2		Sam Johns




 



Vehicle Technology 
Engine Performance Characteristics
M4X00394
Lecturer: Abi Summerfield 
Sam Johns – 1804234






Contents

1.0 – Introduction 							Page 3
1.1 – Aims									Page 3
1.2 – Testing equipment 						Page 3
1.3 – Method of test 							Page 4
2.0 – Results 								Page 4
3.0 – Engine speed compared to results 			Page 8
3.1 – Power against engine speed				Page 8
3.2 – Torque against engine speed				Page 9
3.3 – SFC against engine speed					Page 9
4.0 – Conclusion							Page 10
4.1 – Fair test?								Page 10
4.2 – Overview 								Page 10
4.3 – Self evaluation 							Page 10
Bibliography 								Page 11








1.0 – Introduction
As a group we had to do a dyno test on a 1.6 VTEC Honda engine. There were four group members learning how the dynamometer works and collecting data from the tests we did. We did multiple runs on the engine for multiple reasons. One reason was to get to know how to use the dyno and see how to control it, the other reason was to get more reliable data from a run that we were sure would have good results. 
1.1 – Aims  
The aims of this dynamometer run were to get certain data so that the group members can then separate to find out more bits of information about the engine and the run that they tested. The information that was given after the test consisted of LOAD in Newtons, Dyno Speed shown in RPM (Revolutions Per Minute), Flow Rate shown in l/min and the Lambda reading. These figures would then be used to find out the flow rate in KG/Min, KG/Hour and KG/Sec. It would also allow the group to work out the Torque of the engine in Nm, the power of the engine in KW, correct power for temperature and pressure, S.F.C (Special Fuel Consumption) shown in Kg/kWh, Area of piston shown in m, B.M.E.P (Brake Mean Effective Pressure) shown in Pa and BTE (Brake Thermal Efficiency).
1.2 – Testing Equipment 
[image: ][image: ] The Dynamometer that was used for the experiment was an Eddy Current Dynamometer W series dyno supplied by UWTSD. We used an Eddy Current dynamometer because other dynos such as a water brake or AC engine Dynos didn’t suit the type of engine we were using. The Eddy Current W230 can handle up to 720kW, more than enough for what our engine could manage to pull. Also being a low maintenance dyno, it allows us to do multiple tests very easily. 
[image: ] Setting up the dyno involves calibrating the dyno by putting two identical weights on either end of the dyno wheel (20KG) to get a reading of 0. If not calibrated, the torque figure will be false. There are three ways of running a dynamometer, one way is the manual where the user has control of the RPM and Load which is the one that was used on the test, the other two are step and sweep tests. Once calibrated, the weights are removed and the engine is cranked after the fuel pumps and ignition are all primed and turned on. After cranking the engine, the rpm is gradually increased along with the load, raising either too fast will result in the engine stalling. Once started, the engine was put on idle before proceeding with the runs. 


1.3 – Method of test
 The idea for this test was to do long runs so that it tests the endurance of parts such as exhaust gasses, engine speeds, materials and stop start sequences. The final test was the one that brought the data. This test consisted of starting at an engine speed of 1000 rpm and increasing it to 5050 rpm where the test will stop. After the engine increases every 50rpm, the data of the load, rpm, Lambda reading and the fuel rate in l/min are collected and put into a spreadsheet. The method used in this test was the sweep method. This meant that the computer would do all the work apart from a few things. The starting and ending rpms would need to be set manually, along with when the readings should be taken, in this case it was every 50rpm increase. The computer would control the load and the rpm from then on. Once the test was finished, the engine slowly went back down to idle. 
2.0 – Results 
	Load
	Dyno Speed
	Fuel Flow Rate
	Lambda
	Torque

	Newtons
	rpm
	l/min
	KG/Min
	KG/Hour
	KG/Sec
	Lambda
	T (Nm)

