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FOREWORD 
  
  
 
The autonomy is conferred on MLR Institute of Technology by UGC based on its performance as well as 

future commitment and competency to impart quality education. It is a mark of its ability to function 

independently in accordance with the set norms of the monitoring bodies like UGC and AICTE. It reflects 

the confidence of the UGC in the autonomous institution to uphold and maintain standards it expects to 

deliver on its own behalf and thus awards degrees on behalf of the college. Thus, an autonomous 

institution is given the freedom to have its own curriculum, examination system and monitoring 

mechanism, independent of the affiliating University but under its observance.  

  

MLR Institute of Technology is proud to win the credence of all the above bodies monitoring the quality in 

education and has gladly accepted the responsibility of sustaining, if not improving upon the standards 

and ethics for which it has been striving for more than a decade in reaching its present standing in the 

arena of contemporary technical education. As a follow up, statutory bodies like Academic Council and 

Boards of Studies are constituted with the guidance of the Governing Body of the College and 

recommendations of the JNTU Hyderabad to frame the regulations, course structure and syllabi under 

autonomous status.  

  

The autonomous regulations, course structure and syllabi have been prepared after prolonged and 

detailed interaction with several expertise solicited from academics, industry and research, in accordance 

with the vision and mission of the college to order to produce quality engineering graduates to the society.  

  

All the faculty, parents and students are requested to go through all the rules and regulations carefully. 

Any clarifications, if needed, are to be sought, at appropriate time and with principal of the college, 

without presumptions, to avoid unwanted subsequent inconveniences and embarrassments. The 

Cooperation of all the stake holders is sought for the successful implementation of the autonomous 

system in the larger interests of the college and brighter prospects of engineering graduates. 

 

 

 

 

 

PRINCIPAL
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M. Tech. - Regular Two Year Degree Program 
(For batches admitted from the academic year 2015 - 16) 

 

For pursuing two year post graduate Masters Degree Programme of study in Engineering (M.Tech) offered 

by MLR Institute of Technology under Autonomous status and herein referred to as MLRIT (Autonomous): 

 

All the rules specified herein approved by the Academic Council will be in force and applicable to students 

admitted from the Academic Year 2015-16 onwards. Any reference to ―Institute‖ or ―College‖ in these 

rules and regulations shall stand for MLR Institute of Technology (Autonomous). 

 

All the rules and regulations, specified hereafter shall be read as a whole for the purpose of interpretation 

as and when a doubt arises, the interpretation of the Chairman, Academic Council is final. As per the 

requirements of statutory bodies, the Principal, MLR Institute of Technology shall be the Chairman, 

Academic Council. 

 

1. ADMISSION 

Admission into first year of two year M. Tech. degree Program of study in Engineering:  

Eligibility: 

Admission to the above programme shall be made subject to eligibility, qualification and specialization 

as prescribed by the University from time to time.  

Admissions shall be made on the basis of merit/rank obtained by the candidates at the qualifying 

Entrance Test conducted by the University or on the basis of any other order of merit as approved by 

the University, subject to reservations as laid down by the Govt. From time to time 

 

2. AWARD OF M. Tech. DEGREE 

A student shall be declared eligible for the award of the M. Tech. Degree, if he pursues a course of 

study in not less than two and not more than four academic years. However, he is permitted to write 

the examinations for two more years after two academic years of course work, failing which he shall 

forfeit his seat in M. Tech. programme. 

 

The student shall register for all 88 credits and secure all the 88 credits. 

The minimum instruction days in each semester are 90. 

 

3. COURSESOFSTUDY 

The following specializations are offered at present for the M. Tech. programme of study. 

1. Aerospace Engineering 

2. CAD/CAM 

3. Computer Science and Engineering 

4. Digital Systems & Computer Electronics 

5. Embedded Systems 

6. Thermal Engineering 

 

4. Course Registration 

4.1 A ‗Faculty Advisor or Counselor‘ shall be assigned to each student, who will advise him on the 

Post Graduate Programme (PGP), its Course Structure and Curriculum, Choice / Option for 

Subjects/ Courses, based on his competence, progress, pre-requisites and interest. 
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4.2 Academic Section of the College invites ‗Registration Forms‘ from students within 15 days from 

the commencement of class work through ‗ON-LINE SUBMISSIONS‘, ensuring ‗DATE and TIME 

Stamping‘. The ON-LINE Registration Requests for any ‗CURRENT SEMESTER‘ shall be 

completed BEFORE the commencement of SEEs (Semester End Examinations) of the 

‗PRECEDING SEMESTER‘. 

4.3 A Student can apply for ON-LINE Registration, ONLY AFTER obtaining the ‗WRITTEN 

APPROVAL‘ from his Faculty Advisor, which should be submitted to the College Academic 

Section through the Head of Department (a copy of it being retained with Head of Department, 

Faculty Advisor and the Student). 

4.4 If the Student submits ambiguous choices or multiple options or erroneous entries - during ON-

LINE Registration for the Subject(s) / Course(s) under a given/ specified Course Group/ Category 

as listed in the Course Structure, only the first mentioned Subject/ Course in that Category will be 

taken into consideration. 

4.5 Subject/ Course Options exercised through ON-LINE Registration are final and CANNOT be 

changed, nor can they be inter-changed; further, alternate choices will also not be considered. 

However, if the Subject/ Course that has already been listed for Registration (by the Head of 

Department) in a Semester could not be offered due to any unforeseen or unexpected reasons, 

then the Student shall be allowed to have alternate choice - either for a new Subject (subject to 

offering of such a Subject), or for another existing Subject (subject to availability of seats), which 

may be considered. Such alternate arrangements will be made by the Head of Department, with 

due notification and time-framed schedule, within the FIRST WEEK from the commencement of 

Class-work for that Semester. 

 

5. ATTENDANCE 

The programmes are offered on a unit basis with each subject being considered a unit. 

5.1 Attendance in all classes (Lectures/Laboratories etc.) is compulsory. The minimum required 

attendance in each theory / Laboratory etc. is 75% including the days of attendance in sports, 

games, NCC and NSS activities for appearing for the End Semester examination. A student shall 

not be permitted to appear for the Semester End Examinations (SEE) if his attendance is less 

than 75%. 

5.2 Condonation of shortage of attendance in each subject up to 10% (65% and above and 

below75%) in each semester shall be granted by the College Academic Committee. 

5.3 Shortage of Attendance below65% in each subject shall not be condoned. 

5.4 Students whose shortage of attendance is not condoned in any subject are not eligible to write 

their end semester examination of that subject and their registration shall stand cancelled. 

5.5 A prescribed fee shall be payable towards condonation of shortage of attendance. 

5.6 A Candidate shall put in a minimum required attendance at least three (3) theory subjects in I 

Year I semester for promoting to I Year II Semester. In order to qualify for the award of the 

M.Tech. Degree, the candidate shall complete all the academic requirements of the subjects, as 

per the course structure. 

5.7 A student shall not be promoted to the next semester unless he satisfies the attendance 

requirement of the present Semester, as applicable. They may seek readmission into that 

semester when offered next. If any candidate fulfills the attendance requirement in the present 

semester, he shall not be eligible for readmission in to the same class. 

 

6. EVALUATION 

The performance of the candidate in each semester shall be evaluated subject-wise, with a maximum 

of 100 marks for theory and 100 marks for practicals, on the basis of Internal Evaluation and End 

Semester Examination. 
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 For the theory subjects 70 marks shall be awarded for the performance in the Semester 

End Examination and 30 marks shall be awarded for Continuous Internal Evaluation (CIE). 

The Continuous Internal Evaluation shall be made based on the average of the marks 

secured in the two Mid Term-Examinations conducted, one in the middle of the Semester 

and the other, immediately after the completion of Semester instructions. Each mid-term 

examination shall be conducted for a total duration of 120 minutes. 

Sessional Examinations 

 Subjective Paper shall contain three questions. Question 1 & 2 with internal choice from 

unit-I, question 3 & 4 with internal choice from unit-II and question 5 having a, b questions 

with internal choice from first half part of unit-III for I-MID examinations. For II-MID 1 & 2 

questions from unit-4, questions 3 & 4 from unit-5 and question no 5 from remaining half 

part of unit-3. The first mid-term examination shall be conducted for the first 50% of the 

syllabus, and the second mid-term examination shall be conducted for the remaining 50% 

of the syllabus. 

 The Semester End Examination will be conducted for 70 marks examination shall be 

conducted for a total duration of 180 minutes. Question paper consists of Part –A and Part-

B with the following. 

 Part-A is a compulsory question consisting of 5 questions, one from each unit and carries 4 

marks each. 

 Part-B to be answered 5 questions carrying 10 marks each. There will be two questions 

from each unit and only one should be answered. 

6.1 For practical subjects, 70 marks shall be awarded for performance in the Semester End 

Examinations and 30 marks shall be awarded for day-to-day performance as Internal Marks. 

6.2 For conducting laboratory end examinations of all PG Programmes, one internal examiner and 

one external examiner are to be appointed by the Principal of the College and the same to be 

informed to the Chief Controller of Examination in two weeks before for commencement of the lab 

end examinations. 

6.3 There shall be two seminar presentations during I year I semester and II semester. For seminar, 

a student under the supervision of a faculty member, shall collect the literature on a topic and 

critically review the literature and submit it to the department in a report form and shall make an 

oral presentation before the Departmental Academic Committee consisting of Head of the 

Department, Supervisor and two other senior faculty members of the department. For each 

Seminar there will be only internal evaluation of 50 marks. A candidate has to secure a minimum 

of 50%ofmarks to be declared successful. If he fails to fulfill minimum marks, he has to reappear 

during the supplementary examinations. 

6.4 There shall be a Comprehensive Viva-Voce in II year I Semester. The Comprehensive Viva-Voce 

is intended to assess the students‘ understanding of various subjects he has studied during the 

M. Tech. course of study. The Head of the Department shall be associated with the conduct of 

the Comprehensive Viva-Voce through a Committee. The Committee consisting of Head of the 

Department, one senior faculty member and an external examiner. The external examiner shall 

be appointed by the Director of Evaluation. For this, the Principal of the College shall submit a 

panel of 3 examiners. There are no internal marks for the Comprehensive Viva-Voce and 

evaluates for maximum of 100 marks. A candidate has to secure a minimum of 50% of marks to 

be declared successful. If he fails to fulfill minimum marks, he has to reappear during the 

supplementary examinations. 

6.5 A candidate shall be deemed to have secured the minimum academic requirement in a subject if 

he secures a minimum of 40% of marks in the Semester End Examination and a minimum 
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aggregate of 50% of the total marks in the Semester End Examination and Continuous Internal 

Evaluation taken together. 

6.6 In case the candidate does not secure the minimum academic requirement in any subject (as 

specified in 6.6) he has to re appear for the Semester End Examination in that subject. 

6.7 A candidate shall be given one chance to re-register for the subjects if the internal marks secured 

by a candidate is less than 50% and failed in that subject for maximum of two subjects and 

should register within four weeks of commencement of the class work. In such a case, the 

candidate must re-register for the subjects and secure the required minimum attendance. The 

candidate‘s attendance in the re-registered subject(s) shall be calculated separately to decide 

upon his eligibility for writing the Semester End Examination in those subjects. In the event of the 

student taking another chance, his Continuous Internal Evaluation (internal) marks and Semester 

End Examination marks obtained in the previous attempt stands cancelled. 

6.8 In case the candidate secures less than the required attendance in any subject, he shall not be 

permitted to write the Semester End Examination in that subject. He shall re-register for the 

subject when next offered. 

 

7. Examinations and Assessment - The Grading System 

7.1 Marks will be awarded to indicate the performance of each student in each Theory Subject, or 

Lab/Practicals, or Seminar, or Project, etc., based on the % marks obtained in CIE + SEE 

(Continuous Internal Evaluation + Semester End Examination, both taken together) as specified 

in Item6above, and a corresponding Letter Grade shall be given. 

7.2 As a measure of the student‘s performance, a 10-point Absolute Grading System using the 

following Letter Grades (UGC Guidelines) and corresponding percentage of marks shall be 

followed: 

 

% of Marks Secured 
(Class Intervals) 

Letter Grade 
(UGC Guidelines) 

Grade Points 

80% and above  

( 80%, ≤100%) 

O   
(Outstanding) 

10 

Below 80% but not less than 70%  

( 70 %,< 80%) 

A
+ 

(Excellent) 
9 

Below 70% but not less than 60% 

( 60%, <70%) 

A 
(Very Good)  

8 

Below 60% but not less than 55%  

( 55%, <60%) 

B
+ 

(Good)  
7 

Below 55% but not less than 50% 

( 50%, <55%) 

B 
(Above  Average) 

6 

Below 50% 
( <50% ) 

F 
(FAIL) 

0 

ABSENT AB 0 

7.3 A student obtaining F Grade in any Subject shall be considered ‗failed‘ and is be required to 

reappear as ‗Supplementary Candidate‘ in the Semester End Examination (SEE), as and when 

offered. In such cases, his Internal Marks (CIE Marks) in those Subjects will remain the same as 

those he obtained earlier. 

7.4 A student not appeared for examination then ‗AB‘ Grade will be allocated in any Subject shall be 

considered ‗failed‘ and will be required to reappear as ‗Supplementary Candidate‘ in the 

Semester End Examination (SEE), as and when offered. 

7.5 A Letter Grade does not imply any specific Marks percentage and it will be the range of marks 

percentage. 
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7.6 In general, a student shall not be permitted to repeat any Subject/ Course (s) only for the sake of 

‗Grade Improvement‘ or ‗SGPA / CGPA Improvement‘. 

7.7 A student earns Grade Point (GP) in each Subject/ Course, on the basis of the Letter Grade 

obtained by him in that Subject/ Course. The corresponding ‗Credit Points‘ (CP) are computed by 

multiplying the Grade Point with Credits for that particular Subject / Course. 

Credit Points (CP) = Grade Point (GP) x Credits …. For a Course 

7.8 The Student passes the Subject/ Course only when he gets GP 6 (B Grade or above). 

7.9 A  student  earns Grade Point  (GP)  in  each  Subject/ Course,  on  the  basis  of  the  Letter 

Grade  obtained by  him  in  that  Subject/Course  (excluding  Mandatory  non-credit  Courses).  

Then the  corresponding  ‗Credit  Points‘  (CP)  are  computed  by   multiplying the  Grade Point  

with  Credits  for  that  particular  Subject/Course. 

Credit Points (CP)   = Grade Point (GP) x Credits   ….  For a Course 

7.10 The  Semester  Grade  Point  Average  (SGPA)  is  calculated  by dividing  the  Sum  of  Credit  

Points  (CP)secured  from  ALL  Subjects/ Courses registered  in  a  Semester,  by  the  Total  

Number  of  Credits  registered  during  that  Semester.  SGPA is rounded off to TWO Decimal 

Places.  SGPA  is  thus  computed  as 

SGPA = { } / { } …. For each Semester, 

where ‗i‘ is the Subject indicator index (takes into account all Subjects in a Semester), ‗N‘ is the 

no. of Subjects ‗REGISTERED‘ for the Semester (as specifically required and listed under the 

Course Structure of the parent Department),  is the no. of Credits allotted to that ix Subject, and  

 represents the Grade Points (GP) corresponding to the Letter Grade awarded for that ith 

Subject. 

7.11 The Cumulative Grade Point Average (CGPA) is a measure of the overall cumulative 

performance of a student over all Semesters considered for registration. The CGPA is the ratio 

of the Total Credit Points secured by a student in ALL registered Courses in ALL Semesters, 

and the Total Number of Credits registered in ALL the Semesters. CGPA is rounded off to TWO 

Decimal Places. CGPA is thus computed from the I Year Second Semester onwards, at the end 

of each Semester, as per the formula 

CGPA = {  } / {   } …    for all S Semesters registered 

(i.e., up to and inclusive of S Semesters, S  2) 

where ‗M‘  is the TOTAL no. of Subjects (as specifically required and listed under the Course 

Structure of the parent Department) the Student has ‗REGISTERED‘ from the 1
st
 Semester 

onwards upto and inclusive of the Semester S (obviously M > N), ‗j‘ is the Subject indicator index 

(takes into account all Subjects from 1 to S Semesters),  is the no. of Credits allotted to the jth 

Subject, and  represents the Grade Points (GP) corresponding to the Letter Grade awarded for  

that jth Subject. After registration and completion of I Year I Semester however, the SGPA of that 

Semester itself may be taken as the CGPA, as there are no cumulative effects. 

7.12 For Calculations listed in Item 7.6 – 7.10, performance in failed Subjects/ Courses (securing F 

Grade) will also be taken into account, and the Credits of such Subjects/ Courses will also be 

included in the multiplications and summations. 

 

8. EVALUATIONOFPROJECT/DISSERTATION WORK 

Every candidate shall be required to submit a thesis or dissertation on a topic approved by the Project 

Review Committee. 
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8.1 A Project Review Committee (PRC) shall be constituted with Head of the Department as 

Chairperson, Project Supervisor and one senior faculty member of the Departments 

offering the M. Tech. programme.  

8.2 Registration of Project Work: A candidate is permitted to register for the project work 

after satisfying the attendance requirement of all the subjects, both theory and practical.  

8.3 After satisfying 8.2, a candidate has to submit, in consultation with his Project 

Supervisor, the title, objective and plan of action of his project work to the PRC for 

approval. Only after obtaining the approval of the PRC the student can initiate the 

Project work.  

8.4 If a candidate wishes to change his supervisor or topic of the project, he can do so with 

the approval of the PRC. However, the PRC shall examine whether or not the change of 

topic/supervisor leads to a major change of his initial plans of project proposal. If yes, his 

date of registration for the project work starts from the date of change of Supervisor or 

topic as the case may be.  

8.5 A candidate shall submit his project status report in two stages at least with a gap of 3 

months between them.  

