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High order buckling analysis of composite sandwich
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Abstract: In this paper, buckling analysis of composite sandwich cylinders with transverse
flexible core is investigated using an improved higher order sandwich panel theory
(IHSAPT). The face sheets of sandwich cylinder are made of laminate composite that lay up
symmetric and anti-symmetric. The case study is under axial compression load and external
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eramat pressure. The first order shear deformation theory and second Frostig’s model is proposed

MalekzadehFard

Professor, Space
Research Institute,
MalekAshtar University
of Technology, Tehran

Ali Negahban
Boron

Assistant Professor,
Department of
Aerospace Engineering
Shahid Sattari
Aeronautical University
of Science and
Technology, Tehran

for deriving displacement field of face sheets and core, respectively. Lagrange’s principle
considering initial stresses is used for extracting governing equations. The Buckling problem
of the shell has been numerically solved by using the Galerkin’s method. In this research, the
effects of some important parameters including core radius to cylinder thickness ratio, length
to core thickness ratio, face sheet to cylinder thickness ratio and length to core radius ratio
on the buckling response of composite sandwich cylinder are studied. The obtained results
indicate that by decreasing face sheet to cylinder thickness ratio and length to core radius
ratio, and increasing core radius to cylinder thickness ratio buckling load of composite
sandwich cylinder are increased.
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Numerical modeling methods for particle deposition in
common industrial problems

Abstract: The numerical modeling of particle deposition in industrial problems is essential
due to domination on intricate details of this phenomenon. In the present study, suggestions
for properly using the governing equations and conditions have been presented. Modeling
particle deposition phenomenon is generally divided into the Lagrangian and Eulerian
approaches. Eulerian approaches are used to model particles deposition when the volumetric
ratio is higher than 10~° and The Lagrangian approaches are used for the volumetric ratio of
particles less than 1073, The Drift Flux method is more common among the Eulerian
approaches than others. In Lagrangian approaches, if the particles are small (in Nano size),
and the volumetric ratio of particles is less than 1076 due to the greater Van der Waals force
between the particles and deposition place, the condition of the sticky wall is invoked.
Furthermore, with increasing the size of the particles, the possibility of rebounding after their
collision should be investigated. Moreover, if the flow rate is high, the possibility of particles
detachment from the deposited layer should be considered. Also, the temperature affects
particles deposition. Increasing temperature changes the phase of the particles, and as a result,
they settle when they hit the surface.
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Evaluation of various thermal and fluid simulation
parameters of performance of NVDSF with Fluent software

Abstract: The mechanism of operation of the double skin facade with natural ventilation (NVDSF)
is based on the thermal behavior and air flow in the middle cavity. Computational fluid dynamics
can improve the performance of these views. The purpose of this paper is to investigate various
options related to turbulence and radiation model of Fluent software and geometric features
including two-dimensional or three-dimensional simulated geometric model, scaled three-
dimensional model and mesh dimensions, to simulate the thermal performance of the facade with
Fluent software with the aim of improving the accuracy of the results and achieving the shortest
computer computation time. The results show that the RNG k-¢ turbulence model, the DO radiation
model and the 3D geometric model will have the most accurate results. In mesh with dimensions of
8 mm and a scale of 33% of the real three-dimensional sample, the simulation results were
independent of the mesh dimensions and scaled geometry. Simulations geometry with a scale of
33% of real 3D samples compared to real 3D geometry led to similar results in terms of accuracy.
Finally, the reduction of computer computation time simulation of NVDSF with scaled geometry
of 33% of the real sample to about one third was achieved by maintaining the accuracy of the results.

Keywords: box window double skin facade, simulation, Computational Fluid Dynamics,
Turbulence Model, Radiation Model
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Two-stage flowmeter to measure gas consumptions less
than the minimum flow of turbine flowmeters

Abstract: The most widely used measuring equipments for industrial gas consumers are
turbine flowmeters. These types of flowmeters have many performance advantages such as
good accuracy in applications close to their nominal capacity and easy maintenance. Despite
these advantages, their weakness are related to the unacceptable accuracy of measuring gas
flow at low consumption and the inability to measure at very low flow consumption. In this
paper, in order to provide a solution to solve this problem, two stage flowmeter with using
automatic control system was designed and implemented in the gas measuring station with a
capacity of 1000SCMH. When the gas flow was less than minimum flow of the main meter,
by automatic control system, switched to the auxiliary line and gas flow- that was not
previously considered -was measured. The performance of the proposed system at the station
under study, were monitored for one year. The result showed that the amount of 25,152 cubic
meters of natural gas flow -that former could not be measured- was observed. Also,
considering the industrial gas tariff and gas export price, the payback period was calculated
less than three and a half years and about two months, respectively.

Keywords: Metering station, Measurement, Turbine flowmeter, Qmin phenomenon,
Automatic control.
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Sensitivity analysis in adhesively-joined glass/carbon-
epoxy composite-metal pipes under tensile loading

Abstract: In this article the effect of the displacement rate under tensile loading on the
adhesive connection in glass-epoxy and carbon-epoxy composite and metal pipes has been
investigated. For this purpose, bonded pipe specimens were fabricated with different
thicknesses and adhesive areas (the length of 10, 20, and 30 mm and the thickness of 0.25,
0.10, and 0.40 mm). Then, samples were exposed to tensile loading at various displacement
rates (0.5, 5, and 50 mm/min) and moreover, their strengths and failure types were
determined. Based on the results, for the carbon-epoxy specimens, the maximum force
increased by increasing the displacement rate. The fracture area was also changed from the
adhesive area to the composite due to the increase in the displacement rate. It could be
claimed about the glass-epoxy samples that under tensile loading, the maximum force
enhanced gradually by increasing the displacement rate. Finally, the regression analysis for
the maximum force and the elongation was not properly valid based on the sensitivity
analysis.

