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Optimal Supersonic Air-Launching Rocket Design
Using Multidisciplinary System Optimization Approach

Young Chang Choi* - Jae-Woo Lee* - Yung-Hwan Byun***

ABSTRACT

Compared with the conventional ground rocket launching, air-launching has many advantages.
However, comprehensive and integrated system design approach is tequired because the physical
geometry of air launch vehicle is quite dependent on the installation limitation of the mother plane. The
system design has been performed using two different approaches: the sequential optimization and the
multidisciplinary feasible(MDF) optimization method. Analysis modules include mission analysis,
staging, propulsion analysis, configuration, weight analysis, aerodynamics analysis and trajectory
analysis. MDF optimization shows better result than sequential optimization. As a result of system
optimization, a supersonic air launching rocket with total mass of 1244.91 kg, total length of 6.18 m, outer
diameter of 0.60 m and the payload mass of 7.5 kg has been successfully designed.
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Fig. 1 Sequential Optimization Process



Step 1. TOGW Optimization
Objective Function
Minimize TOGW

Constraints
V1 +V2 + V3 = 1000
05 < Rel < 0.6
02 < Re2 < 03
01 < Re3 < 0.2
055 < D < 06
60 < L < 65

010 < A < 016, i=1~3

TOGW : Total Gross Weight (kg)

Vi : 1% Stage Velocity Fraction (%)
V, : 2™ Stage Velocity Fraction (%)
Vs : 3" Stage Velocity Fraction (%)
Ra : 1% Stage Nozzle Exit Radius (m)
Re @ 2 Stage Nozzle Exit Radius (m)
Res : 3 Stage Nozzle Exit Radius (m)
D : Diameter, L : Total Length (m)

A; : Each Stage Structure Coefficient

Design Variables
x1~x3 : Each Stage Velocity Fraction (%)
x4 : 2 Stage Chamber Pressure (Mpa)
xs : 2" Stage Nozzle Expansion Ratio
xs : 3" Stage Chamber Pressure (Mpa)
x7 : 3" Stage Nozzle Expansion Ratio
xs : 1% Stage Initial Oxidizer Mass Flux
(kg/m2-sec)
xs : 1% Stage Chamber Pressure (Mpa)
x10 : 1* Stage Nozzle Expansion Ratio

Step 2. Trajectory Optimization
Objective Function
Maximize Mpay

Constraints

h, = 700000.0
Vp = 7504.0
¥p = 0.0

Mpay : Payload Weight (kg)

hy : Perigee Altitude (m)

V, @ Orbit Insertion Velocity (m/s)

¥p : Orbit Insertion Flight Path Angle (°)

Design Variables
x1~Xy7 : Angle of Attacks (°)
x1s : Payload Weight (kg)

Table 2. Number of lterations & Function Calls

#A4s @4 Tiezation Number | Punction Call
Step 1 5 69
Step 2 14 243

Table 3. Weight Distribution (£H% : kg

Bl A4 2% | R23% | 94927 | %%
1 880.71 167.77 28317 | 1331.65
2 187.40 4257 53.2 28317
3 33.60 1140 8.2 53.20

Table 4. Confiquration Results (EF : m)

F MatotCase Nozzle
= i@v; Mg a9 | 5ea | grea | AR
1 | 424 1060|041 [ 009 0.22
2 046 | 060 | 0.20 0.02 0.09 6.50/0.60
3 10331030015 001 0.07
Table 5. Propulsion Results
g a8kel) W esecy | BdNTse) |
1 5189.22 277.79 49
2 1419.2 265 35
3 356.2 265 25
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Objective Function
Minimize TOGW

Constraints
Vi +V, + V3 = 100.0
05 < Ra < 06
02 < Ro < 03
01 < Ra < 02
055 < D < 06
60 <L <65
010 < A < 016, i=1~3
hp = 700000.0
V, = 7504.0

= 0.0

TOGW : Total Gross Weight (kg)

V;y : 1% Stage Velocity Fraction (%)
V, : 2™ Stage Velocity Fraction (%)
V3 : 3™ Stage Velocity Fraction (%)
R : 1% Stage Nozzle Exit Radius (m)
Re; : 2™ Stage Nozzle Exit Radius (m)
Res @ 3" Stage Nozzle Exit Radius (m)
D : Diameter, L : Total Length (m)

\; : Each Stage Structure Coefficient
hp : Perigee Altitude (m)

V, : Orbit Insertion Velocity (m/sec)
¥p : Orbit Insertion Flight Path Angle (°)

Design Variables

x1~x3 : Each Stage Velocity Fraction (%)
x4 : 2™ Stage Chamber Pressure (Mpa)

xs : 2" Stage Nozzle Expansion Ratio

xs : 3" Stage Chamber Pressure (Mpa)

x7 : 3" Stage Nozzle Expansion Ratio

xs : 1" Stage Initial Oxidizer Mass Flux

(kg/m2-sec)
X9 : 1'5* Stage Chamber Pressure (Mpa)
xi0 : 1* Stage Nozzle Expansion Ratio

x11~xz : Angle of Attacks (°)
28 : Payload Weight (kg)

Table 6. Number of lterations & Function Calls

#HAgk oo | lteration Number |- - Funetion Call
TOGW
Optimization 9 2

Table 7. Weight Distribution (SF : ka)

G | 334 59 | vasd [Aoecse] 339
1 808.42 153.99 28250 124491
2 187.44 4256 52.50 282.50
3 33.60 11.40 750 52.50

Table 8. Configuration Results (S : m)

o ‘Moior Casel o Nogale. s
o) [Ag | 49 wﬂs [F7ug | e
057 | 048 0.23
060 | 0.20 0.02 0.09 6.18/0.60
030 | 015 0.01 0.07

Table 9. Propulsion Results

o FHkeD HPHsec) - | AN seo)
1 476739 288385 49
2 1419.20 265 35
3 356.20 265 25

Table 10. Comparison Optimization Results

. Sequential Opt, MDF Opt.
TOGW (kg) 1331.65 1244.91
Payload (kg) 8.2 75

L (m) 6.5 6.18

D (m) 0.6 0.6
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