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Assessment of Fire Danger of Agricultural Crop based
on the Temperature of Agricultural Machinery Exhausts
Measurements — Case Study

Posudenie nebezpecenstva vzniku poZiaru
poPnohospodarskych kultur na zaklade merania teploty
vyfukovych plynov — pripadova Studia
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Abstract

The initiation of fires in the natural environment is accompanied by various factors that interact with each other.
In the natural environment, the fuel is represented mostly by vegetation. The aim of the experiments performed
was to assess the fire danger based on the measurements of the exhaust gas temperature of selected agricultural
machines and their subsequent evaluation. Exhaust gas temperature measurements were performed using a
thermocouple and the exhaust system surface temperature measurements were performed using an infrared
thermometer. The results showed that the highest temperatures were obtained for tractor engines that did not have
exhaust treatment and were subjected to high loading. We found that the application of the exhaust system
treatment features results in a reduction in the temperature of the exhaust gases.
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1 Introduction

The initiation of fires in the natural
environment is accompanied by various factors
that interact with each other. In the natural
environment, the fuel is represented by
vegetation, which is classified as the A fire class
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1 Uvod

Vznik poziarov v prirodnom prostredi je
sprevadzany roznymi faktormi, ktoré sa
navzajom ovplyviuji. Za palivo sa v prirodnom
prostredi povazuje vegetacia, ktora sa

klasifikuje do triedy poziarov A - tuh¢ horl'avé
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- solid combustible matter. These plant
substances can reach different flash point
temperature, which depends on their quantity,
moisture content, oils and various minerals
content. Among the key factors belong the
meteorological conditions and topography of
the site [2].

Fire in the natural environment is interfered
with by heat convection and radiation. The heat
transfer by radiation is dominant when fuel is
burning at lower levels, at the height of grass
and shrubs located on flat surfaces. The heat
accumulated from the fire is transmitted by
convection from lower levels to higher levels,
where the level of branches and tree crowns is
affected [2].

Agricultural crops are classified as terrestrial
(surface) combustible fuels, which
characteristics affect the rate and intensity of
fire propagation. The decisive factor is the
phase of their maturing or drying, when it is
easier to ignite them and they can significantly
influence the propagation and culmination of
the fire [2].

2 Statistical data on fires

Collection and evaluation of statistical data
on fires during the harvest and forage harvest
season is provided by the Fire and Research
Institute of the Ministry of the Interior of the
Slovak Republic. Here, we introduce the data on
agricultural fires number for the last 10 years
(Figure 1).

According to the data, it can be concluded
that there occurred 1,394 fires in total in the
harvesting seasons, which represents 139 fires
per year on average. The most frequently
occurring fires in the harvesting season are the
straw fires on rows, stubble fires (922 fires),
grain on the root fires (190 fires), fires of a stack
of straw from a new crop (127 fires), straw fires
when stacking, straw package fires respectively
(95 fires). During this period, there was a fire of
the grain harvester in 30 cases. During the
forage harvest season, there occurred totally
270 fires, i.e. 27 fires per year on average. The
most common fires during this season are the
field forage harvest fires (68 fires), forage
warehouse fires (58 fires), stacked forage, hay
bale fires (52 fires) and forage stack fires (48
fires).
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latky. Tieto rastlinné substancie mozu
dosahovat’ r6znu teplotu vzplanutia, ktora je
limitovana ich mnozstvom, obsahom vlhkosti,
olejov a roznych minerdlov. Medzi kldcové
faktory je mozné =zaradit meteorologické
podmienky a topograficki charakteristiku
geografickej polohy zivotného prostredia [2].

Poziar v  prirodnom  prostredi  je
interferovany konvekciou a radiaciou tepla.
Prenos tepla radiaciou je dominantny pri horeni
paliva v nizSich urovniach, vo vyske travy
a krovia nachadzajiceho sa na rovinatych
plochéch. Teplo kumulované z poziaru je Sirené
konvekciou z nizsich urovni do vyssich, kde je
zasiahnuta uroven konarov a kortn stromov [2].

