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Abstract: The diesel-ignited natural gas engine suffers from low thermal efficiency at low loads and knocking at
high loads. Addressing these issues requires precise control of the combustion process. Pilot diesel combustion
provides both a heating effect and a chemical kinetic effect for natural gas combustion. Although hydrogen
addition can improve overall combustion, how these two effects vary with hydrogen blending ratio remains unclear.
The objective of this study is to decouple and quantify these two effects under various hydrogen blending ratios
using numerical simulation combined with the chemical inertness method and the segmented variable component
method. A 6-cylinder turbocharged and intercooled diesel/natural gas dual-fuel heavy-duty engine was employed,
with hydrogen introduced at pilot diesel injection timings of 15°CA BTDC and 40°CA BTDC, respectively. The
results show that as the hydrogen blending ratio increases, the pilot diesel chemical kinetic effect decreases from
20.3% to 17.4% (at 15°CA BTDC) and from 62.6% to 8% (at 40°CA BTDC), while the heating effect increases
correspondingly. These changes are more pronounced at the earlier injection timing (40°CA BTDC). At the start
of natural gas combustion, the distribution and concentration of pilot diesel in the cylinder remain nearly
unchanged. Hydrogen combustion inhibits the generation of highly active intermediates from pilot diesel, which
explains the decrease in the chemical kinetic effect. With increasing hydrogen blending ratio, the CH,O
concentration and distribution area decrease, while the heat release area and high-temperature region in the
cylinder expand.
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1. Introduction

With the continuous rise in global energy consumption, the contradiction between the demand for traditional
fossil fuels and their limited reserves has become increasingly acute [1]. Meanwhile, the extensive use of
conventional energy sources has led to severe environmental problems. Consequently, a growing number of
researchers are exploring high-efficiency, low-emission alternative fuels to replace traditional petroleum-based
fuels [2—4]. Natural gas (NG) has attracted widespread attention owing to its low carbon emissions, high octane
number, and abundant availability. In engines, NG can be efficiently utilized when ignited by a small amount of
diesel fuel. Such engines are commonly referred to as diesel-ignited NG engines [5], and they are receiving
increasing interest from the scientific community.

Considerable efforts have been devoted to investigating how boundary conditions affect the performance of
diesel-ignited NG engines. Key parameters include NG injection timing [6—-8], EGR [2], pilot diesel injection cone
angle [9,10], NG substitution rate [11,12], excess air coefficient [13], combustion chamber shape [14—16], as well as
pilot diesel injection timing and pressure [17-23]. Recent studies have further extended this understanding using
advanced techniques, including large eddy simulation [6], pilot injection optimization [18,24], swirl ratio control
[25], and alternative pilot fuels such as hydrotreated vegetable oil (HVO) [26] and liquefied natural gas (LNG)
cold utilization [27]. Collectively, these investigations indicate that adjusting boundary conditions can effectively
reduce emissions and improve combustion stability [4,6,9,12,16—18,25-27].

Beyond boundary condition adjustments, researchers have also decoupled the combustion processes of the two
fuels to understand their interactions. Wang et al. [28] used numerical simulation to analyze the combustion phase
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changes of diesel and NG, and examined the relationship between pilot diesel combustion parameters and NG
combustion parameters. It is now well recognized that pilot diesel combustion plays a decisive role in the subsequent
NG combustion. Specifically, as illustrated in Figure 1, pilot diesel combustion provides two distinct contributions:
a heating effect and a chemical kinetic effect [29]. Using a simulation method, our previous work [29] decoupled
these two effects under various pilot diesel injection timings. The results showed that advancing the injection
timing increases the chemical kinetic effect of pilot diesel, while the heating effect exhibits the opposite trend.

The heating effect: providing heat l
Pilot diesel
The chemical kinetic effect :
providing highly active intermediates

Figure 1. The chemical kinetic and heating effects of pilot diesel on natural gas combustion process.

