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Numerical Study of Slot Lip Effects on Aerodynamics Performance of a Two-Element
Airfoil with the Approach of Decreasing the Landing Distance

Meysam lzadi!, Arash Shams Taleghani?”, Reza khaki®
1 Ph.D. Student, Aerospace Eng., Aerospace Research Institute, Tehran, Iran
2 Assist. Prof., Mech. Eng., Aerospace Research Institute, Tehran, Iran
3Assoc. Prof., Mech. Eng, Shahid Sattari Aeronautical Univ., Tehran, Iran

Abstract

The aim of this research is to improve the aerodynamics performance of a NACA-23012 airfoil equipped
with a High lift device by changing one of its most important geometric parameters. In this research,
Navier-Stokes equations are solved in turbulent and incompressible flow conditions using fluent software.
After the airfoil and flap modeling process, at different flap angles (10 to 30 degrees), unstructured meshing
was produced in gambit software and the improvement of aerodynamics performance due to change in the
geometric parameter of the slot lip was investigated. The flow is assumed to be steady, turbulent and
incompressible, and the algorithm for solving the equations is also selected as pressure-based. The flow
Reynolds range is 3.6x10° and the turbulence model used is realizable k-epsilon. Comparison of the results
and aerodynamic characteristics of the airfoil equipped with a flap after making change in the geometric
parameter, shows that with the significant improvement of the aerodynamic coefficients (on average, an
increase of 9% in the lift coefficient and also an increase of 6% in the drag coefficient), the landing distance
of the airplane will be reduced. Also, the investigation of the pressure and velocity gradients at different
stages show that the change is effective and better distributed compared to the reference article.

Keywords: High-Lift Devices; Slotted Flaps; Aerodynamics Optimization; Unstructured Grid.

SANYN00 - il ¢ Slalls e b,T o %
arash.taleghani@gmail.com : g xSl oy o yo]



mailto:arash.taleghani@gmail.com

Sl 98 J3gd 331 30 13317 33 3130 Swoligd g T & yShos O gugt GO axdllao| Y4+

0255 w2l A3l lagta (Lol aaly (A5 b 4
4 el 098 g Rl Iulid o 2t sln ol
o 55 anlsn 3,5Los 1 (oS 3 950 cal 45 (5leisS
Seed 4 axg b el See Lol W[YYYE] 50K 558
3 JBe lye ar ol @l 5 aiby col oadiy 5
ol sliwl) o ol ool s U 0gd co (WM udos
ool i) s Sliio ka5l el ol il 55,8 il
Slogile 4 4z g5 Lo g Clo loaiy jo 2alS @ e |
Slacudgize 4 azgi (ouiigh oolla slalenlsn 39,8
245 Sgboe 99,8 Gl S 1 g et slaoling )b
I¥ol col Sle el 60l b 3)lg0

b oad s e ad o il blug sl ) eslina
2 Ll ly plepes b & sl slabanlsn
Ol 0 i e Cudguze S B 5 o> slalenylse
Ozt g blogles 5latws ol jo iidd 3,0 59> g diie)
5 oole glacds 5l 1St 5 18 o Gl ey 5o
Egorma ;0 [¥V] 3 o oolil ' Job slacls o a8lSacSs
S 8 ilgi e 130Ty ilus 51 snli v g3 oo
YAl 3 3% gl o Shee 9,

s e il Ty gy )

Das e Sl ) ain gl oo Y

B oo i | Sao |y dles aygly Y

A3 o yaii |y (Sailely agely ¥

ae3 o il Ly oy O

DB o a8l | T ST s F

Jb bl Gl Jolee JU 18 ad G5 (0938 i1
s oo G331y JU 5 Job 5 lacdd 5l can [¥al e
oealS Caels aomis 10 g JU Cols ialidl el ol plas
L LFe] s e T 69,8 a5 sln 5L 3590 o gl
Cel b slace o ;0 a0 Ve dg0 U o dd jog0es
LR 5 o L (59505 05 Gtal3¥l oo T2 598 G153
wazy Ve B ogue 1) livlecds blaglss 51 g ks
lac s (285 5l o0 ol 255 Wb Jsb (el jslace
lier Gl s o ar by loo by a0 Vel e
4 gb oo g oS g5 il el by (9505 I
256 Mg LEV] sl cnlin 358 sl )85 > o

doddio—)

cEle Joe galp 39790 NS 4 axsi boojg el
bos S19o elgil 09,3 5 (psls 2 izred 5 5 e SLolS09 3
)l Oj)é .\JL! OQHOUBS “:.l"b“)b 6[.&&414 9 Lﬁtﬁb S99y 2
ol DV el agtie (ko al s 55 ogs sl (sl e
oS |zl iy S g S8 lalenlse [0 acass
Job Ysene atish allss b 508 ollii et slanil
Sy 09,8 olls Wl S 0y e 5 4Bl alisS
IV] sl axsls 1) obsS e

