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The Effect of Chemical Structure on YSI and CN
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Structural effect on the sooting tendency

Research objective
1. Elucidate the chemical kinetics underlying the sooting tendency of various ethers

Cyclic ether

Cyclic ether Branched ether Linear ether w/ two oxygen atoms
3,3-dimethyl oxetane 4-butoxy heptane Di-n-amyl ether Ethyl-methyl dioxolane
0 O /(
YSIp=40.9i13.2 YSI =60.313.0 YSI =49.81+2.5 YSIp=23.6i9.2
YSIp/NC=8.2i2.6 YSI /N.=5.5+0.3 YSl, /N.=5.0+0.3 YSIp/Nc=3.9i1.5
More soot precursor formation Less soot precursor formation
(Undesirable for low emission) (Desirable for low emission)

p :predicted from model, m :measured from exp. NrReL | 3



Flow reactor exp. @ high T and fuel-rich condition

3,3-dimethyl oxetane

4-butoxy heptane Di-n-amyl ether Ethyl-methyl dioxolane

° O e e LN e
3& YS1,=40.9113.2 YSI,,=60.3+3.0 YSI,,=49.8+2.5 YS1,=23.619.2
YSI,/N=8.2+2.6 YSI,/N=5.5+0.3 YSl,/N.=5.010.3 \_« YSI /Nc—3 9+1.5
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QM calculation@ high T and fuel-rich condition
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QM calculation@ high T and fuel-rich condition

3,3-dimethyl oxetane
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Structural effect on autoignition characteristics

Research objective

2. Elucidate the chemical kinetics underlying the autoignition char. of various ethers

Cyclic ether
Cyclic ether w/ two oxygen atoms Branched ether Linear ether
3,3-dimethyl oxetane Ethyl-methyl dioxolane 4-butoxy heptane Di-n-amyl ether
0 /( OW
s& 0” o NN I
CNp=18.7i8.2 CNP=31.5i1.5 CNp=76.0i4.7 CNp=90.2i5.1
CNp/Nc=3.7i1.6 CNp/NC=5.2iO.3 CNp/Nc=6.9iO.4 CNp/NC=9.OiO.5

Less reactive More reactive

(Undesirable for thermal eff.) (Desirable for thermal eff.)

p :predicted from model, m :measured from exp. NrReL | 7



Key reaction step @Low Temperature

Q: What is the rate determining step for auto-ignition at engine relevant condition?

LTR

pre-QOOH H-abstraction

LTR

LTR
post-QOOH

CFR engine

(standard engine for CN measurement)

ITR

Equivalence ratio=2

700K, 20bar, di-n-butyl ether
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YSI/N,

Conclusion and future work

High soot
Low reactivity

Low soot
High reactivity

4 5 6 7 8 9 10
CN/N,

Soot characteristics

* Linear ether and dioxolane showed
comparably low soot precursor formation.
* Flow reactor exp. revealed that
YSl is related to the size of HC precursor

Autoignition characteristics

* Linear and branched ether showed
high reactive characteristics

On-going work

* QM calculation on auto-ignition characteristics
* Extensive study on the structure effect
including the fuel with high carbon #
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QM calculation@ low T and stoich. condition
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QM calculation@ low T and stoich. condition
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Carbon yield [%]
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