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Message from the Head of the 
Department 

 
 

It is heartening to note that the Aerospace 
Engineering Society is bringing out the journal 
encompassing the technical activities along 
with literary articles in the field of Aerospace 
Engineering. It is a worthwhile endeavour on 
part of the students. I may recall that in the 
previous years also, the students of this 
department took up such publications. 
However, it was not done as regular activities 
of the society. I strongly urge that the 
publication of an annual journal of the society 
may henceforth be continued in subsequent 
years as an important activity of the society. 
 
It is so nice to observe the all round talent and 
enthusiasm of the students as reflected in 
various articles of the journal. My heartiest 
congratulations to them all. Let this publication 
be a forum to express ideas of the students 
both technical and literary. 
 
 
 
 
 
 

  
 

 
 
 

 
Prof. P.K. Datta 

Head of the Department 
 
 

 
Prof. P.K. Datta has been awarded the Excellence 
in Aerospace Education Award 2005 by 
Aeronautical Society of India in recognition of his 
contribution in the field of Education, Consultancy 
and R&D projects. This was awarded during the 
General Meeting of Aeronautical Society of India 
held at Mumbai on 2nd December, 2005. 
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G. Sec Says 
 

 
 

“A journey of thousand miles starts with a single 
step”. 
So Wings is one such endeavour started by 
our team which I hope would scale pinnacles 
of success and popularity in coming future. I 
would like to express my gratitude towards the 
faculty members and students (specially the 
editorial team) whose sincere efforts made it 
possible for the magazine to see the light of 
the day. Initially we had problem in getting 
sufficient articles as volunteers were very few, 
so we had to convince people and even 
sometimes force them. But later on things 
turned out smoothly. I hope the situation would 
be better for subsequent issues with more 
enthusiastic participation.  
 
For the time being, the first issue is in your 
hands and I wish you all a very pleasant 
reading. Your valuable suggestions and 
comments are highly desired for further 
improvement.  
Let Wings fly high in the sky! 
 
 
 
 

  
 
 
 
 
 
 
 

Rohit Garhwal 
General Secretary, Aerospace Engineering Society 
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From the Editors’ Desk 
 
 

More than hundred years ago two bicycle makers, Wilbur and Orville Wright, passionate about flight, 
flew an aeroplane in ground-effect at Kittihawk, North Carolina, on 17th December, 1903. This was 
only eight years after Lord Kelvin had remarked "heavier-than-air flying machines are impossible". 
Like it or not, future is in the hands of engineers. Aerospace Engineering, in particular, has always 
been at the forefront of technology. The invention of the aeroplane at the beginning of the last century 
has effectively shrunk the planet and has vastly expanded human mobility, bringing immense social 
and economic benefits to mankind. A vast global aerospace industry has developed close on the 
heels of greater defence spending and space exploration. 
 
The Department of Aerospace Engineering at IIT Kharagpur is one among the few in the nation which 
pursues research in the exhilarating field of Aerospace. We sincerely hope that this magazine 
provides an open platform to bring forth new ideas and expose the budding engineers to the current 
trends and future prospects in this field. We also believe that a magazine of its nature has the 
potential to become the voice of the students and faculty to discuss problems, share their concerns 
and suggestions for the betterment of Aerospace Engineering Society and the department in general. 
 
While we are proud to present the first issue of Wings, we must underline the fact that this magazine 
wouldn’t exist had it not been for some very special people who helped us all along the way while we 
were in the process of giving it a preliminary shape. Jyotirmoy Dutta takes all the credit for 
painstakingly designing the artificial sky on the cover page. The back cover along with the trivia has 
been put together by Abhishek Halder, who by the way has also dedicated his scanner in the service 
of the department. Amartya Banerjee managed to spend few precious minutes with the editors to sum 
up the events in the department. GKC of course has donated the CrossWord. 
 
We take this opportunity to thank Prof. P.K. Datta for his constant encouragement and enthusiasm 
which he has infused in us right from the time of conception of this magazine to its materialization. 
Prof. Anup Ghosh very kindly agreed to pen down an article on the life and works of Late Prof. P.K. 
Sinha. We would also like to express our gratitude to Prof. M.K. Laha and Prof. S.C. Pradhan for 
contributing to this issue. 
 
Writing a technical article without using formulae is not easy, more so for an engineer. We have tried 
to keep this in mind while editing the magazine, yet not missing out on the crux of the matter. Errors 
however cannot be ruled out and we are not stubborn enough to claim that. Criticisms, suggestions, 
queries are welcome by the editors. 
 
Though Shakespeare’s Juliet asks “What’s in a name” , why name it Wings? Wings symbolize 
freedom; liberty to escape earthly bounds and explore new vistas in search of knowledge and 
wisdom. Who else can more suitably justify Wings than Shakespeare himself - “Knowledge is the wing 
wherewith we fly to heaven.” 
 
 
 
 
 
 

 
 
 

Abhishek Halder                   Aman Verma 
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Professor C.N. Lakshminarayana 
 

Manas Kumar Laha  
 
 
 
Let me tell you about one of the more remarkable teachers I met during the time I was a student of 
this Department. 
 
In those, more laid-back, times every Department gave a once-a-week one semester non-credit 
course, in the very first semester, to its first year students. It was meant to introduce them to the 
subject that was its specialty and was called, simply, "Orientation". It was scheduled for the first hour 
on Monday and that is how, at 8:00 a.m. on 15 July 1974, I met Professor C.N. Lakshminarayana for 
the first time. He was the Head of the Department at that time and he had decided to introduce us to 
aeronautical engineering himself. His appearance was not remarkable. But when he spoke, he 
commanded attention. His voice was clear, yet low and the slight Southern lilt softened what would 
otherwise have been a clipped accent. 
 
Until that time I hadn't the vaguest idea what aeronautical engineering really was. In that series of 
lectures Professor Lakshminarayana introduced us to aircraft: their history, their proliferation into the 
great variety we see today, the reason why they look the way they do, how they fly and how all that 
related to what we were going to study in the coming semesters. At the end of that first semester we 
felt ourselves fairly well "oriented" towards the coming nine (B.Tech then was a five-year course). 
 
Several semesters were to pass before I found myself in Professor Lakshminarayana's class once 
more. But in the meanwhile I would meet him a few times every semester. One such occasion used to 
be at the beginning of a new semester, when we wanted to learn our marks for the semester just 
finished. In those days the semester-wise performance of students used to be recorded on large 
sheets of paper and these "tabulation sheets" were in the custody of the Head of the Department. As 
he read out the marks, Professor Lakshminarayana would chide, encourage and occasionally 
congratulate us on our performance. The other times when I saw him were at the introduction and 
farewell functions for students. He would be there with his wife and sometimes also his youngest son. 
He succeeded in making interesting even the customary speech that teachers are asked to deliver on 
such occasions and we waited to hear him speak. 
 
In the eighth semester I took Professor Lakshminarayana's course on vibrations. While it was a 
compulsory subject for us, many final year students of Mechanical engineering took it as an elective 
and the class was, by our standards, quite large. Most of the Mechanical engineering students had by 
then got jobs; many had got two and some even three. Naturally, they were not very keen on studies 
at that point. I watched how Professor Lakshminarayana used his acid humour and sharp tongue to 
ensure the attendance and attention of those students! (Today, I often wish I had those gifts.) In that 
class I learnt how to determine matrix eigenvalues by iteration, and to this day that is the only method 
I know of determining the eigenvalues of large matrices. 
 
From the fourth year onwards we had an examination viva voce at the end of each semester. 
Professor Lakshminarayana was present throughout each examination and thoroughly grilled every 
one of us. To answer his questions was a challenge and great was our satisfaction when we correctly 
answered some of them. 
 
I was witness to the greatest teaching feat of my life when I took Professor Lakshminarayana's course 
on the theory of elasticity in the first year of M.Tech. He taught us once a week, on Mondays, from 8 
until 11 a.m. lecturing continuously for the three hours without a break. He would begin slowly and 
then, as he warmed up, would start pacing the length of the blackboard to and fro, occasionally 
throwing up his arms to emphasize a point. In each such class he walked perhaps a kilometer or more 
and, of course, talked continuously. Yet, at the end of it, not a hair on his head was out of place, not a 
drop of sweat shone on his brow. And he was close to sixty then! We, in our early twenties, could not  
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match him in energy or stamina and would occasionally doze off until a small piece of chalk hit us in 
the face, to the accompaniment of a mischievous "Wake up!". 
 
Professor Lakshminarayana, who was on terms of friendship with the legendary Stephen 
Timoshenko, was an authority on the subject of elasticity and plasticity. Once a point of contention 
arose in our class on the strength of materials (a subject better known these days as the mechanics of 
deformable bodies), which we read in our second year. We students and our teacher discussed and 
debated long but no consensus emerged. Then the teacher had an inspiration. "Let's ask the old 
man", he said, in as many words. We all trooped out of the classroom and gathered outside Professor 
Lakshminarayana's office. Our teacher walked in, put his question, go the answer and walked out, all 
in less than a minute. He then relayed to us what the "old man" had said. And that was that! 
 
Professor Lakshminarayana was a great teacher and I was fortunate to have been one of his 
students. Sadly, he passed away a few years ago. May his soul rest in peace. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
Prof. M.K. Laha is an Associate Professor in the 
Department of Aerospace Engineering. His research 
areas include Aerodynamics, Control and Guidance. 
He may be reached at  mlaha@aero.iitkgp.ernet.in.  
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PIV Studies of Localized Disturbance in Laminar Boundary Layer 
 

A. S. Banerjee a, A. C. Mandal b and J. Dey c
 

 

a Undergraduate student, Department of Aerospace Engineering, IIT Kharagpur 
b Master of Science student, Department of Aerospace Engineering, IISc Bangalore 

c Associate Professor, Department of Aerospace Engineering, IISc Bangalore 
 
 
 
ABSTRACT 
 

Experimental studies have been made on the spatial evolution of a localized disturbance introduced into the 
laminar boundary layer of a flat plate using the method of Particle Image Velocimetry (PIV). PIV data were 
acquired in the span wise plane at three different stream wise locations and at three different heights from the 
wall. The studies show the presence of high speed and low speed streaks which increase in number downstream. 
Further downstream the disturbances were observed to either die down or make the boundary layer turbulent.  

 
 
1. INTRODUCTION 
 

Hot wire studies have been carried out by Gaster and Grant [1] on the evolution of small amplitude disturbances 
in a laminar boundary layer from which growing wave packets were obtained. Larger initial disturbances 
leading to the formation of incipient spots were carried out by Amini and Lespinard [2]. These incipient spots 
are of low amplitude near the wall and high fluctuations away from the wall. Breuer and Landahl [3] have 
carried out numerical studies on the evolution of strong localized disturbances in a laminar boundary layer. 
Wygnanski et al [4] have studied turbulent spots in zero pressure gradient flows.   
The method of flow study using PIV is advantageous in the sense that it is non intrusive and at the same time it 
can capture the instantaneous flow field with high spatial resolution. Schröder and Kompenhans [5] have used 
Multi Plane Stereo PIV for studying turbulence spots. Using PIV we have studied the evolution of localized 
disturbances introduced in a constant pressure laminar boundary layer. The amplitude of the disturbances was 
such that it was stronger than those causing the development of wave packets but weaker than those directly 
resulting in the formation of turbulence spots. The usage of PIV allowed us to capture the instantaneous flow 
features that were present at each of the nine stations where the PIV data were acquired. Hot wire measurements 
were made for calculating the boundary layer thickness, span wise extent of the propagating disturbance, etc.  

