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مقدمه اي بر نحوه تولید و فن آوري هاي کاهنده 

 آلایندگی موتور با تاکید بر موتورهاي دیزل
 
 
 

 وحید حسینی  
 استادیار دانشکده مهندسی مکانیک دانشگاه صنعتی شریف 



 مقدمه اي بر احتراق دیزل و نحوه شکل گیري آلاینده ها 



 احتراق واقعی 



Diesel combustion model  



Diesel combustion pictures  



Diesel combustion heat release shape 



Simplified vaporization, atomization, and mixing 
scheme  



Details of diesel spray  



Old and new diesel combustion models 



 موتور  توزیع و مقایسه آلاینده هاي



 مقایسه آلایندگی نسبی موتورهاي دیزلی و بنزینی 



 SIو  CIتوزیع و مقایسه آلاینده هاي موتورهاي 



NOx- Soot trade-off  

 Sootدر موتورهاي دیزل به افزایش  NOxتقریبا هر اقدامی براي کاهش 
 منجر می شود و برعکس 



 پاشش سوخت دیزل، مقدمه اي مهم بر کاهش آلودگی 



Fuel injection patterns 



Pump-line-injector system  



Schematic of distributor pump  



Unit injectors, mechanical and electronic 



Bosch common rail fuel injection  



Diesel EGR system  



 آلایندگی دوده دیزل
 مفهوم جرم یا تعداد ذرات  



 ذرات تولیدي دیزل کجاي آلودگی ذرات شهري است؟ 



 نحوه تشکیل دوده در موتور دیزل 



 مدل تولید دوده 



 مدل تولید دوده 



 دوده دیزل و اجزا تشکیل دهنده آن 
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 دوده دیزل و اجزا تشکیل دهنده آن 



 توزیع اندازه ذرات 



PAH  هاي شناسایی شده درPM  دیزل 



 توزیع اندازه ذرات دیزل



A new concept  

• The mass is determined by large particles 
• Small particles have the most health effects  

 



TSP= 8 μg/m3 

1 15,600 1,953,000 

PM 2.5 = 2500 nm PM 0.1=100 nm PM 0.02= 20 nm 

Number of particles per cm cube 



 استانداردهاي آلایندگی 



 استانداردهاي آلایندگی اروپا، امریکا و ژاپن 



History of Euro emission standard 
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 تاریخچه کاهش سطح آلایندگی استاندارد دیزل جاده اي و غیر جاده اي در اروپا  



 PMو  NOxمیزان کاهش در اروپا، ژاپن و امریکا براي 



 



Emission standard Euro 5 

Actually Euro 5 is the emission standard for vehicles brought 
into service in Europe 
From 2014 on the stronger standard EURO 6 comes into force  

 The required reduction in nitrogen 
oxide EURO 6 together correspond 
roughly to the magnitude of all five 
previous EURO-steps. 

 This has inherently negative impact 
on consumption and CO2 emissions. 

 Also for the first time a limit is set for 
the number of particles in order to 
limit the emission of small soot 
particles. 



 



 نمونه هایی از سیکل هاي قدیم و جدید



 دیزل PM و   NOxروش هاي کاهش 
Exhaust Gas Recirculation (EGR) –  بازخوران 



 EGRبه دلیل  NOxکاهش  



 NOx-Soot trade-offبر  EGRاثر 



 EGRنمونه اي از سیستم 



 EGRنمونه اي از سیستم 



 دیزل PM و   NOxروش هاي کاهش 
Selective Catalytic Reduction of NOx (SCR) 

 فیلتر کاهنده انتخابی اکسیدهاي نیتروژن 



Emission strategy for SCR 



 FTPدر چرخه   SCRتوسط   NOxکاهش 



Selective Catalytic Reduction (SCR) by Ammonia  



Emission strategy for SCR 



Selective Catalytic Reduction (SCR) by Ammonia  



Selective Catalytic Reduction (SCR) by Ammonia  



Lean NOx Catalyst  



 در دیزل   NOxمقایسه انواع تکنولوژي هاي کاهنده 



 فرار آمونیوم  –مخاطرات 



 کریستالایز شدن آمونیوم در فیلتر  –مخاطرات 



 دیزل PM و   NOxروش هاي کاهش 
Diesel particulate filter (DPF) 

 فیلتر تله ذرات 



Diesel oxidation catalyst (DOC) 



Diesel particulate filter (DPF) 



Wall-Flow Particle Filters available since 1982 

 

 

 

 

 

 

 

 

 -    Filtration Effectiveness > 99.9 % if pore size < 15 μm 

- can be used for all Diesel Engines – new and in-use 



 Different types of diesel particulate filters 



 Different types of diesel particulate filters 



 Different types of diesel particulate filters 



6تناسب با استاندارد یورو  –مواد پایه براي استفاده در فیلتر دوده   



Wall-Flow Particle Filters  
Basics of the operation  

• Exhaust gas is forced through 
porous walls 

• Soot particles are trapped in the 
wall and stick to the surfaces by 
Van der Walls force 

• The filter gets gradually filled and 
needs to be regenerated 

• The filter gets regenerated by 
active or passive methods  

 



 جمع شدن دوده و خاکستر در فیلتر 



 بر جرم دوده تولیدي با دو نوع سوخت دیزل  DPFاثر استفاده از 



 سایز و تعداد ذراتبر  DPFاثر استفاده از 



Effect of implementation of DPF on soot 
emissions of various emission standards  

A.Mayer et al.,Nanoparticle-Emission of EURO 4 and EURO 5 HDV  
Compared to EURO 3 With and Without DPF , SAE Paper 2007-01-112 

