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WTKEARBEOR R R Y RN %38, B80T ERMH M F.

XKEIE WRFAFE, B, AT EY, EBHAE, i, Vi

1 5]
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WAREBRR 0 HEREHERERO R — -7 10, ERRTEBIURES, BR
TOERRRG I FES MR BT RIRR, AT HHEORER, LR R E
AR LMEATEHL. 5--T0, ERUTAERBRXMARERENBOREFE — T
FHTERITIL. 4 HALR, JRBRERBIATAINERE, N_HI =4, NRTESR
FInTESE, WERBIEER, NERIMKE, ASBYHIIRE DRV ESS, #FRET
IZIRF. SRR (Kuo 1953)1] | R BRERSHE. LRBOSESEM,
WF R RERS—H RS AR R N8 .

BRT T MishH AR, EARRBEIRBIAR, W KEEKTHHE QT
N2 RBENMHASERE, XERAERKERTARNR, #ERKBMREGHAR. 5K
ARERE, KRGRBRGABEKSP O RES N, XEEEHESRNEEEN. X
TAF RN TR, MARMKORERTEEHE XL S0 AR AR K AR TR 1 4% 35 34
RE, TRBERMGLENY, EMUNATHRGHRETE AXFTENBE-LIRE
A

2 Stokes 1R E

ABTEAL, XTI G FAR = £ 0 3E B RO YER ), Stokes (1855)2 4 iH THEWAM. WEIL
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AT HEHEK
u(z,t) = Awexp (— 1+ i)éi>ei“"t (1)

Ko, A DFEIGRE, o REEE, : BEFTEMER. 0=/ % Stokes KJE, v

KEFREME RS AMFRXFH R BN Stokes 2. LS —MWARE, WMREEAZ), SMAH
BWME Y, Wa, FHEMEETRS LA HRKHREX

MLU—mAQ=Awwp(—ﬂ+D£)&” (2)

FiLl, SHEARBERRE, HEREEKAE R

VI, 2 S ARALE, TR, A 20y

(E 17 Nielsen 1992[3}), Emﬁtbﬁfﬁﬁgﬁﬁﬁ 15]’;8 0 9a5° 270° 385°3 00__

ML 450 A (1), () RETUEH, BRE '

B‘]EEE%? Stokes KfE, %] E 10} N
8s = O(VWT) (3) s ]
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Mg Hh, T ARGEM. FE, MER
B, B KRR, TR R
RBL X FRAKNMY, HEETAEOK,
HEEBAKE. STHAELZRAER, HiRKHER Wl 1S b 00 55 M L I e B b R B %
R0 A R OB T LA $1- 320 05 o B

3 mHARBHENRCHERR

TRMPENE, ERFEHE, BTUEENZRIBROER, FBERATEREREN
WHAFAE. WMEELEHEEY Res A
Uds 2w

~ = A\ (4)

Rea =

R E WO, LA 4 BT E:

o B2t Res < 100
o B ER 100 < Res < 500
o [B) BX i o 500 < Res < 3500

o TERBWIK -~ Res > 3500
EF AT 100, T 500 B, BARFHREKRRZIME, BEBNT —ME3h, FUKAHK
HEFTEE (Hino et al. 1976)[4). ERIBMMIEE, NEREN B, SHERERNE, HEFEF
WM, BERREER, XEIEHRES. EERHEM, HELmANBEEK (Jensen et
al. 1989)5). B oK RIS MH B, EBAMEAHAZELTRIRA.

3% 5 30 72 e o 75 1 D O Bl B S T FE SR AR AR (Dawis 1976)8). X TR EH BRI,
ATERBERSNOMERSEARNGBAER, KR Eln e X EEHTLUHY. X+
FEREARSI R, WERSEEMHZABREZRE, BAXPHERRDRIBEN, WREE—
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AN, RESIBLEREKEK, BAXMERFIRRBEN. MEEXFEN, BRshE—
ARBRTRoERRGK R, HE2T - EAHE, NIBRARFERN, BARXFEARSE
T 8% W (Transient stable). RE ML, #E—NMNEABHANSIE, SEEMBRERHATUAELRKS)
TR, FREAPAIMREHTUHERF S, WA EABSIEERD THRERE.
T RBE MR

R 1 I 5 B A 3K

{%9 — s
Re<; =
19.0 =4E4sh

T %35 e 57 5 v 3

46.6 —#EE
qu{ 43k ©)

24.4 =4I

B—HH, AR SEREESTRNE Floquet BB SBU/NIE T BREMREEN
FEa%&HE. 70 £, Von Kerczek (1974)17] #1 Hall (1978)8) 4 $I8F5% T A A TR Stokes B
et 4R

(1) ZEARXEE B=h/6 =8, B 03<a <138, MXFHHRMWELEYE, BESUAEE
Syl :

(2) X F 44 2 M BB o, MR BB T 0 2R B 5B B 508 7 489

(3) X F B & MR BA EER, ARSI ERERM 3 WM, SR E AR
VNI 8

(4) BRIEEF K Stokes ZHHBEFERGFH AH. BHTERIREEE, FIRER
R EeIC. BT LUA 8 AR 3 AR ] DR 1.

