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Abstract: The brake system is one of the main and important
components of a vehicle, and recognizing the contact area
between the disc and pads will help to better understand this
system and prevent abnormal sounds during braking. In this
paper, the goal is to investigate the contact area between the
disc and the pads using a thin layer element. First, an
experimental study and the finite element modeling of
different parts of the structure have been considered. In this
model, the contact area between the disc and the pads has
been modeled with thin layer elements. Then by using
experimental results, the contact parameters between the
disc and the pads have been identified and the equivalent
contact stiffness by increasing the braking pressure has been
considered. Investigations show that by increasing the
braking pressure, the contact stiffness has also increased and
the accuracy of the presented model for modeling the contact
area has been validated using experimental results. The
results show that the presented model for modeling the
contact area between the disc and the brake pads with a
small error compared to the real model is a suitable and
sufficiently accurate model and can be applied in various
dynamic analyses of the brake system.

Keywords: Brake disc, Contact stiffness, modal analysis,

mechanical joints, thin layer element

1- Introduction

Studies on mechanical joints have been conducted from
the past until now. In almost all mechanical structures,
there is at least one mechanical joint. Despite decades of
efforts to model the behavior of structures with joints, it
still remains one of the most challenging issues in
structural dynamics. Modeling and studying the behavior
of mechanical joints has attracted significant attention.
Different types of joints exist in mechanical structures,
such as welding, soldering, bolts, pins, and nuts. Among
mechanical joints, bolted joints are of high importance and
have been the subject of many studies on modeling and
understanding the contact area in joints. Researchers have

used a combination of linear and tortional springs and a
damper to simulate the effects of joint flexibility and have
refined the model by minimizing the differences between
model predictions and experimental measurement data
[1,2].

Furthermore, studies have also focused on structural
supports, which are a type of joint in mechanical structures
that provide a better understanding of the structure. For
example, researchers have examined and modeled the
stiffness of structural support in beam-like structures.
Additionally, researchers have looked into boundary
conditions of a plate supported by an elastic support,
proposing a new method for identifying parameters of a
constrained rectangular plate supported by an elastic
support [3]. The presence of defects such as cracks in
structures can also be considered as a type of joint in
structures. Researchers have studied cracks as joints in
structures and modeled them using linear and tortional
springs, providing a new approach to identify the position
and severity of cracks in structures [4].

Various joint modeling methods have been used in the
studies mentioned, including using generic elements and
sets of springs and dampers to model the joint interface.
Another modeling approach involves modeling the joint
interface using thin-layer elements, where the mechanical
properties of the layer represent the joint properties,
leading to a good understanding of the contact interface in
mechanical joints [5,6].

This article investigates the contact area between the
disc and pads in automotive disc brakes, considering the
thin layer element in the contact area. The aim is to study
and identify the material properties of this layer. The
material properties of the layer indicate the contact
parameters between the two connected structures. To do
this, first, the brake system is simulated, and then
experimental study of the brake system at three different
braking pressures is conducted. Subsequently, using the
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experimental results, an attempt is made to identify the
contact parameters of this model at all three pressures. The
results show that the presented model for the contact area
in this system has been successful and is capable of
modeling this contact well at different braking pressures.

2- Finite Element Modelling

Modeling of this structure has been done in ANSYS finite
element software. The purpose is to create an accurate
model of the brake system that can be used for various
dynamic analyses. The SOLID185 element is used for
modeling the brake disc. The material properties of the
brake disc are obtained by using experimental modal
analysis under free boundary conditions. Next, a
simplified model for the knuckle is considered, so that its
material properties are similar to the real model and can be
a good substitute in terms of inertia and mass. In the next
step, the connection between the disc and knuckle is
defined with linear springs in three directions. Boundary
conditions applied to the simplified model of knuckle are
similar to the real boundary conditions in the experimental
model.

After that, the modeling of the pads is addressed. The
pads are modeled using the SOLID185 element and
appropriate material properties. The positions of the pads
relative to the disc are designed so that there is a one-
millimeter gap between them. In this one-millimeter gap,
three-dimensional solid elements are modeled with
different material properties from the disc and pads, and
their values need to be identified.

For a more detailed examination of the contact area and
considering the possibility of asymmetric pressure
distribution in this part, the contact area between the disc
and pad is divided into three parts with three different
material properties defined for them. On the other hand,
this area is divided into three sectors, each modeled by the
elements with a different elastic modulus. This model has
been shown Figure 1. The contact between the thin layer
and the disc, as well as the pads, is defined as merging
nodes defined between nodes with identical location. Next,
by selecting the appropriate mesh size for different parts,
the structure is meshed and boundary conditions is applied
similar to experimental model. Then, by performing modal
analysis on the simulated model, the natural frequencies of
the structure are extracted.

Fig 1. Simulated model with pads and contact area in
ANSYS

3- Experimental Modal Test

Investigations and experimental studies have also been
conducted on the disc brake system of the vehicle. To this
end, various components of the brake system include brake
discs, pads, calipers, pistons, and pads are provided. To
apply braking pressure to this system, a hydraulic circuit is
prepared and by using brake oil in this circuit and
connection of the circuit to the caliper, this process takes
place. This circuit consists of a brake oil reservoir, a motor,
a three-way valve, an accumulator, a pressure gauge, and
a manifold. The brake system assembly and circuit
embedded in Figure 2 are shown. The structure is tested at
three different braking pressures. Initially, pressures of
6bar and then pressures of 9bar and 12bar are applied to
the pads, and each time a complete modal hammer test is
performed on the structure. By using measuring force and
acceleration signals, frequency response functions are
calculated. By analyzing these functions, the natural
frequencies of the structure are obtained.