 
 
2. EXPERIMENTAL SETUP AND PROCEDURE 
 

The experiments were carried out in the Low Speed Wind Tunnel available at Department of Aerospace 
Engineering, IISc. The details of the tunnel can be found in [6] and [7]. The description of the Hot-wire and PIV 
systems used can be found in [7]. A loud speaker driven disturbance was introduced into the flat plate boundary 
layer in the form of a puff through a circular hole of 1 mm diameter located at x0 = 28.5 cm from the leading 
edge of the flat plate. A pulse generator was employed for generating the periodic pulses that were fed into the 
speaker. A 5 volt TTL pulse from the pulse generator was fed into the PIV trigger unit. The usual Cartesian 
frame of reference was chosen with x, y and z as the stream wise, normal and span wise coordinates 
respectively. The quantity xt = x – x0 is defined for convenience. The spatial evolution of the disturbance was 
measured at xt = 17 cm, 44 cm and 74 cm respectively. The measurements were made at constant pressure and 
the free stream velocity was U0 = 4 m/s. Hot-wire measurements showed the mean flow to be Blasius, as shown 
in Fig 1. Puffs were fed into the boundary layer at the rate of 1 Hz. The pulse width was deliberately kept low so 
that suction effects of the speaker could be ignored. It was observed that for small amplitudes of the input pulse, 
all the input disturbances were dying downstream. Thus the amplitude of the input pulse was chosen in such a 
manner that not all of the input disturbances would die downstream. Using hot wire, the span wise angular 
extent of the disturbance was measured. Also, hot wire data were acquired in the x-y plane at various wall 
normal locations. From these data, the time delay ∆t between the issue of the puff at the hole and the subsequent 
arrival of the disturbance at the measurement location were calculated. 
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The span wise evolution of the disturbance was measured using PIV with a visualization window of 47 mm x 32 
mm. The span wise (x-z plane) data were acquired at xt = 17 cm, 44 cm and 74 cm; near the edge of the 
boundary layer, close to the flat plate and at y = 0.5 δ; δ being the boundary layer thickness corresponding to 
0.99U0. In order to ensure that the disturbance is captured, the PIV was phase locked using the values of ∆t 
measured earlier from hot wire data. Thus a delay of ∆t was maintained between the arrival of the TTL pulse to 
the PIV trigger unit (which corresponds to the issuing of the puff at the hole) and the firing of the laser and 
camera (which corresponds to the passing of the mid point of the disturbance through the mid point of the PIV 
visualization window).  

 
 

3. RESULTS 
 
The hot wire signals obtained were averaged over 25 ensembles to get rid of noise. It is observed that close to 
the wall, the stream wise fluctuating velocity component u′ was positive and the amplitude of u′ increased away 
from the wall. Fig 2 shows the ensemble average of u′ signals at the three xt locations. The span wise angular 
extent of the disturbance was confirmed to be about 12 degrees. Both these results are consistent with the 
findings of Amini and Lespinard [2].  
The PIV data shows the disturbance to propagate in a highly evolutionary manner. It is seen that the mean 
stream wise velocity u, has a waviness of fixed span wise wavelength and this wavelength increases further 
downstream as shown in Fig 3. The mean flow is seen to become more uniform in the downstream direction. It 
is also seen that the flow features and variety of structures are present most prominently at y/δ = 0.5. A general 
inspection of the velocity plots obtained from the PIV data shows the presence of very well defined streak like 
structures with alternating high and low velocities. The number of streaks is seen to increase downstream at xt = 
44 cm. However, at xt = 74 cm, the streaks are either seen to get damped out or, more frequently, to make the 
flow locally turbulent. The variation of u′rms in the span wise direction is shown in Fig 4. These data have been 
taken at y/δ = 0.5. The figure clearly illustrates the presence of a wavy structure which travels downstream in a 
dissipative fashion. Thus, while the local maxima and minima of the plot are seen to get dampened out, the 
envelope of the plot (and hence the corresponding span wise extent of the disturbance) is seen to increase. To 
confirm the presence of streaks, spatial correlation studies were carried out. Fig 5 shows the two point spatial 
correlation at xt = 17 cm and 44 cm. The finding that alternate high and low speed structures are present is 
clearly demonstrated. Further, as stated earlier, the number of streaks is confirmed to be increasing downstream. 
Proper Orthogonal Decomposition (POD) using the method of snapshots has been carried out to the PIV data to 
extract the dominant flow features. Fig 6 shows the plots of the first POD mode for the vorticity at xt = 17 cm 
and 44 cm. The vorticity POD analysis shows the presence of alternate positive and negative streaks of vorticity. 
This perhaps may be taken as an indication of the presence of span wise vorticity structures in the flow; much 
alike hairpin eddies.    
A special mention must be made of some of the observations we made from the PIV data obtained at xt = 74 cm. 
The POD analysis as well as the instantaneous velocity plots of the data obtained from this station seems to 
suggest a path by which the flow is becoming locally turbulent here. It appears that some of the high and low 
speed streaks are breaking down and forming local patches of velocities randomly. Other streaks seem to form 
span wise secondary streaks and then join up with each other. However, it is somewhat unclear to us at this 
moment why sometimes the streaks are getting damped at this location while at most other times they are 
making the flow locally turbulent.  
 
 

4. FURTHER STUDIES 
 
We propose to carry out further studies in this area in the following directions:  

1. PIV studies in the wall normal plane (x - y plane) 
2. Investigation of the possible cause of the damping of some streaks far downstream (for e.g. at xt = 74 

cm) and streak induced flow breakdown for others. One possible cause may be that some of the 
disturbances are getting coupled with other local disturbances and hence getting amplified while the 
others are dying down due to the absence of such coupling. Coupling of the disturbance with TS waves 
which has been reported by Bakchinov et al [8] is also a possibility.   
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6. FIGURES 

 

Fig 1: Confirmation of Blasius Profile 
at xt = 17 cm, 44 cm and 74 cm.

 

 

Fig 2: Ensemble average of u′ signals at 
xt = 17 cm, 44 cm and 74 cm. The value 
of y/ δ is such that the peak value of the 
signal is obtained for each xt .25 
ensembles have been taken in each case.

 
 
 

 

Fig 3:  Variation of mean stream wise 
velocity u at xt = 17 cm and 44 cm 
respectively. For each xt , the value of  
y/δ = 0.5 
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Fig 4: Variation of u′rms in the span wise 
direction at xt = 17 cm, 44 cm and 74 
cm. For each xt , the value of  y/δ = 0.5 

 
 

  

Fig 5: Contours of the two point spatial 
correlation Ruu. The middle of the 
figures correspond to xt = 17 cm and 44 
cm respectively. The value of y/δ = 0.5 
for each xt.. Dotted lines indicate 
negative values. 

 
 

 

Fig 6: Gray scale images of the first 
POD mode for vorticity. The middle of 
the figures correspond to xt = 17 cm and 
44 cm respectively. The value of y/δ = 
0.5 for each xt. Dark areas indicate 
negative values while brighter areas 
indicate positive values.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Amartya Sankar Banerjee is a 3rd year B.Tech(H) 
student of the Department of Aerospace Engineering. 
The above work was done at IISc, Bangalore during 
Summer 2005. If you haven’t yet found him busy with 
his “holistic” computer, handkerchiefs and 
Aerodynamics, then contact him at 
asb_iitkgp@yahoo.com. 
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A Day of Recapitulation 
 

Shaun Saxton 
 
 
 

DATE: Sometime during the End Semester exams of Spring Sem 2004-05. 
TIME: Around 11:30 a.m. 
PLACE: Nescafe Stall, near CSE department, I.I.T. KGP campus. 
 
Three 2nd year students from the department of Aerospace Engineering, Mac Honey, Shaggy Genet 
and me, Shaun Saxton were sitting around a round table having their coffee and patties. Their End 
Sem Exams were on and it was a break of three days between two papers that they took as the 
opportunity to finish some pending work. All three had got a summer training finalized in Bangalore 
and were quiet excited about the prospects of spending their summer at Bangalore. 
 
Mac: So, finally we have done it. 
Shaggy: Yes, finally! 
Mac: I am sure Prof. NS would have been wondering why we are putting them in his locker though he 
himself is standing right behind us with his keys? 
Shaun: I am sure he must have understood it by now. 
 
Well, they were referring to an Aerodynamics assignment whose last date of submission had passed 
a week before. It was a graphical output of a program, which has to be a specific curve. Shaun, after 
spending around six hours in the lab could only manage to get a mirror image of that curve, that too 
with a peak at the end. But remaining manipulations were simple (especially when it was just the 
output that was to be submitted). The other two fellows simply took the Xerox of the output. 
 
Shaggy: Man! I don’t have any notes of Low Speed Aerodynamics! 
Shaun: Nor do I, though I attended all the classes. 
Mac: From when have you started attending classes? 
Shaun: Ever since I hit that glorious figure of 7 in the 3rd sem. 
Shaggy: Then why don’t you have the notes? 
Shaun: Because I slept through the classes. 
Mac: Yes, I remember when Prof. Laha sent you out of the class for sleeping in the first row. 
Shaun: Yes, ever since then I stopped sitting in the first row. 
Shaggy: Good!!! 
Mac: Shaun, what were you and Arnold fussing about during the propulsion paper? 
Shaun: Oh there! Actually, Arnold wanted an answer from me, but in panic he was trying to push his 
answer sheet on to my desk from behind his chair. And I was trying to make the fellow realize that if 
he wants an answer from me he should take my answer sheet and not give his answer sheet to me. I 
can’t write the answer on his answer sheet for him. And in the process the poor chap got his answer 
sheet torn. 
Mac: Great!! 
Shaun: Have you submitted the Lab record for Aero-D? 
Shaggy: Yes, but only after procrastinating it by a week. 
Mac: I love Aero-D lab! 
Shaggy: Yes, it never went over an hour! And there were hardly one or two experiments that were 
completed satisfactorily. In the very first experiment I found that my free stream velocity was coming 
out to be an imaginary number. 
Mac: The only successful experiment that was done in that lab was the farewell. 
Shaggy: Do you know what happened this time before farewell? 
Mac: What? 
Shaggy: Everything was finalized, all orders of dinner were placed and Carlos(contractor for dinner) 
had even started the preparations. Then our G-Sec went to invite the HOD, Prof. G. Bandyopadhyay,  

 7



Wings 2005-2006

 
 
but he refused saying that he was not previously informed so he will not be able to turn up on such a 
short notice, very logical I suppose. G-Sec should have sent him an invitation much in advance. But 
now how to stop preparations, it has to be some very solid reason to stop the preparations at the 11th 
hour. So what our G-Sec did was that he told Carlos that one of our Prof. has died and so we cannot 
have the farewell today. 
Shaun: Really!!! 
Shaggy: Yes, and still more Prof. GB reconsidered his decision and then called up the GSec to tell 
him that he will come to the dinner that night so he should go on with farewell. Poor G-sec had a 
horrid time that day. 
 
(A small pause as they helped themselves on the patties.) 
 
