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Abstract: In order to study the laminar combustion characteristics of a five—component surrogate fuel (com-
prising the mole fraction of 14% n—decane, 10% n—dodecane, 30% isohexadecane, 36% methylcyclohexane and
10% toluene ) , laminar combustion experiments have been conducted in a constant volume chamber at initial tem-
perature of 390K, 400K and 420K, initial pressure of 0.1MPa and 0.3MPa, equivalence ratios of 0.8~1.5.The
propagation law of the flame front, Markstein length and laminar flame speed are obtained by the boundary extrac-
tion and measurement of the flame photo. The experimental results were compared with laminar combustion veloc-
ity of RP-3 kerosene. The following conclusions can be drawn: An increase in temperature will accelerate the
propagation of the spherical flame front. The increase in pressure and the over—rich or over—lean of the mixture is
unhelpful to the flame propagation of the five-—component mixed fuel. Under the operating condition, the effects of

temperature on the flame front instability are not obvious. The Markstein length is reduced with the increase of the
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equivalence ratio, indicating that the enhancement of the mass diffusion results in an instability of the flame front.

The instability degree of the flame front surface obviously increases with the initial pressure increases. The flame

front is broken seriously when the initial pressure is higher and a large number of cell-like structures are present.

When equivalence ratio is near 1.2, the laminar flame speed can be up to the maximum value, and the flame prop-

agation speed gradually reduces as the equivalence ratio is deviated from 1.2. Compared with the experimental da-

ta of RP-3 kerosene, it is found that the laminar combustion velocity of the five—component surrogate fuel is basi-

cally consistent with that of the RP-3 kerosene under test conditions.

Key words: RP-3 kerosene; Surrogate fuel; Laminar combustion velocity; Markstein length; Flame in-

stability

1 35l

At 25 & sh HL R be 25 P 1 8K b ok 2 A2 31 5 21 119 i
TLAVE R XTI RO 5 T 0 2 22 R A ML) E T
A AT R B R R R R T A B A A
P 350 A A S R R D S R S I
TR, A5 B O5 BLRCh T 25 & g LR % % 1 i
TF A A B A B0 T B, AR P 4] SUR bR
T RS AT EE 0 0 BT SR 0 0 A 4 7 R B i
iRl R A== B S ==Y I (e 2 )
E 1 RR R BN HL I

B AR L T 52 56 % A 5 AR R
B L SRR Y A5 B R R T R R A
2% B F7 2 AR LA Gy i A A R B o T 2 R Y
VSR AR R P A — Bl i S S T
TEE LT REIE A BEAR R ot I8 O B IR TE N IR AR
LTRSS XA E e i E S AT
M TG BB A 1 LA A3 1 TR A Ak 2 R HIL
B DRI — ol A A T i R R DA A T Y A Ak
B i BOTL 2L A R M 1 B4y, 44 IR — 5 1Y L
215 s 8 T AL A R AR LR TR A N
AT 2 S0 T A B 0L AR R R T i — 2D 1 A U
B AR T2 S L

JORRE IR 25 T TOUTE IO e 2R Pl R o T 50 LR Rk A
SRR o 2 TR e A A 2 U TR AR
PeRE e 0 B B RAE S B2 — R T AR R AL
M FTAEPE SRR [ J2 R R 08 o N I B R K
JE S i AR e A TR S AR ) A S8,
B N Ah 253 06T T R IS . P R ) AE B A 1 A
25 B R 0T F R 5 T 20% , Alekseev 45 1E B
T 80% 1F %% Jot Fll 20% 4 21 1% 1) 187 HLIR A W0 AF Sk il 4
SR B R ARBRORE . Dy T kA A R TE T B A R Y 1R
2, Alekseev 5% - THI KM 5 v (R 25 ) o D 52 )
f il 2 R 338K R 358K A H . T T 1E %% b AR

T

G RRY 2 R R T JT S =R Bl 2 A Y T
W45 R HEAT #5045 2R 5 PoliMi(ver. 1412) /& It
J AL B T 45 5 R WA .