Fig 2. The experimental model and related hydraulic circuit

4- System ldentification

To identify and update thin layer simulation model, the
optimization toolbox of MATLAB software has been used.
The identification process is carried out by using the
natural frequencies obtained from experimental modal
analysis as input to the problem. Initially, initial guesses
for unknown parameters are given, and by calling the finite
element model and solving it, the model natural
frequencies are compared with test results, and the error
between these two frequency vectors defines the objective
function of the optimization process.

This process is repeated as necessary until the objective
function reaches its minimum value. The updated natural
frequencies of the model are closely matched to the test
results, and the unknown parameters of the problem, i.e.,
the elastic modulus values in three sectors, are calculated.
This identification process is first performed with the
modal test results in the 6bar braking pressure. The same
process is repeated for the test results 9bar and 12bar, and
in each identification process, the elastic modulus values
represent the contact stiffness at each pressure. These
results are reported in Table 1 as the natural frequencies
obtained from testing and updated simulation model, along
with the error between them. Additionally, the identified
elastic modulus values in all three stages are presented in
Table 2.

The results in all three sectors show the trend of
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changes in the elastic modulus of the sector is ascending
with increasing pressure. This means that with increasing
braking pressure, the elastic modulus of the thin layer,
which represents the contact stiffness in the model,
increases. The reported error percentages in Table 1 also
indicate the accuracy of the model in providing dynamic
structural responses.

5- Conclusion

As the results show, by defining the contact area in three
sectors with different material properties, not only a more
accurate model than the real model was created, but also
the model allows for the examination of the distribution of
pressure in the contact area. With an increase in braking
pressure, the elastic modulus of all three sectors increased.
This means that the contact stiffness between the disc and
brake pads increased with increasing braking pressure,
confirming the accuracy and precision of the simulated
finite element model.

Table 1. Test and FE model natural frequencies and error
between them

6 bar Test FEM | Err (%)
W1 375.0 371.6 0.9
W5 851.2 854.4 0.38
W3 1086.0 1089.0 0.28
Wy 1298.0 1300.0 0.12
Ws 14740 | 1436.0 2.6
Ws 1848.0 1877.0 1.56

9 bar Test FEM | Err (%)
Wi 380.29 372.1 2.2
W» 863.56 868.7 0.59
Ws 1106.9 1118.0 0.97
Wy 1319.2 1321.0 0.16
Ws 1519.5 1447.0 4.8
Ws 1894.0 1883.0 0.56

12 bar Test FEM | Err (%)
Wi 382.51 372.6 2.02
W» 866.62 887.1 2.7
W3 1147.3 1153.0 0.49
Wy 1344.5 1339.0 0.41
Ws 1546.7 1462.0 3.8
Ws 1904.5 1892.0 0.65

Table 2. Identified values for unknown parameters for all
three working pressures

E; (Pa) E> (Pa) Es (Pa)
6 bar | 3.938x10° | 3.806x10% | 4.192x10°
9 bar 9.87x10° | 4.223x108 | 9.778x10°
12 bar | 1.682x10" | 4.899x108 | 1.776x10’

Therefore, it can be said that the thin layer element model
for modeling the contact area between the disc and brake
pads is an acceptable model that has been well validated
through experimental studies. With validated finite
element model presented in this article, many analyses can
be implemented, especially in situations where conducting
experiments on real structures is not feasible due to
component complexity and lack of easy access to the
structure.
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Abstract : Fracture toughness is one of the important
variables in engineering designs. For repair and maintenance
of tools operating in corrosive, abrasive, oxidation or thermal
environment, thermal spary method is used to increase the
toughness. Depending on the loading conditions and material
properties, various methods are used for determining the
toughness. In the present study, ASTM standard is used for
experimental tests and determination of Kic. Latter, finite
element software is applied for simulating and toughness
analysis. Finally, the results of experimental and finite
element methods are compared. Also, the method of thermal
spray is determined based on the working conditions in
addition to increasing the toughness.

Keywords: ASTM Standard, Thermal spray method,
Fracture toughness, Finite element solution, Abrasion,
Corrosion.

1. Introduction

Fracture toughness is an important issue in engineering
designs with special importance due to the working
situation [1]. Hence, in engineering applications, surface
quality of the tools is important. Thermal spray method is
one the usual methods for increasing the surface strength
[2]. It is shown high strength parts have low fracture
toughness [3]. In order to determine the toughness of the
coated parts, and depending on the type of loading and
material, different methods are used. In this study, the
effect of various factors on the quality of the surface
coating and the toughness of the parts hardened by thermal
spray has been investigated experimentally and by
numerical modeling.

2- Drop test simulation (Numerical solution) both
experimentally and by numerical modeling.

In order to numerically investigate the effect of effective
parameters on toughness, ANSYS software has been used.
Considering that the experimental tests are of the impact
type, the collision has been modeled in ANSYS finite
element software with the help of the Structural and Ls
Dyna modules.

3- Experimental Tests
Materials
In this study, Stainless Steel of grade 304 is used.