Mac: Hey, Shaggy. You said there is a girl who is coming with us to Bangalore? 
Shaun: Yes, its Magica, from Agriculture dept. 
Mac: Why doesn’t our department have any girls? 
Shaun: I had been wondering about it for past two years now! I opted for aerospace expecting that 
after Kalpana Chawala had risen to such unfortunate but high fame, few girls will be motivated to take 
up Aerospace Engineering………but here I find myself in the most barren land!! 
Mac: But we have a girl in 4th year? 
Shaun: Who? Yusuf Bhai? Now who will desecrate to call her “a girl”? She alone has more machismo 
than all boys of her batch put together. As it is, she will be passing out this year. But then there is one 
in the first year. 
Mac (with a cunning smile): Lets hope she doesn’t get a dep-c. 
Shaggy: How has been the placement this year? 
Shaun: Quiet decent. Every body got placed but we have a dearth of core jobs in the department. 
Only two students managed to get a core jobs, one of them actually went abroad for higher studies, 
and rest took up software jobs. 
Shaggy: Hmmm…….. 
Shaun (rising and picking up his bag): Come on mates! We have an Aero-D end semester exam 
tomorrow and we need to get the notes Xeroxed from GKC. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Disclaimer 
 
All characters of this article are non-imaginary. 
Disclaimers are encouraged to take legal action 
against the author. All disputes are subject to the 
jurisdiction of Editors only.  
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Spaceflight Revolution 
 

P. K. Datta 
 
 

 
A transformation of spaceflight is poised on the edge of liftoff. Within perhaps 15 years, the cost of 
sending people into orbit could well decrease a thousand-fold. This would, in turn, greatly reduce the 
cost of space science and exploration, Space tourism would become a major industry. This 
spaceflight revolution would cost far less than present government space plans and is being led by 
small companies. These opening statements may seem too good to be true, but are based on robust 
private sector initiatives. The background analysis is described in more detail in Spaceflight 
Revolution[1].  

 
The development of space plane 
is based on the principle of a 2- 
Tier system. In this system, the 
space orbitor is carried on board a 
mother career (figure 1). The idea 
is that the career aeroplane with 
the spaceship on board lifts to a 
height of 15 Km and then release 
the spaceship. Spaceship then 
uses its  rocket  motor  to  pull into 
a steep climb and to zoom up to 
the lower edge of space. Carrying 
a pilot and two passengers, it 
reaches a maximum height of 
some 100 km, which is about 10 
times higher than the cruising 
height of a jet airliner. Gravity then 
pulls Space Ship down towards 

earth and it lands back at the airfield that it took off from, some 30 minutes after being released from 
career airplane. Passengers will feel weightless for about two minutes, will see an area several 
hundred kilometers across at one time, and will see the sky turn dark with bright stars even in day 
time. Several companies are currently working on the developments of space plane. Flight testing is 
now under way. It is estimated that the cost per flight will come under $80,000. With further 
development towards a mature system capable of several flights per day, the cost per flight should 
approach that of two business jets of comparable size. The passenger fare would then be less than 
$5,000. Achieving such maturity would take time and money, but is clearly possible. Preliminary 
estimates indicate that the cost of development up to the stage of early flights to space should be in 
the region of $20-$30 million, and that the cost of certification for commercial passenger carrying 
would be approximately $100-$300 million. SpaceShip is sub-orbital in that it will achieve enough 
height to reach space, but not enough speed to remain in orbit. Satellite speed is some six times 
greater than the maximum speed of SpaceShip and an orbital spaceplane will cost of the order of 10 
times more to develop than a sub-orbital one with comparable payload.  

Figure 1 : The White Knight turbojet aircraft flying over the Mojave desert 
with SpaceShipOne attached to its underbelly 

 
Another example of the spaceship is a fully reusable orbital spaceplane designed to provide safe and 
economical transportation to and from space stations. It was the subject of an ESA-funded feasibility 
study in 1993/4. The study concluded that Spacecab did not need major new technology, that 
development cost would be around $2 billion, and that the cost per flight would be some $10 million 
on early flights. When the system had matured, with long-Iife rocket motors and other equipment, the 
cost would be reduced to less than $1 million. This study was broadly endorsed by an independent 
review carried out by the British National Space Centre. In contrast with these fully reusable designs, 
NASA is proposing an Orbital Space Plane (OSP), which is a manned spacecraft launched by an 
expendable vehicle. The launcher is likely to be based on the latest version of Atlas or Delta, both of  
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which derive from ballistic missiles. OSP is designed to carry crews to and from the International 
Space Station. How is it possible to achieve such a clearly superior product for a far lower 
development cost? The explanation for this apparent paradox is that spaceplanes can cost less to 
develop than spacecraft launched by expendable vehicles precisely because they are so much safer 
and less expensive to fly. Expendable launchers are inherently unsafe for several reasons. The high 
cost per flight, which is more than the cost of a new vehicle, precludes a progressive flight test 
programme like that of an aeroplane. Pre-delivery test flight are not possible, and the economics of 
expendability lead to low design margins and little system redundancy. As a result, it is simply not 
practicable to make a large and complex single-shot vehicle anything like as safe as a fully reusable 
one. Manned spaceflight therefore has a poor safety record to date: one fatal accident per 
(approximately) 100 flights, compared with one per 10,000 during the flight-testing of new airlines and 
one per I ,000,000 for passenger-carrying flights. The Space Shuttle is an example of the high cost of 
expendability leading to very few flights. It uses large throwaway components (the External Tank) and 
recyclable components (the Solid Rocket Boosters) and is much more like a manned spacecraft 
launched by an enlarged ballistic missile than it is like an aeroplane. After a mere five low-speed 
gliding flights, the first powered flight of the Shuttle went all the way to orbit. Such a leap into the 
unknown would be unthinkable with a new aeroplane. Concorde, for example, made 69 flights before 
reaching even supersonic speed, and made more than 2,000 test flights before being allowed to carry 
passengers. The Shuttle made some 100 flights in its first twenty years of service, an average of just 
five per year .  
 
With a spaceplane, there are no expendable components, and the marginal cost per flight is little 
more than that of crew, fuel and maintenance. An incremental flight test programme, like that of an 
aeroplane, can therefore be afforded. With a spaceplane, an operational prototype can be built in an 
experimental workshop, which costs about 10 times less than developing a fully certificated design. 
Such cost saving is not possible with projects that use expendable launchers, like asp, because of the 
inherently high risk. As explained earlier, it may take $300 million to certify SpaceShip for passenger 
carrying. But this is still less than the cost of a single Space Shuttle flight and is approximately equal 
to NASA's budget for one week. This point is worth repeating: A certificated passenger-carrying 
spaceplane, albeit sub-orbital, can be developed for less than the cost of a single Shuttle flight. The X-
34 experimental spaceship is perhaps more relevant to a fully orbital vehicle than Spaceship 
described earlier, and was also built i
NASA as a test-bed for the 
technologies required for a reusable  
launch   vehicle. The X-34 was 
designed to reach about one third 
satellite speed on a sub-orbital 
flight. A simple thought experiment 
shows how a fully reusable orbital 
vehicle based on X-34 technology 
could be developed at low cost. 
Imagine an X-34 scaled up to have 
about 10 times the original weight 
and designed for use as a high 
speed carrier aeroplane. Imagine 
the X-34 itself with a more advanced 
engine and larger propellant tanks, 
and air launched from the new 
carrier aeroplane. The new upper 
stage would be able to reach orbit, 
and  the  resulting vehicle would be  
similar  to  orbital  spaceship. 
Prototypes    of    either   this  Orbital 

n an experimental workshop. This project was funded largely by 

 

X-34  or  Spacecab  could  be built in  
almost five years, given priority. They would be used for launching small satellites, servicing large 
satellites, and supplying space stations. Their most important use in the near term would be providing 
safe and economical transport to and from the beleaguered International Space Station. Given the 
obvious benefits of full reusability and the potential for low development cost, why is NASA insisting  

Figure 2 : Conceptual design of X-34 attached to  Boeing-747 carrier 
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on an expendable launcher for OSP? A related question is why, if spaceplanes are so straightforward 
to develop, were they not developed years ago? The answers to both these question can be found in 
the history of US launch vehicle development. The modern US space programme started after World 
War II with captured German V -2 ballistic missiles. These were developed into progressively bigger 
and better ballistic missiles, further developments of which are still used to launch satellites. 
 
Due to the intense pressures of the Cold War, modified ballistic missiles sent the first men to space 
and enlarged developments were used for the race to the moon. By the time of the first lunar landing 
in 1969, the technology was well in place for a fully reusable launcher. The X-15 research aeroplane 
had demonstrated much of the required engineering by flying to space height on sub-orbital 
trajectories. During the 1960s, most large aircraft companies had design teams studying spaceplanes, 
leading to a consensus that they were the obvious next major development and that they were just 
about feasible using the technology of that period. The original design of the Space Shuttle, intended 
to replace the mighty Saturn and other expendable launchers, was indeed for it to be fully reusable. 
However, it was far larger than most of the 1960s projects and therefore had a very high development 
cost. The X-15 last flew in 1968 and remains the only fully reusable vehicle to have flown to space. 
The International Space Station continues this saga of high cost almost for its own sake. Its through-
life cost will be some $100 billion, while it can readily be shown that better science could be achieved 
for about 10% of this money by building several small space stations and spaceplane to transport 
crew, space parts, and consumables. What, then, will it take to persuade governments to change tack 
and back the development of low-cost spaceplanes? It will probably take the successful flight to space 
of a sub-orbital spaceplane to persuade a critical mass of people that the spaceflight revolution can 
and should begin soon. Progress thereafter is likely to be rapid. After test flights demonstrate 
adequate safety, production developments of sub-orbital spaceplanes would be used for carrying 
passengers on brief space experience flights, which is probably the biggest market for such vehicles. 
This would create a virtuous spiral of lower cost, higher traffic levels, maturing technology, and even 
lower costs. This growing maturity would transfer naturally to fully orbital spaceplanes. Within perhaps 
10 years of the prototype first flight, a mature orbital spaceplane could achieve a cost per seat to 
obtain around $20,000, which is about 1,000 times less than the present cost of sending people to 
space. Many middle-income people would be prepared to pay this for the trip of a lifetime. Low-cost 
spaceplanes will then lead to a new golden age of space science. Within a few decades, there will be 
affordable bases on the Moon and Mars, and unmanned visits to most of the rest of the Solar System. 
Manned and unmanned space-based observatories will become as affordable as bases in Antarctica, 
and will be able to use vastly larger, and therefore more sensitive, instruments.  
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Flapping wing : Nature’s Own Choice 
 

Abhishek Halder      
 
 
 
Let’s start with a statistics. Over one million species of insects fly with flapping wings and  10,000 
types of birds and bats flap their wings for locomotion.[1] Indeed, nature has predominantly selected 
flapping-wing as its favorite flight-mechanism. However, whether this choice is one of organic 
constraints or one of optimal performance is an unsettled matter. Nevertheless, the fact that birds, 
bats, insects and many sea-creatures utilize this mechanism with great success, at least merits a 
thorough scientific investigation. This, of course, is an academic argument to pursue the topic which, 
until recently, has chiefly relegated. But this branch of study revived greatly when DARPA (Defense 
Advance Research Project Agency, US Department of Defense [DOD])opted for flapping wing Micro 
Aerial Vehicles(MAVs) in 1997.[2] 
 
But what is so special about flapping-wing MAV(also called ‘entomopter’)compared to its fixed-wing or 
rotary-wing counterpart? The answer is superior maneuverability which aids (a)obstacle 
avoidance(particularly in urban environment) and (b)effective navigation in small spaces(e.g. search 
and rescue operation in debris). The development was accelerated by advances in several micro-
technologies like MEMS, CCD cameras and tiny infrared sensors resulting low detectability, low noise 
and real-time data acquisition. 
 
