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The overall aim of this experiment is to gather a variety of information from the engine dyno, which is provided by the university. The results that were gathered by the dyno are the load, the rpm, lambda, and the fuel flow. Then, in addition to these, the torque, the power, the SFC, the BMEP and the brake thermal efficiency were all calculated using a set of formula. Using Excel, these formulas were used to work out the figures for multiple reading at once, saving both time and effort. 
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[bookmark: _Toc31669720]Equipment:
In this experiment, there was multiple pieces of equipment used, but the most important is the Dyno and the Engine. The dyno that was used in this experiment is a w-series eddy-current dynamometer as these are used for the development and the testing of engines which is exactly what is needed for this experiment. How an eddy-current dyno works is succinctly explained by Powerlink as: “The rotor rotates with the help of the prime mover shaft and the voltage is applied to the coil or stator housing. Since such magnetic flux is generated and the rotor cuts off these magnetic fluxes, the eddy current opposite to the change in magnetic flux is generated in the rotor. Therefore, the rotor obtains a reverse force and attempts to reduce the rotational speed of the rotor. But the torque provided by the prime mover keeps the speed. This torque is measured by a sensor at the end of the arm on the dynamometer.”
The engine that was used in this experiment was a Honda civic, B16A engine. This means that it was a 1.6 litre engine, and that it was a 4 cylinder.

[bookmark: _Toc31669721]Method
1. Firstly, the group gathered in the room in which the dyno is kept, and the technician talked the group through how the dyno worked and how it recorded the data gathered. 
2. Then, the group went into the observation room, and the technician explained what all the dials did on the machine and explained what all the different warning lights meant
3. Next, the technician did a sweep test from 1000rpm to 5500rpm. 
4. These results were then added onto moodle, where the whole group could access them.
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Table 3.1: table showing the results of the experiment stated above

	Load
	Dyno Speed
	Fuel Flow Rate
	Lambda
	Torque
	Power
	Correct Power
	Fuel Flow
	S.F.C
	B.M.E.P. 

	Newtons
	rpm
	l/min
	Lambda
	nm
	w
	w
	kg/hour
	kg/kWh
	

	108.37
	1000
	0.070
	1.309
	88.402
	9257.476
	2945.054
	3.122
	0.01517
	177.868

	108.72
	1050
	0.072
	1.304
	88.689
	9751.834
	3102.323
	3.210
	0.01481
	169.947

	109.57
	1100
	0.074
	1.293
	89.385
	10296.458
	3275.582
	3.268
	0.01428
	163.497

	111.10
	1150
	0.073
	1.277
	90.631
	10914.494
	3472.197
	3.228
	0.01331
	158.568

	113.11
	1200
	0.074
	1.261
	92.272
	11595.192
	3688.745
	3.299
	0.01280
	154.711

	115.34
	1250
	0.079
	1.245
	94.088
	12316.135
	3918.096
	3.501
	0.01279
	151.447

	117.90
	1300
	0.079
	1.227
	96.182
	13093.862
	4165.512
	3.503
	0.01204
	148.863

	120.83
	1350
	0.080
	1.208
	98.569
	13934.805
	4433.039
	3.529
	0.01140
	146.906

	123.86
	1400
	0.084
	1.193
	101.042
	14813.533
	4712.587
	3.702
	0.01125
	145.214

	126.42
	1450
	0.085
	1.185
	103.130
	15659.572
	4981.735
	3.756
	0.01079
	143.104

	128.13
	1500
	0.089
	1.179
	104.525
	16418.808
	5223.268
	3.931
	0.01077
	140.206

	129.35
	1550
	0.093
	1.180
	105.517
	17126.984
	5448.558
	4.132
	0.01086
	136.970

	130.26
	1600
	0.096
	1.185
	106.261
	17804.123
	5663.974
	4.252
	0.01075
	133.625

