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IntroductionIntroduction

Singular characteristics Singular characteristics on teaching-learning 
f A iprocess of Aeronautics:

 Initial motivation

 The childhood desire can be a potential

 Great pedagogical opportunity to awaken the 
reminiscent knowledge reminiscent knowledge that is on natural gg
curiosity of people.



IntroductionIntroduction

 Example of this approach can be seen in many aeronautical schools where Example of this approach can be seen in many aeronautical schools where 
professors motivate students in activities that develop curiosity and creativitycuriosity and creativity:

Airplane Building CompetitionAirplane Building Competition Tests of Experimental AircraftsTests of Experimental Aircrafts



IntroductionIntroduction

In this context of pedagogical innovation and 
aeronautical culture:

“A “A case study was applied on aircraft design case study was applied on aircraft design 
classes at university of Sãoclasses at university of São Paulo”Paulo”classes at university of São classes at university of São Paulo  Paulo  



Education in engineering Education in engineering 

TopTop Strong academic backgroundStrong academic background inTop Top 
Engineering Engineering 
SchoolsSchools

Strong academic background Strong academic background in 
science to solve complex problems. 

IsIs itit enoughenoughIsIs itit enoughenough

Wide engineering problem scenario Wide engineering problem scenario 
Engineering Engineering 
enviromentenviroment

requires  requires  understanding and attitude understanding and attitude to to 
deal with different engineering situations.deal with different engineering situations.



Case study on engineering educationCase study on engineering education

CaseCase StudyStudy fitsfits wellwell
withwith thisthis proposalproposal !!!!!!

“Engineering“Engineering casecase studystudy asas anan accountaccount ofof anan engineeringengineering activity,activity, event,event, oror
blbl ff hh b k db k d dd ll llllproblemproblem containingcontaining somesome ofof thethe backgroundbackground andand complexitiescomplexities usuallyusually

encounteredencountered byby anan engineerengineer”” Anwar & Ford (2001)

“Engineering“Engineering casecase presentspresents aa scenarioscenario thatthat practicingpracticing engineersengineers areare likelylikely toto
encounterencounter inin thethe workplacesworkplaces”” Anwar & Ford (2001)



Case study possibilitiesCase study possibilities

AnwarAnwar ((20012001)) & MassetoMasseto ((20032003)) suggested many(( )) (( )) gg y
possibilities of case study and we can apply in
aeronautical environment:

 Involve in real or simulated situation Involve in real or simulated situation in your profession 
id if i d i i bl fiarea identifying and recognizing problems to figure out 

solutions. 

 Make diagnostic analyzes Make diagnostic analyzes for situation considering the 
variables involved variables involved exercising and making judgments. 



Case study possibilitiesCase study possibilities

 Understanding and recognizing assumptions and inferencesassumptions and inferences, as opposed 
to concrete factsto concrete facts.

 Find out necessary information, understanding and interpreting dataunderstanding and interpreting data, to 
solve problem-situation.

 Thinking analytically and criticallyanalytically and critically. 



Case study in aeronautical Case study in aeronautical 
engineering educationengineering education

 Case study of aerodynamic design for two of the most classics aircraft in the
world DouglasDouglas DCDC 99 and BoeingBoeing 737737world, DouglasDouglas DCDC--99 and BoeingBoeing 737737

““EmbryonicEmbryonic mark of commercial aviationmark of commercial aviation and compete in the aeronauticaland compete in the aeronauticalEmbryonic Embryonic mark of commercial aviation mark of commercial aviation and compete in the aeronautical and compete in the aeronautical 
market based on market based on similar engineering requirements similar engineering requirements with different with different 
philosophies”philosophies”p pp p



Case study in aeronautical Case study in aeronautical 
engineering educationengineering education

 The case study conducts engineering students to experiment discussions about
issues related to historicalhistorical facts,facts, aerodynamicsaerodynamics concepts,concepts, requirements,requirements, designdesign

hil hhil h h l ih l i dd d ld lphilosophy,philosophy, technologictechnologic andand developmentdevelopment.

 The discussions for case study are based on scientific articles: “aerodynamic“aerodynamic
d id i hil hhil h ff hh B iB i 737737”” d “A d i“A d i D iD i FF ffdesigndesign philosophyphilosophy ofof thethe BoeingBoeing 737737”” and “Aerodynamic“Aerodynamic DesignDesign FeaturesFeatures ofof
thethe DouglasDouglas DCDC--99””



Education Education goalsgoals

 RequirementsRequirements and their importance on design RequirementsRequirements and their importance on design

 DesignDesign philosophyphilosophy and airplane configuration
choice

 MultidisciplinaryMultidisciplinary view on design



Case study Case study strutucurestrutucure

2 Discussion groups : Douglas DC2 Discussion groups : Douglas DC--9 9 
d B i 737d B i 737and Boeing 737and Boeing 737. 

Aeronautical Aeronautical industry team and a industry team and a 
LeaderLeader

Previous reading : PPrevious reading : Paper aper and and 
R iR iRequirementsRequirements

Discussions about eDiscussions about educationalducational goalsgoalsDiscussions about eDiscussions about educational ducational goalsgoals