Tromans (1976)%}, Monkewilz (1983)‘11'0] RILT ER L 2R K M, BIEhH ELHFE
BHEMRERE T 1A MR, L, Stokes ESEHMIRABRARE, RECHEEES
BHA, EXPEARH R AR E Y, BT Re > 500 B RERER AR kM
B I TRATFHHE, FEMEERWRFRAB —E R HE 90 8, Blondeau (1994)111
il Wu (1992)12 BRI, 4% 8530 52 10 W IR 10 35 0 5 30 B2 00 RS MR JE Sk = S N 3
Blondeau f& i, STH 00 M 2 i 3 & 73 T 08 & R BRI o TR R S A A R T A 1 9 B 1 B A
BEARTAERBIEN. Wu (1992) 45 H: “4e k5 — X5 = 4k R B 09 3E4R 40 B4R F 0 WL 1)
WEFERT R, AW SBR. X2 R 520 8 WA (Wu, Lee 1995)1131 75 $ {5 481 %5
B, ZHTHERKE N-S HEMEBEHEMB. EEH Sparat (1987)14 7l Akhavan (1991)15]
) TAE, MhATHESL T Stokes EXF kMM REEE M, — 44 RIEEKS =S80 0T /EH T
um&%ﬁ.@mm%*m%:%ﬁmﬁ&&#&%ME.%ﬁ,wmmmVMmum%Wﬂm
ﬁﬁ%%,%ﬁﬂ%NTME%m%+ﬁEE%.?Emm0mm&Wmmmw%W”ﬁ~ﬁﬁ
WEEH AR ARSI, RBBIETRSMNERDT R DR, HERAR L
REWM O HSRE. ERSBATE, KGR %m0, BN, BE BT 550 DUS, B
T=4MB) 08, ARG E. BT EY, 305600 [ AR 4 i i 5 T4,
TSR WP B TR E R, B THERANE, SIUBERTEERT. 4
WERE Y, ERGMER BRI, EREN R, FRATFHREER, NERSE
T A 4 1 I B A PE IR FIMEF 4 (Vittori, Vercicco 1998)117).
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Sarpkaya (1993)181 F#EH S48 (LIP) FH:ME TE U BE+HRERER LT RN
WA T, HP2H
a = R(w/v)'/? = V2R/s, (7)

ERHRAHERNER, % o> 1, R5FRIFRRAERMY. LHE, So=5K, &
FE A /INFOBY L S ARAL BT S FARGA R B NS RO AN (L. ARA@ETN 43°). FiLl, Lk
SRR DU RIS AR R L R BN, EREY, X Res = 400 BURH Bk B4 A,
HELET RS MRIEEEL, ERRIHK; 2 Res = 420 ~ 460 B, FFiathIREH,
¥E S HMERIN; 7E Res 5F] 780~880 B, BYNSIARRIMERTM 34° [EEI 13°, B RER
% Res = 1000 B pyd k8. FFLL, SCRBIRIEH T LRIHBIHA TR EMEEEFLK
B EBERLE A, NBEPHAZBRAFHHTFEMOIR, UREAFHELHOHMAS Lam
(1992)1) BT 4 REE— B, ERGAFBEFHRFRED, HERRHTHEL R,
TEMNE Y BUS $I6 R R A QU R Rl A, SRR B R A BRI IA B BT

4 BRARPHRHARE

EHRATHREGHABKSRENBEELERES, TEREEFRD, WRNSE
X, HA%SATERE RS TN, RHMMREERQK, E5RUNEEIERSY
i (Sleath 1995)2%. T ¥MEEL, TEXELR FSAHAM, FEHE, BALBAR,
AR BN T TR, RXhEE— ST 0Em. TR A5 R ¥
MEMESEE. CHETRDOARAEEDLE. (0£BY m Rk LR, HBRZE 50 um
PUF, WTRIMLA M. W R s AR, FORS LAY 50 um % 2mm. M FHA. B
FE, HRAE 2mm D k. B-HT, REAES 8, BT KRSEENER, RERGHK
BOABIRBIWE, AU EMNATRBE, BEUNIS A, BT 60 cm, B/
F 6em. BZWHIN T, DERBRDE, BHAVE, FEEORDESE BB HHR,
KARITY ELRAESBHER, RPLRER BEILSBRSELEH. BRYENERM
KB DR E ML KR, BE T Froude HvE )

