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Preamble: The course is meant to give the learners an introduction to high speed aerodynamics. 
 
Prerequisite:  
 
Course Outcomes: After the completion of the course the student will be able to 
 
CO 1 Explain and use basic theorems and effect of low density on re-entry vehicles. 
CO 2 Understand the concepts of kinetic theory and fluid behaviour in microscopic level. 
CO 3 Able to determine different types of orbit and able to solve complex problems. 
CO 4 Apply the theories and positioning the objects it trajectory and transfer orbits, able to solve 

complex problems. 
CO 5 Apply the concepts orbital maneuverer and design the interplanetary trajectories and able 

to solve complex problems.  
 
Mapping of course outcomes with program outcomes 
 
 PO 
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10 
PO 
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CO 1 2            
CO 2 3 3 1 1         
CO 3 3 3 2 1         
CO 4 3 3 2 1         
CO 5 3 3 2          
 
Assessment Pattern 
 
Bloom’s Category Continuous Assessment Tests End Semester Examination 

1 2 
Remember 10 10 10 
Understand 20 20 20 
Apply 20 20 70 
Analyse    
Evaluate    
Create    
 
Mark distribution 
 
Total Marks CIE ESE ESE Duration 
150 50 100 3 hours 
 
 
Continuous Internal Evaluation Pattern:  
Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
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Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A contain 10 
questions with 2 questions from each module, having 3 marks for each question. Students should 
answer all questions. Part B contains 2 questions from each module of which student should answer 
any one. Each question can have maximum 2 sub-divisions and carry 14 marks.  
 
Course Level Assessment Questions 
 
Course Outcome 1 (CO1): 
 
1. Derive Euler equation for a three dimensional Flow field and derive Bernoulli equation.    . 

2. Explain Barotropic flow, Kelvin’s theorem, streamline, irrotational flows . 

3. Explain Green’s lemma, Circulation and Vorticity, Stoke’s theorem. 

 
Course Outcome 2 (CO2): 
 
1. Derive mathematical expression for stream function, potential function and equipotential line. 

2. Trace stream lines and equipotential lines of the effective body for the combination of a source 

and a sink equal strength in a free stream. 

3. Prove that the stream function and equipotential lines are orthogonal to each other. 

 
Course Outcome 3(CO3): 
 
1. Find the complex velocity of a line source?  

2. Transform a circular cylinder in to a flat plate at an angle of attack α?  

3. Write notes on Modified Joukowski’s transformation . 

 
Course Outcome 4 (CO4):  
 
1. Demonstrate Biot and Savert law, bound vortex and trailing vortex, horse shoe vortex. 

2. Derive an expression for Cl, Cd according to thin aerofoil theory?. 

3. An airplane having an elliptical wing all up weight is 100000N, span 20m, having a wing      area 

50cm2 flying at an altitude of where the density ratio 0.6 at a speed of 360Km/hr. If the lift drag ratio 

is 10, estimate the parasite drag coefficient of the airplane? 

 
Course Outcome 5 (CO5):  
 
1. Derive an expression for thrust produced by a propeller disc according to momentum theory. 

2. An airscrew is required to produce a thrust of 4000 N at a flight speed of 120m/s at sea level. If 

the diameter is 2.5 m, estimate the minimum power that must be supplied on the basis of Froude’s 
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theory 

3. Explain the characteristics of turbulent flow. 

 
Model Question paper 

 
QP CODE:                                                                                  Reg No: -------------------------- 
 
APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY SIXTH SEMESTER B.TECH DEGREE EXAMINATION 

MONTH & YEAR 

Course Code: AOT394 

RAREFIED GAS DYNAMICS AND INTERPLANETARY SPACE TRAVEL 

Duration: 3 Hours                  Max.Marks:100          

 

PART A 

Answer all Questions. 

