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Review of boundary layer theory

What i1s a boundary layer?

A boundary layer is the layer of
fluid in the immediate vicinity of a
bounding surface where the
effects of viscosity are significant.

Time-Averaged

- Velocity Profiles
—_—

Turbulent

Laminar
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Prandtl/Blasius Boundary Layer Solution

For steady, two-dimensional Ilaminar flows with
negligible gravitational effects:

ou  Ov 0
— — du  Ou  10p (32 aﬂu)
— I At U +v = —-———
— RS s Ox Oy p Oz Ox2  Oy?
o = uaﬂ vav——l@ v(aﬂ +62U)
Ox dy  poy ox? Oy
Within the boundary layer: G, ou_ 10 &u
Ox By P 511’: y2
0 0 oV oV
V<, —<k—=—=0,—=0 19 _
oX oy  OX oy p By

5/15/2019 4
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Prandtl/Blasius Boundary Layer Solution

n.
Uy Upy)
— — U=Uy, P=Py ]
At the edge of B.L.: = sed
=L 0%y ) o ¥y [T = ymEse)
2 ayg d(x) 2ve
O ;
%:@:O ‘U,(:I:,y) 3—y—Uf("'?)
0 0 v
o v(fﬂ,y)z—g—:z %(nf"—f)
ou ou B 9%u
Ha—m—}—ﬂa—ya—yz fm-Jr-f"f:U

5/15/2019 5
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Law of the wall (Log-law region)

Z Z
Free-stream
flow region

Log-law region
u(z)
0
B J Buffer layer
__ "~ Viscous sublayer
. U. | Z 2 ou
Log-law region: U=—IN| —|,7=pu T=p—
K Zy 0Z|,_,

u.. friction velocity; z,: the distance from the boundary to the location of zero velocity;
7. bottom (wall) shear stress; k:the Von Karman constant (=0.40~0.41)

5/15/2019 6
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Law of the wall (Log-law region)

: . u-—.91|n _EL
Log-law region: T 2
_______________ ”H—H“,“h-ﬁ“n‘:‘;
. 0 K "'
| QOOOOOO00
Smooth Turbulent Flow Rough Turbulent Flow
UK, <5,z v UK, >70-100, z, :g
v °ou, v 30
Y 575109 (Ej +55 v 5.75Iog[302j
U. 14 U K,

k, = 3d,, (Julie,1998)

5/15/2019 7
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A) Small-amplitude (linear, Airy) wave theory (Airy, 1844)

¢ =acos @ surface elevation/displacement

a = H/2: wave amplitude; & = kx—ot: phase angle

k =27/L:wave number; o =27/T =2z f:angular frequency
o’ = gk tanh(kh): dispersion relation

Wave celerity (phase velocity)

gT? 27rhj aqT (27zhj \/g
L = tanh , C= tanh tanh (kh
Wavelength 5 ( L L k ( )
Z

T 27

cosh| k(h+2)]
U=ao cosd Water particle horizontal velocity
sinh(kh)
S|nh[k(h+z)] _ | | |
W= (kh) sin & Water particle vertical velocity

5/15/2019 8
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Water particle velocity in a progressive wave

i — ., Direction of progressive
630 0=1r/2 0=1r 6=31r/2 wave propagation
~—/ -1 |
T 4 x=1 i
* |
* +
+ |
* + At seabed
R\W N ' m U = ao cosd
sinh (kh)
ao
" sinn(kn) w=0 w=0

5/15/2019 9
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e b AN /RN
U: : AN T e B
& oo 2 g water particle
e = . trajectories under
: e & Airy waves
kh<ﬁ ﬁ<kh<' kh> =
¢ <) (55 <2 <Dy &1

Shallow water Intermediate depth Deep water

Wave energy per unit horizontal area

1 1 1 1 . o
E=E +FE =— pogH?+— pgH? == pgH? = = pga? Potential + Kinetic
D “~ 16 £9 16,09 8,09 2,09

: = 1
For irregular wave: E =§,og(Hrms)2 ;—,og(Hl,?,)2 Mean wave energy

16

H, 5. Significant wave height; root-mean-square w.h. H,_ = VH? =0. 707H,,,
the highest one-third waves

