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Abstract. This paper introduces a new technology of exhaust treatment: dielectric barrier discharge 
plasma technology. Non-thermal plasma (NTP) has been studied as a potential candidate for diesel 
engine exhaust after-treatment, and the NTP reactor was the critical component in the technology. 
Research shows that, combined the NTP catalytic purification technology with the existing 
purification technology could overcome the shortcomings of existing catalyze, improve the 
efficiency of the engine exhaust particulate matter, hydrocarbons and nitrogen oxides, and has a 
wide application prospect.  

Introduction 

The high efficiency of the diesel engine has made it the primary propulsion source for marine 
applications worldwide [1].Plasma is called in addition to solid, liquid and gas outside of the fourth 
kind of existing material form. According to the particle temperature, Plasma can be divided into 
thermal Plasma and non-thermal Plasma (NTP) . Non-thermal plasma is mainly produced by gas 
discharge, discharge gas electronic temperature typically up to tens of kelvin, while the other 
particle temperature is 300 ~ 500 K. Non-thermal plasma reactors can be used as a particulate trap 
or as a NOx converter. The effective oxidation of NO to NO2 is produced by active compounds, 
which are generated in plasma. Particulate trapping in a plasma reactor can be accomplished by 
electrostatic precipitation. The oxidation of the carbon fraction by NO2 can be used to decrease the 
concentration of particulate matter. The general gas discharge generation of plasma belongs to low 
temperature plasma. Diesel NOx after-treatment is a serious problem since the concentration of 
oxygen is a high value in exhaust gas. It may be more than 5 vol% [2]. 

Dielectric barrier discharge (DBD) is one of non-thermal plasma techniques, and it offers the 
advantage to excite molecules for reaction processes on a low temperature level in the 
near-atmospheric pressure range [3]. NOx is reduced at low temperature when NO2 is involved in 
the reaction mechanism. Therefore, if non-thermal plasma converts NO to NO2, the reduction rate 
of NOx will be greatly enhanced in the catalytic process even at a low temperature. 
 

Research Actuality 

In the 1990 s, foreign began to research use the low temperature plasma technology to reduce the 
diesel exhaust [4-18].Using the low NTP technology research and development of automobile 
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exhaust purification device besides general automobile exhaust purifier has the function of, still 
have the following features: 
1) Reduce the engine’s fuel consumption. 
2) Reduce the engine’s noise, smooth operation. 
3) Improve the engine’s starting acceleration. 
4) Under the bad environment, ignition start-up success rate of 100%. 
5) Lower organic matter in the tail gas and emissions of carbon monoxide and other noxious 

substance. 
6) It’s applicable to any type of fuel engine, generator. 

 

The design principles of Marine diesel engine after-treatment system 

Compared with the traditional emission after-treatment device, Marine diesel engine’s working 
environment is complicated, should have the following features: 
1) The Marine diesel engine’s exhaust gas temperature and flow rate are higher than ordinary 

diesel engine. 
2) Compared with the ordinary diesel engine, Marine diesel engine’s exhaust gas in the PM 

concentration is higher. 
3) The complex working conditions when the ship sailing, mechanical vibration strength. 
4) The working space is limited, diesel engine layout is compact. 

So in the design of non-thermal plasma purification system from the following factors must be 
considered: 
1) After adding after-treatment system, does not affect the Marine diesel engine performance and 

fuel economy, should have a lower exhaust back pressure and flow resistance. 
2) Equipped with after-treatment system, exhaust reached the international maritime organization 

(IMO) standard of T3. 
3) After-treatment system should be used in high quality catalyst. 
4) It can be used in the navigation of ships  under the various working conditions. 
5) After-treatment system should have low cost, small volume, long service life, etc. 

