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General Secretary Xi Jinping proposed that The State Council issued the Action Plan for Carbon Peak before

carbon dioxide emissions would reach the peak 2030, which clearly listed the green and low carbon action of
transportation as one of the "ten actions for carbon peak", and

by 2030 and be carbon neutral by 2060 at the , _ !
United Nati G A bl pointed out that "promoting the low-carbon transformation of
nite ations seneral ASsemoly. transportation means and equipment” as its key content.
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Auto production and sales - Mixed results
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Chinese automobile production and sales have kept the first place in the world for 14 years
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Statistics from China Association of Automobile Manufacturers show that China's automobile industry has shown a sound development
trend of stable growth in the first year of the "14th Five-Year Plan". In 2022, the production and sales of 27.021 million and 26.864 million
respectively have been completed, maintaining the first place in global automobile production and sales for 14 consecutive years. China has
consolidated its position as the world's largest automobile market and is developing into a world powerful automobile country.
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According to relevant statistics:

o FEAFIHBESEN - SIEREIT1001ZME/E, HEIKEEEIL30%,

« China produces more than 10 billion tons of carbon dioxide per year, accounting for nearly 30 percent
of global emissions.

- BKEZSMAHmHENEER, K@i 5EL0% EEEmARME=AS, EHSE SLETTEE75%,

« The transport sector accounts for 10% of China's total carbon dioxide emissions and is the third largest
carbon emitter in the country, with vehicles accounting for nearly 75%.
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(M) % A AEFH-FAEFFIE = Technological innovation in Traditional Power -

Adjustments and Opportunities
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Internal combustion engine is the most widely used power device
with the highest thermal efficiency, high power density, and widely
used in automobile, ship, construction machinery, agricultural
machinery and national defense power fields.
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Challenges and opportunities for traditional drivers:

C I BAROHR, RAE EBHCOMMRE —, BRI E LB ABERCO ML 52400, FHEHK .

»  The challenge of the "two-carbon" goal is that the internal combustion engine is one of the major sources of CO2 emissions, and the
global transport CO, emissions dominated by internal combustion engines account for about 24.0% and continue to grow.

© BERENHE HEAHMNIMKEES, 2021F3AmNIMRFEIAR72%, fRAYLIEFRE T ET60%HI G M.

* The challenge of energy security is that China has a high dependence on foreign oil, which has reached 72% in 2021, while internal
combustion engines consume nearly 60% of the oil.

© BERENNEARRREL R NRI A REE T HAIE, ARTASHNEBERKRNETRESPTRETTERNEM,

* The rapid development of energy and power technology provides a new opportunity for the development of internal combustion engine.
The advantages of internal combustion engine itself will play a very important role in the net zero carbon society in the future.
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(F) {%%E}Jj] E’{l&*i%ﬁ }‘-T,}Ehm Technical innovation of traditional power - gasoline engine
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The 20TD engine meets the strict national 6b emission regulations, adopts 10 core technologies such as high compression ratio + Miller
cycle combustion, and achieves 39% thermal efficiency, reaching the top level of supercharged direct injection engine, making it the first
mass-produced Miller cycle supercharged direct injection engine in China.
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It adopts 350bar high-pressure fuel injection and dual-channel high-response electronic-controlled supercharging technology to help the new
Hongqi H5 achieve a 100km acceleration time of 7.8s, which is comprehensively superior to competing models. Adopt all-aluminum material and
ultra-low friction technology to realize energy saving and low carbon; Adopt the small pitch toothed mute chain and integrated double balance
shaft, so that the new Hongqi H5 users really feel low vibration and high comfort; The full MAP intelligent thermal management control
technology is developed to realize accurate control and efficient operation of engine temperature, which also marks the entry of Hongqi
Assembly products into the era of intelligence.
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Release of the world's first bulk thermal efficiency 52.28% diesel engine:

HESETE 2020 S A AR AR REE50.23% ., 202201 B REFS51.09%AYE A £, 2022F 11 B B— K Ei& 7 52.28%a9 £ EK
ok, ELSE=RERHFRITVEE,

On the basis of the diesel engine bulk thermal efficiency breaking 50.23% in 2020 and 51.09% in January 2022, Weichai once again
created a new global record of 52.28% in November 2022, reaching the world industry peak for three consecutive times.

