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Experimental Investigation of Breakup Characteristics of Elliptical, Rectangular and
Circular Water Jets

A.Jaberi M. Tadjfar A. Sheidani

Abstract In this study, the instabilities of elliptical, rectangular and circular water jets were
experimentally investigated. Shadowgraph technique was employed to capture the jet column status
instantaneously. Jet parameters such as disintegration length and axis switching wavelength were
quantitatively studied. The results showed that due to the similar characteristics of rectangular and
elliptical jets, their breakup length in the second wind-induced regime is nearly equal, while the breakup
length of circular jet is perceptibly shorter. Both rectangular and elliptical jets are affected by
aerodynamic forces sooner and thus enter the first wind induced regime at lower velocities. Furthermore,
it was revealed that the axis switching wavelength is not dependent upon the jet geometry at low Weber
numbers and remains equal for both elliptical and rectangular jets. However, at high Weber numbers, the
axis switching wavelength of rectangular jet become larger than the elliptical one. Based on the obtained
results, a semi-empirical relation was proposed to predict the axis switching wavelength of rectangular
and elliptical jets.

Key Words Water jet breakup; Axis switching phenomenon; Elliptical jet; Rectangular jet; Multiphase
flows.
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Verification of Quarter-step Exponential Map Method for Integration of
Von-Mises Plasticity

N. Haji Aghajanpour M. Sharifian M. Sharifian

Abstract Updating stress in a nonlinear finite element analysis is the most important part as the
precision of the stress-updating algorithm greatly affects the accuracy of the final solutions.The most
important part of the analysis is the stress-updating. There are two key factors that have impact on the
efficiency evaluation; those are the accuracy and time. Based on this point, investigating the accuracy of
the integration methods becomes important. In this study, the von-Mises plasticity model along with the
linear isotropic and kinematic hardening mechanisms is considered in the small strain realm. In solving
the plasticity differential equations system through a semi-implicit method, the prevalent approach is
picking up the variables from the middle of the plasticity step. In order to assess the accuracy, here, the
relations are derived so that one can pick up the variables from the first quarter of the plasticity step.
Finally, to determine the accuracy and comparing two aforementioned methods, the numerical tests are
performed.

Key Words Stress updating; Semi-implicit method; VVon-Mises plasticity; Isotropic hardening;
Kinematic hardening.
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Dynamic Modeling and Optimal Walking Gait Planning of a Real Biped Robot Based on
SLIP and Compass gait Models
B. Dadashzadeh S.A. Mostafavi A. Allahverdizadeh

Abstract Biped robots with point feet demonstrate faster gaits and more natural dynamics while their
gait planning is very difficult due to their underactuation. This research focuses on modelling,
optimization and gait generation of two different real biped models including a telescopic springy biped
model and compass gait biped with kneed swing leg. All of these models have point feet and their torso
angle is constrained and they move in sagittal plane. The main difference of these models with their
corresponding theoretical models is that to give realization to the gaits of these models the knee of their
swing leg bends, clears the ground and straightens before touch-down. This increases degrees of freedom
and divides single support phase to two sub-phases. Different phases of walking gait of each model
including single support phase, touch-down event and double support phase are modeled using Lagrange
equation and validity of equations are demonstrated. Then the dynamic equations of the phases are
combined together to make dynamic model of a full walking gait. Afterwards, optimization parameters,
objective functions and constraints are presented and successive stages of optimization are performed to
find optimal gaits. The optimization diagrams are discussed and the needed motor torques for the optimal
gait of each model are illustrated.

Key Words Biped robot; Walking, Modeling; Gait Optimization
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Experimental Study of Wall Roughness Effects on the Frost Formation over a Cylinder

B. Behroozi H. Basirat Tabrizi E. Damangir

Abstract Frost formation has important effects on many fields, such as refrigeration industry, air-
conditioning, aviation, etc. The frost develops when a humid air contacts with a cooler surface at its
freezing point. Frost formation is a complicated transient phenomenon in which a variety of heat and
mass transfer mechanisms are taking place simultaneously. In this work, effect of roughness on frost
formation over horizontal cylinder in force convection conditions was investigated experimentally. For
creating the force flow field, a wind tunnel was used. Results indicated that the frost thickness behind the
cylinder is at the maximum and in the front of cylinder is in the minimum. Further increasing of the wall
roughness, result in the frost thickness increases and increasing the thermal conductivity coefficient of
rough surface, increases the frost thickness too.

Key Words Cold cylinder; Heat and mass transfer; Frost; Force convection; Wall roughness.
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Optimization of Combined Cooling Heating and Power System (CCHP)
by a Novel Hybrid Method

M.M. Ghafurian H. Niazmand

Abstract The importance of energy and shortage of its sources have necessitated appropriate planning
for developing systems with high efficiency. Combined cooling, heating and power generation systems
CCHP, are systems that used for increasing the efficiency of generated energy, while decreasing costs.
Since the invention off CCHP systems, different methods have been provided for determination capacity
of equipment and their optimization. In this research, at first these systems summary are presented and
then three main methods namely maximum load method (MLM), maximum rectangle method (heating
MRM,, and electric MRM, ) and relative equivalent uniform annual benefit method(REUAB), for
determination of capacity of prime mover have been introduced. Then for a residential convened that its
prime mover is gas engine, with consideration three mentioned methods and a new proposed method, for
optimization the CCHP will be explained. Finally, the results of the optimization with applying real
conditions for prime mover are investigated.

Key Words Relative equivalent uniform annual benefit; Maximum rectangle method; CCHP systems.
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Improvement of Aerodynamic Performance of Oscillating Airfoils with Plunging Motion
at Low Reynolds Numbers Using Heat Transfer

A. Samiee M.H. Djavareshkian M. Honarmand

Abstract In this study, the effect of heat transfers on lift and drag coefficients of two symmetric and
camber airfoils with plunging motion in laminar flow is numerically investigated. The compressible
Navier—Stokes equations are discretized using a finite volume method and they are solved by PIMPLE
algorithm. In this simulation, fluid dynamic viscosity and thermal conductivity are considered to be
variable. Also dynamic mesh method is used for oscillating motion. The results show that, by reducing the
airfoil surface temperature less than the free flow temperature, lift to drag ratio increases. Moreover,
influence of heat transfer on vortexes pattern at airfoils trailing edge and therefore its impact on the
aerodynamic coefficients are investigated.

Key Words Heat Transfer; Finite Volume; Dynamic Mesh; Reynolds number.
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Two-dimensional Transient Dynamic Analysis of Decagonal Quasicrystals subjected to
Shock Loading using Meshless Generalized Finite Difference (GFD) Method

S M. Hosseini

Abstract In this article, the transient dynamic analysis of decagonal quasicrystal (QC) is carried out
using the meshless generalized finite difference (GFD) method. The transient behaviors of phonon and
phason displacements in these types of QCs, when they are subjected to mechanical shock loading are
studied. Also, the meshless GFD method is developed to solve the dynamic problems of QCs, considering
coupling between phonon and phason displacements. The governing equations of the problem are
obtained in the coupled system of PDEs by applying the coupling coefficient in the governing equations to
simulate the interaction between phonon and phason displacements. A 2D rectangular domain made from
decagonal (Al-Ni-Co) QCs is assumed for the problem to show the transient behaviors of phonon and
phason displacements, when one side of 2D domain is excited by phonon displacement shock loading.
Based on the coupling between phonon and phason displacements, any disturbance in phonon field
causes some variations in phason field. To study the dynamic behaviors of phonon and phason fields, the
coupled governing equations are transferred to Laplace domain. After analysis the problem by GFD
method, the obtained results in Laplace domain are transferred to time domain using the Laplace
inversion technique. The interactions between phonon and phason fields are studied in details. Also, the
effects of coupling parameter and the phason friction coefficient on the dynamic and transient behaviors
of phonon and phason displacement fields are obtained and discussed in details.

Key Words Transient dynamic analysis; Meshless method; Generalized finite difference (GFD)
method; Quasicrystals; Phonon displacement; Phason displacement.
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Damage Identification of Cylindrical Shells Based on Mode Shapes Curvature

N. Jafarzadeh Aghdam M. Zehsaz M. Sadeghi

Abstract Currently there are just a few papers about fault detection of tubes and cylindrical shells.
Recently, methods based on modal curvatures have gained great attention due to their sensitivity to
defects. But the methods require dense number of data extraction points which limits their industrial
application. In this research a new method for damage identification of cylindrical shells has been
introduced. The method does not need intact structure's data and in contrast to other methods requires a
few data extraction points. By transferring the modal information of the structure to the ANN, output of
the network is exact position of the defect on the structure and the method does not need skilled
technician to interpret the data. Performance of the network is validated by unfamiliar data for the
network and 0.97 regression is obtained.