The introduction of hydrogen into a diesel-ignited NG engine is known to enhance the overall combustion
process [30—34]. The underlying mechanism is schematically shown in Figure 2. Hydrogen first modifies the pilot
diesel combustion, which in turn alters its two effects and ultimately influences NG combustion. In addition,
hydrogen directly participates in the NG combustion chemistry. Nevertheless, how the two effects of pilot diesel
change with increasing hydrogen blending ratio has remained unclear.

/ Pil ot diesel
Hydrogen —

Figure 2. The influence mechanism of hydrogen on pilot diesel and natural gas combustion process.

To address this gap, the present work systematically decouples the heating and chemical kinetic effects of pilot
diesel under various hydrogen blending ratios, using numerical simulations combined with the chemical inertness
method (as established in our previous work [29]) and the segmented variable component method (described in detail
in Section 2.3). The results are expected to provide a deeper understanding of the combustion process in diesel-ignited
NG engines with hydrogen enrichment, and to offer practical guidance for combustion optimization.

2. CFD Model, Simulation Condition and Research Method

The following will introduce the CFD model, simulation condition and research method.

2.1 CFD Model

This research used engine parameters and experimental data from reference [28]. The engine specifications are
listed in Table 1. Based on those data, a simulation model for the diesel-ignited natural gas engine was built using
CONVERGE software. To accelerate the simulation while preserving accuracy, a closed-cycle simulation of the
engine working process (Figure 3) was adopted, considering the ignition and mixture formation characteristics.

Several numerical sub models were selected to capture the mechanisms of combustion and pollutant formation.
The RNG k-¢ renormalization group model, originally developed by Reitz and Han in 1995 [35], was employed for
turbulence. Combustion chemistry was solved using the SAGE detailed chemical reaction solver [36]. A reduced
chemical kinetic mechanism coupling n-heptane (a surrogate for pilot diesel) and methane (a surrogate for natural
gas) were applied, comprising 76 species and 464 reactions [37]. The breakup of diesel spray was modeled using the
Kelvin-Helmholtz and Rayleigh-Taylor (KH-RT) model, based on the physical properties of the pilot fuel [38—41].
Droplet collisions were handled by the No Time Counter (NTC) method proposed by Schmidt and Rutland [40].
Evaporation of fuel droplets followed the Frossling model [42]. The pressure-implicit with splitting of operators
(PISO) algorithm was chosen for numerical solution [43]. NOyx formation was predicted using the extended Zeldovich
mechanism as described by Heywood [39]. Wall heat transfer was computed with the Han and Reitz models [44],
which account for compressibility effects. Further justification for these choices can be found in Ref. [11].

2 of 17



1JAMM 2026. https://doi.org/10.53941/ijamm.2026.100022

Model accuracy was verified by comparing the predicted cylinder pressure and heat release rate against
experimental data from reference [28]. The comparison of simulated data and experimental data is shown in Figure 4.
Quantitative error metrics were calculated for cylinder pressure at both injection timings. For the 15°CA BTDC case,
the Root Mean Square Error (RMSE) = 0.35 MPa, the Mean Absolute Error (MAE) = 0.27 MPa, relative error = 2.8%.
For the 40°CA BTDC case, RMSE = 0.49 MPa, MAE = 0.38 MPa, relative error = 4.0%. Both values are below 5%,
which is within the generally acceptable range for engine CFD validation [38]. The simulated heat release rate is higher
than the experimental value, primarily because the experimental heat release rate is the net heat release rate (after
subtracting wall heat transfer losses), while the simulated value from the SAGE model is the total heat release rate [39].
Despite this quantitative difference, the overall trends of the heat release rate curves show good agreement. Therefore,
the model is considered suitable for the comparative analysis in this study.

Table 1. The engine parameters [28].

