ooooboooao

7690 1991 0 186-199
180

BEEOFR L NEF

8 W o B /N (Hiroshi Niino)

1.

BEHEUMBLOVULBARLISOEAAEABRERIES S 3R
DB (353 B) 2E>HLWETHOBTS 5. HELRL
WO Dk, HEl~2knd 5 E ELI0MknE TE AN O BKR
EIVE IV LEET AU EOEEEDTDID>ELEDOEHBUVE
BIEBLAPZORBIECEI->THRS MLZodhiciRED 002
THEI2ORBLVERARA LELEFET 3. KA RTEBHH
KREELBRE2 LULERBAKTHIFAN T ORI KEREZAEAT
WBE HOAOERCTCHBEEKOLEARPIAEOE V L 2
AFEBLEE BN L MBREEL TREAN T AU, B E L0
04% CATKERO —BAMD W KHERC 2 YBED 5 K
REAPKCR 2 LECRIBRAFPREBE A28 = 0%AH%
RABOZALYVBEAIS LY ERSAMEE LS ARIANR
BUTTEEENRBRABAVWVEARARCEI D TREBEOOE W LEZEAR

bEEFoshThkBEERY, KRKBECREULTETULEHEUTEHETT
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WA Lo THEREREIC AT 5. fﬁﬁliﬁ%"l\‘*é‘é&%b:&i}ﬁ
HoZZXRE2ETHAANVET Y, XWFHIEZRIT D I LECEY K
Lt 2 B> T HABORERZ2HXPTEABYTER2MFY B T.
:wot5L:ﬁﬁ%mﬁﬁb&imo)m%f{t&:ﬁﬁﬁ%&ﬁ%ﬁ@i@ﬁa
RAEDEZNEABXBECHENFRAET 22D TCHEBRBELED
BMONWEHEHRTH 5.

— D OEALEBEODKFEFRAYyYr— VL, $HEXFX—JIVHEZ h Fh
L~20~50kn, H~15knT » VY, HME B Lo T ET 2EEHED
K¥ - B EAr—-—VEELEHL~F1Im H~knk & o T W
5. BEFOMBUH/LEMIITH Y, BEBRIETEOWMT H 3
L EADS HBRAAKLEXKIXRCHEINIFREOBHHERE - XK
ECW@dL~%Fkn, H~10kn, XA B ¢ EL~%100kn, H~ 10
knTHICBIEL2ARROBTCH 2. 2. TZhZThoBHSR
CKESREWEBEEZER D> THDE, B -BRKETRE
REO 2B FIL20n/s& LT YL ~U/L~10"%5s"1& & 3., HER
HiEoOoAEREQRTIXI0Ss ' [(BQEXYhaH -
BERXEOESHEIHROABAECHE RKXOB K EEKEICEART /A,
Tk VA d ZoO0ELEBHCHLTRIEROEBEOOHHR

L TayyxryUdf (Coriolis force) P HFTEHB & & 5. &

&

BHEOBERI~T0n/sE LT {~10"*s"'~Q L&Yy, »ik

a2V ZFYV0OHBEETHD ZhicHLT, BEHEOHREIZ
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U~100m/s& LT L ~1s"'THYE - -BIRKEXEHRONBEICE
RTHEBVWVICLCARELBETH D ZOERCBWTESERBKKA
FTELBHELVBLELLSY ZENTE B X OLD> > Q& Y,
BEE DO NBEEICLSDTIUAFTYVOHRBREETL W &2 b 5.
HEAo®EEoME (H S 1983) I k3 & MWL X K &
FbY, RIMUINFFEHE DY THD LI HEHZbLY
NDEENZ VORI ROEBEINEEO HHEICL D> TEETH

& 0w D5z ¢k

)

BRa<, B RoBEORBREZHR IR

SEXREPESE

2l

OBEARNTEET DI ZIENSZL, EXEXEA

OHTH KK EHLbYOREBEOEFLTWHWDEHBPL 42N

o

\

FEHEILNDIFROBERKFMAETCERET 22 LS VWED

T H 5 .

