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LTw5 [46],

lida [17] 1% Wells-Brookfield BUAEEERT % FA V> TR RE % 8D 0> O S E
THE L7z ZOERGEHB LUOKEE Table 1.1, 12127 %,  bHAAIC
DREERT OSIWTHEHIH 1.15 ~ 5.80 s~ BT BEEAEISKE V& v HR
TEZDFHHDERT - PREN TV AW LIIEERET 5, 7. Kimura
et al. [21] 1% Visconic ELD (3 — »-7 L— h TUREEEET) % J V> TH0 A Bl
BEEICBU MR 2 E Lze EBREIEB L UHEL 2N FN Table 1.3
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Table 1.1: Experimental condition of Iida

Worker lida[17]

Viscometry Cone plate viscometer
Sample 1.2 x107% m?
Anticoagulater Anticlot /et
Temperature 37 °C

Donors 56

Hematocrit £ SD | 42.62 +3.86 %

Table 1.2: Results of lida

 [57Y | fiag £SD %1072 [Pa - §]
11.5 7.42+1.32
23.0 6.48 4-0.91
46.0 5.271+0.66
115.0 4.284+0.43
230.0 3.88 4-0.40




Table 1.3: Expermental condition of Kimura

Workers Kimuraet al.[21]

Viscometry Cone plate viscometer
Sample 1.2 x107% m?
Anticoagulater EDTA-2K

Temperature 37 °C

Donors male 20 female 20
Hematocrit £ SD | 45.6 £2.28 % | 38.6 +1.65 %

Table 1.4: Results of Kimura

Shear rate male female
Y 57 | Tap £SD x1072 [Pa - 8] | iy £SD x1072 [Pa - 5]
9.6 9.05+1.28 6.4741.00
19.2 7.37+0.74 9.45 1+ 0.58
38.4 6.27 +0.58 4.85£0.40
76.8 5.44 4-0.43 4.46 +0.31
192.0 4.56 +0.31 3.76 +0.19
384.0 4.14 £0.29 3.42+0.17
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Figure 2.1: Schematic diagram of viscometer
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Figure 2.2: Cross section of capillary needle
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Figure 2.3: Steps of measuring



F2E BHRANGHMESTORRE 19

Vor BZRRINEB X ERAO EF 2 -7, ESIENERBENTE &b
7. AREMBREIIMEIC & - TE L7z,
R: F¥ERERINE OMEAE,
L: FHRLE RS,
HIETFIIELTOM@Y) TH S,
1. REEWAEOA - BB HREE ISy b L, 5L 2E T,

o
=

st 2 B2 RINE Fa O T A X vy TIIR &M L TR IS8R
L. BRWED RellEd %,

BZERMEZ RV UAR, T ITA X vy 7 2 EHRME T &
Wi,

4. [ENEIC L > THREEREPEERMEMNIGHEAL, R UTERY
AENENZ —EORBERECHET 5.

2.2 BIEEEOMEIL

2.2.1 AlERE

TDOHIEDORDPE, BERERNDL EDO X ) LA THEWEIC B 5 SIS
T id -

Tw = ——2‘17— (2_]_)
ExRbInb,
Tz, o — b YRR TIBE TR, 1
49

’)/‘LU = ‘7TR3 (22)



£ 2E FERAMAKESORE 20

ERbEIN5,
FIT, FFma—F Uiko L 22,

: 4Q
= —= 2.

B OREMSIHERE LT 5,

AMEETIE, CROOBEUTOLYICEE SRS, ¥, E2RME
RDZEGNER A NV OERNIC L7z &5 7 12 B ARIMENES & KFE
DR —ElE L Do Thbb,

PV = PV (2.4)
ok E, WNEMITHA L T 5 REBREOERE v, &
vo=V, — Vi (2.5)

LEDEN, 2oL EZ0HE Q13

dvi

= (2.6)

Q: =

CRME SN D, T/, MRS X BIETHERAPE . OB S, B X UHHKE
M#HDRESzEZETLH L,

b, TIT, by HilZ, FNEFNHERE . BIIBENOBEHOE S TH S, L
TeH o T, HAHWEM  ICBIT 5, BEmMBIWICT B X R 0 O BEH S M3 11

ryy = LA (2.8)

wt 2L '
40Q;

’)/wa 2 'ﬂ'RB (2‘9)



£2E FRRBMAKESORRE 21

C‘: fc-: % o
R ORI S, b ORI, — 4(r,) ORI, Jot
DOFRD S %o (Appendix BEIH)

3 1 iy,

71ur = Zﬂywa + Z:Tw (lTw

FEAITIN (2.10) O 2 HZ KD B 72D I HMS D AT b L T s AgE
TIR—EOWETHLNS NEOFT—4 v b
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Figure 2.5: Effect of passage through capillary needle on viscosity of blood
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Figure 2.6: Blood viscosity vs. hematocrit
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Figure 2.7: Temperature vs. viscosity of PAA aqueous solution (0.5 wt%)
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Figure 2.8: Temperature vs. index n of PAA aqueous solution (0.5 wt%)
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Figure 2.9: Viscosity vs. index n of PAA aqueous solution (0.5 wt%)
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Figure 2.10: Emulsion viscosity vs. volume ratio of hexane
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Figure 2.11: Index n of emulsion vs. volume ratio of hexane
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Figure 2.12: Index n of emulsion vs. emulsion viscosity
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Figure 2.14: Measuring step 1



£ 28 FBRBOAMESORRE

40

P = 0,63 [ber]
1.8~ -

Time ( 18/151(s) )

Figure 2.15: Measuring step 2
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Figure 2.16: Measuring step 3
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Figure 2.17: Measuring step 4
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Figure 2.18: An example of result printing (1)
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Figure 2.19: An example of result printing (2)
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Iigure 2.20: An example of result printing (3)
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L7zh3o T
Yuaar(t) = Qett (2.28)

w3
ZFhUstin LT, BEESYRTSH b8 2k A,

roa(t) = 2t Tell 2 20 (2.29)

D& &, BEMSIMIG ) b Bty O BEESTRT E A b RN L TRIE T R w
DT, At DPRELGYVBEBELEINOSOFHRERIFE LAV, L2L, &
VAL BAEL DL, ENOBILRISG LT 4 XOKRE S AEHTE %
CRYIFIZEDPIT ORETIREENKRE LDV T, BREORRE RS,
S oI, BRI TENIDENFIIRESEL LD T, #E 2K
M ZEE L TERET A2DEEFICEHETH 5,