(Each question carries 3 Marks) 

 
1. Explain KnudsenNo and what is its significance? 

2. Why the shock wave do not exist at very low temperature flows? 

3. Explain how the counting of number of microstates for a given macro state? 

4. Sketch and explain the microstate? 

5. Explain the orbital elements? 

6. Derive an expression for Lagrange cofficients? 

7. Explain briefly why Hohmann transfer is the energy efficient transfer? 

8. At what condition the bi-elliptical transfer is preferred? 

9. Derive an expression for velocity change for interplanetary transfer? 

10. Explain the condition for sphere of influence? 

 
PART B 

Answer any one full question from each module.  

(Each question carries 14 Marks) 

Module 1 
 

11. Derive Rayleigh relation for shock wave                                                                         (14)                                                                                                       
 

12. A normal shock wave moves into a still air at 800m/s. The air ahead of the shockwave 
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are at 101325 Pa, 288K. Find the velocity of the air after passage of the shockwave?    

(14)  

Module 2 

13. Derive an expression for perfect gas equation of state, collision frequency and mean free
path according to kinetic theory of gasses?

(14)   

14. Derive an expression for entropy of a chemically reacting gas in terms of Boltzmann’s
constant and partition function                                                                                 (14)

Module 3 

15. An earth’s satellite moves in the x-y plane of an inertial frame with origin at the earth’s
center. Relative to the frame, the position and velocity of the satellite at time t0 are
r0 =8182.4i – 6865.9j (km), v0 = 0.47572i+8.8116j (km/s). Calculate the position and velocity
vector after the satellite has travelled through a true anomaly of 120deg?

(14)   

16. A geocentric trajectory has a perigee velocity of 15km/s and a perigee altitude of 300km.
Find the radius when the true anomaly is 100 deg and the position and speed three hours later

(14) 
Module 4 

17. A space craft is in a 480km by 800km earth orbit. Find the increment in velocity required at 
perigee to place a space craft in a 480km 16000km transfer orbit and the change in velocity 
required to establish a circular orbit of 16000km

(14) 
18. a) With a single v-delta maneuver the earth orbit of a satellite is to be changed from a circle of

radius 15000km to a coplanar ellipse with perigee altitude of 500km and apogee radius of
22000km. calculate the magnitude of v-delta and change in flight path angle?

  (8) 
b) Derive an expression for the change in velocity required for bi-elliptic Hohmann transfer?

    (6)    

Module 5 

19. Calculate the minimum wait time for initiating a return trip from Mars to earth. The semi major
axis of earth =149*106 km, semi major axis of Mars =227.9*106 km and gravitational parameter of
sun is 132.71*1011 km3/sec2                                                                                                                         (14)

20. Estimate the v-delta required for a Hohmann transfer from earth to Mercury, assuming a
150km circular parking orbit at earth and a 150km circular capture orbit at Mercury.
Furthermore, assume that the planets have coplanar circular orbits with radii equal to the semi
major axis are  semi major axis of earth =149*106 km, semi major axis of Mercury =57.91*106 (14)
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Syllabus 

 
 

Module 1 

Governing Equations, non-dimensional parameter,  Shock Waves,  Unsteady 1-D flow  Governing 
equations,  speed of sound Review of shock relations, Rankine-Hugoniot  and  Rayleigh  relations for 
shock waves Shock Interaction: Regular vs. Irregular reflections, Hysteresis  Phenomenon Moving 
normal shock  Small perturbation approximation, Wave equation, Riemann invariants  Unsteady 
waves interactions  
 
Module 2 

Basics kinetic theory Molecular Model Micro and Macroscopic Properties Binary Collisions 
Kinematics Dynamics and post-collision properties Molecular force field models Statistical Gas 
Properties Position and Velocity Distribution Functions Boltzmann Equation and Maxwellian 
Distribution Function  
 
Module 3 

Fundamental concepts of orbital mechanics, different types of orbits and trajectories orbital 
elements, Perifocal frame, Lagrange coefficients and points, coordinate transformation, 
transformation between geocentric equatorial and Perifocal frames, earths oblateness,(Numerical 
problems) 
 
