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Laminar Flame Premixed Combustion Characteristics of

Ethanol-Isooctane Blends at Elevated Temperatures

ZHANG Yemiao, LI Qiangian, YAN Zhiyu, HUANG Zuohua

(State Key Laboratory of Multiphase Flow in Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract; The laminar flame speeds of isooctane/ethanol/air mixtures were measured with the
outwardly expanded spherical flame and high-speed schlieren photography over a wide range of
ethanol blending ratios (0, 0.2, 0.4, 0.6, 0.8, 1.0) at two initial pressures (0.1, 0.5 MPa)
and elevated initial temperature (433 K). Nonlinear methodology was employed to remove the
stretch effect in the data processing. Results at three equivalent ratios showed that the laminar
flame speeds of the blends significantly increase with the decrease of initial pressure and slightly
increase with blending ratio of ethanol. The effect of blending ratio on the laminar flame speed of
the mixtures was explained through one-step total reaction hypothesis theory. The overall
activation energy was obtained by calculating the parameters regarding the thermodynamics and
transport behaviors, and the chemical kinetics was found to dominate the laminar flame speed
variation. The experimental data were adopted to validate two models and the Dagaut model
yielded better prediction on our experimental results. Finally, the effect of ethanol addition was
explained through the analysis on the reaction pathway and flame structure, revealing that

ethanol substitution is the intrinsic cause leading to the variation of laminar flame speeds.

W EW . 2017-12-04,  fEHMA: SRR Q994 L W HA  BEGGRGES L. flEE. E&TH. BRAR
b2 4 4 VE BN H (51406159,51776163)
R0 £ H RSt TE] . 2018-04-20 W 2% Wy I HhE . http: // kns. enki. net/kems/detail/61. 1069. T. 20180420. 1538. 014. html



8T

HRIE 55 SR B R O BAE T2 T BUR MR R 1 6 BF 5T 75

Keywords: laminar flame speed; isooctane-ethanol blended fuel; chemical kinetics

23 32 F AT b X A T R A R 0 7™ AR A AY
ok TR TR R Y [n) B, T HL 3 R T ™ R RS
B HET AL GE R e i B A SR AT AR T
R A Y A2 Ay Tp v < S AR (N7 X N =X (=]
A8 B RS o (R e T AR e T K EC S i v vh
{6 AR FEAR B L CO R A HETBCT 2T, 38 A 44 55
VM By UEE I 4 S K S R 4i L. i 4h. &
Tt 1) KM e 40 TR e A K L BR )T AR T A R T B
B MR B A s EGR RIRBE SR, £ BE)
KRR R BEPVE AR . B AT F 2 SRS S
BHBIR VAT . 526 B8 GGy Hoo ) % 1 IE B e 9t
R EARTITE- 3 TR AR 7 R

JZ it BA R R SR B S i U A e ) A T TR
Bk A2 RO HLEE AL AL & sh HL it . A = E X
B IR 5 B AR R R R P O T A R T
MK T AE. Broustail 8l & T % K F 47 45 R R
393 Ky BRI & 0.25%.50%.75%,100% () &
P53 3 e TR B AR 19 J2 R e T s Lipzig %5
PRI B3 20 D0 s 1 R T W0 46 IR Ry 298,338
K 535t/ 1F b - O B [ € 42 1R 0T 19 2 88 b
L 5 JOH T S I B A BCHE AR TR B A AT T
2% ; Varea S5F 58 T 90 Uf R 71 %F 5 2 ot Al 2, 1 HL
JO 1 2 T AR S i A R R ) S IR K
H#&E BTN 7255 B IR t R ) 48 508 19 5%
M, {HL 2K 6 S BB IR AE 5 =T BB O 5 Ak 2% R L
BT . Frassoldati 58 & J& T £ P 5 V90 =2 A0k k)
TR A5 AU, I ] T A8 A I I 3 8 v ) 40 e 22
F KHER AF 22 AR AT TR UE T SR T 2 R R
BT IR, FE AR PR R R R N AL
Xof Wk e 7 L AR 1) Y00 O A 1k O AN R 57 4 AR IE 5 A
IRAE R R T M DR B Rk i TR S A I R I AR AL
RS TR AL B 1) 58 3 Pk LA A 00 9 M0 P AR 5
— L RIE,

