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[bookmark: _Toc225059109]Introduction

The aim of this report is to evaluate and test the performance of a Honda engine through dynamometer (dyno) testing. This involves calculating the corrected power of the engine, the engines torque, the engines brake mean effective pressure (BMEP), specific fuel consumption (SFC) and the engines thermal efficiency, all from raw test data. While also analysing the relationships between the SFC and fuel consumption, the torque and engine speed and the brake power of the engine against the engines speed. These relationships were compared with graphs plotted in excel. Engine performance testing is important as it is fundamental to understanding how efficiently an engine converts the fuel/air mixture into useful power, which is critical in automotive development and design, as well as most motorsport categories. A dyno is the standard tool for this as it is the industry standard method for measuring engine output under controlled conditions. With increasing pressure on cars’ fuel efficiency in the automotive industry, understanding parameters like SFC and the thermal efficiency of engines is more important than ever.
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Figure 1 - the dyno setup with the Honda 1.6L VTEC engine
Dynamometer – A Schenck WS230 was used to gather all raw data in this experiment. This dyno is rated for “230Kw of power at 10,000 RPM (UWTSD WISA Workshops, 202AD) using a strain gauge that sends a 0–10-volt signal to the computer to measure the torque output
[image: ]
Figure 2 - Safety label on the side of Schenck dyno (UTWSD WISA Workshops, 202AD)

Engine – The engine used was a 4 cylinder “Honda 1.6L VTEC from 2000-2001 (D16 model)” (UWTSD WISA Workshops, 202AD)

Fuel supply system – a main fuel tank that is located and stored within the fuel safe, a lift pump, fuel filter, fuel flow meter, secondary swirl pot, main fuel pump, fuel pressure regulator and a cooling plate (for the fuel return line)

Sensors – coolant temperature sensor, lambda sensor, throttle position sensor, engine speed (RPM) sensor 
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The standard method for an engine dynamometer power test goes as follows:
1. Warm up your engine to operating temperature (“For petrol engines, the recommended temperature range is between 85 °C and 105 °C.” however, “The optimal operating temperature for a diesel engine is between 75 °C and 95 °C.” (Yevhen Pashchenko, 2025))
2. “Once you are at a wide-open throttle leave the throttle there while you move between desired test rpm points with the brake’s load valve. Record the findings from the dyno test.” (autoscopecarcare, 2020)
3. Once each RPM value has been passed, and the data has been recorded, the throttle can be reduced until the engine runs at idle (no throttle applied). Here, you can conclude your data collection.
4. However, it is recommended to complete more than one dyno test to be able to prove that your results are not one-off values and are accurate, reliable and repeatable.
5. The collected data can then be examined to see how much power your engine is currently operating on and how much torque is it producing.
6. 
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See excel spreadsheet for more information on the raw data, the corrected power, the engine torque, the BMEP and the SFC and the overall thermal efficiency of the engine. The data was given to us due to the dyno being broken and not in a working state to collect data

Figure 3 - Graph showing the relationship between SFC and Engine RPM













This graph shows how the Specific Fuel Consumption varies with the RPM of the engine. At the lower end of the engine rpm the SFC is high, this could be due to the tune on the engines ECU using more fuel to get the engine up to temperature or maybe to be able to have a high torque output with low rpm for towing or heavy load bearing. As the engine RPM increases the SFC also increases at a steady rate until about 3400 RPM where there is a dip in the SFC. This could be due to the manufacturer (Honda) putting a tune on the ECU so that the engine is more fuel economic at highway speeds for long distance travel, almost like a “cruising window” in the engines RPM. You can also see where the engine starts to pick back up in fuel consumption, just after the small “cruising window” going back to the regular power delivery and fuel consumption. You can also see where the engines VTEC system starts to engage at roughly 5300RPM as the SFC increases sharply compared to how it was increasing before the 5300RPM mark.

Figure 4 - Graph showing the relationship between Engine Torque and Engine RPM
This graph shows how the Honda engines torque changes with the engine speed. The dips in the torque can be due to a “volumetric efficiency drop, as at specific rpm points the engines’ ability to “breathe efficiently” can temporarily decrease. The timing of the intake and exhaust valves opening and closing won’t suit every rpm range equally, so there are points where filling the cylinder [with the air/fuel mixture] will be less efficient than others.” (Anthropic, 2026). The torque then slowly drops off towards the higher end of the RPM range, this is due to the intake valves not being open for a long enough time to be able to fully fill the cylinder with the air/fuel mixture properly before the valve closes again so there is less combustible material in the cylinder, leading to a weaker combustion event, which will produce less torque.


