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1.1 HAEAAOER & BHERRBIZOWNT

ERAUIZIE, BERE A RE & 3 5 THEARIEIZEM L TW D 18R E
FREICOIZY, o< D LEITTLHRETHY, REMRKEER L L TLMER
& (cardiovascular diseases), & ¥7 4= ¥ (cancers), 12 % FF I 2% % F& (chronic
respiratory diseases), HE/RIF(diabetes)NZEF B D . T HIXFIERYLE B (NCDs)
EBMFHINTH R OCEHEOIZDOWUFEN 2GR EHE LD ZENERSNATHD
EZATHD. BAEDOFERK 30 FEEICKT D ERERFFETHOEEEZX 1.1
(R[] 1.1 K VEBHERTHLIEMEEAEY L ERSERL A LT
HBOEIGITH 60%IZ3ET 5. £, FRICELT & b EMEHAEWICE L TXiak
DR THA U 5 EBEFCHAEREE, EREHSEEBICEHL UIOEEOER T2 E
DHBIENELIHZE L Z V. BEEFELSOER OO, BEFMEZEITT
FHRANENTRETHY, BHEED A = X AEASCTEE O 7D OWFIE N 2
HEINTWD.

Fig. 1 : 1.1: Main causes of death in Japan.
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BIERE O 5 BIGRERERILER 29 FE OERSEHIERZEEREN 31
KD 55K 20% EHREOEEE EHD D, PEERIFERITIL, MZEF, LEHE,
AR OV MM AR R, — @M RS A, e OIR AR, DR A, RIERR,
FEE, KERESR, RKEMERSE, MilieERE, MMsiEE, OfE, X
LB X OMNMMERSR, BEHEEBEOZ OEENREENDIN, TNHDOEA
N & SLICEREHDMEMNT AEAICH D 2 &, A TEPEICET 5 &g
ANONR 2040 FIZHROELS RO ELEZEZETLHELV —BOXNRPMEL - T
W5, T, 2016 FITITAARMETFE L AARERSRTS L ERHR &
ERBEMSIOBEND THEEF S JERIFR AR 5 » F5HE] [2]23KE S 4, 2019
BTN LV BREBRAS~OX R OB G DFEB R HEEL XS Z L4 HEY
& LT, MEBREFRXT RS A E BN IR E S D 72 EEERSE BT
LT OMENEE > TS, EFHR RHNGIL, SHEOHEE, SMEER
ik L OMEES OB JRE(LICER & 3 2 BIRE LR B3 2 E R 72 bt
TRTHOITEY, EIRECIERBRIZE 2 2 ERIE T O R E M ZE DR A
H 57 7 v— AMEMARNEEDOFIEHEIN 2 EDRRA LTI TEZ [4]1~[7] .
F 70, BER CIIEER AR B ME NEED IRECA KA e & o & R/E, & NE
FRRESCRIESUL 72 & OMBASS, 7 < BLECREE E - A WIS 7772 £ o i i de
DHEIER LN oRE, ERTHEBEHERTHDLZ END[8], ZiLbRE
DEBRIREBTHOLODOEZEE LTHEESINTEY, TN L&D
TENZENORFEOFHIE X OFHEN R A DN TE 7.

1.1.1 M EREHEEIC B 25

BEARIZIB W TS O 285 T 5720, MEOH I 2 EEMIZET
FEENEREINTE 2, REORBEEL L THRAD~A)ITTRTES-ONT A5
MR E,, PR Ene BEXORT 4 TR ART A2 BIRDHD.

E, =AP/(ARy/R,) (1.1)

Epe = AR ARy -(1-v2 )RRy (R, - R?) (12)

12



(P /P
ﬂ=@§if% (1.3)

ZZT, Py, AP, Ro, ARyB LNV ITEENE, WNEDI Sy, SR, SRR
DS BLORT VBT 5. 2GRN SN, IR L O E
D 3 EEE A FOME BB — LIRE LTEHBEICBIT 2 MENES & mEZE
MOBRTHY, ANT OIS A ERTIHNREETHD. —FH T, WIKRICE
W T RIS L CEMIICEEN T 5720, MEOEI ZRE LML
DIZITENR 22 B R 2 KRR T DFENEEND.

TEHT 7a—F L LT, MELZEESRE LTET/MLL, MENET L ME
B ANEABRE LTERILT 22 8T, BRICTELNEZKRYIT—4 &
D BRI ME R ERBETAEECHDLET A RT A= ERETLHNL O
DWFFERHE SV TWD[9]. KHEOITERME Y = VEERICESW 1 kot
Ve LTIEZET ME L, & OBE 72 85ME 2 HEE L72[10]. Vali 513, Love
OHEFHIZE SNz 1 ke v 7 E LTEEET b L, B0 & e % HE
ELTZ[11]. SR DI HE LA ZE Lol v — & 27 1 e LTIE %
ET ML, & OB RFEEZHEE LZ[12]. —FH T, LTS RA~DE
NFEOEEEBE L TR, ITE T, ENE OGRS 2 IR G5 E )
MEDCHESAZRTI|IESL L THER SNLTWDH[13], [14]. IREEEEE &1L, O
TROFAEN L > TEUTARBID R~ ERDIBEORETH Y, REMNRIEE
& L CEHEIR - REREVIREIARE S HREE S R - B E MR EHEEE R & 5.
B, Moens-Korteweg DU L D 15 5 AL 5 IR A= R85 B O P8 K1l BE D
B A2 FRT LWV IEIRICE SV TV A[L5], [16]. Z D7z, & % FEHE s
BEEELEERESRELTCETELL, AHABREZERLT S Z N TEN
THEELKMEOMIZMAL LN TEHAREMENSHD. —FH T, Moens-
Korteweg DL, WAL EME L THEINAT-0, BRICEIT AIRENER
WAL WE LN OERET 2R 2 BT v, JiiE 2 Z 8 L7k O
BRI OV TN DO ERHE SN TWD. A BIE, mE QMR
BLOMGEDOREIZ L > THE U DEERE ARG 2 ZE L EFRTT VAR
ZL, MENOKERGEHERCTED 2L A2MERL[17]. ERIZHENORME
mAEOIRENGEZ ERIL L, BEIRIIBEEZITo72[18]. RELIE, COLNNER
PERRME 8 N OREMEIRIE 2 {5 5 [E 1 DRHRFE 2 R E T A I XA 122
L72[19]. JEHEIE, SPEMAE & RSEREICB W TR BEICEE T 517 & AL H)

13



B ENERR IS VW TERIL L72[20]. BRRIC TELNI-RRYIT —2 10
B2 M A BT HIEECHDLET NART A= ERET D20,
TREMAT FIENLE L 2%, BT S8 QMR ZER R L O 5 1 O MifE % &8
L7 - IRER R OSBRI FELRE LC[21]. —FH T, EBEOERHERMED
FHREICER A 22l e VTR Y, 72, BROME OB RIEHE ~O B A I3 E
STV,

1.1.2 MR R DR 1 & 3RRE S

TEERERE R OETER & L CTHRAREZIICEOLNEE > TV D HIREIIRIELI,
FARO NN IR OFERL N FAET HHRE TH H[22], [23]. WROMEEIL, Mm%
BE~DT 7 — 7 DERBIZL > TELU DD, wWiREREILORE L LITERT S
DU CIEELS, mEONEREIZE 20T 2 M8 N HiaORREZE (L% 12
ERT L. Zoled, BRE(LOFIHIFZE & L TofE N (% N iR
DR \ZHEB T 5 &, MEEEN R AW E LT 2 RN B REE{LE 2 2 T
X LFREMED B B . M NSRBI, SIBIRBIIREE (bt R (T B 3~ 2 iR & /EAk
M OBIRAFEMEOFE, MKE2E2H ICER ST 57200 MEMiEICREEST 2
HH BV 5 O SR SO OFREN 2 N H[24] . M N EEEEE I, BIREE(LAH
JRAEZ W OB 2T & L TR SRR T T 5. FEREA R MEN
FERERERMR AT & LT, IR AR O s IS & R A U 7c BB IR B 7 1
MEYLRKL (FMD) MMRBEZIFERNSR L > T 5.

AR T, MENREREDOIHZIA 22 AR S LT, EBEEhIRA R AR A
ERERJSEMDNCIER L7z, X 1.2 [ EZ2Rd25]. M 1.2 (7T L9
(2, WEMIARIZIE ONEE —BICE-> CTBY, EFEMRICEL WD, 2oz
HWNEHIFRFRE S IE, ISR 58 AW I3 C TRV [26], ZiUlKs
L CIlE FEICAEFET D IR fICx L C—B{LER, Tnxy /75 Z0Mm
BIERT L FR Dy, AT T 0 F S mEIRNER % 55w LT
WA[27]. ZAUZ E D NIRRT A DOFLER, IHEDRIE 21TV, Mt DR £
TOPERZ FAIREIZ L T 5.

14
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Fig. 1.2 Arterial structure [15].

FMD (L& N EAIEHE S D NO JEMEICBEE L-HREThY, BEHTa—%
W CBRIMARRRE DR RILIEME R & ZH#HFNERZREL, ZOHEEEHS
RTRDO L% FMD % W TR 24T 9. (14HIZ%FMD %37

%FMD[%)] = D = eonst 100 (1.4)

const

Z 2T dmar, deonst I XTCRILIRMABERS, LEFIFINE RERT.

%FMD 1%, 9 6[%IZBWTIER & S, 5[%|% FElS 2 & ClE N EH&RER
ENREOND. MENLEREIX, R—HEREICBW TS, BEERAEFEOERL
WANIOEE, WEBEICHT DA ML AR EOFEL RERIZE > THLENEN
5. ZZTFMDIZEWTIE IO OFEZI Y Br< 7212, #BRE (o5 LT,
MAERHB LY BIZR LR TRELZRT, REAERFIZIIR 12 17 T&H%
BT 5.
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Table 1.1 Measurement condition under a measurement
Condition at the time of the measurement

The posture looks upward

The light dress which does not press an arm

It carries away classical music at the time of the measurement
Set room temperature to 25 °C

Table 1.2 Measurement condition at the day before and the morning of the day

Condition of the day before Condition of the day
Avoid the meal which is high lipid Don’t take in breakfast
Refrain from intakes of the alcohol Don’t take in food and drink except the water

Don’t take in a drug and a supplement | Don’t take in a drug and a supplement
Don’t carry out an excessive activity Don’t carry out an excessive activity
Get enough sleep

FMD 1ZX(1HIZTRT L) ICmMBERENOAZ AW T-#2 FETHY, Mia
B & BT 2 BEEW AW I AMENEIZ R D Z L ABE L TV, BEE
T AWIS TID3%FMD 1252 5 BT RE W E S TE Y, Framingham #F3E Tl
FMD a7 B O BE [ AW IS T DOFRE R%FMD ICEET 5 2 L2 HE LT\ 5.
Flo, WA KT A4 0T8T, MENR#E A TN 2RI, B ARS T
(BT DRI FHI 2T A= 2 OEERHIE I TV D, Lo T, BEmE AR
SN ZG D Z LiE, FMD OZWIREEM BIZHF ST 5 mitEnd 5. L
L, BAIZET 2 EAWIS S ORIEFIEIITEEN S 503, IEREM TEEN
HEFEITFEET, ZOBRBITEFICHETH 5. —MITBERm A WIS T & 5
DT IZiX, M NGRS OHEE TN D T2, ML N A0 OHEE Y
FMD OZWHREE %17 EICEHEE T HAREEN H 5.