Fr? < ROUED) TR, B, FE ®).
D) < pr2 <« C0D) g, FuE wEYE ©
migm<pﬂ IR, HE B EHE (10)

XEBYHE, FROGHEHCHEETOSEEOGL. RIEEEES Y RN &5,
WU B, FAAER, RKBIRSEE, LIS BRI, X 7ETE I R R TR A
BRYE. 4RI HERBEHRN, YERSEE (Engelund 1982)21,

ERGWD, VOB E N —REKARSBEEEHRNES, SEATIIER © =
- A%2/((s - 1)gD), s=2.65 AWM LE, D AWKKEZE

{ 1.33 P <20

= (11)
2.2 - 034593 20 < ¢ < 230

| >

- 454 -



HEEENLEZTILEORE, FURLLABEXNESR, —BERRTS, XN
g = 0.32tan ¢ (12)
Hrh ¢ AR A. 8 Nikuradse 7K J7 4R BE (89 & S (Nielson 1992)F], A 3654 4
ky = 30z ' (13)

He 2o AMBAEERLNEVFEHEE. EHRSGHED, TLH
0.275 — 0.022¢%5 ¢ < 156
{ 0 ¥ > 156

n
" (14)
RES. HTFEANBAWES, FTLAES% Nielson (1992)Bl. FF# 1%, WEVPINSE, WK
o JEE 2 3 T 25 AL S L '
RS 5 R RS EMGRS LR EARETRNEE Bk, dTFEPREREYE
RAESBIER, FFLURERSWREG T ERE LY
Re, = A—,“jg =104 (15)
Hh Re, RETFRVKABNE LY. T 8< A/D.< 2000 iFHR, (T2 XBERN LI
RE N A A
Re = — = 70000(5
XERWEST LM, ARESIRAERERERE, BPEHEEREATSS R ENIEANR
B B4R Re EEX 10° ~ 107, AU 25 0.08 ~ 0.5 (AW HE) S B (Nielson 1992)03].
SREH, R SRR RRNERETUS A ARTNE. T, ARGENSEE
XEEREMRE, BIEwET, NEEEREXBTAMGERE, E—E8nN, EEELE
. BERRERSENLDREEE MRS, MEEEESY

U 1. 30.2y

- =21

Use K ks

Ko u, HEBEE, s=04KRIVEE, k, =2D. 0 R7EBES B o 40 B MRS T 0 IE 2=
BEL TS, i G 308 3 5 3 2 b Ay B
IR, EEREEHR

(16)

(17)

#— = exp(—Py) cos(wt — By) (18)

o0

He, B= ;ie ARBFRY, o HEHE, ¢ HRRERY. ESRORREER LT ERE
HPHES. Bp

()72 = 6.20473/2k 7112 Ty (19)
MBBREREN e = ()2, 1=01y RRGEE. TUSH
~3/4
Bk = 14(?) (20)

EAGER G E LR+ 95— (Sleath 1991)122),
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Nielson (1985)12% 3B HLRE W ML 72 5 B L A B W H LML, T UBE P Y=
-9}

u(z,t) = Aw(l — D(2))el* (21)
D(z) = exp (— (1+i)(i)p> (22)

2y

i*%%ﬁnﬂp%ﬁﬁﬁ%ﬁﬁ%%ﬁ%&ﬁ.NTEmﬁﬁﬁﬁm,m=f§ﬁ&w%
&E.M%ﬁ%Mﬁ%mﬂE,a:awGS.%mmﬁEmwdm

EHRATFEEARGESR PSS —FRYEGURE. ERERETT X
(KRR LM RO, 7R O RAF R ES RS IR, A, B, WER. BT
SBBERNTE. U, ALEZEEMBSMBMENBESERFTOESLRR. A5
R, XEMTSRAKS A EAEROER. LEEXNTFHY, BENEEELRRE, 7
DL BN e B A IR R TR AL E. 0 S (A 4 B R, R L L4 B 0 R B N A
#iiZ@&. Lodahl (1998)24 ¥ 1T T WM& 1E R TR B LB, B KB T
WEES Re, MIRTEHES Re.. MEAERFW EBMP S HALTRERSKIES T, HE+H
W IR DUB AL, BB R L, b RS AT LR AR, W R/6, = 53 WHEF,
F Re, =8x10* Z RSB W, WAFIHELTTLIA 2000 #EF] 7000. X+ FFHHER, WA FHOH
G WP WAL, WA EORS SR EMME. LM PHHAEL AL NM.  Sleath
(1995)200 4 WA RER MDA BB R BERRBESF. TN, MEERRARES
AL TR AT BI55 R 5, BY R R RAR, S AR R SRR T B SRR Y T, BY R
F1b, 0 BT B 1) AL B O B ) SRR S, S BN, EH WK 4~5 4%, Myrhaug
(1995)125) S7E AL g B BLIE TN 3 — U0 T ERA18, HRBIPH T mHs.

