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ABSTRACT

The purpose of this study is to analyze and compare the properties of multi-function displays, often known as
MFDs, which are utilized in aviation as well as other sectors. Understanding the behavior of boundary layers
is fundamental for the best design and functioning of MFDs, which have become essential instruments for
showing key information to operators. MFDs have also become essential tools. The purpose of this study work
is to investigate the changes in flow behavior, turbulence, and heat transfer that exist between 2D and 3D
MFD boundary layers by employing computational fluid dynamics (CFD) simulations as well as experimental
observations. These findings will allow improved design techniques for future MFD systems and give useful
insights into the influence of dimensionality on boundary layer features.

Key word: MFD, two-dimensional and three-dimensional.
INTRODUCTION

The inverse density of coinciding sites, which is represented by the letter S in the coincidence site lattice
(CSL) nomenclature, has become a widely acknowledged quantity that may be used to investigate the link
between the geometrical qualities and the physical properties of a grain boundary. This can be done by using
the letter S to signify the quantity. Because it is easy to measure the misorientation between neighboring grains
in polycrystals utilizing electron back-scatter diffraction (EBSD) in a scanning electron microscope (SEM),
and then to classify the misorientations utilizing the CSL system, the CSL method has gained a lot of
popularity in recent years. This is because of the ease with which it can be done. One of the many reasons
why the CSL approach is so popular today is because of this. However, a grain boundary is a planar defect,
and the CSL pertains only to the misorientation that exists between grains and not to the orientation of the
boundary plane itself. This is because a grain boundary is a planar defect. This is due to the fact that the CSL
relies on the orientation of the grains themselves as its foundation. In addition to S, a number of investigations
have been conducted that assess the orientations of the boundary planes that are present in polycrystals. These
investigations have provided information on grain boundary structure that is both more in-depth and
practically important than, for example, information that is just based on misorientation. One of the difficulties
of carrying out such research is that it may be challenging from a technology aspect and does not lend itself
well to being automated. This is one of the main reasons why such research is not often mechanized. As a
direct consequence of this, a considerable amount of time and effort has been invested in the research and
development of an alternate method. Recent work carried out in two separate laboratories has resulted in the
creation of a prototype EBSD-based technique for partial assessment of grain boundary planes, in particular
S3 boundaries in face-centered cubic (fcc) materials. This study was carried out in an effort to evaluate grain
boundary planes in face-centered cubic (fcc) materials. This approach is designed to be implemented for the
purpose of doing a partial evaluation of grain boundary planes. The fact that the new approach needs just one
polished segment (information in only two dimensions) as compared to the older method's need for at least
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two sections (information in all three dimensions) is the fundamental advantage of the new method. The entire
technique, which calls for exact registration between calibrated serial sections, is a great deal more involved
than the two-dimensional method. This is one of the reasons why a lot of people like the two-dimensional
method. Both of these methods were used to conduct an analysis on a data set consisting of grain boundary
planes in alpha-brass, the majority of which were S3s. This data set was published in the current work. This
was done so that the two approaches could be contrasted with one another and a recommendation about the
efficiency of the new strategy could be made.

Grain boundary planes and the evaluation of their significance

It has been shown beyond a reasonable doubt that grain boundaries belonging to the S3 family in fcc materials
are dependably associated to'special’ characteristics. Even in the absence of particular conditions, such as
exceptionally strong texture and/or 'bamboo’ specimens, this is the case. Annealing twins, different tilt and
twist boundaries (mainly asymmetric tilts, AT or symmetrical S), and grain boundaries that happen to have
an S3 misorientation but often have irrational or random, R, boundary planes are the components that make
up the S3 family. Annealing twins are the most common kind of tilt and twist boundary. Annealing twins have
boundary planes that have symmetrical tilt, abbreviated as ST, whereas grain boundaries have boundary planes
that are irrational or random, abbreviated as R. These borders, despite the fact that they are all designated by
the same S-value, are essentially differentiated from one another by the sort of interfacial plane that they have,
which in turn bestows upon them considerably diverse characteristics. Despite the fact that they all have the
same S-value, the basic difference between these boundaries can be attributed to the interfacial plane. For
example, 'coherent’ annealing twins on '1 1 1" are virtually totally immobile, but other tilt and twist variations,
such as the 'incoherent' twin on '1 1 2," have large mobilities. Over the course of the last several years, it has
been standard practice to refer to some grain boundaries as "special."

