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TEROAERELCHT ALY B
HAEHYT -2 2 2~ ( Ken-iti Munakata )

1. L ic

E<HMBRT WD LI, FENORE KD RIS 2 Reynolds (1883) )
KBICL T, LA A ZBH D2 GRER AL LS, BEDSLFAD
EBHSRIBZENHLPE L. LIBH, BAMIZOBRMER .2 k0
E3rFarREABMBEREONPD, BREABRLA /I XEH KD SN B PE
PEVIEBEIZBELTE, 2<OATLOBREBTHAAL LI bLT, K2
—BMABERO—RABELATWEVWRRTH B .

RROEERBRES O, BAL 2B BANS 21, M EE—ED K
BELORMMLHARLEMZ 200 LT, BAORBE L LKAV MR
Tah, 2LRBETELE VI L EHANS . FEOBASTRCHET 2 &
AEREEETHI LS . HETIHAS L2 TLAARBHREFEETH S
TR RERPSTRENOBIEL) ERThUREORES WO THAS L
AN AEE L > TRe L L., BBOMBERHSIS b0 %2 REE b
CORBEEHBAGMIA I OBRESATEY, P, TRERROED
CELTE, COEENBAZBATIILICL-T, BRALEROREL — K

BEROLALTWVWS .
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EZAH, HEWND Hagen-Poiscuille GIIZEAL T, BXRZ2HO PR~
PiIbh7ilbrrbsd, Re. PHGHIZRKD LN WVEW) BESRER
LI >THENWTEL. ZORBIC, ME Poisenille FITM/PHEE R L TIZI X
THOLA/NVZBCOLE»TEETHLETHMAPFEZ TS T, ZRIFHRL
TRIESIRTRTLLVWDIEZ, CNEZXFTLIFEPBHONIEZRO T EINS %
SZHWHEBRTH L. TCI2, Goldslein(1938)' VL2 AL LB LML, XD
IO LB LERLND.

The available evidence seems to show, however, that Re:i:

could be increased indefinitely if the disturbances present

could be decreascd indefinitely.

SH, RRLARLEDDOVIEDTFEERRT LB HBRBEOMEA L L
TORBENWNPLETHIEVIZLFPBEEDAZDODWIELZXEMIZR > TS
T ZDEDLRMEMEMICERLLEMNE'PITHALIKATHS . RL %
Bo, VANV ZBPRKEVWGEDOIRBEERT T I2BNFELBIITY
TWHTE, BEOFRIEIRBIVEHBTHI2LEabhE Lo \n.

FHEIGMH D ICLANLEY, HE R PoisevilleOBBAIEXEERICOWVWTH
FRBRAEZEZLLVWTIFMEHRET - TSR, TOBLBEROMEP 5 K%
MZ2, BARCHBFERAKELRMIZRLYLAVWI L2RIDE. BHRELT,
BEEMLOBER TCLERAERL S /VIXBIFEROLNRBLEFLT, ZBiE
REHEGBHRTLOBECHEELLFBEZRELELLOLEZI T WS ),

LHALA, COMBORELBRDAHIZIE Navier-Stokes HFERX & WS IE#E
BEEAZEIPRELLLW. BiZ, HEOBRAFHCHMBRHICIT, B/ TIR

HOTHLHEBMOMADN 7Y T LLEFEIRTNEIIELZRLZTNE L 600D,
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%@thtﬁ%bwiiﬁ%ﬁt&%fﬁéﬁ.% T. é@mﬁ%ﬁﬁ 1oL 5
WDBEHIZIRE ELTL, BROBL RGP LUTRLTRYDIIIILREL
HAL TR ZMZEIEDPEEL W

ZHEDTTLARERLEE, BEACTLALHRAIBENWT, FROBHREL A
SINVZXBBRD LN oo d MM 2 BBAIZEZ L0 ? ZoRBIZWS
LPTLEZLBIEDRTEE bR, FROBHIZRILOTHAI EFRXT, &

FTORAEEBEAXZIT>7LDT, FHAEZDHRICOVWTEHREICHEL W,

2. EBWOFE

MEOMBTENDES ST THEART VS HMGRKD, MEICH T 2 %8 % Kk
FTBbDIE, ZOETLLULKKDZODERTHS .

