ISSN 2008 - 918X

| W) Pl g (Sl (s ilowy 5 3um0 595 (w0 2
S &

CNE3 G G e = Al g pl = (B s

" Sl 31 oolitul b dlgd 0938 sk 2iadT b 1o adlae
iliseo  ialT

| ' "

EX PR &e & - . & “ "y

' el g bles” sl8y p O iT1g 50 &5 o ST wy g ,/ })ﬁ/
(S99 (5935 o5 (Jgi s~ kol Sl A’ U/” e

081 0313 i Lo = (Sho o dom g = (5 S o
4 JMo X085 41 0+ AT pouinngd T Cukl (50U § 2 205 Alllao
WL;!)J._.»I— @)lﬁ ‘SLFM
od 28 6 791-S J9l 9 (S3B9d bgksmo (5T (Sl o Ay lio _
Q’)ﬂm),ﬁb o> 3)95}! S Hlwdands » - u &
) T Lwlxo o Q‘G &
as- ).OL“'_'.‘_LS}_?‘:'J:";}“{_);‘ @ . ’6 X) F “N
v JES 3 63385 » SCE 5 sl W0 Wl (GO (8 jldus
Sl giwl 20 xlaw 31 o lxail> Oyl >
ST Z 55 o Ve — o b Lo .

AY O hos g Ll 51951 50 O3JL &G S ool (2 28 (w5 d:‘ U:c J o
Swolzdg 5T

6J}w>w—b®)|ﬁoﬂ~>u\w—6}b¢|éb\ﬁj

a8 & P9 S 0 W9l) J AT Sl S8 J e (b
Ql6)!&&5505@@!»;05!}'4;).:3.:‘;‘.‘% ( ; ’gt ONCE1A 4?‘ -")
S R0 deam = (Gh ) Lo e
14y ,,:u6:Qw;§ég&o5wm‘supl,gol,ﬂ@;ﬁ
(o calsst) (S bl g é'jT o | AR QT égﬁlﬁié sy 5 Gﬁé'
Sl S, S - s mh e LS e
AR S ) (098 5B 059 65 G pud Vs Gilu-due
o3Li895 g o LiaT Oyl > Db 5L (S Jb g9 3l oSkl b s
(hassy 3lsal) S5 o 5951 A9 4
S pemade — ol g e — 3LT ol C3u eSS Gols
L;".Eg‘)l{) Lo ydeses

Y osbeds FY Jlu
1F40 (bl 9 slgs




”» ‘0
ﬂ /)d(/‘fid )//b/(}b / \
5o R
| SSN: 2008-918X

Sote Lo jees 575 103 guo
LSl oo 2575 1S90 g e
dgn o33 5 ol 23kl >l

1y 5 Ol
Sl 05 8 pmdige 0 a1 cdgie w33 5 oKl (sl Syl > Momo 578
SIS 0uSsls (0 o) Cris 5 oo o505 cslzul Ol o 3578
S 05 B alige 0SS chgin o 93 b o> el ) Ol ol g578
Lb | o kg 0dSCES oS ol | imtas o513 oLl A0 3 SgRmd FSS
Sl 05,5 ¢ omdign 0dSlS a3 5 o181 (5Ll EYCR ORI SRt g
L | g pundigo 0dSCa1s oS al  mains ol (Lt Pl Olee 0
S ilign 0 IS ¢ g sbo o Ml e a5 i oKl (5Ll (S Lo ez 5578
S 05 5 ¢ pndigan oSl (Olginol o&Kils olinl (ke S g0 557
S wdige 048313 Olghnsl gnio oKl c3liul Sowslez Sl b ] gl 5D
ESlKa 05 5 ¢ pndign oAl clgiin w33 o8t ekl Sk dgru0 557
Lzl g g kigo 0dSCELs ciy o gimi oKl oLl obwle Je 573
Sl 05 8 pmdige 0 a1 cdgiie w33 5 oKl (sl QLlasas Ol yge 3578
S 05 5 ¢ pundign oAl e w33 oSt skl Ko Loses g7
ESlKa 05 5 ¢ pnlign oISl clgiin w33 oSS ekl o jLS e 57D
Lo gp 035 1y 25 5B J e S A g L doen 2575 1 oM Sl 23
S| de o5t ol Tamio 9 ilpg Olans el 2 231 sbusl

http://www.srlst.com .5 55 o 4 les (1SC) 31,8 655855 pole (gladhio 4loulS )5 4y i ol

VIV 2y Gy — & 455 B3 — onekige 0dSCa1D — dglun w33 3 olKiils —dgtin 1 SIS

COVYAVERYT Y K 0s OV-FAA LYY L il
http://mechanic-ferdowsi.um.ac.ir :Colw s gour@um.ac.ir : S5 Sy

A g5 b o> DL IOl IFA VA 550 TFTVO (6555 5 Dliioss oo S5 5 gme aalioyles



AR

Y4

f

oo

\Al

AV

a4

VY

Y4

&b—}} does
BICSLN

Ob i ¢She s

S e
él"%’f L

(.J\S‘ a.)b'j‘ix? Lc.::

Gﬂ‘)lé &cu\.w

Coeo Loyl

S f o]

S Ol

SR L)

65“.-‘—;)5 P O‘J@"

Ssle Obsla | aj

(3 goen Slovw

Sy - Lo e

3 pre A

S g Lo e

s hs) S

SUT ol CsueSS Bl

Pl e s

@dub)\l«é)u\.o:u

&P Ay Pl (SOl (ST Nilowy i Sume 239 (o
.

SB M 3 oslaiw! b Aot 1958 Yool aadT Uk o Wike
i /:“._',T

byl g Siles” Uy g O Mg 5 &5 e FT e g
52970 (S9 b o (Jg b ol (S i

JM a4 0+ AT paum g T Cukll (580 § (2 25 Wl
Gvgy | S oS

28 S9-S5 Y9l 9 369 el ((SIBT (S o A lio
OVl gib cor 3595 p (G lodmd

262355 ¢ sboa HHEwl Ol ,gts GONe (S ilwdad
Sldilgwl i mlaw 3 glrdl> Oyl >SS!

S Xhos g Luaal 319 50 OIJb & S yolil (22 (wp
bz g T

&5 reg e &0 B9 J RS Slp BB J R e (b
OT Slnbl 83gumo (8159 38 15T 4> 53 90 Jhamu

3970 S8b (gl (SWlCo g (g (Sbd yol sl DI ST gy
Skt 9 3T e 5o O (Kawliyd sy » A8
(‘_;L.A)J"i Calsal)

S @ (08 5l 059 8 O pud Buaiir Silvdue
90 LdeT Ol > Ol 3L S gy  odlanl b s
(g3 Coilanl) S5 i 9501 w9y 0 Li8 90






