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This research examines how fuel choice and combustion behaviour vary across different engine configurations through one-dimensional simulations, pressure-based analysis, and simplified combustion models. MATLAB was used to analyse combustion timing and pressure-rise rates across various engine types. Ricardo WAVE was utilised to test the performance of alternative fuels, with Methanol showing the highest torque and BMEP. To improve the combustion model's accuracy in MATLAB, Wiebe functions for the mass-fraction burned (MFB) were used to capture combustion timing better. Overall, the study confirmed both the advantages and limitations of simplified combustion models for analysing engine and fuel performance.
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[bookmark: _Toc218293859]1.0 Introduction

Internal combustion engines (ICEs) are essential components of modern powertrains when high power density and flexibility are required. Improving efficiency and sustainability requires understanding combustion and fuel properties. Yue and Liu (2023) showed that a diverse fuel portfolio can enhance efficiency and reduce emissions, with many alternatives outperforming traditional fuels in lab tests.
This study analyses combustion characteristics of various fuel strategies and engine types using MATLAB models. It examines high-resolution in-cylinder data from a McLaren 570S spark-ignition engine, a Yamaha YZ125 two-stroke engine, and a CLAAS diesel engine, focusing on pressure rise rates and combustion phasing. The performance of alternative fuels was tested with a Ricardo WAVE turbocharged engine, comparing E85 and methanol to RON95 petrol under consistent conditions to assess their impacts. Additionally, Yıldız and Albayrak Çeper (2017) developed a 0-Dimensional combustion model using single and double-Wiebe approaches to predict in-cylinder pressure, combustion, and performance. MATLAB was used to refine and evaluate the accuracy, performance, and limitations of a single Wiebe-based model.
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[bookmark: _Toc218293861]2.1 Methodology
Cuisano et al. (2022) state that in-cylinder pressure analysis is a vital tool for combustion diagnosis, as it detects cycle-to-cycle variability and helps generate heat-release curves to understand fuel behaviour during combustion. Pressure data from a McLaren 570S engine, a CLAAS diesel, and a Yamaha YZ125 two-stroke engine were analysed to compare combustion across high-performance automotive, heavy-duty diesel, and high-speed motorcycle engines. In MATLAB, pressure was plotted against crank angle to identify compression and combustion events. Dunne and Bennett (2020) found that crank-angle-resolved data enhances simulation model calibration by enabling precise peak and phase measurements. Metrics like maximum pressure rise rate and peak cylinder pressure were calculated based on crank angle, excluding zero-increment data for accuracy. Crank angles were recentred in each plot to capture combustion events fully. The analysis was conducted at 2000 rpm for the 570S and CLAAS engines and at 5000 rpm for the Yamaha YZ125, illustrating combustion behaviour at specific crank angles for both quantitative and qualitative assessment. 

[bookmark: _Toc218293862]2.2 Individual Engine Analysis

[bookmark: _Toc218293863]2.2.1 Mclaren 570s V8 (Spark-Ignition, 2000RPM)
[image: ] Figure 2.1 presents in-cylinder pressure and pressure rise rate graphs for the 570s SI engine. It shows smooth compression near TDC, a rapid pressure increase after ignition, and a decline during expansion. The peak pressure of 103.15 bar occurs 15° after TDC, typical of turbocharged spark engines. The pressure rise rate briefly dips before TDC, peaks at 5.41 bar/° at 5° after TDC, indicating combustion occurs post-TDC, as in knock-limited engines. The moderate rise rate suggests controlled flame propagation and reduced stress.
Figure 2.1 – In-Cylinder Pressure and Pressure Rise Rate Plots for 570s Turbocharged SI Engine

[bookmark: _Toc218293864]2.2.2 CLAAS Diesel Engine (Compression-Ignition, 2000RPM)
[image: ]Figure 2.2 shows the cylinder pressure and rise rate for the CLAAS diesel engine. Pressure slowly increases to 50° before TDC, peaks at 143.91 bar 9.4° after TDC, then sharply rises, boosting mechanical load and thermal efficiency. The pressure rise rate oscillates at and after TDC, reflecting dynamic combustion. The maximum rate of 35.2 bar occurs 5° before TDC, indicating rapid energy release post-ignition. The engine exhibits high-intensity, early-phase combustion with higher pressure and a higher rate of rise than in SI engines, highlighting key differences between CI and SI strategies.
Figure 2.2 – In-Cylinder Pressure and Pressure Rise Rate Plots for 570s Turbocharged SI Engine

[bookmark: _Toc218293865]2.2.3 Yamaha YZ125 (Two-Stroke SI, 5000RPM)
[image: ]Figure 2.3 shows the cylinder pressure and rise rate for the Yamaha YZ125 two-stroke engine. Compression is smooth up to TDC, peaking at 74.7 bar 1.5 degrees after TDC during rapid expansion before declining. The absolute pressure is lower than in the 570s engine due to a lower compression ratio, smaller displacement, and typical scavenging losses. The pressure rise rate has a narrow spike just before TDC, indicating rapid combustion, with a peak of 7.17 bar/degree at 12.5 degrees before TDC—lower than the CLAAS engine but higher than the 570s. Overall, the YZ125 features quick, controlled spark-ignition combustion that balances high power with lower peak pressures.
Figure 2.3 - In-Cylinder Pressure and Pressure Rise Rate Plots for Yamaha YZ125 Two-Stroke Engine


[bookmark: _Toc218293866]2.3 Comparative Discussion of Engine Types
[image: ] Table 1 shows the results for each engine side-by-side. The Yamaha YZ125 SI engine produces the lowest peak pressure of the three at 74.7 bar; however, it has a higher pressure rise rate than the 570s engine due to its higher operating speed.Table 1 – In-Cylinder Peak Pressure and Pressure Rise Rate Comparison Table


The 570s produces nearly 30 bar more peak pressure than the YZ125 and has the lowest pressure rise rate. The CLAAS engine’s peak cylinder pressure is about 40 bar higher than a diesel due to its higher compression ratio. Pressure differences mainly result from variations in combustion mechanisms: diesel engines inject fuel before ignition, causing delays and oscillations like the CLAAS, which improves efficiency but increases stress. Spark ignition engines have more controlled combustion; the YZ125’s faster burn is due to its smaller chamber, higher speed, and two-stroke design. The 570s’s slower rise rate is knock-limited. Crank-angle metrics allowed valid comparisons of combustion intensity and timing across different RPM tests. Overall, CI engines produce higher pressure and faster burns, while SI engines have controlled combustion; the YZ125 shows intermediate, faster combustion with lower peak pressures due to scavenging and geometry.

