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[bookmark: _Toc218450196]Abstract
Understanding in-cylinder combustion behaviour and fuel effects is essential for improving efficiency and emissions in modern internal combustion engines. This study investigates combustion characteristics and modelling approaches through three integrated tasks. Task 1 analyses measured in-cylinder pressure data from three engines—a Yamaha YZ125 two-stroke spark-ignition engine, a CLAAS agricultural diesel engine, and a McLaren 570S spark-ignition engine—using MATLAB to compare pressure development, pressure rise rate, and combustion metrics. Task 2 examines the influence of alternative fuels using a 1D engine simulation environment, highlighting the sensitivity of predicted performance to fuel properties and combustion assumptions. Task 3 refines combustion modelling using MATLAB by implementing a single-zone Wiebe heat-release model for a BMW B48 turbocharged spark-ignition engine operating on E85 fuel. Combustion phasing, parameter sensitivity, and model limitations are evaluated. The results demonstrate the strong dependence of combustion behaviour on engine architecture, fuel properties, and modelling assumptions, emphasising the need for fuel-specific calibration and critical interpretation of simulation tools in contemporary powertrain design.



	












[bookmark: _Toc218450197]Introduction
Despite increasing powertrain electrification, the internal combustion engine (ICE) remains central to automotive and off-highway applications. Continued development is therefore required to improve efficiency, performance, and emissions during the transition to more sustainable transport. Achieving these improvements depends on a detailed understanding of in-cylinder combustion behaviour, fuel properties, and the modelling tools used to analyse engine performance.
Key combustion characteristics—including pressure development, heat-release rate, and combustion phasing—strongly influence engine efficiency and emissions formation. These parameters vary significantly between engine architectures and operating strategies and are highly sensitive to fuel chemistry. As alternative and low-carbon fuels are increasingly adopted, it is essential that combustion models reflect fuel-specific behaviour rather than relying on simplified or legacy assumptions.
This report presents a combustion and emissions study through three integrated tasks. Task 1 conducts a comparative combustion analysis using measured in-cylinder pressure data from a two-stroke spark-ignition engine, a compression-ignition diesel engine, and a high-performance spark-ignition engine. MATLAB is used to extract key combustion metrics including peak pressure, pressure rise rate, and indicated mean effective pressure (IMEP). Task 2 examines the influence of alternative fuels using a 1D engine simulation environment (Ricardo WAVE), focusing on the impact of fuel properties on predicted performance and combustion behaviour. Task 3 extends this analysis by refining combustion modelling assumptions using MATLAB, implementing a single-zone Wiebe heat-release model to investigate combustion phasing, parameter sensitivity, and the limitations of default combustion models. Together, these tasks provide an integrated assessment of combustion behaviour, fuel effects, and modelling limitations relevant to contemporary powertrain design.
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[bookmark: _Toc218450199]Introduction
This section presents a combustion analysis of three engines representing different operating principles and applications:
- Yamaha YZ125 two‑stroke spark‑ignition engine (high‑squish vs low‑squish)
- CLAAS agricultural diesel engine (compression ignition)
- McLaren 570S high‑performance spark‑ignition engine (5000 rpm)
Cylinder pressure data for each engine was processed using MATLAB to determine:
- Peak cylinder pressure
- Pressure rise rate (dP/dθ)
- Start of combustion (SOC) and end of combustion (EOC)
- Indicated Mean Effective Pressure (IMEP)
- Approximate cycle efficiency
All datasets were cleaned, smoothed, and aligned to top dead centre (TDC). IMEP was calculated using numerical integration of the pressure–volume loop.
















[bookmark: _Toc218450200]YZ125 Two‑Stroke Engine (High vs Low Squish)
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Figure 1- Cylinder pressure traces for the Yamaha YZ125 two-stroke engine comparing high-squish and low-squish combustion chamber configurations.
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Figure 2 - Pressure rise rate (dP/dθ) for the Yamaha YZ125 engine under high-squish and low-squish configurations.
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High‑Squish Configuration
- Peak Pressure: 72.35 bar
- IMEP: 8.53 bar
- SOC: –32° CA
- EOC: 12° CA
Low‑Squish Configuration
- Peak Pressure: 83.34 bar
- IMEP: 9.14 bar
- SOC: –36° CA
- EOC: 9° CA

