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The Stokes-Ekman layer is an oscillatory boundary layer subjected to rotation of the frame of 

reference. The study of the turbulent mixing in a Stokes-Ekman layer has important implications in 

coastal engineering and oceanography since the combined effect of a bottom Ekman layer forced by 

an oscillating current represents the prototype of a tidal bottom boundary layer ([1], [2], [3]). In the 

present contribute, we introduce the problem from the physical and the numerical point of view and 

discuss some preliminary results as derived from a series of resolved LES (i.e. the near-wall layer is 

directly resolved without the use of wall functions). The present case study constitutes the third part 

of a research aimed at understand the characteristics of the oscillating boundary layers in turbulent 

regime without and with rotation (for details see [4] and [5]). 

 

The boundary layer under investigation is driven by a harmonic pressure gradient aligned with the 

x-direction in a rotating frame of reference, that has the x-axis oriented eastward, the y-axis 

northward and the z-axis upward. The free-stream velocity (u) has a sinusoidal behaviour, and due 

to the rotation, an oscillating transverse velocity (v) develops in the flow. 

Two non-dimensional numbers govern this problem: 

1. the Reynolds number associated to the Stokes boundary layer, 
υ
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the maximum amplitude of the outer layer velocity and ωυδ /2=S  is the thickness of the 

Stokes boundary layer, with υ  the kinematic viscosity of the fluid and ω  the angular 

frequency of the oscillations; 

2. the Rossby number, defined as the ratio between inertial and Coriolis forces, 
Lf
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where ω/0UL =  is the length scale associated to the amplitude of the oscillatory motion 

and f  is the Coriolis parameter. 

 

From [4], we chose 1790Re =S  and, considering a tidal current driving the boundary layer with a 

M2-semidiurnal tidal frequency, we obtain for three significant latitudes φ the following values for 

Ro: 1) polar case (PL, φ = 90°), Ro = 0.96; 2) mid-latitude case (ML, φ = 45°), Ro = 1.36; 3) quasi-

equatorial case (QE, φ = 5°), Ro = 11.04. 

The governing equations, that include the three components of the Coriolis acceleration, are solved 

by means of the resolved LES approach, with the subgrid model formulated according to [6] (see 

also [4]). Free-slip and no-slip boundary conditions are imposed respectively at the top and bottom 

boundary, while in the horizontal directions, periodic boundary conditions are taken due to 

homogeneous turbulence in the streamwise and spanwise directions. As initial condition for the 

three cases we use a turbulent field previously developed for the set of simulations performed in [5]. 

A domain grid of 96×96×320 points respectively in the streamwise, spanwise and vertical direction 

is adopted. 

 

As a first step, we validate our numerical approach by simulating the laminar flow of the Stokes-

Ekman layer via DNS (i.e. our LES with the subgrid model switched off), comparing the results 

obtained with the analytical solution (A. Scotti, personal communication; [1], [3]). In this case, we 

adopt the f -plane approximation and the governing equations provide the vertical dependence of 



the horizontal velocity components of the flow (u and v) throughout the cycle of oscillation. The 

boundary conditions are no-slip at z = 0 and no-stress at z → ∞. As shown in Fig.1, the DNS 

correctly reproduce the analytical solution. 

 

Fig.1 - Comparison between the vertical profiles of the 

mean streamwise and spanwise velocity of the laminar 

Stokes-Ekman layer as obtained from the analytical 

solution (lines) and the DNS (symbols). See inlet for 

details of the phases’ degrees. 

 
Fig.2 - Non-dimensional ensemble-averaged wall shear 

stress for the three latitude cases: ML (solid line); PL 

(dashed line); QE (dash– 

dotted line). As a reference, the same quantity 

evaluated in the purely oscillating case (OF) is shown. 

Dots represents the ensemble-averaged values at 15° 

interval. 
 

The second step is the analysis of the LES outputs: Fig.2 shows the non-dimensional ensemble-

averaged temporal evolution of the wall shear stress τW obtained in simulations ML, PL and QE 

together with the simulation of the purely oscillating flow (OF, see [4]). The evolution of τW along 

the cycle of oscillation is rather similar among the two non-polar cases and the OF one, while the 

PL case shows more differences, both in the shape and in magnitude. As widely discussed in [4] for 

OF, for the value of SRe  here investigated the onset of the turbulent activity is observed in ML and 

QE cases between 30° (210° in the second semi-cycle) and 45° (225°), when the behaviour of τW 

rapidly increases from the sinusoidal shape that characterizes the phases between 340° (160°) and 

30° (210°). This is related to the transition to turbulence and the rapid increase of the turbulent 

kinetic energy (not shown) that is similar to what observed for the non-rotating case. The τW in the 

PL case still presents the sinusoidal shape before the transition to turbulence, but this process starts 

later than 45° (225°) and the maximum value of is found at 90° (270°), later and almost halved than 

that observed in the non-polar and OF cases. A difference in the maximum values of τW between 

the two semi-cycles of oscillation can be seen in the rotating cases, conversely to what observed for 

OF, and increases towards the equator. Such a difference is an indicator of the asymmetry between 

the two semi-cycles due to rotation, as already described in [5], and is related with the increasing 

value of the horizontal component of the background rotation. The same asymmetry was observed 

in the DNS study of [7], who related it to the “east/west enhancement/reduction trend” in the 

turbulence activity. This aspect becomes even more evident in the QE case, in agreement with [7] 

who noticed as the DNS at 10° easterly forced (and corresponding to our second semi-cycle) was 



the most turbulent case. The non-zero asymmetry observed in the PL case seems to be peculiar of 

the turbulent oscillatory flow. 

 

More results will be presented at the workshop 
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