AR TId, MBEEE LEVEE LTUTOLI BT VT XLATIO
R Z L7z,

LY o7 VRERF I Hz 20T, $FA1=1%F5,

2. 3 (2.27)0 (2.29) LDV Tr, (1) Ayauo(t) FEHET 5,

3. ENENOFEFETT VI U T 7y 40 (t) E e an(t) OB OHEFRE
kD5,

4. MBMREDTL EWEDLETH UL, FHEERT T 5, 29 Thuvk X,
517 <o
5. F— S OB LEVELYZWE 3 IE, BEOF— 2 5810, 3108

BHo FIThRWVEEIZ, At 212 LT6~T<¢,

6. At DXL EVELLRIZR o725 BHHEERTT 5, 29 ThiJIE 2 ~
17 <o
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COTNITYALTIE, EHOBCERICNT B ) £ XD L~V % R CH
ELTWh, TOLEWEE L CIIREERINIC 0995 2HWT Wb, $72. 5T
T 8 e RMRD Bl T C DIIAKEE . KEEAS LRI AR Tl e i o
40 s L OENCRADPEDL BWRESEH L9 HTH D, FLHEALS, 2 TH
BRECEET L L 2O L WL U TR AV OB RS 13 50
sTH. BEIBIRNRIE L 2 Pa 2 VT, MARTHOARLE 2T -7 2y b L
720 F7o. HEEAMERW & ST AT RV O BEE ST % A% 30,000 -1
B ARES BO TECAS, ENERBES AR EICow T 2
PROVAERDARRBI oo £2CT, ZOHEBOF =5 % H v b T 5720, &
WO L EWEE L TR ORETESIWGHER L 10,000 s—1, BETOTHT 5 1 26
Pa V720 F7:, 6 TAt O ERRIZ 10 & L7z, ZHIEZ. REFFEOHE T
At =10 THNIZHBBREIE 2205 TH 5D,

2.4.7 REMFMEHIEOT LT X L

WRET BMADED L) LRSS 2 I3 D 2 A BE TS
bo €T, BRKHKEEHOREMEMZHET AT a7 I 654N, Fh
W, UTFoXin7ra) AnicESwTns,

1. At = 10 0:@%0

o]

CHBEBET MC ST — Xy EREET 5,

3. HEn09 < n < L1OHEMICHLLE, ZOWHKEz 2~ >
R R W
1L MD2 00— YEFVICESHCHBEERESET S,
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5. HBHEIET VL ED/ 3 DD 2 — b VEFILOMBMEREF L.
I1FERZVHERE 2 FH 2 0% 1 FHEY G =2 —F vEFLE LT,

2DENHEn OLEWHELERE LD, Fig. 29183 L0, K
MIEDOFHTIE = — P ViR HE L2 SI2Z 0B 2ANL Z ik v
f:bbf\j;)zu)o

2.5 %%m%

2.5.1 E&FEHER

ABFFE TR S N HZRINERREET B X 07V 7 b 2 WA CHRAERM
KEALTH 5w, REBOHEHE L ZEEEE~, SS5ICEEZOMKS &
CMEERE D RIE %2175 726

HARTSEHAE (JIS) OREEGIR L FIAZETE JS-2.5. 5. 10 O 3 FEsH % Hv.
HIERRAE . RS, HEEHIC OV T OMRER 1T > 7245 % Table 2.1.
C 2.2, 23R R bbhh b LS, JIS OMEEEICBY A EEE IR
K2.9% . FEFEBEIE, 5 EHEREEE IS8 TEBRRCRA 3.5% . EBO
BARRE TS 5 37°C T 12 HEEE L2 HELEIL, ZHHRKTRA3IYG T
Hol,

SHIT, REBA 42 60 (B 23 B, M 19 B, SEIHER 43.5 5%) 120w
TANY Y IRIME RN . 37°C T 1 5LARIC MR (1) OW5E %47 -
720 T72. ZOULHZ 3000 r/min T 5 5 REOH. M5 % 58 UIFIKS 2 MmEE R,
B (pp) DWEEAT o 720 FRHIRIEROBESRTH LAY 21 v b (Ht)
DEFEBAT > 720 Ht DIEFEHFFATH - 72 35 O EIE Table 2412573 L 5
Sy pptd 2.61~3.69 cP. i, 1.19~1.59 P T o700 HER L Y SWHERE 100



£ 28 RRAMARMESORE 51

sTULE T, MERSE L3 P BETHALEDLNTEY . 4HOAKRERE I &
LHIETOHIRIZEFEOR R 2157,
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Table 2.1: Analytical error  (unit=cP)

JS-2.5 JS-5 JS-10

20 °C indication value 1.98 4.10 8.41
measurement value 1.94 4.01 8.48

analytical error 2.0 % 21 % 0.8 %

30 °C indication value 1.62 3.18 6.11
measurement value 1.66 3.12 5.95

analytical error 2.4 % 1.6 % 2.6 %

40 °C indication value 1.36 2.53 4.62
measurement value 1.39 2.61 4.51

analytical error 2.4 % 2.9 % 2.5 %
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Table 2.2: With run variation  (n=5,unit=cP)

JS-2.5 JS-5 JS-10

20 °C mean 1.94 4.06 8.39
standard deviation 0.01 0.06 0.05

coefficient of variation 0.8 % 1.5% 0.6 %

30 °C o mean 1.66 3.16 6.03
standard deviation 0.01 0.04 0.05

coeflicient of variation 0.8 % 1.4 % 0.9 %

40 °C indication value 1.39 2.59 4.46
standard deviation 0.05 0.01 0.03

coefficient of variation 3.5 % 0.7 % 0.6 %

Table 2.3: Day-to-day variation (n=12,temp=37°C,unit=cP)

JS-2.5 JS-5 JS-10
20 °C mean 1.41 2.67 4.91
standard deviation 0.05 0.09 0.10

coefficient of variation 3.9 % 3.3 % 21 %
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Table 2.4: Blood viscosity and plasma viscosity(36.0< Ht < 48.0)

age blood viscosity (us) | plasma viscosity (u,,)
number of samplé 35 35 35
maximum 59 3.69 cP 1.59 cP
minimum 26 2.61 cP | 1.19 cP
range 33 1.07 cP 0.4 cP
mean 42.8 3.12 cP 1.41 cP
standard deviation 10.1 0.29 0.09
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2.5.2 ABEEERS5SOE%

ANTENTBE L, BIIEEDN D 57D H5 IS RMERAS AR & e gt
R EIMIREEIZSH Y | quality of life DIKTFAAZDFEBDOKE LHEIL L > T
Wb JEHRE SN AURIF VITRINEREBINS 5 -0 iH#
EELTFINTWDS, L L., &5058F27% 5 & MR s 382 1
L. f&~<b 270y EREIZZN 0BT SNTFIcmhizh) LTLE
Vo TIT, HEHOHLELTARMZ )y M BLUPMEHELRIET 508
b, Ll ~Neh 27y b OWMENGFEEIZES 2O LT, fEkolm
FRALKEREETE . BRAEATIRR IR TR ) AR s DR IR s T o
Loty £IT, AR THE S NZERHBEEFZ0RGOHEE LT
b Twb, Fig 220320 1 BT, BUENBEE S HIOEHKT) 20 H
I EEHIR (3 A% RRBLADOTH L, Hyy Ht. pg. ppld. Fh
FN ANETOEVRE, AV 7Yy b, EIEEE. WEKETH S,



#28 HRERBIAHEEORRE

56

before
O after
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i 35F [
[ 2.5
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- 30F

25F

Hb [g/dl] Ht [-]

Figure 2.21: An example of clinical application
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KEDKEER
RETCHLUTORKGH B,

