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Measuring Error of Soil Heat Flux Plate and Applicability of Philip’s Equation
for Modification
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Abstract: Objective Measurement of soil heat flux is pivotal to researches on budgeting of surface heat. To measure soil heat
flux, there are several ways, one of which is the heat flux plate method, simple and easy to handle, but unpredictable in accuracy.

Method In this study, an indoor experiment was carried out in combination with computer simulation to determine errors of the
measurement with the soil heat flux plate method and explore its influencing factors. In this paper, with soil deemed as
homogenous medium and the heat flux plate as composite material, influences of the composite material on temperature field of
and heat flux distribution in the homogenous medium. In addition, analysis was done of applicability of the modificatiton
equation Philip put forth in 1961. Result Results show that when the soil and the plate is quite approximate in heat
conductivity measurement error of the method is low and Philip’s equation is relatively low in applicability under transient

conditions. Conclusion The study shows that due to difference in thermal conductivity between the heat flux plate and the soil,

* ERARBIERSTH (41771257 ) FIEZE STFA R E (2016YFD0800102 ) Supported by the National Natural Science Foundation
of China ( No. 41771257 ) and the National Key R&D Plan of China ( No. 2016YFD0800102 )

+ il{F1E# Corresponding author, E-mail: liug@cau.edu.cn
EHRIA: T W (1997—), Z, LA, FENFARITHEI K ME 5T . E-mail: emilyxing@yeah.net
Wk F 3B 2019-04-09; W BECH H . 2019-07-12; fRSe%05=tH A H M (www.cnkinet ): 2019-09-06

http://pedologica.issas.ac.cn



13 T

PNAF s PG A iR 22 & Philip 18 1 28 20 93

the heat flow will distort at the edge of the plate, thus leading to occurrence of errors in the measurement. As Philip’s equation

simplifies computation in the derivation process, difference is still found between calibrated value and theoretical value when soil

temperature varies with time, which indicates that its application is limited in range.

Key words: Soil heat flux; Heat flux plate; Soil heat conductivity
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Fig.1 The 2-D axisymmetric diagram of the experimental soil heat
flux plate apparatus
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Table 1 Soil physical properties adopted in the computer simulation
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Jiih Soil Water content Heat conductivity Heat capacity Soil bulk density
Porosity
texture / (gkg™) /(W-m'-K™") / (JkgK™) (grem™)
0.4 0.00 0.293 785 1.6
b+
0.4 200 1.758 1163 1.6
Sand
0.4 400 2.177 1465 1.6
0.4 0.00 0.251 739 1.7
it
0.4 200 1.172 1102 1.7
Clay
0.4 400 1.591 1396 1.7
*2 EAREIDREROYIEREM
Table 2 Physical properties of the soil samples tested in the laboratory experiment
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Mass water content Soil bulk density

Heat conductivity Heat capacity

/ (gkg™) / (grem™) /(Wm!K") / (Jkg' K)
0.00 1.70+0.014 0.30+0.01 751+2
20.0 1.63+0.015 0.80+0.01 803+8
150 1.71£0.020 1.46+0.05 1175+15
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Fig. 2 Relative measurement error relative to depth of the plate buried (a) or soil water content (b )
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Fig. 3 Simulated heat flux distribution at the edge of the heat flux plate
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Fig. 4 Simulated heat flux distribution horizontally along the heat flux plate
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Table 4 Correction effect of Philip’s equation in steady state simulation
- AEXT 15 22 RS FRGE A R FoK
+ T
Relative Radius of sensor /cm Buried depth /cm Water content / ( g-kg™)
Soil texture
error 1 2 3 4 1 2 5 0.00 200 400
Wt Qsp 0.310 0.333 0.387 0.467 0.083 0.131 0.160 0.039 0.068 0.096
Sand Qs-phi 0.413 0.438 0.501 0.615 0.116 0.170 0.206 0.140 0.003 0.022
i+ Qcp 0.272 0.289 0.330 0.378 0.026 0.044 0.053 0.043 0.081 0.113
Clay Qc-phi 0.457 0.476 0.525 0.606 0.140 0.162 0.176 0.174 0.017 0.040
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Table 5 Correction effect of Philip’s equation in laboratory experiments
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Gg.p’ slope and R-squared
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0.00 1.28
20.0 1.03
150 0.85

0.99 1.19 0.99
1.00 1.03 1.00
0.99 0.93 0.99
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