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h larity parameter is approximately constant. The falling
velocity of droplet increases a little by viscosity ratio
increase, but circularity parameter is decreased rapidly.
The falling droplet shape goes from sphere to ellipse af-
ter producing vortex loops from its tail, and it leads

to circulating region growth at the rear of the droplet.
The velocity �eld makes droplet surface horizontally by
growth of vortex sizes.
Key Words: Phase �eld model, incompressible droplet,
viscosity ratio, density ratio, least square method.
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Abstract
Many engineering components are subjected to cyclic
loading which is the main cause for most of engineer-
ing failures. When a cyclic loading is repeated, fatigue
must bring into account for any life estimation study.
Fatigue results in failure of the engineering components
in a stress level well below the yield stress of the mate-
rial. Life extension techniques can delay the initiation or
propagation of the crack in the engineering structures.
Most of these techniques induce compressive residual
stresses which can enhance the component fatigue life.
As the crack usually starts from the surface, the induc-
tion of compressive residual stresses on the surface of
the components can greatly inuence the component life
cycle. There are many surface modi�cation techniques
practicing in di�erent industries. Shot peening is one of
the most well-known surface treatment methods that is
employed to enhance the fatigue life.
In the current paper, severe shot peening has been ap-
plied to samples made of Aluminum A356. This alloy
has been used where high strength, good weldability,
ability of permanent die casting and corrosion resistance
are required. A356 is an aerospace aluminum alloy and
has a wide application in other industries, such as au-
tomobile and military. Fatigue crack growth and life
curves of as-received and shot peened samples have been
found both numerically and experimentally. Finite ele-
ment analyses of the shot peening process are still under
development by many researchers. The exact coverage
percentage is di�cult to achieve, and it requires simula-
tion of a random peening process. This manuscript also
describes how to achieve the correct coverage. The ex-
periments were designed very carefully to evaluate the
e�ects of the shot peening process. Very good agree-
ments were observed between results. They showed life
extension for high cycle fatigue up to three times. Hav-
ing the �nite element results in hand, the experimental
achievement was explained.

Key Words: Life extension, fatigue, residual stresses,
Al A356, shot peening.
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Abstract
In this study, numerical simulation of falling incompress-
ible, spherical droplet of a uid under gravity in other
peripheral uid is done. Phase �eld model and least
square method are used for solving the two dimensional
incompressible Cahn-Hilliard and Navier-Stokes equa-
tions in so little time step duration for di�erent densities
and viscosities between phases. The main performance
of the least squares method is the minimization of the
residual functional in a least squares manner of param-
eters. Instead of level-set, large eddy simulation or vol-
ume of uid methods, the phase �eld models have been
successfully implemented to simulate the ow of two or
more immiscible uids whose their densities and viscosi-
ties are not the same. The studied geometry includes a
spatial domain as a vertical channel [0.2]X[0.08] that its
boundaries have no slip and no penetration conditions
and a stationary droplet with 0.005 radius starts falling
by gravitational force. The droplet center of mass at the
initial time is (0.04, 0.15). The e�ects of density and
viscosity ratios on incompressible droplet dynamics are
quantitatively studied. Density and viscosity ratios are
de�ned to generalize the numerical solution by creating
the relation between some properties of two di�erent u-
ids. The chemical potential parameter in Cahn-Hilliard
equation depends on the kinematic uid pressure. The
velocity �eld around droplet and its e�ect on droplet
shape are investigated in this paper. The falling velocity
of droplet decreases by density ratio increase, but circu-
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h rial. In this paper, a new and powerful method is pre-
sented that reconstructs the microstructure using only
one cut-section. The method is based upon correla-
tion functions and phase recovery algorithm. The e�ec-
tive properties of a random heterogeneous material are
strongly correlated with a particular formalism called n-
point statistics. At �rst, using the available cut-section,
two-dimensional two-point correlation functions are de-
termined. Then, three-dimensional, two-point correla-
tion functions are approximated using 2D ones. Indeed,
using the phase recovery algorithm, based on the ap-
proximated correlation functions, the three-dimensional
microstructure is reconstructed. Besides the isotropic
microstructures, this procedure can be used for recon-
struction of transversely isotropic microstructures using
only one cut-section. Thermal conductivity for the orig-
inal and reconstructed microstructures is calculated and
compared with each other; it is shown that the pro-
posed method reconstructs the original microstructure
with a small error rate. An e�ective reconstruction pro-
cedure enables one to generate close to target structures
at will, and a subsequent analysis can be performed
on the reconstructed microstructure to obtain approx-
imate macroscopic properties (e.g., mechanical, trans-
port, and electromagnetic properties) of the heteroge-
neous media.