Preparing samples

Sample preparation was done at Razi Laboratory and tests
were done in the reference laboratory of Vali Asr
University of Rafsanjan. In order to perform the thermal
spraying process and determine the desired mechanical
properties, samples were prepared according to ASTM
standards in dimensions of 2.5 x 48 x 146 mm with an
increase of 92.3% using a laser cutting machine from a 2.5
mm sheet. For spraying, the samples must have a certain
roughness and the surface of the samples must be cleaned
to be free from any external contamination.

Spraying process

In order to investigate various parameters, laboratory
conditions were determined and specified for the samples.
The factors investigated included spray angle, number of
spray passes, spray temperature, speed of the coating
particle launcher, etc., which were investigated at each
stage depending on the experience of the laboratory
operator and the design of the experiments.

Determination of spraying conditions

In this study, considering the capabilities of the devices
and the practical experiences of the laboratory user, the test
conditions were selected and four conditions were selected
as simultaneous examination conditions [4]. Then, in order
to examine the spray distance and the effect of the spray
angle individually on the toughness, spraying was carried
out at two different angles and two different distances,
considering the same conditions.
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Table 1. Spraying characteristics

Angle of . Speed of
Test spraying (In Spraymg projectile
Number distance
degrees) (m/s)
1 30 35 1.5
2 0 30 1.5
3 40 40 1.3
4 15 20 1
5 30 20 2
6 30 35 2
7 40 20 2
8 10 20 2

In all cases, the air pressure is 5 bars and the oxygen
pressure is 6.8 bars [5].

For preparation, metallographic polishing and etching
methods are sufficient for -electrically conductive
materials. Non-conductive materials are usually coated
with a thin layer of carbon, gold, or gold alloys. In this
study, Stellite 6 powder, a cobalt-based alloy, was used as
a coating under high-speed conditions. Stellite 6 powders
have high corrosion and wear resistance due to the
presence of materials such as chromium and cobalt.

In Table 2., some characteristics of Stellite 6 is tabulated.

Table 2. Constituent elements of Stellite 6 powder

Element | W [Ni|Mn| Si | Fe | C [Mo| Co | Cr

Weight

4513 2 |15 3 |12]1.5|Bal|29
[percentage

4- Results

After preparing the samples and fixing them with clamps
on the table inside the acoustic chamber, the spraying
process was performed. A selection of the spraying results
is presented in the tables below.

Table 3. Results of test 1.

Passes | Passtemperature | Thickness increment in
No. (In Celsius) each pass (In Micron)
1-2 100 25
3 160 47
4 158 60
5-6 140 100-130
Table 4. Results of test 2.
Thickness
Pass . .
Passes No. temperature (In increment in
Celsius) each.pass (In
Micron)
1-2 170 60-65
34 173 90-130

Drop weight test in 1 meter height
The drop weight test device available in the composite
materials laboratory of Vali-e- Asr University of

Rafsanjan was used to conduct the experiment. The
operation of this device is based on two displacement
sensors and a contact load sensor. The contact load sensor
is made of piezoelectric material and can withstand
impacts up to 1200 kilo Newtons. The displacement sensor
is also capable of storing 800 data sets during the test.
Depending on the type of fixtures in the device, samples
with dimensions of 10¥10 to 25*25 can be used with four-
sided clamping boundary conditions.

coatingl
ansys

)

Displacement (mm

Time (s) .

Figure 1. Impact test of sample 1, spray distance 35
cm, spray angle 30, spray gun speed 1.5

As conclusion, the following results can be mentioned:

v' The results of the impact test show that, considering
that these coatings are used against factors such as
corrosion and abrasion, for parts that are in impact
environments and need to be coated, paying attention
to the type of coating and coating conditions can
provide optimal impact resistance and, as a result,
increase the life of the coating.
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Figure 2: Impact test of sample 2, spray distance 35 cm,
spray angle 0 degrees, spray gun speed 1.5
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v The result is that by increasing the spray angle, the
fracture toughness increases by 42%.

v' By increasing the spray distance, the fracture
toughness decreases by 8%.

v' In the case of the maximum distance of 40 centimeters
and the spray angle of 40 degrees, the amount of
powder consumption and the time of working with the
machine are the highest due to the increase in the
spraying stages, and a fracture toughness value of 217
was obtained in this case.
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Abstract--In this paper, numerical simulations are used to
evaluate pressure and velocity variations at different points
on the capsule’s surface at three different Reynolds numbers.
The results indicate that the surface roughness of the capsule
can lead to increased friction in the boundary layer and
pressure drop in the rear region of the capsule, which affects
the drag coefficient and contributes to the formation of
vortex regions. The final values of the drag coefficient for
Reynolds numbers of 102, 103, and 10° are 1.69, 1.687, and
1.63, respectively, which indicates that the drag coefficient
decreases with an increase in the Reynolds number. The
roughness influences the distribution of pressure and velocity
contours, causing instability and non-uniformity in the flow.
The maximum pressure in the presence of roughness
decreases by 1.35 Pa compared to the smooth condition. This
study can help improve their performance under various
operational conditions.

Kerwords: Terms--Re-entry capsule, Surface roughness,
Vortex, Drag coefficient, Pressure coefficient.