Energy flux per unit width and unit time
F=EC,; C,=nC : Group velocity

Shallowness parameter — N = 1 1+ ﬂ
sinh 2hk

j; [deepwater] 1 < n<1[shallow water]
5/15/2019 2 2
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_E" EJ. + 3 —_—_——
a=H2 Potential flow
. (Irrotational)
B N >y i (1) i-
\j__/r' ]‘Q_/J \ }i'— Outer Edgﬂ ___T_
i C 3 Boundary layer flow
2 : {Rotational)
Cj ............. - iz, 1) {(Effect of viscosity
N N is significant.)
; gt - - x
~ . Nonslip due to viscosity 0 % () Bottom friction (Shear stress)
I =tFm

Definition sketch for wave-induced orbital motion and boundary layer flow

Orbital velocity at the outer edge of boundary layer (Horizontal harmonic oscillation)
H
b = U| —h -
= T sinhkh

cos @ = l]b cos@, O =ot—kx (phasefunction/angle)

Near bottom velocity amplitude

. 7H 27 H R ao d, a
Uy=-——7F—"—0=—,a=—=U, =— =od,, &, 6 =—=—
T sinhkh T 2 sinhkh 2 sinhkh

—— a,, : near bottom orbital amplitude; d, : orbital diameter (excursion({##)
length)
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Laminar Oscillatory Boundary Layer (small @,)

Navier-Stokes’ momentum equation in the x-direction

ou,ou u__1op, o

ox> oz’ | ﬁ — & pox  oz°
0

Linearization & boundary layer approximation &«a

+U—+W—=———+V
ot OX 0z 0 OX

ou ou ou  1éop (82u Rl

ou, 1 op,
On the outeredge ——=———— )
ot P OX ou ou, Ou
= +Vv >
ot ot 0z
Very thin boundary layer & v=0 P=10,

o‘u lou  1adu,

Governing Equation - - __ b

o> vot v oot

Boundary Conditions u=0(z=0); u—u,(z—>x)

5/15/2019 12



PEY B

OCEAN COLLEGE, ZHEJIANG UNIVERSITY

Coastal Morphodynamics

u :‘R[f(z)em]; e’ =cos@+isin@; R:real part; f(z):complex
) . .

Governing Eq. = d : —(Io-jf =—(E)Ob
dz 1% 1%

B.C. f=0(z=0); f >U0,(z—> )

Particular solution: f =0,

General solution: f =Ae*™ whereD® =ic/v — D=\lio/v =(1+i) B, f=.Jo/2v

f:tobebounded atz 5> = f = Ob + Ae DAz

B.C. A=~l, (1+) Solution
A —(1+i
0 f=q,(1-e )

U= ﬁbSR |:ei0 . ei@—(1+i)g:|

Z 1 |2 T
§=,32=5|,=\/(:= V; :Gb[cose—e‘gcos(ﬁ—g)]

5/15/2019 13
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phase

6
4
s 1] U R
)/ \
1 u/G,

Variation of u in a laminar oscillatory boundary layer

5/15/2019 14
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Velocity amplitude G and phase shifte

Amplitude and phase shift of u

u==u COS((9+ g) in a laminar wave boundary layer
A A . — —2¢ 5 5
= ub\/l 2e° cosg +e .. .
_ sin
c=tan™ _oe 4 4
e° —C0S¢ ie N
3 \ 3
Boundary layer thickness & g 25 gzs \
AN
2 “ \ 2 \Phase— ead
U-— ﬁ vT 15 \ 15
b =1% — 5 =4.15, = 41,/ 1 Nt <
Ub T overshoo
0 = 2.3mm(T =1s), 7.3mm(T =105s) o 05
0O 0.5 1 15 -q.5 0 15 30 45
u/a, E

5/15/2019 15
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Bottom friction (Bottom shear stress)

= uu, [cos@ —Smelzx/iyl;—bcos(9+%J=fb cos(9+%j; U= pv

o4 9 |

7, o U, with phase lead of /4

: . . 1 .
Define “wave friction factor” f, as 7, = Epfwuj

r 1 A 2
—_ fw=2TAb2=2:/§V=2\/§: 2 R5zub—5', Razubam:R(f
pU, Uy, R; JRa 1% 2
e
o T 2 sinhkh

5/15/2019 16
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Classification of Wave Boundary Layer

