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Numerical analysis of flame propagation in a combustor of an aircraft gas turbine
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A large eddy simulation (LES) and a G-equation based on flamelet concept are demonstrated in engineering design for a
premixed aircraft gas-turbine combustor. G-equation model is extended for combustion in a non-uniform equivalent ratio
of premixed gas. The simulations of the flame propagation are executed in some conditions with different relations of the
equivalent ratios, and as a result, the flame positions and propagating behaviors depend on the equivalent ratios.
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Tab.1: Computational condition
Reynolds Number 59600
Pressure P(MPa) 0.1013
Temperature T(K)| 623
Fuel | Methane-Air
Equivalent ratiop,,q:n | 0.4,0.6
Opitot | 0.7
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Fig.2: Computational grid
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Tab.2: Computational method

Method for flow field (LES] Kogaki(1999))

Coupling algorithm fractional step method
(At = 2.0 x 10~ %[sec])

SGS model Smagorinsky model
(Cs =0.1)
Spatial differential scheme Second-order

central differential scheme
Time advancing scheme
(advection term) | Second-order
Adams-Bashforth scheme
(diffusion term) | Crank-Nicolson scheme
Stabirizing method 6th-order explicit filter

Method for flame propagation (Scalar G)

Spatial differential scheme
(advection term) | QUICK
(diffusion term) | Second-order
central differential scheme

Time advancing scheme Second-order

Adams-Bashforth scheme
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Fig.3: Contours of the instantaneous axial velocity

00 Fig3000000000o0oooooooooooo
O000000D0O00ooooooOoo37000ste 0 OO
00000000000 Fig4dFigb50o00oooOoo

gboboboboboooobpoboboboboob
0000000000000 (r/R=0.65~0.7)0000
gbobooboooboooboobobuooobobooboono
O0Fg4A 0000000000000 000000O0
gobooooboboobobooobboobobooooo
gobooooboooobooboboooobooooooboog
gbooboboobobooboboobobooboon
00000000000000000Fg 31 0Moooon
gooooooooooooooo (rf/R=06~0.7)00

80 [—<t>LES on(1)
60l [=<u>Exp.on(1)

Velocity [m/s]

0.5 0.6 0.7 0.8

r'R
80 [-<u>LES on(2)
60| [=<u>Exp.on(2)|
)
E 40}
>
£ 20}
o
s 0
201
-40

0.5 0.6 0.7 0.8 0.9 1
'R

Fig.4: The axial velocity at the center of a sector
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Fig.5: The tangential velocity at the center of a sector
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Fig.6: Time evolution of flame (Contour of scalar G) Fig.7: Time evolution of flame (Contour of scalar G)
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