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1. Problem

𝐿𝑆𝑖:𝐶,𝑉𝑎 = 0



2. Theory

𝜇𝑆𝑖 = 𝐺𝑚 + 1 − 𝑦𝑆𝑖
𝑑𝐺𝑚
𝑑𝑦𝑆𝑖

𝜇𝐶 =
𝑑𝐺𝑚
𝑑𝑦𝐶

𝜇𝐹𝑒 = 𝐺𝑚 + 1 − 𝑦𝐹𝑒
𝑑𝐺𝑚
𝑑𝑦𝐹𝑒

= 𝐺𝑚 − 𝑦𝑆𝑖
𝑑𝐺𝑚
𝑑𝑦𝑆𝑖

𝐷𝐶𝐶 = 𝑦𝐶𝑦𝑣𝑎Ω𝐶
𝑑𝜇𝐶
𝑑𝑦𝐶

= 𝑦𝐶 1 − 𝑦𝐶 Ω𝐶
𝑑2𝐺𝑚

𝑑𝑦𝐶
2

𝐷𝐶𝑆𝑖 = 𝑦𝐶𝑦𝑣𝑎Ω𝐶
𝑑𝜇𝐶
𝑑𝑦𝑆𝑖

= 𝑦𝐶 1 − 𝑦𝐶 Ω𝐶
𝑑2𝐺𝑚
𝑑𝑦𝐶𝑑𝑦𝑆𝑖

𝐷𝑆𝑖𝐶 = 𝑦𝑆𝑖 1 − 𝑦𝑆𝑖 [Ω𝑆𝑖
𝑑𝐺𝑚
𝑑𝑦𝐶

+ 1 − 𝑦𝑆𝑖
𝑑2𝐺𝑚
𝑑𝑦𝐶𝑑𝑦𝑆𝑖

+ Ω𝐹𝑒
𝑑𝐺𝑚
𝑑𝑦𝐶

− 𝑦𝑆𝑖
𝑑2𝐺𝑚
𝑑𝑦𝐶𝑑𝑦𝑆𝑖

]

𝐷𝑆𝑖𝑆𝑖 = 𝑦𝑆𝑖 1 − 𝑦𝑆𝑖 [Ω𝑆𝑖 1 − 𝑦𝑆𝑖
𝑑2𝐺𝑚

𝑑𝑦𝑆𝑖
2 − Ω𝐹𝑒𝑦𝑆𝑖

𝑑2𝐺𝑚

𝑑𝑦𝑆𝑖
2 ]
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3. Algorithm

dt, dx 설정, Initial condition 입력

Weight percent를 y fraction으로변환 𝑥𝑖 =
𝑤𝑖

𝑀𝑖
/(෍

𝑖

𝑤𝑖

𝑀𝑖
) 𝑦𝑠𝑖 =

𝑥𝑠𝑖
𝑥𝑠𝑖 + 𝑥𝐹𝑒

𝑦𝐶 =
𝑥𝐶

𝑥𝐶 + 𝑥𝑉𝑎
=

𝑥𝐶
𝑥𝑠𝑖 + 𝑥𝐹𝑒

FDM 계산

𝑦𝑖,𝑗+1
𝐶 = 𝑦𝑖,𝑗

𝐶 +
∆𝑡

∆𝑥 2 [ 𝐷𝑖+1
𝐶𝐶 𝐷𝑖

𝐶𝐶 𝑦𝑖+1,𝑗
𝐶 − 𝑦𝑖,𝑗

𝐶 − 𝐷𝑖
𝐶𝐶𝐷𝑖−1

𝐶𝐶 𝑦𝑖,𝑗
𝐶 − 𝑦𝑖−1,𝑗

𝐶

+ 𝐷𝑖+1
𝐶𝑆𝑖𝐷𝑖

𝐶𝑆𝑖 𝑦𝑖+1,𝑗
𝑆𝑖 − 𝑦𝑖,𝑗

𝑆𝑖 − 𝐷𝑖
𝐶𝑆𝑖𝐷𝑖−1

𝐶𝑆𝑖 𝑦𝑖,𝑗
𝑆𝑖 − 𝑦𝑖−1,𝑗

𝑆𝑖 ]

각시편길이 = 50mm, dx = 0.1mm, dt = 60s, total time step = 18720

왼쪽시편초기조성: Fe – 3.8wt% Si – 0.478wt% C

오른쪽시편초기조성: Fe – 0.01wt% Si – 0.441wt% C

y fraction을 weight percent로변환후
출력

𝑥𝐶 =
𝑦𝑐

1 + 𝑦𝑐
𝑥𝑠𝑖 = 𝑦𝑆𝑖(1 − 𝑥𝑐) 𝑤𝑖 = 𝑥𝑖𝑀𝑖/(෍

𝑖

𝑥𝑖𝑀𝑖)
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5. Conclusion

1. 코딩을통해서 Darken’s uphill diffusion을직접시뮬레이션해볼수있었다.

2. 시간계산 step을크게하였더니, 프로그램이결과를내는데 5분정도로시간이오래걸렸다.

3. Diffusion이단순히농도 gradient에비례하지않는것을확인할수있었다.

4. Si는 substitutional diffusion 이므로 C에비해 diffusion이잘일어나지않는다.


