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ŘEŠENÍÊMETODOUÊKONEČNÝCHÊDIFERENCÍ2.
JEDNODUCÝÊPŘÍPADÊ- OKRAJOVÉÊPODMÍNKYÊ=ÊDANÁÊTEPLOTA



#ÊproÊvyzkouseniÊsiÊfiniteÊdifferenceÊmethod,ÊpujduÊpodleÊucebniceÊaÊnapisuÊjednoduchejÊprogramÊ
pomociÊexplictiniÊmetody
#Ê1
#ÊjednoducheÊokrajoveÊpodminkyÊ- jenÊzadaneÊteploty
import numpy as np
import matplotlib.pyplot as plt
#ÊtyÊhodnotyÊjsouÊvÊamerickychÊjednotkachÊodpovidajiciÊhliniku
lambÊ=Ê0.49 #ÊW/(m.K)ÊsoucinitelÊtepelneÊvodivosti
cÊ=Ê0.2174 #ÊJ/(m.K)ÊmernaÊtepelnaÊkapacita
roÊ=Ê2.7 #Êkg/m3Êhustota
LÊ=Ê10 #ÊmÊcelkovaÊdelka
dxÊ=Ê2 #mÊdelkaÊkrokuÊvÊx
dtÊ=Ê1 #sÊdelkaÊkrokuÊvÊcase
#pocatecniÊpodminky
T0Ê=Ê0 #ÊC
#ÊokrajoveÊpodminky
T_levoÊ=Ê100 #ÊC
T_pravoÊ=Ê50 #ÊC
n_noÊ=Êint(L/dx+1)
TÊ= np.zeros([50,Ên_no])
#vypocitamÊintegracniÊkeficientÊlamb/(ro*c)Ê*Ê(dt/dx**2)
#ÊpokudÊjeÊtentoÊkoeficientÊ>Ê0.5ÊtakÊjeÊtatoÊmetodaÊnestabilni
int_koÊ= lamb/(roÊ* c)Ê* dt/(dx**2)
print(int_ko)Ê#ÊmeloÊbyÊvyjitÊ0.0208695
#rucneÊzadamÊprvniÊteplotyÊaÊpakÊpojeduÊdal
T[0]Ê= T0
T[0,Ê0]Ê= T_levo
T[0,Ê-1]Ê= T_pravo
#ÊtedÊzadamÊzbytek
#ÊpocitamÊvzdyÊjenÊprostredniÊhodnoty,ÊkrajniÊzadavamÊzÊokrajovychÊpodminek
for iÊin range(1,Êlen(T)):

for jÊin range(n_no):
if jÊ==Ê0:
T[i,Êj]Ê= T_levo

elif jÊ== n_no-1:
T[i,Êj]Ê= T_pravo

else:
T[i,j]Ê= T[i-1,j]Ê+ int_koÊ* (T[i-1,j+1]Ê- 2*T[i-1,j]Ê+ T[i-1,j-1])

#ÊtadyÊjenÊnastavimÊabyÊseÊmiÊtisklyÊjenÊ2ÊdesetinneÊpozice
np.set_printoptions(formatter={'float':Êlambda x:Ê"{0:0.2f}".format(x)})
print(T)
#Ê3dÊgraf
xÊ= np.arange(n_no)
yÊ= np.arange(len(T))
X,ÊYÊ= np.meshgrid(x,Êy)
ZÊ= T
figÊ= plt.figure()
axÊ= plt.axes(projection='3d')
ax.plot_surface(X,ÊY,ÊZ,Êrstride=1,Êcstride=1,

cmap='winter',Êedgecolor='none')
#Êax.set_xlabel('x')
#Êax.set_ylabel('y')
#Êax.set_zlabel('z');
plt.show()