	130.89
	1650
	0.099
	1.192
	106.776
	18449.586
	5869.314
	4.379
	0.01068
	130.204

	131.26
	1700
	0.100
	1.199
	107.082
	19063.125
	6064.497
	4.436
	0.01047
	126.737

	131.46
	1750
	0.103
	1.206
	107.239
	19652.509
	6251.996
	4.569
	0.01046
	123.296

	131.64
	1800
	0.109
	1.210
	107.385
	20241.688
	6439.430
	4.846
	0.01077
	120.035

	131.53
	1850
	0.114
	1.210
	107.295
	20786.414
	6612.722
	5.061
	0.01096
	116.692

	131.92
	1900
	0.117
	1.206
	107.614
	21411.674
	6811.634
	5.208
	0.01094
	113.959

	132.77
	1950
	0.121
	1.200
	108.311
	22117.402
	7036.145
	5.345
	0.01088
	111.756

	133.99
	2000
	0.126
	1.194
	109.303
	22892.446
	7282.708
	5.567
	0.01094
	109.961

	134.91
	2050
	0.128
	1.189
	110.059
	23626.925
	7516.365
	5.669
	0.01080
	108.020

	135.65
	2100
	0.131
	1.186
	110.660
	24335.408
	7741.753
	5.804
	0.01073
	106.025

	136.33
	2150
	0.134
	1.183
	111.216
	25039.902
	7965.872
	5.957
	0.01071
	104.079

	137.10
	2200
	0.138
	1.179
	111.840
	25766.188
	8196.923
	6.106
	0.01066
	102.285

	137.49
	2250
	0.141
	1.174
	112.158
	26426.554
	8407.003
	6.254
	0.01065
	100.296

	138.08
	2300
	0.145
	1.167
	112.638
	27129.540
	8630.642
	6.427
	0.01066
	98.536

	138.72
	2350
	0.150
	1.159
	113.160
	27847.796
	8859.139
	6.644
	0.01074
	96.886

	138.95
	2400
	0.154
	1.151
	113.355
	28489.304
	9063.220
	6.815
	0.01076
	95.031

	139.22
	2450
	0.156
	1.146
	113.573
	29138.714
	9269.815
	6.902
	0.01066
	93.271

	139.30
	2500
	0.160
	1.141
	113.637
	29750.040
	9464.294
	7.077
	0.01070
	91.456

	139.34
	2550
	0.163
	1.137
	113.669
	30353.754
	9656.352
	7.210
	0.01069
	89.689

	139.39
	2600
	0.168
	1.136
	113.713
	30960.920
	9849.508
	7.451
	0.01083
	87.998

	139.14
	2650
	0.171
	1.134
	113.503
	31497.915
	10020.341
	7.602
	0.01086
	86.178

	138.77
	2700
	0.175
	1.132
	113.207
	32008.488
	10182.768
	7.744
	0.01089
	84.361

	138.74
	2750
	0.178
	1.128
	113.182
	32593.955
	10369.021
	7.910
	0.01092
	82.809

	138.90
	2800
	0.180
	1.121
	113.315
	33225.561
	10569.952
	7.983
	0.01081
	81.426

	139.15
	2850
	0.183
	1.114
	113.514
	33878.281
	10777.600
	8.119
	0.01078
	80.138

	139.15
	2900
	0.188
	1.108
	113.512
	34472.142
	10966.523
	8.331
	0.01088
	78.755

	138.90
	2950
	0.193
	1.101
	113.309
	35003.738
	11135.638
	8.538
	0.01098
	77.282

	138.96
	3000
	0.199
	1.095
	113.363
	35613.936
	11329.759
	8.824
	0.01115
	76.030

	138.84
	3050
	0.206
	1.088
	113.260
	36174.672
	11508.144
	9.136
	0.01137
	74.716

	139.22
	3100
	0.210
	1.080
	113.570
	36868.333
	11728.817
	9.314
	0.01137
	73.712

