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[bookmark: _Toc193806853]Introduction
In motorsport engineering, optimizing engine performance and efficiency requires precise data collection and analysis. One of the most effective methods for evaluating an engine’s characteristics is by using a dynamometer, which allows for controlled measurement and engine parameters, while the engine is running in simulated conditions, under varying load and ranges of rpm. (Shahir et al., 2014).

This report focuses on the dynamometer testing conducted of the Honda D16 engine here in university, where data was collected on load in Newtons, dyno speed in rpm, fuel flow rate and lambda, all at varying engine speeds. We were also given the atmospheric pressure in millibar, ambient temperature and the humidity of when the test was conducted. Using this data, we calculated essential performance metrics such as torque, corrected power, brake mean effective pressure (BMEP), specific fuel consumption (SFC), and overall thermal efficiency, along with many other values. Additionally, graphical representation was created to help visualise and analyse the relationships between these parameters, including SFC against engine speed, torque against engine speed, and brake power against engine speed.
By evaluating these results, this report aims to provide insights into the engine’s current and optimal performance characteristics, explain trends in efficiency and power output, and identify key factors affecting the engine’s behaviour under different operating conditions. The findings from this analysis can contribute to better tuning of the engine in different environments and applications. (Ivan et al., 2015).


[bookmark: _Toc193806854]Testing Equipment and Methods
Image 1.1						 Image 1.2
[image: A machine in a room

AI-generated content may be incorrect.]   [image: A black and white rectangular object with a white label

AI-generated content may be incorrect.]

The engine testing was conducted using an eddy current dynamometer (image 1.1, 2025) which provided precise control over the engine's load while measuring load on the attached strain gauge. The engine used for the test was a Honda D16 engine, and data was collected across a range of RPMs from 1200 to 5700 as well as from varying loads. Key parameters measured included lambda, load, fuel flow rate, and dynamometer speed. Using these factors, alongside humidity, temperature and pressure, we were able to enter the raw data into an excel spread sheet and calculate the required results. 
The data recording and analysis was facilitated by the DaTAQ Pro Engine and Vehicle Test System software that we used, which allowed for real-time monitoring and recording of the engine's performance. Testing was conducted remotely, with the engine and dynamometer controlled from an opposing room to ensure safety. This setup minimized exposure to potential hazards, maintaining a safe testing environment.

