196 FHEHM LTRSS SR JAXA-SP-04-012

CHEIRERBWEARS —EVRRSZRNOELRARSD LES

EskEE . B#OMF’
'ERAYAERISAVRHERI TR, " HRAREEEEE Y9 —

Large Eddy Simulation of a Turbulent Combustion Flow
in a Gas Turbine Combustor using G-equation

by
Takuji TOMINAGA and Nobuyuki TANIGUCHI

ABSTRACTY

In this study, the Large Bddy Simulation with the G-equation model is performed in the geometry of an axially staged annular combustor of
a gas trbine engine. The propagation of flames in turbulent flow field depending on the equivalence ratios are represented by the extended
G-equation model. The difference of the flame behaviors in the combustor is predicted for various equivalence ratios as observed in the
experiment. While, the limit for the flame propagation toward the lean combustion region in the combustor is predicted to be leaner than
the experimental data. The turbulent velocity field predicted by LES is also compared with the experimental data. Although the length of
recirculation region generated by a swirling inlet flow is overestimated, the LES provided reasonable results in the averaged velocity field.
The predicted results in the geometries of an experimental test piece and the modeled whole combustor are compared with each other.

To investigate the affect of cut-out model of the annular combustor, the results for the turbulent flow field, the mixture fluctuation

distribution and flame propagation did not greatly differ in the region where the experimental measurements conducted.
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Table 2 Boundary conditions

Inlet boundary Map the averaged velocity distribution

Outlet boundary Convective boundary condition

Inner and outer wall | Free-slip condition

boundaries (Modeling for film cooling air)
Circumferential Whole combustor model:
boundaries Periodic boundary condition

Test piece model:
Free-slip boundary condition

Table 3 Conditions of computational grid systems

Number of | Whole combustor model: 587,369 grid points
grids (61(z) x 40(r) x 61(8)+91(z) x 79(r) x 61(6))
Test piece model: 1,742,849 grid points

(61(z) x 40(r) x 181(8)+91(2) x 79(r) x 181(8))

Grid Az = 0.5~5.0[mm], Ar =2.2[mm)]
resolution | A@ = 1.6~2.5[mm]

Table 4 Numerical algorisms and schemes

Methods for Filtered N-S equation (Kogaki(1999))™

Coupling algorithm Fractional step method
(At=2.0 x 10 [sec])

Sub Grid Scale model Smagorinsky model (Cs=0.1)

Time integral scheme 2nd-order Adams-Bashforth
scheme

Spatial differential scheme 2nd-order central difference
scheme

6th-order explicit spatial filter on
velocity field

Stabilizing method

Method for Scalar transport equations (G and &)

Time integral scheme 2nd-order Adams-Bashforth
scheme

Spatial differential scheme | QUICK scheme
for an advection term

Spatial differential scheme | 2nd-order central difference
for a diffusion term scheme
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Figure 4 Computational grid systems
(The halves of the grids are thinned out in each direction.)
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Figure 5 Contour plot of instantaneous axial velocity

(b) Test piece model
Figure 6 Averaged velocity distribution on the center of the plane
at 2/7=0.65
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(a) Whole combustor model (b) Test piece model
Figure 9 Time-averaged distribution of mixture fraction £ on
plane 6/© =0

2

(b) Test piece model
Figure 10 Time-averaged distribution of mixture fraction £ on
plane z/Z = 0.89
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Figure 12 Predicted flame surface (gray surface) and contour of
scalar G using test piece model
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Figure 13 Predicted flame surface (gray surface) and contour of
scalar G using test piece model
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ENEL, G FRACBIBZAAEBEEICE S EREIC
*f LELIGHIBIE O BRRKREZ->THO., AHT G OH
ANAABOEBREID DD LAERHAERRAZADES
EHELTWBEEZIONS., JVEBEEREXERTHO
EHOEZHITE, COLIRBFREHETOKKOERED
UL RBRERIEOETZERBAEICTS ¢ FEXETINOD
WRVBHETH S,