1- Introduction

The term capsule is generally used to describe various
types of spacecraft, including crewed spacecraft, planetary
probes, and flight maneuvers [1]. Over a period of more
than 60 years, experimental and computational studies on
the aerothermodynamics of reentry capsules have been
conducted [2]. Research on safe reentry initially began
analytically and was later supplemented with experimental
tests for verification. The return of the capsule from orbit
to Earth consists of three essential phases: entry, descent,
and landing [1]. Due to the lack of control surfaces in most
reentry capsules, determining and controlling aerodynamic
forces and moments throughout the return trajectory at all
speeds is of particular importance [3]. Dutta et al. [6]
compared pre-flight atmospheric models with in-space
measurements, which indicated under-predictions in the
upper atmosphere. Priyadarshi and Mittal [7] optimized

system-level design objectives, cross-range, and total mass
within a  multi-objective  and  multi-disciplinary
framework. Their effort was to improve the accuracy of the
participating strands while maintaining the execution
speed of the strand modules. The configuration features
were analyzed on the Pareto front and compared with the
optimization results that used a less accurate aerodynamic
model.

The literature review shows that the effect of roughness
on the hydrodynamics of flow around a return capsule has
not been examined so far. On the other hand, placing two
stepped surfaces in the rear section of the capsule and
examining their effect on the changes in pressure
coefficient and drag coefficient is another innovation of
the present work. Accordingly, in the present study, the
effect of roughness on the aerodynamics of capsule motion
and its drag coefficient has been examined using ANSY'S
Fluent software. Next, the geometry, governing equations,
numerical grid used, and simulated boundary conditions
are examined, followed by the presentation of the
simulation results.

2- Problem Description

The geometry selected in the present study is a reentry
capsule, the dimensions and geometric specifications of
which are shown in Fig. 1. The basis for selecting the
geometry in this study is inspired by the study of Edquist
et al. [6]. The basic reentry capsule consists of three
analytical surfaces, which are a spherical section, a
toroidal section, and an incomplete conical section, along
with a step at the rear of the reentry capsule.
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Fig. 1. Schematic of the entry capsule and boundary
conditions.

3- Governing Equations
Assuming a turbulent and unsteady flow, the averaged

continuity and Navier-Stokes equations for an
incompressible fluid are expressed as follows.
om; 0 @
axi
o, _ 0w 10p 0%, )

+U,o— = +
ac T 0x; p 0x; V@xiaxj
a0 ,___
T ox (uiw)
where #;, p, v, and p represent the mean velocity, mean
pressure, kinematic viscosity, and fluid density,
respectively. Additionally, u; and w; are the fluctuating
velocity components. To model the term uju;, the k-g
turbulence model is used.

4- Grid Study And Validation

To ensure the accuracy of fluid properties near the wall, a
boundary layer mesh with a maximum of y* = 12 is
considered. The distance from the first node to the surface
of the body is 0.0001 meters with a growth rate of 1.2. It
should be noted that the number of computational elements
in the selected network is 823946. Fig 2 illustrates a
schematic of the grid used for the present simulations.

Fig. 2. Schematic of the grid employed for the present
simulations.

To ensure the accuracy of the present numerical
solution, the results obtained from the flow around a two-
dimensional cylinder with a circular cross-section, as
presented by Singh and Mittal [7], are compared with the
results obtained from the present work. They used a

turbulent model of large eddy simulation and reported the
pressure and drag coefficients at various angles. Table |
shows the changes in the pressure coefficient with respect
to the angle. This angle at the front stagnation point is
equal to zero and gradually increases until it reaches an
angle of 190 degrees at the rear of the cylinder. The values
mentioned in this table indicate a good agreement between
the results obtained from the two turbulence models
mentioned, namely, the large eddy simulation turbulence
model and the k-¢ turbulence model.

Tabel. I Comparison of pressure coefficient values
obtained from the current work and the results reported by
Singh and Mittal [7].

Angle
(degree) 0 20 40 60 80
Present 1 0.59 05 | eat | 2400
work
Singh and
Mittal[7] | 1 | 058 052 | -1.738 | -2.43

5- Results

The surface roughness of the capsule can significantly
affect its aerodynamic performance. Surface roughness
can affect boundary layer formation, turbulence
generation, and pressure distribution. In general, a rough
surface increases flow attachment and separation in
specific areas, which leads to an increase in drag force. In
this study, a roughness of 0.5 mm is applied to the surface
of the capsule, and the results of the changes in the drag
coefficient are shown in Fig. 3. The maximum pressure in
the presence of roughness decreases by 1.35 Pa compared
to the smooth condition. The maximum velocity also
changes to 98.8 m/s, which, compared to previous values,
results in a decrease in velocity.

