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Abstract 

The method of diesel oxidation catalyst (DOC) assistance is an effective way to achieve 
active regeneration of diesel particulate filter (DPF). Therefore, an appropriate DOC inlet 
temperature is the essential boundary condition for this regeneration process. In this 
paper, the thermal management measures and a novel strategy based on the require-
ments of DPF active regeneration have been proposed and studied through experi-
ments. Results show that intake throttling can increase DOC inlet temperature 
by 45% at high speed and 13% at low speed. However, its effect becomes significant 
only after the throttle closure exceeds 65%. Near post-injection is a more effective 
method than intake throttling to increase the DOC inlet temperature, and is suitable 
for situations where the DOC inlet temperature differs greatly from the target value. 
Under the premise of economic consideration, the optimal value of near post-injection 
time is always 20°CA after top dead center (TDC). The near post-injection quantity 
has a greater effect on DOC inlet temperature than the near post-injection time. How-
ever, too large near post-injection quantity can also lead to a sharp deterioration in fuel 
economy. Meanwhile, a novel thermal management strategy based on engine working 
zone division is proposed according to the ability of different thermal management 
measures and the distribution law of original DOC inlet temperature. With this strategy, 
the DOC inlet temperature in whole engine operating range increases significantly. 
In steady state, more than 80% of the operating points can reach the target value 
of 450 ℃. In world harmonized transient cycle (WHTC), the average DOC inlet tempera-
ture is also increased by 28.8%.

Keywords: Diesel particulate filter, Exhaust thermal management, Intake throttling, 
Near post-injection

Introduction
Hydrocarbon, nitrogen oxides  (NOX), and particulate matter (PM), as the major air pol-
lutants, are abundant in diesel engine exhaust. With the increasing severity of air pol-
lution and stricter emission regulations, it is more and more important to use proper 
after-treatment technology to reduce the adverse impact on environment.

DPF, which uses porous cordierite material to adsorb PM, is recognized as the most 
effective way to solve the PM problem in diesel engine. However, large deposition of soot 
particles and heavy hydrocarbon groups will lead to the increase of flow resistance in 
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DPF and the deterioration of diesel engine performance. Therefore, periodic removal of 
deposited PM is indispensable for DPF regeneration [1–4].

The most simple and reliable method is to promote the complete oxidation of depos-
ited PM by increasing the DPF temperature. However, the diesel engine has a wide 
working range and its exhaust temperature in medium and low load points is too low to 
meet the requirement of DPF regeneration. In this condition, additional heat is required 
to maintain the regeneration temperature of DPF. Generally, the catalytic combustion 
of unburned hydrocarbons on platinum-palladium catalysts in DOC can release a large 
amount of heat. Therefore, the method of DOC-assisted DPF active regeneration, that is, 
providing more unburned hydrocarbons to DOC through the adjustment of fuel injec-
tion strategy and supplemented by engine intake management, can effectively increase 
the DPF inlet temperature [5–7]. However, too high temperature may still cause irre-
versible damage of cordierite material and the adjustment of fuel injection strategy may 
also lead to the increase of fuel consumption. Thus, the exhaust thermal management 
strategy based on the requirements of DPF active regeneration should be studied care-
fully according to the working conditions of the diesel engine, so as to achieve accurate 
control of DPF regeneration temperature while ensuring well power, economy and emis-
sion performances of the engine.

Thomas Korfer and Hartwig Busch et  al. [8] conducted numerous exhaust thermal 
management tests on a 2.0-L diesel engine for an operating condition of 1500 r/min and 
an average effective pressure of 2 bar. According to the results, they proposed an active 
exhaust-temperature management strategy based on various thermal management 
measures. Sungjun Yoon et al. [9] investigated the relationship between the post-injec-
tion strategy and the DPF regeneration temperature, and concluded that the optimal 
post-injection time was between 40°CA ATDC and 110°CA ATDC. Hyunjun Lee et al. 
[10, 11] proposed a cylinder pressure-based multiple injection MFI control method for 
DPF regeneration. The main injection quantity was decided by precise feedback control 
of average indicated pressure, excess air coefficient and upstream temperature of the 
DPF. The post-injection time was decided by the crankshaft angle, which corresponded 
to the moment that the instantaneous heat release rate reached 60% of its maximum 
value. Wang Jian et al. [12] used a light vehicle diesel engine to study the effects of dif-
ferent injection patterns on exhaust temperature, fuel consumption and emissions under 
small and medium load, experimentally. It was shown that delaying the main injec-
tion time had no significant influence on the increase of DOC inlet temperature, while 
increasing the near post-injection quantity seemed to be a more effective measure. Cur-
rently, there are various studies on the exhaust thermal management for DPF active 
regeneration, but most of them are based on a single engine working point, so it is nec-
essary to conduct a detailed study under full engine working range to form a systematic 
whole-field thermal management strategy.