L5 LAy R T S REB IR 520 B AR )2 TR be
PEL AR B AR 2 B & T A F %
FEE R T #EAT, @ R TRl R 2, ARSCHNE TR
IR e RE R 04 v s B0 e DR R EHE ] S 1 00
LR SR 2 BB R B A AR R AT T
BAE . AT ST 6T LB AGHE A R)2 R
(R 5% e R S 00 I R AT TR AR F RS A AL
N By 20k S PG ANCT B R 43 i A R

http: // zkxb. xjtu. edu. cn

1 SZIGSE AN

TE BR85S 0 2 o S AR B IR R L
SR RGE G R RGN SO AR RS AL
Wl 1 PR, HodE BB A2 180 mm,
PRER N 5.8 Lo W AT X Bk (4 47 SE R . B AR R 80
mm ., A5 AR T 20 S A 7 5 A 2 T A AR
A7 H A 1500 WL 28O AT K2 9 K R A
FISK P A s IR S W IR L RSB 1 K 2240

w7 S
etk ——
e =
R
B
IE 1% [ e [ ]
HEFN ;‘tnééuw --------- RKRS
joye L
¥ 51 N 1
AR >t
=AW S L] [> _______ [::I _____
REREY I W R R G

—7in Vrﬁmm
%ﬁ%&%mﬁ %

K1 AR ke B

S e R R HLIC S OB KT B
Ji& 22 A0 i % 0 Al R L 50 A BRI A B T Mat-
lab 2 J3 XiF 411 £6 $] 14 K e TR E 47 R W L I Jik R
ol Kb R K PR A R R B B e KA AR R R AE R BROE
NGB IR IR 5 Jee S ) T AR kA 3 O A% 3
P A A I 20 0 AR . 38 0 IR ] A A 15 3 2 A
TR A S L A 1 46 1 i

_dR,

Sy v

Sy R KGR R R O Mg 42

7 A2 47 3o 4 T P 2 AT B U2 WK
FAAL AR R Kelly %5 T A Sy oF o8 T i T
AL B Ak BT s B A OGRS AR SR I
SCHRLLS TR AR Ze v A  BAR A 0N
ZSiL,

Ry

22 SU D JCRLAR B IR A% 1 38 35 Ly O v 3
R . MR i < 4 5 AL AT A5 JC LA 1 )2 I KO

@)

S, =S; (2)




R
S, = s (3)
Ou

K. S) HZTIRBEHE 00 HEMIE S EE 5 p.
HRIRIE G ZEEE

SEE AR 433 K W) b T EE R O 43 i il
T 0.1 F10.5 MPa FiA¥1 46 F1 T L5 B4l » 2B
AR TR L £ 50528 0,0.2,0.5.,0.8.1.0,
BB S 2 IR AR YR ¢ 8 0.8.1.0.1.2, Rk
W% 0 AR 25 LR T XS O A% 46 1) 52 ), AR SR AT 8K
T Ak R BA) KM A AR VT A 8~22 em,

2 B fER

I SCHR 16 e vy P S 450 30 30 47 B 4003 5. %
FIARE AR (PRE) 5 F 28 R M RS2
VR A ARG 8 Y A0 45 225 AN BEH) L7 645 AT
SV CRECK B8 X7 T 4B L IE T B RN 57 2 e 1
B IR 1Y AL FE 228 AN 1 737 AT RN
) Dagaut B8, +5 R HIR G Y205z i,
IR T Soret ¥ HLALN .

3 R 58

S, MR FBIR L A E 2 s,
AAIWIEE E S P,=0.1,0.5 MPa i, fi % 2 B R fH
BIR LAY HE K. S, 2 5 H B K 3,

60
o
50 o o) o
)
T 40
5 A
% 30k A
2 30f A A
p,/MPa
201 0 0.1
A 0.5
10 1 1 1 1 ]
0.0 0.2 0.4 0.6 0.8 1.0
f;le
(a)$=0.8
751
o
65t o ©
o
— O
\({) 55_
g
9
o
- A
o 45 A A
.S A P/MPa
o 0.1
A 05
25 1 1 1 1 J
0.0 0.2 0.4 0.6 0.8 1.0
f;/e
(b)¢=1.0

http: // zkxb. xjtu. edu. cn

PN %52 %
751
o
651 o
o o
T 55
5 s °
Y A5 A A
ViN
P, /MPa
35 o 0.1
A 05
25 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
fve
(c)¢p=1.2