1.1.3 M FEkFEHEE 12 B3 D A5

BER T, —RICETHEREEEZH O CLENOTRESANFHII S LS. /S
JVA R ZIEFFEMR PSSR E AN TCE 208, R IHAESLEEREFIC
BRIFT B FRIRI Vemae DIFIET B 728, EEOME IS L C ML EE 040 % e
ETDHZEFELY. KAV A R T ZIEOFHRITBIR Ve ma 2 77797[28].
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Lo (1.5)

M= D@y cosg AT

22T, Vemar, o, ¢ BLOATITFHRIRS, EEEFOHRLAEEE, K77
AEB IOV 2@ IR UESZERT 5. BRTIE, &t N7 7Bk > T
TOFEEEZFHR L, =72« RT XA 2N EARE L 7= ML s 5y AR O
D & — B SE D HENS D H29], EEOMFITHENKE TH L0, JEHE
R U MEN A OLE 2 ZET HLERDH Y, MENTESAOFHRLE L
T+ T7eu.

TEW T 7a—F L LT, EZHEE &E L TN ORI & fET )
(CHEE T BAFFE 0 5% < AT T & 72[30], [31], [32]12%, EAEEZ S HOITW
F RV, ITETIIEETIA % (CFD) % F N 72 ML B 55 A7 O ZEfM 72 HE E 73
¥% <P SNTE2[33], [34]. CFD XA AFICB TS ET « A h—F R
HREXNOBEMRZ 2 Ea— 4 —IZL>TRDODDLGHETHY, T A F—7
A FHRRADEBEIMEIND T & Rt & L TEERRF I3 L CREM
IREGD 2 ENTEDEMAER S, —RICERNEFESBER L2 HAE L
Tay br—/LTE ZEHFTZEEM L BRI T 2MBEDOL L IRDN, FEM
FITFHEREB IR A MO#ERE N — A 70BRICH D720, HFR7Z
HFESe ) UNTICHEDWTEHE ORGBNE L 72 5[35]. —FH T, BRIZEBWT
FERABETICHET 5 Z LIIEREFEFEICLSTEHLWEWOIBRERD S, £
7o, VAR - HEEEAENT O ME - MR ~OEA b HZ PRI TV D, i
FRAT & FARFRMT D 1 > 7V v 7 FIETINE O EFAEWIILFTE O8RS LT 2
BEERME R X D Z &3 T, Arbitary Lagrangian-Eulerion % (ALE %) X°
Deforming-Spatiral-Domain/Stabilized Space-Time 7% (DSD/ST %) 23@H S 41T\
5. Fio, mE & MO E/EROIGRRITE V-0, FREENEE L e S
ALA[36]. T D L D ITEHE MEFRSORETE 2 & Lo RISk U CREM 7o it 514
IG5 ZENTED CPFD ORREE L RNEESH~OSHIZS % BIERIC/R D &
Bibhs. L ZATCFD ORFETIE, HoNcEHRRNSGNE X bR
SMERTZT D, TLEBEROBPZEKM L7200 BT 20BN H D720, fif
RN E LN DMNBPBRIEICHW DN D Z ERE\W. —FH T, ik - HEERR
OB Z BB RN & TRONTMITARIT V728, mE - MR
~EHA AR S FaRET STV,

iM% - MERRICRT T TR T 7 u—F & UC, IR &k
PERIRICIB W TR AICEEN T 577 & A8 2 @ pE B IS S W TER
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fEL72120]. Z OHERIIARRRHEE 2 FIRRIC T 2T e FIECTh H 7o, B
ROBRNES THY, MAGORMELZIEZ LT WVRHEZ RS, —FH T, RS
TERTNIBZIC G- 2 2 FEEZETT, M TENKRZB—OERKE, K8 & (E
LT=fENT D72, BRR O ME ~OmE A IL o mEt S Tunan.

1.1.4 BHEEBOFRHIZMIT - 3R E R

F1LLI~LI3 8ilCE T 72 L 0 I ENBEOBESS AR e & o g FeE,
EWNREBERECRIERR 72 & OMASE, 7 < BLIECAREE & A WIS 7172 & o 1
FHRFEIZ O W T EN TN M TN TE 2. £i2, TN D EMAE DT
W7E BT T X 72[18~21], [29~32]. — 5 C, BEEEDME - ML D@ RICAE
U 2 MBI 2 8 O 12 G 2 fRITRIIZHR 2 DRI H E VTt TV, i
W) FIE A BRR To M - mpnEs R CEA L, MRS OFMEEICH VT, 1
B EMPBOHAIERE L TORNGERFRORFEEZHALNCT D2 RN TENL,
FERECITEERRE 2 £ THEAMNIBEDORREBIC O NY, HERSEATHICE
BRCE DATREMEDN B 5.

Fex L, MENTHIRIE S U CHMEME & = o — b U RERIRICA U 5@ 8
e 0O R ENERRICEE Lis. BRRICET 2 M- MR DR ZERIZ 31T
2 W HREIE SO B R e & DIREVMAWRAFIEICIER L, BR CEUSFIRER T —
A5 RERNCNEE R 2 € 5 Z & CIE-IMFTER RSB DB DIR S
BNEZHGMNIL, BEREMFL L TERFOBEREIY AT Z &N TEIUT,
B PR O I3 - L OB RSCR AR U 5 i R & i RetE O EAER 2B 57202 T
XpHLEZ F2, MIKGTHEETH S FMD IZBWT R/ A FUEL D
SIE O N D HIARIE 2 N 5 MLEDRRFF — & L 0 Bk KB BRI S
WTHEBROTNGZHET 5 2 & T, Mlasn OFMEEIC BV T, I & ik
DOHAEAL L TORNWGNFORFEEHA LT LI TELEEZX. 2
S K0 EERE O M - ML OB RIS AE U DI SOG & & D 7o 3L & SR AT O I HE
252 & T, FRERANCITEBIRENERGR 2 B MR B O TR EICS A L TR
ISE RGBT 5V AT AEBE L, HEREMERTHICEERRTE 2 /e
N 5.
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1.2 AEXDHERM, BIXUMHEE

1.1 81Tk, BAADIER & IEBMEAOREM L OERSEATHOEE
Mz L. 111 8 CIIfERERE R & B ICBE 3 2 B O ) FHIRE 2 R T
EENDEEBSIOBERELRE L, HEOGRELEE L8752 mE fE
WETFEOMLENZ R Lz, 112 B CIIEERSE R L B BE I 2 Miass
ELCImENEEEEICER L, BEFEOME N REEREITM Rk & OFF rTae e #r /-
IR OHEE FIEOLEM AR U2, 1.1.3 EiCIIEEREE AR L B Ic s
T 5 MR DO FHAITFE L B R A A L, M OEE %2 & DT F
EOVEMEER L, DLEXY, (ERMMERATHOZOICIE, mERME, Mk
Rk, MRS Z 2N ENE—IZFHMET 2 0Tl <, T ORMEEEERIIC
A THREIGEREICGEHMET 2 Z ENEETHD. £, 114 5 CIREEE
DI - ML OBERGRIZAE U 2 BIR A MITEICHE 2 CER(L L, MRS ORI
BE~ERAT 22 LT, HERBERTHICEMR T D WREERHLZ L EZRL
7. Fx ORRAGZERE, MBERISFHEETH D FMD IZBWT R /2 A R Y
EE D ES IS LN D MIAE 2 NET 2 [LE DR RS T — & O ME L8 Ok
RINT— 2 J 0 ER BRI E SV TE - MR ORNEE X O8I 2
HEE L, MIPASSREEIC R ES® D Z & C, BEDIME - MfEmRRICAE T 5
MRS 2 BN T DY AT LA L, ERSEBTHICEIRT S Z
ETHDH. —FHT, BT FEOME - MR ~Om A FEEME X 522 T
<, BRARISHIZIANT TRER T R EFREOF L B 5 20T o TV R,

Z 2 TABMED BIL, BOEREE MWELEZZE LI FEThHLHHE
R BB RS O & - MRSk 5 A fTREE 2 RE L, BEREEO THiRE
Td % FMD | EREEFE R 2 @A T 5 2 & THRIRKISOFHMEEIZ IV Tl
EMFEDHEENER & L TCORMNIGBREORE A LT 52 LT, BREA
B L COEBN MR EZELZ L THD.

ARESCTIE, MFE - Btk & E I BN ERRR IS DWW CERL L, B O 7%
CEERICAEUABG L DTV EbE a7, EAESHEROME - M5~
AR A RETT 5. £/, MEORZR D77 v 7 AE & W T-EER B ER %
1TV, EBIOEREZ B E LI BiR) 72 M55 Rtk O HEE F1E ~E Bk BhER R 235 A
TEDLMHERT 5. &DIC, BUWRAOTHRE THS FMD & L 7= K
015D HERE RS 2 NEL T B ME O RER ST — & X 0 &N O % HE
L, A ENERGR 2 LS N EARRERE CTh D FMD IZIGH TX 2054 5. 2
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MIC RV, EpR B A BIEE B O TEARAEICISA L, MRS Z R A HIIZET
T D AT LEEET HEOFESL ) vy Lo T BFR _EO R AN & H
12720, BREBEBRDOTHOZODENNVIT/RDEEZD.

KigLlCBIFA2ELZX 131270 —F ¥ — k& LTRT.

1 EL, FimC, WRB X OEROIFRIZ OV TR, RIFZED B HYZ B~
7-.

B2 BECE, EBROME - Mtk ~EREENERRISH TE 20 et 572
O, BERICEBT HME - MR 2 #xFroOEREMEE & =2 — b Mg &
RE L TET ML, EREEHERICE SO CIE - MR EERLL, &6
NI E O IREMEFERRE L BEROME - MIRRICELLIBR DT EDLEL
1T-o7-.

% 3 ETE, EEOEEELEE LB SR EOHEE Tk E R EhEE
NS TE 20T 5720, EEOMETRICIEH Lod Wil 1 23 ik
KRS NZME - MFEE T Mk LCE - EEEEREERLbL, 777
AEZ AW ABREEIC L DREREER LV EONTENT —F B L OEE
BT — 22 HNT, BEOY IR, BRER LOMEOBREREARE L.

