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Abstract: [Objective] This paper simulates the smouldering combustion process, and discusses the
characteristics of soil surface temperature and main emissions in order to provide scientific reference for
smouldering combustion kinetics, spread mechanism and fire monitoring. [Method] Taking the forest soil

in the Larix gmelinii plantations of the Daxing’an Mountains as the research object, the temperature
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variation, main emissions and the effect of moisture content (20%, 30%, 40%) on emissions were analyzed
by the results of smouldering furnace experiment. [Result] The soil surface temperature firstly increased
rapidly, then remained stable, and finally decreased rapidly until extinguished during the smouldering
combustion process; according to the characteristics of soil surface temperature, the smouldering combustion
was divided into four stages, i.e. ignition stage, rise stage, steady stage and extinguishing stage, and the
modified combustion efficiency (MCE) of each smoldering stage was less than 0.75; the average
concentration of CO, was 316.23 mg/m’, and the average concentration of CO was 101.25 mg/m’; in the
smouldering combustion process, CO, emission was intermittent, but CO emission was continuous;
combustion time had a significant effect on CO, and CO, but there was no correlation between CO, and CO;
there was significant difference between the concentration of CO, under different moisture contents
(P< 0.05), but there was no significant difference between the concentrations of CO (P> 0.05).
[Conclusion] The smouldering combustion shows a trend of conversion to flaming combustion after 14 h,
according to the temperature and emission variation during the smouldering furnace experiment, but the
combustion burnt out in the end for the decrease of combustible content; the concentration of CO, decreases
with the increase of water content, resulting from the decrease of oxygen content and the increase of heat
loss; smoldering combustion could maintain spread with moisture content of 20%—40%, so the concentration
of CO has no significant difference.
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Tab. 1 Basic information of sample plots
ETRE W2 g ik 230 IS ke /a i PR
No. Tree species composition Altitude/m Longitude and latitude DBH/cm Forest age/year Canopy density

RPAS ST IRV
8 Larix gmelinii
L 124°02'24"E

1 | Betula platyphylla 566.0 50°2024"N 224 22 0.7
1 Zh R
1 Quercus mongolica
M BETENT A 124°05'24"E

2 Larix gmelinii 406.3 50°19'05"N 22.5 27 0.5
OPL LRI F
9 Larix gmelinii 124°06'36"E

3 17 s 379.7 50°18°00"N 21.2 26 0.8
1 Betula platyphylla
M BETE A 124°04'48"E

4 Larix gmelinii 407.2 50°18'00"N 20.6 28 0.8
86T A
8 Larix gmelinii
1 i 124°01'12"E

5 | Betula platyphylla 553.8 50°21'00"N 14.8 16 0.7

152545

1 Quercus mongolica
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Tab. 2 Process of the smouldering combustion and basic information

- PRI | s SE YRS TE BRIl % RN

e S MR e SIRAERERCE. TR
Smouldering stage om ustion Combustion process verage moditied com ustion Average temperature/ °C
time/h efficiency (MCE)

R Hh 2R B PR EAEE 100 C BLE

Ignition stage ( [ ) 0~2 Soil surface temperature rises rapidly to more than 100 °C 0.34 047 100.71 + 114.14

A Hh IR BB AR 400 C A

Rise stage (1) 2~6 Soil surface temperature rises gradually to about 400 C 0.58+0.13 281.25+94.03

FaE MR AR FEFE400 ~ 500 C

Steady stage (I1I) 6~12 gl surface temperature stays around 400—500 °C 0.31+036 425.81£41.99

ey AL R

JERI >1p  BREERETH 0.17+0.33 25331 + 146.12

Extinguishing stage (IV) Soil surface temperature decreases rapidl

y
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Tab. 3 Effects of combustion time on the emission of
CO, and CO (one-way ANOVA test)
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CO 8 2.843 0.017
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different water contents
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