	116.486
	1000
	0.0704
	0.050688
	3.04128
	0.000845
	1.30182
	95.02648

	116.532
	1050
	0.0724
	0.052128
	3.12768
	0.000869
	1.30196
	95.06401

	116.337
	1100
	0.0737
	0.053064
	3.18384
	0.000884
	1.29795
	94.90493

	116.488
	1150
	0.0728
	0.052416
	3.14496
	0.000874
	1.29599
	95.02811

	117.107
	1200
	0.0744
	0.053568
	3.21408
	0.000893
	1.29068
	95.53308

	117.787
	1250
	0.07895
	0.056844
	3.41064
	0.000947
	1.2823
	96.08781

	119.061
	1300
	0.079
	0.05688
	3.4128
	0.000948
	1.27008
	97.12711

	120.613
	1350
	0.0796
	0.057312
	3.43872
	0.000955
	1.26012
	98.39319

	122.054
	1400
	0.0835
	0.06012
	3.6072
	0.001002
	1.25367
	99.56872

	123.09
	1450
	0.0847
	0.060984
	3.65904
	0.001016
	1.25045
	100.4139

	124.012
	1500
	0.08865
	0.063828
	3.82968
	0.001064
	1.24615
	101.166

	124.79
	1550
	0.0932
	0.067104
	4.02624
	0.001118
	1.24231
	101.8007

	125.136
	1600
	0.0959
	0.069048
	4.14288
	0.001151
	1.23973
	102.0829

	124.984
	1650
	0.09875
	0.0711
	4.266
	0.001185
	1.24084
	101.9589

	125.053
	1700
	0.10005
	0.072036
	4.32216
	0.001201
	1.24179
	102.0152

	125.032
	1750
	0.10305
	0.074196
	4.45176
	0.001237
	1.24204
	101.9981

	124.891
	1800
	0.1093
	0.078696
	4.72176
	0.001312
	1.24113
	101.8831

	125.324
	1850
	0.11415
	0.082188
	4.93128
	0.00137
	1.24198
	102.2363

	125.819
	1900
	0.11745
	0.084564
	5.07384
	0.001409
	1.24083
	102.6401

	126.626
	1950
	0.12055
	0.086796
	5.20776
	0.001447
	1.24092
	103.2985

	127.347
	2000
	0.12555
	0.090396
	5.42376
	0.001507
	1.24036
	103.8866

	128.133
	2050
	0.12785
	0.092052
	5.52312
	0.001534
	1.23722
	104.5278

	129.065
	2100
	0.1309
	0.094248
	5.65488
	0.001571
	1.23433
	105.2881

	130.024
	2150
	0.13435
	0.096732
	5.80392
	0.001612
	1.23372
	106.0705

	130.6
	2200
	0.1377
	0.099144
	5.94864
	0.001652
	1.23338
	106.5403

	131.456
	2250
	0.14105
	0.101556
	6.09336
	0.001693
	1.23527
	107.2386

	132.09
	2300
	0.14495
	0.104364
	6.26184
	0.001739
	1.23647
	107.7559

	132.607
	2350
	0.14985
	0.107892
	6.47352
	0.001798
	1.23645
	108.1776

	132.934
	2400
	0.1537
	0.110664
	6.63984
	0.001844
	1.23275
	108.4444

	133.134
	2450
	0.15565
	0.112068
	6.72408
	0.001868
	1.23068
	108.6075

	133.194
	2500
	0.1596
	0.114912
	6.89472
	0.001915
	1.22965
	108.6565

	132.948
	2550
	0.1626
	0.117072
	7.02432
	0.001951
	1.2268
	108.4558

	132.616
	2600
	0.16805
	0.120996
	7.25976
	0.002017
	1.22195
	108.185

	132.658
	2650
	0.17145
	0.123444
	7.40664
	0.002057
	1.21579
	108.2192

	132.551
	2700
	0.17465
	0.125748
	7.54488
	0.002096
	1.21006
	108.1319

	132.463
	2750
	0.1784
	0.128448
	7.70688
	0.002141
	1.2061
	108.0601

	131.768
	2800
	0.18005
	0.129636
	7.77816
	0.002161
	1.20393
	107.4932

	131.299
	2850
	0.1831
	0.131832
	7.90992
	0.002197
	1.20182
	107.1106

	131.272
	2900
	0.1879
	0.135288
	8.11728
	0.002255
	1.19914
	107.0885

	130.91
	2950
	0.19255
	0.138636
	8.31816
	0.002311
	1.19377
	106.7932

	130.86
	3000
	0.199
	0.14328
	8.5968
	0.002388
	1.18514
	106.7524

	130.794
	3050
	0.20605
	0.148356
	8.90136
	0.002473
	1.17777
	106.6986

	130.943
	3100
	0.21005
	0.151236
	9.07416
	0.002521
	1.16873
	106.8202

	130.812
	3150
	0.21605
	0.155556
	9.33336
	0.002593
	1.16139
	106.7133

	130.706
	3200
	0.21795
	0.156924
	9.41544
	0.002615
	1.15541
	106.6268

	130.961
	3250
	0.22305
	0.160596
	9.63576
	0.002677
	1.15005
	106.8348

	130.731
	3300
	0.2255
	0.16236
	9.7416
	0.002706
	1.14299
	106.6472

	130.816
