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1Ilanoeni Kgrezu ma KQALKAHKU!
Marw 3a uecmv eimamu  6CiX
YHACHUKB woptunoi  MiXnapoonoi
HAYKQB0-NPAKMUUHOT Kongpepenuii

«Problems of Emergency Situations.
Bnepwe 6 icmopii DepoKasHoi

cAykbu  VKpainu 3 HA036UMATIHUX,

cumyauiii, nouunarouu 3 2020 poxy,

HauionarbHum YHi8EPCUMEMOM
UUBIABHO20 3axucmy VKpainu
3anouamKoeana Konghepenuis 3

! MOXKAusicmio  onybAiKysanwmns — cmameil

= . : 6 HAYKOBUX KYpHAAAX «Materials Science

, e , Forum», «Solid State Phenomena», «Key

A ‘j\ _ B} Engineering  Materialsy,  inoeKcosanux
1 = f o ey & ﬁ‘f\g‘ HayKomempuunoro basorw Scopus.

Ha cb0200HTWHITL Oetb 8 YHIBepCUmMemT CPOPMYBABC NOMYXKHUL HAYKOBUTL NOMEHUIAA,
a came: 50 dokmopie nayK, 179 Kanoudamie nayx ma ooKmopisé ¢gpirocogii, 36 npogecopis,
147 douenmis ma cmapuux, 00CAIOHUKIS. 3a 0aHuMU MIKHAPOOHOT HAYKOMempuyHoi basu
Scopus, do npogirto ynisepcumemy éxooums nonad 600 cmamed, h-indexe — 28.

Jlpuemno 6103nauumu yuacmv y KoH@epenuli 8eAuxoi KiAbKocmi 3aKAadis euwoi
oceimu aK VKpainu, max i 3aKopOOHHUX HAYKOBUX Md 0C6IMHIX 3AKAAO016,

V" Kougpepenuii bepymv yuacmv eueni 3 AszepbaiioKany, Ecmonii, I3pairto, Imaaii,
Kazaxcmany, Kanadu, Marausii, Hizepii, Himewuunu, Jorvii, Crosauwuunu, Yexyi.

3abesneuenns IHHOBAUTIHUX HANPSIMKIS PO3BUMKY CUcmeMU UusiAbHOI besnexy,
nepedoei idei 6ueHUX, AKMUEHe BUKOPUCAHHS CYHACHUX MEXHOAOZIL 3 YPAXYBAHHAM
MOKAUBOCIET MIKHAPOOHOZO CNIBPODIMHUUMEA CHPUSMUMYMb O0OCIZHEHHIO 3A2AABHOZ0
pe3yrvmany.

Cnodiearocy, wo ompumani HayKoei pezyrvmamu, ob eonani é 3bipnuxy Kongepenuii
byoymv Kopuchumu 0Asi 6CIX YHACHUKI6 Ma 3HATOYMb CB0E BNPOBAOKEHHS 6 NPAKMUUHILL
0isIAbHOCIT T 8 NOOAALILTT HAYKOBO-00CAIOHUUBKIL pobomi.

BaXaio 6CiM YHACHUKAM HEBUMEPNHOL eHepeli Ha WAAXY HOBUX HAYKOBUX 36epulend,
HAAAZ00KEHHSL NAPMHEPCOKUX, 1 OPYKHIX KOHMAKIMIS, Pe3yAbMAMUSHUX PilleHb, Meopuoi
HACHAZU Ma YCNIXI6é Y npogeciimiil disavHocmil
« .. Hawum zor06num 3aedanns byaa i 3arumaemvcs sKicha nidzomoexga gaxieuis!...»