Wu S5 FE A A AT iR 56 3 8 X 76.7%
1E B8 b8 13.2% T 2K 1 10.1% 4 3£ 3K C BE 10 Jet—A =
Ao AR AR AT T IR 5E . R OH H &
6 HE AR FE I PLIF B2 A A M0 k0 56 86, 3K 45 T &
400~473K, 245 R 0.7~1.3 Bf JE /1 0.1~1.0MPa 1)
2 A e o BE 1 30 5 R 5 T i AR LB Y R 45
T ZEAR /N o AR SE SR T — AL R RO
40% 1E58 Bt 42% T+ 8 (13% L HE3 O e Al 5% %)
TH DR DU A 4 RP-3 A I A R AR kL
IR I R T R AR R B S e AR R
() — B0k o R X P kO IRG E E IET DY 4 Ay
RA BB 2 B o I IRl R R T
168 B AL 43, 1089 2L KL TT 2 I 14 2 1 41 I g 31 ) 2
BOAL, B SCEEOR T — R = A AR
65% 1E 5845 10% P KT 25% N KR ke, It T
A5 150 i 4 43 F1 591 25 35 50 IR 1 Ak 2% s g HL B .
IZ ALY TIN5 AR 5 AR e 0 B AR AR 1 2
TR B W& S h URE i i kB B R
(AL B 55 5k g0 B8 1 i 25 /N T 5% . e Ah BN SC
SR AR AR 2 R TR A% 2 s T Y
BEAEL R AR B R e B I WL R AT T 98 . DL 1
AF 9 2 BH A0 008 AR KR 1T DA 2 30 L S8R sk B A
T AR AE — 2 1 D 25

Sy TR T T SOk B A M Y A A0
FRIRRL , B8t —Fh T4 43 B AR ARRRE , AR SC3E T Il
B 19 41 50 B AR IR B PRI 5T o N T B0 TE B UL
BRI 2H 43 T L, A SCR HTE B RABe i 3 36 8, %)
B SRR Y — P AL B EE R A B0 14% 1E 28 B
10% 1E + Z%E .30% 5 1 75 %E . 36% H 5L 34 C e fl
10% W 4% B 20 43t 25 ST SO0 A QORE (o 2 48
W 1 Fr7R) 78 46 FE F1°0 0.1~0.3MPa, I FE 4 390~



a2k 1o

RP-3 fifp 2 S il T2 73 B FUUR ARG J2 R R 58 e 4

2379

420K, & b 0.8~1.5 1Y 4070 B N 4T 1 J2 T #A
PR PE M I B 5T, O S A R T80 F 9 RP-3 fiip 25 45
AP R PEREAT TR HE . DLSR UE I B B0 MR R
RP—3 fiji 25 BT R 6 4 1 1 R RA 1 o

2 RGEENFEE
2.1 REHEE

ERRPER I E K 1R X RS ER
BRbedt Sk RGE OMARG HHEBR S8R
G R RGH . % A IRBE AN A N 5 A [
A, A2 R 180mm , R ALY o0 5.5L, S A 45 44 &) 2
FE7R o BRBE TN A B AR B BE TR A B TR
T IR A R ) A8 36 A% U BE AR AR VA JRRL S
5 EHEACR AE o SRR S 2 S B BE I A, T
2.4kW o Ry 3R A5 A OIS, BR R T ik R AT
80mm J5 (1 Tiif /2 0 = PR L 35 6 M R A 0 A S B B A
7 H ELAR 130mm. A K R 400 WA R be o /2
K0 B8 R E SR AR AL 2 b1 o ) o, v e
R G AR A0 18 2 B AT 38 1x10° /D .

W koM 4K 32 B0 AR 1) B R 4 5 (B KOG RN T
BE THT 2 A2 1 0.3 A% B, 33k i 24 SR N 7] LA 208 AN 1
UL Ah , Bradley 25 SUBF 58 T A5 K i B % O % 46 1O
M, 3 2 KR 8 A A58 2 KGR KT 6mm
BF, i KRB S 0T KK A% 1 T RE B 52 o AT DL 200 AN
ZERLLERE A 5 BOE R R 6~25mm 1) KM
WO 64T 30 BE 4R I, R LA B0 O 1 KM P R
HEATI0 AN 3 B

22 RIGFEIE

FEBR Y AL 36 KOOI B v, B JOHE F 12 ) B[R] 7Y
AR AL E SRR K G AGRE S, B

dr
T

e S DK IR R T 3R AR KB AR L R K K
K BB IA]

T R T Y il 38 DL K U Bh S B E PR I S e
BRIE 1Y O B T A2 3 B VR R kO e T L
3 A 1) oz A e e SO T8 95 /N 1 K A T RR B A R )
175 Ak %y

S (1)