[bookmark: _Toc218450203]Discussion
The high‑squish configuration shows earlier SOC and a longer burn duration, consistent with increased turbulence and enhanced flame propagation. However, the low‑squish configuration produced higher peak pressure and IMEP, indicating that it trapped more charge and achieved a higher effective compression ratio. This demonstrates that in two‑stroke engines, trapped mass effects can dominate over turbulence benefits, leading to higher overall performance despite reduced squish intensity.
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Figure 3 - In-cylinder pressure trace for the CLAAS compression-ignition diesel engine, illustrating high peak pressure and rapid combustion characteristic of CI operation.
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Figure 4 - Pressure rise rate (dP/dθ) for the CLAAS diesel engine, highlighting the rapid premixed combustion phase following ignition delay.
[bookmark: _Toc218450206]Results
- Peak Pressure: 142.49 bar
- IMEP: 15.22 bar
- SOC: –50.8° CA
- EOC: 5.6° CA
- Estimated Efficiency: 0.63
[bookmark: _Toc218450207]Discussion
The diesel engine exhibits the highest peak pressure and IMEP of all three engines. The early SOC reflects the end of ignition delay and the onset of premixed combustion. The steep pressure rise and short combustion duration are characteristic of compression‑ignition operation. The high IMEP and efficiency demonstrate diesel’s thermodynamic advantage, making it well‑suited for high‑torque agricultural applications.


























[bookmark: _Toc218450208]McLaren 570S (5000 rpm)
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Figure 5 - Cylinder pressure trace for the McLaren 570S spark-ignition engine operating at 5000 rpm.
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Figure 6 - Pressure rise rate (dP/dθ) for the McLaren 570S engine at 5000 rpm, showing controlled combustion and knock-limited operation typical of modern turbocharged SI engines.
[bookmark: _Toc218450210]Results
- Peak Pressure: 104.81 bar
- IMEP: 5.55 bar
- SOC: –24° CA
- EOC: 0° CA
- Estimated Efficiency: 0.50

[bookmark: _Toc218450211]Discussion
The McLaren engine shows controlled, rapid combustion typical of a modern turbocharged SI engine. SOC at –24° CA reflects the spark advance required at high engine speed. Combustion completes near TDC, maximising expansion work. The moderate pressure rise rate indicates stable combustion and effective knock control. The IMEP is strong for 5000 rpm operation, reflecting high volumetric efficiency and optimised ignition timing.

[bookmark: _Toc218450212]Comparative Analysis

[bookmark: _Toc218450213]Peak Pressure Comparison
- CLAAS Diesel: 142.49 bar
- McLaren 570S: 104.81 bar
- YZ125 Low‑Squish: 83.34 bar
- YZ125 High‑Squish: 72.35 bar
Diesel produces the highest pressure due to high compression ratio and auto‑ignition.

[bookmark: _Toc218450214]IMEP Comparison
- CLAAS Diesel: 15.22 bar
- YZ125 Low‑Squish: 9.14 bar
- YZ125 High‑Squish: 8.53 bar
- McLaren 570S: 5.55 bar
Diesel dominates due to high efficiency and lean combustion. The YZ125 outperforms the McLaren because a two‑stroke produces one power stroke per revolution.

[bookmark: _Toc218450215]Combustion Duration
- Diesel: shortest (rapid premixed burn)
- McLaren: moderate (controlled SI combustion)
- YZ125: longest (scavenging losses and slower flame propagation)
[bookmark: _Toc218450216]Efficiency Comparison
- Diesel: 0.63
- McLaren: 0.50
- YZ125: lowest (not calculated; inherently low due to scavenging losses)


[bookmark: _Toc218450217]Summary Table
Table 1
	Engine
	Peak Pressure (bar)
	SOC (°CA)
	EOC (°CA)
	IMEP (bar)
	Efficiency

	YZ125 High Squish
	72.35
	–32.0
	12.0
	8.53
	

	YZ125 Low Squish
	83.34
	–36.0
	9.0
	9.14
	

	CLAAS Diesel
	142.49
	–50.8
	5.6
	15.22
	0.63

	McLaren 570S
	104.81
	–24.0
	0.0
	5.55
	0.50



[bookmark: _Toc218450218]Conclusion
The combustion behaviour of the three engines reflects their intended applications and fundamental thermodynamic cycles. The YZ125 results highlight the sensitivity of two‑stroke combustion to squish geometry and trapped mass. The CLAAS diesel engine demonstrates the highest pressures, fastest combustion, and greatest efficiency due to compression ignition and high compression ratio. The McLaren 570S shows controlled, high‑speed SI combustion optimised for performance and knock resistance. Together, these results illustrate the diversity of combustion strategies and the importance of geometry, ignition method, and operating conditions in shaping in‑cylinder pressure development.





