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ABSTRACT. In this article, dust explosion phenomena and the status of research conducted on silos are reviewed. 

Dust explosions cause loss of life and property in many industrial facilities. There are many recorded dust explosion cases in 

our country as well as in the world. For example, in our country, in 2023, a dust explosion occurred in the TMO Kocaeli 

General Directorate (Derince Port Silo), in which 2 people died and great material damage occurred, as reflected in the 

national press. When we look at the various dust explosion cases that have occurred in the world, it is understood that they 

mostly occur in silos used for storage in the agricultural and food sectors. Licensed warehouses have been established in 

many regions of our country in order to store basic and processed agricultural products that can be standardized with the 

Agricultural Products Licensed Warehousing Law No. 5300, which came into force after being published in the Official 

Gazette on 17/02/2005, in safe and healthy conditions in warehouses belonging to licensed warehouse enterprise and 

continues to be established. It is important to understand the many factors affecting dust explosion, such as dust dispersion, 

properties, discharge, etc., and to design silos according to these factors. These effects are tried to be determined and 

understood through experimental or CFD simulations. 
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1. INTRODUCTION 

1.1. Definition of Dust 

There are various standards for dust definitions: 

 In the TS EN 60079-10-2: 2015 standard, it is stated 

that dust includes flammable dust and flammable 

volatiles. Combustible dust is defined in the standard 

as finely divided solid particles with a nominal size of 

500 μm or less, which can form explosive mixtures 

with air at atmospheric pressure and normal 

temperature. Flammable volatile is defined as a solid 

particle with a nominal size greater than 500 μm that 

can form an explosive mixture with air at atmospheric 

pressure and normal temperature [1]. 

 

 According to BS 2955: 1958 [2,3], substances with a 

grain size of less than 1000 μm are defined as 

'powders', while when the particles are smaller than 76 

μm in diameter they are called 'dust'. 

 

 According to NFPA [4], “dust” is any finely divided 

solid with a diameter of 420 μm or less that, when 

suspended in air, presents a risk of fire or explosion on 

contact with an ignition source. 

 

1.2. Dust Explosion 

An explosion begins with the rapid burning of flammable 

dust particles suspended in the air. The intensity and speed 

of the explosion depend on the grain fragmentation of any 

solid that can burn in air [4]. Depending on the small 

particle size, combustion can be more rapid and explosive 

up to a certain stage. If the burning dust particles are not in 

a closed area, a sudden fire will occur. However, if the 

burning dust particles are in a partially closed environment, 

the heat generated by the combustion, the spread of flame 

along the dust particles, and the formation of large amounts 

of heat and reaction products, can cause rapid pressure 

build-up. This can also cause an explosion. The intensity of 

the explosion depends on the degree of confinement in the 

enclosed space, depending on the particle size, as well as 

the amount of energy released due to heat losses. In some 
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exceptional cases, even if the dust particles are not in the 

enclosed space, if the reactions due to combustion occur 

faster than the pressure can disperse at the edge of the cloud, 

a devastating explosion can occur [5]. 

 

1.3.Dust Explosion Pentagon 

Like all fires, dust fires also occur as a result of the 

combination of a flammable material (dust) with an ignition 

source in the presence of oxygen. According to this 

explanation, if one of the three components in the fire 

triangle in Fig. 1 is not present, a fire will not occur [6]. 

 
Fig. 1. Fire triangle. 

 

Dust explosion requires two more components besides the 

three components in the fire triangle. These two 

components are; keeping the dust suspended and confining 

the dust cloud in a certain volume. By adding these two 

components to the fire triangle, the dust explosion pentagon 

in Fig. 2 is formed [6]. 

 
Fig. 2. Dust explosion pentagon. 

 

Dust explosions have very high energy and can create 

pressure waves strong enough to destroy structures or harm 

people in the surrounding area. People exposed to dust 

explosions are usually harmed by burning due to the 

burning dust cloud or by flying pieces of equipment and 

collapsing walls caused by the explosion [7]. 

 

1.4. Domino Effect 

Dust explosions occurring in a facility are divided into two 

classes as primary or secondary explosions. Primary dust 

explosions are explosions that occur as a result of the dust 

cloud coming into contact with any ignition source inside a 

piece of equipment such as a mixer, dryer, filter, elevator, 

pneumatic carrier, silo, etc., since the necessary dust 

concentrations for an explosion seldom gather outside the 

processing vessels [6,7]. This may cause the vessel to 

rupture if there is no adequate pressure relief 

device/ventilation or if the material resistance pressure is 

too low [6]. 

