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The course information as follows may be subject to change, either during the session because of unforeseen
circumstances, or following review of the course at the end of the session. Queries about the course should be
directed to the course instructor.
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This course is one of the subject-elective modules suitable for undergraduates in aerospace engineering. The course will
provide students with the fundamentals, concepts and theories associated with flight vehicles by introducing flight
condition and mechanics, flight vehicle structures and performance, flight vehicle aerodynamics, propulsion system, aero-
elasticity and aero-acoustics, along with some basic CAE tools introduction for students to better understand the aerofoil
flow dynamics. This course will provide students better understanding on fundamentals of flight vehicles and
comprehensive understanding on previous courses like general aerospace engineering, calculus, fluid mechanics and
aerodynamics as solid basis for further subject-based study in the aerospace engineering area.
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The flight vehicles find broad wide applications in various aeronautical engineering. The study of Principles of Flight
Vehicles is helpful for the students to conduct aircraft design or further relevant research in the future. Through the
completion of study of this course, the students will have the ability to understand the basic structures and performance
of flight vehicles, flight conditions and dynamics, some mechanisms of lift generation on aircraft, the impact of the
boundary layer and separation flow on aerodynamic behaviors. The course is significant for students to develop a
conceptual understanding of the core concepts, and obtain abilities to apply the theoretical framework to solve practical
engineering problems.
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Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)
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1. Introduction to the flight conditions which include the atmospheric environments (Troposphere, Stratosphere,
Mesoshpere, Exoshpere), the space environment (vacuum, electromagnetic radiation, high-energy particles,
plasma) and the atmosphere physical properties (viscosity, compressibility, friction) and associated international
standards. (3 credit hours)

Section 1. /M KATHEE, WHIRAME GHAZE. “FiRE. Tz, REMERZE) « TEIE (K. RS,
AR T SR TR AT o ORI CRETE. JRAatE. BEEU5E) DA EBRbRdE. (3 20D

2. Brief introduction to the development history, concepts and typical features of military and civil aircrafts with rotary
wing and fixed wing, the concepts and technical features of UAVs and the state-of-the-arts of modern flight vehicles
are also presented. (3 credit hours)

Section 2 /A 5 R WAT AR AU AC SR MR 2 o BETHER & AR S5 RAAIE, BB eSS [ 3 AT H, DA N2 B/ AT
ay UAV RS ARG HE AT AR M L BORHIE . (3 221

3. The basic structures, components and their functions of flight vehicle are introduced, typically the fuselage, wing,
tail-wing, landing-gear and fly-by-wire system are presented. (3 credit hours)

Section 3./ 4 KAT A M FE AL M . AL AN BRI TIH], Qe . MR, RR. BEKE. SERHARS (FBW)

. (3FmD)

4. Variables regarding the dynamic motions of flight vehicles are introduced, which include the speed, altitude, range,
take-off, landing and maneuvering operation (loop, roll, pitching and yawing). (3 credit hours)

Section 4.4 AT E LIS R FIIE S8 I WL . =R HURE . IR B ERERILE) T Gk,
B, WA SR, (32D

5.  The theory of wing, Bernoulli principle as well as the aerodynamic characteristics and lift generation of airfoil are
introduced, accordingly some lift-augmentation techniques are presented with the examples of wing rib and flap
devices. (3 credit hours)

Section 5./ I B L HESATT LS ATH R BRI IETH R ST E . (3 20D

6. An introduction to Prandtl boundary layer theory, Reynolds number, flow transition, turbulent flow characteristics is
presented and some effective flow control techniques and devices as being applied to flight vehicles are also
presented. (3 credit hours)

Section 6./ 4RI WIRFIT T ZELE . T iREL. WADFAR. iR, DU T TSR R 55 E. (3 %H)

7. An introduction to Prandtl boundary layer theory, Reynolds number, flow transition, turbulent flow characteristics is
presented and some effective flow control techniques and devices as being applied to flight vehicles are also
presented. (3 credit hours)
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8. 3D flow and flow separation criteria are presented, the typical 3D flow characteristics and wing tip vortex physics of
flight vehicles are described when flight vehicles are subject to high angle of attack, strong flow separation under
maneuvering operations. (3 credit hours)

Section 8.1 40 =4k 7> B IS HFIMTHEIN . /AT 8 = 4RI G MRHIE, B KA TR Iah TR R =40 5
Tsh. BRI AL, (3 21

