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In [1]:

import numpy as np
from matplotlib import pyplot as plt
%matplotlib inline

In [2]:

plt.rcParams['figure.figsize'] = [14, 7]
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In [3]:
L =0.03 #m

lambda_ = 20 # W/m.K
rho_c = 3.6e6 # J/m
Tw= 300 #C
Tf2=20#C

h =20 # Wm2.C
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In [4]:

nx = 41

nt = 800

dt = .025

dx =L/ (nx - 1)

u=T_w * np.ones(nx)
ux = L * np.linspace(®, 1, nx)
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In [5]:

for n in range(nt):
un = u.copy()
i=o90
u[i] = un[i] - dt / rho_c * (h * (un[i] - T_f2) / dx + lambda_ * (un[i] - un[i + 1]) / (dx * dx))
for i in range(1, nx - 1):
ufi] = un[i] + dt / rho_c * lambda_ * (un[i + 1] - 2 * un[i] + un[i - 1]) / (dx * dx)
i=nx-1
u[i] = un[i] - dt / rho_c * (h * (un[i] - T_f2) / dx + lambda_ * (un[i] - un[i - 1]) / (dx * dx))

Lo%HBREE (800 * 0.025s = 20s AHSRE)

In [6]:
plt.plot(ux, u)
Out[6]:

[<matplotlib. lines. Line2D at 0x1d47e082908>]
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In [7]:

def calc(nx=41, nt=200000, dt=.05, ux_plot_lines=10):
dx =L/ (nx - 1)
u=T_w * np.ones(nx)
ux = L * np.linspace(9, 1, nx)
udt = np.zeros(nt)
umt = np.zeros(nt)
tx = np.multiply(dt, np.arange(nt))
fig, (ux_plot, ut_plot) = plt.subplots(1l, 2)
ux_plot_interval = nt / ux_plot_lines
ux_plot.plot(ux, u, label='@s")
k =0

for n in range(nt):
un = u.copy()
i=o0
ufi] = un[i] - dt / rho_c * (h * (un[i]
for i in range(l, nx - 1):
u[i] = un[i] + dt / rho_c * lambda_ * (un[i + 1] - 2 * un[i] + un[i - 1]) / (dx * dx)
i=nx-1
u[i] = un[i] - dt / rho_c * (h * (un[i]
if k > ux_plot_interval:
ux_plot.plot(ux, u, label=str(int(n * dt)) + 's')
k =0
else:
k += 1
uet[n] = u[@]
umt[n] = u[(nx + 1) // 2]
ux_plot.plot(ux, u, label=str(int(nt * dt))
ux_plot.legend()

T_f2) / dx + lambda_ * (un[i] - un[i + 1]) / (dx * dx))

T_f2) / dx + lambda_ * (un[i] - un[i - 1]) / (dx * dx))
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ut_plot.plot(tx, uet, label="ud(t)")

ut_plot.plot(tx, umt, label="um(t)")

ut_ana = T_f2 + (T_w - T_f2) * np.exp(-h / (rho_c * L / 2) * tx)
ut_plot.plot(tx, ut_ana, label='u(t) analysis')

ut_plot.legend()

return u, u@t, umt, ut_ana, tx



In [8]:

dt = .05
u, udt, umt, ut_ana, tx = calc(dt=dt)
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In [9]:

plt.plot(tx, umt - u@t, label="um(t) - uo(t)")
plt.legend()

Out[9]:

<matplotlib. legend. Legend at 0x1d47f085550>
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In [10]:

u_diff = umt - uet

u_diff_max_n = u_diff.argmax(axis=0)
u_diff_max_t = u_diff_max_n * dt

u_diff_max_t

Out[10]:

27.0
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In [11]:

u, udt, umt, ut_ana, tx = calc(nt=u_diff_max_n * 2)
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