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Determination of Heat Source Intensity
Inside a Plate

limars litins, Marija lltina,Riga Technical University

Abstract - There is a method described in the article that interpolation if necessary. In the same way leassume

allows calculating intensity of a heat source by irsg temperature
measurements inside a body. A function of heat soce intensity
is defined as a Fourier series. Solution of the pbdem is obtained
by means of well known solution of the nonhomogengtequation
of heat conductivity. Coefficients of Fourier serie are given by
formula which contains only derivatives by time of measured
data and calculated data not connected with experiemtally
obtained data.
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. INTRODUCTION

Origin of heat sources is quite various: electribahting,
chemical reactions, mechanic load etc. Determinatibheat
source intensity as per temperature measuremerdaeisof
inverse thermal conduction types. Such problemissussed
in monograph [1] and papers [2], [3]. These workscuakss
how a function of heat source intensity may be iokth
assuming that temperature field and
characteristics are known.

1. PROBLEM DEFINITION

Temperature distribution in a plate containing atrsource
can be described by the following equation:

ot 0%
Co—=A—5+WX17), 1
o= Ao+ W) (1)
where
J .
c,o[ 3 k} - thermal capacity of substance,
m -
w - -
1[—& - heat conductivity coefficient,
m-

t(x,r) —temperature,
xe[0,b] — coordinate,
7—time,

W
w(X;) [—3 - heat source intensity.
m
Hereafter it is presumed that temperature insibedy

t(x,y) is known. It can be calculated by making
measurements by thermocouples and applying

116

that temperature on the border is known:

t(0,0)=to(2), t(b)=t1(7) 2)
and temperature is constant throughout sample at th
beginningt(0,r)=0. One also assumes that thermo- physical
characteristics of a materiap,A are known.

Problem is to find intensity of a heat souns€xy)
knowing the above mentioned values. Problem can be
easily formulated applying non-dimensional values:

oT  o°T
a—F=W+W(N,F) (3)
T(0,F)=Ty(F), T(1,F)=Ty(F), T(N,0)=Q 4)

where

N :%, N e [04] - non-dimensional coordinate,

thermo physical

T . . .
F :F - non-dimensional time,

T(N,F)= t(i“)

m

- non-dimensional temperature,

tn — maximum measured temperature,

W(N,F):%

m

- non-dimensional intensity of a heat

source,

TO(F):@, 'I'l(F):M - non-dimensional temperature
t, t,

on the border.

Solution to problem (3), (4) consists of two addef®):
T (N,F)=Ty(N,F)+T.(N,F), (5)

where Ty(N,F) is homogenous solution of the problem with
non-homogenous boundary conditions:

oT, 0°T,
OF  oN? ©
T,(0F)=Ty(F), T,LF)=T(F), T,(N0)=0 7

andT,(N,F) is non-homogenous equation:
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o, 7T, 1t —n2r2(F-
e +W(N,F 8 = [b.(e 0l TNFSlnnzszN—
Solution with the boundary conditions: —}Tb(N, F)sinn;szN (16)
0
T,(0F)=T,(F)=T,(N,0)=0. 9)
Defining
The problem (6), (7) is solved [4] as follows:
1
[T(N,F)sinnaNdN =T, (F) (17)
T,(N,F)=27 ( 1)k - 0
k=
- and taking into account that
f i —K2r(F-¢)
kz(1- N)+T, kzN d 10 n2,2
g( o(¢)sinkz(l—N)+T(¢)sinkrNje ¢ (10 }Tb(N,F)sinnﬂNdN=nﬂT(TO(¢)+(—1)”“T1(¢))e (F- ¢)d¢
0 0

It follows from (10) that it depends only on measlr
boundary conditions, thus is calculable. WherdgaéN,F)
depends only on heat source intensity and doedeamend on
temperature on the borders:

22 [ | ( | W(v,go)sink;rvdv]dq)]sink/zf\l

0

(11)

In this article a function of heat source intensity
expressed as a Fourier series:

5b,(F )sinkzN
k=1

W(N,F)= (12)

Amplitudesb(F) obviously pertain to the function of heat

source intensity as follows:

b (F)= 2}W(v, F)sinkzvdv (13)

To calculate heat source intensity, finding funesib,(F) is
sufficient in extension of Fourier series (12). $&dunctions
must be expressed by measurable values.

. SOLUTION
It obviously follows from (5) that:

Tw(N,F)= T(N,F)-To(N,F). (14)

It follows from (14), (13) and (11) that:

5 (TbK((p)ekz”z(F“’)d(pjsin kzN = T(N,F)-Ty(N,F). (15)
k=1\0

Fourier series is located on the left side of tw Equality,
while data to be obtained in the experiment aratkxat on the
right side.

Both side of equality (15) are multiplying nnzN and
integrated betwee@ and1. Then, following orthogonality of
trigonometric function, we obtain

after simple modifications equality (16) can be n&en as
follows:

To, ("7 *Pdg = 2T (F)en 7 2F
0

2”2‘/’d

-l o)+ T

Having differentiated the last equality as peand defined
b,(F) wherefrom, one obtains:

b,(F) =2 02T, (F)+ T, (F)-nafry(F)+ (171, (F)).

