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A Novel Method to Improve Crack Detection Ability in Helical Gear
M. Rezaei Sh. Hadian Jazi M. Poursina  F. Haji Aboutalebi

Abstract The helical gear systems have some distinctions such as more precision, long life and more
applications in the industry, and less vibration, noise and transmission error compared to spur gear
systems. One of the damages that can affect the operation of these systems is the gear tooth root crack.
So, the crack detection in its early stages of growth and development is very important. The residual
signal method is one of the common methods to extract the effect of crack from the system vibration
signal. Since the residual signal calculation requires the information of the vibration response of the
healthy state or the system initial parameters, providing a method to extract the effect of crack from the
vibrating response without any more information is very helpful. In this research, at first the calculation
of the helical gear pair mesh stiffness is explained, and the effect of tooth root crack is also described.
Then, a single-stage helical gear system, with the motor and the load, is modeled and solved numerically
to achieve the system dynamic response. Then, the effect of present method on the vibration signal
obtained from the dynamic simulation of a system with a small crack is Shown and discussed. Finally, the
proposed method is applied to the dynamic response signal of a system that presented in one of the
previous researches, and its efficiency is illustrated.

Key Words Helical Gear; Crack Detection; Transmission Error; Signal Processing.
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Large-Eddy Simulation of Turbulent Square Duct Flow
A. Rasam Z. Pouransari M. R. Zangeneh

Abstract In this research, large-eddy simulation of a turbulent square duct flow is performed at the
friction Reynolds number Re, = 180, using the dynamic Samgorinsky (DS) subgrid-scale model and the
results are discussed. To assess the accuracy of the DS model, the results are compared with the
reference direct numerical simulation data. Moreover, to see the effect of the DS model, a numerical
simulation without a subgrid-scale model is also performed and the results are compared with those of
the DS model. Simulations are carried out using a second-order finite volume method for discretization of
the Navier—Stokes equations. Results from the DS model simulations, for the grid used, are in good
agreement with the direct numerical simulation data for the mean velocity and Reynolds stresses and an
appreciable improvement is observed with respect to the no subgrid-scale model simulations.

Key Words Large-Eddy Simulation, Dynamic Smagorinsky Model, Turbulent Flow, Square Duct
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Comparison of Monolithic and Partitioned Approaches for the Solution
of Fluid-Solid Thermal Interaction Problems
E. Tandis A. Ashrafizadeh

Abstract Numerical solution of conjugate heat transfer (CHT) problems in multi-region domains is a
challenging issue in terms of efficiency and stability due to inherent coupling between governing
equations in separate sub-domains. This paper aims at comparing two distinct strategies for coupling
energy equations at interface of regions: partitioned and monolithic. While the former enforces strong
coupling via iterative procedures, the latter suggests simultaneous solution of energy equation
throughout all regions at once. More precisely, the primary objective of this study is to compare
computational costs for three finite volume- based CHT solvers which share a same method for handling
pressure-velocity coupling in the fluid, i.e. semi-implicit projection method, and are distinguished from
the coupling strategy for energy equation at interface of interacting sub-domains. The first method
applies simultaneous solution of energy equation across all regions while second and third ones use
separate solver for each region with difference in handling iterative loops. The accuracy and
convergence rate of three algorithms are assessed via transient solution of conjugate free convection in
fluid and conduction in vertical wall. Finally, it is concluded that, in contrast to partitioned solver in
OpenFOAM for CHT problems, employing a separate loop to enforce energy-energy coupling per
iteration, can be much more beneficial in terms of computational costs.

Key Words Conjugate Heat Transfer, Monolithic, Partitioned, Coupling, Finite Volume, Convergence
Rate, OpenFOAM.
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The Grafting of a Nylon Fiber Surface by a Mixture of Two Acrylic Monomers and the
Evaluation of Optimum Values by using a Traditional Design of Experiment Software
M. Khosravi S. Ostad Movahed
Abstract Bio-fouling as a worldwide marine industries concern is the accumulation of micro and macro-
organisms on the submersed surfaces in the sea water. It has destructive effects on the sunk parts of the ships, fish
cages and all other marine submersed structures. To reduce bio-fouling on the nylon fibers a dual mix of 2-Hydroxy
ethyl methacrylate (HEMA) and methyl acrylate (MA) was grafted on the fiber surface using a pre-irradiation
technique in different conditions. Subsequently, degree of grafting and homo and or co-polymer % of the
aforementioned monomers at different operative parameters including reaction temperatures (60-90 °C), and times
(1-4h), pre-irradiation time (10-40min) and also initiator concentration (3-9 wt%) were measured and the results
were compared and discussed with those calculated values by a traditional design of experiment software (Design
expert®). The optimum grafting conditions and the interaction between above mentioned parameters were evaluated
by the software using four variables and two surface responses with central point design method. It found that
increasing pre-irradiation time and also initiator concentration improved the grafting % of the monomers on the
fiber surface. The reason referred to increasing the active sites on the fiber surface after pre-irradiation. With the aid
of variance analysis and considering p-values variable with 0.05 confidence interval, it revealed that the important
parameters lied down in the order of reaction temperature, reaction time, pre-irradiation time and initiator
concentration. Also, the results were confirmed statistically by the characteristic coefficient, adjustment coefficient
and fit precision of 96%, 93% and 30.302, respectively. The real values for degree of grafting and also homo and co-
polymer percent were 37.89% and 42.98% respectively. They were in conformity with predicted values by
mathematical model with the values of 38.59 and 43.42%. Also, two equations were proposed by the software for
calculation of the aforementioned parameters with studied operative parameters.
Key Word Nylon Fibers, 2-Hydroxy Ethyl Methacrylate, Methyl Acrylate, Grafting percent (%), Design
of Experiment
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The Effects of Revolute Joint Clearance on the Kinematic Behavior of the 3RPR
Planar Parallel Manipulator

S.M. Varedi-Koulaei M. Bamdad B. Fathi

Abstract To create a relative movement between connected members in a mechanism, the presence of
clearance in the joints is inevitable. In addition to raise errors in positioning accuracy, the presence of
clearance is one of the most important factors in causing impact, shock, and thus the production of
vibrations and sound during the operation of the mechanism. Tolerances and errors due to the process of
design and construction, wear and corrosion of joints after a certain period of work and thermal effects
are known as the most important sources in creating and increasing clearance. Obviously, if there is a
clearance in the revolute joints, one or two degrees of uncontrollable freedom are added to the
mechanism, which can be the source of the error. In this paper, the clearance effects of revolute joints on
the kinematic behavior of a 3RPR parallel robot are examined. Parallel robots are modeled in the Adams
Dynamic Analysis Software, and the simulation results are compared for two ideal (without clearance)
and real mode (with clearance). The effects of joint clearance size and its effect on robot behavior are
also evaluated. Numerical results show that by growing the size of the clearance, the values of velocity
and acceleration increase dramatically.

Key Words Joint Clearance, Kinematics, Dynamic Analysis, ADAMS Software, 3RPR Planar Parallel
Manipulator.
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Nonlinear Vibration Analysis of Fluid Conveying Microtube under Parametric
Magnetic Excitation
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Abstract In this research, effects of various system parameters on nonlinear response of transverse
vibrations of beam-like fluid conveying microtube with fixed simply supported boundary conditions under
axial magnetic parametric resonance condition is investigated. Reddy’s first order shear deformation
theory and Eringen nonlocal elasticity theory are used to derive microtube nonlinear equations of
transverse motion considering nonlinear geometric terms of von-Karman. For fluid flow velocities more
than flutter critical velocity, behavior of 2 DoF nonlinear system is studied under parametric magnetic
resonance condition. By deriving nonlinear response curves, effects of various parameters including
magnetic excitation amplitude, parameter of excitation frequency and nonlocal stress parameter on
resonance amplitude is investigated and discussed.
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A Phenomenological Study of Polygonal Hydraulic Jumps
A. Asadi M. Malek Jafarian A.R. Teymourtash

Abstract Polygonal hydraulic jump is among the subjects widely studied by scientists in recent years.
Although this phenomenon was discovered nearly two decades ago, many of the probable reasons behind
it remain unknown. Accordingly, the main goal of the present study is to conduct a laboratory-scale
phenomenological investigation on polygonal hydraulic jumps. The results indicated that the main cause
of polygonal hydraulic jumps is the presence of disturbances and instabilities in flows, systems, or
environments. Given the Plateau—Rayleigh instability, in the presence of surface tension and viscosity
effects, the disturbances and instabilities create stable circular jumps unstable and then turn them into
polygonal jumps. A stable circular jump was created with the elimination of instabilities, and the jump,
unlike what observed in previous studies, was stable at a low to high range of Reynolds number. In
addition, the behavior of polygonal hydraulic jumps formed in previous studies in the presence of
instabilities was investigated. In a constant flow rate, the area inside the jump was equal for all the
possible jumps at an error level of less than 10%. Among the polygons with an equal number of sides,
which are possibly observed in a particular flow rate, the jump changes into a regular polygon, as the
surface tension naturally tends to create the minimum possible surface area for the jump.

Key Words Phenomenology, Plateau—Rayleigh Instability, Polygonal Jump, Regular Polygon, Stable
Circular Jump
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The Friction Factor of Turbulent Flow of the Base Fluid and Nanofluid
in the Statistical Approach

F. Vahidinia G.A. Sheikhzadeh

Abstract In this paper, the presented correlations in scientific literature for friction factor of turbulent
flow in the base fluid and nanofluid has been analyzed statistically. In order to perform the statistical
analysis and select the best probability distribution function for the friction factor, from 48 probability
distribution functions and 3 statistic of Kolmogorov-Smirnov, Anderson-Darling and chi squared has
been used. The results show that, based on all three statistics, the probability distribution function of the
friction factor in the base fluid and nanofluid is the Johnson SB probability distribution function.
Furthermore, it was observed that the probability distribution function of the friction factor of the base
fluid and nanofluid is wider than the normal distribution function. On the other side, the probability
distribution function of Johnson SB has a right skewness.