Pol'nohospodarske kultiry sa radia medzi
pozemné (povrchové) horlavé paliva, ktoré
svojou charakteristikou ovplyviiuju rychlost’
a intenzitu Sirenia sa poziaru. Rozhodujiicim
faktorom je faza ich vyzretia, pripadne
vysu$enia, kedy st l'ahsie zapalitelné a moézu
vyrazne ovplyviiovat’ propagaciu a kulmindciu
poziaru [2].

2 Statistika poZiarovosti

Statistické sledovanie poziarovosti
v zatevnom obdobi a v obdobi zberu krmovin je
zabezpecované Poziarnotechnickym a

expertiznym Ustavom Ministerstva vnutra
Slovenskej republiky (Obrazok 1).

Ziskané udaje ohladom poziarovosti sa
vzt'ahuju na sledované obdobie za poslednych
10 rokov. Podl'a udajov je mozné usudzovat’,
ze k poziarom v zatevnom obdobi doslo celkovo
1 394 krat, ¢o v priemerne predstavuje 139
poziarov za rok. Medzi najpocetnejSie poziare
v zatevnom obdobi sa zarad'uje poziar slamy na
riadkoch, resp. strniska (922 poziarov), obilia
na koreni (190 poziarov), stohu slamy z novej
urody (127 poziarov), slamy pri stohovani, resp.
balik slamy (95 poziarov). Za uvedené obdobie
doslo k poziaru obilného kombajnu v 30
pripadoch. V obdobi zberu krmovin doslo k
poziarom celkovo 270 krat a v priemerne doslo
k 27 poziarom za rok. NajCastejSie sa
vyskytujuce poziare pocas uvedeného obdobia
st poziare pri zbere krmovin na poli (68
poziarov), skladu objemovych krmovin (58
poziarov), krmoviny pri stohovani, baliku sena
(52 poziarov) a stohu krmovin (48 poziarov).
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Figure 1. Number of harvesting and forage harvesting fires in period 2009 to 2018

Obrazok 1. Poziarovost’ v zatevnom obdobi a v obdobi zberu krmovin za roky 2009 az 2018

3 Material and Methodology

The constructive sources of ignition of
agricultural machines include hot exhaust
system surfaces. The exhaust system diverts the
exhaust gases from the engine and also serves
as an emission control system. A catalytic
converter having a surface temperature between
316 ° C and 538 ° C during normal operation is
located in the exhaust system. In a normally
functioning motor vehicle, the potential hazard
is the contact of the exhaust surface and the
catalytic converter with combustible materials.
The exhaust temperature depends on several
parameters such as engine type, vehicle weight,
engine speed, load, slope and more. Under
normal operating conditions, the temperature in
the exhaust pipe may vary between 250 ° C -
300 ° Cand 900 ° C-950°C[1].

Agricultural ~ machines  (tractors  and
harvesters) have many hydraulic components
which hydraulic fluid can leak from. Non-
lubricated
or worn bearings can ignite flammable dust or
liquids deposits due to overheating. The exhaust
gases temperature of agricultural machines is
mainly influenced by an exhaust gas treatment
system such as variable geometry turbochargers
(VGT), selective catalytic reduction (SCR),
exhaust gas recirculation (EGR), diesel
oxidation catalyst (DOC) and concentric air
system
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3 Material a metédy

Medzi konstruktivne zdroje iniciacie poziaru
pol'nohospodarskych vozidiel sa zahriiuju
horice  povrchy  vyfukového  systému.
Vyfukovy systém odvadza vyfukové plyny od
motora a zaroven sluzi ako systém pre kontrolu
hodnoty emisii. Vo vyfukovom systéme je
umiestneny  katalyzator, ktorého rozsah
povrchovych teplot poc¢as normalnej prevadzky
dosahuje hodnoty od 316 °C do 538 °C.
V normalne fungujucom motorovom vozidle je
potencionalnym nebezpeCenstvom  kontakt
povrchu vyfuku a katalyzatora s horlavymi
materialmi. Teplota vyfukovych plynov zavisi
od viacerych parametrov, ako je typ motora,
hmotnost’ vozidla, otacky motora, zatazenie,
sklon terénu a dalSich. Za normalnych
prevadzkovych  podmienok, teplota vo
vyfukovom potrubi moéze kolisat medzi
hodnotami 250 °C — 300 °C a 900 °C — 950 °C
[1].

