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BM KBS ARED CFD BFICEVWT MABAFZHTAELN—TFOD
Newton i & TE%GL, B EEMSHE oN1-3E Newton i &K
(Casson fiith) THRELE-EBMZITV, ORETEERFEL T IR E
NOMITHAEHNSIA—RICEZLEE TR L. A& B K H
XLAA—F—ZHUVLT BEBAN 50 AOMBRHTFAEZ 12 O
AW R E i TEFBI L. RIC Newton model & Casson model #
ER L, 12 N B AR & Tk E E & 1 217 Lv, Wall shear stress
(WSS), Wall shear stress gradient (WSSG), Flow velocity
(FV) EZENEFNDORIMNILDELEZE 2 5T i 9% Oscillatory
shear index (OSIl), Gradient oscillatory number (GON),
Oscillatory velocity index (OVI) #5 & Lf-. @ ETIME T
Bland-Altman i ZTVWRHMREZZHRA L. BR - BE A
50 NDEBAM EE-#NTHDREREHRICEY Casson K E
ARSI METILONITAZHNIA-FORHBRELFT+ H
INEL, HEBEFREBIE WSS: 0.9999, WSSG: 0.9999, FV: 0.9985,
OSI1: 0.9734, GON: 0.9758, OVI: 0.9258Tho1=. FIChbD/NT
A=EEF  EOBEHROTEEATER TCEV-—HEZRT - AT,
bleb LEDB M TRELLB AR Stz #H# Newton RIKTO
BEETIVIK B2HRORFEA TR+ S RELEEZONT. — F B
MEBEXCPERICEASISIBRBEREAONITHNENICESNTE &

MM BAERMERUELN-—HELCLIZEERBEIEAHBALE.
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Computational fluid dynamics (CFD) I2&5 K 8 Ak & O M 1T A
ZFHEMBEET NBRBORLE BX BRURE BRIURILGER
BRICEVWT, I EBEEFL-03 . SOICEE TR, R &, &k @ /4
—>, Flow alteration treatment, I/ /L E R M HE OFHELEICE
RIGHA I TG-S,

REBAIKTED CFD MM EEEBABRRKRZA VLT LR, B R &
H MBEROBEETIVIICEIKHEHMZEZTHS. ChoDBEET
NJoJEIRTEBEEBAET STREITAHACERRETHLS-0D, 2 K
flomsETcHE ADODRE OREBFE ORERAELEIEFEELL
EN-ENFEEESNEZLOLS L.

MREFODRMEBMENA—-EMBTHS Newton A LEEREIN TS
MEMNLZ VA, &K IEIE Newton RARTHY, BE LA R E I TIE
mMEHFEILREL BEAMEER CE—EEICNREKRTS. C
FTH&H DI Newton ¥ 1 £, Casson model, Herschel-Bulkley
model, Carreau-Yasuda model HEDEE X ICLYRB I TWLS.
FLBRBERNBICK A EENETLTLSIHE 2 4HY, B H E
ZEAERNILDZEILELCERYVETIVDIO-—RAEEZLNTILNS?): 7).
COF-HEABMEEICHLTELIINAHRAEOERGHMEET
ok T HENFEOERBELICEE T5LEEAONS. £CIT
INBE S KX LA A—F— (Asahi Group Holdings, Ltd., Nippon
Steel & Sumikin Technology Co., Ltd.) ZRA WIE /& L\ AW & E
BTmMARARMBAEZAEL BERAOEAMEE -AHITMI &K H

EHREFRLE SHICBEZEEARRKEAVEZKEBRBE O CFD



BET OARBMTEEMN—F DO Newton model LEE K A TH
bNT-ETAMERE-ANTOHHEFAEHRBEEZE T L model
( Casson model E¢E &) ZHRL MAFMMEOMmMIT HFEM/ANATHA

—RCE ZH5EEFHmET LT,

xR EH E
o I KK EAE

BERAN 50 il (20K HMS60RFTHRERTE RXS5AT D) &5
REL, KSPEDRZHRBLEVWEER OF A 7309 N8k MM I
BmziTof- WMEREE BTSBRKEE, BAEM I IKELE,
MEEOBEECHR OB ERNRS EBENLE GEZOR KB XIS
BLTE BREBZOREZESORRBEHB VS (RREF.
2016-09).

