36ipka HayKoBUX Ipanb. Bunyck 22, 2015

Y]IK 614.8

Y.P. Klyuchka, DSc, Senior Researcher, NUCDU,
N.V. Krynska, CandSc, Associate Professor, NUCDU,
S.H. Hasanov, PhD student, NUCDU

IMPACT MODEL OF HAZARD EMERGENCY SITUATION ON
THE TESTIMONY OF A THERMAL IMAGER

The analysis of statistical data on the effectiveness of the emergency
response units is conducted, it is obtained the distribution functions of
time of arrival, localization and liquidation of fires. The correlation
between the mean and standard deviation dates in random variables is
established. The mathematical model of the impact of hazards emergency
and the type of material on the walls of the thermal imager is obtained.
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Problem formulation. One variety of technogenic emergencies are
fires. Nowadays during fire extinguishing and sizing up, the visual method
(in the visible range) is used for the definition of flame or smoke. However,
in some cases, for example, at the initial stage or in the development of fire
the source can be determined on the basis of the wavelengths that are invisi-
ble to a human eye, with the help of the thermal imager.

Considering all the benefits of thermal imaging, today one of the prob-
lems is the lack of methods for the application of these devices as well as the
recommendations to the tactical actions, mathematical apparatus for emergency
situation technogenic characters assay based on images in the infrared range, etc.

Analysis of recent research and publications. In [1-4] domestic and
foreign experience of thermal application in fire-fighting is studied. It was
found that there is no recommendations for tactical action based on the analy-
sis of the infrared images both while fighting fire and during sizing it up.

In [3] it was evaluated the temperature of external wall surface of the
building, room. The features of temperature changes by varying the values of
the wind speed, the thermal characteristics of the walls and the room
temperatureare considered.It was analyzed the dependence of the surface
temperature of the walls of the building from the wind speed at different
values of Tjand the characteristics of the wall.

Analysis of the figure shows that the outer wall temperature changes
substantially at wind speeds less than 5 m/s. Also at high wind speeds (high-
er than 10 m/s) a temperature difference disappears almost completely when
the T1 of wall and thermal characteristics of the wall are changing. Thus, if
the room is fully exposed to high temperatures, it is difficult to determine a
temperature from the outer surface of the wall.
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Fig. 1. Dependence of the surface temperature of the building walls from the
wind speed: 1 — Tyg; 2 — Tz (T1=150 °C); 3 — T, (T1=400 °C+10 cminsulation); 4 —
Tas (T1=150 °C+10 cm insulation); 5 — Ty

At the same time, when using the thermal imagers we should consider
the characteristics of material, in which limits the temperature measurement
is made, the flux from other objects. The output electrical signal is propor-
tional to the total thermal infrared absorption of the flux: U ~ @, . Full flux

comprises three components: flux of an object of termographing itself, flux
from the other (surrounding) objects reflected from the object and flux gen-
erated by the atmosphere [5, 6]

q)tot = 8ob’l:atmq)ob + (1 ~€ob )Tatmq)amb + (1 ~ Tam )q)atm > (1)
where ¢, — quotient of emissivity of the object; 1, — quotient of transmit-
tance through the atmosphere; @ , — own flux from the object; @, , — flux
from other objects; @, . — flux generated by atmosphere.

When determining the temperature at less than 30-50 m absorption in
atmosphere can be neglected, 1.e.1,,,, =1, then equation (1) can be written

q)tot :Sobq)ob +(1_80b )q)amb. (2)

Heat flow in any spectral range can be expressed as follows through
the temperature

Ay
O = J'RK(T)dk:T“, 3)

Ay

where n — parameter depending on the wavelength. Then the equation (2)
can be written as

Ty =eT" +(1-¢)T,, 4)

amb °
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where T,, —radiation temperature.
In [3] for the stationary mode it is obtained a system of equations for
determining the wall temperature and emissivity

-

q, =&, '(Tzs _Tz);(h =0, ‘(Tl _Tls);

o[l

{q,=q, =q; = const;a,, = L66AT'?; )
-1,91v
o, = 5307V0’656 +3,25¢ :

0,002899 2rthe? 1
A=——"""":1(A,T)= e ;

2s T,

€

where A — wavelength; ¢ — light speed; k — Boltzmann constant; h —Planck
constant; v — wind speed; Tjs, Tos — temperature of the inner and outer wall
surfaces; o, o, — heat transfer coefficient at the inner and outer wall surfaces.