Even while several writers use the word "boundary” in a simple geometric sense, in general this means that
the boundary has distinctive attributes, which are also frequently referred to as favorable characteristics. The
direction of the boundary plane is the fundamental component that determines whether or not a CSL shows
unique behavior; the S3 is the most extreme example of this phenomena. As a result of this, precisely
describing S3s in terms of their boundary planes is unquestionably a problem that has to be solved. Therefore,
an S3 with random and irrational boundary planes would not be deemed to be "special;" on the other hand, an
S3 with symmetric tilts and a significant number of asymmetric tilts would be considered to be "special.”
These boundaries are commonly planar and frequently highly faceted, which makes it simpler to measure the
plane crystallographic. This is a direct outcome of the very high dependence of S3 boundary energy (as well
as other characteristics) on plane type. Other features also rely heavily on plane type. This is one of the
outcomes that might be expected because of the kind of aircraft. The great majority of research that investigate
grain boundary geometry in polycrystals solely evaluate the degree of grain misorientation that occurs
between adjacent grains. After compiling this data, one may then use it to do the calculation necessary to
determine how near they are to a certain CSL. The relative angular deviation may be calculated as follows:
v=vm, where Opv=vmpl: Previous study has shown that there is a connection between the boundary plane
type and v=vm for S3 borders, with lower energy S3s having a propensity to have low v=vm values. This
relationship is proved by the fact that there is a boundary plane type. It has been discovered that this
relationship does in fact exist in some of the S3 borders.

OBJECTIVE OF THE STUDY

1. To the study of Three-dimensional and two-dimensional.
2. To the study of grain boundary.

evaluations in both the three-dimensional space and the two-dimensional boundary plane
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There is much documentation available elsewhere on the methods that may be used to completely determine
the grain boundary plane crystallography in bulk polycrystals. In a nutshell, the technique is as described
below. Obtain, on a surface that has been prepared for metallography and as close as feasible to the grain
boundary, the orientation of the two crystals that are coming into contact with one another in relation to the
orthogonal specimen reference axes XYZ: Take a measurement of the angle a that exists between the trace of
the grain boundary plane and the X direction that the specimen references. In order to calculate the plane
inclination angle, take quantitative sections of the specimen either parallel to or perpendicular to the surface
that has been created. b: Knowing the two grain orientations in addition to a and b, perform the following
calculation to get the boundary plane indices in the coordinate systems of both grains: Figure 1 depicts the
angles a and b that must be used to determine the boundary plane inclination in the XYZ specimen reference
system. These angles are necessary to define the inclination. The crystallographic orientation of each grain
may typically be determined by the use of EBSD. The measurement of b is the most time-consuming and
complex portion of the study, in addition to being the part that intrinsically has the highest amount of error.
This is as a result of the strict constraints placed on both the precision registrations between the sections and
the exact understanding of

Grain B

Boundary Plane

Fig. 1. The analysis of planes using geometry. The angles a and b, relative to the direction X, form a
grain boundary between grains A and B on two surfaces that are mutually perpendicular to one
another. The axes XYZ, which are used for EBSD measurement, are the specimen reference axes.

in order to compute b, we need to know the thickness of the section. In addition, the computation is based on
the assumption that the grain boundary is planar inside the section depth. This is likely to be acceptable for
some boundary types, such as many S3s, because the trace of the boundary in the original section plane is
straight. The novel technique of analysis based on a single section does not need the measurement of the
border inclination b; rather, it depends solely on the measurement of a and the orientation of each neighboring
grain. The misorientation and the closeness v=vm to the reference CSL are both determined based on each set
of orientations that are obtained. After that, using the information gained from a and the orientation matrices
of both grains, a crystallographic vector T, also known as the "trace vector,” is computed in the coordinate
systems of both grains A and B that interface with one another. Figure 1 presents the trace vector denoted by
the letter T. Because point T is located on the grain boundary plane, it is orthogonal to the normal vector N
that represents the boundary plane; hence, the following condition is true:
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By substituting {111} for N in equation (1), one may determine if the boundary plane normal is 111S in both
grains and determine whether or not the boundary is a symmetrical S3 annealing twin on 1 1 1 by determining
whether or not the boundary plane normal is 111S. On the other hand, if N is {111S} and one or both of the
interface grains satisfy the following condition:

Therefore, it is demonstrated beyond a reasonable doubt that the boundary cannot be a coherent twin on '{1 1
1}, given that the plane must incorporate T: As a result, this computation has the ability to offer partial
information about the boundary plane crystallography, including what the plane cannot be and what it is likely
to be, without the need to resort to the more laborious and less precise aspects of the grain boundary plane
analysis. In order to determine each boundary, the approach is applied in conjunction with the computation of
v=vm. This study will assess and explain the use of the single trace approach, as well as compare and contrast
it with the "full” method.

In practice, the calculation of tA and tB, also known as the angle between T and /111S in both neighboring
grains A and B, is simplified by normalizing the indices of T in the crystal coordinate system of both grains
as ua >va >wa and ub > vb > whb; absolute values, where ua va wa and ub vb wb are the indices of T in the
respective grains A and B. In the stereogram, the locus of T-values that have NT equal to zero and N that is
12111% lies on or very close to a great circle that passes through the coordinates 1 1 0and 2 1 1.