6- Conclusion

This paper analyzes the impact of surface roughness on the
drag coefficient, pressure coefficient, and the dynamic
behavior of the flow around reentry capsules. The results
of the numerical simulations indicate that surface
roughness significantly affects the drag force and
boundary layer characteristics. For three Reynolds
numbers, the results indicate a decrease in the drag
coefficient with an increase in the Reynolds number.
Additionally, under rough conditions, the drag force is on
average 15 percent higher than under smooth conditions.
At the nose of the capsule's front curve, the highest
pressure exists, which increases to 3.97x107 Pa for Re =
102, The stable value of the drag coefficient for Re = 102,
103, and 10° is 1.69, 1.687, and 1.63, respectively,
indicating that the drag coefficient decreases with an
increase in the Reynolds number.
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Fig. 3. The effect of surface roughness on the changes in
drag coefficient around the recirculating capsule at Re =
103,
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Abstract--In steam boilers, in order to increase the efficiency
of the power plant, the air required for combustion must be
preheated. In this research, rotary air preheater has been
investigated in order to reduce the corrosion of its corrugated
sheets. With the help of computational fluid dynamics, three-
dimensional simulation of the preheater was performed in
moving reference coordinates. Assuming the insulation of the
walls and the effect of radiation, solving the equations of
continuity, momentum and energy was done. The presented
results are in good agreement with the experimental data.
Corrosion of susceptible surfaces were identified. The most
corrosion usually occurs in the exit area of combustion
products from the matrix. Therefore, the minimum gas outlet
temperature was determined from the point of view of dew
point formation. The corrosion process cannot be prevented
by changing the rotation speed. Increasing the rotational
speed of the rotor in the range of 0.5 to 6 rpm increases the
efficiency by 84%.

Keywords: Preheater, Ljungstrom, Dew Point,
(Computational Fluid Dynamics).

CFD

1- Introduction

Heat exchangers are equipment that cause heat transfer
between two fluids at different temperatures. The
Ljungstrom air preheater is a type of heat exchanger
consisting of a rotating cylinder called a rotor, which is
filled with a large number of corrugated plates or heat
transfer surfaces. The wave in the plates disturbs the fluid
flow and increases the heat transfer rate. The heat transfer
surfaces are known as heat transfer elements and are
placed inside the basket or baskets and the baskets are
placed inside the rotor. According to the temperature
conditions, the baskets are placed on top of each other in
the form of three cold, middle and hot layers; The two
upper layers of the baskets are called the hot layer and the
lower layer is called the cold layer. The rotor is divided
into two parts by the separator plate located at the top and
bottom, on one side the combustion products flow from top
to bottom and on the other side air flows from bottom to
top. Therefore, air and combustion products necessarily

pass through the corrugated plates in opposite directions.
For stable performance, the matrices must be placed
alternately in the hot and cold flow paths. The rotor rotates
at a low speed of about 0.5 to 4 rpm, in this way the
corrugated plates absorb the heat of the combustion
products and then give off their heat to the air in the air
path, resulting in preheated boiler inlet air. A view of the
rotary air preheater can be seen in Fig.1, air preheater can
save up to 15% in the fuel cost of power plants [1], which
was first used in 1920 by Frederik Ljungstrom to recover
the necessary energy in a steam power plant. In steam
boilers, the air required for combustion must be preheated
to increase the efficiency of the power plant. An increase
of 35 to 40 °C in the furnace inlet air temperature can lead
to a 2% increase in boiler efficiency and 11.5% fuel
savings [2]-[3], also, with better combustion, less soot and
ash will be produced. which will have a significant impact
on protecting the environment. In the Ljungstrom, if the
outlet gas temperature changes by 6 °C, it can affect
hundreds to thousands of dollars per year the price of
boiler fuel, which can lead to an increase in boiler
efficiency by 10% [4].

In present research, the efficiency of the preheater and its
temperature distribution were investigated according to the
actual conditions in different radiuses and distances from
the cold end layer with the aim Determining corrosion-
susceptible surfaces in three stages a) with real
temperature conditions, b) with the effect of 41 °C increase
in inlet air temperature, c) with the effect of 36 °C increase
in inlet gas temperature has been studied.

2- Modeling

In the present research, the properties of stainless steel
were used, which can be seen in Table 1. To simulate the
internal environment of the matrix, the assumption of a
porous environment is used for small dimensions and
millimeter distances between compact plates, and large
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dimensions of several meters in the inlet and outlet zones Table. I Properties of stainless steel [21].

of the Ljungstrom rotary preheater [5]. The existing

difference in the distances in the simulation of the plates, a(m?/s) Thermal Diffusivity 42x107°
causes a huge increase in gridding and calculations, so that ks(w / (m.k) ) Thermal conductivity coef ficient 16.26

it becomes unanalyzable. In such a situation, the C,.(/(kg.k)) Heat Capacity 502.1
assumption of a porous medium can be used in the p.(kg/m?) Density 3027.2

simulation of the preheater matrix [6].
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Fig. 1. Rotary air preheater and its installation position in a
power plant boiler.

In order to simulate the flow and heat transfer in the air
preheater, the Navier-Stokes equations should be used in
the porous medium. The Reynolds number, as a measure
of whether the flow is laminar or turbulent, it is used for
flow through porous media. In the present research, the
Reynolds number is 1207, which is less than the critical
Reynolds number, and therefore the fluid flow is
considered to be laminar. According to the data in the
article and the calculations performed, the resulting
Rayleigh number is greater than 10° and the Richardson
number is less than 1. According to these numbers, both
buoyancy and inertial forces are important, but the
buoyancy force is not very dominant. In fact, it can be
assumed that the effects of forced convection are dominant
in this problem. An important point in simulating the
Jungstrom rotary preheater is the rotation of the matrix and
the constancy of the body and the inlet flows. The dew
point temperature of sulfuric acid is calculated using the
Verhoff and Banchereau equation based on the analysis of
flue gases, and this number is in the range of 120 to 140
°C.