MAERMBEOIIDEL TITCHOEBEKETIONHMEELIEL
%, NEZFEHALAA—4F22— (Fig. 1) QDA FEELIZBLEBE A &
BEEPLAA—EF—LOBREEZEICLIYEREBEEMNE FL, EITHET
FZDOFEHEEMNI2CTHAICLEZHRLE. GEFEOXRE M HIC
DWTHEMmMA DIV ITIZRAFYIHE DEDTA-2K, 6cc (BD
Vacutainer® blood collection tubes ,Japan Becton, Dickinson Co.,
Ltd., Hukushima, Japan) T, LA A—42—0D#l E LI EKRYTRELY
BT 2 ROLAIASHTEEANEFC2HEBMLUANTHETLLZ. FhoLf
MkEEFLEZLAA—SF—DAETLILRNICA—HKOEEILELD

12 ADZ—FLERXEZEETEBHZE TSERBBNEIT oL BX



RETEHZETISA=—FILADLIORAEKETILE Fig. 2 TR T. &
BMAELT=—FLALZOEHEDOYHLORX, =—FILE B O #H /D
RMAEBERICHSODOOYHLVOX, Z—FLETITHEVEBIRAE D
DYUHLVDRICERFHEZEAL, ChozZzEILIEMIIETEAM
A (1) EEAHEE (v) " ROONDS MEEEFHEREE
10°° g/em™, B ME5x10g/cm*THEIR—2TILE E &
(DMA-35, Anton Paar Co., Ltd., Graz, Austria) ZRA WLW. B &
AY2BEELEIKELER, FoNIENER ETHEHICHE F K
CEBEL BERAEBFER L. BFREIUFFALAWNITLTS
A (RUHOF Corp., New York, America) %20f [CHF R L2 DEE
AL % +HoICKkELERSEL. FRBEZzEROXICTR AL
12 BOEAM EEHICET2#0THTAEZELEL, Chzxdlicte
A EE-A#HITHRMETEEZEBLL Casson model [Z#E A
Liz. — A mREEE AN ZEEE TIE Newton RAZE F5I D
b, L TCRO-OMLBFHFEHRLETHFS,BVEAHR EEE (3000
1/s) ITBIT5% A EZHE LLMITK B, Newton model [T A L1:.
o i B) Ak & OCFDfE #r

e K ETIILIE AR

NBEBIKRE 12 Hlzxt R &Lz (Fig. 3). 3D-CTA TH 1=
DICOM 5 —4% Mimics Innovation Suite 16.0 (Materialise
Japan, Yokohama, Japan) ICE &#RA &, IR T AVT—2a0 %17
L\, stereolithography (STL) TH A L. TOSTLZ7A41L %

Magics 17.01 (Materialise Japan, Yokohama, Japan) IZH YiA



A, EALDEBHOOLEZHMELI. STL 28R I5=AKBDODEAHZH
IE 9571, 3-matic 8.0 (Materialise Japan, Yokohama, Japan)
THRAE 0.25mm O=fA R T remesh L, S5ICH K O/ = 2K
Cf= smoothing (curvature smoothing) #fTWE ZEBE E KR ET

JLELT=.

®F FE A

ANSYS ICEM 16.1 (ANSYS Inc., Canonsburg, PA, USA) IZ&
EBEERERRKETILERYRA A, Octree EFTHE FHA4XEx K 0.6
mm &/ 0.1 mm ICEELEL. RITEXRBEERERKOHE 7 1t
(curvature refinement) %5 % L, tetrahedral elements #*1{E X
Lfz. &5ICm & % @ [Einitial height 0.015 mm, total height
0.148 mm T 6 B ® prism elements #EMLHE=. ADOIZE+ 5
CHEELEEBRERTEITSLH, ROXA20% Bl T4 =B £ B B
ZHELER ADEBZEEARICOEZE R L.

BEETIVY

mMREFEEHREOBR T ERMOXEFTET-Ab—IXFEAX TR
SELBERMIEETAERAKBEZZRA VWV - LAEAE E (X 1056 kg/m?® T,
# % E I Newton model #'0.0057Pa-s, Casson model TIlEt A
M E-A#ANTHDREREHRRZHFEL, ANSYS CFX 16.1
(ANSYS Inc., Canonsburg, PA, USA) T EE B M ZTo=. H
NIXFBE HimTOPa &L, ARQICEBERANATER NN H K