8.6 The work on the project shall be initiated at the beginning of the II year and the duration 

of the project is two semesters. A candidate is permitted to submit Project Thesis only 

after successful completion of all theory and practical courses with the approval of PRC 

not earlier than 40 weeks from the date of registration of the project work. For the 

approval of PRC the candidate shall submit the draft copy of thesis to the Head of the 

Department and make an oral presentation before the PRC.  

8.7 After approval from the PRC, the soft copy of the thesis should be submitted to the 

University for ANTI-PLAGIARISM for the quality check and the plagiarism report should 

be included in the final thesis. If the copied information is less than 24%, then only thesis 

will be accepted for submission.  

8.8 Three copies of the Project Thesis certified by the supervisor shall be submitted to the 

College 

8.9 For Project work Review I in II Year I Sem. there is an internal marks of 50, the 

evaluation should be done by the PRC for 25 marks and Supervisor will evaluate for 25 

marks. The Supervisor and PRC will examine the Problem Definition, Objectives, Scope 

of Work and Literature Survey in the same domain. A candidate has to secure a 

minimum of 50% of marks to be declared successful for Project Work Review I. If he fails 

to fulfill minimum marks, he has to reappear during the supplementary examination.  

8.10 For Project work Review II in II Year II Sem. there is an internal marks of 50, the 

evaluation should be done by the PRC for 25 marks and Supervisor will evaluate for 25 

marks. The PRC will examine the overall progress of the Project Work and decide the 

Project is eligible for final submission or not. A candidate has to secure a minimum of 

50% of marks to be declared successful for Project Work Review II. If he fails to fulfill 

minimum marks, he has to reappear during the supplementary examination.  

8.11 For Project Evaluation (Viva Voce) in II Year II Sem. there is an external marks of 150 

and the same evaluated by the External examiner appointed by the University. The 

candidate has to secure minimum of 50% marks in Project Evaluation (Viva-Voce) 

examination. 

8.12 If he fails to fulfill as specified in 8.11, he will reappear for the Viva-Voce examination 

only after three months. In the reappeared examination also, fails to fulfill, he will not be 

eligible for the award of the degree.  
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8.13 The thesis shall be adjudicated by one examiner selected by the University. For this, the 

Principal of the College shall submit a panel of 3 examiners, eminent in that field, with the 

help of the guide concerned and Head of the Department.  

8.14 If the report of the examiner is not favorable, the candidate shall revise and resubmit the 

Thesis. If the report of the examiner is unfavorable again, the thesis shall be summarily 

rejected.  

8.15 If the report of the examiner is favorable, Project Viva-Voce examination shall be 

conducted by a board consisting of the Supervisor, Head of the Department and the 

external examiner who adjudicated the Thesis. 

8.16 The Head of the Department shall coordinate and make arrangements for the conduct of 

Project Viva- Voce examination.  

 

9. AWARD OFDEGREEAND CLASS 

9.1 A Student who registers for all the specified Subjects/ Courses as listed in the Course 

Structure, satisfies all the Course Requirements, and passes the examinations prescribed 

in the entire PG Programme (PGP), and secures the required number of 88 Credits (with 

CGPA ≥ 6.0), shall be declared to have ‗QUALIFIED‘ for the award of the M.Tech. Degree 

in the chosen Branch of Engineering and Technology with specialization as he admitted.  

9.2 Award of Class  

After a student has satisfied the requirements prescribed for the completion of the 

programme and is eligible for the award of M. Tech. Degree, he shall be placed in one of 

the following three classes based on the CGPA: 

 

Class Awarded CGPA 

First Class with Distinction ≥ 7.75 

First Class 6.75≤CGPA < 7.75 

Second Class 6.00≤CGPA < 6.75 

9.3 A student with final CGPA (at the end of the PGP) < 6.00 will not be eligible for the Award 

of Degree. 

 

10. WITHOLDING OF RESULTS 

If the student has not paid the dues, if any, to the college or if any case of indiscipline is pending 

against him, the result of the student will be withheld and he will not be allowed into the next 

semester. His degree will be with held in such cases. 

 

11. TRANSITORY REGULATIONS 

11.1 If any candidate is detained due to shortage of attendance in one or more subjects, they 

are eligible for re-registration to maximum of two earlier or equivalent subjects at a time as 

and when offered. 

11.2 The candidate who fails in any subject will be given two chances to pass the same 

subject; otherwise, he has to identify an equivalent subject as per MLR15 Academic 

Regulations.  
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12. GENERAL 

12.1 Credit: A unit by which the course work is measured. It determines the number of hours of 

instructions required per week. One credit is equivalent to one hour of teaching (lecture or 

tutorial) or two hours of practical work/field work per week. 

12.2 Credit Point: It is the product of grade point and number of credits for a course. 

12.3 Wherever the words ―he‖, ―him‖, ―his‖, occur in the regulations, they include ―she‖, ―her‖. 

12.4 The academic regulation should be read as a whole for the purpose of any interpretation. 

12.5 In the case of any doubt or ambiguity in the interpretation of the above rules, the decision 

of the Principal is final. 

12.6 The University may change or amend the academic regulations or syllabi at any time and 

the changes or amendments made shall be applicable to all the students with effect from 

the dates notified by the University. 
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MALPRACTICES RULES 
DISCIPLINARY ACTIONFOR / IMPROPER CONDUCT IN EXAMINATIONS 

 

S. 
No 

Nature of Malpractices/Improper conduct Punishment 

1 (a) 

Possesses or keeps accessible in 
examination hall, any paper, note book, 
programmable calculators, Cell phones, 
pager, palm computers or any other form of 
material concerned with or related to the 
subject of the examination (theory or 
practical) in which he is appearing but has 
not made use of (material shall include any 
marks on the body of the candidate which 
can be used as an aid in the subject of the 
examination) 

Expulsion from the examination hall and 
cancellation of the performance in that subject 
only. 

(b) 

Gives assistance or guidance or receives it 
from any other candidate orally or by any 
other body language methods or 
communicates through cell phones with any 
candidate or persons in or outside the exam 
hall in respect of any matter. 

Expulsion from the examination hall and 
cancellation of the performance in that subject 
only of all the candidates involved. In case of 
an outsider, he will be handed over to the 
police and a case is registered against him. 

2 

Has copied in the examination hall from any 
paper, book, programmable calculators, 
palm computers or any other form of 
material relevant to the subject of the 
examination (theory or practical) in which 
the candidate is appearing. 

Expulsion from the examination hall and 
cancellation of the performance in that subject 
and all other subjects the candidate has 
already appeared including practical 
examinations and project work and shall not be 
permitted to appear for the remaining 
examinations of the subjects of that 
Semester/year. The Hall Ticket of the candidate 
is to be cancelled and sent to the Principal. 

3 
Impersonates any other candidate in 
connection with the examination. 

The candidate who has impersonated shall be 
expelled from examination hall. The candidate 
is also debarred and forfeits the seat. The 
performance of the original candidate who has 
been impersonated, shall be cancelled in all the 
subjects of the examination (including 
practical‘s and project work) already appeared 
and shall not be allowed to appear for 
examinations of the remaining subjects of that 
semester/year. The candidate is also debarred 
for two consecutive semesters from class work 
and all examinations. The continuation of the 
course by the candidate is subject to the 
academic regulations in connection with 
forfeiture of seat. If the imposter is an outsider, 
he will be handed over to the police and a case 
is registered against him. 
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4 

Smuggles in the Answer book or additional 
sheet or takes out or arranges to send out 
the question paper during the examination 
or answer book or additional sheet, during or 
after the examination. 

Expulsion from the examination hall and  
cancellation of performance in that subject and 
all the other  subjects the candidate has 
already appeared  including practical 
examinations and project work and shall not be 
permitted for the remaining examinations of the 
subjects of that semester/year. The candidate 
is also debarred for two consecutive semesters 
from class work and all examinations. The 
continuation of the course by the candidate is 
subject to the academic regulations in 
connection with forfeiture of seat. 

5 

Uses objectionable, abusive or offensive 
language in the answer paper or in letters to 
the examiners or writes to the examiner 
requesting him to award pass marks. 

Cancellation of the performance in that subject. 

6 

Refuses to obey the orders of the Addl. 
Controller of examinations / any officer on 
duty or misbehaves or creates disturbance 
of any kind in and around the examination 
hall or organizes a walk out or instigates 
others to walk out, or threatens the addl. 
Controller of examinations or any person on 
duty in or outside the examination hall of any 
injury to his person or to any of his relations 
whether by words, either spoken or written 
or by signs or by visible representation, 
assaults the addl. Controller of 
examinations, or any person on duty in or 
outside the examination hall or any of his 
relations, or indulges in any other act of 
misconduct or mischief which result in 
damage to or destruction of property in the 
examination hall or any part of the College 
campus or engages in any other act which in 
the opinion of the officer on duty amounts to 
use of unfair means or misconduct or has 
the tendency to disrupt the orderly conduct 
of the examination. 

In case of students of the college, they shall be 
expelled from examination halls and 
cancellation of their performance in that subject 
and all other subjects the candidate(s) has 
(have) already appeared and shall not be 
permitted to appear for the remaining 
examinations of the subjects of that 
semester/year. The candidates also are 
debarred and forfeit their seats. In case of 
outsiders, they will be handed over to the police 
and a police case is registered against them. 

7 

Leaves the exam hall taking away answer 
script or intentionally tears of the script or 
any part thereof inside or outside the 
examination hall. 

Expulsion from the examination hall and 
cancellation of performance in that subject and 
all the other subjects the candidate has already 
appeared including practical examinations and 
project work and shall not be permitted for the 
remaining examinations of the subjects of that 
semester/year. The candidate is also debarred 
for two consecutive semesters from class work 
and all examinations. The continuation of the 
course by the candidate is subject to the 
academic regulations in connection with 
forfeiture of seat. 
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8 
Possess any lethal weapon or firearm in the 
examination hall. 

Expulsion from the examination hall and 
cancellation of the performance in that subject 
and all other subjects the candidate has 
already appeared including practical 
examinations and project work and shall not be 
permitted for the remaining examinations of the 
subjects of that semester/year. The candidate 
is also debarred and forfeits the seat. 

9 

If student of the college, who is not a 
candidate for the particular examination or 
any person not connected with the college 
indulges in any malpractice or improper 
conduct mentioned in clause 6 to 8. 

Student of the colleges expulsion from the 
examination hall and cancellation of the 
performance in that subject and all other 
subjects the candidate has already appeared 
including practical examinations and project 
work and shall not be permitted for the 
remaining examinations of the subjects of that 
semester/year. The candidate is also debarred 
and forfeits the seat. Person(s)who do not 
belong to the College will be handed over to 
police and, a police case will be registered 
against them. 

10 
Comes in a drunken condition to the 
examination hall. 

Expulsion from the examination hall and 
cancellation of the performance in that subject 
and all other subjects the candidate has 
already appeared including practical 
examinations and project work and shall not be 
permitted for the remaining examinations of the 
subjects of that semester/year. 

11 
Copying detected on the basis of internal 
evidence, such as, during valuation or 
during special scrutiny. 

Cancellation of the performance in that subject 
and all other subjects the candidate has 
appeared including practical examinations and 
project work of that semester/year 
examinations. 

12 

If any malpractice is detected which is not 
covered in the above clauses 1 to 11 shall 
be reported to the principal for further action 
to award suitable punishment. 
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COURSE STRUCTURE 

      

 I M.Tech. I Semester 

Code Course Title 

Hoursper 
Week Credits 

Scheme of Examination 
Maximum Marks 

L T P Internal External Total 

B17601 Mathematical Modeling 3 - - 3 30 70 100 

B17602 Aerodynamics of Flight Vehicles 3 - - 3 30 70 100 

B17603 Flight Vehicle Structures 3 - - 3 30 70 100 

 Core Elective - I 3 - - 3 30 70 100 

 Core Elective – II 3 - - 3 30 70 100 

 Open Elective-I 3 - - 3 30 70 100 

B17604 
Application of MATLAB in 
Aerospace Engineering 

- - 4 2 30 70 100 

B17605 Seminar-I - - 4 2 50 - 50 

TOTAL 18  8 22 260 490 750 

 

I M.Tech.  II Semester 

Code Course Title 

Hoursper 
Week Credits 

Scheme of Examination 
Maximum Marks 

L T P Internal External Total 

B17616 Space Transportation Systems 3 -  3 30 70 100 

B17617 
Aerospace Sensors and 
Measurement Systems 

3 -  3 30 70 100 

B17618 Avionics 3 -  3 30 70 100 

 Core Elective – III 3 -  3 30 70 100 

 Core Elective – IV 3 -  3 30 70 100 

 Open Elective-II 3 -  3 30 70 100 

B17619 
CFD/CSA Solutions using 
ANSYS 

- - 4 2 30 70 100 

B17620 Seminar-II - - 4 2 50 - 50 

TOTAL  18  8 22 260 490 750 

 II M.Tech. I Semester 

Code Course Title 

Hoursper 
Week Credits 

Scheme of Examination 
Maximum Marks 

L T P Internal External Total 

B17631 Comprehensive Viva-Voce - - - 4 - 100 100 

B17632 Project Work and Review-I - - - 18 50 - 50 

TOTAL  - - - 22 - - 150 
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 II M.Tech. II Semester 

Code Course Title 

Hoursper 
Week Credits 

Scheme of Examination 
Maximum Marks 

L T P Internal External Total 

B17633 Project Work and Review-II - - - 6 50 - 50 

B17634 Project Evaluation (Viva-voce) - - - 16 - 150 150 

TOTAL  - - - 22 50 150 200 

OPEN ELECTIVES  

OE-I OE-II 

B17635 Air Transportation Systems B17637 Airlines Operations and Scheduling 

B17636 Airport Management B17638 Introduction To Aircraft Industry 

CORE ELECTIVE 

CE-I CE-II 

B17606 
Fundamentals of Aerospace 
Engineering 

B17611 Air-breathing Propulsion 

B17607 Aircraft Systems B17612 Modeling and Simulation of Fluid Flows 

B17608 Continuum Mechanics B17613 
Flight Navigation and Surveillance 
Systems 

B17609 
Computational Structural 
Analysis 

 
B17614 Helicopter Aerodynamics 

B17610 Jets, Missiles and Rockets B17615 Engineering Analysis of Flight Vehicles 

CE-III CE-IV 

B17621 
Mechanics of composite 
structures 

B17626 Industrial Aerodynamics 

B17622 Air Traffic Management Systems B17627 Experimental stress analysis 

B17623 Flight vehicle Design B17628 
Computational Approaches to 
Aerospace Vehicle Design 

B17624 Hypersonic Aerodynamics B17629 Aero elasticity 

B17625 Fatigue and Fracture Mechanics B17630 Propellant Technology 
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MATHEMATICAL MODELING 
(CORE COURSE I)  

M.Tech AE I Semester       L   T   P C 
Course Code: B17601  `     3    -   - 3 
  

AIM: 
The student shall be introduced to advanced mathematic modeling concepts. 
 

OUTCOME: 
The student will be able mathematically describe the complex phenomena & can attempt solve using 
various numerical tools. 
 

UNIT-I: 
 
INTRODUCTION TO MODELING AND SINGULAR PERTURBATION METHODS 
Definition of a model, Procedure of modeling: problem identification, model formulation, reduction, 
analysis, computation, model validation, Choosing the model, Singular Perturbations: Elementary 
boundary layer theory, Matched asymptotic expansions, Inner layers, Nonlinear oscillations 
 

UNIT-II: 
 
VARIATIONAL PRINCIPLES AND RANDOM SYSTEMS 
Variational calculus: Euler‘s equation, Integrals and missing variables, Constraints and Lagrange 
multipliers, Variational problems: Optics-Fermat‘s principle, Analytical mechanics: Hamilton‘s principle, 
Symmetry: Noether‘s theorem, Rigid body motion, Random systems: Random variables, Stochastic 
processes, Monte Carlo method 
 

UNIT-III: 
 
FINITE DIFFERENCES: ORDINARY AND PARTIAL DIFFERENTIAL EQUATIONS 
ODE: Numerical approximations, Runge-Kutta methods, Beyond Runge-Kutta, PDE: Hyperbolic 
equations-waves, Parabolic equations-diffusion, Elliptic equations-boundary values 

CELLULAR AUTOMATA AND LATTICE GASES 
Lattice gases and fluids, Cellular automata and computing 
 

UNIT- IV: 
 
FUNCTION FITTING AND TRANSFORMS 
Function fitting: Model estimation, Least squares, Linear least squares: Singular value decomposition, 
Non-linear least squares: Liebenberg-Marquardt method, Estimation, Fisher information, and Cramer-Rao 
inequality, Transforms: Orthogonal transforms, Fourier transforms, Wavelets, Principal components 

 
FUNCTION FITTING ARCHITECTURES 
Polynomials: Pade approximants, Splines, Orthogonal functions, Radial basis functions, Over-fitting, 
Neural networks: Back propagation, Regularization 
 

UNIT-V: 
OPTIMIZATION AND SEARCH 
Multidimensional search, Local minima, Simulated annealing, Genetic algorithms 
 

FILTERING AND STATE ESTIMATION 
Matched filters, Wiener filters, Kalman filters, Non-linearity and entrainment, Hidden Markov models 
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TEXT BOOK 
1. The Nature of Mathematical Modeling, Neil Gershenfeld, Cambridge University Press, 2006, ISBN 0- 
     521-57095-6 
 
REFERENCE BOOKS 
1. Mathematical Models in the Applied Sciences, A. C. Fowler, Cambridge University Press, 1997, 
ISBN 0-521-46140-5 
2. A First Course in Mathematical Modeling, F. R. Giordano, M.D. Weir and W.P. Fox, 2003, 
Thomson, Brooks/Cole Publishers 
3. Applied Numerical Modeling for Engineers, Donald De Cogan, Anne De Cogan, Oxford University 
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AERODYNAMICS OF FLIGHT VEHICLES  
(CORE COURSE II)  