3- Solution procedure

To perform calculations and solve the governing
equations, the finite volume method, the second-order
upstream method is used to discretize the equations, and
the coupled algorithm is used to relate the velocity and
pressure equations, Matrix modeling was performed with
SolidWorks software. To generate the mesh with
tetrahedron cells, ANSYS Machining software was used,
and ANSYS Fluent software was used to solve the
problem. In the present study, the inlet boundary
conditions including inlet temperature, inlet pressure, inlet
velocity, and porosity in the hot and cold layers and the
outlet boundary conditions including outlet temperature
and outlet pressure were used. Assuming that the wall
around the air preheater is insulated and the
thermodynamic properties of the air and smoke side fluids
are different, two fluids have been used in the
computational field in order to match the theoretical and
operational conditions. The density of air fluid is 1.225
kg/m3 and the average heat capacity is a function of a
piecewise polynomial in terms of J/kg.k.

4- Conclusion

In this research, the temperature distribution of the air
preheater was obtained with Fluent software to determine
the corrosion-prone surfaces. The analysis of a single-
matrix rotary air preheater was performed. The highest
corrosion usually occurs in the lower layer of the matrix,
when the cold matrix initially enters the gas channel at
levels close to the environment (Fig 2). This is caused by
the smoke temperature reaching below the dew point,
which shows the importance of the minimum exhaust gas
temperature.
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z Cold end
Temperature
Parabola Distribution

Start Of Corrosion

Fig. 2. Air preheater temperature distribution, when the
hot end is on top.
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The temperature distribution curves of the heating
elements show that at the beginning of the matrix rotation
(0° position), there is a possibility of acid condensation on
all surfaces of the heating element; even in the upper part
of the hot layer (Fig 3). The rotation of the matrix towards
the hot end rapidly increases the temperature of the heating
elements due to heat transfer with the flue (gas flow) gases,
especially in the upper layers that are first in contact with
the hot flue gases (gas flow). When the rotation of the
matrix reaches the 90° position, the temperature of the
upper layer of the heating element increases significantly.
In the conditions that the temperature in the lower layer of
the matrix is still low.
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Fig. 3. Air preheater temperature distribution according

to real conditions in radiuses and different distances from

the cold end layer; (a) The matrix at the beginning of the

air flow at the 0° position. (b) The matrix after rotation at
the 90° position.

This temperature distribution is shown in Fig. With the
further rotation of the matrix (180° position), the heating
elements reach their maximum temperature, that is, the
temperature of the hot flue gases, in which no acid
condensation occurs. The low temperature zone or the so-
called critical zone is located at a height of about 600 mm
away from the bottom of the cold final layer.to prevent
condensation on the matrix and the formation of corrosive
acids; A convenient method is to preheat the cold inlet air
to a temperature between 67 °C and 87 °C using a heat
exchanger. But according to the dew point temperature of
sulfuric acid (120 °C to 140 °C), which is determined based
on the sulfur dioxide of the flue gases, the above
preheating should reach a temperature between 112 °C to
132 °C. Thermal energy for the heat exchanger can be
provided by the heater coming from the sub-sections of the
turbine. As the inlet air temperature increases, the average
outlet gas temperature increases. This phenomenon helps
to move away from the dew point temperature of the flow.
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Abstract-- According to the World Health Organization, over
38 million people are blind, and more than 110 million suffer
from severe visual impairments. This research aims to
develop a low-cost, accessible assistance system for blind
individuals in work environments, utilizing a single camera
(e.g., a smartphone camera) and pre-trained deep learning
models. By employing computationally efficient image
processing techniques, the system optimizes hardware and
processing expenses. It detects objects and the user’s hand,
computes the heights of objects and their distances to the
hand, and then provides real-time audio guidance (e.g.,
verbal directions) to enable safe object retrieval. Compared
to expensive alternatives like dual-camera setups or Kinect
sensors, the core innovation here lies in dramatically
reducing costs while retaining functional accuracy, as
millimeter-level precision is unnecessary for workplace
navigation. Moreover, the system performance will be
validated to achieve a distance estimation error of
approximately 5-10 mm; its accuracy is anticipated to match
that of comparable stereo vision approaches.

Keywords: Low-cost, Blind Individuals, Workstation
Assistance, Object Detection, Audio Guidance, Pre-trained
Models

1- Introduction

Visual impairment poses a global challenge, with the
World Health Organization (WHO) reporting
approximately 38 million individuals living with blindness
and over 110 million suffering severe visual disabilities
[1]. Assistive technologies for this demographic aim to
enhance independence, safety, and quality of life by
addressing functional limitations in daily environments.
Historically, designing such systems faced significant
hurdles due to computational constraints in machine
vision, particularly before the advent of deep learning.
Most existing solutions—such as ultrasonic sensor-
equipped canes [2], stereo-vision glasses [3], or smart
gloves [4]—prioritize navigation in open environments.
However, workplace settings (e.g., desk-based tasks)
remain critically underserved. Current approaches often

rely on expensive hardware like depth sensors (ToF) [4],
dual-camera rigs [5], or Kinect [6], incurring high
computational and financial costs. This gap necessitates a
cost-effective system optimized for object interaction in
confined spaces, where one millimeter precision is
nonessential.

