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0 概述
论文作者自愿将其拥有的对该论文的汇编权（论文的部分或全部）、翻译权、印刷版和电子版的复制权、网络传播权和发行权转让给编辑部。为使作者的论文尽快发表，争取科研成果的首发权和知识产权，尽早在网上被检索到，本刊与中国知网合作开展单篇文章数字优先出版业务。数字优先出版是以印刷版期刊录用稿件为出版内容，提前于印刷版期刊出版日期出版的数字期刊。数字优先出版节省了等待期刊版面时间、排版印刷时间、邮发邮寄时间、图书馆编目上架时间。请不同意授权的作者在签署本协议的同时通知本刊，否则默认您知情并同意。
1 #########
近期发现，在本刊即将刊发的论文中，有些稿件已在其他刊物上发表，或全文雷同，或主体内容雷同。发现上述现象，本刊编辑部将采取一系列措施，坚决杜绝此类现象的发生，为此，本刊编辑部敬告广大作者。
1.1 ######
已在其他刊物上发表，但尚未在本刊发表的论文：坚决撤稿；不退版面费；追回《录用通知》原件，对无法交回原件者，编辑部将向作者单位发函声明该证明作废。
已在其他刊物上发表，之后又在本刊发表的论文：向作者单位书面通报批评；在本刊杂志上公开作者信息，声明该论文作废。
已在其他刊物上发表、在本刊发表前主动说明情况的作者：撤稿；不退版面费；追回《录用通知》原件。
有上述行为的作者或主要责任人将被列入本刊备案名单之中。 
对于论文是否属于重复发表，将由编辑部会同有关专家经调查后确定，不再征求论文作者或作者导师的意见。如对裁定结果有异议，可直接向本刊编辑部提出理由和意见，必要时编辑部将再次邀请业内专家研究裁定。
1.2 ######
题名所用每一词语必须考虑到有助于选定关键词和编制题录、索引等二次文献可以提供检索的特定实用信息。题名应该避免使用不常见的缩略词、首字母缩写字、字符、代号和公式等. 题名一般不宜超过20字。英文题名应与中文题名严格对应，一般不宜超过10个实词。
要有准确的作者单位名称及所在城市地名和邮政编码，以上部分均需中英文对照。英文部分作者姓名应是汉语拼音全名，姓氏在前全大写，名字的头一个字母大写，名字的二个字之间用半字号线连接。外籍作者姓名沿用其固定格式，名前姓后，均首字母大写。
1.3 ######
所投文章请提供该文的中图分类号，格式为TK4***,详见北京图书馆出版社中国图书分类法第5版。
1.4 ######
章节从“0 概述”起，一级标题用1,2……，耳机标题用1.1,1.2……，依次类推。
1.5 ######
文章首页页脚应注明基金项目，格式为“基金项目：基金名称（基金号）；基金名称（基金号）”。
1.6 ######
文章首页页脚应注明作者简介，格式请套用模板中首页页脚，内容主要内容为姓名、出生年、性别、最高职称、最高学历、主要研究方向、长期有效的E-mail。如：“张 一（1980-），男，教授，博士，主要研究方向为内燃机工作过程数值模拟，E-mail：zhangyi@163.com。”
有通讯作者的还应参照模板首页页脚格式填写通讯作者联系方式。
1.7 ######
关于文章中的变量和单位具体可参见作者中心中相关国家标准。常见要求包括：
(1)务必采用法定单位，不可以使用ppm,bar等非法定单位。
(2)普通变量应用斜体表示，代表数值的i等字母也用斜体。矢量张量应用黑斜体。集合应用大写黑正体。矩阵应用大写黑斜体。
（3）各种乘号和类似符号使用正确（·、*、×等，可能具有不同含义），能省略的乘号请自行省略掉。亦请核对文中各种括号的用法，可用（）替换的括号尽量使用（）。
（4）有标准表达方法的变量请采用标准表达，如表示压力应用小写斜体字母p。任何情况下不能将IMEP、COV等缩写作为变量出现在公式中。
2 ##############
2．1公式
各种变量正斜体参照上文说明。公式具体格式参考：
wf=mf(h5-h6)      (1)


式中，wf为####；mf 为工质流量，kg；蒸发器出口即工质膨胀机入口比焓；为膨胀机出口实际比焓（这里请将按此格式将所有变量一一解释，不要遗漏）。
2．2表格
表格由中文表题、表头和内容组成。格式如下例表所示。
表1 中文表名
	项目
	参数

