58 % 453 B % X @ K ¥ ¥ K Vol. 58 No. 3
2024 4F 3 f JOURNAL OF XI’AN JIAOTONG UNIVERSITY Mar. 2024

IE -+ e B8 35 N e FR i MR Y B 7 A R 1

R, REA, BEAMAT. EET, Ei
(1. VLR RFREE 530 7 TR SERBE . 212013, VLIREEVL; 2. W B RHR KA 4040 5 28 T/ Bt
471000, RIIEFH; 3. VLA RFREVEMIFTBE ., 212013, YLIREETL)

WE., 45 ERX LI FHBEELTREEAR T EABRGPNA, AT GBS ERE T E
T+ IR BRI P R AR S A RAF RS N AT A SR &, R R RS B A R R
e AR M ik HAR L B R F RS RIS P U0 3R et FORBE KM 6 BB AR AR o
BB IR e IR GRS S A s BAL T E 5 @ . A T OpenFOAM 3R3%, & B B v 4L A fo
FREIKREHEEEZHARBERENGIOEA FERREIRBOKE T A LR ERHKER S
B — M, FREREAN . ML TFAELZ LA KT B EA T AKKBIRKET S, BBEL Sk
O>2 RABEG M F K, ESTHRBEG AR, BIREAR BN MT 0Y:; S BIAFLAHAEL SIL
2 RIABEGHMEANEEZF BELAGKGFRRKESITRIEL SO L TR, T
EBIREM R T8 mT 88%: T A LM BRE RS, B ETEhk EW K EFEIBES S
@O>2 XA JE G BF 1A B R VLRl EF K AR S S A m s s AR Z R Y T 42%.

KB . E+ R AR HRERARA  RER TR AR S A R

FESES. TKI XHEHFEESL: A

DOI: 10.7652/xjtuxb202403002 XEHH S :0253-987X(2024)03-0015-10

A Study on Transient In-Flame Soot Evolution of n-Dodecane Spray

XUAN Tiemin', SHI Zhizhao', SHANG Weiwei*, HE Zhixia’, WANG Qian'

(1. School of Energy and Power Engineering, Jiangsu University, Zhenjiang, Jiangsu 212013, China; 2. College of
Vehicle and Traffic Engineering, Henan University of Science and Technology, Luoyang, Henan 471000, Chinaj;
3. Institute for Energy Research, Jiangsu University, Zhenjiang, Jiangsu 212013, China)

Abstract: Capturing the transient evolution of soot under diesel-like conditions through
experimental methods is challenging. The transient formation characteristics and kinetic of soot
in-flame of n-dodecane spray under high-temperature and high-pressure conditions is investigated
in present study. Experimentally, the combined extinction and radiation (CER) methodology and
combustion image velocimetry (CIV) are applied to capture the transient distributions of soot
volume fraction, soot temperature, and soot velocity field of n-dodecane spray flames from a
single-hole injector under high-temperature and high-pressure conditions. Numerically, a coupled
model combining the Eulerian spray model and unsteady flame progress variable combustion
model is developed in the OpenFOAM environment. The numerical results of the spray
combustion process exhibit a high level of agreement with experimental data. The results show

that, compared to the reference condition, in the lower injection pressure condition, the shorter
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lift-off length (LOL) and the longer soot residence time within the interval equivalence ratio @ >

2 significantly propel the formation of soot, leading to an 80% increase in peak soot mass. In the

higher-temperature condition, there is no significant difference in the soot residence time within

the interval @ >2, while the shorter LLOL leads the fuel to ignite at higher equivalence ratios,

resulting in a significant increase in soot formation, with an 88% increase in peak soot mass. In the

oxygen-rich condition, the flame temperature is the highest, which increase the particle velocity of soot.

Consequently, the residence time of soot within the interval @ >>2 is significantly reduced. Additionally,

owing to the lower equivalence ratio in the flame, peak soot mass is reduced by 42 %.
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combustion image velocimetry
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Fig. 2 Modeling verification of global parameters for in-flame spray
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Fig. 7 Soot volume fraction for experiment and equivalence ratio distribution for simulation at soot onset moment

2500 10.05

LSS
cdededed

AL —
‘A
>
§ o
o
-

Y(}] 1

I
2000 {:
[

NNNN

1500

T/K

1000 f

500 F

08F

0.6F

t/ms

0.4F

02F

03]
P8 WA BR AR B 200 AN ) T 00 T R A R 4R b R Y b L
R 5 B8 R | SF 2373 B2 R 2 e 2 5 0 4

Fig. 8 At soot onset moment, residence time, the mean

temperature and C, H; mass fraction at mixing

trajectory
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Fig. 9 Soot volume fraction for experiment and equivalence ratio distribution for simulation at soot peak moment
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