[bookmark: _Toc218450219]Task 2 – Wave Simulation

[bookmark: _Toc218450220]Aim
The aim of this task is to assess the influence of alternative fuel properties on combustion behaviour and predicted engine performance using a 1D simulation framework. Emphasis is placed on qualitative trends and modelling assumptions rather than absolute numerical accuracy.

[bookmark: _Toc218450221]Engine Model and Fuel Selection
A turbocharged direct-injection spark-ignition engine representative of a modern downsized powertrain (BMW B48 architecture) was selected in Ricardo WAVE. Three alternative fuels were considered: E85, E100, and LPG, chosen for their contrasting physical and chemical properties.

[bookmark: _Toc218450222]Fuel Property Effects
Ethanol-based fuels (E85 and E100) exhibit lower lower-heating value and stoichiometric air–fuel ratio than gasoline, requiring increased fuel mass for equivalent load. However, their high octane rating and latent heat of vaporisation improve knock resistance and charge cooling, supporting earlier combustion phasing.
LPG, as a gaseous fuel, offers improved mixture homogeneity and reduced wall wetting but limited charge cooling. This leads to more gradual early combustion development and reduced knock resistance improvement relative to ethanol fuels.

[bookmark: _Toc218450223]Modelling Assumptions and Limitations
Ricardo WAVE relies on simplified combustion models and default heat-release parameters, typically calibrated for gasoline operation. Without explicit recalibration, these assumptions may not accurately represent alternative fuels.
Technical limitations prevented the export of numerical simulation data in this study, restricting the analysis to qualitative assessment. This highlights a key limitation of 1D simulation tools: fuel property changes alone do not ensure accurate combustion prediction without fuel-specific calibration. “Previous studies have shown that 1D engine simulation tools are capable of predicting overall combustion trends, but their accuracy is strongly dependent on appropriate combustion model tuning and validation against experimental data.”(Hakimin Bin Ibrahim et al., 2022)

[bookmark: _Toc218450224]Link to Task 3
The absence of exported combustion data motivated the MATLAB-based modelling in Task 3. Independent combustion modelling was therefore used to investigate combustion phasing and parameter sensitivity beyond the constraints of default WAVE assumptions.



[bookmark: _Toc218450225]Summary
Alternative fuels such as E85, E100, and LPG significantly influence combustion behaviour through differences in energy density, vaporisation characteristics, and knock resistance. While WAVE provides useful qualitative insight, its accuracy is highly dependent on appropriate fuel-specific combustion calibration, reinforcing the need for independent modelling approaches.




















[bookmark: _Toc218450226]Task 3 – MATLAB BMW B48 Engine Combustion Model
[bookmark: _Toc218450227]Aim and Scope
The aim of this task is to refine and critically assess simplified combustion modelling assumptions commonly used in 1D engine simulation tools such as Ricardo WAVE, using an independent MATLAB-based combustion model. The study focuses on a BMW B48 turbocharged spark-ignition engine operating on E85, E100, and LPG fuels.
Direct quantitative validation against WAVE outputs from Task 2 was not possible due to the inability to export numerical combustion data. Consequently, this task focuses on methodology, parameter sensitivity, and qualitative comparison, rather than absolute numerical accuracy. This limitation is explicitly acknowledged and forms part of the critical evaluation of commercial simulation tools.
[bookmark: _Toc218450228]Combustion Modelling Approach
Combustion was modelled using a single-zone Wiebe heat-release function implemented in MATLAB. “Simplified combustion models implemented in MATLAB have been widely used to investigate combustion efficiency and heat release behaviour where detailed experimental data is unavailable.” (Şöhret, Turan and Hikmet Karakoç, 2015).The Wiebe function describes cumulative mass fraction burned as a function of crank angle and is widely used due to its simplicity and flexibility.
Fuel-specific combustion parameters were selected based on known fuel properties such as octane rating, laminar flame speed, and charge-cooling effects. Ethanol-based fuels (E85 and E100) were modelled with earlier combustion phasing and shorter burn duration compared with LPG.
Representative in-cylinder pressure traces generated in MATLAB are shown for E85, E100, and LPG operation (Figures 7–9), providing a consistent basis for combustion modelling in the absence of measured or WAVE-exported data.
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Figure 7 - Representative cylinder pressure trace generated in MATLAB for a BMW B48 spark-ignition engine operating on E85 fuel, used to support combustion model development in the absence of measured data.
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Figure 8 – Representative in-cylinder pressure trace for BMW B48 operation on E100 fuel.
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Figure 9 - Representative in-cylinder pressure trace for BMW B48 operation on LPG fuel.

