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[bookmark: _Toc225096603]Introduction
This assignment revolves around collecting and processing results from a dynamometer session and finding a number of figures like the Power and Torque generated, Specific Fuel Consumption and the Overall Thermal Efficiency of the engine tested as well as plotting graphs from the results to gain a better understanding of the engine.



[bookmark: _Toc225096604]Method
The engine that was used in this test was a 2000/2001 Honda 1.6L VTEC that was likely from a Jazz or CRX, it is an import model which meant lower power generated and there are coolant temp, fuel flow meter and lambda sensors on the engine. This engine has been self-contained onto a board by the engine and is controlled by senser recording modules that feed results back to the computer in the control room as well as the throttle actuator box that has been mounted onto the dynamometer itself. 
On the wall next to the engine there is a fuel supply board where fuel is extracted from the main supply and pumped up through a filter via a fuel flow meter to the secondary swirl pot which feeds the fuel pump that is controlled via the regulator. If the engine was to return some of the fuel then it is fed back through a cooling plate and to the secondary swirl pot that is placed after the fuel flow meter so we can know how much fuel is being used in the engine rather than what’s currently in it.
For this test we used the Schenck WS230 dynamometer. This dynamometer is limited to 10,000rpm and has a maximum load of 230kW. It is bolted directly onto the engines crankshaft which allows for a more accurate reading of the rpm. There is up to 2000 different sensers that can be used on the dyno like the coolant temperature and the speed the engine is running at. The dynamometer that was used is an eddy current dyno which means that it has an inner core that spins freely from the engine and has an outer casing that gets fed with current and produces an electromagnetic feed. This electromagnetic feed puts a load on the engine and making it want to slow down however this causes the outer casing to try and turn which is attempted to be stopped by a string gauge that sends a signal to the computer in the control room of 0-10V. This 0-10V figure is showing load on the system, the system is calibrated with an arm either side of the dyno to do so which are 0.815m in length which neutralise the other. One arm is then loaded with weight on a hook so that the torque of the engine can be worked out. There is cooling pipes going in and out of the dyno that are kept at certain temperatures at all times by using radiators and fans where necessary.
In the control room there is a computer controlling the dynamometer where it can pick between three settings that the dyno runs on, the first is manual. In manual mode there is 2 dials, one is engine which controls the rpm and the other is dynamometer which controls the current being fed. There is three screens connected to the computer which shows a visual representation of the dials with the exact figures they are on and on the main screen the trends of the engines running’s with up to five different values on either side of the trend graph. The dials can then be configured to find out whatever information is required at the time of testing, for example seeing how a certain torque impacts the engine at different rpms. The next method is test sequences where the computer is put in charge of running the test, with the operator entering in parameters that needs to be tested and for how long for before running the next part of it. 
The third test is a step test, there are two methods for this which is a step or sweep test. The step test is similar to the previous one where it allows you to enter parameters to be tested and the different steps it will take to complete the test and will produce a table at the end to show you what the results were, an example of this could be going at 50% or 100% throttle and see what the outcome is at certain rpm steps. The sweep test is very similar again and performs almost the same however it doesn’t stop at the rpm steps, just going from start to finish, this does however mean that the test may not be 100% accurate as the dynamometer is effectively trying to play catchup and log every figure as quick as it can.










[bookmark: _Toc225096605]Results
The results that were gained from the dyno session as well as calculations made are shown below.
[bookmark: _Toc225096477][bookmark: _Toc225096572]Table 1- First Results Table
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[bookmark: _Toc225096483][bookmark: _Toc225096578]Table 7 - Facts contributing to the Dyno session
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[bookmark: _Toc225096606]Graphs and Analysis
From the data that was gathered during the session I have created a few graphs to gain a better insight to how the engine performs.
[bookmark: _Toc225096607]SFC compared to Engine Speed

