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ABSTRACT

A large amount of time and cost is consumed due to congestions caused by an increasing
number of cars which results in a lot of emissions. To overcome these problems, a new electric
vertical takeoff and landing (eVTOL) aircraft is being considered. Since vertical take off and
landing without a separate runway is realized and electricity is used as a power source, it could
solve the saturated ground traffic congestions without emissions. In this paper, the initial sizing
was performed based on the Nexus 6HX of Belltextron which is a tilt-ducted fan type. In this
study, the electric propulsion system that only uses battery was implemented instead of current
Nexus 6HX hybrid electric propulsion. Aerodynamic analyses were performed using OpenVSP
and XFLR5. Power-to-weight ratio, wing loading, estimated weight were calculated with these

analyses.
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copter, Lilium, Ehang )84 o2t IT GA|(Intel,
Google)7H] 7ol F&stAY £4F Folct. o]e} o
Eol @4 A AA Z=o] & IS 7L Sl= 33
TAE 12 o, 7|29 SHARE Aol IES
ot 2] A7] 5 ol85kE eVIOLS o] BAIE
siasiEths S 7L itk siel9] eVIOL 7
ARIEE A4E GElFEE (B Ehang, (%) Volo-
copter, () City Airbus”} It} 1714 9] 4-9= Fig.
1o] Yehd (%) Vahana(Airbus) 2Jol%= (7]) Nexus
(Bell), (1]) Boeing Aurora, (1]) Cora, (/) Lilium
Jet, () Embraer-X 5©°] U}t = eVTOL 7Hgt
A2 20204 59 FR, AAA, A4 5 A FA
oA =y =AFFTHEK-UAM) ZEWE uldst
1, Table 19} A4 9 & 87Fx0& AAlskSich
HHEAQ] eVIOLZE Fig. 29 AAEAAY] S-Al
mdo] it} AhAksA= CES 2020004 5°15+
eVTOL ¥ v]efj =xejg ]33t Uberete] @9
HoIAL, UAM 7382t A& Alxdst7] sl UAMA

Fig. 1. Airbus Vahana [3]

Table 1. K-UAM roadmap eVTOL specifications [4]

Seats 4~5
Total weight 3,000 kg
Cycle /
battery 2,000 cycle, 400 Wh/kg
performance
Vert'{cal takeoff and 500 kW
landing for Iminute
P .
ower 240 km/h flying 71 kW
required forward
320 km/h flying 120 KW
forward
Operating
hours 40 hours
per week
Electricity 0.12 $/kWh

cost

Fig. 2. Hyundai Motors S-A1 [5]
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WEE Fig. 33t Fig. 40 Z7F etk

2.3 Bell Nexus 6HX HI¥

27] AolAL 215 ¥l Nexus GHX A€ CONOPS
= Z¥ZF Table 29} Fig. 59 YERAQITHG.

Front view

Top view

Side view ||

Front view

Top view

Side view

Fig 4. Configuration created by using OpenVSP

Table 2. Specification of Bell Nexus 6HX [6]

Category SI units Imperial units
Main wing area 7.62 m? 82.01ft?
Main Wing 5126
aspect ratio
Main wing span 6.25 m 20.50 ft
Overall length 122 m 40 ft
Overall width 122 m 40 ft
Height 2.057 m 6.74 ft
 Vertical 0.49 m’ 53 1
tail-wing area
Total weight 2,720 kg 6,000 Ib
Cruise speed 230 km/h 142.9 mph
Range 97 km 318.24 ft
Cruise altitude 300~600 m 1,000~2,000 ft
Crew/payload 560 kg 1,235 1b
Horizontal
stabilizer 2.02 m? 21.74 ft?
area
Horizontal
stabilizer 3.725
aspect ratio
Horizontal
stabilizer span 2743 m o fr

Cruise with Velocity of 64m/s

Range: 100km

y

Climb to
305~610m

Descend to
sea level

—_————————,

—_————— - —

Fig. 5. CONOPS of Bell Nexus 6HX
. =7| AtO|&(Initial Sizing)
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oty AFH &L g5l tigt B & vl 37
£ oplRith 38 of SRR/ W)t HHHW/S)
< Q=T NHY S 22 ARG AAER
2 27| Aoy dAolA HERt oS ghe EEStolof
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3 FTEE 8T & TFY 7I%E HFSHH th
3t Z}8][9].

w,

empty

=2,140kg 5)