[bookmark: _Toc193806855]Equations Used
For calculating the required data we were provided with some equations by our lecturers, however there were three equations that I sourced independently. These have also been referenced below. 
To calculate the torque from the engine we must multiply the load/force by the distance it is from the point of rotation - T = F.D. As displayed in image 1.2, 2025, the given distance is 815.776 mm converted to 0.815776 m for use in the subsequent equations.
Fuel flow (Kg/s): (L/min x mass of fuel (Kg))/60
BHP (KW): (Torque (lbft) x Dyno speed (rpm))/5252
KW: (Torque (NM) x Dyno speed (rpm))/9549
Corrected Power (KW): BHP x ((29.92/BP (inHg)) x SQRT (Ambient Temp (K)) /298)) x (1- Humidity /100 x 0.004))
BMEP (PSI): 150.8 x (torque (Lbft)/swept vol (ci)) (as cited by x-engineer.org, n.d.).
SFC (g/kwh): (((FFR (L/min) x mass of fuel (Kg))/60)/KW) x 3600000 (as cited by TrueGeometry, 2024).
OTE (KW/KWh): CP (KW)/(((FFR (L/min) x FM (Kg))/60) x CV-petrol (KJ/Kg)) x 100 (as cited by x-engineer.org, n.d.).
Swept Vol (mm3): 3.14 x (Bore (M)/2) x (Bore (M)/2) x stroke (M)
BP (inHg): mbar x 0.02953
Ambient Temp (K): AT(oC) + 273
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[bookmark: _Toc193806857]Graphs and Associated Questions
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[bookmark: _Hlk193384495]Specific fuel consumption (SFC) may vary due to unaccounted differences in fuel pressure, or gas flow through the engine. These where not as standard on the engine as it was attached to an external fuelling setup and additionally it did not have the original intake/airbox. The SFC may vary at points in the rpm, for example, when combustion efficiency improves due to in an increased flowing efficiency of the air into the engine. SFC may increase at higher rpms dues to increases in frictional losses and reduced efficiency, similarly when under hard acceleration, due to improved performance and torque characteristics when more fuel is added (Sivashankar et al., 2018).
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At exceptionally low rpms torque is typically low due to insufficient, turbulent or suboptimal airflow caused by suboptimal intake and exhaust runner lengths, for the pulses and velocity of air at that rpm. The engines torque is engineered to peak at mid-range rpm for usability for its application and is determined by the manufacturer who adjusting valves timing, port sizing and adjustments in ignition advance. Limitations in fuelling atomisation and volumetric efficiency (VE) will all impact torque due to rpms exceeding the optimised power range. Torque will also decrease at higher rpms dues to increases in frictional losses and other limitations within the engine (Jinyoung et al., 2018).
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As rpm’s increase, bhp rises as power is proportional to both torque and rpm. At high rpms even with torque beginning to diminish, the increase in rpm keeps power increasing up to a certain point. However, after a certain rpm is reached, power starts to lever off and then drop, as torque reduction outweighs the benefits of higher speed. This is all due, and dependant on, how the engine has been designed and tuned from factory. Additionally, limitations in VE across the rpm as well as frictional losses increase exponentially with engine rpm. Flowing efficiency and restrictions in exhaust flow can affect combustion engine more notably at higher RPMs also (Yanyang et al., 2021).
[bookmark: _Toc193806858]Conclusion
To conclude the test results, after comparing and analysing the graphs, I have determined that from the given characteristics of the engine, it was preforming well but not perfectly. I have determined this by evaluating the irregularities in the SFC and engine torque graphs. Both anomalies occur at the same point in RPM and are most likely the result of the aftermarket/non-OEM intake. However, the fuelling system, being aftermarket, may also be a contributing factor, however this is unlikely. The engine performed sub optimally, which is illustrated by the slight decreases in bhp and notable decreases in engine torque, most likely due to unanticipated and irregular flow of air efficiency through the intake and the engine. However, this is likely due to a restriction in air flow and not an inaccuracy in fuelling or timing, as the lambda data follows a consistent trend and does not indicate an issue with combustion.
[bookmark: _Toc193806859]Self – evaluation
As an evaluation of my own performance during this task I believe the performance of the dynamometer should be noted, for its inability to work during my session. Because of this unfortunate circumstance the results we received where from previous group, were not of our own. The results were therefore recorded on a different day, with different atmospheric parameters, and were subjected to slight alterations in parameters (for example fuel pressure). I think my own performance could have been improved by taking a greater number of measurable parameters into consideration, again like fuel pressure and fuel temperature alongside recording MAF. Measuring these throughout the rev range to see how they may vary and prove a better understanding of specific factors and characteristic would have been beneficial. However, we were not able to obtain any measurements ourselves during the session as the dynamometer was not operational. 
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‘mBar DegC ™M M M MM? ci K6 inkg K c Lt cc KI/Kg

10189 45 27 0815776 | 0075 0.087 384159375 | 234428434 075 30.088117) 300 27.00 160 1596.00 45800.00

Load | Dyno Speed | Fuel Flow Rate | fuelflow | Lambda F BHP KW Corrected Power Torque Torque BMEP SFC Overall Thermal Efficiency | SFC smoothed

