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This pap ers discusses ongoing developmen t of an aircraft
Almost
collab oration,

for mechanical engineering studen fts.
departmen ts operate in conjunction,

design course designed
exception, aerospace engineering
or coexistence with mechanical en-

without

gineering departmen ts at most major American univ ersites. On the other hand, the
ma jorit y of mechanical engineering departmen ts operate alone; i.e., without aerospace
engineering departmen ts, thus limiting the undergraduate  curricula to traditional me-
chanical engineering topics. Also, 23 states do not o®er any form of accredited education
in aerospace engineering, restricting nativ e studen ts of those states interested in this “eld
to either seeking education outside of their home state (often not an option) or being
content with something \close enough,” often times mechanical engineering. A previous

pap er (Jacob,
ented education into a mec hanical
design, extracurricular activities,

the Mec hanical Engineering Departmen

Overview

HIS papers discussesongoing dewelopmen of

an aircraft design course designedfor mecani-
cal engineering students. Almost without exception,
aerospaceengineeringdepartments operatein conjunc-
tion, collaboration, or coexistence with medanical
engineeringdepartmernts at most major American uni-
versities. On the other hand, the majority of mecan-
ical engineeringdepartments operate alone;i.e., with-
out aerospaceengineeringdepartmerts, thus limiting
the undergraduate curricula to traditional medanical
engineering topics. Also, 23 states do not o®er any
form of accredited education in aerospaceengineering,
restricting nativ e students of those statesinterestedin
this “eld to either seekingeducation outside of their
home state (often not an option) or being corntent
with something \close enough,” often times mecani-
cal engineering. A previous paper (Jacob, 2000) dis-
cusseddi®erert meansof intro ducing aerospaceengi-
neeringoriented educationinto a medanical engineer-
ing undergraduate program, including course design,
extracurricular activities, and researt. This paper fo-
cuseson the developmen aspectsof a coursein aircraft
and spacecraftdesignoriented towards mecanical en-
gineering students. Experiencesencourtered during
the introduction of an aerospacecourse in the Me-

? Assistant professor; senior member AIAA.
Copyrigh t °c 2001 by the authors. Published by the American
Institute  of Aeronautics and Astronautics, Inc. with permission.

2000) discussed di®eren t means of intro ducing aerospace engineering ori-
engineering
and researc h. This pap er focuses on the developmen t
aspects of a course in aircraft and spacecraft design orien ted towards mec hanical
ing studen ts. Exp eriences encoun tered during
t at the Univ ersit y of Ken tuc ky are used as input.

undergraduate  program, including course

engineer-

the intro duction of an aerospace course in

chanical Engineering Department at the University of
Kentucky are usedas input.

The coursedesignat UK is constructed around a ba-
sic introduction to the scienceof aerodynamic design
alongwith a design-build-testapproac (when applica-
ble). There are two basicways to structure an elective
course{ the survey method and designapproac. This
course useselemers of both and combines them in
an e®ort to instruct the studernt in the complexities
of aircraft design. Primarily, aircraft designis taught
asa multi-disciplinary systems-orietied "eld requiring
integration betweenseeral separateareas. As this is
often newto the ME student, this must be approached
with care.

Text and materials used are discussedwith com-
merts as to their successand pitfalls in covering too
much or too little material in regards to deweloping
successfulprototype designsare covered. Examples of
student completed designprojects from the courseare
shown, including micro-aerial vehicles,sport biplanes,
and a cruise missile carrier, alongwith the speci ¢ hur-
dlesinvolvedin having ME students with no prior AE
experiencetackle these designs.

Intro duction

Frequertly in undergraduate programs, there is a
drive to expandor alter coursesto satisfy the interests
of a particular subsetof the student body. This is espe-
cially true in engineeringeducation, where advancesin
technology give rise to opportunities for new teaching
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directions. It is not uncommon for faculty to intro-

duce undergraduate and graduate coursesspecializing
in a "eld of their researt only to drop them when
the researt topic is no longer in vogue. However,

this desireto sate students' interest must be balanced
with the needto retain the essetial elemers of the

curriculum. The education of \nic he" or specialized
interestsis particularly dixcult in a Mechanical Engi-

neering (ME) program asit is typically consideredthe

broadest of engineeringdisciplines and thus is loaded
with many diverseand often unrelated but necessary
courses. Since AerospaceEngineering (AE) is usually

consideredto be a specialization of the broader ME

“eld, it is not uncommonto nd studerts in a ME pro-

gram who have a strong interest in aerospace.This is

especially true in those ME Departments in engineer-
ing collegesor universities that have no AE path in

either a separatedepartment or combined program.

