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A new approach to determine the reactivity of fuels using steady-separated
weak flames in a micro flow reactor with a controlled temperature profile

3 Results

Ultra-lean combustion!!

Background
* New automotive engines are developed to increase efficiency and decrease CO, @ ¢-100 P=10atm
» Ultra-lean combustion of gasoline can lead to higher efficiency ) PRF100 : :zg:;g e
* Engine knocking can occur and must be avoided PRF100 o @
=> Reactivity of fuels must be well understood PRF90 o
Challenges o © @
* Common methods are expensive especially for novel fuels 141 PRF100 KUCRS, ¢=1.0 PRF90 H_.
+ Common approaches use transient methods (RCM, Shock tube) § 12 P=10atm T o—e o
Approach % 8 @@ Ln
* Investigate fuel reactivity by steady-separated weak flames in a micro flow H KUCRS, ¢ oRF80 0@ . 561
reactor with a controlled temperature profile (MFR)[1(?] g4 @ KUCRs+FFCM™
* Allows for investigation at low temperatures, ultra-lean and EGR conditions at £ @ 0 o s
P 1045 1050 1055 1060 1065 1070 1075 1080 1085

atmospheric and elevated pressures %o o5 o o7 1o 1028 10 1675 1100
* Easy and reliable method to evaluate fuel reactivity

Wall Temperature at Hot Flame / K
Chain termination:
H+ O, (+M) < HO, (+M)
OH + HO, < H,0 + 0,

Important reactions: Chain branching:
0,+H® OH+0

H + HO, <> OH + OH

2 Principle

Novel method for reactivity measurement

Micro flow reactor with a controlled temperature profilel! e -
P=5.0at
* Steady temperature profile Fuel/Air NG v 067 03 _35{ o= o _prrs0
¢ Laminar flow, constant P=0.1-05MPa %, hh=313K “ Lick 10 02 5 30 KUCRS+FFCM R
pressure Uy =2~0.4 cmls . 133 015 £ 5. .
20 01 £ e Heptate
* Steady-separated weak Cool flame |0 rt'! U ; TZ Her
flames at low velocity Weak flame 04 05 £
. o z 1.0
¢ WF represents ignition A _ o 067 03 ~ o \
branch of Fendell curve Blue flame K‘ = 10 62 I S !
\f Polgm CHyfair, ®=1.0 133 015 500 m'm 71’\" X(‘lﬂ ‘)(I)O ]l;lm 1 1'00 1200
Hot flame Reactivity 20 | ! 0.1 Wall temperature / K
Weak flames high
/ Ty = 1300K 600 700 800 900 950 1000 1100 . .
o , blue and hot flame A Vel temperatue /K Heat Contribution Index
. Temperatgre.(ait reggtlgn H/AirO, ; Flame structure and Formaldehyde Index
zone can be 1dentifie Burner f
.. . HRR(x) A dx
: lf{eacttllwty e e Graligiet * Blue flame: Consumption of intermediates HCl = ————
TReyi NS PR ¢ Hot flame: Oxidation of CO and H-O reactions pr HRR(x) Acs dx
i XcHz2
dy=20mm e FI=1-——%% __ @670K
XCH20,n—heptane

Fuel structure and reactivity

Computation = BFlsim I o= iso-Octane x
¥ 1p0p| T TW=346x1 18160435018 i * PREMIXPIl-based 1-D steady codelll 701 i sim 'SG'DE:EHE we &P Sl T PS80, C
B L Empedmental Trpmlle / * Detailed KUCRS reaction mechanism!“! SR = new. PRFSO oss [ 8°%° e
groe Vi *  T-profile of experiment 527 4 bopentane 9 B
g 800 g e Additional term to account for heat " LR % cece
£ 1 k: PRESE 03§ £40 " PRF50
3 o transfer between gas-phase and walll ; s § :
E /”/ dT 1d(, dT\ A& T ® psso ]
400 ML a4 e AN prie, - oy g o1 | 57 o
00 25 50 75 100 135 150  dx cp dx[ dx ) ¢, ;p TP g il L — i 251 7 eptane coccece
x/cm A 4ANu 0S00 s e 65 70 75 80 U 5o %1 o2 o3 o4 o5 0%
+7z a)kh W | - (T, _Té ) = Number of carbon atoms in molecule Formaldehyde index / -
G d vooE
s Z . . N, €O, HO0
55 |Exhaust gas recirculation 0%
5 50% .........
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