Euro V is as bad as Euro II in terms of particles  



 راندمان حذف دوده 



 تعدادي راندمان حذف دوده  





Various technologies are available  



 فرایند احیا فیلتر 









 Catalytic converter upstream of the filter 
coated with precious metal 

 Uses NO2 for the regeneration 

 Function of regeneration is depending on 
temperature cycles of the vehicles 

 Sensitive against high sulfur (250 ppm) 

 Robustness against 230 ppm  
sulfur has to be tested on engine test 
bench under Iranian circumstances 

 Most used technology in city busses 
world wide 

 

 Example: HJS CRT filter  

 

 

 

 

 

 

 

 

 

CRT Systems | passive regenerating 

 



• Over 99% reduction of soot particles, including fine particulate matter  

• Over 95% reduction of gaseous pollutants (CO / HC) 

An example: CRT (Catalytic Reduction technology)  





• [1] Abgasstrom  

• [2] Diesel-Oxidationskatalysator 

• [3] Geschlossenes Partikelfiltersystem CRT 

• [4] Eindüsung AdBlue®  

• [5] Zuleitung AdBlue®  

• [6] AdBlue® Umwandlungsstrecke 
• [7] SCR-Katalysatormodul 
• [8] Ammoniak-Sperrkatalysator 
• [9] NOx-Sensoren 

















 Catalytic coated ceramic filter element  

 Uses NO2 and/or O2 for the regeneration 

 Function of regeneration is depending on 
temperature cycles of the vehicles 

 Sensitive against high sulfur (> 250 ppm) 
Depending on kind of coating 

 Robustness against 230 ppm  
sulfur has to be tested on engine test 
bench under Iranian circumstances 

 Easy to install 

 

 

 

 

 

 

 

 

 

Catalytic Coated Filters| passive regenerating 

 



FBC = Fuel Borne Catalyst| passive regenerating 

 

 No catalytic coating, the additive is the 
catalyst and comes always fresh to the 
filter 

 Need additive on the vehicle, 1 Liter is 
needed for 1.500 – 2.000 Liter fuel 

 Reduces significantly NO2 

 Robust against high sulfur in diesel (up to 
7.000 ppm tested in Tabriz) 

 Function of regeneration is depending on 
temperature cycles of the vehicles. Short 
high temperature peaks are sufficient 

 

 

 

 

 

 

 

 

 

Example: Dinex and Puritech filters  



FBC = Fuel Borne Catalyst with electrical ignition (SMF-AR) | active regenerating 

 

 

 

 

 

 

 

 

 

 

 No catalytic coating, the additive is the 
catalyst and comes always fresh to the 
filter 

 Need additive on the vehicle, 1 Liter is 
needed for 1.500 – 2.000 Liter fuel 

 Reduces significantly NO2 

 Robust against high sulfur in diesel (up to 
7.000 ppm tested in Tabriz) 

 Works with every temperature profile of 
the vehicle 

 Needs power from the vehicle for the 
regeneration for about 5-7 minutes. 

 

Example: HJS SMF-AR  



Stand Still Burner| active regenerating 

 Burns the soot of with a flame 

 Robust against high sulfur in diesel (up to 
7.000 ppm tested in Tabriz) 

 Need downtime (apr. 30 min) when the 
filter needs to regenerate the soot which 
can be aligned with driver shift change 

 Works with every temperature profile of 
the vehicle 

 Needs a fuel line from the vehicle to the 
burner 

 

 

 

 

 

 

 

 

 

 

Example: HUSS MK System 



Catalytic Fuel Burner| active regenerating 

 

 Burns the soot of over 600 °C by injection 
diesel on a catalytic converter 

 Robust against sulfur up to 230 ppm in 
diesel  

 Probably not robust against high sulfur 
diesel > 250 ppm 

 No downtime, the burner works under 
normal operation 

 Works with every temperature profile of 
the vehicle 

 Needs a fuel line from the vehicle to the 
burner 

 

 

 

 

 

 

 

 

 

 



Temperature Management by Throttling 

 

 

 

 

 

 

 

 An option for passive systems is a 
temperature (optional) 

 Exhaust temperature can be increased up 
to 80 °C 

 Support a broader application 

 Makes passive systems more independent 
from bus routes 

 Reduces additional maintenance due to 
blocked passive filters 

 





 نمونه هایی از سامانه هاي کامل پس پالایش



Example: MAN solution for Euro-4 
 HJSفشار اگزوز اتوبوس مجهز به فیلتر 



Example: MAN solution from Euro-4 to Euro-5 
 HJSفشار اگزوز اتوبوس مجهز به فیلتر 



Example: MAN solution for Euro-5 
 HJSفشار اگزوز اتوبوس مجهز به فیلتر 



MAN Euro-6 Solution   فشار اگزوز اتوبوس مجهز به فیلترHJS 



Example: MAN solution for Euro-6 
 HJSفشار اگزوز اتوبوس مجهز به فیلتر 



Example: MAN solution for Euro-6 
 HJSفشار اگزوز اتوبوس مجهز به فیلتر 



 HJSفشار اگزوز اتوبوس مجهز به فیلتر 



 HJSفشار اگزوز اتوبوس مجهز به فیلتر 



 HJSفشار اگزوز اتوبوس مجهز به فیلتر 



Daimler Euro 6 
 HJSفشار اگزوز اتوبوس مجهز به فیلتر 



Daimler Euro 6 (Bluetec 6) 
 HJSفشار اگزوز اتوبوس مجهز به فیلتر 



Daimler Euro 6 (Bluetec 6) 
 HJSفشار اگزوز اتوبوس مجهز به فیلتر 
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 HJSفشار اگزوز اتوبوس مجهز به فیلتر 

http://www.dieselnet.com/


Thanks for your attention 

 

 

vhosseini@sharif.edu  

 HJSفشار اگزوز اتوبوس مجهز به فیلتر 
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