[bookmark: _Toc218450229]Comparison with Typical WAVE Combustion Assumptions
Default spark-ignition combustion models within Ricardo WAVE often apply fixed Wiebe parameters originally calibrated for gasoline. These assumptions may not accurately capture fuel-dependent combustion behaviour.
The MATLAB-derived mass fraction burned profiles for E85, E100, and LPG (Figures 10–12) indicate that ethanol-based fuels exhibit faster early heat release and more compact combustion compared with LPG. These results suggest that applying gasoline-calibrated combustion parameters to alternative fuels may misrepresent combustion phasing and pressure rise behaviour.
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Figure 10 - Mass fraction burned profile predicted using a single-zone Wiebe combustion model for E85 operation in a BMW B48 engine.
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Figure 11 – Wiebe-derived mass fraction burned profile for BMW B48 operation on E100 fuel.

[image: A graph with a line

AI-generated content may be incorrect.]
Figure 12 - Wiebe-derived mass fraction burned profile for BMW B48 operation on LPG fuel.

[bookmark: _Toc218450230]Sensitivity Analysis of Wiebe Shape Factor
A sensitivity analysis was conducted to assess the influence of the Wiebe shape factor m on combustion development. Values of m = 1.8, 2.2, and 2.6 were evaluated while maintaining constant start of combustion and burn duration.
The results for E85, E100, and LPG (Figures 13–15) show that lower shape factor values produce faster early combustion, while higher values delay initial burn development. Ethanol-based fuels exhibit greater sensitivity to shape factor variation than LPG, highlighting the need for fuel-specific burn-shape calibration.
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Figure 13 - Sensitivity of the Wiebe shape factor (m) on mass fraction burned for E85 fuel, illustrating the influence of burn shape on early combustion development.
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Figure 14 – Sensitivity of the Wiebe shape factor (m) on combustion development for E100 fuel.
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Figure 15 - Sensitivity of the Wiebe shape factor (m) on mass fraction burned for LPG fuel.
[bookmark: _Toc218450231]Combustion Phasing Metrics
Combustion phasing was quantified using CA10, CA50, and CA90 metrics extracted from the Wiebe mass fraction burned curves. “Combustion phasing metrics such as CA10, CA50 and CA90 are widely used to characterise burn rate, combustion duration and optimisation of engine calibration.”(Zamboni, 2018). These metrics are commonly used to evaluate combustion efficiency and calibration suitability.
For E85 and E100, CA50 occurs shortly after top dead centre, consistent with optimal phasing for high-octane spark-ignition fuels. The relatively narrow CA10–CA90 interval indicates compact combustion. LPG combustion exhibits later CA50 and a wider phasing window, reflecting slower early flame development (Figures 16–18).
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Figure 16 - Apparent heat release rate derived from the Wiebe model with annotated CA10, CA50, and CA90 combustion phasing metrics for E85 operation.
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Figure 17 – Apparent heat release rate and combustion phasing metrics for BMW B48 operation on E100 fuel.
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Figure 18 – Apparent heat release rate and combustion phasing metrics for BMW B48 operation on LPG fuel.
[bookmark: _Toc218450232]MATLAB Script E85
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[bookmark: _Toc218450233]Model Limitations and Opportunities for Improvement
The primary limitation of this task is the absence of exported combustion data from the WAVE simulations in Task 2, preventing direct quantitative validation. Additional limitations include the single-zone assumption, neglect of heat transfer and residual gas effects, and omission of knock modelling.
Despite these limitations, the MATLAB model provides valuable insight into combustion sensitivity and highlights the limitations of applying fixed combustion assumptions across different fuels. The lack of data availability itself reinforces the importance of independent modelling approaches when evaluating alternative fuels.
“While simplified combustion models are effective for identifying trends, they cannot fully capture the complexity of real combustion chemistry and flame dynamics.”(Sidhu, Gubernov and Mercer, 2007).
[bookmark: _Toc218450234]Summary
This task demonstrates that combustion phasing and burn characteristics are strongly fuel-dependent and should not be treated as fixed parameters. MATLAB-based Wiebe modelling provides a transparent framework for assessing combustion sensitivity and critiquing default assumptions used in commercial simulation tools. While quantitative validation was not possible, the qualitative trends observed align with expected fuel behaviour and support the need for fuel-specific combustion calibration.