Key Words Cylindrical Shell; Mode Shape Curvature; Finite Element Analysis; Damage Index;
Artificial Neural Network

DOI: 10.22067/fum-mech.v30i1.58045 ..:L . AVAVA OF 3k G0l 5 Q0/0/ VA Wlie 3l bk
nima.aghdam@sla.rwth-aachen.de .ol RWTH-Aachen University « Gl owdigs (555 0553 (gsmeiils (1)
s o8l (Sl wikige sl (Y)

e o8l (S wikigs ool (7)

ARE


https://doi.org/10.22067/fum-mech.v30i1.58045

TPV oG dlont o o S

Sl o Gl 5 (63,06 psle 4

G s (85 e 2 pd pn eis il rek (8
O =l Sheslinl S S e 3L 3 o)
L glalgal glaats g dile Sodmmys slaosla (gl 5
J=e 03 sl Gl oo 5 Sl sl en ol 500
St Al 6,0 s il b
simelS sl g b Glr b Gl N S
o=l s amleds 5 oae [4] UL 5 ol 5 b
Las s JS2 a0 e A6 255000 il ik
Ol s s 35050 31 (Gols 5o bl Lslods &1
L o s S el alol banse IS5 (5 2 kS
635 Sl Lo S0 VL (S5 (5 86510
[5] s o OLis O e 4

sl (Sl pbows sl by, 5l ol
S S A Y (JL,.N il 4 by e Sl
v sl Dledbl an o iy Sl n
OLSGl e o § 5050 (pl 5 LBl OIS
o 3050 3l ok 53 L tss ol Sl slizd

Glabss b fas e NI s S
Gt S oS Sl (Sl Sl
2 e s sl gl L [6] el S S
Labss ol YL coali Lasse S sl
OF Deslosgod o 1) Qi 4 5 e 4 o
sl sla ) 3l el s [2] SLs
ol 3 3 S &l o3l il Slasie Lelul,
s Las e IS bl 5l eslanal gy tass
5SS asleds S L)l plcs 2 LS
bl o e il iy aw SHT] O
A e sad ealial b5 licws ln Lasye IS
Lassse JSi glssil p sme (o555 [8] OLSen
S les ;S G selS Sla s abes Gln
Sdate O Gesild Sl Slacys s 3 gl
G 53 [1] 0LLSan 5 LS 5l 1 el s
IS sl o e il S5 aw LS;—<1>

salawl L_;".:)j.:ﬁlj Ql;;w u"l—lv—:" st_v LAJ}A

PPNV

st b mlbews 03 5550 laeslw Sl (65l
Aoz 5l 55 ad Bl (glal g wlar gy Ol s oea
.eﬁ..&)ujliﬁ UL.ZJMQ)W t&Lé.é Lguwm
Cmled rbul LAA)LM' U'i‘ JL{Q;«‘P SI08 OS.M
Sl o 5 b 4 e bhojle opl SLSL cnSs
S S e s Al Sl s Sl
O sl a3l dasle ol JLESL cls
J_}\JA BL) bJ_:..Q B uf))}_i- LLALSJ.'; A.LA})( Lg\o)Lw
et la i, il e Ll slal ol
o=l Al 5 Dsal sl s dhe sl (6ol
o3 ealauls ) ge 5 LAl anw 5 sl (glaoile (gl 5
o=l sl eslead (gl s )lse el js il s C;L'v.a
5 Al et te e o 8 OLSG Iol b A,
aon 5l Sege 5 daen 0L gy cpl raees
sl glassls s gl Al gl eSS 3L
oS sl s Sl (Sels sl )

el Sl Jom b Clows 5 al o Clasa
Glosms LSSl Slolsen sy sbis oy )
ja_.wjj u"l—i“-“—:‘o Cze D .J_}\obj_gj‘bjj_ﬁ-ﬁ
6L§w;l5)9 )\ ool il ce)'\_..u u—‘:“L";J‘ Olasio
Shesti ol a0 v g e OLS e ns
L%N .bilj.d QI J..m}W J\-»-‘lJL;G a.l.:.?:;:i L;Lsﬁ&.;..g.}'
el SIS 56 s 03l b sla 308 5 5,
sl ¢l 2 Bl ObSer 5 5 (2]
)—:5 J_}\ ‘j’w.la wkij.e )‘ oJLEJ.w\L &Jﬁ)):,dls LSL“)::
bL\a);@ﬂﬁﬂagﬁ&iéﬁ)EMJ
e al> e a3 55 Jsb 52 ol8eSS 05 5 ralr
Db b '>JJ§L;° C\JM\ a)'l.w ij‘ g;!.:‘.)é Julsjﬁ
)l.l.id)) 6.,\_“».4\.\2 Quyw&u “ 6)"‘-:“ elfﬂ\.;.{.?




‘;5)[.4 2 Glaaj dases cfa.,lj/ a:/jj.ét? Lo

o Sl gl (sladin g il Sbooe

s el 6l e oS0 dles! 5l
S i am Sl S el ekl g as
Giismal 3 oy e SLaaSd asi 5 6 S3L
i by bl BT Sledbl il b sl
BLE plad 53 s e b0 ¢ a3l 850 sl

Goloand gl eslinulsyge ) SO Slasin ) Jods

[11]
et _
(kg/m?) J&s (GPa) SLawNJ 5ok
O3l sy
0.3 7850 210

Solwand gl eslinalsy g0 d ) slal ¥ Jods

b (in) o3l
(mm) (mm) 55 e ko () Jy ‘
7.04 219.08 0.8 8

14 gl Ko gy (55l

el g b pl S sl skl 4 s U
5> sl b s 38 4 a5l 5 500 O gla
@3V g Sl slwand gl e mleo
IAL06 Lol 5 53 Laaly) onl i eslinal o &y S (
A0S e 5 VU sl 5 Lt s LS
gl olal 5 (V) dsder o ) SOG wlasein
aedis 3l oyl 5 leds S3(Y) Jadr 5 ok
LB g oo Jlasl Jos gl o sl
L Lol 53 gk § atw g Ol 0T+ 5l aslizall
e e e VDL b S ke
e de (V) K s 5 esls Jaalad el sui
s s b sl S 3 gl Al Sl leds
S WY 5 s s e ealinal 5O B, 5l Las s
Jhsl clew) 33 8 zlAsal o3l Jl b 550
o 35 Tl o3l T s (55 0 dail
Rpst] el gl 550 IS8 ol (i s

s se S5 bl (WL Coslim OBk 5 5 S
OSan 5 55 Llos gai 2018 1y e S5 4 o
ool 25 JS5 il il g ) [9]
e Lados o Gl sl 5 oSl
el s liess (s s Shes a5 iles S
Al Cos mhw S b)) Sl a3l A

Lol oS 5 o) SHA0] OLSes 5 SOL3
3 ROl Gl b Sl S B e se IS
P Slada s G s DA e
Slaain sy oo p s Ske sy 5,08 s S eslind
Ko 3 iy ol 3 el e 1 55 sl 2
s L0 sl (Transform Wavelet) o 5.
03 S de ey YL b Eoke aledls ealinl
S w8 SO iy Jsb 5o e oLk
At ol Ol s nl Ja Ay s

ol s [B] S S 5 s glallis
s il Lasge IS5 il o itn sla
Llpe s a5 05 S alin | Cilisien sla s,
ged Ol 1 S

o2l P 3 S b Slosl s L
S5 sl e ol b 5o 2 s
gl Bl elad 5l ol pesls 5 oSl 4 5o das s
3 035 p0Le) an e p b e () &S AL e o5la
Golas gl B la B, 00 sl 4y
Slsyse bl sluas s fals Sulcleds pxs
SR S BL el s (551 el
Gl By G ol 53 20 S e sty ple
31 oslially slail sl slai gy s 8l
13 el S U s b ol Sl
Leslodss S 5 oas

03 Sl gl d gy Ml S s s
Lol Ly s 255 0 (S5t o sSUT 13800 5
IS bl slie o3l il glacand 53 e

jssjfjclﬁr.:..pl oile Jsb s Ll a5 Las e

AR



PV bt
r

L
&Jjjﬁffé‘
lewles 5

SilSa sl

5
R L
“ S
2y J5 |
ajl—*-”&rb ] C‘JM|
: > o
G (""b_"‘“)j_b‘\_; r_x_o Q)yjbng_; LSL’U
) i . .L:_;‘ . ‘J}’
J_Yl_gﬁébé\_?wr:eﬁm‘y) L’_é\.vl" &ub )
S Jéju’:ﬁ)‘ J‘Jﬁ““j’.T&UiﬁL’”
.L‘% . \LEﬂ laS o . Ll
7 by o 5 L
esls CU}T-L; ot 5 odls b Lis
< [12] J Cnlodds Lo 23
)j_bd‘_' )J_(_;;)'\" JQLS S sl
14 ga0 (& SIo= dse e
)|L§ HEJLN Lol Q‘ﬂ:’u
] EA U .‘Jb‘ 3
¢ ‘o Lo
anleie
R

5 LG
. l‘*’.‘f‘}'
S

"
. J_l,a

5 g Xo s

sl

) 1l gl s

Jsb

Jde

A4

_]awjd'l;-

501
Lo Cad
5 G
R
lo s
(s

/lI/II/I/I;I Wy
i I/IIIIIII/IIIIIIIIIIIIII il
IIHIIIII 1]

il
llIIlI’llllllIl

i HHH"IIIIIII"HH
fig)! Uiggi!

i
i gt

llll\l\l
LA
o

Yy
@, 7
/////////?Z/////
7 ////////l

17
Uy
,‘,'”/””{////////

st s
SIS i
Lol Ol a0 )}UL’L.’] Sl yiS)
< )
SN b a) e
J
3 gdes Ivee Jo
o
Sk

‘ N (4;,,,}4, d}b
S 5
(s

rof
J i
Sl o
ol (sl I s (onlgeinn
L;—"‘b -S4 b_, SM)J{ s )L:.s 340

‘J) g . leS ./ 1:;3“ N
L i, b " ;

Shebn s A Sl a3 ) el aspe S
Aw ; /. 5 J .‘fhﬁﬂ

Ll ﬂbw;{’;) 33,5 ¢
S

L0 Jsz

.. 4_:

S

Lo
St
) D) s
Ol e N
5y Sl ERCIPPNPRN )
e S5 besge Jsa
s " e .
u‘lb_.:‘_’.bui SIor = JL_NL:M J L g:i‘y‘
o e b
o sbed ek e JK2 -
15 & sazree " N
6u533 C ;H‘I’j_’ iz LEU_’
8 >y [EAVAY
~ 3
— 5 b
NHZ)) f"hbf;_;u_;_,,\ s
JS2) 552 0
Qs

Vs
33 e Jde

P sy 5 35 e
1] 320

S

I
<

Y Jg‘"
5 (L)

in  5la ”“JSM
S RISPRPETN

(CH P

3

5 (o
- \;jﬁ ng
Sl
e
ol d gy
4] g
S

jloded
3]
/53)" P
w5l S S by s
5 o sl s Laady) s ‘
o w“’"L’“ww“’%_»wf
6\J—{;\“‘°Mdjb \ sl Ol & GO
5w . = 3l _L_,(".‘."""L’
Mgsj}_b . ‘4_.,53-5'“&"\./\4_345)5(:”
(R i 5 s s i
0 )S ) V"'“'L' uﬁu ; ‘ﬁ
Cj_::;;);)—wa_ndk“v/.i Sl s ‘
\¥ (A . S
( /Lﬂdw{ﬁ;})‘)}ww\/\J
,;bJS" s liis ¢ i1l c]4_w STy
= B -
;rg'l. LSJ_:‘TL:A .wawj)“iojugw
. g :
oals M‘Uju‘% d‘ \454...‘[:’&5“ Myl;—
.. - . - w Mb -
SSas . BEESC .‘l;-)«
g e o | o )3 S
¢;§f=°l?u"“ﬁ) Dl s e Sboas sl
© T C G4 er
> T 5158l
o3l
S
‘o

