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[bookmark: _Toc1868961216]Introduction 

In this assignment, an engine dynamometer will be used to assess the characteristics and performance of a 1.6L Honda VTEC engine. A dynamometer uses an applied load to a running engine to create a simulation of the vehicle driving on the road. (V.A.W Hillier,2012). This is an effective way to evaluate an engine under controlled conditions as it provides written properties which can be used in calculations to further improve knowledge on the engine. 

Aim 1 – To determine the engine characteristics and performance of a 1.6L Honda VTEC Engine. Using the applied load and engine speed values to complete further calculations on the engine performance. 
Aim 2 - To analyse the results from the engine dynamometer test and explain why these results are seen. Using graphical representation to present findings. 
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[bookmark: _Toc850149332]Chapter 1.1 - Equipment required
· Dynamometer
· Engine (1.6 VTEC Honda)
· Sensor recorder modules
· Exhaust extraction system
· Fuel supply board
· Extraction pipe
· Alternative silencer
· Sensors (i.e., lambda sensor, coolant temperature sensor)
· 2 Calibration arms 
· Mass for calibration arms 
· Control room with computer system

[bookmark: _Toc1771613180]Chapter 1.2 - Procedure
When completing an engine dynamometer test, there are numerous ways they can be conducted. Within the practical lectures of this assignment, the engine will be manually tested, and sweep tested to collect the data required. 
[bookmark: _Toc2130023508]1.2.1 Manual Examination
1. Two dials are used, the engine and dyno dials. The engine dial controls the rpm of the engine from the throttle box. The dyno dial controls the load, it does this by managing the current flowing to the dynamometer to produce a magnetic field to slow the engine down and reduce torque. 
2. To begin the test, ensure the dyno mode on the computer is set to torque and the throttle is on direct.
3. Ensure everyone is safely in the control room and the door is completely shut. 
4. As throttle increases, the rpm of the engine increases. When the load decreases the engine revs are free to increase the rpm. 
5. Other parameters can be added to further increase knowledge of the engine performance.
6. Once the test is completed, the engine must be brought back to idle. As the load comes off, the revolutions increase in the engine and less horsepower is needed to overcome the force.
 
[bookmark: _Toc1902762585]1.2.2 Sweep Test
1. Start the test at 1000rpm and finish is 5500rpm, recording the data every 50rpm. The test does not pause at every increment, it just takes the recording and so the sensors are always lagging compared to the rate of the revs. Therefore, less accurate results are gained from a sweep test rather than a step test, but a sweep test ensures the engine does not overheat.
2. Set the total ramp time from start to finish. 
3. End the test at 0% throttle and allow 5 seconds to get there. 
4. Ensure 100% throttle into the throttle controller and let the dynamometer control the speed.
5. Ensure everyone is safely in the control room and the door is completely shut.
6. Start the test, the engine revs will increase.
7. The computer system will record the load in newtons at each rpm, fuel rate in l/min and lambda throughout the test. 
8. To gain the maximum torque the engine can produce, the engine is operated at full throttle and the load is applied. Once the load is limiting the engine speed, this gives the maximum effort that can be provided. 





