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ABSTRACT: The combination of diesel oxidation catalyst (DOC) and catalyzed diesel particulate 
filter (CDPF) is one of the most effective ways to control particulate emission. Particulate number 
(PN) and size distribution characteristics are studied when a heavy duty diesel equipped with or 
without DOC+CDPF in this paper. Results show that no matter the DOC+CDPF after-treatments are 
equipped or not, the power outputs and torques under the same condition are nearly the same, and 
the fuel consumption will be increased of about 2% when equipped with DOC+CDPF. When the di-
esel engine works without DOC+CDPF, the size distribution of exhaust particulate number shows 
double-peak logarithmic distribution under most conditions, and the peak diameters of particulate 
number are about 50nm and 200nm. When equipped with DOC+CDPF, the size distribution of parti-
culate number shows multi-peak logarithmic distribution, and the peak diameters of particulate num-
ber are about 10nm, 20nm and 60nm. The total particulate number decreases significantly, the de-
creasing range is more than 2 orders of magnitude when equipped with DOC+CDPF. 

INTRODUCTION 
Diesel particulate emission is one of the most important sources of atmospheric pollution, particulate 
may contain polycyclic aromatic hydrocarbons which may be carcinogenic, and it’s much possible to 
be inhaled when the size of particulate is small enough. Using exhaust after-treatment technology to 
control particulate emission is the development trend of diesel engine technology, and the combina-
tion of Diesel Oxidation Catalyst (DOC) and Catalyzed Diesel Particulate Filter (CDPF) is a com-
mon technical method[1]. 

DOC is ceramic honeycomb carrier or metal honeycomb carrier which is coated with precious 
metal catalyst (Pt, Pd, etc.), DOC can increase the rate of chemical reactions by lowering the activa-
tion energy, so Hydrocarbon (HC), Carbon monoxide (CO) and Soluble Organic Fractions (SOF) 
will be transformed to water and carbon dioxide under low temperature[2~4]. CDPF is recognized as 
one of the most effective method of purifying diesel engine particulate emission[5~7]. Due to the pre-
cious metal catalyst (Pt, Pd, etc.) that is coated on the surface of DPF carrier, the light-off tempera-
ture can be reduced to 250~500℃, which is normal exhaust temperature range when a diesel engine 
works, so CDPF can realize the regeneration[8~10]. To combine DOC and CDPF after-treatment can 
not only ensure a continuous and reliable particle trap to reduce PM emission, but also effectively re-
duce HC and CO, etc. [11~13]. What is more，to meet the National V emission law in the future,  it is 
viable to use DOC+CDPF, but how the diesel PM emission characteristic will perform after 
DOC+CDPF, it is necessary to carry out related research[14~16]. 

EXPERIMENT ENGINE FUEL AND EQUIPMENT 

Test engine 
This paper takes experiment on a heavy diesel engine with high pressure common rail fuel injection 
system, the technical parameters are presented in Table1. 
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Table 1.  Main Specifications of the Engine 
Items Parameters 

Displacement(L) 8.82 

Cylinder L-6 Six Cylinder In-
Line, 4 valves 

Cylinder Diameter / 
Stoke(mm) 114 / 144 

Compression Ratio 18:1 
Rated Power(kW) 184/2200 r/min 

Maximum Torque(N·m) 1000/1400 r/min 
 
Test fuel 
This paper uses Shanghai V diesel fuel (similar to Euro V), the physicochemical properties are pre-
sented in Table2. 
 

Table 2. Fuel Physicochemical Properties 
Items Diesel 

Density(kg/m3) 821.9 
Kinematic Viscosity(mm2/s-1) 4.54 

Flash Point(℃) 92.0 
Cetane Number 52.3 

Low Heating Value(MJ/kg) 43.96 
Sulphur Content(mg/kg) <1 

 
Exhaust gas After-treatment 

This paper uses DOC+CDPF after-treatment, the technical parameters are presented in Table3. 
 

