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1. [bookmark: _Toc225108648]Introduction
This report details a test run of a Honda 1.6L, D Series engine tested on a Schenck W230 Dynamometer. The method of testing will be described, raw data included, calculations explained, and evaluations made on the engine and test.
An engine dynamometer is a very useful tool when analysing and developing powertrains, specifically engine units. Manufacturers of vehicles of all classes from passenger cars to the very top level of racing engineering will use the technology to load their powerplants and measure characteristics, which can be used to calculate various parameters to do with the engine’s performance. These can be used to ‘tune’ an engine’s setup to deliver on its goals, whether they be to maximise power or fuel efficiency. 
The Schenck W230 series Dynamometer used here is specified for the use of engines using petrol, diesel and alternative fuels, designed for passenger cars and commercial vehicles. It is also capable of high speeds, with this model up to 10,000rpm. The engine being tested is a passenger car engine, so this is perfectly suitable. The dynamometer can be used for a variety of other tests, including quality control and endurance testing, drive cycles and the testing of different ignition, fuelling and lubrication systems (SCHENCK PEGASUS GmbH, H. J. Dadt 2001). 



2. [bookmark: _Toc225108649]Testing Method
To obtain useful results a procedure for testing must be followed. 
The engine is set up in the rig. The entire system of engine and running gear are connected, with the ECU, clocks etc. being mounted to a rig. The throttle (cable actuated in this case) is attached to a cable actuation unit on the rig. The physical connection between the engine crankshaft and dynamometer is made with a coupler to allow for measurement of the torque. 
Attached to the engine is the fuel supply unit. A metered supply of fuel is run to the injector rail on the engine, which allows for a measurement of fuel usage while it is running. A fuel pressure return line feeds back to the system after the meter, so only fuel used by the engine is measured.
Also attached are several sensors. Feeding data to the dyno’s control unit are sensors such as coolant temperature and lambda/oxygen sensors. These allow a greater insight into the behaviour of the engine while it is running. 
The W series of dynamometer is an Eddy-current dynamometer, where a controlled electrical current affects the coupling on the driveshaft. The rotation of the engine fights this force, and the casing that holds the electromagnet attempts to turn around the shaft. Stopping it from doing so is a strain gauge, which is calibrated against some torque arms, in this case of a length of 815.776mm. Knowing this length alongside the force applied to the strain gauge gives us a torque figure. 
In this test the results given include the load on the dyno in Nm, the speed of the dyno/engine in rpm, the fuel flow in litres/minute and the lambda value. All other values must be calculated from this information.



3. [bookmark: _Toc225108650]Raw Results
	Constant
	Unit
	Value

	Ambient Pressure
	mBar
	1018.9

	Humidity
	%
	46

	Ambient Temp
	Degrees C
	27

	Engine Capacity
	CCs
	1590

	No of cylinders
	 
	4

	Torque Arm
	Metres
	0.815776

	Fuel Calorific Value
	kJ/kg
	46000



	Dyno 
Load (N)
	Dyno 
Speed (RPM)
	Fuel 
Flow (l/min)
	Lambda
	Brake
Power (kW)
	Corrected 
Power (kW)
	Torque (Nm)
	BMEP (kPa)
	SFC (kg/kWh)
	OTE (%)

