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1. [bookmark: _Toc29333695]Introduction
This report will investigate the characteristics of an engine by testing its performance on the W230 engine dynamometer. By collecting the raw data from the dynamometer, calculations can then be performed to advance the information and knowledge about the characteristics of that engine, using this information graphs can then be created to recognise trends and compared to other studies to identify if the engine is running to it’s full potential. The engine dynamometer is designed to measure the torque and rotational speed of the engine but can also be used in emissions testing by putting an engine through a typical drive cycle simulating real life road driving conditions.

2. [bookmark: _Toc29333696]Methodology and Equipment
2.1 [bookmark: _Toc29333697]Equipment
· Schenck W230 Dynamometer
· Honda D16V1 Engine
· Microsoft Excel
· Calibration Arms
· 20kg weight
[image: ]
[bookmark: _Toc29331254]Figure 1 - Engine Dynamometer Setup



2.2 [bookmark: _Toc29333698]Methodology
Firstly, to check the dynamometer was calibrated correctly, the calibration arms were fitted to the pendulum housing and a load was applied to the end of one of the arms creating a turning force. The distance of the arm was 0.815776m and the load applied was 20.45kg (including the hook to attach the weight) therefore using the force of gravity and the equation T=D.mg the figure comes out to be 163.66Nm which is comparable to the 166.5Nm figure given as the session started, by reversing the equation with this equation T/Dg=m, this gave the mass of 20.8kg then subtracting the mass of the hanger left 20.3kg which isn’t far off the mass of the weight used however the weight is old and worn so some material has been lost due to corrosion and erosion.
[image: ]
[bookmark: _Toc29331255]Figure 2 - Dynamometer Calibration Calculations
To collect data, a sweep test was used which means the engine will start at a chosen speed (1000rpm) and end at a specified speed (5500rpm) at a continuous pace however recording data every 50rpm so giving 90 sets of data to work with for further calculations. The test takes place with the throttle 100% open however takes longer than expected if a car were to rev because of the load being applied by the dynamometer which also stops the engine from stalling. The reading that were able to be taken were; load (N), dyno/engine speed (rpm), fuel flow (l/min) and the lambda value.
Other additional information was also recorded to help with calculations such as:
· Ambient Temperature - 25°C
· Barometric Pressure – 1.02785 Bar
· Humidity – 31.38%