(1) EBHER

(2) #EHHEL

(3) BR&EM

SREDPEAHFEX L FEHOLT T THMIRS J L, BROAE X —x—1
VEa—FEboTLTODRLIAER LI ETHEAV. f->T, HAEE (AU
ZOMBR) BASVERELT, BBLLLEHFRAEHW I LT,
ZRDBECRITLL, HEVWRABNEZL-CHERTIPEVS Ak b L,
FTCRBBAEY 2L B THEETIE, CARIZHLBEILDERIIEAT
WA, LALBEEELLTE, h<ITI3IXTO-BULHITHEEEL, 2h
PRBET L EFTRTL TS S %0,

EEFBALEEREOEN*XRITLOTHE2,S, BELHEREINLTWE S
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‘tﬁﬁgf%é.&Lbzﬂ%ﬁﬂwmﬁﬁttwt,%@WEﬁ@ﬁ?Eiﬁ
BFCRALDHZLD TS 6WE, LELEWMBLRETH I EESE L LT
LZEZHNELS DI ETHSI.

FL, BARXMFCHALTLEBEREZTF L TAE 6L 0w, L L, BEET
FELHAMZHEPHETZD ALY LLED, BEVWIEREZHEH-TDTEHI L2
T, ZEMOHECHMBLPELZFZAILEBRITILALTVWTHS D .

DXL FEZTCRBE, LO3EHICEANITERTAELLHE, (2) & (3)
FEHXELT (1) BEUNICHROIDFEHTHL EBbhs. DlEZuRE LT,
BELITTbULHZSOHMABEID L, TRV 22— ZEHLALD
EWY, Garg and Rou‘leau(1972)7’(J?le‘GiGRtﬂlgfﬁﬁ'é) KU Salwen and

Grosch{1972) (SGrEBHKIZHAFONE LT H I LIZL 2.

3. BERIPOFE

2HBRERMBOBR:2 BRI FELOBERSICL > TKDEHE, —FHoh
(r=0) CEBECEBREZFHFZHELLTNDELTL, o (r=1) TREMBICSE
hEr@LITIERZNVW(a—T47 XVyr). (GR)BZIOHE:2HE-
TWT, giffilchxXiEH, TJWR—D2D0MEPHBZH, BIZ—BARELHE
HBAFET S .

SEFE| IR LAESR, BB (0, 122HOEALZFH->LBEHHEE
FRODBIEDPHVLETHS. AOTEFHFTIHLLL, kXOBXNZEHHE, BHE
BIERICZ<HL. BE2ZOBE, BREPIZVEIEBALHBEINIHENRY

Bhdezle, COREVESHEHTEZSZPE>PEBAHSL. BIZ (GR) I
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BROFRZLORBZHR S TWBIZEEERNS, CNTHREFBRLEIETE

KRIERTESLWVWTH ST .

4. BEHFRBEROTE

HREREOFETHELRL 20, MENLE®REH > HORBMTH -
T, ROUBECBITBID L EAOEERENEHEHL T, K0 2K EEMUD
CERBI B L2525, 2OBEAEREMNZAALT, SRR LB REMH2
%tﬁ%kﬁﬁﬁéiﬁ&%ﬁ%%ﬁ&?%.tﬁL,:hem%#EHTl:
f?Kmi%ﬁTHQM@G,%ﬁ%KOWTuE$N§R®%ﬂﬁ%é:t§
&%L%B%tu.itﬁ@fﬁﬁuGﬂunn&u&oz,ﬁwmmﬁgﬁé
SERELDL.

(SG) RALABER, #EFoabic2E, EXHRORLRELBL
THENREERLALVWS L THE. ZOBRNICBEWTIE, FEORE L #
BEBEHD, AP ERMIC AL L BEHMICEEBRLEVWETHS . LirL
SEMICRAE MR, TRICEHYOBEHI S22 2 BHHL .