2. EBEHEOH &
BEEOBEZ2ARFLREODRERAFIC LD F—-—RICH LD
WTHEANBZZ L REETH 5 Bl ., 19614 -19824 0 H X
DEHE O (FHH, 1983) K dE, BLroBEBEEEMO
ISR AET 2. ChEBHAEZEKTR B LE—FMICL00knl™ H &
EYCO0.5REETIHELL? EANEEYY ORLEENER
PZ VR THI0knE FICEREZE L REE L &2 W E S,

EEOBEHAREDEIPBIBETHY., TOHMEEL £ = i1
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T HTH3knk HL30nikc ¥ E2 . /o T HdH KA #FER
KAZHRIHMBETD0008C—BEEBCDR V. %R

EEOREBNCARUBFAEET DRRLER LI R VOT
» 5.

BO 2 wEBESEOBBEORRE, l6mRECEREhEES
OBBEEFMNALT 32>3F0—HPHEDISEE ET LN

Wk oEBH 2RO LICEY, AREEZ2RDTVWDILIHEAINS

I

W, BETHLELESEEh 3 Hoecker (1960) i & 3

19574 AA2H O XBE O XA BEOHRTEEEZED R LD
#50m HETSAAEKCERYOEEOE — 7 8Tn/sh vwE & h
TWwW3d., —FfH, RO —- V7 FHhooH E50nic Y 78n/s
DEIEBES L TWDE HHEEBIDLHBENELZATODITENSDS
VAR BOAELEREBERENIAND2UY & D> EEBRFELHE (cyclo-
strophic balance) AR WEHE L & L2 > T WwWad HLOoKER
TREERBREFO 2RBECHFALERBRENTIn/sODEE T E F L
TOXREBRTERIOnb2 &8@X 2 #HEXBELI TR EBEEOHH
CE>oTHBEYPOBRPNBEZNELIAANAN NS LS BRZ 5B 0O
MEOXEBREIDIAEBL HFLARZADAIKL #HFDL
ANREAAEZRBIFLELS TCLEERCEST 2. #BEELK D

EIAB-o>TWVWDIE, KEOCEBEBEVWVHFLAKREZRAALE

n

i T,

BB REZ2LULTCAEN TAY, EEIVI0FCELSI BB, 20
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2. Y UERBULEETTERNIET 2 LD>CR B ZhA>3
IFBTCHD HDFIEoMPBRIKEOSL WVE (SEHE)
EERETEFATRL. EB RO XSS AEETCREEN A
™S EEEYT 2K LTk ESE@BOE LB h i’
3 BOBERBBRL — KT B> LBRENE (Hoecker,1961) .
EED— & % BEE L (HEF, O1991) ., EE O R & DN

CEADIZEHEAZBOEE»P> TR E oA VWREELE UL TH

I S T
o

had, oL >BREFRA2ECEHE LTS EICHIELL
Twd, R®oBEVEHECHFLOXENTHIY, 355 J}EE
THEELRLLEBLh T B3ED>ERB AT, BHHF x5 ¢L
i, 3IFIBOBATAYOEZISHHELS A>T 5
I BoOoOHWRBREEFLTORERETORWEERETH Y, NHK

CREOBEBEOHETDH & 5.

3. EEOREBH

BEOREBBICOD WIREERLSBHZILATLLZ WHESH
DB —RBCBVHEINMM>HW22BCR BEREBEHSoRE2HV
& &K E T 5 (bath-tub vortex) OB A D L DI, ¥ o
<U[@ﬁ§‘6§$% (BBEHE) tRICAD»P> TRERT 3 H L
(REW) PBBETH3LExDhH 5.

