
 

A COMPUTATIONAL STUDY OF SUPERSONIC 

FLOWS OVER WALL MOUNTED 

STATIONARY AND MOVING PROTRUSIONS  

 

 
 

 

 

by 

 

VIKRAM VENKATARAO DESHPANDE 
 

 

 

 

 

 

 

Submitted 

In fulfilment of the requirements of the degree of Doctor of 

Philosophy to the 

 

 

 

 

 

 

 

 

 

 

DEPARTMENT OF APPLIED MECHANICS 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

INDIA 

 

OCTOBER 2012 

 



iii 

 

CERTIFICATE 

 

 

This is to certify that the thesis titled “A Computational Study of 

Supersonic Flows over Wall Mounted Stationary and Moving 

Protrusions” being submitted by Mr. Vikram Venkatarao Deshpande to the 

Indian Institute of Technology Delhi, for the award of the degree of Doctor 

of Philosophy in Department of Applied Mechanics is a bonafide research 

work carried out by him under our supervision and guidance. The research 

work presented in this thesis has not been submitted in parts or in full to any 

other University or Institute for the award of any degree or diploma. 

 

 

 

 

  

Sanjeev Sanghi, Ph. D. 

Professor  

Dept of Applied Mechanics,  

Indian Institute of Technology Delhi 

New Delhi-110016, India 

 

 Brijesh Eshpuniyani, Ph D,  

Visiting Faculty 

Dept of Mechanical Engineering 

Indian Institute of Technology BHU 

Varanasi-221005, India 

 

  

 

 

 

 S.N. Singh, Ph. D. 

Professor  

Dept of Applied Mechanics,  

Indian Institute of Technology Delhi 

New Delhi-110016, India 

 

 

 

 

 

 

  



v 

 

ACKNOWLEDGEMENT 

 

This thesis is the end of my journey in obtaining my Ph.D. I have not 

traveled in a vacuum in this journey. This is the result of six years of work 

whereby I have been accomplished and supported by many people. It is 

an opportunate moment to thank all those, whose unwavering support 

has enabled me to accomplish this mammoth task. At the end of my thesis 

I would like to thank all those people who made this thesis possible and 

an unforgettable experience for me.  

This thesis grew out of a series of dialogues with my Principal 

supervisor Professor Sanjeev Sanghi. Through his grass root level 

questioning, he brought me closer to the reality I had initially perceived, 

eventually enabling me to grasp its rich complexity. Prof Sanjeev Sanghi 

is a person with deep knowledge, invaluable insights, enormous patience, 

humanity and man of courage of conviction. I had been very lucky in 

getting such a person as my supervisor. I feel immense pleasure in 

expressing sincere thanks, heartiest gratitude and indebtness to Professor 

Sanjeev Sanghi. His unflinching courage and conviction will always 

inspire me, and I hope to continue to work with his noble thoughts. 

Thank you Professor! for your unflinching support and guidance. 

Words fail me to express my appreciation to Dr. Brijesh Eshpuniyani 

for his support and generous care. He was always a driving force and 

beside me during the ups and downs of research to push me and motivate 

me. He treated me more than merely a student and used to take great 



vi 

 

pains in coming all the way from Kanpur in overnight train to review my 

progress, motivate and guide me in times of confusion and need. Our 

lengthy discussions in “Barista” and “Café Qahwa” coffee shops opposite 

IITD are unforgettable. He was at the centre of my research strapping all 

the loose ends together. His unconditional support to me during revision 

of thesis is unforgettable. He is a person of extremely high values, ethics 

and conviction. Thank you sir!  I am deeply beholden to you.  

I am also extremely obliged to my guide Prof. SN Singh, for providing 

necessary guidance and resources to accomplish my research work. I am 

very much thankful to him for picking me up as a student at the critical 

stage of my Ph.D. when both of my supervisors were away from IITD.  I 

warmly thank Prof. SN Singh, for his valuable advice, constructive 

criticism and his extensive discussions around my work. Thank you 

Professor! 

It is my pleasure to acknowledge gratefulness to Dr. Adnan Qamar 

for guiding me on how to dive into research and valuable tips of survival 

as research scholar. I had borrowed his FORTRAN code for supersonic 

flows on axisymmetric bodies as the base program which is inspired me 

in writing an own code for moving bodies. Thank you Dr. Adnan! and 

best wishes to your future assignments.  I would like to extend my sincere 

thanks to Mr. Bhagwat Shisodiya for his untiring help during my 

research duration with me outside the campus. A phone call from me, and 

the job gets done be it printing of reports, submitting reports, 

information from PG section, paying fees whatever. Thank you Mr. 

Bhagwat! and best wishes to you for your research. Thanks to the all 



vii 

 

faculty members of Department of Applied Mechanics, DRC and SRC for 

providing me the valuable inputs during beginning of my research. It 

would unfair on my part if I don’t convey my sincere gratitude and 

thanks to Dr. Balaji Srinivasan, for all the valuable suggestions extended 

by him and independent opinion in understanding physics behind few of 

our observations. Thank you Sir! 

I owe my utmost gratitude to my wife, children and family members 

for sparing, inspiring and accommodating me in completion of my 

research. In the times of my lows, the encouragement of my wife is 

unforgettable. Thank you dear! I should be able make up for the 

sacrifices made for me in last six years. Lastly, I wish to thank all those 

who directly or indirectly helped in accomplishing this work. 

Above all thanks to ‘Divine GOD’ for inducing me with power to 

work hard, focused and showing the way in the moment of darkness.  

 

       Vikram V Deshpande 
  



ix 

 

ABSTRACT 

The present work is motivated by the long term perspective of using locally 

generated shockwaves near micro-actuated surface protrusions (that can emerge into 

the flow field when needed and withdraw at other times to avoid unnecessary drag 

expenditures) to assist or replace conventional control surfaces in maneuvering 

supersonic missiles. The overall problem of designing suitable control laws based on 

the fully three dimensional, turbulent dynamics of supersonic flow past moving 

surface protuberances is an extremely challenging proposition that will possibly need 

to be addressed through a series of studies of increasing complexity. This thesis 

considers a two dimensional laminar supersonic flow and presents a systematic 

computational study in three steps using the finite difference method with the particle 

velocity upwinding scheme to discretize the convective term in the Navier-Stokes 

equations: (i) flow past fixed surface protrusions of different shapes on a flat plate for 

a range of free stream Mach and Reynolds numbers and protrusion heights, (ii) flow 

past a moving ramp as well as protrusion for a range of ramp/protrusion velocities and 

(iii) application of understanding obtained to a simple model problem in which ramp 

and protrusion type control elements are mounted as tail controls on a conical nosed 

2-D projectile. The protrusion type control element is seen to be more effective and it 

is felt that the values of pitch acceleration achieved are significant enough to 

maneuver supersonic projectiles. A more detailed study under realistic conditions 

(3D, turbulent, etc.) is however required before the viability of the proposed approach 

can be confirmed. 
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