1. BRI, SR, Eh M 9 v AT =Y 05 4 58 LK
MR WO, ABMOMLBEORE # FiEICHETELI L 2R LT,

2. B ESNIHEEF A WT, v T g v, PAA KIER: S MR
L OMAROWEIZSICHURETH LI 2R LT,

3. PERIETIXBERIBIMNIETT () & KT OBERIBYWLERE (4,) DBED S
BEOREFHEZ KO D720 L » THASEEZRD TV, K
e Tldr, &5, 25 BMEHFEET VIS LIRET T, BANHE
BIZX D) ROICEDINTG A= S\ SBEORBMEEICZFOEFT VR L #E
MLZZBEDNT A= EFHETE L L 2R LT,

4, B . BGE  EMEE Vo R LOERE WA T, FUTY X4
T LMITREES L, BBRAMES2ER{L L,



5 3F

M#&RDBEXERN

e

AREFZETHIZE S N MR, BMEOMmICBIF 2L ELKED
BRI OHEZERTHODTHS, MAMPELEHTE L L) IIHEREIER
D260 FERREIL > THBY, Za—F ViEOBEREEI BRI CEERORK
100 BRETH2ZLALBERR TS THLLEEDNL, L L, 2hFTH
Za— b YRAEOPEERICETAMBES ENHOo TRV, T4, Al
Er oM EROMBIIEERBHENE RA2E5Z 05, koo — b Vifik
DZDORMIZBITHEEN MO THEETH S, I T, AWFETIIBhEX B
NOFEFEIZL) ., ChoORMBEICETIMA2EBLZ 2 HE LT,

28
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3.1 TEFHEE

3.1.1 XEAERX

AT, M2 — b ViR AB L 0= 2 — F ViR o#x e
R D RCITAEI % W 720V GRARI ST/ 8 & — 2 FIDAP (Fluid Dynamics
International, Inc.) Z iv27z, FIDAP 134T — % >0 & 0 HEH k% #is
fELENZTH ORI T 5 EREFZEICESVTVD,, 22T, FEHE
L TFITREN B #EBEOXB L ORI HBRTH 5,

8ui

5 =0 (3.1)

o)

Tar

Ou; Jf (3.2)

it 1
" Ox; p Ox
2Ty upn py T BEW fIEENEFREE, BE, BB LOHNEED -
DoONTTET B,
Fro. FEma— b VRBOBBEAERIICHT U NVELTOL ) ICERSN
HUUTEIE T~ Ve OB E LTED NS,

= fi +

1 {Ou; Oy
T = —pby + 2pue€; (3.4)

CIT pBLVGGEENENENBIT 70 v h—DF VI TH 5,

T a—b itk

== b VRO IEITIMOEE IR L2 WEB . TH B H S, BN
BBLUTo L2k 5,

Tij = P + 2une; (3.5)
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L7eho T SFEMTE= 2 — b ¥ iR EE) RS (3.1) B L 05 (3.2) LD

RNEL D,
Oui _ oy 1O e O
€; [)8:13,' P 8([:]033]'
AWFFENS BT, =2 — b YHAEOHEELT O & 912 Lz #Rout L T

Wiz,

(3.6)

v, =a;/D ul=w/U " =tU/D
fr=£DJU* pr=p/pU*

Lo T, ERTILE NN (3.6) kA EL D,

LOul ap* ftn  O%ul
,“fam; =S e + pUD 930z (3.7)
BRICNSG A=, bbbl 4 V%
D
Re=0Y (3.8)
Hn
EFTHEEX BT BRADLHIZEEZEE S,
LOup ., O &y
Reuja:';;f = Ref + e + Dot (3.9)

ZZTp"™*=Rep*Th b,

AFFETIE, HERXTA—=FZLUTDOLIIIIBLIEIZED Re =0~ 500 D
HHIZB W TEXRTIE S N2 T,

p = Re
P = 1
D =1
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FERRIRAE
B HRAR O T
Ty = —pbi; + 2kef; ey (3.10)

I TEBLU n 3K B L OBERERKTH S,
T 7. 611@6{]'@5@3(’635) N 2RICDBEIZIEIRAD L HIZEHERSIND,

err = 266 = 2{(ef; + €3,) + 2¢1,} (3.11)

L7z2o T, N(B.2) kXD L) ICHEEBEING,

Oul 1 8]) ]C,/el[n—l azui 8 n—1
- 2ke;;——/ 3.12
JE):LJ = i - p O, * p  Oz;0x; + ejafcj e (3.12)

Bingham #{&
Bingham KD F L

Tij = —pbi; + 2<Mbi + Iy—%) ej for mmi; > 27,47 (3.13)

Z 2T err = 262‘]'61‘1'\ i fC/Lb,'iS J: U“Ty,bi&i Bingham T7 WV 0:§O‘< *[SEJB &£ U
BRI T® 5,
Lictso> T, K (3.2) ks hk 5,

Oui 1 Bp 1 Ty ,bi 82u,- 6 Ty,
ui . 10p I 2 D6 3.14
wge = - gt s M ) Tue e 0 il )

3.1.2 ¥{ERFE

i (3.15) TRENAIEHERETTER TG IR EN - TR FENIZH T —
FUAREFEEZBEHT A LIZLoTEINL,

Kuju=F (3.15)
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CIT, K(u) 32~y 22 ul3#E, FHEORNBOEENY |
VTHY, P3SN BREGSEZELNI VT S,

ARFFRIZBNTZa — M VREOBEIIZ< M) v 2 ZEHORmE %
GORT WL, TRy s ABKE A Y RIS B C 2 BT, I
WABRCHEL TR S h o7,

F=a—t YREDOHFEITE, FHEBHOEHOLDIZUTD L) s
V7 AEERCTIEANEZHEFE L,

u;

—_= 3.1
e = P (3.16)
ZZTe=1x10"%,
ARFFETIIR (3.15) #LLTF D X 9 2l B 3 % v TRV 72
K(uj)u*=F (3.17)
Vipg=o+(l—a)u* 3 0<a<] (3.18)

I MERNF T, KB Tlda =05 & L, &Y Y 2 2286 TR 536
BUHET TEBON TV uyr BV CEHEiS 1, I eI LCcEm
b o ARFRICBY 5 BATHEBII ML TS TH 50T, 9 HisNATRE
REHo AV OB LUEEETIHEES LOENOBAAZ VDT, &
NODPFIB TRy VaBENKREL LD LI L, 3720 UTFD LS
TEBEREM R,

Za— b YR boundary =2 — b Uik

u=1,v=0 at inlet u= Rep,/pD,v =0
u=v=0 at wall u=v=0
u: free,v =0 at center u : free,v = 0

u,v : free at outlet u: free,v =0
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o — b VRO L ZICHINIBW T o7 ) — k35 L, WELEEICBY
HIENB L UREPABREEBER L0, LEOBLREEE L, L
1Mo T, COBEREUDP LIROKREIREICHEZ RIZE 2 wE ) cHE0E
SetalcECE o7,

3.1.3 MO mENFE

AL T, Tida[17] B X O Kimura[21] 52 & > TH 2z 6z EHlF — %
WEDESRAEREIZLIVICEIVUTOL ) Iz - Y270, 5HEIEF
W, EXVHAETNDOING A—FExRRELT,

Za—hFEFN

[tn [Pa 3]

3.93 x 1073

Gl R

kPa-s"] n [-]

1.16 x 1072  0.803

Bingham €7V

tei [Pa-s] 7,4 [Pa)

3.65 x 10™% 6.63 x 102
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3.1.4 HIEFEEOERENE