Biofluiddynamicists  have attempted to explain the underlying physics of flapping wing flight both in 
the quasi-steady limit and in the fully unsteady regime. Quasi-steady flow is only applicable to large 
birds(like eagles) which soar and glide. When soaring, the wings are fixed and rigid, hence acting like 
those of conventional aircrafts. For these fliers, flapping is restricted to limited operations, such as 
take-off, landing and stabilization. For other birds and insects unsteady flow results. Empirical 
correlation[3] predict the break between quasi-steady and unsteady flight at approximately 15 cm 
wingspan. Interestingly 15 cm wingspan is also the arbitrary design limit set for MAVs[2]. In fact many 
performance requirements of MAV(like high maneuverability, very low speed flight capability, high 
power etc.) are inspired by the flight of small birds and insects. Thus it is imperative that any MAV 
design must account for similar sized biological fliers; one where the flow field is unsteady, laminar, 
incompressible and occurs at low Reynolds number.(104< Re<105) 
 
In spite of such specialized approach, the complexity of mechanism is so high that it often 
extinguishes the boundaries between aerodynamics, structural analysis and control. For example, 
bats can control their wing surface by changing the degree of tension in their wing membrane, thereby 
effectively changing the wing-camber due to the passive aeroelastic response of the membrane to the 
aerodynamic loading. Thus wing stiffness distribution plays an important role for resultant force 
generation and control.[4] 
 
However, researches of both 
theoretical and experimental nature 
tell that there are three most important 
aerodynamic features involved in 
flapping-wing mechanism: 
 

• ”clap” and “fling” 
• rotational lift and wake vortex 
• unsteady leading edge vortex 
 

Based on these analysis one can 
predict the phase averaged lift and 
vortices as shown in the next page: 
                                                                      Figure 1 : Hovering flight comparison (Credit : Nicolle Rager Fuller)
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         Figure 2 : Phase averaged lift         Figure 3 : Vortex generation due to rotation [5] 
          during one flapping cycle [5] 
 
 
What awaits still: 
 

• more research on aeroelastic flexible wing-vortex interaction 
• advanced CFD model using full Navier-Stokes equation coupled with FEM to obtain 

instantaneous and time-averaged lift and thrust forces 
• new control algorithms for nonlinear system 
• light-weight high-power propulsion fulfilling severe space constraint 
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Indian Air Force – Beyond the Horizon 
        

Aman Verma 
 
 

 
The Indian Air Force was born Royal Indian Air Force (RIAF) on 1 April, 1932 when No. 1 Squadron 
was raised at Karachi. The first operational formation of the RIAF was designated as an ‘Army 
Cooperation’ squadron. This was entirely in line with what has been a preoccupation of the Indian 
Armed Forces – maintaining internal order, right from the initial days of the British East India 
Company’s rule till date. No wonder then that in any event the bulk of the air force (Royal Air Force – 
RAF) in India since the 1920’s was deployed in the North-Western Frontier Province (NWFP), with the 
specific role of ‘air control’ of the tribesmen, also to provide air support to the army’s ground columns 
engaged in similar tasks. 
 
We ask ourselves; to what do we attribute such a strategic mindset of the political-military 
establishment? How can such a mindset evolve to suit our country’s strategic interests in the future as 
India marches towards being a world power from the regional “big brother” that it is? Answering these 
questions requires an examination of civilizational factors — cultural, political, and historical 
influences. When features of its culture and geo-political scenario are taken into account, the internal 
logic of India’s approach to air power becomes clear. 
 
India is routinely described as a peace-loving nation. Yet, it is a troubled state and herein lies a cruel 
paradox. The Indian state, since independence, has been prone to internal violence, be it the 
Naxalites, unrest in the North-Eastern states, the issue of J&K or even yet unfulfilled periodical 
demands of statehood from Telangana, Vidarbha, Bundelkhand, Kamatapur and so many other 
administratively neglected regions. The principal security challenge to India has historically been and 
remains the imposition and maintenance of internal order. That had been a thorn in the sides of rulers 
like Chandragupta Maurya, or even the Mughals and later the British. This is very well elicited by the 
fact that in the famous treatise Arthasastra of Kautilya there is an obsession with ‘spies, secrets and 
treachery’. As a result India’s strategic culture got internalized, remained fixated upon curbing within 
rather than combating the external. Obviously all wings of our armed forces developed under the 
shadow of such a strategic culture and the Indian Air Force is no different as it emerges as a tactical 
and support force. 
 
To all intents and purposes, the IAF acquired capabilities beyond the 
limited scope of support role. Yet, despite a clear combat edge, the 
fighter component of the air force was not used during the Sino-Indian 
conflict of 1962. Having made a forceful beginning during the J&K 
operations in 1947-48, decision-makers have pussyfooted in their 
approach to the use of air power. The restraint of 1962 apparently set 
the trend. According to a few observers, this trend hasn’t changed 
significantly as was evident during Operation Safed Sagar (The IAF’s 
operation during the Kargil intrusions in 1999) when the IAF wasn’t 
allowed to cross the LoC in lieu of diplomatic gains by not having 
escalated tensions. 
  
Technological advances have steadily been changing the trends and the very nature of waging war. 
Increased mobility, enhanced reach and accuracy of firepower, and the vastly improved 
communication systems have contributed to enlarged areas of influence. A future battlefield will not 
have the time-honoured rigid form-front, flanks, and rear. Interoperability of systems is promoting all-
arms concepts and a high degree of interservice cooperation. In short, the impact of technology 
demands innovative operational concepts to fight a high-tech knowledge-based war. 
 
In April 2005, Indian Air Force (IAF) Air Chief Marshall S. P. Tyagi announced that the IAF's platform 
capability will be further augmented by net-centric warfare, secure communication, electronic warfare  
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and an aerospace command to implement the air force's evolving joint warfighting doctrine. Largely 
with Israeli help, the IAF plans to exploit the proposed Aerospace Command to develop a mobile 
ground-based imagery receiving and processing terminal for use by the army and the navy. A first 
step in this regard could be supporting the European Galileo programme or owning a complex web of  
electro-optical imaging satellites like the Russian KONDOR-E. Using this along with sensors provided 
by Israel Aircraft Industries and Israel's Elta Electronics, the IAF also aims to use the Aerospace 
Command to accurately target a varied range of indigenously designed, nuclear capable ballistic 
missiles. 
 
A strategic Aerospace Command may well be the way forward but what the IAF seems to be lacking 
is an air doctrine, on the lines of the Draft Nuclear Doctrine released by the NSAB (National Security 
Advisory Board) on 17th August 1999 that articulates the importance of air power for the defence of 
India. Land oriented thinking continues to dominate in spite of the demonstration of air power in the 
Gulf War, Kosovo, Afghanistan and Iraq. Keep in mind that victory of the British Royal Air Force over 
the numerically and technologically superior German Luftwaffe alone changed the course of the 
WW2. The IAF, as it reduces in size and goes in for more sophisticated aircraft, will have to rely on its 
younger air crew for combat performance. The leadership will need to provide a clearer and more 
appropriate doctrinal direction to keep up the morale and motivation of this elite force. 
 

The Indian Air Force faces a crisis of depleting 
assets over the next decade, threatening its 
expanding operational challenges that include 
conventional and nuclear warfare, regional 
power projection and energy security and 
frequent domestic counter-insurgency 
operations. To transform itself from a tactical, 
status-quo force into a strategic one, to meet 
extended challenges, the IAF has to look at a 
judicious combination of “importing fighters 
and by selectively upgrading existing platforms  
and rendering them all capable of delivering 
beyond-visual-range missiles and precision-
guided munitions (PGMs)," according to ACM 
Tyagi. It is also in the best interest of the IAF 
not  to  turn a  blind  eye  in  developing India’s 

          indigenous capabilities. 
 

Figure 1: Former Air Chief Marshall S.P.Tyagi delivering a speech 

With the face of modern warfare evolving fast, future wars are going to be intensive, limited duration 
campaigns. Ability to strike strategically and quick responses to dynamic situations will mean more 
leverage as the parties come to the negotiating table. In the transformed nature of war what India is 
experiencing and shall have to contend with is not so much open, direct conflict as covert, clandestine 
war. The air force will have to be an important independent strategic force with the capability to strike 
hard and strike fast. It will also have to double up as an effective conventional campaign force that all 
services will depend upon. Space beckons the Indian military. The Indian Aerospace Force must be in 
the vanguard to expand India’s horizon beyond the atmosphere. 
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Outsourcing Possibilities : An Aerospace Perspective 
 

         Ravi Ganesh  
 

 
 
 

Figure 1: India – the global outsourcing destination 

The term outsourcing in the west means India. India 
holds a major chunk of the outsourcing pie (Figure 1). It 
all started with call center outsourcing. With the advent 
of the computer and the IT age, the IT BPO set in and 
became one of the heated debates in the run up to the 
US Presidential elections. This resulted in global Indian 
companies like Infosys, TCS, Wipro etc. Now, both US 
firms and Indian firms are looking at another form of 
outsourcing. 
 
 
Outsourcing occurs if 

• There is a shortfall of labour in the developed nations. 
• There is a need to cut costs. 

 
There are many obstacles to outsourcing: 

• Mass scale resentment due to loss of jobs. 
• Defence sectors and classified work. 
• Questions about the quality, reliability and compatibility of work. 
 

While the third problem can be solved over a period of time, the first two continue to pose serious   
challenges to the outsourcing industry. 
 
The ITES BPO saw the emergence of players like Infosys and TCS. The time has come for KPO or 
Knowledge Process Outsourcing. Areas in KPO include healthcare - pharmaceuticals and 
biotechnology, legal support - intellectual property research, design and development for automotive 
and aerospace industries and animation and graphics in the entertainment sector. Though there are a 
number of small firms, there is no major firm involved in KPO. Practically any work that can be done 
using a computer can be outsourced. 
 
KPO requires people with science and engineering background. This sector doesn't demand the 
knowledge of English. KPO can lead to: 
 

• Firms setting up their R&D centers in India: This has already happened in the case of 
Microsoft and GE. This option is executed by big firms, which have the money to invest in 
another country like India. The advantage that India offers is that it is on the other side of the 
globe. When it is night in the US, it is day in India. So, effectively, a company can work on a 
project round the clock. When India goes to sleep, the work in US would have just begun. 

 
• Emergence of Indian firms: We may see the emergence of another company like Infosys. 