Figure 5 A graph showing the relationship between engine power and engine speed
Here, you can see how as the engine speed increases the power also increases, at a roughly constant rate. This trend is true until ~3500RPM is passed where the power suddenly increases, likely due to the Honda engines VTEC system kicking in and giving the engine more available power. Between the ~3500RPM mark and the ~4800RPM mark is what is commonly referred to as the engines “power band”. This is where most of the engines power lies as too little rpm, and you do not have maximum power, but too much rpm and the power decreases as , like stated with the torque, the valves are not open for a long enough time to be able to allow the maximum fuel/air mixture into the cylinder, leading to a weaker combustion event, leading to less power.

 
Figure 6 A graph showing engine power against engine speed and engine speed against torque
Here, you can see the power and torque crossover point at approximately 3800-4000RPM, this is where the power starts to decrease the rate that it was increasing at, due to the drop in torque. However, this does not make the power drop off as the engines RPM can currently make up for the lack in torque as . So, this means that if the torque decrease is not too severe, then the increase in rpm can make up for the lack of torque, so the power can stay at the same level, or maybe even still increase. You can also tell from the graph that the engines most efficient operating range is between 2400-3800RPM, so you would want to keep the engine within this range during long distance trips or in economy driving. This is due to the engine producing maximum torque while not using excessive RPM.
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The results gathered from the dyno testing for the d16 Honda VTEC engine provide a detailed insight into the engines performance characteristics. we can observe from the graphs that for a 1.6L Naturally Aspirated (NA) engine that a peak of 44.44Kw (59.59Bhp) is relatively low. This can be down to several factors, but mainly due to the engine running a lean mixture of fuel and air. This can be believed to be the cause as the lambda value is constantly above a value of 1, reaching a peak of 1.32, which would prove that the engine is not injecting enough fuel into the cylinder to be able to produce an efficient combustion cycle. Another reason to believe that the engine is running a lean mixture of air and fuel Is due to the calculated ratio of the air to fuel mixture which reaches a peak of 19.44, meaning that for every 1 part of fuel in the mixture, there are 19.44 times more air than fuel in the cylinder. A higher combustion temperature is also produced from this lean mixture (due to there being no unburned fuel available to absorb the excess heat) which could damage engine internals like pistons, valves and cylinder heads if the temperature becomes excessive. 
However, a lean mixture is not always a bad thing as due to there being less fuel in the cylinder there is a high likelihood of all the fuel being burned, so a better fuel economy would be reached, while also reducing hydrocarbon emissions as less unburned fuel will exit the exhaust system. But while there are positives to running a lean mixture in your engine, it has a lot more negatives so manufacturers tend to get the engines tune as close to being at a stoichiometric (“the exact proportion of air and fuel at which a complete, balanced chemical reaction occurs, meaning all the fuel is burned using all the available oxygen in the air— no excess fuel or oxygen remains.” (Parker, 2025)) point as possible. This is due to it being the most optimal ratio of fuel and air to which all the reactants in the engine cylinder is burned.
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During this experiment, the corrected power, torque, BMEP, SFC and thermal efficiency were all successfully calculated from the raw dyno data, and the relationships between the parameters were analysed through graphical results. The testing revealed that the Honda D16 VTEC engine produced a peak torque of approximately 104Nm at ~2400RPM, with peak power of approximately 45Kw achieved at ~4600RPM. The wide torque peak observed between ~2400 and ~3800RPM indicates a flexible engine, suited to a wide range of operating conditions. But beyond ~4600RPM both power and torque declined as volumetric efficiency decreased and friction losses increased, marking the effective limit if the engines useful operating range.

[bookmark: _Toc225059115]Evaluation / Reflection

Unfortunately, I was unable to complete the dyno test myself. This was due to the dyno still being under repairs throughout the second term of the academic year. Due to this, a way to improve the investigation as a whole would be to complete the dyno test myself, as well as completing it 3 times to be able to gather an average of all of the collected results to prove that they were accurate and repeatable.
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Power and Torque v Engine speed
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