K2 SiHORERREBIR LKL

3.1 ZEZREMERMREEZERZIMNER
WA — 2 B S B AR m] 4556 &R 5

(0 S))? o (%)L«[exp(E?')} 1)
K E, WEARTELRE; R, Al AR E G Tl
eI IATRE s Le N6 5 W B a =1/ Ceppa) N2
KGR G R IEH SR Y RS

5 S AHXH 3N S CEAEBIR
AL 3 frac., ME 3 AL FEASFE G IE ST B
5B OTFEARBBIR L BB, X 3 2 BUAR & PLIRAIR
LA BIR OB g, 8RR E R
R R Ak 2 ) N Bl 1 25 05 T R 2L AR SO S B T =
JIR) S 2Kt/ L BETR A IR RE R A 27 50 R P B AR 7R
17 BN Bl 124 09 53 Hr

4.0
P,=0.1MPa  P,=0.5MPa
3.5 ——0=0.8 —m— 9=0.8
—O0—-0=1.0 —-e— o=1.0

—A—- D=1.2

2.5
L)
~]
2.0
1.5
1.0
%0 0.2 0.4 0.6 0.8 1.0
See
() e Z Wik Le
3.9
7.8
7.7
3.
2 76
\E N.
% 37 75 'g
¢ o
o 747
3 P.=0.1 MPa s
36F (—C¢-08 733
< {—o—¢=1.o .
—~—$=1.2 :
1 1 1 7.1
390 02 04 06 08 10
ﬂe
(DY MR o




%7 0 M 5 534 2 0 2 I A 22 U U B R 0 5 7

2200
¥
3
B
2100 P=0.1MPa  P,=0.5MPa
—-0-0=08 -m-®=08
2000 —©o-0=10 —e-o=10
2-0=-12 -A-0-12
1 900 1 1 1 1 J
00 02 04 06 08 1.0
f;le

(O P KIGURE T
K3 5 SI XK 3N LERRBIRLEL

3.2 EBEGEREF
& 4k CRECK F1 Dagaut F7 fit 751 0 255 5 14 .
A 4 mT50, B W R J& 5 JE T, Dagaut #& #l

60
sob e
_________ o OB
PT; S | UL =-FPSEPELEL LS
T‘.”
g
3
=1
™
20F P,=0.1 MPa P,=0.5MPa
O AXLBE A ALK
10F --- CRECKME --- CRECKR M
------ Dagautii i Dagautiti )
1 1 | \ I
bo 0.2 0.4 0.6 0.8 1.0
-f;/e
(a)$=0.8
P,=0.1 MPa P,=0.5MPa
80 O AXEZKRAE A KT
--- CRECKMiE  --- CRECKE R
------ Dagautibi £ Dagautii#

20 1 1 1 1 ]
0.0 0.2 0.4 0.6 0.8 1.0
-/;/e

(b)¢=1.0
P,=0.1MPa P,=0.5MPa
O AXELKME A ALEWAE
750 -~ CRECKIE  -—- CRECKA 2
-+-- Dagauti £ — Dagautf & _

0 -1
J/em-s

N

f;/e
(c)¢p=1.2
B4 T,=433 KB AR Y5 b AR EHE S SC5RE X T

http: // zkxb. xjtu. edu. cn

8 T A% AR A 22 AL T CRECK 2, Dagaut #5278 ¢
A Ak s R B R RO AR S S A R AL
CRECK #5278 {14 T i) 25 58 0] HF B0 7 8 K1 O 25

I FH PR A A5 A8 X6 2 ) LR AT Al 4y
B WL 5 B o Wi Sk B4R R GBI R0 5 4% B s 4
H ) P A B A R AR o B R RN W) TE I
B IEFE S . m Bl 5 AT, Dagaut SR 2
(14 4) s Mo S0 S By 2 B R AR T 3 AN S TR A ) i SR T
9 B O EUR PR 22— BT FE OB AETE 3 Sk
B4R L T AE CRECK #5578 v g /b 17 28 o 2 4%
TE J5 1B L3 5 b, AR SO Bl O Y OB A 2 B
CRECK # R v, % 310 0 45k S0 2 4% 2 i A W K ik
e UESE T RN AR 1 i Ok 2 CRECK A 151 U A
) 2 A,

