
To be able to compute boundary layer resistances for mass, momentum and heat 
transfer we will need to rely on theories that apply to flat plats and the 
dimensionless quantities that help us scale.
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Here is the laundry list of applicable dimensionless numbers.  In this lecture we will 
consider their application.
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In essence the boundary layer conductance (m/s) for heat and mass are a product 
of the appropriate diffusivity (thermal or scalar) times the right dimensionless
number divided by a length scale.
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We’ll start with Nu. It self is computed as a function of the Reynolds number and 
Prandtl number.  So we need a cookbook for the recipies
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To compute gh we have to first compute Nu. To do that we need to compute Re 
and decide if the flow is laminar or turbulent. If it is turbulent is it free or forced 
convection. If free convection we also need to compute the Grasshof number, 
Gr..then compute the appropriate Nu.
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Typical power law equations for Nu

8



Grashof number

9



Visual on how conductance changes with temperature gradients and convection
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For mass transfer we substitute the Nu with Sh.
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To compute gc we have to first compute Sh. To do that we need to compute Re and 
decide if the flow is laminar or turbulent. If it is turbulent is it free or forced 
convection. If free convection we also need to compute the Grasshof number, 
Gr..then compute the appropriate Sh.
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We often see that the boundary layer resistance for CO2 is related to that for water 
vapor times the ratios of the diffusivities raised to the 2/3 power. Why?  We can 
answer this by examining the ratios of the Sh. Re cancels as do part of the Sc.
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Switch points in Sh between laminar and turbulent flows
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Not all leaves are flat plates.  Other equations can be used for cases of cylinders 
and spheres.
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Real leaves are clumped and can affect the theory.  Grace and Wilson suggest that 
the Sh should be doubled in the field.
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What happens when you try to compare the mean of the function vs the function of 
the mean for heterogeneous turbulence in the canopy. After Baldocchi and Meyers, 
1988
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Leaves are not flat and there is drag with those angels. After Thom 1971
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