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I t is my privilege and
honor to serve as the

Chair of the Design
Engineering Division
(DED) for 2012-13.
DED is the largest divi-
sion in the Systems and
Design Group with a

membership of over 11,500 members, nearly

70% of the group. It also represents one of the

most relevant divisions in ASME with an

impressive array of activities addressing the

art, theory and science of design, the develop-

ment of sophisticated analysis and synthesis

techniques for design engineering, and the

application to manufacturing, robotics and

automation.The vision for DED is to be the leader, as

a division of the ASME, covering the art, sci-

ence, and application of design engineering

and to facilitate transfer of design engineering

technology between industry, academe and

government through programs and publica-

tions. Central to DED’s vision and mission

are the thirteen technical committees that are

responsible for all the technical activities. The

technical committees are responsible for

organizing successful conferences, supporting

our journals, attracting new members and

recognizing and rewarding our most productive

members. Indeed the best results are obtained

by empowering the volunteer leadership at

this level at which interaction with the mem-

bership is most direct. Each committee has its

own fund and its own governance system,

and the success of the division is a direct result

of the hard work and inspiration of the many

leaders of our technical committees.

The DED is the sponsor, with the

Computers and Information in Engineering

(CIE) Division, of the annual International

Design Engineering Technical Conferences,

which is one of the Society’s largest, and most

consistently successful regular meetings, and

is the flagship conference for our division.

This year’s IDETC was held in Chicago and

the numbers of papers and presentations were

more than double the corresponding num-

bers of the 2006 conference in Philadelphia

which I organized only 6 years ago. This

growth in the conference is a testimony to the

energy level and excitement in our commu-

nity and the relevance of our activities to

society. Next year’s conference will be held

from August 4-7, 2013 in Portland, Oregon.

Additionally, we are active in the Inter-

national Mechanical Engineering Congress

and Exposition (IMECE) in which our tech-

nical committees organize a number of

sessions. We sponsor six prestigious journals

in a variety of fields that touch on different

aspects of design engineering, many of which

have updates in this newsletter.
The DED has also established new pro-

grams to better serve our members. The

Broadening Participation Committee’s goal is

to develop, implement and oversee new and

existing activities aimed at broadening the

participation of women and underrepre-

sented minorities in DED activities. This

year, the committee will organize a workshop

on communicating technical ideas. DED’s

Committee for Student Affairs and Early

Career Professionals has three objectives: (a)

strengthen the relationship within the student

community; (b) build ties between the stu-

dents and more established ASME members;

and (c) help the students get involved in

DED activities. Every year, the committee

has, in conjunction with the Conference

Student Activities Chair, held a reception at

the IDETC.

Through my 25 years as an ASME mem-

ber I had the opportunity to work with some

wonderfully dedicated, creative and inspira-

tional people. I am particularly grateful to the

members of the DED Executive Committee

who all play major roles in the division. They

are Vice Chair and Treasurer, Wei Chen;

IDETC Executive, Sunil Agrawal; Technical

Committee/IMECE Executive, Chris Rahn;

Publications Executive, Kurt Anderson;

Honors and Awards Committee Chair, Yan

Jin; and Secretary, Tim Simpson who is start-

ing his first year in this committee. We all owe

a great deal to William Clark, the past Chair,

for his leadership and hard work over the past

year. There are two ASME staff who have

been behind the scenes for all successful DED

activities and who are leaving us this year.

They are Program Manager Erin Dolan and

administrator LaShion Pettiford. I want to

thank them for their dedication to the division

and the help they have given us over the years.

I also want to take this opportunity to wel-

come Mary Jakubowski (program manager)

and Jovita Frederick (administrator) to our

team. They both have significant roles in

DED and they will be working closely with all

of us in the coming years.
If you haven’t participated in the division’s

activities, I encourage you to take a look at our

web site (divisions.asme.org/DED) and come

to our conferences, and above all, get involved

in one or more activities. As we go forward, I

would welcome your suggestions on how we

can improve our division and the society, how

to recruit members with the best ideas to lead-

ership positions within the division and how

we can help you implement your ideas.

I wish you all a productive year, and hope

to see you next year at the IDETC in

Portland, Oregon. •

Message from the Chair • Vijay Kumar, Design Engineering Division Chair

We often hear “the year went by quickly.”

That has certainly been the case for my

term as DED Chair – a fast but no less fulfill-

ing year. It has been an honor to serve as the

chair of the largest and one of the most active

divisions in the American Society of

Mechanical Engineers during the past year.