1790 (5 §)lod qptin 5 G L u@'L(aJ.:‘}j[,.w/;ujL;;ﬁJL{’»j&@fﬁ

*é‘“"/“ > Al 1 g (Sl (ST Wilowy T SR 19 (g
O S35 e e 5k o D By desme

el 0l ey o 03 i S (Sl pai > S Wlay (sla i ;W@Jym;é@ AL (g g ol o OIS
Wl 25 (S (Slot o o 5 sl oy 25 Oy (Sladspod (510 EBAT 5 Ilileas] oo Kot S5 iy o oo sl 50T
Spdms ol ol il oS Sl (sl 2ol 0355 Sty it 5 S5 S SCtadly el o o (5 28 S plondl LS
St S JSoer Atz oy 5l il 25 4S5l O U 5k o3lisa] o sSTT 3 slms Ol 30 1 SaS
Serd dilate Cmlas il o S (SIHL Lol 5 5] biloy T e 40 dzs O etzms (A e Sl o Sles 4 sT
w2 (Slad ol 503, S, o bl OT $51LT (S (3 5me SItn5 1 s 5 bl o inlS S SISl g b i S5 S

o] Ceosty Wil S5 5k (sl g0 Koot yar 1S SlSCs Wilongy 25 (Sl (slad goi | Kt o8

J ISty 235 3e 55155 S5 Sadl b S S5 s, Sl sely

The Effect of Fatigue Crack Growth on Mechanical Residual Stress Redistribution

M. Noghabii |. Sattari-far H. Hosseini Todeshki

Abstract In this study, the effect of fatigue loading on the redistribution of mechanical residual stresses
in compact tension specimens has been investigated. Fatigue crack growth experimental tests were
conducted in accordance with E647 standard for specimens with and without initial residual stress. To
investigate the crack tip plastic zone and fracture mechanics parameters finite element analysis using
ABAQUS was used. The results showed that the initial residual stress redistributed after a few cycles of
fatigue loading. Redistribution depends on the amplitude of cyclic loading. Near crack tip plastic zone
area also decrease after a few cycles and reaches a stable value. In experimental tests, the fatigue life of
specimens with mechanical residual stresses was lower than specimen having no residual stresses.

Key Words Fatigue crack Growth; Crack Tip plastic Zone; Redistribution of Residual Stress; JIntegral.
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Accelerated Turbulent Pipe Flow Study using Various Turbulence Models

M. Afsari M. Malek-Jafarian

Abstract In this paper, linear accelerated turbulent pipe flow has been simulated at various Reynolds
numbers using five common turbulence models. The models considered are the Baldwin-Lomax algebraic
model, the Spalart-Allmaras one-equation model, the x-¢ model with wall correction of Lam and
Bremhorst, the k- model and the k-¢-v2 model. The goal is to evaluate the performance and precision of
these models for prediction of the wall shear stress, Reynolds stress, turbulence viscosity, delay time in
response and mean velocity. Factors such as changes in pipe diameter, fluid type, initial Reynolds
number of acceleration and rate of acceleration and its effect on the above parameters has examined
carefully. In order to verify the results, the experimental and numerical results (turbulence modeling and
Large Eddy Simulation) of other researchers have been compared with the present results. The results
show the desired accuracy of the one-dimensional modeling of accelerated turbulent pipe flow in
comparison with Large Eddy Simulation results (three-dimensional). The response of delay time,
simulated by the models (except BL model) shows relatively good agreement with experimental data.
Comparing the distribution of mean velocity, turbulent kinetic energy and turbulent viscosity shows k-e-v°
model leads to a better accuracy compared with the other models.

Key Words Accelerated turbulent flow; Delay time; Turbulence shear stress; Turbulence model.
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Effect of Piezoelectric Patches on the Vibration and Buckling of Euler-Bernoulli
Beams under Axial L oad

H. Bighlari V. A. Maleki N. Jafarzade Aghdam

Abstract Piezoelectric layers have significant effect on the vibration behavior and buckling capacity of
the structures. For optimum usage of piezoelectric materials, it is possible to use the piezoelectric patches
instead of the piezoelectric layers. In this paper, the effects of piezoelectric patches and boundary
conditions on the buckling and vibration behaviors of Euler-Bernoulli beams is investigated. The
piezoelectric stress resultants are introduced in terms of Heaviside discontinuity functions and the
characteristics equation is abtained via Galerkin method. The effects of variation of location, length of
the piezoelectric patches and the applied voltages on the natural frequencies and critical buckling loads
of beam with different boundary conditions are investigated. Results show that the natural frequencies
and critical buckling load are dependent on the voltage, length and location of the piezoelectric patches
and the axial load. Also, patches have a considerable effect if they placed at the beam center.

Key Words Euler-Bernoulli beam; Natural Frequency; Axial Load; Buckling load; Piezoelectric Patch.
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Experimental and Numerical Study on Aluminum Damage Using a Nonlinear M odel of
Continuum Damage M echanics

M.A. Farsi A.R. Sehat

Abstract Continuum Damage Mechanics (CDM) is a powerful tool to solve problems such as large
plastic deformation, Where the fracture mechanics is unable to analysis of its effects. Continuum damage
mechanics in terms of the internal variable theory of thermodynamics is derived and based on the
experimental results on material propertiesis developed. As regards, Aluminum has an important role in
designing and construction of aerospace structures and devices, since its density and strength are
suitable to aerospace applications. Al 5083 is one of the most widely used materials in the construction of
missiles, space vehicles and sounding rocket structure. In this paper, the continuum damage mechanics
principles are studied. Nucleation, development and propagation of damage in Al 5083 are investigated
based on Bonora model as a non-linear model. FE simulation of material behavior during failures is
carried out by ABAQUS software package and USDFLD subroutine. The results are validated with
experimental tests. This comparison shows that the simulation results are agree with that of experimental
tests, also the Bonora model can be used of damage modeling of AL 5083.

Key Words Continuum Damage Mechanics; FEM; Aluminum 5083; Bonora Model.
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Comparison between Single-Phase, Two-Phase Mixture and Eulerian-Eulerian M odels for
the Simulation of Jet Impingement of Nanofluids

E. Torshizi 1. Zahmatkesh

Abstract This paper deals with heat transfer in jet impingement of nanofluids. Attention is focused to
compare single-phase and two-phase nanofluid models and to study separate behaviors of the base fluid
and the nanoparticles through the Eulerian-Eulerian two-phase model. For this purpose, jet impingement
of Al,Os/water nanofluid in different conditions is simulated adopting the single-phase, two-phase
mixture and Eulerian-Eulerian models and the corresponding results are discussed. For the solution of
the governing equations of the three models, the control-volume approach is used. The accuracy of the
current simulations is demonstrated by comparing the obtained results with those of open literature. The
results indicate that in all of the approaches, increase in the Reynolds number as well as nanoparticle
fraction leads to heat transfer improvement. During the current computations, the two-phase models
predict higher heat transfer as compared to the single-phase model. Closer scrutiny of the two-phase
approaches indicates that heat transfer of the Eulerian-Eulerian model is higher than the mixture model.
However, it is found that with increase in the Reynolds number and decrease in the nanoparticle fraction,
results of the two approaches become closer. Finally, the Eulerian-Eulerian model demonstrates that
temperature distribution in the base fluid and the nanoparticles are similar but the corresponding
velocity distributions are distinct.

Key Words Nanofluid, Jet impingement; Single-phase model; Two-phase mixture model; Eulerian-
Eulerian model; Numerical simulation
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Numerical Simulation of the Effect of the L ocation of Impinging Jets on the Convective
Heat Transfer from a Cylindrical Concave Surface

R. Tarighi M. Rajabi Zargarabadi

Abstract This paper discusses the effect of the horizontal movement of impinging jets on the convective
heat transfer from a cylindrical concave surface. In this way, the averaged Navier-Sokes equations for
turbulent incompressible flow in a steady state considering two prevalent turbulence models and a Low-
Re model with the Yap correction in the 3D computational space were solved. Results indicate that the
Yap correction significantly improves the over-prediction of Nusselt number in the impingement zone.
The results show that the decrease in the distance of the center of the jets to the outlet edge of the concave
surface leads to the transfer of the maximum amount of the Nusselt number to the upstream flow, and the
approach of the main flow of the jet to the recirculation region formed in the upstream flow resultsin the
increase in the turbulent kinetic energy of this area and the Nusselt number in the stagnation point.