Za—b VRRICET 2 BEHEOTRE S 2 AT 5720, Re =0 DB
DFEREDA % BEAEDRTFE [14, 15] & IL# L 7=,

Fig. 3.1BXU3.2L Y AWIFED L/D = 0.02 123815 2 510388575 (line)
SEEEDWESE [15](plot o) & RAFIC—B L, FEHMEESAICBIT 258D
MR THLLEDNS,

S5, AR THEL N ERNIIBIT D58 2T HBED S &
Friedmann et ol.[14] DRFERZ LB L2 2 A, Fig. 3.30 X 5 12+45%—%
BRLNT,

o2 — b VRBEDOHEIE, BEOMEL ORBSTELR VD, 54
(ZFEE LIS DHEED A % ENTIE & K L7z, Fig. 3.412. Bingham #ifko
)5 L BE 531 O BB (plot o) & WM (line) % ILBI L7261 TH B, Fig. 3.5
(& Bingham #ARDIGE & W Ui @40 T CORBRIFRMK O EE S 2T 2
FRROETH D, TNLOREIZ L) ma— b VKB L U2 —F Vi
ROBUEMDIEFE SRR SN2 b D X L7,

3.2 R

3.2.1 Za1—b KA DBIERS

ARG TIE, BYEREME L, 28 A D L1 BV TR A MBS T A L 77
ROER LBV BHEATTEITFIE LD 99% 1258 5 DICET 5 i1
DRI EERT Do RRFRIZBWCEHE SN2 0 < Re < 500 OFBHIZ BT 5
FF# % Table 3.11275F,

Chen[8] i Friedmann et al.[14] DEMEFIET — 7 120F 5300 L LT
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Figure 3.1: Comparison of axial velocity profile for Re = 0
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Radial velocity v [-]
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Figure 3.2: Comparison of radial velocity profile for Re = 0
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Axial velocity u {-]

2.00000 - -
1.80000 ~
1.60000 =
1.40000 -
1.20000 ~
— present study
O Friedmann et al.
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Figure 3.3: Comparison of developing axial velocity profile along axis for

Re=20
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— analytical solution
O numerical solution

0.00000 ~

Ll 1 1 ] 1 1

0.00000 0.10000 0.20000 0.30000 0.40000 0.50000
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Figure 3.4: A fully developed axial velocity profile of Bingham fluid flow for

b = 0.5
w
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Figure 3.5: A fully developed axial velocity profile of Power law fluid flow at

. Ty bi
same flow rate as Bingham case for —T’w =05
w
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(3.19) =i L T 5,

06
~ 1+0.035Re

Friedmann et al. D7 — % B L U (3.19) 12 & B1EZ KD 728 Table 3.2
IR L7ze 8 BIT. ARWFFET FMEIC L2 EREAFE % Table 3.2108 072, T h
LOEPLWOL N2 L HIT, FFIZ Re < 40 OFFIZ BV T (3.19) I3 Fried-
mann ef al.[14] DF = Z TG LTRFIC—HLTWB EEF R v, T2, K
BF7EIs 81T 2 BMEMRIE Re = 0 DA % B\ T Friedmann el ol [14] DFER L 1
BWRF 2 —HERE T Ebhb, 2LV VAEDP0IELT
Friedmann et ol [14] I ZFTH B L OCBERE LT L/D =06 2HwEFL TS
25, F L XFOFORTEMG LS L/D =07 LE»PN TV %, Goldberg
and Folk[15] i&. $HBHROBIMIAMBE K & VI BB EZ IS & L2 X b AT
L/D =06, L TW5, ZNLDEEDIE L LB L CARFETIIES L -
REREZLELLDEEZOND,

RIFFEOBAEMIIA L TR D RWIEMAE SNz 0iE, RITHROME
(320) NTH o720 EHITL Y BHZE CREDER O E LTRK (3.21)
ZRH L7 22T 0057513 Re » 0o DEEDEETH Y, 0.655 1% Re = 0
D& EOBEEHE 2o TWVA,

L.
= +0.056 Re (3.19)

= 0.379 exp(~®148R) 10 0550 Re + 0.260 +2% (3.20)

STEaleTly

- \/(0.0575)2Re? + (0.655)? +£4% (3.21)

X (3.20) B LU (3.21) 12X D EHE S N7 & RIS OEAER % Table 3.312
RU7co 720 2RO ORIT L B REPMEDTMEM 3T 5 HFREEFR L
Table 3.4 & 0. 3K (3.20) AR THONIMBIIEFIZLI L —HLTwE I &
DD o
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Table 3.1: Comparison between this study, IFriedmann et al. and Equation

proposed by Chen

L./D Le/D Le/D

Re | (this study) | (Friedmann) | Equation 3.19
Data Data

0 0.644 0.600 0.600

2 0.644 ce 0.673

3 0.665 0.710

5 0.714 e 0.791

6 0.755 <o 0.832

7 0.774 e 0.874

8 0.831 s 0.917

10 0.883 0.880 1.004

20 1.377 1.350 1.473

30 1.921 1.923

40 2.483 2.440 ‘ 2.490

50 2.984 e 3.018

100 5.745 5.650 5.733

150 8.504 8.475 8.496

200 11.241 11.300 11.275

300 16.685 16.800 16.852

400 22.271 22.400 22.400

500 27.665 28.000 28.030
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Table 3.2: %Difference between this study, Friedmann et al. and Equation

proposed by Chen

%Difference: %Difference: %Difference:
Re this study Friedmann this study
and | and Equation 3.19 | and Equation 3.19

Friedmann
0 -6.830 0.000 -6.830
2 4.470
3 6.770
5 10.860
6 10.270
7 12.920
8 10.350
10 -0.280 14.090 13.760
20 -1.960 9.110 7.180
30 0.130
40 -1.730 2.050 0.280
50 1.156
100 -1.650 1.480 -0.200
150 -0.340 0.250 -0.090
200 0.520 0.300
300 0.690 0.310 1.000
400 0.580 0.180 0.580
500 1.210 0.110 1.320
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Table 3.3: Comparison between this study and the proposed equations

L./D L./D L./D

Re | (this study) calculated calculated
Data | from Equation 3.20 | from Equation 3.21

0 0.644 0.639 0.655

2 - 0.644 0.652 0.665
3 0.665 0.668 0.677

5 0.714 0.716 0.715

6 0.755 0.746 0.740

7 0.774 0.779 0.769

S 0.831 0.815 0.800
10 0.883 0.895 0.872
20 1.377 1.378 1.323
30 1.921 1.911 1.845
40 2.483 2.456 2.391
45 2.708 2.730 ‘ 2.669
50 2.984 3.004 2.949
100 5.745 5.748 5.787
150 8.504 8.491 8.650
200 11.241 11.235 11.519
300 16.685 16.722 17.262
400 22.211 22.209 23.009
500 27.665 27.696 28.757
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Table 3.4: %Difference between this study and the proposed equations

%Difference:
this study
and Equation 3.20

% Difference:
this study

and Equation 3.21

10
20
30
40
45

100
150
200
300
400
500

0.746
-1.198
-0.457
-0.287

1.185
-0.645

1.880
-1.464
-0.040

0.489

1.073
-0.819
-0.697
-0.054

0.145

0.056
-0.221

0.276
-0.113

-1.708
-3.232
-1.855
-0.255
1.882
0.674
3.683
1.238
3.8389
3.922
3.687
1.436
1.167
-0.743
-1.721
-2.470
-3.461
-3.318
-3.949
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3.2.2 3¥=a1—hk UHREOBIEER