[bookmark: _Toc218293867]3.0 Ricardo Wave Alternative Fuels Study
Cordon et al. (2007) state that one-dimensional simulations like WAVE are essential in engine development, significantly reducing the need for physical experiments and prototyping. This section analyses how fuel selection impacts engine performance.
[bookmark: _Toc218293868]3.1 Model Description and Methodology
[image: A screenshot of a computer

AI-generated content may be incorrect.]The BMW B48 2.0-litre twin-scroll turbo engine in the Morgan Plus 4 was analysed for steady-state performance using a validated Ricardo Wave single-dimension model (Figure 3.1). The model includes entire intake and exhaust paths, with the engine represented as a four-cylinder spark-ignition engine with fixed valve timing and closed-loop torque control. A twin-scroll turbine in the turbocharger separates exhaust pulses from different cylinders within the one-dimensional framework. Each simulation ran for 60 cycles (15 × 4 strokes) at a fixed engine speed of 750 rpm with automatic conversion enabled, ensuring steady-state results for each fuel. The Ricardo WAVE cyclic steady-state solver maintained these settings throughout for consistent fuel comparisons.
Figure 3.1 – Morgan B48 Twin-Scroll Turbocharged Engine Model in Ricardo WAVE and Solver parameters

[bookmark: _Toc218293869]3.2 Fuel Definition and Configuration
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AI-generated content may be incorrect.]The three fuels investigated in this study were petrol. The baseline petrol (RON95) case represents conventional SI operation. E85 and methanol were selected as alternative fuels. These were defined using WAVE’s fuel database, which provides preset data for each fuel. Figures 3.2, 3.3, and 3.4 show the definitions of each fuel property, which were the only variables in each simulation. Using WAVE’s predefined data ensures consistency with published thermochemical data.
Figure 3.4 – Ricardo WAVE Methanol Fuel Definition
Figure 3.3 – Ricardo WAVE E85 Fuel Definition
Figure 3.2 – Ricardo WAVE RON95 Petrol Fuel Definition

[bookmark: _Toc218293870]3.3 Performance Results

	Fuel:
	Engine Speed (RPM):
	Stoichiometric Air/Fuel Ratio (AFR):
	LHV (MJ/kg):
	Torque (Nm):
	(BSFC) Brake Specific Fuel Consumption (g/kWh):
	BMEP (bar):

	Petrol (RON95)
	750
	14.7
	43
	167
	369
	10.5

	E85
	750
	9.8
	29
	134
	358
	8.4

	Methanol
	750
	6.4
	20
	193
	351
	12.1


 The performance results for each simulation were extracted from the final cycle. Auto-convergence was not achieved; analysis of the final cycles in each simulation showed that all meaningful outputs had reached stable values. Table 2 – Ricardo WAVE Alternative Fuel Study Results Table

Table 2 presents the engine performance outputs for each simulated fuel in this study. The final cycle data used to populate this table are listed in Appendix A. Brake Mean Effective Pressure (BMEP) was calculated from measured torque and engine displacement to provide a normalised comparison.
[bookmark: _Toc218293871]3.4 Discussion of Results
This study examines how fuel type influences engine performance. E85 produced the lowest torque at 134Nm, while Petrol generated 167Nm, and Methanol had the highest torque and BMEP. With constant engine speed and displacement, these differences reflect each fuel’s properties. Methanol’s lower BSFC indicates better combustion efficiency and charge cooling compared to E85, which has a higher BSFC due to its lower heating value and richer stoichiometry. Methanol’s higher torque and BMEP are due to its oxygen content and high-octane rating, resulting in increased combustion pressures under identical conditions. This supports its greater knock resistance and faster combustion. Though optimising ignition timing and boost could enhance performance, the study aimed for a fair comparison and identified Methanol as a promising high-performance fuel. 

[bookmark: _Toc218293872]3.5 Limitations and Convergence Behaviour

In each test, auto-convergence was not achieved due to strict criteria and residual oscillations from the turbocharger and control system dynamics. Analysis showed each simulation reached a steady state, allowing results to be obtained from the final operating point to isolate fuel effects without transient influences. While identical calibration conditions (boost pressure, ignition timing, control strategies) facilitate comparison, they do not fully showcase each fuel’s potential; recalibration would be needed to optimise performance based on octane ratings and charge-cooling effects. The Morgan B48 engine model is a one-dimensional simulation that involves approximations, especially since empirical combustion models are used to represent burn rates. Despite this, it remains suitable for comparative steady-state performance analysis (Rota et al., 2021).

[bookmark: _Toc218293873]4.0 Combustion Model Refinement in MATLAB
[bookmark: _Toc218293874]4.1 Background: Need for Combustion Modelling
Stricter fuel-consumption and emissions regulations require more refined combustion strategies, particularly in diesel engines (Zhu et al., 2022). While Ricardo WAVE excels at one-dimensional engine simulations, it uses outdated combustion models with fixed parameters, reducing the accuracy of burn rate and timing predictions. This can cause inaccuracies when comparing different engines or combustion systems. The Wiebe function describes the fuel burn fraction as a function of crank angle and is computationally efficient, but it depends on accurately specified shape parameters, burn duration, and ignition timing.
The Wiebe function is given as: 

         (DOĞAN, DEMİRCİ and KUTLAR, 2023)  

Default parameters can cause inaccuracies in peak pressure, pressure rise rate, and combustion duration. Improving models involves calibrating Wiebe parameters with crank-angle and in-cylinder pressure data. MATLAB visualised combustion timing generated and refined Wiebe mass-fraction-burned and burn-rate profiles and aligned them with pressure-based indicators. These improvements enabled comparisons between CI combustion in the CLAAS diesel engine and SI combustion in the McLaren 570s, along with a critical assessment of simplified models. 

[bookmark: _Toc218293875]4.2 Methodology and Combustion Model Refinement Approach
[bookmark: _Toc218293876]4.2.1 Data Sources and Pre-Processing
Previously, crank-angle-resolved in-cylinder pressure data from the 570s SI engine and the CLAAS CI engine served as experimental inputs for combustion analysis. The pressure traces were referenced to TDC for direct comparison of combustion time versus crank angle. Numerical differentiation of these traces yielded the pressure rise rate (dP/dCA), an indirect measure of heat release rate. To reduce numerical noise, the data were windowed and trimmed to focus on the combustion region, ensuring outside factors did not dominate the comparison plots. 
[bookmark: _Toc218293877]4.2.2 Mass Fraction Burned and Wiebe Function Formulation
Mass fraction burned (MFB) indicates the total energy released during combustion. Crank angles at 10%, 50%, and 90% MFB were derived from the MFB curve. The Wiebe function, known for its simplicity, models combustion in zero- and one-dimensional engine simulations by relating MFB to crank angle through parameters for ignition, burn duration, and curve shape. The derivative of the Wiebe function was calculated and compared to the pressure rise rate to analyse the burn rate profile.