[bookmark: _Toc218450235]Analysis
The results from Tasks 1–3 demonstrate that combustion behaviour is strongly influenced by engine architecture, operating strategy, and fuel properties, while also highlighting the limitations of simplified modelling approaches. Analysis of measured in-cylinder pressure data in Task 1 revealed clear differences between engine types. Increased pressure rise rates observed in the Yamaha YZ125 under high-squish conditions indicate enhanced turbulence and faster flame development, while the CLAAS diesel engine exhibited significantly higher peak pressures and rapid pressure rise characteristic of premixed compression-ignition combustion. In contrast, the McLaren 570S spark-ignition engine displayed more controlled pressure development, reflecting knock-limited operation and advanced combustion control.
The alternative fuel assessment in Task 2 emphasised the importance of fuel chemistry when interpreting simulation results. Although quantitative WAVE outputs were unavailable, qualitative analysis indicated that E85 operation would increase fuel demand and alter combustion phasing due to its lower heating value, reduced stoichiometric air–fuel ratio, and high latent heat of vaporisation. This reinforces the limitation of default combustion assumptions within 1D simulation tools when applied to non-conventional fuels.
Task 3 addressed these limitations through MATLAB-based combustion modelling. The Wiebe heat-release model predicted earlier combustion initiation and shorter burn duration for E85 compared with typical default assumptions. Sensitivity analysis of the Wiebe shape factor showed a strong influence on early combustion development, while CA10, CA50, and CA90 metrics indicated compact combustion occurring near optimal crank angles. Overall, the analysis demonstrates that fuel-specific calibration is essential for accurate combustion modelling, particularly when evaluating alternative fuels.









[bookmark: _Toc218450236]Conclusion
This study investigated combustion behaviour and modelling approaches using a combination of measured data analysis, 1D engine simulation, and independent MATLAB-based modelling. The results showed that engine configuration and operating strategy have a strong influence on in-cylinder pressure development and combustion dynamics. Qualitative assessment of alternative fuel modelling highlighted that fuel properties such as heating value, octane rating, and vaporisation characteristics significantly affect predicted engine behaviour.
Independent Wiebe-based combustion modelling demonstrated that default combustion assumptions may not accurately represent the behaviour of high-ethanol fuels such as E85. Sensitivity analysis confirmed that combustion phasing and burn characteristics are highly dependent on model parameters, emphasising the need for fuel-specific calibration. Overall, the work highlights the importance of critical interpretation of combustion models and simulation tools in contemporary powertrain design, particularly as alternative fuels become increasingly important.
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36
37 % 5. Conpute TNEP (numerical integration)
= % Hclaren 5705 engine: 3.5L V8 » 0.475 L per cylinder
39 Vd - 0.000475; % m"3
2
a1 % Compression ratio (realistic for ME38T engine)
s & - 9.0
s Ve - Vé /(R - 1);
a
as % Convert crank sngle to radisns
6 thets_rad - degarad(thets_T0C);
P
a8 % a-stroke volune model
a9 V- Ve s (Vi/2)7(1 - cos(thets_rad))s
so
51 % THEP = § P dv
52 P - trapz(V, p_s * 1e5); % convert bar - Pa
53 P - THER / Vd; %pa
sa P _bar - THER / 1e5;
ss
s % 10. Estinate cycle efficiency (ideal Otto)
57 gomma - 1.32;
s SFF - 1 - 1/(cR (gamma-1));
s9
0 % 11. Peak pressure
61 Pmsx - max(p_s);
62
& % 12. Plot pressure trace
o Figures
& plot(theta T0C, p_s, 'n', "Linewidth', 1.4); hold onj
66 xline(S0C, '--r); xline(0C, "--b');
& xlabel(*Crank Angle (°C3)");
68 ylabel(“pressure (bar)');
& title("claren 5765 - Cylinder Pressure Trace with SOC/E0C");
0 Legend(Pressure’, 'SOCT, '20C');
7 grid ons
72
7 % 13. Plot pressure rise rate
7 Figures
75 plot(theta T0C, dp, 'n', ‘Lineniden’, 1.2);
76 xlabel(*Crank Angle (°CA)")3
7 ylabel('dp/d\theta (bar/des)');
i title(claren 5765 - Pressure Rise Rste');
7 grid ons
s0
a1 % 14. Display key results
82 Fprintf(*\n-—- McLaren 5765 (5000 rpm) ~=-\n');
s Forintf(pesk Pressure: %.27 barin’, Pax);
P Forintf('INER: %.27 barin', INEP_bar);
85 Forintf('soC: .17 degn’, S00);
86 Forintf('EOC: .1 deg\n’, £00);
&7 fForintf(Estinated cFficiency: %.2F\n, eF);

