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· [bookmark: _Toc194256037]Introduction 

The aim of the Dynamometer Test is to obtain an assortment of data, including the load and engine RPM (revolutions per minute) at predetermined RPM intervals. At each matching RPM level, the engine's fuel flow rate and lambda value will also be noted. A number of key engine performance parameters, such as power, torque, specific fuel consumption (SFC), brake mean effective pressure (BMEP) and overall thermal efficiency, will be calculated using this data. A complete understanding of the engine's performance characteristics and operational efficiency can be obtained by examining these results.


· [bookmark: _Toc194256038]Testing Equipment and Methods

The dynamometer that is used to measure the performance metrics of the engine is a Schenck W230 Model. The dynamometer is connected to a Honda 1.6 VTEC engine. The engine is connected to a fuel supply system that includes a lift pump, fuel flow meter as well as a fuel regulator which is used to accommodate both fuel injected and non-fuel injected engines. The model of dynamometer used is a eddy current dynamometer. An eddy current system which allows the load to be applied for extensive sensor integration which allows for the monitoring of an array of engine parameters. To regulate the heat that is emitted during any testing there is also a cooling system. The engine and dynamometer are controlled from a control room so that the testing can be done from a safe location in case of any incidents that could occur.

A dynamometer system can be used for engine testing in three different ways: P-curve tests, automated test modes, and manual modes. In manual mode, real-time engine performance data is provided by controlling the throttle and dynamometer to modify RPM and load. With automated test mode, the system can execute preset sequences like load tests or drive cycles without requiring human input. The P-curve tests include sweep tests, which progressively raise RPM for faster results without putting undue strain on the engine, and step tests, which aim for precise RPMs for reliable data. The information gathered is utilised to assess and improve engine performance, including variables like RPM, torque, fuel flow, and lambda.
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Using the data that was collected I was able to determine the Torque, Power, BMEP, SFC, Overall Thermal Efficiency, Energy Input and Brake Power values

First, I was able to determine the Torque value by multiplying the engines force by the radius of the dynamometer that I was able to acquire from the dynamometer’s specification.
Now that I had obtained the torque value I was able to use that to determine the power value in horsepower. The equation used to determine this was Torque multiplied by engine speed all divided by 5252. I also converted the power into watts by multiplying the power in horsepower by 745.7.
Then I needed to determine the Brake Mean effective pressure (BMEP). Using the equation of 2PI multiply by torque multiplied by engine speed all divided by 1.590431281 I was able to determine the BMEP in pascals. I also converted the pascals into bar by multiplying it by 0.00001.
Next up I needed to get the SFC or specific fuel consumption. I was able to determine this by 
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Using the data I calculated I was able to create 3 graphs one comparing SFC to Engine speed, one comparing Torque vs Engine speed and one comparing brake power vs engine speed as well as suggest reasons why there are varies between each of the graphs.

Suggest reasons why the SFC varies as it does with Engine Speed ?



An array of factors related to an engines performance and its fuel economy can result in Specific Fuel Consumption (SFC) to vary with engine speed. Incomplete combustion at lower engine speeds might result in increased SFC because of inefficient fuel use. The engine works more efficiently at higher speeds which in turn lowers the SFC value because the fuel is burned in a more efficient way per unit of power generated. However, SFC begins to rise once more at high speeds due to an increase in pumping, parasitic, thermal, and frictional losses. SFC fluctuates at different engine speeds due to changes in the air-fuel mixture, timing of ignition, and mechanical efficiency.
Suggest reasons why torque varies as it does with engine speed ?



Due to things like airflow, mechanical resistance, and combustion efficiency, the torque will vary with engine speed. Less air enters the cylinders at low speeds resulting in a weaker combustion which in turn results in the power production becoming lower, leading to decreased torque.  Airflow and fuel mixing rise with increasing engine speed, allowing more powerful combustion and a rise in torque.  At an average speed where power generating circumstances are ideal, the engine can achieve its maximum torque.  However, higher friction, heat losses, and restrictions in the delivery of fuel and air cause torque to decrease at very high speeds, lowering overall efficiency.














Suggest reasons why brake power varies as it does with engine speed ?