Key Words Impingement Heat Transfer; Turbulent Flow; Yap correction; Nusselt Number.
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Experimental Study of the Flapping Parameters on the MAV Aerodynamic
Performancein Hovering Flight

Z.S. Alavi M.H. Djavareshkian S. Mahmoudi

Abstract In this research, the flapping amplitude effect and flexible shell on the MAV (Micro Air
Vehicle) aerodynamic performance in hovering flight are experimentally investigated. For this purpose, a
flapping membrane wing mechanism and an experimental measurement setup for measuring generated
thrust were designed and constructed. In these tests, for two wings with different flexibility, generated
thrust and power usage were measured in the range of flapping frequency and amplitude. In general,

flapping wing generated thrust increases with raising flapping amplitude. Values of the propulsion force
are different for these two wings.

Key Words Flapping Amplitude; Thrust; Flexibility; Flapping Frequency.
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Beyond Pull-in Stabilization of a 2-DOF Torsional Micro-Actuator
using a Fuzzy Controller

A. Khorshidi H. Moeenfard

Abstract Torsional micro-actuators have found variety of applications in optical switches, displays,
interferometry, spectroscopy, abbreviation correction and biomedical imaging. In order to improve the
performance of these systems, it is usually desirable to maximize their operating angle amplitude and
their switching frequency. To reach this, the overshoot and the settling time of the system in following
desired outputs should be minimized. The objective of this paper is to propose an optimal fuzzy controller
to stabilize the angle of a torsion micro-actuator beyond its pull-in range. To do so, a dynamic model
considering both rotational and translational degrees of freedom is considered. Using Lagrange
equations, the differential equations of motion are derived. In the next step, the static behavior of the
system is briefly reviewed. Also the effects of applied voltage and damping coefficient on both degrees of
freedom are studied briefly. Based on the resulting understanding from the system, the required linguistic
IF-THEN rules are derived. Using the famous combination of singleton fuzzifier, product inference
engine and center average defuzzifier along with the fuzzy IF-THEN rules as the heart of the fuzzy system,
a fuzzy controller is designed and simulated. The results show that the use of the designed controller and
the closed-loop system can perfectly follow the commands either within or beyond the pull-in range with
an acceptable overshoot and small settling time. It is expected that the designed controller be successfully
utilized in analysis and optimization of torsional micro-actuators for better dynamic performance.

Key Words Fuzzy controller; Angle control; Micro actuator; Pull-in instability.
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Investigation of the Effect of Geometrical and M echanical Properties of Horizontal Wind
Turbineson its Dynamic Behavior for Free and Forced Vibration Cases

A. Shooshtari K. Hashemi

Abstract In this paper, using thin wall beam theory, at first the deflection of an arbitrary point of a
horizontal wind turbine has been determined. Then, calculating potential and kinetic energy of wind
turbine structure and using Lagrange equations, the equations of motion have been derived. Also, forced
vibration of structures under various excitation such as aerodynamic forces, centrifugal effects, weight of
elements and base excitation have been investigated. Finally, the effects of lengths, material and angular
velocity of blades and wind speed on dynamic behavior of structure have been investigated. For
validation, the tower of turbine has been modeled and analyzed in ANSYS software and good agreement
between the obtained results and the proposed method has been observed.

Key Words Horizontal axiswind turbine; Thin walled beam theory; Harmonic actuation; random actuation.
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Multi Objective Optimization of Converting an Old Steam Power Plant to Combined
Cycle Power Plant (CCPP) using Double and Single Pressure Heat Recovery Steam
Generator (HRSG) via Genetic Algorithm

S. Nikbakht Naserabad A. Mehrpanahi
Gh. Payganeh M.R. Arbab Tafti

Abstract In this study, Given the importance of Bandar Abbas steam power plant in terms of Location
and its electricity generating, it has been considered for applying the repowering method. After reference
cycle modeling and assessing results accuracy, the applied repowering method has been implemented
and it's results reported in four main scenarios. Exergy efficiency and electricity generation cost (per
kWh) have been considered as objective functions. Based on the six independent variables and four
different scenario multi objective optimization has been done. The final reported results can be
implemented by the energy managements for making the best decision and choosing the adequate option.
Multi objective optimization of proposed combined cycles with single and double pressure heat recovery
boilers indicate that the exergy efficiency upgrades up to 46%.

Key Words Combined Cycle; Steam Power Plant; Heat Recovery Steam Generator (HRSG);
Electricity Generation Cost; Exergy efficiency.
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Fig. 3. Within the pull-in control of the system, and the
corresponded control signal V, versus normalized time

Because of the inherent instability of the actuator at
angles greater than the pull-in angle, controlling the
system in this area is extremely difficult. However,
because of the smartness of the fuzzy controllers and
also the suitable design of the fuzzy rule-base, the same
control scheme utilized for within pull-in control, may
be used for beyond pull-in control of the system. In Fig.
4Fig. , the simulation outcomes for the step commands
greater than static pull-in angle are presented. Like the
case of within pull-in stabilization, the system can
acceptably follow the command and reach the desired
angle value. The only difference between these two
simulations is that in the beyond pull-in control, the
control voltage does not converge to a certain amount.
The cause is that in beyond the pull-in region, the
actuator has a kind of inherent instability and the
controller shall continue its effort to keep it at the set
point angle value.
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20

=y
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110>

Fig. 4. Beyond pull-in control of the system and the corresponded
control signal V, versusthe normalized time

6-Comparing the fuzzy controller with a classic PID
In order to check the effectiveness and performance of
the fuzzy controller, aclassic PID controller is proposed.
The schematic of PID block diagram isas follows:

Setpoint '-':z_>— Error —{ 1 K_j‘ﬂ r)dr ]l {z}— - Outpit —»

Fig. 5. Schematic of PID controller

The comparison is shown for both within and beyond
pull-in situation in Fig. 6. As it is expected, the fuzzy
controller hasimproved all control specifications such as
settling time and overshoot.
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Fig. 6. Comparing the fuzzy controller with PID (a) within
pull-in (b) beyond pull-in

7- Conclusion

The significance of studying the dynamics and control
of torsional micro actuators to better address their design
and optimization is well-recognized. However, the
existence of the effects, such as pull-in instability and
coupled tranglational -rotational dynamics, can make this
investigation complicated and nontrivial. From the
designer's viewpoint , the tilting range of such
actuators remarkably suffers from the pull-in instability.
Also, the trandational dynamics of the mirror which is
commonly ignored, can efficacioudy change the
stability range of the actuator. In this paper, by
considering both trandational and rotational DOFs, a
new fuzzy controller is designed to control the tilting
angle of a micro actuator within and beyond its pull-in
limits. The efficiency of the designed controller is
studied by simulating a sample actuator. It was
demonstrated that the controlled system was able to
follow the step command effectively immediately. Also
in order to examine the superior features of the fuzzy
controller, a classic PID controller is proposed. It was
indicated that fuzzy controller is better in al control
specifications. The 2-DOF model as well as the fuzzy
controller reported in this paper can be utilized for
efficacious and precise modeling, stabilizing and
designing optimization of torsional micro actuators.
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Beyond Pull-in Stabilization of a
Torsional Micro-Actuator

A.R. Khorshidi*, H. Moeenfard?

1- Introduction

Electrostatic MEM S-based torsional micro-mirrors, with
the role of actuators, have several optical network
usages such as optical switches and cross-connects, etc.
In optical switching applications, the torsional micro-
actuators are required to have the least possible
overshoot and settling time and reducing the time
between two effective switching actions. Besides, the
tilting limited area of a micro actuator that is restricted
by the “pull-in” phenomenon, must be increased.