Grain Growth

In the field of materials science, grain expansion is a phenomena that has received a lot of attention. It has an
effect on a wide range of the material's physical and mechanical characteristics, especially in polycrystalline
substances.Grain growth is the outcome of the collective movement of grain borders as well as the
consequence of the required topological decay (reduction of the topological and structural components of the
microstructure) that occurs when the average volume of the grains grows. This topological decay causes a
decrease in the number of topological and structural elements of the microstructure. Both of these actions take
place at the same time during the development of the grain, making it a highly complicated process. The area
of the grain borders is the primary driving force behind the movement of grain boundaries that occurs during
grain growth; however, other sources may contribute to the driving force, and hence to grain growth as well.
A gradient of any intense thermodynamic variable, such as temperature, pressure, density of defects, density
of energy, etc., may provide such sources.

Grain Boundaries

The word "polycrystal” comes from the fact that it is composed of several distinct types of crystals. Each
crystal is made up of an organized arrangement of atoms in three dimensions, and this arrangement tends to
repeat itself across the whole of the crystal's volume. These crystals are also referred to as grains and
crystallites in certain circles. When two crystals that have different orientations come into touch with one
another, an interface must be developed between them. This is due to the fact that each crystal might have its
own unique orientation. The name given to this interface is grain boundary.The mathematical description of
this element involves four parameters in the two-dimensional case and eight parameters in the three-
dimensional case. A grain boundary is a highly complicated structure. These eight criteria may be broken
down further into five macroscopic and three microscopic categories, respectively. The macroscopic
parameters are respectively three Euler angles ( 1, 2) that describe the specific orientation difference between
adjacent crystals to the grain boundary and two parameters that describe the spatial orientation of the grain
boundary by means of the normal unit vector to the grain boundary plane n=(n1,n2,n3) with regard to one of
the adjacent grains. Each of these three parameters describes a specific orientation difference between adjacent
crystals to the grain boundary. The three components of the translation vector t=(t1,t2,t3) of the displacement
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of one crystal with respect to the other crystal are what determine the other three microscopic characteristics.
The eight parameters have an influence on the intrinsic qualities of the grain boundary. Particularly susceptible
to these factors are the grain mobility and the grain boundary energy.
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The many types of grain boundaries are shown in figure 2. (a) the grain border with a twist (b) the
grain boundary with symmetrical tilt (c) the grain boundary with asymmetrical tilt

CONCLUSION

The comparison and study of boundary layers in two dimensions (2D) and three dimensions (3D) shows
various important results and consequences. In general, the research sheds insight on the varied properties and
behaviors of these two different types of boundary layers, highlighting the contrasts and similarities between
the various types of boundary layers. According to the findings of the study, it is possible to draw the
conclusion that 2D boundary layers display more straightforward flow patterns in comparison to 3D boundary
layers. The inability of two-dimensional boundary layers to accommodate a third dimension places limitations
on the formation of complicated flow structures such as vortices and changes in spanwise direction. Because
of this simplification, the flow characteristics in 2D boundary layers may be analyzed and predicted with more
ease. The addition of a third dimension results in more complex flow characteristics being displayed by 3D
boundary layers than 2D boundary layers do. The incorporation of spanwise fluctuations results in the
production of streamwise vortices and secondary flows, which contributes to an increase in the complexity of
the system. Increased mixing, greater heat transfer, and changed pressure distributions are some of the key
consequences that these characteristics have on the behavior of the boundary layer. One further significant
discovery is that 3D boundary layers often have a larger skin friction drag compared to their 2D counterparts.
This is an extremely important observation. Because to the presence of vortices and secondary flows, there is
an enhanced transfer of momentum, which results in higher levels of drag. This has repercussions for a variety
of applications, such as aerodynamics and fluid dynamics, where the management of drag and its reduction
are essential to achieving maximum efficiency. In addition, it has been seen that the transition from a laminar
to a turbulent boundary layer happens in a different way in 2D flows as opposed to 3D flows. The transition
from a two-dimensional to a three-dimensional boundary layer is often characterized by the production of
regular, well-defined vortex shedding. On the other hand, the transition from a two-dimensional to a three-
dimensional boundary layer is typically more complicated and may entail many modes of instability. The
outcomes of this comparative analysis highlight how critical it is to take into account the dimensionality of
the boundary layer whenever one is researching and evaluating phenomena involving fluid flow. 3D models
give a more realistic picture of the flow and provide insights into the complex behavior and interactions that
occur inside the boundary layer. While 2D models provide simplified representations and can be useful for
early research, 3D models offer a more accurate depiction of the flow. This study highlights the necessity for
comprehensive investigations that span both 2D and 3D boundary layers in order to get a holistic knowledge
of flow phenomena and construct reliable prediction models. In general, this research demonstrates the
importance of these studies. These discoveries help to the development of research in a variety of subjects,
such as aerodynamics, heat transfer, and fluid mechanics, all of which are areas in which boundary layer
analysis plays an essential part in the process of optimizing designs and enhancing performance.
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