kﬂ*ﬂﬁiﬁt*ﬂ'i?éfké RRFK54.16%, FXAAYITLY AN —REGFHEE, RATEKINAERE K BESH
7I°IL, ﬁkﬁ??’f&»‘c+ = IR IV o

The thermal efficiency of natural gas engine has broken through 54.16% for the first time in the world, which is a revolutionary
subversion of the internal combustion engine industry. The thermal efficiency of natural gas engine has surpassed the diesel engine for
the first time and become the thermal machinery with the highest thermal efficiency.
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() E&z=15 R AR EF- BT FHAENH  Technical innovation of traditional power - special

hybrid engine
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The DM-i Super hybrid drive system consists of three core components:

B iR TR A S BB SIRMENAERAI3.04%, 155; 1BESEEL, RBMBESHRMEIR. SAEGR. ML A. BIRERE,
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The Snapcloud-Plug-in special 1.5L high efficiency engine has the world's leading thermal efficiency of 43.04%, 15.5:1 ultra-high
compression ratio, and adopts the industry leading technology of Atkinson cycle, cooling EGR, split cooling, ultra-low friction and no
wheel train design.

EHSER R GBI R S ERIA16000rpm, REHEN, REMEILF07.5%, SMX GEEEIL00.3% (SMXIENEBITN) , KEFT IR
FIKE,

The maximum motor speed of EHS electric mixing system is 16000rpm; Flat wire motor, the highest efficiency reached 97.5%, high
efficiency zone accounted for up to 90.3% (high efficiency zone refers to the efficiency of more than 90%), reaching the industry-leading
level.
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carbon power
BEZSMAmAMEER, TRkl 5ELI0N, SEmAFNE=KA,
H A5 % G L STk 75%,

The transport sector accounts for 10% of China's total carbon dioxide emissions and is
the third largest carbon emitter in the country, with vehicles accounting for nearly 75%.
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© WfE#H—FRABEEK?
 How to further improve thermal efficiency?
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The efficiency level is a symbol of the comprehensive strength of national diesel engine technology and an advanced topic in the field of international diesel engine.

The thermal efficiency of diesel engine reaches 55% and realizes industrialization, which will rewrite the technical pattern of the world internal combustion engine, and
greatly promote the realization of the strategy of energy conservation and emission reduction, carbon peak and carbon neutrality.

© AT SCELARTR/ BRI R IR S RURER?
« How to realize efficient combustion of low-carbon/zero-carbon fuel internal combustion engine?

122 R IAHL O R AR PR BRI SRR B 250k M AT AL W5 P F B AR L EF R, MERE BAE 5 5hA BAR0EY, W
BRI . FRUBELT. RASR. &, KEERRKEZEHB5FPRE

Improving the thermal efficiency of internal combustion engine and using low carbon fuel and zero carbon fuel have become the necessary means to cope with the goal of carbon neutrality. Along
with the proposal of our country "reaching peak carbon" and "carbon neutralization" goal, low carbon, zero carbon is imperative. Natural gas, hydrogen and ammonia are all highly competitive carbon-
neutral fuels of the future.
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Development trend and research status of low-carbon/zero-carbon fuel engine
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New Energy Vehickes Development Straty
Ouyang Minggno — Tanghun Univers:
Oetober26.2016

Significant increase in social awareness - Natural gas

(PR SRR ERARELEL0) (20165F)
Energy-saving and New Energy Vehicle Technology Roadmap 1.0 (2016)
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Taking the development of natural gas vehicles as the main direction, and moderately developing
alternative fuel vehicles according to local conditions, promote our country's low-carbon and
diversified automobile fuel, and reduce the dependence on petroleum. For fuel-efficient commercial
vehicles, the top priority remains powertrain energy conversion efficiency at 50%, 52% and 55%,
respectively. Natural gas commercial vehicles will be one of the main alternative fuels in the future.

(PRESHRERS ERARIEZE2.0) (2020%F)
Energy-saving and New Energy Vehicle Technology Roadmap 2.0 (2020)

SRR EMIT A 2035 F 3 58 ZE HFE R 2019 F /KL E T FFE15%—20%, BZEIRFER
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2019 1A B R 20%—25%, BRRBIFZE HESETRAERSS. 8%, 10%, 2
1B A% SRR R IRE R A .