9. Coupling effects between aerodynamics and structural dynamics as fundamental phenomena to aero-elasticity are
presented, accordingly how the aero-elasticity influences the performance of aircraft's maneuverability and stability
are also presented. (3 credit hours)

Section 9. WAT&AE A BN AE R T A MR AT W 5B G, TP ai i 2e i 5 5 [ 71 BAR TR <3h
FRPEILR, R AT SRR AR E M AR R . (3 2R

10. Basic aero-acoustics is introduced, to take propeller and jet noise as example, the major noise sources and
associated characteristics are presented. (3 credit hours)

Section 10/ 4B 22 R A JE BE,  DARAT A IR BRI 75 L R S HLIBTR I A O 5], A4 RAT 2 AR 2 0 7 5 R HLRFAE
(32D

11. The history of aero-engine is briefly introduced, and the basic principles of aero-engine system, its components,
related function and some concepts of aircraft-propulsion integration are also presented. (3 credit hours)

Section 1./ EM T KAWL R RS, B ANAESRR SR AR T E AR AR, DL ATa-HEE R85 —1k
it S, (3K

12. To take the compressor and turbine as examples, the basic knowledge of internal thermal-aerodynamic process of
aero-engine is described in terms of aero-thermal dynamic equations. (3 credit hours)

Section 12 MRS KBNS A IBEAJR I D) 580078, BURSL ede b, SR shbl v i< ah-#
JIERE R IRFAE . (3 240D

13. Basic aerodynamics in turbomachines is illustrated with focus on the concepts of cascade, blade profile,
compressor 3D flow, rotor/stator interaction, compressor characteristics. (3 credit hours)

Section 13 /- AHAR CAT I EHE RG M RN IR S [ah a2t I, g, ESI=40s0. BETi. E
SRR RS, (3 20D

14. Basic aerodynamics in turbomachines is illustrated with focus on the concepts of cascade, blade profile,
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compressor 3D flow, rotor/stator interaction, turbine characteristics. (3 credit hours)

Section 14. /M HH AT SHESE R GRS 0250 as, BAEAHE BEoodt. i =48Rzl BT, ke
FRPEMI S, (322D

15. The novel concepts, structures and aerodynamic features of flight vehicle in the future are demonstrated by taking
the micro-flight vehicles and UAVs as examples. (3 credit hours)

Section 15 MM 4EFTHE S WAT SR EL S, S50 RENRHIE, B4 RO RATH . EANLEE. (320D

16. Some useful CAE tools such as XFOIL and CFD software as kinds of numerical wind tunnel are introduced for flight
vehicle concept analysis and optimization are presented for further potential applications. (3 credit hours)

Section 16.L XFOIL £ {8 HoAtt CFD B AF N6, A HEUE 07 HBRAE AT S Bt iR A, B IR E R, AR
BOHHOAR B B0 IR R AR AT 8B RIR AT (3 241D

M BT 5% % Fl Textbook and Supplementary Readings

#HM (Textbook) :

Mark Drela, Flight Vehicle Aerodynamics, Cambridge, Massachusetts, MIT Press, 2014.

2% (References)

PURLL S, FUEHURMEE, dbat: JEstiiEmiR KA sk, 2014.

J.D. Anderson, Jr., Introduction to Flight, New York, NY : McGraw-Hill Education, 2016.

P. Nirajan, Fluid Mechanics and Thermodynamics of Turbomachinery, Valley Cottage, N.Y. : Scitus Academics LLC,
c2016.

H., Schlichting, K. Gersten, “Boundary Layer Theory,” Springer, 9th edition, 2017.
i+ T H (Calculation Tools)

Programs XFOIL (2D airfoil design and analysis) and AVL (Vortex Lattice Method) can be downloaded from:
http://web.mit.edu/drela/Public/web/xfoil/; http://web.mit.edu/drela/Public/web/avl/.

Program XFLRS5 (2D and 3D analysis of airfoils and wings at low Reynolds numbers) can be downloaded from:
http://www xflr5.com/xflr5.htm

The vortex lattice code Tornado can be downloaded from: http://www.redhammer.se/tornado/
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This Course has been approved by the following person or committee of authority
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The commission of teaching instruction in department of mechanics and aerospace engineering