M.Tech AE I Semester       L   T   P C 
Course Code: B17602       3    -   -  3 
  

  

AIM: To impart knowledge in fundamental aspects of aerodynamics of flight vehicles operating at low 

and high speeds  
 

OUTCOME: The skills obtained will help students in the aerodynamic design and analysis of flight 

vehicles for both incompressible and compressible flows  
 

UNIT-I:  
 
AERODYNAMIC CHARACTERISTICS OF AIRFOILS AND FLOW AROUND FINITE WINGS: 

Basic Concepts: Circulation, irrotational flow, Stokes theorem, velocity potential, point vortex, vortex 
filament, Biot and Savart law, bound vortex, Kutta condition; Vortex sheet, Vortex sheet in thin-airfoil 
theory, Planar wing, Properties of symmetrical airfoil, Properties of cambered airfoil, Flapped airfoil, Finite 
Wing : Flow fields around finite wings, Downwash and induced drag, Fundamental equations of finite-
wing theory, Elliptical lift distribution, Arbitrary circulation distribution, Twisted wing: Basic and Additional 
lift, Approximate calculation of additional lift, Winglets  

 
UNIT-II:  
 
AIRFOILS, WINGS AND WING-BODY COMBINATIONS IN COMPRESSIBLE FLOW: 

Compressible flow field, Mach waves, normal shock wave, oblique shock waves, Prandtl-Meyer flow; 
Linearized Compressible Flow: Flow equation for small perturbations, steady supersonic flows, pressure 
coefficient for small perturbations; Airfoils in compressible flows: Boundary conditions, Airfoils in subsonic 
flow: Prandtl-Glauert transformation, Critical Mach number, Airfoils in transonic flow, Airfoils in supersonic 
flow; Wings and bodies in compressible flows: Prandtl-Glauert-Goethert transformation, Influence of 
sweepback, Design rules for wing-fuselage combinations  
 

UNIT-III:  
 
LAMINAR BOUNDARY LAYER IN COMPRESSIBLE FLOW: Viscous boundary layer, boundary 

layer equation of motion, Conservation of energy in the boundary layer, Rotation and entropy gradient in 
the boundary layer, Similarity considerations for compressible boundary layers, Solution of energy 
equation for Prandtl number unity, Temperature recovery factor, Heat transfer versus skin friction, 
Velocity and temperature profiles and skin friction, Effects of pressure gradient  
 

UNIT-IV:  
 
FLOW INSTABILITIES AND TRANSITION FROM LAMINAR TO TURBULENT FLOW, AND 
TURBULENT FLOWS: Gross effects, Reynolds experiment, Tollmien-Schlichting instability and 

transition, Natural laminar flow and laminar flow control, Stability of vortex sheets, Stratified flows, 
Transition phenomenon, Methods for experimentally detecting transition, Flow around spheres and 
circular cylinders Turbulent Flows: Description of turbulent field, Statistical properties, Conservation 
equations, Laminar sub-layer, Fully developed flows in tubes and channels, Constant-pressure turbulent 
boundary layer, Turbulent drag reduction, Effects of pressure gradient, Stratford criterion for turbulent 
separation, Effects of compressibility on skin friction, Reynolds analogy: Heat transfer and temperature 
recovery factor, Free turbulent shear flows  
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UNIT V:  
AIRFOIL DESIGN, MULTIPLE SURFACES, VORTEX LIFT, SECONDARY FLOWS, VISCOUS 
EFFECTS: Airfoil design for high Clmax , Multiple lifting surfaces, Circulation control, Streamwise 

vortices, Secondary flows, Vortex lift: Strakes, Flow about three-dimensional bodies, Unsteady lift  
 
TEXT BOOK  
Foundations of Aerodynamics: Bases of Aerodynamic Design, Arnold M. Kuethe and Chuen- Yen Chow, 
John Wiley & Sons, Inc., Fifth Edition, 1997  
 
REFERENCE BOOKS  
Fundamentals of Aerodynamics, Anderson, Jr., J. D. , McGraw-Hill, 2001  

Aerodynamics for Engineers, fifth edition, Bertin, J.J., Cummings, R. M., Pearson, 2009  
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FLIGHT VEHICLE STRUCTURES  

(CORE COURSE III)   
 

M. Tech AE I Semester       L   T   P C 
Course Code: B17603       3    -   -  3 
 
     

AIM: The students will be exposed to advanced topics in the analysis of flight vehicle structures  

 

OUTCOME: The students will be able to solve complex problems in structural analysis of flight vehicles 

and participate in structural design  
 

UNIT-I:  
 
STRUCTURAL COMPONENTS AND LOADS OF AIRCRAFT, SHEAR FLOW AND SHEAR 
CENTER IN OPEN AND CLOSED Thin Wall Sections: Loads on Structural components, Function of 

structural components, Fabrication of structural components, Connections; Airworthiness: Factors of 
Safety- flight envelope, Load factor determination, Airframe loads: Aircraft inertia loads, Symmetric 
maneuver loads, Normal accelerations associated with various types of maneuvers, Gust loads; Shear 
Flow and Shear Center in Open and Closed Thin Wall Sections: Open Sections:Shear center and elastic 
axis, Concept of shear flow, Beams with one axis of symmetry; Closed Sections: Bradt-Batho formula, 
Single and multi-cell closed box structures, Semi monocoque and mono cocque structures, Shear flow in 
single and multi cell monocoque and semi monocoque box beams subject to torsion 
 

 UNIT-II:  
 

THIN PLATE THEORY, STRUCTURAL INSTABILITY IN THIN PLATES: Bending of thin plates: 

Pure bending of thin plates, Plates subjected to bending and twisting, Plates subject to distributed 
transverse load, Combined bending and in-plane loading of a thin rectangular plate, Bending of thin 
plates having a small initial curvature, Energy method for bending of thin plates; Structural Instability in 
Thin Plates: Buckling of thin plates, Inelastic buckling of plates, Experimental determination of critical 
loads for a flat plate, Local instability, Instability of stiffened panels, Failure stress in plates and stiffened 
panels, Tension field beams 
  

UNIT-III:  
BENDING, SHEAR AND TORSION OF THIN-WALLED BEAMS: Bending and Open Thin-Walled 

Beams: Symmetrical bending, Unsymmetrical bending, Deflections due to bending, Calculation of section 
properties, Applicability of bending theory, Temperature effects; Shear of Beams: General stress, strain 
and displacement relationships for open and single cell closed section thin-walled beams, Shear of open 
and closed section beams; Torsion of Beams: Torsion of closed and open section beams; Combined 
Open and Closed Section Beams: Bending, Shear, Torsion  
 

UNIT-IV:  
 
STRESS ANALYSIS OF AIRCRAFT COMPONENTS: Wing spars, Fuselages, Wings, Fuselage 

frames and wing ribs, laminated composite structures  
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UNIT-V:  
SMART MATERIALS AND ADAPTIVE STRUCTURES: Smart Materials Technologies and Control 

Applications: Control requirements, Smart Materials-Piezoelectric elements, Electrostrictive elements, 
Magentostrictive transducers, Electrorheological fluids, Shape memory alloys, Fiber optic sensors, 
Applications of smart materials, Adaptive Structures: Adaptive aerospace structures-Structural Health 
Monitoring (SHM), Shape control and active flow, Damping of vibration and noise, Smart skins, Systems  
 
 
 
 
TEXT BOOK  
 
Aircraft Structures for Engineering Students , Fourth Edition, T. H. G. Megson, Butterworth-Heinemann, 
Elsevier Ltd, 2007  

 
REFERENCES  
 
1. Mechanics of Aircraft Structures, Second Edition, C. T. Sun, John Wiley & Sons, 2006  

3. Theory and Analysis of Flight Structures, Robert M. Rivello, McGraw-Hill, 1969  
 4. Airplane Structural Analysis and Design, Earnest E. Sechler, Lois G. Dunn, Dover Publications, 1963  

5. Mechanics of Elastic Structures, J. T. Oden and E. A. Ripperger, McGraw-Hill, 1981  
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FUNDAMENTALS OF AEROSPACE ENGINEERING 
 (CORE ELECTIVE I)  

 
M. Tech AE I Semester       L   T   P C 
Course Code: B17606       3    -   -  3 
 
 

AIM: To impart fundamental and advanced aspects of aerospace engineering to non B. Tech 

aeronautical engineering students. 
 

OUTCOME: The non B. Tech aeronautical engineering students will gain insights to various aspects of 

aircraft structures flight systems and flight mechanics. 
 

UNIT-I: 
 
INTRODUCTION TO AERONAUTICS AND ASTRONAUTICS:  
Historical Perspective of Aeronautics and Astronautics, Anatomy of the Airplane, Anatomy of a Space 
Vehicle, Aerodynamic forces, Parameters affecting aerodynamic forces: Dimensional analysis; Theory 
and experiment: wind tunnels, Atmosphere: Properties of U.S. standard atmosphere, Definitions of 
altitude, 
 

UNIT-II: 
 
ONE DIMENSIONAL FLOWS IN INCOMPRESSIBLE AND COMPRESSIBLE FLUIDS: 

Continuity equation, Bernoulli‘s equation, Application of Bernoulli‘s equation: Airspeed indicators and wind 
tunnels, One-dimensional compressible flow concepts, Speed of sound, Compressible flow equations in a 
variable-area stream tube,  Application to airspeed measurement, Applications to channels and wind 
tunnels 

 
TWO-DIMENSIONAL FLOW AND FINITE WING: 
 Limitations of one-dimensional flow equations, Theory of lift: circulation, Airfoil pressure distribution, 
Helmholtz vortex theorems, Simulating the wing with a vortex line, Downwash, Elliptic lift distribution, Lift 
and drag: momentum and energy, Slope of finite wing lift curve, Verification of Prandtl wing theory, 
Additional effects of wing vortices, Search for reduced induced drag 
 

UNIT-III: 
 
VISCOUS EFFECTS, TOTAL DRAG DETERMINATION AND HYPERSONIC FLOWS:  
Boundary layer, Boundary layer on bluff bodies, Creation of circulation, Laminar and turbulent boundary 
layers: skin friction, Nature of Reynolds number, Effect of turbulent boundary layer on separation; 
Parasite drag, Drag due to lift, Importance of aspect ratio; Prediction of drag divergence Mach number, 
Sweptback wings, Total drag, Supersonic flow: shock waves and Mach waves, Supersonic wing lift and 
drag, Area rule, Supersonic aircraft, Hypersonic flows: Temperature effects, Newtonian theory 
 

AIRFOILS, WINGS AND HIGHLIFT SYSTEMS:  
Early airfoil development, Modern airfoils, Supersonic airfoils, Airfoil pitching moments, Effects of 
sweepback on lift, airfoil characteristics, Airfoil selection and wing design; Airfoil maximum lift coefficient, 
Leading and trailing edge devices, Effect of sweepback, Deep stall, Effect of Reynolds number, 
Propulsive lift 
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UNIT-IV: 
 

AIRPLANE PERFORMANCE, STABILITY AND CONTROL:  
Level flight performance, Climb performance, Range, Endurance, Energy-state approach to airplane 
performance, Takeoff performance, Landing performance; Static longitudinal stability, Dynamic 
longitudinal stability, Dynamic lateral stability,Control and Maneuverability: turning performance, Control 
systems, Active controls 
 
 

UNIT-V: 
AEROSPACE PROPULSION AND AIRCRAFT STRUCTURES:  
Aerospace Propulsion: Piston engines, Gas urbines, Speed limitations of gas turbines: ramjets, 
Propellers, Overall propulsion efficiency, Rocket engines, Rocket motor performance, Propulsion-airframe 
integration; Aircraft structures: Importance of structural weight and integrity, Development of aircraft 
structures, Importance of fatigue, Materials, Loads, Weight estimation 

 
ROCKET TRAJECTORIES, ORBITS AND REENTRY:  
Rocket trajectories, Multistage rockets, Escape velocity, Circular orbital or satellite velocity, Elliptical 
orbits, Orbital maneuvers, Atmospheric entry: ballistic entry and lifting entry, Entry heating 
 
TEXT BOOK 
1. Fundamentals of Flight, Richard S. Shevell, Pearson Education Publication, ISBN 81-297-0514-1, 
1989 
 
REFERENCE BOOK 
1. Introduction to Flight, John D. Anderson, Jr., Tata McGraw-Hill Publishing Company, Fifth Edition, 
Fifth Edition, 2007, ISBN 13: 978-0-07-066082-3 
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AIRCRAFT SYSTEMS  
  (CORE ELECTIVE I) 
 

M. Tech AE I Semester         L   T   P C 
Course Code: B17607         3    -   -  3 

 

 AIM: To provide basic knowledge of flight and aircraft systems  

Outcome: The students will be in a position to understand the fundamentals and functioning of the 

flight and aircraft systems, and the complexities involved in the design and manufacturing of aircraft  
 

UNIT- I  
 
SYSTEMS CONCEPTS AND ELECTRICAL SYSTEMS: System concepts, Generic system 

definition, inputs, outputs, feedback, external influence. Aircraft main systems- airframe systems, vehicle 
systems, avionics systems, mission systems and their sub-systems. Specification of requirements- 
mission requirements, performance requirements.  

ELECTRICAL SYSTEMS: Electrical loads in aircraft, Generation, distribution, conversion of DC, AC- 

types, and energy storage. Load protection power switching. Advanced electrical systems- Electrical load 
management systems, variable speed constant frequency (VSCS), cycloconverter, 270 V DC systems.  
 

UNIT-II  
 

HYDRAULIC AND PNEUMATIC SYSTEMS: Aircraft hydraulic systems- function, merits, application, 

system loads, design requirements. Principal components of hydraulic system. Hydraulic fluid properties, 
operating fluid pressures, temperatures, and flow rates. Hydraulic pumps, reservoir, accumulator. Landing 
gear and brake management systems. 
 

 PNEUMATIC SYSTEMS: Engines bleed air- user systems- environment control, windscreen, wing and 

engine anti-ice, engine start. Need for controlled cabin environment .Principle heat sources and method 
of cooling. Air cycle refrigeration types- Boot strap system, reveres boot strap vapor cycle systems -Fire 
protection systems, Deicing and anti icing systems., cabin pressurization, molecular-sieve oxygen 
concentrators.  
 

UNIT- III  
 
ENGINE CONTROL AND FUEL SYSTEMS: Control of fuel flow, air flow, exhaust gas flow- need, 

means, system parameters inputs and out puts. Limited authority control systems, FEDEC systems- 
examples. Engine monitoring- sensors, indicators. Power off takes- need, types, effect on engine 
performance. Fuel systems- characteristics, components, operating modes. Fuel tank safety- fuel inerting 
system.  
 

UNIT- IV  
 
FLIGHT CONTROL SYSTEMS: Flight management, guidance, control- objectives, interrelationship. 

Flight control systems. Control linkages. Actuation- types-Description and redundancy. Provision of trim 
and artificial feel. Fly by wire control modes and control laws, implementations. Concept of fly by light. 
.Advanced systems- integrated flight and propulsion control- implementation. 
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UNIT- V  

AIRCRAFT SYSTEMS DESIGN, DEVELOPMENT AND INTEGRATION: System Design, Safety 

and economic considerations- system function, performance, integrity, reliability, maintainability, product 
support- failure severity, life cycle of modeling, simulation, testing, and prototype construction. Systems 
integration, need for integration - the concept and examples. Levels of integration- component, system, 
process, function, information levels- examples. Enumeration of aircraft systems and some subsystems- 
purpose, brief description, aspects of safety/ integrity, integration, interfaces, design drivers. 
  
 
 
TEXT BOOKS  
1.  Moir, I. and Seabridge, A., Design and Development of Aircraft Systems- an Introduction, AIAA    

    Education Series, AIAA, 2004.  

2. Moir, I. and Seabridge, A., Aircraft Systems: Mechanical, Electrical and Avionics Subsystems  

    Integration, 3rd edn, John Wiley, 2008, ISBN 978-0-470-05996-8.  

3.  Pallett, E.H.J., Aircraft Instruments and Integrated Systems, 10th edn., Longman Scientific &Technical,    
     1992.  
 
 
REFERENCES  
 
1. Mckinley,J.L., and Bent , R.D., ― Aircraft Maintenance & Repair ―, McGraw –Hill,1993  

2. Harris, D., Flight Instruments and Automatic Flight Control Systems, 6th edition, Ground Studies for  

    Pilots, Blackwell Science, 2004, ISBN 0-632-05951-6.  

3. Bolton, W., Pneumatic and Hydraulic Systems, Butterworth-Heinemann.  
  



Aerospace Engineering 
 

MLR Institute of Technology-PG:M.Tech -Autonomous-Regulations & Syllabus–MLR-15 Page 25 
 

CONTINUUM MECHANICS 
(CORE ELECTIVE I)  

 

M. Tech AE I Semester        L   T   P C 
Course Code: B17608        3    -   -  3 
 
AIM: 
The student shall be given the in depth understanding of continuum mechanics as applicable to 
aerospace structures. 
 

OUTCOME: 
The student will be solve complex problems in fluid structure interactions in continuum frame work. 