Key Words Friction Factor, Johnson SB Probability Distribution Function, Turbulent Flow, The
Statistics of Kolmogorov-Smirnov, Anderson-Darling and Chi Squared.
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An Improved Shooting Method for a Class of Switching Optimal Control Problems
F. Vahidifar M.A. Mehrpouya

Abstract Optimal control appears in some of the well-known areas of science in recent decades. In
optimal control field, a classical subject is the switching optimal control problems which arise in some
well-known application areas, such as aerospace engineering, cranes and industrial robots. In these
problems, the input control jumps from one boundary to another and appears linearly in the objective
function and the dynamical equations. What’s important in solving these problems, is finding the
switching points with high accuracy. In this paper, an improved shooting method for solving these
problems is investigated. For this purpose, the well-known indirect shooting method for numerical
solution of this class of optimal control problems is first reviewed and it’s deficiency in obtaining the
switching points accurately, is expressed. Then, with redesigning the method by applying a control
parameterization, we transform the problem to the solution of the shooting equation, in which, the values
of the switching points and the initial values of the costate variables are unknown parameters. This leads
the switching points are captured accurately and thereby accurate solution of the problem is obtained.
Numerical results of five benchmark examples are presented and efficiency of the method is reported.

Key Words Switching Optimal Control, Pontryagin’s Minimum Principle, Shooting Method, Control
Parameterization
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Experimental Investigation of the Influence of Transverse Dual protuberances on the
Thrust Vector of a Supersonic C-D nozzle

M.R. Babaeyan M. Hojaji

Abstract In this study, effects of the use of dual transverse protuberances (DTP) as a new, low cost and
simple method in controlling the thrust vector in a C-D nozzle, whose nominal Mach number is 2, was
investigated. The protuberances used are two cylindrical shapes that are placed in front of the flow in the
divergence part of nozzle. Protuberances are installed in 80% of the length of the nozzle divergence
section from nozzle throat, transversely and at a 45° angle to each other. The flow field was investigated
by schlieren imaging, along with measuring the pressure distributions on the nozzle walls. The results
show that using the DTP in the nozzle can increase the angle of the thrust vector to 3.5 degrees in the
examined conditions. Also,it can be achived in compare to using a single protobrance with lower thrust
loss up to 5.5%.

Key Words TVC, C-D Nozzle, Supersonic Flow, Protuberance, Experimental Aerodynamics.
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A New Mathematical Model Gas Flows in Pipeline with Leak

M. Aliyari F. Farhadi

Abstract In this paper, a gas pipeline model with leakage is presented. This model does not need to
evaluate the characteristics of downstream equipment and does not rely on sophisticated numerical
methods. Changes in the flow variables can be accurately predicted by the model. In this model, a
new similarity-based approach is proposed between the pipeline and the electrical circuit, in which a
circuit equivalent to a specific structure is used to simulate the leakage pipeline. This new approach
can be used to assess leakage losses and guide pipeline operation as well as to help detect leaks. We
know that many mathematical expressions have been formulated to describe the flow in a pipeline by
leakage, but it is not easy to solve. However, the mathematical model of a leaky pipeline can also be
developed with this method. This model is validated using data from a real gas pipeline. The
simulation results are in good agreement with the experimental results which confirm the validity of
the model and the validity and efficiency of the proposed method.

Key Words Pipeline; Mathematical Modeling; Hydraulic—Electric Analogy; Simulation; Leakage;
Equivalent Circuit.
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Numerical Investigation of Drag Reduction Mechanism in Laminar Flow Regime using
Rectangular Riblets
A. Haji Khan Mirzaei A. Raoufpanah

Abstract This paper aims to introduce an efficient and passive method in order to reduce the amount of
drag exerted on the surfaces of the objects moving in the water. The flow regime is considered as
laminar. The desired method is to use rectangular riblets being perpendicular to the flow direction. Two-
dimensional computational fluid dynamics is utilized to resolve the flow field around the ribbed surfaces.
The effects of geometrical parameters of riblets including width and height as well as free-stream velocity
on the amount of drag reduction are numerically calculated. The numerical results certify the efficiency
of rectangular riblets as a drag reduction tool in the laminar flow regime. Maximum amount of the drag
reduction is about 8.7% achieved for the riblets width of 0.1 millimeter and at free-stream velocity of 10
m/s.

Key Words Riblet, Hyrophobic, Drag Reduction, Numerical Simulation, Computational Fluid
Dynamics
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A New Mathematical Model Gas Flows
in Pipeline with Leak

Marjan Aliyari' Faezeh Farhadi’

1. Introduction
One of the most important issues in the gas industry
is the calculation of wasted gas, which has always
been a concern.

Mathematical modeling of flow in a leakage of
gas can be considered by considering changes in
parameter of flow such as pressure and flow
velocity in ducts after a leak, so it can be used to
evaluate leakage losses. Equations governing the
flow behavior in a pipeline are a set of partial
differential equations and are difficult to solve by
analytical and even numerical methods such as
characteristic (MOC). In all of these numerical
methods, we need information on the pipeline
boundary conditions, which depend on the upstream
and downstream features. In this study, the leakage
pipeline is simulated by an equivalent electrical
circuit and the outlet end of the pipeline can be
considered with an approximation of one type of
circuit. The main idea of this work is taken from the
papers and researches of Zabih et al. and
Taherinejad et al. The details of this approach are
then tested and compared with the proposed model
with real data.

2. Modeling the flow in a pipeline with leak

To simplify mathematical expressions, the following
two hypotheses are considered: 1. The synchronous
current in a pipeline is assumed and therefore the
energy equation can be ignored; 2. Since the given
the high ratio of tube length to diameter, one-
dimensional flow is assumed. Assuming sudden
leakage, rapid changes in pressure and flow velocity
cause the waves to propagate from the leakage point
to the two ends of the pipeline. We restricted our
study to a mild transient process that can be
described by steady-state equations.

3. Solving the model equations based on the
equivalent circuit

The main objective is to simulate the gas transition
pipeline as the most effective natural gas transition
and distribution networks, the resolution and
prediction of flow velocity and pressure distribution
along the pipe. Pressure as the driving factor of gas
flow is considered as the electric potential in the
electric analogy method, which is the factor of
electrical conversion. It is clear that the gas flow is

! Corresponding Author: Assistant Professor, Faculty member
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Borujerd, Iran. m.aliyari@abryu.ac.ir
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similar to the electricity flow. A simple tube
element is an electric element that stores the flow
rate and pressure at its beginning and end. The
difference between electric potential (pressure drop)
and electric current (current velocity) is taken into
account, so a model should be presented that
illustrates the physics of gas transition through the
pipeline. Figure 1 shows the gas leakage pipeline

and its equivalent circuit.
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Figure 1. Leakage pipeline and equivalent circuit

4. Numerical results and comparison with
experimental sample
Experimental measures were performed by manipulating

the manual valves at three leak points different leakage
sizes occur and pressure and flow changes were
recorded at both ends of the pipeline. Figures 2 and 3
show the comparison between simulation and
measurement results as a leak in L,. Figure 4 shows the
changes in the total resistance of the pipeline and the
end of pipeline output during leakage. Ry is the end
resistance of the pipeline and the total resistance of the
pipeline is Ry.

5. Conclusion
A simple and efficient way to develop leak pipeline

models was presented in this study. The models
developed in this method can be used to estimate
pressure and flow changes in a conduit after a leak. To
solve the model equations, a new approach based on the
similarity between the pipeline and the electrical circuit
is proposed. As such, an equivalent circuit with a
specific structure is used to simulate a pipeline leakage
and a specific approximation is made to express the
endpoint of the pipeline from the point of view of the
circuit. The model’s success in leaking pipeline
simulations also confirms the validity of the method.
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Figure 2. Static pressure changes on the nozzle wall
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Figure 4. Schlieren images in nozzle exit at H/D* = 0.2

4. Conclusion

In this study, effects of the use of dual transverse
protuberances (DTP) as a new, low cost and simple
method in controlling the thrust vector in a C-D nozzle,
whose nominal Mach number is 2, was investigated.
The protuberances are two cylindrical shapes that are
placed in the divergence part of nozzle. Protuberances
are installed in 80% of the length of the nozzle
divergence section from nozzle throat transversely. The
flow field was investigated by schlieren imaging, along
with measuring the pressure distributions on the nozzle
walls. Moreover, the thrust vector was measured using
a force balance. The results show using the DTP in the
nozzle can increase the angle of the thrust vector up to
3.5 degrees. Besides, no change in the deflection angle
sign in compare to using a single protuberance is
observed. Also, the results reveal that axial force more
decreases in the presence dual transverse protuberances.
But it dose not exceed from 5.5% in the examined
conditions
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Influence of Transverse Dual
Protuberances on the Thrust Vector of a
Supersonic C-D nozzle

Mohammad Reza Babaeyan', Mohammad Hojaji**

1. Introduction

One of the essential steps in designing aerial vehicles is
designing the controlling equipment, which can protect
the aerial vehicle from any unwanted deflection. Thrust
vector control is one way of controlling aerial vehicles
when the aerodynamic forces are negligible. Different
methods have been used to control the thrust vector. The
use of tabs that are placed in the hot gas path is popular
due to their simplicity. The use of jet tabs has been
experimentally investigated by some researchers. In
these studies, the effects of the tab angle in the nozzle
outlet on the thrust vector angle were scrutinized. Also,
the effects of tabs on the thrust vector control have been
examined. The results showed the use of tabs causes the
nozzle outlet deflection. Another resercher also
investigated the effects of using corrugated tabs on
thrust vector control. The results indicated that the use
of corrugated tabs instead of simple tabs could also
control the thrust vector and reduce the length of the
diamond shocks. However, this method encounters
different problems because of the permanent presence in
the flow path. One of the problems is the negative effect
of thermal loading on the tabs. In another study,
numerically and experimentally the ways of heat
diffusion through tabs was studied. Another method to
control the thrust vector is secondary fluid injection in
the nozzle flow. Many studies have been done on
secondary fluid injection. In these studies the effects of
secondary injection parameters and its location, number
of injctions and their arrangements on the thrust vector
was numerically and experimentally investigated. This
method has some disadvantages. In this method, hot
flow causes valves to wear out; hence, researchers are
still working on various new methods that are more
affordable than the conventional methods. Researchers
have recently examined protuberance that is placed on
the divergent nozzle section. In a experimental study the
effect of location and penetration ratios of cylindrical
protuberance on the thrust vector of a Supersonic C-D
nozzle was investigated. Besides, in another study,
experimental investigation of the penetration effects of
opposite dual protuberances on the thrust vector has also
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conducted.

In the present experimental study, for the first time, the
impacts of dual transverse protuberances on the nozzle
thrust vector and the flow field is examined. for this
purpose, in two different cases, the effests of one and
dual transverse protuberances and their penetration
ratios on the flow field is studied.