There have beennumerousrecert papers discussing
meansof improving aerospacesducationin the univer-
sity setting (seefor example, Roskam; Covert; Ladesic
and Hazen; Fletcher; Perkins, Hall and Worsham;
Van Leer; McRae and Edwards; Habashi, Robichaud,
Moustapha and Guevremort; Riabov; Sullivan and
Watkins). Naturally, these have primarily been in
the corntext of improving aerospaceeducation within
an AE department. There has beenlittle discussion
of teaching AE coursesin other departments though
there does exist both a need and desire. This is the
caseat the University of Kentucky wherenot only does
there not exists an aerospaceor related program at the
university, no such educational opportunity is presen
in the ertire Commonwealth. Thus, Kentucky natives
students who are interested in aerospacecareersmust
enroll in out-of-state collegesor be satis ed with the
broad ME programs (of which there are 2) o®eredin-
state.

Personal Exp eriences

The University of Kentucky Mechanical Engineer-
ing undergraduate curriculum is especially lacking in
aerospacerelated courses. Though the program has a
strong thermal-°uid sciencescomponent, it is directed
towards transport systems (i.e., pipes and pumps).
Besidesthe introductory level °uid mecdanicscourses,
there are only two technical elective coursesthat could
be consideredaerospacerelated: Gas Dynamics at the
seniorundergraduateand rst year graduate level and
Intro duction to Computational Fluid Dynamics at the
senior level. The latter's purposeis to introduce stu-
dents in the use commercial CFD software on typical
industrial problems while the former is a traditional
courseon compressible°uid °ow. Howewer, there ex-
ists at UK a relatively small but dewted group of
students who have an interest in aerospaceopics with
no outlet other than the extracurricular activities of
the local AIAA student branch.

As faculty advisor of AIAA at UK, the author was
approaded by the students to teach a courseon air-
craft design speci cally aimed at allowing them to
compete in the annual AIAA undergraduate design
competition. This rst \course" waso®eredin Spring,
1998 on an independert study basis with 9 students
to allow them to compete in the spacecraft design
category Howevwer, this was not a true course and
the content was speci cally directed at the material
required by the mission statemert in the RFP. The
coursewas again o®eredin the curriculum in Spring,
1999 as a Topics in ME course at the junior/senior
level and then again in Spring, 2000 as a full °edged
course. The goal of the coursewas to teach enough
aerospacesngineeringdesignprinciples in onesemester
for the students to submit a competitiv e proposal in
the AIAA aircraft designcompetition. 14 studerts en-
rolled in the course. The students were evenly divided
between juniors and seniorsand °uid medanics was
the only required course prerequisite. A nal design
project basedon the aircraft designcompetition RFP
wasthe basisof grading in addition to homework and
progressreports. Two groupsof 6 and 8 memberswere
formed but only 1 choseto submit their "nal designin
the competition.

One question that must be addressedin teaching
and deweloping a AE course for students who have
had no previous aerospacecoursework is whether it is
possibleto cover enough material in one semesterfor
the studerts to perform an adequate competitiv e de-
sign while covering enoughmaterial to ensurethat the
students have a broad understanding of the aerospace
“eld. Text and materials usedin such a course must
be strategically selectedbasedupon the designproject.
Obstaclesin covering too much or too little material
in regardsto dewveloping successfulprototype designs
must also be surmounted.

Limited Education Opp ortunities

Before discussingrequiremerts in developing an AE
design course for ME students, we must justify that
such a needdoes exist. A simple examination of the
number and distribution of AE programs in the US
should accomplishthis.

Historically, burgeoning AE programs grew out
of already established ME programs (McCormick).
Thus, there hasbeena traditional tie betweenAE and
ME, more so from the AE side. According to the lat-
est ABET accreditation listing,? there are currently
248 di®erent higher education institutions with Me-
chanical Engineering programs o®eringBS degrees(1
is accreditedwith the MS, but o®ershe BS aswell). In
addition, there are 7 accredited Engineering Mechan-
ics programs. These will be referred to as ME and
EM programs, respectively. (In courting these pro-
grams, degreesthat are o®eredat extended campus

1Seehttp://www.ab et.org for individual listing.
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or other programs are courted separatelyif they have
been accredited separately This is the samemethod
usedbelow.)

