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Course Overview

• Turbulence modeling classes are 
now rare
• Science of turbulence modeling is 

being overcome with empirical 
nonsense (AI and big data)
• Design a new course to prepare 

researchers of the future to create 
physical models for prediction
• Purpose of theory is prediction
• Our graduates enter the research 

world with a unique perspective of 
problems with understanding of 
closure techniques
• Skepticism is central to the class
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Course Objectives

A class that covers in depth concepts of the science and
mathematics of turbulence modeling with a historical
perspective. Examples are given as much as possible involving
contemporary approaches. Statistical quantities, averages,
correlations, coherence, the Russian school, law of the wall,
chaos, compressible NSE, averaging relations, mean kinetic
energy, Re stress transport eqn., boundary layer equations, two-
dimensional in laminar and turbulent flows, mixing length
concepts, Baldwin-Lomax, Cebeci-Smith, 1/2-equations, one-
equation models, Prandtl’s model, Spalart-Allmaras, k-ω and k-ε,
Boussinesq, nonlinear relations, stress transport models, closure,
applications and examples, physical considerations, Morkovin
hypothesis, studies in particular flows. These topics will be
related to turbulent flows that are observed in our daily lives and
within various fields of engineering.
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Course Delivery and Notes

• Delivered in person and recorded – lets an international
audience study the subject for free

• Complete set of notes presented to students – reduces cost to
students and allows them to create their own set of notes

• Approximately 20 journal articles reviewed – integrates
original contributions, increases critical review and
comprehension

• Integrated computer project – let students develop their own
solver and implement a simple model

• Semester term paper with overview presentation at end of
semester – increases student writing and presentation abilities
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Course Material

• Handout of 351 pages, partially filled in notes
• Students complete handout during class
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Student handout Notes – students fill in and make 
their own

Cebeci-Smith model notes

Features my own terrible hand-writing!



Articles and Models

• As we increase modeling 
fidelity, we present key 
contributions
• Contributions are 

presented from accompany 
journal articles, which we 
review in class
• We review key equations in 

the articles and how they 
are implemented in CFD 
today

Key Articles Reviewed in Class
• Baldwin Barth, 1990
• Baldwin Lomax, 1978
• Cebeci, 1971
• Cebeci Smith, 1970
• Favre, 1965
• Johnson King, 1984
• Launder Sharma, 1974
• Lorenz, 1963
• Menter, 1992
• Prandtl, 1945
• Spalart Allmaras, 1994
• Wilcox, 1998
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Computer Project Overview
• A four-part computer 

programming project results 
in a stand-alone marching 
• Boundary layer solver. 

Submissions consist of a short 
description, results, and 
source code for each part 
• Four-part project using 

student’s favorite language
• Each part builds upon 

previous submission
• Assignments require short 

technical reports of results 
and source code
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Lorenz - Understanding 
Difficulties of Prediction

Parabolic Solver of Basic PDE

Laminar Flow Solver

Turbulent Flow Solver



Computer Project: Part 1

• Reproduce time-domain 
predictions of Lorenz
• Become familiar with 

languages, compilers, and 
plotting
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From Lorenz, E. N, “Deterministic 
Nonperiodic Flow,” J. Atm. Sci., 1963.

Assignment



Computer Project: Part 2
• Create basic parabolic marching solver with representative equation 
• Compare with analytical solution
• Prepare for laminar solver
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Student Example

Assignment



Computer Project: Part 3
Convert general parabolic solver 
into laminar boundary layer 
solver.
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Student Example 

Assignment



Computer Project: Part 4
Convert laminar flow solver into 
Baldwin-Lomax solver (turbulent). 
Compare with composite profiles.
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Student Example

Assignment



Term Paper and Presentations

• Students asked to choose a topic in turbulence, write 
a term paper, and present it 
• Select topics chosen by students
• Droplet breakup, Coherent Structures and Low Dimensional 

Models, Filtering in LES, Multiphase Turbulence, Algorithms 
to Identify Coherent Structures, Compressibility Effects and 
Closures, Modified k-equation Models

• NASA Writing Guide and feedback to improve 
communication and writing
• Grades partially assigned by peers
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Historical Perspective
• Historical figures and events 

are presented throughout the 
class
• Equations and concepts, as 

they appear, are related to 
the historical concepts
• Who created them?
• Why did they create them?
• What environment were they 

in when they did?
• What problem were they 

trying to solve?
• In some cases, I reached out, 

and had great discussions and 
new original material
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Outcome: Students

University course statistics and evaluations
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Outcome – Generally positive, but we can improve through specific examples … 



Select Feedback of Students
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Outcome: Online 
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https://youtu.be/xtwRdfj00rI&list=PLbiOzt50Bx-liph4_pxAdW8Qu4QelSDvo

Youtube playlist ~ 43 lectures

https://saemiller.com/turbulence-modeling/

Playlist

Course Homepage



Thank You
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Extra Slides
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APS Abstract

A new graduate class is developed at the University of Florida called Modeling
Inhomogeneous Turbulence with a Historical Perspective. The course covers in-depth
concepts of the science and mathematics of turbulence modeling. Major topics of the
class include statistics for modeling, the Russian school, law of the wall, chaos,
compressible Navier-Stokes equations, mean kinetic energy, Reynolds stress transport
equation, boundary layer equations, two-dimensional laminar flows, mixing length
concepts, Baldwin-Lomax, Cebeci-Smith, one-half equations, one-equations, Prandtl’s
model, Spalart-Allmarus, k-omega, k-epsilon, Boussinesq, nonlinear relations, stress
transport models, closure, Morkovin hypothesis, and studies in particular flows. These
topics are related to turbulent flows that are observed in our daily lives and within
various fields of engineering. Student assessment is conducted via analysis assignments,
term papers, and a presentation on a topic of their choice. A four part programming
project involves creating a parabolic boundary layer marching code with an algebraic
closure. Feedback from students and progress on making the course publicly available
are presented. Portions of the course appear on online. Course notes and assignments
are available freely within a 351 page handout.
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