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It is our pleasure to invite all scientists, academicians, young researchers, business delegates 
and students from all over the world to attend the International Meet & Expo on Aerospace and 
Aeronautical Engineering will be held during March 21-23, 2022.

AEROMEET2022 shares an insight into the recent research and cutting edge technologies, 
which gains immense interest with the colossal and exuberant presence of young and brilliant 
researchers, business delegates and talented student communities.

AEROMEET2022 goal is to bring together, a multi-disciplinary group of scientists and 
engineers from all over the world to present and exchange break-through ideas relating to 
the Aerospace and Aeronautical Engineering. It promotes top level research and to globalize 
the quality research in general, thus making discussions, presentations more internationally 
competitive and focusing attention on the recent outstanding achievements in the field of 
Aerospace

We’re looking forward to an excellent meeting with scientists from different countries around 
the world and sharing new and exciting results in Aerospace and Aeronautical Engineering.
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Immersed Boundary Method Modelling of Fluid-
Structure-Acoustics Interaction of Flapping Wings

Fangbao Tian 
University of New South Wales, Australia

Abstract
This presentation will introduce an immersed boundary method (IBM) for fluid–structure–
acoustics interactions involving large deformations and complex geometries. In this method, 
the fluid dynamics is solved by a finite difference method where the temporal, viscous and 
convective terms are respectively discretized by the third-order Runge-Kutta scheme, the 
fourth-order central difference scheme and a fifth-order W/TENO (Weighted/Targeted 
Essentially Non-oscillation) scheme. Without loss of generality, a nonlinear flexible plate 
is considered here, and is solved by a finite element method based on the absolute nodal 
coordinate formulation. The no-slip boundary condition at the fluid–structure interface is 
achieved by using a diffusion-interface penalty IBM. With the above proposed method, the 
aeroacoustics field generated by the moving boundaries and the associated flows are inherently 
solved. In addition, a few typical benchmark cases are used to validate and verify the current 
method, covering both 2D and 3D cases. Finally, applications of this technique to model fluid–
structure-acoustics interactions of flapping foils mimicking an insect flight and flapping foil 
energy harvester are introduced.
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Morphing via Shape Memory Materials and 
Technology

Wei Min Huang
School of Mechanical and Aerospace Engineering
Nanyang Technological University, Singapore

Abstract
The function of morphing enables structures, machines and devices to switch their shapes 
according to the requirements and working conditions. For instance, solar panelsare only 
deployed from their packed shape after the satellites reach the orbit.Medical devices used in 
minimally invasive surgery maintain the closed shape during delivery. Morphing wings are 
used in unmanned aeroplanes to change the wing shape according tothe flight mode. Buttons-
on-demand in future fully autonomous cars needs switchable keyboard. Among others,bi-
stable structure, compliant mechanism, linkage and origamisystem are some examples that 
have been proposed in the past.

Shape memory materials (SMMs) are featured by the interesting shape memory effect (SME), 
i.e., they are able to return their original shape, but only when a particular stimulus is applied. 
Typical stimuli include heat, chemical, and light, etc. Two most popular types of SMM are 
shape memory alloy and shape memory polymer.

In this talk, a brief introduction of various shape memory phenomena will be presented first. 
After that, we will show a range of morphing applications in aero/space missions, etcutilizing 
shape memory alloy and shape memory polymer.

Biography
Dr Wei Min Huang is currently an Associate Professor (tenured) at the School of Mechanical 
and Aerospace Engineering, Nanyang Technological University, Singapore. With over 20 years 
of experience on various shape memory materials (including alloys, polymers, composites and 
hybrids), he has published over 190 papers in journals, such as Materials Today, Accounts of 
Chemical Research and Advanced Drug Delivery Reviews, and has been invited to review 
manuscripts from over 260 international journals (including Progress in Polymer Science, 
Nature Communications, Advanced Materials, and Advanced Functional Material, etc), 
project proposals from American Chemical Society, Hong Kong Research Grants Council, 
etc, and book proposals from Springer, CRC and Elsevier. He has published two books (Thin 
film shape memory alloys – fundamentals and device applications, and Polyurethane shape 
memory polymers) and is currently on the editorial board of over two dozen of international 
journals.
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Studies on Pyroshock Prediction and Isolation in 
Aerospace Engineering
Zhaoye QIN* 
Department of Mechanical Engineering, Tsinghua University, Beijing, China  
*Corresponding Author E-mail: qinzy@mail.tsinghua.edu.cn