There are four separatetypes of Aerospacerelated
programs consideredherein as accredited by ABET:
AerospaceEngineering, Aeronautical Engineering, As-
tronautical Engineering, and Aeronautical and Astro-
nautical Engineering. As of 1999, there are currently
48 institutions with an accredited Aerospace Engi-
neering program, one of which o®ersthe degreeas
an option within the ME program (Oklahoma State
University). This includes one program in Aerospace
Engineering Science,one in Aerospace ScienceEngi-
neering, and one in Aerospace Engineering and Me-
chanics. At least one of theseis currently in the midst
of discortinuing their program (Tri-State University,
due to discortinue their Aerospace Engineering pro-
gramin Septenber, 2001). Another 8 institutions have
programs in Aeronautical Engineering, including 1 in
Aeronautical ScienceEngineering. 2 of theseare at the
MS level. A further 3institutions have programsin As-
tronautical Engineering, 2 of which are at the MS level
(the lone exceptionbeing the US Air Force Acadeny).
Lastly, 5 additional universities o®erdegreesthrough
a combined Aeronautical and Astronautical Engineer-
ing (including Aeronautics and Astronautics at MIT).
Though it is generallyrecognizedthat AerospaceEngi-
neeringis a combination of both the Aeronautical and
Astronautical Sciences(making the rst and last cat-
egoriesessetially equivalert), all of these 64 separate
degreeprograms will be referred to as AE.

Sevwral items are interesting to note. First, only
2 institutions o®er degreesin AE but not ME: the
Air Forcelnstitute of Technology at Wright-P atterson
Air Force Base and Embry-Riddle Aeronautical Uni-
versity (at both the Florida and Arizona Campus).
The former is a graduate program and thus does not
o®er BS degrees, thus lowering our number of AE
only institutions to 1 (2 if you count both Embry-
Riddle campuses).This falls in line with the statement
above the AE is a specialized ME. Secondly only 3
institutions have more than 1 type of AE program.
These are the Air Force Institute of Tednology men-
tioned above, the Naval Post-Graduate School, and the
US Air Force Acadeny, ead of which has programs
in both Aeronautical and Astronautical Engineering.
Presumably; this is due to the enhancedspecialization
often required by military personal. Only the latter
o®erstheseprogramsat the undergraduatelevel, how-
ever, making the US Air Force Acadeny unique in this
nature.

Of the institutions that o®erdegreesn both AE and
ME, almost half of these have separate departmerts.
The remaining AE programs are conmbined with an-
other program in a single department or unit, most
often ME though sometimesEM or Nuclear Engineer-
ing. In either case,it is more often than not that
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Fig. 1 Map showing whic h states do not have an
AE degree program.

there is somesigni cant cross-pllination betweenthe
AE and ME programs.

Even though there are over 60 separate programs
in AE, these are clustered in 28 states, most with
high populations and large industrial basesin man-
ufacturing or advanced technology. This leaves 22
states that have no ABET accredited AE program at
all.> Theseare shown in “gure 1. Many students do
not have the option of leaving their home state to pay
high out-of-state tuition coststo enroll in an AE pro-
gram. Examining the numbers another way reveals
that almost 190 ME programs at institutions have no
corresponding program in AE, either in a combined
department or another departmert altogether. Thus,
the majority of ME programs have no external AE re-
sourcesto draw upon to enhancetheir curriculum. It
is theseinstitutions that we are addressherein.

AE versus ME

When consideringAE coursedevelopmert at the un-
dergraduate level, it is helpful to examine someof the
di®erencesbetween AE and ME programs. Bend-
mark programs were chosento compare common and
uncommon courserequiremerts.

