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WE, B-iEoRNSEEE 2D (BET) . —HRARIRN OIS FALR L TERELS A
PS> TWDHGE, MHEEZEE 23, FER /& & S TAELRFR R A EBL
T5. 2L, EARBICKRE 2D EMNOBKTIZ—ET LS. Tabb, RATEE
TLHVA 7 VRER, DKM Ko THRND /A = B3 725 TL .

g, = AU
U
22, Uik —#kiid, dIixMEOERE, p lXiEOFEE, wi3kERETH 5.
Fig.3.2 (LA / VAHOK/NMNZ L DHFEE LY Ok Z{Lz R LI-bOTHD. L
A VAN S OIIRREOERI D EBIRN TH 27006, WmERIEMEZR 5 X 912
o, 2oL, MEEDLY OWMBRIL TR > TRIEZEL IR TH L (Fig.3-2(). LA
VAR 0.1 OFEFET 72 % & RTERAFRED < FRH L, LA IV AEGN 5 OREZBA D
CURALASHIEE L C, TN SO H I EiE D —xt O AT S (Fig.3-2(b). Tk
WA EMES, ZORTFII LA 7 VA OEME & I FRENCHOS . o/ ¥ —
NEETERFEZRFFL, BERIBICHZL LRV, LA VLV REREHIZKREL 2D 40 D
REICR D L, MAMEDOELENGAZRIZHID L, &7 NIRRT DAY B EVIZ
SNz ATZ SR TE D (Fig.3-2(c), ZDMMAE TN~ ifERES). Z DI~ U ifaslixL
A VAN 160 BRED L ZAFTHRONDD, LA JAVZER NIV REL LD LM
FIOBAMENRELNGED D, ZD X DT, LA 2 VZED 40 BELL T OLGAIZIE, FAEED

D OWIITLETH DD, TOMEBT ERIVUIARLEICRD I LD, MNUBREE
(2722 EMFEREN D HBEL . 2 SOWEIEANAICEZIAEN SRR, MEOERITH
WIERRESND Z L1225, Z oW, @E, FAEOWHIRIN b A AR BT
EAEDI, ZORHIETFICHE > TR~ SR D, S 612, LA V503 1000 FREE S
B, WAOFELNNE L L A0, HAEE D 0 OFIUTIER ICEMER R 2 5 (Fig.3-2(d)) .
L2 L, WSR2 22 BHECEB L T\ Ch, EEERE LD L, BESMIC L~

N LT 7 7 R IR E RN LT E 5.

19
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HIV= BPINFET D LA ) AV ZKOHTAA0< R, <160 Z#ix T, 40<R, <10°D#

PACHANLT D L EhNTn5.

FICRIZE DI, bAoA 2 VZED 40 LR TIEMFEE DY ORIUILELE /IR TH L1 5,
FAEA TR B2 2 INE—RRBLO H M Z VTS, DFE Y, Fiha%iF5. L,
LA JIVAEDS 40 R TN~ AR TE D &, WRAUIIERFRIC 72 0 — RIS IC TR E 72 )
DN END. DFEV, BAMEAT LI L2725, BB ELEZREICHBND DIZF
BMLT, BhomEbEMcElT 2. 20, HEEDY OND LA V2D 40
BRZC, IS UBEAT DL O D &, AREHAET TERL, BABMERT
52 &2, FEITMENIREIZ 952 L1225,

UbED X5, MELEE 20 (MEGR) XL A 2 VREIIKEL, I~ vk
HITHEOT5 e, MERBENREIT 52 L1220, TORBRMELEMEICZRL O
RIS Lt |,
8o T, A TRE
G L TWBHILK
(LEZIAE Lok Sl
DNTHLIDZ & .

