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1. Introduction
ROMS is being used within the project Remolinos
Oceénicos Deposicion Atmosférico (RODA) at the University of
Las Palmas de Gran Canaria to gain a better understanding of the
dynamics of eddy generation, shedding and subsequent evolution,
at the island of Gran Canaria (GC). The RODA study region is the
Canary Basin, where the Canary Island archipelago constitutes a
natural barrier to the southwestward-flowing Canary Current
(CaC); interaction between the islands and the CaC provokes an
intense and complex eddy field in the southern downstream area
(Fig. 1). We are in an early stage of this work and, in this poster,
present results from a series of 2-D semi-idealised simulations.
See the Website http://www.utm.csic.es/ for more about RODA.
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2. Theoretical background
Gran Canaria's roughly circular shape is convenient as
much of the theory for rotating flow past obstacles is for circular

Figure 1. SST image of th€canary Islands on
31/7/06. Model domain oumned in red; dark-dash
arrows to Fig. 2 |nd|calefdoma|h\rotat|on Note

cylinders. The non-dimensional Reynolds number (Re) intense mesoscale acmvny to souN‘{ of islands: coefficients for flatbhottum (a, b) and partial

determines the form of a horizontal, uniform-density flow passing cyclonic (C) and annwclomc ) edmes indicated bathymetry (c, d) simulations at Re = 250. (3, ¢)

over an obstacle in a non-rotating frame (Batchelor, 1967): to south of Gran Canana show the timestamps for the vorticity plots in
Re = UD/A,, Fig. 6.

where U is upstream velocity, D the diameter of the obstacle, and X
A, the horizontal eddy viscosity. Rotation is important in our Figure 2.
experiments, and so we also consider the Rossby (Ro) and Ekman Zoom of Gran

Heywood et al. (1996) showed in an island wake modelling study bathymetry
that for Re < ~40 no eddies are generated; for ~40 < Re < ~100 experiments.
eddies are generated when Ek and Ro tend away from zero and; :
for Re > ~100, eddies are generated unless either (Ek, R0)—0. & *: ;ﬁ:z ::“z:“:ﬁ:'y:ﬁﬁ
Note that Re = Ro/EK, thereby determining the ratio of inertial to o s 1 v

= 100m?s", constant /. varying Uy

(Ek) numbers. Ro compares inertial to Coriolis forces: I(_:n:';i”a land ' . o
; i Ro=UffD, i shuwing ) 019+
where f'IS' the Coriolis parameter. Ek compares viscous forces to bathymetry .
the Coriolis forces: used for £o1s
Ek = A,/D. partial i ém /
"o @ a5

a

viscous forces. & A0 st 1 vayg .
U : s | a Ay-som?s™. constan £.varying U o 100 0 a0 w 50 0

Finally, the Strouhal number, St=U/nD, where n is the eddy 101 L Aye 100m?s” constant 1. varying U, Reynoids number
shedding frequency (e.g., Tritton, 1988), provides a non- o Agmsom's” varyiog . constant U, Figure 5. Strouhal number against Reynolds
dimensional measure of the frequency of eddy shedding. The GC i, o number for the flat bottom experiments.
island wake problem is a deep-water wake problem, where the §'° £ .4 "% B2
contribution of bottom drag to vorticity generation is considered to ] i 450 .
be inferior to that of lateral friction by the island flanks (e.g., ] « e sarg| B FECT1=S026days B)EBCLILEb25¢ Caya)
Tomczak, 1988). " i E M@ o © @/ ) ® Q
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3. Modelling setup and experiments os

Two sets of 26 experiments were carried out (Tab. 1). The z, i e X os
first set is the flat bottom case (FBC) experiments where the g g 870 = P L - E Y d) FBC11,t=57.11 days os
domain comprises a flat bottom everywhere, with a land mask g i T / A .
representing GC (Fig. 2). The second set is the partial d - e m == @4@ o © @i) ® o L
bathymetry case (PBC) where real bathymetry is employed in the b hPec thE2S | o
immediate region surrounding GC (Fig. 2) while the rest of the 10 10° "
domain is again flat. The two domains are otherwise identical, ) et 450 o
with depth 2000 m (this is the approximate depth of the passages E:g;:::\'sZohfvti:gvl‘;;egflz‘gand 100 agrg| @ FECTI1=5030days \ R (=EDERCTR o
separating Gran Canaria from the adjacent islands of Tenerife and . B N © A d
Fuerteventura; the CaC flows in the upper ~800 m), and horizontal Results are shown for (a) flat bottom S @ ,9 ( Q&:_