Wb pdy Ojgo dine) (nl 50 630 s Slidod (5:SG
oo 5 ol JrS slasass ) eolinal 5 ol
calre 69) 2 ste o Sl Lol S (Seabiss
5 e aY Oz S5 L Vseas 4 o)ls (Sealiyos ]
it ) S IV w5 Glm Gl s 250
JW S slaghs) @ Ol ol J5S slaghs,
b Gies Y] a8l 81 Y] Sledly (sl Shae asibe
slagsy, DAY o SwsST 2l [VF-1A]
St o Shee [YF-Y0]  Solisogyonn canbline
[Yo-YAl  Jsdsiio obaw Jub e J,S slo s, o [Y]
LS gl Creime 4 (5,50, IS sb 4y Lol 5gas oLl
oolaiwl 05 S 5 les Djge 4 oty e S 09,8 Wk
w b g [YA] cudl 0ags 133015 zolans 5l (6 S0 iiS oo
e Gl wlgn )5S e la s, 5l S 594l
Sz (69,9lsn Lo HYlad 4SS Logos g aiil bleolsn
St 2 alaglsn (Seoliog ] slayalll o5
oz ¥ ] ol osg 35 ae o b (55, yitans 513801,
Silon bt lamy, o gy cwle (polwx
Jelos 5 s (Hhb ol 10 a5 (Sy90,0 sbiee
59,5 by ShlS Cél g 0 pds O jse slablden
Gl p g 098 sladdle )o by calial @9 5
S 10 slopts Sz 5 039 11 ] g e
e pl ol dlgice 095 a5 wl oo Gl il o Slae
eyl wlias

! Fowler

103k /1Y 6388 /1F+Y Jlu /1o, g boo by Sl



Vol | of yBo g 50 3!

Sege S Slaw @ axg b ps odd pl g
S50 BLEST b 3ri (5 45 S s
Gl e bl il ol w85 I8 o
a5 5l0 1) 055 4y ogars (cwain byl @SS
TOISs ad T ligen alols SBISLE olasl o)l aee
&5 sz eyl JUS 50 o5 eag PSS (6359
9 4578 0300 Ol (S sz Ol eizeed g Gl ojluil v s
olas 1y SIS ad el )l (DS [Fa] 5,5 oo 18 Jlos
Gl s Glagall e Gl (S0 oS wes e
ad Job alols Gl ad cwain el )l ol a8lSESS
olii o Jsb b UK 10 g sl igd ! alos ad b GBI
abe bedpl 5g Jsb 5l (sao,0 g0 4 g Sl oo ools

Dy s

GBS A pwoid el —) IS

0j9> St 5 ud o &5 (e 4 x5 b (IS ok @
e andlylenl Sliios J381 lagiars gloange
05 b G e slahsinl o (300 5 (229)
S8 ey 0 o5 sl bl 1 (Sl slesls 5 00
same VYN V-USG gl dsin oyl iz ol 4o 0l
AliBee 8 g alas> (sblg; jo Clarck-y gof adlSinsS s 4y
Sbyz Jo gaale g oads olml oS 38l 5 e jo
dleys alisee sl 5l ooliial b el oud iy e
5 G tl il g el plowl cudige b (sanaSil S
Izl andllas 51 s e les Jobo s ool 00 ity 3
Siley 50 [0 e po e b xiwcone g @Ss
ol 4SSl g ol 428 518 el g 43265 9 90 Cidslé

sl oot Lo GBI 4 canlie dsain ydly

4 Slot Lip
5 Slot Entry

Vo ybois /1¥ 0598 /1F+¥ Jlu /(a0 4L g o sl Sl

o«(+) w)l.c)o.mob.a ul.w) ‘) —‘ﬁ w}@ S99y » CJ‘) LSLQ"‘JS
Sy s 59) » abgpe b Cuse 15U Gl ailas @

19 1l & wnlion T2 b i ) Jgox
[PY] 5158 ad (613301 o s lwg ciliko

VA-¥/0 g5 Jysh !
R RSINRE
+) Ve s
Y Jeolss s

VIYele g b

2 lalaglen 59,8 g laml [0 15801, blug 50 g lacds
A aS Gl @ s S 18 colatwl 050 15 dluwe SO
Syl 1y ol eS i 0 8,Shee bl
YU aiies $lp oo (il oK o Leflos
S 4 3L5 ke a5 Conl 5L 0,90 05 Slay o po ol o
oy 09,8 a0 el 51 ol o YU las @ Ty
Sla 5 1 oy & oo 55 ol o San o5 [¥0)]
6)9.10 u\.ol.ﬁ ;,JS ‘b)‘s.a U"‘)" os){.{: Ll uLa).o.Cb Sygo & YLI
Iy on 30 (%08 il o cl> o a5 0el ol )b
GRS 5 5] b5 b sl lagile 155 51 o o
J,o.:v.}' |) ‘_gdb) )Li‘._é ‘u.ls Ja....\y 03 J..Jy )jt;.i.f u‘)—‘-”
Slogsle i 51 b (555 2 08 (Seeliognl 5955 S o0
L88] el Collae  Sealinsg T logile s 5l v g (slojlus
L Glep S coge BISS 0g2g ol slacds o
T 59, 5l Ol Glaz g ead (ol gdaw 5IYL (65
gl )0 i @Y J5S sln o 5l 5 ojliles o3 2 )
PUNPELGAE CRUNE IR JER | 3 IRVCGIPRNN T W NS E RN P
5 2l o SO o Al iz sl solaiul b wiles e

LRAL sl almle 5 (2552 5l oS 5 o2

1Split Flap
2 Gap Distance
3 Overlap Distance



oIt g8 Jogd 1 38 1531 g3 31331 Swoligdg 9T & JShos 3 a5 axllino|1+¥

Okt Joe ) oy (Sasl giledae sk 4
Ol &S (63,lse 40 Jaw cpl .l s oolazuwl realizable
stae s wal sl Ll 5 dlans g (iS z Co
031yl 505 sla o a4y cons Jow cnl [0V] wms o 111,
b oosSae obolS sl gl &5 Gloy 58 gkemh S
Gl Wlg e g WS o S og B b el Lilas