Engine Parameters Specifications
Bore x Stroke 112 x 145 mm
Number of cylinders 6
Displacement 8.6 L
Rated power/speed 260 kW/2100 rpm
Rated torque/speed 1500 Nm/1400 rpm
Compression ratio 17.2:1
Number of injector nozzle holes 8
Figure 3. The structure of full combustion chamber model.
300 14 500
ol Experiment Tinj=15°CA BTDC Experiment Tinj=40°CA BTDC
| Simulation A 1250 12 | - - - - Simulation
4 400
10
200
= = F stk 300 =~
% 150 ng % 05
E 100 g E 0 g
50 100
1 1 1 1 1 U E)
-150 -100 -50 0 50 100 150

Crank angle (°CA ATDC) Crank angle (°CA ATDC)

Figure 4. The comparison of simulated data and experimental data. Reprinted/adapted with permission from Ref.
[29]. Copyright 2024, Elsevier.
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2.2 Simulation Condition

Hydrogen was introduced at pilot diesel injection timings of 15°CA BTDC and 40°CA BTDC, respectively.
When the engine operates roughly, hydrogen is stopped from being introduced. If the maximum cylinder pressure
rise rate of the engine exceeds 1.5 MPa/°CA, it is considered rough operation [45]. Hydrogen is introduced into
the engine with a step size of 2% blending ratio. Under 15°CA BTDC fuel injection timing conditions, the engine
operates roughly when the BRy, (hydrogen blending ratio) exceeds 14%. Under 40°CA BTDC fuel injection timing
condition, the engine operates roughly when the BRu, exceeds 6%.

In addition, BRy» is defined as follows:

m
— 2 c100% (1)

BRy, =
727 my, + myg

where my, and myg are mass flow rates of hydrogen and natural gas, respectively.

2.3 The Research Method

When the hydrogen blending ratio changes, natural gas combustion is affected not only by changes in pilot
diesel combustion but also by changes in hydrogen combustion. In our previous study [29], the chemical inertness
method was used to decouple the two effects of pilot diesel under various injection timings. The central theme of
the chemical inertness method is to make the pilot diesel only provide heat to the natural gas combustion process,
without providing active intermediates. So, chemical inertness is used to decouple the chemical kinetic effect of
pilot diesel in this study. The segmented variable component method is used to decouple the heating effect of pilot
diesel. The flowcharts for implementing these two methods are shown in Figure 5.

The implementation steps of the chemical inertness method are mentioned in reference [29]. The SAGE
combustion model provided by Converge software provides a foundation for the application of the chemical
inertness method. Firstly, this study selects a simplified mechanism (chemical reaction mechanism 1) consisting
of 76 species and 464 reactions [37]. Secondly, the study replaces the C and H elements with I and D, respectively
in chemical reaction mechanism 1 to form a new chemical reaction mechanism 2. Thirdly, the chemical reaction
mechanism 1 and mechanism 2 are merged to form chemical reaction mechanism 3 using the mechanism merge
function in the chemistry operation interface of Converge software. The chemical reaction mechanism 3 contains
144 species and 920 reaction pathways. The previous study [29] verified that the reaction of n-heptane and methane
mixture using chemical reaction mechanism 3 and mechanism 1 is consistent. Lastly, this study simulated case 1
and case 2, in which pilot diesel was represented by C;7His and IyDi¢, respectively. Therefore, the difference
between natural gas combustion parameters in case 1 and case 2 is caused by the pilot diesel chemical kinetic
effect. Importantly, the thermodynamic data (standard enthalpy of formation, entropy, and specific heat capacity)
for species containing I and D are kept identical to those of the original counterparts containing C and H, as verified
in the therm.dat file. Moreover, as demonstrated in our previous work [29], the consumption rate of C;Hi¢ in the
original mechanism (mechanism 1) is the same as that in the merged mechanism (mechanism 3), and the same
holds for CHa. This confirms that the physical behavior of the fuels remains unchanged. In the merged mechanism,
I;D;6 and its derivatives have no reaction pathways with CH, or other carbon-containing species because the atomic
labels I and D do not match any reactants in the original reactions. Consequently, when 17D is used to represent
pilot diesel, its combustion can only release heat and cannot generate reactive intermediates (e.g., OH, CH>O) that
would promote CH4 oxidation. Thus, the difference between Case 1 and Case 2 purely reflects the chemical kinetic
effect of pilot diesel on natural gas combustion.