EEELCHRET

DWEND D

Fig.3-1 LA J VZEDZEAIZ L D kR D2k
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4.3 ZRICHAEDE

SWOCMAETIE, ZIRGCAETIEBE LR o el EARLOFEENAE T D, FEICRE R
SHCHFET DB O BT R E V. MRS CIE, SR8 S ICB W CREALR A A&
U, MHZE CIIZRFHEERAEL, KERIFEORNEEE BT 5. I~ imidE
it & iR R BRI OB U U 2 5RVIBEE N HRRIC T~ Gl & s 5 Z L2 k- THER
Ehd (FR 1974).
4.4 AREMEORE IR

AIRE M T, BEETEORRE R O MmO ED-», 2 KTMAEOSE &I Rz
%, 3WITTHIZRTNL L 725 . ATREMRE®IED 3 et 2 AT 25 e LTz e <ic®
DO N D DREREA LDOFERH D, £, KT A7 Lo M TIEJEHR 720
FIMAFIEL 720N & S, £, @7 A7 o MO @ O HHREh 0 3 P A fl 75 17
BT DL EbIT, TARZ hbE ReFUIKE RIFL, FRCT AT b ORAIZS
, ZOREFEIIREITDT 5 (A - JURKH 1972). ZRGTHFEE 1327 0 B2 50

AR L 72 D
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FhHhE 2RRBEIRICBITDHMEZKICET D ER
5.1 FEBRHEM

B12ETCHRATE LI, PASHMEEE 2 BiE KB vk K MR 9 23 17 £
TG, WERICEII2BEREIZB T 2ETHRETIEAREFELELBRVES
WCHEANTRELSRDZIEPHADLNICSNTE Y, TLAKEMEY %K R il
DEB RNV F—EARICHKELZRIEFL TN ERELOND. £ 2 TERM
FeTITPASIME R E 2 B KIBUC 1T 5, TRKMERE Y 3 742 3 2 % K R AT 67
Dt zZxgE L, 2 KEIR TOMEDRTFFMEIZ SV TKEFZERZITV,
i - st L7e. 2k, XIMRERSE L TCHERATO ER LT, HHEROF

WOEBERLED, ME _AKAOBAIZOWVWTELEEBREIT 7.

5.2 EERIEE

FBROKME 1L Fig.5-1 273 X 512, E 10cm, @ S 12cm?D KAE Z v 7z,
R 2 BRI KEAKREBAKEHWCTIER L. HAKOBEIL 1%I27 25 X
IRELT. EEOMOICHAKEZRASY, LEOAFEORENRILD X
2L, FTROBEKITHEEOREIZRZ X5 L. EITIZX Y HEREN
KTT20x2<ty, TRBICIEIRbEFa—T2EbE, KTFTHEEILAH
ETChrxiclERkzMmcesr oLz, EE, TEBOKBEEIZZRL TN
hy=5cm, h,=5cm& L7z. REFWHDO R EIL, WAKON D EJEHE 5 O i fE
50cm? (hi X /K¥IE) AWK EE L, (FrE Hu) X (HEK W E R &
BROMEPWMNL TN D IO CIHELZRNE T 22 L Tiro 7. REOREIZIX
—AEEHY, TEOBEKENGELND LSICTHZ L TiToe. BB%D
WD 40em FmEIcHFELZREL, TOoALOWLZRE Lz, MHETE
E1=7.0cm, EE#D=2.0cm® b D% HW, —AKFEEOEEG &, o0&

S=2DCoO _AHBEOLEE TERELIT-T-.
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R 2.0m
0.07m 1.78m [ 0.15m
0 iflow
0.12 J: 0.05m
7 4 y_0.05m = = e
| 0.4m N
Bk
A

Fig.5-1 FEER/KAE

5.3 JEAE R K OV E W im

JEFE R Fig.5-2(a)Icm+ & 512, Ao .ol b T i@l xdh, K
BEWr 5 mc yllh, FHEESREREN»S ERECz#EzREL, ThLEROH
WAEU, vV, We L., £72, WIEKEIZ oW TIX Fig.5-2(b)IZ =T L 51T,
ERiE (X—2) Wrmilc > W CIEAKRE P LS, K (x=y) WiEiz>v» Tk

VHEERENS, TNEN 0.5cm MWE CiRE L 2.