54 O, EEEERR N ME N RISRERE CTH D FMD ITS A TE 2 0%
F9 572, FMD A Al L7 EBRAZ 1TV, MRS % 3 T 78 e oD @LE Y 72 1
JE7—# X0, HBREOmIAE, BMEE I I OG0 il 77 A | M SCRE S v 7= B
ARE TR U TR 2 HEE L7z, I CEMMZefat s LT, mEET LN
BEICAE U AR Z R RMTHAIARL, BRSFMFICEEN S REIOE
MINIFZE- 2 2B A L.

F5EIL, KmXOBRETHD.
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Fig. 1.3: Flow chart.
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ErE  HEREEERBICES LY - MEEFROE
AL X CIREMEBRHMEORE

2.1 1IUBHIZ

I8 PN O e 251k, MRS, I8 A4 ZE (b AR ELVE F 2 18 A I R4 5
DISENBE L SPLTND.

L LR s, Jifl & SR O T BRI R R ZE ST rans, EEom
- MER~EA SN THELT, BHRICHT CRRTREBEOFEL LMD
. Lo T, EROME - mitRzExg s LT, EfiehiEmz@Em L,
B DT B DIRBVEBFHEIC OV TR TR LERH H. AT, mE &
MFASERE L7222 5K~ LGB 5 M - MRICHIT 5 TR A HS LT
% . M DNEEORMEITMIRIC N TER TE 213 /M E L, s =a—h
VREMETRIR & B D LARET D T & THLAE - MR R A S &R S
RSN DHERARE LTET /AL L, @RI RICE SV TR - JfiE IR
BLOES - BEHEFREERLL, —ARMLE T A—F L 0G5
HOEITIE R ORNIBRFIE L EROME - MERICELDIBEGELEDOT Y ED
TE1TH.

22 EREBERICESSBIRET NV

ME DX 5 72NRIZH L TEID/NSWERFROAE Y = A& IZ o0 T
EAR R A TR CRE T 272 0121%, ¥ = VERDSE RN R BT FEE L 7
L. BAAGE Y 2 VOEBERE L QL 7V a—FHERE R VERNE4
Thd. 7V a—7HEEEE—RCERNMAR Y = VERIZBW TR BHEENEH W
EFEZTHNTEY, —F, FUR/VEERITMAE Y = /WSO &SR IRE M fF1%
EY oV LR OEBIREY e & OEMELR T)FEBLG,  F T I EUERI i & R
ELTEWBAIZANSN TS, WTNOERME Y = L O EBEERIZB VT
bROFNVERY T « TTDOREZHNTER LS TND.
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(1) Yz VOES% 2 %5054 5 FREICSLCRER EICH DEF S OENIL,
ZOROBTLHRE EOEMNLED, TOERIIEFREZ LT LY, F
REICEETHD.

(2) ELZy = VOREICR LTI TS 5.

(3) FREICERERISIE, MTEOECH L TH/NTH D00, BHTS
ZEMWTES

LA L722 5, ME - Mi-RIZBW T, WIS L TIIEEEDE X NFEIFRRE I
RAGELZ. ZO%E, BEEREESCEAUMER 2 BERT 5 Z LB TERN
O, FNERYT - TTOREDOH, F 1, 2 DIRELZHND ZENTERU.
[EERE MO AW A 2 B R LI Y = WS IOV TR A Y = L
RSB NN RIE L 72 D ERAEE Y = VO EAEEES X Herrman-Mirskey © 12
FoTHEINTEBY, Zofiing < LR Z AThilTE k.

AFETIL, HHOIRZE L 72 Herrman-Mirskey O & R F 5% & AE ML R 0O 18 5l
FEERICESOW T - MK DOERZBE L -BIRET LVOERLEIT .

2.2.1 Herrman-Mirskey D A &3 imic ES< mME D
EErE

F9, MENFFORMEITMITIZ R THEFE CE 512 E/NE <, BEEH M OIRE)
IXERARR ORIET — RO KEMIC /22 EREL, B 2.1 (R TEIRFRROME
ETINEHRETDH. 22T, y, u, wBELOITEORERST W\, T, B85
MEMBLIONESZEBERT S, M22 ICEOM/NERICBITLHEE—A L D
DDEVERT. K2212BWT a XEDOFELEE, hIZEOHE, b ITEON
Y (b=a-h2) L35, F7o, T, ToiXBEOHFHRE (r=a) IZHBIT DBEME X adb,
dx 720 OEFRE, BHFEOBIRY T1, O, M XEENCEERWEICAL D H
REZHBT DEMNES add H7=0 O AW, HFE—A 2 N THD. F,, F,
HIZ#Eh 5 m, PRAm, 5 RIS 5% PIRE OEE hadd, badd H71=0 O
B, BT —A b THD. EBIT, pp, o XA L0 B < 2T m,
5 M DA ThH 5.
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Fig. 2.2: Elastic pipes model for blood vessel[20].



K 22 IR LT2EOM/NERICBIT AEFREOEBH -V D HEET— R
FO2YNWERXQ.1)TERT.

oT, b

x+_Tb_Fx=O
ox a
91 b, -y 2.1
ox a a
oM, bh
+Q0,——71,-H=0
e LT

KQR.DHOFE 3 X I 0 IME - MERICAE LD EEEEZEEL TS, RE.DIZH
W, B FTEET ps, 1 ZBRWTE R RE CORESS M, #Fm, FRGM
EfLy, w, u CTRTZENTED. £7, 51RV AT, ThBIOEART,
FE—RA VN Qv MAZKHIET B F DI % 0, 00, o & T 5 EH(Q2.2)D3
Bohb.

[ loula+ ol

P Y=k
* ad®

h/2
I, - L__h/z(o'edx)dg

d

hi2 ) (2.2)

|, e lasohaolac
O = add

h/2

., oslarclaolac
M. = add

TR REAFEE UCHMANC A O R r DRFTEETH . Fb
bRy 7« TTDOIREDN, F 3 OEETHDEHEGITREOREEZ WD Z
& TEINTI Gy & B ORFRER Q23 E LTELILD
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(83 +ve,) (2.3)

F7o, BEEMORERIL, FImEm DM 2 BRI E LGS D0E - AR
Z9 Love ORUTEHRIFRZRET 5 Z &L THRQRA)E L THEZILND.

ou oy
o Toar
w
0 e (2.4)
L
e ox

KRHIZB T, JER A E RO REISL CIER BICH DEE S DOENRSY
R OBy ZAWTRILTEY, 8ICE 1 XL x - r P LoEER S
W OENLESY w DSBS AN u 1252 25 ERLHERERL TS, DX(TH
Fm, ¥REFM, BEEEHEICBE T HEFREOEBSH -0 OEMES), 1EHEE—A
VN Fy F, HiZXNQS5ELTELND.

(o)
. p,,.g__h/z{ 5 lax Q)i dg
T ad6dx
ch/2 ow?
) )., /2{&—2(“6 )deX}dC 2.5)
a ad 6dx
2] ou-¢y)
Py L__h/z{?T(“g)d@dx dg
== ad 6dx

RN(2.2)~2.5) KR DIRAT 5 Z & TERRE COEEE S RENM w, FEFM
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TN w, B BEN u TELIZNET—AL FOSDENRRQE)ELTELN
5.

EW 0> kEh p,h & kEh 0w
—~ —~ — Wt
2fi-v?)a? 20+v) 12 a? | 20+v) o

EW & pph3 * | bh
+| = 3 2 U+_Tb—0
2l-v?)ex*  12a o | 2a
kEh an{ Eh__EW___ kER & hﬁ}w
(1+v) ox 2(1—1/2) 12a4(1—v2) 2(1+v)8x2 "o (2.6)
th 8u

& pph3 | VER ow
Rdl—2)ad | 124 o

all—v?) ox

+ Eh 82 pha—2u+2r =0
=2 "ot | at

(2.6)(% Herrman-Mirskey D& P F 15 5% D IEEN HRERUSITRAR N D D S % f1 5 LTz
FECTERLINTEY, ME - MKERRIC Téfﬁlﬁ‘s@%%ﬁﬁ%_ﬁk 72%. 3
QR.OIZIBW TN 5 R G OFAET) pp IZTRAED TR DG E I,
JENEEE—ET D, Lo L7ens, EROME - M4 iﬁl?}lh*ﬁ‘li@%ﬁ%%ﬁ
BETDHVLEND D720, pp (XMFEOER T RER X OB ik %

IUTELLIES), ENEBOW T OMREZATEY, A o 387 mo
E*’Jéﬁ'li/ul‘;ﬁﬁﬁjj ERT. DX ’Iﬁl'ﬁ‘@@%ﬁ%kjﬁ%imi, IIIRVIRE S Y= s el IR0}
KM R 2 LTl & @Rk d 2 L o e fbsh T g

222 ML L= =2 — b VR E O EB TR

WICIAENZ A M E = = — N R, S S IRE LT E= X |
— 7 2B L E#HGEORXEZK(2.7), Q8)ITRT.
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P % =—grad p+ %ﬂ grad div ¢ + u(grad div g —rotrotg) @)
P =-K divg (2:8)
ot

ZZTp q p,ou KX, ERNENMIKOEE, HENZ ML, ME, KEYERR
B, BREEMRETRT. F72, grad, div, rot ITZNLNAE (Gradient), FHL
(Divergence), [Fl#5 (Rotation) DOIEFRZ AW TERINTWMPEAETTH Y,
MmEizxt UCHEA L2 BICITW B 2 B &2 R, IO EE T grad 1377123
AT DHERT MLERY, BlDFAICHT HENAREZE®RT L. MoyHEET
div ITMIRICEA T 5 & AR T —L 720, HALREE & 72 0 ICBAARE ) b
LM EEZBEWRT S, MOEEF ot ITMFEICERAT D L7 M, £k
53 A OERIZ ST U CREEEHE 0 ICHREIRR T SBRDOERAHE 2 BT 5. £
7z, KRBT H2HEDE 2 HITMSER A (Laplacian) % grad, div, rot O
THRLEETHY, EESOMBESEL E R TEORE/NSWEERL,
a2 LT HEDRZEEZE®T 0, HEORE L0 57 LTnD. K
QT 7B O R A FFEHEREOERZAVTEELLEE TH Y (TR
DEIZTIEDNHRATHMBRICHF L THRT D2 EE2EWT D, 72, K
2B ME - MARNFIRTENT D EIE L TIRREBREREE —EfE & L
7z. CFD ZMyiRicxt L CHEAT 2561, —MICmtZ IEEMEMERIE L LT
HHEORQ)DENE 0 LT 5720, HstORITMNIGIZE T 5 XERI R EE
DR E T > TV, £, EHORETI v« X b —7 2 HFBEXDOE5
Bll LTRSS, EHROXITEE OB RREMG L LTS E S 72, [EHA
BLS NI L T L, Mt EANTRNGICEELE TS 2. —F T, &
ERAIZIBWTITMESHE 3 L OVENAERS LRIV E L 5 2 5 2 & 23
BEies.

