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[bookmark: _Toc130657683]1.0 Introduction

In this report, we will be analysing and discussing the results of a recent workshop experiment that has been carried out in order to obtain crucial performance data from a Honda D16 engine. Using the data recorded from the dynamometer cell, we can calculate a larger set of data using Microsoft Excel, this data is then used to analyse and compare the technical characteristics of the engine. This process allows for an accurate understanding of how the engine is set up, which is necessary when tuning or modifying. By the end of this experiment, we will have successfully built a database of quantitative information and potentially used the results to identify any areas which could be improved for a gain in performance.

1.1 [bookmark: _Toc130657684]Engine Specifications

The engine used in this experiment is an imported 2000-2001 Honda D16. The technical specifications and features of the engine used for this experiment are listed below:
· Total Displacement: 1590cc
· No. of Camshafts: 1
· No. of Valves: 8
· No. of Cylinders: 4
· Aspiration: Naturally Aspirated
· Four-Stroke Internal Combustion
· Fuel Injection Controlled by an ECU
· VTEC (Valve-Lift Technology)
· Fuel: Unleaded 
· Ignition: Spark
 

[bookmark: _Toc130657685]2.0 Methodology

[bookmark: _Toc130657686]2.1 Equipment and Setup
In order to carry out this experiment, a plethora of specialist equipment is needed so that the rig can be entirely self-contained and controlled remotely by a PC. The equipment used must be able to simulate real-world driving conditions so that the data acquired from the experiment is representative of the engine’s real-world driving and performance characteristics.
The key equipment used in the setup for this experiment is listed below.
· Dynamometer. The dynamometer used is a Schenck Pegasus W230. This is a basic engine dynamometer which has a maximum load rating of 230kW and is limited to 10,000 RPM. The crankshaft is attached directly to the dynamometer via a driveshaft with a Universal Joint at either end. The dynamometer uses electromagnetism to apply an opposite load, the applied load is recorded, as well as the engine speed and coolant temperature.

· Sensors and Recorder Modules. The four main sensors in the rig are used to record coolant temperature, engine speed, lambda readings, and fuel flow rate. The outputs from these sensors are sent to the sensor control modules, where the data is relayed to a PC in the control room.

· Fuel Supply Board. This comprises all the parts of a vehicle’s fuel system and can replicate the fuelling system of a vehicle (for both carburettor and fuel-injection engines). It is connected to a fuel safe where the fuel is pumped through a filter and flow meter before it’s sent to the injectors via a fuel regulator.

· Exhaust Extraction System. This is used to extract exhaust gasses outside of the building, which is highly important as inhaling odourless gasses such as carbon monoxide can lead to irreversible damage or even death.

· [image: A picture containing parked, yellow, miller

Description automatically generated]Strain Gauge. This is a piece of equipment used to measure strenuous forces. It’s mounted to both the base and outer casing of the dynamometer and measures the force applied to it by the outer casing once a load is applied. The output sent to the control room is between 0V and 10V.

· Throttle Actuator Box. This is an electronic device connected to the throttle body of the engine which is used to remotely control the throttle’s position. When an input is made in the control room, it’s replicated by the actuator box so that the throttle can be operated safely.
Figure 1 Engine Dynamometer Setup

[bookmark: _Toc130657687]2.2 Data Acquisition
In the control room, a PC is used to control and monitor everything happening in the dynamometer cell. From the PC, the user can remotely start the engine and use the software to run a sweep test. To start the sweep test, the parameters for the test such as ramp time, start/finish RPM, and log interval need to first be entered manually. After this, the software will run the engine up to the maximum desired RPM, while logging the signals from each sensor at every interval. Once the test is over and the engine has returned to idle, the software will have produced a graph and spreadsheet to display how each sensor/output value is affected by the engine speed and load that is applied.
Atmospheric data such as ambient temperature, humidity, and ambient pressure are also recorded. These values can be used alongside the test results to calculate valuable data such as thermal efficiency, fuel consumption, and corrected power. The raw data is then added to a spreadsheet in Microsoft Excel, where any desired values can be calculated and represented in a graph or table. 
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Figure 2 Control Room PC Software


[bookmark: _Toc130657688]3.0 Results
Figure 3 Torque vs SFC

Peak Torque = 103.5 Nm / 76.3 lb-ft @ 2350 RPM

Figure 4 Torque Dyno Graph
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Description automatically generated with medium confidence]Figure 7 Table of Values used In Excel
Figure 6 SFC vs RPM
Figure 5 Brake Power Dyno Graph

Figure 8 Air/Fuel Ratio vs RPM

[bookmark: _Toc130657689]Peak Power = 44.4 kW / 59.5 BHP @ 4700 RPM

Figure 9 Corrected Power Dyno Graph
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3.1 Calculations

The equations used to calculate our results are as listed below.

