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INTRODUCTION

We will use the finite difference method to solve the stationary thermal conductivity in three-dimensional case.We will divide a solid body
(device) into elementary parallelepipeds.

I1. FINITE DIFFERENCES METHOD

For node 0 (Fig. 1), surrounded by6 nodes (1,2,3,4,5,6), the energy balance is:
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Fig. 1
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q1-0 + 920 + q3-0 + Q40 + G50 T @60 =0

From Fourier's law we get:
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IfAx = Ay = Az(i.e., cubic nodes) the equation will be:
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Fig. 2.

T1+T2+T3+T4+T5+T6—6T0=0
For node O(Fig. 2) at the edge (the rear wall is thermally insulated and the main one is connected to the external environment) the equation is:

AZT3_TO Ax T4_To kA_xETl_TO kA_xETZ_TO

kdy — k—A
Y2 T Ax 7Y YT Ty 22 Ay

Ax
+ hcAyT (To —Ty) =0
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For nodeOof the device (Fig. 3) with walls xOyandyOz— thermally insulated and the base is in contact with the external environment, the
equation for the nodes1,2 and 3 is:

AyAzT, — T, AxAzT, =T, AxT; — T, Ax Ay _
22 Ax 22 Ay 2 a7 ey Te=T)=0

Example: A cube-shaped microelectronic device ABCD A,B,C;D; ¢ AB = 0,2 m, divided into cubes with Ax = Ay = Az =
0,1 mand nodes from 1 + 27 (Fig. 4)
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The equation for node 5is:
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T14—Ts

Az T,-Ts Az Tg—Ts Az Tg—Ts Az Ty—Ts _

(Ax=Ay=Az=0,1)
hc.20z
TZ_TS+T8_T5+T6_T5+T4_T5+2(T14_T5)+T(TOO_T5) =0
40.0,1.2

TZ+T8+T6+T4+2T14_6T5+T(20_T5) =0
50 + Tg + 40° + 60° + 2Ty, — 6,8Ts = —16
—6,8Ts + Ty + 2Ty, = —166
The equation for node8is:

Az T5 - Tg Ay Az T7 - Tg Ay Az Tg - Tg Ay T17 - Tg Ay
kAx — k—— k—— kAx———+ hcAx— (T, — Tg) =0

2Ty Ko T T tRo o Tax kg T Thebxg( )
2.40.0,1

2(Ts —Tg) + T, —Tg + Ty — Tg + 2(Ty; — Tg) + (20-Tg) =0

10
2T5 + T7 + Tg + 2T17 - 6,8T8 = _16

2T5 + 40 + 60 + 2Ty, — 6,8T5 = —16

2T + 2Ty, — 6,8T5 = —116

TS - 3,4'T8 + T17 = _58

The equation for nodel14is:

T14

Ts —Tiy T3 — Ty Tis —Tia Ti3—Tiy Ty —Tiy Ty -
kAxAy ——— + kAxAy —— + kAyAz ——— + kAyAz—— kAxAz ———— + kAxAy———= 0
XAy Az + kAxAy Az + kAyAz Ax + kAyAz Ax + +rAxAz Ay + kAxAy

Az
Ts —Tia+ T3 —Tia+Tis —Tia + T3 —Tia +Tig —Tia +T17 = T14 =0
TS+T23+T15+T13+T11+T17—6T14=0
Ts +30+40 + 60 + 50 + Tyy — 6Ty4 = 0
T5—6T14+T17 = —180

The equation for nodel7is:

Ay Ty — Tyy AyTg — Ty g — T17 Ay Ty —Tiy
kAx — — _ _

ka0 kA
2 Az Y Tar TR AT TR M T
Tye —Ti7+Tg —T17 + Tig —Ti7 + Tig — T17 + 2T14 — 2T17 = 0
T26+T8+T18+T16+2T14_6T17=0
30+T8+60+4'0+2T14_6T17=0
T8+2T14_6T17=_130

_T17=

T
+kAxAz2— =
Ay

The system of equations for the four nodes is:

Node 5: —6,8Ts + Tg + 2Ty, = —166
Node 8: Ts — 3,4Tg + Ty, = —58
Node 14: Ts — 6Ty + Ty; = —180
Node 17: Tg 4 2Ty4 — 6Ty; = —130

The result is:

Ts = 43,815°
Ts = 42,786°
Ty4 = 44,579°
T17 = 43,6570
CONCLUSION

The temperature information in the fixed nodes of the device helps to turn off the device or move its components in different places inside the
body.
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