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The Effect of Water Addition on Auto-Ignition and
Combustion under High Temperature and Pressure Condition
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Summary

Knocking occurred by auto-ignition is the major issue of high compression ratio engines, and water
addition has been proposed for its suppression. In this report, the effects of water addition on auto-
ignition and combustion compared with EGR gas addition which is a general method for the suppression
of knocking were investigated using a computer-aided engineering method based on detailed chemical
kinetics. As the results, “water addition has smaller inhibiting effect on low temperature oxidization than
EGR gas addition.” and “water addition has an activating effect on high temperature oxidization unlike
EGR gas addition” are cleared. These differences were caused by the difference in the OH radical

production and consumption process.
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Table 1 Calculation Condition

Fuel PRF90
Initial Temperature 600~ 1000 K
Initial Pressure 6.3 MPa
Equivalence ratio 04= ¢ =2.0
Oxidizer Mixture hb 7 | vol
(o)) 21 | vol%
Dilution rate 10 vol%

Dilution gas mixture and Condition
H>O additon Vapor H,O [ 100 | vol%
N> 79 | vol%
CO» 21 | vol%

EGR addition
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Fig. 1 Definition of LTO, H202-loop and HTO Dominant
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Fig. 2 Definition of Ignition Delay and Combustion
Period
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Fig. 3 Contour Plots of 20/ ase against Initial
Temperature and Equivalence Ratio
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Fig. 4 Contour Plots of ecr/mase against Initial
Temperature and Equivalence Ratio
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Fig. 5 Contour Plots of z20/cr against Initial
Temperature and Equivalence Ratio
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Fig. 7 Temporal Variation of Temperature and OH
Radical under the Condition of H20 Addition and EGR
Addition in 850K of Initial Temperature and ¢= 1.0
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Fig. 8 Temporal Variation of the ROP of H20 Radical
Generated by CH20 + OH <& HCO + H20 Reaction
under the Condition of H20 Addition and EGR Addition
in 850K of Initial Temperature and ¢= 1.0

END, KEINMIEGRA A RN Hb~HoO2/b— 7 I3 ENE
ELTWBZ LR hD, HeOob—7 ZEHIR OIRE 1
HIZCH:0LOHT Vv ilds e Lz (R2) ~ (R4) K
795, £2C, RYDKISHEDREFZE( % T 5
ZEE LT, TOERETFg 8T, Fig. 81V, Kif
MOLA, EGRH AN H~HeO/b— 7 XM T o
(R2) DFUSHREIENT LR ND, Z DRGSR
EONTT D729, KEM, EGRFAREMOOHT ¥ H v
DOABGEE (Rate Of Production UL FROP) 122\ Cifll
BEL, TR, HoOl— 7 HEHIIFTOOHT 20
JERGHREICRE R ZNBIE TE 20X, TR Y
HoOeV =7 DET D OSSO FE S (RE) THDZ
Lo T,

H:0+0 & 20H (R5)

Fig. 9IZ/KiRIN, EGRA ARINIZEBIT S (R5) DG

Time[msec]

Fig. 9 Temporal Variation of the ROP of OH Radical
Generated by H20 + O & 20HReaction under the
Condition of H20 Addition and EGR Addition in 850K of
Initial Temperature and ¢= 1.0
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Fig. 11 Definition of Mean CO2 rop during Combustion
Period
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Fig. 12 Contour Plots of CO2 rop-H20 / CO2 RoP-Base
against Initial Temperature and Equivalence Ratio under
H20 Addition and Base Condition
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