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stract 

nomaterials constitute a prominent sub-discipline in the materials science. Conventional materials like glass, ceramic, metals, 
lymers or semiconductors can be formed in a nanoscale proportion. They have various microstructural distinctive attributes 
h as nano-discs, nanotubes, nanocoatings, quantum dots, nanocomposites, and nanowires. The unique properties of 

noparticle derived materials and devices depend directly on the size and structure-dependent properties. This Paper shows the 
dern design requirements with the help of simulation to assure the properties of engine like faster, miniature, highly 
neuverable, self-healing, lightweight warrant for materials, intelligence guided, smart, eco-friendly, with extraordinary 
chanical and multifunctional properties while making the engine parts. 
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Introduction 

al-time measurements, distributions of the size of the particle and the structure of particle are, thus, validate the 
hniques of the evolution of nanotechnology. More accurate and reliable models for simulating transport, 
agulation of particle, deposition, and dispersion of the nanoparticles and their cluster are needed in the formation 
 design tools for applications in technological, and in nanoparticle instrumentation, sensing, dilution, sampling, 
d focusing on their behaviour in the chemically reactive environment. The computational method allows us to  
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Nomenclature 

CFD             Computational Fluid Dynamics  
SWCNTs     Single Walled Carbon Nanotubes 
FCNTs         Functionalized Carbon Nanotubes 

 
validate and explore hypotheses about the experimental observation that may not be approachable through 
conventional experimental techniques. Additionally, simulations with computer allow us for the theory of areas of 
interest in which the experimental method can be applied.  
Computational science provides many opportunities for nanotechnology. Soft computational techniques like cellular 
automata,  genetic algorithm and swarm intelligence, can impart various new properties like self-repair, growth, and 
complex-networks to the framework. Dealing in nanoscale-systems comprises to understand and development of 
nanotechnology computational method and application in real-world, often to the problems in other areas. 
Techniques in computational nanotechnology systems incorporate algorithms in machine learning, AI, reasoning, 
and natural computing. With some improvement in nano properties, these techniques can be used to control a flock 
of trillion nano-assemblers. Fabrication techniques have allowed engineers and scientists to form magnetic materials 
in nanometres scale. These materials show very interesting magnetic properties that differ from the bulk materials.  
This Paper deals with MATLAB applications in the behavioural analysis of systems consisting of Single Walled 
Carbon Nanotubes through molecular dynamics simulation. This Paper explains the applications of MATLAB for 
calculations of nano-systems, which contain Carbon Nanotubes. Also, some specialized applications of MATLAB 
for studying the behaviour of nano-oscillators are introduced. In this, the authors describe the behaviour of Single-
walled Carbon Nanotubes (SWCNTs) and functionalized Carbon Nanotubes (FCNTs) with four functional groups in 
water using the molecular dynamics simulation method. In these days Nanotechnology and nonmaterial's are hot 
topics in Engine framework. This defined as nanotechnology is the study of matter on an atomic and molecular scale 
to develop material at a scale of 1 to 100 nanometres. 

 
 

2.  What Are Optimization And Simulation? 
 
Predictability and optimization in effectively all the branches of science,  there is a requirement for estimating the 
parameters of the system, to assess the minimum and maximum of an objective function. Since mathematical 
models are very rarely used to guide the experimentation and to adapt or forecast the nature, there is an equally 
robust necessity to finding the error in models. The degree of detail and dynamic complexity in both space as well as 
time makes the formulation and solution of problems in this area fundamentally more challenging than most of the 
problems successfully tackled to till date.  
 
2.1. Why Optimization Is Required? 
 
Many problems stated above depends on formulating and solving optimization problems. For an example,  to 
improve the quantitative understanding of nanosystems at the fundamental level, it is necessary to have the ability to 
evaluate the ground state of the system. This can be formulated as a minimum Engine problems where, solution 
provides the configuration of the particles of the system at the least energy, gives an Engine functional. Complex 
nanosystems may have millions or billions of particles, which results in huge optimization problems characterized 
by an equally large number of local maxima and minima with Engine levels near the ground state.  
 
2.2. Why Simulation Is Required? 
 
Real-time measurements, distributions of particle size and particle structure are, thus, validate techniques for the 
evolution of nanotechnology. Precise and genuine models for simulating transportation, coagulation, deposition, and 
dispersion of nanoparticles and their cluster are required for the development of tools for applications in 
technological, including Engine and transportation, nanoparticle instrumentation, fuselage, wings control surfaces 
and other parts focusing the nanoparticle behaviour in the chemically and environmentally reactive framework. 
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Computational techniques allow us to validate and explore hypotheses about the experimental observation that may 
otherwise not be approachable through conventional experimental techniques. Additionally, simulations with 
computer allows for the theory to proposed area of interest in which experimental techniques can be applied.  
 
