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import numpy as np
from matplotlib import pyplot as plt
from matplotlib import animation as an

fig = plt.figure()
ax1 = fig.add_subplot(2,1,1)
ax2 = fig.add_subplot(2,1,2)

#initial conditions
c 0=0.01
d 0=0.01




#conditions

D =10**-9

L =5*10**-4

1=0.1

S =5*10**-4

E 0=0.763

Tm =300

| =2.5*10**-4

F = 96485.3321233100184
R =8.31446261815324

#caliculation conditions
dt=0.01

dx = 10**-5

a = (D*dt)/(dx**2)

b =0.001

k = (Tm*R)/(F)

t=0

i_I = int(l/dx)

n=int((L/dx) + 1)

x = np.arange(0, L + dx, dx)
c_ =np.zeros(n)

d_ = np.zeros(n)

V=]l

T=1]

def cal(data):
global c_0,c_m, c_p, dt, dx, a, t, n, X,
c,V,T,il,kbdO0,d_

#concentration
axl.cla()
¢ = np.zeros(n)
d = np.zeros(n)
ift==0:
for i in range(len(c)):
clil=c 0
for i in range(len(d)):
dli]=d._0
else:
for i in range(len(c)):
ifi==0:
c[i] = a*(c_[i+1] -
c_[i]) +c_[i]

elifi==(n-1):
c[i] = a*(c_[i-1] - c_[i])
+c_[i] + (b/2)
elifi==i_l
c[i] = a*(c_[i+1] -
2*c_[i] + ¢ [i-1]) +c_[i]

else:
cli] =a*(c_[i+1] -
2*c_[i] + c_[i-1]) + c_[i]
if c[i] <=0:
c[il=0
for i in range(len(d)):
ifi==0:
d[i] = a*(d_[i+1] -
d_[i]) +d_[i]
elifi==(n-1):
d[i] = a*(d_[i-1] -
d_[i]) +d_[i]
elifi==1i_l
d[i] = a*(d_[i+1] -
2*d_[i]+d_[i-1]) +d_[i]-b
else:
d[i] = a*(d_[i+1] -
2*d_[i] + d_[i-1]) + d_[i]
if d[i] <=0:
dlil=0
b =a*(d_[i+1] -
2*d_[i] + d_[i-1]) + d_[i]
axl1.set_xlabel("[m]™)
axl.set_ylabel("[mol/m"3]™)
axl.plot(x, c, label="2Zn")
ax1.plot(x, d, label="H")
ax1.legend()

#voltage

ax2.cla()

T.append(t)

V.append(E_ 0 +k *
(np.log((2*d[0])/c[n-1])))

ax2.set_xlabel("[t]")

ax2.set_ylabel("[V]")

ax2.plot(T, V)

cC_=c
d_=d
t+= dt

#program

print("Initial condition : " + str(c_0) + "
[mol/m”3]")

print("Diffusion coefficient : " + str(D) + "
[m~2/s]™)

print("Device length : " + str(L) + " [m]")
print("a value : " + str(a) + " (a shoule be
less than 0.5)")

print("b value : " + str(b) + " [mol/m"3 s]")
anim = an.FuncAnimation(fig, cal,




interval=(dt*10))
plt.show()




