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DRETHhTVLS, FREEPHRBOMNENSFSZLSHIREZOL
CTW Malik, Wilkinson & Orszag (1981) % Malik & Poll
(1984) W ko THARBHh., ChoBDEREFILLOAFAMEEHT
B3I EBRETHRh TS, BB, BLHERPRRE»PHh 2HEHEH
BLtoFhdaBEFEFLEF ORRYMBR=ZKXAAERETSH V. %
CODREBEBITRbD A TV % (Cebeci & Stewartson 1980,
Kobayashi, Kohama & Takamadate 1980, Itoh 1985 & » ).
B hEFERRERHRTSIAEXETEREELELVCEOREBA v« #I
BRBERTAMOENAR pxv BRUBBRIBS>HAWMOREN
AW p, OZ2REEIH B EELX SN B, Mack (1984)%
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Rosenhead 1963, Chap. 8 & B ), Chex¥ UT. px OF
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b T 3. BEHOEERSDE u. vo we EAE p. BE R

o . BHMERE E Y ET 3L E. WHE T DH L OERNERE N
Vo = Ax/I)", Vo = Afyo - xol(z/L)1 ™3, (2.1)

TRIHNhBZ3BEE2EFE21%, 22T LB x Aok EXE S

Av 7os M Kk, BEB TS 3. x HlHE vy AHOEANDRQ

2 2
p - _ (% lels ap _ - x,=2mpUYo
N m(T) "= 5y = (L -mko(p) T (2.2)

C5ZGh. MAES pru=0 BERT. Ch DS n £ ok,
ZhETh x FME vy FHOEANGRERES 3285 X1
~—rZxrohd. ~FUBEREOMEP» 2 A3 & . 0 1<
EUOEAR. r, Ui BORBARZAZTHBERUL TV 3.

ABEDIQRINDTRET L I3 E. ZKTEREAER

du du du _ ., dU, d%u
Use T Yoy Y Y3z T Voge *+ Vazz
dv dv dv _ . dVy 32w
Uiz * ey T ¥ T Vogg t VamT (2.3)

.y REBELULRLVLODXOMHMUBE D O,

w= U (D), v = Uy @ ar) - ko H1TMH(0)],
. (2.4)
v = - 2 A+ mEE) - (L - MR @)

!

T. HBEHI ¢ =2z2(U/vx)'/2 TE&HITHh . 0 g
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-
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KRy sAaRRT. T k. BH F. G.H U>2XOFRKA

HFREACHEHRZHUERZHBLIBTD %,

P+ B 4ol - %) =0, 6"+ Bl rer = o,
B + 1% FH' + (L - m)(L - F'H) = 0, (2.5)

F(0) =F'(0) =G(0) =H(0) =0, F'(»),G(®), H(x) >1.

oWt F LMY ASERWE Falkner & Skan (1930) ®© &
CTBPRREODTHY . G HUBMTZFBERLBE T
52>, QNOBKEREBIZEUEETETS 5.
VE.R2.DRE 2 A TVWIEES B D> S WERKHK
RN A HOEERS v CFThREEBRSFMOE R E

EMD v 2 B I 3 &280 k581 %.

VIF(R) 7 UolF' + iy {ymes =« (E=F) 1,

(2.6)

u¥*

V= T Sk E-ED).

2 T "r = 7, (x/L) " "y Kk = g, (x/L)' "2, X=x/L T & %,
u* WBFOHRERMAEELRZ2ATS 308, v WBBEAE L LHR
BOABMTEENIO KRB IEDPODZORPRZEMA R S &
M BT RERT I3 BRED>TOVIE., (2.5)» 5 ¥ 3 &5
CHEH F. 6. 3 x FTHOEDNAGEBERINIASY -

WHKET 2., FIT m o 0RESTHRLPEARBRE2EZELTCH B &.
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FhUNBEPHRYVERREERF>EZOFERLERZERNT L 3