	139.46
	3150
	0.216
	1.071
	113.769
	37528.644
	11938.879
	9.580
	0.01149
	72.669

	139.63
	3200
	0.218
	1.062
	113.909
	38171.356
	12143.343
	9.664
	0.01139
	71.622

	140.05
	3250
	0.223
	1.055
	114.252
	38884.393
	12370.180
	9.890
	0.01145
	70.732

	140.34
	3300
	0.226
	1.049
	114.484
	39562.959
	12586.050
	9.999
	0.01137
	69.802

	140.51
	3350
	0.229
	1.043
	114.626
	40211.907
	12792.498
	10.132
	0.01134
	68.845

	140.80
	3400
	0.234
	1.037
	114.863
	40896.607
	13010.320
	10.384
	0.01143
	67.973

	141.33
	3450
	0.236
	1.031
	115.290
	41652.170
	13250.685
	10.466
	0.01131
	67.237

	141.74
	3500
	0.242
	1.026
	115.626
	42379.311
	13482.008
	10.728
	0.01139
	66.470

	141.73
	3550
	0.245
	1.021
	115.623
	42983.516
	13674.222
	10.883
	0.01139
	65.532

	141.47
	3600
	0.255
	1.017
	115.405
	43506.805
	13840.694
	11.309
	0.01170
	64.500

	141.36
	3650
	0.258
	1.013
	115.320
	44078.326
	14022.510
	11.420
	0.01166
	63.569

	141.00
	3700
	0.264
	1.012
	115.025
	44568.032
	14178.299
	11.726
	0.01184
	62.550

	140.48
	3750
	0.265
	1.012
	114.603
	45004.359
	14317.107
	11.755
	0.01175
	61.489

	140.05
	3800
	0.269
	1.012
	114.249
	45463.530
	14463.181
	11.941
	0.01182
	60.493

	139.70
	3850
	0.274
	1.012
	113.963
	45946.620
	14616.866
	12.138
	0.01189
	59.558

	139.12
	3900
	0.276
	1.013
	113.492
	46350.758
	14745.433
	12.233
	0.01188
	58.551

	138.42
	3950
	0.283
	1.015
	112.919
	46708.115
	14859.118
	12.542
	0.01208
	57.518

	137.66
	4000
	0.285
	1.015
	112.296
	47038.632
	14964.264
	12.617
	0.01207
	56.486

	136.93
	4050
	0.287
	1.017
	111.702
	47374.393
	15071.079
	12.730
	0.01209
	55.493

	136.39
	4100
	0.289
	1.017
	111.265
	47771.876
	15197.529
	12.812
	0.01207
	54.602

	135.95
	4150
	0.293
	1.018
	110.901
	48195.987
	15332.450
	12.994
	0.01213
	53.768

	135.32
	4200
	0.295
	1.017
	110.394
	48553.849
	15446.296
	13.076
	0.01212
	52.885

	134.98
	4250
	0.297
	1.017
	110.109
	49005.160
	15589.870
	13.176
	0.01210
	52.128

	135.05
	4300
	0.302
	1.015
	110.166
	49607.405
	15781.460
	13.400
	0.01216
	51.549

	134.84
	4350
	0.306
	1.013
	110.002
	50109.170
	15941.085
	13.570
	0.01219
	50.880

	134.34
	4400
	0.309
	1.010
	109.594
	50497.196
	16064.527
	13.710
	0.01222
	50.115

	133.79
	4450
	0.310
	1.006
	109.143
	50861.182
	16180.321
	13.741
	0.01216
	49.348

	133.25
	4500
	0.314
	1.004
	108.700
	51223.529
	16295.593
	13.943
	0.01225
	48.602

	132.45
	4550
	0.317
	1.001
	108.049
	51482.499
	16377.979
	14.060
	0.01229
	47.780