In the literature, some control algorithms are available
for electrostatic torsional micro actuators. Chu and
Pister stabilized a micro-gripper theoretically. Juneau et
al. marked out tilt angle control of a dual-axis optical
mirror from the perspective of a fully integrated
solution. Zhao et al. applied a feedback control method
caled Integral Sliding Mode Control (ISMC) to stabilize
the dual-axis micro-mirror beyond the pull-in point.
Moeenfard et al. designed a fuzzy controller to stabilize
the tilting angle of a dual-axis torsion micro-mirror
beyond its pull-in range. Using a 1-DOF model, Malmir
and Salarieh proposed a robust adaptive critic-based
neuro-fuzzy controller for electrostatic torsional micro-
mirrors. In this paper, an attempt is made to present a 2-
DOF mode considering both DOF's of the actuator to
design amore powerful fuzzy controller.

2- Two DOF micro-mirrors
The micro-actuator shown in Fig. 1 isconsidered.

(b)

Fig. 1. Schematic (a) perspective and (b) front view of atorsional
micro actuator
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When voltage is applied between the actuator plate
and the underneath substrate, the actuator is rotated by
an angled. Since the actuating electrogtatic force is
applied in the vertical direction, the center line of the
actuator plate will also be deflected by an amount &.

3- Dynamic study of the system

By solving the system of differential equations, one can
show the effect of the applied voltage to the normalized
tilt angle of the actuator.

Fig. 2, the greater the input voltage, the higher the
amplitude of the vibrating tilting angle. It is aso
observed that increasing the voltage more than a certain
amount causes a kind of dynamic inconsistency of the
actuator in which the normali zed tilt angle goes through
its maximum physically possible amount. So in physical
perspective, the actuator has failed.
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Fig. 2. Effect of voltage on the dimensionlesstilting angle and the
stability range of the system

4- Development of the fuzzy controller

Fuzzy systems are knowledge-based or rule-based
systems. The main part of afuzzy system is aknowledge
base consisting of the so-called fuzzy IF-THEN rules.
As far as the value of the tilt angle is the control
objective, & and 6 could be considered as the inputs.
Based on these definitions, the fuzzy IF-THEN rules are
presented. Using these rules and the famous
combination of singleton fuzzifier, product inference
engine and center average de-fuzzifier, the control signal
of the controller is derived.

5- Result and discussion
A micro-actuatar with certain physical and geometrical
properties is considered. As it was abtained, the
normalized static pull-in angle of this actuator is 0.49.
So, in order to show the effectiveness of the
performance of the designed fuzzy controller, two
different step commands are used. Firstly, it is desired
that the micro-actuator is settled down at some tilt angle
smaller than the static pull-in one which is called “within
pull-in”. After that the micro-actuator is commanded to
be set at some tilt angle larger than the static pull-in
angle which is usually called “beyond pull-in" control.
In Fig.3, Fig. the dynamic behavior of the
microactuator under the step commands © = 0.4 is
shown. It is discovered that the actuator perfectly
follows the commands with acceptable overshoot and
small settling time.
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Table 2. Shell and skeleton propertiesfor wings A and B
Skeleton Shell

. Skeleton . Shell .
diameter . thickness . wing
material material
(mm) (mm)
2 Carbon 0.03 Plastic A
2 Carbon 0.09 Plastic B

Fig. 3. Marking the wing dimension on a schematic of a
prototype wing
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Fig. 4. The measured thrust versus the flapping frequency for
wing A
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Fig. 5. The measured thrust ver sus the flapping frequency for
wing B

4- Resultsand Discussion

As it can be seen in Figures 4 and 5, the measured thrust
forces versus the flapping frequency are illustrated for
wings A and B in different flapping angles including 40,
50, 60 and 70 degrees. It is noted that the wing angle of

attack is equal to zero in all of the tests. Having
scrutinized the data attentively, we can clearly assert that
the amount of thrust force increases as flapping
frequency and flapping angle increase so that a second
order polynomial can be fitted in these data.

In order to compare the aerodynamics results of the
two wings including generated thrust and power
consumption, the endurance factor can be defined by
T/P as a unique parameter. Figures 6 and 7 reveal the
endurance factor for two flapping angles of 40 and 50
degrees in the flapping frequency of up to 5 Hz.
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Fig. 6. The endurance factor versusthe flapping frequency for
wings A and B in the flapping angle of 40 degrees
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Fig. 7. The endurance factor versusthe flapping frequency for
wings A and B in the flapping angle of 50 degrees

5- Conclusion

In this research, the flapping amplitude effect and
flexible shell on the MAV aerodynamic performance in
the hovering flight are experimentally investigated. For
this purpose, a flapping membrane wing mechanism and
an experimental measurement setup for measuring the
generated thrust were designed and constructed. In these
tests, for two wings with different flexibilities, the
generated thrust and power usage were measured in the
range of the flapping frequency and the amplitude. In
general, flapping wing which generated thrust increases
with a raising flapping amplitude. The thrust force for a
more flexible wing is more than other wings in the
flapping amplitude of below 50 degrees, but for an
amplitude of more than 50 degrees this trend becomes
reversed.
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Experimental Study of the Flapping
Amplitude Effect and Flexible Shell on the
MAYV Aerodynamic Performancein
Hovering Flight

Z.S. Alavi', M. H. Djavareshkian’, S. Mahmoudi®

1-Introduction

Flapping wings are a type of aerovehicles which
generate the required aerodynamic forces for their own
flight with the utilization of flexible wings and a
mechanism supplying flapping motion. The oscillating
motion of the wings is the main source of generating
aerodynamic forces in birds including translational and
rotational motions with two or more DOFs. Thereby, the
generated wake flow creates the thrust force. In recent
decades, flapping wings among other types of the
aerovehicles have attracted more attention due to their
high maneuvering ability, high thrust efficiency and the
minimal rate of energy consumption.

Since thousands of years ago, mankind has observed
birds’ flight and made the aerovehicles by imitating their
flying mechanism. However, no scientific study has
been reported until around the nineteenth century.
Consequently, the rate of investigations carried out by
researchers has had a very gradual growth.

In the latest research works in MAV’s (Micro Air
Vehicle) area, Mazaheri and Ebrahimi (2010, 2011) used
a flapping system and some sensors in measuring the
aerodynamic forces and the usage power in order to
experimentally investigate the unsteady forces including
the generated lift and thrust. Thereby, the number of
parameters for several kinds of wings were measured
comprising unsteady aerodynamics and inertia forces,
consumption power and angular velocity of the flapping
motion in different flapping frequencies and a range of
wind velocities in the forward flight.

In this paper, an experimental setup has been designed
and constructed including a flapping mechanism with
the ability of flapping amplitude variation and a load cell
for measuring the generated unsteady thrust force of the
flapping motion in the hovering flight and different
flapping frequencies. Hence, the mechanism has been
used in order to examine the effect of the flapping angle
and wings’ flexibility in a variety of conditions.

2- Test setup
The flapping mechanism is the main part of the setup
which makes the flapping motion. This mechanism
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consists of a system for converting rotational motion to
translational motion (Fig. 1).

Fig. 1. Theflapping mechanism

The mechanism is attached to a DC servo motor
(BLD10-R-42BL105L2) in order to adjust the rpm and
or flapping frequency up to 5 Hz via the special software
(SCLUltility). Moreover, a one-axis load cell (S-type
STC Lasoux) is used for measuring the thrust force
generated by the flapping motion. The experimental test
setup is shown in Fig.2.

\ %,

Fig. 2. The experimental test :setup constituted flapping
wing and load-cell

3- Prototype wings

In this part of the present research, two wings with
different shell materials have been utilized in order to
study the effect of the flapping angle (flapping
amplitude) on generating thrust force in the hovering
flight. Therefore, two types of wings were constructed
with the same dimensions and area and different wing
materials, as shown in Tables 1 and 2. A schematic of
these wings and marking their dimensions are presented
in Fig. 3.

