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ABSTRACT:

The mechanism of scour occurring in the neighborhood of the head of a breakwater but at
the distance of more than 100 meters from the latter, such as those near the heads of the northem
breakwater in Taichung Harbor and the western one in Mailiao Harbor, is investigated. In
these two regions, assuming that the current fields are featured of a plane shear (mixing) layer
and using the theory of the interactions between gravity waves and irrotational currents together
with a numerical simulation, it is shown that the phenomenon of the wave blockage and
reflection by currents can easily occur in these regions.  Since a giant or freak wave can always
occur in the caustic regions and may probably be capable of stirring up the sediment which is
then carried by the current and eventually deposited far away from the breakwater, the situation
that the locations of caustics coincide approximately with those of the scouring holes in the
present results can prove to a certain degree that the scour near the head of a breakwater but
not very close to it has a close connection with the phenomenon of the wave blockage and
reflection by currents. Bearing this in mind and considering the results of the numerical
computations, a possible way to prevent the scour near the head of the north breakwater in
Taichung Harbor is found, and under a slight modification can also be applied to Mailiao
Harbor. However, in the latter case, special carefulness must be paid to avoid the wave
blockage and reflection by currents in both events of the flood and ebb tides. Also, it is noted
that the use of the theory of the interactions between waves and irrotational currents, instead of]
that between waves and rotational currents, has been justified by a prior investigation of the
latter case in the first year study of the project.
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B5—8 0l

R BRI, EREBBETRIRR, M FRRERME, EEHERFFTRE
KEIBE . PAERTEEMN RIS S0, 53R ks HFr 2% Lillycrop & Hughes (1993)
M Oumeraci (1994).

B8 FHREERTE, LETREBENRTRERZELFENBE. B4, EX
. B (2002) X FIAER, BREAEFERER M (BRR84ES AERE
89 9R), AEERILZERHLASTAZLHEA, MESENAEFF TR, APRR
ST R A — B KRR R IR R, AN EENCS TSR HEE KWERE,
HERBRENACHER. EEEE, RRE. H. B (2002) B, [ERBESIFEIAR
HARESRRE, WE—EHCHEREZ22 m &, HESRRRIZEHERETLE
R |o h— BB SRR IR RN E] RS B s LB # 1R & RE (R A (s, MUES
BARNHEBENFR,

TEBG B RIR BT A B 4 W E RIS HIFI D IR F BB £ H MR, %EH
NIEARHEAFESR R KA E, ERWEREY, FHIREELEEREEZHRA
ErEASER L, RS ERERN R ERE T —FhREE - RE,
BERENER.

H—TH, e BRI B A 3 E RS, ATEE R B B BB TS | e
RHRBEDTFIRE RESHE, BRER, —RiREREBEY RS AN ES, (s
BEEWRBRSK (FHHZ% Sumer & Fredsoe 1997), Bt —EEABRELNS
BER I — MR RSP BIR, S — BRI A R B R TR BRI B LB B
ZABHENERRRN - EXNERZEERRNRS, AERRRRSEQEER
R R ESERHA,

PR BRI R AR SRR ENT - R R R BB E, BEEBE
BRBEZAKREA, SR BRE FORERE 2 E8T, %, H. B (2002) B
EETHRNRRENRENEZR MY NS EEES, ASHEVEE UB—%—
HeM, BEEZTERNT—, MEREIREBR SRS, Bk, BEERES
WATIRAE R, RTIERHNZ FEGED, UBERRRELE ],

LG RE B R RN AN KA, MBI sk LS
REBHLAE B WA S | BB R (B#RAK), BIEaE. EEFEN FRILE, B
MERRD MBS TR AR, BB ERI R EERE, KRR
FE R B R AR RETD BB R RBR S B £ B8 4 e FER R —




EREREENE Lo

B RIR AT AR5 AT & A E S AR T 1T E T M R A — KA
S BE, ARERZERER, RERHEE, kR, ERENE, ERESHIHEE
BRI, EHER (AHEERATERNR) g R ERANER. —ERN
8, R Shyu & Tung (1999) KWHETRAREZRIBOEERE, BEBR T2
Ao

