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The mathematical description of the processes in the sensor of thermal fire
detectors under stationary heat impact of a standalone heat source is built.
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Problem formulation. Recently there has been a steady trend in increas-
ing the role of mathematical models for object tests of fire detectors. One of
the problems is the creation of mathematical models describing the thermal
processes in the fire detectors when heat impact on the detector sensor is
formed by standalone source.

Analysis of recent researches and publications. Mathematical models
of object tests of fire detectors with thermoresistive sensor is the most devel-
oped [1, 2]. Integral transformation including fractional order Bessel function
and integral Laplace transform are sequentially used for mathematical describ-
ing the heat processes in thermal fire detectors [3]. The double integral trans-
formations complicate the algorithm for constructing the mathematical de-
scription of thermal processes.

Statement of the problem and its solution. The main goal of the work is
to build mathematical models describing thermal processes in thermal fire de-
tectors formed by standalone heat sources and using simplified algorithms.

Standalone method of forming the heat impact to fire detector sensor as-
sumes that functional elements placed inside fire detector supply heat flow
q(t) to fire detector sensor.

Consider the case where q(t)=q = const.

The temperature distribution in a fire detector sensor will be described
by Fourier equation

oT(x,t)  o°T(x,t) B
p =a " m?[T(x,t)-T,], (1)

with initial and boundary conditions

oT(R, 1)

T(x,0)=T,; A o

=q, (2)
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where a,A are thermal diffusivity and thermal conductivity; T, — ambient

temperature; m? js parameter defined by expression

20
f= 3
cpR

¢,p.R are specific heat capacity, density and thickness of the sensor; & is
heat transfer coefficient.
Turn to the homogeneous initial conditions and introduce the notation

O(x,t)=T(xt)-T,, ()
and
0(x,t)= M(x, t)exp(—m*t). (5)
It transforms equation (1) to the form

OM(x,t) _°M(x,t)

—a , 6
p” " (6)
and conditions (2) to
. OM(R, t) >
M(x,0)=0; A 8x exp(—-m?t) =q. (7)

To solve the differential equation (6) with the conditions (7) apply to it
the integral Laplace transform

M(x,p)= TM (x,t)exp(—pt)dt.

It transforms (6) to the form

2_ [
ad“c;'—(zx’m—pM(x,p)ﬂ. )
X

Taking into account the physical reasons allows to present the solution
of the equation as
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M(x,p) = A(p)exp(— x\@ 9)

where A(p) is integration constant.
Use boundary condition (7) to determine A(p). Then

dMR,r) g \/E ~ \/E
X apmd) A(p) aexp( R a} (10)

consequently

_ gVa \ﬁ
A(p)_k\/ﬁ(p—mz)eXpER aj' (11)

In this case function M(x, p) can be written as

My p)—__ava _x-R
M(X’p)_m(p—mz)exp( Va ﬁ]’ (42

and its original takes the form
M(x,t) = L' [M(x,p)], (13)

where L™ is operator of inverse integral Laplace transform operator.
To determine function M(x,t) transform multiplier [\/p(p—m?)]™,
which can be presented as follows

1 A B C

Bo-m) " Jp Jprm Jo-m

where A, B, C are coefficients determining by solution of the equation system

(14)

A+B+C=0;
B-C=0; (15)
Am? =1,

Solving the system (15) allows to write (14) in the form
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11 1,1 2 (16)
Jpp-m*) 2m*\Jp+m Jp-m p)

Then (13) can be presented as follow

M(x,p) = qux R (x.P)+F, (x,p) - 2R, (%, P)], (17)
where
Fop) = SPCKVR), £y oy SPEKIR), g
o p+m 27T pom
Fy(x.p) EXp(}p(‘@-
There is K = ‘ J_R‘ \/_ in the expressions (18). It makes possible to
write [4]
X
f(x,t) =L [Fl(x, p)]: T mexp(Km + m?t) x (19)
K :
X ertC(Z_\/f + mﬁj
KZ
. expi_mj |
f,(x,t) =L [Fz(x, p)]: T+ mexp(—Km + m?t) x (20)
K .
X ertC(z—ﬁ — m\ﬁj,
exp(_mj
£,(x,t) = LR, (x.p)] = —= (21)
Taking the (5), (17) and (19)+(21) into account means that
R—-X
qv/a exp(— m}
Ja R—Xx
0(x,t) = o [ertc(z—\/a —mi/t j - 22

_exp{ } ( +mfj
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For the steady state, ie 0

(x) it can be written

ycT

0,:(X) =|ime(x,t)= %exp(—% m). (23)

t—owo

Because output signal of thermoresistive fire detector sensor is tempera-
ture averaged over its volume, it takes place

mR
l]i q\/a exp( \/aj Texp(ﬂjdx —
YR ) MAR - (Ja
ga mR

= 1—exp| —— ||

msz[ p( Ja ﬂ
(24)

Expression (3) and
a= i, (25)
Cp

0,5
0, = % {1— exp{— (Z‘XTR) H (26)

—— <<, (27)

Inequality

means that expansion of the exponent function in a power series leads to

R 0,5
O =0l — | - 28
w25 ) 29

Consequently, when heat flow impact q=const at fire detector sensor

IS in a steady state, sensor temperature averaged over its volume is more than
initial temperature by value which is proportional to the magnitude of the heat
flow. This fact can be used to form an algorithm of site-testing the thermal fire
detectors. Presence of standalone heat sources has to be provided in this case.
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Conclusions. The problem of describing the processes occurring in fire
detectors when they are impacted by stationary heat flow from standalone heat
source is solved by using the integral Laplace transform. It is shown in this
case the temperature increment of the fire detector is proportional to the mag-
nitude of the heat flow.
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10.A. A6pamos, .10. Kanpuenko

MartemaTuyeckoe odecrieueHue aJJropuTMa NnpoBeeHnsl 00bLEeKTOBBIX HCIBITA-
HHii TEMJIOBBIX MOKAPHBIX U3BeNIaTeel

[TosrydeHo MaTeMaTHUECKOE OMHMCAHHE IS MPOIECCOB, MPOTCKAIONINX B YYBCTBU-
TEJIHHOM 3JIEMEHTE TEIJIOBBIX MOYKAPHBIX M3BEIIATeNIeH MPU CTallMOHAPHOM TETJIOBOM BO3-
HeﬁCTBHH, co3gaBacMOM aBTOHOMHBIM HCTOYHUKOM TCIlJIA.

KuoueBble cj10Ba: moxapHbI U3BeNIaTeNlb, TEIJIOBONH MOTOK, aBTOHOMHBIN HC-
TOYHHK TeECILJIa.

10.0. Abpamos, A.10. Kansuenko

MartemaTuyHe 3a0e3Ne4eHHs] AJTOPUTMY HNPOBEACHHs 00’€KTOBHX BHIIPOOY-
BaHb TEILUIOBUX MOKEKHHUX CMOBIllyBaviB

OTpuMaHO MaTeMaTUYHHIA OMHC JJIS TPOIIECIB, 10 MPOTIKAIOTh B UYTJIUBOMY €lie-
MEHTI TEeIUIOBHX MOKEKHUX CIOBINIyBadiB MpPU CTalliOHAPHOMY TEIMJIOBOMY BIUIHBI, IO
CTBOPIOETHCS aBTOHOMHUM JIKEPEJIOM TeILIa.

Kuro4oBi cjioBa: mokexHHUI CIOBINIYBaY, TEIUIOBUN MOTIK, aBTOHOMHE J[KEpENo
TeIa.
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