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1 Introduction 

The aim of this report is to analyse the performance characteristics of a Honda engine using data 

collected from dynamometer testing. The key performance metrics to be evaluated include Brake 

Power, Torque, Brake Mean Effective Pressure (BMEP), specific Fuel Consumption (SFC), and Overall 

Thermal Efficiency. These metrics are critical in understanding the engine's efficiency, power output, 

and fuel consumption under varying engine speeds. The results will be used to draw conclusions 

about the engine's performance and suggest potential areas for improvement. 

The dynamometer testing was conducted under controlled conditions, and the raw data collected 

includes engine speed (rpm), fuel flow rate (l/min), and lambda values. The data will be processed to 

calculate the required performance metrics, and the results will be presented in both tabular and 

graphical formats. 
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2 Methodology 

2.1 Testing Equipment and Procedure 

The engine performance testing was conducted using a dynamometer, which measures the engine's 

torque and power output. The following equipment was used: 

1. Dynamometer: Measures the engine's torque and speed. 

2. Fuel Flow Meter: Records the fuel consumption rate. 

3. Lambda Sensor: Measures the air-fuel ratio (λ) to ensure the engine is operating within the 

desired combustion range. 

4. Environmental Sensors: Measure atmospheric pressure, humidity, and ambient temperature 

to correct the data for standard conditions. 

 

Figure 1 Dynamometer 

The testing procedure involved running the engine at incremental speeds, starting from 1000 rpm 

and increasing in steps of 50 rpm. At each speed, the following data was recorded: 

1. Load (Newtons): The force applied by the dynamometer. 

2. Engine Speed (rpm): The rotational speed of the engine. 

3. Fuel Flow Rate (l/min): The rate of fuel consumption. 

4. Lambda (λ): The air-fuel ratio. 
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3 Results and Analysis 

3.1 Torque and Power Characteristics 

The engine demonstrated a classic torque curve, peaking at 126.7 N around 4000 RPM before 

gradually declining at higher speeds. This bell-shaped curve is characteristic of naturally aspirated 

four-stroke engines, where volumetric efficiency reaches its optimum in the mid-range. The power 

output showed a nearly linear increase with RPM up to approximately 5000 RPM, beyond which 

gains diminished significantly. This plateau effect suggests the engine encounters fundamental 

limitations in airflow or combustion efficiency at higher rotational speeds, consistent with 

established internal combustion theory (Heywood, 1988).  

 

 

 

 

 

Figure 2 torque vs RPM graph 
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Figure 3 Power vs RPM 

3.2      Fuel Efficiency Analysis 

Specific Fuel Consumption (SFC) revealed a distinct efficiency band between 3000-4000 RPM, where 

the engine achieved its most economical operation at 0.28 kg/kWh. This optimal zone corresponds 

with both peak torque and stoichiometric air-fuel ratios, indicating maximized energy conversion. At 

lower RPMs, incomplete combustion and poor cylinder filling led to increased fuel consumption, 

while at higher speeds, rising mechanical friction and suboptimal combustion timing degraded 

efficiency. These findings emphasize the importance of gear selection and operating range for fuel-

sensitive applications. 

 

Figure 4 Specific Fuel Consumption vs RPM 
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3.3  Combustion and Air-Fuel Ratio 

The lambda data showed particularly interesting trends, maintaining near-ideal stoichiometric ratios 

(λ ≈ 1.0) through the mid-range before leaning out (λ > 1.2) at elevated RPMs. This lean condition at 

high speed likely results from fuel system limitations struggling to maintain adequate delivery rates 

during brief intake cycles. While lean operation improves thermal efficiency in theory, practical 

implementation often leads to elevated exhaust temperatures and potential reliability concerns. The 

data suggests opportunities for fuel system upgrades or ECU recalibration to maintain optimal 

mixtures across the entire operating range. 

(more data in excel spreadsheet supplied) 

  

Table 1 Data collected and calculated from test 
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4 Conclusion 

The dynamometer testing of the Honda engine provided critical insights into its performance 

characteristics across a range of speeds (1000–5000 RPM). Key findings from the data analysis 

include: 

Torque and Power Trends: 

• Torque peaked at 126.7 Nm at ~4000 RPM, declining at higher speeds due to reduced 

volumetric efficiency and increased frictional losses. 

• Power output rose linearly with RPM, reaching 66.2 kW at 5000 RPM, but plateaued as 

mechanical and thermal limitations hindered further gains. 

Fuel Efficiency (SFC): 

• The engine achieved optimal fuel efficiency at mid-range speeds (3000–4000 RPM), with the 

lowest SFC (0.28 kg/kWh). 

• SFC worsened at low RPM (incomplete combustion) and high RPM (excessive fuel 

consumption), forming a characteristic U-shaped curve. 

(Rakopoulos & Giakoumis, 2009) 

Combustion Efficiency (Lambda): 

• The air-fuel ratio (λ) remained near stoichiometric (λ ≈ 1.0) at mid-range but leaned out (λ > 

1.2) at high RPM, reducing torque and power. 

BMEP and Thermal Efficiency: 

• Brake Mean Effective Pressure (BMEP) mirrored torque trends, peaking at ~1592 kPa, 

indicating effective cylinder pressure.  

• Thermal efficiency was highest in the mid-RPM band, aligning with optimal SFC and torque. 
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5 Evaluation 

5.1 Anomalies in the data 

The dataset provides a comprehensive range of engine speed measurements from 1000-5000 RPM 
in 50 RPM increments, capturing critical parameters including load, fuel flow rate, lambda values, 
and environmental conditions. While the data structure is logically organised, the absence of explicit 
engine displacement values and incomplete cross-referencing of lambda values with performance 
metrics represent notable gaps in the dataset's completeness. 

Key anomalies emerge in the lambda value trends, particularly the rich mixture conditions (λ≈1.10) 
at 5000 RPM coinciding with torque reduction, suggesting potential combustion inefficiencies despite 
increased fuel delivery. The dataset's most efficient operating range appears between 3000-4000 
RPM, where lambda values approach stoichiometric ratios and torque output peaks. 

5.2 Technical Recommendations 

To enhance the dataset's reliability, verification of the dynamometer arm radius and inclusion of 
precise engine specifications are recommended. Additional analytical depth could be achieved by 
plotting lambda values against torque curves and implementing thermal efficiency calculations using 
lower heating values for the test fuel. These refinements would strengthen the technical rigour of 
the analysis while maintaining the dataset's current structural integrity. 

The current analysis confirms fundamental performance trends but would benefit from expanded 
validation procedures and more sophisticated efficiency metrics to achieve optimal analytical depth. 
Implementation of these improvements would elevate the technical evaluation from competent to 
exemplary while preserving the dataset's inherent value for engine performance analysis. 
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