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Table 1 Parameters of related characteristics of limit-rate
combustion model
parameter value parameter value
c, /) (g K)™ 0.857 k/m* « (mol-s)™" 10°
Q. /) - g 37577.56 || E/) - mol™ 167000
G./) + mol™ 127400 D/cm? - 57! 3.1

Note: ¢, is specific heat capacity; k is reaction rate constant; Q,, is the e-
quivalent heat of reaction of oxygen composition; E is activation ener-
gy; g, is latent heat of evaporation of magnesium; D is diffusion coeffi-

cient.
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Fig. 3  The temperature distribution of magnesium particle

combustion field calculated by two combustion models
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Fig.4 The composition distribution of reactants in the com-
bustion field of magnesium particle calculated by two combus-

tion models
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Table 2 Comparison of the calculated values and experimen-

tal ones of combustion reaction time of magnesium particles

method dy /pm K;/m? + 57! Ti/ms
exp. L14-1e] 120 - 22 ~26
Model 1 120 6.58x1077 21.9
Model 2 120 1.67x107° 8.64

Note: d, is diameter of magnesium particle; K;is combustion rate constant; 7

is combustion time.
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Limit-rate Combustion Model of Magnesium Metal Particle and Numerical Analysis

LIN Chang-jin', WANG Hao', ZHU Chen-guang’, ZHANG Fu'
(1. School of Energy and Power Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. School of Chemical Engineering,
Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract. To further study the combustion characteristics of magnesium metal particles, based on the Arrhenius law, a one-dimen-
sional spherical symmetric quasi-steady combustion model of limit reaction rate of magnesium particle was established. The com-
bustion process of a magnesium particle with a diameter of 120 pm was simulated in the atmospheric environment. The combus-
tion field temperature distribution, composition distribution of reactants and combustion time of particle were obtained. Results
show that the highest temperature obtained by the limit-rate combustion model in the reaction zone is 3568 K, and the combustion
time of magnesium particle is 21.9 ms. The calculated results agree well with the experimental in literatures. Reactant of oxygen
and magnesium vapor can spread to the outside of the reaction zone, which is qualitatively in accordance with the experimental
phenomenon that oxygen atoms are detected in the quenched magnesium particle, indicating that the limit-rate combustion model
can describe more precisely the actual condition of magnesium particle combustion than traditional fast-rate combustion model.
Key words: magnesium particle; reaction model; limit-rate
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