Abstract
Pyrotechnic devices, such as separation nuts and explosive bolts, are widely employed for stage 
separations, satellite-rocket separations, and appendages actions in aerospace engineering. 
During separation actions, along with the detonation of explosive, these pyrotechnic devices 
generate violent mechanical response, namely pyroshock, which tends to damage electronic 
components sensitive to high-frequency shock, and may even cause flight failures. In this 
talk, by adopting the explicit dynamic method Hydrocodes, the near-filed pyroshock response 
caused by the detonation of separation nuts are investigated, and the effects of preload level 
and explosive amount on pyroshock response are evaluated. Then, based upon the studies 
of stress wave transmission in stepped rods, two spacecraft-rocket interface structures for 
pyroshock isolation, namely isolation hole and interim segment, are proposed. Both numerical 
simulations and experiments are carried out to verify the efficiency of the two shock isolation 
strategies. Finally, the wave propagation characteristics in functionally graded metal foam 
plates reinforced with graphene platelets and periodic rods are investigated to explore possible 
applications of new materials and structures to realize pyroshock manipulation in aerospace 
engineering.

Keywords
Pyroshock; Shock isolation; Shock response spectrum.

Biography
Dr. Qin is an associate professor at Department of Mechanical Engineering in Tsinghua 
University, China. He received the B.S. and M.S. degrees in Mechanical Engineering from 
Northeastern University, China, in 2003 and 2006, respectively, and the Ph.D. degree in 
Mechanical Engineering from Tsinghua University, China, in 2010. He has served as an 
Associate Editor of Proceedings of the Institution of Mechanical Engineers, Part C: Journal 
of Mechanical Engineering Science, and an Editorial Member of Nanotechnology Reviews. 
His research interests include aerospace engineering, nonlinear vibration, nanocomposite, 
and vibration control. Recently, he has devoted considerable effort to pyroshock simulation 
techniques both theoretically and experimentally in aerospace engineering. Dr. Qin has 
published more than 80 highly cited papers in peer reviewed journals.
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Drag, Vibration and Noise Reduction of the Bluff Body 
Based on Polymer Additives 
Yongliang Xiong 
Huazhong University of Science and Technology, China

Abstract
The turbulent motion of fluid in engineering can cause excessive flow resistance, resulting 
in greater flow-induced vibration as well as flow noise. In this talk, we will discuss the drag, 
vibration and noise reduction of the bluff body by a small amount of macromolecular polymer 
additives. The impressive drag reduction of the bluff bodies can be achieved for the inhibition 
of turbulence after adding a small amount of polymer. The further inhibition of flow-induced 
vibration and flow noise are also observed. Meanwhile, the results also indicated the reductions 
do not monotonic grow as the increase of polymer concentration but highly dependent on the 
flow parameters. 
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Special Inventions for Conducting Laboratory 
Experiments on Hypersonics and Shock and Blast 
Waves in Undergraduate and Graduate level Courses 
Reddy K P Jagannatha 
Retd. Professor, Department of Aerospace Engineering, Indian Institute of Science, 
Bangalore-560012, India 

Abstract
There is global resurgence in interest in the fields of Hypersonics and Shock Waves in 
recent times. This has in turn created need for advanced level academic courses to enable 
the supply of qualified scientific man power. One of the main draw backs of such courses 
is the lack of experimental facilities to carry out the experiments in the laboratory classes 
safely and at affordable cost. Since the traditional research facilities like shock tubes, blast 
tubes and hypersonic shock tunnels operate at elevated pressures and temperatures they are 
very expensive facilities and have safety concerns in operation, they are not suitable for the 
classroom experiments. In order to overcome these limitations we have invented simple hand 
operated shock tube and hypersonic shock tunnel named as Reddy Tube and Reddy Tunnel, 
respectively. These facilities are widely used in many universities in India and other countries 
as classroom tools, as well as for applications in many research fields including biology, 
medical, veterinary and scientific research. We present the details of these two inventions in 
detail with few results of representative case studies.in this presentation.
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Industrial Digitalization Applications in World-Class 
Aerospace Companies
Essam Shehab
Head of Mechanical and Aerospace Engineering, Nazarbayev University, Kazakhstan