	102.275
	1000
	0.0704
	1.2658
	8.737
	8.792
	83.433
	659.406
	0.360
	21.584

	102.756
	1050
	0.0724
	1.26783
	9.217
	9.275
	83.826
	662.508
	0.351
	22.141

	103.689
	1100
	0.0737
	1.27344
	9.744
	9.805
	84.587
	668.523
	0.338
	22.993

	104.209
	1150
	0.0728
	1.28476
	10.238
	10.302
	85.011
	671.876
	0.318
	24.457

	105.811
	1200
	0.0744
	1.29181
	10.847
	10.915
	86.318
	682.204
	0.307
	25.355

	107.51
	1250
	0.07895
	1.29729
	11.480
	11.552
	87.704
	693.158
	0.308
	25.289

	109.488
	1300
	0.079
	1.29895
	12.159
	12.235
	89.318
	705.911
	0.291
	26.768

	111.797
	1350
	0.0796
	1.29469
	12.893
	12.974
	91.201
	720.798
	0.276
	28.170

	114.268
	1400
	0.0835
	1.2855
	13.666
	13.752
	93.217
	736.730
	0.273
	28.464

	115.783
	1450
	0.0847
	1.27818
	14.342
	14.432
	94.453
	746.498
	0.264
	29.448

	116.985
	1500
	0.08865
	1.2795
	14.991
	15.085
	95.434
	754.247
	0.264
	29.409

	117.788
	1550
	0.0932
	1.27766
	15.597
	15.694
	96.089
	759.425
	0.267
	29.104

	118.471
	1600
	0.0959
	1.28235
	16.193
	16.295
	96.646
	763.828
	0.265
	29.366

	118.772
	1650
	0.09875
	1.29028
	16.742
	16.846
	96.891
	765.769
	0.264
	29.484

	118.656
	1700
	0.10005
	1.29942
	17.232
	17.340
	96.797
	765.021
	0.260
	29.954

	118.861
	1750
	0.10305
	1.31053
	17.770
	17.881
	96.964
	766.343
	0.259
	29.989

	119.584
	1800
	0.1093
	1.3149
	18.388
	18.504
	97.554
	771.004
	0.266
	29.259

	119.934
	1850
	0.11415
	1.31849
	18.955
	19.073
	97.839
	773.261
	0.269
	28.878

	120.176
	1900
	0.11745
	1.31892
	19.506
	19.628
	98.037
	774.821
	0.269
	28.884

	120.948
	1950
	0.12055
	1.31484
	20.148
	20.274
	98.666
	779.798
	0.268
	29.067

	122.157
	2000
	0.12555
	1.31653
	20.871
	21.002
	99.653
	787.593
	0.269
	28.911

	122.845
	2050
	0.12785
	1.32098
	21.513
	21.648
	100.214
	792.029
	0.266
	29.265

	123.796
	2100
	0.1309
	1.32287
	22.209
	22.348
	100.990
	798.161
	0.264
	29.507

	124.794
	2150
	0.13435
	1.32164
	22.921
	23.064
	101.804
	804.595
	0.262
	29.671

	125.137
	2200
	0.1377
	1.31652
	23.518
	23.666
	102.084
	806.807
	0.262
	29.703

	126.028
	2250
	0.14105
	1.30465
	24.224
	24.376
	102.811
	812.551
	0.260
	29.868

	126.66
	2300
	0.14495
	1.29646
	24.887
	25.043
	103.326
	816.626
	0.260
	29.859

	126.822
	2350
	0.14985
	1.28229
	25.460
	25.620
	103.458
	817.670
	0.263
	29.549

	126.69
	2400
	0.1537
	1.27304
	25.975
	26.138
	103.351
	816.819
	0.265
	29.391

	126.552
	2450
	0.15565
	1.26984
	26.487
	26.653
	103.238
	815.930
	0.263
	29.595

	126.438
	2500
	0.1596
	1.27446
	27.003
	27.172
	103.145
	815.195
	0.264
	29.425

	126.239
	2550
	0.1626
	1.27876
	27.500
	27.672
	102.983
	813.912
	0.264
	29.413

	126.161
	2600
	0.16805
	1.27634
	28.022
	28.197
	102.919
	813.409
	0.268
	29.000

	125.847
	2650
	0.17145
	1.28027
	28.490
	28.668
	102.663
	811.384
	0.269
	28.899

	124.911
	2700
	0.17465
	1.28371
	28.811
	28.992
	101.899
	805.349
	0.271
	28.690

	123.927
	2750
	0.1784
	1.2812
	29.114
	29.296
	101.097
	799.005
	0.274
	28.382

	123.689
	2800
	0.18005
	1.27448
	29.586
	29.771
	100.903
	797.471
	0.272
	28.578

	123.389
	2850
	0.1831
	1.26036
	30.041
	30.230
	100.658
	795.536
	0.273
	28.534

	122.519
	2900
	0.1879
	1.2531
	30.353
	30.543
	99.948
	789.927
	0.277
	28.094

	121.837
	2950
	0.19255
	1.23943
	30.704
	30.897
	99.392
	785.530
	0.280
	27.733

	121.709
	3000
	0.199
	1.22735
	31.192
	31.387
	99.287
	784.705
	0.285
	27.260

	121.123
	3050
	0.20605
	1.2193
	31.559
	31.757
	98.809
	780.927
	0.292
	26.637

	121.124
	3100
	0.21005
	1.20692
	32.077
	32.278
	98.810
	780.933
	0.293
	26.558

	120.851
	3150
	0.21605
	1.19274
	32.521
	32.724
	98.587
	779.173
	0.297
	26.178

	120.596
	3200
	0.21795
	1.18481
	32.967
	33.174
	98.379
	777.529
	0.296
	26.306

	120.84
	3250
	0.22305
	1.17378
	33.550
	33.760
	98.578
	779.102
	0.297
	26.159

	121.633
	3300
	0.2255
	1.16118
	34.290
	34.505
	99.225
	784.215
	0.294
	26.445

	122.181
	3350
	0.2285
