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The lattice kinetic scheme (LKS) for a binary miscible fluid mixture is a applied to mass transfer
analysis of Calcium in concrete. In general, cement paste that is a major component of concrete is
a porous medium with three-dimensional complicated geometries. The present concrete structure is
determined on the basis of experimental data previously obtained by high-intensity X-Ray Computed
Tomography (X-Ray-CT). As for the numerical method, the LKS, which is an improved scheme of
the original lattice Boltzmann method (LBM), is employed to save computation memory and to
maintain numerical stability. First, an unsteady convection-diffusion problem is calculated and the
accuracy of the method and error norms with different lattice resolutions are investigated. Next, the
mass transfer problem of Calcium in concrete is simulated. Pressure drops in the concrete are
calculated for different Reynolds numbers and compared with the empirical equation based on
experimental data. Also, velocity fields and concentration profiles are obtained at a pore scale in the
structure with heterogeneous mass diffusivity. These simulations indicate that the present method
can be useful for prediction of Calcium leaching in concrete from the microscopic point of view.
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Fig.1 Normalized concentration profiles in unsteady
convection—diffusion problem at different di-
mensionless times with Az = 1/200: (a) o, t* =
0.1; (b) &, t* = 0.2 (c) x, t* =04 (t"
tU/Lz). The solid lines indicate the exact solu-
tion.
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Fig.2 Error norms of unsteady convection—diffusion
problem: e and A indicate respective Er; and
Ers; norms for the present calculation. o and A
represent the corresponding results for original
LBM.
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Outflow

Fig.3 Three-dimensional concrete structure recon-
structed using data('?) by high-intensity X-Ray
CT. Degraded and non-degraded regions are
represented by pore and solid phases, respec-
tively.
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Fig.4 Porosity distribution in the cross-sections per-
pendicular to the streamwise direction.
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Fig.5 Velocity vectors at t* = 4.23 for Re = 0.977:
(a) z/L: = 0.50; (b) y/Ly =0.50; (c) z/L, =
0.50. t* =tuo/d and Re = uod/v, where ug is
the superficial velocity.
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Fig.6 Pressure drops versus Reynolds numbers in the
concrete structure with porosity ¢ = 0.609: o,
the present results; —, the Ergun equation(%),
where p is the time- and space-averaged fluid
density at the inlet.
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(f) t*=21.2

Fig.7 Time variation of concentration contours of Cal-
cium on z/L, = 0.50 for Pe = 0.489 and r = 35
(t* = t’lLo/d, Pe = 'LLod/Dl, r = Dl/Do). The
contour interval is 0.08.
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Fig.8 Time variation of concentration contours of Cal-
cium on z/Lg = 0.50 for Pe = 0.489 and r = 35
(t* = tuo/d, Pe = uod/D1, r = D1/Dy). The
contour interval is 0.08.
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Fig.9 Time variation of Calcium concentration at
(x/Lx, y/Ly, z/L-) = (0.50, 0.77, 0.50) for dif-
ferent Péclet numbers: o, Pe = 0.489; A, Pe =
0.247; M, Pe = 0.0497; o, Pe = 0. II =
(C = C1)/(Cin — C1) and t* = tuo/d, where uo
is the superficial velocity for Pe = 0.489.
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