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Abstroct

rany  problems on Heab  brapsfer. usually  have  equaticus
which include_wilbiple roriables aad are non-linear. Moreover we

L

eust solve them simulbtanecously, o

N

it is difficult to scolve them
aralytically. Secauze Lo solve them we aust  ace high-leval
mathematics which are difficult and complicate  to  understand.

Project 1, 2, being studied give o way of Areducing. these

cenple equations. We use numerical analysis ,i.e. Finite difference

methed  for solviﬁg tham and try to get boundary conditions involved

to find the most aearly excact solution. In the process a
nicrocompuber must must be used in helping to find the solutior’ A

prosram  was uritten to do the calcalabtion by mean of Gauss-Seidel
L“. ) #

erabive uethod.
Tiis project is an application of coumputer technology

consribut ive Lo solving the complex-Heat transfer problen.
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—(K_ ay/ax)(TLi, jI-TCLi+1,3)) - (Kan/ZAy)(T[{!jl—T[i.j—l])

—(K_ax/289)(TLi,33-TC1, JH D = o

g v
UNuA1 ¥y = xtend Qv e

{(Ztanze)T[i+1,jJ + TLi,§-13 + TLi,5+133 = TLi,33 seese(l)

2tan @ + 2

ﬁwuﬁ 2 Radiastion from Sun and Conductivity through roof

S ‘

"k

- ~%/%sun
. T T
. =1 7 ',\)\/
) ( -
ne

l+1J5'1

, 4

0
2
-
n
R
N
ov
~~
-
N
»
l
-3
%
»
S
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4 L 4

-]
I

: 4 T3 .
&z = Ax/cos9
D = axtan®/cos6

-(K,az/d )(TLi,jI1-T1) - (K, d /2a8z. + K _D/24z)(TLi,33-TLi-1,3+1D)

—(K d /2az + K D/2a2)(TL1,§1-TCi+1,3-1D) = 0

(K, 6x/d cos®)T  + (K d cos6/2 x +K_tan®/2) (TLi-1,3+13+TLi+1,3-13) = TLi,J3]

. K ax/d cosg@ + K d cos®/2 x + K_tan®/2

..v'o(z)

#1u7 3 Radiation from Sun and Conductivity through roof

R E !

sun

ST ECE N S
Y.
iy -1 ST

(K, 8y/d D(T -TLi,3D) + {(K,d /2ay)+(K_ox/28y)3{TL1,j+13-TC1, I3
+ (K d 728y)+(K_ax/2ay)3{TL1,j-13-TC1,j3}
+ (K ay/ax)(TLi-1,33-TLi,3D) = 0

v

(K1axtan9/dt)T1+{(K’dt/ZAxbanB)t(Ka/Ztane)}{TEi,j+13+T[i,j-lJ+Katan8T[i‘1,jJ

(K’Axbane/d‘)+(K‘d‘/ZAxbane)+(K3/2ban9)+Katane

= TLi,33 ceeee(3)

H
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) t
ﬁ1uﬁ 4 Convection Boundary Condition

i’j+1
I © '.
-
IR i
id ‘ﬂ\\
1"'1,\5 i+1'\j
Ta

((K,d_/2a%)+Chay/2)3{TL -1, 33-TLi,J T}
+ €(K_d, /26%)+(hay/2)3{TLi+1, 33-TC 1, 333

+ (bix/dz)(T[i.j+1]-T[i.jJ) + hsx(T =T[i,j)) = O

(K,d,/2ax)+(hextan®/2)3{TLi=1, JI4TLi+1, 313 + €(K_dx/d_)TLi,j+1I+haxT

(szé/éAx)+(hAxtan9/2)+(K2Ax/d2)+hAx

= TCi,4) / i bY..2) 0

4 ﬁ1uﬁ 5 Interior Node

i'j+1
;
e AR £ P

i’J-l

(K oy/ax)(TLi+1,33-T(i,§1) + (K, ay/8x)(TL1-1,33-TLi,3D)

+ (Kabx/Ay)(T[i,j+13-T[i,j35 + (stx/ay)(T[i,j~13—T[i.j] = 0
tanf@(T[i+1,j]+T[i*1,j]) + T[i,j413+ TLi,3-1) = TLi,J3] veeee(D)
¢ ' 2tan’e + 2

