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[bookmark: _Toc225634744]Introduction
In this report I will be discussing data acquired from a dyno run done by Mark Fall, setting the data into tables with relevant graphs to go with them. Once data is sorted and required calculations are complete, an evaluation will follow outlining the aims of the tests, the equipment used, and conclusions from results.


[bookmark: _Toc225634745]The aims of the test
The tests run on the dyno were done to determine multiple factors such as torque and power across a range of engine speeds, establish performance curves (torque vs RPM, power vs RPM) and Measure fuel flow whilst the engine is running on the dyno. With these sets of recorded data, it allows for other characteristics to be calculated, such as the Specific Fuel Consumption (SFC), Corrected Power, and Torque, BMEP, and thermal efficiency. 
These sets of recorded data are characteristics of the engine’s performance and efficiency capabilities, which helps engineers to understand the principles of the engine to then further tune or diagnose an engine, or to simulate real world driving conditions on the dyno using controlled loads, whilst still being inside a lab, and with the engine out of the car.
[bookmark: _Toc225634746]Testing equipment
The dyno used for the testing of the Honda D16 engine is a Schenck WS230. The engine itself is connected to the dyno via a driveshaft, which directly comes from the crank, also meaning whatever the RPM of the dyno is, the engine is also at that RPM. There are fuel lines and pumps which feed the engine fuel as needed, as if it were in a vehicle. As this is an enclosed room, an exhaust extraction system is also used to keep the air clean from any exhaust fumes that can cause harm to health. The engine is controlled with the main computer, which also controls the dyno from its software, and this is run in manual mode to control the test personally, or in an automated mode where the software tests the engine to set parameters. 



[bookmark: _Toc225634747]Method Used
Manual mode is controlled completely by the user running the dyno themselves, they can increase and decrease engine RPM, and dyno load/torque as desired to achieve a certain driving condition; an example of this would be high load, low RPM simulating driving up a hill in a higher gear. There are then automated tests which are done by the software, but the user enters parameters, these are effective for tests where accurate measurements are needed at different stages. For example, taking a measurement every 250RPM between 2000, and 4000 rpm to diagnose a problem. It is hard to manually achieve this, and a programme would be more efficient at it. Also, the RPM can be held there for a desired amount of time before moving onto the next RPM increment.


[bookmark: _Toc225634748]Graphs and Associated Questions
FIG 1: SFC VS ENGINE SPEED
Q1.
The SFC could vary due to numerous factors. At low speeds the SFC is quite high as combustion isn’t as efficient and complete, requiring more fuel down in the low RPMs, but then in the mid-range of RPM where the engine is running optimally, the SFC lowers as with optimality, the required amount of fuel is less as the combustion is more efficient. At higher engine speeds, the engine starts to experience mechanical and heat losses, such as friction from the pistons and bearings, and with all the extra load on the engine, more fuel is required to maintain the power output, and as seen, SFC rises again.

FIG 2: TORQUE VS ENGINE SPEED
Q2.
Torque is somewhat dependant on the efficiency of the fuels chemical energy being converted to rotational force and through the RPM range this can change. Down at low RPMs, the torque is fairly limited due to a fuel-richer mix, and the fact combustion pressures may be lower than optimal. But once the RPM increases, as does the mass amount of air being drawn in leading to a more efficient conversion, leading to higher torque. On the other hand, once RPM starts to climb too high, torque is expected to drop down due to increased friction, and temperatures leading to a less efficient conversion of energy, and limitations of airflow through the intake, and exhaust valves. This is why torque tends to peak around the middle-high range of the engine’s RPM range.
FIG 3: BRAKE POWER VS ENGINE SPEED
Q3.
Brake power varies with engine speed, lesser than what torque does but it does vary. As brake power varies with the mass of air entering the engine you tend to see a direct correlation which is proven in the above graph. As the RPMs increase, so does the volume of air, which is detected a mass airflow sensor, this then leads to more fuel being used thus creating more power. But much like torque, and SFC, at high speeds friction and heat play a big role in reducing the amount of potential power made; Brake power tends to peak quite late in the rev range unlike torque where it is more middle-high in the range.


[bookmark: _Toc225634749]conclusions from your test results
From the data collected during this dyno run there are noticeable relationships between RPM with other factors such as brake power, torque, and fuel consumption. As the engine speed increases you can see the fuel consumption increase, along with the brake power and torque increasing at their respective rates. This is generally quite a common correlation, and these correlations align with theoretical expectations, as higher speeds require greater fuel consumption and generally tend to make more power and torque. 
An observation I have made relates to torque, and brake power again where you notice both have a ‘tipping point’ as such, where both torque and brake power stop climbing up the graph, and start to drop back down. This ‘tipping point’ suggests that the engine speed has reached, and surpassed peak efficiency and begins to diminish. This is typically due to mechanical, chemical, and heat losses due to the high speed of the engine; incomplete combustion, heat dissipation to the intake manifold and friction all come under these types of losses.
This can be related to BMEP, which correlates to the efficiency of an engine.
[image: ]
FIG 4: BMEP VS ENGINE SPEED
As seen in the graph above, BMEP and engine speed correlate quite similarly to graph [fig 2] on torque. This shows the efficiency of an engine through the rev range and proves the correlation between engine RPM  engine efficiency  Torque & Brake Power as the efficiency greatly decreases as the engine speed increases too high.
There was some anomalies in my results however, the thermal efficiency calculations seemed to be completely off with some of them being over 200%, I know that is not normal for any engine whatsoever, that could be down to a calculation mistake or an anomaly in another area of the collected data from the engine that has caused this anomaly.