The central theme of the segmented variable component method is to remove hydrogen and the highly active
substances obtained from its oxidation at the ending point of pilot diesel combustion. During the implementation
of this method, Case 3 was calculated. In Case 3, pilot diesel was represented by [7D;6. The calculation model is
divided into two stages. The first stage calculates the time from the start to the ending point of pilot diesel
combustion. All parameters in each grid obtained at the stop time of the first stage, except for the hydrogen
component and its highly active oxidized components, were imported into the second stage. At the same time, the
start time of the second stage is the end time of the first stage. Here, hydrogen is oxidized into highly active
substances, mainly referring to OH. Thus, the change in natural gas combustion parameters in case 3 is caused by
the pilot diesel heating effect. The physical basis of this method is that hydrogen (H>) and its highly active oxidation
product (OH) are the main species responsible for the direct chemical effect on natural gas combustion. Therefore,
removing them at the end of pilot diesel combustion eliminates this chemical effect, leaving only the heating effect
from pilot diesel.
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Figure 5. The decoupling methods.

3. Results and Discussions
3.1 The Analysis of Cylinder Pressure Change

Cylinder pressure is a key indicator of the combustion process, and its analysis provides the basis for
decoupling the heating and chemical kinetic effects of the pilot diesel. Figure 6 illustrates the influence of hydrogen
on cylinder pressure. As the hydrogen blending ratio (BRu2) rises, the peak cylinder pressure increases
progressively, confirming that hydrogen substantially improves the overall combustion process.
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Figure 6. The influence of hydrogen on cylinder pressure.

Figure 7 compares cylinder pressure traces among the three calculation modes at different BRu» values.
Following our previous definition [29], the difference in peak pressure between the C;H;s injection mode and the
I;D;6 injection mode is termed the pilot diesel chemical kinetic effect blockade value of cylinder pressure peak
(Pmaxppckesv). The ratio of this value to the peak pressure in the C7H ¢ injection mode defines the corresponding
blockade rate (Pmaxppckesr). Similarly, the difference in peak pressure between the [;D16 injection mode and its
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two-stage calculation mode is defined as the hydrogen effect value (Pmaxpugv), and its ratio to the peak pressure in
the C7H ¢ injection mode is the hydrogen effect rate (Pmaxgugr). Both Pmaxppckesv and Pmaxppckesr increase with
increasing BRy,. This trend is more pronounced at Ti,j = 40°CA BTDC than at Tiy; = 15°CA BTDC, indicating
that the chemical kinetic contribution of the pilot diesel to combustion diminishes as hydrogen content increases,
and that the low-temperature combustion regime becomes more responsive to such changes. In contrast, Pmaxugy
and Pmaxygr also rise with BRy,, with a greater magnitude under the earlier injection timing condition (40°CA

BTDC). This suggests that hydrogen’s role in combustion strengthens with increasing BRy,, especially in low-
temperature combustion.
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Figure 7. The comparison of cylinder pressure between three calculation modes under various hydrogen blending ratios.

3.2 The Analysis of Natural Gas Combustion Change

Changes in natural gas combustion with BRy, originate from modifications in both diesel and hydrogen
combustion. Thus, comparing the natural gas combustion processes under the three calculation modes is essential
for decoupling the two effects of pilot diesel. Figure 8 shows the variation of unburned natural gas with crank
angle for the three modes. As the BRy; increases, the amount of natural gas remaining shows a trend of decreasing.
The differences among the three modes are larger at T, = 15°CA BTDC than at Ti,; = 40°CA BTDC, reflecting
higher combustion efficiency at the earlier injection timing. The slope of the natural gas variation curve represents

the consumption rate; however, to obtain a clearer quantitative description, the derivative of this curve is taken to
derive the natural gas consumption rate.