3. [bookmark: _Toc29333699]Results
[bookmark: _Toc29331315]Table 1 - Collected Results
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4. [bookmark: _Toc29333700]Analysis
After collecting the results, a separate spreadsheet was produced to perform calculations so that the questions asked were able to be answered, multiple formulas were used to answer these questions and create the spreadsheet.
[bookmark: _Toc29331316]Table 2 - Calculations
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The table above presents the calculations that were completed in order to improve the knowledge of the engine. To find the torque T=WR was used where the load was multiplied by the radius of the arm, a graph was then created comparing the torque (T) against the engine speed (rpm)
[image: ]
[bookmark: _Toc29331256]Figure 3 – Torque
Figure 3 shows that the torque figure starts off at a decent figure, which helps the car move from a standing start and at lower speeds which is especially useful for heavier vehicles or towing vehicles such as vans or lorries the line then starts to plateau at around 3000rpm which is just before the peak of around 3500rpm as the D16V1 is an economy engine therefore would not need a higher rpm for the peak for around-town driving or motorway cruising to be as fuel efficient as possible.
The brake power (BP) was then able to be calculated by using the formula  which uses the torque (T) and engine speed (N), the graph shown in Figure 4 below shows a much more linear line with positive correlation compared to the torque graph, this is because as the rpm increases the combustions are occurring more frequently therefore producing more power, however does drop off at the top end due to the torque decrease.
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[bookmark: _Toc29331257]Figure 4 - Brake Power
As shown, the power increase is at a steady rate and by working out the horsepower using  , A full dyno graph can be created:
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[bookmark: _Toc29331258]Figure 5 - Horsepower and Torque Combined
The horsepower was calculated because of the unobtainable graph in Watts or Kilowatts.
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[bookmark: _Toc29331259]Figure 6 - Comparison Graph (Automobile-Catalog.com)
Although the original graph only has recorded data up to 5500rpm, comparisons can still be drawn from it, the original shows the torque as being roughly 90Nm however Figure 6 shows it being lower at just under 75Nm. The horsepower curve shows a similarity in shape but the original starts to drop off sooner and the torque curve shows a shallower quadratic line than the researched graph (Automobile-Catalog).
The brake power earlier calculated is not completely accurate however due to the altitude and ambient temperature at the time of testing, to solve this another equation was used;  , 1.02785bar was the recorded pressure in the room and 298K was the ambient temperature, due to these changes the corrected power (kW) was marginally smaller than the recorded brake power.
Next calculated was the specific fuel consumption (kg/kWh) which is used to measure an engines efficiency to produce power as the amount of fuel need (in kilograms) to generate a Kilowatt of energy in one hour.  was used to accomplish these figures as the results of the fuel flow rate were recorded in litres per minute and the specific gravity of fuel that was used was 0.739 (Quora, 2017) which is a ratio between the density of the fuel compared to water, water’s value being 1.
[image: ]
[bookmark: _Toc29331260]Figure 7 – SFC
The graph shows that the engine has a high consumption rate at very low rpms due to engine lugging where the engine has to work harder as the throttle is completely open, as the engine is being overworked the temperature increases therefore working less efficiently possibly causing uneven combustion within the chambers. Also, from viewing the lambda value, it shows that the AFR (air:fuel ratio) is very lean with values of around 1.3, as the revs increase to roughly 1700rpm is where the engine becomes most efficient as it is the lowest SFC. As expected, the line then gradually increases because as the rpms increase, more fuel is needed to mix with the increased volumes of air coming in from the intake. In a basic sense, more fuel is needed as the engine is rotating faster.
The bore size was taken from the engine manual provided, 0.081m so the piston area could then be determined as  being the total area on top of the piston.
Brake Mean Effective Pressure being the next calculation by using  which is the mean pressure during the stroke after frictional loss. L being the engine stroke length also given in the manual provided (0.0774m), A being the piston area (0.005152997m2), N is the engine speed (rpm) and n is the number of cylinders in the engine (4). Typical values for a naturally aspirated spark-ignition engine are to be seen around 850-1050kPa (liquisearch.com) and the values recorded range from 700kPa (in the extremely low and high rev ranges) to 900kPa (standard rev range) so the BMEP is as it should be.
Brake thermal efficiency is the measurement of the engine’s ability to convert the energy from the fuel/combustion into mechanical energy, there are lots of ways for energy to be lost in a combustion engine such as heat and sound as well as the fuel providing energy for other areas of the car such as the alternator and air conditioning. The calorific value of fuel was researched and found as the value of 46000kJ/kg (World Nuclear Association, August 2018) by also using the SFC earlier made  gives the brake thermal efficiency, according to the hand out typical values are of 20-30% for a spark-ignited engine and the figures in the spreadsheet are from 23-32.8%



5. [bookmark: _Toc29333701]Conclusion
Overall, the results collected match up well to values researched online and show that the engine is in a healthy working order, the sweep test provided a good set of results that were accurate and contained enough raw data to complete the necessary calculations to create the graphs.