[bookmark: _Toc225096505][bookmark: _Toc225096589]Figure 1 - SFC at different Engine Speeds
The graph above shows the SFC of the engine at different speeds which as you can see the SFC is higher when at low rpm, is lower in the middle and increases with high rpm. It is high when at low rpms as combustions is longer with the pistons moving slower meaning that the air fuel mixing isn’t as efficient and more heat is lost as more time is given in each cycle, leading to more fuel being consumed. In the middle where the SFC is at its lowest this is because the combustion timing is a lot better leading to less heat lost and more consistent fuel air mixtures and the crank angle is also at a much more ideal angle allowing for better downforce and pressure generated. The SFC then increases when high rpm is reached due to the volumetric efficiency dropping as the intake time decreases and restricts the air and fuel going into the system and friction can increase because of issues like lubrication shearing meaning more fuel is used to overcome this. For this I have used the formula given in the class notes by Andrew Harrison (2020), converting for the figures I have, which was the Fuel Flow Rate in l/min and using Highland Fuels (2017) figure for the specific gravity of fuel and is as follows: 

[bookmark: _Toc225096608]Torque compared to Engine Speed

[bookmark: _Toc225096506][bookmark: _Toc225096590]Figure 2 - Torque generated at different Engine Speeds
The graph above shows the Torque that has been generated while the engine is at different speeds, it shows that the torque rises while at lower rpm to hitting its peak at around 2300rpm and slowly declines as the rpm increases. The first and main reason this varies is because of the volumetric efficiency in the cylinders, with low rpm drawing out the cycles which results in airflow being slower making the fuel air mixture incomplete. When torque hits its peak the cycles are better timed making the fuel air mixture being correct and maximum torque being generated. As the rpm then gets higher the cycles have less time for air to enter making the torque start to lower. Combustion is another reason that the torque varies, and for similar reasons mentioned for the volumetric efficiency. While at lower rpm the cycles are slower leading to less efficient combustion, in the middle when the rpm hits the peak torque everything is aligned as it should be leading to maximum pressure and then when high rpm is reached there is less time to complete combustion making the torque lower. To work out the figure for Torque I used the equation given in the class notes by Andrew Harrison (2020), which goes as follows:



[bookmark: _Toc225096609]Brake Power compared to Engine Speed 

[bookmark: _Toc225096507][bookmark: _Toc225096591]Figure 3 - Power generated at different Engine Speeds
The graph above shows the power generated at different engine speeds, it follows a fairly linear line until its peak and then it drops off slightly. The equation for power used for the graph above is taken from the class files by Andrew Harrison (2020), and is as follows:

This shows the power that generated is due to the rpm getting higher as the torque stays in between roughly 70-105 throughout and does not fall off too quickly after hitting the maximum. Torque is produced on every cycle the engine runs so as the rpm starts to rise the power starts to rise as well until hitting its peak at roughly 4700rpm.


[bookmark: _Toc225096610]Conclusions Found
From the dynamometer session completed there were a number of conclusions to be found. Firstly, the Torque settles between 70-105N/m, peaking at roughly 2300rpm showing it will be quite responsive and can deliver at the lower speeds consistently. Second, the Power generated throughout follows a positive linear line when compared to the engine speed, peaking at around 44kW and does not fall off quickly. The SFC lowest between 1300-3000 rpm showing it’s efficiency at the lower rpm and increases until it reaches its highest when the rpm goes over 5000 showing the inefficiencies in place with the fuel consumption under higher loads and rpm. 
The Lambda of the engine is lean for the majority but starts becoming Stoichiometric under higher rpm which is the ideal Lambda figure showing that the engine is running quite efficiently. The Overall Thermal Efficiency is of the engine is similar to the Torque produced in the way that it is least efficient while at lower rpm, peaks at roughly 2300rpm and slowly decreases while the rpm increases. This is what’s expected from the engine as efficiency lowers while there is more loss in the system and while its running at its peak there is less loss and improves the efficiency. Overall, the engine performs best across the board between 2000-3000rpm with the majority of figures peaking in that region.