Keywords: Adhesive connection, Composite-metal joint, Tensile loading, Sensitivity
analysis, Displacement rate
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saeed Baesmat | 1NVeStigating methods to improve vehicle aerodynamics
M.Sc Student by passive flow control

Mahmoud

Pasandidehfard= . . . . .
Professor, , Department Abstract: Improving the aerodynamic performance of vehicles due to the impact on fuel

of Mechanical consumption, stability and controllability of vehicles has always been on the attention of
Engineering, Faculty of engineers. In this study, in order to obtain a brief view of the effectiveness of methods to
_ Engineering, @ ;ynrove the aerodynamic performance of vehicles, a review of research conducted to reduce
Ferdowsi University of . . . . L
Mashhad, Mashhad aerodynamic forces using the passive flow control method, which can be effective in
consideration, implementation and selection of the proper method. The results show the high
importance of car body design in reducing drag and lift such that implementing the channel
and curvature on the sides of the car to transfer air flow from high pressure areas in front of
the body to low pressure areas behind the body has the highest value of reduction in drag
force. Also, using a spoiler at the end of the body to delay separation and to direct airflow
upwards reduces the lifting force. The effect of these methods on reducing aerodynamic
forces is more than other mechanisms, but the exact extent of the effectiveness of each

method depends on the type of vehicle and the way of its implementation on the body.

Keywords: Aerodynamics, vehicle, drag force, lift force, passive flow control.

fard_m@um.ac.ir  Jsues soiuss ™


mailto:fard_m@um.ac.ir

\F. . ‘509)51 ‘wm.l O)Lo..i) ‘f‘LSM:LJL.J

JEL! slp 9,095 w50 JUIS bl 5 7 b gl 5l eolacul
I¥ls s o tal lga o)L >
ey 5o 4185 O jg0 Sl (6590 pol> GRBgS 5
(S)lyw oz 5l 55095 e slaJae ;0 Ly (5950 2alS
il ol S ) eslitol b Sogle o Taily ol o
el ool plonil g 093 Elgil 2 Lay (28l s ;2 2506

woy Slybl glga (b o JUsl =¥

P YL Les (ol Al gla by, 4 Glsiee 1) Ise Ol
P > r A 0,8 Jatse b jlid bla 4 g 045 Sl,bI
03y 65 e iay 5o aygly s g Ll sbml Sl wsle
s A% 9y » lge JWl JU 2k sle e 53 falee
Sliges F LY S 50 9,095 A0 ) 507 590 5l oolaul
ool i 5,055 Bl S5 o lga b,z WDl (sl pulSe 5|

1wl 00

- ax,

\ |Headstock

-~ -

[F] aioy Gl lacaand ;o aygl et ¥ S

SlSe (pmidige 585

doddo -

5 ez S 69y 3l Ol sees emin 4 Seeliag pl ole
(or J& 5 Jo Caio 3 ilopee ol 5l 56 2l
)5 518 logg azgi 50 4l Jilug Sesliyog ol (ganmss
Wy i3l (g Bras alS o wilg e 1y ol
slpiegs w5 il gl 28 Lol @iy s s Sl
ST 9 G998 8,55 gy dw 4 Ao (nl o oud plx]
oS bagpogn ylsm ol jsee 5l 30 (Sesludgpl glogyes
moals 18 (ot 090 |y w3lioo Tr 595 5 by 98 Sl
ARNRY

"0 o s (Sl 5 5)LaS g9 90 & Ly (S
Ol aloe by 6925 JS 51 TA Y (6)LaS (5955 rams 45 39
WS g 9,095 e )0 5 000 (b Glaloa Jdo @ 50
Pl 9,045 iy g Sliy Ceond j0 oy Skl glaa jLis
Soxd wlse 097y @ o gl 69y 5l 1se Gbz s
5 b a5 Wy el ol Sl cde 4y o Sl
[¥Y] 008 oo 05 wibigo o (525
5 g @wa S JSs Jels Lay 9w 50 jge Julge
5 4 IS 58 (o 45 ABL (00 9095 el (il D55
sontp el alaz 3 el gy ol JS 51 7YD 5 A ED
i3 slay oy R agyo9n (Sealipsgnl o Sles
W laa b > lawgi ooy Jlud yrals 5l eslaiul b oS all
Ol gl B0 laals S hals )35 (o> S
DS Ol Sley 55 000 Om ST L s e e o
SBUagR 35 505 (ST 05 o0 s 9,395 Ay ) 3 &3,
0391 9395 Ay At ()b g dwdin o 59y p 4B Cjge
[¥] el