Lov] st axsls ol jon 4 1) (s g0

Jeloi g 4 5o -

Al o -1-Y

B 4 gwais el Lo deade jo aS jgbles
e 0055 My 5 01 (Sealiyog Tl o ooy il
025y, il aige ik 5 99k 3l wlgige T o3l
Gl g i liel oyl s Bufod ol ool ails
dlio b cusgld l38le 5 30 by 5lwand 5l Jol> mbs
walpe @Sl Gl Pal eyn 585 [00] a2y
WSS b a4y oo YYNY-UL Jgdpl  Scalinog ]
G -/AOC ) Cglaie SIS o slaoslail L LClarck-y g
card @i e dygly wiz )0 g odd by 5l (o o
o L SIS 4.J o)l..\.sl ] w)f )‘)5 R S )LM._‘)
aislo ol l38le 5 50 YYAY-UU g8 5l aan lazy]
B A odj)"_é‘ L)—‘ 4 <LI¢9J]4 L_‘)ls.ms ulﬁuwwﬁ
(M jo a5 jshilen il Gy by Jo loss aalol

] 00 00l uLw_v

. —17¢c
Velocity Inlet

elocity Pressure
Inlet Outlet [t4c

Velocity Inlet

bz Jo plawe —F s

J> S Gy 0 ) (oot (RS ccmlin (5550 Loyl S
570 00 8999 &lp (V) U5 4 a5 b .ouS o i) (g00e

e aSy) 4y azg5 b 5 i yo alie ol bigh (glmosls Lo
g o i8S s e L) ol g eye g JU wilas
ol el eals 485 Jlai s gawmgd el plp Gzl
VTV Saaliys JLas Lai by e VXY oy g5 o Lo jtales]
w8 pdy O)go 4l p e YOIA S pn g mye D58 2 gy

oS> ¥ oleo -Y

5 s ol sy Jlle s gt i 5o
Shadssld Jl58le 5 el ool oolaiwl w¥olee (gjluans
)‘ S ub)’ dJoles ..A;S‘Sa oolauwl ul.:).> » WSL>
S5 la Sy alS gazme e By, 4 (siledtenS
Wl 00y (5,8 aSLl Az gl bl Lo 1) b > ole> g
WSS ool i ley b ol aliis o by Sliogas
2 bleand cwl pileSls 5 Lh by o¥ole
Dgd o plol YEx 7 salan ) g adl e YOIA Co
Ll 90 a4 po 1 Yoleo (6 jlwdinnns o g jloans alS o
05\4.»5&)_9 )‘ g_,ujs.lﬁ )‘P‘ﬁ)" ) ).J.JO J.‘> 6‘)" 9 Gl 00
el 00 A.JJf oy caclae &8s b

Jeol 5905 0 o0laiwl Yl Sl jo o)1 5148 pwll Jol
awwﬁyaﬁyﬁo)lo‘so UL"’ J@‘ U"‘ | o> <oy
olas &5 0980 Gl ) abwly Lawsgi 9 09,00 o 5l 40
2,00 ol (Ko

_—
=4

vV-V=0 M

Sop 85 lagys wnln WS e ole O ped sl
Ao b el patinge (alls Dl ol A8 (o0 Sl par
cure 035 R Sy oS1E BB (b 85

el 2 g0 4y S gl gl Alolae JK e joSinns

DV
Py = Pf = VP +uv?V M

W9 (o> L;L;a”.uf s)L.'Z.é P i )loﬁV Q‘ B as
ol 522U b 5 O 039 (595 B

103k /1Y 6388 /1F+Y Jlu /1o, g boo by Sl



Vo | ooyl g 59 39!

5 o plnil a5l Plial e Gl culed o 285
il sl ey rals Ozl g YO e 5l i
oolazl goae (g 3lwannds (gl 4l dloss (ol (g jlvdns

] 00

b g bgdpl Joo lojluw o guuivasud - Sl

1.54

1.53 "‘ '
1.52

1.51 f

15

340 |

l_~51.48
1.47
1.46

1.45

0 200000 4|OQOOO 600000
o

G A oS’

Oz Jo (Gueeasouls o515 oy —F ISCD

fM " )L.\-\.C' 'Y—Y’
oy ooliiwl [0+ ez 1o 5l ol alie  oxiw Ll g
YYNY-IL o8l el ;53 dodiio 10 a5 jebiylod el

Vo ybois /1¥ 0598 /1F+¥ Jlu /(a0 4L g o sl Sl

e 6oy ey byt sl s 2V o 5 o
A 50 (e, JLad byb o atels Casly 5 50 (g
Sl L33 2l ) 5 (29 sla)lid sl oad aid 5
Silwdend (IS Ll o8 (V) Jgozr ool oad a3 )57 5las 5o

s oo s | ok 2

Silwaned byl pd Y Jguo

(Gamgd Ol sl
= ok

YAYi4 0';'1[;[9.)—‘? L;.:.a..ul IR
@)l s

‘-A-C)M)
asl
caclae 8o R

S ok Cule) b g gdpl zolaw (g9, 2 G233 pas by
lp el lacwond (nl (59, Se s (392 Jho (e 4
ad)S Sl s pdleSTs g adsl il (b2 wsjluand
@ ezl b BebS 5 calyd wgdae oy sl o
S35 2 S 4Y aed o b wlowd (sl Al Ll 15
2 oy plelee Dy 4 IS sanaid (fsd !
ol (1) S5 50 o solitisl lojlos 45 5l 6y