EHEO0OHBES DNRARHEEPHIEZoOFOLHFHANMEFEY H
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T EFE LT W B — %, lﬁlﬁi:%@ﬁit&:om'(#iﬁé‘)yb‘
EAbhTWwd HlE#BIXEKEORECH L1 knE E
OWBECRBOLER (220EL > EPHEEOOEIINBESE DL E
KRS TWBAHBH) PEET I2HATH D Wi METIIEIK
RHEEOKREAFX DD LPFZVE BENES LD ET TR
<, BiREBHLCULCARBSBET DI LA vOT WEOD
MERSPARKEL B T2, ZOoOWEH2HE (8) 2o L
R W CTstretchd 2 2 &y, BEINET D>ARBEDND 5.
Wakimoto & Wilson (1989) WXEaxu s FMic s T 28 H»
By BIMIEC BT B2V 7HIBEBEAREZEEELLMRRANTE T W
5L TANBENINBHLTECT EEEEZT0o0RMN DI DL
BE2oLRE N Ay TV VT T 2LEENRET DL WD K
HEREL TV S

FMIIEAE EEVPREET DI XETR., BOUEZHBE X — N
— % JV (Browning,1964) ¢ R h 2 B WHEBABIC X > T HE
TH5ZENRS . A —-N—kIVEHARHE - -BH#E- -BE  -B8FEO0
NEIY A 2BHNOMEL TV LELCHEET B 22— N
— Ll oRBolOoR ARMHKLIESF@MOD BICHTH
HEOHICAVERELtREL2ERI0knBE O BES % fF Y H
LTl &>z THhd BEEBEIZOAVEREOBATREE

T5. —RBRECRHBIHBLCHESIEEIYDZA-N-—FIIECESD
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BEOFAR VW ENS WA ThiFZHMBICES O TIEHE

I

() BEBoEHLtBEE OBESOEBNNL T LD —KL
Bunicxlt, A —N—FLILlVECES DD TEIHRREBNN—KT 25

L E X B LN T E B

4. BEOEANER

ﬁﬁiﬁ'éiz&/*ti'bbz\ BBEAIAPCETODERE D> TWWT
b, ABBAMCLOEII REB 2B TEENRET 200 % %
FARZzzcr3ebd»THETH? HAE EEEFHER
oHEEoR EICHENL, BEHLKOHELYPYFOEAAEAPEHO
BE2ERBLEBRIEZBOIRTEEY 2ILVL—-—Y3a Yy EFI
B, BHLoUAUBCTIWAIZ2PBONED L TET W B

ZOBAE KFERAFy - EIOkno BERE. K EFHHEIC64~
128kn, S E F M IC15knB BE O EHBROF TR FHMBES00~
100m) P METCEHRHZEIATWS, 23 EEDKERF —
NWR@EEPE»10n 0C, Zhz2RBAEITBIEDHDIIEIY R L

b 1mnBEE O BREIFINVLECTCH DI BILEBEOASADD TWICHBE»

\

Exh wrEiITokrkEshER2z LYy, LB3AhhoBEL2 T+THLMR
TEHPEoNMNELRBETFTHBZHAWCSE ZLE3BEEOHEBRO®
B 2EHELTHEETE L L

CHDEIOBEEFEIL, BEOINEZoOoOWMREBEARAERICE 3
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Hb O EFTLTWDS, BEBODEAEZRBRICEIR2LZ2D O’ H 2
A, BERIEBREOBEBOREABLCEVWETIVE E X S h
T W3 D idWard (1972) I # £ Y, Church et al. (1979) £
o THRBEhHhEDIDTH D EREEBEIBH 2.0, HE
SmOHEHEHF»DLRDL BHE|OLWoOFLEEBRIT 7 YD
D, BHFERNOEXR2E8BVOEHE TR VWVHT &SR >T W 3.
X, 727 YVOEBETILRERHAEMET E2HF T LD 2 F (honey-
comb) A H 3. T7J7r7rrvoBHBEIE (L) BC L LARE%® >
2IV—-—bFTBILICHD —FH KEadbdHdHEE (h=17
~6lcn) FCOMNBEHFOMNBIHERLOA I Y — v (H&
dTo@E2EBLTHED AEF L) ThosTHBBY, T2V
-~ Y REHI~IIBEFEF CORMTHEETE 24548 25TWn a5,
TV EBEBTEE ZBRIEIBIORAIVU—-—VEFEODTERNA
KHAT S 27U —-—volbbWoBzil@FPLEPErEro=20-
B0cnd I ORDIDWEESENSGY, 270 —VhroHEA
LEZREFEBrox TREEARAFTECRAT DI LIIESR o TW
5. AV YU —=—YREoTEAZBLNBIBERIOEGB BHHEBXEF AV