Table 1. Dimension character istics of thewings A and B

Aspect ratio Area d N b 2
()  (em) (em) (ecm) (em)
2.18 0.0309 15 13 26 7.8
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Fig. 3 shows the effect of Reynolds number on the local
Nusselt number distribution along S-axis.
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Fig. 3. Nusselt number distribution on the concave surface for
different E/d

The results demonstrated that, for the case where
E/d=5.0, distribution of the Nusselt number along s-axis
was completely symmetrical and, at Reynolds of 23,000
and 40,000, the maximum Nusselt number occurred
further away from the impinging point. By decreasing
E/d ratio, the maximum value of the Nusselt number
occurring at the impinging point deviated to the
upstream direction. In Fig. 4, the distribution of the

Nusselt number is compared for different Reynolds
numbers.

(a) Re= 14000

Nu: 30 M 40 50 60 TO R0 %0 100 110 120 130 140

(a) Re= 23000

Nu: 20 X2 45 57 T8 KX %5 107 120 1N 145 157 178 12

(a) Re= 40000

Fig. 4. Nusselt number contours on the concave surface

4- Discussion of Results

In this study, we discuss the effect of the horizontal
movement of impinging jets on the convective heat
transfer from a cylindrical concave surface. The results
of the present study show that the decrease in the
distance of the jets’ center  to the outlet edge of the
concave surface lead to the transfer of the maximum
amount of the Nusselt number to the upstream flow.
And the approach of the main flow of the jet to the
recirculation region formed in the upstream flow results
in increase in the turbulent kinetic energy of this area
and the Nusselt number in the stagnation point so that
for the Reynolds number 40000, with decreasing the
distance of the center of the jets to the outlet edge of the
concave surface, the 21 % increase in the Nusselt
number was achieved with respect to the reference state.
This is while by increasing the relative curvature of 0.1
to 0.15, no significant increase has been observed for the
Nusselt number at the impinging point.
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The Numerical Simulation of the Effect of
the Location of Impinging Jetson the
Convective Heat Transfer from a
Cylindrical Concave Surface

R. Tarighi', M. Rajabi Zargarabadi*"

1- Introduction

In today's industry, one of the relatively modern and
effective methods for cooling hot parts is impingement
heat transfer. Impinging jets have attracted a great deal
of attention from researchers due to having a high heat
transfer rate.

In this method, by applying a considerable
momentum to a fluid exiting from a nozzle and then
forming a thin hydrodynamic and thermal layer on the
impinging surface, considerable improvement was
obtained in the increase of mass, heat, and momentum
transfer.

The main application of impinging jets to concave
surfaces is related to cooling of inferior front surface of
turbine blade, which is heavily influenced by hot gasses
and its need for cooling. Extensive studies have been
conducted on the effective parameters for flow and heat
transfer in single jets or an array of jets.

2- Geometry and Boundary Conditions

Fig. 1 shows the computational domain and boundary
condition of the present study. The impinging surface
was in a semi-cylindrical shape with the diameter of 100
mm and length of 28 times of the jet diameter, which
was extended in the direction of z-axis by two flat plates
with the width of 50 mm and the length of 28mm.

The tube length of the jets was considered so long that
the flow exiting from the jets could be completely
developed.

In the experimental study, a supporting plate was
placed in the outlet of the jets, which prevented their
vibration (due to high velocity of the outlet fluid) and
impingement of the returning flow towards the wall of
the jets. In this study, this supporting plate was
considered with the same length as a concave surface
and width of 30 mm.

Velocity boundary condition was considered at the
inlet of jets. Inlet air temperature of jets and turbulence
intensity at their inlet were 298 K and 5%, respectively.
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Fig. 1. Geometry and boundary conditions of the present study

3- Discussion of Results

In order to investigate the validity of the numerical
solution, the Nusselt number distribution in the
Reynolds number 23000 obtained in this study was
compared with the experimental results. The SST k-o
model predicts the turbulence kinematic energy and
intensity lower than those of other models, and it seems
that this is the best option for investigating the behavior
of impinging jets on the concave surface due to its
11.47% error in the Nusselt number prediction in the
impinging point and acceptable prediction of the Nusselt
number distribution behavior along the curve.

The decrease in the distance among the center of jets
and the outer edge of the concave surface (E/d) resulted
in the increase in the kinematic energy of the impinging
point. Therefore, it caused that by decreasing E/d from 5
to 2 in the Reynolds number 40000, the Nusselt number
in the impinging point increases to 21%. It should be
noted that according to Fig. 2, the averaged Nusselt
number of the whole concave surface decreases to
6.49% as E/d decreases.
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Fig.2. Average Nusselt Number on the concave surface, C, = 0.1

The results also show that by increasing the relative
curvature from 0.1 to 0.15, no significant change occurs
quantitatively and qualitatively in the Nusselt number
distribution in the impinging point and along the curve.
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observed that the two-phase models predict higher heat
exchange than the single-phase model while thistrend is
more severe in the Eulerian-Eulerian model in
comparison with the mixture model. It is evident that in
all cases, increasing the Reynolds number leads to heat
exchange enhancement. Moreover, by increasing the
Reynolds number, slopes of the mixture model curves
increase more than the other curves and become closer
to the Eulerian-Eulerian results.
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Fig. 2. Variations of velocity and temperature at the section
of x=0.15m for ¢, = 5%

5- Conclusion

Based on the presented results, nanofluid velocity in the
single-phase model is higher than the two-phase
approaches. Moreover, the mixture mode predicts
higher velocities than the Eulerian-Eulerian model.
Additionaly, it was found that the two-phase models
predict faster temperature rise in the incoming nanofluid,
with a more pronounced trend in the Eulerian-Eulerian
model. Furthermore, it was observed that the Eulerian-
Eulerian two-phase model provides the possibility of
studying the appearance of local thermodynamic non-
equilibrium between the nanoparticles and the base fluid.
Hence, it can be used as an effective method for the
numerical simulation of nanofluid flows.
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Fig. 3. Comparing theresults of the current modelsin terms
of the averagecl Nusselt number
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Comparison between Single-Phase, Two-
Phase Mixture and Eulerian-Eulerian
Modelsfor the Simulation of Jet
I mpingement of Nanofluids
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1- Introduction

Increasing heat exchange in industries has aways been
of interest to designers and engineers. One of the
procedures for heat exchange enhancement of
conventional thermal fluids goes back to distributing
metal or metal oxide particles with high thermal
conductivities in the base fluid. Improvement of
convective heat transfer as a result of nanoparticle
addition has motivated many researchers to concentrate
on studying the use of nanoparticles in a wide range of
engineering problems.

In atransport process, boundary layer resistance has a
significant impact on the transport rate such that any
reduction in the boundary layer thickness leads to
substantial improvement in the momentum, heat and
mass transfer rates. One way to achieve this goa is to
use impinging jets. Despite the extensive anaysis
conducted on impinging jets, less attention has been paid
to nanofluids jet impingement.

To analyze nanofluid flows, the single-phase model
and two-phase models can be used. Two-phase
approaches used in this paper are the mixture model and
the Eulerian-Eulerian model. The Eulerian-Eulerian
model has been used less in previous studies of
nanofluid flows, owing to the complexity of the relations
and computations.

2- The governing equations

The single-phase model

In this formulation, all of the governing equations used
for pure fluid flow are employed for the nanofluids. But,
the effective properties of nanofluid must be used in the
af orementioned equations.

The two-phase mixture model

In the two-phase mixture simulation, in addition to
solving the continuity, momentum, and energy equations
for the mixture, the equation governing the nanoparticles
volume fraction has also been solved.
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The Eulerian-Eulerian two-phase model

By applying the Eulerian-Eulerian model to nanofluid
flows, the base fluid and the nanoparticles are
considered as two distinct phases and the continuity,
momentum and energy equations are solved separately
for each of the constituents. Moreover, phase
interactions are computed. Thus, in this approach, the
base fluid and the nanoparticles can have different
velocities and temperatures ini the flow field.