In this paper, a heavy-duty diesel engine was selected as the experimental machine. The 
influence of intake throttling, near post-injection time and near post-injection quantity on 
exhaust temperature has been researched under extensive engine working points. Accord-
ing to the abilities of different thermal management measures, a novel thermal manage-
ment strategy was proposed to increase the DOC inlet temperature under whole engine 
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working range. This could provide upstream DOC temperature conditions for DPF active 
regeneration and has great significance in the formulation of DPF control strategy.

Experimental setup

Experimental equipment

The experimental prototype is a heavy-duty diesel engine, and its specific parameters are 
shown in Table  1. The after-treatment system includes DOC, DPF, Selective Catalytic 
Reduction (SCR), and Ammonia Slip Catalyst (ASC), with a U-shaped layout. The physical 
system is shown in Fig. 1 and the schematic diagram of the experimental bench is shown 
in Fig. 2. Constant temperature and humidity (25 °C and 45% RH) air is provided by the 
intake air conditioner. It goes by an ABB Sensyflow-P meter to measure the mass flow rate 
and then enters the engine supercharger. The intercooling system controls the tempera-
ture of pressurized air to be constant, after which the air enters the engine intake manifold. 
The electronic throttle valve is also located on intake manifold to control the inlet airflow 
rate. The fuel temperature and mass flow rate are controlled and measured by AVL 753 
and AVL 735, respectively. The coolant temperature is maintained at 90 °C by the coolant 
constant temperature system. The DOC inlet is equipped with a K-type thermocouple and 
two exhaust sampling tubes to monitor the DOC inlet temperature and engine emissions, 
respectively. The measures The  NOx concentration is measured by AVL AMA i60 emis-
sion analyzer and the Soot concentration is measured by AVL 483 micro soot sensor. The 
engine speed and torque are controlled by a JD450 electric dynamometer, which is manu-
factured by Nantong Changshu Testing Company. The adjustment of the injection param-
eters in ECU is done through the INCA software. The uncertainties of the main parameters 
are shown in Table 2. As we can see, the parameters can be divided into directly measured 
parameters and computed parameters. For directly measured parameters, the uncertainty 
is determined by the accuracy of the instruments. For computed parameters, the uncer-
tainty can be calculated based on the techniques of error propagation:
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Table 1 Basic parameters of the prototype

Parameters Values

Type of diesel engine Four stroke, supercharged, inter-
cooling, high pressure common 
rail

Type of intake throttling valve Electrically controlled circular valve

Number of cylinders Six

The cylinder diameter (mm) 120

Stroke (mm) 125

Displacement (L) 8.5

Compression ratio 17.5

Maximum power (kW) 290

Maximum torque (N·m) 1730
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where  eR is the uncertainty of computed parameter, f is the given function between com-
puted parameter and measured parameters,  e1,  e2, …,en are the uncertainty of related 
measured parameters.

Experimental scheme

Six working conditions of the diesel engine are selected in the experiments, which 
are denoted as A, B, C, D, E, and F respectively. The specific parameters of each 
condition are shown in Table 3. The engine speed and torque are kept constant in 
all experiments. If the torque is affected by thermal management measures, it will 
be compensated just by adjusting the main fuel injection quantity while the main 
fuel injection time always keeps unchanged. The position of intake throttling valve 

Fig. 1 Physical picture of experimental engine and after-treatment system



Page 5 of 21Guo et al. Journal of Engineering and Applied Science           (2023) 70:93  

is represented by its closure percentage. That is, when the closure of the intake 
throttling valve is 0%, it means that the throttling valve is fully open, and when the 
closure of the intake throttling valve is 100%, it means that the throttling valve is 
fully closed. The fuel injection time is represented by the crank angle (°CA) after 
TDC. During the experiments, the charge air temperature is kept constant by the 
intercooling system. The charge air pressure is determined by the state of the super-
charger and is not controlled separately.