BEXECHEIEREZ ¥

i

L—hLTWB LEZELDBAHSB =
DESHRENERTER T 2B OHEE I Swirl ratiok I IE h
BER TES=ro T /2VIC E D THALXEEN 32 & HWard

(1972) % Church et al. (1979) K o THREhE (BHHEB®
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IZ it Lewellen (1961) A bath-tub vortexiT D W T SHN EE L
CELERBLULTWE).

SA0, T LB RAIV Y -—VABEBELTWER VWE ZLLRERER
BEEHRICE > T SHFLAAD>SD THAL LEXEoRZH
HTogrryntBovRAIThd BEEHORFLEMAETE RN
hy A& FLEBAERILEARKRE o TWbd SHOI.IRE
Bl & & &EarBmAPHEKL. iﬁb“?ﬁ"oi)\&‘u—'fﬁ@;ﬂﬂ
WEARERET B BSEHIPT L Moo EkIicvortex
breakdown#® & U. breakdownk VW ECE X WE T H 2 #H & &
5. So#H & kI breakdown i B I K E IC L J &, S~ 0.3
TREBAEHFH O L X B E RS ZoRBTIFFLE@EEG
W TEHRLLZY, Wbpdl-cellBHER2RT. EICSH K&
KB YS~0.4Tc @ 2-cellBEHEOWMMAFAEREEL R Y, 20 5 ¢
AROBABEROEDY Z2HET D2 LDKCR B SAKRELIL
2iohT, bHEAROHBTIE 4ME, - - - - EH LU

T v <.

\N

BEORKPFTELOAMIBEBLCIRALEBENINS 522 & &
Mo hTHY, iw%&&:aanégm&@&n—iﬁm%
REWweLRXuviflh, BEHoOoOEFDLDYVERBEORIEET 2REBO
o\?’n%ﬁﬁiﬁﬂé’nfo\é. b, BEEORBRERIERNIC

BOWEEOOBILET I LA AT BEY, B ETH
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(suction vortices;Fujita(l971)) M iFHh 3 K E 02K B
ODFTRHRECHENRAELIRBZLbh TS BiksEnE
Bl o TEBLHUEAEEOHRABIR EZNAD Z LE HEO
BEEDL NEHNCEHUORBTCRERELTWDS I EEZERBLTW

5.

4, 2-cellil o & E &
Swirl ratiodA K E Wk L EFT IR WWETHOE S 2% HE

WHR%K (nultiple vortex phenomena) &, K W 2-cell# & %

LEBOARRELEADIONBRTH 5. R OKEEHE O
RREBFTLHEATHY S L@E@E XA W Rayleigh (1880) i@
[0,V(r),0] TEABDHADIR/HAKCET 2LIC&ED 2 w2k H
RiEnwT 2 REE L AN %%%Zﬁaﬁaawfzv
BdzEprlLE ZTZTrn 6, zBEhThBo PR £
B, B H A 0 EEEET. Rayleigh (1916 ) B E C A& o #
hodoikcEIdpn (BNHK) BRI TR EHR,EZ2 FAN

%ﬁ%‘%{ﬂ S0 b ERETH 22 & 230U 7%E Howard §
Gupta (1962) & [0,V(r),H(r)] oW A &+ 5 % # & &