RIZEBAETIN EHRGBETIN EORITREOBEEL
T. BHTEEE 0.012 BEOAKEE (AhT G OSER)
EUOt7 2Lk, HOMETOANT G ORHER
12,13 IZRT, RICHA=EEFNRARCERRIIMEE TV
BITAERZRIIAE SN 28, SIEETITRRTE
EHRNERVRESBBOBVWIC L > TARGROBTHN
BERAEENH D, BT Main EEONFERETIE. #
BETTINCBNTARBERASN TR, Zhidgt
REE@ICH->Z 2 RHNICEIEESBBOENT. &%
LA TREI LB ENERAETNLIDBELSED. ¥
HEFINORRIZE > THEBLA DKL EBERE - THK
MEELEEDOTHS. £, LEOESHEHOEND
EERHAREET Vo ONEICH T SBERTZA2/HICD
BhTHEYD. Piot H ABENRBLS 2o TWAEFMMNDT
FUOERHT A DEIENE Lo TWBBRTHRALNS,
LAL, $IC Main BEAOFXICEAT 2 KA GEER L
CBNWT, #EREEFINORLEY Y E2AETIMTIR
KEORABNCEL THRKRZEREZRLTNS, £R
HAWPWTAENZREL-AEB BTS2 AAERED
BFICDWTH, ELIBMRTZ M S BT O D F—OBE
BEAWEBHI TRV 2ERTHIIRBERERNES

Nz, &b, ERRBRERERICBLTIEVOELE
FIERAWLEEBIT/NE NI ERRENE.

6. ¥

LES B G FERZAVWETFRAEAT— T VREBNA
BT 2EARBEROARGRBOMITZITo 2, ZHICKD,
ROL S RRBESRAOEBRRENTFRTE -

1. A X6 OEBRIROMAIIZ L T, REICHE
ETAERBOERNBREI N ZELEREOE
D2 TKR., MAEHERFEROATEZA D
BAEHEDS A 5Tz,

2. Pilot / X5 OWMATFREE SN Pilot BIHZ Lz L.
FHERENTHONS Main HIRO TREZMED
Pilot fHI N ORBEIRBICIIREE 5220,

3. EFEMICIZE/NTM TS o /2h%, Main BEEAOHEA
B LB OENICE S KKDOESFENOELME
BEZ N, Main E@E~OFKERFHRICHB W TERE
Hl & AR EmA S RE N,

S, LDHEORWVWKRGEBITZT I ZOIIE. &I
Main / IV FHD & S ITKEDEBIC R TEFIEHOZ)
ENERECHLS 2 HREFEERTO flamelet T IO,
BARETHS, FRARBOBTICBNLTIR, HASRHE
AOLBRSOBARE, XOBEYSEREEOBER NS
Erirs,

X5z, 2HOBRETIVICBT 3BITE RO LB ET
W, UTFOLS7MBE2BT. BREBEROTOHLET
NERAVWLEEICOWTHELRE :

1. EBOBITICBNT, EAEFIN TOMITICE
DS ERORIBEDEE TIIEREIZ BT B AED
GEORENRENED, ERELOLENSTO
FEMNEAFEMEIN TSI EBREINE. T,
AN EBEEOEGHZT> TS HRHZEZORAZ
EFIULL-BREEVERTH D LEZ NS,

2. HEAEFIN o LEY Y EEMERSEER WE
SREFIN OB TIE, Main fERH DEEZBRWT,
BESBOMBUALACERBITERIIDOVWTKRER
EZRBESNaho k.

7. WE
AHEEHHEE IT70Y 5L THIBERNES Y 7 MY
T7ORE] O—RBELTITDbN, BERITITEFRERRK
2ERERY /— O A —/N\—1 ¥ 2—4% SR8000/128
7 SR800O/MPP 2R L. TIRXHBEET.
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