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[Abstract]

In many countries, there are needs of new transportations to replace ground congestions due to growing number of cars. In
addition, the increase in the number of cars held by economic growth will further increase traffic congestion in the future. To
overcome this problem, many researches have been performed for personal air vehicle (PAV). In this study, the wing loading and
the power-to-weight ratio that are major design parameters for the sizing of roadable PAVs were calculated for different kinds of
airfoil and engine types. Le., in the sizing process, the study was conducted to determine the design point using the graphs of
wing loading, power-to-weight ratio, brake horse power, and fuel efficiency for the given mission profiles considering domestic
environments and the FAR PART 23 which is the GA class aircraft certification standard. As a result of sizing, using diesel

engine require high maximum take-off weight, wing area, and power compared to gasoline engine due to more engine weight.
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Fig. 1. Airfoil drag polar.
E 1. NASAS| PAV Heo| & 4 o35 ¥ 2. PAVe| SRl 7=/
Table 1. NASA PAV definition and customer Table 2. PAV engineering requirements.
requirements.
Requirements Criterion Target / Constraint
Division PAV requirements
Speed Cruise speed(kts) 100~250 kts
Seats Less than 5 passengers
o Noise Flyover noise(dB) <79
Cruising 240~320 km/h
Speed
Travel Time Total travel time(hr) <3.5
Comfort Quite and comfortable
. , | VTOL<100ft, ESTOL
Reliable Low failure rate Takeoff Length | 'O %1 “&gw 20" 250f, STOL<1,000,
obsiacte CTOL<3,000ft
Maneuveraby . et [
e Able to be flown by anyone with a driver’s license. .
ility Accident rate : Number of
Safety fatal accidents <5
i er 1,000,000 FH
Operating As affordable as travel by car or airliner. P
Mode
L MTBEF : Mean time
All-Weathery Near all-weather capability enabled by synthetic vision Reliability between failure (hr) >80
Flight systems.
T MTTR : Mean time to
Fuel Highly fuel efficient (able to use alternative fuels) Maintainability repair(hr) >0
Range 1,300 km Ease to Operation TTR :‘Trammg time <20
requirements(hr)
Airport Provide "door-to-door" transportation solutions, through use
P of small community airports that are at closer proximities to e TTBT : Total time before
Access Mobility <0.3
takeoff(hr)

businesses and residences than large airports.
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Table 3. PAV configuration (baseline).

PAV Configuration (baseline)

Propulsion type

Propeller

Propeller blade number

Wing morphing Folding-Rotating
Trailing edge high lift device Single slotted flap
Main wing aspect ratio / taper ratio 7.6/1.0
Horizontal tail Yolume coefﬁment/ 07/3/05
aspect ratio / taper ratio
Vertical tail Vglume coefﬁgent/ 004/1/06
aspect ratio / taper ratio
Fuselage length / width / height (ft) 16/6/5

E 4. PAV 2284 (7|F)

Table 4. PAV mission profile (baseline).

Mission profile
Driving speed 50 mi/h
Distance 50 mi
Range 300 mi
Maximum speed 100 kts
Cruising speed 80 kts
Cruising altitude 8,000 ft
Diversion range 50 nm
Passenger 2
Baggage 501b
Take-off ground roll 1,200 ft
Take-off altitude 0 ft
Rate of climb 600 fpm
Rate of climb altitude 0 ft
Stall speed 50 kts
Service ceiling 10,000 ft
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Table 6. Sizing results with gasoline engine for different
airfoil types.
Airfoil LI \Zrl:ag W | LA plj\r:/ir efﬁFcLil:rllcy
Ib 1b/ft%) | (hp/Ib
W | ey | hp) | ampg)
NACA 63A010| 3,383 238 14 0.07 237 9.09
FX 63-137 2,639 139 19 0.06 155 11.12
NACA 2412 2,858 167 17 0.06 181 10.31
GT _CC 3,211 227 14 0.07 226 9.43
NASA GAW-2| 2,733 152 18 0.06 168 10.85
) Gasoline Engine P/W vs. W/S
u:n NACA 63A010,
o GT_CC
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g
006
0062
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0.06 ] ] ]
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Fig. 2. P/WW vs. W/S sizing result 1.
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Fig. 3. MTOW sizing results 1.
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Fig. 4. Wing area sizing results 1.
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Fig. 5. Engine power sizing results 1.

Gasoline Engine Fuel Efficiency
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Fig. 6. Fuel efficiency sizing results 1.
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Table 7. Sizing results with diesel engine for different
airfoil types.
Airfoil LI \Zrlélag W | pE\I;ir efﬁFcLil:rllcy
Ib 1b/ft%) | (hp/Ib
W) gy | MR by | (mpg)
NACA 63A010| 3,507 247 14 0.07 247 9.79
FX 63-137 2,787 146 19 0.06 164 11.86
NACA 2412 3,000 176 17 0.06 190 11.03
GT CC 3,336 236 14 0.07 236 10.16
NASA GAW-2| 2,878 160 18 0.06 178 11.58
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Fig. 7. P/WW vs. W/S sizing result 2.
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Fig. 8. MTOW sizing results 2.
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Fig. 9. Wing area sizing results 2.
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Fig. 10. Engine power sizing results 2.
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Fig. 11. Fuel efficiency sizing results 2.
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Fig. 12. PAWW vs. W/S result (using gasoline engine, FX
63-137 airfoil).
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Fig. 13. BHP vs. W/S result (using gasoline engine, FX
63-137 airfoil).

O3 14. PAV SA(H[EZE)
Fig. 14. PAV configuration.(flying mode)



J8 15. PAV SA(FZE)
Fig. 15. PAV configuration(driving mode).
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