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Design Optimization of Blended-Wing-Body-Type Flyback Booster with Optimal
Trajectory in View of Aerodynamics, Aerodynamic Heating, and Structural Weight

by
Tsuyoshi SUMIMOTO, Kazuhisa CHIBA, Masahiro KANAZAKI, Takahiro FUIIKAWA
and Koichi YONEMOTO

ABSTRACT

We have implemented the design optimization of the three-dimensional geometry for a two-stage-to-orbit flyback booster under
six objective functions regarding aerodynamics, aerodynamic heating, and structures to obtain the knowledge for designing reusable
launch vehicle. It is important to view the relationship among the objective functions of other fields with aerodynamic heating
under designing spacecraft. We defined many-objective problem to execute more realistic configuration design based on WInged
REusable Sounding rocket of Kyushu Institute of Technology and feedback the design knowledge. Accordingly, we used evolutionary
computation as the optimization method and applied Strength Pareto Evolutionary Algorithm 2 as evolutionary algorithm for searching
design variable space and getting design information. Moreover, data analysis was carried out for the optimization result to reveal
information in the design space. Consequently, we need to consider the strictly different design strategy for the speed range between
the transonic and the supersonic as well as hypersonic conditions. We also revealed that the design strategy of configuration which

improves each objective function.
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Fig. 1.. WIRES TSTO flight path? .
each flight speed. Purple, blue, green, and red lines indicate
subsonic, transonic, supersonic and hypersonic region respec-
tively. Black line shows part of the trajectory of orbiter. Blue,
green, and red points indicate the positions to optimize L/D in
each condition among transonic, supersonic and hypersonic lo-
cation.
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Table 1.: Flow condition.

A 2 —a Hifiv R oT A U 143

item value unit
1st objective function  2nd objective function  3rd objective function
Mach number 0.65 2.3 6.8 [-]
angle of attack 10.84 12.77 27.59 [deg]
altitude 12.97 40.49 38.25 [km]

Table 2.: Constraints of design variables for optimization.

section number design value number parameter symbol (refer to Fig. 2) applicable range [-]

® 1, 3,5 7, 9 y-direction increments V1, Vo, Vi3, Vi, Viu 0to0 0.073

2, 4, 6, 8, 10 z-direction increments  V;, Vyp, Vi, Vg, Vu 0to 0.087

11, 13, 15, 17, 19 y-direction increments V1, Vo, Viz, Vi, Viu 01t00.073

® 12 Vi 0t00.218
14, 16, 18 z-direction increments Vo, Via, Va -0.218 t0 0.218

20 Va -0.218t0o 0

21, 23, 25, 27, 29, T

31, 3:; 355, 37, 39; y-direction increments V1, Vo, Viz, Vg, Viu 0t00.35

@, ® 22, 32 V2 0t00.218
24, 26, 28, 34, 36, 38 z-direction increments Va, Va, Va -0.218 t0 0.218

30, 40 Vi -0.218 to 0
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Table 3.: Parameter for evolutionary computation.

parameter value
population size 10
offspring size 10
generations 50
SBX.rate 1.0
SBX.distribution index ~ 15.0
PM.rate 0.025
PM.distribution index ~ 20.0
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(b) Example of cross-sectional shape at @, @, ®.

Fig. 2.: Example of cross-sectional shape at each position. The
position of cross section shows Fig. 3. The open circle is made
by cubic spline based on filled circle. Drawing B-Spline curve
based on the control points which are open and filled circle in
the figure.

i
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Fig. 3.: Left: position of cross section. Right: bottom configu-

ration of cross section shape of number ®. The area indicated

by a dotted line in the figure is a region for accommodating the

fuel tank.
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Table 4.: Usage range and density of TPS material.

TPS material range [ °C ] value [ kg /m?]
LI-900 300 < T <1260 144
RCC 1260 < 1986
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Fig. 4.: Scatterplot of six objective functions. The arrows in the
figure show utopia direction.

(a) M =0.65, a = 10.84.

(c) M =68, a=2759.

Fig. 5.: Pressure coefficient distribution on the surface, symmet-
ric plane, and plane which places 70% position from the nose
of the geometry with the maximum L/D at each Mach number.
From left to right: Geometry of maximum L/D at M = 0.65,
2.3,6.8.
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(a) The geometry with the minimum value of maximum temperature on the
surface.

1250.0

0.0 [K].
(b) The geometry with the minimum value of TPS area.

Fig. 6.: Temperature distribution on the surface and symmetric
plane of the geometry with the minimum value of maximum
temperature and TPS area. M = 6.8, o = 27.59.
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