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Introduction

Context: Need for research effort on the LTC kinetics to enable new low-emission engine concepts (SACI, PPCI, GCI...)
 Development of a new burner stabilized premixed cool flame setup,

* Burner characterization as a function of strain rate, equivalence ratio and ozone concentration,

« Development and validation of new kinetic models (the first tests are with : DME+ O, + 0 to 6,84 mol% O,)

Experimental setup and procedure

Stagnation plate stabilized cool flame Stagnation plate burner Diagnostic methods used
experimental setup
(A) Chemilummescence of CH20 (B) Planar laser fluorescence of CH20 o .
Ry Principle of analyses of the CH,O PLIF images:
. Pre-mix burner i i g
‘ 5 o . ‘ 2. Gas flow meters Measurement integration time = ~ 50 ns determlnatlon Of the flame front pOSItlon
1 ; . ‘ 3. Ozone generator After 10 ns of laser pulse
[ % 4 ’ 4. Spectrometer USB2000 Measurement integration time >> 1 ms 14
] 5 5. Acquisition Unit (GateWidth =200 ms) ‘
I 6 Optlcal Ce” (1 m) 4 Camera opening window E F32300 i CH0-PlFa=15 s19=010at 3%03 a=155"!
7. Check valve (10 mbar) ” 7 R (—
8. Water cooler - / | 1 B ket 09 2
9. temperature controller e > P | pi=s T_ ol
10. Insulation and protection frame tims] == o U : b 4 e e S gm«
11. Heated plate e | e : B o
12. Extraction of burned gases fhmang g
1 H:_J 0.5 lame front p
13. Valves 1. Pre-mix burner 8. Pellin broca e X g
14. Purge valve (for DME) 2. Heated plate o Fiihigle T =4 i) L0 . § |
15. Lamp 3. Intensified camera (ICCD PIMAX 3)  10. Convergent lens (500mm) .~ T 1 708
16 Golimatar 4. Third harmonic (355 nm) 11. Cylindrical lens of (-50 mm) o 02
| 5 ~17. Optical fiber 5. Second harmonic (532 nm) 12. Cylindrical lens of (300 mm) 01
o uv - 18,0, measurement system - 6. Laser Shutter 13.0pening Slit for correction ,
I R L L ‘%19, Cool-Flame 7. Laser Nd-YAG 1064 nm 14.Beam-dump ’ ’ ' Dol N :
15. Band pass filter 396 to 450 nm
Ozone concentration: Strain rate:
10° M I _ 14
Clg/m3]l=-——In{—] (O als™'] =+ (2)
\_ ol Na = \lo g N\ ¥
Effect of the equivalence ratio on the cool flame position Effect of the ozone mole fraction Chemiluminescence vs CH,O-PLIF (Cool-Flame characteristics)
| (&) : Strain rate=10 s™1 (C) : Strain rate=20 s™1 (A) : Strain rate=20 5”1 CHy,O" -Chemiluminescence < 10° CHy,O-PLIF .
: Q Stabilized cool flame by inncresing ¢ O Stabilized cool flame by inncresing ¢ O Stabilized cool flame ¢=0.20
12 - 55 . Eﬁ Stab?l?zed c‘ool flame by 'decrea.singct’ 12 . Eﬁ Stab?lized cool flame by Fiecrea.singq)" 12 N N ?D& i:al;l?zej c\ooi game ¢28(1)2 i t,(.__‘ _ —
5 | g T K e oy st | g % K S e tane by e 2 0 j £ Sablidcofome 0.0 o iR
= 5 en Red numbers are corresponding to % of O, o~ Red numbers are corresponding to % of O, ~ —Flashback limit ¢ =0.07
§1O s @ §1O %10 2.63% O,
5 N ] % 175 3 331 2.48 1031165, 165,165 165 | O [