	1.15104
	34.966
	35.185
	99.672
	787.748
	0.292
	26.613

	122.933
	3400
	0.2342
	1.14117
	35.706
	35.930
	100.286
	792.596
	0.293
	26.515

	123.475
	3450
	0.23605
	1.12669
	36.391
	36.619
	100.728
	796.091
	0.290
	26.812

	123.428
	3500
	0.24195
	1.11975
	36.905
	37.136
	100.690
	795.788
	0.293
	26.527

	124.205
	3550
	0.24545
	1.10622
	37.668
	37.903
	101.323
	800.798
	0.291
	26.689

	124.066
	3600
	0.25505
	1.09697
	38.155
	38.394
	101.210
	799.901
	0.299
	26.017

	123.967
	3650
	0.25755
	1.09401
	38.654
	38.896
	101.129
	799.263
	0.298
	26.102

	123.815
	3700
	0.26445
	1.09659
	39.136
	39.381
	101.005
	798.283
	0.302
	25.737

	123.767
	3750
	0.2651
	1.09808
	39.649
	39.898
	100.966
	797.974
	0.299
	26.011

	123.509
	3800
	0.2693
	1.09907
	40.094
	40.345
	100.756
	796.310
	0.300
	25.893

	122.672
	3850
	0.27375
	1.10533
	40.346
	40.599
	100.073
	790.914
	0.303
	25.632

	122.157
	3900
	0.2759
	1.11704
	40.699
	40.954
	99.653
	787.593
	0.303
	25.654

	121.184
	3950
	0.28285
	1.12259
	40.892
	41.148
	98.859
	781.320
	0.309
	25.143

	120.004
	4000
	0.28455
	1.12461
	41.007
	41.264
	97.896
	773.712
	0.310
	25.063

	118.734
	4050
	0.2871
	1.1222
	41.080
	41.337
	96.860
	765.524
	0.313
	24.884

	117.442
	4100
	0.28895
	1.12394
	41.135
	41.392
	95.806
	757.194
	0.314
	24.758

	116.5
	4150
	0.29305
	1.12233
	41.302
	41.561
	95.038
	751.120
	0.317
	24.511

	115.931
	4200
	0.2949
	1.12179
	41.596
	41.856
	94.574
	747.452
	0.317
	24.530

	115.034
	4250
	0.29715
	1.12456
	41.765
	42.027
	93.842
	741.669
	0.318
	24.444

	114.391
	4300
	0.3022
	1.12278
	42.020
	42.284
	93.317
	737.523
	0.322
	24.182

	114.016
	4350
	0.30605
	1.11943
	42.370
	42.635
	93.012
	735.105
	0.323
	24.077

	113.871
	4400
	0.3092
	1.11986
	42.802
	43.070
	92.893
	734.170
	0.323
	24.075

	113.985
	4450
	0.3099
	1.11873
	43.332
	43.603
	92.986
	734.905
	0.320
	24.317

	113.306
	4500
	0.31445
	1.11563
	43.558
	43.831
	92.432
	730.528
	0.323
	24.090

	113.074
	4550
	0.3171
	1.10953
	43.951
	44.227
	92.243
	729.032
	0.323
	24.105

	112.195
	4600
	0.3194
	1.10569
	44.089
	44.365
	91.526
	723.364
	0.324
	24.006

	111.061
	4650
	0.32055
	1.09782
	44.118
	44.394
	90.601
	716.053
	0.325
	23.936

	109.973
	4700
	0.3207
	1.09558
	44.155
	44.432
	89.713
	709.038
	0.325
	23.945

	108.654
	4750
	0.32485
	1.08827
	44.090
	44.366
	88.637
	700.534
	0.329
	23.604

	107.076
	4800
	0.32455
	1.08396
	43.907
	44.182
	87.350
	690.360
	0.331
	23.528

	105.24
	4850
	0.3257
	1.08221
	43.604
	43.877
	85.852
	678.523
	0.334
	23.283

	103.632
	4900
	0.3277
	1.0846
	43.380
	43.652
	84.540
	668.155
	0.338
	23.022

	102.335
	4950
	0.32845
	1.08823
	43.274
	43.545
	83.482
	659.793
	0.339
	22.914

	101.106
	5000
	0.3287
	1.08687
	43.186
	43.457
	82.480
	651.869
	0.340
	22.850

	99.3149
	5050
	0.32985
	1.0891
	42.846
	43.114
	81.019
	640.321
	0.344
	22.590

	97.5815
	5100
	0.3297
	1.09185
	42.515
	42.781
	79.605
	629.146
	0.347
	22.426

	95.8486
	5150
	0.33095
	1.09407
	42.169
	42.433
	78.191
	617.973
	0.351
	22.160

	94.8033
	5200
	0.3338
	1.09346
	42.114
	42.378
	77.338
	611.233
	0.354
	21.942

	93.0976
	5250
	0.3313
	1.08804
	41.754
	42.015
	75.947
	600.236
	0.355
	21.918

	91.7886
	5300
	0.3324
	1.08339
	41.559
	41.819
	74.879
	591.797
	0.358
	21.744

	90.5938
	5350
	0.3308
	1.08007
	41.405
	41.664
	73.904
	584.093
	0.357
	21.768

	89.6374
	5400
	0.3388
	1.07895
	41.351
	41.610
	73.124
	577.927
	0.366
	21.226

	88.9256
	5450
	0.3438
	1.07923
	41.402
	41.661
	72.543
	573.338
	0.371
	20.943

	88.6474
	5500
	0.3488
	1.08366
	41.651
	41.912
	72.316
	571.544
	0.374
	20.767






4. [bookmark: _Toc225108651]Graphical Results
From the raw data various characteristics were calculated. 
The first of these was for the torque the engine was producing at that moment. This is a vital characteristic to understand for engine performance; it is a measure of essentially how hard the engine can push.
