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An Experimental Investigation of the Flowfield over a Low Aspect
Ratio Wing

M. R. Soltani and A. R. Davari
Department of Aerospace Engineering, Sharif University of Technology

Abstract: 4 wind tunnel investigation was performed to study the flow field over a 70 ° swept sharped edge delta wing model at
high angles of attack. The experiments were conducted in the subsonic wind tunnel at the Department of Mechanical
Engineering, Sharif University of Technology. Velocity profiles have been measured using a special pitot tube and hot wire
anemometer at angles of attacks of 10 to 35 degrees and Reynolds numbers between 1.5 to 5x10° over half and a full model. From
these studies the shape of the leading edge vortices as well as the turbulence intensity inside the vortices were obtained and
analyzed. This study revealed a region of increased velocity highly tubulent flow at the vortex core. As a result, the lift will
increase nonlinearly with angle of attack.

Keywords: Leading edge vortex, Turbulence Intensity, Delta Wing, Vortex Bursting, Vortex core

|85 (gamedils — ** St = *

AN VYA Sl ¥ 55l ¥ Jle (D!


http://jcme.iut.ac.ir/article-1-236-fa.html

Downloaded from jcme.iut.ac.ir at 0:33 IRST on Thursday October 29th 2020

(e53) bl K a5l A
(a3 b > a5l @
(kg/ms) 531 0L > < M
(kg/m’) 3T oL > J&s P

(em) ey 5 db 55 ¢
(cm) JLaas b S
(ds) o3l o, 3Ws o

(m/sec) 5131 0L > cs . Voo

vV
JW\QMM‘)J o dk{.f‘)ﬂﬁ)b.& Re:%
e o Sl e e Sled) A s Jeld e sl dedie —\

s L LT Ol 5 5L o e i 5 o Sl el S
9 e Dl 4Bl ann 5 ol S Glhaig 5 S
ol ol i ol s Sl plowil 4 o3l 528 55
ekl Ll glaals § S s S5S Slilel Sl s
Szl ouad 5 bals S kb ) p s e GlJL s,

el als S dim O3

e b 59, 0L Ol (o 2 =Y

‘Mw&w&o)ygﬁwé&ﬂiﬂéwp
SAL L alin (o) a3 0 550 5l xS ale sLlss o
SNV abem slss Lo Js s o 0L 355 51 J sene
Ol o sdeas aed 3,1 (6 Kair sl T 655 0L
sl il L aS cal 4l S 5s Jula e Ll g,
() JSt iy o S5m0l iy T 8 e
s e 0L 1, Laasls 8 ol el

W 1 bl dham 415 a8 s o OLLS Y] Lgms) 2
sy il YL L a5 Y0 b Ols e il ) Sy sl &
2 Sl sy (Sibaly s JU 4SS O
Sl S YL e Slbl w5l &S 0 slaleyl e

\YA- Ju.iwl LY ;)LA...: LY' JL\.»: cdm.u\

o ol 53 e Ul 5 SCalis gl il bty
TS G T PP P TR P P Py
s et sl Ll Sl o g by (ke
23 e Sl el S (6l b Il S Ol e
oxb e Se Gl lalegli nlu s IS Slaleyl g
o De LI cnl Shlse o tege Sl ol 0l oozl 03 28
5 Pl s SIS ok Ol (e by 86
ado ansly 51 VL ade sLolss oo L5l 5 5l <l
DV cl JL Sibaly

o= L ol sinay b gl o i (o age
Lt o BLEI YL Al slss 53 oS ol | Jsb 5 g
o=l 3 VL e (gblss L als S 0 Sop ey ol
Sy O 5 eds HIULL JL G b s slaads § Sl
Il Gl 53 b a5 Uaals S by okl 5 o Iy
b sy Js Ol sl o 5035 o2 w0 b0 |
S s OF 3l w350 am S Sh50 3 edidy cnl 35 e
el Leglsa bsd 4 e 0050

Slaslss 53 I 5 cnl smladipe glas IS 51 (S
520k o Lagl o ol Cl 035 W 5 5 o)
s g i SaS e VA e oL
Cde am Cendl g s e LB Sleslad by il 5
LYT S 5l 4o VoV e a sl Ll e

