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Fig. 1. (color online) Schematic illustration of a solid

node.
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Fig. 2. (color online) Schematic illustration of the

porous media structure.
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Fig. 3. (color online) The iso-concentrations contours (a) Da = 4.8; (b) Da = 48. Solid with red and dashed

with black denote analytic solutions and numerical results, respectively.
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Fig. 4. (color online) Time evolution of normalized porosity and dissolved quantity for different Reynolds
number: (a) the ratio between the porosity and the porosity of the initial geometry €/eo; (b) the ratio

between the dissolved quantity and the initial mass m;,/mg.
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Fig. 5. (color online) As ¢t = 1.5, the variations of the porous media structure and the solute concentration

due to dissolution for different Re.
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Fig. 6. (color online) As t = 1.5, (a) the ratio between the solid nodes and lattice modes at = and (b) the

average concentration along the horizontal direction of the porous media for different Re.
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Fig. 7. (color online) Time evolution of normalized

porosity for different Schmit number.
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Fig. 8. (color online) The variations of the porous media structure and the solute concentration due to

dissolution for different Sec.
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Fig. 9. (color online) As ¢t = 5.0, (a) the ratio between the solid nodes and lattice modes at = and (b) the

average concentration along the horizontal direction of the porous media for different Sc.
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Fig. 10. (color online) Time evolution of normalized

porosity for different Damkohler number.

0 20 40 60 80 100
x

11 (MTEG) Bt = 1.5 8, TNREERBECT 2N BRKFEIT I B, 84 @m0 A R o

WP L] (a) FISEIIREE (b)

Fig. 11. (color online) As t = 1.5, (a) the ratio between the solid nodes and lattice modes at « and (b) the

average concentration along the horizontal direction of the porous media for different Da.
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dissolution for different Da.
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(color online) For different Re, (a) time evolution of normalized porosity and (b) the average

concentration along the horizontal direction of the porous media.
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Fig. 14. (color online) As t = 4.0, the variations of the porous media structure and the solute concentration

due to precipitation for different Re.
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Fig. 15. (color online) For different Sc, (a) time evolution of normalized porosity and (b) the average

concentration along the horizontal direction of the porous media.
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Fig. 16. (color online) As ¢t = 5.0, the variations of the porous media structure and the solute concentration

due to precipitation for different Sc.
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Fig. 17. (color online) For different Da, (a) time evolution of normalized porosity and (b) the average

concentration along the horizontal direction of the porous media.
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Fig. 18. (color online) As ¢t = 2.5, the variations of the porous media structure and the solute concentration

due to precipitation for different Da.

S

AR F A% T Boltzmann 77 ¥ % 2 FLA i N
(AT YTVE IS FE AT T BUE A, el [
FETE DX () SOBE 4 B Rl R, IS5 M dr b AT 1 6t
bb, BRAIE 1% 7 V5 T 5T R RET R A [ AT AT
e, B JE, ARSCRAZITIES NI T 6 VAL it 2%

4

RFA IR IR RHEON 2 FLA AR IR AT TIE LR
RGN I o

1) AFEEEECR, WRATTE LR T 2R A
N EAE R RALBR X, X2 T R SLBRIX 4 5 T
TEANEHITN. 2 Re MUK, B AWK
FRMOK, PR (DT BRI 2, FLER
K (V1) PR EER N (OK).

2) Tt % e BN, I BT BRBRCK, TEA

154701-12


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64,

No. 15 (2015) 154701

R HOR R, TR AN TIE I S B R AEAE 2 AL
I I PR SR 22 it R EOBOR I, 37 R SRV,
Widh S ATNE SR, O AT 2 B R AR A
i DX R AL B X g B, v (UT3E) IR,
it R BOOK, S T R B, FLER R
(OR), FEIREEBEK (/]N).

3) ik R ECBORN, B SOR I FR AR, R
TR RIS, A R 18] Py A2 3 DS e 14 [
R 2, BT Uiy XK B AR K Thxt Ui
BLGR, o ORI AR OK, b XTE Y [ 1A )
%, B L IR AL B R SRR, BHAS T
RS W — DR 5P 1, N XK A
Ny ZIR U AL BRI, AT E I R )
52 N, EUTEL R S R A2 AL R
[ AR LeAbh, R (D) AR, B R AL
R, FUBRFRBR (1), ~FEIREERCR (/).

T T R BOR S TR o [ X B S B = R IR ST 2
HIRE.

e

S Mk

[1] Guo Y L, Xu H H, Shen S Q, Wei L 2013 Acta Phys.
Sin. 62 144704 (in Chinese) [Z8IVNN, #8568, TLIEE, 31
22 2013 PIHA4R 62 144704]

[2] Mao W, Guo Z L, Wang L 2013 Acta Phys. Sin. 62
084703 (in Chinese) [B L, FAMSL, F5% 2013 YHLA 4R
62 084703]

[3] Huang Q G, Pan G, Song B W 2014 Acta Phys. Sin. 63
054701 (in Chinese) [EHF, Wb, RKIRGE 2014 YB3
63 054701]

[4] Wells J T, Janecky D R, Travis B J 1991 Physics D 47
115

(5]

[14]

[15]

[16]

20]
21]

(22]

154701-13

Janecky D R, Chen S, Dawson S, Eggert K C, Travis B J
1992 Proceedings of the 7th International Symposium on
Water-Rock Interaction Park City, United States, July
13-18, 1992 p1043

