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Abstract : The interest in urban air mobility as efficient transportation means for inter-city long distance transportation has
increased recently. This study is aimed at creating implications for the fuselage design of the urban air mobility in relation to
wing structure and other structural factors. The study began by reviewing the concept and mechanism of the airfoil and
propulsion method to clarify differences according to the wing structures of fixed monoplane, biplane, rotor wing, and
combined type. This study also reviewed various closed wing types that have abundant lift and anti-stall potentiality. The
results of the study include: flying stability and anti-stall capability are important in future urban air mobility, and further
study is required before deploying closed type wings. The design study is also necessary in exploring the applications of
closed type wings, such as biplane, box wing, and combined wing, for stability and the safety of both passengers and
residents.
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Fig. 1 Research structure model
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Fig. 2 UAM classification according to operating altitude

L 71HA ol fFARRE "ol A 7]&do] o] Fo
AL rka & 4 ot

Fig 2= O3 T72) vjaiA] £33 158 HoFar
JEd, =4 F ZUEE 015 km(2F 150m)S] 1=
olvle] ARLE(EEE)NA +Fsh= vlAAZ 23}
I IS B F Uk Y oA Y axE $3F
= vlagAe] A X)E FHEke} AlAE TRt dSA-R
E TH3IEE, ol EA| AFHES A4E A& £A4
7} 52§ vk 223 AFRCAlE rtelA b3
A7t AF - 24 vPE o) Belzto] op7|gH k= F
%= 9ok

O FARE B4 73 9] &k} njage <%
2 FAloIt) dA JgEE =4 3 2Rl E A
T3l & 7[E9] 374 AelFY Fol vlsf =8
& Zolgtar s, vld Ag-S 83 uiA|Elr] = olH
2 AoF ¥}

olAY vt 7Hs A A=A FAN A
JE EA FF 2 a7EHE AL AA, 73
©] 2§ (VTOL; Vertical Take off and Landing) 7]’ 2.2 7]
A #80] 7Fe ¥ F F7I(EH) W] FrE o
2| o & o]&&{E § glojof gl

AT & 759 AFs 71E0] 8FHE, ol
5343 2417 4FE vdElr] s AEg Ao
o} yhA) A A(EH B85%; Air Traffic Control System)”} 2
Q3&}7] gjiolt.

AR E B4 22 7|22, dE AR S 2E7|E &
F71¢ el A8 2 dEsE 2 AXNE FHE R
ANFI o B2 g A A% B, 2o 7)H] 8
Bl 2] thekstrt 71s s of gt

A= wig g 7|&E, 25T w77t o] fle
A7158L AF83lER, olF FF5A7)= g A
o] &9} 1831 o 7] B & vjPA =4 2] 2HA 7]
%o] a5 =), " A3l A G2l $1% 71A
Zu B2 Fo] 17 0lt)



2 RE2 SU2R F vam(=d 3 2YR|E) SAle| =¥ W2

Table 1 UAM classification by wing shape retrieved from
https://transportup.com/ (accessed on 7 March 2024)

Category Shape Type
s ./’
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Fig. 3 Forces acting on an airplane
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Fig. 4 Airfoil Nomenclature based on NACA 4415
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Fig. 5 Forces and moments deployed to airfoil
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Fig. 9 Vertical positions of wing
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Fig. 10 Wing-tip vortexes of mono-finite wing
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Table 2 Comparisons of wing types

Wi
Wing types Features sharsi
. Upper and lower planes | Closed
Box wing are joined by a vertical fin | wing
A type of box wing
whose vertical fins curve
Annular 3 : Closed
. continuously, blending X
g smoothly into the wing
wing tips.
Biplane Sl
_— Took off and landed
Cylindrical vertically, but never Closed
wing achieved transition to wing
horizontal flight
Form a continuous
Joined surface in a hollow Closed
wing diamond or triangle wing
shape
Flat annular Flat
9 Flat ring shaped wing ‘a
wing wing
Monoplane e G e
i ing consisting of four
types Rh{memda] surfaces in a diamond F‘Iat
wing wing
arrangement
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Fig. 12 Cessna 172 Sky hawk

Fig. 13 Boeing 747
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Fig. 14 Lockheed Martin F-22 Raptor
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Fig. 15 Airfoils on various vehicles
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Fig. 16 Russian biplane An-2
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Fig. 18 Delivery Drone

Fig. 19 V-22 Osprey Tilt rotor
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Fig. 21 Open tail rotor and Fenestron
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Table 3 Flying mechanism of generic drone
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others to prevent
torque steer

Controller & Drone

Pitch \
(Forward) LSS

Pitch
{Forward)

Pitch P 2
(Backward) 9 e |

Designs F d on Wing Types

| 4@ T ) ;’}-

Roll
(Right) 0’ é ! J’