S odd plil Dlalllas 5 Dlidssd 2l S Jb o

VAY



http://jcme.iut.ac.ir/article-1-236-fa.html

Downloaded from jcme.iut.ac.ir at 0:33 IRST on Thursday October 29th 2020

f
ety

Jb 6o, 5l s 2 asl g ol slawls 5 51T s

s A Sl dxw g WL cpl 6, Ol Lo slab
‘;—<J";J‘—l*\idf—*s)\i\il‘dl")>u)ﬁwﬂd\f

w‘eMJSJJAJLJLw)J

Syl Ol s 5 Jbe Sluaseds ¥
i 308l S ym 5 3 S5 s olaslesT ol
S s onl e 4 S el iy s oK SGIS
)_}b@@l;@bioxio Chl»cﬁmd\)bjh.kw) C_}J
sy Sl Ll e LS el atle 5 1 b L5
s edhe 3 Q.ajjul.\é\d.x_asda oLlis (2)&&2

VAY

Aeb; b;)és.ﬂ.’éufbs—\ JS..Z

Sy dn e S ) LA w S AU S el
s 8 i S (Y) IS las Ll s ol s sl e
Al s i ol laals S 55 Jb Sy S S
I 5 e (1) 2 4 55 o P56 slaals S 0T w4 oS
0L U sy Lis a8 5o L il 5 o dsl sbaahs 5
e S 35 iy ol A e wsly STdas s
O s boollasl o e s 5m s 4 Lol S b s LGS
5 et 3 el sdy pal 8] 4 S e il
oS Cdl B Ll Js osde | s Ol Gledes i
G cahes apgls (Rl L bawls S olniil 51 e alisdl
T g sd e Fals ash Ll e Al s S
L e lel sl a3 o ale wl3 L OT Sl i
gl 53 Tasa Laals 8 il o a3 Ve (] Sy sl
330> 53 Jb Sailely Js des o 0l ad g ax 3 Yo e
T[] a8l e Gl am 5 YO
SIS sl b Wl sl ot e OLES Lyl
Sl O lite &y s an baals S il a3 VA 1 2y
Oolne G,k 3 55 I ) JLid w5 amd 5o Al e
ol S e e l—“;" Il s DL cplple 5 en s
2 she Jsb s Jsm bl s Ol s sbml o oy
prlSe 5 laals S o sas 55 Sl 5 Slides 0581 S
dor g 6l sledsS B s Ssa Jy el pll LT JSCES

QL@JMJMWHMG\)H@LC}“\)L&)

\Y“/\' de...ul cY ;)L«ujf cY' JL»: cdyu.lw\


http://jcme.iut.ac.ir/article-1-236-fa.html

Downloaded from jcme.iut.ac.ir at 0:33 IRST on Thursday October 29th 2020

an Fi o ered
— 11w
32- o= s g
z
.
T nf
1 3
L3 ¥
I
23- :
[ ] 0,85 8,10 L% L

Timse o=l

Ob o slalizl fals gl Ald 5l eslaal -0 K3

T N D e s
ok an adad a3 O 51 s 2 W 5 s ol
Lol yaio Olesen

3 ialesT e (sl plnil 3 w3 Slp oen
Jobs JL duse (6,03 5 e I e e (SO Jue 5o
Sy ol plmdl Slihos 2ty o il 5ol ol oslizu
sl el 4 8 o am V6l S sl L sl
A Ve ol s Slalesl ool s Jue 53 e ol K
ol clasin (C-1) 5 (W) GldSe ol sl Sl
b 5o gl Jda 53 a dias e LS |5 Jke 5
53 =l e lE L pd e e B Sl 4 de S
gl o & K2 55 JL

O oo O gl IS —8
g5 Slaalesl ol s eslicwl 3,5 Bl e oSt
DL 53 A g e OLE S Oln il 1 5 03 CTA
5> S gle o 043 S S e Joe OF 535
S a2 s A s 50,8 s 0T G Sl s

b Bl e 5l ealial (sl pl gl XS e ek 5 oS

\T’/\' J.JLwl cY ;)L«»jf cY' JL»: cdy\.ilw\

K|

I Y S ——
e D1 Efewer OF

oot

b Turhulsnss TREsnriEy
=
= =
] L
TTTT [T I [T i r I T[T T riorr[rrorTa

-

0 1] <j] ] ]
Tela=ity [(n/ase]

NP OTCS e RN CE

&&s.«d_gu:ﬁuj.wmuumswtscuﬁﬁﬁ;\)
T L L e R R
A_;\gﬂdijb)'lwb-obw\jaﬁrw\élwy&i
Kol b1y 5,3 A/D Sledbl 25l s