E %8 5 @;6 g\) 2.6;é 1-7% v . 1L g% @W @2'4@74}1 . ol % o %l 6% 5 8 b {\‘/‘){/E] - *® « ) !,,,,,,fyfi; .
é 13 4'32%3'5% 2.63 & l'%1.75 - é d ‘3-3@ = 2% o . é \\P;}\}DID & % ’ | >
; 6 C 0 T ® Eﬁl'é% 17 ; 6 . %3-3@ @% : 6 TP - A % D |
S % 351 & W Ll s S 3, :g T~ B o0
7 i s 4 & g 1;5 e 7 4 Ei ; % O, x 10"
o Rl & i g g o e 2 ! % e
% 5@5 Eﬁ 263 g % % b w g a;‘}}’,
= E} - 351 ?3 o = a=15 S-l ; g T ..J.=1»,-,.-.=,-. :-
2 - D 263 2 2 ¢ =0.10 AWy
¥ ﬁ; 2.55% O,
6.13 526 438 351 <
OT 0.02 04 @ 06 dlEgS 0.1 0.12 0.14 0.16 0.18 0.2 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 %.5 1 1.5 2 2.5 = 3 3.5 4 4.5 5 0.8
Burner position (I) ¢ %03
(B) : Strain rate=15 s7! (D) : Strain rate=25 s~! ¢=0.08 x 10"
> E Stabilized cool flame by inncresing ¢ . 405 <D> Sibzed colfame by ncresng 5 , (D) Stabilized cool flame a=10s'1 — — 6
5.34 tabilized cool flame by decreasing ¢ [T : & tabilized cool flame by decreasing S, s tabilized cool flame a=15s1 [ o
(1, ﬁ ?K ztaEiiizej cooi game Ey i(lllcreasing ¢¢ (., % ?K gtasilize;1 cool flame Ey ;:rllcreasing ¢¢ 162 (1, . ] T }K ztagiiizej cooi game a=;0§1 a=20 S-l 5
= —— Flashback limit = 3 — Flashback limit _ O 3 @) > Stabilized cool flame a=25s"1 ¢ =0.14 R 4
A 12, Red numbers are corresponding to % of O, A - Red numbers are corresponding to % of O, S A ——Flashback limit 248 % O ,
Qo 024, 3%, 25 %) 17 Qo V) QI B 3 3
= % * H s gi 1‘@ L 17 5 3.24 %243 28 o o3 5 N DD * ’;7’?;,1?T\ 2
z . ., - ck %\% 1@ 1-@\ 17 17 17 2 g 4'0@ K32 b o @;EQMB 243 225 2 "L'}«“ DE ﬁ@ﬁ/ﬁgg‘?‘?ﬁ B 1
: i % s TREQT “ %3@%&2% i A E R 'H, O
: 6 5.34 % 3'3{%% @75 : 6 4'061 N 32@; ; 6 O, Dﬁ %t?&‘ > Max % of O,
S o - %255 5 — Y ks S B e S 4
ks ) 3.3% D = = \/O/ DD ¥ x 10
g @ 3.39 A £ = °
= - . @339 E s quj %% oz o5 oL \
, = 0.19
) W 424 ) ’ ’ Ve 2%13% o, 3
0 0.02 0.04 0.06 0.08 T.T dQ2 H 0.14 0.16 0.18 0.2 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 %,5 1 1.5 2 2.5 3 32 [4] . 5 5.5 (1)
0 0 %0,
» Good reproducibility within a large range of operating conditions (a, ¢ and %0,).
N _ o « As the equivalence ratio decreases, the
* Flame front position decreases as the equivalence ratio increases. o « Intensity of the CH,O-PLIF and CH,O" signals increases with the
_ _ _ necessary ozone for cool flame stabilization
* Increase of the strain rate enables the occurrence of flashback, especially at the highest strain rate and equivalence ratio.
val _ 010 INCreases.
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* Flashback domain tends to move towards the plate as the value of the strain rate increases
ozone for cool flame stabilization increases. '
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Conclusions

* The novel stagnation plate burner designed for the study of LTC reactivity is now functional T
» An experimental database of flame front positions has been constituted [ Acknowledgments T
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