Table 3. Empty weight and takeoff weight for
various eVTOLs [8][9][10]

w. w, —Wemp il Seats
empty TO VV]‘O
UAM
Joby
Joby 1,723kg | 2,177kg 79% 5
S4
Cityha
wk 1,170kg | 1,930kg 60% 4
PAV
Vahana | 692kg ‘ 815kg ‘ 85% | 1
VVE’III[)fl/ VI/(I‘FUJQ]- p(u/lr)ad% —(;);‘ ‘—}—- W Q_F 2!709kg
ol1, o] A& FoI%l Nexus 6HX A€ 2,720kg¥}

01: 0.4% g;(}._ Zr 0103

F 2 gl

olH3(wing loading)2 eVIOLY] 2538 d7f
O=F e Flolot. sk 72 IFFAd Al
B oAER dEx]A "ot €& gEE #E eVIOL
2 A& A] QHsIETRE TEfsle] @l WS Al4lS)

oJHElE AL ol ZTH11I.

w 1
5= ngf(JL , ©)

7|4 W p= Z/|UEE 1.225kg/m>, A& &
Bt 479 98719 A% 459 20m/s, ¢, = %F

AR Lift/(05x px Ax V?) ZF 1.40]c},
w2ka] HsE W/ set dEE s=

LSV ~ 357 [kg/m?] @

S=7.62m> ®

3.3 3% o SYHI(EES )

Z9 o] E39](thrust-to-weight ratio)q= X&)
|, A, ZASH, o A2E A9 £33} o]
5 Al9] FA19] vE FJgitt. kAT eVTOL 3371
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£ mede) ggvlolng, 3o o 3% g4l 5
S5(power loading: W/hp)S AREIICY,

o]ZE Ao= 7B & To] 9E, WQst &
e ofdiel ZeH12). ofn TRe] e W]
B3 TR Earh FUsika getet

5

P=\l5—~ ©

ol 22 7 67)e] WEE ZH= eVTOLo|EE
Fig. 63} 22 9212 2857, ol A] Wa 5o

Fere) 1,202 F1Aslo] 73 4 Qe

Ty =12(T + Ty + T, + T,
+ T+ T,) =12mg  (10)

SEARE B2 A eVTOLL ducted-fan F2o &
Fig. 73 22 ?—._!HJ TE] FEHET i 20%1A
40%7HA] =oF. S0 AR RS o YollAf v 4]

Fig. 6. Hexacopter thrust calculation [13]
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Fig. 7. Thrust comparison for hovering [14]
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A \/I 006 7= 8051
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ZH] pVTOLZ thaat 2t
pVTOL= 0.221 [k W/ kg] (14

Fig. 8%} vlud] B AXRRE 53 of S34)9] o

S (W/P) 3k 4.52kg/kW2 017 Bell
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P(:ru'ise Bl 3 1 2K( W/S) (15)
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Fig. 8. Power loading [15]
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o7|x Wiz AA olF F5F, P= &Y, npe IR
292 88 07, pye BESIHETES] UE 1.225km/’,
Vime 7] FUEE 64m/s, W/ S= JHs =
357km/m’, K= 1/(rxex AR)Z 0.0654, p=
717 HE=E 7HE fiY] 1=9] 37| Yk 1.12
km/n?, o,;, = relative air density/de-rating factor
11e+3E Uehdth olwf ()= OpenVSPE AMES
A AARGE Table 79] A4 2k 0.064425 A&t
At

PW =24.1601 [kg/k V] 16)
<% Al 8659 942l 58 o FEH(EHT
)=

cruise

pCRUISE= =0.0414 [k W/kg] (17)

A &3 A 88 S 112.608 kWo .
d5 A 58 ol F3(EFFT 51 pCLIMB=
o Al2 A8t
climb _ IX (l)

P
pCLIMB= —77= e

ANA e 22 ag, (7/W),,= 548 o
SHolal Tt At
T, _ RoC

7[/)7’0(: - V

/ KW
Gi7s) ot (g 19

—

+

0714 RoC= eVTOLS B A5 &% 5m/fs, V
€ EFEE 6dm/s, ¢= Y 2,509, C) o g2 &
FAZE obd A% Al Hgglolng ArjEoz w2 giel
0.0010] B0z} o= R [17]0] UL Sesls
9] e EUE ZEItE K& 1/(rxex AR) &
0.0654, W/S%= AwalE 357kg/m*l1, o5 AKXt
St ok} 2t

T

(71/)”’“ =0.0945 20)

58 ol FZH(pCLIMB)E ALt ot 2.

pCLIMB= %X 0.228 =8.636 [W/N] (21)

pCLIMB = 0.0847 [k W/ kg] (22)