4 . b ' ad
ﬁ1"7u Natural convection Qx‘NLﬂﬂ%u luaeﬂﬁﬂqmﬂgunﬂﬂ0ﬂ1§0ﬂ11§ﬂﬂeunlWﬂﬁu

[y v & 1o ] o ' ) ] - tes ©
no ﬂouua1ﬂ1ﬂd1u1wmnuﬂ1ﬁuuuwuuugoaoagn1oﬂwuawo ?01””ﬂﬁ7883ﬂ1ﬂ0001ﬂ3ﬂ
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1

MiiBowar09n1g Radiation avgludosarnied

Flsuacarnafii 14w iusunTa

TCi,j3 Temperaturss at Node(i,j), K

i

nmax Maximum number of iterations designe

epsi Accuracy-check value, X

Ttemp Temporary name for value of uli,jl, K ‘

diff Difference in c¢alculated temperatures at a grid point for

two successive iterations, K
desgree Angle in degres
rad Angle in radian v 45

length The length of ceiling, m

delx x—~increment, m

dely y—increment, m

T1 Outside temperature of the roof, K

Ta Ambient temperature, K

ki fhermal conductivity of roof, W/m K

k2 Thermal conductivity of ceiling, W/m K’
k3 Thermal conductivity of air, W/m K

d1 . Th{;kness of the roof, m

d2 Thickness of the ceiling,'m

—~

h Convection heat tronsfer coefficiant, W/m> K



Alfsl
Alfs2

‘Sigma

node

Irradiation

Absorptivity for solar radiation

Absorptivity for low temperater radiation (about 25°C)
Stefan - Boltzmann constart, W/m” .K*

Grid row number: ¢
Grid column number

Number of iterations completed

Number of grid points at which accuracy check fails

Maximum grid row number (or maximum grid column number)

Flow Chart

Acssign Value -of Constant

Assign Function of Tan.

bescribé the Model

"

Cal%ulaté T;

(3)

1%



Read Data

1 The length of ceiling

2 Max{mum grid row (or colum) number
3 The number of z

4 Angle of roof

5 Maximum nummber of iterations desired

6 Epsi

[y

Calculate'

.'Ax, sy, 8, b, ¢, d

Assign Intial Temperature

Do § =1 to node

J = -z to node

Ttemp

=T
1

= -
}

no

2)

")



F—1 Ttemp = T(adiabatic side)

} yes

fe—— Ttemp = T(ropf‘)

! no no

r——— Ttemp = T(ceiling)

yes

ves

is jJ=node+1-i is j>0

-

H y

t—— Ttemp = T(roof?) . 1 . no

[ no

} no
le————— Ttemp = T(interior) f«--— - - ———— is i=node
H
H H
yes J'
e —~ Ttemp = T(sideroof)e——-- ——— -
'v N
L-- - -——= diff = Ttemp-TLi,j]

l



2

‘is diff < epsi

k = k+1
TLi,3] = Ttemp
, Do loop
- - g0 to (1)
no yes

¥Write iteration number and

number of points at which

accurary check fails yes

Write Distribution

Temprture

no

is run another Write iteration number and

yes number of points at which

accurary check fails

Goto (3)

goto (2)



o lisunsa

Program Finite_Difference_?or_Heat_TranFer_by_Gauss_Seidal_Mebhod;

Const ’
di = 0.006; ) (
d2 = 0.006; .
h = 22.7;
ki = 90.0433
k2 = 0.043%
k3 = 0.0024;°
G = 708;
Alfal = 0.12;
Alfa2 = 0.90; \
Sigma = 5,669e-8;
Ta = 300; )
Yesl = 'Y'; :
Yes2 = 'y'; ‘
Not = *'N'; .
NoZ2 = 'n';
Var
T 4 Arrayl0..20,-10,.281 of Real} o
nmax, epsi, Ttemp,diff : Real;
"degree,rad, length,delx ¢ Realj N
dely,Ti,ta,a,b,c,d ¢ Reals
iy Jynskynode,z ¢ Integer;
run t Charg
Label

1,2,8,4,5,6,7,8,1@,20,3@,4@.50,50,7@;



Begin

Function tan {(radian : real) : Real}

tan := sin(radian)/cos(radian)i

‘End}

BEGIN {main program?}

Clrscr;
Writeln('
Writeln('
Writelns
Writeln('
Writeln('

Writeln;

Writeln(

Writeln(®

Writeln(!