1) Laminar boundary layer

—_— Reynolds number R,

Approximately R,>10* => Laminar to Turbulent

2) Turbulent boundary layer

a) Smooth turbulent boundary layer i
< 5« zs

< 70 (Transition)

b) Rough turbulent boundary layer v

k, =30z, Nikuradse equivalent roughness, z,: Roughness length
. =, /fb /p Amplitude of friction velocity

Governing Equation

u_ou, 0fz T=—pu'WwW
ot ot oz yo, Reynolds shear stress

5/15/2019 17
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EQ 1523) ®
TEST NC.Y

T
=
-

1

P 55 ol U ¢

1

TRANSITION
Lapt €0 (510 [ROUGH TURBULENT| 4
- TLR & B
N T
10! on
- “ LEGEND 3
SH S L 1
L 0 R 7 BAGNOLD (6] OSCILLATING PLATE p=wem
:B&mo [1846] DSCILLATING PLATE, priem N
o . 4+ ELIASSON €7 AL (302) WAVE FLUNE (ADi0x) k= 10em %
- 2 of INMAN AND BOWEN|¥62| WAVE FLUME {aM78x) o = 6.8cm
31 @ JONSSON (1953} OSCILLATING WATER TUNNEL k= 23cm
% KALKANIS (964) 0SCILLATING PLATE d =0 mEem
8 v ——— +KALKANIS (196¢). OSCILLATING PLATE - d«190 & 3 Ecm
4 I = n: WE (1956) WAVE FLUME (COLORIME TRIC OBSERVATIOM| 7
1 s | | 1 BTSN ) 1 1 1 W/ 1 1 ) Ll Ll 111 oH IHE l(‘gs“lw‘vlE F}UFI(EDILORINEIRICI OﬂsfﬂVALH?N)I LLL R
10 2 5 10° 2 5 10* 2 5 10* 2 5 1né 2 5 an’ a

Classification of the flow regime (after Jonsson, 1966)

5/15/2019 18
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Turbulent Wave Boundary layer and Friction Laws

(1) Jonsson (1966, ICCE, 127): analogy to the steady flow

A) Rough turbulent

u=0 u=u,
B. C. atz=1z,#0, at z =9,
T=1, T <<7T,

Gov. Eq. = o-u)__ofz

ov. Eq. — == —
b ot ozl p

Integrated momentum equation

]

[}

Uy (t)

== Ul ()

J‘deZ:_z
A

Zy at p

Assume a logarithmic velocity distribution and
neglect the phase shift between u and u.

u(z,t
_( )zim Z : x =0.4:Karman's constant
u.(t) « \z

0

5/15/2019 Definition sketch 19
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r 7w ) b(t)
6‘3 ;2 d ( f(z t)dm) f —dm +FB(t),1) - (t) — Flalt),t)-a'(E) .
/ OCEAN COLLL .d_t _\7a®) _ 1HCS

- - x -

=—In| — — U. =
K

) 5.) y lﬂ(d/zo)

, KU k0 cos’ ot

In*(5/2,)  In*(5/2,)

U., 4
Integrated mom. Eq. = uf(t)zj p dz = | KU = ot '+ ot U= ot
Zy f

Z, << 9,

¢ K G2 sin2ct
— — U2 = W = - t+ +
U.o j -dt =5 Inz(@/zo)( 20 20')

—r/(20)

Representative boundary layer thickness ~ 0; = 0,(atot =0, when u, (t) =0,)

- 0 :K‘3 0; 7T :mc3 u,a,
T (8. /2,) 20 4 In*(6,/z,)

2 In“(o;

5/15/2019 b = 8T 20
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2 o) 0. K’ a
% O o | In(—T}rln In(—Tﬂ:In[ +In|
Zy Zy 4 1, Zy Zo 4 Zy

2
27, [0 2« 5| Nk
In case of friction factor =p f,=—-%= Z(A—) =— —> In[ 1 j =
P U u, I

= e (%J='n£”f)+m(3i?ﬂ
-

z, =k /30

+|4:J_§K 4\j_ 4\/_ 2K [\/_W

k=0.4, Inx=2.303log,) X > ——

1 +log - =log (a ]+022
D 10, £ 0,
Inx=1.018log,, x = log,, X 4\/E 4\/ﬁ K

von

Modification based on measurements (through only few data)

+lo —log,,| 2 |~ 0.08
cf. Bagnold’s data, f,=0.30 (a, /k.<1.57) 4 /fw So T 4 J10 K,