B RARIES AR, 7 Shyu & Tung (1999) RFTHR R HE RE ML E
A, EE RN ERDRRBRER AR, BRRARAEEE (MRS, RIES
EMRARER), MR RARR R DEER TSR, BEUE (BEP) 7
RERFER MR ET R RTELE, B EEREERTE,

BRI B W HE R AR ALE, BERRAANFEEEA, LABZR
BE (forbidden region). H—AH, AP LANERSFRS T, BER TR
ETUREWRE, BB HAE | REOFRENR 8L, 7R DBENE BRRETIRY, &
FHEARRECR, ALE—-BFHEE, EERRERIIER—REQMHRE, BRE—F
TG FE R TR A ARI BRI P, #8828 i 1 4R 2R R AR B A R v S o il
REFEBIGIRE H AR RAN RS EHERN R,

BT LR FIR 12 R Faph BRI RAT A AR AR AR R BT RE L5
SRERHMES, ARARTRRSES B A B HHEE R Rt TE. Bk, £T—
BRI E Eo T EPEID RRTME R L BRI FN N TS, #E 5=
BRI wE AR E RSB R R Z L EAER. EALER, RFNTERNE,
St B e LR PR IR R v BORIR MR, EITBUERE, LA HEEEA
HEATSIRNERAE, WHLERTEA, . B (2002) Arta R MR ERLL,
LR E M e R MR R A R —EERO ERMES. s, B EEE
SHEEMIRATIRE, EAERATHEREHEERREREHTRERE, EAELRE
REMBIA] & HEHENERERBETRAKORE SR,




F_E BKEERNI RS

EA R RV 3o B b AL BOR AR R va b B R RSRMIR isG. El—&
wPRM¥SEUEHENEN, ERERERSERE - EHENEYE, BELET
RGBT EETE (RRFABMREERES SR BT ERRTENHE)
R BE BN ESREY, R A AR R B B ) T e R B R R A ET B RO A
BB BNFARRANE, BEEBPRIFCECERESI FBI THELMR, B
HRRMRRKRELEFRINE AREEE, ERAEHERNGE, HERME i@ T
RIEIRBLIR A H R M SE R 5, WEBMBEPHETEER] ERRHBL,

2.1 BEpHEILbIER

RERRIE (1982) KAIE, EEDEE(D BRI 200K Rk 800 KR Z i,
L RXRFEEREF, 7T 5ES 212 cm/s & 108 cm/s, BABIEH HIR B ATE
FEAAR (EPREHERAVETSEE ). B EEER/ R, HRERNTEEEME
BREBEARER R, RERNEE. Bi— Rt ENTETRE, REMFE
3, EHREFRAIRLE RS FERL SR, BNERBETRERES
AE, RHEMEMERSRRILZRARBRAITS.

ERALZ AR, K E e R R E A (R R 7T [ R BRI b — R
HEALRT BRI %, RS HARTEST B sRHTTRE SR, BB Ay A 4, SR IR
NI 200K AT HIFF 212 cm/s BBE. M—IE A ATE—E0A 2R B BB RATS | RAVEER
i

BRI ERB AN HAGRE LAFRERYRS, M FERANR/, BlE
B B R R G AT % LR R—E K R F TR SR — R iR S, R
PR —B iR, HRMEAREENRERRE A Lz B8 {cEESaRE g (E
HERT URESRL, YRER U WERIERA),

EREZTHIERER, B v BAK, U TREME, BEERERSEN RS
FEAK. AAABRAVE, B_ERRTERNLM, REL, EREFENERNE
B, RLAHREBA (Bt — shear layer X85 mixing layer), {HEME fTER LR
MEIRMNVREER, B—AHE, bR SRR feR SR e 2 R =
£F, BB —ERERATA, —ya5RERITE S s IR RS R R R,
BEFEERTESE — R U 89546, XA ER[2% Tennekes & Lumley (1972),

