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Abstract. Experiments are discussed which clearly show a lack of coupling between surface gravity currents and dramatic
topography. Contrasts are given with other baroclinic flows over topography. The frequency dependence of the vertical
structure of topographically induced flow structures is reviewed. This concept can then be used to interpret the differences
between the gravity experiments and the other baroclinic flows. Further limits on the types of flows which inhibit coupling
between topography and surface layers are given using numerical modeling.

1 Introduction counter-clockwise. Tor the first set of experiments a

. slab of styrofoam was wedged into the bottom of the
Surface gravity currents generated by warm or fresh 501 oo that half the tank was 5 cm shallower than

sources of water are common features of coastal regions (1o gther half. The second set of experiments incorpo-
(Norwegian Coastal Current, Leeuwin Current and the  ,,10d a sharp ridge of height 7 cm and width 1.5 cm
Vancouver Island Coastal Current). The interaction of completely dividing the tank into two sections. The
these strongly nonlinear flows with underlying topog-  Coriolis parameter, f, was varied from 0.26 to 1.3 s~ 1.

raphy is of interest, particularly when one considers The tank was filled to a height of H = 6.5 to 11 cm
the strong interaction of coastally upwelled water with

topography such as the streamers associated with the
Mendocino Escarpment shown in Willmott (1984).

and salt was added to increase the density to give a
reduced gravity (with respect to fresh water) of ¢’ =
3.3t0 9 em s~2. For some experiments, a fresh water

Following the study of Gill e al., (1986) which in- layer of depth hy = 1 to 2 ¢cm was floated on top of
vestigated the effect of a step on a baroclinic current, the salt water. A dam was inserted into one end of the
experiments were performed to look at the effect of  {4nk and fresh, dyed water was carefully floated onto
bottom topography on surface gravity currents and  the salt water in the manner of Stern et al. (1982) and
bores in a two layer fluid. The results were intriguing. Griffiths and Hopfinger (1983). The depth, hy, of fresh
There was basically no effect unless the surface layer  water behind the dam varied from 2.5 to 6 cm and the
directly interacted with the topography. These results length, £, of the fresh water region was varied from 17

contrasted sharply with the experiments of Gill et al., to 25 ecm. A full list of the experimental parameters is
(1986) and the later experiments of Allen (1988). given in Tables 1 and 2.
The next section will present the gravity current The experiment was started by removing the dam.

and bore experiments which will be contrasted with a The ensuing current was photographed both from
number of baroclinic flows over topography from the above and the side (using a 45 degree mirror). By
literature in the following section. In section 4 linear including a clock in the field of view, measurements of
theory will be invoked for a number of geometries to il- the speed of the current could be made.

lustrate the frequency dependence of topographic cou-

pling. Numerical simulations using flow over a canyon

are used to put further limits on the flow conditions 2.2 Results

under which coupling will be inhibited. In the last As the dam is pulled the fresh water flows out over
section, an explanation and discussion linking all the the salt water. However, within an inertial period,
results and explaining the lack of interaction of surface the flow is turned to the right by the Coriolis force.
gravity currents and topography is given followed by Where the flow meets the wall, a gravity current is

a few conclusions. formed which flows down the tank, hugging the right-
hand wall. The properties of rotating gravity currents
2  Gravity Currents over Topography (in the absence of topography) are described by Stern

et al (1982) and Griffiths and Hopfinger (1983).
The gravity current travels down the right hand
wall until it reaches the topography. Unless the
The experiments were performed in a tank of di- gravity current hits the topography, the current 1t-
mensions 152.0 x 30.5 x 16.5 cm which was mounted self is unaffected by the topography. That is, no
on a 1 m diameter horizontal turntable which rotated dyed fluid crosses the tank at the topography and the

2.1 Experimental Apparatus
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Table 1: Experimental Parameters for Gravity Currents over a Step

