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ABSTRACT 

One of the significant tasks for stable supply of energy in geothermal, thermal or nuclear power 
plants is corrosion management of the pipe systems. Particularly, flow accelerated corrosion 
(FAC) is known as the cause of local thinning and rupture of the piping wall. In order to predict 
and inspect this phenomenon, various models based on reaction kinetics and mass transfer of 
chemical compounds have been proposed so far. However, complicated corrosion has not been 
sufficiently reproduced. Therefore, in our research, we use a prediction formula of FAC obtained 
from laboratory experiment considering the shear stress to express the effect of flow field. We 
set a carbon steel pipe with an orifice structure as a simulation model and reproduced fluid flow 
and wall corrosion using the lattice Boltzmann method (LBM). Our calculation by LBM reflects 
the local thinning of steel carbon piping caused by the complex flow near the wall surface and 
the simulation results showed good agreement with the measured data in corrosion experiment. 
Our research suggested that the analysis focusing on the physical influence of the flow field is 
effective for the prediction of wall thinning with high accuracy. 

1. Introduction 
In any power plant, pipe wall thinning has been a perennial problem. Although the prediction of 
local damage inside the pipe is of considerable importance for energy production industry, the 
understanding of the process is quite poor because of its complexity. For example, an analysis on 
pipe thinning with orifice plate where flow accelerated corrosion (FAC) happens, requires the 
consideration of complicated flow around the orifice in addition to the reaction kinetics. In 
various studies so far, it has been suggested that flow rate, dissolved oxygen and pH are strongly 
related to FAC and that piping geometry also affects the FAC rate (Keller, 1974). Although FAC 
in the downstream of an orifice was performed in a dimensional analysis (Sanama et al., 2018), 
fluid dynamical analysis of FAC has not been well attempted with the accuracy enough to 
discuss the phenomena yet. It is, therefore, necessary to identify the dominant parameter which 
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has an intense correlation with the FAC rate. As a previous research on this issue, a corrosion 
experiment was conducted and a prediction formula considering wall shear stress was 
constructed (Utanohara et al., 2012). In our research, we apply this formula to numerically 
analyse the effect of complex fluid flow on wall corrosion in a pipe conduit with an orifice 
structure. We aim to describe the local change of piping geometry due to the chemical reaction 
and mass transfer promoted by the turbulence of fluid flow and compare our simulation result 
with measured data in the experiment. 

2. Flow Accelerated Corrosion 
Flow accelerated corrosion (FAC) is a phenomenon that occurs when a stiff current advances the 
elution of metal components from the fluid-solid interface into mainstream (Figure 1). In the 
case of orifice pipe, approximation formula of FAC rate (Utanohara et al., 2012) was determined 
as following empirical equation, 

 

𝑅𝑑 = 0.23𝜏0.40 (1) 

 

where 𝑅𝑑 is FAC rate, 𝜏 is wall shear stress. Since the wall shear stress is influenced by flow 
field, we connect this result to macroscopic analysis in order to implement FAC prediction in the 
longer term and larger scale. 

 

 

Figure 1: Schematic diagram of flow accelerated corrosion. 

 

3. Lattice Boltzmann Method 
The lattice Boltzmann method (LBM) is a class of cellular automata (CA) that approximates the 
Navier–Stokes equations and especially suitable for parallel computations and reactive boundary 
settings. By utilizing LBM, silica precipitation around a geothermal pipe-seam has been 
described (Mizushima et al., 2015; Iwata et al., 2018). In our research, complicated interface 
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which changes in the process of FAC is computed based on the volumetric calculation for crystal 
growth (Kang et al., 2004; Lu et al., 2009). The thinning scheme of pipe wall is expressed by the 
following equation. 

 

𝐿𝑑(𝑡 + ∆𝑡) = 𝐿𝑑(𝑡) + 𝑅𝑑
∆𝑥
∆𝑡 (2) 

 

where 𝐿𝑑 is damaged depth of piping wall normalized by grid space, ∆x and ∆t are spatial and 
time intervals for LB-simulation. As shown in Figure 2, when the damaged depth of boundary 
cell is updated and exceeds 1, one of the neighboring solid cells is randomly selected and turns 
into a fluid cell. After FAC progresses to some extent, flow calculation is conducted and then the 
same operation is repeated. In this process, since newly fluidized cells do not have velocity 
components, temporary flow rate for each cell should be given in order to avoid computational 
error of the FAC simulation. We, therefore, set the velocity vector of fluidized cells to the 
average value of those in surrounding fluid cells (Figure 3). 

 

 

Figure 2: Material loss on the wall surface expressed by lattice Boltzmann method. 

 

 

 

 

Figure 3: Velocity complement for newly fluidized cells. 
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4. Simulation Model 
We set a 2-dimensional model of orifice pipe (Figure 4) where each geometry is set to the same 
as that of the preceding experiment (Utanohara et al., 2012). As for the flow condition in LB-
simulation, we give pressure difference to inlet and outlet boundaries. 

 

 

 

Figure 4: Simulation model of 2D flow channel with orifice structure. 

 

 

 

 

Table 1: Parameters and boundary condition for the lattice Boltzmann simulation. 

 

 

 

4. Visualization of Complicated Flow and Local Corrosion 
Figure 5 shows our calculation of flow vector through orifice with fine triangles. Local 
turbulence of fluid flow which can cause FAC in the downstream of orifice is reproduced by 
LBM. We incorporated this information on each fluid cell into FAC scheme and iterated the 
computation of flow convergence and preferential thinning of piping wall until 7000 grids of 
solid wall turned to fluid. As the result, intensive corrosion in the downstream of orifice is 
reproduced (Figure 6). 
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Figure 5: Flow calculation with LBM (Brighter color means higher velocity.). 

 

 

 

 

Figure 6: Visualization of FAC (x/D means x-displacement nondimensionalized by piping diameter D.). 

 

 

5. Verification of Corrosion Depth 
We compare our result with measured data of FAC at 4 points in the downstream side of orifice 
plates (Figure 7). In the case of x/D = 1,2 and 4, FAC rate of our numerical result shows good 
agreement with that of the laboratory experiment. On the other hand, the deviation in x/D=3 
suggests other factors than shear stress. 
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Figure 7: LB-calculation Result and Measured Data of FAC (Readings). We counted the number of fluidized 
cells in LB-simulation for x/D=1-4 respectively, and FAC rate was normalized by the maximum as with 
the previous study (Utanohara et al., 2012). 

 

5. Conclusion 
We proposed an estimation method of corrosion rate in the complicated flow field by LBM and 
approximation formula based on the experimental data focusing on fluid dynamics. This analysis 
is applicable to the evaluation of wall thickness and remaining life-span of specific part in pipe 
systems, leading to effective exploration of fluid resources. In order to realize more accurate 
prediction of pipe thinning, we should quantitatively grasp the influence of not only the shear 
stress but also other factors including generation and collapse of cavitation bubbles. 
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