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Ground and Obstacle Effects on the Aerodynamics and Wake Flow Field of an Isolated

Rotor Blade using Panel Method
Chan Ho Song!, Sang Min Son? Sa-Lang Lee®, Rho Shin Myong* and Hakjin Lee®

School of Aerospace Engineering, Gyeongsang National University, Jinju, Republic of Korea'™

ABSTRACT

Urban Air Mobility(UAM) has emerged as a promising solution to alleviate urban traffic congestion
and is expected to operate frequently in complex environments with various obstacles, such as vertiports
and buildings. In this study, the aerodynamic characteristics and wake behavior of an isolated rotor
blade were investigated under ground and obstacle effect conditions. In—house vortex—based aerodynamic
simulation code was validated using the Lynx tail rotor model under hovering conditions. The Large
Rotor Rig experimental model developed by the University of Glasgow was utilized to simulate various
rotor positions relative to the ground and obstacles. The results of parametric study showed that when
the rotor was positioned closer to the ground, a reduction in induced velocity led to a thrust increase of
up to 10% compared to out-of-ground-effect conditions. In contrast, when the rotor operated near
obstacles, strong recirculating flow generated between the ground and the obstacle, resulting in thrust

degradation.
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Table 1. Lynx tail rotor and simulation conditions

Property Value
Number of blade [-] 4

Rotor radius [m] 1.105
Hub offset [%] 20
Aspect ratio [-] 6.14

Airfoil [-] NPL 9615

Tip mach number [-] 0.56
Collective pitch angle [’] 17
Time step [] 3
Total revolution [-] 20

Experiment
Panel method (Present)

-~ r
L

- L
<}
o

=104

(] L
=

- L
[S]

1k

0.96

1.92 (IGE) 1 54 (IGE) 0.95 (IGE)

(@) Thrust

Experiment
Panel method (Present)

= 2k
= I
= L
<} L
O I
= 108f
i
= [
s r
L 104f
1F
096 L

1.92 (IGE) 1 54 (IGE) 0.95 (IGE)

(b) Figure of Merit

Fig. 1. Comparison of aerodynamic loads at different
rotor height

Ao S, AP vlaste] 1.79%9 &S E
o A% =49 NS %}Eo}oﬂt} ghA, AR w9
2 & (Figure of Merit)9 A9 OGE &719] AlgZto] &
AlskA] gFot, IGE Xﬂoﬂ/\i OGE éﬂ oivl Az v
B Y5kt Fig 12
OGE &7 tiH] IGE Z7ioA<] ﬁi—"a Alg 2 AR
H9 889 WHIlgs AL Hli' 7:.%%} Z3to|t,

! 1.54, 0.95°1A
él'?‘d%kﬂ 0.4, 1.6, 0.7%9] ﬁi—"—ﬁ 2'}%01 WA Ae
73, Fig. 1(b)et 7ol
L0, 1.1, 2.5% 27t %*316}9'10@ o A& 2.5%
2 /\10471—_,,]— _rr;\].—]. 74% 9_,]-0 o].o:h:]— \::6]- 1\10401]}\1 e
W wieh 2ol 3WY F e} AW 2HYLE 2
B 283 A5o] F71te AFol UEt ol% 53
B 7ol Y siMAQl sidyol AW AvE Wi

MY 3 4L BET & USS FASEY:

B
ra
fol
i)
10,
of
0%
o
i
M g
L
=
I
—

223 22 0|5 &t H4F
52 nu 7HAzoz H/R=0.84, 1549 IGE =7}

OGE ZZIoM 7 ¢t79 AAS Adg vz A
Sttt 4], Fig. 2+ AHate] Ao ma 7174 2 3
Wk oFF AR HAS d&3st Aitoth EFo|=g]
EdoA HAsts o AR fAE FHsHgeH,
Hlal 7= glolelE VIM(Vorticity Transport Model) [8]
T+ RANS[21]9] A& AREsIT) Fig 29 (a)+ OGE