For commercial vehicles, it is estimated that the fuel consumption of trucks and buses in 2035 will be
reduced by 15%-20% compared with the 2019 level, and the average fuel consumption of buses will
be reduced by 20%-25% compared with the 2019 level. New vehicles with alternative fuels account for
5, 8, 10 percent of traditional passenger vehicles. Master and apply thin combustion and fast
combustion technology
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Development trend and research status of low-carbon/zero-carbon fuel engine
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Development trend and research status of low-carbon/zero-carbon fuel engine
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Development trend and research status of low-carbon/zero-carbon fuel engine
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Research status and development trend - Natural gas engine
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Development trend and research status of low-carbon/zero-carbon fuel engine
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Research status and development trend - Natural gas engine
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Jet ignition, high turbulent kinetic energy combustion chamber,

efficient thin combustion ﬂ- i ﬁ
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Direct injection in cylinder, ultra-high compression ratio
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Development trend and research status of low-carbon/zero-carbon fuel engine
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Research status and development trend - in-cylinder direct injection dual-fuel natural gas engine
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Development trend and research status of low-carbon/zero-carbon fuel engine
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Research status and development trend - in-cylinder direct injection dual-fuel natural gas engine
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Development trend and research status of low-carbon/zero-carbon fuel engine
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Research status and development trend - in-cylinder direct injection dual-fuel natural gas engine

Energy 270 (2023) 126813 90 21
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Development trend and research status of low-carbon/zero-carbon fuel engine
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Research status and development trend - Hydrogen-fueled engine
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Development trend and research status of low-carbon/zero-carbon fuel engine
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Research status and development trend - Ammonia-fueled engine

& I R SRR, TRRTEEEES - EE
Green: Ammonia is a zero-carbon fuel that can be prepared from renewable energy sources
CfERR. M. XEi&aPREA (NFIRASM) BE
- - sl _ _ T 0.071 0.84 0.187
Multi-field application: It has been applied in ship engine, gas turbine and rocket engine /gecm 0.77

fig iz 75 (E: BiR9barskEE-33°Cralikit, FIFEE
Storage and transportation: It can be liquefied at room temperature of 9bar or atmospheric

gEEZE/MJ.L3 11.5 4.8 35.2 9.7

pressure of -33°C, which is conducive to storage and transportation
REERES: ESHXASEEBES, ShEEK

High energy density: Higher energy density than hydrogen and natural gas, long driving range

ARG S AESRIEIB R R &L:  Ammonia fuel has problems of difficult ignition and slow combustion:

M TESAREBE, FRRMEEK. BREER, H&/DRKEARIMK60E L E, B KIEERE L IR
H11/5, XRXKIRE T ZAABRILEITTRAERE .

Compared with traditional hydrocarbon fuels, ammonia has low reactivity and high spontaneous combustion
temperature, its minimum ignition energy is more than 60 times that of gasoline, and laminar flame speed is about 1/5 of
gasoline, which greatly improves the difficulty of the development of ammonia internal combustion engine.

AR TS:.  Existing solutions:
Sams| . BERE (FELRMHE) . KA.

Diesel ignition, ammonium-hydrogen fusion (online cracking hydrogen production), spark ignition...

LERSSE/MI-kg! 2.64 336 279 2.87
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Development trend and research status of low-carbon/zero-carbon fuel engine
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Dual-fuel engine-Limitations of combustion process evaluation methods
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The specific heat ratio of different fuels is different, and varies greatly

with the temperature and pressure in the cylinder, leading to a certain

error in the calculation result of heat release rate.

A7 H—SIRRTAR RSN RRINE, IRSRiNIiEE

B N B, DEIEHAET RN RIS RS E,
sz;rﬁ In order to further clarify the combustion mechanism of dual-fuel engine and
7ASNY

improve the performance of the engine, it is urgent to put forward the
heat release rate evaluation method and system suitable for dual-fuel engine.
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An evaluation method suitable for dual-fuel engine combustion process

(—) 7:75% E’{IEI’;EEEH- {}E 7“‘5}]”)52% Proposed method - Inspired by "cyclic variation"
30 %%'fféﬂ:ﬁzﬁ'

Combustion cycle variation:

PRBEA RN T RIRARBIVIR VR —Z HE. R EBESE S NMERF,

F AR IS Y S K s I8 B FLBroxt B2 i) Bl 8% 1 =R K. R R SIPL I R 2
TEFR AR AR 2 B A I HEIR 376 1R K Y S THD R

Combustion cycle variation is an old problem for ignition engines. If multiple
cycles are compared, it can be found that the maximum pressure in the cylinder and
the corresponding crankshaft angle are very different. The combustion cycle
variation of ignition engine has a great negative effect on fuel economy and emission.

