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Computer Program for Prediction of Transient Conduction in Fin

Kongsak Phuangsub
Pormntiwa Archeewa
Suppaheart Chaiyapoom

Assoc. Prof. Dr. Pongjet Promvonge Advisor

ABSTRACT

The paper presents the simulation of temperature distributions in a 3-dimensional
material block. A finite volume method is utilized for predicting temperature in both unsteady and
steady-state conductions in the block with prescril;ed temperature at 18 boundaries. The predicted results
are compared with solution of ANSYS program, a commercial program, and excellent agreement

between the results compared is achieved.
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aouin 1o aaumsaz 18y

e i T
6= ch sin(n = )sinh(n y) (2.66)
e b b

n=l

v ) ' '
nasnniulditoulvivey (Boundary) Minde Ao aums (2.55) Tauld¥nuiauiia Othogonality Property

v E ' <
vaa flafdu sine [2] vz lAmigatheves ¢ 11y

B 2 J;:)(p (\) sin(nT[x b)dx

L (2.67)
bsinh(nTEH’b)
wnua ¢, Tuaums (2.66) 9 1Ay
b,
7 £ L(f(x)—TOO )sin(nTEx, b)dx nTCx nly
0=, sin sinh (2.68)
' sinh(nTEH,"b) b b
Viufe aunsnesuveyluglgamgl il
b 1
0 L(f(x)—Too)sm(n?Ix b)dx NTTix nTy »
IT=T A% Z LT TR 7 € lsta b, S (2.69)
b=, sinh (117EH ‘b) b b
14nue4 Fourier MiAmangnusauiidhuguvesns v sanie
el o
=] e
ay y=H
b : . (2.70)
1t L L(f(x)—Too)sm n7lx/ b Jdx nTTx nTTH
=—k— nsin cosh
bis, sinh(n?[H b) b b
Y ~ ad a A %
tlunsdl gunniifguasuasi oz 1d
4(T0—TOO) e 1 (2n+1)7Tx
T(x,y) =To T Z sin
o (2n+1)mTH ks
"=0(2n +1)sinh
b (2.71)
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Y
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Y : o @ aw I A o
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o’ 0’ NG
——T(x,y:t) =+ = JOAY .0 < SR YA (2.73)

ox’ Y O O

I

Anoy  T(xy.) = Y (x,y)T()
W (xy) = Mneulufladsuvesdmia x nagy

o P
T(t) fMeovluenduvosnan t

T(x,y,t) AOANABIAUAUMNT (2.73)

2 2)
1 O V(x,y) O Y(xy) I dT(t)
b/ o Y 3 = = =) (2.74)
Y(x,y)| | Ox oy OLT(t) dt
AUMTOYRUT5ITUAIVOL T (1)
T 5
—W+OATH) = ™ (2.75a)
dt
T, () = - (2.75b)
aumsoyiussssuavesiam leinuing
2
% = g
2\]U(x,y)—i- Y(x,y) = 0 (2.76a)
X
Yixy) = X&) Y() (2.76b)
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X(x) Maovluilanduved x
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Y(y) fwouluilanduveay

V(x,y) coandeafuaums (2.76a)

2X(x) Y0

= + x(x) 5

dX dy

d 2
Y(y) + A X(x)Y(y) = 0

2 2
1 A %) L d Y
hr e G T

2 2
X(x) dx Y(y) dy

9 a| o Y [ v A [ a‘/) 1 L) 1 |
aounounsnmMIeluaums2.77) Wuilansuueadnlsdufer duiumazmouazMAuAIAIN

: - el ...B (2.78)
X(x)i v dxt
t o dt vl
—_— Zy S (2.79)
Y(y) dy
pnualuaums 2.77)
B’ HA =. ¥ B (2.80)

aumsoyiusvasilam lonuagludina x uag y

i
2 TP %D (2.81)
dx
2
d Y(y) )
TR (2.82)
dy
AAoUVRIANNT (2.81) Haz (2.82) Vuaghuaumsvouavesilynniu g Tash
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fnovveaiym
S5 —0B, o
T(x,y,t) = Z zAmnx(Bm’x)Y(’YnsY)e o 2 (2.83)
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unuaums (2.91) asluaums (2.84) nazm1sia 2 919 dao wagu XYZ 9zl
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a {6 I 1 ~ ~ @ Y = @
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Y mifu — A2 s dilu

X"h A X=10
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WIMA 199UV Ordinary Differential Equation [2] uagnnuaimasuvesaumsasluauns 2.91) v 1d
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1 o_ v k4
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a0l 921524nd Boundary auns (2.86)
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m=l n=l
msURUa vz 1950

0
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o) ifem(x)sm[%y)

m=l

1219 aausiA Orthogonality vesiland sinl_(mﬂ:/L)yJ [2] Tuaums (2.105) o2 147

(2.101)

(2.102)

(2.103)

(2.104)

(2.105)



dilhnomanay Waztounmmanse s .
1

2 m7l
Gm(x):—j0 (p(x,y)sin(—yjdy (2.106)
L L
U [ 9 9 wa o
unumMauMs (2.104) nduluauns (2.106) uaalsauiia Orthogonality YpIflandu sin[(mn/L)yJ

v 1ty
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azT(x,y,z,t) = azT(x,y,z,t) £ azT(x,y,z.t) \II ] aT(x,y,z,t)
ze 6y2 azz (0 Ot

fnoy T(zyz) = Y xy.z)TE)
W (xy,2) fseuluilsiduvesdhumisx,y uaz z

T(x.y,zt) HOAAABIAVANMS (2.112)