Given the fluctuations in the fuel-air mixture, mechanical losses, and combustion efficiency, brake power varies with engine speed. Since there is less fuel and air entering the cylinders at low speed. The cylinders therefore produce less energy, which restricts the amount of brake power. Due to improved fuel burning and better energy conversion, combustion becomes more efficient, and power generation increases as engine speed increases. While the engine is functioning at its most powerful, brake power will normally peak new that speed. However, at the highest speeds, the engine's ability to generate useful power is decreased due to the increased friction, heat losses, and a drop in volumetric efficiency, every one of which can result in a decrease in brake power.










· [bookmark: _Toc194256041]Conclusion

The dynamometer data analysis illustrates that efficiency and mechanical problems lead to torque and power to vary drastically with engine speed. Due to better fuel-air mixing, better combustion efficiency, and ideal cylinder filling, torque will improve as engine speed rises from the lower RPMs. Until the greatest torque is achieved at a specific engine speed the engine will operates at its highest mechanical efficiency.  Following this, the engine will struggle to effectively use the intake and will burn the required amount of fuel and air which will result in a reduction in volumetric efficiency and higher frictional and thermal losses, which cause torque to diminish.
The pattern for power which derives from the result of torque and engine speed is a slightly different. Initially the power will gradually rise as the torque and speed increases. As the speed of rotation is still increasing the power may also continue to increase even after the torque has peaked and starts to go down making up for the little decrease in torque. Nevertheless there is severe frictional losses, heat accumulation, and restrictions in the delivery of fuel and combustion stability can lead the power to eventually plateau or begin to drop at high engine speeds. The h igher speeds will also result in increased strain on parts like crankshafts, bearings, and pistons, which will further lower the overall efficiency and power production.
Engine performance is greatly influenced by the fuel flow rate. This is due to the fact that m ore fuel is used to maintain combustion and power generation as the engine speed rises. However, because there are inefficiencies like incomplete combustion, increased exhaust losses, and higher specific fuel consumption (SFC) at extreme RPMs affect overall efficiency, the relationship between fuel flow rate and power output is not always linear. This explains why with a perfect range where the engine is running the most efficiently, fuel economy  will often decline at both very low and very high speeds.

All things taken into account the data illustrates the way that internal combustion engines will generally behave, with an optimal speed range for maximum performance and efficiency before that peak performance will start to occur due to temperature and mechanical constraints. Enhancing an engines performance, whether in industrial machines, automotive applications, or performance tuning will require an understanding of an array of variances in torque, power, and fuel consumption. Maintaining peak performance while reducing the fuel consumption and mechanical wear depends heavily on engine management which includes the best possible gear selection, air-fuel ratio regulation, and cooling system efficiency.






· [bookmark: _Toc194256042]Evaluation

As the experiment was unable to be carried out due to a broken dynamometer, we were supplied with data to use for this report. If able to redo this report a working dynamometer would be a great addition to help with personal understanding and also the understanding of how the experimental really works. I would improve my own understanding by doing my background reading on the topic to truly understand how the entire process works.
SFC vs Engine Speed
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425.787
435.750
440.537
446.398
457.533
461.147
472.674
479.511
498.266
503.150
516.630
517.899
526.104
534.798
538.998
552.576
555.897
560.879
564.493
572.502
576.117
580.512
590.378
597.899
604.053
605.421
614.310
619.487
623.980

94776.733

96811.733

97707.133

99362.267

101967.067
104490.467
107990.667
111816.467
113987.133
117243.133
118274.200
121041.800
122371.333
123999.333
127092.533
128096.467
131298.200
133197.533
138407.133
139763.800
143508.200
143860.933
146140.133
148555.000
149721.733
153493.267
154415.800
155799.600
156803.533
159028.467
160032.400
161253.400
163993.867
166083.133
167792.533
168172.400
170641.533
172079.600
173327.733

32.841
32.488
32.713
32.663
32.158
31.745
31.204
30.491
30.401
29.966
30.112
29.944
30.272
30.464
30.351
30.691
30.365
30.551
29.782
29.878
29.461
29.775
29.639
29.341
29.366
28.781
28.689
28.485
28.340
28.058
28.080
27.981
27.681
27.560
27.558
27.836
27.576
27.593
27.480

22944.902
23185.709
23561.930
23924.510
24172.590
24452.483
24840.807
25133.224
25545.455
25898.974
26254.553
26718.731
27307.825
27846.475
28436.042
28981.435
29390.264
29997.785
30386.245
30783.692
31167.125
31576.056
31930.370
32131.273
32411.917
32565.978
32657.089
32715.373
32758.880
32892.416
33126.124
33261.122
33464.324
33742.465
34086.904
34508.769
34688.632
35002.245
35111.799