09 1.0 1.1 121314151617

51 Zizcil*)llﬁk“ﬁ% zbﬂﬁl?m%ﬁﬁﬂ’] Heyhood (1988) LS| EMREEA XN ETREXWMEARLZLE AR KK
ﬂ]gg&;“”ﬂﬂkmﬂ’lmﬂl FRERAHSENRRMSENTD; SERRRESRENTD, LHRXEENE
X 25 .

There are many factors that cause the combustion cycle variation of the engine. Heyhood (1988) summarized the main
factors that cause the combustion cycle variation as the movement state of the mixture in the cylinder at the time of ignition.
Changes in gas intake and fuel supply per cycle; Variation in the mass of residual exhaust gas per cycle, especially in the
area around the spark plug.

A5, Fﬁ’ﬁ%ﬂ%%k" HSENER, MEX—1PFNYERTHUEIENSIA, BEEERFTIMA, WHR. EGRIUK
ERFLIAF.

In addition, all the factors that slow down the combustion process, as well as the introduction of a new physical and variable
process, will increase the cycle variability, such as thin burn, EGR, and low-load conditions.
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Evaluation method - Based on cylinder pressure variation
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ARED P 112x145
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An evaluation method suitable for dual-fuel engine combustion process

(Z) T E-BTRIETED
Evaluation method - Based on cylinder pressure variation

XEENIEDAL,(0), FLEZREET,(0), TIEER

—
B
I

; nesscasoe  EIREICOV,(6), AT FATR:
= 200 cycles the average pressure is defined as, (60
o
=M i standard deviation of cylinder pressure variationg, (9)
% 5 coefficient of cylinder pressure variationCOV (6)
4 the formula is shown below:
£l <
= u(0) = —>» p(0)
_E‘ 4 I p NC ~

2 1/2

i 1 NC
sl v 1 ¢ 0 ¢ B 5 f o5 [ ou o, (6) = % Z (0,(0) = 1,(0)f
-40 -20 0 20 40 60 80 i=1
Crank angle (°CA ATDC)
In-cylinder pressure traces of 200 cycles with Tj,; 35°CA BTDC. COVp(@) G (6) 100%

1.(6)
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Evaluation method - Based on cylinder pressure variation

T,,=36°CA BTDC
—— 200 cycles

............... 150 cycles
i - . 100 cycles
=150 YN 50 cycles
!_JE-/ I N\ ---- 30 cycles
N 20 cycles

0 1 L 1 1
-30 -20 -10 0 10 20 30 40 50
Crank angle (°CA ATDC)

Standard deviation traces with different sample numbers.

I X REF AT SR MY T
51T, 1EE200/EMEAFEAREL

Through the analysis and evaluation of the influence of

the sample number on the results, 200 cycles were selected
as the sample number.

EEATSEN L0, LESREEO),
FIEZSEZREICOV. (), 7_1975r/m|n 25%IoadI/R
TR, T

In the figure on the right, the average pressure is 1/, 6,
the standard deviation of cylinder pressure variation ¢, (9) and
the coefficient of cylinder pressure variation COV (@ under the
working condition of 1975r/min and 25%load, showmg a
certain regularity.

<v15

In-cylinder pressure (MP
(&)

10

Tinj=35°CA BTDC

240

|
COV, (%)

200

end of jum

-10 0 10 20 30 40 50 60 70 80 90 100 110 120
Crank angle (°CA ATDC)

In-cylinder pressure, COV and standard deviation profiles with Ti,; 357 CA BTDC



—ME IR LB BRI IERNFN X

An evaluation method suitable for dual-fuel engine combustion process

(=) AP T E-XS LR ISAE

NeW evaluatlon methods - Comparatlve Valldatlon 15 Diesel,n=1978r/min, BMEP=0.618MPa Injection timing=7"CA BTDC
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| . 7 .'-.

b e,
. . . . = 10 20 30 40 S0 60
Schematic diagram of the engine test rig Grank angle (“CA ATDC)

Combustion evaluation with different methods using single diesel fuel.