Newtons| __RPM [ kg/s | Lambda rpm N KW KW Ibft NM Psi gliowh KW/KWh gliowh

102,275 1000 0.0704 0.00088 | 127 1200 10228 1172 874 1167 6154 83.43 395.87 362.58 26.95 356.009
102.756 1050 0.0724 0.000905 | 127 1250 10276 1236 922 1231 6183 83.83 397.73 353.46 29.70 350.543
103689 1100 00737 [0.00092125 127 1300 10369 13.07 974 13.01 62.39 84.59 40134 340.36 30.64 338.312
104.209 1150 0.0728 0.00091 | 128 1350 10421 1373 1024 1367 62.70 85.01 403.36 319.98 3281 322.736
105811 1200 0.0728 000093 | 129 1400 105.81 1455 10.85 1449 63.67 86.32 409.56 308.65 34.01 311661
10751 1250 007855 [0.00098688| 130 1450 10751 1540 1148 1533 64.69 87.70 416,13 309.45 33.92 305.503
109.488 1300 0.079 0.0009675 | 130 1500 10949 1631 1216 16.24 65.88 89.32 423.79 292.36 35.91 292.69
111797 1350 0.079 0.000995 | 129 1550 111.80 17.29 1289 17.22 67.27 91.20 43273 277.81 37.79 281172
114.268 1400 00835 [0.00104375 1.9 1600 114.27 18.33 1367 1825 68.76 93.22 2.9 27494 38.18 274.938
115.783 1450 00847 [0.00105675] 1.28 1650 11578 19.3 1434 19.16 69.67 94.45 4815 265.75 39.50 266.7
116985 1500 008865 000110813 128 1700 11699 2010 1499 2002 7039 95.43 452.81 266.11 39.45 267.279
117.788 1550 0.0932 0.001165 | 128 1750 17.79 2092 15,60 2083 7087 96.09 455.92 268.69 39.04 267.768
118471 1600 00959 [0.00119875] 128 1800 11847 2172 1619 2163 7129 96.65 458.56 266.49 39.39 266,424
118772 1650 009875 [0.00123438| 129 1850 11877 2245 1674 2236 7147 96.89 459.72 265.42 39.55 264.971
118656 1700 010005 000125063 130 1900 11866 2311 7.3 2.02 7140 96.80 459.27 261.26 40.18 262.784
118.861 1750 010305 [0.00128813] 131 1950 11886 23.83 .77 PERZ) 7152 96.96 460.07 260.96 0.3 263.086
119.584 1800 01093 [0.00136625 1.31 2000 119.58 24.66 1839 24.56 719 97.55 462.87 267.47 39.25 266.862
119.534 1850 011415 000142688 132 2050 11953 2542 189 25.32 7217 97.64 464.22 271.00 38.74 269.645
120176 1900 01175 [0.00146813] 132 2100 12018 26.16 19.51 26.05 7231 98.04 465.16 270.95 38.75 270.214
120.948 1950 012055 000150688 131 2150 1205 27.02 2015 26.91 72.78 96.67 468.15 269.24 38.99 269.58
122157 | 2000 012555 000156938 | 132 2200 12216 27.99 2087 27.88 73.50 99.65 a72.83 270.69 38.78 269.5
122845 | 2050 012785 00015913 132 2250 12285 28.85 2151 873 73.92 10021 475.49 267.42 39.26 267.478
12379 | 2100 01309 [0.00163625 132 2300 123.80 29,78 221 29.66 74.49 10099 479.17 265.22 39.58 265.551
14734 | 2150 01335 [0.00167938| 132 2350 12479 30.74 2.9 30.61 75.09 101.80 483.03 263.76 39.80 264.163
125137 | 2200 01377 [0.00172125 132 2400 12514 3154 2352 3141 75.30 102.08 484.36 263.47 39.85 263.434
126028 | 2250 014105 000176313 130 2450 12603 3249 2.2 3235 75.83 10281 487.81 262.01 40.07 262.648
12666 2300 014255 000181188 130 2500 12666 33.38 24.89 3324 7621 10333 430.26 262.09 40.06 262.903
126822 | 2350 014985 000167313 128 2550 12682 315 25.45 32,01 7631 10345 450.88 264.85 39.64 264.485
12669 2400 01537 [0.00192125[ 127 2600 12669 84 25.98 369 76.23 10335 450,37 266.27 39.43 265.471
126552 | 2450 015565 [0.00194563] 127 2650 12655 35.52 26.49 35.38 7615 10324 489.80 264.43 39.70 265.152
126438 | 2500 0.15% 0.001995 | 127 2700 12644 36.21 27.00 36.07 76.08 103.15 489.40 265.96 39.47 266,011
126239 | 2550 01626 0.0020325 | 1.28 2750 12624 36.88 27.50 36.73 75.96 10298 488.63 266.06 39.46 266.955