Abstract
This plenary presentation will provide an overview of a number of research projects on digital 
manufacturing which were carried out within world-class aerospace companies. The research 
projects include digital mock-up, model-based definition and digital workflow in manufactur-
ing. Digital Mock-Up (DMU) project focused on integrating design and manufacturing teams 
during different phases of aircraft design to reduce concession time. Model-Based Definition 
(MBD) is based upon the shiftto 3D CAD models as a single source of product definition en-
compassing all the product information and thus eliminating the need for 2D representation.  
It is a digital-product model that defines the requirements and specifications of the product. 
A Model-Based Enterprise (MBE) uses MBD to define the product requirements and spec-
ifications instead of paper-based documents as the data source for all engineering activities 
throughout the product lifecycle. The presentation will provide an outline on digital workflow 
of complex aerospace manufacturing engineering processes.
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Free-Flying and Free-Floating Space Robots: Dynamics 
and Control Challenges

Ramin Masoudi
Associate Professor of Mechanical Engineering, American University in Dubai, Dubai, UAE

Abstract
Free-flying and free-floating behaviors of space robots in terms of dynamic and control anal-
ysis are compared in this work. A four-linkage flexible manipulator with two modes of space-
craft motion, i.e. free-flying and free-floating, is considered as a case study. For the free-flying 
space manipulator, governing equations of motion are derived by means of Lagrange’s ap-
proach and for the free-floating space system, the equations are derived using Kane’s method. 
Assumed mode method is employed to express elastic displacements of the flexible arms, 
except that the associated admissible functions are supplanted by quasi-comparison functions. 
For both space robots, the resulting nonlinear problem is separated into two sets of equations 
by a perturbation approach. One for rigid-body maneuvering of the robot and the other for 
elastic vibrations suppression and rigid-body perturbation control. The kinematic redundan-
cy of the free-flying space robot is removed by relying on the assumption that attitude of the 
spacecraft is controlled during the maneuvering and conservation of linear momentum is gov-
erned on the rigid robot. In the free-floating space robot, the kinematic redundancy is removed 
by imposing both conservation of linear and angular momentums on the manipulator system. 
Path planning of the free-flying space robot is accomplished analytically. The conservation 
of angular momentum is non integrable and makes the free-floating system non holonomic. 
Therewith, trajectory tracking of the free-floating space robot is done numerically. A quadratic 
regulator is used as the control scheme applied to both free-flying and free-floating robots to 
suppress vibrations due to flexibility of the linkages.
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Inverse Optimization of Vibratory Behavior of Space 
Craft Structures
H. Bahai1, R. Mirzaeifar2 , S. Shahab2

1Institute of Materials & Manufacturing, Brunel University London, UK 
2Department of Mechanical Engineering, Virginia Tech, Virginia, USA 
 
Abstract
The inverse engineering design or behavior modification of a system may be defined as 
finding the necessary changes in physical or geometrical properties of a structure in order to 
achieve predefined shifts in structural responses such as natural frequencies or buckling loads. 
The conventional method for performing such modification is the ‘forward iteration’ method 
wherein the structural responses are iteratively calculated for different values of design variables 
until they converge to the optimum value. The procedure becomes all the more cumbersome 
when simultaneous modification of multi- parameters is desired. For structural responses that 
are formulated as an eigenvalue problem, such as free vibration and linear buckling, the time 
consuming forward iterative methods may be replaced by an inverse eigenvalue strategy. This 
work presents an inverse non-iterative formulation for simultaneous modification of natural 
frequencies. The inverse eigenvalue problem is transformed to a system of algebraic equations 
by considering the desired changes in natural frequencies as known terms and the design 
parameters as unknowns. The proposed algorithm is used for relocating the natural frequencies 
of a space craft structure.
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Microchannels and Nanochannels Gas Flow for the 
Entire Knudsen Number Domain

Snežana S. Milićev1*

Department of Fluid Mechanics, University of Belgrade, Faculty of Mechanical Engineering,
Kraljice Marije 16, Belgrade, Serbia
* E-mail: smilicev@mas.bg.ac.rs

Abstract
Microchannels and nanochannels gas flows are often present in Micro-Electro-Mechanical-
Systems (MEMS) and Nano-Electro-Mechanical-Systems (NEMS). Hence, the research of 
the gas flow in small scales enable deeper understanding and development of more precise 
and more efficient micro and nano-devices like micro/nano sensors, actuators, motors, pumps, 
valves etc. 