Fig. 2 Schematic diagram of test bench

Table 2 Uncertainty of major parameters

Measured parameters Measurement 
uncertainty

Speed 0.02%

Torque 0.2%

Effective power 0.2%

Air flow rate 1.0%

Fuel flow rate 0.4%

NOx 1.0%

Table 3 Basic parameters of experimental points

Condition Speed(r/min) Torque (N·m) Main injection time 
(°CA after TDC)

Original DOC 
inlet temperature 
(℃)

A 900 300 0.13 279

B 1200 400 -1.99 285

C 1300 700 -2.49 352

D 1500 100 -2.85 177

E 1600 1000 -6.41 372

F 1800 400 -7.48 246
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Influence of intake throttling on engine performance

Influence of intake throttling valve closure on inlet flow rate

Figure 3 shows the influence of intake throttling valve closure on inlet flow under dif-
ferent working conditions. It can be seen from the figure that the inlet flow decreases 
in all working conditions with the increase of the closure. Besides, the flow rate 
decreases faster at larger closures. When the closure percentage varies from 0 to 50%, 
the change of inlet flow rate is not obvious under all working conditions. However, 
when the closure percentage varies from 50 to 80%, especially when it exceeds 70%, 
the inlet flow rate is significantly reduced. Detailed data show that when the closure 
is 50%, the inlet flows of A, E, and F vary from 268  kg/h to 266 kg/h, 1076  kg/h to 
1044  kg/h and 909  kg/h to 887  kg/h, decreasing by 1%, 3%, and 2%. As a contrast, 
when the closure is 80%, the intake flows of A, E, and F vary to 241 kg/h, 803 kg/h, 
and 659 kg/h, decreasing by 7%, 25%, and 27% respectively. This is because the effec-
tive cross-sectional area of the intake throttling valve decreases sharply at large clo-
sure percentage, so the flow resistance increases and the decrease of the inlet flow 
becomes more obvious. Meanwhile, the influence of intake throttling valve closure 
on working condition E and F is more obvious than that on A. When the closure per-
centage increases from 0 to 80%, the inlet flow of condition A varies from 268 kg/h 
to 241  kg/h, decreasing by 7%. As a contrast, the inlet flows of E and F vary from 
1076  kg/h to 803  kg/h and 909  kg/h to 659  kg/h, decreasing by 25% and 27%. This 
is because the engine has a larger air demand in E and F working conditions, so the 
decrease of the effective cross-sectional area of the intake throttling valve has greater 
influence on inlet flow rate [13].

Fig. 3 Influence of intake throttling valve closure on inlet flow rate
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Influence of intake throttling valve closure on DOC inlet temperature

Figure 4 shows the influence of intake throttling valve closure on DOC inlet tempera-
ture under different working conditions. The figure shows that the DOC inlet tem-
perature rises with the increase of the closure. In addition, the temperature increases 
quicker at larger closures. When the closure varies from 0 to 50%, the temperature 
variation for each working condition is not significant. However, when the closure 
varies from 50 to 80%, significant temperature changes are observed. Especially, the 
temperature increases dramatically when the closure is larger than 70%. The nonlin-
ear relationship between the valve closure and the increase of DOC inlet temperature 
is consistent with the results of Jinliang Zhu’s research [14], which is caused by the 
circular shape of the valve. Detailed data show that when the closure is 50%, the DOC 
inlet temperature of A, E, and F vary from 279 ℃ to 281 ℃, 372 ℃ to 382 ℃ and 246 ℃ 
to 257 ℃, increasing by 1%, 3%, and 4.5%. In comparison, when the closure is 80%, 
the temperature of A, E and F vary to 316 ℃, 541℃ and 356℃, increasing by 13%, 
44%, and 45% respectively. The effect of valve closure on DOC inlet temperature is 
opposite in trend to the effect on inlet flow, but to the same extent. This is because 
the inlet flow is decreased by intake throttling. It will reduce the heat capacity of gas 
mixture in cylinder and delay combustion phase, ultimately lead to higher exhaust 
temperature.