[bookmark: _Toc225634750]Evaluation of Personal Performance 
In terms of my own personal performance during this investigation, I believe I have been able to, for the most part, calculate and process data accurately, and to have provided neat, and cohesive graphs and tables displaying this data. I believe overall I have demonstrated a good understanding of this experiment, with the exception of calculating thermal efficiency with it somehow surpassing 200% in the higher RPMs, something that needs to be looked into further. 
The data recorded has systematically been organised using excel and with this, I managed to calculate most of the required calculations using commands within excel which overall led me to be efficient with my work, and calculations can be directly seen which can help an outside viewer interpret my work.
Although data has been organised well, some calculations have been long winded and I had to go back and re do them due to this, not that it is seen within my work but a couple hours of my time was spent figuring out what went wrong, just for it to be down to an unnecessary calculation. Furthermore, and going back to thermal efficiency, being able to correctly calculate that with the results and data processed I have personally done would be an improvement.
As for my depth of understanding to this experiment itself, I have been able to identify trends throughout the data collection, and processing which allowed me to recognise any anomalies within the data collection and processing.


[bookmark: _Toc225634751]Improvements to the Investigation
The investigation as a whole was interesting and it was successful in regards to demonstrating the expected relationship between engine performance and how certain aspects of it can vary, overall, it was a quality, and accurate investigation.
However, I feel one of the main drawbacks to this was that we only had to collect one set of data. Running the experiment a couple more times to confirm reliability and accuracy of the initial data collected would have been beneficial, relating further to this, running the experiment on multiple engines would be beneficial too, to see the characteristics of each; example being petrol vs diesel.
Another improvement would be to run the test in different temperature environments, ours was run at 27c with 46% humidity. Being able to physically see the differences between the data with the room being hot (less dense air) and cold (denser air) would be interesting, and how it would make a difference to how a petrol and diesel run in each condition.
A final improvement would be to analyse air : fuel ratio, exhaust emissions, and temperatures whilst the tests are ongoing to be able to see the correlation between air : fuel ratio, exhaust emissions and the temperature of exhaust gasses coming out under different loads from the dyno, and RPM from the engine. 


[bookmark: _Toc225634752]Conclusion
To conclude, the investigation was overall successful, and the data collected and processed seems to be accurate and to theoretical expectations, with exception to the thermal efficiency. The results showed clear trendlines and I was effectively able to compare results with cohesive graphs. I feel I have strongly evaluated my own data and calculations and provided feedback to the experiment with improvements with integrity. Overall, this experiment provided valuable insights into engine performance, and characteristics which highlighted both strengths, and limitations to the Honda D16 engine. Finally, learning more about the dyno itself and how it works with the main software, and the engine itself was insightful and definitely beneficial when it comes to physically visualising characteristics on engine principles.
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SFC (kg/kWh)


CORRECTED TORQUE VS ENGINE SPEED
1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	2550	2600	2650	2700	2750	2800	2850	2900	2950	3000	3050	3100	3150	3200	3250	3300	3350	3400	3450	3500	3550	3600	3650	3700	3750	3800	3850	3900	3950	4000	4050	4100	4150	4200	4250	4300	4350	4400	4450	4500	4550	4600	4650	4700	4750	4800	4850	4900	4950	5000	5050	5100	5150	5200	5250	5300	5350	5400	5450	5500	83.456400000000002	83.848895999999996	84.610223999999988	85.034543999999997	86.341775999999996	87.728160000000003	89.342207999999999	91.226351999999991	93.242688000000001	94.478927999999996	95.459759999999989	96.115007999999989	96.672336000000001	96.917952	96.823295999999999	96.99057599999999	97.580544000000003	97.866143999999991	98.063615999999996	98.693567999999985	99.680111999999994	100.24151999999999	101.01753599999999	101.83190399999999	102.11179199999999	102.838848	103.35455999999999	103.486752	103.37903999999999	103.26643199999999	103.17340799999999	103.01102399999999	102.94737599999999	102.69115199999999	101.927376	101.124432	100.93022399999998	100.68542399999998	99.975504000000001	99.418992000000003	99.314543999999998	98.836367999999993	98.837183999999993	98.614415999999991	98.406335999999996	98.605440000000002	99.252527999999984	99.699695999999989	100.313328	100.75559999999999	100.717248	101.35127999999999	101.23785599999999	101.157072	101.03303999999999	100.993872	100.783344	100.10035199999999	99.680111999999994	98.886143999999987	97.923264000000003	96.886943999999986	95.832671999999988	95.063999999999993	94.599695999999994	93.867744000000002	93.343056000000004	93.037055999999993	92.918735999999996	93.011759999999995	92.457695999999999	92.268383999999998	91.551119999999983	90.625776000000002	89.737967999999995	88.661663999999988	87.374015999999983	85.875839999999997	84.563711999999995	83.505359999999996	82.502495999999994	81.040958399999994	79.626503999999997	78.212457599999993	77.359492799999984	75.967641599999993	74.899497600000004	73.924540800000003	73.144118399999996	72.563289600000004	72.336278399999998	RPM

Corrected Torque (Nm)
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