[bookmark: _Toc1622567829]Chapter 2 – Analysis of results 

[bookmark: _Toc2109857307]Chapter 2.1 - SFC against engine speed
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Figure 2.1 - A graph to show the relationship between SFC (kg/kWhr) and Engine Speed (rpm).
From figure 2.1, it is seen that as the engine speed in rpm on the dynamometer increases, the SFC in kg/kWhr decreases until approximately 1200 rpm, whereafter there is a slow increase in SFC. This shows that the SFC is lowest toward middle rpm range. This is supported by Edgar (2012) who explains that the reason for SFC being lowest in the midrange of the engine speed is because the time for heat from combustion to enter the cylinders increases, reducing the specific fuel consumption. SFC increases to its peak at higher engine speeds due to increased frictional losses. According to Scribd (2007), the reason for high SFC values at low engine speeds is because there is an increased time per cycle for fuel consumption and heat loss to increase. It is said that SFC is also dependent on the air/fuel ratio as when the mixture is closest to the stoichiometric ratio, the lower the fuel consumption. (Scribd, 2007). From the results shown in the appendix as figure A.1, it is also seen that when the fuel flow rate is closest to 1 l/min, the lower the SFC value is.
[bookmark: _Toc1026893388]Chapter 2.2 - Torque against engine speed
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Figure 2.2 - A graph to show the relationship between Torque (N/m) and Engine Speed (rpm).
From figure 2.2, it is seen that the middle range engine speed shows the highest torque value. As engine speed increases, more fuel is consumed and so the piston cranks turn with a higher torque, this is explained at approximately 2600 rpm in figure 2.2 where the engine is gaining the biggest charge of air and fuel mix. When the engine operates at mid-range speed, substantial amounts of air and fuel can be drawn in due to the time between power strokes. This leads to higher pressured combustion from the improved air/fuel mixture, leading to a higher engine torque value. (V.A.W Hillier, 2012). After 3500 rpm, the graph shows that torque begins to decrease with rpm, this is because limiting factors such as friction, inhibits torque’s ability to produce motion. Also at higher engine rpm, the time for combustion within the engine reduces and so torque within the engine decreases as torque is generated by combustion forces created by the piston. (Bite-sized Science, 2020). When the engine performs at low speeds, the air intake system moves slowly and so can lead to the cylinder not being fully filled and therefore leading to reduced torque. The graph shows the curve is not smooth, V.A.W Hillier (2012) explains that this could be due to differing angles between the connecting rod and the crankshaft. For example, at 3000rpm there is an unpredicted drop in torque away from the curve, this may be due to the connecting rod and crankshaft being at an acute angle which makes it more difficult for engine torque to be transferred to the crankshaft. 
[bookmark: _Toc1285322794]Chapter 2.3 - Brake power against engine speed
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Figure 2.3 - A graph to show the relationship between Brake Power (W) and Engine Speed (rpm).
The graph shows a steep increase in brake power as engine speed increases. At approximately 4500 rpm show in figure 2.1, brake power begins to decrease as engine speed increases to the higher rpm range. At higher rpm engine speeds, the charge of air and fuel entering the engine reduces due to having less time to draw them in and so engine power reduces as engine speed reaches its maximum. (V.A.W Hillier, 2012). This is also seen in the torque graph shown in figure 2.2 whereby torque decreases at higher rpm. At lower engine speeds, power is also low due to the inlet valves opening for less time due to the engine not needing as much air and fuel.




[bookmark: _Toc1281551086]Conclusion

[bookmark: _Int_zhzSIOI2][bookmark: _Int_9SDrS1rU]To conclude, it can be said that the torque and brake power produced by the engine is directly related to the amount of air and fuel drawn in by the valves at particular engine speeds. This is supported by figures 2.2 and 2.3 as when the optimum air and fuel ratio is gained by the engine, the torque and power values are at their peak. This is found at mid-range engine speeds where enough time is allowed for air and fuel to enter and combust as well as being fast enough to enter. (V.A.W Hillier, 2012). SFC also shows to be lowest at mid-range engine speeds, this means that the engine is most fuel efficient at this stage. 
Differing vehicles have differing needs in terms of torque and power. Automotive Training Center (2022) explains that race cars run at extremely high rpm speeds and so resulting in lower torque values. This is so the race car can produce high power at peak engine speeds, therefore sacrificing some torque. However, this sports car would then be unable to pull high loads at lower engine speeds due to the lack of torque, therefore this is why road cars designed to pull trailers are manufactured with higher torque. (Automotive Training Centre, 2022; V.A.W Hillier, 2012). 
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When completing the manual test, I performed well at adjusting the engine and dyno dial. I ensured that I did not increase the engine rpm too quickly against the load is if the rpm of the engine is too high the engine will struggle to withstand higher loads. I ensured that I added rpm at a steady rate increasing the load in small increments each time. 
To improve my performance in the test, I could have repeated the manual test dynamometer runs to gain a more accurate set of results for the Honda 1.6L VTEC engine. This would enable me to get an average set of results to iron out any inconsistent results and anomalies. This would then produce a smoother curve on the graphs to get a more accurate peak engine speed for torque, power and SFC.
To further improve the test, I could programme the software to calculate the torque and power values from the dynamometer run instead of manually calculating them. This would produce a more accurate set of results as it will ensure rounding values do not affect the results and any human error would be avoided. 
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Table A.1 - A table to show the recorded and converted results from the dynamometer test.
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Table A.2 - A table to show the values of the engine size and the load arm radius from the test.
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Figure A.1 - A table to show the recorded and calculated values from the dynamometer test.
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