Meanwhile, the effect of valve closure on DOC inlet temperature varies for different 
operating conditions. E is the working condition with the most significant tempera-
ture change. From Fig. 4 and the detailed data above, it can be seen that the effect of 
closure on DOC inlet temperature in A working condition is much smaller than that 
in E and F. This is because the change of inlet flow caused by intake throttling at small 
loads is not significant.

Fig. 4 Influence of intake throttling valve closure on DOC inlet temperature
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Influence of intake throttling valve closure on  NOx and Soot emissions

Figure 5 shows the influence of intake throttling valve closure on  NOx and Soot emis-
sions under different working conditions. The figure shows that the  NOx emissions rise 
with the increase of the closure for all working conditions. In addition, the  NOx emis-
sions increase quicker at larger closures, and F is the working condition with fastest 
increasing rate. Detailed data show that when the closure is 80%, the  NOx emissions 
of A, E, and F vary from 451(×  10−6) to 483(×  10−6), 241(×  10−6) to 532(×  10−6) and 
572(×  10−6) to 340(×  10−6), increasing by 17.9%, 18.4%, and 41.0% respectively. The  NOx 
emissions are related to the oxygen content in cylinder, the combustion temperature 

Fig. 5 Influence of intake throttling valve closure on a  NOx and b Soot emissions
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and the duration of high temperature. Therefore, the increase in closure causes a large 
increase of the average combustion temperature, which creates a conducive high-
temperature environment to  NOx generation. On the other hand, the intake throttling 
causes an unfavorable environment for  NOx generation with decreasing oxygen content. 
However, the overall oxygen content in cylinder is still at a relatively high level due to the 
basic operating criteria of excessive air for diesel engine. Thus, the effect of combustion 
temperature is dominant and the combined result of these two factors is still an increase 
in  NOx emissions [15]. The Soot emissions show different patterns under different work-
ing conditions. Under working condition A, the effect of intake throttling on Soot emis-
sions is very inconspicuous. This is because the engine speed and torque are really small 
under this condition, so the in-cylinder temperature is low, which means the condition 
is not in the main region of Soot generation. Under working condition E, the Soot emis-
sions rise with the increase of throttling valve closure, and the phenomenon is more 
obvious at larger closure. This is consistent with the variation of the inlet flow in Fig. 3. 
At large closure, the reduction of inlet flow rate becomes obvious. In this case, the excess 
air coefficient decreases significantly and the in-cylinder temperature rises sharply, so 
the Soot emissions rise faster.

Influence of near post‑injection parameters on engine performance

The near post-injection quantity and the near post-injection time are parameters that 
have a critical impact on the engine combustion process. The adjustment of the near 
post-injection time is based on the crank angle after TDC, and the unit is °CA. The 
adjustment of the near post-injection quantity is based on the cycle injection quantity 
and the unit is mg/cyc. Three working conditions B, C, and D are selected to show the 
effect of near post-injection parameters on engine performance.

Influence of near post‑injection parameters on DOC inlet temperature

Figure 6 shows the effect of near post-injection time and quantity on DOC inlet temper-
ature at working condition B. The figure shows that the DOC inlet temperature increases 
with the increase of the near post-injection quantity. Meanwhile, the DOC inlet temper-
ature first increases and then decreases with the increase of the near post-injection angle. 
The temperature increases most significantly when the near post-injection quantity is 
8 mg/cyc. At this condition, the highest temperature point in this experiment appears at 
the near post-injection angle of 20° CA after TDC and the highest value is 369 °C, 84 °C 
higher than the temperature without post-injection. On the whole, the highest tempera-
ture for each working condition is always found at the near post-injection angle of 20° 
CA after TDC. Detailed data show that when the engine near post-injection quantity is 
2 mg/cyc, 4 mg/cyc, 6 mg/cyc, and 8 mg/cyc, the maximum DOC inlet temperature is 
302 ℃, 325 ℃, 352 ℃ and 369 ℃, which are 17 ℃, 40 ℃, 67 ℃, and 84 ℃ higher than the 
value without post-injection and increase by 5.9%, 14.1%, 23.5%, and 29.4%, respectively.