Key Words: Three-dimensional reconstruction; two-
point correlation functions; phase recovery algorithm; het-
erogeneous material.
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Abstract
Existence and growth of cracks in structures is an un-
avoidable matter, and presentation of economical repair
methods is useful in this situation. Applications of re-
paired structures by composite patches are expanding.
One of the most signi�cant uses of this method is re-
pairing cracked components and parts of aerospace in-
dustries. This type of patch includes many advantages
such as high strength, resistance against corrosion and
humidity, low weight and acceptable fatigue life. Patch
repair causes the stress reduction around the crack and
also the transition of stress from the cracked plate to
the patch. Finally this type of repair decreases or to-
tally stops the crack growth and increases the fatigue life
of parts. In this study, the experimental investigation
of crack growth and fatigue life in cracked Aluminum
plates repaired by composite patches has been consid-
ered. Edge-cracked aluminum plates repaired with one-
side composite patches are investigated. Due to avoid-
ance of the disadvantages of mechanical joints such as;
stress concentration, low strength against fatigue, the
risk of failure in the main body, and so on, the adhe-
sive has been used to join the parts. In addition, the
e�ects of several parameters, such as the prime cracks
angle in three levels 00, 300, and 450, patch's width in
three levels 25, 30, and 35mm and the layer's layout in
three levels on fatigue life have been investigated. The
results indicate that by the increase in crack angle from
0 to 450, the fatigue life of parts under fatigue loads in-
creases; and in several path layouts, there is not any dif-
ference in fatigue life. It is noticeable that increase in the
patch's width, does not have any remarkable inuence
on the fatigue life and even may cause some decrease in
lifetime.

Key Words: Cracked plate, repair, composite patch,
crack growth, fatigue life.
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Abstract
The nano-resonator sensors are designed to detect atoms
or molecules more precisely and robustly. One of the
techniques used to design nano-sensors is vibration-based
method. In this method, the detection principle is based
on the di�erentiable shift in resonant frequencies in nano-
resonator due to foreign atoms or molecules attached to
the surface of the nano-resonators. Carbon-based nano-
structures are common nano-materials used for design
of nano-sensors due to their high modulus of elastic-
ity and extremely low mass. Nowadays, boron nitride
nano-tubes which have similar structures to the carbon
nano-tubes are considered as nano-resonators.
The present study aims to investigate the ability of bi-
layered nano-sheets made of graphene or boron-nitride
or a monolayer graphene and a monolayer boron-nitride
to detect foreign atoms or molecules in comparison with
a monolayer nano-sheet. Also, the free vibration of two-
layered nano-sheets formed by a monolayer graphene
and a monolayer boron nitride nano-sheet with di�er-
ent boundary conditions are studied. The fundamental
frequencies of this hybrid two-layered system are com-
pared with those of bi-layered graphene and boron ni-
tride nano-sheets as well. To this end, Aifantis's theory
is incorporated into the classical plate theory to obtain a
non-classical plate theory which is suitable to study the
mechanical behavior of carbon- and/or boron-nitride-
based nano-structures. Because of the importance of
the inter-layer van der waals force on mechanical behav-
ior of multi-layer nano-sheets, the nonlinear model of
inter-layered interaction between graphene and boron-
nitride nano-sheets and between boron-nitride layers is
estimated based on Lenard-Jones 6-12 potential at �rst,
although the linear part of inter-layered interaction model
is used in linear free vibration study.
The results show that bi-layered boron-nitride nano-
sheets are more suitable for detecting foreign mass rather
than bi-layered graphene sheets or hybrid two-layer sys-
tem, although the sensitivity of a monolayer boron-nitride
nano-sheet with the same surface area to foreign mass
is more than the bi-layered one. On the other hand,
between the bi-layered boron-nitride and the monolayer
boron-nitride nano-sheets, which have the same mass,

