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Soil evaporation based on infrared thermal imaging technology

LIN Zong-ze, TANG Chao-sheng, ZENG Hao, CHENG Qing, TIAN Ben-gang, SHI Bin
(School of Earth Sciences and Engineering, Nanjing University, Nanjing 210023, China)

Abstract: Evaporation is one of the major approaches of interaction between soil and atmosphere. Additionally, it is also an
important factor which significantly controls the moisture field of soil and successively affects its engineering characteristics. In
this investigation, the infrared thermal imaging technology is used to conduct experimental researches on the soil evaporation
process. Three sets of soil samples with different layer thicknesses and initial moisture contents are configured. The samples are
dried under the constant temperature and relative humidity conditions while their mass changes are regularly recorded to obtain
the evaporation process. The temperature field of the soil surface is simultaneously monitored in real time with an infrared
thermal imager. The experimental results show that the evaporation process of soil samples can be divided into three typical
stages: the constant rate stage, the falling rate stage and the residual stage. In response, the soil surface temperature also
undergoes three typical stages: the constant low temperature stage, the rising temperature stage and the stable stage, which
correspond to the three evaporation stages. Based on the law of conservation of energy, a linear relationship between the soil
evaporation rate and the temperature difference between the soil surface and the atmosphere is established through theoretical
deduction and verified through experimental inspection. This relationship is found to be not affected by the initial layer
thickness or moisture content of the soil samples. The research results show that it is feasible to utilize the infrared thermal
imaging technology in soil evaporation studies, which provides an original approach for grasping the temporal and spatial
evolution characteristics of the surface moisture field under climatic impact in a more rapid way.

Key words: infrared thermal imaging technology; soil evaporation; temperature; energy balance model; soil thickness; moisture

content
0 35l =] BE&TE: ERANTERNYLESTH (41925012): ER E AT
FRIIKTERRIRIEE AL e &7 e wmn s nni e
N 4 n N ST e K N ’ H S8 = MV.IT ¢ e L
T2, T RMX KIS fe &P i E 20 VRS EER: 2020 - 08 - 05

E?&E‘Jﬁé[]]o ﬂ::%%fﬁqjj(/ﬁ—j:ﬁiﬁﬁiﬁﬁiﬁ/ﬂi *B(5/E# (BE-mail: tangchaosheng@nju.edu.cn)



744 " + I B ¥ #H

2021 4E

xR 1 THEILEXEMR
Table 1 Physical properties of Xiashu soil

FHXT BT 52 TR JHRR MY RALE KA RRTHE FRi &8 (d<0.005 mm)
G, w, % w, /% I, Wy /% Py /(grem’) 1%
2.73 36.5 19.5 17 16.5 1.70 22
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Fig. 1 Cumulative grain-size distribution curve of Xiashu soil
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Fig. 2 Compaction curve of Xiashu soil
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Table 2 Parameters of samples
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Fig. 3 Schematic drawing of experimental setup
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Fig. 4 Changes in evaporation rate of soil samples during
desiccation
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Fig. 5 Changes in surface temperature field of soil samples during desiccation



3 1

MOREE, 85 FETLLAMARIBHR I - AoK 73 28 L FERT 7E 747

BAHKAEA AR L RE 58 T N I BiAE, 2L
R B 5 AR 2 8] A S P A T B, B 2
[T IRREE, A AW AR L RE R . X A5
SRR R, AR TR, /R
BoK. I H, FEMEEEERZALER, ERMBELR
AR AT A 2 18] B AR B BONAR E . AR,
T AAAEZ BORRR A 1E E IR -

(2) FHEBMBe: XN T AR RGE R B T
AT R P ECEAR A K B BZ @D, S5k
FLIZHT LTt S5 GKIED T IRNEEE ST, 5% 5]
NHPERTT, ShHBRZ MEEE, A —ZEM
BIAATERT . MRS B K, S5 G /KR BHR AL LA
WEAUR, PO S GO A, RIEAL O
e BB e X ARRE T BB 45 5 /K AE AR A I
HEW T, RSN RS — IR AE TS, Rk
AR ABBERAI R . 28 50E R PR ARG AL
I 1] PN 285 IR /KB A T MBI AV B IR B4t B E
HIZK IS, GG 7K AL [ A RS b SR B IR 4%
fl T ARSE Ko /PR CHH7K) RS
BETHAOIAE-TE AT (557K 5 26D A .
Bk, Zbr BRI RE D BT

(3) FEWTBL: MR T AR IR B 120 B
ORI T 0, MBS AR AT RE
A& BNy 2 VA, TR A B2 S AR T — 3
AR,

6.00 p— AL
--S2 R MHE 030
400 _ HEENB S3 KR | Y-
B /St % 1020
§ 00PN o Y "A =
IS R Y e ST & ;B 1010 £
3 S2 g e, - =<
q'ﬂ'ﬂ 0 | L Mg 1 0 R
b 20 4 s0 100 ¥
i s2 S1 — e
% 00 Iﬁg {-0.10 2
Baiad | A e
P~ \ %@’5‘% {-0.20
A0 e T SLRERE]
RN E —onmmz| %
600 SSRmZE| 0
TRl /h

6 MM TSR A EIRERERTE AR
Fig. 6 Changes in temperature difference between soil surface and

atmosphere during desiccation
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