V.

An expression of heat source intensity is deterthinging
unstable temperature measurements inside a plais T
expression is formulated as a Fourier series byssis with
unstable amplitudes. This expression contains
measureable values and the values calculable fiteeme

CONCLUSION

only
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I. IIti p§, M. lltipa. Siltuma avota intensiaites noteikSana piksnes iekSied

Rakst paradta metode siltuma avota interséts noteikSanai, izmantojot tempdras nerijumus viendimensiju pksnes iek3ieh Sadus nerijumus var izdat

ar termojriem, kuru skaits, & viegli saprotams, ir ierobezots. Tas dfigia siltuma avota intengtes funkcijas noteikSanu t@&¥eida no siltumva@danas
vienadojuma, jo nav iesfjams atrast iz@ritas temperatras otro atvasijumu pec koordirates ar pigemamu preciziti, jaatceras, ka terma@pu skaits ir stipri
ierobeZots. dtad atvasigjumu pEc koordirites vagétu noteikt tikai tajos punktos, kuros ir izvietaérmogari. Més mekEjam citu pieeju. Epec Safi rakst

siltuma avota intengites funkcija tiek mekta Fur rindas pa sinusiem veidSada veida pieeja dod iegjp izvairities no izndritas temperairas atvasiianas
pec koordirates, kas satujoti batisku Kadu. Furf rindas koeficienti tiek iegi formulas veid, kura satur tikai iz@rito lielumu atvasigjumus Ec laika un
aprkinamus lielumus, kuri nav saisit ar eksperimeatiem nerjjumiem. Probdmas risisjums balsis uz nehomagna siltumvatBanas viefidojuma
visparzinamu atrisimjumu ar pirna veida robeznosgamiem, kas tiek piedrots dotajam uzdevumam. Tiek p@mts, ka visi mateiia siltumfizikalie

raksturlielumi, tas ir, siltumvasianas koeficients, temperatacisanas koeficients un siltumietita, ir zirimi. Temperaira uz pliksnes robeim tiek iznErita ar
termogariem.

U.MNntuasm, M. Wiamuns. OnpenesieHne HHTEHCHBHOCTH HCTOYHHKA TeIIa BHYTPH IIACTHHBI

B cratee paccMOTpeH METOA ONpeAeIcHHs UHTEHCUBHOCTU UCTOYHHKA TEILIA IO U3MEPEHUAM TEMIIEPaTypbl BHYTPH OAHOMEPHON IIACTUHBI. Taknue u3MepeHus
MOJKHO CZEJaTh NP MOMOIIM TEPMOIap, YUCIO KOTOPHIX OrPaHMYCHO. DTO 3aTpyAHSET onpeencHre QYHKINM MHTCHCHBHOCTU MCTOYHHMKA TEIUIa B IPSIMOM
BUJIE U3 YPaBHEHUs TEMJIONPOBOJHOCTH, TaK KaK HEBO3MOXKHO HAalTH BTOPYIO NPOM3BOAHYIO H3MEPEHHOW TeMIepaTyphl ¢ IpHeMiIeMoill TouHocTblo. Hamu
IIPEeUIOXKEH APYTOH MOAXOM IMPH PEIICHUH AaHHOH mpoOieMsl. B 9Toi craThe (yHKINS HHTEHCHBHOCTH HCTOYHMKA TEILIa ONpesernsercs B Bune piaaa dypse mo
cuHycaM. Takoii MoAXo/ JaeT BO3MOKHOCTb N30exkaTh U HEpPEeHINPOBAHNS U3MEPEHHON TEMIIEpaTyphl O KOOPJNHATE, YTO BKIIKOYACT B Ce0s CYIIECTBEHHYIO
norperrHocTs. Koaddurmentst psga ypbe onpenensorcs B Buae GOpMyYIIbl, KOTOPast COAEPIKUT TOIBKO MPOM3BOIHbIC H3MEPEHHBIX TEMIIEPATYP 110 BPEMEHH H
BBIYUCIIIEMbIC BEIMYUHBI, KOTOPBIC HE CBS3aHBI C JKCIIEPHMCHTANPHBIMH HM3MepeHUsIMHU. PemeHume 3amaud, MOCTPOSGHO OCHOBBIBASCH HA OOLICH3BECTHOM
pelIeHnH HEOJHOPOJHOIO ypaBHEHHUs! TEIUIONPOBOIHOCTH C IPaHUYHBIMH YCIOBHMSMU NEPBOTO poja MPUMEHUTENBHO K JaHHOU 3amaue. IIpeanonaraercs, uTo
BCE TEIUIO(PU3NYECKHIE XapaKTEPHCTUKN MaTepHana, TO €CTh KO3((UIMEHT TEIIONPOBOIHOCTH H TEIIOEMKOCTb, U3BECTHBI. TeMnepaTypy Ha KOHIIAX IJIaCTUHBI
MU3MEPSIOT IPH IOMOILH TEPMOIIap.
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