CrossCross--Dynamic Dynamic 



Requirements and their importance on Requirements and their importance on 
design design –– “Perceptions”“Perceptions”

DD AerodynamicistsAerodynamicists

ΛΛ
AADesign requirements are Design requirements are 

wellwell--defineddefined

Aerodynamicists Aerodynamicists 
work hardly to work hardly to 
achieve themachieve them

BoeingBoeing 707707 727727 andand 737737

AA
λλ
(t/c)(t/c)

BoeingBoeing 707707,, 727727 andand 737737

Boeing 737Boeing 737
New step on New step on 
comercial comercial 
aviationaviation

ShortShort rangerange andand runwayrunway

Focus on Low speed design (B737)Focus on Low speed design (B737)
•• Less wing sweptLess wing swept
•• Thicker profileThicker profile
•• Complex HighComplex High--

liftlift devicesdeviceslift lift devicesdevices



Requirements and their importance on Requirements and their importance on 
design design –– “Perceptions”“Perceptions”

Short rangeShort rangeDouglas DCDouglas DC--99 Short  range Short  range 
and runwayand runway

Derived  from DCDerived  from DC--
Differences : DCDifferences : DC--8 8 vsvs DCDC--99 8 with regional 8 with regional 

requirementsrequirements

Critical design conditionsCritical design conditions
DC8: cruiseDC8: cruise
DC9: Second DC9: Second 
segment climbsegment climb



Design philosophy and airplane Design philosophy and airplane 
configuration configuration choice choice –– “Perceptions”“Perceptions”

One configuration is chosen, and some One configuration is chosen, and some inherent engineering inherent engineering 
problems will takeproblems will take place soplace so aerodynamicists need toaerodynamicists need to solve !!!!!!solve !!!!!!

 Both groups discussed about differences between TT--tailtail andand conventionalconventional
configuration

problems will take problems will take place, so place, so aerodynamicists need to aerodynamicists need to solve  !!!!!!solve  !!!!!!

configuration

 There are a mandatory criteria to chose a specific configuration

 They discussed particularly about “deep“deep stall”stall” phenomenon

 The nacelle configuration under-wing on B737 (problems in high speed !!!)
SolutionSolution:: Wind tunnel and CFD investigation

 T-tail configuration DC-9 ( deep stall problem !!!! )
SolutionSolution:: Vortilon and greater horizontal came from exhausted analysis of wing

wake and its influence on horizontal tail effectiveness.



Multidisciplinary view on Multidisciplinary view on design design ––
“Perceptions”“Perceptions”

Usually is hard, in aircraft design, to satisfy disciplines Usually is hard, in aircraft design, to satisfy disciplines 
such as aerodynamics,such as aerodynamics, aeroelasticityaeroelasticity, performance,, performance,such as aerodynamics, such as aerodynamics, aeroelasticityaeroelasticity, performance, , performance, 
structure and weight at same time.structure and weight at same time.

B737B737 DCDC--99

OutboardOutboard AileronAileron DeepDeep stallstall

Deep stall Deep stall VortilonVortilon

Increase in Increase in 

B737B737 Entire flight Entire flight 
regimeregime

ThickerThicker profileprofile

VortilonVortilon
drag and drag and 
weightweight

Increase in drag Increase in drag Wing tip Wing tip 
extensionextension

B707,B727B707,B727
Low speed Low speed 
regimeregime

LessLess sweptswept

and weightand weight extensionextension
ThinnerThinner profileprofile
moremore sweptswept



CrossCross--Dynamic Dynamic –– “Perceptions“Perceptions””

 Requirement of shortshort rangerange andand runwaysrunways

 B i 737 d D l DC 9 h i ili il ii Boeing 737 and Douglas DC-9 have similarsimilar requirementsrequirements.

 SimilarSimilar aerodynamicaerodynamic solutionssolutions to satisfy requirements SimilarSimilar aerodynamicaerodynamic solutionssolutions to satisfy requirements
(thicker profile, less swept wing, sophisticated high-lift devices)

 Distinct design philosophy (differentdifferent airplaneairplane configurationconfiguration) for similar
requirements.

 There are characteristiccharacteristic problemsproblems for each specific configuration.



ConclusionsConclusions

 The case study motivatedmotivated stronglystrongly thethe engineeringengineering studentsstudents, since thisy g yg y g gg g ,
activity established a relationship between theory and practice. (this is a
problem in engineering education !!!!  )

 The education goals were achieved (requirements,requirements, designdesign philosophyphilosophy andand
multidisciplinarymultidisciplinary viewview)multidisciplinarymultidisciplinary viewview)

 Teaching-learning process of Aeronautics is a greatgreat pedagogicalpedagogical opportunityopportunity Teaching learning process of Aeronautics is a greatgreat pedagogicalpedagogical opportunityopportunity

 There are manymany possibilitiespossibilities applying case study in aeronautical education

 Case Study fits well with wwideide engineeringengineering problemproblem scenarioscenario training
t d t t d l ith diff t i i it tistudents to deal with different engineering situations.



Thank you for Coming !!!!Thank you for Coming !!!!