0.2086953558894681
[[100.00Ê0.00Ê0.00Ê0.00Ê0.00Ê50.00]
[100.00Ê20.87Ê0.00Ê0.00Ê10.43Ê50.00]
[100.00Ê33.03Ê4.36Ê2.18Ê16.51Ê50.00]
[100.00Ê41.02Ê9.88Ê5.62Ê20.51Ê50.00]
[100.00Ê46.83Ê15.49Ê9.62Ê23.56Ê50.00]
[100.00Ê51.39Ê20.81Ê13.75Ê26.17Ê50.00]
[100.00Ê55.15Ê25.72Ê17.82Ê28.55Ê50.00]
[100.00Ê58.37Ê30.21Ê21.71Ê30.79Ê50.00]
[100.00Ê61.18Ê34.31Ê25.38Ê32.90Ê50.00]
[100.00Ê63.67Ê38.05Ê28.81Ê34.90Ê50.00]
[100.00Ê65.91Ê41.47Ê32.01Ê36.78Ê50.00]
[100.00Ê67.92Ê44.60Ê34.98Ê38.54Ê50.00]
[100.00Ê69.75Ê47.46Ê37.73Ê40.19Ê50.00]
[100.00Ê71.41Ê50.08Ê40.27Ê41.72Ê50.00]
[100.00Ê72.93Ê52.49Ê42.62Ê43.15Ê50.00]
[100.00Ê74.31Ê54.69Ê44.79Ê44.47Ê50.00]
[100.00Ê75.58Ê56.72Ê46.79Ê45.69Ê50.00]
[100.00Ê76.74Ê58.58Ê48.63Ê46.82Ê50.00]
[100.00Ê77.80Ê60.30Ê50.33Ê47.86Ê50.00]
[100.00Ê78.78Ê61.87Ê51.90Ê48.82Ê50.00]
[100.00Ê79.68Ê63.32Ê53.34Ê49.71Ê50.00]
[100.00Ê80.51Ê64.65Ê54.66Ê50.53Ê50.00]
[100.00Ê81.27Ê65.88Ê55.88Ê51.28Ê50.00]
[100.00Ê81.96Ê67.00Ê57.01Ê51.97Ê50.00]
[100.00Ê82.61Ê68.04Ê58.04Ê52.61Ê50.00]
[100.00Ê83.20Ê68.99Ê59.00Ê53.20Ê50.00]
[100.00Ê83.74Ê69.87Ê59.87Ê53.74Ê50.00]
[100.00Ê84.24Ê70.68Ê60.68Ê54.24Ê50.00]
[100.00Ê84.70Ê71.42Ê61.42Ê54.70Ê50.00]
[100.00Ê85.12Ê72.11Ê62.11Ê55.12Ê50.00]
[100.00Ê85.51Ê72.73Ê62.74Ê55.51Ê50.00]
[100.00Ê85.87Ê73.31Ê63.31Ê55.87Ê50.00]
[100.00Ê86.20Ê73.85Ê63.85Ê56.20Ê50.00]
[100.00Ê86.50Ê74.34Ê64.34Ê56.50Ê50.00]
[100.00Ê86.78Ê74.79Ê64.79Ê56.78Ê50.00]
[100.00Ê87.04Ê75.20Ê65.20Ê57.04Ê50.00]
[100.00Ê87.27Ê75.59Ê65.59Ê57.27Ê50.00]
[100.00Ê87.49Ê75.94Ê65.94Ê57.49Ê50.00]
[100.00Ê87.69Ê76.26Ê66.26Ê57.69Ê50.00]
[100.00Ê87.87Ê76.56Ê66.56Ê57.87Ê50.00]
[100.00Ê88.04Ê76.83Ê66.83Ê58.04Ê50.00]
[100.00Ê88.20Ê77.09Ê67.09Ê58.20Ê50.00]
[100.00Ê88.34Ê77.32Ê67.32Ê58.34Ê50.00]
[100.00Ê88.48Ê77.53Ê67.53Ê58.48Ê50.00]
[100.00Ê88.60Ê77.73Ê67.73Ê58.60Ê50.00]
[100.00Ê88.71Ê77.91Ê67.91Ê58.71Ê50.00]
[100.00Ê88.81Ê78.08Ê68.08Ê58.81Ê50.00]
[100.00Ê88.91Ê78.23Ê68.23Ê58.91Ê50.00]
[100.00Ê88.99Ê78.37Ê68.37Ê58.99Ê50.00]
[100.00Ê89.07Ê78.50Ê68.50Ê59.07Ê50.00]]