3- Numerical solution

The schematic of the problem is given in Fig. 1. As can
be observed, the considered geometry is a two-
dimensiona confined slot jet. All computations in this
study have been performed for Al,Os-water nanofluid
with nanoparticle diameters of 30 nm.

W=6.2 mm
>

il
Inlet ¥

Adiabatic wall

Adiabatic wall

Target surface

1< L=620 mm >

Fig. 1. Schematic of the jet impingement problem

At the inlet section of the jet, local thermodynamic
equilibrium has been assumed between the nanoparticles
and the base fluid and uniform profiles of velocity and
temperature are applied.

In order to numerically solve the governing equations
in al of the three models, the finite volume method is
used. The averaged Nusselt number is obtained from the
following equation:

1 (LhW
L)y ke

Nu,ye = dx 1)

4- Simulation results

Variations of velocity and temperature with distance
from the target surface (y) are presented in Fig. 2. Since
the temperatures of the nanoparticles and the base fluid
are identical, only one temperature curve is plotted here
for the Eulerian-Eulerian model.

It is obvious that among the current models,
maximum and minimum velocities are predicted by the
single-phase model and the Eulerian-Eulerian model,
respectively. Furthermore, it can be seen that the fastest
temperature rise in the incoming nanofluid is predicted
by the Eulerian-Eulerian model while the slowest one
belongs to the single-phase model.

Figure 3 shows the variations of the averaged Nusselt
number at the target surface with the nanoparticles
volume fraction. The curves gradually diverge from
each other by the addition of the nanoparticles. It can be
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Tablel. Parameters of damage model

€Threshold | ERupture D¢, a (GPa) v S

0.0129 0.11164 036 | 0.75 70 0.3 | 05

In the simple tensile test, according to the loading
condition, the agreement between simulation and
experiment is good. When the “s” parameter is changed
to 0.7, compatibility is increased and the accuracy is
improved.

In the second case, in plastic deformation zone a
cyclic load was applied to a component. In this test, the
force direction is constant. Fig.2 shows the experimental
and simulation results of the second test.
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Fig.2 Test and simulation resultsfor the second case

In the third case, to study the capability of the model
to 3D stress modeling, a component with a hole is
studied. In this case, stress distribution is varied around
the hole due to stress concentration. Damage modeling
is very complex and error is increased in the
calculations. To reduce the errors, the average value of
stress in two outer elements around the hole is used to
determine stress and D parameter. Fig.3 shows the
resultsin this case.

Stress(MPa)

——— Simulation

¢ Experiment

Displacement (mm)

(1] 0.5 I is

Fig.3 Test and simulation results for the third case

6- Conclusion

Continuum damage mechanics has received widespread
acceptance as a reliable methodology due to the
consistent modeling of the stress-strain history of
material degradation. The coupled solution of the
congtitutive equation and clamage ensures a proper
description of the interaction of the involved
phenomena. In this paper, the continuum damage
mechanics  principles are studied. Nucleation,
development and propagation of damage in Al 5083 are
investigated based on the Bonora model as a non-linear
model. FE Simulation of material behavior during
failuresis carried out by the ABAQUS software package
and USDFLD subroutine. The results are validated with
experimental tests. This comparison shows that the
simulation results are verified by experimental tests.
Also the Bonora model (Non-linear damage model) can
be used for damage modeling in AL 5083 .However,
agreement of FEM results and the experiment in the 3-D
stress case is lower than the one dimensional case.
Therefore, in the next works, the effect of 3-D stress
should be considered along with consideration of the
coupling between the damage and plasticity dissipation
potentials.
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1-Introduction

Fracture mechanicsis one of the most important fieldsin
solid mechanics engineering. Failures have occurred for
many reasons, including uncertainties in the loading or
environment, defects in the materials, inadequacies in
the design, and deficiencies in construction or
maintenance. Design against fracture has a technol ogy
of its own, and this is a very active area of current
research. Failure parameters and failure modeling are
studied by several researchers.

Fracture in structures can be divided into two types:
ductile and brittle fracture. Ductile failure has significant
importance in practical engineering, and the possibility
to develop a criterion able to predict the fracture
processes associated with large plastic deformation
fields has attracted the interest of many authors.

Continuum Damage Mechanics (CDM) is a
powerful tool to solve problems such as large plastic
deformation. Fracture mechanics is feeble to analyze its
effects. Continuum damage mechanics is extracted in
terms of the internal variable theory of thermodynamics
and this model is based on the experimenta results
performed on material properties.

In the present paper, a constitutive model for
plasticity damaged material, using a dissipation potential
formulation, is used. The model discussed in this paper
can be implemented in a finite element code in order to
follow ductile crack growth according to a fully coupled
calculation scheme.

In this respect, Aluminum has an important role in
designing and constructing aerospace structures and
device, since its density and strength are suitable for
aerospace missions. Al 5083 is one of the most widely
used materials in the construction of space vehicles and
sound rocket structures. In this paper, the continuum
damage mechanics principles are studied. Nucleation,
development and propagation of damage in Al 5083 are
investigated based on the Bonora model as a non-linear
model along with several experimental cases.

2- Non-linear damage model
Damage is a thermodynamics state variable that takes
into account the progressive loss of the load carrying

1- Corresponding Author: Assistant Professor,
Mechanic Engineering, Aerospace Research Institute,
Ministry of science, research and technology, Tehran,
Iran. farsi@ari.ac.ir

2- Ms. Aerospace Engineering, Aerospace Research
Ingtitute, Tehran, Iran.

capability of the material as a result of irreversible
modifications, such as but not exclusively, the
nucleation and growth of micro-voids, initiated under
plastic material deformation.

From the physical standpoint, damage can be
defined as the reduction of the nominal section area of a
given reference volume element (RVE) as aresult of the
nucleation and growth of micro-cavities, micro-cracks,
etc.:

A(ﬁ)
D(ﬁ) =1 _Zeif (1)

@)
4 0

Where for a given normal n, D is the damage
parameter,A(()") is the nominal section area of the RVE

and Ag?f is the effective resisting area reduced by the

presence of micro-flaws and their mutual interactions.

Several authors have tried to model and determine
D. Bonora proposed a model as equation (2) to describe
D in the proportional loading condition. This model is
implied in this study.

LG/
ln(scr/sth)

D=Dg+(Der- Dy)(1-[1 ) )

In this model, D is determined by experimental test
and Dy is assumed zero. The threshold strain under
multi-axia stress, py, is taken to be equa to that in the
uniaxial casg, ey,

3- Experimental study

This model requires knowledige of the parameters to be
applied. To determine these parameters for Al 5083,
several tests should be done. Also, for verification of
this model, the authors have uised 3 types of tests (ssimple
tensile, cyclic and test with hole). Fig.1 shows a
component with a hole after the tensile test.

Fig.1 The fractureof the component with a holein thetensile test

4- Numerical simulation

The Abaqus software package is used for the numerical
study of ductile damage in aluminum alloy 5083.
Subroutine USDFLD is developed for D parameter
determination and material behavior modelling. C3D8
element is used in the simulations.

5- Verification of the model
According to the experimental test, the parameters used
in the model are extracted as shown in Tablel.
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beam with two piezoelectric patches attached
symmetrically to its upper and the lower surfaces is
carried out.

Fig.2 shows changes of the frequency ratio against
piezoelectric patches length. As it is seen, by increasing
piezoelectric patches length, the effect of the patches on
natural frequencies is increased.

Piezoelectric patches which are shorter than 20% of
the beam’s length have an ignorable effect on the natural
frequencies. By increasing the length of the patches,
their effect on natural frequencies increases and finally
after a certain length ratio (80%) the effect tends to
reach a constant value.

