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focuses on the second order turbulence closure model and its applications to engineering
problems topics include turbulent motion and the averaging process near wall  turbulence
applications of turbulence models and turbulent buoyant flows

this  unique  text  provides  engineering  students  and  practicing  professionals  with  a
comprehensive set of practical hands on guidelines and dozens of step by step examples for
performing state of the art reliable computational fluid dynamics cfd and turbulence modeling
key cfd and turbulence programs are included as well the text first reviews basic cfd theory
and then details advanced applied theories for estimating turbulence including new algorithms
created by the author the book gives practical advice on selecting appropriate turbulence
models and presents best cfd practices for modeling and generating reliable simulations the
author gathered and developed the book s hundreds of tips tricks and examples over three
decades of research and development at three national laboratories and at the university of
new mexico many in print for the first time in this book the book also places a strong emphasis
on recent cfd and turbulence advancements found in the literature over the past five to 10
years  readers  can apply  the  author  s  advice  and insights  whether  using commercial  or
national  laboratory  software  such  as  ansys  fluent  star  ccm  comsol  flownex  simscale
openfoam fuego kiva bighorn or their own computational tools applied computational fluid
dynamics and turbulence modeling is a practical complementary companion for academic cfd
textbooks and senior project courses in mechanical civil chemical and nuclear engineering
senior  undergraduate  and  graduate  cfd  and  turbulence  modeling  courses  and  for
professionals  developing  commercial  and  research  applications

providing  a  comprehensive  grounding  in  the  subject  of  turbulence  statistical  theory  and
modeling  for  turbulent  flows  develops  both  the  physical  insight  and  the  mathematical
framework needed to understand turbulent flow its scope enables the reader to become a
knowledgeable  user  of  turbulence  models  it  develops  analytical  tools  for  developers  of
predictive tools thoroughly revised and updated this second edition includes a new fourth
section covering dns direct numerical simulation les large eddy simulation des detached eddy
simulation and numerical aspects of eddy resolving simulation in addition to its role as a guide
for students statistical theory and modeling for turbulent flows also is a valuable reference for
practicing engineers and scientists in computational and experimental fluid dynamics who
would like to broaden their understanding of fundamental issues in turbulence and how they
relate  to  turbulence  model  implementation  provides  an  excellent  foundation  to  the
fundamental theoretical concepts in turbulence features new and heavily revised material
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including  an  entire  new  section  on  eddy  resolving  simulation  includes  new  material  on
modeling laminar to turbulent transition written for students and practitioners in aeronautical
and mechanical engineering applied mathematics and the physical sciences accompanied by
a website housing solutions to the problems within the book

the purpose of this effort was to establish the ability of existing engineering turbulence models
to predict free surface turbulent flows and to lay the groundwork for improved modeling of
these  flows  the  effort  had  an  experimental  component  a  modeling  component  and  a
instrumentation  development  component  data  were  acquired  to  initialize  and  validate
reynolds averaged navier stokes rans calculations of free surface jet flows this data has been
made available to the community via the internet an existing surface ship rans code was
adapted to the jet problem and using the acquired data as initial conditions the evolution of
the jets was predicted using a standard k epsilon turbulence model this model was evaluated
for its ability to predict the features of the free surface jets and found incapable of predicting
the rapid spreading of the jet near the surface this was traced to its inability to represent the
turbulence anisotropy which develops near the free surface in low froude number flows to
support the experimental component of the program as well as future efforts a single point
high  resolution  laser  induced  fluorescence  surface  elevation  measurement  system  was
developed and new laser velocimeter signal processing hardware was acquired the surface
elevation measurement system was successfully completed and is currently being brought on
line

