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qaAx
Tyan = Tr + =57 (13)
BEXDRFM
=R TR LS — 0 T oA R BEAE SR R h(Ty — Tpayy) R qar HITTRIFRERE LLEEAGE
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a1+E
(REUCREER &
TDMA
Vec TDMA(Vec aW, Vec aP, Vec aE, Vec Su)
{
int size = Su.size();
VIR GEEACE
Vec P(size, 0), Q(size, 0), phi(size ,0);
[/ 76
P[0] = aE[O] / aP[O];
Q[0] = su[0] / aP[0];
for (int i = 1; i < size; i++)
{
P[i] = aE[i]/(aP[i] - aW[i]*P[i-1]);
Q[i] = (Sulil+aw[i]=Q[i-11)/(aP[i] - aW[i]xP[i-1]);
1
phi[size -1] = Q[size -1];
/7 EAR
for (int i = size-1; i>0 ; i--)
phi[i-1] = P[i-1]*phi[i]+Q[i-1];
return phi;
}
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TDMA S5 e M AR AN AL, AT =X MR i A RO B, L il oo O(n?) I [a]
SORE, EMEREN OMn), FRFH 7RI

Jacobi iE{t
Jacobi IEAR B HER N .
ok = i(bl — Z aijmffl) (16)
i =L

Vec jacobi(Vec awW, Vec aP, Vec aE, Vec Su, double p)

{
int n = aW.size ();
Vec phi(n,1), phiO(n,0), errList(n,1);
// whith origin value as 0
while (maxabs(errList) > p)
{
/] AR
phi[0] = (aE[0]*phiO[1]+Su[0])/aP[O0];
for (int i =1; i<n-1; i++)
{
phi[i] = (aW[i]*phiO[i-1]+aE[i]*phiO[i+1]+Suli])/aP[i];
}
phi[n-1] = (aW[n-1]*phiO[n-2]+Su[n-1])/aP[n-1];
VA R
for (int i=0; i<n; i++)
{
errList[i] = phiO[i] - phil[il];
phio[i] = phi[il;
}
}
return phi;
}

B IRIEAIEREI B T IRACRE FE B B S RAEL, ARG, KRB e = 1e — 6 W LRAE/N B R DALY

Guass-Seidel 4%

Guass-Seidel iEACHA L Jacobi IERFIFH T AL i H S, =N

1 i—1 n 5
= =St 30 ) an
27 j=1 J=i+1

XFF =X AR, AT Jacobi S IME

phi[i] = (aW[i]*phi[i-1]+aE[i]*phiO[i+1]+Suli])/aP[i];

IR Guass-Seidel ISR SHE L ELR, (HAZ BT HIEFIA 7 A0S IME, BRI P AR 5 AT 1.
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Ty=100°C Tz = 500°C
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3) P AR AL A1 (AR

4) KL R T DB B A B B P 4

def restrict(vec):
n = int(np.size(vec)/2)
vec_coarse = np.zeros(n)
for i in range(n):
vec_coarse[i] = (vec[2xi]+vec[2*i+1])/2

return vec_coarse

def prolong(vec):
n = np.size(vec)
vec_fine = np.ones(nx2)%vec[0]/2
for i in range(1l, nx2):
if (i %2 == 0):
vec_fine[i] = (vec[int(i/2) - 1] + vec[int(i/2)])/2
else:

vec_fine[i] = vec[int(i/2)]

return vec_fine

sl # iter stands for itereation times

def gslter (aw, ap, ae, su, phi, itr):

n = np.size (aw)

phi0O = phi
for i in range(itr):

phi[0] = (ae[0]*phi0O[1]+su[0])/ap[0]
for i in range(n-1):

phi[i] = (aw[i]*xphi[i-1]+ae[i]*phiO[i+1]+suli])/apl[i]

phi[n-1] = (aw[n-1]*phi[n-2]+su[n-1])/ap[n-1]
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for i in range(n):
phiO[i] = phi[i]

return phi

def residual(su, aw, ap, ae, phi):
n = np.size(su)
res = np.zeros(n)
for i in range(l, n-1)
res[i] = su[i] - (-aw[i]*phi[i-1]+ap[i]*phi[i]-ae[i]*phi[i+1])
res[0] = su[0] - ap[0]*phi[0] + ae[O]*phi[l]
res[n-1] = su[n-1] - ap[n-1]*phi[n-1] + aw[n-1]*phi[n-2]

return res

def getMatrix (num):
aw = np.zeros (num)
ap = np.zeros (num)

ae = np.zeros(num)

su = np.zeros(num)
for i in range(1, num-1):
aw[i] = kxa*xnum/|
ae[i] = awl[i]
su[i] = g*a*|/num
ap[i] = aw[i]+aeli]
aw[0] = 0
ae[num-1] = 0
ae[0] = kxa*num/|
aw[num-1] = k*axnum/|
su[0] = qg*a*l/n+2xk*xa*num/ | *tl
su[num-1] = g*a*l/n+2xk*a*num/ | xtr
ap[0] = aw[0]+ae[0] + 2xksaxnum/|
ap[num-1] = aw[num-1]+ae[num-1] + 2xkxasnum/|