the bi-layered boron-nitride is more sensitive to foreign
mass.

Key Words: Mass detection nano-sensors; two-layered
graphene boron nitride nanosheet, non-classical plate the-
ory .
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Abstract
Three-dimensional reconstruction of microstructure and
evaluation of the various properties (such as mechani-
cal, thermal, etc.) using limited two-dimensional cut-
sections are intriguing subjects in microstructure opti-
mal design. There are many practical cases, including
material science, biology and medicine, and petroleum
engineering for which only 2D images are available for
analysis instead of 3D media. Furthermore, direct recon-
struction of heterogeneous microstructures using stitch-
ing digitized serial section images is not well-suited to
routine engineering applications, because providing the
acquired images by FIB-SEM, X-ray computed tomog-
raphy (micro CT), scanning laser confocal microscopy,
and other imaging methods are expensive due to their
complicated technology, lack of skilled operators and
many other technical issues. Thus, three-dimensional
reconstruction of such a heterogeneous microstructure
is highly useful in performing homogenization, charac-
terization, and �nding correlations between microstruc-
tural attributions and e�ective properties of a mate-
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h addition, by comparing the results of ductile fracture
criteria and FLD criterion with experimental results,
the Argon ductile fracture criteria were chosen as the
most appropriate criteria to predict fracture. Also, the
e�ects of parameters were studied as sheet thickness,
bending radius, and bending angle on fracture with ar-
gon as the selected criterion. The investigation results
showed that by increasing the sheet thickness, bending
angle increases the risk of fracture defects in the prod-
uct; by increasing bending radius, the risk of fracture
defects in the product decreases.

Key Words: Flexible roll forming, ductile fracture cri-
teria, �nite element method (FEM), forming limit diagram
(FLD).
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Abstract
Di�erent studies show that at least half of the couples
referring for infertility investigation and treatment have
a causative male factor. Male factor infertility can be
caused by a variety of defects, e.g., abnormal sperm
amount, morphology abnormality, or low functionality.
In all cases where the sperm cannot reach the ovum, Iin
Vitro Fertilization (IVF) technique can be used for fer-
tility. Separation of motile sperms from non-motile ones
is essential in some infertility treatments such as intracy-
toplasmic sperm injection ( ICSI) and in vitro fertiliza-
tion. Motility is one of the most important parameters in
sperm quality, the e�ective and safe operations are more
desirable in such treatments. The ideal sperm separa-
tion technique should be easy, low-cost, separate many
sperms as possible, not damage the sperms, not cause
physiological transformation, eliminate dead sperms and