Three programs were selectedfor comparison: two
o®ering degrees(BS, MS, and PhD) in Mechanical
Engineering only and the remaining o®ering degrees
(again, BS, MS, and PhD) in AerospaceEngineering
and Mechanical Engineering. The former selections
are the University of California at Berkeley and the
University of Kentucky while the latter is the Uni-
versity of Oklahoma. These were chosensolely based
on the author's experience with them, namely time
spert there obtaining degreesor teaching. However,
since ead university was ABET accredited in ME or

2Alaska, Ark ansas, Connecticut, Delaware, Hawai'i, Ken-
tucky, Louisiana, Maine, Montana, Nebraska, Nevada, New
Hampshire, New Mexico, North Dakota, Oregon, Rhode Island,
South Carolina, South Dakota, Utah, Vermont, Wisconsin, and
Wy oming.
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Course Title Year ME Electiv e?
Introduction to AE 3 No
Performance 3 No
Gas Dynamics 3 Yes
Aerodynamics 4 Yes
Propulsion Systems 4 Yes
Stability and Control 4 No
Vehicle Design 4 No
SpaceScience 4 Yes
Various Labs { Yes

AE/ME, it canbeassumedthat their programswould
be similar in nature to programs at any other ABET

accredited institution.  Also, there is nothing partic-

ularly signi cant that would necessarily distinguish
these programs from other colleges. (Comparisons of
ead program were made with seweral other universi-
ties o®eringsimilar degreeprogramsto verify this. See
Harris for a similar result.) Also, it canbe arguedthat

programs o®ering degreesin AE also o®erdegreesin

ME (Embry-Riddle being the sole exception the au-
thor is aware of), while of coursethe inverseis not
true.

Except for minor di®erencesthe ME programswere
closely matched. The di®erencebetweenthe AE and
ME programswaslimited to 7 or 8 courses,depending
upon the institution. Thesecoursesare listed in table
1. Included in the list if the year of study eat course
would presumably be taken. Also listed is whether it
was possibleto take the courseasa ME elective. Two
items are note-worthy. All coursesfall in the junior
and senior years of study. (It is possiblethat the in-
troductory coursecould be o®erend in the freshman
year depending upon the university.) Second,only 4
coursesare uniqueto AE alone, all of which are aerove-
hicle design courses. Thus, the minimum di®erence
betweenan AE and ME degreecould be aslittle as4
core courses.

Sincejust a small sampling of programs were exam-
ined in detail, this can be consideredas an illustrativ e
exampleonly. Howewer, it doesillustrate both the lim-
ited di®erencedbetweenAE and ME programsand the
breadth of material that must be covered to make up
the unique mixture that is AE.

Needs of the ME Studen't

In designing an aircraft designcoursein a ME de-
partment, onemust be aware of the distinct di®erences
betweenthe AE and ME student. The major items
typically missing from the ME student would be

2 Fluid medanics beyond the basic course,includ-
ing
{ gasdynamics,
{ aeradynamics,

2 Propulsion beyond the internal combustion en-
gine,

2 Advanced conceptssud as aercelasticity or sta-
bilit y.

On the plus side, one should be able to assumethat
ME studernts (at the junior and seniorlevel) will bring
with them the following:

2 A broad knowledge base,
2 General designskills,

2 Vibrations and structures,
2 CAD skills,

2 Unbiased concepts.

The di®erencesare illustrated in "gure 2. Mechanical
engineerstend to stay in the M < 0:3 and Re > 10°
range. The concepts familiar in these regimes work
well for general aviation aircraft design, but are lim-
iting for modern aircraft design such as * AVs and
commercial airliners. The students needto be made
aware of how the °ow "eld is a®ectedin various design
regimes.

Critical Concepts

The obvious question is: can the fundamentals of
aircraft designbe taught in one semester?The classis
started on the “rst day with the following list:

Aircraft Design Integration
1. aerodynamics

2. propulsion

3. cortrol and stability
4. structural dynamics
5

. economicfactors

For most studerts, this will bethe rst coursein which
they needto consider multiple areasin the design of
a single product. To most of them, | have found that
this is a foreign conceptand it is dixcult for them to
get a handle on how to approach. The team design
approach helps in this area since sometasks can be
divided among team menbers.

Aircraft designis covered in enough detail that a
thorough designproject can be undertaken by the stu-
dents. This would most likely be an aerospacevehicle,
though componerts such aspropulsion or avionics sys-
tems could be the design focus as well. While the
students do not leave the coursewith the more global
feelthat would be obtained a survey style course,they
do realizethe ditcult y and complexity required in de-
signing and integrating an aerospacevehicle. Suitable
texts for this coursewould be Anderson'sAir craft Per-
formance and Design Raymer's Aircraft Design: A
Conceptual Approach, and perhaps Stinton's seriesof
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Fig. 2 Flow maps of Reand M.

texts. It would also be bene cial to introduce Abbott
and von Doenho®s Theory of Wing Sections. The rst
text seemsparticularly well suited to introducing stu-
dents to both the scienceand design behind an aero
design.