UNIT I: 
 
INTRODUCTION, VECTORS AND TENSORS 
Background and Overview, Vector Algebra - Definition of a Vector, Scalar and Vector Products, Plane 
Area as a Vector, Components of a Vector, Summation Convention, Transformation Law for Different 
Bases; Theory of Matrices - Definition, Matrix Addition and Multiplication of a Matrix by a Scalar, Matrix 
Transpose and Symmetric Matrix, Matrix Multiplication, Inverse and Determinant of a Matrix; Vector 
Calculus - Derivative of a Scalar Function of a Vector, The del Operator, Divergence and Curl of a 
Vector,Cylindrical and Spherical Coordinate Systems, Gradient, Divergence and Curl Theorems; Tensors- 
Dyads and Polyads, Nonion Form of a Dyadic, Transformation of Components of a Dyadic, Tensor 
Calculus, Eigenvalues and Eigenvectors of Tensors 
 

UNIT II: 
 
KINEMATICS OF CONTINUA 
Introduction, Description of Motion- Configurations of a Continuous Medium, Material Description, Spatial 
Description, Displacement Field; Analysis of Deformation- Deformation gradient tensors, Isochoric, 
Homogeneous and Inhomogeneous Deformations, Change of volume and surface; Strain Measures-
Cauchy-Green deformation tensors, Green Strain tensor, Physical Interpretation of the Strain 
Components, Cauchy and Euler Strain Tensors, Principal Strains; Infinitesimal Strain Tensor and 
Rotation Tensor- Infinitesimal Strain Tensor, Physical Interpretation of Infinitesimal Strain Tensor 
Components, Infinitesimal Rotation Tensor, Infinitesimal Strains in Cylindrical and Spherical Coordinate 
Systems; Rate of Deformation and Vorticity Tensors- Definitions, Relationship between D and E, .Polar 
Decomposition Theorem, Compatibility Equations, Change of Observer- Material Frame Indifference. 
 

UNIT III: 
 
STRESS MEASURES 
Introduction, Cauchy Stress Tensor and Cauchy‘s Formula, Transformation of Stress Components and 
Principal Stresses- Transformation of Stress Components, Principal Stresses and Principal Planes, 
Maximum Shear Stress. Other Stress Measures - Preliminary Comments, First Piola- Kirchhoff Stress 
Tensor, Second Piola- Kirchhoff Stress Tensor, Equations of Equilibrium. 

 
CONSERVATION OF MASS, MOMENTA AND ENERGY 
Introduction, Conservation of Mass - Preliminary Discussion, Material Time Derivative, Continuity 
Equation in Spatial Description, Continuity Equation in Material Description ,Reynolds Transport 
Theorem. Conservation of Momenta - Principle of Conservation of Linear Momentum, Equation of Motion 
in Cylindrical and Spherical Coordinates, Principle of Conservation of Angular Momentum, 
Thermodynamic Principles - Introduction, The First Law of Thermodynamics: Energy Equation, 
SpecialCases of Energy Equation, Energy Equation for One-Dimensional Flows , The Second Law of 
Thermodynamics. 
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UNIT IV: 
 
CONSTITUTIVE EQUATIONS 
Introduction, Elastic Solids - Generalized Hooke‘s Law, Material Symmetry, Monoclinic Materials, 
Orthotropic Materials, Isotropic Materials, Transformation of Stress and Strain Components, 
NonlinearElastic Constitutive Relations, Constitutive Equations for Fluids - Ideal Fluids, Viscous 
Incompressible Fluids, Non-Newtonian Fluids, Heat Transfer - General Introduction, Fourier‘s Heat 
Conduction Law, Newton‘s Law of Cooling, Stefan-Boltzmann Law, Electromagnetics - Maxwell‘s 
Equation, Constitutive Relations. 
 

LINEARIZED ELASTICITY 
Governing Equations, The Navier Equations, The Beltrami-Michell Equations, Types of Boundary Value 
Problems and Superposition Principle. Clapeyron‘s theorem and Reciprocity Relations - Clapeyron‘s 
theorem, Betti‘s Reciprocity Relations, Maxwell‘s Reciprocity Relation, Solution Methods, Types of 
Solution Methods, Example: Rotating Thick Walled Cylinder; Two-Dimensional Problems, Airy Stress 
Function, End Effects: Saint-Venant‘s Principle, Torsion of Noncircular Cylinders. Principle of Minimum 
Total Potential Energy - Total Potential Energy Principle, Derivation of Navier‘s Equations, Castiglian‘s 
Theorem. Hamilton‘s Principle-Hamilton‘s Principle for a Rigid Body, Hamilton‘s Principle for a Continuum 
 

UNIT V: 
FLUID MECHANICS AND HEAT TRANSFER 
Governing Equations- Preliminary Comments, Summary of Equations, Viscous Incompressible Fluids, 
Heat Transfer; Fluid Mechanics Problems - Inviscid Fluid Statics, Parallel Flow (Navier-Stokes 
Equations), Problems with Negligible Convective Terms; Heat Transfer Problems- Heat Conduction in a 
Cooling Fin, Axisymmetric Heat Conduction in a Circular Cylinder, Two-Dimensional Heat Transfer, 
Coupled Fluid Flow and Heat Transfer 
 

LINEAR VISCOELASTICITY 
Preliminary Comments- Initial Value Problem, the Unit Impulse, and the Unit Step Function, The Laplace 
Transform Method, Spring and Dashpot Models - Creep Compliance and Relaxation Modulus, Maxwell 
Element , Kelvin-Voigt Element, Three-Element Models , Four-Element Models , Integral Constitutive 
Equations, Hereditary Integrals, Hereditary Integrals for Deviatoric Components, The Correspondence 
Principle, Elastic and Viscoelastic Analogies 
 
TEXT BOOK 
1. An Introduction to Continuum Mechanics, J.N. Reddy, Cambridge University Press, 2007 
 
REFERENCE BOOKS 
1. Continuum Mechanics, George. E. Mase, Schaum’s Outline Series, McGraw-Hill Book 
   Company, 1969 
2. Continuum Mechanics, Ellis H. Dill, CRC Press, 2006 
3. Continuum Mechanics for Engineers, Second Edition, George E. Mase, G.Thomas Mase CRC 
   Press, 1999 
4. Computational Continuum Mechanics, Ahmed A. Shabana, Cambridge University Press, 2008 
5. Introduction to Computational Mechanics, Fourth Edition, W. Michael Lai, David Rabin and 
Erhard krempl, .Elsevier Inc, 2010 
6. Introduction to the Mechanics of a Continuous Medium, Lawrence E. Malvern, Prentice- Hall, 
   1969 
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COMPUTATIONAL STRUCTURAL ANALYSIS 
 (CORE ELECTIVE I)  

 
 

M. Tech AE I Semester        L   T   P C 
Course Code: B17609        3    -   -  3 
 

AIM: 
The student shall be thought FEM, FDM, BEM, CFD based aircraft structural analysis. 
 

OUTCOME: 
The student shall be able to carry out mathematical analysis aircraft structures. 
 

UNIT I: 
 
NTRODUCTION, FINITE ELEMENT DISCRETIZATION OF PHYSICAL SYSTEMS : Areas of 

Analysis, Methods of Analysis, Computer Software, Brief History of the Finite Element Method, Finite 
Element Solutions, Application of the Galerkin Method 
 

UNIT- II: 
 
STRUCTURAL MECHANICS-BASIC THEORY, STRUCTURAL MECHANICS-FINITE  
ELEMENTS: Modeling of Material Behavior, Finite Element Formulation Based on the Stationary 

Functional Method,. One-Dimensional Line Elements, Two-Dimensional Plane Elements, Three- 
Dimensional Solid Elements, Isoperimetric Quadrilateral and Hexahedron Elements, Torsion of Prismatic 
Shafts, Plate Bending Elements, Shell Elements. 
 

SPINNING STRUCTURES, DYNAMIC ELEMENT METHOD:  
Derivation of Equation of Motion, Derivation of Nodal Centrifugal Forces, Derivation of Element Matrices; 
Bar Element, Beam Element, Rectangular Pre-stressed  embrane Element, Plane Triangular Element, 
Shell Element. 
 

UNIT -III: 
 
GENERATION OF SYSTEM MATRICES, SOLUTION OF SYSTEM EQUATIONS:  
Coordinate Systems and Transformations, Matrix Assembly, Imposition of Deflection Boundary 
Conditions, Matrix Bandwidth Minimization, Sparse Matrix Storage Schemes; Formulation and Solution of 
System Equation, Sparse 
Cholesky Factorization. 
 

UNIT -IV: 
 
EIGENVALUE PROBLEMS, DYNAMIC RESPONSE OF ELASTIC STRUCTURES:  
Free Vibration Analysis of Undamped Nonspinning Structures, Free Vibration Analysis of Spinning 
Structures, Quadratic Matrix Eigenvalue Problem for Free Vibration Analysis, Structural Stability 
Problems, Vibration of Prestressed Structures, Vibration of Damped Structural Systems, Solution of 
Damped Free VibrationProblem; Method of Modal Superposition, Direct Integration Methods, Frequency 
Response Method;Response to Random Excitation. 
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UNIT V: 
NONLINEAR ANALYSIS, STRESS COMPUTATIONS AND OPTIMIZATION:  
Geometric Nonlinearity, Material Nonlinearity, Numerical Examples; Line Elements, Triangular Shell 
Elements, Solid Elements, Optimization, Examples of Applications of Optimization  
 

HEAT TRANSFER ANALYSIS OF SOLIDS, COMPUTATIONAL LINEAR AEROELASTICITY 
AND AEROSERVOELASTICITY:  

Heat Conduction, Solution of System Equations, Numerical Examples, Coupled Heat Transfer and 
Structural Analysis.; Formulation of Numerical Procedure, Numerical Example 

CFD-BASED AEROELASTICITY AND AEROSERVOELASTICITY: Computational Fluid 

Dynamics, Time-Marched Aeroe1astic and Aeroservoe1astic Analysis, ARMA Model in Aeroelastic and 
Aeroservoelastic Analysis, Numerical Examples 
 
 
TEXT BOOK 
 
1. Finite Element Multidisciplinary Analysis, K.K.Gupta and J.L.Meek, Second Edition, AIAA, 
   Education Series, 2003. 
 
REFERENCE BOOK 
1. Finite Element Analysis – Theory and Application with ANSYS, Saeed Moaveni, Second 
 Edition, Prentice Hall, 2003 
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JETS, MISSILES AND ROCKETS  
(CORE ELECTIVE I)   

M. Tech AE I Semester        L   T   P C 
Course Code: B17610        3    -   -  3 
 

AIM: To familiarize the students with the physical and chemical processes in rocket engines and their 

exhaust plumes  
 

OUTCOME: The students will be able to know the flow properties, gas dynamics, and radiative 

mechanisms responsible for generating emission in rocket exhaust plumes at various wavelengths. Such 
emissions, particularly at infrared wavelengths, provide the basis for detection and tracking of rocket-
powered vehicles by sensors aboard spacecraft deployed for missile defense. 
  

UNIT I  
ROCKET ENGINES, CHARACTERISTICS OF EXHAUST PLUMES: Ideal engines, real engines; 

Exhaust Plume Characteristics-in viscid core, mixing layer, flight regimes, two-phase flow, multiplenozzle 
effects, effects of recirculation, plume-trail transition  
 

UNIT II  
RADIATION PROCESSES, NOZZLE FLOW CODES, PLUME MODELS: Radiation, processes, origin of 
emission, spectral line growth, isothermal and non-isothermal emissions, line-by-line calculations, 
molecular band models, band model parameters, band strength summary, chemiluminescence, kinetic 
excitation, emission and scattering from particles, scattering of Sunlight from particles, infrared resonance 
scattering; Nozzle Flow Codes: general considerations, nozzle performance codes, one-dimensional and 
two-dimensional kinetic codes, empirical adjustment to code inputs, comparisons with experiments; 
Plume Models: Model Types, SPF/SIRRM, CHARM, Other Detailed Plume Models, CFD Codes, One-
Dimensional Models for Low-Altitude Plumes, Analytical Models for High-Altitude Plumes  

 
UNIT III  
SIGNATURE SCALING, TIME-VARYING PROPERTIES OF PLUMES, PROPERTIES OF 
MOLECULAR PLUME:: Rationale for Scaling, Empirical Scaling Laws, Derivation of Scaling Law for 

Low-Altitude Plumes , Derivation of Scaling Law for High-Altitude Plumes, Scaling Law for Vacuum 
Plumes, Scaling through Detailed Modeling; Time-Varying Properties of Plumes: Introduction, Origin of 
Plume Modulations, Ignition and Cut off Flashes, Staging Events, RV Deployment; Properties of 
Molecular Plume Constituents: Molecular Band Strengths, Representative Spectra, Rate Constants and 
Cross Sections  
 

UNIT IV  
CARBON SOOT PROPERTIES PROPERTIES OF ALUMINA PARTICLES, DIAGNOSTIC 
TECHNIQUES FOR EXIT-PLANE EXHAUST CHARACTERIZATION: Mechanisms of Formation, 

Particle Sizes and Composition, Optical Properties, Non-equilibrium Effects, Soot Oxidation in Plumes, 
Solar Heating of Soot Particles; Properties of Alumina Particles: Formation, Particle Sizes and Shapes, 
Particle Temperatures and Optical Properties; Diagnostic Techniques for Exit-Plane Exhaust 
Characterization: General Considerations, Emission-Absorption Measurements-Homogeneous and 
Inhomogeneous Gases, Active Illumination and Crossed-Beam Techniques, Direct Sampling Techniques  

UNIT V  
Ultraviolet Properties of Plumes, Post-Boost Phenomena, Databases: Introduction, Ultraviolet 

Emission from Exhaust Gases and Particulates; Post-Boost Phenomena: Propellant Venting, Persistent 
Trails; Databases: Introduction, MIDAS, Defense Support Program,The TRIM Data Collection, 
SDIOBMDO Databases from Airborne Sensors, The LBSS Experiments  
 
TEXT BOOK Rocket Exhaust Plume Phenomenology, Frederick S. Simmons, The Aerospace Press, 
California, AIAA, 2000  
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AIR-BREATHING PROPULSION 
 (CORE ELECTIVE II)  

 

M. Tech AE I Semester        L   T   P C 
Course Code: B17611        3    -   -  3 
 

AIM: 
The student will be introduced to advanced topics in air breathing propulsion systems. 

OUTCOME: 
The student will be able to trouble shoot the problems in air breathing propulsion systems. 

 
UNIT-I: 
FUNDAMENTALS OF JET PROPULSION 
Principles of Air-breathing Propulsion, Basic Thermodynamics, Propulsion Cycles, Classification of 
Engines, Ideal and Real Cycle Analysis - Turbojet and Turbofan, Effects of Altitude, Mach number, 
Aircraft Performance and Engine Performance analysis, Aircraft Engine Design, Thrust Augmentation 
methods, Jet Engine Noise and Methods of Noise Reduction. 
 

UNIT-II: 
INLETS AND NOZZLES 
Subsonic and Supersonic Inlets, Combined Area Changes and Friction, Supersonic Inlet Design 
Considerations, Starting an inlet, Additive Drag, Performance Map, Nozzles- Non-ideal equations for 
Various Nozzles, Converging-Diverging Nozzle, Variable Nozzle and Effects of Pressure Ratios on 
Engine Performance, Performance Maps, Thrust Reversers, Thrust Vectoring. 
 

COMBUSTION CHAMBER 
Combustion Process, Chemical Kinetics, Fuel Types and Properties, Variation in Gas Properties, Factors 
affecting Combustion Process, Types of Combustion Chambers, Flame Stabilization, Ignition and Engine 
Starting, Adiabatic Flame Temperature, Pressure Losses, Design and Optimization, Performance Maps. 
 

UNIT-III: 
COMPRESSORS AND TURBINES 
Types of Compressors, Euler‘s Turbo-Machinery Equations, Axial Compressors-Geometry of 
Compressors, Velocity Polygons and Triangles, Single-Stage Energy Analysis, Variable Stators, Radial 
Equilibrium and Streamline Analysis Method; Centrifugal Compressors- Geometry, Velocity Polygons, 
Impeller Design, Performance Maps; Axial Flow Turbines- Geometry, Single-Stage Energy analysis, 
Velocity Triangles, Performance Maps, Thermal Limits of Blades and Vanes, Numerical problems and 
Performance Analysis. 
 

RAMJETS 
Basics of Ramjets, Combustors for liquid fuel ramjet engines, Combustion Instability and its Suppression, 
Solid fuel Ramjet Engines, Testing of Ramjets, Ram-rockets- Performance analysis, Ducted and 
Shrouded types, Air-augmented rockets, Integrated ramjet-rocket systems, Nozzle-less solid propellant 
rockets and Integrated Ramjet-rocket boosters, Dump combustors and associated combustion problems, 
Computational fluid dynamics techniques in the design and development of combustors. 
 

UNIT-IV: 
HYPERSONIC AIR-BREATHING PROPULSION 
Hypersonic Air-breathing Propulsion, SCRAM jet engines-Methods of Analysis, Hypersonic Intakes, 
Supersonic Combustors, Engine Cooling and Materials Problem, CFD Applications, Liquid Air-cycle 
Engines, Space Plane Applications, Experimental and Testing Facilities, The Shock Tunnel. 
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UNIT-V: 
DESIGN OF GAS TURBINE ENGINE 
Aircraft Mission Analysis, Engine Selection- Performance and Parametric Analysis, Sizing the Engine, 
Major Considerations in Engine Component Design - Rotating Turbo-machinery, Combustion Systems, 
Inlets and Exhaust Nozzles 
 

SYSTEM MATCHING AND ANALYSIS 
Matching of Gas Turbine Components, Cycle Analysis of one and two spool engines, Gas Generator, 
Component Modeling, Solution of Matching Problem, Dynamic or Transient behavior, Matching of Engine 
and Aircraft, Use of Matching and Cycle analysis in Second stage design 
 
TEXT BOOKS 

1 Fundamentals of Jet Propulsion with applications, Ronald D. Flack, Cambridge University Press, 
1st Edition, 2005. 

2 Elements of Propulsion: Gas turbines and Rockets, Jack D. Mattingly, AIAA Education series, 
2nd Edition, 2006 

3 Aircraft Engine Design, Jack D. Mattingly, AIAA Education Series, 2nd Edition, 2008. 
4 Hypersonic Airbreathing Propulsion, William H. Heiser, David T. Pratt, AIAA Education Series, 1st 

Edition, 1994 
5 Gas Turbine theory, Cohen H., Rogers G.F.C, Saravanamutto H., Longman Publication, 4th 

Edition, 2003 
  
REFERENCE BOOKS: 
1. Gas Tables, Third edition E. RathaKrishnan, University press.  
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MODELLING AND SIMULATION OF FLUID FLOWS 
(CORE ELECTIVE II)  

M. Tech AE I Semester        L   T   P C 
Course Code: B17612        3    -   -  3 
 
  

AIM: 
The student is exposed to advanced topics in fluid flow to tackle engineering problems in aircraft fluid 
systems. 
 