# [ f R b2 H
(cm) (s (cms™) (cm) (cm) (cm)

T (150 £0.5) (1.06 £0.02) (5.7 £01) (5.0%03) 0. (10.0 £ 0.2)
2 (15.0£05) (1.8 £0.04) (5.6+£01) (50%03) 0. (11.2 £ 0.2)
3 (15.0 £0.5) (1.06 £0.02) (49 %01) (50%0.3) 0. (11.4 % 0.1)
4 (175+£05) (1.03+002) (82£01) (52+03) 0. (10.0 £ 0.2)
5 (175+05) (1.05+002) (7.6201) (5.0£03) 0. (8.5 £ 0.2)
6 (27.0+£05) (1064002 (T0£01) (4.9+0.3) 0. (8.5 £ 0.2)
7V (2054 03) (105 +002)  (9.0+01) (26 0.4) 0. (9.3 + 0.2)
8 (22.5+03) (1.02+002) (65£01) (5.0+0.5) 0. (11.9 £ 0.2)
10 (21.6+02) (1.044£002) (8.1£01) (45 0.4) 0. (9.6 + 0.1)
11 (222+02) (102£002) (19£01) (49£03) (L0£03) (10.2£01)
13 (19.2+02) (0.26240.001) (3501) (3.6+0.2) 0. (10.0 + 0.2)
14 (24.84+02) (0.266+0.001) (33x01) (3.6+0.2) 0. (8.0 % 0.2)
15 (220 +£03) (1.02+002) (64£01) (51£03) 0. (7.0 £+ 0.2)
16 (23.6+£02) (1.07+£0.02) (57£01) (5.1£02) 0. (6.5 + 0.1)
17 (17.0 £0.1) (0359 £0.003) (43 £0.1) (40£02) (20£02) (10.0+0.1)
18 (1T.4+0.1) (0510 £0002) (4.0£0.1) (40£02) (L0£02) (10.1£01)
19 (17.1+01) (0515 £0.002) (41%0.1) (44£02) (L0£02) (10.0+0.1)
20 (IT.14+01) (0.53240.002) (41%01) (45£02) (15£02) (10.1+01)
21 (17.0%0.1) (105 £001) (41%01) (5.0£03) (20%02) (10.0£01)
22 (17.2+02) (0528 £0002) (4120.1) (6.0£03) (3.0£02) (10.0£01)
23 (17.0 £0.1) (0.517 £0.002) (4.1£0.1) (3.0+03) 0. (10.0 + 0.1)
24 (17.2+01) (0.526 +0.002) (4101) (40£0.3) 0. (10.0 £ 0.1)
25 (17.1+0.1) (0519 £0.002) (42%01) (5.0£03) (20£02) (99£0.1)
26 (17.1+0.1) (0.519 £0002) (41£01) (39£02) (1.0£02) (100£01)
27 (170 £0.1) (0521 £0.002) (41£01) (5.0£02) (20%02) (10.0£01)
28 (17.4+0.1) (0.517 £0.002) (41£01) (41£02) 0. (10.0 % 0.1)
20 (17.24£01) (0535 £0.002) (3.9%0.1) (5.0+£02) (20+£02) (103+0.1)
30 (169 + 0.1) (0.536 £0.002) (42%0.1) (40£03) (1L.0£0.2) (98%0.1)
31 (16.8 4 0.1) (0.528 £0.002) (3.7+£01) (3.3 %0.2) 0. (10.0 % 0.1)
32 (17.14£0.2) (131 £001) (83+01) (3.0£03) 0. (10.0 % 0.1)
33 (17.4+£01) (0519 +0.002) (41£0.1) (3.2+0.2) 0. (10.0 £ 0.1)

1 The gravity current started in the shallow water and flowed over the step into deeper water.

Table 2: Experimental Parameters for Gravity Currents over a Ridge

# 1 f g hy hy b
(cm) (=Y (cm s71) (cm) (cm) (cm)

38 (170 £ 0.1) (0528 £0.002) (40E0.1) (5.0£03) (20£02) (71.3%0.0)
39 (17.1+0.1) (0.535 £0.002) (62+0.1) (5.0£03) (2040.2) (T.00.1)
42 (172+01) (0.526+0002) (6.0+0.1) (5.0£02) (20£02) (80£0.1)
43 (172 £0.1) (0.528 £0.002) (6.0 0.1) (4.1+0.2) 0. (8.0 £ 0.1)
44 (170 £0.1) (0.532 +0.002) (6.0 0.1) (41%0.2) 0. (9.0 £ 0.1)
45 (17.3+0.1) (0.532 £0.002) (6.0+01) (4.0£02) 0. (10.0 £ 0.1)
46 (173 +0.1) (0.524 £0.002) (6.0+01) (4.0:+0.2) 0. (11.0 £ 0.1)
47 (172 £0.1) (0.530 £0.002) (6.0%01) (5.0£02) (20£02) (8.0%0.1)
48 (1702 01) (0.526 +£0.002) (6.1£01) (5.0+02) (20£02) (9.0+0.1)
49 (168 +0.1) (0.539 £0.002) (6.0+01) (5.0£02) (20£02) (10.0+0.1)
50 (17.5+0.1) (0.535 £0.002) (6.0 +0.1) (4.0 +0.2) 0. (7.5 % 0.1)