# Tennekes & Lumley (1972) HESHIRE S BIEIRE, HRFILEZE self-

3




preservation JRIHIRE, FREEREBETHANEER, U £ y AN HTER
U, BEHBREEIRE. HREFEREDRL, BEESGRBEIEWE, EREE
| AL, WERESBANFIEE self-preservation K,

Eh £ = y/l(z), B f B—EENEH. H Tennekes & Lumley (1972) T&I1f(€)
WmELUTHER:

7 ]0 “de= g (2.2)

B
fIIZ + fl2f — flfllf. (2.3)
EAREREHAR VMR, REEERAERBEERTR ¢ ERHEN [ ZEP1E.

ERER AR EERE, RENEAREENRMRIEY, 8 (| BRARHELRA
HERE, AE ¢ < -3 B, RMWA

f ~ f, = sech?®(£2/2)/? (2.4)
Kfgat f E. & £ > 3 &, RIgtE

3
frfpmefé= % [0 et dt, (2.5)

b erf % error function. B fi #E

3
2 fo fide = f7, (2.6)

HEE { — —oco B, HHI? fi — 0, # (2.6) XM (2.2) AWK LENRH, B—7HE,
% (2.5) RA (2.3), ABEHERE, T45
4% +erf £ = -2+ 4¢7

B, B £ — oo B, B erf £ — 1, # (2.5) AHEAMARE (2.3) =Ko
# (2.3) ANBBEBRNR—ENXSLERK, ESHE { = -3 BN fi #%F,
B = 3 BN fo B, ML RE L —RBEPORERENFE. BAREED

4




B, M (22), % € =08, =0, RESRMDY & WEIFBEE. BRRMR
% (2.1) REW £(€) ZEDUNE=RR

B (2.1) RFEHE Uz, y) , DBRE U, UREH (z) . HES—THE, &
KNEE AR, T ((z) TS —SEES, 5 KRR

| = pz = 0.057z. (2.7)

(2%F Tennekes & Lumley (1972) ). & U(z,y) CHI%, BERAERITREHR
BE y FANSE V(z,y) , k—SBEEK U, /MRS, BEKA S I,
DEERBESRAEDS BB EARAREE, EFXREE SR TERA
BROER, EREEEDEICFBOREEME, K—ES 8 &% E tEFE S D RKE
SLUFARVEE, BEETHEAEITE. BTN, dREX—-REBARFENE
AR EEAEENERENRELE N, K ERREVEEY LTt ZE L
B RISRBEHRTHIGS (HeRe (2.7) T 5 ERDBEER 0.057) , RE7EHREHH
R R 180 £ BB i e a0 B R FE R puE , RIRMIRI M LR AR
R, REtEERERRARAMERNERIGCE, 1R EREEN R ERL,

2.2 BEEETFIR

EERENENER, BREIASRKIRABRFTEENER, TESHRE, BEEX
WHEE K 140 cm/s, ELZER 170 cm/s (BBE. & & (2001) RESER) .
BREFMEMEIRBEILZEAFEENRER, HHETEEH, HRABRERE, HER
aofe], BMEEE SR AR, HALILERRE (KBFTRERER) HIERAII & 100 cm/s.

BB ER R TP R R M E R R ZE P AL SR AR R 2 AR
mrREEN, HERMETES N (2F) AHEEREE T RHERORBR IR
[FIBAFAN ALY #ro

EHEARALLR A SRR R R A SRR R, HEAEREETBERTHS
R, BB LI, mRE RERFHER/D, SHESNEE R AL EH0
REBZRMNXHER—BEEENREE N TENRESRE, L—REEMEh It &
REFENSE RSB ERTHER, EHRES A0 EA L8/ BRI AR MBS
(BRATRINU, &) .