OUTCOME: 
The student can resolve fluid flow issues in aircraft systems in mathematically. 
 

UNIT-I: 
BASIC EQUATIONS OF FLUID DYNAMICS AND DYNAMICAL LEVELS OF 
APPROXIMATION General form of a conservation law, Mass conservation equation, Momentum 

conservation law or equation of motion, Energy conservation equation; Navier–Stokes equations, 
Approximations of turbulent flows, Thin shear layer approximation, Parabolized Navier–Stokes equations, 
Boundary layer approximation, Distributed loss model, Inviscid flow model: Euler equations, Potential flow 
model. 
 
 

UNIT II: 
MATHEMATICAL NATURE OF THE FLOW EQUATIONS AND THEIR BOUNDARY 
CONDITIONS Simplified models of a convection–diffusion equation, Definition of the mathematical 

properties of a system of PDEs, Hyperbolic and parabolic equations: characteristic surfaces and domain 
of dependence, Time-dependent and conservation form of the PDEs, Initial and boundary conditions 

 
UNIT III: 
DISCRETIZATION TECHNIQUES 
Finite Difference Method for Structured Grids: Basics of finite difference methods, Multidimensional finite 
difference formulas, Finite difference formulas on non-uniform grids, General method for finite difference 
formulae, Implicit finite difference formulae; Finite Volume Method: Conservative discretization, Basis of 
finite volume method, Practical implementation of finite volume method; Introduction to Finite Element 
Method: Finite element definition of interpolation functions, Finite element definition of the equation 
discretization: integral formulation, Method of weighted residuals or weak formulation, Galerkin method, 
Finite element Galerkin method for a conservation law; Structured and Unstructured Grid Properties 
Structured grids, Unstructured grids, Surface and volume estimations, Grid quality and best practice 
Guidelines 
 

UNIT IV: 
ANALYSIS OF NUMERICAL SCHEMES 
Consistency, stability and error analysis of numerical schemes: Basic concepts and definitions, Von 
Neumann method for stability analysis, New Leapfrog, Lax-Fredrichs and Lax-Wendroff schemes for the 
linear convection equation, Spectral analysis of numerical errors; General Properties and High Resolution 
Numerical Schemes: General formulation of numerical schemes, Generation of new schemes with 
prescribed order of accuracy, Monotonicity of numerical schemes, Finite volume formulation of schemes 
and limiters 

TIME INTEGRATION METHODS FOR SPACE DISCRETIZED EQUATIONS Analysis of space 

discredited systems, Analysis of time integration schemes, Selection of time integration methods, Implicit 
schemes for multidimensional problems: Approximate factorization methods 
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UNIT -V 
ITERATIVE METHODS FOR RESOLUTION OF ALGEBRAIC SYSTEMS 
Basic iterative methods, Overrelaxation methods, Preconditioning techniques, Nonlinear problems, 
Multigrid method. 
 

NUMERICAL SIMULATION OF INVISCID FLOWS Euler equations, Potential flow model, Numerical 

solutions for the potential equation, Finite volume discretization of the Euler equations, Numerical 
solutions for the Euler equations 

 
NUMERICAL SOLUTIONS OF VISCOUS LAMINAR FLOWS Navier-Stokes Equations for laminar 

flows, Density based methods for viscous flows, Numerical solutions with the density-based method, 
Pressure correction method, Numerical solutions with pressure correction method. 
 
TEXT BOOK 
1. Numerical Computation of Internal and External Flows, Second Edition, Charles Hirsch, Elsevier 
   Publication, 2007 
 
REFERENCES 
1. Computational Fluid Dynamics: The Basics with Applications, John David Anderson, McGraw Hill, 
    1995 
2. Computational Fluid Mechanics and Heat Transfer, 2nd Edition, John C. Tannehill, Dale A. 
     Anderson, Richard H. Pletcher, Taylor & Francis, 1999 
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FLIGHT NAVIGATION AND SURVEILLANCE SYSTEMS 
 (CORE ELECTIVE II)  

 

M. Tech AE I Semester        L   T   P C 
Course Code: B17613        3    -   -  3 
 
 

AIM: The student will be taught foundation in flight navigation and surveillance systems. 

 

OUTCOME: The student will gain insights into real time functioning of aircraft navigation and 

surveillance Systems. 
 

UNIT- I: 
ROLE OF NAVIGATION IN FLIGHT VEHICLE MISSION - NAVIGATION EQUATIONS:  
Introduction: Definitions of navigation and surveillance, Guidance versus navigation, Categories of 
navigation, Civil and military aircraft, Phases of flight, Design trade-offs, Evolution of avionics, Human 
navigator; Navigation Equations: Geometry of the Earth, Coordinate frames, Dead-reckoning 
computations, Positioning, Terrain-matching navigation, Course computation, Navigation errors, Digital 
charts, Software 
Development 
  

UNIT-II: 
 

TERRESTRIAL-RADIO-NAVIGATION SYSTEMS:  
General principles, System design considerations, Point source systems, Hyperbolic systems 
 

SATELLITE RADIO NAVIGATION:  
System configuration, Basics of satellite radio navigation, Orbital mechanics and clock characteristics, 
Atmospheric effects on satellite signals, NAVSTAR Global Positioning System, Global Orbiting Navigation 
Satellite System(GLONASS), GNSS integrity and Availability 

 
UNIT-III: 
 
INERTIAL NAVIGATION:  
Inertial navigation system, Instruments, Platforms, Mechanization equations, Error analysis, Alignment, 
Fundamental limits 

AIR-DATA SYSTEMS, ATTITUDE AND HEADING REFERENCES:  
Air-Data Systems: Air-data measurements, Air-data equations, Air-data systems, Specialty designs, 
Calibration and system test; Attitude and Heading References: Basic instruments, Vertical references, 
Heading references, Initial alignment of heading references 
 

UNIT-IV: 
DOPPLER AND ALTIMETER RADARS, LANDING SYSTEMSL:  
Doppler Radars: Functions and applications, Doppler radar principles and design approaches, Signal 
characteristics, Doppler radar errors, Equipment configurations, Radar Altimeters: Functions and 
applications, General principles, Pulsed radar altimeters, FM-CW radar altimeter, Phase-coded pulsed 
radar altimeters; Landing Systems: Low-visibility operations, Mechanics of landing, Automatic landing 
systems, Instrument landing systems, Microwave-landing system, Satellite landing systems, Carrier 
landing systems, 
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UNIT-V: 
MULTISENSOR INTEGRATED NAVIGATION SYSTEMS:  
Inertial system characteristics, Integrated stellar-inertial systems, Integrated Doppler- inertial systems, 
Airspeed-damped inertial system, Integrated stellar-inertial-Doppler system, Position update of an inertial 
system, Non inertial GPS multi sensor navigation systems, Filtering of measurements, Kalman filter 
basics, Open-loop and closed loop Kalman filter mechanizations, GPS-INS mechanization, Practical 
considerations, Federated system architecture 
 
 

AIR TRAFFIC MANAGEMENT:  
Services provided to aircraft carriers, Government responsibilities, Flight rules and airspace organization, 
Airways and procedures, Phases of flight, Subsystems, Facilities and operations, System capacity, 
Airborne Collision Avoidance Systems 
 
TEXT BOOKS 
1. Avionics Navigation Systems, Second Edition, Myron Kayton and Walter R.Freid, John Wiley & 
    Sons, Inc, 1997, ISBN 0-471-54795-6 
2. Civil Avionics Systems, Moir, I and Seabridge, A, AIAA Education Series, AIAA, 2002, ISBN 1- 
    56347589-8  
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HELICOPTER AERODYNAMICS  
(CORE ELECTIVE II)  

M. Tech AE I Semester        L   T   P C 
Course Code: B17614        3    -   -  3 
 

AIM: To make students understand the aerodynamic principles of helicopters  

 

OUTCOME: The students will have knowledge in fundamental helicopter problems, basic methods of 

rotor analysis, issues associated with helicopter performance, and conceptual design issues  
 

UNIT-I:  
FUNDAMENTALS OF ROTOR AERODYNAMICS, BLADE ELEMENT ANALYSIS:  
Momentum theory analysis in hovering flight, Disk loading and power loading, Induced inflow ratio, Thrust 
and power coefficients, Comparison of theory with measured rotor performance, Non-ideal effects on 
rotor performance, Figure of merit, Induced tip loss, Rotor solidity and blade loading coefficients, 
Momentum analysis in axial climb and descent, Momentum analysis in forward flight, Blade Element 
Analysis in hover and axial flight, forward flight  
 

UNIT-II:  
ROTATING BLADE MOTION:  
Types of rotors, Equilibrium about the flapping hinge and lead-lag hinge, Equations of motion for a 
flapping blade, Blade feathering and the swash plate, Dynamics of a lagging blade with a hinge offset, 
Coupled flap-lag motion, Coupled pitch-flap motion, Other types of rotors, Introduction to rotor trim  
 

UNIT-III:  
HELICOPTER PERFORMANCE:  
Hovering and axial climb performance, Forward flight performance, Performance analysis, Auto rotational 
performance, Vortex ring state(VRS), Ground effect, Performance in manoeuvring flight, Factors 
influencing performance degradation  
 

UNIT-IV: 

AERODYNAMIC DESIGN OF HELICOPTERS:  
Overall design requirements, Conceptual and preliminary design processes, Design of the main rotor, 
Fuselage aerodynamic design issues, Empennage design, Role of wind tunnels in aerodynamic design, 
Design of tail rotors, Other anti-torque devices, High speed rotorcraft, Smart rotor systems, Human-
powered helicopter, Hovering micro air vehicles  
 

UNIT-V:  
AERODYNAMICS OF ROTOR AIRFOILS: 
 Helicopter rotor airfoil requirements, Reynolds number and Mach number effects, Airfoil shape definition, 
Airfoil pressure distribution, Aerodynamics of a representative airfoil section, Pitching moment and related 
issues, Drag, Maximum lift and stall characteristics, Advanced rotor airfoil design, Representing static 
airfoil characteristics, Circulation controlled airfoils, Very low Reynolds number airfoil characteristics, 
Effects of damage on airfoil Performance  
 
TEXTBOOK  
1. Principles of Helicopter Aerodynamics, Second Edition, J. Gordon Leishman, Cambridge University 
Press, 2006, ISBN 0-521-85860-7  
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ENGINEERING ANALYSIS OF FLIGTHT VEHICLES 
 (CORE ELECTIVE II)  

M. Tech AE I Semester        L   T   P C 
Course Code: B17615        3    -   -  3 
 

AIM: 
The student shall be introduced to the advanced engineering analysis aspects of flight vehicles. 
 

OUTCOME: 
The student will be in a position to take up some specific tasks in flight vehicle engineering analysis. 
 

UNIT-I: 
 
THE MORPHOLOGY OF FLIGHT VEHICLES 
Introduction, Key factors affecting vehicles configuration, Some representative flight vehicles. 
 

UNIT-II: 
 
EQUATIONS OF MOTION FOR RIGID FLIGHT VEHICLES 

Definitions, Vector and Scalar realizations of Newton‘s second law, The tensor of inertia, Choice of 
vehicle axes, Operation of the vehicle relative to the ground; flight determination, Gravitational terms in 
the equations of motion, The state vector. 
 

INTRODUCTION TO VEHICLE AERODYNAMICS 
Aerodynamics contributions to X, Y and M, dimensionless coefficients defined, equations of perturbed 
longitudinal motion. 

 
UNIT-III: 
 
AIRCRAFT DYNAMICS 
Equations of Motion of Aircraft including forces and moments of control surfaces, Dynamics of control 
surfaces 
 

STATIC STABILITY, TRIM STATIC PERFORMANCE AND RELATED SUBJECTS 
Impact of stability requirements on design and longitudinal control, Static performance 

 
UNIT-IV: 
 
DYNAMIC PERFORMANCE OF SPACECRAFT WITH RESPECT TO NON-ROTATING 
PLANETS Introduction, Numerical integration of ordinary differential equations, Simplified treatment of 

boost from a non-rotating planet, An elementary look at staging, Equations of boost from a rotating planet. 
 

UNIT-V: 
 
DYNAMIC PERFORMANCE OF SPACECRAFT 
Equations of Motion of Launch Vehicles with respect to a rotating planet, Motion of Spacecraft with 
respect to a rotating planet.  

DYNAMIC PERFORMANCE-ATMOSPHERIC ENTRY 

Equation of motion, Approximate analysis of gliding entry into a planetary atmosphere. 
TEXT BOOK 
1. Engineering Analysis of Flight Vehicles, Holt Ashley, Dover Publications, 1992 
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AIR TRANSPORTATION SYSTEMS 
(OPEN ELECTIVE I)  

M.Tech AE I Semester        L   T   P C 
Course Code: B17635        3    -   -  3 
 

AIM & OBJECTIVES: 

The subject will introduce the air transportation systems in advanced level. 
 

OUTCOME: 
The student with acquire the operational knowledge of air transport. 
 

UNIT – I: 
 
THE AVIATION INDUSTRY 
Introduction, history of aviation - evolution, development, growth, challenges. The aerospace industry, 
airline industry – structure and economic characteristics 
 

UNIT – II: 
 
AIR TRANSPORTATION SYSTEMS – OBJECTIVES, CONSTRAINTS 
Air transportation systems – objectives, environment, operational constraints - statutory compliance with 
safety, security and environmental regulations, financial viability – demand, costs, efficiency and 
effectiveness, compatibility with operational infrastructure – aircraft, airports, facilities, equipment, crew 
and personnel, the atmosphere, air space.. 

 
STRATEGIES TO MEET OBJECTIVES 
Analysis, understanding, forecasting, planning, marketing, management of resources. Adoption of 
improved technologies, optimal operational procedures, synthesis, implementation 

 
UNIT –III: 
 
THE SYSTEM ELEMENTS – AIRCRAFT 
The system elements – the aircraft, airlines, airports, airspace. Aircraft - costs, compatibility with 
objectives, and operational infrastructure, direct and indirect operating costs, safety, security, efficiency 
and effectiveness. 

 
AIRLINES – OBJECTIVES, PLANNING, OPERATIONS – PROCEDURES  
Route selection and development, fleet planning and acquisition, airline schedule development, fleet 
assignment, aircraft routing, gate assignment, flight operations - irregular operations, schedule recovery 
and robustness. Maintenance of aircraft and equipment. Airline operating costs and measure of 
productivity. 
 

UNIT –IV: 
 
AIRPORTS 
Airports - demand, siting, runway characteristics, capacity, pavement strength, manoeuvring area, 
aprons, passenger terminals, safety, security. Airport operations –. Airport demand, capacity and delays 
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UNIT – V: 
AIRSPACE 
Airspace management – Communication, navigation, surveillance systems - categories of airspace, 
sectors, separation minima, capacity, demand, delay. The ATC systems - evolution, equipment and 
operations. ICAO future air navigation systems 
 

CHALLENGES OF THE FUTURE Coping with future changes. Critical issues and prospects for airline 

Industry 
 
 
 
 
TEXT BOOKS 
1. The Air Transport System, Hirst, M.,Woodhead Publishing Ltd, (also AIAA), 2008, ISBN-13: 978 1 
      845693251. 
2. Airline Operations and Scheduling, Bazargan, M.,Ashgate, 2004, ISBN – 075463616X. 
3. Air Transportation – A Management Perspective, Wensveen,J.G., Ashgate, 2007, ISBN 978-0- 
    7546-7171-8. 
4. Global Airline Industry, Belobaba, P. et al., AIAA,2009. 
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AIRPORT MANAGEMENT 
 (OPEN ELECTIVE I)  

M. Tech AE I Semester        L   T   P C 
Course Code: B17636        3    -    -  3 
 

UNIT - I 
 
AIRPORTS AND AIRPORT SYSTEMS: Introduction, Airport Management on an international level, 
Rules that govern airport management, Airport ownership and organization, Airport organization chart, 
Airport manager and public relations. 

 

THE AIRFIELD: Components of an airport, the airfield, Navigation aids (NAVAIDS) located on airfields, 
Air traffic Control and surveillance facilities located on the airfield, Weather reporting facilities located on 
airfields, security infrastructure on airfields. 

 

UNIT - II 
 
AIRSPACE AND AIR TRAFFIC CONTROL: Air traffic control management and operating 
infrastructure, Basics of air traffic control. Current and future enhancements to air traffic control. 

 

AIRPORT TERMINALS AND GROUND ACCESS: Historical development of airport terminals, 
Components of airport terminal, Airport ground access. 
 

UNIT - III 
 
AIRPORT OPERATIONS MANAGEMENT: Pavement management-Aircraft rescue and fire fighting 
(ARFF) Snow and ice control, Safety inspection programs, Bird and wildlife hazard management. 

 

AIRPORT SECURITY: Transportation Security Administration-Security at commercial service airports, 
Security at general aviation airports. 
 

UNIT - IV 
 
AIRPORT FINACIAL MANAGEMENT:  
Airport financial accounting-Revenue strategies at commercial airports, Pricing of air port facilities and 
services, Variation in the sources of operating revenues. Rise in airport financial burdens, Air port 
funding, Airport financing, Private Investment, Sale of air port. 
 

UNIT - V 
 
AIRPORT CAPACITY AND DELAY: Defining capacity, Factors effecting capacity and delay, 
Estimating capacity, Simulation Models. Defining delay, Analytical estimates of delay: queuing diagram, 
Approaches to reducing delay, Administrative and demand management. 