With the increase of the near post-injection quantity, the post-burning in cylin-
der increases and the engine thermal efficiency decreases. Thus, more fuel energy 
is released into the exhaust without doing work, which causes the DOC inlet tem-
perature to rise. Meanwhile, with the delay of near post-injection time, the DOC 
inlet temperature increases first and then decreases, reaching the highest value at 
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20° CA. When the near post-injection angle is small, the near post-injection fuel can 
still participate in combustion, but increases the post-burning, which brings a higher 
exhaust temperature. However, when the near post-injection time delays too much, 
the mixing quality of fuel and air becomes so poor that most of the fuel is exhausted 
in the form of unburned HC. Therefore, there is an optimal near post-injection time, 
so that the post-injection fuel can be fully combusted in the cylinder and most of the 
heat generated by combustion is used to raise the exhaust temperature.

Influence of near post‑injection parameters on effective fuel consumption rate

Figure  7 shows the effect of near post-injection quantity on the effective fuel con-
sumption rate in B, C, and D working conditions. In this experiment, the near 
post-injection time keeps constant at 20° CA after TDC. The figure shows that the 
effective fuel consumption rate increases with the near post-injection quantity. 
Detailed data show that the effective consumption rates of B, C, and D change from 
213.7  g/(kW·h) to 235.2  g/(kW·h), 194.4  g/(kW·h) to 213.9  g/(kW·h) and 347.2  g/
(kW·h) to 373.3  g/(kW·h) when the near post-injection quantity is increased from 
2  mg/cyc to 6  mg/cyc, respectively. The increase in near post-injection quantity 
enhances post-burning, so the proportion of fuel energy converted to work decreases 
and the indicated thermal efficiency gets lower [16, 17]. Thus, the effective fuel con-
sumption rate is bound to increase. Besides, the variation is most obvious for the D 
working condition, because it is in the poor economic working area with high speed 
and low torque. At this working point, the fuel injection is more frequent and the 
mixing quality is worse, so the deterioration effect of near post-injection is more 
prominent.

Fig. 6 Influence of near post-injection parameters on DOC inlet temperature
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Influence of near post‑injection parameters on  NOx and Soot emissions

Figure  8 shows the effect of near post-injection quantity on  NOx and Soot emissions 
under different working conditions. In this experiment, the near post-injection time is 
also constant at 20° CA after TDC. The figure shows that the  NOx emissions decrease 
with increasing near post-injection quantity. Detailed data show that the  NOx emis-
sions in B, C, and D working conditions decrease from 445(×  10−6) to 384(×  10−6), 
493(×  10−6) to 421(×  10−6), and 258(×  10−6) to 202(×  10−6) respectively when the near 
post-injection quantity is increased from 0 to 8  mg/cyc, with a reduction of 13.7%, 
14.6%, and 21.7%. In order to maintain the constant speed and torque, the main injec-
tion quantity should be reduced when the near post-injection quantity is increased, so 
the maximum combustion temperature which appears near TDC gets lower and the 
 NOx emissions decrease [18, 19]. The Soot emissions rise with the increase of near post-
injection quantity for all working conditions. This is because the near post-injection fuel 
is directly injected into flame, so this part of fuel begins combustion before it is effec-
tively mixed with air, which causes Soot generation. However, the increase in working 
condition D is much less obvious than that in B and C. This is because the working con-
dition D is in the high speed and low load region with a very large excess air coefficient, 
which mitigates the lean oxygen combustion problem of near post-injection fuel.

Combined influence of intake throttling and near post‑injection on DOC inlet temperature

Both intake throttling and near post-injection are effective in increasing the DOC inlet 
temperature. When the difference between the current DOC inlet temperature and the 
target value is small, a single thermal management measure can successfully raise the 
temperature to target value. However, when the difference is too large in small load area, 
the target temperature cannot be achieved just by a single thermal management meas-
ure. This is also consistent with the findings of Thomas Korfer and Hartwig Busch [8]. 

Fig. 7 Influence of near post-injection quantity on effective fuel consumption rate
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Thus, the experimental study in this section is the combined effect of intake throttling 
and near post-injection on DOC inlet temperature.