This paper presents an analytical solution for steady rarefied compressible viscous gas flow in 
the microchannels and nanochannels with constant or slowly varying cross section. It covers 
both all gas rarefaction regimes (from continuum to free molecular gas flow) and all Mach 
number regimes (from subsonic to supersonic). The solutions for the velocity and pressure 
distribution in the channels is obtained by the macroscopic approach, using the one-dimensional 
model of continuum equations. A specially modeled friction factor is attained by an approach 
that includes both the general velocity slip boundary condition, and the dynamic viscosity 
generalized by the rarefaction correction parameter. This method spreads the application of the 
solution to the entire range of Knudsen numbers. Moreover, inclusion of the inertia effect into 
the governing equations allows the application of the solution to both subsonic and supersonic 
gas flows. The presented solution confirms the existence of the Knudsen minimum in the 
diverging, converging and microchannels and nanochannels with constant cross section.

The proposed analytical solution was verified by its comparison with the results available in the 
literature. As it is simple and reliable, it can serve as an accuracy verification of experiments 
and numerical calculations for a variety of gas flow conditions. Moreover, the presented 
method is not only suitable for solving pressure-driven gas flows in micro/nanochannels, but 
also for various shear-driven gas flows (lubrication) in micro/nano scales.

Keywords
Microchannel; Nanochannel; Knudsen number; Friction factor.
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Biography
Snežana Milićev is associate professor at the Department of Fluid Mechanics, Faculty of 
Mechanical Engineering, University of Belgrade, Serbia. She received her B.Sc. in Thermal 
Engineering in 1993, M. Sc. in 1999, and PhD in Fluid Mechanics in 2011, all from the University 
of Belgrade. She has been teaching various courses in Mechanics and Fluid Mechanics. She 
is head of the Laboratory for Hydraulics and Pneumatics and a member of Fluid Mechanics 
Laboratory at the same school. She is a member of Serbian Society of Mechanics. She has 
published papers and served as a reviewer in many international journals. She is a co-author 
of three books. Her research interests include Fluid Mechanics, Gas Dynamics, in particular, 
rarefied gas flow in micro and nanochannels.
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Efforts at EUMETSAT to Comply with Current Long-
Term Space Sustainability Guidelines

Pier Luigi Righetti 
EUMETSAT, Italy 

Abstract
Since more than a decade EUMETSAT has been devoting a significant effort to keep the space 
as clean as possible for the future generations, in line with the international guideline for space 
debris mitigation and long-term space sustainability.

This presentation will show how this effort is materialised in three main lines of activities:
- mitigation of the risk of collision for the flying satellites, in cooperation with EUSST, CARA 
and SDA; that includes continuous effort in improving the orbital solutions for our satellites 
and active cooperation with on-going space traffic management activities in Europe.

- execution of end of life (EOL) operations to remove satellites from the operational orbit at 
the end of their operational life; that is achieved for the LEO satellites bringing them into a 
25 years decay orbit, for the GEO satellites manoeuvring them into an appropriate graveyard 
orbit. As the current operational satellites were designed before the guidelines were consoli-
dated, compliance is achieved using the available system margins. In particular, the EOL op-
erations carried out for the Metop-A in November 2021 will be presented, as well as the plan 
for the EOL operations for MSG-1, foreseen in 2022.

- preparation of new missions in full compliance with the EOL recommendation; namely, for 
the LEO satellites of the new generation (e.g. EPS-SG) direct re-entry is foreseen, to ensure 
furthermore full compliance with the casualty risk requirements.
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High Enthalpy Flow Diagnostics for Planetary Entry 
Missions and Re-entry Break-up Analysis

Stefan Loehle 
University of Stuttgart Institute of Space Systems, Germany

Abstract
The manoeuver to enter an atmosphere of a planet is among the most challenging space 
manoeuvers. The reason is that for a successful manoeuver a coupled analysis of flight 
mechanics, thermodynamics, fluid mechanics and material science is required in order to 
design thermal protection systems for spacecraft. In case a destructive re-entry is planned, the 
full demise of the materials of the spacecraft again requires a similar understanding of these 
scientific topics.

In this talk, I’ll give an insight into the experimental approach I am  following with my High 
Enthalpy Flow Diagnostics Group at the Institute  of Space Systems at the University of 
Stuttgart in order to provide an   experimental means to assess the quality of a heat shield or 
a break-up  manoeuver. The essential systems we use are non-intrusive optical diagnostics 
and advanced inverse methods for the quantification of temperatures, number densities and 
material behavior. The approach has been extended to the investigation of meteoroid entry as 
a natural entry maneouver and we have begun to experiment hydrogen/helium atmospheres for 
the entry analysis into ice giant atmospheres.
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Optimal Stress Fields, Worst-Case Loadings, and Load 
Capacity of Structures
Reuven Segev
Department of Mechanical Engineering, Ben-Gurion University of the Negev, Beer-Sheva, 
Israel
*Corresponding Author E-mail: rsegev@bgu.ac.il

Abstract
Engineering stress analysis for a given structure is usually carried out for some assumed 
loading conditions and using experience in order to study worst-case situations. We present a 
procedure that, for an elastic perfectly plastic structure, will enable the designer to make sure 
that the structure can sustain loads the maxima of which is no higher than some given value, 
no matter how they are distributed.

