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Fluidic Thrust Vectoring (FTV)

F22 Raptor and
F119 Turbo-fan
engine

Without turbulence mode Spalart-Allmaras
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Ogden et al.: Numerical simulations of volcanic jets:
Importance of vent overpressure,
Journal of Geophysical Research, Vol.113, B02204, 2008

[E1E+¥: gas-thrust region, convection-dominated plume
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Numerical Method

» Basic equations
Two-dimensional, axi-symmetric Euler equations

Ut + F(U)r + G(U): = S(U)

U=

o,
 F=

o
o
_E_

ou
pu’ +p
po 3\,

U(E+p)

o S
2
G=| AV | =i A
N +Pp ri ,puv
V(E+p) U(E+p)

« Numerical Method

Numerical Scheme WAF (Higher order Godunov type)

Numerical flux

Flux limiter

HLLC approximate Riemann Solver

van Leer




~ Application to studies of eruption

- Clopie
Time = 0.000100
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Initiation of eruption cloud instability due to gravity,
flow vel. = 800 m/s
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