Module 4 

Orbital position as function of time – Elliptical, Parabolic and hyperbolic trajectories, Gibbs method 
of orbit determination from three position vector, Lamberts problem, orbit determination, Orbit 
determination by Gauss’s method, Orbital manoeuvres :- Hohmann Transfer and non Hohmann 
transfer, Chase and phasing maneuverer  ,(Numerical problems)  
 
Module 5 

Inter planetary trajectories:- Interplanetary Hohmann transfers, rendezvous opportunities, sphere of 
influence, method of patched conic section, planetary departure, planetary rendezvous, planetary 
flyby, non-Hohmann interplanetary trajectories, (Numerical problems)   
 
Text Books 

1. W. W. Liou and Y. Fang, Micro fluid Mechanics, McGraw-Hill, New York, 2005.  

2. Anderson, J. D, "Modern Compressible Flow", McGraw-Hill & Co. 

3. J W Cornelisse, H F R Schoyer, K F Wakker Rocket Propulsion and Spaceflight dynamics 

 
Data Book (Approved for use in the examination):  

1. Rathakrishnan E, Gas Tables, Orient Blackswan Private Limited - New Delhi (2013) 

2. S M Yahya, Gas Tables for Compressible Flow Calculations, New Age International 

Publishing, 2011 
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Reference Books 

1. Lecture notes of Prof.J B Young on “Molecular Thermodynamics”, Cambridge University 
Press. 

2. The DSMC Method,G.A.Bird, Create Space publisher,1stedition,2013, ISBN/EAN13: 
1492112909/9781492112907. 

3. Bate R R, Muller D, and White J E, Fundamentals of Astrodynamics. 
4. Bond V R and Allman M C Modern Astrodynamics Fundamentals and Perturbation 

method. 
5. Boulet D L Method of Orbit Determination for microcomputer.   

 
Course Contents and Lecture Schedule  

No Module No. of Lectures 
1 Module1 
1.1 Governing Equations, non-dimensional parameter,  Shock Waves,  

Unsteady 1-D flow  Governing equations,  speed of sound Review of 
shock relations, ,  

3 

1.2 Rankine-Hugoniot  and  Rayleigh  relations for shock waves Shock 
Interaction: Regular vs. Irregular reflections 

3 

1.3 Hysteresis  Phenomenon Moving normal shock  Small perturbation 
approximation, Wave equation, Riemann invariants  Unsteady waves 
interactions 

4 

2 Module 2 
2.1 Basics kinetic theory Molecular Model Micro and Macroscopic 

Properties Binary Collisions 
3 

2.2 Kinematics Dynamics and post-collision properties Molecular force 
field models Statistical Gas Properties 

3 

2.3 Stage Position and Velocity Distribution Functions Boltzmann 
Equation and Maxwellian Distribution Function 

3 

3 Module 3 
3.1 Fundamental concepts of orbital mechanics, different types of orbits 

and trajectories orbital elements,  
3 

3.2 Perifocal frame, Lagrange coefficients and points, coordinate 
transformation,  

3 

3.3 transformation between geocentric equatorial and Perifocal frames, 
earths oblateness,(Numerical problems)   

4 

4 Module 4 
4.2 Lamberts problem, orbit determination, Orbit determination by 

Gauss’s method, Orbital maneuvers:- Hohmann Transfer and non 
Hohmann transfer,  

4 

4.3 Chase and phasing maneuverer  ,(Numerical problems)   3 
5 Module 5 
5.1 Inter planetary trajectories:- Interplanetary Hohmann transfers, 

rendezvous opportunities,  
3 

5.2 sphere of influence, method of patched conic section, planetary 
departure, planetary rendezvous, planetary flyby,  

3 

5.3 non-Hohmann interplanetary trajectories, (Numerical problems)   3 