6. [bookmark: _Toc29333702]Evaluation
I think the dynamometer session went well, we were able to gather a large set of data and the excel spreadsheet worked well in terms of all the formulas performing as they were intended to. To improve the results collected, the sweep test could have been completed multiple times with figures averaged.  The early rpm results could also be skewed due to the engine not being at prime operating temperature. Some of my references could have been from more reliable websites such as the Quora reference when researching the specific gravity of fuel as that is an open website where anyone can submit answers so may not be 100% accurate.
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26 2200 137.097 0.815776 111.840 25.7661882 25.61600319 0.1377 0.1017603 0.001696005  0.238351704 46.84862395
27 2250 137.486 0.815776 112.158 26.42655412 26.27252 0.14105 0.10423595 0.001737266  0.238049376 48.04931513
28 2300 138.075 0.815776 112.638 27.12954001 26.97140834 0.14495 0.10711805 0.001785301  0.238292451 49.32749881
29 2350 138.715 0.815776 113.160 27.84779612 27.68547791 0.14985 0.11073915 0.001845653  0.239994015 50.63344715
30 2400 138.954 0.815776 113.355 28.48930384 28.32324644 0.1537 0.1135843 0.001893072 0.24061712 51.79984995
31 2450 139.221 0.815776 113.573 29.13871364 28.96887098 0.15565 0.11502535 0.001917089  0.238239212 52.98062047
32 2500 139.299 0.815776 113.637 29.7500397 29.57663377 0.1596 0.1179444 0.00196574  0.239265363 54.09214634
33 2550 139.339 0.815776 113.669 30.35375414 30.1768293 0.1626 0.1201614 0.00200269  0.238914564 55.18983259
34 2600 139.393 0.815776 113.713 30.96091986 30.78045599 0.16805 0.12418895 0.002069816  0.242080137 56.29379404
35 2650 139.135 0.815776 113.503 31.49791514 31.31432125 0.17145 0.12670155 0.002111693  0.242767293 57.27017012
36 2700 138.772 0.815776 113.207 32.00848757 31.82191768 0.17465 0.12906635 0.002151106  0.243353687 58.19850364
37 2750 138.741 0.815776 113.182 32.59395462 32.40397218 0.1784 0.1318376 0.002197293  0.244113776 59.2630121
38 2800 138.904 0.815776 113.315 33.22556125 33.03189732 0.18005 0.13305695 0.002217616  0.241688115 60.41141253
39 2850 139.148 0.815776 113.514 33.87828138 33.6808129 0.1831 0.1353109 0.002255182  0.241046854 61.59820196
40 2900 139.146 0.815776 113.512 34.47214171 34.27121176 0.1879 0.1388581 0.002314302  0.243104506 62.67797128
41 2950 138.897 0.815776 113.309 35.00373795 34.79970945 0.19255 0.14229445 0.002371574  0.245337307 63.6445307
42 3000 138.963 0.815776 113.363 35.61393636 35.40635116 0.199 0.147061 0.002451017  0.249211221 64.75400626 |
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22|  855.940891 31.99526109
23| 861.8563997 32.42773721
24| 866.5645314 32.6218933
25| 870.9149217 32.70432019
26| 875.8083123 32.83419769
27|  878.293337 32.87589775
28| 882.0560094 32.84236209
29| 886.1444819 32.60950886
30| 887.6712709 32.52506281
31| 889.3769305 32.8497013
32| 889.8752131 32.708817
33| 890.1307427 32.75684345
34| 890.4757075 32.32849691
35|  888.827542 32.23699067
36| 886.5086115 32.1593112
37| 886.3105761 32.05917786
38|  887.351859 32.38093423
39| 888.9105891 32.46707774
40| 888.8978127 32.19227439
41| 887.3071413 31.89929429
42|  887.728765 31.4034293
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43 3050 138.837 0.815776 113.260 36.17467204 35.96381844 0.20605 0.15227095 0.002537849  0.254040238 65.77354763
44 3100 139.217 0.815776 113.570 36.86833347 36.65343669 0.21005 0.15522695 0.002587116 0.25409942 67.0347774
45 3150 139.461 0.815776 113.769 37.52864386 37.30989829 0.21605 0.15966095 0.002661016  0.256759129 68.23536762
46 3200 139.633 0.815776 113.909 38.17135612 37.94886433 0.21795 0.16106505 0.002684418  0.254655921 69.40396052
47 3250 140.053 0.815776 114.252 38.88439259 38.65774468 0.22305 0.16483395 0.002747233  0.255835851 70.7004184
48 3300 140.338 0.815776 114.484 39.56295892 39.3323558 0.2255 0.1666445 0.002777408  0.254209792 71.93420193
49 3350 140.511 0.815776 114.626 40.21190741 39.97752173 0.2285 0.1688615 0.002814358  0.253434669 73.11413369
50 3400 140.802 0.815776 114.863 40.89660746 40.65823082 0.2342 0.1730738 0.002884563  0.255407768 74.35906969
51 3450 141.325 0.815776 115.290 41.65216992 41.40938929 0.23605 0.17444095 0.002907349  0.252755647 75.73284921
52 3500 141.738 0.815776 115.626 42.37931054 42.13229157 0.24195 0.17880105 0.002980018  0.254628044 77.05495152
53 3550 141.734 0.815776 115.623 42.98351618 42.73297545 0.24545 0.18138755 0.003023126 0.25468044 78.15353091
54 3600 141.467 0.815776 115.405 43.50680456 43.2532137 0.25505 0.18848195 0.003141366  0.261458422 79.10498481
55 3650 141.362 0.815776 115.320 44.0783255 43.82140338 0.25755 0.19032945 0.003172158 0.26059793 80.14413618
56 3700 141.001 0.815776 115.025 44.56803219 44.30825568 0.26445 0.19542855 0.003257143  0.264639463 81.03453114
57 3750 140.483 0.815776 114.603 45.00435927 44.74203951 0.2651 0.1959089 0.003265148  0.262717885 81.8278702
58 3800 140.049 0.815776 114.249 45.46352976 45.19853361 0.2693 0.1990127 0.003316878  0.264184721 82.66274362
59 3850 139.699 0.815776 113.963 45.94662005 45.67880809 0.27375 0.20230125 0.003371688  0.265726614 83.54110853
60 3900 139.121 0.815776 113.492 46.35075792 46.08059032 0.2759 0.2038901 0.003398168 0.2654785 84.27592047
61 3950 138.419 0.815776 112.919 46.70811548 46.43586494 0.28285 0.20902615 0.003483769  0.270083674 84.92567549
62 4000 137.656 0.815776 112.296 47.03863161 46.76445457 0.28455 0.21028245 0.003504708  0.269797801 85.52662685
63 4050 136.927 0.815776 111.702 47.37439301 47.09825889 0.2871 0.2121669 0.003536115  0.270286297 86.13711528 [
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43|  886.923847 30.80648568

