Journal of Technology in Aerospace Engineering

JTAE

E-ISSN: 2676-4253

https://doi.org/10.22034/jtae.2025.9.4.5

ce Engineering

Vol. 9, No. 4, pp. 63-70, 2025

Journal Homepage: https://jtae.ari.ac.ir

Technical Note

Experimental Flow Field Investigation of Swept Bird-Like
Rigid Wing by Flow Visualization Technique

Hamzeh Eshraghi™, Mojtaba Ramezani Voloojerdi* ™, and Mahmoud Mani

Department of Aerospace Engineering, Amirkabir University of Technology, Tehran, Iran

ARTICLE INFO

ABSTRACT

Article History:

Received 22 November 2024
Revised 30 March 2025
Accepted 07 May 2025
Available Online 10 June 2025

Keywords:

Experimental method
Flow visualization
Sweep angle

Rigid wing
Bird-like

Gliding flight represents one of the most critical phases in both natural
avian locomotion and the operation of bio-inspired aerial models.
This study investigates the surface flow field over three static wing
configurations. To examine the influence of sweep-back on flow
structures, three wings with the S1223 airfoil were tested: one without
sweep-back, one with a conventional 30° sweep-back, and one with a
30° bird-inspired sweep-back incorporating a curved junction. While
all models had identical chord lengths and wing areas, differences in
sweep-back geometry led to slight variations in span. The models
were evaluated in a wind tunnel under various angles of attack and
flow velocities. To visualize the flow patterns, fluorescent powder and
paraffin were applied to the wing surfaces, capturing the flow
structure through surface imprinting. Ultraviolet illumination
highlighted the flow patterns and their effects across the wing
surfaces. The angle of attack was a controlled variable used to
examine its role in shaping vortex formation and flow behavior across
distinct sweep-back configurations. Findings indicate that at low
angles of attack and prior to static stall, the separation bubble region
was smallest in the bird-inspired model with a curved sweep-back,
compared to both the non-swept and conventionally swept wings.
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Fig. 2. The view of conventional swept wing.
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Fig. 3. The view of curved corner swept wing.
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Fig. 1. Non-swept wing view a) uninstalled wing, b)
installed wing on the electromechanical mechanism.
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Table 1. Geometric characteristics of wing models.

Model Chord (m) | Area (m? | Span (m)
Without

sweep. back 0.15 0.0565 0.343
B .15 0.0565 0.344
swept-back

iz 0.15 0.0565 0.329
corner Swept
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2. Laminar Separation Bubble
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Fig. 4. Comparison of the eagle wing with a swept curved-
corner wing.
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Fig. 5. The installed model in the dana research laboratory
wind tunnel test chamber.

9ol alie Jobo g e 320 VXV i ol (ygesl oo slal

o Al ieS a8 b ailed slel 4 4 gl sl e VA
So sbals)S 1 baolesd 3l 5 sl 03505 Jlidl 1) 90l alaise
Fo by ol pseil alalie 53 Gy dipy Caslord i Bpo L
Voo Ol L ygig0g Ul lausgs (ol (18 45 yoog i 4 Csl 4l 1 o
2 oslhs ChdS L by & ey lp Caslord el Slggls

1. Tip Vortex



Slo 9o 9 5329y (Sl (wme o Byl 050

(AN

()

G bl 5 VO MIS e 3 bz Gl ales 45 b -V IS
O )I 9 L;Jé‘.olj )l o= =Y\° HE ) =° o O =y° u).ll) L;lw 4y Y.
(oRhe Gl o3,
Fig. 7. Effect of the angle of attack on the separation bubble at
15 m/s, conventional 30° swept wing (a: a=3°, b: a=9°, ¢: a=21°
post-stall and separation bubble dissipation).
o g8 ialn ol o gl Gl LY S5 3ils
O 3l b g cutly amle sg2g (b (Slely £989 5l JE T Ol
@B ¥ S 5 e &) Jb sy 2 ol Subly ol o,
S bl sy 2 456 2 2030 Co g (gl ol (g3l Sl
Caolods 03> L a3 YY) 54 (¥ alas (gblyj 50 (Jgaxe ayd V-

Ladlgn (podign 5 (59l
¥ oylas A b)g0 AF-F Lo [ #A

(&)

(@)

(&)

o g ooh Jb » Yo MYScepo o Jb Sy abs e a -5 JSW5
(@=YF 0 0= o=y i)
Fig. 6. Effect of the angle of attack on the wingtip vortex of the
non-swept wing at 20 m/s (a: a=3° b: a=15°, c: a=24°).
b cos oS b j) dash s agly aldl L 5 s slas
=5 U 0 oS S 4 ol oS &8, 4y )byl b Sy al S
w8551, Jb 53 Jsb plos Loy Jb S5 ab S a5 ¥ e gl 5 3
P ok b cle 4 we > YF agl; U alos dygly 58y YU b bl ccanl
i | yiaS & 4B ol Jsb PSS ilas b ol (slacion
O g Ol g dlex aygly 1y e 3 9 bl il o) g
sblgy cod by by ((Slely g8 1 e 5 i b Sl (58,



Ladlon pwtizs )3 5yl
Y o)l & Byg0 VFF Lo

Jb o Jb S dlis og 55,5 Cle 4y pisred (Cuwl ooy 295
Iy ol g 03,8 2)08 5 (bl Ol b dllid el el g
5 Jb S Alid 0,980 ol 0 ol ol o 3 9 dne o
Alsd &S pl @ an gl gy 0 b as] Cow a4 (Lils Ols
Ol 2358 5 b sl 5 Sa S 1S o 22gl3 b Jb 3 Jb Sy
oy d A JSS Cuwload jieS A S sillae 35 Gl Gl p

sl &Sl o Sgp 4l S 2 2l e gly b

()

()
dlos gly 9 VO MIS e poo 13 Jb S &S 32 S g 25 51 - SIS

b b i Jsane 207 280 b Jb i S s JU sl =Y
(oo adgS b a2 3 e (S ey

Fig. 9. Effect of the sweep angle at 15 m/s and ¢=12°, (a: Non-
swept wing, b: Conventional 30° sweep, c: 30° curved corner
sweep).

Ol )il Ko 4 550k (ShS m wbo Jl ol plise (028 alllas

a a0 VY dles gl 10 058 0 odmline JSb pl j5 S jlailan
o3l ol plbe ole (b gy 2 ol Sbly g8y cle
Ofthe Sl ol 55y 3 GRIBIL 5 e ol o sl 4
Ao Jb (g jlorsliz (e 33,8 e dlml Jb 59, 2 el by
ol Js L)" PRIRRVWCS JL @a.w 4 °)L~9‘> ‘L)“""» ol )l
Ol L Lol S ai bl b g9y 5L s 50 o ol
Pl S o 2l A U 3580 ity Jb slig o o

A0 o L a3 £ dles asgly 13 9 VO M/S ey 3 1y iulas

(&)

dos alj 5 VOIS e p > (b Ol p S gls 1 —A JSWS

b Jb s cJgene 420 Yo 018 b Jb o el Sim g9 JU i) 00 =57
(o 4bs5 b az 0 ¥ S ey

Fig. 8. Effect of the sweep angle at 15 m/s and a=6°, (a: Non-
swept wing, b: Conventional 30° sweep, c: 30° curved corner
sweep).
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