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AE471A: Conceptual Design of a Twin-boom
Fixed-Wing VTOL UAV
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Aim:
To introduce and develop the basic concept of aircraft design
and build a platform with conceptual knowledge.
Abstract:
▶ The design of an aircraft draws on a number of basic areas

of aerospace engineering. These include aerodynamics,
flight mechanics, propulsion, light-weight structures and
control.

▶ Each of these involves parameters that govern the size,
shape, weight and performance of an aircraft.

Preliminary Design Conceptual Design
Redefined sizing of - What drives the design?
preferred concept
Tests Competing concepts evaluated
Design examined data/ Performance goals established
establish parameters
Some changes allowed Will it work/meet requirement?

What does it look like?
Preferred concept selected
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Mission Requirements

▶ VTOL UAV
▶ 150 kg MTOW
▶ 50 kg maximum payload
▶ 6 hrs endurance
▶ Maximum speed of 25-30 m/s
▶ 5 km cruise altitude
▶ Twin-boomed
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Existing models
UAV MTOW (kg) Payload (kg)
Zala 421-20 200 50
Aerostar 230 50
ASN 206 222 50
Primoco 150 30
Kapothaka 130
AL-150 150 40
H150L XY 130 30
Sojka III 145
RQ-7 Shadow 170 43
RQ-2 Pioneer 205
AV-1 Albatross 125
Yabhon-RX 160 50
ANTEX-M X03 150 30
BAE Phoenix 175 50
IAI Scout 159 38
MiniFalcon II 150 35
BAE Kingfisher 2 121 22
Nearchos 110
Mastiff 138 37

158.95 39.64
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Airfoil Selection

▶ Cd shape of the usable Cl region
▶ Behavior of the drag bucket for laminar airfoils (high Re

no)
▶ Stall behavior - sharp vs gradual
▶ Pitching-moment coefficient - can drive trim drag
▶ Compatibility with flaps
▶ Effectiveness with control surfaces
▶ Thickness to chord - for structures and internal volume
▶ Ability to operate over entire flight envelopes (Re, Mach)
▶ Ease of construction (Thin, cusped trailing edges are hard

to build)
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UAV Wingspan (m) Gross weight (kg) Wing loading (kg/m2)
Zala 421-20 6 200 33.33
Aerostar 8.7 230 26.44
ASN 206 6 222 37.00
Primoco 4.9 150 30.61
Kapothaka 4.5 130 28.89
AL-150 8 150 18.75
H150L XY 5.9 130 22.03
Sojka III 4.12 145 35.19
RQ-7 Shadow 4.3 170 39.53
RQ-2 Pioneer 5.15 205 39.81
AV-1 Albatross 5.4 125 23.15
Yabhon-RX 5.8 160 27.59
ANTEX-M X03 7 150 21.43
BAE Phoenix 5.6 175 31.25
IAI Scout 4.96 159 32.06
MiniFalcon II 5.5 150 27.27
BAE Kingfisher 2 4.23 121 28.61
Sigma Nearchos 5.1 110 21.57
Tadiran Mastiff 4.25 138 32.47

5.55 158.95 28.65
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CLcruise =
W/S

1
2ρVcr

2 =
20 × 9.8

1
2 × 0.736 × 27.52 = 0.70

CLw =
CLcruise

0.95 = 0.74

Cli =
CLw

0.9 = 0.82

CLmax =
W/S

1
2ρoVs

2 =
20 × 9.8

1
2 × 1.225 × 232 = 1.49

CLmaxw =
CLmax

0.95 = 1.58

Clmax =
CLmaxw

0.9 = 1.66

Clmax = Clmaxgross

Re = ρVL/µ = 1.24 × 106
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Source:airfoiltools.com
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Geometric Sizing
Wing Sizing
NACA 64418 characteristics:
Stall angle stall αstall = 160

