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1. [bookmark: _Toc98877449]Introduction
This report shall investigate the use of an engine dynamometer to precisely analyse and assess the characteristics of a Honda D16 1.6L VTEC engine, these characteristics will be:
· SFC – Specific Fuel Consumption
· Torque and Power
· BMEP – Brake Mean Effective Pressure
· Thermal efficiency 
· Cylinder pressure across the RPM range
An engine dynamometer is a device used to accurately measure the torque output of an engine; in this instance an eddy current dynamometer was used, this is performed by the engine’s output shaft rotating an internal disc on the dynamometer, current then flows through coils surrounding the disc creating eddy currents which in turn causes electromagnetic resistance to the movement of the disc, changing the current changes the load applied to the engine, the dynamometer then measures this load and creates a torque reading (Gitano, 2008)
Using an engine dynamometer has many benefits from an engineering perspective, the dynamometer can accurately measure torque outputs and true RPM and of an engine under dynamic circumstances with variable loads.
Engine Dynamometers are primarily used for engine power measurements however they can also be used as an effective system for the development of new and existing components by ways of evaluating and enhancing engine control software, performance optimisation as well as providing accurate engine performance data and reliable testing repeatability when carried out in a closed cell environment (Jiang, et al. 2009).

During testing, different measuring devices can also be used to accurately give readings for parameters such as fuel consumption within a time frame, cylinder pressure, emission gasses and many others.



2. [bookmark: _Toc98877450]Methodology
All information regarding the equipment used and testing procedure was collected using the provided videos created by UWTSD WISA Workshops (2020).
2.1. [bookmark: _Toc98877451]Equipment
Engine:
·  2001 Honda D16 1.6 Vtech (Imported)
Dynamometer: 
· Horiba Schenck WS230 Eddy Current Dynamometer
Test Cell:
· Exhaust Extraction System
· Fuel supply board including:
· Lift pump from the main tank
· Filter
· Fuel flowmeter
· Secondary swirl pot
· Main fuel pump
· Regulator
· Cooling Plate for systems with fuel recirculation
Sensors:
· Coolant temperature
· Flow meter
· Lambda sensor
· Strain gauge
· Throttle actuator



2.2. [bookmark: _Toc98877452]Calibration
The Dynamometer is calibrated using calibration arms either side which are a set length of 815.776 mm (Pivot to hook eye), a mass is added to one side, the mass then rotates the outer casing giving a signal from the strain gauge (between 0-10v). Mass is then increased to build a range of voltage and corresponding mass; this can then be converted into torque  where mass is the added weight and radius is the length of the calibration arm.
2.3. [bookmark: _Toc98877453]Testing procedure
Once calibration has been completed the engine is now connected to the dynamometer using a drive shaft bolted directly to the crank shaft, the engine is turned on and the technician enters the control room. From here a sweep test is performed, the parameters of the sweep test are set to:
· Ramp start time is 1 second
· Throttle is set at 100%
· Engine is at base idle of 800RPM
· Test starts at 1000RPM  
· Data is logged at increments of 250RPM
· Test finishes at 6500RPM 
· Total ramp time of test is 15s
· Test ends with 0% throttle and a time of 5 seconds
The test may now be carried out and a data set is created from the readings.



3. [bookmark: _Toc98877454]Data and Graph Analysis
3.1. [bookmark: _Toc98877455]Power Correction
When analysing the data collected from the sweep test it is important to use corrected power (Ps) as environmental variables such as air pressure, temperature and humidity can affect the way an engine performs, therefore using the power correction equation allows engines being tested to be compared to data from other engines within equal parameters, all power data must be corrected following ISO 1585/ ECE Regulation no. 85 to ensure a correction is made for differing testing conditions (Sandu and Ungureanu, 2019, p1-4). 
The power correction equation can be found below.