To address this, we propose a novel smartphone-based
framework leveraging single-camera input, pre-trained
models (YOLOv8n [7] + MediaPipe [8]), and lightweight
image processing. Our innovation eliminates depth sensors
and stereo imaging, instead employing mathematical
methods to estimate object height/hand distance in real
time. Key advantages of our proposed framework include
drastic cost reduction through ubiquitous hardware
(mobile cameras), computational efficiency enabling real-
time guidance, and audio-based guidance ensuring safe
object retrieval. The system targets functional accuracy
(5-10 mm error), rivaling stereo vision without its
hardware overhead. By focusing on desktop workspaces,
this research pioneers the use of accessible technology to
promote occupational independence among visually
impaired individuals.

2- Materials and Methods

The system leverages a single smartphone camera (user-
provided) and Python-based processing to deliver low-cost
spatial guidance for visually impaired users in a desktop
environment. Moreover, camera calibration is performed
using OpenCV with a chesshoard pattern, deriving
intrinsic parameters (focal length, principal point) and
extrinsic parameters (camera-to-table pose) to estimate the
transformation matrix (7,). Coordinate conversion from
pixels to real-world space is achieved through Equation 1.

Kj=1[P P 1]
Kji=[Xx Y Z 1] (1)
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Kij = TC . KL‘;/

In which K;; represents a pixel coordinate with horizontal
(P,) and vertical (P,) components, while its real-space
counterpart K consists of X, Y, and Z spatial dimensions.
This calibration assumes objects rest on the table plane
(Z=0), simplifying spatial computations while
maintaining target accuracy of 5-10 mm. Object detection
utilizes YOLOv8n for its optimal speed-accuracy balance,
identifying bounding boxes of target items. For tall
objects, the estimated height is the value that, when
substituted into Equation 1, yields the pixel coordinate
closest to point z in Figure 1; by assuming similar x-y
coordinates for top/bottom midpoints in real space.

m” = (x,. ¥, 2) -

Y

Fig. 1 Two points of interest for estimating the height of
objects (The superscript P represents the real-world
coordinates for points m and u.)

MediaPipe is employed for hand detection and tracking,
utilizing the middle fingertip (Landmark 12 in Fig. 2(a)) as

User Command Input

0 e BT

Camra |

Image Capture Operation

Ready for New Cominand Audio Navigation Command
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the primary reference point and the proximal joint
(Landmark 11 in Fig. 2(a)) to determine hand orientation.
Spatial guidance uses a hand-centric coordinate system:
Axis F aligns with the middle finger (Landmarks 11—12),
while Axis G is perpendicular to F at the fingertip, dividing
the workspace into quadrants. Object positions are
translated into clock directions (e.g., "Move 15 cm toward
2 o’clock™) based on angular displacement from Axis F
and Euclidean 2-norm. Voice interaction via pyttsx3
supports two commands: "Report" (lists detected objects)
or a named-object retrieval (triggers guided navigation).

129

(@) (b)

Fig. 2 (a) Mediapipe-detectable landmarks on hand,
(b) Clock-based directional Guidance view

The workflow begins with one-time calibration, followed
by continuous operation (Fig.3): voice input — image
capture — YOLOv8n/MediaPipe inference — coordinate
transformation — geometric analysis — audio feedback.
Computational efficiency is achieved through model
optimizations and mathematical approximations, avoiding
depth sensors or stereo vision. Testing assumes static
objects and fixed camera height.

Hand Detection
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Fig. 3 Overview of how the system works
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3- Results

The system demonstrated sub-centimeter spatial accuracy
in desktop-scale environments, achieving a mean distance
estimation error of 6.1 mm (range: 5-8.5 mm) across
geometric validation tests. While the magnitude of the
error increased with distance from the camera due to pixel
density limitations, performance remained comparable to
stereo vision systems (1.22% error reported in prior work
[9]). Height estimation for a standardized 150 mm object
yielded a mean error of 11 mm (range: 4-21 mm), with
optimal accuracy observed in mid-range positions.
Computational efficiency was validated on an Intel Core
i5-4300M processor, where hand landmark detection
(MediaPipe) averaged 0.4 s per image, object recognition
(YOLOvV8n) required 1.1 s, and audio guidance generation
added only 0.03 s latency per command cycle. The total
processing time confirms real-time viability for desktop
assistance scenarios, with vision tasks dominating the
computational load. These results collectively validate the
system’s core capability to deliver stereo vision-
comparable spatial precision using low-cost smartphone
hardware while maintaining practical responsiveness.

4- Conclusion

The proposed system achieved spatial accuracy
comparable to stereo vision—with mean distance and
height estimation errors of 6.1 mm and 11
mm, respectively—while fundamentally overcoming its
computational and hardware limitations. By leveraging
asingle smartphone camera, optimized deep learning
frameworks (YOLOv8n for object detection, MediaPipe
for hand tracking), and a constrained 2D desktop
workspace, the architecture reduces processing load and
eliminates the need for specialized dual-camera rigs. This
research pioneer assistive technology specifically
designed for workplace independence, transforming
ubiquitous smartphones into tools for visually impaired
users to interact with desktop objects via real-time audio
guidance. Future enhancements should explore object
segmentation for spatial refinement, language model
integration for natural voice interaction, server-based
processing acceleration, and haptic interfaces to enrich
multimodal feedback—collectively advancing toward
assistive systems that empower occupational autonomy
through accessible technology.
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Abstract--Manipulation and relocation of particles at the
nano- and microscale using Atomic Force Microscopy (AFM)
is recognized as one of the advanced techniques in
nanotechnology, commonly referred to as nanomanipulation.
This process consists of two main stages: the initial phase and
the second phase. One of the key factors in enhancing the
accuracy and efficiency of this process is minimizing the
critical manipulation time. Therefore, identifying and
analyzing the factors affecting this time is significant. In this
study, the effect of the dimensional parameters of the AFM
cantilever including thickness, width, and length of the
cantilever, as well as the tip radius and height on the critical
time of nanomanipulation is investigated. For this purpose,
design of experiments and Response Surface Methodology
(RSM) are employed to analysis data and the development of
a mathematical model. The regression model derived from
the experimental data demonstrates a prediction accuracy of
91.04%, indicating a high level of reliability. The results
reveal that among the parameters studied, cantilever
thickness has the most significant impact on critical time.
keywords : Cantilever dimensional parameter, regression,
critical time, design of experimental.

