

<GridGen_Fuselage> <GridGen_Propeller> JAXA, 202503/19

89
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XA

APC 6x4E, Grid Influence Study

Thnust 3t 14000 RPM, APC SxsE Required Power at 14000 RPM, APC ExdE Fropeiler Efficiency at 13000 RPM, APC Ex4E
.
. — sy ar
“ b g2
. nined gII
g ——1283 e £
£, Sae
3 3
s, g
e
a
s = n = = « ®
-
vimid

Comparison to APC published data (evaluate_d by Vortex Method)

Thrust at 14000 RPM, APC Gx4E Required Power at 14000 RPM, APC ExdE Fropeller Efficiency at 14000 RFM, APC 6xd%

- .
ad —— ar [
[ —— T O %

ge
- o el

!n B
»
.
p

=
vin
<GridGen_Fuselage> <GridGen_Propeller> JAXA, 20250319 r]

Grid System for Fuselage-Propeller !nteractlon%”

<GridGen_Fuselage> <GridGen_Propelier> JAXA, 20250319

90



7FEI’\7 ) 1% Y @q:ﬁuwﬂia% #*A

V=15m/s V=20m/s V=25m/s

<GridGen_Fuselage> <GridGen_Propeller> JAXA, 2025/03/19 4“4

0 e

s CNETIAXADREL TET-<rFlow3DD |2 G ASOHRUE &R F B BI{ER Y —IL
B4Grid ITHET 2 7ONSAYERERY O BB FERY—ILERFEL-,

* <GridGen_Propeller> (. LE LETEADEFRDED, M TOF v /\—354212i85
FRIRDIEAT, LENF v N—DAENBEIADORG. TL—FDIL—hEE %
ﬁ%’\@ﬁlﬁ?ﬁﬁ@*qﬂﬁﬁ&t’éﬂbf HOBWIL—FRAYDBFERE

-0

* <GridGen Fuselage>liﬁ{$®ﬁﬁﬁﬁ H—aEL . ﬁ#t&ﬁi—ﬁwﬁﬁ%%ﬁﬂ
TA5CET, REREICHEMICZY FESMSE-, NALESREEREE
BREEABMTRHDCET. id)ﬁt\#ﬁ%iﬁk"&gﬁu_o

s FRICBALEZD2OV—ILEHATAET, IER#TEIH TG LS RER
mbjnfwmkmUaJrHowsonHa)soniﬁﬁﬁ?-wimmmw: S
Al EEI27E D, JAXAD B L-RITY— LA EY L SRR TEE—-MiThhi-5&

89,

o SAERADIZHERIA R OB T SBREICOLTIE, 20255 ER I A—HF -0 HF
FEML=ETRELRL,

<GridGen_Fuselage> <GridGen_Propeller> JAXA, 202503119 45
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Thank you for your kind attention!

<GridGen_Fuselage> <GridGen_Propeller> JAXA, 20250313 46
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