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[bookmark: _Toc130674919]1.0 Introduction and Aims
This report will contain a statement as to the aims and report outlines. In this test, I aim to find data analysis on the Honda D16 single-cam V-TEC engine. This is set up in a room designed specifically for engine analysis and dyno testing. This test investigates the power, torque, BMEP, SFC and overall thermal efficiency. This can be produced by providing graphical data and excel sheets. This data will be used throughout the report to analyse the beforehand said properties and measurements. Through this report, I will examine the data analysis of the Honda D16 engine. To examine properties such as thermal efficiency, corrected power output and calculated power, using air density and thermal efficiency to ensure the power output is correct.
[bookmark: _Toc130674920]1.1 Honda D16 Engine
· According to drifted.com, the D16A7 produces "117 hp at 5,900 pm and 101 lb/ft torque at 4,800 rpm; it features a compression ratio of 9:6:1 and is SOHC." (Terrell, 2020). Whether this power output will be the same on this engine rig will be determined; bear in mind that the measuring from the rig is the raw engine speed and not wheel speed through loss of gearbox and drivetrain, including the wheels.
· Honda 1.6L (1590cc)
· V-TEC
· 2000-2001
· Imported




[bookmark: _Toc130674921]2.0 Testing Equipment and Method
For testing the engine, I used an engine dynamometer designed explicitly for testing vehicle engines. This setup was calibrated to professional standards and checked regularly for maintenance. With the dynamometer, both sides of the arm’s distance are set. Equally, this equates with equalling the weight we put on both arms, 20kg of weight, ensuring an equilateral weight and distance load on the engine. 
[bookmark: _Toc130674922]2.1 Method of Testing
The dynamometer itself is in a cell room that is connected to the Honda D16A7 engine; there are fuel pieces which all together create the working dynamometer setup:
· Sensor Recording Modules – Coolant temperature, flow meter, lambda sensor inbuilt – over 2000 sensors.
· Exhaust Extraction System – This exhaust system extracts the exhaust gases from the engine into the outside atmosphere.
· Cooling and Radiator – This is the engine's radiator and cooling lines from the roof to keep the temperature the same.
· Fuel Supply Board – Pumped via lift pump from a fuel tank kept in a fuel safe through a filter and pumped up through the main fuel pump to the engine.
· Throttle – controlled through the computer through a throttle actuator box.
· Driveshaft – comes from the crankshaft; the driveshaft is bolted to the dynamometer.
· Calibration Arms – one on either side to neutralise; if put 10kg on both sides, the dynamometer will transfer kg to weight to calculate the torque produced.
The method of testing involved using the arms on both sides of the dynamometer. The dynamometer is W230 meaning it can take up to 230kW and a high amount of torque. This method of testing and data analysis with the D16 engine allows for precise measurements and calculations for configuration. I sat at the testing bench, cranked the engine turned on the exhaust and power to the engine, set the throttle mode to direct, turned pumps 1 and 2 on, the fuel valve and exhaust valve on, dried the air cooler and the ignition; this in turn once the engine was cranked from the dyno computer turned the engine on. The dials from the computer-controlled the load and the throttle. This was used through testing to gain throttle response and RPM; this was done in a linear pattern for the data analysis to be linear and fulfil the outlining aim. The loads and throttle were sustained by testing the dynamometer to control the data correctly. The W230 dynamometer produces “230kW. 7500rpm. 750Nm.” (Dynamometer-World, 2016). Below is the room for the dynamometer and the equipment used in the computer room. The load and torque are directly in collaboration. When the load on the engine is increased through the dyno, the rpm drops, requiring more throttle, just like a clutch and throttle in an actual vehicle. The test for the dynamometer is the sweep test, which was used for the data; this test takes all the readings constantly but also won’t allow the engine to overheat compared to a step test which does it in specific increments.
[image: Picture taken from dyno session - Daniel Hannis]
Figure 1 - Picture Taken from Dyno Session - Daniel Hannis
As shown in the above picture, I could set all requirements of the engine and performance analysis, showing dyno, rpm, thermal efficiency and more from the data shown.
[bookmark: _Toc130674923]3.0 Spreadsheet Data Results – Graphs
Below shown are the spreadsheet data results and the numbers used for calculations.
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[bookmark: _Toc130674924]4.0 Graphical Data Results
Below are the three required graphical data and an additional graph made from the same data table.
[image: Chart, line chart

Description automatically generated]
[image: Chart, line chart

Description automatically generated]
[image: Chart, line chart

Description automatically generated]
[image: ]