D mass flow waveform ZlI E RN RFICH LMD R EZHZEL-. [



REER7AA420%8] (FHKX) TEZOERNBERD 3 FICt
BHlL £ EBEFEHMEH TEIL—O minimum cost {x &t ICTE 5K
constant shear theory AR I §5&fR F L Wall shear stress
(WSS) # 1.5 Pa ICERELTEH ELED 'O MITAHZH INFTA—4
[ WSS, Wall shear stress gradient (WSSG), Flow velocity
(FV) EZENETNRDOARIFILDIESLEER T Oscillatory shear index
(OSIl), Gradient oscillatory number (GON), Oscillatory

velocity index (OVI)'"Z#&#H BE L. M FMEHRIET JMP 9 ZH

5

Lvi=. Newton model & Casson model Tt E INAHMEFH B &
V4T HEM/INS5A—42% Bland-Altman L, R H B =LHEMBE

BFHEREHL®EE L.

T
=—7d
Q a0

Poiseuille’s solution, which relates vessel flow rate, O, blood

viscosity, u, vessel diameter, d, and wall shear stress, 7,.

miThHZEHNNFTA—4
Wall Shear Stress (WSS)

WSS [ 1 DHHHPOBHEMBESFHEZE H L.

1 ¢7
WSS:—I wss, dt
T Jdo

where wss; is the instantaneous WSS vector and T is the duration

of the cycle. ]

Oscillatory Shear Index (OSI)



WSS AIrLD 1 DB OKHEFEHAMEEELLT,WSS XJ
PLOWLEZFM $5EEFETHY, RXTHESIH, 0 0SSl T3
Bk DKXMICETIMERNBEREE-B IS £ EIREE O
fRE L EDBEELHR ESATWS.

IOT WSS, dt‘\

1(
oS =—| 1 -—F7F7———
2{ Ir|wssi|dtJ
0

where wss; is the instantaneous WSS vector and T is the duration

of the cycle.

Wall Shear Stress Gradient (WSSG)

FEEMITICENT WSS RUMLAMICEITDH WSS S % O —
M EHDIHIZ, A H B E (wall shear stress
gradient:WSSG) #f i L. @AM D WSS RIUMILZHEE T
WSS B EFHRIMILOAME (p) EZTNICEEHLAM (q) 257
fELizEE, RATHESINDS. E WSSG DX EFSEHERDOREE &
HELBRECEERFOEREELICES T5.

or, ? or, ?
WSSG = || =22 | +| —=2¢
op oq

where 7z, is the WSS vector, the p-direction corresponds to the

time-averaged direction of the WSS and the g-direction is

perpendicular to p.



Gradient Oscillatory Number (GON)

WSSG RIUMILDOWLEZFFME L, WSS RIUK)LE OSI OB R ICH
BLTHY RAXTHEINS. GON TN EBRBRAEZHRBA IS0
[ZB % &h, side wall (or lateral) type DEF AR E TH LV GON £

LICBETARBRBREENERSIATNS.

J. OT wssg, dt‘
GON =1-
dt

T
I |wssgl.
0

where wssg; is the instantaneous WSS gradient vector and 7 is the

duration of the cycle. [

Flow Velocity (FV)
mMBEBHICEOWTHBTEYODREE (m/s) 25 &EL 3 R xR
8 (3D streamlines) PE E MW @ICHE (TS flow velocity NIUKJL

25 i LT

Oscillatory Velocity Index (OVI)

mRBEEIZETFTS flow velocity RHFMILOBRBIKEEOPLESE
RAXTKROE-. EHLGHIRBERNTEIOLREEFETL TORMK
FHEARNIMILOWLERF R ELLGEZEEZON, BRIKE O @ TH &
Sht- WERBBRBETE KRBEREIRIYTS LY OVI NEES
nad'n.

SET)
o] o
J.O‘fvi|dt

[\



where fv; is the instantaneous FV vector and T is the duration of

the cycle.

R

Mm% *% W E 8 E

HEREGOEFBERA 50 AOERIE (Table) D@ YTHHT=

mRMHFEIE Casson OFX (THR) THUENSIE Newton it
AoKMHEERLE. 12 OEAMBEEH CHELAMTHRAE OF A

& (Fig. 4A) Z3LIC7UHUITLFEHNZEHL, 2K LB X H DR
WHLEFEYMEEERLIZ(Fig. 4B). BE B H 0N TH T E T X

MEYiteaWEmZRL-. SERFEEAOEAMNEE-AHITM &I

]

EFtyMm#R%E CFD 4 I2HIT5 Casson model (2@ A LT .
— A COFHHBROLEAMEE 3000 1/s ISHITHH BT E X
0.0057 Pa-s T, Th#% Newton model OmMAZHPELE & LI-.
N

Casson’s equation which relates shear stress, 7, yield stress, 7o,

viscosity, # and shear rate, y.

