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The influence of Langmuir Cells on the Velocity Structure in the Mixed Layer Sandro Carniel+ , Mauro Sclavo+ and Lakshmi H. Kantha * +



National Research Council, Institute of Marine Sciences, Venice, ITALY * Dept. of Aerospace Engineering Sciences, University of Colorado, Boulder, CO, USA



Abstract Langmuir cells have long been thought to have a substantial influence on mixing in the upper ocean, but the difficulty in parameterizing them have made mixed layer modelers consistently ignore them in the past. However, recent LES studies suggest that it is possible to include their effect on mixing by simply including additional production terms in the turbulence equations. This enables even one-dimensional models to incorporate Langmuir cell-driven turbulence. Langmuir cells also modify the Coriolis terms in the mean momentum equations by the addition of a term involving the Stokes drift, and this means that their effect on the velocity structure in the mixed layer is also quite significant and could have a significant impact on the drift of objects (and spilled oil) in the upper ocean. In this paper, we apply a 1-D twoequation turbulence model to explore the effect of Langmuir cells on mixing and the velocity structure in the upper ocean.



1 INTRODUCTION Until recently, the effects of surface gravity waves on mixing in the upper ocean have been ignored by oceanic mixed layer modelers. These effects include those due to wave breaking, which injects turbulence directly into the upper few meters of the water column and those due to organized Langmuir circulations, which enhance turbulence production throughout the water column in addition to introducing cellular motions in the vertical. Burchard (2001) studied wave breaking effects while Kantha and Clayson (2003) investigated the effects of both wave breaking and Langmuir cells. However, Kantha and Clayson (2003) did not do a detailed parametric study of the effect of Langmuir cells on mixed layer dynamics. It is our intention here to do so. Langmuir circulation arises from the interaction of the wind-driven shear with the Stokes drift of the surface waves (Craik and Leibovich 1976). The mean momentum equations are modified by the appearance of a vortex force term as well as the modification of the Coriolis term by the Stokes drift (McWilliams et al. 1997, see also Kantha and Clayson 2003). It is the latter that modifies the velocity structure in the upper



ocean. The mean momentum equations with Langmuir cells are: ∂U j ∂ + U kU j + ε jkl f k (U l + VSl ) = ∂t ∂xk (1) 1 ∂Π ∂ − − g j βΘ − uk u j + ε jplVSpΩl ρ 0 ∂x j ∂xk
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∂Un is the vorticity, and Π is the ∂x m



generalized pressure that includes the Stokes drift contribution and is given by
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The quantity VSi (note that VS3 = 0) is the Stokes drift velocity due to the surface gravity wave, whose magnitude is given by: VS = (VSiVSi )



1



2



= (VS 0 ) exp (2kz ) = C (ka ) exp (2kz ) 2



(3)



where C is the wave phase speed, k is the wave number and a is the amplitude. The vortex force term acts like a buoyancy term in the vertical momentum equation. More details can be found in McWilliams et al. (1997). It is difficult to incorporate the influence Langmuir cellular circulation in the vertical in 1-D models. The additional production of TKE in the mixed layer by Langmuir cells can however be taken into account by simply incorporating additional production terms in both the TKE and the length scale equations. For the q 2 -q2 l equation, the governing equations become as follows (Kantha and Clayson 2003):
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where us and v s are components of the Stokes drift velocity VS . The values of the constants are S q = 0.41, S l/S q = 3.74, E1 = 1.8, E2 =1.0, E3 =1.0, E4 = 4.88, and E6=4. Note that E3 should have a higher value under unstable stratification, but a similar effect is achieved through imposing a limit on the length scale via Nl/q < 0.53 (see Kantha and Clayson 1994) Modifications to the k -e model (Burchard and Baumert 1995) are similar and the corresponding governing equations are given in (6) and (7): Dk ∂  ν t ∂k  −   = (P + B − ε ) = Dt ∂z  σ k ∂z   ∂U ∂u S   ∂V ∂ vS  (6) − uw + +  − vw  ∂ z ∂ z ∂z     ∂z
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+ Cε 3 − βg wθ − Cε 3ε ] where Ce6 = 0.5. Note the additional production terms due to Langmuir cells in both TKE and length scale equations of the two-equation turbulence models. Their principal effect is the introduction of additional TKE in the entire water column unlike wave breaking, which injects turbulence only near the air-sea interface where wave breaking is taking place. This is simply because the depth of penetration of wave breaking is only of the order of the wave amplitude, whereas the depth of influence of the Stokes drift, and hence the Langmuir circulation, scales with the wavelength. This means that the turbulence injected into the water column by wave breaking decays rapidly away from the surface. Consequently, wave breaking effects can be expected to be confined to near-surface layers, whereas Langmuir production of TKE can be expected



