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[bookmark: _Toc99339062]1.0 Introduction 
The purpose of this test was to take readings from an engine dynamometer cell, analyse and plot them in matlab to calculate such things as SFC, BMEP etc. Using these readings various graphs and maps were plotted, such as a heat map and double y axis graph of Torque and Power against engine speed at full load. 

[bookmark: _Toc99339063]1.1 Aims and Objectives
The main aim of this investigation was to take readings from the dynamometer and enter them into matlab to make calculations and graphical data, the graphical data generated will be heat graphs, double y axis graphs and 3D plotted graphs that displays pressures across all crank angles.
With a double y axis graph plotted for speed and torque against RPM, it will be clear where torque falls off and power picks up, as well as finding out what RPM torque and power peak at. A heat map will also be generated from calculations made within matlab, which will display best and worst specific fuel consumption at different loads and RPMs.



[bookmark: _Toc99339064]2.0 Dyno Testing
The Dynamometer used to test the engine is a Schenck WS230, which is an Eddy current dynamometer. This type of dynamometer uses a magnetic field to transfer torque from the crankshaft to a lever arm bearing against a static force gauge, also known as a load cell. (IQS Directory, 2022). The engine that has been tested on the dynamometer is a 1.6 VTEC (D16) engine from an early 2000’s Honda, it is connected to the dynamometer via a driveshaft connected to the crankshaft. This dyno will take measurements of torque and power transmitted through the driveshaft. (Britannica, T. Editors of Encyclopaedia, 2018). 

[bookmark: _Toc99339065]2.1 Testing Equipment and Methods 
The Dyno setup consists of the following:
· Sensor recording modules that feed the computers.
· Exhaust extraction system.
· Fuel supply board. 
The engine is self-contained on the rig with its basic functions controlled by Sensor recording modules that feed the computers. (UWTSD, 2020) 
Within the dyno cell the engine was controlled with manual mode, with one dial for engine RPM’s and one dial for the dynamometer itself to control the amount of current going to current entering it to put a load on the engine down which in result will increase torque. (UWTSD, 2020) 


[bookmark: _Toc99339066]3.0 Matlab
Matlab was used to create calculations and graphical data from the dyno data. Using matlab the Dyno data, taken from the Dyno cell, was entered so that multiple calculations could be made such as power, torque, BMEP, etc. these calculations are later used to plot graphical data such as a heat map.
[bookmark: _Toc99339067]3.1 Calculations 
Torque – the Torque, measured in Nm, is the twisting force produced by the engine, which is calculated by using: 𝑇 = 𝑊 × R. This was also used in the matlab script to calculate power and corrected power. Where: 
· W= load on dyno (N) 
· R= arm length (m) 
· T = torque (Nm)
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Figure 3.1.1 – Calculated Torque.
The table above shows the calculated torque, measured in Nm, as engine speed and torque increases.




BMEP – Brake mean effective pressure, measured in Pa, is the average amount of pressure pushing the piston down within the cylinder, this is measured in torque. (Balance Motorsport, 2018)
This was calculated using: BMEP = 60 × 2 × Ps / 𝐿 × 𝐴 × 𝑛 × 𝑁. Where: 
· L = stroke (m) 
· A = Area (m2) 
· n = number of cylinders 
· N = engine speed in (RPM)
· Ps = corrected Power (W) 
· BMEP = Brake Mean Effective Pressure (Pa) 
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Figure 3.1.2 – Brake Mean Effective Pressure.
The above table of results displays the calculated BMEP, measured in Pa, against engine load and engine speed.






Power – This is measured in Watts and is also known as horsepower. It is the rate that energy used and how long it takes the subject to reach its destination. Where: 
· N = engine speed (RPM) 
· T = torque (Nm) 
· P = power (W) 
(Toyota Canada, 2019)
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Figure 3.1.3 – Calculated Power.
The above table of results displays the calculated power, measured in Watts.








Specific Fuel Consumption – This is the quantity of fuel consumed for each unit of power. As displayed by graphs later, the lower the specific fuel consumption the more efficient the engine is. This is calculated by 𝑆𝐹𝐶 = 𝑉 × 𝑆𝐺 × 3600 / 𝑡 × 1000 × 𝑃s, Where: 
·  V=volume of flow (CC) 
· - t = time (s) 
· - SG = specific gravity of fuel 
· - Ps = corrected Power (kW) 
· - SFC = Specific Fuel Consumption (kg/kWh)
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Figure 3.1.1 – Calculated Specific Fuel Consumption. 
The table above shows the results from calculating the Specific Fuel Consumption, measured in (kg/kWh). This will later be used to plot a heat graph to show the best and worst specific fuel consumption at different engine speeds. 
(https://x-engineer.org/brake-specific-fuel-consumption-bsfc/#:~:text=The%20lower%20the%20brake%20specific,)%20around%20200%20g%2FkWh) . 