P95 99 4 4l Jolog ;o Luy s a5 (IS job 4

Spdyee Sope Tl bz S8 s S Gl U
lp oS @b e b bt (JUd b,z S50 Ghs) 5o
0oLl 8,90 0315 9,365 (55 51k 30 4 Lo Ly (59,08 SRalS
3 5l 9a by (A8 4 Gl o0 diged (12 45 05 (o0 )] B
9095 SLbl o b Jlad (2l 4 ol paees g VL JLad
W (b )0 s ( Jdl Gl o S5 g 59 w3903 0L
ES 2 s )3 e czge &5 (plaollius JLai b 95095
S35l & il cld slp g Wed oo mhaw Sl 55 OL
@ Ol Jlo sl a5 ol 485 18 azg 590 il

4SUvV
5 Air curtain
6 Diffuser

1 Active flow control
2 passive flow control
3 Spoiler

\id



[6] sl slag > Il b, Juisl JUls & JSs

U 68150 136 (55, 0 [¥] ooljcin 5 congo salls
O¥lig Geizmes g il uld lagyoe o lea Jlau
JUIS oloul imgsy ol o .ais)S b ddy ) Ol
15 A% 5 s 3l bz 45w alodl glaisS 4 lon Uil
Jodo 4 Sl cnl il U 55095 cody @ e Co3
9,095 Cady Lad o5 aml o jlad il beals 5 als
@ py Sl 5l (SBU Ly 6958 0585 O 5l Geiaeen
FB Jlaie a5 a0 T UYY e 4 by oo oS Coge
Lol >

95095 So iy 3 Ll slowl Sl IV (sage 5 o e
G 05 8 sy 990 1y (Sealuog ul slog i o o
Ol oo 5 o LS mhaw ;5 (8,8 olbnl b jolaie
03,5 Jiie (o Sty oy oo LS 5l 55055 SLLI slse
@ 09 Gl sp0en iy N Sup 4l jLad s (en
Ly o pd 09395 e g gl lad ST als cle o ]
Y5 Lol il 1alS o pKadin b 4 Y /D olie 4
INAUE Glsen a2 1y po by S9508 S35 2 S (I35 5]
2L o pd Sld Jlage izren Al g pg; I L
3 59 )Lad Gl eaams (LiS e Ceand )3 9,095 (550
Dbl oo 00game cpl s fsa b > Jlal cle 4y 4oy

JEl e g iy 30 i sl b [F] o15en 5 5o
slaals,5 aisls lad 5055 cde a gl 5l e ol
Sl by (59500 2 (2l 50 A a5l b 2 easiSTae
Wl oo iy Suy 4y Sl Sl by ply] Jliil a5 laisS &
e i ] ol gl agled SaS Ly gy oS
de Bgdio )0 e alnd ol Al l (OnlS Glaayls
Sls ol 5l plas 9,093 cde Sabrez 5 LS slaass
5 Snl aly Gl ey o po RalS ele () Spge &S

0] 5,855 50 2ls 0353 655 )13 Joma ¥ JSC

[#] By pj 0 es gl TS

Sfles gy VeV Jlo o [o] o))\Kon 5 9o
a5 Gt Jlosl b ol (55,055 S (Sealizsg ]
Sialigsg ] damys i s el ol S5
e Sealdgpl arwss 5 Sl Solindgpl dnwg gl
Sl G e ol Lt Badoss (nl (IS j5bo ar aiiS s 9095
dnwgi pllin o (Seelsgnl lagy JlalS sl &
S JUB x50 L &S g5k el Gloe Sealinsg !
ok Jusl ke a4 sl slag,r ety o g Jlal
6999 42U ;5 42,0 G sl (izred g s 4 A sl
e b5 i Al sl e & e sl 7
Rl cge ol Jlosl Sl pds (23,5 13 (o) 990 o
20l 6 e &5 (Jo 50 WS TVIY Gl 0 by 020
sleslawl @l 3l 8 )b 5l .ogs ol par S VYYIO L 1y oo
e 4y a8 26,5 15 anlllae o 9e lga JUi] JUIS wlas 50
FB mls ey 95 ol g Loy o yo Gbm 52
il Saaly 35,11 Angs i 3 (eimad SN 155 Jyed
Sbyz Jusl g sl laéliz 2y 00 (2lon 0oy ool )18 36
S 555,18 Joo yeti b ol o o iy 4 VL )LiS glgn
olas e gl s Jolo s 85 )13 ()0 9)50 5
Gl oy als o 7V Gl 4 Ly oo (ialS odins
JUS 0 S il ogllan gy a5 aib e JFIA oy
13 oo olis adlllas 890 Joo jo 1) Ige 0L > JUi! Sl

\A4

T Wake



\F. . 6‘39)‘5] e o)Lo.ﬁ.'; ‘€|L5..:LJL.;

ol JUD jslite 4 5)095 e ghide mhaw ol 4
Sag a>U yo JLad Gl g 9055 Sty 4 i g ()b
JEsl &S 0g ol 5l S o] Casy bl Nogad gy
slogys 2 Gitde GISA gy Gie I ol
P Glaz o Ve dgly sew b aS 5,0k a4 cuils  Seelnsg ]
a Ty s SRl 1 YF (lie Ly a0 i sl
o5 L Gg YU 56 o a5 b ols8l <N e
150 ooz Jl fripan aibigo sgac sbinl, o a3
423 V0 gl 4 (S5 ol b 9,095 Suty & Sy (3
g e YO Glime o by o po malS cels adgl b 4y s
Slio (3905 a8lol b.aud 5 /oA Glie a0 T oo il
5o T).: oo g)“'blsﬁ LM..: oo u,w‘).?‘ ‘ub)} IXVELY CA.:L.\.Q
B0 595 de iBgh bl ;500 5l adl anwgi sla Jowe