9. Bingham kB & CTRBAIGMAOBERBOER Y =2 — F VK
DIFEEFMLEbDE L7z,

Bingham GAEDOBMEEI B 247 1CH 720 . RIFFETIEEI LML L THEx
1 PE (o) V. 2OMEEL LTO0.5, 0.6, 0.7, 0.8, 0.9 #®AT, . KL
PRS2 s 708 £ UTIE OBEAEAITHAUL . 2417558 LI & & 0
BANI B BHIE e B & OTEEE w00, 1R (A32) BLUR (A35) &
DELICHETE 2, TXTID Unean TEADOIZBIT 2BREHE L, B
FEREEE 2 B OB B REDRICEE L72 1,0, D 99 BIET AHREEE T 5,
BEHAICE L TOEAD DBV CH UBR &M E AV, K (A28) 12X
DEREGPLEZELIHNOEP LB A HESE L, ZOME Y IhER
BEDPLEIZH VT,

ZIT, Re#e LTma—F Y EFMCEISHEEZ V., Jhid3
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Table 3.5: Entry length of Power law and Bingham models

Re | Power law model | Bingham model

1.269 0.663 0.266
5.336 0.679 0.276
12.804 0.781 0.291
24.765 1.021 0.322

43.277 1.537 0.413
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Figure 3.6: Comparison of entry length
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I'igure 3.7: Developing axial velocity profile of Newtonian model for Re = 43.3
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Figure 3.8: Developing axial velocity profile of Newtonian model for Re = 43.3
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Figure 3.9: Developing axial velocity profile of Power law model for Re = 43.3
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Figure 3.10: Developing axial velocity profile of Power law model for e = 43.3
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Figure 3.11: Developing axial velocity profile of Bingham model for Re = 43.3
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Figure 3.12: Developing axial velocity profile of Bingham model for Re = 43.3
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Figure 3.13: Pressure profile of Newtonian model along pipe axes at Re = 43.3
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Figure 3.14: Pressure profile of Power law model along pipe axes at Re = 43.3
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Table 3.6: Apparent viscosity and correction coefficient of momentum energy

flow characteristics

Apparent viscosity

Correction coeflicient

L of momentum ¢
: 3 up 9 (5+6a—11a?)
Bingham model prE— 5 (3+20107)?
Power law model | {2(m+3) wa pp}t/m DOm=D/m 3 (m+3)
8ua 4 (m+2)
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Figure 3.16: Relation between expanded Reynolds number Re* and entry

length
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I'igure 4.1: An example of inside pressure data
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Figure 4.3: Pressure correction
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Table 4.1: Parameter values used for simulation

Parameter Value
P, 101,325 Pa
Py 63,000 Pa
Vo 10.85 x 10°°  m®
D, 0.01 m
D 0.505 x 107 m
L 0.132 m
p 1.060 kg/m?

1 0.003 Pa s
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[Pa]
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-] '/

3000
1500
s 0
< AP SR :
500 |-{ @  Plot (A) | —O— Plot (A) 0.5
m Pt (B) —— Plot (B)
¢ Plot(C) | —o— Pt ]
3000 b e
60000 70000 80000 90000 100000
P [Pa]

Figure 4.4: Characterization of measurement error tendency by simula-
tion (Pressure correction and standardized viscosity change with inside pres-

sure)
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J

4.3.1 HIEZE

WIEROLNBRVDOT, A ROWBZUTOL ) 2 2 DOBEMHTHELL 72,

AP, = ay-P + f; (P >95000 Pa) (4.18)

SITyan B a@BLUBEERA KLY ROOLNTZ, £LT, N (4.7)
(2D TREMSSMTIE ) 2 5 H S B R T T O L ) 12BN T —
ERIEY 5o

P(t; +05) = P(t;+05) — AP,  (0<i<499) (4.19)

Fig. 4513 IEDHRTH b, MIEFIHOREIEM A & b BEOREICL > TH
BILSN TS, B obirs L) I2, SYRGEEHF 100 ~ 10,000 s~Hi2 B
THI0%DHEETHELHETE TS, LAdT> T, 2T TRENLMIEE
7 EROSY T BRI 3 T, _RECHE P O RO E R ol E I #E A T
50T 5,

4.3.2 MBDHENEME

ADMEOFEVFE DM E L . HEEN CRILEZ O ME % v, [HiRsEE %
3T°CITRRE L TT 2 o 720 MIEY v 7 VIR TRV TV 5 10 ADIZEH
f DA VIR L 72 D2 v, @ TOY 7 Vi 1 ELDMNICEE
TLtOM%W%F@AﬁKﬁTOH@Kﬁéﬂtﬁ#”ﬁﬁﬁ\@mﬁﬁﬁﬂ
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Js- 5(1) | 1
JS- 5(1) | 1
JS- 5(2) |
JS- 5(2) {1
JS-10(1) | 1
JS-10(1) |
JS-10(2) | |
JS - 10 (2)

) I —

» > ¢ O M O @ O

Iigure 4.5: Calibrated(open symbols) and raw (solid symbols) viscosity stan-

dardized by real viscosity values of standard Newtonian liquids
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LTRPITHIEDS T —F & & AHBOMTREML SN TWE, RS bhs
L2, WL 1,000 sTIUF O TR 7 0y P ASIES DWTW AR, —
D—=DDY YT VIEETHEFDIEHDEFLI0% AT > T b, &
DIELDE R Za— b VREKZHWREIIB ADDELFRETHL I EH
5. MEORBFEED 10 DEETHETE b DEHHTEL, /2. K
£ 0 BE & 12 AN o MRS BE 1L 5E & L7 B IS 438 TR R DBz o
NTHAT B EDb b,

Merrill & [30] i3, MHEEHEEEET & VWV TR EE % 0157125 315571 T
& 512 Ostwald B> F v V5 YRR % AV TH 1,000s~ 14 & 2,600s 1 F Tl
B L72) 2T, M TR 100s FTid=a— b PR L, 20s71LLF
T3 Casson ik & A%, 20~100s  DOFFAIZ F OBBEHTH 5 L WL L
Twh, %72, Charm and Kurland[5] AR MITHEER % VT SIH
FEAY10,000s714 5 100,000s ' F TOHPHT Casson TF IWIZETWTRD 7203
T A= 5575 20057 E TOHEPTRD LN L85 2= 7 HE 5%LL
WORH T 5 L|MEL TV E25, 1E 51 1,500s~12> 5 7,000s 1 DFERHT
R 2 WE L T,

AT TR O N7KERIE Merrill 5 OE & KT 555, #5103 2,600s71LL 1
TIREEL TV RWOT, 5 0l L-FERTIE, HEOBILIERSEED
HHLUATH o7 EdFEZ OND, T/, KRB TIITINGERE 10,0005 121 F
TIHHELTBLT, #nU ELoGRAIEERTE LWVDS, EVERLEE T,
BEARIS T DIEANITIZIEAR T & 5 O T Charm 5 OHWEII AW O E & FIG 1T
LzwbneEZ N5,

& BIZERM LB AT 72012 Casson F WMIZHET CHEE B X UTRIKIG
NEFEL. MOWTE & B LR % Table 4.210R ¥, 28, lida BLU
Kimura et al. DOFFFIIME S 258G L-HET — 4 S AW TEHE L2 b O
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O  Sample 1 (Ht=35.1)
O Sample 2 (Ht=49.6)
¢ Sample 7 (Ht=39.6) | |
X Sample 8 (Ht=46.9)
A Sample 9 (Ht=43.7)

0 . ee——————— . .

