46 5

Vol.46, No.5
2015 9 OCEANOLOGIA ET LIMNOLOGIA SINICA Sep., 2015
*
1,2 1,2,3
(1. 210023; 2.
210023; 3. 210023)
Ri
P731 doi: 10.11693/hyhz20150100008
( , 2000)
( , 2012; R Collins  (1998) R
2013; , 2013), >
R 40%,
, (Anwar et Bowden (1952) ,
al, 1980; , 1992; , 2005; R 1/4 s
2007) Kironto  (1995) s
R (1992)

(2003) > >

Ekman (2013) ; Song  (2009)

* , 41306078 , 41076008

: , , E-mail: mercury1214@126.com
:2015-01-11, :2015-04-28



996 46
: Ni  (2009) )
; Ni  (2012) r= V(Z)eia)t 3)
3 @
’ ’ A’V io
==y 4
2 E C))
V(z)=Cel M7+ Che P2 (5)
(Elliott, 2002; Rippeth et al,
2002) p= -2
2F,
5 = Cleﬂzei(thrﬂz) + Czefﬁzei(wtfﬂz) (6)
7 =C,e% cos(wt + Bz) +Cye P cos(wt — fz) (7
5 5 (7) Cl C23
,z=0 , 7=0 ®)
, ,z=—h , T=r1,sin(wt—¢,) &)
> Tm
1 (8) C1:7C25 (7)’
©)] iz=—h
ou  ou  ou on 16p 0, ou 7 =2C, Asin(wt — ¢,) (10)
PRVl —ga——g(ﬂ—z)—a—Jra—(Eza—)
4 X x p ox z A= \/sin h? Bhcos® Bh+cosh* Bhsin® Bh (11)
(1) tanh3h
u, w X,z ] J E, tang, = tanh (12)
;8 T
C, =-o 13
m = = (13)
) ) h +z
n= (D
Ou h
r= pEz P h( n—1
0z r =1, {?" " Deos[wt + (17 -1)] -
2 h(n—1 (14)
or _ E or ) e P Veos[wr — Bh(n—1)]}/24
Ot o2
, Elliott(2012) ,
Sm
, 20m , i
) , 3.9m,
( ) 2, 8
, 27.4°C  26.8°C,

(z=—h=-0.8D, D
20m, & )

>

26.0°C  24.2°C

1.5m/s

>



997

( ,
, 2011, ,2012) >
2013 9 7 14:00 9 8 15:00, ,
, 1 6 (SLC92
(121°24'29.72", 32°30'54.00") 15 ==+1.5%, =+4°)
, 2 1 , 2
1.0
11/ /10 (12 9 13 8 7| 14| 6 2 15| \5 3 4
08r
061
<
0.4}
0.2}
0 . s
-1.5 -1.0 -0.5 0 0.5 1.0 1.5
(m/s)
1
Fig.1 Velocity profiles over spring tidal cycles
FORD o
121°24'29.72"E, 32°30'54"N
WHRE
s
wRE
IMEatE TE2
2
Fig.2 Location of measurement
Bowden(1959) , 2
’ j —dz =—g(z+ h) +
h
ou  on lor [ —dz_—g(z+h)a’7 TEth)
—=—g—t—— (15) ph
ot ox poz
: a7y (18)
_ 6(u u)
6_u =— a_ﬂ_f_b (16) _[ T
ot o  ph
u » Tp

17)

(18)

(19)



998 46
z1 MOREMNELR ,
Tab.1 Some measured velocities .
z
(m/s) ©) t=pY AAz+Ty - (20)
1 09-07 13: 00 0.09 275 2=z
2 09-07 14: 00 0.55 90 _A(u-u)
A =———, A
3 09-07 15: 00 1.01 94 A,
4 09-07 16: 00 1.14 94 3 1 , (20)
5 09-07 17: 00 0.83 92 ( ), 3(a), (b), (c), (d)
6 09-07 18: 00 0.51 85
7 09-07 19: 00 0.16 63
9 b
8 09-07 20: 00 0.28 298 1 ’ 1h
9 09-07 21: 00 0.83 280
(14)
10 09-07 22: 00 1.06 277
, ph 12 , (2
11 09-07 23: 00 1.13 277
20m,
12 09-08 00: 00 0.95 278
13 09-08 01: 00 0.38 277 @ 0.00022rad’s, E;
2
14 09-08 02: 00 0.32 90 0.01m%s. Bh 2.2,
15 09-08 03: 00 0.81 95
2 b 2 2
2 05 2
9 b
(19) , ,
10
0.9}
0.8}
0.7}
0.6}
< 0.5}
0.4}
0.3}
0.2t
0.1}
0 n
05 0 05 10 15 20 25
T(N/m?) 7(N/m?)
1.0 1.0
09}¢ 09ld
0.8 0.8}
0.7 0.7}
0.6 o 06¢
= 05 0.5}
0.4 0.4}
0.3 0.3}
0.2 0.2}
0.1 0.1}
0 : : 2 : = 0 : : :
-30 -25 -20 -15 -10 -05 0 -30 -25 -20 -15 -10 -0.5 0 05

7(N/m?)