GRS ey gy YA Jlo o [3] oS 5 5>
S S5y 2 ol Sileanae 5 i sl Saludgpl dnuss
s 0 o isn o Aol a5 wisls las Sozle (g9,095
5 TNV I (i a0 i @ Ly o halS Crge
agly yualS ol 9,045 (g5l (g lwdigy isw .l V- /YF
@ s> 5l ol @ JUl g Slig o jLad pals jslase
b g)395 e iludingy idu ,0 0B ()b 5,095 i
a5 3,8 e 5,095 oy 4 SLbI Glen 0l Al 5
Gl ad Sug 4l o jlad pulidl el Jole o0l
S Lol 358 S5 oM 55 aalllao 3,50 Jta ol
05 oy bl 8 b gl

I Sl Jl Sl e b [V ] fSas 5 e
B 5 Bl slml b o ety a0 (Bsl) g 4y S5 Sl
8l Cewd dzis ol 4 Gl eaisS Colae Slxas polo
GRS N0 Glie & s cnl Jleel (o 50 Ly cupe oS
30 5l mhaw 4 b i Saacs el ol sl
Slas ioliel g iy ety slaals Faz gy B als ¢ iolas
bl oo Sy a4l

& &z 5 by Jusl St W] ohSes 5 e
\.\409.4;.' axlllao ‘) Mb(.fa )L....d pS (RPN as 5)055 w..»
23 jskiie 4 6 pj Slesl gl s Jald o] Bl
@ls a5 o e sbloy b by cewbie JUil g aloe o
25 Sl o 4l GRIBIL Ly 95 a5 5 plis ol

R

opdle a3l po e Bgano aysly Dy s Jole (i g0
Badio )0 agly iny e A mex oal Glo 9)lge
oS Olyasd o 1) G G b Gl 5 4 gl Al d g e
5 OplS agly ciny Cie ud mex paizmes i |l Ly

ivg Ly o Jalse 08 530 e atd ayl;
cilizes Ll o aygly s il andllas a0 [V] K8 5 L5
bl agly mals aisle o (65,085 Jow SO aln
(80 e Coows 4y (s 0 ond obul) 381 & Cas Rt
2 ol e @l el ol s a5 9580wl
ol Gl (b jladlge (ulaz )3 30 g i O jglone
Crge s (A% Gelr w4 Gl )0 ol Sl gl
3 S oo olx! Ol Jlade Lol ss )5 Lay o o rals
Godo Job ol ldl ioren g aygly pl oS cll>
b ol dediae e Ly cupd dl i 4z e cde
cliwly @ cas a5 slesl agly o8l o 8 saalice
Sgee SLuwl) & Cond e Fgano sl aygly Gl 5

(Al s sl o Lswl & S

oo odls slis [A] oK 5 (Gyly Limgs & JSE 50
So Sy 4 &y ik g i Sl ee (L JlT s el

B sl o (K858 slml Gyl 5oy (ool (595095 Joe

1 Bluff body
YA



SSlSe (e 4585

'JU g slgen! Y

0975 A g}i..u )») as 05.»)‘5& L g0 Lﬁsj)éP t.i:.a'.uéjj.)."
139 o0 odalive 4y 59) 2 Ol 625,13

—

—c1 ~

V] 5055 ey atd; IS5 Sl A S5

$l2g;055 58 Jhgensl 655,15 236 DV sage 5 g e
oxms Hlis Jol> mls as wsls (8 cwy 050 1) lows
Oy 2 Tr iy 125 5 LAY (l5ee ) Ly o 08
95995 Sy @ Ol Sl (easu JUSIL lgenl aSb oo FUIY
IS Lid calam b g Sy 4l o ,Lad ilidl sl
50 03,5 o hie 51 (59, Sl Cage YU Cos 4 (b >
2 4% gl Sl hgenl el Gralpsl SIS S he gy
Sl S C85 1 B 3,50 55 Seliusgn] slag
P 2l Gl T oy 5 (2ol Lay o Shigensl el
S5 IRl e ge gl gl )] il Al conl S5 o,
3okl cute 5L saies lad cpl g Canl jiaS 5,005
ilbse (=) 2 50 gl
2 kgl 5l ooliinl L3U mel> ciwgy yo VY] Sl
13 18 anlllae 3550 1) Hloggare 5 Sogle slag)ss o,
wge )l03gune 5 Sogle (59,055 Sl 4 Jligel 3938
o 2 Y e gAY e ds i s |y gy LS
Jow 90 2 Gl 7O LY e 4 Sl mals 50 bay o 5o
G Olejed job 4 Ll g0 sl eolanul uzmen oy lii ],
959> $lp &5 WS adlllas (o) 3590 Sla e (59 2
olail s Ty oo iulidl g Ly oo rals el Sizle
\.\JJ;/%C\ 5/\ o)|..\.a‘ 4.\1).: oo u.....&blfj L....J oo u,....:bs‘
3 shgel 93 65 Solite )13, 51 plis Jel> ls