Consider a homogeneous isotropic elastic-perfectly plastic body  modeled by a bounded open 
subset of  having a smooth boundary,. The body is assumed to be supported on an open subset  
of its boundary and let be the external surface traction acting on the complementary part, , of 
the boundary. Body forces may be included in the analysis but for the sake of simplicity, we 
omit them here. We prove that there exists a maximal positive number, to which we refer as 
the load capacity ratio, such that the body will not collapse under any external traction field 
bounded by , where  is the yield stress. Thus, while the limit analysis factor of the theory 
of plasticity pertains to a specific distribution of external loading, the load capacity ratio is 
independent of the distribution of external loading and implies that no collapse will occur for 
any fieldon as long as. Collapse will occur for some for which the maximum of its magnitude 
over  is greater than .  The analysis also allows one to consider subspaces of external loadings, 
e.g., a collection of loadings acting on a particular subset of the boundary.

The load capacity ratio depends only on the geometry of the body and we prove, see [1], that 
it is given by

Here,is the space of incompressible integrable vector fields  that satisfy the boundary conditions 
on  and for which the corresponding stretchings, or linear strains,  are integrable. This vector 
space is equipped with the norm

The norm  on the space of incompressible strain matrices should be chosen as the dual of a 
norm  on the space of deviatoric stress matrices induced by the yield criterion.
An example of load capacity/worst case loading analysis of a cracked structure is shown in 
Figure 1. Assuming that external loading is applied only to the left edge, a worst-case loading 
distribution is presented in Figure 1.a. Figure 1.b describes the vector field  that maximizes the 
expression for  above.
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Figure 1. An example ofworst-case loading analysis

References
[1] Segev, R., Load Capacity of Bodies, International Journal of Non-Linear Mechanics, 42, 
250–257 (2007). 
[2] Falach, L. & Segev, R., Load Capacity Ratios for Structures, Computer Methods in Applied 
Mechanics and Engineering, 199, 77–93, (2009). 

Keywords
Stress analysis; optimal stress fields; limit analysis; load capacity.
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Biography
Reuven Segev is the H. Greenhill Chair Professor of Theoretical and Applied Mechanics at 
the Department of Mechanical Engineering at Ben-Gurion University, Beer-Sheva, Israel.  His 
research, for over 40 years, is concerned with the applications of geometrical and analytical 
methods in mechanics in general and the mechanics of a continuous media, in particular. 
He teaches courses in the field of Theoretical and Applied Mechanics. He currently serves 
as the President of the Israeli Society for Theoretical and Applied Mechanics. Segev serves 
on the editorial boards of the Journal of Geometric Mechanics, the journal Applications in 
Engineering Science, and the journal Applied Mathematics and Mechanics.

Professor Segev received his B.Sc. (1976) and M.Sc. (1978) in mechanical engineering at 
Ben-Gurion University.  He completed his Ph.D. in 1981 at the University of Calgary, Canada.  
Since 1981, he has been affiliated with Ben-Gurion University.  During the period of 2003-
2008, he served as the Head of the Department of Mechanical Engineering and in the period 
2014—2017 he served as the Associate Dean for teaching at the Faculty of Engineering 
Sciences at Ben-Gurion University. In the period 2019—2020 he served as the Head of the 
university’s Unit for the Advancement of Quality Teaching and Learning. Throughout the 
last two decades, he served as the Head of the Professional Accreditation Committees for 
mechanical engineering appointed by the Israeli Council for Higher Education.