\YY



‘;5)[.4 2 Glaaj dases cfa.,lj/ a:/jj.ét? Lo

o Sl gl (sladin g il Sbooe

f“j\_&l QKJM_V.{}.: ‘[7] v\_;‘ab\) rbul LAJ:S (5))}‘4
gl Bl S s o85G s oS Ll S
Ssgin 555 de sl i, s Ses o0 ulu“l.aj
Ll glaesls JUl b 55 ol tags )5 ool
Slo G Sl e ldle S s a5 e SO
B ol aslanal JLig_,.:Q (5‘)’ )\;QL{J Ck.ﬂ
3 Gller L fomis b ge S50 L s 0
@W}Mﬁ)‘ﬁﬁ bla bl jislie 4 an
s el b Oles Lol U of Cidle |
gj:”)‘_)" )\ ebLiZ...u\Lg o)'Lw Jj.b B Xi QKA BL

:,\Jda Cewsto (V) aal

C; = ag + a;x; + a,x2 + azx}

M)

l_.' agjaz,al,aofgﬁ\J_é J’.’.bl_i‘ 4-@‘) Ud*‘ DL 45
b gl 33 5 o avsls (Ciyz 5Cipr Ciog Cisp)
Sess b ¢l 5C5Cy, C3,Chslonesls 31 Jgl
gy 553 e eslaul Cg,Cy, C3, Cp Ll (slaesls
sLssl T ahis g3 s Lol dmwbes gl = alie
e Jols whi o e axli 53,8 s
LS_'*’;\} )‘.,L_E.a 9 (_5"‘"‘" U‘LJ‘J—’ d—ljb)\ o.,\,.iwbu

:”Jfgf“ doles (V) dayly 3l adas

8 = (ap + ayx; + azxf + azx?) — 1)
9 ""J—fu-"‘ aule Cos el ldie (g)ls pesls
o d b sl aw j5 Cue ot la slie Hls gas

Solomesls gy an sl hgy 058 sy
) o YU 3 B el aee 51T a3 (o2
Al oy e ]l Laosls (el YA 2o
Aol s (Y1 5) i) (gl peals olenl 5 oosled
CTEPPRE R PRUA PP PN RPN W R
(V) S s Ceme 85l 350 K5 sl ls s 5

Cewlodls o3l QLJI.J

) )il

Slalgmal ain gy Jgb )3 (o1 pesls e aw il 0 S5

x105

-5

................................

100 200 300 400 500 600 700 800
(mm)sd) il 4 g3 Jlxiel

Sgdeee QLI ot 51 ol (sboil ol i Jls 5ol 1 K3
iull;-6}Jﬁ}§)l>ﬂa>|>¢)>zlmlw);%&QK»)
(%ﬁ;d)b)}éj;ﬂyi" J\\*.. J,;Lé.)?‘pLﬁ

J‘i‘r’f-& V:d")"i“ J‘ oalaia!

s a5 Ol Sl ool aluas ot das o

JSo bl G b oz, S gl w0 |
YL plad o /l_gu,i_? Aola sl Gy lass Las, s
oo 2SS ol 5 o sl s, Sl eslatall
OlSKan 5 LS Clodd  smwloms sldslgliny
JSo Slosl (e By me s de o Slamslie
Generalized Fractal ) <3l ooss Gl slal 65 50
Sl iy 5 S 5, s, (Dimension
(Gapped Smoothing Method) lsl s CLW

yYY



TPV oG dlont o o S

Sl o Gl 5 (63,06 psle 4

D e 23l sl S S IGIOH P W P
s eslauls ;e ae slaass s ool Jslaze
ColBl e gl fas o ol s
Gl oLl 25l s S0 il e S5 st
G e 3 S Vi slaad
Sl oL (Gaisel sy s Aile Olay e
3l Slae gome G b 51 sl O 534S W e
ol JLaSl oy rg) 23,8 o0 ol el glaesls
5 Shae artli 5 Slas o sl aion s b
il Gl [14] S o eslinad Ut o (Sl
Sl Slapt s S me Lol o
S ol 53 LS e 18 eslinuls ) ge (g30e
Levenberg ) 5,155 ,Le S 55 3lwtings o555
Cewlo eslazal (Marquardt optimization

S s s 4 (25,55 Glaesls luanas
Pl ssbas &S 15 el lay s SV el
el 138 5T 4 O g S 5 BLS Ol e

ui)'yj Sy {:j}l laosls O3, 5lcwsa B wre
Sy Slawaud 5l SO Cubis (e K5
ol S g o 3ls oals J:ﬁdu Y sl gl wy
il A Jeie i ilaand diny ek
sl 5 ol oS cl e Lo Ve CL&J)H{
sl B g bl s (S cera
Glacard Gosm cae O (1 ISK) bl s
Voo L Aol) i il B e Al o
Ol AT 53 5553 o rals (anw s Jsb (5 0 s
2 blE s I8 sl slin e cidisha
""’J—fu-"‘ G\f@\ (A3 3 ol glas 5
g Jab 5o ad YA 51 (gyls pesls el ,a s
aia O Kl faomess &S ol ool
o Al T il sl g 51 SO e Gl s
byye slaesls eles Celodss S C\f'a,.u\ IFRA
Slomm 3055 St e 18l 54 il
IS e sla e s 0350 casay

e Ll Gllas 58 5355 o (g3ledle S s S

LT e sy

ol b wle te ot L Hls gad 3l (14 gl
OLas (V) IS 53 ol mla e Blo gse
Al 5 s s O 4 e 5Ll el el
Ol s OLSG 51 (ols enls slaslaul 51 G
Salate (653 enls sl 4w Jsb s e el
Ks gl 5l o i sn ol ) wslslys il
Lurujﬁ%&&ﬁw‘)jkﬁ@w&
S oo oslital ai g lae

x10+*

o

=
o

(mm) s ja=ls
=
\
‘
[

s
n

1
ot

0 100 200 300 400 500 600 700 800
(MM )14 s 4 g3 2135a)

O — gl gl &gy Jsbay e atld Hls s VIS

plé Al (6950 5 ols el £33 el s 53 s
(wgy G o o JITVee Lol o)

sl i s 3lweslu sladis Slgeda ae laasls
o O sk S5 A5
S Jold o pmn e 80 S Al
50 fate SKuSG a oS Al e 03l slals 5
Slaiss 2ol Lilodd ez &S 5l Y S o
Sl 5 e glaa Y sl ( Slowle 550 ne
Orau 3 eslially C Bl e ALY s el s
s Slaas [13] 55,5 o s Uast 50 ga 31
Al Wesls (g5 5 s SRSl 5o 2 YL kel
Sk BS Oy 5 slad 2l b4 o claasis
Al ) lesls de sarms a9y seee SRSl
O3 fam 1 s A 3 g5 ol 5s [14]
Syt e P [ et A S S eV

yY¢



o i Glak S dazms ol 03] pn Lo

o Sl gl (sladin g il Sbooe

s dsb e 8 SLOLSG lp imee e
.b);dﬁ oslazul ﬁmﬁ.la.:m

b 53 b (L0 (Sl e K o]
p3bde wos S S a gl gllsie) Loy
el oo bl o (V 037 o Sle 4) o i
Al SOt 5 e e Sl e RS L
s e jle gLzl 51 SO a e cl ) 37
o=l Ol Al e ail A b baS e IS e el
Ol e el 4SS (605,55 Ol g e s Sle
s Jrb 0L L bl e s 2 Sl S
pe il K e OIS DB 5 L AL
e ol w3l s 5 oo e Bl

| A 4l il e ot 255 00 F s graes
G L s 35y el il gleadl>
S Lacs Lanls slie ol ois 5 s,
s 2Ll Sl 5 S e sl i 6 g

by dal g | glal gral i g Jsb S s

-t i hndne
¢ '
< 26x1 L J26x]1 L J26x1 I ‘
i g 26x1 26x1

Ul jau 3335 R slal

7 et AT LT P )

e Yl adll

dpee by fye g

el
waald e i 5 8080 Vil
Al Sy _‘_q_u):)_q."b-'

JUY Al gL )
(o on Jad pa iia

Gy 2Y s s padll
> S ) 33 Tl s il

Volid j aV il s jaill

L J 26x] J 26x1 J 26x1 26x1 26x1
g i) A e S g Sl jhia ) e (3Ll
S AL a1 p.mmq A Jatsi i e
" AT Dl T L - P IO LR VS

Y »."ﬂlnw P

Yol ) aValha o aill

S50 b lad e o lagast s slhe e 335 0
Gl i oS 3 pb 0 (8 S SOl @b o 5 ki
33,5 o deslus (613 pesls el aw b Lad e ccus
Jh‘dﬁmﬁ/\j\ Z)w(sudj.k})\u.);)b@ﬂb
W e a5l (g ls pesls slaslanl 5
(Sols pesls glaslazel 31 G a 555053 S 0 5 5e
olie (ols menls 4t Y1 et slie
JJ\&J&Z&‘)@}&&})JJAS?LLWWL&
Dl S sl s (gl 5 550 k5J¢§‘_f:.<.;l,:a
oAl el e L lad e e asls (et
0L a gl o CHL@J‘))_}.J\J“T& Cewdas (V 371
.J;ﬁdad.pl}wua}'u\):'\wjjb\”w
)JM‘&_MU,U)_A Sl Wesls duls J>1 1
.CM‘OJ\J A.rb J:J (/\) ‘}gﬂ

S 4 954, lpdaasie sluas Jals
ol 5l s @SS Sdoen JialS Clews (ae
S 9o 3l st cpd 55 e aSl Bl Ol