	发动机型式
	#######

	缸径/mm×行程/mm
	###×###


3 #######
图应包括图片和图名，放在正文中首次提到该图的段落之后。如果同1个图中包含多个子图，则应分别在各子图下方标明（a）,(b)等，并标明其子图的名称。
3.1仿真图
仿真图请采用彩色图。

3.2曲线图
曲线图应调整为黑白，曲线超过1条的可用不同线型区分，但不要用灰度区分！
需给出横纵坐标的变量及单位，数值对准刻度线，单位用法定单位，且整篇文章单位统一。图片的坐标轴刻度应向内（向左，向上），去掉没有对应数值的刻度线（如等分的两个数值刻度之间的小刻度，和上边框刻度等）。
图片应去掉背景色和网格线。
图应调整到大小适当，以表达清晰为准，图中文字、数字均为小5号。
曲线的最大和最小值均应该落在标示了数值的坐标刻度范围之内，即4条边框线起始和中指点均应有对应数值。
图中的英文应该译成中文。可参考如如下例图（图1）所示。
[image: r123数据对比黑白]
图1 ###################### 
4 #########
关于参考文献格式如下：
（1）参考文献在文章中引用的位置应用上标中括号格式注明，并按出现先后顺序排列。
（2）中文期刊文献应给出相应的英译（原论文所在杂志有英文的需给出，没有的就不用给了。不必自己翻译，可参考杂志的英文目次）。
（3）欢迎参加2027世界内燃机大会。
（4）具体要求可查看相关国家标准。
5 结论
（1）结论部分应该是本文工作所得到的具体结论，而不是本文做了哪些工作及本文工作的不足等。
（2）结论部分直接编号撰写结论即可。
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Implementing the Matching Between Mechanics and 
Thermodynamics among 4 Individual Strokes in a 4-Stroke
Engine by Non-Circular Gear Mechanism
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Abstract: The relationship between engine mechanics and thermo-dynamics has been investigated by means of numerical simulation. The inherent mismatching between the mechanical behaviors and the thermodynamic process in internal combustion engine is identified, which is believed to be one of the important limiting factors of energy efficiency for conventional engines available in the current market. An approach for engine efficiency improvement through Optimal Matching Between Mechanics and Thermodynamics (OMBMT) is proposed. An ideal matching model is defined and the conflicts due to the constraints among the mapping strokes in a 4-stroke engine are analyzed. A novel mechanical model is built for approaching optimal matching among all 4 individual strokes in a 4-stroke spark-ignition engine, which is composed of Non-Circular Gears (NCG) and integrated with conventional slider crank engine mechanism. By means of digital mechanical model and numerical simulation, the matching gains among all 4 strokes are defined and calculated for quantifying the NCG engine efficiency improvement by comparing with a baseline engine. The potentials with the OMBMT implemented and the enhancements made by NCG mechanism for engines in terms of engine overall thermal efficiency are reported. Based on the results achieved, it is recommended that the feasibility studies and the experimental validations be conducted to verify the engine matching concept and effectiveness of the NCG mechanism engine model proposed, and the engine performance and NCG design parameters be further optimized.All accepted papers will be published at the 2024 WICE ( report or poster ).

Keywords: engine, engine matching, optimization, Optimal Matching Between Mechanics and Thermodynamics (OMBMT), matching gain, engine efficiency improvement, NCG, NCG engine


2027世界内燃机大会	
2027 Word Congress on Internal combustion Engines


2024世界内燃机大会	
2024 Word Congress on Internal combustion Engines


                                                   
Foundation item: Project (KF2029) supported by the State Key Laboratory of Automotive Energy and Safe, Tsinghua University, China.
Corresponding author:***** PhD, Professor; Tel. +44 121 414 4111; Email: ****@bham.ac.uk; ORCID: https://orcid.org/0000-0001-7241-8383 


