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Abstract Water distribution at pore scale affects storage and transport of water, air and nutrients in soils and is
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modulated by a multitude of biotic and abiotic factors such as the exudates secreted by plant roots and microbes,

which could alter soil wettability and water surface tension. The combined impact of all these factors can be
described by a single parameter, the contact angle. Practical studies on soil water normally focus on large scale
using continuum approaches by volumetrically averaging the microscopic processes out, but it is the physical and
biochemical processes occurring in the pores that underpin the emerging phenomena at large scales. Understanding
the microscopic mechanisms underlying the microscopic water distribution is hence essential to improving
large-scale modelling. In this paper, we numerically investigated how a change in the contact angle reshaped water
distribution using the Lattice Boltzmann model and X-ray computed tomography. Two soils with contrasting
structures were acquired using X-ray computed tomography and they were then segmented to binary images
consisting of pore and solid voxels. Water distribution in pore spaces of the soils was assumed to be controlled by
capillary force and was simulated using a modified two-phase lattice Boltzmann model. The results show that with
the contact angle increasing, the impact of the pore diameter on water distribution in both soils waned, and that a
change in the contact angle also led to a change in the interfacial areas between liquid, solid and gas. It was found
that as the contact angle decreased, the channel diameter for the liquid decreased while that for the gas increased
first followed by a decline. The density of the liquid water was independent of the contact angle, but the density of
the vapor decreased significantly as the contact angle increased. The effects of saturation on density of the vapor

also increased as the contact angle decreased.
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Fig.4. The relationship between contact angle &of droplet on
smooth solid plane and g under temperature T = 0.7T...
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Fig.7. The changes of interface area (A/Ao) in soil 1 with
contact angle (6)
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Fig.9. The changes of pore diameter of liquid water and vapor
with 6
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Table.1. The value of fitting E)]arameters for changes of A and
[
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B with Bas shown in Fig.9.

v

ERECRES a B A R?
, @ 00002 00079 23812 0.9818
A(v) -0.0002 0.0129 6.8671 0.9872
, () 00002 -0.0060 24779 0.9810
(v) -0.0005 0.0388 87828 0.9765

34 KOWMESH

LI RN AR REKAUKZE S, ATFFT
FHX, IRV EE, KR
HEERRRE TR POKRD S8 ikt
IR LRI, K AR 0 N HAE 1 oKy
AT, SRR 2. AR LB, Bt
B[ AR R A KB i K AN — 2 1
OUT, BEEA A, AR R 5] 74 55,
453 KR AORGS K B B K R S5 KA, i
R RERRAR. BAEI BRRIM I RES Ak, HE
JEZ pimax B8 0 J8/NTTHE R, (HIE ORI RER N Tk
5170858, FEL RRER I — & KA SR

W AR A K, S EUKZESETE py b 6 Y/ 52
I8/0N IR PR AR LA PR35 B2 L pimand py B8 0 98070 THT I
I . IX T B A ot L3RS L R K 2R
HARKFM o M s ok 398 Fh S AE D AR AR 2R AT
LI L 20 W B v BRI 39 [ AR R, K
eI sl A, R LR KRR, BN
AKME R, FEEP KBRS E IR D LT,
AT I8 B R & 31 7K 43 (0 H B e RERUE L _E 3 H i
IEHPE, BAMEE TARE 0 F 2 Pl KES
SRR, ERNEK 2 fox, KSR L—
.

Ntk — 25 43 e bR 4 8 B Sy AT AR AN FE 1
A, NP T RELE R R AN B R 7K 43 96 B 43 A ik
T4, 3P T 0=90.091 60 =102 ¢
2 KB g AitEdl. MK 3 iTLLEH, MR
X RS K B K FE I TE M. 6 = 90.0F,
TOANFE R K 78 B R 52, {H 6= 10.2,
A

% 2. AF 0 A LREA K5 5 FE S AR
Table.2. The density of liquid and vapor water in two soils under different 6.

T +H 2
0 Pimax Py Pmax | py Pimax Py Pimax | pu

90.0< 8.17 0.0750 109.0 8.12 0.0706 115.0

78.6° 8.39 0.0613 136.8 8.41 0.0573 146.8

67.2° 8.66 0.0522 166.0 8.71 0.0530 164.3

55.8< 8.88 0.0350 253.5 8.93 0.0420 212.7

44 4= 9.04 0.0277 326.3 9.09 0.0332 274.0

33.0° 9.17 0.0181 506.2 9.25 0.0277 334.3

21.6° 9.28 0.0165 560.5 9.51 0.0225 422.5

10.2< 9.37 0.0144 651.5 9.46 0.0190 504.3

3. AFMAIEE T LAE 2 Tk o5 B o A
Table.3. The density of liquid and vapor water in soil 2 under different saturations.
6=90.0° 0=10.2<°

L Plmax 14 Plmax / yon TR Plmax P Plmax / yoy
0.094 8.13 0.0792 102.6 0.141 9.29 0.0013 7232.5
0.181 8.18 0.0706 115.9 0.233 9.35 0.0031 3031.8
0.219 8.18 0.0743 110.2 0.265 9.32 0.0040 2316.7
0.339 8.12 0.0715 113.6 0.361 9.51 0.0080 1200.1
0.419 8.13 0.0747 108.9 0.434 9.55 0.0106 897.5
0.515 8.11 0.0829 97.8 0.516 9.44 0.0155 609.1
0.610 8.12 0.0706 115.0 0.600 9.46 0.0190 504.3
0.706 8.09 0.0752 107.6 0.686 9.47 0.0225 421.0
0.786 8.12 0.0681 119.3 0.818 9.56 0.0280 341.2
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0.843 8.05 0.0682 118.0

0.885 9.57 0.0309 309.2
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