ES
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1 %% Task 3 - Combustion Model Refinement using MATLAB
2 % Engine: BUW B48 (Turbocharged SI)

3 % Fuel: E85

4 %

5 % No measured pressure data available.

6 % A representative SI pressure trace is generated to demonstrate:
7 % - Combustion phasing estimation

s % - Wiebe parameter selection

9 % - Critique of WAVE default combustion assumptions

10

1

12 theta = -180:0.5:180; % Crank angle [deg ATDC]

13

14

15 %X Engine parameters (representative BMN B48)

16

17 CR = 10.2; % Compression ratio

18 gamma = 1.34; % Ratio of specific heats (E85 SI)
19 Vd = 0.0005; % Single-cylinder displacement [m"3]
20

2 %X Fuel properties - ES5

2

23 LHV = 30e6; % Lower Heating Value [J/kg]

2 AFR_stoich = 9.8; % Stoichiometric AFR

25 nfuel = 18e-6; % Fuel mass per cycle [kg] (assumed)
26

27

28 %X Generate representative SI pressure trace

29

30 P = zeros(size(theta));

31

32 % Polytropic compression

33 idx_comp = theta < 0;

34 P(idx_comp) = 1e5 .* (1 + (theta(idx_comp)+180)/180).%1.3;
35

36 % Combustion pressure rise (Gaussian approximation)

37 P_comb = 4e6 * exp(-((theta - 6)/9).72);

38

39 % Total cylinder pressure

40 P =P+ P_comb + le5;

a1

22

23 %% Plot cylinder pressure

a |

a5 figure;

6 plot(theta, P/leS, 'Linelidth', 2);

a7 xlabel(’Crank Angle [deg ATDC]');

48 ylabel(*Cylinder Pressure [bar]');

9 title(’Representative Cylinder Pressure - B4 on E85');
B grid on;

51

52

53 %% Wiebe function definition

54

55 wiebe = @(theta,thetao,dtheta,a,m) ...

56 1 - exp(-a .* ((theta - theta)./dtheta).A(m+1));

57

58

59 %% Estimated combustion parameters for E85

60

61 thetad = -6; % Start of combustion [deg ATDC]

62 dtheta = 35; % Burn duration [deg CA]

63 a=5; % Efficiency parameter

64 m= 2.2 % Shape factor (faster early burn for E85)
65

66

67 %% Comparison to typical WAVE default combustion parameters
68

69 Parameter = {'SOC (deg ATDC)'; 'Burn duration (deg CA)';
70 WAVE_Default = [-2; 45; 2.5;

71 MATLAB_ESS = [thetad; dtheta; m];

72

73 ComparisonTable = table(WAVE_Default, MATLAB_ESS,

74 ‘Rowllames’, Parameter)

