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Abstract 
 
The exhaust gas from diesel engines is very harmful to humans, especially 

because PM2.5 penetrates deep into the lungs through the respiratory system 

and causes lung disease.  DPF was developed as an after-treatment device to 

reduce the exhaust gas emitted from an automobile engine and has been 

activated by supporting environmental subsidies aging diesel vehicles 

currently under the supervision of the Ministry of Environment. Besides, 

many technologies for DPF have been developed, and about 20 companies in 

Korea are producing and selling them. DPF uses a lot of ceramic and SIC 

materials, but during the regeneration process, the ceramic material melts due 

to local high heat and cracks due to vibration generated during vehicle 

driving, resulting in durability problems. A metal DPF was developed to 

solve the problems of these ceramic and SIC materials, which has excellent 

mechanical strength and thermal conductivity and is economical in the 

manufacturing process.  These DPF require a lot of theoretical analysis 

according to the thermal conductivity, the amount of capture, the temperature 

distribution, and the pressure drop and regeneration process.  Also, control 

technology is needed to ensure the regeneration and capture capability of the 

filter.  Generally, there are natural regeneration, forced regeneration, and 

complex regeneration. National regeneration uses the exhaust gas 

temperature emitted from the exhaust gas to burn the collected soot, and this 

requires an exhaust temperature of 270℃ or higher. Therefore, it is difficult 

to apply the natural regeneration method in the city center area. On the other 

hand, forced regeneration is a method of burning soot with a burner using 

external fuel, and a technique for controlling an appropriate time is required.   
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In this research, a metal filter is applied to a large-scale engine for generators 

to optimize the backpressure formed by applying the filter and to develop a 

technology that satisfies environmental regulations for PM, CO, and HC. 

 

Key words: DPF (Diesel Particulate Filter), PM2.5, Soot, CO, Regeneration. 

 

1 Introduction 
 

Atmospheric pollution problems such as global warming and 

photochemical smog are becoming more serious, and one of the main causes 

of air pollution is emissions from diesel engines. To solve the air pollution 

problem, the emission standards of exhaust gas are gradually strengthened. 

Industrial heavy-duty diesel engines emit tens of times more particulate 

matter than gasoline engines. The Ministry of Environment is gradually 

tightening emission allowances for diesel engines to reduce emissions from 

soot [2]. As particulates contain fine and harmful chemicals, they cause 

diseases such as air quality deterioration, respiratory disease, and lung 

cancer. Therefore, environmental organizations have been developing 

catalysts and diesel particulate filters to reduce emissions [13]. Compared to 

gasoline vehicles, diesel vehicles have higher fuel consumption and durable 

combustion efficiency. However, regulation is necessary because nitrogen 

oxide and PM, which are relatively harmful to the human body, are released 

a lot. Particularly, in a high-speed, high-load operation area where there is a 

lot of fuel injection, a high-temperature atmosphere is formed in a state 

where the air is partially lacking, and carbon particles are generated, so that 

they cannot be completely burned during the expansion process, coagulate 

with each other, and discharge into the fumes. Besides, the injected fuel is 

discharged as unburned particulate matter.Also, a diesel engine with high 

thermal efficiency is being developed to reduce carbon dioxide emissions. 

However, diesel engines emit a lot of particulate matter (PM) and nitrogen 

oxides. Since the characteristics of the exhaust gas have opposite 

characteristics, it is not easy to develop a technology that can simultaneously 

reduce the PM and nitrogen [9]. This is because a large amount of particulate 

matter is emitted at low combustion temperatures and nitrogen oxides are 

emitted at high temperatures depending on the combustion environment. The 

research on the reduction of exhaust gas of diesel engine includes the 

technology of reducing the exhaust gas during combustion (pre-treatment 

technology) and the post-treatment device which is mounted on the engine 

exhaust gas manifold to capture the exhaust gas already discharged from the 

engine [2]. Diesel engine after-treatment includes DOC (Diesel Oxidation 

Catalyst), Diesel Particulate Filter, and Selective Catalytic Reduction to 

reduce HC, CO, SOF (Soluble Organic Fraction).  In the DPF device, a wall-

flow type ceramic honeycomb filter having a large surface area per unit 

volume and very high collection efficiency is mainly used.  
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Common filter materials are monolithic Sic and Cordierite.  However, 

due to the low durability of the material, research on DPFs with high 

mechanical strength and thermal conductivity of metals has begun [11, 12].  