 

Secondary dust explosions are explosions that occur when 

dust accumulated nearby is lifted and ignited by the impact 

of a primary explosion (Fig. 3) [4]. Although it is crucial to 

attempt to remove the chance of primary dust explosions 

happening, additionally it is crucial to stop the initial 

explosion from triggering a chain reaction that results in 

secondary explosions, as secondary dust explosions are 

invariably more damaging than primary dust explosions.) 

[3,8,9]. 

 
Due to a dust explosion happening in one section of the 

conveying system, the pressure and/or flames might travel 

to other sections through the connecting pipes. For instance, 

experiments performed on an explosion in a vented bag 

filter with a reduced explosion pressure below 500 mbar 

have indicated that the explosion is likely to propagate to 

the inlet pipe. This potential for spreading could result in 

the explosion growing with increasing severity throughout 

the system [10]. Due to the turbulence effect, the flame 

traveling through the channel tends to speed up. This leads 

to a jet flame entering the second vessel. As a consequence, 

even the ventilation of the second vessel where the flame 

disperses cannot prevent high combustion rates under high 

pressures, and the amount of dust contained alone does not 

pose much of a danger [11]. 

 

 
 

Fig. 3. Chain reaction in dust explosion. 

 

1.5. In-depth Case Reports On Several Major Dust 

Explosions 

Indeed, a representative table is provided, listing dust 

explosions that are likely to occur daily in all industrialized 

countries [12]. 

 

According to dust explosion statistics, a large percentage of 

dust explosions occur in silos designed for storage in the 

agricultural and food industries [5]. 

 

In addition, not included in Table 1 the dust explosion that 

last occurred in our country in 2023 at the TMO Kocaeli 

General Directorate (Derince Port Silo) caused the death of 

2 people and great material damage [27]. 
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2. TYPES OF SİLOS  

Today, there are various bulk materials, the total number of 

which reaches several thousand. Concrete or metal welded 

silos are used to store these materials [28 – 37]. 

 

2.1.Metal Silos 

Metal silos are closed cylindrical structures made of airtight 

galvanized iron sheet. Metal silo technology is effective 

against insect and rodent damage and effectively protects 

the harvested grains (SDC, 2008a; FAO, 2008; CIMMYT, 

2009a, b). Since the metal silo is not airtight thanks to its 

insulation, it eliminates the oxygen inside. As a result, it 

causes the possible harmful insects to die. It also entirely 

removes any pests or pathogens that might infest the grains 

inside. It allows the grains to be stored for a long time. 

Metal silos usually have a carrying capacity between 100 

and 3000 kg (SDC, 2008a; FAO, 2008; CIMMYT, 2009a, 

b) [38]. 

 
Crop storage effectiveness is influenced by the duration of 

storage, the volume of storage, and losses (including quality  

 

 

 

 

deterioration) that occur during storage.) [39]. Metal silos 

can be used in different sizes depending on the need. 

 

Metal silo, a technology used in many countries, provides 

the following key benefits: 

i. It ensures that products are stored in high quality 

for a long time, 

ii. It does not leave any residue in the fumigation that 

is effective in combating pests and it is airtight, 

iii. It significantly reduces the use of pesticides, 

iv. They take up little space depending on their 

location, 

v. It significantly reduces post-harvest losses, 

vi. It allows small-volume producers to benefit from 

fluctuating market prices, 

vii. It keeps away rodents and other pests that could 

jeopardize consumer health if consumed, 

viii. It can be constructed with local workmanship and 

materials (FAO, 2008) [38]. 
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2.2.Metal Silo Types 
Metal silo types are shown in Fig. 4. Today, silos are stored 

by filling them with bulk materials carried by horizontal 

transport systems (chain, belt or helical conveyors) and 

elevators, which are vertical transport systems, under the 

control of SCADA and PLC (Programmable Logic 

Controller). 

 
 

Fig. 4. Classification of metal silos. 

 

If we talk about it in this section the PLC (Programmable 

Logic Controller) and SCADA (Supervisory Control and 

Data Acquisition) system used as an automatic system for 

control and monitoring of grain storage [40, 41]. 