el 00 0000
g el (GunaSl SO a4 ol o (ol sl il
locwnd o dalyb 5l (S s il )‘;‘frzj‘u ke
5 Pl Wl Skl b eyn 90 Sl (o
O 4 99550 9295 9 S ales I slaglal S
Bble nlo @ Cod a0l o515 Sk baceand (ol jo LYo
O 4 395 Sob (65 aSD g 4l (il lacend
Syse S)lye aF gy A S Jga> sl s sl
Y Al adgi 5l el oad cole, ol o YL Gy
Sz el 0ud plonil olaw (59, Ah ag icelie 5
Sl by (gaiaSed calides sla Joe caSeds 51 Pl (o) 2
Ol yees mlie aSl QB (sl 0l oy glie (ST
Gl glaglell olaws b &t piz gly Ty pd
4l e YOI Sty b Sy ;3 B oo oo 5 VBe - o)
R owip )90 az 3 Ve B aygly g 4,0 B ales agly



oIt g8 J399 1 38 15317 33 31391 (Swoliadg 9T & jShos O gugt (G0 axdltao| Vo F

b -y-v

Sl 5 1T s g2 SIS a6 A-Y-¥
SIS ad Sl Gal5El g alS s 3 i o 53
S50 b 4 ez hisbl (Seeluosnl sleaanie
ssbolen (Sealnogpl calpd o5y Conl a3 ) )15 )
P 53 35,8 Wk (53,5 05 9,Sus, L el S5 denie )5 a5
Olese ok Ly 5 T ol o ol jslate (o g sl 99,8
ittt dlae ol b &ls o ol il on b
el a4 poie Coled 50 o8 wblige Ly 5 1 o lojen
A dale 09,8 Wil

b asly 5o by 5 Tyl anslie (M) 5 (V) slass
TEATASU Josh sl sciisie alar (sl 5 40 1+
olas 1) BAlS ad alizes polie L 8lKLST s 4 jyxe
ad Jlade b ao o allin 4y bgy o slaosls ol S5 a0 oo
Gl ad Jade 4 by e slaosls 508 K5, /A0 B
GBS ad ke 4 by gleosly 1w K5, 4 +/90C
alols s olsS L n fogad ol o zmo e bt |, +/ADC
Lol cctenslazls e Scrolisdg T sl o( TABC) SIS 4
lpo ]800 ojlul 4 SIS ad b Gl 5l e
5 Tr el plojen (silwatiin 0,505, b (Saalinng ]
ilaidl S

1.85 "’ﬁ::::/”'

% 1.65

] s

% 1.45

— g A L A

—— g A d=cilsl Al
Jige Ao =dilss 4l

8 10

4 6
Alaa 43

)0 Ve cadd gl 30 Ty ol pd ol -V S

oad dalllas o] o 0285 Ojg0 4 WS STl @ e
Oz 5 dhox sbls) o o (Senliogl o Shae g ol
ol 3aizS 40 ol odel Cawd @ calise L8 L)
sloosls b walizes Layl 1o 50 ool s a5 slaw 9 1 ol

ol 00l dlie abogy o a0 Allie o 4290
0 ool sl 3 s 555 5 Ll s a5
e Alie soools b Galise 8 g alo> sblg; 5o 9
Jo8 b sl snimolis b >y, a5 0l awslis
O b 5 T ol o aunlie gl .l sl s (F7. 590>)

abox sbls5 slp [0+ ]z yo (05 oo 9 pol> Bados
] 00 43‘)| (?)5(&) L_SLQJXMJ g Ay e 50 A

27

/
2.5
23 M
o // /
19 »&/ —
17 /
s / //
N\
13 y [T TP UET—
11 Daln (B —
0.9 T T T 1

10 15 20 25 30
B Bl ol 4l

Ty

)‘""Msy,odLo.oéwal)‘,Mm_a S

e s T PP
01 | s (55 p—
0.09 =
0.08
}‘ 007 // /
: 3
7006 »
>
0.05
0.04 79&
008 =
0.02 T T T 1
10 15 20 25 30
b Bl il gl

Geixd 9 &2z po Al gl ol pd doy Lo -7 SIS
ol

1 03 /1Y 0399 /1FoY Jlu /0 3lis g boojlu SuilSie



Vo8] ol yod g 50 3!

Gla St ;o azyo Yo b agly o (Seluogpl cul s
saplice > ol 50 Cawl oals ool Hlas (VY) 5 (VDY)
Sgeter (Salindg pl (gl o (IS 4 o ol L Lo
OF e (AN B (V) sl S (sbvosls 4y oliswl b 1A ool oo
eSS Bl ad pelyl 50 ool sgzgr Sl s liee b S
Sg g0 0ddlive o ISyl jo uizres (oot sunlive
ladly Ghal3dl ol Ly 5 T (Seabiosgpl cl o 5 228y
Copd 00 Hlake 4y BISLE ad Gl L 5 ads sk 4
Ol 0o )0 7 B Ly o 5 00,0 AL (Sile 5l 2 T

Al dwle> 59,8 Wb ymalS

e

— g [ S Al
21 —— — g 4 b=l 4

/ iy A Zild 4l
19 : : : : .