The key technologies for after-treatment in engines are filters, canning, 

catalytic, regeneration, and burner [5, 7]. As a technology for the post-

treatment apparatus, SIC filters are being developed in Corning, USA, and 

Abiden, Japan.  Powder filters are being researched and developed mainly by 

HJS and Bosh. Other cartridge type filters have been developed and applied 

[4, 6]. The key is the filter, and important indicators of the performance of 

the after-treatment device are the filter pore size, heat resistance, thermal 

expansion resistance, thermal shock resistance, melting point, and chemical 

durability.  

Generally applied cordierite type has excellent collection efficiency but 

is weak to thermal shock and damages filter. And then, it tends to disturb the 

exhaust gas flow and cause an increase in backpressure. And, also the 

material and configuration of the filter is directly related to the performance 

of the after-treatment device. Generally, the monolith type is used, and a 

cartridge or crossflow type is used in a diesel particulate filter as well. 

Cordierite is commonly used as a filter material, but silicon carbide and 

ceramic fiber or meal fiber are also applied. Looking at the technology of the 

DPF regeneration system, the forced regeneration method (active), the 

natural regeneration method (passive) and the composite regeneration 

method are applied [2].  As a material for DPF, many SIC and ceramic 

materials were used frequently, but cracks occur due to low thermal 

conductivity in the regeneration process.  On the other hand, metal DPF is 

difficult to manufacture, but it is necessary to study the metal material, which 

has excellent mechanical strength and thermal conductivity and good 

recyclability. 

In the forced regeneration method, thermal stability is important in the 

forced regeneration method of heating with an external heat source. In 

particular, the concentration of sinters supplied for ignition is also an 

important factor. For example, it is ignited at 570°C in the 6% oxygen 

atmosphere, but at 750°C in the 2% oxygen atmosphere. In the case of a 

turbocharged engine, there is much residual oxygen in the exhaust gas, so the 

ignition temperature is lower than that of normal natural intake. Besides, 

when the PM is ignited by installing a heat source in the front, the burned 

high-temperature gas passes through the wall to the opposite passage, making 

it difficult to burn the residual PM left behind.    To solve this problem, a 

heat source supply method is also adopted [1]. 

Looking at the natural regeneration method, carbon particles generally 

burn at 550°C or higher in an oxygen or air atmosphere, but NO2 acts to 

oxidize carbon particles even at 250°C. Therefore, the method of burning PM 

only in the exhaust gas temperature without an external heat source is called 

a natural regeneration method.  
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In the United States and Europe, a catalytic DPF device is installed on a 

heavy vehicle with a relatively high emission temperature, and is has a 

simple structure and less break-down, but it is difficult to apply to a vehicle 

with a low exhaust gas temperature [3].  

Johnson Matthey's CRT (Continuous Regeneration Trap) and 

Engelhard's DPF are among the most prominent technologies as natural 

regeneration catalytic DPF devices. Inside the CRT device, two filters are 

installed inside the canister. In the platinum oxidation catalyst in the front, 

NO is converted to NO2 by oxidation reaction, and CO and HC are also 

reduced.  However, for normal PM regeneration of the catalyst, the NOx/PM 

ratio should be 8 or higher and the exhaust gas temperature should be 275 °C 

or higher to ensure normal operation [9]. 

Besides, for the normal operation of the catalyst, ultra-low sulfur oil 

(ULSD) having a sulfur content of 10 ppm or less is required.  The catalytic 

natural regeneration DPF has the advantage of a simple structure, but it can 

be applied only to large high-speed driving vehicles with a relatively high 

discharge temperature. 

However, in many cases when driving in the city center, the engine 

exhaust gas temperature is low, so it is difficult to apply. Therefore, it is 

necessary to use a composite type smoke reduction device technology that 

provides a compulsory heat source to the catalyst or additives [8].  In Peugot, 

the 2.2-liter luxury diesel passenger car model 607 is equipped with an 

additive-type smoke reduction device and has been selling since year 2000. 

As for the features of the device, SIC monolith filter is used, Cerium-based 

alloy additive is used, and an oxidizing catalyst is used in the front to burn 

unburned hydrocarbons for forced regeneration to increase the exhaust gas 

temperature by multiple post-injection in the common rail fuel system. And 

the regeneration cycle is controlled at a constant driving distance.  Also, a 

composite regeneration method has been developed in which an electric 

heater is mounted in front of the catalytic filter to heat the electric heater to 

regenerate PM with radiant heat when the engine temperature is low [14]. 