Figure 4.6: Sample results of human blood measurements
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TH Y. Charm and Kuraland 3 & U Merrill and Pelletier Of 5 i3 AL D2
B L O BIE R AR T 2 b D TH B, AWFEOHREIZ 109 T
DFHOETHY) . ~< b 27y P ONRIIUTOME) TH 5,

MERAtE ~<r 2790 b [%]

donor 1 35.1
donor 2 49.6
donor 3 36.1
donor 4 41.5
donor 5 47.6
donor 6 46.5
donor 7 39.6
donor 8 46.9
donor 9 43.7
donor 10 38.6

Khrbbhrb L)z, KR THELNHEOMITMBORF & i L Tk
OTEBRODTH B, RIS L TIE, WE L7 SIWHEE S A58
R LOTHEENZEBIERE LY, L2 L2256, BRI OERE % HIE
3 Merrill and Pelletier DAATF > THY . 15 DA R b EEMEAE, M
DHFFEDEIIARIIZFEEZ SO THFIZ LI 5D DO TH V) . KR OEAEIEH E &
WEOPRMGZEY LD L0, ZOBERLELDOTHL EBbIE,
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Table 4.2: Comparison with other works

Worker Ht [-] oo [Pa-s] 70 [Pal
lida 42.6 0.00300 0.0135
Kimura et al. 42.1 0.00318 0.0119

Merrill and Pelletier  40.0 0.00333 0.0024
Charm and Kurland - 0.00274 0.0107
present study 42.4 0.00315 0.0051
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2&%@1\%%&%
AREBTIILUT OG5,

1. REFZE TR SN BRARERTOMET VT AL EZHBL, —a—
P UHRIRTH AR FHWHIERAT) 2 &I X 0 B E
100~10,000 s~ I B B2 H10%OBEETHETE A 2 & 2R
L7,

2. Ak CIRMER OREF MEORBIFEORNE w17\ LACTy R &
e TmBidIE= o — b Y2 RT 2 & 2 BB IR 2 v 726
ELTRMDTHERL L 72,
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v —J Ly I BBEEESRNIASE
D AR

i

T REFNOMKHKENICEST 5RIE% v, 20O CHENE T &
RELIZLDOTHE., BIREBRICET A0 0, MHILPKRMEREIC X 50z
T 5L D%ENH LD, IEEWEIROMITOH L &5 6 2D L itdhik
BIIRZHLPIZIN TV, 22N 00WNE i, Mt =a—1
VAR E R LTK. 7)) YKEE G ERRBRAE L LTHY WAL 0
PIRETH A, Lo LABIFE TR L L )M RS WS- B\ T
Fma— b EERL, FHEBIIC B T O RSTEE DR EIRER I A X
hHEBLRFEOLEDR TV,

FITRBETEY 2 —7 Ly b EHWT, KiFE T S N7 O E)
etk & MR O BN 2 7R TR ARR ) 7 2 ) VT I KRB OReE
WIEIR OGRS DR E —x — P VR DBE L BT A2 LI L) E&E/Y
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WKHLMICL ., FrEERNOMERENCET 2 3HBNmMA 2 ELI I L 28 —0H
Y& L7zo F7-L3EMICD MBI EED L O EREIOMRMEFE & L TEL
PRI TWBRZ DS, ZORBHNREELIZLZ2E _OHWNE LT,
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5.1 FE&

5.1.1 FEREEHSICBIELZE

Iig. 5. 112 E MM 2 R ¥, AEBRMEBIZNGE 10 mm ©O7 7 ) VEAE T,
MERIZAEE S mm « &S 10 mm DIRZER 2 51T 720 FRED LiIZiE 1 m D)
X 2T, EEENEZ OB OEEZE Lz, BRI —N—7
O—% 7 260K TIZHRA L. RBRIREBICELN S, REIZE LK T
OIEEHE a2 -y THET A2 L0k o THET L7,

A Ta S AR ARG 2 FIF LT 7 v 7 R 100Hz Tl L
72o WALA N Y A ELREMELT A7 20 T AL YT L, T VT v
b)) 7 ZKBEHEHRICB PN QST LD RO RS

Fe(CN),'™ = Fe(CN),>™ +e” (5.1)

FIEEE R TH D . B2 2 IEE B TR RIS BN ST OWEED 1/2
FIIHITHEFHOENTVD, COFBICEVHAELZNET 272012, 3
Bk & U TA F Y 38HKIC K; Fe(CN)g B & U8 Ky Fe(CN)g % 4 0.003 mol/1
&, XFEME L LTKO 0.1 mol/l #NEFNMEZIz=a— |k VifikTH 5
WL . ZHUTRY T 2 VT I F (PAA)(Bokusui Brown 4. Separan AP-
30) & 0.04 wt% MR 72D DEMMIE= 2 — b VAL LTH, =2—
N VA DOHEEOYIEIEF AREOKRDS O LIZIZHE LN EAHERSRT
Who FEZa—F YA TH D PAA KBEROMENFFE % ARBFE TR S he
MENR R CHIE LR % Fig. 5.215R 7 X D PAA AKIETEOSAKAF
FCHlE LA FBEEDIF 2 —F Y EERT I EbI 5,

HEIZH W27 0 =713, Fig. 5.3 X 9 ISARBIZE TRV 7245 2R 1 4
AR VEETEER 0.5 mm OHEHREEE L7220 DT, A, S 30 mm
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'y

Computer Computer
DAConverter ADConverter
I | I
Controller Amplifier

e A

Pump

Figure 5.1: Schematic diagram of experimental apparatus
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Transducer
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w o/ [-]

15 T T LA S R N S | 1 T | L A L
-

o5l A :

Figure 5.2: Flow characteristics of non-Newtonian test fluid
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TROMEBIZHRE L7,

TU—7 OREE., HESOHRICRD SN A LML | ILEE
e BIESFIZ L > TERICEBE LM DELEZHWTITo 72, Fig. 5.4 3% 0
WREMEO—HFITH D, MFDVIIREODEXOENBETH 5,

Fig. 5.58 L U561 EMENHBIRO =2 — b VifkORELE OB % 7R
T o Renoid 428 T, HWTNNT A=Y I ZENEFha =24 BLPa=777T
bHbho EHHDOMITHBWTHHMIIIABIE Y TCERITIL S N7z . it
REFE T35 S N2 BT TP RE U TIERITIL SN EE T, B & A B 5AL
& r/R=0.0,04,082BF5bD%RT, L&, HERORELSEFIT 4L
THERR TR EOPEME TH EZBERICENICEESRE LT3
EITHMETETHY, KNEOHE - HIHAIEETHLZ bbb,