also other cells, allow for analyzing larger volumes of
ejaculates, reduce the risk of reactive oxygen species and
not having toxins for spermatozoa. In addition, after the
separation step, spermatozoa must be viable and be able
to fertilize the egg. Sperm morphology is directly related
to the successful process. A system that selects the best
sperms for fertilization can help to increase the rate of
birth. In addition, sperm separation is a basic step in
the IVF process. Several methods for motile sperm sep-
aration have been reported, including : Sperm wash-
ing, Sperm migration, Sperm sedimentation, Filtration,
Density gradient centrifugation, Sperm surface charge
for sperm selection(electrophoresis & zeta), Magnetic-
activated cell sorting (MACS), Hyaluronic acid sperm
binding, Raman spectroscopy, Confocal light absorption
and scattering microscopy (CLASS), and Selection based
on live sperm morphology. Sperm migration and move-
ment from one point to another, is one of the sperm
separation methods. Migration method, as a method
to separate motile sperms, is used as an ideal experi-
mental sperm selection method. One of the emerging
systems used for motile sperm separation is sperm sep-
aration microuidic system. among methods of motile
sperm selection, the ones which use micro channels go
beyond others in simplicity, user-friendliness, and simi-
larity to the physiological environment. Among methods
of motile sperm selection, the ones which use micro chan-
nels go beyond others in simplicity, user-friendliness, and
similarity to the physiological environment. Seo et al.
(2007) designed a motile sperm sorting microuidic sys-
tem (MSMS) consisting four channels and three reser-
voirs. The ow in channels is created by hydrostatic
pressure of columns at the liquid reservoirs. In this sys-
tem, a reverse stream is owing and only motile sperms
are able to swim against the ow. In this paper, we
will simulate and develop the MSMS micro uidic de-
vice previously reported by Seo. After validation, with
Seo's results, we optimize the size of micro channels.
The results will be useful in sperm sorting applications.
In addition, in this research, by the use of the optimized
system and electrophoresis based concepts, microuidic
system, consisting of a electrostatic �eld and optimized
TRMS system, is designed for separation and selection
motile sperms.

Key Words: Sperm, motile sperm, sperm separation,
microuidic, micro injection.
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Abstract
Designing automatic come back system has long been of
interest to researchers and scientists worldwide because
of the strategic importance of this technology. But, there
are not signi�cant resources because most of such activ-
ities and studies are often in isolated and semi-military
places. A trajectory with minimum acceleration rate,
the energy loss, and high precision with high reliabil-
ity, the selection and implementation guidance law is
required which is obtained by evaluating the mission
system, support system, and also challenged environ-
mental conditions. Hereof, guidance laws with suitable
trajectory can play important and e�ective roles as a
software in increasing reliability of system and ful�lling
the objectives of the control system designer. Several
strategies have been proposed to guide the direction of
ight systems, which each of them has its strengths and
weaknesses. One of the strengths of guidance solutions,
is the satisfaction of controlling the vector of the �nal
speed for which Kappa guidance law is one of them.
Kappa guidance law is an analytical solution with mini-
mum energy performance index based on the calculation
of the acceleration required to satisfy the boundary con-
ditions of the aerial vehicles. In this paper, generalizing
kappa guidance law in order to design a come-back tra-
jectory with minimum landing velocity constraint for an
aerial passive vehicles has been derived. Designed tra-
jectory has been improved against \kappa guidance law
with constant navigation coe�cients". This means that
\acceleration rate" and \�nal velocity in vertical plane"
are reduced to minimum. Evaluation and comparison
of the results, through the case studies are carried out,
con�rms recovery of acceleration time history of payload
and �nal velocity vector control in order to increase relia-
bility of landing sub-system for come-back aerial passive
vehicles.

