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1. [bookmark: _Toc180145475][bookmark: _Toc225628685]Introduction

This report contains an analysis of a dyno test performed on a 1.6 L Honda VTEC engine. The test involves running the engine under controlled conditions while recording key performance data such as engine speed, torque, and fuel consumption. The collected data will be analysed to determine corrected power and torque, Brake Mean Effective Pressure (BMEP), Specific Fuel Consumption (SFC), and overall thermal efficiency. Graphs will also be produced to visualise the relationships between these performance parameters and engine speed. The overall aim is to evaluate the engine’s performance and efficiency using both calculated results and graphs for analysis.

2. [bookmark: _Toc225628686]Testing Equipment


The engine testing was intended to be conducted using an engine dynamometer system. Due to the dynamometer being unavailable, understanding of the equipment and procedure was discovered through instructional videos and supporting materials. The test setup consists of an engine coupled directly to a Schenck WS230 dynamometer via a driveshaft bolted to the crankshaft. The dynamometer is capable of operating up to 10,000 rpm and can absorb a maximum load of 230 kW. The system applies load to the engine through an electromagnetic braking system, where current supplied to the dynamometer creates a magnetic field that resists rotation. Torque measurement is achieved using a strain gauge system mounted at a calibrated distance of 815.776 mm from the pivot point, allowing accurate calculation of torque based on the measured force. The dynamometer is cooled using a dedicated coolant system, with a cooling tank positioned above the unit. The engine is supported by a comprehensive data acquisition and control system. Sensor modules and recording units feed real-time data to a computer-based monitoring system (dyno monitor). Key measured parameters include:
· Coolant temperature (via temperature sensor) 
· Air–fuel ratio (via lambda sensor) 
· Fuel flow rate (via flow meter) 
· Throttle position (via throttle actuator system) 
The throttle is electronically controlled through a computer interface, ensuring precise and repeatable input conditions. Fuel is supplied through a controlled fuel system. Fuel is pumped from the main tank using a lift pump, passing through an FIA-approved filter before reaching a secondary reservoir (swirl pot). From there, a high-pressure fuel pump delivers fuel to the engine via a regulator. Excess fuel is returned through a cooling plate back to the swirl pot, maintaining consistent fuel temperature and preventing vapor lock. An exhaust extraction system is used to safely remove exhaust gases, incorporating an extraction pipe and silencing system. Additionally, a custom air intake filter is fitted to ensure consistent airflow conditions during testing.

3. [bookmark: _Toc225628687]Testing method

The dynamometer system can be operated using four primary modes: manual control, test sequencing, step testing, and sweep testing. Manual control allows the operator to independently adjust engine speed via the throttle and apply load through the dynamometer. Test sequencing automates this process using predefined conditions, while the step test method holds the engine at fixed speeds to obtain highly accurate steady-state data.  The intended method for this investigation was the sweep test, which is commonly used to obtain engine performance data over a continuous operating range. This method allows for efficient data collection across multiple engine speeds within a short time period. To conduct the sweep test, the engine would first be brought up to operating temperature to ensure stable and representative conditions. Once stabilised, the dynamometer control system would be set to sweep mode. The test parameters would then be defined, with the engine speed range set from 1250 rpm to 5500 rpm, and a ramp time of 15 seconds specified for the sweep. Data logging would be configured to record values at 50 rpm intervals throughout the test. During the test, the throttle would be held at 100% to ensure maximum engine output. Unlike manual operation, the dynamometer would control the engine speed by varying the electromagnetic load applied to the engine. As the test begins, the dynamometer gradually reduces resistance, allowing engine speed to increase smoothly from the starting point to the maximum set speed within the defined ramp time. Throughout the sweep, the system continuously records key performance parameters using integrated sensors and data acquisition modules. These include engine speed, torque, fuel flow rate, air–fuel ratio (lambda), and temperatures. Torque is measured directly by the dynamometer, and power is subsequently calculated from torque and rotational speed. Additional parameters such as fuel consumption and efficiency can then be derived from the recorded data.



4. [bookmark: _Toc225628688]Excel
The data provided that was supposed to be collected in the practical was Load, Fuel flow rate, Baro, Humidity, Ambient Temp, Dyno speed and Lambda. From this the corrected power and torque, Brake Mean Effective Pressure (BMEP), Specific Fuel Consumption (SFC), and overall thermal efficiency were calculated. This was done with the aid of the Civic CRX Coupe Manual, which provided information such as engine size. From this data three graphs were produced. 