The enthusiasm and efforts of the many

groups within the division, including technical

and standing committees, journal editors, con-

ference organizers, and many other volunteers

leave me confident that the division is thriving.

I have had the opportunity to work with an

outstanding group of officers this year, including

Past Chair, Hamid Hamidzadeh; Vice Chair and

Treasurer, Vijay Kumar; Technical Com-

mittee/IMECE Executive, Wei Chen;
continued on page fifty-eight

EXECUTIVE COMMITTEE REPORTS

Greetings from the Past Chair • William Clark, Immediate Past Design Engineering Division Chair
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Guiding Global Turbomachinery 

& Energy Innovations at ASME

Turbo Expo in San Antonio

The 2013 keynote theme is Trends in the Global Energy Supply

and Implications for the Turbomachinery Industry. Turbomachinery

plays a critical
 role in the global energy industry, especially in

transportation, power generation, and oil & gas sectors. In recent

years, the global energy supply has been undergoing momentous

changes. First, increased environmental concerns have led to a

significant push for renewable energy sources. Second, the

renaissance of the nuclear ag
e has been called into question due to

the 2011 tsunami in Japan. Third, substantial additional oil sources

have been identified worldwide; but the technical challenges to

developing these rese
rves are

 significant. Furthermore, the political

events in the Middle East and rising demand have added to the

uncertainty regarding the global supply of oil. Fourth, the global gas

supply is undergoing a “revolution” with the coming online of shale

gas, especially in North America. So what does all this imply for

those of us in the fields of gas turbines, steam turbines, and other

turbomachinery? In the keynote sessio
n, leaders of the aviation, oil &

gas, and power generation industries w
ill examine the changes that

are occurring in the global energy supply and discuss what

technologies may be needed in light of such changes.

Join us at the San Antonio Convention Center, June 3-7, 2013, 

in San Antonio, Texas USA,  for ASME Turbo Expo! 

The 2013 grand opening and keynote

session will take place on Monday, June 3 at

the Convention Center. Additional details

will be announced in the February issue of

the GGTN.

Conference 

Now in its 58th year, ASME TURBO

EXPO is reco
gnized as the must atten

d event

for turbomachinery professionals. ASME

Turbo Expo includes technical sess
ions, tutor -

ials, panel discussions, trade show exhibits,

committee m
eetings, caree

r develop  ment and

San Antonio has always been a crossroads for travelers,

explorers, an
d those on a quest for liberty. Its

 sights, sounds,

tastes and past captivate, while frien
dly people, the relaxing

river an
d a superb climate entice vis

itors to come back for more. 

From its important role in Texas 
independence to its fusion of cultures, San Antonio is a tr

uly unique

and authentic destination. Explore the routes of the co
nquistadors, the settle

ments of the first m
issions,

and the Shrine of Texas Liberty—the Alamo. San Antonio's heart is in
 its past—but its fu

ture is in its

celebration of cultures. 

Plan your trip now. Register fo
r the Conference and Exposition and secure your hotel room at one of the

Conference Hotels online at www.turboexpo.org. R

Welcome to San Antonio!

...continued on page 53
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A collaboration among universities is overcoming the 
particular challenges of modeling the parachutes that 

will return the next generation of space capsules.
By Kenji Takizawa and Tayfun E. Tezduyar

One instant from a simulation in which three 
parachutes interact during the descent of a spacecraft. 
After years of development, computational results have 

compared well with the observations from drop tests.

 t he retirement of the Space Shuttle has created a need for accelerated 

development of a replacement. Commercial developers of spacecraft 

are offering their services. A capsule from SpaceX has already docked 

with the station and returned to Earth. • Meanwhile, NASA is work-

ing on its next generation system for sending astronauts into space. 

And as always, much of the design challenge lies in getting them 

back safely. • NASA’s proposed design for the return of Orion crew 

module to Earth is in one way, at least, harking back to an earlier 

time. The astronauts will finish their trip not in a winged glider 

but in a capsule drifting down on parachutes, much like the 

earliest manned flights into space. • The parachutes will 

be of unprecedented size, 80 feet in diameter. There will 

be three of them working together to bring the crew 

through the last stage of their descent. • In those 

details lies a particular challenge: Designing, pre-

dicting the behavior of, and testing parachutes of 

this size is particularly challenging, especially 

when they are used in clusters and involve 
multiple stages of opening. • The para-
chute is a very light and flexible struc-
ture. The structure’s shape affects air-
flow, and air pressure changes the 
shape of the structure. Compli-
cating matters more, the three 
parachutes supporting the 
capsule will interact with each other. • There is no economical way to test them. An 80-foot-wide parachute will not fit into a wind