Maximum lift coefficient CLmax = 1.4
Zero lift angle of attack αL=0 = −30

Airfoil lift curve slope Clα = 5.73/ rad
A trim angle (αtrim) of 70 and an aspect ratio (AR) of 8 chosen

e = 1.78(1 − 0.045AR0.68)− 0.64 = 0.81

CLα =
Clα

1 +
Clα
πeAR

=
5.73

1 + 5.73
π×0.81×8

= 4.4718 /rad

CL = CLα(αtrim − αL=0) = 4.4718 × 180
π

× (7 − (−3)) = 0.78

Assume span of 7 m :

S =
b2

AR = 72/8 = 6.125m2.
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V =

√
2WTOg
ρSCL

=

√
2 × 150 × 9.8

0.736 × 6.825 × 0.78 = 28.9 m/s

c̄ =
b

AR = 7/8 = 0.875 m

Assume λ = 0.68 :

cr =
2S

b(1 + λ)
= 1.04 m

ct = λcr = 0.71 m

Recalculating wing area with the inclusion of taper ratio:

S = λbcr + (1 − λ)b(ct + cr)

2 = 6.825 m

V =

√
2WTOg
ρSCL = 27.38 m/s
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Horizontal Tail Sizing
Assume :

VH = 0.6
λHT = 0.6
SHT = 1.5 m2

ARHT =
2
3AR =

2
3 × 8 = 5.33

VH =
SHTlt

Sc̄ = 0.6 =
1.5lt

6.825 × 0.875
=⇒ lt = 2.39 m

bHT =
√

ARHTSHT =
√

5.33 × 1.5 = 2.83 m

crHT =
2SHT

bHT(1 + λHT)
=

2 × 1.5
2.83 × 1.6 = 0.66 m

c̄HT =
2
3crHT

1 + λ+ λ2

1 + λ
=

2
3 × 0.66 × 1.96

1.6 = 0.54 m

ctHT = λHTcrHT = 0.6 × 0.66 = 0.398 m
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Vertical Tail Sizing
Assumed:
Vertical tail area: SVT = 0.6 m2

Taper ratio: λVT = 0.4
Aspect ratio: ARVT = 1

VV =
SVTlt

Sb =
0.6 × 2.39
6.825 × 7 = 0.03

bVT =
√

ARVTSVT =
√

1 × 0.6 = 0.77 m

crVT =
2SVT

bVT(1 + λVT)
= 1.11 m

¯cVT =
2
3crVT

1 + λ+ λ2

1 + λ
= 0.822 m

ctVT = λVTcrVT = 0.4 × 1.11 = 0.442 m
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Table: Design parameters

ARw 7.18 ARHT 4.79 ARVT 1
bw 7 m bHT 2.68 m bVT 0.77 m
c̄w 0.99 m ¯cHT 0.57 m ¯cVT 0.82m
crw 1.16 m crHT 0.7 m crVT 1.11 m
ctw 0.789 m ctHT 0.42 m ctVT 0.44 m

lt 1.86 m
VH 0.415 m

Wingloading =
WTO

S =
150 × 9.8

6.825 = 21.98 kg/m2

XNP = 0.453 m
Assuming SM = 10%, XNP − Xcg = SM × c̄
= 0.365 m from the wing leading edge.
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Drag Polar

CD = CDo + kCL
2

CDo = CDof
+ CDow + CDoht

+ CDovt
+ CDoLG

+ . . .

Wetted Areas

Swetplf = 2Sexp.plf
(
1 +

0.25(t/c)r(1 + τλ)

1 + λ

)
τ =

(t/c)r
(t/c)t

λf =
lf
Df

Swetfus = πDflf(1 − 2
λf
)

2
3
(
1 +

1
λf

2
)
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Table: Summary of wetted areas

Component Wetted area (m2)
Planform 14.26
Fuselage 2.96

Horizontal tail 3.18
Vertical tail 1.27
Booms x 2 1.5

Total 23.17

The correlation log10Swettot = c + d log10WTO (with c = 1.0892
and d = 0.5147 [Roskam]) gives Swettot = 22.6 m2 which is close
to the total evaluated wetted area of 23.17 m2.
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Zero-lift Drag Coefficient