44| 889.3513776 30.7993106

45| 890.9101077 30.48026754

46 | 892.0088847 30.73200467

47 | 894.6919448 30.59026689

48 | 896.5125928 30.7859382

49|  897.617758 30.88009615

50| 899.4767354 30.64153846

51| 902.817784 30.96305478

52| 905.4561264 30.73536924

53| 905.4305735 30.72904597

54| 903.7249139 29.93243399

55| 903.0541488 30.03127064

56| 900.7479948 29.57263766

57| 897.4388873 29.78893862

58| 894.6663919 29.62354114

59| 892.4305085 29.45164898

60| 888.7381067 29.47917423

61| 884.2535634 28.97652733

62| 879.3793375 29.00723035

63| 874.7223118 28.95480473 -
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64 4100 136.392 0.815776 111.265 47.77187604 47.49342509 0.28895 0.21353405 0.003558901  0.269764562 86.85982726
65 4150 135.945 0.815776 110.901 48.19598694 47.91506395 0.29305 0.21656395 0.003609399  0.271184799 87.63095459
66 4200 135.324 0.815776 110.394 48.55384853 48.27083965 0.2949 0.2179311 0.003632185  0.270885406 88.28162604
67 4250 134.975 0.815776 110.109 49.00515966 48.71952019 0.29715 0.21959385 0.003659898  0.270438439 89.10220941
68 4300 135.045 0.815776 110.166 49.60740474 49.31825492 0.3022 0.2233258 0.003722097  0.271695501 90.19722404
69 4350 134.843 0.815776 110.002 50.10916956 49.81709508 0.30605 0.22617095 0.003769516  0.272401612 91.10954337
70 4400 134.343 0.815776 109.594 50.49719573 50.20285953 0.3092 0.2284988 0.003808313  0.273090579 91.81506069
7 4450 133.791 0.815776 109.143 50.86118249 50.56472471 0.3099 0.2290161 0.003816935  0.271750041 92.47686907
72 4500 133.247 0.815776 108.700 51.22352905 50.92495923 0.31445 0.23237855 0.003872976 0.27378938 93.13569517
73 4550 132.449 0.815776 108.049 51.48249934 51.18242005 0.3171 0.2343369 0.003905615  0.274707878 93.60656039
74 4600 131.419 0.815776 107.208 51.64348388 51.34246624 0.3194 0.2360366 0.003933943 0.27583786 93.89926585
75 4650 130.576 0.815776 106.521 51.86995314 51.56761547 0.32055 0.23688645 0.003948108  0.275622343 94.31103702
76 4700 129.379 0.815776 105.544 51.94708596 51.6442987 0.3207 0.2369973 0.003949955  0.275341874 94.45128153
7 4750 127.916 0.815776 104.351 51.90605496 51.60350686 0.32485 0.24006415 0.004001069 0.27912539 94.3766781
78 4800 126.878 0.815776 103.504 52.0267987 51.72354681 0.32455 0.23984245 0.003997374  0.278220422 94.5962169
79 4850 125.285 0.815776 102.204 51.90872458 51.60616092 0.3257 0.2406923 0.004011538  0.279841355 94.38153206
80 4900 124.018 0.815776 101.171 51.91350427 51.61091275 0.3277 0.2421703 0.004036172  0.281533831 94.39022259
81 4950 122.778 0.815776 100.159 51.91887768 51.61625484 0.32845 0.24272455 0.004045409  0.282148967 94.39999264
82 5000 121.377 0.815776 99.016 51.84488861 51.54269703 0.3287 0.2429093 0.004048488  0.282766693 94.26546416
83 5050 119.925 0.815776 97.832 51.73692915 51.43536684 0.32985 0.24375915 0.004062653  0.284348103 94.06917
84 5100 118.218 0.815776 96.439 51.50546662 51.20525346 0.3297 0.2436483 0.004060805  0.285496058 93.64831998 |
Data | Graphs | (® < >