[bookmark: _Toc218293878]4.3 MATLAB Modelling
This section presents results from the Wiebe combustion model refinement in MATLAB and compares the generated combustion behaviour with pressure-derived combustion indicators from WAVE simulations.
[bookmark: _Toc218293879]4.3.1 Refined Wiebe Mass Fraction Burned
[image: ][image: ]Figures 4.1 and 4.2 show the improved MFB traces for the McLaren 570s SI engine and the CLAAS diesel CI engine, overlaid with the initial pressure-based data. The updated models adjust the timing of combustion onset and burn duration. Figure 4.2 – CLAAS Initial vs Refined Mass Fraction Burned Curves
Figure 4.1 – 570s Initial vs Refined Mass Fraction Burned Curves

In the 570s, chemical energy release starts about 40 degrees before TDC. The curve is smoother, with a 10%-90% burn duration indicating flame-propagation-controlled combustion limited by turbulent flame velocity and mixture preparation. Previous studies show that variability in the velocity field ahead of the flame front during the transition period in SI combustion largely explains flame propagation behaviour (Zeng et al., 2019). The CLAAS CI engine's MFB curve is smoother, lasts longer, and starts later than the initial model, reflecting faster premixed combustion after ignition delay compared to SI engines. Overlay plots show CI engines with shorter, more intense combustion, while SI combustion is slower and more spread out.
[bookmark: _Toc218293880]4.3.2 Burn Rate Characteristics
[image: ] The Wiebe burn rate can be analysed by taking the derivative of the Wiebe function with respect to crank angle, which indicates the rate of chemical energy release and its relation to the in-cylinder pressure rise. Figure 4.3 shows the cylinder pressure rise rate for the 570s, overlaid with initial and refined Wiebe burn rates. The initial curve is shorter and sharper, while the refined trace shifts earlier and peaks just after 20 degrees after TDC, consistent with an SI engine with early ignition. The Wiebe model does not capture sharp pressure transients, as it reflects overall combustion phasing rather than detailed oscillations. This data allows qualitative inference of NOx trends, as Maroteaux and Saad (2015) showed that a lower burn rate and pressure can indicate a lower tendency to produce NOx. So the refined Wiebe curve could also lead to reduced emissions.Figure 4.3 – 570s Initial Refined Wiebe Burn Rate Curves with Pressure Rise Rate Trace


[image: ] Figure 4.4 compares the CLAAS CI engine's burn rate with the cylinder pressure rise to verify the consistency in shape and timing between the Wiebe model and pressure-based combustion.Figure 4.4 – CLAAS Initial vs Refined Wiebe Burn Rate Curves with Pressure Rise Rate Trace

The improved Wiebe curve aligns better with the combustion event, showing a higher peak burn rate that more accurately reflects premixed diesel combustion. Although pressure rise rate and burn rate do not exactly match—since pressure data also includes effects from compression, expansion, and heat release that the Wiebe model omits—the model still effectively captures the combustion window and timing. Overall, this is a clear improvement over the baseline. The CLAAS engine's combustion conditions are more conducive to NOx formation. The refined Wiebe curve, with a shorter and more realistic premixed phase, helps reduce NOx production, despite the peak burn rate being somewhat. 

[bookmark: _Toc218293881]4.4 Validation Against Wave Data
The refined MATLAB Wiebe combustion model was validated against pressure-derived combustion phases, as research from Tadros, Ventura and Soares (2020) states that Ricardo WAVE uses a double Wiebe law for CI engines and a single law for SI engines. The MATLAB model employed a single law for both, simplifying parameter refinement but reducing CI engine accuracy compared to WAVE. WAVE's assumptions aimed to validate combustion phasing, burn duration, and intensity, as pressure data were unavailable. The 570s SI engine showed consistent combustion timing and pressure-rise behaviour, with start and peak burn rate matching maximum pressure rise. The 10%-90% burn duration indicated flame-propagation-controlled combustion with a realistic peak rate. The smoother burn rate trace, compared to the pressure rise, reflects the Wiebe function modelling global energy release. The CLAAS CI engine had a peak burn rate near maximum pressure rise, aiding smoother combustion phasing but failing to replicate high-frequency pressure oscillations, a key limitation of single-zone modelling for premixed CI combustion.

[bookmark: _Toc218293882]4.5 Critical Evaluation of Combustion Modelling
This study assessed simplified Wiebe combustion models in one-dimensional tools like Ricardo WAVE, highlighting their strengths and weaknesses. The Wiebe function effectively captured combustion timing, duration, and energy release, suitable for steady-state performance checks. In spark-ignition engines, it accurately modelled flame propagation and the timing of pressure traces. However, in compression-ignition engines, it failed to reproduce pressure oscillations observed in CLAAS data, risking inaccuracies in peak pressure and combustion intensity. Despite these issues, Ricardo WAVE is adequate for general performance evaluation but not for detailed pressure or multi-zone diesel combustion analysis. More advanced tools, such as CFD or multi-zone models, are needed for detailed insights. These limitations align with the findings of Beccari and Pipitone (2022), who stated that whilst their 0-dimension model didn’t fully consider in-cylinder pressure or temperature effects on flame propagation, the quick results are useful for IMEP and phasing studies.
[bookmark: _Toc218293883]4.6 Summary of Findings
The MATLAB combustion model effectively demonstrated combustion phasing and burn duration using the Wiebe function, calibrated with pressure-derived data. It realistically represented flame-propagation-controlled combustion and corresponded well with pressure rise patterns. The compression-ignition model showed a limitation in accurately capturing CI combustion phasing details compared to SI engines. Nonetheless, these results indicate that Wiebe-based models, such as in WAVE, are sufficiently precise for analysing the performance and behaviour of these engines.

[bookmark: _Toc218293884]5.0 Conclusions
This study integrated pressure-based combustion analysis with one-dimensional engine simulation using industry-standard software to evaluate combustion performance across various engine types and fuel strategies. It showed that it provides reliable insight into combustion phasing and intensity, consistent with the findings of Cuisano et al. (2022). Utilising Ricardo WAVE to explore alternative fuels highlighted the significant impact of fuel choice on engine performance, with methanol demonstrating superior torque and BMEP despite its lower energy density. The application of refined MATLAB-based Wiebe combustion models enhanced the match between burn profiles and pressure data, while also revealing that the models are more accurate for SI engines than for CI engines. Overall, the research shows that analysing cylinder pressure data alongside calibrated Wiebe models in MATLAB is effective. However, it also underscores the necessity for higher-fidelity modelling methods to capture the complex combustion characteristics of modern powertrains.
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147 Eng2_Name = "CLAAS Diesel";

148 Eng2_RPM = 2000;

149 Eng2_Peak = P_peak;

150 Eng2_PRR = maxPRR;

151

152 PeakPress_CLAAS = P_peak;

153 MaxPRR_CLAAS = maxPRR;

154

155 % YZ125, analysis at 5k RPM %
156

157 filename = "YZ125 @ 5k RPM.csv";
158

159 M = readmatrix(filename);

160

161 CA = M(:,1);

162

163 % RPM Column %

164 col_2000 = 2;

165 P = M(:, col_2000); % cylinder pressure (bar) at 2k RPM %
166

167 % Remove NaN %

168 valid = ~isnan(P);

169 CA = CA(valid);

170 P = P(valid);

171

172 % Pressure vs Crank Angle %

173 figure;

174 plot(CA, P, 'LineWidth', 1.2);
175 xlabel('Crank Angle [degl');

176 ylabel('Cylinder Pressure [barl');
177 title('YZ125 — In-cylinder Pressure at 5000 rpm');
178 grid on;

179 xlim([-180 180]);

180

181 % Peak pressure %

182 [P_peak, idx_peak] = max(P);
183 CA_peak = CA(idx_peak);