One option to supplemen this conceptis to make
use of crosswer projects. These are design projects
that have both signi cant mecanical and aerospace
componerts. One such exampleis the supersoniccar.
Automotiv e projects are popular among ME students
as witnessedby the Mini-Baha (ASME) and Formula
One (SAE) competitions held annually. The latter al-
ready has somesigni cant aeradynamics involved. In
a written designproject, oneis easily able to substan-
tially increasethe amount of AE designinvolved.

Sincemost students will not have had any signi cant
aeradynamics beyond the simple de nitions of lift and
drag, and since aeradynamics is the de ning topic in
aircraft design, the lion's share of time is spent on

AIAA-2001-0868

without Kutta condition
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a) Kutta conditions.
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b) Separated °ow.

CL
symmetric airfoil
cambered airfoil
Angle of Attack a
C) Geometry and lift curv e.
Fig. 3 Concepts of aerodynamic lift.
this topic. Sud coverage as permitted in the time

allotted allows for in depth explanations of the Kutta
condition, separated°ow, and the e®ectof geometry
and Re on the lift curve slope, such asis showvn below
in “gure 3.

Hands On Exp erience

In addition to the semesterdesignproject, studerts
also perform some simple experiments using mobile
setups. The “rst task is a very simple team design
project. Each team is given 2 rubber band powered
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used for lift and

Fig. 4 Miniature wind tunnel

drag measuremen ts.

Fig. 5 Rocket stand used for rocket and prop eller
thrust measuremen ts.

balsa toy aircraft. One aircraft is be optimized for
speedwhile the other is to be optimized for time aloft.
The teams then compete in a friendly design compe-
tition. This helpsillustrate how di®erer aircraft are
designedfor di®eren tasks. The secondexperiment
usesa mini wind tunnel to measurelift and drag of
various airfoils as shavn in "gure 4. The bene't of
this tunnel designis that it is mobile, inexpensiwe, and
robust. Two electronic force gagesare usedfor lift and
drag measuremets fed into a laptop so the studerts
can seeimmediate feedba& from changesto the tun-
nel. The third experiment usesa similar force gageto
measurethe thrust from either model rocket motors
or R/C aircraft enginesas shown in gure 5. For the
former, the students get a good understanding of why
and how a thrust curve is design. Using a simple fan,
they can also seehow thrust decreasefor a propeller
driven aircraft asvelocity increases.

Results

Due to the limited amourt of time available to cover
badkground material such as aerodynamics, propul-
sion, structures, and cortrol, it is dizcult to expect
studerts to complete a full-°edged design. In a team
setting, this becomeamore feasibleif the tasksare split
betweenteam members. Figure 6 showns the designand
“nal models built from oneteam for a1 AV design.

a) Pro-E mo dels.

b) SLA mo dels.

Fig. 6 *AV design pro ject.

Course Content

The following is the coursedescription and outcomes
usedfor the course.

Course Description

This course covers elemernts of basic aerospaceen-
gineering design. Fundamertal material will include
aerodynamics, vehicle performance, principles of sta-
bility and cortrol, propulsion systems, rocket the-
ory, astronautics, and air/spacecraft designsynthesis.
Other material will be covered on a as neededbasis;
e.g. gasdynamics and hypersonics, aerospacestruc-
tural analysis and design, airfoil theory, CFD, FEA,
etc.

Prerequisites

You are expected to be familiar with thermody-
namics (ME 220) and physics. You should also be
comfortable with mathematics such asit is coveredup
to MA 213/214. Knowledge of °uid medanics (ME
330) and engineeringdesign(ME 344)is desirable,but
not required. Concurrent (or previous) enrollmert in
either ME 380 (CFD) or ME 530 (Gas Dynamics) can
be helpful.
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Concepts to be Intro duced

Each student should understand the following con-
cepts upon course completion: source of all aerody-
namic forces; aerospacevehicle force balances (lift,
drag, thrust, weight); how to calculate lift, drag, and
thrust and their respective coe+cients; speedof sound
and relation to vehicle speed;lift and drag of subsonic
and supersonic airfoils; equations of motion applied
to a vehicle; basic propulsion systems (reciprocating
engines,jets and turb ojets, ramjets, rockets); aircraft
performanceand °ight ervelopes;principles of vehicle
stability and control; how to derive and usethe rocket
equation; design synthesis of aerospacevehicles, in-
cluding vehicle cost and safety factors.