Sledbl (a5l 5 A s Sl s 5 S skie w4
Lol 5ol8 aS el ag [V] lably Wb G s >
S dopp G S Ve Sl b e lenlS B
St el Slles Sy 5 Kle ) 0 ob 5 sy
(N3 9315 2 o Dhe Wl e s sSke ialyy das sl 1 5
Ll olizel Gl 5 50,8 2 hd 1) adols Sledibl
(0) JSd S aaiboms Olay Ly ot w51 a3l
DL g s Ol DLl JEals s 15 ks wb Ul
31 48 e SLaLEzel 0l 55 e Ll ol 5l eslizad U das
DA el 5§l e KaS s 03, G il
Tt 5 35S e s S s ol 5 s s | pLa
Ve ST esliiad 3550 F13 o (55131 0303 1S 3 oSyl
o3z o3ty il 3 dgulesT plowil p80n 53 5 el 350 kS
el 35 55,88 T Sl

P B s G35 s S of1S o S eslanad s

Sy s ek feate j e s il G o JU )

VAL


http://jcme.iut.ac.ir/article-1-236-fa.html

Downloaded from jcme.iut.ac.ir at 0:33 IRST on Thursday October 29th 2020

(o)

A%

(N

Jo8 Jb Jae (©) 5 e b aes Jake () 1 IS

-
-]

(1]
(]

& Fpemd wp W
Epemd deam i
dtis sawdexr SEE "

b3

Yolnodty [my -]
B =B
L e

[C]

=N 1.4 1.2 14 1.6
Telt e [oalwva)

dawdr‘,«)‘s—vp
Sz sl Ol oo Slss ol o e
Ol s 2l a1 lasT b s e seily

2 S

@u w)ﬁ—o

\AO

B e o A Sl e 5 S o DL

e - CTA & 6L€-‘*K3~“>)°45M-"@ O Loy 5
JU s e poler s Glabor S S oo w
L e 51 s 5 s (V) IS8 ol L
il sy (il sk 4 das e 0L [y Sy
)‘\_:.éjfrk_?b"\ o LS e Rl S g s
sl 23l ool s omie G 3l aslind b alols s
A Sk e 4 das e 0L (V) IS5 Lol s
Sleslenal bceules S o h o L Wy Ol s
b Losme an S Ce e BSOS e sie
by
V = -3.08+1.2940-1.902 +1.3v° —2.87v* )
S50 5 il e e O S e V0T 3 S
sy Sl 5 e ey el Sy e s
IS e e Sle 3 Js b poas s o caeglie s 4l
Sleslaal Ly 1555 55 () 2 2558 Camdse G35 s Sl
sl b bl (s W Ol ol 03V 5l
=l Ol el Sldas AL o s ns e sl 4 (52555

jl_ﬂjd_tjjd_:ub\ﬁﬁd_:gjﬂc,sf&uo&wb

\Y“/\' de.w‘ cY ;)w cY' JL»: ‘JMJ.:M\


http://jcme.iut.ac.ir/article-1-236-fa.html

Downloaded from jcme.iut.ac.ir at 0:33 IRST on Thursday October 29th 2020

Y BE T3 o4 02 i)

i

w9l5 53 db oy 2 Ok Olde 53 HLidea b shs —-A IS
4.?).3 Yo ala?

[0] Llowdil 31 dny ayls 5 5k, 15T —5-A S

0L 2 sl s s @ s S dns 3 355 S5 ]
S g g @ 353 dml e 55 5 0l B s 3l bI 4
Ll Gzl (m=A) IS0 50 el Ak
=S Slmlsl 5l ol gbaads 8 (Call-4) K s
3 Hyere Dty add oS 4 aS o Ve e 4l o
il el enls OLES sl s 4y K oslad Jke ()
S alie Jb S ) Sl e b 5 (0m8) S
4—3VL5))'—:J T s 5 Y Dy ) SaS
S s e Ol ISS 55 e e e 0L [0] el s

\Y“/\' de...ul cY ;)L«uj cY' JL»: ‘JMJ.:M\

)3JL3 6")}30\.1}? c}‘.\.:.d).\)w".hkjb—gﬂ|—/\dﬁ
a5 Ve e al)

[0] Slouiil 31 5 als 8 (55Lu, KT - A S

A Yo 5 ¥ i de> sblss o Jul dde (55 0L 2 Oltee
LS 1 als S cmbge 5 Kb by lat ol tins o OLES
oo s S () 5 (mA) LS 2 S o asiia
ol SISl ) 533 SaS ey Ve I K L L
YO dlam ansly uo by als 3 sl ass 53 a 0] ol
Sl als S 05 el calam 4l pl 5o S e Aol 4o
53 035 oS il e LIS 5o a5 At D55 JLAS el
als S 5ol &:;&MC)BJU&@@J& [