184

185 % dP/dCA %

186 dP = diff(P);

187 dCA = diff(CA);

188 raw_dP_dCA = dP ./ dCA;

189

190 CA_mid = CA(1l:end-1);

191

192 valid = isfinite(raw_dP_dCA) & (dCA ~= 0);
193
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% CLAAS, analysis at 2k RPM %

filename = "CLAAS @ 2k RPM.csv";

M = readmatrix(filename);

CA = M(:,1);

% RPM Column = Column 2: %

col_2000 = 2;

P = M(:, col_2000); % cylinder pressure (bar) at 2k RPM %
% Remove NaN %

valid = ~isnan(P);

CA = CA(valid);
P = P(valid);

% Pressure vs Crank Angle %

figure;

plot(CA, P, 'LineWidth', 1.2);

xlabel('Crank Angle [deg]');

ylabel('Cylinder Pressure [bar]');

title('CLAAS — In-cylinder Pressure at 2000 rpm');
grid on;

xLin([-180 180]);

% Peak pressure and pressure rise rate %
[P_peak, idx_peak] = max(P);
CA_peak = CA(idx_peak);

diff(P);
diff(CA);
dP ./ dCA;

[maxPRR, idxPRR] = max(dP_dCA);
CA_PRR = CA(idxPRR);

fprintf('Peak pressure = %.2f bar at %.1f deg CA\n', P_peak, CA_peak);
fprintf('Max Pressure Rise Rate (dP/dCA) = %.2f bar/deg at %.

figure;

plot(CA(1:end-1), dP_dCA, ‘LineWidth', 1.2);
xlabel('Crank Angle [deg]');
ylabel('dP/dCA [bar/deg]');
title('CLAAS — Pressure Rise Rate at 2000 rpm');
grid on;

xUin([-50 501);

f deg CA\n', maxPRR, CA_PRR);
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% Peak pressure %
[P_peak, idx_peak] = max(P_sorted)
CA_peak = CA_shift_sorted(idx_peak);

% Compute dP/dCA %

dP = diff(P_sorted);

dCA = diff(CA_shift_sorted);
raw_dP_dCA = dP ./ dCA;

CA_dP = CA_shift_sorted(1:end-1);

% Cleanup %
valid = isfinite(raw_dP_dCA) & (dCA ~= 0);

dP_dCA_clean
CA_dP_clean

raw_dP_dCA(valid) ;
CA_dP(valid);

% Now compute max PRR safely %
[maxPRR, idxPRR] = max(dP_dCA_clean);
CA_PRR = CA_dP_clean(idxPRR);

% Pressure Plot %

figure;

plot(CA_shift_sorted, P_sorted, 'LineWidth', 1.2);
xlabel("Crank Angle [deg, TOC = 0]');
ylabel('Cylinder Pressure [bar]');

title('570s - In-cylinder Pressure (TDC-centred)');
grid on;

xUin([-180 180]);

% Print Results %
fprintf('Peak pressure = %.2f bar at %.1f deg CA (TDC-centred)\n', P_peak, CA_peak);
fprintf('Max Pressure Rise Rate (dP/dCA) = %.2f bar/deg at %.1f deg CA (TDC-centred)\n', maxPRR,

% Plot Pressure Rise Rate %

figure;

plot(CA_dP, dP_dCA, 'LineWidth', 1.2
xlabel("Crank Angle [deg, TOC = 0]
ylabel('dP/dCA [bar/deg]');
title('570s - Pressure Rise Rate (TDC-centred)');
grid o
xUin([-180 180]);

Engl_Name = "McLaren 5765"
Eng1_RPM
Engl_Peak
Engl_PRR

CA_PRR);
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clear; clc; close all;

EngineNames = strings(3,1);
EngineSpeeds = zeros(3,1);
PeakPressures = zeros(3,1);
MaxPRRS = zeros(3,1);

%% Mclaren 570s V8, 2k RPM %

filename = "570s @ 2k RPM.csv";

% Read numeric block %
M = readmatrix(filename);

CA = M(:,1); % crank angle (degrees), column 1 %

% RPM Column = Column 2: %
col_2000 = 2;

P = M(:, col_2000); % cylinder pressure (bar) @ 2k RPM %

% Cut NaN %
valid = ~isnan(P);

[P_peak, idx_peak] = max(P);
CA_peak = CA(idx_peak
TDC_est = CA_peak - 15;

CA_shift = CA - TDC_est;
CA_shift = mod(CA_shift + 360, 720) - 360;

[CA_shift_sorted, sortIdx] = sort(CA_shift);
P_sorted = P(sortIdx);

% Pressure Rise Rate %

dP = diff(P_sorted);

dCA = diff(CA_shift_sorted);
dP_dCA = dP ./ dCA;

CA_dP = CA_shift_sorted(1:end-1);
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I+++ AUTO-CONVERGENCE: Uvariance = 0.1679  Pvariance = 0.3512E-02 Tvariance = 0.2702E-04
I*++ AXIAL CONDUCTION RELAXATION CRITERIA SATISFIED AFTER 130 OFFLINE CYCLES

PID controller Torque PID: target: 286, actual: 134.101, output: 0 ++ Controller is SATURATED *+
UBDATE OF FUELFLOW: FUELFLOW = 0.2391E-03 FUELFLOW = 0.2391E-03

mG: 3 15 0 60 247754  10.78 1.017 924.3 0.782 10.904 0.075  3.72 0.3102 1.2 364.3 0.217E-05

mG: 4 15 0 60 248790  10.87 1.026 920.5 0.776 10.912 0.068  3.72 0.3100 1.298 363.0 0.202E-05

mG: 2 15 0 60 249822 10.91 1.030 919.2 0.773 10.927 0.076  3.73 0.3096 1.298 362.4 0.194E-05

COMP: REM = 47345. MASS = 0.0127 POWER=  0.32 PR 1.121 EFF1 =  0.360 EFF2 = 0.542 BSRL =  0.627 BSR2 =  0.786
Wes+ Compressor Compressor 1 stalled for 59.759% of engine cycle

TURB: REM = 47345. MASS = 0.0137 POWER=  0.32 PR = 1.066 EFFl = 0.425 EFF2 = 1.204 BSRL = 0.870 BSR2 =  0.803
mG: 1 15 0 60 250876  13.36 1.027 795.8 0.631 9.606 0.045  4.02 0.2670 1.295 358.0 0.156E-05

ENG, All Cyls: Engine Speed =  750.00 VOLEF(TOT) = 1.0250 PHI(1) = 0.631

I+++ AUTO-CONVERGENCE: Uvariance = 0.2784  Pvariance = 0.4021E-02 Tvariance = 0.1023E-03

W44+ AUTO-CONVERGENCE CONDITIONS NOT MET

I**+ AXIAL CONDUCTION RELAXATION CRITERIA SATISFIED AFTER 157 OFFLINE CYCLES

PID controller Torque PID: target: 286, actual: 134.098, output: 0 ++ Controller is SATURATED *+