5/15/2019 21
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Explicit approximation to Jonsson (1966) for rough turbulence case, Swart (1974)

0.194
f, =exp [—5.997 +5.213(£j ] ﬁ <0.63
am am
<
k
f =03 —>0.63
S am
B) Smooth turbulent

Replace z, by a parameter, i.e., the viscous sublayer thickness &, =11.6v/(

k& 333  3.33v
Namely, Z,=>= k

— k= = R _ Y
30 105 ; 0. ﬂffw/zljb oy
1
+2log,, ——=—=log,, R, —1.36 k, o 333v  3.33v
2 72, =—=—- — k =
‘W 4 °730 105 ~ 4 fj20,
Modification
Explicit form f 009 o2
+2log,,——=log,, R, —1.55 — »=0.09R ™
NPT

5/15/2019
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RS | ) P 1 LA I 13D 4 | 3 S| R ) e B | |EET =] P TR [P 2 PO (T | | SRS ) £ 3] L [ j B Vgl = e St
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—h
o 2
T

T
=

il
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C—
—_— ]

SRR
5t bt N e
M~

e e s et sty

{15 | T N

ROUGH TURBULENT 7]

[’] ; i

|

LJFR F  I5%)

2 , 200 TeST w0 1]
ji2 sl 500 B

ot e il 1000
it eyl aae e e TR e e e e e e N e e e e e T R e T | [~ 2000 =
E == R
Sil= =t
i SMOOTH TURBULENT %

10 I | | e L e e 1 (AT I | ES e L v B ) o | Bt 1o v T [ T (R S e R e 1 )
102 2 5 103 2 5 10L 2 8 105 2 5 106 2 5 107

Wave friction factor (after Jonsson, 1966)

5/15/2019 23
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(2) Kajiura (1968, Bull. Earthquake Res. Inst.. Univ. of Tokyo, Vol 46, 75)
M _M OfT) M Of U} 7
Gov.Bq. = 5= +8Z£pj at +az(ve 82)

. . . _ or
Kinematic eddy viscosity v,: Three-layer model outeriayer

A) Smooth turbulent

a

overlap layer

v (0<z<¢;):inner layer
v, =1 k0.2 (6, <z<8,):0overlap layer [ """""""""""""""""
inner layer
Ki,6" (8, <z):outer layer v,

Schematic of v, distribution

J. Inner layer (viscous sublayer) thickness =12v/U0. = ¢,
o, wall layer thickness <« .6, = Kab5*

ub_

A

K=0.02; 6 = Amp[fooo u dzj - displacement thickness

2019/5/15 24
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B) Rough turbulent

0.185x1.k,

v. =<xU0.Z

k0.5,

[':] Boundary condition {

OCEAN COLLEGE, ZHEJIANG UNIVERSITY

B 3 ®
©) ” ;Y EEER
Q)L

Z[Gf HEJ\W\(’V

(0<z<k,/2):inner layer

(k,/2<z<8,):overlap layer

(6, <z):outer layer

Coastal Morphodynamics

u=0(z=0);u=u, (z—> )
u & ou/adz : continuous at the two interfaces

———> Very complicated analytical solutions with Bessel functions of complex variables

“Complex friction factor” C {

Approximated expressions:

Smooth

Ty

= pCui;

r =26 = pGuu | € =Ce

—~C=1,/2

R=R,/N2=R,, G,/(c2,)=a,/2,=30(a,/k,)

Rough

-

+log i—Iog i}
4.05)f, " 4ff, LKk a

f,=025 (a,/k <1.67)
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Smooth turbulence Rough turbulence
10" as - T 10°
N
\\\
\§§;\\ f )
f . 10 N— W_rough(imp)
M~ w_ smooth(imp) N
\ w\‘
10-2 RM‘EQ\ f i
~ w_ smooth(exp)
\ &Q% . ( p) ] H §\\
B e Ny \g 107 f X 1
~—~— — B — w_ Swart _Kajiura -+
e I
fw_ Kajiura e~ ~ !
10_3 { { {{{ 6 j 7 10_3 i --2 i i 3 i 4 --5 i i 6
10" 10° 10 100 10° 10" 10 10 10 10 10
R, a, /K,

Wave friction factor for smooth and rough turbulence (implicit & explicit)

2019/5/15
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(3) Riedel, Kamphuis & Brebner (1972,13™ ICCE, 587)