CDoW = CfwftcWfM
(Swetw

S
)(CDminW

0.004
)0.4

Cfw =
0.455

log10(Rew)
2.58

Rew =
ρVL
µ

ftcW = 1 + 2.7(t/c)max + 100(t/c)4
max

fM = 1 − 0.08M1.45

CDoW = CfwftcWfM
(Swetplf

S
)(CDminw

0.004
)0.4

CDoht = CfhtftchtfM
(Swetht

S
)(CDminht

0.004
)0.4

CDovt = CfvtftcvtfM
(Swetvt

S
)(CDminvt

0.004
)0.4
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CDof = CfffldfM
(Swetfus

S
)

Rew =
ρVLf
µ

fld = 1 +
60
λf

3 + 0.0025λf

CDo = Kc [ CDow + CDof + CDoht + CDovt + . . . ]

Kc = 1.2 taken for GA aircraft and RPVs.

Table: Results of Zero-lift drag calculation

Component CDo
Wing 0.0210

Fuselage 0.00230
Horizontal tail 0.00586

Vertical tail 0.00216
Overall 0.0376
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Effects of Installation of SOTM

Model: MicroSat LM - GetSat
with dimensions 32x25.5 cm
and weight 7.6 kg.

Source:getsat.com

Reavg =
ρV(Lfus + Csotm)

µ

Cf =
0.455

log10(Reavg)
2.58

CDOsotm
=

Swet
Ssotmtheory

Cf

e = 1.78(1 − 0.045AR0.68)− 0.64

k =
1

πeAR
CDnew = CD0 + CDOsotm

+ kCL2

Dnew = CDnew

1
2ρVcr

2S

Preqnew = DnewVcr
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Power Plant Selection

k =
1

πeAR =
1

π × 0.81 × 8 = 0.049

CD = CDo + kCL
2 = 0.0376 + 0.049 × 0.782 = 0.0659

D =
1
2ρV2SCD =

1
2 × 0.736 × 27.382 × 6.825 × 0.0659 = 124.12 N

Preq = DV = 124.12 × 27.38 = 3.4 kW or 4.56 hp
Chosen powerplant is B150i UAV EFI engine system with BSFC of
470 g/kW-hr (0.78 lb/hp-hr) and weighs 4.3 kg.

Table: Engine characteristics for the fixed-wing mode

Engine type Force air-cooled 2-stroke twin
Displacement 150 cc (9.15 ci)

Weight 4.3 kg
Power (7000 RPM) 7.5 kW (10 hp)

BSFC (5000-7000 RPM) 470 g/kW-hr (0.78 lb/hp-hr)
Fuel type Gasoline, 50:1 premix
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Source:Power4flight B150i Datasheet
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For VTOL mode, thrust loading of 1.4 and climb velocity of 5
m/s was chosen.

T
W = 1.4

Vclimb = 5 m/s
T = 1.4 × 150 × 9.8 = 2058 N

Preq = TVclimb = 2058 × 5 = 10.3 kW or 13.8 hp

Chosen powerplant: Hirth 4201 engine

Table: Engine characteristics for the VTOL mode

Engine type Two cylinder two stroke (opposed)
Displacement 183 cc (11.5 ci)

Weight 5.7 kg
Power (6500 RPM) 11 kW (15 hp)

Dimensions 213 mm x 330 mm x 160 mm
Fuel type Gasoline, 50:1 premix
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Propeller Selection
Rotational speed N = 3500 RPM at 60% throttle at the cruise
altitude of 5 km.