126161 | 2600 016805 000210063 128 2800 12616 37.58 22802 37.43 75.91 10292 488.3) 269.86 38.90 269.359
125847 | 2650 017145 000214313 128 2850 12585 38.21 28.49 38.05 7572 10266 487.11 270.80 38.77 270.945
124911 | 2700 017465 |0.00218313| 1.8 2900 124.91 38.64 28.81 38.48 75.16 101.90 483.49 272.77 38.49 272.769
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123.927 2750 01784 0.00223 1.28 2950 123.93 39.05 2911 38.89 7457 101.10 479.68 275.74 38.07 274.59
123.689 2800 018005 |0.00225063| 1.27 3000 123.69 39.68 2959 39.52 7443 100.90 478.76 273.84 38.34 274.533
123.389 2850 01831 [0.00228875| 1.26 3050 123.39 4029 30.04 4012 7425 100.66 47759 274.2 38.28 275.608
122,519 2900 01879 [0.00234875| 1.5 3100 122.52 4071 30.35 4054 772 99.95 47823 278.56 37.69 278.883
121.837 2950 019255 |0.00240688| 1.04 3150 121.84 4118 30.71 4101 7331 99.39 47159 282.19 37.20 282.687
121.709 3000 0199 0.0024875 | 123 3200 121.71 4183 3119 4166 7323 99.29 471.09 287.08 36.57 287.302
121.123 3050 020605 |0.00257563| 1.22 3250 12112 4232 31.56 4215 7288 98.81 468.82 293.80 35.73 292.278
121124 3100 021005 |0.00262563| 121 3300 12112 43.02 32.08 4284 7288 98.81 468.83 294.67 35.63 204.77
120.851 3150 021605 |0.00270063] 1.19 3350 120.85 4361 32.52 43.44 7272 98.59 467.77 298.95 35.12 297.423
120.59 3200 021795 |0.00272438| 118 3400 120.60 421 32.97 44.03 7256 98.38 466.78 297.49 35.29 297.584
120.84 3250 022305 |0.00278813| 1.7 3450 120.84 44.99 33.55 481 7271 98.58 46773 299.16 35.09 297.897
121.633 3300 02255 [0.00281875| 1.16 3500 121.63 4599 34.29 45.80 7319 99.23 470.80 295.92 35.48 296.148
122.181 3350 02285 [0.00285625| 1.15 3550 12218 46.89 34.97 46.70 7352 99.67 472.92 294.06 35.70 204.771
122,933 3400 02342 0.0029275 | 114 3600 122.93 47.89 35.71 4769 7397 100.29 475.83 295.15 35.57 294.556
123.475 3450 023605 |0.00295063| 113 3650 123.48 a8.81 36.39 48.61 7430 100.73 477.93 291.88 35.97 293.371
123.428 3500 024195 |0.00302438| 112 3700 123.43 49.49 36.91 4929 7427 100.69 47175 295.01 35.59 294.621
124.205 3550 024545 |0.00306813| 111 3750 12421 5052 37.67 5031 7474 101.32 48075 293.22 35.80 295.235
124.066 3600 025505 |0.00318813| 1.10 3800 124.07 5117 38.16 509 74.65 10121 48021 300.79 34.90 299.141
123.967 3650 025755 |0.00321938 1.09 3850 123.97 5184 38.66 5163 7459 101.13 479.83 299.82 35.01 300.354
123.815 3700 026445 |0.00330563| 1.10 3900 123.82 5249 39.14 5227 7450 101,01 479.24 304.07 34.53 302.437
123.767 3750 02651 [0.00331375| 1.10 3950 123.77 5317 39.65 5296 74.47 100.97 479.06 300.87 34.89 301.855
123.509 3800 02693 [0.00336625| 1.10 4000 123.51 5377 4010 5355 7432 100.76 478.06 302.24. 3473 302.881
122.672 3850 027375 |0.00342188| 111 4050 122.67 5411 4035 53.89 7381 100.07 47082 305.31 34.38 304.953
122,157 3900 02759 [0.00344875| 1.12 4100 122.16 5458 4070 5436 7350 99.65 47283 305.05 34.41 306.443
121.184 3950 028285 |0.00353563| 112 4150 121.18 5484 4089 54.62 7292 98.86 469.06 311.25 33.73 310.208
120.004 4000 028455 |0.00355688| 1.12 4200 120.00 54.99 2101 5477 7221 97.90 464.49 312.25 33.62 312.271
118.724 4050 02871 [0.00358875| 1.12 4250 18,73 55.09 4108 54.87 7144 96.86 459.58 314.49 33.38 314.37
117.482 4100 028895 |0.00361188| 112 4300 117.04 5517 214 54.94 7067 95.81 45458 316.09 33.21 316.271