Direct measurement of 7, in an oscillatory flow tank using a shear meter

l“ﬂ :"\\M'I |‘|rl|-|| ol 1 II|i||| — T -||l'>-i T T ||-||-1| T [ |||||‘t
E R" Ty =05 E
fﬁ' E:u::-_t":\:: — o i
MR e X —— L
H““ N . T 2
'L |
- s 3
: o :/ Depression of [ -values
- »~9  intransient ranges
- : / su .
' 100
{1 00
i : 2 — e LT OF AOWH TUABSLENT T ——— smh;ﬁ-,'—
. * ;5 AU SEGRE .
lw] |3 Il 1 IJI|1I [ '] p I-I‘1|I L] 1 L IIII'I 1l 1 [] II1IlI 1 I 4 11
10 1 10° 10° 10° R, 10

Measured wave friction factor

2019/5/15 27
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Phase lead is small in case of turbulent flows, ~ 10°

Phase difference between bed shear stress and free-stream velocity
(Fredsge & Deigaard, 1992)

60[ Ll L] TTT‘!II L T ‘rl'l'll'l L) bl TT!!II' L T hnr .'I L L] |
(i) Laminar flow Yo
° S0t t
— i [P
@ &Dk . % Ty At .
9 o
@ 30r t
18 a —
F=3 20' {'l}
&0 o —z/ i
01 Turbulent flow el e L e
D Lo 1 gl i Lo s vl L s aanasl a3 pLaaaudd P x_-_.J
10° 10° 10° R 10° 107 108

a

2019/5/15



P

(&) mir*g mesn

%O( “jww‘g OCEAN COLLEGE, ZHEJIANG UNIVERSITY CO aStaI M or p h O dyn am I CS

&
SE zHE

(4) US CERC (1984):

1 -0.5
lw = Eﬂwaﬁ fw = 2 (UbAb)

1!
1
h — .
2sinh(2md/L) A,: maximum bottom wave orbital amplitude
Un — mH U,: maximum bottom wave orbital velocity
b Tsinh(2md/L) d: water depth
_ 1\ 057
(@)
Tw = ) ——
" P35 sinh (2d)

5/15/2019 29
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o
&
} 55
HENAS

Friction Factor in a Coexistent Wave-current Field
(1) Grant & Madsen (1979, J. Geo. Res., 84, 1979)

U :
fo=af.+(1-a)f,, a=—=— for the collinear case
u, +U,
2
o e 2 Zim Z,m. Where the current velocity Uc is expected
Logarithmic velocity distribution  f, =2~ In . Z,=k4/30: where the current velocity is zero
0

The first work presents an analytical solution for the wave-current friction factor

(2) Tanaka & Shuto (1981, Coastal Eng. in Japan, 24, 105)

One-layer model for v, y

Orbital velocity amplitude
at the outer edge of the boundary layer

0 = 7H
" Tsinh(2zh/L)

(cosa,sina)

2019/5/15 X

Definition sketch of a wave-current coexistent system
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Moving coordinate system with velocity U, cosa
—> wave celerity C» C—U_cosa |; then, T —>T’1

L=CT :(C—U cosw)T’—>i:i L—U coS o
¢ T L\T ¢

No apparent current in wave
direction & Same L

q - 7H L/T-U, COSa(COSa,Sina)
° L sinh(2zh/L)

Rough turbulent (example) ou 1op 0O(v,0u/oz)
Boundary layer equation E __; OX * o7 u(z,t)_uw(z,t)+UC(z)
D,— Keeping wave-current combined effect through 1/
— — — )
o(v,ou,/oz o(v,0U_/oz) 1
@ auW :_iva_i_ (Ve W/ ) @ ( / ):_vpcgo; Uc:(Uc’O)
ot Yo, 0z oz
i = _lvab = _lva thin boundary layer