Key Words: Parafoil, come-back, generalized kappa
guidance law, trajectory shaping.
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Abstract
Using cold roll forming process can only produce pro�les
with constant cross-sections.
While industries, such as automotive and construction,
require pro�les with variable cross sections.
High costs and dimensional limitation of these products
by production methods with limited exibility, such as
incremental forming, deep drawing, and hydroforming,
led to the idea of using roll-forming process to produce
these components discussed. That is the famous the
process of forming parts with variable cross-sections or
exible roll forming process.
This process has some defects like other forming pro-
cesses that are causing unexpected forms. The main
defects of this process are web warping, the deviation
from the desired edge position, edge wrinkling, fracture
at bending edges, longitudinal deection. One of the
main defects in this process is the fracture phenomenon.
The fracture is observed on the bending edges at tran-
sition zone in which sheet thickness is largely compared
to the bending radius. In this research, the fracture phe-
nomenon was investigated on exible roll forming pro-
cess of channel section using ductile fracture criteria and
FLD criterion. For this purpose, �nite element simula-
tion of the process was done using Abaqus software.
The fracture defect in this process was investigated using
six ductile fracture criteria and FLD criterion. Then, ex-
perimental tests were performed using exible roll form-
ing machine made in Shahid Rajaee Teacher Training
University. By comparing simulation results with ex-
perimental results, numerical results were validated. In
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Abstract
One of the e�ective solutions for controlling unwanted vi-
brations in rotating machinery is increasing the damping
of the system by means of Squeeze Film Damper (SFD).
In spite of the e�ectiveness of this equipment in control-
ling the vibrations of rotating machinery, we confront
some limitations due to strong inherent nonlinearity of
this equipment. For example, we can mention nonlinear
behavior such as occurrence of various types of bifurca-
tions, nonsynchronous vibration, chaotic motions, and
jump phenomena. In this paper, the e�ect of system
parameters, namely the unbalance parameter U , bear-
ing parameter(Bb) , gravity parameter W , and rotating
speed parameter 
 , are investigated on stability and bi-
furcation of a rigid rotor on squeeze �lm damper with
centering springs and with consideration of occurrence
of cavitation in uid �lm by means of Floquet Transition
Matrix Method. Numerical results in the form of journal
center orbit and Poincare map showed the wrecking role
of the unbalance parameter U in nonlinear behavior of
the system and occurrence of Saddle-node and Period-
Doubling Bifurcations and jump between Period-1 and
Period-2 orbits in rotor response.

Key Words: Stability, bifurcation, squeeze �lm damper,
rigid rotor, cavitation.
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Abstract
In this article, trajectory optimization of robot manipu-
lators with additional degrees of freedom is studied. In
the suggested method, all possible answers are obtained
based on rigid conditions and redundancy of robot. Then,
by using open-loop optimal control approach, the tra-
jectory which minimizes the objective function will be
selected. Due to exibility, the dimensions of system are
unlimited. So, the assumed mode method is used for dis-
cretization. By calculating kinetic and potential energy
of system and based on Lagrange formulation, dynamic
equations of motion are extracted. Given that global
optimization is more accurate and e�cient in compari-
son with local optimization, global optimization is used
in this research. The objective function is de�ned as an
integral index and will be minimized in the entire path.
The objective function and constraints of optimization
problem will be selected based on conditions of point-
to-point motion or the speci�ed trajectory between two
�xed points. In two states, reduction of elastic vibrations
of exible members is considered as one of the main goals
of issue. Dynamic equations of system are constraints
of optimization problem in point-to-point motion. For
condition of motion in the speci�ed trajectory, kinematic
equations are added to dynamic constraints. Also, un-
equal constraints are applied for bounding the velocity
and torque magnitudes. By selecting the state and con-
trol signal vector which are obtained from assuming rigid
motion of robot, the objective function and constraints
will be changed to the standard form of an optimization
problem. To solve the equations, Pontryagin's minimum
principle is used. By using this principle, the equations
of the classic form will be changed to a set of �rst order of
di�erential equations, and �nally, to a two-point bound-
ary value problem. Given that the suggested method
for point-to-point motion and movement in the speci�ed
trajectory is provided; therefore, two examples in simu-
lation are considered for each. Results indicate accuracy
and e�ciency of the suggested method.