to elevate the TKE and hence mixing in the entire water column. Nevertheless, the extent of contribution of Langmuir production depends very much on the vertical shear of the Stokes drift velocity in the water column. Thus the likely non-dimensional parameters of interest for the case of a monochromatic surface gravity wave are k D, where k is the wavenumber and D is the mixed layer depth, and VS0 /u* , where VS0 is the Stokes drift velocity magnitude at the surface and u* is the friction velocity [or equivalently, the Langmuir number La = (u* /V S0) 1/2 as defined by for example, McWilliams et al. (1997)]. For a full spectrum of waves, the effective values of k and VS0 must be derived from the spectral shape. Wave breaking acts independent of the ambient turbulence in the mixed layer, whereas the presence of the Reynolds stress is essential for converting waveinduced Stokes drift into an additional source of TKE in the mixed layer (see Eqs. 4 to 7). This also means that the effect of wave breaking and Langmuir production on TKE are not simply additive.



2 THE INFLUENCE OF WAVE PARAMETERS While LES studies (Skyllingstad and Denbo 1995, McWilliams et al. 1997) have highlighted the importance of Langmuir circulation and their effect on the mixed layer properties, a detailed exploration of the parameter space is still lacking. McWilliams et al. (1997) explored in great detail the Langmuir cell effects for a mid-latitude (latitude ϕ = 45o) ML of depth D = 33 m driven by a moderate wind (friction velocity u* = 0.0061 m s-1 ) and for a monochromatic wave of 0.8 m amplitude and a wavelength λ of 60 m traveling in the same direction as the wind (angle α = 0.) so that the surface Stokes drift value VS0 is 0.068 m s -1 and La = 0.3 and kD = 3.47. Since Eqs.(4) and (5) suggest that the Langmuir cell input to TKE depends on the product of the ambient shear stress and the Stokes drift velocity, we define here an alternative Langmuir number Ln = (VS0 /u* )1/3, whose value increases with the increase in VS0 (unlike La which decreases!). Ln is 2.24 for their simulations. Kantha and Clayson (2003) showed that a two equation second moment closure turbulence model of Kantha and Clayson (1994) simulated the McWilliams et al. (1997) case well, when Eqs. (4) and (5) were employed with E6 = 4. We now use this model to explore the influence of the parameters Ln (or equivalently La) and kD on the mixed layer properties. We kept the ML depth D and friction velocity u* unchanged at 33 m and 0.0061 m s -1 but varied λ, ϕ, α and VS0 . Table 1 shows the different runs.
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TABLE 1: Different run configurations 0.06 0.04 0.02 0 V vel



