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Table 1 Computational efficiency of the parallel chemistry acceleration algorithms

PLP PLP/DAP  PLP/DEP TP TP/DAP TP/DEP
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Fig. 5 Comparisons of averaged results by DI method and by algorithms (the time step is 28,000)
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1 2H2+0; 9th-WENO  18,000~28,000  2819.96 2843.16
2 2H+02 5th-WENO  20,000~30,000  2848.31 2843.16
3 C2H4+30; 9th-WENO  12,100~22,100  2385.00 2368.71
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Fig. 6 Averaged mass fraction of H,O; for Fig.7 Curves of chemical speed-up ratios for
different cases different cases
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Table 3 Deletion strategies of tables and their speedup ratios

Cases 1 2 3 4 5 6 7 8 9 10 11 12

Msin/x10° 3.0 6.0 90 120 150 9.0 9.0 9.0 9.0 9.0 9.0 9.0
Mit/x10° 450 450 450 450 450 270 450 630 720 810 900 99.0
Ry * 357 365 429 300 316 324 429 552 443 393 409 476

*fJa it %) (RFE2D 28,0000 HIZER

K8 Hoeh T AT LN F (4. 8 F112, WK 3) HEREMLER. K8 (a) AiMHEM
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XTiRZES)/NT 0.5%, 74Uk 1 MHERSRES T AT RS IR EE R . B 8 (b) #E—2P
B TIFES RN Z, 2H+0, BRI FE FRIA I 7 HoO, PR BEI L 7 AR AL i 28, FF 3L
H5HEERS (DD FiEitERERAE T, 8RR, XJUNEIRH RS R%5e S DI
2 RORFF S — 50 PRk T BRI EAS . Sibr b, HedRE T (Msin f1 M) B
(B EITE TR BT R IR an bk, X I BH 2 SR 1 A G SRk () SRS P A s
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[ e Case 12 I
2F 0%k ‘
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Fig. 8 Computational accuracies of different cases. (a) Relative errors of propagating speed of detonation
wave, (b) averaged mass fraction of H,O..
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TR ERAE R E T -
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Bl 9 AN [E N2 SFmg (BT (@) ov 5 R FA(b) p 55 Ry ZIAIAH G ME T 2
Fig. 9 Correlations between (a) ov and R, and (b) p and R, for different cases with deletion strategy.
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CHEMISTRY ACCELERATION ALGORITHMS BASED ON THE
TABULATION AND APPLICATIONS IN NUMERICAL SIMULATIONS OF
GASEOUS DETONATIONS
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Abstract: Due to the huge computational cost of numerical simulations of compressible reactive flows
with detailed elementary reactions, the improvement of computational efficiency for the simulations is
necessary without the loss of computational accuracy. This work propose a series of parallel algorithms
based on the in situ adaptive tabulation (ISAT) technique under the frame of MPI. The algorithms are
composed of primary strategy (including PLP and TP) and balanced strategy (including DEP and DAP).
The algorithms have applied in the simulations of two-dimensional gaseous detonations, and the several
factors such as strategy, reaction mechanism, numerical resolution and table size, are examined to identify
the computational efficiency and accuracy. The results show that the chemical speedup ratios of 3~5 can be
reached for most of computational conditions and suggest the good computational efficiency, without the
loss of computational accuracy. The results also indicate that the computational efficiency is closely related
to the table operations among the tables. The load balance and the synchronization among the table
operations take the important roles in the improvement of computational cost.

Key words: tabulation, chemistry acceleration, gaseous detonation, computational accuracy and

efficiency, numerical simulation



