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Table 2 Field measured data and simulated calculation results of soil heat transfer during rainfall infiltration

FIERFE 7K Z Soil volume moisture content

+ IR Soil temperature

CSnslling
i I 375 105 3 DLt B 5T iR 37 W LT N -
Rainfall I DU fE BT SR R BTz U DU BT SEAE HxHRE  Brie
duration/h Field monitored Simulation Relati 1% RMSE Field monitored Simulation Relati /% RMSE/C
value/(cm®-cm™) value/(cm®-cm™) clative error//o J(em®-cm™®) value/C value/C clative error/o
0.5 0.128 0.126 -1.56 27.86 27.87 0.04
1.0 0.125 0.126 0.80 27.33 27.65 1.17
1.5 0.151 0.155 2.65 27.32 27.43 0.40
2.0 0.278 0.268 -3.59 0.01 26.77 27.10 1.23 0.55
2.5 0.300 0.299 -0.33 26.42 26.77 1.32
3.0 0.326 0.313 -3.99 26.10 26.43 1.26
35 0.315 0.320 1.59 26.83 26.10 -2.72
4.0 0.323 0.326 0.93 25.53 25.77 0.94
4 W o Hia AL H A #2507 X

MASCEAE AN S B SCM A R TR, BRI A B
PR - HOK PSR R A BB M . A SCHR H A 1A
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RIS R RN, W R T R AR fon) fa
FIKFR MR o BT SEZRY, AEARDIRIZ A H Y
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EpN I I PNE SUR L iR Y S R (NS ey i 2
AR, B SI S R IGAIE 1 P SRR ) A B S S
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TR LR AR VIS, LIRSS
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B BN B R SR EE PRI B, 5 B BON TR NIB RE 15
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AHEBNE, BN BOABUKNE . @il 5 E R
IR NSRRI T EE AT AR, AR SR Y
TEER T LEMEN ISR, WEBASY
P, HR A I AR N E X LK s 2 15
Wi EARBRGEIY. BN e A T R A
TR KU IR I A R, (B RS
JESEPRABER NS A R, B H T8 4 R B3R RE TN
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5 & 1

ASCHENL T R BRI B SR IR IS
B, TR T AR A B i R IE R
PEUETH RS0, B[R TE®:

1) Sl 2 SR [ A i IR R 54
WiEHT R AT R LIRRZRE TN R BN R, HE
BT DB g3, 3RE 3RS A FUR SR AR AR R e
FIER ZE IR K, H IR IE R R R R IR
N, FLEEEBKE 30.5 CrfHIEREIZ IR E
#£] 0.2 mo

2) BENIARBAI NS 2 51 TR I ). ARAR A K
AN EELN ). FFNGERRE 45 mm/h (ER T, BEREW
Pmt 30, MKAE EANB R LN, IR
JRW T R i s, MR R N R, AR
KR PRI WA S i RS K R IR
T EAARIE KR, HIENBRIZH i, HEE
FTHMNBE,

3) BBEREE 0~0.3 m yuHE A, HOR AL
R BEE N NBIRERI M, 3R AR IR
WA, TIRIREL 0.6 m AN, BHERESHREANE
A4 B R B ) IR, PR NS R
Xof b3 R R IR T T, B ERE AN B A
HEMENANB I IR E B MIR G IN T 29 0.4 m,
T 48 7~ H B B N B I R - 3 R B A 32 2 8 B 2 1)
HEER,

4) Gk P SR ST EEE RAE, AN B
DI 261 R AR /K 3% S A A B T 5
TR 25 R EFTE £3.99% AN, H77RI% % RMSE A
0.01 cm’/em®; 33835 B SR RN E AL T AR O AH S5 1R 25
PRFFIE£2.72% LA, 7R ZE RMSE 5 0.55 C, #
PLTT B 55 SN S H A 3 W) A e, 3R T ARAIE T 1%
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Influences of rainfall unsaturated infiltration on the change of
heat transfer in soils

Zhang Chao'?, Jiang Jingshan®, Wang Rubin?, Jin Hua'

(1. Department of Municipal Engineering, School of Architecture Engineering, Nanjing Institute of Technology, Nanjing 211167, China;
2. Institute of Geotechnical Engineering, School of Architecture Engineering, Nanjing Institute of Technology, Nanjing 211167, China,
3. Institute of Geotechnical Engineering, Hohai University, Nanjing 210098, China)

Abstract: In the high temperature season, the surface temperature of the soil is very high, and the internal moisture content of
soil is low. A sudden rainfall has a great influence on the dynamic change of soil temperature, and as well as the water-heat
exchange and migration. Temperature change of soil surface and water movement can be interacted with each other during this
time. It is also very important to reveal the influence mechanism of water movement caused by rainfall unsaturated infiltration,
on temperature change of soil and the law of heat transfer. However, there are only a few research achievements on the
hydrothermal interaction of soil in the process of rainfall unsaturated infiltration. In this study, a mathematical model of soil
heat transfer in the process of rainfall infiltration was established, and the corresponding finite element numerical calculation
program was compiled, in order to reveal the soil moisture movement in unsaturated rainfall infiltration process of high
temperature, and the influence mechanism of soil heat transfer. Taking the typical silt soil layers in Nanjing as research objects,
a numerical analysis was carried out for the unsaturated rainfall infiltration exerting to the function of soil heat transfer. The
results showed that without considering rainfall infiltration, the soil temperature change and heat transfer were mainly caused
by the heat exchange between the surface soil and the environment, where the depth of heat transfer was about 0.2 m. Under
the action of rainfall intensity of 45 mm/h, the soil matric suction and volume moisture content in the silt layer changed
gradually with the duration of rainfall, due to the unsaturated infiltration process of rainfall. When the soil moisture front
moves down and reached different depths, the volume moisture content increased rapidly, and the soil volume moisture content
after the moist front gradually approached the saturated volume moisture content and the soil infiltration capacity gradually
decreased until reaching the saturation infiltration rate. In rainfall unsaturated infiltration, the heat exchange occurred between
the low-temperature rainfall in soil pores and soil particles, which can change the distribution of original temperature field in
soil. Moreover, the influence of rainfall infiltration process on soil heat transfer gradually weakened, with the continuous
increase in the depth of rainfall infiltration. Compared with the data of field measurement and the simulation results, the
relative error of measured and calculated soil volume moisture content remained within £3.99%, and the Root Mean Square
Error (RMSE) was 0.01 cm’/cm’. The relative error of soil temperature between measured and numerical values remained
within £2.72%, and the RMSE was 0.55°C, indicating that the simulation results and the measured data were consistent with
better. It infers that there was a strong adaptability in the model for the rainfall unsaturated soil infiltration process, and heat
migration in soil, and the model was verified by numerical program. The causes of errors were related to the initial moisture
content of the soil, the initial temperature, and the accuracy of rainfall infiltration during the test. The findings can provide an
important reference for water conservancy engineering in modern agriculture, including the soil and water conservation,
distribution and utilization of soil hydrology and water resources, control of urban water resources and ecological environment
protection. It is of great significance to further study the coupled migration mechanism of soil water and heat transfer caused
by rainfall infiltration.

Keywords: soils; temperature; heat transfer; rainfall unsaturated infiltration; water movement; numerical calculation
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