[bookmark: _Toc225096611]Evaluation 
As the dynamometer was out of commission when it was needed for results, this meant I was not able to undertake the session and collect the results myself and I have had to use slightly older data that was collected and given to me before it was broken. This sadly means that I do not know how I performed or how I would have performed while taking part in the session to collect the results. I was however given a YouTube video of how the data was collected by UWTSD WISA Workshops, meaning I have knowledge on how the session would have been carried out just not the physically doing it side. This is where I believe the investigation overall could’ve been improved. As instead of having up to date data and carrying the session myself, I have had to use old data that may not be the exact figures that the engine runs now and not having the knowledge of carrying out the session myself with just watching a video of how it’s done.


[bookmark: _Toc225096612]Conclusion
To conclude the chapters above have successfully met the aims and objectives that the introduction set out by processing results from a dynamometer session and finding out a number of values and producing graphs to gain a clearer understanding of the engines performance.
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A graph to show the relationship of an engine's SFC at different speeds.
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A graph to show the Torque generated at different speeds.
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A graph to show the Power generated at different engine speeds.
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27.98108
28.4481968
28.7693766
29.071312
29.5430352
29.997655
30.3087094
30.6596516

Corrected BP
kw
8.77904667
9.26135131
9.79046323
10.2868152
10.8990824
11.5355085
12.2176518
12.9551304
13.7318968
14.4108856

15.062578
15.6715017
16.2708375
16.8219324
17.3147607
17.8548127
18.4766593
19.0454797
19.5996906
20.2446919

20.971342

21.616691
22.3153538
23.0308536
23.6312279
24.3403844
25.0060554
25.5823437
26.0994555
26.6141725
27.1328551
27.6319539

28.156349
28.6263918
28.9495834
29.2534101
29.7280881
30.1855556
30.4985583
30.8516988
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121.709

121.123
121.124
120.851
120.596
120.84
121.633
122.181
122.933
123.475
123.428
124.205
124.066
123.967
123.815
123.767
123.509
122.672
122.157
121.184
120.004
118.734
117.442
116.5
115.931
115.034
114.391
114.016
113.871
113.985
113.306
113.074
112.195
111.061
109.973
108.654
107.076
105.24
103.632
102.335
101.106

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

0.199
0.20605
0.21005
0.21605
0.21795
0.22305

0.2255
0.2285
0.2342
0.23605
0.24195
0.24545
0.25505
0.25755
0.26445
0.2651
0.2693
0.27375
0.2759
0.28285
0.28455
0.2871
0.28895
0.29305
0.2949
0.29715
0.3022
0.30605
0.3092
0.3099
0.31445
0.3171
0.3194
0.32055
0.3207
0.32485
0.32455
0.3257
0.3277
0.32845
0.3287

1.22735
1.2193
1.20692
1.19274
1.18481
1.17378
1.16118
1.15104
1.14117
1.12669
1.11975
1.10622
1.09697
1.09401
1.09659
1.09808
1.09907
1.10533
1.11704
1.12259
1.12461
1.1222
1.12394
1.12233
1.12179
1.12456
1.12278
1.11943
1.11986
1.11873
1.11563
1.10953
1.10569
1.09782
1.09558
1.08827
1.08396
1.08221
1.0846
1.08823
1.08687

31146.5502
31513.1967
32030.0709
32473.3284
32919.1705
33501.1781
34239.8111

34915.196
35654.4219
36338.2603
36850.8694
37612.6068
38099.6761
38598.0139
39078.7792
39591.5162
40035.7717
40287.6725
40639.5572
40832.7266
40946.9649
41020.0442
41074.5957
41242.0291
41535.0631
41704.3305
41959.1145
42307.8601
42739.7338

43268.687
43494.2077
43887.4305
44024.7944
44053.5118
44090.9983
44025.6048
43842.9107
43540.0156
43316.7597
43211.1073
43123.3941