On the other hand, the smoke generated from large-scale generators is 

very serious, and the basic principle is the same when compared to the 

smoke-reduction device applied to automobiles, but the engine of the 

generator has a large capacity or size, so there are many problems when 

applying a car DPF to a generator. In this study, the metal diesel particulate 

filter was applied to stationary industrial generators to secure the 

optimization technology for soot collection and regeneration strategy. 

Therefore, this study intends to identify the optimal backpressure condition 

that does not affect the output by applying the metal DPF applied to the 

existing vehicle to the generator engine and to contribute to the reduction of 

exhaust gas. 
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2 Experiment 
 

2.1 Experimental Set-up 
 

The experiment was carried out with 3 (three) 3000KW diesel engines 

for generators.  Engine performance tests, Soot, HC and CO emissions tests 

were performed with five engine loads (0%, 25%, 50%, 75%, and 100%).  

Fifteen DPFs were mounted in the engine exhaust manifold for the generator.  

Engine performance test was conducted on four generators. Figure 1 shows 

the DPF mounted at the rear of the engines for generators and shows a 

controller and engine load regulators required for other engines and generator 

operation.  Backpressure, soot, CO, and HC were measured by using the 

measuring equipment for the 3000KW large scale generator. 

Equipment for backpressure measurement is shown in Fig. 2 of 

differential pressure gauge (Dwyer 447-3-FM). In measuring the 

backpressure, the pressure displayed on the control panel should be measured 

first and then the differential pressure is measured with a manometer. This is 

time-consuming because the exhaust gas temperature is very high, and the 

differential pressure pipe must be connected to the manometer to test until 

the generator and the diesel particulate filter device cool down.  As a PM 

measuring instrument, a light transmission smoke measuring instrument 

(Eplusti, Op-160) was used as shown in Fig. 3.  As the PM measuring 

method was shown in Fig. 4 and the PM was measured by drilling a drain 

hole at the outlet of the DPF.  To measure the back pressure, check the 

pressure measurement on the control panel.  It is measured by uncoupling the 

backpressure pipes connected to the pressure sensor and connecting the 

backpressure pipes with a manometer. On the other hand, the QR-401 of 

Qurotech instrument was used to measure CO and HC as shown in Fig. 5. 

 

 
Fig. 1: Schematic diagram for over-all emission-reducing system 
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Fig. 2: Differential pressure gauge (Dwyer 447-3-FM) 

  

 
Fig. 3: Smoke measuring instrument (Op-160) 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4: Pressure gauge for DPF 

 

 

 

Pressure gauge 
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Fig. 5: Measuring instrument for HC and CO emission 

 

3 Experimental Results  
 

3.1 Engine Performance Test 
 

The test was carried out with soot reduction devices for three 4000KW 

generators. The test results were divided into 0, 750, 1500, 2250, and 

3000KW according to the five load sections of 0%, 25%, 50%, 75% and 

100%.   The engine speeds were shown as time passed as shown in Fig. 6.  

The engine speed was constant at 1800 rpm from 46 seconds after operation, 

and then 203 KW output was generated.   

Fig. 6:  Engine speed 
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Fig. 7:  Engine power 

 
Fig. 8:  Engine torque 

 

Fig. 7 represents engine power over time, and in this paper, the engine 

power is analyzed by dividing it into 25%, 50%, 75%, and 100% for 

convenience.  Fig. 8 represents the amount of torque over time, and the 

experiment was measured to confirm the degradation of the generator 

performance due to the installation of the diesel particulate filter. Fig. 9 

represents the increasing exhaust gas temperature. And the exhaust gas 

temperature increases as the load increases, and the exhaust gas temperature 

acts as an important variable in a natural regeneration DPF. As shown in 

Figs. 7-9, the performance test was good overall and satisfied engine 

designed engine design specification.  
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Fig. 9:  Engine torque 

 
Fig. 10:  Engine backpressure 

 
Fig. 11:  Engine backpressure with DPF 
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Fig. 12:  Engine backpressure with DPF 

 

3.2 Backpressure Test 
 

The DPF was installed for three different 300KW generators.  Applied 

engine loads are 0%, 25%, 50%, 75% and 100%, and the corresponding 

engine powers were 0KW, 750KW, 1500KW, 2250KW and 3000KW. 