Chen S, Doolen G D 1998 Annu. Rev. Fluid Mech. 30
329

Kingdon R D, Schofield V 1992 J. Phys. A 25 907
Dawson S P, Chen S, Doolen G D 1993 J. Chem. Phys.
98 1514

Kelemen P B, Whitehead J A, Aharonov E, Jordahl K
A 1995 J. Geophys. Res. 100 475

He X, Li N, Goldstein B 2000 Mol. Simul. 25 145
Kang Q, Zhang D, Chen S, He X 2002 Phys. Rev. E 65
036318

Kang Q, Zhang D, Chen S 2003 J. Geophys. Res. 108
2505

Kang Q, Lichtner P C, Zhang D 2006 J. Geophys. Res.
111 B05203

Chen L, Kang Q, Carey B, Tao W Q 2014 Int. J. Heat
Mass Transfer 75 483

Chen L, Kang Q, Viswanathan H S, Tao W Q 2014 Wa-
ter Resour. Res. 50 9343

Nogues J P, Fitts J P, Celia M A, Peters C A 2013 Water
Resour. Res. 49 6006

Tartakovsky A M, Meakin P, Scheibe T D, Eichler West
R M 2007 J. Comput. Phys. 222 654

Yoon H, Valocchi A J, Werth C J, Dewers T 2012 Water
Resour. Res. 48 W02524

Huber C, Shafei B, Parmigiani A 2014 Geochim. Cos-
mochim. Acta 124 109

Li X, Huang H, Meakin P 2008 Water Resour. Res. 44
W12407

Luo H, Quintard M, Debenest G, Laouafa F 2012 Com-
put. Geosci. 16 913

Pan C, Luo L L, Miller C T 2006 Comput. Fluids 35
898

Chai Z H, Shi B C, Lu J H, Guo Z L 2010 Comput.
Fluids 39 2069

Zhang T, Shi B C, Guo Z L, Chai Z H, Lu J H 2012
Phys. Rev. E 85 016701

Guo Z L, Zheng C G, Shi B C 2002 Phys. Fluids 11 374


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/abstract/abstract54656.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract54656.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract53268.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract53268.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract58080.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract58080.shtml
http://dx.doi.org/10.1016/0167-2789(91)90284-G
http://dx.doi.org/10.1016/0167-2789(91)90284-G
http://dx.doi.org/10.1146/annurev.fluid.30.1.329
http://dx.doi.org/10.1146/annurev.fluid.30.1.329
http://dx.doi.org/10.1088/0305-4470/25/14/008
http://dx.doi.org/10.1063/1.464316
http://dx.doi.org/10.1063/1.464316
http://dx.doi.org/10.1029/94JB02544
http://dx.doi.org/10.1080/08927020008044120
http://dx.doi.org/10.1103/PhysRevE.65.036318
http://dx.doi.org/10.1103/PhysRevE.65.036318
http://dx.doi.org/10.1029/2003JB002504
http://dx.doi.org/10.1029/2003JB002504
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2014.03.074
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2014.03.074
http://dx.doi.org/10.1002/2014WR015646
http://dx.doi.org/10.1002/2014WR015646
http://dx.doi.org/10.1002/wrcr.20486
http://dx.doi.org/10.1002/wrcr.20486
http://dx.doi.org/10.1016/j.jcp.2006.08.013
http://dx.doi.org/10.1016/j.gca.2013.09.003
http://dx.doi.org/10.1016/j.gca.2013.09.003
http://118.145.16.217/magsci/article/article?id=17624496
http://118.145.16.217/magsci/article/article?id=17624496
http://dx.doi.org/10.1016/j.compfluid.2005.03.008
http://dx.doi.org/10.1016/j.compfluid.2005.03.008
http://www.sciencedirect.com/science/article/pii/S0045793010001878
http://www.sciencedirect.com/science/article/pii/S0045793010001878
http://dx.doi.org/10.1103/PhysRevE.85.016701
http://dx.doi.org/10.1103/PhysRevE.85.016701
http://www.ncbi.nlm.nih.gov/pubmed/20365501

) I8 % 48 Acta Phys. Sin. Vol. 64, No. 15 (2015) 154701

Lattice Boltzmann simulation of dissolution and
precipitation in porous media”

Zhang Ting""  Shi Bao-Chang?  Chai Zhen-Hua?

1) (College of Sciences, Wuhan University of Science and Technology, Wuhan 430081, China)
2) (School of Mathematics and Statistics, Huazhong University of Science and Technology, Wuhan 430074, China)

( Received 26 October 2014; revised manuscript received 28 February 2015 )

Abstract

In this paper, we simulate numerically the dissolution and precipitation in porous media by using the lattice
Boltzmann method (LBM). The fluid flow in porous media is simulated by using a multiple-relaxation-time (MRT)
LBM, while a D2Q9 lattice BGK model is used for reactive solute transport. First, the code of LBM is tested by
simulating the diffusion and reaction at a boundary in an open rectangular domain, and comparing the results with the
analytic solution. Then, the effects of the Reynolds number (Re), the Schmidt number (Sc) and the Damkohler number
(Da) on the variations of the geometry of the porous media and the concentration field are carefully studied. It can
be found that for the dissolution (precipitation), as Re is increased, the porosity of the porous media will be increased
(decreased), and the average concentration will be decreased (increased). Besides, at low Damkohler numbers or Schmidt
numbers, the dissolution and precipitation will be reaction-controlled and are highly uniform. However, as Da or Sc
is high, the dissolution and precipitation will be diffution-controlled, and mainly occur in the upstream and large pore

space.

Keywords: porous media, dissolution/precipitation, lattice Boltzmann method
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