3,8 0l dny § Ceowach

GRS 0D oy gly e Y el 3l Ay
10 28l mals L YYIVY Ly cgpm azyd VYO iny 55
1A Les argly e b jieatns 5l colaul plSin a5” Jl>
celie 30 o lid a5 Wy 5 sdnline Ly (5,5 ialS
b & Ol (S Sdo a4 i ) sl gl GhelS
VO USS adl e Sog 4l alS g 9,005 oty 4y of Jla!
S350 30505 adlal 5wy Ol s Jlael oo coims ylis

o

i

D] 6y ) 5emiss ¢ Lisal ¥ S

S50 by 595 2alS 098 gy 4 VY] e 5 o
ool 51 (G sl 18 aslllas 0590 1) lows (59,095 Joe
Sl oolitul 0l pw) p 550 Bodo ;3 a5 Lay (595 (a8
okt ol 5l Jol b o5 05 iy iy slel 5o ke
ol JEsl Jdo & 7Y/D e 4 Ly o po ualS oaia
g ol 5 fals g 9,095 Sl 4 &y
2 asseins 5l eslinal Sl YAY gl e DY s,
adllas 550 1) Jb@sare 5 Sigle slog,095 oo 59 9,
a8lol s 1y g po ralS oains lis Jol> gl ols I3
AL Oliee 4 Jlo@sano 59,995 & ddin) Jieehd (dges
Gl LD cge Sigle 59,093 sl (nl &5 Jb o 0
a>lpe VI GTY (i a0 (20U L Ly o p uizron 005
Oy bagy (5950 jewns Sl (5,135 ,50 cams ylis aS w
Jlasl 36wy 0 [F] e 5 &L VoYY Jlo o
WS Syl (59993 Jae o s oy 5 50 5
Sy & L 2l oz S JU L ileaie o
Ol pogdle (0,8 Sog axl o Jlad iulidl el g,00>
Sl lsn by g doy ales gl I8l 5 (L >SS
@S 503 Jlegy095 kg slaails 57 el g ialax 50 52U
S 5 YA fsmo Loy o 0I5 o8 032 315 o
Ol 1) sl sl 0 Shas LEIY (50 4 Ty gy

Wl

ya

T Wing



\F. . 15‘39)‘5] e o)Lo..i'; ‘f"LS‘”LJL“’

29 8 b Jb Lol g go ol a5l alols (yaas s
So GIBl S red 43005 oo Jaite Al 4 il 59,
oo g awain s 4 Jb 655,10 ol Ghagiy cnl o Ly
9,095 a0 laals 5 2ol58l el oS il oo o] (65,58
D9 50
cae e Jb ) eslaial s [0] OohKes 5 5uSso
Ol ol @l a5 wols 18 ey 9550 1y Syl (59,095
Ty copo 2ol g 2Y/F0 e o lay co o (inljdl osims
3 b 9 2 omb S 6 Bk e TAND Gliee 4
e il Cudu 0 ol og ol cde 4 adlas 8,90 Joe

30,5 0l 5,395 Sl sbaails )3 iol8l (o ge 4 ol
Al 5 Wgo —F

o5 slaadge jloslaial by (5950 2ol sla by, ;500 5
9095 Sy Sog a4l als 5 Glolaz 50 1306 Coge lea
51 ooliinl 13U ygal i addlae 4 VY] e g mlo .sgd oo
aS Ay Gl 9,095 Scalnsgpl jo wls 35 slanlse
Vo USSS 50 a0, S WY Gl 4 Ly oy rals el
oo ool lid [sSde Gados Ho A, LI wls 5 sled)ge

]

i sl o slasls I glaalge (505 1,8 g VeSS
['¥] 55005

Gaios b (0,25 g s39e O 90 4 [VF] ol lge 5 IS
Ol 59,095 Joe Sy yo als )5 Wge (6,550 ST () 2
dgad a5) Lo 8o 4 ailo )8 alge aF W, 4ol ol 4

SSlSe (e 85

22 Slr 8 kgl Job (il 10 ls aalllas 3550 lag 095
Bl g )0 1y Ly capd R g Ty Gral3Rl Joe 50

Sl adlas & YN Jlo o V] Gl Ken 5 iy
5 NACA 6409 55 1 adaiio b b hgasl 51 oolicd
il e (59,095 Jae Sy s (YL g oy gl
2 shsred 65, 0508 il gl goue siluand b
4 Cod Ty g9y chelae tals el 5055 chin sV
Sl Az )0 5 0sd e way bl o 65 Pl
5 &y JUEsl ol e 5 a0 Shee (s pdy S
RS YT N PR PR T UV SWRINLNL S I T YU LW |
soce w50 (Soludgnl Glogys (cw)n & rizes
T3 S 5 by o Galidl &5 9310 525 9,095 il
A odalive 5,095 Sy yial3El o 5o

0 Jhe o (Saalnogpl o Shoe 1N0] ) Sen 5 05
B G 3550 |y o] sl 4 Shgral Jlail oS S8
—disS A g axd S 1\8 4 005 e add (oYU yo bawl ols
S 4]y i (59, Ol 5l (i & Sl o (b
Ly (5925 50 a8 5l plas (g ol S i 9,045
a0l TN 5l A 9 10 Gl eSS 4 T 95
Oz Salie o g gl (Sl s T e on Lol
il ol ools las A JSs o aS ail o (5 9.