1- Introduction

Nanomanipulation is one of the leading fields in
nanotechnology, made possible by using atomic force
microscopy, and has provided a new platform for
manipulating structures at the nanometer scale. Over the
past decades, this technology has undergone significant
advances, such that today it has found numerous
applications in advanced industries, medical technologies,
including cancer treatment, and electronic systems.[1-15]

Atomic force microscopy is the tool used in this
process. With the help of this tool, it is possible to identify
and measure the mechanical properties of nanoparticles. In
addition, nanoparticle manipulation is carried out in two
phases. In the first phase of this process, force and critical
time are two factors affecting nanoparticles. High amounts
of these two parameters can damage nanoparticles and
ultimately lead to process failure.

The overall process conducted in this study is illustrated
in Figure 1.
Therefore, with the increasing development of this
process, the need for a deep understanding of the factors
affecting the accuracy, stability, and efficiency of
nanoscale operations has doubled, paving the way for
performance optimization and increased productivity. In
this article, considering the above points, the effect of
dimensional parameters on the critical time of
manipulation has been investigated.
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Fig. 1. Graphical abstract of process

2- Modeling

The movement and manipulation of micro and nano
particles is known as manipulation. Nano particles are
examined using an atomic force microscope. This
microscope is a well-known tool for recognizing and
identifying nanoparticles. During the manipulation
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process, the microscope cantilever applies a force to the
nano particle. Overcoming force applied by the cantilever
overcomes the friction force, the particle begins to move.
This process continues until the particle reaches the
desired position. The manipulation process consists of two
phases. Force and critical time are two important
parameters in the first phase that have a significant impact
on the orientation of the particle.

3- Results

A. Analysis of variance

Analysis of variance (ANOVA) showed that the thickness,
width and length of the pole, the height and the radius of
the tip into the liquid had a significant effect on the
response variable. The regression model explained a large
part of the variation in the response, and the adjusted and
predicted coefficient of determination values confirmed
that the model was reliable in explaining and predicting the
results.

To check the suitability of the model, residual analysis
was performed. The results showed that the residuals
followed a normal distribution and there was no clear
pattern in the residual plots. This means that the
assumptions of constant variance and independence of
errors were met. Overall, these results confirmed that the
model was suitable for analyzing the effect of the tested
variables on the response. The extracted regression
equation can be seen in Equation 1.

T, = 0539 — 0.5733T — 0.00439 W +
0.001044 L + 0.02500 H + 0.00489 Rt

1)
B. Sensitivity analysis results

To evaluate the interactive effects of various process
parameters on critical time, a series of three-dimensional
response surface plots was analyzed. Figure 2 presents the
effect of these parameters on the critical force during
manipulation. The results consistently reveal that
increasing cantilever thickness leads to a reduction in
critical time across multiple parameter combinations.
Cantilever width also shows a negative influence, whereas
cantilever length generally has a positive effect, increasing
the critical time. These trends are clearly reflected in the
slopes of the plots, indicating the significant and opposing
effects of these parameters.

Additional interactions highlight the role of tip-related
parameters. Tip height and tip radius both exhibit a
positive relationship with critical time, while cantilever
width consistently shows a negative influence. When
variables such as cantilever length and tip height or radius
are combined, their effects on critical time are additive and
positive. Overall, the response surfaces demonstrate clear
patterns of influence, providing insight into how
combinations of cantilever and tip dimensions interact to
affect critical time.

Surface Plot of Tcrvs W, T

Hold Values
L 225
H 2
Rt 25

(@)
Surface Plot of Tervs L, T

Hold Values
W 50
H 12
Rt 25

(b)

Surface Plotof Tcrvs H, T

Hold Values
w50
L 225
Rt 25

o F o
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(©
Surface Plot of Tervs Rt, T

Hold Values
w50
L 225
H 12

(d)

Fig. 2. Simultaneous effect of parameters on critical time
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4- Conclusion
In this study, considering the significance of critical time
in the first phase of manipulation, the dimensional
parameters of the cantilever and the microscope tip were
investigated. Initially, 27 experiments were conducted,
with three different levels for each parameter.
Subsequently, the impact of these variables was assessed
using analysis of variance (ANOVA). A regression model
was developed based on the collected data. The conducted
analyses estimate the reliability of the model to be 91%,
confirming its suitability for prediction. Finally, the effect
of the parameters on the critical manipulation time was
analyzed separately wusing the response surface
methodology. The results obtained from the three-
dimensional response surface plots indicate that the
cantilever thickness can cause significant variations in
critical time.

These findings can serve as a foundation for predicting
and optimizing conditions in similar processes and can be
expanded upon in future research.
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