B Ik & O CFDf# #r

NEBKRE 12 fIORNRIEIKBERBKEARE 6 fl (mean
aneurysmal depth 7.9 £ 5.5mm, mean neck width 6.9 £ 3.5mm),
WMAEBKBAIKE 6 H (mean Aneurysmal depth 8.0 £ 3.2mm,
mean neck width 5.9 + 3.0mm) Th-of=. REBRKE 12 Hl OE

2ERICHBITAM T HFEM/INTA—4% Newton model, Casson



model Ti E Lf-L T Bland-Altman #H LU TOEH#&E H L
fz. ETILEIOFE Y E (bias) , F¥H EZ9I5%EE X M (bias 95%
Cly , HE®E% (r) XZhEFh WSS: bias=-4.41x10"3Pa, bias
95% C1=-1.32x10"2 to 4.41%x10°% Pa, r=0.9999, OSI:
bias=6.52x10"%, bias 95% Cl= -7.51x10-% to 2.05%x10"3,
r=0.9734, WSSG: bias=-16.8 Pa/m, bias 95 %Cl=-25.5 to
-8.07 Pa/m, r=0.9999, GON: bias=6.60x10-4, bias 95%
Cl=-1.84x10-% to 3.16x10-3, r=0.9758, FV: bias=-2.64x%x10"3
m/s, bias 95% Cl1=-5.85%x10-3 to 5.61%x10°* m/s, r=0.9985, OVI:
bias=-1.10x10-4, bias 95% Cl=-1.61x10"%3 to 1.39x10"-3,
r=0.9258 TH-of= (Fig.5). ETILETEERDONTIA—FDRE X
+ RIS, —BHEEEVWELATEINS (Fig. 6A). — A TERN®D
T E I PCblebBTEDH AT T FV RIMILH® OVI AE LGDHE H A
ABEHR (1 6) WABIRE (2 ) WA TH . REXBZERT

(Fig. 6B).

% ®

MEHMBPEIORBERBER>OBELE OERI>OE, AR &
MBEEPOEMEER DBROEIMNTLIEREICE>TEAIND.
ZTOREOHBEBICE OBAIHERMENL—F O Newton i %K THEHAL,
TAMEREICIYRTAENEILL T5F Newton RAETHAHZLIFTA
BNTWA™2) ) HFIEEAMEEHOEBE LR FIODE HHL(E
IRBEOMEANKRICEEZREL OABMBAE LR EXRMEH R E

B OEODMBMmMEREFTICALTHERSE SATLNS2 19 LALLM &

10



MBEEICEHIZDAEARHARNLEL —EOEAMEFEB TAEINSC

i

ENZC), WA EREHICEFT M BB ELLICEHTHH
RELPLGW. SEEFELSFIINoDMD KW E HFMH AR E IKEOD
CFD M HERICEZEITHNIIOVT, S REONMEEHA LI A—
B—HMOMFLET—2E3EICBELEY . (A0THEE B K)

50 ANDBERAZRRIZ 12 OEFAMHREE B O&HIFM0 &
i 3

HWEZAZEL EAMEE-#NATOHDREBEOFEHBRZMERL

I

. BMAEAWEAMEERICSTAM AHETAE FHHMBEBHLIS
HE THOTCTHo-. A ETCHEOL BT EIREISGBE ST
WHE Y2 E A EEE TE KI5 Casson ODRITES &
Z—BLE. LALEMHREBERAEMNSEAHEES 0 OF O Casson
RIKfE &L Casson #HEREH TETELT. SEH FEAWHEE HO
DEFERXICERIPDEUXZERALE. —ATE tANEE &
(> 300 1/s) IZH LT & (X Newton HEELTRZIBES2END,
BHAOMMETEHHBITETSI T DICEVEAHR EFESE (3000
1/s) I2HITAMERMFTE (0.0057 Pa-s) % Newton model Il
BHBEICERELE. CHABEEZDOHRETERMmM AT E

0.003-0.004 Pa's DHEBE THEINTEYRMBEICTE B ZERE DI,
CNEIEELDOEITHREDOHERT 37C OBRMEKE O E (X32°C
[T LT 10~20% [FEEMBZERLTEY, BIERERE K EUK

FIHIENHBHALTLS.