AT HERRHRTERNERE, MNE—MASHETRHRT T oM, W LR, ATREERET
HYBRET K2R

In order to determine the effectiveness of the proposed method, a comparative analysis of single diesel fuel
conditions was carried out, as shown above, showing a good mapping relationship.
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Cortants 15 available ot SioncaDiremt = A novel combustion evaluation method based on in-cylinder pressure @QmMaﬂ(

traces for diesel/natural gas dual fuel engines
Energy

Zhongshu Wang ¢, Wenjing Chen ¢, Dan Wang * ', Manzhi Tan ¢, Zhongchang Liu ?,

journal homepage: www.elsevier.com/locate/energy i Hu111 DOU b
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Analysis of the effect of fuel substitution rate on combustion process

Contents lists available at ScienceDirect

Fuel

ELSEVIER journal homepage: www.elsevier.com/locate/fuel

Full Length Article [ ,.)
A multilevel study on the influence of natural gas substitution rate on Cpded

combustion mode and cyclic variation in a diesel/natural gas dual
fuel engine

MplEisw 55, NE. EEFA. 5EEE. U5

State Key Laboratory of Autometive Simulation and Control, Jilin University, Changchun 130025, China I .]

4 =0
BHEE/L 8.6
ARTICLE INFO ABSTRACT
Keywords: Diesel/natural gas dual fuel engine is prone to misfire, knock and other unstable combustion phenomena, Egﬁ tt 17.2
Cyclic variation resulting in excessive cycle variation. In order to better understand the influence of combustion mode on cycle
Diesel/natural gas dual f“e.l variation of diesel/natural gas engine, the cycle variation of natural gas percentage of energy substituted (PES) 2 Z S =]
iﬁ::}‘::fﬁ;f :J::flllifl substituted from 0% to 90% under medium load (50% load, 750 N-m) was studied. From the point of view of cylinder %I 1:]: X / I:F % == 1 1 2 X 145
pressure and mass fraction of combustion, the intensity of combustion state and the stability of combustion speed
in each combustion stage were analyzed. The results show that with the increase of PES, the cylinder pressure

frn| in-
and thermal efficiency decrease, and the cyclic variations of maximum of in-cylinder pressure (Pmax), indicated g}ﬁ\ /:E Ij] ZZ‘E/ kW 2 6 O ( 2 1 OO/ r-min 1 )

mean effective pressure (IMEP) and cylinder pressure curve increase. The coefficient of variation (COV) of 90%
1= > ;E
Re PR/ 2415

Zhongshu Wang, Xiaodong Fu, Dan Wang , Yun Xu, Guizhi Du, Jinwen You

PES is 1-5 times higher than that of pure diesel engine. The change law shows that the fluctuation is stable below
40% PES, and increases obviously above 50% PES. The effect of PES on mass fraction burned (MFB) and its cyclic
variation indicates that the heat release rate is the fastest at 70-90% PES, the slowest and most unstable at
30-60% PES. In addition, there is a distinction between different combustion stages. When the PES content is
above 50%, the combustion speed of initial stage is the fastest and the most stable. The minimum standard
deviation of crank angle where 10% total heat released (CA10) is only 0.07° crankshaft angle. Under 40% PES, =] . 1
the combustion speed of middle stage is the most stable. Overall, premixed combustion and diffusion combustion Ei kj:ﬂ %E 1 5 OO ( 1400/ r-min- )
have different dominant positions at different PES, which provides guidance for realizing the optimal combustion
mode of dual fuel engine.