ZZCTHENRY bV q w2 EEERRY qi, FERR Y O R CE D SIRET 5.
Tebb,

q9=4,+q,

rotg, =0 (2.9)
divg,=0
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RQRNTB T HHERT M OZENIWERAREW®REZ RO, ETIEEERR T q
IZEICMRDOBEFREE IS KO AMERICER L TS QR8I W Tl ED
FERIE B M OEEEA L divg 12 L > TAE LU A Z L5 b I D IEEERR S ¢
LI D IEFEE D P IE GRG0 2> TnD Z Enbnd. Ik
(ZEHRE ST @ XN MR ORNAREFRICEER L TE Y, 1/2 rot g2 1L—MXITIHRE &
MEIZAV D . EMETRIR C & 5 Myl L& NEEIC CTHE & OMXHEEN 0 & 70572
W, IMENEEE SIS THE AW N K E AN XER R RE & X D
EINTFET D, HAMEEN KRS W X3 b b MO EERRR T ¢ DR E <,
Z DEERES g SWbIiEa e O E 2 LU CEEE L RIAOFEXHRE Z —HIE 5
Z LT - MPRICEIT BB Y - TS, DF D MFEOEERR D ¢
IFIME - MPROEUCEE R EZEZ R L TNDL DD,
FEEHERQ.7), Q8)MMHRINDT-DITIL, RO 2D FEANENE I
TEENTWDZ EN+o5tELes.

2

%z_c_ gradp+ﬂNgrad div ¢,

55 K 3 (2.10)
— ==K div

Py q,

é%%-:-—DJrotrotqz @.11)

7272L, P=K/pL T, clTEFOFEERTHY, N=pu/p i THiEOBRELRE
Ths. K(2.10), QINIHEE RS FL g OIEEER Y B L OEERE 7 IEE 2
NMSLICEE D Z L #BWT 5. BRQIDE, FEONEICEBIT HHEEMN,
BT 2 BRI OME DB 0 1IES< X212 (DFED, REWREIT/NE
<, NEWVREIZREL 2D XL 91D), FHOFm~EMEEA T L TONBIET 2 2
ERBEWT 5700, MR L > TRENEE, BET2HHIELERL TS &
Wz ENnTES. RQRIO)DFE 1 ROBAOFEHEZ LV, F2REMRALT
FES plconTorXEE.

0° 4 0
67127:(024-5]\[5) Vzp (212)
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KQR)OEDE 2 HIIMPBEE 7 77V 7 OB ZEWRL, {EEAD
JEDDREDICHR L CRIRIZEAD Lz &L e EEA RS E @235, 2
DI=DHRQA)THEME LN LT BV L BE LIRS OB HREAEEZ D Z
EBTES.

WIZKQR.6)F DOFARTT pp & 1w VK q DAY qvy, qr ZFAVTET .

r
- 2.13
=] o %) o
’ ox o),

22T, RQRI1HYDE 1 KOFDE 2 HITHEBEELIZ L > TELD R ITHY,
2R A A N — 7 ADBEBRLEIVED L L THEINS.
BEONBEIZBWTIE, FLMEOMBXEEX, £ mEb 0 THIH00

[9.] =g(u+le
a0 2

ow
ot

2 . oq
=|p+—udivg-2 a
Py {p 3 Hav g—zpu Py l_b

(2.14)
[qr ]r:b =

WAL L 72 < Tk b e, QAP HEEF ISR 58 & iR O@E &M & 72
5. ROTEBEIZOWTOREMGER2.6) & FERICHOWTORERMGFERQR.7), (2.8)
xR QIHDOSKEO T TESL S HORME - MRROERFRERATH D,
KQR.12)DfiE % SOEDIRET 5.

plx,r,t)=P(r) o/ 0xrar) ,(j = \/——1) (2.15)

ZIZTRITERETH Y, ER, BENENENENFEOREE, BROKRE %
F LTS, KA T A BEHE x 2 EE 3 AUXRRRIZ X LTIl B
LB, BRI RN 20D S0, I - MR ORERD R X D Bk A A
T DR NENLIEN DG SN TWAEBEERM L T\, £, #hhm
FEEE x DR EILITES p HEET 20 ZHULODIIC TE U3 Kig~J
BLRPOEHETIBHBERKM L TND.
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(2.15) 2 Q22T LTI IL

~ - (2.16)
m= |—2—-p
Cz +§]Na)

K(2.16)1F v /LD FREN L MEITI, 2 DOBTEMILfETH D n IRDE
1 B LOFE 2By B LVEEERD, 2D 2 SDOMOBIERE AN —iE & 72
. L L7enn, % - ik T olmF.o (=0) ([ZBW TCHRZRE
BREOTLDE 2 By B VEEOREKIT 0 £, oF 0, WrEH LI TER]
ThoHHE 1 BNy v VBEROLZENOEEF RS Pr)OfEE LTE 2 Ul

F. Ko THK(Q2.16)D & Wrim .02 TIERI MR I 4 Z R EHREE L TH(2.17)
THZILNA.

P(r)= AJ (mr) 2.17)
ZIT, JORiROE 1By ALEKTHD. LER>TEHp T
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2.3 RBV=HRRE

2.3.1 BRKETELZ AW EEEME g ot E Tk

R(2.26) , QITMIAEE, BEEIZBITHIREHFEXTH S, EHKHE
RICARIK 0 25252 LT, ZhEm-TEBREFZEDDL LN TE
L. Linl, BREFEATHHH2.26), 2325 Z LIXR#EETHD. £ 2T,
RNV R T DEE R IO 2 HWz 2 ZHo&/IMERELEZRQ2.33)D X 5
IZEERLTZ.

A ={Re(T') +Im(')’ }=min (2.33)

R/MERBEZ ML 7212, HEERENEL, BENBEMARREETET 07 7 A
EERRL L7o. BAR TIEITHNSENEWGEAICEA T 2BERZETFETDH
D, BRIREEOAR LT AW TEDOBELIRERT 5. ZREENECB T L AT v
IR IXERIERDEZICESNTAD2RDT—F—REELVIRELT.

232 BABETETNALITY XADOZYHREE

BEMEME & IR ORI (HHE, 1976) SR USRAFET T, TRICTHAT 2 H
HIRENSRMF T ORBE G BN ERAETIET VT AL THRE, BERIED%
SPEEREELTZ.

KRR OEFRIL, FFFICHOWTEBIRITH v, 85I ET IS TRIE
DIEEE L7223 BARIR T 2 IZH W TER(L Lz, T, sfiliRE SR T2k W
TRATLIBARSELE LT O THL. —FH5 T, BHRIREISMAT TIE, FHEN
(CIRMEN R L, 85Ik T2 EE A 5. Zhid, BHRIREIFGETICBY
TRAETLHHEHRZERTLOTH L. BHIEHRBIZ OV THER L RKICE
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CEIHB|ATEN. Z0LE, TERELLY, BHIRBIFRFETICET 5
A2 RT. BRIREBIRETORBEGTENEL p 25252LT, Zh
i 2 TR o 2 ED D LN TE S,

2.3.2.a MIEEDRE

VER% LTI AETIET V2 Y X5 Z2 RV CHREERSEMICESWZ ARER
RN T ORBEG AL TIREFE o 23R Lz, 20 & EHW&M
ZLNTOFR 31ITRT. WIS, HEE L7CRENRE o 2 WV TR OB, BRI
T DIEE Ch 2 MR E o, *HERREE s Z25HE L. X 2.3 124N
B LR OB E) (RH, 1976) 3 X OARMIEIC CEHHE L Bk T EE o,
ST 0 287 X 2.3 OfEhE, BRTHEEL TH Y, REBSAHEIZT
R LR TR E o, MEOEER S AT, K23 L0, HEMAE LR
O E) GHE, 1976) & —EF9 5. ZOZ &E, ER LIRS TE S
7 A, AEEERFEHFICB W TELSHMEL TSI LERLTNS. 22T
WRITTEN, a, 6, fIILTOLICERIND.

ZIZTN, b, ¢, 4 alZMROBREERE, EREE, MAEOTH, HE, 0F
DYEPFEEERT.
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Table 2.1 Parameters of condition

N:Dimensionless kinematic viscosity N/(bc) | 1.000 x 10™*
S :Dimensionless coefficient K/ E 9.857 x 107
n :Dimensionless coefficient a / 4 2.000 x 10!
K :Shear correction factor 8.600 x 107!
p:Dimensionless coefficient p. /pp 7.800 x 10°
v :Poisson’s ratio 3.000 x 10!

Fig. 2.3: Wave velocity and logarithmic decrement compared with Urata’s research
[20].

44
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VERR LT AR TIET LAY X L& W CMEEEREICE SV ARE
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WIthABEE @) D TR I, ERREWIT EREIC X DA HEEE O TR K
XNZLEEKRTS.

X 2.4 (2R MR &R O RGR EN20]8 L OARBFIEIZ CEHE Lz (@o-a)/ o,
WHERERS 7. X 2.4 OfEENE, BRTEEITHY, FRENAFFEICT
R Lo BR TR E o, MEOEEE S AR Y. K24 L0, HEMAE LR
OEREE) (HH, 1976) & —HTLHBEIFELNTZ. ZOZ L, ERLEY
07T AN, BEEERASEICBOTIELSHIEL T D Z L E2Rd . J\RoTi
RUILLTFO XY Ic£ENS.
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a

ZITA, alZMfEOWE, @8 OFHEEEERT
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Fig. 2.4: Wave properties compared with Urata’s research [20].
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2.3.3 RATHRER L BERIZ BT B IEEMS B i oo BER

BEEBAROIREVMERE R C o HAABEEE & BORAREUT, RS EREYICHEE
L7c[37]. AREITIX, ZOMFEEE & BEEARREZERE LS. £7, £2212
ATEBEIROWMEE 2 B BRI E S BIRET VICE 2, K (2.26),
QAT TIRENE TR 2w - TR E R E 2 ER L e R B TET VA Y XA

THEE L=,

Table 2.2 Parameters of radial artery

Elastic tube Rigid tube
N: Kinematic viscosity [m?/s] 3.815 x 10° 3.815 x 10
¢ : Sound speed of fluid [m/s] 1.506 x 103 1.506 x 10°
E: Young’s modulus [N/m?] 1.000 x 10 ¢
K: Bulk modulus [Pa] 2.060 x 10 °
b : Inner radius [m] 2.000 x 1073 2.000 x 107
a : average radius [m] 2.100 x 1073 2.100 x 107
h : Wall thickness [m] 2.000 x 10 2.000 x 10
x : share correction coefficient [-] | 8.600 x 107!
pp: Density of wall [kg/m?] 1.000 x 103
pr: Density of fluid [kg/m’] 9.967 x 10?
f: Frequency [Hz] -1.000 x 10° -1.000 x 10°

