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Abstract
Soil temperature change under simulated wildfire was measured in Andisol on the condition that the surface temperature was 600-700 °C. The temperature of top soil
became constant at about 100°C for a while before increasing over 100 °C. The 100 °C-depth was proportional to square root of the burning time and was deeper as
the initial water content was fewer. This temperature changes can be explained in terms of a moving boundary problem. Then we conducted thermal analysis using
Neuman ‘s theory which is known in the field of frozen soil. As a result of the analysis, we found that if we give appropriate value of thermal properties, soil
temperature change can be predicted as a function of time but the shape of soil temperature profile can not be predicted completely. To predict it more properly, we
need to consider water movement in the transition zone where evaporation occurs at 100 °C.

1. Background e o s 2. Method?

Wildfires occur around the world such as Indonesia, Siberia. ! Soil sample: Andisol

To know soil temperature during burning is important to ] - - Initial water content: 0.15, 0.32, 0.39, 0.45 m3/m3

consider about plant regeneration. However, there are few g St Bulk density: 0.75 Mg/m3

studies about the soil temperature during burning. We : . Column: 15 cm in diameter, 30 cm hight

therefore measured the soil temperature profiles during T Thermocoples: 0, 1, 2, 4, 6, 8, 10, 15, 20, 25, 30 cm depths
simulated wildfire and analyzed thermally as a moving - S e After heating the surface of soil column with charcoal for 6 hours
boundary problem. e , » measure soil temperature profiles

3. Results
(1)Soil temperature change (in case of 8=0.32:Fig.1)
The temperature of soil surface rose 600~ 700°C. The temperature of each depth became constant at around 100°C before increasing over 100 °C.
The 100°C-depth was deeper as the initial © was fewer. It was proportional to square root of the burning time (Fig. 2). The relationship between constant of
proportional m and initial 8 is shown in Fig. 3.
(2)Temperature profile (in case of 8=0.32:Fig.4)
Temperature change can be divided into 3 zones on reaching 100°C; a high temperature zone which is above 100°C, the transaction zone at almost 100°C, a low
temperature zone which is below 100°C.
Comparing the temperature profiles in 6 hours, the high temperature section was thicker as the initial 8 was fewer, but the temperature change deeper than 10 cm is
not depend on the initial 6 .
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4. Analysis using Neuman’s theory

We applied Neuman'’s theory? to analyze the phenomena as unsteady heat transfer.

[}

Assumed that soil surface temperature of semi-infinite soil column which initial temperature is T,became Ts.

=
o

simultaneous heat conduction equation

8T, BT, aT, BET,
BT ) el ecxcg -2

(T:temperature a: thermal diffusivity x: depth t: time
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Analytical solution : =T (LT
G is error function showed below (K‘—)
z
660 - 6 = [ )38

Fig.5 is temperature change caiculated by using (4)(5).
(Parameter :a,, a,=0.12, 0.18 [cm?/min], m=0.25 (observed value of Fig.3))

5. conclusions

(1)Soil temperature became constant at 100°C before increasing over 100 °C as shown in Fig.1.
(2)The transition zone as appeared in Fig.4 was not obtained by this analysis.

(3)This is because water movement and evaporation is active in this zone.

(4)To predict it more properly, we need to model this transition zone.