0 2 4“&@3{36 8 10

axyo Yo b aygly o Ty ol s polio -1 IS

o /.
0.09 / /
//

0.053 /

0.048 //
}. 0.043 //
jr0.038 //

//_);J,lq= sl Al
g 19 A= Al

0.032
0.028 /7
Spe A8 =cilsE Al

0.023 T T T T 1
8 10

4 6
dlax dgl)

420 Ve b dgly 50 buy calps polie —A S

3 bay 5 Ty (Seabusg nl culps (V4) 5 (D) s 5o
lg ol 00 43b| aliSo dlos> 6[;‘9) g 4>, Y- A.A.lB 4)5‘)
S 9,50 (Salnogpl sl il by (B ad ojlail rals
oud lejer Sygo ar Ly 5 Ty calpd S5t rge SIS

1.9 -
—— g A= il A
1.7 - — g 4 A=l A
FigeJAS =SS A
15 4 T T T T 1
0 2 4 6 8 10

Alaa dagl )

4z 30 Yo b agly 50 T el po prolie -4 U

— g8 il A

Fo.08
E S
0.07
0.06 - A A= Al
—— Jig % dmuilst 4
0.05 -3 i
g A d=ilsd 4
0.04 : : . : ‘
0 2 4 a3 8 10

4258 Ve b argly 50 bay ulpd polio VY IS

Vo ybois /1¥ 0598 /1F+¥ Jlu /(a0 4L g o sl Sl

0.04 - | —— sy [ dmdisl Al
e JAD SUHSE AL

0.03 : : . . :
0 2 8 10

4“&@5[36

4253 Yol gl 30 Ly ety ol Ve JSC



o3l 98 J3g9 1 30 13317 33 3130 Swoliad g 9T & yShos O gugt GO axIlbao | V47

s Sl B B ad a3 L o) o Lal sl el o
Sged w2 5k 95,8 Wl 2alS sl Lyl oS o) e U]
oo et o8 Gl Q8 23l S50 o 5o Ll iy

Aol el pol> Gulod 0dgdme yo AS
4 )Lad @5 loged 55 ;500 b sblsy g abex (bl o
a8 2595 loges 25 s (il eaieo i v 5 (yre
9 lp ol hsdnl 59, 2 )Lad e cel Jisdnl Jo=
O e aygly o Yo i aygly o cglae SIS 4 jlade
4 )0 Ve dles aly 9 Ve Cdd gl uizen g a0
aS el 0als ools 4l (VO) 9 (VF) oS jo i s
5SS cnl ) el Gon Sy g5 99 G gl ke
Sl yeess 5l Gy JLiS Sloged 5 mhaws e ge canline
(- 130C & + /3 31 BISS ad Ll 3DBISE ad Jlade 1o oo

el azily g8l

— gtz

0 0.2 0.4 XIc

Vo s gl )0 jLid cu po Hloges —VF S
4z )0 0 alox> aglj 9

-10

cp

— g iomdisdd

0 0.2 04 xc 06 08 1

Vo ol agls 5o HLisd oo o ylaged -0 S5
az)0 ) alo> a9l 9

0.6 0.8 1

15 55055 s bl Sanlvsgnl o iah o3t s
el daz dwaie )0 LAS mei 5 Ol L8, w98 Wk
card 4 b GlSL 0 Cay, JBKs aSS
Sealizng ] cal o aglio 09 o iy 5 calps 0l
Ol oy ol ool lid Solaie glrawais o
Gl az )0 7o b sl 5o (Saliog Tl 5o (a8l
03 VYA Ty g s B e gl L oS w28l e

el a8y 38 a0 NS Ly s 5

JS 21598 ¢ SIS ad il -Y-Y-Y
0950 o Sualiuogpl culps polie o ladugles des slice
BS ad jlake (ol aSol 4 azgi b adl o Jlid 98
2 el o0l (Sealnogpl ol s dgups wxge /A0C G
Slodie 9+ /A€ SIS ad jladie 4y bgy o jLid ol o i ]
ka8 mger leads duglie oSG L +/A0C SIS o
a5ly 50 glate B 4 Jlade 90 gl Lol g8l (s,
oads ool Ll (V) UKo jo cayo » alos aygly g Ve A8
ST 90y Clus 398 o0 odalin S (pl o ]
(Dl gho 5 (Sl gho L2 g5
e [+0C ol 4y BIs ad lade olidl 5 o < Jagd !
wlpe $hn cxee pl pen &5 Sl il gl
o ks el i B 4 lade b o (Saling
o3lasl 4y GBI ad ok )0 oalds sl s b cdS (lgs oo

ol 48l 35 99,8 Wil ualS Cge Ll oo /e OC

— Ayio=diial

~ —

"\

0 0.2

04 yo 06 08 1

Vo s drgly 5o )L o pd ylages VY S
4o rabo> dglj g

103k /1Y 6388 /1F+Y Jlu /1o, g boo by Sl



Vo¥ | of o g 50 3!

XS (p e 4 ey Sl 99,5 e Sloiin LG o
20550 pwain sla b plo (Slellazz slahsd |
5 Ol s wibe Bl bley Seelusg T oSles

25 8 addllas 9550 SIS (6349

&l -0

[11B. Norton (2002) STOL Progenitors: The

Technology Path to a Large STOL Aircraft and the
C-17A. AIAA Inc.

[2]1 S. B. Anderson (1981) Historical overview of
V/STOL aircraft technology. NASA Tech Memo
81280, Ames Research Center, Moffet Field.

[3] Ehsan Najafi, Soheila Abdollahipour, Arash Shams
Taleghani (2022) Numerical Study of the Effects of
Excitation Frequency of Synthetic Jet Actuator on
Aerodynamic Performance of a Supercritical
Airfoil. Aerospace Knowledge and Technology
Journal, Vol. 11, Issue 1, 161-176.