Burke 85" F 5% T B AT JE 5644 6 BROE KM 1% 45 d(lnd) dA (2)
B AR B 4R AR B AR SR R T RO K SR dt Adt
R UL B0 2 5 W) U B A 0 TR EE T O T 2 U BE TG T o o ORI AR 5, A S T AR
Table 1 Comparison of property targets between the surrogate fuel and RP-3 kerosene'
Average molar ) Carbon hydrogen Cetane Low heating )
Fuel mass/( g/mol) Error/% ratio Error/% number Error/% value/(MJ/kg) Error/%
RP-3 kerosene 149.05 - 2.04 - 41.5 - 42.8 -
Surrogate fuel 149.40 0.23 2.045 0.25 41.52 0.05 44.06 2.9
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Fig. 1 Schematic diagram of the constant volume combustion reactor
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Fig. 3 Extraction and fitting of flame radius in flame image
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Fig.5 Extraction and fitting of flame radius in flame image
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Fig. 6 Influence parameters on stretched flame speed
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Fig. 8 Markstein length of surrogate fuel
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kerosene

AR ORI AR B DL R 458

(1) i 25 TR A 0 VAR B 88 A, o Ao K 0 A% 475 B
BERJEW/N . FEIR AR Y W A W T, T
W1 46 T 0T DA 32F BR Y KM T ) 4% % 5 T 3 R bR
FE ISR T I T Y R o

(2) bt %5 24 2 L3, AL AR AR B e e
KB/ KO T T RS B W T ARE . 1)
AR BE N 390K T 5 2 420K B 28 4k X B 7 4 30 K

B4 B2 TR 358 /N, R T T RO W AR EE AL . M
FR) b T 5 A R ) T 00 b 38 K0 4R TR T 4l KO TR
JEE U /DN 5 45 BR T kA T il RN 2 DLRRUE M E
B TR Y AR I R A, I v 3 4 K R I A, KR T
PR B % . Hor, Wk B TR A R KA R E T
Xof e 7 745 Ak B Ay R

(3)FEAR SC AT I T 00 R, JC 7 A K 0 1% 15
JETE 2 5 H 0.8~ 1.5 PN #B 52 B0 S 1 K5 D/ ) ke 3
WEAE I IAE R e 1.2 2847 . #4601 28 0.1MPa By,
TR A A0 45 AL 0 1 T BB0RR 1 RVR 58 R 1 %o 38R B ) B
JEME 22 5 5 BOR [R R BE R B TC B Al IO 15 4 o B T
M 13 BT A, Y O L3R AR TR
1 390K, 400K F1 420K 1) 1 & = A AH [7] 9 T Hr fif
KAGAGRE B o 53 A, B8 K046 He g B JERLAR K
18 4% P B S A, W7 X N IR AR = L
W

(4) T o3 155 4008 A0 R ) 1) 2 D R e 3 B 22 Y
It bR R TR D 1 52 W 5 TG B AR O 1 B R A
Lo 383 5 RP=3 A 25 il 9 3 36 B8 #E A7 X LY, &
AR T O iz 4R G BOEHS RP-3 i 2 i
T 2 A bE B SE A
BB E R A RBE RSN

2% 30k

[ 1] Bray K. Laminar Flamelets in Turbulent Combustion
Modeling [J]. Combustion Science and Technology,
2016, 188(9): 1372-1375.

[ 2] RanziE. A Wide—Range Kinetic Modeling Study of Oxida-
tion and Combustion of Transportation Fuels and Surrogate
Mixtures[J]. Energy & Fuels, 2006, 20(3): 1024-1032.

[ 3] Dooley S, Won S H, Heyne J, et al. The Experimental
Evaluation of a Methodology for Surrogate Fuel Formula-
tion to Emulate Gas Phase Combustion Kinetic Phenomena
[J1]. Combustion and Flame, 2012, 159(4): 1444-1466.

[ 4] Mensch A, Santoro R J, Litzinger T A, et al. Sooting
Characteristics of Surrogates for Jet Fuels[J]. Combus-
tion and Flame, 2010, 157(6): 1097-1105.

[ 5] DuBois T G, Nieh S. Selection and Performance Compar-
ison of Jet Fuel Surrogates for Autothermal Reforming[J].
Fuel, 2011, 90(4): 1439-1448.

[ 6] Alekseev V A, Soloviova—Sokolova J V, Matveev S S, et
al. Laminar Burning Velocities of N=Decane and Binary
Kerosene Surrogate Mixture [J]. Fuel, 2017, 187 (1) :
429-434.

