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Turbulence Theory

This exercise will cover the LES (Ch. 13, Pope). I recommend that you work in groups of 2-4 

persons, you may use any software or programming language to obtain and plot the results. 

The answers to the questions should be handed in latest 10 December to Johan Revstedt, 
by e-mail (johan.revstedt@energy.lth.se). Please, name the file hw5_your_name.pdf One 
report per person!

Preparation, read: 

− Pope, S.B., Turbulent flows, Ch. 13

Resolved part of the turbulent kinetic energy spectrum 
Assume that you received a turbulent kinetic energy spectrum +�,� shown in Fig. 1 as guidance 
for an upcoming LES simulation. Say this spectrum contains three intervals (a) energy 

containing subranges, 
-

.
< , ≤ 2	, (b) inertial subranges, 2 < , ≤ 128  and (c) dissipative 

subranges 128 < , ≤ 512	 (neglecting 0 < , ≤
-

.
and 512 < , < ∞)., Further assume a 

general form of	+�,� = 6 ⋅ ,7 holds for each subinterval. Using the values of four control
points given in Fig 1, you need first to determine the coefficients 6 and 8 for each subintervals, 
then: 

1. Compute the turbulent kinetic energy (i.e.
-



〈::〉 ) for the shown case. ( 

-
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= ?-

< +�,��,	 > < +�,��,	).

2. Compute the percentage of the kinetic energy in the (a) energy containing  (b) inertial

and (c) dissipative subranges.

3. Let’s assume your LES solver has a sharp cut-off filter implemented. Would it be

enough to have a filter cut-off at ,ABC =32 to have a well-resolved LES? What about
,ABC=4?  Note: the kinetic energy contained in the sharp filtered velocity resolved in

-
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LES is  	
DEFG +�,��,	 > <

DEFG +�,��,	, where the overline

denotes sharp-spectral filtering,  bracket denotes Reynolds averaging. 
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