KódÊ1

OKRAJOVÉÊPODMÍNKYÊ=ÊZADANÝÊTEPELNÝÊTOK

KódÊ2



#ÊnapotretiÊtoÊuveduÊdoÊpraxe,ÊnaÊjedneÊstraneÊbuduÊmenitÊteplotuÊzÊprubehuÊdne,ÊnaÊdruheÊstraneÊbuduÊ
drzetÊ20C
#ÊkÊtomuÊbuduÊmeritÊkolikÊmusimÊdodatvatÊteplaÊabyÊtoÊtakÊbylo
import numpy as np
import matplotlib.pyplot as plt
#Ê-----------------------------------------
#Êzadani
#Ê-----------------------------------------
#ÊzadamÊhodnotyÊproÊstenuÊcihelnouÊstenuÊCP
lambÊ= 0.8 #ÊW/(m.K)ÊsoucinitelÊtepelneÊvodivosti
cÊ=Ê900 #ÊJ/(m.K)ÊmernaÊtepelnaÊkapacita
roÊ=Ê1700#Êkg/m3Êhustota
LÊ=Ê0.4 #ÊmÊcelkovaÊdelka
dxÊ=Ê0.05 #mÊdelkaÊkrokuÊvÊx
dtÊ=Ê600 #sÊdelkaÊkrokuÊvÊcase
#Ê-----------------------------------------
#ÊpocatecniÊaÊokrajoveÊpodminky
#Ê-----------------------------------------
#ÊokrajoveÊpodminky
#ÊvenkovniÊteplota
#ÊfunkceÊnacteÊteplotuÊproÊzadanyÊdenÊzeÊsouboruÊzÊrokuÊ2000ÊzÊjedneÊnemeckeÊstanice
#ÊzadatÊdenÊveÊformatÊYYYYMMDDÊnaprÊ0311ÊproÊ3.11.
#ÊvratiÊvektorÊT_outÊ=ÊprubehÊteplotÊdanehoÊdneÊpoÊ10Êminutach
def get_temp(day):
dataÊ= np.loadtxt("2000_po_10_min.txt",Êcomments="#",Êdelimiter=";",Êunpack=False)
T_outÊ= np.array([])

for iÊin range(len(data)):
if str(data[i,Ê1])[:8]Ê==Ê"2000"Ê+ day:
T_outÊ= np.append(T_out,Ê[data[i,Ê-1]])

return T_out
T_outÊ= get_temp('0311')
#ÊvnitrniÊteplota
T_inÊ=Ê20 #stupnuÊC
n_noÊ=Êint(L/dxÊ+Ê1)Ê#ÊnumberÊofÊnodes
#ÊpocatecniÊteplota
#ÊlinearneÊrozdelimÊteplotuÊmeziÊTinÊaÊTout
T0Ê= np.linspace(T_in,ÊT_out[0],n_no)
#ÊpocatecniÊpodminkyÊaplikovaneÊnaÊprazdnouÊmatici
n_noÊ=Êint(L/dxÊ+Ê1)Ê#ÊnumberÊofÊnodes
TÊ= np.zeros([len(T_out),Ên_no])Ê#ÊprubehÊteplotyÊvÊprostoruÊaÊcase
T[0]Ê= T0
T[:,Ê0]Ê= T_in
T[:,Ê-1]Ê= T_out
print(T0)
#Ê-----------------------------------------
#Êvypocet
#Ê-----------------------------------------
int_koÊ= lamb/(ro*c)Ê* dt/(dx**2)
print(int_ko)
#ÊpocitamÊvzdyÊjenÊprostredniÊhodnoty,ÊkrajniÊzadavamÊzÊokrajovychÊpodminek
for iÊin range(1,Êlen(T)):

for jÊin range(n_no):
if jÊ==Ê0:

continue
elif jÊ== n_no-1:

continue
else:
T[i,j]Ê= T[i-1,j]Ê+ int_koÊ* (T[i-1,j+1]Ê- 2*T[i-1,j]Ê+ T[i-1,j-1])