The KPO industry is said to boom by 2010 and the advantage of KPO is that the profits are 
more even when the investment is same. A very good example of a company emerging in the 
KPO is L&T. Having more than 50 years of engineering experience, its e-Engineering 
Solutions business unit stands tall. However, I am still a little skeptical about the aerospace 
industry, as much of the work is military. Also, the pharmaceutical KPO industry is set to 
boom. These will serve the medium sized and the small companies, which do not have 
adequate funds to set up centers in India. 
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I will not be surprised to see Nokia, Intel, Cisco, Texas Instruments setting up centers in India. Will 
Boeing follow suit? Boeing outsourced its manufacturing business to China. It is outsourcing its design 
business to companies like Infosys, HCL, L&T etc. But the big question is: How long will it be before 
Boeing sets up its own KPO centre in India? Boeing VP did mention about a maintenance facility in 
Bangalore but is it  a R&D center on the cards? Or is it just going to be Indian firms to do the job for  
them? What about Airbus? French engine maker Snecma Aerospace has already set up its base in 
India. Pratt and Whitney, Canada has found a good outsourcing partner in Infotech Software. 
 

 
 
 
 

Figure 2 : Growth expectation in global BPO and KPO sector in terms of Cumulative Annual Growth Rate(CAGR) 

If you have the kill to be an entrepreneur and missed the ITES bus, now is the time to start planning. 
Areas like computer aided design, data analysis and data mining are all set to boom in the near 
future.  

 
Possibilities of new firms in aerospace : Any work that can be done using a computer can be 
outsourced. 
 

• FDM, FEM, FVM and the latest BEM offer many opportunities . There are firms like Fluent 
offering CFD Consultancy. 

• A conceptual aircraft design company : A very good example of such a company is the one 
established by the design guru Raymer. 

• Control systems - Programmable software for interface between the control surfaces and the 
hardware. 

• A company which does Flight data analysis - This can garner business from the Air Force. 
• CAD modeling and design of aircraft parts, turbines, compressors etc.  
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Functionally Graded Materials 
 

S. C. Pradhan  
 
 
 
In recent years, functionally graded materials (FGMs) have been introduced and applied in the 
development of structural components subject to non-uniform service requirements. FGMs, which 
possess continuously varying microstructure and mechanical and/or thermal properties, are 
essentially two-phase particulate composites, such as ceramic and metal alloy phases, synthesized 
such that the composition of each constituent changes continuously in one direction, to yield a 
predetermined composition profile. Even though the initial developmental emphasis of FGMs was to 
synthesize thermal barrier coating for space applications, later investigations uncovered a wide variety 
of potential applications, including nuclear fast breeder reactors, piezoelectric and thermoelectric 
devices, graded refractive index materials in audio video disks, thermionic converters, dental and 
medical implants. The absence of sharp interfaces in FGM largely reduces material property 
mismatch, which has been found to improve resistance to interfacial de-lamination and fatigue crack 
propagation. However, the microstructure of FGM is generally heterogeneous, and the dominant type 
of failure in FGM is crack initiation and growth from inclusions. The extent to which constituent 
material properties and microstructure can be tailored to guard against potential fracture and failure 
patterns is relatively unknown. Such issues have motivated much of the current research into the 
numerical computation of crack-driving forces and the simulation of crack growth in FGMs. 

 
In the functionally graded 
structures the volume fractions 
of two or more materials are 
varied continuously as a function 
of position along certain 
dimension(s) of the structure to 
achieve a required function. For 
example, thermal barrier plate 
structures for high-temperature 
applications may form from a 
mixture of ceramic and a metal. 
The composition is varied from a 
ceramic-rich surface to a metal-
rich surface, with a desired 
variation of the volume fractions 
of the two materials in between 
the two surfaces. The ceramic 
constituent of the material 
provides the high-temperature 
resistance due to its low thermal 
conductivity. Gradual change of 
material properties can be 
tailored to different applications 
and working environments. 

 
 

Figure 1: A crack in Functionally Graded Material

This makes functionally gradient materials preferable in many applications. The continuous change in 
the microstructure of FGMs distinguish them from the  reinforced laminated composite materials, 
which have a mismatch of mechanical properties across an interface due to two discrete materials 
bonded together. As a result, the constituents of the fiber-matrix composites are prone to de-bonding 
at extremely high thermal loading. Further, cracks are likely to initiate at the interfaces and grow into  
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weaker material sections. Additional problems include the presence of residual stresses due to the 
difference in coefficients of thermal expansion of the fiber and matrix in the composite materials. 
 
In FGMs, these problems are avoided or reduced by gradually varying the volume fraction of the 
constituents rather than abruptly changing them across an interface. The main applications of 
functionally gradient materials have been in high temperature environments, including thermal 
shock—a situation that arises when a body is subjected to a high transient heating or cooling in a 
short time period. The effect of temperature-dependent mechanical properties on stresses and 
suggested that temperature-dependent properties of the material to be taken into account in order to 
perform more accurate analysis. 
 
In the absence of thermal loading, the dynamic response of the graded plates is intermediate to that 
of the metal and ceramic plates. This is not the case when both thermal and mechanical loads are 
applied. This behavior is found to be true irrespective of boundary conditions. Thus, the gradients in 
material properties play an important role in determining the response of the FGM plates. Extensive 
research on various aspects of isotropic FGMs fracture under mechanical or thermal loads has been 
carried out by various investigators. Crack problems under both mode-I and mixed mode loading 
conditions were studied using finite element method (FEM). Given the nature of processing 
techniques, graded materials can become anisotropic. For example, graded materials processed by a 
plasma spray technique generally have a laminar structure, whereas processing by electron beam 
physical  vapor  deposition  would lead to a  highly columnar structure. Such  materials  would  not  be 
isotropic, but orthotropic with material directions that can be considered perpendicular to one other as 
an initial approximation. 
 
There is considerable interest in developing efficient method for extracting appropriate crack-driving 
force in orthotropic FGMs. The post-buckling behavior of plates and shallow cylindrical shells made of 
functionally graded materials under thermo-mechanical loads are studied. The material properties of 
the FGM shells are assumed to vary continuously through the thickness of the shell, and were graded 
according to a power law distribution of a volume fraction of the constituents. A mixed series solution 
is used to solve the resulting nonlinear system of equations. Dimensionless deflection, stresses and 
bending moments were computed for FGM aluminium-zirconia plates and shallow cylindrical shells. 
The results reveal that the temperature field plays a significant role in dictating the stable and unstable 
behaviors of the FGM plates and shells. This is important for the design and development of 
functionally graded components for use in advanced engineering systems subjected to thermo-
mechanical loads. 
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Department of Aerospace Engineering. His research 
interests include Aerospace Structures, FEM, Smart 
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The Space Elevator 
 

Ashay Gupta 
 
 
 
“Ladies and gentlemen, welcome aboard the great Space Elevator-1. Your first stop will be the 
geostationary- level platform before we continue on to the New Space Colony. As we climb the rope, 
be sure to watch outside the window as the curvature of the Earth becomes visible and the sky 
changes from deep blue to black, truly one of the most breathtaking views you will ever see!" 
 
Does this sound like a Sci-Fi Channel or a chapter out of Arthur C. Clarke's Fountains of Paradise? 
Well, it's not. It is a real possibility. “Space elevator"–an elevator to space, that researchers are 
considering today as a far-out space transportation system for the next century. Some call it a 
"thought experiment", but others point out that space exploration B.C. -- "Before Cable" -- will pale 
contrasted to what's possible within ten to fifteen years. 
 
The Space Elevator was first proposed in the 1960s by Russian engineer and mathematician Yuri 
Artsutanov as a far-reaching engineering concept. The scientific principles underlying it are well 
understood and do not require any fictional inventions, except for the super-strong material required 
for its construction. Since existing materials were not strong enough to build the Space Elevator, it 
had been relegated to the status of science fiction, and as such appeared in several books, the most 
famous of which is Sir Arthur C. Clarke's The Fountains of Paradise. But, In 1991, a new class of 
carbon molecules, carbon nanotubes (CNTs), were discovered. Composite materials made out of 
CNTs of the quality needed can or soon will be made in the laboratory with techniques those are 
scalable. 
 
The present Space Elevator design was conceived by Dr. Bradley Carl Edwards, Eureka Scientific 
Inc. and was funded by NIAC (NASA Institute for Advanced Concepts). The final report was submitted 
in 2003. This design differs greatly from the science fiction Space Elevators which would require 
billions of tons of infrastructure in space and cannot be built within the foreseeable future. In contrast, 
Dr. Edwards’ design requires a handful of launches on existing rockets and is extremely close to 
being achievable. The Space Elevator is, therefore, 100% Science Fact, with some technological 
hurdles still need to be crossed. 
 
 
What exactly is a space Elevator? 

The answer is extremely simple : It’s a ribbon, extending 
from a ship-borne anchor to a counterweight 62,000 
miles far from the earth, well beyond geo-synchronous 
orbit at 21,700 miles. It has been estimated by Dr 
Edwards’ team that a space elevator of capacity 20,000 
kg can be built within 15 years with a budget of 40 billion 
dollars. It will reduce the cost of getting into space by a 
factor of 100 or more while increasing launch capabilities 
dramatically. 

Figure 1: The lifter, seen in this artist's concept, 
will carry 13 tons of cargo in space, propelled by  
laser beams (Photo Courtesy : LiftPort Group) 

The dominant, competing forces of gravity at the lower 
end and outward centrifugal acceleration at the farther 
end keep the cable under tension and stationary over a 
single position on Earth. This cable, once deployed, can 
be ascended by electro-mechanical means to Earth orbit. 
To place a spacecraft in geosynchronous orbit , the 
climber simply ascends to that altitude and releases its 
payload. To place a spacecraft in any other circular Earth      
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orbit, the payload would require a small engine to achieve the proper orbital velocity. If a climber 
proceeds to the far end of the cable it would have sufficient energy to escape from Earth’s gravity well 
simply by separating from the cable. The space elevator ,thus, has the capability in theory to provide 
easy access to Earth orbit and most of the planets in our solar system. 
 
Dr Edwards’ team has laid out a detailed description of a possible space elevator program. A small, 
carbon-nanotube-composite(CNT) cable capable of supporting 619 kg payloads would be deployed 
from geosynchronous orbit using seven shuttles. 
207 Climbers (machines which can crawl up) are 
sent up the initial cable one by one (one every 4 
days) adding cables to the first to increase its 
strength. After 2.3 years a cable capable of 
supporting 20,000 kg payloads would be complete. 
The power for the climbers is beamed  up using  
available laser and adaptive optics technologies 
those will work from sea level and provide the 
intended power required. The spent initial spacecraft 
and climbers would become  counterweights  at  the  
space end of the 91,000 km long cable. An ocean-
going platform is used for the Earth anchor. This 
anchor is mobile and able to move the cable out of  
the way of low-Earth orbit satellites. 
 

 detailed deployment schedule has been developed that 

Figure 2 : CNT – the building block of elevator cable 

 The anchor location is suggested in the Pacific Ocean, roughly 
1500 km west of the Galapagos Islands to avoid lightning, 
hurricanes, strong winds, and clouds. The specific cable design 
would be a curved and tapered ribbon with a width increasing 
from Earth to geosynchronous and back down to the far end. 
Deviations in the cable’s cross-sectional dimensions would be 
implemented to reduce the risk of damage from meteors and 
wind. All of the raw technologies required to construct the 
space elevator may be ready in the coming decade. Carbon 
nanotubes require the most development but they are now 
produced in the lab with characteristics close to that needed for 
construction of a space elevator. Major risk of damage to the 
cable comes from meteor impacts and atomic oxygen erosion, 
both can be mitigated through several methods. 
 