100%
13:63% ¢y,
16.8% _0
Z71% ey cnon 222%cn 0
46.82%
23:12% oy cHo e cH,CO
67.63% 26.52%
CH,CH,0H MA)CH3CHOH —= C,H,
26.52% cH,
0+ cH,0H CH, {:
15.57% ‘ C,Hy
L9 CH,CH,0 fa.12% CH,0
CHO —= H+CO

35.05% +H
=="=% CH,CHO—CH, (O,

iR R 19 R Dagaut S8 Y
TG TR 1 #  CRECK S op 5 1
€ 5 Dagaut 5 CRECK 8 th 2 B ) S 42 % e
(P,=0.1 MPa, T, =433 K, f,.=0.2,4=1.0)

3.3 NIAEHSH

Li 85 F) H 56 38 19 520 bt/ B B iR G 00 Rk A5 7Y
AT 23 BT I R B S5 3 ot A S 0 2 2 o 25 77 AR K
1 1C, He JIC, H, .Cy Hy 55 AH X R 16 v (8] 4 b
TSy P A i I At B R 23 IH AR HLOH 88X [ T
PR G HEAE F B B Rl 2 AT S B0 1 I N 3
RN, SCERCI3 TR TSR 26 LR R T R ar ki
R IE T B4 A B b b [ 4 &0 (% 43 A . CH, LG HG
852 S0 BN I PRk B BE A IE T BRI IR L
B | NTTR R oy o RN TR 7/ b 3 S S B N =
S IG . T CERL13 MBI X O BEAR R B R
o f.=0.2,0.5,0. 8 W5 rki/ LR AT T
KA GERE) 43 AT 1 e () ) ol 0 R OR 4 5072 Ak 1A
6 FF7n. HHIE 6 A1, B £ BERFR 4B TR L 1 3 i




78 d

[ S

i

K

b G I A N I O ) GRS AR R vk
48 ) a4 FR IC, H, L CoH, JIC, Hy #1 CH, Ay
4.5¢

4.0F
3.5F

0 L o L e )
0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
¥H BS/cm

(a)IC, Hs

0.
0.03 0.04 0.05 0.06

i B/cm
(b)IC, H;

0.07 0.08 0.09

e

0.
0.02 003 0.04 005 0.06 007 0.08 009
B BS/cm

(e)CG; H

0.0 1 1 1 L )
0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
FEB/cm

(dC, H;

http: // zkxb. xjtu. edu. cn

PE R 53 $U107

1 1 1
0.15 0.20 0.25

¥ %/cm
(e)CH;

]
0.30

0.11

0.0
0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
B /em

(OH

BER 4y U107

1 1 J
0.20 0.25 0.30

0.15
B B /cm

(g)OH
&l 6 S a) 4 A 2R
(P,=0.1 MPa, T, =433 K,$=1.0)

EIR o Rt £k

JEE IR B Ul /N T X A R S Rz S e AR
A A m % CoHy B ES . i TiRE K

K T R BR P (0] 7 T R )
I 2 AR RS PR R A H A OH | i
e 14 5 AL A 0 AT W TR A R A e
HCRAHE
3.4 RMBESH

AR 2B AR BUB IR HE T IR 5 BB} T £ B 3 6

RN AR 7 Fn . BT R] L AR 2RI RN
R AEZ I HCO+M=H+CO+M =4 i
P R SR BE 4 S O . XAE#E CH, #6 4kl CH,
M CoHy MBEL RN . I BLXE AR B IR B R Y
RN A T B A 2 B BB TR EL 1Y) 3% i 4




8T IR G R R O TR

TR VPR L e A BT 5 7

R BE G SRR FIT o5 B LU B2 R T 2 1 S
{UNEREANE ) ~ e FOIE u R ald  LTE /RS R Y R U
O3B AL R S e/ LR IR A AR R AR i R
TR IS A R T S i O Y LA S R AL BE
P ARG T LR EACPE T RVBE T 2 B s
8 2 S BE Y i LU B Bk B8 B D iR ) £
X TR A MR J2 3 KO T SRR B T R E AR