Thermal Efficiency – Thermal efficiency is the amount of work produced compared to the amount heat supplied. The thermal efficiency of most modern cars is around 30 to 35% which is quite poor. (The Japan Society of Mechanical Engineers, 2016)
Thermal efficiency was calculated using: ηT = 3600 x 1000 / SFC x CV. 
Where: 
· SFC = Specific Fuel Consumption (kg/kWh) 
· CV = calorific value of fuel (J/kg) 
· ηT = Break Thermal Efficiency (%)
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Figure 3.1.1 – Calculated Thermal Efficiency.
The table above shows the calculated results for thermal efficiency. These results will later be used to plot a double y axis graph which will put Brake Mean Effective Pressure (BMEP) and Thermal efficiency against engine speed.



[bookmark: _Toc99339068]4.0 Plotted Graphs/Maps
With the calculated set of data in matlab graphs/maps were able to be plotted. These will display the engine characteristics of different areas such as SFC and torque/power increase with engine speed.

[bookmark: _Toc99339069]4.1 SFC Heat Map Against Load and Engine Speed
This 2D graph/heat map displays the load and engine speed. It is evident from the graph that the results are incorrect, this is more than likely down to error in the code. 
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Figure 4.1.1 – Specific Fuel Consumption Heat Map.
 As seen above this heat map is displaying the Specific Fuel Consumption at various RPMs. This graph should show where the engine is most efficient, not just where the highest Specific Fuel Consumption is. This is more than likely incorrect down to error in the code. A correct table below will display what the graph should look like.
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Figure 4.1.2 – Correct Specific Fuel Consumption Heat Map.
This is what a correct Specific fuel consumption heat map should look like. This map was taken from x-engineer.org. on this graph it correctly displays at which engine speeds Specific fuel Consumption is most efficient. It is evident that the most efficient engine speed for specific fuel consumption is at around 3000-3500 RPM, at a load of 124.8 Nm. (Anthony Stark, 2017)

[bookmark: _Toc99339070][image: Chart, line chart

Description automatically generated]4.2 Double y Axis Graph of Torque and Power Against Engine Speed.Figure 4.2.1 – Double y Axis Graph of Torque & Power Against Engine Speed. 


This graph made within matlab displays the increase of torque and power against engine speed at full load. It is very clear that with the increase of engine speed torque and power increase. Evidently torque peaks at a lower RPM of 3000, where as power peaks at 6000 RPM. Torque also starts to fall of straight after engine speeds of around 3000 RPM, this is due to greater frictional losses and reduced volumetric efficiency within the engine. (McNally Institute, 2022).

[bookmark: _Toc99339071]4.3 Double y Axis Graph of Thermal Efficiency and BMEP
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Figure 4.3 – Double y Axis Graph of Thermal Efficiency and BMEP
The above graph displays Thermal Efficiency against Brake Mean Effective Pressure at full load. It is apparent that Thermal Efficiency begins to decrease almost immediately when the engine is under full load, due to higher frictional losses within the engine as well as heat transfer from within the cylinder and heat carried away by the exhaust gasses. 
This also relates to Carnot’s theorem, where it’s stated that the greater the change in temperature, the lower the efficiency of an engine. Which basically means that a greater difference in the ambient temperature compared to temperature of the burning fuel will result in lower thermal efficiency. (Rentar Environmental Solutions Inc, 2018)


[bookmark: _Toc99339072]4.4 3D Plot of cylinder Pressures across all RPM’s and Crank Angles. 
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Figure 4.4.1 – 3D Plot of Cylinder Pressures across all RPM’s and Crank Angles.
This 3D graph displays cylinder pressures across all RPM’s. it’s evident that under full load pressure is mostly equal after around 2500 RPM, although it does slightly fall off around 4500 RPM. This is because the engine is coming into its power band and a greater increase of air being drawn into the engine and fuel being burnt results in larger pressures in the cylinder. 