A
illustrated it could be possible to have the first space elevator 
operational six years after the technology is ready (the 
technology could be ready in the next ten years). The budget 
estimates for the 
entire system has 
been refined and 

has been found that the space elevator might be 
constructed for less than some current space programs 
($40B). Not only this, a scenario for deploying a Martian 
elevator has been laid out . Their proposed scenario is to 
construct the entire Martian system in Earth orbit along 
side the Earth elevator. This Martian system would then 
be spooled, taken to the far end of the Earth elevator 
and launched to  Mars. Upon arrival at Mars the elevator 
would deploy and anchor itself. This system could be 
constructed with out placing men on Mars first and could 
provide an inexpensive, reusable  system for 
transportation to and from Mars. 

Figure 3 : Threats to the Space Elevator 

Figure  4 : Cut-away view of the ribbon cable  
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The bottom line is that the entire system has been examined in detail and a space elevator design 
and  a method to deploy the cable , that will work, has been found .There are no specific reasons why 
a space elevator can’t be built. The major hurdle is production of the cable. It was also found that the 
space elevator will not only be able to be done for less than some current programs but it could be 
financially self-supporting    (including recovering the initial construction costs) within the first few 
years of operation. 
 
The recurring costs are: 

1) Climbers 
2) Power beaming system operation 
3) Low Earth object tracking system operation (to avoid the collision of low earth orbit 

satellites with the elevator) 
4) Anchor operations 

 
For the initial space elevator, these costs can be 1/10 to 1/100 or less of the cost of conventional 
systems per launch. 
 
 
Significance of the Space Elevator Concept 
 
The significance of this initial work is considerable. If feasible, the space elevator would be an entirely 
new method for getting into space. Even the first, small cable examined  (20,000 kg lift capacity every 
four days) would be able to launch NASA missions to Earth orbit, the moon, Mars, Venus and Jupiter 
without the launch forces, risk or cost of a conventional system. The first space elevator would have 
greater than 2.5 times the capacity of any current launch system, at 1% of the cost, for placing 
payloads in geosynchronous orbit or sending them to other solar system destinations. The space 
elevator would allow for the launch of large fragile structures such as radio dishes, large diameter 
mirrors or even extremely long (up to kilometers) rigid booms for interferometry experiments. The 
elevator would also allow for retrieval and repair of spacecraft in geosynchronous orbit, stationary 
studies at any altitude, and private- industry, recreational activities. A second generation, larger space 
elevator (operational 20 – 35 years from now) would allow for extensive human activities in space 
including a large, manned geosynchronous station and less risky and less expensive colonization of 
Mars. Long-term future activities (100 years) would see man expand across the solar system. 
 
 
Complete work of Dr Edward can be found at : http://www.niac.usra.edu/studies/studies.jsp
* 

 
 
 
 
   
 
 
 
 
 

 
 
 
Ashay Gupta is a 3rd year B.Tech(H) student in the 
Department of Aerospace Engineering. This budding 
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Tunnels, lab equipments and second hand old 
aeroplanes. Interested parties may mail him the prices 
at ashay_001@yahoo.co.in. 
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The Empire of the Parakeets 
 

Nishan Jain 
 
The nickname 'parakeets' is often given to those quite harmless, short-lived, tiny green orthoptera 
that, on summer nights, keep flying round and round lights. Their movements do not appear to be 
governed by intelligent thought. Lacking the fly's sharp sight and rapid reactions, the nuisance is 
easily eliminated by crushing them between the thumb and index finger. In contrast to the mosquito, 
they are incapable of biting. Nevertheless, they are sheer torment for anyone trying to read or eat. 
They throw themselves blindly against your face or eyes; they drown in your soup; they smudge your 
writing. By the time you manage to brush aside the five or six parakeets walking on your fork, another 
ten or twelve are already in your ears or up your nose.Why should these tiny green orthoptera, the 
parakeets, be so stupid, so feeble-minded? Their behaviour is perhaps the least sensible of any living 
thing - those who believe that this behaviour is common to all insects are wrong. For instance, a man 
can establish, with a cockroach, a kind of relationship, if not friendly then logical at least: the man will 
attempt to kill the cockroach, which will try to run away and hide. This is simply not possible with the 
parakeets: no one knows what they are doing or why they are doing it.  
"But," asks Dr. Ludwig Boitus himself in one of his latest papers, "Is the parakeets' behaviour really so 
mad? Let us start from the premise that all living beings orientate their actions towards the 
preservation of their species. Why should the parakeets' behaviour be an exception to such sound, 
well-proven law? The modern researcher," he adds, "must not limit himself to simple statements to the 
effect that the parakeets' actions are gratuitous and senseless; he should make an effort to determine 
the true logic behind the apparently absurd, illogical behaviour of the parakeets. This behaviour is 
merely an outward expression of an inner motivation and it is time we found out what that might be”. 
Dr. Boitus mentions two facts that have generally been ignored: firstly, in recent times it has been 
observed that the parakeets fly less around lights than around people's heads and secondly, their 
numbers are increasing. He points out that although the parakeets seem to lack even a minimal 
offensive or defensive weapon, five hundred or a thousand of them, by continuously harassing a man 
-- entering his ears and eyes, walking on his neck, stopping him from thinking, reading, writing or 
sleeping -- can force him -- in fact, do force him -- into a state of complete mental derangement. In this 
state, it is the man not the parakeet who does not know what he is doing or why he is doing it. It is a 
state in which the man does not even know who he is and when he enters it, when he loses 
consciousness of his own self, he inevitably becomes resigned to being surrounded and dominated by 
the parakeets. Furthermore, from that moment on he can no longer live without the parakeets, without 
feeling them inside his ears, his eyes, his mouth. What has occurred is a phenomenon that "in the 
field of drug addiction is known as dependency. And this," Boitus adds, "is the true purpose of the 
parakeets, the underlying logic behind their apparently absurd and illogical behavior."  
 
The parakeets are inexorably expanding their empire. To date, they have taken over every civilized 
country -- the more advanced a nation's technology, the stronger their hold. Wherever there is electric 
light, the parakeets reign supreme. 
On this point, a world atlas accompanying the article shows how few countries are still free of the 
Empire of the Parakeets. However, we believe that the inclusion of this map is a fallacy: this is not a 
political empire. Parakeets rule only over minds. When these have been 'parakeetised' -- to use the 
neologism coined by Boitus -- they go on to parakeetise the bodies, which consequently begin to 
perform essentially parakeetic actions. As Dr. Boitus concludes: "At this point, only primitive 
communities and the poorest countries remain almost free of parakeets, countries untouched by the 
development of mass media."  
 
 

 
Nishan Jain is a 2nd year B.Tech(H) student in the 
Department of Aerospace Engineering. He may be 
reached at nishan_iitian@yahoo.com. 
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90 / 10  Rule 

 
Rohit Garhwal 

 
 
 
Dear friends, well don’t get panicked by seeing that word “rule” in the title which might tempt some of 
you to blindly ignore this article. Believe me as you will come to know in due course of time, this is 
nowhere related to the serious  engineering/science rules. So have a run through and I hope it will not 
disappoint you. 
 
Coming to the point, first of all let’s have a look back. It was a very hot afternoon of the typical 
Rajasthan summers (if anyone wants to have an hand on experience, is most welcome to my home 
place) a few years back .I was trying to sleep after having a heavy lunch and had just started 
dreaming when the power went off. So cursing the state electricity board  people upon being so 
insensitive and finding nothing else to do I started turning the pages of a book related to human 
psychology. Just then came the moment when my sight was transfixed by this heading “90/10 rule” . 
Out of curiosity I just gave it a reading and after that I went on reading it again and again. I can bet 
that this rule has helped me a great deal in having a better perspective towards handling the incidents 
occurring in my life. It has changed me a lot and I feel more calm, composed and cheerful after 
practising it. So today I present before you this rule and hope that it’ll prove beneficial to all of you.  
                      
So what does the rule states? It says that: 
“90 % of your life is under your control (i.e. it is made of the things that you do to yourself) while the 
rest 10% of your life is made by the things that are not under your control (this include the incidents 
that happen to you from other sources).”   
 
Well now a thought might be riveting in your mind that what’s there to make a fuss over this thing as it 
is the most obvious thing and even a kid can tell it. I agree to you that this is a very obvious issue but 
my dear friends, how many of you truly understand it? 
 
Ok, let us check it …. Answer the following questions:  
Do you start cursing the airline people, flight crew, pilot, weather, airport staff and your bad luck on 
hearing the announcement of flight delay? 
Do you get agitated, frustrated and start cursing and bumping on your steering wheel when you get 
trapped in a traffic jam? 
Do you start complaining about the railway system and services when you hear the train is late? 
Do you scold and give a nice thrashing when a small kid in home breaks or damages something? 
Do you become out of control when angry and kick whatever comes in your way, throw away 
whatever gets in your hand, bully whoever you find and hold him responsible for whatever happened 
to you and then finally regret for doing all these things on becoming normal? 
If your answer to these questions is “No” then my dear friend, you can stop reading this article  and 
I’m sorry to waste your time since last few minutes. 
If your answer to most of the questions above is affirmative then this rule is for you. 
Practice it and apply it in daily life and you will observe the difference soon. Things will get merrier for 
you. You will be surprised to know that people will start liking you more. 
 
Let’s see an example to understand this rule better: 
This is a scene of a morning breakfast table. The husband is ready for office in his suit and is going 
through the newspaper and having tea. The wife is also seated there and is having breakfast. Their 
son, small kid of around 6 years, is ready for the school and is on the seat next to father and having 
milk. His school bus is to arrive in a few minutes. 
 
Oops! Just then the kid spills the glass of milk over his father. Father’s office clothes are spoiled. The 
kid is now very much afraid and also ashamed but to make the things worse the father gets too angry 
and gives a nice thrashing to him. And after leaving the kid crying over the top of his voice , man turns  
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towards his wife angrily and argues with her that she cannot teach the kid even how to drink the milk 
and what not. And now they have a nice quarrel shouting and bullying over each other and framing 
new charges against each other. This continues for more than half an hour and in the meanwhile the 
school bus is gone. Now since the mother is also late for her workplace so the father is bound to drop 
the kid to the school by his car. She leaves for office without speaking a word with her hubby. Now the 
man goes back to his room and changes the clothes but now he is also getting late each minute. He 
drives his son to the school. All the way the kid is sitting like a prisoner and is too afraid to speak 
anything and also full of rage. As soon as school comes he jumps out of the car and runs away from 
Dad as soon as possible .He not even bids goodbye to father. Now the man is late for his office. So 
he tries to drive fast as to minimize the time but in due course he crosses the speed limit and finally 
ends up in paying a large penalty to traffic police. So finally he arrives to the office late only to find that 
the boss is waiting for him as there was a very important meeting with a client for which he is late 
now. So after getting a nice scolding from the boss and what all happened in the morning his mood is 
totally off. So he makes mistakes in his work and now you can imagine his situation. Finally after such 
a bad day when he arrives home he knows that there won’t be the usual charm and he can feel a 
slight drifting between him and other family members. 
 
Now you think over the incident and try to infer that what was that thing which made his day worse. 
Was it the kid who spilled the milk? Was it the scolding of his boss? Was it because of the fine he had 
to pay? No. It was him. He only made his time so miserable. 
 