HefE L7 IR ERRME K 0 HE L7 i - iR ONLFEEE & BEREE 2 Z
NIRNTE L+ 5. ATIE & U CEATIRMR & BRIBIERE D 2 DO E LT, 2
DORONAREE & HEREIIZNENEEE oo Tod, T 2 TIHEEMED
ETHEARICER U CERME & OB AT o 7. EMEEITE AR IS T 2 1 E)
BE L LG 2T MEZMEE SRE LIZEEIT 1 SOMITENE L0,
Z DOPEEVRFED B FH R ST AL & R E A AT (AR &35, &
([ 2B L RE LT AL 3 DOMREONTTD, ENRNI NS DM
5 1R~ ROITESFEE U, 250 B3R SR E & B 5 E iR
i (1R) ~ BW) &5, F23, 24 1 2ERE, FBITE \AIEE), #HEE (1
wR), HHE QW) OMHEEE, BEERER, EBRELEE L RE LICESREE
oY, oL EMHTE G %) IIMEHTE (1K), (2R) & HATER, EE
EBICFEFIIREWS—F—Z2 L, B LI WEYRZR LI ORE R
Bl Z 52 DEBIT/NSE W EE XTI ZTIBRFZ21T- TRV, FEREEZET,
LT O2.34) TR 7=
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FEATT fIF 0D Ao - SRR oD R

XERFE= 2.34
A TR FFIE 39
Table 2.3 Estimated wave velocity
Wave velocity Relative error [-]
@/ Re( B") [m/s]
Experimental value 1.180 x 10! -
Analysis value (Rigid tube) 1.200 x 10° 101
Analysis value (Elastic tube first) 1.611 x 10! 0.365
Analysis value (Elastic tube second) | 6.172 x 10° 0.477
Table 2.4 Estimated attenuation coefficient
Attenuation coefficient Relative error [-]
Im( ) [1/m]
Experimental value 1.000 x 10! -
Analysis value (Rigid tube) 2.091 x 107 0.979
Analysis value (Elastic tube first) 8.680 x 1072 0.913
Analysis value (Elastic tube second) | 4.042 x 10! 3.042

FI, MAEEEICER TS &, B EZRIEE & AE LI25E OMAEERE X, %
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<1

Inner radius b [m] Inner radius b [m]
Fig. 2.5: Wave velocity and attenuation coefficient concerned with Inner radius. Where,

red points mean vibration characteristics derived from wave property 1st and green
points mean vibration characteristics derived from wave property 2nd.
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Young's modulus £ |Pa| Young's modulus F [Pa)

Fig. 2.6: Wave velocity and attenuation coefficient concerned with Young’s modulus.
Where, red points mean vibration characteristics derived from wave property 1st and
green points mean vibration characteristics derived from wave property 2nd.
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Fig. 2.7: Wave velocity and attenuation coefficient concerned with wall thickness.
Where, red points mean vibration characteristics derived from wave property 1st and
green points mean vibration characteristics derived from wave property 2nd.
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=
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Density p, [kg/m?| Density p, [kg/m’|

Fig. 2.8: Wave velocity and attenuation coefficient concerned with pipe density. Where,
red points mean vibration characteristics derived from wave property 1st and green
points mean vibration characteristics derived from wave property 2nd.
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Density p, [kg/m* Density p, [kg/m"]

Fig. 2.9: Wave velocity and attenuation coefficient concerned with Fluid density.
Where, red points mean vibration characteristics derived from wave property 1st and
green points mean vibration characteristics derived from wave property 2nd.

56



Kinematic viscosity N [

me/
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Kinematic viscosity N [m?/

Fig. 2.10: Wave velocity and attenuation coefficient concerned with kinematic
viscosity. Where, red points mean vibration characteristics derived from wave property
Ist and green points mean vibration characteristics derived from wave property 2nd.
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D ENHERTTE T,

Inner radius b [m] [nner radius b [m]

Fig. 2.11: Comparison of relationship between wave speed variation and Inner radius
based on the coupled wave theory and the Moen's-Korteweg equation. Where, red
points mean vibration characteristics derived from wave property 1st and green points
mean vibration characteristics derived from wave property 2nd. Cross marks mean
wave speed derived from Moen's-Korteweg equation

Young's modulus £ [Pa] Young's modulus £ [Pa

Fig. 2.12: Comparison of relationship between wave speed variation and Young’s
modulus based on the coupled wave theory and the Moen's-Korteweg equation. Where,
red points mean vibration characteristics derived from wave property 1st and green
points mean vibration characteristics derived from wave property 2nd. Cross marks
mean wave speed derived from Moen's-Korteweg equation
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Wall thickness fi [m] Wall thickness h |m|

Fig. 2.13: Comparison of relationship between wave speed variation and wall thickness
based on the coupled wave theory and the Moen's-Korteweg equation. Where, red
points mean vibration characteristics derived from wave property 1st and green points
mean vibration characteristics derived from wave property 2nd. Cross marks mean
wave speed derived from Moen's-Korteweg equation

Density p, [kg/m”|

Fig. 2.14: Comparison of relationship between wave speed variation and fluid density
based on the coupled wave theory and the Moen's-Korteweg equation. Where, red
points mean vibration characteristics derived from wave property 1st and green points
mean vibration characteristics derived from wave property 2nd. Cross marks mean
wave speed derived from Moen's-Korteweg equation
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phase [°]

Fig. 2.15: Comparison of estimated velocity distribution (elastic 1st) and experimental
one of womersley number 5[38]. Where, pink lines mean estimated velocity
distribution (elastic 1st). Black lines mean Sebastian's experimental velocity

distributions, and orange lines mean velocity distribution of womersley flow.

Fig. 2.16: Comparison of estimated velocity distribution (elastic 2nd) and experimental

one of womersley number 5[38]. Where, pink lines mean estimated velocity
distribution (elastic 1st). Black lines mean Sebastian's experimental velocity

distributions, and orange lines mean velocity distribution of womersley flow.
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Fig. 2.17: Comparison of estimated velocity distribution (elastic 1st) and experimental
one of womersley number 10[38]. Where, pink lines mean estimated velocity
distribution (elastic 1st). Black lines mean Sebastian's experimental velocity

distributions, and orange lines mean velocity distribution of womersley flow.

phase [°]

Fig. 2.18: Comparison of estimated velocity distribution (elastic 2nd) and experimental
one of womersley number 10[38]. Where, pink lines mean estimated velocity
distribution (elastic 1st). Black lines mean Sebastian's experimental velocity

distributions, and orange lines mean velocity distribution of womersley flow.
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Fig. 2.19: Comparison of estimated velocity distribution (elastic 1st) and experimental
one of womersley number 15[38]. Where, pink lines mean estimated velocity
distribution (elastic 1Ist). Black lines mean Sebastian's experimental velocity

distributions, and orange lines mean velocity distribution of womersley flow.
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Fig. 2.20: Comparison of estimated velocity distribution (elastic 2nd) and experimental
one of womersley number 15[38]. Where, pink lines mean estimated velocity
distribution (elastic 1st). Black lines mean Sebastian's experimental velocity

distributions, and orange lines mean velocity distribution of womersley flow.

66



24 £L0

RKEOFELEOIFILLTO®EY ThD.

(1) EREENHEGRICESE ME - MiRBtR A ERL L, KOBRERMETH DK
R & AIREE DOBRITH 2 IREEB S B L EVRIEE, #EED 2 S0
LElok L CHEHERAIICHEE L.

(2) PWV Z AW ERAR R ~ERE B S A T 2B, WHE 2 ko
AR E 2 e IR & 95 2 & T, EIREELAE DT B& 2 1ERIEE & FIERIC

FHETX D Z LR CTE .

(3) HEAUEEHG L VG DIVAAEEE X, REEARICHIT D PWV ORI
WO ERMTE D0, A—2 R a) LT XR—=T ORI HES - IERTEE &1
B0, REBIREIEICL Y FRINES e BRHFICH L CHHEAFRETH DL Z
L ITER T E .

(4) BEMEYE AWML 172 EBEEENIZ IS 1T DAL OE 2 AV T2 BR PR AR A~ K
WENEGR A S AT AR, BEE 1 RBLO 2 ROEEBZEBETLHLERDH
HTEDERTE.

67



BI3E  EREBEROMLE T A —F FRHEE~
DI H

31 XU®HIZ

F1EICR LTc & 0 ICBORIE 4 B & L - B 22 I Rt OHEE FIEA K
D HIVTW D, BB R ICE SV CE - mMEAERERE ERLL, EAHEB
LOELEEH T — & = AV CHRENICINE OBFRHEEAHEET 52 & T, EEoO
L ZEZR LB R EREZHET SN TEL OIS, —F
TH 2 BETITEIFMED 1 kB LV 2 RBENENRFEBI RN G LR &
DLW ol JENBIOWELHT —F 2 AW CILE OBFELHEE T S
e, INOE2TORERNFELER T LLEND L FTRMENH 5. £ T THAK
BN EEER & MmN SR SN BIRE T VICE A L, 1~3 IROEENVFMEZZE
L7cET) - BEEBREERL LTz, £, MEORRDL 7T v 7 AEEZRW-
THERIEI B EER 21TV, B RE LB R N7 — 4 2 BE L, HRENICT 7 >
7 ZEOEMFHELHEE L, ERIE L KT 52 & T, BRBRE~NCHTE 205
'L

3.2 WYmASEG IR S LI BRET Y

ARBFZETIE, M & MEAER L7220 bR~ & AT 5% - M-k % %t
SRETDH. MEDFORMEITMEIC N TEETE DT E/NSL, Tz =
a— MR E R E D LRET A Z & TME - MR EX 3.1 O L5 /gt
B ORI DR SN DERGR E L TET ML LT, T /URICEE L T,
B IR W T E MO P am 2R L. HEIERE Ay ClE o
ERRT HET L, BETROMAE DY ITREREBUINRSZ & Tl
MR IT D NFRREEDO SV EVWEHEHLIRERMT 52 LN TE LD,
B MBI 72 EOBRITK L THRRMICARET VEZICHTEL 2 200

7.

68



Fig. 3.1:Spring supported elastic pipes model for blood vessel
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P1, P2:Pressure gauge V, A:Water tank
G1, G2:Flow meter T:Test section
H:Pulsatile pump R1, R2:Valve

Fig. 3.2: Experimental apparatus.