 
TEXT BOOKS:  
1. Alexander T. Wells, John G. Wensveen (2008), Air Transportation: A Management 

Perspective, 8
th
 edition, Ashgate Publishing, New Delhi.  

2. Alexander T. Wells and Seth B. Young (2011), Airport Planning and Management, 6
th
 edition, 

McGraw-Hill, New Delhi. 
 
REFRENCE BOOKS: 
 
1. Amedeo Odoni, Peter Belobaba and Tom Reynolds(2012), Airport Systems: Planning, Design and 

Management,2
nd

 Edition, McGraw Hill, New Delhi  
2. Richard D Neufville (2012), Airport Systems: Planning, Design and Management, 2

nd
 edition, 

McGraw Hill, New Delhi. 
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APPLICATION OF MATLAB IN AEROSPACE ENGINEERING  
(LABORATORY- I)  

 
 

M. Tech AE I Semester        L   T   P C 
Course Code: B17604        -    -    4  2 
 

AIM:  
The student will be asked to solve various aerospace application problems in MATLAB environment.  
 

OUTCOME: 
The student will gain hands on experience in MATLAB application and can be capable of simulating 
aerospace engineering models  
 

I. MATLAB/SIMULINK FUNDAMENTALS FOR AEROSPACE APPLICATIONS  
 
MATLAB introduction, Plotting and graphics: Plot, log and semi-log plots, polar plots. Subplots, axis, 
mesh, contour diagrams, flow diagrams, movies, MATLAB Toolboxes: Continuous transfer functions, root 
locus, Nichols chart, Nyquist chart, linear quadratic regulator, state-space design, digital design, 
Aerospace toolbox; M Cells, Structures and M-files, MEX files. Standard Simulink libraries, Simulink 
aerospace blockset, Building Simulink linear models: transfer function modelling in Simulink, zero pole 
model, state-space model; Simulink LTI viewer and usage of it, equivalent Simulink LTI models, Single-
Input, Single-Output(SISO) design tool, Building Multi-Input, Multi-Output Models, Building Simulink S-
functions; State flow Introduction: opening, executing, and saving state flow models, constructing a simple 
state flow model, using a state flow truth table.  
 

II. SOFTWARE DEVELOPMENT FOR SIMULATION OF FLUID FLOWS  
 
Generation of structured and unstructured grids in two and three dimensions.  Solution of Burgers 
equation using explicit Mac Cormack method.  Blasius solution for laminar boundary layer over a flat 
plate.  Riemann solver for shock tube problem.  

 

III. SIMULATION EXPERIMENTS IN DYNAMICS AND CONTROL USING MATLAB AND 
SIMULINK  

 

Simulation of aircraft motion-longitudinal dynamics, lateral dynamics  Six-degrees-of-freedom simulation 
of aircraft motion with illustration of F-16 model  Simulation of re-entry vehicle dynamics for ballistic re-
entry and manoeuvring re-entry  Simulation of non-linear control system for controlling roll dynamics of a 
fighter aircraft  Simulation of the following relating to satellite attitude dynamics:  - Torque free rotation of 
axisymmetric and asymmetric spacecraft  - Attitude maneuvers of spin- stabilized spacecraft  

 
REFERENCES:  
 
1. Basic MATLAB, Simulink, and State Flow, Richard Colgren, AIAA Education Series,2007  
2. Introduction to Simulink with engineering application, Steven T.Karris, Orchard Publication,2006, ISBN- 

     9744239-8-X  

3. Atmospheric and Space Flight Dynamics, Ashish Tewari, Birkhauser Publication, 2007  

4. Modern control design with MATLAB and Simulink, A.Tewari, Wiley, 2002.  

5. Computational Fluid Mechanics And Heat Transfer, Second Edition, John C.Tannehill,       

     DaleA.Anderson, Richard H.Pletcher, Taylor & Francis Publication, 1997.  

6. Computational Fluid Dynamics T.J.Chug, Cambridge University Press, 2002  

7. Engineering analysis with ANSYS software, Y. Nakasone, S.Yoshimoto, T.A. Stolarski, Elsevier      
    Publication, 2006.  
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SPACE TRANSPORTATION SYSTEMS 
 (CORE COURSE IV)  

M. Tech AE II Semester        L   T   P C 
Course Code: B17616        3    -    - 3 
  
UNIT-I: 
 
SYSTEMS ENGINEERING AND SYSTEMS DESIGN CONSIDERATIONS:  
Introduction, Systems engineering definition, System engineer, Systems engineering cycle, Systems 
engineering process, Doctrine of successive refinement, Systems engineering in a DOD Context, 
Systems Engineering in a NASA Context, Systems Design Considerations: Overview of design process, 
System integration, System interfaces and control, Tools and methodologies, Systems analysis,  odeling, 
and the trade study process, Basic launch vehicle system trade analysis methodology, System effective 
studies 
 

UNIT II: 
 
TRANSPORTATION SYSTEM ARCHITECTURE, INFRASTRUCTURES AND U.S. SPACE 
SHUTTLE:  

Introduction, Historical drivers for space infrastructure, Political considerations, National mission model, 
Private sector and commercialization, Development of commercial space transportation architecture and 
system concepts, Cost drivers for space transportation architecture options, Recommended 
improvements to space transportation architectures, Planning for future space infrastructure, 
Transportation Infrastructure for moon and mars missionsU.S. Space Shuttle: Introduction, Historical 
background, Development of shuttle system, Orbiter development, Current shuttle vehicle and operations, 
Shuttle evolution and future growth, 
 

UNIT-III: 
 
EXPENDABLE SPACE TRANSPORTATION SYSTEMS AND REUSABLE SPACE LAUNCH 
VEHICLES: Introduction, Expendable launch vehicle design, History behind existing Expendable 

Launch Vehicles, Evolving the expendable launch vehicle, Reusable space launch vehicles: 
Background—Previous efforts at hypersonic flight, Early aerospace plane conceptual studies, The X-
series of research aircraft, Challenges facing manned aerospace planes, Manned reusable systems 
development programs-Past and Ongoing., NASA reusable launch vehicle studies in 1990s., Hypersonic 
waveriders, Importance of vehicle health management, Future reusable space launch vehicles 

 
OPERATIONS AND SUPPORT SYSTEMS:  
Introduction, Launch operations definition, Shuttle mission operations, Facility requirements for launch 
operations, Obstacles to streamlining launch operations, Evolutionary launch operations strategies, 
Designing for future expendable launch vehicle launch operations, Improving Existing Launch Operations, 
Future launch operations 
 

UNIT IV: 
SYSTEMS AND MULTIDISCIPLINARY DESIGN OPTIMIZATION:  
Introduction, Launch vehicle conceptual design problem, Modeling needs, Optimization strategies and 
applications, Collaborative work environment of the future 
 

SYSTEMS TECHNOLOGY DEVELOPMENT:  

Introduction, Vehicle technologies, Propulsion technologies,Ground and mission operations technologies, 
Assessing technological options, Technology transfer and commercialization, Applying a commercial 
development process for access to space 
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UNIT V: 
 
PROGRAM PLANNING, MANAGEMENT, AND EVALUATION: 
 Introduction, Management Trends, Good Project Management as Team Building and a Balancing Act, 
Types of Project Management, Configuration Management, Risk Management, Earned value 
management, Total Quality Management, Managing 
ultra-large projects 
 

FUTURE SYSTEMS: Introduction, Next generation space transportation systems, Accelerator 

concepts,Nuclear fission and fusion based concepts, Antimatter-based propulsion concepts, Solar 
propulsion concepts, Laser and beamed energy propulsion Concepts, Magnetic Monopoles Concept, 
Field and Quantum Effect Propulsion Concepts. 
 
TEXT BOOK 
1. Space Transportation: A Systems Approach to Analysis and Design, Walter Hammond, AIAAEducation     
    Series, American Institute of Aeronautics and Astronautics, Inc, 1999 
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AEROSPACE SENSORS AND MEASUREMENT SYSTEMS 
(CORE COURSE V) 

 

M. Tech AE II Semester        L   T   P C 
Course Code: B17617        3    -    - 3 
 

UNIT-I: 
INTRODUCTION TO EXPERIMENTAL METHODS: 
 Characteristics of Measuring systems:: Readability, Sensitivity, Hysteresis, Accuracy, Precision: 
Calibration, Standards, Experiment planning, Causes and types of experimental errors, Statistical 
analysis of experimental data 
 

UNIT II: 
FLOW MEASUREMENTS:  
Pressure Measurement: Manometer, Pressure transducers, Scanning valves; Temperature 
Measurement: Thermometers, Thermocouples, Thermopiles, Keil probes; Velocity Measurement: Pitot 
probes, Hot wires, 7 hole probes, Laser Doppler Velocimetry (LDV), Particle Image Velocimetry (PIV), 
Doppler Global Velocimetry(DGV) ; Turbulence Measurements: LDV, Hot wire anemometers, Root Mean 
Square(RMS), Spectrum; 
 

FLOW VISUALIZATION: Path-, Streak-, Stream-, and Time lines, Direct visualization, Surface flow 

visualization, Flow field visualization, Data driven visualization 

UNIT-III: 
FORCES AND MOMENTS FROM WIND TUNNEL BALANCE MEASUREMENTS:  

Types of wind tunnels, Aeronautical wind tunnels, Wind tunnel data systems, Balances, Balance 
requirements and specifications, External balances and internal balances 
 

STRESS AND STRAIN MEASUREMENTS: Stress and strain, Strain measurements, Strain gauge 

types, Basic characteristics of of a strain gage, Electrical resistance strain gauges, Rosette analysis, 
Strain gauge sensitivity, Stress gauges 
 

UNIT IV 
MOTION AND VIBRATION MEASUREMENT:  
Two simple vibration instruments, Principles of seismic instrument, Practical considerations for seismic 
instruments, Sound measurements  

MOTION AND INERTIAL MEASUREMENTS:  
Applications of accelerometer sensors, Acceleration sensing principles, Pendulous accelerometer (open 
and closed loop), Micro-machined accelerometer, Piezoelectric accelerometer, Rate gyroscope principles, 
Rate-integrating gyroscope principles, Micro-gyro sensors, Laser gyros 
 

UNIT-V: 
SPACECRAFT ATTITUDE DETERMINATION Sensors: Infrared earth sensors-Horizon Crossing 

Sensors, Sun sensors, Star sensors, Rate and rate integrating gyros, Magnetometers 
 
TEXT BOOKS 
1. Experimental Methods for Engineers, Seventh Edition, J. P. Holman, Tata McGraw Hill, 2004  
2. Measurement Systems-Application and Design,5th Edition, Ernest O Doebelin, Dhanesh N 
    Manik, Tata McGraw Hill, 2007 
3. Low-Speed Wind Tunnel Testing, Jewel B Barlow, William H. Rae,Jr. , Alan Pope, John Wiley, 
    Third Edition, 1999 
4. Spacecraft Dynamics and Control-A Practical Engineering Approach, Marcel J. Sidi, Cambridge 
    University Press, 1997 
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AVIONICS 
(CORE COURSE VI) 

 

M. Tech AE II Semester        L   T   P C 
Course Code: B17618        3    -    - 3 
 
 

AIM:  
The students are introduced to different aspects of avionics systems  
Outcome: The students will have necessary knowledge in understanding and analysis of the avionics 
systems on aircraft  
 

UNIT– I  
AVIONICS TECHNOLOGY: 
 Evolution of electronics. The nature of microelectronic devices- processors, memory devices. 
Introduction to avionics- systems integration– need- data bus systems – MIL STD 1553 bus system, 
ARINC 429 / ARINC 629 bus systems, optical data bus systems. Integrated modular avionics 
architectures – commercial off the shelf systems. Avionics packaging. 
 

 UNIT – II  
AIRCRAFT INSTRUMENTATION - SENSORS AND DISPLAYS:  

Air data sensors, magnetic sensing, inertial sensing, radar sensors. The electromechanical instrumented 
flight deck, early flight deck instruments, attitude direction indicator, horizontal situation indicator, 
altimeter, airspeed indicator. Advanced flight deck display system architectures, display systems, display 
media, future flight deck displays.  
 

UNIT– III  
COMMUNICATION AND NAVIGATION AIDS:  
Radio frequency spectrum, communication systems, HF, VHF, satellite communications; ATC 
transponder, traffic collision avoidance system. Navigational aids. Automatic Direction Finding, VHF Omni 
Range, Distance Measuring Equipment; TACAN, VORTAC. Satellite navigation systems – the GPS. 
Instrument landing system, transponder landing system, microwave landing system. Hyperbolic 
navigation systems.  
 

UNIT– IV  
NAVIGATION:  
Basic navigation, radio, inertial navigations, satellite navigation- GPS, differential GPS, wide area 
augmentation systems, local area augmentation system, GPS overlay programme. Integrated navigation, 
sensor usage. Flight management system( FMS). FMS control and display unit. Lateral navigation, area 
navigation, terminal navigation, vertical navigation, four dimensional navigation, full performance based 
navigation. FMS procedures. Standard terminal arrival routes. ILS approach.  
 

UNIT- V  
AIRBORNE RADAR, ASTRIONICS - AVIONICS FOR SPACECRAFT: 
 Propagation of Radar waves- functional elements of radar- antenna- transmitter; Types of Radar- 
 Pulse Doppler- civil aviation applications, military applications; Attitude determination & control of 
spacecraft- Magnetometers, sun sensors, star trackers, earth and horizon sensors. Command and 
telemetry systems  
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TEXT BOOKS  
 
1. Moir, I. and Seabridge, A., Civil Avionics Systems, AIAA Education Series, AIAA, 2002, ISBN 1-  

56347589-8.  
2. Collinson, R.P.G., Introduction to Avionics Systems, second edition, Springer, 2003, ISBN 978-81- 

    8489-795-1  

3. Moir, I., Seabridge, A. & Jukes, M., Military Avionics Systems (Aerospace), Wiley, 2006, ISBN-10:  

    0470016329, ISBN-13: 9780470016329  
4. Middleton, D.H. (Ed), Avionics Systems, Longman Scientific & Technical, 1989, ISBN 0-582-01881-1.  
 

 
 
REFERENCES  
 

1. Kayton, M., & Fried, W.R., Avionics Navigation Systems, Wiley, 1997, ISBN 0-471-54795-6.  

2. Helfrick, A., Principles of Avionics, Avionics Communications Inc. Leesburg, 2000, VA 20177, USA, ISBN 1-  
    885544-10-3.  
2. Moir, I. and Seabridge, A., Aircraft Systems: Mechanical, Electrical and Avionics Subsystems Integration, AIAA  

     Education Series, AIAA, 2001, ISBN 1-56347506-5.  

3. Harris, D., Ground Studies for Pilots: Flight Instruments and Automatic Flight Control Systems, sixth edition,  

    Blackwell Science, 2004, ISBN 0-632-05951-6.  

4. Henderson, M. F., Aircraft Instruments & Avionics for A &P Technicians, Jeppesen Sanderson Training Products,    

    1993, ISBN 0-89100-422-X.  

5. Avionics Systems ï Operation & Maintenance, 1994, Wasson, J. W., Jeppesen Sanderson Training Products,  

     ISBN 0-89100-436-X.  

6. Pallett, E.H.J., Aircraft Instruments & Integrated Systems, 1996, Longman Scientific & Technical  
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MECHANICS OF COMPOSITE STRUCTURES  

(CORE ELECTIVE III)  
 

M. Tech AE II Semester        L   T   P C 
Course Code: B17621        3    -    - 3 
 

 
 

UNIT - I 
 
INTRODUCTION: Definition, Classification of Composite materials based on structure based on matrix. 
Advantages of composites, application of composites, functional requirements of reinforcement and 
matrix. 
 
UNIT - II 
 
FIBERS: Preparation, properties and applications of glass fibers, carbon fibers, Kevlar fibers and metal 
fibers, properties and applications of whiskers, particle reinforcements. 

 

UNIT - III 
 
MANUFACTURING OF ADVANCED COMPOSITES: Polymer matrix composites: Preparation of 
Moulding compounds and prepregs, hand layup method, Autoclave method. Filament winding method, 
Compression moulding, Reaction injection moulding. 

 

UNIT - IV 
 
MANUFACTURING OF METAL MATRIX COMPOSITES: Casting, Solid State diffusion technique, 
Cladding - Hot isostatic pressing. Manufacturing of Ceramic Matrix Composites: Liquid Metal Infiltration, 
Liquid phase sintering.  
Manufacturing of Carbon – Carbon composites: Knitting, Braiding, Weaving. 

 

UNIT - V 
 
RESPONSE OF COMPOSITES TO STRESS: (a) Iso Strain condition (b) Iso Stress condition (c) 
Load friction shared by the fibers. 
 
TEXT BOOKS: 
1. V. C. H. Cahn (2007), Material Science and Technology, Vol. 13, 3

rd
 edition, Wiley WCH, West 

Germany. 
2. K. K. Chawla (2010), Composite Materials, 2

nd
 edition, Springer, USA. 

 
 
 
REFERENCE BOOKS: 
1. E. D. Lubin (2003), Hand Book of Composite Materials, 3

rd
 edition, Tata McGraw-Hill, New Delhi, 

India. 
2. Muhammad M. Rafique (2009), Composite Materials: Processing and Technology, 2

nd
 edition, 

Academy Press, Lap Lambert.  
3. P. K. Sinha (2006), Composite Materials and structure, IIT Kharagpur, India. 
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AIR TRAFFIC MANAGEMENT SYSTEMS  
(CORE ELECTIVE III)  

M. Tech AE II Semester        L   T   P C 
Course Code: B17622        3    -    - 3 

 

AIM: 
To impart understanding of air traffic management including HR aspects. 
 

OUTCOME: 
The student will appreciate multi dimensional aspects of operations and systems. 
 