Well let us apply the rule here. The kid spilled the milk over his clothes -  something which is out of his 
control. This comes under the 10% group but what came next was totally under his control and it was 
the 90% which I’m talking of. “His reaction”, it was up to him how he should have reacted to that 
situation. He had chosen the way which led him into such a rough day. 
 
Instead, how he should have reacted is : As the kid spilled the milk over his clothes, of course the kid 
is also feeling too much sorry for what he has done. So instead of scolding and beating him he should 
have patted his back saying that “Hey Dear! Check out and be careful from next time ,okay” in a very 
advising tone and have left for his room to change the clothes. The kid now have felt more admiration 
and respect for his father. And also the wife would be too happy over how he handled the situation. 
He is back now with time still left in hand after changing the clothes. Now when the school bus comes 
the kid bids goodbye to both parents and goes to school joyfully. Then both husband and wife have 
left for their workplaces wishing good luck to each other. The man arrives office in time and being in 
happy and cheerful mood works very well and gets applause for that. And finally on returning home he 
finds his son and wife eagerly waiting for him. 
 
So see how a small thing changed the whole scenario. The way the man reacted led to two totally 
different situations. This was the thing which comes under the part which governs the 90% of your life. 
Don’t worry for the 10% because it is not under your control but what happens next is totally under 
your control. Getting a flight or train late comes in the 10%  so why to worry over that and curse, 
instead spend your time in some more constructive way, may be you can read a novel or magazine or 
can spend time knowing  about your co-passengers. 
 
It will take time to fully apply and get habituated with this rule It requires practice but it is not too hard 
also. Just do it and see the difference in your life .I wish you success in all your future endeavours and 
well cheer up because you have already succeeded in finishing this article.  
 
                                                    
 
 
 

Rohit Garhwal is a 3rd year Dual Degree student in the 
Department of Aerospace Engineering. The above 
article is based on the one due to Arlen Busenitz. The 
author does not regret for shamelessly lifting the idea 
from the original one. Rohit can be reached at 
ur.rohit2003@gmail.com.  
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Lighter Space 

 
 

 Both optimists and pessimists contribute to the society. The optimist invents the aeroplane, 
the pessimist the parachute. 

— George Bernard Shaw  

PILOT TALK 

 I ran out of altitude, airspeed and ideas all at the same time. 

— When asked why he ejected. Attributed to Tony Lavier, Chuck Yeager, and just about           
every other well-known test pilot. 

  

 Doctor Rumack: "When are we going to be able to land?” 

Ted (Pilot): "I can't tell.” 

Doctor Rumack: "You can tell me, I'm a doctor.” 

Ted : "I don't know.” 

Doctor Rumack: "Well, can't you take a guess?” 

Ted : "Not for another two hours.” 

Doctor Rumack: "You can't take a guess for another two hours?” 

— from the 1980 movie 'Airplane’.   

  

              P = The problem logged by the pilot 
                S = The solution logged by the ground-mechanic 

P: Left inside main tire almost needs replacement. 
S: Almost replaced left inside main tire. 
 
P: Test flight OK, except auto-land very rough. 
S: Auto-land not installed on this aircraft. 
 
P: No. 2 propeller seeping prop fluid. 
S: No. 2 propeller seepage normal. Nos. 1, 3 and 4 propellers lack normal seepage. 
 
P: Something loose in cockpit. 
S: Something tightened in cockpit. 
 
P: Autopilot in "altitude-hold" mode produces a 200-fpm descent. 
S: Cannot reproduce problem on ground. 
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P: Evidence of leak on right main landing gear. 
S: Evidence removed. 
 
P: DME volume unbelievably loud. 
S: DME volume set to more believable level. 
 
P: Friction locks cause throttle levers to stick. 
S: That's what they're there for! 
 
P: Transponder inoperative. 
S: Transponder always inoperative in OFF mode. 
 
P: The T/C ball seemed stuck in the middle during my last turn. 
S: Congratulations! You've just made your first coordinated turn. 
 
P: Number 3 engine missing. 
S: Engine found on right wing after brief search. 
 
P: Aircraft handles funny. 
S: Aircraft warned to straighten up, fly right, and be serious. 
 
P: Mouse in cockpit. 
S: Cat installed. 
 
P: Screaming sound in cabin at start-up. 
S: Company accountant deplaned 
 
P: Funny smell in cockpit. 
S: Pilot told to change cologne. 
 
P: Aircraft 2,400 lbs over max weight. 
S: Aircraft put on diet of 92 octane. 
 
P: Brakes howl on application. 
S: Don't step on 'em so hard! 
 
P: First class cabin floor has a squeak. 
S: Co-pilot told not to play with toddler toys in cabin anymore. 
 
P: Electrical governor is broken. 
S: Ground check is OK. 
 

 

 “Forget all that stuff about thrust and drag, lift and gravity, an airplane flies  because of 
money.”                           

- Anonymous.  
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Heavier Space 

 

 I've got a problem [uttered at an altitude of 3,000 feet while in an inverted flat spin] 
I've really got a problem [at an altitude of 1,500 feet]. 

— Art Scholl, last recorded words before fatal crash while filming a stunt sequence for the 
movie 'Top Gun.' It is speculated that camera equipment affixed to the plane altered its 
weight and balance envelope, making recovery from the flat spin impossible. The film is 
dedicated to his memory, which you can see if you sit through all the credits. 

 

 The most frequent last words I have heard on cockpit voice-recorder tapes are, 'Oh Shit,' said 
with about that much emotion. There's no panic, no scream, it's a sort of resignation: we've 
done everything we can, I can't think of anything else to do and this is it. 

— Frank McDermott, partner in McDermott Associates, specialists in cockpit voice recorders. 

  

 The cause in which they died will continue. Mankind is led into the darkness beyond our world 
by the inspiration of discovery and the longing to understand. Our journey into space will go 
on. 

In the skies today we saw destruction and tragedy. Yet farther than we can see there is 
comfort and hope. In the words of the prophet Isaiah, "Lift your eyes and look to the heavens. 
Who created all these? He who brings out the starry hosts one by one and calls them each by 
name. Because of His great power and mighty strength, not one of them is missing."  

The same Creator who names the stars also knows the names of the seven souls we mourn 
today. The crew of the shuttle Columbia did not return safely to Earth; yet we can pray that all 
are safely home. 

 — U.S. President George W. Bush, address to the nation from the Cabinet Room. 14:04 
EST, Space Shuttle Columbia exploded at 8:00 Houston Time, 01 February 2003 .  
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Aero Quiz 
 
 
1. Next time you take a flight, obey the following : 
 

i. Don’t flush the plane toilet while seated. 
ii. Carrying Mercury is prohibited. 

iii. Laptops and CD-players are banned during take-off. 
iv. and in case, you are a pilot, you are not allowed to have beards. 

 
      Are these rules justified? 

 
2. In many events, athletes do take advantage of reduced aerodynamic drag that occurs on hot 

days and at high altitudes. This reduction in aerodynamic drag, for example, has been 
attributed to help U.S. athlete Bob Beamon (in Mexico City, 1968) to break the world long 
jump record by almost 2 ft! Can one argue that an airplane will experience better performance 
trying to take off from a high altitude runway on a hot day? 

 
3. During high-speed maneuvers in modern fighter aircrafts, pilots experience centrifugal forces 

equivalent to many times the force of gravity. When this happens, blood can pool in body’s 
lower extremities and the pilot is susceptible to blacking out. A G-suit counters this problem 
by squeezing the pilot with expandable bladders to keep more blood in the upper body. The 
U.S. Navy’s Blue Angel pilots, however, choose not to wear them. Why? 

 
4.  In June 1918, 25 fighter aircraft prototypes were tested before members of German Air 

Force. The overall winner was Fokker D-VIII, a monoplane having plywood-covered wings 
with excellent strength and structural rigidity. The German Air Force placed an order for 400 
aircrafts with a request that the rear wing spar be strengthened even further. After 20 of these 
aircrafts were delivered in July 1918, several were quickly lost in flight when the wings tore off 
at high speed. Time to blame the structural engineers! Those poor fellows again performed 
the ground test, this time the wings loaded with sand bags to ultimate strength – what a 
surprise! The airplane passed all of the static tests! Can you solve the mystery? 

 
5. In the world of aircraft, does sun ever rise in the west? 

 
6. During cryogenic testing at NASA’s National Transonic Facility (NTF) wind tunnel, operators 

spray cryogenic liquid Nitrogen into the flow upstream of the fan. Why? 
 

7. Is it possible to see “earthrise” or “earthset” from the moon? 
 

8. Stealth aircrafts are supposed to be aircrafts difficult to detect. Perhaps you will be surprised 
to know that exterior lights are attached to the Stealth and they are turned on when it tries to 
be ‘stealthy’! Can you guess why? 

 
9. Richard P. Feynman, the great Nobel Prize-winning physicist, called it “the most important 

unsolved problem of classical physics”. What is it? 
 

10. Through his spyglass, in 1609 Galileo observed Saturn’s rings. He publicly announced it. 
Nobody believed him. So Galileo asked them to see it in their own eyes (using his spyglass). 
But it happened other way round! Nobody could see the rings (including Galileo himself). Was 
Galileo a liar? 
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Answers to Aero Quiz 
 
1. 

i. This has the danger of being vacuum-sealed. In 2001, a passenger flying across the 
Atlantic on a Boeing-767 became vacuum-sealed to a toilet seat after flushing. 
Engineers were later able to  pry her loose only after the aircraft landed! 

ii. Mercury corrodes Aluminum-alloys (what planes are largely made of). 
iii. They emit electro-magnetic (EM) radiation which can interfere with aircraft’s sensitive 

navigation instruments’ signals during the first 10,000 ft. 
iv. Pilots must be clean-shaven. It’s not a style issue; a beard would stop the Oxygen 

mask from fitting tightly enough, if the cabin pressure suddenly drops down. 
 
2. No, the high altitude would translate  into a long take-off run due to thinner  air. Although drag 

is less on a hot day at high altitude, so is lift. Also the low-density air results in a reduced 
mass flow rate through the engine. So thrust is penalized. Shortest take-off runs occur at low, 
cool altitudes. 

 
3. The suits are restricting and uncomfortable, preventing the Angel pilots from performing 

precision flight. Instead they keep their body in excellent shape with vigorous training. When 
high ‘g’ occurs, they squeeze their abdominal muscles – something they master during 
training session. Normally they can sustain up to 5g without any problem. 

 
4. This may be the first documented case of a static aero-elastic phenomenon known as 

aerodynamic divergence. When an airplane flies, the force of the air on the wing at certain 
angles can cause the leading edge to twist upwards. According to Anthony Fokker’s 
autobiography, the strengthening of rear wing spar caused the torsional axis to move 
rearward and downstream of the wing’s aerodynamic center. When it reached a certain 
critical dynamic pressure, the aerodynamic twisting torque exceeded the elastic restoring 
torque and hence the blunder. Solution : Strengthen the D-VIII’s front spar so that the 
torsional axis remains ahead of the aerodynamic center, as was in the original design. 

 
5. Yes. If the aircraft is heading west faster than the Earth rotates, it would appear to the 

occupants of the plane that the sun was rising in the west. Here is one such experience filed 
in NASA archive. Jerry Glasser and Ted Ross once took off after sunset in an SR-71. They 
flew a westerly course and since the day/night terminator travels at only about a thousand 
miles per hour at the equator and the SR-71 (a supersonic spy plane) travels much faster 
than that, they watched the sun rising in the west. After a while, they turned south, the sun set 
again. Later in the mission, they headed west again and observed the sun slowly rise over the 
horizon. Perhaps they are only people to see sunrise twice a day, both at west! 