2. Experimental apparatus and conditions

In this study, a convergent-diverging nozzle with
nominal Mach number 2 was designed and fabricated.
The nozzle inlet diameter is equal to the settling
chamber diameter (16 mm), throat diameter is 5 mm,
and the outlet diameter is 6.5 mm. Besides, the total
nozzle length is 86 mm, and the divergent section length
is also 50 mm. Protuberances are placed in 40mm from
throat in the divergent part of the nozzle. At the first
case, one protuberance and in the second case, two
transverse protuberances are placed in the nozzle in
different penetration ratios of 0.1, 0.2, 0.3 and 0.4.
Besides, pressure holes with a diameter of 0.7 mm are
created on both sides of the nozzle wall. The stagnation
pressure is considered constant in all experiments; as a
result, the nozzle pressure ratio (NPR) is set to 6.6.
Pressure holes on the nozzle wall are connected to
Trafaq pressure sensors with the overall accuracy of
0.1% FS and converted using Advantech 41117 DAQ
portable module. A two component balance with the
overall accuracy of 0.5% FS is used to measure the axial
and lateral forces of the nozzle.

3. Results and Discussion
In order to investigate the effects of protuberance on the
flow field, the cylindrical protuberance, is installed at
X/L = 0.8, while the protuberance ratios is equal to
H/D* = 0.1, 0.2, 0.3 and 0,4. In Figures 2(a), changes
in axil force are seen. Results show that axial force more
decreases in the presence of transverse dual
protuberances (case 2). Figure 2(b) also illustrates the
deflection angle of thrust vector in various penetration
ratios. In this figure, the thrust vector angle is obtained
from equation (1).
a=tan"! (ﬁ) (1)
Fq
Results show deflection angle in the second case is more
than the first case for the same penetration ratios. Also,
there is a change in deflection angle sign in low
penetration ratios in the first case. Pressure distribution
on the nozzle wall (Figure 2) shows the pressure
increases in the upstream of protuberance while
decreases in the downstream because of the blockage
effects of the protuberance. Moreover, stronger shocks
and wakes are observed up and down stream of the
protuberances in the second, respectively.
Figure 3 shows the Schlieren images of flow field at the
nozzle exit for penetration ratio of 0.2. More deflection
angle of the jet plume at the nozzle exit can be observed
in the second case. It seems that the stronger shocks in
the second case is the main reason of this phenomenon.
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where, y(t) = [x(2),\#)]" € R?, f: R?*P*! — R?7,

and ¥ : R?*1 . RP*! is the boundary function of the
problem. Here, the problem is to determine a vector

V:()\l(O),...,/\p(O),tf)T, such that, the shooting

equations

x(tf) - X;
F(v) = W(Y(tf)vtf) =

H(X(tf ), ’\(tf ), —sign(o (tf)))

is satisfied. It is noted that, because of the existence of
discontinuous integrated function in right-hand-side of
the above system of differential equations, solving the
shooting equations can cause the accuracy of the
solution of the HBVP especially in finding the switching
points, is deteriorated. The next section is devoted to the
efficient and accurate numerical solution of this HBVP.
An  Improved Shooting Method with a Control
Parameterization

In this section, with a knowledge about the number of
the switching points and structure of the optimal control
obtained from the conventional shooting method
explained in the previous section, suppose that each of

control function u ].(t) has n; switching points. So, the

following approximation for each control uy.(t),

i=12...0

0 0 1

bj, 8 Etga},

bt sl <t < &2

1 J =
u,(t) .

n n n.+1
i 7 b g
b] ;8 < t < CHE

is intended, where
, 41 .

0= 5]0. < s} L L 5;1" < s;.]" = t;, are considered

as unknown switching and terminal points, in which on

each subdomain, uj(t) takes known parameter bj” for

k=0, L...,n;.So, given that, bf’ € {—1,+1}, where,

b]].g I —bj].“ , consequently we have

b;.’ = —sign(o,(?)), ‘?j <t = s;‘f“,and

b;L’ = (—1)" b?. It is noted that, according to such

approximation for each of control wu(t), we

parameterized it by s; = (s},,,,,s?’,tf). Now, by
replacing the control function
u(t;s) = [u(#8)),...u, (% sq)]T7 in the dynamic

equations of the problem, the new HBVP is deduced as

y =ftyults), 0t <t
y(0) = Yo
V(5y) 85, 1) = O
So, the new shooting equations is constructed by
X(tf) — xf
H(X(tf )s *\(tf) ; —Sign(a(tf 1))
o= 73(%) ;i =124

7;(s;7)

where, ¥(-) is used instead of ¥(y(t;),s,,...,s ,{;) for
simplicity in notation. The purpose is to solve the
shooting equations S(z) = ¥(-) =0, in which, the
column vector z, is a vector of unknown parameters and

z = (s,\,(0),...,A (0))", where

sy

considered as
s = (sl,...,sq).

|4. Conclusion

An improved shooting method with control
parameterization was applied in this paper for the
indirect solution of a class of switching optimal control
problems. The present method satisfies the first order
necessary conditions of optimality and it can capture the
switching points accurately. Five illustrative examples
were given to demonstrate the validity and applicability
of the proposed method.
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|1. Introduction

In this study, we consider a class of switching optimal
control problems which control functions take values
from a discrete set and appear linearly in the objective
function and the dynamical equations. This type of
optimal control problems arises in many applications
such as aerospace engineering, cranes, and industrial
robots. The computation of optimal controls in this type
of optimal control problems is of particular interest
because of the difficulty in obtaining switching points
and optimal solution.

The aim of this study was to present an indirect
improved shooting method based on using the
Pontryagin’s minimum principle for solving this class of
switching optimal control problems. Because the
switching optimal control problems have discontinuities
in the controls and in the derivatives of the states, the
conventional shooting method in solving them can cause
the accuracy of method, especially in finding the
switching points, is deteriorated. Therefore, to cope with
this deficiency, an improved shooting method with a
control parameterization is presented. For this purpose,
at first, based on the Pontryagin’s minimum principle,
the first order necessary conditions of optimality, which
lead to the Hamiltonian boundary value problem
(HBVP) are derived. Then, with a knowledge about the
number of the switching points and structure of the
optimal control obtained from the conventional shooting
method, control functions are replaced with piecewise
constant functions. Consequently, the problem is
converted to the solution of the “shooting equations”, in
which the values of the switching points and the initial
values of the costate variables are unknown parameters.

|2. Problem Statement
We consider the switching optimal control problems
with control appearing linearly. Suppose,

x(t) = [#,(1),...,z,(1)]" denotes the state vector and
u(t) = [t (t),...,u, ()]" is the control vector in the time

intervalt € [0,¢;], with a free final time ¢, which

minimizes
t
J = J; ldt = t,,

subject to the constraints on the interval [0,7,]
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X(t) = h(x(t),u(t),t) = £(x(),t) + L(x(),)u(?),
x(0) = x,,
x(t;) = x,
U’j(t) € {_17+1}7 ] = 1a27"'5q'
Here, the state x is continuous and controls have
finite number of switching points in which controls
jump from one value to another at these points. The

function h: RP?'9*"" — RPis also assumed to be a
smooth function of the variables (x,u,?) .

|3. The Proposed Method

To formulate the first order necessary conditions of
optimality, the Hamiltonian function is introduced as
follows

H(x(t), A1), u(t)) = 1+ A" (Dh(x(t), u(t), )
=1+ N (Of(x(t),8) + N (1), (x(t), hu(t),
where, A() = [N (1), A, ()" is called the costate

variables. Also, the factor of the control u(¢) in the
Hamiltonian function is called the switching function
and denoted by
o6 A1) = [0,(6 A1),y 0, (5, A 8)] = AT f(,0).
It is noted that the solution of the optimal control
problem satisfies the following necessary conditions
x = [OH ] O],
A= —JoH / ox]",
and based on the Pontryagin's minimum principle, an
optimal control must minimize the Hamiltonian function

with related to the control functions, which readily
implies the following control law

, if o;(x,A,t) >0,

u,(t) = 1+, if o;(x,A,t) <0,

undefined, if o,(x, A, t)=0,

for j=12...,q. So, the switching function of(t)
determines the optimal control via
u(t) = —sign(o(t)),

on [0,¢;], except on the switching points. It is noted

that, when the final time ¢ 1 is free, then the condition

H(X(tf)7)‘(tf)7u(tf)) =0,
as transversality condition, must be considered beside
the initial and boundary conditions of the problem. Now,
by replacing the control function u(t) = —sign(o(t)) in
the dynamic equations, a HBVP as the necessary
optimality conditions is formed. Finally, the resulted
HBVP is represented by

y=1£@ty), 0=t=¢
¥(0) = y»
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3. Statistical analysis of the equations of the friction
factor of the nanofluid flow with single variable

The equations of the friction factor of the nanofluid flow
with single variable are in fact only in terms of Reynolds
numbers. These equations with other variables held
constant as the volume fraction of nanoparticles have been
developed. In this case, the probability distribution
function of the data of the friction factor extracted from
the equations, Johnson SB, was concluded. Figure 2
demonstrates the probability distribution function of
Johnson SB for friction factor of the three nanofluids.

Johnson SB PDE of CuO

————— Johnson SB PDE of ALO,
150 ™ . Johnson SB PDE of SiO,

S Normal PDE of CuO
~
\ et Normal PDE of Al,O,

10

100 =w=w=n== Normal PDE of SiO,
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1 L L
0.035 0.05 0.055

Figure 2. Johnson SB and Normal probability distribution
function of friction factor for presented equations by Vajjha et al.

It is observed that the data accumulation on the left
side of the graphs is more than that of the right side, and
in fact in the high Reynolds numbers the changes in the
friction factor are less. On the other hand, it is observed
that for all three nanofluids the Johnson SB probability
distribution function is wider than the normal probability
distribution function.

4. Statistical analysis of the equations of the friction
factor of the nanofluid flow with two variables

The two variable equations are developed in terms of
Reynolds number and volume fraction of nanoparticles.
After reviewing the results, it was observed that the best
probability distribution function of the friction factor of
two variable equations, like single variable equations, is
the Johnson SB probability distribution function
(Figure 3).