0.00005

. § ~ 0.00005
Tinj=15°CA BTDC —BRy, 0%
- - -BR,,=2%
- BRy, 4%
0.00004 |- — 7 BR=6% 0.00004
-= BRy,-8%
------ BR,,,=10%
s BRyy,=12%
0.00003 | - == BR,=14% 0.00003
= : [,D,4 injection two =
= A - . =
) LD, injection [ -stage calculatior i
0.00002 ; - 0.00002
7
%\ CoH, injection
é:.:' 1
0.00001 - - 0.00001
0.00000 - | IR s | | NI PR N T . . 0.00000

-30-20-10 0 10 20 30 40 S0 -30-20-10 0 10 20 30 40 5040 30 20 10 0 -10-20-30
Crank angle (° CA ATDC) Crank anglc (* CA ATDC) Crank angle (° CA ATDC)

(a) Tij = 15°CA BTDC

7 of 17



1JAMM 2026. https://doi.org/10.53941/ijamm.2026.100022

0.00005 ... . A T - - 0.00005
I'inj=40°CA BTDC — BRy,=0%
- - ~BR,,=2%
+o s BRyy4%
0.00004 — = BRy,=6% 0.00004
[,D,,, injection tr‘, 1,D, injection two
o 000003 \\ -stage calculation (2  0.00003 _
50 . on
< i E,
= i \ z
(&) ~
0.00002 : 4 0.00002
C,H ; injection X
0.00001 |- L < 0.00001
k
L
o o
0.00000 1 1 1 1 1 L 1 1 AR S B P | ] [ 1 1 1 0.00000

E
—=30-20-10 0 10 20 30 40 50 S0

Crank angle (° CA ATDC)

—30-20-10 0 10 20 30 40
Crank angle (° CA ATDC)

(b) Ty = 40°CA BTDC

) 40 30 20 10 0 —10-20-30
Crank angle (° CA ATDC)

Figure 8. The variation of unburned natural gas with crank angle for the three modes.

Figure 9 presents the natural gas consumption rates for the three modes. As previously discussed [29], the
peak consumption rate is a critical metric for evaluating natural gas combustion. Therefore, this parameter is used
to assess the impact of pilot diesel on natural gas combustion. The difference in peak consumption rates between
the C7H;6 injection mode and the I;D;¢ injection mode is attributable to the chemical kinetic effect of pilot diesel,
while the difference between the I7Di¢ injection mode and its two-stage calculation mode reflects the hydrogen
effect. The I;D;¢ two-stage calculation mode itself isolates the heating effect of the pilot diesel. The chemical
kinetic effect value of pilot diesel decreases steadily with increasing BRy,. This decrease is much more pronounced
at Tipj = 40°CA BTDC than at Tiy = 15°CA BTDC, indicating that hydrogen addition suppresses the chemical
kinetic effect, and that this suppression is more sensitive under low-temperature combustion conditions.
Conversely, both the hydrogen effect value and the pilot diesel heating effect value grow with increasing BRuo,

again with larger changes at the earlier injection timing.
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Figure 9. The comparison of the natural gas consumption rate between three calculation modes under various

hydrogen blending ratios.

To more accurately quantify the two effects of pilot diesel, the chemical kinetic effect value to the sum of the
two effect values of pilot diesel is defined as the pilot diesel chemical kinetic effect. And the heating effect value
to the sum of the two effect values is defined as the pilot diesel heating effect. Figure 10 plots these ratios against
BRu2. At Tipj = 15°CA BTDC, as BRy; rises from 0 to 14%, the chemical kinetic effect decreases from 20.3% to
17.4%, while the heating effect increases from 79.7% to 82.6%. At Ti,; = 40°CA BTDC, with BRy» increasing
from 0 to 6%, the chemical kinetic effect drops from 62.6% to 8%, and the heating effect rises from 37.4% to 92%.