Figure 1, SFC against Engine Speed
The variation of Specific Fuel Consumption (SFC) with engine speed shows a typical trend where SFC is high at low speeds, decreases to a minimum at mid-range speeds, and then increases again at higher speeds. At low engine speeds, poor volumetric efficiency, higher relative heat losses, and less effective combustion result in higher fuel consumption for the power produced. As speed increases, improved air–fuel mixing and combustion efficiency reduce SFC, reaching an optimum range (around 2000–3000 rpm) where the engine operates most efficiently. Beyond this range, SFC increases again due to rising mechanical friction, reduced time for complete combustion, decreased volumetric efficiency, and possible fuel enrichment at high loads. Overall, this trend reflects the balance between improving combustion efficiency at moderate speeds and increasing mechanical and thermal losses at higher speeds.


Figure 2, Torque against Engine speeds
The variation of torque with engine speed shown in Figure 2 follows a typical trend for a naturally aspirated spark-ignition engine, where torque increases at low speeds, reaches a peak in the mid-range, and then decreases at higher engine speeds. At low engine speeds, torque is relatively low due to poor volumetric efficiency, as the engine is unable to draw in a sufficient air–fuel mixture, and combustion is less effective. As engine speed increases, improved air intake dynamics and increased turbulence enhance cylinder filling and combustion efficiency, resulting in a rise in torque to a peak around the mid-range (approximately 2000–3500 rpm). In this region, the engine operates close to its optimal volumetric efficiency and produces maximum torque. Beyond this point, torque begins to decrease as engine speed continues to rise, primarily due to reduced time available for air intake and exhaust processes, leading to poorer cylinder filling. Additionally, increased mechanical friction, higher pumping losses, and incomplete combustion at high speeds further reduce the effective torque output. This overall trend reflects the balance between improving airflow and combustion efficiency at moderate speeds and increasing mechanical and flow limitations at higher speeds.


Figure 3, BMEP against Engine speed
The variation of Brake Mean Effective Pressure (BMEP) with engine speed shown in Figure 3 demonstrates a trend similar to that of torque, as BMEP is directly proportional to engine torque. At low engine speeds, BMEP is relatively low due to poor volumetric efficiency and less effective combustion, resulting in reduced average cylinder pressure. As engine speed increases, improved air–fuel mixing, enhanced turbulence, and more efficient cylinder filling lead to a steady rise in BMEP, indicating improved engine performance and higher mean effective pressure acting on the pistons. The peak BMEP observed in the mid-to-high speed range (approximately 4000–4800 rpm) corresponds to the region where the engine achieves near-optimal volumetric efficiency and combustion characteristics. Beyond this point, BMEP begins to plateau and slightly decrease at higher speeds due to reduced time for intake and exhaust processes, leading to poorer cylinder filling. Additionally, increased frictional and pumping losses, along with incomplete combustion at high engine speeds, contribute to the reduction in effective pressure. This trend highlights the relationship between engine breathing, combustion efficiency, and mechanical losses in determining overall engine performance.



5. [bookmark: _Toc180145478][bookmark: _Toc225628689]Conclusion

The test results for the 1.6 VTEC engine demonstrate typical performance characteristics of a naturally aspirated spark-ignition engine, with power and BMEP increasing steadily with engine speed and reaching peak values in the mid-to-high speed range (approximately 4000–4700 rpm), indicating improved volumetric efficiency and combustion effectiveness. Torque increases from low speeds and reaches a maximum in the mid-range (around 2200–2600 rpm), after which it gradually decreases due to reduced cylinder filling, increased frictional losses, and limited time for complete combustion at higher engine speeds. The Specific Fuel Consumption (SFC) is lowest within this mid-range region, showing that the engine operates most efficiently here, while thermal efficiency correspondingly peaks due to the inverse relationship between SFC and efficiency. At both low and high engine speeds, efficiency decreases as a result of poorer combustion and increasing mechanical losses. The lambda values remaining above 1 indicate predominantly lean operation, supporting fuel efficiency but potentially limiting maximum power output. It is also important to note that the engine may not be operating at its true peak performance due to the use of a restrictive lawnmower-type air filter, which would reduce airflow into the engine, negatively impacting volumetric efficiency, torque, and overall power output, particularly at higher engine speeds where airflow demand is greatest. Overall, the results indicate that the 1.6 VTEC engine performs most effectively within a defined mid-speed range, although its full performance potential may not have been realised under the given test conditions.



[bookmark: _Toc225628690]6. Evaluation
The task of developing and evaluating the data was done to standard, the results produced appear to be in line with what is to be expected from an engine such as the one used. The way the investigation could have been improved would be to actually have been able to use the Dyno testing equipment instead of having to rely off of pre recorded data and videos detailing the procedure. This would have led to a deeper understanding of the process and more varied and unique results. 
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