np.set_printoptions(formatter={'float':Êlambda x:Ê"{0:0.1f}".format(x)})
print(T)
print(T[0])
print(T[1])
#ÊvypocetÊtepelnehoÊtoku
#ÊmerimÊtohleÊspravne?
qÊ=Ê-lambÊ* (T[:,0]Ê- T[:,1])/dx
print('tepelnyÊtokÊnaÊvnitrniÊstrane')
print(q)
#Ê-----------------------------------------
#Ê3dÊgraf
#Ê-----------------------------------------
xÊ= np.arange(n_no)
yÊ= np.arange(len(T))
X,ÊYÊ= np.meshgrid(x,Êy)
ZÊ= T
figÊ= plt.figure()
axÊ= plt.axes(projection='3d')
ax.plot_surface(X,ÊY,ÊZ,Êrstride=1,Êcstride=1,Êcmap='magma',Êedgecolor='none')
ax.set_xlabel('šířkaÊstěny')
ax.set_ylabel('č(poÊ10Ês')
ax.set_zlabel('teplota');
plt.show() [20.ÊÊÊÊÊ17.1875Ê14.375ÊÊ11.5625ÊÊ8.75ÊÊÊÊ5.9375ÊÊ3.125ÊÊÊ0.3125Ê-2.5ÊÊÊ]

0.12549019607843134
[[20.0Ê17.2Ê14.4Ê...Ê3.1Ê0.3Ê-2.5]
[20.0Ê17.2Ê14.4Ê...Ê3.1Ê0.3Ê-2.5]
[20.0Ê17.2Ê14.4Ê...Ê3.1Ê0.3Ê-2.4]
...
[20.0Ê17.9Ê15.8Ê...Ê6.2Ê3.0Ê-0.5]
[20.0Ê17.9Ê15.8Ê...Ê6.2Ê2.9Ê-0.5]
[20.0Ê17.9Ê15.8Ê...Ê6.1Ê2.9Ê-0.7]]
[20.0Ê17.2Ê14.4Ê11.6Ê8.8Ê5.9Ê3.1Ê0.3Ê-2.5]
[20.0Ê17.2Ê14.4Ê11.6Ê8.8Ê5.9Ê3.1Ê0.3Ê-2.5]
tepelnyÊtokÊnaÊvnitrniÊstrane
[-45.0Ê-45.0Ê-45.0Ê-45.0Ê-45.0Ê-45.0Ê-45.0Ê-45.0Ê-45.0Ê-45.0Ê-45.0Ê-45.0
-45.0Ê-45.0Ê-45.0Ê-45.0Ê-45.0Ê-45.0Ê-45.0Ê-45.0Ê-45.0Ê-45.0Ê-45.0Ê-45.0
-45.0Ê-45.0Ê-44.9Ê-44.9Ê-44.9Ê-44.9Ê-44.9Ê-44.8Ê-44.8Ê-44.8Ê-44.7Ê-44.7
-44.6Ê-44.6Ê-44.5Ê-44.5Ê-44.4Ê-44.4Ê-44.3Ê-44.2Ê-44.2Ê-44.1Ê-44.0Ê-44.0
-43.9Ê-43.8Ê-43.8Ê-43.7Ê-43.6Ê-43.5Ê-43.4Ê-43.3Ê-43.2Ê-43.2Ê-43.1Ê-43.0
-42.9Ê-42.8Ê-42.6Ê-42.5Ê-42.4Ê-42.3Ê-42.2Ê-42.0Ê-41.9Ê-41.7Ê-41.6Ê-41.4
-41.3Ê-41.1Ê-41.0Ê-40.8Ê-40.6Ê-40.4Ê-40.3Ê-40.1Ê-39.9Ê-39.7Ê-39.5Ê-39.4
-39.2Ê-39.0Ê-38.8Ê-38.6Ê-38.5Ê-38.3Ê-38.1Ê-37.9Ê-37.8Ê-37.6Ê-37.4Ê-37.3
-37.1Ê-36.9Ê-36.8Ê-36.6Ê-36.5Ê-36.4Ê-36.2Ê-36.1Ê-35.9Ê-35.8Ê-35.7Ê-35.5
-35.4Ê-35.3Ê-35.2Ê-35.1Ê-35.0Ê-34.9Ê-34.8Ê-34.7Ê-34.6Ê-34.5Ê-34.4Ê-34.3
-34.2Ê-34.1Ê-34.0Ê-33.9Ê-33.9Ê-33.8Ê-33.7Ê-33.6Ê-33.6Ê-33.5Ê-33.5Ê-33.4
-33.4Ê-33.3Ê-33.3Ê-33.3Ê-33.3Ê-33.2Ê-33.2Ê-33.2Ê-33.2Ê-33.2Ê-33.3Ê-33.3]