5 YIRMEPRNR S BidE

ERFBWPYFHZEH FESEREOEERNE. %, MTFREMERKA, BTE
EEAEERKREE, EOE—IBEEBN. FFUUKEMERSHYR (nRYE) TLUARF
FRE. EXTHERORG R, CTHERRMRNG KRR EORSG S, 85 RS ER E
ANTHBREE, —BAREEPERE. UL R PEL M B, IREMR
AKBRAEEE S1EEHHEN EER A (Liet al. 1998)2°), THERMEEM R AEERGLRE
PR Yk i B T R AT 4
5.1 miktBT&HSE) _

B, RUESIEN EERIEYIN AN, FEIE RS, BT LU R )R B A 63
6. B Shields WEM, g W B 5 B 2 0 AT DAHE ) TE 3% B4R T 02 A ISR B B R 1 1 2 5
A (Nielsen 1992)3]

| ¢ = \/_(T?—% = 3(0y.5 — 0.05)"° (23)
K, Qp WEBFUREE, ¢ ALBRSH, 6.5 HPREREEN 2.5D5 Wity Shields S48

a5 = %fzsw (24)



fos = exp(5.213(2.5D50/A4)% 1% — 5.977) (25)

X TEBR, AR R 8 %32 e AT LR 4% i 48 6 3 (pick-up fuﬁction) HH

p(t) _ B(t) = 8c\15 /(s — 1)gD?\ 01
s 0.00033 i) () (26)
0(t) = 035 cos(wt + ¢,) (27)
TEIESZ AR 03 k3% & v LA U8 ¥ J5ks I 8 sk # R
P = 0.007wp (825 — 0.05)}5 (28)

Nino (1996)(*"] (fy Sz B04ESE T WA T 45 H T LAX B W Sh A de B i m, TEMKERS
LR PRI K AR T, WR s HES] 5 7K o eh 1 o 1 i HE S — B (| 2).

z
] <
‘ Flow
Ay =100 l CE D

z

Ayt = 1000 ~2000

2 RHERY AREFTRB, DR P 5G40 A Bl —a

U EBEHSHEREF -, RTaTDAIBESTRREAFRN EH AR AR (Cao
1997)!28]

E, = PD'*® <0ﬂ - 1)6 (29)

c

Her, E. ALBRNEVEREH, P ASHARROHESREAXNSE, HBMAY L5
0, 6. 53514 Shields # 5 Shields 4. HHE P, H 8l R 8FI 18 5 1950 W Wi 10 55 R B 25
RE, BERBERGRAMBRE SRR OMENAR, DI TR .

5.2 HH 5N TRE

BAVNIE, FEBHF T W5 0 2 S SR R, W7 R UR U R I R R .
— R, EHDVUEE LK O SUTEE, KRN AW (Loitering). K, 24
VIR A w = wo(l + acos(nz/L)] B, B LLEZ|

2L

Ty = ———————
2L wo(1 — a?)1/2

(30)
KRB, VUEEREAT (1-e®)'2 WET. MiZXKHR, WAREEII 0S8R, R
ATLASE AR 00, W O AT LA /N U0 TR R 20%, K 0T 22 0 S BE BRI 10 5 2. K B I 7 7K T
BHEAHBOA M B R B S, Blthin FEE, PTCIuEEmRoR, ERTHHE, — R
B OLTR, FNKFAEARERKEES, FUSEERRE. BIEY%E300 LA
T L 4 R 1) B S YR YD T RE. 4% B BEE T VYR 32 572 v 7K AR BT DU 2 U8 Y 5k B
YRR BERSY W TR B, JEICR XS F40BUR B Y (RiAR /N T 0.01 mm), s B 3738 45 5 A 9k £
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HREFER, TRKBTKANREMBYKE WA 3, 8T, HIKE 19862, @i, FEo
A DRG LR R ORI RETE (I5R, XHR, SR 1999)0,

0.50
0.45 B
0.40
035
!
z 0.30 0.5kg/m?3
g 0.25 1.0kg/m3
< 0.20 2.0kg/m?3
3 0.15 10kg/m3
0.10
0.05
0.00