At the outer edge of the boundary

One layer model for eddy viscosity v, =kU,Z, Kk =0.4, U, = ||ty /p|  Friction velocity amplitude
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*2 *2
v, v, = const. == =u? — v, _ SN U, =% 2
dz Vo, dz  «0,z xl,, \Z,
h jlnxdx:x(lnx—l)
*2 *2
— hUcdz:ljc(h—zo): uf* {z{ln[ij—lH = uf* {hln[—]—h+zo}
fo Kucw ZO . Kucw Z0
u*Z K{jc’\:w ~ KUCG:W
= % -
L In h -1 In h -1
1-z,/h |\ z, Z,
o(u,—u o .~ _ou
O = (U, b):— kG, 7
ot 0z 0z
Considering the motion is periodic in time U, —U, =V = \7(Z)ei°”t V(Z) complex function
ot | d0 _d | da dav . . o
—love” =xU,, | ——-2— | = I—F+—-Itv=0;c=—3
dz dz dz® dz kU,
Introduce a new complex variable d2\7 dv d2V 1 dv
£ = 2cze = &=+ E—+ENV=0> —+=—+V=0
— dg” "~ dg dg” 2dg

2019/5/15 Bessel's differential equation of the zero-th order
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>
5k
{Q
%
Q)

£, ZH

d’y 1d 2

Bessel’s differential equation of the y-th order —y ——y+ 1—7— y=0
dx®>  x dx x°

O-th order Bessel's D.E. —) General soluton V=CJ,(&)+C,N,(&)

. y 2+ cosyrd, —J_

= (ﬁj " First kind of Bessel function , = 7 .

i ( 7/+n+1) 2 sin yr

I'(a) :J'O x“e7*dx (a >0) Gama function Second kind of Bessel function

- { No-slip u,=0(z=2) > V=0,(£=¢)
- Shear-free T, =0(z=h) — dV/d¢ = 0(5 :fh)

J==J U, =CJ, (&) +C;Ny (&) i __%

= {0=61J1(§h)+czN1(5h) 2 Comy e o=y e

N, (&) J0(&) = I, (&N, (&)

UWZUb—VZObER {1 Nl(é:h)JO(g)_Jl(gh)No(g) }eigt

Nl(‘fh)‘]o(égo)_J1("§h)No(§o)
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_ _ -infa o _ O
Bottom friction (shear stress) - E=2Jcze™ ¢ = g

=(pu?,0)+ py/xl;,07, \Ob\%[Aei(“”g)](cosa,sin a)

e - Nu(6i) s (fo) I (EINL(&) -ias o u 9%{1— N, (£)30(0) —J,(E)N (&) }em}
N, (&) J0(&) =1 (&)N, (éo) n N, (£,)J0(&0) — (&N (&)

1, = pxU. 7 u
b cw az

=27

Maximum bottom friction

1/2
. *2\? *2 e ~ 2 A% N2 A2
T max| = Tomax = Pl = {(puC ) +2,U, p«fKUCWGZO |G,| Acosa + p°kl,0Z,0; A

2 — A*
() . «Ju

ccw

a,

Considering expression of U. and u, =

e \2 2 , _ \2 12 —
Yo | K LAJC 2K K20 A% cosa+ 207 a2
a, In(h/z,)-1] (G, ) In(h/zy)-1{ 4, a, a.,

* \2
O o~ u f
Define “wave-current friction factor” f,, Tomax — ,OUCW=EfWUV2V — ( CWJ =
by
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J2/ f —
9Ly _ //  — RHS=Functionof (U,/d,,a,h/z,a,/z,, f,,)
ucw am ZO

= fCW: 1:Cw(ch/ljw’O[’h/am’a‘m/zo)

For “Laminar” and “Smooth turbulent”
_ R ]
f, = ch(Uc/UW,OG h/am, R, = Wa‘m)
1%

Wave-Current Friction Law Covering all Flow Regimes
Tanaka & Thu (1993) and Tanaka & Sana (1996)
Approximated explicit expressions for Tanaka & Shuto (1981)

Tomax = pucvzv_gfcwuw ( w:GWZOb’Uc:Uc)

a'=cos™(|cosal) (rad) (0<a'<7/2,0<a <27)
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Laminar:

1/2
fou) = { f20 +2f., fuu COSQ + fW(L)}

2
6 (U 2 U h U a
f =—| —= ’ f T R = < 1 1 \g = y = 4
c(L) RC (uw j w(L) \/R_a c y ¥ g(L) 72'/
Smooth Turbulent: (U, /u,)<5.0 Rough Turbulent:
fcw(S) - fc(s) + 2\/ fc(s)ﬂ(S) fw(S) COoS a'+ﬁ(s) fW(S) fom = fomy +2\jfc(R)ﬁ(R) fum COSA'+ B, fury
u, Y f 2 (U}
fc(S) = EXP{—7.60 + 5.98RCO'0977}(U_CJ c(R) — [ h/z ]
! -0.1
fus) =€Xp{-7.94+7.35R, 2"} fury = exp{—7.53+8.o7@_:] }
- ' 2.5