= A5 A 293 582 230.94 kWoltt
AxbE S FuES (1719 58 d 3% 3=
3} H|wsto] Table 40 WERHICH

eVTOLY] ®7ksAH = e &3 Aoz
A7 Fa710l Hloh AR EAFF W E(UAM; urban
air mobility)°ll AF&F71ol= AEsitt. AT EA
oA 9] HIPL 42 F3t THfof Fict whA E A
TollA HHE st FEAYE =S = e oY
A Wrrt &2 v et ASEAE JAsHEA =2
FEZ Y= HEE A4k o] S5t

4.1 2B MF

B 419 eVTOLE 6719 HES AlgsiEE 4]
(13)o278 7t HE9] T3 ot Zh

805+ 6=134hp (23)

AFste] Table 59 LRI

Table 5°] ZEE B o =3 ARRFO] TH
L S dY ANE T7RIIEE B o) "g
TS USAHA FF A4S 185te] EMRAX
A9l EMRAX2282 &S A4stoict. E3t, g ZH
9] 79 ol EAl=o] 9HA AFE] Hls| Aol

A

Table 4. Power loading for each mission segment

[17]
Power loading Tilt rotor Basic
for mission segment| /tilt wing (NASA) model
pVTOL 0.221 kW/kg fwz/zljg
PCRUISE 0.055 kW/kg f\%jg
pCLIMB 0.083 kW/kg f\’;ﬁfg
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Table 5. Motor specification for an aircraft [18]

[19][20]
RRP200D SP200D EMRAX228
(Rolls-Royce) (Simens) (EMRAX)

Image |}

200 kW 204 kW 109 kW
Power
(=272.10 hp) | (=275.5 hp) (=148 hp)
Weicht 88.18 Ib 108 Ib 27.12 1b
ei
T (=40 ke (=49 kg) | (=123 kg)
RPM 950 rpm 1,300 rpm 3,000 rpm

A5, 27] Alo|Ao] AlA| g A A7|E 1
ol EQrS Holw vwd HEsirt wekslgc),

4.2 diEf2| 9

eVTOLe| AR8E viE 2ol 71&2] 2lE-ol Hi
B, 2lE-ole-&2 HiEet AAd wiE]z o
L2 ZE-F HiEe, 2E-olof wE=7 A @
A AREE HiEEE W oy dxE 2 ot
@Rl Sl v AAIEE s 488k 17
W ARt st ©o] o A4 AtEE
2f5to] eVTOLO] 29kt viE2lE 2= Zlo] S48t
o 27] AfelRel 2apt #-aE Aol 20309 ol
ojgt Z& HRISHH A EE 2|7 A= AL /-89t
7] olidelEg 2lF-olL HiEz7t & A9 eVIOL
o At o2 vkt AR AF-83HE HiE
S 2ARSHO] Table 60 WERHIH. & d7tolx=

Hl&et AH9] 2E-ol2 4680 HiE 7 @4 7MY =&
ouA] Dot W AxW7HE 2L AL, 7P 1
dofl 83k Zles diEo] 4680 HiEHZE AN
SHAT

EZQ AJ5AER] FEA] AAE Al eVTOLY

L2 viEEely] fEd] A= AN Al ARSShe
BEAE 34191 Breguet A % AR 4 it et
A oF9 A& ARESITH4

W, Rx
WB L ’ @4
70 55y X T % E* %3600

Table 6. Ev battery cell specification [21][22][23]

Panasonic
18650

Panasonic | Tesla 4680
21700 | Dbattery

Image

Energy density
(Wh/kel 250 300 380
Dimensions 18x65 21%70 46x80
[mm]

of7|A Wy BiEE] 5%, We eVIOL °ol% &
% e T29Y 58 0.7, n,= 28 &&, 0.85,
L/ D= %3] 6, g= SH7IEE 9.81m/s’, RS T
&2 125km, £ & viglg] ofux] U= 380kW/kg
= YERdTE

AAQTZ7] ¥
2 23 A Hﬁﬂﬂ«] Ha 839 20%= A FAIS)H
I lojof gtk 2 st <5 AE 25kmo

FAgl= 100kmo] AT eVTOL

upAS & 125kmE 9 4] 24)°f tiYgstct. uEhA
9ol 2] 24)= vl FA Wy Al oS3t

.

o,

Wy =8031.6 N=818.Tkg 25
V. g9, ZeAY Y MY
5.1 15| o
eVTOLS] E/34F L4yt gg7]0] Hlsto] &

2 odsly =e A (span) Zka 9)7] Wi ]
o &gt AF(airfoil) AT ©Q7} QJrt
FH7E 7P =2 AP AAS] Y8 NACA
2412, NACA 2410, NACA 23018, NLF(1)-0115 ¢
3 Z1Zto] sy 053.74]—’1\-% FEASE A obx
oA 3719 FEL ohgat o] Ak 5= Qi