Table 3.1 Measurement condition

Pulsatile frequency[Hz] 1.0
Maximum pressure[kPa] 9.5
Minimum pressure[kPa] 3.0
Static pressure[kPa] 15.0
Average flow[L/min] 0.25
Sampling frequency[kHz] 10.0
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Measurement
point

Fig. 3.3: Test section of experimental apparatus
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—3.0 x 10* —-2.0%x 1075
0.0 0.6 1.2 0.0 0.6 1.2
Time([s] Time[s]
Fig. 3.4: Measured pressure of test Fig.3.5: Measured displacement of test
section. Time fluctuation of measured section. Time fluctuation of measured
pressure is plotted (black line). displacement is plotted (black line).
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—[ Wave properties are calculated from vector a
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NO
Whether ERROR,,
is sufficiently sma

YES
‘ End ‘

Vector a; (E;, ppi,N‘} is set l
|

Vector ay corresponding to
maximum ERROR,, is moved

Fig. 3.6: Flowchart for identification of model parameters

Fig. 3.7: Identified displacement of Fig. 3.8: Identified pressure of coupled

coupled model. Measured displacement =~ mode. Measured pressure is plotted as
is plotted as black line and identified black line and identified pressure is
displacement is plotted as orange line. plotted as orange line.
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3.6 #ER

B 3.9 IZ&E Z L IZRE LTy 7 HROYYE & NR-Latex & H RO BRI
FOVRT. &7, K310 KA EICHE LIZET AT A — X ONHEIC
B 5T —% 855 7- 0 OFHBIEL & NR-Latex & HXROEGRE/RT. [X3.10 F
OffEshIL, XCSWRTHE —RET — X 5B TR L R EERT 5. X 3.9
£V, [E LIz 7 2RI NR-Latex I AR OIE R OEWED T D m 2R L.
ZAUE, NR-Latex EHEOHEKIZISCTTT v I AEDOY - TRNEADT HE
G L TWA. F72, NR-Latex 82 50%Z CHRIE I L=V o 7= 3o
BRERE B DR U, FEREIRERICH T Latex & I3RGBAMERRE 2 FF
STWDHN, BRI E G MR (e T R D BN IEE 1T/ &0
EVWIHREDL & TERILEIT-> TV D, — 5 THEEREIKERIZ T D EET
IRITERSAR DN NS VWK TH D728, Latex & OEREMELRER DO B2 %+ EL Y
BRI o2 EMREREEZEZBND. Y T ROWEREENYIEE & s L
T e NR-Latex 2 2 50%|2 33\ CRHAl S - B BMERSUE, HEE Sz
Yo 7 L [ERIZ NR-Latex & H 3 75% & LR TRWEZ R T 720, ZOREL
ZFlboEBELOND. £, AIE LY 7R IO ERERIL, KELIZ
LDREBREEL AW ET A RTA—FREE L BB L[10]. £,
BEHEIZBITLREMBEDIXL DX 2 RTIEEFEZ L FEBEDOLRIIRK 3%L
INESVMEZE R LTz, Ko TRBEFIEIIERICKE T 2 MERE X OHEICISHT
X LA B D .

3.1, 312 IZHHEB T L IZRIE LI ERE, IEOEREREOEE &
NR-Latex & B R OEGREZ T, FEINTZEEEOEYEIL, NR-Latex & F F
25%, 75%ICTRE L, BERZELFEMEOLREL TNEN 125%, 170% & IEH
ICREWEER L2, FE SR OERHR O FEEIL, NR-Latex 1BH
FO0%Z RN TN EEBFEE L FEEOLRIIRKT0% E REVELZ R L.
g, RCHCRTERSFHEEZARET VICHEH LEHEICIE 2 ROE— R
BAXBLRIE 720, N THERERROEE L R OFEHEICHE N T 2 ROE
— FIRENTHS T DB R ITIEEL L RN SICERL TS B bR
5.
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Fig. 3.9 Identified Young’s modulus. Fig. 3.10 Identified ERROR function per
Identified Young’s modulus point. Identified ERROR function per
corresponding to each NR-Latex contents point corresponding to each NR-Latex
are plotted as blue line and measured one  contents are plotted as blue line.

are plotted as orange line.

Fig. 3.11: Identifed density of elastic Fig. 3.12: Identified kinematic viscosity
pipes. Identified densities corresponding of fluids. Identified kinematic viscosity
to each NR-Latex contents are plotted as corresponding to each NR-Latex

blue line and measured one are plotted as  contents are plotted as blue line and

orange line. measured one are plotted as orange line.
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3.7 BR

RIBRFIELEZ AWV TZB 72 M8 RO EICB W TEEE & ik OBk
BRI DEERENRKRE WD, NI RA—ZRIEICY VRN E 2 DEENIET
ICREL, BEE L RIEOEREREITENN NS WABEERH H. 2 b0
BT —fRICFHER B DT NIRRT A —Z Tt T D AR ERET S 2 L Tl S
DD, FENTHNCIXEE LU, RV ICEEE, RIROEREIREIC EBRE %
52 CHEEMEL, TETNNRITRA—HEY U TROLE L THITEIToT-.
BB WCETNANT AR Y TROHZE L THEZ L ICRIE LY 7D
(A & NR-Latex & B ROBRZ T, 72, K314 1B Z L ICFEE LT
TNIRT A= DINFEIZBIT 5T —% 5 H 7=V OFHEEIE & NR-Latex &8
RORRETRT. 313, 3.14 EVETANRTGA—Z Y TRORE L THE
DAL RIEMEIZX 3.9, 3.10 & FEROEL L OMEM AR~ Lz, RIZ, EEELT
ROBKEMEREOM AT Z2ZTNZEN 025~4.0 fEOFANTHE L CEEMEE L,
ZIUCKH L CY U I REFEL, BERELFREEOLERLFHELLLEZA, 5
DN IEMERZE L RIEEOERIT 1.6% EEFITNIWERZRLEZ. b0
SR ITFHM R O ¥ o 7 RICKH T 2 DB EEE, TRIKOEHL élsz;ﬂz TR
EBIIRKRENWZEEXBLIZEEZOND. Lo T, EAREEIEGIC SV T
rilﬂ%ﬁ EREMERA T ORI ES T EZEE L, BNRME RO HEE LT

BlIIE, NTRA—HETEICY S TRENEZ HEENIEFICRE L, BEBELR
{ZIS(DEJH MARE TN NS W LRy T,
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Fig. 3.13 Identified Young’s modulus.

Identified Young’s modulus
corresponding to each NR-Latex
contents are plotted as blue line and
measured one are plotted as orange
line.

Fig. 3.14 Identified ERROR function per
point. Identified ERROR function per point
corresponding to each NR-Latex contents
are plotted as blue line.

79



39 Ft¥

KEDELDIFILUTO®@EY THS.

(1) R BB & M S M R SN - EE 7 VICEA L, M - mE%E
AR EER L LTz, £72, 77 v 7 2AEZ AWTIEREIEIC L 2 Rk E 525k
IVEONTENT =2 BLOEEE T — 4 2 HWT, Yo 7R, EEE, B
PERE A FE L 7.

(2) MEFEEZHNDLZ LT, 77 v 7 AEOWLIZIE U THEDT 5773
EEMMICHET 20N T, £, FHBIICBVWTHE LY 7RO
HLOXII/NESWNWe, BRIZKIT 5 METE S OEMERRHEE, DF » BhfkiELiE
DHHIRE OZWNERIKEN BRI TE L Z L PR TE .

(3) BRI ENERFR I OV C M E &R T ORISR L BE L,
BRI E ROREEHEE LT BB III T A—FEEICY VT RNE5 258
BRIEFIIRE L, BRELMEOEMERBIIRZEN NS WD L 2R
MTET.
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TAE EREEIERO FMD ~D)tH

4.1 XTHIZ

1 E TR LIZE DIC FMD 1T ME NESEEOFE M Tk & L CERK TAL H
WHNTWS., —F T, ZAUTENRMEROZ WG IFETH D, BRIR
(ZTHET 5 MRS OZ T DB R TER2WAIgEED 5. FMD
RFIZA U A & OIEIRIZ M E NREEEICIKFE L TRV, FRCTRMEEO g N
FEL WD EEZLND =Y, RIEEOMIENIGEEAEIET —2 X0k
NHEWET D2 LN TEIUL, fFRA7Z2 FMD ORREREE R EIZ-27203 % FIEE
Moo, T TARETIE, FMD ZE# L2FER I D, RlLFOMEZZHD 1
DHBEO 5 LS EERE L, ERGEEFEGRICE S\ TEREN DTS & H#
EL, FEIZOWTHET S Z & CHMKESHERPERBE~ISHTE 50
SLZ.

B PRI ~TE T 7= A Ze st & L, R, MEADB L OSEREICEL D
NN EZEL, "INV ECOFBRICESHTHE LERSEHICOVWTEEL,
K7 & TG DOBRMEIZ W TRET LTz,

4.2 EBREEE

FMD (Z351F 2 FRIMEF O iE 548 ORI EEN &2 £ 17— 2 N OHEET 2720,
FMEEDIES) T — 2 Z G T AT ODFEREITo 72, [ 4.1 ITRFERDEROE
Ty, EBRIEEILFMD 28 L TRV, miEsicimnds-oon 7, k
Bl Z M A A2 AT 272D 0BEE I r— 7 2% E Lz, £72, MERRY]
T BEOTOIZETTE o — 23 E L. IERSRST — % O RS
MEILRIBEH 2 @O BEEEARCTH Y, BEBIRICED T ohEhe 4 —
IZIX R 2 A RUVERAWLATEY, MERRSIT —% 2845 L=, #i8RE Ikt
LT, ETLFRFOMEL 50 REIE L7-%, 77 %2 H0W T EBOKm % B s
L, 375/ T 7 2 Bl U CBRIL 2 MRk L, FMmBEFOIMmEL RS L.
BREICIT, EBROBIE &Y HICE 41 ITTRTRUELZREL, SERZ/NSLT
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HEVICREAE . BB LEENEEER X O 7Btk O FE ML OJE T
o 1 ilEK 4.2, 43 127, KEIREN R A IR L T L FTRIMLEFO Kt
FMZDZENTETCNDZ RS MND.

