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The low temperature combustion (LTC) concept is the groundwork of most recent developments in 
internal combustion diesel engines in order to match stringent environmental standards and regulations. 
Although its basic definition which means reducing the combustion chamber temperature to decrease 
the emissions sounds easy, practical achievement of LTC strategies which can be feasible in a wide 
range of loads and speeds has its own difficulties. With attention to different effective parameters in a 
diesel engine combustion process, various methods have been introduced for the purpose of LTC 
achievement. Two important types of these methods are based on early and late injection strategies. In 
addition to analyzing both mechanisms, in this paper we intend to implement two different methods in 
national light duty diesel engine in order to match EURO VI emission standard. One method named 
UNIBUS is based on early injection strategies which benefit from PPC merits and the other one is 
Modulated Kinetic (MK) which is based on late injection strategies. Finally, both methods are compared 
and contrasted. The results show the great potentiality of both methods to make a significant and 
simultaneous reduction in NOx and Soot emissions. 
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Low Temperature Combustion 
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Fig. 1 Acceptable limits for NOx and soot in European 
emission standards  
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Fig. 2 Emission map for NOx and soot as  a  function  of  Local  
Equivalence Ratio(LER) and temperature map and the limits of 
LTC operation [4] 
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Fig.  4   Comparison of pressure and heat release rate between 
simulation and experiment at 1000 rpm engine speed and 
BMEP=8.31 bar 

4  
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Fig. 5 Comparison of NOx and soot emissions between 
simulation and experiment at 1000rpm full load   
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Fig. 6  Comparison of pressure and heat release rate between 
simulation and experiment at 1730 rpm and BMEP=2.35 bar 
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Fig.  7 Comparison of NOx and soot emissions between 
simulation and experiment at 1730 rpm part load with 
BMEP=2.35 bar  
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3    
Table 3 Specifications of different UNIBUS cases  

  
   

(°BTDC)  

EGR

 
(%)  

 

(bar)  
 

Base  3  33.5  1.29  0.71  

UNBS1  8  40  1.4  0.71  
UNBS2  16  40  1.4  0.71  

UNBS3  27  40  1.4  0.71  
UNBS4  36  40  1.4  0.71  

UNBS5  44  40  1.4  0.71  
UNBS6  54  40  1.4  0.71  

UNBS7  35  10  1.05  0.71  
UNBS8  35  20  1.14  0.71  

UNBS9  35  30  1.26  0.71  

UNBS10  35  40  1.41  0.71  
UNBS11  35  50  1.58  0.71  

UNBS12  35  40  1.2  0.81  
UNBS13  35  40  1.5  0.66  

UNBS14  35  40  1.8  0.58  
UNBS15  35  40  2.1  0.47  

UNBS16  35  40  2.4  0.39  
  

  
Fig.  8 NOx and Soot emissions in different UNIBUS cases 
(different SOIs) at 1730 rpm engine speed and part load 
condition 
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Fig. 9 Local equivalence ratio distribution at TDC in four 
different cases of advance in start of injection 
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Fig. 10 Peak Temperature in different UNIBUS cases (different 
SOIs) at 1730 rpm engine speed and part load condition 
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Fig. 11 Normalized Accumulated Heat Released in different 
UNIBUS cases (different SOIs) at 1730 rpm engine speed and 
part load condition 
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Fig. 12 Comparison of Indicated Mean Effective Pressure 
produced in different UNIBUS cases with base model at 1730 
rpm engine speed and part load condition 
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Fig. 13 NOx and Soot emissions in different UNIBUS cases 
(different EGR rates) at 1730 rpm engine speed and part load 
condition 
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injection at 15 deg ATDC at 1730 rpm engine speed and part load condition. 
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Fig. 17 NOx and Soot emissions changes in different MK cases 
(different SOIs) at 1730 rpm engine speed and part load 
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Fig. 20 Comparison of Indicated Mean Effective Pressure of all 
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part load condition. 

20 MK 
1730  . 

  
Fig. 21 Change of in-cylinder charge pressures in different MK cases 
(different SOIs) at 1730 rpm engine speed and part load condition.  
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Fig. 23 In-cylinder pressure variations in different MK cases 
(different rates of EGR) at 1730 rpm engine speed and part load 
condition 
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 Fig. 24 NOx and Soot emissions changes in MK cases 
(different swirl ratios) at 1730 rpm engine speed and part load 
condition 
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Fig. 25 Comparison of average values of different parameters 
in MK1-5 as Modulated kinetic cases with UNBS1-6 as Unibus 
combustion (EGR=40%, PTC =1.4 bar, equivalence ratio = 0.71 
and swirl ratio = 1.8) 1730 rpm engine speed and part load 
condition 
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Fig. 26 Comparison of various parameters of UNBS5 with 
MK4  (EGR=40%,  PTC =1.4 bar, equivalence ratio = 0.71 and 
swirl ratio = 1.8) at 1730 rpm engine speed and part load 
condition 

26  UNBS5  MK4  )EGR=40% 
PTC =1.4 bar  0.71  1.8 (1730 

 .  

 .