Writeln('

Writeln(

Writeln(!

Writeln('

-

Writeln(

Writeln(!

Writeln('

Writeln(!'

-

Writeln(
Writeln('

Writeln('

Writeln(

-

Writeln(

Writeln;

Program finite difference for heat transfer');

by Gauss-Seidel Iteration Method '3

The model for this project is_bhe roof Dy

The shape is showed, as follow '3

Ta * )3

¥
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*

B fcalculate outside %emﬁé;ature of the roofl}

. - - -

Tl 1= sqrt(sqgrt( (G*Alfal)/(Sigma*AlfaZ) + Sqr(sqr(Ta)) ));
Writeln('T1 = *,T1:6:2)3
Writeln;

{Read data3}

"
S

7:Write('Assign The length of ceiling (meters)

Readln(length)

il
-
~

2]

‘Write('Maximum grid row ( or column) number, n

Readln(node) ' .
Write('The number of z N
Readin(z)s

Write('Angle of roof 8, (degree) = ') ’
Readln(degree);

[
)

Write('Maximum number of interations desired
ReadIn(nmax)

Write('Epsilon = ')

Readin(gpsi);

Writeln;

Writeln(' Interation Number Number of grid points');

{change dpgree to rad%al}

rad := degree¥pi/180;

{Assign small displacement in x and y direction}
delx := length/(node-1);

dely := delx¥tan(rad);

a = h¥delx;

b t= k2kdelix/dZ;

c 3= k2¥d2/(2%delx) + h¥%d2/2;



{Assign initial value}
For i := @ to node do
Begin
For j 3= —(z+1) to node do
Begin

TLi, 31 := T1

End; .
End; )
n = 03
8:k = 0

For i1 := 1 to node do
Begin {begin of main loop}
For j 4= -z to node do

Begin

If i = 1 then goto 1

1

If 3 ~z then goto 2%
If § > © then goto 3i

node then goto 43

If i
Teemp 1= ( sqr(dely)*(TL{i,j+1] + T[i;J-lJ)
t sar(delx)¥(TLi+1,353 + TLi-1,30) )/( 2%(sqr(delx)
+ sgr(dely)));
{temperature at interior node}

goto 103

1: If §J = node then goto 53
Teemp := (TLi,5+13 + TLi,j-1] + (2%sgr(tan(rad))*¥TLi+1,§)))
/(2¥(sgr(tan(rad)) +1)); .
{temperature on adiabatic side}

goto 103



1f i = node then gogo 63
Ttemp := (a¥ta + b¥TCi, 3+11 + ok(TLi-1,3] — TLi+1,3))/d;
ftemperature on the ceiling}

»

goto 103

If j # (node+1)-i then goto 6§

“Themp := ( sqr(dély)*(ﬂi,jﬂ) + TLi,§~11)
+ sar(delx)®(TLi+1,3] + TLi-1,32) )/¢( 2¥(sqr(delx)
+. sqr(dely)) ) ‘

" {temperature at interior node}

goto 103

Ttemp 1= ( (kl*delx*Tl)/(dl*cog(radf)
+ ( (ki¥di*cos(rad))/(2%delx)
+ (k3%tan(rad))/2 )%( TLi-1,3-13 + TLi+1,3+1) ) )
7/ ¢ (ki¥delx)/(d1¥cos(rad))
+ (ki¥delx¥cos(rad))/(2%delx) + (k3%tan(rad))/2 )
{temperature of side roof}

goto 10;

Ttemp $= t1;

goto 10;

utemp = ( (ki%delx¥*T1)/(d1%cos(rad))
+ ( (ki¥dil¥cos(rad))/(2%delx)
+ (k3#%tan(rad))/2 »*( TLi~-1,j~13 + TLi+1,§+13 ) )
/€ (kl*delx)/(dl¥cos(rad))
+ (ki¥delx*cos(rad))/(2%delx) + (k3%tan(rad))/2 );

{temperature of roof}



4
l

na - -

"10: diff 1= Ttemp - TCi,43;

If abs(diff) - epsi <_0'then goto: 203

k := k+1;
201 TLi,J] t= Ttemps
End;
End; fend of mdin loop}
_n t= ntl;

If n-nmax >= @ then goto 30

If k=0 then goto 30;

Write (° : Yoni2,

Writeln;

Goto 83

30: Write (' 1 -

Writeln;
Writeln;

Writeln;

WPiteln('Temperature distribution in the roof when 6

ydegrees4:0);

{Write temperature distribution in the roofl

For j ¢= node downbo -(z-1)
Begin
If § <= @ then goto 40;
For i := 1 to (node+l)-+j
Begin .
Write(TLt,33:7:2)3
End;

Goto 59 -

do

do

PRI

',ke3)s

ki3



Iy

e
> - - . .