g 4 s : and (b) partial bathymetry 1125 1

dimensions of 710 x 450 km? (Fig. 6 shows the full domain). The experiments. Triangles denote eddy 1
grid has 190 x 120 grid points, giving a mean grid resolution of shedding, circles denote wake 0 1775 355 5325 710 0 1775 355 5325 710
~3.7 km. The GC land mask is 14 grid cells wide in the N-S  fyctuations (for FBC decaying at X tkm) X km)
direction; the island, which lies 32 grid points from the western smaller Re) and squares denote no Figure 6. Vorticity fields, normalised by f, at the
infow boundary, has diameter ~50 km. Note that, for eddy shedding. timestamps marked in Fig. 4 for the flat bottom [(a) through
convenience, we rotate the entire domain ~120°anticlock wise. (e)] and partial bathymetry (f) simulations at Re = 250.

Table 1. Model parameters. The incident speed, eddy viscosity, equivalent latitude of
Coriolis parameter and non-dimensional parameters for the flat bottom (FBC) and

4. Results

Fig. 3 shows regime diagrams of the FBC and PBC
runs in dimensionless parameter space (Ek and Ro). For the
FBC, Fig. 3a indicates FBC13 (lowest Re) having a non-
fluctuating pair of attached eddies in the lee of the island; with
increases of Re (FBC7, 14) the wake becomes unsteady,
fluctuating periodically; the frequency of the fluctuations
increases until, at Re = ~100 separation occurs, and eddies
are shed from the island. Fig. 3a is qualitatively similar to Fig.
10 of Heywood et al. (1996). Fig. 3b indicates that PBC eddy
shedding only occurred in 4 experiments, namely PBC6, 12,
19 and 20. Taylor-Proudman theory (e.g., Baines and Davis,
1980) states that as (Ek, Ro)—0, Taylor columns are formed
in a homogeneous fluid flowing over an obstacle. In the
majority of the PBC experiments, the formation of Taylor-
column like flow around the island (see Fig. 6f) appears to
suppress the eddy generation mechanism.

Lift and drag forces created when the current passes
around the island may be described by the respective
coefficients, C, and C,. We follow Dong et al. (2006) in
calculating these coefficients for each experiment (Tab. 1).
Time evolutions for C_ and C, for FBC11, where Re = 250,
are shown in Fig. 4a, b. After an initialisation period of just
over 20 days, both C_ and C, oscillate at a constant rate
around a stationary mean value, owing to the contributions of
the upper and lower alternating vortices to the drag. The
mean CL oscillations are equivalent to the St frequency which
equals 0.186; Heywood et al. (1996) obtained St = 0.179 for a
circular island at Re = 252. All St are plotted against Re in
Fig. 5; the shedding frequency increases with Re. For a
circular land mask, the frequency of the C, oscillations is
double that of C,_ (not shown); in our case, this effect is
noticeable as a slight ‘bump’ repeatedly seen in the C;, curve
of Fig. 4b. The amplitudes of the mean C, and C curves
increase as Re increases. In contrast to FBC11, the PBC11
C, and C,, time series in Fig. 4c, d are flat, indicating no eddy
shedding/wake fluctuation.

Fig. 6a-e shows a sequence of vorticity fields
corresponding to the time steps indicated on Fig. 4a. The
subfigures show the evolution of the vorticity field over a
shedding period (~11.4 days); an anticyclonic eddy is
generated and released from the north, followed by a cyclonic
eddy from the south. Wake asymmetry is evident, the
cyclonic eddies are more intense than the anticyclonic (e.g.,
Chabert D'Hieres et al., 1989). Fig. 6f shows the temporally-
corresponding PBC11 vorticity field, which is stationary in
time, unlike the FBC. Such wakes have been seen in
numerical studies of flow around seamounts (e.g., Goldner &
Chapman, 1997). For comparison, Fig. 7 shows the vorticity
field for an eddy-shedding PBC run, PBC19; here the Coriolis
parameter is small, so that Taylor column generation is
minimised, permitting eddies to develop.

Mean values of C, for FBC and PBC are plotted
against Ro in Fig. 8a, b. For all FBC, C, remains positive
(acting northward) but decreases with decreasing rotation.
This is particularly evident in the varying f runs, where C_
rapidly increases as f increases. A high mean C_ indicates
increased asymmetry between cyclonic and anticyclonic
vortices, cyclonics being more intense. C,_ is also seen to be
influenced by changes in A,: C_ is stronger for smaller A,
and vice-versa.