Fig.3 shows the effect of the position of the
piezoelectric patches on the natural frequency ratio of
the beam. As the patches approach the clamped end of
the beam, the patches effect on the resultant stiffness of
the structure decreases and it has less effect on the
natural frequencies of the structure. In addition,
piezoelectric patches have more effect on the first
natural frequency of the beam than other natural
frequencies.
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Fig.2 The effect of piezoelectric actuator length on
frequency ratio of the (a) Cantilever beam (b)
Simply supported beam
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Fig.4 The Effect of piezoelectric actuator position
on critical load ratio of the clamped beam

Fig.4 shows the effect of the position of the 4.5 mm
long piezoelectric patches on the critical load ratio of the
beam. The results show that with fixed actuator length
and applied voltage, as the position of the patches
approaches the free end of the clamped beam, the effect
of the piezoelectric patches on the beam critical load
increases.

According to the results, piezoelectric patches at 0.4
cm from the clamped end of the beam have the greatest
effect on the natural frequency of the beam.
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Fig.3 The effect of piezoelectric actuator position on the
freauencv ratio of the clamped beam

4- Conclusion

In this paper, using analytical model, the effects of two
symmetrically attached piezoelectric actuators on the
vibration behavior of an Euler-Bernoulli beam is
investigated. The results shows that the applied voltage,
the position and the length of the actuator as well as the
piezoelectric actuator material have effects on natural
frequencies of the beam. Setting optimizes the position
and the length of piezoelectric actuators. By applying
minimum electric voltage, changes in the natural
frequencies and the critical load are maximized. This
method is one of the applied methods for increasing load
capacity and making changes in the natural frequencies
in order to avoid resonance areas in structures under
forced vibrations.
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The effect of Piezoelectric Patches on the
Vibration and the Buckling of Euler-
Bernoulli Beam under Axial Load

H. Bighlaril, V.A. Maleki?, N. Jafarzadeh Aghdam3

1- Introduction

Recently, by improvement of technology using
piezoelectric materials to increase load capacity, the
enhancement of beam characterization has gained great
attention.

In this paper two piezoelectric patches have been
attached to an Euler-Bernoulli beam in order to
investigate the effects of the position and the length of
piezoelectric actuator and also the effects of boundary
conditions on natural frequency, vibration behavior and
mechanical stability of the beam under axial force. The
patches have been attached symmetrically to upper and
lower surfaces of the beam. The derived equation of
motion is solved and the vibration behavior and the
effects of different parameters like axial load, applied
voltage, position and length of piezoelectric patches on
natural frequencies and the critical load of the beam are
investigated.

2- The Mathematical model of Euler-Bernoulli beam
with piezoelectric actuator

An Euler-Bernoulli beam under axial load with two
piezoelectric patches attached symmetrically to it is
shown in Fig.1.

Piezoelectric
G Patch

Aol |

Xy ——

<
<

Y

L
@
RS

\Y%

v

(b)

Fig. 1. Euler-Bernoulli beam (a) Clamped beam with
piezoelectric actuator (b) Electric circuit of piezoelectric layer
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By applying electric voltage to the piezoelectric
patches the resultant applied axial force can be
calculated by the following formula:

F=P+F {H(x-x,)-H(x-x,)} (1)

By placing Eq.4 in Eq.3 and the proposed the answer
as W(x,t) = W(x)e'®", the equation of motion would be
as follows:

o 4W(x) -PAO*W(x)
(2)

hE W(x)

(P+F {H(x-x,)-H(x-x 2)}) -0

Since the above equation could not be solved
analytically, the Galerkin method is used. The answer of
the equation is supposed to be as follows:

=24, (x) G
i=1
Where, ¢, (x)are comparative functions and satisfy the

boundary conditions of the equation. ¢; (i=1—>n)are

unknown constants obtained by solving the
characteristic equation. Placing the supposed answer (3)
into the equation of motion and using the Galerkin
method leads to:

HZJ¢(x)d¢(X)¢( szq) « )d¢(x)

= o =9

(4)

9880 g pner o o=

11,(I i=l o

This equation can be written in matrix form as follows:

([K]-0* [M]){C}=0 )

The above equation is the characteristic equation of the
system. wis the natural frequency of the system and

[K]and[M] are stiffness and mass matrices. In order

for the homogeneous algebraic equation (5) to have
nontrivial and nonzero answers, the determinant of the
coefficient matrix should be zero. So, the characteristic
equation of the system is as follows:

det([K]-;[M])=0 ©)

Solving the above equation results in the obtained
natural frequencies of the system. The natural
frequencies are functions of not only the dimensions and
the mechanical properties of the beam but also the
magnitude of the axial force and the applied voltage of
the piezoelectric actuators.

3- Numerical Results
In this section, the numerical analysis of vibration
behavior and mechanical stability of the Euler-Bernoulli
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Fig. 2 Distribution of normalized turbulence kinetic ener gy
(k-g-v2 results) (Re= 7000 — 35000, T=3.8 sec)

3- Conclusion

In this paper, linear accelerated turbulent pipe flow has
been simulated at various Reynolds numbers using five
common turbulence models. A closer study of the
efficiency and reliability of these models in predicting
the wall shear stress, Reynolds stress, turbulence
viscosity and mean velocity was desired. In order to
verify the results, experimental and numerical
(turbulence modeling and Large Eddy Simulation)
results of the other researchers were employed. The
results of this study are as follows:

® Delay in the response predicted by turbulent models
(except BL Model) was relatively in good agreement
with experimental data.

® Comparing the distribution of mean velocity,
turbulent kinetic energy and turbulent viscosity showed
that k-e-v2 model has better accuracy than the other
models.

@ Shear stress showed nonlinear behavior during linear
acceleration.

® Comparing quantities like mean velocity, turbulent
kinetic energy and its production term with the
corresponding results of Large Eddy Simulations and
experiments showed the accuracy of one-dimensional
models (except Model BL) at accelerated turbulent
flows.

@ One-dimensional turbulence models (except BL
Model) can be used as an appropriate tool for
accelerating turbulent pipe flow predictions compared to
the other costly procedures such as Large Eddy
Simulation and experiments.
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Accelerated Turbulent Pipe Flow Study
Using Various Turbulence Models

M. Afsari!, M. MalekJafarian?

1-Introduction

The study of unsteady turbulent pipe flow is valuable
because it provides insight information to understand the
phenomenon of turbulence. In such flows certain
fundamental features of turbulent flow exist, which
although present in steady turbulent flows are not
apparent under such conditions. Unsteady turbulent pipe
flows can be conveniently classified into two groups,
namely periodic pulsating flows and non-periodic
transient flows. Pulsating turbulent pipe flow has been
studied mainly because of its practical applications and
also because it can be easily generated. Non-periodic
transient pipe flows have received little attention
compared to pulsating pipe flows. The few works related
to this kind of flow involved the effect of imposed
excursions of flow rate. The fact that turbulence is out of
equilibrium and that the re-laminarization and re-
transition are dependent on the flow frequency makes a
crucial difficulty for conventional Unsteady Reynolds -
Averaged Navier-Stokes (URANS) models. Thus, a
better understanding of the capabilities and limitations
of URANS models is required.

The purpose of this study is to compare the predictions
of five popular turbulence models applied to the flow in
a pipe with experimental and numerical results. This
benchmark satisfies a one-dimensional unsteady
problem and contains many of the problems associated
with transient pipe flow. It allows us to assess the
models for pipe flow with defined boundary and initial
conditions in an acceptable Reynolds number range. The
goal is to evaluate the performance and precision of
these models for prediction of the wall shear stress,
Reynolds stress, turbulence viscosity, delay time in
response and mean velocity.

