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Institute of Fluid Science, Tohoku University
P. Grajetzki, H. Nakamura, T. Tezuka , S. Hasegawa, K. Maruta

The reactivity of ultra-lean gasoline surrogate/air weak flames in a micro flow
reactor with a controlled temperature

2 Principle

e Micro flow reactor with a controlled temperature profilet[2
* New automotive engines are developed to increase efficiency and decrease CO, » Steady T-profile oo i e honpallieie -
» Ultra-lean combustion of gasoline can lead to higher efficiency e Laminar flow ) “ T
» Engine knocking can occur and must be avoided » Constant pressure FRED
=> Reactivity of ultra-lean mixtures must be well understood + Flame pattern dependent 7~ ——— h 4
Challenges on flow velocity " Flame | Weak flame
. . . . *  Weak flame represents = T i _
* Ultra-lean combustion usually limited to high temperature/pressure regimes iomition Fuelar  Extemalheat 110111 f Loz
* Common approaches use transient methods (RCM, Shock tube) £ < Aiercn CHy/air, =10
. HRR fot flame

Solution _ _ _ Weak flames Conventional 1
» Investigation by micro flow reactor with controlled temperature profile * Spatially separated flames / —

!MFR[ 9 blue and hot flames K 1000K 1100K 1200k ;
* Allows for investigation at atmospheric and elevated pressures and temperatures * Tcan be identified MFR PRFO e T : [3]
* Enables steady state investigation * Reactivity can be evaluated ®=10 PRF20
» Easy and reliable method to evaluate fuel reactivity » Ultra-lean combustion Un=20cmls  pRFS0

possible PRELO0
‘React\th

3 Results

Experiment Hot flame reactivity
¥ 13001 Tix) = 3.46x7 + 18.16x + 350.18 = Vertical-type MFR PRF100 8@ siH.exp
E Experimental T-profile ’ . MiXil’lg il’l heated tank RON 1001 PRF100, KUCRS
21000 3 * Long exposure times PRFL00, LLNL
§ 800 A + CH filter PRF100, Expo—@—@ ® 4=110
g » ¢ Broad T profile 15 *o@ SREw ¢ 4o 0.75
= 600 P . e KUCRS, ¢ = 1.0 ;
g . * High reproducibility @ 10 Kucks g: 635 ] S3R, SIP 35 * =050
4004 2 _ — . "
0.0 25 50 J;:Zs o 125 150  Numerical simulations | ¢% ° Gl S3R. Exp
xjcm o v S e— b PRFO0, KUCRS
+ PREMIXM 1-D steady £E = == '
Mﬂ_ii[mﬂ +fzpy e, T code (=it | ST L
dx ¢, d)f dx dx e Additional term for heat Z s \ 1050 10}—,5 .m_:)rgn. Expm's{: 1090
+Aia‘)kh W ,A 4/1]2\/14 (]’:v ,Tg) = w[ﬂ ) 300 —‘900 1500_ - 11'.05— Wall Temperature at Hot Flame / K
@, = c, d e Detailed SIP mechanisms!’! Wall Temperature / K
Three-body reaction: H+0,(+M)=HO2(+M) Effect of & in simulations__KUCRS. @=10 e
Chain Termination 1UI‘I_J?ate constants ﬁMOdIerd mechanism gnos. E:J’:F,zég . = R T 106K
+ Competes with chain 5~ | KUCRS ¢ = 1.0 2 " €oo4|  LNOS . P — f\ R
branching reaction: H ens r L s E = 3? | & it ‘. i \
H+0,=0H+0 = LINL$=05 =10 od > | ] \ e T T =
g = B g=1.0: ! i oy o ( ] CH,O+1.250,
* Strong influence on = < ¢=05 | 0.09 300 1000 i T 2 o TS
hot flame reactivity E 101 ué 51 f Wall temperature / K “I~ .lf ‘l A CHZS?EB%SOHZOM
» Different represen- 5 E J o L KUCRS 10 ¢ ' ; 4 b ) 4 = 5C02+0-9'i‘10
tation i . = _ = 5 ol ot =0.004 as o o
a 101111 1l various 500 750 1000 1250 = 10000 1025 1050 1075 1100 % Lo " ‘l ; ‘{ A e KUCRS/SIP mech:
IIEEl LTS TIK Wall temperature / K Z o002/ ,!.‘\' 4 .=+ Later fuel consumption
* Similar in stoich. case * @ =1.0 moves downstream ;S N N * Later interm. consumption
 Different in lean case * @ =0.5 moves upstream T — 10.00'-- 4‘ . 4 » Higher reactivity for
* Influences @ dependence * Sensitive to third bodies Wall temperature / K d=1.0
. [1] K. Maruta, T. Kataoka, N. Kim, S. Minaev, R.
High pressure ) ) Fursenko, Proc. Combust. Inst., 30 (2005), 2429-2436.
20 1 6 20 1 7 20 1 8 ° Experlmenz; ‘_’“d simulations under [2] S. Minaev, K. Maruta, R. Fursenko, Combustion
engine conditions Theory and Modelling, Vol. 11 No. 2 (2007), 187-203.
* PRF experiments + Surrogate * High pressure * Effect of equivalence ration under 3] M. Hori, A. Yamamoty, F. Nakamur; T Tc)azuka S.
. gﬁgﬂmf e Efﬁpffﬁféﬂ?ﬁfo (s epmifiions Hasegawa, K. Maruta, Combust. Flame, 159 (2012),
i - . A . . 959-967.
reac;lon. . Ide.ntlﬁcattl.on of reactivity index EXEZL;{st gas rzeg(l)/rculatlon [4] R.J. Kee, et al., Sandia National Laboratories Report
mechanisms main reactions . up to 20% (1985), No. SANDS5-8240.
* Effect of third bodies on reactivity [5] A. Miyoshi, J. Phys. Chem. A., 115 (2011), 3301-
3325.