5. Statistical analysis of the equations of the friction
factor of the nanofluid flow with three variables and
more

These equations have been developed according to
different variables such as Reynolds number, volume
fraction of nanoparticles, ratio of nanoparticle diameter
to diameter particle of base fluid, volume fraction of
each particle in hybrid nanofluids, aspect ratio or width
to channel height ratio, hydraulic diameter ratio to the
inner diameter of the channel in the channels containing
the tape and the rotation ratio of the tape.

v Hejazian et al [17]

. Hejazian et al [18]
————— Moraveji et al [19]
————— Moraveji et al [20]
——<«—— Nabil etal [21]

. Naik et al [22]
————— Yarmand et al [23]
- Ravi Kumar et al [24]

=emmemem  sunder et al [25]
sunder et al [26]

) = 3
0.025 0.03 0.035 r 0.04 0.045

Figure 3. Johnson SB probability distribution function of friction
factor for two variables of presented equations of nanofluid

In this section, as in previous cases, after analyzing the
results, it was observed that the best probability
distribution function of the friction factor based on all 3
statistics is the Johnson SB probability distribution
function. Figure 4 demonstrates the diagram of the
Johnson SB probability distribution function of friction
factor for three variables or more of presented equations
of nanofluid.

Durga Prasad et al [27]
- Abdolhamid et al [28]
Naik et al [22]

Ravi kumar et al [29]
sunder et al [30]
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Figure 4. Johnson SB probability distribution function of friction
factor for three variables or more of presented equations of
nanofluid

6. Conclusion

In the present study, the equations of friction factor
presented by researchers in base fluid and various
nanofluids have been statistically analyzed. The
intended equations are selected based on the turbulent
fluid flow. 48 probability distribution functions have
been used in statistical analysis. The Kolmogorov-
Smirnov, Anderson-Darling and chi square statistics
were used to determine the best probability distribution
function for the friction factor’s data. After reviewing
and analyzing the results, it was found that the best
probability distribution function of the presented
equations of friction factor in both the base fluid and the
nanofluid, based on all 3 statistics, is Johnson SB
probability distribution function.
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1. Introduction

One of the most important parameters that is always
considered in fluid transfer is the friction factor. The
friction factor in the fluid flow depends on various
variables such as Reynolds number, flow structure in
terms of laminar or turbulence, the volume fraction of
nanoparticles, size and shape of nanoparticles, channel
dimensions and Prandtl number. The aim of this study
was to investigate the equations of friction factor in
turbulent flow of base fluids and nanofluids and
statistical analysis of this parameter. Nanofluids are a
group of heat transfer fluids in which metallic and non-
metallic particles are suspended in dimensions of less
than 100 nm and significantly increase the heat transfer
potential. Nanofluids are used to improve and increase
heat transfer instead of base fluids such as water and
ethylene glycol. Researchers studying nanofluids usually
consider two issues. The first is how much heat transfer
increases with the use of nanofluids, and the second is
how much the pressure drop due to the use of nanofluids
increases. At the end of the study, based on experimental
or numerical data, they present equations for the Nusselt
number and the friction factor. Based on the developed
equations of friction factor, it is observed that fluid
transfer systems and heat transfer facilities include
uncertainties. These uncertainties are in fact the same
independent variables including Reynolds number,
volume fraction, and nanoparticle diameter, flow
geometry, and so on. Therefore, changing any variable
leads to a change in the friction factor and pressure drop.
Accordingly, statistical analysis of dependent variables
such as friction factor is necessary for proper system
efficiency.

In this study, first the presented friction factor
equations for the base fluid and nanofluid in the
turbulent flow were considered. Then, due to the
importance of Reynolds number in the turbulence flow
based on the change of this variable, statistical analysis
was performed. Easy Fit software was used for the
statistical analysis. In order to select the best probability
distribution function of the dependent variable friction
factor, 48 different probability distribution functions
were used using Kolmogorov-Smirnov, Anderson-
Darling and chi squared tests. After reviewing the
results, it was found that based on all three statistics, the
probability distribution function of the friction factor in
the base fluid and nanofluid is the Johnson SB
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probability distribution function. On the other side, it
was observed that the probability distribution function of
the friction factor of the base fluid and nanofluid
equations is wider than the normal distribution function
and the probability distribution function of Johnson SB
also has a right skewness.

2. The presented equations for the base fluid and
their statistical analysis

After reviewing various studies in the field of
nanofluids, it was observed that most researchers often
use the two equations of Blasius and Petukhov to
compare the numerical and experimental results of the
friction factor and ensure the accuracy of the conducted
study. These equations depend only on single variable
that is the Reynolds number. The two equations of
Naphon et al. and Li et al. developed in terms of
Reynolds numbers, have also been used for statistical
analysis that the latter being expressed for rough tubes.
To determine the best probability distribution function
for the friction factor, 48 different multiparameter
distribution functions have been used. After reviewing
the results based on Kolmogorov-Smirnov, Anderson-
Darling and chi squared statistics, it was found that the
best probability distribution function for the friction
factor in the base fluid by changing the Reynolds
number based on all three statistics is the Johnson SB
probability distribution function. This probability
distribution function is defined as follows:

f(f)zwz_%(l_z)exp[_%(ﬂmn(l; Dzj (1)

In equation (1), z=(f-§/4, y and & are the continuous
shape parameters, A is the continuous scale parameter
and & is the continuous location parameter. The Johnson
SB probability distribution function is plotted in Fig. 1
for the friction factor’s data of Blasius, Petukhov,
Naphon et al., and Li et al. equations.

Blasius Equation

-+ Petukhov Equation

R Naphon et al Equation

—————— Li et al Equation

1 1> 1 1 ! 7
002 003 004 005 006 007 008
Figure 1. Johnson SB probability distribution function of friction

factor for Blasius, Petukhov, Naphon et al., and Li et al. equations

Figure 1. shows that the probability distribution function
of the friction factor of all equations has a right
skewness.
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4. Results and Discussion

The results of laboratory experiments conducted in the
previous studies suggest that when the viscosity of the
fluid is high (about 11 times more than the water
viscosity) and in the presence of a downstream obstacle
with a certain height on the target plate, the hydraulic
jump appears in the form of a polygon. As described in
the theory section, disturbances create instabilities and
convert jumps to polygonal shapes. These disturbances
can be divided into several categories: Environmental
disturbances, Disturbances caused by moving and
vibrate parts, Disturbances caused by the production of
bubbles and the phenomenon of cavitation, Disturbances
caused by the turbulent flows, Disturbances caused by
fluid collisions on the target plate and producing surface
waves. In this study, it is predicted that if the
disturbances and fluctuations are minimized or reduced,
the hydraulic jump remains stable and circular.

The results of various experiments conducted in this
study indicate that the predictions made by the authors
of the present study were correct and that circular
hydraulic jumps can be formed by eliminating or
reducing different types of disturbances even in the
presence of a downstream obstacle. Figure 3 illustrates
the upper and lower views of a stable circular hydraulic
jump in the presence of a circular symmetric
downstream obstacle with a height of 2.10 mm.

Figure 3. Stable circular hydraulic jump with the structure type
IIb in the presence of downstream obstacle at h=2.10mm height
(Q=82.23ml/s)

Figure 4 illustrates a comparison of the results of the
stable circular jumps obtained in this study with those
obtained through modified Watson’s theory for fluid jet
with three different diameters. The results obtained at
different flow rates are consistent with those obtained
through modified Watson’s theory.

012

() ne
Figure 4. Comparison of the results of the stable circular jumps
obtained in this study with modified Watson’s theory

By eliminating the disturbances and the fluctuations
from the flow, system, and environment, stable circular
jumps are formed at low Reynolds numbers to high
Reynolds numbers.

Moreover, it should be noted that the hydraulic jump
tends to produce the minimum jump surface area due to

the presence of the surface tension. The minimum
surface area of polygonal jumps with an equal number
of sides and the internal area can be found in a regular
polygonal jump.

In addition, the reason for the behavior of the
polygonal hydraulic jumps and the formation of the
stability range can be explained. In the presence of
disturbances, the hydraulic jump forms a regular
polygon. At low flow rates (low momentum), the shape
of the jump is oval or eye-like. As the flow rate
increases, which also leads to increases in the flow
momentum, the jump size grows and its internal and
surface area increases. At the same time, the surface
tension force as a resistance force tend to create the
minimum surface area. Therefore, it reduces the surface
area by adding a corner and one side, and consequently,
the jump shape turns into a triangle. The reason is that,
at this flow rate, the surface area of the triangular jump
is smaller than that of the final oval. This trend will
continue with increasing flow rate.

So the upper limit of stability is obtained (path
number 1 in Figure 5). The path number 2 in Figure 5
shows the lower limit of stability.

-

Upper limit of stability

3
m 180 1 am an 2 20
Log Re

Figure 5. Stability chart for polygonal hydraulic jumps
(2a=0.69cm and H pstace=0.25¢m)

Nevertheless, it can be discovered from Figure 5, that
in a fixed parametric regime (e.g. log Re=3), polygonal
hydraulic jumps with 8, 9, and 10 sides can be formed.

5. Conclusion

The present study was an attempt to conduct a

phenomenological analysis of polygonal hydraulic

jumps, behavior and the possible reasons therefore. The
findings of the study can be summarized as follows:

e The true cause of polygonal hydraulic jumps is the
presence of disturbances and fluctuations in the flow,
environment, or system of the experiment device
based on the Rayleigh-Plateau phenomenon and in
the presence of surface tension and viscosity effect.

e Increasing the flow rate strengthens instabilities,
which leads to unstable circular jumps.

e The stable circular hydraulic jumps were all found to
be of type IIb and is fairly consistent with the
modified Watson’s theory.

e The surface tension of the fluid tries to create the
minimum possible surface area in the jump. Since
the minimum surface area between different
polygons with an equal number of sides is related to
regular polygons, the polygonal hydraulic jump is
formed in a symmetrical and regular way.
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A Phenomenological Study of Polygonal
Hydraulic Jumps

Ali Asadi', Majid Malek Jafarian?,
Ali Reza Teymourtash’

1. Introduction

From the viewpoint of fluid mechanics, when a vertical
jet of a fluid impinges a horizontal plate, the fluid
spreads radially in all directions. At a certain distance
from the impingement point of the fluid jet, called the
hydraulic jump radius, the thickness of fluid suddenly
increases, the flow changes from supercritical to
subcritical, and the so-called circular hydraulic jump is
formed.

Figure 1 illustrates a schematic view of a circular
hydraulic jump. The nozzle radius (a), the nozzle
distance from the horizontal surface (hy), the jump
radius (R;), the jump downstream height (h,), and other
parameters of the circular hydraulic jump are displayed
in this figure. This phenomenon can be used for cooling
purposes in industrial processes.

g R; Jump Radius

Figure 1. A schematic diagram of circular hydraulic jump

A review of the previous studies indicates that when the
viscosity of the fluid is about 11 times more than the
water viscosity and a downstream obstacle is considered
for a stable circular hydraulic jump, the jump becomes
unstable and changes into a polygonal hydraulic jump.
The occurrence of this phenomenon has been attributed
to the Rayleigh-Plateau instability in the previous
studies. However, these instabilities and their effects on
circular hydraulic jumps are unknown and the possible
reasons for the formation of polygonal hydraulic jumps
have not yet been discovered. The present study tried to
identify instabilities and the reasons for the formation of
polygonal hydraulic jumps. It also tried to respond to the
question of why polygonal hydraulic jumps are formed
as regular polygons.