Table 4.1 Measurement condition

Condition of the day before Condition of the day

1. Void the high-fat meal 4. Don’t take in break fast

2. Refrain from alcohol 5. Don’t take in a food and drink except
3. Don’t take a drug and a supplement water

4. Don’t carry out an excessive activity 6. Don’t take in a drug and a supplement

5. Get enough sleep 7. Don’t carry out an excessive activity

Fig. 4.1:Experimetnal apparatus simulating FMD examination
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Fig. 4.2: Measured pressure.
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Fig. 4.3: Measured pressure. (after cuff releasing )
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43 JESIDNRTG A —FRE

F7, BRRICKT A MEZEBDORKThH 522NN L OEC) el
BHRAZEOE LT RQIDHIRTIENET VI L TT7 — Y =k zm A L.
K@ DITHEE L EET V2R

9 *
p= dedolomr) Vit (.1)

k=1

ZIT, MEETVIEEE LIAEED 1 OO I EZE B A3 8 A | 2 PR
fe LRELTEY, k=11CIET 52ARDEDTEG LIAEED 1 LiEOMmE
FEEVEED. MEET VBN TRIE £ DREWIE EEHERE TR
JIETED. BT, Furbn- 7Ly s ZEEZANT, RE2D)ITRTEE
B84 ERROR D3 5/NT72 5 X D IR ET NWNT A —F Z[EE LT,

ERROR = (psim ~ Pexp )2 (42)

ZZT, psim Pew 1 TR@) TR ENDES OHETEES L O 4.4 1R T MEF
ENT—2%B%T 5. KASIZRAELIZET NWNT A—ZEZHWTHE LT
NEGED 1 Flard. HELLENL, RLBOREMTHLIENIE—2 D LR
EDH T LT D EREB LN TN D20, KA DITRTIEE T /LI5S
AP THHLEEZLND.
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Fig. 4.4: Measured pressure. Fig. 4.5: Estimated pressure.
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(Xl O, XM oW 00 B NEER £ COEREEZ BT 5. Kig
CCIRIE R 2 S Fr O R EEAE R & U272, X 4.7 (R 3 it sl A6 1 i & o
Wi 0 CTdh % =0 D IMENEER Th 5 r=b £ TR LT, E£72, DO
1 DANORMEZENIISAORTEEX ST TEY, 1 DHOEH Ts]Z 10 %45
L 72BED 0/10xT[s]~9/10xT[s] £ TOEFFZNZ xS T D P A1 xt L T0~9 D
BHEEZRRLLTWD. X 4.6 X0 WimEF 02380 585 ik o & KIEE
72[mm/s] T 0, FHEI L 7= EREEIIRO B RFHE 1.12 [m/s] & AN TIRFIT/NE W
EZ27R LTz, Zhud, BERERNIZB O CTEAORZR BB D IEEENC S 25
HENEEINSVWEREZKM L TWD EEZLND. £, K4.7 L0 IEH
Z BT DHFZ] 110x<T[sIZB T DR IIN—7 2« T XA 2jfii & R
Z W DN SRR TE AN S VT2, Z O T2 D EFIR IS T EMD B oD i3 5 BE 45 A
BN—T U IRT AL 2PN ERET DFELH LN, N—T v« KT XA it
ML, B N OER 72 ABCC &> TH U S RERIEDIRNIE TH 5720,
L DARTET DIREI DB A KM TE RN LN broTe.
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Axial flow velocity[mm/s]
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Time|s]
Fig. 4.6: Estimated Axial flow velocity. Fig. 4.7: Estimated velocity distributions.
(rigid tube) (rigid tube). where 1 to 9 means the time

from 0/10 to 9/10, which is 10 equal parts
of the pressure period.

2 EREHEEEIZET NS

M8 % MIRE OMMEE & U CIlEEE 1 IkR~3 RENZENOHE—E8) 2K
TE LT E OFESAA O 1 AN 1T D R 2 HEE L 7.

X 4.8, 4.9 I[ZHEFFE 1 IREK U HEE SNTZE OIS T D87 AR, H#E
E LB My o 1L ANIC T 2 RFRZAE 27, X4.8 L0 EEhFeE:
1 REVHEE L85 M ORKFEEE 0.9[m/s]) & I U 7= _EBash ik o & Kt
1.12 [m/s] & iEVMEZ R LT, —FC, A ORFMEEIRIAE & b~ CRE
HEROEBNIEFICRE L, BOEHMPTEMRITHR L CTER & 72 2 LR 7o iR
mRNTZ.

B4 4.10, 4.11 [ZPEEVEFME 2 IR KD HEE S0 FLENIC I T 2805 MR,
HETE L 7= 8l 5 il A 0 1 .DaIc BT 2 RFfEE 2R3, X 4.10 L0,
BRI 2 R L0 HEE L 7=l 5 A O B KSR 1 1.0[m/s] & FHEI L 7= _EBaEhAR O F K
FEE 1.12 m/s] & IFVMEZ R Lz, X411 X0 S A OB ZEENEX 4.7 1I2R
THRE ZE LT E EREOEREZ L TEBY, MEOZENEIZX LT
KB & 72 D RIRR 72 IRE 3 A Uz,

B4 4.12, 4.13 [ZHEEVRRME 3 IRE D HEE S0 B FLENC I T 2805 M fnaE,
5 M A O 1 DN IT SR A E 2R3, X 4.12 XY #5 M OfRK
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P IE 508 [m/s] & FHAI L 72 EBEENR O f RPFeE 1.12 [m/s] & X TIEFIZRE W
BEErL7e. 3IROWENREL FEREE RE ERDELR LD, 3RE—
ROFNGZITHE ECTIIBEZFICHBT 5600, BETITE— ROELREGDLY
LV, ZOMMENEEIT/NS L, BREICOAELDENGEEZXDBND.
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Fig. 4.8: Estimated axial flow velocity
(wave property 1st order).
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Fig. 4.10: Estimated axial flow velocity
(wave property 2nd order).

Fig. 4.9: Estimated velocity distributions
(wave property 1st order). Where, number
1 to 9 mean times 0/10~9/10 that is
divided into 10 equal parts in period of
pressure.

istribution|[m/s

Distance (rom center[mm)]

Fig. 4.11: Estimated velocity distributions
(wave property 2nd order). where 1 to 9
means the time from 0/10 to 9/10, which
is 10 equal parts of the pressure period.
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Fig. 4.12: Estimated axial flow velocity Fig. 4.13: Estlmated Veloc1ty distributions
(wave property 3rd order). (wave property 3rd order). where 1 to 9
means the time from 0/10 to 9/10, which

is 10 equal parts of the pressure period.
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Distance from center [mm|

Fig. 4.14: Estimated velocity distribution at section 1 (wave property 1st order).

where the number i means the time 20i[ms] ahead of the start time of the section 1.

Velocity distribution [m/s]

1.25

Distance from center [mm

Fig. 4.15: Estimated velocity distribution at section 2 (wave property 1st order).

where the number i means the time 20i[ms] ahead of the start time of the section 2.
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Distance from center [mm|

Fig. 4.16: Estimated velocity distribution at section 3 (wave property 1st order).

where the number i means the time 20i[ms] ahead of the start time of the section 3.

1.25

Distance from center [mm

Fig. 4.17: Estimated velocity distribution at section 4 (wave property 1st order).

where the number i means the time 20i[ms] ahead of the start time of the section 4.
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1.25

Distance from center [mm|

Fig. 4.18: Estimated velocity distribution at section 5 (wave property 1st order).

where the number i means the time 20i[ms] ahead of the start time of the section 5.

1.L,V

Distance from center [mm

Fig. 4.19: Estimated velocity distribution at section 6 (wave property 1st order).

where the number i means the time 20i[ms] ahead of the start time of the section 6.
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1.25

Distance from center [mm| Distance from center [mm |

Fig. 4.20: Estimated velocity distribution at section 7 (wave property 1st order).

where the number 1 means the time 20i[ms] ahead of the start time of the section 7.

1.25

Distance from center [mm]

Fig. 4.21: Estimated velocity distribution at section 8 (wave property 1st order).

where the number i means the time 20i[ms] ahead of the start time of the section 8.
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1.25

Distance from center [mm|]

Fig. 4.22: Estimated velocity distribution at section 1 (wave property 2nd order). where

the number i means the time 20i[ms] ahead of the start time of the section 1.

Fig. 4.23: Estimated velocity distribution at section 2 (wave property 2nd order). where

the number 1 means the time 20i[ms] ahead of the start time of the section 2.
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Velocity distribution [m/s

1.25

Distance from center [mm

Fig. 4.24: Estimated velocity distribution at section 3 (wave property 2nd order). where

the number i means the time 20i[ms] ahead of the start time of the section 3.

1.2

Distance from center [mm]

Fig. 4.25: Estimated velocity distribution at section 4 (wave property 2nd order). where

the number 1 means the time 20i[ms] ahead of the start time of the section 4.
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1.25

Distance from center [mm]

Fig. 4.26: Estimated velocity distribution at section 5 (wave property 2nd order). where

the number i means the time 20i[ms] ahead of the start time of the section 5.

Distance from center [mm

Fig. 4.27: Estimated velocity distribution at section 6 (wave property 2nd order). where

the number 1 means the time 20i[ms] ahead of the start time of the section 6.
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Distance from center [mm)] istance from center [mm]

Fig. 4.28: Estimated velocity distribution at section 7 (wave property 2nd order). where

the number 1 means the time 20i[ms] ahead of the start time of the section 7.

Distance from center [mm|

Fig. 4.29: Estimated velocity distribution at section 8 (wave property 2nd order). where

the number 1 means the time 20i[ms] ahead of the start time of the section 8.
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Fig. 4.30: Estimated axial flow velocity Fig. 4.31: Estimated velocity distributions
(finite length elastic tube). (finite length elastic tube). where 1 to 9
means the time from 0/10 to 9/10, which
is 10 equal parts of the pressure period.
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1.25

Distance from center

Fig. 4.32: Estimated velocity distribution at section 1 (finite length elastic tube). where

the number i means the time 20i[ms] ahead of the start time of the section 1.

Fig. 4.33: Estimated velocity distribution at section 2 (finite length elastic tube). where

the number i means the time 20i[ms] ahead of the start time of the section 2.

100



Velocity distr

25

Distance from center [mm]

Fig. 4.34: Estimated velocity distribution at section 3 (finite length elastic tube). where

the number i means the time 20i[ms] ahead of the start time of the section 3.

Velocity distribution [m/s|

1.25

Distance from center [mm]

Fig. 4.35: Estimated velocity distribution at section 4 (finite length elastic tube). where

the number i means the time 20i[ms] ahead of the start time of the section 4.
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1.25

Distance from center [mm]|

Fig. 4.36: Estimated velocity distribution at section 5 (finite length elastic tube). where

the number i means the time 20i[ms] ahead of the start time of the section 5.
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ocity distribution [m;

Distance from center [mm

Fig. 4.37: Estimated velocity distribution at section 6 (finite length elastic tube). where

the number i means the time 20i[ms] ahead of the start time of the section 6.
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Distance from center [mm| Distance from center [mm]|

Fig. 4.38: Estimated velocity distribution at section 7 (finite length elastic tube). where

the number 1 means the time 20i[ms] ahead of the start time of the section 7.

Distance from center [mm]

Fig. 4.39: Estimated velocity distribution at section 8 (finite length elastic tube). where

the number 1 means the time 20i[ms] ahead of the start time of the section 8.
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Fig. 4.40: Estimated pressure. Fig. 4.41: Estimated axial flow velocity.

1.25

Distance from center[mm] Distance from center|mm|
Fig. 4.42: Estimated velocity distributions Fig. 4.43: Estimated velocity distributions
(section 1). where 1 to 9 means the time (section 2). where 1 to 9 means the time
from 0/10 to 9/10, which is 10 equal parts from 0/10 to 9/10, which is 10 equal parts
of the pressure period at section 1. of the pressure period at section 2.
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Distance from center[mm] Distance from center[mm
Fig. 4.44: Estimated velocity distributions Fig. 4.45: Estimated velocity distributions
(section 3). where 1 to 9 means the time (section 4). where 1 to 9 means the time
from 0/10 to 9/10, which is 10 equal parts from 0/10 to 9/10, which is 10 equal parts

of the pressure period at section 3. of the pressure period at section 4.
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Fig. 4.46: Estimated velocity distributions ~ Fig. 4.47: Estimated wall shear stress.
(section 5). where 1 to 9 means the time

from 0/10 to 9/10, which is 10 equal parts

of the pressure period at section 5.