THP =
Preq
1000 = 3.4 kW

BHP =
THP
ηp

= 4.656 kW

Speed Power Coefficient : Cs = V
( ρ

BHPn2
) 1

5
= 0.94

where n = N/60
Pitchangle β = 150

Propeller efficiency ηp = 0.73
Advance ratio J = 0.5

Diameter d =
V
nJ = 0.94 m or 36.96 in

Pitch =
V
n = 0.47 m or 18.48 in
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Source:NPTEL Airplane Design, Tulapurkara

Xoar 36x18 propellers were thus chosen.
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For VTOL mode,

Thrust generated : T =
1
4

Pηp
Vclimb

=
1
4

10.3 × 103 × 0.8
5 = 412N

Aerodynamic lift Lp = T =
1
2ρV2

avSpCLp [CLp b/w 0.2 − 0.4]

Propeller planform area Sp = DpCp

Propeller aspect ratio ARp = Dp/Cp [ARp b/w 7 to 15]

Propeller diameter Dp = Knp

√
2PηpARp

ρV2
avCLpVclimb

Vtipclimb =
√

V2
tipstatic

+ V2
climb

Vtipstatic =
Dp
2 ω

ω = 2πn/60 = 2π × 6500/60 = 680.68 rad/s
Vav = 0.7Vtipclimb

Through multiple iterations, Dp = 0.94 m (Two bladed
propeller, Knp = 1)
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Weight Estimation
Fuel and Mass Weights

WTO = Wpayload + Wfuel + Wcrew + Wempty

MFfuel = 1 − exp(−E V BSFC
L
D ηp

)

L
D =

CL
CD

= 0.78/0.066 = 11.82

ηp = 0.7 (assumed)
BSFC = 480 g/kW-hr
=⇒ MFfuel = 0.075

Wfuel = 11.25kg
Wempty = WTO − Wfuel − Wpayload − Wcrew = 88.75 kg

MFempty =
Wempty
WTO

= 0.59
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Table: Summary of preliminary weight estimation results

Maximum take-off weight 150 kg
Fuel weight 11.25 kg

Empty weight 88.75 kg
Maximum payload weight 50 kg

Crew weight 0 kg
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Component weights

Wwing = 0.0038(NzWTO)
1.06AR0.38S0.25(1 + λ)0.25( t

c
)−0.14

WHT =
3.184W0.887

TO S0.101
HT AR0.138

HT
57.5t0.223

rootHT

WFUS = 0.5257FMGFNGFPresFVTFMatlL0.3796
struct (WcarriedNz)

0.4863(1.3V
100

)2 lb

Here,
FMG = 1.07 assuming the main gear to be on the fuselage
FNG = 1.04 assuming the nose gear to be on the fuselage
FPres = 1 as the UAV has an unpressurized fuselage
FVT = 1 as the vertical tail weight was not to be included in
the fuselage weight.
FMatl = 1 as the material factor for a metallic fuselage was 1.
Lstruct is the structural length of the fuselage in feet.
Wcarried is the weight of the components carried within the
structure in pounds.
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Other Weights

Wboom = 0.14LboomWcant lb
Wavion = Wavionics + Winst + Wcomms + Wwiring

Wavion = favionWTO

Gundlach recommends favion = 10% for general cases.

Table: Summary of component weight estimation results

Wing weight 21.43 kg
Fuselage weight 12.95 kg

Total empennage weight 14.57 kg
Total boom weight 6.68 kg

Engine weight 4.3+5.7 kg
Avionics weight 15 kg

Total weight 80.63 kg
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Control Surface Sizing

Table: Results of Control Surface Sizing

Control surface Area (m2) Span (m) Chord (m)
Aileron 0.34 1.40 0.13
Elevator 0.22 2.26 0.11
Rudder 0.09 0.54 0.12

Table: Maximum deflections

Control surface
Maximum
deflection +ve
(deg)

Maximum
deflection -ve
(deg)

Aileron 20 (down) -25 (up)
Elevator 20 (down) -25 (up)
Rudder 30 (left) -30 (right)
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Orthographic Drawing
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Flight Envelope
From CS-VLA 335 regulations, maximum cruise speed cannot
be less than