=8 KRARXE{FRERH

EHRNAEROBSERST, TReHREN (BhRitihski) a8 (B%
HEDGEIR) Fr5 IR, AP EARTES, REREEZEF EABCERK, BEK
FHAENEEHE AR RS, Rt — RS ERR R e . FERI, £F
AHEIRSE 5, RFBEBEENROEERRZEFERTR, HhRER EE R
EHEENEMTE—ME=#, BEEELE LRE B ERO LHHER (28
& 2004) , BARREABRBBOEREFRRAFBFEAT A LBEREORE
REZBRBER. Hit, B LRR, SEL-ERMBOESERNZ TR K5 e
RK, RUFTE B RRRNER TR ER. BRI L, AEREANTARR, KR4
AR EEREE ARNEE, RIRME 8770 1A DUER BN E M 358 B 7 R E R
fhaT, FEBPEILET BR R RN RRRENGL, HRa 8, UTHHEN R
BRI E D BT b B 4 RB R RSB RATHER.

3.1 WKBJ f#

ETIRERAIERTE - ZRARER L, EERERNESR, KEUBHEE
U] i — IEERBOR AR, EHIRE o , BE b REE n S2B0EM LRG0
BHIR{L (JLAZENAER WKBJ ##). Z£EIMERNENR, AR ARERBEBER
EBEMPBE (steady), W ERSBIEEZRIBRBOBL, TAREHNHE.
EE—SIREIERTH AR (2% Phillips 1977)

ok

5{+th=0,

HF V), = (0/0x,0/0y) BAFHABEERT, Bl n EETHEERMAELE. FHit
BRI —EEEY n EER no o
TERANE, no REM—ZME TR L IREINER AER 2 5, HREs

BEEFHREHRE (observed or apparent frequency), —FHRIRE & HFHK
FEMELNBIE (B8 Doppler effect), i

no=o(k)+k-U=+/gk+k-U, (3.1)
Hrf
o =/gk (3.2)




R R ESEZE (intrinsic frequency), U{U,V,W} RAREHZIHE, g RE
HInEE. B (3.2) IRZENRERENEBZMORER, —RBREBEIR (dis-

persion relation).

B (3.1) TTEH, BE no REE, B U eEERUERS, & kIREZRE,
B k{ks, k,} R—AR, RER—EAERMERE £k, M b, ERERME, REF
BF—BH, RRKERLTHER

Vh x k = 0,
TREN
Ok, Ok,

ERZEBIRTS% Phillips (1977).

H—7H, ERITEE-AKREFER L, ZAKELBRIE o ®981L, & Brether-
ton & Garrett (1968) FLBAH, WM ERIERAFEREE (action conservation princi-
ple), P BIFABEZERKERTRE £ BREFRE o ZHIE, &

%(E) +v-{(U+cg)§}=o, (3.4)

El
Hth C, = {(80/0k)(ke/k), (80 /OK) (ky /k)} REMBREE.
i E = pga®/2 ( p REARNEE), WE k, 7 k, CHEA (3.1) f1 (3.3) f&

SHEM b, R (3.4) BIEE—S 3 o B, BRENTERSSRE, Bt
(3.4) HHIE RIS AT BLEH.

3.2 EHMRHESR

MR IR RN, BRRERE, BB TRERRRARERREES,
RAIE AR R — B R0 T0R, L RR I RTE A ARIRATT, 5 AR, &
H—WET, (3.1) # (3.4) TS

ng = v/ gk+ Uk (3.5)

%{(U+Cg)%2-} =0 (3.6)

7




Hoo U BAME, REAM o @AAER, MERATEEE « #8A1[. ¥ (3.6) AH
z By, 98

2
U+ Cg)% = constant (3.7)

FFEERERE (action flux) EREERE.