5.1.2 EEREH

NBEDOKGEIRR (B 0.2~0.6 cm) 1B 5 Re #3110 ~ 850 FLE T, [
BENT A—=Fa=RJw/vid 1.3~0BETHH, TITR, wBLUVIE#
NEN, FH1E, AEREBIUEHMETD 5, oldRHIO 1 JFAOBE OEM S & 4
HHOMMHIZET 2 DOTIHEOIEEF LV A/ VAR ER R S, Ehifo
EBREMME LTELN S, RIFFE T, KVEIRT OIM R B % 282 L TRk
BN A—5 ko =3 LIEE L. BFISRT 5 % Re MBI BT o —
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Stainless steel needle

Epoxy resin\

N

0.5 Pt sphere

Stream

IFigure 5.3: Velocity probe
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V-V [V]

10,

0.01
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Figure 5.4: An example of calibration
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u/Ul[-]

Figure 5.5: An example of velocity fluctuation in straight pipe (Re = 428,
a=2.4)
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u/Ul[-]

0 | | | | |
0 0.5 1 1.5 2 2.5 3

t/TI[-]

Figure 5.6: An example of velocity fluctuation in straight pipe (Re = 428,
a=17.1)
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YHARBIUIEZ 2 - b VIRROBERB L BRI ET 5 ERE T 72,
LEN ENIREE  Re B
Zoa— b VAR mEEW 310 ~ 2015
B 528 ~ 855
Ema— b Vs wER 310 ~ 945
B 475 ~ 1144
IREDRLSME DA SR —F 20 5 OFIHBEE & B OMMREZRE L. FHHEDSD 20%
A L) ICHIMEEARE Lz, T2, MBI EFYRETER IS - 1214,
ROKNZGED X125 X 7=

Re = Regpe + Regpyp cos(wt)  (Regmp = 0.2 Regye) (5.2)

CZ T Rege BED Reyptds TNENTEREIZE D Re B L HED
IREVEIZHED Re aTH 5,
5.2 T 1I—7 Ly bhEH

— AR E L B (2) B2 —T Ly b ELTEE, 20087 A—
7 a(#0). b ZHTEL NS —FEDREK.

bop(z) = Il !¢;(x — b) (5.3)

a
BT =7 Ly b LS, KPSELICOLLLIIZ, Yo—T Ly b Eidw
Wex—=T Ly b ZHICa ZAWTHEL, 6 2o TERICBBI S
2L oTRONDILDTH b, || BRELBYVEDA T —VBKEL R
. 2092 —7 Ly MECEBERICHIE L, |a | 478 E { hREE IR
BICHIET Bo 720 b EFDRDOMBEEAFEL TV, |
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TITC, W= 2T Ly bpla) ) TR, NTA—F a, bE I F
CHEILT 28 D 2—T Ly b &RDPZETRESEROERELTEIKLE 25
T B ENTE B, Fig. 5.7IZ/R S N72ep(t) 1 Daubechies [13] 12X > T
RSN ERERY 2 —7 Ly b O—FIT, KH[0,1] DALCid o(IXH [0,1]
CRTET A) LV IEFRICRWIEEZFHOBBTH 5, ZO9(l) &< -7 2 —
TLy b ETAHIEILLD, HHWHTERNFESEEIL, XKOLHITY 2 -7
Ly MREUCERTE %,

@) = 22 2 digx i (1) (5.4)
T,
vk (t) = 279 (2t — k) (j, KB (5.5)
THY. Tr—T Ly MEH A EKD LS ICARTE 2 Hhb,
dig =< f(t),¥;x(t) > (5.6)

DFD . BERIIT =8 f(t) EH B AT — v (B OB LEFNIRAET 51
Pir(t) DERELHIZL - TRT LN TEL, EHEX V-7 Ly D
We.

RECTOIR (5.7)
f%b\Eﬁ%&f%é:&#%MMP@%@%E&@x%»¥~%%¢;%
G EROT =5 10T 5 2o ORBERIEEE B2V TEHET L7 L
T) X413 Mallat [24] 0L o TEHEZBRTBY | Fig 5.8 HERMITRT, 1D
IREND SHOBERTT — 51t LeF =2 =T Ly MIET A8 F
INATANERE gn) BEOPTF =T 2T Ly el b2 -y vy
FBUIHIGT 510 =827 4 VY RH h(n) 2 BAHAHREET 5, 22 THS
AR RE BRI R U TR E R AR ZAT ., 135 NGRS (R
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BODOVIEGS) A 2 —7 Ly N REMEEE %5, KEFROF T VI
BHEIZ 100 Hz THY AT — 3T A—% % L E ORI LTO &3,
EBEMICBUAAT =X T A= IE DD j=—1,-2,-- L), AT —
MBI AT 2 =T Ly MR, BB IZ 100 - 27 Hy OJFHEHESG % &
TS,

5.3 HEERSIUEE

5.3.1 REZEENER

Fig. 59205 5.1213 Reg. BB LZ 500 D=2 — F YA B L U= 2 —
M RAEDEFRB L CHBROBELEHZ R LD OTH b, RTOEHIC
BOWTHEHRESDTE TN TOLI D bh b, Za—b VREDERT L K
ThE. 22— VIRKDOEEROBE. r/R=04 I8 5B & HE
EEB L OEERE CRELZEHGER SNV I L AHHTH 5, B
BT, FE2a— b VIRAROERLICBY 28BS TERIR 2R T
WAHZEBIUEBEAETRE LHEELHIREI > TV ARHMAR W Z LAY
e LTHETONL,

S 51T, Fig. 51355 5.1612 Rege BB L Z 600 OBAEEIRT, EHHD
Ba., Sa—b iRl a = VIEROBICKEZEVIZR O MW, #
MIZH LT WHBImROBE. =2 —F YiiKOEFLISBIT 5 EEEII 4
CHETIAOEINZZL I B VB LVWEFH L RE TV LD L, FE=a—
b VRETIIHAVEH & AODEKEIRE R T B I Ldb2 b, 2D
TEMIZME L7z ReBAD LR F THiE . o — b VK TIXEE T & HBIR DX
DSEREEBREN D S5 E 00 v ollxt L, FE=a— b Vil Tl Re = 843
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Figure 5.7: Wavelet constructed by Daubechies
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x1 2 X3 x4 X5 X6 X7 x8
H G
s1
ss
H
sss

H = —  h(n)

G = —1  g(n)

Figure 5.8: Mallat’s fast wavelet algorithm
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10 e

6l ;

u/U[-]

bt ot o

Pt b A

40 45 50 55 60
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Figure 5.9: An example of velocity fluctuation (Newtonian., Re = 464, Steady)
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10 —

u/U [-]

Figure 5.10: An example of velocity fluctuation (non-Newtonian, Re = 492,

Steady)
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10 T T LN LR EE AR HE A I A MR A R M

0 |
o) 0.5 1 1.5
t/T[-]
Figure 5.11: An example of velocity fluctuation (Newtonian, Re = 528,

a = 3.0)
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1 O 1 1 1 i 1 1 1 ¥ I 1 1 1 i ] i ¥ 1 l 1 1 T T l T T t t

u/U [-]

o 05 1 15 2 25 3
t/TI[-]

Figure 5.12: An example of velocity fluctuation (non-Newtonian, Re = 475,

a = 3.0)
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T THIREZ RV DTRERE S 7z,