31.1465502
31.5131967
32.0300709
32.4733284
32.9191705
33.5011781
34.2398111

34.915196
35.6544219
36.3382603
36.8508694
37.6126068
38.0996761
38.5980139
39.0787792
39.5915162
40.0357717
40.2876725
40.6395572
40.8327266
40.9469649
41.0200442
41.0745957
41.2420291
41.5350631
41.7043305
41.9591145
42.3078601
42.7397338

43.268687
43.4942077
43.8874305
44.0247944
44.0535118
44.0909983
44.0256048
43.8429107
43.5400156
43.3167597
43.2111073
43.1233941

31.3416472
31.7105904
32.2307022
32.6767362

33.125371
33.7110242
34.4542839
35.1338993
35.8777556
36.5658774
37.0816974
37.8482062
38.3383264
38.8397857
39.3235625
39.8395112
40.2865494
40.5400281

40.894117
41.0884964
41.2034502
41.2769873
41.3318805
41.5003626
41.7952322
41.9655598
42.2219397
42.5728698
43.0074488
43.5397152
43.7666485
44.1623344
44.3005588

44.329456
44.3671774
44.3013742
44.1175357
43.8127433

43.588089
43.4817748
43.3935122
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99.3149
97.5815
95.8486
94.8033
93.0976
91.7886
90.5938
89.6374
88.9256
88.6474

5050
5100
5150
5200
5250
5300
5350
5400
5450
5500

0.32985
0.3297
0.33095
0.3338
0.3313
0.3324
0.3308
0.3388
0.3438
0.3488

1.0891
1.09185
1.09407
1.09346
1.08804
1.08339
1.08007
1.07895
1.07923
1.08366

42783.0547
42452.5388
42107.4561

42052.595
41693.0619
41498.3298
41344.5492
41290.3927

41341.793
41590.5529

42.7830547
42.4525388
42.1074561

42.052595
41.6930619
41.4983298
41.3445492
41.2903927

41.341793
41.5905529

43.051041
42.7184548
42.3712106
42.3160058
41.9542207
41.7582687
41.6035249
41.5490291
41.6007515
41.8510696




image4.png
Torque BMEP. SFC  Overall Thermal Efficiency  Engine Efficiency Mechanical Energy/Hour

N/m 2 kg/kwh % [ ~
83354125 660.939274 0.36311959 2255320207 139.392 31.4078343
8374614 664047676 0.35398804 2311326164 143.352 33.13332283
84506535 670.07707 0.34086988 24.00276073 145.926 35.02626863
84930335 673.437505 0.32046073 2553142189 144.144 36.80201276
86235965 683.790228 0.30910596 2646929913 147.312 38.99245393
8762065 694769801 0.30991298 2640037241 156,321 4126932615
8923272 707.552376 0.29279505 27.94384066 156.42 4370975556
91114555 722.473997 0.27822469 29.40723303 157.608 4634815184
9312842 738442522 0.27534698 2971457335 165.33 49.12710412
94363145 748.233018 0.26614427 3074204137 167.706 51.5562479
95342775 756.000792 0.26650405 3070053976 175.527 53.88773643
9599722 761190078 0.26929586 3038226491 184,536 56.06621637
96.553865  765.603679 0.26689048 3065608859 189.882 58.21039413
9679918 | 767.549054 0.26581874 3077968863 195.525 60.18198619
9670464 766799418 0.26165255 3126978137 198.099 61.9451242
96871715 768.124205 026134674 3130637225 204,039 63.87720887
9746096 772.796501 0.26786816 30.54419839 216.414 6610192151
9774621 | 775058332 0.27139909 30.14681553 226.017 68.13692807
9794344 776622226 0.27134898 3015238273 232,551 7011966756
9857262 781611179 0.26963758 303437604 238.689 72.42721827
99557955 789.424189 027109086 30.18109204 248.589 75.02687489
100.118675 793.870302 0.26781562 3055019073 253.143 77.33566932
10089374  800.016019 0.26561968 30.80275582 259.182 79.83519859
10170711 | 806.465468 0.26415085 3097403659 266.013 8239496395
101986655 808.682062 0.26385907 3100828823 272646 8454285753
10271282 | 814440037 0.26240375 3118026375 279279 870799288
1032279 818.524258 0.26248072 311711204 287.001 £89.46142726
10335993 819.571162 0.26524109 3084672242 296703 9152315082
10325235  818.718129 0.26666548 306819546 304.326 93.37316515
10313988  817.826321 0.26482505 3089507722 308.187 95.21461162
103.04697  817.089611 0.26635556 3071765453 316.008 97.07024574
102884785 815.803598  0.2664608 3070552289 321.948 98.85581682
102821215 815.299533 0.27026298 302735441 332.739 100.7318879
102565305 813.270348 0.27120348 30.16855883 339.471 102.4135083
101802465 807.221566 0.2731811 2995016174 345.807 103.5697558
101000505 800.86259 0.27614853 2962832452 353.232 104.6567233

