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Fig. 1 Schematic of the piston
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Tab. 1 Surface reaction mechanism of methane on Pt surface

SR A/ (mol-cm-s) E./ (k] « mol™")
% B <
H,; +Pt(s) +Pt(s)—>H(s)+HC(s) 0. 046 0
H-+Pt(s)—>H(s) 1. 000 0
O, +Pt(s) +Pt(s)>0(s) +0O(s) 2.300X1072 0
CH, +Pt(s) +Pt(s)—>CHs (s) +H(s) 1.000X 102 0
O+Pt(s)>0C(s) 1. 000 0
H:O+Pt(s)—>H:0(s) 0. 750 0
CO+Pt(s)—>COC(s) 0. 840 0
OH+Pt(s)—>0OH(s) 1. 000 0
FETH SN«
O(s) +H(s)=0H(s) +Pt(s) 3.700X10%! 11.5
H(s)+OH(s)=H20(s) +Pt(s) 3.700X10%! 17.4
OH(s) +OH(s)=H:20(s) +0(s) 3.700X10%! 48. 2
CO(s) +0(s)—=CO2 (s) +Pt(s) 3.700X10% 105.0
C(s)+0(s)—CO(s) +Pt(s) 3.700X10%! 62.8
CO(s) +Pt(s)—>C(s) +0(s) 1.000X 108 184. 0
CHs; (s) +Pt(s)—>CH2 (s) +H(s) 3.700X10%! 20.0
CH; () +Pt(s)—>CH(s) +H(s) 3.700X10%! 20.0
CH(s) +Pt(s)—>C(s)+HC(s) 3.700X10% 20.0
i W«
H(s)+H(s)—>Pt(s) +Pt(s)+Hy 3.700X10%! 67.4
0@(s) +0(s)—=>Pt(s) +Pt(s) + 02 3.700X10%! 213.0
H.O(s)—>H;O+Pt(s) 1.000X 10" 40. 3
OH(s)—OH+Pt(s) 1.000X 10" 192. 8
CO(s)—>CO+Pt(s) 1. 000X 10" 125.5
CO; (s)—>CO; +Pt(s) 1.000X 10" 20.5
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Fig. 2 Effects of methane and oxygen ratio on

selectivity and conversion
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Tab. 2 Specifications of the Cummins B-series engine
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Fig. 6 Effects of catalytic combustion on temperature field in cylinder
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Fig. 7 Effects of catalytic combustion on CO concentration field in cylinder
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Multidimensional numerical simulation of catalytic
combustion in a HCCI engine

ZENG Wen""?, XIE Mao-zhao', JIA Ming'

( 1.Dept. of Power Eng. , Dalian Univ. of Technol. , Dalian 116024, China;
2. School of Aero-Engine and Energy Eng. ; Shenyang Inst. of Aeronaut. Eng. . Shenyang 110136, China )

Abstract: By coupling the KIVA-3V engine computational fluid dynamic(CFD) package with the
CHEMKIN III and DETCHEM chemical kinetics packages, the effects of catalytic combustion on the
combustion process and emissions of homogeneous charge compression ignition(HCCI) engine were
simulated. Methane was used as fuel and the detailed surface and gas reaction mechanisms were
adopted. The effects of catalytic combustion on the ignition timing, temperature field and HC, CO
and NO, emissions of a HCCI engine whose piston surface was coated with catalyst (rhodium or
platinum) were discussed. The results show that the ignition timing is advanced and the emissions of
HC and CO are decreased, but the NO. emission is increased slightly by using catalyst coating on the
piston surface. In the same conditions, compared with catalyst Pt, the ignition timing is more
advanced, and the emissions of HC are lower, but the emissions of CO and NO. are higher with

catalyst Rh on the piston surface.

Key words: catalytic combustion; homogeneous charge compression ignition (HCCD; chemical

kinetics model; numerical simulation; methane; CFD model