25 0wz
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Performance evaluation of dual-fuel engine based on this method
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Influence analysis of fuel substitution rate on combustion process - selection of operating conditions
TO5%EYA (1335r/min) 1B (16555r/min) %&iE, 50%fHRfE,

KIRSHERERIE0~90%, (EARREAEIEEN140MEH, B psring s

PES Speed Torque Diesel NG Alr i n

The working conditions select A (1335r/min) and B (16555r/min) speed, 50% load, % r/min  Nm kg/h kg/h kg/h %
natural gas energy replacement rate 0~90%. The number of cycle samples was 0 1335 083 19.97 0 o145 235 3986
10 1335 676 18.06 1.80 613.6 2.32 38.85
selected as 140 cycles. 20 1334 664 16.02 3.50 606.7 2.29 38.30
30 1334 651 14.02 5.23 601.3 2.27 37.57
100 40 1334 639 11.98 6.99 592.1 2.23 36.91
2 —— 20 cycles 50 1334 631 10.02 8.66 584.4 2.21 36.52
- — 50 cycles 60 1335 624 8.00 10.43 578.6 2.16 36.12
80| 80 cycles 70 1335 620 6.05 12.22 570.0 2.12 35.69
—-—100 cycles e % LHae 80 1335 613 4.05 13.86 564.6 2.09 35.49
. - =140 cycles PES = 0 e 100% 00 1335 583 2.02 15.75 557.3 2.06 33.52

NG NG diesel diesel

& 60 200 cycles 0 1655 654 2470 0 802.0 203  37.97
= - 350 cycles ) Fgr 10 1655 642 22.23 2.29 882.8 2.91 37.03
s | N\ --- 500 cycles ~ Ying < AFRY + tiigea < AFRE_ 20 1655 620 19.86 4.29 860.9 2.74 35.87
40 - 30 1655 605 17.44 6.42 847.6 2.63 34.96
R P 40 1655 583 14.89 8.65 831.4 2.61 33.96
20 X2 Z;X 50 1655 577 12.41 10.83 822.5 2.41 33.29
60 1655 562 9.95 13.03 807.7 2.34 32.34
A 70 1655 535 7.42 15.15 793.1 2.21 30.90
0 . . . . 80 1655 489 4.96 17.21 773.3 2.14 28.35
20 0 20 40 60 80 90 1655 410 2.46 19.32 725.9 1.92 23.84

Crank angle (°CA ATDC)

Standard deviation of in-cylinder pressure in eight groups of samples.



M. BFZ5 AR st IEEE T

Performance evaluation of dual-fuel engine based on this method

In-cylinder pressure (MPa)

In-cylinder pressure (MPa)

(—) BRREARNREIENRWOT-EE. XIFEE. IR, BMEP

Analysis of the effect of fuel replacement rate on combustion process - cylinder pressure, variation
standard deviation, variation coefficient, BMEP

—— PES=0%

In-cylinder pressure (MPa)

—— PES=10%

Crank angle (*CA ATDC)

1 L 1 ' s L '
-40 -20 0 20 40 60 80 100

1
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-20

0 20 40 80 80 100
Crank angle ("CA ATDC)

—— PES=50%

L

In-cylinder pressure (MPa)

—— PES=90%

Crank angle (“CA ATDC)

L L L L L L L
-40 -20 0 20 40 60 80 100

.
-40

L
-20

0 20 40 80 80 100
Crank angle (“CA ATDC)

In-cylinder pressure curve of different PES (0%, 10%, 50%, 90%) under 140 cycles.
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o SRS T PES=60% & v PES=60% /i )
% ) e [
=1 150 ) -.-.-PES=70%| —& 100t PES=70% )
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100
50F
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0 - : : ' 0
-20 0 20 40 60  -20

0 20 40 60
Crank angle (°CA ATDC)

_________

20 0 20 40 60 20
Crank angle ("CA ATDC)

0 20 40 60
Crank angle (*CA ATDC)

COV of in-cylinder pressure with crank angle for different PES at A50 and B50.
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BMEP and its COV with different PES at A50 and B50.
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Analysis of the effect of ignition mode on combustion process - Performance

800
A0 - 700 +H
600
35 4 e n N = 500 -
| % 400 A
30 4 1 S 300 A
= 200 A
e 25 4 _ 100 A H H
E‘: o ﬂ””” ””””Hl]ﬂnnnn
= 20 4 1 5 o 5 10 15 20 25 30 35 40 45 50 55
Tinj ( “CA BTDOC)
15 4 . Effect of Tip; on NOx emissions at 1335 r/min.
3.0 A
10 4 2.5
g 2.0 A] |
=
(-] . -
D i E 1.5
5 0 & 10 15 20 25 30 35 40 45 50 655 1.0 A
Tinj (*CA BTDC) 05 - H H H ” 0 H
IO00f
. X X -5 o 5 10 15 20 25 30 35 40 45 50 55
Effect of Tip; on engine thermal efficiency at 1335 r/min. Zinj ( "CA BTDO)

Effect of Ti,; on THC emissions at 1335 r/min.