Table 3. Main Specifications of DOC+CDPF 
Items DOC CDPF 

Carrier Length(mm) 295 304.8 
Carrier Diame-

ter(mm) 90 285.8 

Cell Density(cpsi) 300 200 
Porosity(%) — 55 

Average Pore 
Size(μm) — 8~13 

Wall Thickness(mm) — 0.35 
Carrier Material cordie-

rite 
cordie-
rite 

Coating Composi-
tion Al2O3 Al2O3 

Catalyst Composi-
tion Pt/Pd Pt/Pd 

 
Experimental Instrument 
The measurement and control system of engine bench consists of AVL-PUMA automatic test con-
sole, AVL electric dynamometer and auxiliary equipment. This system couples the dynamometer with 
the diesel engine, so that testers can set different rotational speed and torque to force the diesel to 
operate under the condition of requirement, and record the parameters constantly. 

This paper uses type EEPS-3090 diesel engine exhaust particulate diameter spectrometer, which 
is made by TSI Company in the United States, to take particulate test. The range of particulate di-
ameter of this instrument is 5.6~550nm, and its maximum test frequency is 10Hz, it is to say that tes-
ter may obtain a complete particulate size distribution graph within 0.1s，and meanwhile obtain a 
particulate number concentration result of 32 different diameters. EEPS-3090 is equipped with TSI 
MD19 rotate diluter, and its dilution ratio is 250 times. 
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Test procedure 
This paper takes experiment on a heavy diesel engine fuelled with Shanghai V diesel fuel, and re-
search on particulate number (PN) and size distribution characteristics with and without 
DOC+CDPF. 

Test condition including the working condition of full-load characteristic and part-load charac-
teristic conditions: (1)Full-load characteristic in this experiment is the engine working at 800, 1000, 
1200, 1400, 1600, 1800, 2000 and 2200r/min, totally 8 points. (2)Part-load characteristic condition 
consists of the maximum torque speed, 1400r/min; and the calibration speed, 2200r/min, and the load 
points are 10%, 25%, 50%, 75% and 100%, totally 10 points. This paper is aimed at testing the 
power performance, fuel economy and particulate number (PN) and size distribution characteristics 
with and without DOC+CDPF under the test conditions. 

RESULTS AND DISCUSSION 

Power 
Figure 1 and Figure 2 show the power output and torque of the diesel engine when the engine works 
under full-load condition. No matter the DOC+CDPF after-treatments are equipped or not, the pow-
er outputs and torques under the same condition are nearly the same, that means DOC+CDPF have 
almost no effect on power performance of the diesel engine. 
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Figure 1. Power at full-load 
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Figure 2. Torque at full-load 

 
Fuel Consumption 
Figure 3 shows the fuel consumption of the diesel engine when the engine works under full-load 
condition. Figure 4 and Figure 5 show the fuel consumption of the diesel engine when the engine 
works under part-load condition. BMEP is short for Brake Mean Effective Pressure. The fuel con-
sumption will be increased of about 2% when equipped with DOC+CDPF, that is because CDPF can 
increase exhaust back pressure, which will increase the residual exhaust gas in combustion chamber 
and the flaming condition in the cylinder turns terrible, then the combustion thermal efficiency be-
comes lower. 
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Figure 3. Fuel Consumption at full-load 
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Figure 4. Fuel Consumption, 1400r/min 
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Figure 5. Fuel Consumption, 2200r/min 

 
Particulate number and size distribution characteristics 
Figure 6 and Figure 7 show the particulate number and size distribution characteristics when the en-
gine works at 1400r/min and 2200r/min, the load points are 10%, 25%, 50%, 75% and 100%. 
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(a) 10% load 

703



1.0E+0

1.0E+2

1.0E+4

1.0E+6

1.0E+8

1 10 100 1000

PN
 d

N
/d

lo
gD

p（
#/

cm
3 ）

Diameter Dp (nm)

Diesel

Diesel DOC/CDPF

 
(b) 25% load 
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(c) 50% load 
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(d) 75% load 
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(e) 100% load 

Figure 6. Particulate number and size distribution characteristics at different loads, 1400r/min  
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(a) 10% load 
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(b) 25% load 
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(c) 50% load 
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(d) 75% load 
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(e) 100% load 

Figure 7. Particulate number and size distribution characteristics at different loads, 2200r/min 
 

It can be seen from Figure 6(a),(b),(c),(d) that when the diesel engine works without DOC+CDPF 
and at a speed of 1400r/min, and the loads are 10%, 25%, 50% and 75%, the size distribution of ex-
haust particulate number shows double-peak logarithmic distribution, it is to say that there are two 
peaks in each figure, and the peak diameter of particulate number are about 50nm and 200nm. And it 
can be seen from Figure 6(e) that when the diesel engine works without DOC+CDPF and at a speed 
of 1400r/min, and the loads is 100%, the size distribution of exhaust particulate number shows sin-
gle-peak logarithmic distribution, and the peak diameter of particulate number is about 50nm.  

