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Wall parameterization: log law in the absence of buoyancy
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Buoyancy-driven correction of log law: Monin-Obukhov similarity theory

« Wall model: Monin-Obukhov similarity theory (Monin and Obukhov, 1954; MOST):
log law breaks down due to buoyancy effects
But MOST doeS nOt a|wayS apply (Panofsky et al., 1977; Kaimal, 1978; Johansson et al., 2011).

« Temperature log profile in Rayleigh-Benard convection niers etal. 2012)

»Does a temperature log law exist in the atmospheric boundary layer (ABL) driven
by both shear and buoyancy?



Direct numerical simulations of convective boundary layers
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Re. is friction Reynolds number, z; is boundary layer height

L Obukhov length, A} normalized grid size .
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Temperature log profiles in the convective ABL
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» Slope of temperature log law not universal Cheng et al. 2021 Phys. Rev. Fluids :
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Field observations

 Temperature measurements at 10 m, 20
m, 40 m, 80 m, and 140 m above the land 1.2

surface . _2-7°
> = e
= 1 Lo G
O-0p1 ¢ : : . S 0" -
» —5 fits alinear relation with log(z™) ("'3“ ol o Field observations
@ = = = New theory
- — M
* Why log law not reported before? 06 Y

(1) Sparse measurements and uncertainties 10° 10°

(2) MOST regarded as the fundamental
theory of ABL turbulence
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Dimensional analysis

Fully developed convective boundary layer flows: v, z;, z, 6,, u,

forming 3 non-dimensional groups: =, Re, = ;‘ , ZL‘
l 1%

In the log law region, ?9_2 can be written as
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- — Is a function of (Reynolds number) and Z (buoyancy)
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Asymptotic analysis at sufficiently high Reynolds number
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The slope kg Increases as —% Increases.
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New temperature log law vs MOST

Height

ABL height z;
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* Monin-Obukhov similarity theory (MOST):
Temperature (@) gradient only determined
by local eddies of height z
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* New temperature log law (cheng et al. 2021):

Temperature (©) gradient influenced by
non-local eddies of height z;
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Conclusion

* New temperature log law in convective ABL driven by both shear and buoyancy
* The slope is a function of Reynolds number and buoyancy effects

* Physically based temperature boundary conditions in climate models
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