(Casson modellz&k?d CFD f# #)

11



Ohta LN ERBAEAEICETAXRTUINEE R OM R 8 & O
simulation IZHWVTIE Newton A D dynamic viscosity Z i
AL RTVFNEEBRICERD WSS DAHLETE HTEELER
Nl IZBABIEEZF B L8, Xiang BIE Newton model &
Lk 8 LT Casson model DCFDE#ICHEITHEARE D bleb D
WSS E T##HELTHY, Newton model DiFt ®E TIEH Ak & W
RFPUZBENDFBMLTLVSATREMEZTRBE LTS, Suzuki BIEK
WHMKBIKEOCFDENICHTAEDNOERELS 2 D Casson
model & Newton model #%i# F L, normalized wall shear
stress A Casson model THR KX 25% E T LEBFWICEELISL
HELTWD2). SEFEAEFREERA 50 AOEBEICE I<EA
BrRE-MZRMEBAEFYM NS Casson model ZHE ML, CFD
BWICHNOTERALIE. TORE T AREHNAIA-E20OHR T
WSS, WSSG, FV OB L2 KN DEHNERFETILR TRKELRREZR
O BEOXEZTIPHARDAELBA S LGNz, ELTLEIDD/INTA
—ADORIMILDOPEEER T OSI, GON, OVI IZELTIEH T MICHE
EHEREHENETLE BICTFEBE S bleb BEDBAIZTHENT,
FV ROMUVDWEBHB ZEW R ARV AOHMRBE TR DI ZD
&Ik Newton RIAKTHRELLHERD CFD BN B2y E
EFFHELLTCHEMITSIE S ICER Y EZERTLENIE, — 4
THMRBEBAOERICHAESE 5T BB 2 OblebBEDR AR KR
TR OITHZOFRAKERIARLGLITREMEZTIELTEY, S&REH

BRAEPERLEBIMADELEE 25

(Limitation)

12



mik T EILREMNELETEHEED Casson BEIKE L Casson
MEEZA TGN, AEICKRMMWECRBEZH#SIFOSEFEUX Z6E
AL EAMEEN 0 CETSERXOMTAEILEEMICFE R
LBEWA, AR TEERNELEAREENOHASVIFENE NME E 2R
FTLlE Aoz, HFERRREOBERIEIGEVEE A TWD. FE
B #% (X manual fitting THERLEDN, ChoDB E A EZSAFIAHZ
MICHEELGEUXZERLEE ISFETHS.
RICEHHBRERDO-— AT OBHXWERIFTSAFIVIICEILLTS
O, OBEDHEPEREIEOELLICLIZIFHNRENDIERBELEETH
5. SR NEPBEEOMAMBEZA AL CFDREFICE AL E
tREITEFETHD.
REBEICHIRBOEBAREICAEVLT—HOMmMITHZH/ASTA—EN
ETILEB TEWVWEZEROHEN, D neck, dome, fundus, bleb H ®
part Bl DB BRFIITETELST, BRANSIA—FDOETILHE & — &
BRHEHICEHALTEREBHRMWEF@BICEKEFELE. RTHNREZFESAE D
part BlICEFTA2MIT D EFHUNRNSA—FDEELNIDLEEE ZS.

+ =FH .
"o Ao -

BERA 50 NAOROLBEREMS 12 OBAWEE & Om & #
MEZAEL EAMEE-#NTORETEE FH K ZE KL
CO# REMKEBAIRKE CFD f# #H ICE A L. Newton i % &
Casson A DHREMT, BMBEHLAOMITAZMHNTA—EDE
WEH | L-. MiKZ%Z Newton MK THRELLCFDBEFLE £ K

DEHEZFTMISLETERYETHSN, blebTEDRAME KR TEKE

13



BAEMIT A ENBEEINLIEELIHY, BITERBEILLDOELDF
Newton ¥ M ZZEICANIDEMEMNATR SN
BE, ABEOEBEIFE 32 @ NPO ZFABARBEMLDE RN A

BFERF ML= (IJSNET 2016) THR & LT1-.

