g LRl e s A 237% 20 (FHISAREE) ey 47

PETREREHBT B ONHLSB R BRI B O i EEARIC BE 9~ D A SR

AR —RR™, — 7 ERME, fAJF BRES, HBE i, 1L HEET, BRR T,
JIE &Y, BIRIEET, F4 KE*, &1 &%EY, KE e, a0 Fer

Advancement of Automatic Hull Form Generation Method for Design of
Specific Wake Field and Flow Field Measurement Technology

by

SHIRAISHI Koichiro, ICHINOSE Yasuo, HIROI Takamichi, SAWADA Yuki,
KAWANAMI Yasutaka, FUIISAWA Junichi, KAWAKITA Chiharu, ARAKAWA Daijiro,
WAKO Daisuke, KANEKO Azumi, OHASHI Kunihide and TANIGUCHI Tomoyuki

Abstract

Further reduction of greenhouse gas (GHG) emissions is crucial in the international maritime industry. To develop ships with
zero GHG emissions from shipping, various ship types which are compatible with next-generation fuels will need to be
constructed. It is important to reduce the time required by hull shape design methods which utilize numerical hydrodynamic
simulation. Furthermore, the accuracy of calculations for estimating the propulsive performance of real ships should be
improved for practical application, and a data set of flow field measurements needs to be constructed for computational fluid
dynamics (CFD) validation. Toward this end, in this study we have developed an automatic hull form generation method for
devising specific wake field techniques and a flow field measurement technique. The automatic hull form generation method
for wake field technology consists of a stern flow field estimation method and an accompanying flow design system, which
makes it possible to evaluate CFD-based propulsive performance in one-millionth of the conventional time. In the flow field
measurement technique, detailed flow field measurements around of energy-saving devices were carried out in NMRI's
cavitation tank using stereo PIV. This flow field measurement enables quantitative evaluation of the mechanism of improved
cavitation performance due to energy-saving devices from changes in the flow field. Flow field measurements using stereo PIV
were also performed in a towing tank using a model of the target vessel for which full-scale flow field measurements were
carried out. The flow field characteristics of the full-scale flow field and model-scale flow field were clarified by comparing

the flow fields of the full-scale flow field measurements and the model test results.
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AL D EFEED B P & D IEERSR A A (GHG: Green House Gas) DHEH &Y, HEREROPEHEDK 2%
i, S%OKERENNRAEND. 2O, EBEHRECSWT, RERT AP EO X 572 HHFEAN
BEEXODFE & 7o T A, EEMEF RS (IMO: International Maritime Organization) 1%, 2023 42 GHG Hl|
kRS 2 25T L, 2050 4P TIZ GHG HEHH o3 v hEr &, HEMRBORIEI LTI LIZEEL TS, 20
EREAZ AT 2720121%, GHG PEHHEE r 2R T 2O BER AR R TH5H. 20 K 5 2 iRIBRICIT,
R EHZ S L 7o SRR OB NV ETH U, 13k L U $ CFD (Computational Fluid Dynamics)
Va2 b—va UERTEH LR COMMRRGFER T — L e b, Fio, FEHEEEROHEREEOM L E
ECThDH7-, CFD OfEREH OGN T 27 — %t v NOMERBRFIR TH 5.

AR OB RABEE 2, AR CIIAERERFHEIN & RN OB 21T o 7o, PRURERFHELNIE, Mt
TEFEEAEMRRF AT LTSN TR Y, AEINC LT, 7Kk 100 40 1 OFFRHE T CFD & [F%
DOFHIAFEETH 5. Fha B TIE, HATOX v BT —3 a2 VARIICAT LA PIV 28AT5 28T, AT
I LD ¥ Y BT —2 a UMEBEOURED A B = XL ETRGOEICH ESE EEBMICTHET 2 Z & 278
L U7z, 2, ERFEE RN ELT o IR AR ORI OV T, BT TR T LA PIV & AW TRt st 247
VY, FEAREHIRS B & RS RO & ST 5 2 & T, TR A — L ER R i — L DR A R S AN LTz
A SCCUEL, PR AT & s AR ONEE & BERIZ DWW T~ 5.
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2. MERSGHEFELFRRET AT LA