1.0 Introduction
In the internal combustion engine (ICE) development history, there had been various engine configurations being invented, such as reciprocating, Wankel rotary engine, gas turbine, jet engines and rocket engines. The reciprocating engine configuration with connecting rod and crankshaft has been dominating the engine market particularly in mobile applications for over a century due to its simple construction, high efficiency, reliability and durability. The reciprocating mechanism enables air fuel combustion being processed intermittently in an engine, achieves higher working temperature through pre-compression, by using inexpensive materials and cooling arrangements. That is believed as the main reason for the reciprocating ICEs having the highest efficiency among the various types of heat engines. 
Many studies have been conducted for ICE energy efficiency improvements. The majority efforts have been focused on engine combustion and thermodynamics with more sophisticated combustion process models within the existing frame of engine mechanism, such as the Advanced Combustion Engine Program with over 60 engine research projects [1], led and funded by the U.S. Department of Energy and a combustion process improvement proposal [2]. On the other hand, many engine mechanics studies have been concentrated on vibration characteristics aiming to improve engine lifespan, noise and vibration reduction, etc. [3, 4, 5, 6]. 
It is well known that ICE performance depends on the interaction of engine mechanics and thermodynamic processes. A study was conducted by Opaliniski, M. et al. [7] on relationship between engine efficiency and various engine configurations. However, engine mechanical features in this study have been neutralized by math-averaging, and their “eigenvalue” contributions to engine efficiency could not be identified. Discussions on the trade-off between mechanics and thermodynamics are often in association with designs of specific engines, for instance, the ultra-short connecting-rod along with differential crank mechanism [8], the eccentric planetary gear mechanism [9], H-Level engine [10], reversely-pulled contra-rotary dual-crank engine [11], epicycloidal or hypocycloidal engine [12]. However, no successful engine with convincing results has been accepted in the market yet.   
Pursuing further improvement of ICE efficiency, the relation-ship between engine mechanics and thermodynamics is investigated [13], in which, a microscopic expression of engine work output is established in terms of the coincidence between the cylinder gas pressure and the piston speed during the working cycle. A matching concept is introduced as a  guiding tool for analyzing engine efficiency improvement design and the matching gain is defined as a measurement to quantify the matching degree by comparing engine brake work output with brake work output of a baseline engine.   
Implementing the engine matching concept, a mechanical model of Non-Circular Gear (NCG) train mechanism is built and developed for a 4-stroke spark-ignition engine, which is presented in this paper.
2.0 Mechanical Model of Conventional Engine
The conventional reciprocating or slider crank ICE can be illustrated in Figure-1. Its mechanical model can be represented in the following mathematical formulas [3, 4, 5]: 
xp() =  ·    	(1)
sp() =  · sin () · [ 1 +   ]	(2)
where piston pin center position xp(), piston speed sp(), can be presented as a function of crank angle .  is crank radius,  is connecting rod length, piston top center position is xt = r + l – xp(). 
For a 4-stroke engine, the work done within one engine cycle Wps can be expressed as follows: 
Wps =  g(
     = g(pp+ g(pp 	(3)
[image: ]
Figure-1. Conventional reciprocating crank engine mechanical model
The normalized work done within compression and power strokes in one engine cycle, Wcps,n can be expressed as:
Wcps,n = g sp,n() + g sp,n() 
            =cps,n()cps,n() 	(4)
In a conventional engine, the normalized piston speed sp,n() is determined by the crank mechanism characteristic parameter (L =  / ) per Eq.(2), has symmetrical mechanical behavior in the power stroke and the compression stroke, as well as in the intake and exhaust strokes for a 4-stroke engine. 
Figure-2 shows the work wcps,n(), the cylinder pressure pg() and piston speed sp,n() curves in power stroke for a typical engine with L = 3.40. Since wcps,n() is the product of pg() and sp,n() per Eq.(4), modulating engine mechanism to increase coincidence level of pg() and sp,n() curves will yield higher and wider curve area, result in larger Wcps,n integral value within the same power stroke [13]. 