30.757
31.080
31.584
32.070
32.403
32.778
33.299
33.691
34.243
34.717
35.194
35.816
36.606
37.328
38.118
38.849
39.397
40.212
40.732
41.265
41.779
42.327
42.802
43.071
43.448
43.654
43.776
43.854
43.913
44.092
44.405
44.586
44.858
45.231
45.693
46.258
46.500
46.920
47.067
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Torque

66.479
66.791
67.398
67.736
68.777
69.882
71.167
72.668
74.274
75.259
76.040
76.562
77.006
77.202
77.126
77.260
77.730
77.957
78.114
78.616
79.402
79.849
80.467
81.116
81.339
81.918
82.329
82.434
82.349
82.259
82.185
82.055
82.005
81.801

Power
Hp

12.658
13.353
14.116
14.832
15.715
16.632
17.616
18.679
19.799
20.778
21.718
22.595
23.460
24.254
24.965
25.743
26.640
27.460
28.259
29.189
30.237
31.167
32.175
33.206
34.072
35.094
36.054
36.885
37.631
38.373
39.121
39.840
40.596
41.274

Power
w

9438.919
9957.476
10526.358
11060.018
11718.306
12402.569
13135.985
13928.896
14764.048
15494.072
16194.749
16849.442
17493.827
18086.344
18616.216
19196.861
19865.448
20477.024
21072.891
21766.374
22547.642
23241.499
23992.676
24761.956
25407.457
26169.917
26885.623
27505.228
28061.208
28614.613
29172.282
29708.896
30272.707
30778.080

Calculated Data

BMEP
Pa

262498.955
276920.164
292740.940
307582.173
325889.341
344918.879
365315.388
387366.455
410592.255
430894.442
450380.449
468587.649
486508.159
502986.241
517722.115
533870.003
552463.605
569471.689
586042.938
605328.879
627056.170
646352.506
667242.957
688636.847
706588.413
727792.631
747696.609
764927.988
780389.953
795780.309
811289.243
826212.607
841892.348
855946.918

BMEP
Bar

2.625
2.769
2.927
3.076
3.259
3.449
3.653
3.874
4.106
4.309
4.504
4.686
4.865
5.030
5.177
5.339
5.525
5.695
5.860
6.053
6.271
6.464
6.672
6.886
7.066
7.278
7.477
7.649
7.804
7.958
8.113
8.262
8.419
8.559

SFC
g/kWh

0.331
0.323
0.311
0.292
0.282
0.283
0.267
0.254
0.251
0.243
0.243
0.246
0.243
0.242
0.239
0.238
0.244
0.248
0.247
0.246
0.247
0.244
0.242
0.241
0.241
0.239
0.239
0.242
0.243
0.242
0.243
0.243
0.246
0.247

Fuel Flow Rate

ke/h

3.126
3.215
3.272
3.232
3.303
3.505
3.508
3.534
3.707
3.761
3.936
4.138
4.258
4.385
4.442
4.575
4.853
5.068
5.215
5.352
5.574
5.677
5.812
5.965
6.114
6.263
6.436
6.653
6.824
6.911
7.086
7.219
7.461
7.612

Energy Input

Mi/h

137.533
141.441
143.980
142.222
145.348
154.237
154.334
155.507
163.126
165.470
173.187
182.076
187.350
192.918
195.458
201.318
213.528
223.003
229.450
235.506
245.274
249.768
255.726
262.466
269.011
275.555
283.174
292.747
300.268
304.078
311.795
317.655
328.302
334.945

Energy Input
w

38203.733
39289.067
39994.533
39506.133
40374.400
42843.533
42870.667
43196.267
45312.667
45963.867
48107.400
50576.533
52041.733
53588.333
54293.800
55921.800
59313.467
61945.400
63736.200
65418.467
68131.800
69379.933
71035.067
72907.267
74725.200
76543.133
78659.533
81318.600
83407.867
84466.067
86609.600
88237.600
91195.133
93040.200