Pol'mohospodarske stroje (traktory
a kombajny) maji mnoho hydraulickych
komponentov, kde mobze dojst k tUniku
hydraulickej kvapaliny. Nenamazané alebo
opotrebované loziska mézu vplyvom prehriatia
zapalit' horlavé nanosy. Teplotu vyfukovych
plynov pol'nohospodarskych strojov
ovplyviiuje predovSetkym systém Gpravy
vyfukovych plynov ako je VGT (variable
geometry turbochargers), SCR (selective
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(CAYS). By design adjustments, it is possible not
only to reduce the value of the flue gas emitted
from the exhaust system, but also to reduce the
thermal radiation [1].

The aim of the research performed was to assess
the fire danger based on the realised
experiments, i.e. measurements of the exhaust
gas temperature of selected agricultural
machines and their subsequent evaluation.
Exhaust gas temperature measurements were
performed using a thermocouple and the
exhaust  system surface  temperature
measurements were performed using an
infrared thermometer [1].

4 Results and discussion

An overview of the results of the exhaust gas
temperature and the exhaust system surface
temperature measurement is introduced in
Table 1.

catalytic reduction), EGR (exhaust gas
recirculation), DOC (diesel oxidation catalyst) a
CAS (concentric air system). Konstrukénymi
upravami je mozné dosiahnut’ nielen zniZenie
hodnoty spalin emitovanych z vyfukového
systému, ale aj zniZenie tepelného vyzarovania
[1].

Cielom  vykonaného vyskumu  bolo
posudenie poziarnecho nebezpeCenstva na
zaklade experimentalneho merania a stanovenia
teploty  vyfukovych  plynov  vybranej
pol'nohospodarske;j techniky, pomocou
meracich  pristrojov a  nasledne ich
vyhodnotenie. Meranie teploty vyfukovych
plynov sa vykonavalo pomocou termoclanku
a meranie teploty povrchu vyfukového systému
sa vykonavalo infra¢ervenym pristrojom [1].

4 Vysledky a diskusia

Sthrn vysledkov merani teploty vyfukovych
plynov a teploty povrchov vyfukového systému
je zobrazeny v tabulke 1.

Table 1. Overview of measured exhaust gases and exhaust surface temperatures

Tabulka 1. Sthrn vysledkov merani vyfukovych plynov a teploty povrchov vyfukového systému

Endine Exhaust Exhaust
0 gration/ Treatment system/ 92563 surface
Machine/Stroj P , L Y temperature/  temperature/
Cinnost Systém upravy
motora Teplota Teplota
plynov [°C]  povrchu [°C]
Harvesters/Kombajny
New Holland CX 8070 (2009) 'Z‘;i“i'zngl VGT 280.3 302.8
New Holland CX 8070 (2015) loading SCR 238.5 190.7
New Holland CS 540 idling/ VGT 167.3 178.9
vol'nobeh
Tractors/Traktory
Fend 1050 Vario idling VGT. SCR. CAS 199.4 131.3
Fend Farmer 308 LSA loading VGT 155.7 124.8
ValtraN 114 loading VGT. SCR. DOC 191.1 141.9
New Holland T 6050 loading VGT 188 1375
Zetor Major CL 80 loading VGT. EGR. DOC 136.2 135.9
Zetor 50 Super loading no treatment 193.5 132.3
Zetor 7245 loading no treatment 238.7 130.2
The results showed that the highest Z nameranych vysledkov vyplyva, ze

temperatures were obtained for tractor engines
that did not have exhaust treatment and were
subjected to high loading. We found that the
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najvyssie teploty boli dosahované pri motoroch
traktorov, ktoré nedisponovali  Upravou
vyfukovych plynov a podliehali vysokej zatazi.
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using of VGT, EGR and DOC devices in the
exhaust system results in a reduction in the
temperature of the exhaust gases. [1]

