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An Appropriated Thermal Distribution Equation for
Temperature Prediction of the Electrical Consumption through Copper Wires
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Abstract

The variation of electricity through the copper wires causes heat in the electrical distribution
systems. The copper wire insulators are melted or flame if the electrical consumption generates heat
more than the heat resistance limit. Consequently, it causes electrical short circuits, fire and loss of
life.

Determination of the hot spot in the electrical distribution system can be checked by the
infrared thermography camera. This prevented method must be operated at the locations which heat
generated during the electrical distribution. The electrical consumption causes the hot spot in the
electrical distribution system. If the electrical consumption values are transformed to be the heat
values we can prevent the failure of the electrical distribution system by monitoring the rate of the
electrical consumption at the electrical distribution stations.

In this research, the heat values which were generated by the variation of the electrical
currents through the copper wires were studied. The experiments were set and recorded with the

infrared thermography camera. The correlated equation was created using the relation of the hot spot
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temperature, the lengths and the cross section areas of the copper wires. This equation will be used

to predict heat in the electrical distribution system.

Keywords: infrared thermography camera, hot spot, electricity, copper wire.
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diffusion  equation) lungusasinans (Medium)
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\lefinnsnszardrvesgungiiiudiuing
AIUALAINLNU (Temperature gradient) 1ugﬂ17f 1
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(Conduction heat rate) Inefisnsinsihausoud
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gy = 4+ dx (1)
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Qyeay =4, + %> ay (2)
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nsthanuseululsunsaivauwazausauandle
Feaunsi (4)

E, = gdxdydz (4)
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. T
E, = pc, a—dxdydz (5)
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naauANuTaudeUININIAILAY (Time rate of
change of the thermal energy of medium per
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LandaNn150YSNENEIU (The conservation of
energy) l@Fsaunsi (6)

E'm +Eg _Eout = E (6)
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fugauns (8-10) muasula
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diffusivity) wag

a=—- (12)
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(13) [7]

=4, =0l (13)
gl o fo anmdumiulii (resistivity) Iniae
Q-m
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5 wquinas

94 FOV.

5U7 3 Fngein (blackbody) B%e FLUKE Ju 4180

3.2 MSIATIZRLR

Tunis@nwiusingnisalnisiinaauseuly
aranesuatvzdinisfmasiieatunisnageu
Sruunatenisfiwesidiunieades nslasigi
% (Dimensional ~ analysis) azidun151u1dAves
wfiwefmaniuinlinssiuar Salnandundy
w5 fmesliAfieldivuanudnuazuosin
ey Taeldnguivestniueln (Buckingham
Pi Theorem) Tun153LASIEATUALIAUAITIATIZA
nsluavesvedlua (Fluid flow) [8-10]

TuemAseilevhnmsanmamnsimes 6§ i
wanslum3199i 2 Feldunanaunisnisnszanemay
Zoulpeiisuauiiavavun 4 97 laua K, m, kg Wag s
e W awnsansyaremenlindu kem’s ) @
thandeulveglusuiumindvesiiduanslusuil 4
wagliisvastniausulwinlildnguuastn (Pi) Tugy
Yoeilentu Lanslanigaunis (14-16)

4. HAN1MAABILALIRTTA]

4.1 MsdpuLiBundaeaIenImANIau
VANNNTADUIE UV TVBINADIa18AINAIY
Sourilalnefnsendossnonmanudoulivedus
Feduuudngen (Blackbody
FUUsEAVSNTWANSE (Emissivity) Wrlndwils USu
gampfivesinganlididnafialadnids Ufuen
duuszAvdniswididvesndesdesnnufeuliviiy
vilaudrdudinAngamgifiewléignianarswes FOV
vaaimgiudrIsiguugiiewldssuiisuiy
gaunniivesingalagvinstuiingumgil 5 Auag

ansananssansaouiisulalumsnd 3

7, =¢(x,) (14)

t 0.5
IGH 7, =(q7j “x (15)

Radiator) & siian
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7T, = a (16)
k
19199 1 USunaunseualndiwazauinves
LEUAIANBILAIN LG L UN1SNAZBUNISIANAINNS DY
U3y useudna AU
ﬂib’LLﬁlWﬁ? VDIAIN VDIAIN
(A) N9IAI (Mm) NIAI (cm)
10
0.5, 1,15, 2 uag
0.2 20
25
30
10
0.4 20
30
10
1,2,3, 4485 07 20
30
10
1 20
30