17
ﬂ P Type here to search 07/01/2020




image16.png
AutoSave

Dyno Calculation

Ross Bendon (1901002)

RB

AN

File m Insert Page Layout Formulas Data Review View Help £ Search 12 Share 2 Comments
X | [cin Jn KA ==Ee- | e Geneal I B BB g2 O %
paste 1B~ o o | e e @l @moelete ~ | BIv OO fnda | ideas
P 4 B I U-~ A S== EE ElMegesiCentr v | B % 9 |G B Formatting v Table v Stylesv | EEIFormat~ | & Filterv Select~
Clipboard 1§ Font ~ Alignment ~ Number ~ Styles Cells Editing Ideas
T1 o Je
L M N L, o | P | Q@ | R | S T U VvV | w X | Y |z | A
64| 871.3046043 29.01080449
65| 868.4490617 28.85887032
66| 864.4819657 28.89076628
67| 862.2524705 28.93851547
68| 862.6996472 28.80462472
69| 861.4092231 28.72995832
70| 858.2151039 28.65747684
71| 854.6887963 28.79884373
72| 851.2135947 28.58433356
73| 846.1157805 28.48876055
74|  839.535895 28.37205511
75| 834.1506101 28.39424
76| 826.5038888 28.42316294
77| 817.1578961 28.03788987
78| 810.5269047 28.12908884
79|  800.350441 27.96615588
80 | 792.256543 27.7980338
81| 784.3351274 27.73742903
82| 775.3852055 27.67683445
83| 766.1094834 27.52290895
84| 755.2047606 27.41224176
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84| 5100 118.218 0.815776 96.439 51.50546662 51.20525346 0.3297 0.2436483 0.004060805  0.285496058 93.64831998
85 | 5150  116.27 0.815776 94.850 51.15339277 50.85523176 0.33095 0.24457205 0.004076201  0.288550902 93.00817192
86 | 5200 115.091 0.815776 93.888 51.12628651 50.82828349 0.3338 0.2466782 0.004111303  0.291190081 92.95888675
87| 5250 113.53 0.815776 92.615 50.91778273 50.62099503 0.3313 0.2448307 0.004080512  0.290192676 92.57978079
88 | 5300 112.164 0.815776 91.501 50.78423335 50.48822408 0.3324 0.2456436 0.00409406  0.291921854 92.33695851
89| 5350 110.706 0.815776 90.311 50.59696693 50.30204919 0.3308 0.2444612 0.004074353  0.291591938 91.99646678
90 | 5400 109.2 0.815776 89.083 50.37510223 50.08147768 0.3388 0.2503732 0.004172887  0.299959041 91.59306772
91 5450 107.685 0.815776 87.847 50.13618185 49.84394992 0.3438 0.2540682 0.00423447  0.305836356 91.15865768
92 | 5500 106.267 0.815776 86.690 49.92989492 49.63886539 0.3488 0.2577632 0.004296053  0.311566187 90.78358246
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