 

The main variable that is essential for proper storage of 

grains is the input variables that will be controlled using 

PLC. After the SCADA system obtains the necessary 

information and monitors the general situation, all 

operational functions (various grain processing equipment 

such as transportation, cleaning, weighing, ventilation, etc.) 

are performed by the SCADA user's operating and 

monitoring interface [42, 43]. 

 

PLC is a digital computer that performs control logic, 

sequencing, timing, arithmetic data processing and 

counting functions. PLC is designed to withstand multiple 

environments and temperature etc. Processor (CPU) is the 

brain of PLC. It has microprocessors to provide logic and 

control communication between modules. The memories 

record the results of the logical operations performed by the 

processor. The IO section consists of input and output 

modules. This system forms the interface through which the 

plant devices are connected to the controller [44, 45]. The 

programming device enters the desired program into the 

processor's memory. The power supply provides 24 V DC 

power to the modules. Ladder logic is a programming 

language primarily used to develop software for PLCs. It 

conveys a program using a graphical diagram that reflects 

the circuit diagrams of relay logic hardware [46, 47]. 

 

The term SCADA (Supervisory Control and Data 

Acquisition) generally denotes centralized systems that 

oversee and manage entire facilities or networks of systems 

distributed across extensive areas. A Human-Machine 

Interface (HMI) is a system that shows duration data to an 

operator, allowing the operator to manage and control the 

duration. The HMI is frequently linked to the databases and 

software applications of the SCADA system to access data 

required for current maintenance, logistical details, and 

management information, including comprehensive 

schematics for specific sensors or machines and 

troubleshooting guides from expert systems (Fig. 5) [48]. 

 

 
Fig. 5. OOPP method.  

 

Silos are usually either on the ground with a flat base or 

elevated with a conical base with a steel construction 

(Fig.6) [49,50]. The opportunity to extract the stored 

product by gravity feeding makes the conical base very 

attractive (Fig. 6b), but it has disadvantages such as the 

height of the structure, the reduced storage capacity, the 

high energy required to transport the stored product to the 

storage, the damage to the particles due to the fall of the 

stored product from a height and the complexity of the 

structural design. Flat-based silos are lightweight 

structures, but they are more affected by the wind when 

empty and are more sensitive to asymmetry during storage 

[50]. The primary structural components of the silo are the 

roof, the enclosure and the base. The general appearance of 

flat and conical-based silos is shown in Fig. 6 [49]. 
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Fig. 6. Elevated (conical bottom) and above ground (flat 

bottom) silos: a) above ground (flat bottom silo), b) 

elevated (conical bottom silo) [49]. 

 

 

2.2.a. Welded Silos 

Welded silos are made of cylindrical metal sheets welded 

together as seen in Figs. 6a and 6b. They are divided into 

two types according to the manufacturing method: 

prefabricated and roll sheet. Sheet metal silos are made of 

separate metal sheets welded to a single enclosure. Roll 

silos made of a single roll with a height that matches the 

height of the cylinder. In the course of installation, the roll 

is opened vertically around the foundation to create a 

complete silo wall. The most well-known benefits of these 

silos are their tightness and durability [49]. 

 

2.2.b. Panel Silos 

As seen in Fig. 7c, panel silos are cylindrical structures 

composed of corrugated or flat sheets that are joined 

together with bolts. The corrugated panel profile, which 

provides more resistance against the lateral load of the silo, 

contributes to metal savings. In industrial silos, supports are 

created with strength bars to offset the reduction in the 

panel's load-bearing capacity due to the corrugated profile. 

The advantages of prefabricated silos are resistance to large 

radial loads, lack of welding, and high strength. The 

disadvantage of these silos is the extensive number of 

bolted flange joints [49]. This form of silo is widely used in 

both the private and public sectors in our country. 

Panel frame silos (Fig. 7d), a type of panel silo, have bent 

profile panels connected by bolts. Gasketed washers are 

mounted under the bolt heads to seal the silo. The silo has 

a conical roof and consists of ring-shaped and radial slats 

on which the flooring is placed. In addition to its advantages 

such as the absence of welded joints and its durability, it has 

disadvantages such as the many bolted joints, leakage, 

excessive metal usage and elevated labor expenses) [49]. 

 

 

 

Fig. 7. Different types of metal silos: a, b) welded silos; c) 

panel type; d) panel frame type [49]. 