UNIT- I: 
 
AIR TRAFFIC MANAGEMENT:  
 
Introduction: Air traffic services provided to aircraft operators, Government responsibilities, Flight rules 
and airspace organization, Airways and procedures, Phases of flight, Subsystems of ATM system, 
Facilities and operation, System capacity, Airborne collision avoidance systems, Future trends, Capacity 
driven operational concept of ATM. 

 
UNIT-II: 
 
ECONOMICS OF CONGESTION:  

Impact of ATM on airspace user economic performance, Effects of schedule disruptions on the 
economics of airline operations, Modeling of an airline operations control center. 
 

COLLABORATIVE DECISION MAKING:  
Effect of shared information on pilot controller and controller- controller interactions, Modeling of 
distributed human decision making in traffic flow management operations. 
 

UNIT-III: 
 
AIRPORT OPERATIONS AND CONSTRAINTS:  
 
Analysis, modeling and control of ground operations at airports, Collaborative optimization of arrival and 
departure traffic flow management strategies at airports.  
 

AIRSPACE OPERATIONS AND CONSTRAINTS:  

Performance measures of air traffic services, Identification of airport and airspace capacity constraints. 
 

UNIT-IV: 
 
SAFETY AND FREE FLIGHT:  
Accident risk assessment for advanced air traffic management, Airborne separation assurance systems. 
Human factors 
 

COGNITIVE WORKLOAD ANALYSIS AND ROLE OF AIR TRAFFIC CONTROLLER:  
Task load measures of air traffic controllers, Technology enabled shift in controller roles and 
responsibilities. 
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UNIT-V: 
AIRCRAFT SELF SEPARATION:  
Cooperative optimal airborne separation assurance in free flight airspace, 
Automatic dependent surveillance broadcast system - operational evaluation. 
 
TEXT BOOKS 
1. Fundamentals of Air Traffic Control, Fourth edition, Nolan, M.S., Thomson Learning, 2004, ISBN- 
13:978-0-534-39388-5. 
2. Air Transportation Systems Engineering, Donohue, G. L. et al., (Editors), AIAA, 20003, ISBN 1- 
56347-474-3 
3. Avionics Navigation Systems, Keyton, M. and Fried, W. R., John Wiley, 2001, ISBN 0-471-54795- 
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FLIGHT VEHICLE DESIGN  
(CORE ELECTIVE III)  

 
M. Tech AE II Semester        L   T   P C 
Course Code: B17623        3    -    - 3 

 
 

UNIT - I 
 
OVERVIEW OF THE DESIGN PROCESS, SIZING FROM A CONCEPTUAL SKETCH: 
 Phases of aircraft design. Aircraft conceptual design process, project brief / request for proposal, 
problem definition, information retrieval, aircraft requirements, configuration options. Integrated product 
development and aircraft design. The initial conceptual sketches, L / D estimation. Initial takeoff weight 
build-up, empty weight estimation, historical trends, fuel fraction estimation, mission profiles, mission 
segment weight fractions. 
 

UNIT - II 
 
AIRFOIL AND GEOMETRY SELECTION, THRUST TO WEIGHT RATIO, WING LOADING:  
Airfoil selection, airfoil design, design lift coefficient, stall, airfoil thickness ratio and other airfoil 
considerations. Wing geometry and wing vertical location, wing tip shapes. Tail geometry and 
arrangements. Thrust to weight ratio, statistical estimation, thrust matching. Wing loading performance 
constraints. Selection of thrust-to-weight ratio and wing loading. 

 

INITIAL SIZING AND CONFIGURATION LAYOUT, CREW STATION, PASSENGERS AND 
PAYLOAD: Sizing with fixed engine and with rubber engine. Geometry sizing of fuselage, wing, tail, 
control surfaces. Development of configuration lay out from conceptual sketch. The inboard profile 
drawing, wetted area, volume distribution and fuel volume plots. Lofting- definition, significance and 
methods, flat wrap lofting. Special consideration in configuration lay out. Isobar tailoring, Sears-Haack 
volume distribution, structural load paths. Radar, IR, visual detectability, aural signature. Considerations 
of vulnerability, crashworthiness, producibility, maintainability. Fuselage design, crew station, passenger 
compartment, cargo provisions, weapons carriage, gun installation. 
 
UNIT - III 
 
PROPULSION AND FUEL SYSTEM INTEGRATION, LANDING GEAR AND SUBSYSTEMS:  
Propulsion selection, jet engine integration, engine dimensions, inlet geometry, inlet location, capture 
area calculation, boundary layer diverters, nozzle integration, engine cooling provisions, engine size 
estimation. Fuel system design and integration. Landing gear arrangements, guidelines for lay out. Shock 
absorbers–types, sizing, stroke determination, gear load factors. Gear retraction geometry. Aircraft 
subsystems, significance to configuration lay out. The baseline design layout and report of initial 
specifications. 
 
BASELINE DESIGN ANALYSIS- AERODYNAMICS & PROPULSION, STRUCTURES & 
WEIGHT AND BALANCE:  
Estimation of lift curve slope, maximum lift coefficient, complete drag build up. Installed performance of an 
engine, installed thrust methodology, net propulsive force, part power operation. Aircraft loads, 
categories: maneuver, gust, inertial, power plant, landing gear loads. Limit loads, the V, n diagram. Air 
load distribution on lifting surfaces. Review of methods of structural analysis. Material selection. Weights 
and moments statistical group estimation method, centre of gravity excursion control. 
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UNIT - IV 
 
BASELINE DESIGN - STABILITY AND CONTROL, PERFORMANCE AND CONSTRAINT 
ANALYSIS:  
Estimation of static pitch stability, velocity stability and trim. Estimation of stability and control derivatives. 
Static lateral, directional stability and trim. Estimation of aircraft dynamical characteristics, handling 
qualities. Cooper – Harper scale, relation to aircraft dynamic characteristics. Performance analysis and 
constraint analysis– steady level flight, minimum thrust required for level flight, range and loiter 
endurance. Steady climbing and descending flight, best angle and rate of climb, time to climb and fuel to 
climb. Level turning flight, instantaneous turn rate, sustained turn rate. Energy maneuverability methods 
of optimal climb trajectories and turns. The aircraft operating envelope. Take off analysis, Balanced field 
length. Landing analysis. Fighter performance measures of merit. Effects of wind on aircraft performance. 
Initial technical report of baseline design analysis and evaluation. Refined baseline design and report of 
specifications. 

 

COST ESTIMATION, PARAMETRIC ANALYSIS, OPTIMISATION, REFINED SIZING AND 
TRADE STUDIES: Elements of life cycle cost, cost estimating method, RDT&E and production costs, 
operation and maintenance costs, fuel and oil costs, crew salaries, maintenance expenses, depreciation. 
Cost measures of merit. Aircraft and airline economics, DOC and IOC, airline revenue, breakeven 
analysis, investment cost analysis. Parametric analysis and optimisation. Refined conceptual sizing 
methods. Sizing matrix plot and carpet plot. Trade studies, design trades, requirement trades, growth 
sensitivities. Multivariable design optimization methods. Measures of merit. Determination of final baseline 
design configuration, preparation of type specification report. 

 
UNIT - V 
 
CASE STUDIES AND DESIGN OF UNIQUE AIRCRAFT CONCEPTS: 
 
 Design of the DC – 1, DC – 2, DC- 3 aircraft, Boeing B-47 and 707, General Dynamics F-16, SR-71 
Blackbird, Northrop-Grumman B-2 Stealth Bomber. A survey of the Indian aircraft design effort. Design of 
VTOL aircraft, helicopters, hypersonic vehicles, delta and double delta wings, forward swept wings, 
uninhabited air vehicles. 
 
TEXT BOOKS: 
1. Raymer, Daniel P. (2006), Aircraft Design: A Conceptual Approach, 4

th
 edition, AIAA Educational 

Series, USA. 
2. J. F. Marchman, L. R. Jenkinson (2003), Aircraft Design Projects for Engineering students, AIAA 

Publishers, USA.  
3. Ajoy Kumar Kunda (2010), Aircraft Design, Cambridge University Press, UK. 
 
 
REFERENCE BOOKS: 
1. Torenbeek E. (1986), Synthesis of Subsonic Airplane Design, Delft University Press, New York. 
 
2. Bruhn. E. H (1973), Analysis and Design of Flight Vehicles Structures, New Edition, Jacobs 

Publishing House, USA.  
3. Scheler E. E, Dunn L.G (1963), Airplane Structural Analysis and Design, John Wiley & Sons, USA.  
4. D. Howe (2005), Aircraft conceptual Design Synthesis, John Wiley & Sons Publishers, USA. 
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HYPERSONIC AERODYNAMICS 
         (CORE ELECTIVE III)  

 

M. Tech AE II Semester        L   T   P C 
Course Code: B17624        3    -    - 3 
 

UNIT - I 
 
FUNDAMENTALS OF HYPERSONIC FLOWS: Importance/properties of hypersonic flow-Basic 
equations boundary conditions for in viscid flow, shock wave shapes, flow over a wedge. 
 

HYPERSONIC APPROXIMATIONS: Prandtl-Meyer flow, Axi-symmetric flow over a cone, Flow over a 

flat plate. 

 

UNIT - II 
 
HYPERSONIC AERODYNAMIC HEATING: Reference temperature method-Entropy layer effects on 
aerodynamic heating. 

 

UNIT - III 
 
HYPERSONIC SMALL DISTURBANCE THEORY: Flow over a wedge and a cone, Blast wave 
analogy, Newtonian impact theory, Busemann centrifugal correction, Shock expansion method, Tangent 
cone and tangent wedge methods. 

 

BASIC ASPECTS OF HYPERSONIC VISCOUS FLOWS: Introduction to viscous flow and pressure 
interactions over a flat plate, Boundary layers. 
 

UNIT - IV  
HYPERSONIC VISCOUS INTERACTIONS: Strong and weak interactions-Shock wave/ boundary 

layer interactions. 

 

HYPERSONIC VEHICLE DESIGN: Hypersonic propulsion and vehicle design. 

 

UNIT - V 
 
RAREFIED GAS DYNAMICS: Rarefied flow regimes, Kinetic theory of gases-Gas-surface interaction, 
Aerodynamic forces in hypersonic free molecular flow around simple geometries. 
 
TEXT BOOKS:  
1. John David Anderson (2006), Hypersonic and High Temperature Gas Dynamics, 2

nd
 edition, AIAA 

Education Series, USA.  
2. John J. Bertin (1994), Hypersonic Aerothermodynamics, AIAA Education Series, USA. 

 
REFERENCE BOOKS: 
1. Cherni C. G (1961), Introduction to Hypersonic flow, Academic Press, New York. 
2. Hayes W. D and Probstein R F (1966), Hypersonic Flow Theory, 2

nd
 edition, Academic Press, New 

York. 
3. Cox R. N, Crabtree L. P (1965), Elements of Hypersonic Aerodynamics, Academic press, New 

York. 
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FATIGUE AND FRACTURE MECHANICS 
                 (CORE ELECTIVE III)  

 
M. Tech AE II Semester        L   T   P C 
Course Code: B17625        3    -    - 3 
 
 

UNIT – I 
 
 
FATIGUE OF STRUCTURES: S-N Curves, Endurance limit, Effect of mean stress, Notches and 
stress concentrations, Neuber‘s stress concentration factors, Plastic stress concentration factor, Notched 
S-N curves. 

 

DESIGN OF COMPONENTS: Goodman, Gerber and Soderberg relations and diagrams, Modified 
Goodman Diagram, Design of components subjected to axial, bending, torsion loads and combination of 
them. 

 

UNIT – II 
 
 
STATISTICAL ASPECTS OF FATIGUE BEHAVIOUR: Low cycle and high cycle fatigue, Coffin 
Manson‘s relation, Transition life, cyclic strain hardening and softening. 

 

LOAD ASPECTS: Analysis of load histories, Cycle counting techniques, Cumulative damage, Miner‘s 
theory, other theories. 
 

UNIT – III 
 
 
PHYSICAL ASPECTS OF FATIGUE: Phase in fatigue life, Crack initiation, Crack growth, Final 
fracture, Dislocations, Fatigue fracture surfaces. 

 

FRACTURE MECHANICS: Strength of cracked bodies, Potential energy and surface energy, Griffith‘s 
theory, Irwin-Orwin extension of Griffith‘s theory to ductile materials. 
 

UNIT – IV 
 
 
STRESS ANALYSIS: Stress analysis of cracked bodies, Effect of thickness on fracture toughness, 
Stress intensity factors for typical geometries. Introduction of finite element approach for crack 
propagation studies. 
 

UNIT - V 
 
FATIGUE DESIGN AND TESTING: Safe life and fail-safe design philosophies, Importance of fracture 
mechanics in aerospace structure, Application to composite materials structures. 
 
TEXT BOOKS:  
1. J. F. Knott (1983), Fundamentals of Fracture Mechanics, Butter Worth & Co., Publishers Ltd., 

London. 
2. C. G. Sih (1989) Mechanics of Fracture, Vol. I, Sijthoff and Noordhoff International Publishing Co., 

Netherlands. 

 
REFERENCE BOOKS:  
1. W. Barrois, E. L. Ripley (1983), Fatigue of Aircraft Structures, Pergamum Pres., Oxford, USA. 
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INDUSTRIAL AERODYNAMICS 
 (CORE ELECTIVE IV)  

 
 

M. Tech AE II Semester        L   T   P C 
Course Code: B17626        3    -    - 3 
 
 

UNIT - I  
ATMOSPHERE: Types of winds, Causes of variation of wind, Effect of terrain on gradient height. 

 

ATMOSPHERIC BOUNDARY LAYER: Pressure and velocity distribution over the rising car, Wind 
tunnel model for atmospheric boundary layer, variation of drag force for various positions of the rising car. 
 

UNIT - II 
 
VEHICLE AERODYNAMICS: Power requirements and drag coefficients of automobiles, Effects of cut 
back angle, Aerodynamics of trains and hovercraft. 
 
UNIT - III 
 
WIND ENERGY COLLECTORS-I: Horizontal axis and vertical axis machines, Power coefficient, Betz 
coefficient by momentum theory. 
 
WIND ENERGY COLLECTORS-II: Working principles of horizontal and vertical axis machines, 

Design of axial machines. 
 

UNIT - IV 
 
BUILDING AERODYNAMICS: Pressure distribution on low-rise buildings, Wind forces on buildings, 
Environmental winds in city blocks, Special problems of tall buildings, Building codes, Building ventilation 
and architectural aerodynamics, Interference effect of Building. 

 
UNIT - V 
 
FLOW INDUCED VIBRATIONS: Effects of Reynolds number on wake formation of bluff shapes, 
Vortex induced vibrations, galloping and stall flutter. 

 

DESIGN OF CHIMNEY: Height of chimney for various gas effluents, Effective height of chimney, flume 
rise, Different types of flume rise for various climatic conditions. 
 
TEXT BOOKS:  
1. Blevins R. D (2001), Flow Induced Vibrations, Krieger Publishing Company, USA. 
2. Thomas E. Kissell (2011), Introduction to Wind Power Principles, Prentice Hall, New York. 

 
REFERENCE BOOKS:  
1. Scorer R. S. (1978), Environmental Aerodynamics, Halsted Press. New York. 
 
2. Gargeshwari Suryanarayana (2010), Aerodynamic Drag Reduction of Bluff Bodies, Lap Lambert 

Academic Publishing, USA. 
3. Sovran M (1978), Aerodynamics Drag Mechanisms of Bluff Bodies and Road Vehicles, Plenum 

Press, New Delhi. 
 
4. Shigehiko Kaneko (2008), Flow-Induced Vibrations: Classifications and Lessons from Practical 

Experiences, Elsevier, USA. 
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EXPERIMENTAL STRESS ANALYSIS 
 (CORE ELECTIVE IV)  

 
M. Tech AE II Semester        L   T   P C 
Course Code: B17627        3    -    - 3 
 

 
 

UNIT - I  
MEASUREMENTS: Basic principles, Accuracy, Sensitivity, Range Measurements, Errors. 

 

EXTENSOMETERS: Mechanical, Optical, Acoustical and Electrical extensometers and their use, 
Advantage and disadvantage. 

 

UNIT - II 
 
STRAIN GAUGE - PRINCIPLES: Principles and operation of electrical strain gauge, Requirement, 
Type and their uses, Material for strain gauge, Calibration, Cross sensitivity, Rosette Analysis. 

 

STRAIN GAUGE - STRAIN MEASUREMENT: Wheatstone bridge and potentiometer circuits for 
static and dynamic strain measurements, Strain indicator. 

 

UNIT - III 
PHOTOELASTICITY: Two dimensional Photo elasticity, Concept of Light, Photo, elastic effects, Stress 

and optic law. 

 

FRINGE INTERPOLATION TECHNIQUS: Interpretation of fringe pattern, Compensation and 
separation techniques, Photo elastic material. 
 

UNIT - IV 
 
NON-DESTRUCTIVE TESTING - I: Fundamentals of Non Destructive Testing, Radiography, 
Ultrasonic Inspection, Ultrasonic C-Scan, Magnetic particles Inspection, Fluorescent penetrant technique, 
Eddy current testing, Acoustic Emission Technique. 
 

UNIT - V 
 
NON-DESTRUCTIVE TESTING - II: Fundamentals of brittle coating methods, Introduction to Moiré 
Techniques, Holography, and Thermograph. 

 
TEXT BOOKS: 
1. Daily J. W, Riley W. F (2005), Experimental Stress Analysis, 4

th
 edition, McGraw- Hill, New Delhi. 

2. Thomas G. Beckwith, Maragoni, Lienhard (2009), Mechanical Measurements, 6
th
 edition, Pearson 

Education, New Delhi. 
 

 
REFERENCE BOOKS: 

1. Sadhu Singh (2009), Experimental stress Analysis, 3
rd

 edition, Khanna Publications, New Delhi. 