The study selects three working conditions A, D and F with lower original DOC 
inlet temperature, at the constant intake throttling closure of 80% and the constant 
near post injection time of 20° CA after TDC. Figure 9 shows the effect of the near 
post-injection quantity on the DOC inlet temperature under different working condi-
tions. The figure shows that the DOC inlet temperature increases with the increase 
of the near post-injection quantity for all working conditions. With the same near 
post-injection quantity, the DOC inlet temperature always has a higher value in F 

Fig. 8 Influence of near post-injection quantity on a  NOX and b Soot emissions
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condition than in A and D condition. Meanwhile, the temperature rise in F condi-
tion is more prominent than that in A condition. When the intake throttling closure 
is 80% and the near post-injection quantity is 2 mg/cyc, the DOC inlet temperature 
increases from 279 °C to 336 °C, 177 °C to 276 °C and 246 °C to 356 °C for A, D, and F 
working conditions, increasing by 20%, 56%, and 44%, respectively. With the increase 
of near post-injection quantity to 8 mg/cyc, the DOC inlet temperatures also increase 
to 403  °C, 342  °C, and 479  °C for A, D, and F working conditions. Compared to the 
condition without thermal management, the temperature increments are 124  °C, 
165 °C, and 233 °C with a percentage of about 44%, 93%, and 94% respectively.

Thermal management control strategy

Analysis of thermal management control strategy for whole engine working range

A suitable DOC inlet temperature is an important condition for DPF regeneration. 
The current general conclusion is that the deposited particles can achieve spontane-
ous combustion to complete the DPF regeneration process without any external assis-
tance, when the DPF inlet temperature reaches 600  °C [20–22]. At the same time, 
the oxidation of THC emissions within the DOC will also lead to a temperature rise. 
Therefore, the DOC inlet temperature should be lower than 600  °C with a certain 
margin. However, if the DOC inlet temperature is too low, it is difficult to raise the 
DPF inlet temperature to a suitable range only by the exothermic oxidation of THC 
emissions within DOC. Thus, additional measures such as fuel injection at DOC inlet 
are essential in this case, but this is no longer in line with the technical route of this 
paper. Combined with the original engine data, the target range of DOC inlet tem-
perature is set at 450 ~ 500 °C in this paper.

Fig. 9 Influence of near post-injection quantity on DOC inlet temperature
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The DOC inlet temperature of this experimental prototype varies widely, and the abil-
ity of different thermal management measures also varies under different working condi-
tions. The intake throttling can increase the DOC inlet temperature by up to 45% at high 
speed with large intake flow, and by 13% at low speed. The increase of near post-injection 
quantity is great beneficial to raise DOC inlet temperature, but too much post-injection 
quantity will also lead to poor fuel economy and instable engine working. Therefore, the 
overall strategy to increase DOC inlet temperature to the target value within the whole 
engine working range is as follows. When the difference between the DOC inlet tem-
perature and the target value is small, only the intake throttling is used. When the dif-
ference is large, the intake throttling and near post-injection are used together. When 
the difference is too large (i.e., the combination of these two measures can still not meet 
the requirements), the DOC inlet temperature should be increased as much as possi-
ble under the premise of ensuring the stability of engine working. Based on the DOC 
inlet temperature distribution, the ability of intake throttling and near post-injection, the 
whole engine working range is divided into five regions as shown in Fig. 10.

In region 1, the DOC inlet temperature is always above 500 ℃. The working condi-
tions in this area are near the engine external characteristic, which has a high power and 
exhaust temperature. The DOC inlet temperature exceeds the set target value and this is 
an uncontrollable area due to the limitations of engine hardware, so no additional ther-
mal management measures are applied.

In region 2, the DOC inlet temperature is between 450 °C and 500 °C. It is just within 
the target temperature range and no additional thermal management measures are 
required.

In region 3, the DOC inlet temperature under most working conditions is between 
350 °C and 450 °C. The difference between the current DOC inlet temperature and the 
target value is small, and the engine just works under medium load conditions. Thus, the 

Fig. 10 Schematic diagram of engine working zone division
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target temperature can be reached only by intake throttling. Meanwhile, the temperature 
in low speed region is higher than 350  °C, while it is lower than 350  °C in high-speed 
region. Thus, there is stricter requirement for exhaust temperature rise in high-speed 
region. Fortunately, this is consistent with the characteristics of intake throttling with 
stronger heating ability in high-speed region.