[ 71 Ranzi E, Fassoldati A, Grana R, et al. Hierarchical and

Comparative Kinetic Modeling of Laminar Flame Speeds



2384 ot

#HoR

2021 4

[10]

[11]

[12]

[15]

of Hydrocarbon and Oxygenated Fuels [J]. Progress in
Energy and Combustion Science, 2012, 38(4): 468-501.
Wu Y, Modica V, Yu X, et al. Experimental Investiga-
tion of Laminar Flame Speed Measurement for Kerosene
Fuels: Jet A-1, Surrogate Fuel, and Its Pure Compo-
nents[ J]. Energy & Fuels, 2018, 32(2): 2332-2343.
MR, T, Bhdbat . RP-3 M2 B2 fC R 2
HAL R s Sy B Ly ], Wy P74k, 2015, 31
(4): 636-642.

3, A, Bk, S RP-3 AT B AT
PR A 27 R RL PR Al LI L) ], ot =5 3 J 2 i
2014, 29(12): 2810-2816.

BN SC, # L ZEFAE . RP-3 e Bl R R kL 5
PEHLER e HLg e (1], A2 3 S 2# 4, 2016, 31(12) :
2878-2887.

PRER, XIS, Jr 3¢, 5. — R RP-3 M= Bl iy
SRR R AL DL B S IR ()], HESEROR
2019, 40(3): 691-698. (CHEN Deng-bing, LIU Yun-
peng, FANG Wen, et al. A Simplified Mechanism Mod-
el of Three Component Surrogate Fuels for RP=3 Aviation
Kerosene and Iis Verification[J]. Journal of Propulsion
Technology, 2019, 40(3): 691-698.)

SC, X ug, BRIA T, AL BT RP-3 A A
AU AR L], 2 3 1254k, 2017, 32(10) :
2314-2320.

Burke M P, Chen Z, Ju Y, et al. Effect of Cylindrical
Confinement on the Determination of Laminar Flame
Speeds Using Outwardly Propagating Flames [J]. Com-
bustion and Flame, 2009, 156(4): 771-779.

Bradley D, Gaskell P H, Gu X J. Burning Velocities,
Markstein Lengths, and Flame Quenching for Spherical
Methane—Air Flames: a Computational Study[J]. Com-
bustion and Flame, 1996, 104(1-2): 176-198.

Wu C K, Law C K. On the Determination of Laminar

Flame Speeds from Stretched Flames[J]. Symposium (In-

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

ternational) on Combustion, 1985, 20( 1): 1941-1949.
Kwon O C, Rozenchan G, Law C K. Cellular Instabili-
ties and Self-Acceleration of Outwardly Propagating
Spherical Flames/[]J].
stitute, 2002, 29(2): 1775-1783.

Bechtold J K, Matalon M. The Dependence of the Mark-

Proceedings of the Combustion In-

stein Length on Stoichiometry [J]. Combustion and
Flame, 2001, 127(1/2): 1906-1913.

Kelley A P, Law C K. Nonlinear Effects in the Extraction
of Laminar Flame Speeds from Expanding Spherical
Flames [J]. Combustion and Flame, 2009, 156 (9) :
1844-1851.

Chen Z. On the Extraction of Laminar Flame Speed and
Markstein Length from Outwardly Propagating Spherical
Flames [ J]. Combustion and Flame, 2011, 158 (2) :
291-300.

Vukadinovic V, Habisreuther P, Zarzalis N. Influence of
Pressure and Temperature on Laminar Burning Velocity
and Markstein Number of Kerosene Jet A=1: Experimental
and Numerical Study[J]. Fuel, 2013, 111(9): 401-410.
Kumar K, Sung C J, Hui X. Laminar Flame Speeds and
Extinction Limits of Conventional and Alternative Jet Fu-
elslJ]. Fuel, 2011, 90(3): 1004-1011.

X, AN L% HL PRI X CH/RP-3 i %S
PR S BRRHZ TR B R PR R 2w [ ], ot as gl O 4
1, 2019, 34(2): 99-107.

LB R, bz, 45 RP-3 A B2 A
B E Ak Y S8 (1], A =S 3 0 % 4, 2015, 30(12) -
2888-2896.

Guenoche H, Markstein G. Nonsteady Flame Propagation
[M]. New York: Pergamon Press, 1964.

Baloo M, Dariani B M, Akhlaghi M, et al. Effects of
Pressure and Temperature on Laminar Burning Velocity
and Flame Instability of Iso—Octane/Methane Fuel Blend
[J]. Fuel, 2016, 170(4): 235-244.

(% . BL)



