Ignition and Combustion Characteristic of DME—Air Premixture in Micro Flowreactor
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— IntreducHen)

Background
Gaseous fuel under a low pressure (0.5MPa at 298K)

A clean high-efficiency compression ignition fuel
with reduced NOX, Sox, and particulate matter

Promising
Alternative fuel

Dimethly Ether
(DME)

Minimum carbon number fuel for engine which exhibits cool flame (1]

For construction of reduced DME chemistry which can reproduce two stage ignition.
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Qur previous research

Ignition and combustion characteristics of DME

Micro flowreactor with temperature profile control (Premixed CH4 - Air mixture)
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Objectives

Clarify ignition and combustion characteristics of premixed DME — air mixture
in a micro flowreactor with temperature profile control experimentally and numerically

Experimental setup and Conditions

Micro flowreactor with temperature profile control T = 1300K

3

Stationary wall temperature profile by an external heating

= Micro flowreactor: Quartz tube with inner diameter 2 mm
« Equivalence ratio: 1.0 DME/AIr
« Pressure: 1.0 [atm] G
= Mean flow velocity : U [cm/s] U cmis
- Flame location : A single-lens reflex camera with CH filter
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Various flame responses
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Double flames in a micro flowreactor corresponds to
two stage ignition in general RCM experiments.
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Computational condition 12m

+ Flame code : 1D flame codel?®] §
* Thermodynamics, Transport properties: CHEMKIN II 6] i m
- Detailed reaction mechanism : Dimethly Ether 2000(] =l
- Computational domain : 10 cm .

Wal Terperatirs

- Computational conditions; Wall temperature is fixed. Nu number is 4.0.
Equivalence ratio = 1, Pressure = 1atm 0 1 2 8 45878 810
- Definition of flame location: Peak in mole fraction of CH profile. (emten(Em)

Energy equation Wall temperature profile
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‘ Heat convection between gas and solid

Variation of the stabilized flame positions
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Temperature, CH and HCHO profiles

Cool flame is confirmed by luminescence of formaldehyde (HCHO) [#]

U = B0 em/s ; Only one stable flame U = 10 emi/s; Double stable flames

B4 T T T 1200 T T T 140
Gas temperature
mwe o \,_.‘,M 120
z 1400 > = CHmole fractior \‘h <
1E-14 ®
] 1200 5 £1E1e ™ 100g
g 1000 § I 80 ©
S1E24 a0 £ 2 je28 K w S
s CHmolefraction a0 2 s Gasitemperature g
—— s ; , , 0 =
35 40 45 50 35 40 45 50 55
Location (cm) Location (cm)
Z 0008 < T T T
HCHOmole fraction
& 0008 s o015
€ o004 S oot0|-
% 0002 —+—HCHO mole fraction © ooos| H
B — 4 2 ool :
35 40 45 50
35 45 55
Location (cm) et
Temperature, CH and HCHO -+ One peak Temperature and CH Double peaks
HCHO -+ Broadened
o N

.

= Only one stable flame = Double _flames slabiflized ot
+ HCHO intermediate specie Q HCHO is product of upstream side flame

L»This result supports experimental result by RCM (1 y

Qo
Experimental and computational investigations on ignition and combustion characteristics of
DME-air mixture using temperature profile controlled micro flowreactor.

= In the experiments, various flame responses were observed by changing the mean flow
velocity.

+ In lower velocity region, stationary double weak flames were observed. These are
corresponding to the two stage ignition by RCM.

+ In numerical simulation, two stable solution branches are obtained, which agrees with
experimental results. And in the lower velocity solution branch, double CH peaks were
also observed.

+ HCHO mole fraction profile for the case of double flames supports the RCM results.
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