(i) ANA4 51 £—F

B, Poiseuil lemICH TARBLLAEHFERICBWT, THOEEH
HErRTHETHSE W=1-r? 28EMICORELVWEEVWTVWS. EnEL
NiE, AEONBTHELTVEHGICHAEES5 22 W HBEEINY LiF
Wb,

CREBECBITIIMETH-T, 2TOEEE—FKORILBRRT 225,

HIELTVWIRGBEEETHE LV YAOBRFBLNS . BHERE
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v(r)=z J,(k , r) v=1,2,3 - - - o (1)

DIBIERKD LN B . 22142, k., i3 Bessel B J.(r) OFHTH B .
(SR)ICHZETERELERR (1) Z2MHEL T Poiscville HOKEMZ
FANXRIER, P EZ 2R dEHABEELN P> EWVWI I ETHE. 2D
AHEHEREZToLD, HEABLEAARLETH» 2.
FEEOMMERAZRLCHHEZN S L s, UFToBAIC LD, 20344
DZETHD. ANA T E—F DEERZROLWBHTEAREREREE S
C2BOEMY» T ERTHE20o, RKEATEABOFEAICHET S, 2hicH
’Lf,2%@%Eﬁ®%mﬁ§&m(1)@%&%%ﬁafﬁwmwﬁ:5tL
fé,ﬁn%%éﬂﬁﬁ%:kﬁféﬁw.

CNERABICEELEWVWOHGBEIXROBEBRRZHEH I LIHAICLKRILT S .
v(r)= sin{(2n-1)xz r n=1,2,3 - - - o (2)

B2, IoOBEELLTTED (3), (4) THXLALBEABRZHEHL Y
Fi2b, AIRREEFELWOEGBLIPELR L >72. 2212 tolr)idZE B Bessel

BHEThH, CORBREI4A4BOIFBEAZHELLT WS

vir)=z r{Jo (kr)+ Al, (kr))} (3)

Jo (k)/Io (k): Ja (k)/Il (k)'—' - A (4)

CITHBDEHIZ, FEDPALENZEVWLLSZRHALLCRBEEREZ, Bessel

B & 25 Bessel BBICE>TRRLTIBLLERDE D IZH 5.
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vi{r)z 2r{de (kr)+ A I, (kr)}-r2k{J, (kr)- A1, {(kr)} (5)

Jo (k) /1o (k)= -J. (k)/I, (k)= - A (6)

(ii) B E—FEESHRE—F
IRLDE—FRZHRIIVWCE, EFFHFBEACHERIEN p 2ENDXH M

Mg ah, LWORBBEIEETSE. (SR) OFEIZBWTIL,
p~ I.(ar) n=0,1,2- - - (7)

LB W RS, AT ARALELE R b0 L AL T 3%
Chh . iUk o T, EN G MALOEEN, 5T R S A
Criehs. RECE. RELBREMOERE AL, EELENOEEE AN
BEALETHD P, Wb b I RERI LRI > T8 b RL R
HTEZwErwnw->Th, B TE W,

FREHLT, BxoRALEMETE, EHEBELLBECHT 2 EHY
BAZEBIELT VS, EESHABORLObE, BELLERN Ik > T

hE2FEDODHNITRVWEWIEZEZFEELH>TWAE.

5. U
EEREELTVEEHOALDI BT, - Dle> W THE &2 7 (b
RV, ThAEEN VLD THLIEN o, GHTESETLEWE

THEY, RERRVEAT DI, 2250 3RI0L2TORALIEHL T,

FRDPRETEIEERSI LTI LW,
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INIERLT, PEEREFRTEZ22HDIE, ~2TCTLHEETLIHAFP RO,
NIFRVWOTHEH, EEZIE, CRETRZEEVANLETDODE—-FIZ2WT,
VANV ZIBHREVESIZEBEBETIHAPHRBET LI BT > T b . BRI
FELEHLCEDPRERINGTWIRD , EFRMICEBMBEEIHERINALLEERLT

EL %z weEBbhb.
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