2.1 IEFC®IC

WETCI, BB BT 205 LT R IRGHEE TE & ARG AT A OB ZIT> T\ D 129, RKEAITEH
FOHWNL 2 2H Y, 1 DHPMEREHEE IR L FEE (FICFERE) OKXEERE, 2 DABNT —Z _X— R (123
SRR TH D, ZO200%FICL Y, RFHIRIOENE, MEEREHFEOBINCEE S tERem s E IR ¢ &
. A#5ECIE CFD (BUEWAT)T) CTHE SN E ROWMSEEHRE~N—A L LTW5D. Fo, MRz
W, TERITEL 2 R D EAEE O T A — & )55 Neural Network (NN) % W TAER LTV =0, A&
%2 Cl%, Convolutional Neural Network (CNN) ZH 2% Z & T, #afkAD 3 ook B K E T koc DT —
ZELTUETHHDLER->TEY, T—FOHKEZORTNBRELL L>TD (X2.12MH). KETIL, 4
FTCRA%S L7 RIS HEE Tk & G AT D& BT 5.

‘ Conventional | ‘ Present ‘

Hull form

Physical-model
prediction flow

Parameters of
hull form @

]
U

Flow field

/"‘; Easy to
P lsi ' ¢ |understand
Why i Shape
performance is good.

2.1 REEFEEAARDFEDEL

2.2 MERGHEFE

A OVEREHEE |12 4% 5 BHRIRFRRI O KRIERD (K9 10 FE#AY 0.001 FORREE) + 2 2 & S WIRe 72ttt & Fik
OEEEFENT D, AFETIET — 2 _X—RZ2WT—X O THIERE FUEMERR) om bEx Bz, Wi ¢
AW 54TV % Convolutional Neural Network (CNN) ZVEf LT\ 5. sk, MHREICEER K E < HHMT
INT A= BRI T — 2 OFEEIT, WEERBETEGRE I CE ST FINCED b, TOHIFEL THEt
FBEICRESN TV, —J, CNN TiE75 —% B bR EL B T2 Z L RRETH Y, kL0 b
TREEFCHEEREE 21 L S E Db AlREER H 5.

CNN ZHEEMEREHEEIZE A T 2 72901213, PRI T 2 KT —Z ~—2 & CNN (23 L7 iR o 3
WOt OERBUNENLETH H. AT 7 L o7 ¢ o 7 FE D L HEMFCRA%E L7 Image-based Hull
form Representation(IHR) 2 &9 [X] 2.2 (27”9 3 IRTTIEIR A 2 IRTEIR T — X ICE X 5 FiEE WA Z &
T CNN (T X D HEMEMEREHEE 2 ATRE & L7z,
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2D structured grid Nondimensionalized(Lpp=1. etc) X value ‘

(

Network input
Imaged hull form

o

2.2 ONN [23# L 7=fifARITFi% (IHR) DOH=E

REFIEOGREDT=D, T49 #8 b LRI — SR 2,730 LD T — 2 R—2 (1947 £ ¥E T —X,
253 BAMGRET —#, 530 & T A M7 —4) ZXRITIK 2.3 1TFF CNN 7 /L2 L, HEERE OFRTR

FEETo 7.
\ 512 171 19x9

o 20| ——) .._QmK \ 8, dense dense” reshape Cl
4= Tl 2x2 = | — || — || ——
T3 15\JT} 14 32
105 16 BN+ReLy DN*Relu BN+ReLu Sigmoid
BN+RelLu
3 #BN: Batch Normalization

X 2.3 CNNEF/LOHEIEE

2.4 ITHEERER & LT, T uaXIHEIct ¥ —F 1 Fofilifm#EED CNN E7 /1 & 57 —4% (CFD #HE
FER) O ZRT. JTE DT —H XA XA ORI X 0 ISWEF & 7o T DS, HEERESIEIEH
A I R A HEE TE TN D,

