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Introduction

It is our pleasure to present these proceedings from the United Engineering
Foundation Conference on The Aerodynamics of Heavy Vehicles: Trucks,
Buses and Trains held December 2-6, 2002, in Monterey, California. This
Department of Energy, United Engineering Foundation, and industry
sponsored conference brought together 90 leading engineering researchers
from around the world to discuss the aerodynamic drag of heavy vehicles.
Participants from national labs, academia, and industry, including truck
manufacturers, discussed how computer simulation and experimental
techniques could be used to design more fuel efficient trucks, buses, and trains.

Conference topics included comparison of computational fluid dynamics
calculations using both steady and unsteady Reynolds-averaged Navier-Stokes,
large-eddy simulation, and hybrid turbulence models and experimental data
obtained from the Department of Energy sponsored and other wind tunnel
experiments. Advanced experimental techniques including three-dimensional
particle image velocimetry were presented, along with their use in evaluating
drag reduction devices.

We would like to thank the UEF conference organizers for their dedication
and quick response to sudden deadlines. In addition, we would like to thank
all session chairs, the scientific advisory committee, authors, and reviewers for
their many hours of dedicated effort that contributed to a successful
conference and resulted in this document of the conference proceedings. We
also gratefully acknowledge the support received from the United Engineering
Foundation, the US Department of Energy, Lawrence Livermore National
Laboratory, Volvo Trucks America, International Truck and Engine
Corporation, and Freightliner LLC. Finally, we would like to thank Helen
Magann for her efforts in collecting the papers and reviews and formatting and
organizing them in this publication.

Conference Co-Chairs:

Rose McCallen
Lawrence Livermore National Laboratory
Livermore, CA

Fred Browand
Aecrospace & Mechanical Engineering Department

University of Southern California
Los Angeles, CA

Jim Ross
NASA Ames Research Center
Moffett Field, CA



Contents

Keynote Papers

Paul B. MacCready
Aerodynamics and Other Efficiencies in Transporting Goods

Kevin R. Cooper
Commercial Vehicle Aerodynamic Drag Reduction: Historical

Philippe R. Spalart, Kyle D. Squires
The Status of Detached-Eddy Simulation for Bluff Bodies

LES and Hybrid RANS-LES Approaches

Sinisa Krajnovic, Lars Davidson
Exploring the Flow Around a Simplified Bus with Large Eddy
Simulation and Topological Tools

G. laccarino, P. Durbin, S. Talley
Unsteady Flow Around Cylinders with Cavities

Ken Wurtzler
Complex CFD for Everyday Use — Practical Applications

C. Hinterberger, M. Garcia-Villalba, W. Rodi
Large Eddy Simulation of Flow Around the Ahmed Body

Stephen Maddox, Kyle D. Squires, Ken E. Wurtzler, James R. Forsythe
Detached-Eddy Simulation of the Ground Transportation System

CFD: Software Methods and Applications

B. Basara, P. Tibaut
Time Dependent vs. Steady State Calculations of External
Aerodynamics

Sung-Eun Kim
Aerodynamics of Ground Vehicles — Toward Reliable
and Affordable CFD

Alec Wong
Improved Tractor-Trailer Integration and Aerodynamics

Through the Use of CFD

Hudong Chen
Large Eddy Simulation of Turbulence Via Lattice Boltzmann Based

49

65

75

77

89

107

119

121

123



X Contents

David Gosman

Aspects of CFD Application to Vehicle Aerodynamic Design .. 125
Experimental Methods
Luis Bernal, Abdullah M Al-Garni

PIV Study of the Near Wake of a Pickup Truck 129
Mory Gharib, Francisco, Pereira, Emilio Castasio Graff

Applications of DDPIV to Studies Associated with Road Vehicles 131

M. M. Koochesfahani, A. C. Gob, H. ]. Schock
Molecular Tagging Velocimetry (MTV) and Its Automotive

Applications______ 143
R. Bommels, M. Machacek, A. Landolt, T. Riesgen
Quantitative Flow Visualization for Large Scale Wind Tunnels 157

Aerodynamics Experiments & CFD

Dale Satran

An Experimental Study of the Generic Conventional Model

(GCM) in the NASA Ames 7-by-10-Foot Wind Tunnel 171
James T. Heineck, Stephen M. Walker, Dale Satran

