. 266071 2.

MITgcm

Kelvin-Helmholtz

P731.26

Law™

2 31 Smith!?

waiex - :
]]-@ARTICLE

, 266003
Richardson 1/4
A 1000-3096 2007 07-0055-08
[4] [5]
[6 9]
Jungclaus  Backhaus®™
Shapiro  Hilll*
11
2
Gawakiewicz ~ Chapman(*?
Jiang
Garwood™?
Ozgokmen  Chassignet™™
MITgem
2005-03-02 2007-04-18
40576017
KZCX3-SW-222
1968-

0532-82898507

E-mail:kwang@ms.qdio.ac.cn

Marine Sciences/Vol.31,No.7/2007 55



waiex - s
H@ARTICLE

1
Richardson H(x)=-Hg+ (Hy-hg)(1+
X = X
1 MITgcm tanh(L—s)) 12
S
MITgem (MIT) Ho , 200m hg
, 40m X
1500+L/2 L, 6 400 m
Ls m 0.5(Ho-hg)/s s
MITgecm 0.15
MITgcm 0
35 1
SGI Origin 3400
BE/m
1000 2 000 3000 4000 5 000 6 000
-20 |
-40
-60
c —-80
B —100
®_120
-140
-160
-180
-200
1
Fig.1 Computational mesh
60 320 1 20
AX
. =0
AX(i) = Ax, + (A%, - Ax )1+ tanh(:—5)) /2 u=w=0 1
w
e N~ B I 1
3Nx 7 (Nx—Lx)/2Ax,
N,=320 w=40 14m
40 m

56 /12007 / 31 [ 7



waiex - s
H@ARTICLE

X=X
X) = Q, (1+ tanh 9y)/2
Q(x) = Qo ( L ) a8h
Q  200WimE x, 2500+L,/2 3 40h
L, 100 m 2
1500 m
1800 m
BB /m
1000 2000 0.95 0.05 4
200 40h
180
160
o 140
IS .
3120¢ Kelvin-Helmholtz
m@ 100 PR /m
% a0l 500 1000 1500 2000 2500
& 0 or~vrovs , . =
6ok 0995 {
—40 0995 %
ol £ g
20t B
g L
0 1201
2 -160 1
Fig.2 Distribution of surface heat flux ~200 I
3
2 Fig.3 Distribution of temperature
2
B /m

500

1000 1500

2000 2500

~20
_40

_60

£ -80
if ~100
-120
~140
-160

-180
-200

4
Fig4 \elocity

Marine Sciences/Vol.31,No.7/2007

57



waiex - s
H@ARTICLE

2.1 2d
X—X, +1350 7
H(x) = —Hy + (Hy — h)(L+ tanh(X—5=220yy 2 soh
Hy 200m hy 40m s 0.075 x
Kelvin-Helmholtz 4
1500+L,/2 L 0.5(Ho-hs)/s
5 4 1800m 3800 m
BEEE /m
BE/m
0 L 0(.)0 2 O.OO 3 O.OO 4 0.00 5 090 6 OIOO 500 1500 2 500 3500 4500
- W[E/P T T T T T T T
_40 _20 0.96-
L -40
£ _got 60
K| £ 80
o120} B -100
I =_120
—160} -140
L -160
-200 -180
-200
5
6
Fig.5 Adjusted topography with soft slop
Fig. 6 Distribution of temperature with soft slop
B /m
1000 1500

2500 3000
T

e

IR /m

-120

-160 |

>
0.2m/s

-200

3600 4000 4500
n g

7
Fig.7 \elocity with soft slop

s=0.25 2.2

Q(x) = Qqy (L+ tanh(

X—Xq

)12

L

58 /12007 / 31 [ 7

q

40h



waiex - s
H@ARTICLE

Qo 100W/m* x, 2 500+L,/2
1500 m
Ly 100m
8 EBET /m
0 500 1000 1500 2000 2500
%55 /m T T T
1000 2 000 3000
100 T T -40
90
80l E -80
E 01 %-120
S 60
08 50t -160
g 40
- -200
301
20t 9
10F Fig.9 Distribution of temperature after weaker surface heat flux
0
. 2.3
Fig.8 Distribution of weaker surface heat flux 1
24 M, 11 40h 12
40h 9 9 40h 3 4
3 6
11 12 1900 m
10 t=40h
FEE /m
0 500 1000 1500 2 000 2 500