100.806535 799.324545 0.27425246 29.8331627 356.499 106.3549267
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100562035
99.852985
99297155
99192835
98715245
98.71606
98493565
9828574
984846
99130895
99577515
100.190395
100632125
10059382
101227075
10111379
101033105
100.909225
100.870105
100659835
9997768
99.557955
98.76496
97.80326
96.76821
9571523
949475
94.483765
9375271
93.228665
9292304
92.804865
92897775
9234439
9215531
91438925
90514715
89627995
88.55301
87.26694

797.385833
791763568
787.356229
786529045
782.742094
782.748557
780984329
779.336423
780913242
786.037905
789.579286
794.438991
797.941597
797.637866

802.65913

801.76086.
801121085
800.138804.

799.82861
798.161318
792.752311
789.424189
783136299
775510698
767.303483
758.954096.

752.86654.

749.18945
743.392701
739237394
736.814004

735.87696.

736.61367
732225719
730726448
725.046021

717.71769
710.686627
702.162756

691.96513

0.27467147
0.27897922
0.28261084
0.28751178
0.29423388

0.2951055
0.29939185

0.2979343
0.29960887
0.29636554
0.29449928
0.29556746
0.29231586
0.29545436
0.29365619
0.30124272
0.30026804
0.30451949
0.30131455

0.3026918
0.30576971
0.30550284
0.31171688
0.31271549
0.31495578
0.31656428

0.3197527
0.31950114
0.32083217
0.32410122
0.32552462
0.32555186
0.32230005
0.32533642
0.32513865
0.32647512
0.32743701
0.32731171
0.33203973
0.33311543

29.78765209
2932769789
2895082888
2845733229
27.80719306
27.72506194
2732812554
27.46182028
2730833128
2760718495
2778213329
2767985552
27.98964806
2769232516
27.86170621

27.1602189
27.24838169
2686796212
27.15374384
27.03019391
2675810541
2678148027
2624759454
2616377684
2597767279
2584567679
2558795681
2560810327
2551777064
2524463901
2513425323
2513214973
2538571798
2514879237

251640896
2506107726
24.98745723
24.99702262
2464108179
2456151071

362.538
372,042
381.249

394.02
407.979
415.899
427779
431.541
441639

446.49

452.43
463.716
467.379
479.081
485.991
504.999
509.949
523.611
524.898
533.214
542.025
546.282
560.043
563.409
568.458
572.121
580.239
583.902
588.357
598.356
605.979
612216
613.602
622611
627.858
632.412
634,689
634,986
643.203
642.609

107.9915581
109.1113538
110.3747456
112.1275807
113.4475082
115.3082554
116.9039822
118.5090139
120.6042412
123.2633201
125.6947056
128.3559188
130.8177372
132.6631298
135.4053846
137.1588339
138.95285
140.6836051
142.5294584
144.1287781
145.0356208
146.302406
146.9978159
147.4090735
147.6721592
147.8685445
148.4713047
149.5262271
150.1355898
151.0528122
152.3082964
153.8630418
156.7672732
156.5791477
157.9947497
158.4892599
158.5926424
158.727594
158.4921773
157.8344784