accurate aerodynamic computational predictions are essential for the safety of space vehicles
but these computations are of limited accuracy when large pressure gradients are present in
the flow the goal of the current project is to improve the state of compressible turbulence
modeling for high speed flows with shock wave turbulent boundary layer interactions swtbli
emphasis will be placed on models that can accurately predict the separated region caused
by the swtbli these flows are classified as nonequilibrium boundary layers because of the very
large and variable adverse pressure gradients caused by the shock waves the lag model was
designed to model these nonequilibrium flows by incorporating history effects standard one
and  two  equation  models  spalart  allmaras  and  sst  and  the  lag  model  will  be  run  and
compared to a new lag model this new model the reynolds stress tensor lag model lagrst will
be assessed against multiple wind tunnel tests and correlations the basis of the lag and lagrst
models  are  to  preserve  the  accuracy  of  the  standard  turbulence  models  in  equilibrium
turbulence when the reynolds stresses are linearly related to the mean strain rates but create
a lag between mean strain rate effects and turbulence when nonequilibrium effects become
important such as in large pressure gradients the affect this lag has on the results for swbli
and massively separated flows will be determined these computations will be done with a
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modified version of the overflow code this code solves the rans equations on overset grids it
was used for this study for its ability to input very complex geometries into the flow solver such
as the space shuttle in the full stack configuration the model was successfully implemented
within two versions of the overflow code results show a substantial improvement over the
baseline models for transonic separated flows the results are mixed for the swbli assessed this
work has been selected by scholars as being culturally important and is part of the knowledge
base of civilization as we know it this work was reproduced from the original artifact and
remains as true to the original work as possible therefore you will see the original copyright
references library stamps as most of these works have been housed in our most important
libraries around the world and other notations in the work this work is in the public domain in
the united states of america and possibly other nations within the united states you may freely
copy and distribute this work as no entity individual or corporate has a copyright on the body
of the work as a reproduction of a historical artifact this work may contain missing or blurred
pages  poor  pictures  errant  marks  etc  scholars  believe  and we concur  that  this  work  is
important enough to be preserved reproduced and made generally available to the public we
appreciate your support of the preservation process and thank you for being an important
part of keeping this knowledge alive and relevant

these  proceedings  contain  the  papers  presented  at  the  4th  international  symposium on
engineering turbulence modelling and measurements held at ajaccio corsica france from 24
26 may 1999 it  follows three previous conferences on the topic of engineering turbulence
modelling and measurements the purpose of this series of symposia is to provide a forum for
presenting  and  discussing  new  developments  in  the  area  of  turbulence  modelling  and
measurements with particular emphasis on engineering related problems turbulence is still one
of the key issues in tackling engineering flow problems as powerful computers and accurate
numerical methods are now available for solving the flow equations and since engineering
applications nearly always involve turbulence effects the reliability of cfd analysis depends
more  and  more  on  the  performance  of  the  turbulence  models  successful  simulation  of
turbulence requires  the understanding of  the complex  physical  phenomena involved and
suitable  models  for  describing the  turbulent  momentum heat  and mass  transfer  for  the
understanding of turbulence phenomena experiments are indispensable but they are equally
important for providing data for the development and testing of turbulence models and hence
for cfd software validation

the jones and launder two equation model of turbulence has been formulated and applied to
the solution of supersonic three dimensional flow and the results compared to experimental
data two solution techniques were studied the boundary layer  theory approach and the
parabolized navier stokes method formulated in a body fitted coordinate system the k e
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turbulence model results were compared with an algebraic turbulence model as applied to the
prediction of flow about a spinning ogive cylinder boattail configuration the k e model gave
slightly superior results in both the boundary layer and pns computations rotta s non isotropic
theory for the reynolds stresses was incorporated into the formulation results for the small
angle of attack configuration showed little effect of non isotropy the cross flow properties are
the most strongly affected bradshaw s streamline curvature theory was also considered and
the results show negligible influence for the present case

this book is intended for self study or as a companion of lectures delivered to post graduate
students on the subject of the computational prediction of complex turbulent flows there are
several books in the extensive literature on turbulence that deal in statistical terms with the
phenomenon itself as well its many manifestations in the context of fluid dynamics statistical
turbulence modelling for fluid dynamics demystified differs from these and focuses on the
physical interpretation of a broad range of mathematical models used to represent the time
averaged effects of turbulence in computational prediction schemes for fluid flow and related
transport processes in engineering and the natural environment it dispenses with complex
mathematical manipulations and instead gives physical and phenomenological explanations
this  approach allows  students  to  gain  a  feel  for  the  physical  fabric  represented by  the
mathematical structure that describes the effects of turbulence and the models embedded in
most of the software currently used in practical fluid flow predictions thus counteracting the ill
informed black box approach to turbulence modelling this is done by taking readers through
the  physical  arguments  underpinning  exact  concepts  the  rationale  of  approximations  of
processes that cannot be retained in their exact form and essential calibration steps to which
the resulting models are subjected by reference to theoretically established behaviour of and
experimental data for key canonical flows

turbulence modeling both addresses a fundamental problem in physics the last great unsolved
problem of  classical  physics  and has far  reaching importance in  the solution of  difficult
practical  problems  from  aeronautical  engineering  to  dynamic  meteorology  however  the
growth of supercom puter facilities has recently caused an apparent shift in the focus of tur
bulence research from modeling to direct numerical simulation dns and large eddy simulation
les this shift in emphasis comes at a time when claims are being made in the world around us
that  scientific  analysis  itself  will  shortly  be transformed or  replaced by a more powerful
paradigm  based  on  massive  computations  and  sophisticated  visualization  although  this
viewpoint has not lacked ar ticulate and influential advocates these claims can at best only be
judged premature after all as one computational researcher lamented the com puter only
does what  i  tell  it  to  do and not  what  i  want  it  to  do in  turbulence research the initial
speculation that computational meth ods would replace not only model based computations
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but even experimen tal measurements have not come close to fulfillment it is becoming clear
that  computational  methods  and  model  development  are  equal  partners  in  turbulence
research  dns  and  les  remain  valuable  tools  for  suggesting  and  validating  models  while
turbulence models continue to be the preferred tool for practical computations we believed
that a symposium which would reaffirm the practical and scientific importance of turbulence
modeling was both necessary and timely