Overall Thermal Efficiency
%

24.707
25.344
26.319
27.996
29.024
28.949
30.641
32.246
32.583
33.709
33.664
33.315
33.615
33.751
34.288
34.328
33.492
33.057
33.063
33.273
33.094
33.499
33.776
33.964
34.001
34.190
34.180
33.824
33.643
33.877
33.683
33.669
33.196
33.080

Brake Power
w

6958.109
7340.375
7759.739
8153.138
8638.410
9142.830
9683.484
10267.995
10883.646
11421.800
11938.319
12420.941
12895.963
13332.751
13723.357
14151.393
14644.257
15095.093
15534.350
16045.566
16621.496
17132.987
17686.735
18253.826
18729.672
19291.736
19819.335
20276.090
20685.943
21093.898
21504.997
21900.573
22316.199
22688.746

Brake Power
Hp

9.327
9.840
10.402
10.929
11.580
12.256
12.981
13.764
14.589
15.311
16.003
16.650
17.287
17.872
18.396
18.970
19.630
20.235
20.824
21.509
22.281
22.966
23.709
24.469
25.107
25.860
26.567
27.180
27.729
28.276
28.827
29.357
29.914
30.414
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72.190
71.482
70.625
69.599
68.406
67.361
66.518
65.719
64.555
63.428
62.302
61.622
60.513
59.663
58.886
58.264
57.802
57.621

63.915
63.969
63.875
63.610
63.170
62.846
62.693
62.566
62.072
61.592
61.092
61.012
60.490
60.208
59.985
59.906
59.981
60.342

47661.457
47702.014
47631.264
47433.608
47105.906
46864.366
46750.060
46655.163
46286.951
45929.366
45556.021
45496.667
45107.688
44897.008
44730.633
44672.041
44727.651
44996.784

1325478.305
1326606.198
1324638.642
1319141.756
1310028.275
1303310.971
1300132.110
1297493.004
1287252.901
1277308.368
1266925.549
1265274.892
1254457.291
1248598.207
1243971.270
1242341.813
1243888.343
1251373.009

13.255
13.266
13.246
13.191
13.100
13.033
13.001
12.975
12.873
12.773
12.669
12.653
12.545
12.486
12.440
12.423
12.439
12.514

0.299
0.299
0.303
0.304
0.307
0.310
0.312
0.313
0.316
0.319
0.323
0.326
0.326
0.329
0.328
0.337
0.341
0.344

14.232
14.239
14.423
14.410
14.461
14.550
14.583
14.594
14.645
14.639
14.694
14.821
14.710
14.759
14.688
15.043
15.265
15.487

626.226
626.520
634.627
634.041
636.288
640.195
641.660
642.148
644.395
644.102
646.544
652.112
647.228
649.377
646.251
661.880
671.648
681.416

173951.800
174033.200
176285.267
176122.467
176746.533
177831.867
178238.867
178374.533
178998.600
178917.200
179595.533
181142.133
179785.467
180382.400
179514.133
183855.467
186568.800
189282.133

27.399
27.410
27.019
26.932
26.652
26.353
26.229
26.156
25.859
25.671
25.366
25.117
25.090
24.890
24.918
24.297
23.974
23.772

35134.703
35164.600
35112.446
34966.739
34725.166
34547.109
34462.846
34392.891
34121.455
33857.853
33582.634
33538.879
33252.135
33096.827
32974.180
32930.988
32971.982
33170.380

47.097
47.138
47.068
46.872
46.548
46.310
46.197
46.103
45.739
45.386
45.017
44.958
44.574
44.366
44.201
44.143
44.198
44.464
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112.195
111.061
109.973
108.654
107.076
105.24
103.632
102.335
101.106
99.3149
97.5815
95.8486
94.8033
93.0976
91.7886
90.5938
89.6374
88.9256
88.6474

4600
4650
4700
4750
4800
4850
4900
4950
5000
5050
5100
5150
5200
5250
5300
5350
5400
5450
5500

0.3194
0.32055
0.3207
0.32485
0.32455
0.3257
0.3277
0.32845
0.3287
0.32985
0.3297
0.33095
0.3338
0.3313
0.3324
0.3308
0.3388
0.3438
0.3488

1.10569
1.09782
1.09558
1.08827
1.08396
1.08221
1.0846
1.08823
1.08687
1.0891
1.09185
1.09407
1.09346
1.08804
1.08339
1.08007
1.07895
1.07923
1.08366