PID controller Torque_PID 151.902

%
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Output
I+++ AUTO-CONVERGENCE: Uvariance = 0.1018  Pvariance = 0.2562E-02 Tvariance = 0.10S4E-03

I**+ AXIAL CONDUCTION RELAXATION CRITERIA SATISFIED AFTER S8 OFFLINE CYCLES

PID controller Torque PID: target: 286, actual: 167.468, output: 0 ++ Controller is SATURATED *+

UBDATE OF FUELFLOW: FUELFLOW = 0.2445E-03 FUELFLOW = 0.2445E-03

mG: 3 15 0 60 266032  11.11 1.048 1048.5 1.111 13.068 0.109  4.46 0.2646 1.343 369.1 0.187E-05

mG: 4 15 0 60 267151  11.17 1.054 1052.7 1.106 13.152 0.101  4.45 0.2629 1.345 368.5 0.178E-05

mG: 2 15 0 60 266270  11.05 1.043 1044.5 1.117 12.985 0.108  4.43 0.2663 1.345 370.2 0.199E-05
COMP: REPM = 56983. MASS = 0.0130 POWER=  0.50 PR =  1.159 EFFL = 0.348 EFF2 = 0.510 BSRL = 0.853 BSR2 =  0.829
We++ Compressor Compressor 1 stalled for 61.860% of engine cycle

TURB: REM = 56983. MASS = 0.0140 POWER=  0.50 PR = 1.081 EFFl = 0.440 EFF2 = 1.303 BSRL = 0.881 BSR2 =  0.799
mG: 1 15 0 60 269398  13.60 1.046 1011.3 0.307 12.735 0.077  5.33 0.2213 1.342 367.0 0.138E-05

ENG, All Cyls: Engine Speed =  750.00 VOLEF(TOT) = 1.0477 PHI(1) = 0.907

I+++ AUTO-CONVERGENCE: Uvariance = 0.2542E-01 Pvariance = 0.2767E-02 Tvariance = 0.4850E-04
W44+ AUTO-CONVERGENCE CONDITIONS NOT MET

I**+ AXIAL CONDUCTION RELAXATION CRITERIA SATISFIED AFTER 65 OFFLINE CYCLES

PID controller Torque PID: target: 286, actual: 167.419, output: 0 ++ Controller is SATURATED *+
PID controller Torque_PID 116.581

D@E)
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dP_dCA_clean
CA_clean

raw_dP_dCA(valid);
CA_mid(valid);

[maxPRR, idxPRR] = max(dP_dCA_clean);
CA_PRR = CA_clean(idxPRR);

fprintf('Peak pressure = %.2f bar at %.1f deg CA\n', P_peak, CA_peak);
fprintf('Max Pressure Rise Rate (dP/dCA) = %.2f bar/deg at %.1f deg CA\n', maxPRR, CA_PRR);

% Pressure Rise Rate Plot %

figure;

plot(CA_clean, dP_dCA_clean, 'LineWidth', 1.2);
xlabel('Crank Angle [degl');

ylabel('dP/dCA [bar/degl');

title('YZ125 — Pressure Rise Rate at 5000 rpm (cleaned)');
grid on;

xlim([-180 180]);]

Eng3_Name = "YZ125";
Eng3_RPM = 5000;
Eng3_Peak = P_peak;
Eng3_PRR = maxPRR;
PeakPress_YZ = P_peak;
MaxPRR_YZ = maxPRR;

% Data Table %

Engines = ["McLaren 570S"; "CLAAS Diesel"; "YZ125"];
Speeds = [2000; 2000; 5000];

PeakPress = [PeakPress_570S; PeakPress_CLAAS; PeakPress_YZ];
MaxPRR = [MaxPRR_570S; MaxPRR_CLAAS; MaxPRR_YZ];

results = table(Engines, Speeds, PeakPress, MaxPRR,
'VariableNames', {'Engine','Speed (RPM)','Peak Pressure (bar)','Max Pressure Rise Rate per degree (Bar)'})

save('Taskl_Processed.mat', ...
'CA_shift_sorted', 'P_sorted', ...
"CAT,'P');
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ylabel('Mass fraction burned, x_b');

title('Wiebe MFB — 5705 (Initial vs Refined)');
legend('Initial', 'Refined", 'Location’, 'SouthEast');
xUim([-60 80]); ylim([0 1.05]);

% 5705 Burn Rate Overlay %

figure;

yyaxis left

plot(th 5705_dP, dPdCA 5705, 'LineWidth', 1.5);
ylabel('Measured dP/dCA (bar/deg)');

yyaxis right
plot(theta_570S, dxb_570S, ‘!, 'LineWidth', 1.2
plot(theta 5765, dxb_570S_ref, '~', ‘LineWidth', 2);
ylabel('Wiebe burn rate dxb/d\theta (1/deg)');

hold on;

grid on;

Xlabel("Crank angle (deg ATDC)');

title('5705: Measured dP/dCA vs Wiebe Burn Rate (Initial vs Refined)');
legend(‘Measured dP/dCA', 'Initial Wiebe', ‘Refined Wiebe','Location’, 'NorthEast');
xUin([-60 151);

% CLAAS MFB Overlay %

figure;

plot(theta CLAAS, xb_CLAAS,  '--', 'LineWidth', 1.5); hold o
plot(theta_CLAAS, xb_CLAAS_ref, '-', ‘LineWidth', 2);

grid on;

Xlabel(‘Crank angle (deg ATDC)');

ylabel('Mass fraction burned, x_b');

title('Wiebe MFB — CLAAS (Initial vs Refined)');
legend('Initial', ‘Refined', ‘Location’, 'SouthEast');

xlim([-60 60]); ylim([0 1.051);

% CLAAS Burn Rate Overlay %

figure;

yyaxis left

plot(dPdCA_CLAAS, 'LineWidth', 1.5);
ylabel('Measured dP/dCA (bar/deg)');

yyaxis right
plot(theta_CLAAS, dxb_CLAAS,

plot(theta_CLAAS, dxb_CLAAS_ref, '-',
ylabel('Wiebe burn rate dxb/d\theta (1/deg)');
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1
disp(results);

% Overlay Plots %

% Column Vectors %

theta 5705 = theta_5705(:);
xb_5705

xb_5705_ref Xb_570S_ref(
dxb_5705 dxb_5705(:);
dxb_5705_ref dxb_5705_ref
dPdCA_5705 dPdCA_5705 (
theta CLAAS = theta_CLAAS(:);
xb_CLAAS xb_CLAAS(
xb_CLAAS_ref Xxb_CLAAS_ref
dxb_CLAAS dxb_CLAAS(:
dxb_CLAAS_ref = dxb_CLAASref (:);
dPdCA_CLAAS dPdCA_CLAAS(:);

if numel(dPdCA
th_5705_dP

5765) == numel(theta_5705)-1
0.5%(theta_570S(1:end-1) + theta_570S(2:end));

se
th_5705_dP = theta_5705;
end

if numel(dPdCA_CLAAS) == numel(theta_CLAAS)-1
th_CLAAS_P = 0.5%(theta_CLAAS(1:end-1) + theta_CLAAS(
else
th_CLAAS_dP = theta_CLAAS;

end

n57S = min(numel(th_5705_dP), numel(dPdCA_5705)
th_5705_dP =
dPACA_5705 = dPACA_5705(1:n5705) ;