	3350
	0.2285
	0.16452
	9.8712
	0.002742
	1.13454
	106.7166

	130.967
	3400
	0.2342
	0.168624
	10.11744
	0.00281
	1.12726
	106.8397

	130.936
	3450
	0.23605
	0.169956
	10.19736
	0.002833
	1.11874
	106.8144

	131.002
	3500
	0.24195
	0.174204
	10.45224
	0.002903
	1.11016
	106.8683

	131.572
	3550
	0.24545
	0.176724
	10.60344
	0.002945
	1.10349
	107.3333

	131.964
	3600
	0.25505
	0.183636
	11.01816
	0.003061
	1.09859
	107.6531

	132.505
	3650
	0.25755
	0.185436
	11.12616
	0.003091
	1.09393
	108.0944

	132.673
	3700
	0.26445
	0.190404
	11.42424
	0.003173
	1.0882
	108.2314

	132.695
	3750
	0.2651
	0.190872
	11.45232
	0.003181
	1.08444
	108.2494

	132.55
	3800
	0.2693
	0.193896
	11.63376
	0.003232
	1.081
	108.1311

	132.281
	3850
	0.27375
	0.1971
	11.826
	0.003285
	1.07942
	107.9117

	131.318
	3900
	0.2759
	0.198648
	11.91888
	0.003311
	1.0766
	107.1261

	130.554
	3950
	0.28285
	0.203652
	12.21912
	0.003394
	1.07426
	106.5028

	129.302
	4000
	0.28455
	0.204876
	12.29256
	0.003415
	1.07144
	105.4815

	128.676
	4050
	0.2871
	0.206712
	12.40272
	0.003445
	1.07043
	104.9708

	127.699
	4100
	0.28895
	0.208044
	12.48264
	0.003467
	1.06765
	104.1738

	126.963
	4150
	0.29305
	0.210996
	12.65976
	0.003517
	1.06665
	103.5734

	126.15
	4200
	0.2949
	0.212328
	12.73968
	0.003539
	1.06324
	102.9101

	125.305
	4250
	0.29715
	0.213948
	12.83688
	0.003566
	1.06113
	102.2208

	125.378
	4300
	0.3022
	0.217584
	13.05504
	0.003626
	1.05968
	102.2804

	125.28
	4350
	0.30605
	0.220356
	13.22136
	0.003673
	1.05762
	102.2004

	125.311
	4400
	0.3092
	0.222624
	13.35744
	0.00371
	1.05489
	102.2257

	125.44
	4450
	0.3099
	0.223128
	13.38768
	0.003719
	1.0536
	102.3309

	124.838
	4500
	0.31445
	0.226404
	13.58424
	0.003773
	1.05379
	101.8398

	124.26
	4550
	0.3171
	0.228312
	13.69872
	0.003805
	1.05472
	101.3683

	123.641
	4600
	0.3194
	0.229968
	13.79808
	0.003833
	1.05454
	100.8634

	122.439
	4650
	0.32055
	0.230796
	13.84776
	0.003847
	1.05289
	99.8828

	121.536
	4700
	0.3207
	0.230904
	13.85424
	0.003848
	1.05238
	99.14615

	120.18
	4750
	0.32485
	0.233892
	14.03352
	0.003898
	1.05143
	98.03996

	119.068
	4800
	0.32455
	0.233676
	14.02056
	0.003895
	1.05146
	97.13282

	117.981
	4850
	0.3257
	0.234504
	14.07024
	0.003908
	1.05117
	96.24607

	116.645
	4900
	0.3277
	0.235944
	14.15664
	0.003932
	1.05003
	95.15619

	115.73
	4950
	0.32845
	0.236484
	14.18904
	0.003941
	1.04989
	94.40976

	114.84
	5000
	0.3287
	0.236664
	14.19984
	0.003944
	1.05055
	93.68372

	113.657
	5050
	0.32985
	0.237492
	14.24952
	0.003958
	1.05114
	92.71865

	112.468
	5100
	0.3297
	0.237384
	14.24304
	0.003956
	1.05098
	91.7487

	110.64
	5150
	0.33095
	0.238284
	14.29704
	0.003971
	1.04962
	90.25746

	108.914
	5200
	0.3338
	0.240336
	14.42016
	0.004006
	1.04854
	88.84943

	107.144
	5250
	0.3313
	0.238536
	14.31216
	0.003976
	1.04644
	87.4055

	105.431
	5300
	0.3324
	0.239328
	14.35968
	0.003989
	1.04426
	86.00808

	103.801
	5350
	0.3308
	0.238176
	14.29056
	0.00397
	1.0419
	84.67836

	102.63
	5400
	0.3388
	0.243936
	14.63616
	0.004066
	1.04052
	83.72309

	101.147
	5450
	0.3438
	0.247536
	14.85216
	0.004126
	1.03778
	82.5133

	100.092
	5500
	0.3488
	0.251136
	15.06816
	0.004186
	1.03382
	81.65265



	Power
	Correct power for temperature and pressure 
	S.F.C
	Area Of Piston
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	44054.14942
	13915.1605
	0.277366
	0.441563
	8419.306
	29.5654757