R —EAHR T, (3.5) AR FAENER. EEEPHMRRER /9gkbE
k ERBCRER, ERRIRER no — Uk B & BLEOES, B U WERIEEZEMCE
RO R TIaR®, JRENE MR ERROR RO, EEX—-ERENERVE, 5FE
Wy U ERA (3.5) REME, AKER (3.5) R, gk R ng — Uk %, REH—%
MAZE EHY & (EFERE E Ry i MERA 2R AT ER k{8, ERBENRMTUE
i, WREATEME, REK—FMMEL, b M b, RERENEETHREEIAS
ng BISREE,

EARBRRBE U ERMBFE—EK) (RRENPHER), b 7k, TETH
—o & —U fEE—#8mn, BN NERERER, REXEHE B -U #E
AR, BER ng WERBETEZR I,

EE PR by F bk, ZERS, TEMHENHRMEXPEESR S, BEAIR
Zo HPENEPRHERENERMNESFIRBRRNOREE C, = 0o/0k RFHEE
ZRE U, 8k WU +C, BERE, k: U + C, ERIRE, RERNVZET,
o ky M ko RMEHRNBELERIE « 8HATE, BEBE k KRR (3 action)
AR RETIRORENE, AfN#ERERE T

ERER ki WK ZEER (5 action) MFR _ LHFTER (BE U+ C, ERLE), &
EHRFOZEMAE LW U EZEEM, REEFNERMNEZFNA, AHEN, H
ky ERZHEN (RERBE). RE, EEFOUE LN —U ESPEEPEERNY
RIEER, TR by W HEEERER U, R U +C, =0, RHEEE (K action)
A5 R ZE 1 I T S i R AR T

REFREHBEARS, RRNENSESEEMAEL, 1 & HEN kL, 78,
B ERATRT AR E A ST IR S E M.

LA E3taeflrRe R, BMEREZER b, A EA L —E&iF/H 888 WKBJ ##x
R R, ERENFENN, WERH (3.7) NEGRRE,

B (3.7) ATAl, 7ERREERE b, BRU + C, = 0, WKBJ E/5HEIRIE o 7EIE L
BREEA. K—-RREETTHERE, TNERES WKBJ BRABEKEMER—
R L EREAOER, AERMAET -G8 BB AR EERERER
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IR, LEAERR TTEARERE | bR R BRR SRR, ARERREREERITIR
BRI,

3.3 HERE

FRUR AR R A FLAH R L TR BT, Smith (1975) i REMEAIE R TEERA,
ERFERERENNER L, FOKENS n(z,y,t) TERR

n(z,y,t) = {AAi(r) +iC Ai'(r)} exp(is) (3.8)
Hp
r=~[0a -’ s=300+x), }
(3.9)
A=72(—r)*ay+a2), C=r?(=r)"4(a; —ay),

Ai(r) 1 Ai'(r) 2B Airy function REBES, T a1, a2, x1, x2 B WKBJ
FErh A AR T R S o 2 SRV R AR T R

M WKBJ M@tk RS L RAE, SERBEAER (3.9) AR, a,
az, X1, X2 URBRRHBROEY, MAVEE. 54, ARERERE, r = 0, KEME
FEHER L a1 +a. REHEK, B (3.9) AP A DR—ARE. KEERRRIFRE
LA C , At (3.8) AEHERTREEXR,

HRE r RAH |r| BAE

Ai(r) ~ 77 Y%(—r)Y4sin E—(—r)a/2 + lﬂ“|

4
1
AV) ~ —a () cos |2 (r)¥0 s g

(8% Abramowitz & Stegun 1972), #fRA (3.8) ®AI%&

1 1
n(z,y,t) = ai expi (X1 - Zﬂ) + azexpi (x2 + Zﬂ) (3.10)

& (3.8) ATERMEE 2RISR A S B AR S F R ERIN, B9 %78E R
PHZE R SHIRE SRR (RIEMEERER) WA

B (3.10) BMATREASHRMRF R HOBLAE, RIS 7/2. 554, RE
(3.9) HKy C 7EPAEH FER—BRE, £ 3.7) AFERESOHEE, ERABIIAN
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BRRSERE, ARAS, FUHR, RV AT HIEE Y fiF FERASE, R
Y FRERR SR, b RSTIE, —RR, % MBS MRS (RS (3.8) I (3.9) 1&FD),
LENHERR S B L B AR, EREEARSA LA R, A/MIZ, &
AR, B THE RS, B L RS b A SRR KA,
RIS b, G HTS T, ROEBRE (3.5) 71 (3.7) KFRERSR, BHE—81
BIASHEZ (U + Cy)a2/o BATAIRSE (3.7) REBAANEY, AkEREES
(U + Cy)a? /ol H— Wi ETRa =15 2.