ID:test300, x = 1.0 ID:test300, r/R = 0.7
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2.4 REFZEDHTERER (pred) & CFD HRE (test) DELER

2.3 FRFE AT L

LT — 2 =2 (308 CFD M7 5 VIR SRS 2 HEE T 2 2 & Lidifio, AR Mish»bZh e
EHTOMUELIRET D ENMRTHD. TNaEHT D FEE LGREEMICHEL TV D00, X 25 (TR
PG AT L TH L. 2OV AT LTI 2 52 5 & 7 — 2~ — 27 b HARFEGTI S TV i & SR (f:
TR tD=2—2 U FEREECRHM - 33#5E) L, & bIZBPEILS CTTF—F N—2 LOEROMZ LT V7
YL, T — 2= AR A A AT D 2 8T, BRI A b ORI RE TE L.
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[ Wake Field Design System l

NMRI hull form
wake field database

=

The hull form yields
the target wake

Select the similar wake data
combined with hull forms from

Generate the hull form | dy: 0.026038 the database.

2.5 #iR&at v AT LOHRER

PR EE Y AT LOFERMEORGEE LT, #7 MO LR &2 FF oMMl 2351 L, ARERERIC L 202 R
ERGE L7z, BARANICIE, &7 MR DEREEEEIY, JRARERIZ A~ 7 SNISEBWRI S A D £ 9 1T &
oz mt Lic. X 2.6 ICHERGEGTS AT L ORRESTEOBI X 2774,

&% =101

Waler L

System outpat hull foom |
i L

B2 6 FiReEEt AT LOERCEEE (MTULLER)

27T D & 7 SAIERORREZ FEEL LTe B = xR (R—MslH OB ) otk) &7, fHiaRat
VAT AOHAIENE, Z 7 NELOIRBETITMEREN 0.4%F(LT 5 H DD, X7 FOBETFRNEN 4.1% L E
7o, UMD 7 Mi& LR L TH 22%E =R &R DA CTETND I ENbnd. it A
T A, X7 S0EDRETHENRR LT 2 L OIZREF LT\ D 728, #7 MELIREETOMRIZERE L T
W, FEDTD, X7 NEURECTOMENREL LB LN,
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B2 7 #Re&Et AT LOBR (57 AT FMYPOHERL)

2.4 FEDH

ARETIE, HPTTHZE L T D8 F B HI A EREHTIE T 27200 2 DOFEIZHONT, TOMEZH
Jriiz. 1 OHOMEBIRGHEE FIEIT, MERRHEE IR 2R (FRITEHER) ORIBMERAEIL, 72250
DG S AT ML, T =S _N—= RS SHT iR RN WRETH L. ZRHOFECLY, BEHHR O
i, MR TR O, D PEREM L3 ATRETH 5.

3. MGETAHXMEAV=E IR IMYOF v ET—L 3 U E

3.1 [FL&IC

7 a7 OEIFICEET 528 TR AIE, TR AR ENEREL, T a XTI NRAT DR E A LS
B CHMERZ A LT 52 L2 HICERFSNTWD 450, 727 _XTI28ETHrF vy ET— 3 b BHE
F LRI OB Z TR 2T 5. 2D 7 a7 OFIFICHET 28 = 2 X A EmA IS, HEdE
NEADEEL L HICXF Y BT — v a VIR~ OFEB LR E X LD, AT 20T, 47 MIA
T RIS SH AN BT DX vy BT —v a3 VEBRATT, &7 FOBRICE TRy ET—2a v
ST S RELEBE DRSNS Z LA RE LTS 2. 2L, ¥ 7 MR EROBREZILSE D
LIk oTAELDB LD EEZLNDN, FTOXY ET—3 3 VORI OV COIBMFES N TWLRY, 20
BRI L DX BT — 3 UHREDM E A B = X AR SR IUE, HEEDR L RIS vy EF —
va UMERRDM BB E T 58 =R OBRFE N FIRE & 72 %

AR TIE, HBOTaXTRiHFZ 7 v ThHD WAD (Weather Adapted Duct) % #5# L7213 S FEAAR O
OB Xy ET—a VB ER L, MELFECLIX vy ET—V g VROV THE L. £
7o, B MERIROWS & R AT LA PIV(Particle Image Velocimetry) 31l 9217V, v BT —3 3 K
AT = AL DOWTHEELTZ.