2. Theory

The most important theory in the field of circular
hydraulic jumps is Watson’s theory, which was
modified by Bush and Aristoff through applying the
effect of surface tension coefficient.
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Stability is an important factor for classifying circular
and non-circular hydraulic jumps. It can be argued that
one of the important parameters in the field of stability
is the surface tension.

Plateau and Rayleigh found that in a fluid stream
pouring out of the nozzle, the surface tension can form
curves on the stream surface by radially growing
disturbances, which leads to a dropping stream, no
matter how much smooth the stream is. The higher the
surface tension, the higher the disturbances and
instabilities.

With a higher viscosity and lower surface tension, the
fluid stream is able to neutralize disturbances and
conserve stability more effectively. On the contrary,
with a higher surface tension and lower viscosity, the
increase in disturbances and instabilities is higher and
the fluid progresses towards forming curves and a drop-
like shapes. That is why in water, which has a higher
surface tension and lower viscosity compared to
ethylene glycol, the disturbances increase faster and the
hydraulic jump do not show a regular shape. On the
contrary, ethylene glycol, as a higher viscosity and
lower surface tension fluid, can fairly control
disturbances without forming a drop-like shape. As a
result, the surface tension reduces the surface, and
energy to the lowest level through creating curves on the
jump. These curves are the same as the sides and corners
of the polygonal hydraulic jump, the number, and length
of which changes depending on the flow rate.

Here the questions are: How do the disturbances form
the polygonal hydraulic jumps based on the Rayleigh-
Plateau instability in the presence of surface tension and
viscosity? How do the disturbances enter the system?
Does the decrease or elimination of the disturbances
form circular jumps instead of polygonal ones? The
following sections focus on identifying the disturbances
and fluctuations, of the reasons for the formation of
polygonal hydraulic and regular jumps.

3. Experimental Details

Figure 2 illustrates the device used in this study. As it is
shown, the device includes a main tank for storing the
fluid (1), a fluid pump (2), holding legs, pipes with
different diameters for regulating the fluid jet diameter,
the circular target plate (7), the overflow tank (9),
horizontal and vertical levelling mechanisms, exposure
and imaging mechanisms, the flowmeter (5), liquid film
height measurement system (11), digital caliper, and the
thermometer.

Figure 2. The device used in this study: 1) Fluid storage tank, 2)
Pump, 3) Flow control valve, 4) Sub-path valve, 5) Flowmeter, 6)
Vertical leveling mechanism, 7) Glass target plate, 8) Downstream
obstacle, 9) Overflow tank, 10) Horizontal leveling mechanism,
and 11) Fluid thickness measuring system
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observable that increasing frequency regulator parameter
decreases resonant amplitude.
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Figure 3. Magnetic resonance amplitude variation curves for four
different values of the frequency regulator parameter

Figure 4 depicts characteristic curves of frequency
response for four different values of the axial magnetic
excitation amplitude H,; = 2860, 3475,3900, 4400 for
the microtube beyond flutter beginning point
(corresponding to the critical velocity V,,.) with turbulent
velocity of A = 0.142. This figure shows that an
increase of magnetic excitation amplitude has
destabilizing effect that increases width of parametric
magnetic resonance zone. Moreover, increasing
excitation amplitude increases nonlinear response
amplitude, that is, resonant amplitude.
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Figure 4. Frequency response curves for four different values of
the magnetic excitation amplitude of microtube

Figure 5 illustrates frequency response characteristic
curves for three different values of the non-local stress
parameter (scale characteristic parameter) en =
0,0.07,0.1 by keeping other parameters H,, = 20000,
H,, = 20000, u,, =0.001 and A = 0.142 constant.
According to this figure, increasing non-local stress
characteristic parameter has destabilizing effect and
increases width of magnetic parametric resonance zone.
On the other hand, increasing the non-local stress
parameter increases nonlinear response amplitude or
resonant amplitude.

0.2 - Hx,=20000 —— Stable

= = = Unslable
Hx, = 10000
H,=0.001 -
015 A-0142 P
C
/-r:. i ," h L
S 01 ' ; !
™~ s
\‘\ aN L
)
i
a: en=00 . S
0.05- I -~ - J';
b: en=0.07 N . - ’

C:ren=0,10 [} I
N ]

U ————————— - —
-0.05 0 0.0
a

Figure 5. Comparison of frequency response curves for three
different values of the non-local stress parameter

5. Conclusion

In this research, governing differential equations for
axial, rotational and transverse movements of a
magnetizing fluid conveying microtube was extracted
using first order Reddy beam model and multiple scales
method with consideration of nonlinear geometric terms,
fluid viscosity effects and centrifugal acceleration
effects, and stability of zero and nonzero solutions of the
equations were analyzed in steady condition. Instability
problem of nonlinear nonlocal vibrations of the
microtube under parametric magnetic excitation of the
axial flowing fluid beyond flutter instability was
investigated. By deriving nonlinear response curves,
effects of various parameters including magnetic
excitation amplitude, parameter of excitation frequency
and nonlocal stress parameter on resonance amplitude
was studied and discussed. It was shown that increase of
non-local stress characteristic parameterand magnetic
excitation amplitude has destabilizing effects and
increases the width of magnetic parametric resonance
zone and increases nonlinear response amplitude. Also
an increase of frequency regulating parameter has
stabilizing effect and decreases resonance zone width
and resonance amplitude.
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Nonlinear Vibration Analysis of Fluid
Conveying Microtube under Parametric
Magnetic Excitation
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1. Introduction

Fluid conveying microtubes have extensive applications
in micro fluidic circuits, biomechanical equipment and
microelectromechanical systems. Therefore, modeling
and analysis of their dynamic behavior and stability are
important. In this research, effects of various system
parameters on nonlinear response of transverse
vibrations of beam-like fluid conveying microtube with
fixed simply supported boundary conditions under axial
magnetic parametric resonance condition is investigated;
the issue has not been fully addressed in previous
research works.

2. Modeling

Schematic view of a microtube with length L, radius R,
and thickness / conveying a fluid with velocity V¢ with
fixed simply supported boundary conditions is depicted
in Figure 1. The deformation field is assumed as

U(x,z,t) = ulx, t) + z¢, (x,t) )
W(x, zt) =w(x,t)

in which, » and w are axial and transverse displacements
of the points located on the neutral axis of magnetized
microtube and ¢, is rotation angle of the normal vector
of transverse section around y axis. We use Reddy’s first
order shear deformation theory and Eringen nonlocal
elasticity theory considering nonlinear geometric terms
of von-Karmanand we derive microtube nonlinear
equations of axial, transverse and rotational motion as
three second order partial differential equations. Then
dimensionless parameters are used for
nondimensionalization of the equations.

vt & L

Fluid In 7~ 7 Fluid Out
—>(** —> w—pH, u—

microtube

Figure 1. Schematic view of fluid conveying microtube
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3. Influence of nonlocal stress parameter on flutter
critical velocity

Using two first mode shapes of transverse displacements
and neglecting nonlinear terms effect, we derive
approximate solutions of axial and rotational
displacements. According to Figure 2, second mode is
stable at velocities less than Vp. At velocities more than
V¢, the first and second natural modes are mixed and
create an unstable coupled mode shape that is flutter
instability.
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Figure 2. Variation of (a) imaginary part and (b) real part of first
and second mode eigenvalues versus dimensionless velocity of fluid

4. Nonlinear analysis of the problem and quantitative
study of the stability

For fluid flow velocities more than flutter critical
velocity, we study behavior of 2 DoF nonlinear system
under parametric magnetic resonance condition. In
Figure 3, variation curves of resonance amplitude versus
magnetic excitation amplitude parameter for four values
of frequency regulator parameter
o =0,0.007,0.01,0.013 are plotted. According to this
figure, with an axial fluid flow with turbulent velocity of
A =15, the microtube is resonated all the time and
increasing parameter o causes moving bifurcation
saddle and subcritical points of the curves towards right
direction and decreases resonance zone width.
Therefore, an increase of frequency regulator parameter
has stabilizing effect on response. In addition, it is
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Figure 1. The 3-RPR parallel manipulator with clearance
revolute joints

The dynamic behavior of the manipulator with the
effects of the clearance joints is analyzed by plottingthe
position, velocity, and acceleration (linear/rotational) for
different clearance sizes. For instance, it is clearly
shown that the magnitudes of the accelerations change
sharply in the presence of joints clearances when it leads
to contact.

The magnitude of clearance size obviously affects the
end-effector acceleration. The manipulator experiences
higher accelerations for the larger clearance sizes. In
spite of kinematic analysis in this paper, one can expect
higher impact forces at the joints in the kinetic analysis.

According to the diagrams which demonstrate
kinematic parameters, it can be seen that by increasing
the size of the joint clearance, the error rate increases
significantly compared to the ideal state and the EE pose
is affected. Figure 2 shows the rotational changes of the
EE with the size of the joints clearance. These changes
in rotational positions in oneparallel robot can easily
spoil the robot’s performance. Therefore, if the parallel
mechanism is used to produce ahigh accuracy path,
special attention should be paid to the effects of
clearance in creating errors.
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Figure 2. Rotational changes of the EE with clearance size

FFT Frequency Analysis

The discrete Fourier transform may be used to identify
periodic structures in time series data. It is approved the
significant effects of the clearance on the time domain
dynamic response. However, due to the less focus on
frequency domain analysis with clearance, Fast Fourier
Transformation (FFT) is performed. Since the existence
of clearance causes high-frequency vibration of the
acceleration, this signal is used to analyze the frequency
spectrum of the vibration characteristics. The peaks of
vibration amplitude in FFT analysis results with varying
clearance sizes areincreased as the clearance size
increases. Moreover, increasing the clearance size will
carry a lower frequency of contact. It means that with a
larger clearance, the contact phase is appeared for a
longer period.