-160

—-200

10

Fig.10 Velocity after weaker surface heat flux

Marine Sciences/Vol.31,No.7/2007 59



waiex - s
H@ARTICLE

BE/m

500 1000 1500 2000 2500

£ -80t
2-120t

-160

—200L

11

Fig. 11 Distribution of temperature with tide oscillation at

deeper water side

g o 1
(Ri- 2%

Kelvin-Helmholtz

py @ (U 1a2)’

1/4

3
0.
-40
£ -80
=
-120
-160
-200
12
Fig.12 Velocity with tide oscillation at deeper water side
40m
13
13
14
13
60 /2007 / 31 [ 7

Richardson

13

13
1000m 5000m

40 m

1990



waiex - s
H@ARTICLE

m 6000 m
KERUERR
30
25
20
£
s L
= 15
(==}
10
5 |
13 13
Fig.13 Time series of volume transport at k =13 in standard case
TOEI RIS
50 100 150 200 250 300
30 PR T ~
002 .-
25 '0
h()
20
£
i) L
E 15
10
;/JJJ
5 ..
14 13
Fig.14 Time series of volume transport at k =13 with soft slop

MITgcm

Marine Sciences/Vol.31,No.7/2007 61



[

[2

[3]

(41

(5]

[6]

waiex - s
H@ARTICLE

Richardson 1/4 Kelvin-Helmholtz

Law AW K, Wang H W. Measurements of mixing processes
using Combined DPIV and PLIF[J].

and Fluid Science,

Journal of

Experimental Thermal 2000.
22(3-4):213-229 .

Smith P C. A stream tube model for bottom boundary
currents in the ocean[J]. Deep-Sea Res, 1975, 22:853-973.
Killworth P D. Mixing on the Weddle Sea continental
slope[J]. Deep-Sea Res, 1977, 24:427-488.

Huppert H E, Bryan K. Topographically generated eddies[J].
Deep-Sea Res, 1976, 23: 655-679.

Griffiths R W, Killworth P D, Stern M E. Ageostrophic
instability of ocean currents[J].J Fluid Mech, 1982,
117:343-377.

Smith P C. Experiments with viscous source flows in

[71

(8]

[9]

[10]

[t

[12]

[13]

[14]

rotating systems[J]. Dyn Atmos Oceans, 1977, 1:241-272.
Swaters G E. On the baroclinic instability of cold-core
coupled density fronts on a sloping continental shelf[J]. J
Fluid Mech, 1991, 224:361-382.

Etling D, Gelhardt F, Schrader U, et al. Experiments with
density currents on a sloping bottom on a rotating fluid[J].
Dyn Atmos Oceans, 2000, 31:139-164.

Morel Y, McWillians J. Effects of isopycnal and diapycnal
mixing on the stability of oceanic currents[J]. J Phys
Oceanogr, 2001, 31:2 280-2 296.

Jungclaus J H, Backhaus J O. Application of a transient
reduced gravity plume model to the Denmark Strait
Overflow[J]. J Geophys Res, 1994, 99(C6):12 375-12 396.
Shapiro G I, Hill A E. Dynamics of dense water cascade at
the shelf edge [J]. J Phys Oceanogr, 1997, 27:2 381-2 394.
Gawakiewicz G, Chapman D C. A numerical study of dense
water formation and transport on a shallow sloping
continental shelf[J]. J Geophys Res, 1995, 100:4 489-4 507.
Jiang L, Garwood Jr R W. A numerical study of three
dimensional bottom plumes on a southern ocean continental
slope[J]. J Geophys Res, 1995, 100(C9):18 471-18 488.
Ozgokmen T M, Chassignet E P. Dynamics of two-dimen-
sional bottom gravity currents[J]. J Phys Oceanogr, 2002,
32:1460-1 478.

Numerical study of the non-rotational gravity plumes on the
slope
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Abstract: The non-rotational gravity plumes on the slope are investigated using a two-dimensional,
non-hydrostatic equations numerical MITgcm model. Uniform resolution is used in the vertical and variable resolution
of the form is used in the horizontal. It is shown that the flow of dense plumes on the slope is very complex. Numerical
studies reveal that the slop of topography and heat flux are important elements for character of dense plumes, as well as
tidal current. On the slope, the Richardson number is less than 1/4, Kelvin-Helmholtz instability is possible, and leads
to entraining ambient fluid into the plame, and hence downwards the slope.
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