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Large eddy simulations (LES) of the turbulent premixed combustion in a constant volume vessel are conducted by using

fractal dynamic SGS (FDSGS) combustion model and compared with several SGS combustion models. Flame fronts

obtained from LES with the FDSGS combustion model show good agreement with these of filtered direct numerical

simulation (DNS). However, all models could not predict the maximum of mean pressure. To investigate this discrepancy,

conditional averages of filtered energy conservation equation budget are studied. To consider pressure rising condition,

instantaneous DNS data with different mean pressure is used. It is revealed that a pressure-dilatation correlation term

(75’) which has not been modeled is one of leading terms. A priori test of 75’ model shows good agreement when the

pressure slowly rises but the model over-predicts when the pressure starts to rise suddenly. However, correlation

coefficients suggest that the proposed model has strong correlation with filtered DNS result.
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Fig.1 A schematic of the computational domain and flame surface defined
by the temperature iso-surface of 1289 K.
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Table 1 Numerical condition of DNS.

Res  Re wms[m/s]  [[mm] n[mm] Sz[m/s] & [mm]

97.1 5162 18.98 2465  0.0243 10.34 0470
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Fig.2 Temporal development of the flame surface with different models at
t=216 s (a), 312 ps (b), 408 ps (c) and 504ps (d).
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Fig.3 Temporal evolution of total mass of fuel normalized by initial value.
The black line is DNS result and the red line is LES result with FDSGS
combustion model (CV: 44).

T—=BNIHTIT VT A NEF O NAT T 4 NEER LT3
V. ZAUT DNS OGS HE S AP ARR TRE R T
72 ENTWBTZW, ERSHRIZFED N SUSHEI TER DS
BEREMIEE, KROEEEZHHCERWZDTHS.

5. SGSHMEETILDFRNEE

K22, EREEHOFEICRT D AkREOHEE RS, 22
CAMFE CIEk K%, 1 YoTEH TIRAKSR (TEVREE 700K, [
77 0.1MPa) {Z3\ N TIRRER AR B30T 2 SUSHE TASROfE
(c=0.562) 7B 7E# LT, FDSGS BBEET /UITMRAEREORE
LB, MhoTT /L L il U CRRRIOEE 2 S SETHI L
T, iz, B3 ICESGH LS ARV B ORRZS Lo ik
%R, FDSGS #REEE T /L% FAV V= LES #5443 DNS fif 5 & b
L CRBIOME B2 S SE T PRI T 5.

ZITE, ZOX D REAIZLES TR SN D =RV

Copyright © 2019 by JSFM



RO TN TG 5.

6. IFRILFHEXD SESHEEET) VT

ABFFETHRIGE & LT K5 7o MEIRNC K0 IREES D B e 52
DYrE, RBEIRIEZ KBS 2 FOGHE TR O IS A T,
(@) TERELSNDIREESH 6 2 TR B [RIRH AR 5 28
H5. @ TEEIND=RVX TR T 4 V2 R b Loy iR
THL, UTOXIHKES.
opT T AT ST AT T 4T NI4T
WZTI + L+ L+ L+ T+ T+ T+ T, + T+ T+ T+ T+ T, (7)

_ 025 . ]
< N 4
= N ]
Soxf . ;

H F ]
Sous | . E

I 1 1 I 1 1 ]
100 200 300 400 500 600 700
1 [ps]

Fig.4 Temporal development of the mean pressure.
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Fig.5 Conditional averages of the filtered energy equation budget with reaction progress variable cr with 4 =25.7n at t =216 ps (a,b), 312 ps (c,d) and 408 ps
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Fig.6 Conditional averages of the terms of Eq. (9) with reaction progress variable cr with 4 =25.7n at t=216 ps (a), 312 ps (b) and 408 pis (c).
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Fig.7 Joint probability density functions of p(V - u) of the DNS values and the values predicted by Eq.(11) with 4 =25.75 at =216 ps (a), 312 ps (b) and 408

us (c). The black thick lines show complete agreement.
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Table 2 Pearson correlation coefficients of p(V - u) with 4=25.7y.

t[ps] Pearson correlation coefficient
216 0.965
312 0.974
408 0.976
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