106



4.6 REHZHENFME L THR O BIRRRERE

B 443 HiClE, B3 BIINTIERAIFLAVWCEREFHEZZRETHZ & T,
BRPR COMEM % b 2B R U723 1 IR, 2 IROBEF & L CoOmNGZ15
L2 ENTE, BEREOMGRESZIMA L ENTEL I L EHERTE.

LTAT, BERFMIZI - THMEE 1R, 2IROMIEIIE L TOENRE D
ZEEBETHLE, METTNVICELDINRNOLOEEE ) LI 2 THRMEMS
(ZRB % Z A TE T, EREEIE R AW TERROmNSGE LD RS &
BRCXHA[EEMEDNH D, £ Z CTAREICIIRE ), FHEHBLOEREICEL 554
HEEBLTAIN M OFEBRICESHWTHE LIEEREMEICOVWTEREL,
BREHICE ENHRE I OEACNHRNIGIZE X D B2 BE L.

9, NIV UOFEBEI

jt O dt - It S, di + jt SE,pdi =0 4.3)

Z 2T 8Er, OEy, SEWITERMG Y = L OEH T RILE, BT RAXEBLO%A
’ioféuéﬁ$%h%M@% EpheBEWRT 5., &I ERXEemizT &
IZE BT D EIFRAB L OERFENTEED. ETE RV EVT

15 (27 ¢
By = EI_ZLIO ,[_zﬁ o8, +ope 417, }a;g adCdOdx 4
2 2

ZOLERETRIINKOEHE LS OEvIE, 2 IROBUNEZER T D5 & d(oe)=200e X
)

F, J: '[ I_{T— om0 95w 0.5p+0, 55: d (4.5)

ox

ETRNVXOFE LS OEy 5 EnT 5 &

107



5, = j__ [ K jau{rg aanJ [ e j&//}ad@dx

. (4.6)
+aL 7,6 -M Sy + 06w, dO
2
RITEH) T V¥ Erld
——pI Izﬁj {u Zl// +w} gadé’d«%x 4.7)

DL XEBEEN T RV XDE LS SErL, 2 RO/ NE A2 S 5 L

L
=2 S (R R
SE, = o2 hii— 2 8+ mvsiv—| i - s ladadx .
r pj_gjo Hu 12al//] G (ug” VY (4.8)

EH T RIVXDOFE L Er BB Ot THDT 5 &

L
ot di=pfi[" |
2

h’ h h’
+|| hit——y |ou+hwow+| —u——y oy
12a 12a 12 t 4.9)
j u—— Sit + hivow + h—3u—h3 7 |Sw ldt
l// 12a 121// v
d@dx

EBEOREANCIB W TE FE ORI du, ov, dp X0 &b, EXOFED
B—IHIZ0 L2, U TFTDOX ) ITGEB=RVFOFE—-E S ORMFESKRE D.

3 3 3

L
— 27 h’ . h ho.
SEdf = — szj hii — —— 7 \Su + Hivdw + | —— i — — 17 |Sur bad Gdxd 4.10
It r 'Dz_%o Thd T R Y (410)

108



BB L > TEL HHE EviT

4.11)

+ {Br + Sﬁ({ + ﬁj + Fﬁ(’x\ -=
2 2

145 wacaaux
a

ZZC, B, S, FIXERHMGEY = VICET S i FROEET, NEERERICAL S
FENIBLOEIRICAECL58E N TH,0IET 4T v 7 DoEEEERTS.

AN L > TELDHEFEOFE 24y SEwld

Lo, Wl
A

2 2

+ {BX + Sx(g + g) + Fxﬁ(]x] - éj}(&l ~Loy)

+ {B, + S,(; + gj . F,a[yxy _ gj}dw
:)

—&@@—@%@—QVJ“&_Qwﬂ%M_Z

(4.12)

—&QWM+m%%ﬂ;g

19 g
a

EXZBN T2 ROM/NEZ TR D &

109



£ 27
o, =[]
2
+1hB, +2Sx ou + hB,+2S, ow — " Bx—@Sx oy
12a 2z

a a
ad@dx
+ J-Zﬂ

3
+ {hFx - Kx(Zhu L WJ}&{ +(hE, = 2hK w)ow

6a
(4.13)

P Poow
T r k| us oyl
12a " (mu 6 Wj} v

L
2

I,

+

3
i j}ﬁu +(hE, = 2hK, w)Sw

+{hFx K 2hu+—y
6a

Poow
T E k| us oy |l
{ua ' x(w” 6 Wj} v

X(4.6), (4.10), (4.13)ZRMANITEHA L TRBEEAALZ L ICEHT 5 &

110



[
_|_J‘__2121J-02ﬂ[

3
T,
+{_Phu—ml//x T s, 2 x}&{

12 ox a
{ Phw + Qx+hBr+2Sr}5w
ox a
3 3 3
ph ph oM, h hb
+4— i + -0, + + B.——S§, 0
{1261 12‘” Ox o 12a 7 247
]ad@dx
27
+
[T
+|
+(Tx +hF, —Zthu—h K WJ&,
6a
n RPK. WK,
+(Q, + hF, —2hK, w)ow—| M , + —F, — u— v oy
12a 6a 6
I,z
L
2
+|
+(— T, +hF, -2hK, ]
o KK, 1K,
+(~ O, +hF, —2hK ,w)Sw—| — F, u
6a 6
I, L
L
2
]adé’

111

(4.14)



EREE ORBZERIT T LT Y SLo7- D101, SRR & 4 1E D TN
EENME, FAIZBWTO0 ERMNERD D, N(@4.14) X0 EIDE 1~3 HRER
MY = VOEBEHERQEEFRUIEE L TWDLI ERNSND . BRGNS
EOE A~ EITER T2 EEFNEICOAE < 13477 Ky, 538 71 F I3 E T 503,
HMIRA RS EARE Lo R E ) Sidk KOS B AL TWignizw, RERELT
IXEBEOMR Y = MEE RN IEES T B OBG42 + 0 RETE T W ATREME
WD, —HCTHAMRG Y = M L THRERIC NIV R OFRBEIZE SN T
EMTERBIOEREMEZHFE L A, BREMELLCERN SSBLIY
& B RN, EAMAR Y = /VZERME Y =L & B ) BERET 250
EUTAEZEN y #BE L, FRAMEMN w QG RICKHT 210 Th % i
EAEEMELTRI) ZEE2BET DL, BREMICERmT S RN WIRRK
@ ADICBIT 2 FE S S OER F B MERE O RO ZLITERIE LW ER
LICERT 2 LEB2 N5, ZOTDERENZERGFHEIHAAT 2D, F
BFFEN w OGNS T DMy thEOE(b & LT, Rl S OEM
FHaBERE DR OENNKF T 2 ERLEITIMERNH DL EEZ DD,
AREITIE, RO [39] & FARICH B L ERE L CREN SOnEBEZDHZ L TEHR
&M EFHETDH. X448, 449 ICHFEIZL > THEL LI TOMKRZ RS, =
2T, Su SwTHiER A EBE L SEA OGBS LOERFRER T EBWT 5.

112



Fig. 4.48 Generated partial force in x-r cross section by curvature of shell.

Fig. 4.49 Generated partial force in ¢-7 cross section by curvature of shell.
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Fig. 4.50: Estimated Axial flow velocity.  Fig. 4.51: Estimated velocity
distributions. where 1 to 9 means the time
from 0/10 to 9/10, which is 10 equal parts
of the pressure period.
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Fig. 4.52: Relationship between velocity Fig. 4.53: Relationship between velocity
distributions and axial surface force Py distributions and axial surface force Py
(Py =0.0). where 1 to 9 means the time (P,=1.0x10?). where 1 to 9 means the time
from 0/10 to 9/10, which is 10 equal parts from 0/10 to 9/10, which is 10 equal parts

of the pressure period. of the pressure period.
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Fig. 4.54: Relationship between velocity Fig. 4.55: Relationship between velocity
distributions and axial surface force Pu distributions and axial surface force Pu
(Pu=1.0x10%). where 1 to 9 means the time (Pu=1.0x10%). where 1 to 9 means the time
from 0/10 to 9/10, which is 10 equal parts from 0/10 to 9/10, which is 10 equal parts
of the pressure period. of the pressure period.
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Fig. 4.56: Relationship between velocity Fig. 4.57: Relationship between velocity
distributions and axial surface force Py distributions and axial surface force Py
(Py=1.0x10%). where 1 to 9 means the time (P, =1.0x10°). where 1 to 9 means the time
from 0/10 to 9/10, which is 10 equal parts from 0/10 to 9/10, which is 10 equal parts
of the pressure period. of the pressure period.

ity distribution[m/s

Distance from center[mm]
Fig. 4.58: Relationship between velocity
distributions and axial surface force Py
(Py=1.0x107). where 1 to 9 means the time
from 0/10 to 9/10, which is 10 equal parts
of the pressure period.
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Distance from center[mm Distance from center[mmy|
Fig. 4.59: Relationship between velocity Fig. 4.60 Relationship between velocity
distributions and radial surface force Py distributions and radial surface force P
(Pw =0.0). where 1 to 9 means the time (Py =1.0x10"). where 1 to 9 means the
from 0/10 to 9/10, which is 10 equal parts time from 0/10 to 9/10, which is 10 equal
of the pressure period. parts of the pressure period.
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it Distance from center[mm)]

Fig. 4.61: Relationship between velocity Fig. 4.62: Relationship between velocity
distributions and radial surface force Py distributions and radial surface force Py
(Pw =1.0x10%). where 1 to 9 means the (Py =1.0x10"). where 1 to 9 means the
time from 0/10 to 9/10, which is 10 equal time from 0/10 to 9/10, which is 10 equal
parts of the pressure period. parts of the pressure period.
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Distance from center[mm]
Fig. 4.63: Relationship between velocity
distributions and radial surface force Py
(Pw =1.0x10%). where 1 to 9 means the
time from 0/10 to 9/10, which is 10 equal
parts of the pressure period.

Fig. 4.65: Relationship between velocity
distributions and radial surface force Py
(Pw =1.0x10%. where 1 to 9 means the
time from 0/10 to 9/10, which is 10 equal
parts of the pressure period.

city distribution[m/s]

Veloc

Distance from center[mm]
Fig. 4.64: Relationship between velocity
distributions and radial surface force Pw
(Pw =1.0x10%). where 1 to 9 means the
time from 0/10 to 9/10, which is 10 equal
parts of the pressure period.
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