For PBC (Fig. 8b), the constant f runs show C,_ initially
decreasing sharply, before increasing again for Ro >= 0.04.
Different values for A, do not separate out the curves as
clearly as they do for FBC, particularly for A, = 25 and 50 m?

partial bathymetry (PBC) flows past Gran Canaria. For PBC6 eddy shedding was 3375 s1. Both the A, = 50- and 100-m?-s'! runs achieve negative
irregular, hence no Strouhal number presented. £ values (acting southward); at A; = 100 m? s*%, C_ is less than -
£ 225 i 5 E
FBC PBC = 0.7 for Ro = 0.044. C_increases as f decreases until latitude
Run  Us  Au Latitude Re. Ro. Ek St Meanlift Meandrag| St.  Meanlift Mean drag 20N, whereafter it decreases again.
4  (ms!) (m’s?)(deg.N) _# # (horiz) | # coef coef. # coef. coef 11257
1 28 100 0,015  0,0003 | 0,174 092 1,76 nla 0,72 -127
2 28 200 0,029 00003 | 0,179 053 155 nia 0,07 -039 1
3 28 300 0044 00003 | 0188 0,45 1,63 nla 0.07 0,06 0 1775 355 5325 710
4 28 400 0059 00003 [ 0192 039 1,66 nia 0,28 0,36 X (ki fi
5 28 500 0073 00003 [ 0197 035 170 nia 017 0,49 ) o (km) . . 5. Conclusions
6 28 600 0083 00003 | 0198 031 172 nja 0.32 0,57 Figure 7. Vorticity field, normalised by f, for partial + Using ROMS in 2-D mode, we are able to generate an eddy field in the downstream
7 28 50 0,015 0,0006 | 0,154 0,78 184 nia 0,96 -3,09 i ’ 5 @ .
8 28 100 0029 00006 | 0161 037 151 na 002 116 gathymetry‘mlfélszhere eddy shedding occurred. wake of an obstacle representative of the island of Gran Canaria.
9 28 150 0,044  0,0006 | 0,175 027 1,48 nia -0,14 -0,25 ompare wi 19. . % i i i i
s % 0 oms oows (RomcEECES el L L oo Profound differences observed in the circulation between the flat bottom (FBC) and
1 28 250 0073 00006 | 0187 021 159 nla 0,30 050 partial bathymetry (PBC) experiments; Taylor-column-like circulation dominates for the
12 28 300 0,088 00006 | 0191 020 163 0128 035 059 . gy %
13 28 25 0015 00012 | na 064 204 nla 041 4,96 " p— T v | PBC runs, strongly !nh|bmn_g edqy Sh?dd'”g- . i
14 28 50 0020 00012 | 0151 029 159 nia -0.60 216 & L « For both cases, increasing viscosity and rotation tends to reduce eddy formation,
15 28 75 0,044 00012 | 0,154 018 144 nia 0,73 076 i
16 28 100 0059 00012 | 0166 0,13 1,42 nla 036 004 L although the ranges are markedly different.
17 28 125 0073 00012 | 0,168 011 142 nla 0,11 043 . il i i icti i
m 1 oo oo R o 4 a5 &8 . Sprouhal nun}hers are in agreement with theoretical predictions and numerical
19 10 250 0198 00016 | 0186 0,04 158 | 0,145 0,10 186 studies (e.g., Williamson, 1996; Heywood et al., 1996).
20 20 250 0,101 0,0008 | 0,186 0,14 159 0,133 0,44 072 A o o 2 8 2 ol
2 3 250 0069 00006 | 0187 023 i = ot " n Recgnt estimates put the mean velocity of the CaCat0.05m s and A, at 25 m s
22 40 250 0053 00004 0187 032 159 nia 021 025 ~ (Sangra et al., 2005). These give Re = 100, equivalent to FBC1/PBC1; eddy shedding
23 50 250 0,045  0,0004 | 0,187 0,39 1,60 nia 0,09 0,10 & < = Fi SR
24 60 250 0040 00003 | 0187 0,45 1,60 nla 0,04 002 - T does not occur in either of these runs (see Fig. 3). In other words, the model in its
25 70 250 0,037 0,0003 | 0,187 0,49 1,60 nia 0,01 -0,02 By, 4 1 g i =
z e K o va o o a0 o & present form does not produce the obs:erved eddyAfleId (e.g., Fig. 1). This is a long
standing problem for GC (e.g., Sangra, 1995) which we plan to address using 3-D
ROMS simulations that will include wind forcing, an important secondary source of