3.2 KFEHEBRE
3.2.1 #HEERRE L UHHA TORS

Xy EF— g VRBRIL, UFTORER ¥ T — g LRI 2 FHAIRIC TIT o 72, AKKE 33 HRB IR
EEHLIME Sy BT —2 a VB ARETH H. ABFZEIC TEM L7 OFR L R 7 0 X T O ER %
X 8.1 L, BRI EREH 2% 3.1, BRI o _TEE A 321077, AKX CFD O F~v—7 il L
TRAFE S U7 Japan Bulk Carrier (JBC)%10OD VATH% 40m s L 78 CTh 5. HAROHE RITK 1/40
Tho. BANNE, PIVFHIZET 5 L——DORE 285 <= OICiER R TR AL L T\ D, T axT
VIAR SRR L2 5 #, 0250mm OFR 7 15 2 v -,
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3.1 BEROBK (ER), BRITORSHEE (AE)

&3 1 WFMOETER

Scale Ship Model
Lyp [m] 240.0 6.0
B [m] 45.0 1.125
draft [m] 16.5 0.4125
Trim [m] 0.0 0.0
Co 0.8345
3.2 BERIJORSOEEH
Scale Model
Diameter, D, [m] 0.25
Pitch ratio at 0.7R 0.80
Number of blades, Z 5
Boss Ratio 0.18
E.AR. (Ag/Ap) 0.50
Turning Direction Right

AWFZECHA LRI 21X 3.2 (TRT. ABFZETIE, #EEAHNC TR L/ NEEME S 2 b Weather
Adapted Duct (LI, WAD)4OZfEH L, ¥y b7 —a L ilBra 3 L=, WAD IX, TOERE 7 aXTH
BD BO%LLTFETHZ LT, 7aRIXp BT — g UNE LT W aR_RI BB~ L /S < L,
W27 a5 X7 NEOTWEREED D107 BRI I CEERE L NERE TS Y 7 N Th .

1.

127
123

rﬁ%;::}%
K=
1

Do

B 2|

’ bl

170

3.2 &9 MEVA T AT WAD DS

(145)



54

3.2.2 MEZEEIEETE
AR TIE, 7 a7 HE EOBRFNE DA AT I o GEfnEER PCMC-A-200KP) % fH LT
EENE S E T 7. ERHORLE %X 8.3 1R, 7u~72@5ﬁ(m 17 a7 30 [l#Esy 2 AR LT
W7 — & et GU i 7 — U B 21T, BEE AR T D iRE 2 R TLUF 3. D)4 iV Tk
oAb U7z, Ap 1345 S8 sy o R iRNE, pl3kOEEE, npé:D FENENEAIH 7 0 T oliEk & EEE R L
T,

Ky = Api/(pny*Dy?) (.1)