In addition, analysis of documents concerning the procedure for the
application of thermal imagers have showed the absence of methods for
their application, tactical recommendations to the actions, and the mathe-
matical apparatus for fire analysis based on images in the infrared range, etc.
For example, in [7] only once the word "imager" is mentioned, namely in
Sec. 4.6.5:

"Depending on the availability of forces and means the searching
work is carried out on the basis and with the use of:

e e« cyewitness records;

e -« visual indication (from the remains of clothes and things on
the surface of the stabilized layer);

e - readings from searching devices (gas analyzers, probes, mag-
netometer, thermal imagers, acoustic systems);

o dogs».

Statement of the problem and its solution.The aim is to build a model
of exposure of emergency hazards (for example, fire) and the type of mate-
rial on the walls of the thermal imager readings.

To assess the influence of the emissivity on temperature of gray bod-
ies, without radiation of the surrounding objects, it is permissible to use de-
pendence [5, 6]

AT 1 Ae
T 4 ¢ (6)
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Emissivities of building materials, bywhich in most cases the tempera-
ture is determined can be represented as tab. 1.

Tab. 1. Emissivity value

Identification of the substance Emission coefficient
Aluminum 0,04-0,19
White plaster 0,88
Stucco 0,90
Sheet steel 0,50-0,60
Oil gray gloss paint 0,96
Oil gray matte paint 0,97
Oily black gloss paint 0,92
Oily black matte paint 0,94
Matt lacquer 0,93
Facing brick red 0,92
Galvanized sheet iron 0,23-0,28
Gray plaster 0,92

Analysis of the expression (6) leads to the conclusion that the error in
determining the temperature without knowing the type of material may make
more than 10 °C.

At the same time, when defining the temperature the time of the fire is
of great importance, as it affects the temperature of the room, and, respectively,
heating the wall of the building. In order to determine the time of the fir the
analysis of the actual time of arrival of the fire departments was conducted.
Based on analysis of more than 50000 fires [8], it was found that the random
variable time until the arrival, localization and liquidation can be described by
Rayleigh distribution

Z exp| - : x 2 0;
fx)=162 A 2.02) (7)
0, x <0.

The values of the expectation and variance for the three random var-
1ables are presented in tab. 2.

Tab. 2. The parameters of random variables

Arrival time Time of localization Time of liquidation
(Tor) (Tiok) (Tiik)
Mpr Gzpr Miok 021ok Miik Gzlik
28,13 1015,9 47,04 2183 75,9 5001

For Rayleigh o distribution is determined from the expression
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= c\/g, 8)

then the expression (1) for 1, and 1)« and 7y taking into account (7) can be
written as

f(r,)= 275—1-2 : exp(— 7:2_275], TE [0;+oo). 9)

i i

Distribution function and probability density for T, T and T according
to (9) are shown in the Fig. 2.
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Fig. 2. The distribution function: 1 - the time of arrival of the fire
departments; 2 - Time of localization; 3 - time of liquidation

Also it has been found that o; varies proportionally to w; (Fig. 3). This
suggests that the random variable of execution time for some operation during
the emergency response has its own nature of change, which is subject to the
following relationship

o, =0914u, +8,747, u, €[28,13;75,9] (10)
80
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Fig. 3. The dependence of the standard deviation from the expectation
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In case of fire, there is a change in temperature inside the room, which
entails a change in the parameters of the wall according to the expression

2

0 0
aT(x,r):aSt -aX—QT(X,r), (11)

wherea, — thermal diffusivity of the wall; T(X, T) — temperature at the dis-

tance x from the inner side walls at time t.
To construct a mathematical model we take the boundary conditions
of the third kind on the outside and on the inside surface of the wall

0

0
7\’st1 _T(X7 T) X=X, oy (Tl - Tpom) }\‘stZ _T(X> T) X=X, S (TVS - TZ)
ox X ; (12)
Given the 1nitial conditions
T(x,0)=T,, (13)

and the dependence of the temperature at the standard temperature range of
fire, a mathematical model of the impact of emergencyhazards and the type
of material on the walls on the thermal imager readings can be written as

