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Characteristics of the Ekman Layer Flow over a Rough Bottom'
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Ekman layer equation with rough-bottom boundary condition has been solved to determine the effect of
roughness on the magnitude of Ekman veering. The bottom boundary condition and the flow field were
expanded in a power of roughness (#) which is always smaller than the Ekman layer thickness (&). By
changing the magnitude of roughness parameter (h/3;), the magnitude of the veering, which rotates
counterclockwise from the interior geostrophic flow, has been computed. At a fixed depth within the Ekman
layer, the magnitude of veering increases as the roughness parameter increases. However, the cross-isobar
flux turns out to decrease with increasing roughness. To verify the analytic solution, laboratory experiments
were carried out. Rough-bottom cylinderical container filled with homogeneous fluid was sit on a rotating
table. The flow pattern during the period of steady spin-up shows that the degree of veering coincides well
with the analytic results for various roughness parameters.
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Fig. 1. Vertical profiles of velocity components u and v calculated
for different roughness parameters (h/6g).
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Fig. 2. Fkman spiral with rough bottom for k/8,==0.25. The value
of z/8; is indicated on the siral curve.

2 A9
4 ®)9 sk Weke W & z=0 A= AL 23
P 52T EAG L BEgtel 3 G JAVTEE
0ol <. 8 A3 Y & =holAE S8 =R ol
“_

1 ste] O(h/ée) ¥

°|-& 7%*‘713 s 6}01, h&;=02] Ftel Zbzt 0.25 ] 5L
0,589_1 A5-2 HEd @] A9 Me=081 u ve] FHEX
= W'é}"jﬁ‘r(Fl ). geg A gy AR 207
A2 v Foleks Wb ue] A7) hadhs A de] oA

TE vh2 9l A ehdT

7 o) ZE ol A= ush vk 22 o) AR W) &
A3ta o] FAlolstel M= ve] Z717F AR Ftell v s}
= A% noln O‘E} 1% Heg ?%Ml Ade Oﬂﬂﬂh‘?f’—«"

B
H
o
£
b
4
(2
=
et
D
14
rlr =
s o

zbo] 45° ojafo 2 AZ %’é“’ﬂfﬂ

stk
MEEx Y

Ul A 80l 182emel otad Ao 4FF 8§79 nis
AaA &tz 73] Thymol blue -§(Baker, 1966)& A& F
32k oA FA A ST vk

B Ag0A 71 FaAEE v AAWY ALVE A
sl71glste] F7F 0.1 mm A% He FEAEE Jug aF
3 Yo & F FF0] 05 mme] Fo] WEF FE& o83}
of B s g dEdh ol whgoln 7Y Wi F
grede 532 a@gg el 7o o5 713 W e
g} wEs Bed SPaEoRRY B2 vt AAY)
277y =l AE7Ie] A28 %’é‘?} Hol] z=031 Ho] HLF



56 SEER

(@) h=0.04 cm

(b) h=0.08 cm

Fig. 3. Two different types of rough bottom: (a) the rms heights
of rough bottom=0.04 cm, (b) the rms heights of rough
bottom=0.08 cm.
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Fig. 4. Flow direction observed using- the Thymol blue solution.
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Fig. 5. Comparison between the observed Ekman veering (sym-
bols) and theoretical results (lines) for various roughness
parameters.
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Table 1. Interior geostrophic velocity (azimuthal component) for various roughness parameters and rotating speeds. The velocity is reduced

as the roughness increases

Roughness (cm)

- ~0.04 h=0.08
Table speed (rpm) h=0 h
5 2.52% 102 emjs (- = 0) L7Ix 107 cmfs (= = 025)  0.82x10% cmis (- = 0.58)
Og O &
10 3.64% 107 em/s (é —0)  263x10%cm/s (—;‘: — 041  1.01x10%cm/s (é = 081)

15 4.78 % 107 cm/s ((SL = 0)
e

3.10x 10” em/s (5— = 0.50) 1.14% 107 emy/s (g— = 1.00)
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