_1+087IR™ " (20 7) 1+0.8634, exp(-1434,)(2a'/7)’

o= s.0aR? i 0379 Pieo = T+ 07607
1+0.00279£ 2% P

sy = 0.T4EL ©) in(hiz)-1u, 730

(s) 0563
1+0.127& g, - 0.00279¢& % . [foe 2,
g ’ =" 7
Ss) = 0.11]7/{Kfcw(s) a/Z} " M 14022785 " 2 L
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All Flow Regimes

fcw = fz { 1:1 fcw(L) +(1_ fl) fCW(S)} +(1_ fz) fcw(R)

R 4.65 R C,
flzexp{—0.0513( = 5) } f, =exp Cl[ CWJ
2.5x10 R,

C, = -0.0101—0.3469,°2, C, = 2.06—1.09y°%

h a U./u
R =500R +R.. R =0.501"° ¢ =350y —+(1—y)Sm 5 = _—c/tw
o c TR Ry ¢ 720 (1-7) . /4 11U,

=1, { few +(1- fl)g(S)}+(1_ f.)éw

Transitions between flow regimes

Laminar to Turbulent 2.5x10° < R, <6.0 x10°

Smooth to Rough 0.501£™* <R, <7.00£™%
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Coastal Morphodynamics
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a k=1 < R nati
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am/ =0
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a_/k =500 a=0
a_fk_=5000 h 10
3L L L L
107 ¢ ket : : : adp,
1 2 3 4 5 6 7
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f|.02 % - T o

Xl(’) impossible)
am/kszl

h

am/ks=5
am/kS:SO
a k=500 |+ ) ipd
a /k.=5000 = /i

.
~
)
PV
.

I
T
il

4
N EEN BN BN EEN EEN SEN BN DN BN B BN BN B . EEN BN BN EEE N SN R . .,
e = e .t ) o o . 1 e o ot e -".:;
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"y

| [ | |
10 : e iaee TR
\/ < — AN
TR

CW

i.~ 4 "y

a /k.=1
10 a_lk =5
am/kS:SO
am/ks=500

am/ k <=°000 -1

3L

1 2 3 4 5 6 7

10 10 10 10 10 10 10
Ra
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(3) Soulsby(1997)

2 R
Maximum bottom shear stress duringa T = \/(Tm + Twl cos M)” + (Twl sin Al)

wave cycle A: the angle between wave and current
. 3.2
Mean bottom shear stress Tm=Tc| 1 + ]-2[ +w ]
Tc + Tw

1 u 1 z
Ty = 5pwfw U Te=pul =7 In (z—)

*

fw = njax[fwrrfws}' fwr = 0.237r-9>2, ws = B Re;vN~

r=A/ks,Re,=U,Alv,A=U,T/(27)U, =— dk
Tsinh(2zd /L)

B=2,N=0.5for Re, <5x10°;B =0.0521, N =0.187 for Re,, >5x10
A : maximum bottom wave orbital amplitude

Um: maximum bottom wave orbital velocitx
2019/5/15 41
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In a Coexistent Wave-current Field

o b AR R TE R @ A A R A 1R
2N B KEAER, WK GEN
ARG R IRE QT A0 /) 81 &
2% A

s THIARGRIRBERK, KA TAE
H, FASAELERRGEREGAREN,
Wy 7 89471 R AE &R B Y,
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1E bk —

« At the nearshore of Zhoushan Island, wave and current that
co-exist may lead to sediment resuspension. The flow can be
assumed as turbulence over a rough bottom. The angle
between the wave and current is 30° and water depth is 5 m.
The current speed at z=0.1 m is 0.2 m/s, and kg is 0.15 m.
The wave height is 2 m and wave period is 5 s. Please
estimate the maximum total bottom shear stress by using
Kajiura (1968)'s explicit method, US CERC (1984), and
Soulsby (1997) methods. The critical shear stress for the
bottom sediment is 0.1 N/m?. Can the wave and current
Induced bottom shear stress initiate the bottom sediments?

Due 2018/5/22 (in class).
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