	44183.97414
	13956.16758
	0.278213
	0.441563
	8338.566
	29.4754483

	44519.68856
	14062.20799
	0.27859
	0.441563
	8298.195
	29.435618

	44727.11595
	14127.72702
	0.279084
	0.441563
	8235.19
	29.3834259

	45011.63772
	14217.59747
	0.281255
	0.441563
	8187.726
	29.1566298

	45262.24463
	14296.7554
	0.281464
	0.441563
	8135.296
	29.1350353

	45494.28806
	14370.04978
	0.282165
	0.441563
	8080.803
	29.0626607

	46056.33079
	14547.57937
	0.283458
	0.441563
	8085.51
	28.930045

	46555.45162
	14705.23413
	0.283992
	0.441563
	8079.191
	28.8756915

	47102.22411
	14877.94038
	0.283584
	0.441563
	8081.19
	28.917195

	47686.51652
	15062.49786
	0.280744
	0.441563
	8089.509
	29.209778

	47990.896
	15158.64066
	0.283059
	0.441563
	8050.686
	28.970867

	48299.46144
	15256.10566
	0.283621
	0.441563
	8013.412
	28.9134743

	48586.97746
	15346.92188
	0.283987
	0.441563
	7973.493
	28.8761444

	48637.61482
	15362.91645
	0.284713
	0.441563
	7895.977
	28.8025356

	48798.03553
	15413.58772
	0.28391
	0.441563
	7837.743
	28.8840184

	48766.92271
	15403.76027
	0.287767
	0.441563
	7750.296
	28.4968407

	48824.27897
	15421.8771
	0.287164
	0.441563
	7678.584
	28.5567289

	48882.49379
	15440.26512
	0.287838
	0.441563
	7608.485
	28.4898281

	48827.19206
	15422.79725
	0.289934
	0.441563
	7522.327
	28.2839162

	48938.50457
	15457.95696
	0.289936
	0.441563
	7463.32
	28.2836635

	49052.67891
	15494.02063
	0.289481
	0.441563
	7405.925
	28.3280878

	49032.84683
	15487.75638
	0.290612
	0.441563
	7329.634
	28.2179107

	49000.29454
	15477.47425
	0.290673
	0.441563
	7252.957
	28.2120066

	48676.4546
	15375.18457
	0.293716
	0.441563
	7135.071
	27.9197025

	48382.30938
	15282.27441
	0.298046
	0.441563
	7023.762
	27.5140483

	48053.68548
	15178.47365
	0.297837
	0.441563
	6909.617
	27.5333781

	47735.7486
	15078.04854
	0.300816
	0.441563
	6799.147
	27.260697

	47441.11217
	14984.98323
	0.301227
	0.441563
	6694.03
	27.2234771

	47344.2925
	14954.40129
	0.309143
	0.441563
	6618.513
	26.5264091

	47092.20769
	14874.77654
	0.315385
	0.441563
	6522.876
	26.0014407

	47028.55112
	14854.66967
	0.320405
	0.441563
	6454.84
	25.5940702



3.0– Engine Speed compared to results         
3.1 –Power against engine speed
 
As you can see from the figure above, the power increases as the rpm level rises. However, it starts to level off and then decrease as it starts to reach 5000 rpm. It does this because the peak power has passed, and the engine doesn’t accelerate as fast as it did earlier in the run. As the engine builds up the rpm, the engines produce more power but as soon as the peak power has passed, which in this case is 49052.67891 kW, the power starts to decline even though the engine is still spinning quicker. This happens due to the fuel not being able to get into the engine fast enough to keep up with the rotations of the engine. 
3.2 –Torque against engine speed

 The figure above shows torque compared to engine speed. As the engine speeds up and the rpm increases, the torque level rises very slightly. There is not that much variation in torque levels at lower rpm, however it does increase slightly. As the run continues and the rpm increases further, the torque line starts to level out and towards the back end of the test, it drops off. The peak torque in this test was 108 Nm, the very last reading turned out to be the least powerful part of the run with only 81Nm recorded, almost 30Nm difference. This is because the engine can’t breathe enough for the torque to keep up. The engine is moving so fast that the airflow can’t keep up. It can’t bring in enough air and it can’t push the burned substances out fast enough, effectively blocking the airways of the engine up. 