25 
 .26 MK4  UNBS5  

 .
 

 .  

  

 MK9 UNBS10 27 
 .1RI 

 )1(   

7 -   

  6   .
)UNIBUS( 

)MK(  .

  
 ( 

 .

  
 (

 .
 . 

  
  

 (
IMEP 

 )4 .(  
)   (1( 

 .
 .

   

  
  

8 -  

- 

  

9 -   
[1] Cars and Light Trucks, Accessed on January 2015; 

http//www.dieselnet.com/standards/eu/ld.php. 
[2] M. A. Azim, Future prospects of low compression ignition engines, 

Journal of The Institution of Engineers (India), Vol. 95, No. 1, pp. 
25–30, 2014. 

[3] J. E. Dec, Advanced compression-ignition engines - understanding 
the in-cylinder processes, Proceedings of the Combustion Institute, 
Vol. 32, No. 2, pp. 2727–2742, 2010. 

[4] S. He, B.-G. Du, L.-Y. Feng, Y. Fu, J.-C. Cui, and W.-Q. Long, A 
numerical study on combustion and emission characteristics of a 

1- Ringing intensity 

0.042

0.0019

1453
2.11

5.08
0.041

0.0038

1457

2.11

3.83

UNBS5 (SOI =
32 deg BTDC)

MK4 (SOI = 4
deg ATDC)

NOx (g/kW.h)

RI (MW/m2)

T- max (K)

Soot (g/kW.h)

IMEP (bar)

Fig. 27 Comparison of various parameters of UNBS11 with 
MK10 (EGR=50%, Ptc =1.58 bar, equivalence ratio = 0.71 and 
swirl ratio = 1.8) at 1730 rpm engine speed and part load 
condition 

27  UNBS11  MK10 
 )EGR=50%  PTC =1.58 bar  0.71 

1.8 (1730  .  

0.019

0.003

1466

2.06

3.77

0.0067 0.0068

1405

2.12

3.25

NOx(g / kW. h)

Soot (g / kW. h)

T max (k)M EP  (bar )

R I (MW / m2)

UNBS11 (SOI
= 35 deg
BTDC)

MK10 (SOI =
4 deg ATDC)

NOx (g/kW.h)

Soot (g/kW.h)

T- max (K)IMEP (bar)

RI (MW/m2)

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

4.
43

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

19
 ]

 

                            11 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.4.43.2
https://mme.modares.ac.ir/article-15-11919-fa.html


    

    

  

270  1395164  

medium-speed diesel engine using in-cylinder cleaning 
technologies, Energies, Vol. 8, No. 5, pp. 4118–4137, 2015. 

[5] J. Eng, Characterization of pressure waves in HCCI combustion, 
SAE Technical Paper,No. 1-2859, 2002. 

[6] Y. Yang, J. E. Dec, Boosted HCCI for high power without engine 
knock and ultera low NOx emission- using conventional gasoline, 
SAE International Journal of Engines, Vol. 3,No. 1, pp. 750–767, 
2010. 

[7] S. Abdolmaleki, Experimental investigation on combustion and 
emissions in an internal combustion PCCI engine, Proceedings of 
5th Conference on Fuel  and Combustion. Tehran,  Iran,  Feb  5-7,  
2014. (in Persian ). 

[8] G. Zamboni and M. Capobianco, Experimental study on the effects 
of HP and LP EGR in an automotive turbocharged diesel engine, 
Applied Energy, Vol. 94, pp. 117–128, 2012. 

[9] S. Han and C. Bae, The influence of fuel injection pressure and 
intake pressure on conventional and low temperature diesel 
combustion,  SAE Technical Paper,No. 1-1721, 2002. 

[10]  Ö. Andersson and P. C. Miles, Diesel and diesel LTC combustion, 
Encyclopedia of Automotive Engineering, 2014. 

[11]  M. Zheng, X. Han, G. T. Reader, Empirical studies of EGR 
enabled diesel low temperature combustion, Automotive Safety and 
Energy,  Vol. 1, No. 3, pp. 219–228, 2010. 

[12] P. Brijesh, A. Chowdhury, and S. Sreedhara, Effect of ultra-cooled 
EGR and retarded injection timing on low temperature combustion 
in CI engines, SAE Technical Paper,No 1-0321, 2013. 

 [13], B. Yin, J. Wang, K. Yang, and H. Jia, Optimization of EGR and 
split injection strategy for light vehicle diesel low temperature 
combustion, International Journal of Automotive Technology, Vol. 
15, No. 7, pp. 1043–1051, 2014. 

[14] R. J. HO, M. Z. Yusoff, K. Palanisamy, Trend and future of diesel 
engine: development of high efficiency and low emission low 
temperature combustion diesel engine, IOP Conference Series: 
Earth and Environmental Science, Vol. 16, No. 1, 2013. 

[15] C. Arcoumanis, T. Kamimoto, Flow and Combustion in 
Reciprocating Engines, pp. 360-364, Berlin: Springer, 2009.  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

4.
43

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

19
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.4.43.2
https://mme.modares.ac.ir/article-15-11919-fa.html
http://www.tcpdf.org