zle (5,095 cade At (YL Lo 4, I el 4SS
hol <

2 kol x5S Sl ey 2 [F] Sen 5 il
Olies @ by cupe Rall s S addllae &yl (59,995
alos 51 100NV axg5 BB e a0 1 cupo ialS o VOLIY
50 bl 5l eolazwl (YL 56 Jds .l Lipgh ol @l
-0 ol SLSU 5 )l g8y 5 Gl o 53U isel ol
el 00308 55 9,095 Sl laails 5 el cel oS ail
5505 sleil o JU 5l eolaiwl 35U adllas cpl jo yioren
Oliee @ by e po il g a5 285 )15 ()2 5 )90
A



[#] o Jlasl Joeo VYV S

Sty gy093 Salndgnl p Sse Julge Koo ales |
LY e Jloyo DAl o 5ee 5 Silg 45wl oo aioy gxlan
Sy ol WS Sl sl Aoy g9, p Jele cpl Basos
4l paas 4 ain glesl jo éd)y ez bl b e
SIbl obul g 5, slaals 5 awl 092 cge o ialas
ok gl ol g5 a5 0l b S8, e 0 b >
-1y d‘;..:olf 1OIY olﬁ.a L L.M.a o g oolusl )_._'>l., FURPERY
il o axlllas 350 Joe oains Gl VY S a5

DAl st G0y sleil o ol S92 g (sla K895 V¥ S

0, 8es dgp0 slp 1) 60 i, [yl Jsely 5 oy

o o5 33 ) sy ol (53,955 Jn s oSealss ]
Wiy slol 4 alols b gogas s amino Sy Jlasl b o]
slool ol cpl Jdo cdl rals VFI0 e 4 ey (595w
S5 amhs 41 ol 095 5 U L8 Gl 5 plasd
Wo,S Sl ol ity cpl Cmizen abl oo 9,085 Culy 0

o)é amwgmb

dwdid (p oalio (Gl oo sols ylis V S 0 ] aliee
-aisS 4wl e g 095 (Seslnvg ] sloiss s (Rl sl
TEIES me 45 Ly s 20lS rgo Joko ol gl a5 o
208 VINE (liee a1y rals

oges ol b VY] Jsaly 5 o, alie ctmgyy o
il ol 5,555 e S i slegl 4 5 (sloalye
G50 pln  Salinog T ol o a5 axibl, caws s (!
Lo awaie )l colaiwl uomen 5 <l uals als 3 alge
S,08 (6 yten (6,05 31 Sawalp sloul 4 s

W g30e Syg0 4 DAl ) Kas 5 LI VFAA JLo o
Taesl iy Ly 5555 2 als,S slaalge awaie 3 o)
5 gt wlo S ladlge ols ylis o] G oSl
9 oIV Oliae 0 b 5 o by pd S crge (5 il
5wl S slaalge o Slas sgs mls ;K0 5l g ,8 7Y/
s, GRIBIL oS sl Gl b el (b o o
sl Sals o 4 Gl (S ool Rl cle @
aS il Wae o, Slac b ol g w8l co Bl Sy Jiolas g
el olas o oglo 1y way 5l b iolas o LSl aa b,

g 3l50 2L -0

5 b gloo)lS 0 ogaz 4 9)055 sl 4 Yoy Jlal
bgy095 Sealiadgn! aswss laby, o 5l e ated
Wil g chles jolme Slgr (> Sl 5l (65T gl b aS ol
Caels e Ggaie YL g wo Cuty 4 )] JolS” Jlisl e
39 0 03 (g Wged 4y Comad HLAS oS 4>l ) ,Lad sl
Go55 U o s oy oges adlal b [8] oL Ken § &b
TN e 4o Ly s 45 A58 Canad e ) s sy
Shad Gl a5 g, (RS LUNVE e 4 T oyl g
999> Omb g Vb ,Lad DS fals 5 SBgd Cend o
VY S o sl Ty (g8 595 2 Yl L ()35 ,586 Lo
odalin jo5de (LBg% ;3 9,09% Ly 4 ool Jale (slao

D9 s

2Fin
M

T Ahmed body



\F. . ‘509)51 LW O)Lo..';': ‘fals.wJLm

arwgl 5 LppilSe gy 4 6000 Dyse a4 ple Glaj e
GP9) S opl g bl adis hleg Sieliusg
Ol se ol daz 03180 S b Jlal JUIS (5,55
S92 Ol @il ook 097 5 0ul plowl Slaiaghy aslllas b
Syles 05 50 Fge Jelse (o) 4 0l aSles (slag 095
S35 2 132 G9 peiS pae g luw (S95m halS gz o JUS

L1y g 095 £yl

&=l =Y

[1] Behravan, R., Mahdi, M., Numerical simulation of
the combined effects of the rear spoiler and the
curvature of the lateral surfaces on the lift and drag
forces on the sedan type vehicle, Journal of Modares
Mechanical Engineering, Vol. 18, No. 2, pp. 305-
315, (2018). (in Persian)

[2] Sudin, M.N., Abdullah, M.A., Shamsuddin, S.A.,
Ramli, F.R., Tahir, M.M., Review of research on
vehicles aerodynamic drag reduction methods,
International Journal of Mechanical & Mechatronics
Engineering, Vol. 14, No. 2, pp. 37-47, (2014).