[4] A. S. Taleghani, A. Shadaram, M. Mirzaei (2012)
Effects of duty cycles of the plasma actuators on
improvement of pressure distribution above a
NLF0414 airfoil. IEEE Trans on Plas Sci, Vol. 40,
No. 5, 1434-1440.

[5] A. Salmasi, A. Shadaram, A. Shams Taleghani
(2013) Effect of plasma actuator placement on the
airfoil efficiency at poststall angles of attack. IEEE
Trans on Plas Sci, Vol. 41 No. 10, 3079-3085.

[6] A. Shams Taleghani, A. Shadaram, M. Mirzaei
(2012) Effects of duty cycles of the plasma
actuators on improvement of the pressure
distribution over NLFO0414 airfoil. Modares
Mechanical Engineering, Vol. 12, No. 1, 106-114.
(in Persian (-4

[7]1 A. Salmasi, A. Shadaram, M. Mirzaei, A. Shams
Taleghani (2013) Numerical and experimental
investigation on the effect of a plasma actuator on
NLF0414 airfoils efficiency after the stall. Modares
Mechanical Engineering, VVol. 12, No. 6, 104-116.
(in Persian (-4

[8] A. Shams Taleghani, A. Shadaram, M. Mirzaei
(2012) Experimental Investigation of Active Flow
Control for Changing Stall Angle of a NACA0012
Airfoil Using Plasma-Actuator. Fluid Mechanics
and Aerodynamics Journal, Vol. 1, 89-97. (in
Persian )

[9] M. Mohammadi, A. S. Taleghani (2014) Active
Flow Control by Dielectric Barrier Discharge to
Increase Stall Angle of a NACA0012 Airfoil. Arab
J Sci Eng, Vol. 39, 2363-2370.

[10] M. Mirzaei, A. S. Taleghani A. Shadaram (2012)
Experimental study of vortex shedding control

Vo ybois /1¥ 0598 /1F+¥ Jlu /(a0 4L g o sl Sl

A ogam Gl 5:Sle 5 IS 5 Jslar slozs >
A 0Sdes g cupo 5300 £ g Ty cups sao)0
5ol ke 4 o |, +/20C GBS ad lade b Lsh !
Al Guiod Bae 4 Jo b, jo ((+/A0)az o dllis

ol 0043 89,8 Wb Juals a5 aS

& 5 4 -F
Gyl ange Cusdae Guend bl o G )
Aol a4 ol b g axdndy Sygo (5 Y ogus s b
Sl bl po SIS ad el b i S pbae
39,8 wib el sl a5 Olojed sob 4 Ly 9 T oo
@ AlSECSs b 4 jemme YYOY-UL ighyl ol e
2ok o Jo mls g oot LSl Al avsis lgie
b s el 00 oot Lzl 25 gl b ol T (s,
o 5y p ol b B W Jlade als 5 Gl
@l ) 518 gl 0550 5 0 (il (Sealiysg
ke L2l L as ol lis wais dilie slacdl ol
Soolinsg o gl 5 e 5ol Lo &5 b BSCE ad el
A sy a8l s S el 05,8 Wb ralS cgs o
lypo g BIKS ad Jlase ol 5L coo
ol 4 g D90 SlalisMe B 5 (ool ]
NS Ly cnyd 5 2o yd VYA Glseo B Ty gy o5 &5
39,8 Wb Lials jelaie 4 o (pl a5 clils Wb,y wwsyo
o il b Giagh ol S sb a4 el canlie s
B ad lade ol L ol lid aigy CoxBge jo SIS
kol g)lad 5 (1S pshaw JLad oo 95 m Colase
] 00 é».nLuOsf" Jaa‘).w Ogud & om0 g 4.»3[.: wubﬁ‘
sloboglsn 61301 Il i sloyially loaias b
ogile 39,8 Wb (aals’ sbiwl) )3 (b > die J 58S 9 S
bl LS‘}Q‘*' Ls‘Lholfds)S clw LgLDwOs..\?u 4&.9‘ 5
Bras Gols dodnie el b o 5K bl 0ad o
oy g olSag,8 ooy 0 Sgo Sl pals g

R RNV PE



b3l 98 J3g9 1 30 13317 33 3130 Swoliad g 9T & Shos O gugt GO axIllao | 1+A

control actuator for drop removal from solid
surface. Fluid Dyn Res, Vol. 53, No. 4, 045503.

[22] M. Sheikholeslam Noori, A. Shams Taleghani, M.
Taeibi Rahni (2020)  Phenomenological
Investigation of Drop Manipulation Using Surface
Acoustic Waves. Microgravity Sci Technol, Vol.
32, No. 6, 1147-1158.

[23] M. Sheikholeslam Noori, M. Taeibi Rahni, A.
Shams Taleghani (2020) Effects of contact angle
hysteresis on drop manipulation using surface
acoustic waves. Theo and Comp Fluid Dyn, Vol.
34, No. 1, 145-162.