25 Hydrophone

= /—

o
§ 25 _H
= 40.10p J)/ GL.
-

25

12,5
0.05Dp!
—-—

Port

3.3 ENFDOREME

3.2.3 AT LA PIVEHAI

AIFFETIL, BAT 2BE2HNZAT LA PIVEHNC LY &7 METRSG ORI 21T > 7. AWFECTEH L7z X
T U4 PIV VAT AOWIEX AKX 8.4 127”77, L—HP—I1T Nd:YAG % 7 /1L & L—HY—(Lotis Tii 84, Max.
output: 300md, Max. repetition rate 15Hz, A=532nm)ZfH L, ZKAERIEHA X 0 FHAWE ~BE Lz, H A F
1% 200 JFHEFED CCD 4 #* 7 (JAL #8Y, AM-200GE, GigE, 1600pixel X 1200 pixel) & 2 B L7z, X 3.4 »»
B 5H L5, PIVEHIITEHUZER L CIT o 729, FHIZE & AN OKIC X D BITERKE V. ZOREL
BT B 7202, AFFETITTY XA%{EﬁH L7-. if:, B 8.4 \Z-T L DT, FHAE & B 0)44%@%%’973:
5, PIV EHANZEHAE ISR L TRIO N DIRE AT O BN D S, @, W5k L“C%W)ﬁl’"]?ﬁ)% s AWt
A, ORI & RO R G m m VT, BEREEER R D7 esb%&suﬁi RIS ZGDED Z LR L
W, ZIT, AFETIIY YA TN —T B HNWD LT, Romnbikg LiZE T%#Mﬁ I AN
BoOXIICL. v AU TN—T13, HIGFETFOZ t@&V/X£@%$ﬁfiﬁ<ﬁr%OTT KIET D2
& T, EHBEOIRGIN & EEBEOIRGIE & 2[RRI R A S DY DD RS E RO,

F7z, A7 LA PIV 2 Wit tilE s 2 X 3.5 (27 . FHAWmIE Y 27 G. L{j%é: L7z, PIV fi#gTic
X7 r—7 v 7 VY —F40 FtrPIV 264 U7z, EGFRRICIRE B AARRIEZ V2. PIV GHIIC IS
IEIRPURAEG v 7 M, R, fEAE) L LT, BERIREER KOV WAD £ & OFHII AT, ttwﬁaﬁ L.
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Model Ship

1000

Laser Sheet

Acrylic Window

///////////////

Scheimpflug

Camera

Laser

3.4 A7 L# PIVLRT LOKEEE

Cameral

H3.5 AT LA PIV ’éﬁib\t/ﬁiﬁn‘f ARRNDEE

EA=DEE
3.2.4 HERGH

ABFFET TR LT BBEFHIOFHIS 2 % 3.3 1TRT. Fr BT —1 a3 VOFRAENRRKEVIREE

BT
AT D 120, AT A MEE Krl3a%it MCR @ 1.2 1% (K7=0.206) & L7-.

3.3 EORIEM

Test condition n,[rps] Kr On
Bare 25.0 0.206 1.950
With WAD 25.0 0.206 1.950

PIV 5HlITCIE, BEIEFHIOSME & REROFEE FI2 T, #kRIBIC CH = 1 Mkt 2 Ehg L=, A7 A k
FEK, BEOF YT —va v o, DEHERZB2A, GRARUCZENEIRT. TIZAT AN, DIE7T R~
B, ny X7 T EEREL, Poldhl e S OBIE, e (TRIFIAKARSETHS.

Ky =T/(pn,*D,") (3.2)
0, = 1/2 X (P, — €)/pn,*D,* (3.3)
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3.3 KHEHERFER

331 FvET— 3 VEHE

A AE— K A Z(Phantom v7.DIZ THRE L7 0 =16deg (BT AF v BT — g L7 — %X 3.6 IR
T BRERIRBE L LS L C, WAD 59 TlEy— by B 77— 3 U OFRAEFFEN/ N SVME A R S .

3.6 AT RIIMYMDBEEIZLSFYET— a3\ 2—0DHEK

3.3.2 MELBEARER

WICEBEFHIRE RIS OV TR 5. I 3.7 I[CHikiE & WAD 40 OZBEFHARE R4 <. K 3.7 kv,
WAD (T £ %% v B 7 —3 a VHRARIC X 5 ZEBERBRIRNHEE TE 5. WAD IC557T, 1 R Ky)IE
34%, 2 W5 (Kpo)lE 45%, 3 Wy (Kpis) 15 60%184 LT D Z L R T 5.