- PV
KN 2REHEZ TN rb( >q,@,\y~> 2o EREE

ThHhdclbirRrlLE ZO0O%HBREEBREBERCBITIEED
=8 O % ., RichardsonZ >1/4 (Miles,1961) & X Ix 3 3.
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‘Lh‘b&n"‘o‘ S BERICHT S —BOLREH.E O EEZ
[0,\}(r).0]txéiﬁﬂ&:ﬂbr%ﬁf&‘b&b\@h‘ﬁﬁt?&é.
Rottuno (1978) & & ¥ A £ 2 7 A Potential vortexic & o
T Y EHETHhEWHE., Snow (1978) WM E 2 &F > k=7 N
Potential vortexiC Xk o T & WH Eh EROEREWE %2 HHEHSHA
MicEEEREL V2RKRTBEFA LKL THRHAARNE T oKRB A
FRHOBERERFPIL 20FB A RBEE LR E 20k Rottun‘o
(1978) a7 TCTEH. T LAEHRZ2MATHELZ A,
S EBEREEL 2AFREZENLLLE Z 02 &5, Rottuno
(1978) L;t%féﬁm#ﬁ%ﬁr‘ﬁjw97%:@$£%%‘:é*§‘é§i
ELXEFCTHdEL#FEHMULT B Staleyk Gall (1979) &
Hoecker (1960) o R EFM@M K 2>XOBR RIS F OREHE 2 HAN E
CHhAL0HEBETINILIDIDEEHOH ARG, HELLLEE
ABoHEhicODWTREZIIT> T3 A Gall (1983) & &
BEBOWMNE2HEBCHELTCHEAABOICRSD 2 BESH W ICx
LcRBETHR 2 EA L, Swirl ratioN K E< 2 3D N T
SEROBIBADI2EFOEANOSDZETVWELE TV 3,
Rottuno (1984) W3R ABMEETFTNKL EI> TEREROBER
ELVHRENICY>aIV—-PMLEBNHFR2-cellBCAET 2 F
BEEBEBOCEHEROSAD T VWEHRNTWH S BEXZRBRTIE BE

O ERMBENINRRAL, BEAloEMIEBEI L AXICEROIOBES
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MeBFTEHERYNTWE BIRoBHEREIRERROIEEREON
X THhot. BEHECTCRIHELOHNOI»PO>OEE O R &
# & U T free-slipZ HRE LT WD 22D T, B hk
EdloRBeazarRERTCEL> A SEROEELE < —%L
TWwWd., ozttt EBEILloRECEEHERBMNEOSHE S
7YV DL ERBIDODAKEDT7IEETHD > LEFRRLTWL
5. bhRplCBVWVETFROR T TCoORERTRERSLE EToO
REBToOMNLI.668 (ERER T2~ 3fF (Snow et al., 1980
)) THY, BHRLOEARFIEBWOZT AT XL TI5%H T
» o I

A7 TCTFTERCTCHARSOBEN T o TLAEHCTHRK
SOBREKR Lwd2-cellBiCfE>AREIMFMICHED B K 2 =&
ATHDE, BBRE70NBHECEE S L XICH 0B &
FE L EFHFEFRALCOHEFBARCEBELTWS ZEAXZRPEME
£RBROBRIEIHBRoORE VWEEIL I ZToOBAEEXRE 0B
2o HFHEEHBRWTWS (Maslowe,1974;Rottuno, 1984) $ o T

DBdEWVWIBREFEL LB WL,

5. ¥ & ®
EEOoONEFNLRZREBILODOVTHEHRLTEE EEH2EORBRELC

B (L) EoLtAHRERKXTEOKFAr —V10knBB B O
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BEBN XAy TYU VT T B

4
R-

NEETHDI LEZLZD LT
20 BAXHEEBROEBEZAI»IL, Zhd0f@NE->-E
CEICREBRPWICEDE D 2EBE2ANTEEIInBEEOR VR
AELHDIADEEREET LT R,

(RENFLCBT L2 bR -—0MBE oFRELE L

El
LT, BEHEHoOoOBBOERELEODWTHEEBAULE ERER

(¢

TR hWhI2HoBxR2EBERBEIVWTIAIEROEEOF B L L
THEHHN 220 THd HRAULEBCHBUEMNICRZ ZES
Ao —-—7RoB\BLATOMBAVWVEINIRES LW 3 2 ik HIE
CE2EFEoOAHL WY RS RAKEW. 8wERICHE
STHEHWMLIZIBEWETHRORBRER SFERITIELEBBERSTYEES
HOABERE2F O EZERILDOIKRAWBALLCN T IREREL £ LD

h 3.
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