NCLAAS = min(numel(th_CLAAS_dP), numel(dPdCA_CLAAS));

th_CLAAS dP = th_CLAAS_dP(1:nCLAAS);

dPACA_CLAAS = dPACA_CLAAS(1:nCLAAS);

% 570s MFB Overlay %

figure;

plot(theta_5705, xb_570, —', 'LineWidth', 1.5); hold on;
plot(theta 5705, xb_5765_ref, '~', ‘LineWidth', 2);

grid on;

xlabel('Crank angle (deg ATDC)"
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% 5705 %
CA_5705 = CA_shift_sorted;
P_5705 = P_sorted;

% CLAAS %
CA_CLAAS.
P_CLAAS

A

% Focus on Combustion
win = [-60 80];

% dP/dCA %
% 5705 %

[CAS765, P5705, dPACA_5705] = prep_and_dpdca(CA_576S, P_570S);
[s0c_5705, eoc_5705, dth_5705] = estimate_soc_eoc(CAS765, dPACA 57t

win);

% CLAAS %
[CACLAAS, PCLAAS, dPACA_CLAAS]
[soc_CLAAS, eoc_CLAAS, dth_CLAAS]

prep_and_dpdca(CA_CLAAS, P_CLAAS);
stimate_soc_eoc(CACLAAS, dPACA_CLAAS, win);

fprintf('Estinated from data:\n');

fprintf('5705 SOC = %.1f deg, EOC = %.1f deg, Duration = %.1f deg\n', soc_570S, eoc_576S, dth_5765);
%.1f deg, Duration = %.1f deg\n', soc_CLAAS, eoc_CLAAS, dth_CLAAS);

fprintf('CLAAS SOC = %.1f deg, EOC

% Wiebe Curves %

theta_5705.
theta_CLAAS

% Wiebe MFB and burn rate using SOC %

xb_5705 = wiebe(theta 5705, soc_576S, dth576S, aSI, mSI);
Xb_CLAAS = wiebe(theta_CLAAS, soc_CLAAS, dth_CLAAS, a_CI, m_CI);
dxb_5705 = gradient(xb_570S, theta_5705(2)-theta_570S(1));

dxb_CLAAS = gradient(xb_CLAAS, theta CLAAS(2)-theta CLAAS(1));

% CA10/50/90
[cal0_570S, ca5_5705, ca90_576S] = cal09e(theta 5705, xb_5705);
[cal0_CLAAS, ca5_CLAAS, ca98_CLAAS] = cal099(theta CLAAS, xb_CLAAS);

% Conparison Plots %
compare_plot(CAS765, dPdCA 5705, theta_570S, dxb_570S, xb_570S, "5705 (ST)");
xUin([-60 60]);
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compare_plot (CACLAAS, dPdCA_CLAAS, theta_CLAAS, dxb_CLAAS, xb_CLAAS, “"CLAAS (CI)");

XUin([-60 601);

% Print metrics %
fprintf (*\nWiebe timing metrics:\n');

fprintf('570S CA10=%.1f, CASO=%.1f, CA98=%.1f deg ATDC\n',

ca10_5705, cas0_570S, ca9e_570S);

fprintf('CLAAS CA10=%.1f, CASO=%.1f, CA99=%.1f deg ATDC\n', cal0_CLAAS, caSO_CLAAS, cadd_CLAAS);

% Basic refinement (Peak timing of burn rate matched to peak dP/dCA) %

% Refinement grids %

m_grid ST = [1.5 2.0 2
dth_grid_ST = dth_570S +

m_grid (I = [0.8 1.0 1.2 1.5];
dth_grid_CI = dth_CLAAS + (-8 © 81;

% 5705 Refinement %

[best_ST] = refine_wiebe_by_peak(CAS70S, dPdCA_570S, theta 5705, soc_570S, dth 5765, a_SI, m_grid_SI, dth_grid ST

fprintf(‘\nRefined 570S: as.2f, m=%.2f, dth=%.1f\n‘, a_ST, best_SI.n, best_SI.dth);

% CLAAS Refinement %

[best_CT] = refine wiebe_by_peak(CACLAAS, dPdCA_CLAAS, theta_CLAAS, soc_CLAAS, dth_CLAAS, a_CI, m_grid CI, dth_grid_CI);
fprintf('Refined CLAAS: a=%.2f, m=%.2f, dth=%.1f\n', a_CI, best_CI.m, best_CL.dth);

% Rebuild refined curves %
xb_5705_ref = wiebe(theta 5705,
dxb_5705_ref

xb_CLAAS_ref

wiebe(theta_CLAAS, soc_CLAAS, best CI.dth, a_CI, best CL.m);

50c_5705, best SI.dth, a_SI, best_SL.m);
gradient(xb_5705_ref, theta_5705(2)theta_5705(1)

dxb_CLAAS_ref = gradient (xb_CLAAS_ref, theta_CLAAS(2)-theta_CLAAS(1));

% Plot refined vs measured %

compare_plot(CAS70S, dPACA 5705, theta 5705, dxb_570S_ref, xb_5705_ref, "570S (SI) - refined");

xUin([-60 601);

compare_plot(CACLAAS, dPACA_CLAAS, theta_CLAAS, dxb_CLAAS_ref, xb_CLAAS_ref, "

XUin( [-60 60]);

% Sumnary table %

results = table( .
["5705"; "CLARS"], ...
[s0c_5705; soc_CLAAS],
[dth_5705; dth_CLAAS],
[n_SI; mCIl, ...
[best SI-dth; best_CI.dth],
[best_SI.m; best_CT.m]
‘VariableNames', {'Engine’

LAAS (CT) - refined");

'S0C_deg', ‘Duration_init_deg', 'm_init', 'Duration_ref_deg', 'm_ref'} .
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I+4+ AUTO-CONVERGENCE: Uvariance = 1.955  Pvariance = 0.4985E-02 Tvariance = 0.1595E-03
I**+ AXIAL CONDUCTION RELAXATION CRITERIA SATISFIED AFTER 166 OFFLINE CYCLES

PID controller Torque PID: target: 286, actual: 93.4075, output: 0 ++ Controller is SATURATED *+
UBDATE OF FUELFLOW: FUELFLOW = 0.2277E-03 FUELFLOW = 0.2277E-03

mG: 3 15 0 60 224322 10.26 0.968 726.9 0.514 7.856 0.028  2.68 0.4101 1.230 356.3 0.272E-05
mG: 4 15 0 60 225255  10.36 0.977 726.3 0.509 7.866 0.026  2.68 0.4096 1.230 355.5 0.251E-05
mG: 2 15 0 60 226202  10.39 0.980 725.6 0.508 7.868 0.027  2.68 0.4094 1.231 355.1 0.244E-05
COMP: REM = 32787. MASS = 0.0121 POWER=  0.16 PR = 1.066 EFFl = 0.329 EFF2 = 0.580 BSRL = 0.35 BSR2 =  0.729