Figure 1a to 1d show the results. The blue curves (profile 6) correspond to the case of a wave running perpendicular to the prevailing wind stress, whereas the magenta curves (profile 4) correspond to the case of a very large wave and the pale blue curves (profile 3) correspond to a wave with a large wavelength. It can be seen that a wave running perpendicular to the wind (profile 6) distorts the Ekman spiral more than the wave running parallel to the wind (profile 1). Clearly, even if these three cases are ignored, the velocity profiles in the mixed layer are significantly affected by Langmuir cells. The influence can be large enough to distort the classical Ekman spiral in the mid - and high-latitude oceans (Figure 1a). The larger the value of Ln (equivalently, smaller the value of La), the larger the distortion (compare profiles 4 and 5 with profile 0). In particular, the effect of Langmuir cells on the surface velocity magnitude and direction with respect to the wind is dramatic. This is bound to have an impact on the drift of floating objects (and spilled oil) in the upper ocean. Generally speaking, Langmuir cells make the velocities in the ML more uniform in the vertical (Figures 1b and 1c). This is very much the result of increased mixing in the ML brought on by the Langmuir production terms in the turbulence equations. This Langmuir enhancement of TKE can be seen in Fig. 1d. It is worth noting that the three dimensional effects of Langmuir circulation cannot be and has not been explicitly modeled. Nevertheless, the general behavior of the model is consistent with 3-D LES simulations of Langmuir cell turbulence in the upper ocean (McWilliams et al. 1997).
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FIG 1a. Hodograph showing the influence of Langmuir cells on the mixed layer velocities. Red denotes the base case with no Langmuir cells. The wind is along the horizontal axis and to the right. Note that the classical Ekman spiral is significantly modified. In the above simulations, the properties of Stokes drift has been easily deduced from the properties of the monochromatic incoming wave. However, the wind wave field has a broad spectrum, and the equivalent surface drift value and the wave number must be computed from the wind wave spectrum. To understand the influence of this, we also ran the above simulations assuming that the wind wave spectrum is saturated. In this case, VS0 is proportional to U10 (or equivalently u *) and equal to about 0.015 U10 or 11.8 u * assuming a Cd value of 0.0015. Thus the Langmuir number Ln (La) for a saturated wave field is about 2.28 (0.29) (very close to the McWilliams et al. simulation value). The wave speed at the peak of the spectrum Cp is very nearly the same as U10 and the corresponding wave number k P is g/Cp2 .



profile. However, the more likely value is a multiple of this and if we assume that the effective wavenumber k is 2.25g/C p 2 , the Ekman spiral is affected somewhat less, as can be seen from Fig.2. The real situation is likely to be in between these extreme cases. Nevertheless, the changes in the surface velocity magnitude and direction are significant enough that they ought to be taken into account in tracking floating drifting objects in the upper ocean. If done so, the floating material such as oil spills will drift with a slightly lesser velocity but more to the right with respect to the wind direction.
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FIG 1b. As in FIG 1a but U velocity profiles .
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FIG 1c. As in FIG1a but V velocity profiles. 0 -5
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FIG 1d. As in FIG 1a but TKE (normalized by u* 2 ) profiles. Turbulence (and hence mixing) is greatly enhanced throughout the ML.



Figure 2 shows the hodograph resulting when we assume this to be the effective wavenumber for the Stokes drift
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FIG 2. Hodograph for the same Langmuir number Ln of 2.28, but different values of the effective wavenumber. The Ekman spiral without Langmuir cell effects are shown in red (profile0). Clearly, the effective wavenumber and the surface Stokes drift value of the prevailing wind wave field must be accurately known for this to be done. Unfortunately, without in-situ measurements, the prevailing wind wave field cannot be known, although operational wave forecasts are increasingly fulfilling this need. However, in the absence of operational wave forecasts, it may be enough to assume that the waves are fully saturated and use the wind field from operational forecasts to deduce the Stokes drift and account for the Langmuir cells at least approximately. While the influence of Langmuir cells on the velocity structure and mixing in the oceanic mixed layer is considerable, this does not always translate to a large influence on the mixed layer temperature, since this is a strong function of the prevailing stratification in the water column. In the above simulations, where the temperature below the mixed layer was assumed to be linear with a decrease of 0.02 o C m-1 , over the span of the simulations (two days), the changes in the mixed layer temperature due to the additional mixing from Langmuir cells (not shown) are less than 0.02 oC. The changes in the mixed layer temperature are due to air-



sea heat transfer as well as the entrainment of colder waters from below the mixed layer. Consequently, one can expect the changes to be more substantial when the mixed layer is shallow and bounded by a weak thermocline than when it is deep and bound by a strong pycnocline.