Expected Outcomes
At the conclusionof ME 380, the student should be

1. De ne, discussand apply all of the above con-
cepts.

2. Expressall parametersencompassedn thesecon-
ceptsin their appropriate dimensions.

3. Develop and apply appropriate forms of massand
momertum balancesto various aeradynamic sit-
uations.

4. Perform dimensional analysisfor a given physical
situation; designappropriate experimertal strate-
giesfor the correlation of experimental data.

5. Calculate lift and drag for a particular body.

6. Estimate the performancerequiremerts and spec-
i cations of an aerospacevehicle.

7. Usethe rocket equation to determine rocket per-
formance.

8. Analyze physical aerospacesituations and pre-
scribe appropriate method(s) for obtaining quan-
titativ e information for engineeringuse.

9. Apply the above conceptsto a speci ¢ aerospace
design problem with given speci cations.

References

Abbott, I. H., and von Doenho®,A. E. Theory of
Wing Sections, Dover, 1959.
Anderson, J. D., Jr.

McGraw-Hill, 1999.

Anderson, J. D., Jr. Aircraft Performance and De-
sign, McGraw-Hill, 1999.

Covert, E. E. \Engineering Education in the '90s:
Back to Basics," Aerospace America, v. 30, pp. 30-
33, April, 1992.

Fletcher, L. S. \Aerospace Engineering Education
for the 21st Century," ACTA Astronautica, v. 41, no.
4, pp. 691-700,1997.

Intr oduction to Flight,

AIAA-2001-0868

Habashi, W. G., Robichaud, M. P., Moustapha, S.
H. and Guevremort, G. J. \A Practical and E®ective
Approach to CFD Education Through a University-
Industry Tecdhnology Exchange Perspective," AIAA
Paper 99-1056, 37th Aerosppce Scienes Meeting,
Reno, January, 1999.

Harris, W. L. \Will the Last Aeronautical Engi-
neer Turn Out the Light," AIAA Paper 96-2242,19th
Applied Advaned Measurement and Ground Testing
Technolagy Conference, New Orleans, June, 1996.

Jacob, J. D. \Aerospace Engineering Education
in a Mechanical Engineering Environment,” 38th
Aerospce Scien@s Meeting, Reno, January, 2000.

Ladecis, J. G. and Hazen, S. \A Course Correc-
tion for Engineering Education,” Aerosmoe America,
v. 33, pp. 22-27,May, 1995.

McCormick, B. W. \The Evolution of Tednology
and Education in Applied Aerodynamics,” AIAA Pa-
per 99-0117,37th Aerospace Scienes Meeting, Reno,
January, 1999.

McRae, D. S. and Edwards, J. R. \A Perspec-
tive for CFD Education," AIAA Paper 99-0911,37th
Aerospace Scienes Meeting, Reno, January, 1999.

Perkins, J. N., Hall, C. E. and Worsham, M. J. \An
Update of Aircraft Design Education at N. C. State
University," AIAA Paper 99-0801,37th Aerospace Sci-
enaes Meeting, Reno, January, 1999.

Raymer, D. P. \Aircraft Design: A Conceptual Ap-
proach," AIAA, 1999.

Riabov, V. V. \Challenge in the Aerospace Uni-
versity Classroom," 38th Aerospace Scienes Meeting,
Reno, January, 2000.

Roskam, J. \F acingthe Crisis in Aircraft DesignEd-
ucation,” Aerosmce America, v. 30, pp. 24-27,April,
1992,

Stinton, D. \The Design of the Aeroplane,” Black-
well, 1985.

Sullivan, J. P. and Watkins, W. A. \A De-
sign/Build/T est Environment for Aerospace Educa-
tion," 38th Aerospace Scienes Meeting, Reno, Jan-
uary, 2000.

Torerbed, T. \Synthesis of SubsonicAirplane De-
sign," Delft, 1988.

Van Leer, B. \CFD Education: Past,Presen, Fu-
ture," AIAA Paper 99-0910,37th Aerospace Scienes
Meeting, Reno, January, 1999.

7 of 7

American Institute

of Aer onautics and Astr onautics Paper 2001{0868