We++ Compressor Compressor 1 stallad for 57.091% of engine cycle

TURB: REM = 32787. MASS = 0.0131 POWER=  0.16 ER 1.047 EFF1 =  0.414 EFF2 = 1.061 BSRL = 0.760 BSR2 =  0.716
mG: 1 15 0 60 227148 12.72 0.979 638.9 0.415 6.833 0.001  2.86 0.3842 1.225 351.0 0.191E-05

ENG, All Cyls: Engine Speed =  750.00 VOLEE(TOT) = 0.9763 PHI(1) = 0.415

I+ AUTO-CONVERGENCE: Uvariance = 0.1495  Pvariance = 0.5799E-02 Tvariance = 0.1756E-03

W44+ AUTO-CONVERGENCE CONDITIONS NOT MET
I**+ AXIAL CONDUCTION RELAXATION CRITERIA SATISFIED AFTER 126 OFFLINE CYCLES

PID controller Torque PID: target: 286, actual: 93.4229, output: 0 ++ Controller is SATURATED *+
PID controller Torque_PID 192,577

D@E)
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else
th_570S_dP = theta_570S;
end
n = min(numel(th_570S_dP), numel(dPdCA_570S));
th_570S_dP = th_570S_dP(1:n);
dPdCA_570S = dPdCA_570S(1:n);
if numel(dPdCA_CLAAS) == numel(theta_CLAAS)-1
th_CLAAS_dP = 0.5%(theta_CLAAS(1:end-1) + theta_CLAAS(2:end));
else
th_CLAAS_dP = theta_CLAAS;
end
n = min(numel(th_CLAAS_dP), numel(dPdCA_CLAAS));
th_CLAAS_dP = th_CLAAS_dP(1:n);
dPdCA_CLAAS = dPdCA_CLAAS(1:n);

% 5705 vs CLAAS Refined MFB %

figure;

plot(theta_570S, xb_570S_ref, 'LineWidth', 2); hold on;
plot(theta_CLAAS, xb_CLAAS_ref, 'LineWidth', 2);

grid on;

xlabel('Crank angle (deg ATDC)');

ylabel('Mass fraction burned, x_b');

title('Refined Wiebe MFB Overlay: 570S (SI) vs CLAAS (CI)');
legend('570S (SI) refined','CLAAS (CI) refined','Location','SouthEast');
xlim([-60 80]); ylim([@ 1.05]);

% 5705 vs CLAAS Refined Burn Rate %

figure;

plot(theta_570S, dxb_570S_ref, 'LineWidth', 2); hold on;
plot(theta_CLAAS, dxb_CLAAS_ref, ‘LineWidth', 2);

grid on;

xlabel('Crank angle (deg ATDC)');

ylabel('Wiebe burn rate dxb/d\theta (1/deg)');

title('Refined Wiebe Burn Rate Overlay: 570S (SI) vs CLAAS (CI)');
legend('570S (SI) refined','CLAAS (CI) refined','Location','NorthEast');
xlim([-60 60]);

[~, iP_570S] = max(dPdCA_570S);
thP_5705 = th_5705_dP(iP_5705);

[~, iBR_5705] = max(dxb_5705_ref);
thBR_570S = theta_570S(iBR_570S);

peakTimingErr_5705 = thBR_570S — thP_570S;

[~, iP_CLAAS]
thP_CLAAS

max(dPdCA_CLAAS);
th_CLAAS_dP(iP_CLAAS);
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grid on;

xlabel('Crank angle (deg ATDC)');

title("Comparison: dP/dCA vs dx_b/d\theta - " + labeltxt);
end

function best = refine wiebe_by_peak(CA, dPdCA, theta, soc, dtho, a, m_grid, dth_grid)
mask = CA >= min(theta) & CA <= max(theta);
CAw = CA(mask); dPw = dPdCA(mask);
[~, ip] = max(dPw);
peak_CA_meas = CAw(ip);

bestErr = inf;
best.m = m_grid(1);
best.dth = dthe;

for m = m_grid
for dth = dth_grid
xb = wiebe(theta, soc, dth, a, m);
dxb = gradient(xb, theta(2)-theta(1));
[~, ip2] = max(dxb);
peak_CA_wiebe = theta(ip2);

err = abs(peak_CA_wiebe — peak_CA_meas);
if err < bestErr

bestErr = err;

best.m =

best.dth
end

dth;

end
end
end

% Combined Overlays %
% Column Vectors %

theta 5705 = theta_5705(:);
xb_5705_ref = xb_5705_ref

dxb_5705_ref = dxb_570S_ref(:);

dPdCA_5705 dPdCA_5705(:);
theta_CLAAS = theta_CLAAS(:
xb_CLAAS_ref = xb_CLAAS_ref(:
dxb_CLAAS_ref = dxb_CLAAS_ref (
dPACA_CLAAS = dPdCA_CLAAS(:

if numel(dPdCA_570S) == numel(theta_5705)-1
th_5705_dP = 0.5%(theta_570S(1:end-1) + theta_570S(2:end));
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if dur <5
dur = 5;
end
end

function xb = wiebe(theta, the, dth, a, m)
xb = zeros(size(theta));
in = (theta >= tho) & (theta <= the + dth);
xb(in) = 1 - exp(-a .* ((theta(in)-th@)./dth).~(m+1));
xb(theta > the + dth) = 1;

end

function [cal®, ca50, ca90] = cal@90(theta, xb)

cald = local_getCA(theta, xb, 0.10);
ca50 = local_getCA(theta, xb, 0.50);
ca90 = local_getCA(theta, xb, 0.90);

end

function ca = local_getCA(theta, xb, frac)
mask = xb > 0 & xb < 1;
th2 = theta(mask);
xb2 = xb(mask) ;
[xb_u, ial = unique(xb2, 'stable’
th_u = th2(ia);
ca = interpl(xb_u, th_u, frac, 'linear', 'extrap');

end

function compare_plot(CA, dPdCA, theta, dxb, xb, labeltxt
figure;

% MFB %

subplot(2,1,1);

plot(theta, xb, 'LineWidth', 1.5);
grid on;

xlabel('Crank angle (deg ATDC)');
ylabel('x_b');

title("Wiebe MFB - “ + labeltxt);

% dP/dCA vs Burn Rate %
subplot(2,1,2);

yyaxis left

plot(CA, dPdCA, 'LineWidth', 1.2);
ylabel('Measured dP/dCA (bar/deg)');

yyaxis right
plot(theta, dxb, 'LineWidth', 1.2);
ylabel('Wiebe dx_b/d\theta (1/deg)');
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192 grid on;

193 xlabel('Crank angle (deg ATDC)');

194 title('CLAAS: Measured dP/dCA vs Wiebe Burn Rate (Initial vs Refined)');
195 legend( 'Measured dP/dCA','Initial Wiebe','Refined Wiebe','Location', 'NorthEast');
196 xlim([-60 15]);