A
Z S 0.5cm
N
\
i X
2> | | h;=5.0cm
0 : |V X 0.5cm
y h,=5.0 _\'a
2: .UCcm
(a) JEFER (a) HIE W

Fig.4-2 JEARR & BE W
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5.4 EERIIE
EBRIIEEVPHHEEEZEMSEL L T2RBRECBVWTIEIBEE T L— R
MRy M4 0.256~0.756 OFIPATIT o7, MREBRL LEHE K TOERIC
B TIE EEAKRE 10cm, FEAKE Ocm & L, 77— N F 2 0.006~0.015
DFPH TITV, LA 7V ZAHERIZENLENK 80~250 DFIPH & /e - 7.
FERGIEX Fig5-3 1 C - d. PL—H & L CTH&E48~52um O F A 17 U H
FaE M, VL= —v—rERHFL, thig (xX=2z) Wm O, KFE O W
O eonwTEhEN Figs20Ic T WmE CHREL, HlEiTo7. ¥
7Y 7 EBE T 30Hz T, F— ZINERFHIX 60 MM THY, TDI5H

1030fram 47 (9 34 M) Z WL >~ 7 b [Flow-PIV] TN L, 55

NIfERr LB T mEY, v, W, SLAsmEJu?, W2, Jw?, Lo

LZZRLZ-UV, UW %KD T, SLiitiss EBOICHEELE. EBREMNH

% Table 4-1 127 .

Table 5-1 BRI

FRIEHRE ZEEA0(0) Fd

= % .
CASE ik A (cm/sec) (g/cm) (Fr) Ri Re
DI L 1 05 9.21E-04 0246 1655 82.0
D1 M 1 1.0 1.08E-03 0452  4.89 177.0
DIH e 1 15 8.75E-04 0.759 1.74 2459
D2 L =L 2 0.5 9.11E-04 0247  16.34 79.1
D2 M 2 1.0 8.51E-04 0513  3.80 164.7
D2 H 2 15 9.31E-04 0.733 1.86 2453
M1 L 1 0.5 0.9997 0.005 - 78.1
M1 M 1 1.0 0.9996 0.010 - 160.0
MIH e 1 15 0.9994 0.015 - 252.1
M2_L = Al 2 05 0.9997 0.005 - 78.1
M2 M 2 1.0 0.9997 0.010 - 157.7
M2 H 2 15 0.9996 0.015 - 240.0
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HeE BE2MRBWICB T 2MEHMICET 2 ERE R LS
6.1 HESAIZET DR

Fig.6-1 lZTZnEnmEink e —mAEoGaEO0H—-—HERIZEWNTO
X—zWiif (y=0) OBMTEHHEHEUWONMTHEH. PH6HEBEET L —

FECToLEtEobDOThHL. Wb, MEREK - H—HEkEboIcb ARE
MAECEONALDHEHENPLOEROKREEAL (BHR) BRALNLD. Z0OK
EEALICEHLTIE, EKIEHBRAEICOVWTHETHD. LrLRVL,
B =B TEHAETRMICHEFICERNLEFRPA AL DXL, A
BIRAE T EARITIEZEAEROR W, 2L, EAIROBEE )& 725 F
BES I OMRESF IS TR A VAT 2 &, A JE 5 ¢ 30 8 88 B R 28 88 ik
ROHBEITHRT/HhIWNWI L, BRETR TIPS b 72578y
D, BWEBEECHESTHREN /NS, ZO5EEDRHE L, HEER R+ 45T
borlEZE2ONLZ R EOEB NG, EHUOBRE /)2 RE K TIENS
WIEREBEZLND., ZOLIIC, RERAETIE, WEREKICKS, HES
MO IE Shsd vz s,

Fig.5-2 1Z, — Mo , KB P e (y=0) &, MAEE B (y=2)
TOX—ZIHHEDOU,WONATHB. EH 5 DH BEE7IL— RFETO%L
fFcoMTHL. MEMEOLDITH M (y=0) o546 (Fig.6) & b
FOEMEARVD, MEMOFLEZ®EL KESR REHEH (y=0) OB E TIE,
MEZEY ZH, IS ATCRAPLOND. 2O TR EFRTTH Y,
E S MOMES RKES o TWD., —FH T, EFMDL T Al T3 i H
WAL N > TS, ZhiE, TRANEFHRICHESTESLETY>THY,

ZTDREDIEFITHITE L 7> TN D.
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6.2 FEREIRICET DR