It can be seen from Figure 7(a),(b) that when the diesel engine works without DOC+CDPF and 
at a speed of 2200r/min, and the loads are 10% and 25%, the size distribution of exhaust particulate 
number shows double-peak logarithmic distribution, it is to say that there are two peaks in each fig-
ure, and the peak diameter of particulate number are about 50nm and 200nm. And it can be seen 
from Figure 6(c),(d),(e) that when the diesel engine works without DOC+CDPF and at a speed of 
2200r/min, and the loads is 50%, 75% and 100%, the size distribution of exhaust particulate number 
shows single-peak logarithmic distribution, and the peak diameter of particulate number is about 
50nm. 

It can be seen from Figure 6 and Figure 7 that when equipped with DOC+CDPF, no matter the 
diesel work at which condition, the size distribution of particulate number shows multi-peak loga-
rithmic distribution, and the peak diameter of particulate number are about 10nm, 20nm and 60nm. 
Compared to the engine without exhaust gas after-treatment, DOC+CDPF can evidently reduce par-
ticulate number when the engine using diesel fuel. The particulate number purification efficiency of 
DOC+CDPF is a bit low when the particulate diameter is about 7~9nm, even in some conditions, the 
particulate number become larger. That is because that many particulates are sulfate at this area, and 
sulfate can’t be by DOC+CDPF, but at the same time, large particulate is decomposed to small parti-
culate, so the particulate number become larger when he particulate diameter is about 7~9nm. When 
the particulate diameter is about 10~60nm, the decreasing range is more than 2 orders of magnitude. 
And it even reaches 3 orders of magnitude when the range of particulate diameter is larger than 
60nm. 

 
Total particulate number 

Figure 8 shows the total of particulate number when the diesel engine works at 1400r/min and 
2200r/min. Figure 9 shows the purification efficiency of DOC+CDPF. 
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(a) 1400r/min  
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(b) 2200r/min 

Figure 8. Total particulate number 
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Figure 9. The purification efficiency of DOC+CDPF 

 
It can be seen from Figure 8 that when the engine works without DOC+CDPF, the particulate num-
ber concentrations increase with the increase of load.  

It can be seen from Figure 8 and Figure 9 that when equipped with DOC+CDPF, the total of 
particulate number decreases significantly, the decreasing range is more than 2 orders of magnitude. 
When the diesel engine works at 1400r/min, the average purification efficiency of DOC+CDPF is 
about 92.0%; and 97.5% at 2200r/min. 

CONCLUSIONS 
(1) No matter the DOC+CDPF after-treatments are equipped or not, the power outputs and torques 
under the same condition are nearly the same, that means DOC+CDPF have almost no effect on 
power performance of the diesel engine. 
(2) The fuel consumption will be increased of about 2% when equipped with DOC+CDPF, that is 
because CDPF can increase exhaust back pressure. 
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(3) When the diesel engine works without DOC+CDPF, the size distribution of exhaust particulate 
number shows double-peak logarithmic distribution or single-peak logarithmic distribution, and the 
peak diameter of particulate number are about 50nm and 200nm. 
(4) When equipped with DOC+CDPF, no matter the diesel work at which condition, the size distri-
bution of particulate number shows multi-peak logarithmic distribution, and the peak diameter of 
particulate number are about 10nm, 20nm and 60nm. 
(5) When the engine works without DOC+CDPF, the particulate number concentrations increase 
with the increase of load. And when equipped with DOC+CDPF, the total particulate number de-
creases significantly, the decreasing range is more than 2 orders of magnitude. 
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