1 az\V(x,y,z)+62\V(x,y,z)+az\|l(x,y,z) 1 1 dT(t)= —XZ

Y(x,y,z) ox’ 5y2 { = OT(t) dt

AUMIOUNUTUDI T(1)

dT 5
o) + A T(t)

dt

Il
o

T)\‘(t)

|
ke
>
«

aumsvesilyn leinuang

az\ll(x,y,z) . az\ll(x,y,z) 0 az\l!(x,y,z)
Ox’ oy’ o’

Wik yiz) = X(x)Y(y)Z(z)

FA Wy = 0

o J o
X(x) Aaeuluilanduuna x
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(2.115a)

(2.115b)
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Ty e oy B B e R e [ LR
+ + te s e =il (2.116)

2 2 2
X(x) dx Y(y) dy Z(z) dz

Y g & o dw @ a w1 ! e o
ﬁﬁJW]@iJLLﬁﬂ‘VﬂQ“IﬂU(IUﬁNﬂﬁ (2.116) LﬂuWﬂﬂ“ﬁuﬂJmmuﬂimm ANUULAAZLINDUIZININUA TN

I d*X(x) :
—— - B (2.117)
X(x) dx~

1 dZY(y) 2 o]
ot : 2 — (2.118)
Y(y) dy

2.

[ YdhZ(Z) 5
f2 : = —n (2.119)
Z(z) dz

pnuasluauns 2.116)

B2+t +n? =LA (2.120)

[V4 L gl
aumsoiusvesilymilonuag 3 aa ldund

2
d X(X) 2
: +B X(x) =0 (2.121)
dx
d¥(y)i o =
. -+Y°Y(y) = 0 (2,122}
dy
At
i +1.Zz) =0 (2.123)

MaouURIANMT (2.121), (2.122) 1Az (2.123) éfiyuacjﬁuﬂumimammmmﬂmmimﬁ
X(B 0 lonuilsnduluiida x
Y(y Ly) lenuiledduluiida y
zZMp»2) Nownuilanguluiing z

Maouvaailyi
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o 0 o : ey
Tayzd) = X 22 AxB,0YY, 2 e T

m=1 n=lp=Il

(2.124)

o 1w a 4 1 [ 4 2 wa
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113N 191UVDY Subroutine CONTRO

Set Parameter and Control
indices

v

Set Geometry and
Initialization
Call Subroutine INIT

v

Calculate Thermal
Conductivities

Call Subroutine PROPS

J Print Out of initial
Temperature
. Call Subroutine PRINT

]
\4

Start Iteration Loop

Y

Call Subroutine CALCT

|
|

Y

Update Thermal
Conductivities
N Call Subroutine PROPS

L NENITPRI

Yes

= Print Out Temperature field
1 each 20 time of Iteration
| Call Subroutine PRINT

Y
Print Out Error Temperature =
Field Yes N>MAXIT
Call Subroutine PRINT

No
v

R, <SORMAX

Yes

S R ek pY,
Print Out Correct
Temperature Field

Call Subroutine PRINT
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N1591911UD4 Subroutine INIT

V \
i Set Grid Quantities |
| |
\ J

Set Array to Zero

FALSE INCYLX.AND.INCYLY oo | ~G— TRVE
| |
; ok o
3 (
Continue Program Print Out Error Warning
|
B e
N/ A

Exit Program
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11591911U84 Subroutine PROPS

Update Thermal Conductivities

Y Y [ 2
Y v a

laidnsallas visdu Bnnanuilvsaudadilen wasdesoediadvaenaisynasaninistluly



15N191UUDY Subroutine PRINT

Receive
Istart,Jstart, Kstart
Iend,Jend,Kend
It,Jt, Kt
XV Z
Phi,Head,1,n,m

Set Initialization and Heading

B Yool o B = J Wemey \ oo 4 o8 Wi

Print Out Heading

Print Out Temperature Field

yis)



15N191UUDY Subroutine PRINT

Receive
Istart,Jstart,Kstart
Iend,Jend,Kend
It,Jt, Kt
XY,z
Phi,Head,1,n,m

} Set Initialization and Heading

Print Out Heading

Print Out Temperature Field
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11511914 V94 Subroutine CALCT

‘. Assemble of Coefficients i

| w

Modify Problem
Call Subroutine PROMOD

|
;

‘ Assemble Final Coefficient ‘
; and
{ Calculate Residual Source

A

N

Solution of Difference Equation
Perform Line Iteration
Call Subroutine LISOLV

iy

Solution of Difference Equation
Perform Block Adjustment
Call Subroutine BLKSLV

76



7

11511911 U94 Subroutine PROMOD

—

Calculate Diffusion Coefficient

each Boundary J

o

' Insert Correct Boundary
Comndition
via




1571914 U84 Subroutine LISOLV

Receive
Jstart,Jend
It,Jt, Kt
Phi

!
Assemble TDMA
Coefficient

|

Calculate Coefficient of '
Recurrence Formula

Back Substitute

| TR

Assemble Block

| DSefeion:
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1151911 UD4 Subroutine BLKSLV

Receive
Jstart,Jend
It,Jt,Kt
Phi ’

i
‘
|

v -

Calculate Coefficient of
Recurrence Formula

l

Calculate Block Adjustment ’

Add Adjustment to Each Line
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