40: For 1 1= 1 to node do
. Begin
Write(TLi,J):7:2);
End; '
50: Writeln; A .-
End; | .
Writeln; ) -

Write('Do you want to run another (Y/N)?');
60: Read(kbd,run); v
If run in [Yesi,Yes2,Nol,No2] then
Begin write(run); delay(500);
Case run of Yesl,Yes2
Begin
Clrspr;
goto 73
End;

Nol,No2 :

Goto 790
End;
End
Else {else of if table’ .
Goto 603

70:END., {end of main program}

.

ARV IR Program P LFIREUIN Run Program aantﬁu 2 ﬁ?ﬂi fiodangn
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Assign The length of ceiling (cm) 30.00
Maximum grid row ( or column) number, n = 7
The number of z 0
Angle of roof ;i (degree) S 30.00
Maximum number of interdtions desired 100
Tpsilon - 0.01¢C

"

Interaticn Number Number of grid jpoints
4.
18
1
48
48

PO RO PO L0 G0 G0 L0 s B e oS I S s afe e st

=1 N QI WP e O 00 =T O s R OO 00 =T DY O (0 R -t
OI‘*JU1OJ*"-G3CC‘C,OC"IU’IZOI\J(_.‘U"I(N~1-‘|~]~!m;}3~

[T SO T (Yo B SR A T NG T G JN X, [ VSO N S S S O T S TROC G Uit S Y N |

Temperature distrisulion in the rcof when & = 20.0

3_4.20
£13.85 311.09

212.35 313.67 314.0¢

212.63 #12.¢8 U15.46 211,06

311.66 311.90 312,31 312.00 211.00

S10.31 210038 2.0.50 311,18 112.4x 711,03

D047 0700 Z0T.3C L0T.08 D03.7. 250.6C 211,00



Assign The length of ceiling (cm) = 30.00
Maximum grid row ( or column) number, n = 7
The nunber of =z ' = 0-
Angle of roof ,a {degree) = 40.00
Wa~1mum number o interations desired = 100
Epeilon . = 0.010 T
- Interation Number Number of grid points
1 16
2 N 4
3 18
4 48
5 8
6 13
7 48
! 2 i
9 47
10 37
11 46
12 45
13 45
14 44
15 43
16 41
17 39 .
18 35
19 % 35
20 32
21 27
29 24
23 ‘ 13 ’
24 , 5
25 0
Temperature cdistribution in the roof when € = 10.0
/
314,20
312.37 311.11
31L.18 213.18 3145.11
T 07 212037 313.03 312011
310.57 310,74 3311.33 312,41 311,11
3I06.C5, 208,58 308.97 309,83 211.48 314.11
206.85 2050078 307,66 306.21 207.4% 309.78 314.11



Do you want to run anotiher (Y/N)?

Assign The length of ceiling {cm) = 30.00
Masximum grid row ( or column) number, n = 7
The number of z . . = 0
Angle of roof ,8 (degree) = 50.00
Maximum number of interations desired = 100
Epsilon = 0.010
~ Interz{ion Number Number of grid peints
1 ' 15
2 45
3 18
4 48
5 48 ,
G 48
T 47
) 8 4.7
S 46
10 46
11 : 45
12 . 44
13 - ; 2 44
149 - 41
i3 | 41
16 3%
17 38
18 5 33
: 19 : 32
20 ! _ 29
21 24 .
22 20 )
23 9
24 4
25 0
Temperature distribution in the roof when & = 50.0
214.20
313.92 314.14
3312.8% 3313.18 314.14
1.2 311.68 312.53 314,14
- 09,58 30¢.52 310.40 211.83 314,15
507.30 30%.27 307.76 308.89 310.87 314.14
SCO.10 504.48 324.685 103,35 306.70 2309.16 21414



Do you-want to run another (Y/N)?