In region 4, the DOC inlet temperature is between 250 ℃ and 350 ℃. The temperature 
is higher than 250 °C in low speed region and lower than 250 °C in high-speed region. 
Also, it differs significantly from the target value. The intake throttling can effectively 
increase the DOC inlet temperature, but the current temperature in this region is rela-
tively low and the target value cannot be reached by intake throttling alone. Therefore, a 
combination of intake throttling and near post-injection is required. The control strategy 
in this region is to use both intake throttling and near post-injection.

In region 5, the DOC inlet temperature is mostly below 250 °C. It can be concluded 
from the original DOC inlet temperature distribution law that the temperature changes 
more obviously with torque. In this region, the engine torques are all below 400N∙m, 
while the speed covers a wide range. Thus, the DOC inlet temperature is low because of 
the small engine torques. However, the temperature difference is so large that the target 
value cannot be reached even if both intake throttling and near post-injection are used. 
On the other hand, the use of excessive intake throttling closure and near post-injection 
quantity will have negative effects such as severe engine vibration, risk of flameout and 
increased fuel consumption. Therefore, the primary calibration objective in this region 
is to keep the engine working steadily. At the same time, select appropriate intake throt-
tling valve closure and near post-injection quantity to increase the DOC inlet tempera-
ture as much as possible.

DOC inlet temperature verification after calibration

Figure 11 shows the distribution of DOC inlet temperature under whole engine work-
ing range after calibration. It shows a significant increase in DOC inlet temperature. As 
a whole, the DOC inlet temperature in most working conditions is between 450 °C and 
500  °C, which satisfies the set target value. In region 1, the DOC inlet temperature is 
between 550  °C and 600  °C. This is an uncontrollable region according to the analysis 
in Sect. 6.1. Thus, no thermal management measures are applied in this region and the 
temperature has no change compared with that before calibration. In region 2, the DOC 
inlet temperature is already between 450 °C and 500 °C which satisfies the target value, 
so no additional thermal management measure is needed as well. In region 3, the DOC 
inlet temperature is in the range of 450 °C to 500 °C. In this region, the DOC inlet tem-
perature can be increased to the target value only with intake throttling. In region 4, the 
DOC inlet temperature is around 450 °C. The target value is reached with the combina-
tion of intake throttling and near post-injection, because only intake throttling cannot 
compensate for such a large temperature difference. In region 5, the DOC inlet tem-
perature is between 350 °C and 450 °C. In the low load working conditions, the target 
temperature cannot be reached even with both intake throttling and near post-injection 
because the original DOC inlet temperature is too low. This is especially obvious for the 
working conditions with both low speed and small torque. However, small torque con-
ditions are really rare use for heavy-duty diesel engines. Thus, it has little effect on the 
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process of DPF traveling regeneration although the DOC inlet temperature in region 5 
fails to reach the target value. From the steady-state results of the calibration, the DOC 
inlet temperature required for DPF traveling regeneration process can be achieved by 
the proposed thermal management control strategy.

Figure 12 shows the increment of the DOC inlet temperature in steady-state condi-
tion. The figure shows that there is almost no change of DOC inlet temperature under 
high load working conditions, because the original DOC inlet temperature is high 
enough and there is no need to use any additional thermal management measures. With 
the decrease of engine torque, the temperature increment before and after calibration 

Fig. 11 DOC inlet temperature distribution after calibration

Fig. 12 Increment of DOC inlet temperature in steady-state condition
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becomes larger because the original DOC inlet temperature drops sharply and more 
thermal management measures are applied in this process. The maximum increment 
is 200  °C and it appears in the region with small torque and high speed. On the one 
hand, the original DOC inlet temperature is low under small torque condition. On the 
other hand, the effect of intake throttling is more obvious under high-speed condition. 
Besides, large near post-injection quantity is also applied, so the maximum temperature 
increase appears in this region.

Figure  13 shows the increment of the DOC inlet temperature before and after the 
calibration in WHTC cycle. On the whole, the DOC inlet temperature has significant 
increase after calibration, especially for the idle and low load conditions. The original 
DOC inlet temperature of the prototype is low and has a scattered distribution, with 
80% of the working points between 150  °C and 350  °C during WHTC test. After cali-
bration, the temperature gets higher and more concentrated, with 90% of the working 
points between 250 ℃ and 450 ℃.