Figure 10 represents that when the engine power increased with the engine 

load, the DPF showed increasing backpressure. When the engine power 

increased depending on the engine load, the backpressure increased due to 

the installed DPF.  Backpressures at generators 1 to 3 at 25% (750KW) of 

engine load were measured at 10, 12 and 10 mbar. Also, at 50% of the engine 

load 1500KW, the backpressures of generators 1 to 3 were 20, 26 and 28 

mbar. At 75% of engine load 2250KW, the backpressures from generators 1 

to 4 were 34, 46 and 36 mbar.  At 100% engine load 3000KW, back 

pressures from generators 1 to 3 were 46, 50 and 48 mbar below the standard 

backpressure of 60mbar. The maximum allowable backpressure of the 

generator is 70mbar, and the design target is 60mbar, which shows stable 

backpressure without increasing the back pressure at 100% load at 3000KW 

even after DPF is installed. 

Fig. 11 shows the change in backpressure with and without DPF over 

time.  Besides, it is shown that the backpressure increases as the output 

increases and the backpressure increases as the DPF is mounted. Fig. 12 

shows the measured values of backpressure after mounting DPF for three 

3000KW generators. 
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Fig. 13: PM concentration 

 

3.3 Regeneration  
 

When the exhaust gas collected in the DPF is burned to the exhaust gas 

temperature, natural DPF regeneration occurs, and the exhaust gas 

temperature required for this is 400 degrees.  At this time, it can be predicted 

that the required load is 50% and the output is 1500 KW. Therefore, if the 

DPF is installed on the 3000KW generator, it can be predicted that the 

exhaust gas temperature can be predicted to be over 400 ℃, so natural 

regeneration process is possible. 

 

3.4 Emission Test 
 

Fig. 13 represents the soot (PM) generation by engine loads of 0%, 25%, 

50%, 75% and 100% which are corresponding engine power of 0KW, 

750KW, 1500KW, 2250KW and 3000KW.  At 25% (750KW) of the engine 

load, PM concentrations at generator 1 through 3 were measured at 2.2%, 

2.0% and 2.2%.  At 50% (1500KW) of the engine load, the PM 

concentrations from generators 1 to 3 were measured at less than 1.2%.  

Similarly, at 75% (2250KW), PM concentrations were 2.7%, 2.5% and 2.7%, 

and 100%(3000KW)engine load, PM emission were 2.4%, 2.7% and 2.5%.  

Fig.14 indicates CO concentration was very low. Fig. 15 represents HC 

concentration by engine loads and HC concentration was much lower.  
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Fig. 14: CO concentration 

 
Fig. 15: HC concentration 

 

4 Conclusions 
 

Experiments were conducted with several commercial metal type DPFs 

installed on the back of three diesel engines for a 3000KW generator.  An 

efficient method was proposed to reduce the exhaust gas emitted to the 

generator, and a large-sized exhaust gas reduction device for a car with a test 

engine certification obtained from an accredited agency for the purpose of 

reducing the exhaust gas of an existing vehicle was installed on the power 

generation engine 3000KW (4,021HP). Therefore, it was intended to 

contribute to the reduction of soot gas.  Since the engine horsepower for 

power generation is more than 10 times the engine horsepower for general 

large-sized buses, it is important to arrange the DPF so that the emission 

reduction efficiency is maximized. In this study, a total of 15 DPF arrays 

were applied in parallel.   
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When the smoke reduction device was installed, the back pressure 

increased and the fuel consumption rate was expected to increase, but 

fortunately, the fuel consumption increase due to the DPF installation was 

within 1%, and the back pressure did not significantly affect the fuel 

consumption rate.  