75

76
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77

%% Mass fraction burned

150

78
79 xb = zeros(size(theta));
80 idx = theta >= thetad & theta <= (theta® + dtheta);
81 xb(idx) = wiebe(theta(idx), theta®, dtheta, a, m);
82 xb(theta > theta® + dtheta) = 1;
83
84
85 %% Plot mass fraction burned
86
87 figure;
88 plot(theta, xb, 'LineWidth', 2);
89 xlabel('Crank Angle [deg ATDC]');
% ylabel('Mass Fraction Burned');
o1 title('Wiebe Mass Fraction Burned - E85');
92 grid on;
93
94
95 %% Sensitivity study - Effect of Wiebe shape factor (m)
%
97 m_values = [1.8 2.2 2.6];
98 colors = lines(length(m_values));
99
100 figure; hold on;
101
102 []  for i = 1:length(m_values)
103 n_test = m_values(i);
104 xb_test = zeros(size(theta));
105
106 idx = theta >= theta® & theta <= (thetad + dtheta);
107 xb_test(idx) = wiebe(theta(idx), theta®, dtheta, a, m_test);
108 xb_test(theta > theta® + dtheta) = 1;
109
110 plot(theta, xb_test, 'LineWidth', 2, 'Color’, colors(i,:));
111 L end
112
113 xlabel('Crank Angle [deg ATDC]');
114 ylabel('Mass Fraction Burned');
115 title('Sensitivity of Wiebe Shape Factor (m) - E85');
116 legend('m = 1.8','m = 2.2",'m = 2.6");
117 grid on;
118
119
120 %% Heat release rate
121
122 dxbdtheta = gradient(xb, theta);
123 dQdtheta = dxbdtheta * mfuel * LHV;
124
125
126 %% Plot heat release rate
127
128 figure;
129 plot(theta, dQdtheta/1000, 'LineWidth', 2);
130 xlabel('Crank Angle [deg ATDC]');
131 ylabel('Heat Release Rate [kJ/deg]’);
132 title('Apparent Heat Release Rate - E85');
133 grid on;
134
135
136 %% CAl0, CASO, CA9@ extraction (combustion window only)
137
138 comb_idx = xb > @ & xb < 1;
139 xb_c = xb(comb_idx);
140 theta_c = theta(comb_idx);
141
142 CA10 = interpl(xb_c, theta_c, 0.10);
143 CASO = interpl(xb_c, theta_c, 0.50);
144 CA90 = interpl(xb_c, theta_c, 0.90);
145
146 fprintf('CA10 = %.1f deg ATDC\n', CA1@);
147 fprintf('CAS® = %.1f deg ATDC\n', CAS@);
148 fprintf('CA90 = %.1f deg ATDC\n', CA90);
149
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151 %% Annotated heat release with combustion phasing
152

153 figure;

154 plot(theta, dQdtheta/1000, 'LineWidth', 2); hold on;
155 xline(CAle,"--','CAL0");

156 xline(CAS@, " --','CASO");

157 xline(CA98,"--','CA0");

158 xlabel('Crank Angle [deg ATDC]');

159 ylabel('Heat Release Rate [kJ/deg]’);

160 title('Combustion Phasing Metrics - E85');

161 grid on;

162

163

164 %% Model limitations

165 [] % - Single-zone combustion model

166 % - Representative (non-measured) pressure trace
167 % - Constant gamma

168 % - No heat transfer or residual gas modelling
169 - % - No knock or turbulence effects

170

171 %% Suggested improvements

172 [ % - Fuel-specific multi-zone Wiebe model

173 % - Calibration against measured or WAVE pressure
174 % - Variable gamma with temperature

