




























 

  

  

  

  

  

 

  

  

 

 

  

  

  

  

  

  

  

  

  

  

  



  

 

  

  

  

  

  

  

  

  

  

 

  

  

  

 

 

  

 

 

  

  

  

  



  

 

  

  

  

  

  

 

 

  

  

 

  

  

  





 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 





 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 











 

  

  

  

  

  

 



 

 



















 

 



 

 







°







 

 





 



 







 

 

 

 

 

 

 

 

 

 

 

 

 

https://ec.europa.eu/transport/facts-fundings/statistics/pocketbook-2017_en
https://ec.europa.eu/transport/facts-fundings/statistics/pocketbook-2017_en
http://www.researchgate.net/
https://www.vda.de/en


 

 

 

 

 

 

 

 

 

 

 

https://www.consumerreports.org/cro/cars/guide-to-the-volkswagen-dieselgate-emissions-recall-
https://www.consumerreports.org/cro/cars/guide-to-the-volkswagen-dieselgate-emissions-recall-
https://www.theguardian.com/business/2015/sep/26/volkswagen-scandal-emissions-tests-john-german-research
https://www.theguardian.com/business/2015/sep/26/volkswagen-scandal-emissions-tests-john-german-research
https://www.theverge.com/2017/12/6/16743308/volkswagen-oliver-schmidt-sentence-emissions-scandal-prison
https://www.theverge.com/2017/12/6/16743308/volkswagen-oliver-schmidt-sentence-emissions-scandal-prison


 

 

 

 

 

 

 

 



 

 





 

  

  

 

 

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  



 



 







φ

φ



 





 

 

 

 

o 



o 



 



 





 



 



 



 

 

 

 



 

 









 



 



° °

° °

°

°

°



 





 

 

 

 







 





 

 



 





 

 





 



 

 



 

 

 



 

 





 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 



 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  



 

 



 

 



°



DYNAMOMETER

Pcyl inst

Pcyl inst

Gasoline 
injector

Diesel injector Diesel injectorDiesel injectorDiesel injector

Intake

Intake

Exhaust

Exhaust

DUAL-FUEL 
OPERATION

CDC 
OPERATION



 

°



°

 

°

m2 °

 



 

TSI Rotating Disk

SMPS  TSI 3936L75

DMA  TSI 3081

CPC  TSI 3775



~

~

 



°



 



 



 

 



 

 



⁰ °

⁰

°

 



 

 

≈ °



 

 NO2
∗

 

 

 



𝐸𝐺𝑅[%] =
𝐶𝑂2𝑖𝑛𝑡𝑎𝑘𝑒𝑑𝑟𝑦 − 𝐶𝑂2𝑎𝑚𝑏𝑖𝑒𝑛𝑡

𝐶𝑂2𝑒𝑥ℎ𝑎𝑢𝑠𝑡𝑑𝑟𝑦 − 𝐶𝑂2𝑎𝑚𝑏𝑖𝑒𝑛𝑡
× 100

 



𝑆𝑜𝑜𝑡[
𝑚𝑔

𝑚3
] =

1

0.405
× 4.95 × 𝐹𝑆𝑁 × 𝑒(0.38×𝐹𝑆𝑁)

 



°



 

TSI Rotating Disk
(Thermodiluter)

Fi
lt

er

DMA, TSI model 
3081

(Differential 
Mobility Analyzer)

CPC, TSI model 
3775

(Condensation 
Particle Counter)

SMPS, TSI model 3936L75
(Scanning Mobility Particle Sizer)

AIM, TSI software
(Aerosol Instrument Manager)

Exhaust 
gas

Fresh air

Cyclone
1 µm



 

 



 

 

 
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 



∆𝐻𝑅𝐿 = 𝑚𝑐𝑦𝑙 × ∆𝑢𝑐𝑦𝑙 + ∆𝑄𝜔 + 𝑝 × ∆𝑉 − (ℎ̅𝑓,𝑖𝑛𝑗 − 𝑢𝑓,𝑔) × ∆𝑚𝑓,𝑒𝑣𝑎𝑝

+ 𝑅𝑐𝑦𝑙 × 𝑇𝑐𝑦𝑙 × ∆𝑚𝑏𝑏

 ∆𝐻𝑅𝐿

 𝑚𝑐𝑦𝑙 × ∆𝑢𝑐𝑦𝑙

 ∆𝑄𝜔

 𝑝 × ∆𝑉

 (ℎ̅𝑓,𝑖𝑛𝑗 − 𝑢𝑓,𝑔) × ∆𝑚𝑓,𝑒𝑣𝑎𝑝



 𝑅𝑐𝑦𝑙 × 𝑇𝑐𝑦𝑙 × ∆𝑚𝑏𝑏
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Speed IMEP EGR ISNOx ISCO ISHC Smoke 

rpm bar % g/kWh g/kWh g/kWh FSN 

950 4.9 

20 

0.069 54.4 9.8 0 

1200 6.3 0.051 20.7 7.2 0.08 

1500 7.3 0.157 9.7 7.3 0.12 

1800 7.4 0.203 12.0 7.6 0.11 

2000 7.1 0.203 16.9 8.2 0.03 

2200 6.8 0.114 35.7 9.2 0.02 



Speed IMEP EGR ISNOx ISCO ISHC Smoke 

rpm bar % g/kWh g/kWh g/kWh FSN 

950 4.5 20.0 3.5 0.8 0.3 0.07 

1200 6.3 18.2 3.8 0.6 0.2 0.1 

1500 6.9 24.1 3.0 0.4 0.2 0.1 

1800 7.0 23.8 3.1 0.6 0.2 0.14 

2000 7.0 25.2 2.6 0.7 0.2 0.17 

2200 7.1 13.3 3.4 0.7 0.2 0.2 

















 

Speed IMEP EGR ISNOx ISCO ISHC Smoke 

rpm bar % g/kWh g/kWh g/kWh FSN 

1200 

3.1 20.8 0.073 91.9 11.9 0 

6.3 19.7 0.051 20.7 7.2 0.08 

11.9 50.2 0.316 2.91 2.1 0.6 

17.3 45.8 0.351 8.15 2.0 0.37 

22.6 31.0 1.04 2.1 0.25 0.96 



Speed IMEP EGR ISNOx ISCO ISHC Smoke 

rpm bar % g/kWh g/kWh g/kWh FSN 

1200 

3.1 29.6 2.86 1.8 0.53 0.04 

6.3 19.9 2.87 0.63 0.19 0.1 

11.8 4.5 5.94 0.19 0.19 0.07 

17.4 0 6.86 0.04 0.04 0.05 

22.8 0 8.62 0.23 0.03 0.1 
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