4. Conclusion

In this work, a 3-RPR with a focus on the revolute joints
was modeled. The parallel robot with clearance revolute
joints has been modeled and simulated in the ADAMS
as dynamic analysis software. The simulation results are
compared for the two ideal joints, without clearance, and
the real joints. It has been shown that if there is a
clearance in the hinged or revolute joints, the velocity
and acceleration of the end-effector (and other
mechanism members) are increased relative to the ideal
joint within a perfect design. Additionally, FFT analysis
proves the joint clearance effect on decreasing of the
motion stability.

As a result, special attention should be paid to factors
such as wear and unbalance in the system dynamics that
increase corrosion in the joints and thus increase
clearance. On the contrary, an increase in the
acceleration of the members and, consequently, the
emergence of high forces during the robot's performance
should be expected.
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The Effects of Revolute Joint Clearance on
the Kinematic Behavior of the 3RPR Planar
Parallel Manipulator
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1. Introduction
Mechanical joint defects might highly influence the
dynamic response of the whole multibody system.
Affecting the transient behavior, the joint clearance
yields noise and vibration with a reduction in the
component life.

The aim of this study is the kinematic and dynamic
analysis, considering the clearance in the simulation of a
3-RPR planar parallel manipulator where the three
prismatic joints are actuated.

The ideal and non-ideal model, without and with
clearance in the revolute joints, are compared in the
results to show the effect of clearance in the robot
performance, such as an illustration in path tracking.

2. Planar Parallel Mechanism 3-RPR

The planarthree-DOF3-RPR mechanism has a parallel
structure, including a fixed base and a moving platform,
called end-effector (EE). These types of parallel
manipulators are mainly used in making fast operations
and accurate simulators. Three planar chains are
connected to the moving platform in a triangular planar
kinematic chain.

It is assumed that the center point of the end effector
creates a specific path with a constant velocity in the
plane regard to the kinematics chains. Using the inverse
kinematic equations in the ideal case, the inputs and
their derivatives can be computed. Now, given these
inputs, one can solve the direct kinematic in the
presence of clearance. Then, the generated trajectory of
point C can be calculated and compared with the desired
path. Moreover, the joints forces and the accelerations of
the links can be computed for both cases, that is, in the
presence and absence of the clearance in the joints.

In this case, the complexity of the robot's kinematic
and dynamic relationships increases greatly. As a result,
ADAMS Software is used here to overcome the
numerical difficulties for non-ideal joints. Researchers
have addressed this method to simulate and analyze
parallel robots, indicating the high quality and reliability
in dynamic simulation.
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The geometrical equation could be written based on
the difference in the radius of the different surfaces in
terms of displacements and lead to the distance between
two levels g as kinematic contact condition. The
situation where the contact is lost corresponds to g>0
with zero contact force, whereas the contact with local
deformation referred to as a penetration, corresponds to
2<0. Acritical factor, in the precise prediction of the
impact force, is the type of the selected contact model.

3. ADAMS Modeling

ADAMS is the most widely used software for multibody
simulation and motion analysis. ADAMS in this paper
helps us understand the dynamics of a parallel
mechanism involving the moving realistic non-ideal
revolute joint.

Clearance modeling

In planar mechanisms, the clearance of each hinge joint
adds two degrees of freedom to the system, which can
include horizontal and vertical displacements of the pin
center relative to the bearing center. During motion, the
interaction of surfaces is based on vertical and tangential
forces at the point of contact.

Contact modeling

In ADAMS, the impact model and restitution model are
two models that are utilized for the surface contact
definition. In this paper, IMPACT-Function-Based
Contact is employed.

The normal force of the contact has involved elastic and
viscous damping. The rigidityis a function of the
penetration and the viscous damping is dependent on the
speed of penetration.

4. Simulation

Before extracting and reviewing simulation results, the
robot modeling accuracy in software should be ensured.
To this end, linear accelerations of the end-effector (EE)
is compared in three different ways: (1) the robot's
kinematic analytic solution in the ideal state, (2)
modeling without clearance joints in software, (3) robot
modeling with clearance joints in software considering a
very small clearance (C1=0001 mm).

During the robot path tracking, kinematic curves in
diagrams are very close together. The impact forces in
the joints, as expected, create a deviation representing
error signal in the diagrams, which results from a
clearance in the joints. Therefore, it is possible to
confirm the correctness of the software modeling and its
proper functioning during this model validation.

ADAMS result

Figure 1 shows the 3-RPR manipulator that is modeled
by ADAMS software, including six non-ideal revolute
joints and rigid links. The simulation examines the EE
center point kinematics in three different clearance sizes
(0.00001mm, 0.5 mm, and I mm).
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HEMA. Using the introduced optimum parameters
namely, reaction temperature (75 °C), reaction time (1
h), pre-irradiation time (40 min) and initiator
concentration (9 wt%), the predicted values for
grafting and homo-polymer %’s by mathematical model
were 38.59 and 43.42%, respectively. They were in
conformity with real values of 37.89 and 42.98%.
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The Grafting of a Nylon Fiber Surface by a
Mixture of Two Acrylic Monomers and the
Evaluation of Optimum Values by using a
Traditional Design of Experiment Software

Mohammad Khosravi', Saeed Ostad Movahed?

1. Introduction

The biofouling is any accumulation and growth of living
matters on the manmade material surfaces. The biofilm
formation has harmful effects on the vessel surfaces,
navy piers and sea water submerged fish cages and
constructions. It restricts the vessel movement resulting
in 40% extra fuel consumption. Several anti-biofouling
methods proposed. In this study a dual mix of 2-
Hydroxy ethyl methacrylate (HEMA) and methyl
acrylate (MA) was grafted on the fiber surface.
Subsequently, degree of grafting and homo polymer %
of the aforementioned monomers at different operative
parameters including reaction temperatures, reaction
times, pre-irradiation time and also initiator
concentration were measured and the results were
compared and discussed with those calculated values by
a traditional design of experiment software (Design
expert®). Also, two equations were proposed by the
software for calculation of the aforementioned
parameters with studied operative parameters.

2. Experimental

2.1. Materials

Polyamide fiber, PA6 with 210 Denier (1 Denier = 1 g/
9000m), 34 filaments, entirely drawn yarn (FDY),
methyl acrylate (MA) and 2-hydroxyethyl methacrylate
(HEMA), IRAMID-CD (non-ionic detergent,Toluene-4-
sulfonic acid monohydrate (PTSA, 90%, inhibitor for
homo-polymerization),dichloromethane (99%),
methanol (99%), , sodium carbonate and benzophenone
(BP, 99%, photo-initiator).

2.2. Method

The 10 g of cut 10 cm fiber samples was weighed and
put inside a baker containing 500 ml distilled water, 1 g
IRAMID-CD, 1 g sodium carbonate and was heated for
300 min at 70°C. In next stage, the fibers removed from
solution and after washing with distilled water and
subsequent drying at 50°C for 24 h, they used for
monomer grafting. For monomer grafting, a solution
containing 32cc dichloromethane, 8cc methanol and
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different amounts of BP was prepared and during
stirring, 1.84 g fiber was added to the solution. The
stirring continued up to 24 h. Subsequently, the fibers
were removed and put under UV irradiation for selected
irradiation times. The irradiated fibers were put inside a
three-span flask containing 50 cc de-ionized water,
0.243 g PTSA and a dual monomer mix (I cc HEMA-
2cc MA) for different reaction time and temperatures.
After finishing the grafting reactions, the treated fibers
were washed by hot de-ionized water to remove
unreacted materials and dried under vacuum.

3. Results and Discussion

The optimum degree of grafting and homo polymer %
and also the evaluation of the interaction between
studied parameters (reaction time and temperature, pre-
irradiation time and initiator concentration) was
accomplished by the software using four variables and
two surface responses with central point design method.
Table 1 represents the studied parameters limits used for
surface response method. Figures 1 and 2 show normal
probability versus degree of grafting and homo polymer
% residuals, respectively. As observed, the points are
more or less along a line and follow a normal
distribution.

With consideration of the above founds, the following
equations were proposed by the software for prediction
of degree of grafting and homo polymer %:

Degree of grafting (%) = +58.27481-
2.63825*A+29.81527*B+0.15126*C+1.70849*D-
0.11965AB-0.24102BC-
1.23401BD+0.13378CD+0.01975842-1.41293B? (1)

Degree of homo and co-polymer (%) = +48.94532-
0.041657*A-8.99374*B+0.12089*C-
3.16614*D+0.12208*AB-3.48604E-
003*AC+4.97687E-003*AD-
0.10497BC+0.80207*BD+0.066134*CD 2)

Where A, B, C and D are reaction temperature (°C),
reaction time (h), pre-irradiation time (min) and
initiator concentration (wt%), respectively.

Table 1. The studied parameters limits used for surface response

method

Parameter ID  |Unit [(lower [upper |variation

code limit  |limit domain
reaction A °C 60 90 75
temperature
reaction time B h 1 4 2.5
pre-irradiation  |C min |10 40 25
time
initiator D wt% |3 9 6
concentration

4. Conclusion

The Design expert® software is a suitable and powerful
tool for the analysis and evaluation the optimum grafting
% values for a mix of studied monomers, MA and
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To evaluate k at interface, k;,, for monolithic
approach, a harmonic interpolation is used:

kfks
Y ()

%ks+ Akf

kint =

4. Results and Discussion

Numerical results for the case of 2D conjugate natural
convection with thermal conduction in a thick vertical
wall, shown in Figure 2, are presented to validate the
accuracy of solvers. Figure 3 shows temperature profile
at horizontal center line given by three algorithms and
compares them with a reference.
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Figure 4. CPU time as a function of solution time
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New test case with two regions of fluid and two regions of
solid, shown in Figure 5, are also solved by three algorithms.
Figure 6 shows the convergence results for case B of the new
test case.
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Figure 2. Natural convection adjacent to a thick vertical wall
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Figure 3. Temperature at horizontal line passing center

In order to evaluate the computational costs of three
algorithms, four different cooling conditions are applied for the
simulation of the test cases. Computational costs of the
proposed algorithms for solution of the case A are compared in
Figure 4. As seen in this figure, SIPM-IP produces the slowest
convergence rate especially in case A and B, where strong
thermal interaction exists between fluid and solid regions.

