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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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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  
1000  .BMEP=8.31 bar  

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  

7 
1730 .BMEP=2.35 bar   

 1.45 
 11.66  .

19.7 TDC 3.5 
TDC 16.7 

 2  .
EGR    

.  
  

4 -1-   
UNBS1  UNBS6 8  54 

 .
 .

8 6 
 .  

0.136

EVO

1.147

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 35 70 105 140

E
m

is
si

on
s 

(g
/k

W
.h

)

CA (deg)

Exp - soot at EVO

Exp - NOx at EVO

Sim - NOx

Sim - soot

- Soot at EVO

Soot
0.00704

EVO

0.1503

0

0.03

0.06

0.09

0.12

0.15

0.18

0 50 100 150

E
m

is
si

on
s

(g
/k

W
.h

)

CA (deg)

Exp - soot at EVO

Exp- Nox at EVO

sim- NOx

Sim- soot

Exp - Soot at EVO

Soot

Sim - NOx 

Sim - Soot

Exp - NOx at EVO



    

     

1395164  263  

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 

13  
)EGR (1730   

  .
 30 %

 
 .  
14 

 .
      

EGR 42% 
  

 . 
12        

Fig. 14 Peak pressures and temperatures in different EGR rates 
at 1730 rpm engine speed and part load condition. (Cases 
UNBS7 to UNBS11) 
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Fig. 15 Peak pressures and temperatures in different UNIBUS 
cases (different turbocharging pressures) at 1730 rpm engine 
speed and part load condition 
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Fig. 16 NOx and Soot emissions changes in different UNIBUS 
cases (different turbocharging pressures) at 1730 rpm part load 
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Table 4 Specifications of different MK cases  
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Fig. 19 Local distribution of equivalence ratio, NOx and soot emissions  at  TDC  in  three  different  cases  of  retard  in  start  of  
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 
condition. 
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Fig.18 Comparison of temperatures of all MK cases with of 
base model at 1730 rpm engine speed and part load condition. 
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Fig. 20 Comparison of Indicated Mean Effective Pressure of all 
MK cases with of base model at 1730 rpm engine speed and 
part load condition. 
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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. 22 NOx and Soot emissions changes in MK cases (different 
EGR rates) 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 
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