 
2.3.  How This Serves 
 
Advancement in computational techniques has significantly enabled the simulation of heat transfer, acoustics 
complex flows, fluid-structure interaction phenomena. Furthermore, advances in high-performance computing also 
allowed more complex simulations to be performed in shorter turn-around times. The design and condition  
monitoring challenge requires an understanding of complex phenomena and conditions. The uncertainty can be 
reduced in engineering simulations by increasing the accuracy while making computing more efficient it is still a 
challenge. In this paper, we will see results from the development and application of high-order CFD and multi-
scale or multi-physics methods for nanotechnology in engine applications. 
  
This Paper includes two parts related to the subject. The first part explains the Modelling technique, simulation 
performed an how to simulate the whole Engine models with various tools, for example, equipment model from one 
tool and the controlling software from the another tool. The second part deals with the use of Modelling and 
simulation in the formation of Engine system. The use of Modelling and simulation in early system development 
phases has significantly increased.  
 
3. Aim, Limitation And Context 
 
Aim of this Paper is to introduce industrially beneficial method for validation when measurement data is not up to 
the mark. First, simulation methods are required, that allows simulation of the system with the models of different 
domains. Second, model continuously grows by the development method. These validation  procedure must be fitted 
in whole development process. Third, the technique and metrics for industrial applicability by using uncertainty data 
must also be verified.  
 
4. Frame Of Reference 
 
This part shows summary of the types of models, simulation techniques and their relation to the Engine system 
classification. The target will be on the mathematical models for Engine system. 
 
4.1. Models 
 
Anything which represents the something can be considered as a model.  
The model  ( fig. 1) simplifies and help us for better understanding the real object. Models are of manly four types, 
  
• Physical  
• Verbal 
• Schematic 
• Mathematical 
 
Physical models are those who recall the system in terms of physical appearance.  
Verbal Models are quit easier than the remaining all three types and gives textual as well as oral interpretation. 
Verbal Models are used often at the earlier stage in the job when only very less is known.  
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Fig: 1. System Build model. 

 
The main drawback of the verbal model is inexactness, that may cause complexities in explanation of the 
programming languages and modelling. The outcomes from the mathematical model of the Engine system are 
temperature, pressure and flow of fuel in the engine. 
 
 4.2. Modelling And Simulation Of Engine Systems 
 
This Parts shows an summary of the modelling and simulation job for the Engine systems. The Engine  contain fuel, 
hydraulic as well as auxiliary power systems. Engine systems have many modelling and simulation provocation (fig. 
3) like, less compressible air or fluids which may give rigid differential equations, saturation and nonlinear 
cavitations, gravitational force effects, It is also a complex system, which requires the model with the integrated 
system software. The dynamic models, which are based on the physical differential equation are normally used.  
 
4.2.1 Simulation Of Mathematical Model 
 

 
Fig: 2. Flow diagram of the simulation method 
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Model is the simplified depiction of the actual world system and the simulation is an evaluation of a model by using 
the input data to get the desired outcomes from the model as shown in fig. 4. . The simulation method is an 
experiment which is executed on the model. It can be for real as well as hypothetical condition. By the analogy, an 
experiment in  real world on the model which requires atmospheric condition and provides desired outcomes, the 
model also requires desired input and provides simulated data. The simulation allows the forecast of the nature of 
the model from a set of various variable for a given initial conditions as shown in above Fig 2.  
There are various causes to simulate first before the experiment on a experimental set up in the actual world. Some 
main causes are: 
 
• Experimental set up is so costly to execute experiment on  the actual system. 
• The system may yet to exist. 
 
Other important properties that simulation gives are: 
 
• Variables cannot access or observed in real system but it can be notice during the simulation. 
• It is very easy to observe and modify the models and to alter the descriptions and can be execute new simulations. 
With the system design optimization different-different can be investigated like fig. 3. 
• The time scale of the system can be increased or decreased.  
 
The most significant data flows in a model while the simulation is: 
 
• Specifications remain unaltered during the simulation but it can be changed anywhere in-between. 
• Constants cannot be accessible during the simulation. 
• Inputs are the variables which affect the model. 
• Outputs are the variables which are getting observed. 
 

              
 

  Figure 3. A screenshot of a dynamic  simulation of a scanning tunnelling .           Fig: 4. Example of computational Modelling of SWCNT 

 
MATLAB is an object oriented language for  a physical system Modelling of a complex model. It accepts multi-
domain Modelling like, in aviation sector Modelling of mechatronics systems which is the combination of electrical, 
mechanical, and control systems as well as hydraulic subsystems.  
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4.3. Validation And Verification 
 
Validation And Verification are two different terms which are generally mixed up. The general definition of  
Verification and validation are: 
• Validation:  did I built the right object? 
• Verification: Did I built the right object? 
 
5. Applications 
 
MATLAB applications in Engine storage, behaviour analysis of the systems consisting of Single Walled Carbon 
Nanotubes (SWCNTs) by the molecular dynamics simulation shown in fig. 5 (a-d). Applications of MATLAB in 
calculations for nano-systems, which mostly contain SWCNTs. The molecular dynamic simulation and analytical  
studies of SWCNTs.  
 