· Torque (Nm)  = Load Applied * Distance to Pivot

·  Brake Power (kW) = ((Torque * 2PI * RPM) / 60) / 1000

· Corrected Power (kW) = ((1.01325 / Ambient Pressure) * SQRT(Ambient Temp/293)) * Corrected Power

· Thermal Efficiency (%) = ((Brake Power * 3600) / ((Fuel Flow Rate * 60) * Calorific Value of Fuel) * 100)

· Specific Fuel Consumption (Kg/kWhr) = ((Fuel Flow Rate * 60) / Corrected Power)

· BMEP (Bar) = (4PI * Torque) / ((Displacement / 2) * 100)




4.0 Data Analysis

[bookmark: _Toc130657690]4.1 Specific Fuel Consumption vs Engine Speed
Specific fuel consumption (SFC) is defined as the relationship between the mass of fuel being consumed and the amount of power being produced by the engine. In this case, as shown in Figure 3, the Honda engine consumed the highest mass of fuel per kilowatt-hour when the engine speed was at its highest. The SFC was also higher around the start of the test at 1000RPM. This is to be expected as most production car engines are designed to operate at peak efficiency under regular, everyday driving. The engine was most efficient between 1250RPM and 3000RPM as a road-going vehicle will typically spend most of its life in this in this range.
[bookmark: _Toc130657691]4.2 Torque vs Engine Speed
Figure 4 is a graph to show how the torque produced is affected by the speed of the engine. As shown, the torque exerted by the engine reached its peak of 103.5 Nm at 2350 RPM, which can be explained by volumetric efficiency. The volumetric efficiency of a naturally aspirated engine is the total mass of air entering its cylinders compared to the theoretical maximum volume (Nutter, 2017). As the torque peaks at 2350 RPM, this is most likely where the peak volumetric efficiency is achieved too, as a higher mass of air in the cylinder combined with the correct amount of fuel will cause a more powerful explosion, exerting more force on the piston.
[bookmark: _Toc130657692]4.3 Torque vs SFC
Figure 3 shows the correlation between torque and SFC, as we can see, the two lines in this graph appear to have an opposite correlation to one another. This means that when the torque output is at its peak, the specific fuel consumption becomes more efficient. Once again this is due to volumetric efficiency, as a higher mass of air entering the cylinders can cause a larger explosion. In other words, less fuel is needed in order for the engine to produce the same amount of torque and power.
[bookmark: _Toc130657693]4.4 Power vs Engine Speed
As demonstrated by Figure 5 and Figure 9, the engine power output increased with the engine speed in a linear fashion with a peak at 4700RPM on both graphs. The brake power data was corrected to account for the atmospheric conditions of the dynamometer cell using some of the values shown in Figure 7. The differences between the results are negligible, however, this shows that atmospheric pressure, temperature, and humidity can have an impact on the results.
Unfortunately, these results show that the peak power output is significantly lower than expected. The most plausible explanation for this is that the air filter used in the experiment was not designed for this application, as it was previously used on a lawnmower. This has likely caused the engine to run lean, causing a less efficient burn during the power stroke.
[bookmark: _Toc130657694]4.5 Air / Fuel Ratio vs Engine Speed
Figure 8 further proves the suspected limitations caused by the air filter. The graph shows that the AFR reaches 19.4:1 (19.4 parts air for each part fuel) at around 2100 RPM. The ideal air/fuel ratio for an engine is usually around 14.7:1 as this allows for a clean, efficient burn without the risk of causing any damage. It’s likely that the engine would produce more power if this issue was rectified.

[bookmark: _Toc130657695]5.0 Conclusion

In summary, it can be said with confidence that the experiment has produced a variety of valid diagnostic data that can be used reliably to identify any wanted or unwanted performance characteristics of the engine. From this, we have learned that the ratio of air to fuel entering the cylinders is far from ideal, which should be rectified to increase both performance and reliability.
To evaluate, I believe that this experiment has been successfully carried out to the appropriate extent given the application. The raw data shown in Figure 10 contained no obvious outliers or false data which supports the methodology and mathematics used in order to produce our results. If this experiment were to be repeated, compression testing each cylinder of the engine would be recommended as this is something that cannot be recognised by any of the equipment used. Poor compression in any of the cylinders can lead to a loss in performance and could potentially be the reason for the previously mentioned power loss.
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SFC (kg/kWhr)



Air/Fuel Ratio vs RPM
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Parts Air To 1 Part Fuel