16.8%
16.86%
(16.96%) (100%)
——> CH,CH,0H—— C,H,
46.82%
53.23%
(55.81%)CH3CHO +H CH,CO
67.63% 26.52%
67.67% 23.16%
(71.14% (20.22%)
CH;CH,0H|——> éH3CHOH ¢ 530 CHy
23.16% CH,
0,
(20.22 A’>CH20H B,
15.57% 64.12:/» -
14.49% éLQO_A, ,H
(11.9%) (60.02%)
——— CH,CH,0 CH,CO
35.05% HACO
384290
.599 +
(39.59 A’)CH3CH20 H CH,CO

To T Rk R R R RIS S5 5 50 ok
fewe=0.2,0.5,0.8 & F M{a
B 7 KA CEERFIBIR LT 2B N %8 Xt H

4 %5

(DA SR FH 5 25 BR B s RN v R AR AR B0 R 4E
BET S/ OB G SAEVGE T 0.1,0.5
MPa [} 58 5 [l L BEARFRAB IR LU T 0 2 i BA e i R
i n . S) BE )R R J7 0 18 i AR B 2 BE R
TR L B 1 o i 14

(A CEET — L B R B & O RE
TR LE e, 52 Sy b T 3 R R R b 2 R B

7 TH ) ]

(3) I 52 56 B 46 % LA () CRECK fil Dagaut
PSR R UEAT T 30 E & B Dagaut AR (i AL B 75 0
BORML T CRECK AL,

CA) 3 3 K 85 480 43 BT 0 B 28 0 B % B B 2 T
R LR 3G I, 5 2F b/ S BEIR A R SL HE i
FEF P L EER B RAEH

S &

(1] FEH, Rk, BEE, & SE-TOMBR L
e w5 Y HE R R PE ()] REER 2 A R E
FHTEEARR ., 2006, 39(1). 68-72.

http: // zkxb. xjtu. edu. cn

DONG Surong, SONG Chonglin, ZHAO Changpu, et
al. The emission characteristics of the unconventional
pollutant of ethanol-gasoline gasoline engine [J]. Jour-
nal of Tianjin University ( Natural Science and Engi-
neering) , 2006, 39(1).: 68-72.

SARATHY S M, WALD P O, HANSEN N, et al.
Alcohol combustion chemistry [ J]. Progress in Energy
and Combustion Science, 2014, 44. 40-102.
DEMIRBAS A. Biofuels sources, biofuel policy, bio-
fuel economy and global biofuel projections [J]. Ener-
gy Conversion and Management, 2008, 49(8): 2106-
2116.

WANG S, JI C, ZHANG B. Effect of hydrogen addi-
tion on combustion and emissions performance of a
spark-ignited ethanol engine at idle and stoichiometric
conditions [J]. International Journal of Hydrogen En-
ergy, 2010, 35(17): 9205-9213.

ANDERSON ] E, DICICCO D M, GINDER ] M, et
al. High octane number ethanol-gasoline blends: quan-
tifying the potential benefits in the United States [J].
Fuel, 2012, 97 585-594.,

TR, KR . AR R, AF. G TR i TR R
MRS Y R E B [T]. WL R, 2011,
29(5): 427-430.

ZHANG Qingfeng, ZHENG Chaolei, HE Zuwei, et
al. Prediction of octane number of gasoline substitute
mixtures based on response surface method [J]. Jour-
nal of Internal Combustion Engine 2011, 29(5). 427-
430.

BROUSTAIL G, SEERS P, HALTER F, et al. Ex-
perimental determination of laminar burning velocity
for butanol and ethanol iso-octane blends [J]. Fuel,
2011, 90(1). 1-6.

VAN LIPZIG J P J, NILSSON E J K, DE GOEY L P
H, et al. Laminar burning velocities of n-heptane, iso-
octane, ethanol and their binary and tertiary mixtures
[J]. Fuel, 2011, 90(8) . 2773-2781.

VAREA E. MODICA V., RENOU B, et al. Pressure
effects on laminar burning velocities and Markstein
lengths for isooctane-ethanol-air mixtures [J]. Pro-
ceedings of the Combustion Institute, 2013, 34 (1):
735-744.

FRASSOLDATI A, CUOCI A, FARAVELLI T, et
al. Kinetic modeling of the oxidation of ethanol and
gasoline surrogate mixtures [J]. Combustion Science

&. Technology, 2010, 182(4/5/6): 653-667.
CFH4 100 50