3 CONCLUDING REMARKS The modification of the mean momentum equations by Langmuir cells through the introduction of an additional Coriolis term involving the Stokes drift, and enhanced mixing due to Langmuir cell-driven turbulence, modify the velocity structure of the mixed layer significantly. The Ekman spiral properties are therefore modified significantly and this can have a considerable effect on the trajectories of drifting objects (and spilled oil) in the upper ocean. Acknowledgements LK thanks ONR and Dr. Manuel Fiadeiro for the partial support for this work through ONR grant N00014 -03-1-0488. The hospitality of Venice CNRISMAR during his visit and work on this paper is also acknowledged with pleasure.



4 REFERENCES Burchard, H., 2001. Simulating the wave-enhanced layer under breaking surface waves with two-equation turbulence models. J. Phys. Oceanogr., 31, 3133-3145. Burchard, H., and Baumert, H.: On the performance of a mixed-layer model based on the k-e turbulence closure. J. Geophys. Res. 100, 8523-8540, 1995. Craig, A.D.D., and S. Leibovich, 1996. A rational model for Langmuir circulation. J. Fluid Mech., 73, 401-426. Kantha, L. H., and C.A. Clayson, 1994: An improved mixed layer model for geophysical applications. J. Geophys. Res., 99, 25,235-25,266. Kantha, L. H., and C.A. Clayson, 2003: On the effect of surface gravity waves on mixing in the oceanic mixed layer. Ocean Modelling (in press). Mellor, G. L., and T. Yamada, 1982: Development of a turbulence closure model for geophysical fluid problems. Rev. Geophys. Space Phys., 20, 851-875. McWilliams, J. C., P.P. Sullivan, and C.-H. Moeng, 1997. Langmuir turbulence in the ocean. J. Fluid Mech., 334, 130. Skyllingstad, E.D., and D. W. Denbo, 1995. An ocean large eddy simulation of Langmuir circulation in the surface layer. J. Geophys. Res., 100, 8501-8522.



























des documents recommandant







[image: alt]





THE EFFECT OF VELOCITY STRUCTURE ON DOUBLE 

THE EFFECT OF VELOCITY STRUCTURE ON DOUBLE-DIFFERENCE. EARTHQUAKE LOCATION. A. Michelini1 and A. J. Lomax2. 1Istituto Nazionale di ...










 


[image: alt]





On the influence of canopy structure on the radar ... - amapmed 

at characterizing the geometric properties of the stands considered. ..... given by measured sand and clay contents of 5% and 50%, respectively. For the.










 


[image: alt]





Influence of Anionic Layer Structure of Fe-Oxyhydroxides on the 

Environmental Geochemistry Group, LGIT-IRIGM, University of Grenoble and CNRS, ... anion layers (O2âˆ’, OHâˆ’) which is hexagonal in Î±FeOOH and cubic.










 


[image: alt]





Influence of structure on the optical limiting properties of nanotubes 

bubbles (by heat transfer from the nanotubes to the ... servation, fluorescence, and Raman scattering.11 Fi- ... The transferred energy is sufficient to sublimate.










 


[image: alt]





The effect of velocity structure errors on double ... - Anthony Lomax 

May 5, 2004 - locations of earthquakes belonging to the same cluster (i.e., closely spaced events). ... [14] Our test involves a circular cluster of events lying on.










 


[image: alt]





Mukai (1999) The influence of structure from 

does not influence the correspondence and surface perception. This also ... motion such that the columns of red and black rectangles were seen to move to the right as shown ... One-way motion (as represented by arrows connect- .... of feedforward pro










 


[image: alt]





Mukai (1999) The influence of structure from 

structure from motion and surface-representation processes. ... results suggest that the higher, 3-D structure-recovery stage may influence the lower, 2-D motion-.










 


[image: alt]





Influence of surface atomic structure on the ... - Laurent Pizzagalli 

Jan 10, 2017 - anisms and the yield stress do not depend on nanoparticle size. Instead, our ..... As noted in the introduction, there have been few theoretical.










