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Velocity

Flight path angle

Geocentric angle

Radius of the Earth

Drag force

Lift force

Altitude

Geocentric distance

Weight

Gravitational acceleration above sea level
Gravity constant

Angle of attack

Thrust

Specific impulse

Downrange (Longitudinal flight distance in
horizontal plane)

n : Load factor

q : Dynamic pressure

SSTO : Single-Stage-To-Orbit

TSTO : Two-Stage-To-Orbit
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Table 1 Specifications of model spacecraft.

categories Booster Orbiter
Wing area [m?] 795.44 124.56
Intake area of Booster engine [m?] 18.1 -
Max Thrust of Rocket engine [MN] 4.13 1.12

Weight %108 [kg]

Structural weight 344.77 15.14
Propellant weight 139.91 64.05
Overall weight 484.68 83.10
Takeoff weight 567.78
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Fig.2 Max thrust of hybrid propulsion engine
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Fig.3 Max thrust of air breathing mode
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Table 2 Boundary condition.
Variable t=0 t=tr
h [m] 0 100,000
6 [deg] 0 free
V [m/s] 402 7,669
Mach [-] 1.18 225
y [deg] 0 0
Mpooster X10°[kg] 567.78 free
Morpiter X10%[kg] 83.1 19.05
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Table 3  Settings of maximum flight tyme.

Time[ks]/Case 1 2 3 4 5 6
Phasel tmax1 1.0 1.2 14 1.6 1.8 2.0
Phase2 tmax.2 1.0
Overall time 2.0 2.2 2.4 2.5 2.8 3.0

< [ks] = 10°[s]




WOdERE, SlE & LM

AHFFE IR DS BERE R REE BE 128 L 7= RE % ¢= O[s]IC
o L7z, h=0[mIZH31) 2EE FIRIEZ & 2 & HEke rl g
HEZERE L, BHh-V OfFZEENCAE & D RAT FTRERRIR &
Y IR 2 3 2 DEICERE LTz,

B ERRATH ORI

AT OS2 4 1R, WEEE X002 Ay
TRHE L. £/, BIEFRNADZHWCEE L.

Table 4 Constraint conditions during flight.

Altitude A [m] h =0
Angle of attack a a =20
[deg]
Phasel Dynamic pressure g q =100
[kPa]
Path angle y[deg] [y] =90
Load factor n[-] n =4
Angle of attack « a =20
[deg]
Phase2 [Dk);r;?mlc pressure g qg =15
Path angle y[deq] |y]=90
Load factor n[-] n =4
n:\/(Tcosa—D)2+(Tsma+L)2 (10)
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Table 5 Final Weight of booster and orbiter.

tmax, = 1000 Booster Orbiter
Final weight m, x10° [kg] 4474 29.1
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