Parameters analysis of thermal management measures after calibration

Based on the transient and steady-state results after the calibration above, it can be seen 
that the zonal thermal management control strategy can effectively increase the DOC 
inlet temperature to meet the requirements of DPF traveling regeneration. Only giv-
ing the control strategy has limited guidance for the subsequent work, while detailed 
parameter values can provide useful references for similar work that can reduce the total 
experiments, save costs and further improve efficiency.

Figure  14 shows the intake throttling valve closure after calibration. The closure 
is mainly between 75 and 85%, just with several special points close to 85% under the 
working conditions of low speed and small torque. This is consistent with the pattern 
derived above. When the intake throttling closure is small, it has little effect on intake air 

Fig. 13 Increment of DOC inlet temperature in WHTC cycle
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flow and the DOC inlet temperature. Therefore, the closure should be above 65% to pro-
duce a substantial effect. Meanwhile, the higher the needed temperature rise, the greater 
the closure is. The maximum closure appears under the working condition with both 
low speed and small torque. At this condition, the engine only needs a very small intake 
flow, so the large intake throttling closure will not make this flow significantly lower than 
the normal value.

Figure 15 shows the near post-injection quantity after calibration. As we can see, the condi-
tions those require near post-injection to increase DOC inlet temperature are concentrated 
in the low and medium torque region. With the enlarged difference between the origi-
nal DOC inlet temperature and the target value, the near post-injection quantity increases 

Fig. 14 Distribution of intake throttling valve closure after calibration

Fig. 15 Distribution of near post-injection quantity after calibration
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gradually. The maximum quantity is reached in high speed and small torque region. How-
ever, the same large quantity is not adopted in low speed and small torque region despite 
of the unimproved huge temperature difference. This is because the normal fuel demand 
in this region is really small. If a large near post-injection quantity is used at this condition, 
it will cause excessive deterioration on engine combustion and the stable operation cannot 
be maintained. Therefore, it is more important to maintain the normal engine combustion 
rather than increase the DOC inlet temperature in low speed and small torque region.

Conclusions
A heavy-duty diesel engine was selected as the experimental machine in this study. The 
influence of intake throttling, near post-injection time and near post-injection quantity 
on DOC inlet temperature has been researched under extensive engine working points. 
Meanwhile, a novel thermal management strategy suitable for whole engine working 
map has been proposed to meet the requirements of DOC assisted DPF regeneration.

(1) The influence of intake throttling on DOC inlet temperature is little at small intake 
throttling valve closure. It just becomes obvious when the closure is larger than 
65%. This measure is more suitable for the case with large inlet flow and can achieve 
a maximum temperature rise of 45%.

(2) Near post-injection is a more effective measure than intake throttling when the dif-
ference between actual DOC inlet temperature and its target value becomes larger. 
The optimal near post-injection time is 20°CA after TDC with the biggest tempera-
ture rise. Larger near post-injection quantity has stronger effect on DOC inlet tem-
perature, but causes much worse fuel economy.

(3) The combination of intake throttling and near post-injection has great better heat-
ing ability than either of them. It is used in the region where the difference between 
the original DOC inlet temperature and the target value is huge.

(4) Based on the heating ability of different thermal management measures and the dis-
tribution law of original DOC inlet temperature, the engine working zone is divided 
into five regions and different thermal management measures are matched. After 
calibration, the DOC inlet temperature is significantly improved for whole engine 
map. In steady-state condition, more than 80% of the working points can reach the 
target temperature. In WHTC transient cycle, the average DOC inlet temperature 
is increased by 28.8%, which can meet the requirement of DPF traveling regenera-
tion. Meanwhile, detailed analysis of the parameters’ values after calibration is also 
given. The intake throttling valve closure is set between 60 and 85%. The closer the 
condition is to low speed and small torque, the larger the valve closure is. Mean-
while, the post-injection quantity is kept between 0 and 8.3 mg/cyc. The closer the 
condition is to high speed and small torque, the larger the injection quantity is.

Abbreviations
DOC  Diesel oxidation catalyst
DPF  Diesel particulate filter
TDC  Top dead center
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