Key Words: Trajectory optimization, exible manipu-
lators, redundancy.
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hone translational DOF (3R1T), two rotational DOFs
and two translational DOFs (2R2T), and three trans-
lational DOFs and one rotational DOF (3T1R) are syn-
thesized. These mechanisms belong to a group of com-
plex mechanisms which have closed chains in the struc-
ture of their limbs. The parallelogram loop is considered
to synthesizes these complex mechanisms which helps to
achieved mechanisms with lower motion decoupling. Af-
ter synthesizing and obtaining the appropriate degrees of
freedom and motion patterns, the mechanism with less
kinematic complexities is selected, and then analyzed
via the screw theory. Using the screw theory, without
complex derivative of inverse kinematic problems, Jaco-
bian mechanism can be obtained. In this analysis, the
degrees of freedom and motion patterns of each mecha-
nism are tested and the Jacobian matrix related to each
one is obtained. Using the screw theory, Jacobian ma-
trix of all mechanisms are is obtained. The results indi-
cate that the mechanisms have the appropriate degrees
of freedom and motion patterns, and thus, the theory
of linear transformations works properly. Moreover, the
Jacobian matrices for these mechanisms have acceptable
motion decoupling which implies the non-complexity in
the velocity equations of these mechanisms.

Key Words: Parallel mechanism, theory of linear trans-
formation, screw theory, type synthesis, 4-DOF.
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Abstract
In this study, a numerical approach and a reduced order
model based on POD method are developed for simula-
tion of the uid ow and mass transfer. The ow �eld
is under the e�ects of temperature gradients associated

with contaminant transport. For this purpose, unsteady
incompressible Navier-Stokes equations with terms of ef-
fects of buoyancy forces, unsteady heat transfer, and
concentrations transport equations were solved simul-
taneously using numerical method. In order to discre-
atize the spatial terms, the second-order central di�er-
ence method was used and the time integration was per-
formed using Runge-Kutta fourth-order approach. The
required snapshots for reconstruction of dynamical sys-
tem were calculated using the numerical simulation data.
Firstly, the CFD model was incorporated for simulation
of a classic uid mechanics problem, such as cavity ow,
for validating its accuracy. Then, the developed com-
puter code was applied for simulation of natural con-
vection and mass transfer in a bounded domain under
speci�ed boundary conditions. In order to construct the
reduced order model, based on the concept of dynam-
ical system and projection approach, momentum and
concentration transport equations were projected along
POD modes. Moreover, for modeling the dynamics of
ow �eld, velocity �eld and concentration transport dy-
namical system equations were solved for related modal
coe�cients variations. For simulation of heat transfer,
temperature �eld modes were computed according to the
modal coe�cients of concentration �eld. The special
achievement of this research would be reduction in the
number of equations required to simulate the dynamic
of the ow �eld. Based on POD modes energy level
results in a higher level of captured kinetic energy of
ow �eld when using a smaller number of modes. This
means that by the described method a reduced order
model can be obtained. The proposed model has the
ability to simulate the ow and contaminant transport
with higher speed of computations. The results of the
reduced model were compared with the data obtained
from numerical model and the accuracy and the ability
of the developed model have been validated.

Key Words: Reduced order model, numerical simula-
tion, natural convection, pollutant transport, mass transfer,
dynamical system.
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h force is supplied to the DNS solver. Simulations were
conducted with di�erent number of particles, di�erent
Stokes numbers, and di�erent amounts of slippage. Re-
sults show that the increase of the slip on the particles
surface causes the decrease of the preferential concen-
tration. By using Q criterion, the vortices are detected
and behaviors of particles near these vortices are stud-
ied. Results show that by decreasing Trostel number
and drag force, particles run away more quickly from
the vortices.

Key Words: Direct numerical simulation, particle-laden
ow, ciportosi suoenegomohturbulent ow, mixed stick-slip
boundari condition.
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Abstract
One of the main concerns in the �eld of promoting auton-
omy level of Unmanned Air Vehicles (UAVs) is guidance
system which is designed to enable UAVs to ful�ll their
missions, especially through uncertain atmospheric con-
ditions. The UAV should be able to complete the mis-
sion in a robust manner. Therefore, the current study is
to provide a robust guidance system for UAV's. The de-
signed guidance law should perform the mission, de�ned
by a set of waypoints, in presence of wind and turbulence
as e�ciently as possible. In those parts of the path with
small radii of curvature or when the UAV ies within
the wind and turbulence, the classic guidance laws such
as Pure Pursuit and Proportional Navigation undergo
severe losses in their performance. In order to ight
through a series of waypoints, while considering the UAV
nonlinear six degrees of freedom dynamic model, a new
robust guidance law is designed, based on the Pure Pur-
suit Guidance law and sliding mode control approach.