Table 1. Non-dimensional properties for four cases
Pr ky/Kk¢ Gr c
CaseA | 0.7 1.6 | 1.43x10° | 0.93
CaseB | 0.7 1.6 10 0.93
CaseC | 0.7 | 1600 | 1.43x10° | 4x10™
CaseD | 0.7 | 1600 10* 4x10™
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5. Conclusion

° Monolithic solution of energy equation across
entire domain results in more efficient CHT solver.
° Comparing two types of partitioned methods,

that is, SIPM-IP and SIPM-SP showed that employing
separate iterative loop is advantageous in terms of
efficiency especially where there is a strong coupling
between energy equations at different sub-domains.
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Approaches for the Solution of Fluid-Solid
Thermal Interaction Problems
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1. Introduction

Thermal interaction between fluid flow and solid,
known as conjugate heat transfer (CHT), has been
widely studied due to its industrial applications. This
problem is classified as a multi-physics phenomenon
which is characterized by at least two distinct
computational sub-domains, i.e. fluid and solid regions,
whose associated equations are coupled at shared
boundaries. In addition to interface coupling, there are
two other types of coupling; one is between momentum
and energy in fluid region and another is known as
pressure-velocity coupling. These three are shown in the
fig. 1.

Fluid Solid

Figure 1. Three Types of coupling in CHT

Appropriate enforcement of coupling conditions at
shared interfaces is one of the key effects on accuracy
and computational costs in CHT problems especially in
unsteady simulations. Based on previous studies, two
types of coupling play a major role in stability and
efficiency of CHT problems: coupling between energy
and momentum equations in fluid as well as coupling
associated with thermal interaction between two
separate regions.

This study compares performance of three finite
volume-based solvers all of which use a family of semi-
implicit projection method?, that is, PISO, to handle
pressure-velocity coupling. However, they differ in
dealing with two other types of coupling. In the
monolithic approach, PISO algorithm with a single outer
iteration is performed for solution of pressure and
velocity in all fluid regions and it is followed by
simultaneous solution of energy equation across all sub-
domains; For partitioned methods, where energy
equation for all sub-domains are solved in a sequent
way, with two strategies: the first one is to apply
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separate iterative loop for enforcing each type of
coupling, and the second suggests integrating two types
of coupling in a single outer loop. Finally, the
performance of the three algorithms is assessed via
solution of thermal interaction between natural
convection in an incompressible flow and conduction in
vertical wall with different levels of coupling strength.

2. Governing Equations

The time dependent equations for describing for a
Boussinesq fluid flow, that is, continuity, momentum
and energy equations, are expressed as follow

V.u=0 (1)
Ju

5+ 0 VU = —Vp + uV2u — gB(T — Trer) (2)
A (3)
ot T\ ~ pCp - (V1)

The time dependent energy equation for solid is
T, 1
at (pCp)s

The temperature and heat flux must be continuous at
shared interface, I'¢, as follow

T(Tts t) = To(Tes, t) (5)

n. (kVT) = n. (k VTy) (6)

V. (ksVTs) (4)

The coupling highly depends on the Grashof number,

Gr = gB(TH-TL)L?

5 The non-dimensional quantity for

A%
describing the strength of second type of coupling is:

. N
ks/\Jas

Here, a is thermal diffusivity. The interaction strength
is weak for c<<land increases as c—1.

(7)

3. Numerical Approaches

In this section, the numerical algorithms, which are
developed in OpenFOAM package, are explained.
Algorithm (a), which is called semi-implicit projection
method with separate loops (SIPM-SP), suggests an
outer iteration for first type of coupling and a sub-
iteration loop for second one. Algorithm (b), called
semi-implicit projection method with integrated loop
(SIPM-IP), integrates two loops into one. However, for
monolithic solver, (SIPM-M), algorithm (c), there is
only need for one iteration loop to strongly enforce first
type of coupling. It is worth mentioning that algorithms
(b) and (c) are implemented in standard solvers of
OpenFOAM while algorithm (a) is developed by authors
via modifying an existing partitioned solver in this
software.
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using wall friction velocity u, and kinematic viscosity
v, are given in Table 1.

Table 1. Simulation specifications. Resolutions are given in
wall units: Ax* = Axu, /v, Ayt=Ayu,/v and Az* = Azu,/v.

Re; = hu,/v is the friction Reynolds number.

Re, [Az*| Ay* | Ax* | SGS model Case
Dynamic
142.1| 9 9 35 ) DS-SGS
Smagorinsky
154.8| 11 | 11 28 - No-SGS
148.3| 9 5 10 - DNS

The conventional dynamic Smagorinsky model is
used as the subgrid-scale (SGS) model. Simulations are
carried out at a fixed bulk Reynolds number
Rey, = hy, /v = 2800. The flow geometry is shown in
Figure 2. The simulation box length is 25 times the
duct half width to accommodate for large turbulent
structures that are formed in the duct.

Figure 3. Mean velocity profiles U" in wall-units

3. Large-eddy simulations

Mean velocity profiles, at the center of the duct, are
given in Figure 3. The DS-SGS simulation, with the
dynamic Smagorinsky model, shows a good agreement
with the reference DNS data at this point. There is a
remarkable difference between the no-SGS model,
prediction with the reference DNS data. The difference
in the predictions is due to the over-prediction of the
wall shear stress in this simulation. This is the situation
often encountered in no-SGS model situations, where
turbulence is not damped due to the lack of an SGS
model.

Analysis of Reynolds stresses shows a similar
behavior, like what is observed for the mean velocity
profiles, for the streamwise and shear Reynolds stress
profiles. Other components of the Reynolds stresses are
only reasonably predicted by the dynamic Smagorinsky
model. Hence, The Reynolds stress anisotropy is not
correctly predicted by this model.

4. Conclusion

Large-eddy simulation (LES) of a turbulent square duct
flow is carried out at a moderate resolution at the bulk
Reynolds number Re, = u,h/v =2800. LES is
carried out using the conventional dynamic
Smagorinsky subgrid-scale (SGS) model. Predictions
are compared to a reference direct numerical
simulation (DNS) and LES without an SGS model.
LES showed a good agreement with the DNS data for
the mean velocity and Reynolds stresses. Comparison
with the no SGS model simulation showed that the
SGS model makes an appreciable improvement in LES
predictions of the mean velocity and Reynolds stresses
over the no SGS model simulations. It was also
observed that the Reynolds stress anisotropy was not
captured properly. This was reflected in the excellent
prediction of the streamwise and shear stress
predictions, whereas other Reynolds stresses were
predicted only reasonably acceptable. The reason for
this behavior of the dynamic Smagorinsky model was
argued to be due to its isotropic formulation. It is
expected that at lower resolutions, where the SGS
anisotropy becomes more pronounced, the differences
in LES predictions with the DNS, become more
prominent.
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1. Introduction

Turbulent duct flows occur in many industrial
applications, including combustion and  air-
conditioning systems. Contrary to the simple geometry,
turbulent duct flow has a complex behavior. This
complexity is due to the secondary motions forming in
the vicinity of the corners (see Figure 1). Secondary
flows are comprised of four corner vortex pairs, which
rotate in opposite directions. Previous investigations
indicate that turbulent shear stress gradients in the
direction normal to the bisectors is responsible for the
formation of these secondary flows.
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Figure 1. Vector plot of the mean velocity in a y-z plane
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Figure 2. Schematic of the duct geometry.

Large-eddy simulation (LES) is an invaluable tool
for numerical simulation of turbulent flows. Similar to
direct numerical simulation (DNS), LES can provide
instantaneous velocity and pressure fields. Although, it
is computationally less expensive, its predictions are
not as accurate as DNS. It is also well known that
accuracy of LES predictions largely depends on the
subgrid-scale model (SGS) formulation and flow
complexity. In this respect, turbulent duct flow would
be a good candidate for testing performance of SGS
models for the prediction of complex turbulent flows.
There has been a number of previous DNS and
experimental studies on turbulent duct flows, but only
a few LES studies. Hence, more LES studies on the
performance of different SGS models for this type of
flow seem to be necessary.

In the present study, LES is carried out for a
turbulent square duct flow. Accuracy of LES prediction
is assessed using a reference DNS data. To determine
the effect of the SGS model on LES predictions, a
simulation is also carried out without an SGS model.
Results show that LES predictions have an appreciable
improvement over no SGS model prediction for mean
velocity and Reynolds stress quantities. But, the
Reynolds stress anisotropy is not well-predicted for
this type of flow.

2. Numerical method, geometry and SGS model

LESs are carried out using an open-source unstructured
finite volume solver. The spatial and temporal
discretization is carried out using a second-order
scheme. The SIMPLEC algorithm is used for velocity-
pressure coupling and Rhie-Chow interpolation is used
to avoid oscillations in the solution.

The grid used in the simulations has a uniform
spacing in the streamwise direction, whereas it is
stretched in wall-normal directions, using a tangent-
hyperbolic distribution, to capture the near wall
turbulence structures. The LESs are carried out at a
moderate resolution. Resolutions in wall units, i.e.
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involved (about 120 degrees of rotation of the pinion) is
greater than the corresponding values in the other teeth.
Figure 2 (b) shows the sum of symmetric neighbors
multiplication with a neighborhood size equal to one mesh
cycle. As observed, the operation was quite effective in
highlighting the effect of the crack and showing its
location.
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Figure 2. (a) Vibration signal obtained by dynamic simulation of the
system. (b) The sum of the symmetric neighbors of this signal

Figure 3 (a) shows the vibration signal of a gear system
with 71 pinion teeth and four cracked teeth presented by
Wang and Wong. As can be seen from Figure 3 (a), the
local changes occur in the region between the pinion
rotation angles from 240 to 340 degrees. As observed, it is
not possible to accurately identify faulty teeth. Figure 3
(b) shows the sum of symmetric neighbors multiplication
with the neighborhood size of a mesh cycle. As observed,
the four distinct areas have been clearly identified.
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Figure 3. (a) Vibration signal of the gear system provided by Wang
and Wong. (b) The sum of symmetric neighbors multiplication of this
signal

6. Conclusion

In this study, the sum of symmetric neighbors
multiplication method is introduced to highlight the effect
of defects in a vibration signal. The results show, by
applying the proposed method, small local changes on the
vibration signal amplitude, caused by a small tooth root
crack, increase approximately three times with respect to
the original signal. The capability of the newly proposed
method is also assessed in a multi-crack case. The results
indicate that the proposed method can highlight the effect
of each crack. That is, the proposed method not only can
highlight the effect of defects but also can locate these
defects with reasonable accuracy.
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1. Introduction

Helical gear systems have some distinctions such as more
precision, long life and more applications in the industry,
and less vibration, noise and transmission error compared
to spur gear systems. One of the damages that can affect
the operation of these systems is the gear tooth root crack.
So, crack detection in its early stages of growth and
development is very important. The residual signal
method is one of the most common methods to extract the
effect of crack from the system vibration signal. Since the
residual signal calculation requires the information of the
vibration response of the healthy state or the system initial
parameters, providing a method to extract the effect of
crack from the vibrating response without any more
information is very helpful. In this research, at first the
calculation of the helical gear pair mesh stiffness is
explained and also the effect of tooth root crack is also
described. Then, a single-stage helical gear system, with
the motor and the load, is modeled and solved numerically
to achieve the system dynamic response. Then, the effect
of the present method on the vibration signal obtained
from the dynamic simulation of a system with a small
crack is shown and discussed. Finally, the proposed
method is applied to the dynamic response signal of a
system presented in one of the previous researches, and its
efficiency is illustrated.