HEREBIWBSET %5 (Rosenhead 1963, Chap. 8)e T O & & F

™

BERRZEBES S EHDGERBR OB Y- ERBWW T 3 Blasius
B ¥ Fe(z)W. G W Fe(Z )W . H It Sowerby(1954) & & =
THoh RBEY He(Z)DXZFThETh—HT 3. Uk o>T|n]

O+ pPEVERHYUTUE]

= F (z) + mf(g) + 0(m?), G = Fl() + mg(r) + 0(m*),

F -—
(2.7)
H = Hy(t) + mh(T) + 0(m?),
D> BEANSTETS V. 20 & v I
v vyml{g - f' + 0(m} = ki = FL + 0(m)} (2.8)

DEEIT S, ULEoBEHHI»PS. HRAREOERMLEEUW px‘
Eopy, REET 3 _BHOMA P oML > T B &N B
y FMOoENABEBRIELESEMTDHDHERHEER2 R EIE
66)‘%8%)‘\ x T MORENABRIBBAECHEUT DV THD T

BAENWNEELHFEETCZSDODT D %,

3. AL AERX
M TEADPNRhEERAFTFREIBRDMNDLBDEGIRERZELREGEYTE . 20

KEBHEREEHET 53280 &oT. HAOREERHA T
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2, B0 EBXRRTILR2ITR>EDE. x FAOREXR T 2 L
EU. BRBEX RS (x)=(y x/U)'""2 TE&ET 3. &5
WEBREANI XY —e=8(L)/L 2XEAL. hHP 1 i
RTH+HBNMNETVWEEGREZZ, FEFELZUABEEERO

EZAMEE Vo BAL. DX0BRITLETR S,

-m

T _ _ 3 _ Uo x —

-L——X, %—Y, W—C, 7 (L) t T,

%o = U + ;, 15-0 =V + v, %70 = eW + w, (3.1)
= g 6 (x) UoS(x) _

ézz'i% =P + p, = = eA(X), N R(X) .

CCTAXFORELEENGERER. " ONHVEREUYRA
MARET. TRAHLAJLIE R EMAND XY — ¢
OB eR=x""""/2 QEE N5V . HRBOEE O E It
BA(D=x""DTHREH B,

MBEOHRIY . BERXREAFUEI2TOL>ZHEY %5,

U=F'(zg), Vv = vyG(g) - kH(Z),
(3.2)
W= - el (Lem)F(z) - (L-m)TF’(2)}.
— A mELEULVLTE. X & ¥ FMB3IURRMIZEBAULU TE S
MR ELT IR DPIPREGTFRELEELX.,. IRAFERXOERE
EtBFThS3dDODET S, MIEHR X. V. T EKEREH

Y L2AVTERRTILEAhTVEIDODTET. BEREEXEE
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DRIRNERPRE DB 2RI DR, B2 o2X¥0EREL.,

v=v, (t,nexpto(x,7,1}, p=p,(c,Nexpllo(xr,7,n]},
(3.3)

Q

b
e
@

30 _ B(X) 20
AT Yy AT aT

ZZTa bt Bl X FHE VHEOKE. o UBHEHT. %
Mo BEBH. EHo, SHEHREELEERT. Zh s 0K
BOEERDBURFORERBEES § () 2 AV TEK X
EExh hBT5 3. (3.1)£(3.3)BFEL -2 b -2 RHE

ARRAUV. BRAKH UV TBEOBPREIT R T &

1 2 ) o _ ) Zl_é: E U m
[FV + Zw ?ocU BV eA{U(—aX+X A<;AD)+AD+(—3X+XU
N DU) }u. - DUw. - {10 + €A (2 +——2m——'D)} =0
AC 1 1 atedlyxtx - pelip, '
Lo2 4 0 oy - 487 - 8 m_ Mo W
[RV +Zw - 2ol - 2RV EA{U(3X+X A;D)+AD}]vl
- oV . m A - . _
SA(_8X+7V -A—Z;DV)ul—Dle—v,Bpl = 0, (3.4)

lyo - o an o . m_N V., DW
[RV + 7w - tal - 28V eA{U(aX+X AgD) +‘AD+A}]wl

e amy N oy, =
€ A(3X+XW ACDW)ul Dpl 0,
. ) m iy . _
{10 + EA(E‘}? + -}-{ - —=¢D) }ul + ’LBUl + Dldl =0,

