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MAE 1202: AEROSPACE PRACTICUM
 Lecture 12: Swept Wings and Course Recap
 April 22, 2013
 Mechanical and Aerospace Engineering Department
 Florida Institute of Technology
 D. R. Kirk

Page 2
                        

REMINDERS• Final Exam
 – Tuesday, April 30, 2013, 8:00 am – 10:00 am– 118 EC– Open Book / Open Notes– Mix of theory and application
 • Review Session– Thursday, April 25, 2013, 7:00 pm – 10:00 pm– Room Location: Skurla 110– Review homework assignments and problems relevant to final
 exam
 • Rocket Launch Contest– Saturday, April 27, 2012, time: TBA
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SWEPT WINGS• All modern high-speed aircraft have swept wings: WHY?
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RECALL: DRAG DIVERGENCE MACH NUMBER
 • Sharp increase in cd is combined effect of shock waves and flow separation
 • Freestream Mach number at which cd begins to increase rapidly is defined as Drag-Divergence Mach number
 • Modern airfoils and airplanes operate near point b
 0.1 enceDragDivergCR MM
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WHY WING SWEEP?
 V∞V∞
 Wing ‘sees’ component of flow normal to leading edge
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WHY WING SWEEP?
 V∞
 Wing ‘sees’ component of flow normal to leading edge
 V∞
 V∞,n
 V∞,n < V∞
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SWEPT WINGS: SUBSONIC FLIGHT (5.16)• Recall MCR
 • If M∞ > MCR large increase in drag
 • Wing sees component of flow normal to leading edge
 • Can increase M∞
 • By sweeping wings of subsonic aircraft, drag divergence is delayed to higher Mach numbers
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SWEPT WINGS: SUBSONIC FLIGHT (5.16)• Alternate Explanation:
 – Airfoil has same thickness but longer effective chord
 – Effective airfoil section is thinner
 – Making airfoil thinner increases critical Mach number
 • Sweeping wing usually reduces lift for subsonic flight
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SWEPT WINGS: SUPERSONIC FLIGHT
 M
 1sin 1
 • If leading edge of swept wing is outside Mach cone, component of Mach number normal to leading edge is supersonic → Large Wave Drag
 • If leading edge of swept wing is inside Mach cone, component of Mach number normal to leading edge is subsonic → Reduced Wave Drag
 • For supersonic flight, swept wings reduce wave drag
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WING SWEEP COMPARISONF-100D English Lightning
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SWEPT WINGS: SUPERSONIC FLIGHT
 º(M=1.2) ~ 56º(M=2.2) ~ 27º
 SU-27M∞ < 1
 M∞ > 1
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WING SWEEP DISADVANTAGE
 • Wing sweep beneficial in that it increases drag-divergences Mach number
 • Increasing wing sweep reduces lift coefficient
 • At M ~ 0.6, severely reduced L/D
 • Benefit of this design is at M > 1, to sweep wings inside Mach cone
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DELTA WINGS• Wing thickness at root can be made
 larger for strength, fuel storage, etc.
 • More control surfaces, some times no horizontal stabilizer
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EXAMPLE OF SUPERSONIC AIRFOILS
 http://odin.prohosting.com/~evgenik1/wing.htm
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TRANSONIC AREA RULE• Drag created related to change in cross-sectional area of vehicle from nose to tail
 • Shape itself is not as critical in creation of drag, but rate of change in shape
 – Wave drag related to 2nd derivative of volume distribution of vehicle
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EXAMPLE: YF-102A vs. F-102A
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EXAMPLE: YF-102A vs. F-102A
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CURRENT EXAMPLES• No longer as relevant today – more
 powerful engines
 • F-5 Fighter
 • Partial upper deck on 747 tapers off cross-sectional area of fuselage, smoothing transition in total cross-sectional area as wing starts adding in
 • Not as effective as true ‘waisting’ but does yield some benefit.
 • Full double-decker does not glean this wave drag benefit (no different than any single-deck airliner with a truly constant cross-section through entire cabin area)
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SAMPLE FINAL EXAM QUESTIONProblem 2 (20 points): Pictured below are two state-of-the-art military aircraft. Using what you have learned in this class, examine the only the wings of these two airplanes and explain as much as you can about their design and how their design most likely impacts the functionality of the aircraft.
 Figure 1: A-10 Figure 2: F-22
 Some sample questions that will get you started toward giving a complete answer to this question:
 1. Estimate the AR of these airplanes. 2. What is the impact of the AR and what does it tell you about the aircraft? 3. Why is one of the wings swept, but not the other?
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AERODYNAMICS SUMMARY
 • Covered an extremely vast amount of material– Basics physics: Mass, Momentum, Energy
 • Manometers, Pitot Tube (air-speed measurement), Wind Tunnels
 – Wide range of aerodynamic issues• Lift, Drag, Moments• Separation, Laminar and Turbulent Boundary Layers• Airfoils• Wings, Sweep, High Lift Devices• Design, Low Speed vs. High Speed Flight, AR, S, CL, CD, CM
 • Looked at a wide range of aircraft and data• An Exceptional Amount of Lecture Based Homework Problems
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