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Abstract— Diesel engines are important power systems mostly for on-road, off-road and heavy-duty vehicles. As engine 

has many advantages like reliability, high fuel-efficiency, high torque output and extremely durable while also has 

disadvantage of emitting significant amounts emission as in the form of Particulate matter (PM). The amount of exhaust 

emissions as particulate matter is formed on large scale. The conventional use of diesel particulate (DPF) filter as after-

treatment is having low efficiency. Hence the new technology as fluidized bed reactor (FBR) is introduced in the report as 

to reduce amount particulate matter formed in the diesel exhaust. The silicon carbides are used as catalyst to capture the 

particulates in the reactor. Also the mechanical assisted FBR is being used to get better results. The experimentation is 

performed on variable compression ratio diesel engine set up for different loading. The performance of fluidized bed 

reactor is hence analyzed for particulate matter emission. 
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I. INTRODUCTION 

 

The diesel engine remains a popular means of powering trucks, buses, and other heavy equipment. Most buses and 

heavy-duty trucks are powered by diesel engines for good reasons. Diesel engines are reliable, fuel-efficient, easy to repair, and 

inexpensive to operate. One of the most impressive attributes of the diesel engine is its durability. 
[5] 

 

But Undesirable emissions in diesel internal combustion engines are of major concern because of their negative impact 

on air quality, human health, and global warming. The nitrogen oxides (NOx) and particulate matter (PM) mainly formed from 

diesel exhaust on large scale compared to others. The major after treatment technologies are using today to control these 

emissions.  

 

Technologies designed to control oxides of nitrogen (NOx) include:  

 • Selective catalytic reduction (SCR)  

 • Lean NOx traps (LNTs)  

 

Technologies designed to control particulate matter (PM) include:  

• Diesel oxidation catalysts (DOCs)  

• Diesel particulate filters (DPFs) 
[5] 

 

The reduction of NOx from above technologies is efficient way. But the reduction rate of PM is less. It is not adequate or 

as necessary. Hence the new technology which is going to be design is Fluidized bed reactor with Silicon carbide (SiC) as a 

catalyst agent. The fluidized bed reactor is the technology will able reduce amount particulate matter as Soot and soluble organic 

matter.  

 

Fluidization it is a process which is similar to liquefaction whereby catalyst material powder as a granular material is 

converted from a static solid-like state to a dynamic fluid-like state. This process occurs when a fluid (liquid or gas) is passed up 

through the granular material as SiC. 
[6] 

 

In diesel engine Granular bed filters are widely used for aerosol and dust capture with high filtration efficiency. The use 

of fluidized bed reactor (FBR) has been shown to have many advantages, such as high collection efficiency, relatively low 

pressure drop, high flow rate of gas per unit area of distributor, ability to operate at high temperatures. Also the high efficiency of 

this FBR is obtained by mechanically assisted system by using stirrer.  The mechanically assisted stirrer is used to increase the 

minimum fluidization velocity by increasing the rotating speed and thus the centrifugal force. 
[7] 

  

https://en.wikipedia.org/wiki/Liquefaction
https://en.wikipedia.org/wiki/Granular_material
https://en.wikipedia.org/wiki/Solid
https://en.wikipedia.org/wiki/Fluid
https://en.wikipedia.org/wiki/Liquid
https://en.wikipedia.org/wiki/Gas
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Fig 1 Fabricated Fluidized bed reactor 

 

In diesel engine the fluidized bed reactor is used to track particulate matter. In this project the fluidized bed reactor is 

used with silicon carbide catalyst to capture the PM solid particle. The stirrer is also going to be designed to get high velocity of 

mixture inside the bed reactor. 
[8] 

                                                                 
Fig 2 Actual image of stirrer 

 
II. LITERATURE REVIEW  

 

Diesel particulate matter (DPM) is the most complex of diesel emissions. Diesel particulates, as defined by most emission 

standards, are sampled from diluted and cooled exhaust gases. This definition includes both solids, as well as liquid material 

which condense during the dilution process. Particulate matter perhaps the most characteristic of diesel emissions is responsible 

for the black smoke traditionally associated with diesel powered vehicles. The existing medical research suggests that PM is one 

of the major harmful emissions produced by diesel engines. Diesel particulates are subject to diesel emission regulations 

worldwide have become the focus in diesel emission control technology. 
[13] 