5.3.2 BREFHRESH

Fig. 517205 5.2012 @ 9EERG M ORe 3 3HBE AT & 7R ¥ HEdh 1L e AH
BECHERICAL S L7 EEE . B AR R RAE TH Do =2 — b ik -
BN DTl Re MRV & X2 r/R = 0.6 2 HBEREE I 20T THEE DV
PR L ZADRLIN, TRIZE EAFBIZHIE L TWwA EEZ LN,
Za—b Uik - EEROEE. Re MR E L 2 A I ONTIHWHIRD HE 55
ATV TWE, Re > 1,000 TEITITEM L 2L b, ZRIIH L, =a—
bR - FABN OB Re BT L TR E CEEL T, L0 AR
127 5o ZHUSELTIREEDSH L { R B 120N Tk EAMHEUZ T CEBIEDMED
BIcHIZE BbNb, BHRORA Re BB OBREREK Re 8L 0 39>
ERBVTERDL, Za—F ViRETIE ReBEHITHIEIZL o TR B
T D b IENRIC L AERO STAEE R OWHIC AR T L EAERE R S
BINREBHHLEEZL Do

Fma—b U EHROBE. ReiEREL LTOERESMHICKRE R
ZALIERONT, Re B 944 BT HREFH TONAR I W 22 D ETHIZ
Hho ZHUL, Fma—F YREKDEGE, Za—F ViR L D bEEEIES
AHED DI K L ERBEHA L ORI EEZREBLTWA, Re HOE
fEICSE T H L HIAIIIE= 2 — b YK - HEIRICBWTO R OIS, Z0#
BERAIE =2 — b ViR BERICBY 28 Re BOBE L oo~ Vi
KREEROPHMBEL 2 oTwh, LA L. Re HoMEwv & &I HEAVN S
CEHERE AP LN EITFEHIET 5,

LAEDWERD S, MDD & ) =2 — b VIREOKE TIE, EFHO L &
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Figure 5.13: An example of velocity fluctuation (Newtonian, Re = 613.

Steady)
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1 O ' 4 ? ' ! T ! T 1 T T T '

u/U [-]

Figure 5.14: An example of velocity fluctuation (non-Newtonian. Re = 612.

Steady)
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u/U [-]

Figure 5.15: An example of velocity fluctuation (Newtonian, Re = 619,
a=3.1)
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1 O 1 + U T U 1 T Ll ] 1 I T T

u/U [-]

s
t/TI[-]

Figure 5.16: An example of velocity fluctuation (non-Newtonian. Re = 635,

a = 3.0)
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(X EHBEESA LR T (. TOHEIZIE/NE 2 Re B2 BV TT O ABIKA
AT ReBERELTHDUEDH T NHRPE LV <‘:f) fam o b b

5.3.3 BEBEEIXLYX—H%H

Fig. 52175 5.241% Re, BB L Z 500 BEO =2 — + Y iifhB L U3
Za— b YREOEE RSB X UHEIRO R 7 — VBRI ZERE ROV - 5A6 2R
L72bDTH A, FHOBEIIALEME ., HEIIERT, 35205 —10
Tx—=7 Ly MMRED 2 EOHHOBER LIcBI A5 ER LTz, TR
F=DPREVHPOMAE T, Ko EE, G FOMIRL, =a—b
WK EERCTIRAT =V UAT =85 A—% j = —1 OF, DTFREIR
To ) DEWIIHENLAINF—2FEF LTFRA7r =12, 3. 4 LEDA T —
ARELBBHIZONTHWL AN F -0 5D L HEEAE# A & S8 HT T
BoTWL e AT =5 TIRITHHEIZRY . A7 — )L 6 TIXEREM O F 121 %
VE—=DEVEEFR> TWh, ZIUIEMTE TILEEOFRIC L BENLS
SECRY T, BEAE T OO M) O & U 72K & Ll BERNIC IR 255 T
AIOTREZWHEEDLNS, Za— b ViR HBIHOBEIIE, &A7—
MIBWTIY)EVIZANNF - 2F>TWALEI bR b, TALF—DEFHN
WIS A T — )V & & QITEFREMNIIEA > TO BRI TH 525, A7 — )L
5D 6T TL) ZALVF - D EBITE L FROPH P L b

WHNELTWwWAZ Ebh b,

WAL, JFma— b ViR BRI TIRETOR T = VIZB W THM
PEME 04 BBTIANF P A7 — VAR EVE & (1~3) ITIZEERE
XD IEANI AN F D EHEEAILDY . AT — VK EL B LY
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—6— Re=310
—&— Re=464
—o— Re=613

u/Umax [-]

0 0.2 0.4 0.6 0.8 1
r/R [-]

Figure 5.17: Time averaged velocity profile (Newtonian, Re = 310~2015.
Steady)
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u/Umax [-]

0 0.2 0.4 0.6 0.8 1
r/R [-]

Figure 5.18: Time averaged velocity profile (non-Newtonian, Re = 310~945.
Steady)
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—6— Re=528

u/Umax [-]
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Figure 5.19: Time averaged velocity profile (Newtonian. Re = 528~855,
a = 3.0~3.1)
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Figure 5.20: Time averaged velocity profile (non-Newtonian, Re = 475~1144
a = 3.0)
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r /R [-]

Figure 5.21: An example of energy distribution (Newtonian, Re = 464,
Steady)
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Figure 5.22: An example of energy distribution (non-Newtonian, Re = 492,

Steady)
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Figure 5.23:
a = 3.0)
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An example of energy distribution (Newtonian. Re
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Figure 5.24: An example of energy distribution (non-Newtonian, Re = 475,
a=3.0)
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Figure 5.25:
a=3.1)

r/ R[-]

An example of energy distribution (Newtonian, Re = 619,
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Figure 5.26: An example of energy distribution (non-Newtonian. Re = 635.

a=3.0)
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Figure 5.27: An example of energy distribution (Newtonian, Re = 855,

a=3.1)
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Figure 5.28: An example of energy distribution (non-Newtonian. Re — 843 .

a=3.0)
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H,

h
h(n)
Hi

bs]l]]!

LS

relative plug radius

diameter of pipe

diameter of glass tube and vacuum glass tube

wavelet coeficient

body force

gravitational acceleration

filter coeficient of band pass filter
height of test fluid in vacuum glass tune
concentration of hemoglobin
height of test fluid in glass tube
filter coeficient of low pass filter
hematocrito

length of capillary

entry length

index based on power law model

inside pressure

158



initial inside pressure
atmospheric pressure

flow rate

radius of capillary or pipe
radius

Relnolds number
expanded Relnolds number
time

characteristic velocity
velocity in 7 direction
cross average velocity
volume of air

initial volume of air

velocity in radial direction

volume of test fluids at time 2

coordinate in 7 direction

< Greek letter>

(0%
;),
Yo

Ywa

frequency parameter = Ry/w/v

shear rate

shear rate on the wall

apparent shear rate on the wall

[m/s]

[m?]
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’7 wr

<subscript>

amp

ave

b

ca

real shear rate on the wall
pressure difference

time interval

Kronecker delta

shear rate tensor

viscosity

plasma viscosity

shear stress

shear stress tensor

shear stress on the wall

yield stress

amplitude
average
Bingham model
critical

Casson model

Newtonian model
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