3.3 – S.F.C against engine speed

The figure above shows Special Fuel Consumption against engine speed. The value of the SFC doesn’t have a massive variety as the rpm rises. The rpm has some effect to it but it barely changes. Peak SFC was at 0.3204 kg/kWh which was the final recording of the test, before that it had a steady increase in Kg/kWh. From the start of the test the value of SFC drops off straight away until the engine hit 1450 rpm where the fuel consumption starts to increase and rises until the test ends. The value of the SFC starts high as the engine bogs down when the throttle opens up from idle. This is because there is a slight lag from the fuel going through into the engine after the throttle is engaged. The fuel then catches up to the throttle and the SFC then starts to level out and increase again.
4.0 – Conclusion
4.1 – Fair test?
Because the test was a controlled test, it would have been hard for something to go wring on the day. Doing multiple runs before the test that would record the reading guaranteed us to have a safe and fair test. Things that could have made the test unfair would have been the engine cutting out or misfiring, meaning that all the data would be unreliable as the engine wouldn’t have run correctly making all data that was collected redundant. 
4.2 – Overview 
 Overall, I think the test went very well. I set out to collect data from a 1.6 Honda VTEC engine and have come back with what I think are reliable and accurate results. This was helped with the multiple runs we did before the test to get to know the dynamometer. I think there might be one or two calculations that are slightly off, however I feel that if I come to do this sort of test again, I will know what to do and how to do things better meaning I will recover even more reliable data. I managed to collect several graphs and compare them to the engine speed. I also explained why the graph was shaped like it was in enough detail for anyone to understand. 
 Every additional calculation that I wanted at the start of the test were calculated with reliable results. The power and torque bands were similar to other tests that I had found online, proving the power figures were good. The SFC values were also with in the recommended values along with the BMEP and area of piston. However, I’m not too sure on the values for BTE and power for temp and pressure, the values seem I little bit off from what I expected and also compared to the other tests that I had found online. 
4.3 – Self Evaluation
I think I could have done a lot more in the project. I think I could have gathered more information about the dynamometer at the test. I should have asked my lecturer more questions on things I didn’t understand, I should have then written them down for me to remember easier. I also should have taken more photos of the surrounding area in the dyno room along with taking notes down as to what they do, this would have helped me be more specific when talking about the testing equipment. If I were to do this again, I would do a lot better in a lot of fields. If I had made more notes in general when being told certain information, I would be able to give a lot more detail on the dyno itself and the results
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Graph showing torque against engine speed
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Graph showing S.F.C against engine speed
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