Equation for torque:

Next is the calculation of Brake Power, or the indicated power measured by the dynamometer. Working from torque and a few engine characteristics, we can reach a simplified equation for the brake power.
Equation for Brake Power:

To obtain a more accurate figure for power, you must account for varying atmospheric conditions. As the pressure and temperature change the power the engine produces will change – a cooler and denser charge of air will be able to burn more fuel and create more power.
Equation for Power Correction:

The Mean Effective Pressure is a measurement of the pressure in the cylinder that can be used to drive the crankshaft, and subsequently the vehicle.
The Mean Effective Pressure is a very useful measure when comparing engine performance. It is directly correlated with the Brake Power the engine produces but is calculated with the displacement of the engine. This means it can be used to compare different engines of different sizes and provide an insight into how effective an engine is at converting the energy in the fuel into useful kinetic energy (Pahmi, Hisyam Basri et al. 2019). 
Equation for Mean Effective Pressure:


The Specific Fuel Consumption is a measure of how efficiently the engine can turn fuel into power. Using a corrected power value, it shows how well the fuel burns. This directly translates into the fuel economy the vehicle the engine is fitted to can achieve, a lower SFC value means that the engine will use less fuel for the power it makes.
In a study on biodiesel fuels (Wan Ghazali, Mamat et al. 2015) used measurements for the Brake SFC to evaluate a host of different fuels as alternatives to heavy oil and determine which ones would be effective. 
Equation for Specific Fuel Consumption:


The Overall Thermal Efficiency is the measure of how efficient an engine is at converting the energy in the fuel into kinetic energy. Internal Combustion Engines usually lose 2/3 of the energy in the fuel to thermal energy expelled down the exhaust and into the engine material. The OTE is given as a percentage, which allows for easy interpretation of how much of the chemical energy has been converted into kinetic, useful energy. 
(Gupta, JAIN et al. 2022) frequently referred to the thermal efficiency they achieved testing different fuels while evaluating ethanol blends in petrol fuel. Again, this measure does not take into account the displacement of the engine, and can be used to easily compare engines of different size and class.
Equation for Overall Thermal Efficiency:


From the values, several graphs can be plotted.
[image: ]Figure 1 shows a graph of Specific Fuel Consumption against engine speed. Initially, the consumption is high and efficiency therefore low. The graph then dips, before steadily climbing. There are a few possible reasons for this trend. At low RPMs, the speed of the air entering the engine is low. This can cause a lower quality charge, which would burn less efficiently. 
(Lu, Pei et al. 2020) found that in diesel engines the quality of charge at lower engine speeds was decreased, which resulted in fluctuations in cylinder temperatures and the efficiency of the engine. 
As the RPMs climb into the midrange, the charge quality and other factors would lessen and improve the efficiency, improving the SFC as shown in the dip between 1500rpm and 2500rpm on the graph.
Once operating in higher rev ranges, the consumption starts to climb again. One reason for this could be that as the revolutions rise the friction forces in the engine climb significantly. This causes more heat, and between some metals this can cause an increase in friction. This would add up, and cause extra forces acting against the power produced and increase fuel consumption.Figure 1 - Graph of SFC against Engine Speed