bringing
  them downsafely
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Kenji Takizawa is associate 
professor in the Department 

of Modern Mechanical Engi-
neering and Waseda Institute for 

Advanced Study of Waseda Uni-
versity in Tokyo. Tayfun E. Tezduyar 

is the James F. Barbour Professor in 
Mechanical Engineering at Rice Univer-

sity in Houston. Each author is the leader 
of the Team for Advanced Flow Simulation 

and Modeling at his respective university.
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tunnel. One cannot study a miniature version and math-
ematically scale up the results with any kind of accuracy, 
because parachutes of different sizes behave differently.

NASA will have to test each design by building a full-scale 
prototype and dropping it from a plane over the desert. 
Each test could costs hundreds of thousands of dollars. 

In an effort to keep those test costs down, the Team for 
Advanced Flow Simulation and Modeling (T*AFSM) at Rice 
University in Houston and Waseda University in Tokyo is 
developing computational technology that can reliably pre-
dict the performance of various NASA parachute designs. 
The data from these simulations permits NASA to focus on 
a few of the most promising designs for testing, and also lets 
designers explore a greater number of alternative designs.

Computer modeling of parachutes is a numerical chal-
lenge because it involves fluid–structure interaction, 
where the aerodynamics of the parachute depends on the 
canopy shape and the deformation of the canopy depends 
on the aerodynamic forces. The two systems need to be 
solved simultaneously, in a coupled fashion. 

Actually, because the structure is light compared to the 
air masses involved in the parachute dynamics and very 
sensitive to changes in the aerodynamic forces, the shape/
force exchange has to be simultaneous at any instant of 
the computation. 

Spacecraft parachutes are typically very large ringsail 
constructions. They are made of a large number of gores, 
slices of the canopy held between radial reinforcement 
cables running from the parachute vent at the top down 
to the skirt. In the case of Orion parachutes, there are 80 
gores. Ringsail parachute gores are not continuous, but 
constructed from rings and segments of fabric called sails. 
There are four rings and nine sails to a gore, and four ring 
gaps and eight sail slits, resulting in a parachute canopy 
with hundreds of gaps and slits through which air flows. 
The complexity created by this geometric porosity makes 
modeling inherently challenging.

One technique the T*AFSM has developed to deal with 
this complexity is to analyze a design in stages. The team 
begins by modeling a slice of four gores of a canopy. When 
they have solved for the air flow through the gaps and slits 
of that slice, they derive an equivalent fabric porosity from 
that. They calculate a coefficient of porosity for each of the 
14 patches of a gore. A patch contains a gap or a slit, and 
half of a ring or sail on each side. The first and last patches 
contain only half of a ring or sail.

Even in the fully open configuration, the parachute 
canopy goes through a periodic breathing motion where 
the diameter varies between its minimum and maximum 
values. The shapes and areas of the gaps and slits vary 
significantly during this breathing motion. Research has 
shown, however, that the porosity coefficients have very 
good invariance properties with respect to these shape 
and area changes. That is, the porosity remains reasonably 
consistent even when the gaps and slits change shape with 
the breathing of the parachute, and this is a very impor-
tant factor in making the computer modeling accurate.

to explore farther

 t his research was supported by NASA Johnson Space 
Center and is an outcome of much collaboration with 
and guidance from NASA engineers, especially Ricardo 

Machin and Jay LeBeau. Many current and former members 
of the T*AFSM contributed to this research; they are the 
coauthors of the articles listed below, which are the source 
of much of the information in this article.
Readers can find material on this subject, and some movies, 
at our Web sites, www.tafsm.org and www.jp.tafsm.org. A 
comprehensive review of the core and special space–time 
FSI techniques used in spacecraft parachute modeling can 
be found in [9].
[1] T.E. Tezduyar and S. Sathe, “Modeling of Fluid-Structure 
Interactions with the Space-Time Finite Elements: Solution 
Techniques,” International Journal for Numerical Methods in 
Fluids, 54 (2007) 855-900.
[2] T.E. Tezduyar, S. Sathe, R. Keedy, and K. Stein, “Space-
Time Finite Element Techniques for Computation of 
Fluid-Structure Interactions,” Computer Methods in Applied 
Mechanics and Engineering, 195 (2006) 2002-2027.