0.020
O Normal
0.015 Bwith WAD [
£0.010 H
0.005 H
0.000

Kp5 Kpl0 Kpl5
3.7 EIRIIMYDERICLDIEEBENDLE (at X/D, = 0.0)

3.3.3 AT L7 PIV&HRlkER

3.8 IZAT LA PIV Z AW ithitilfi a2 ~d. [X 3.8 Tidk WAD DA K 2 Hifio i 2 i L CTs
O, BHEIHEREOFHARE R AR LT Y, 2% =1 WAD fHoOiHFERZ R LTS, WAD (FO54E,
T uT EROREFIES NS RoTEY, ZRICEY — Ry T —da VERIHI SN D LEEZD
N5, EEFEROBANIS 7 FOFILIRITER T2 27 FNEOIENFRRE & E 2 bis.

(148)



e LRl e s A 23% 20y (AMISAREE) ey 57

Z[mm]

PRI RTENUN NVR U UTIN ETUIT S NS R
-100 -50 50 100

0
Y Imm1

3.8 WAD DEEIC KL HHFRAMDLLE

WAZFERM IR EE S5 AT 2 s 3 2 72 8, PRI U 72 B0 EF 5 M OFtR o An D ks R4 X 8.9 (2R 7. F v
BT —y g VRAEICEET D B HNDr/R = 0.7TlE, 0=0[deg.]iZ T WAD [T#LZIRRE & Hhik L TR 5% LA
FOEFRIGEEEDO LR EME Lz, UEOFRELY, WAD 2L > T a7 EICCGHEE FABR N, =
UZED X v 7 —ya VEERIRERDSEONTEEBZ LS.

-90 -60 -30 0 30
Odeg.]

..... & Bare —=— with WAD

3.9 0. r RELEIZH T HABRARMDHERS

3.4 F£&

AW CIEL 7 MR =2 T D WAD 2 L72BROF v 7 — 2 a3 LR (L ARET 2720,
Xy BT —3 g VBB O PIV ATV LT O R A2 157~

ZENEFHANC T, WAD {HIRGSREE & il LT 1 AT TFI 84%, 2 AT TR 46%, 3 IRik4r1E 60%
REEE N Y g Wi

PIV FHANC T, F¥ 7 —v a3 VRAEICEET 2 B X i br/R = 0.7(7ED 0 =0deg.l23 T, WAD (Z
£ o THI B%LL EOFEFCHE DM E2fER L. ZOFRLYD, WAD IZX A —2 o%ER Yy BT — 3
ORI LTS 2 & AR LT,

4 EfFEEHARER £ DRI & SERHBROFIE R MTDREE

4.1 [ZL&HIZ
STEEFEREOMEREN FIc Xk 0, FE LA 2 VXD CFD EHEMNAIREL 72> T X 7-. —J CFD OF5HE1L, Fr
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LA IV AEIC B TUIAERIGERRS S & DI LV R STV DD, F LA/ WV ABUZ BTl kbl 4
LR DEMET — X ORI LV HICHER STV, £, B S OIERZNE T A DHI O F#5IC
X0, ZLOMRMPHEEREZ [ ESE LT DE =T NA ZAEMEO T 0T EDL D IZEE LTS, B
T NA AIREFBEE RE L ZTHMEHRT CIEEN L T\ 57280, ZOMEER EO-DIiciE, FEAr—iL
BT DETRTNA ZAE DD OFGOTHRB AR THD.

ARTETIE, MR D REZELZFMT 5729, FARS AT 21T - 72 /MR DA 1112 L [F]
TEROBRZ FIV T, BAUKIENTAT LA PIV IZ X NGO ZIT o 72, FEA 7 — L LRI r— L
DR HFE 2 i L, TN OMBE ORIV CHE 21T 72,

4.2 K¥EHERIE

A7 LA PIV EHANE, YT 150m R (hokel) C90 L7z, BAUKEILE S 150 [m], & 7.5 [m],
X 35[mlTHH. %YL 63,000 HE b AT OHEAMTH 5. K 4.1ITHEMOETEH 277, AHFETIT,
MR AT 2 N L TN 572, Fh & FRROBEZ T, BATKENTAT LA PIV 12
LB FNGOFHMEIT 572, FEMO TR OE X1T 6.960 [m]TH Y, Mi/UIK 1/28 THD. Mk, 7
7, X7 FOBRITFEMER L THH.