When the back pressure increased, the engine load began to increase to 

10 mbar at around 25% (750 KW), increasing to 20 mbar at 50% (1500 KW), 

and to 34 mbar at 75% (2250 KW).  On the other hand, it is expected that PM 

or soot will not accumulate in the DPF by the natural regeneration method 

because it easily reaches 400°C, the exhaust gas temperature emitted from an 

engine capable of natural regeneration DPF.  Examining the measured PM 

concentration, the PM concentration began to increase at 25% of the engine 

load, and the PM concentration temporarily increased and decreased at 75% 

of the engine load.  The CO and HC concentrations are almost the same for 

generators No.1 to 3, however, they tend to be slightly discharged at low 

exhaust temperatures and low engine speeds.  Besides, in the case of the 

power generation reduction device, it is expected that the backpressure will 

not increase easily due to the accumulation of PM or Soot, because it is a 

stationary engine and continuously operates, unlike a vehicle DPF with many 

driving pattern changes.  Therefore, the driving pattern is constant and the 

power generation capacity is large, so it is expected that there will be few 

DPF problems caused by automobiles. If the DPF method of natural 

regeneration using the exhaust gas temperature is applied, more efficient 

smoke reduction can be expected.  In conclusion, to lower the maximum 

allowable backpressure formed according to the arrangement of DPFs, the 

DPF arrays were arranged in row and columns (5X3).  The allowable back 

pressure of the 3000KW generator was 75mbar and the design back pressure 

was 60mbar. It also shows a relatively stable backpressure at 100% engine 

load 3000KW without increasing backpressure PM, HC, CO emissions 

satisfied the air environmental emission standards as well. 

  

References 
 

[1]Agarwal, A. & Das, L., “Biodiesel development and characterization for 

use as a fuel in compression ignition engines”, The Transactions of 

ASME, Vol. 123, pp. 440-447, 2001.  

[2]Choi, J. & Baik, D., “Experimental study on diesel particulate filter 

strategy for generator”,  Int. J. of Computer-aided Mechanical Design 

and Implementation, Vol. 6, No.1, pp. 23-30, 2020.  

[3]Huang, D. & Crookes, R., “Assessment of simulated biogas as a fuel for 

the spark-ignition engine”, Fuel, Vol. 77, pp. 1793-1801, 1998. 

[4]Jeuland, N., et al. “Performances and Durability of DPF (Diesel 

Particulate Filter) Tested on a Fleet of Peugeot 607 Taxis: First and 

Second Test Phases Results”, No. 2002-01-2790, SAE Technical Paper,  



                                                                                                                  
 

 

 

 

 
4132 Doo-Sung Baik 

 

2002. 

[5]Jin, D., Myung, C., Kim, J. & Park, S., “Physicochemical Analysis of two 

aged diesel particulate filters placed at closed coupled and under floor 

positions of the vehicles”, Int. J. of Automotive Technology, Vol. 20, 

No.2, pp.327-335, 2019. 

[6]Ohno, Kazushige, et al. “SiC diesel particulate filter application to electric 

heater system”, No. 1999-01-0464, SAE Technical Paper, 1999. 

[7]Koltsakis, G. C., et al. “Metal foam substrate for DOC and DPF 

applications”, No. 2007-01-0659, SAE Technical Paper, 2007. 

[8]Oh, S. & Moon, B., “A study on prediction of flow characteristics and 

performance of a heavy-duty diesel engine with continuously 

regenerating method PM reduction”, KSME, Vol. 13, No. 2, pp. 51-58, 

2005. 

[9]Parks, Jim, et al., “Characterization of lean NOx trap catalysts with in-

cylinder regeneration strategies”, No. 2008-01-0448, SAE Technical 

Paper, 2008.  

[10]Porpatham, E. Ramesh, A. & Nagalingam, B. “Investigation on the effect 

of concentration of methane in biogas when used as a fuel for a spark 

ignition engine”, The Fuel, Vol. 87, pp. 1651-1659, 2008. 

[11]Rah, W., “PM reduction efficiency using metal type DPF”, Transaction 

of KSAE, Vol. 21, No. 5, pp. 176-180,  2013. 

[12]Richards, Paul, et al., “Metal Emissions, NO2 and HC Reduction from a 

Base Metal Catalysed DPF/FBC System”, No. 2006-01-0420, SAE 

Technical Paper, 2006. 

[13]Tewari, P. G., J. P. Subrahmanyam, and MK Gajendra Babu. 

“Experimental investigations on the performance characteristics of a 

producer gas fuelled spark ignition engine”, SAE Transactions, pp. 1203-

1212, 2001. 

[14]Wittka, T., Holderbaum, B., Maunula, T. &Weissner, D., “Development 

and demonstration of LNT+SCR system for passenger car diesel 

applications”, SAE J. Engine, Vol. 7, No. 3, pp. 199-124, 2014. 

 

 

Biographies 
 

 
Prof. Daejin University  (2007~)Research Prof. Kookmin Univ. (2000~2005) 

Ph.D. Wichita State Univ  Aerospace Engineering (1997)M.S Univ. of 

Cincinnati Mechanical Engineering (1991) 