2. L S Srinath (1984), Experimental Stress Analysis, 2
nd

 edition, Tata McGraw-Hill, New Delhi. 

3. Prasad (2011), Non- Destructive Test and Evaluation of Materials, 1
st
 edition, Tata McGraw-Hill, 

New Delhi. 

3. R. Halmshaw (1991), Non-Destructive Testing, 2
nd

 edition, Edward Arnold, New York 
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COMPUTATIONAL APPROACHES TO AEROSPACE VEHICLE DESIGN 

 (CORE ELECTIVE IV)  
 
M. Tech AE II Semester        L   T   P C 
Course Code: B17628        3    -    - 3 
 
 

UNIT-I: 
 
PRINCIPLES OF AEROSPACE DESIGN:  
Historical Perspective on aerospace design, Traditional manual approaches to design and design 
iteration, Design teams, Advances in modeling techniques, Tradeoffs in aerospace system design, 
Design automation, evolution and innovation, Design search and optimization, Take-up of computational 
methods, Design oriented Analysis: Geometry modeling and design parameterization, Computational 
mesh generalization, Analysis and design of coupled systems 
 

UNIT-II: 
 
ELEMENTS OF NUMERICAL OPTIMIZATION-I:  
Single variable optimizers- line search, Multi variable optimizers: Population versus single point methods, 
Gradient based methods, Noisy/Approximate function values, Non-gradient based algorithms, 
Termination and convergence aspects, Constrained optimization, Problem transformations, Lagrange 
multipliers, Feasible directions method, Penalty function methods, Combined Lagrangian and penalty 
function methods, Sequential quadratic programming, Chromosome repair 
 

UNIT-III: 
 
ELEMENTS OF NUMERICAL OPTIMIZATION-II:  
Meta models and Response surface methods: Global versus local meta models, Meta modeling tools, 
Simple RSM examples, Combined approaches-Hybrid searches and meta heuristics, Multi-objective 
optimization, Multi-objective weight assignment techniques, Methods for combining goal functions, fuzzy 
logic and physical programming, Pareto set algorithms  

SENSITIVITY ANALYSIS: 
 Finite-difference methods, Complex variable approach, Direct methods, Adjoint mehods, Semi-analytical 
methods, Automatic differentiation 

 
UNIT-IV: 
 
APPROXIMATION CONCEPTS:  
Local approximations, Multipoint approximations, Black-box modeling,Generalized linear models, Sparse 
approximations techniques, Gaussian process interpolation and regression, Data parallel modeling, 
Design of experiments, Surrogate modeling using variable fidelity models, Reduced basis methods 
Design Space Exploration-Surrogate Models: 
 Managing surrogate models in optimization: Trust regions, Space mapping approach, Surrogate assisted 
optimization using global models, Managing surrogate models in evolutionary algorithms 
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UNIT-V: 
 
DESIGN IN THE PRESNCE OF UNCERTAINTY: 
 Uncertainty modeling and representation, Uncertainty propagation, Taguchi methods, Welch-Sacks 
method, Design for six sigma, decision theoretic formulations, Reliability-based optimization, Robust 
design using information-gap theory, Evolutionary algorithms for robust design 
 

MULTI-DISCIPLINARY OPTIMIZATION: 
 Multi-disciplinary analysis, Fully integrated optimization, System decomposition and optimization, 
Simultaneous analysis and design, Distributed analysis optimization formulation, Collaborative 
optimization, Concurrent subspace optimization, Co-evolutionary architectures 
 
 
TEXT BOOK 
1. Computational Approaches for Aerospace Design-The Pursuit of Excellence, Andy J. Keane, 
    Prasanth B. Nair, John Wiley & Sons, 2005, ISBN 10:0-470-85540-1 
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AERO ELASTICITY 
 (CORE ELECTIVE IV)  

 
 

M. Tech AE II Semester        L   T   P C 
Course Code: B17629        3    -    - 3 
 
 

UNIT – I 
 
 
INTRODUCTION: Introduction to Aero elasticity COLLARS Triangle, Aerodynamics and interactions of 
Structural and Inertial forces Static and Dynamic Aero Elasticity Phenomena. Simple Two dimensional 
idealization of flow, String Theory, Fredholm Integral equations of Second Kind Exact Solutions for simple 
rectangular wings. 
 

UNIT – II 
 
 
ANLYTICAL METHODS: Formulations of Structural Dynamics Equation and Coupling effects for 
panels and plates, generalized coordinates, Lagrange‘s Equations of motion Hamilton‘s Principle 
Orthogonality conditions. Static Aero elastic Studies Divergences, control reversal, Aileron reversal 
speed, Aileron efficiency, lift distribution, Rigid and elastic wings. 

 

UNIT – III 
 
 
EXPERIMENTAL ANALYSIS: Non-dimensional Parameters, stiffness criteria, dynamic mass 
balancing, model experiments and dimensional similarity, flutter analysis. 

 
EQUATIONS OF AERO ELASTIC: Formulation of Aero elastic Equations for a Typical Section, Quasi 
Steady Aerodynamic derivatives, modal equations Galerkins method of analysis. 
 

UNIT – IV 
 
 
FLUTTER: Stability of motion of Continua Torsion flexure flutter, Solution of flutter determinant, method 
of determining the classical flutter speed, Flutter Prevention and control. 
 

UNIT – V 
 
 
AERO ELASTICITY APPLICATIONS: Application of Aero Elasticity in Engineering Problems, 
Galloping of transmission lines, flow induces vibrations of tall slender structures and suspension Budges. 
 
TEXT BOOKS:  
1. Dewey H. Hodges, G. Alvin Pierce (2011), Introduction to Structural Dynamics and Aero Elasticity, 

2
nd

 edition, Cambridge University Press, UK.  
2. Fung Y. C. (2008), An introduction to the Theory of Aero Elasticity, Dover Publications, USA. 
3. Jan R. Wright (2008), Introduction to Aircraft Aero Elasticity and Loads, John Wiley, USA. 

 
REFERENCE BOOKS:  
1. Raymond L. Bisplinghoff, Holt Ashely (2002), Principles of Aeroelasticity, Drovers Publications, 

USA. 
 
2. Adamu Yebi (2010), Vibration Analysis of Cracked Composite Aircraft Wing Modeled as Shell, VMD 

Verlag, New Delhi. 
3. E. H. Dwell (1995), A Modern Course in Aero elasticity, Springer Publishers, Germany. 
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PROPELLANT TECHNOLOGY 
(CORE ELECTIVE IV)  

 
M. Tech AE II Semester        L   T   P C 
Course Code: B17630        3    -    - 3 
 
 
 

UNIT – I 
 
 
LIQUID FUELS: Properties and tests for petroleum products, Motor gasoline, Aviation gasoline, Aviation 
turbine fuels, Requirements of aviation fuels of kerosene type and high flash point type, Requirements for 
fuel oils. 
 

UNIT - II 
 
SOLID PROPELLANTS - I: Single base propellants, Double base propellants, Composite propellants, 
CMBD propellants, Metallized composite propellants. Introduction to different fuels and oxidizers of 
composite propellants. Brief introduction to composite theory of composite and double base propellants. 

 

UNIT - III 
 
CRYOGENIC PROPELLANTS - I: Introduction to cryogenic propellants, Liquid hydrogen, liquid 
oxygen, liquid nitrogen and liquid nitrogen and liquid helium and their properties. 

 

THEORY: Behind the production of low temperature, Expansion engine, Cascade process, Joule 
Thompson effect, Magnetic effect, Ortho and para H2, Helium 4 and Helium 3. Ideal cycles and efficiency 
of cryo systems, Storing of cryogenic propellants, Cryogenic loading problems. 
 

UNIT - IV 
 
LIQUID PROPELLANTS - I: Various liquid propellants and their properties, Monopropellants and 
bipropellant system, concept of ullage, Ignition studies of liquid propellants. Propellant loading tolerances, 
inventory, Volume versus mass loading. Loading measurement and control, Outage control. 

 

UNIT - V 
 
PROPELLANT TESTING: Laboratory testing, Arc Image Furnace, Ignitability studies. Differential 
Thermal Analysis, Thermo-gravimetric analysis, Particle size measurement Micro-merograph, Strand 
burner tests impulse bomb, Performance estimation. 

 
TEXT BOOKS: 
1. Cornelissse J. W. (1980), Rocket Propulsion and Space Dynamics, Pitman Publishing, London. 

 
REFERENCE BOOKS:  
1. Shutton, G. P. (2010), Rocket Propulsion Elements, John Wiley / BSP Books, USA. 
2. Samir Sarkar (2009), Fuels and Combustion, 3

rd
 edition, Universities Press /CRC Press, New York. 

3. Mathur M, Sharma R. P. (2010), Gas Turbine and Jet and Rocket Propulsion, Standard Publishers, 
New Delhi. 
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AIRLINES OPERATIONS AND SCHEDULING  
(OPEN ELECTIVE II)  

 
M. Tech AE II Semester        L   T   P C 
Course Code: B17637        3    -    - 3 
 
 

AIM: 
The student shall be taught advanced and latest topics in airlines operations scheduling. 

OUTCOME: 
The student shall be able to trouble shoot operational issues in airlines operations. 

 
UNIT – I: 
 
NEWORK FLOWS AND INTEGER PROGRAMMING MODELS: 
 Complexity of airline planning, operations and dispatch - need for optimization – role of operations 
research and simulation. Networks, definitions, network flow models – shortest path problem, minimum 
cost flow problem, maximum flow problem, multi-commodity problem. Integer programming models – 
partitioning problems, travelling salesman problem – mathematical formulation – decision variables, 
objective function, constrains, methods of solution. Solution by simulation. 
 

UNIT – II: 
 
FLIGHT SCHEDULING:  
Significance of flight scheduling. The route system of the airlines – point-topoint flights, hub-and-spoke 
flights. Schedule construction- operational feasibility, economic viability. Route development and flight 
scheduling process – load factor and frequency – case study  
 

FLEET ASSIGNMENT:  
Purpose of fleet assignment. Fleet types, fleet diversity, fleet availability – performance measures, 
Formulation of the fleet assignment problem – decision variables, objective function, constraints, solution. 
Scenario analysis. Fleet assignment models. 
 

UNIT – III: 
 
AIRCRAFT ROUTING:  
Goal of aircraft routing –maintenance requirements, other constraints. Routing cycles, routing generators. 
Mathematical models of routing. Decision variables, objective functions – alternatives – constraints - flight 
coverage, aircraft available. Example problems and solutions 
 

CREW AND MANPOWER SCHEDULING :  

Crew scheduling process – significance. Development of crew pairing – pairing generators – 
mathematical formulation of crew pairing problem – methods of solution, Crew rostering – rostering 
practices – the crew rostering problem – formulation, solutions. Manpower scheduling, modeling, 
formulation of the problem, solutions 
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UNIT – IV: 
GATE ASSIGNMENT:  
Gate assignment – significance – the problem - levels of handling – passenger flow, distance matrix-
mathematical formulation, solution. 

AIRLINE IRREGULAR OERATION, DISRUPTION OF SCHEDULE AND RECOVERY : 
 The problem statement, the time band approximation model – formulation of the problem – the scenarios 
– solution. 
 

UNIT – V: 
 
COMPUTATIONAL COMPLEXITY, CASE STUDIES OF AIRLINE OPERATIONS AND SCHEDULING 
AND SIMULATION: Complexity theory, heuristic procedures. Case studies of airline operation and 
Scheduling – study through simulation modeling – use of available software. 
 
 
 
 
 
TEXT BOOKS 
1. Airline operations and Scheduling, Bazargan, M., Ashgate, 2004, ISBN 0-7546-3616-X. 
2. Operations Research in Airlines Industry, Yu, G.,Kluwer Academic Publishers, 1998. 
3. Network Flows – Theory, Algorithms and Applications, Ahuja, R. et al., Prentice Hall, 1993. 
REFERENCES 
1. Handbook of Optimization, Paradalos, P.M. and Resende, M.G.C., Oxford Univ. Press, New 
    York, 1993. 
2. www.airlinestechnology.net 
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INTRODUCTION TO AIRCRAFT INDUSTRY  
(OPEN ELECTIVE II)  

 
 
 

M. Tech AE II Semester        L   T   P C 
Course Code: B17638        3    -    - 3 
 
 
 
AIRCRAFT INDUSTRY OVERVIEW:  
 
Evolution and History of Flight, Types Of Aerospace Industry, Introduction to ages of engineering, 
Aerospace Manufacturing, Introduction to the space environment & human space exploration. 
 

UNIT – I 
 
 
INTRODUCTION TO AIRCRAFTS, DURATION: 
 
 Basic components of an Aircraft, Structural members, Aircraft Axis System, Aircraft Motions, Control 
surfaces and High lift Device. Types of Aircrafts: Lighter than Air/Heavier than Air Aircrafts Conventional 
Design Configurations based on Power Plant Location, Wing vertical location, intake location, Tail Unit 
Arrangements, Landing Gear Arrangements. Unconventional Configurations-Biplane, Variable Sweep, 
Canard Layout, Twin Boom Layouts, Span loaders, Blended Body Wing Layout, STOL and STOVL 
Aircraft, Stealth Aircraft. Advantages and disadvantages of these Configurations. 

 

UNIT – II 
 
 
INTRODUCTION TO AIRCRAFT SYSTEMS:  
Types of Aircraft Systems. Mechanical Systems. Electrical and Electronic Systems. Auxiliary systems. 
 
MECHANICAL SYSTEMS:  
Environmental control systems (ECS), Pneumatic systems, Hydraulic systems, Fuel systems, Landing 
gear systems, Engine Control Systems, Ice and rain protection systems, Cabin Pressurization and Air 
Conditioning Systems, Steering and Brakes Systems Auxiliary Power Unit. 
 
ELECTRICAL SYSTEMS: Avionics, Flight controls, Autopilot and Flight Management Systems, 
Navigation Systems, Communication, Information systems, Radar System. 
 

UNIT – III 
 
 
BASIC PRINCIPLES OF FLIGHT:  
Significance of speed of Sound, Air speed and Ground Speed, Properties of Atmosphere, Bernoulli‘s 
Equation, Forces on the airplane, Airflow over wing section, Pressure Distribution over a wing section, 
Generation of Lift, Drag, Pitching moments, Types of Drag, Lift curve, Drag Curve, Lift/Drag Ratio Curve, 
Factors affecting Lift and Drag, Center of Pressure and its effects. Aerofoil Nomenclature, Types of 
Aerofoil, Wing Section- Aerodynamic Center, Aspect Ratio, Effects of lift, Drag, speed, Air density on 
drag. 
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UNIT – IV 
  
BASICS OF FLIGHT MECHANICS:  
Mach Waves, Mach Angles, Sonic and Supersonic Flight and its effects. 
STABILITY AND CONTROL: Degree of Stability- Lateral, Longitudinal and Directional Stability and 
controls of Aircraft. Effects of Flaps and Slats on Lift Coefficients, Control Tabs, Stalling, Landing, Gliding 
Turning, Speed of Sound, Mach Numbers and Shock Waves. 
 

 

AIRCRAFT PERFORMANCE AND MANEUVERS: Power Curves, Maximum and minimum speeds 
of horizontal flight, Effects of Changes of Engine Power, Effects of Altitude on Power Curves, Forces 
acting on a Aeroplane during a Turn, Loads during a Turn, Correct and incorrect Angles of Bank, 
Aerobatics, Inverted Maneuvers, Maneuverability. 
 
 
 
 
 
 
 
TEXT BOOKS: 
1. Anderson J.D. (2012), Introduction to Flight, 7

th
 edition, McGraw Hill, New York. 

2. Anderson J.D.( 2011), Aircraft Performance and Design, Tata McGraw Hill Education Private 
Limited, New Delhi 

3. Shevell (2004), Fundamentals of Flight, 2
nd

 edition, Pearson Education Limited, New Delhi 
4. Allan Seabridge, Ian Moir (2008), Aircraft Systems: Mechanical, Electrical and Avionics 

Subsystems Integration, 3
rd

 edition, John Willey & Sons, New York. 
 
 

 
REFERENCES BOOKS: 
 
1. A.C. Kermode (2012), Mechanics of Flight, 12

th
 edition, Pearson Education Limited, New Delhi. 

2. Kermode, A.C. (1989), Flight without Formulae, 5
th
 edition, Pearson Education Limited, New Delhi. 

3. Raymer Daniel (2002), Aircraft Design: A Conceptual Approach, AIAA Publisher, USA. 
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CFD/CSA SOLUTIONS USING ANSYS 
 (LABORATORY- II)  

M. Tech AE II Semester        L   T   P C 
Course Code: B17619        -    -    4  2 
 
 

I .NUMERICAL SOLUTIONS FOR ANY ONE OF THE FOLLOWING 
1. Vortex Panel method 
2. Source Panel method 
3. Incompressible Coutte flow 
4. Supersonic flow over a flat plate 
5. Grid generation of aerofoil NACA 0012 
 

        II. SOFTWARE DEVELOPMENT FOR THE FOLLOWING USING FINITE ELEMENT  

             METHODS:  

 

1. Thin walled beams  

2. Plate bending  

3. Beams analysis  

4. Trusses analysis  

5. Thin shells analysis  
 

 
 
REFERENCES:  

 
1. Computational Fluid Mechanics And Heat Transfer, Second Edition, John C.Tannehill, 

DaleA.Anderson, Richard H.Pletcher, Taylor & Francis Publication, 1997.  

 

2. Computational Fluid Dynamics T.J.Chug, Cambridge University Press, 2002  

 

3. Engineering analysis with ANSYS software, Y. Nakasone, S.Yoshimoto, T.A. Stolarski, Elsevier 
Publication, 2006.  
 

4. Aircraft Structures for Engineering Students , Fourth Edition, T. H. G. Megson, Butterworth-
Heinemann, Elsevier Ltd, 2007  

 
 
 
 
 
 

 

 

 

 