7085, RIGMRICERE SIT-E = AL, 4T3 L7 WAD (Weather Adapted Duct) & FEEILS 7'
NIFHICHBEBENTZH T b THD.

x4.1 AFMOEER

Scale Ship Model
Lyp [m] 195.0 6.960
B [m] 32.24 1.151
d[m] 134 0.478

FRGRER I 331 DR TS O FHANC 1X Dantec Dynamics #:80kH 27 LA PIV GHEIV AT A& L7z,
# 421220 PIV VAT AOMHKRZ RS, 72, K41 PIV VAT AOFEEZRT. RUAT AL, BMKE
TRANMEA SN TH S, NS EE R FEIC L —P =t — h 2R L, €OHE Lo 3 SO
ERy 27T 250 THS.

#4.2 RTLAPINV O RT LD
Laser Double-pulse Nd:YAG Laser

(Quantel laser, Evergreen EHP15-340, Wavelength 532 [nm], Max. repetition rate 15 [Hz],
Max. energy 340 [m]])

Camera CMOS camerax2

(Dantec Dynamics, FlowSense EO 4M32, 2072 [pix] x 2072 [pix], 12 [bit])
Field of view Approximately 300 [mm] % 300 [mm]
Tracer particle Silver-coated hollow glass sphere (Ave. diameter 14 [um], Specific gravity 1.7)

Analysis method FFT-based cross-correlation (Dantec Dynamics, Dynamic studio 7.5)
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Laser Iigh* sheet

iMadiation port

4.1 FSEHRICAW =R T LA PIV O RFLDEE

FANB T DRSO W R 2 4.2 1RT. ¥ 4.2 PIOREN TS Flame 9 (F9) & Flame 7 (F7) D7
BENFHENE CTH D, BAERERICIBWTHIEM & R UM E B W TG H 21T o 72,

L=

X 4.2 EMOFRIGEHBIGIE (F9: Flame 9, F7: Flame 7)

4.3 EMAT—IILEBRIZ 5 — )L TOMERIBD LR

B1 4.3 LK 4.51%, F9 & F7T OFHANCEIZIIT 2 E MG R R Ch 5. X 4.4 LX) 4.6 1 XFEFHUACEIZES
VT ZHRERER COWMGEHFE R CH 5. FEMFHIS L OWREERGHIC BT 25E, T o Efis Tk
LI TS, 4.3 MBI 4.6 ITOWTEMATr—)L ERERIZ r — )L OFERZ 4 5 &, R r—1 0
HHTYH, BERERCH 7 MAVOEREE &, EAr— Lo s REEOMEmN S5 2 L13gnd. 72, &
A — )L TIE LA L B OEINILRN T D i SR omspEm B Sz, s mdt Sh b i
KX, LA IVABOBEIMI L > TERBEBNES R ENFRERTHL EEZOND. ZbDORRIY, MG
BFE RO MEEME L BT T D, —05, 47 MEFBOFEMRTNSIE, MoOEEIC-~, ARG & et
HEDOENRKE L, FEHPEREORORERBEEECTIIHEE CERWEMERNSG L o T D 2 En
otz

L1E, ZHOFHAFER & CFD I X DEHERE R A LT 2 & T, EMA—/LTO CFD OHEEHSE
UEL TV TFETHS.
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Wi B W CIRBR DTNV R SV Te. ZAUXTEEHOEEEZ T 2 6 D TH D,
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5 f#EEm

ARFSCTIE, MPTASBHIE L 7o ek s HEANT & s MBI C W Tl 7o, PRI Y, MRIEaHEE T
1L PEREREF S AT A TR SN TR Y, AEINIC L - T, fEkD 100 540 1 OFERET CED & [REEDE
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4. A%, WEREERTL LT, PuxI v g U okho LI-ARBHSICEBR L TE 720,
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