There is a high level of dustiness during
harvesting. The swirling cereal dust forms an
easily flammable mixture with air. In internal
combustion engines, fuel is converted into heat
due to the chemical reaction, which is
discharged to the air, along with the combustion
products, after the work has been carried out.
Heat is also transferred to the surroundings
through the walls of the exhaust system,
creating a hot surface, which then reaches high
temperatures. In case, when the flash point
temperature of operating fluids or solid
combustible materials is reached, parts of the
exhaust system may cause a fire. The exhaust
system temperature measured by us on some
agricultural machines has exceeded a critical
point at which the temperature is high enough
to be able to initiate machine operating fluids or
solid combustible materials deposited on the
exhaust system components. The flash point
temperature of operating fluids is as follows:
diesel of 220 ° C, engine oil of ca. 360 ° C, gear
oil 0of 360 ° C. Ignition temperature of deposited
dust of solid combustible materials on hot
surfaces is: hay of 333 © C, wheat straw of 310
° C, mixed grain dust of 290 - 300 ° C, wheat
grain of 290 ° C, oats of 350 ° C, fine corn grain
dust 0of 280 ° C, coarse dust of corn grain of 410
°C.

5 Conclusions

From the fire safety point of view, it is
recommended to make the necessary
adjustments to prevent sparks from escaping
from the exhaust system, for example by
installing a spark arrester that significantly
reduces the possibility of unwanted combustion
of surrounding combustible material during
agricultural ~ works.  Another  important
component is the EGR system, which cools the
temperature of the exhaust gases and reduces
nitrogen oxides. The SCR system is another
equivalent that allows lowering the exhaust gas
temperature and converting nitrogen oxides to
nitrogen and water when
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Vyskumom bolo zistené, ze aplikaciou
zariadeni VGT, EGR a DOC vo vyfukovom
systétme, dochadza k znizeniu teploty
vyfukovych plynov [1].

Pocas zatvy dochadza k vysokej prasnosti.
Rozvireny obilny prach tvori so vzduchom
lahko zéapalni zmes. V spalovacich motoroch
sa vd’aka chemickej reakcii premiena palivo na
teplo, ktoré je po vykonani prace odvadzané
vyfukovym systémom spolu so splodinami
horenia do ovzdusSia. Teplo sa odvadza do
okolia aj prostrednictvom stien vyfukového
systétmu, ¢im vznikd horuci povrch, ktory
nasledne dosahuje vysoké teploty. V pripade, ak
dojde
k dosiahnutiu teploty vzplanutia prevadzkovych
kvapalin alebo tuhych horlavych materialov, na
Castiach vyfukového systému, moéze dojst
k vzniku poziaru. Teplota vyfukového systému
uréitych pol'nohospodarskych mechanizmov
prekrocila bod, v ktorom je teplota dostatoCne
vysoka na to, aby bola schopna iniciovat
prevadzkové kvapaliny vozidla alebo tuhé
horlavé materialy, usadené na komponentoch
vyfukového systému. Teplota vznietenia
prevadzkovych kvapalin: motorova nafta 220
°C, motorovy olej okolo 360 °C, prevodovy olej
360 °C. Teplota vznietenia usadené¢ho prachu
tuhych horlavych materidlov na horticom
povrchu: seno 333 °C, pSeni¢na slama 310 °C,
zmieSany obilny prach 290 — 300 °C, pSeni¢né
obilie 290 °C, ovos 350 °C, jemny prach z
kukuriéného zrma 280°C, hruby prach z
kukuri¢ného zrna 410 °C.

5 Zaver

Z hladiska poziarnej bezpeCnosti sa
odpori¢a vykonat potrebné upravy na
zamedzenie vyletu iskier z vyfukového
systému, ato napriklad instalaciou lapaca
iskier, ktory podstatne znizi moznost
nechceného zahorenia okolitého horlavého
materialu pocas polnohospodarskych prac.
Dalsim dolezitym komponentom je systém
EGR, ktory ochladzuje teplotu vyfukovych
plynov a redukuje oxidy dusika. Systém SCR je
dalsi ekvivalent, ktory umoziuje znizovanie
teploty vyfukovych plynov a premenu specified
exhaust gas temperature is reached [1], [3].
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