IS S RIS TR RTINS, SEHESTIIZIRS T RRIMRIS N BE RO RASIIRIERE, LN &S]
NANIEREE EEXREERIF.

It is found that for dual-fuel engines, diesel injection timing has a crucial impact on diesel combustion process
and subsequent natural gas combustion process, as well as engine emission performance.
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Analysis of the effect of ignition mode on combustion process - Cylinder pressure and cylinder pressure variation
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In-cylinder pressure, COV and standard deviation profiles for various diesel injection timings.
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Influence analysis of ignition mode on combustion process - Decoupling analysis of combustion process
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In-cylinder pressure (MPa)

i 7T —ME T E LN NBRBREZHDIREIETN TR, ARKE
=R Z AL IR FHR M T F R B E R

A combustion process evaluation method of dual-fuel engine based on cylinder pressure variation is

proposed, which provides support for the future performance improvement of ultra-high thermal
efficiency engines.

14 —

T,,=35°CA BTDC

0 = L3 1.0
200 cycles 9 = 7 e
H, % Z:; p

-
X}
L

-
o

(=]
T T

(<2}

1/2
1 NC
c,(0) = [/VCZ(‘D (0) - yp(ﬁ))ﬂ

B
T T

N

PO M N R S SR S T M 9
) Crank angua2 ((J°CA AT4D%) o - COVp (9 ) = O-p ( )
1,(6)

o
'é T
N
o
o

- 100%




Es FEEiE Conclusion

ARAARIBRF AR ETIE:

List of relevant academic articles published by our team:

1.

2.

3.

o

10.

11.

12.
13.

Impact of natural gas injection timing on the combustion and emissions performance of a dual-direct-injection diesel/natural gas
engine , DOI: 10.1016/j.energy.2023.126813

Impact of ignition energy on the combustion performance of an S| heavy-duty stoichiometric operation natural gas engine, DOI:
10.1016/j.fuel.2021.122857

Impacts of the horizontal swirl and axial tumble on the turbulent kinetic energy and combustion process of a natural gas engine, DOI:
10.1080/15567036.2021.1965263

A multilevel study on the influence of natural gas substitution rate on combustion mode and cyclic variation in a diesel/natural gas dual
fuel engine, DOI: 10.1016/j.fuel.2021.120499

Combustion phase of a diesel/natural gas dual fuel engine under various pilot diesel injection timings, DOI: 10.1016/j.fuel.2020.119869
Experimental analysis of inert gases in EGR on engine power and combustion characteristics in a stoichiometric dual fuel heavy-duty
natural gas engine ignited with diesel, DOI: 10.1016/j.applthermaleng.2020.115860

Study on the effect of water addition on combustion characteristics of a HCC| engine fueled with natural gas, DOI:
10.1016/j.fuel.2020.117547

Theoretical Analyses of Heat Balance in a Diesel/Natural Gas Dual-Fuel Engine at Low and Medium Loads Based on Experimental Values,
DOI: 10.1115/1.4046760

The exhausted gas recirculation improved brake thermal efficiency and combustion characteristics under different intake throttling
conditions of a diesel/natural gas dual fuel engine at low loads, DOI: 10.1016/j.fuel.2020.117035

Effect of EGR and Fuel Injection Strategies on the Heavy-Duty Diesel Engine Emission Performance under Transient Operation, DOI:
10.3390/en13030566

Impact of natural gas injection strategies on combustion and emissions of a dual fuel natural gas engine ignited with diesel at low loads,
DOI: 10.1016/j.fuel.2019.116414

Combustion process decoupling of a diesel/natural gas dual-fuel engine at low loads, DOI: 10.1016/j.fuel.2018.05.152

Impact of pilot diesel ignition mode on combustion and emissions characteristics of a diesel/natural gas dual fuel heavy-duty engine,
DOI: 10.1016/j.fuel.2015.11.077



Es gﬁﬁiﬁ Conclusion

e Y N

% B A R )
B 7 58 [ 2 S T S LR A

Develop zero-carbon power for vehicles
Help China's transportation sector to achieve the double-carbon goal
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