ERTEE— SRR LR, RIS TR (3.1) R4, G (33) 71 (3.4)
HRERMA FER, BE (3.7) RUEREER, RPDEEHS BRI
5 o) 16, BERARBRNRMEERS L2 S EABRT BEEGHA LHS R, A
A%, BRAR, B4 k—+ 2 B RO GE L 0y EBER o B RE o
(R0 ay ) ZEAE LR singular, HORRGE FRREBRIES SARBRRMA (3.4), E+H85E
B, o) BHELRANEE, TERESER, o BITRREHE, E-E o 1
0, BEERBHE, B LS ELRRERARSTREEE. SREE—FE, Shyu &
Tung (1999) 3 53— A, FEF I ARR MR £ RSB EE B, FEEAHHE R
2 ay — a, ROEUE, LSRR R,

Shyu & Tung (1999) 4RI MZE LMK ERSEMUROT BT, BHER
B R R A, TR — R B R 2 A E BRI T S RER RE
HESM O ASTBRIE Z IS | §% @S 4 —EMEEA (2% Shyu & Tung
(1999)  figure 15 1 figure 17). % AMHAIRIERSARS, FEREHRTE—E
RRNEER BESHZER, BARE LYR—REOME K—BEBl e
RERR (BEAREEERFENE) NABRARE L, RTSERELD, HL5
2, BEEMEESES THE. W, SRR AR s LB SR A
2V T B R E AT BB S S,

ERERBEOE R EG | BR R B R, B R
BTSN, H—GETHEE (3.1) 1 (3.3) KE, EHEEET—SR0, K,
B EMANGE, RFREASHEHE Smith (1975) & Shyu & Tung (1999)
R, ISR ERR,
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H=E BEEtE

EREDRMGH SR (2.1) RARE=FH [ ERHRROESBRBNTE, &
HENETEEE LR REFMERNESNME, MR uiERR, SeEEhsits
PR AR BRSNS B SRSEME SR BE, A (2.1) A0 (2.2) PRI RREE self-
preservation MREEHIFSEME LM, Bk, £, KBEEEE [(z) WB(LIRFE
m (2.7) REHGE, EEBCHELR, BRRMANER | £ o FANMLSRE K
BN

l = fr, (4.1)

WERBRHEFTRAEED 6, FHEEAE, AXNERRSNBRETHEY. 5
ABFAHURBERMFTRAZNRELRRAE (2.1) RAFWEELHY U, H—BE
ol (AR E AR E A TN ES), B ERME fEER—
BRENE (BERANTATERSE), H TEN EATESN SR ESRGHM
RN EEMN R EERER, EE5S. BE TENHEERET, ERERENE
FREILR R R 2 RV TR SR SRR IR B R B SR R S, HH g B
RENER—THESNHRNG—ERBA, BRERRHENEREETE, RIRM
AR E B 2 B & FERORT &R B TR BR .,

EfSRER, N ERBRES%EME (3.3) R, A Secant Method ## (3.1) R,
DR &R L0 b, 1 &y BE, E—5ET, EREEPE, RASE < BER
RALT5, E y BB ; EERE, AISE « 8iErdls, E y SiEmdEs, NE
ARR. W, BHRZERPEILN BEIRRENSL M ARRN RS ERA (it
A, REAEER), & (2.1) RAHPH U, BRE. TERAETER BIR R RN IR
FRALE, S U, BIE. RFPELKEREBRERMRNEER, §BANREY
REELREERRTR, RAIBERZERENBEANRZTESRREEHENS
B, RIS R F 2 & RS RB T RE B L FERREIRS, (1B RHERR B BIES R 3
IIRARRITERE /T MU, AT B G ORI B 2 ;e R 5 )