PexTop HamioHansHOTO YHIBEPCUTETY

LUBUIBHOTO 3aXUCTY YKpaiHH Bonoxumup CAJIKOBUIA
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UDC 614.841.1
COMPUTER SIMULATION OF FIRES IN GRAIN CROPS

Kuzyk A., DSc, Professor,
Tovarianskyi V., PhD, Associate Professor
Lviv State University of Life Safety

In Ukraine and the world, there is a trend of increasing emergency situations. In
addition to fires in everyday life or in transport, natural fires constantly occur, in particular
fires in ecosystems. A separate category of natural fires is crop fires. A significant fire hazard
Is characteristic of crops of wheat, rye, etc. and is characterized by damage to territories over
large areas, and as a result, the loss of grain. The fire safety of crops is not only in the
application of rules and knowledge, but also in the study of such fires.

The purpose of the work is to justify the expediency of using the WFDS model for the
study of fires of grain crops during the ripening period as fires in agroecosystems and to compare
the obtained results with similar results of grass fires.

The studies were carried out according to our own methodology on plots sown with
common wheat and rye, in July 2022 on the territory of the Yavoriv district of the Lviv region. In
the process of work, the following instruments were used: a measuring tape, a Kestrel 4000
weather station, a Canon powershot a550 digital camera, and a laboratory oven. The wind speed,
as well as atmospheric air humidity, were measured by a weather station within the plant layer
and 0,5 m above its level; the humidity of the combustible material was determined using the
gravimetric method, by weighing the selected samples of the aerial parts of wheat and rye
immediately after shearing and after drying in a drying chamber to a dry state at a temperature of
100+£5°C for 2 hours. For modeling fires, the WFDS model and software [1, 2] were used. The
height of grain crops was chosen as in [2]: 20-100 cm with an interval of 10 cm. The wind speed
in the direction of fire propagation was chosen as 0, 1, 2, and 3 m/s. Subsequent actions were
performed according to the method described in [2], namely: arson was carried out at the
beginning of the study area in one place; virtual thermocouples for determining temperatures in
the combustion zone were installed at a height of 0—100 cm from the soil surface; the simulation
time was set to 5 min. The image of fire models for wheat and rye is presented using the
Smokeview application in fig. 1.

Smokeview 5.6 Smokeview 5.6

Frame: 291

Time: 19.9
a) b)
Fig. 1. Visualization in Smokeview of the process of fire propagation in areas
covered with wheat (a) and rye (b) (plant height — 60 cm, wind speed — 1 m/s).

The results show that in the absence of wind, the fire front propagation velocity for all
plants increases with the height of the plant layer from 0,2 to 1 m. For wind speeds from 1 to
3 m/s, the fire propagation velocity for all plants also increases with the layer height. from
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0,2 m to 0,8 m, and at a height of 1 m they decrease slightly. For rye, the fire front propagation
velocities are greater than the corresponding fire propagation velocities for wheat crops for
wind speeds of 0 and 1 m/s. At a wind speed of 2 m/s, this figure is higher for wheat crops. In
particular, for a wheat fire 0,4 m high and with a wind speed of 2 m/s, the speed was
21,43 m/min, which is 1,12 times higher than the corresponding value for rye under similar
conditions. And when the wind speed is 3 m/s, there is practically no difference between the
fire front propagation speeds for both crops. For the objectivity of the research, we compared
the obtained data on the grass fire in accordance with [2]. Based on these data, the dependences
of the maximum values of the spread rates of fires of combustible plant materials on their
height as the most dangerous factors, taking into account material damage and harm to the
environment, are plotted.
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Fig. 2. Speeds of spreading of fires of the studied cereals.

Comparing the research results, we note that the maximum propagation speeds of the
fire front of wheat, rye and grass are generally close and are in the range of 25—30 m/min.
The propagation speed of the grass fire front, starting from a height of 0,6 m, is somewhat
less than that of rye and wheat, except for a height of 0,4 m, for which this indicator slightly
exceeds the corresponding value for wheat by 1,21 m/min. And the speed of spread of the
fire front in the area of wheat with a plant height of 0,2 m was the lowest.

Conclusion. It is expedient to use the WFDS software not only to study fires in natural
ecosystems with a predominant grass cover, but also fires of plant combustible materials that
are crops and form agroecosystems — wheat, rye, etc.
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