S S cal S oY gl e i L, s

AR


http://jcme.iut.ac.ir/article-1-236-fa.html

Downloaded from jcme.iut.ac.ir at 0:33 IRST on Thursday October 29th 2020

& [wem)

\AV

g [em)

-]

: wfo=0.15
5' e T =0 R
L i xfo=0. 75
[ o= 20"
aiE ¥V =1% nfERC
r -
o
L=
0= o 2y
.0 20.0 4an.n
W f mieec)

BX) VO s ‘5|M N J;—”;ﬁg-bﬂ‘-\' JS.:-

L yic=0. 21
T E e X =, A
i xfc=1.0
ir _— :!?ﬂ#
l V=16 mfeec

i
Rios .
o 208 40.0

v [ m/eec)

5 s i e by -

[0] g o lialo3l 55 db g5y 2 4l 8 55 —o-d JSo

Sl s 355 oS 4l S 8 o 4 1y 003 S5
s e 5 lb ad (S5 s L
BB e sledds () 0) 5 (V) sl
355 VO 53 (S db sy p il Camdge 53 s 15 0L
Ol el s 4y §ls o Sl oslinal L S 15 40 55 (6 s
Lol 8 En 3 e Jh s WSl 55 s e
M0 5 OF gas als S aS I Jaws o> o b
s 4 s s Jeig Sl 5L, el el anylis
S S s Gl 5l ol cd wls Sl
i el ol s als S aS ey e N a s Sl Sl
e o Ll ) LSS oS b Olea Lol s
basls § Ly onl iy as Silaly sles als £ il 5|
adom sLilss oo ) Laglsn 55l @b e LU 55b 4

s e uall YL

\YA. de.w‘ cY g‘)w cY' JL».»: cd)&i‘&w\


http://jcme.iut.ac.ir/article-1-236-fa.html

Downloaded from jcme.iut.ac.ir at 0:33 IRST on Thursday October 29th 2020

E -l
[ ¥fC=0,26
s e Y fC=0. 22
T ufe-0.75
fm 207
" V=16 miseo

2 f{om)

0.0 2@m.0 3I0.0
¥ [ misec)

ary ¥ e gl s huge Co e by -V SO

E -
[}
£ ¥it=0,26
- ——— Xm0 .22
- § Ifc=0.T5
il z=20"
V=16 mfsec
L)
= |
o B
T 3_
= o
2
1-.
n

O.80.51.01.52.0
Mirbmlence Intaneity,. O (%)

A s Vo ddas wly s o0 Y s gl s -\ Jse

\Y“/\' de...ul cY ;)L«ujf cY' JL»: cdy\if.w\

Lty 5 4y 3 awste o Jds n (V) ISSS
JS= pl sl sl S Sl 'Cl: o Ly aS das e
glls oa ol o s S L o s e b
YU co o Lial 55 (V) 5 (V0) K2 55 58 )5 Ll
53 Tssam 5 Il e (Sos5i 53 (S ites GahiS LB
H)JU;%\)J;OLQ.A‘S@JATJ?}@C]GMLSMY' e
sdaliie 0T 3 (6 Fdided oo Rl 331 45 53 4l
S cab g Lb el ol b g, ol Ll S o sd e
s am Wi oo o SRl Al ond g s D
el Jb g5 2 0T SBleg 5 als 8 (g5l
sl s sl pliloa s (YY) K
93, izl ous GJJJL%LEA s e Ol wls o=
S5y ol e Sledid g Al 5wl 1 il oL )
OLES aslie ol S e Aol | 56 5 ol glawls S
o S e BlazEl wls S 0555 4l s S Aas s
s 8 53 SlaLizl o zmen 313 35 ol o 4t
ElE e Sl 50 s 85l mi Sl e s Ll
V0 s 8 s s Eliml ad ST S das e 0L
Lo aS 558 o0 o i 5 Sl o3 0/8 U»oT@u,_\,
i als S 005 s Slalizil ) Gl des sy il 5