—ht

U2 =89 F2E ZE7H] B 6719 2R
H glem, Z+ 2 EE g 79 BY Ho 27 A"
FZolt}. 2¥ 3|7 o] vizlgo 2 7|A|7} vt WEo s
3] A sH= B 2E]9)(Torque steer) T3-S 7] 913 Z+
Z}o] 2HE A2 g Weko 2 S dsles dA )

olgjgt ujA| oA BE ZHE T2 FEE 3747
A AA Y-S YA A FR o2 o] Falar, [T o
= 28 UE A% 2¥ 27)19] 3 HFE ¥ 93 2
E (Pitching moment)E THEo1A] 17 e Wig & The
o}, 2E]a 23 AldlE 9% 2H 2719 3ATE ¥9
o] 5y ERIEE ghEo] 31 W3k ¥y E e,

Fo2 Y u= Q22X 2H 2719 3 HFE 9
% 29 ERolling moment)E THEo] €% HHE 7t
o] Wk ulr oY

Fig. 23 Future image of UAM transfer terminal for UAM
S-Al
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Fig. 24 Bird’s eye view of UAM S-Al
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Table 4 Comparisons of advantages by wing types
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Table 5 Comparisons of wing types
Wing types Advantage/Disadvantage | Anti-stall
. High lift/
Baxwing Moderate drag Q
: High lift/
1
Annular wing WG ©
lindrical
Closed o i VTOL/Rare lift ©
: wing
el High lift
i
" . .
type: Joined wing Moderate drag ©
Flat annular
wing
Rhomboidal
wing

=3 24 3F 2lEEE 718 35719 vl
mit2e aE2 Hjdn s 4R 2A ARE
o] v g2 dolrhyE H A2l oA aei=
of & HEL 7IEA, BEH AT ok, A9
B 5 b A3, FEel o7 2] AFat e
A9 S Y Solth o= AR = #F
g 71A 7Rl A FHH A 7le 29l ohA|Rt,
2l 2jE] ARR-g 9] T4 FajE ajlelt.




2 RE2 SU2R F vam(=d 3 2YR|E) SAle| =¥ W2

A vleks B4 87 melEE 2N A4
o Fst Fe, 7154 F9) ASE FaskAw, 19
o}g¥ Fag F& 13o] vk 4T ol BE
% throll T QHA oItk ol B 714 TRl
o A4 )ee] A el <ol ohjek, mlagAle] e S
S} 4% o 5ol PEist TRE B A
23342024 A6 A tho) A FA o],

7.8 8

£ Apel: 24 B3 2uE J)5 5 Fu
FA0] B 44 o A5} 3 u BHAA D
Tz} EAS) BAE AT u) o8 Fa) 57 0%
3 oFee] FEE A A% A% gL YA
AR HAL BEolx o] vl PA} LY EAY
BRI U F83 2298 WY 5 Uik 1)
1 e el SERTHE e Fa 1o upe
A% el B #99) WAVt Adsolor & Ao
= uQlt) welA Bel T2 WS TEE 49, E
t 89, 2% T2 5 DAY BPIA %L FL 7}
2 729) B9l o AESt 2 FA,

ujgle] e} geae) AR vk B
H|3- 7HRIThs Aol A, 52 QAL o 87 1]
2] BE 2 tAelel s F8 2kt @ Rtk
ololl we} Eejeslel UAMO R tiEEE aF 2l
Bl ok NuE 337 $3o] o)At Aelg
Z7)eke B4S o s Ao nelth w
CECCRECEL PR PR ERE SRR
tAel el S40] 8 Ao nelth

o g3 muEd Bt IAE /1% Auo
A BT PA AL AR REOZ N8, 1F G4 A
AV ol ANA W AN HAE e B AT @
Agka & Aolek. Teht @A £ BT ZAE 7)
o 27)0|BE, $F9 714 /)& AR £S5 o
Q) 7o) Wk AN Aol 5T Ao B
o} webA] g mE B4 UAR) ZAE 75 9
& 7 AFEA B = E ol 5] WA BA| Tl 7)
ol FAH delElst 71 S4S s TAIS 9
AT/ P B Ao Bl

3 7
o] - 204 FOl st SEATH A go=
s394 7).

2)

3)

4)

3)

6)

7

8)

9)

10)

11)

12)
13)

14)

15)

16)

17)

References

Samjong KPMG Business Report, “Insight 70,”
Retrieved from https://home kpmg/kr/ko/home/insi
ghts/2020/03/insight-70.html, 2024-05-03.

UPI News, “UAM Industry of the World,” 2020.
1.8.

R. A. Kim, “Urban Air Mobility,” Retrieved from
http://marketinsight. hankyung.com/apps.free/free.
news.view?aid, 2020-04-13.

UAM in Seoul, Retrieved from https://www.
newspim.com/news/view/20240611000205, 2024-06-
14.

NASA, Retrieved from https://www.nasa.gov, 2023-
04-30.