SERNEE ==

Innovative Combustion Teclno
b




B et i 2017/07/06 SIPT B 7 FIBKBE AT 1 S 3E A BES VRS L

B RETF— L TR EZ—KE18 (¥ - /v TE)
KW RKFEIFE €5 HPEAER

REERREICKOIR/VIFHZERELE:
7V DE X IE TR & R A R ET A

BNERS50%ZBIET T OENOED, BE, MEIRE, EGREf(2~5 MPa, 600~800 K, Z&Et0.5, EGR
20%)ZREREMRED LR THRIRL, EHVUCELUOYO5 — H’f’*ﬂ@@ﬁ%)&%li?ﬂﬂbh\(;?é ;@‘fn%
&, JYvOoD>=alL— /EI/(;T_JJ\TCLI,”?.S*—WDQEEA’E%&U@“%#%N?&FEET)lx@’fﬁﬁ\*—) PR DB NIEIRDIE
E(CEMTD. INFTTOIAKTIE, 2~5 MPalCHIFMBDOBESENIFHEZFHEL, 2 MPad£LU4 MPalCH LT
EGRIARBIDBENFFIE (CRIFITREZRFT UL,

—

BB FRIRERL DR < R T, =
fAEEBIR L. Temperature 1000/T (1/K)

>AVUCEK[BI>>>ZRANE 2014 2015 2016 2017 2018

v NOFMETEBNZRET D.

B M (SIP3LE) BNENBREOESR
SUREHEEE(RCM oy Ly e
BREMEBRM)  emert — ] ERCEITEENEE [T
Injector driver AJF sensor HYU> Jo5'— — Derivative of pressure
Bore x Stroke (mm) | 100 x 130 C 3 vol% vol% vol% vol% 2 First ignition delay time
Displacement (cm?) 1021 I g Bl 1 2 Total ignition delay time| )
Compression Ratio 10.7 nATZZ 215 100 6 §
D 616 438 | FAUTZ 200 310 7 8 <
%ﬁ%ﬁ AXFILSH % o E kg %
@ 05 _ onEry,| 90 | G0 e 2
P,(MPa) 2-5+005 | Gasoline = AL 1Y g 4 L2
£ EMPa; S10n - oars | Sumvus - ’ s, | iBE 196 | gzl 10 140 § ) = 25
0 : : - FERS 254 366 | MLT> 305 400 J £
T.(K)  660-740 =2 | Driverpiston ! i 2
TC K 300 - 353 s rwaas | ROV 90.8 99.8 RON  90.4 100.0 o o ¢ = 4.00 5
— PREEZSE R | RS NEBAY A 0 Y '
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10004 ; ! E
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E [ ’ﬁ I = 02 reduction
o 24 g 100 ] Ha 1 s 4 | =—Fuel reduction
£ 100 3 o 1 S e
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