The PM sampling involves drawing an exhaust gas sample from the vehicle’s exhaust system, diluting it with water and filtering 

through sampling filters. The mass of particulate emissions is determined based on the weight of PM collected on the sampling 

filter. It is quite obvious that any changes in the procedure, for example using a different type of sampling filter or different 

dilution parameters, may produce different results. Particles are made up of different things.  A mixture of mixtures is how EPA 

describes them. PM can be solids, like dust, ash, or soot. PM can also be completely liquid aerosols or solids suspended in liquid 

mixtures. Particles are different sizes. The ones of most concern are small enough to lodge deep in the lungs where they can do 

serious damage. They are measured in microns. The largest of concern are 10 microns in diameter (PM10). The group of most 

concern is 2.5 microns in diameter or smaller (PM2.5). 
 [9] 

 

Since a filter can fill up over time, engineers that design filter systems must provide a means of burning off or removing 

accumulated particulate matter. The only practical method of disposing of accumulated particulate matter is to burn or oxidize it 

within the filter when exhaust temperatures are adequate. Most light-duty diesel passenger cars to date have been equipped with 

filters made from silicon carbide (SiC). The DPF perform efficiently at high PM particle diameter & low particle number. For that 

the efficiency is around 80-90%. But with small particle diameter PM reduction is around 30-75%. 
[5] 

Fluidized bed reactors have been significantly utilized in chemical processes, in which parameters such as diffusion or heat 

transfer are the major design parameters. Compared to packed bed, a fluidized bed has notable advantages such as better control 

of temperature, no hot spot in the bed, uniform catalyst distribution and longer life of the catalyst. Fluidized beds achieve good 

mixing of the suspended particles and the suspending fluid. In fluidized bed reactor the solids or catalytic particles are supported 

by an up flow of fluidizing fluid. This reactor provides easy loading and removing of catalysts. The bed reactor gives high 

efficiency based on fluidized process carried out inside to remove unwanted PM emission with silicon carbide catalyst. It was also 

observed experimentally that mechanical agitator like stirrer helped break up the channeling and spouting in a bed of catalyst 
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powders to get maximum fluidization and hence to increase performance of bed reactor to capture the solid particles. The Silicon 

Carbide as catalyst is the chemical compound of carbon and silicon. It was originally produced by a high temperature electro-

chemical reaction of sand and carbon. SiC offers much higher temperature tolerance up to 1600
0
 than other catalyst for 

applications where exhaust or regeneration temperatures may require it. The high strength of SiC makes it suitable for high 

thermal stress exhaust environments. The combination of these properties allows for a higher soot loading limit as the higher 

thermal conductivity of SiC controls the peak temperature during regeneration. 
[7, 11, 12] 

 

Objective: 

 To analyze diesel engine performance with FBR as diesel engine exhaust after treatment  

 To measure heat transfer coefficient of FBR  

 To measure pressure drop inside FBR 

 To measure PM in diesel exhaust without FBR, with FBR & with mechanically assisted FBR 

 

Working: 

 The working of fluidized bed reactor is based on the fluidized process as the solid inside reactor behaves like a liquid. 

 
 

Fig 3 Working of FBR 

 
The FBR works on the principle of fluidized process. In this the diesel exhaust outlet is imparted to the reactor inlet. The 

plate is having four identical holes. A diesel exhausts gas drawn inside from plate to the main reactor system. The reactor is 

associated with the silicon carbide powder. When the diesel exhaust come inside reactor with given velocity the fluidized process 

is carried away with SiC as a catalyst. The unwanted PM hence captured in this process by SiC. The emitted gas is drawn from 

reactor outlet. 

The mechanically assisted FBR works on same process as above but it is operated mechanically by using stirrer. Because 

of use of stirrer in the reactor the velocity of SiC powder is to be increased hence the overall fluidization velocity is also increased 

to generate centrifugal force inside the reactor.  

  

Methodology: 

 The methodology of the given project is explain as the following steps 

 

1. Design of fluidized bed reactor:  

 The design of FBR is based on the length of reactor and the plate to get better efficiency. The other parameters as inlet & 

outlet of the reactor are to be designed as per experimental requirements. 