Vc = 2.4
√

WTOg
S = 34.98 m/s

Max cruise speed Vmax = 1.3Vc = 45.47 m/s
Dive Speed Vd = 1.4Vc = 48.98 m/s

For the wing, CLmaxup = 1.4 and CLmaxdown
= −0.9

Stall speed Vs =

√
WTOg

1
2ρslSCLmaxup

= 15.74 m/s

Load factor n =
L
W =

1
2ρslSCLmaxup

W = 0.004V2

Taking npos = 3.8 and nneg = −1.9
Maneuvering speed Vman =

√
n/0.004 = 30.68 m/s

Similar procedure followed for the lower curve
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V-n Diagram
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Gust effects
Gust Load factor variation during cruise flight

n = 1 +
KgVgeVeaρSwga

2WTO
where Vge = 25, 50 ft/s

a =
2π

1 + 2
AR

Air vehicle mass aspect ratio

µg =
2WTO

ρCmgcacSwga
=

2 × 150
0.736 × 0.875 × 5.026 × 6.825 = 13.4

Gust alleviation factor

Kg =
0.88µg

5.3 + µg
=

0.88 × 13.4
5.3 + 13.4 = 0.63
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Gust V-n diagram
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Stability and Control Derivatives

Table: Summary of Longitudinal Stability and Control Derivatives

CLo 0.1859
CDo 0.376
Cmo 0.08
CLα 4.7451
Cmα -0.4745
CLq -3.3237

CLδe 0.4732
Cmq -6.0698

Cmδa -0.8642
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Table: Lateral and Directional Stability and Control Derivatives

CYβ
-0.328

Clβ -0.189
Cnβ

0.028
CYp 0.027
Clp -0.674
Cnp -0.098
CYr 0.224
Clr 0.195
Cnr -0.074
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Trim Analysis
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Spin Recovery

Tail Damping Ratio :

TDR =
SFL2

Sw
( b

2
)2 =

0.21 × 2.392

6.825 × 3.52 = 0.0143

Unshielded Rudder Volume Coefficient :

URVC =
SR1L1 + SR2L2

Sw
( b

2
) = 0.0119

Source:Aircraft Design, D. Raymer

Tail Damping Power Factor :

TDPF = (TDR)(URVC) = 0.0143 × 0.0119 = 1.7 × 10−4

µ =

(W
S
)

ρgb =
150

6.825 ∗ 0.736 × 7 = 4.26

Inertial Yawing Moment Parameter :

IYMP =
IX − IY

b2
(W

g
) = -55 × 10−4
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.Source:Aircraft Design- A Conceptual Approach, D. Raymer



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Parachute Recovery System
Material selection
Ripstop nylon for canopy, weighs 0.045kg/m2, Spectra for
shroud lines and harnesses.
Design
In equilibrium descent phase,

Wrecov = D =
1
2ρVT

2CD,ChuteSChute

SChute =
π

4 DChute
2

CD,Chute = 0.62(Assuming hemispherical canopy)

DChute =

√
8Wrecov

πρVT
2CD,Chute

= 14 m

Wcanopy = 0.045 × SChute = 6.93kg
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Assuming a maximum opening shock value of 15g and a safety
factor of 1.5, the design maximum load while deploying the
parachute is calculated as

Loadmax = 1.5 × 15g × WTO

= 33, 075.5 N

Suspension lines of type III paracord (specific weight of 6.59
g/m) made of Nylon Kernmantle rope has a minimum breaking
strength of 2440 N.
Minimum of 18 suspension lines could be used.

lsusp = 1.15 × DChute = 1.15 × 14 = 16.1 m
Wsusp = 18 × 6.59 × 10−3 × lsusp = 1.91kg

Deployment mechanism: Drogue parachute system

Wdrogue = 0.12(CDA)d + (0.28 × 10−3)q∞(CDA)d
3/2 in N

= 1.12 N or
= 114.3g
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