HBoh B, 22T, " WEBRASREL. D=3/,

14
y2 =p? - a? -B2 + sA{Zioc‘(-;}?+ —%'gp) +7;(2Z_;_%a)} +0(e2?)

m
X
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TH %, LABHRAEBEO X FTEAANOHXELEDLHEERRE
My 3mmEDPAENTD

rs

EREAEFTEAXATH 3 HB. ¢ & X1

\!

26, TOFSTUHREMEEEITLRL., X #2H
DETRWMINI AT — e BB IOT. BReDNERHR
BHAIT I HEBEILIO>H Z2 . HHEEHOMRE 1/R e d X
FIXIRDODTCHEHuE R :BERHTUEEXRELUDDERHETERA R
Yy . BH LOBERFHEEHRAERLLSRS.,. XWX W HEFITH

OHFUVLVWEREBIWNEERT 3 OTCRRVOT. BB TMNFEL

S ¢ &

WEMI 2EBHAISICETCOHERRZ2EN S, FITHREME
. 3. )X BT B 1/R UADO(e )DHRZ2ER T 3 HikET.
ChRE>THEMBIHERREFEFITRGS (AT FERT X 4
IHE)) L EDPDHLISIDOELAUABEANBT L S, ZOoFEMUK
ESLKAREBEBFTOHEREIL LA LIEND ZEEKRKELHEK
TRHFUVLVEEITERHROBRLIBELAEE RV EBAS
h TV % (Smith 1979, Itoh 1986),

FITEEL2Z2BEBAUVERRE uiv vio BEU py BIEET 3

ko AN eSS YI-T A HFBEANSE SN B
[{%(DZ—QZ—BZ)+7lu)—7locF'-iB(yG—|<H)}(D2—OLZ—BZ)

+ZoF™ +4B(yG" - «kH")]w, = 0. (3.5)

BRXHUEBE TCEEY 0 LRSI ZIELE. BREOHN & (2,
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EEmL) THMUMO —8BE (FF=6e=H=1) x 3 % (3.5)D @&

EB@. Bl £ >0 XHUT wi=n0 ¢ 3BroEAZRHE

MO EFT V. DX LS LEY B,
wl(0)=wl'(0)=wi’(co)+(po+pl)wl’(co)+pop1wl(co)

=wil' (€0)+(po+p1)wi'(§05+p0p1wi(g0) =0, (3.6)

BH. po,= a Z+B 2. py=v a 2+B Z-iwRtia R+iB R(C7 - k)
Td%. BXRAEAGC.HRIAERXKERK{2HB.0EEDREF
EREEHERL. PEAPFREETHLINI XY -0 2B

DT 5. B HEFXTEIH o2EDZEHERHN

w = w(a,B,R;Y,m,K) (3.7)

DRERREEZSN 3. o OEHBo, PEOCEERAL HAU
B ACHRBEEDREBEL. o DATH >HUERL IS
R79 %, Wi, BEXFOERERINITI ALY — 7 n. « B
5x0h k¥, RYUREOLEH0=0 RRTE. a. 83
FU R REBMETZZRATZEZMIR DO MWENEEX
hd, 2O VYERETHEAR R~ EOFEFBTYWS&. (a,B)
- FEHECHABESHEY . ZORNBT ;>0 SHBTo;<0L
BB, R BATCULTCW S E., PUBBMBUEALALEALA~ANDEL

0. R DBDBBZET—2oD0DHERRDE, OO R PPHBERL
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&

PaE& B TEMNEFNRESULE & OEHRSR ImCw, )

g B 0 WA B BARL 4LV HOMER
EHEETHBEEUCROEETS . 2 h 7.
K ODBH ELUTE O LS BT 2D RESZEH
Hi9C 5 5.