2. Analytical Calculation of Mesh Stiffness

The first step in the process of evaluating a gear system is
determining the mesh stiffness of the two involved gears.
When two teeth of two involved gears come into contact,
the gears become strained due to the force they bring to
each other and their elastic behavior. The ratio of the force
applied between the two teeth and the displacement that
occurs due to this force is called the mesh stiffness. To
calculate the mesh stiffness, the stiffness of a pair of teeth
is first investigated and then assembled together using the
contact ratio of the gears.

In this method, the helical tooth is divided into thin
slices, which can be assumed to be a spur tooth
approximately. As it is known, the stiffness of the original
helical tooth can be obtained from the stiffness of the spur
slices by considering their angular distance. In order to
model the crack effect, its area is considered as a dead
area and is not considered in calculating tooth stiffness.
The only variables that change in this method are the tooth
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cross-section area and its second moment of area.

3. Helical Gear System Dynamic Model

The Lumped Mass Model is used to model the single-stage
helical gear system. In this type of model, system is
modeled as components with concentrated masses that are
connected to each other by springs and dampers. The
springs’ stiffness is related to the stiffness of system
components such as bearings, axles, and gear mesh
stiffness. An 8 DOF model of the helical gear system is
shown in Figure 1.

4. Sum of symmetric neighbors multiplication

In this article, the sum of symmetric neighbors
multiplication method is proposed to highlight the local
variations of a signal.

In this method, the amplitude of a certain number of
neighboring points of each point of the original signal are
symmetrically multiplied into each other and the sum of
these multiplications is assigned to that point.

In fact, the difference between healthy and defective areas
comes from multiplying neighboring values, which shows
the large changes due to small changes in a region of the
original signal. For a discrete signal x[n], the sum of
symmetric neighbors multiplication is defined as:

d

SSNM,[n, d] = Z x[n + klx[n — k]

k=1
where d represents the size of the neighborhood.

5. Results and Discussion

The transmission error obtained by dynamic simulation of
the system with a crack of 10% length and depth of tooth
length and thickness in the pinion 14™ tooth is shown in
Figure 2 (a). The difference between the geometric location
of a point on the base circle of the gear and its line of
action, in the actual and theoretical cases is called the
transmission error of a gear pair.

Due to the small size of the crack, its effect on the
system transmission error is very small and not easily
distinguishable in the figure. The amount of transmission
error in the area where the cracked tooth (14™ tooth) is






CONTENTS

A Novel Method to Improve Crack Detection
Ability in Helical Gear

Large-Eddy Simulation of Turbulent Square
Duct Flow

Comparison of Monolithic and Partitioned
Approaches for the Solution of Fluid-Solid
Thermal Interaction Problems

The Grafting of a Nylon Fiber Surface by a
Mixture of Two Acrylic Monomers and the
Evaluation of Optimum Values by using a

Traditional Design of Experiment Software

The Effects of Revolute Joint Clearance on the
Kinematic Behavior of the 3RPR Planar
Parallel Manipulator

Nonlinear Vibration Analysis of Fluid
Conveying Microtube under Parametric
Magnetic Excitation

A Phenomenological Study of Polygonal
Hydraulic Jumps

The Friction Factor of Turbulent Flow of the
Base Fluid and Nanofluid in the
Statistical Approach

An Improved Shooting Method for a Class of
Switching Optimal Control Problems

Experimental Investigation of the Influence of
Transverse Dual protuberances on the Thrust
Vector of a Supersonic C-D nozzle

A New Mathematical Model Gas Flows in
Pipeline with Leak

Numerical Investigation of Drag Reduction
Mechanism in Laminar Flow Regime using
Rectangular Riblets (Short Paper)

M. Rezaei

Sh. Hadian Jazi
M. Poursina

F. Haji Aboutalebi

A. Rasam
Z. Pouransari
M. R. Zangeneh

E. Tandis
A. Ashrafizadeh

M. Khosravi
S. Ostad Movahed

S.M. Varedi-Koulaei
M. Bamdad
B. Fathi

R. Jahangiri

A. Allahverdizadeh
B. Dadashzadeh

H. Azimzadeh

A. Asadi
M. Malek Jafarian
A.R. Teymourtash

F. Vahidinia
G.A. Sheikhzadeh

F. Vahidifar
M.A. Mehrpouya

M.R. Babaeyan
M. Hojaji

M. Aliyari

F. Farhadi

A. Haji Khan Mirzaei
A. Raoufpanah

13

23

39

53

69

87

105

123

139

155

165



Ferdowsi University of Mashhad

| SSN: 2008-918X

JOURNAL OF
\ APPLIED AND COMPUTATIONAL

SCIENCESIN MECHANICS

| SSN (Online): 2423-6519

Editor- in-Chief: Dr. Mehran Kadkhodayan
General Director: Dr. Hamid Niazmand
Concessionaire: Ferdows University of Mashhad

Editorial Board:

Dr.
Dr.

Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.

Dr

Akbar Afaghi Khatibi

Kazem Abhary

Aliakbar Akbarzadeh

M asoud Bor oomand

S.Mohammad Reza Khalili

Ehsan Roohi
Mahmoud Shariati
Ebrahim Shirani
Masoud Tahani

Mehran Kadkhodayan
. Hamid M oeenfard
Dr.
Dr.
Dr.

Behdad Moghtaderi

Mohammad Reza M ahpeykar

Hamid Niazmand

Associate Professor
Associate Professor
Professor
Associate Professor
Professor

Associate Professor
Professor
Professor
Professor
Professor
Associate Professor
Professor
Professor
Professor

RMIT University, Austraia
University of South Australia, Australia

RMIT University, Austraia
Amirkabir University of Technology
K.N. Toosi University of Technology
Ferdows University of Mashhad
Ferdows University of Mashhad
Isfahan University of Technology
Ferdows University of Mashhad
Ferdows University of Mashhad
Ferdows University of Mashhad
University of Newcastle, Australia
Ferdows University of Mashhad
Ferdows University of Mashhad

Administrative Director: T. Hooshmand
Text Editor: y. Bina
Typesetting: F. Aliakbari

Journal of Applied and Computational Sciencesin Mechanics
Department of Mechanical Engineering, Ferdows University of Mashhad

P. O. Box: 91775-1111, Mashhad, I.R. IRAN
Tel: +98 51 38806024
Email: jour@um.ac.ir
Indexed in: ISC, SID, Magiran, EBSCO

Fax: +98 51 38763301
Web site: http://mechanic-ferdowsi.um.ac.ir



D

Ferdowsi University

of Mashhad

Journal of

Applied and

Computational Sciences

in Mechanics

(Journal of Faculty of Engineering)

Serial No. 21

ISSN 2008 - 918X

A Novel Method to Improve Crack Detection Ability
in Helical Gear
M. Rezaei- Sh. Hadian Jazi- M. Poursina- F. Haji Aboutalebi

Large-Eddy Simulation of Turbulent Square Duct
Flow
A. Rasam- Z. Pouransari- M. R. Zangeneh

Comparison of Monolithic and Partitioned Approaches
for the Solution of Fluid-Solid Thermal

Interaction Problems

E. Tandis- A. Ashrafizadeh

The Grafting of a Nylon Fiber Surface by a Mixture of
Two Acrylic Monomers and the Evaluation of
Optimum Values by using a Traditional Design of
Experiment Software

M. Khosravi- S. Ostad Movahed

The Effects of Revolute Joint Clearance on the
Kinematic Behavior of the 3RPR Planar
Parallel Manipulator

S.M. Varedi-Koulaci- M. Bamdad- B. Fathi

Nonlinear Vibration Analysis of Fluid Conveying
Microtube under Parametric Magnetic Excitation
R. Jahangiri- A. Allahverdizadeh- B. Dadashzadeh-
H. Azimzadeh

A Phenomenological Study of Polygonal Hydraulic Jumps
A. Asadi- M. Malek Jafarian- A .R. Teymourtash

The Friction Factor of Turbulent Flow of the Base
Fluid and Nanofluid in the Statistical Approach
F. Vahidinia- G.A. Sheikhzadeh

An Improved Shooting Method for a Class of
Switching Optimal Control Problems
F. Vahidifar- M.A. Mehrpouya

Experimental Investigation of the Influence of
Transverse Dual protuberances on the Thrust
Vector of a Supersonic C-D nozzle

M.R. Babaeyan- M. Hojaji

A New Mathematical Model Gas Flows in Pipeline
with Leak
M. Aliyari- F. Farhadi

Numerical Investigation of Drag Reduction
Mechanism in Laminar Flow Regime using
Rectangular Riblets (Short Paper)

A. Haji Khan Mirzaei- A. Raoufpanah

Vol. 31, No.1,
Autumn & Winter, 2020




	Jeld5- with Eslahe Rang- Farsi.pdf
	02- tooye-jeld-Farsi
	01fehrest- Farsi 
	1-Poorsina-Nahayi3
	2-Rasam-Nahayi4
	3-Tandis-Nahayi4
	4-Ostadmovahed-Nahayi3
	5-bamdad-Nahayi4
	6-jahangiri-Nahayi3
	7-Malekjafarian-Nahayi2
	8-Vahidinia-Nahayi5
	9-Mehrpooya-Nahayi4
	10-Hojaji-Nahayi4
	11-Aliyari-Nahayi4
	12-Raoufpanah-Nahayi5
	EA11-aliyari-Nahayi
	EA10-hojaji-Nahayi
	EA9-mehrpooya-Nahayi
	EA8-vahidinia-Nahayi
	EA7-malekjafarian-Nahayi
	EA6-jahangiri-Nahayi
	EA5-bamdad-Nahayi
	EA4-ostadmovahed-Nahayi2
	EA3-tandis-Nahayi
	EA2-rasam-Nahayi
	EA1-poorsina-Nahayi
	19fehrest- Latin
	20- tooye-jeld-Latin
	Jeld5- with Eslahe Rang- Latin