s : 7 ; o2) i :
A sea surface slope is imposed at the western (inflow) boundary, inducing an vorticity generation.
eastward incident current that flows toward and around the island. A no-slip ~
condition is used at the island boundary. For the domain external boundary the & A, =25, conslant 1, varying Uy T R G
Flather condition is used, with a sponge layer at the eastern (outflow) boundary. 081 ft f&,mmss ‘;”::?::.’,T;S&Z“u 1 1 B:mss PGI‘DaVIS: P.A. (1§Bg>dtzh°®!:vy ;mdm\;jg' ;pl;g;:g;w; s:lecsv: mémamg 223/‘;'9 ;vamsd fluids. In “Orographic
AR = & . m?s", varying f. constant effects in planetary flows”, ec lide R.; ite P., . 23, ul r., Geneva, -
The Coriolis parameter is constant across the domain, set equivalent to 28N o Aym3om's’, vaning f.corstant U, - 2. Batchelor G.K. (1967): An iniroduction to fluid mechanics, 1st Ed., Cambridge University Press, Cambridge, U.K.; 615 pp.
unless otherwise indicated. N o & o0 0 o8] % s % 3 ChabenﬁD‘:\e[;es G.; Da;/l:s PAr“ Dms\edno(lgag)-lg \‘?l;ro;af'mvy study of the lift forces on a moving solid obstacle in a
2 Sl - o B rotating fluid. Dynamics of Atmospheres and Oceans, 13, 47—
Details of the parameters used fof individual runs are shown in Tab. 1. F?’ sy S 4. Dong C.; McWiliams J.C.; Shchepetkin AF. (2006): Island wakes in deep water, submitted to Journal of Physical
both FBC and PBC, we conducted 3 series of 6 experiments where, for each series, Figure 8. Mean lift coefficients against Rossby number - gclsdamavg?y o e 5 : e i L i
& 5 . 5 A . i ti t: t te i
the horizontal eddy viscosity was varied (A = 25, 50, 100 m? s1). Within each for the flat bottom (a) and partial bathymetry (b) St e G e e i s D e e
series, the incident flow was varied (U, = 0.05, 0.1, 0.15, 0.2, 0.25, 0.3 m st A simulations. 6. Heywood K.J.; Stevens D.P.; Bigg G.R. (1996): Euuy Immauon behind the tropical island of Aldabra. Deep-Sea Research
. . . TS o . Part |, 43(4), 555-578.
final series of 8 experiments used Coriolis parameters corresponding to latitudes of 7. Sangra P. (1995): Perturbacion de un flujo geolisico por un obstéculo: Aplicacion a la isla de Gran Canaria. Universidad de
10, 20, 30, 40, 50, 60, 70 and 80N, with A, =50 m? st and U, = 0.25 m s*. Each T Las Palmas de Gran Canaria, Tesis doctoral, 201pp.
. i iy : v 8. Sangra P.; Pelegri J.L.; Hernandez-Guerra A.; Arregui |.; Martin J.M.; Marrero-Diaz A.; Martinez A.; Ratsimandresy AW.;
experiment lasts 74 model days, with dt = 16 s. Base case experiments are FBC11 Evan Mason is supported by a Spanish Ministry of Education and Science FPI grant. Rodriguez-Santana A. (2005): Life history of an anti-cyclonic eddy. Journal of Geophysical Research, 110, C03021.
and PBC11: here Re = 250, A, =50 m2sl, U,=0.25m s, latitude = 28N. 2-minute Gridded Global Relief Data (ETOPO2v2) data provided by the U.S. 9. Tomczak M. (1988): Island wakes in deep and shallow water. Journal of Geophysical Research, 93(C5), 5153-5154.
- 3 Department of Commerce, National Oceanic and Atmospheric Administration, National 10. Tritton D.J. (1988): Physical fluid dynamics. 2nd Ed., Oxford Science Publications, 519pp.
Results from these runs are shown in Figures 3-8. Geophysical Data Center, 2006.; from their website at 11. Wiliamson C.H.K. (1996): Vortex dynamics in the cylinder wake. Annual Review of Fluid Mechanics, 28, 477-539.



