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Summary: 
    All diesel engines produce exhaust carbon particles. These particles are 
originated from the carbon deposition formed on the internal surfaces of the 
exhaust system and the engine. Then they may be expelled at high temperature to 
the atmosphere. Particles diameter larger than 0.58 mm and at temperature 649oC 
could ignite flammable materials upon contact, so Spark Arrestor plays critical 
role in impeding the embers emission as it is a device that arrests the embers and 
the sparks. 
     The aim of this study is to make theoretical modeling and experimental 
verification to compare between two new models of diesel engine Spark Arrestors 
and a commercial Spark Arrestor in terms of the collection efficiency and 
acoustics. 
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Abstract 

     The sparks and embers which are produced from combustion sources could lead to fire 
and explosions as a result of ignition of flammable materials which are exposed to these 
emissions. There are many sources of combustion that produce embers such as internal 
combustion engines, 0Twood0T burning stoves, steel mill, cement plant,...........etc, so Spark 
Arrestor plays critical role in impeding the embers emission as it is a device that arrests the 
embers and the sparks. 
     The aim of this study is to make theoretical modeling and experimental verification to 
compare between two new Prototypes of Diesel Engine spark arrestor and a commercial 
spark arrestor in terms of collection efficiency, acoustics, pressure drop, and cost. 

     COMSOL software using finite element is used to model the collection efficiency while 
SIDLAB using two-port theory is used to model the acoustic characteristics. 
     The two new Prototypes A and B were manufactured and tested to verify experimentally 
the theoretical modeling through the different test rigs. Three different flow rates were 
selected for the experimental verifications. 
     On the other hand, the three Spark Arrestors were experimented on a real diesel engine of 
32 KW. 
     The theoretical models of collection efficiency were shown to be matched with the 
experimental verifications for Prototype A within 98.8%, Prototype B within 92.5%, and the 
commercial spark arrestor within 89.4%. 
     While the theoretical models of transmission loss were shown to be matched with the 
experimental verifications for Prototype A within 95.2%, Prototype B within 70%, and the 
commercial spark arrestor within 83%. 
     And the theoretical models of pressure drop were shown to be matched with the 
experimental verifications for Prototype A within 93.75%, Prototype B within 98.27%, and 
the commercial spark arrestor within 90%. 
     The three spark arrestors were experimented on real diesel engine at different loads in 
compliance with ISO 8528-10 for diesel engine generators. Complete arrest for sparks were 
shown during the period of the experiment and the insertion loss  measured ranges from 5.3 
to 13.5 dB. 

  According to the theoretical modeling and measurement results in terms of collection 
efficiency, acoustic performance, and pressure drop of the three Spark Arrestors and their 
cost, the Spark Arrestor Prototype B was shown to have the best performance.  
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Chapter 1: Introduction 

1.1. Preamble 
 Fire and Explosion have serious effect on business, economy, and life. Inefficient 
design, inadequate maintenance and understanding of risks may be a result of fire and 
explosion, [1]. 
     Companies which use flammable materials shall put in its account the fire safety. 
For example in petroleum companies the flash point of their substances shall be known 
and put in safety environment. The flash point helps in knowing the maximum 
temperature that these substances may be exposed without causing fire. 
     This work focus on Spark Arrestors' design (collection efficiency and acoustics 
performance), in the field of diesel engines as Spark Arrestor is part of the exhaust 
system. 
     Spark Arrestors are installed at locations where sparks may be dangerous to the 
surrounding environment, [1].They are provided on the exhaust of source or fire where 
a hot particulate might be released (i.e., internal combustion engines, chimneys, 
incinerator stacks, etc.). 
     Spark Arrestor is used to prevent the risk of fire due to the burning of flammable 
materials caused by sparks emission from diesel engine exhausts, [2].As Spark Arrestor 
is a device traping exhaust carbon particles to a size below 0.58 mm in diameter. If 
particles larger than 0.58 mm in diameter and at temperatures of 649°C are expelled 
then it will be capable of igniting cellulose materials upon contact, [3]. 
     Spark Arrestor is made from stainless steel, carbon steel, or aluminized steel as 
aluminized steel is used to resist heat, corrosive gases, and to extend service life of 
arrestor, [4]. 
     Spark Arrestor place in most of engines is in exhaust manifold where the exhaust 
from each cylinder of the engine is collected. Then the exhaust flows out of the 
manifold to a spark Arrestor or muffler or both, [3]. 
     The Spark Arrestor inclined more than 60 degrees from its efficient operating 
position may not arrest sparks adequately. As the United States Department of 
Agriculture (USDA) Forest Service Standard 5100-1c allows 60 degrees deviation, but 
at least 15 degrees should be reserved for deviations because of road grade or slope, 
[3]. 
     Spark Arrestors shall have a method for removing the cumulative carbon particles 
such as a cleanout plug, removable end cap, snap ring or a removable end cleanout, [3]. 