[24] A. ghanbari motlagh, S. abdolahipour, A. Shams
taleghani (2020) Flow control by
magnetohydrodynamic  field method at the
supersonic air intake. Aerospace Knowledge and
Technology Journal, Vol. 9, No. 1, 157-170. (in
Persian _\4)

[25] A. Shams taleghani, A. ghanbari motlagh, S.
abdolahipour (2021) Numerical Study of the
Effects of Magnetohydrodynamic Field on Shock-
Induced Flow Separation. Fluid Mechanics and
Aerodynamics Journal, Vol. 9, No. 2, 17-28. (in
Persian 1)

[26] M. Yadegari; A. Seyed ShamsTaleghani (2014)
Porous Media Applications in Shock Attenuation
on Suction side of an Airfoil. Aerospace
Knowledge and Technology Journal, Vol. 3, No. 1,
61-71. (in Persian %)

[27] M. Yadegari, A. Shams Taleghani (2015) A
Parametric Study for Passive Control of Shock-
Boundary Layer Interaction of an Airfoil with
Porous Media in a Transonic Flow. Fluid
Mechanics and Aerodynamics Journal, Vol. 3, No.
4, 73-86. (in Persian _4)

[28] M. Yadegari, A. Shams Taleghani (2016)
Numerical Study of Shock-Boundary Layer
Interaction on an Airfoil with Cavity and Porous
Surface: Parametric Investigation in a Transonic
Flow. Journal of Solid and Fluid Mechanics, Vol.
6, No. 2, 271-284. (in Persian _\4)

[29] Meysam lzadi, Reza Khaki, Seyyed Arash Shams
Taleghani (2020) A study of the effects of smart
flap on model airfoil of fighter. Journal of
Aeronautical Engineering, Vol. 22, Issue 2, 80-97.
(in Persian _\8)

[30] Aditya Arra, Nitinkumar Anekar, Shrikant
Nimbalkar (2021) Aerodynamic effects of leading
edge (LE) slats and slotted trailing edge (TE) flaps
on NACA-2412 airfoil in prospect of optimization.
Inter Conf Mat & Proc & Char, Vol. 44, 587-595.

[31] J.R. Hammerton, Weihua Su, Guoming Zhu, Sean
Shan Min Swei (2018) Optimum distributed wing
shaping and control loads for highly flexible
aircraft. Aerosp Sci Technol, Elsevier Masson
SAS, Vol. 79, 255-265.

using plasma actuator. Appl Mech and Mat, Vol.
186, 75-86.

[11] A. S. Taleghani, A. Shadaram, M. Mirzaei, S.
Abdolahipour (2018) Parametric study of a plasma
actuator at unsteady actuation by measurements of
the induced flow velocity for flow control, J Braz
Soc Mech Sci, Vol. 40, Issue 4, 1-13.

[12] A. Shams Taleghani, A. Shadaram, M. Mirzaei
(2012) Experimental investigation of geometric
and electrical characteristics by measurements of
the induced flow. Modares Mechanical
Engineering, Vol. 12, No. 5, 132- 145. (in Persian
= 4)

[13] A. Shams Taleghani (2019) Numerical and
Parametric investigation of Suction over a Cylinder
for Reduction of Flow Unsteadiness and
vortex. Journal of Mechanical Engineering, Vol.
49, No. 3, 183-192. (in Persian _\)

[14] S. Abdolahipour, M. Mani, A. Shams Taleghani
(2022) Pressure Improvement on a Supercritical
High-Lift Wing Using Simple and Modulated Pulse
Jet Vortex Generator. Flow Turbul Combust, Vol.
109, 65-100.

[15] S. Abdolahipour, M. Mani, A. Shams Taleghani
(2022) Enhancing the high-lift properties of a
supercritical wing by means of a modulated pulse
jet actuator. Tech Phys Lett (Berlin: Springer) in
press.

[16] S. Abdolahipour, M. Mani, A. Shams Taleghani
(2022) Experimental Investigation of Flow Control
on a High-Lift Wing Using Modulated Pulse Jet
Vortex Generator. J Aerosp Eng, Vol. 35, Issue 5,
05022001.

[17] S. Abdolahipour, M. Mani, A. Shams Taleghani
(2021) Parametric study of a frequency-modulated
pulse jet by measurements of flow characteristics.
Phys Scr, Vol. 96, No. 12, 125012.

[18] Soheila Abdolahi Poor, Abbas Mardani, Seyed
Arash Shams Taleghani (2016) Effects of pulsed
counter flow jets on aerothermodynamics
performance of a Re-Entry capsule at supersonic
flow. Aerospace Knowledge and Technology
Journal, Vol. 5, No. 1, 55-65. (in Persian %)

[19] M. Taeibi Rahni, A. Shams Taleghani, M.
Sheikholeslam, G. Ahmadi (2022) Computational
simulation of water removal from a flat plate, using
surface acoustic waves. Wave Motion, Vol. 111,
No. 12, 18-34.

[20] S. M. Sheikholeslam Noori, M. Taeibi Rahni, S. A.
Shams Taleghani (2020) Numerical analysis of
droplet motion over a flat plate due to surface
acoustic waves. Microgravity Sci Technol, Vol. 32,
No. 4, 647-660.

[21] M. Sheikholeslam Noori, A. Shams Taleghani, M.
Taeibi Rahni (2021) Surface acoustic waves as

103k /1Y 6388 /1F+Y Jlu /1o, g boo by Sl


https://www.sid.ir/en/Journal/ViewPaper.aspx?ID=734363
https://www.sid.ir/en/Journal/ViewPaper.aspx?ID=734363
https://www.sid.ir/en/Journal/ViewPaper.aspx?ID=734363
https://www.sid.ir/en/Journal/ViewPaper.aspx?ID=734363
https://www.sid.ir/en/Journal/JournalList.aspx?ID=33562
https://www.sid.ir/en/Journal/JournalListPaper.aspx?ID=292604
https://www.sid.ir/en/Journal/JournalListPaper.aspx?ID=292604
https://ascelibrary.org/toc/jaeeez/35/5
https://ascelibrary.org/toc/jaeeez/35/5

VoR] o o g 50 30!