[bookmark: _Toc98877456]3.2. Specific Fuel Consumption – SFC
Specific Gravity of RON95 petrol is recorded between 0.70-0.80 g/ml (Chevron, 2018). For the purpose of the calculations a value of 0.75g/ml was used to calculate specific fuel consumption (SFC). A heat map was then created showing the best and worst SFC
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[bookmark: _Toc98877462]Figure 1 – SFC Heatmap
As shown in figure 1, SFC varies throughout the drive cycle at different engine speeds and loads, with the best efficiency being at 2250RPM and 40% load, this is due to the energy transfer from fuel to crankshaft being at its most efficient, at 6500RPM and 2% load this is where energy losses are the highest and therefore has the worst efficiency (Stark, 2017)


[bookmark: _Toc98877457]3.4. Torque and Power
The torque and power values across the RPM range are graphically shown in figure 2 below here it is clear that as the RPM increases so does Torque and power. Torque peaks at 200Nm with 3000RPM and starts decreasing thereafter, this is due to high torque being required to overcome a vehicles mass and frictional values to start it moving, after this decrease, power keeps increasing to keep the vehicle accelerating until it reaches 91.74 Kw at 6000RPM where the power begins to drop. It is important to note that at peak torque there is the highest volumetric efficiency, after this point however the engine requires more fuel to adjust for the loss in torque (CarBike Tech, 2015).
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[bookmark: _Toc98877463]Figure 2 - Torque and Power


[bookmark: _Toc98877458]3.5. Thermal efficiency and BMEP at Full Load
Brake Mean Effective Pressure (BMEP) is a product of the temperature of gasses within a cylinder and is proportional to torque produced within the engine (Turner,2022), at peak BMEP at 3000RPM there is a sudden drop in thermal efficiency by 1%, this can be explained as when the engine reaches peak torque the air fuel ratio becomes richer to adjust for the loss of torque, lowering the temperature inside the engine and therefore temporarily decreasing thermal efficiency. Thermal efficiency then increases again until the engine begins to reach peak power where it drops once more.
[image: Graphical user interface, application

Description automatically generated]
[bookmark: _Toc98877464]Figure 3 - BMEP and Thermal Efficiency
[bookmark: _Hlk98867632]The calorific value used to calculate thermal efficiency was 46MJ/kg. the typical value for petrol was researched as 44-46MJ/Kg (World Nuclear Association, 2022)


[bookmark: _Toc98877459]3.6. Cylinder Pressure across RPM Range
For cylinder pressure across the RPM range a device such as a spark plug with an integrated pressure transducer can be used to accurately monitor cylinder pressure throughout the cycle (Amann, 1985, p.4). Figure 4 shows a graphical representation of this data, using this it is clear to see a spike representing top dead centre to bottom dead centre of the power stroke (0°-180° crank angle), the power stroke is where pressure is highest due to fuel being ignited. At its lowest pressure this can be considered the intake stroke as volume of the cylinder increases therefore causing a pressure decrease which then allows fuel and air to be drawn into the cylinder (-180°- -360° crank angle). As the engine moves through the rpm range it is also clear that it creates peaks and toughs within the pressure, this is due to different SFC values throughout the range.
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[bookmark: _Toc98877465]Figure 4 - Pressure Across RPM Range


4. [bookmark: _Toc98877460]Conclusion
To conclude the researched parameters contained within this report, the use of an eddy current dynamometer accurately recorded the data required to carry out analysis on specific engine characteristics. The data clearly showed that low load and high RPM provide the worst SFC however the best SFC is reached near peak torque with 40% Load, this validates the point that as Torque peaks, volumetric efficiency is at its highest, after this point however volumetric efficiency decreases as a richer mixture is required to adjust for the loss after peak torque, this can also be equated to the drop in thermal efficiency seen at peak BMEP as added fuel will have a cooling effect on the engine (Edelstein,2020). Using the data collected it is also clear that pressure within the cylinder’s peaks at 3000RPM coinciding with peak torque and its best volumetric efficiency.
To further validate this data, the test on the dynamometer would need to be repeated several times to give comparisons as well as average values and readings being taken for overall assessment, another engine of the same type and age could also be tested to give a good comparison for differences in how the engine performs.
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