 


[image: alt]





Influence of the Anode on the Degradation of the Additives in the 

copper interconnects in integrated circuit manufacturing. ... Studies concerning the effects of oxidation reactions at the anode on copper bath ..... In this case, for longer .... Society Spring Meeting, May, 2005, Quebec City, Canada. Table II.










 


[image: alt]





Influence of Nanoparticles on the Coupling Between Optical Dipoles in 

Jun 28, 2012 - This article may be used for research, teaching, and private study purposes. Any substantial or ... Whereas infrared spectroscopy yields the chemical ... The Adhesion Society Award for Excellence in Adhesion Science, Sponsored by 3M. .










 


[image: alt]





Catalytic membrane structure influence on the ... - Sylvain Miachon 

Apr 9, 2005 - nowadays stipulate the quality of wastewater that can be returned into ... seems to be a very attractive technique for the treatment of industrial ...










 


[image: alt]





On the Structure of Additive Inequality Measures 

Page 1. Page 2. Page 3. Page 4. Page 5. Page 6. Page 7. Page 8. Page 9. Page 10. Page 11.










 


[image: alt]





Effects of habitat fragmentation on plant guild structure in the 

of transitional states before final equilibrial conditions are reached (Simberloff, 1976; ..... Our analysis is also limited because it was. Table 3. Ruderal woody ...










 


[image: alt]





Influence of the elastic stress relaxation on the microstructures 

Thus the mechanical and especially plastic ... elastic strain, according to the model developed by ... following a Cahnâ€“Hilliard-type equation [3], whereas the.










 


[image: alt]





The Influence of Family, Social, and Work Socialization on the 

The article examines the role of social and professional experiences under- taken by young adults in order to construct their Professional Identity. More.










 


[image: alt]





Influence of the surface chemistry on the structural ... - Page d'accueil 

perse, and spherical silica particles were prepared by the mixing of an .... ized through adsorption isotherms and swelling ... Finally, the reaction mixture.










 


[image: alt]





The influence of advance information on the response ... - Research 

May 22, 2007 - E-mail address: [email protected] (M.A. Khan). www.elsevier.com/locate/actpsy. Available online at www.sciencedirect.com.










 


[image: alt]





the influence of muscles on knee flexion during the ... - Research 

Motor Performance Program, Rehabilitation Institute of. Chicago (Room .... of motion were integrated in time to determine the kinematic output of the simulation. Hip joint ... measurement system. ..... Swing phase control with knee friction in juveni










 


[image: alt]





Influence of the dynamics on the microphysics in the ... - Thomas NOEL 

diagnosis tool to infer the best microphysics suitable for radiative transfer studies. ... The equations of evolution of the water mass and the temperature are solved ...










 


[image: alt]





The Structure of Length 

... home and work than socialise with them. You all mean a lot to me and I hope you know that! 7 ..... Elements should not have to be sub-divided according to where they can .... lexically long in both words, but before d we have additional length. N










 


[image: alt]





On the interaction of surface waves and upper ... - Surfouest 

ABSTRACT. The phase-averaged energy evolution for random surface waves interacting with .... the transfers of wave energy and momentum to turbulence and the bottom (Longuet-. Higgins ..... coherent structures and turbulence. J. Fluid ...










 


[image: alt]





Direct measurements of ocean surface velocity from ... - Surfouest 

Mar 30, 2005 - swath images over the Gulf Stream around Cape Hatteras suggest that UD ... spectrum of returned signals has been extensively used to map surface currents with .... was adjusted to have a mean value of zero on land. Biases ...










 


[image: alt]





Argumentation and Information Structure in the meaning of the 

Sep 30, 2009 - Show that the quantifiers in (3) form a contrastive pair. 3. Show the role of the strength of the items in (3). 2.1 Information Structure. The notions ...










 


[image: alt]





On the digital trail of mobile cells - Christophe Zimmer 

Jan 30, 2006 - for computerized approaches is the sheer quantity of data to be analyzed. ... of the cytoskeleton, the dynamic network of flexible filaments that ... still often rely on manual (though generally computer-assisted) ... for cell tracking










 














×
Report The influence of Langmuir cells on the velocity structure in ... - Surfouest





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