0 0’
aT(X, T) =4ag - aX—ZT(X, T),

0

A &T(x, Dl yex, = 1,66AT"? (T1 B Tpom)

-1,91v
7\’st2 a%T(Xa 7) X=X, [5,07V0’656 +3,25¢ J(TVS - T, );

T(x,0)=Ty;Tyo, =345-1g(8 - T+1)+ Ty; (14)

2
f(r,) = Z“—T : exp[— ﬂ} te 040 )

2
_ 0,002899 ;r(%,T): 2mthe” 1 AT _ l&

I Vs }\'5 - 2
Ak
€ v —1

A

Conclusions. As a result of the work the statistical data on effective-
ness of the emergency response units are processed and it is obtained the
distribution function of time of arrival, localization and liquidation of fires.
Correlation between the mean and standard deviation of the medium-
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random variables is established. The mathematical model of the impact of
emergency hazards and the type of material on the walls on the thermal im-
ager readings is obtained.
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FO.I1. Kimtouka, H.B. Kpunceka, X. II. ['acanos

Mopeas BiiMBy HeOe3neyHUX (GaKkTOpiB HAA3ZBUYANWHOI CUTYyallil HA MOKa3H
TeIIoBi3opa

[IpoBeneHo aHami3 CTATUCTUYHUX JAHUX 10 PE3yJIbTaTHBHOCTI pOoOOTH aBapiitHO-
PATYBAJIBHUX MIAPO3ALUTIB, OTpUMaHi (GYHKIIT pO3NOALTYy yacy mpuOyTTs, JoKaizamii Ta
JiKBianii HaA3BUYAWHOT cuTyarlil (mokexi). BcTaHOBIIEHO KOPENSLiINHUN 3B'S30K MiXK
MaTeMaTHYHUM OYiKYyBaHHSM i CEpPEeTHHOKBAIPATUIHUM BiIXWICHHSM IIUX BUIAJIKOBUX
BenmuunH. OTpuMaHa MaTeMaTH4HA MOJIENb BIUIMBY HeOe3neuHux (pakTopiB HaA3BUYAM-
HO cUTyallii 1 TUITy MaTepially CTiH Ha TIOKa3u TeIIoBi30pa.

KirouoBi ciioBa: Haj3BHUaiiHa CUTYAIlis], TETIOBI30p, KOS(IIIEHT BUIIPOMIHIO-
BaHHsI, IMOBIPHICTb, Yac, TEMIIEepaTypa.

FO.I1. Kirouka, H.B. Kpsiackas, X. 1. ['acanoB

Mopenb Bo3aelcTBHSI ONACHBIX (PaKTOPOB Ype3BbIYANHON CUTYyalMU HA MO-
Ka3aHHUS TeNJ0BU30pa

IIpoBeneH aHain3 CTAaTUCTUYECKUX JAHHBIX IO PE3yJIbTATUBHOCTH palbOoThl aBa-
pHifHO-CTIacaTeNbHBIX TO/PA3JCICHUN, TONyYeHbl (YHKIUHM paclpeieeHUus] BPEMEHU
npuOBITHS, JoKamu3anuu W JukBuaammu YC TexHOreHHOro xapaktepa (mokapa). Ycra-
HOBJIEHA KOPPEJSILIMOHHAS CBSI3b MEXIY MATEMaTHUYECKUM OXXHJIAHUEM M CPEIHEKBAIpa-
THUYHBIM OTKJIOHEHUEM JaHbIX CIyyailHbIX BeauuuH. [lomydyeHa maremaTnueckas MOJEINb
BO3/ICHCTBUS ONACHBIX (DAaKTOPOB UPE3BBIYANHON CUTyaIlMK M TUIA MaTepUaa CTeH Ha Io-
Ka3aHMs TEIIOBU30DA.

KiroueBble ci10Ba: upe3BbluaiiHas CUTyalus, TEIUIOBU30p, KOA(D(UIIMEHT U3ITy-
YEeHHUs, BEPOSITHOCTb, BPEMs, TEMIIEpaTypa.
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