AN5199 2 NSRBI IULUUINABINNALAAIERNS

WRReT AUAUY iy
k msthanusou W/m-K
T gaumnadl K
t 1A s
X I IN m
a ANTUNIALS DY m’/s
q Snsniaiannuiou w/m’
a x k T t q
0 0 E -1 1 0 0
m 2 1 0 0 1
kg 0 01 0 0 1
S0 3
I, 0 1 105 0 0.5 0.5
T 1 0 E 1 1 1 1
= a faa a 14 U
'E‘U‘Vl 4 LHININYUNVDINFTIULHDT 6 §17

AN5199 3 ANANUARIALARDUNADIANEAINAINNS DU

L gampifislsan (0
A3l Black NABIENBAN Error (%)
body ANUSoU

1 30 29.4 2.00

2 50 46.1 7.80

3 60 54.4 9.33

4 80 713 10.88

5 100 87.6 12.40
4.2 NAaN1SIENa89818A 1 NA2T1U5a UV
AINNDILLAY

ANSINABINNEAINAIINSDUDIYATNAITUSDUN
LINAINN15318N5ELa AU EUAIAN D ILAdLL Bl
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n1sduiinAInaesdten AL TauIryinIsTudin
Yoyaninlveglulad (File)  Aflurnana SAT
Mnuazdosdanistulnddoyafiouanadunmian
& (Color contour) ¥8IAUTBUVBLAUAINNDILAY
a4 13870197 Freg1aman1sInNIstdadayanines
nsneasudtensskalniiauin 5A Ty
AIANDILAIVUIALTUNIANEINA 0.4 mm AIUEN?
20 cm au vase Tuguil 5 uanadunimiand Tng
fvusliaviuusiidoungigege uazdin
Fuduuinuiionmgiisgn

FovhArgumgiifiewldainndesdrsnimai
You a LAEIeY vesnsnaassiegninualily
a5l 1 wmden (Plot) Hunsmauduiius
sewinegaungdl a1 wazUTinanszualwiiilug
HIUAIAYIDILAT ANLTTOLARIHANITVIAADIN VLA
9nndoedienInALTeuYeILEUAIANDIUASTS
ANNB12 10, 20 uAw 30 cm  AsvuIaduEY
AugNane 0.2, 0.4, 0.7 uag 1 mm 1ugﬂ17i 6, 7, 8
Wag 9 ANERY

t= 0 sec. t= 34 sec.

t= 64 sec.
Temp

57.01'C

55
50
45
40

35

32.2'C

t= 106 sec.

t= 80 sec.

t= 129 sec.
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4.3 HAN1TAATICHAR

nsmaamngiiluidualaneuns Ingldndas
auAINANSaUT AN T INANEUNUSTENI9
gaunil 1A wazUinaunseualnihveuduaianes
wnafiifuin fanazanueuanasiudiotine
mMsnaaedluguil 6-9 svnanuduiudvosiiudsly
aunsi (14) vlildaunis

7, =a(r,)’ (17)

e a= 0.1935 uag b= 0.4764

WNUAIANNIT (15-16) asluaunis (17)
ﬁﬂﬁléfammwammmgﬁﬁﬁwwwﬁma% x, k a ¢
uay ¢ Wusudsuanslameaunis (18)

2.099 . 0.495
T:31.51 X (thj (18)
a

aunsvesaumgiluduainnewuasainsaiily
Wiguiguiunan1snaaesifunuegaiau (x=1
mm) uandluguin 10-13  wan1siuTguigunuin
aun1svesunintaasiadulunuideiiiFining
AAALATOUINNNANITNAGDIANIL LA 4
Temp Temp
43.1'C 57.09C
4
40
38

36

34

32.02'C

t= 49 sec.
Temp Temp

57.18'C 57.14C

55 55
50
45
40

35

32.19'C

t= 95 sec.
Temp

57.09'C

55
50
45
40

35

32.15'C

t= 158 sec.

SUN 5 segegunlannmisldndesineninainudounausiia t=0 sec faian t=158 sec YoudUAINNLUUIN
WurnAugnans 0.4 mm fiauens 20 cm wagdnszualniilvaniiu 5 A
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