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Wind-driven current in coastal sea in the period of non-stratification

— Channel and Box models with the bottom friction ——

Hiroshi YaHABAY and Yutaka Isopa?

Abstract

We re-examine the maintenance mechanism for the vortices in steady state, taking into consideration of the dissipation term

including bottom stress : 75 under the forced conditions with a constant and shear wind stress along the channel axis. In case of

channel-topography without the bay-head, the flow pattern according to “‘dynamic balance” of 7,= —1, forms. Therefore, the

vortices are never produced even by the vortices supply from uniform wind stress due to the bathymetry torque. We also com-

pare two models based on a single-layer and a multi-layer, respectively. In case of closed box-topography, the essential flow
pattern of vortices can be explained by “vorticity balance” of curl(t /H)~ —curl(t»/H) (H is a depth), and the divergence term
generates the lower mode shelf wave and distorts the position of vortices.

Key wards : Wind stress, Bottom stress, Dynamic balance, Vorticity balance
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Fig. 1.
topography.

(a) Model wind types of uniform (U), shear (S) and U+S wind stress.

(b) Model configuration types of cyclic- and box-
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Fig. 2. Time series of spatial mean relative vorticity at each N- and S-area (upper) and the space-time diagram of alongshore veloc-
ity component u (lower) under the cyclic-topography and f'# 0, in case of (a) U-wind (7, =20 X 10 m’s?) and (b) S-wind
(curl Ty = £200% 10° Nm?). The values of relative vorticity at N- and S-area are shown by open circles and open trian-

gles, respectively.
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Fig. 3. Model results in steady state under the cyclic topography and U-wind (7, =20 X 10° m’s?). Horizontal distributions of (a)

current vectors, (b) relative vorticity. (c1) wind stress curl (Fysc), (c2) wind stress bottom torque (Fjr), (¢3) sum of Fygc and
Fpr, (d1) bottom stress curl (Dpsc), (d2) bottom stress bottom torque (Dsr), (d3) sum of Dysc and Dpr, and () total sum of

forcing and dissipation terms or the negative divergence term.
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S-wind & Cyclic-top.(f#0)
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Fig. 4. The same as Fig. 3, but the forcing of S-wind (cur! 7, = =200 X 10° Nm?).
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Fig. 5. Horizontal distributions of relative vorticity after 50 days in cases of bottom friction coefficient of (a) =102 ms ' and (b)
r=0ms", under the box topography with U-wind (r, =20 X 10° m’s®) and S-wind (cur 7, = =200 X 10° Nm ) forcing.
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U-wind & Box-top.
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Fig. 6. Model results in steady state under the box topography and U-wind. (a) Current vectors (left) and trajectory lines of model
particles (right) in cases of /=0 and f# 0 when 7, =20X 10°m’s>  The area with negative vorticity is shaded. (b) The
relationship between the strength of wind stress and the spatial mean relative vorticity at each N- and S-area along the north-
southward center line (CL). Analytical solutions at N- and S-area are shown by dotted and solid lines, respectively. ~Cal-
culated values at N- and S-area are shown by symbols of circles (@ : /=0, O : f+ O)and triangles (& : =0, A : f+0),
respectively.
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Fig.7. The same as Fig. 3, but for U-wind (r, =20 X 10® m’s ®) with box topography and f=0.
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Fig. 8. The same as Fig. 7, but for /= 0.
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Fig. 9. The same as Fig. 6, but for S-wind forcing. Example case in Fig. 9(a) is the forcing of curl 7, = £200X 10° Nm>. Fig.
9(b) shows the relationship between the strength of wind stress curl and the spatial mean relative vorticity at each N- and
S-area.
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Fig. 10.  The same as Fig. 7, but for S-wind (curl 7, = =200 X 10~ Nm™) with box topography and f=0.
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Fig. 11.  The same as Fig. 10, but for /= 0.
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Fig. 12.  The same as Fig. 9, but for U+S-wind forcing.
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Example cases of A, B and C in Fig. 12(a) are the forcing of curl v, = =
100, 200 and 300 X 10> Nm 2, respectively.
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Fig. 13. The same as Fig. 10, but for U+S-wind (curl T, = =200 X 10° Nm ) with box topography and /=0.
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Fig. Al. Vertical distributions of v-w (y, 0) and u (v, 0) along the cross-section of CL on day 1 (upper) and day 100 (lower) for the
multi-layer model (10 levels) under the cyclic topography and U-wind (7, =20 X 10° m’s?).
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Fig. A2. The same as Fig. A1, but the result on day 100 for the case with the open boundary conditions along the north and south

boundaries.
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Fig. B. The same as Fig. A1, but the result on day 100 for S-wind (curl T, = %200 X 10" Nm™?).
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Fig. C. Vertical section of shelf topography ; showing a schematic flow pattern for the multi-layer model when F;= —(Dgsc + Dpr)

for single-layer model.
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