26x1 i : i
3 SB35 s flanlla

G331 g A e ? >
MNT yalY i
26x1 26x1 26x1
b 33 n J'.‘. oaall

& 1ol o aled
s 3 o g

26x1

RYdla s il Toluly 2 da o adll

Tl T s s anll

rolid; pvaia L
ex1 i ;> b adl 61

s S JL)}AT Sl 350w 0ldl s glaesls Ssbweslel Jle A IS

\Yo



TPV oG dlont o o S

Sl o Gl 5 (63,06 psle 4

o g5 cup pLOISe (Gl p s A g ge]
Gae) Hlude S Sl Gl (sl st dow gy
el s 51 S0 o Gl e et LS Ol e
e S S sl S e Lad e (15 el
ealie) sl S L ke ) 5N e ile slaed
5 Ksde S e A L (s e la
i sl 0T @ bg e IS s yatls s
Colgos sl aw e el olis "L‘jd‘
Sl S i) oY el SO oy o
oaldinl pgd A (63 5,5 Ols=say 5 S o Sls
Ol L o e o2 2 S ghils a2 055 e
Al e Al Lo 53 e 6551
oalie ldel 53 e 0, S5y oo
shael 51 i slael g3 sl bl e Coe el
O3S 3 Ll e sy (553 sltzal) s
s ($ula ymenls slasldzal ) S 2w UK
o=l S s S e sy ) U e Slo
= L e 50 el S e S
L s s ol iy sl ol L ks e
Laces jarlo polde Ol s 5 Jlidy 5,50
sl Sl 3 S o sl i 5 51 0 S
oSl SBL o by S e Jes ales A Ailen
vy b 1S 51 e OLSG dasliel e
Ol o0 e SL s e el el sl
O UL e i3 Oydd s (eas 4SS
Sei dlyy b ol ls 5 1) s ol kil e
i Sl jsba sy pe lredls sl il peas
PO O3l 3 oo (o) pal s
sl i sl et 5 05030 Joa) boapd e
2 Sl e s e slanY (glals, s
o303 i el as IS 1 oS pasie s S
i a5, Sas (Sl ) 2 b s 25

5 S JL))_»T Sl 0sls TN 54 50 8015 47 5
QDH)T Ls‘ﬂ s3ls VO E) Ww LE‘J'.’ sala Vo
.)‘J—; e.buﬁ_w‘ J‘)_}A 9 ol ub;:;l ‘-;BLL.;\ )jb‘u 4.{«'31
Py - .vujw Cowday i slaaY sy, s
sl u;)}“] s :\S«.J: i 4§~.2 u.a.>r.£..a LE"L‘-'Jg'.::‘
hglie 5 et s Shes 51 S Sl b 5 555
8k 0 8 o gl el Sl s S on e 2B
20—t sd Y o0 LY an ae
Sl dms e OLLS |y 5, Shas 1 g 20 Y
dl_&o.}\) d\ﬂ Qx_w;‘) Q\J_:.A eov\_s::;.) L.;J"‘Jjgﬁ
5 /8AY o sLaesls 0 /44Y 5 56l
Cj_a.?w LS‘J_’ u}'&"“’ﬁ) 9 el 4744 d}ﬁ)] 6&03‘)
J'.’.}—"d ) JLJ:): J\_&b(}_a +/490 Lassls Jj
O}t_wﬁ))‘bj_aj (\.)JL&)J}MLSJ”J&
slodal O3 ga3T laosls (gl &Sk

S35 FESR I R T
dsb 03 o QLUK Gl p pmae 803 00 Sy 4 S

1l gl ey
o Network’s output
7+
Fit
o
Output=Real
4.6
5
g X
A 8
al
o o
3
=3
8
2ig "
z 3 4 5 3 7

S g2l a2on gy Syl 53 e (pa3ls LS
S $3503 SLesls IS (gl O e S5 Slages Ve G
Qfﬂ Slaesls gl lude) atw s Jsb j3 e s

(ol +/48 L




uj)[d ‘;w;,«o Glaaj dases c’A.,li/ a:/jjéx? Lo

o Sl gl (sladin g il Sbooe

lej—’ ‘)L_:.v.))jﬁ blg L_SYL—’ Sl Lcewlod ;994""
ol o &_,»_“.lxa )‘ f;,bj)\ J‘g“\ “ )L;.v 9 Lg)‘bﬂcbb
Al e Lasge IS0 bl BL » lcws gla 2
Lla sl U,ZJAlJ k_é.l_htg.o.l_‘iﬁj&a Jij)
S8 Gl = shawe Co e Aul58l 5 (g5l pesls
b g Gl s sbews B, 088
Caslodss §

WJhs S35 e 3ol 5 STl 5 e s
Slwly a5 350 S8 il 44 b g e (slaesls
Ol s S35 e A3 S gl Al Y sk
ad o o s Ll 4 by o slaesly 5 A -l
G Shealiall Laesls Lo Ly s ol el
s etlh pslie Ul.:n_éli.iclzw Ll sl
sl olie 51 S aclou Ly a6l
))_}a.\.dﬁﬁ_o A eslaul M ;g._..:: JLJ}ATC,\.?
A o8 il ame s 5 4 Sy tals
osba &S Jaw ae 3 5 Sl g B3l e
e 2Ol G LS s s e b (55l
Sldail Ol daesls 5 gowe (535 L s S eslinad
M 6[-&4&.«.& Q):.wﬁ) )‘..LSJ .L..:: a.U:L..'Z.a ‘;"NL
(O3l slmesls) aSi losl o slmesls s —
gy ko 5 d5b o s SLOLSG e
030l el o3ty AVA 5040 5 S gl gl
b A A sl el olety R S
slaesls il U eae laasls s, S SsL
gy Jsb bl an 3550 K8 Gl a4 by e
92 )‘ QLA)('_A salal 3_9&&50 )j.\:u e)'l...u Ll JS
Sl plams By s Ole oy IS
Cwlosls

So Gl e 12 2l a0 Sl

Lo iy Sl e sk 5o Sl (Gaie sl
5 Sl o 335 O S g A 25 el
Al el Lesls o (sl Al (eSS 5L
Spdme sl Cb b clew olab slaesle 5500

2205550 5 doh N 55 055 T LY e
Ol s o 0L 1 5, Sas o ng psn Y
lrosls /AT 30l glmosls gl Ogn S
5 el H/AVA Gga3l glaesls 5 /AVA i
J..wbda +/QV Laesls JS § yores L5\4,.! Q};MJST) Ql}:ﬁ
JSs 0 5 Sl s Sy e (V) IS5 s
Dyasl slaesls (gl 4t g S5 513503 (V)

Cslodo]

eI

Jia'uu_y diéud.;\r
o L0 (gl e S g S VY IS

6‘44‘):.,«‘ :\:.dﬁ lﬁ..ﬂm B

3903

16F
: > o
o Network’s output

Fit
Output=Real o

2 4 6 8 10 12 14 16
Sl gmad ey Jams (S0 2 s A3l OIS

Cogmas 65505 el IS 6l O e S5 Slases VY IS
Qyﬂél.h}l}JSUn:’-jM) W gy Laes )5 (e et

(Gl H/AVA L

S S ot 5 Sk per

\AAY



”‘q\/‘& ;/'Lw.j ‘fa/L;wJL.« &J&j}f“i«d(’bﬂj&;/)g,ﬂf&;)j@

23l o VL el LS e a2 Spdme L b omen 5 510 8l 85
b o3l cplicos damd s dlie oalgiig o) Gt L 3l (5 S0 Ly el (g 5le 0
als L e oLl 535000 alis 55 L Saad 5o ol Vb s 4 ax 5L 5 ol
AU B s S e Bt 35S s Laesls Il 5 (g5l s a0 5l o e
op e O8N 5 (ST slaiasin 3ol a5l pte (bl Ail e o sl e

Ly Ll s Gl Sl o et dmlie 6l = Wl 5L slaesls

10.

11.

12.

13.

14.

\) le—' &:J)‘JJ-QQ-)J Q\;::;J‘\S&Lﬂﬁ LSLQOJL«@

e
Qiao, P., Lu, K., Lestariand, W. and Wang, J. "Curvature Mode Shape-based Damage Detection in
Composite Laminated Plates™, Composite Structures, Vol. 80, No. 3, pp. 409-428, (2007).
Fan, W. and Qiao, P., "Vibration-based Damage Identification Methods: A Review and Comparative
Study™, Structural Health Monitoring, Vol. 10, No. 1, pp. 83-111, (2011).
Torabi, K., Shariati-Nia, M. and Heidari-Rarani, M., "Moving Support Technique for Delaminatoin
Detection in Laminated Composite Beams Using the First Natural Frequency", Journal of Reinforced
Plastics and Composites, pp. 1116-1128, 0731684417703489, (2017).
Torabi, K., Shariati-Nia, M. and Heidari-Rarani, M., "Experimental and Theoretical Investigation on
Transverse Vibration of Delaminated Cross-ply Composite Beams", International Journal of
Mechanical Sciences, Vol. 115, pp. 1-11, (2016).
Dessi, D. and Camerlengo, G., "Damage ldentification Techniques Via Modal Curvature Analysis:
Overview and Comparison”, Mechanical Systems and Signal Processing, Vol. 52, pp. 181-205,
(2015).
Giurgiutiu, V., "Structural Health Monitoring (SHM) of Aerospace Composites”, Polymer
Composites in the Aerospace Industry, pp. 449-507, (2015).
Qiao, P., Lestari, W., Shah, M.G. and Wang, J. "Dynamics-based Damage Detection of Composite
Laminated Beams Using Contact and Noncontact Measurement Systems", Journal of Composite
Materials, VVol. 41, No. 10, pp. 1217-1252, (2007).
He, M., Yang, T. and Du, Y.,"Nondestructive Identification of Composite Beams Damage Based on
the Curvature Mode Difference", Composite Structures, Vol. 176, pp. 178-186, (2017).
Xu, Y., Zhu, W. and Smith, S., "Non-model-based Damage Identification of Plates Using Principal,
Mean and Gaussian Curvature Mode Shapes™, Journal of Sound and Vibration, Vol. 400, pp. 626-659,
(2017).
Xiang, J., Matsumoto, T., Wang, Y. and Jiang, Z., "Detect Damages in Conical Shells Using
Curvature Mode Shape and Wavelet Finite Element Method", International Journal of Mechanical
Sciences, Vol. 66, pp. 83-93, (2013).
ASTM A106 / A106M, Standard Specification for Seamless Carbon Steel Pipe for High-Temperature
Service, ASTM International, West Conshohocken, PA, (2010), www.astm.org
Ratcliffe, C.P., "A Frequency and Curvature Based Experimental Method for Locating Damage in
Structures”, Journal of Vibration and Acoustics, Vol. 122, No. 3, pp. 324-329, (2000).
Paya, B., Esat, I. and Badi, M., "Artificial Neural Network Based Fault Diagnostics of Rotating
Machinery Using Wavelet Transforms as a Preprocessor”, Mechanical Systems and Signal
Processing, VVol. 11, No. 5, pp. 751-765, (1997).
Hagan, M.T., Demuth, H.B. and Beale, M.H., "Neural Network Design", Pws Pub. Boston, (1996).