H—AH, BREBAT, RTAERR, HEPEIN HRRERSINTESER
[, ERERZIPEREANEE, CRERRFRE, RENEA L ARSRILFATE
TOZREIBE AL M e (E4RRRIANMT, HE A W4, e cp LB SR REHGE, a2
FRE SIS AR LB ), T 7 25 R B SR SRS ST AR R AL 8 R B A ER
FEEY LA LB Y e, R ERIREE L RER B ETTREEEHEANEE, E
HEBADPRMATLULE « BERANBENRGESR (FAERNTIR) Lo
ARERITA 6 , Bl ng = 1.3 rad/sec & (3.1) ARERR L BB £, T £, W
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REMEVB TR, Bl T RENT] JE RN Z 3 & Secant Method, —#—#FE
LR ER k 7 £, fE

£ L ES, EEXERRELE (FIMEAFH 2 = 20, y = yo B), A Secant
Method B E#EES k, 1R, RUECAER—-BRAENERER, QIR
R ZERHGEDL, BWET R E ¢ = 20 + Az B EREZ &k, T k, EE, B
Bl y = yo ZRBRESILIGE, BE vy = yo + Ay MR y = yo — AyRIR{E
I, 2 BH forward-difference 1 backward-difference BRI R {E AR
central-difference AF.. —EHEELIE RPN FFE#EST, EE| Secant Method £
A—R L XREES k, R, IR, SHEER, 84Ty = o+ Ay K
y = yo— Ay R L (BARBREE). BEHBETRBFFER v = yo — Ay REH
RRRBEAINLAGHE, MTE v = yo — 2Ay Z&MWBKEE LA backward-difference AR,
X central-difference AR, EF B —EHELHR, REMAEVEEZSER &
AR R, H—ERE—-RBRERMER, MEER.

HEATLEL, HERGEEH —EA (10, yo) BHHE, HEARM v Bz R AR
RER, LA Az < Ay, B4, ARERBEREMRAERCENTEE (k—T
REMER K(z,y) TEHERR singular TIAK), RFFEHBEZEN C LMW U+ C,
AR o BRENME AN C REBERNARAE v, RREENERETHEERE C
®i, BRIEMELE C B EATA Secant Method fliEt k. 18, (P ILE (TiFE B) %4
€ FoRE 22 B,

FER A L 75 BB r] SR E SR ARE LB, HIRE Z P LR BURME R 7R
BREEMINHS TEHEEBREAENE, RRMITEAHANERESR, #&
AT SHIE, KRR U, {8, Bt i e A R R E . IR —EAT5 |
Az DEREBR, BB TR EERDEID ERBENSLE U, E5 -1.8 m/s, E
FHEARREEEZ U, 58 1.2 m/s . B—HH, ERE2.1RE—RURE
HEPRE—-BRXFARMERNRE, RFEIE (2.7) i [ EEBEHEIRRIRAE
TP R RRENHE 2 BI5R-0.2510.25 (REARNZRERNFNSRENE « &
A z BHEN). AU THREHEERTUESS U, = —1.8 m/s (HFED#)
M Us = 1.2 m/s (IREERE) WG,

W+ ZE -+ —RE—FHRBEHEAEHNERNMUE, EACHENERFER
B r = —200 m HO#R (BMEERIER) LAEEMASHEZ k 7 ¢ BNRA 0
EETH. H5t, B+—-NE+ _WEEEEEREREBRERNER B8 L+
ZRRERREEMERSN, EERONAR, APEAHEZRIEDRERESRET

12




BLE/) (2BET=), RAMERR RS REREAEVCBRREBAM. B56E, A7
AR, HHEFRGRERTLURE, SARRANE, EELEE - _—ANTTEREE
REER—EEPER LOU + C,RRAAH A/, BEESAREERRE L2
U+ Cy, HE,

HE-CEER+—ANTES R, RETHEENE S AFHENERNAHKIEEEERR
t. ARBMNARTFERSFE, WEFRBEREENTER. EREENE, AELHE,
HSHZHE-CZE T, RATES, EEKPER, AFENERINFRERN R, 8
HERTE, kM TERENGHESERNGE K.