YERMBOER AR EBOR R B R TR R
BAK. o Oa. BELU RECET SRR EH
WZENBL., TROBBIRE. 0E v %Boa.
¥ eanlL. FER(.OEHEREH (3.60% o .
MUTZheh@EHAT 5. BlxE v, Oai By
BB v, RoOWTRZE. ChBEABKAFL -V
I HEREEABRBEREHEEXE S . £AK
KM E o, NEEHhB. FERROEBUE(3.50
HT30C. HEGHNERREREERY . A K
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{%(Dz -2 -B%) +iw-ZaF’' - iB(YG - kH) }u

= Ez%:gz-[%a{l(Dz-oa -B%) +iw-iaF’

(3.8)
—iB(YG-KH)}D-FBZF"]wl,

u(0) =0,  ul(5o) +pauy (To) = grpgrlvl” (To) + 01w (Ta)d,

v, = - ﬁ(zuu + le). (3.9)

RMECBh rRBR2THBAARAROT. 2OHEHF @M
B IUVERROEABHEIZEZoRMBME (Itoh 1974,

FHREEBHE 198X > TH+HARFEISBLIZ ERNT E S,

4 . FHEHEREBER
M TUEALOHMBIRZEZIT, EXxitOoRrd O #
EELLABEEHETRO x FWEE U 2HVE. UDUH
hOREUHERPBERLASA IV LZIBRETRERAIUL. NIFT A Y - %
TAXATHRT B3 &ERT. %%B?ﬁ@?ﬁﬁ_m%}*B%E?B‘améﬁﬁ
CESCLAJAZBEAVEABBANRY . T2 TK M
TUERERFER VsV U ZHV, 7 EHWVW B3 Z UL R Eow
o Y.
R* = RU*/U,, w* = wlo/U* (4.1)
EEHAT 3. EERESUEARVDOTa BUBUTS 3.

RhOoOREHNEEEBHNRIRIZELIFAENRERIBERL 4
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VA TH I, BRAET. i@ THENR & L,
Im{w*(OL,B,R*)}=Im{w§(a,B,R*)}=Im{w9é(oa,8,}?*)}=0 (4.2)
P ALt UTEEXYXHhLh., OB Z2ER2PEFE. 2 H

WTRT ZERT S, FhOoERERINIAY -—7r.m B

AN

UKDV L3I RMATELEHUT R¥.(r ,m,k )R B8 L.
EREUERRI B E R I TREHOFMmEITR S5,

B U BREBAD 0 0BARXODVWT. Z20FEHhaEaEM
ThEHhBERLEET 3 E2OHRERRZ. H1I R.

O m& |kl WHITBZELEBRIhh TSI, x AAOREANSE

BERINIAY - n BEAL (n =1) Do B (0=
0090 ETC OB CTCERE2D Dom =0 WEHRBEBRE M
BU. TZCTCTOBERME R*.=301.6 WEHABHEBECC.7218)
WEDKLK VA /) LVABEBMET S E., LM h I{E 519.1
C—HJ9 %. m 2EHEOFmM (FEHBE) &3 & R*. B
AHRCEBEALULTCHRMIAEREILETHh . n 2IEDO AmE (IBEAD
AW) CWHHhIT R*. BPRBRCERUITHEIHEEERT 32
ERECHMON R ERTH 3. CARUHUT. REBAOR L
XD y FHEN BB ORI =0 CXHET. 208
HiEEeHRZ R BEHRET T 3. t<c:x®fjxsh§§§@
TEOEKETHNHFEULULL.,. £k =0.2 FTOME R*: W 1/73 UTF

REBU. TORBELPLUEBEHNELDPRARS. ZhdH»s.y
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