[bookmark: _Toc130674925]5.0 Graphical Results Explained
Below will be reported all the graphical data shown in “4.0 Graphical Data Results”.
[bookmark: _Toc130674926]5.1 SFC (kg/kW-hr) against Engine Speed (RPM)
· Specific Fuel consumption - Measured in kilograms per kilowatt-hour, this data shows how much fuel is consumed in the engine through testing.
· Engine Speed - Measured in revolutions per minute of the engine, this data shows how many revolutions the engine completed.
Specific Fuel consumption is calculated from fuel flow rate (I/min) multiplied by 60 in brackets, then divided by the answer of that divided by corrected power. SFC against Engine Speed presents fuel consumption, this is vital in the data analysis as this is not a performance engine but more sided to a mainstream consumer engine, providing this information in a factory will indicate improvements needed to be made if any help proves the fuel efficiency of the engine. The graph shown shows that the fuel consumption is higher at low revolutions. This may be idle speed or engine starting in which initial drops at 1200rpm further up to 5400rpm is a steady increase in fuel consumption.
[bookmark: _Toc130674927]5.2 Torque (nm) against Engine Speed (RPM) 
· Torque – Measured in newton metres, this data shows how many newtons per interval on the graph.
Torque against engine speed correlates directly to what most people would look for in an engine's primary data analysis results; it correlates per engine revolution, the torque value produced either decreases or increases. The graph shows the torque initially starts around 80nm from 1000rpm, which goes up to approximately 3800 rpm; the peak of torque is gained at around 100nm, in which from further rpm to 5400rpm, the torque is lowered to about 75nm; this graph represents the torque curve in where the engine has peak torque for acceleration whilst meaning where torque dips.
[bookmark: _Toc130674928]5.3 Brake Power (Corrected Power (kW) against Engine Speed (RPM))
· Brake Power – Measured in Kilowatts, this data shows the efficiency of corrected power using conditions of the environment and surroundings being theoretical and not raw data pulled from the sensors.
The brake power is calculated from ambient pressure in kilopascal (KPA), which is 101.89 divided by Barometer measured in millibars in brackets; from this, it is squared. Further, in brackets is the ambient temperature measured in Kelvin, which is 300.15 divided by 293. This is multiplied by what is in separate brackets, calculated as power multiplied by 1000. All of this results in the corrected power answer measured in Kilo Watts. Corrected power shows the theoretical value when the ambient temperature of the atmosphere and ambient pressure of the atmosphere is considered, not just the raw calculated power of the engine. From the graph shown, as the engine speed increases, the correct control is on a positive correlation trendline, towards 4200rpm the graph does stable out, and at 4600rpm, it steadily decreases until the end of the 5400rpm; this shows the max peak figure of the engine speed and power produced from the engine peaking at approximately 4600rpm.



[bookmark: _Toc130674929]5.4 Lambda against Engine Speed (RPM)
· Lambda – Lambda is the air-to-fuel ratio measurement, which is standard at 14.7 air to 1 fuel. Anything over 1.00 is rich, meaning the percentage of fuel is higher than the expected 14.7 ratios equalling 1 Lambda compared to air. Anything above 1.00 Lambda is lean, meaning there is more air than the standard 14.7:1 ratio. A rich lambda, for example, would be 13.23:1, equalling 0.9 Lambda, and a rich balance, for example, would be 16.17:1, equalling 1.10 Lambda.
Lambda and against speed are helpful for performance applications compared to gaining performance; typically, a lean mixture ratio is better for performance at around 0.9 Lambda or 16.17 air-to-fuel mixture ratio. This is partially why turbochargers increase power from an engine, as engines want more air than fuel, although this is in specific amounts. The graph shows a vibrant reading, possibly due to the custom air filter and exhaust system on the engine for the dynamometer, at the rpm of approximately 3800rpm, steadies off to approximately just above 1.00 Lambda, which is more of an ideal reading.





















[bookmark: _Toc130674930]6.0 Evaluation
In the evaluation of the results shown in an exciting factor for each graph, from lambda readings to correct power and engine speed, representing a wide variety in data showing how factories and performance analysts can utilise the data to increase performance or comfort or even miles per gallon depending on the application. I performed the tasks set to a well-structured standard through an explanation of the data analysis and calculations; the investigation could have been improved with an investment into ensuring the sustainability of the engine was reliable and increasing the ran tests, creating a mean average overall.

[bookmark: _Toc130674931]7.0 References
1.1 Introduction and Aims – (Joe Terrell, 2020) – Accessed on 23/03/2023
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