116.5 4150 029305 |0.00366313| 112 4350 116.50 5539 4130 55.16 7010 95.04 45093 319.28 32.88 318.468
115.931 4200 02949 [0.00368625| 1.12 4400 115.93 55.78 4160 55.56 69.76 94.57 4873 319.03 32.91 319.338
115.034 4250 029715 |0.00371438| 112 4450 115.03 56.01 077 55.78 69.22 93.84 445.26 32015 32.79 320712
114.391 4300 03022 00037775 | 112 4500 114.39 5635 4202 5612 68.83 93.32 442,77 323.62 3244 323.004
114.016 4350 030605 |0.00382563| 112 4550 114.02 56.82 4237 5659 68.61 93.01 441.32 325.04 32.30 324.29
113.871 4400 03092 0.003865 | 112 4600 113.87 57.40 4280 5717 68.52 92.89 44075 325.07 32.30 324.351
113.985 2450 03099 |0.00387375| 1.12 2650 113.99 58.11 4333 57.88 68.59 92.99 241.20 321.82 32.62 323.236
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80| 113.985 4450 03099 [0.00387375| 1.12 4650 113.99 5811 4333 57.88 6859 92.99 441.20 321.82 32.62 323.236
81] 113.306 4500 031445 |0.00393063| 112 4700 113.31 58.42 4356 5818 6818 92.43 438.57 324.85 32.32 324.435
82| 113074 4550 03171 [0.00396375| 111 4750 113.07 58.94 43.95 58.70 68.04 9.24 437.67 324.65 32.34 324.956
83[ 112,195 4600 03194 0.0039925 | 111 4800 112.20 59.13 44.09 58.89 6751 91.53 43427 325.99 32.20 325.977
84 111,061 4650 032055 |0.00400688| 1.10 4850 111.06 5917 412 58.93 66.83 90.60 429.88 326.95 32.11 326.977
85] 109.973 4700 03207 [0.00400875| 1.10 4300 109.97 59.22 4416 58.98 66.17 89.71 425.67 326.82 3212 328.019
86| 108.654 4750 032485 |0.00406063| 1.09 4950 108.65 59.13 44.09 58.89 6538 88.64 42056 331.55 31.66 331.021
87 107.076 4800 032455 |0.00405688| 1.08 5000 107.08 58.88 43.91 58.64 64.43 87.35 41445 332.62 31.56 333.16
88] 10524 4850 03257 [0.00407125| 1.08 5050 105.24 58.48 43.60 58.24 6232 85.85 407.35 336.12 31.23 336.181
89 103.632 4300 03277 [0.00409625| 1.08 5100 103.63 5818 4338 5794 6236 84.54 40112 339.93 30.88 339.301
90| 102.335 4950 032845 |0.00410563| 1.09 5150 102.34 58.04 4328 57.80 6158 83.48 396.10 341.54 3074 341.394
91[ 101.106 5000 03287 [0.00410875| 1.09 5200 10111 57.92 4319 57.68 60.84 82.48 39135 342.49 30.65 343.25
92| 99.3149 5050 032085 |0.00412313| 1.09 5250 9931 5746 4285 57.23 59.76 81.02 384.41 346.43 30.30 346.347
93 97.5815 5100 03297 [0.00412125| 1.09 5300 97.58 57.02 4252 56.78 58.72 79.60 372.70 348.96 30.08 349.307
94 95.8486 5150 033095 |0.00413688|  1.09 5350 95.85 5655 217 5632 57.67 78.19 371.00 353.16 2073 352.834
95| 94,8033 5200 03338 0.0041725 | 1.09 5400 94.80 5648 4212 5625 57.04 77.34 366.95 356.66 2943 355.829
96| 93.0976 5250 03313 [0.00414125| 1.09 5450 9310 56.00 .76 55.77 56.02 75.95 360.35 357.05 29.40 357.466
97 917886 5300 03324 0004155 | 1.08 5500 9179 5574 4156 55.51 55.23 74.88 355.28 350.91 2917 350.783
98] 90.5938 5350 03308 0004135 | 1.08 5550 9059 55.53 2141 55.30 5451 73.90 350.66 350.51 29.20 361.893
99| 89.6374 5400 03388 0004235 | 1.08 5600 89.64 55.46 4135 55.23 53.94 73.12 346.95 368.69 28.47 367.894
100_88.9256 5450 03438 0.0042975 | 1.08 5650 88.93 55.53 4140 55.30 53.51 72.54 344.20 373.66 28.09 372.5%
101]_88.6474 5500 0.3488 0.00436 1.08 5700 88.65 55.86 21.65 55.63 53.34 72.32 343.12 376.83 27.86 375.56
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Torque againstengine speed

120.00

100.00

80.00
60.00
40.00

(WN)@nbio|

20.00

0.00

009§
oovs
002s
000S
008y
009v
oovy
[vag
00ov
008€e
009€
oove
ooze
000€
0082
0092
oove
00ce
0002
008T
0097
oort
00zt

Egine Speed (rpm)




image9.png
BHP against engine speed

70.00

60.00

50.00

30.00

20.00

10.00

0.00

009§
oovs
002s
000S
008y
009v
oovy
[vag
00ov
008€e
009€
oove
ooze
000€
0082
0092
oove
00ce
0002
008T
0097
oort
00zt

Engine Speed (rpm)




image1.png
Prifysgol Cymru

Y Drindod Dewi Sant
University of Wales
Trinity Saint David





image2.jpeg




image3.jpeg