 

Membrane frame silos were engineered at a research 

facility in Moscow [51]. The major structural part of these 

silos), the membrane, is in the shape of a cylinder, made of 

tape with a thickness of 0.6-1 mm and a width of 1250 mm. 

This silo option has disadvantages such as excessive 

material consumption and complicated installation, but it 

allows full use of the calculated resistance due to the fact 

that only the membrane, which takes the tensile force, is 

covered [49]. 

 
2.2.c. Spiral Silos 

Spiral bolted silos (Fig. 8a) are cylindrical structures made 

of spirally curved metal strips, the edges of which are 

connected by bolts at certain intervals with a corner or 

channel lath. In addition to their advantages such as high 

strength, their connections are not welded, the roll gap edge 

does not require additional processing and there are no 

molded edges for height. Despite their advantages, the need 

for special and additional equipment for the formation of 

the enclosure and assembly, the numerous drilling 

operations for the bolt assembly slots and the assembly of 

additional vertical beams for wall strength are 

disadvantages [49]. 

 
Spiral welded silo (Fig. 8b) is a cylindrical silo made of a 

spiral curved metallic strip with welded edges. The rolled 

geometric billet thickness is 1 – 4 mm, while the width is 

300 – 1250 mm. The disadvantage is that a lot of welding 

is done in the silo field and the edges need to be processed 

additionally. In addition to the advantage of 

impermeability, another advantage is its durability [49]. 
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Fig. 8. Spiral silo variations: a) spiral bolted; b) spiral 

welded [49]. 

 

Spiral folded silos (Fig. 9) are cylindrical structures 

consisting of a spiral connection by double folding of steel 

strip. This silo, which was first built in Germany in 1969, 

was conceived in 1968 by German researcher Xavier Lipp, 

who processed metal sheets using special equipment (Fig. 

9) [52]. Some of its advantages are short installation time, 

low number of assemblers required, low maintenance, 

earthquake resistance, low cost, long life, and leak-

proofness. Its disadvantages include the fact that the silo 

volume does not exceed 10 thousand m³ and additional 

costs such as transportation of assembly equipment to the 

silo installation site [49]. 

 

 

Fig. 9. Spiral -fold silos: Xaver Lipp's first spiral-fold silo, 

1969 [49]. 

 

3.CATEGORIZATION OF DUSTS 

 
A coating of dust is considered ‘flammable’ if it can be set 

off by a source of ignition and the resulting fire in the area 

can continue to spread significantly once the ignition source 

is gone) [10]. 

 

According to the composition of the dust, information on 

whether it is explosive can be obtained by referring to the 

list of dusts tested experimentally and published by HM 

Factory Inspectorate, UK Department of Employment. This 

classification applies to dusts at or around 25 °C (ambient 

temperature) at the time of ignition [53]. 

 

The combustion class is an additional indicator of a dust 

layer's ignitability and burning intensity [54,55]. This 

categorization is based on the way a defined pile behaves 

when subjected to a gas flame or a hot platinum wire as the 

ignition source): 

a. CC1: no ignition; no spontaneous combustion. 

 

b. CC2: short-term ignition and quick extinguishing; 

short-term local combustion. 

 

c. CC3: localized burning or flash without propagation; 

local continuous combustion without spreading. 

 

d. CC4: spread of a glowing fire; burning to spread. 

 

e. CC5: propagation of an open flame; expanding open 

flame. 

 

f. CC6: explosive combustion; violent burning. 

 
A third type of dust classification is determined by the “𝐾𝑆𝑡 
value”. The "𝐾𝑆𝑡  value" expresses the highest pressure rate 

increase when a dust in a 1 m³ container ignites. In other 

words, it is the intensity of the dust explosion [56]. The 𝐾𝑆𝑡 
concept was defined by Bartknecht [57,58], who based it on 

the so-called cube root law, as follows: 

 

(
𝑑𝑃

𝑑𝑡
)
𝑚𝑎𝑥

𝑉1/3 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 ≡ 𝐾𝑆𝑡       (1) 

 
In the International Standards Organization (ISO), the 𝐾𝑆𝑡  
(bar m/s) value, numerically defined by (dP/dt)𝑚𝑎𝑥 (bar/s) 

in 1 m³ standard test [59], is expressed as a 'specific dust 

constant'. 

 

The abbreviation 'St' is derived from the German word 

staub, meaning dust. 