Crank angle (° CA ATDC)

(b) Tinj = 40°CA BTDC

9 of 17



1JAMM 2026. https://doi.org/10.53941/ijamm.2026.100022

These results clearly demonstrate that the role of the pilot diesel chemical kinetic effect becomes progressively
less important as hydrogen is added.
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Figure 10. The changes in two effects of pilot diesel under various hydrogen blending ratios.

Figure 11 compares the microscopic fields of natural gas at the time of the consumption rate peak. The
distribution area of natural gas in the cylinder shrinks with increasing BRy,. The natural gas area under the I;Di
injection mode is larger than that under the C;H; injection mode, but this difference diminishes with increasing
BRu». The I7D;6 two-stage calculation mode yields a smaller natural gas area than the I;D;6 injection mode, and
this gap widens at higher BRu,. These observations strongly support the conclusion that hydrogen plays an
increasingly dominant role in the natural gas combustion process.
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Figure 11. The comparison of natural gas microscopic fields between three calculation modes at the time of the
consumption rate peak under various hydrogen blending ratios.

11 of 17



1JAMM 2026. https://doi.org/10.53941/ijamm.2026.100022

3.3 The Analysis of the Intrinsic Reasons for the Changes in Two Effects

The distribution and concentration of pilot diesel at the moment of natural gas ignition directly affect the
subsequent combustion. The crank angle at which the cumulative natural gas consumption reaches 2% of the total
is defined as the ignition timing (CA2_C). Figure 12 shows the pilot diesel microscopic fields under the C;H;s
injection mode at CA2 C for various BRy» values. As the BRy» increases, the distribution and concentration of
pilot diesel in the cylinder remain basically unchanged. This indicates that hydrogen has little effect on the physical
changes of the diesel ignition process.

0.0000 0.0004 0. ooogM%sc)scmA%‘o%w1 % 0021 0.0026 00030
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— .
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Figure 12. The pilot diesel microscopic fields under the C7Hi¢ injection mode at CA2_C for various BRu2 values.

In order to further investigate the effect of pilot diesel on the natural gas combustion process under a hydrogen
atmosphere, this study analyzed the combustion phase of pilot diesel. Similar to the definition of the natural gas
combustion phase, the crank angle at which the cumulative consumption of pilot diesel accounts for 10%, 50%,
and 90% of the total consumption is defined as the starting point (CA10_D), center of gravity (CA50 D), and
termination (CA90 D) of pilot diesel combustion, respectively.

Figure 13 shows the effect of hydrogen blending ratio on pilot diesel combustion phase under the C;Hs
injection mode. From the graph, it can be seen that CA10_D does not change much, CA50 D is delayed, and
CA90 D is slightly advanced as the BRy» increases. This phenomenon is more significant under the Tiyj = 40°CA
BTDC condition. This indicates that the early combustion of pilot diesel is suppressed, while the later combustion
is accelerated. This is because hydrogen competes with pilot diesel for oxygen in the early stages of pilot diesel
combustion, while hydrogen produces reactive species that promote the later stages of pilot diesel combustion.
This also indicates that hydrogen can affect the highly active intermediates produced by pilot diesel, which are
then delivered to natural gas combustion.
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Meanwhile, the distribution area of CH,O in the cylinder decreases and its concentration in the same area
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Figure 13. The effect of hydrogen blending ratio on pilot diesel combustion phase under the C7Hie injection mode.
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CH:O0, a key intermediate from pilot diesel decomposition [31], was analyzed together with temperature to
explain the changes in the two effects. Figure 14 shows the effect of hydrogen on CH,O variation with crank angle
under the C7H;6 injection mode. Figure 15 shows the microscopic fields of CH,O under the C;H ;¢ injection mode
at CA50_D under various hydrogen blending ratios. As the BRu» increases, the peak value of CH>O decreases.