Professor Segev spent sabbatical years at Johns Hopkins University (1987/1988), The 
University of Calgary (1995/1996), and the University of California, San Diego (2008/2009).
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Solid Fuel Ramjets and Scramjetsfor High-Speed 
Energy-Efficient Propulsion

Alon Gany
Faculty of Aerospace Engineering Technion – Israel Institute of Technology Haifa 32000, 
Israel

Abstract
The solid fuel ramjet (SFRJ) and scramjet are the simplest air-breathing engine variantsfor the 
supersonic and hypersonic flight range, respectively. Their energetic performance (specific 
impulse) is substantially superior to that of rockets (by 3-4 folds), and their speed range is 
far beyond the capability of turbojet engines. The SFRJmay be integrated in the atmospheric 
phase of a launch cycle, hence saving mass and extending operating time. This presentation 
summarizes the main features of the SFRJ, describing flame-holding, flow, and burning 
phenomena within the combustion chamber. Analytical prediction as well as experimental 
results reveal the performance characteristics and energetic advantage of the SFRJ over rockets. 
Video clips will present static firing tests of solid fuel ramjets and scramjets as well as a flight 
demonstration movie.

Launching of a two-stage solid fuel ramjet demonstrator 
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Digital Design and Manufacturing in the Aerospace 
Industry
Fernando Mas1, 2, * 
1University of Sevilla, Avda. De los Descubridores, s/n, 41092 Sevilla, Spain 
2M&M Group, Avda. Inventor Cawley, 31, 11500 Cadiz, Spain 
*Corresponding Author E-mail: fmas@us.es

Abstract
Digital design and manufacturing is a digital-first approach to the way aerospace products are 
designed and manufactured based on digital methods and tools for end-to-end business 
processes. The ultimate goal is to reduce product cost and time to market while meeting 
customer requirements for quality, safety and environmental performance. This article 
focuses on the most relevant companies that have shaped the aerospace industry on both 
sides of the Atlantic, Airbus and Boeing, which represent 100% of the 100+ seat aircraft market. 
Complex and critical requirements in the aerospace industry, market changes and fundamentally 
new arising digital technical solutions have forced companies to adapt their way of working to 
secure their leadership.

The author presents the paradigm shift in the development strategy of aerospace products and 
industrial systems, the use of the new generation of PLM systems enhanced by the progress of 
technologies and the increased use of Models and simulations as a principle of knowledge 
ownership.

Keywords
Digital design, PLM, Digital manufacturing, Aerospace
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at the University of Sevilla. He owns patents in the EU and US and has published more than 80 

mailto:fmas@us.es


INTERNATIONAL MEET & EXPO ON AEROSPACE AND AERONAUTICAL ENGINEERING

MARCH 21-22, 2022

AEROMEET2022

Page- 24

albedo
...let's reflect knowledge

papers in refereed international journals and conferences. He is a member of several Spanish 
scientific committees as well as professional and scientific international organizations. He also 
acts as an evaluation expert of several Spanish and European bodies, and he is a member of the 
editorial board of journals.
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Using The Jet Stream for Sustainable Airship and 
Balloon Transportation of Cargo and Hydrogen

Julian Hunt 
International Institute for Applied Systems Analysis (IIASA), Austria

Abstract
The maritime shipping sector is a major contributor to CO2 emissions and this figure is 
expected to rise in coming decades. With the intent of reducing emissions from this sector, 
this research proposes the utilization of the jet stream to transport a combination of cargo 
and hydrogen, using airships or balloons at altitudes of 10–20 km. The jet streams flow in 
the mid-latitudes predominantly in a west–east direction, reaching an average wind speed of 
165 km/h. Using this combination of high wind speeds and reliable direction, hydrogen-filled 
airships or balloons could carry hydrogen with a lower fuel requirement and shorter travel time 
compared to conventional shipping. Jet streams at different altitudes in the atmosphere were 
used to identify the most appropriate circular routes for global airship travel. Round-the-world 
trips would take 16 days in the Northern Hemisphere and 14 in the Southern Hemisphere. 
Hydrogen transport via the jet stream, due to its lower energy consumption and shorter cargo 
delivery time, access to cities far from the coast, could be a competitive alternative to maritime 
shipping and liquefied hydrogen tankers in the development of a sustainable future hydrogen 
economy.
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Sustainable Advanced Regional Air Mobility 
Operations
Cedric Y. Justin*, Dimitri N. Mavris 
School of Aerospace Engineering, Georgia Institute of Technology, Atlanta, GA, 30332, 
USA 
*Corresponding Author E-mail: cedric.justin@gatech.edu