 

Explosivity is ranked according to 𝐾𝑆𝑡 as follows: 

 

 

Finally, an explosibility index was developed by The 

Bureau of Mines that ranks dusts against Pittsburgh coal. 

The explosibility index (IE) developed is equal to the 

outcome of the explosion intensity (ES) and the ignition 

susceptibility: 

IE = ISxES                                (2) 
 

𝐼𝑆 =
(𝑀𝐼𝑇𝑥𝑀𝐼𝐸𝑥𝑀𝐸𝐶)𝑃𝑐

𝑀𝐼𝑇𝑥𝑀𝐼𝐸𝑥𝑀𝐸𝐶)𝑠𝑎𝑚𝑝𝑙𝑒
         (3) 

 

𝐸𝑆 =
(𝑀𝐸𝑃𝑥𝑀𝑅𝑃𝑅)𝑃𝑐

(𝑀𝐸𝑃𝑥𝑀𝑅𝑃𝑅)𝑠𝑎𝑚𝑝𝑙𝑒
            (4) 

 
In the equations, MEC represents the lowest explosive 

concentration, MEP denotes the highest explosion pressure, 

MIE refers to the minimum energy required for ignition, 

MIT stands for the minimum temperature needed to ignite 

and MRPR stands for the maximum rate of pressure rise. 

The subnotations 𝑃𝑐 and sample refer to the Pittsburgh coal 

and sample. This explosibility index is a comparative 

measure. Therefore, less influenced by the equipment used, 

although determining it necessitates performing a complete 

series of tests) [3,8]. 
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4. SOME STUDIES ON DUST EXPLOSION 

 

Alberto Tascón et al. simulated dust explosions in a 16.3 m³ 

vented silo utilizing a business CFD (computational fluid 

dynamics) software (Fig. 10). The model used is a 

cylindrical steel silo with a steel silo with a cylindrical 

shape and a conical base and concentric chambers, built and 

equipped in the external experimental zones of the ETSIA 

School of Agricultural Engineering (Escuela Técnica 

Superior de Ingenieros Agrónomos) at the Polytechnic 

University of Madrid. The silos built for these experiments 

are made of steel and there are three of them, each 

possessing a distinct chamber non-concentricity. These 

silos were formerly employed to gauge the pressure applied 

by the materials contained within [60]. Corn starch values 

were taken as reference in the simulations. 

 

In their simulations, a silo roof acting as a non-inertial 

ventilation panel and an inertial ventilation device were 

modeled. Various parameters that have an effect on the 

pressures generated by the explosion were investigated, 

including the properties of the beginning dust cloud, the 

dimension and place of the dust cloud, and the ignition 

position. Additionally, various sizes of ventilation areas and 

activation pressures were considered. The obtained data 

were reported to be in agreement with explosion venting 

standards. The findings reveal that the negative pressures 

created can be of equal magnitude to the overpressures. For 

the inertial ventilation roof, the pressures and the associated 

ventilation areas were shown to be in accordance with 

NFPA 68 [61]. 

 

 

Fig. 10. Simulated flame progression. Contours show the 

mass fraction of the combustion product (kg/kg). Six time 

intervals are depicted: 0.384 s, 0.428 s, 0.505 s, 0.520 s, 

0.531 s, and 0.550 s. Condition set 1. A=2.84 m². 𝐏𝐬𝐭𝐚𝐭= 

0.03 bar (3 kPa) [61]. 

 

C.Murillo et al. studied to characterize the behavior of 

transient gas-solid flow in a revised Hartmann tube (Fig. 

11) or related devices. They performed experimental 

research to assess the parameters affecting the typical 

properties of flammable solids. For the analysis, the 

evolution of dust clouds composed of various solid 

materials within the tube was assessed using fast-motion 

videos and particle dimension evaluations. They observed 

that two-phase flow caused changes in the particle 

dimension spread and separation levels determined during 

the dispersion process [62]. 

 

 

Fig. 11. Experimental apparatus designed for analyzing 

solid material dispersion. a) Dispersion Tube, b) Particle 

dimension spread analyzer, c) Dispersion Nozzle, d) Gas 

Inlet [62]. 