[3] Doost, A.K., Yazdi, A.M.S.Z., Green nature and
reducing of air pollution with vehicle drag coefficient
correction, Journal of Advances in Energy
Engineering, Vol. 1, No. 2, pp. 28-33, (2013).

[4] Hu, X., Yang, B., Lei, Y., Wang, J., Li, X., Liao, L.,
Xu, T., Automotive shape optimization using the
radial basis function model based on a parametric
surface grid, Journal of Automobile Engineering,
Vol. 230, No. 13, pp. 1808-1821, (2016).

[5] Dickison, M., Ghaleeh, M., Milady, S., Wen, L.T.,
Qubeissi, M.A., Investigation into the aerodynamic
performance of a concept sports car, Journal of
Applied Fluid Mechanics, Vol. 13, No. 2, pp. 583-
601, (2020).

[6] Nath, D.S., Pujari, P.C., Jain, A., Rastogi, V., Drag
reduction by application of aerodynamic devices in a
race car, Journal of Advances in Aerodynamics, Vol.
3, No. 4, pp. 1-20, (2021).

[7] Xian, Q.U., Feng, Y.U., Optimization on stepping
automotive wake structures based on orthogonal test
method. Journal of Automotive Safety and
Energy, Vol. 8, No. 1, pp. 59, (2017).

[8] Varney, M., Passmore, M., Gaylard, A., The effect of
passive base ventilation on the aerodynamic drag of a
generic SUV vehicle, SAE International Journal of
Passenger Cars-Mechanical Systems, Vol. 10, pp.
345-357, (2017).

SSlSe (e 85

oo 51 (SSled VT S8 50 0008 L (59508 a5 5 0]
el 0als ooy lis oy gleil o axans (645,148

=
Z _
= {
A
\_ ¥ L =
HLXh =
DY) e amio 6,5 ,15 Joxe VY S
G S s —F

dpe) o odd plnl Slidod » (5y9,0 pOl GhaoR o
Gl Gl Sy (g, 5l esliiul b by g9 oS
5 dwiin 4 lapilSe (6,053 S sk 4y .cdpndy )50
b oo 53l 0)lys (ahad i 5 90,1 (K 5,055 £95
Sl 55 s 4 e g ey K o] i
L Ll (Soil oglss Sous b pralie p2 50 0ad (o)
9 kad B I il (Sealoogpl glag s a5 (ol 4y azgs
S i iy 5 IS sk 4 it ol lien o
SLed (Pl Vb jlas (2le l 95095 LI 6lea oL >
Sy Glad o s ol g a5 pals Lo @ b
2 63k 25U )093 de g sl o Wy (g5, 2l Lz
oolainl ple Cunl azgi 4y p3Y 0,105 co luy (59, oS
syl gl JUIS o 90 ,Lid BMST gl g Jlil JUIS )
Sl o b a2l 655 5 JUS oy b L5 i
g y095 15 gy (ol &5 iz 2 93,5 (SWhol lay 5,5
Soy 5o Lol 310 (655eS ke (55Li8 (Sluy (59, A o
e DS 8 azgi )50 il g Cewl IS L IS sl
Rl 5o 23U e 45,095 e 55 b g gl 5l ool
oealS y amlin 3B YL G 4y T Colan g w5l L >
2 oml S @ gy slml cage Jale ol ol T (950
Srdd S )y oy malS 2 edle 5 oad Ay el
Syl cude ;U 5 bag 0gs
5 Olizdn Gl ilwgyoe> SHn LS b et
o995 el 1 3 Kot Sy i 5 55k ol 251
S iz o Sings el diegld a5 wlools plox]

AY



SSlSe (e 4585

Car for Lift Reduction, Journal of Engineering
Sciences, Vol. 10, No. 12, pp. 444-455, (2019).

[15]Kim, I., Chen, H., Shulze, R.C., A rear spoiler of a
new type that reduces the aerodynamic forces on a
mini-van”, SAE Technical Paper, USA, (2006).

[16] Shankar, G., Devaradjane, G., Experimental and
computational analysis on aerodynamic behavior of
a car model with vortex generators at different yaw
angles, Journal of Applied Fluid Mechanics, Vol.
11, No. 1, pp. 285-295, (2018).

[17] Raman, L.A., Rahul, H.H., Methods for reducing
aerodynamic drag in vehicles and thus acquiring
fuel economy, Journal of Advanced Engineering
Research, Vol. 3, No. 1, pp. 26-32, (2016).

[18] Kazemi, M., Ghanooni, P., Mani, M., Investigation
of the aerodynamic effect of vortex generator
placement on the car model, Proceedings of The
18th Conference on Fluid Dynamics, Mashhad,
Iran, August, (2019). (in Persian)

[19] Wang, Y., Wu, C., Tan, G., Deng, Y., Reduction in
the aerodynamic drag around a generic vehicle by
using a non-smooth surface, Proceedings of the
Institution of Mechanical Engineers, Part D:
Journal of Automobile Engineering, Vol. 231, No.
1, pp. 130-144, (2017).

AY

3,8 0l dny § Ceowach

[9] Guo, Z., Zhang, Y., Ding, W., Optimization of the
aerodynamic drag reduction of a passenger hatchback
car, Proceedings of the Institution of Mechanical
Engineers, Part G: Journal of Aerospace
Engineering, Vol. 233, No. 8, pp. 2819-2836, (2019).