RERRTHEEAAAFNNEREENFAEERNVME, B -HPRMADEE
LEE -+ ZARNEREETE—E, HERBERELERERNEEMNRUER -RRA,
HEMEETE, REGHEERRFRRE & AREEEEREE &I R R R
E—BEXRRARENEENRESR,

RN B AR EERREAN KRIREGE. BT AZEE-ATEL, ARER
¥ P B S SRR R P ST R B B h e AL SR B /), MR BRI R A ST IR AT T B £
MEBREBI. BAENNEERET, 15 0 ANFRARK, SHRELEER. ZNE
B+ AR BRI EARANHE, K—RENRERCHNEEE § = 3 RTEE
(2%F (2.6) A THEHKRA) M, BREEE ¢ BN (FRETEAE shear layer W
) BFERE R,

B —+hEFALEE - EEB - ARAENEGEEE—E, HERAKETR, £
e B EM R ER —RBA, BEEEETE, RICES £ EIRERGE, B
FEMEFIREMRRSR, A THEEHEERIDLAERBERERK.
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BhE iGMSER

AT B 4 A E E LR BOR M R AR FORR R B S B R RIS,
BREDEMN=H R EFANER, SHEMER, LETRERETE. BE
RN, B2 RRALERETR, ENEEREERRARKURRREELRELRA.

E e B RH ZERE P R AT R ARNTE, BEERE R B — R RIAE |, MEAST
BRATEE -BRHRVER, HRETREAFENN, AENE HEREE, it
BERGBEREEEMBELRY, RELHERREREYT. RILEBiTHGE
RN SRR A B BN A EMECER - KR, BEREE, RIRMATX
BamiT 3 4 7 B rh LB BOR A2 F VS Ta RS SR SR BRI IR 5 ZUNS IS 3R Sk AL
BHROEREETIRIRE,

EEMNBEHERRMALARER, EBCEE - DRE+EEE+-hHE 0 EHR
RAN, RERHER/MNMIBERATRERANBRETER, ZRETaREERRIS.
PR ER P o DARR ek BB B SRR A A /717 (AT IRAITHE T M AR R, 6
IR R GBSO ERTERS:, RTZ 2R SRR Re B8,

plgn, FEm—mp, EHHFIREACRT BRI AT f, RIEDIEREFTRI R E X
MR, BERITRY /TR R AL, WisE (F8) MARASE, ¥ iEE BRI
TERANEETE, R T EEEER, WML EREBERENRBRR. MERS
FIRERRLEARE KR, AGERERE AR R R, R ERERBEMRERR,
ERCERRER, (TN RRERAE. B—HH, MEEFARETENER, 1
U3 B LB AR B S R MY SRAT A, (B 6 ERNRE LAY 0.4 rad, #
EENRERT, SRIEERE.

B -7 REPEEL R, EREHRILN R R A EE L R S R E 850
K, WAETEEH 480K, HARRE —EH 4T, EFRVREMHIOTBRE. A, B
o ERIFREEETK, W HRAR. BRIGWATLUR LB 48 & AT S 2RI
R ERRAE, Hib ek g 8 AR e s iR,

H—7H, EEFERNPORRENL, MR EREANRRBEEESER, Hos
BRARME AR B R R ERENGER AR REES R, AT BCR AR AN
MHRRAS BEE R RS, TER, . B (2002) #HXTEHLHERERD KR
R 55— BRANS BN, BIAT B2 H R SR A 3K i 810 77 10 R A A ST 22
ERATER (2ERNERZRARE—AXFRN). BRSO R RN
ETROLBAE, BB AT, X 7ESR B S B R i Y J e o
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Unax = 1.2 m/s
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