	131.42
	4600
	0.319
	1.000
	107.208
	51643.484
	16429.192
	14.162
	0.01234
	46.893

	130.58
	4650
	0.321
	0.998
	106.521
	51869.953
	16501.238
	14.213
	0.01233
	46.091

	129.38
	4700
	0.321
	0.998
	105.544
	51947.086
	16525.777
	14.220
	0.01232
	45.183

	127.92
	4750
	0.325
	0.998
	104.351
	51906.055
	16512.723
	14.404
	0.01249
	44.202

	126.88
	4800
	0.325
	0.998
	103.504
	52026.799
	16551.135
	14.391
	0.01245
	43.386

	125.29
	4850
	0.326
	0.999
	102.204
	51908.725
	16513.573
	14.442
	0.01252
	42.400

	124.02
	4900
	0.328
	0.999
	101.171
	51913.504
	16515.093
	14.530
	0.01260
	41.543

	122.78
	4950
	0.328
	1.000
	100.159
	51918.878
	16516.803
	14.563
	0.01262
	40.712

	121.38
	5000
	0.329
	1.001
	99.016
	51844.889
	16493.265
	14.575
	0.01265
	39.845

	119.93
	5050
	0.330
	1.001
	97.832
	51736.929
	16458.920
	14.626
	0.01272
	38.978

	118.22
	5100
	0.330
	1.002
	96.439
	51505.467
	16385.285
	14.619
	0.01277
	38.047

	116.27
	5150
	0.331
	1.003
	94.850
	51153.393
	16273.281
	14.674
	0.01291
	37.057

	115.09
	5200
	0.334
	1.005
	93.888
	51126.287
	16264.658
	14.801
	0.01303
	36.328

	113.53
	5250
	0.331
	1.006
	92.615
	50917.783
	16198.327
	14.690
	0.01298
	35.494

	112.16
	5300
	0.332
	1.007
	91.501
	50784.233
	16155.842
	14.739
	0.01306
	34.736

	110.71
	5350
	0.331
	1.007
	90.311
	50596.967
	16096.267
	14.668
	0.01305
	33.964

	109.20
	5400
	0.339
	1.008
	89.083
	50375.102
	16025.686
	15.022
	0.01342
	33.192

	107.69
	5450
	0.344
	1.009
	87.847
	50136.182
	15949.679
	15.244
	0.01368
	32.431

	106.27
	5500
	0.349
	1.009
	86.690
	49929.895
	15884.053
	15.466
	0.01394
	31.713



	Baro
	Humidity
	Ambient temp
	Radius of Torque Arm
	Ambient Pressure
	Specific Gravity of fuel
	Bore
	Stroke
	Piston Area

	mBar
	%
	Deg C
	m
	Pa
	
	m
	m
	m2

	1027.850
	31.380
	25.000
	0.816
	1.013
	0.739
	0.075
	0.900
	0.014


Table 3.1.2: table showing the constants used in the formulas
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Figure 3.2.1: Graph to show the relationship between Engine speed and Torque.

Figure 3.2.2: graph to show the relationship between Power and Engine Speed


Figure 3.2.3: graph to show the relationship between S.F.C and Engine speed
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The first part of the results that will be discussed is in relations to Figure 3.2.1, the comparison between Torque and the Engine speed. As stated previously, the engine speed was gradually increased from 1000 rpm to 5500 rpm, and when working out the torque using the equation T=WR (where W is Load (N) and R is the radius of the torque arm(m)) the results showed a steady arc. When looking at the graph and the corresponding results table, the maximum torque is 115.626 at 3500 rpm, after this the results start to decline. Torque can be referred to as the turning force that is applied to an object. In order to increase the torque, one can either increase the load or increase the length. In relation to an engine, torque is produced when the fuel is detonated and forces the piston and the connecting rod down and therefore in theory moving the crankshaft. In this engine, it has a 4-stroke system which impacts on the amount of torque produced. Firstly, the piston goes down and a fuel and air mixture is forced into the cylinder. Next, the piston goes up and this then compresses the mixture. When TDC is achieved, the spark plug will ignite the mixture in a controlled explosion forcing the piston back down, in what is known as the power stroke, which is when torque is created. Finally, in the last stage the piston goes back up and releases the exhaust gases. When the rpm of the engine is low, the engine produces weaker explosions due to the air-fuel mixture not being optimum. However, when the speed is increased, the explosions are stronger and therefore there is more torque produced. However, once the torque reaches a certain point, it starts to decrease even with an increase in rpm. This is because the faster the engine goes, the faster the above stages have to be completed and it becomes harder to get the optimal fuel to air mix. Eventually, the burning process begins too early, and therefore the flame dies out before the exhaust stage and that results in unburnt fuel.

