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Dependency of Local Scalar FLux on Surface Divergence
at a Turbulent Air-Water Interface

Yosuke HASEGAWA™ and Nobuhide KASAGI

“Department of Mechanical Engineering, The University of Tokyo,
Hongo 7-3-1, Bunkyo-ku, Tokyo 113-8656, Japan

Numerical simulation of a coupled air-water flow and associated interfacial mass transfer is
carried out. It is found that the concentration field near the interface responses to the surface diver-
gence quickly even at high Schmidt numbers up to 100. High interfacial scalar flux regions are
characterized by spotty structures, which are caused by impingement of the bulk liquid on the
interface due to streamwise vortices. In order to clarify quantitative relationship between the local
scalar flux and the surface divergence, a one-dimensional advection-diffusion equation is analysed.
By introducing two time scales, i.e., renewal and transient time scales, we show that the surface
divergence contributes to the mass transfer only when the renewal time scale is larger than the
transient time scale and the local scalar flux is analytically calculated from the surface divergence
by appling the Chan and Scriven’s stagnation flow model. We demonstrate that the above mass
transfer model holds fairly well at a wind-driven turbulent interface. This would be a primary
reason why a total gas transfer rate is well correlated with the intensity of the surface divergence
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under a wide variety of flow conditions.
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Fig. 1 a) Computational domain, coordinate system and b) grid system in hybrid DNS/LES

Table 1 Numbers of modes (& , ky, k) and vertical grid points N in DNS and hybrid DNS/LES

Region |k, k orN k|| Ay~ |47
Velocity | DNS | 0<y*<150| 64,288,64 | 18.4[0.002~0.38] 7.2
DNS | 0<y*<165| 512,94,512 | 2.3[0.002~034| 0.9
Case HF | Buffer |165<y*<21.6] 512,15,512 | 23[035~038| 09
LES |21.6<y,*<150| 64,324,64 | 18.4[0.002~0.38] 7.2
DNS | O<y <113] 192,34,192 | 6.1]0.01~0.62] 24
Case HC | Buffer |11.3<y,*<21.6 192,15,192 | 6.1]0.66~0.85| 2.4
LES [21.6<y,*<150| 64, 144,64 | 184086~123| 72
DNS | 0<y,*<243] 192,56,192 | 6.1]0.01~079] 2.4
Case HW | Buffer [24.3 <y *<347| 192,15.192 | 6.1[081~085] 24
LES [347<y,*<150| 64,122,64 | 18.4086~123| 7.2
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Fig. 3 Concetration fluctuations in liquid
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Fig. 4 Correlation coefficients R , R between
the concentration and velcity fluctuations.
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Fig. 5 Instantaneous interfacial scalar flux ¢ at a) Sc, = 1.0, b) Sc, = 100.

Fig. 6 Top: Instantaneous scalar flux ¢ at Sc, = 1.0, 100, surface divergence f3, and interfacial shear fluctuation 7.
Bottom: The scalar and velocity fluctuations in y-z plane.
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Fig. 8 Root mean square value of the fluctuations of
each term in 1D advection-diffusion equation (13).
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Fig. 11 Gas transfer rate versus the Schmidt number.
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