7(N/m?)

Fig.3 The variation of the stress profiles over a tidal cycle

s

» (a)

; (b) ;(©) ;(d)



999

( 0.2D )

(14)
7 =1, [A(n)/A]lsin(wt — @) (21)

A(n)=

Jsin e (7 ~Dcos (1) +[cos h iy ~Dsingh(n -1
_ tanhBh(n—1)

0=y<1

angh(n—1) =1V

ph,
Ri

[0}
Ri= -2 2
- (22)

Ri | ,
( 4, ( 5 Ri ,

Ri 12

Fig.4 Distribution of the amplitude in water depth

< 05}

Fig.5

4
(1)
(
) ;
(2)
. w
Ri= |—h
2E.
Ri 1—2 s
, Ri
(3)
> s , 2003.
, , , 2005.
,36(9): 1029—1034
> s , 2007.
, , ,2012.
5 , , 2013.
1469—1478

Distribution of the phase in water depth

, 34(2): 187—193

, 24(5): 1—3

,43(6): 1103—1113
FVCOM
, 44(6):



1000

46

, 2012.
,31(4): 391—396
, 1992.
, (11): 57—62, 80
, , , 2011.
, 35(5): 73-81
, , 2000. . ,
32(5): 523—531
, , , 2013. FVCOM
,35(1): 15—24
, 2013.

), 43(8): 1—7
Anwar H O, Arkins R, 1980. Turbulence measurements in
simulated tidal flow. Journal of Hydraulic Division, 106(8):

shearing stresses in a tidal current. Geophysical Journal
International, 2(4): 288—305

Collins M B, Ke X, Gao S, 1998. Tidally-induced flow structure
over intertidal flats. Estuarine, Coastal and Shelf Science,
46(2): 233—250

Elliott A J, 2002. The boundary layer character of tidal currents
in the Eastern Irish Sea. Estuarine, Coastal and Shelf
Science, 55(3): 465—480

Kironto B A, Graf W H, 1995. Turbulence characteristics in
rough non-uniform open-channel flow. Proceedings of the
Institutions of Civil Engineers-Water Maritime and Energy,
112(4): 336—348

Ni Z H, Song Z Y, Wu L C, 2009. Study on the
double-logarithmic profile of tidal flow velocity in the
near-bed layers. Acta Oceanologica Sinica, 28(6): 84—92

Ni Z H, Song Z Y, Zhang X J et al, 2012. A modification to
vertical distribution of tidal flow Reynolds stress in shallow
Sea. China Ocean Engineering, 26(3): 431—442

1273—1289

Bowden K F, Fairbarn L A, 1952. A determination of the
frictional forces in a tidal current. Proceedings of the Royal
Society A: Mathematical, Physical and Engineering Sciences,
214(1118): 371—392

Bowden K F, Fairbairn L A, Hughes P, 1959. The distribution of

Rippeth T P, Williams E, Simpson J H, 2002. Reynolds stress
and turbulent energy production in a tidal channel. Journal
of Physical Oceanology, 32(4): 1242—1251

Song Z Y, Ni Z H, Lv G N, 2009. Vertical distribution of tidal
flow Reynolds stress in Shallow Sea. China Ocean
Engineering, 23(2): 267—275

DISTRIBUTION OF TURBULENT SHEAR STRESS IN JIANGSU
OFFSHORE, EAST CHINA SEA

ZHANG Zhuo"%, SONG Zhi-Yao" >3

(1. Key Laboratory of Virtual Geographic Environment, Ministry of Education, Nanjing Normal University, Nanjing 210023, China;
2. Jiangsu Center for Collaborative Innovation in Geographical Information Resource Development and Application, Nanjing 210023,
China; 3. Jiangsu Provincial Key Laboratory for Numerical Simulation of Large Scale Complex Systems, School of Mathematical
Sciences, Nanjing Normal University, Nanjing 210023, China)

Abstract

directly the velocity profile. In this paper, we derived a new theoretical expression of vertical distribution in tidal

Turbulent shear stress is an important dynamic force of flow in a tidal channel, whose distribution affects

turbulence shear stress, with which stress development over tidal cycles can be profiled. We applied this model
successfully for the turbulent shear stress obtained from a 25-hour velocity profile from field measurement over tidal
circles near the Yangkou Harbor off Jiangsu coast, East China Sea in September 2013. Comparison between simulated and
the measurement data shows good agreement in vertical distribution. The model can well depict concave during tide
acceleration and convex during deceleration. By analyzing the amplitude and phase variation in water column at different
depths, we found that the non-dimensional parameter (Ri) reflecting mutual relationship among tidal period, turbulence
intensity, and water depth, determines the curvature of turbulence shear stress distribution in a tidal period. For off-coast
tides, however, local water depth is the main factor affecting the deviation from linearity of the turbulent shear stress.

Key words tide; tidal acceleration

turbulent shear stress; velocity profile;