The next set of results that will be compared is the relationship between power and the engine speed, as depicted in figure 3.2.2. During this experiment, the ambient pressure was 1.013 and the ambient temperature was 25 degrees Celsius. The power that is shown in the figure is worked out using the following formula:		  
Figure 4.1: the equation to work out the power using correct temperature and pressure

When referring to Figure 3.2.2, you can see that there is a steady incline up until around 4650 rpm, in which the curve started to even out. This means that there is a positive correlation between the engine speed and the power, up until a certain point. The first law of thermodynamics, the law of conservation of energy, states that energy can be neither created or destroyed, but merely changed or transferred into another (Einstein). This is relevant to this because, when the fuel and air mixture is ignited in the cylinder, the transference from chemical energy to heat energy pushes the piston down. When the engine is moving faster, this process is happening quicker and therefore more energy is being transferred and that increases the power produced. Nevertheless, as the graph shows, there is a point in which the positive correlation levels out and starts to decrease. There are a few reasons for this, but the most prominent is the reason of friction. When the rpm reaches a certain point, the amount of friction that is produced starts to negatively affect the torque. When friction increases them torque will decrease. As torque is required for the equation of power, then the values start to fall.

The final part to be discussed is the relationship between S.F.C and the engine speed. In this context, S.F.C stands for the specific fuel consumption which is defined as “the amount of fuel that the engine needs to burn per hour to produce 1kW of Brake Power” and this is measured in kg/kWh. (https://www.quora.com/What-is-specific-fuel-consumption). This graph (figure 3.2.3) is more complicated than the graph for torque and power because it isn’t just a simply incline. This graph shows a harsh decline, until around 1750rpm, and then it is relatively level until 2900rpm, then it steadily inclines up to 5500rpm. This goes in such as a way, as when the engine is moving at a slower speed, the engine is less efficient and therefore it requires more fuel to keep it running. However, when it levels out, that is when the engine is running at optimal efficiency, which is usually indicated in the engine manual. Nevertheless, the efficiency starts to decrease slowly after a certain point as there are other forces acting on the engine such as friction.
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Overall, this I would class this experiment a success, but as always there are areas in which could be improved. One of the main ways that this experiment could be improved is by completing the experiment more than once. As stated previously, this experiment was done by 5 groups at 5 different times, and this meant that there were 5 sets of varying results. If these results had been combined to produce an average, eliminating any obvious anomalies, then the results gathered would be that much more reliable. As it stands, with the results of only one group, there is no way to tell if any results are anomalous or if there are any problems.

Furthermore, another improvement that could be made, which is a personal improvement, which is I could focus more on the mathematical side of the experiment. This means that I could do more research into why the results came out the way they did and why the formulas used were used. This would greatly increase my theoretical knowledge, as well as increasing my understanding, should I need to use the formulas in the future.

The final improvement that could be made, again an individual improvement, is that I could ask more questions, especially whilst the results are being made. This would help me grasp concepts faster and would therefore help me in the writing of the report, an area in which I struggle more. 
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Graph to show the relationship between S.F.C and Engine Speed
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