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Mathematical models of the primary information sensors based on the
Hankel and Laplace integral transforms is built. The transforms are
applied for solving Fourier differential equations.
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Problem formulation. Emergency effects mitigation systems provide
significant reduction of the damage caused by emergencies [1]. There are
many factors influenced on the efficiency of the emergency effects mitiga-
tion system. One of them 1s adequacy of the mathematical description of the
processes occurring in the primary information sensors of the systems. In
this regard, one of the problems of creating the emergency effects mitigation
systems is creating and improving the database of mathematical support of
the systems and their components for the various stages of their life.

Analysis of recent researches and publications. There are many
mathematical models of the primary information sensors [2]. Their form and
parameters are defined by the objective function and physical processes in
the sensors. Mathematical description of physical processes in the primary
information sensors for emergencies associated with the release of heat en-
ergy are presented in generalized form in [3, 4]. It should be emphasized
that all these mathematical models of sensors describe the process of their
normal functioning and as a rule they don’t focus on the features of their
work during various kind of tests. It is known mathematical models of the
thermo-resistive sensors focused on the sensor features in temperature tests
[5]. However these models can be applied only in the cases with Joule-Lenz
effect. For example, the models couldn’t be used for the sensor test method
based on the formation the stationary heat flow supplied to the thermo-
resistive element of the sensor.

Statement of the problem and its solution. The main goal of the work
is to build mathematical models describing processes in the primary infor-
mation sensor of the emergency effects mitigation system under stationary
heat flow.

We assume that sensor of the primary information detector is made as
solid cylinder of radius R and its height is much more then radius. This sen-
sor is impacted by stationary heat flow q. Temperature distribution in the
sensor is described by Fourier equation

Models of primary information sensors of emergency effects mitigation systems 65



36ipka HayKoBUX Ipanb. Bunyck 22, 2015

2
a E(rat) —2a a arat) +l. a arat) _m2 E(I',t),
ot or? r or 1)
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0(r,t)=T(r,t) - T, is temperature of sensor; T, is ambient temperature; a is
thermal diffusivity coefficient; A is thermal conductivity of the sensor ma-
terial; m? is the parameter defined by expression
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o 1s heat transfer coefficient; c,p are specific heat capacity and density of
the sensor material.
Let introduce the notation

6(r, t) = M(r, t) exp(—m°t), )

therefore (1) and (2) we transform as follows
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M(r,0) = 0; % - %exp(mzt). (6)

Applying the Hankel integral transform [6] to the expression (5) gives

£, 1) = TrJo[““r]f(r, t)dr. (7)
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To regard the condition (6) it gives
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i, — the n-th root of the transcendental equation

I(n)=0, (9)

Jy,J; are Bessel functions of zero and first order.
Let’s apply Laplace integral transform to the differential equation (8).

It gives [7]
= agR : B
M(u,.p)= i o1y )Hp - a(i—“j }(p —m’ )] : o

where

M(,..p)= [ My, t)exp(-ptdt.
0 (11)
Then solution of the differential equation (8) has the form [8]
- R 2 -1
- _ — a n
M(u,,t)=L 1[1\/I(un,p)_=qT o(un){a(%j +m2} x
(12)
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L™ is the operator of the inverse Laplace integral transform.

According to inversion formula [6] the solution of the differential
equation (1) determining the temperature distribution in a fire detector sen-
sor 1s

X exp(—mzt)ll — exp[—

. wJ(“n jf(un,t)
=) $ , (13)
H\VoH = A
where
2
R—,n:O,
v = Rz , (14)
TJS(MH),HZL
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Lo =0. In according to (4) it means

2a
O(r,t) = kmzqR [1 — exp(—mzt)]+

o(“n j 2 -1 2 (15)
2aq Z ) {a(%‘j + mz} [1 - exp[— {a(i—“} +m’ }tﬂ
Averaging (15) by sensor volume and using (3), (9) give
2 _ 9 explm?
9(‘[)— 2 _([r@(r, t)dr . [1 GXp( m t)l (16)

Expression (16) describes reaction of fire detector sensor to the im-
pact of stationary heat flow which value is equal to q. The dynamic proper-
ties of this process are completely characterized by a time constant. In ac-
cording to (16) and (3) it is

_ O,Sch. (17)
o
Parameter « is determined from criteria equation [9]. It gives
P 0,25
o =d,r,¢ """ Re® Pr,* ( rlj ,
Pr, (18)

A, 1s the thermal conductivity of air; ¢ is the length of the sensor of a pri-
mary information detector; Re is Reynolds number; Pr; is Prandtl number
for the temperature of airflow; Pr, is Prandtl number for the temperature of
sensor surface; d. are parameters defined by value of Reynolds number
Re (see the table 1).

Tab. 1. Values of the parameters d,

Reynolds number d1 d2 d,
5<Re<10’ 0,5 0,5 0,38

10° <Re<2-10° 0,25 0,6 0,38
2.10° <Re<2-10° 0,023 0,8 0,37

To a first approximation it can be assumed Pr; = Pr, .
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Conclusions. It is shown that impact of stationary heat flow to the
sensor of a primary information detector of the emergency effects mitigation
system characterizes by time constant in dynamic mode. Value of the time
constant is determined by rheological, geometric and thermal characteristics.
It can be used to form the thermal test algorithm for the same kind detectors.
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S1.10. Kanbuenxko, F0.0. A6pamos

Mopeni patuyuka nepBHHHOI iH(opManmii cucteMu ocjaadjeHHSA HACTIAKIB
HAA3BUYAHHHUX CHUTYalii

OTpumaHo MaTeMaTH4HI MOJENI JaTyuKa MEepBUHHOI iH(OpMaILlii, B OCHOBI SIKUX
JIeKUTh BUKOPHCTaHHS IHTETPAIILHUX NEepeTBOpeHb XaHKens i1 Jlammaca cTocoBHO 10 BH-
pimenHs nudepeHiansHoro piBHIHHSA Dyp'e.

Kuarouosi ciioBa: piBusHHA Dyp'e, TEIUIOBHIA TOTIK, AATYMK TEPBUHHOT iHPOpMAITii.

S1.10. Kanbuenko, FO.A. A6pamos

Mopenun naTyuka nepBu4YHOM MHGpOPMAIHMM CHCTEMbl OCIa0JIeHUs MOCe/-
CTBUH Ype3BbIYAWHBIX CUTYalHI

[TomyuyeHsl MaTeMaTHUeCKHe MOJENM JaT4yuKa MEepBUYHOW HHGpOpManuM, B
OCHOBE KOTODPBIX JIEXHT HCIIOJIb30BAaHHE HHTErpalbHbIX MpeoOpa3oBaHUil XaHKeNIsd U
Jlannmaca mpUMEHHUTEIBHO K perieHuto auddepenuunansaoro ypasueHus Oypoe.

KiroueBbie cnoBa: ypaBHeHue Dypbe, TEIJIOBOM MNOTOK, JAaTYUK MEPBUYHOU
uHGbOpMAITUH.
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