Corrected Power Dyno Graph

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	8.794060402728558	9.2771898731842057	9.807206668378134	10.304407495322721	10.917721733832643	11.555236297938736	12.238546184171378	12.977285951006504	13.755380804092706	14.435530761507941	15.08833766140113	15.69830280528689	16.298663485256885	16.850700900046402	17.344372065005832	17.885347579322989	18.508257683302908	19.078050888590237	19.633209539191238	20.279313950613215	21.007206778120018	21.653659426595343	22.353517021696288	23.070240468158698	23.671641560065858	24.382010755110418	25.048820223926448	25.626094077026419	26.144090245045557	26.659687446697202	27.179257130290718	27.67920945987904	28.204501409126941	28.675347999812068	28.999092380406868	29.303438667363388	29.778928418759804	30.23717828640412	30.550716311879835	30.904460669737041	31.395247056143436	31.764821152647844	32.285822477460677	32.732619215350468	33.182021282306039	33.768676039731972	34.513206859787566	35.193984503743394	35.93911291577944	36.628411619485064	37.145113721417069	37.912933431818104	38.403891787139735	38.906208689312514	39.390812793216277	39.907643871834708	40.355446627878614	40.609358731220169	40.964053217334026	41.158765021606627	41.273915407246655	41.347578292086709	41.402565352732466	41.57133564614216	41.866709454946395	42.037328414194839	42.294146792203833	42.645677050277406	43.080999162298276	43.61417588630961	43.841497296133255	44.237859850408086	44.37632062250794	44.405267290164545	44.443053160064125	44.377137474855303	44.192984561978022	43.887670949873325	43.662632427399394	43.556136377418468	43.467722858874289	43.124665939176538	42.791510989617883	42.443672904154361	42.388373719927451	42.025969867343697	41.829682827807581	41.67467434683941	41.620085394232419	41.671896189013822	41.922642344625935	Engine Speed (RPM)


Corrected Power (kW)
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Calorific Value of Fuel (KJ/Kg) 45800

Ambient Temp (K) 300.15
Distance to Pivot (m) 0.81578
Stroke Length (m) 0.09
Bore Width (m) 0.075
Bore Radius (m) 0.0375
Total Volume (L) 1.59

Vol/Revolution (L) 0.795
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A/FR _ Corrected Power Corrected Power
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18537
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189

1807
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19032
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18782
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3850620859
3939081278
3950764387
2035504553
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102811
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78960

58068
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SFC
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0418782
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0433128
0.432059
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0.240635
0.425273
0450315
o.52051
0453715
0.58925
0.62288
0.467888
0.472288
0472083
0476781
047625
0.83218
0.49501
0499205

Thermal Efficiency
%
16.36649311
16.78653515.
17.43265807
1854288983
10.22404869
19.17308873
202089746,
2135780313
215810172
2307208
220710253
2208534856
2225081885
2235458635
2271052854
2273710886
2218355515
2189408508
2189838837
2203738161
2191983929
2218730725
237133852
2249573684
2252061303
22655143
263732
240327146
2228360835
2243839085
223095322
2230072146
2198638511
219107367
2175211987
21518378684
2165712510
2163400282
2130003856
210263272
2088731187
2019573056
201360805
1084770478
10.92485419
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017753022
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233222
1872584758
107838786
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1872118529
1953141373
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10.45077874
19.063027
19.00215482
1886699163
18771125
1658394985
1859858177
1853207524
1833450595
18.25043529
18.25290755.
184370884
18.26499473
18.27610475
18.20128922
181478207
1815676782
1789625611
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1765267591
17.45497563
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17.32619078
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16.4857735
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16.0933085¢
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Brake Power
w
737134883
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10237.705
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1723209845
1776957213
18388.45001
1895455483
18506.11983
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20871.22001
21513.4909
20881822
292030217
2351841007
202201811
e85 57018
256021122
259748543
26087.11304
2700332034
27500.038638
28021.92801
28289.72671
2881137543
211375152
20585.16343
30041.62596
30352.95539
30704.40389
su201832
31559.20109
3207682886
325207348
s2%67.2273%
33550.08452
3a288.79504
34366.16677
570847182
3639130855
3630456594
78675154
3815520568
3865236099
0135.82815
3964931368
2009821772
20345.4862
20598 88457
20892.33607
41006.74106
107982711
113855823
41302.2360
4159559784
a1765.21234
42020.36829
36952302
428021272
4333185257
43557.70248
23951.4993
24089.0375
22117 82308
2215536435
2408987535
233069245
350357728
a3378.39584
432718876
43186.34756
aas 51132
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216892588
a2113.38526
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41558.31088
41402.30581
2135087022
41402.18554
4165126866

‘Brake Power
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11.48043693
1215932362
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1895455483
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2151349094
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2628711394
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27.50003638
2802192801
2848972671
2881137543
2011375152
2958516343
3004104696

2251251204
2215892628
2211388526
175392732
2155891089
4140430581
2135067022
140218564
4165126866