VYA



IV S Splot o e S S > lelons 5 (53,015 pole 42

*Hastelloy X 3WT g gw <S> o5 wlito (Slabaii ioglio S )Ch9> 38 whd wil owyy
(gj“:"hjj’.’. C,.J:‘Jbli)

) ) au]

L;jjﬂfe_éw&&ré‘i/f.é}jJ@ﬁjsfﬁj/‘;}/;w@fﬂ/@j&} Do (sl bl il S Lip) lio ol 4o ONSS
340 O jlael 5 ol pleil bt o il aslezall (g il s Coslocds £y S sS ulio (glabdl zoglio (o (i 4 a0
il 2l s s L;Lawifl@'/"Set-up ol Sl e il Sl fol- F=l et Sl Gl S 15
&jb@j/ul.;b@b@vdj;;djﬁug/jb &Jiilaj/—jyb-uiﬁ LaSs hoi 45 s S aseia s ‘;_e'ﬁ,gr.L?g/HastelloyX
M:w;ﬁbﬁf@w/rb)yjuwJ://;,d)fj‘u/,ldq//ybLy)f_;&}yj;uﬁj}jéjb,ﬁuww./LJL/L/,A

.w/‘}f;j;}jﬂ;u;ijuéb@ﬁ.uéw%W/,.{J;ﬂj S e S glis]

Hastelloy X wles cooslie old o slin « S S olide slahas _zeslie 5580 (SlS™ (SWO319
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Abstract At this paper, a new equation has been presented to calculate the electrical resistance caused
by constriction and presence of surface films on the sheets in small scale resistance spot welding. Then,
the simulations have been conducted using the new model and its validity has been evaluated.
Experimental verification was carried out on sheets made of Hastelloy X and it was found that the
experimental nugget diameters have a good agreement with the results of the simulation. The maximum
nugget diameter was created in the case of thin film. Also, existence of film layer improves tensile
strength. At the presence of thick film the height of the weld is maximum that can be due to expulsion.
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SM. Hosseini

instants. Additionally, the time evolution of phonon and
phason fields at certain points of the analyzed domain
are presented in the following discussions. Figure 1

shows the distribution of phonon displacement u, aong
X direction at severa time instants. The propagation of
wave fronts in the field of phonon displacement U, can
be tracked in Fig. 1. It means that the phonon

displacement wave front propagates with finite speed
along xdirection.

L L L L L L L L L
o 02 03 04 0.5 0.6 0.7 08 05
X direction (m)

Fig.1. Variations of phonon displacement U , along x direction at

varioustimeinstants.

The transient behaviors of phonon and phason
displacements can be found in Figs. 2.
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Fig. 2. Variations of phonon displacement U L alongy direction at

varioustimeinstants.
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Fig. 3. Temporal variations of phonon displacement U, at various

positions.
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Fig. 4. Variations of phonon displacement U y alongy direction at

varioustimeinstants.
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Fig. 6. Variations of phason displacement W, along x direction at

varioustimeinstants.
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Fig. 7. Variations of phason displacement W, alongy direction at

varioustimeinstants.

4.Conclusion

The elastodynamic analysis of two-dimensiona
decagona Al-Ni-Co quasicrystals is carried out using
meshless generalized finite difference (GFD) method in
this article. The assumed two dimensional domains are
excited by a shock loading applied on one side of the
analyzed domain. The GFD method together with the
Laplace transform technique with respect to time are
employed for numerical solution of the present boundary
value problem. To study on the dynamic behaviors of
phonon and phason displacements fields, the phonon
and phason field variables are transferred to time
domain using the Laplace inversion technique based on
the Talbot method. The wave propagations in both
phonon and phason displacements fields are obtained
and discussed in details. The effects of some parameters
such as coupling parameter between phonon and phason
fields on dynamic behaviors of fields variables are
studied. The wave fronts can be tracked at various times,
which means that the wave fronts are propagated with
finite speeds. The presented solution method, which is
based on the GFD method has a high capability for the
dynamic analysis of quasicrystals.
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Two-dimensional transient dynamic
analysis of decagonal quasicrystals
subjected to shock loading using meshless
generalized finite difference (GFD) method

S.M. Hosseinit

1. Introduction

In 1984, anew kind of crystals was discovered, which is
caled as quasicrystals. As compared with the usual
crystals, the elastic behavior of QCs is different. In this
kind of materials, there are two fields which are called
phonon and phason fields. In quasicrystals, the phonon
and phason fields are influenced on each other in static
and dynamic loadings. So, the governing equations are
in the coupled forms of PDEs in which the behaviors of
both phonon and phason fields are related by a coupling
parameter. To simulate the dynamic behaviors of QCs,
the general dynamic theory for QCs should be used. To
obtain the redlistic dynamic behaviors of QCs, there are
some theories for description of dynamic behaviors of
QCs, which were presented in previous published
papers. The easto-/hydro-dynamic model for wave
propagation and diffusion together with their interaction
was employed for dynamic initiation of crack growth
and crack fast propagation for the double cantilever-
beam specimen (DCB) of two-dimensional decagonal
Al-Ni—Co quasicrystals. Recently, an elastodynamic
model of wave — telegraph type was proposed for the
description of dynamic behaviors of QCs. The
developed models for dynamic analysis of QCs such as
elasto-hydrodynamics and wave type models give us the
coupled set of PDEs. To solve the coupled PDES, there
are some anayticd and computational (numerical)
methods such as meshless methods and mesh based
methods.

There is another numerical method based on the
meshless approach caled the generalized (finite
difference (GFD) method. The GFD method is a
numerical method based on the meshless approach,
which has a high capability for solving the coupled
governing equations. In this paper, an effective meshless
numerical method based on generalized finite difference
(GFD) is employed for dynamic analysis of a two
dimensional domain made of 2-D decagonal QCs, which
is assumed to be under shock loading. The meshless
approach is used for approximation of both the phonon
and phason displacements and the stress tensors are
approximated by using the constitutive relationships and
derivatives of approximated displacements. The
interaction between phonon and phason fidlds is studied
in the presented dynamic analysis. Also, the effects of
some parameters such as coupling parameter and the

! professor, Industrial Engineering Department, Ferdowsi
University of Mashhad, Mashhad, Iran.
sm_hosseini @um.ac.ir

phason friction coefficient on dynamic behaviors of both
phonon and phason fields are obtained for the problem.

2. Governing Equations
The equations of motion in the theory of compatible
elastodynamics of quasicrystals in terms of the momenta
and stresses take the form

oj,j +fi=pU @
Hijj + G = DyW; )
where f; , g; are the phonon body force and the
phason body force, respectively, while Dij is the phason
coefficient of frictional force (dissipative force) vector.
In isotropic case, Djj =D¢g; and D>0. The

generalized Hooke's law in two-dimensional elasticity
for quasi-crystals are given as

0ij = Gji €l + Rji ®
Hij = Raijéw + Kijn 94 (4)
where gj; and Hi;; are the phonon and phason stresses,

respectively, while the corresponding phonon strains £
and phason strains wyy are defined in terms of gradients
of the phonon displacementsuy;(x,t) and phason
displacements w: (X,t) as

€ij(X,t)zé[ui,j(xit)-i-ujyi (X't)] ©

w;; (X, 1) =W,  (X,t) (6)
It should be noted that @) isnot symmetric in contrast
to ¢ . Thetensors of material coefficients and coupling
coefficients are given as

Gji = 120301 + Ce6(IikIji + i1 Fjk)

Co6 =(C11—C12)/ 2

Kija = KiSikdji + Ko (88 =81k ) (7

Rij = R[(5il5jz +5i2511)€3|k]
+ R[(5i1511—5i25j2)5k|}

3. Numerical example and discussions:

To show some numerical results of the problem, a two
dimensional domain is assumed with the following
mechanical properties of Al-Ni-Co QCs. It is noted that
the phonon displacement on one side of the assumed 2D
domain is excited as suddenly increasing of phonon
displacement (shock loading) to find the dynamic
behaviors of both phonon and phason displacement
fields. The influences of the variations in the phonon
filed on the phason field are studied in this section. The
transient behaviors of the phonon displacement based on
the applied shock loading on one side of the 2D domain
is illustrated by the spatial distributions at severa time
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conditions is investigated on a NACAQ012 airfoil with
plunging motion. Surface temperatures of 200, 250,
300, 350 and 400 k are considered. Due to legibility,
instantaneous  lift coefficient for only surface
temperatures of 200, 300 and 400 k is demonstrated in
Fig. 4. According to this figure, cooling increases
maximum instantaneous lift coefficient slightly while
heating decreases this coefficient. As shown in Table 1,
by enhancement of temperature to 400 k, maximum lift
coefficient reduces almost 7.5%. However, this
coefficient is increased about 3.8% by reduction of
temperature to 200 k. It should be noted that due to
symmetric geometry of airfoil, mean lift coefficient is
zero in all conditions. Based on Fig. 4, sinusoidal form
of lift coefficient diagram is slightly changed by cooling
and heating. Instantaneous drag coefficient is shown in
Fig. 5.
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Fig. 1 schematic of plunging motion.

F

|

Fig. 2 C-type mesh around airfail.
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Fig. 3 Validation for drag coefficient of NACAO0012 airfail,,
Re =20000,K =3.93,H =0.0125,T, =300 K, Ts = 350 K.