0 2 4 6 8 10 12 14 16
s/ppt

B 3 Rk BT 5 th BRI IR W BRI 3 R
5.3 XS H

CEBLTHRNFFYRLEENS AR, ABEYT SER, MHEY HER (Nielson
1992)B1, AT AT L8 BB 475 43 5l K

olz,1) = (c1e7 70/ 4 cpe™PH/ )it (31)
— 7 A
o(z) = 1—(% ((1 - mtl/wj)e""’”/”‘ + = :/tl/wo-i:e"z"‘/) (32)

EEEANHRR, F-TEE T, £HS 55

(1999)P1 3 BL#AT T i, %W HEFxt 50}

W HEEATLUR t, KEHENRDIEE 9]

BEDKEBER A, FAGAGE, AHE, |

XY BORHOM R UE (B 4, Li 1996)132], £ 50l

RiAfEH, ERERBORAER LS f o)

ERM ETHES SR MU, R REKM  § 0]

Gk RGBS X A, SRR R T I5F

h, EHERNEAMIGEHLAT LA S, R

TR R0 WA RRGEES, RA

L L5 AR TT ¥, AT DURE B R BT K
WEEE S, Q03 T B AIAR I 3 (5] 4E B 7
MK, ATELS (B BF4E, X3 545 1999)130). B4 AR 2 Vo8B — A 3P i (6 3 42

1 h
te(2) = uf (1 T 1+ k5] (ny/) In Z) (33)

nal?) = Acosg = dexp (= (3)") cos ((2)"-9) (34)

H
Uy

¢ = arcsin — arctan

(A+ a2+
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XE TR ¢ M “w” SHRRBRSBMBBSE, o, 6 AKE b Stokes KIE § I T
. XHERTHTPHAYE, ELELTEMERS, KERAEESA. BHEIHE=4
BRI E N AT XA O, T ERE. BYNEERSN, RARBEESREOERRE

K, RAVE WA ERIRS LR R P Y RBIZ LRGP F.  Mei, Chian (1994)8%) 85y
THAEGZHERYOBEE. A THIERESSYRTBHIE, bEERERH RN,
TR RS H B, THEBTRE, FHIE. Stokes BEEZ/NT R KN, WHURAFRY
VR RO BT R, R I IR A el 4R 3 B PR A SR K I BR B U 5 9 O WA SR
KE BB E R R ARE, THEBS BEHKRONHRIESRE. RAUKLEN, BTH
DIRBHOARE S, KFEBREELRATBRABABL, D01m?/s WREEK. MbA1RET
BT AR RS R MY BE, AR B R B MR R . BAT (A BT
|, E, BRE, NHFR 1999)P g &\ “RRDHFER, IR THYERTEORDEH
Wi, AT RDRENE TKROLER, I HX WS R mmEGENE.
HTHRBRERE D RGLRABTRY LRGN EEE, FAHFE FRSE (1999)F F
FR B 43 A 7 1k 5 R K R B T 1 5, 3RS o A PR R K R R B X T B S,
—SHRTEORRKOBEATE, WRTHREN RS BIRR N — B4R, KABRER
WA, BAERE EWAE. ERAERFHE, BTRPTERK, FHRERD, HL
TREETY B RZAL.

6 ZRE

AXGRTRGLFZWERFE: BRAAZOERE, BN WZFEINR AR
MILREFEH. SaBRTREE W7 ARNERGLRAE, HRERNEABRGRETE
WEEHR. BRE, AR TRELRZPYR (WRY) WX, 7 8. &30, TRFINEL
REEMY LMW, 5l TEROTREA. 82, M THEE BEPORnis,
RHLRBOEL. KEMNTRHRABERRH. H—HH, X—FOROF 5% T iR IR
TRERAEEY. Hik, HRERFLHABOFER. WMARTSEHE. BERR, StHtEmny
Bz BRI R, TREMEFERE R RE.
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ON OSCILLATORY BOUNDARY LAYER !

Li Jiachun Zhou Jifu Xie Zhengtong

Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, China

Abstract In this paper, the present state of the arts in oscillatory boundary layer research is
reviewed, involving the current progresses of laminar boundary layer, flow transition and turbulent
boundary layer theory, numerical simulation and experiments. The most typical case in nature is
the benthic boundary layer driven by waves or tides. The features of benthic boundary layer and

its dynamical impacts on mass transport are discussed as well in two practical case studies.

Keywords oscillatory boundary layer, flow transition, coherent structure, nonuniform settling,

convection, diffusion

t In memory of Professor Kuo Yunghuai’s 90th anniversary
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