2- Results

Acceleration results (Evaluation with Experiments and
Numerical Results)

He and Jackson studied the accelerating and decelerating
ramp-type turbulent flows in a pipe with 25.4 mm
diameter. The ramp-up experiments were performed in
which the ramp rate was varied by imposing excursions
of flow rate during which the bulk velocity increased
linearly with time from an initial value 0.138 m/sec to a
final value of 0.891 m/sec in periods of time which
ranged from 2 sec to 90 sec. The initial and final
Reynolds numbers were constant at the values 7000 and
45200. Their experimental results not only showed how

1- M. Sc. Student, University of Birjand
2- Corresponding Author, Assistant Professor,
University of Birjand, mmjafarian@birjand.ac.ir

mean flow and turbulence respond to imposed transients
but also provide new insight into turbulence dynamics.
The present paper compares the predictions of the
URANS models with the experimental data of He and
Jackson mentioned above for 5 second ramp-up flow
excursions. The results reveal that the response of the
local velocity is different in core and wall regions. The
performance of the BL model is poor and very under-
estimated for the prediction of turbulent transient flow at
these conditions. The agreement between the other
models and the experimental one is excellent for all
radial positions, except in the core (Re>32000). All the
models tend to underestimate the velocity at the end of
the acceleration stage at the centerline.

Acceleration results (Evaluation with LES)

The normalized axial velocity fluctuations of LES
results of Jung and Chung for 3.8 sec acceleration from
Re=7000 to Re=35000 is shown in Fig. 1. The velocities
are normalized by the initial bulk-mean velocity. One of
the important features of the response of velocity
fluctuations to acceleration is the delay effect. It is clear
from Fig. 1 that the magnitudes of axial velocity
fluctuations change very little during the early
acceleration, indicating that the turbulence is frozen in
this early stage. This clearly indicates that turbulence
production is delayed at the early stage of the transient
(see also Fig. 2). Jung and Chung found that the
response to the temporal acceleration of different
velocity components is different from each other. This
suggests that the anisotropy of the turbulence near the
wall becomes manifested during the transient moving
towards a single component state. A strong increase in
axial velocity fluctuations occurs in the near-wall region,
and this is closely associated with the turbulence
production near the wall. The radial and azimuthal
velocity fluctuations also show delayed responses
compared to the axial velocity fluctuations. The
distribution of normalized turbulence kinetic energy
along the diameter is shown in Figure 2. This parameter
is representative of all velocity fluctuations of LES
results. Only k-g-v2 results are shown in this Figure. The
other model results are qualitatively the same as k-g-v2.
This Figure shows the delay effect at the early stage of
acceleration like the LES results of Jung and Chung.
Remember that the present results are taken from one
dimensional code, so they are much faster than the LES
codes.

.
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Fig. 1 Distribution of normaliized axial velocity fluctuations
(LES Results) (Re = 7000 — 35000, T=3.8 sec)
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4-Finite Element Analysis

Mesh and Boundary Conditions

The mesh sensitivity analysis is carried out in order to
obtain the appropriate mesh size. The mesh was created
with an increasing level of refinement towards the crack
tip region as shown in Fig. 3.

Fig. 3. Mesh detail close to crack tip.

5- Results

Fig. 4 and Fig. 5 present the change of J integral with an
increase in the number of cycles during fatigue loading
for different amplitudes of fatigue loading. The J
integral of specimen with residual stress continues to
decrease with the increase of cycles. After a few cycles,
the J integral reaches a stable value. Its stable value is
greater than the specimen with no residual stress.
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Fig. 4. The J integral during fatigue in AP = 3.6 kN.
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Fig. 5. The J integral during fatigue in AP = 5.4 kN.

Fig. 6 and Fig. 7 present the change of the plastic
zone area with the increase in the number of cycles
during fatigue loading for two different loading
conditions. The plastic zone area continues to decrease

with the increase in cycles. After a few cycles, the
plastic zone area reaches a stable value.
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Fig. 6. The crack tip plastic zone size during fatigue in
AP =3.6 kN.
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Fig. 7. The crack tip plastic zone size during fatigue in
AP = 5.4 kN.

6- Conclusion

Fatigue crack growth from a fatigue pre-cracked under
the influence of mechanical residual stress field was
investigated using FEM. The FEM results were
compared with the experimental data. It is concluded
from this study that the tensile mechanical residual
stress increases the fatigue crack growth rate. From the
numerical results, we cam deduce the following
conclusions:

e The initial mechanical residual stresses decrease
rapidly after a few number of cycles. In a higher
amplitude loading, redistribution of the initial
residual stress is done faster.

e The J integral of specimen with residual stresses
decreases after fatigue loading. The rate of decrease
depends on the loading amplitude.
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The Effect of Fatigue Crack Growth on
Mechanical Residual Stress Redistribution

M. Noghabi', I. Sattarifar® , H. HosseiniTodeshki’

1- Introduction

Fatigue life is an important dynamic property and it is
affected by the residual stress field near the crack tip.
Residual stresses can be produced during many
manufacturing processes such as forming, welding and
machining. Residual stresses have a significant influence
on the fatigue life of structures. It is well-known that
tensile residual stresses will reduce the fatigue life of the
structure by increasing the fatigue crack growth rate,
while compressive residual stresses will decrease the
growth of the fatigue crack. In the last decades, several
efforts have been devoted to the investigation of residual
stress effects on fatigue crack growth rates. Farrahi et al.
have presented crack propagation tests using compact
tension specimens to investigate the effects of the
residual stress field resulting from shot peening and the
indentation technique on crack growth behavior. They
concluded that residual stress affected the fatigue crack
growth behavior by delaying crack propagation. The
effect of the residual stress obtained by cold expansion
process on the crack growth in aluminum alloy was
studied by Semari et al. They found that compressive
residual stresses near crack tip reduce the effect of the
applied stress field and have a tendency to decrease the
crack growth rate.

There are two common methods to calculate FCG
rates in residual stress fields. One employs the
superposition rule to determine the effective stress ratio
to account for the residuals stress effect. The other is
based on the crack closure concept originally proposed
by Elber by calculating the crack opening stress
intensity factor and then the effective stress intensity
factor range in a combined stress field of the applied
force and residual strain. The validity of both methods
has been generally accepted.

The initial induced residual stresses relax during
component’s operating life and it is important to
consider the relaxation phenomenon in the design of the
component. A relatively small number of investigators
have considered the redistribution of initial residual
stress during fatigue crack growth. In this work, fatigue
crack growth in CT specimens is considered under the
influence of mechanical residual stress. The fatigue
crack growth is simulated with the commercial finite
element software ABAQUS. The results were compared
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Amirkabir University of Technology, Department of
Mechanical Engineering, sattari@aut.ac.ir
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with experimental data.

2- Material and Test Procedure

The tested CT specimens are prepared by the wire-cut
process with the dimensions as shown in Fig. 1 from 8.4
mm thickness of 5000 series of the Al Alloy plate with
mechanical properties according to Table 1.

Table 1. Mechanical properties of Al Alloy

9 .
Young’s Poisson’ s Yield Stress Ultimate
Modulus E Ratio v S, (MPa) Strength S,
(GPa) atio y (MPa)
70 0.3 200 350

2y

b a
Fatigue Precracked l o

72

s | s |

Fig. 1. Geometry of CT specimen.

3- Experimental Study
Fatigue Crack Growth Tests
All fatigue tests were conducted at a frequency of 10 Hz,
stress ratio of 0.1 with different load ranges of AP=3.6
kN and AP=5.4 kN. The visual observation method was
used for the calculation of crack length during the
fatigue tests.

Fatigue crack growth behavior is illustrated in Fig. 2
for both specimens with and without the mechanical
residual stress.
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Fig. 2.Crack growth versus the number of cycles.
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