Tablel Maximum lift coefficient for various surface temperatures
of NACAQ012 airfoil

T, T,=250K | T,=300K | T,=350K | T,=400K
= 200K

Cimax | 1.1286 1.1106 1.0875 1.0569 1.0115
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Fig. 4 Lift coefficient for various surface temperature of
NACAO0012 airfoil, Re = 20000, K = 3.93, H = 0.0125.
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Fig. 5 Drag coefficient for various surface temperature of
NACAOQO012 airfoil, Re = 20000, K = 3.93, H = 0.0125.

4- Conclusion

In this study, impacts of heat transfer on aerodynamic
performance of plunging airfoils are analyzed. Hence,
the fluid flow is assumed wiscous, compressible and
unsteady with Re of 20000. Navier-Stokes equations
are discretized by FVM and are solved by PIMPLE
algorithm. The main findings of the present study can be
summarized as follows:

1. For the symmetric airfoil of NACA0012, by 50 k and
100 k reduction of surface temperature than free stream,
mean drag coefficient decrease 12.98% and 38.91%,
respectively. However this coefficient increases 10.7%
and 20.2% by 50 k and 100 k enhancement of surface
temperature.

2. In low reduced frequency, vortices pattern is being in
drag generation style at all conditions of heat transfer.
But by increase in reduced frequency, vortices pattern
will be changing in order to produce thrust and drag in
cooling and heating conditions, respectively.

3. For the non-symmetric airfoil of NACA4412, heat
transfer not only affects the mean and instantaneous
drag coefficient but also changes the mean and
instantaneous lift coefficient. In addition, in cooling and
heating conditions, mean lift to drag ratio increases and
decreases 87.8% and 91%, respectively than the
condition without heat transfer.
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I mprovement of Aerodynamic Performance
of Oscillating Airfoilswith Plunging M otion
at Low Reynolds Numbers Using
Heat Transfer

A. Samieel, M. H. Djavareshkianz, M. Honarmand®

1-Introduction

Due to importance of Micro Aerial Vehicles (MAV),
many studies have been done to develop this field of
research. Motivation of recent attempts is to improve
aerodynamic performances in Low Reynolds Number
(LRN) flow. Therefore, many methods including
optimization of airfoil shape, blowing and suction are
used in these researches to modify these performances.
On the other hand, theory of using heat transfer based on
viscous boundary layer characteristics can also be
utilized to improve the aerodynamic efficiencies. The
main objective of this paper is to investigate effects of
heat transfer on aerodynamic performance of symmetric
and non-symmetric airfoils with plunging motion.
Hence, the fluid flow is assumed viscous, compressible
and unsteady with Re of 20000. Navier-Stokes
equations are discretized by Finite Volume Method
(FVM) and are solved by PIMPLE algorithm. Also the
influence of heat transfer on vortices pattern of trailing
edge and consequently on aerodynamic performance of
airfoil is analyzed. Results indicated that cooling surface
of NACA4412 airfoil can increase the mean lift to drag
ratio up to 87.8% than the condition without heat
transfer while heating decreases this ratio to 91%. Also
in low reduced frequency, vortices pattern is being in
drag generation style at all conditions of heat transfer.
However, by increase in reduced frequency, vortices
pattern will be changing in order to produce thrust in
cooling condition.

2- Numerical Method

Flow properties are not generally constant with
temperature alteration. With assumption of an isobar
state changing, air density decreases by temperature
enhancement while dynamic viscosity and thermal
conductivity increase. Moreover, specific heat remains
stable and Prandtl number decreases slightly. Evaluation
of air physical properties indicates that these properties
are changed inherently and should be exerted in
computation. Thermal conductivity is obtained by
Eucken relation. Dynamic viscosity is evaluated by
Sutherland model.

! M.Sc., Ferdowsi University of Mashhad.

2 Corresponding Author: Associate Professor, Ferdowsi
University of Mashhad. javareshkian@um.ac.ir

* M.Sc., Ferdowsi University of Mashhad.

Conservation laws of mass, momentum and energy
are governing equations. Derivations of these equations
are mentioned by different references. For current
research, flow field around airfoil is solved by equations
of continuity, compressible Navier-Stokes and energy
which are shown as bellow, respectively:

dp 0

E+0_Jci(pui)_0 (1)
d a aTi]' ap

T (pwy) + o (puju;) = ox, ox, @)
9 F d (kydh\ Dp

0+ ) = (2 50)+ G)

where i = 1,2 are X and Y coordinates, respectively. u;
indicates velocity through i direction. Enthalpy is
expressed by h=-e+ p/p. Dp, D¢ shows substantial
derivative of pressure and computes accomplished work
by pressure. Converted kinematic energy to heat by
viscous loss is small in comparison with other terms and
can be neglected. Flow is assumed Newtonian and fully
laminar. Governing equations in vector condition and
independent of coordinates can be shown as bellow:

P
5 (09) +7.(pp(U ~ Up) = V.(I'7p) +5, @

where ¢ is variable and can be u,v and h and Uy is
mesh velocity. In other words, dynamic mesh is used for
changeable geometry. Equation 4 is discretized by FVM
and is solved by pressure based algorithm. In the current
study, diffusion and convection terms are discretized by
second order central and upwind difference,
respectively. Also fully implicit method of Euler is used
to discretize temporal terms. Temporal integration on
diffusion and convection terms can be accomplished by
explicit or implicit method. However, due to stability
condition, implicit scheme is better than explicit one. In
this research, discretized equations are solved by
PIMPLE algorithm. As known, this algorithm is
combination of SIMPLE and PISO algorithms. SIMPLE
algorithm is applied by PIMPLE one as a new outer loop
in the PISO algorithm

3- Resultsand Discussion

Schematic of plunging motion is shown in Fig. 1. C-type
mesh is used to model the flow around the airfoil in this
paper. General scheme of C-type mesh is shown in Fig.
2. In order to validate performed simulations, results of
present research are compared with those of Hinz,
Alighanbari. Drag coefficient of present simulations are
compared with those of mentioned research in Fig. 3.
This figure shows high accuracy of present simulation in
comparison with numerical data of Hinz, Alighanbari.
At first, influence of heat transfer in cooling and heating
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(Enom=122kW), the maximum value of

REUAB

was327x10%($lyear). Finaly the sensitivity analysis of
the effect of apply real conditions for prime mover
showed, REUAB decreased -0.79%. Furthermore
the gas engine nominal power increased 10.7%.

Table 1. Optimum values of decision variables aswell asthe value of objective function (REUAC)

and MRM methods at the optimum point for grid on mode

L . Without any a constraint of
Optimization procedure enforcing sdecting prime mover
MRM, MRMpy
Parameters MRM.and MRM; and and and
REUAB REUAB REUA REUA
B B
Nominal Enum, Enom,z Enom,l Enom,z Enom Enom
Gas engine nominal power (kW) 34 87 22 303 122 323
Boiler heating capacity (kW) 463.3 199.2 462.8 203.5
Electrical chiller capacity (kW) 5375 352/7 537.2 355.7
Absorption chiller capacity (kW) 1135 298.3 1138 295.3
REUAC ($/year)x10” 94.9 88.1 3275 3185

Table 2, Results of sensitivity analysisfor changein optimum
values of design parameter s and objective function (REUAB)

Design Parameters

Change in optimum

values
Gas engine nominal power (%) +10.7
Boiler heating capacity (%) -11.73
Electrical chiller capacity (%) -10
Absorption chiller capacity (%) +9.6
REUAB (%) -0.79
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Optimization of Combined Cooling Heating
and Power System (CCHP) by a Novel
Hybrid M ethod

M.M. Ghafurian® H. Niazmand?

1- Introduction

Combined cooling, heating and power (CCHP) systems
(also called trigeneration systems) are a combination of
combined heating and power (CHP) systems with
absorption or electrical chillers. Combined heating and
power (CHP) systems are highly efficient and produce
power and heat by utilizing a single source of energy.
This system prevents losses of distribution and
transmission in globa network, decrease fuel
consumption, increasing competition in  power
generation and reducing air pollution. The numerous
studies have been done on CCHP showing no complete
modeling and optimization by two methods of REUAC
and MRM has been not performed so far. In the present
study, a novel method that considers energy, economy
and emission aspects of the project is presented for
sizing and selection of the trigeneration system. The
relative equivalent uniform annua benefit method
(REUAB), MRM methods are used as for optimum
sizing of the system. The results of sizing are presented
for grid on mode. Findly, sensitivity analysis is
performed to examine the effects of 10 % increase in
electricity and fuel costs on the objective functions and
optimum values of design parameters.

2- Methodology

The present case study is a hotel building in Tehran,
Iran.

Inlet electericity demand
2 = to compression | Fop,
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chiller ﬁ g g |
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Eru £
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Fig. 1 The schematic of CCHP system with inter-connection
tothegrid.
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The hotel cantained 24 suits with the area of about
90 m* Figurel shows the CCHP system with inter-
connection to the grid.

In this research, the maximum rectangle method
(heating MRMpand electric MRM, )and relative
equivalent unifarm annua benefit method (REUAB), is
introduced to determinate the capacity of prime mover
and other equipment of CCHP system. In fact, REUAB
of al costs of traditional power system (EUAB,,,4) and
CCHP system (EUAB(cyp) are found by the following
equation:

REUAC = EUABy;aq — EUABcchp (1)

In this method, REUAC function is determined
based on annual benefit, required annual load of
building, driven capacity, element load, boiler and
chiller capacity. The MRM is determined the
limitation of prime mover nomina capacity for
optimization because the equipment's nominal
capacity are not from the maximum range of
energy demands.

Max{REUAB} = (n; x Enom)°Pt
)

Min{EMRMi} < n]- X Enom < MaX{EMRMi}

3- Reaults

Table 1 shows the optimum values of decision
variables as well as the value of objective function
(REUAC) at the optimum point for grid on modes
and Table 2 shows the results of the optimization
by applying the real conditions for prime mover on
the objective functions and optimum values of
design parameters. It was observed that REUAB
for MRM,& REUAB mode was higher than MRM,
& REUAB mode in the same constraint of
selecting prime  mover.  Furthermore,  if
optimization procedure is not performed by
applying rea conditions for the prime mover, the
optimum values of design parameters and objective
function will be unreliable.