 

The design of the NTP reactor  

  The design of diesel engine selection Volvo D7ATA diesel engine co., LTD., production, installed 
in 23 meters tourist ship. This ship is a single engine and propeller oblique direct drive, its main 
technical parameters as shown in table 1: 

Model: D7ATA 
The cylinder 
diameter 

108 mm Piston stroke 130 mm 

Rated power 130 KW Compression ratio 18 
Rated speed 1500 rpm Rated power 

consumption  217 (±5％) g/kW·h 

The piston 
emissions 

7.15 L Cooling way Closed loop water 
cooling 

Table 1 D7ATA diesel engine main specifications and parameters 
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 The design of the reactor inlet diameter  
Considering the design of Marine NTP reactor during diesel engine emissions and exhaust pipe size, 
when designing the entrance of the NTP reactor , we used the outlet size of the turbocharger directly. 
So that we can reduce the possibility of eddy current which will affect the power performance and 
fuel economy in the process of operation of the ship. After consulting the sightseeing boat found it’s 
hull structure design drawing of the outlet of the turbocharger size is 72 mm, so the entrance of the 
NTP reactor size is 72 mm. 
 The reactor volume  
Check the related information, the piston total emissions calculation formula is followed. 
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Where, D is the piston diameter, mm; h is the piston stroke, mm. According to table 1, there are: 
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The NTP reactor design mainly depends on the volume of the diesel engine emissions.If the volume 
design is reasonable, not only can improve the purification efficiency and reduce power loss, also 
can increase the life of the reactor.This design in calculating volume formula references available: 
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Where, K is constant, the value range is 5000 to 50000, according to the actual situation values; Vs 
is the engine displacement, L; i is coefficient, 4 stroke diesel engine i = 1, 2 stroke diesel engines i = 
2; n is the calibration speed, RPM; Z is the diesel engine cylinder number.There are: 
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The reactor size design  

Determine the diameter of the reasonable NTP reactor, not only can improve the efficiency of 
exhaust gas purification can also reduce the power loss. Meanwhile, we can estimate the length and 
diameter of the reactor according to the empirical formula. 

    
2

4
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DL 2=                                                       (4) 
Where, L is the length of the NTP reactor, mm; D is the NTP reactor diameter, mm. 

 mmD 299=  mmL 598=  
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The design of the reactor outlet diameter 

VsKKS ••= 211                                               
（5） 

Where, S1 is the reactor inlet area, cm2 ; K1 is the correction coefficient, 4 stroke is 0.01, 2 stroke is 
0.02; K2 is the speed correction coefficient, K2= 0.7 + 10-4n, n is the rated speed,rpm; Vs is the 
engine emission, ml. 
In general, the reactor inlet diameter is larger than the diameter of a vent. With the formulas given 
above are: 

   sVKKS ••= 212  

  6715)1500107.0(01.0 4
2 ×××+×= −S  

  5.362 =S                                                       （6） 

Where, S2 is the reactor outlet area, cm2; D2=68mm, D2 is the reactor outlet diameter. 
 

Determine the diameter of the discharge electrode 
In under the action of high frequency high voltage plus, DBD units with low temperature plasma 
discharge area, when the exhaust through the area, exhaust and high-energy reactive molecules will 
happen, in the material REDOX reaction. A reasonable applied voltage can make cleaning more 
fully, so through access to relevant data using high frequency power supply is used as the reactor 
supporting power.At the same time, the discharge of dielectric barrier discharge unit in the general 
case 25 mm chosen as the diameter, discharge gap is 4 mm.  
 

Schematic diagram of the reactor 
Fig.1 is the Schematic diagram of the reactor. Throughout the schematic, inlet diameter of 72 mm, 
and the same size on the ship exports of the turbocharger. Reactor’s material is stainless steel, the 
reactor shape is a length of 598 mm, outside diameter is 299 mm cylindrical steel tube. Inside the 
reactor into 25 groups of dielectric barrier discharge unit, a single unit discharge of outside diameter 
is 25 mm, inner diameter of 20 mm. The discharge unit of corundum tube material, length is 217 
mm.At the same time, when I design in the interior of the discharge unit placed a length of 159 mm 
is made of stainless steel inner electrode (high voltage electrode). 
  

 

Fig.1 Schematic diagram of the reactor  
 

794



 

 

Conclusions 
This article obtains from the diesel engine exhaust gas purification, the overall plan formulation, do 
the following work: 
  

1) The non-thermal plasma technology is used to design a kind of Marine diesel exhaust gas 
after-treatment device to reduce diesel engine exhaust emissions.  

2) Refer to the empirical formula in the literature, the design of the reactor size was determined by 
the calculation, the low temperature plasma purification device matching the appropriate power 
supply device, do the preliminary work for progress of a study. 
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