Figure 2 shows a graph plotting Torque against Engine Speed.
The trend shows an early increase in torque produced, peaking around 2400rpm and then fluctuating while slowly declining in the upper ranges. 
Research shows that the torque produced by an engine is largely influenced by the valve motions – lift and duration (Akar, Arabacı 2025). The motions of the valves as well as the geometry of the intake ports can cause the air entering the engine to behave in different ways. For example, a longer intake tract can increase the torque at low RPMs. Different geometry can cause the volume and speed of air to change, affecting how much can enter the cylinder for combustion. The more air and fuel that can enter the cylinder, the more torque can be produced.
As with the SFC, one reason the torque tails off at the higher RPMs could be that the friction forces in the engine are increasing, which reduce the Indicated Torque. Figure 2 - Graph of Torque against Engine Speed

Figure 3 - Graph of Brake Power against Engine Speed

Figure 3 shows the Brake Power plotted against engine RPMs. 
The Brake Power graph shows that the power produced by the engine increases steadily, before flattening out and slightly decreasing.
The reason for the increase is because the power is a measure of work done over time. As the engine spins faster more power strokes happen, more air and fuel is burned, and more work is done in a given time. 
One reason the power might tail off at the higher RPMs is flame propagation. With a single spark plug or otherwise point of ignition, the charge has a ‘flame front’ as the ignited mixture spreads the flame across the combustion area. Especially with diesel fuel and some blends of petrol this front can move slowly and negatively affect the engine’s ability to burn fuel efficiently. This causes a loss of power (Huynh, Le et al. 2019). 
Another reason for this could be that at high RPMs the engine is trying to pull in a large amount of air. The geometry of the intake has a lot of restrictions, and a naturally aspirated engine can only take in so much air. Volumetric efficiency is a measure of how efficiently an engine can fill its displacement, and while not measured here a lower value would limit how much air can be pulled in (Zhang, Liu et al. 2020).


5. [bookmark: _Toc225108652]Conclusions
There are a variety of factors that can be measured and then extrapolated from a run of an engine dynamometer. The data gathered here has given an insight into the performance of the engine and shows that it is not running ideally. If you look at the Overall Thermal Efficiency of the engine, it is running between 20 and 30%, with a lot of the rev range trending towards the lower end of this. 
Figure 4 shows the lambda reading across the run of data. Lambda is the measurement of how rich or lean the engine is running, with an ‘ideal’ value (for efficiency and emissions) being at around a Lambda of 1 in a petrol engine such as this. This figure is where the stoichiometric ratio is achieved, and the engine should be running at its most efficient. 
The graph here shows instead a Lambda of ~1.3 to ~1.1, which is a very lean burn. There is more air than needed to burn the fuel, which causes the engine to burn hot and less efficiently. This would cause our OTE calculation to read as it does, running less efficiently and producing less power than if it were operating in ideal conditions. This lean burning could be a result of a number of factors, including but not limited to a weak spark, improper tuning of the injection system, increased air flow due to improper air filter being installed, and the incorrect exhaust causing problems with the engine’s ‘scavenging’ where exhaust harmonics are used to improve volumetric efficiency.Figure 4 - Graph of Lambda against Engine Speed






6. [bookmark: _Toc225108653]Evaluation
(Writing in first person?)
In my opinion, this investigation has had a mix of positives and negatives. 
Being on the Motorcycle Engineering course, loud engines burning fuel and making loud noises are one of my favourite subjects. It ended up being thoroughly enjoyable to research how different values for OTE, SFC, MEP etc. affect an engine’s performance and how changes can be made to an engine to change these values. Academic sources found a variety of content that back up my existing knowledge as well as teaching me new things that I would not have previously considered. 
I had a good grasp of working with Excel to obtain the different columns of values and plot them against the engine speed to be able to visualise how the engine is performing. 
With more time (I admit I started this task later than I wanted to) I would have improved here by exploring more factors and calculating more variables. 
It took me more time than I would like to fully grasp the equations and meaning of some of the characteristics and then interpret how I would apply this to the data I was given. 
Another point for improvement over the investigation would be if I had obtained the data myself. The dynamometer was out of action before I could obtain my own results, and the data used was given to me especially for this investigation. If I had been able to do the data gathering myself, I would have a better understanding of the process, and how things are calculated.
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