decreases. Under the Tiyj = 40°CA BTDC condition, this change is more pronounced. This indicates that the pilot
diesel chemical kinetic effect decreases as the BRy, increases. Figure 16 shows the temperature microscopic fields
under the C7H;¢ injection mode at CA90 D under various hydrogen blending ratios. As the BRy, increases, the
heat release area and the high-temperature area in the cylinder all show an increasing trend at CA90_D.
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Figure 15. The microscopic fields of CH20 under the C7Hi6 injection mode at CAS0_D under various hydrogen
blending ratios.
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Figure 16. The temperature microscopic fields under the C7H16 injection mode at CA90_D under various hydrogen
blending ratios.

4. Conclusions

In this study, the heating and chemical kinetic effects of pilot diesel on natural gas combustion under various
hydrogen blending ratios were systematically decoupled for a diesel-ignited natural gas engine. Numerical
simulations were performed using the chemical inertness method and the segmented variable component method.
The main findings are summarized below.

Firstly, the implementation of both the chemical inertness method and the segmented variable component
method will cause a decrease in cylinder pressure. These two types of cylinder pressure drops are respectively
caused by the pilot diesel chemical kinetic effect and the hydrogen effect. The decreased scope of the cylinder
pressure peak caused by the chemical inertness method shows a downward trend, and the decreased scope of the
cylinder pressure peak caused by the segmented variable component method shows an upward trend with the
increasing BRyp.

Secondly, based on the natural gas consumption rate parameter, this paper describes the changes in the two
effects of pilot diesel. As the BRy, increases, the pilot diesel chemical kinetic effect gradually decreases, while its
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heating effect gradually increases. The magnitude of these changes is much greater at the condition of Tiy,; = 40°CA
BTDC than at the condition of Ti;; = 15°CA BTDC. This indicates that the pilot diesel heating effect and the
hydrogen effect gradually dominate the natural gas combustion process with the increasing BRy». The changes in
various effects at earlier pilot diesel injection timing are more sensitive to the hydrogen blending ratio.

Thirdly, at the start of natural gas combustion, the distribution and concentration of pilot diesel in the cylinder
remain basically unchanged as the BRy, increases. The pilot diesel combustion starting point does not change
much; its combustion center of gravity is delayed, and its combustion termination is slightly advanced as the BRy»
increases. At the time of pilot diesel combustion, both the distribution area and concentration of CH,O decrease
as the BRyp» increases. This decrease in CH>O confirms the weakening of the chemical kinetic effect. At the time
of pilot diesel combustion termination, the heat release area and the high-temperature area in the cylinder all show
an increasing trend.
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Nomenclature

BTDC before top dead center

BRiz hydrogen blending ratio

CA crank angle

CFD computational fluid dynamics

C7Hi6 n-heptane

CA2 C The crank angle at which the cumulative consumption of natural gas accounts for 2% of the total consumption

CA10 D The crank angle at which the cumulative consumption of pilot diesel accounts for 10% of the total consumption
CAS0 D The crank angle at which the cumulative consumption of pilot diesel accounts for 50% of the total consumption
The crank angle at which the cumulative consumption of pilot diesel accounts for 90% of the total consumption

CA D . .
- ignition
I:D1s6 n-heptane for decoupling
EGR exhaust gas recirculation
CH:20 formaldehyde
NOx nitrogen oxide
Pmaxiey The difference in the cylinder pressure peak between I7D1¢ injection mode and 17D injection two-stage

calculation mode

Pmaxuer ~ The ratio of Pmaxuev to cylinder pressure peak in C7Hi6 injection mode
PmaxppckesvPilot diesel chemical kinetic effect blockade value of cylinder pressure peak
Pmaxppckesr The ratio of Pmaxpepckesv to cylinder pressure peak in C7Hi6 injection mode

RCCI Reactivity-controlled compression ignition
Tinj Pilot diesel injection timing
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