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Boundary CondiQons for LES 

Boundary Condi,ons: 

•  Like all numerical techniques for PDEs, LES requires the specificaQon of boundary 
condiQons: 

‐Lateral or inflow/ouXlow condiQons 

‐Boundary condiQons at solid walls (parQcularly interesQng for LES) 

‐Note in some flows top (upper) boundary condiQons are also important.  The most 
common example (I know of) is of the ABL when buoyancy effects are present 
resulQng in gravity waves.  The two most common ways of dealing with this: 

• Rayleigh dampening where a sponge layer of points is defined 
• Linear wave canceling (Klemp and Durran, MWR, 1983) 

‐IniQal condiQons (for Qme integraQon) can also be an important issue for some flows 
(e.g., decaying isotropic turbulence) 

•  Here we will talk about inflow boundary condiQons and boundary condiQons at solid 
boundaries 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Inflow Boundary Condi,ons: 

• Issues related to lateral (flow direcQon) BCs are not 
specific to LES.  In DNS nearly idenQcal issues are present. 
In RANS (many Qmes) this issue is not important since 
appropriate condiQons based on mean fields are all that my be 
needed. 

• Simplest case: Periodic BCs 
What goes out comes back in (idenQcally). 

• For true BL flow (that grow in the flow direcQon) or flows 
with complex geometry, many ,mes we can’t use  
periodic BCs. 

• The figure and capQon to the  
right illustrate the importance 
of proper inflow BCs in a  
turbulent flow.    

• Here we will cover a few ways 
to deal with this  
(see Sagaut Ch 10.3) 

Need for Proper Inflow CondiQons 

Figure and capQon from Sagaut, page 355 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Precursor SimulaQons Inflow CondiQons 

Figure from 
 Saguat, page 362 

Precursor Simula,ons:  
•  One of the most effecQve ways to generate inflow condiQons is to specify inflow 
from “homogeneous” (for example horizontally) pre‐run flow simulaQons. 

•  Pros: requires very few assumpQons and we don’t need an “adjustment” zone (as 
many other techniques do 
•  Cons: Precursor simulaQons can be expensive (someQmes as much as the actual 
simulaQon of interest!). 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Rescaling 

From Saguat, page 364 

• Almost all other techniques try to specify: 

•  Many of these techniques use an assumed energy spectrum combined with assumed 
BL profiles (see Sagaut pg 356 for a list) or require other a priori knowledge of 
turbulence staQsQcs of the exact flow. 

•  Another method is to rescale the flow. 

‐with this technique (shown in the figure 
to the right), the flow from a downstream 
locaQon, separated from the inflow 
enough to be considered independent 
is scaled (using know flow properQes) to 
become the new inflow.  

‐The technique was developed by 
Lund et al., J. Comp. Phys 1998. 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Surface/wall Boundary CondiQons 

•  In many flows of interest a solid wall (or surface) is present in some way. 

•  It can be very costly to fully resolve the effects of the wall and implement “natural”       
no‐slip BCs 

•  Chapman (1979, AIAA) performed the first analysis of grid‐resoluQon requirements for 
LES of wall‐bounded flows. 

•  We can divide the flow into 2 regions: 

‐outer layer:  viscosity isn’t as important and grid resoluQon requirements are more 
or less (not including SGS model errors) independent of Re 

‐inner layer:  near wall region where viscosity plays an important role. 

• Structures (“eddies”) in the inner‐layer are approximately constant when non‐
dimensionalized with viscous length scales. 

‐To resolve these moQons we need grid spacing of: 

• Δx+  ~ 100     (x+=xiuτ /ν) 
• Δz+  ~ 20 

fricQon velocity 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Requirements to Resolve the Wall 

Figure from Piomelli and 
Balaras, ARFM, 2002 

•  Using these Δx+ and Δz+ scales we can show that: 
if we want to resolve the viscous sublayer (to enforce use the no slip 
condiQon). 

•  For a BL with ReL=106 (moderate‐low Re) 99% of our points will need to be in the near 
wall region whose thickness is only 10% of the en,re boundary layer!  

integral Re 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Approximate wall‐boundary condiQons 

From: Piomelli and Balaras, ARFM, 2002 

•  How do we handle this problem for high‐Re 
boundary layers? 

•  Answer: with approximate wall‐boundary 
condi,ons: 

‐ We pick our first grid‐point to be 
sufficiently far from the wall so it lies in 
the outer layer. 

‐ This has the poten,al to make our 
simula,ons only weakly dependent on 
Re and grid resoluQon (if we don’t 
consider model errors!)  

‐ The goal is to create a model that 
calculates the wall shear stress as a 
func,on of the resolved velocity at the 
lowest grid level.  

‐ All of the dynamics of the inner layer 
must be accounted for with the wall 
model. 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•  Typical high‐Re wall models: 
‐Many wall models use RANS‐like approximaQons 

‐In high‐Re BLs, the most common models are 0th order RANS (i.e. similarity theory). 

‐     and      are assumed to be related by the well known log‐law: 

for a rough‐wall => 

‐Schumann (1975) introduced the 1st of this class of models where: 

                                                                                                            for i=1,2 (x,y) 

and where         was calculated from the mean pressure gradient. 

‐Grötzbach (1987) modified this by using the log‐law to calculate the average shear 
stress resulQng in the flowing model 

This model has the advantage over Schumann’s by allowing the total mass flux to 
change in Qme during a simulaQon. Both models assume that 

Approximate wall‐boundary condiQons 

mean velocity                          roughness      stability correcQon 

height of 1st grid point 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AccounQng for flow average flow structures 

•  Piomelli et al., (PoF, 1989) altered the models of 
Schumann and Grötzbach in an asempt to account for 
the structure of the flow field. 

•  Experimental and numerical studies have demonstrated 
that coherent structures exist in the BL and that they are 
inclined at oblique angles to the wall (e.g. Brown and 
Thomas, PoF 1977).  

•  The inclinaQon of these structures can be measured by 
looking at the correlaQon between shear stress and 
velocity in a BL.  With the average inclinaQon given by 
the lag to max correla,on with height. 

•  Piomelli et al. (1989) took this into account by  
Shiting the SG model downstream: 

Where the displacement                  
And                 for high Re flows.  

Figure from Brown and 
Thomas (PoF, 1977) 

Increasing height 

Figure from Masusic et al. (JFM, 2001) 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Local and Higher‐order RANS approximaQons 

•  The local log‐law for ABL flows: 
‐In the ABL or general flows where no direcQons of homogeneity exist for determining 
         the log‐law is many Qmes used directly to calculate the local shear stress by:  

where 

‐This formulaQon assumes                  and does not preserve         .  

•  2‐layer models (higher‐order RANS): 
Balaras et al., (AIAA, 1996) used a higher order  
RANS closure based on the thin‐BL equaQons: 

where i=1,2, un is the wall normal 
component found from conQnuity and νt is an 
eddy‐viscosity parameterized with an algebraic 
model.  The equaQons are solved to the wall.  Figure from Piomelli and Balaras, 2002 