The Measurement of Wake and Gap Flows of the Generic

Conventional Truck Model (GCM) Using Three-Component PIV 173

M. Hammache, F. Browand

On the Aerodynamics of Tractor-Trailers 185
Christopher Roy, Jeffrey Payne, Mary McWherter-Payne, Kambiz Salari

RANS Simulations of a Simplified Tractor/Trailer Geometry 207
Jason M. Ortega, Tim Dunn, Rose McCallen, Kambiz Salari

Compurational Simulation of 2 Heavy Vehicle Trailer Wake 219

Passive/ Active Flow Modification for Drag Reduction

D. R. Arcas, L. G. Redekopp
Drag Reduction of Two-Dimensional Bodies by Addition
of Boat Tails 237

J.D. Coon, K.D. Visser
Drag Reduction of a Tractor-Trailer Using Planar
Boat Tail Plates 249

G. laccarino, B. de Maio, R. Verzicco, B. Khalighi
RANS Simulations of Passive and Active Drag Reduction
Devices for a Road Vehicle 267



Contents XI

Robert ]. Englar
Pneumatic Heavy Vehicle Acrodynamic Drag Reduction, Safety

Enhancement, and Performance Improvement .. 277
Tsun-Ya Hsu, Mustapha Hammache, Fred Browand
Base Flaps and Oscillatory Perturbations to Decrease Base Drag 303

CFD Calculations by Various Methods

Dr. Jiirgen Urban
Use of Computational Aerodynamics for Commercial
Vehicle Development at DaimlerChrysler 319

Samira Barakat, Dieter Schwamborn
Numerical Simulation of the Flow About a Train Model 329

E.R. Menter, M. Kuntz
Adaptation of Eddy-Viscosity Turbulence Models to Unsteady
Separated Flow Behind Vehicles 339

Goéric Daeninck, Grégoire Winckelmans, Philippe Chatelain,
Michael Rubel, Anthony Leonard
Simulation of Vehicle Aerodynamics Using a Vortex Element

Method 353

Heavy Vehicle Thermal Management

Thomas Gielda
Energetic and CFD Modeling Considerations of Thermal
Management 369

Ronald Dupree
Measurement of Underhood Temperatures with Various
Ventilations 371

Tanju Sofu, Fon-Chieh Chang, Ron Dupree, Srinivas Malipedds,
Sudhindra Uppuluri, Steven Shapiro
Measurement and Analysis of Underhood Ventilation Air Flow
and Temperatures for an Off-Road Machine 373

Robert F. Kunz, Nameer Salman
Flow Field and Thermal Management Analysis of an Armored
Vehicle Engine Compartment 385

Aerodynamics of High Speed Trains

Remi Gregoire
Experiments and CFD in Train Aerodynamics: A Young and
Turbulent Association Full of Potential 413

T Johnson, S Dalley, ] Temple
Recent Studies of Train Slipstreams 415



XII  Contents

V. Bourquin, C. Bégiun, P.A. Monkewitz
Aerodynamic Effects in Railway Tunnels as Speed is Increased

Masahiro Suzuki
Flow-Induced Vibration of High-Speed Trains in Tunnels

Jean-Luc Peters
How to Reduce the Cross Wind Sensitivity of Trains

Christian Fauchier, Huu-Thi Do, Remi Gregoire
CFD Study of Side Wind Effects on a High Speed Train

CFD Calculations by Various Methods (continued)

W. David Pointer, Tanju Sofu, David Weber
Commercial CFD Code Validation for Heavy-Vehicle External
Aerodynamics Simulation

Ilhan Bayraktar, Oktay Baysal
Computational Parametric Study on External Aerodynamics of
Heavy Trucks

Kyoji Kamemoto, Akira Ojima

Applicability of the Vortex Methods for Aerodynamics of Heavy

Vehicles

Aerodynamic Experiments

Jorge Martinez, Sunil Jain

Development of a Wind Tunnel Model Mounting Configuration

for Heavy Duty Trucks

Corey Diebler, Mark Smith
A Ground-Based Research Vehicle for Base Drag Studies at
Subsonic Speeds

G. Dumas, J. Lemay
Splash and Spray Measurement and Control: Recent Progress
in Quebec
R. J. Gaeta, R. ]. Englar, G. Blaylock
Wind-Tunnel Evaluation of an Aerodynamic Heat Exchanger

