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Fig. 1 Schematic of dual heat pulse probe apparatus
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Fig. 2 Schematic of the modified dual heat pulse probe apparatus
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Table 2 Relative deviation of the measurement of volumetric heat capacity and deviation of the probes during the period from May to July

3cm 8 cm 13 cm

FRH AR R 22 - AT 15 2 o AR 22 R
DOY Relative deviation Relative deviation Relative deviation

(Day) (%) Deviation (%) Deviation (%) Deviation

(°) () (°)
A B A B A B

139 13.50 5.60 2.04 6.33 0.93 -0.58 23.31 3.19 2.54
146 12.94 8.17 -3.17 7.14 3.77 -0.42 23.29 2.15 2.54
153 15.47 17.16 -4.22 8.93 3.17 -0.64 26.02 1.16 2.60
160 22.83 6.22 -2.62 6.66 2.68 -0.50 28.25 3.50 2.41
167 18.10 1.84 -3.66 10.60 5.03 -0.67 28.02 1.47 2.55
174 18.08 2.32 -2.18 11.04 6.30 -0.56 27.21 0.37 2.63
181 11.756 8.70 -2.70 11.30 4.22 -0.89 24.83 4.74 2.46

TE e ARCRIRE B BEACIERT, BRI BB IESS ; 5% 8 o IEACRIRE BT, S SRR BB SMBL T 7] Note: A stands

for probe spacing before calibration and B for probe spacing after calibration. When deviation is positive, it means the probe squints

inwardly, and when negative, it does outwardly. The same below

®3 RE2IZAKBAARBENEFRBEIIREFMIRREEE
Table 3 Relative deviation of the measurement of volumetric heat capacity and deviation of probes during the period from February to
March
3cm 13 cm
FERH AHRT 5 2 T 32 AHRS 152 22 e g
DOY (Day) Relative deviation ( % ) Deviation Relative deviation ( % ) Deviation
A B () A B (°)
42 3.34 7.36 -1.33 22.70 0.55 2.28
49 0.60 8.40 -1.11 27.33 1.04 2.69
56 — — — 28.58 0.37 2.74
63 0.62 13.63 -1.66 28.17 1.20 2.77
70 1.12 9.68 -1.35 26.65 2.77 2.77
77 2.36 9.71 -1.43 27.00 1.22 2.69
84 2.01 10.13 -1.43 26.54 1.48 2.76
e =" FoREES6REU T RS K AR R A R BE C7A AL IE Note:  “— means that on D56 it was impossible to calibrate

probe spacing due to freezing of the soil
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Application of Spacing Correction Method of Heat Pulse Probe in Field
Measurements

QIAO Zhaoyu YUAN Xiaohui LIU Gang'
( College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China )

Abstract [ Objective] Soil thermal characteristics, including thermal diffusivity, thermal capacity
and thermal conductivity, are basic physical parameters reflecting changes in soil temperature, and
maintenance and transport of heat in the research on soil physical processes. Heat pulse probing method is the
most common one used nowadays to determine soil thermal properties. However in using the method, spacing
between probes is a major factor affecting accuracy of the results. In measuring, especially in the field, when
probes are inserted into the soil, spacing between probes may vary with penetration resistance of the soil. In
addition, alternation of soil freezing and thawing, movement of soil organisms, and growth of plant roots may
all cause expansion and contraction of the soil, thus forcing the tips of the probes to deviate or squint and
hence change in spacing. It is therefore, essential to perform in situ calibration of probe spacing. [Method]
To that end, Liu et al. proposed a method to calibrate probe spacing. They found that once the heating probe
or temperature probe squinted by 1°, the thermal conductivity and thermal capacity measured would deviate
by more than 10%. So Liu et al. put two thermistors on to the temperature probe in different positions, and
figured out a theoretical formula to calibrate the spacing. The formula was very sensitive to the maximum
temperature difference ( AT, ) and the time when the maximum temperature difference appeared (¢, ) .
In this study, the calibration method was applied to field measurement and monitoring of changes in probe
spacing. Temperature probes were installed at 3 cm, 8 cm and 13 cm deep in the soil, separately, to record
heat pulses from the heat pulse probe during summer from May 19" to July 3™, 2015 and the winter from
February 11" to March 28", 2016. [Result] Results show that firstly, probe spacing did not have any impact
on the measurement of thermal conductivity, which suggests that the soil is homogeneous in texture, and
when comparison was made of the measurements of thermal capacity, it was found that the differences between
the two thermistors was determined by accuracy of the probe spacing; and secondly, the measurements of
soil thermal properties with the probe spacing calibrated method were more accurate and reliable than those
without any spacing calibration. However in the winter, when soil temperature was under 0°C, the soil would
freeze and thaw alternately, causing the probe tips to deviate. Besides when the heating probe heated, the
heat would be divided into two portions: one to melt the ice and the other to warm up the soil. Consequently,
the measurements were not so accurate and could be corrected with the spacing calibration method. Besides,
the freezing and thawing processes of the soil in winter also made it hard to use heat pulse probes to determine
soil thermal properties. It was also found that the measurement with the probes embedded in the surface soil
layer was more sensitive to variation of probe spacing. So far as of yet, it is still very hard to explain why,
because of various unknown causes. Nevertheless soil thermal properties in the surface layer mean extremely
significant to soil water movement, measurement of ground heat flux and so on. Therefore, more efforts should
be done in studying accuracy of the heat pulse probe method and practicability of the spacing calibration
method. [Conclusion)] To sum up, in using the modified dual heat pulse probe method to monitor soil

thermal properties in the field in summer and winter, it is found that probe spacing varies more in the surface
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soil layer than in the others, and the use of the probe spacing calibration method can significantly minimize
deviation of the measurements of volumetric heat capacity, and the spacing calibration method is applicable to
field measurement. However, due to the presence of frozen soil in the surface soil layer in winter, it is hard
to determine accurately soil thermal properties with the heat pulse probe method and to use the probe spacing
calibration method, too.
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