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PREDICTION OF SEPARATION TRAJECTORY FOR TSTO LAUNCH VEHICLE USING DATABASE
BASED ON STEADY STATE ANALYSIS

JH. Jo, SJ. Ahn and O.J. Kwon'
Dept of Aerospace Engineering, KAIST

In this paper, prediction of separation trajectory for Two-stage-To-Orbit space launch vehicle has been
numerically simulated by using an aerodynamic database based on steady state analysis. Aerodynamic database were
obtained for matrix of longitudinal and vertical positions. The steady flow simulations around the launch vehicle
have been made by using a 3-D RANS flow solver based on unstructured meshes. For this purpose, a
vertex-centered finite-volume method was adopted to discretize inviscid and viscous fluxes. Roe's finite difference
splitting was utilized to discretize the inviscid fluxes, and the viscous fluxes were computed based on central
differencing. To validate this flow solver, calculations were made for the wind-tunnel experiment model of the LGBB
ISTO vehicle configuration on steady state conditions. Aerodynamic database was constructed by using flow
simulations based on test matrix from the wind-tunnel experiment. ANN(Artificial Neural Network) was applied to
construct interpolation function among aerodynamic variables. Separation trajectory for TSTO launch vehicle was
predicted from 6-DOF equation of motion based on the interpolated function. The result of present separation
trajectory calculation was compared with the trajectory using experimental database. The predicted results for the
separation trajectory shows fair agreement with reference[4] solution.
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Fig. 1. Radial basis function network structure
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Fig. 2. LGBB TSTO launch vehicle configuration

Fig. 3. NASA Langley unitary plan wind tunnel (UPWT)
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Fig. 4. Force and moment coefficient for longitudinal separation

Fig. 5. Computational mesh for TSTO launch vehicle
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Fig. 6. Schematic of LGBB in UPWT with proximity matrix
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Fig. 7. Steady calculation matrix for TSTO launch vehicle
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Table 1 Flow conditions

Mach number 3.00
Reynolds number (/ft) 2.19 million
Temperature (°R) 209
N 0 to 2.13
Az/L, 0 to 1.00
Angle of attack (deg) 0,5

Isolated steady calculation
Angle of attack (deg) \

-4 to 50
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Fig. 10. Initial pitch angle of TSTO launch vehicle
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Table. 2 Initial condition for TSTO launch vehicle

Altitude, m 25908
Velocity, m/s 891.4
Flight pitch angle, deg 53
Angle of attack (booster), deg 0
Angle of attack (orbiter), deg 0
Separation thrust 0.0
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