Abstract
Advances in high performance batteries and electric powertrains have brought electric propulsion 
for aviation applications within reach. However, the technology limitations in terms of battery 
specific energy density still limit these applications to shorter flights using smaller capacity 
aircraft. As a result, there is an interest from the industry to re-energize the commuter and 
regional market segment by replacing the current fleet of ageing commuter aircraft with state-
of-the-art electric and hybrid-electric aircraft. Adoption of electrified aircraft by commuter 
operators will help better understand the challenges related to electric aircraft operations. 
This will also help the community better prepare for wider-scale adoption and higher-tempo 
operations using large capacity electric and hybrid-electric aircraft when the technology finally 
matures. Large-scale electric operations will indeed present new challenges for the supporting 
infrastructure (charger, electric grid) when concurrent departures and arrivals at hubs yield 
significant power demand to recharge batteries. One objective of this research is to design 
an optimized concept of operations for advanced electrified regional air mobility which aims 
at maximizing profits and minimizing the environmental footprint. Another objective of this 
research is to investigate sustainable means of generating electric energy to recharge aircraft 
batteries at airports. Photovoltaic systems are identified as promising solutions to support the 
electrification of regional air mobility operations with the ultimate goal to minimize carbon 
emissions and reach carbon neutrality by 2050. This research is applied to the North-East U.S. 
Corridor and we present a concept of operations for combined passenger and cargo flights. 
The electric energy needs at each airport are identified and then compared to the potential for 
in-situ production of renewable energy.

Keywords
Commuter Operations; Cargo Operations; Electric Aircraft; Renewable Energy
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Vibration-based Structural Damage Detection
Weidong Zhu 
University of Maryland, USA

Abstract
Recent advances in model- and non-model-based damage detection methods using vibration data 
such as natural frequencies and mode shapes are presented. Two major challenges associated 
with model-based methods are addressed: accurate modeling of structures and development 
of a robust inverse algorithm to detect damage, which are defined as the forward and inverse 
problems associated with model-based damage detection methods, respectively. To resolve 
the forward problem, new physics-based finite element modeling techniques for fillets in thin-
walled beams and bolted joints are developed, so that complex structures with thin-walled 
beams and/or bolted joints can be accurately modeled with a reasonable model size. To resolve 
the inverse problem, a robust iterative algorithm that uses Levenberg-Marquardt method is 
developed to accurately detect locations and extent of damage using a minimum number of 
measured natural frequencies.

Non-model-based methods that use vibration shapes measured from scanning laser vibrometry, 
without use of any a priori information of undamaged structures that is usually not available in 
practice, are introduced. Curvature vibration shapes are compared with those from polynomial 
fits with proper orders to yield curvature damage indices to identify damage. A new multi-scale 
differential geometry scheme is developed to calculate curvature vibration shapes. Spatially 
detailed vibration shapes can be measured by a continuously scanning laser Doppler vibrometer 
system developed in-house in a rapid and accurate manner. Application of the methodology to 
detect delaminations in composite plates are demonstrated. Use of operational modal analysis 
and digital image correlation to detect damage in membranes is also demonstrated.



INTERNATIONAL MEET & EXPO ON AEROSPACE AND AERONAUTICAL ENGINEERING

MARCH 21-22, 2022

AEROMEET2022

Page- 28

albedo
...let's reflect knowledge

Power Transmission Through Gears: Rising Issues And 
Technical Solutions
Carlo Rosso 
Polytechnic University of Turin, Italy

Abstract
The need to improve efficiency and the growing of electrification in propulsion require lighter 
and more reliable gearboxes. The increase of power and the lightness are conflicting requests, 
so many problems can rise, such as high dynamic overloads and vibrations. In the present 
speech, some issues are presented and some analysis technique are shown for providing de-
signers with the proper instruments. It will be discussed the origin of the dynamic overloads 
and vibration and the methods for improving the gear quality. Some numerical techniques will 
be presented for optimising the gear design. Some future developments are also proposed.
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Dynamic Probabilistic Risk Assessment of Unmanned 
Aircraft Control Systems
Mohammad Hejase, Tunc Aldemir*, Umit Ozguner 
Department of Mechanical and Aerospace Engineering, E427 Scott Lab, 201 W. 19th 
Avenue, Columbus, OH 43210, U.S.A. 
*aldemir.1@osu.edu

Abstract
Risk assessment tools and techniques that can ensure safe and robust performance of an 
Unmanned Aircraft Systems (UAS). A dynamic probabilistic risk assessment scheme involving 
multiple phase-specific implementations of a Backtracking Process Algorithm (BPA) based 
on the Markov Cell-to-Cell Mapping Technique is proposed for risk-informed identification 
of scenarios involving UAS control systems with adaptive control elements operating in the 
National Airspace. A discrete-state representation of the UAS control system is utilized which 
allows tracing fault propagation throughout the system and the quantification of probabilistic 
system evolution in time.