D g
sy e e ol () 5 (CY) sldss
U—-“-’-“-"'.;LS\J—’ .a\_ubJL;c olis d_s\bjf C)l}jd}h)b A_A.“Jj
S ol 4 oble g @\@;W&QSQ@,,JQULUJ
&wa‘e&w,b))f.b&))m_’ﬂ)_}kbj@u
(YY) s 55 als S 005 4l o okel Cows & s
Jdr e i petalin e u s g Ol g
))cb_wéj:.q.;.ﬁl_w\' Aol js oo Cllh g a5 das e
L 5 shis a3 e Sl als 5 ol 4l
s 0 Dttes bl g ppl iz (0) IS8 bl s aile

ogﬂ&u;alckﬁjg,&j;y#ﬁﬁ S les pte

\AA


http://jcme.iut.ac.ir/article-1-236-fa.html

Downloaded from jcme.iut.ac.ir at 0:33 IRST on Thursday October 29th 2020

A
™A s =
I R
144
-E-Td_
E 14
=,
el
i
el -
4 Wi S merer
1=
13 . L .
i (] 11 [

4.3‘.3;? :\L..A CJB B b\ﬁj L3 u}w Q‘;:ﬁ:—sf—\‘. Jﬁ.ﬁ

=
175 .
[ — —+— — EFxcecak Bmmcximendt . Pe=l, Scil’
- a Bk, 5. meeD.d<0@
1.3~ 0 Eef. b, Eewl.dizi@
- dewD”
N, TR =
~ot]
[ E
- A -
e - -
[ -
-
O, T
= "
- .
- =
05 - -3
o5 Pt
.
[ S 1 I | 2 0 5 4 o T
L] L Lo .75 1 1.35
xc

B el el B s f 5N K2
Jol Jhe (gl 4y Y0 e a4l

o OSm bkt Jb des &) 5ol 5 e a sl e

5o Sl 2 5d e S5 als S sl 1 A

I sl aS aas e OLES (55,0 ANy pliel ol

ol 33 35d B als S ks 3 0L > s e Silesl 3 4e

L B g P i 5 e W PO

@ 5 odd asls Sl 3 L LAl o Ce

VA4

ci
L]

A%

Al \

H
E I |
=]

1£58 |j

13 LEr J !

W= S meemr
-
" ' ' "
3 R TT T -

w155 Gen S5 53 0l) b o Sl pis — VY S

[ N [ - RO NUCI P i o
ol 3T 0L e

cblie s b 3 58 m cbse (10) 5 (V) sl
sy S s e e O 1 U 6 03 o o il
5ol i laals S k8 Jib coadpe Rl L il ahe
o a4 S o oS - b A G als S
o] sl e s (bl ol =B o Sl &S
3550 b e & i IS8 G, sae 08 pl s
laael s [150] ol e U s Letalasl opl 53 eslizal
o Dol sll (Jb mhaw (6 5« 5 alads w5
et 3 48 03 (5 53 sdaie sl el 5 g Sl
oS Az e 0L (V0) ISKa . 55e Jb sy ails S nd s
iy il OO oa el 3550 e 53 S o
g sde S e 5 555w Js 0555 0 i
Al e b 6 il el 505 e w L

S S s 1\

35 a slaals S oS Aas e 0L (S5S (025 (oor) 2
Sl gsdaze ol pe ml VU 51, asl3 b Wl (555 2 ool

\YA. de.w‘ cY ZJLA.«.: cY' JL».»: cd%\


http://jcme.iut.ac.ir/article-1-236-fa.html

Downloaded from jcme.iut.ac.ir at 0:33 IRST on Thursday October 29th 2020

VO Cmbge 53 5 asls S Oy 4l plizdl sl S T
02 "l—“"JL;‘ Loy V/o EEEC R Yo il 4‘.’.)\) BE ):ﬁ I.-‘:? e _ Foprsst Experimest. Be=l. Sol0’
- ” pcf, 5. me=0odcid

C_,_w\ .Lp)) '/i )j.k}-)b)\.l.;.d U'~'~\ M\)ﬁ C)BJ)ASJ\;- 1.3 ]
LS ki s al3T Ol o Ll e bl 8 oS ]

s . T = .F
S a5 Ll 5 G m5 5 Sl ol L5 = 1f 1
ol 6525 5l i oSG aS s S 5555 Jb s ol - -
b ol glaals S Olas als 3 s cpl S o ol asf P
)).Mdbdj)ﬂ\ﬂd)ﬁ%}f&m\mésm 3, 25 e
g)‘l‘ )\ C,_é;- ;g_“o e J/alj Jl_s “g—.’. J.,\_A S r)b J.,\.A '1:. - -:-_I::. .u._ll ;_I1=_ T =

_ - §i
Sudh e JSE AL b sy laals S
2 i o e ch\fu,.: w5 S 0 i V0 IS
dol dds (gl a0 ¥ e a5l
P K oj“g

1. sweep 4. secondary vortex 7. laser-doppler velocimeter (LDV)
2. wing rocking 5. burst
3. primary vortex 6. seven hole probe (SHP)
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