SARE LUE(UAME A% 2E HEIE § g eVTOLY| 27] Afold 59
CpX pxX VX §
=——5 (26)

7 \1053
Re = 38.21(%)
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Fr=F2(induced drag)®] go=z Wehd 4 Uk 1=0]Z 0.00005in°]ct.
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Cr
Cni = dre (28) Ch purputent = 0-0027 (35)
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L XFLR5S ARg3S}o] 13t HE] %*JZHT FFe= 23} o] At 5= Qlct
HEQ] JPALE the Alog & 4= JrH25]. [25].
S, 0.35
Cp= CyX FFx QX S; (29) FR=1+7"7"- i (36)

ANA Cp= BEEEAS, FFe B AR, Qe

o71A 1, & HEY Zol& 1ft, dp= 9EY A
7]—}‘\3 7:]] wfft E_]E’.I :H'—u’]th—ql(wetted area), ‘Srf’f o= 8ft0]17 O]% 0]%6]] 7'-“/1\1:(:5_1- _%}\(}7:“_/'\— FF%}\‘%
= 1= o kel
= 7|&H & (reference area)S YERAT 3801 =] ﬂﬁﬂ]_jf* Qto 1.5= 01%‘_}?}‘
HENEAS O TheT} o] Ak, HES] #yHF 5, = Tt Zo] AXkRith
l LD,
Cf = klaminarcf,lammar—"_ (1 - klaminar) Of.,turlmlent S’wr»r - l(]l)7 2 +035—1+ 0.8 il
oo ly 1Dy
(30) LD
+115(1— ) D”‘} (37)
0%7]/\‘1 kjlammart ],_'C_)I_OE_/] H] L]’F%*»H_TJ_ d a
]?—]-%L‘g_7]’] Jﬁ:}%}\m] 20%= ‘—-h:]- Cf l(nmnml']— Cf turbulent 047]/\1 =
47 3% 583 OF 589 W A4S o
BRI thaat 2o

YE9] Zo|& 1ft, D, YE9 upZ
AFOoE 8.5ft, I HES AR FAV} 7P 57
+ AR A= 0.5f, D, =

A 4 AeH2s]

= BE QIAEOZ 8ft,
c 1.328 D, /= YE £ HEO] QIgo= gftoltt.
paminer = e GV | 958 o8l AN S, IS 38198660
rﬁfu_ 25.918ft*0]c}. ARt e o83 4] (29)
0.455 1
C = - _ ARk C) g2 0.016745°
Furbulent =160 (Re)>™ T (140.144 M%)°% o 5 I ~
52  seele) geAL thast go] A 4 9IE
[26].
o714 M2 FF719 £FEE=2 0.1880]1, Re
= dols= &= thew go

o] 74] ek 2 9JrH25). C,=0.0087 —0.0216c +0.400c/” (38)
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714 o 0.06981 rad@ 0.10471 radAto]Q]
EdolE 7t 09} AREEY 7Y 4=6Y Ao[th
o ¢<10a, 2 =RoA 0= FYU 0.8726
rad 2 S},

4 (3908 AWKl
0.00914150]ct,

eVIOL 7} /35 folidtelE Table 77 At
olof tfst z} IEQ] parasite drag forced H|ES
Fig. 9o WehfSict.

OpenVSP2} XFLR5E Bdll ¥ NACA 2412,
NACA 2410, NACA 23018, NLF(1)-01159] §-2z+
o wE Fgu|e] Wsk= Fig. 10x} ) vl E4
A & Al FFHI7H 7MY 2 NLE(D-01158 =
Qlo] Qg o=z ATt

ge mzEHd Oge

Table 7. Component parasite drag using OpenVSP

Wetted Drag Drag force
area (ftY) | coefficient (%)
Fuselage 373.87 0.01380 33.56
Main wing 139.83 0.00736 15.15
Vertical tail 10.09 0.00060 1.07
Duct 38.20 0.016745 28.44
Propeller 22.57 0.00914 13.99
Horzontal 51| 0.01439 7.25
Pod 4.48 0.00238 0.53
Total 1,092.67 0.06442 100

Propeller
13.99%

Fuselage

gt Front Duct

& Pod
9.66%

Middle Duct
8 Pod
9.66%

" Back Duct
& Pod
9.66%

Main Wing
15.15%

Empennage
8.32%

Fig. 9. Component parasite drag percentage

S— NACA 2412 b
NACA 2410 P

NACA 23018 =
51 |—+—nNLF(1)0115

lift drag ratio

alpha

Fig. 10. Component parasite drag percentage
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tion stability)& &3ttt
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Fig. 12. Diameter measurement using CATIA
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