






Relevance of developing, 
transient and Boundary-

Layer Flows!
Thanks to Milton van Dyke, Robert Treybal and Bob 

Brodkey and cardiology literature



Boundary-layer flows
• Boundary layer flows are an important topic for 

the first Transport course because their essential 
“physics” is the next logical topic intellectually, 
there are many important engineering examples 
and the heat and mass transfer analogies are 
central to understanding chemical engineering 

• Yet, I considered it almost a personal failing that 
I did not have much in the way of physiological 
motivation for this topic… 



“Boundary-Layer” not found

Maybe I don’t have to feel so bad…



“boundary-layer”
• For flows with Reynolds number >> 1 

• inertia forces dominate viscous forces over (most) of the flow field 

• however because of the no-slip condition, the velocity will be very 
much slower close to the solid surface 

• the resulting velocity gradient is large, but confined to a thin 
region (small comported to macroscopic dimensions of the 
channel or object in the flow) close to the surface 

• in the thin, high gradient region viscous forces and inertia forces 
are about the same order magnitude.  

• This region is called a “boundary-layer”



Historical origins
• Aerodynamics 

• “Lift” can be calculated from “inviscid” flow theory  
(no viscosity, hence fluid is assumed to slip at wing 
surface) 

• “drag” requires knowledge of shear stress on the 
wing surface, thus viscous effects and the no-slip 
condition 

• Prandtl (1904) is credited with first explaining the 
idea of a boundary-layer



Prosaic interest

• If you want to dissolve sugar in your iced-tea, 
you feel the overwhelming, natural urge to stir it! 

• It is obvious that the weather is changing and 
soon we will be talking about the dreaded 
words.. 

• “Wind chill”
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Examples: Developing flows
• Recall that our fully-developed (i.e., not 

changing with distance) flows, don’t have non-
zero inertia terms. 

• Thus, “boundary-layer” flows are spatially 
changing flows. 

• Classic example, flow along a flat plate the 
boundary layer starts at the front edge and gets 
thicker along the plate in the flow direction





Boundary-Layers and 
Correlations!

Thanks to Milton van Dyke, Robert Treybal and Bob 
Brodkey



Boundary-Layer must be very thin and viscous effects 
confined to region close to surface



Flow is forced around object (hence acceleration of free 
stream) but boundary layer is small compared to object size



boundary-layer separation 
and “reattachment”



Boundary layer separates



Flow along a “flat” plate






