Figure-2. Curves of pg(θ), sp,n(θ), both at L = 3.40, and wcps,n(θ)
2.1 Ideal 4-Stroke Matching Model 
As revealed in Eq.(3) and Eq.(4), piston speed behavior sp,n() in correlation with cylinder pressure pg() plays an important role for engine work. An ideal model for an engine could be defined to have an optimized matching between thermo-dynamics represented by pg(θ) and mechanical characteristics governed by sp,n() for each individual stroke to achieve the maximum work generated and the minimum work spent in the working cycle as follows:
Power Stroke: Increasing piston speed and shifting sp,n(θ) curve to achieve: (1) increasing isobaric portion while reducing isometric portion of heat addition in combustion process; (2) increasing coincidence level between pg(θ) and sp,n(θ) for enlarging integration of product of pg(θ) and sp,n(θ) over friction work (assumed evenly distributed); (3) reducing stroke duration for reducing heat transfer loss.   
Compression Stroke: Keeping low piston speed during early portion of stroke for maintaining a relative lower temperature level, as to reduce heat transfer loss and the power consumed for compression, and then, increasing piston speed rapidly at later portion of stroke to reach the required compression pressure and temperature.
Intake Stroke: Lowering piston speed sp,n(θ) curve to reduce pumping loss and to get more fresh charge intake.
Exhaust Stroke: Keeping low piston speed at gas blowdown stage and maintaining piston speed sp,n(θ) at a moderate level at gas displacement stage. The goal is to reduce pumping loss and to let exhaust gas be discharged more smoothly.
3.1 Mechanical Model of Elliptic Gears
As shown in Figure-3, two identical elliptic gears are chosen to build a mechanical model for an NCG engine. The transfer ratio K(φ) of the NCG gear train varies between maximum transfer ratio Kmax and minimum transfer ratio Kmin, where  
Kmax = 1 / Kmin 	(5)
The ellipse eccentricity e and the gear contour can be determined by:
e = (Kmax - 1) / (Kmax + 1) 	(6)
r(α) = a (1 – e2) / [1 – e · cos (α)] 	(7)
where r is the radius in a polar coordinate; α is the angle of polar coordinate, which rotates from -π to +π. 
[image: ]
Figure-3a. NCG engine structure side view
[image: ]
Figure-3b. NCG engine structure top view

Taking φ as the input phase angle, the angular velocity transfer ratio of an NCG gear train composed by two identical elliptic gears K(φ) will be [15]:
K(φ) = (1 – e2) / [1 + e2 – 2 · e · cos(φ)] 	(8)
Furthermore taking Ω as the output phase angle, the angular transfer function of an NCG gear train composed by two elliptic gears, Ω(), is the bi-directional angular integration of , starting at φ = 0 for correct phase alignment:
Ω() =   +   	(9)
where φ varies from 0 to +π, and from 0 to -π.
For design of ellipse gear contour, the parameters a and A are defined for presenting semi-major and major axis of the ellipse respectively, b and B presenting semi-minor and minor axis of the ellipse, c presenting focus points of the ellipse from the center. They can be determined by the geometric relationships. 
In this design example, the transfer ratio Kmax = 2.00 is chosen, then Kmin = 0.50; e = 1 / 3 = 0.3333. Setting a = 50.00 mm; the focus points at (+/- 16.667 mm, 0) from the center, then the elliptic gear will have A = 100.00 mm and B = 94.28 mm overall major and minor sizes at its prime contour. A pair of such identical elliptic gears is used to build the NCG engine model being studied. Since the primary parameter Kmax = 2.00, the related engine is named as NCG-2 engine for short. 
5.0 Conclusion
Implementing the approach of the Optimal Matching Between Mechanics and Thermodynamics (OMBMT), a novel model of NCG engine is proposed and presented in this paper. As an example, NCG-2 gear train with a maximum transfer ratio of 2.00 is adapted to modulate the conventional crank engine mechanism. An NCG-2 engine model has been established; its integration with a conventional crank engine is made; its contribution to engine thermodynamics is simulated and analyzed; optimizations are systematically conducted for improving overall performance of a 4-stroke spark-ignition engine.
Based on the computational results obtained from the proposed NCG-2 engine mechanism, the following unique features of an NCG-2 engine can be identified: 
Overall matching gain of NCG-2 engine over baseline engine could reach 20% under whole open throttle, or even approaching 69% under partial open throttle.
NCG-2 engine has lower peak cylinder pressure but higher torque profile comparing with baseline engine.
The NCG-2 spark-ignition engine presents more “Diesel” cycle characteristics or contains more constant-pressure composition than constant-volume composition comparing with the baseline engine. This will yield lower peak pressure, lower combustion temperature, less thermal losses, lower emissions of nitrogen oxides, larger torque output, higher knock limit and more feasible to higher compression ratio.      
The modular structure of the NCG mechanism proposed has a high compatibility to conventional engine. Minimized structural modifications are needed for its integration with conventional crank engine.      
It should be realized that the above promising features are analytical and based on some simplified assumptions in the simulation processed. It is recommended that the feasibility studies and the experimental validations be conducted, as to verify or to prove the correctness and effectiveness of the matching concept and the NCG mechanism engine model proposed, and the engine performance and NCG design parameters be further optimized.
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GAS PRESSURE pg(θ) [kPa]
wcps,n(θ) [kN-m/3-Degree]


NORM. PISTON SPEED sp,n(θ) 
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