[10] Hirst, T., Li, C., Yang, Y., Brands, E., Zha, G., Bluff
body drag reduction using passive flow control of
jet boat tail, SAE International Journal of
Commercial Vehicles, Vol. 8, pp. 713-721, (2015).

[11] Hassan, S.R., Islam, T., Ali, M., Islam, M.Q.,
Numerical study on aerodynamic drag reduction of
racing cars, Procedia Engineering, VVol. 90, pp. 308-
313, (2014).

[12] Saleh, Z., Ali, A., Numerical Investigation of Drag
Reduction Techniques in a Car Model, IOP
Conference Series: Materials Science and
Engineering, Vol. 671, Kerbala, Iraq, November 4-
6, (2019).

[13] Rohani, M., Numerical simulation of car's
Aerodynamics and  increase  Aerodynamic
performance of it body Spoiler and Diffuser, M.Sc
Thesis, Department of Mechanical Engineering,
Shahid Chamran University, Ahvaz, (2018). (in
Persian)

[14] Harish, G., Kumar, G.S., Babu, P.S., Modeling and
CFD Analysis to Access Aerodynamics Effect of



ISSN: 1605-9719 SilSn smsckidn 44 i
DOI: 10.30506/MMEP.2022.547913.1992 ooyl SilSn oy lwidpo cyozxil sode 4yt
ISME
0,50L &lo (Sowolnog !l (g 3bw die W 31wl 3 (559 0 e e

RIASEM

e : 1 . an| - . - 5 o 005l
L oS e (Seslizog ol il g 50 ooliil 3,50 (S slo 53152l 5 (5y50 polo e (0 oSy [ U0N 2 S ST

ol oy ploil Fele 3yo ‘Si,,.ql;%ojxyl sz b o Sl (g5lo agy wnl B Slaslxe pls (ualS ploul Bon

u‘)ﬁj ‘(é)‘sj.c r:Lal Kisls

&l oo sl cwll gl 2l g wils e Sealungpl olbul J¥o 5 eublie 4 yaisee 25 L axlas (] Fs s olg>
Sibe a5 (b la gy ompm 00d £955 0, SIb e (gile i 5 (AL )3 (oolol s L azlge Wi

S5 s 9o e 0 Shae ool sl a5 325 sl 3 dmast 5 o ol b oslind o 5 nis 0o
Seolisog ] 2ls 5l ooliiul o ple ols Lis axlline s .0 ol 55 ie alinws 51 (g yigs 5,5 b &5 oo

SV Sl o gy i3S 55 oy T (Seltyg T lslona 5 Jon e Gialojl ool Jigi oSS [l o ol L e
At 50 g gbe Gaelim 50 0515 BB 5 23 ol e BB imiier T |y skey8 05T (CFD) sllxe oozl

-Lg)"l.wa.ﬁ,ia Lg|ﬁ Ry Lg)l}gl Q‘s.’\.gg La:)l/;gl Q—.’.‘ )'l oolawl 18 B o 431)| QT VS Lng‘5>|).|a o ,Slas ety
wnte lis slaaz 251 jiie gaslen b (0 R0l 3l e slagty, 5l eolaul LS 0 Vb gasilea b oo

Ol (&) e plol oRisls

olBisls dLadlgn  pwiigs 09,5
5 psle axls oLl oI5l
ol ecsligio

Slo wiales iig adly yralS glej g Slewloes sloas jo alwg 1) o 5L &lo éﬂ.ab.i%ﬂ'l Glw

& 90 Allie

i gaiilen (HySulr ildue (Slle SV Sl ((Sisludgnl sile aie Ledaly gl ojls Wk vy el

S WVE Y

First Author=*
Aerospace Assistant
Professor, Faculty of

Engineering & Flight,
Imam Ali University,
Tehran

Second Author
Instructor, Faculty of
Engineering & Flight,
Imam Ali University,

Tehran

Third Author
Aerospace Associate
Professor, Islamic
Azad University,
Science and Research
Branch, Tehran.

Review of using surrogate models including CFD.
methods to determine the appropriate strategy of
aerodynamic optimization of the helicopter rotor

Abstract: A review of the general strategies used in the aerodynamic optimization of the
helicopter rotor has been done. The aim is reducing the computational resources of the
optimizing process of the new aerodynamic designs of the rotor. This study begins with a
brief review of the concepts and sources of the unsteady aerodynamics and the fundamental
challenges to addressing this fundamental problem in helicopter rotor design and
optimization. Then, past and present design and optimization methods used or proposed and
the development of analysis tools to evaluate rotor performance reviewed to gain a better
understanding of the problem. The results showed that despite the use of classical
aerodynamics, wind tunnel, model rotor experiments and aerodynamic calculations in the
past, the recent development of computational fluid dynamics (CFD) now provides an
opportunity to accurately predict the viscous and compressible flow field and provide
predicting the new rotor designs performances’. Therefore, the use of these tools for high-
fidelity simulations along with the use of surrogate modeling methods with variable fidelity
will cover most aspects of the aerodynamic optimization problem of the helicopter rotor with
reduced computational and time resources.

Keywords: Optimization, Computational fluid dynamics, Surrogate modeling, Variable
Fidelity, Helicopter rotor
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