Then, in order to increase the e�ciency of the Pure Pur-
suit Sliding Mode Guidance and to reduce the undesired
phenomenon of chattering, the desired guidance law is
combined with a fuzzy control approach. Then, dynamic
inversion is used for attitude control. The performance
analysis of the newly developed guidance law, Pure Pur-
suit Fuzzy Sliding Mode Guidance, is evaluated through
a series of scenarios without turbulence and wind and
with turbulence and wind e�ects. The six degrees of
freedom simulations reveal the superior performance of
the proposed approach in comparison with the pure pur-
suit guidance law.

Key Words: Robust guidance, pure pursuit guidance,
sliding mode control, fuzzy system, dynamic inversion, guid-
ance and control system.
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Abstract
In this paper, by using the theory of linear transforma-
tions, we investigate the type synthesis of 4-DOF par-
allel mechanisms performing di�erent motion patterns
are investigated. Most of the applications in various
�elds require limited movement and less than 6 degrees
of freedom. The parallel mechanism with 4 degrees of
freedom has many applications in di�erent areas, such
as industry and, medicine. Thus, the type synthesis of
these mechanisms are is of paramount importance. This
theory, which is one of the motion criteria, is applied to
determine the degrees of freedom, and then synthesize
the limbs of mechanisms. Unlike the classical theories of
motion, in the case of parallel mechanisms and mecha-
nisms with closed chains, this approach leads to promis-
ing and remarkable results. In this paper, 4-DOF paral-
lel mechanisms performing three rotational DOFs and

159



Abstracts of Papers in English

DIRECT NUMERICAL SIMULATION
OF TURBULENT PARTICLE-LADEN
FLOW WITH MIXED STICK-SLIP
BOUNDARY CONDITION
Z. Alinejad
z.alinejad.mec@gmail.com
A. Moosaie(corresponding author)
moosaie@yu.ac.ir
Gh. Zendehbudi
zendehbudi@yu.ac.ir
Dept. of Mechanical Engineering
Yasouj University

Sharif Mechanical Engineering Journal
Volume 33, Issue 2, Page 3-12, Original Article

c Sharif University of Technology

� Received 8 November 2015; received in revised form 16 July
2016; accepted 1 August 2016.

Abstract
In this paper, a homogeneous isotropic turbulent ow
inside a box with periodic boundary conditions laden
with heavy spherical particles is investigated. The mixed
stick-slip boundary condition is applied onto the parti-
cles surface. In all previous studies, the problem have

been solved by considering no-slip boundary condition
on the particles, but this assumption is not always ac-
ceptable, e.g., in two-phase liquid-liquid and liquid-gas
suspensions. For example, assuming no-slip boundary
condition on the surface of liquid particles is not realis-
tic, because, the background ow induces a ow inside
the liquid drops, and thus, there is a non-zero velocity at
the interface. This e�ect can be modeled by assuming
the slip boundary condition. Furthermore, due to the
evaporation of liquid particles suspended in a gas, there
is a mass transfer at the interface, which could be mod-
eled as a boundary slip, again. Also, with the progress of
technology, hydrophobic materials are being used in var-
ious areas. These surfaces cause an apparent slip at the
boundary. Hence, the study of mixed stick-slip bound-
ary condition is of great fundamental as well as applied
importance, because the e�ect of creeping ow bound-
ary condition on the dynamics of the particles can be
observed. The background turbulent ow �eld is com-
puted using the direct numerical simulation (DNS) tech-
nique. In order to sustain the turbulence state, a linear
forcing scheme is employed. The particle dynamics is
governed by the Maxey-Riley equation. The drag force
acting on the particle is obtained by solving creeping
ow around a spherical particle with slip boundary con-
dition. The so-obtained analytical formula for the drag
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