[42] Weishuang LU, Yun Tian, Peiging LIU (2017)
Aerodynamic optimization and mechanism design
of flexible variable camber trailing-edge flap. CJA,
Vol. 30, 988-1003.

[43] Qingsong Liu, Weipao Miao, Chun Li, Winxing
Hao, Haitian Zhu, Yunhe Deng (2019) Effects of
trailing-edge movable flap on aerodynamic
performance and noise characteristics of VAWT. J
Energy, Elsevier Ltd, VVol. 189, 354-369.

[44] Minghui Zhang, Zhenli Chen, Zhaoguang Tan,
Wenting Gu, Dong Li, Changsheng Yuan, Bingian
Zhang (2019) Effects of stability margin and thrust
specific fuel consumption constrains on multi-
disciplinary optimization for blended-wing-body
design. CJA, Vol. 32, 1847-1859.

[45] C. J. Wenzinger, T. A. Harris (1939) Wind-Tunnel
Investigation of a Naca-23012 Airfoil with Various
Arrangements of Slotted Flaps. Technical notes of
NACA, No. 664.

[46] Grzegorz Kowa leczko, Andrzej Leski, Zielinski
(2016) Estimation of Loads Acting on Flaps of the
Su-22 Aircraft for Fatigue Tests. Prob Mech Arm
Auvi Safety Eng, Vol. 7, No. 3, 87-112.

[47] Peter Eliasson, Olof Grundestam, Shia-Hui Peng,
Hua-Dong Yao, Lars Davidson, Lars-Erik Eriksson
(2012) Assessment of High-lift Concepts for a
Regional Aircraft in the ALONOCO Project. 50th
AIAA Aerosp Sci Meet Inc Conf, p. 277.

[48] C. P. Van Dam (2002) The aerodynamic design of
multi-element high-lift systems for transport
airplanes. Prog Aerosp Sci, Vol. 38, Issue 2, 101-
144.

[49]J. Wild (2013) Mach and Reynolds Number
Dependencies of the Stall Behavior of High-Lift
Wing-Sections. J Aircr, Elsevier Ltd Vol. 50, No.
4.

[50] J. G. Lowry (1941) wind-tunnel investigation of
naca 23012 airfoil with several arrangements of
slotted flaps with extended lips. Technical notes of
NACA, No. 808.

[51] Fangzheng Chen, Jiangiao Yu, Yuesong Mei
(2017) Aerodynamic design optimization for low
Reynolds tandem airfoil. J Aerosp Eng, Vol. 232.

[52] K. Mohseni, R. Mittal (2014) Synthetic Jets:
Fundamentals and Applications. 1st Edition, CRC
Press.

Vo ybois /1¥ 0598 /1F+¥ Jlu /(a0 4L g o sl Sl

[32] Wenxing Hao, Chun Li (2020) Performance
improvement of adaptive flap on flow separation
control and its effect on VAWT. J Energy, Elsevier
Ltd, Vol. 213, 356- 378.

[33] Gustavo Luiz Olichevis Halila, Alexandre Pequeno
Antunes, Ricardo Galdino da Silva, Jodo Luiz F.
Azevedo (2019) Effects of boundary layer
transition on the aerodynamic analysis of high-lift
systems. Aerosp Sci Technol, Elsevier Masson
SAS, Vol. 90, 233-245.

[34] S. Abdolahipour; M. Mani, A. Shams Taleghani
(2021) Experimental Investigation of Aerodynamic
Characteristics of a Supercritical Two-Element
High-Lift Airfoil. Aerospace Knowledge and
Technology Journal, Vol. 10, No. 1, 57-69. (in
Persian ()

[35] Mostafa Kazemi, Ali Madadi, Mahmoud Mani
(2022) Optimization of the Slotted Gurney-Flap
geometry applied to NACA 0012 airfoil for
aerodynamic performance improvement,
Amirkabir Journal of Mechanical Engineering,
Vol. 53, Issue 11, 2-12. (in Persian _\)

[36] Kasim Biber (2005) Stall hysteresis of an airfoil
with slotted flap. J Aircr, AIAA Inc., Vol. 42, 1462-
1470.

[37] Alfonso Noriega, Mark J. Balas, Richard P.
Anderson (2016) Robust Adaptive Control of a
Weakly Minimum Phase General Aviation
Aircraft. Procedia Comput Sci, Elsevier
B.V., Vol. 95, 497-506.

[38] M.  Nemati, A. Jahangirian (2020) Robust
aerodynamic morphing shape optimization for
high-lift missions. Aerosp Sci Technol, Elsevier
Masson SAS, Vol. 103, 167-183.

[39] S. Chen, F. Zhang, M. Khalid (2004) Aerodynamic
Optimization for a High-Lift Airfoil/Wing
Configuration. 22th Applied Aerodyn Conf &
Exhibit.

[40] E. L. Houghton, P. W. Carpenter Steven, H.
Collicott  Daniel, T. Valentine (2017)
Aerodynamics for Engineering Students. 7th

Edition, 591-634.

[41] L. Soulat, A. Fosso Pouangué, S. Moreau (2016) A
high-order sensitivity method for multi-element
high lift device optimization. Comput Fluids,
Elsevier Ltd., Vol. 124, 105-116.