197

198

199

200

201

202 function [CA, P, dPdCA] = prep_and_dpdca(CA_in, P_in)
203

204 CA = CA_in(:); P = P_in(:);

205

206 % Remove NaNs %

207 v = ~(isnan(CA) | isnan(P));

208 CA = CA(v); P = P(v);

209

210 % Sort by crank angle %

211 [CA, idx] = sort(CA);

212 P = P(idx);

213

214 % dP/dCA %

215 dPdCA = gradient(P, CA);

216 end

217

218 function [soc, eoc, dur] = estimate_soc_eoc(CA, dPdCA, win)
219

220 mask = CA >= win(1) & CA <= win(2);
21 CAw = CA(mask); dPw = dPdCA(mask);
222

223

224 peakPos = max(dPw]

225 thr = 0.10 * peakPos;

226

227 above = dPw > thr;

228

229

230 if ~any(above)

231 [~,ip] = max(dPw);

232 soc = CAw(max(ip-5,1));

233 eoc = CAw(min(ip+20,numel(CAw)));
234 else

235 CAw(find(above, 1, ' first'));
236 CAw(find(above,1,'last'));
237

238

239 dur = eoc - soc;
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e = sqrt(mean((dp_n - br_n).~2));
end

% CA10 to CA90 %

% 5705 %
mask570 = (th_5705_dP >= ca10_570S) & (th_5705_dP <= ca90_5705);
[~, iP570_locall = max(dPdCA_5705(mask570)) ;

thP_5705 = th_5705_dP(mask570);

thP_5765 = thP_5765(iP570_local) ;

% CLAAS %

maskCI = (th_CLAAS_dP >= cal0_CLAAS) & (th_CLAAS_dP <= ca90_CLAAS);
[~, iPCI_local] = max(dPdCA_CLAAS (maskCI));

thP_CLAAS = th_CLAAS_dP(maskCI);

thP_CLAAS = thP_CLAAS(iPCI_local);

% Sunmary Table %

Engine = ["5705 (SI)"; "CLAAS (CI)"

cAl0 [tos_scalar(cal0_570); tos_scalar(calo_CLAAS)];
CASO [tos_scalar(ca50_5705); tos_scalar(ca50_CLAAS)];
cA90 [tos_scalar(ca90_5705); tos_scalar(ca90_CLAAS)];
Dur1098 = [tos_scalar(dur_10_90_5705);  tos_scalar(dur_10_90_CLAAS)
Peak_dPdCA = [tos_scalar(thP_5705); tos_scalar (thP_CLAAS)];
PeakBurn = [tos_scalar(thBR_570S); tos_scalar(thBR_CLAAS)];

PeakErr = PeakBurn - Peak_dPdCA;

assert(all(size(Engine)
assert(all(size(CAL
assert(all(size(CAS0!
assert(all(size(CA%:
assert(all(size(Dur1090
assert(all(size(Peak_dPdCA
assert(all(size(PeakBurn)==[2 11));
assert(all(size(PeakErr)==[2 11));

results_Task3 = table(
Engine, CA10, CASO,
*VariableNames', { ...
*Engine', 'CA10_degATDC' , ' CASO_degATDC" , ' CA98_degATDC" , 'BurnDuration_10t090_deg', ...
*Peak_dPACA_degATDC', 'PeakBurnRate_degATDC' , ‘PeakTimingError_deg' ...

90, Dur1090, Peak_dPdCA, PeakBurn, PeakErr, ...
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[~, iBR_CLAAS]
thBR_CLAAS

max(dxb_CLAAS_ref);
theta_CLAAS(iBR_CLAAS) ;

peakTimingErr_CLAAS = thBR_CLAAS - thP_CLAAS;

getCA_from_xb = @(th, xb, frac) .
interpl( sort(unique(xb)), -..
th(ismember(xb, unique(xb))), ...
frac, ‘linear', 'extrap');

calc_CA = @(th, xb, frac) ...
interpl( xb_sorted_unique(th, xb), th_sorted_unique(th, xb), frac, 'linear', 'extrap');

if ~exist('cal0_5705','var'); calo 5705 = calc_CA(theta 5705, xb_570S_ref, 0.10.
if ~exist('ca50_5705','var'); ca50_570S = calc_CA(theta_570S, xb_570S_ref, 0.50.
if ~exist('ca90_570','var'); cad0_570S = calc_CA(theta 5705, xb_5705_ref, 0.90

end
end
end

if ~exist('cal0_CLAAS','var'); cal0_CLAAS = calc_CA(theta_CLAAS, xb_CLAAS_ref, .10); end
if ~exist('ca50_CLAAS','var'); ca50_CLAAS = calc_CA(theta_CLAAS, xb_CLAAS_ref, 0.50); end
if ~exist('ca90_CLAAS','var'); ca90_CLAAS = calc_CA(theta_CLAAS, xb_CLAAS_ref, .90); end

dur_10_90_5705
dur_10_90_CLAAS

ca90_5705 - cal0_570S;
cag0_CLAAS - cal0_CLAAS;

rmse_norm = @(th_dp, dp, th, br, cal0, ca%0) ...
Tocal_rmse_norm(th_dp, dp, th, br, cal0, ca%e);

RMSE_5705
RMSE_CLAAS

= rmse_norm(th_5705_dP, dPdCA_570S, theta_570S, dxb_5705_ref, cal0_570S, ca9e_570S);
rmse_norm(th_CLAAS_dP, dPCA_CLAAS, theta_CLAAS, dxb_CLAAS_ref, cal0_CLAAS, ca90_CLAAS);

disp("Normalised RMSE (lower is better):");
fprintf("570S RMSE = %.3f\n", RMSE_570S)
fprintf("CLAAS RMSE RMSE_CLAAS) ;

functxon e = local_rmse_norm(th_dp, dp, th, br, cale, ca90)
= (th_dp>=ca10) & (th_dp<=ca90);
= (th>=cal0) & (th<=ca%0);

th_dp = th_dp(m1] = dp(m1);
th2 = th(n2); br = br(n2);
br_i = interpi(th2, br, th_dp, 'linear', ‘extrap');

(dp - min(dp)) / (max(dp)-min(dp) + eps);
(br_i - min(br_i)) / (max(br_i)-min(br_i) + eps);

dp_n
br_n
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480

481 disp('-— Task 3 Summary (Refined) ——')
482 disp(results_Task3);

483

484 writetable(results_Task3, 'Task3_CombustionSummary.csv');
485

486 function y = tos_scalar(x)

487 x = x(1);

488 if isempty(x) || all(~isfinite(x))
489 y = NaN;

490 else

491 y = x(find(isfinite(x), 1, 'first'));
492 end

493 end

494

495

496 function xb_u = xb_sorted_unique(th, xb)
497 xb = xb(:); th = th(:);

498 [xbS, idx] = sort(xb);

499 thS = th(idx);

500 [xb_u, ial = unique(xbS, 'stable');
501 end

502

503 function th_u = th_sorted_unique(th, xb)
504 xb = xb(:); th = th(:);

505 [xbS, idx] = sort(xb);

506 thS = th(idx);

507 [~, ial = unique(xbS, 'stable');

508 th_u = thS(ia);

509 end

510
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