Steven Shladover
Automated Driving of Trucks and Buses: Opportunities for
Increasing Productivity and Safety While Reducing Fuel Use

and Emissions

Author Index

519



Keynote Papers



Aerodynamics and Other Efficiencies in
Transporting Goods

Paul B. MacCready, Key Note Speaker

AeroVironment Inc., Monrovia, CA

Abstract

Recognizing both the pollution effects of fuel use and the likely increases of
fuel cost in coming decades puts high priority on alternative energy for trucks,
buses and trains. There are still gains available in decreasing aerodynamic drag
and rolling friction, using efficient engines, and minimizing fuel waste, but it
is appropriate to explore decisions that would be suitable if fossil fuel were
deemed unattractive. One then would consider utilizing natural energy (sun-
light, wind, wave), getting energy from braking, employing hydrogen, putting
different priorities on trucks vs. buses vs. trains, exploring integration with
water deliveries and automatic local air transport, etc. Such an investigation
might illuminate early alternatives that would at least permit partial improve-
ments.

Introduction

This presentation is aimed at raising our insights about how we might fare in
providing the future now handled by standard buses, trucks, and trains. The
time scale is 15, 25, and even 50 years.

Humankind operated with limited potentials into the 19™ century. Global
population and living expectancy grew only slowly, and materials for support-
ing life with food, housing, and clothing came, as they always had, primarily
from the earth’s surface. As consumption of coal grew rapidly throughout the
19% century, and fossil fuel was added throughout the 20" century, the global
population grew. In 1925, the year I was born, the population was 1.7 billion.
Now it’s 6.3 billion, 3.7 times a large, and is likely to be over 8 billion in 25
years.

Coal and oil consumption have been an integral part of all our lives — so
much so that it is hard to think of a world without them. Yet both cause pol-
lution, especially CO,, with likely significant effect on the earth’s future at-
mosphere. Also, the fossil fuel is nearing its limit. The U.S. sources peaked
about 30 years ago, and globally the peak is expected in just another 10 years
or so. Fossil fuel is particularly valuable for its many non-engine uses, and for
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the propulsion system of airplanes for which no other technology appears vi-
able. It will probably not be viable for the cars, buses, and trucks 25 years
from now, both because of its pollution and its general cost for availability.
This puts priority on thinking about how we can do the job of heavy hauling
with much more efficiency than at present, and we’re looking toward other en-
ergy sources in the long run.

The Present Challenge

Rachel Carson, through her 1962 book “Silent Spring”, got people thinking
about the big view of humans vs. the global environment and natural wildlife.
About the same time Charles A. Lindbergh, who had been the figurehead for
the growth of aviation after his 1927 solo flight across the Atlantic, in his later
years, perhaps between 1955-60, asked himself when gazing from a hill in
Kenya: "If we could have birds but not airplanes, or airplanes but not birds,
which would I choose?” He realized his choice would have been “birds” — and
he devoted the remaining portion of his life to fostering environmental aware-
ness.

In 1982, preparing a presentation to the Lindbergh Foundation, I realized
many of my emotions were in agreement with Charles Lindbergh’s and Rachel
Carson’s. I tried viewing the earth as would a galactic explorer making its
rounds every 10,000 years, finding this latest trip showed a far different global

situation than had existed 10,000, or 100,000 years ago.
Information Technelogy, Earth, and Mind
12

1"

10

Relative
to &
Year 2000

S of B

J

1850 1875 1900 1825 1950 1975 2000 2025 2050

Years
Fig. 1. This diagram gives one an example of how rapidly changes are now occurring, Moore’s
empirical “law” is a symptom of the rate of increase of our computer use and capability. The
horizontal line shows the steady size of the earth and the constant potential of the human brain
at birth. It’s obviously a new world now.
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Fig. 2. This plot of the mass of all air and land vertebrates shows that the portion devoted to

humans + livestock + pets is now about 98%, and wild nature is about 2%. As humans were

just beginning agriculture some 10,000 years ago, the 98% portion was less than 0.1%. We
humans have won, and do not even think about the course of events that has created the present
picture. Our growing global population is not sustainable with the consumption to which we in

the United States have become accustomed.

This sort of thinking, stemming to a considerable extent from thoughts in 1977-78
subsequent to the Gossamer Condor human power airplane project, has had an im-
portant impact on my more recent work. We still deal with fossil fuel, and heavy en-
ergy demands, but efficiencies improve and sometimes better alternatives arrive.