return aw, ap, ae, su

def sol(aw, ap, ae, su):

n np.size (aw)
p = np.zeros(n)
g = np.zeros(n)
phi = np.zeros(n)
p[0] = ae[0]/ap[0]
q[0] = su[0]/ap[O]
for i in range(1, n):
plil = ae[il/(apl[i] - aw[i]l*p[i-1])
qlil = (suli] + aw[i]l*q[i-1])/(ap[i]-aw[i]*p[i-1])

phi[n-1] = q[n-1]
for i in range(n-1, 0, -1)
phi[i-1] = p[i-1]*phi[i]+q[i-1]

return phi

# prepare matrix

aw, ap, ae, su = getMatrix(n)

aw2, ap2, ae2, su2 = getMatrix(int(n/2))
aw3, ap3, ae3, su3 = getMatrix(int(n/4))
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phi = np.ones(n)*150

phi = gsliter(aw, ap, ae, su, phi, 3)
res =1

cnt = 0

res_list = []

while(res > le-6)

# finest mesh

phi = gsliter(aw, ap, ae, su, phi, 2)
r = residual(su, aw, ap, ae, phi)
res = np.mean(r)

res_list.append(res)

cnt += 1
H o———m restriction --—-------—-———-——-
r2 = restrict(r)

e2 = gslter(aw2, ap2, ae2, r2, np.zeros(int(n/2)), 10)
r4 = residual(r2, aw2, ap2, ae2, e2)

rr = restrict(réd)

#ed4 = gslter(aw3,ap3,ae3,rr,np.zeros(int(n/4)),10)
e4 = sol(aw3, ap3, ae3, rr)

# - prolongation ---————-——-——————-

eff = prolong(e4)

e2 = e2+eff

e2 = gslter(aw2, ap2, ae2, r2, e2, 2)

ef = prolong(e2)

phi = phi + ef

plt.figure (1)
plt.plot(res_list)
plt.show ()

B IEACHIE ik 22 (AWHED /T 1 x 1078 Iflesl, &0d 27 kv IERR, iEARIE.
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AT LAE B, mal i) i SR RIS T BT 660 20 A4 REIRARBINEL, K2 EMKS G, R 27 SV IE,
BAMEIRH 2 AR _E 1K) GS 1540 10 YREBCHH IS _E 1K) GS 354R LL K B MRS 1) TDMA 4L, KR T

I

EFESR

SETT SRR P AT DAAAZ BSOS U 28, AT RS s ARAR T8, AT AR E =R 561, KR M

9 tecplot #% 3K, FEATTHEAIEE .

Parameters 3

#ifndef _PARAMETER_
#define _PARAMETER_

#include <vector>
#include <string>

using namespace std;

class Parameters
{
private:
public:
int N, uS, B_L, B_R;
double dt, L, Al, A2, RHOC, K, TA, TB, P, Q_R, Q_L;
string solver;
Parameters () ;
~Parameters () ;
int readParameters(const char xfilename);
void Coeff(vector<double> &W, vector<double> &aP, vector<double> &aE);
void getSource(vector<double> &Su, vector<double> &T);
int outputFile(vector<double> vec_1, vector<double> vec_2);

b

#endif

Parameters 251 readParameters il outputFiles 71 57 W\ il ST SRS H0. Fr it 45 58, Coeff 1AM R EL

getSource T YR,

Solver

Solver MIRIUITH S Hh i @ ARBTTRE AR &, IRk T IsAORMEES, W L HUS AR

=R

TR M EATIGR IR 7341 1 initialize p%

/*

1R ARRY K A 2 github:  https://github.com/FR13ndSDP/NHT

11
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*@description: uniform grid only for specific problem

s@variables: number of nodals: n

s@author: Fr13ndSDP

*@date: 2020-10-04 22:11:52

*/

int initialize(int N, double L, double Tw, double TA, double Al, double K, Vec &T, Vec &position)

{
for (int i = 0; i < N; i++)
{
position[i] =L / (2 * N) + L / N * i;
T[i] = Tw - Al * (TA - Tw) / K % position[i];
}
return O;
}

B ML T IE AT RS TH IS R AR TS, B E i B AR R B A ERE P o 5

SHISZE controlDict

RS B IS HORNEW TR . BRASECZAE Parameters KIMIE KT OE, WARARIEESH
W2 RS Bt AT T 5

H - Geometry properties -—-————-—————-——-
# Geometry Length

L 0.3

# Number of nodes

N 64

# Spatial (s)

dt 60

H - Physical properties —--———-—-=-—-————-
# rhoxc

RHOC 1.05e6

# conductivity

K 0.85

# o Initial condition --------—-——————-

# left temperature

s| TA 20
# right temperature
TB -10
# ———— Boundary condition -------—-—--—-——-
unSteady 1

# boudary condition

Boundary_L 3

Boundary_R 3

# heat flux if B.C 2 if choosen

QLo

QR O

# wall h if B.C 3 is choosen

Al 6

A2 35

- Linear solver —--——-——-—————————ooee———
# solver used: TDMA, jacobi or guassSeidel
solver TDMA

# precsion of iterative solver

P le-8

12
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T-x plot
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Change of wall temperature over time
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Change of heat flux over time
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