 

 
By modeling the conditions within the aforementioned 

special test equipment with the CFD (computational fluid 

dynamics) program ANSYS FLUENT® (Fig. 12), an 

improved analysis was carried out at micrometric and 

submicrometric scales in order to evaluate the phase 

behavior of micrometric aluminum particles, which are 

dispersed flammable solids in air. Then they compared the 

data obtained with the CFD model. A computational fluid 

dynamics (CFD) simulation utilizing the Euler-Lagrangian 

approach was created using the ANSYS FLUENT program. 

They aimed to evaluate the flow characteristics related to 

the clustering and breaking of dispersed particles. 

Experimental data were used to accurately determine the 

changes in particle size distributions and to adapt a 

shattering model using CFD simulation. According to the 

results achieved from the simulation and experimental 

trials, the flow behavior of the aluminum powder dispersion 

in the first stages in the revised Hartmann tube was 

determined to be in the form of a flat profile. They found 

that the dispersion of the solid form and the progression of 

the internal gas flux are significantly affected by the change 

in the shape of the flow field and the air injection. They 

recommended the positioning of ignition sources 10 cm 

above the nozzle according to the mixture homogeneity due 

to the separation between the aluminum powders. They 

recommended a minimum ignition delay of 50 to 60 
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ms(minimum ignition lag of 50 to 60 ms) depending on the 

phase separation levels and the average diameter of the 

analyzed sample) [62]. 

 

Fig. 12. Overview of the flow field. a) Gas Injection, b) 

Dispersion Nozzle, c) Outlet [62]. 

 

5. CONCLUSIONS 

As it is known, different types of products are stored in 

silos. During storage, explosions can occur as a result of 

dust spreading and coming into contact with the ignition 

source. The pressure created by the explosions can cause 

material damage and even death [6]. In order to overcome 

the engineering challenges encountered in silo design and 

dust explosion protection, it is important to understand the 

characteristics and spreading movement of the dust and to 

determine the maximum pressure that can occur with an 

explosion. In addition to experimental studies, studies are 

also carried out on the aforementioned issues with the 

computational fluid dynamics method. It is important to 

examine the effects of diverse variables on the explosion 

ventilation in silos, encompassing the properties of the 

beginning dust cloud, the size of the dust cloud, its location, 

ignition point, the shape of the enclosed area, and the size 

of the ventilation. 

 

In addition to preventing factors that may cause explosions 

in grain silos, studies will have a significant role in 

preventing the spread of flame and pressure when an 

explosion occurs, ensuring that the building material is 

manufactured from materials or designed to be resistant to 

the pressure and flame that will occur, and also determining 

the locations of silos, which are complex structures, that are 

prone to explosion in all precautions. 

 
By determining the location where dust formation occurs 

and in which area of the transport units the explosion 

density is reached while the product is being transported 

during the filling or emptying of silos, the dust can be 

efficiently evacuated from the transport units through dust 

collection units. In addition, measures can be taken to avoid 

the dispersion of pressure and flame in order to prevent 

secondary explosions. 

 

In a grain silo, there are various transport units as well as 

dust collection units, silo scales, volumetric scales, silos, 

filling bunkers, etc. All units operate as a whole under PLC 

and SCADA control. The transport techniques and design 

forms of the units can be redesigned to reduce the severity 

of the explosion. 

 

In grain silos, products such as wheat, barley, triticale, corn, 

rye, oats, etc. are stored. Storage and unloading operations 

are carried out using common transport lines. For this 

reason, there are dusts of these products in silos and other 

units. The studies to be carried out will be a source of 

generating ideas in silo design according to the pressure or 

flame situations that could happen by considering the 

characteristics of the attributes of the dusts of the products 

to be stored. 

 

In our world with a population of approximately 8 billion 

people, where food safety has also gained importance due 

to the significant impact of global climate change, scientific 

studies are aimed to minimize the material damage, 

negative effects on human health and loss of life, and 

possible accidents that may occur as a result of explosions 

in silos built with great effort and cost, even if they cannot 

be prevented. 

 

It is important to be able to predict how explosive dusts 

spread in facilities, what the density, location and sources 

that can cause explosions are, and the pressures that can 

occur as a result of explosions through future studies. As a 

result of the studies to be carried out on the aforementioned 

issues, it will contribute to the development of issues such 

as the design of systems that will safely discharge the 

pressure that will occur due to explosions and the 

development of new units based on material strength, thus 

preventing explosions, preventing material accidents, and 

providing longer-term healthier product storage in grain 

warehouses. 
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