FEHER DR TE:

FHEEERVAEZEEFLEONBAER FTHL.
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Fig.1 MNEZEHRXLAA—2— D

Fig2 BRXEETCEHEHZETISP=—FLAZLORAKETILEEED
U&H Lo

d: needle diameter (m)Ug: gravitational acceleration
(m/s?2)1G: geometric needle constant (1/m?2)k: ratio of
container to needle diameter JkR: needle radius (m)n: fluid
index[L: total needle length (m)lJP71, P2 : pressure of the
upper and lower end of a minute circular cylinder (Pa)

Ap : pressure difference (AP= P71 - P2) (Pa)

Q: flow rate of fluid pushed aside by the needle (m?3/s)

r: radius coordinate (m)

R: container radius (m)

u: velocity in the system length direction (m/s)

Ut : terminal velocity of a falling needle (m/s)

m @ circular constant

pof : fluid density (kg/m?3)

ps: needle density (kg/m?3)

y: shear rate (1/s)

7: shear stress (Pa)

U : Newton viscosity (Pa-s)

Fig.3 fiZziToftz 12 RBHMRE. LRARXRBEREBAREH .
TEABEAHIKE 6 H.
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Fig.4A B8 IIBERA 50 AOBAKERE (1/s) #x L, #t 4
FHMTMEMPEE (Pas) 2F 7. small circleld 32°C DR &
TIZETS 12 KOFETHICIYHBLEZS BEAMEEZ OT Y &
NMT¥ T EEXR L, transverse bar [FH AR ZE E, vertical bar [&

AMNTHTED 95% EERMEZR 7.

Fig.4B manual fitting IC&A2FEH AMTHPAEHRLTERT (HKR
TEMHE 25 A, KLWEHIE 50 A2&Kk, VOVERIEILHE 25 A D
¥R ).

Fig.512 ORNBEHAE ® Newton model & Casson model ZH
WiZhZEhom T AZ M /INS5A—420D Bland-Altman S #E R %
Y. T30 x #@IEE /INFA—22—0D Casson model & Newton
model DE DOFE Y {E,y 8L Casson model & Nerwton model
NDEDEZTRT. EREIFEFHE RBPEFEHYE 95% EEREZ
T9.r ZHEBEFEHAERT. Wall shear stress (WSS) (E & &) ,
wall shear stress gradient (WSSG) (L E &), flow velocity
(FV) (EEB®f) IE@ modelM TE LWV— B 2R LT=. oscillatory
shear index (OSl) (T E& X&), gradient oscillatory number
(GON) (T E &), oscillatory velocity index (OVI) (T & & )I&

FERICELTOPEEZRLE.

20



Fig. 6A WEFAIKE CFD B O—6H HwHEEEL 6 DOREKRH
WNIA—=FZDOVWTHTRTL, HOBEYIZE RNSA-F0B KR DOFEHE
#Zx~ L71=. DV: dynamic viscosity, WSS: wall shear stress,

WSSG: wall shear stress gradient, FV: flow velocity, OSI:
oscillatory shear index, GON: gradient oscillatory number,

OVI: oscillatory velocity index

Fig. 6B Fig.6A D X1 . bleb (circle) T streamlines [&fi H &
nigmhof=h (£ L E), bleb (gray circle, £ TE) THRBMIEH FV
DRIV ZETF M TEHEERGHIM B NNEF—UABEEINT-. — 5 T WSS,

WSSG ICBALTIXIEFERLAAF R Tho- (A LE, BT E).
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Sex
age 20-29 yo
age 30-39 yo
age 40-49 yo
age 50-59 yo
age 60-69 yo

age mean
BMI mean

smoke

drink

hypertension
diabetes mellitus

dislipidemia

never
former
current

never
current

Table.

Male
25

o1 O1 01 O1 O1

43.6
231
18 (72%)
4 (16%)
3 (12%)

14 (56%)
11 (44%)

2 (8%)
1 (4%)

4 (16%)

Female

N
U1 01 01 01 U1 (7

439
211
21 (84%)
2 (8%)
2 (8%)

22 (88%)
3 (12%)

2 (8%)
0 (0%)

3 (12%)

All
50
10
10
10
10
10

43.7
22.1
39 (78%)
6 (12%)
5 (10%)

36 (72%)
14 (28%)

4 (8%)
1 (2%)

7 (14%)



Needle Launcher

Falling Needles

90

1610

Cell E

CellCover
Sensor
- = Metal '
i’

MNeedle collector . - :

. Polypropylene
. Needle




Container wall surface

Momentum balance of the minute circular cylinder core

1d(@rr) Ap
rodr L

Force balance of gravity, buoyancy, pressure
and shear stress

Ap  2t(r =kR)

— + —_

The amount of fluid to transfer between
needle and wall

0= J:; 2 wrxudr

Boundary conditions of the velocity distribution
Ut Uepokry = -U,
Model of Fluid around Falling Needle

Container wall

Uopy = 0

Fig.2
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