175 % - Knock-limited spark timing integration

176
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2 L) X Y2125 Wigh vs Low Squish Analysis
5L % Taskcn - Full Aubric version
a B
s
g % 1. Load the CsV File
7 T readtable("Y2125.csv', ‘Varisblenaminghule’, “preserve’);
8
5 % 2. Extract the correct columms
0 Sheta s = T.(High squish');
n prs TVar2;
2
i theta_Ls = T.("Low squish);
1 pis T.vars;
15
1 % 3. Remove Nal rous
v VaL1d_Hs = ~isnan(zheta HS) & ~isnan(p_tS);
1 VALALLS < ~isnan(thetals) & ~isnan(p_tS);
1
m <heta s = theta_Ks(valid 1s);
2 s - prs(ualia )
2
2 heta_Ls = theta_Ls(valid L5);
2 pls - pis(alials);
2
= % 4. Swooth the pressure traces (toolbox-Free)
z pts s = mowmean(p_rs, 15);
% PSS = mowmean(p_Ls, 15);
2
s 5. Identify TOC (peak compression BEFORE combustion)
s 16t = Fina(zheta s < 0);
2 -, 75 15] = max(p 5 s(idx )3
2 TOCHS = theta K (1dx HS(1L15));
2
s 160Ls = Find(zheta s < 0);
3 [-, 75151 = max(p LS s(i6x 1));
5 TC_LS = theta_LS(idx L5(1_L5));
8
£ % 6. Shift crank angle so TOC = &
ry heta_Hs_T0c - theta_tis - T0C_ts;
@ heta LS T0C - thetats - ToLs;
P
@ 7. Conpute pressure rise rate (42/d0)
a p_¥S = gradient(p_HS_s) ./ gradient(theta kS);
as .15 = gradient(p_Ls_s) ./ gradient(theta_i);
@ % 8. Tdentify SOC and €0C (sinple gradient threshold)
a S0C_HS = theta S TOC(Find(dp_HS > 0.5, 1, 'Firse'));
o EOCHS = cheta_t_TOC(Find(dp_HS < 0.1 & theta S TOC > SOCHS, 1, 'Firse')
s
s S0C_LS = theta LS TOC(Find(dp_LS > 0.5, 1, "First"));
2 EOCLLS = theta_LS_TOC(Find(dp L5 « 0.1 & theta L5 TOC > SOC_LS, 1, "Firse')
s
< % 5. Conpute THEP (numerical integration)
ss X Convert crank angle to radians
s <heta_rad S = degarad(theta s TOX);
s Sheta_rad_Ls = degarad(theta L5 TOX);
s
s X Assume 3 sinple swept volume for 3 125cc single cylinder
@ Ve = 0000125 % w3
@
6 [ % Approxinate volume curve (mot exact but valid for INEP cosparison)
& V= Ve s (V0/2)°(1 - cos(theta))
o R = 8.0; % typical 2-stroke compression ratio
o Ve s Va7 (k-
P
& VLHS = Ve + (V8/2)"(3 - cos(cheta_rad HS));
P VLS = Ve + (V8/2)°(2 - cos(cheta_rad L5));
P
7 X P - § P av
n INEP_HS = trapz(V_HS, p_HS_s * 15); X convert bar - P2
» IHEPLLS = trapz(VLLs, p_Ls_s * 1e5);
n
7 INEP_KS - INEP_HS / Vi % Pa
7 INEPLS - INEPLLS / Vi
7
” IEP s bar = P kS / 15;
7 IHEP_LS bar = IHEP_LS / 1e5;
7
5 % 10, Estinate cycle efficiency (very approxinate)
a ganwa = 1.52; X typical for gasoline-air nix
= S = 1 - 1/(CR(gama-1));
= FFLS = off S; % same CR, but you can comsent on burn quality
P
s X 11, peak pressure
s prax s = max(p_H5_5);
I Praxis = max(p L5 5);
as
s X 12, Plot pressure traces
% Figure;
2 plot(theta i TDC, p_KS_s, 'r', "Linekideh’, 1.4); hold on;
2 plot(theta LS TDC, p_Ls_s, 'b', "Linekideh’, 1.4);
% Xline(S0C_fs, "--r"); xline(e0C s,
o Xline(S0C_Ls, "--b'); xline(60C_Ls,
o Kasbel(Crank Angle (°C)');
% yiabel("brassure (bar) );
o +itla(¥2125 High vs Low Squish - Pressure Trace with SOC/EOC');
% legend(“Hign Sauien’, “Low Sauien’);
0 grid on;
100
o1 13, Plot pressure rise rate
102 Figure;
103 pIot(theta_ts_TDC, dp s, ', "Lineidth’, 1.2); hold on;
104 plot(theta LS TDX, dp_Ls, 'b", "Linewitn', 1.2);
105 Xasbed(“Coank Angle (7CA)");
106 yiabel("dp/d\theta (bar/deg) );
107 Sitla('¥2125 High vs Low Squish - Pressure Rise Rate');
108 legend(“Hign Sauien’, “Low Sauien’);
109 grid on;
10
1 % 4. Display key results
12 Fprantf(*\n-s Y2125 figh Sauish —-\n');
3 Fprinc(*pesk pressure: X.2¢ bar\n', Pmax 1S);
ne Forincf( DEP: %26 bar\n', DHEP S bar);
us fFprintf('S0c: %47 degln’, SOC_HE);
16 fprintf('Coc: %3¢ degn’) EOCHS);
27
ue fFprantf('\news Y2125 Low Squish —-\n');
19 Fprinc(*pesk pressure: X.2¢ bar\n', Pmax_LS);
20 Forincf(' DEP: %26 bar\n', DHEP LS bar);
2 fFprintf(S0c: %4 degln’, SOC_LE);
22 Fprinté(E0C: %.1¢ degln’, EOCLS);