[bookmark: _Toc99339073]5.0 Conclusion 
The objective of this experimental procedure was to produce calculation and graphical data within matlab, evidently this has been completed. We can see from the results of the graphical data that this engine has a smooth power and torque curve, with torque falling off at the correct RPM’s. 
The graphical data obtained from BMEP versus Thermal Efficiency also show that this engine has very low thermal efficiency, which could be down to wear on the engine, as well as heat escaping via exhaust gasses and the cylinder walls. 
The increase of BMEP as RPM’s increase within the engine has also been shown, although this does seem to fall off after about 3000 RPM, which again could subsequently be down to a worn-out engine. 
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3 NaN NaN NaN NaN NaN 08347 09268 10302 13745 14076 NaN NaN NaN NaN
4 NaN NaN NaN NaN 07201 07677 08551 0954 11781 13737 16119 NaN NaN NaN
5 NaN NaN NaN 06135 07078 07085 07916 08831 10593 13443 14380 16386 NaN NaN
6 NaN NaN NaN 05737 06376 06528 07249 08093 0969 11072 13037 14905 19156 NaN
7 NaN NaN NaN 05180 05798 06072 06736 07572 08719 10209 11892 13352 16053 19834
8 NaN NaN 04227 04764 05222 05653 06205 06963 07904 09326 10852 12025 13974 16627
9 NaN NaN 03768 04174 04561 05091 05582 06151 07082 08490 10058 11078 12582 14858,
10 NaN NaN 03450 03702 04302 04676 05063 05532 06354 07807 09390 10269  1.1484 13424,
11 NaN 0265 03040 03382 03901 04153 04568 05055 05870 07060 08474 09423 10560 12024
12 NaN 02446 02574 03110 03393 03675 04060 04588 05419 06371 07543 08568 09772 11176
13 NaN 02004 02185 02631 02933 03166 03554 04046 04827 05626 06677 07730 08892 10203
14 NaN 01659 01934 02256 02517 0279 03141 03598 04259 04965 06023 06942 08197 09433
15 NaN 01402 01632 02004 02300 02539 02876 03249 03792 04458 05397 06184 07367 08470
16 NaN 01214 01488 01771 02013 02233 02538 02946 03428 03997 04830 05531 06601 07637
17 NaN 01045 01309 01581 01770 01994 02232 02544 03050 03600 04296 04994 05845 06768
18 0089 00938 01166 01405 01582 01777 02007 02252 02735 03263 03879 04562 05375 06250
19 00802 00841 01036 01238 01453 01622 01838 02031 02468 03018 03538 04194 04349 05828
20 00634 00779 00951 01149 01320 01505 01654 01861 02226 02785 03343 04026 04778 05633
21 00619 00827 00973 01155 01352 01554 01686 01877 02307 02880 03672 04683 05587  0639%
22 00777 01149 01307 01573 01653 02076 02484 02652 03610 04082 05415 06733 08319 08755





image6.png
[ nT x|

[ 22x16 double

1 2 3 4 5 6 7 8 9 10 1 12 13 14
1 NaN| 03123 0.1955 0.1354 0.1118 0.0938 00822 00744 0.0567 00553 0.0495 0.0481 0.0387 0.0370
2 NaN NaN NaN NaN NaN 0.0939 00818 00751 0.0580 0.0556 NaN NaN NaN NaN
3 NaN NaN NaN NaN NaN 0.0999 0.0900 0.0810, 0.0607, 0.0593 NaN NaN NaN NaN
4 NaN NaN NaN NaN 0.1158, 0.1087, 0.0975 0.0876 00708 0.0607, 00517, NaN NaN NaN
5 NaN NaN NaN 0.1360, 0.1178 0.1177 0.1054 0.0944 00787 0.0620 0.0580 0.0509 NaN NaN
6 NaN NaN NaN 0.1454 0.1308 0.1278 0.1151 01031 0.0860 00753 0.0640 0.0560, 00435 NaN
7 NaN NaN NaN 0.1610, 0.1439 0.1374 0.1238 0.1102 0.0957 00817, 0.0701 0.0625 0.0520 0.0421
8 NaN NaN 0.1973 0.1751 0.1597, 0.1475 0.1344 0.1198 0.1055 0.0894 0.0769 0.0694 0.0597 0.0502
9 NaN NaN 02214 0.1998 0.1829 0.1638 0.1494 0.1356 0.1178 0.0982 0.0829 00753 0.0663 0.0561
10 NaN NaN 02418 02253 0.1939 0.1784 0.1648 0.1508 01313 0.1068, 0.0888 00812 00726 0.0621
11 NaN 03138 02743 0.2466 02138 0.2009 0.1826 01650, 0.1421 0.1181 0.0984 0.0885 0.0790 0.0694
12 NaN 03410 03241 0.2682 0.2458 0.2270 0.2054 0.1818, 0.1539, 0.1309 0.1106 00974 0.0854 00746
13 NaN 04162 03817, 03170 0.2844 0.2634 0.2347 0.2061 0.1728 0.1483 0.1249 0.1079, 0.0938 00818
14 NaN 05029 04313 03698 03313 0.2983 0.2655 02318 0.1958 0.1680, 0.1385 01201 0.1018, 0.0884
15 NaN 05948 04930 04162 03626 03286 0.2900 0.2567 0.2200 01871 0.1545 0.1349 0.1132 0.0985
16 NaN 06870 0.5606 04711 04144 03735 03286 0.2831 02433 0.2087, 0.1727 0.1508 0.1264 0.1092
17, NaN 07984 06370 05277 04712 04184 03738 03279 02735 02317 0.1941 0.1670, 0.1427 0.1232
18 09310 0.8895 07155 05938 05272 04694 04156 03703 03050 0.2540 02150 0.1828 0.1552 0.1334
19 10404 09912 0.8050 06739 05742 05144 04538 04107 03380 02763 0.2358 0.1989, 0.1686 0.1431
20 13148 10714 08773 07260 06317 05542 05042 04482 03747 0.2995 0.2491 02072 0.1746 0.1481

21 13470 1.0085 0.8573 07219 06172 05367 0.4947 04445 03616 0.2896 02154 0.1781 0.1493 0.1304
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