 
6. To vary the Reynolds’s number by altering density(ρ). This allows the model size to be 

smaller and/or velocities to be lower to achieve the necessary transonic parameters. 
 
7. No, due to earth-moon tidal forces, the moon’s rotation long ago became synchronized with 

its revolution about the earth. Therefore, to an observer at a given site on the moon, the earth 
will always appear in the same point in the sky. 

 
8. During day, we can see aircrafts because they are darker than the sky. Brightening them with 

lights make them less visible. Stealths match their luminance with that of the sky (In fact, it 
can vary its luminance since you might get a situation when overcast sky changes to sunny 
sky). Modern Stealths use electro-optical photo-sensor which turns on and adjusts the high-
tech illumination devices automatically. 

 
9. Turbulence. 
 
10. Because Saturn is tilted, when its rings are facing Earth edge-on they “disappear” from our 

view. We now know this happens every 14 years or so. But poor Galileo was questioned 
about his sanity when rings “disappeared” and then “reappeared” a few years later. 
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Grid Solver 

 
 

 
ACROSS 

 
3. Place in India famous 

for Rocket Launching. 
5. Non-Dimensional term 

used to specify speed 
of aircraft. 

8. Person who flew first 
Helicopter. 

10. India’s second 
indigenous aircraft. 

13. American Company – 
manufacturer of 
aircrafts. 

15. Name of the Wright 
Brothers’ first aircraft. 

17. Science which studies 
the interaction among 
inertial, elastic and 
aerodynamics forces. 

18. This Belgian born is 
famous for his work in 
Fluid Mechanics. 

20. Surfaces used to 
increase wing lift during 
take-off and landing. 

21. First artificial satellite. 
22. Non-Dimensional 

quantity used to 
determine dynamic 
similitude. 
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Ongoing Projects 
 

 
 
Analysis of high temperature Hypersonic flows using real gas flux splitting algorithm considering  
equilibrium and non-equilibrium air chemistry.         [AR & DB] 
 
A higher order boundary element code for calculation of supersonic flow past arbitrary aircraft 
configuration.             [AR & DB] 
 
Setting up AR&DB’s associate center for CFD at IIT Kharagpur.       [AR & DB] 
 
Three dimensional unstructured grid generation for viscous flow computation about complex 
configuration using computational geometric technique.             [DRDL] 
 
LES simulation of high speed reacting flows in a scramjet engine.           [DRDL] 
 
Direct computation of axisymmetric and non-axisymmetric subsonic and supersonic jet aerodynamics 
or aeroacoustics using three dimensional Navier-Stokes and/or Euler coupled simulations.  [AR & DB] 
     
Aeroelastic analysis of a lifting surface employing active fiber composite under hygrothermal 
environment.             [AR & DB] 
 
Design and development of MR-fluid based damper for aircraft applications.            [ADA] 
 
Aeroelastic tailoring of a composite lifting surface using Smart Structures concept.          [SRIC] 
 
Non-linear response of piezoelectric laminated composite panels under different loading conditions 
with uncertain system properties.                [SRIC] 
 
Dynamic characteristics of thermally post-buckled composite panels embedded with SMA fibers. 
                  [DRDO] 
 
Finite element analysis of the Functionally Graded Material(FGM) cone nozzle.           [SRIC]
           
Least Square finite element analysis of adhesively bonded joints with Functionally Graded Material.
            [AR & DB , DRDO]  
 
Dynamic instability behaviour of aircraft structured elements under follower loading.             [AR & DB]  
 
Reconfigurable Flight Control Design.        [ER & IPR, DRDO] 
 
lntelligent Hybrid Flight Vehicle Control Design.         [AR & DB] 
 
Lunar Gravity Modeling and Topography determination using ground based observations and Laser 
Altimetry data.                   [ISRO] 
 
Intelligent Flight Control System.                [SRIC] 
 
Composite Applications Laboratory.              [TIFAC] 
 
Hazard Analysis of Rocket Propellants.            [ITR, Chandipur] 
 
Aerodynamic Testing of Locomotive Pantograph.              [M/S Stone India Ltd.] 
 
Calibration of ‘S’ type Pitot tubes.           [M/S Alstom Project Ltd.] 
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Looking back at 2005 – 2006 
 
 

Final Years’ Farewell 2005 
 
A function was organized to bid farewell to the 
final year B.Tech, Dual Degree and M.Tech 
students of the 2005 batch. After a brief session of 
speeches by the professors and short addresses 
by the outgoing students, everyone headed to the 
Aerodynamics Lab for a lavish dinner. It was 
definitely an evening to remember for the final 
years’ students as they recounted their days in the 
department. 
 
 
 
 
 

 
Freshers Introduction 2006 
 
The first year B.Tech and M.Tech batch of 2006 were 
formally welcomed into the department.  Welcome notes by 
the professors were followed by an introduction session 
with the freshers. A presentation to orient the freshers 
towards the faculty and facilities in the department and to 
introduce them to the exhilarating world of Aerospace 
Engineering was followed by Tea. 
 
 
 
 

 
Teachers’ Day 
 
For the first time in the department, a Teachers’ Day function was organized on 
the evening of 5th September. Professors shared anecdotes and their personal 
experiences much to everyone’s delight. Students expressed their gratitude by 
presenting mementoes. The function set the tone for a wonderful student – 
teacher relationship as one professor, recounting his student days, quipped 
“Life has come full circle”. 
 
 
Talk by Mr. R.S. Santhosh, ATC, NSCBI Airport, Kolkata 
 
Thanks to the efforts of Prof. A.K. Ghosh, Mr. R.S. Santhosh, Air Traffic Control, NSCBI Airport, 
Kolkata gave a talk to the students on general aspects of Air Traffic Control and Management. He 
apprised the students of the problem areas in ATC and Management and also discussed the 
possibility of students taking up real life projects in the same. 
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Aeromodelling 2006 
 
What more could an Aerospace Engineering student ask 
for than seeing his own machines soar into the blue sky. 
An Aeromodelling workshop was organized by the 
Aeromodelling Club on 14th – 15th January for the second 
consecutive year. Mr. Palash Pal of Indian Hobby 
Center, Kolkata came down to give a live demonstration 
of a Remote Controlled and a Tow-Line model which 
were constructed by the department students. 
 

 
3rd Alumni Meet 2006 
 
3rd Alumni Meet was organized during 3rd – 5th February, 2006 at IIT Kharagpur. Arvinder Singh 
Virdee (Currently working in General Dynamics, U.S.A), Ranbir Sinha (Aerospace Consultant, 
Switzerland) and A.R. Upadhaya (Director, NAL, India), alumnus of the department, came to attend 
the meet. A.S. Virdee and R. Sinha came to visit the department on 5th morning and had an informal 
session with the students and faculty of the department. 
 
 

Presentation by Dr. K.P. Singh, Group Director, ADA 
 
Dr. K.P. Singh, Group Director, Aeronautical Development Agency, 
Bangalore gave a presentation in the department on 10th February about 
the present status and future course of the LCA programme. His 
presentation was mainly concerned with the weaponisation of the LCA 
and the development of an indigenous twin-engine stealth aircraft, widely 
dubbed as the MCA. 
 
 

Trip to ITR, Chandipur 
 
An industrial visit to the Integrated Test 
Range (formerly Interim Test Range), 
Chandipur, Orissa was organized on 7th 
March, 2006. Prof. S.C. Pradhan 
accompanied a bunch of enthusiastic 
students on the trip. ITR threw open their 
various facilities for the students which 
included the Range Computer Room, 
TeleCommand Room, RADAR Room and 
Launch Complex 2. A delectable lunch 
and fun at the beautiful Chandipur sea 
beach made the day for the students. It 
was indeed a very memorable and 
enjoyable trip. 

 
Short Term course for HAL Design Trainees 
The Department is conducting a one semester condensed course for 
HAL Design Trainees on Aircraft Engineering and Manufacturing. About 
45 HAL trainees have enrolled for this course and are being trained in 
various aspects of Aircraft Engineering by the faculty. 
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Leaving a Legacy 

Prof. Prasanta Kumar Sinha 
 
 
 
Prof. Prasanta Kumar Sinha had two remarkable careers. One as a research scientist in the 
Composite and Space Structures division at the  Vikram Sarabhai Space Centre, Trivandrum and the 
second as an academician, Professor in the Department of Aerospace Engineering, Indian Institute of 
Technology, Kharagpur. He left for his heavenly abode after a brief illness on 27th January 2006.  

 
Prof. Sinha was born on 5th October 1943 in 
Midnapur, West Bengal, where he spent his 
childhood years. He enrolled at Calcutta University 
where he earned his B.E. degree in Civil 
Engineering in 1964. After completing 2 years in 
I&W Directorate, Govt. of West Bengal, he 
completed his M.E. (Civil Engineering) in the year 
1968 from Calcutta University. Immediately after 
completing the M.E. degree he continued his 
research career as Senior Research Fellow at 
Indian Institute of Technology, Kharagpur. He 
completed his Doctoral Dissertation in 
“Development of High Stiffness / Light Weight 
Sandwich Structures” in the year 1972.  He then 
joined the Indian Aerospace Programme at Vikram 
Sarabhai Space Centre, Trivandrum as a 
Research Scientist. As Head of the Structural 
Design / Analysis Section, Aerospace Structures 
Division he designed several Launch Vehicle 

Structural Systems like RSR, SLV, ASLV and PSLV. At VSSC his R&D activities include Fracture-
based Design of Motor Cases and Light Alloy Structural Design of ISOGRID, Closely Stiffened, Frame 
and Skin Stinger Construction etc.. During a 2 year absence from the VSSC he pursued research in 
the field of Acoustic Emission and Stress Propagation at University of Southampton, UK and 
Hygrothermal Problems and Failure of Composite at University of Minnesota, USA. 
 
In 1985, he left VSSC to pursue a career in academia at the Indian Institute of Technology, Kharagpur 
where he became Professor in the Department of Aerospace Engineering. There he expanded his 
research efforts in the fields of Composite Structures like Bending, Vibration, Buckling and Post 
Buckling, Hygrothermal Effects, Thermo-Structural Analysis, Impact Response and Damage 
Mechanics, Multi-directional 3D Composites, Coupled Slosh Dynamics, Smart Structures, Structural 
Acoustics and so on. Contribution to the area of Composite Structure in his 42 years in research 
career was indeed exceptional. 
 
In his years as an academician, he guided twenty two Ph.D. dissertations, successfully completed 
fifteen research projects, organised eight conferences / workshops and published more than one 
hundred and fifty research papers in international journals. Prof. Sinha enjoyed teaching several 
courses in Composite Structures, Finite Element Methods, Aerospace Structures, Structural Vibration 
etc. at all levels. He was Life Member of different professional societies and member of Tokamak 
Design Review Committee, Engineering Sciences and Research Committee and Council Member of 
The Aeronautical Society of India.  
 
Prof. P.K. Sinha was equally at ease discussing politics and cricket or composite structures with his 
students. We deeply mourn the loss of an eminent scientist and inspirational teacher. He was a father 
figure to his students. His legacy will continue to inspire the department. 
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