H 533 H 95, 2025. 9. d g ol &3 A Y Aolg it I 2EHY FY 899
12
| x/R
e /
- i fas
_s 08
§ \EI;'I:;IE(r IPTI:I’::S etal) E
9O o6 RANS (Filippone et al.) Ll
* Panel method (Present)
Q
€ |
g 04
2
c I
021
i 2IiR
N R ) Fig. 4. Large rotor blade modeled by source-
Wake azimuth angle [] doublet panels
(a) OGE _ _ N -
12 & Ay, $Re WE BFeR £EsTrE AHy 7
9al & thl §7 wEez bt 4% woln
= - E3k Aol o5 4% wWgkozo] Wdo] AjEL E
< = =] = =]
s g e Uergen, ol Awe AUy U AY At
8. 1 MThenn | ATt 3 Fig 3 AARY H9 Al H/R=1.54
x AT = 5 = =]
g ! 2719 27 7% o& Axolth. AW =miol| os| A
. Wdes SR7F tste #2E #EY 4+ Utk olE
"ot B3, £ saxte] 37 mdo] oiE A5 S
| I — o, ok UAREol AW ol ojg AA TR ABE
60 120 180 240 300 360 i:‘]- A O] o o 3lol= 0:‘
Wake azimuth angle [°] Oﬂ*—T?:'_ T oRE=E 9—’]’\_01'/\1\]:]'.
b) IGE, H/R = 1.54 =
(b) / 23 XH # FoiE S} m2tHES A3 Aut
231 Tik oA 23
2 Aords A 2 FolkE 2t 248 918l University

=
0
c
2™
© Experiment -
Q VTM (Philips et al.) v
9 o6 RANS (Filippone et al.) e .
Panel method (Present) h -

x " =
Q el
S ol s

04f e,
> [ w _I.l-‘n,"'
2 it
= I A

02 \

| |zIIR

/S I N SR P
0 60 120 180 240 300 360

Wake azimuth angle [°]

(c) IGE, H/R = 0.84

Fig. 2. Tip vortex axial and radial locations of the Lynx
tail rotor

Fig. 3. Wake structure of Lynx tail rotor blade at
H/R = 1.54
o]

29 R Yatel AH s Astols], A
14 muel 1y AveE AA A
A} Fig. 2(b), (c)&= H/R=0.84, 1.54
2NN o Ut AHS o3 Astoltt
X&3 AWt 7 PR 230 WHE F

(o]

du H o2 o oot

of Glasgow?] Al =9l Large Rotor Rigs 4+ 3l
nd2 MAstict. 2E mde vEY Z=rt gl
9l Zo] =7t 4Ag AAGY (Rectangular) E3E
Ae& Z+ BHolr 4R oA SltH[14]. EEJQ] wt
Zol& 0.5 molH, A9l Zol& 0.053 mo|th ZE]
ojl=9] & FAL NACA 0012 oflojzdolt}; Eo]
Y42 Fig. 43 o, AANSH AU ol Table 201
gesieltt. 26 Edlol= 39 sials sl 7 Edo]
T A9 WFoR 31K, v WEFeRE 20719 AMYY

=
=

& oy ogh >

d 2AF wjx|sto] olitElsigity AW 9 HolE =
Table 2. Large rotor rig specification and simulation
conditions
Property Value
Number of blade [-] 4
Rotor radius [m] 0.5
Aspect ratio [-] 9.43
Solidity [-] 0.135
Airfoil [-] NACA 0012
Tip mach number [-] 0.18
Collective pitch angle [°] 8
Reynolds number at blade tip [-] 220,000
Time step [] 5
Total revolution [-] 15, 18
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Table 3. Test matrix for investigating ground and
obstacle effects

Test Case X/R Z/R
1 -1.0 3.0
2 0.0 3.0
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5 1.5 1.5
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