4-Conclusion

New approach was introduced for estimating capacity of
combined cooling, heating and power system for grid on
operating mode. The decision variables include cooling
capacities of absorption and compression chillers,
nominal capacity of prime mover, its part load and
boiler heating capacity. single- objective optimization
Genetic Algorithm are used for obtaining the final
optimum point considering energy, economy and
emission aspects with the help of REUAB and MRM
methods. Results for our case study showed that by
selecting one optimum selected gas engine
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Fig. 4. Frost thicknessin front of steel cylinder
for different wall roughness.

Fig. 5 shows frost thickness for different wall
roughness and thermal conductivity coefficient. Further
increasing the wall roughness, the frost thickness
increases and increasing the thermal conductivity
coefficient of rough surface, raises the frost thickness
too.
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Fig. 5. Frost thicknessin front of cylinder for different
wall roughness and thermal conductivity coefficient.

4. Conclusion

In this study the wall roughness effect on frost
formation over a cylinder frost on horizontal cylinder in
force convection conditions was investigated
experimentally. The effects of cold surface temperature,
the number of meshes and different material on frost
thickness were studied. The obtained results show:

As wadl roughness increases, frost thickness
increases too.

As the thermal conductivity coefficient of wall
increases, the frost thickness also increases.

In front of cylinder, the frost thickness is
minimum and at the behind of cylinder it is
maximum.
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Experimental Study of Wall Roughness
Effect on Frost Formation over a Cylinder

B. Behroozi*, H. Basirat Tabrizi®, E. Damangir®

1. Introduction

Frost formation is a common phenomenon in the
industrial and household heat exchangers. The frost
develops when a humid air comes into contact with a
cooler surface then to its freezing point. This
phenomenon improves the performance of heat
exchangers due to the increase of surface of the heat
transfer at the start of process. But with the lapse of
time, the frost acts as insulation causing a drop in hest
transfer and performance of the system. Frost action isa
fundamental problem contributing to the instability of
infrastructure embankments in regions of seasonal
ground freezing, and often results in railway and
highway engineering difficulties.

In this study, wall roughness effect on frost formation
over acylinder isinvestigated.

2. Experimental setup

Figures 1 and 2 illustrate the system designed in this
experiment. It consists of atest section, achannel with a
large cross section, a diffuser, aturn, and a channel with
small cross section connecting to air chamber that
includes: fan, heater, and humidifier.

Cylinder

Diffuser Chanel

02m

! Test section

Fig. 1. Side view of thewind tunnel apparatus
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Fig. 2. Plan view of the wind tunnel apparatus.

Cooling system includes a % hp compressor
functioning with R502 coolant. Evaporator is a cylinder
which measures 16 cm in outer diameter. The outer
cylinder is Aluminum of thin plate which measures 0.2
mm in thickness and covers the evaporator channel. The
evaporator channel is a 35 m copper tube that was
coiled and fitted around a hollow aluminum cylinder.
The inner surface of the hollow cylinder is fully
insulated by yonolit.

3. Results and Discussion

Fig. 3 shows the frost thicknessin front of steel cylinder
for n=50. According to Fig. 3, as cylinder temperature
decreases, frost thickness increaseses because mass and
temperature potential increases.
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Fig. 3. Frost thicknessin front of steel cylinder for n=50.

According to Fig. 4, as wall roughness increases,
frost thickness increases.
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transport (COT) with the constraint of zeroing state
vector error between two successive steps. Vector of
optimization parameters includes initial condition of
single support phase and discretized values of torques
of motors during gait. Fitness function of the numerical
optimization is assumes as the sum of energy
expenditure function and penaty functions of
congtraints. Vaue of this function undergoes a
descendent trend and converges to an optimal value
after successive stages of optimization each having
almost 100 iterations. Torques of the motors and stick
diagram of the resulted optimal gaits have been shown
infigures2to 5.
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Fig. 2. Optimal motor torques of the telescopic springy leg robot.
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Fig. 3. Stick diagram of the optimal gait of the telescopic
springy leg robot.
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Fig. 4. Optimal motor torques of the kneed compass gait robot.
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Fig. 5. Stick diagram of the optimal gait of the kneed

compass gait robot.

5- Conclusion

In this research, two practical biped mechanisms based
on well-known theoretical models (SLIP and compass
gait) were considered for a real robot and optimal
walking gaits compatible with real condition were
planned for them. However, the kneed telescopic
springy biped model can reduce energy expenditure of
the motors in running gaits, unexpectedly had a bit
lower efficiency than the model without springs. This
is because springs generating disorder in motion and
wasting motors energy increase cost of transport.
Furthermore, considering knee for swing leg and its
flexion and deflexion in real condition increases COT.
In the other model, however, the kneed compass gait
model, existence of the knee for swing leg increases its
COT relative to the theoretical compass gait model
modeled by the other researchers.
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Dynamic Modeling and Optimal Walking
Gait Planning of a Real Biped Robot Based
on SLIP and Compass gait M odels
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1- Introduction

Biped robots with point feet demonstrate faster gaits
and more natural dynamics while their gait planning is
very difficult due to their underactuation. This research
focuses on modelling, optimization and gait generation
of two different real biped modes including a
telescopic springy biped model and compass gait biped
with kneed swing leg. The main difference of these
models with their corresponding theoretical models is
that to give redlization to the gait of these models the
knee of their swing leg bends, clears the ground and
straightens before touch-down. It increases degree of
freedom and divides single support phase to two sub-
phases. The main contribution of this research is to
present real and practically implementable models for
spring loaded inverted pendulum (SLIP) and compass
gait theoretical models to compare their efficiency. To
do s0, the robot TARMER (fabricated in the University
of Tabriz) is used for dynamic modeling and planning
optimal gaits.

2- Therobot model with telescopic springy leg

Walking dynamics of the telescopic springy biped
model (Fig. 1) is based on SLIP model. The model has
point feet, its torso angle is constrained and the robot
moves in sagittal plane. Walking gait of this model
includes single support sub-phases, touch-down event
and double support phase that are modeled using
Lagrange equations. Dynamic model of each
continuous-time phase is derived as

[D(q)]nxn[q]nxl+[c(q’q)]nxl = [B]nxm[u]mxl (l)

in which, n is degree of freedom (DOF) and m is the
number of control inputs.
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Fig. 1. Single support phase of telescopic springy leg robot with
kneed swing leg.

In single support sub-phase with kneed swing
leg n =4 andm = 3, and the vector of control inputs
including motors torques is u = [u;,us,uys]”. The
dynamic equaions of the successive phases are
combined together to make dynamic model of a
walking gait. In single support sub-phase with
straightened swing leg, the swing knee is locked and
robot has 3 DOF with two control inputs as u =
[u;, u3]7 and in the dynamic equations n =3 and
m=2.

In double support phase, both the feet are pined to
the ground, the robot has 2 IDOF and there is only one
motor torque between legs. So in its dynamic model
n =2 and m = 1. Also touch-down model is derived
using Lagrange impulse equation and two constraint
equations of pcst touch-down velocities.

3- Therobot model with kneed compassleg

This model is similar to the previous model but its
links are rigid without springs and its gait is based on
compass gait model. The only difference is its kneed
swing leg to clear the ground and straightened again
before touch-down to be compatible with real
condition. In single support sub-phase with kneed
swing leg n =3 and m =3, and in single support
sub-phase with straightened swing leg n =2 and
m = 2. Double support phase of this model takes place
instantaneously within touch-down event.

4- Optimal walking gait planning

Optimal walking gait is derived by minimizing
mechanical energy expenditure function named cost of
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The solution of the differential equation (5) using the
initial condition (9) is asfollows:

X1 = exp(A.AD) X, (20

In solving problems through the proposed algorithm,
the material status should be checked. In each step of the
analysis, if the material becomes plagtic, the step is
commonly divided into two parts, i.e. fully-elastic and
elasto-plastic parts. In the agorithm, this division is
done using the parameter 0 < @ < 1; «a is applied for
the elastic part and (1 — «) for the elasto-plastic part.

5- Numerical Tests

In this paper, firstly, the verification of Quarter-step
exponential map method is checked. After that, the
accuracy of the proposed method and its convergence
rate to the accurate response are investigated. The results
are presented in different figures and tables.

In order to verify the Quarter-step exponential map
method presented, two specified strain histories are
considered. Subsequently, the relative stresses are
updated for two different materials. Stresses are updated
with very fine time step (At = 1 x 10~ 5sec) using the
proposed method and the explicit exponentia map
technique. If the results obtained from the mentioned
methods are equal, the validity of the proposed method
is concluded.

In addition, a boundary value problem (rectangular
plate under tension loading) is solved by the proposed
algorithm. The obtained results are compared with the
results from the FEAP software. The FEAP is a finite-
element software based on Backward-Euler method. In
the results presented, the validity of the Quarter-step
method is observed clearly.

In order to assess the accuracy of the Quarter-step
method, the stresses are computed for the
aforementioned strain histories and materials. The stress
relative error is calculated using the following relation:

Ea— — ”Jn_a'n” (11)

" 7l

where, g, is the accurate stress vector and ¢, is the
updated stress vector at time t=tn. The accuracy of the
outcomes achieved from conventional semi-implicit
method is more than those from the Quarter-step
method. Moreover, the convergence rate to the accurate
response is calculated using the average of the relative
errors through whole path and is compared with the
conventional semi-implicit method. The average is
calculated asfollows:

E% — lz ”Un_a'n” (12)

N g

The tables presented in the paper indicate that the
convergence rate of the Quarter-step method to the

accurate response is first order while the convergence
rate of the middle-step method is second order.

6- Conclusion

In this paper, an integration algorithm, called Quarter-
step exponentiad map, is presented for von-Mises
plasticity with linear isotropic and kinematic hardening.
The main target of the present work is to investigate the
semi-implicit exponential map method. The framework
of the method is constructed so that the variables are
taken from the first quarter of the plasticity step. Based
on the results obtained from the numerical tests, the
following can be concluded:

In the semi-implicit exponential map technique, in
which the variables are picked up from the middle of the
plasticity step, the accuracy is more than the state in
which the variables are chosen at the first quarter of
plasticity step. In addition, the convergence rate to the
accurate response in the former is second order whereas
the latter displays afirst-order rate.