 
 
 

Figure 5. Another example of computational Modelling of SWCNT 

 
6. Conclusion 
 
This Paper shows the modern design requirements with the help of simulation to assure the properties of aircraft like 
faster, miniature, highly manoeuvrable, self-healing, lightweight warrant for materials, intelligence guided, smart, 
eco-friendly, with extraordinary mechanical and multifunctional properties while making the engine parts 
MATLAB allows to use the model again and again that means, methods and measurements for model growth and 
validation, can be used in many life cycle phases. 
 
Acknowledgement  
 
I would like to give thanks to my Parents Mr. Ramesh Chandra Lal Das and Mrs. Mira Devi and My brothers Mr. 
Dilip Das and Mr. Pradeep Kumar with my nephew D. Amay.  
 
 



4216 I. Kumar and C. Dhanasekaran/ Materials Today: Proceedings 18 (2019) 4210–4216 

References 
 
[1] Akaike H, A new look at the statistical model identification. IEEE Transactions on Automatic Control, 19,  1974, pages 716–723. 
[2]  Anderberg O, SAAB AB, Private communications, 2011. 
[3] Andersson H, Aircraft systems Modelling: Model Based Systems Engineering in Avionics Design and Aircraft  Simulation, Linköping 

Studies in Science and Technology, Thesis No. 1394, Linköping, 2009. 
[4] Backlund G, The Effects of Modelling Requirements in Early Phases of Buyer-Supplier Relation, Linköping Studies in Science and 

Technology, Thesis No. 812, Linköping, 2000. 
[5] Becker M C, Salvatore P and Zirpoli F, The impact of virtual simulation tools on problem solving and new product development organization, 

Research policy. vol. 34, issue 9, 2005, page 1305-1321. 
[6] Biltgen P T, Uncertainty quantification for capability-based systems-of-systems design, 26th International Congress of the Aeronautical 

Sciences, Anchorage USA, ICAS2008-1.3.3, 2008. 
[7] Carloni, L P, Passerone R, Pinto A and Sangiovanni-Vincentelli A L, Languages and Tools for Hybrid Systems Design, Foundations and 

Trends in Electronic Design Automation, Vol. 1, No. 1-2, 2006, page 1-193. 
[8] Cassandras CG, Lafortune S, Introduction to Discrete Event Systems, Springer, New York, USA, 1999, ISBN 0-7923-8609-4. 
[9] Chen W, Jin and Sudjianto A, Analytical Variance-Based Global Sensitivity Analysis in Simulation-Based Design Under Uncertainty, ASME 

Journal of Mechanical Design, Issue 127, page 875-886. 
[10] Council for Regulatory Environmental Modelling. Guidance Document on the Development, Evaluation and Application of Environmental 

Models, US Environmental Protection Agency March 2009. 
[11] Cullen A C and Frey H C, Probabilistic Techniques in Exposure Assessment, Plenum Press: New York, 1999. 
[12] Fabrycky W J and Blanchard B S, Life-Cycle Cost, and Economic Analysis, Prentice Hall, Englewood Cliffs, NJ, 1991. 
[13]. Fritzson P, Principles of Object-Oriented Modelling and Simulation with MATLAB 2.1. Wiley-IEEE Press, New York, USA, 2004. 
[14] Gains B, General System Research; Qua Vadis, General Systems Yearbook. 24, 1979,  page 1-9. 
[15] Gavel H, On aircraft fuel systems: conceptual design and modelling. Linköping Studies in Science and Technology. Thesis No. 1067, 

Linköping, 2007. 
[16] Gavel H and Andersson J, Using Optimization as a Tool in Fuel System Conceptual Design, SAE World Aviation Congress and Display 

Canada, 2003, 2003-01-3052, Montreal,. 
[17] Gavel H, Krus P, Andersson J and Johansson B, Probabilistic design in the conceptual phase of an aircraft fuel system. 7th AIAA Non-

Deterministic Design Forum, paper No AIAA- 2005-2219, Austin, USA, 2005. 
[18] Graf S, OMEGA: correct development of real time and embedded systems. Software and Systems Modelling, Vol. 7, No 2, 2008. 
[19] Ahmad. M, et al. Enhancement in visible light-responsive photo catalytic activity by embedding Cu-doped ZnO  nanoparticles on multi-

walled carbon nanotubes’, App. Sur. Sci., 285, 2013, page 702-712.  
[20] Ai. L, Zhang. C, et al. Removal of methylene blue from aqueous solution with magnetite loaded multi-wall carbon nanotubes: Kinetic, 

isotherm and mechanism analysis, Journal of Hazardous Materials. 198, 2011, page 282– 290.  
[21] Amelinckx. et al. A formation mechanism for catalytically grown helix-shaped graphite nanotubes, Science. 265, 1994, page 635-639.  
[22] Andrea Szabo, et al. Synthesis methods of carbon nanotubes and related materials, Materials. 3(5), 2010, page 3092-3140.  
[23] Angulalakshmi. V. et al. Optimization of CVD synthesis conditions for the synthesis of multiwalled carbon nanotubes using response 

surface. Nanotechnology. 3(2), 2014,  page 81-91.  
[24] Anisa Munuyusiwalla et al. science and ethics in nanotechnology. Nanotechnology 14, 2003, Page 9-13.  


