559 % 5510 M B R @ K ¥ F iR Vol.59 No. 10
2025 4 10 A JOURNAL OF XI’ AN JIAOTONG UNIVERSITY Oct. 2025

SR/AKRIMIT Z 1 3 8N K i i
A RS2 M B AR SR 32

FRAT . R, BERE . EIRE . B Ead. Hi
(1. PZlRFEGEAESETESLRE, 710049, HE;
2. W 2 A PR A B IE BT F RS T, 100012, dEED

FE . A xT &AH e b a8 A R AL S AR B IR S A ) 69 19 B, SRR = 4 B AR R 4 T LR e R
AFAmA AR AT RKIETFRET AEAHRT. 2> W T HEROUKRIEHGEL.RASE,
KR E BEBARBRSHK BFEAK REZ TEDEERAALFIRG YW, KR T L4 E
BBy EACHLAE , B T AR P A SR i ab BE B A R A AL AR BEAE R AL, M R A AR T
TR H A 30N BEAKKG , BmR Ry A 30N M A KGEES E— T2 F LIRS\
PR s BRIEMEAB AR AR - FEAN 4. 37X 10 3 Am E 4. 52X 10 ° 4285 A 7| A2 6938 B 3% T AL 5T 28 08 A AR 89
oA R B AT R AE R 2 2@ it mik § IR 5 A2 (PAHs) 89 & R Ao Bk R A% ik
o, mfE PAHs RBRERATMEREMLIRE R G TREFE RS ;B A 0B ETRE
B3 m OH A= O, o B ALk RAT 2 Hk AL 2 2L R ey L 28 3 Uk A& RAE R & X T /it
AR . AT ST A A5 SR K 0 AR OR kL 3% ) 4R AR 2R AR IR

K@ . AA/RA; TH s R Ry 3K 38 L R 1E A

MESES. TKI0 XHEREME: A

DOI: 10.7652/xjtuxb202510013 X EHHS: 0253-987X(2025)10-0137-11

Simulation Study on the Effect of Hydrogen/Nitrogen Addition on
Soot Formation in Ethylene Diffusion Flames

YAN Zhiyu'?, SHI Congling”, XIONG Xinyi', LEI Bohan',
LI Qiangian', WANG Jinhua', HUANG Zuohua'

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

2. Urban Security Institute, China Academy of Safety Science and Technology. Beijing 100012, China)

Abstract: To address the question of whether hydrogen addition chemically promotes or inhibits
soot formation, a two-dimensional numerical simulation is conducted to systematically investigate
pure ethylene, nitrogen-added, and hydrogen-doped co-flow diffusion flames. The effects of adding 30 %
hydrogen/nitrogen by volume on flame temperature, soot volume fraction, particle growth,
nucleation, precursor evolution, and oxidation processes are analyzed. The variations in key
characteristic parameters are obtained, and the mechanism of the chemical promotion effect of

low-proportion hydrogen addition on soot formation is elucidated. The simulation results show
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that compared to nitrogen-diluted flames, the addition of 30% hydrogen slightly promotes soot

formation, with the peak soot volume fraction increasing from 4. 37X10 ° to 4. 52 X10 °, while

the influence of hydrogen-induced temperature field changes on soot formation is minor. The

chemical promotion effect of hydrogen addition is primarily achieved by accelerating the formation

of polycyclic aromatic hydrocarbons (PAHs) and particle nucleation rates, thereby enhancing

particle mass growth through PAHs deposition rather than dehydrogenation-acetylene reactions.

Although hydrogen addition promotes particle oxidation by simultaneously increasing OH and O,

oxidation rates, its chemical promotion of particle growth outweighs the oxidation enhancement.

This study provides theoretical insights for controlling soot particles in hydrogen-doped combustion.
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Fig. 1 Flame calculation region and grid settings
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the experimental results'”’ and the simulation results in

this paper under pure ethylene condition
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