The accuracy of integration methods for the
plasticity equations is significant. If the accuracy of the
method increases, one can use larger time steps for the
analysis. Moreover, the achievement of the required
accuracy of aproblem and reduction of the analysistime
occur simultaneously.
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Verification of Quarter-step Exponential
Map Method for Integration of Von-Mises
Plasticity

N. Haji Aghajanpour’, M. Sharifian®, M. Sharifian®

1- Introduction

Updating stress in a nonlinear finite element analysis is
the most important part as the precision of the stress-
updating algorithm greatly affects the accuracy of the
final solutions; the most important part of the analysisis
the stress-updating. There are two key factors that have
an impact on the efficiency evaluation; i.e. the accuracy
and time. Based on this point, the investigation of the
accuracy of the integration methods becomes important.
The methods used for integrating plasticity differential
equations can be divided into three-magor groups
including explicit, implicit and accurate methods. It
should be noted that, exponential map methods which
are in the explicit group, the integration operates in an
augmented stress space.

Due to lots of calculations in the nonlinear analysis,
choosing the more accurate method can reduce the
analysis time dramatically. It means one can reach the
intended accuracy in lesstime.

The exponential map methods are more accurate
than the other methods mentioned above. In addition,
most of them are compatible with the yield surface. It is
worth saying, the explicit nature of the exponential map
methods causes the high efficiency of them. Due to the
aforementioned features of the exponentidl map
methods, the writers of this paper were persuaded to
conduct this research.

As mentioned before, the accuracy of integration
methods greatly influences their efficiency. Moreover,
in the semi-implicit exponential map methods, the
common approach is to pick up the variables from the
middle of the plasticity step. In this study, the purpose is
to evaluate the effects of choosing the variables at the
first quarter of the platicity step on the accuracy and the
convergence rate to the accurate response. In order to
reach this target, a von-Mises plasticity is taken into
account with linear isotropic and kinematic hardening.
The relationships of the exponential map method are
constructed so that one can pick up the variables from
the first quarter of the plasticity step. Finally, a number
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of numerical tests are performed to determine the
accuracy and compare the methods.

2- Basic model

A von-Mises plasticity model with linear isotropic and
kinematic hardening in small strain realm is considered.
The most important equations related to this model are
asfollows:

F=|Zll-R=0 (@)
R =Ry + Hiso¥ (2)
& = Hy,€P (©)
¥y=0,F<0,yF=0 (4)

The above relations indicate the von-Mises yield
surface, the isotropic linear hardening rule, the Prager’s
kinematic hardening rule and the Kuhn-Tucker loading-
unloading conditions, respectively.

3- Augmented differential equations system

The constitutive equations related to the von-Mises
plasticity model with linear mixed hardening can be
converted into the following nonlinear differential
equation system using the definition of non-dimensional
shifted stress vector (Z) and the integration factor X° as
afunction of y:

X = AX )

where, X is the augmented stress vector with the
dimension n +1:

x= (8- () ®

The A matrix for each eastic and plastic part has
different definitions:

26 [Qgxg €9x1
A =—[ 7

¢ R 105y .0 10x10 @
Ooxg €91

26 ]
T
€ 1x9  Olipuo

PR

(8)

4- Numerical algorithm for stressupdating
In stress updating process, the variable values at time
t=t, (¥p,ay,e,s,) and the strain vector at time
t =tp41 (€p41) @e known. The proposed algorithm
should solve the plasticity equations and update the
stress and other varidbles a time t=t,.,.
Conventionally, the strain rate is considered constant
(é = cte) in the selected strain paths for the accuracy
investigations.

The following initial condition is used to obtain the
solution of the differential equation (5):

x(©) = {8 = {?} ©
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aerodynamic forces reduced the jets length. It is well
shown that elliptical and rectangular jets are affected by
surrounding air sooner than the circular jets. Thisis due
to larger perimeter of the non-circular jets.

At higher jet velocities, where jets are in the second
wind-induced regime, the length of the circular jet is
much shorter than other jets. However, the comparison
between elliptical and rectangular jets reveal that the
different between them is negligible as they both are
governed by the presence of axis-switching
phenomenon.

400

—— Circular jet
350 |——d—— Elliptical jot
——— Rectangular jet

Breakup length (mm)

0 5 10 5 20 25 30 35
172
We

Fig. 2. Breakup length of rectangular, eliptical and circular jets.

For every elongated nozzle such as rectangles or
ellipses, there is a minimum We at which liquid jet
begins to display interfacial oscillations that are known
as axis-switching. Prior to this minimum, We the liquid
jet transforms into a circular column due to the work of
capillary forces. The characteristics of axis-switching
phenomenon which are wavelength and wave amplitude
have been investigated for both of the rectangular and
the eliptical jets. The variation of the axis-switching
wavelength with sguare root of Weber number is
illustrated in Fig. 3. This figure demonstrates that the
axis-switching wavelength grows linearly for both
rectangular and elliptical jets. It is seen that the
wavelength of both jets are nearly the same.

120

i (5] Rectangular jet
100 A E_II|pt|ca_I jet =]
T Linear fit g
Kasyap et. al. [15] <

80}
60|
4o}

20}

Axis switching wavelength (mm)

35

we®®

Fig. 3. Variation of axis-switching wavelength.

The measurements of axis-switching amplitude were
performed for both elliptical and rectangular jets for a
wide range of velocities. The variation of Dy With the
square root of Weber number is shown in Fig. 4.
According to this figure, two distinguish behaviors can
be observed for the axis-switching amplitude. At the
first stage, the amplitude of rectangular jets increases
monotonically with/We . This stage is in coincidence
with the strengthening of jet lateral inertia that happens
due to the increase of jet velocity. After reaching a

maximum point, the slope of D begins to decrease
gradualy.

1.6
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a Rectangular jet
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Fig. 4. Variation of axis-switching amplitude.

4- Conclusion

In this study, the flow characteristics of rectangular,
dliptica and circular jets were experimentaly
investigated. Using shadowgraphy technique and high
speed photography, the jets flow was captured at
different flow conditions. Different parameters of the
liquid flows were obtained and compared between
different geometries. It was revedled that at high jet
velocities the mean breakup length of elliptical and
rectangular jets is nearly equal and longer than the
circular jet. It was also shown that the non-circular jets
enter the first wind-induced and second wind-induced
regimes at lower velocities in comparison with circular
jet. The variation of axis-switching wavelength were
measured for both dliptical and rectangular jets and it
was figured out that wavelength increases linearly with
jet velocity. Further, the different between the
wavelengths of elliptical and rectangular jets was
negligible at lower velocities, while their difference
increased at higher velocities. Based on this results, a
semi-empirical relation was devel oped for describing the
axis-switching wavelength of non-circular liquid jets.
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Experimental Investigation of Breakup
Characteristics of Elliptical, Rectangular
and Circular Water Jets
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1- Introduction

The injection of a liquid jet into quiescent air is a
fundamental flow phenomenon that is relevant to many
applications in everyday life. These gpplications range
from agricultural irrigation systems, medical inhalers,
firefighting, paint sprays and printers to name a few.
Numerous theoretical and experimental studies have
been performed to investigate the flow physics
associated with the injection of a liquid jet into a
stagnant gaseous medium. Different factors can affect
the injection of a liquid jet however the geometry of
nozzle is one of the most important ones that highly
change the physics of the liquid jet injected into stagnant
air.

Many investigations focused on the circular jets,
however recently a great attention has been paid to non-
circular jets as they can bring in new characteristics to
theliquid jet flow. Indeed, non-circular liquid jets have a
potential to be used as passive flow controllers in
different industrial applications. Elliptical jets have been
studied more than any other geometry. Several studies
have reveded the formation of axis-switching
phenomenon which the ateration of maor and minor
axes of the jets. The length characteristics of this
phenomenon including wavelength and amplitude were
reported in details. Moreover, it has been shown that
rectangular jet manifests similar behavior, though in
contrast to elliptical jets the quantitative results are
scarce. In this study, we deal with the shape of nozzle by
using arectangular and elliptical nozzle in order to draw
a comparison between the flow characteristics of both
jets. Furthermore, a circular jet with equal cross
sectional area is also implemented to be used as the
reference geometry. The main flow characteristics of the
jets flows including breakup length and axis-switching
wavelength and amplitude are obtained and compared.

2- Experimental Setup

The experimental setup used in this investigation was
the conventional setup widely employed in the
experiments of liquid injection. A liquid storage tank
was pressurized by a compressed nitragen capsule. The
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liquid tank was fed with tap water before performing
tests and a baffle avoided undesirable interactions
between high pressure gas and resting liquid. In the
whole experiments, steady liquid flow was produced
with a constant pressure difference of 4 bar between the
ambient air and liquid tank. The liquid volumetric flow
rate was controlled and measured via rotameter-type
flowmeters. Shadowgraph technique along with a high
speed camera were employed for the purpose of flow
visualization. Moreover, the flow rate of water was
varied from 2 to 120 liters per hour that is correspondent
to Weber numbers ranging from 0.5 to approximately
1100. Three injectors were manufactured from stainless
steel with Electro Discharge Machining (EDM)
technique that is known to provide the best quality
among other methods. The schematic of the nozzle
assembly and photos of the constructed geometries are
provided in Fig. 1.
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Fig. 1. Details of the injectors geometry.
3- Resultsand Discussion

The breakup characteristics of a liquid jet discharged
into quiescent air vary in accordance with severa
factors. Variation of these factors determines the
dominance of main governing forces of the liquid jet
dynamics which are capillarity, aerodynamics and
inertia forces. This diagram which is known as stability
curve clearly distinguish between different regimes of
jet breakup. Based on stability curve, jet breakup
regimes are divided into three groups including Rayleigh
regime, first wind-induced regime and second wind-
induced regime The breakup length of rectangular,
dliptica and circular jets at the Weber numbers
corresponding to the Rayleigh, first wind-induced and
second wind-induced regimes is illustrated against the
squared root of Weber number in Fig. 2. Asseen, in low
Weber numbers corresponding to Rayleigh regime, the
breakup length of al jets increase linearly with Weber
numbers until reaching a maximum. After that, the jets
enter the first wind-induced regime a which the
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