with applications to climate technology and industry the modeling and numerical simulation of
turbulent flows are rich with history and modern relevance the complexity of the problems that
arise in  the study of  turbulence requires tools  from various scientific  disciplines including
mathematics physics engineering and computer science authored by two experts in the area
with a long history of collaboration this monograph provides a current detailed look at several
turbulence models from both the theoretical and numerical perspectives the k epsilon large
eddy simulation and other models are rigorously derived and their performance is analyzed
using  benchmark  simulations  for  real  world  turbulent  flows  mathematical  and  numerical
foundations of turbulence models and applications is an ideal reference for students in applied
mathematics and engineering as well  as researchers in mathematical and numerical fluid
dynamics it is also a valuable resource for advanced graduate students in fluid dynamics
engineers physical oceanographers meteorologists and climatologists

the computation of complex turbulent flows by statistical modelling has already a long history
the most popular two equation models today were introduced in the early sev enties however
these models have been generally tested in rather academic cases the develope ment of
computers has led to more and more acurate numerical methods the interactions betwe n
numerical and modelling techniques are generally not well mastered moreover computation
of real life cases including 3d effects complex geometries and pressure gra dients based on
two equation models with low reynolds treatment at the proximity of walls are not really of
common use a large number of models has been proposed this is perhaps the sign that none
of them is really satisfactory and then the assessment of their generality is not an easy task it
requires a lot of understanding of the physics and a lot of work for testing the large number of
relevant cases in order to assess their limits of validity which is a condition for an improved
confidence in engineering applications this is probably why workshops and working groups are
frequent and the etma consor tium has choosen to build a state of the art in theoretical and
numerical statistical turbu lence modelling for real life computations by taking some marks
with respect to previous workshops such as the stanford meetings 1980 1981 some problems
are kept or updated by new experiments some problems are discarded some new problems
are introduced the focus is kept on flows with 2d geometries

accurate prediction of turbulent flows remains a challenging task despite considerable work in
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this area and the acceptance of cfd as a design tool the quality of the cfd calculations of the
flows in engineering applications strongly depends on the proper prediction of turbulence
phenomena investigations of flow instability heat transfer skin friction secondary flows flow
separation and reattachment  effects  demand a reliable  modelling and simulation of  the
turbulence reliable methods accurate programming and robust working practices the current
scientific status of simulation of turbulent flows as well as some advances in computational
techniques and practical applications of turbulence research is reviewed and considered in the
book

atmospheric turbulence models are necessary for the design of both inlet engine and flight
controls as well as for studying coupling between the propulsion and the vehicle structural
dynamics for  supersonic vehicles models  based on the kolmogorov spectrum have been
previously utilized to model atmospheric turbulence in this paper a more accurate model is
developed in its representative fractional order form typical of atmospheric disturbances this
is accomplished by first scaling the kolmogorov spectral to convert them into finite energy von
karman forms and then by deriving an explicit fractional circuit filter type analog for this
model this circuit model is utilized to develop a generalized formulation in frequency domain
to approximate the fractional order with the products of first order transfer functions which
enables accurate time domain simulations the objective of this work is as follows given the
parameters describing the conditions of atmospheric disturbances and utilizing the derived
formulations  directly  compute  the  transfer  function  poles  and  zeros  describing  these
disturbances for acoustic velocity temperature pressure and density time domain simulations
of representative atmospheric turbulence can then be developed by utilizing these computed
transfer functions together with the disturbance frequencies of  interest  kopasakis  george
glenn research center nasa tm 2010 216961 e 17566

the use of thrust reversing on aircraft operating in ground effect produces complex flow fields
for which conventional turbulence models are inadequate the main objective of the work was
to produce an improved turbulence model the work included experimental measurements of
an impinging jet inclined 45 degrees into the crossflow large eddy simulation les was used to
identify the dominant turbulent physics in these flows and to guide the development of an
improved k e model for reynolds averaged calculations modifications to the k e model for the
effects of streamline curvature and vortex stretching lateral divergence were used compared
to the original k e model the modified model reduced by as much as 70 percent the errors in
predicting the ground vortex location impinging jets turbulence modeling computational fluid
dynamics
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