[3] T.E. Tezduyar, 
S. Sathe, J. Pause-
wang, M. Schwaab, 
J. Christopher, and J. 
Crabtree, “Interface 
Projection Techniques 
for Fluid-Structure 
Interaction Modeling 
with Moving-Mesh 
Methods,” Computa-
tional Mechanics, 43 
(2008) 39-49.
[4] K. Takizawa, C. 
Moorman, S. Wright, 
T. Spielman, and T.E. 
Tezduyar, “ Fluid-
Structure Interaction 
Modeling and Per-
formance Analysis of 
the Orion Spacecraft 

Parachutes,” International Journal for Numerical Methods in 
Fluids, 65 (2011) 271-285.
[5] T.E. Tezduyar, K. Takizawa, and S. Wright, “Fluid-
Structure Interaction Modeling of Spacecraft Parachutes,” 
Extended Abstracts of the 61st National Congress of Theo-
retical and Applied Mechanics, Tokyo, Japan, 2011.
[6] K. Takizawa, T. Spielman, C. Moorman, and T.E. Tez-
duyar, “Fluid-Structure Interaction Modeling of Spacecraft 
Parachutes for Simulation-Based Design,” Journal of Applied 
Mechanics, 79, 010907 (2012).
[7] K. Takizawa, S. Wright, C. Moorman, and T.E. Tezduyar, 
“Fluid-Structure Interaction Modeling of Parachute Clus-
ters,” International Journal for Numerical Methods in Fluids, 65 
(2011) 286-307.
[8] K. Takizawa, T. Spielman, and T.E. Tezduyar, “Space-Time 
FSI Modeling and Dynamical Analysis of Spacecraft Para-
chutes and Parachute Clusters,” Computational Mechanics, 
48 (2011) 345-364.
[9] K. Takizawa and T.E. Tezduyar, “Computational Methods 
for Parachute Fluid-Structure Interactions,” Archives of 
Computational Methods in Engineering, 19 (2012) 125-169.

A simulation of a 
parachute with one 

sail removed; virtual 
smoke shows vortex 
patterns in its wake.
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The T*AFSM modeled a base design that NASA put 
through a drop test over the desert, and the team was very 
pleased to see that the predictions of its model held up 
well against data from that NASA test.

For instance, the computer model predicted a descent 
speed of 21.4 feet per second, which was within 10 percent 
of the average speed observed in the test. Other predic-
tions—such as the rate of swinging and breathing peri-
ods—were well within 10 percent of the observed behavior 
of parachutes in the physical test.

With confidence gained from comparing computational 
results with test data, the team members carried out 
simulation-based studies of alternative parachute designs. 
They were able to evaluate, for example, the aerodynamic 
performance of the parachute with different lengths of 
suspension line or in response to removing one of the sails 
of the canopy. Examination of these kinds of variations 
would be very time-consuming and costly if each one had 
to be performed by physical testing.

The contact between the canopies of a spacecraft para-
chute cluster is a formidable computational challenge 
that the T*AFSM has also 
addressed successfully. It 
is fairly new and complex 
method, and the reader in-
terested in how the method 
works can find information 
in T*AFSM journal publi-
cations. The team used a 
picture from a NASA drop 
test showing the actual para-
chutes in contact and com-
pared the observed canopy 
shapes with those that the 
model predicts when two 
parachutes of a cluster are 

in contact. The comparison showed that the result from 
the computer model was very much in agreement with the 
data from the drop test.

The T*AFSM parachute computations show that computer 
modeling of parachutes reached a new level and can contrib-
ute truly valuable information and analysis to the spacecraft 
parachute design and testing process. In particular, the para-
chute cluster computations show that spacecraft parachute 
modeling can now be done under actual conditions. 

The results did not happen overnight, however. T*AFSM 
parachute fluid-structure interaction computations started 
as early as 1997 with axisymmetric computations, and the 
team’s work with 3-D computations goes as far back as 2000.

The T*AFSM believes it is the only resource in the world 
that can properly conduct the computer modeling of 
spacecraft parachutes. 

The team’s parachute modeling work played a key role in 
the recognition of author Kenji Takizawa, T*AFSM leader at 
Waseda University in Tokyo, with the 2012 ASME Applied 
Mechanics Division’s Thomas J.R. Hughes Young Investiga-
tor Award. He is the youngest ever to receive that award. n

A simulation-based parachute design study. The objective is to evaluate the aerodynamic performance of the 
parachute as a function of the suspension line length.

The flow through the gaps and 
slits of a section of the parachute 
are modeled and resolved to 
establish porosity coefficients that 
will apply to the entire structure.
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