Assign The length of ceiling (cm) = 30.00
Maximum grid row ( or column) number, n = 7
The number of z = 0
Angle c¢f roéof ,8 (degrec) = 55.00
Mawimum number of interations desired = 100
Epsilon o = 0.010
‘Interation Number Number of grid points
] 45
2 15 :
3 48
4 48
5 18
6 18
. 0 47
3 g. 46
9 16
10 45
113 44
12 / 18
3 ot 41
14 : . 11
. 15 41
16 ; 3¢
B 1 23
18 - 32
19 31
20 , 27
21 - 23
22 i
23 ) \ 12
24 ~- g
25 1
26 5 0

Temperature distribuytion in the roof when ¢ = 55.0

"\

314,20
315.87 314,15, :

312,80 312.69 314.16

311.22 3131.32 517.20 214,16 T
300,506 309023 240,01 11.5G% 314.16

206,00 306,70 707,33 208.57 310.64 314.17

SCGAL 0 00 L 0n D123 207,07 306,43 208.92 31015



Do you want to run another (V/N)?
Aseign The length of ceiling (cm) = 20.00
Maximum grid row ( or column) number, n 7
The number of =z ‘ ) 0

Angle of roof ,8 (degrece) 60.00
Maximam numnber of itilerations desired 100

Epeilon 0.010

!

LRI B B Y|

Interation Number Number of gr:id points
42
. 15

418
18
48
47
46
46
45

Ha (OB = O WO ~T Uk O = W

1 44
1 13
1 i 11
1 41
1 41
15 3
16 36
17 35
18 32
14 29
29 -
21 22
22 18
73 15
. & 10
25 5
26 2
27 0

distiribution in ihe rocf when € = 60.0

17
LT 314,17

LE8 512,098 2a- T :

.82 200,08 2 040 2rlo17

SLO206.00 2he L 2T 210,53 21 LGg

LT OLE ) 08y BOCL21 209 TL 5140106




Do you want to run anotﬁer (YyN)?

Assign The length of ceiling (cm) = 30.00
Maximum grid row ( or column) number, n = 7
The number of z = 0
Angle of roof ,8 (degree) = 66.00 ‘
Maximum number of interations desired = 100
Epsilon = 06.010
Interation Number Number of grid points:
1 38
, 2 45
3 48.
4 , 48
. 5 48
6 46
7 46
8 46
9 44
10 43
11 42
12 41
13 3@
14 % 39
15 36
16 35
17. 32
18 29
19 27
20 25
- 21 21
22 18
23 ¥y
2] 14
25 12
26 @
27 3
28 0
Temperature distributiop in the roof when & = 66.0

.

314.2
314.04 314.18 —
312.51 312.51 314.18 .

210.57 2:0.39 311.87 314.18

208.77 308.39 209.36 33i1.21 314.18

Z03.00 P0G.AD 306.67 30F.02 310.27 2i4.1¢

SO3.507 305,47 303.85 304.67 304,02 408,92 314,18



Do you yant Ly LU/ )

O 1run anostl
A ¥ oce

Accign The 1 iling {cm) . = 306.00

Manimtue gricd osov { ecr coluamn) number, n = 7

The aamber of . . = 0

Ansie of rocl B (degree) = 7.00
0

3
—
[ e))

Matiman nawbier of intoerations degired

Tprilon = 0.010
Tnteration »umbcl Yunber of grid pointc
1 3E
°Q J
k2l ;1
: ;
B -
G .
7 .
£ 4
1’2 a
) 4

-
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¥riteln('Program Calculate T1 When Include Radibtion');

writelns
¥riteln(' Y
Writeln(* | d (cm) | 0 | 10 | 20 | 30 1)
Writeln(® . ' . - "
Writeln(*' | FI13 ' 1%} i 0.04 | ©0.02 | 6,015 1');
Writeln('  —- : : —— )3 b
Writelns .
Writeln; - ; ’
Write('F13 = ')
Reaﬁln(FlBJ;

J2 1= 5.669e-8%(0.96 ¥ sqr(sqr(T2)) + 8.1e9);

Ji 1= 84 + (F12 + F13)%J2; f

T1 := sqrt(sgrt((3.5 + J1)/5.66%e~8));
Writeln('T1 = ', T1:7:2)3
END.
,
_ waft léar L fudeiine . '
f d=10cnald TL=314.83 K
f d=20cmald T1=s812.19 K '
fi d=32cmald T1=311.52
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