MAEOHFEICELY, EROBEESAOENCNEL, TOI L NEEREFE
W BEZEZTWVWDLZEREZXLNS. Photo.6-1 IZEEE 7 /L— FEOD
FHcogERTEROENEZRT. MENZWVIRETIIAHE RN EAE L T
WLHbLO0, TOXREIFTIFEALETZ Ty FTHD (Photo.6-1(a)). Z 22
FERB»L D E (Photo.6-1(b)), M Bl o X EAKICHE W TRENIKT
L, THRMoOHEEHEHK cCHRER EFLTnws., ZHEOHE TIE
(Photo6-1(c)), MMM b S D EF WS R mo o FEE T 2 IC K&
S TFTRAkEZEF EFCVWdoBlbnsd. 2o ko, EEBORALOE,NE
ERBICE(ZAEALLSE TS, £, BEREAN EF LEZHY TIREER
mEEREAZIEI L TWD (5.1H). Tk, BERmPBKREZFTHND Z
LT, EEonE#H T L TEDLLEEZLND. Fig.6-3 ITHEE

TN = REOBREOE AR 0 O R R 2R
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(a) MtEZL

(b) MFE—A
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Photo.6-1 % & Sk o221k,
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6.3 ElNmELL A VAR ML AICET DR

Fig.6-4 12 Hi— MTHE X~ R 0 55 4 0 x— 205 1 (y=0) T o fLi d i AJu? >
LA JILRARLA—UWDSA R & 7T . B M3 0 T 3R 1 [
FERTRR B THREIC R E <, TIMANCFBEE AW EHEICE > TRERERHWT
WS, LA ALX—DRAER L 2D LA J VXA ML AIZOW T, HiE
AR B8 CIL R U < AR R E WS, FAE T il o # B A BraEk ik, £z

ERERMEERoTWVWRW., 20D, FEEE AR EKDOE > OE LD Z <
AR BS CTRAELEEAADEINZERTCHAI EEDbDRLD. 1R
O AEIE, MEMO EFWOM S TRICKERIEIABELCTND. £, L
A NVAARLVAL IO TREREE > TWD . HFER TH AN

S, HEARNFEFIZRELS RO THLILEEZLND.
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ARFZETIE, PASHMERE 2 pE/KIBICHT 5, WRKEMDPMFET DiCI VT, Tk
TN E D K 5 7p 5B % 5.2 2 03E B BT D701, O IEREFE L L TR 2
FRJEFE T O MFEE D OFi K OZ D% ITEFHEIC DV COKBERER 2170 PIV IC X W EHIIL,

BEt L7, ZOfRELUTO X S fsimsa B

(1) pRERTE, MIERFEOSMIES AL, H—iEDEE & Tl s
%.

(2) ML BEN D AT, IR U7z Loy S 2~ b #BES 2 BRICR s T3 ©
Tn5.

(3) FIAERTZAD S ORIBERR 70,  FIAERI 2> B S5 ERBRER 7 THVELN DS

ALTEY, InNEfTZRETLEEZLND.
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I, WHEREBUK, KRACZCELZETHELLY, BTGB L B
B, B tRICESEH L ET.
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EHRTCRERESIETCWEREEET.
2007 4F 3 A

R

33



2 & SCHR

O — B KRBT, FALH RS, 1995

ORI KBS, HRACH MK S A, 1995

AH IEX KB OBRE, RRESKKFEHRS, 1995

iR % D MWREY & O AN, W RF RS, 1986

G ) D OKFAEMREE OWME EPE T, SR, 1974

R OB D MEME O ARE LB, =2 — A = X4, 1983
BT D KR O K E AL HE O FEAf, R R S ER SCHE, 2003
HE W KA AR LI KE T, BRE¥E A S ICE, 2003
AW I s WEILWWENE?, LEEUSHE, 1994

(#f) W FEHEES © PIVAY 7 v, HAoHE&KERE M, 2002
TR OE D BB HRE RN SNE — oW T, 5K BE K BF SR BT AR
W, 1974

W AFF S - NKRHE & 0 —RRIRICEITRVFEICEECE>» NV TZAREN

HEOWANICE T 2 EZBRAFE, B A6 SCE, 1972

Z 5 DOMRR T K D B EE S o E AT I B T D EBRWATSE,
LAY 2 CE, 2002
& DOMRBERA T ER O MEE, BRE AT ICE, B 144

%, pp.75-84, 1989

Fix s DR 2 B RIE TR K EORE, UMK
FEFW L, 2002

e I 7 A KA R B DA 2 g KO R ERIC X D AT H

g UM K ZE L5 L, 2003

34



