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Effect of Reaction Rate on the Characteristics of Laminar Diffusion Flame

XIE Xin-rong' , LIU Shi’
(1. School of Energy,Power and Mechanical Engineering, North China Electric Power University, Beijing, China, Post Code ;102206 ;
2. School of Control and Computer Engineering, North China Electric Power University , Beijing, China, Post Code :102206)

Abstract: To explore the variation rules of flame structure and soot characteristics during the combustion
process, a laminar ethylene and air diffusion flame was numerically simulated. The effect of pre-exponen-
tial factors and activation energy of the reaction rate constants on the laminar ethylene and air diffusion
flame temperature and soot volume fraction in different nucleation and surface growth processes was ana-
lyzed. The research results show that the flame temperature decreases and the soot volume fraction increa-
ses with the increase of pre-exponential factor in the nucleation reaction rate constants. When the pre-ex-
ponential factor increases by 50% , the peak of flame temperature corresponding to the axial height of
3 cm decreases by 0.70% and the peak of soot volume fraction increases by 37.98% . The flame temper-
ature increases and the soot volume fraction decreases with the increase of activation energy. When the ac-
tivation energy increases by 50% , the peak of flame temperature corresponding to the axial height of 3 cm
increases by 3.41% ,and the peak of soot volume fraction decreases by 78.92% . The flame temperature

gradually decreases and the soot volume fraction gradually increases with the increase of pre-exponential
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factor in the surface growth reaction rate constants. When the pre-exponential factor increases by 50% |, the

peak of flame temperature corresponding to the axial height of 3 cm decreases by 2.03% ,and the peak of

soot volume fraction increases by 1. 65 times. The flame temperature increases and the soot volume frac-

tion decreases with the increase of activation energy. When the activation energy increases by 50% , the

peak of flame temperature corresponding to the axial height of 3 c¢m increases by 9. 61% ;and when the

activation energy increases by 12. 5% ,the peak of soot volume fraction decreases by 46.68% .

Key words: diffusion flame ,numerical model ,nucleation rate ,surface growth rate , temperature , soot vol-

ume fraction, pre-exponential factors,activation energy
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Tab. 1 Selection of variable parameter model

£
4 E/KJ + mol 7! A, Eo/K] + mol ™!
A
brife 1.7 15 000 6 12 000
1 1.36(-20%) 15 000 6 12 000
2 1.53(-10%) 15 000 6 12 000
3 1.87( +10%) 15 000 6 12 000
4 2.04(+20%) 15 000 6 12 000
5 2.55(+50%) 15 000 6 12 000
6 1.7 12 000( -20% ) 6 12 000
7 1.7 13 500( -10% ) 6 12 000
8 1.7 16 500( +10% ) 6 12 000
9 1.7 18 000( +20% ) 6 12 000
10 1.7 22 500( +50% ) 6 12 000
11 1.7 15 000 4.8(-20%) 12 000
12 1.7 15 000 5.4(-10%) 12 000
13 1.7 15 000 6.6( +10%) 12 000
14 1.7 15 000 7.2( +20%) 12 000
15 1.7 15 000 9( +50% ) 12 000
16 1.7 15 000 6 9 600( -20% )
17 1.7 15 000 6 10 800( -10% )
18 1.7 15 000 6 13 200( +10% )
19 1.7 15 000 6 14 400( +20% )
20 1.7 15 000 6 18 000( +50% )
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(r=0.5cm,z=1.8 cm) 112 043 K(r=0.46 cm,z =
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