 

2. Experimental analysis of diesel engine: 

 The experimentation is carried away on VCR diesel engine in the laboratory. The first experiment is to analyze the diesel 

engine without using FBR. In this the total heat balance sheet is to be calculated for different loads. The actual PM formation 

from diesel exhaust is analyzed by weight measurement method. 

 

3. Experimental analysis of diesel engine with FBR: 

 The next process is to analyze the performance of engine with FBR.  In this the heat balance of system is to be calculated 

for different loads. The actual PM formation from diesel exhaust is analyzed by weight measurement method for comparative 

study of PM without FBR. 
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4. Experimental analysis of diesel engine with mechanically assisted FBR: 

 In this the FBR is assisted mechanically by using stirrer to generate rotational motion of inside catalyst (SiC) used. The 

stirrer is operated by motor with different speeds. In this the heat balance of system is to be calculated for different loads. The 

actual PM formation from diesel exhaust is analyzed by weight measurement method for comparative study with above processes. 

 

5. Study behavior of fluidized bed reactor: 

 The behavior of FBR is to be studied by heat balance sheet analyze, heat transfer coefficient, pressure drop & actual PM 

measurement. 

6. Particular matter measurement:      The particulate matter is to be measurement by weight test. In this the diesel 

exhaust is drawn inside water for desired period of time. The water is hence fitter out from standard filter system. The filter 

system is to be dry out to remove water after which the weight of PM is to be analyzed. 

7. Result & Discussion   

 The comparative study of PM from diesel engine without FBR, With FBR & mechanically assisted FBR is to be 

analyzed to get exact results. 

 

Design of FBR 

The design of FBR is based on literature analysis of reactors. The main parts in design are  

 Fluidized reactor   

 Plate from which exhaust gas is imparted to the system 

 Mechanically assisted stirrer 

The other parts are as  

 Cap for the bed reactor 

 Inlet to the reactor system 

 Outlet to the reactor 

The height and the diameter chosen for this design were based on the fact that it was being designed on a small scale 

which will still bring appreciable outputs, and not to occupy much space when fully installed. The reactor is manufactured & 

welded with plate  

The inlet of the FBR system is designed based on the experimental engine set up exhaust pipe. The outlet of system is 

designed to drawn desired amount of exhaust.  

The plate is designed depends on minimum fluidization criteria. The dimensions of the system are as shown.  

The stirrer used is pitched four blade turbine with angle of 45
o
. The length of stirrer is 200 mm stepped at mid length. 

The blade is blades of thickness of 2mm with 15mm width & 20mm respectively. 

The all over thickness of FBR is 3mm. The overall system is manufacture with mild steel for better temperature stability 

& rigidity.  

 

 

 
 

Fig 4 FBR dimensions 
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Fig 5 FBR plate dimensions 

 
III. RESULTS & DISCUSSION  

 

The results are obtained by experimentation of diesel engine heat balance sheet. For better performance of FBR the heat supplied 

difference should be same. The difference between heats supplied to diesel engine without FBR, with FBR & with mechanically 

assisted FBR to analyze. The pressure drop in the FBR at give load is to be calculated to analyze the change in pressure of exhaust 

of the engine with application of FBR system. 

The experimentation is to analyze on Single cylinder 4 strokes VCR engine with Fluidized bed reactor. The given load (2, 4, 6, 8, 

10 Kg) is applied by engine dynamometer which gives results for total heat transfer analysis by diesel engine with FBR system. 

As the heat transfer performance is almost same with FBR application & without FBR.  

For PM measurement test the actual result is calculated for given load on engine which gives results in the form of weight 

difference from PM measurement by weight test using filters. Here filter weight difference is the term which indicates weight of 

filter before test & weight of filter after test. 

  
Future work: 

 The particulate matter formation from diesel engine is analyzed with FBR system and compared for actual engine 

exhaust performance for remaining loads. 

 

IV. CONCLUSION 

 

As the heat transfer data of diesel engine with FBR system & without FBR system is almost same it is concluded that there is no 

heat loss in the diesel engine because of application of given FBR system. 

The heat transfer coefficient is also to calculate with pressure drop for getting better system performance. 

The filter weight difference for given load is less for engine with application of FBR. Hence FBR is efficient way to reduce the 

PM from diesel engine exhaust. 
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