A Study on Finding Partners Through Patent
Network Analysis of UAM (Urban Air Mobility),
Retrieved from https://www.mdpi.com/2076-3417/
12/21/10705.

G. Warwick, “Problems Aecrospace Still Has to
Solve,” Aviation Week & Space Technology, 2020-
04-13.

Facebook, Retrieved from https://www.facebook.com
/photo/?fbid=639806594855636&set=a. 63980656
8188972.

Y. G. Kim, J. H. Jo, D. H. Kim, H. Lee and R. S.
Myong, “Effects of Lightning on UAM Aircraft:
Complex Zoning and Direct Effects on Composite
Prop-Rotor Blade,” Aerospace Science and
Technology, Vol.124, Paper No.107560, 2022.
Goldman Sachs, Goldman Sachs Insights, Retrieved
from https://www.goldmansachs.com, 2020-04-13.
Forces Acting on an Airplane, Retrieved from
http://www.aviation-history.com/theory/force.htm,
2024-06-01.

B. Allen, “NACA Airfoils,” NASA, Retrieved from
https://www.nasa.gov, 2020-07-27.

R. C. Nelson, Flight Stability and Automatic
Control, McGraw-Hill, 1997.

Design and Construction of NACA-4415 Airfoil,
Retrieved from https:/www.semanticscholar.org/paper
/Design-and-Construction-of-NACA-4415-Airfoil-
with-Mustak/4{f39cac3aef2538ed79f35 1cd49falOc5
e841e98.

D. J. Tritton, Physical Fluid Dynamics, Van Nostrand
Reinhold, 1977 (reprinted 1980), Section 22.7, The
Coanda Effect.

Aeronautics Guide, Retrieved from https://www.air
craftsystemstech.com/2017/07/effect-of-wing-plan
form.html.

Wing, Retrieved from https://eng libretexts.org/Book

Transactions of the Korean Society of Automotive Engineers, Vol. 33, No. 1, 2025 27



18)
19)

20)

21)
22)
23)

24)

28

Sang Koo

shelves/Aerospace Engineering/Fundamentals_of
Aerospace_Engineering_(Arnedo)/02%3A_General
ities/2.02%3A_Parts_of the aircraft/2.2.02%3A _
Wing.

J. Taylor (Ed.), Jane’s All the World’s Aircraft
1980-81, Jane’s, 1980.

W. Green, Warplanes of the Second World War,
Vol.5, Flying Boats, Macdonald, 1962, p.131.

L. Kroo, “Nonplanar Wing Concepts for Increased
Aircraft Efficiency,” VKI Lecture Series on
Innovative Configurations and Advanced Concepts
for Future Civil Aircraft, June 6-10, 2005.

A. Marcel, The Ligeti Stratos, ultralightaircraftaustralia.
com, 2024, Retrieved on May 13, 2022.

E. Angelucco and P. Matrciardi, World Aircraft
Origins-World War 1, Sampson Low, 1977.

Cessna Aircraft, Retrieved from https://cessna.txtav.
com, 2024-06-08.

W. J. Morris II, A Universal Prediction of Stall
Onset for Airfoils at a Wide Range of Reynolds
Number Flows, Ph. D. Thesis, Harvard University,
2009.

FRASABEE =2 AB33A A1z, 2025

25)

26)
27)
28)

29)

30)

31)

32)

Designations of Soviet and Russian Military
Aircraft and Missiles, Designation-systems.net,
Archived on October 11, 2017, Retrieved on March
8,2014.

Y. Gordon and D. Komissarov, Antonov An-2,
Midland: Hinkley, 2004.

F. Smith, Legacy of Wings; The Harold F. Pitcairn
Story, Jason Aronson, Inc., New York, 1981.
Google Dictionary, Retrieved from https:/languages.
oup.com/google-dictionary-en/.

M. J. Hirschberg and D. K. Dailey, “Sikorsky,”
Archived on December 18, 2007, US and Russian
Helicopter Development in the 20th Century,
American Helicopter Society, International, July 7,
2000.

COMSOL, Retrieved from https://doc.comsol.com/
6.0/doc/com.comsol.help.models.mbd.helicopter
swashplate/helicopter_swashplate.html.

How to Fly a Drone, Refrieved from https:/
uavcoach.com/how-to-fly-a-quadcopter-guide/.

H. R. Kim, Hyundai Motor-Uber Joined, UPI News,
Retrieved from http://www.upinews.kr/newsView/
2020.1.8.



	날개 유형을 중심으로 한 UAM(도심 항공 모빌리티) 동체의 조형적 접근
	Abstract
	1. 서론
	2. 항공 모빌리티의 고찰
	3. 비행 요소의 고찰
	4. 날개와 동체의 고찰
	5. 기체의 고찰
	6. 항공 모빌리티 동체 디자인 요인
	7. 결론
	References


