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An Empirical Expression for Gas Transfer Velocity
at the Surface of Wind Waves
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The relationship between the gas transfer velocity kr and turbulent characteristics at the surface
of wind waves was investigated theoretically and experimentally. A dimensional analysis for kL was
made by considering the surface renewal model and the similarity law for growing wind waves in local
equilibrium state. Two dimensionless parameters, Rp(wpt«a/g)'/? and t.a/cm, were derived from the
analysis, where Rp is defined by u?,/(Vaw,), u«a the air friction velocity, w, the spectral peak angular
frequency of wind waves, v, the kinematic viscosity for the air and ¢,, the phase speed of the capillary-
gravity waves. The values of k1 for the oxygen were obtained through a reaeration experiment in a
laboratory wind-wave tank. An empirical expression to estimate quantitatively k. was proposed on the
basis of theoretical and experimental results. The expression shows that kL for wind waves under the
local equilibrium condition decreases in proportion to —1/4 power of Rp(wptsa/g)'/?. This means that
the gas transfer is dominated by turbulent eddies with the dissipation scale.
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Fig. 1 Schematic diagram of experimental apparatus.
Table 1 Experimental parameters.
Run U (m/s)  us, (m/s)  us, (m/s) H (cm) T, (s) 1 (cm) @, (s") Rp W uv/g  kp (m/s)
1 6.71 0.253 8.80x10° 0.989 0.246 0279 25.4 1.78x10*>  0.656  6.53x10°
2 7.68 0.316 1.10x10? 1.29 0.271 0.369 2238 295x10° 0735  9.36x10°
3 8.35 0.368 1.28x10? 1.73 0.302 0.484 20.4 451x10° 0767  9.74x10°
4 9.20 0.377 1.31x10? 2.07 0.321 0.575 19.6 494x10>  0.752 1.30x10”
5 10.4 0.492 1.71x107 223 0.335 0.629 18.3 8.92x10* 0919 1.56x10™
6 113 0.605 2.10x10? 2.71 0.365 0.759 17.5 1.45x10° 1.08 1.76x10"
7 12.0 0.658 2.28x107 327 0373 0.915 16.4 1.81x10° 1.10 1.89x10*
8 13.0 0.819 2.84x107 3.64 0.407 0.997 15.4 2.95x10° 1.29 2.58x10”
9 14.1 0.943 3.27x10% 3.99 0.419 1.10 14.7 4.12x10° 1.42 2.35%10"
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Fig. 2 Time variation of normalized DO.
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