Keywords
Unmanned Aircraft System; Markov; Cell-to-Cell Mapping
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Computational Methods and Ground-Based 
Experiments for Space Operations

Ahmad Bani Younes
San Diego State University USA

Abstract
In conceiving and planning space missions, ground-based experiments are required that 
combine theory with experimental hardware to reduce mission risks. These experiments 
replicate expected on-orbit behavior and provide a virtual “wind-tunnel-like” environment for 
gaining insights into the complicated behaviors that characterize interactions between multiple 
critical subsystems. Such Risk Reduction Ground-Based (robotics) Experiments provide 
anomaly resolution experiments in an operationally relevant environment. We have recently 
developed a suitable approach to ground-based mobile platform technology that simultaneously 
permits large general motions and highly precise inertial and relative navigation and control, 
by building the Spacecraft Platform for Astronautics and Celestial Emulation (SPACE) 
laboratory. This work combines both theory and experiment, including computational methods 
in Astrodynamics. Various basic and advanced methods have been explored in computational 
celestial mechanics for general N-body problems with arbitrary order perturbations in order to 
produce self-tuning, highly parallelizable and efficient algorithms.
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Multi-fidelity, Multi-scale Simulation to Support 
Digital Twins
James Tyacke*
Department of Mechanical and Aerospace Engineering, Brunel University London, 
Uxbridge, UK
*Corresponding Author E-mail: james.tyacke@brunel.ac.uk

Abstract
Digital twins are digital representations of real systems operating in real time.  Considering 
aeroengine application, sensor data from engines in-flight can feed into such digital twins, 
providing information on performance during different flight phases, maintenance and part 
failure.  This enables precise planning and overall cost and emissions reductions.  For this, data 
is typically drawn from several sources, including live and historical sensor data supported by 
experiments and numerical studies.  Probabilistic algorithms can then determine maintenance 
or repair requirements.  Mishra et al. (2017) found failure of thermal sensors led to elevated 
operating temperatures, oxidation, thermal cracking, fatigue and failure of an uncooled turbine 
blade. It is thus paramount to understand and model the performance of different engine 
zones and their coupled influence on each other.  This could indicate undetected issues or aid 
optimising real-time performance.  

At of off-design conditions, design models become unreliable and experiments can be limited 
and costly.  Predictive modelling of these flows is a key ability of Direct Numerical Simulation 
(DNS), or Large-Eddy Simulation (LES).  However, computational cost limits their use at 
high Reynolds number. At lower fidelity, Reynolds-Averaged Navier-Stokes (RANS) and 
Unsteady-RANS (URANS) inherit underlying (local) turbulence model limitations, introducing 
errors that are transmitted throughout coupled engine zones.  Hybrid LES-RANS bridges the 
gap between these methods, at significantly lower cost to LES, with minor loss of predictive 
capability.  This forms a turbulence modelling hierarchy [1,2].

To understand fundamental flows such as boundary layer behaviour, body-fitted meshes are 
required. For high-pressure turbine blades, complex internal cooling zones can be considered 
as a sub-component flow.  This can be packaged into a low-fidelity model and represented in a 
full blade component and, by extension, many blades within a coupled system.  This bottom-up 
approach utilises high-fidelity models at small scale to inform lower-fidelity models at large 
scale.  This is enabled by a range of lower fidelity geometry representation such as porous and 
immersed-boundary zones that are active in terms of power production.  Coupling of systems 
of systems such as aeroenegines and airframes then becomes possible [3]. 

The abundance of High Performance Computing systems allows complex flows to be mostly 
resolved rather than mostly modelled.  Exascale and future Zettascale computing platforms, 
pose the question of how to efficiently use such systems?  Although ever larger, single 
simulations will no doubt be executed, a potentially more fruitful use is to spawn many small 
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to medium sized simulations to test parametric spaces and feed lower-fidelity modelling 
and machine learning.  The use of advanced statistical techniques will also deliver benefits.  
Polynomial ridge functions can approximate unseen conditions in high-dimensional spaces [4]. 
The predictive envelope of a single simulation can be extended, multiplying the value of each 
simulation [5-6].  Machine Learning can be incorporated into simulation systems as suggested 
by Tyacke and Tucker [7].  This also provides opportunities for multi-physics modelling to be 
incorporated that can be driven (and carefully updated) by live system data.  In this way, CFD, 
experiments and real-world data can be integrated into sophisticated digital twins.

Keywords
LES; HPC; Digital Twin.
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